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Nitride Semiconductor Component and Process for its Production

The present invention relates to a process for the production of a layer structure
of a nitride semiconductor component on a silicon surface. The invention also
relates to a process for the production of a nitride semiconductor component.
Finally, the invention relates to a nitride semiconducter component, in particular a
thin film light-emitting diode (LED) based on a nitride semiconductor, as well as a

nitride semiconductor product.

Nitride semiconductors are semiconductor compounds that contain one or more
elements of the third main group as well as one or more elements of the fifth
main group of the Periodic System. Such semiconductors include for example the
semiconductors GaN, InGaN, InGaAsN, AlGaN, etc. Other common designations
for nitride semiconductors within the context of the present invention are Group 1!
nitrides and IlI-V nitrides. These designations are used interchangeably in the

present application and have the same meaning. .

Nitride semiconductors are used in particular in light-emitting structures that emit
in the visible and ultraviolet regions of the spectrum. Apart from this electronic
nitride semiconductor components are also known, such as for example high

electron mobility (HEM) transistors, which are suitable in particular for high-



*159159* *@00002* Nitride Sem conductor Conponent and Process for its
Production The present invention relates to a process for the production of
a layer structure of a nitride sem conductor conponent on a silicon
surface. The invention also relates to a process for the production of a
nit(ride sem conductor conponent. Finally, the invention relates to a
nitride sem conductor conponent, in pagticular a 5thin filmlight-entting
di ode (LED) based on a nitride sem conductor, as well as a nitride

sem conductor product. Nitride sem conductors are sem conduct or conpounds
that contain one or nore

frequency applications such as for example in radio transmission technology.
Nitride semiconductor components are also used in the form of so-called “power

devices" in high-power electronics. -

On account of the very small size and poor quality of available substrates of

5 nitride semiconductors there is at the present time little commercial interest in an
inexpensive homoepitaxy of the layer structure of a nitride semiconductor
component. Available‘ nitride semiconductor components, s'uch as for example
blue or green LEDs, therefore bontain layer structures that are deposited on
sapphire (Al,O3) substrates or silicon carbide (SiC) substrates. These substrate

10 materials have various disadvantages. On the one hand they are expensive. On
the other hand commonly available substrates of these materials are
comparatively small, so that the production costs per component are in addition
increased on account of the relatively small yield for a given substrate surface.
Added to this is the significant hardness of these materials, which is above 9 on

15 Moh's scale and permits a mechanical treatment only with éxpensive diamond
saws and grinding materials. -

Silicon substrates are therefore increasingly used for a large- area growth, and as

is known such substrates with a large diameter can be obtained inexpensively.

Typical growth temperatures for the layer structures of nitride semiconductors in
20 the commercially normally employed gaseous phase epitaxy are above 1000°C.
Different thermal coefficients of expansion of silicon and nitride semiconductor
materials then lead during cooling of the deposited nitride semiconductor layer
_structures after the growth stage to a high tenéile stress of the nitride
semiconductor layers of about 0.7 GPa/um and, starting with layer thicknesses of

25  less than 1 um, to crack formation.

In order to avoid crack formation during the growth of GaN layers on silicon, thin
intermediate layers grown at unusually low temperatures (below 1000°C),
so-called low-temperature AIN or AlGaN intermediate layers, are used. The effect

of these layers is based on a partial compensation of the tensile stress due to
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growm h tenperatures for the layer structures of nitride sem copductors in
100 nm up to a few um aré formed on it, which during the further course ot the
growth, with increasing distance of the growth surface from the SiN intermediate
15 layer have grown together Starting from a so-called coalescence thickness and
form a closed layer surface. Of course, only a SiN intermediate layer in the GaN
~ epitaxy on silicon produces a pronounced island growth and thus a significant
coalescence thickness, which grows with increasing SiN thickness. By suitable
measures to accelerate  the coaléscen’ce of these growth islands the
20 aforementioned critical crack thickness can however already be prevented from

being reached before the growth islands coalesce.

From the document by A. Dadgar et al., "Reduction of Stress at the Initial Stages
of GaN Growth on Si(111)", Applied Physics Letters, Vol. 82, 2003, No. 1, pp. 28-
30, (hereinafter briefly referred to as "Dadgar et al."), which is hereby

25  incorporated by reference into the disclosure of the present application, it is
furthermore known to produce GaN layers after deposition of a silicon-doped AIN
nucleation layer and an SiN masking layer of at most about 1.5 monolayers
nominal thickness. The tensile stress in the growing GaN layer can be reduced
compared to a growth without such a SiN masking layer.
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semiconductor layer structure that is then typically bonded to a carrier easily

becomes detached from the carrier, and corresponding components have an

undesirably short useful life.

From the document by C. Mo et al., "Growth and characterization of InGaN blue
25  LED structure on Si(111) by MOCVD", Journal of Crystal Growth, 285 (2005),
312-317 (hereinafter briefly referred to as "Mo et al."), which is hereby
incorporated by reference into the disclosure of the present application, it is
knbwn to reduce the tensile stress by growing a GaN buffer layer on the AIN
nucleation layer. In this case a very low ratio of the gas flow densities of gallium
30 precufsor to nitrogen precursor are adjusted for the growth of the GaN buffer



- 4 - This effect exhibits, as a function of the Si N masking | ayer
thickneSs, saturation phenonena starting froma certain thickness, and a
conpl ete stress conpensati on cannot be expected. The fact is, on the one
hand the Si N masking |ayer can, as its thickness increases, interfere with
or-even prevent the structural 5 coupling between the AIN nucl eation |ayer
and the subsequently (i.e. after the SEN masking layer) growing GaN | ayer.
The result is that a desrred conpressive effect on the AIN nucleation |ayer
may then no |onger occur and an undesirably high tensile stress remains in
the final nitride sem conductor |ayer. Secondly, a thick SiN |ayer
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nmet hods, can no | onger be kept under the critical |ayer thickness for crack

formation. Asayar in&hsllhigh- téﬂﬂﬁerbﬂﬁ@@éée@ﬂs phae &itary. Sinly psramlsieeghé RW@H can

di ngl I I he t il t t it
e condact 0P aF T FUSFHAG: CRON KB DB BS0E eS8 TrPREe B f ur t her
di sadvant agesenSM)atreszes ostill t leenaibS ina tvee adydeneerhicomipdtoni lgyer ditsiclocatinon
concent rat i oRugidy Al RoFRLEGRada b HJRTMIPNEh ofbRicaTaYE,] aver structure

and of the u yl ng substrate hi's prob em fects thin |ayer
- conponents such as thin layer LEDs, in which the silicon substrate is

renoved dygri lTﬁe &éwnreﬂtﬂrmerﬁfonrr&ruurfm@rpusrsent .Frrsem@rﬁ OB Ed rsgadabrdmgrywed nitride
semnm conduct or %e)r struct: re al rea(g%/: cau ﬁher e{ ore 20

i ncreases thBrod’ Fe?fotcﬁssa g A5 REOgtetiy giﬁyehasﬁrﬁfté{cet 0} "dSr ved

nirtride sem senidonduotor Ic@y@pnmrmausrlmohhmrfacs andea rityige @&MIOpanMed to a .

R i e e T,

conponent s have ocunment by C.
M et al., "GroaKedaged cema@étteknoz\m%womtortrrear@blﬂ"ue 25 LED structure on
Si (111) by MOCVD', Journal of Crystal Gowth, 285 (2005), 312-317"
(hereinafter brief| refer to as " et al."). which is

i ncor por dfed gy '?eéf%ﬁhe'l‘iﬁem?‘ﬁ?’l} OPH&’ Cd’i'tg/b P@?ﬁ&e"‘b%‘h?%'é bﬁ?%ds'érﬁ’ prov'ﬁ%r cation,
it is known topmeshscier thee ptoeinstioheofsa naes sbyuctgreowd agnitddE&sRiminohfwtor] ayer on
e NenuC B3hhol G ELiod bl RS e CBilech Qi AblrBofint ki i8e 1 ow

densities of ga reCursor 10 nit recur sor usted for the
growt h of theedoase tlbefcﬂle’lamfe ofghe niltf%?eﬁemlwnﬂlmofﬁﬁ@hStf%ércamﬂﬁ@dg\é@eous phase

epi taxy. Thi gnePgaieRs INRisipRdofiddl growt h of the subsequent GaN layer. The
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present | ”Ve%Fei gg\veos bé]j %Ss%cegs £ GRE cHr&ﬂJchnt 8 a layer structure of a nitride
semiconductor component on a siIi_c_:on surface, comprising the following steps:

- provision of a substrate that has a silicon surface;

- deposition of an aluminium-containing nitride nucleation layer on the silicon

20 surface of the substrate;

optional: deposition of an aluminium-containing nitride buffer layer on the

nitride nucleation layer;

deposition of a masking layer on the nitride nucleation layer or, where

present, on the first nitride buffer layer;



provi de a process for the production of a |ayer structure of a nitride
.sem conductor conponent on a silicon surface and a nitride sem conductor
conponent itself, in which the tensile stress in the finished |ayer
structure is further reduced conpared to known solutions to this problem
10A further technical problemon which the present invention is based is to
provide a process for the production of.a |ayer structure of a nitride
sem conduct or conponent on a silicon surface and a nitride sem conduct or
conponent itself that reduces the curvature of the nitride sem conductor

| ayer structure conpared with known solutions to this problem 15According
to a first aspect of the invention the aforenentioned technical problens
are solved by a process for the production of a |ayer structure of a

nitri de seni condigppsgitiorcoinpgativm-contaiing lirstc oitiids Lrefmigpaducternipydrsinniget he

f ol I owi ng steps:mg{k%@g}jepn of a substrate that has a silicon surface;
deposition of an al ufini umcontaining nitride nucleation |ayer on the
silicon 20surface of the substrate; optional: deposition of an
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a layer pl anBY¥ithatiererpelidestaste the Oraviie deegiPonduct or | ayer that is
perpendi cular to the growh direction. Wth the process according to the
invention it 12s, Sur n found t i
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' is possible to generate during the growth of the first nitride semiconductor layer
10 anincreased compressive stress therein, which with a suitable further p;'ocessing
can even effect a co_mblete or almost complete compensation of the tensile stress
o that is produced by the different thermal coefficients of expansion. A layer
structure can be grown that, after cooling at room temperature, is either
completely stress-free, or is virtually sfress-free with a value of o that is in any
15 case significantly less than 0.2 GPa/um, as a rule however even less than 0.1
GPa/um, and that moreover has only a very low dislocation concentration and

exhibits only very few cracks or indeed no cracks at all.

The process according to the invention is at the same time suitable for the-
production of layer structures with a particularly high or even an infinite radius of
20  curvature, which is of great advantage in particular in the production of thin fiim

components ‘'such as LEDs.

In this way an inexpensive growth of thin film components based on nitride
semiconductors is also possible on large format silicon wafers or SOI (silicon-on-

insulator) wafers.

25. These advantages can presumably be attributed to the fact that the intergrowing
crystallites above a suitably deposited masking layer, preferably consisting of
SiN, produce, due to their coalescence, a sufficiently strong compressive stress

during their growth and attainment of an average crystallite surface area of 0.16



io an increased conpressive stress therein, which wth a suitable further
_processing can even effect a conplete or al nost conplete conpensation of
the tensile stress a that is produced by the different thernmal coefficients
of expansion. A layer structure can be grown that, after cooling at room
tepperature, is either conpletely stress-free, or is virtually stress-free
withlalvalue of a that is in any 15 cage significantly less than 0.2 GPa/m
as a rule however even |less than 0.1 GPa/pm -and that noreover has only a
very | ow dislocation concentration and exhibits only very few cracks or

i ndeed no cracks at all. The process according to the invention is at the
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particularly high or even an inf'nite_ra&i}us of 20curvatuyre, which is of
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basi s of t healgbarskthednly partial stress reduction, likewise described above, that when '
using a GaN buffer layer (Mo et al.) this effect and the possibility of an almost
complete stréss compensation would occur. This surprising effect is utilised
15 according to the present invention for the production of in particular slightly
stressed or completely unstressed nitride semiconductor layer structures on a
silicon surface, from which particularly advantageous nitride semiconductor

components can subsequently be produced.

When the claims refer to an aluminium-containing nitride layer with a respective
20 function (nucleation layer, buffer layer, intermediate layer, etc.), then this is
understood to mean a layer having the respective function that contains
aluminium either as the sole Group Ili metal or in combination with other Group lli
~metals. Doping with elements of other groups of the Periodic 'System, such as
With silic':o'n.or ma‘gnesium,. is disregarded for the purposes of the definition.

25  Obviously however such doping substances may also be included.

A nucleation layer is only a few nanometres thick and is not necessarily a closed
layer, but despite possibly poor crystalline and/or stoichiometric properties forms
a basis for a subsequent layer growth of the layer growing thereon, or from which
a further layer growth starts.



saturation effects described above when using an Si N masking | ayer (Dadgar
.et_al.) and the only partial stress reduction, |ikew se described above,

t hat when using a GaN buffer layer (Mo et al.) this effect and the
possibility of an al nbst conpl ete stress conpensation would occur. This
supprising effect is utilised 15 according to the present invention for the
production of in particular slightly stgessed or conpletely unstressed
nitride sem conductor |ayer structures on a silicon surface, from which
particul arly advantageous nitride sem conductor conponents can subsequently
be produced. Wien the clains refer to an alum niumcontaining nitride |ayer
with a respective 20 function (nucleation |ayer, buffer layer, internediate
| ayer, etc.), then this is understood to mean a | ayer having the respective
function that Acosdkiignayenlsevies fatmhe corhgleteas pakial seleengobaputfdde avetial or in
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for a subsequent |ayer growh of the |ayer growing thereon, or fromwhich a
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conplete of partial covering’of a surface and 1s often only a few
monol ayers or eveslicoesurfadeagrcomingno fobragess achpreiog ta theishasneshelctheof t he

present inventionnfkiat 85adBrdngPlorRSH thePEmbatiinerite dusdribed nefeirdnatiihr i de
sem conduct or conponent, conprising the follow ng steps: 5production of a

| ayer structure ofis@PRicRioNRY I3 eps dhriBRsPeRteE SRBYIERLC'MSa silicon surface
according to a process .according to the first aspect of the invention or

according to one of [he %?/Epgtmcﬁjr%g%gyggrgeﬂ iegpcﬁjcﬁglga Ghat tﬂegp&ﬁh

appl i cation or in€H€96¥%&%e assocl a bondi ng

of the |ayer str uerpereide of the tagenstraetuiers faginl the eaiyert hat t he growth 1Oupper
side of the layer structure is facing the carrier; renoval of the

substrate; production o¥ a contact structure.
- removal of the substrate; '

- production of a contact structure.

The process according to the second aspect of the invention is an advantageous
development of the process of the first aspect of the invention and permits a
15 particularly simple and inexpensive processing of nitride semiconductor

components.

