METHODS AND STRUCTURES FOR A:LTERI NG STRAIN IN I11-N TRI DE MATERI ALS
FI ELD OF THE | NVENTI ON 1001] The vari ous enbodi nents of the present

I nvention generally relate to the fabrication of sem conduct or

structures and devi ces.

structures for produci ng sem conductor materials, substrates and

devices with inproved characteristics.
[2] Strained | ayers of sem conductor
of reasons. Strain in the sem conductor |ayers can result

a nunber

an increased density of defects, crack formati on and phase

separ at i on, METHOBSANDESTRUCRURES FIOR ALTERUCG ISTRATN INIERIERIDBIal i ty.
[3] Strain effects can be disadvantﬁﬂggﬁ% in fabricating Il11-V

sen conduct or

MAT
FIELD OF THE INVENTION

[001]  The various embodiments of the present invention generally relate to the
fabrication of semiconductor structures and devices. The various embodiments provide-
method and structures for producing semiconductor materials, substrates and devices with

improved characteristics.

BACKGROUND OF THE INVENTION

[002)  Strained layers of semiconductor materials can be undesirable for a
number of reasons. Strain in the semiconductor layers can result in an increased density of
defects, crack formation and phase separation, in broad terms, a possible reduction in
material quality.

[003]  Strain effects can be disadvantageous in fabricating [1I-V semiconductor
materials such as the Hl-nitrides. For example, consider [11-nitride based light emitting
devices containing indium gallium nitride (In,Ga,<N) with significant indium content (e.g. x
> 0.15). The increased indium content preferred in such devices, for extending the emission
wavelength range, commonly introduces disadvantageous levels of strain due to lattice
mismatch with adjoining layers. The strained layers commonly have restricted thicknesses
and low indium content in an attempt to prevent material phase separation and subsequent
non-uniform indium distribution.

[004]  In more detail, the components of the binary compound InGaN, namely
InN and GaN are not fuily miscible and therefore under a given set of growth conditions and
film thickness there is a fixed range of energetically favorable InGaN compositions. The
introduction of lattice strain and defects into the InGaN system can result in thicker InGalN
layers grown at energetically unfavorable compositions tending to phase separate i.2. the
material is no longer of a single composition and the In and Ga atoms will not be
homogenously distributed throughout the |layer. The non-homogeneity in the InGaN

material can result in a deterioration of the efficiency of Hi-nitride based devices.
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materials such as the Ill-nitrides. For exanple, consider 111-nitride
based light emtting devices containing indiumgalliumnitride
(I'nxGal.xN) with significant indiumcontent (e.g. x > 0.15). The

i ncreased indiumcontent preferred in such devices, for extending the
em ssi on wavel ength range, commonly introduces di sadvant ageous | evel s
of strain due to lattice msmatch with adjoining |ayers. The strained
| ayers conmmonly have restricted thicknesses and | ow i ndium content in

an attenpt to [paspVenthelBl<Lihk BleviBibsditImePa; anfa.th@@caamdlmmaﬂwnt
non- unlformlndlumdlstrlbtlon 4] In nore detail, the

conponent achisving material gagls relabpaye syhatantistn tpelsplines sraindriaxed matsinls #ite not
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| nGaN comkd@tdﬂn&rysstra‘lﬁrelamdtscrmdmdtlct@rrhay@fs lattice st rain and def ect s

into the I nGa nres er at
energetical | y%@ Iat nt r?E%?g?"[#]e ]ﬁlmc{ E‘E@6¢1§2§?%%'ﬁ%§%seﬁ%@ﬁ%e\r’\@t ei.e.
t he mat er 2608 biy Mobie ek @In@lSrPa&ht Applitatigh HOCTOMWORI 379 ) ndisaloskstieepitaxiahnd Ga
atons will nqQt be hgnogenously strlbuted hr oughout | t The
non- homog@Rasiyp ﬁﬂf"r?@ gFrﬁt%Nmr{ﬁ't%@} lavar op Fnde g i toRon; fﬁ@ftafrﬁgéﬁau

of the ef ﬁds@arﬂmwntﬂa‘du&dohomtﬁarnl ift6 th@@ﬁﬁ:@lsn%\ﬂfﬁﬁrﬂ% o’r‘lﬁe%b] base throughltt]
Therefore, the previously outlined approaches can be inpractical for

achi evi ngremt@ﬁ phthe §iGsl 3 Xf’r relaxatiomprogcss is prodycsthby slertrelickging thshase,
strain reingﬁ B fohdr( sﬁowoﬂﬂeﬁeﬁ 5&&%&9&9&9%&&%& tafidihESUl t,

nmet hods an uctures are desire produci ng | ow defec density,
strain re$eamddl$@mt0@wmjctor | ayers. [6] U S. Patent

l'i cati on Sggi-al . 64 « 2003 b
%ghe et al. 3@Pa$€or?{1gy&/pgll ﬁcgﬁggﬁ%%ﬁﬁ)ﬁ%g%ﬁw@&%éI oses t%e
epijt ai(i al stmapmﬂ (Applied Ghysics Sether,Ba(T), grﬂ(]?&riﬂﬂﬂiﬂ(sﬂoﬁbhe tfcamarogcmﬁ? 8i0; f
underlyin e, i ctifgn o
arra n | it Bt Bk ol P R M AR RN PR
rel axat i ofruefiretwasubkdaently Delize@hstald forepldxt egdsifich o a (et dideand
sel ectively etchin the I nsul ating conmponent (5i02) of the S01 base
to produc@eﬁaﬁ@%Q?‘ﬁF Ki§de¥eF eest andi ng seni conduct or st ruct ur e.

[ 7] Mooney et [@ig) "Semﬂm’%@&tbtq Ig%?srg?dvﬂl He@%oamkﬂamolaﬁlueﬁcreﬁﬁn%mgtﬁteng
Si Ge/ Si structur es sics Letter, 84(7) 2004)

di scl osesmee uméﬁsm'x %rﬁm@ﬁ dt& eslafige Piselalsh batwesn &efdrSéé%lﬁrdmrSn dhes;
structureg \\;I\Ebé:ﬁo%'o@gen%&ﬁ?f&d %?E:F V& Gk BQre&Fxcté’d APkheRRY fnﬂata&ed The

structure was subsequen ized as a base for epitaxial
deposi t i oMetbédsand sipetprefor sroedmaﬁ@mméuqtcéllaawawtbrﬁd@ﬁfedtsw BGe | ayer.

[3885 tlrsg{“eé}é’f‘é‘.ﬁ’e‘é‘t'o%os'it%}é%éth@!e%‘(\@de@ﬁ?a‘o%r oepitaxially to an underlying
SUMMARY OF THE INVENTION
[009]  The various embodiments of the present invention generally provide

methods and structures for fabricating semiconductor layers with reduced levels of strain,
substantially free of phase separation. The methods are now briefly described in terms of
certain embodiments of the invention. This summary is provided to introduce a selection of
concepts in a simplified form that are further described in the detailed description of the
embodiments of the invention. This summary is not intended to identify key features or
essential features of the claimed subject matter, not is it intended to be used to limit the

scope of the claimed subject matter.
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may be undesirably strained due to lattice m smatch between the
dissimlar layers. The conposition of sem conductor |ayers can
therefore be restricted and the quality inpacted. Methods and
structures for providing sem conductor |ayers with reduced strain and
preferred conpositions are therefore desirable. SUMVARY OF THE

| NVENTI ON [ 009] The various enbodi nents of the present invention
general ly provide nethods and structures for fabricating

sem conduct or [l er ThkhbbdiRARCe the IR¥RIoR p@lidShERbdY forFetisigant i al |y
free of phase separation. The nethods are now briefly described in

terms of &aveoaiusiossbsHraamsthods intledeiforpingraibendingninfedacs belyeanyg i s

rovi ded i s el | . I Lfied form
Phat are FOPRAIRENGE Sl Effohiflod VP REGRE R luihcE P C
enbodi nmengtsictofe. Thesemmpeditctonayertind the bandimg swrfacesoftiwtsuppottsmebade are

identify key.features or essential featyres of t | ai.med subj.ect
atter ottt Raine g B Ss i Aol Fgtent dlanoB AT Sy Se

cl ai med Sthbjs@ﬁ@ogmﬁidrﬁgerd%fﬁdbing fthc bonding et offthescatidoadiictor hiya pafdutebe )

i nvention proyi met ho or rmng .a sem conguctor structure; the
ot hods | HEPRH of F Sfmgpn U%ﬁénnﬁfg{ﬁeﬁﬁn@?m Retor |5 Minga FRIHTs ﬁf‘de'é’&rface

of a straiRGEomBALPIRHUE tedicondMefr maRfal PritlanGie PBedsts bAveerodAneitdppor t
structure. The sem conductor |ayer and the bondlqrﬁljga surface of the

support structlfd ade siaief.deanrosssps iBrairaemavingelesiodirgan ok thebasdipdsur e of
THR O o h . f .
e adj ol QiHg oﬂh@g@;pg{g %th{aﬁ Landi BepRlL L@ﬁggq mz{slnﬁ%@?@ﬁpﬁ ANALGHRE

| ayer. Exposing t p;é: surfac sem conduct or | ayer
produces ef agtea faat ofithe ssmicdohdicoelayear amhnisplonpicald eighdng, the dnenagkedriiessmiuct or

| sl ands hg Leﬂﬁcoﬁgl}c?o%&?rqo le%é’a?%reééfoﬁ% E@' bk SRLHRAT gﬂ is‘@r&&%%&e rocess, is
sem conductor material prior to the processes of the 'enbodi nents.
[11] As speabmtkd td Reops met@ss edhé sapaitseuatiearovi ng sel ected areas of the

ooni 19 SUrT ! s ARk S G R B TR B R0,
| ayer andihaginficvht @r Gahtsiviet edlicablctebef strimaml ubsattRip piake-fehfation
isg(r;j[ (rzgnQUﬁ%?bﬁ\lliayer troS r e\{e I ,a eas i of tte%%ggg%r[tv tr léctcldlg e. An
pi c BT GUGYIES 28 IGEH0R. S G Py PPEHS 2B he support
St ruct ur emjcroelectromechanical systems etc,
[013]  Further embodiments of the invention utilize the plurality of
semiconductor islands with reduced levels of strain (substantially free of phase separation)
for forming a substantially continuous layer of semiconductor material, wherein the
continuous layer of semiconductor material inherits the properties of the underlying
semiconductor islands. Methods for forming the substantially continuous layer of
semiconductor material include performing lateral growth from the free surfaces of the
plurality of semiconductor islands with reduced levels of strain. Additional embodimerits
also include the deposition, reflow and planarization of a layer of reflowable glassy material.
[014]  In certain embodiments, the semiconductor material in the processes
outlined above comprises a llI-nitride material, including gallium nitride, indium nitride,
aluminum nitride and mixtures thereof.
[015]  Additional methods of the embodiments are intended to reduce the amount
of strain in IIl-nitride structures including bonding a strained HI-nitride layer to a support

structure. In particular embodiments of the invention, the support structure may include an
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[12] In one enbodi ment of the invention, device structures can be
formed on the sem conductor islands with reduced |levels of strain and
substantially phase-separation free. Device structures can incl ude,

el ectroni c, optoel ectronic, photovoltaic, optical,

m croel ectronmechani cal systens etc. [ 13] Further enbodi ments
of the invention utilize the plurality of sem conductor islands with
reduced |l evels of strain (substantially free of phase separation) for

form NG auSHASHIANL Il SOPLLL R Soh AKEE Pk RERLEANINER oo TBSEF 1 21

wher ei n t nuous em-conductor materia r| ts the
properti e&bﬁﬁntmlﬂbepremdm'rgltl}ﬂ m:gleaannﬁiblﬁdm:dct oatetiabd. ands. Met hods for

formng the s antia cont j nyous, | ayer semc duct or terial
i ncl ude perfoﬁmg Itrh? Ld’"gf“dﬁpgkﬂ' 'ﬁﬁ%ﬁf"glﬁémﬁ TR DI esggpo&stn?% ¢

pl ural i t yar@ffurtiendezomauadalicichnk Apddortied ntd taekupgt streangrt STifselsdtivai n.
Addi ti onal enbaodi nents al so include the, depositi refl ow, and

pl anar i za¥'¥iie oéfheéﬂwawlaxs"f ma%bq RSUHRIBIcE u@f%@ﬁ%@mcaﬁs comprising 1 14]

I n certai fhi@HRohERARhink, hﬁ'ue?e@%@&‘lb@%te&hmgﬁﬁﬁé iuBbord dutdh@ iy Beesses
outlined above conprises a -nitride material, 1ncluding gallium

nitride, pqn@rmmd]unll%lmgaj\éewbﬁnu%l pigesswHi t ri de and mi xt ures t her eof.

[ 18] Addi t] onghuret otk AlibdiGr ATBANATALSofhRe IBhERISHhhRoagluce the

amount of str structures bondi n
st rai ned dilridelayerivdid rédayesirevels oastsunplpwbmtbststtlalwcrtmsreeser)alra'nOpﬁeet bycul ar

g/n‘g(i)dl nenée%for%cmé lgr%rall gr\éwmtflrom the une fhe IZF())HIOI'I of i THE HES Ia)rfgayln ch%lande an

embodiments, additional processes can include the deposition, reflow and planarization of a
reflowable glassy material.

[018]  Further embodiments of the invention utilize the continuous 1I-nitride
layer with reduced levels of strain, substantially free of phase separation in a number of
ways. In certain embodiments, device structures are formed on the continuous fayer of [11-
nitride material, The classes of device structures that can be formed have previously been
outlined. In other embodiments of the invention a portion of the continuous layer of 111-
nitride material is detached such detachment can be produced utilizing ion implantation or
alternatively a plurality of voided regions formed during the lateral growth process.

[019]  The various embodiments of the invention also include structures formed
during the processes previously outlined. A certain embodiment of the invention includes a
semiconductor structure including a lll-nitride island with reduced levels of strain. The [lI-
nitride island may also including a free surface with a surface area of approximately less
than 2.5 x 10° um? and may be composed of substantially single phase indium gallium
nitride with an indium percentage approximately less than 25%.

