Met hod for Manufacturing Conpound Material Wafers The present invention
relates to a nmethod for manufacturing conpound material wafers according
to the preanble of claim1l. From docunent US 2003/0153163, a nethod of
transferring a | ayer of material froma donor substrate to a handle
substrate using Smart Cut technology is known. The known net hod
conprises a step of form ng the donor substrate by bonding a first wafer
fromwhich the layer will be transferred to-a support substrate.
According to US 200310153163, the formation of such a donor wafer is
advant ageous for transferfathog ' dperiactymoéepatiorVeterisytaidi al as it al |l ows
the transfer operation to be repeal ed several tinmes fromthe sane initial
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e known net ho e the foll ow ng problens. e to the
fact that the %gﬂgfg%gwggﬁﬁmflgm\ébnposed of two bonded wafers, its
t hi ckness, in particular for the first fewtransfers, is typically nuch
| ar ger than thefrehpekmens 8S 8903 e 1 Pon®rtnaRetf Engeritg adavarrl apara Macesdes,
e.g. in the Sneub<Date ¢ eohaelsagysiprogessntorecprooiic knvgn.sirthd known roathod
insul ator  waf efofmprishE 6 QleflioN@imihg theh@n@QGUbPER BY bdraiegla FRT witadiiwagh aad
supporting the danof Wl BLlSred Ayl AfodiNEndb@N SIES kY BCES SodiRYR1d:01Pe

specially adapted to 1.ncreased wel ght and thickness, or the support
SObstrat s neehdoTaIBe SUCR PRI JE PO eBtepirt ff danates Hige BRI 11 i es
do, however, retPaE "é@&ﬁf’?ﬁ@séf@ﬁ@'%‘? Re{eRgFEC YFEFTY TRETtomyne seHe BEdi ti on,
during the manuFshetfer inegs ihpiubbiewsss of hefirsthelelkdinessmgf. t he donor wafer is
varying, the extent of which depends on the nunber of transfers
perforned. As argQRHAGHENRE BodsNRwINR 682 Shd ¥BIoRAE pBadL. 1Y (LR LRRRTe Needs

to .be espeCi al | ng%gdggzggg cBerog%poQ bngﬁgondehugfe¥.air ytH&gesgqué 'cblgrn@r'theTfm‘tls the
equi prent ”ee.‘féw 1008 e3pegl ¥ feger el and sbﬁgor?%% Laps even qore
expensive. It ie tHEFSr BPEFHEEbPEE "Bt HE B &5t P NVEREI DTS pr ovi de
a method for meARFFEEY Frd Mylhe CHIRPO ARNPAROE PICSTSS REFREATSTRhTIERD By Bt ¢3tres t he
probl enms of t hevafral eccofinghhéheggaviprsent téedtior heeditroenddupraties fhaldovafeers can be
fabricated usi ngrirgtieachaste pwadse havp ieassiangdedid PR edsed eightdnid thickrdss, ' ' f
a~. . h4P. . 54. @' {or theSlip¥h dBstrate febd 1dBe aspRily; redu¥ed TWlhicknedsN lBoth FBdsSilitks do, | aki T
S A rhoévév'e?,;erqt}i;e adgpﬁi\E}gepg\Ah?cﬁ}alre vk% c5é§y. 7ﬁ§idition, during the manufacturing

process, the thickness of the 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 to cope with the varying cenditions. Thus the equipment

needs 1o be especially designed and becomes thus even more expensive.

It is therefore the object of the present invention to provide & method for manufacturing
compound material wafers which overcomes the problerﬁs of the state of the ant so that
compound material wafers can be fabricaled using standard wafer processing equipment.
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substrate is reused as ;nmal donor substrate. Repeating parts of the process prior 1o
depositing further helps in optimizing the process, as less steps corresponds to faster and
therefore less expensive production method.

Preferably, steps 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 donar substrate for which the properties
of the substrate, e.g. the mechanical sitrength, start to degrade, or be related 1o the
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Advantageously slep €) can comprise providing the layer on the surface side of the
remainder of the donor substrate which is opposile to the surface side at which detachment
occurred. When polar donor subsirates are used, meaning that the two main surfaces of the
substrate have different properties, it is usually the case that epitaxial growth can be well
conirolied on one surface whereas, for the other surface, this is not the czse. The free
surface of the transferred layer of the material compound wafer should correspond io