According to a third aspect of the invention the technical problems mentioned

above are solved by a nitride semiconductor component with

- a gallium-containing first nitride semiconductor layer that has a structure of
20 intergrowing crystallites that occupy an average surface area of at least

0.16 ym?in a layer plane per'pendicu!ar to the growth direction,

- an aluminium-containing nitride intermediate layer that adjoins the first

nitride semiconductor layer, and



The process according to the second aspect of the invention is an

.adyant ageous devel opnent of the process of the first aspect of the

i nvention and permits a 15particularly sinple and i nexpensive processing of
nitride sem conductor conponents. According to a third aspect of the

I nvention the technical problens nentioned above are solved by a nitride
sem gonduct or conponent with a gapliumcontaining first nitride

seni conductor layer that has a structure of 20intergrowing crystallites
that occupy an average surface area of at least 0.16 un2 in a |layer plane
perpendicular to the growh direction, 9 adjoining the |ast |ayer, a

gal liumcontaining further, second nitride sem conductor |ayer. Such
conponents, which conprise a structure of the nitride sem conductor |ayer
that is charact eddjsiihg t0é bt Igendachaliumedntaingigl ftber, ssedoad enitridave a | ong
service 5life and ﬁ&xau&gﬂ%ﬁ%operating paraneters that are essential for
conmmer ci al appllc I'ons ined with | ow production costs. The nitride
sem conduct or conponent of the third aspect of the invention has structural

features thabudd SontdtRbAS WhitHEdriprRE ol HRCRFOEEORE nRCAHIEMIBREORGENG 10
that is characteristic of the production on a silicon surface, have a long service
5. life and favourable operating parameters that are essential for commercial

applications, combined with low production costs.

The nitride semiconductor component of the third aspect of the invention has
structural features that are characteristic of the process procedure according to
the invention and enable a nitride semiconductor component produced by this

10 process to be distinguished from other nitride semiconductor components.

Thus, it is of course in principle also possible and known per se to produce
crystallites with a large average surface area using a sapphire substrate.
However, nitride semiconductor components produced on a sapphire substrate

and that contain no AlGaN layers more than 100 nm thick do not have any

15 aluminium-containing nitride semiconductor intermediate layers, in particular do
not have any aluminium nitride intermediate layers. The growth of semiconductor
layers on a sapphire substrate is subject to completely different boundary
conditions than growth on a silicon substrate, as is described in the present
invention. The fact is, layer growth on a sapphire substrate always leads to a

. 20 biaxially compressively stressed layer after cooling. A strain engineering with the
aid of aluminium-containing nitride intermediate layers that leads to a
compressive stress of the GaN layers during the growth is not necessary and in

fact is even undesirable ih LED structures, since it leads to a very rﬁarked
substrate curvature during the growth of the InGaN layer around 800°C and at

25  the end of the process. As explaihed in the introduction, it is also known pér sein
the growth of nitride semiconductor layers on silicon to employ aluminium-

containing nitride semiconductor intermediate layers for the strain engineering.

However, a combination of these two features was hitherto not technically

achievable. Only under the process procedure according to the first aspect of the



the invention and enable a nitride sem conductor conponent produced by this.
.oprocess to be distinguished fromother nitride sem conductor conponents.
Thus, it is of course in principle also possible and known per se to
produce crystallites with a |arge average surface area using a sapphire
Supstrate. However, nitride sem conductor conmponents produced on a sapphire
substtate and that contain no Al GaN | gyers nore than 100 nmthick do not
have--any 15 al um niumcontai ning nitride sem conductor internediate |ayers,
in particular do not have any aluminiumnitride internediate |ayers. The
growt h of sem conductor |layers on a sapphire substrate is subject to
conpletely different boundary conditions than growth on a silicon
substrate, as is described in the present invention. The fact is, |ayer

growth on a ﬁ@d%ﬂhnh{}é?nt@h‘h% ft%é‘onﬁ"é bid RAHSScE lé’ye?@wﬁ’r\ é&btﬁlh{e\é &Q”Pr essively

stressed |l ayer -after cooling rain engineerin e ai
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Valdre ol e F20Bs ™ | e

mar ked substPRR UV BFE Gureg VRS § "Thd™ IR rNiasfays‘érf’lmar ound 800C
and at 25 t legieeetringfintehmednte daysts. ardsnesggragi ordyl farrthe igeowtmtrertliet iaon, it is
al 50 Known REpeidfs i bRfioH OWle O dXidiTthéEnSRIEERNGHE SfickANFRReON S1 | i con

to enploy alumniumcontalnin sem conductor internmedi ate |ayers
for the str&PHPEESEVHEEIsSIyring I elwowthpﬁhé*s@wcqmweéﬁv b AMess coPipiéyonre
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surface area on a silicon s r| ng gnt nued %? of these

nitride semSREHRAIGLEEEs hyas Bt E%&P ”Pth’?f’f ('Jed[?cFE'P Fect Nifride HVCOHFW‘? de

- sem conduct ebmparyst scoofdimptp eéhet frasenathdtd tasdeBOOX therinventiohi ckness, strain 5
engi neering internediate layers are necessary only for the growth based on
a substrate with a silicon surface, in order thereby to establish a

suf fi ci ent | e daypes Hshprosyesdyia te depgsitniy phiet sikcogr yiese t1aec b8 conpl et el y
or al nost cgmamhmlcwn@mmgermﬁ.aé QuAcAtRASh) @Hrt%%atshlaé nayaerhrarw.tams during

t he subsequent coolin ecialist circles it itherto_not possible
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thin filmL Accordingly nitride sem conductor conp onents can be
produced by "tfl8atipnoard sMazkiSr HYRE: t HVERREIPSTY Hft |F’6€P§e”‘é9ncf’ aPUREIGH t he

process proesgtdinfrgafiGedidificdrutibe .m@r\heémtat@rnayéadﬁ WOtthél eapnsdtiuatugest he

exi stence of th nuﬁiﬁl eat.ion atnd mas | %{ﬁ a%g ¢ neverthel ess the presence
of al umi i URFVBIRE A SRR GO oS AR CORRTETaIR M E 1M at e Tayers | the
llayer structures 20provides a clear indication to use a silicon substrate

N ihe 9rowtdicodfgas 4Bt Bepeft <{>fQH5§rE/emetﬁé 1@hnicBEorbAY AR QRoAde t echni cal

probl ens nentione bove ar a nitride sem conductor product with
a subst r at e 28PRR arA&SIVed BY 8 PEsiE %wma@@tor product with

- a substrate that has a silicon surface,

an aluminium-containing nitride nucleation layer adjoining the silicon

25 surface,

optional: an aluminium-containing nitride buffer layer adjoining the nitride

nucleation layer,



an alum niumcontaining nitride nucleation |ayer adjoining the silicon

.2bgur f ace,

senm conduct or

a masking |l ayer on the nitride nucleation layer or, if present,
on the nitride buffer layer, and with a galliumcontaining first nitride

| ayer arranged adjoi ning the masking | ayer and having a

stpucture of coal esced crystallites, in which the 5 crystallites above a

coal-escence | ayer thickness and in a _l,qyer plane perpendicular to the

grow h direction occupy an average surface area of at least 0.16 pn2. The
nitride sem conductor product of the invention is typically an
i ndependent |y obtai nabl e internedi ate product of the conponent manufacture.
It may be used to 10 produce conponents both on the existing substrate .

with a silicon surface, as well as, after stripping of the substrate,

anot her carri er,a @askiaylafe onsee nitrtate Adseapsrodyatdrpih pafsehtaomy éheanitiee
unsupport ed Iayq;g ”I%r%%dam a nitride sem conductor substrates, or
unsupported conpon nes,” Efbodi ments of the various process and device
aspects of the present invention 15are descri bed hereinafter. The

enbodi nents ey HeaikANRIMEIndMikiniPRE seRRbR®Ictor Yef 8FatddbiadjomirgxRbi citly
excl uded. Enbodi ments of the ﬁ;ocess for Lhe %rO%UCtIFF of %.%qger

structure of a rM3KINGdeYSEARERNINGR SYULERBLAMNTCEH S e BN Face
accordi ngs t 0 t herfstdlizds aspech afaldsbencentagert in@hnedsl bnd i st lagér alahe be

descri ped. 20Tneo @G da hd Kol LIRGGY S LR Dbl Sl AL iYed 8102

crystallite sur fPRCE

erred enbo ayer

1S

on

t heref ore deposileastioilfugéich a way that separate crystallites first of all

grow in the deposition step of the first nitride sem conductor

| ayer,

whi ch

crystallites_coal esce above a coal escence quer t hi ckness and occupy an

average surf Bt&enidepepycoqruaixrRedyst StheipverH
coal esci ng notitainglee mestinedia@pedduct dfalyeconynpeatmiireddciure tiomaniee gsesivto h

direction.
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produce components both on the existing substrate with a silicon surface, as well
as, after stripping of the substrate, on another carrier, or may be used for the
production of large area unsupported layers, large area nitride semiconductor

substrates, or unsupported components.

Embodiments of the various process and device aspects of the present inyention
are described hereinafter. The embodiments may be combined with one another,

unless this is explicitly excluded.

Embodiments of the process for the production of a layer structure of a nitride
semiconductor component on a silicon surface according to the first aspect of the

invention will first of all be described.

The layer quality is improved with particularly large crystallite surfaces. In a
preferred embodiment the masking layer is therefore deposited in such a way
that separate crystallites first of all grow in the deposition step of the first nitride
semiconductor layer, which crystallites coalesce above a coalescence layer
thickness and occupy an average surface area of at least 0.36 um? in a layer
plane of the coalescing nitride semiconductor fayer perpendicular to the growth

direction.

15| U PP IERENETITY o



- 12 - In a further enbodinent the masking | ayer is deposited in a |ayer
.thickness that, in the case of the first nitride sem conductor |ayer first
of"all growing in the formof gromh islands, starting at a di stance of at
| east 600 nm fromthe masking | ayer enables a |ayer surface that is at
| east 80% cl osed to be forned. The process 5 procedure of this enbodi nent
has,. with a good reproducibility, | ed12n investigations to
gal | i um cont ai ni ng nitride seni conductor |ayers which have largely
coal esced above a | ayer thickness of 600 nmand that in |ayer planes above
this distance fromthe nucleation |ayer exhibit large area crystallites
whose average surface area is above 0.16 pn2. 10In the process procedure
according to th nve tion d in particul t. ragedure in
the enbodi mefit? j“Ué gwegﬁﬁﬂemfbﬁg l?yﬁre'rseoa%pcs)s'%?j ,.?S @{ofﬁ‘?&ﬁe% tgg starting
poi nt a maskinnige taayef the Hiet nmda\ﬂedwnwmweagr@t foa”tgmwumtﬂélﬂﬂ' form@fnitride
nucl eation | f r ayer, of
/@%w‘t %E\ %S\MQE(F]%SI’ 4 2 O%féncecgf at R8st éC{OSI;m I7"r'o]t1'\ ﬂh?@na{%\%g R4yel

at | east 959 coverage rel ativel rowh nuclei are
forned 15 abenadlestrelapeiskifaep thay israttleast 8eznclereddr &5 fPES”GfdorTﬁ?lpé?‘@éS

crystallitesplyedtrd hiretnigli dmutsiineh@l had, owk 4 | géownde;gb@ywmpty,dm ng the
course of the further |ayer depositi

o] [ &Sy ts ha een obt ai ned
hitherto wit AVGRYSKICAY 1P AN -EaNtaliing SBHO'%SFWC% uctqy 6?’?’?\0%?% N¥i's however
al so concei vakgeg: toaladcel abdvera siyet tirkeessadfedtoalns aR0 tharin tidyer wesks ng | ayer,
such as for nH"II? d@t{%ﬁée f%o% {h% tu%lggt?dn IMr Phnbu# Q*’@ QEQX&%mFesWIoEé ng of the

nucl eati on I% exanple a nmetal nitrides
that are useavestgetsudads agba gra(bmehoﬂ@:mer atures of the nitride sem conduct or
deposition m ght be suitable. Substances t hat grow anor phously are however
nore likely to be suitable since of ep Hk% nucl eation. or onéax 8 tge ayed

25nucl eat'? onlMotERTECEsR REQREFUE, RGO Byeeian andy 5 RAUTH €conpani ed
in a preferrpdcanhnoicaedtinye ambatiwent ;uaMesmwaemanberefls pre¢eralelf| ecti on

For “oni Lor 1 Hrecre Uikt g nadalel St GRRLEY A cplenade JAFEREREID, PO o0,
t he dur at i onnipidetriveleatEmnolsyari asnwbéret fieseBOraidhe ﬁ@t In&@ftﬂ' bufignilayerief Preferably

chosen so t h@é tigBod. %}]dﬁE%bFéeOcn cSl&RgPfeidtibBy few é%wth f\hé’léitar@férﬁlbde
sen conduct or a er the conConitant neasurenent of refl ec‘thl on i nt ensi ty

of the growt ﬁb%’ﬁr“ﬁ%ff@s‘ﬁ’ﬂg Bye1 GAt CaRadRVPORdP 1or8Y lagag C%ﬁ@"“ﬁ?ﬁ &% s an

oscil l ating hireRESAd YogrbRRausiant grévith) idiereasd nguescol tiat iwthearpyert ude,
which at the ear]iest after five oscillation cycles then reaches a roughly

constant naxPeAPR8"val ue. The exact value of the duration of the deposition
of the masking. |ayer depends on nunerous paraneters, which can vary from

~one growth r%ﬁé:tbggt {egu%nﬁ)é\geﬁeenu?ﬁtgﬂeé W &XP Hith efﬂ§§(|r%f lay 48 @rﬁﬁi,%ﬂt
enbodi ment a suitab uration deposition of the nas I%\%all ayer can

be det er mi neditridgr Ingpringiglgdici |h9€e‘@'@4ﬁpwoﬂ‘é9é¥ﬁb@rt°bﬂfer?§%?ﬁ§“% %

experi ments. for the masking layer, such as for example anti-surfactants, which thus prevent a
wetting of the nucleation layer. In this case, in principle for example all metal
nitrides that are used at the high growth temperatures of the nitride
semiconductor deposition might be suitable. Substances that grow amorphously
are however more likely to be suitable since often no nucleation or only a delayed

25  nucleation occurs on such surfaces.

