- 1 Sem conductor |ayer structure and nethod for fabricating a

sem conduct or | ayer structure 5 The invention relates to a sem conductor

| ayer structure and to a nethod for fabricating a sem conductor |ayer
structure. For realizing nodern conponents for high-power 10 el ectronics
and al so optoel ectronics, the prior art lusually uses substrates which can
only be fabricated in a very conplicated and hence cost-intensive manner.
Furthernore, said substrates often have a high defect density. 15 An
alternative for proRRieRPEIRECR! FaveT VEEBIRE N R UBe FRgd sEPB5t r at es

consi sts in depositiFagrachiting ay@emicenbewtbensagbern@kraktie desired
substrate material on a high-quality and cost-effective substrate, such as,

20 for exanple, on a silicon wafer. This yields lattice- nmatched substrates
whi ch enald e @héowidefeanti@pit agllakesdeposi t izon eémiogohfectbayerlaydiowever,

significant physical properties are _deternned 5 by e substrate jn this
case, in part?%ﬁ %€u¥%e %%%ffﬁ%?en?‘ofmFEéPﬁal é% ans%%kﬁl f%ngs &

probl emati c bdevacsedubyovayapéresbmpteureéhe growth of 111-V  conpound

sem conductors such as GaN by neans of nmetal organic chem cal vapor
deposition (MOCVD) is often 30 effected at conparatively high tenperatures
of above 1000@Xin ¥akiZzied endtPEH? sufIPTERERN Hhal i 3 f orh I bRsOTRINt

fabricatiign. tfecdcianeesdepasi tad@t opueblcbighntierper ahHr esrisrcephed on a
substrate haV|n8 a S|gn|f|cantly | ower coefficient of thernmal expansion, 35
then firstly BS¥RhEY| BSSEr BHRPOFERE WEHEEI FBE PRydr Poodd@hsi at®d 1t he

further coursg ofe®yericingliedty®r anaf t BBneé acksst Whihitdn g Rdemsanderinusabl e.

Furthermore, said substrates often have a high defect
density.
15
An alternative for producing cost-effective and high-
guality substrates consgists in depositing a thin layer
(a few tens of nm) of the desired substrate material on
a high-quality and cost-effective substrate, such as,
20 for example, on a silicon wafer. This yields lattice-
matched substrates which enable a low-defect epitaxial

deposition of further layers.

However, significant physical properties are determined
25 by the substrate in this case, 1in particular the
coefficient of thermal expansion. This is problematic
because, by way of example, the growth of III-V
compound semiconductors such as GaN by means of metal
organic chemical vapor deposition (MOCVD) is often
30 effected at comparatively high temperatures of above
1000°C in order to ensure a sufficient quality for
component fabrication. If a layer deposited at such
high temperatures 1is cooled on a substrate having a
gignificantly lower coefficient of thermal expansion,
35 then firstly a tensile stream of the deposited layer
occurs and in the further course of events the layer

often cracks, which renders it unusable.



- 2 Journal of Crystal Growth 280, 346-351 (2005), N H Zhang et al.,
proposes the use of interlayers of differing conposition and/or structure
during the deposition, which are intended to conpensate for the 5 strains
that arise. One obvious disadvantage is the conplicated process

i npl enentation, since in general differen? process steps and paraneters are
necessary for the production 10 of the interlayers than for the deposition
of the desirethuryslr. bA prérgsphe, $Shrovdll ed28@onpl3smt3 Subst(2R0E3" or

mat ched subst nates nongti Lot alar}ot};t}%p&%éigléi e IO Thesergle Understood

to be substrates in which a thin layer of the desired substrate material is
applied to arfbtH&Tdithst FATROPALEABh ANAAPTt hAtHURTE'S s SHFYNE  Wbsk

mechani cal couppdg thiedveeahsand Sebsthatadand ddecopprhi=edd agsr . 2@ A

met hod of %his type is.described for exanple in Journal of Electronic
Materials 29( A% Egﬂglﬁgtdt?f(ﬁ’o’o‘je Hobart et al. In this case, firstly an

Si 1-xCGex layer is deposited on an SO ("silicon-on-insulator”) wafer, the
25 buried silicon dioxide, | r .additional ly ,hei ng _doped._.w th_boron and
ohosphorus. TS borSpmieonaterrRalEeoRayer” IR (ReBhSTa s P BeRAs abi o
to flow vi scousipl emstrdratiim f r omnenpeiat ugesendl apgibtemanel yp80@€ss whi ch

enables a str I ti I r 0« ted e pr obl em
is nanifested%%%%%ﬁi%ﬁga?%?aﬁ%ﬁggﬁﬁ,gyﬁ ﬁ?ﬁggsgggoﬁkkgdt*gy@?@Bﬁﬁ|3%“0ut on
t hese subdPratdds. thfheinégxdavras t hhanj sfeme the t Menug-\ascedi t fhef the
35 borophosphosddiicat e dyawer and the necessity of thernmal contraction of
the deposited | ayer when cooling to room

In principle, so-called “compliant substrates” or
matched substrates constitute another possibility.

15 These are understood to be substrates in which a thin
layer of the desired substrate material is applied to
another substrate in such a way that there is only a
weak mechanical coupling between said substrate and the
applied layer.

20
A method of this type is described for example in
Journal of Electronic Materials 29(7), 897-900 (2000},
Hobart et al. In this case, firstly an Si;.xGex layer is
deposited on an SOI (“silicon-on-insulator”) wafer, the

25 buried silicon dioxide layer additionally being doped
with boron and phosphorus. This borophosphosilicate
layer has the property of being able to flow viscously
starting from temperatures of approximately 800°C,
which enables a stresg relaxation of any layers

30 deposited thereon.

The problem is manifested in this case, however, in
that deposited layers bulge out on these gubstrates.
The reason for this is due to the high viscosity of the
35 Dborophosphosilicate layer and the necessity of thermal
contraction of the deposited layer when cooling to room
temperature. Since the fabrication of modern
semiconductor componentg places high demands on the

planarity of the layers, this is a serious



tenperature. Since the fabrication of nodern sem conductor conponents

pl aces high demands on the planarity of the layers, this is a serious - 3
di sadvant age. Such bul gi ng out has hitherto been possible to be achieved in
such material systens only - as described in the above publication - by a
patterning of the substrates, which is uhdesirable in nmany cases. 5 Further
di sadvant ages arise fromthe coaneX|ty of the fabrication of such

substrates. UsE gadvipifaids. mefleclbf bstpipgsi louton-tore i nButhesED) Rgear s

based on teCHﬂQ—JéZEBl@'Hd/ E@@éﬁﬁe@é@cg%ssécﬁ%gtéﬁsbes sPRRE L@1out”

process or high e 0x n ion i antatlon (" sl MOX" nethod) Q her
net hods for fé%ﬁﬁiéﬁqqﬁfé§§CH“v??? O¥G Rt bt €3t 0B s~ dB¥c A BadtEER18Ranpl e -

in EP 1437764 A tand sulkis W00/ G8AMH A Jundieliihaiiad elry dabf iepdeas a def ect
region in the substrate in order to enable relaxed |ayers on

non-|l atti cé-matched substrates, in particular for the purpose of producing
strai ned siIi(Rnruhg&Hdismdvamﬁage@ &rjsxCGExomaydrss admplexiere gfowheon

silicon. 20 A t i oy her e o]
produce a defeé{ reglo f% ?ﬁ% ?255?réﬁgéad?%edgﬁg§ygu%f%Zf%%gﬁaﬁg or a
deposi ted | ayéiQIsyst dfisiligdmgra isisedqueatit t hemadlersf t er beeabment onsai d
defect 25 reginHeady Qe Ee&gg%%o%r%fce@s%lsocéﬁéfﬂ?n%sa%eSt“%ﬁ\%ﬁ:'ﬂg faults

in the original substrate, which relaxing effect on the deposited
| ayer or ilg r RERARSH  AOPr i dete foKYIRRselnBt haBBL1RBLERILAT ow
def ect Iayersgmng@xmmﬂégwﬁﬁsubstrate whi ch can relax 30 by nmeans of a
thermal aftertreatnent after the ion inplantation step.
Other methods for fabricating such wvirtual substrates,
as described for example in EP 1437764 Al and
15 WO2004/082001 Al), deliberately fabricate a defect
region in the substrate in order to enable relaxed
layers on non-lattice-matched substrates, in particular
for the purpose of producing strained silicon layers on
relaxed Si; xGe, layers which were grown on silicon.
20
An ion implantation step is employed here which serves
to produce a defect region below the layer already
deposited Dbeforehand or a deposited layer sgystem.
During a subsequent thermal aftertreatment, said defect
25 region leads to the formation of dislocations and
stacking faults in the original substrate, which have a
relaxing effect on the deposited layer or the layer
system. A prerequisite for these methods is thin low-
defect layers on the silicon substrate which can relax
30 by means of a thermal aftertreatment after the ion

implantation step.

There is the problem in this case, however, that the
defect regions produced remain stable only over short

35 times and anneal with a longer process duration.

This is associated with the fact that Ostwald ripening
takes place that is to say that the cavities coarsen

their size distribution by vacancy diffusion and



There is the problemin this case, however, that the defect regions
produced remain stable only over short 35 tinmes and anneal with a | onger
process duration. This is associated with the fact that Gstwald ripening
takes place that is to say that the cavities coarsen their size

di stribution by vacancy diffusion and --44 eonbine to forma small nunber of
| arger cavities. As a result, the density of the cavities produced becones
so |ow that, dawiereriget focrmeassns]ldinsibeat o6n$avgerstackicigsf.adlst & no

| onger form betygen. | N, Caxlilesy Sr Thhs BLOBLeOLORCURRCLR BREGAe 4f | ong
process tinmes at high tenperatures such as, tor exanple, during the

deposi ti on of kW ayehaby négls EMaVORYD On BeEIPRSyer digipgetiipgs Sioice

rel axation of dhelayer raliuet WS 16UEERY £99h1 BErleeR0 {RE0QARRITLI € on
account of the 10 excessively |low denSity of cavities, cracking of the

deposi t ed PayerigtcR¥ePlels SEFMY S it eBlaf nf2Efie AaviaBe dRRSFEFSSSAVES t hi s
probl emonly tgr ahighi tedperkeniresi Naesh saalt ifeg fe:@Mple 15d6rihgcahedensity
of said caviti&fﬁ? i.ttjs possi blle for .the delsosi%eglpl er to sgli of f -
particul arly diFEHY ]scifbs‘éguélnt Aigh-2EnBerAE uP s g ledFdFLt ur es
greater than mtmgualrd o KiGe 2:TEhertefcor eoff hehebj datyeof tcheuptesent

i nvention was . proyi de. substrate S -~ ~and._cr -free_.d sition
of sem conduct(%h%lr% eer'((:)a %ﬁﬁnggaﬁéo é)fn%trhg(?es%l(?rlaef a%r(rfi %g ?ﬁégsa st%f%%t es of
this typel025 epuresghiesty ofowhelémnicit | off i craidhiewed chpchdags of &hemet hod

for fabricatinga,saieonduct . layer structure, 11! conprising the
fol |l ow ng steps:p%a) provi si on o?‘ a substrate nmade of a sem conduct or
material; b) application of a | ayer nade of a second 30 sem conduct or

material to sapdhSupst ratre At the cavity density solves this
problem only to a limited extent since, starting from a

15 critical density of said cavities, it is possible for

the deposited layer to split off - particularly during

subsequent high-temperature processes at temperatures

greater than or equal to 1000°C.

20 Therefore, the object of the present invention was to
provide substrates for stress- and crack-free
deposition of semiconductor materials and also a method

for fabricating substrates of this type.

25 The object of the invention is achieved by means of a
method for fabricating a semiconductor layer structure,
comprising the following steps: a) provision of a
gsubstrate made of a gemiconductor material;
b} application of a layer made of a second

30 semiconductor material to said substrate for the
purpose of preoducing a semiconductor layer structure;
c) implantation of light gas ions into the
semiconductor layer structure for the purpose of
producing a layer comprising cavities in the

35 semiconductor layer structure; d) stabilization of said
cavities by impurity atoms of a specific species;
e} application of at least one epitaxial layer to the

semiconductor layer structure.



pur pose of producing a sem conductor |ayer structure; c¢) inplantation of

| ight gas ions into the sem conductor |ayer structure for the purpose of
produci ng a | ayer conprising cavities in the 35 sem conductor | ayer
structure; d) stabilization of said cavities by inpurity atons of a
specific species; e) application of at Feast one epitaxial layer to the
sem conduct or | ayer structure. - 5 The substrate provided in a) is
preferably a'E@&e$uMaﬁEat©fpn©mbde@sialEDnésspkééemabEyrEhaﬁﬂbﬂermthe use of

senlconductorofwggg %;fgfg %&fy »ieans of bonding nethods is also
siTi

preferred. The use o con-on-insulator") wafer as a substrate
is |likew se preferred. 10 However, the substrate may al so conprise poly-

crystalline Sﬂﬁ&t@t@éﬂh@f@r em efbal ofTE%mikéBﬁHﬁétz@rm?e)éffeWst iy t@lgo be
| ayer structures conpr|5|qg a silicon a Si %éon germanium (Si Ge) 15

| ayer or & gerfdRfidis |y e %%%%r%ﬁ?@od%J §%b%?r%ﬁ %hi ch

nmonocrystalline or polycrystalline |ayers can be dep05|ted are suitable.

20 The'l de_of duct t hat is.to b i ed
'n step b) i <UD CREPably 4° NOhot VoRatE e R FEbIA o Bl TS oS Foncver.

a silicon-gersmmiunmtayes Iwk@wiayeprsferme@re 25 conprising a
silicon-germanium |l ayer is also preferred as layer to be applied in step
b). The application of the |ayer nade of a second seniconductor materi al
for the Pérpdiewestepr odlibieng aubsbraedi carmduct sl sbayerompyiee ur @oiliy-st ep b)

of the method.accort NG tQdNGhlYENM S asd S eferably effected by nmeans of

chem cal vapor ‘deposition (CVD), nolecular beamepitaxy (MBE) or by ion
beam synt hesis (IBS).

The substrate may furthermore also be layer structures
comprising a silicon layer, a silicon-germanium (SiGe)

15 layer or a germanium layer.

