METALLIC CARRIER FOR LAYER TRANSFER AND METHODS FOR FORMING THE SAME FIELD
[0001] The present invention generally relates to the fabrication of engineered substrates for use in the
fabrication of semiconductor structures or devices, intermediate structures formed during the
fabrication of semiconductor structures or devices, and to semiconductor structures or devices using
engineered substrates. BACKGROUND [0002] Substrates that include one or more layers of
semiconductor material are used to form a wide variety of semiconductor structures and devices
including, NOE EAAINRE CARFEHRFOR UINIGRITRAESERR. 0G0 MEESODS BORPORMINEVices) and
discrete devices such as, radiation emitting dg¥eeSA®Ig., light emitting diodes (LEDs), resonant cavity
light emitting diodes (RCLEDS), vertical cavity surface emitting lasers (VCSELS)), and radiation
sensing devices (e.g., optical sensors). Such semi (EthOI‘ devices are conventionally formed in a
layer-by-layer manner (i.e., lithographically) on and/or'in a surface of a semiconductor substrate.
[0003] Historicé§0H majerityeshsickisemgoedlictodsedistthtesitadthoave begncosddubsties
semiconguglon dﬁ.‘é‘%&oﬁ‘c%%ﬁ%éwg W&%%% b L%-e%%@‘&’é{fsi%é’s.tPA{&%%%S%rs'"’Mé‘Jﬁl%%'g%?%'dc.‘?” material.
Such waters of silicon material are fabricate tby Irst forming a’'large generaﬁy cylindrical silicon single
crystal idgotate salbsatjoenflyesiicingutter singlanspyatdevingot pel pesicetadyctorissuohegirtinal axis to
form a plurality pf 'I%%g@b%@&_silicon wafers may have diameters as large as about thirty
centimeters (30 cm) or more (about twelve inches (12 in) or more). Although silicon wafers generally
have thicknesses of several hundred microns (e.g., about 700 microns) or more, only a very thin layer
(e.g., less than about three hundred nanometesa@REVINGD the semiconductor material on a major
surface of the silicon wafer is generally used to form active devices on the silicon wafer. However, in

some device afEtionsRFERs B GIdhenSiRE ST AT RERFBEO RS WAl e HsB S lectrical

path-waghgh QRei@r vRRES, deviad shuciviasiermediiodsvibessiitamyaler csuepidaviegratigictures being
commonly refe reéd to.as "vertical" device structures. 100041 So-called "engineered substrates"

have beSFPHEE HEY SRR EHCITEE BPSESERS SRR R d5vasninnh EEEst FRESFRStE§S a layer having
a thicknesBavioless ivag abocsfargel rtineredinadiotes (@R IS0 Cumdnispios dgho anai ténediofigielectric

material —Sllicon dioxide.(5102). silicon nitride (Si3N4), or aluminym oxide (A]203)). Optionally, the
ayer of (BN SRV B U (8.0 e i 0 O SR oG ional
semiconguctd seegce. Mactuaniosmipeguipmen e treiseaiic bndudtor materisy-dndrtimardager of
dielectri ial ' e Q @Igy '9 r substrate to facilitate handling
of the O\?g%l %ﬂr?gr%%e}r/%%?yﬂﬁgﬁ%gfgq&/gr%n%%a\éturls% é%]%ﬁ%?h%h%ﬁ%@gefesult, the base substrate is
often referred t{03he dfistsierlivamoiaiooty pandlingmisubducite sTprgastheiuivsy drsmagddiso

comprisg,a SamisARdGIAEMAtEHA AAGH D AR SISy e comRRRBLANIRE, YRRShAL engingsred

substrates are known in the art and may include semiconductor materials such as, for example, silicon
(Si), gerfidiTiih fo8), WRiTsypEisemByRtiIcHs: (Heaei Rl Y dHel lounigpe laen ROt 6Y Hdterals.
silicon single crystal ingot and subsequently slicing the single crystal ingot perpendicularly to its
longitudinal axis to form a plurality of silicon wafers. Such silicon wafers may have diameters as
large as about thirty centimeters (30 cm) or more (about twelve inches (12 in) or more). Although
silicon wafers generally have thicknesses of several hundred microns (e.g., about 700 microns) or
more, only a very thin layer (e.g., less than about three hundred nanometers (300 nm)) of the
semiconductor material on a major surface of the silicon wafer is generally used to form active
devices on the silicon wafer. However, in some device applications the majority of the silicon
wafer thickness may be included in the electrical path-way of one or more device structures formed
from the silicon wafer, such device structures being commonly referred to as “vertical” device

structures.



[0006] For example, an engineered substrate may include an epitaxial layer of 111-V type
semiconductor material formed on a surface of a base substrate, such as, for example aluminum oxide
(AI203) (which may be referred to as -sapphire™). The epitaxial layer may be formed on the surface of
the base substrate by a transfer process from a donor structure, for example a donor substrate or
donor ingot. The transfer from a donor structure may be desirable when the donor material is highly
valuable or in scarce supply. Using such an engineered substrate, additional layers of material may be
formed and prqegeged (6-gliRptamMed) Qvaibthatepitaxiablayeicofiipd peisandicordatterymaterial to
form one,_or more evices(&n the en%i ered iéjbsﬁgate. H°Y¥e¥§r§ th?lcoet ficie t(%fﬂ;lhermal expansion
mismatctﬁi c}?‘%ﬁf‘f% é‘ﬂ“&léj”b R R o) %e)ll'e ] ?ﬁ[eiﬁaseessoub%st?atgnc%r%lf)rlsfﬁﬁg the engineered
substrateuiday izfloeecest{3Fom)atispantdore tessiofdifitheiadditanblelay aibcoh miatédiml. For
example,.if.the coefficient of thermal expansion.mi befween th itaxial Jayver.and the base
st I ST e P e R, R R S e D e
formatiomaéda ditip e Irtdgterd yothin dtezidis thin tol@EORIhEHMplescofidavices shmtcaxueike advantage
of engmg@gﬁ@ ﬁ%ﬁﬁ@iﬁ%g&gﬂ%&%ﬁ& fRUCRRARELADPIRAIGARYIASR. RNEP ASibIQHEmitting Diodes
(LEDs) and laser diodes. FIG. 1 illustrates a conventional LED. A substrate 110, which may be an
engineeredasiabswates dirpergd oma ralajipel yabiskadmeispbaw-vhereisrio MAeikiviebandion of 8¢ which may
include M‘%A(?M@éﬁed%&%&ﬁ% BOLEXRMER Menellfs RALAL A¥eIsCQlREHAR RIBgking layer(s)
(EBL) etc., is 2 disposed between the n-type layer 120 and a p-type layer 140. The result is an LED

formed BieHEHQyp Errersp hapsieaptivBdndiin $Eakd thes barowhaale 11 ARYFSTUBHERL 160

provides;aniglasitiereapnadiag tathaiidype layer 120 and a second contact 150 provides another
electrical connection to the to the p-type layer 140, These contacts may be opaque.to the wavelength

of light emittedBY%He 1AEBIdHERIED LT ERER AR, YRNTAISH R<BORRA AR BTATEMEhPSV able from the
LED. Thysneohdibearetdeiwesinihpficshepiiashde0 sindthiesteondepiiiavtypd may produce
significant amounts of light. The jcal layout of the second contact 150 relative to the n-type layer
120 maf%‘g{fggﬂéﬁ};?émag%%ﬂbé)ﬂyﬂet)gﬁrgéﬁﬁ? ?ﬁb%%ﬁ%éaisthe p-type layer 140 and the n-type
layer 120. In adodéh, therphysisial tayngineaydradisirerthas okt ylandepityoel drqat_vtaxﬁﬁla%tybsposed on
an uppet siiface,of e LER uticie, whereln Sugha pRieisal oM RAKSAIIS EMEYRl of 2
portion of the device ayers to expose regions for con?actlng. e removal of a'portion of the device
layers meidacrédde theidompiéxityfofreibiics Tamtbanth, Tiveypiericdane masbaveragdeofohiight
generalign A0 PRy BlSO.ARGIARSS HRYIRRY althes, rHAOPIIN YiEW,SL s bR, ARGy other

reasons discussed below, there is'a need for a substrate technology that provides a suitable base

substrateYestiasratdenes ievtal hsteasis e g denrestveise very bsslesiiableuken fbe davites and

methodsthatprevidh s SHERAE GUbstALe geﬂsgg dasehumrishingifertiicient-at TharmakExpansion
(GTE) with that of an engineered substrate. BRIEF SUMMARY 100091 The various embodiments

of the pré8EH AHRARTEH BonRS ANy e 4 T U Sred RulbsnsdLevahtrssaikis il Brpaidithg the

engineengf-slRsiiaRifiahRoMIds Risuitable base aWhsli dendithaledBdthaialoseiowatehes a GTE
of the engineered substrate. 100101 This summary is proyided to ntroduce a selectégg of concepts

in a simpRREaeASTHHa r R TR BRSO FENSTRGd BERST SRR B & h e e Bmple
embodinesisukihe inveition Hhisnginmmdnuisnat) nendetlhtadd ertihrkeydeatdeoassdssetitial

feaures o1 0 SR VRIS TSLAR S PSS DR ST T 15 2505, 9ldng camed

between the epitaxial layer and the base substrate is substantial then the engineered substrate may be

negatively impacted during the formation of additional layers of materials.