The proéess procedure is accompanied in a preferred embodiment by a
concomitant measurement of the reflection intensity of the growth surface
(reflectometry). This process known per se for monitoring the layer growth
permits a control and defined adjustment of the duration of the deposition of the

30 masking layer, which is preferably chosen so that in the deposition step of the



10The first nitride sem conductor |ayer already grows in accordance wth
,the process according to the invention wth conpressive stress. Preferably,
none of the growh paraneters (such as for exanple an increased growh
tenperature or a high V/I11 ratio) pronoting coal escence are adj usted.
Ungder these conditions a particularly conpressive |ayer growh is obtained,
and thereby a reduced tensile 15stress after cooling and thus a
honogeneously stressed or unstressed_pitride sem conductor | ayer structure
can bé produced. If a nitride sem conductor is to be deposited in a greater
| ayer thickness, the first nitride sem conductor |layer is preferably
deposited in a Iayer t hi ckness of 800 - 1600 nm before further |ayers are
grown as explained hereinafter, which lead to 20 the higher |ayer

t hi ckness. Preferably in this case an al um niumcontaining nitride

i nt'er medi at efirstayitide isemicondwotdr lglep te t@dommartthﬁeafsunestenhoft the deflestion conduct or
| ayer and th gal t | ayer is
deposi t ed onﬁ[éﬁgtyl g tbé 5?3&9@5% ﬂga awégél'?e tnetjggh@rsngggg Hfr;sl %HI:I de

seni conduct o@SCl”aW'ntm'twpethﬁéOleﬂ withi 'ﬁFf@Pﬁ'@Q)ﬁ%fdiammgmﬁ'itwq ddighrRtdpgredi at e

llayer, whi Cheérﬂas‘i Iaﬁercﬁ/%eoé%fllaﬁd'hecﬂfeg%éh achés Gablighly Ednstnt ma&fmm
senm conduct or \N'te eratu

conpr essi Ve ‘éat‘fee? el’?i‘afth\éﬁl' &9k &eé{umjl@ﬂﬂiéh%gﬁp%glopaﬁf@&"@P?pfﬁ '?yﬁFt her. The
function of &dpened uirindingrous atamatersgwhith cardearyritoar omdl gaimh taagr to s t hus

strain engingerin - ot n|tr|de

sem Condugt O?nqt%eyglgs%gdﬁm expgriance of, oﬂ%% rgs%nYem!)er%Qﬁt %Xbl%% {nhﬁ %F

nitride seni thertdpetiton ¢fthiemasking @delhcc’mib,@ defietrhingst &Vlaowsm%ﬁt'ﬂ%smh ed

al um ni um coggta@tgmme%&t&%@pb%ﬁmgﬁ%ers Thi s produces, apart fromthe
IC

nitride internedi ate [ ayers nitride semconductor layer that 5 is
conposed of the first, second, possibly third, etc. nitride sem conductor
|l ayer. | fio neTies gisst yhltﬁt!é té@ﬁfoohﬁﬁo&frnleybrahlﬁeabﬁlyg?b\mmtd&cmﬂhme fvitmthé ons can

obvi ously be_incor or er ein thi ckn f .t m cont ai ni ng
nitride inte?REH 4 080 g eyt '°%xam?@8§s§ %’SS B%fe?'%rﬂ @hg? where a
I owt enper at lhlﬁ@ro&cm\lparrat\”@ftméﬁuam es fapramdle ah inceapspd gowth PRwewedf an Al GaN

i nternedi at e i I h same
a high&hil r§t|c2 p?&nﬁ{ﬂé%@élﬁ?c@h@e ar'enaow&:t&i UR@SransLUBRbivotde

| ayer thi cknes es are e use cker AIN intermediate |ayers
grown at hi gPrriessEcamaressive Byersgrpuinns oRgINsderichi§eishy pasdicer dengiidown from DE

10 2004 Q38 &reds %Ifter béblth@%nadﬁ& 8fhokldgemddRbly GGiatsed drturihresded Migidaot ed in
this case that it found from eéﬁerlence that, starting froma 15

t hi ckness of S§HFY p%t%lﬁy%gﬁtrg%{urege RP'PHEE is a tendency towards the

formation of a high electrical resistance |ayer structure, which is

di sadvant agelf%cﬁrtn&é.' &gﬁsi&u @Q % bcgs%d I Pltegfeﬁ Iay@lJ tﬁBk?ésQet'hg fikt an

i ncreased tendenc Crack Formatron. use
al um ni um coritrge ﬁﬁﬁlgionﬁl#qtt?fd@yelf it erefeealiha depdsiiginsa jayerdihiseassed 8RPt h,

1600 nm, before further layers are grown as explained hereinafter, which lead to
20 the higher layer thickness. Preferably in this case an aluminium-containing nitride
intermediate layer is in fact deposited on the first nitride semiconductor layer and -
then a gallium-containing further nitride semiconductor layer is deposited on the -
last layer, which is also termed the second nitride semiconductor layer. With the
aluminium-containing nitride intermediate layer, which in the case of the growth
25  of GaN as first nitride semiconductor layer is preferably.a low-temperature AIN
layer, the compressive stress in the layer structure can be raised still further. The
function of the aluminium-containing nitride intermediate layer is thus strain

engineering.

The sequence of the deposition of an aluminium-containing nitride intermediate

30 layer and a gallium-containing further nitride semiconductor layer may be carried



20 the first nitride semiconductor layer is preferably deposited in a
.thickness of 1300 nm (in the case of GaN). Above this |ayer thickness _
cracks may occur on cooling on account of the tensile stress conponent that
then arises. For the production of light-emitting nitride sem conductor
copponents a nulti- quantumwell structure of nitride sem conductor
material is preferably deposited 25 on the second or, according to the
process procedure with a repeated Iaxqm_deposition as expl ai ned above, on
anot her further nitride sem conductor Tayer. Milti-quantumwell structures
for light-emtting nitride sem conductor conponents are known per se and do
not need to be described in nore detail here. - 15 - It has been found
that the deposition of at |east a second nasking |ayer of silicon

i medi ately before the deposition of those of the further nitride

sem conduct opytl rgyedtetiyo h 1AW thdrstttritie s6iHRBAdUIOMRYEr Ginbéabilvived bg

deposi t ed, producrﬁg ﬁ (ga{?ti cul arl % ood | ax(fr"??qal 1 tﬁ'\ in ht he r%hon of the
| ayer struct Br¥cPrattird QEEh sFige "BI%: SERECTTYIN 'R s T 6A°" 78°%"8duce an
opt oel ect r onprevieOsIP aBpdHited ralummitioptadgtairtngd edreedibleylayers oT o addedes, n t he
first and, ent. fur Wi de. sem. r..sayers that
are deposi t\é\%&[)rgﬁ‘r%ﬁ gr%tﬂ%‘dﬁt%ﬁ’-@a%%r{%ﬁ'vﬁhf&gﬁ f%%%‘g‘?‘%ﬁﬁ%’?ﬁér‘ﬁ%{o pr oduce
a p- dopeds zoiseomppsatiogidhe fiystl $cand, eoasibly tindgetai nitrideleersiepndtisiondveoll cover

layer is prefgrably fhmcéﬁnﬁéinné%%tma;feh@ Wil bineAuaREHE Wal bbebdsucbere. In
particular for the growh of thick 1ayer structures, the problemhas to be

t aken -i nto aPEYRARIEI{SIED stress occurring in the nitride senm conductor
| ayer structure will also act on the substrate and can | ead to a substrate

curvature. Slljﬁeh t@cl?n%rsgacgfutrhg %.lsm%u%cgﬂglmgf%igmﬁp%@?&leagﬂéeragéyp‘:SHrat es, such
as for exanmpl e 15 sapphire. R redact roncof this curvature includes in a
preferred empadinefto ihemsodie efseprheva adiavgtesnpsabge AdY intermedigterlaY®ful ar  a
conduct i Sial d u r 0 hj iStel tig ! LorlPERSHK in Where
DGaN den\éfe es'st%rgapyae?'eﬁﬁ%h@%%ﬁggsﬁlg‘aﬁqt Pgﬂ?§|§%ed'§y§é%ﬁduct or layer to be
deposi t ed onWhiEa casmhauply dreosams RYRDINICKPERSRS BrfSUiRPIR; Tee Y ?idBRTct or | ayer
is to be deppasi tiekmddhe saygrigrdvie at ayg téhpsrkinrssSes aifair2@ngiheermmigt ri de

i duct | .S t d i trat d_of. i sti
i tri de. i nt ePyeRTEtepdir R0 2REF 0% a1y A PR el B e Sl Teon”
substrate i sshoséetbe soted inl tbizsasd @t it énfdundhirom experpecetiat statinafraioged
Substral G, | SrRRsl o Al 12l €A (ca28Pom AL i RG8RIKEY HFRRT ind REmbfress thi ckness
bl e pl as e du

t he possi astic « rmation due to the conpressive pre-stress in the
Si- subst rat eachigh i lectineh rosdlarce lyes steetyer whish by clssyaiRgeTstes
advant ageouspgl0&Rn a1 Gt ndker8 €488, MREle is an increased tendency towards crack

formation.

If the use of aluminium-containing nitride intermediate layers is dispensed with,
20 the first nitride semiconductor layer is preferably deposited in a thickness of 1300
nm (in the case of GaN). Above this layer thickness cracks may occur on cooling

on account of the tensile stress component that then arises.

For the production of light-emitting nitride semiconductor components a multi-
quantum-well structure of nitride semiconductor material is preferably deposited

25 on the second or, according to the process procedure with a repeated layer
_ deposition as explained above, on another further nitride semiconductor layer.
Multi-quantum-well structures for light-emitting nitride semiconductor components

are known per se and do not need to be described in more detail here.



in this way

i ndependent |

of protection for the production of a layer structure of a 30nitride

m ght no | onger be planar. This additional feature of the
.present enbodi nent represents a concept of the invention that is
y worthy of protection. A process that is independently worthy

sem conduct or conponent on a silicon surface accordingly includes the - 16
- step of providing a silicon subst rate corresponding to the additional
he | ast-nentioned enbodi nent. The further steps of the process
aspect of the invention as well as the enbodi nents of the
process of the first aspect of the invention that are described here form
of this process that is 5 independently worthy of protection.
in the case of relatively highly stressed | ayer structures the
process of t hifasibBéeRand®at tht A¥s¥ition b 6ABaddhYEIHd rhddRingildyecoisigubst r at e
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To produce an optoelectronic component an n-doping is preferably incorporated
in the first and, where present, those further nitride semiconductor layers that are
deposited before the multi-quantum-well structure. In order to produce a p-doped
zone a p-doped gallium-containing nitride semiconductor cover layer is preferably

deposited on the multi-quantum-well structure.

In particular for the growth of thick layer structures, the problem has to be taken
into account that a stress occurring in the nitride semiconductor fayer structure
will also act on the substrate and can lead to a substrate curvature. Such a
curvature is also known from other heterosubstrates, such as for example
sapphire. The reduction of this curvature includes in a preferred embodiment the

step of providing a substrate, in particular a conductive silicon substrate whose

thickness is at least D, Xx, where Dgay denotes the layer thickness of the

nitride semiconductor layer to be deposited on the substrate or, if more than-one
nitride semiconductor layer is to be deposited, the sum of the layer thicknesses of
the nitride semiconductor layers to be deposited on the substrate and of the
existing nitride intermediate layer, and where x in the case when a doped silicon
substrate is used is at least 110, and in the case where an undoped substrate is
used is at least 200. With these values of the layer thickness thé possible plastic
deformation due to the compressive pre-stress in the Si substrate can in each
case be successfully prevented. This is advantageous since a crystal deformed

in this way might no longer be planar.

This additional feature of the present embodiment represents a concept of the
invention that is independently worthy of protection. A process that is
independently worthy of protection for the production of a layer structure of a

nitride semiconductor component on a silicon surface accordingly includes the

Ing to the



which relates to the production of a nitride sem conductor conponent, are
,descyi,bed hereinafter. This process includes all the steps of the process
of  the 15first aspect of the invention and thus also shares its advantages.
In a preferred enbodi nent of this process according to the second aspect of
the invention an electrically conducting contact |ayer is deposited on the
growth upper side of the |ayer struct ure produced by the process according
to the first aspect of the invention. ?Oln a first of two alternative
enbodi nents descri bed hereinafter, the contact |ayer has a higher
refractive index than the p-doped nitride sem conductor cover |ayer. The
contact |layer may in addition be netallised, just |ike the growth upper
side of the nitride sem conductor |ayer structure, if no contact |ayer is
present. |nd§tbb%f M@Vd'hb@ éllk@ﬂﬂ&udéif@tlectoﬂésﬁohﬂmgitdfhbdiﬁdnﬁ@fﬂ] fb@tm@hlﬁfttbé corrlponent
i s increase rhative anjact layer
whose refrac??‘/@em}?a%?(emé %’F’Si‘t@? II%H'&‘H sqp5° ?gjf)a W%gs%of&?é\‘%ﬁrat %Sp? |t(ftle
sem conduct othedoxeetior @syeel| ag the smbbtimedts of ¢ wocedaof the ficsdhaepect aftbe i s
pr ef erably dﬂggrﬁforwetqat' Qreadééggt%ﬂn'ﬁér% Bf' enjrgodlrgenégrs} th|s %e@s Mt IQ 1, 2, 3
; Ais a wavel nruie n em ssi on of the
mul ti - quaht uW@@ﬁ”lde@tYr‘M%rfﬂXr@ RiDlerting- Spesiiaaivin 8w "Eaﬁé qfn’?'?ﬁ"’@é’ K@Y conduct or

conponent, n&kés@éﬂ@ Ia|y§r §thﬁtdr@§‘ fh@cbtrédégs bnw.neépetnhmnmehmecﬁ preténtwavel engt h
A, and dx, Q . de mul ti-quantumwel | structure. '

of
Thi's i ncreast€ St"ﬁ%“ ?‘ibﬁﬁ?teﬁﬂé\%ﬁ%"'”qtof’ﬁéeaﬁ?tci’wat@resem conduct or cover layer in
the finished conponent is enbedded in the material with n>n(nitride). These
i ncl ude et ayg, f, i ghBEd bEbEAbAYE [UrPPYndIRaH b SiiodhMupERATRLE, N gher
refractive index sem conduct t secon e two a ter native
enbodi ment s thivknexanthacin hcayteih |b@eaersn‘ﬁhlcereqmalefor a@ﬁxiBGa, i, pdexwhdran t he
p-doped nitride sem conductor cover layer. In this enmbodinent the nitride

sem Conduct or Ci - atradeg!33 : |etarsmp7rref ":I\’Fx%b!a\é{ditgo%gpsc%&gonl ri]s %dvantageous in
5

particular in LEDs with InGaN or AlGaN layers.

Embodiments of the process according to the second aspect of the invention,
~which relates to the production of a nitride semiconductor component, are
described hereinafter. This process includes all the steps of the process of the

15 first aspect of the invention and thus also shares its advantages.

In a preferred embodiment of this process according to the second aspect of the
invention an electrically conducting contact layer is deposited on the growth
upper side of the layer structure produced by the process according to the first
aspect of the invention.