[020]  The structure can also include a support structure comprising one or more
elements including a base material, an etch stop layer and a sacrificial layer, wherein one
element can have multiple functions. Certain embodiments of the invention include a
bonding interface between a bonding surface of the IlI-nitride island and a bonding surface

of the support structure, wherein the surface area of the bond sutface of the [11-nitride
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etch stop layer. The etch stop layer may conprise a dielectric
material which is capable of substantially preventing the nucleation
of Ill-nitride materi als. [16] The 111-nitride material is
selectively etched to expose the support structure and further
selective lateral etching is performed into the support structure.
The selective etching of the Ill-nitride |ayer nmay be perforned
utilizing a dry etch process conprising anisotropic plasma etching,

wher eas t ta@ncﬁced Dplokinftehf %}Eﬁtéﬂ %a@fhe%%c@é’r%?rtl{e b‘éﬁd‘h{gcsquﬁ& oY s{pﬁ

performed utilizing a wet chenical process. [17] Fur

net hods o$trut3th@ enbodl ments conprise formng a continuous Ill-nitride
layer with re Ry %‘lﬂﬁ)d &to'f‘@lb ﬂw qn ﬁUP&éﬁHﬁér IJCMIFCS produced

phase- separ atl on free f'orm ng tera rovvt t he unet ched

portions fém thos pretwleunlwuuhd@ Whgl&lnherlsmucueasmwiude epibtaﬂiyméﬁts addi ti onal

d f f
7ot | ownbl B RLED Hipwie BV SRR eindf i SR YRS R RCT 7"

i nventi 0n1s[|diﬁds|ate&&bs’tdﬂ&al[5'®nﬂ1lnnhm§aﬁle hérzoithitplane éndl ateysepararéd do theie geriphety
| evel s of strain, substantha §1 free of pha\ﬁe separation i H%?ZG nunber
of ways. P H¥eeriPPRRGEHEe an YLy ¢ EhedprhsE efyic@adugios StUgFAPon t he

cont i nuoUgciLddy edditRhal HinitRld hit& Rl ARdcEt 'toathe fréE*}@rfééle oShENI- mfndéli%}éhd%e
structures that can be formed have previousl %e been outlined. In other

enbodi nentheeyffomieg 3 W\b@ﬁl“iﬂlbffoa“fb'@'t*st'iiB@hOfdi‘I'“ttﬁ ¢t doewdcYlayer of
"'-n'tr'%oaﬁkﬁ&m'sutss&nﬁim&%&nﬁﬁ é}o@'ﬁt ﬁraeﬁﬂfena%pmp@ ePr oduced

utilizing 1on inplantation”or atlveyapural of voi ded
regi ons fwbstandaliipinigiegphededndivm gallium rgirdwwhh v iodjers percentage apprgxirggtelThe
various e a?e‘ij'th'Eﬁ% of the invention also include structures forned
during t he pr 0cesses previously outlined. A certain enbodi nent of the
i nvention i ncl[ﬂimas ﬁurﬁemspemﬂmdtmmssndalketnuﬂeeommnzitlumhqﬁ@ealemlehtsnﬁ tride
island with. uce may al so
ot udi ng8 ERER S pEtbEerty R I R Pingdted ol S e hlef BT B
than 2.5 e &0fe ofii idrator@iyivdagonconposed of substantially single phase
indiumgalliumnitride with an indi um percentage approxi mately | ess

t han 25% [20] The structure can also include a support

structure corrprl si ng ogm@mmfgpmptyggm\um@ a base materi al,
an etch stop | 2éer and a sacrificial cé(@ wherein one el enent can
el4 904

have mul ti pl hct ilbhesesertdiventian "@W‘@BH’P mgge fellydyireferareilotie i ncl ude
a_bondi ng, 3nm§go IAEd BRSO Bh RO R B i 8 EorHe Cp%&&tmvs\ﬁfoﬁ“ de

i sland an ng surface of t he support structure erein the
surface aflestradfe exdneplesofspesitie fmizdinphtsohibe invéntini enditateappéngbfigieesiin
apprOX|na&$ Wy greater than the surface area of the bonding surface of
t he support structure.

[024]  Figs. | A-G Schematically illustrates specific embodiments of the

invention for reducing the level of strain in semiconductor structures.

[025]  Fig. 2 Schematically illustrates a plan view of a structure produced by
embodiments of the invention.

[026]  Fig. 3 Schematically illustrates a specific embodiment of the invention
utilizing the reduced strain layers produced as part of the formation of continuous layers of
semiconductor materials.

[027]  Fig. 4 Schematically illustrates an alternative embodiment of the invention
utilizing the reduced strain layers produced as part of the formation of continuous layers of

semiconductor materials.
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[ 021) The enbodi ments of the invention include further structures
produced fromthose previously outlined. The further structures
include a plurality of the sem conductor structures previously
outlined wherein the free surface of the Ill-nitride islands are
substantially within the sane horizontal plane and are separated at
their periphery by a distance of approximately |l ess than 30 pm The

further sem conductor structure also includes additional Ill-nitride
mat eri al adjacent to the free surface of the Ill-nitride islands
thereby form ng_a substantially continuous |ayer of Ill-nitride

material . |n paPETAHER DEXOREITIRMNPE THESREGEERREREMEPDIMENE i nuous
llayer of |11-nadgy i dendBhRidintthts SPMP b &ftien Sdhkpoisnithcds hid s%‘h&%@{ophase

|
indiumgalliumnitride wth an 1 ndium percentage approxi mately
great er tisdusingBuplevel of strain prixpbsrniialbyrevensipg phase sgpaiatpe trolicfosoegitayially

al ter nat egrSQ#Rbﬁc%E#u%ﬁ% Ia&%rs Lﬂghee‘tlo Qr‘ %’ sf?ﬂclctt}r&i ilbgtﬁ}éggr‘di a%@icggi flolm b e
apparent fromthe Tollowmng detaile escription and are also within
t he scopesudflagdne TihaGelotvog'dssciiptive ndrmmencesBRIEDPESGRIaB Tdf ENbGFmdntE

DRAW NGS . &2 % Th resent jnvention may be understood nore
fully by Ydedpsn oé'% IBO”'feﬁBP? B“Pfe&ﬁa‘r[u% dggf'ﬁti'qned description of the
preferred embei9rentrae @fm tpstApliase Rlusddhemttd @fer td 4 edutitiiadlsichgplensanpl es
of specific enpbodinents of t r]e i nventi on ar?:d t he appended figures in
whi ch:  exceptop B ficiisicgaies normal ey cxperietitheah PG PRIt SPIRKIALBYE 11 ¢
embodi MeNfafnd®foulifty BeltXpidlel & bel BhipeRGLEHRGods (6 chRMakly AfonSdrysdil el N

sem conductor structures. ) ) N

or completely of one crystal polarity, or completely of single compositional phase) across
macroscopic dimensions. However, an epitaxial layer can routinely be expected to be
“substantially continuous” (or “substantially monocrystalline”, or “substantially of one

crystal polarity”, or “substantially of a single compositional phase™) across macroscopic

dimensions where the discontinuities (or crystal domains, or crystal boundaries) present are

those expected in the art for the processing conditions, the material quality sought, and so

forth.

[030]  The term “critical thickness” refers to a thickness at which strain is
sufficient in an epitaxial layer to cause defect formation to reduce the level of strain.

[031]  The term "reduced levels of strain” refers herein to a level of strain, for a
given composition, that is less than the level of strain present at the critical thickness for the
formation of crystal defects during heteroepitaxial growth.

[032]  The embodiments have applications to epitaxially growing a wide range of
semiconductor materials and combinations thereof, both elemental semiconductors and
compound semiconductors. For example, it can be applied to combinations of Si (silicon)
and/or Ge (germanium). It can also be applied to groups [I-VI and groups 111-V compound
semiconductor materials. Particular applications are to growing pure or mixed nitrides of
the group Il metals (111 nitrides) {e.g. GaN, InGaN, AlGaN etc) with reduced levels of
strain.

[033] However, for conciseness and convenience of the following description

and without intended limitation, the invention is described herein primarily in embodiments
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[25] Fig. 2 Schematically illustrates a plan view of a structure
produced by enbodi nents of the invention. 1026] Fig. 3 Schemati.cally
Illustrates a specific enbodi nent of the invention utilizing the
reduced strain |ayers produced as part of the formation of continuous
| ayers of sem conductor materials. [027]Fig. 4 Schematically

Il lustrates an alternative enbodi nent of the invention utilizing the
reduced strain |ayers produced as part of the formation of continuous

| ayers ofdigeBa @%ﬂﬂﬂl\ﬁé 10LnifRBésCirddhGicul2lydn émbddfrieoftsldkR i ddSERhIRE IHOWNOF THE
PREFERRED ENMBODI'ME

and GaN materials. This descriptive focus is only for example, and it should not be taken as

fimiting the invention, In fact, as will be apparent from the subsequent description and

appended figures, the methods of the embodiments can readily be applied to growing group

111-V compound semiconductors generally, to growing compound semiconductors

belonging to other groups (e.g., group 1I-VI), and to growing elemental and alloy

semiconductors. Therefore, it is without limitation that the description herein focuses

primarily on embodiments of the invention directed to J1I nitrides and to GaN.

[034]  Headings are used herein for clarity only and without any intended
limitation. A number of references are cited herein, the entire disclosures of which are
incorporated herein, in their entirety, by reference for all purposes. Further, none of the
cited references, regardless of how characterized above, is admitted as prior to the invention
of the subject matter claimed herein. Briefly, methods of the embodiments of the invention
commence with the formation of a strained semiconductor layer on a support structure
utilizing bonding and separation of strained material from a suitable donor structure. Strain
in the semiconductor layer is commonly produced by the heteroepitaxial deposition of the
semiconductor on a lattice mismatched substrate. The strained semiconductor can be
deposited directly on a substrate and subsequently bonded to a support structure or
alternative the strained semiconductor can be grown on a suitable substrate and
subsequently transferred to an intermediate support prior to bonding to the support structure.
The strained semiconductor layer may be deposited below the critical thickness to prevent
the formation of additional defects in the material and also substantially prevent phase
separation.

[035] A surface of donor structure comprising a strained semiconductor layer
(the bonding surface of the strained semiconductor) is brought into contact and adhered to a
surface of the support structure (the bonding surface of the support structure), forming a
bonding interface between the two articles. Upon bonding of the semiconductor layer to the
support structure, the lattice mismatched growth substrate (or alternatively the intermediate
support) can be removed using techniques known in the art.

[036]  The surface of the strained semiconductor layer opposed to the bonding

surface (referred to as the “free” surface) is patterned with a masking material such that
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[ 028] The enbodi ments of the invention conprise met hods and structures
for reducing the |l evel of strain and substantially preventing phase
separation in heteroepitaxially grown sem conductor |ayers and the
formati on of structures, substrates and devices fromsuch | ayers. The
foll owi ng description comences with a brief summary of enbodi nents
of the invention followed by a nore detail ed description. 1029] The
term"substantially"” is used herein to refer to a result that is

conpl et e feggsase Forsulihe ag%[th&wagad%ﬁc&% Mskmél%% gd ekpostdre art.

For exa an epitaxial layer cannot routinely be expected to be
conpl et el gonmmoﬁtmmisseqsymlcmodmtoeta}ﬁryremsmww@fmb'ecttwﬁlé etchrd, bopiph et el y

S one rphsBiex Bl el uerBlog BNl Einke Bl th AL EOMRAS A BRD | PRase)

acr oss 05c0 I Mens , an epitaxia
rout i nel ysupmriskpawt,altkrdbe fdmldgmphsalmmf ismlateg smnﬁnduumu@iox(sor

"substantlall nocrystalline", or "suybstantiall one. cr

pol arity" )fmgﬂbs?\éﬁf‘?'}i“ ?t‘ih Rf?ce%fessqnﬁﬁﬁ'éedé% ﬁﬁt])e(‘}EYetjﬁy ERAY® %ﬁggﬁgﬁgeacr 0SS

macr OSCOPdUB d&lsﬂ@d&ﬁe AR SNMILEPoded B gRh SO AL iR wiabied Feglons (i ygéal domai ns,

or crystal boundarles resent are those expected in the art for the
y

processi n‘lj‘“@&ﬁh"r Eemisgaducton Bygph therepypndgigelting tbe wBiRgAEuctonAdtedd ARy t 1.
[30] The 5&fm QE)I'uFath%lf eiEMéal%E\ﬁé&duét@rflﬁz{n%s g cﬁ‘ta‘r@x@%ﬁ]ﬁ?%m@&d i S h

strain is su |C|ent N an epltaX|a éer t o cause ect fOI’mEltIOI’]
t o reducethe svditioea) efch processes egrpprise amsotromt[ ligwetithe isooms (ateselbetehing advel s

of strai rhltarn%[ Egﬁmm;ﬁg osp'ir&a?edlf‘{&'qum strain, for a given

conposi tion evel of st rain present at the
critical thicki38ss Agortichef thebmeing oterade berwest tk pliedisotf sendenmiduegpr
het er oepi.t,axj al

to epit a)JFI rrdls §nddﬁ%%%t sfrugturg és T%ﬁéhed-g? grm%gé) r?1géhg|%9atl ?upgé"&’ setlrugte}%! I cations
Therefore, a plurality of structures are produced comprising elevated islands of
semiconductor material supported upon a foundation column of support structure material.
Removal of the strain maintaining support structure from areas of the semiconductor islands
result in reduced levels of strain in the semiconductor islands.

[039]  Further embodiments of the invention include utilizing the elevated islands
of semiconductor material supported upon a foundation column of support material for the
formation of continuous layers of semiconductor material with reduced levels of strain,
substantially free of phase separation. Such methods utilize the free surface of the
semiconductor islands as seed crystals for lateral overgrowth processes, either with or
without additional deposition and planarization processes. Lateral growth of additional
semiconductor material is continued from the island seed crystals until coalescence accurs,
forming a substantially continuous film of additional semiconductor material. Growth of
additional semiconductor material is then continued until a desired thickness is attained.

The continuous film of substantially strain free material is also substantially of a single
compositional phase (i.e. free of phase separation). Since the additional semiconductor
material is seeded from islands with reduced levels of strain, the additional semiconductor
material can have increased thickness or mote desirable compositions with reduced
likelihood of phase separation. The semiconductor material produced by embodiments of

the invention can be utilized in its current condition, or portions can be detached and
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sem conduct or materials and combi nations thereof, both el emental
sem conductors and conpound sem conductors. For exanple, it can be .
applied to conbinations of Si (silicon) and/or Ge (germaniun). It can

al so be applied to groups 11-VI and groups | 11-V conpound
sem conductor materials. Particular applications are to growi ng pure
or mxed nitrides of the group IIl metals (Il nitrides) (e.g. GN,

InGaN, Al GaN etc) with reduced |l evels of strain. 10331However, for
conci senegdsfamdd f6aRyYRihARE 6f MEmbthe sérditdnaididrGtrelas el foPéiampleaBitlposid hout
intended Ijmtation, the invention is described herein primarily in
enbodineﬁ%gﬁmﬁirected to growing 11l-nitrides, and particularly in
embodi ment s digpt eBmbouifief e AR @Rthe GodRhE S RbSauddl S
descriptive focus is only for exanple, and it should not be taken as
| i m ting mesiaisrwidmeduoed levels of sieain, substantially frgsef pleisepsrationy asemavhe
subsequen i Dt n | " . s -f,. t he
enbodineﬁ%%gﬁgﬁhgg%%?#§ﬁﬁﬂm§%gﬁPgﬁﬂ?§hgE@%ﬁﬁdﬁgﬁ%ﬂghﬁfﬁfwﬂg%npound
sem conducidtaial sgeanedsad oyl intithggxrompie grhe empalimdhtssd theGorotiontcomsence

bel ongi ng_t.a ot her oups . g, roup,ll-Vl), and to grow ng

el ement aﬁ”'&HHﬁergfeg&?%é%‘?‘r‘Fr%@@ﬂgﬁ?fi%lp'%ﬁé\r efore, it is wthout
limtation thgd1} helraemediapituonrd1€ceinprisbOnpisRSriduir8®ahd donGitructure
enbodi nents. of the i nvenhi on gli rected to |I1 ni tri_d(&\ws_and 1o GaN.
[34] Head mYBPOrEUGEE Y IHayUpiAd fsspmerisne yjtirkefIgmeadndidngseiriigay
intended hyjefr f, 8ih QB lafhr BURPREe QbpdrahRF €NE SRuRBLE nrbd A HOMItRIdoh t he
entire disclosures of which are i ncorporated herein, in their
entirety,stapyayeeand therhase spRRortaver 3l xeeompmpntspEthe sypgpréstpietureiad ci t ed
referenc I a0t erz: ' ] as
or i or to THOE AL P ent Rl EURNER, MabiG, TR Bl 75
met hods cfrugtite meyrbodiBmtiongf(i.¢ hanglaelentnt eouldompesecs etsh sthp tahe and

format | o @l o8l REf SE:ERNAHELRLL IS0 By BURRAEL: BhT Uot ur ©

utilizing bondin n stTained nmaterial” froma suitable
donor st rsaaifidiablayeBi T adrbasersupioet 1sen e gnideiethostop! layeebeingondnsdrand b y
pr oduced

y the, het eroepitaxial depositjon of e seni canductor on a
R A R i D R RN it
deposi t ed sihigle@fitdrivl @mdarur&u&sds_roamtcﬁadp &sﬂasaméwaé é@p@olgyked (d.©aa ]
support structure or. alternative the strained sem conductor can be
grown on Sél"’%'h?"t"%ﬁi“é'ﬁ§@ layer apde %PRT“’%?IEE%@@WISS}PPPF&’HE el t‘?%%ﬁn

i nt er medisa$RrSIHRRRE tanRbiBrise b@IitRMADayRE dbRndiREorSHP BRI rbpeHit bigs  The
strai ned sem conductor |ayer may be deposited bel ow the critical

t hi cknessSUER?“ﬁ‘FW@htadQ'Wan/'@feFﬁéPi"éFﬂcb’fje HbRr eich pap layrss sxcridcipldayese

mat eri al @pfhAbge, spbstantially prevent phase separation.