Generally, all substrates on which monocrystalline or

polycrystalline layers can be deposited are suitable.

20 The layer made of a second semiconductor material that
is to be applied in step b) is preferably a

monocrystalline silicon carbide layer.

However, a silicon-germanium layer or a layer structure
25 comprising a silicon-germanium layer is also preferred

as layver to be applied in step b).

The application of the layer made of a second
semiconductor material for the purpose of producing a
30 semiconductor layer structure in step b) of the method
according to the invention i1s preferably effected by
means of chemical wvapor deposition (CVD}, molecular

beam epitaxy (MBE) or by ion beam synthesis (IBS).

35 Depending on the method used for applying the layer in
step b), preferred layer thicknesses are 0.5 nm to
100 um in the case of CVD, 0.5 nm to 5 um in the case
of MBE and 0.5 nm to 1 pgm in the case of IBS.



35 Dependi ng on the method used for applying the layer in step b),
preferred | ayer thicknesses are 0.5 nmto 100 min the case of CVD, 0.5 nm
to 5 min the case of MBE and 0.5 nmto 1 min the case of IBS. - 6 The

| ayer thickness of the layer applied in b) is particularly preferably 1-500
nm independently of the nethod used. -56In step c) of the nethod according
to the invention, |light gas ions are inplanted into the sem conduct or

| ayer structufee Traydmpltdrtchtniess obft hehgasldyens mepwlbedef iactled ids a 10

dept h range . Al | r en i I st.r-at r el se
W ihin (he | o baol 1ok R ohare e i it B neAanEYY: S¥orgsen in
the first cas@3t%%§huﬁﬁét the cavities arise just below an interface 15

bet ween the substrate and applied layer, that is to say preferably within
the range of 0-500 nm below that interface. By nmeans of the inplantation of
light gas ons?® S36Pcdvi t PEs e piipbled AFE°prdddcdd i hPEhe B H I EGHuct or

| ayer structul eghfheyddpliansedagas inpisrasel piater abhy hatiegemdans: 25

| mpl antation of noble gas ions of one or nore atom types selected froma
group of heliﬁ%¥?5n?tﬁg%ﬁuF%ns and argon ions is also preferred. The

i npl antation of noble gas ions may also be an 30 inplantation of m xtures

f said at : i-nat j te i i f said
atom types. EhCvauBbribiEitn. U 520 Rhrs RE G (EREPLELL AR O N0
hel i um i é@ i np¢Ripl atticggeni palawnean Lokerfape adeitiesn pppeled, layer

combi nation ofn@NgiHPt ARE &L HPNe Phe NYHERDE N he layer applied in b).

Here an implantation energy is chosen in the first case
such that the cavities arise just below an interface
15 Dbetween the gubstrate and applied layer, that is to say
preferably within the range of 0-500 nm below that

interface.

By means of the implantation of light gas ions,
20 cavities or bubbles are produced in the semiconductor

layer structure.
The implanted gas ions are preferably hydrogen ions.

25 Implantation of noble gas ions of one or more atom
types selected from a group of helium ion, neon ions

and argon ions is also preferred.

The implantation of noble gas ions may also be an
30 implantation of mixtures of said atom types or else a
combination of separate implantations of said atom

types.

By way of example, it is possible, therefore, to
35 combine a helium ion implantation with a neon ion

implantation.

However, a combination of an implantation of hydrogen

ions and an implantation of noble gas ions of one or



ions and an inplantation of noble gas ions of one or - 7 nore atomtypes
selected froma group of heliumions, neon ions and argon ions is also
preferred. By way of exanple it is possible, therefore, to conbine 5 an

i npl antation of hydrogen ions with an inplantation of heliumions. For a,
for exanple, 70 nmthick SiC layer on a %iticon substrate, an inplantation
energy of 22 keV for helium 10 ions and a dose of approximately 2x1016 cm
-2 are chosemodsy apgmotypranpicd.echidd fhen hesdwoupo of dekdcumr dgnen  of

appr oxi mat el ¥, 05,70 Hym bal ow the, i nf et face et @g&ﬁmj ed | ayer and

substrate. 15 Lower 1 nplantation energies can osen in order to produce
the defect region within the applied | ayer. The inplantation energies,

dependi ng on ghesdhi eknegsmpaadi typs giasbbslé,epeﬁieyc@@okéyeﬁ;p Rogfehably lie
within 20 the ran of 1 keV- '\%}/d he inpl antation ener%l es particul ar
preferably |i%® %Fg PRt EheParge GESHOIRBY. WEH 2P hl8PASE AT Rever

i npl ant ati on ehéraiiasn afon0- 50 keV are especially to be preferred. The
point intime at which the cavities arise can be controlled by way of the
choice of the inplantation 30 tenperature: If [ow inplantation tenperatures
and hi gh doseéxmara, Ethoserampaeiti7€snmaviligka &gt tayesi ee ar eidliceady

produced di “’f&%ﬂéﬁfééee! éx@eiingﬁéﬁﬁgégbﬂnen%?gk‘ J?Sz?r]Qé/@de? Be1iy
advant ageous,' owever to choose 1g er. 1 p tati osn te_rzrpera ures O]In
appr oxi mafel Y ABO@Nd na ofldee Pfr sppyordmetedic@*dnly weédsreochesenti es,

which, after 1ui 2Pl grstealinkdizat ign 4 heneRf 1BYakMY id Yaef8ct region
of approximately 0-70 nm below the interface between

applied layer and substrate.

15 Lower implantation energies can be chosen in order to

produce the defect region within the applied laver.

The implantation energies, depending on the thickness
and type of the deposited layer, preferably lie within
20 the range of 1 keV-2 MeV.

The implantation energies particular preferably lie
within the range of 10-200 keV,

25 In this case, however, implantation energies of

20-50 keV are especially to be preferred.

The point in time at which the cavities arise can be
controlled by way of the choice of the implantation

30 temperature:

If low implantation temperatures and high doses are
chosen, cavities having a certain size are already
produced directly after the implantation.

35
It has proved to be advantageous, however to choose
higher implantation temperatures of approximately 400°C
in order firstly to produce only seeds for cavities,

which, after suitable stabilization thereof by impurity



atons, even during subsequent |ong high-tenperature processes at
tenperatures of 900-1250C and with treatnent durations of 2 hours or |onger
result in a narrow cavity distribution with average cavity 5 dianeters of
approximately 10 nm In particular, it is possible to prevent the |ayer from
splitting off later in a high-tenperatur@& process up to a tenperature of
1250C. 10 The choi ce of the doses of the hydrogen or noble gas ions to be

i npl anted i s alepehdertven theitnpe saibequsirdk néssicof htikpd -dppiteeth thager and
al so on the i op+en d S t ydro lar nobl e
gas |ons to ggmﬁéﬁﬁiﬁnegt rgge er%§u%?§ mﬁﬁﬁln t%eﬂ$%§ g ?E81X%§#%

1X10"" g gLt mﬁitlﬁﬁﬁlpﬁé r%%g% SPULR1 05 bvngzr 1@@1011176 thpaare
parti cul arl Y ef s 1 ed:la\}itty s m@mﬂ&ﬁwﬁ perseh skidiladdd t haakt, that

t he resultlgg_concentr i ons of Liﬁ ¥ atons are 25 dépendent on the

i npl ant ed °dosE-&HMF O t ﬁﬁﬁﬁ?ﬁﬂm Un. The required doses are
therefore preferably determ ned experlnentally A tilting of t he
senlconductor | a er, structure rel ative, f %? g gﬁ uring._the

i npl ant at i on 1% FTReATEET prif ef F oS THRI S e cBﬁa 8? r gyéﬁygfr Elke is
preferably tidpledting anfantheeof i0- 80highhtesppeature phecess beamo 35

Angl es of 0-30 égﬁ?éﬁggdfénéglgygqgéua preferred, angles of 0-15 being

especially to be rred step d) of the nethod according to the
|nvent|oﬂ1O
The choice of the doses of the hydrogen or noble gas
ions to be implanted is dependent on the type and
thickness of the applied layer and also on the
implantation energy.
15

The doses of the hydrogen and/or noble gas ions to be
implanted preferably lie within the range of
1x10™ - 1x10%7 cm™.

20 Doses within the range of 1x10'® cm? - 5x10' cm™?® are

particularly preferred,.

It is known to the person skilled in the art that the
resulting concentrations of impurity atoms are
25 dependent on the implanted dose and on the thermal
outdiffusion. The required doses are therefore

preferably determined experimentally.

A tilting of the sgemiconductor layer structure relative
30 to the ion beam during the implantation is likewise

preferred.

The semiconductor layer structure is preferably tilted
by an angle of 0-60° with respect to the ion beam.

35
Angles of 0-30° are particularly to be preferred,

angles of 0-15° being especially to be preferred.



the cavities in the sem conductor |ayer structure are stabilized by
inpurity atons of one or nore atomtypes selected froma group of oxygen,
nitrogen and carbon. 5 This is effected, in the case where in the substrate
and/or in the applied layer, inpurity atons of those atomtypes are already
present at least in the region of thed der conprising cavities, preferably
by nmeans 10 of a thermal treatnent of the sem conductor |ayer structure
produced at afinl exstp 60DCo1f nthdi sethod, adwridipy ity dttwnsimagnbeopr esent

in dissol vedi{,@r ma+it fd1e {Qr mQf éé%&%&ﬁ%ﬁbﬂ% hLher i SHRSH A gre

material, or as precipitates. A separate thermal tréatment Is not necessary,
however, nor Stebilfd igedf &nf edmpurithe appms cafi BRCoPTt MOLE 368t tyReR

epitaxial |aygelibtagCordanae golp @Tfe@x?)gehs ni2@ rebbected akrdohenperature
of at |least 600C. Sufficient gén5|t|es of areal defects such as are
required fdr a relaxation of the deposited | ayer are not achi eved bel ow

sai d tenperat dheés 2% Acfheetal, t rient et caket MheeM candiet osubayeste
structure at very high t eratures. of 1300C.or hi.gher _is possible, in

o1 ol ol o, roglet Bh' BB AHP b PERor R 7R hG M CESES | aken
into 30 consi dépat itopaserare wailthadpy premeénto amdésasablie @id ecégian such
t enperat ures, _ev in C ;o al YR m Ll it It is
primarily neggsgcglréy %%9%¥e\%§ﬁ1tp%{lﬁel %ﬁ%ﬁ%%@er&%&%ﬁ?gp% IH(E) s and
al so an ektessfveby fheanadecreasempptt hef 3stiiensseyiopndhetesvi 1#¥8ron

account of coaksepklge prbenekergc hheithgtmhobpeat ment of the
sem conductor layer structure and the deposition of epitaxial |ayers on

t he sem conductor |ayer structure are preferably
In this case, the impurity atoms may be present in

dissolved form, in the form of compounds with the

15 substrate material, or as precipitates.

A separate thermal treatment is not necessary, however,
nor is it preferred if the application of the at least
one epitaxial layer 1in accordance with step e) is

20 effiected at a temperature of at least 600°C.

Sufficient densities of areal defects such as are
required for a relaxation of the deposited layer are
not achieved below said temperature.

25
A  thermal treatment of the semiconductor layer
structure at very high temperatures of 1300°C or higher
is ©possible, in principle. However, the dynamic
behavior of 0Ostwald ripening must be taken into

30 consideration here, which may lead to undesirable
effects at such temperatures, even 1in the case of
impurity-atom-stabilized cavities. It is primarily
necegsary to prevent the applied layer from chipping
off, and also an excesgively great decrease 1in the

35 density of the cavities on account of coarsening.
Therefore, the thermal treatment of the semiconductor
layer structure and the deposition of epitaxial layers
on the sgemiconductor layer structure are preferably
effected at temperatures of 600-1250°C.



effected at tenperatures of 600-1250C. - 10 |If inpurity atonms of one or
nore atomtypes which are preferably selected froma group of nitrogen,
oxygen and carbon are not present in sufficient concentration 5 in the
substrate or at least in the region of the cavities produced, an

inpl antation of ions of said atom typest@nto the sem conductor |ayer
structure is preferably effected in step d). 10 In this case, the
inplantation is preferably chosen such that the concentration maxi mum of

the inpurity ratops,andythesRNCeNtsALi o MRYMURS, LtPsckMaRkedrgas ions
coincide or at least |ie in a simlar depth range. 15 Therefore,

i mpl ant at i on RRetYreRlvf sfdertekelrafe & pPEPer ablly BRBERESTFI MAFYSRT i n

accordagcetwéﬂliuswab@% atrté Qﬁﬁi_l_ t erg@l epl F@&Eabib@xerc_dr{s:eiaﬁmat%ﬂ o the
sem conauct or, | ayer structure. at a east one Itaxla ayer I.S
preferabl ¥ a +%y§§‘e nﬁﬂé’sgfcaﬁﬁno‘&’fyﬁtal LERETsi 1 cdite deﬁﬁgnatgfeagie one

epi taxi al | ayeavpteterpbogucodpr eaesmplantetide oanponsd cfemeciohcuetor. Said
at | east one gﬁ)égﬂ %Intloaye%rhé)ref gﬂt‘i‘g%%fi@% L selsaYeSIO sg@rﬁgggggtorisrmterl al

having a signiticantly ~differ ent nare rgher; “coefficien t her mal
expansi on i n eoaparisbn effactéd senstepddict or material  of the substrate.
35 By way of exanple, all the conpound sem conductors have a greatly

different, nanely a greater, coefficient of thermal expansion in conparison
with silildon, Incfthipaprasg, the implantation is preferably chosen

such that the concentration maximum of the impurity
atomsg and the concentration maximum of the implanted
gas ions coincide or at least lie in a similar depth
range.

15
Therefore, implantation energies of 10-200 keV are

preferably chosen.

Finally, in accordance with step e) at least one
20 epitaxial layer is applied to the semiconductor layer

structure.

That at least one epitaxial layer is preferably a layer

made of monocrystalline silicon.

25
The at least one epitaxial layer preferably comprises a
nitride compound semiconductor.
Said at least one epitaxial layer preferably comprises
30 semiconductor material having a significantly

different, namely higher, coefficient of thermal
expangion in comparison with the semiconductor material

of the substrate.

35 By way of example, all the compound semiconductors have
a greatly different, namely a greater, coefficient of
thermal expansion in comparison with gilicon,
cf. Table 1.



