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Appl i cation/ Pat entee: AZZURRO SEM CONDUCTCRS AG *159159+
Patent O fice Ref. No.: New Application AZZL,. RO

Sem conductors AG Universitatsplatz 2,

Magdeburg Nitride Seni conduct or Conponent and Pr W‘ﬂmﬁ‘"“I"“‘"“I“I”m
for its Production The present invention relates
process for the production of a |layer structure of #&oooo2*
nitride sem conductor conmponent on a silicon surface.
BFtie i nvent i on 23 §©er?@|29525 to a process for the

Qur Betereed: on of AB HIGO-94Os &fiwBnduct or conponent .
meqygiell y, the |Q39@\4ﬂ|8§ﬁ1f5el at es to a nitride

sem conductor co onent articular a 5 thin film
Applightion/Bateintet:i n%zd_ﬂ TRSAGitride

Fa@HOGioNRE &b-OF AM@ICBU(H’S a nitride sem conduct or
product. N tride sem conductors are sem conduct or
compounds that contain one or nore elenments of the
third main group as well as one or nore elenents of

the fifth main group of the Periodic System -Such
ALZIRRAdamicergucioss Age for exanple the 10
drivereititenietz & SO @ANMagdetang | nGaAsN, Al GaN, etc. QO her
common designations for nitride sem conductors within
the context of the present invention are Group |ll]

ni t r i N@sdeaBemicohditter Gormpleent aieirocesssfogitaPrasistien e
used interchangeably in the present application and
have the sane neaning. Nitride sem conductors are used
in particular in light-emtting structures that emt

15 in the visible and ultraviolet regions of the
Hiserrepethinvgoten relatemte aipsocsse éeritbm PEOduRiiQn Pl layer structure
éf’%!“nﬁr@d’l—:d Q%an&mom&eﬁf 6n @&l SRkNQMAce STR iR@nti®d also
exanple high electron nobility (HEM transistors,

RitRshtoa P PreRssIBI &d RrogHFioNCell anittide Spyenductor corponent.

Finally, the invention relates to a nitride semiconductor 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 Il
nitrides and 11I-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 uiltraviolet 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-
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--2- frequency applications such as for exanple in

radi o transm ssion technology. 'Nitride sem conductor
conmponents are also used in the formof so-called

"power devices" in high-power electronics. On account
of the very small size and poor quality of avail able
substrates of s nitride sem conductors there is at

the present tinme little comrercial interest in an

i nexpensi ve honoepitaxy of the |ayer structure of a
nitride sem conductor conponent. Available nitride
siE9AUEHR @eplisatieonsnpunhens dor exampledn fradio drensmissionblegenalegy.
oK@ ddrtondlbeF 65@5&1991‘&{‘5@'5’53 L?é(e)‘?i in $hd Wi €8-daliéd "power

are deposited on sapphire substrates or

s‘i’ffv'c@én'”é‘éﬁfbﬁ"a’éef(egct'i?”'%bstrat es. These substrate io

materi al s have vari ous d| sadvant ages. On the one hand
he ot her hand co

e RSl s T o 0 o SR fuesats o

Cmﬁ’ﬂarsahiudt)ﬁhlyctﬁr@ﬁlhére |§Qt thB @kedehetie Qﬂl@%hﬁrﬁbr@u@ﬁhﬁaré& rn an
i ncr easedegn account of

t
EPIReoe  earltef of th opvel Sirdes sba rice susmgerctor
Asbdrgrbnint. tAvaitables nitde Sérgidbhduzesttcon@ionBRS S sadh hé’lﬂ?@reexample
ove

TRt &rSenLERSnineBe S8, Stvate dpveB A S e Tk e depesied on
CHappbinel (Algay)\substehteys bmsliiden dambies I(S:bs subbttdt€NIThese substrate

f
THARHAE bl W fo RN Eadd iR 3tk e bl Papsiee. On
vihé hothel ahgred décameordy emlabte chbstratesl oheakgsnsmurekifls are

Typi A sfor t eIa er_ structures ...
oo%émr?% twglg%\g@% %:%%Sc 0 s F%t'ofocots P LSRR 7§ 0 addition
rigre@geldyore apdooptdt thaselatieslphaatt yepd favey gisere sabsinate surface.

i‘ﬁ?@@to tI'P.i: EJJ tﬂE %{Hn chﬁtrﬂ'g?&ne%geoff ftﬁe%'eq‘néténzgg a\ﬁ [il' qve(g on

| Con an nitri e sem conduct or nmat er |
deh'h §cale @A mprvits eheechanival treatmeint ohitewite nxmuvaaﬂamond

Isgwgrand%p,wﬁéma@éia@;ter the growth stage to a high
tensile™stress of the nitride sem conductor |ayers of

about 0.7 GPa/pm and, starting with |ayer thicknesses

dilico’ Bub&thetes é}éﬁhéref&e in@re‘ééﬁ@llfy us84 FeHa |9|'§;e !alréa%’rgﬁﬁ bd as

av0| d crack formation durin growt h [ ayers
dhKRQYN USA Subsirates witn éﬂ%@p@mtqr&y@rb@ c&.‘%«m igexpensively.

unusual ly | ow t enperat ur es (bel ow 1000C), so-called

b&‘é%%leq@ﬁg{hgt}eﬁ@gfﬁ&rgs ?or the ?aygr Ist%cettrJren%dc;f arlﬁtﬁdel ggrﬁlrcgndu%rtgrs in
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 Iéyer
structures after the growth stage to a high tensile stress of the nitride
semiconductor layers of about 0.7 GPa/um and, starting with layer thicknesses of

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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of these layers is based on a partial conpensation of
the tensile stress due to J . 1 -3- growh of a GaN

| ayer with conpressive stress on the AIN or Al GaN
internediate layer. During-8eoling after the |ayer
deposition this conpressive stress of the GaN | ayer
counteracts the tensile stress produced by the
different thermal coefficients of expansion, and

|l eads as a result to a reduced tensile stress. 5 A

di sadvantage of this technique is a high dislocation
cOFRNRCF aGadhiayer withecomprpssivgyatiesg po fieniNoer AlfieN intermediate

i THySF NBEHAL EodiRy %'fter t Q?erlgélpo%&loQQRSAém‘hﬁ%E ?ess of the

erebzﬁ i ncorporated by reference into ISC osure
6

offafh fégew@ra&&pmec tansta strepe Pregusre i indhe ditieesnti thermal

Oto&tidiems B é&ﬁahélgﬁ dn@tl@édé'%' Aesull t%yaefeﬁuééﬂt@n&i% tress.
growing GaN 'layer is therefore proposed in order to

reduce the dislocation density. A not io necessarily
CardjdsaﬁvehMg@ lob sl teDhibylYe isnd argm&ﬂélaéeﬂnoh aYREerBRLINE m& @aN

for. subsequent gro he thickness of
¢S Bleineetiy TeaheapefaRaeviscl Ry TootbALownen iDbsreby
Alncodposeee;d 29 tefarénoeninyo ahe‘ escpsost bf tl gruésntsami@snon the

R Ritord instAn usob et Srteldifty BT aitop, growing Gan
i tagere&ssthegefmesprapcsedofn blder g5 owduzesthef disiecdtionnadnBiry. SA Mot

h
| ASTBHL, o) 345 ST R RTBLL SR s
chuiseduérdgeowts of Cade Thé)‘thlckness ef thenhtyerraediatH layer is according
' {3 SE q%gilqut(%d A Sﬁogeg stor}ﬁ Iy a V&(}q? Ia |stl?1 dglslggggd apart by

produces "a pronolnce
s1@hnii upatot a fevopineare doroeedt dsn it, k\nhasrs dumﬁg thie fgrtiearcovkselof the

QAR NAITRRADURERCE 81 Ber S BRate sBFAR S iidmegiate
2leyerf faﬁwermnwn degedherrstartiog froor ack-catted kwﬂwen@m tHickwesse and
aﬂoFrﬁ‘ %‘3 \éﬁﬂgf‘ed d'8 bgﬁl)( %eélg%gﬁgec{?a%%?e{y% Mfe GaN

gro s Coal ésce.  From ocunen
CRRigay OGtS"Hﬂon prodesdsct pronowicestislesd geawth read| thu$ iaagignificant

SAsendy thﬁﬁmgs? %%3&8)%%"’&"1‘%2"%15@2@ lggﬁiicfr@é? BY suitable

Letters,
(ReRsiremf eradseletsts ytheefc@al%d%rtce @5 tRadgagrovab adlards, t

V@b@lﬂ'\énﬁoﬁb‘ﬂ' ?rh%ﬁlzéabl{‘ﬁ'ﬁ’d'kﬂ@ésa&fphWe\fe?f ﬁE%ﬂ}:@e iprtvgntteBQrom :

di scl osure o resent a
f RAINheaabrdbelprsihe 9@“& t§tﬁ@é§ C@quayer s after

deposition of a silicon-doped AIN

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
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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nucl eation | ayer and an Si N maski ng | ayer of at npst

about 1.5 nonol ayers nom nal thickness. The tensile

stress in the growi ng GaN | ayer can be reduced

conpared to a growm h w t hout4d such a. Si N maski ng | ayer

-4- This effect exhibits, as a function of the Si N

maski ng | ayer thickness, saturation phenonena

starting froma certain thickness, and a conpl ete

stress conpensation cannot be expected. The fact is,

on the one hand the Si N masking |ayer can, as its

tThiscffest exhibits; @asefsinctiomt &frthe SEN wiaskingriayey dnicloess esaturation
t ] p t N _nu O

PASOEN! Halng o (R0 L BPUAF] WERCLEC A " Gt O ress

$RERENSAtIbR Fannot demxpegedalel faytsﬁ, onTthe qneinahd thesSitNmaasking

q’fy%'r & a%Qfmﬁﬁﬁﬁés\éﬁncrgésfegcfnte(?@ré R&n ot BLdws) e%“t tﬁg structural

a er hen no er occur an an undesir
ﬁpgwngeb%we@ §ter/él§¢snm fondayet aﬂqiethfeumsequetntly dlee after the

Wn%%ﬂﬂ@%;ﬁare br%}&ﬁ{ GaR QR Phe Rsult N Rkt Db Le%y mpressive

i ncreases t coal escence thickness to values
Wit amibei AN KwslRationlamerapay dhan mm'qn@ﬁ@wcur;enu@pturmaably

hiyd ehsifel Qﬁa‘ss'r@b‘lﬁfnstrh'tt?é‘ﬂr?él%tﬁ@é s@ﬁw%‘ﬁducftﬁrlr Iﬁ?ér QRcorfy, a

a result, the insertion al so of Si [ ayer

ik §8\éd‘?¥ﬁfﬁ@¢f?a$ﬁ§ thenepatescensanitiieliness He \taéhh’ﬁ§| uhet with the

&héﬁﬁ fetibdsN€arhd loh§&r eekEpt RGRIGHD Entic%yﬁglersthfclér‘r\és'érf& crack
Non- honmpbgeneous tensile stress has furt

§r@giotint ages. Apart fromthe 1s already nentloned

hi gh di sl ocation concentration, it also causes a
qurvatu structure and of the

At el nps P s O SN BIShrB iy < e ey tanionoer
blyipatecthaposiabisessuc meastrﬁdblsemio@yiemctbrﬁﬁ)ﬁer stractofd. ch t he
silicon substrate is renoved during the course of

manuf acture. The processing of curved nitride
Neninogwganeays teagie syesudwariorber disdyvardages. pkualtil tom the

glreéiadghﬁérﬁfoﬂe& a.%e&%ieéonwﬁ daq%m’h d ¥aRBd £ Lgiv %f of

conp nent manufacture curve nitri sem con
tfﬁ‘y@rpwmgr lagerusteuctuiatandsoftthe mnﬂyml@mlsugstmdﬁds pmbzhem also

§R&dtd hin Q§§ér| é’om&ﬁféﬁfge%éjﬁtaéqnﬁdlagl&oglibge rﬁthc’he{h'e ahchn

correspon Ing C onent ave an
gustrate ip |f¢féoqurdmmg e %{f@ﬁr@fﬁvawa@lrewh@prc&essmg of curved

mﬁdé""%@m%ﬁﬁd&l?&r ?a?&tersirééweorélré?édy] AN k?.)lrékﬁe §5anldEF>|erefore
structure on Si , Jour nal go;
rtsRees t@g@n@@@g@)and costs of component manufacture A curved nitride

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
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
known 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

precursor to nitrogen precursor are adjusted for the growth of the GaN buffer
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312-317 (hereinafter briefly referred to as "M et

al."), which is hereby incorporated by reference into
the disclosure of the present application, it is

known to reduce the tensile-§tress by growi ng a GaN
buffer |ayer on the AIN nucleation layer. In this

case a very lowratio of the gas flow densities of

gal 'ium 30 precursor to nitrogen precursor are .

adj usted for the growth of the GaN buffer 41 -5- layer
in the high-tenperature gaseous phase epitaxy. This
playRbinethettigh-lesneraiureggasgpks phasehepitoup By eramaBas\the island
| @bt of HRe @b@%\ﬁ@ﬁ\t aan |QﬁeTH9"éﬁ§é§Daﬁt§ d hale h!)v%\%lrllg that
stresses still remain in e nit & Setn conduct

| gpefle ssﬁrﬁa%,etsUp@' r¢rAain gigdihe mfflclehsgmlcnmto_rEByhra§tra¢ture. In
upg@sd AR RholhAEreh R urﬁ%lswe{tﬁysﬁl?ﬁ 2REkicatediBBnce. |

techni cal problemon which the present Invention is
based is accordingly to provide a process for the

pToaél teshhiedl srbblaml &Y Rhick ithdl plede® iRferfioNiid AL is accordmgly to
sem conductor conponent on a silicon surface and

nPioVidge a5 ERRSESHAIEL BF  PESYREMERS At Lver | Stiugturs @fh g Hdtride
t eérﬁllcbrﬁadtﬁztdreaﬁnpd’mehtl‘lenfa iR BE burfay& rangt éurﬁiiridéesérﬁlconductor
furt her %gﬂgﬁ1ed tﬁiknomn sgﬂutlons to this
p?%’?%n ”PJY & KORtR sWpsspinotheet 'ﬂ]’?d\AHV%'hSthI'Fé“'e is
pmsentedumdeammed 1% khawe QoluGorisdtoMii®ptdhfem.a process

for the production of a |ayer structure of a nitride

sem conductor conponent on a silicon surface and a
nA tfurit ke t@?élmcabmrduetrmn wbicp MEepﬂesémsmehtiodnatbasee deiesrovide

t&‘eprswsgafbprtﬁe ogjgﬁor{]ﬁ r' % er ng Ql?l%dgfc é nlgldgﬁf?egmconductor

structure conp mn OTUE
m@m@wnt arba Ad)@@”r slirfage taod a rfmrlds Beras:pe«ttlctan'fcotﬁw@nent itself that

' r@\ﬁ@éﬁs‘ tﬂQ cu\]/@tu?é 8f ﬁm%@ﬁ@rqlcg 'EBrCr fer rQQLr%rEBompaa & with

sol ved rocess e pro

SKWWL@OW oghigirreblers. semi conductor conponent on a
silicon surface, conprising the follow ng steps: -
dé |§§| on of a substrate that has a silicon surface; -

ng a1t aspesl A Heninvention erfaramenipred igshnical problems

I’wr§|§tﬂﬁddoﬁy |aa]95f55ce§§1 fdrhthesbrlotjﬁcﬁi&n &0a SHydragriclire td1€a nitride
substrate, - al: deposition of an

aﬁ%ﬁ‘?ﬁ‘?ﬂdﬁﬁﬁ%aﬁ’ﬂ‘ fl%“h@“ AstiFereurtage s camarisipgrthe fpllewing steps:

nitride nucl eation |ayer;

- provision of a substrate that has a silicon surface;

- deposition of an aluminium-containing nitride nucleation layer on the silicon
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,;
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- deposition of a masking layer on the nitride

nucl eation | ayer or, where present, on the first
nitride buffer layer; -6- deposition of a

gal liumcontaining first nitei-de sem conductor |ayer
on the masking layer, wherein the masking |ayer is
deposited in such a way that, in the deposition step
of the first nitride sem conductor |ayer, separate
crystallites first of all grow that 5 coal esce above
a coal escence | ayer thickness and occupy an average
sur f adepositien dbfa gallilrementadirgefinstrhitride serhiagreducior daner @h the
the c itride sem conductor |ayer that is
perpeﬁ %§§$E$e¢o the gromh direction. Wth the
process according to the invention it has surprisingly

bﬁﬁ@refrptﬂednéék thyer id §epf?§%§§dl Bl &chd ﬂﬁ{:‘ﬁgﬁﬁfthg%epegtléAqgtep

growh of the first nitride sem cond ayer
i ﬂcﬁhéég%td"%'sﬁﬁﬁ@é%”%dg"t lagers seprsplei arystalites wrswqf jall grow that