20 In a first of two alternative embodiments described hereinafter, the contact layer
has a higher refractive index than the p-doped nitride semiconductor cover layer.’
The contact layer may in addition be metallised, just like the growth upper side of
the nitride semiconductor layer structure, if no contact layer is present. In this way
the light yield of the nitride semiconductor component is increased. In this first
25  alternative embodiment with a contact layer whose refractive index is greater
than that of the p-doped nitride semiconductor cover layer, this nitride

semiconductor cover layer is preferably deposited in a thickness of



AlQVN thickness of m , where m=1, 2, 3, 4, ...; Ais a wavelength of 2
N nande2 a light emssion of the nulti-quantumwell structure in the
operation of the nitride sem conductor conponent, nnitride denotes the
refractive index of the nitride at the 15wavel ength A and dno, denotes the
t hy ckness of the nulti-quantumwell structure. This forrmula applies to the
case where the nitride sem conductor cqgver |layer is covered with a material-
of smaller refractive index, such as e g. various plastics materials, air,
etc. This is the nore usual case with standard LEDs, but not however wth
stripped LEDs. 20lIt has proved particularly advantageous to enploy a
carrier whose surface that is used for the bonding is electrically
conducting, reflecting or netallic. As is known, nost netals conbine these
properties in an fdvant ageoug manner. In this way the heat dissipation from
t he conponentn -is-mprevéd— Priferetary nt ho, ne2, &), |.i;cd sua fraedength bhe whol e
carrier is forrfetwof éo’ﬁ)@&r, &l uminium alunminiumnitride, 25silicon or

al um ni um si hqu%m%wo?ﬁh@humq{aaafmmm ﬁt‘?i@fu?@ﬁ@’?\lr&-ope'ratigﬁ of 3l iRbY

conducti ng cofipound W th, apar rom copper or alum nium_ virtually

i dentical coBFPFQIGLAos COMPIEhNEiren'S cHApPSI Ve dndsxnet BRdNIFe Rt dhfi gher Si
content has fi e ‘fhen{' GAl 20 ddbitelNtne HickRERABE RN mulhhGarRire RNt s
problens int I I%Jsta | at1 on"dnd operation of ‘the LEDs, since the stresses

t hat occug i strdchire. Thiciocreasssitionligh@pieldatitte inaridensensiegaltabt aveolaystini ppi ng of

t he conponen i, N

of .to.cracks t Vel At _IRI.&s i are

therefore fobee@?éstr?ﬁfjeco g’ﬁ@%”é' gpﬁle&car {ni tgresm\gmtgﬁ?{%ﬁ'agﬁ(e&rg 'et'}%ves, si nce
only in thisingage owtals brehigled e¢fractiver iptlergmeteselsalior exasilé bigbert refraftivexpansi on
(GaN - 5.6 ppL& &micdNdudok0 ppnKl) be controlled. The use of elastic
adhesi ves has %Il sa%l(\:/antuaaes however. A further. 10 invention independently
worthy of protection is accordingly the use of an Al/Si carrier for the
producti on ofn the ké@hti obthiettivd Alerhdtiva-ehibodimentsr thel eorstactilayendacs emalsonponent , -
as well as a light-emiting,thin filmnjtrid ) Cc nent with
an Al/Si '%ar Felfrggnvgsm%xc&nani tr?ev\?{p%%edt H%rmgoﬁ%rﬁ'g?foﬁg?ﬁpgp Q#th?%l /q gmgar rier is
accor di ng t oembedimentethe indridec brysiegndsetot hewer ilayehissprafersisy aeposgedft pci ent of
expansion 15 that is idengi cald or alnost identical to that of the nitride
sem conduct ofhickRésRIdf & - -0f~t-he —éBhpanentm =The, dj §ady dnis agesveingtl @st i c
adhesi ves may be conpl é-6ly. avod ded with an Al/Si carrier (coefficient of
~expansi on of Al .Si (30/70), .0of far exanpl .2 pp . _The. I . nductivity
of this car r?g?f%r?&l'sesﬁnaf”?esmglﬁiqlu?%Hrgfvf’&asgmﬁtggeg'ma%e %eggtlogpo ?glqgﬁ'lr'r'{rﬁlgum and is

t her ef or e nosamitdratluctancanmteento f.peadmmotasdee Riiaetiveendexivh thet itsite efthsi . The
- bonding is preferably,carried o lLow. t. Ve ey n a range
bet ween 280 gﬁ‘ée?%ﬁgbﬂ' ? nq & Hgnoq‘%s e RSS2 th 3?%'“@!“&8%%8%."5

he'efir eSent™ tine a tenpera

particul ar | yspifrertiorndila bhpiies Ve BBsOWh&BItie Sitrid8RbEmadadid@ralerst r esses
are produced during cooling after the bonding. The netal is not liquid
bel ow 280C. l&yer is cOvered with a material of smaller refracltive index, such as e.g. various

plastics materials, air, etc. This is the more usual case with standard LEDs, but

not however with stripped LEDs.

20 It has proved particularly advantageous to employ a carrier whose surface that is
used for the bonding is electrically conducting, reflecting or metallic. As is known,
most metals combine these properties in an advantageous manner. In this' way
the heat dissipation from the component is improved. Preferably the .metallic
surface or the .whole carrier is formed of copper, alumin_ium, aluminium nitride,

25  silicon or aluminium-silicon and/or aluminium-silicon-carbon.

A particularly suitable other carrier material is aluminium-silicon (Al/Si) with a high

silicon content, ideally above at least 70%, which is an electrically and thermaily



25 tenmperature of 500C is already towards the critical upper Iimt for many
,carriers on account of possibly occurring stress, though such a tenperature
may still be feasible for other carriers. At tenperatures higher than- 500C
the contact netal may al so seriously suffer, depending on the material that
i ssused. The.renoval of the substrate in the process of the second aspect

of the present 30invention is preferably carried, out by abrasion. In
addilti'on wet chemical or dry chenical-#t-ching may be enployed. - 19 - In a
further embodi nent the growth rear side exposed by renoval of the substrate
is structured so as to forman anti-reflective layer. This may be carried
out very easily for exanple by etching the N face, i.e. the nitrogen face
(000-1) of the material, with KOH (potaSsiun1hydroxide) and with a
sui t abl e process 5procedure provi des hi sui tabl e structures that are
somewhat pyr BighdafordHClen 5REPORRE R ﬁ’ﬁa(gcﬁroﬂh CQPREEr HaR!HPEYTH &Y pr ocedur e,

whi ch al so f efeRfcafcdefidichts df@Yﬁ?hEibﬁlaoﬂnﬂQ@@WG@mtdrM wiord hyhedfsi gortdrect i on, t he
substrate is not co

t h bed
process procBﬁ%Fﬁe%ggﬁﬁﬁﬁﬁée®8e&ﬁ %2?8%%% @%B@mﬁngfp¥ﬁl ?nsgﬁg{eneor of
one of its eirstatlativenars] opearatidnsoft thienlokelds, sgrtet therstiegsasi thetl ot@ir dn rthisi dual

layer thi ckngssQfion3 %%Qeewrtb tﬂ_@g 'rAtl'oﬁ%pFﬁéb A& of ﬁX%me&?ént btoldrgdkgby for mad._

is roughly structured as a transparent e process thus conprises
the fol | owi nif bedper. At the Pfesentptlm%ithépisdﬁe err%toneat%@@i%m)fmee BfAla nitride

Sfm conduct OEarﬁ@ﬁWﬂﬁBITastﬁna&we%ﬁ@é | dirfe@Nordp i &@sewap(%@ﬂltﬁ@ widelyt bayihgyer
PSR A A T SRS S O N3 T
thin siliconcbayeed. tmtusleSofrﬂla‘Sfl@EdlﬁﬂsWe5 hae disadpmtddges Howe@80Ai fdeitaron of t he
silicon | aye{nvcten |oan||[1 rgp%ngentl %ﬂh oP);S o(?ectl!)r?)(segc:cordmgly the use of an Al/Si
carrier for the production of a light-emitting thin-film nitride semiconductor
.component, as well as a light-emitting thin film nitride semiconductor component
with an Al/Si carrier as such, in which the composition of the Al/Si carrier is
according to the invention chosen'so that it has a thermal coefficient of expansion
15 that is identical or almost identical to that of the nitride semiconductor maierial of
the component. The disadvantages of elastic adhesives méy be completely
avoided with an Al/Si carrier (coefficient of expansion of AlISi(30/70) of for
example 7.5 ppmK'). The thermal conductivity of this carrier material is still half
as good as that of aluminium and is therefore more than an order -of magnitude
20  better than that of Si.

The bonding is preferably carried out at low temperatures, which lie in a range
between 280 and 500°C. At the present time a temperature of 280°C is
particularly preferred. In this way no or only slight additional stresses are
produced during cooling after the bonding. The metal is not liquid below 280°C. A
25 temperature of 500°C is already towards the critical upper limit for many carriers
on account-of possibly occurring stress, though such a temperature may stilt be
feasible for other carriers. At temperatures higher than 500°C the contact metal

may also seriously suffer, depending on the material that is used.

The removal of the substrate in the process of the second aspect of the present
30  invention is preferably carried.out by abrasion. In addition wet chemical or dry

~ chemical etching may be employed.



production of a contact structure. This process procedure has the advantage
Jdthat. it can be used for an inproved |ight decoupling. Apart fromthis the
oxi dation of the silicon substrate produces an el ongation of the fornmer
substrate and thus as a result produces a slightly 25conpressive stress of
the nitride sem conductor (for exanple GaN) layer. This is particularly
advant ageous if this GaN |ayer is subjected to a slight tensile stress. -
20 < Due to the conpressive stress a -agacki ng and bendi ng of the GaN | ayer
is thus reliably avoided. The thicker |ayer stack due to the oxidised Si
substrate still remaining, with thicknesses in the range from6 - 20 um
has in particular a higher nmechanical strength, which sinplifies the
production of the conponents. 5Enbodi ments of the nitride sem conduct or
conponent according to the invention in accordance with the third aspect of
the inventi ol arfertrssepbostiaentetngi srarterear $idoexposed PhesMed! bt r eady
foll 0\3{ dir fcgﬁbﬁtrét_émﬁdtaﬁ;rmdé ;&fﬂfnﬁ lad@fméflagtflea%@/.errwg mk{1Be RaGIEES S
according to the invention. Prefera ni.trjde.senm conduct ar .conponent
contains a c%‘ftrVF@(reaB'ﬁﬂ%%xam ert?yd‘:ém@%%%c%\nﬁﬁﬁt'& lhleéﬂ'féorgef’ acgg@éﬁuorf e that is
di f ferent frte mherigubbdéthrié®e (otasbiumhhydiexidegy end stithuet suitebleasogasewn. A
particul arly I I =11 i j L ni um or
NS L PP RAAEE oy Kl RS eE R SRR BT e

oper ati on ofshdre. nitride sem conductor conponent is inproved. Enbodinents
wi th p-doped and n-doped regions, such as are usual -in light- 15 emtting
sem conduct ot in el gct, oni c

cocgrport]ents LE[?S, Iasgr di od sg, lguF1 a]I sgr L €&
conponent s (fFRIETS QAN algraalve Riogess, BIACEAST WS nP'aY dPYd 2eMY8di ment wi t h
i n each caseinagntieh eadependentig ovtirthg tof gdreteetitin, tife Bubrdtlaer ispnaf @mmpetelgnbodi ment
contains at }eash 006 dhUddies ﬁgi 0% h8Y Blocals S 5&&9@ Htdihlf MAeranged
) . h d .
i mredi ately ag] gcgngﬁ{eo tXLilit otg;qt e %d'r?%grocmgs’télo e actordi éj
10 second aspect of the invention or of one of its'embodiments, but is thinned and
then oxidised to a residual layer thickness of 3-10 um. The silicon oxide layer that
is thereby formed is roughly structured as a transparent layer. The process thus

comprises the following steps

- production of a layer structure of a nitride semiconductor component on a

15 silicon surface;

- bonding of the layer structure to a carrier in such a way that the growth

upper side of the layer structure is facing the carrier;

- removal of the substrate down to a thin silicon layer that is-preférably 5 to
10 um thick;

20 - _oxidation of the silicon layer to form a silicon dioxide layer;
- production of a contact structure.

This process procedure has the advantage that it can be used for an improved

light decoupling. Apart from this the oxidation of the silicon substrate produces an

- elongation of the former substrate and’ thué as a result produces a slightly

25 -~ compressive stress of the nitride sémiconductor (for example GaN) layer. This is

particularly advantageous if this GaN layer is subjected to a slight tensile stress.



20 sem conductor |ayers on which the multi-quantumwell structure is
ydeposi,ted, though on the side of this further nitride sem conductor |ayer
that faces away fromthe multi-quantumwel|l structure. In this way the
| ayer quality is inproved in the region of the conponent that |ies closest
tq-the multi-quantumwel |l structure and accordingly has a great influence
on the charge carrier operating life. By 25inproving the |ayer quality a
: Ionger charge carrier operating life can be achieved, which is attributed .
to t'he suppressi on of undesi red recon®Onation at defects. An internediate
product that is fornmed in the production of the nitride sem conductor
conponent according.to the invention is a carrier wafer on which a | arge
nunber of nitride sem conductor conponents according to the invention -21
- are arranged. The carrier wafer forns an internedi ate product that is
conparable to a processed wafer in silicon techno The separation of
‘the nitride @éﬁitcgg‘ﬁdi?@tpbﬁss'(‘f%ﬁg%sr?e%frgcﬂ?gr3 é R ctfﬂrgélgag}lp?y&r 'S\Rﬁi‘%r can be
carried out hjiatipevordelflet thicker le?ertdn@:kpm@ce:smecbmuiﬁrsumﬁae stif sel f, or
can take pla f. t t (o] e The
Pet?na%rli wﬁ% trh%ﬁé%%{ ﬁ\ {hgnl’at‘lgcﬁoﬁl gp%t %aﬁ?ycup&é#{/ 1%rg

advant age of vent I's tha
carrier waf ehigherapeahanical stiengsh. m@@htswwllbﬁ)t@e@soda@t@@mimgomomemés [ nvent| on
can be carried out on |arge, cormerm ally widely used silicon wafers. After

removing the nltrldes conduct or er structure that has grown on the
1T con v SFMopHEeE Rl Megnoss sebemsitEhe SUPAGHAsIoEEodo Bk TSt or | of
correspondi niy &iczelandeh@ithh theethird (aﬂpédn@strmemmrttusn argdesdrived aetejnafterexpensi ve

product i on_of. SOMBOYRY S nIroht LhP el SRALHE! ShosaBRDSRLcpka L hei

totality may Rave T or’ex nmensi on o cmon the
carrier.  Eatéi abribe Wpcqsﬁeaﬁ?ﬂofd'ﬁgjéos@m #oadtiset diretsrabiudiie JUiEee ding to

the fourth aspgedndkedt c&rh@odem/@d?ﬁdlr%na%ﬁleqeﬁﬁfe' rhﬁgeggh%bﬁéﬂct&rl ernsofar as -
they do not follow directly fromthe Erew ously describ dymants of

t he ot her'® aspletue é’?att'ﬁé"ffefﬁf‘éﬁf’i“oﬁ"ie s Sté?t?)roéf‘@?'?rbﬂ‘ee‘ﬁ%oﬁ"ﬁﬁ‘t‘ffe PAR nitride
sem conduct ogrop/hodlmhlcbaay aunwrevaatrwrezasmala,ewrﬁb{seofwmppérealssuitmimautre in a
direction pej 9§n% t%llélwaary g d;[sgtgatl;o%%l} heat t%at is produced in the operation of the

nitride semiconductor component is improved.

Embodiments with p-doped and n-doped regions, such as are usual in light-
15 emitting semiconductor components (LEDs, laser diodes), but also in electronic
components (transistors, etc.), are provided in a preferred embodiment with in

each case an electrical contact element.