- 11 The deposited layers are typically Il1-1V and II11-V conpound

sem conductors. In particular, they are layers conposed of: A Gl-xN,

Al xGyl nl-x-yN, Al xGaylnl-x-yP, Al Gal-xSh, Al xGyl nl-x-yNaSbl-a,

AlxGayl nl _x_yNaPbSbl a-b, GaAs, 5 ZnQO, CdTe, CdS, CdSe and CdSxSel x. In
particul ar, |ayer stacks as a conbi nattan of the ~above conpound

sem conductors are al so conceivable and preferred. 10 Material Coeff. of

lin. Cpeff.ofThérLdé@mﬁitaﬂ liaversd hereal tvyhécahlyt hBI ARV axghanisl oV
S "25 Gan 5 gttt “YenletaduBt Bt 1, 0§k 050 e s Pavge Do

5.27 Table 1compesedci arfis oflibermll eXpalisibm-fkolN.sel bty Iigem gonduct or

materials In fhig cage, ANeserhpyensspRry, 8f &Qurse, e d8ped, HuaM th
inpurity atons of any desi reﬁltf‘%é' a%lggrxbli%g (geg’lint%h’iei’r ibntgn ed appl'i cati on.

Dependi ng Son #Re: dedieedCoPi entiati 3R oFderifstaal  structure (100)-, (110)-,

(111)- or else msoriented 20 sem conductor wafers nay be used in the case
where silicon is used as substrate. |If the sem conductor .| ayer _structure is
a silicon  cafbi PEUAYM By aleVFFodit s 25t e GEBTBdRTof OE 28 t 11 de

conpound sem sloodeictompoand tdeus ddrelufcalarrisc atrenabo s tantiedgatieramal s f or
appl i cations éPeng£8§Iectronics are preferred.

10
Material | Coeff.of lin. Coeff.of lin. Coeff.of lin.
thermal thermal thermal
expansion expansion expansion
(cub.) [10°/K] | (hex.,a.) [10°°/K] | (hex.,0.) [107°/K]
gi 2.6
GaN 5.5% 3.17
3C-8icC 3.8
6H-SiC 4.3 4.7
Zno 6.51 3.02
AlN 4.15 5.27
Table 1: Coefficients of thermal expansion for selected

gemiconductor materials

ke doped

15 with impurity atoms of any desired type according to

In this case, these layers may, of course,

their intended application.

the desired orientation or crystal
(100)-, (110)-, (111)-

20 semiconductor wafers may be used

Depending on

structure or else misoriented

in the case where
gilicon is used as substrate.

If the structure is a silicon

carbide layer on a silicon wafer,

25 nitride

fabrication of starting materials for applications in

semiconductor layer
the deposgition of
and thus the

compound gemiconductors

optoelectronics are preferred.



- 12 In this case, the silicon carbide layer is preferably between 1 nm
and 500 nmthick. The layer thickness particularly preferably lies within 5
the range of 30 nmto 150 nm | ayer thicknesses of between 50 nmand 100 nm
being especially to be preferred. The thickness of the deposited nitride

| ayer preferably 10 lies - accordingtdZhe later application - within the
range of 100 nmto 100 m |ayer thicknesses wthin the range of 200 nmto
20 pm bei ng partileutackpepr dflw retlliann kaybidehasyar t héchrefsrablyet ween

500 nm and 5 wmhsl ng sspad ady 40 D referred. 15 If a layer structure
made of GaN AIN on a silicon <carbide [ayer on silicon is involved, then it

is possible to achieve threading dislocation densities of [|ess than or
equal to 101CriedPiapsef € pdkye i t Phbt 1 Be1a20yr gRgeePbnlP6141e403AteAn2. The

obj ect of _the .invention i 0_achi ev by neans of sem conduct qr | ayer
structure? cgﬂﬁ?i§@ﬁgea OgugifﬂﬂPetﬁhdgngX@enﬁ@%ﬂﬁﬁct lé%ﬂ%ﬁq%ﬁ, ©5n whi ch
a 25 layer naskecwifera skecomd sentcondocther nmtierd aledpsechallmat edo f bet hernore

a region enrigﬂgp:ggé&1i npurity atonms, which region is situated either in
the | ayer megde of a second seni conductor material or at a specific depth
bel ow the interface between the |ayer 30 nmade of a second sem conduct or

mat eri al andtﬁﬂgtﬁﬁﬁﬁﬁééﬁEbfaﬁg%zﬁgﬁééiye& £§¥?id¥ﬁEgg@rzpﬁeEéggggged by

enriched with Inpurity atomns, ayer conprises cavities pro
i on i npl &Rt atii®f furEReFABRE &P Uheadpteie apnlisatalon ayewihppni €8St o the
layer made ofraip;a secofd seMEONGCLAT BRI EFi ahiaRHAe8LEQ @idBiBCENer €9i ON
conpri sing dlslocatlgns and stacking faults ,
range of 200 nm to 20 um being particularly preferred
and layers having thickness of between 500 nm and 5 gm
being especially to be preferred.
15
If a layer structure made of GaN/AIN on a silicon
carbide layer on silicon is involved, then it is
possible to achieve threading dislocation densities of
less than or equal to 10 cm™?, preferably within the

20 range of 10° - 10 cm™®.

The object of the invention is also achieved by means
of a semiconductor layer structure, comprising a
substrate made of semiconductor material, on which a
25 layer made of a second semiconductor material is
gituated, furthermore a region enriched with impurity
atomg, which region is situated either in the layer
made of a second semiconductor material or at a
specific depth below the interface between the layer
30 made of a second semiconductor material and the
substrate, additionally a layer within the region
enriched with impurity atoms, which layer comprises
cavities produced by ion implantation, furthermore at
least one epitaxial layer applied to the layer made of
35 a second semiconductor material and alsc a defect
region comprising dislocations and stacking faults
within the layer comprising cavities, the at least one

epitaxial layer Dbeing largely crack-free, and a



within the | ayer conprising cavities, the at | east one epitaxial |ayer
being largely crack-free, and a - 13 residual strain of the at |east one
epitaxial layer being |less than or equal to 1 GPa. In this case, in the
context of the invention, cracks 5 are to be understood as a stress-induced
cracking of the at | east one epitaxial 1Bayer, it being possible for said
cracking to proceed right into the substrate. Cracks of this type can be
ascertai ned eamgared oftrdOnoptfi cahemar odeapy, scanmimigaediedt r dbayer

m croscopy, b%ti‘}{g 6 S 6§ GO Q, %- IRy topography. The residual

strain of the at "l east one epitaxial layer 'is preferably |ess than or equal
to 370 MPa. 15 The roughness of the at |east one epitaxial |ayer is

preferably | ass dian @g-g0uah tihe Lo BMSor R& | bt Yof eberakly
0.5-2.0 nm RVS. 20 The substrate nade of sem conductor naterial is

preferably aaksf et nkfe 'FreHMe?Ysesl 13 netEEFPcdRIVTRE FAL%sI%h 8f an SO

waf er as substhieatsg i1z bnral er4:ethl 26 M EoVErbe Bn§epbsanBuet eprwaf er
fabricated by ans of . a bondin had.i s ,al so _preferred as substrate.
However, the S?&mgistcrrgtcé{lﬁgy 24 ?5‘3%5%&(’ i*g8"%0 16’5I°y5?§?stséllqsiir¥€‘t$em conduct or
material. However, a substrate conprising a silicon |ayer,

a
silicon-ger i | ayer - nj lL.aye . i nval ved, -35 The
region enri g%?&%vﬁgst hég?npﬁllstay%glbgﬁsé#%n &?%f é?ggﬁgllg%rii c d%v(\an Y icrjrif)uri ty

at ons of 1éne cpt iverde ambarogpepy . selswtmuing omed egtawm of mbgygeaepyi t r ogen

or carbon.  atomic force microscopy or X-ray topography.

The residual strain of the at least one epitaxial layer
is preferably less than or equal to 370 MPa.

15
The roughness of the at least one epitaxial layer is
preferably less than or equal to 7.0 nm RMS,
particularly preferably 0.5-2.0 nm RMS.

20 The gubstrate made of gemiconductor material ig

preferably a wafer made of monocrystalline silicon.

The provigion of an S80I wafer as substrate 1is also
preferred.

25
Moreover, a gemiconductor wafer fabricated by means of

a bonding method is also preferred as substrate.

However, the substrate may also comprise

30 polycrystalline semiconductor material.

However, a substrate comprising a silicon layer, a
gsilicon-germanium layer or a germanium layer may also
be involved.

35
The region enriched with impurity atoms is preferably
enriched with impurity atoms of one or more atom types

selected from a group of oxygen, nitrogen or carbon.



- 14 The layer conprising cavities within the region enriched with
inpurity atonms is preferably produced by inplantation of |ight gas ions. 5
The inplanted gas ions are preferably hydrogen ions. The inplanted gas ions
are preferably noble gas ions of one or nore atomtypes selected froma
group of helium ions, neon ions and arddn-ions. 10 Furthernore, it is also
preferred for the cavities to have been produced by conbi nati ons of

i npl ant ati onsThef  hebke gawonimnssigfg oneavithese atidmitypesheselrestiod from a
group of heliymians; Heen mggraeg LA 'i%spré@eﬁy?ygy ehafxanphs, the
cavities may have been produced by an |nplantation o effumons 4nd an
addi tional iRt 3L nebihoroas gtls ons. Correspondi ng gas  ni xt ures
are al so conceivable for producing the 20 cavities. However, the production

of said cavitjes by a copbinatjon of an inplantation of hydrogen ions and
o Tl ot a1 I TR A S T DR DY R S YO el act ed
froma group of heliumions, neon ions and argon ions is also preferred. A
conbi nati on hydr ogen- _and_hel ium | npl ant ed Viti shal | .he _menti oned
as an exanplghﬁ%fgmigﬁg¥ﬁ§'$%§e%o%%d%g%fpgeggE%ﬁgysgﬁgzgnaﬁgt3rnﬁa?&riaI

that is situmedonmbhe stbst tapes segrsftedalinomm a npnoepystalleilnegrsi | i con

car bi de | ayer; par tﬂ&ﬂ{ ardys efes Y; d - beam synt heti zed silicon carbide
on a 35 substrat’e nmade of nonocrystalline silicon. The rel ative expansion

of Fhe | &Pti ce constant of silicon carbide is less than 0.2%in said
silicon Furthermore, it is also preferred for the cavities to

have been produced by combinationg of implantations of
noble gas ions of one or more atom types, selected from
a group of helium ions, neon ions and argon ions.
15

By way of example, the cavities may have been procduced
by an implantation of helium ions and an additional
implantation of neon or argon ions. Corresponding gas
mixtures are also conceivable for producing the

20 cavities.

However, the production of salid cavities by a
combination of an implantation of hydrogen ions and an
implantation of noble gas 1ons of one or more atom
25 types selected from a group of helium ions, neon ions

and argon ions is also preferred.

A combination of  hydrogen- and  helium-implanted
cavities ghall be menticned as an example here.

30
The layer made of a second semiconductor material that
ig situated on the =substrate 1is ©preferably a
monocrystalline silicon carbide layer, particularly
preferably ilon-beam-synthetized silicon carbide on a

35 gsubstrate made of monocrystalline silicon.

The relative expansion of the lattice constant of

gilicon carbide is less than 0.2% in said silicon



- 15 carbide |ayer, which corresponds to a residual strain of the silicon
carbide layer of less than 1 GPa. The residual strain of the at |east one

epitaxial layer 5 deposited on the silicon carbide layer is then less than
or equal to 370 MPa. The invention therefore also relates to a sem conduct or
| ayer structure, conprising a | ayer naddZf- i on-beam 10 synthetized silicon
carbide on a substrate nade of nonocrystalline silicon, a relative expansion
of the |atticektigstaayeof siHiidonccardspends sai & | ageidasl measuimed by

reans of i ghot a3el WO Jf 1yt 4d TREILOL: beLAD Jiess £ ha, or equal to

0.20. 15 In this case, attice coristant and the relative expansion
t hereof are neasured for exanple by neans of high-resolution X-ray

diffracti on (hiz XRR}iadde steasyred shefherebabkivenbochheaunstr aipegd val ue
for the 20 lattice co stantBﬁroduces t he SgECIfI%g val ue for the_ residual

strain of °t h&*SRA®BrS B cot®erPsitair By $de ol v5E el gstiRebr 66Ft i es,
that is to sahdyy oransufl td E7elMsdii c constant of the sem conductor
material. 25 The | ayer nmade of a second sem conductor material that 1is
situated on the substrate may al so be a |l ayer structure conprising a
nmonocr yst al | iTlee sinvenn aarthaeefdayenl onm pelyceystal hi semdicondortoar bi de.

30 The at |easf, gQne.ep)taxial 'c%?ﬁ:i%'lngh?a S?ﬁ%&?”%%eof of ! ?L}Sﬁr-b%%&n@““re
preferably conprises sem contlucto mat er i al ving a significantly
di fferenl0 nafwihethizgter sidgefofi cicembide thernml s)rdngiton imadsonpdri son
with the semeanduclars MaLeri ak 19tohne $ulshnalie 3axfahlbish & tankal |ayer
preferably conprises a nitride conpound sem conductor. A second epitaxial
| ayer lattice constant of silicon carbide in said layer as
measured by means of high-resolution X-ray diffraction
being less than or equal to 0.2%.
15
In this case, the lattice constant and the relative
expansion thereof are measured for example by means of
high-resolution X-ray diffraction (HR-XRD) . The
measured shift relative to the unstrained value for the
20 lattice constant produces the gpecified wvalue for the
residual strain of the material by conversion by means
of the elastic properties, that is to say by means of

the elastic constant of the semiconductor material.

25 The layer made of a second semiconductor material that
iz situated on the substrate may also be a layer
structure comprising a monocrystalline silicon carbide

layer on polycrystalline silicon carbide.

30 The at least one epitaxial layer on the semiconductor
layer structure preferably comprises semiconductor
material having a significantly different, namely
higher, coefficient of thermal expansion in comparison
with the semiconductor material of the substrate.