Setdledek tabové tah&falé%@ﬁc%s ﬁy&gthféﬂﬂes%v% Sééuggtanaa\}é%l &lrRice

or al post co npensat i on of | e stress
2L af least ﬁgg%é'g ihg '%Wé p!ﬂnﬁf%rﬂaﬂﬁoq'erﬁ@ewtnde semiconductor
clagérfthat i€ pbpenfic@¥PRNBE Gldwt\drarYi8h, Structure can be
grown that, after cooling at roomtenperature, is

ei t her conpletely stress-free, or is virtually
sWhtlese brcfeessl\a(tdmrcang'ai the iefentior hataslsarpr@mgryybebﬁ f§@ﬁ:‘3that it

ni_f t s t ha m, as rul e, howeve

s SR HRE dolarai Buniplhe rBwi R trst R, Sesmicabel gyer
aar\/mcgeabem\mrnpdees:ai smssctbmﬁmngvhahlmm aa@k dtabethlmrtpﬁocessmg
o) r ew. ¢ S _qr_indee o cracks,. at
B ek S A S Blmdst RO ReRoro RsR P isnd Brteese
Sflalﬂtl%tbls eprb@lce’dhs/ ther difaent tverokl toefidierss rdﬂ(:dxpamon/\m htayer

L CUl LY o @ 104 nlnf nite radiu

ol M opY BT . BN Bl el oA, [ePieint, g ohner
|Ciﬁ)niﬁ4\%e|rﬂr5<§f@a%~fre©,norors wrmalﬂy siresa- fr@aawpbraevatlme elghhatsis in any

Lt%@é sudrﬂ‘lctah‘byZIe‘é@XhﬁpO 2%?‘5@915' %(—9%& \%r é\}gh qe% tdh 0.1

mponent s on nit em COI’]dUC
p@%@’um angrihatangeorer hag odly la veam lmfdaics:admn so'mcentranon and

(e3<h|b'nt§‘éﬂl’y%ry fewsdﬂé@&%rr ﬁB%racﬁ% %]fsse advant ages
ute the

can presumably be attr| act that the
intergrowng crystallites above a suitably deposited

Mafk prgeba¥BEording bethabhVerftiBASE Htithe e time suitable for the
production of layer structures with a particularly high or even an infinite radius of
curvature, which is of great advantage in particular in the production of thin film
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.

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
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Si N, produce, due to their coal escence, a sufficiently
strong conpressive stress during their growh and

attai nment of an average crystallite surface area of
0.16 -7- n2 and nore in the-httride sem conduct or

| ayer. This relatively strong conpressive stress can
better conpensate the later, still unknown tensile
stress that will be produced. The average crystallite
surface area of the crystallites in a |ayer plane

aboye the 5 coal escence |ayer thickness in a nitride
s cyrdaearsr in dyernitida Bemigenductdrnéyer. b hise aelstivefy atrong
| EEMISre SRl SifRd c@ﬂ@eﬁér‘ SorMSdPE88Sthe FatEN sﬁ‘lﬂjﬁ omfﬁXtQHBl'e stress

an analysis of plan view transm ssion e
et gdoepedueet) i mages, as will be expl ai ned in nore
det a| | hereinbelow with the aid of two exanples. The

sis shoul d obviously be based on a sufficiently
B e an S Sl B %61 Scalian Peediesto A Byercans shsve the

heatesberese Ieyqranitietksk i® e itige BEMPonalidtor 1BPert &) t?@géérrﬁﬁwed
t.he observed .saturation effects described above wh

U6 RPN O R0 (SR AGSHISY canaBiRdBECoRY, SUh. 95 dfld ekdEple an
oaﬂa;ysgsaaftpnaad vieW traasmissigh @ldcabn rd|¢rk§ewp;ée(Té %a§&d as will be
ayer

P Hord R B B R 47 B S B IS B et
sthoelsiobeionglg be dhsanoma sLificiesiargeTrahdors aMpieSdt kg stallites.
effect is utilised 15 according to the present

i nvention for the production of in particular slightly
dt eauid pot lavedierpleapedtyd trnst mesxsledam d¢rr thebebasis of the observed

i.licon,surf
Ss‘r%gﬂr;?\%ﬁdéfﬁk ac;e{s@%ﬂ?{d é‘f‘{‘/gﬁ en | mg@%’ﬁs&,\?"}arsl ing 1ayer ( (B5dGar et
i’naﬁéﬁhﬁj@ﬂg‘ partidj rgiteae meduotiam, lkelaiseqdescribgd laove, that when

%Q@%@;N MR Ié)@?r(]ﬂbaét@ Jﬁg Sﬁeét%n%ntpﬁ possublhta/ of an almost

al um ni um cont ai ni
FOMPIER tStress Gﬁ@@?é’iﬂt'pbanng/eQCCU'bqufI%rSurmymg effect |s utlllsed

'aB&&HﬂQdﬂoaﬂwg brRYEt: infdrtioh fof RGN kbl Btidrs of qndﬁ]rﬁéuq’aqul{gﬂtly

nmean | ayer having the respecti ve L?unctl on
éHﬁ%%ﬁdn%' CorRIgtely; enhtiepsasepitrgde semicendustanriaygs stiuctures ah a

@licor deerabe, NAbMOWhvht PaRENSHy Qd%'tﬁ’tagédus MR & n'ﬁ&)‘?ﬁ'd[]&or

with el ements of other groups of Perlodlc
SATRORRNS Gan $HOSPAYRYN beProdsARsi um i's di sregar ded for
t he purposes of the definition. 25 Cbviously however
W&n% Ring ance %/\ al so._bhe included. A

3 Jﬁ% Fé%? .%“8 IAMEGONIANING AdeeiaY e hividk a dpgpectve
mMCtlmec(e&SambhylagaerclbOﬁefd layer, intermediate layer, etc.), then this is
understood to mean a layer having the respective function that contains
aluminium either as the sole Group Il metal or in combination with other Group Ill
metals. Doping with elements of other groups of the Periodic System, such as
with silicon or magnesium, is disregarded for the purposes of the definition.

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.
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| ayer, but despite possibly poor crystalline and/or
stoichionetric properties forns a basis for a
subsequent |ayer grow h of the |layer grow ng thereon,
or fromwhich a further |ay& growth starts. -8- A
maski ng | ayer serves for the conplete or partia
covering of a surface and is often only a few -
nonol ayers or even | ess than one nonol ayer thick. A
second aspect of the present invention relates to a
process for the production of a nitride sem conductor
c Onpastént layelosgivéssion ghe eemiletiel aviantpl stmepmg @ a surface and is
PEASHISHIY Qe dRolag¥eor é@é'rplggéj{hgn %Ee Shdofa lFrdtﬁlck

sem conduct or component on a Sil1con su

according to a process according to the first aspect

OR deB6nd bEPERNb BB PPéseAE POERtIORFelasAB SocddiSor the production
bed hereinafter in this application

nPodl %nt s .descr.i

of" § AitrsisesegticandEctgemRoRe Rl Coprisitthe f@!%lf}@ssteps
bondi ng of the layer structure to a carrier in such a
way that the growth 10 u r side of the |ayer
st r udtgreticd 0?53?#‘(5 stt'H‘étuEé;Bfe? gftride S?ra'ﬁewct%fcomenem on a
substsilaoe;surfape adeteding o afpracesendoa6idirg)t tolBk Uik . aspb& of the

proce ording to.the second ct, o

i nvenﬁ?%ﬁglgsor 58"038'{7%? 88%85&' 6%4) Wéréesgr;hepﬁ‘éarelnafter in
pr ocetbs applidatien br instneas p@(ﬁssoélatbheiepmm ¢laimsand

permts a 15 particularly sinple and inexpensive

processing of nitride sem conductor conponents.
Accorlfindigt & the tlavier gtragiprecto afcatriee i suemaiway thae the growth

techniggl sigé gptlhg r‘%eﬁ?ﬁ“dttﬂ@ @fa0|ﬂ8%¥ee%aqflgraSO| ved by a

nitride sem conductor conponent
gal liumcontaining first nitride sem conductor |ayer

that rbasva obthelbitrfe0f 20 intergrowing crystallites
that occupy an average surface area of at |least 0.16

n2 in a |layer plane perpendicular to the growth

di r eqgiroduttion ofec@ltadtisudtdRecont ai ni ng nitride

internmedi ate | ayer that adjoins the first nitride

sem conductor |ayer, and -9- adjoining the |ast |ayer,
al igaproceasravoondanigrio e $ecoht @specs et thednvention tean advantageous

development of the process of the first aspect of the invention and permits a
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
intergrowing crystallites that occupy an average surface area of at least
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
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sem conductor |ayer. Such conponents, which conprise a
structure of the nitride sem conductor layer that is
characteristic of the production on a silicon surface,
have a |long service 5 |ife-and favourable operating
paraneters that are essential for comercia
applications, conbined with | ow production costs. The
nitride sem conductor conponent of the third aspect of
the invention has structural features that are
characteristic of the process procedure according to

t he iaAi@iniNDotheanast efaabt, eaagalilmmfoaetasmg dorlgkrcts@cond nitride
conpogghte gg¥gﬁgrby this o0 process to be

di sti ngui she m ot her nitride seni conduct or
conponents. Thus, it is of course in principle also

pes&H &irﬁ’pcﬁi&ﬂtsk RAWR dRRpris€ al QruRfLPIUERe rﬁtFIMec‘tséHc'oﬁgLﬁ:tor layer

W th ge aver age surface area usin a sapp lre
s‘iﬁ‘BEtSr%haéaC riggnel dte Piedustiogeonsa silieemgudacss havarpdermservice

plrf@dmtﬂa@nrauesa:@emnhg Satbgblend qhataaﬁé ‘éE?énnSP%rab&nﬁ% ial
ers nore than 100 nmth do not have any [50
ﬁf?ﬂoﬂ %%'i‘ﬂ'%ﬁqw‘?"ﬁb'om Rregugion é‘ﬂ?t%onduct or

internedi ate layers, in parti cuI ar do not have any
LEri elnterrredlate ers. The growth of
?eﬁrﬁnggﬂﬁ%uﬁ?rg?on?du&fér?"lﬂ’?ngms%f wﬁl id ﬁ?B‘%‘Etr%{%Qe"%"e”“O” has
S?dhqce(tal featussnthheirel qhacbo‘térenem tH@Opmd@éSYprogétﬁﬁé tag&g&lng to
ilicon su i s described in
(TS o Bt 4 ofier REMER Ry, SragnenE PEab ey s
Sapmsrte bs wisthguisteddtonapthel piide semicondlctbr orhpdrieyits.
conpressively stressed |ayer after cooling. A strain

engineering with the aid of alum niumcontaining
niRusi de'si altcauraedinapréncinls @leo porsible eadsknbwnaper se to produce

CHRAIRSS | Wigh St rﬁéé éveréd?ee sgﬁ%é WYE %sgwér' Ng.d ;ﬂ:ﬁr g&l%‘girate.

IS not necessary fact 1s even es ra
IRy ever. e é@m'@inﬁe@or gomeenests progugest gn @esapptiire substrate

SHhBStheaLEntaM! N h., Qf
e © BoniaH! NG AN QhferS IndrB0ngh Mol thickud G Reve, any

iglumsePNtaning itrife seEnrOnAeHor intermediates layRisoimpartieularedo
indt h&vtLagy Q%muﬁﬁ nitlide inBme§iRteCIAeiy CHY rloWE)fgse‘?rnconductor

ZI|ICOI‘]toe npl oy al um nium containing nit

DT G G BRAPNITRL BHaFdIeatse SHeigel & fcomplétely seifferent boundary

ebgdln@w tH2@. groWeVeM e silidors @UBStAA | 95‘ lsotie§d?%§8 lﬁ VYF?e present
P es. faﬁhl therto not technically achievab

‘199 Uhdd® BikSpl2yEe JEOBR Rl FRRPRIER BYRALIHP ?Bvab’ﬁéeads toa
fiaxlly @speedssivblytdiessekllayer 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 in LED structures, since it leads to a very marked
substrate curvature during the growth of the InGaN layer around 800°C and at
the end of the process. As explained in the introduction, it is also known per 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
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present invention has it becone possible to produce
layers with crystallites of a sufficiently |large
surface area on a silicon substrate. During continued
grom h of these nitride semoconductor |ayers for the
production of thicker nitride sem conductor |ayers of
nore than about 1300 nmin thickness, strain 5

engi neering internmediate | ayers are necessary only for
the grom h based on a substrate with a silicon

surface, in order thereby to establish a sufficiently

| Bregent inmmnyoe bes itdesome gssiblei to gpraduee dayend With leatstatines of a

| il
L AU I B o
| these paigidel issmicsindutters layeramfor hitieheroduation pbsthickére riiteide
péé?ﬁ%r?d@tdm Fa?ﬁrge of EbR0NR ragnrout l&oﬁoﬁﬁoqﬁ Nhickness, strain

according to the present t aspect o
i PRAMREMNHE . InteHecdialy dayers aresﬂeqase@mmmy fan thégraepdzised am a
O&Hshﬁteswlm & UMcSHELRLR, i %e‘{b& to. establlsh a sufficiently large

al um ni um cont ai ni n n|tr| € nuc
neRRTASHIYeastEass duriag wie mrawth thas cap atnmmﬂteady @f atnh@t completely

f sinbhRatlr £ ¢a2id BFedyiPhf ﬁ"ehyarfsggn?j\ﬁ ftﬁeogﬂ u<§Ht lc'opﬂ?; In

surface after the stri romn ers
SHECBHRIAITCSE Ttowas Ritherio W%P@éﬁb‘éﬁ@mf ucsg asnutr eagemiggngluctor

f ¢dnfiBdnBRBaccHRHRY t@'tﬁ@br)éséﬂtttﬁlioda‘%p%@rm GRAVE R,

conponents can be produced by the process according
to the invention, and al though the process procedure

aﬁm)ra;fensgflrbnpﬁohecémmmbl Mpo@ﬂﬁm@n ﬂi@r@lﬁ:%h rsﬁlﬁ'fﬁcé Namely the
c)xeil stence j.on and maski n

B R Ea e PE S Bt Bl 18P Al T P aeking et e within
rthe fr'admwsﬂmfdlwtﬂmtbbo%rocefﬁs&gnﬁddzﬂweeHnaVe?fﬁorh Ehd $ifconayifface
S u [ OVI de a clear in al | ) use a
e e EiBoind Bt OHleORabes (60R PP bh e Sk Somhpaapts
Sygk@s toin fnlhﬂeLElawemqocdnngly]entmcmchemxcauhdtmmbdomm)nents can be

d duct
O8N, wBRNE<R eatlSH B ARl 48 AERLGRTRY Bhees

-pregedarauatqording do theainventgpnnéanniot! demoostesde itimen eklal;eece of the

%%‘a%rﬂgar{dh?nacék,n'gcmelrsgrs %)éﬁh@iggs the agigrsggcge nF\IHrgmnlum

m ni um cont ai ni'n
taeataning inttede rﬂ@@ll@ﬂduotnr limpenediaté 1layersnims Mmgayeaysﬂrucumes