[ 35] A surface of donor structure conprising a strained sem conductor
| ayer (the bolfdRhg kuefarembsdindsts of the averdidn, seaniieialledge t kspipiisss dr ought
into cont : : . : t r r.e (the
bondi ng SEP A AR RERE sl e Bl e SHRRE G il

i nt er f ac ehdmtdhwerstiont iheibstamsialy nanedirestiondljgbat isethohg rroal odirettioes semi conduct or

| ayer to the s rt ,structure he lattice ms hed. gr.owt h
subet r at & e PR and e S0aHsf maleris w R AL AMATPAGIE BTN

usi ng t eclvhany, slukingwridasiSiOR&n@), tnitrides (SiN,), I[-86{GaMselinBmkace of t he
strained p%ﬁfmet%% cq %%ltlé?rqg slu?ch%rw%P Qlopg%dstrhgur% rI]?i.e:p(())fr.%(ajci:rtr%'lgia] layer 11)
preferably has characteristics (i.e. surface roughness and surface chemistry to provide a high
quality bonding interface with donor structure 3). In a certain embodiment, the bonding

surface of the support structure has a surface roughness of approximately less than 15 A.
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surface (referred to as the "free" surface) is patterned with a
maski ng material such that 7/31 areas of the free surface are either
exposed or covered by nmasking material. Exposed portions of the

strai ned sem conductor |ayer are anisotropically selectively etched,
the etch process exposing the underlying bonding interface between
the sem conductor and the support structure, thereby formng a
plurality of isolated sem conductor regions. 1037] Addi ti ona

etch processeqog|e Bhohlsiop BedoomPtRSh muRlid whRiRXsa: RB/1bwers of the
support structure not only'in exposed regions but also in masked

regions (ieletivityényelsrien o éitsanrificiehieyes evipreiaribnrichopleqtizijis given srdhectsg
under cut t Lage{HBE: ﬁ&E&B &9&?9‘@1 @{e offfFaEﬁf‘duﬂ'la and, &Ftﬁggﬁb%ﬂ%ﬂhk’ by ity of

el evat ed sem con uctor Al n exenpl ar odi nents, the
addi ti ona$topelaxyhcqumomméslecmprmatesés doriesamplagilicon ﬁ:oddscaudatilldgymtlsi@s ropi c
(lateral)

et.ching or alter mar.i | |sot 0 I al )
Gt chi ng.  HGSET e PlopBiitsy Rl SR etghey abep? Bl Whfishahffihd
pl ural i t ysediicordiof ateiidl irnsubseghennttscessthodsivé the typioh. structure is
mai nt ai ned to ‘@ﬁVigﬁ gfchanlcal supgort str cture. heref%{e, a
plurality of sﬁ 28sG PHBPYH HtHEd %%WBF'?esa GosNerLeEdn U Ends of
sem condugpghire ¥BIcEH, sBbonSIARIR IS nitRER, 18- V9 bintiRtckdaBnee @ BabaIn@bdisguppor t
structure material. Renoval of the strain mai nt ai ni ng support

st r uct ur eSifisorRi-isdater GOy HE-painsulsemIEPB et sl ands result in reduced
level s of st F?MSLI NDol: s&&RIE 9Bt EQ cohddsROGBstrale G3R4 EHFatnﬂ-@r

enbodi nents o e invention include utlilizing the el evated islands
semiconductor layer 13, as a non-limiting example the strained semiconductor comprises

indium gallium nitride (InGaN). Composite substrate 5 comprises base 7 and an elective
intermediate layer 15, as a non-limiting example the base comprising sapphire and elective
intermediate layer comprising gallium nitride (GaN). It should be appreciated that base 17
can comprise a homogenous substrate (e.g. GaN) or a heterogeneous substrate comprising
two or more materials'(e.g. GaN on sapphire (GaNOS), GaN on insulator (GaNOI)).
Strained semiconductor layer 13 can be formed on the composite substrate either by direct
deposition or via transfer from an intermediate support structure (not shown).

[046]  Direct deposition of the strained semiconductor layer may involve
intermediate layer 15, for example the intermediate layer may comprises a material to aid in
the deposition of the strained semiconductor layer if direct deposition on base 17 is
problematic. For example, the intermediate layer may comprise gallium nitride on base |7
(e.g. sapphire) to aid in the deposition of the strain semiconductor fayer. In other
embodiments, the intermediate may be omitted if the base provides a high quality surface
for direct deposition of the strained semiconductor layer. For example, a free-standing (FS)
gallium nitride wafer could comprise the base, in which case a strained InGaN layer could
be directly deposited on the base without the need for an intermediate layer.

[047]  In alternative embodiments, the strained semiconductor layer is deposited
on an intermediate support structure (not shown) and then transferred to compaosite substrate
5 utilizing methods of bonding and layer transfer, as known in the art. Such transfer

processes substantially maintain the strain in the semiconductor material but are capable of
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of sem conductor material supported upon a foundation colum of
support material for the formation of continuous |ayers of

sem conductor material with reduced |levels of strain, substantially
free of phase separation. Such nmethods utilize the free surface of
the sem conductor islands as seed crystals for |ateral overgrowh
processes, either with or without additional deposition and

pl anari zation processes. Lateral growh of additional sem conductor
material g domigd Fof %};Iae[ncah angmaeRAd g&ws&lmln&tampslmty GQ%@SCGHCG
occurs, formng a stbstantially continuous di tional

semi conduretags havevesris aan be vanierousfin erdaln pmmdanen%%b@@ﬁa%@@ﬂer frateri al

is then c i i thal y

cont | nuoU M r P HEbfskpAeF B P EUBEARE 1 it et Bt

subst ant i =lihvwertafto altx:egﬂmgioéntycmpmsar)tmemaﬂle rratuascef theitraesferfproeess,of kpdvarse
separatian dd, tor materi i s seeded
From sl Ande o MaorLAREaG R BledDeLLFa RO e B R Ghglpser 570

sem condu tiefadiivsibes the suaked R & thihiase dulishite kKive stample, ior e desirabl e
conpositions with reduced |ikeljhood of phase separation.

sem conduBewrediplap; couldspmaiicadisgn wids Setitrenpiridsmaeial i Aiskip { Eil‘in can
be utili Z&qdfhg\oﬂatténﬁwemmawwrrs.htam.me.%edwééulp nSéepe detached and
8/31 transferred for the formation of alternative sem conductor
structures, f#M8kxaRifesbrdirpisispasision anisnpianfeom an intermediafesugprottnbodi nent s
of the T nyeakboR sl Hihd Wk @Atic Ao 0h g%gateggae BRleGticd! s i th
reduced | eve FrSt rain, Dstanti a ase separation, are
now descrrigwaich lwt\@eedleetmld@tdaﬂd)r|wetdmdfalgrcmtﬂesub$t@feeﬂb¢m@m§d) Figs. | AG
utilizin h £ I

exanpl e. gs?%'cgndn%toﬁla t 'r?tcgmmf) n?ﬁ 08'%9%?1[ %Fna cot?fﬁree(%ma?m‘{kﬁg& IrF?trer nmedi at e
st ruct ur eforhtion :Iﬂnlsfectatl&do Btralrﬁbkgxatnﬂaﬁ\thereby prevenhﬂg:] sngrnfﬁcmmnmdeaai ie the
structure, 10 CE rise EPé"{jt structur((g g[% structure 3.
Suppor t SfepUR oLfedecs 1y eFfI Yesr @gtenl ag I‘}BPI' §‘I‘ﬂ ﬁﬁj’lsff?abﬁ“B” Penent s
i ncl udi NgexaAEE, ithri Ly, dbao {sHYBE critital tm&:@&sﬁaﬁﬂokm@m 29 na@hdeas gorsuppor t

| ayer 7. It should be noted that both the_etch stog{ﬁlpa er and the

base suppBriCmn)ene walye ippxpessd e beaiisarngseta Gy naname t structure
and ther esfsﬁrc@ndaaeri er, A Rarp I ENBNAiRIdE B, éamaé &e%gsnedsy\aaﬁéust' on, a
single el ement of the support structure nay be nultifunctional (i.e

a si ngl e edhaigegsknevgun theearigstuding. meiallorganic yapspphasgapitaxy i L ES h§|LH§port

| ayer et C constitute
bot h sacf(l % |yg| a @eﬁage%f[@%?{gg?eméﬁ%ﬁ%rbt n]gﬂ?tﬁﬁf(hfﬁ& Rymkﬁe etch

st op | ayewndies sgfacsriPof sgperhdrusursil| bonding sxdacke? | s e tstraned smmndmt@rg bot h

th I I
e oocr A AT AN ORFE HBBRES o BT eSSBS
| ayer 7 (e.g. [&9ki Ilnmnedmteﬂmctsadﬂ(mgdBals fdarargdabybrmgmgurs@ﬂxrﬂm re etch
t /b rt | . ddj t t t
e o S PB4 e SR O R PPBRPRATLS 57" e
Isuppor t Sshppw&]'sswtﬁoﬁnre Hod bitougmaho éoamarvﬁthalmﬂoddlhgmmnielfoﬂmé Et&rmeet ch stop
ayers, sacri

rs, hondin ayer . 10421l n . certain
onbods ek yeh e BRI T e 25 oo AT B BB o
mat eri al igaiEabbecalbe pRUNGd Sfemakldn@h)or hdnedive®Rhdind. e gliatifest blrdirg.
etching in which the rate of the etch reaction is substantially

non- di r ecPIEATaE) cang further impropsd e metheds knoyryia B RErSEchas fight aneousl y)

and may GeRFE higRpREdA Sondi &S peDBRPINing e6 eé"éuE:Ihas'WrﬁU' d
etchants, incl udi ng oxi des $5| 02, Zn8 nitrides (SO, H-Vs (&As,

I nP), rmetchemical gl s asplasme cleapgli ng surface 19 of support structure 1
(i.e. of sacrifshri aljpdrtryiatibd o BERASRRIAY 20% c%maas%egﬁgwasé;so%n@r e.
surface roughness and surface chemstry to provid hi gh quality
bondi ng itht @nerstrectytk shierond fromtinieraedinte staipture 29 0§FléeIch drampestisodi ment
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[43] Etch stop layer 9 conprises a material which has a very |ow etch
selectivity in relation to the sacrificial |ayer, wherein the etch
selectivity is given as the etch rate of the etch stop layer / etch
rate of sacrificial layer. In certain enbodi nents, the etch stop
| ayer can conprise dielectric materials, for exanple silicon oxides
and silicon nitrides. In addition, the properties of the etch stop
llayer may al so prevent nucleation of further sem conductor material
| N SubsequpiteRORRERdIS ARBGHcREs th 1Ee JUFNRDE bPRe strained semibghdhlctofhe base
support structure can conprise a honogenous base including sapphire,
si | i con, matgriatcFhedine shelece oo banepoise mételrpolis sitrogdntpolarsemi-pader REAASrAOGENEOUS
base |ncI 0 l,£01
o OGN i S e Bl RO B b0 )
and a st rta¢ brading enfacofodpoddr dll- nitua;eerRehﬂwalaﬁccwmmte-shbsmtb b (eg ilexizatgal e t he

strained s uctor c rises | n|1r

o § i (L e R Lo e et e dom ettt SBPHtE e at o
layer 15, ma&iad howevet, tilstdin B 1RXAdidHabis biteaRRBEmEiaAPEd By wt@d.agmmﬁmee and
el ective internediate |ayer conprising galliumnitride (Ga

shoul d be2Safpmaesita subsfrat ftansa@@ow ba’aﬁwebeﬁﬁf'ie@wae%%wﬁhﬁﬁfsuch
SubSt 1 at €y (Redift- oﬁauzmp%r\lg@ndl%t &' ﬁrgfaﬁmonﬁémﬁlhﬁeafs@chfawmgelkﬁbmastwo or

nore material ste on sapphi on I nsul at or
(GaN01)) .SMARBCHED -sem conduct or Iayer 13 can be formed on the

cOMpOS & SUDHSIP! CUBIEAREPY il &R Bl ARASH LNl 4RABIES! from

an internedia upp rt ructure rect
deposi ti ahe muImMetrwtmanmmecﬁﬂmtmandaexm)selelcm\;egrmm@ withvodskieg

i nt er nedi at e. e the | errre er

conpri segder WL?% 'Q‘I'S?r?%d iFig ﬁn‘ﬁ?g" HléeﬁrB% ruc%lie%hThe rrmaalt'a@c/f

sem conduﬁasmng han,e&arl 27 &t sdlbcft&i?lbcad@ﬁ@& theifieaisupfaced se Séiﬁlcmrﬂu@dird@eed’mt ic.
For exa di ate npri se. um nitride on

| e, i.nter
base 17 (i PP s Pl ol aroaesre 1 R BN i e RS
sem ConstﬁFlEtﬁlEaIJ; ﬂhﬂ%ﬁ@to]ﬁtﬁbg%ph?fecfﬁniﬁﬂ@ﬂb%ﬁ depo¥iforl dThRERChAérRI sy be
omtted if the base EI’OVI des a high quality surface for di rect

deposi t i gRtigsnedietraing ot the Wé%!flrg@?ﬁe@elna@ék*wm?tarf&can peldephatamngitivey

free-stangdipng rsgtlfact,ggla}ld,“g&]m%k% waf er coul d conprise the base, in
whi ch case "a strained GaN | ayer could be directly deposited on the

base without {1¥&] neMaskingrmagtial 3Ttievtitized tap@tqcnsﬁyb@ted a@4 7l emicandusionat i ve

nmbod
"t or ot s A0BnEbblaREE ARG NAIR T (U Bcle ARSI LEENAPARY, |
conposi t eiregslbsﬂomtueﬂg MR): Whezatqhg;rmﬂcacksnmﬁll}bmhzhdmrgsuaﬂdltihlafyer

transfer, as kno n proc ially
it ai n TREER e Te s B e B saoa P ARFRIE PRIk & of
al t eri ng Higher thal iarHeditectiboparstiebtogHeRurfdce)@arbvic sn@askedmagiynsgf own Wi t h
netal -polarjt i.e. ol ar),. however it can.be dva equs