35
A first epitaxial layer preferably comprises a nitride
compound semiconductor. A second epitaxial layer
comprising a nitride compound semiconductor is

preferably applied to the gemiconductor layer



conprising a nitride conpound sem conductor is preferably applied to the
sem conductor |layer - 16 structure, The first epitaxial |ayer preferably
conprises alumnumnitride, and the second epitaxial |ayer preferably
conprises galliumnitride. 5 Optoel ectronic sem conductor conponents which,
after activation emt light having am éfergy of 0.1-7.0 eV can be
fabricated on sem conductor |ayer structures of this type. 10 The | ayer
made of a secintidanmiecondfbeor hareti alepSidxwiailed daviche sphbsfeabbliys al so

preferably a%oﬁp%sésayg'iuﬁ%nﬁm' ayfEy 4L UCLWE H‘ﬂé’s%e%%sép'i%%&ails an

SiGe layer. In this case, e epitaxial layer is pre | y¥an epi taxi al

si li con | ayerlaMfic pref eapmilive Fopgpachataldiiea meyietids. that | ayer structure
conprising SiGe. The method according to the invention and the

sem conduct or I%%g: structure according to the 20 invention wll be

expl ai ned®bel TR ARG S ¢ ASTUSPIFETET e FOBRREE Nt ¥PARE f oPLERE case of
a sem conducicari vaayiein semiiet Urieylaonpair$hag 3C- Shérgn <t | bconz .25t has
been shown that the t hod_according to t invention is particularcly well
ou ted Lo depatl (o aPTaRpaT APy ST AR e LT F ST EHESR ng s

t hi ckness oftHiet vegre.100 nm and 100 m that is to say a thickness of 2.5
m for exanple, which conprises 30 Al,&G1 ,N having a high coefficient of

thermal expansion, for exanple, on an ion-beam synthetized sem conductor
| ayer stil@ct e daveras®@@esilbifcon earbhde samicbihdomtofror mekampbé, which

has a low cogfdfjaient o0f dher gabs£xpadsiian. o alo hpgh rbeaperatiy eg;da of
approxi mately 1100C which are typical of netal
layer or a layer structure whose topmost layer 1is an
SiGe layer. 1In this case, the epitaxial layer is
preferably an epitaxial silicon layer which is applied
15 on that SiGe layer or that layer structure comprising

SiGe.

The method according to the invention and the
semiconductor  layer structure according to the
20 invention will be explained below using particularly
preferred embodiments and for the case of a
semiconductor layer structure comprising 3C-SiC on

silicon.

25 It has been shown that the method according to the
invention is particularly well suited to depositing a
comparatively thick crack-free layer having a thickness
of between 100 nm and 100 pum, that is to say a
thickness of 2.5 pm, for example, which comprises

30 Al Gaq N having a high coefficient of thermal
expansion, for example, on an ion-beam-gynthetized
semiconductor layer structure, such as 3C silicon
carbide on silicon, for example, which has a low
coefficient of thermal expansion, at high temperatures

35 of approximately 1100°C which are typical of metal
organic chemical vapor deposition (MOCVD) .

This is because in the context of the invention it has

been ascertained that the introduction of a defect



organi ¢ chem cal vapor deposition (MOCVD). This is because in the context of
the invention it has been ascertained that the introduction of a defect -
17 structure into an ion-beamsynthetized sem conductor |ayer structure is
advant ageous for the later crack- and stress-free deposition of nitride
conpound semi conductors. 5 For this pufpose, preferably, in a 3C-SiCSi

sem conductor layer structure, by inplantation of light gas ions, such as
hydr ogen, heftuastnueen brtar goh (‘o -kgae oHbigiatierhs seregiductpr
defect-rich 1£g60N disulQ upeoduged disi: RRIAW EBAL i t 0288y RiB{Qrably
wthin a degt interval of 0-500 nm below, the interface between 3C-SiC
and silicon, Wi cheYEFPONt Eofpr i SRROHHSIIR | | &F bdbidiEd%r SRMRIWY and, if
appropri at e, sadttdbhonatbysa di sl ocation network and stacking faults between
said 15 hubbles or cavities. The abovenentioned inplantation can |Iikew se
only be fected into the 3C-SiC layer which results in a cavity structure
acconpani ed Byr deflecss agboweosde | ntexfacedbl w0 Duin ng & he 3GtHC-iowt h of a
mat eri al havjng. j i Gl th I te hi.
Ferper at ur o, SO CeindiEer EI5et BLEMbcRbs . BE Roed ARt e Be iy ¢ he
mel ti ng poi nga®f ionki camch té$ shdregenst hedtiwme Hemn the efbest tdrat during

the cooling gpggatiQihiddie; dms URRRIrRANT, OF t@&;éw_ 9BnSUPSLIGL € an
plastically relax thermal_ stresses by virtue of dislocations and stacking
faul ts Bé ngPForweed bevseehel AY. biBBEedsoko eavi predeasdlor withico® bei ng

i ncor por at eddépte $atdrvaavbEi @s5030nkr bERbi, Y thie ieeitd-en wftwdes] ocati ons
and StaCkanBC-SiC and silicon, which region comprises gas-filled
bubbles oxr cavities and, if appropriate, additionally a
dislocation network and stacking faults between said
15 Dbubbles or cavities. The abovementicned implantation
can 1likewise only be effected into the 3C-8iC layer
which results in a cavity structure accompanied by

defects above the interface.

20 During the later growth of a material having a higher
coefficient of thermal expansion at high temperature,
that is to say at least 600°C up to at most just below
the melting point of silicon - this defect structure
has the effect that during the cooling operation, the

25 upper part of the silicon substrate can plastically
relax thermal stresses by virtue of dislocations and
stacking faults being formed between the bubbles or
cavities and/or silicon being incorporated into said
cavities.

30
Primarily the formation of dislocations and stacking
faultg and also the incorporation of silicon into
cavities would have the effect that a tensile strain of
the layer or layers applied to the layer structure,

35 during the cooling operation, would be reduced
dynamically and be absorbed by the region of the layer

structure near the surface.



faults and al so the incorporation of silicon into cavities would have the
effect that a tensile strain of the layer or layers applied to the | ayer
structure, 35 during the cooling operation, would be reduced dynamcally
and be absorbed by the region of the layer structure near the surface. - 18
A problemthat is already known in the pBier art is posed by the typical
gromh rates (typically 1 mih) and hence |ong process tinmes at high

t enper at ur es Anvprdbleme threeseind mld rehdyMIGEIndepasitheonpafiokl lant 5is

sem conduct or Igghbéer hnce fie LiC by, J i ant at i are
subject to t ke p en%%e?]c'g{né o¥§@{:%l gggoﬁ‘l&&en?%gg%nd(%yﬁ%cs#a I ga@f“(.ﬂzs are
coar sened by anfadensie didrfuprrceskhisineadst tloiah deereasetitneshwhidbnsity of

sai d cavitieg thorespget tonti M. ThgodOpf orgmidon. ofn di grocatieng thus
beconmes | ess favorable energetically since the energy of a dislocation
rises wth iSF@lIQWé]é]FtéBFpa]r%Y%‘?ﬁf Whi BRE ¢ VAEkEst Helatircaded tipiat 1on

di sl ocati ons iaf2 @ drar@erafor prdiand ad etgi Pﬁen@f‘nfe@l@h ISF NOstRATEr
present. 15 It _had al reagy Bgen kno from Nucl ear Instrunents and_Met hods
B 175-177 (266PF1140- £3¢! elf5PEr FAVitithr TR pheAbReReh ofYostwal d
ri peni ng or tikeancyal ds€éneeoal sSTimld erldaidabl es t® fdvawdagagernncavhei es 20
can be atten for.-ex e hy ..nplantation_ of carhon qr._oxyg into a
region in V\h:é%ft?%g’tgefggt %cré%illoﬁaxﬁlgrﬁ)e@seglé bUBDY €5 igc%u%slén(%enﬁ}?/
producedl Cf oforgpanpine &Y mesdocetibaki urhismpbaataesont dad | dbardrayla
thermal trea -hi g i i qul ar r_ t he. pose of
stabilizing %% g}%ﬁ%&%%%}gﬁrﬁgg %glﬁﬁ%%p%f gét tcglrsilﬁzgc% Orrliietg ??%
inpurities. MAthhelepnldreast efeansivant i vhiphestak ebaner &hg t effsct

that dislocations are no longer formed and a relaxing
effect is no longer present.
15
It had already been known from Nuclear Instruments and
Methods B 175-177 (2001), 132-139, Donnelly et al.,
that the phenomenon of Ostwald ripening or the
coalescence of smaller bubbles to foxrm larger cavities
20 can be attenuated, for example by implantation of
carbon or oxygen into a region in which a defect region
composed of bubbles i1is subseguently produced, for
example by means of helium implantation followed by a
thermal treatment. This would be sought in particular
25 for the purpose of stabilizing the cavities in order to

optimize gettering of metallic impurities.

In the context of the invention presented here, it has
been ascertained that cavities ©produced by ion
30 implantation in silicon can be stabilized by
implantation of oxygen, nitrogen or carbon ions or
combination of implantations of said ion types, even at
high temperatures, in particular far beyond the time
and temperature range  of 900°C and 30 minutes

35 considered by Donnelly,

In this case, the impurity atoms can be introduced by
ion implantation also after the production of the

helium bubbles into the relevant depth range.



been ascertained that cavities produced by ion 30 inplantation in silicon
can be stabilized by inplantation of oxygen, nitrogen or carbon ions or
conbi nati on of inplantations of said ion types, even at high tenperatures,
in particular far beyond the tinme and tenperature range of 900C and 30

m nutes 35 considered by Donnelly. In &Ris case, the inpurity atoms can be
introduced by ion inplantation also after the production of the helium
bubbles into the relevant depth range. - 19 |In particular, it is thereby

possi bl e to meald.ze ihiaher, SuUrface.dehs) thessah1d Nescpvhiigs angnbhus
hi gher densities of relaxing defect structures, whereby 5 extensS|ve
rel axati on of'¥HécGepOSrEddifsyePs chRebeCadéhigFedaneni {hvEi shéghpres a

deposi tion oldegpiitaxisal of ayeles aafi e gongtet Ol MRt 8 gr eRELyLdi f ferent

coefficient of thermal expansjon in conparison with licon. 10 |
particul af, By ey SoftE ﬂ?‘ﬁhlaﬁnsci”‘fygg’? c‘i@????ag?d islltali’esr%o§§inblgeto
reduce the diashiecesl.bedmbeenthlis draftlers ta depextednbnsush &batadedect

structures ri.si dj ' d ,st.acki ng faul ecoume-1
energeticalIégggrﬁavggab%%&?ﬁgﬁagﬁégggcéﬁ“ﬁ%ﬁ#o%hegreééggéeﬁggg?ge%%vities
up to | ow t espefdticiesntat of apprexnaht etxpaa00Cn Dimantompelrasani omioh an
epi t axi al Igﬁg&cg%_the sem conduct or | ayer structure is consequently

20 1

possi bl e. no cavities were present, or if the density of cavities
were | owOthe distance between two cavities would also be large and,

consequent | y rndigd 3Gaki160As, aRd meiRekbhgal aulhs ol it pe enengetieal Iy
unfavorabl e it 1is possible to reduce the distances between the
latter to an extent such that defect structures
comprising dislocations and stacking faults become
15 energetically so favorable that these can be formed
between said cavities up to low temperatures at
approximately 600°C. Dynamic relaxation of an epitaxial
layer on the semiconductor  layer structure is
consequently posgsible.
20
If no cavities were present, or 1f the density of
cavitlies were low, the distance between two cavities
would also be large and, consequently, dislocations and
stacking faults would be energetically unfavorable
25 since the energy of said defects is dependent on their
expansion. Therefore, production of a high density of

stable cavities is to be striven for.

In particular, the cavities must also be thermally

30 stable, that is to say are not permitted to coalesce
and form a thermal separating layer in a temperature
range of 25-1250°C.

Furthermore the cavities wmust also be mechanically
35 stable in order to permit further component-relevant
procegs steps. It i1s known to the person skilled in the
art that the thermal stability of the cavities can be
increased or decreased further by a higher or lower

oxygen implantation dose, respectively.



25 since the energy of said defects is dependent on their expansion.
Therefore, production of a high density of stable cavities is to be striven
for. In particular, the cavities nust also be thernmally 30 stable, that is
to say are not permtted to coalesce and forma thermal separating |ayer in
a tenperature range of 25-1250C. FurtheOmsre the cavities nust al so be
mechanically 35 stable in order to permt further conponent-rel evant
process steps. It is known to the person skilled in the art that the

thermal stabild ty,of i Ligagavidl espGan bee inergased or dgoreased;tusther by
a higher or I'o ~oxygen [ mlrantation dOsE, respecPlver. - 262 FR
particul ar, idepsisgilidrbet paght @udobemphastuypecan tdepozdad onf t M@E¥Dand

emper at ur es 4,0, tihe;ieas e 0 MOGYDe RER RGNS iR AU T 5PORALRG, PRgATe of S

for gettering 5 of  inpurities. as n-ascertal ned i n xperinents that
a post- iapl &ft e idleshe inpurity atons for the purpose of stabilizing
the cavities is preferable to a pre 10 inplantation. In conparison with a
post-inplantatiog, wi th ot herw se igenlical par.amet er s, re-inBIantation

| eads to bliditer'ag, 9 PECPETEdPefo the CHorLdARENE bRebart sPBFtthe | ayer
structure fradmpiketsitlistr abe. the inpurierefar@mgpossiblttie uaht ey eobi gher
cavity 15 densi_ti. %:.and Q nce als£ﬁ4¥ her densitie f relaxing__defects,

i

by neans of & 605 %ﬁﬁgant G o of* i%ﬁnu?? St € Th3 i AveR¥Srs have
furthernbbe rdepdgmtadéddrhat Ihheon®irsitsaln | wkthg sef pest -taplantihisncase be
attributed, th nand, - fo i st (SRS Sl.-C  bonds
whi ch first ﬁ§6glt§t§§§g?%(mfééﬁéig%%rgggghggfg%én éggaﬁﬁg%g%géF 99 On the
ot her hand, ﬂmgdgf&msbbigyering, that is to =may to the detachment

of parts of the layer structure from the substrate. It
is therefore possible to achieve higher cavity
15 densities, and hence also higher densities of relaxing
defects, by means of a post-implantation of the

impurity atoms.