[0007] Examples of devices that can take advantage of engineered substrates are high
power devices and photonic devices, such as, Light Emitting Diodes (LEDs) and laser diodes. FIG.
1 illustrates a conventional LED. A substrate 110, which may be an engineered substrate, includes
an n-type layer 120 disposed thereon. An active region 130, which may include multiple layers,

such as, for example, quantum wells, barrier layers, electron blocking layer(s) (EBL) etc., is
2




100111 In some embodiments, the present invention includes methods of fabricating a semiconductor
substrate, the methods include forming a weakened zone in a donor structure at a predetermined
depth to define a transfer layer between an attachment surface and the weakened zone and a residual
donor structure between the weakened zone and a surface opposite the attachment surface. A
metallic layer is formed on the attachment surface and provides a matched 3 Coefficient of Thermal
Expansion (CTE) for the metallic layer that closely matches a C FE of the transfer layer, and sufficient

stiffnessitghpsavidewisn aturabmnpast todhadeansies laver: TheTransdar iaxel rsenaaied frem the

donor structure at the weakened zone tg form a composite substraﬁLe ccérgni%risir%%the transfer layer and
the metAPRIRFT 1208529 INe S0t BMBBaRTERtdaYRE Brec it ThoRNEEH fYdIdes &thods of

fabricatigigefrissinvisopctiwios sidhstiptciatibe D@ thddssirchdefricnit priveddsamechzogiectfi@idonor

structure at a predet rmlq%%}gﬁ&éﬁ to dﬂl&eﬁtransfer layer bgtween arcl) %}éavggl\[nﬁnt urﬁg:g%tand the

weakeng(’:fllzl%(hleorzlathodtae ng OreStrticuréde ré%%t ea%e%%aﬁgstzone an an%rf%ce opposite

the attaehmedtsufat&Dmaicsoitactsiioimsditetmeael thedransiehtayerigid Roootitact layer

dispose regn. A low impedance ¢ ing Is for between a refractory, metal layer and the
comact s, o S R B R R ISR ror
substratggiificameathody e bghclUde sepadtiagthe fthnstepidyentranStheldovotostiractyeeat the

weakengd 2936 I0.01@ CATRALSILS SUBSITale CAMDRIRNADEAARATEIpYerdhg confaghlayr and the

refractory"metal layer. [0013] In other embodiments, the present invention comprises a

semicoridtiPoleseibsibatdninddiienng e piotame sypyones upaitedebrrib ored iypserRiagis@cient
stiffnessyig, eI APy GlRtRE BRI EDNGr S QIS ARANSIO L RURSHRIE ISR IR ide sea ffansTer layer

comprising a semiconductor material in contact with an attachment surface of the metallic support

substratERoNakeli? frstieandide dRyass LPueioRaR e AT Lcls o Sitctiie donRAYEL PR SO nductor
materialngh inshiding @snaakanedg ansctinihe.gongustistingialidRiasdetesmnined death from the

attachment surface to define the transfer layer between the attachment surface and the weakened
zone. ARHRREd W FE DRt AL DAL PSP SEFREFa RS U558 atches a CTE of the transfer layer.
[0014] Further m8o8tts itletaNsyfanelsbliesnate Lombinatiansofitoesalébrvits thberiosiodehis of the
invention il be aparent flom the following dstalled description, BRIEF DESCRIPTION OF THE
DRAWINGE e[%%f,ﬂ%he p‘?es‘gn ifvention may bé Uhderdos8d miore ?uﬁ‘y y féfefence to the
followingtdetaiie d\desonigtitdreefiexamg oedebodimantsedidlietiresentdnyemtion subitha@reiilustrated in
EhéDagﬁﬁg?%%rg (R ORI Ph &G B ARITP U EE L ARSHRPSHRD ALNng Al B gapyentional
BRIEF SUMMARY
[0009] The various embodiments of the present invention generally relate to engineered
substrates and methods of producing the engineered substrates that provide a suitable base substrate
with a CTE that closely matches a CTE of the engineered substrate.
[0010] This summary is provided to introduce a selection of concepts in a simplified form
that are further described in the detailed description below of some example embodiments of the
invention. This summary is not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used to hmit the scope of the claimed subject matter.
[0011] In some embodiments, the present invention includes methods of fabricating a
semiconductor substrate, the methods include forming a weakened zone in a donor structure at a
predetermined depth to define a transfer layer between an attachment surface and the weakened
zone and a residual donor structure between the weakened zone and a surface opposite the

- attachment surface. A metallic layer is formed on the attachment surface and provides a matched
3



[0017] FIG. 2 is a simplified cross-section drawing of a donor structure with a weakened zone to create
a transfer layer; [0018] FIGS. 3A-3B are simplified cross-section drawings illustrating development
of a composite substrate with a refractory metal carrier and a transfer layer according to one or more
embodiments of the invention; 100191 FIGS. 4A-4C are simplified cross-section drawings
illustrating development of a composite substrate with a refractory metal carrier, a transfer layer, and a
contact layer therebetween according to one or more embodiments of the invention; [0020] FIGS.

SA-5C illusdfatrm sOTHRARHER BRSHAIEOTH) AR kdaped:CrNkIhAitide @althdsansiar dayer and a
photonic device formed on_the composite substrate according to one or mare embaogdiments_of the
inventioH,anSfer[%@Eﬁ .’%ﬁ%ﬁfﬂﬁ?ﬁﬁﬁ@%‘“&%‘?ﬁ%gﬂ‘é‘iﬁb@?%’té‘)ﬁ?ﬁﬂ’ﬁ-8%‘6%%"(3 AR Ritride
(GaN) trapsfer dgyediaddanahodoner devingrdatnhedveskthecamp asiters uhsirgies acearsding to one or
more embodimentt o{ thefinyentiond' h nLOt%ﬁZJ iFIGS. 7A-7C illustrate a composite substrate with
Silicon CaMhdE" %‘) FansteraY& and A high

ayer, . . i
rans er)(ayer an pé’wer electronic device formed on the composite

substrate accol@iig]to brrelditinnalersimbindintetits pletest imvention jrehdies mGORBoF BB c8ABD

oot OARSlE SO il AN AR Rl NINGS (AN A0SIRE B ARG & Photon'e
device formed on the composite substrate, which'is 1lipped to form a n-layer up photonic device
accordimgetisiorpigrdmend éndebdimantsiof txeimertionerDETRMED DESCRIPIONaRmed

EMBODJME NS REdlE RdDY GEMHRN el QORAL LG ALSIRIANS, RIFFEDIEA NGEain are not meant to

be actual views of any particular material, device, or method, but are merely idealized representations

which afsRahpRey s sl edarbairmpiarhisensdhe yees by irapsistidyer and a contact layer

disposed thereon. A low impedance coupling is formed between a refractory metal layer and the
contact layer, wherein the refractory metal layer provides a structural support for the semiconductor
substrate. The methods also include separating the transfer layer from the donor structure at the
weakened zone to form a composite substrate comprising the transfer layer the contact layer, and
the refractory metal layer.

[0013] In other embodiments, the present invention comprises a semiconductor substrate
including a metallic support substrate configured to provide a sufficient stiffhess to the
semiconductor substrate. The semiconductor substrate also includes a transfer layer comprising a
semiconductor material in contact with an attachment surface of the metallic support substrate,
wherein the transfer layer is detached from a donor structure comprising the semiconductor material
and including a weakened zone in the donor structure at a predetermined depth from the attachment
surface to define the transfer layer between the attachment surface and the weakened zone. A
matched CTE of the metallic support substrate closely matches a CTE of the transfer layer.

[0014] Further aspects, details, and alternate combinations of the elements of

embodiments of the invention will be apparent from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] The present invention may be understood more fully by reference to the following
detailed description of example embodiments of the present invention, which are illustrated in the
appended figures in which:

[0016] FIG. | is a simplified cross-section drawing of a conventional LED structure;