Cor tai . crBlR Ser BBt e A O PSSR TE RN ol ar
mat eri al Aroancseﬂrfmﬁdtdhe)f&ut@@ﬁa&@fd@ct&,mateﬁambpreﬁaraelaaecehhsﬁ erﬁ&tdaﬁenasl towoul d
be inverted to nltro &ﬁl‘%rlt ol ar?z1 fduebto t he nath[%&e t he

transfer SHPROEY. Prea § ﬁerﬁlﬁ@dael r mafes dnedppRibsets i ate

llayer 15 ifdhsi6@INR EibSyuent Resnd RS cﬁimnagbénaééﬁ&eea@ryachf@lrdqmrerdh@« adhesi on
of the strained |ayer to the conposite substrate. For exanple, the

i nt er mediAUESCIEHEHS dBcad Sunpniesevthfrans Vo dissised ' 'rsﬁurtheééﬂa'hu tride

material to a?ﬁBFt Inthd A oliRRAt iMBurAd iR Figh ﬁf‘%’fe%ﬁfsﬁ%ﬁic@@ﬁﬁok@!(%r from
an i nternedi a support structure. er by direct

deposi t i dhustpted ashmgngsiched Brauaithe ﬁf@wﬁwlwévwwﬁrtﬁ expose sacrificial
layer 11of support structure 1. The anisotropic etch of the strained semiconductor material

(i.e. a [Tl-nitride material) maintains the bonding interface 25 between isolated
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structure the strain in the sem conductor |ayer is commonly produced
due to the lattice m smatch between the sem conductor |ayer and a
grow h substrate. The strained sem conductor |ayer is conmonly
deposited bel ow or about the critical thickness for the formation of
defects due to strain relaxation, thereby preventing a significant
increase in the density of defects in the sem conductor material and
the on-set of phase separation. For exanple, for 1n0l5G0.85N, the
critical ée&ﬁc%#dh@t%ﬁregénsai%’ r@@uﬁﬂ%ﬁ%lr%t@@ | [Athe ﬁ’\‘ﬂﬁéoq@g%rfs(af)rrés?@\aﬁgﬁp 75N,
t he val ue 1I's expect he rang f ew nanone The
sem condube oratibaspeetectdddy nesiingingeril 27 Jln addntrondbe et wg burface ofdlie be
dep05|ted b n n

nmet al | org§W¥8X®3EBB}#SIO%SZ@g (he&l’ §KJ %Wﬂ&)swﬁeéal |n§cftd“? or ﬁ{]}%ﬂa&e‘i 1I"vapor
phase eplthamyskéd-f‘e’gili)s, Imnaskehmgldnaamm ihtepface LVBEYell adbondinghurfioadi ng
surface 19 of e 1, bonding surface 21 of t he strained
sen condu PZF%ngﬁm byst Lf‘oqr%cﬁisl y high quality (i.e. atonmic
roughness of t m@dnna@a@ rf&%)bﬂ&fnﬁig)fhe' subshtially amsotromé&a bitas cmdi at e
structure 20 FI . aﬁﬂés forrredee% ringing into_ direct contact
support s‘ﬂ?'ﬂﬂ?t"ﬁ’? emicafichingepplasna tnalteéhrsqueédeﬁelfavfe&mhow%ﬂﬁh%g
sur f ace. G, BRRdhiRLdct il fre Jided 1ot the ditbRofORARLeW L the
bondi ng surtace 21 of e stral ned sem con uctor | 'ayer, thereby

produci ngnﬁmrp@tlvmp@ctﬂum% ingustivedyconplk plagmearetthing (G, @ieptesme 25 can

be produc i ) i,y of
bondi ng i S@ ng@s’éﬁ%gggtcalﬂﬁ%@%%ﬁ%ng%ﬁﬁﬁplﬁ‘%&g%%%g% &g;ﬁﬂﬁ(ggy@hg%m in the
art, sucHnG@J hlieghmmremderaattmastmefﬂm@tlyplr@bﬂnﬁtmsédqﬁidinmsg as well as
pre-bond cl ea ues su reactive plasm
Pl eant ng. - 1088 Bhon A UPHIER LT e Pr = A TR TSR oihe, compos, & o
subst r at enjpoditets ofahe inbentichn ke ssbiséquert bl processes remeoeelaréas ofithe bdreingedi at e
structure 5.s renmoved ta,all ow

Fig. | B. Co site, su
Secons 1 Uit al eh s b B el R B R STHCEITT RIS | The
free surfraiRediaRlsoBRid /@ sitianta BRI stHzle cBinpdsRBAA pRARE. @l’n,enﬁaedﬂnerlﬂ(iﬁ ar or
non-polar material and iit should be noted that the polarijt

th
free surfraiee Al Faoyy 9buppat fycting fendyre sprfse t?é'ﬁﬂ?tﬁfb'“&ﬁsf 2% %, “F'b‘?t poI ar

111-ni tr%gﬁemﬁegg}y@dd"ﬁgmggg@g@,;‘gl Sifbstrate 5 (as illustrated in
Fig. 1C) also renpves the |attice msmatched el ement fromthe

strai ned senm @AHucinghe erehodinient illushepdkindig “f -Fesagrificidl lygrr | isheitighyt er i al

|s subst aaﬂfgbt?dgk)’e éé(@dr@%wgﬁ oWed Bﬁ?%ﬂ& idoft} ({e%ﬂﬁcq}ﬁ% Conposi t

substr at er o es known in the art
such as | aser [057F t - Bmefqnlseurcq:ﬁnamj; pragess neléctivgly @ches througinibk anrbazkddon

the conpaeh o8 SCuRlA R BT M PReEy R D B e e Ay =
haited by exposure of etch stop layer 9. The anisotropic etch of sacrificial [ayer 11 may
require a different etch chemistry to that previously utilized for strained semiconductor
regions 13a if sacrificial layer 1 has different etch characteristics. For example, silicon
nitride / oxide sacrificial layers maybe plasma etched utilizing fluorine based chemistries as
opposed to chlorine chemistries commonly utilized for I1l-nitride materials.
[058]  Ifetch stop fayer 9 is employed the chemistry utilized to anisotropically
etch the sacrificial layer should not significantly etch the etch stop layer. For example if the
sacrificial layer comprises silicon dioxide and the base substrate (acting as an etch stop
layer) comprises sapphire, then a fluorine based etch chemistry utilized to etch the silicon

dioxide layer will not significantly etch the sapphire layer. Intermediate structure 60 (Fig.
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the resultant structure, internediate structure 30, is selectively
masked wi th masking material 27, as illustrated in Fig. IDto form
internmedi ate structure 40. The formation of masking nmaterial 27 at
sel ected | ocations on the free surface of the sem conductor |ayer can
be produced using well known processes in the art such as those
utilizing photosensitive chem cals and photolithography techniques,
as well as deposition of masking material and patterned etching of
t he maski ng_isrmdﬂcéd_%[|om@s:binagtimfafeiaailscﬁmgiaPo&iac&,ﬂtmu {s@oRREbtEH Ve
polynmers, dielectrics and netallic materials. 1052] Maski ng nmateri al
27 is utilpeeB@fihs gorbedieedt sel ect ed areas of seni conductor |ayer 13
during subseqygof egﬁﬂe@%ﬂgﬁﬁﬁﬁﬁesséé@fﬁﬁ%m%m ke GRS RAcREREG OPen
sho inFig. ID. T h

to etching (i.e. areas e etch processes are

i ni tial |l yremovelportious afshesatsificahiayen béngatlathi: santicopgictairdgiong witkdst ng i n whi ch
the etch rate | e direction normal .t h rface.i s . hi.gher
than i n I8 iR el s HeEErpaRe fgRs RS e 6 S Sui sl

regi ons ofan beafierzd nokubitaniallyelyterl i @ch sacrficatiage 1 | @bthategos erdcmeniduct or

regi ons | as shawn in Fig. |. E..An ani sotraqpi.c,etch gf the

oo ConduisiiD et i) - ool atebinisi b OB e R B HOREL O o

subst ant i @hby sple@dRIdas bIWNSihE irB&A 9DEIRE GRPEHIGIBreTRr&yieRbosing BB bei ng
|l aterally etched thereby increasing the subsequent |ateral growth

gthn nt
di st ance HinkeeHFas einding wrfared bt pinepndstor agieridite fis avery hew!
di stance gheRGiMaRBosHiMMuFadePRE Suphbit drubifreMad & WhSRE, laRbRspdnBink Ur t her
detail . 10531 Inm the enbodinent illustrated in Fig. 1lE  the
ani sot r opfagtienaf Fhegeroisenslgctprponding myrfacstisakpessddhavi ng et ched t hrough the
strained sem uc L E1Cl : |
support st ructrp | LaalsEleof e SRAAT AR b4 RiBInABRE bl kb
sem conduudtlmds metheeari aall cqni heachieved, Tdr-emarnpié, e diyptaema etbhingywierheming t he
bondi ng interface 25 he en isolated 12/31 i uct or regions |
Sa and s PuTE A6 el Pl ey FRul Ml b or SRIVEIMUEE i no Lo the
| ocat i ondipetvhaity e@dhdxtchrpskisngprogiices mate isdifopid eiclacheiattesric, (¢.Hdighandi ng

surface of the sem conductor regions 21 and bondin rface of the
Suppor t FEIHA PG VAP e LS oGP EHEE SPOR EEFRER PO e AP
unnmasked dicGiop Mer b QubStamEally pledf ReiRaldchg avEihlpoSndpbddiAigalstehingce 19
and 21 are renoyed by the etch, process., [ 54 Teg@ni ques, for
per f or mi riftefTREveSH HEL ﬁ'PlcﬁleF‘b'“&ﬁi%th%‘ﬁl 8 theragttio HPredRe FoiEPiGde wet
chem cal gtahidhhgOr plasma etching techniques. In certain enbodinents
of the invention, plasma etching techniques are utilized to perform
the ani sot r opi®1kt cﬁhqmr@f@&sscglewsgfpuw.qby e@ang pastians AT Bedisiahgye Rl E) |

i nduct i vehy, £OURME Rle Gk S AGal (dyEe viithout§] FITLARY of L @Eron
resonance etching (ECR) anong ot erg. For e>§anp e; the lll-nitrides
such as |sag@igphdseter rkaterioh Fonexampleas sacriftsiabtagdr ceshpristrigantlicgn dxidectonldr i ne
based pl . . . f cess can
proceed 3%@"%&”’ gtﬁg'nearﬁ%ﬁéﬁﬁgp%?%#ﬁ@glpﬁ%%g%ngkhg%éﬁesﬁﬂg%@ent etch
pr ocessesvaubltovsegrafieeatdy adh alHenitidndaterggl.sur f ace of the support
structure, re ing i ated.i sl ands of sem conduct.or terial
b raduced TEbI o PhsRedl G Gt B BT Brdinaf FHoF QRSHR PR B0

conposi t irenats bphmsahe semicendoo metatial ttio: colmainibziag piagdt su ficientdyno wiglporof

support sgr cture bon%n .surfa is depicted in Figs, .IF.C whil st
an Al er A 084 FaBa e o8 i etd T He A n pbodEns in ich n
etch stop layer is utilized, the height of the support column is substantially the same as the
thickness of the sacrificial layer. In embodiments wherein a etch stop layer is not utilized,
the height of the support column can be substantially different to the thickness of the

sacrificial layer.
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[56] In the enbodinent illustrated in Fig. | F-G sacrificial |ayer
11 is initially anisotropic etched (Fig. 1F) followed by a further
isotropic etch (Fig. 10). [ 057] 1 The ani sotropic etch process
sel ectively etches through the unmasked regi ons of sacrificial |ayer
11(of support structure 1), the etch progress being substantially
hal ted by exposure of etch stop |layer 9. The anisotropic etch of
sacrificial layer 11 may require a different etch chemstry to that

previously ut igeBg edThroctseadbuleRd, IRN&E PEHAGEQN plir@T) SMSuddas | f
sacrificial layer 11 has different etch characteristics. For exanpl e,

silicon rfOMPTigRE gcoliingd suprert mptedal and anglrupted infarnl somisenducterpairsig
uti I zi nge b IO %P&%%@rﬂem%{@caruhh%o@ﬁ HRRRRARR ;Sdm&@ bPJohmﬁg faces

chemi stries commo l1zed for 111-nitride nater

[058] | f e¥ahd 3k @wltlnaylererr@mmg bendiedytedace Ab tl@hm@’tdustorumwriat@fdhet 0

ani sotro I Lfl antly
L eh s heRg n% haé@%& .%Fucteé‘i%va@%tram Al %‘(}meprfs‘%gg %@htggl(?fs%‘? ﬁ'ipg{Ha c{pélf
conpri s esphssel ﬂ"hmbmndﬁn@mrfdee afilek s'etheorhiasta rsadyiat re@bies {ubslant;akw @stcbad et ch

stop layer). ¢ ri ses sapphire, then fluarine hased et em stry
T v ol R R a1 e a STy BT RO oits GHARCLRL | 3
etch the sﬁﬂ‘ﬁ:ﬂh!nﬁcﬁlré i ®Eon rErfévRl NBicbeRdre, Uk sikfset Wi ofRe fhdntiglg surfatdof 1 S
produced foll owi ng conpl eti on of the anjsotropic portion of the

Suppor £ 4B WEIAREr BRNHPHER 6 et nivide SR i sk matehattss g Beent

etch pr Ocsﬁxs’ra%@%reﬁ’f)f tEQBo%dﬁggﬂﬁbE@‘?ﬁe sBpportYirichirZ efhe bRirah8) F&ihi¥&ldYcisrenove
portions of the sacrificral layer beneath the sem conductor regions

wi t hout g$lepdb eamnsing Tree sutfecks Hgvhitharswhitebipibuithor the sgiedaszonkem®s| ves,
to do so, et CFIU @%ﬂl@ﬁh?&(ﬁ%ﬁﬁﬁ?l%%?ln%ﬁ?ﬁdl atteesrtﬁglunrego ﬁllél% aﬁl@to\“ al l'y
sacri as

| aterally etc Icla port structure O,
i Il ustratseen rqiaXEtlcg dui@thmteetcdatemm bi angps of the Hmd ung medrfacentgtveac thef i ci al
npve sel ect

the. suppattregefEit P FaY Beg ReREbar G TR HnedP ARl IS bondi ng
surface 2dtedifce 25y theremoos dﬂmb band g k@ facabf tid supponfscmctmv eridythd exbesusl
R T o A TN
surface isgpRMROSRLY removes the element maintaining the strain in the semiconductor islands.

Therefore upon the removal of the bonding surface of the support structure, the

semiconductor material is able to undergo a degree of strain relaxation.

[065]  Inthe embodiment illustrated in Fig. 1G, the elevated islands of
semiconductor material are shown schematically via arrows 29 as expanding upon the
selective removal of the support structure. In this non-limiting exemplary embodiment, the
semiconductor material comprises substantially single phase compressively strained indium
gallium nitride (e.g. with an indium percentage of 25% Ing25Gag 75IN), which, upon removal
of a portion of the strain maintaining support structure, is able to release a degree of the
compressive strain and expand towards an equilibrium strain value. In embodiments of the
invention in which the bonded semiconductor layer structure is under tensile strain (e.g.
tensile strained AlGaN on GaN), the semiconductor will contract upon the selective removal
of portions of the support structure material towards an equilibrium strain value.

[066]  An alternative embodiment for the removal of the sacrificial layer of the

support structure 1 is illustrated in Fig. 1F". In this embodiment, the sacrificial layer is
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10601Lat eral etching of the sacrificial layer can be perforned using
wel | known nethods in the art and can be achi eved, for exanple, by
dry plasma etching, wet chem cal etching, etc. For exanple, plasm
etching paraneters can be optim zed to reduce directionality of the
etch process to produce a nore isotropic etch characteristic, (e.g.
hi gher pressures, |lower powers etc.). In addition, lateral etching
can be increased by utilizing an etch stop layer to substantially

brevent vk} Gabingba0LAMoAT dAPARE dAUSARGIA 18N B fLAY No.