The inventors have furthermore recognized that the
20 stabilizing effect can in this case be attributed, on
the one hand, to the formation of strong S8i-O0 or S8i-C
bonds which first have to be broken for alteration of
an expanded cavity. On the other hand, the diffusivity
of helium and wvacancy complexes 1s reduced by an
25 dimpurity atom implantation, which greatly restricts an

Ostwald ripening of helium bubbles or cavities.

As a result, the density of cavities remains high even
for long periods of time at high temperatures - that is
30 to gay for several hours and at temperatures of 1050°C
or higher) - and the formation of dislocations for a
desired plastic relaxation remains energetically

favorable.

35 Consequently, the combination of the production of an
ion-beam-gynthetized layer structure with the provision
of a high-temperature-stable defect region within the

starting substrate produces an ideal substrate for the



of helium and vacancy conplexes is reduced by an 25 inpurity atom

i npl antation, which greatly restricts an Gstwald ripening of helium bubbl es
or cavities. As aresult, the density of cavities remains high even for

| ong periods of tinme at high tenperatures - that is 30 to say for several
hours and at tenperatures of 1050C or +Hidfher) - and the formation of
dislocations for a desired plastic relaxation remains energetically
favorabl e. 35d€posegluent by, sehécondbrhatri dayetst be mrodudtures dfavamg

i on- beam synt i u . \M hec p .SLon .
hi gh-t enper at r%%§?25$£y§%¥%%§ ?%%#%ﬁM%%$%%n8¥h%ﬁgéﬁg?t?ﬁggggﬁg?fate
produces an ideal substrate for the - 21 deposition of sem conductor |ayers

or structuresyhavi,dgn-greahlyi dihf ebgntonagbtbsl ety of stharmakcexRansi on.
| on- beam synt heti zed sem conductor |ayer structure ‘can 5 be fabricated by a

procedur e 3 n Wi chaPBAS2hPE  Pipl #ht RESTRBILE speRi f VBI1gBpt HOBF a &Fostrate
the latter ismphemcéddeated therdmldifia@sdaptaswht ef whbebrats,thte

substrate a byur] ed nmpnocrystalline Jayer a al so, above_and bel ow.t he
monocryst al | i hettefer® EB%FT§H§QH%%1e&ﬁﬁ%#ﬁiﬁwn?ﬁaﬁdr?ﬁBlﬁpﬁ r & rate
| ayer and al 50 tdie t sabstichar regikenrilad ngoabovgsthel inenotayst aldridie | ayer

are subsequentgg rempyed, as &

resul t of. which the nocrystal lipe layer is
uncovered. 15° Hoinp?aﬁygtiéﬁlof‘?éag%KsF?%d P8HOF§ g%aﬁgé%e c&ﬁ'ggbonding

condi ti odd restansitonheegiodscticom &ndsthe ofpsml Bubpktakeallayer
crystallites ofythg;Latended E?QH?EQQoﬁO”E%@%%nPB:gﬁ@@%;ﬁ Bo@koms 1 aNd

inplanted ions. Ina thermal treatnent step,” sai Ites 20 coal esce
and form a conengeyst abhbee ystealdn nareayrbsedqurnyldbr reaoved of aa Buri ed

3C-Si C layer j8581t1 85PN RYch i ARL aRbALEPP: 01 CARDONLFORS; & NhR-Svstbd con
substrate
15 An implantation of the desired ion type under
corresponding conditions results in the production
firstly of small epitaxial crystallites of the intended
compound composed of gubstrate atoms and implanted
ions. In a thermal treatment step, said crystallites

20 coalesce and form a contiguous monocrystalline layer.

The fabrication of a buried 3C-SiC layer in silicon by
implantation of carbon ions into a silicon substrate
shall be mentioned here as an example.

25
In order that the compound semiconductor layer produced
is brought to the surface, in a subsequent step the
subgstrate covering layer and also the transition region
lying above the monocrystalline layer are removed. A

30 chemical etching treatment is preferably carried out
for this purpose. As an alternative, however, said
layer may also be uncovered by means of oxidation and
subsequent chemical removal of this oxide formed or by
polighing or else by reactive ion etching or plasma

35 etching.

Optionally, the uncovered surface of the
monocrystalline layer can then subsequently be smoothed

by chemical mechanical means or by a thermal treatment



shall be nmentioned here as an exanple. 25 In order that the conpound

sem conduct or | ayer produced is brought to the surface, in a subsequent
step the substrate covering |ayer and also the transition region |ying
above the nonocrystalline |layer are renoved. A 30 chem cal etching treatnent
is preferably carried out for this purpdse. As an alternative, however,
said layer may al so be uncovered by neans of oxidation and subsequent
chem cal renoatadp ofatt hitsigdxi desnfrregdiges by typaldadhivng tar e seunfaceacti ve

ion etching Ofo@{lﬁ?é@s el §tﬁpiﬁg% O@ti’é)%ally, t he uncovered surface of the
subseq

nonocrystal |l i ne Tayer can then uentTy be snoothed by chenical
mechani cal nmeans or by a thermal treatnent - 22 step at high tenperatures,

typically to gusUrd@genedOughness of b A kS gr hess. aBMSgr > val ues
of 1 nmRMS or less are preferred,. 5 particularly preferably 0.5 nm RMS or
lfaﬂég

l ess. A fart HRarpuastaiiy tBrebprahbothi hgt s W §s afforded by the
use of ion beans of cluster ion beans. 10 In order then to produce a
thermal |y stabl e defect structure conprising dis|ocations and stacking
faults in tHts "H&-}{?efampgfﬁtlﬁ? Lfda Leti coranicathS | dyles Séﬁdﬁ?&%r &Sfirstly
carbon, oxygeiffsrded rwgerhe anse 3f taMbewaid s dhesteef B begrhanted into
the 15 sem conductor |ayer structure produced with a dose of at nost 5xl017
cm2. In this case, the ion energy is preferably chosen such that the

maxi num @0 t hieni wpident athen prof idmwdums pustheP@abiyowtdthia idefieotsay

typically a femians. of oppbobotst he: 1SS! AR Dahieen SUPBS g .30 the

i on-beam synthetized | a

in this ion-beam-synthetized semiconductor layer
structure firstly carbon, oxygen or nitrogen iocns or
combinations thereof are implanted into the
15 semiconductor layer structure produced with a dose of

at most 5x10Y cm2.

In this case, the ion energy is preferably chosen such
that the maximum of the implantation profile lies just
20 Dbelow, that is to say typically a few tens of nm below
the interface between substrate and the ion-beam

synthetized layer.

However, the implantation energy may also be chosen
25 such that the implantation maximum lies within the ion-

beam-gsynthetized layer.

Furthermore, the temperature during the implantation is
to be chosen sguch that no amorphization of the
30 semiconductor layer structure occurs, that is to say
principally only point defects are produced. In the
case of pure silicon, therefore, the temperature is
typically to be chosen above 130°C, so that an ion-
beam-induced amorphization no longer occurs here.
35
Moreover, an excessively great outdiffusion of the
implanted hydrogen or noble gas is to be restricted by

way of the temperature; consequently, the implantation



However, the inplantation energy may al so be chosen 25 such that the
inplantation maximumlies within the ion- beam synthetized | ayer.
Furthernore, the tenperature during the inplantation is to be chosen such
that no anorphi zation of the 30 sem conductor |ayer structure occurs, that
is to say principally only point defect<s3are produced. In the case of pure
silicon, therefore, the tenperature is typically to be chosen above 130C,
so that an io@ho@hﬁntbh@ucpﬂaaﬁoﬁﬂhiaattempanatmngemﬁbcdass hehan 36

Mor eover, an g‘%g e% eat outdi ffusion of the inplanted hydrogen or
noble gas is t e restricted by way of the tenperature; consequently, the
i npl antation - shoul d take place at a tenperature of |ess than or equal

to 800C. The TM@'ﬁﬁﬁ?&ﬁ@@ti@ﬂp€éﬁgéf§§u§é§ Hkéfﬁ&é@E¥a%§9-§@%Ceod5c
i npl antation tenperatures of 0C bei ng partrcul ar ‘ilooto be preferred

The choi c€ of IRl 501 at | FEIRSIFETHIGH e c&tf be G >% G nf | BEAEF whet her

cavities are porteshBsreardy B8 pddfghiirddg the inplantation, or not until in
a later thernmal treatnent step. In order to obtain narrow cavity

distributions with small average cavity dianeters, higher inplantation
t enper at ur es The4ﬁﬂﬁacehaﬁet@@Oﬂﬁ@lanﬂxtﬂﬁmﬁuémpéfhﬁmm@.sahsbqummbd(m1

i npl antati on sle he. cavi are n formed pre erabl Iantatlon
of light gas %oﬁgf& %nc% dﬁ%%gh 3 cavan gtf%ﬁao? Ilcn%rogef% % %?p neon
or argon lidon duricombitia i @n@mnﬂadmcrmpl am atriagns WG igf siai d aat dmtte,tpes,

whi ch may | eathdgnd e d Al&medOF MALLON Ofy CUIRIESSINE YreSSPS dakAhiF

silicon and , _ . '
cavity distributions with small average cavity

diameters, higher implantation temperatures (~ 400°C)
have proved to be useful.
15
In a subsequent ion implantation step, the cavities are
then formed preferably by implantation of 1light gas
iong, for example by implantation of hydrogen, helium,
neon or argon ion or combinations of ion implantations
20 of wsaid atom types, which may lead to the later
formation of compresgsive stresses in the silicon and

the formation of dislocations.

The implantation energy is preferably chosen such that
25 the density maximum of cavities lies within the maximum
of the implantation profile of the oxygen, carbon or

nitrogen implantation step.

A subsequent thermal treatment step leads, on the one
30 hand, to the formation of larger cavities and at the
same time, by means of compound formation between the
implanted oxygen, carbon or nitrogen atoms and the
substrate, for example, in the case of silicon, to the
formation of Si-0, Si-C or Si-n bonds, which makes it
35 considerably morxe difficult for the cavities formed to
experience a thermally activated diffusive size

coarsening.



the formati on of di sl ocations.

The inplantation energy is preferably chosen

such that 25 the density maxi num of cavities |lies wthin the maxi num of
ion profile of the oxygen, carbon or nitrogen inplantation

t he i npl ant at

step. A subsequent thernmal treatnent step | eads, on the one 30 hand,
formation of larger cavities and at the 2%ame tine, by neans of conpound

formati on bet

ween the inplanted oxygen, carbon or nitrogen atons and

to the

t he

substrate, fofhixampipereagsashetbasepondcsddi odn, Osbwehd Fiopewinen asfd Si- O

Si-Cor Si-n

DS M E JIIeS L 3 lfle abl o dope dis il ChEt dhy

cavities forned to experience a thermally activated ditfusive size

coar seni ng. -
counteracts t

there is a hi

CIWLIPF s suppresses the process of Ostwal d ripening and

t he

t hus

he decrease in the density of the <cavities. 5 The result,
therefore, is_a sem conductor |ayer structure having a_high density of
conpar at i vel y"S%ml Iresb‘iﬁft i e%h%?gﬁmf%w nafonét er §e‘Bé88W}lﬁg°F nt g'rafY%e

bet ween i on- heamsymtdehbzetgl ayerigndieaisginabf svhphbi-atevelyr tderliior e,

detenesi ty ff 10 %t her d%f ecrL_s at %hgs Io%%ti on, tvvhri],:ckg:eprom)t es
the formation of THterStitfal ~d&f eBF"8YGFOMEr af6s%%nd “Fi sI'SCRTGE. 1f a
| ayer or a | dyetwssst emagpimansi ngyatsenicedductayer 15 amd er icedidiandlng a

oreat|y di fferenl. ool i Ghatn oo ddier AylexPaQsi on L GOMAILAaN Wt h the

entire

sem conduct or
sen conddét or
sem conduct or
di sl ocati ons
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e starting substrate (an ence t
othger dafamitur @tpr dbdced)oratinen wepoki trbrgrcaesd Jdied
FOANEE 1S T UBEUT 8 rfe AR stAMPejaEdre Ofalgéﬁ.o{n@%ﬁi:egoogmd

and stacking faults fornmed during the cCooling of the |ayer

dislocations.

If a layer or a layer system comprising a semiconductor
material having a greatly different coefficient of
thermal expansion in comparison with the semiconductor
material of the starting substrate (and hence the
entire gemiconductor layer structure produced) is then
deposited on to said semiconductor layer structure at a
temperature of at least 600°C, dislocations and
stacking faults formed during the cooling of the layer
gtructure in the defect-rich zone between the cavities
gtill present numerously and densely on account of the

stabilization achieved by means of impurity atoms.

The deposited semiconductor layer structure relaxes
elastically by means of a plastic deformation in a
defined region - namely in the region comprising the
cavities, and alsoc defect gtructures - of the
substrate. Consequently, during the cooling operation,
the stresses in the layer system that is deposited
later are reduced dynamically and a layer deposited on
the sgemiconductor layer structure is prevented £from

cracking.

This process also reduces the formation of threading
dislocations for layer relaxation in the deposited
layer or layer structure, since the required number of

dislocations for relaxation is greatly reduced.



structure in the defect-rich zone between the cavities still present

nunmer ousl y and densely on account of the stabilization achieved by neans of
inmpurity atonms. 25 The deposited sem conductor |ayer structure rel axes

el astically by neans of a plastic deformation in a defined region - nanely
in the region conprising the cavities, 2&8nd al so defect structures - of the
30 substrate. Consequently, during the cooling operation, the stresses in
the | ayer systen1that is deposited later are reduced dynamcally and a

| ayer depost e Ooollis ser cONGUELEr AR STLUCt UL S pLeve egyLrom

cracking. 35 rocess SO reduces mat i on- of teadi
d|slocatlonsimﬁnlﬂaﬁﬂﬁiqmelaﬁ&ﬁmﬁh i #othe dopysiduedngl aysheor bayety—

structure, sidie8ihhe keQUI{ f&@$er Pbmedi shacatdgns fpsqhelgxatign is
greatly reduced. J} 2§I§%her§gé5|b e 3ar?3t|on relates éo t he @%der of the

i mpl ant at P on SV SFot NEMSdaieE Ry iR ERPdREing A 5 iTHRRay at ons
and for producing the 5 cavities thenselves or for prodUC|ng t he seeds

thereof. Since the cavities are stabl ed b ound tion, with the

murity at oRBeR T IS i St A e | PeHbaRRe. COEPSELRE or der

can be chosemltu)euﬁ&tramptylhgreaﬂdmgifaﬂlwerlatéernativaaenhmghnent it

i s possible .9 dIS ense P&th t he separate her nal, treatnent stgggafter t he
y

producti on of et“W L& el FYSEFEBRE ¢ liﬁl?’y & uc?ﬁ?i%r 5 3% st'tion of
a furthetOl apebitmrardyler hetmeucture is effected at a tenperature of at | east
600C. In this case, the production and passivation of the cavities my be

effected together with the deposition of the
In a further alternative embodiment, it is possible to

dispense with the separate thermal treatment step after
the production of the thermally stable cavity structure

15 1if the deposition of a further layer or layer sgtructure
is effected at a temperature of at least 600°C. In this
case, the production and passivation of the cavities
may be effected together with the deposition of the
layer or layer structure.

