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Sem conductors AG Uni versitatspl a
process for the production of a Iayer structure f*15a159*

nitride sem conductor conponent on silicon surfa
e L b il
Finally, the invention relates to a nitride *G00002*
sem conduct or co onent articular a 5 thin film
(eisBR g AR §EM109&9éJ@T&R%Aﬁ tride

FatertOFiseReE N, New fplicatied) 3 nitri de seni conduct or
product. Nit ri de semiconductors are seniconduct or
conmpounds that contain one or nore elenents of the
third main.group as well as one or nore elenents of
the fifth nain group of the Periodic System Such
SRR Rendeendugloraue f or exanple the 10
déniversititeniate 25 380G MagieiNg | nGaAsN, Al GaN, etc. O her
common designations for nitride sem conductors within
the context of the present invention are Goup Il
ni t r i dbgriden8ermicbndtatortGantemenildnedgocessifgnitst Prodgctiane
used interchangeably in the present application and
have the sane neaning. N tride sem conductors are used
in particular in light-emtting structures that emt
15 in the visible and ultraviol et regions of the
sPecpresent ifyeation felates tcha $>r®lee$:fqr<ﬂm3' prodnétioniade layer structure
SRR Sy oo SRR nRaBitors ‘Do) t0pediofit BPaliBh aiso
vﬂa|a¢¢$ tr @ podesalfpe thenprdudtion mfa nitrisie $rrginonductsy Lremppnent.
%{hcﬁﬁs' .%{:&H Fé?aé,’t@t?fé é’Fut aRliCortdllc Bﬁ&’dn@pdﬁeﬂﬂ%‘bﬁﬁ&@é\r a

e sem con uctor componen
ath@ fmhélghwwmgrﬂwdeeﬂﬁab hﬁ%ﬁd tez n@ideeaﬁmnmm@ﬁtor as well as a

nitride semiconductor product

4

Nitridé semiconductors are semiconductor cdmpounds 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 111-V nitrides. These designations are used interchangeably in the
present application and have the same meaning.

Nitride semiconductors are-used in particular in light-emitting structures that emit
‘in the visible and ultraviolet regions of the spectrum. Apart from this electronic
nitride semiconductor components are also known, such as for example high
electron mobility (HEM) transistors, which are suitable in particular for high-

frequency applications such as for example in radio transmission technology.
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devi ces" in high-power electronics. On account of the
very small size and poor quality of available
substrates of nitride sem conductors there is at the
present tinme little commercial interest in an 5

I nexpensi ve honoepitaxy of the layer structure of a
nitride sem conduct or conponent. Available nitride
sem conduct or conponents, such as for exanple blue or
green LEDs, therefore contain |ayer structures that
are deposited on sapphire (A1203) substrates or

SUitrideQRnficynALESr EShFanentedsrtaloessed Th &RLioft 0% bo-@hked "power
mat eri al s_have vari ous di sadvant ages. On the one hand :

 t9exiceqy B NghRAVET BEeClreiCS.0 t he ot her hand commonly

avai | abl e substrates of these materials are

conparatively small, so. that the producti t
ORAFSRAA Ogrt%e VRYatfaf't SBh aqdngqoéa(ﬁjégtyoﬁ a&’%ﬂ%tﬁ%tssug?t%%%se of
rilriak isk@ipnaudabrs thiéreliglaf e presghi/time sitlb somateecisiunteeesein an
BSenkie Rrspeiet b oo 53y st
g@fnﬁﬁdngnta fgﬁ@ﬂdlﬂélinﬁﬁﬂe serarbnguttoractmponkehts, suqheas fareexample

i anon WS an rindi.ng materials. .Sl : '
UGS sred KEDT HEFEP: eOME el el 1t Yposted on
| @pPRire AAISO;) GUBYHAIes Bnsilicsh carbidk 18I@) ssbstiatewiidiesaselsstrate