[0025] It should be understood that any reference to an element herein using a designation such as
"first." -second," and so forth does not limit the quantity or order of those elements, unless such
limitation is explicitly stated. Rather, these designations may be used herein as a convenient method
of distinguishing between two or more elements or instances of an element. Thus, a reference to first
and second elements does not mean that only two elements may be employed there or that the first
element must precede the second element in some manner. Also, unless stated otherwise a set of
elements may|00mprise QNe ok RigligiGRaRSsection [RRa] e m@inis desamRedthaerainkeaydinclude
multiple instances of the siame element. These elements may be generically indicated by a numerical
designa%%?e(@é.r?ﬁﬁ PSai| gf) é’ﬁfeally indicated by the numerical indicator followed by an alphabetic
designator (e.¢0018]0AFBES RaBrivdniigdtbedracedediby dridasis ifesgatibd deldidporeatistaof following
the deseriotion, o1 e, mash pats slementuymbsr indicatars peain it e, DymBET AL fi drawing on
which the elements are introduced or Most uﬁy |scu1~:sed;fmls us,)for exampFe, element identifiers on a
FIG. | withbedmusthyifthhenmemtienical format Ixx and elements on a FIG. 4 will be mostly in the
numerica formgh . rics 824 Lhe liaufing. descuptianaiQridesinnesif flasmatichas material
types and processing conditions, in order to provide a thorough déscription of embodiments of the
presentadiselssigrakavatinygibmeitadion tisrelcRrHsweTarsieaysb st opomashyaRil tharehetarewill
understad hat HeRBPRiReRisAlHRaPIFRNJIStIgsure may be practiced without employing these

specific details and in conjunction with conventional fabrication techniques. In addition, the description

provided hereilP%dBs AdfrdridadtothiTese sreRBResHeRHRSHARMIHA R GYHRP S SEHEIHEST device or

system.Qy Hbﬂ%xﬂé@@?&%ﬂ%&ﬂﬂi@waﬁmﬂﬁf Yémphsiersisinditheerapedingpts  of the
present invention are described in detail herein. The materials described herein may be formed (e.g.,

depositdtf & GrBAH BV S IYEM®8chnique including, but not limited to, spin-coating, blanket
coating, Bridggooan; anHIGgoeAratskiipreane ssesshemioasvaparidepesitiad GEME Nptakma enhanced
chemical vapor deposition ("PECVD-), atomic.layer deposition ("ALD"), plasma enhanced ALD, or
ohysical GRS THSh 0 B A 1S TS 2 SRS e MR AT be formed
as layersiothemtatéinelg aséthoinumiteéshio layers and may be formed in other three-dimensional
configurations. 028 1euns sush s horzantaloand xeriealyiassed hisreln  defna.iarve
positions of eleménts or structures wit respecﬂ% a major pﬁane Or SUrTace of a sermiconductor
structurédayergndwafieh pievesishxtratas devierfsgaad osshef arprigatutiomatsf atrordem leomgustor structure,

and are&B@%&%ﬁlrﬂ%@%ﬁ@%@ﬁﬁBﬁ?% with respect to the orientation of the structure being

described. As used herein, the term 'vertical* means and includes a dimension substantially
perpendicular 8% m&jéisirtadP dhustsaniconmnostsrsyhsistaeitig théorsdveHovdliEfe means a

dimensigB.syRsitialy R ARICHIRIGE MBI SUHACE B MRS SRIMSRNHHRIRLSWARIHTE fibped ti0029] As

used herein, the term "semiconductor structure” means and includes any structure that is used in the
formatiof? 8t & kE¥RESARHEIBN ESGiHES SSRTEBRUEISSMASRFBL RIS bMeBYFHIEN dies and wafers
(e.g., carrier substrates and device substrates), as well as assemblies or composite structures that

include two or more dies_and/or wafers three-dimensionally integrat | :
Semiconductor struct@él%%g%aggg%w lfQBIrQEtEP{?? %ﬁ&%ﬁ@%\g&%ggsﬁﬁﬂs intermediate
structures formegdyrinthtailiiersioshopasenteaneidiareavicrsrberbicancclewstimiures may
comprise conquctlve materials semlﬁ%rac:igctlve matc?nas non-conductive ma}ler als (gﬁ%go§le%ctrlcal

insulato Pé‘)mﬁ‘ﬁ 3 é%%t'ﬁsll% A |8\H§e’éh0§r@8 ut are merely 1deadlized representations which are
to describe embodiments of the present invention.

[0025] it should be understood that any reference to an element herein using a designation
such as “first,” “second,” and so forth does not limit the quantity or order of those elements, unless
such limitation is explicitly stated. Rather, these designations may be used herein as a convenient
method of distinguishing between two or more elements or instances of an element. Thus, a

reference to first and second elements does not mean that only two elements may be employed there



[0030] As used herein, the term "processed semiconductor structure- means and includes any
semiconductor structure that includes one or more at least partially formed device structures.
Processed semiconductor structures are a subset of semiconductor structures, and all processed
semiconductor structures are semiconductor structures. [0031] As used herein, the term "111-V
semiconductor" means and includes any semiconductor material that is at least predominantly
comprised of one or more elements from group 111A of the periodic table (e.g., B, Al, Ga, In, and Ti)

and oneoihAIgie fRie Feman o iRlelY holthadasiaeic iablentatinids. A 1SS ublksaniakdl).  [0032]
Unless specified differfgtl , as used hereijn, the term "coefficient of thermal expansion,” when used
[

with resPEETtE A ERHEF §f?dﬂ?t¥r‘é°,r?ﬁgﬁ%%nﬁw%r B8P SFEM S ar coefficient of thermal expansion of the
material or stry@os} atikrareniedpendtdBerein [RO3BERGcUnaUiberainitts tettie ‘anginkerad. substrate, -

in its brqadest.sense, means and.includes any,substrate. cqmprising two or .more,layers of . material and
It s T A B B e B R T e
thereonindingindbyatiesubstratasiidaladefdle wehblirmitiphekeam plesgsemicandudtdi-omn imsukator type
substraifcao ARCALABYRAR L, Iy uiderkatlingssneansasllizee doia |
semiconductor structure that provide$ énough stiffness that structural damage ‘due to plastic or elastic

deformadonaiesnhomobetimd aiers bpsicondubonanbrstorehding rubsadidrhpdeasaihgror handling.
As non-jmBiNg XA RRIGSuRY s StWGiurL daf MG AiRecAlaNs FeERqRg I ystal lattice

damage, warp, bow and layer separation. [0035] The various embodiments of the present
inventioMesiey db HepHBEW 67 ferpth dereadelpsgaiey afd Grdthh Beapprduticihy radisal fesrad
substratgs, that provide a suitable base substrate with a CTE that closely matches a CTE of the
engineered substrate 7 0036] Embodiments, of the invention may have applications to a wide

range of silicon®eimahisnfo iR desnoiofionann vides specilividoRtt s aicHe d4res Bt ates. For
examplersbessntbossand, siruaitresppbilie mbodimanis-phihiednyepsdmentobhapriest to

e RSB S Lo, e ey, g cnd cunry

zone 226htiereraatehat tiensféoldipen39 tkpreeaslidistioguexamplegyractetd chithemt qupkadsedescribed
e e YT SR e IRgen Sichgsees o e sl fr oo

description provided herein does not form a complete process flow for manufacturing a

semiconductor device or system. Only those process acts and structures necessary to understand the

embodiments of the present invention are described in detail herein. The materials described herein

may be formed (e.g., deposited or grown) by any suitable technique including, but not limited to,

spin-coating, blanket coating, Bridgeman and Czochralski processes, chemical vapor deposition

(“CVD”), plasma enhanced chemical vapor deposition (“PECVD?), atomic layer deposition

(“ALD™), plasma enhanced ALD, or physical vapor deposition (“PVD”). While the materials

described and illustrated herein may be formed as layers, the materials are not limited to layers and

may be formed in other three-dimensional configurations.

[0028] Terms such as “horizontal” and “vertical,” as used herein, define relative positions

of elements or structures with respect to a major plane or surface of a semiconductor structure (e.g.,

walfer, die, substrate, etc.), regardless of the orientation of the semiconductor structure, and are

orthogonal dimensions interpreted with respect to the orientation of the structure being described.

As used herein, the term “vertical” means and includes a dimension substantially perpendicular to

the major surface of a semiconductor structure, and the term “horizontal” means a dimension

substantially parallel to the major surface of the semiconductor structure.
6



100381 U.S. Patent No. 6,335,258 to Aspar et al., U.S. Patent No. 6,756,286 to Moriceau et al., U.S.
Patent No. 6,809,044 to Aspar et al., U.S. Patent No. 6,946,365 to Aspar et al., U.S. Patent No.
7,531.428 to Dupont. U.S. Patent No. 6,858,107 to Ghyselen et al., and U.S. Patent No. 6,867,067 to
Ghyselen et al, the disclosures of each of which are incorporated herein in their entirety by this
reference. However, it should be understood that other processes suitable for manufacturing a
compound material wafer that include utilizing predetermined weakened areas could also be used.

[0039] To perfqoanthis detashmesihplacess, ‘scpirdptetninediwaekenadszadendRdanayybe formed in
the donor structure 210. FIG, 2 shows use of the SMART-CUTTm technology wherein atgmic species
5 e B % SHBE AR i

250. sucHrALERED ST BrR FBHEIATSAE HEITARIEAY SI8ter TREIE G TEAS AR TR IS

are implanted through
an attachmexinspicfaties 2d0wiifitrsa o seaaitd ebengiedact datécthabyerakenes wdhes 22@mblies @onor

structure 130, Teweakened 2016220 5 substantially baralielta the manatashment syrface 240
and at a predeterminéd depth based on parameters of the atomic Species implant process.
100401 Witk orensfashiayBer2B0nduthorssfones bistvedndthbHytédhivmed stmiaced240raladithe sveakened

zone 220, 24diR A SHAMALINA S Sl A femesn e Eakened g0 430 nd an

opposite sur e attachment surfac 100411 The donor structure 210 includes a
semicondusigranaeriammigd sosghe writatinie sesiseidirtiveimaiicas, pereeadish Rl (e.g.,