Samsun as 'W$n'afPmad fall n' ma. e..7dal. CDJ7, aUnd water St c ii,
COfe ponh YD 4 surface for which the polarlty alloms controlled growth
of further epltaX|aI | ayers which nay be needed in further process steps
to create mcro electronic or opto-electfonic elenments. As a consequence
the surface of the transferred layer that is attached to the surface of
the handle substrate wll have the second polarity. Therefore the

surface of the JgsRidd8EN BE G 210 RGHIroRY BRIHAT Bridt epiBli& nym@&m@ nt
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pref erabl e car rd Ed%000E° 4F StRee JPFoS e iaug, ‘h%éﬂ‘%ch?%l? h%%’ﬁfcre@f ed
honoepi t axi al growt fwoeials wddedrthe sseond Apterityt Ferefoqpuld dutigee of the lemeitdiepdbe t ed
layer is good. der@fsarsahé 3t wpich lackrinCatdngl Rg 1eliolebl &P waigh epitdkR: ganifiace si de
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par ticular usi no%t é’afr")e Ofbgos?el_lmc!g where thu(s?| con:rol%d tn?_lr;(oe;atamal rgrowth cgn occtlr so lha?thl ayer

advant ageously prot substra

cont ami nati on |quw@v%e€a?9§s'*ﬁ?'a>ﬁamoe| es, in particular during the
deposition of the layer on the opposite side of the wafer. This
protection ser\egerbfy prigiit @M Gin@but BEp €)f Bé Buribdeasicg dtidnweihntch@ccue@maound

material waf er.peAdvapd %eé)ﬂ,.@écme |5ybre.n%mmugadﬁarp&r&prah§§ nidb %E)érheﬁfs step of
removing the pr otxé’cﬁ}e' \éfer Cf%ya%{ageopsrgl ?rgtel;tp Mee}ér% .ﬂ&l.-rt 9%%! Rt ¥ré}$e Wi th

the | ayer as ar{D renovi n s ep
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handl e subst r ateempdvhemsigiarface properties of the reused donor substrate
are such that bonding can be achieved and wherein the surface quality at

whi ch bondi ng i3vAGRLRME Ghel el 84k coPaRLAHEAUS | Y remolly B&pbEGIE: Bjede Of
the remai nder g,t.ora eugrg?nﬁ?erdoﬁalaéés{]ﬁéemq% Wai &mntme. Aoﬁy&ubstrgtg évgmpaﬁy

provi ded in st

deposi tion of tHd=MPAY&NP caﬂﬁesaCWFﬁ”'egﬁ'b?’b?/dg't'?rﬁ'eoohﬁg'ﬁgf”t %/eaEyf‘g ?‘?‘i’eerauépom ted
| ayer, whi ch i ¥MeTeigegiRaArdacie ftr@rsedde dhe Aonot Hestae osiandeseaplert'y s a
honoepi t axi al | serjeee proastiee #f tHemeusadrdpnopkubkiratseerasserdiha orging Farbs Peievddayer
during a | at er vstrag@eisitatdahaddwhicabhdd ifH06@SS high.

Advantageously, the surface side of the remainder of the donor substrate on which the layer
is to be provided in step €) can be polished andfor cleaned prior {0 the deposition of the
layer. This will improve the quality of the deposited layer, which is of particular interest when
the deposited layer is a homoepitaxial layer, which in turn will be used as a {ransfer layer
during & later stage in the fabrication process.

The method is particularly advantageous for the denor subsirate being one of the group of
galium nitride (GaN), silicon carbide (SiC), germanium (Ge), aluminum nitride (AIN) or
diamond. These substrates play an important role in electronic applications and it is difficult



The method is particularly advantageous for the donor substrate being one
of the group of galliumnitride (GN), silicon carbide (SiC), gernmanium
(Ge), alumnumnitride (AIN or dianond. These substrates play an
inportant 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 becones possible to achieve good quality
mat eri al conpouB@-iabeuSudif)at reasdfidbic GRRA B LsiSPRPoeslods @bt @etkid lut- 1t er i al

i tsel T, Preferafly, L 0&iRandh6e O Afie k38 @fgmﬁma%rnm@uéaégﬁﬁt or

pol ycrystal line terral, 1| rticular one o e group o

arseni de (GaAs)®®7i*H¢" @Wﬂ%ﬂf ?E%}"‘,mag?r'fa"i'léegn carbide (SiC or alumnum

nitride (AIN). It is preferable to use handl e substrates that have a

coefficient of friversrmlhe expinsbonesiser & armdnocrishiind onerycgubBiE mateea mat er i al |

with further inpreY&one bge gud! dbMiuef aridhiBe (RO iRl o MBRYNGicaERe FOr

further cost redyel] ol ROLKES wahal! | NreraRab &Ld AlsE D adyaRtageous! v
e tall'ne terl al i

enpl oyed conpar o monocrystal lTn al. Inthe nore general case,
the handl e subsPFATE EOETE X0 HEF &t RetP g et TR & f,“”*gﬁ "d8E%br a
ceram c mat erited qualiy ebIdimwErie Goarovad Vst |, o e ¢zt redusidhs pavayeaiean be
provi ded wi th aretériaisad &t ddveytabeyrempioyed cpaetd tc mbaerystglink re@rel.di toxnade ( Si O2)
or silicon nitrded®al cSe INDanci@EubbiRiepoay bigtesd tvinkioraiieANSY glakdg = cbray@€r on
the surface whigch,is going to be attached to the donor substrate. Such
additional layers turther increase the anount of different conpound
material wafers suitable for various applications in mcroelectronics or
opt 0- el ect r oni ¢E WP iPnFERt NG M esYOTEF SEL RS PBVIEF ¢ P HiSyating laver, in