H??vr@écf[e 4 Lig&r iRYEARALD BB L 3Xi86n Qlbstrhfe iR §Bhvn, 0N he

According to a fourth aspect of the invention the technical problems mentioned
above are solved by a 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 layer,
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buffer layer, and with a galliumcontaining first
nitride sem conductor |ayer arranged adjoining the
maski ng | ayer and having a structure of coal esced
crystallites, in which the -5t erystallites above a
coal escence | ayer thickness and in a |ayer plane

per pendi cular to the growh direction occupy an
average surface area of at least 0.16 n2. The nitride
sem conduct or product of the invention is typically an
i ndependently obtainable internmedi ate product of the
conpoAdémskingriafercnuthe nittide magledtion usyed ot,af piesentr ol treenitride
conpoglgfgrs,;a@pt%d%tht he exi sting substrate with a
silicon surface, as well as, after stripping of the
substrate, on another carrier, or may be used for the

pr Oduﬁ_tgiamﬂmeoniafi’fFiﬂ@fi%f ﬁi?ridérb%gﬁtgg’{d[:@t& 'a?é(lgérr?al?ﬁéﬁ%g@ﬂi%the

ar ea nlthlde senlcon.uctor rates, 1
conpof@niting lagabend hainsa sirustne of sppleacedperyealites anavhich the

devi ceyaramest ! |d .
SySEnee Sbsve Eh&aﬁgrsﬁgr%eé dy8Y HIEkRRBs amy @ § layer plane

descri bed hereinafter. e enbodi nents may be co

wi t h RATRERHIGH3dp the giwdl direqhipg oreuRy,as averageysustace @radof at
Enmbodiesgt. 6 @h?t he process for the production of a

| ayer structure of a nitride sem conductor conponent

on a silicon surface according to the first aspect of

ltﬁhze nitrﬂr!eefﬁmi@ar_ld\dc_ldr produst oD_fhteﬁH/erhit@n G@lﬁ}@fc{abﬁldn ird&péRdently
roguality j.s i oV Wi articul ar arge
P& af Tyl e I8 e et maniRbi: HaTAY Eaesed to
nerekuceycdray@entssbdtinen lser.imemt'fmhgrwsi;tt?@l wiitr asdiliebn .@uM@dﬁa, as well
t hat rystallites first of a row jn t
dge%oasttléf i%g[‘?géﬁe% t)é? Sfjh%tr%t?'r%rf AAPYOPT GeS '”&%’nh‘ﬁ&?%ﬁ? for the
| Rrpductionndfdarger grehalrisuppatetioal@sc trgbaven Aitfeas@sieatLtor
g%lg{rategmdqégaﬁorﬁgﬁ%g %SHQI%S an average surface area of

east ayer 25 plane of the coal escing
nitride sem conductor |ayer perpendicular to the

O Wb dIme s #d Fous bhscekd afid Bg&i%@%epe% &%&‘E%eﬁt‘]ﬁ ention
maski ng |l ayer is deposited in a [ayer |cnsstha\f,
i He dgacTibgddesginalies. Fher ernbodimentgenaydrd eamniloed with bag enother,

firsds tRik iPbtplicifiPBkdlgiddn the formof growth islands,
starting at a distance of at |east 600 nmfromthe

maski ng | ayer
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 layer perpendicular to the growth
direction.
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enables a layer surface that is at |east 80%cl osed to
be fornmed. The process 5 procedure of this enbodi nent
has, with a good reproducibility, led in

investigations to galliumcor&aining nitride

sem conductor |ayers which have |argely coal esced

above a | ayer thickness of 600 nmand that in | ayer

pl anes above this distance fromthe nucl eation |ayer
exhibit large area crystallites whose average surface
area is above 0.16 n2. 10 In the process procedure
aticafufthegembodiment treanasking layet i$ depsited duk dayet thidkness that,
pl’nQﬁ@%éseﬁéfQﬁ@ﬁﬁéf Bitr] H‘cho%ﬁpagnl Ig%]'tflrét%?ta g%%#&mﬁe form of
above ere I's prefera

nﬂwmgflané§e$taﬁlhatat prdﬁlal@t@sofaatdeaﬁeﬁagemofromhbe masking layer
uBRkids/h N nél/er @hﬁéded@lap lichiaa éé(j %@éd o) be%]r%% The process

pr esent, first nitri er | ayer
@@g?dtgso/&f \ANSh efmiodimfsy - bas, owntbo\aerg@gé regreduoikility, flasly in

gané‘ét@a%' & qall |§mfc%rnl°§$r?’n?15mﬁ9é’vseerﬁ glﬁ]o‘lﬂi%k'l s a\VrﬁEh have

t hat can devel o formTarge cryst

¢ RFasl. Con'9RcRdi aheup 3yl wlc(mgquaﬁtjs@@ Bt &)d that urm@enen@lanes
capbveenis listdmRe frohd t'ﬂ@rnulsléxﬁdn Ia %ibﬁt'lé’r arébe?(ryﬁﬁﬁltes whose

results have been obtai ned herto WI
| ANFERQE Yirfase pieadh abeyer Q-1 Gem I nprinciple it is hovvever
al so concei vable to use other suitable rrat erials 20

ol e 0EoP o RREeO oL LS oo JUARLGR BBA i gristiarrie the

nmrobmt proceduaey &y thelennﬂiddlrﬁemajﬁﬁ ddsBritsed élﬁdvl@' ﬂwefré)l's Ereferably
1t e used

TR 80 PR meBlht I1ET il PloyeS adiveraa st s undilving

detvidsinucteation Giyer be wehdré gipdsent, Hltsé dinst asitritid alutfer Q\\Ver of at

qgggt%g/u%yh th@ ge r?é/\% coverrr%)ﬁr,eer(%a}tvelg 8\&0955@83#% |are formed

since often no n
rabove dhe orasiiog laysr dimat vaodevalop 2o dsrm TEnge prystatiitss by a three-

c nj \h a. ferred e i b
G, B FARA U " o ) Ih¢ et o1 B foyer
ofeppsitomyr owt h surface (reflectometry). This process
known per se for nonitoring the layer gromh permts
a control and defined adjustnment of the duration of
tHe Beposreiisohawst beere obtrinass kithestd ajtbrmasking: fiayiess of silicon

F}Ltﬂﬁé? rarvicipRAsRMoMRvENALo b@ncteW%bFéetB tdtﬁ’é\' ﬁﬁtgﬂe%atenals

e -13- first nitride sem conductor
JB’n@Srﬁ‘%séWE IaeasIHCE RS e @fam%amteswré@tam Wh'Ch 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
nucleation occurs on such surfaces.

The process 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

masking layer, which is preferably chosen so that in the deposition step of the
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intensity of the growmh surface at a |ight wavel ength

of ca. 600 nmexhibits an oscillating intensity

behavi our with increasing oscillation anplitude, which
at the earliest after fiveidscillation cycles then
reaches a roughly constant maxi mum5 val ue. The exact
val ue of the duration of the deposition of the nmasking

| ayer depends on nunerous paraneters, which can vary
fromone growth reactor to another. Using the

experi ence of the present enbodi ment a suitable
diirshnitige sgmicemmuctos pays ttie nonsionitaet maskiremettagfethe gaftection
bﬁwté’r‘%‘t?ﬁﬁ‘tﬁéegrow s@rfé'c%sﬁeﬂléﬁf%%%%{ﬁ off &A%08"M g#%xhlbuts an

neans of W experinents rst nitri
s epfiitayng drtensity |b&9é‘f'0ta| witaifgregsiogostiliatipo cumpliastiee whichhat the

t BErlieftr AP IiFe %El@étﬂinn&rckg tﬁ%? rddIHENt @Fjgwt&mstanmxmum

compr essive stress. Prefera none O
p4iagrelhe 8 yalyeef tf'erd%aé@ﬁmféhamepﬁ@w@a@édwegmamm layer

t @EmRIGa toar @n@érou@pﬁ‘ﬂa%té(é | \Mlucr'i 3hh QhnPHOI e owth reactor to

coal escence are adjusted. Under these condit

paPrathery Psingyhe sxparieass obthe fjeseny eemhedinest ékwﬁ@t?i%d’waéﬁ@l of
t fher &pysidior of !—H‘eeﬂaél@rﬁbsﬁygr deh B& RRImALbSbr QQQéde'a degﬂfi{)wth

t hus. a, honbgeneo stressed or unstressed nit
s@ﬁf@bhﬂﬂ"@@ $ of i;aé“r XPEFMERSr e can be produced. If a

n|tr| de seniconductor is to be deposited in a greater

ayer t.hi.ckness itride seniconductor
Ia ef'r?t n'E\dgf %efﬂg'ﬁ?rif’et‘&&’bdg’(et'e%rqaﬁyagrP‘é(ffe'P eeroedanee swigy the
8@©cesslﬁﬁ6rdmg tolxaé dnvenfiar wmtebodnﬁbe%ﬁe 3lresq fPQéV@ra@Ty none of

(i PR bR Th s HEp S oei® BRiniedigg s émberature o
aﬂl bmhn\(/ljllnnatmmramntlngcmalesced@ arierdajurstetliUxider theye conditiond a

f t_njt duct
B BRI BT R BRI o TR B renae
s%fﬁﬁ&cﬁﬁéuco@mgl ayethussa Hepogérteedslprstriebeed baststieayed pitride

V!Bnﬁébdd%c@t]g?%,éﬁ,ra ?je{:ﬂnebesnﬁr%gufedm tride sem conduct or

| ayer um ni unrcontarning nitride
internedi ate | ayer, which in the case of the growh 25

af aﬁﬂhﬁ@§erﬁb6r§ducf5r‘isr fodse é&i&ﬁ&ﬁlﬂ%?@%ﬂéf M@Ltanﬁ(ness the first

preferably a | owtenperature AN
CUige é§§‘|'0\9§d%¢tt?fe'§)éen A W?féfabb(yapogft%@t%iaaec Hhickpess of 800 -

r a6EEamsbétble fihdrMSfers diRerodd B§Ek[§19m@8 hEna@nafter which lead to
h E]ggl Imcorqtal ni ng nitride internediate |ayer Is
R&IoeT 'aysy thiskrassfiefaigp!y indBissage an @nyiugmeontaining nitride
demﬁednate Nayet |sa|ﬁ f@dt ld@b@élt%moﬁ‘mé ﬁﬂsﬂhlﬂﬂie@éﬂlé@ﬂuctor layer and
ftBt ernedi at e ﬁ/er and a gal lium contai ni ng

71 ASR MM Wna%"'g% %ﬁ&lﬁf&eo?e"waww;ﬁvs&'%%ﬁww 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
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

layer and a gallium-containing further nitride semiconductor layer may be carried
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-14- out repeatedly. In this way the first nitride

sem conduct or | ayer can be followed by a second,

third, fourth, etc. nitride sem conductor l|ayer, in

each case with previously deposited

al um nium containing internmedi ate | ayers. This

produces, apart fromthe nitride internedi ate |ayers,

a thick nitride sem conductor layer that 5 is conposed

of the first, second, possibly third, etc. nitride

sem conductor layer. If necessary further

i petaepeaiedly.dn thiy way thei first nitride serigooduaerdayemicanbe falosky by

b r a [ h S e

ol oo Ry T ik Eom S RERES 29kr. | lagon; gage it

eR@iMigHely Seppsites ﬁlmnnrwrtvwentam Whermediatd ¢auet$ﬁlim ataguees,
I

A R e oo et S, EERIHEe sePoHaf et

ciasempesrshefythe H@t %ﬁ@d agesibly Hiirgk aiss sitsisiessemicanidetbt leyer. If

Tﬁ&e’sﬁﬁy Hurthdh ﬁmlf&hedéte,]\llé)}&@mdbﬁ%? hR6hS BhOYRidkly be

hi enperatures for strain engineering purposes Y

k'H%%HO’iaﬁ%irﬁ%Enlo 2004 038 573 Al, in the nane of the

applicants. It should be noted in this case that it

iﬁ?fﬁ und from experience that, starting froma 15

t Hi% Biieknesyf of; flies ajuggpiumagondaining onikiige fntrsmediate dayer is for

t @RdPRCY té 9BMhRH th@@aé.é)ﬁ/ﬁ&fel @Td)v@tfemp%reherzhAIﬂ'l%Frﬁédi&la layer
r.esi st anceejthayer S ruct(g whi ch i s di sadvant age for

tREMAPNHudfFarPeof! 71 gliralriniermedatenaygy, is dige gonceivahle, in

i witicte assmlrdughkg}eh@ patevayelshickrskes by Shfabrn Thé fusé R thicker
ride internedi

USR Pherfledmidi s cont ai natnﬂ§8 f ‘ engineerin
I'ayersi's & S PIRB PRIV PSS e ?tﬁj’é 9 9
smmpcmeaamlctomn fray OF 1(352¢U4ecﬁ:mr5vbsl A1, Giemdh@oﬂ the appllcants It
PGB et s Bl s GRS s Ph el o o
éblcmﬁﬁiﬁ obthis lagert efrsi. B nst, rﬂwe icatguieany tawaads thedormation of
Sem ik dé%?rfcaF hgs@ERgeu%)}e?gst%lﬂ{ b9 tiﬁ?ﬁgjﬁ?ﬁt%é 48 the

ctor co uan
sredustion of b@htmmlﬂerdeAsthecmuwt mlcreraaedaltermienc;stowards crack
pgﬁ&ﬁgﬁbly deposited 25 on the second or, according
to the process procedure with a repeated | ayer
deposition as expl ai ned above, on another further

M el 4@ &%rﬁﬂﬂﬂu%rﬁﬁmln@yﬁﬁlde IIME.‘ rﬁéd é’thgvér‘msV\@gﬂJensed with,

structures for light-emt de sem conduct
dgysheitiice Seav@ﬂgHﬁi@h'arzS@rls @ée arﬁalycﬁﬁpﬁatewemhlcbneﬁe 'of 1300

@@ O tHREshskrbf TRING. AdvA1this 186 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
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.
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-15- It has been found that the deposition of at |east
a second masking layer of silicon i1imediately before
the deposition of those of the further nitride
sem conductor |ayers on whith the nmul ti-quantum wel |
structure is deposited, produces a particularly good
| ayer quality in the region of the |layer structure
that is decisive 5 for the |ight em ssion. To produce
an optoel ectronic conponent an n-doping is preferably
|ncorporated in the first and, where present, those
f ilherdeenfaund deat Semeiensstion bat Ipast @rsscomhmaakieg layer of silicon
depashihRl BabRrBet %oéﬂt‘clﬂ gf %@@to\“%é"ﬁjrtlhershﬁﬁb%t Wrfticondlictor
order to produce a p- zone a p-d
g&VPISuRP cWhiERI the ngu rquanty@ yelmsér@ﬂ@cﬁ:tl@rde@cs@d | Rigduces a
[ [ t
o B o o e B R T  Bolsive
%Fdﬁ%&?%%mﬁﬁﬁ@ probl em has to be taken into account
that a stress occurring in the nitride sem conductor
I tructure wl] also act on the substrate and
ci pﬁ%@

G€ 29 WRBIRALPPIGCOMPOPEH Ay rdoring f§ Rrefesaply icqrrerated

i B thé siost hﬂd}WVhefré pfé!s@tﬁth&fosé'lﬁlrﬁuéﬂﬁlu'hﬁtsfeﬁ{l&ﬁwu&éﬁi&y@fé th&are
The reduction of this curvature

eﬁ%ﬁr"r%hg%% e EPT&?@W%U'B GHEHEe: {Therdeg jasprogce a p-doped

peanei alpaigped ga]limﬁ-barﬁtalnlrigmltﬁdé tseraubﬁduovortc‘eafz@ku@:dr%referably
t CKNess 1S a eas )y .