GaN, InGaN, HIGaN AN, - hh S ARHSESURLALMaterial may be un-doped or, for some
applications, d?ﬁéd n+ or p+. The semiconductor mag be a freestanding wafer as shown in Fig. 2 or a

template structf3W g AstRdraindppiia bses BN EHEIRT RIS NSRRI SHEBIGIBTRSe at least

a portion;9f amiReRiasletieleisemiaendusiobmaierialiand Jarsamesmindinenisdheral least a
portion of the in%ot (qr boule) 8 may include silicon, germanium, Ill-nitride (e%gé&GaN, InGaN, AlGaN),

and S1CPHTESHTG SETU BN ST UETH BRSSP ST S SR S DL RS AR Y RRPEF S Patent No.
6,858, 1éinciysriet etates artkémoRaiant MactB867,067 to Ghyselen et al, the disclosures of each

of which are in ated herejn in their entirg this referenge. [0042]If the donor structure 210 is a
I1l-nitride matesg‘:i,gﬂe AR BF Eﬁfr?%{gé E@:#}%ﬁ% gg%rhdﬁ%%@@owgfﬁ%r%a% determining the
polarity atitiiechidatioompesitaistbsirdiest Aedombradthgitiog Exahpfena 6 aiddeloicsicuttare may be
used to devel llium:-polar face or itrogen-polar face for subsequent processing. As a further
non-Iimit‘ﬁrlrl:u(g);ugEgﬁ'él1 Bﬁaﬁ,%ﬁefﬁ%%ﬁ]ag%r%ﬁét%ﬂ%%r?é%h%yagcztlze dt({)) "Jeve oop agr%%%g%p%?glr %g%ué) ora
Nitrogenhf_)fbI@ﬁ“tfaqmﬁoéisu@ée(ﬁ,lgnﬂpfbées%lgmd Bi}100431_ For conventional layer transfer to a carrier
wafer, typically gqaapding, proceasiis.agd pllowed hy ralling,o (el tedmplaniadyater by means of

some heat treatment. The bonding process requires a high quality of the surfaces to be bonded to
avoid largearsandetdrers e nuiva reshagida areseal il s U ST M OIFRETEFE 498 HYISAL(CTE) of

both wafgrg,sheyldpatds: naliferendiia ayvaidwalerhiealagsaaga result of the splitting process. For

some applications, conductive bonding of a semiconductor material to a conductive substrate is

desirable to cot®@id: vamicsidetite S iRmreotins s Wt Hitat RAvPIRaatnvesarBsmeardhe surface
of the sepiaaRIYRICLRYEEABHRSHBIAE sFreRABTIROMIRIRE AUthRiSemisandustes with 1he

substrate or carrier wafer.. . ) , i
substrate for the fabrication of one or more semiconductor devices thereon. Engineered substrates
include, as non-limiting examples, semiconductor-on-insulator type substrates.

[0034]  As used herein, the term “sufficient stiffness” means a stiffness for a
semiconductor structure that provides enough stiffness that structural damage due to plastic or
elastic deformation does not occur to the semiconductor structure during subsequent processing or
handling. As non-limiting examples, such structural damage may include, dislocations, cracking,
crystal lattice damage, warp, bow and layer separation.

[0035] The various embodiments of the present invention are concerned with engineered

substrates and methods of producing the engineered substrates that provide a suitable base substrate

with a CTE that closely matches a CTE of the engineered substrate
7



[0044] However, such an approach is difficult to realize as today most bonding processes involve
layers of Silicon Dioxide (Si02) on the bonding faces to ensure a high quality bond. However, SiOn is
an insulator and will make electrical conduction difficult, if not impossible and, in addition, impede
efficient heat dissipation of the device to the substrate. [0045] As a result, embodiments of the
present invention provide structures and processes for providing a support structure that may provide
heat dissipation and with a CTE that closely matches a CTE of the transfer layer 230. In some

embodiments, @OIECtHEHLRNERE Sk heveaup] ansthier HrinRienan PRRIcrSeheiiskcontact,
between the transfer layer %F:;‘; andd%metallic carrier layer. An ohmjc contact (i.e., a contact with a
voltage ﬁ?&@ﬁ@ﬁﬁéﬁ'ﬁ'@&&é &) 30l SHRY RN RS RS R BTSSRI E¥hottky barrier
height, imaérdoimegativeed o fathamiotitenn ohidinoeniaatmall hexsphedranIvVerslizygitage
charact%rristi(l:gestf]ﬁt_ re q%stang?iw linear and sa/g:metric. In such cases, atE‘Ee carrierfs are free to flow
in or out' Ot the Semiconductor o SHHERE 1€°% RiRiRRRT PEEe e SIS LR S SRR Cohtact.

[0046] FIGS. 3MBR} aré'Kunipiifresinpissd actipncdiawigs ity stratingod ewetopaidiitwiila;composite
substra i r m I and.-a trapsfer layer.230 according to one ar more

g LRI e e U T S S —
to form dasieteiildegpporysbstraARIthEGuTiitienhstitfizes Stelprovidsstrnctissatibep potetol tine transfer

ayer 23Rr exampO0K. RGINRGERs Mol IBVel, 810 Pulormed eadiadiadypent surface 240 with a

process suitable for providing an electrical contact, for example ohmic contact, betweén the refractory

metal layer 3180438 thd tPakaintdpe  330.2P%itsr Asrge poditihgStHe ke Motdry et tapderdeay the

surface gfdha semisonducioRmaunesd SHaatment 1e IRmAYREY R iassLXIdle - gtheresurface layers
which may |mr%act the quality of the refractory metal Ia%er 310, e.g., a thin gallium oxide layer may

need to BRSEMIBVEd Y3t dBpesH My He @i Moo ilet QY 19/ P gtlsapir oA S r eSS an

electricad, genEET 1eGhy @R BNAIC BeMiacibsures P04 Jiveh RIMUR: StBdeibrRA HaGiAaNPkstructure 210
and the metallic sypport substrate 310 may be placed into a furnace (not shown) and heated so that
the weakBHEH B3t wa-bg{?&ﬁm R e g e WBLIER R st SHERE Rer 230 and
accomparnyingcmsiallicsuppoit suhstiste FOimayddels epiticatehlsamthtnadnesicitag itegsat the
weaken%(quﬁ?g}go%%ou Iéglstead of providing thermal energy, additional energy in other forms, for
example, mec amcafehergy, chemical energy, or a combination of thermal, mechanical energy, and
chemical enerd#¥8¥ouldcdyztissd diritwmpatihervne akaniagpaneddetachedentabetsd zone J2048yThee
structur : ter rati re a residual danar, ure (not shown) capable of
donatingq8 urfﬁ%r ﬁﬁ[llr]lstgggnis%}} ffé?@qgh i?@%ﬁ?ﬁ%”éﬂé%ﬁ%&ﬁ?@ﬁgﬁﬁmir{a"h?é’ %%tg’vlﬁ%%lgpport
substraté!@n@ spreitse aneth aigre @300A s ok hesimpexahpiennthe trthasiriapei@B0amay have a
thicknesgof J638 %ﬂ%ﬂé%%%%&é@&?f%%m%ﬁﬂ'5%[)&@4!?%[&?5@8%%%?%&@g@&%ﬁ%ﬁ-

[0050] As shown in FIG. 313, the composite substrate 450 may b€ flipped over for additional
processity dhisdeupssuerasariale bherecakensderons &0soubsimntialiy erfelslimgheipaiarther processing

steps, thesmBRSiteRUDSIRIRRE FEKISRahE 8 IRCEd GAIMANESY O RS fBhRX@aRle. polishing,

cleaning, or combination thereof. Additional processing may include, as a non-limiting example, adding
device stRREIELSHthe composite structure. The device structures may 10

[0040]  The transfer layer 230 is thus formed between the attachment surface 240 and the

weakened zone 220. In addition, a residual donor structure is formed between the weakened zone
220 and an opposite surface from the attachment surface 240.

{0041} The donor structure 210 includes a semiconductor material and in some
embodiments may include silicon, germanium, Iil-nitride (e.g., GaN, InGaN, AlGaN), and SiC.
The semiconductor material may be un-doped or, for some applications, doped n+ or p+. The
semiconductor may be a freestanding wafer as shown in Fig. 2 or a template structure, e.g., GaN on
a sapphire base. The donor structure 210 may also comprise at least a portion of an ingot (or boule)

of semiconductor material and in some embodiments the at least a portion of the ingot (or boule}
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include multiple layers of doped semiconductor material, un-doped semiconductor material, and active
areas as are known in the art to produce electronic elements, photonic elements, and combinations
thereof. [0051] FIGS. 4A-4C are simplified cross-section drawings illustrating development of a
composite substrate 450 with a teintintitnetal layer 310, a transfer layer 230, and a contact layer 410
therebetween according to one or more embodiments of the invention. 100521 In the
embodiments of FIGS. 4A-4C, a contact layer 410 of metal is deposited on the attachment surface