opt o- el ect r oni PeEFulasFiiFanioXeDFERIRE St StiHD FF:81 ) PatProvifesagth aopsaeine of t he
conmpound mat er i'@kr safeesurtfcalphicrciab@t taceatadien tp thoddnbresusdete e Sabd sdittiptze d

met hod. Speci f e iaedingRik e @fodnh® dipéres Bitipoind e fdtid @irers Bakbe BeeE nore

apparent from tpgicaiflil AWLHL SRt icbediedesed i ption with reference to the
acconpanying drawing in which Fig. 1 schematically shows the steps for

carrying out the nethod for manufacturin conpou_nd material wafers
accordi ng to anT h‘éﬁbeé‘b‘i”r?ﬁﬂfe'aﬁf 1otarLFé1rr1nH\F§Hte?eatFﬂmco oplical components comprising at

least a part of the compound material wafer fabricated according 1o the above-described
method,

Specific embodiments of the present invention shall become more apparent from the

following detziled description with reference 1o the accompanying drawing in which

Fig. 1 schematically shows the steps for carrying out the method for manufacturing
compound material wefers according to an embodiment of the invention,

Figs. 2a and 2b schematically show donocr substrates with two different kinds of deposited
layers,



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

ki nds of deposited Ilayers, 6 Fig. 3 schematically shows the steps for
carrying out the nmethod for fabricating conpound material wafers
according to a second enbodi nent of the fnvention. The enbodi ments of the
inventive nmethod for manufacturing conmpound material wafers according to
Fig. 1 and 2 are based on Smart Cut technol ogy. However, any other process
sui t abl e t o nmanid.&ctaretialycormsotmderaidr eariviad owiitie exretran thr GormiME Sermgund

predet er mi ned Spiibral idgs scadr@RSe AfRordlembocafeflol B@kleptionFi 9. la illustrates
an initial donor substrate 1, like, for exanple, a wafer of a

pr edet er m ned ize and, | articular, out of a crystalline material

i ke gal 11 um ni TFIGROUCI S 18 T1RER "ELPDIAE= 1S ES CHBMRAASGHA FeeT.

al umi num ni tri RECTAINY Figr T ¥ &P RESeI PR EB@TGYRIEEP'edys Hphvany, & ohenppses ance
role in mcro eueslertomeoizne sopinosued B@triioyeet 2aPnp it ip@pgermbat spiihe
difficult to nnudtacisuemianed therefore relatively expensive. That is why
according to this invention the initial donor substrate 1 is used to
transfer a thin |layer of the donor onto, a handl e substrate 2, shown in
Fig 1b. being % waftros "’”a{”"bahg"&ﬁ'esf’bsﬂ{%{‘f erial SBraPet ST 7' 1 HE LMY e
substrate 2 ha¥eansimaeriarar.cyet PicoFee mMaria Heoaiim eXfraRaNoniceTramidt he

mat eri al of t haSiChiderrdnivdoBelr asuibgt mitde (Alf), o] giertdne CJase rodteri@a day eor

exanpl e, suit abhgoraRdeetle al SicwOsddortaearg@adploicltbioai SPMicsliens( GaAs) dific@itfIC OXi de
(ZnQ), silicon LALRLGE akdFhddior® Feiaflel Bkddhdle Ntk is MRy £bDhg to Y invehBS Be Waf er's,
the material O!rﬁ?tﬁa%o%}su@%%@?%%éd % rBRYE, £i9 ‘ageq FROGEL Y53l n'a!wJﬂeesu?s*?rHt al so
pol ycrystal line e wafers can be used. a vari ant, prior 1o fhe
bondi ng step i 17 SEPP I ' R4 & ' 2 SRPEHEE AL PREPA RSB f ol ar
silicon di oxi dea s ceffficigitof lesmal grrepsiagdnap S B2l 81 hainitz AAicHPstige | ayer
can be provi ded. onirelrese & Gelf, dg @xafnpief suitdpe rirtandb eogdibrstatient erséidatiGaghl ch
bondi ng wi t h t hecdeiBo zneykisdh aireidel (SWw) lot 20U nitride (Ape. @bl ek Auatersansf er a
layer of the dopadiziSsHRshbdHeEesderi@MHae LR AABH iSRSt H At Sorerydidiind Sype
necessary to cr%ﬁkgmgbp&g_eternlned splitting area in the initial donor
substrate 1. Followmng the SmartCut technology, illustrated in Fig. 1c,

this is achieved by inplanting atom c species
In 8 variani, prior to the bonding step illustrated in Fig. 1d, an insulating layer, in particular

silicon dioxide (Si0;) or silicon nitride {SisN4) or a conducling |ayer can be provided on the
surface 7 of the handle substrate 2 at which bonding with the donor substrate 1 will occur.