Al ternatively, en1ca etching i's we e art to
comonl y descoitiedomeviaslyr G singlesteprispiropi¢ et qf@ﬁe alternative eipigtfimefhe process

Sl et e oLl o SRR BRLG P15l s PRSAY H bs Bcll

si gni ; ! cghelt slaynfetad:tayem@ :tdnfpaﬁsama:tﬁemfhu@wbnd‘@ts&nfaoabfthFQrpp@xmhlel | a ]
sacrificia c ising a silicon oxjde would isotropically etc
in a hydrofl uﬁ%?f: ﬁﬁ) 'gﬁsl“d SBNELY IR H&”@f’l‘iﬂaﬁﬁ&atm an %@P@E’e

et chant V@%@im@ﬂtome Gkbsfahtfa® P tihyle faSdseicbAdhcdd *slaﬁd@evmédaeeaaévels of
[62] The lateral etch is continued until a colum 1 1 a of the

sacri i cisrinpeyered pidliznaihe meiisly Hesrked mscdohitu iltptravatier i al , the
col um besle;%?rﬁ!uaeﬁsl%af F&a'c%ﬁx ieMoer?trn%léQ n%BQEmm?doﬁd{ﬂfo V\ﬂ &Qé]P'UCtOf

i sl and, as | strat e n Fi Iments I n an etch
st op | ayes efcingiefial portiod of thirsuphast sglhctumﬁl & hsarsuppmctlembfumtnusture of

subst ?‘”t i llé o“ pgl I}a)gqlé ?1?3ﬁgﬂgﬁ%ct)eprib%&%%&sthgge@c%ﬁ?u%ﬁ?rs|ah&sc( %llll hﬁ’r}ﬁ%r In

enbodi nent¥ wher ayer ht of
the su pposlande)omhrreducaﬂehe oeﬁ attas'at Havalal yendinfrigeuott stwturd 201t Ini ckness of
t he sacrifi

t
ther of or i B PSR e doricRmel eShEF FBRE Bt Pl of
support naingleliglat@remidondatievishriirucira mavied digeiosonshdol afth smher i al

(e 0. | nGalshands) bonded Lo, e, GRh ML oug e, e i ng

[068]  The semiconductor island structures in Fig. 2 are depicted with equally
sized x and y lateral sides, forming a plurality of square islands, however, it should be
appreciated that the semiconductor islands can take various sizes and dimensions dépending
on the subsequent usage of the material. In certain embodiments of the invention, the x and
y dimensions of the substantially relaxed islands are selected to correspond to the size of a
devi>ce to be fabricated upon the exposed free surface of the semiconductor island with
reduced levels of strain. For example, in embodiments where the relaxed islands are utilized
for the fabrication of electronic components, photovoltaic components, optic components, or
opto-electronic components, the die size, can be of the order of approximately less than 2.5
x 10° pm?, alternatively the die size can be of the order of approximately less than 6.25 x 10"
um?, or alternatively the die size can be of the order of approximately less than | x 10° pm?,
As a non-limiting example for laser diode fabrication, the size of the islands can be designed
to correspond to the width and length of the desired cavity structure.

[069]  The separation of the islands 4 is also an important parameter. 1f the
strained semiconductor layer overlying the support structure is under compressive strain, for
example transferred InGaN grown initially on GaN, then upon reduction in the level of

strain, the Hl-nitride material will expand and, therefore, some degree of separation is
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19 and 21 resulting in remaining bonding interface 25, the

sem conductor material of the island having a reduced | evel of strain
and conprising a substantial single conpositional phase. The bondi ng
surface of the sem conductor material remai ns substantially unetched
during the preceding processes whereas a significant portion of the
bondi ng surface of the support structure has been renoved. Therefore,
the surface area of the bonding surface of the sem conductor island

materi al .@guu%d bélwéeHsl&HdE folaf6y st ltl'ﬁs%i%;an'sx%n AR faBTBE rﬁ:'té‘mﬁifn?%er than
the surface area of the bonding surtace of the support structure. The

pl ur al i t ysepdratippnf e n@udﬂlbduelt'stcmmd@atmomqm@é fokr producsngrhighawalit?3 whi ch
are subst s%nt 'oﬁlc!iuc 8&31‘141 gb uQ%q terg éﬁ)’\l}tﬁa ogess[%?a%es %the segarLt%ﬁ]d
'S an

Sem conduc erne daits capabl e of
strainr elbemmh thoRutdtaetiadlle rdidxed skahdadi @;dessiea;rtmmlatemﬂ O\argmhcﬁbnts ﬁem bondi ng

I nterface between,the suppart structure and the s c tor

I ort ot R BT A RbEe el ne b S S8 O  pe 1 enoval
of the bof@iribateIhd fuale@ obhe &rp@msHrgﬁgnéllt}srm@mé»ufgﬂwamhntbhgroawa@&uére of

t he bondi ng surface of the sem conductor material. The sel ected

| ateral ri@pespairtionof fhsscnaienndeater idandyie pRprexirpaiohy pesthan@0 emedratigrmative

mai nt ai ni ro&fﬂr?at@l&ﬁ'tﬂ&nb@pﬁwh@raﬁ@rﬁétﬁ@%%ﬁrﬁ%ftelﬂl R0 'l,}herefore upon
the renoval of tHe bonding surface of the support structure t he

seni conduct or [#7#1 er Eabodimenipofaheiovenitentioedkthusdarere dsroribed methods

rel axati Ofdr producing a plurality of structures comprising columns of support structure material
elevating semiconductor island of material. For example, the semiconductor material
comprises a I[I-nitride and wherein the [[l-nitride material of the islands have a reduced
level of strain and a substantial singular composition. Further embodiments of the invention
are now described which utilize the reduced strain semiconductor islands for producing
semiconductor structures, devices and substrates.

1071]  An embodiment utilizing the semiconductor islands with reduced levels of
strain is described with reference to Figs. 3A-C. The initial structure exploited for methods
of this embodiment may be identical to that illustrated in Fig. 1G, although it should be
appreciated that methods of the invention can equally well be applied to the structure
illustrated in Fig. 1F". '

[072]  Fig. 3A illustrates the employment of free surfaces 23 (shown by a dashed
line} of the reduced strain semiconductor islands as seed crystals for lateral growth of
additional semiconductor material. In greater detail, additional semiconductor material 29 is
grown under conditions favoring lateral growth, initiating from the exposed free surfaces 23
of the strain relaxed semiconductor islands 13b. In certain embodiments, the growth can be
initiated from the island structures in a more vertical growth mode and, upon obtaining a
desired vertical height, switched to a more lateral growth mode, alternatively a lateral
growth mode can be utilized from the off set. In certain embodiments, an initial vertical
growth mode may be employed to provide side facets 31 from which lateral growth can be

initiated. In addition, growth conditions can be selected to yield a growth mode
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[65] In the enbodinment illustrated in Fig. 1G the elevated islands
of sem conductor material are shown schematically via arrows 29 as
expandi ng upon the selective renoval of the support structure. In
this non-limting exenplary enbodi nent, the sem conductor nateri al
conprises substantially single phase conpressively strained indi um
galliumnitride (e.g. with an indium percentage of 25% I n0. 25G075N),
whi ch, upon renpval of a portion of the strain maintaining support
structure o) - rain and
axpand t ool Bah e fpFRR SR RDs ok B AR L%
|nvent|ommnmﬂwhdmnnﬂgmwhondhdmsemnwﬂmdﬂamor | ayer structure is under

tensile strai .0 t ile strained AL.GaN on th

sem conduct or TQ/#FI E@nﬁ] g’&‘ie?oﬂep'hPlstrtatﬁ%a”seéﬁi%%ﬁe\/bth%%/ﬁrf’wﬁlfﬁoﬁbﬁel ons of
t he suppoguifacet 2 skhRondREET ibl@lds | THVATHE Sddaidn2 N Witdrhl Brdravim ssinfcdhducteal ue.
[66] An alternative enbodi ment for the renoval of the S?CI’I ficial

| ayer of m#eiakahpsleatingfiopciessutaresZ ¢ prpdyse lateraberysts sromgh frpnts 31 1 n this
enbodi Menk qdiddi séfﬁfesﬁdfuusa @Aterlaﬁmepasﬁed cﬁﬁ.ﬁ@fﬁé lakéhd ok }BoRE ¥n BN

i sotropic etch, rather than the anisot rog i SOt ropi c process

descri bedexmc@dutcbmhetryprow‘eesyifﬂngn@tegal@p whig, 'ﬂtrne‘fiﬁ‘ﬁaéﬁsetch of the
alternative e m 1 1
a which is su[@q gntl a%ln égxa Fﬁ}eﬂ&%z‘é@gg‘gg{lﬁeﬁ%é@% P {;@P%ﬁh#ayer
in corrpardrmhpmpemdselauaaﬁy gmwh)amdahong IBuitfideoeatai| witieh is spegedritonsliIF uct ur e.
1067]Fig. .2, ra ew over diIIusrtio of .an
exerpl ary  EbEaNTHE TERNCRE Dbt Ser SoSED ri e R iR duct o

i sl ands wint bubsestiatied mhﬂvedn&?po@florﬁt praseTi. mﬂﬁmmﬁdy fittd dfpadsagepirhtion).

pr evi ousl scri.be 2 i.llustrates the se duct or

i sl ands \éﬁgf%nﬁnc&% g‘ﬁé’ﬂ?“af We'“ @Eﬁ‘ﬁtﬁﬁa' Weetdﬁ‘g}r%meélgﬂﬁifg %?”gmat eri al
as wel | aﬁat@tachltm@dw‘ed RvAOSTsirAR iQdan bél@p&wamme §dd‘tmﬁlunaltﬁdje e. a plan
vi ew depiction of t he structure of Fig. 1G or Fig. ..In th

depi ct ed BHEBHFASAHePoild t%ﬁe&ﬁﬁé%ﬂu%%saanq vy mezner%magfﬁ rﬁmw&e

i sl ands) ety méﬁﬁb%@gﬁhﬁwgshéﬁn s'atafaha@e &R el @Maif %ﬂ?ddﬂhé?l& gélppor t
structure 201. In dition view 20 [ustrates an expanded Vi ew of
regi on 208-ifride lﬁ@"dﬁﬁ cempse S@%@maﬂmmmpf@fe indiuh gejliem pisesleait@n

ol and bey g SRRl apOHEA Foe (RO BE DS aRtopk A milbhf 2o
di st ance wmprises Substarit@Bj sifgieplsermdon daliinonitrids kathdn mﬂmmaﬁwcmgemﬁ Fig. 2
are deplctedvvl | Z d,er I

o1 ur ai |t yr Ll ARl a3 Bl o BP M B TR SO B R Tha
the semi omhﬂugmcvmbmhdﬁato/ahy by HR;@E\dapsmdmgorsﬂqz ag o pdwt rpisd anis
dependi n N F]a ll?(ﬁeqﬁs nt, usage of the material. In certain
enbodlrre %8 ¥ VeI eh, the x and y di nensions of the

substanti al | y jg78] axg@hdusd RRgEd MafalthQlgh addbnkGerhiobideapOndertaDarbdid Si ze
of a device to be fabricated upon th{e/z exposegllfree urfaai] aarf% t he
sent cond UEEERS SYAFEIITR e Ranos ShBF Smioricio iR grreals P& in

enbodi mendrepdkisiCort dier Eifades 8flthe Sdr@HGuctr BlaHAd dfFBETA fridy odeliRiue to the
fabricati on of electronjc conponents, photovoltaic conponents, optic

conponentlack obp masking restesiat to sericeal ghspditieaksyrfacesf the semigprdacioiglndge of
the OrderHMevé’fPi%%nr{@ﬁt%H%eh@%oﬁp&%g%n@c%st&;ﬁ)ﬁ i 8%he é&ﬁ é}fléiiele‘ét%&y the
die size can be of the order of r oxi mat el fess t han 25 X

un®, or atpﬁ@ﬁtnratallwwentmnweetl@m thtwnalb@ﬂlmndtlmr netedials, sy¢h

appr oxi S for

| aser drgﬁgbéfﬁghﬁﬁ%gﬁlpﬁﬁteg‘al %rgg? ze (I) I%%Hgd L:&gFaAudsm f%%ﬁggg&g’gg‘%tg%ed to
cor r esporoptariglstsind apbitiecn diprifies and gilibonofitridésaredmeivn mdhesatip pessess suglet ur e.

[ 69] The an i nportant paraneter.
If the sta?‘g?%ggﬁht gﬁlﬁ%ﬁg Eﬁ} ﬁ]ﬁiﬂ/ﬂépﬁ%éﬁ%ﬁﬁg t he support structure
i's under conpressive strain, for exanple transferred I nGaN grown
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required between islands to allow for this expansion. Another factor
determining the separation of the islands is due to considerations
required for producing high quality sem conductor material in
subsequent | ateral overgrowth process stages. If the separation d

bet ween the substantially relaxed islands is excessive, then |ateral
overgrow h fronts from separate islands nmay nerge with a degree of
tilt or twist in the crystal which could deteriorate the quality of
the crystal. Iivgh qusd ddghee bAdeBsston QN BRdEIRAVE AretaMe. FR R OABURRe8hEN t he
separation of the sem conductor islands is approximately |ess than
100 i sm SYrfacas IBrmapalspelecpnse Wil ﬁhﬁtnéqegsmgég@urttﬁgwd@@najﬁﬁml@frnd%ﬂtqrer native

appr oxi a6 d 4 [ e 9
inventigﬁ%o%%,!ﬁiﬂetﬁﬂgmggf %gygcgggé?#g%@lnet oggggﬁﬁab%g%QQWHg a

pl ur al i t yprosesssoatinoesthe sdditmmpisesicongudol mane! whtireppgraw Igteraligendr e
material el tin em conduct or Jsl.and of material. Eor exanple, the
Sem cond B8 THIE & FOTEEI I Pl ot copitpnar s lkuled I Fig B DHAEHE

11 -nitriddevergherdfale gbfwilh frentd, ghsgphals dedatien may bekrpartbnteg\iethe akasdti r ai n
and a subﬁtantial si ngul ar congositioq. Fgrthq%,e odinments of the

i nvent i orf"SYRNEREESUROrSEr UimAERNe Hde facsts dya e the Ighlinpf Orerugsqy sases

sem condug bffctivedy @Rtbineladd refdt QRKSHy RsoRR kIR PFAVEHAE fuvthérdiepddities of devi ces
and substrates. 10711An enbodi ment utilizing the sem conductor

i sl ands VPHISOMUEACBECIA/BINGSGFest rain is described with reference to
Figs. 3A-C Thi7| ni Figedp Silididel ME Buebat BloRiH 56cebOh thiBh A SodMdscdnbl ot
enbodi nent may be identical to that Tllustrated in Fig. 1G although
it shoul dd@idonghismesonducted matseal 2R¥x iz substantinky onmuy igm fan equal |y
wel | be j ' (2] i.N.FEi ' ]Fig.
3A i1 usfsrgrg’tcg’g’q%‘hgm%%"géx'rr?gﬁﬁ%?&?ér‘esﬁé&]?%‘E@dés?[‘]%% %sﬁ%"g\;h“%aﬁbp 4l hed
i ne) of Sehéonddiecewet framisrd | semvieige adodrgrat icshtion d3 taeferms egokler yst al s
for |aterg| h .of ,.addi tional sem co ctor. material. .l reater
ot ai & - dtle P b B s 8P e B S b Bk Bl sigind

condi t i ongudtay of therfyed satfeabl sgrhiowtdicton islarids 23 are preferabin dpliRizekqolsado f r ee

surfaces 23 of the s}rﬁin {elaﬁed segicondurtor,l Iand% 13b., In
certain ShERY gt aualipyfercrglgiowth PROSTS B PEHPYSIYAUE e SmPRHRMS dpvedy