Typeade g iere ErpavataPes ope e TeayapeLERbdie. on

Oﬁ'nenioltrlférdﬁaﬁcfrf'b@gmdm?t avsilable dubetratesmef cthadd ymaterials are
nor na e ous phase epitaxy are abo "
EratbE AL 56 et e P RELS L Pl e Bk g ton
Flﬁcreégéd p@racecswhlt of thd catiselyisoalidid dor a greesubdtate berface.
urjn ool.ing of,the de ited nitride .
s'g‘ﬁqde@otﬂc}h'égﬁﬁ‘el sc{%ﬁ’cangp?r E?W‘g@ﬁ%ﬁet '@?%f'%lg' Vé’ﬁlgt\)\ﬁwabscivgggeon
t MoA's hicgle drenpéretssd mesbarvéal tileatrméntt rantewitls enpensiveudiamend

| ayers of . about 0.7 GPa/pm and, starting with | ayer
t#ﬁ?{ﬁ%r@'ngfmatle@g' than 1 pm to crack formation. 25
In order to avoid crack formation during the growth of

N r’ . . . . . . . -l .
COMATAAT G B O A ST i RSl 9o
sis-koawh euch substretepavithitalageAlianeler gantkenphtained ingpeansively.
| ayers, are used. The effect of these |ayers is based

on a partial conpensation of the tensile stress due to.
gF yrigdh grawth temperpiwes fopthenlayerngiusiises, o rilride sgmigendyrlors in

A{hlél '&rmrﬁérg%m’ H@rtn%fllvpe%;ﬁ’dy%d'g%seous phase epitaxy are above 1000°C.
" Different thermal coefficients of expansion of silicon and nitride semiconductor
materials then lead dUring cooling of the deposited nitride semiconductor layer
structures after the growth stage to a high 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
growth of a GaN layer With compressive stress on the AIN or AlGaN intermediate
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| ayer. During cooling after the |ayer deposition this
conpressive stress of the @GN |ayer counteracts the
tensile stress produced by the different thermnal
coefficients of expansion, akhd | eads as a result to a
reduced tensile stress. A disadvantage of this
technique is a high dislocation concentration in the
GaN 5. layer growing on the internediate layer. In DE
101 51 092 Al, which is hereby incorporated by
reference into the disclosure of the present

apén. @alring rcoolinte aftérdithiet lb et ade pobisier tttthftoﬁfprédsiVéCQféss of the .

nitri de internedj ate into t rovmng

"ol B BhahaRtiag, bBSEL S Grbeed ooy ks eeias therma
decdfftnieaits ofexpamson, and feddetas anes@sidar reliycezapmdietsebys.

cl osed Si XNY internedi ate | ayer serves as a mask for

10 subsequent growt h of GaN. The thickness of the

i Atdizadeahitages of thisctechriqucisar Highdlislbeatibl cdfdertrati®lPd thk GaN

R e Rl b W R R R

dlucmrpgratdfde by uefeharceciottr e disclob@re ofr that breswmt Application, the

f . t.h he Si N
el e o | & BoR qukOE BB TR T B o wpg gan
alager saﬂhb&atﬂoreqabmdnloeortjhn ok nekgeahd didldedtion Mensity. A not

F%ﬁ"%?%@fﬁ?@p%!v Fofro il R FesRBty S Ferths oo gy mask for

psubdeqesit grgwtio 0d Gabdledhe $rh|afhrrrésg bbﬂﬁehntandedliitusaWr is accordlng
f t {
o o o L RRAIE A Y SED R o e i B o

_amﬂehraqubtte 4 fev pmadresarmweoroﬁ wunaseu:gfgamtehuméraj@dfset&ahe

d t I k t
LRSS e of P b S5 e B e
glagent ﬁavesdrawnistogaﬂaﬂr&mﬁng fromna tsbeambmdamaceb@e fickness and