Saédo(‘éqed é'%l%sé{{{@{]{@fi%gée\'{’ﬂ' Str“ﬁ ¥ thi ckness of the

n|tr| de sem conduct or | ayer to be deposited on the

SHBRARIE (G tBe ggpvﬂﬁ ﬁi%@igyﬁ'@%ucm‘ésr 'ﬂ}%hprgsglmc NGO en

| ayer 1s to e sum of
t'ﬁIOCRCF?@QQ'et@ab@ szess h@umrrtgr indbe s@ridle eermn:onductcbraymrsstttuoture

b\ﬁlll%&?%btt 8,41 1 Ell;s@r Qﬁ& rc@EQe ?a]%f stlgﬁ'atee{ﬁhéétU%g Such a

nltrldelntermlate ayer, ere X
viHEYRtdred isp algo sknowgo froms athet rf@@%0$®sugf@a isectatas| tsssexample

%phl@é‘drHeWeétﬁlﬁoﬁ%ﬁﬁlmﬁu@nHm q, pcflé*%? aetrﬁqddﬁnent the
used is at | east . Wth these va ues o h

t$ieR RhRYYidingea B%séraEﬁ gn Pﬁﬁ'ﬂ"?ba C@éﬂléﬂ’flﬁﬁtsl"gw éu@Stltadﬁ whese
CtﬂfEl?ﬁé%%Sl%Vaq DG BLT £5S rev @Fﬂ g%,%ig?.iwe of MckBsE3F e

case be succes&ful’l
admaatsagmueumma@rao ﬁé)ﬁ‘ébaélted%fn%é@dbstﬂaib bRiifsm¥¥@Mhan one

b BB P A s aier e Ceeispasiesh BeguBLAdaplavet tidkaesses of
i the enitridle semihdicor RGeS deyosied tdy tHef siisthRChA® D the
Ae srn‘%S erﬁrlde m?ermeglate 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 the 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
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i ndependently worthy of protection for the production
of a layer structure of a 30 nitride sem conduct or
conmponent on a silicon surface accordingly includes
the -16- step of providing ai&gilicon substrate
corresponding to the additional feature of the
| ast - menti oned enbodi nent. The further steps of the
process of the first 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
eRteodif pEavidingod sili¢irssybstiateserresrnding t6 thenakiitndefetiuye of the
r I f

Rk RneR ARl . Bl of i PR IR b aspect o
pﬂ‘@dé%@t'@'ﬁ ap meﬁ auSﬁbl@p@hd@mentsmiemﬂ pr@nes:awf the Bnseaspect biethe
s e | et Cir Vv

lnl(\e/érgt;b‘gr gﬁg:{rzé | J%%Yi h qP é)rﬂbc?{ ?rﬁ]t(se‘raof thls gFoléégs that is
t iRgersndentin werihy of ew@eﬁ@@ Specitidadk e de chse oi relatively highly
a r

oy 00 Teygh sBlEeR e BoSE oS ok ferkBRLiniAon;caf dheven
alﬂ‘élSﬂ'ﬁcgrr‘lﬁPb%f@fﬂjquWe&@'ﬁgstogﬁﬁﬁ@h@&g@@tulse| n parti cuI ar in
LEDs with I nGaN or Al GaN | ayers. Enbodi nents of the

oce ccording to the second aspect of the
" R Alerestescrizgs ambadimeittds furet Merevasd i Yo substrate has a

nt'h‘c'khgses Eﬁ%mn’? %EQMSA %4 Pea@omgﬁ el ee%ru§| dqﬁé J@S\;x 5 Where

her el naf rocess in

the PIREERSiShet D 5 first aspect of the invention
fhuﬁ%?ﬁ—es{éa&egé I. t Shisidaddittoagle sonditiora ipr &fvantagdous in
errbodl ment of° this process according to the second

asereallaroh LEDS with v@aN opAIGHN By&st ri cal |y conducti ng
contact layer is deposited on the gromh wupper side

of the |ayer structure produced by the process

aEmbmdirinagtstmj mh@rédersstaccasip@ctb mé delbend aysatt iobfhe #lehtivn,
i ment.s descr

ﬁAéI'EIJérF ﬁrél}afg & pfgg g%r# Vq a%/ éptn asgngcqﬂdaﬁtgf com%onent are

rC@fSpmﬂd lve}elnatﬂex Thlsamotés& melgl_h;]meall ﬂntet §te@&of the process of the
. e _canta a may in

TP I nfiPh eb s e v AR RE uppor

side of the nitride sem conductor |ayer structure, if

NA CBfeReh eln%%tfn?e::r‘(ﬁi Pt mBl'?)Eesds| ctom @o%}% sg%b%dl és%gct,t of the

yiel'd of the ni e sem con
| PGB e, e'leﬁtrlpﬁlyscmdugtmgzsoratactetanalt la/eemsb@@llqmeme growth

WiphBr 8id6 AP R fayb YRtV B 6dURE R AhL HPodeRE @¥cdrBing t6 #i& first

aspect of the invention.

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
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
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than that of the p-doped nitride sem conductor cover
| ayer, this nitride sem conductor cover |ayer is
preferably deposited in a thickness of A1l -17- d. MQW
m+ - , where m=0, 1, 2, -37-..; Ais a wavelength
of a 2 nnirride 4 nnirride 2 |ight em ssion of the
mul ti-quantumwel |l structure during operation of the
nitride sem conductor conponent, /)nitride is the
refractive index of the nitride at the wavelength A
and dMQWN denotes the thickness of the e
mJI ti-guantumiwel Id,p,structure. This increases t

el eltgr T the %I trwhgEe Semile dndudt-of ﬂcmwav%@th of a
|n tﬁ@’”‘fl ni SHeH conponent is enbedded in the material
V\Alan eNHgH(an bff thd&l)ultl -§hasem- Wé]ICétH!é&JréTEibﬁh§ o@érahd)rg BEthe nitride
eractdhvgO ndex terlals for, exa

r 2P'52% (?OHEPé’Qe'% efresnduBe el aCtWﬁ 'PH%X §g ctB‘Fl ditgele (3 ethe

t wavelrighi Nt iang eNDodiamBidkS tHeh hickPBES s ih@yﬁ{ultmnﬁm well
smal ler 10 refrad®ive index than the p-doped nitrid

ssamowadtms Dcrezegethel I@y\eyleldlmthémnﬁde esRAhaRdr dorer Iayer in

P BB AV il Ao e
1nncIHde Betals or higherefractivevinded matgtiblispfor eﬂamﬁlermgrﬁ& réfréctive

I' of the multi-quantumwell structure in
thg&%%egﬁg(?rfdggf?)r? the nitride sem conductor conponent,

nitride denotes the refractive index of the nitride

o i Sl B BRI 5 B g ot
fiefractiva iagex itean the M@p@ds@trwnewmph@dwmrm@er layer. In this
SEbSAEMCHE Mith QY %Emldoﬁbﬁ&rtor‘ 50\}%9\@:%?9’5 Wetfé}\elxgllyr%etgggllt@cj in a

of smal l er refractive index, such

tlcs mat erdal s,dgjur, etc. Thls |s the Dr e usual
E % iapdar d TEDs, YIIE ™ ot 2hdwbver 4w wavelength of
strl pped LEDs "“2"0 It has proved particularly

g eengs@msofttioe emui-Quantuns-avell iseuctohoipanhs Bpéaaen bhik ritvide

semiconductor component, n,qi4. denotes the refractive index of the nitride at the

wavelength A, and d,,, denotes the thickness of the multi-quantum-well

structure. This formula applies to the case where the nitride semiconductor cover
layer is covered with a material of smaller refractive 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.

It hés 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, aluminium, aluminium nitride,

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 thermally
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used for the bonding is electrically conducting,

reflecting or netallic. As is known, nost netals

conmbi ne these properties in an advantageous nmanner. In

this way the heat dissipat-il®r fromthe conponent is

i mproved. Preferably the netallic surface or the

whol e carrier is fornmed of copper, alum nium

alumniumnitride, 25 silicon or alum niumsilicon

and/ or alum niumsilicon-carbon. A particularly

suitable other carrier material is alumniumsilicon

( BiBNg; Fongiuetnga ComMpRLINds With.c apart drene eoppérdemlalumisibmy eviratally

| Re&f

h i ?Yg%@ﬁadﬂtfgf éx%aﬁ’éior%c%ﬁﬁé'rbﬁ?d éMN%x&@fﬂé g@'hby s c?o%tent
iENER rigenticalt %ﬁfﬂlcyents @érﬂxpe@ﬁlomo i$ inreants po:fblems m the

em@f&ﬂétidhnar‘icp'aﬁérraﬂgnto@ tﬁ@NED%nQSI ttlﬂeastmsg%‘fﬁhﬁ' occur in- this

cont ent has even i denti cal coe I clents expansi on.
THRNDepion et lsacgh iulhe saRaraion prestripRiag &f thatdospoast or to cracks

omethatlayva Af thbhﬁeée%mlmesLE@eé; aFé"ﬁ‘ne?éfér%%?%xérnﬁE 5?)?18&'(9 to Al

connectj on can | he separation o
s‘fel’f'?fﬁl ‘ﬁ'g" glesti adhesivssneree (9“'Vt 6‘ @fsa&/ﬁ% cappthe h@delw@fymg

Ahetriv weﬁmts of TRpaddidn aGENt heg 6f i OB eX8IMenK ") b
Sl nce

bon eﬁﬁ}q_ rrlers with el astic adhesives,
of"\/© ﬁﬁes“%ﬁaca lagliciadhesivercngs dispgvaniagesthaweyer. A further
Ooeérftlbmlﬁcl‘dpSn@éntlﬁwml&rbrét@@t'\d)rr isSadzoRIMHfy the e 3f &9 AlSI

e ot e SRR G el O g iin-Tigr i Segticonductor

[ tmdmmede as well\asra ight- @hlttﬁfﬁg)trﬁﬁﬁlhﬂrﬁitridé s%ﬁﬁ@n@h&g} ?{orﬁ&%ent
product i

R AI [SI _carrier f] ?

18, 80 A Bl s St Fhhieh A& BisReLon e A cartier is
camp@rr@tb theajsve/mﬂoh chssen dai thlatit Ieqs 4 thleﬂﬂaltobbﬁmlfehi @expansuon

tor.c carrie

AnA ERn R LC AP LRl B RBEFE o Mok e o Qe o
Itﬁe @U@@ﬂdmtnd hBodlBéh'dyantageSIth oe1asihosdmasl§/estrha)t bet cchﬁﬁleﬁaly
t I e 15thm 1Sl
SHBCPB 6P AP Bl AR SO RS S, o
S%P(in@@nﬂﬁ@IPmK“l)mT@rtihatmajfcondtmeivnt;oofpbrsemmer'ﬁmenal is still half

Cyssg%é)ﬁad'ét tﬁgtﬁoc‘r é?&r&ﬁugﬁgﬁ& lSatﬂQr%i%rg%‘cl' Nanb En SR F e %lg¥1itude

avol d carrier (coe ent o

é’?ﬁ&h@?@ﬁ‘%@f 24 Si (30/70) of for exarrpl e 7.5 ppnK").

The thermal conductivity of this carrier material is
as good as that of alumniumand is

i1l half
Srfﬂ’érté%“&i"@ 'ﬁ@f%eiaﬁb(rpaérﬂ?dowe%t low terapeiRtURRe WG roint @ range
toeeweenh 2o afnaSis00 @eAbQﬁEj'd?Qse'nﬁ tPﬁeefaeftémbé/raﬁ@é rdresgPE! i
at Jlowte mgeratures which lie in a range
partlcularly 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
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 still 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
invention is preferably carried out by abrasion. In addition wet chemical or dry
chemical etching may be employed.
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bet ween 280 and 500C. At the present tine a

tenperature of 280C is particularly preferred. In

this way no or only slight additional stresses are
produced during cooling aftet9+he bonding. The netal

is not liquid below 280C. A 25 tenperature of 500C is

al ready towards the critical upper limt for many
carriers on account of possibly occurring stress,

t hough such a tenperature may still be feasible for
other carriers. At tenperatures higher than 500C the
clheatirthaeegbodimgnt athe ogrowtti oeasl gids uéXpesed dyp esmdlovad) adnthe
t [ | P

S oieis oot #lso &5 $36F aA AL SIRKR, o, THE mpy pygarres
pPésent easgpfar rwampiedw qtehing tedY taskeyi.a ane andgeJutacbyooo 1) of
apea I [ H«ﬁﬂ:

Pl ﬁ\'aﬂé?lal \mt@%ﬁ BB‘ta\é\QEm )G@ég %urt KO engﬂécpq%é)r?cess

et chi ng may

tW@C@%mﬁO\ﬁ% h'gﬁlaie&@ﬁbl@s%wcwes- drad\eae soMmemiigt pyramidal in
krate is structured so as to form an

anti -reflective layer. This may be carried out very

easily for exanple by etching the N face, i.e. the

nActdo@cg@g’l tb agre a(lt@ﬂ&tl&é &Bcesfshﬁroﬁﬁ&ﬂ@ NhichMalsh 1deHs a fourth
B edg.SSI um hﬁa E( %t w th a suitable process
prECEan, 8 s WR @wy %%P?%‘I dhe spbsitale és rtoh&prrmleéely
Stmmla\ablahd pryerrammieéd b théb@d&ibed\@ﬁ‘&é% Bﬂ)cb@ur@rhccordlng to the
ternatlv rocegure ch also forns

RSP0 A5p4 gh e dRvante BERUERE Py tHarPRITSNISyPHt chinpeg and
tthen sxibised amresmuaolaymﬁbkmseloys TohinmMe@ sairdn tokre Iayer that

he described proce ocedure according
8 1o ohed Brg R Sl e Fo S it T e hus
i qospeige® therfelioneng shaps is thinned and then oxidised to
a residual layer thickness of 3-10 m The silicon
oxi de layer that is thereby fornmed is roughly
st r u@resustiornef alayﬁaﬁgww@mf 4 airiste, senhieonsiuotoe somphoent on a
conpisjig&ssireef 0l | oWi ng steps - production of a |ayer
structure of a nitride sem conductor conponent on a
15 silicon surface; - bonding of the layer structure

t-0 abeadihg ®F thdlayHe Qtr@ctM\QYtotJ"@Emtehﬁw gLG h/va)}"ﬁ’ﬁ? the® hRvth

of helfgr structure is facing the carrier
r enoBPE'GHa ¢fdhe (et stetciuraiisiAcing the eaniier: si | i con | ayer
that is preferably 5 to

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

- 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 thus as a result produces a slightly
compressive stress of the nitride semiconductor (for example GaN) layer. This is

particularly advantageous if this GaN layer is subjected to a slight tensile stress.
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10 pmthick; 20 - oxidation of the silicon |layer to

forma silicon dioxide |ayer; - production of a
contact structure. This process procedure has the
advantage that it can be use®-for an inproved I|ight

decoupling. Apart fromthis the oxidation of the
silicon substrate produces an elongation of the

former substrate and thus as a result produces a
slightly 25 conpressive stress of the nitride

sem conductor (for exanple GaN) layer. This is

pBEE ite theapamypreghivensteage ueragking hind b&ading afytbe GaN layer is thus
SHhhGt I

clemLay e T WY RRNE 8 RElre o Hse P slBoddlf su
| BRAining, Wiy dicknessegbinythavengrefromThe ZChludeWasI iaymarticular a
Sk t

e e YR (B S iR pF kRt bhe componggrs.
m has in particular a higher nechanical strength,
whmebdifiert! dfﬁheeﬁltrtdéeseﬁ’fl%@@étbPEbn%orFeh?ac%BFﬂ? ﬁ)nthé ln\éntlon

Enbodi nent s E‘t e nitride senm conductor co

A0 HraIdRECE Yt Hee THeARASGNo 17 BEATBPGsATE conpiHect reinafter,

tIhSCFfdr as eyt dohot AeeddpVieiw Bifedlly 8rofe B¢’ ERBEdiments described
do not already follow

t of ar as they
iR Bl B ohror e e ange ft e ousTisBy. FRIRsER ofhe: REride
mmm&iual@ﬁ@btdpﬁ@rﬁ @oﬁﬂaﬁhsleﬂb@rﬁb{ Oﬂthefrﬁlﬁﬁﬁrs%mldbn‘dh@tor ga er
m conduct or onent contains a carrier
(el i G R e 5 STSYRIE 2 i, ey et Matotirg was
ct;er&rArnartfwtamrytshiaatsell&strife&b%l@dlllwadlnﬁlbtst cb\‘tecd ¥€Taluminium or
A particyl ar suitable carrier
DS SRRE W ne HQMBon oD Rk 1Sl S heahuRtH s he kppaition af the
trtitrige mlcbh@ombrssnpahemﬂs ioforéve@dt that is produced in

~the operation of the nitride sem conductor conponent

|s i mproved. Enbodi nents with p-doped and n-doped
entg yith psloped and uatloped tegigims: sddh asnatrelu$gal in light-

Wtuﬁ&@@hﬁ%ﬁﬁu&mteﬁts( 'tEB§ l€%35§5déj§8 otg{ﬁSQISO %lectronlc

also in electronic corrponen s’ ransi s OI‘S
SPEPERRNP disansisiors, pleef ater @rawéﬁ@muuarmntermdtdmquumaamm in

GBI cadt M &E&tﬁbél%l)nt‘é@trgl&ﬁéntel ement. A further
preferred enbodi nent contains at |east one further

maski ng |l ayer of silicon nitride arranged i medi ately

adfureenprdférrédnambedimeRe cdniaihd @k 18dst bhGuntd?) masking ‘alyer of
{eﬁm con ers on ich the multi-quantum we

F%tqﬁg(:t%rrqj@ﬁgsmrg%dlately adjacent to that of the further nitride

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 muiti-quantum-well structure
and accordingly has a great influence on the charge carrier operating life. By
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 component according to the invention is a carrier wafer on which

a large number of nitride semiconductor components according to the invention
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t hough on the side of this further nitride

sem conduct or | ayer that faces away fromthe

mul ti-quantumwell structure. In this way the |ayer
quality is inproved in the 2%gion of the conponent

that lies closest to the multi-quantumwell structure
and accordingly has a great influence on the charge
carrier operating life. By 25 inproving the |ayer
quality a longer charge carrier operating life can be
achieved, which is attributed to the suppression of
uRGITaNgR0 r eormsiigiavafenforms arintarmediaiprogias thed it corparable
PloP@UGFockEstd wafdOMBlcod thiHhoRygPduhL! Qébaﬁ’étlohthh the nitride
nitride sem conductor co onent according t

i ?ﬁi@‘ﬁ?”%t%wﬁ'p@a?mﬁ afrafggeen §1e edifiemwatar ¢ar be catiathout by
OfheNhhffHEuRRe Bf G GRStk 8%e o ATRENEAIe? it8SF Urda ?gtakc? gFaIES after

invention -21 are arranged. The carrier wa
ﬁaWWE?%P&@WBGWaQ%%ﬁW% conparable to a
processed wafer in silicon technology. The separation
the nitrid sem conduct or conponents arranged on
?ﬁée E}qt%qe ﬂgf@r '”E%M%Be'” this, aspgc @tthsypa@ﬁ@arlyglarge carrier
nuafefsacdrube useaf, sinbe ty proessesbcoriing R thavertidr &l e cdHfied
ke p trans, ortat'Jon to a conponent

o s 28T 6T Sy 485 P Relef BT G B ice
asgpEcendustot ha;termln.t:twelltﬁatl Nad @F@yh ©Arthe ediliconalvges ®ansaid

b [ h di h . .