A further preferred embodiment contains at least one further masking layer of
silicon nitride arranged immediately adjacent. to that of the further nitride
20  semiconductor layers on which the multi-quantum-well structure is deposited,
‘though on the side of this further nitride semiconductor layer.that faces away
from the multi-quantum-well structure. In this way the layer quality is improved in
the region of the component that lies closest to the muilti-quantum-well structure
and accordingly has a great influence on the charge carrier operating life. By
25  improving the layer quality a longer charge carrier operating life can be achieved,

which is attributed to the suppression of undesired-recombination at defects.

An intermediate product that is formed in. the production of the nitride
semiconductor com'ponent according to the invention is a carrier wafer on which

a large number of nitride semiconductor components according to the invention



substrate surface, that corresponds to a radius of curvature of at

.mor. to 20 an infinitely large radius of curvature.
curvature are possible with the process procedures according to the

due to '"the insertion of |owtenperature strain engineering
a sufficiently high conpressive stress is generated
is conpensated as closely as possible in the

i nvention if,
i nternedi ate | ayers,
during the growth that

| east 10

Such large radii of

subsequent cooling, due to the tensilesptress that is 25then produced. -
22 - Fig. lshows an enbodi ment of a nitride sem conductor product that
ernedi ate product in the production of a nitride sem conductor

forns an int

conponent according to the invention;

Fig. 2is a diagramthat shows the

devel opnment of the radius of curvature of 5the sem conductor product of

Fig. 1 during its production,

and. al so conpared to the radius of curvature

of a nitri de asearangadddecarisr vaige torme eoimtiermediate Rrpuchiabls campardelfi ng its

K ga priceséeddivagr am ﬁlﬂ;‘a\’i‘ féghﬁd”&gydel\h@ SdyRdtbn 0c5r1‘et’het hitfgeof the
I'i ght reflected omt he gromﬂ surface of the: n|tr|de

producti on;

seni conduct orse’ﬁFBEFEH’:"EOF&G?‘Pﬂ’QG”FSt %"aﬂ@ﬁ? Sade

FOIFST YRIGT caliay® %mae Jutdye

di fference i mMeembeufectaer oOter protessed icasieopafidr M€, drmageskeoplacsabitérayer s t hat

duce t he C Ng to the prior art; Fig. 4c)is a
A ﬁn%ﬁﬁ ?évgﬁcPﬁgg 3ﬁm§é%§(%?oduced by a process 15according to
t he i nventi on;

have been pro
D C inageSOf
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The advantage of the invention in this aspect is that particularly large carrier
wafers can be used, since the process according to the invention can be carried
out on large, commercially widely used silicon wafers. After removing the nitride
semiconductor layer structure that has grown on the silicon wafer, the said
structure can be bonded to a carrier wafer of corresponding size. The invention
thus permits a particularly inexpensive production of components. The nitride
semiconductor components in their totality may have for example a lateral
dimension of at least 24 cm on the carrier.

Embodiments of the nitride semiconductor product according to the fourth aspect
of the invention are described hereinafter, insofar as they do not follow directly

from the previously described embodiments of the other aspects of the invention.

In a preferred embodiment the nitride semiconductor product has a curvature,
measurable on'the substrate in a. direction perpendicular to the rear side
substrate surface, that corresponds to a radius of curvature of at least 10 m or to
an infinitely large radius of curvature. Such large radii of curvature are possible
with the process procedures according to the invention if, due tothe insertion of
low-temperature strain engineering intermediate layers, a sufficiently high
compressive stress is generated during the growth that is compensated as
closely as possible in the subsequent cooling, due to the tensile stress that is
then produced. '

Further embodi'ments and advantages of the invention follow from the foIIowihg

description of the accompanying figures, in which:



Fig. 5a)is an in-plane transm ssion electron m croscope i mage of a GaN
.layer ,that has been produced by a process according to the prior art; Fig.
5b)is an in-plane transm ssion el ectron mcroscope i mage of a GaN | ayer

t hat has been produced by a process according to the invention; and zoFig.
6ay - 6f) show different process stages in the production of, an LED from
‘the nitride semiconductor product of Fig. 1. Fig. 1 shows in a diagrammatic
view the layer structure of a nitride %eni conductor product 100. The
nitride sem conductor product .100 fornms an intermedi ate product in the
production of a nitride sem conductor conponent, as is explained 25in nore
detail hereinbelowwith the aid of Figs. 6a) - 6f). - 23 - The
illustration in Fig. 1 is not true to scale., In particular, the exact

ratio of the er ] of IR ATs FRVARe [ i rs to one
anot her canngltga)t{)e dtesp %‘?%Qﬁgg‘%ﬁ cr‘@r%n% ﬁ_ea *‘ ﬂgﬁrégﬂﬁ@hgu‘%tgﬁ?éﬁﬁﬁ%ﬁhﬁg '
rel ati onshi ps shown anrintefreedidte grasiuetin she predialien ehlaynitside aemicondustagh st arti ng

point. In the foll owhRgokeSssEdoRIiNgB thY Ag&HiSn;Daspect s are discussed in
parall el to device aspects on account of the |lack of detail of the

illustration. The nitride sem conductor product 100 contains a |ayer
structure 10EigoRA a g¢ &idimgram that shows the development of the radius of curvature of

5 " the semiconductor product of Fig. 1 during its production, and also
' compared to the radius of curvature of a nitride semiconductor

product according to the prior art during its production;

Fig. 3 is a diagram showihg the development over time of the light reflected
from the growth surface of the nitride semiconductor product during its

10 production;

Fig. 4a) and b) are difference interference contrast microscope (DIC) images of
GaN layers that have been produced by the process according
to the prior art; '

Fig. 4c) is a DIC image of a GaN layer that has been produced by a process
15 according to the invention; '

Fig. 5a) is an in-plane transmission electron microscope image of a GaN layer

that has been produced by a process according to the prior art;

Fig. 5b) is an in-plane transmission electron microscope image of a GaN layer

that has been produced by a process according to the invention; and

20  Fig. 6a) — 6f) show different process stages in the production of. an LED from the

nitride semiconductor product of Fig. 1.

Fig. 1 shows in a diagrammatic view the layer structure of a nitride semiconductor
product 100. The nitride semiconductor producit 100 forms an intermediate
product in the production of a nitride semiconductor component, as is explained

25  in more detail hereinbelow with the aid of Figs. 6a) — 6f).



waf er 104. The enployed grow h surface of the wafer, which is perpendicul ar
.to_the plane of the paper of Fig. 1, is a (111) silicon surface. Instead of
a'silicon 10wafer there may al so be used an SO substrate or sone ot her
suitabl e substrate, preferably with a (111) silicon surface. To identify
the layers, for the sake of clarity in addition to the reference nunerals
106 to 122 letters Ato F are also shown on the left-hand side of Fig. 1
next to the individual |ayers. In thi-23connection the sanme letters
characterise layers of the 15sane type. In particular Ais a nitride

nucl eation | ayer in conbination with a buffer layer, Bis a masking |ayer,
Care nitride sem conductor |ayers, here in particular n-conducting GaN

| ayers, 20Dis a nulti-quantun}mell structure, Eis a p-doped nitride
sen1conductor cover here .in particu

| ow t enper at "r‘ee'"ﬁtfﬁt'B’? };‘A{: NG ﬂ?téwalsﬁ‘?'% 'Pé@ﬁgﬁ’”ggrl\tlh? %ggcét%@icﬁ the
layer thicknesses of the individual illustrated layers to one another cannot be

determined from the figure. The layer thickness relationships shown in the figure

thus provide only a fairly rough starting point. In the following description process

s aspects are discussed in parallel to device aspects on account of the lack of

detail of the illustration.

The nitride semiconductor product 100 co—ntains a layer structure 102 on a silicon
wafer 104. The employed growth surface of the wafer, which is perpendicular to
the plane of the paper of Fig. i_, is a (111) silicon surface. Instead of a silicon

10 wafer there may also be used an SOI substrate or some other suitable substrate,
preferably with a (111) silicon surface.

To identify the layers, for the sake of clarity in addition to the reference numerals
106 to 122 letters A to F are also shown on the left-hand side of Fig. 1 next to the
individual layers. In this connection the same letters characterise layers of the

15 same type. In particular

A s a nitride nucleation layer in combination with a buffer layer,
B is a masking layer,
C are nitride semiconductor layers, here in particular n-conducting GaN
layers,
20 D is a multi-quantum-well structure,
E is a p-doped nitride semiconductor cover layer, here in particular p-GaN,
and
F is a low-temperature AIN or AlGaN intermediate layer for the strain

engineering.
25  Further details of the layer structure and its production are described hereinafter.

Before layers are deposited the growth of the wafer 104 is passivated. This

means that it is deoxidised either by wet chemical treatment or by heating in



engi neering. 25Further details of the layer structure and its production
.are described hereinafter. - 24 - vacuo or in hydrogen at tenperatures
above 1000C, and a hydrogen-term nated surface is produced. The nucl eation
| ayer 106 has a thickness of between 10 and 50 nm A |ayer thickness of at
most . 400 nmis fornmed in the conposite, which in the present 5exanple has
a butier | ayer deposited thereon, though in the process procedure the

buf fler: | ayer is in principle optionah24An Al'N nucl eation |layer is suitable,
which is grown either at |ow tenperatures, i.e. below 1000C, for exanple at
600 - 800C, or at high tenperatures, i.e. normal growh tenperatures for -
Al N above 1000C. The optional buffer layer is 10 preferably also of AN and
is applied at high growth tenperatures. The buffer Iayer nay however al so
consi st of Al GaN. Wen using Al GaN t he nucleatlon | ayer also have a
relatively | 47¢y€ of K hyeFRoes at epe@iUrhieve d 00850 2P r@ﬁe’b g% he

nucl eati on | gyiceiid producedpedi ent to begin the addition of the alun1n|um
precursor to the reactor before the addition of the nitrogen precursor,

15in order thereby to prevent a nitriding of the substrate. A nitriding of
t he subst r at &he nucleation layer 106 has a thickness of between 10 and 50 nm. A layer

thickness of at most 400 nm is formed in the composite, which in the present
5 - example has a buffer layer deposited thereon, though in the process procedure
the buffer layer is in principle optional.

An AIN nucleation layer is suitable, which is grown either at low temperatdres, i.e.
below 1000°C, for example at 600 — 800°C, or at high temperatures, i.e. normal
growth temperatures .for AIN above 1000°C. The optional buffer layer is
10 preferably also of AIN and is applied at high growth temperatures. The buffer
layer may however also consist of AlGaN. When using AlGaN the nucleation

layer may also have a relatively large thickness, for example ca. 600 nm.

When growing the nucleation layer it is expedient to begin the addition of the
aluminium precursor to the reactor before the addition of the nitrogen precursor,
15 in order thereby to prevent a nitriding of the substrate. A nitriding of the substrate

may lead to an undesired polycrystalline growth of AIN.

A masking layer of silicon nitride is deposited on the composite consisting of the
nucleation layer and buffer layer 106. This deposition is carried out by
simultaneously introducing a silicon precursor such as for example silane or
20 disilane or an organic silicon compound, and a nitrogen precursor such as
ammonia or dimethylhydrazine. The two precursors react on the growth surface

to form silicon nitride.

The thickness of the SiN masking layer is chosen so that during the following
growth of the first nitride semiconductor layer 110, in a reflectometry
25 measurement carried out at the same time at a wavelength of 630 nm, the full
‘oscillation strength is obtained only after more than four oscillations. This
corresponds to a layer thicknesé of ca. 600 nm. In general this leads to a surface

with an only slight hole density, i.e. regions still not planarised between the



may | ead to an undesired polycrystalline growh of AIN. A masking | ayer of
Ssilicon nitride is deposited on the conposite consisting of the nucleation
| ayer and buffer |ayer 106. This deposition is carried out by

si mul t aneously introducing a silicon precursor such as for exanple silane
or: 20 disilane or an organic silicon conpound, and a nitrogen precursor
such_as ammoni a or di nnet hyl hydrazine. The two precursors react on the
growt h surface to formsilicon nitrides-The thickness of the SIN masking

| ayer is chosen so that during the following growh of the first nitride
‘sem conductor layer 110, in a reflectonetry 25 neasurenent carried out at
the sane tine at a wavel ength of 630 nm the full oscillation strength is
obtained only after nore than four oscillations. This corresponds to a
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crac orma Ite?\rs]i'le stress after cooling and thus a substantially less curved and

homogeneous destressed component structure are obtained.

The aforementioned growth conditions lead to a larger island growth, which in
15 turn improves the layer quality and also exhibits a lower tendency to crack

formation.

The layer thickness of the GaN Iayer_ 110 is between 800 and 1600 nm. An
aluminium-containing nitride semiconductor intermediate 'Iayer in the form of a
low-temperature AIN intermediate layer 112 is deposited on this for the strain
20  engineering. The low temperature AIN intermediate layer has in this case a

thickness of 8 to 15 nm.

The low temperature AIN intermediate layer increases the compressive stress
component. If this layer were omitted, a GaN layer 1300 nm thick could be grown
crack-free on account of the SiN masking layer 108, since on cooling the tensile

25  stress component would in this case cause cracks above this thickness.

The insertion of the low temperéture AIN intermediate layer 112 thus enables a
greater overall layer thickness of the GaN layer to be achieved by continued
growth of a sequence of further GaN layers and low temperature AIN



The l.ayer thickness of the GaN layer. 110 is between 800 and 1600 nm An

.al um-ni um containing nitride sem conductor internediate layer in the form
of a lowtenperature AIN internediate |ayer 112 is deposited on this for
the strain 20engi neering. The |ow tenperature AIN internediate |ayer has in
this case a thickness of 8 to 15 nm The |ow tenperature AN internediate

| ayer increases the conpressive stress conponent. If this |ayer were

om tited, a GaN | ayer 1300 nmthick cowal be grown crack-free on account of
the Si N nasking layer 108, since on cooling the tensile 25stress conponent
would in this case cause cracks above this thickness. The insertion of the
| ow tenperature AIN internmedi ate |ayer 112 thus enables a greater overal

| ayer thickness of the GaN | ayer to be achieved by continued gromh of a
sequence of further GaN |l ayers and | ow tenperature AIN - 26 - internediate
| ayers. The intaumediaiseriaxans-e TAEN lowit tanredtaee ANy drtermediaieolaxdjudi®l y fol | ows

a second- GaNch8iienty folloR9al dec6 GBRAayep 131608yaitd. o6 ke 1840 £ thisk,i n-turn
followed by a furth

further | ow tenperature AN inter jate | ayer 1 Athird
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out during the growth by adding a suitable doping substance precursor.

“The process procedure described so far thus already leads in the first GaN layer

10 110, which corresponds to the first nitride semiconductor layer of the description
given above, to a growth with comprésgé;ive stress. The reduced tensile stress that

can be achieved in this way facilitates the subsequent removal and bonding of

the wafer 104 to a carrier. The forces acting on the adhesive are less. The overall
layer structure 102 accordingly adh'eres"nibré easily to the carrier. The improved

15 crystallite structure and the reduced tensile stress already in the first GaN layer
110 moreover reduce the tendency to crack formation during and after the

stripping of the layer structure 102.