20
A further wvariation of the method relates to the
provision of the dimpurity atoms required for the
stabilization of the <cavities. If the starting
substrate itself already comprises impurity atoms of

25 this type, selected from a group of oxygen, carbon,
nitrogen or compounds of egaid elements with the
substrate material, then an implantation of said
elements is preferably dispensed with if said impurity
atoms are present in a high number behind the interface

30 Dbetween ion-beam synthetized layer and substrate.

In this case, the impurity atoms may either be
dissolved in the substrate and/or be present in
precipitates of a compound containing said impurity

35 atoms.

Furthermore, the method described permits the
fabrication of substrates for the large-area

realization, e.g. of III-V semiconductors since it is



| ayer or |ayer structure. 20 A further variation of the nethod relates to
the provision of the inpurity atons required for the stabilization of the
cavities. If the starting substrate itself already conprises inpurity atons
of 25 this type, selected froma group of oxygen, carbon, nitrogen or
conpounds of said elenments with the suBStrate material, then an
inplantation of said elenents is preferably dispensed with if said inpurity
atoms are présdspendeathigh thaberzdehf ndhehe tamtdmrioncaub Sor Petsveandi on- beam

synt heti zed Ilay%e%@%%@b%erp@rﬁeﬂtn dlliyS SRShe LG 1 THW 1 {4y BLPTBL JBY € ther
be dissolved in the substrate and/ or be present in preC|p|tates of a

conpound confHPSTAGLESi-d TRp@arty cudsrat orRNVeEYr P hosd L tave neefel

descri bed pednbkstthe Jdabricgatimgn 0fo Skhst Q@bemmfor:scb@emdlarsgﬁrﬂre@e
realizati i s since it is i ndependent of

n, e.q. of |-V se onduct o
the st e O TREYLPREE diFStibetrody B8 aHRESTS CHEPEPOLY dBeRaent: ol on ¢he
avai | abi | i t ydefrelapdensubditasat.es. In particular, conventional silicon wafer
di ameters of 100 mm 150 nm 200 mm 300 nm shall be 5 nentioned here, 450
mm wafers currently being in the developnment phase. In the prior art, by
contrast, poflentihsl psulest mattes ar econtestati ctmat dat ide syidtesiss ppoeess to

dlaneters Ofr@%trlgtgas$ én%fﬁﬁhégfgh#£gc ggot@nifgméyér§”o§+g§'c The

short process tines reqU| are al 80 par Fear vant ageous since the
|nplanta%@onm@§§e§09e@@|ﬁ@ﬁ ﬁépphﬂﬁéfrépﬁxamléﬁrlﬁﬁ i @It KE-Bé§i-on of at nost
a few 15 1017 cn2 and the thermal aftertreatnment step can either be chosen

to be very short (within the seconds range)
The short process times required are also particularly

advantageous since the implantation doses required for
the relaxation 1lie in the region of at most a few
15 10" em? and the thermal aftertreatment step can either
be chosen to be very short (within the seconds range)
or - depending on the later processing - can be

entirely obviated.

20 The semiconductor layer structures according to the
invention are suitable 1in particular for realizing
cost-effective light emitting diodes (LEDs)
specifically based on III-V gemiconductors such as GaN
or InGaN, and for the fabrication of Schottky diodes,

25 radicofrequency and high-power components, such as e.g.
high electron mobility transistors (HEMTs), which are
based primarily on IITI-V semiconductors such as AIN and
GaN, and also SiC.

30 The sgubject matter of the invention will be explained
in more detail below with reference to examples and

with reference to Figures 1-4.

Figure 1 shows a semiconductor layer structure,
35 comprising a substrate 1 and a layer 2 having the
thickness dl.

Figure 2 ghows a semiconductor layer structure,

comprising a substrate 1, a layer 2 having the



or - depending on the later processing - can be entirely obviated. 20 The
sem conduct or | ayer structures according to the invention are suitable in
particular for realizing cost-effective light emtting di odes (LEDs)
specifically based on Il11-V sem conductors such as GaN or InGN, and for
the fabrication of Schottky diodes, 25 Bd@drofrequency and hi gh- power
conponents, such as e.g. high electron nobility transistors (HEMIs), which
are based ptilvhekinegsorl land/ seregbodust beyisgcla aspdt N amdimGaNitynd al so

SiC. 30 The sybjecymatter af- the | DL gn WLl e i . 0. opr e
detail below wth [gggre ceto exaﬁgggskggd ¥Q#%EP?%fé?éﬁcggggakﬁéu es 1-4.
Fi gure 1 show¥egipdiietendigétsditvl-ayer structure, 35 conprising a substrate 1
and a layer 2 having the thickness dl. Figure 2 shows a sem conductor | ayer

structure cqg%%jsing a substrate 1, a I%yer 2 haying the - 27 thickness
d1 and a ?egfdF&hdvi n§9"Epec? f i ETHGERIMFLH om 8¥REI t ySHFUGEERRei i c

i mpurity-at omoaprtiaiifang a prechpitate densi ky. 1ayeirgure 3hshDMg athe

sem conduct or_,l.ayer structure, onprising a substrate a,layer, 2 having
the. thi cknebE (XR5E% Gopth 11 SPPTRpRi A al DRV hoY SAECE- LTRYPE&havi ng
t he thi cknesdag2r &8 | byeind c¢cheprilsicigneszavii,i es deyeeeds fomprawinges, and
further | ayer .Q _hayj.n thick and,_7; havi h .ckngss d4
havi ng greatF%VgF%%grgﬁ% %Sépgiéggﬁtggg?t?%gfnafxieg%gﬁg?%n%fﬁn%%%pgrison
wi th thel&ubsevang rher FakcknalBcidsl eads T ohewéngr dduct tohcheas| dyer 5

conprising gi;ghacat ions;ald St@PHAkaul dSefAPcients of thermal
expangion 1in comparison with the substrate material,
which leads to the production of a layer 5 comprising
dislocations and stacking faults.
15
Figure 4 shows a semiconductor layer  structure,
comprising a substrate 1, a layer 2 having the
thickness d;, a region 8 having a specific impurity
atom density or a specific impurity-atom-containing
20 precipitate density, at a depth t;, a layer 3 having
the thickness d,; compriging those impurity atoms, a
layer 4 comprising cavities or seeds for cavities, and
further layers 6 having a thickness d; and 7 having a
thickness d, having greatly different coefficients of
25 thermal expansion in comparison with the substrate

material, and a layer 5 comprising disglocations.

By way of example the substrate 1 1in figure 1 1is
monocrystalline (111) -oriented silicon.
30
A buried layer 2 having a thickness of approximately
150 nm is produced by means of high-dose carbon ion
implantation {energy E = 180 keV, dose
D = 6.75 x10* cm™®, temperature T = 550°C), which layer
35 was uncovered by a further amorphizing implantation of
helium ions (50 keV, D = 8.0 x 10*®/cm® at 0°C) and by
means of chemical etching in a soclution comprising

1:5 HF:HNO;. This gives rise to an approximately 70 nm



Figure 4 shows a sem conductor |ayer structure, conprising a substrate 1, a
| ayer 2 having the thickness dl1, a region 8 having a specific inpurity
atomdensity or a specific inpurity-atomcontaining 20 precipitate density,
at a depth tl1, a layer 3 having the thickness d2 conprising those inmpurity
atons, a layer 4 conprising cavities-of8seeds for cavities, and further

| ayers 6 having a thickness d3 and 7 having a ‘thickness d4 having greatly
di fferent co&hfick dens bsfampsyiridratalzesk pihsiich layevnparivsaye wiit hthée

substrate maLerbak, og2Ndna LAYSEkateO0RPri sing dislocations. By way of
exanpl e the substrate 1 in figure 1 is nonocrystalline (111)-oriented

silicon. 30 A buried layer 2 having a thickness of approximately 150 nmis
produced by meaeswairdhi ghtdase teaarcigr bAPl apdati orydenepgy Eafe 180 keV,
dose D =6.75 ﬁ1%%7 cm2, tenperature T = SS%C%E%TWh%%r Iaygr 35 S
uncover ed® by 'APFAPEREr ¥AbPRphiBi igis T arftiat ion RECH ufh i BASS (59 ke, D =
8.0 x 1016/ caRxatotf@eméndnby theansgibnc3enintalctetuatti iy now adsed utdion

conpri si ng - 5. HE: HNOB, is.gives rise to an approximately 70 nm- 28

t hi ck ion-beéﬁgg§gphé %5£Q§C9gP%Srayer 2 lying at the surface of the
substrate 1. Afterward, at a tenperature of 400C, He  ions are 5 inplanted

wth an energy eledg Kaand.a doses ofs 21 H0H0 g2 1 hloelhecrediop 3.
whi ch until now does not contain |npur|tﬁéatonp. rectly ajtervard this is
fol | oned by, tEMReRREET Gt C& 40P Conpet atiip Eawfatqowc, ofinSi wplBnv&M of of 5 x

1014/ cn2 0' ;bABSadt adh 2ReGYY oFf 98D KBV ilHep tifte FRPIAD B, Whieh 18
situated a fewnmto a few tens of nmbelow the interface between
i on- beam synPhEVPZEH |Ayeke® 4y to a few tens of nm below the

interface between ion-beam-synthetized layer 2 and
substrate 1.

15
This results in the formation, in a defined depth
range, of a layer 4 with cavities or seeds for the
later growth of cavities, the density maximum of
cavities approximately coinciding with the maximum of

20 the oxygen concentration.

Firstly, a 150 nm thick layer 6 made of aluminum

nitride (A1N) is then deposited on to this

semiconductor layer structure by means of MOCVD at a
25 temperature of 1100°C.

After reduction of the temperature to 1080°C, a 3 um
thick layer 7 made of gallium nitride ({GaN) is grown
from the precursors tetraethylgallium and ammonia. The
30 growth rate is approximately 1 pm/h so that the entire

process lasts approximately 3 h.

After the layer has cooled, the deposited layer is
largely gtress-free and, in particular, exhibits no
35 cracks. This results from the formation of a defect
structure comprising cavities 4 and dislocations 5
which dynamically reduces the stresses in the layer
structure since that defect structure permits a plastic
relaxation between substrate 1 and the nitride-



substrate 1. 15 This results in the formation, in a defined depth range, of
a layer 4 with cavities or seeds for the later gromh of cavities, the
~density maxi mum of cavities approximtely coinciding with the maxi num of

20 the oxygen concentration. Firstly, a 150 nmthick |layer 6 nmade of
aluminum nitride (ALN) is then deposit@8 on to this semnm conductor |ayer
structure by means of MOCVD at a 25 tenperature of 1100C. After reduction
of the tenpecanipéntngloBagera ¥ manchi €k |Hyes Pawads ofrigabntunthetride

(GaN) is grownpshrgmet %%lage%ﬁpr& 1Ratdd.galily um and apmonia. ofhe 30

growh rate |s approxi mately 1 so that the entire process _lasts
appr oxi mat el ¥E8 hCcapftdes hém%ﬂ}{@re%as Twol eee s Hel R posFREECTAYeFCT s

| argel y streggykireetrandrure parthewhain €ilullet 8.no 35 cracks. This results
fromthe %ormation of a defect structure conprising cavities 4 and
di sl ocations 5 which dynam cally reduces the stresses in the |ayer
structure sipae thatridafieet sbf ucthie pafeltihbsi a jd asthe elkaxaifi onabetween

substrate 1 rlde 29 co t S 6 and 7. _This ogeurs

Wit hout the %gﬁ%‘tcfj%d Cli: B&i ng* Y SF n thq? “’é‘% | 9% T TRET TG BROGF  the
cavities pr odf@@édln‘-the r 3y rﬂg, sem cnhﬂu&tmtedawgr figuceule i Bhghown in
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| ayer structur npurity-atont contail ning yer as | rated in
figure 210 ThéaVé%y@énaﬂfﬁ:pmmdatqe@n hyahedd whvirmantat ¥ s wakeh @rey 10

cavities aretpeduegdfr-dialy untdmlant ati oppeWhiGh @i tates. This

energetically  favorable configuration is likewise

largely thermostable.

15 Afterward, once again a 150 nm thick layer 6 made of
AIN and subsequently a 3 um thick layer 7 made of GaN
is grown by means of MOCVD. Upon cooling, a defect
structure comprising cavities and dislocations is then
formed again and dynamically absorbs the layer stresses

20 caused Dby the different coefficients o©of thermal
expansion. The resulting layer structure is illustrated

in Figure 4.