PR oo Teas i B sRUsR o 7 SR A etprigit fuine Gan

Lenmaey en édcmbn ps@jucgd @3proNounced igland 3BwtB@Nnd thus a significant

AEloP el Blslies ey G5FE0ER BRoa S8Rt "By linavr

dinsasuresir © ca‘ccellazatepr ﬁemermampq:ﬂnceataf otheset grcsutﬂSuslands the

f [ er
SR R p e BAREE ATk el B, preypatpo rom
aveingareaBhed bedsriei theygltoateislanfls adalesxet about 1.5

monol ayers .nominal thickness. The tensile stress in
the growing GaN | ayer can be reduced conpared to a
Er@m the wioctment by s IPadgsk &1 aka FRedugtiorngleSiressiat thecthitisBtages

f\}] b?omﬁ%nas@"f'i‘)mAﬁH\e&’fPhE/Q@s RN rIRA 429268 Vo, 1, pp. 28-

ess, satu
30 (herelnafter 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.

This effect exhibits, as a function of the SiN masking layer thickness, saturation .

phenomena starting from a certain thickness, and a complete stress
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30 phenonena starting froma certain thickness, and a
conpl ete stress -4- conpensation cannot be expected.
The fact is, on the one hand the SiN masking |ayer
can, as its thickness increases, interfere with or
even prevent the structural coupling between the AIN
nucl eation | ayer and the subsequently (i.e. after the
Si N masking | ayer) growing GaN | ayer. The result is
that a desired conpressive 5 effect on the AN

nucl eation |ayer may. then no | onger occur and an

%%Héﬁi%%an%t% éx%@é{b&i errelfa8Ss, drafBioRs hiafd tHesil madking

e sem conductor |ayer. Secondly, a thick SiN
ua»gee can rsy isatbicknessaneaaiess biatieee Wi ok Rurspreyentdhe sluctural

tJ&gBI1ng¥\fF]étWeérh%e KWW@CI@@H\QQ%r &@ntheosdbgétg,%rnup@ Keffer the

e critical layer thickness for cra

SN meagking, lagey) peowing 6ab|layert Hhe fesulbis thaha 5?%‘@%?0%9@?'%’6
Rk ﬁgtﬂeaﬂlﬁlr nuchAtiae feA ag it Ro i&@@ﬁéccuﬁ'ah&aﬂ&ﬁrﬂeﬁu?@ly

t ensi stress in the nitride sem conductor

Jrighy tangile stresgoremeliso dhe H0d! HEHS iseRiconFiadar HM@%&F?W& a
3 C@ﬂnlta PicreARéd thd keakddfce thbl@ﬁ,‘iﬂy tFeVHIuRN e R, hwmh the

ocatl concentratlon it al so causes a curvatu
dfnowmheetgmmca@ np dgpeer B¢ kertupder the gritaal fayer E?Wf’hg ack
SHRsitft €. This problem al so 15 affects thin |ayer
conmponents such as thin layer LEDs, in which the
silicon substrate is renoved during the course of

gﬂ;@}n&i‘gg&gtuir% lng_%l'ﬁorpé@@?ﬁ%l S:;;II rﬁésl@r\g M@é’r cahi ddcbetiingly no longer
nductor | ayer structure alrea aus bl
iinala e Brgle siest brbe 8rdhscagsae Rt BT Ehee s Cof

conponent manuf acture. A curved nitride sem conductor
er structure that

[ t | 1
'? hemogensory tﬁbs"ﬁeﬁtl{)%és 'ﬂﬁ%&g‘??ard%ﬁwg He® caé%t Ee*lrro,m the
a:ﬂﬁba?wnﬂmpmwhigg dmgasqamlembscdmmmrant alsorcdesgs atgugvature of
short usef ul rom :