240. Thigasantasddalivod | Risannkguiaddiprogidean dithal, comasy that Bhidme uityée.g., low
resistance) between the transfer layer 230 and the contact layer 410. As -limiting example, if the
donor SRR SR SR A O P TR b by b 5% A AN S or a i
stack wheal.thedisSs dfgaldNnay, 316 .G6Trimehtat ko theld e cisplesioanalineeh ABvendireee non-limiting
example, if the donpr material.is p+ doped Gal then the contact metal layer may be e.g., Ni/Au stack
or Ni (thlgci‘cl)r?t0 anégfj;g?ﬁe{ﬁénl}g%%gﬁgeq oge%t}%e?ﬁreenscgmiconductor). Prior to depositing the contact layer
410, the surfad@tdRihe Hahsidonaisttortana) ifsed trenméntrigarah dheratyisupfibe susiaks beiogher

surface jayeLa e, (Y JeRetdh Rl ALT R ERNIREY By S i SrfindilbIsalim,Qeide layer

may need to be remove prior to depositing the tact layer 41 0. The contact layer 410 may be
depositagdibliBpingexanating GAN HraPesasorRioay Scosatntedaydeatidaalitnipelsiiscnbodiments,

the COn@@ﬁ?ég&%fﬁl@fH&@Bfo%?f_Méﬂl@i@Bréée?sﬁ%?dA@Qﬁﬁ%r%%%ﬁ@&%%ﬂi%IQEQNVHGWGW

support, such a seed may be improve adhesion with the transfer layer 230 and improve electrical
conductiBHSHERATES Wid tAderalesramalplpolap face or Wﬂﬁﬁ@ﬁé’é@hfﬁ%‘t fagabaay Rty be as thin as
a few mgielayges. In some embodiments, the contact layer 410 may have a thickness of about one
nanometer to about 50 nanometers. 0054] As shown in FIG. 4B, a refractory metal layer 310 is

[
formed on the KMtdct ESORYBHAN 3y o SROSTRL fRgbtaHST SYlsratiB i Ibig RALBRREE ES5ihling

betweemibefeglsactOby spatahsaEoshe antdahedcontadtlayemnd b sdémtheambosine Miseabhdid. 4A-4C,
the combination of the cantact layer.410 and the refractory metal. layer 310 be referred to herein
oD SHie Y e serpssa s B OGO i o

as a metANESdPHOITs GAthe surigsE g SOOI %aeré]gonor(ls}f’rtﬂ"cture 210 and
the metattics§urpplontessibshiftehd T Tivionte placed!iBipar fivn&CE Ehof bitbwajanshbddted bo that the

weakened zone 220 may be further,weakened. With,the kening, the transfer layer.230 and
e R R e e
weakenechdoeiev@ 20ndinsted shridonsiusidimgtenie nal emdrgyivadaittonig iedesigsbia othenstarhs, for

example, eGANGELENERY, SBeTlGRLeNaIR 05 SabinalautibemaL seghanical enery, and

chemical energies could be used during the weakening and detachment steps.
semiconductor layer and a contact area near the interface of the semiconductor with the substrate or

carrier wafer,

[0044] However, such an approach is difficult to realize as today most bonding processes
involve layers of Silicon Dioxide (Si0,) on the bonding faces to ensure a high quality bond.
However, Si0, is an insulator and will make electrical conduction difficult, if not impossible and, in
addition, impede efficient heat dissipation of the device to the substrate.

[0045] As a result, embodiments of the present invention provide structures and
processes for providing a support structure that may provide heat dissipation and with a CTE that
closely matches a CTE of the transfer layer 230. In some embodiments, an electrical contact
may be developed, for example, an ohmic or Schottky contact, between the transfer layer 230
and a metallic carrier layer. An ohmic contact (i.e., a contact with a voltage independent
resistance) is developed at a metal-semiconductor junction if the Schottky barrier height, is zero

or negative. In other words, an ohmic contact will have current versus voltage characteristics



[0056] The structures thus formed after the separation are a residual donor structure (not shown)
capable of donating further thin transfer layers and a composite substrate 450 including the refractory
metal layer 310, the contact layer 410, and the transfer layer 230. As non-limiting examples, the
transfer layer 230 may have a thickness of less than 1000 nanometers and more likely a thickness of
about 500 nanometers. [0057] As shown in FIG. 4C, the composite substrate 450 may be flipped
over for additional processing on the exposed surface of the transfer layer 230. Prior to performing any
further pracassinessiaRs| ihacomposiestbistratesdsd sy, beemeiasatfdre tocidmentrsuch as, for
example,.polishing, cleaning, or combination therieof. Additional proc sinq:?mg include, as a
non-Iimﬁ'ﬁ%‘ee%i% 8¢ "éﬁﬁ%ﬁr‘%t LIRSS TSN Sé“é%ﬁ?p%gl % SHRICHVS “PREGevice structures may
include multiplgdisg¢ il GRdbpeiBsaaitoptifietorrmatsriahudraeped esieomgldetolopraterial aand active

areas as are known in the art to produce electronic ts,.phatonic elements, and combinations
thereof.compféﬁgé%ﬁaetergégg&5%8ntglr-ys{?ﬁ%%r%yﬁﬁaﬁy %gr%?u%%n griégfr%n?r% é}(&glrtﬁl‘gl a%c%}r%é}gsite
structureisycrepeditirg thef ﬁmmmﬂllﬂmﬁé&hﬁoﬁ@le@éiﬂ@ 158 nBA b@ﬁ)méﬂdﬁi FIG. 2 and
FIOS. Aietitd  RIRLIAPRIAITHGLAY e Bieess RaPleRm e dasilualAgnorgatructure may
need to recelve a surface treatment, such as, for example, polishing, cleaning, or combination thereof
in orderstoueserdraunpes tiyihalrnpfac s rialng. [0059] In both the embodiments of FIGS. 3A-3B and
FIGS. 4A-4C, fopshragipremeishiayandi0-shenld ReRbleoremainsaamicaly andpfysically stable

at temperawres higW enough for subsequent processing, such as, for example, the heating for the

separatiRSRSREIaN eI EREHina B slstisabconzabitis sarmyEeh RS cORBRLIBATRE X &mple, for

subseqyepidsecarsin gk addiliandapilaversydheseiacieny fpbaliny eleIdPshouidens e to
withstand temperatures in the range of about 900 C to about 1100 C In addition, for subsequent

processig -t PHFFAE ORI ST IA AT RN AL HBI BN WA AT TS5 1T &rRMFBnment within
the additignabgsowvthitiepasiionipioassing iequipmestactor8REN1aVbeefragtosyhinatalilayer 310 may
be thick en ugh to provid SLgﬁcient st'ffnesst t(()1 $rovide t%rucwra%l sul%‘gﬂ tot 6rands{ertl§;1 er 230. As
non-limi%‘é)ee afh 3§,nﬁ?§ R AREERY BT I} B8 T0 FRay Have s thickhe<s Betweeh a I'ouftylo microns
and aboigthbtomidiansiandcah ovetlikebyca thicknassdetnteen about 10 microns and about 20 microns.
As non-limiting ples, the.refractor tal Jayer 310 may . he Sit Ing, plasma
cpray coating A0 OTE e R S SR R rmctory
metal lay&® 8E0 mayjehedinta afatohed @Y Sakvab etuskdytedatcias theGrEkefah eonarsfendasr 230, for

eXample iR REHERLAURIN AN ARKIRA LR SHRseCen PP RIBREARF R, TADIRA igiadi TE values
for some non-limiting materials for the transfer layer 230 and the refractory metal layer 310. Material
CTE (I\vsubytrate 310 may be separated from the donor structure at the weakened zone 220. Instead of

providing thermal energy, additional energy in other forms, for example, mechanical energy,
chemical energy, or a combination of thermal, mechanical energy, and chemical energies could be
used during the weakening and detachment acts.

[0049]  The structures thus formed after the separation are a residual donor structure (not
shown) capable of donating further thin transfer layers and a composite substrate 450 including the
metallic support substrate 310 and the transfer layer 230. As non-limiting examples, the transfer
fayer 230 may have a thickness of less than 1000 nanometers and more likely a thickness of about
500 nanometers.

[0050]  Asshown in FIG. 3B, the composite substrate 450 may be flipped over for
additional processing on the exposed surface of the transfer layer 230. Prior to performing any
further processing steps, the composite substrate 450 may receive a surface treatment, such as, for
example, polishing, cleaning, or combination thereof. Additional processing may include, as a non-

limiting example, adding device structures on the composite structure. The device structures may
10



GaN 5.6 SiC 4.5 Tungsten 4.5 Molybdenum 5.4 Hafnium 6.1

include multipie layers of doped semiconductor material, un-doped semiconductor material, and
active areas as are known in the art to produce electronic elements, photonic elements, and
combinations thereof.

[0051]  FIGS. 4A-4C are simplified cross-section drawings illustrating development of a
composite substrate 450 with a refrsomsm metal layer 310, a transfer layer 230, and a contact layer
410 therebetween according to one or more embodiments of the invention.

{0052} In the embodiments of FIGS. 4A-4C, a contact layer 410 of metal is deposited on
the attachment surface 240. This contact laver 410 is configured to provide an ohmic contact that is
high quality (e.g., low resistance} between the transfer layer 230 and the contact layer 410. Asa
non-limiting example, if the donor material is n+ doped GaN than the contact metal layer may be
e.g., a TVAI/Ni/Au stack or a Ti/Al stack when the use of gold may be detrimental to the device
performance. As another non-limiting example, if the donor material is p+ doped GaN then the
contact metal layer may be e.g., Ni/Au stack or Ni (the first metal in the list being closest to the
semiconductor). Prior to depositing the contact layer 410, the surface of the semiconductor may
need treatment to remove any surface oxide or other surface layers which may impact the quality of
the contact layer 410, e.g., a thin gallium oxide layer may need to be remove prior to depositing the
contact layer 410. The contact laver 410 may be deposited by sputter coating, thermal evaporation,
e-beam evaporation, etc. In some embodiments, the contact layer 410 may also function as a seed
metal for subsequent deposition of a thick metal support, such a seed may be improve adhesion with
the transfer layer 230 and improve electrical conduction properties with the transfer layer 230.