To be able 10 transfer a layer of the donor substrate 1 onio the handle substrate 2 it is
necessary 1o creaie a predetermined splitiing area in the initial donor subsirate 1. Foliowing
the SmarCut technology, illustrated in Fig. 1¢, this is achieved by implanting alemic species
3, like for example hydrogen ions or other inerl gases, with a predetermined dose and
energy, such that due to the implanted atomic species 3 a predeiermined splitling arez 4 is
created in the donor subsirate 1. The predetermined splitting area 4 is substantially in
parallel io the main surface 5 of the doner substrate 1. Between this main surface 5 and the



3, like for exanple hydrogen ions or other inert gases, with a

predeterm ned dose and energy, such that due to the inplanted atomc
species 3 a predetermned splitting area 4 is created in the donor
substrate 1. The predeternmned splitting area 4 is substantially in
parallel to the main surface 5 of the dohor substrate 1. Between this
main surface 5 and the 7 predetermned splitting area 4, a layer 6 is
created which during the followi ng process steps wll be transferred
ont o the handl errsislestineatseitPg aEp ¢).a 'dhet 6iid drepidmbicesritdibe foloxing ptoegss piepst he
process whi ch c@nsdish8erted odb haedbipgustiRe 2 nitial donor substrate 1 to the
handl e substrate 2, by bondi ng the nai n surface 5 of the donor substrate
1 to one of theF in surfaces S e subst rat T %?o bondi ng
the surfaces 5,7 1?(‘5'“”8@8‘8&?’38’?%5 trP'Tiat‘i/"e?'esﬁae fi B?”é'f)tar”e R 6‘9t"ﬁa't "t%&Y can be
bonded t oget hersuosfiEe 'do e handigrelseaico ApeAadiep 18 Man $4ias A e denoi W=
furnace (not showaje @md rheatedessuthe hahttaubitlae. pricedebeingitredtasglsi Tbi ng
area 4 is fragifdczasteatbebedd pablysdieads tObavofbaghrent of the

remai nder 9 of the donor substrate 1 fromthe corrpound material wafer 10
bei ng conposed _out of th ransferred | ayer
6. Instead of pP&VPHl H@g”drﬁ%r%”da‘%ftétg e“ Jt”H’ea ff‘rf’% ri°f Eha‘t"”)c?ﬁd 5R§9 86T achnent
may al so be achi@{edr=psiemnedsrinageadé PRGN ¥B§F'5|“ha R TeRr Hihe f or

i nst ance nechankroatdeehdiigcomr sw@steEiiiomdteiconpoofid ridteeemater Hriding ereebeni cal
energy. The tWooupbogdifirtie sORiROUNdl Btuehiteabd Wad @r 1ddkaandpbadmimsen 9 of
the initial Sube%tr@@ttﬁe Rbfizatibl biSldiaat-fd: hfy Hidse =dhRvang drctwcmg’rabaroneto

further processiig, g, MBhers AlamRONDIIRLE] 10 oMY EGEl YRl na

surface treatnen I shing and eani ng. e remal nder 9
of the donor sdPﬁ?P?"Ef’é”?’ﬁ”i g. lf) may now be reused as ini t| al donor
substrate 1 and the process restarts with the step illustrated in Fig. 12

or |ayer may beThe teposivtie dowivhatmaribl | walge! (cked camialoesd Sfofithe indal sipetratenare n
respect wth Fiigstrakdd.in BEdent wad biyrrpr fo Qurthér@rockdaigg Ihe uerial tchepocsntrizteceo 11 at

whi ch the det achypibivOChill@de MRk £6PBEhitd RSN, f Or  exanpl e,
polishing prior to the foI | om ng 1 npl ant at| on and bondql ng steps shown in

E:ngt r ;fe g‘gﬁ jTge arhnlgg 8 t%g'tdg'nor subrst?alfl ffr.g 1 tmgs nngergg'lr&gea'edr as :nrtrafi dgnl?are donor

substrate 1 and the process restarts with the step illustrated in Fig. 1a or Iayer may be
deposited which will be described further below in respect with Fig. 1f. Eventually prior to
the reuse, the surface 11 al which the detachment cccurred may be reconditioned by, for
example, pelishing prior 1o the following implantation and bonding steps shown in Figs. 1c
and 1d. This repeatable reuse of the remainder © of the donor substrate can be performed
several times, for instance up to 10 times if it is considered that each layer transfer and
reconditioning leads 1o a removal of about & ym thickness and that a removal of about 50
um from the bulk of 2 donor subsirate 1 leads to a fragilization of the substrate which would
be too much for keeping the quality of the transferred layers 8 suilable for the application.



several tines, for instance up to 10 tines if it is considered that each
| ayer transfer and reconditioning leads to a renoval of about 5 pm

t hi ckness and that a renoval of about 50 pmfromthe bul k of a donor
substrate 1 leads to a. tragilization ofsthe substrate which would be
too nuch for keeping the quality of the transferred |ayers 6 suitable for
the application. s Thus, once the m ni numthickness of the remainder 9 of
the donor substinad @n@rind RgimubnBicknés B1 FPBRESG kNEsS BRE essdie/orfies nt he

handl i ng equip ot B d 2 ecOfe AULeess, has
been achi eved, mt%lmn M}j gﬁ%%@eﬁhﬁ r%?ﬂqu %?%%At%%? qu'ﬁ a%gﬁ FPW]I&:?Q 19,