As an alternative to this, in the above example, the
25 immobilization of the cavities can be optimized by the
surfaces of the cavities being ideally coated with
impurity atom bonds - in this case Si-0O bonds - in a
thermal treatment step prior to the MOCVD deposition.
The need for such a process step 1s dependent on the
30 process' duration and temperature of the MOCVD
deposition, since these parameters determine the
kinetics of the Ostwald ripening of the cavities or
gas-filled bubbles. In particular, such a process step
is preferable, particularly in the case of Ilong
35 deposgitions (> 2h) at high temperatures (> 1000°C). It
is primarily possible here to choose the heat treatment
conditiong such that a sufficient number of stabilizing
bonds are formed, but an Ostwald ripening of the

cavities largely fails to occur.



then preferably forned at the precipitates. This energetically favorable
configuration is |likewse largely thernostable. 15 Afterward, once again a
150 nmthick |ayer 6 made of ALN and subsequently a 3 Amthick |ayer 7 nade
of GaN is grown by neans of MOCVD. Upon cooling, a defect structure
conprising cavities and dislocations irs30hen formed again and dynam cally
absorbs the | ayer stresses 20 caused by the different coefficients of

thermal expansion. The resulting | ayer structure is illustrated in Figure

4. As an alternaliMe Ové?iétl!ag g%% %%%V ar@éetpéh%sez%f mypbi %bza“ on
of the cavities can b imze e aces of "the cavities being
i deal | y coat d@wwint hswtmmm tqptdumﬁdooﬂb@ve i At htkigasws@ - Osoadous in a

ther mal trea@%ﬁ@ﬁcﬁt§9egﬁb9%aE%sthgrémxﬁgégéﬁ@s'HlOQhe'T@%b%%%%tE0r15UCh a
process step.is dependent "on the 30 process duration and tenperature of the

MOCVD  depostgia, i Ao TR Tamihaterzedihasien e the? RPRBHI E8NGE t he

Gstwal d ri peyma@iiddergavi hinesPr2o@asnfbbied RuRbl Astedrupartirgukar, such
a process stIp |s prefe bl e, artlcular;¥ in the case of

0
depositions (&% TOSFHP R ERA RS e . m??rl¥swa$n%rﬁF9hpOSS|bIe
here to choosﬂerisii&yheﬁt 1taramﬂmemtiso&dmmedom$?-$ai@1;tdmpatﬁtfés .Cci ent nunber
of stabilizing bonds are forned, but an Ostwald ripening of the cavities
| argely fails to occur. - 30 A further variation relates e.g. to the use of
3C Si C layemwysiensheutfamed iabovef laatitisecadg, mlanessousf BEL G

F;ECi pitates 3’@’ aﬁlt%st%ﬁq 'a[};f& %Eé@ﬁéﬂ%%%ﬁﬁ P%;g OErQﬁéﬁéﬁWt heti zed
yer 2 in a pth ran pl ca OM/t € Intérface.
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attached to said precipitates and are also thermally
immobilized thereby. What 1s responsible for this 1is,
15 on the one hand, the possibility of lowering the total
interface energy with respect to the silicon substrate
by means of a common interface and, on the other hand
the formation of Si-C bonds at the cavity surface. It
has been shown, however, that the immobilization effect
20 can be further reinforced by a further implantation of
oxygen, so that an even greater relaxation can be
achieved. The necessity of such an implantation step
thus emerges in each case from the degree of relaxation
of the deposited layer that 1is desired for the

25 respective application.



density of largely msoriented 3C-SiC precipitates. 10 During the formation
of cavities by neans of helium inplantation and subsequent high-tenperature
treatnment, it is evident that the cavities are predomnantly attached to
said precipitates and are also thermally inmobilized thereby. Wat is
responsible for this is, 15 on the one Band, the possibility of |owering the
total interface energy with respect to the silicon substrate by neans of a
common interface and, on the other hand the formation of Si-C bonds at the
cavity surfaggedde d@siheen shown, however, that the inmobilization effect
20 can be further reinforced by a further inplantation of oxygen, so that
an even greater relaxation can be achieved. The necessity of such an

i mpl antation istep a t ReSHRREr §688 | FulSALELE€ fd ot e cHReicee rof 1a?l=,§xat ion
of the de 05|ted | a er that is desired for_the 25 respeghlve appl.ication. -
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structure, C@”ﬂDraSIsmg)sﬁ“h%ttfem fow Rgdst eps: aa)seﬁd{:Lthbr&ileto@f matsubatrate (1)

made of a semi,caond ctor terng ﬁ % élon aver (2% ge of a
second senlg%nﬁﬁgi Bt i Tt 0?sa 8y§§ t% fd? th% purpbSe of
producing a semicomducttar | ageersaluatar eaid0 sjodtmatant 41) onfaf I:hght gas
v (4 L obuAHILORRUELON NS 91 UFLUERALOE AL AULPOBE ALE pLOdLCI N0 2

| ayer (4) conprising cav sem con ructure; d)
stabi | i zaPi orf)ofimpdiagit adahvnt | esoby |h@9htty geenms ofors speeifdc spbeles 15

e) appli cati andlodhialRant ﬁi%yép'téffkﬁ&tuﬁé’er £68) tde t hsuseHbEONgHcCt Or

| ayer structure. 2. The net as claimed in claim1l, wherein the substrate
(1) prOV|dedHﬁ?@¥F%Q9za%mﬁkﬁYQﬁukﬂ%ﬁ comprising cavities in the

semiconductor layer structure; d) stabilization of said
cavities by impurity atoms of a specific species;
15 e) application of at least one epitaxial layer (6) to

the semiconductor layer structure.

2. The method as claimed in claim 1, wherein the
substrate (1) provided in a) 18 a wafer made of

20 monocrystalline silicon.

3. The method asg claimed in c¢laim 1, wherein the

substrate (1) provided in a) is an SOI wafer.

25 4. The method ag claimed in claim 1, wherein the
substrate (1) provided in a) is a semiconductor wafer

which has been fabricated by a bonding method.

5. The method as claimed in claim 1, wherein the
30 substrate (1) provided in a) is a substrate made of

polycrystalline semiconductor material.

6. The method as c¢laimed in ¢laim 1, wherein the
substrate (1) provided in a} comprises a silicon layer,

35 a silicon-germanium layer or a germanium layer.

7. The method as claimed in one of claims 1 to 6,
wherein the layer (2) applied in b) is a

monocrystalline silicon carbide layer.



20 nonocrystalline silicon. 3. The nmethod as clained in claim11, wherein the
substrate (1) provided in a) is an SO wafer. 25 4. The nethod as clained in
claim1l1, wherein the substrate (1) provided in a) is a sem conductor wafer
whi ch has been fabricated by a bonding nethod. 5. The nmethod as clained in
claim1l1, wherein the 30 substrate (1) pRovided in a) is a substrate nade of
pol ycrystal li ne sem conductor material. 6. The nethod as clained in claim1,
wherein the substrate (1) provided in a) conprises a silicon layer, 35 a

silicon- gern%plunﬁh%ye&mgﬁoa gﬁ{ﬂgﬂlyﬁééazer One QQ ggg %g as clahned in

one of clains 1t
nnnocrystalHwhﬁﬁﬁﬂntxﬂhaxﬂlﬁxﬁrla@@r apﬁﬁneiﬁ ﬂme hbthod as cﬂaVﬂEd in one

of claims 1 t&&ctwrsétg%fbglﬁ@ygr ﬁggw’@w%feﬁ@l béld‘spi"el:QEQEatétrUCture

conpr|S|ng a region of SI C preci ate density and ocrystalline
silicon carbidgaidyernd awcméftwldslr@ &lEdm ediste diagiars 1 to 8,
wherein the at | east one epltaX|aI | ayer (6) applied in e) conprises

sem conduct or_ nat er,i al g a 1a}ghgnlflcantl different coefficient of

thermal expahsi orfin @% efe LenPRBndifct 6LaAREeli di° Bf
substrate ( 1)whelr@mThﬂ1errmmobbae§t Ghiee f’Qﬁhttaib(IIé.Bl m@erv\ﬁoer eapplbedatn 15
| east one epltaX|aI %6) aggéled in ses -a qitélde conpound

e
senlconductor 11. (¥W% od & FSPﬁEStP% on a'FHﬁ%% % fiherein
the | ayet0(2)sigpplfiledritiw) ididfsrénton- ceefdéciancum |ayer bheamhayer

Structure COMYLSIdG,A 1:51dd G SRR 4N LAY Chend ZondEe B! HA0ea5a8 ! ai med

in cla m11, erein the a
of substrate (1).

10. The method as claimed 1in c¢laim 9, wherein the at
15 1least one epitaxial layer (6) applied in e) comprises a

nitride compound semiconductor.

11. The method as claimed in one of claimsg 1 to 6,
wherein the layer (2) applied in b) 1is a silicon-
20 germanium layer or a layer structure comprising a

silicon-germanium layer.

12. The method as claimed in claim 11, wherein the at
least one epitaxial layer (6) applied in e) 1is an

25 epitaxial silicon layer.

13. The method as claimed in ocne of c¢laimg 1 to 12,
wherein the implantation of light gas ions in step o)
is selected from a group of implantation of hydrogen
30 ions, implantation of noble gas ions of one or more
atom types; combination of an implantation of hydrogen
ions and an implantation of noble gas ions o©of one or

more atom types.

35 14, The method as claimed in claim 13, wherein the
noble gas ions are selected from a group of helium,

neon and argon.



| east one epitaxial |ayer (6) applied in e) is an 25 epitaxial silicon

| ayer. 13. The nethod as clainmed in one of clains 1 to 12, wherein the

i nplantation of light gas ions in step c) is selected froma group of

i npl antation of hydrogen 30 ions, inplantation of noble gas ions of one or
nmore atomtypes; conbination of an inpBantation of hydrogen ions and an

i npl antation of noble gas ions of one or nore atomtypes. 35 14. The net hod
as cl ai med il aithelIrevhed e tHeimmgbl Engasthens o eckaimst 88 Andm a

group of hel i WA A" 4 2t 3% od Sendhiey TEL NOflog, oLALERARLE ol ¢ her

of claims 13 and _ 14, wherein the i nplant at| on ‘ener I's chosen such that
the |ayer (4)t1"t?0n3p?3f%1f n§? ta¢PIPES ShAPC R avd Lpead s nlsuﬁéo@éﬁe@ohauctor
| ayer struct i i nseﬁﬁﬂpaﬁaué@oé sn%ﬂéiredsle%e%@e |rltrﬁrf§6@p begyeengappl i ed
| ayer (2)_. and substc{%éeé ) e net hod as cl ai ei t her o}) cl ai ns
13 and 14, tayerry @nt&ﬁﬁﬂq%lhﬁtw%%?tl hl‘ﬂéer 162pr oduced

in the sem cenduciusthayesr @Qtructure in step c¢) is situated wthin the
applied layer (2). 17. The nethod as clainmed in one of clains 1 to 16,
wherein, for the stabilization of the cavities by 15 inpurity atons in
accordance wiléh st diethogpuest wlationsl ofn oaétbermufe ataimsg ypesandel ect ed

froma group ﬁOf %%ruc?ltxjér%ggrag%c% Ll gl @Axfﬂ{ eéjs'\mi?cﬁtihgs

sen conduct or ned In claim 17,
wherein &0 t iwst cetde:amrréhte cfeniporsbmitconduayer [séyectsineucimr etent a

tenperature ofy aty | 83545 t8PG it wrttﬂéerarﬂ%ﬁqedeflfa%led(j)n. step d). 25 19. The
met hod as clainmed in one of clains 8,
17. The method as claimed in one of claims 1 to 16,
wherein, for the stabilization of the cavities by
15 impurity atoms in accordance with step d), impurity
atoms of one or more atom types, selected from a group
of oxygen, nitrogen and carbon are implanted into the

semiconductor layer structure.

20 18, The method as c¢laimed in c¢laim 17, wherein a
thermal treatment of the gemiconductor layer structure
at a temperature of at least 600°C is furthermore

effected in step d).

25 19. The wmethod as claimed in one of claims 1 to 18,
wherein the application of layer (2) in b) is effected

by means of chemical vapor depositiomn.

20. The method as claimed in one of c¢laims 1 to 18,
30 wherein the application of layer (2) in b} is effected

by means of molecular beam epitaxy.

21. The method as claimed in one of claims 1 to 18,
wherein the application of layer (2) in b) is effected

35 by means of ion beam synthesis.

22. The method as claimed in c¢laim 21, wherein ions
are implanted into a specific depth of the substrate
(1), the latter is then treated thermally, as a result



wherein the application of layer (2) in b) is effected by neans of chem cal
vapor deposition. 20. The nethod as clained in one of clains 1 to 18, 30
wherein the application of layer (2) in b) is effected by neans of

nol ecul ar beam epitaxy. 21. The nmethod as clained in one of clains 1 to 18,
wherein the application of layer (2) rn3B)-is effected 35 by nmeans of ion
beam synthesis. 22. The nethod as clainmed in claim?2l, wherein ions are

i npl ant ed i nod avtsigdri f1i ctdepshbefrahe Jubsta dvwerigd)monberyatagting t hen
treated ther : It - f [ i buri ed
nonocryst al | :T%gldl a(?Zr %(r%f%énéf'alagbévﬁb%% kgér:lddﬁetf%%v rﬁﬁlgé%?%g?i%%% l'ine

| ayer, transil@YEH r dgidsHs Fiorm wei e Gpper asdbdtheatwrrenysprbakabeso t he

trgnsi ti 0?| r a@iRR |%&idﬂga@;B@VQzH@FF§a¥I§\?\E§E6%S?ﬁJdﬂd}? inam? I(a{@_ox,azr Iethe (2) |
supsequen y renoved, , a r.esu | C € nonocrysta | he aver | S
uncover ed® Zﬁpn?ﬁéyﬁéﬁﬁg&nﬁs%ﬁ%ﬁ%ﬁgz}naEPaﬁﬁpﬁfﬁqﬁ%E%ﬁrF?WRYeQO %ﬁcovered

surface of the mesottysifl hibieH ayae (wondsSrySthBEnuentllayestibj(est edst o
chem cal mechani cal dplanarization. 24. The nmethod as clainmed in either of
clains 22 and"“P8=25% wherein the substrate (1) used is a silicon wafer,
the inplanted ions are carbon ions and the nonocrystalline |ayer (2)

produced i's 358i|ipan garplde od ayery 20 25, Asm condugkar digyery,
structure, conprising a Substrate F V made of "seém conduct'or matefial, on
whi ch at® ayencepreddewffacs eebnd heemaomeittal hiner Lavers (X t bat ed,

furthermore a,Le@hABncd) enriehsdovilh 1WPUri LY -aLeas, WhLCOhLegben 1S
situated either in 25 |layer (2) or at a specific depth below the Interface
planarization.

24. The method as claimed in either of claims 22 and
15 23, wherein the gubstrate (1) used is a gilicon wafer,
the implanted ions are carbon - ions and the
monocrystalline layer {(2) produced is a silicon carbide

layer.