[0053] The contact layer 410 may be as thin as a few monolayers. In some embodiments,
the contact layer 410 may have a thickness of about one nanometer to about 50 nanometers.

[0054] Asshown in FIG. 4B, a refractory metal layer 310 is formed on the contact layer
410 with a process suitable for providing a low impedance coupling between the refractory metal
layer 310 and the contact layer 410. In the embodiments of FIGS. 4A-4C, the combination of the
contact layer 410 and the refractory metal layer 310 may be referred to herein as a metallic support
substrate 310A.

[0055]  The entire structure of the donor structure 210 and the metallic support substrate
310A may be placed into a furnace (not shown) and heated so that the weakened zone 220 may be
further weakened. With the weakening, the transfer layer 230 and accompanying metallic support

substrate 310A may be separated from the donor structure at the weakened zone 220. Insiead of
"



Rhenium 6.2 Tantalum 6.5 Zirconium 5.9 TABLE] [0062]In some embodiments. the CTE of the
refractory metal layer 310 may be within about 20% of the CTE, or within about 10% of the CTE of the
semiconductor material of the transfer layer 230. Thus, for these embodiments tungsten, molybdenum,
and zirconium used as the refractory metal layer 310 would closely match a SiC transfer layer 230 and
in some embodiments particularly tungsten. Similarly, for these embodiments zirconium, hafnium,
rhenium, and tantalum used as the refractory metal layer 310 would closely match a GaN transfer

layer 23@raviditiy Shentabenbedimeiisnactkctdaily oheMERBUR: example, mechanical energy,
chemical energy, or a combination of thermal, mechanical energy, and chemical energies could be
used during the weakening and detachment steps.

[0056] The structures thus formed after the scparation are a residual donor structure (not
shown) capable of donating further thin transfer layers and a composite substrate 450 including the
refractory metal layer 310, the contact layer 410, and the transfer layer 230. As non-limiting
examples, the transfer layer 230 may have a thickness of less than 1000 nanometers and more likely
a thickness of about 500 nanometers.

[0057]  As shown in FIG. 4C, the composite substrate 450 may be flipped over for
additional processing on the exposed surface of the transfer layer 230. Prior to performing any
further processing steps, the composite substrate 450 may receive a surface treatment, such as, for
example, polishing, cleaning, or combination thereof. Additional processing may include, as a non-
limiting example, adding device structures on the composite structure. The device structures may
include multiple layers of doped semiconductor material, un-doped semiconductor material, and
active areas as are known in the art to produce electronic elements, photonic elements, and
combinations thereof.

{0058} The residual donor structure may be re-used for forming additional composite
structures by repeating the process as illustrated in FIG. 2 and FIGS. 3A and 3B or in FIG. 2 and
FIGS. 4A and 4C. Prior to performing any further processing steps, the residual donor structure
may need to receive a surface treatment, such as, for example, polishing, cleaning, or combination
thereof in order to restore the original surface quality.

[0059] In both the embodiments of FIGS. 3A-3B and FIGS. 4A-4C, the refractory metal
fayer 310 should be able to remain chemically and physically stable at temperatures high enough for
subsequent processing, such as, for example, the heating for the separation and
growth/deposition/processing of additional layers. As a non-limiting example, for subsequent
processing of addition GaN layers, the refractory metal layer 310 should be able to withstand
temperatures in the range of about 900 °C to about 1100 °C.  In addition, for subsequent
processing the refractory metal layer 310 shouid be able to withstand the chemical environment
within the additional growth/deposition/processing equipment.

[0060] The refractory metal layer 310 may be thick enough to provide sufficient stiffness

to provide structural support to the transfer layer 230. As non-limiting examples, the refractory
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[0063] Since the stack of semiconductor/metal is CTE matched, thick epilayers of semiconductor
material may be grown on the stack without cracking in order to complete the fabrication of a device
structure. If needed, a thick metal wafer of the same kind as the sputtered/evaporated metal layer
may serve as a carrier to add stiffness to the stack without losing its advantageous properties.

[0064] FIGS. 5A-5C illustrate a composite substrate 450N with an n-doped Gallium Nitride (GaN)
transfer layer 230N and a photonic device formed on the composite substrate 450N according to one
Or moreRapRYENSIISRl he d W BiiieRss betlBEHELHN Filki@onstheicotposiensubeiraie MbRN includes
a transz, layer 230N o&an n-dot%‘ed %aN layer that is Gﬁ alar on Ti/AI/lNi/%u contac Ia¥§r 410 on a
eftacto LA SHONE] S0 BRSNS M e KT 250 ) B A SUBE o either an
n+GaN hifficarnre@aN(Ea3polagydre dapphte Hespplatecolimsidedmenphe conGaNipitkingay be
effectedmvg'{m)iigrz impé?%atlgsr% iqt?1 I¥he r&}zft&%gql%{nb lk. Deposition of the contact layer 410 and
refractory metal Tayef 310 are folowed y transter [yer separation of the transfer layer 230 from the
bulk. Transfer [p#Ghe nHeaNeosapphirdayolldaaffested mitbheddolib b ar alesédy tanilovide a Ga
polar n+ é@fﬁ‘é‘?&%@f@%f&@ﬁ?}tﬁ §%%§i£%e revenl%ﬂégl PRl S RRL R PHclHre, as a
type of photonic device, comprise o?a tional semiconductor devicé on thie composité substrate
A50N. TrredeEes stfaeleitdimeiibie ydvea dkasmegion; histe malgial ferche trnshen lysrs 38ueK as, for
examplqh(gmg%pvv;@{glggw%ﬁg on the n-doped GaN transfer layer 230N. One or more p-type layers
520 are disposed on the active layer 510. The result is an | ED formed by the n-doped GaN transfer
layer 230N, the active lay&ifaaland the p-type layer 520 FEbfitatklayer 530 provides an electrical
connection to the p-type tayer-526- {0867 TheresuttingtED-structureprovides a vertical diode
structure, which, in contra the diode structure in FIG> , does not need an additional electrical
connection exposed on thg;top layers for connection to thesn-side of the diode. 100681FIG. 5C
illustrates an optional further act to include a thick metal substrate 550 _The supporting metal thickness
can be increased by metaltmgsetal bonding between thedd&posited refractory metal layer 310 and the
thick metal substrate 55G;-this-thickening-of-the-metal-supportmay be-performed prior to device layer
formation if the thick metalBREsRES50 is capable of wi ‘%tanding the corrosive reactor growth

conditions. Hafnium 6.1
Rhenium 6.2
Tantalum 6.5
Zirconium 59
TABLE 1
[0062] In some embodiments, the CTE of the refractory metal layer 310 may be

within about 20% of the CTE, or within about 10% of the CTE of the semiconductor material of
the transfer layer 230. Thus, for these embodiments tungsten, molybdenum, and zirconium used as
the refractory metal layer 310 would closely match a SiC transfer layer 230 and in some
embodiments particularly tungsten. Similarly, for these embodiments zirconium, hafnium, rhenium,
and tantalum used as the refractory metal layer 310 would closely match a GaN transfer layer 230
and in some embodiments particularly molybdenum.

[0063] Since the stack of semiconductor/metal is CTE matched, thick epilayers of
semiconductor material may be grown on the stack without cracking in order to complete the

fabrication of a device structure. If needed, a thick metal wafer of the same kind as the
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[0069] FIGS. 6A-6C illustrate a composite substrate 450P with a p-doped Gallium Nitride (GaN)
transfer layer 230P and a photonic device formed on the composite substrate 450P according to one
or more embodiments of the invention. [0070] The layers in the embodiments of FIGS. 6A-6C are
similar to those of the embodiments of FIGS. 5A-5C except the transfer layer 230 comprises a
p-doped GaN transfer layer 230P. A corresponding contact layer 410 may be, for example, Ni/Au.
[0071] FIG. 6B illustrates an LED structure as a photonic device that includes an active region, which
may inclyderagitipisolanarmesal Ghvasminr RxanplecaantinaeiimeisposedrikiiaindopesGaN
transfer layer 230P. One or more n-type layers 620 are disposed on the active layer 610. The result is
an LED oM@ B3 tie WSHET- GaN transfer layer 230P, the active layer 610, and the n-type layer
620. A contactfmge] 630@EEovIET dhvslesircanganne slibstrta«the0V typk dayed@20.Gallif8072] The
resulting.LE ture proyides rtical diode structure, which, in contrast to the dio tructure in
o 1 et e A S B a8 B BB e R B o o
the p-sidecofding @iodeor mof@@idjcEIGeBCollkbstratesian optional further act to include a thick metal

substrate 650, e punRoriao MeRLICNSss CAARRINAERSA DLIPRhIGMEtal boing hgtween

the deposited ory metal layer 3 ick m strate 650, this thickening of the metal
supportiipdse(peribercdiginio Conéaion yEAOmationtitatidatick ihemb salatierne B80! ikEepable of

withstangipgdbe CRRARNR FPRCRICCIGHAR ARNATENSnay bIOFRAEIGET S1RG: lbaimGaposite

substrate 4505 with a Silicon Carbide (SIC) transfer layer 230S and a high power electronic device

formed BHAY Eomprianicon sBrpkkTe wapiRigechidifgtE dnds bR dmibgamm baefGegtk itidRtion. The
composj {rRtenfo e iﬂ@iHQ%%lHﬂ%@i@ RpsiRlRYe 30 QB theareiiactany mmaiablayrislo, e.q..