nanely that a IGéﬂ/élproi?S h§5 BB%“iefeédh%ﬁ?tBOdth?éeﬁ”%Wﬁl”P'Foséerp Tysi5§e0 1S Honor
substrate. The "eFRY dRhadyer13 Biferotied dupdsireraanckray afthe gorgl subsistet dhe ecover
at | east parti ahitkyedshectih depresseyof:2 tihes toiratbisr alead ooy seibgtrestend, SO

that this recongis éPBedoda09rsoHeDGL febdnBitichdn AR DRk YUSQH vaRudeBEs thd Ni ti al

donor substrate I la. According to one variant,
illustrated in 'rlgga'donéalﬂjssi {19]& glg%%TE?FF% 1Iaayer 12" is made out of a

mat eri al which can be rapidly deposited onto the surface side 15 of the
remai nder 9 of Ackrecingslalest raaied WWsiasd i 5i9.049pHsideresited lavpiel2sigmfede et 2 on

whi ch t he det-actemeatwhel canrteeshidly Haprsited oaic ¢ rsdiang siteo: stdning ranginbeaantof trenphasi s
is put on the faghatkhdtn hepdsemBiradesiacd 106n e H9BQEchmelBELIAL ErhisS
rapidly br Oughtac&?o% b %S%F m %Kq r%§|§ ;HJT bd Gk 82 thEQhe Fe%mée%to%l; uEr%Pse As
such it is hot ubs(far?te IS. r%ﬂd}{; b]{ou?}t] bac % armckn?ss aufﬁme];.t formbe f*ﬂ%gr reus§ lgs s]yc%yt 15 12" is

the sanme as theé wever,
the material ofI"&g§EFIM D ‘W‘?e{%ataﬂﬂéﬁh'b‘??a%sé‘?? 6" e’ tR&2Ms Rl F%Fée”?'ﬁé’h‘bne of
t he donor substitgt ®@ng spbstsatg Polit tewensn dietriatsrig oC'ayer b ees ehvgerrndulttht hat

t he growt h speedné ss topirient bedhnor snbstréte S the @sethichreitiorsyest et treengurltizt y  of
the additional weay®whn sbded is BRMizEDIN tREcSUTHE LGHBRE ofdf ohind &ldREnaUSer S a
transfer layer 6, [, EJ?dc%mQ&%@‘aterQ&%@ atlrg%ﬁe" Bt bak 1%%@ onc§%9%ﬁ£|@5r%r 1 has

been conpletely nor fe eds to, be
i ntroduced in tﬁbspaqe J o8 has geen Aonapwmgdj’ Ho T 8ytahngw\%é?°f ant, tra‘e feﬁgt Tare Fen Fig.

2b, the deposi frﬁﬂd“F%fV%V“e Rrﬁﬁes? s made out of the sane mat erial as the
remai nder 9 of the donor substrate and, in addition, is honoepitaxially
grown, such t hatcotdve te my St inmarqu»aﬁig.tzy. tof ddpheied @yeen 212 madesouatt theeast
conpar abl e to k& 98&ia0fs the remainder @ of the donor substrate and, in addition, is homoepitaxially
grown, such that the crystalline quality of the layer 12" is at least comparable ¢ 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 layer 12" can later on serve as a transfer layer 6. Using MOCVD, HVPE or MBE
methods it is even possible to achieve layers 12" which are better in crystalline quality than
the initial guality of the donor subsirate 1. tn particular, 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.



the remai nder 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 | ater on serve as a transfer layer 6. Using MOCVD, HVPE or MBE
methods it is even possible to achieve |ayers 12" which are better in
crystalline quality than the initial quality of the donor substrate 1.
In particular, it is possible to achieve dislocation densities of |ess
than 1 x 107 perihensewhen 2¢ hestdrsehgetetone dendidgd ghortshistritnidanaine donor
substrate is typhaadbyrateargetct Radurnidains Mak Uge ofFid. Po e neasen @turkk g. 2a
the attachment petween the reconditioned donor substrate 14 and the

handl e substrate 2 will occur via surface 11. In the case of Fig. 2b
attachment can occur via both surfaces. Fig. 3 illustrates a second
enbodi nent of tHe3 ilHYEIFE P FREOTPERTRPETILP | HFgVREVhBENeRVHRIMEHoY Renicshep

il lustrated in skepgiustlaged is Figenl iaopdcdiybytireprpreec ogs iBbleps in Fhust tated in
Figs. 3a to 3c.genkheRataurblaigatdsat bravidGuhbies sarBpibeh ¢ By ceraiuner al s
as enpl oyed i n cEidpontindlefis sE4hAFOAAAARN B bR AL AEudip! i ned
in detail again, but % eir descriptionis I ncor porated herewth by
reference. AccdFUPHE™T & T HR™IBAE & ct uring step illustrated in Fig. 3a a
protective layer 30 is deposited on the surface 11 of the remai nder 9 of
t he donor substAcardangde theimagtiectutre stbetilbetea@rito. 3T patettiedizyer 80 ip Farpeted
surface 11 agaicRSte Srateat darel ohzi@er MRCHaBbreakubetaneng evhictHet d@ftdcBment

g_r g}\z;tl Ing {Yﬁt QLA ;&Frﬁﬂ!&t'sﬁ#‘ac@h{ L&t rwn@%hglt%rﬁ QF Tnédhla;hi&épézlan&b& (rjslﬂt%bae( tSI (Cj)Z