SRS £l pBEHrUEE 1P B HARER yBT Y hRPartcring Sy iation
sthiu$ eermive bepaticuldrtyeinexmamsive nrotiltioni df rdotonents. The nitride
S&'ﬂl&&ﬂﬂlﬂ@% od'onlp%ﬁgﬁts HH‘L% u{ofalj %Ygﬁﬂygﬁ‘%vgn q%\ém)@grpﬁjéoaelj%eral

silicon wa Said 10 S
dimarsiorof atdéast 26tmomr thespoiedi ng si ze. The invention
thus permts a particularly inexpensive production of

nponents. The nitride sem conductor conponents in
tﬁ{’éﬁ)?d'melﬂtaqu the nitige samicongvcteneragiicl agedrding itaithe fourth aspect

& TR FHVBRtGH ardl ddsBASdd RéremaHON ifddfr GRth&PHo Dot fo follow directly

Enbodi ments of the nitride sem conductor’ pr

AR i RigVieysly drscribert embadipents of tre Qihertah;eeestwémnmntlon

are descri bed here| nafter, insofar as they do not

follow.dir #’X rﬂ?t he previously described

b RIS 6’8 ?'ﬁ'smo{ pitride RemicongtClon gradyge has greurvatyre,

anemsﬂfa&ilé arh enbedbsteié ihhg diietlidrd@efRMHERORAUSt BE rear side
neasyrabl e on the substrate

rRgy curvat ure,
R8P sgeeh b Reshartin iy s poop@iys &f glsast 10 or to
smbsfimitlyelasyer faalus, of tdoataturer Sﬁc&pl@fg&ratdw of.cligiukes arf possible

ith') tﬁg lf)rrc?ce(s),g p%cedure%tac%grdmg to trt1e invention if, due to the 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 embodiments and advantages of the invention follow from the following

description of the accompanying figures, in which:
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20 an infinitely large radius of curvature. Such |arge
radii of curvature are possible wth the process
procedures according to the invention if, due to the
insertion of |owtenperaturd? strain engi neering
internedi ate | ayers, a sufficiently high conpressive
stress is generated during the growth that is
conpensated as closely as possible in the subsequent
cooling, due to the tensile stress that is 25 then
produced. Further enbodi nents and advantages of the

i iPeht i orshoys|agweThestimenteoffaNitrisie sanicetetuctor pracunt thiat forms
t he accormamirngdibiedstoaset ih hdBidelctionZara Fitsh u%?rﬁi?ﬁg@ctor

an enbodi nent of a nitride sem conductor pro

forms an SOMPOPRBACSEEINgrte hecdibventiodhe production of a
nitride sem conductor conponent according to the
ipveption; F.g. 2.is di agram t hat shows the

d69eF oprih RS slip\ss T Sevplopaent e the radiug pleourvature of
sem condub¢ eemoadutdr Erodidtdf Fig.duidungy iits predREsst AN aiso
and al SO corrpﬁre?d tto ta.e radi us of curvature of a
nitride SOMPEEHAIRMSF raBiHd Rlc PUNRUET Af ngy Mitgde heerpiprsuctor
art duri mgoducsaquoatingtoi the pridr it d@ingStspréi@gsram showi ng

t he devel opnment over tinme of the light reflected from

the growh surface of the nitride sem conductor
prigdiict duidiRgran showiog pinevderetdpoment Bivg. tirdapf tedigh) refleeted

differen ' C m _cr.oscope (DI C Lo
i mges o? Méﬁkﬁf‘%@é?Qﬁ?%ea‘?qﬂ%@@d&esé*ﬁ“%‘ingagté? ééfoﬂygttqﬁ‘é'“g its
process REEWEWIMg to the prior art; Fig. 4c) is a DIC

i mmge of a GaN | ayer that has been produced by a
RLOcess 15 according to the invention; Fig. 5a) is an
iT9-p12aABd Pt ap@fidarpese iBlesieransa cantsas seiojeecpea@Chimages of

GaN | ayer thah iBass BRRMaPs BEES Bhd¥e@bP M BRRess according
according to tFe rior art; Fig. 5b) is an n-p?ane
transni ssi onPdM@RYY'FHE i croscope i mage of a GaN | ayer

that has been produced by a process according to the

SREBLS B Bl v 1 e b By e i e i mgrocess

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

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 product 100 forms an intermediate
product in the production of a nitride semiconductor component, as is explained
in more detail hereinbelow with the aid of Figs. 6a) — 6f).
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nitride sem conductor product of Fig. 1. Fig. 1 shows
in a diagrammatic view the |ayer structure of a

nitride sem conductor product 100. The nitride

sem conduct or product 100 f-@&3rs an i nternedi ate

product in the production of a nitride sem conductor
conponent, as is explained 25 in nore detail

herei nbelow with the aid of Figs. 6a) - 6f). -23- The
illustration in Fig. 1 is not true to scale. In
particular, the exact ratio of the I|ayer thicknesses
of he Hesratienvin il 1 isl ot dtue o sdalk alpepaticwarotie @t hatio of the
c tgr [ T

S i Roost 1 SRS TRk LS o KB AR canot be
pRejeiiRedb fipg the figire) Jhe @Mghth@kmurn@tugmhms showntif the figure
fplub 9Y8vﬂﬂz cQ'F?ySQ ?ean r'oggh Bfa% i, ATRE ﬁ)tllg\{vﬁg%eg%@%ﬁﬁgﬁo%ess

in parall devi cé aspeCts on accoun

ofsPeqist el d'%cfusﬁ%'ﬂ Pargiel rtatdeyice appectsian ackwunt of the lack of
S@sThiCoMAL it & atBroduct 100 contains a | ayer structure
102 on a silicon wafer 104. The enpl oyed growth
surface of the wafer, which is perpendicular to the

prtaneitrioe sehtcopap&sr ;Qf)dd‘_dtgoo l;ontlaﬁs% byt Blrudtutd £8on a silicon
i con wafer there may al so

surfa nste d of I

SEE . NP S QP AT 5CE ShEeORHEr WA isegendiciar t

?bbsﬁla‘r&t @‘fthe Maﬁétebfahbw Wistd (& 1§ Elidon %brlfféc%lo 'Ihs%%de &C& silicon
nti r e sake of clari

ApibC FRle oy oG cpabes @ﬂééﬁﬁahafaaer & St ofrs agimbiatbsirate.

Areferdblyawith al 51d) siicomswetacéhe | eft-hand side of Fig. 1

next to the individual layers. In this connection the

sanme letters characterise layers of the 15 sane type.
Ie igemtify thel layers\ fostha sake of deritpirchdditioroto thayeferenoe numerals

GI@@JQb Had 'Ie@t@rsV\A EJ]F %d%%é gﬁovl/@g {h’e Ief?lhand Side OEE|Igeg next to the

er, Care nit sem con ctor
Y'ﬁj%ll%l\feffn 'Odh‘éd@ﬂﬂe@'o%ﬂ\e SBWde%ersZ@aEactexlsa layers of the

@gh{eltyww%mml structure, E is a p-doped nitride
sem conduct or cover |ayer, here in particular p-GN,

and Fis a l owtenperature AN or Al GaN i nternedi at e
lray etis 4 BitrideRuctealion Ryer in combination with a buffer layer,

B is a masking layer,

C are nitride semiconductor layers, here in particular n-conducting GaN
layers,

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.

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
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engi neering. 25 Further details of the |ayer structure

and its production are described hereinafter. Before

| ayers are deposited the growth of the wafer 104 is

passivated. This neans that24t is deoxidised either

by wet chem cal treatnment or by heating in -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 layer thickness of at nost 400 nmis forned

i vaauer gomysivedenegt tevhperhtures abitwe 006w tanda Wh netefm@fated
[, deposited thereon, though in the

S?%%gé?gﬁﬁg%% ure the buffer Iayer is in principle

optional. An AN nucleation layer is suitable, which

| t

 sepatn A o L' BERRASLY 63metn g, oS0 m. A tayer

t BieleRsEt @fr smost. 400 1o fisrédrmegriahé Cpmﬁpelreatwml@smf e piedent

@@%Iéﬁ@s@g buﬁ@rel ?&t é%lte@ﬁeﬁ‘&fm lt@ﬁgﬁ i ?helg ocess procedure

preferab al so of AIN and i's appli
ttBﬁﬁéF%'%éﬁ inpRBEciBigfopEenall ayer nay hovvever al so
consi st of Al GaN. Wen using Al GaN t he nucl eati on

aI S have a relatively large thickness, for
é‘%ﬁ{%‘{ “0% ChiBSUlpRiA UP@MS@OW%é%ﬁmt@meaweraaWﬁ ie.
i Heldve 1e0qred Ifcﬂ*rﬁxaﬁﬁlebﬁg?ydﬂ) 1 beoad & tat ARhAEMpBRtures, i.e. normal
al u nlun1 recurz the reactor before the addition

At e MR BYET sgpove 1809°%- of RerontinadleByffaro laver is

mrefemm alsaidfrAINi argi @fa;idﬂéd Sitipsdhr giodnth &erﬁpératuéééﬂ arhef buffer
esi I e

substrate
e SHBP ot rar B st 9 ABRN AR kg Aigigty thgnucteation
stayermay asd mavelea retatidelp 8yé dickonsd, e exampRsdd. 600 nm.
consisting of the nucleation |ayer and buffer |ayer
106. This deposition is carried out by simultaneously
iMbebarawingy the Budleation lpyasduissexpedienh tabegiortheaaiitibe of the
SRR Ppreddrsel & thePéadtr t?é?orgrtgé‘%ﬁ&tlérl\ l)f ﬁ’l%r}'] t‘?gdgﬁoﬁgg.lrsor
and a nitrogen precursor such
dn aeslenhershyrtaprenent Fniridiog Obthécsubstca’ts A eamximgmf theeubstrate
e. The thickness
A G g o i LG U N T
followng growh of the first nitride sem conductor

lrayaskidd Giyet 8 AidoRTritaGE RN@IPoKited on the composite consisting of the
nucleation layer and buffer layer 106. This depositibn is carried out by

simultaneously introducing a silicon precursor such as for example silane or

- disilane or an organic silicon compound, and a nitrogen precursor such as

ammonia or dimethylthydrazine. 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
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 thickness 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
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25 measurenent 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 layer thickatess of ca. 600 nm In
general this leads to a surface wth an only slight
hol e density, i.e. regions still not planarised

bet ween the -25- original islands, of < 5% which

cannot as a rule be resolved by reflectonetry. A
suitable Si N | ayer thickness can be determ ned subj ect

t griginaldsiandspof atS%mhish casinobhe a elp dici resoived byArdfleetosieay. A
ot it4pi [ chin I vel| engt.hs, used
el SPGBt bigkeBa il LR SRR I et fREen by
p &M expariments. i A trangfer f thig techoicalingactimg ¢y othieh walvelehgths
fi inMakr& d ] I [ in_the ..
P el AR p s 4 oY Bt o M koo sl n tre
aAd is therefore also termed GaN |ayer 110, no

coal escence-pronoting growt h paraneters are adjusted

i@ t he ({J)r esent enbodi ment. This neans that the

t gHiRG & geeR Pfi e firsl Nibiasr semicersdysieri laygsr &tQirwhieh tio the
gﬁdebemmxﬂﬁ@%fmg? 1?154%id&93f cORtEBFEEN dHalii D thepdioR alschtermed
@rﬁﬁq\eterﬁ a suificient]y conpressive growth of the
'aXPE 1919 COXPSGRRAS-RroMQtincgrowtparametars akg adiusted in the

Spreesrst exfiticRIm&MOTHiS gheaiRd thdtUbe EerspthatANhhR tHeYrati® 9% nitrogen
eneous destressed conponent structur

curved and Pom) C
a‘?rgc%rﬁ?rait%@8."“‘T‘hg’e§1\"'8%ﬁé%t’i°brﬁré"de%ﬁe€ iNgo Akt Pafagneters a
| ﬂﬁﬁtiémwa:tdg&ﬁmrvei g?rbmldpf?th@vmgm Iiﬁ\ﬁir qhoihéhg_ \tJ«ﬁh 'itUelE Far smaller
[ ove e_layer gqual i nd al so exhibits a | ower
ttgﬁépncsﬂjre?% 8{‘%{%1500% nad}d?/ dhYUS TR e SHRRRNIafly | R eswved and
t endgeNe basydastrddskd conipohemesiruBb aedbifhidy. nm  An

al um niumcontaining nitride sem conductor

intermediate layer in the formof a |owtenperature
Aihe afetesmentianed grawdly senditiohsi lead dpaslatged isiand biosvtti,owhich in
b Hhoelds #He R | o t '

i nt er_rréerdi ate | aggr Gﬁggy %ﬂdt%lgcg el():(g'gg‘l' Zan%%{]e?ctgﬁ%sn?yyfa %rack
t'8'MaioAm The | ow tenperature AIN internediate |ayer

i ncreases the conpressive stress conponent. If this

I_Ia er were omtted, a GaN |layer 1300 nmthick could be
g%ﬂ%yerc%l%@$sr ek thenGaliclauert 14t ist hetwspiy 8PRskichd60&iyar. An

HinRIMNEEtARING AMiHE Beht@®nHBASH |rmediate layer in the form of a
low-temperature AIN intermediate layer 112 is deposited on this for the strain
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

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

The insertion of the low temperature 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
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25 stress conmponent would in this case cause cracks
above this thickness. The insertion of the | ow
tenperature AIN internedi ate |layer 112 thus enables a
greater overall layer thickmsss of the GaN | ayer to be
achi eved by continued growh of a sequence of further
&GN | ayers and | ow tenperature AIN -26- internedi ate

| ayers. The |l ow tenperature AIN internedi ate | ayer 112
consequently follows a second GaN | ayer 114, again ca.
800 to 1600 nmthick, which is in turn follomed by a
fintermedialeovlayerapeTh Ulow AbmperattﬁendeNanraeante 11d§'er A2

sl 965t 8. AP 75 2 ) 85580 e

t\Miigh tshin ternifelipmed byreefugtberdnd t@nperatssk Al mtteayemaneMyer 115.

| &35 SN Tyl eﬁ@g;aoegrets.ﬁefdéaﬂﬁ,sd'AS:Jeeﬁcyn%Qﬁ@gSP A is
I 'ﬁ)P‘é' pgemqsgtedppz;hus this! layef. Illfasmoed iNlopeking Byer ditpieads to a
r%d@&bﬁ'cﬁq‘he QidfocStibr &Qucm?at%gﬁ%ﬁb @ﬁo@ﬂS'fH&r{J‘gﬁM‘ IS%%' fis.

dO i ng su bst ance Br ecursor cess roce
dE?cfPPb@aNéayerrarﬁ hiut, di16 ead)f 1|8eea@|sw q!cmedhéhe doming Gaddrried

| Y Blringl®e BiSwih W) ia6iBin %réuﬁéﬂ%@?mg%uw%d‘e SraburBdt tr' de

sem conductor | ayer of the desc tron i'ven a
to a growh with conpressive stress. The reduced

tTMrb@Stdr@fwut&@éscrlms@%r":WJ?;' aeady léédErH ?heWﬁé’t GaN layer
q h tes the subse qf uent. renoval and bondi n th
y ?)e‘r“’ g Ir