St ruct ur efe,ishapR aRPdistriv@ioh ki bs © e clyRseian; priép@'%oﬂ&bak@ih&glga
desired vertical hei q_ht, switched tg a nore | ateral growth noade,

al t er nat isvlstaptiallyprveitng fgtherdefscifpationn be utilized fromthe of fset.

| certain enfuagh Tenkfoul R nbitd hdhe Hahdds 6the SN RnIRASN TRY.ID

enpl oyed to provide side facets 31 fromwhich |ateral growth can be
i ni ti at edhe fprmageriphs continugisdatenofsenigpndueergnatenal, bet alse indbe Bematign 9feel d a

Cond 11 ontorait SRIBeA A 3Rl BBl onBey KR cohfilor FOBRACEY T s
ar e knowspitial exteat fithe voided regions is dependent on the distribution and density of the
semiconductor islands and the degree the lateral growth process favors vertical vs. lateral
growth during the coalescence growth stage.
[079] l Upon coalescence of the semiconductor film, the growth mode can be
altered, if desired, to more a vertical extent to produce a continuous film to a desired
thickness, as shown in Fig. 3C. The thickness of the resulting layer | can be less than
approximately 1 um, or to approximately 100 pm, or to approximately 500 um, , or to
approximately 1000 pm.
{080]  Resulting continuous semiconductor layer 37 maybe employed for the

fabrication of electronic components, photovoltaic components, optic components, or opto-
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[73] Fig. BA therefore illustrates an early stage in the |ateral
growh fromfree surfaces 23 of sem conductor islands 13b, with
additionally laterally grown sem conductor material 29 nucl eating
fromfree surfaces 23 to produce lateral crystal growh fronts 31
Addi tional sem conductor material 29 deposited during the |ateral
growt h process can be expected to inherit properties of the materi al
on which it nucl eates. [74] As a non-limting exanple and to
further CRSFEPBHCAMENDE e Pralternativarabedimentsof de d1versiop gt ¢ pation it eral | y
grown adq ééﬁ@éontﬁlubﬁsﬁb&fsb%ctgﬂﬁﬁf& lpe WhHsRelted ?or§ %?é{inﬁgdiz{té Qm:turecl 10
[I'l-nitride 1slands (i1.e. InGN see crystafs can be expected to
have a r eldupredicingred staridingtor edmpositedyps siistratest Teah$for procsiserpamproceed
conpositi i ia free of phase, separation). In
Caar e on. e Eofd noftion SHAE bAhof: ber ldiFa o PIARE o SEREL S P,
the 111 - nedhnigdss. i sl and material with reduced | evels of strain, it can
be expected t the additional 111-nitride . materi al n be deposited
Lo o oreater AA1Ekn SRR M BRiens. Hogiso o BB BV MU o ¢ h
reduced |delaeied MRRdntedmelRietstrdduird 01 0ttRBughNorSiftp laftatidhRAS Sepir@fisdr ati on. I n
certain enbodinents, the Ill-nitride Islands conprise a substantially

si ngl e pHeiapadPiFREale uFnsicHniauesTefenichtn s MAREIGUR pePust Riosesees
appr oxi Mef&he¥cr|bESm dbQi i, %%anwé?(l%,aﬁate{ngﬁo.ﬁ@%,ﬁgﬁe%Iruei,lLJ. .lrp’htteﬁt'f\qf

mat eri al conprises substantially sing phase indiumgalliumnitride
wi th an i HB4AS pevspast dgl-SoPaten plodid3aab&loyAsgarsbale,7 16286 tFoticedthe

addi tion | L londlh Lals) ter) it WA MOCVD
or al terﬂéé?li’\ltls’egf)gb%;b W&&%ﬁéfﬁ%@ﬁ% g‘regg@@%o‘#s(ég?dg%&"#%gﬁi red and
t he t ot al whichyaee intdnpacstertisseidiasheiredtirety by this referéfde fortallphpodesl be not ed

t hat al t hough itional sem.gonductor materia rowth origjnates
extensively f I[@gft hé” Wﬁ’e%urgﬁer@é’géoé‘%%ouf ﬁ@'cé)g‘#ﬁcl?f)%%\cbﬁgrex?os?%ﬂds, in
real ity aomd€gg eidokereplan tit.fas @presthiad by stoidsac ebFigl( femiagakaentiuct or

islands of Fig. 3 occur due tq the. lack of, a npsking material to
concoal CHERHR: TNGPICE fHeqelest SFaihS CUuhie AiORS Py eMEpians
However, andisGiepenadnforeikd pAAmEeR S thd \mBlaRaidAlprddessaMheShpAn®d RRrhey 9,
the etch stop is selected to substantially prevent the nucleation of

addi t i ona¥uddhi Kbneberarntbraxrossddp Buthey gesieriael Bamplomeshapedhegcal) _
mat eri al o aihGPBRBRbYhE SHEHSH doRirdSusdVet of Stk Sb AN a7k gk ect ri ¢
materials such as silicon dioxi'des and silicon nitrides are known in
the art tZonpyissekesssinctremplaiyenbpdimetsibe dppdipentnrassssinay takp place in
111-nitri ' . 76, f deposition
on undesi °9§B’F@B'g‘?"é@!§&(j ?% g{c ?@] étéoéltosf lag?rﬁg &0 1 %%0;5 % gagﬁérﬁﬁfeg.c es 23), may

al so decrease[088} h niperticnlercatwsdimgntanfisbmitvenfiorathd edditimallserseoridocoduct or

material 1. .fo d.fromt he ee surface of .the sem.conductor islands.
e e | T TS bR e e R S S b B SRR o comtacs o
nﬁt erial appr?iihmmls'%rda&r theosed @ifﬁr H]-hiyidasngn sgehasmibbdifnemitasecdndagonver ge to
the point of ¢ escence, as, i ustrated in,Fig. .3B, Durin .

omy oy b PP SE LRkt o St smeiige oL hE TRy “hwein

exper i enagchoktdnloNfldAiosa SerhiBorkd idtor\nhatdrili 1 We @fnotdd@rofitpP@barditiiyuct ur e and
the side facets due to the inabiljty of precursor gases to

ef f ect i veEPYNLAHHAYRLE spaicondueter matgsial i pgs of fgsugffafv@t sekréefﬁtog? ¥lfent i ng

further @@@@ﬁinfg,i LR sOiffacs SOHLBOEHEARNS 1BTRE Ehib8 bsndbdiolaRBDEdaR} @frfer for
[77] Fig. 3B illustrates the | ateral growth process at the stage of

coal escerR&ENBfC SuRRartt (AP ofivEHautoemigiEesmpg a{lbnitrem a

subst ant isabstrite Cthdr b Qg ok BantHosiRs Ein & PRMEE® whiBRicsd dlprisd MAlupgxanpl e,
conprising a |ll-nitride such as InGN, Al GaN etc. Sem conduct or
growt h f regpased sunface spmpisig Ganrplame-pelaratemi-pRigor aen-mrartdspandingPmthei ngl e

coal esce oy ir 0 rAHI RN BbnBE B FANRNHSRicuTBEQTE TN, The spati al

t ¢
arrangenent, "size and structure of the free surfaces of sem conductor
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el ectroni c conponents etc. In alternative enbodi nents of the
invention either a portion or the entire continuous sem conduct or

| ayer can be transferred frominternediate structure 110 for
produci ng free standing or conposite type substrates. Transfer
processes can proceed with detachnment of a portion of the continuous
| ayer and may al so include bondi ng techniques. [81] In
certain enbodi nents, a portion of sem conductor |ayer 37 can be

det ached fromyjgf er rrpﬂdeﬁme%bmwtseofm&mremoq%&cm% bmsécemt i on and
separation techniques, for exanple using techni ques referred to as
SNVART- CUTensfering the perdioeays liseraf esmieonduciop mdteiial eplon the aforgmepidanedx anp

U S Pate O Aspar
et al o iRt Sk i3 Bfnsin g M, 0. e SediBodd

Mor i ceau redyadct as |@alE09 weakénddaorks pdthin die salictyre ehalely t4HpBBBortad Aspar et
al ., the djsc|osures, of ch.of which.are. incorporated herein in
Ehei r o et PR Fne o ERare st i s b el Bl ©| By
Briefly, sﬁMchr&EﬁtoBlee@B? 6 tHeNepsinS @MtGR N ek ethiyiRnenB/the S exposed
to ions (e.g., Hydraogen, Heliumetc as_ represented.b arrovvs 41 of

Fig. 3C SFP_W‘WPMT parf%ﬁébb?PPWéap@hfé@g') farge 451t &: th%ﬁ'ﬁ'hcftsfmqa dzone of
weakness (gkchidi@l) Wﬁteﬁn%’c!’ia'ter&l-ﬁéh%e | 8 such 3y Qﬁo‘é&ﬁia?c%ﬁtnﬂodss dependent
on the paranmeters of the inplantation process. The inplanted

i nt er medisamisorstugtatiayar é7 1ADnqtes! i ilp previgesembgdimpoberrogess dfdetadiaentener gy
(e.g. th t he
substantﬁg coédgﬁaﬁ}%ﬂ%ﬁ fsggé(;gf %gk atQé‘%“@@h%E?%?%%t@%aﬁ%? at the
zone of vse@hdmssarrxdrn exenpl ary enbodi nents, the detachment process
may take plac coniunct.i on w.th 0 nof | ayer 37
to a secondar @]Slsgrrge{aklevl;a m‘:embodlmv:-:npu?llfl %§ ?emlcon CEOI‘I agtlcjs Vélt odi nment s
of the i nedundd levels otfIstemaﬁdprbd@h@lsulﬁﬁmaﬁsbmmmcm Ia?miﬁTsBraicolﬁiﬁctbrs

deposited to. suff Ihl kness.to he_ s supporting,. for
ol o AT Bk isAlest B RERERT 560 48rp T 57 Wit PR erBameR, such
enbodi rrenﬁémmal s&ﬁﬁ@@tﬂlﬁﬂmte @ay bd igéntivA tcthat MRAMratAtin Big. I Ao ragain an
alternati ve enbodi mené of the inventiogn wherein the portion of

addi t i onafioudhs aPpRtitEt Bat mriltads plihe pntin Cﬁ'é?ﬂi‘@'&dwﬁ”rt&r?%'ﬁé to the

subst ant isglidnyte ARG kQUPES IFAYer of sem conductor material is not of a

sufficient thickness to be self supporting, then surface 39 of the
conti nuous | alf8fl cahhardietsativgaitilizaborngf decemigandycterdyianda yith GﬂUWé@M%lm c
SUPPOTt .. okl diftiL fr@rﬁmge BV Hbus Wschbed 1P Bl oh MiditiibaBAIERY - 2
[1l-nitride substrate ree standing or conposite) can be

pr oduced plwnzgtrpmwessowuraisg be employspeThedrghdid enhtesial if sedasted ouep thasit ng

Ga- pol ar, 0 g olarlty
of the it SRR resSihe At Blor e it Rlond R EE BRI ' 2,

[84] In a;llanmzaamgfmeebnﬁddlmﬂm%thefsent:dmducwerahd&qne sﬁhﬂtca/slbls)anthzed
processes, for, transferrin e contin sem.cond ct or

Pt or s ar TSy el Bt caRB LT Fesidiee ShoG e sattts 35 i n
i nt er mediigdnds, Stierot et puseibld 163s frEfe@ble SéJaces bhebe vepiictRdudic? (HlmdSareByskact as

| ocal i zed ﬁ@ zone e thi.n the %r ucture whereby the application
of exter r‘i‘ﬁ 5%}8‘6’8"1' ble fosiinjiaing @8¥Bns can result in the detachnent

of continuous[esem COHRBb@Mmehi@Y@Mmetés 45 Qitrdtdten F nlﬁAWitﬂﬂueSEﬁdsl:ﬁere I'n
certai n enbodi nents ﬂﬁ'éf%he separation is_perforne (g)te,d/ an ext er nal

force 45 2pdrefow phahagkill m@ﬁ&%&\ieraw amt%rsﬂao(ﬂgi wiRfhat e

struct ur geddddrid shagelél mtée@yd.@eﬁ sthRuRePa it &l dPrred\lsing Y@mbrSRpdsipAduct or
| ayer 37. As noted in revi ous enbodi ment, the process of

det achmerfchpigyes FQrF@B‘tPBE?lLYaﬁ 'btgbﬁﬁ‘w Aeytiofs of e fugs@edite HRICIFSVIBEW! | nuous

sem condygifHg |pi’t)f9fty 5QunBesRRNOTHRAY d6A6 iHe8hadowing natureloPRE e¥hted
alternative enbo iment utilizing the sem conductor islands wth
semiconductor islands over the underlying support structure. [n addition, due to the
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reduced |l evels of strain for produci ngcsubst antially continuous
| ayers of sem conductor materials is now described with reference to
Figs. 4A-D. As with previous enbodinents, the initial starting

structure may be identical to that illustrated in Fig. 10, although
again it should be appreciated that nethods of the invention can
equally well be applied to the structure illustrated in Fig. IF .

[086JThe alternative utilization of the sem conductor islands with
reduced |QY@infial@bnolmaiiydrebdhé &pbdiRMidchOgRs, feaMirRY S MtcfREittd bed in
that an addition backfill and planarization process may al so be

enpl oyed. strypere p A ik npn-planps fegpiring further eocess staags wurorugspgesirad surface for
substant i RESHGR! ThdrbiEre WRbAR b R0 recAfhds s@RL P G URher

mat er i al ,S%!t)%gureef%re upon ple%lnar?ggtp?_qtrll of 'gi_ﬁ% back fill material the
semni condustyaot besddequats apd teehniquesadhichr widzedesgsition iof 4 reBelvablergldsep maiesial

sem condu erial .conpri,s on the free: f f

sem conduag'{j gf;an?qg%tgﬁégu“ﬁ egp SS%%&”%%%%%‘V@ 8@@“3?%?@?03 k3 Pﬁs"'ﬂ?P as(:es of
t he sem gmtediddsof2 11&18andl§2288%8. masked and are therefore unavail abl e
for initiatin ow,h. [ 087] The enbodi ment. conmences as il | ustrated
o o v 8] Dbt BT e e AR or Uit orf ol 47
over i nt gpemedRicRurediure eidth@ hbaed Abbldrefldvidempdtuerel(ie. keee glegaBt ri ¢ shape
of internediate structure 120 it is difficult usi ngwstandard

deposi t i GRNMTERIHeMeRRLWe AoV i B7% PsFomey more Reuidikeh aEWiB RIBHE of t he

i nt er medi RLiGirp Bmﬁsufeeem\kﬁl,qytuuét%femfm?.amnbw&l tht Yir@fiohdGs k1 abl e
voi ds 49 due to the shadow ng nature of the el evated sem conduct or

i sl ands dodieate theflomdieactign afghelpssyonaterigt sbgvs the glass Epsitigal femiperaturedue t o

t he b i ' g j t he
urface o Ry nERIIRLARbboke B EAERIRIATL PO Bk AR e
process PGk borosiliqaredBS@k beronpbeiphesilicate ghaeaBPYE), polpisedgaditasigr owt h.