[ . In e [ i . ) . i s deposited on
t he opposite s@ﬁeg@'g"lsaleﬁég%%E%ES'F'CE%&;&?%%@%?&%st’j}%g}?srém"'onor substrate 9.
This step is identical to the one illustrated and described wth respect
to Fig. 1 g of "t'Aeser tetratedihoelShdistaverTies ot SV g osrEls sHTacugte’'aced in

Fi g. 3c consi stw rehaingznpMthagprerrebspete e dhis sier lisayeticaB Q. theTene ilustatedrcd t 1 oned
donor substr at @estéged@omiesdesitd . idethe eredmaceter® of the donor substrate and
the deposited layer 12 is then reused as initial donor substrate 1.
Eventual Iy t heTrtn e{EPWinBQTlem %tnjgt%d in%g@%@&%k%?oflrg’}{&rng ?F\Q p%?e@tivg%yg%ﬁ.oqpeam ed by

an addi tional e?:or%dﬁiorlweggonaépsubgrrale(‘lei,ecg'n[l]plriggg tﬁet r%rgair%fer 9 of the donor substrate and the

deposited layer 12 is then reused as initial doner substrate 1. Eventually the removing of the

protective layer 30 can be accompanied by an additional polishing and/or cleaning step of
surface 11.

Accerding to a further variant after the growth of layer 12 the surface 16 of the additional
layer 16 could be provided with a further protective film to protect this surface of the
reconditioned donor substrate 14 during the process steps illustrated in Figs. 1a to 11f.

In the following, the application of the inventive manufacturing methed will be expiained in
cetail using the example of a compound wafer comprising a transferred Gal layer. Variants



surface 11. According to a further variant after the growmh of |ayer 12
the surface 16 of the additional |ayer 16 could be provided wth a
further protective filmto protect this surface of the reconditioned
donor substrate 14 during the process steps illustrated in Figs. 1 ato
if. In the follow ng, the application of the inventive manufacturing
nmethod will be explained in detail using the exanple of a conpound wafer
conprising a tratshaneed ehined by erne MRkih@h Sevdhebd 44 teispdiedt0iny be

expl ai ned agai ”krr!e%né hewkrls [eqa%rg(gat ré?gé/%%t hel ess al so be applied at any
time and are therefore incorporated by reference. As initial donor

substrate 1 a GaN wafer is supplied, and as handl e substrate a GaAS waf er
of the sane di aifétitiElaopy sprsiar @M s ePkedsB 81 heatle SRS PaRB RS, | n

t hei r hexagonalof st saret dieeter kb proddep od l@ndiermbsiragr f aces, neani ng t hat one
surface presents Ga atons (in the follow ng Ga surface) wher eas the

other surface I\EPN%%'E‘J% |rﬁéx9%:§elgtt Pmrteh%vé olar .Wwpu?aceﬁ mgntﬁe?l&':or the

transfer of Ga ers i surface as

the free surfac¥ ™ RGEERE aN““éU’r”f‘%Bé“"B? Cg H@fa@ém Wéﬂe D‘Wﬁ”ﬁacﬁond with the
handl e subst r atreesonts Ppipws (niee ‘gipwrg I prjeteh Eottiireaadfas pf GaNdeves 4 stupke!YN sur f ace
of the GaN donoegusidust nat ee Bz bgfageah ths edsurfdce, tus e \Wesudkeb efchd Ged welay er s
usual | y ext endivigofy@ih e Hafidkultirite Thi s defective | ayers arise form the
buffer |ayer that has been used for the initial formation of the GaN

waf er. This Camraorq%siarPHﬁheqpénsQer Procse?e!. tngN sv.EPce oYt%e Ga doni)r scﬁzyat E%@r% (]?Sl(;)?iIS?t

that do not h

The predet er ni ﬁ‘éﬁmg‘ﬁ'lciefeftl‘"ﬁByeéf’r“é‘é?”W"iegd'%c?ﬁ‘fr@%@”bTh'f ‘Eﬁflecf"’ﬁffly%{ﬁfrﬁ‘iff’ﬁh of H
ions (process dhteepfferiggeritial ips byeareed for he Pitig) formatier) of e GaN veldo Sids embea r ange  of
about 1"1075 atdocat pbishidd. BOveSerathércRR satsthtaexist@nedogpt Hape 1ais hemgeienf about
20 keV to 200 kieMs.g Mikdidtedinth@s/00fs6" 1016 at/cn? and an energy of 60 keV
the predeterm ned splitting area is in depth of about a few 100 nm from

E glemsg:: f gfgmprw predetlermla%pl%w%gfa PIS ac%{eped%%r %%;tnl%pﬁﬁtat %ﬁ* logs (Ejrogas EBEePgSI ted

order to form é‘sl"%Fyé‘Fd'tr‘ﬁkﬂt“}fﬁg’?aé{%%l”‘satra'?gﬁo‘oa(?ﬁﬂ ﬁ "3l 0 THE auim a”da”

energy in a range of about 20 keV 1o 200 keV. With a dose of 5+10'® at/cm? and an energy
of 80 keV the predetermined splitting area is in depth of about a few 100 nm from the
surface. Prior to implantation & protective layer could be depesited (SiO; or SisNaJ) to aveid a
contamination of the GaN layer and/or in order to form a layer that may assist in bonding to
the handle substrate 2.