£OFgSReNds A9 f S&'Hté'd?éﬁewnaefft%'gy%rpfqh%descnpt'on

gillkesiboee,ao @ drm mﬂﬁ”ﬁbnﬂ)«‘@ésa}el strels@YRe rebilictel tehslle K¢éss that
carrier.

r di her es The
a5 86 S TReTiafeR ibe hbSeqant g avetiais Ronding of
themwalee 164 tes samblr'] dadyorces adtinglonrtaé af&’e?s!n)eaéf@ 'Iessl‘g@e overall

egduce t ency to crack formation during
%?%‘?‘Eé?%ﬂﬁ aser pqé?/ YT PRE PRELC Her REr Ehﬂﬁﬁpro)@d
woistallite) st ture: avedl lhesrbdwnetiueasmesstl@eptaBeidi,dmCthe ik GaN layer

f1%'rﬁ19reg’%\} FeRY.8E tfl&qEn %%thggrhglfetf&fnmngﬁte a%e?rrdd after the

exact layer structurée 0o

§tftDQtDme§16 l2ger sP0ctaree1@lj ust ed corresponding to the
desired wavel ength of the light em ssion. The
paraneters to be adjusted for this purpose, such as
t“h@UIt'asﬂ@Pt%m -Wel ftyaite {5 depnsitediparthe HowkinGad) lagere118. The

kROVS ot F’ha‘iJ}%I BRE %Qé‘cﬁg}? |s@r@cﬂuFb b i Lmbd;u% hﬁn well Il strycture

ener al known I ndi um t
ﬁ?@ are édlg%tﬁﬁ eeﬁsmngrng tp éfr\e grsires! wavetangtht pfn@efhlbherplssen

Ead), pal'a‘inét@r@%% adjustétP o ithi€ plitgde OduchR HBML eI 3BiHometry
angI Iayer 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
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.
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25 nitride. By adding alum niumthe band gap is

i ncreased towards the value of AIN. In this way a
light em ssion can be adjusted having a desired

wavel ength that lies betweei-the red and the
ultraviolet regions of the spectrum An injection
barrier for exanple 10 to 30 nmthick may optionally
be provided on the nulti-quantumwell structure 120,
though this is not illustrated in Fig. 1. -27-

I nstead, a cover |ayer 122 of p-GN directly adjoining
t gteat 8 coyeratayen 8@Iof p-GaN idineathe adjpirigsthiel inutsitquatiech-well
ngcﬁpgqgogqmgqrggw on related to an enbodi nent of a
nitride sem conductor conponent according to the
invention. It is understood of course that wwth s

any hﬁbvé@@ﬁ&lﬁ%ﬂ relatéeinodgn fdibRirAER! 5‘ rﬂt'rn@le LeplidSalictor
transi stor, the specific details of the

STHRAEP agqmdlp%etm he elpvemisnnd H’aV@de%tOB@ Qid‘f%%&edhathlth

danofesd NIPORBNN sBEH a§8or Ekdinple ash&kﬁ’sef%cfjhﬁﬂéﬁm ttﬁé‘tspecmc
illu traihes t he devel opnent of the curvature

ncfett?' EnR¥YnBilHEL B BYoligclBYRfurorig ihaxe e dlfué@lll@tﬁd by a
trhenner @eess pacseording to io the invention and al so,

i n conparison, the curvature of a nitride

sem conduct or product according to the prior art

fig.i ghbwvs apdiaghaat tham illuShates ithe d‘etrelmrﬁemea thé cuplaBlirkest a

O AR A A T, eS80
sth¢ inventiguansd rlsd einasuthpiahisore rttle atirvahee ooal mmgﬁ(ﬁenﬁd’bﬁductor
t N = . . .

540 S84 6 46 1A, o DR o W s
mlqttedcm the matz{lsmﬂ(rwtmagrpmomedme lastiny tetiveeh thie tiebmnlng of the
Yay@“dép% hﬁw BF?QSHH?W?Péon &Ibs AR &AH %%t é’r{oeof %e oo?ng lof the

degre Ion us
r%%fmaéﬁfeﬁtucw@ th@scun@éwraa II es thot retClmomgifsthwea@ms obéurvitere

dif
‘E()fgﬁséflﬁlg{d%as%ﬁfbog@;ct.&bbr%bﬂﬁ is ql&@&wg%ébgéga’g( og%?g&/reéent
Cb30%cuBRiLTR IS KpEssiblesith] a hlgihy:@gr@t at pregigion (using20®dern
aeeaaaremé;wemcme D@édéeéf 1%@ AbadiEmeHl Bﬁiﬁér aéf@gﬁjv@%an be

| otted on y-axis corre

@BW&% ﬂw Plvphaattoawa.hys/\ dﬁromtv%lt, Phigs. mme@n(tﬁ 1842n 8570
o84 (BJ0g) addR. Ko { élraﬁ?nbrygeétﬁy rsSI”FJ)tZOﬁuééL%% Igtr‘Pé ﬁaeh‘ijes

t he d| agr am of |ga nmeasur enent c rve

GE r’@%\t‘:&r"@t% rBei¢eemel gr it K- Platisd edribetaximaorrespond to
BUitvEiuBes 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
progression of the curvature of the nitride semiconductor product according to the

invention is shown by the continuous line.

Four different 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
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sem conductor according to the prior art is shown by

the dotted line. The tinme 25 progression of the

curvature of the nitride sen conductor product

according to the invention-2&-shown by the continuous

line. Four different growth phases can be

di stinguished in the process procedure according to

the invention, which are separated from one anot her by

vertical dotted lines in Fig. 2. The tinme intervals

t hereby defined are identified by Arabic -28- nunerals

1Npgerls thie Hr Hig 19rrth tdiehalANmusleation dayer dperasl @6ll as the

webatingsug Rea g ' r

1000511 {2 oRRAL 1AL el Aol SBRE P thE 3R n o
'BkeRePIReR Brastne nterwplal. Stargng fromaarinitiallyt vaalshing curvature

V(ﬂdblrl‘ébpdiﬁilrf‘gufoVé‘r‘i iHiRite (r&ﬂ{& %fs EQNquF@ b 058 b&fu{\)& éu?vatur is

dt us, K of curvature), i ght posi'tive“curva
eg‘f’ QB'fslhgﬂé’H”]'%t”Pﬁl'%tef"lah’é‘ tP(ﬁ'i* @tff@éﬁnt isugsares. i mfeéothMng time

Sinkarod| @ %ach@ﬁarﬁﬂ@stfé?{e'r avirAutks gﬁ‘d BB %c}(ﬁ‘l%?'n $BL GRer the
ust ter 30 mnutes and | asts ab ig

st art
P 2&*‘%@9@4 ﬁ'ﬂfes%wa?'ﬂnq)lay?rh@O@ﬂrbmerﬁxampée o lNg 1) and the
nirskGay 1Ry er10(iA 6. itn at oﬁ?ﬁa'm%' fa@bs fﬁ'eg:oal%)s% o? th% GaN

f rs a 110 are grown. T
' Y’h’écﬁ?{ﬁ §E“é’ﬁ én dF"StWBecﬁﬁqNabrksm% Fleprih e mult@t the

| curt/eitu& bf niee ||W@f${ﬂjcturétpr§@ﬂ;ea| @;artlhé/ d;gce%geébcbnﬁﬁg ttgqhe
10 Gurvatur e of structure produced by th

process HRYEFI 'St %ta‘i’%g'gh?h\’/%l\ﬁﬁ Ban d%ﬁriﬁrﬁ@f“ﬁ’aﬁ'spﬁlsﬁ'ucwfe

swiigle istarghie by aadonesntiohaliprodest eth6 @G SOIN HASKI HY&
which is grown by a conventional process w thout using

a SiN masking layer. The first GaN layer (110 in Fig.
1hhe fysgﬁgmﬁaym (219 ol Figwi nig growm iri atfelowddg fme limtedvBE3. In the

CARA ml ng t e.convention
pr oceélg&g:goceduricctgw q{g &Fogcé'évupgorbalf?rgfgsshé)lr%cegﬁre the
Frecadyre diffetseraps egeeunt bf thntaénsatm citintetragabats layens] anbehe

ttinﬁ'@mléﬁ&@’lé‘éts%e!wfé%h%obﬁﬁvgﬁgﬁt gz&e{"g r’r‘ﬁhut??%{ r RS :,%gagtsaﬂ the

m nutes after the start of
HMhn i thepresandensa ne éOMtqm@NMGhAlphg@wth shaset i omiuxdeded

ff@trthéIﬁ%d@]ﬁ:ﬁ’(ﬁ“@ftth@ﬁlhplntérmggﬂe'\l'a{é Jtgpnedi ate layer 112.
Both structures are cool ed after conpletion of the

| ayer deposition (time interval 20 4). In the

Gmmafrma@rfésmb@e@%ﬂgﬂ&ﬁﬁblé‘t%oéf%@%ybpdé&%tt 'ﬂlrneamtterval
the case of the sanple produced accor

Bt AP B e R P HEL A1OBHT HeiBeHOUER, B0 the cass
mf thet ssnmé b&rdut‘éwaédo@dihg & theeveRlion; 8RS cadl g aaR%Iade about

‘9'6%%&”83 t t?w s%arpgf the procgss and leads in the companson 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
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.
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rel atively marked curvature of the sanple 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 inventi-@-the curvature after

conpl etion of the cooling process is about 0.12 nf
corresponding to a radius of curvature of about 8.3 m
This value can be further optimsed by inserting
further ow tenperature AIN | ayers, as in the |ayer
structure of Fig. 1, so that a nitride sem conductor
prigdd i a diagtany almpwing tgl develpaieht over tiateusfehe lghtbeflected from

8Bt surfee &' fle b BribpALam PRANLORAA s procugion
gfusingh theu reregass oprochduraj fqn the Qenvpem(stamplqor (doltest curve)
dd’é’écﬂ@ed bS thY RALCbi p@rrpl A fggﬁ Sfrg 339?&?&88 fa%E&%H@eto the

for he conmpari son s escri be
'ﬁéef}i'agi Ehebﬁlag'fa@ theis shpws fhﬂ reﬁhﬂéofsamﬁeetqmbrdune&surement at

a&Q@hﬂ'Mekﬁ?ﬂwth \":Sa' BYE Rk Qﬂnngmg ﬁtjrré\%am tﬂhéﬁaafﬁboé’fﬁjtcture

the result of a reflectonetr enment at
M@P@W@j’dw 6 theRro@se nﬁm‘qsiurq axplained g bigt R dhe trﬁf@cted light

| iAdeAEit Ebi&t‘é&%@amgﬂhﬁ§%@"&% th LB LRERS same way as in
Fght

procedure explained in Fig e reflected
i 18 efrsinioytime sgetions g 2a@a4"rﬁjs‘ff Imtlﬁ’emteméy faxigna of t@ reflected

Sll@hﬂin%!n@%d wHicH ibelssg%ﬁgr Y}?Xn@ﬁw bstilladdGdurthg thdidyef {;r%?ﬁth are

ctjons 1, 2, nitial intensity maxinma
CRRYEd) té)"ct""éféf""?o'”l %‘H'Pnl fit 8ngan \pe SAPRHals, 1 sconirast to the

gﬁﬁﬁfaabdw séirﬁplwnlnofhél danfi€ pradaced gcéd?@mb Qbf Qtﬁe Q{VEH\MFW the full
arrows in_section 2. can be

Thfige biHakn iy AmaR6d masmas ‘eaTheSiafio & to Brpsgiions. I

staemhetupm ofithe elovan Pl MesKing faher |b @d}i@téd% thBesdchld pattern
i ntensit rra is reached

zﬁc {: er 'Q 4"8 epecé%mtfyam%ﬁ%'e”\ef’t tﬁﬁ'é 'td'ﬁr TPy oFxPEfgnce that
gnitiailyhsephratd eryatatikdsnare | pagsmnt irsthadjepssiech septdiate Sadhiager,

e o SofFH, b, D EhBLLEL SRS RSy ar
S&Ypmgatsmrfacg'at&d bi &eleastr @ 1pesent 0.86 Linffan daemygui plana of the
t ther .above a
R Bl A0 Db @Ylcion Sl BrfpeBeuiRf FLNE Bt brown.
duisftade @@eaedﬂhatevbewgem\m@agﬁzwrtac@ aséasnan be achiayet by
@gﬂﬁ%lﬁst‘il%’th E{{ QrpQ eH’I de seni conductor |ayer
e d| rec

rpendi cul ar 1o ronof gromh. 20 It is to
be expected that even |arger average surface areas can

b‘?gsaQQ) ENEH) Mow BRelIFCS iMgrtarbhdd oD flicrbdop8 B Images
paraneters

of GaN layers ‘that have been produced by processes according to the prior art.
Fig. 4c) shows a DIC image of a GaN layer that has been produced by a process

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
cracks. The surface shown in Fig. 4b) belongs to a sample 2.4 um thick which,

although it was produced using a SiN masking layer, did not however include an
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Figs. 4a) and b) show difference interference contrast

m croscope (DIC) inmages of GaN | ayers that have been
produced by processes according to the prior art.

Fig. 4c) shows a DI C image -a30-a GaN | ayer that has

been produced by a process 25 according to the prior
art. The scanning el ectron m croscope i mages of Figs.

4a) to 4c) show surfaces, represented on the sane
scal e, of variously produced GaN | ayers. The sanpl e
shown in Fig. 4a) was produced w thout a Si N maski ng

| &eintermediadeslagen far tﬂerfélw engfinebiogit THis Byen sHowscasignificantly

c a

SR BRARE I A 18 UL b R D B oo
s&#PPle- 2. 4 pmthick which, although it was produced
using a Si N masking layer, did not however include an
-ﬁo ALN internmedi ate | ayer for the strain

B¢ AwErceR) @ seAIPle illuspatedsin Gigs 46). svhiphi Wascarawh yip to a thickness

| o120\ ed asdordIfg tH@re%\Ietﬂltl&mlﬁé asﬁ‘@\é/ s%rtét%%m 9%@@5%& 3nd

the previously di scussed anpl e The surface
sHAD E’é" Hempﬁﬁth"ét"é% inter "ﬁd@te laygrs, QRIS anete gingnhangha grsatly

aimighowddnR@sity witholit ahy&ridi faerlioH iM@eliMaddifsdcayent i on,
i.e. using a suitable SiN masking layer and wth Iow

tenperature AIN internedi ate | ayers, exhibits on the
oFigebahaimvsaan e plahy tralnmars@MﬁCblém@hl M&rd&}cbpbb)%agﬂ‘kﬁf a GaN

76 e AR bloBllead ok 3rhBP GCedRoP dho i Hia g Spows
aarGahplahaylansmrsaanMe;ctmhodmanom irAagy ot GSGaf&Q§yHrdhé119was
t SNOWS

(ol Fbrdioke abdfling B 1RV ion 11 51088 &R oayayanty
_tfhatsamsqﬂl@daimlybgrownp@amea;;aersacm@lsﬂﬂ mgasikihgt lager was used
VN blcfihg HaTay RO S Ui Pokex GPRGE Ao 1o
d@éd‘VeN'féhWQﬁ awavgr adieptéchyben glowing the Id-?egshcﬂm) in Fié&b).
process sequence according to the invention was

however adopted when growi ng the |ayer shown in Fig.
gB)°rdergo Pha'kb?taéfﬂe imnges Aaisize ot the crystalises vipiblesn ke Bfistrated

tibger gnarsd abb 'efsﬁrﬁabéhs R4 %H fhhist Btﬁ’pbéé Eisduidt cﬁ'delhdt@%{lerm%s that
pl a zq estimated, and for th pur pose circu
PPQ%( itellgw the, Jecqgnisabler enjaurs @fomeoﬁpii'ﬁ%cheéwgiﬂ“é@bw@fe
cpearpssedionthe iigp. esced crystallites were
superi nposed on the inmage.
By way of explanation it should be added that dislocations in the heteroepitaxy
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 tilté_d 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
dislocations at the interface 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 independently of these effects, for instance directly at the interface with the

substrate. The recognisable edge dislocations and screw dislocations accordingly
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By way of explanation it should be added that

di sl ocations in the heteroepitaxy 20 occur on the one
hand as m sfit dislocations at the interface and on

the other hand are formed 481t he generally occurring

i sland growm h. Wen islands adapt strongly to
inperfections in crystallite structures they al ways
grow slightly tilted or twisted. At the sane tinme the
tilting at the interface of two crystallites leads to
the formation of screw dislocations. Tw sting | eads

t §dichte anpradmately the bednpiarpsf the sbalestinmerystatiteshsince, provided
| fhaefn |

e E%gac@ﬁtaérzgalﬁ%%?()ﬁlb shéfﬁlﬁ é 5%\13&?8 ahbQFisiocations
cropserate’i *ﬁ%@oqﬁ&@mgs(évgialw@é In @ﬂﬂenéo @b@nketbe @verage sudaesarea
t frathe @AEtHIIfed 4 ﬁyéméﬁéaﬁ Q%lslta'ﬁég oft g gfﬁﬁ &M ¥e Fhasking
few di sl ocati ons take ace | ndepe t hese
e‘PY%’c‘i@“' fosruseflst ance d| rectly at the |nterface with
the substrate. The recogni sable edge dislocations and
%r ew di sl ocations accordingly -31- indicate