Therefore, sta .deposj ti,.0 echni que ucgh_as PE PVD, al one
oy mor BB R R ot /B Wheftn Bt e e pue N

r ef | owabligorgdn&sSYGsrunt sititands (doped g@luadwped)z ai dxanplaty embiddimeneBPSGisch
techni ques,.are well. known in the art, for exanple in U S. patent Nos.
6214698 ARlizea 39 ibg keflow glass due o thg perigrimaierip's haBeEiigh Y OBiUay mat er i al
47 is dep@fpetdsle BHaViol IBEPSENah b&ddpbdited tBidinalLio6d héthddd keovaiid iHehgan

heat ed above refl ow tenperature (i.e. above the glass transition

t enper at ufe ding GYR-AEGHEL spin-seing BelBiAves Sfore 1iquid |ike), at which

poi nt the naj qusdf Y Qer&iflSsetli@nbiRIPUARLrAIR0 idHektsd @2t &n ifindteg. 4A
wherein the direction arrows 51 indicate the flow direction of the

gl assy mekeRasitian reagien) & deprgasg frgyiscesitapidhe glasay maeRabiherrefiay tempeduig] assy
mat eri al i : Joi osilicate
e S S L e A S A S
(BPSG, pohperatare ofddhSQa dependentomgbaecce@@Eso8krt oklzonansangd pieasphyorous, agt hyl -,

henyl -, buf yl= | y- i NQF.aani G, il
Copod o MitiTingoRaR ol BRARTS ey Pt b DOAHRNL G PR 8 81 L L OR) E8

refl ow gltassraiueistaboted8086Peri or nmaterials characteristics and

opti mal tenpe re,behavi or. BPSG can.be deposited utilizing.various
mot hods known OBt n AIRPeOR AT CRBa SR bt Fretis ot g
t echni quésoérao planarize interrh&®te sttt Teal{Fad. ¢BmttCpativeih@fmaiatauct ure 120

is heated (e. oven, .furnace, deposi.tion reactor) .to decrease the
Ui seont £t pas” s g B ncl TP ERMN PeRpdvi b ITUES b

dependentutifed ehplogiagPesdr diytRericalletRing| M&SdelTRpledariadtion bl pro¥admbye, the

refl ow tenpergture of BPSG i s dependent on the percentage content of
bor on and® EBA ‘iﬁ%‘h@?P%?é‘b'ﬁdﬁﬁiW-“F'i")‘ri“ﬁ“ﬁ?deS@S?a?FﬁP%WF"(S'r‘Q%SﬁBFB%ﬁ’ﬁ‘BEeI y 4%

B and appgiamds SRt dasémBerid N alt@hdiRWme@HREMSAIEI8ndcRanRRPOAsHRO C.

(CMP) is employed; such a technique may be desirable, for example, in embodiments
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[90] A nunber of methods can be utilized to renove the excess gl assy
material in order to planarize intermediate structure 130 (Fig. 4B)
and to produce internediate structure 140, as illustrated in Fig. 4C.
In certain nethods, an etch back process can be utilized enpl oying
wet or dry chem cal etching. However, a planarization etch process
may be conplex due to the possible dissimlarity in etch resistances

bet ween the sem conductor islands and the glassy material. In
| t t d;
LT A RO L Bl TR ERAMSGly B0b B0 MBS heigRy, oY 5

i nvol vi nghanhie glzisl;y matedial dBerefdraaie: Hlhdritd mateial maxda:bsmttueny @bveadfrtize
consi der abl sically harde tha th mat er i. Ther ef.or e,
Ches 111 it BportePiy SE tsebibwes 22 iy B LR iretetife s JISFRELR o

r emoval upgmc_exposure of free surfaces 23 fromthe glassy material,
as illustrated in Fig. 4C. 1091] Upon the conpl etion of the
pl anari zat i onlPtbce¥gon ‘i"‘?\?%‘?ﬂlﬁ‘é&? 8 the I%J?"raU@E'EI'? rocessq LEEBEHMIG Hiweturgy

exposed SMDE@ﬁﬁ.sm&,so%émrfﬁae%@mwﬁg%@m%&esqﬁ oﬁtn@se%ﬁd%mwgraw
islands (e.g GaN) ‘w reduced strain and substanti all

phase- sedagaln@ﬁﬁ Wlﬂ@edtnﬁismﬂmahd sugiantiellprbiasecpeparasion ed radseridlict or i sl ands
Is gl assy, FFE#H% ng‘?thér%ucﬁﬁu?x% Slas ls(s)%;fﬁ%ﬁﬁ&ia?ﬁ ééfﬂ%’é ‘f‘lﬁﬁgsfaﬁ't%ll he

nucl eati on sem conqguct erial ntermedi at e
st ruct ur erevd@ing Biegucldglpn offortize samicdndega material. nunber ways. I n one

enbodi nment , vVice str re 5 0 i n.phantom may be deposited
on the free olPfhcelEhtditiurie FELD Ll rP AR Eh oMb i df T

]'Ehe non- membddgn@aaeeme sﬁ*&tﬁ‘[lneOBld;(j@I/rOh$ahimionﬂ(h{a§.lbe Hdpbsnl&i:l gﬁ thdﬁ‘ge_: t he

ree surfa ar, or ar material .dependi ng on

t he pol arsf'“i oot nﬂﬁ?inﬁftéﬂgF@ch'gﬁc%‘f"@?qsl\ﬁ” tpgnopylignitinggasephier of or e devi ce
structur %émfé&[du&@rsdﬁmﬁrlmﬂdmdedﬂﬂ%%ﬁ%@an E&@r@@@& F&hHo@N gl 1 cation

required, either N-polar o ue to _polari i nheritance from

t he seed W%@k%l’en‘jﬂgé’"&@\ml‘?@tyg Egér@u@;feére@;@ﬁte% Apkie S]é"s Thegforrrdevict y  of
| ayers ar&ﬁudﬁﬁ‘&ﬁfah B¢ Sepalidd, Qi@[ﬂ:nang'Sﬁ th® Particula¥ %ph@a‘ﬁ%n A8Yitd eenﬁé@@-ﬁtﬁﬁ

previousl’y outlined. Since gl assy naterial surroundin
sen condtPéQé*rPOllal‘sCIl@ﬁFdBOIfiféﬁhmb%ﬂ@éﬁt feern 8 seed C’a/ét?i éf@e @ﬁYlCaﬁWCI%Waﬂ act ant ,

the gl assyy, ?éﬂa#a 1?% ?&P&H%@ri@l‘g Ad é%f. QHEAUn ab Ua‘?.oﬁ (f%: %L- Elh&& of

further se erial on assy materital durin
formati orpm'fouslh eutliexi Secsthe glatsurmesrial [smmdhng tat sepricvatiucis lmﬁm;in hent s
of the i r%glgc:@etdl S Qct%é‘ﬂ 6 Sur a5c:ta(|%t]c the gfas%grrﬁ% engl can substantially prevent the
deposition of further semiconductor material on the glassy material during formation of the
device structures.

[093] In alternative embodiments of the invention surface 55 of intermediate
structure 140 comprises lateral overgrowth seed regions, comprising the free surface of the
island materials, and masked regions comprising the glassy material,, i.e. a surface
equivalent to that commonly utilized in the prior art for high quality lateral overgrowth
techniques.

[094]  Fig. 4D illustrates an early stage in the lateral overgrowth process from
free surfaces 23 of the semiconductor islands. Additional overgrown semiconductor
material 29 nucleates from free surfaces 23 with lateral crystal growth fronts 31. Additional

semiconductor material 29 deposited during the lateral growth process can be expected to
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structure 140 conprises |lateral -overgrowth seed regions, conprising
the free surface of the island materials, and masked regions
conprising the glassy nmaterial., i.e. a surface equivalent to that
commonly utilized in the prior art for high quality |ateral
overgrow h techniques. 10941Fig. 4D.illustrates an early stage in the
| ateral overgrowth process fromfree surfaces 23 of the sem conductor
i slands. Additional overgrown sem conductor material 29 nucl eates

f rom f r eeinferit frageetses 3Btheidateridl ah ehizh it@0dI&ke3) as BfeGiobdly didt@N higewdt.
Addi ti onal sem conductor material 29 deposited duri &gl the | ateral

growt h pradditiew! palariy caniesiepasiesl by derasiippmetiodspepiorsy @8ligd- t he materi al

on which it nygkpat ﬁﬁcrtag%ﬁo@h%ﬁde&qﬁwg@ﬁﬁ ﬁgserdi&dﬁeum?slaﬂell@kmu%@d

mat eri al can be deposi osition nethods previously outlined..

. y !
[ 095] Lat erradre wirbsat growHimesis of lajeral growd made pf mixvrestbere elodependingen ths| and
structur i r rtical .g . { de or
i xtur e (et PRSIl h 68 e o AR efibodiBbt iRy el AP, 0
art. |n tddditienabsepli@ngucerbediiasngmwih inkyilst mastaided in a kitagal fa$Domgkdshowronal
sem conduyct or erial growth may.be intained in a |later f ashi on
e shown By e o B0k e Rt ARG THR iR RAE L bl Ben PRy 88,
mat eri al dassubsenialingreginome hucteaiontos adiitionslubsdrial tni addition the fvaijue ag

nucl eati on of addit.i onal rial, in addition the techni que nmay
Tosutt 1 el intaeichionm cvsBr et B PReRd Pt P MRS oducad. As

in the prepbbihents MRAehIBYuStor kiRRIs SaRTEoRdUstObf ddhandsbwhdiany educed
| evel s of strain and substantially phase-separation free are sized

and spacdUaeeReREnT Becarhiitrd apdsRrgetl (P wpuae biEh gHsbly cre'al wee e9feaceate t he
crystal ofrehcRshir P68 frosd96] Upon coal escence of the seniconduct or
filmthe growh node can be altered, if desired, to nore a vertical
extent to protlfek aUporroplassenss of the semiconductde §iny be sonitokerssan beas shown

: n Fi 9. Afered MRteliREYb H?Fla@h veHRS ! it@bnjo&g:gg@&pitiﬁ%ﬁyﬁln?t%@d%(?@gjum or
yer 37 can’have thicknesses as described i-n the previous outlined
and has rteiduesscasiskarsi is Fig 45t Tleiresultisg substaieixdeninuobs ewdofiductoglayant h
conpris ed}fc?n%%%@ﬁﬂc%ers?eis s (Iielséri-bre]& 1In rtl;edp?évious outlined and has reduced levels of
strain as the seeds utilized for growth comprised reduced strain [1l-nitride.
[097]  As previously outlined the resulting substantially continuous film of
semiconductor material can be utilized in a number of ways, including device and substrate
(either freestanding or composite) formation. In preferred embodiments, portions of the
semiconductor material are detached from intermediate structure 160 (for example utilizing
ion implantation) for the formation of composite substrate as previously described and
illustrated in Fig. 4E.
[098] A number of examples are now described to illustrate further embodiments
of the invention. It should be understood that the in the following examples, physical
parameters (€.g. times, temperatures etc.) are for illustrative purposes only and are not to be

taken as limiting.
EXAMPLE 1

[099]  With reference to Fig. 1A, a composite substrate 5 comprising a (“0001”

orientation) sapphire base 17 with a 2 um surface layer of Ga-polar gallium nitride 15 is
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[97] As previously outlined the resulting substantially continuous
filmof sem conductor material can be utilized in a nunber of ways,

i ncl udi ng device and substrate (either freestandi ng or conposite)
formation. In preferred enbodi nents, portions of the sem conductor
material are detached frominternediate structure 160 (for exanple
utilizing ion inplantation) for the formati on of conposite substrate

as previously described and illustrated in Fig. 4E. [98] A
nunber of, Qipiﬁﬁe RSN Y Gt spaféql;e& strélhéa%%%ﬁdu&w Iraﬁ?rStramed
errbodlrrent of the invention, it shoul understood that the in the

fol | owi n@e@)camciybteslayqoh@/sqmisesﬂ@uan&rgowrebwoﬂvm;1temﬁfp@reatf deks
etc.) aredf taken as
limting. Cé@éxm@@%é@ﬁ@w er%)élﬁgéetx? %Fégi[agt.{cgpﬁ%aécth%g%%%"stﬁ%e
substr at emBertymg;ﬂaN&fﬂg cam()bsﬁé)ﬁnb.titramrmdarhbato_iu@a{)gsﬁ&ap@rhihn@ ibabd 17 with a
2 pmsurface | ayer .of @'EOl Er ga#li nitri de g(g)l oyed as the
deposi ti S"BESE eI 1SR BBt Heinp2oa Ny ATHRYE SPsh EHHHQE%S 5| ayer .

St r ai ned SahicQINEL0LBE critiay eHickhes QBRI SBashiiBly1SERe BB M fecion e by
MOCVD at a tenpergture of 700 C to a thickness of approximately 20

nm Due t¥d A ’FH}Q@ lattice msmatch between the underlying GaN of
the conposite; tﬁUﬁ]StS@ptpgrtﬁﬂﬁtu?é*ﬁ(Flgn@A)@%'%Qr&@Q'(dO@E)%&ppﬁw@lba@@? l.age!l of

conpr essive strain is resent inthe Ina 15G however since the
| N0. 15Ga0®silidos nwwerbﬂ%fdn@blstbxelam%wba Ernsicaifriaklee kireemprising avlifoai ns a

reasonabl g, L pw keye lThQEorﬁﬁg?@a%e Qﬂ% Mo bkl Qbrif % gl%%q 9 G £

[ 0100] Support structure conprises a sapphl re base
7, a 300 snrfacs rduglosss afiapproximatblssssithet G tgtmpreladry@rqugltyab@daaﬂ bepm

sacrificial ce%y%ﬁ b%nﬁ%gn&%facésoﬁlged&lq:cgl |\ |)?9e sa-gi II %gﬁrq?a d;tlheaiiogdlg & a

bondi ng spurdfjace 0 Ceon i oxi d& 'Saer i 1i°cl

surface rsou@hnéthsln@fs(}acpm raxdrﬁnmeibgougiessodnkbﬁfboﬁlﬁékahd)th&aﬂMe a high
quality bo roduce ur f e of e silicon

i oxi o JRBIAIRAF B PRESESborfilE PRt UM ReRLb s

| no. 15Gacutithel) & AkQrateddn RigaBbr ought into direct contact and through
the applicatign of heat and pressure bonding jnterface 25 is forned

bet ween the t W0YepHPULRONiPE pidhestppogstrugtyre afchthg taeysFaesshy lyyenB,
[0101] Urgrphaeslivheatd is tddvadRmens, f&%&&ﬁﬁ!é’ rlfseradwthntoh% tﬂé‘faéeﬁﬁ'{liﬁgl\l

| ayer, corrp05|te substrate 5 is rénoved utilizin or exanP
| aser - of fsaRphiroerpRset frethe Hio.sCanfsN hreers’éfmwnm@mz)ﬁy&éle@rnaeé!ateﬂyer 5)of

| nO. 15GtheaéElgl)§i’t¥§Jb~stré[9§ rdnfRIVEd lﬂIhQQ Q@l%r(ﬂerﬂﬁs%?] Fi%ﬁ I%Fl@r f %@E)&p%c%:% of t he

conposite substrate 1s renoved ut| 1zing a chlorine ased
et ch, t huke fesxpoticaof thhio fEmesNlayef anderatucingimterm@liasGaong 3N s ayer and
produci nQI[JsE‘Et?Ji%ng gte structure 30, as illustrated in Fig. IC.

[0102] A photosensitive chemical is dispensed and spin-coated over the free
surface of the Ing 15Gap gsN layer and exposed to a UV-light source through a
photolithographic mask, as is well known in the art. Upon exposure to light the
photosensitive chemical is developed in the appropriate chemicals thus forming masking
layer 27 and producing intermediate structure 40 (Fig. 1D).