According to step 1d the GaN substrate 1 and {he handle substrate GaAs 2 are bonded. To
achieve bonding the surfaces 5, which represents & N surface, and 7 which will contact each
other, musi be fiat on an atomic scale. This is achieved by appropriate polishing of the N
surface of the GaN substrate, sc that a rugosity of beiow 0.3 nm RMS for a scan with a size
of & pm times 5 pm is achieved.



the handl e substrate 2. According to step Id the GaN substrate 1 and the
handl e substrate GaAs 2 are bonded. To achieve bonding the surfaces 5,
whi ch represents a N surface, and 7 which will contact each other, nust
be flat on an atomc scale. This is achieved by appropriate polishing of
the N surface of the GaN substrate, so Yhat a rugosity of bel ow 03 nm
RVE for a scan with a size of 5 pmtinmes 5 pmis achieved. 11 The donor
handl e conpound 8 is then brought into a furnace and receives a heat
treat nent overThelbout hdhdt conolro BisSher irogght i@ITp &rratene reseited athedrasinichti N a
range of about @@Da@ommadq@u& in 2 2A&aLR sm@mﬁhmtmqg%ea@s&@ém Resuspl i tting

area unt | det ARl HEEH Busefl 8L DALY IRENROL £al.. SNET Yy |1 ke the

i ntroduction of a can
be enpl oyed. Af‘?e‘ecParﬁé'rePff%@‘e86t”"‘fdh’&“°’t‘ PEREPR P F Pothiere! ?rﬁu”teF'&P‘CEGaN donor
substrate 1, e.ggperopcandeBmpliyeles, the remmi nder 9 of the GaN donor

substrate is introduced into an epitaxial reactor, where a |ayer 12 of

GaN is epitaxi adﬁbyca%@%l&&Qns@éﬁﬂsme%a@an%%mé&awJ@zm& il YPE or

MBE net hods. The epper at u 1100C.
mr%%r %‘fiégtalargﬁ rsubsd'gte IS |ntrg uaed lnto an E%Ta%lal reac:or IwQere a Iay { i on, be

Dependi ng on t he ‘Fﬁ%@ n
doped, The tot al? FHi'tRAISELIHE ?f%‘?dt"éa‘e G@é\fﬂaﬁe Wéls'ﬂ%)m??)\’% HP’E@\Prl
ideally it coulmeeiises Jbd @W@éﬂt{e@mﬁ%‘wwab?%@q thip 1 108FC. Phﬁ’ec%msmeof t he
initial GaN donpplicgish s babeediayeDepen dh aagtiodpeidhed ghowtahihiciongdidsticonrs GaN
layers are achbyssuphb b Rwhet ey it W0k 8&s-RLEd @eRblePRe HRA Ficksddpan in the
starting subst ' i Ehy AR 1 bﬁpena@%nmegmm BiRul:deligapye adequat e
protective Iaye to N y ces on, whi ch surface is
ahlevre wi h gtte[r or wors dislocation dansiythan rr{)ﬁe S stﬁn% sy

currently neede ron to recon I on iFfhce an epi ready
step can be perfor rred usi ng an appropriate CVWP and/or cl eaning step. Once
the GaN | ayer IJcebegsdidy roesiblede AremdelratoveSiagueertcteglye [gereianelse oper f or med
repeati ng the sairoreienmaibg grvedh stieqss cutéhtCleAddyBn addition to recondition the Ga

surface an epi ready step can be performed using an appropriate CMP and/or cleaning step.

Once the GaN layer 12 deposited a further SmartCut cycle can be performed repeating the
above mentioned steps.



1. Method for manufacturing conmpound 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) to a handle substrate (2), and
d) detaching the donor substrate (1) at t*he predetermned splitting area
(4), thereby transferring a layer (6) of the initial donor substrate (1)
onto the handle substrate (2) to forma conpound material wafer (10),
and characteri@aedvwén e) depositing a layer (12) onto the remai nder (9)
of the donor substrate after the detaching step to recover at | east

partially the thickngss fo(?{n iurln\%l %Jﬂp%Fnd‘%%”%wa%%ban i m@%&i%sa”d f)

reusi ng the donor substr &rtet as initia
donor substrate (1) P3P ?maﬁmmﬁﬁwﬁﬁﬁ ccor di ng to claim1,

conpri sing repeating Btiepss apreteerdpedspiting ares (41 ntyetritpiignor pusttsied)car ryi ng
out step e), wherein dretecnhgpe atigdorst epsial (1) e rdedaabadier®mad nder of the
donor substrate is refyso%@cr% tﬂerabﬁdranst@mqratﬁy,hgoueaﬁ.&d(samng:?ea Met hod

accor di ng to claim 2, V}@ ﬂransfserrmﬁa Iaye) B)po(?thg}n{ﬂgl donor sn%etra ﬁ oHlnI:hl t he

initial donor substrate fhi ckness.