’b@&ﬂ%aﬂﬁtsé*rf?‘?% ﬁ@abQﬁ?HB'ﬁp)Pyoq"et%t@@SF &% thenjfjustrated plane of
cinesdelibn Was caiciRad féravhéledio dihRé iILBRatadisassdd area and the

(SRR L1eies efpitecalaiab ol o rogadaucd pmpics tis plane
CdffymlteilsédtlbﬁShesl abovel efie td@aléb@éﬂ@et @eﬂ\tﬁibl&%ssﬁ ftae esample

t tall | ane at
A0t im0 B P srER e GO By e of 9 am x 1ies
u:md: 1A068avamé,g§hlsug|f/@:enaaMagEGUﬁa@ahs)é bh®.0281 pm? per

c&g&éﬁtllltes inthe illustrated plane of intersection

Fcul ated fromthe ratio of the illustrated
surface area and the nunber of the thus identified

QHytﬁE 3§a|rﬁﬁl(§%f eJ ﬂltlh)cﬂat Eeh%\ﬁﬁéﬁ%&‘a%%g gtagpéo%sné % %hg i ventlon

I ntersection |1 es bove escence
t"’fHSERW‘éS@ Fig. Rb} erethezntpardiand, 33 ¢rustatitesenere nomtgd oﬁa)su:a‘ace

gré!e?bﬂbbﬁé ﬁn% )("!353@ rPUREd QP BAlls fv%@ o a\%?AgcengﬂJﬁ(acéla??a of

nm= 1,06 . This gi veS an av rage sur e area o
& e’ H@%ﬁa”'térystalllte In the sanple of a nitride
sem conductor product according to the inventi on
{I usk{at ed g % on the other 35
be P@@t%% a3 iy éwe%trgaéﬁds%ﬁm%wf Fﬂs 5h} ligs. @p regards

ZtQEIﬁlantm At tR23S8vermnwit &.the vBRies THHt Tallibéeschtiled WIhABE process
srfgce areao er crystallite. It should be

Preeg o lne ‘E‘H%&“°Ph&refer‘i%@§meg%{9 SPUPRAJEIE CRITigd anbgo that
Itlneeaverage s@tedsea is at least 0.36 pm?. 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

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
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its quality, at the lower Iimt of the values that can
be achieved with the process according to the

i nvention. Preferably the process procedure is carried
out so that 20 the average sigface area is at | east
0.36 n2. In this way the conpressive stress in the
GaN | ayer can be significantly increased, which | eads
to better results for the radius of curvature and
tensile stress in the finished conponent. Figs. 6a) -
6f) show different process stages in the production of
aRONYMy o @ eaKriee 126, and eretheentherdridab dmpakve Mha light .detbgpling
p iqoed here follows 25 after the
ppggggffgﬁegfﬂyﬁgt%ﬁ?ﬁ%@é sem conduct or component of
Fig. 1. In this connection an upper side netallisation

| hé ichifer 906 @ abREAYH d8FH Q5ppkPsr Aldi rahge?s nfe%ﬂl{e%n%b%ﬁ bne
pr.od é 100. This serves on the one hand tor e
sa@géé dhat is goed 5 ds Rending. £ig i) isbewa 2@roeess siage After the

obdrelind1 IRE bbRdihdRIAVR At iR al & @Mp&&ﬁ%%'ésg@c. THeQBe!d? uch a
clfégponent th&{§ is formed. The carrier 126 1s
f abr

PERPEHE Mo tie phantage thatgno aggitional sisessiel iase rotgced by
Otheah@mastyde duBgtfaboridngised for the bonding. Fig.
6b) shows a process stage after the 5 bonding. The
bonding is carried out at a tenperature of 280C The

ubfee 0Bi suaddr dOKove trempesdit inr @ Hewwikte @8y anthagast Mastrated

i ti.anal. . ed b h h I
RFEPAEAR o R R ahecs Sl B Getead Y meBre b asaning

| Fncaefcbingowhe getetimgp majhbes wes-chémigal baidBAchemical etching. The
i ' in. Ki. 6¢). The Si. wafer 104 is
?ééﬂn%{/ed ! %/t'raqn%éa!%ﬁgf Gdzr'igﬁh&r%?d pr%“-cgﬁd'”\é\%?ﬁ‘ Hig. nupigation layer
et@hiorieriyelyorided ue thec Biewafea how fortiisy the hepie 8ide &inalhthe @-cover
Thee St : I¢ | ' Q... 6d) ] ere ,
e eade et cel{BE et Relanancillad Tad 05 ¢ Bimpeyster
Bb? deaen gde fie shictuaticry etohingoPyremidet strppteressinde iramdve the
iRt dsSaNI r LSt | ct wth the
O PO o Y cponp 4B cieB iy, GO o, gl win
KB qrsHiQu Finaled coasst Shichges Rye anddimbd.sTo utdfine etbe flow
tpdRirity SO ED: & Redativk fdik ' 3.
cplgn'ploynent are fo?&rr%g%%%'ﬁggg%g ﬁ%dngtgth%oog)meégﬁﬁ?rga% 135 on
e syrfage posh 2 ppsitivel polarityris ppliest taithelpele-endecontact on the
paaddced. To define the flow polarity of the LED a
negative polarity is applied to the pol e-end cont act
136 on the surface and a positive polarity is applied

tAscordingntoltiee EEntPNBREigréWthti8 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
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



10

carrier. 20 According to the invention |layer gromh is

possi bl e on | arge substrates and thus enabl es either

t he production of |arge conponents or a cost-efficient

production of a |large nunbes3.of smaller conponents.

The descri bed process procedure takes place w thout

the laser stripping that is conventionally enployed in

the use of sapphire substrates, and is therefore

si npl er and cheaper. Photolithography 25 procedures

are sinply necessary for the production of the rear

sterepoent.aflualilatively driglagetdeubutrinexpehsit/or eorhpments can be

he conponents. The precedi ng

g@@pﬁi'ﬁgwggﬁgms that, based on the growth process

according to the invention for an unstressed nitride

SEICRAN VURAL bRY Bbociié UA' i CorpBoss BIdcbBtAHoY Safle® the

processing Is pos eint urth pro duct) on

sP-4geduchng cheer- Bger tdhpaneaiter aulaastt2Q invebsowih @ifi-gGabie be

bwovub@@mﬁrhssmpmﬁmeﬁfﬁe&%t heP [;R)Wﬂ? %fjp'dbr\f tykés place
. Different variants are possi I'n the proces

‘f‘c?é‘e'GEH'%f mearjrer @ngdees not lgad thCQfﬁﬁlgt?chadﬁ‘fC@mﬁﬁe T hlsayeduces

1220 “s-urfaef,é h

o e B R PR ¥ Fi? o o

of SOR'R 'aﬁmﬁege@gm dRkisepisaion upwaAlyi ndal light riausiespupiedl more

derasetivi, vead allBsLEaNRNL ARG ORB&T %S)Gﬁs aEBI'ie?i BHRAUGRS side.

a rough surface and |leads in the finish

sem conduct or conmponent of Fig. 6f) to a nor e

honogeneous |ight em ssion upwardly. The light is

decoupl ed nore effectively, even if a less efficient

anti-reflection layer is applied to the upper side.

10 -34- Cainms 1. Process for the production of a

| ayer structure of a nitride sem conductor conponent

on a silicon surface, including the steps: - provision

of a substrate that has a silicon surface; 5 -

deposition of an al um niumcontaining nitride

nucl eation layer on the silicon surface of the

substrat e;
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- optional: deposition of an al um ni um cont ai ni ng

nitride buffer layer on the nitride nucleation |ayer;

- deposition of a nmasking layer on the nitride

nucl eation | ayer or, where -340 present, on the first

nitride buffer layer; - deposition of a

galliumcontaining first nitride sem conductor |ayer

on the masking |ayer, wherein the masking |ayer is

deposited in such a way that, in the deposition step

of the first nitride sem conductor |ayer, initially

separate 15 crystallites Glowsthat coal esce above a

coal escence |ayer thickness and occupy an average

surface area of at least 0.16 n2 in a |ayer plane of

t he coBlosesseier Hiet prodection ol @dayknstroctuteagter nitrivet sengconductor

per pen&in%ﬂn@ﬁt <frpa EM@on &I %hnﬂu&ﬁ@ﬂe%ﬂ 20 2. Process -

according to alm1, masking layer is

deposi t edP'Pyisign of &?@St'talfﬁ tRhieassa sifiean sufacéie first

nitride Sﬁfﬁogﬂ&QjHFEQ%IJnﬁbﬁ@ﬁw» dNﬂahrﬁiH nﬁh&% Aldidatiof TS ohthe
m Q t hat

the for row h i sl and eas yer are
is at Iea%‘,'tconég%‘iﬂ Jderisubsiatea di st ance of on

aver age, @ftioh: ch@QiQn %ﬂhﬁ %leﬁlbﬁ cdﬁ?a‘?rlﬁh@m“hc%yﬁffﬁr fyer on

3. Process accor to claimi
maski ng It%&t”qesm&@@&@”fad@r vvlth a coverage of the

under l.yi n astcsmsﬁamuglkﬁ fay@or ﬁ%eﬁt Qé |
the first rﬁ)l tlrll de buff e!rglag er, a mé%éatu%ga}%mbr vG’rfere

0
Process a(&¥digh ?Brsbﬂ'é”@fb%fleéﬁaﬁ%' 1 to 3, in which

t he nmaskidegobiadress 4 §allu§¥ﬂ%ﬁta‘irﬁfb firsPAtride! defidbridutlol #er on
- 35- 5. P ocesgﬂgfcor ing to one of the preceding

cl ai s, it duration of the deposition of the

maski rz{gndrayemel maQIl‘llﬁr_ﬁeéye(iQstd!‘e’:HositéU tlrhetsuaﬁpé)SNéy‘ @¥at, in the
step of

r st m_conduct or
concom £a aﬂfo i8R gh%lfllfsq nbtf' & ﬁ%ml'cé’f'ﬁlécé?r 8K Hi'téarll'¥|steﬁar ate
of t he:rsgataimesh gsw frat eoadlbsce dtioghta Wezdcemgi fayeff thiskness and

600 n cillatin t SI t ehgvi ou th
i ncr ea3| V\%nsgvef ?g s%rif]ace arga o? a? east 3 18 Hm©in a Irayer plane of
the coalesced nitride semiconductor layer that is perpendicular to the

growth direction.

2. Process according to claim 1, in which the masking layer is deposited in a
layer thickness that in the first nitride semiconductor layer, which initially
grows in the form of growth islands, leads to a layer area that is at least
80% closed from a distance of, on average, at least 600 nm from the
masking layer.

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%.

4. Process according to one of claims 1 to 3, in which the masking layer is
deposited from silicon nitride.
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anplitude, which after at least 5 oscillation cycles
reaches a maxi num value that then remains roughly
constant. 6. Process according to one of the preceding
clainms, in which the deposi-t3son 10 of the nitride

nucl eation | ayer takes place on a (111) silicon

surface. 7. Process according to one of the preceding
clainms, in which the first nitride sem conductor

| ayer is deposited in a |ayer thickness of between 800
nm and 1600 nm 15 8. Process according to claim?7,

i ? whi Blecess adeariing torone ohthai méceglingi dtdimneein vs'rh’tthahaﬁdiaa‘bﬁ of

: gyg ﬂg% ﬁ%BQﬁ%Sﬂhh%nmggﬁ g{ 'Ial¥§,c 02 K. deastﬁgtlulﬁftﬁg &position
se%:/ondstﬁp wof !@eflrétemnrldera&mqmdud:tamayer a sonk&qmmtsalnt edaasmrement
the | agtnd @fl@&tlonagteﬁ?ltygc{f%ei&%pﬂfﬁmagé an é)rft %/e &ngg\ o' ca.

whi ch the sequence o depos

al um rﬁQﬂﬁre@w@ﬁ an agrillatiog indensity betraviedi atte mmgmngaclmdnlanon
al li [ r 0 or, er

are coanpiaes uclaldl a6t ¥ ducifiior BRGEREREEE S RYG L

to cl aiaHeghatthen rqrmalvvmﬁouﬂhlacmtam quant um wel |

structure of nitride sem conductor material is
dep03|ted on the further nitride sem conductor |ayer.
B 11. fp%%?&@f&@@d@@nﬁ@fth@Rfﬁ(%ﬂdmgltﬂlalmehlawﬂmfemesiedosbgon

t
the depesd hitri@@ n@fiedfion Iﬁﬁéﬁakeg;b?abfew'n Elek 1?@%3)#1%@#5

of silicon nitride i mediat el efore the ep05|
of those of the further nitride sem conductor Iayers

an whi F!}Bcesfsrb%c@?ﬁ‘ng'to GHE B B pAEIel; ngtcféf'rﬁg Yh Shich tPe flﬁ,t nitride

deposi ted. -36 Process accor to one o

pr eceFEAYPORALTIRGIaYenS HRPeIted in ﬁJ%}'@pFWnﬁgs phietyaer 880 nm
i nt o tdnd 1600 BIn. and, if present, those further nitride
sem conductor layers that are deposited before the

mul ti-quantumwel | structure.

8. Process according to claim 7, in which an aluminium-containing nitride

intérmediate 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.

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.

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.

11. Process according to claim 10, characterised by the deposition 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-quantum-well structure is deposited.
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5 13. Process according to one of the preceding

clains, conprising the follow ng steps: production of

a p-doped, galliumcontaining nitride sem conductor
cover layer on the multi-quast-umwell structure. 10

14. Process according to one of the preceding clains,

in which the step of providing a substrate includes
the provision of a silicon substrate, the thickness

of which is at |least DcaNx x , wherein DGN denot es

the layer thickness of the nitride sem conductor

| ayer to be deposited on the substrate or, if nore
than o i

a50s; Fgbis ActRIRPB AR M FootdF Lol [l M cserpe
the niinkpdesedsupitheoiitalardoff prenget, $hase fttrmed ojtrixtsi septicaaiuctor
the Sullag diE MR a?@&‘e&fsnechﬁ Wﬁ?&' AL 'nﬂﬂl qt?alr{nart\ QR struct re.

i nternedi ate |ayer, erern case

doped silicon substrate i's used is 110 and in the

cppe e bst ] e 2

1 oy e ARG oY CPLE ProckdfifRelrts, “Ronpdhy

of proollewing Heesi bﬁtqdatﬁ@n |0|ftc41 um-éQPdeeg@hlUmCth@rmlr@f narlde
Si | | cofprRtthiviuERt Bovelr ﬁh@et B HENRSE- qggntm' »géh ét%ét
additionally greater than or equal

where Substrate dianmeter in cm 3. 5 25 16. Process

for. t heropsadacordiy &f ofe Bi tt’fe‘ FrRcE&RY CRMAYIGA Ahich | the step of

conponent, conprising the steps: - production o
| ayer RIPYiRg @ éufa?tfaée mctqqeaéhsm\e%@meétaoﬁmwnﬁ&wﬁtte the

ON a ShickG3 cg Ki@f & thfegﬁt 9xL,0 WeuﬂfDuelﬁ,é%e%tgg &AL Wer

claims; 30 - |ng of elﬁyer struct

carri ethlckrltessuoﬂ‘ltt& waydd BainidoRuct@r @yeh t@méeeemsated 0<£n the

e ) gL o b R 3 i oo 4 o

dep03|ted denotes 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 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.