Tungsten 310T. As seen from Table 1, the SiC transfer layer 230 and the Tungsten refractory metal

layer 3167¢ard bt dRHMACOY EraiF RN PRRASREOR Y her Ay FreR AdOHigR StV el LB device

formed etpon-\uihespeussae: liliplamaeHtean aitacsislutdaadiopismaichGllptlg devicaN
formation. [0075] As illustrated in FIG. 7B, a power device may be formed with one or more power

device IBEFOT 1S GRS SRS Fer layer 230S. A contact layer 730 provides an electrical connection
to the power deyice layer.710, .[0076]FIG. {llystrates an optional further act to incl a thick metal
ﬁ?ﬂlgegg }‘eer ]5% }[R,l?ﬂ]a S gn Z&j S'.érucbure as a 58)5 8% %OE%TlC%%VICQI BOT% %SB O'F

substrate 750. upporting metal thicknéss can be ihcrea y metal to metal bonting between
the depeditéurafractoonduetat tyare3tOtanchthe shickubsetaik A M8traldas bB sl thickenihgof the metal

support %!We?%%%[@ﬂ&%%@ﬂ%&?ugg}%ﬁi@é’ %y@%[@ﬂ&iﬁ’ a4t feaickinGiRhaRsYale dgddsscapable of
withstan Ing the corrosive reactor growth conditions. .

the n-doped GaN transfer layer 230N, One or more p-type layers 520 are disposed on the active

laver 510. The result is an LED formed by the n-doped GaN transfer layer 230N, the active layer

510, and the p-type layer 520. A contact layer 530 provides an electrical connection to the p-type

layer 520,

[0067]  The resulting LED structure provides a vertical diode structure, which, in contrast
to the diode structure in FIG. 1. does not need an additional electrical connection exposed on the top

layers for connection to the n-side of the diode.

[0068] FIG. 5C illustrates an optional further act to include a thick metal substrate 550.
The supporting metal thickness can be increased by metal to metal bonding between the deposited
refractory metal layer 310 and the thick metal substrate 550, this thickening of the metal support
may be performed prior to device layer formation if the thick metal substrate 550 is capable of

withstanding the corrosive reactor growth conditions.
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[0077]FIGS. 8A-8D illustrate a composite substrate with an n-doped Gallium Nitride (GaN) transfer
layer 230 and a photonic device formed on the composite substrate 450, which is flipped to form a
n-layer up photonic device according to one or more embodiments of the invention. [0078] The
layers in the embodiment of FIG. 8A are similar to those of the embodiments of FIG. 3B. However, in
contrast to the embodiments of FIGS. 4A-6C, the embodiments of FIGS. 8A-8D do not include a
contact layer adjacent the composite substrate 450. Rather, a photonic device, such as, for example,

an LED may bmdeomediorstisa ssmiaaadiecieomaisitiadubsftawhitipiaimed-dspat Gatiapetialium

Nitride transfer la 30N in this embodiment. 100791 As.shown in FIG. 8B, the photonic

device m%m&%&l%%%% eaﬁé’%ﬁﬁﬁ‘@f }C\/gﬁ?@ﬁerﬁ)é? ‘ﬁqc(ff}(}gerﬁ%'ﬁffﬂse]tFaS)}léngatseu%% ag,c?glfdén mple,

guantuny wedlsrdispesedwiniberefithe iGatiion. Nitride (GaN) transfer layer 230N. One or more p-type

GaN layers 82 be. disposed on the active |a .he result.is.an LED formed by the the
e R SRR R RR O

n-type Galliu rahster ?gg/er e acti the p-type layer 820.
[0080] Afithadienghiotd i Gefite Structptehfommsttr dagorta bt dayeriss, sdeped Sithbsendissirised above

may belfg)?(@eg %&@&B&Wec&\%yt?ff lﬁ%%gogéd%g &&g@g}ﬂﬁg&&onnection to the p-type layer 820.

A heat sink, 'such as, for example, ick metdl substrate 850 may be formed on the contact layer 810.

The resulting dfittLirefiltayoBeithisughs o 44 fispugumhesfippsdossniRyivation BeNdstratedtineIG. 8C.
The refréﬁeﬁym?ﬁ%@mmém@ﬁa veddp Sxpasedthsibeaies Galiunrdditids, @ap) transfer

layer 230 0 The resulting LED structure provides a vertical diode structure, which, in

contrastRpeH Al deafadan BRfs. Prasednise AdeBcar Sat tttharcalbngiedl Qo MR BXposed on
the top layersrfRreannecicntotheheaide sktpaisiedesRathaisthepesitp] thedindaanay be

contacted through the contact layer 840 and the thick metal substrate 850. A contact 50 may be

layer 8
formed FODHBY RN BYEEH7Cal AR TS &Y RIQSIEd BARSH l trRIHAR AR SFBPR{PD 30N,

[0082] Tdxe embodiments of the invention described above do not limit the scope the invention, since
these embodiments are merely examples of embodiments of the invention, which is defined by the
scope of the apileditlaiessiéng L) degalequiveidsts. varcagliodelemasmb ediitientscangdsttended
to be WiIRANE e pER S dvientignndseds vatads erlications albadnxeption dp addiion t©
those shown and descti edlhereln, such as alternate useful combinations of the elements described,
will becdererafparantcttiotheséskilisld id thediedérom the description. Such modifications are also

intended to fall within the scoge of the appended claims. ) )
[0073] FIG. 6C illustrates an optional further act to include a thick metal substrate 650.

The supporting metal thickness can be increased by metal to metal bonding between the deposited
refractory metal layer 310 and the thick metal substrate 650, this thickening of the metal support
may be performed prior to device layer formation if the thick metal substrate 650 is capable of

withstanding the corrosive reactor growth conditions.

[0074] FIGS. 7A-7C illustrate a composite substrate 450S with a Silicon Carbide (SiC)
transfer layer 230S and a high power electronic device formed on the composite substrate 4508
according to one or more embodiments of the invention. The composite substrate 4508 inciudes the
SiC transfer layer 230S on the refractory metal layer 310, e.g.. Tungsten 310T. As seen from Table
1, the SiC transfer laver 230 and the Tungsten refractory metal layer 3107 are matched in CTE such
that the SiC transfer layer 230 and high power electronic device formed thereon will experience
little or no strain effects due to a CTE mismatch during device formation.

[0075] As illustrated in FIG. 7B, a power device may be formed with one or more power
device layers 710 on the SiC transfer layer 230S. A contact layer 730 provides an electrical

connection to the power device layer 710.
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CLAIMS What is claimed is: 1. A method of fabricating a semiconductor substrate, comprising:
forming a weakened zone in a donor structure at a predetermined depth to define a transfer layer
between an attachment surface and the weakened zone and a residual donor structure between the
weakened zone and a surface opposite the attachment surface; forming a metallic layer on the
attachment surface wherein the metallic layer provides: a matched Coefficient of Thermal Expansion
(CTE) for the metallic layer that closely matches a CTE of the transfer layer; and sufficient stiffness to

provide structypabspppats tochadsansiemayasmanthaepacain hhadamsirmiayeniremtEsdonor
e o 0 e ool i R R e o e and
further eefiapidseméashtang: thid) el atkaiiento provdsaaMsohidicitokiatiche ive siritiheuppetallic layer and
the tran%%r tg% %[‘formed prior to device layer formation if the thick metal substrate 750 is capable of

withstanding the corrosive reactor growth conditions.

[0677] FIGS. 8A-8D illustrate a composite substrate with an n-doped Galiium Nitride
(GaN) transfer layer 230 and a photonic device formed on the composite subsirate 450, which is
flipped to form a n-layer up photonic device according to one or more embodiments of the
invention.

[0078] The layers in the embodiment of FIG. 8A are similar to those of the embodiments
of FIG. 3B. However, in contrast to the embodiments of FIGS. 4A-6C, the embodiments of FIGS.
8A-8D do not include a contact layer adjacent the composite substrate 450. Rather, a photonic
device, such as, for example, an LED may be formed on the semiconductor material 230, which
formed as an n-doped Gallium Nitride (GaN) transfer layer 230N in this embodiment.

[0079]  As shown in FIG. 8B, the photonic device may includes an active region 810,
which may include multiple lavers, such as, for example, quantum wells disposed on the n-type
Gallium Nitride (GaN) transfer layer 230N, One or more p-type GaN layers 820 may be disposed
on the active layer 810. The result is an LLED formed by the the n-type Gallium Nitride (GaN)
transfer layer 230N, the active layer 810, and the p-type layer 820.