A multi-quantum-well structure is deposited on the fourth GaN layer 118. The
choice of material and exact layer structure of this multi-quantum-well structure
.20 120 are adjusted corresponding to the desired wavelength of the light emission.
The parameters to be adjusted for this purpose, such as the layer stoichiometry
and layer thickness, are known to the person skilled in the art. As is generally
known, by adding indium the band gap of a nitride semiconductor, for example
starting from pure GaN, is reduced in the direction of the band gap of indium
25  nitride. By adding aluminium the band gap is increased towards the value of AiN.
In this way a light emission can be adjusted having a desired wavelength that lies.

between the red and the ultraviolet regions of the spectrum.

An injection barrier for example 10 to 30 nm thick may optionally be provided on

~ the multi-quantum-well structure 120, though this is not illustrated in Fig. 1.



The process procedure described so far thus already leads in-the firSt GaN
Jayer, 10 110, which corresponds to the first nitride sem conductor |ayer
of the description given above, to a growmh with conpressive stress. The
reduced tensile stress that can be achieved in this way facilitates the
subsequent renoval and bonding of the wafer 104 to a carrier. The forces
acti.ng on the adhesive are |ess. The overall l|ayer structure 102
accbrdlngly adheres nore easily to th&’carrier. The inproved 15
crystallite structure and the reduced tensile stress already in the first
GaN | ayer 110 noreover reduce the tendency to crack formation during and
after the stripping of the layer structure 102. A nmulti-quantum wel |
structure is deposited on the fourth GaN | ayer 118. The choice of materi al
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y-axi s caebpr esp@rdcdroature between -0.2 and 0.2 plotted on the y-axis correspond to

curvatures with a radius of curvature between 5m and infinity.

Two different measurement curves are plotted on the diagram of Fig. 2. A

measurement curve of the curvature during the growth of the conventional nitride

semiconductor according to the prior art is shown by the dotted line. The-time
25  progression of the curvature of the nitride semiconductor product according to the |

invention is shown by the continuous line.

Four différent growth phases can be distinguished in the process procedure
according to the invention, which are separated from one another by vertical
dotted lines in Fig. 2. The time intervals thereby defined are identified by Arabic



curvatures with a radius of curvature between 5mand infinity. Two

i fferent neasurenent curves are plotted on the diagramof Fig. 2. A
measur enment curve of the curvature during the growh of the conventiona
nitride sem conductor according to the prior art is shown by the dotted
| ine. The-tinme 25progression of the curvature of the nitride sem conductor
product according to the invention is shown by the continuous |ine. Four
di f ferent grow h. phases can be dlStIﬂ%@lShed in the process procedure
accordlng to the invention, which are “Separated from one anot her by
vertical dotted lines in Fig. 2. The tinme intervals thereby defined are
identified by Arabic - 28 - nunerals 1 to 4. The growh of the AIN

nucl eation layer 106 as well as the heating up to a growth tenperature
above 1000C suitable for the depositi-on of GaN takes place in a tine

interval 1. QiR&hisNgtd uOMh@yrdwih ok dhd mauu@éuongayeurmetw well @8rthespondi ng
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this tinme i NHEIERR: whith gﬁﬁs fhgfeﬁ{er %o BEnGeLad B&E aBQ@l 4%Qn|ﬁbk@¥@¥té+rtﬁe of the
Iayer structure produced pr.ocess accordlng venthon assumes

in this stagdahi Wéﬂ'%hd@% St’ﬁﬁ‘ﬁs'f”ﬂg ey (OHpdhe 56‘?‘{“%'? PUE'@uﬁea” %hi ch is
]gr own tC)%/.Nal CHBNVEAN laga«a(lngrnomgas ald grbwutTmsstmof?h&Mmsﬁmertg tHeamaN . Tlhe
I rst ayer I n Fi afo erval 3. In
the conparis HWEhH%¥ESé%%B de%S @“ghgméﬁkoéﬁ??éﬁﬁﬂyﬂ?oéggg%ﬁ¥ghedure t he
_ 10 curvature of the layer structure produced by the process according to the
inVention assumes in this stage higher values than in the comparison structure, .

which is grown by a conventional process without using a SiN masking layer.

The first GaN layer (110 in Fig. 1) is grown in a following time interval 3. In the
comparison sample according to the conventional process procedure the

15 procedure differs here on account of the absence of intermediate layers, and the
time interval 3 lasts between 30 and slightly over 80 minutes aftér the start of the
growth. In the present case no low temperature AIN growth phase is introduced
for the production of the AIN intermediate layer 112. ' '

Both structures are cooled after completion of the layer deposition (time interval
20  4). In the comparison sample produced according to the prior art, as in the case
of the sample produced according to the invention, the cooling takes place about
90 minutes after the start of the process and leads in the comparison sample to a
relatively marked curvature of the sample of about 0.17 m”', which corresponds
to a radius of curvature of about 5.8m. In the layer structure produced according
25  to the invention the curvature after completion of the cooling process is about
0.12 m™, corresponding to a radius of curvature of about 8.3 m. This value can
be further optimised by inserting further low temperature AIN layers, as in the
layer structure of Fig. 1, so that a nitride semiconductor product with vanishingly

small curvature can be produced.



15 procedure differs here on account of the absence of internediate |ayers,
.and the tinme interval 3 lasts between 30 and slightly over 80 minutes after
the start of the growth. In the present case no |ow tenperature Al N growh
phase is introduced for the production of the AIN intermedi ate |ayer 112.
Both structures are cooled after conpletion of the layer deposition (time
interval 20 4). In the conparison sanpl e produced according to the prior
art/ as in the case of the sanple pradgced according to the invention, the
cooling takes place about 90 m nutes after the start of the process and

| eads in the conparison sanple to a relatively marked curvature of the
sanpl e of about 0.17 m'l, which corresponds to a radius of curvature of
about 5.8m In the layer structure produced according 25 to the invention
the curvature after conpletion of the cooling process is about 0'.12 ni'1,
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produced by QR}Q\Q@%@@@! AR el HOwthDardiRetBisl or art. Fig. 4c) shows a DIC
image of a GaN layer that has been produced by a process 25according to the

prior art. The scanning el ectron m croscope i mages of Figs. 4a) to 4c) show
surfaces, replggseqtad byshdwneifieamee stafaenaefcontiastousiogcqpedBifdenagesN | ayers.
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25  according to the prior art.

The scanning electron microscope images of Figs. 4a) to 4c) show surfaces,
represented on the same scale, of variously produced GaN layers. The sample
shown in Fig. 4a) was produced without a SiN masking layer and has a thickness
of about 2.5 um. It can clearly be seen that the surface has a large number of
30 cracks. The surface shown in Fig. 4b) belongs to a sample 2.4 pm thick which,

although it was produced using a SiN masking layer, did not h-dwe_ver include an



30cracks. The surface shown in Fig. 4b) belongs to a sanple 2.4 pmthick
Wwhi ch, although it was produced using a SIN masking |ayer, did not however
include an - 30 - AINinternediate layer for the strain engineering. This
| ayer shows a significantly inproved structure with only a few cracks,
conmpared to the previously discussed sanple. The surface of a sanple
illustrated in Fig. 4c), which was grown up to a thickness of 2.8 pm
aCCﬁfdlng to the invention, i.e..usin & suitable Si N masking | ayer and

I ow tenperature AN i nt er medi at € ayers exhibits on the other hand a
greatly inproved quality without any crack formation in the i maged section.
Fig. 5a) shows an in-plane transm ssion electron mcroscope i mage of a GaN
| ayer that was produced by a process according to the prior art. Fig. 5b)
shows 10 an in-plane transm ssion electron m croscope i mage of a GaN | ayer

that was pr oqkw%rmxd@tenm?eoﬁh@%m Qmmehgtmﬁ, IhW%HéWQng?ﬂﬂ&\dtl ges show
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raccordi ng tosamglel Nnvention was however adopted when grow ng the |ayer shown
in Fig. 5b). 15In order to evaluate the images the size of the crystallites
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d
occur on thewéﬂé’%'éﬁ’ﬂeré’é”‘ﬁﬁg\f intermpdiatg layerso pditits onple e Y on t he
ot her hand aimprbesdgditwithdre age bratidoriatoeditheiimggddsdeatiuh. gr owt h.  When
i sl ands adapt strongly to inperfections in crystallite structures they
al ways grow slightly tilted or twisted. At the same time the tilting at the
i nterface of Figudatshasadn intpiand trampsnissiort plectfasr migtdseepeoimagereti@ BNl ocati ons.

Twi sting | eaglget faf #8s HREMR BNa 9?00@@95‘(:@@ il t§|t9&6ﬁér%ﬁ't5 FRt sbhénhdwit er f ace of
two crystallites. These dislocations accor E r med e}aﬁ t he boundary
of two crist &NIinpiage Jaaspissipy efRHoR @'?rﬂ%col??)émg%%@ éeGﬂﬁ)dﬁ?’@Eg‘ &S occurs

W th incr eaSIpngiubaywabmcagm@@srdumbyheambamdl TheierigeoBisovi ak eoughiyce

i ndependent |y of thes ef fec@ i tancg ec th rface with

t he substr at Z‘he §iee ls‘é Yols afictt I%O%Ié}e '\Q%ﬁ%ca& o'(I gs‘%gg‘%’( lag; & n%gcatl ons

accordi ngly wheBJfrewing the layer shown in Fig. 5a). The process sequence accordlng to :
the invention was however adopted when growing the layer shown in Fig. 5b).

15 In order to evaluate the images the size of the crystallites visible in the illustrated
layer plane was estimated, and for this purpose circular or elliptical rings that
roughly follow the recognisable contours of the coalesced crystallites were

superimposed on the image.

By way of explanation it should be added that dislocations in the heteroepitaxy

20 occur on the one hand as misfit dislocations at the interface and on the other
hand are formed by the generally occurring island growth. When islands adapt
strongly to imperfections in crystallite structures they always grow slightly tilted or
twisted. At the same time the tilting at the interface of two crystallites leads to the
formation of screw dislocations. Twisting leads to the formation of edge

25 dislocations at the iﬁtedace of two crystallites. These dislocations accordingly are
formed at the boundary of two crystallites precisely due to the coalescence
process that occurs with increasing layer thickness. Only a few dislocations take

place mdependently of these effects, for instance dlrectly at the interface with the

substrate. The recognisable edge dislocations and screw dislocations accordingly



i ndi cate approxi mately the boundary of .the coal escing crystallites since,
.provi.ded that the adjacent crystallite is only slightly inperfectly
oriented, these dislocations "decorate" the coal escing crystallites. In
order to check the average surface area of the crystallites, a |ayer plane
‘ats a distance of 700 50 nmfromthe masking Sl ayer should be used. An
aver;age surface area occupied by the ¢ ystallltes inthe illustrated pl ane
of intersection was cal cul ated fron1fﬁ£ Tatio of the illustrated surface
area and the nunber of the thus identified crystallites. In both

i nvestigated sanples this plane of intersection |ies above the coal escence
| ayer thickness. In the sanple 10 illustrated in Fig. 5a) 38 crystallites
were counted on an area of 894 nmx 1195 nm = 1.0681 pnR. This gives an

aver age surfﬁceeaera%r&fméie@mo@ﬁ@arper the Iy aib&didd dréstalktBs SiRes, provRle of a
nitride sem conduct or r%rou i on || ustrated in

or I nve
Fig. 5b) on fRbiNGradEce Mtalﬁ%'scﬂ”i)’sg ﬁhtﬁl"ﬂ"gg}‘%&g}‘(@”%‘?ﬁwfr@ée ﬁoﬁa%‘{ﬂsf ace 15
area of 2982 "duabrate? 2ARBcoamssing chygtafited. InTdider tglclde}:k tenaavagexgefaseiafeace area of
0.19 pnR per | th tigated
sanpl e of Fi Hh%b%ﬂ}a"hés, alg&er E%' ‘P' bcﬁstg%ua |ty, 0% F"F%n] o&enlr’%\m‘%t of the
val ues t hat haaﬁr %@chblﬁlueeed Wi t h the process accordl ng to the invention.
Preferably the process procedure is carried out so that 20 the average
surface area s at |east [ essi e stress in
the GAN | ayef"@YRag8 Sé’ffa‘?ﬁ ?reEé’ﬁ?LI'FSPq %F‘&ages\é\qy%frbwe "@Hgtefj Wt er results
for the radi Uﬁer@éctlcmW\aatculbela@ﬂdrohemsnht&) sftthe disistrated bafdce rirshadd thenponent .
Figs. 6a) - dffeet RrQ t f an LED
fromthe nitfi %i%er % cg(})]n?iuc n'ed %‘ﬁ?es T g‘%ﬁ%\)egtoqg%?ss%n%gegghls?ﬂan escri bed
here foll ows OQ%értseQ’ﬂon hI@Spalmjf@ctheonoadﬂscem teyer ittiekneesn wothbusampleconponent

of Fig Lo musfated H%&'é’é@ 3¥3Q:r>%ta‘ﬁﬁésr WL cbdfted BRhinClled Bet AR Naad to

improve the light decoupling fromthe conponent that is forned. The carrier
126 is fabri Bﬁlt ad'- 9‘?68m‘16‘0p1r3 P dhres ARSaveiAEe (SRR 4r9ai Sel-0280 H9h Bfle
crystallite.

In the sample of a nitride semiconductor product according to the invention
illustrated in Fig. 5b) on the other hand, 35 crystallites were counted on a surface
15 area of 2982 nm x 2238 nm = 6.67 um?. This gives an average surface area of

0.19 um? per crystallite.

It should be pointed out that the investigated sample of Fig. 5b) lies, as regards
its quality, at the lower limit of the values that can be achieved with the process
according to the invention. Preferably the process procedure is carried out so that
20 the average surface area is at least 0.36 um”®. In this way the compressive stress
in the GaN layer can be significantly increased, which leads to better results for

the radius of curvature and tensile stress in the finished component.

Figs. 6a) — 6f) show different process stages in the production of an LED from the
nitride semiconductor of Fig. 1. The process procedure described here follows

25 after the production of the nitride semiconductor component of Fig. 1.