15. Process according to claim 14, in which the step of providing a substrate

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

additionally greater than or equal to100x,/D., Xy, Wwhere

_ Substrate diameter in cm
35

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 preceding claims;
- 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;
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production of a contact structure. 17. Process
according to claim16, with a step involving the
deposition of an 5 electrically conducting contact

| ayer on the growth upper sidte of the |ayer

structure. 18. Process according to claim17, in which
for the contact layer a material is wused that has a

hi gher refractive index than the p-doped nitride 10
sem conduct or cover layer. 19. Process according to

one of clainms 16 to 18, with a step, carried out

bef or e- t heithgonenplgte armadial iempvatefdhe sgestraten of t he

growt h_ up f structure or, if
present, grgﬁ%ﬁfgﬂ?g%cg@?%sgyg?ﬁ%ls 20. Process

according to one of clainms 16 to 19, in which a

caFrie S Qy,

ThG boniras FEo AT e TR 1 30 e N AT EXRPoatn o an
or et &iPetrigally zonguctingeeniasidayat Gorttl gVt Uppes &ﬁe of the ﬂm/er
18 to GRictdr® Which the nitride sem conductor cover

| ayer of the layer structure is deposited in a
thickness of m A+ A- d,"Q" where m=0, 1, 2, 3,

.18.,  Brobbdd éc‘é@rdﬁg‘to"&ﬂuﬁwﬁ'?d% whiti$ fé tN@EﬁtS&%ﬂr Qfm&erial is

I|g t em ssion of the nulti-quantumwell structure

duri ngUs5fef@ti Bas o higher nqqfr,apt@/@ e c Biadu dreorp-doped  nitride

conmpongymicordfatiof t6ler iayef. he 25 refractive index of the
nitride at the wavelength A, and d,fQWVN denotes the

t hi ckness of the nulti-quant um wel | structure. 22.
Prac esBroagss0actorting & @)h@ldinc]aYmsH@ whh & hwith réiaétel’)' 8arrib§ out

used for, t at. has a smal | e

refr ac?%f%%%ﬁwt NGy é{WOl eta[l}ﬁ%t@"rﬂf & gr@wirggpper side of the
sem caagbrGtroctuRoEif pledytl of thé8ontdat.lay@rocess accordi ng
toclaim?22, in which the nitride sem conductor cover

| ayer of the layer structure is deposited in a
ta30. ck rfesessfaccording 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.

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, v

i + /1 _ MOW
2-n 4-n

thickness of m-

,where m=0,1, 2, 3, ...;
nitride nitride

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

refractive index of the nitride at the wavelength 4, and dyow 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
semiconductor cover layer.
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A d,+~-Qvm - , where m=1, 2, 3, 4, ...; Ais a

wavel ength of a light 2 nnitride 2 em ssion of the

mul ti-quantumwel |l structure in the operation of the
nitride 5 sem conductor cor8onent, nnitride denotes

the refractive index of the nitride at the wavel ength
A, and d. NQw, denotes the thickness of the nulti-
gquantumwel | structure. 24. Process according to one

of clainms 16 to 23, in which the bonding is carried

out at a tenperature in the range between 280 and

PC. Rocess amortieg o elaivpRdi ingvhieh theenitiie sleanigamda@or cover
24, in i chy t in upstra '
carrielgy)%lut&bythgriq%%ipn&ftrg?ﬁjgé;o}éo .‘;ﬁg@e"grﬁnd{’ng&ﬁ’ﬁ%és of
et chi ngﬁ. 15 26. dlﬁ@@cg\?‘s according to aone of clains 16
to 24, "V'p phichthe: &I B Treefoti ng 4 & Wasienoth & 3 ght
carried out™8olely by etching. 27. Process according

t 0 oneerdissioh af Mg M@tigQabm-wéll sthictlie ilBe Pperltibn bERE nitride
the removal of the substrate i

si de expose e is :
st ryctiﬁng'ao b’Ft%%lhcé’"fpé’Pﬁ%'t i’bﬁdeofienoé?f é’?ﬁ refractive index of the
ant i - r@fride Gt trerwaeldngth J1axed dwgﬁ-dewae_rs itokethickness of the muiti-
sem conduct or conmponent with -~a gallium containi ng
first quantundeelemuctareduct or | ayer that has a structure
of coal esced crystallites that occupy an average
surface area of at least 25 0.16 n2 in a |layer plane
P4 penfdrocedsaaccordingiéo gnewf felaiins eldt tooA3, in \simich the bonding is
al um niy i, B b e i rggg'% t6 | that

adj oi nrusa 'tr'%?g%f"?é?é rﬁ‘%r?ﬂru ?Eirjilgqg%l;#%gr? uc eg'rz%ﬁofaéss,rooa@n'd -

a galliumcontaining further, second nitride

SN COBEEEOhcdoRNifg c}oa&leo'of"cmné s k@Sl lid%@ich 3% <R of
29. N tride sem cohductor conponent according to clarm
28, i femRVipe thehgubstrate is carried out by grinding or by combined grinding

and etching.

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

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
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.
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crystallites in a |ayer plane perpendicular to the
growm h direction have an average size of at |east 400
X 400 nn2. 5 30. Nitride sem conductor conponent
according to claim28, in wadch the crystallites in a

| ayer plane perpendicular to the growh direction

occupy an average surface area of at |east 0.36 n.

31. Nitride seniconductor conponent according to one

of claims 28 to 30, in 10 which the first nitride

sem conductor |ayer has a |layer thickness of between
829 nniNdnne $&BBomInctd 2conidnentd eceeding do cileimno28, in which the
conpon [ | 8 3 .

; epeat g %yfﬂ%%(n?rﬁ g I%Qa ﬁ)ﬁan%%%y@%ndgcg%ugtr% r%n%t (}rectl&bﬁgve an
al uni navemagsosizeadiiat igpst 4% 000 hwé i nt er edi at e | ayer

and galliumcontaining further nitride sem conductor

| ayer. 33. Nitride sem conductor conponent according

t 0. oneNigidec pemigan@®ctagrcoBmonent agderding do claim 28, in which the
mul ti- t I I {

mat er i %Qmﬂég}% Lyésplﬁ %gedb%ﬁ rﬂ{] Ln’#rut?ttﬁglg nitri ggt%% Seupy
seni codtaxerage $Uei§’ﬂé¢ areaupf aklegp§ 4136 gefti conduct or

conmponent according to claim 33, characterised by at

| east one further masking layer of silicon nitride

i e di Mitrideysequsasidrstag compritent agearding ta pree ph@laln@rzs to 30, in
ni tri deniglenthe anRetUakRIe kaMRbAdRRorMiyeh Hb Qeanry%r ess of
quantumwel | _structure is eposnte&’ but on¥ e S|8

of t hiRetWesn B NMiend 1§60 NBeni conduct or | ayer facing
away fromthe nulti-quantumwell structure. 35.

gtrl . sem conduct or conponent according to one of
isigler SPMGONAURIOISPEROPSY acrPgindalvconaspkflaims 28 to 31,

pr eserthat t'dpéétédfyubbrﬁtﬁfns nﬂhbflasi@r %6&%&1@@défchﬂl‘nml§r9 -containing
| ayers .t ranq on the sjde of
r

mui ti 'thgﬁt d 'atgt B urd tﬂ%\'i'“’f‘&@@@'rfr&/vaf'ﬂg‘ef hditride

first senturdndectselayéronductor | ayer, are n-doped. -40-

36. Nitride sem conductor conponent according to one

of clains 33 to 35, with a p-doped, galliumcontaining
a3 ri dda'trisiemiecrﬁnmddacttow canapevent agoRrditdi &t ond &f @dimaraest 3@) in

by iesbn il aspr TR SRS pihie SO TauRY teriat s

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-
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 present, those further nitride semiconductor
layers that are arranged on the side of the multi-quantum-well structure

that faces towards the first nitride semiconductor layer, are n-doped.
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5 37. Nitride sem conductor conponent according to one
of clains 28 to 36, wth a carrier that is bonded to
the first nitride sem conductor layer. 38. Ntride

sem conduct or conponent accofodi ng to one of clains 28
to 37, in 10 which the carrier and the first nitride
sem conduct or | ayer are bonded to one another via a
netal layer. 39. Nitride sem conductor conponent
according to claim37 or 38, in which the carrier
consists primarily of copper or alumniumor silicon
0B6. 15Nitidsbemicondiictari abenponeatf ackbfdbig todbne b thainike 33 to 35,

of clai 28
o 0. Wi HoER BN GReofBrEld 1 fRs Rty Coneayer
| ayer |ssareemgadgmdthbesidmeemhe hmJItl-qaamturaFwe&lnsirLIchﬂe ffadire away
nitr! deoRahd ARNAHEL QbmidYSleo Rett. N LI de

sem conduct or conp GREnt "AcCor g'to claim 36 and
claim40, in vvh| ch the cont act |ayer has a higher

rgjracy échfe bé}q%énéJE oﬂeérgoajsggrdm{a[ for Lgle Ie” of claims 28 to 36,

sem conduct or cover

seni cowidu étcéfﬂectmp@rb@nde@todm tlishgitride aehmqmdeﬁpr laper.
which the nitride sem conductor cover |ayer of the

| ayer structure is deposited in a thickness of m A +
A3 O N@quﬁémi@onﬂuetoocompo@nt according tdone of daimsn2§ to 3k in

4 - ni \fvﬁlbﬁl?heo—cérm\é\laé(ﬁd Y& rﬂfnd@ e fh a6 SH &nar@fbotnﬁgd to

mul ti-quantumwell structure during oper at on

ni tri denesaths R M6kl ByAhonent, nnitride is the 30
refractive index of the nitride at the wavel ength A ,

and d, NQN denotes the thickness of the

med-t i - fiidie: SRMiGRNduClor cppanent acaarding3o oigimr37ger 38, in which

sem COtHQU@*Irﬂér COANEB EPimaAE 1A Edshel OorC laRinThig @RGsilicon or
cl ai m% in which the contact |ayer has a | ower

r ef r actFVERIYTH AL U HAYNe p- doped nitri de

sem conduct or cover | ayer.
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 layer.

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.

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

A dyow
+ A _ “mow

4-n

thickness of m-

,wherem=0,1,2,3,...; A is
2 ’ nni!ride nitride

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

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

thickness of the multi-quantum-well structure.
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5 44. Nitride sem conductor conponent according to
claim43, in which the nitride sem conductor cover
| ayer of the |ayer structure is deposited ina d"QN
thickness of m - , where m4t-1, 2, 3, 4, ...; Ais a
2 nnitride 2 wavel ength of a light em ssion of the
mul ti-quantumwel | structure during 10 operation of
the nitride sem conductor conponent, nnitnde is the
refractive index of the nitride at the wavelength .1
, and dMQW denotes the thickness of the
nulti-quantun}mell structure. 45. Nitride o X

t . cl ai s ,
Ty O i RO A5 AL b 1R 3p 2B fBim D, in
cont acthig #ieepentactdayataiasi @owert aframmehmaep lthamathiet y-doped

nitri Qﬂcg%?ents according to one of

cl ai rrsqﬁtgggtg%rﬁ%g%{%ﬁ&4$g rrier wafer according to
claim46, in which the plurality of nitride

sgm CCNﬂﬁl‘dét£m|5&m%?'&5ﬁ1peﬂeﬁth§ccﬁﬁfn q ! cﬂﬁﬁeﬁ N which the

totality a | ateral di mensi on of east
Nitri d@”g‘éﬁ?’@@ﬁﬂ@f&t@rc%ﬁbﬁu@t ofyihe Ha% strugtursuisstepasited in a

that has a silicon szurfa - an al um ni um cont ai ni ng
ni tri deickness esit nﬂn—l—as,LeL—d@]'-olvvhdﬁg rhhe sidigon A is a
surface, - optiondfuan aldim ni um cont ai ni ng ni tr de

I
20+ ARl Sissifiomthe FruiborityEde! v B plring
or, i bppme&m theonntrulaesenmdnduder bcblﬁi)@’(fjenk N Ble i &gbjrétMaEh/e
-42- I t [ first _nitride senm conductor
| ayer ar}ﬂ%%é’ﬁ B@g’}'t%gg Jagghglw%e{eﬁgthnés RN wbayfenotes dhniNakngss
a st rBﬂh‘érn‘?ulf?f g&@hqﬁ&psq ug@g stallites, in which the
|

crysta tes ove coa ‘nce | ayer

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

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

46. Carrier wafer with a plurality of nitride semiconductor components
according to one of claims 28 to 45.

47. 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.

48. Nitride semiconductor product with

- asubstrate 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 layer, _

- a masking layer on the nitride nucleation layer or, if present, on the
nitride buffer layer, and with
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thi ckness and in a |ayer plane perpendicular to the
growm h direction 5 occupy an average surface area of

at least 0.16 n2. 49. N tride sem conductor product
according to claim48, in w#2ch the growth islands

have coal esced in an anmount of at |east 80%at a

di stance of at |east 600 nmfromthe masking | ayer

10 50. Nitride sem conductor product according to one

of clainms 48 and 49, in which the nitride nucleation
layer is an alumniumnitride |ayer or an

al um ni unf ggaplliimeentaininigd dirstayédrideni $dmiaondalctoni fayerm arranged
proporti opy;efindt thk€ : 9 51, Nj tr]

sem cond ug?jglﬁmgr tg u@t§ gkallr(]:(‘% gayglr njagdt %av(':'{\gjaltan# tg%t urp nofm%c?a(l:%sced
t he nitrierestalliigs] éatwhieh |thy earydtallitea &lzoyer at ¢natdacesse ddyer
bet ween 1f; 1 L ' C P
product acianeps i A eyer pohy PetndEUE AL GrBun grecton
whi ch t heCsUPY pIAVEage Byrfacgyaeea ofas least By 6inthi ckness

of at nmost 400 nm 53. Nitride sem conductor product
according to one of clains 48 to 52, in which the

stibst r Hitridle sericonduetet PORUBcacsRIfNoCal daimi48, irmwhicle sfre growth

si de siglafld AhR coaliskas th b af r oL
has a Ir adi us ofc cur vat urg'sgfﬁiogbﬁlsfegs!i@%t%g)/lgtrél(/lasgﬁe% at

Ni t ri d82¥ERP EBHaRme the maskirlayeraccor ding to one of
claims 48 to 53, with an alum niumcontaining nitride

internedi ate l.ayer that adjoins the first nitride
o Cgﬁg@@t%{m?@@ptoaﬁmdug anoWi@gqtoaone of claims 48 and 49, in

gal |'i wanictonkeainniidig nlicle&tiv?y layeeOBA dlirhiniud€ nitride layer or an
the | ast | ayer. -13-

sem conduct or, | ayer . .adj oi nin ] _

55, N T RLNYERE miide bvep il an SEREbm REPRon AL Bbeast
clainsiod48 to 54, in which the crystallites in a |ayer

pl ane perpendicular to the growh direction occupy an
average surface area of at |east 0.36 n2. 5 56.

Nitt r i dNitrisle rsecninedidadtor prodoct uztoraihgo didig 300 i @WRichfthe nitride

cl ai n%ué%a{ié)n Ig)?ér Had avmyllecrl?hickness of between 10 and 100 nm.

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

- with a gallium-containing further, second nitride semiconductor layer
adjoining the last layer.



the substrate has a lateral dinmension of at |east 24

cm -44- The invention relates to a process for the
production of a |layer structure of a nitride

sem conduct or conponent on a43ilicon surface,

conprising the steps: - provision of a substrate that
has a silicon surface; 5 - deposition of an

al um nium containing nitride nucleation |ayer on the
silicon surface of the substrate; - optional:
deposjtion of an alum niumcontaining nitride buffer

| §5er Niide $ramicondueiog aragyel acspiding tomperof claindep® & 54,0mwhich
of a fmegkystalitbs L b ligag, i

't pr oo RAESHEL 2 Pife Bbidid 46 RPhioRh 4EREn Bhcuny
depos?t PYHags sufagaiareaphat inesh-RP KO first nitri de

sem conduct or | ayer on the nasking |ayer, wherein the
ng k‘ﬂﬁ«%ﬁ¥e“ is deposited in such a way that, in the

d %osi [IGreegpicndugir pregust aceprdiiattpione of slgineofitecerin which
| ayertheisobdtiaté h¥s & eisrapdifehsivs bedt éd884@rPW that 15
coal esce above a coal escence | ayer thickness and

occupy an average surface area of at least 0.16 n2 in

a layer plane of the coal esced nitride sem conduct or
| ayer that is perpendicular to the growmh direction.
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The invention relates to a process for the production of a layer structure of

a nitride semiconductor component on a silicon surface, comprising the
steps:

- provision of a substrate that has a silicon surface;

- deposition of an aluminium-containing nitride nucleation layer on the silicon
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, if 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 crystallites grow that
coalesce above a coalescence layer thickness and occupy an average surface
area of at least 0.16 um®in a layer plane of the coalesced nitride semiconductor

layer that is perpendicular to the growth direction.