4. Method according to 8 %?“@?5?H%”Tafﬁ“@?”ﬁﬁ?”ﬂé@@?“@f@? in step e) is
deposi ted honoepit axdhakftgrizedin Met hod according to claim4, wherein in
step e) the honpepit axidabostiayssye((12 pntb He repiioser (e ey substidte@kdDihe HVPE or
MBE net hod t her eby achi@uing s@ptoidiprepM@dst p&Hih) BERk-REs ABB BRI Yonod N
particular a dlslocathnmg§9§5;M of less than 1 x 107 per cn2, in

part icular [ess than %*rél'ugl?l% edonE)r substra}e Hiwnﬁt crér}:)es edtlalay%(rl(%b aSI n?tYFJDmgrlz)

conpared to the to oca dorior
substrate (1). 13 6, M5 HLBEFRIT'ng to one of claims 1 to 5 wherein

step e) conprises providing the
2. Method according to claim 1, comprising repeating steps a} to d) at least two times

before carrying vut step e), wherein in a repeatled step a) the detached remainder of
the donor substrate is reused as initial donor substrate (1).

2. Method according to claim 2, wherein steps a) 1o d) are repeated until the initial
donor substrate (1) reaches a predetermined minimal thickness.

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

5. Method according to claim 4, wherein in step e) the homoepitaxial layer (12) is
provided using a MOCVD, HVPE or MBE method thereby achieving an improved
dislocation density, in particular a disiocation density of less than 1 x 167 per cm?, in
particular less than 17410° per cm?, in the homoepitaxial layer (12) compared to the 1o
the dislocation density in the initial donor substrate (1).



| ayer (12) .on the surface side (15) of the renmainder (9) of the donor
substrate which 1is opposite to the surface side (11) at which detachnent
occurred. 7. Method according to claim®6, conprising prior to step e) the
step of providing the surface side (11)t:at which detachnent occurred
with a protective layer (30), in particular using an oxi de and/or
nitride layer. 8. Method according to claim?7, further conprising the
step of renoving §h@eiyRt&edy ¥etone biak@k 1 (30 hdddid Dp of BoripBLts bidgdidghe donor

substrate (1) with 1 9.
Met hod accgrzjl ng tolg%ﬁéﬁ)%%e Sgri]aggmé%s%}éﬂe %‘M %1 e:ﬂﬂﬂ%%;;?%?%g&%@hgt)ep of

pol i shing and/or cf &ERTRY PHECE P ab"fhﬁgditicfmerigﬁc t he remai nder (9)
of the donor substrate on which the layer is to be provided in step e).
10. Met hod accor di.ngetico aciaeiingfo cined, BBrpiisitg@ri@ o adper @& Bed d@rodamote substrat e

(1) is one of the QH&HQ@@(H@am.cn%btgahmgeomé\lréﬁmagfb@apmyeréa; in Mgt hod

according to one of 9] 3l |n%13no dea(gworvmredr g the handl e substrate (2) is a
nonocrystal l i ne or pofycrys |ne mat eri in particular one of the

group Si, GaAs, 2ZnO, SiC, AIN. 12. Method accor ding to one of clains 1
to 10, wherein the Welivdpecosinh tcleit e U] camprigyigdiesier gt rergovee thamicestiverat er i al .
13. Met hod accor di ngyet (@0)pne tcotusth sk nBrodsubsoatd 21) withuet tver (TR)@EpPT gl Nng pri or
to step c) a step &forRiRYA&INg an insul ating layer, in particular Si02
or Si3N4, or a conducting |layer on the surface (7) of the handl e

substrate (2) to ttached e_donor bstr ) El ectroni c,
opt o- el ect roni ¢ 0%3 %w(al%ﬁordm%f?ﬁneo clfnms 108 qurld\er comprémg(he sieE) ofgolB%ng[ of the

conpound materi al v@i‘f”é’ clef it P R%E 5'%Fc(ébr’ﬂ|°ﬁae FHEHTECHT e PAICHEPS P o 13.

on which the layer is to be provided in step g).

10. Method according to one of claims 1 1o 8, wherein the donor substrate (1) is one of
the group of GaN, SiC, Ge, AIN or diamend.

11. Method according to one of claims 1 1o 10, wherein the handle substrale (2) is a
monocrystalline or polycrystalline material, in particular cne of the group 5i, GaAs,
Zn0, SiC, AIN.

12. Method according o one of claims 1 to 10, wherein the handle substrale (2) is glass

or & cerarnics material.

13. Method according 1o one of claims 1 1o 12, further comprising pricr to step ) a step
of providing an insulating layer, in particular Si02 or Si3N4, or a conducting layer on
the surface (7) of the handle subsirate {2} to be attached to the donor substraie (1).

14. Electronic, opto-electronic or optical components comprising at least a par of the
compound material wafer fabriceted according 1o one of claims 1 1o 13,