In this connection an upper side metallisation is first of all provided on the nitride

semiconductor product 100. This serves on the one hand for the subsequent



side 128 that is used for the bonding. Fig. 6b) shows a process stage after
.the 5,bonding. The bonding is carried out at a tenperature of 280C. The use
of such a |l ow tenperature has the advantage that no additional stresses are
produced by the thermal cycle during the bonding. The Si wafer 104 is
reevoved in a followng step. This is illustrated diagrammatically in Fig.
6¢c). The Si wafer 104 is renoved by neans of grinding 10 and etching. The
et chi-ng may be wet-chem cal or dry-chenical etching. The structure
illustrated in Fig. 6d) is thereby prodfited, in which the nucleation |ayer
106 fornerly bonded to the Si wafer now fornms the upper side and the
p-cover layer 122 isin direct contact wwth the rnetallisation 124/130. In
a followng step the upper side is structured by etching. Pyram dal
structures that inprove the 15 |ight decoupling fromthe conponent are

formed by th ching, I ' - . Fi ~ont act
Structures. ans arg il dcahil E AR it b il il nd hPbdeupil 2%t i ve
polarity is digplthegomponanethplb &r@pdt cont act 136 on the surface and a

positive polarity is applied to the pol e-end contact on the carrier:
20According to the. i ntion layer growh is.possible on large substrates
and t hus enaﬁlﬁgscaérfe{ﬁég 3 t?g”iﬁl%d\c/iﬁ%'{‘i%8ﬂp%f°rlﬁ§'gaé1dc'8ﬁ%eceg?'llésﬁfjsﬁgr NRone

cost - ef fi ci ersideptasdtbet is amedfor shd borgiengn Eigh €b) shfows reaprioesssctageoafentis  The _
descri bed prqeass .Wh%%?ﬂb‘iﬁ& islAkRg obl ?\Caete)‘?%hﬂﬁh’é of 3L AGRIusSIf 5RRAINY that is
conventional l'y en%loye In"the use of sapphire substrates, and is therefore
si npl er and doweigreneratpiediagithe AdvntReR hatswerasielisigng! siesges ase RidycadeYessary for

the producti qre @krhdIRydi€alrng it dHRAMGact and for a structuring before the
separation of the conmponents. The precedi ng description shows that, based

on the growth process according to the invention for an unstressed nitride
sem conduct orThea\Ber wafer utidurie, remopadt tincal &illbyingi siebe Prisodes#lustgateds possi bl e

ih.n the furt h%ﬁaq‘?&rﬂﬂ%&ahfﬂ ﬁé?%gsrh%f iWifer 70438 rém%@mgmtns o@éﬁrl.ciiriifat ively
i gh-grade bu nexpensi ve tonponents can be produced in thi S way.
10 and etching. The etching may be wet-chemical or dry-chemical etching. The
structure illustrated in Fig. 6d) is thereby produced, in which the nucleation layer
106 formerly bonded to the Si wafer now forms the upper side and the p-cover
layer 122 is in direct contact with the métallisation 124/130. In a following step
the upper side is structured by etching. Pyramidal structures that improve the
15 light decoupling from the component are formed by the etching, for example with
KOH or H;PO,. Finally, contact structures are produced. To define the flow
polarity of the LED a negative polarity is applied to the pole-end contact 136 on
the surface and a positive polarity is applied to the pole-end contact on the
carrier.

20 According to the invention layer growth is possible on large substrates and thus
enables either the production of large components or a cost-efficient production
of a large number of smaller components. The described process procedure
takes place without the laser stripping that is conventionally employed in the use
of sapphire substrates, and is therefore simpler and cheaper. Photolithography

25  procedures are simply necessary for the production of the rear side contact and

for a structuring before the separation of the components.

The preceding description shows that, based on the growth process.according to
the invention for an unstressed nitride semiconductor layer structure, a

- particularly simple processing is possible in the further production stages of the



D fferent variants are possible in the process procedure. For exanple, the
Jp-conducting cover |ayer 122 can, after at |east 20 nmgrowh of p-GN, be
5 provided with a Si N mask. The subsequent further growth of p-GN takes
pl ace in an insular manner and does not |ead to conplete coal escence. This
produces a rough surface and |eads in the finished sem conductor conponent
of FiLg. 6f) to a nore honogeneous |ight em ssion upwardly. The light is
deco/up‘l ed nore effectively, even if a-3%ss efficient anti-reflection Iayer
is applied to the upper side. 10 - 34 - Clainms 1.Process for the
production of a layer structure of a nitride sem conductor conponent on a
silicon surface, including the steps: provision of a substrate that has a
silicon surface; 5deposition of an alum niumcontaining nitride nucleation
| ayer on the silicon surface of the substrate; optional: deposition of an
al umi ni um coRPEPPIRY RUeiatyelYphioharadeaypst iBFPeREVH MPEReHRI cFaEat®on | ayer ;
deposi tion ofpr@uaaﬁhitmgwquyer on the nitride nucleation |ayer or, where -
10present, on the first nitride buffer |ayer; deposition of a o
galliumcontaining first nitride sem conductor |ayer on the masking |ayer,
wherei n t he fRiftskémgvariagterarg spageiplesint the precessc Rrogediy. Faaexamplet ke

p-conducting cover layer 122 can, after at least 20 nm growth of p-GaN, be

5  provided with a SiIN mask. The subsequent further growth of p-GaN takes place

in an insular manner and does not lead to complete coalescence. This produces

a rough surface and leads in the finished semiconductor component of Fig. 6f) to

a more homogeneous light emission upwardly. The light is decoupled more

effectively, even if a less efficient anti-reflection layer is applied to the upper side.

10



deposition step of the first nitride sem conductor layer, initially
e«separate 15 crystallites grow that coal esce above a coal escence | ayer

t hi ckness and occupy an average surface area of at least 0.16 iinR in a

| ayer plane of the coal esced nitride sem conductor -layer that is

per pendi cul ar to the growth direction. 202.Process according to claim1l, in
-which the masking layer is deposited in a layer thickness-that in the first
nitride sem Conductor |ayer, which inigdally grows in the formof growth
irslands, leads to a layer area that is at |east 80%cl osed froma di stance
of, on average, at |least 600 nmfromthe masking |ayer. 25 3. Process
according to claiml1 or 2, in which the masking layer is deposited with a
coverage of the underlying nitride nucleation |ayer or, if present, of the
first nitride buffer layer, of at least 95% - 35 - 5.Process according to
one of the preceding clains, in whicklame duration of the deposition of the
maski ng | ayer is chosen so that in the deposition step.of the first nitride
sem conductor | ayer a conconitant neasurenent of e reflection intensity

of the growt A sur PREESSIP" ReRreiectioiad/a Bkytsy “8‘F’ec%f?ah@'” 8BNS an
oscillating intensorhiponbefuavd silivonsutfdte] includiag thegstepsci | | ation anpli tude,
e ohanst oucar BBl AvbiRsrEbesugagienay o rum val be L1t
claims, i'Am which thedepopitizn of nalghiniurecentaining @itidechusigation layeryer theakes pl ace
on a (111) silicon syfbAGErace of the substrate;
' - optional: deposition of an aIuminium-c-ontaining nitride buffer layer on
the nitride nucleation layer;
- deposition of a masking layer on the nitride nucleation layer or, where
10 present, on the first nitride buffer layer;
- deposition of a gallium-containing first nitride semiconductor layer _on‘
the masking layer, .
wherein the masking layer is deposited in such a way that, in the
- deposition step of the first nitride semiconductor layer, initially separate
15 crystallites grow that coalesce above a coalescence Iayer_'thickness and
occupy an average surface area of at least 0.16 ym? in a layer plane of
the coalesced nitride semiconductor -’Iayer that is perbendicular to the

-growth direction.

20 2. Process according to claim 1, in which the masking layer is deposited in a
' layer thickness that in the .first nitride semicdonductor layer, which initially
grows in the form of growth islands, leads to a layer areé that is at least

80% closed from a distance of, on average, at least 600 nm from the

masking layer. '

25

3. Process according to claim 1 or 2, in which the masking layer is deposited
with a coverage of the underlying nitride nucleation layer or, if present, of

the first nitride buffer layer, of at least 95%.

30 4. Process according to one of claims 1 to 3, in which the masking layer is

deposited from silicon nitride.



~Process according to one of the preceding clainms, in which the first

ini tride sem conductor layer is deposited in a layer thickness of between
800 nm and 1600 nm Process according to claim7, in which an

alum niumcontaining nitride internediate | ayer is deposited on the first
nitride sem conductor |ayer and in which a galliumcontaining, further,
second nitride sem conductor |ayer is deposited on the |ast |ayer. Process
according to claim8, in which the se@sence of steps of the deposition of
an al um niumcontaining nitride internediate |ayer and a gallium containing
further nitride sem conductor |ayer are carried out repeatedly. Process
according to claim8 or 9, in which a nulti-quantumwel|l structure of
nitride sem conductor material is deposited on the further nitride

sem conductor |ayer. Process according to claim 10, characterjsed by the
deposi tion of at Fresess aseriding i anerot theswpeRsing-AaIms.dp WaIRh thedir#iiop el de

i mredi at el y bef orfe tdapoditRiposti thé msmﬁg 1dyes & efostmeo fitwttimetie aédositioe
sem conduct or | ay structure |n§

deposited. - eﬂﬁpthﬁ\?@%é‘ﬂgé ?;%’?)'P%ﬂdﬁﬁt%f %‘ygn%cg?co{wgm FeCeding claims, in
whi ch an n- dop| ngoflttse iefiestiod interdity ofttbe greevtt sw@ceandllghtwamlm*mpf ca hose

~ further njtride Sﬁ@sﬁ%%rosgﬂé@b%g&% b@ﬁ:ﬁnc@??@ﬁ\nth'e‘i!lsmgfo%l?anBrhe

mul ti -quant um wel ucture ss according to one of
precedi ng cl ai s, aredityste; ¥high aftheal GRStosRIadipR S¥clesHregaire: # HMHXEHUM p- doped,

gal I i um cont ai ni r\gmythgtltﬁi@] RRAING LGHELRhstamver | ayer on the
mul ti-quantumwel | structure. 1014.Process according to one of the

preceding clainms, in which the step of providing a substrate includes the
‘provi sion ofea Sikrocan aaudding & ee dfltes pletadkmpedaimef inwihiobhthe demisitbeast DGaNx

X, wher e' n DGaN cquolli fide plgeét%ﬁ?a{y&{Ak&ﬁgées?noénggl?)e?n oErshgfcesem conduct or

| ayer to he dep05|ted on one nitride
sem conductor |l ayer is to be 15 deposited, denotes the sun1of the | ayer

thi cknesses of ths Bidricsangm GRS afecéowgeaém%qn%c@lqp@ﬁasmﬁ.d@n the

substrate and of the existing nitride iInternedia | ayer, and wherein x in

“the case where a FIPeNILstP lRGH '%ﬁﬁ%’ﬂt%ﬁ '83'§V‘H§%'Bk']e§3 ?fl tween 390 e case
where an undoped gidbssiooate is used is 200.

15
8. Process according to claim 7, in which an aluminium-containing nitride
intermediate layer is deposited on the first nitride semiconductor layer and
in which a gallium-containing, further, second nitride semiconductor layer
is deposited on the last layer.
20
9. Process according to claim 8, in which the sequence of steps of the
deposition of an aluminium-containing nitride intermediate layer and a
gallium-containing further nitride semiconductor layer are carried out
repeatedly. '
25 '
10. Process according to claim 8 or 9, in which a multi-quantum-well structure
of nitride semiconductor material is deposited on the further nitride

semiconductor layer.

30 11 Process according to claim 10, characterised by the depositioh of at least
one further masking layer of silicon nitride immediately before the
deposition of those of the further nitride semiconductor layers on which

the multi-qua'ntum-well structure is deposited.



20 15. Process according to claim14, in which the step of providing a
«supstrate includes the provision of a silicon substrate, the thickness of
which is additionally greater than or equal to 10047, x y , where Substrate
dianeter in cmY= 3.5 25 16. Process for the production of a nitride
sedm conduot or conponent, conprising the steps: production of a |ayer
structure of a nitride sem conductor conmponent on a silicon surface
according to one of the preceding cl aj4g; 30bonding of the |ayer structure
-to a carrier in such a way that the grow h upper side of the |ayer
structure is facing the carrier; - 37 - either conplete or partial renoval
of the substrate; production of a contact structure. 17. Process according
to claim16, with a step involving the deposition of an electrically
conducting contact |layer on the growh upper side of the |ayer structure.
18. Process according to claim17, in which for the contact |ayer a
material is 12. Process according to one of the preceding claims, in which an n-doping is
introduced into the first and, if present, those further nitride semiconductor

layers that are deposited before the multi-quantum-well structure.

13.  Process according to one of the preceding claims, comprising the
following steps: production of a p-doped, gallium-containing nitride

semiconductor cover layer on the multi-quantum-well structure.

10 14, Process according to one of the preceding claims, in which the step of
providing a substrate includes the provision of a silicon substrate, the

thickness of which is at least D.,xx, wherein Dg,n denotes the layer

thickness of the nitride semiconductor layef- to be deposited on the
substrate or, if more than one nitride semiconductor layer is to be
15 deposited, denotes the sum of the layer thicknesses of the nitride
semiconductor layers to be deposited on the substrate and of the existing
nitride intermediate. Iayef, and wherein x in the case where a doped
silicon substrate is used is 110 and in the case where an undoped
substrate is used is 200.
20 _ o
15, . Procéss according to claim 14, in which the step of .p'roviding a substrate

includes the provision of a silicon substrate, the thickness of which is

additionally greater than or equal to 100Xy/Dgy Xy, Wwhere

_ Substrate diameter in cm

35
25
16. Process for the production of a nitride semiconductor component,
comprising the steps:
- production of a layer structure of a nitride semiconductor component
on a silicon surface according to one of the preced@hg claims;
30 - 'bonding -of the layer structure to a carrier in such a way that the

growth upper side of the layer structure is facing the carrier;



used that has a higher refractive index than the p-doped nitride
10sem conductor cover layer. 19. Process according to one of clainms 16 to
18, with a step, carried out before the bonding, involving netallisation of
-the growt h upper side of the layer structure or, if present, of the contact
| ayer. 15 20. Process according to one of clains 16 to 19, in which a
carrier is used whose surface that is enployed for the bonding is
electrically conducting or reflectingar netallic. 2021. Process according
to one of clains 18 to 20, in which the nitride sen conductor cover |ayer
of the layer structure is deposited in a d thickness of , where m= 0, 1,
2, 3, ...; 2ni:rided4 ' nnitride2 Ais a wavelength of a |ight em ssion
of the multi-quantumwell structure during operation of the nitride
sem conductor conponent, nrutride i s the 25refractive index of the nitride
_at the wavel engt b 2, SHATTRRIP Qeprsiad sepgral Qe RIPEEeof t he -
mul ti-quantum well sgrodietion 6f.a cbatddt stagtse.according to claim 17, in which a

material is used for the contact . layer that has a snaller
refractive index than the p-doped nitride 30sem conductor cover | ayer.
17. Process according to claim 16, with a step involving the deposition of an :
5 electrically conducting contact layer on the growth upper side of the layer
structure. ' '

18. Process according to claim 17, in which for the contact layer a material is
used that has a higher refractive index than the p-doped nitride

10 semiconductor cover layer.

19. Process according to one of claims 16 to 18, with a stép, carried out
before the bonding, involving metallisation of the growth upper side of the
layer structure or, if present, bf the contact layer.

15

20. Process according to one of claims 16 to 19, in which a carrier is used

whose surface that is employed for the bonding is electrically conducting

or reflecting or metallic.

20 21. Process according to one of claims 18 to 20, in'which the nitride

semiconductor cover layer of the layer structure is deposited in a

. d o
thickness of m- 4 + A — MW wherem=0, 1, 2, 3, ...
2-n 4-n

nitride nitride

A is a wavelength of a light emission of the multi-quantum-well structure
during operation of the nitride semiconductor component, Naiige IS the

25 refractive index of the nitride at the wavelength 4, and d,,,, denotes the

thickness of the multi-quantum-well structure.