[0103] A chlorine based (e.g. BCls, Cly, SiCls) ICP ion etch is utilized to remove
the portions of the Ing 15Gag gsN layer which are exposed through masking layer 1, thereby
removing Ing15GapgsN layer in unmasked regions to produced isolated [ngysGagssN regions
13a and intermediate structure 50 (Fig. 1E). A further fluorine based plasma (e.g. utilizing a

heavy perfluorocarbon, for example, hexafluorobutadiene (C4F) or hexafluorobenzene
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[0102] A photosensitive chemcal is dispensed and spin-coated over
the free surface of the In0.15G0. 85N | ayer and exposed to a UV-Iight
source through a photolithographic nmask, as is well known in the art.
Upon exposure to |ight the photosensitive chemcal is devel oped in
the appropriate chem cals thus form ng masking |ayer 27 and produci ng
internedi ate structure 40 (Fig. ID). [0103]A chlorine based (e.g.
BC13, Cl12, SiCl4) ICP ion etch is utilized to renpve the portions of
the I n0. 15(aH @émzéoqmlsmb@m ﬁ‘én@ov@iﬂ&ﬂ&%@fﬁgEtﬂ%@ldkﬁ@‘ﬁhé@gsdcﬁﬂ'&ﬂ 1,

t her eby renovin no 15Gao I{I ayer in unmasked regions to produced

i sol at ed lpyeo [ 195G siswarr@@uthmhcm@altraﬂnéaspdwt@rﬁﬁfﬁdmréfogmmg@ttfﬁmef i®® (Fig.
1E). A fu rnirhe based plasma (e.g. utilizing a heavy

per fl uoro%%tr}@re 6? Ng' 1ﬁzgxanpl e, hexafl uorobut adi ene (C4F6) or

hexaf | uor obenZeétid] @G@d‘éﬁbe)mimhydtdﬂubriceadidt(HF)abaisslmtahmpiisamilite;d t¥ enove
portions of the silicon dioxXi based sacrificia

ol nt o i oY stae R Bt G S RBEGma apslse iy Seay RlRacefl g

i nt er nedi gt eheHoRdifd duFfece®d the FhpPort btfokture 19 (Fig. [A)1 DK erdhaied mameinical
hydr of | uori c aC| d (HF)_based etchant is ufilized to isotropjically

et ch sacr§oneewih t'l'easﬁféffcﬂ'ayecfﬁ%‘f'éblyaF@H‘BWPfrFQPMSEE‘i“é’E'b?f"éaé%“abf the

sacrifici r@hauh@éf%sfhlcﬁ'ﬁgmhh@satéml BYerIehaea ek tE@&cPﬁMQH@ﬁﬁseﬂnr ucture 19
(Fig. 10). The etchant 1s maintain in contact wwth the sacrificial

| ayer untdeionized Yrater te pImpmanyfremsaippeostehanty Weltm@iummaaalurﬁhty@f plaYatedemai ns
at whi ch s%@.&cﬁﬁdu%?gfﬁ {ruduﬁlasaés ill SYaR nﬂ F*g R EAedi 4O LAR AL chant and

rinsed in delonized water to renove reﬁa I'ning etchant, thereby
pr oduci nglnas@dosheblardy 1 afe ableewexpad dsemtlmcndu@t ofrport@hmfds sgainuct ures as

 Tustr atr%gnt'anqmlzfl%p?r%gtruc ure gs gEg r?s‘rglpsrélz{xlé nﬁ{faf’“f(ﬁ la% stanﬁsC@glgSN

i slands 1" are ap o0~ expan he“re Ions of the
strai n medubdtamtisilyrGingiepoopbsitihr g [sGhRsN Blsmdstiistngutln rededed Beveis sfatraxed

InoISGa085NIaer|sIansvv|t L a _single conposition.
o TsCacBRH U RS it P BhAe 0 Fevabe apalicds fHh

subst ant i pbdepdifphansesefRsat i on free of Fig. 10 are N-polar in nature
due to the proceeding transfer process. EXAMPLE 2 [ 0105] Many
aspects of this exanple are simlar. to those outlined in the

previ ous exanple and therefore thgafd@gged ption will concentrate on

the el enents which are distinct fromthe previous exanple.
[0105] Many aspects of this example are similar to those outlined in the previous

example and therefore the description will concentrate on the elements which are distinct
from the previous example,

[0106] An initial growth substrate is utilized for the deposition of a 5 pm thick
fayer of Ga-polar GaN by well know methods in art, utilizing MOCVD deposition
techniques. The exposed upper Ga-polar surface of the GaN layer is then brought into
contact with an intermediate support structure to produce a bonding interface between the
Ga-polar surface of the GaN layer and the intermediate support structure. The original
growth substrate is subsequently removed utilized laser-liftoff to produce composite
substrate 5 comprising the now N-polar surface GaN intermediate layer 15.

[0107] The composite substrate 5 is utilized as outlined in example 1 for the
growth of Ing 15Gag ¢sN and formation of a plurality of elevated semiconductor islands as

illustrated in Fig. 1G. However, in this example Ing;5GaggsN islands 1 are not only strain
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[0106] An initial growth substrate is utilized for the deposition of
a5 ttmthick |ayer of Ga-polar GaN by well know nmethods in art,
utilizing MOCVD deposition techni ques. The exposed upper Ga-polar
surface of the GaN layer is then brought into contact with an

i nternedi ate support structure to produce a bonding interface between
the Ga-polar surface of the GaN | ayer and the internedi ate support
structure. The original growmh substrate is subsequently renoved
utilized dergdirwithishbs@ifiallyd spigREbGFostiONBRStaRo S4PSLar Aingk daomld Si ng
the now N-polar surface GaN internedi ate | ayer 15. [0107] The
conposi t el8wAser pliberraceedinggomppyequbséa®ut | i ned in exanple 1 for the
growm h of 1n0.15G0. 85N and formation of a plurality of elevated

sem conductor islands as illustrated in Fig. 10. However, in this
exanpl e 1 n0l 5Ga025N islands 1 ar EXAMPLEM y strain relaxed with
substantial ly i n It - e d ure
due to the for”’r?}lg? 1 oﬂ*ag g@g@?@;@%@gﬂagéﬁg{@g?& 3‘%“15@12{1 ?E?éeé}e MPLE 3
[ 0108] Meaxgmplsgend therefdre thhidescptimnpiilbcoaceatrae on thaclements Wogearodistinetned i n
t he previfous exanpl es anld therefore the description will concentrate
on the el ZRRECHRICHALP!E di stinct fromthe previous exanpl es.

[0109] The pl yosdb) t Thoblubkip el Eepokt suuetigs BEdREDIUSAELAD YT dxahplodareof

exanple | are utilized as seed crystals, as illuystrated schematically
in the erﬂs%dﬁéﬁﬂee C'@Fta'ﬁ‘-ga@!J[UM-‘%.SCH&"*W%Hgﬁﬁﬂ‘@gﬁﬂwﬁé&?@"@ﬁé& A BPSG)
47 1s de%%ph&‘éh&)‘lic&t@@l@l%ﬁi’?@)@?% defGRaBty cheicdI QP BEREIIR by cover

of 'Fi

intermedi ate structure ) g. 1G _thereby producing internedi ate
st ruct ur econfpgnadly ceyeg intaapedigiggtetsd0 at Be.dGs thetehy erodwpgiiderggdtect ed to

a heat i ”%u@&%??ﬂfﬁ‘@é@gﬁ. Wt&?@iﬁ%ﬁfefﬁ eul"z:% E%%Ejé@e%% HRealif fodeSURE{ at ure

of 850 C, at whic ge reflow of the gl ass takes place filing
voi ded r dughoermpetdure Aredse mp oaltemmpetandBal *Gel Wiuth stage pflovesthe BPSG a

i tabl o SEmE , . f
S oes VB P bR bl i T B GRn ERREsRYER iR (e
i nt er medi saitablesturtycit utilezed dl-efidriegxcedBPSHp rdved ittal frek atrfacaal23 oftbe growt h i s
initiated f he f f the | 5Ga i 23, th
dd ¢ onal 1N PR S RPEPT EPaS e riimr{ds R IBDRe TS ey,
?pl) : U[)ﬁﬂat@n@?dv@fgf@ﬂ]@g_ir?fiatédlﬁ)n‘swbﬁ‘l&fdﬂffﬁoﬁbf&e ﬁ@BGhd}_l;}OlS&ndstO,tReBG?Q: 7|5N

| e qar.o conailti gons .are re .0 e a nore ver ca
O ov . Bt G el 25 Semprire Torain BHe 55 HerErcsesris dyes
[0110] Mahd\QEsantReVdntitliolid 18, 80, ,sMtfilh] (Ré SOwHNORT IR andr@abpolirei es

and bonding to a support structures are utilized to separate a

portion dfmerp¥erligahgrowiidords anprequeednsnracadelayes of PP 1mel’ (Benfosi te
substrates. |ongoflnRineqd ﬁkﬁ%tﬁé’ o fi%n ﬁlﬁf&ﬁ%@pMQéchﬁcgﬂ?‘giesand

substantial |y continuous [ayer .o.fa sem conduct or mater| 37 to
produce &bopdingioafsupper kinestgesas: utiireddelstparato a pertippdithe Isuksa rshitfém farot

thormbl | Ssor e e EE, do i e e T tous
| ayer of sesantdlyduningousigeedfisehicaiiudidrenaroialed7oé pradak k ess: of Beakness

43. An addition support substrate (not shown) is attached to surface 39 through wafer

bonding techniques and thermal energy is applied to separate a portion of the continuous

layer of semiconductor material at the zone of weakness 43.

[0111] The exemplary embodiments of the invention described above do not limit
the scope of the invention, since these embodiments are illustrations of several aspects of the
invention. Any equivalent embodiments are intended to be within the scope of this

invention. Indeed, various modifications of the invention in addition to those shown and
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[0111] The exenpl ary enbodi ments of the invention described above do
not limt the scope.of the invention, since these enbodi nents are
illustrations of several aspects of the invention. Any equival ent
enbodi ments are intended to be within the scope of this invention.

| ndeed, various nodifications of the invention in addition to those
shown and described herein, such as alternate useful conbinations of
the el enments described, will becone apparent to those skilled in the
art from aégﬁ.b@@m@mumtas aiRs fatd REAIBmbAbEIRs HARY didnseatsideqBbail ilal so
intended to fall wthin the scope of the appended clains. In the

f ol | owi ngbeceiprpPP#ientiRthagsskilledin thsartdmmdhebicayent desaintionySugind | egends
are Used %9&.{1& d@r{s aFeYa!s% erfEMN G \?'El{?r?thQEHo eoft%é}@ed\%’% 5. 1 ufel @l med
is: UCIn strain in Fide stTUStUres

corrpr i si nfgllowom@nmgn tlae @ph@tlm amhpleh headmessanldéggendsm usedsorpyhasityt and
structureona%egcthyely etching the strained Ill-nitride layer to
expose the suppof{ Structure; selectively laterally etching the
support structure; and
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formng a continuous Ill-nitride layer with reduced | evels of strain
by performng |lateral growth fromunetched portions of the
[11-nitride layer. 2. The nmethod of claim 1l further conprising,
depositing, reflowi ng and planarizing a refl owabl e gl assy nmaterial on

the structure before the step of formng a continuous Ill-nitride
| ayer. 3. The nethod of claim| wherein selectively etching the
strained Ill-nitride layer is perfornmed utilizing anisotropic plasm

etching. 4. The nmethod of claim| hasgi n selectively laterally
etching the support structure is performed utilizing wet chem cal
etching. What[9@aieg Rod of claim 1l wherein the support structure

I ncl udes an etch stop layer conprising a dielectric material capable

of substant] | Ruchedtd lbmpRiikd:i de material. 6.
The' Mot hod A e e ARk R R pcomp it on of & devi ce

structure on tb@rﬁiimﬁaﬂl@ﬁﬂﬁniltr]idefl lef foladBpdoR%Glcturé; The nethod of claim

| wherein a portion of the continuous |ayer of I1l-nitride materi al

i's detached utlildigdiDQchiAP e TRAiRH IALHi®8e layer to expose the support structure;

selectively laterally etching the support structure; and

forming a continuous IlI-nitride layer with reduced levels of strain by performing

lateral growth from unetched portions of the Il[-nitride layer.

2. The method of claim | further comprising, depositing, reflowing and planarizing a
reflowable glassy material on the structure before the step of forming a continuous

[tl-nitride layer.

3. The method of claim 1 wherein selectively etching the strained 1il-nitride layer is

performed utilizing anisotropic plasma etching.

4. The method of claim 1 wherein selectively laterally etching the support structure is

performed utilizing wet chemical etching.

5. The method of claim 1 wherein the support structure includes an etch stop layer
comprising a dielectric material capable of substantially preventing nucleation of I!-

nitride material.

6. The method of claim 1 further comprising the deposition of a device structure on the

continuous I1I-nitride fayer.

7. The method of claim 1 wherein a portion of the continuous layer of lll-nitride

matertal is detached utilizing ion implantation.

8. The method of claim 1 wherein a portion of the continuous layer of 1ll-nitride
material is detached utilizing application of external energy on a plurality of voided

regions.

9. A further semiconductor structure comprising a plurality of semiconductor structures

including:
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8. The method of claiml| wherein a portion of the continuous |ayer of
11l -nitride material is detached utilizing application of external
energy on a plurality of voided regions. 9. A further sem conduct or
structure conprising a plurality of sem conductor structures
including: a lll-nitride island with reduced | evels of strain,; a
free surface of the Ill-nitride island,; a support structure
conprising one or nore elenents including a base material, an etch

stop | ayer Anfafiaagiidiif luck@ielis ofsudnd a bondi ng i nterface between

a bonding surface of the Ill-nitride island opposed to the free
surface andagegaég,pfgéer}gt@qﬁfrg@,gegfamg he support structure, an additional
I11-nitride nmaterial adjacent to the free surfaces of the Ill-nitride
i sl ands for A stk 20mhbadiA rféo&‘t QY Qldineh@Yucg d bdse MadriafGn

mat eri al . V\E]e'ﬂ%?n StHée? sur%gce gya? ea the&bondﬁlug sgur#e?ge o{a

I 11-nitri deetcls$tomidydrandya saatifigialtldyan ; tahda surface area of the bond| ng
surface of the support structure, wherein the free surfaces of the
I1l-nitridea bmdéngdsteréiarce bstwsert @banidinlg|syr fagk ofiihe 1 harideaistendappbsed g tie

pl ane and a ﬁesuf %{aﬁéegg GLMgc%ﬁla I, PRLI %{Wﬁ%&“pé{“ra di stance of |ess than

30 pm 10. diict of ure’of claim?9 \/\herel n the

Zﬂgg% Zm : Z: %@aa‘séﬁ%%lgff- %gé na1¥telaal aﬂllacen{ {io% rehe Spir é%égfé1ahl ggrrg% is|a

per cent age fprrembersuishanal BaYatinuous Iayer of lll-nitride material.

wherein the surface area of the bonding surface of the I1I-nitride island is greater than
the surface area of the bonding surface of the support structure, wherein the free
surfaces of the IlI-nitride islands are substantially within the same horizontal plane

and are separated at their periphery by a distance of less than 30 pm.

10. The further semiconductor structure of claim 9 wherein the substantially continuous
layer of Ill-nitride material comprises substantially single phase indium gallium

nitride with an indium percentage greater than 25%.
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