20 25. A sgemiconductor layer structure, comprising a
substrate (1) made of semiconductor material, on which
a layer (2) made of a second semiconductor material is
situated, furthermore a region (3) enriched with
impurity atoms, which region 1is sgituated either in
25 layver (2) or at a specific depth below the interface
between laver (2) and =substrate (1), additionally a
layer (4) within the region (3) enriched with impurity
atoms, which layer comprises cavities produced by ion
implantation, furthermore at least one epitaxial layer
30 (6) applied to layer (2) and also a defect region (5)
comprising dislocations and stacking faults within the
layer (4) comprising cavities, the at least one
epitaxial layer (6) being largely crack-free, and a
residual strain of the at least one epitaxial layer (6)

35 being less than or equal to 1 GPa.

26. The semiconductor layer structure as claimed in

claim 25, the resgsidual strain of the at least one



bet ween layer (2) and substrate (1), additionally a layer (4) within the
region (3) enriched with inpurity atonms, which |ayer conprises cavities
produced by ion inplantation, furthernore at | east one epitaxial |ayer 30
(6) applied to layer (2) and also a defect region (5) conprising

di sl ocations and stacking faults within3the |layer (4) conprising cavities,
the at | east one epitaxial layer (6) being largely crack-free, and a
residual stramitfxidke atayemst (6he kpitaxi dbsbaythaf6) or35epriadg lkess t han
or equal to l34PaypL6. The semiconductor layer structure as clained in
claim25, the residual strain of the at | east one - 35 epitaxial |ayer (6)
being Il ess than or equal to 370 MPa. 27. The sem conductor |ayer structure

as claimed IrmS erﬁ@ersealflc%@m&o% ﬁapeQG,sttm&trL&léghagsscpilﬁm 3y |east
one epitaxial |ayer 6) bellgrg‘%% .0 nm RVMS5, 28. The sem conductor | ayer

struct ur e”as Haed lfn ck3 aﬂ“ﬁe +oughhessrItItmes st Afeakhe oRé
epitaxial 101d@erodd)ephied a1 1 StyE ng )RR 1129 0 THe7 senmEomasict or | ayer
structure as claimed in one of clains 25 to 28, wherein the substrate (1)
is a wafer made of nonocrystalline silicon. 15 30. The sem conductor |ayer
structure as 4 ai Mk | Berdrenductioal nkaPér t atBictwhrer ean tch]aaiarmﬁt rate (1)

is an SQ 2?731%%“%%%%@%5% OEh%a5é 1%5&’9858 Apits ¢lalged in
one of clai m; € substr 1) sem dictor waf er
fabri cat &8 bylaﬁilf,f%if‘ns of keiundl M2 etiioRMP5 32, The sem conduct or | ayer
structure as clainmed in one of clains 25 to 28, wherein the substrate (1)
is a

29. The semiconductor layer structure as claimed in

one of claims 25 to 28, wherein the substrate (1) is a

wafer made of monocrystalline silicon.

15
30. The semiconductor layer gtructure as claimed in
one of claims 25 to 28, wherein the substrate (1) is

an S0I wafer.

20 31. The semiconductor layer structure as claimed in
one of claims 25 to 28, wherein the substrate (1} is a
semiconductor wafer fabricated by means of a bonding
method.

25 32. The semiconductor layer structure as claimed in
one of claims 25 to 28, wherein the substrate (1) is a
substrate made of polycrystalline semiconductor

material.

30 33. The semiconductor layer structure as claimed in
one of claims 25 to 28, wherein the substrate (1)
compriges a gilicon layer, a silicon-germanium layer or

a germanium layer.

35 34. The semiconductor layer structure as claimed in
one of claimg 25 to 33, wherein the region (3) is
enriched with impurity atoms of one or more atom types

selected from a group of oxygen, nitrogen or carbon.



substrate nmade of polycrystalline sem conductor material. 30 33. The

sem conduct or | ayer structure as clainmed in one of clains 25 to 28, wherein
the substrate (1) conprises a silicon |ayer, a silicon-gernmanium]|layer or

a germanium | ayer. 35 34. The sem conductor |ayer structure as clained in
one of clains 25 to 33, wherein the regidd ¢(3) is enriched with inpurity
atons of one or nore atomtypes selected froma group of oxygen, nitrogen
or carbon. - 36. 3FheTheewkpdudndiet orl dysyer ssrnattuee & claiimed i 0 one of

claims 25 10 3de Werglnonesl ayera ] S8% 1@%}’%1}‘ E$) V‘@&ﬁ%ﬂ@%
produced by inplantation of light gas 1ons selecte roma gro g,o
i npl ant ati on 6RVSLAGEr dGEIFH ovisTei mEracad dy olmRdBNEagASN GHs b¥Ilhe or

nmore atom typgse COPRENAEdDECOE] ANE S| ant abbop obr hygpD8RRat08s amd an

i npl ant ati on gf nobl e gas ions of one or nmore_atomtypes. 10_36. The

seni conduct or "W EYEFeR: AGPFur é WRL 2D TAER | EmIPS I h He Pobl e gas
ions are sel eabed fapom acgiosp aforbelddathomeaf and atgpban8dtidhe of
sem conductor .| ayer structure as cl ai ned int.15 ope o% clainms 25 to 36,
wherein the | BYSFOPSR (1675 AMShodt yATRI TTHRC57F | Con ORibi 48T ayalS 3B, The
sem conduct or ochayer mbractbpe agpekainmed in one of clains 25 to 36, wherein
the layer (2) is a 20 layer structure conprising a region of high SiC
precipitate density and a nonocrystalline silicon carbide |ayer. 39. The
seni conduk? or 3Fayefhst regiigendisctdni degeim ssuetvher af claimed37imnd 38,

wherein the ab1heastsongneSRITA JRL §B) GORR 58S SO SQiueEtgh
material having a significantly different”coefficient of thernal
a group ©f helium, neon and argon.

37. The semiconductor layer structure as claimed in
15 one of claims 25 to 36, wherein the layer (2) is a

monocrystalline silicon carbide layer.

38. The sgemiconductor layer structure as claimed in
one of c¢laims 25 to 36, wherein the layer (2} is a
20 layer structure comprising a region of high 8icC
precipitate density and a monocrystalline silicon

carbide layer.

39. The semiconductor layer structure as claimed in
25 either of c¢laims 37 and 328, wherein the at least one
epitaxial layer (6) comprises semiconductor material
having a significantly different coefficient of thermal
expansion in comparison with the semiconductor material
of substrate (1).
30
40. The sgemiconductor layer structure as claimed in
claim 39, wherein the at least one epitaxial layer (6)

comprises a nitride compound semiconductor.

35 41. The gemiconductor layer structure as claimed in
claim 40, wherein a further epitaxial layer (7)
comprising a nitride compound semiconductor is applied

to the semiconductor layer structure.



expansion in conparison with the sem conductor material of substrate (1).

30 40. The sem conductor |ayer structure as clainmed in claim 39, wherein
the at | east one epitaxial layer (6) conprises a nitride conpound

sem conductor. 35 41. The sem conductor |ayer structure as claimed in claim
40, wherein a further epitaxial layer €737 eonprising a nitride conpound

sem conductor is applied to the sem conductor |ayer structure. - 37 42.
The sem conduétor Fragersshicotduecas dlagieredstnucchaemadd, cdhémeidn ihme | ayer

(6) compri Ses %HH{' gEm Qh%‘i:éﬁ!ﬁhjpég‘ 15{)%(56@?5"%0”9&% 2f {eéyeélﬁ‘rk a1 € 99

clainmed in Farm 4 whereéin ayer ri se um n| e. 44.
The senlcondu@ﬂﬁrlﬂayer structure as clained in 10 one of cl ai ns 25 to 36,
wherein the layer (2) is a silicon-germanium|ayer or a | ayer structure

conprising5 a silicon-gernmanium |l ayer. 45. The sem conductor | ayer structure
as claimed i n4315 EN§i NEMLCOREIEE T t HEVATL | BRENCBRES e (R afiiaimegyetn(6) s

an epitaxial sikigonzl ay@herdfn At3RM O @3‘3340'[ of7)l ay@smit 1 464 Ur a1 TOGRI 1 Si ng
a l|ayer (2) g5F§§ i on- beam synt heti zed silicon carbide 20 on a substrate
t

(1) nade of alline silicon, a relative expansion of the lattice
const ant of SI|ICOﬂ carbide in Iayer (2) as neasured by neans of high-

resol ution X-r?y dbgfractlfwbng}gg 2% %Eansg eﬁ# to % %%) 25 47. The

sem conduct or “["ayer St rUTt AL i méd S St arntas, dhe &uﬁ?ﬁrate (D)

havi ng a M anmether @f claims 25 to 36, wherein the layer (2) is a
silicon-germanium layer or a layer structure comprising

a silicon-germanium layer.

45. The semiconductor layer structure as claimed in
15 c¢laim 44, wherein the at least one epitaxial layer (6)

is an epitaxial silicon layer.

46. A gemiconductor layer structure, comprising a
layer (2) made of ion-beam-synthetized sgilicon carbide
20 on a substrate (1} made of monocrystalline gilicon, a
relative expansion of the lattice constant of silicon
carbide in layer (2) as measured by means of high-
rescolution X-ray diffraction being less than or equal
to 0.2%.
25
47. The semiconductor layer structure as claimed in
claim 46, the gubstrate (1) having a diameter of

greater than or equal to 100 mm.

30 48. The semiconductor 1layer structure as claimed in
claim 46, the layer (2) made of silicon carbide being

situated below a surface of substrate (1)}.

49, A semiconductor layer structure, comprising a
35 layer (2) made of silicon carbide on a substrate (1)
made of wmonocrystalline silicon, a defect region (5)
comprising dislocationsg in or below the layer (2), and

also a layer (4) comprising cavities, those cavities



greater than or equal to 100 mm 30 48. The sem conductor |ayer structure as
claimed in claim46, the layer (2) nmade of silicon carbide being situated
bel ow a surface of substrate (1). 49. A sem conductor |ayer structure,
conprising a 35 layer (2) nade of silicon carbide on a substrate (1) nade
of monocrystalline silicon, a defect redfon (5) conprising dislocations in
or below the layer (2), and also a |ayer (4) conprising cavities, those
cavities - 38°MBEAPLRTI ngPHPLEYt RS esttest ffrom aagr gupubf obxygen

ni trogen ando§§?ggp.n§9roggg seni egpdugtor layer structure as clained in 5
claim49, that Tayer (4) conprising cavities having been produced by ion

i npl antation and subsequent thermal treatnment. 51. The sem conductor | ayer
structure assolai TRé ibélgmil&bzﬁil_ichﬁfr oflaejleacihr@tﬂ?cmrﬂe%stbabi{némerizﬂ) f
conpri si caviti eing resistant, to thermal ,cl eavage at tenperatures o
20 12500 V526 T4 ST CoRtlct 1Y day dA Vot FUBPET 8188 (FaTE4SPn TG e of
clains 49 tobéén tpeddayed (23y belog | ampheatatsipnt helrndzedswhdeasnt 53. The
sem conduct o as claimed in one of clains 49 to 52,
furthernore é%%%%?gigéégg&gégst 20 one epitaxial layer (6) which conprises
a nitride conmpound sem conductor and is deposited on to layer (2). 54. The

sem conduct 06, | aygho SIdAE MRS & a1 TRy e Ao ChAL Mad, AULHBRY T e
conprising one or nore epitaxia I nterlayers s f uat ed befwean layer (2) and
the at Ildasteibherepitt sxhadms derape) SGonprhiasi ngaveni t{di) decumpating

senm conduct 0gav30i88. AeSONy COPAHEEOint AYRL SIHFWCEME COMRESLRY alc

temperatures of 25-1250°C.

52. The semiconductor layer structure as claimed in
15 one of claims 49 to 51, the layer (2) being ion-beam-

synthetized silicon.

53. The semiconductor layer structure as claimed in
one of claims 49 to 52, furthermore comprising at least
20 one epitaxial layer (6) which comprises a nitride
compound semiconductor and is deposited on to layer

(2) .

54. The semiconductor layer structure as claimed in
25 claim 53, furthermore comprising one or more epitaxial
interlayers situated between layer (2) and the at least
one epitaxial layer (6} comprising a nitride compound

semiconductor.

30 55. A sgemiconductor layer structure comprising at
least one monocrystalline epitaxial layer (6)
comprigsing a nitride compound semiconductor, a layer
(2) made of monocrystalline silicon carbide and also a
layer (4) in or below layer (2) which comprises

35 cavities produced by ion implantation, those cavities
comprising impurity atoms of one or more atom types

selected from a group of oxygen, nitrogen and carbon.



| east one nonocrystalline epitaxial layer (6) conprising a nitride conpound
sem conductor, a layer (2) nade of nonocrystalline silicon carbide and al so
a layer (4) in or below layer (2) which conprises 35 cavities produced by
ion inplantation, those cavities conprising inmpurity atonms of one or nore
atomtypes selected froma group of exggen, nitrogen and carbon. - 39 56.
The sem conductor |ayer structure as clained in claimb55, |ayer (4) being
resi stant toseher mak ck@fayegﬁducatoﬁ tlemmf atsumceﬁrgreméercltahmd)rlﬂqual to
25C and Ies%lth%n5§r %. 1 50C, 57. Th senl onduct or L ayer
in |th

structure as cfaing e%ﬂ%uﬁ%?%ﬁ? hie CavitTes*Ravi ng
been produced by t@mp¢m@t@n¢abﬁomr&ndegubﬁequemr eqea&mtOtziﬁﬁrmmd 10 58.

A sem conductQl, Ceppanent radyced -@no.a sem conductor |ayer structure as
clainmed in one of %alnseg@ato 57. %@ g@. The sem conduct or conponent as

clainmed imn claimb58, which, after activation, enmits |light having an energy
of greater than orhRQUAtmELoRddceYrandassstifapuee esale1baméeVin

either of claims 55 and 56, the cavities having been
produced by ion implantation and subsequent thermal
treatment.

10
58. A semiconductor component, produced on a
semiconductor layer structure as claimed in one of
claims 46 to 57.

15 59. The semiconductor component as claimed in
claim 58, which, after activation, emits light having
an energy of greater than or egqual to 0.1 eV and less

than or egqual to 7 eV,