22. Process according to claim 17, in which a material is used for the contact
' layer that has a smaller refractive index than the p-doped nitride

30 semiconductor cover layer.



- 38 - 23. Process according to claim22, in which the nitride
.sem.conductor cover |ayer of the layer structure is deposited in a

t hickness of A.d MQN where m=1, 2, 3, 4, ...; Ais a Wavelength of a

| rght 2 nntinde2 em ssion of the multi-quantumwell structure in the
operation of the nitride 5sem conductor conponent, n nitride denotes the
refractive index of the nitride at the wavelength 2, and dnQ denotes the
t hi ckness of the multi- quantumwel| ssgucture. 24. Process according to
one of clains 16 to 23, in which the bonding is carried out at a
tenperature in the range between 280 and 500C. 10 25. Process according to
one of clains 16 to 24, in which the step of renoving the substrate is
carried out by grinding or by conbined grinding and etching. 1526. Process
according'to one of clains 16 to 24, in which the step of renoving the
 substrate is23arr PEFesrpccorling ip qﬁ}meq%m ngph the nitride 'semiconductor cover

layer of. the layer structure is deposited in a thickness of
- A _dMQW_
2:n

,wherem=1,2,3,4,..; A isawavelength of a Iighi

nitride
emission of the multi-quantum-well structure in the operation of the nitride
5 semiconductor component, Nnrice denotes the refractive index of the

nitride at the wavelength 4, and d,,,, denotes the thickness of the multi-

quantum-well structure.

24. Process according to one of claims 16 to 23, in which the bonding is
carried out at a temperature in the range between 280 and 500°C.
10 _
25. Process according to one _of claims 16 to 24, in which the step of
removing the substrate is carried out by grinding or by combined grinding

and etching.

15  26. Process according to one of claims 16 to 24, in which the step of
removing the substrate is carried out solely by etching.

- 27. Process according to one of claims 16 to 25, in which the growth rear side -
exposed by the removal of the substrate is structured for the formation of

20 an anti-reflection-acting layer.

28. © Nitride semiconductor component with
" -a gallium-containing first nitride semiconductor layer that has a structure
_ of coalesced crystallites that occupy an average surface area of at least
25 0.16 um? in a layer plane perpendicular to the growth direction,
- an aluminium-containing nitride intermediate layer that adjoins the first
nitride semiconductor layer, and
-a gallium-containing further, second nitride semiconductor layer
adjoining the last layer. |

30



27. Process according to one of clains 16 to 25, in which the growth rear
.si de exposed by the renoval of the substrate is structured for the
formati on of 20an anti-reflection-acting |ayer. 28. Nitride sem conductor
conponent with - a galliumcontaining first nitride sem conductor |ayer
that has a structure of ‘coal esced crystallites that occupy an.
average surface area of at |east 250.16 [.1n2 in a | ayer plane
perpendi cul ar to the growth direction;3%-an al um niumcontaining nitride
internediate | ayer that adjoins the first nitride sem conductor |ayer, and
.- agalliumcontaining further, second nitride sem conductor |ayer
adjoining the last layer. - 39 - N tride sem conductor conponent according
to claim28, in which the crystallites in a |ayer plane perpendicul ar to
the gromh direction have an average size of at .| e:flst 400 x 4%0 nne.
Nitride sem c8ndubtiie SHREAMALT SLEBPRANH GCEYYRP 4P a8, 25 AN W EhtEhe
crystallites in aclystafitesirh angepplape petipendicnartto tHehgrogthaiMebtiathi iawetanon occupy
an aver age surfacevé;;}r ea iof a Ielaet%{) x0. ge;mmz Nitride sem conductor
conponent -accor di ﬁg T Bfe” St e ai e 10 30, in which the first nitride
sem conductor |ayer has a |layer thickness of between 800 nm and 1600 nm
Nitride sem agndufjifde SefRonsRior R6HBEAHR Kt QiR o Aaih! £, N8 wifort he31, that
repeatedly contains the | ayer sequence of al uniniumcontaining nitride
i nt er medi at e | ayefvaiatitegdn i 'axer CbAE Fermengicelar ioHBe Irmvth idHectioB Aee M duct or

|l ayer. -Nitride segheaeagsénface ampNeNEasto@eei?ng to one of clains 31 or 32,
in which a nmulti-quantumwell structure of nitride sem conductor .materi al
is deposited on the further nitride sem conductor layer. Nitride

sem conduct 0131 conpiridnsendcaauctbneprimnehtzceo@Bg te loae attlamsa8dolp, in

10 which the first nitride semiconductor layer has a layer thickness of
between 800 nm and 1600 nm.

32. Nitride semiconductor component according to one of claims 28 to 31,
that repeatédly contains the layer sequence of aluminium-containing
15 nitride intermediate layer and gallium-containing further nitride

semiconductor layer.

33. Nitride semiconductor component according to one of claims 31 or 32, in
which a multi-quantum-well structure of nitride semiconductor material is

20 deposited on the further nitride semiconductor layer.

34.  Nitride semiconductor component according to claim 33, characterised by
at least one further masking layer of silicon nitride immediately adjoining
that layer of the further nitride semiconductor layers on which the multi-

25 quantum-well structure is deposited, but on the side of this further nitride .

semiconductor layer facing away from the multi-quantum-well structure.

35. Nitride semiconductor component according to one of claims 28 to 34, in
Which the first and, where preseht, those further nitride semiconductor
30 layers that are arrahged on the side of the multi-quantum-well structure

- that faces towards the first nitride semiconductor layer, are n-doped.



at |l east one further masking layer of silicon nitride imredi ately adjoi ning
.that. layer of the further nitride seniconductor layers on which the nmulti-
25duantun}mell structure is deposited, but on the side of this further
nrtride sem conductor |ayer facing away fromthe multi-quantum wel |
st'ructure 35.Nitride sem conductor conponent according to one of clains 28
to 34, which the first and, whgfe present, those further nitride
sem conductor 30l ayers that are arranged on the side of the

mul ti-quantumwell structure that faces towards the first nitride :
sem conductor |ayer, are n-doped. - 40 - Nitride sem conductor conponent
according to one of clains 33 to 35, with a p-doped, galliumcontaining
nitride sem conductor cover layer that is arranged on the side of the

mul ti - quant ursewel INitBde sethidsreluttac corgp@away aédoading fveordd pistlaimst 33 te35,

P NG e O 62 fitp g bAoA FARANES Rl LOIRAARRLaBLGREaDE: ha one Of

clains 28 to 36, w e first |tr
sem conduct or | ayés arraviged pdéhfse'ﬁh’a@bﬁmkaﬂﬂué@tﬁmdﬁé'rﬁtfué%%f%ﬂ”ﬁgavfad one of

clainms 28 to 37, iBnWi ft difiGe SHhEbRILCRPRyshe first nitride sem conductor
| ayer are bonded to one another via a metal | ayer. Nitride sem conduct or

conponent Saccording to claim37 or 38, in which the carrier consists
primarily of 370pp@itri@d sérhiosRdutidMcempéridnt amrmmg & ofe bi e 28 kades,or  of

AI /'S : Ntride sem E%:‘ég&g% H g{)wpé%debgheahrs nlt c!jen&n% é)on(an&oﬂg Cfl ains 28 to 39,
u C

in which an el ect ™ I'ng cont act T arranged between the
carrier and the first nitride sem conductor | ayer "N tride sem conduct or

conponent accg di rﬂ@( st d\r&gtgr MhpbAl J@géfgm Qongvef GainisNss Bopt et | ayer
has a hi gher Tef racrive index {he nitride sem conduct or cover
| ayer. 10 which the carrier and the first nltnde semlconductor layer are bonded t

one another via a metal layer.

39. Nitride semiconductor component according to claim 37 or 38, in which
the carrier consists primarily of copper or aluminium or silicon or

15 aluminium nitride or of Al/Si.

40. Nitride semiconductor component according to one of claims 28 to 39, in
which an electrically conducting contact layer is arranged between the
carrier and the first nitride semiconductor Iayér.

20 _
41, Nitride semiconductor component according to claim 36 and claim 40, in
. which the contact layer has a higher refractive index than the p-doped

nitride semiconductor cover layer.

25 42, Nitride semiconductor component according to claim 36, in which the
nitride semiconductor cover layer of the layer structure is deposited in a

A + A _ d MOW

,wherem=0,1,2,3,...; A is
4-n

thickness of m -

2 ' nni!ride nitride
a wavelength of a light emission of the multi-quantum-well structure
during operation of the nitride semiconductor component, Nuice iS the

30 refractive index of the nitride at the wavelength 4, and d,,,, denotes the

thickness of the multi-quantum-well structure.



Nitride sem conductor conponent according to claim 36,

.sem.conduct or

cover

in which the nitr
| | ayer of the layer structure is deposited in a d il

- 41 - 43. Nitride sem conductor conponent according to claim36 and claim

40, in which the contact |ayer has a |lower refractive index than the

i de

p-doped nitride sem conductor cover layer. 5 44. Nitride sem conductor

conponent according to claim43,

in which the nitride sem conduct or

cover

Iayef/&'of the |l ayer structure is deposi4ted in a MW thickness of m , where
. Ais a2 nnitride2 wavel ength of a |ight

m=1, 2, 3, 4,
em ssion of the nulti-quantum well

structure during 10operation of the

nitride sem conductor conponent, nnande is the refractive index of the

nitride at the wavel ength 2,

and d,,,, Qv denotes the thickness of the

mul ti-quantumwel | structure. 45. Nitride sem conductor conponent according
to one of clains 28 to 44, :

10

15’

20

25

30

43.

44,

45.

46.

47.

48.

Nitride semiconductor component according to claim 36 and claim 40, in
which the contact layer has a lower refractive index than the p-doped

nitride semiconductor cover layer.

Nitride semiconductor component according to claim 43, in which the
nitride semiconductor cover layer of the layer structure is deposited in a

d
thickness of m- _ _MO¥

, where m =1, 2, 3, 4, ... A is a
2'n '

nitride
wavelength of a light emission of the multi-quantum-well structure during
operation of the nitride semiconductor component, Myirige is the refractive

index of the nitride at the wavelength 4, and d,,,, denotes the thickness

of the multi-quantum-well structure.

Nitride semiconductor component according to one of claims 28 to 44,

with an n-side and a p-side electrical contact element.

Carrier wafer with a plurality of nitride semiconductor components

according to one of claims 28 to 45.

Carrier wafer according to claim 46, in which the plurality of nitride
semiconductor components on the carrier have in totality a lateral

dimension of at least 24 cm.

Nitride semiconductor product with

- a substrate that has a silicon surface,

- an aluminium-containing nitride nucleation layer adjoining the silicon
surface,

- optional: an aluminium-containing nitride buffer layer adjoining the
nitride nucleation Iéyer,

- a masking layer on the nitride nucleation layer or, if présent, on the

nitride buffer layer, and with



15with an n-side and a p-side electrical contact element. 46. Carrier wafer
W th a plurality of nitride sem conductor conponents according to one of
cl/aims 28 to 45. 2047.Carrier wafer according to claim46, in which the
prurality of nitride sem conductor conmponents on the carrier have in
totality a lateral dinension of at least 24 cm 48.Ntride sem conduct or
product with 25a substrate that has a silicon surface, an

al uni ni um containing nitride nucl eatioff1ayer adjoining the silicon
surface, optional: an alum niumcontaining nitride buffer |ayer adjoining
the nitride nucleation |ayer, 30a masking |layer on the nitride nucleation
layer or, if present, on the nitride buffer layer, and with - 42 - a
galliumcontaining first nitride sem conductor |ayer arranged adjoining the

masking | ayer and. hayl Dl BoAMRhYT frsP 608, SSREAEEP! Bldr LRfngdd) Wh) Ch
the crystallites above”a coalescence |ayer thickness and in a Igayer pl ane
per pendi cul ar to theadjpiing Hhelimasking daysscangphaving avelrustise Sfrocaleecesy ea of at

least 0.16 pnR2. Nitrida,mesl (ORAKAt Ak BRodNEs asser di didsBertbaiaged8, in
which the grow h islands have coal esced in an anpunt of at |east 80% at a

di stance of at | eastMisteesiANAIRM lBYRE ARNEKRSHRFNAIR/EF 1 e Pl LEM ¥onduct or
product aecordi ng tocodogy &f avdrajesmirid& aed ol leasnoviBipatl. t he nitride

nucl eation layer is an alumniumnitride |layer or an alum niunfgallium
nitride layer with an alum nium proportion of at least 10% N tride

seni conduct or9pr olidte seci@ndiictgr produst atcordiog to elaimd&s in whieh tietgrpid

nucl eation layer Rasianh@Y&aidsbbEhNEssmaint RELVEES 8b9: aNs dbRRcHBY at
least 600 nm from the masking layer.
10
50. Nitride semiconductor product according to one of claims 48 and 49, in
which the nitride nucleation layer is an aluminium nitride layer or an
aluminium/gallium nitride layer with an aluminium proportion of at least
10%.
15 _
51. Nitride semiconductor product according to claim 50, in which the nitride

nucleation layer has a layer thickness of between 10 and 100 nm.

52. Nitride semiconductor product according to one of claims 48 to 51, in

20 which the nitride buffer layer has a layer thickness of at most 400 nm.

53. Nitride semiconductor product according to one of claims 48 to 52, in
which the substrate in a direction perpendicular to the rear side substrate
surface is either free of curvature or has a radius of curvature of at least

25 o 10 m.

54, Nitride semiconductor product according.to one of claims 48 to 53, with
an aluminium-containing nitride intermediate layer that adjoins the first
nitride semiconductor layer and,

30 - witha gallium-co'ntaining further, second nitride semiconductor layer

adjoining the last layer.



Nitride sem conductor product according to one of clainms 48 to 51, in which
vthe.nitride buffer layer has a | ayer thickness of at nost 400 nm Nitride
séni conduct or product according to one of claims 48 to 52, in which the
sobstrate in a direction perpendicular to the rear side substrate surface
is either free of curvature or has a radius of curvature of at |east 10 M
Ni tri-de sem conductor product according to one of clains 48 to 53, with an
al umi ni umcontaining nitride internedidte |ayer that adjoins the first
nitride sem conductor |ayer and, 30with a galliumcontaining further,
second nitride sem conductor |ayer adjoining the last |ayer. - 43 - 55.
Nitride sem conductor product according to one of clains 48 to 54, in which
the crystallites in a |layer plane perpendicular to the growh direction

occupy an avesadRityflefeAt@ndies pridudt adcB8@fg t0 0RS otdi&ims 2880 5N ih ivhide
sem conduct or product according to one of cl ai 48 tﬁ 55,. in which the
tcgﬁlec’qrﬁwt directio

substrate has a thacastalitesinglayeopars Perpediciar n occupy

an average surface area of at least 0.36 um?.

5- 56. Nitride semiconductor product according to one of claims 48 to 55, in which

the substrate has a lateral dimension of at least 24 cm.