[0080] With the photonic device structure formed, a contact layer 840, such as those
described above may be formed on the p-type GaN laver 820 providing an electrical connection to
the p-type layer 820. A heat sink, such as, for example, a thick metal substrate 850 may be formed
on the contact layer 810. The resulting structure may be thought of as flipped. The flipped
configuration is illustrated in FIG. 8C. The refractory metal 310 may then be removed to expose the
the n-type Gallium Nitride (GaN) transfer layer 230N.

10081] The resulting LED structure provides a vertical diode structure, which, in contrast
to the diode structure in F1G. 1, does not need an additional electrical connection exposed on the top
layers for connection to the p-side of the diode. Rather, the p-side of the diode may be contacted
through the contact layer 840 and the thick metal substrate 850. A contact fayer 850 may be formed

to provide an electrical connection to an n-doped Gallium Nitride (GaN) transfer layer 230N.
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3. The method of claim 1, wherein forming the metallic layer on the attachment surface further
comprises forming the metallic layer to provide a Schottky contact between the metallic layer and the
transfer layer. 4. The method of any one of the preceding claims, wherein forming the weakened zone
in the donor structure comprises forming the weakened zone in at least a portion of an ingot of
semiconductor material or a boule of semiconductor material. 5. The method of claim I. further
comprising forming the metallic layer by: forming a contact layer on the attachment surface wherein

the contact laygags)vides amiglestéas) santastatibribestransfabdayels Ardinidrmingopd efeactory metal
layer conductlvely_cou&léad Wi%’] nd on the corﬁaet layer, Whereig,the refractory metal layer is relatively

thick corl¥SPEAGHHE H5M SRS BB QUFdRE e SHRRIRS A Qe YRR WA CIE. 6.
The metlisfthed Bnyhoss sy dfieprppestiag dhaimandvheidipdhequiaithed Ghizdguiviiln 10% of the CTE of
the transfer layer. 7. The method of any one of the preceding.claims, fyrther comprising. selecting the
donor sEULICRTSBIH BRATIFITS RorerChitg S Shigsi o S ST Ao OISR Sans. &
The metthodnotanynonedfithaimshbsosbofurthdrdeemipisiegeselacting tirerdonosdiructure to include SIC

and selecting the metalli er to include,t en Jhe. one of
s 1 R B P D e AT Tl

metallic fryennptidncRitd moliivdenumarcidsonignded afriblinvyithisriivacaneteiiiz appended claims.
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10. The method of any one of the preceding claims, further comprising forming additional
semiconductor structures within the transfer layer, on the transfer layer, or a combination thereof. 11.
A semiconductor substrate, comprising: a metallic support substrate configured to provide a sufficient
stiffness to the semiconductor substrate; and a transfer layer comprising a semiconductor material in
contact with an attachment surface of the metallic support substrate, wherein the transfer layer is
detached from a donor structure comprising the semiconductor material and including a weakened
zone in the donor structure at a predetermined dggjfi fgcom the attachment surface to define the
transfer |layer between the attachment surface and the weakened zone; wherein a matched Coefficient
of Thermid %@)&bﬁ CéTE) of the metallic support substrate closely matches a CTE of the transfer
layer. 12. The semiconductor substrate of claim 11, wherein the metallic support substrate

comprises: a cqntac Ff" {}fr% acent the attacfament rface and providing a conductive contact with
the transfer Ia)/% 6%@1 B BTSSR ‘é%tﬂﬁ R cHRUPREE R#h and adjacent the contact

layer, wiiereing hesefkantdnoneatod byer pfmmsdm}ﬁeﬂﬁmmmﬁﬂmﬁ o qutvidersiiveiugesupport
for the Semlcondy ngrr} %%ﬁ %me%rt“gtp F&é’é%%ﬁ H?e we ezqg zone and a residual donor structure
between the weakened zone and a surface opposite the attachment surface;
forming a metallic Jayer on the attachment surface wherein the metallic layer provides:
a matched Coefficient of Thermal Expansion (CTE) for the metallic layer that closely
matches a CTE of the transfer layer; and
sufficient stiffness to provide structural support to the transfer layer; and

separating the transfer layer from the donor structure at the weakened zone to form a composite

substrate comprising the transfer layer and the metallic layer.

2. The method of claim 1, wherein forming the metallic layer on the attachment surface
further comprises forming the metallic layer to provide an ohmic contact between the metallic

layer and the transfer layer.

3. The method of claim 1, wherein forming the metallic layer on the attachment surface
further comprises forming the metallic layer to provide a Schottky contact between the metallic

layer and the transfer layer.

4. The method of any one of the preceding claims, wherein forming the weakened zone in
the donor structure comprises forming the weakened zone in at least a portion of an ingot of

semiconductor material or a boule of semiconductor material.
5. The method of claim 1, further comprising forming the metallic layer by:

forming a contact layer on the attachment surface wherein the contact layer provides an electrical

contact with the transfer layer; and
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13. The semiconductor substrate of claim 12, wherein the conductive contact comprises an ohmic
contact. 14. The semiconductor substrate of claim 12, wherein the matched CTE is within 20% of the
GTE of the transfer layer. 15. The semiconductor substrate of any one of claims 12 to 14, wherein the
transfer layer comprises SiC and the refractory metal layer includes at least one of tungsten,
molybdenum, and zirconium. 16. The semiconductor substrate of any one of claims 12 to 14, wherein
the transfer layer comprises GaN and the refractory metal layer includes at least one of zirconium,

hafniumfgReIR A veRadk s alUD jaylef O REuSB PISARAINEIRSUDSHALS: afabnaReI s aimsedr dr 16,

further comprising a thick metal substrate conductively coupled with and adjacent the refractory metal
layer refractory metal layer is relatively thick comipared to the contact layer, provides the

sufficient stiffness, and provides the matched CTE.

6. The method of any one of the preceding claims, wherein the matched CTE is within 10%
of the CTE of the transfer layer.

7. The method of any one of the preceding claims, further comprising selecting the donor

structure from the group consisting of silicon, germanium, SiC, GaN, AIN, InGaN and GaAs.

8. The method of any one of claims 1 to 6, further comprising selecting the donor structure

to include SiC and selecting the metallic layer to include tungsten or molybdenum.

9. The method of any one of claims 1 to 6, further comprising selecting the donor structure
to include GaN and selecting the metallic layer to include molybdenum, zirconium, hafnium,

rhenium, or tantalum,

10.  The method of any one of the preceding claims, further comprising forming additional

semiconductor structures within the transfer layer, on the transfer layer, or a combination thereof.

11. A semiconductor substrate, comprising:

a metallic support substrate configured to provide a sufficient stiffness to the semiconductor
substrate; and

a transfer layer comprising a semiconductor material in contact with an attachment surface of the
metallic support substrate, wherein the transfer layer is detached from a donor structure
comprising the semiconductor material and including a weakened zone in the donor
structure at a predetermined depth from the attachment surface to define the transfer layer
between the attachment surface and the weakened zone;

wherein a matched Coefficient of Thermal Expansion (CTE) of the metallic support substrate

closely matches a CTE of the transfer layer.
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18. The semiconductor substrate of any one of claims 11 to 14, wherein the transfer layer comprises
n-doped GaN and further comprising semiconductor device layers integrated on the transfer layer to
form at least one photonic element. 19. The semiconductor substrate of any one of claims 11 to 14,
wherein the transfer layer comprises p-doped GaN and further comprising semiconductor device
layers integrated on the transfer layer to form at least one photonic element. 20. The semiconductor
substrate of any one of claims 11 to 14, wherein the transfer layer comprises SIC and further

comprising senicondigtaiaderdcg.lavate staghated amihaaRsiRtIAERID I RAkisast one high
power electronic device.
comprises:
a contact layer adjacent the attachment surface and providing a conductive contact with the
transfer layer; and
a refractory metal layer conductively coupled with and adjacent the contact layer, wherein the
refractory metal layer provides the sufficient stiffness to provide structural support for the

semiconductor substrate and provides the matched CTE.

13.  The semiconductor substrate of claim 12, wherein the conductive contact comprises an

ohmic contact.

14. The semiconductor substrate of claim 12, wherein the matched CTE is within 20% of the

CTE of the transfer layer.

15. The semiconductor substrate of any one of claims 12 to 14, wherein the transfer layer
comprises SiC and the refractory metal layer includes at least one of tungsten, molybdenum, and

zirconium.

16. The semiconductor substrate of any one of claims 12 to 14, wherein the transfer layer
comprises GaN and the refractory metal layer includes at least one of zirconium, hafnium,

rhenium, and tantalum.

17. The semiconductor substrate of any one of claims 12 to 16, further comprising a thick

metal substrate conductively coupled with and adjacent the refractory metal layer.
18.  The semiconductor substrate of any one of claims 11 to 14, wherein the transfer layer

comprises n-doped GaN and further comprising semiconductor device layers integrated on the

transfer layer to form at least one photonic element.
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19.  The semiconductor substrate of any one of claims 11to 14, wherein the transfer layer
comprises p-doped GaN and further comprising semiconductor device layers integrated on the

transfer layer to form at least one photonic element.
20.  The semiconductor substrate of any one of claims 11 to 14, wherein the transfer layer

comprises SiC and further comprising semiconductor device layers integrated on the transfer

layer to form at least one high power electronic device,
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