@B et B PR af 1, 7 PR g YigroBem aiso
Séffattd thie Ia)yer&ohinbﬂ&ntbysumsljthm Jayer rl&Dofin Grlish ghe silicon
"rGr gf%\gr?fgdsz ?%n fg%%ﬁh% %u?’s%%f&%%ﬂﬁéc ét'ﬁ‘re é%&%%ln)j of curved
| RiGdlepesraicenduayorr lafar emrenaloeadhecmsscbrowrr@ end ttherefore
PeEashls BRI bl R o A0 Mg v
Aédvhiconducemt layan dtargtere that is Hihen tyaivally boeqlgd tow eagrigroeasily

geéo'%esgg Staf:tlwe%\'\?rgr%nf?\btéa%erogn@aéol'rb%ndmg 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
layer in the high-temperature gaseous phase epitaxy.' This promotes the island
growth of the subsequent GaN layer. The disadvantage here however is that
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"precursor to nitrogen precursor are adjusted for the

grom h of the GaN buffer layer in the

hi gh-t enper at ure gaseous phase epitaxy. This pronotes
the island 30 growth of the subsequent GaN | ayer. The
di sadvant age here however is that -5- tensile stresses
still remain in the ni'tride sem conductor |ayer

-structure. In addition this known LED has an

undesirably high electrical resistance. The technical
probl em on which the present invention is based is

aehslledbinesks LRl RN A8 the PHiPIBIE SSerhiGbnduB®r PERGUSHIRRe. In
of a Ia%er structure of a nitride 5 sem conductor

cidiiondhie kaewn LEPIhag 3R usdpsizdly highuelactrieal resirance.

sem conductor conponent itself, in which the tensi l e

stress i.n the finished |ayer structure

t’lfu@&@ nicay psohien Q"oW'Pé%bW?y HEREM |'fbvﬁ§t'?’b'5ttrﬂs§d yb’sr B‘Eﬂoé‘?ﬁ‘g')ﬁo
farotiberat pmhess:abr pth@bbmuamnwltjf CA laher BHRsRAS of a nitride
invention is based is to provi rocess for the

FRTRERREAT FOMPORERfepn o G FUTRFS 2N g g Semiconductor

SEMLABAURSEN in WhichofReoRasile Stfes? Al the AU Nh s estAREIr& is
i de segt conductor co onent sel f that reduces

TP T BT ETBRr 8 ROE oS b Luriroblear | nyor

structure conpared with known solutions to this

bl e ccor di to a first _as cto the inyention.
DAL B s RRR Arp B SRR ¥ mBRB HhyeRlor 8 Beisfd Boiuice
par pecxess ffor -then prauuciibinc bi @nlagér atrthcm;yrerofsa rm@nﬁar@nﬁéorﬁluctor:
nitridet15 m congduct o o 0 ? tself that
piroliEnt orpa STFAT ARERE% oI ERF ReicoBfcfor BoripBif st tha
O‘Eedacesubetummré bfathe métedea semiconduttos layeasycture compared with
ﬂh”oos It n al mn| umcontaining nitride

8WQ§P ﬂn? E'IS p5?1b?rﬂe silicon surface of the

substrate; - optional: deposition of an -
%#&?}d&%&ﬁj{ﬁgg :t?élp%btrt? Mér%a ?‘r&{)éfﬁlferrgeﬁmg?eoo@cﬁﬂ@ﬂ p?&nems
| argesolved bhea antCﬁS&jéOfnth@l br@tiu@wnl efyerlayar, stivgtre of a nltrlde

EJHducl%Pct;rhSorfén & aRhiksd gﬁfet%@féo‘?tﬁpr's@%e fo'llownng steps:

ep05| tion a ga | um cont al ni n

- sem conductor |ayer on the nmasking |ayer, -6-

- provision of a substrate that has a silicon surface;

deposmon of an aluminium-containing nitride nucleation Iayer on the silicon -

surface of the substrate;

- optional: déposition 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;

- deposition of a gallium-containing first nitride semiconductor layer on the

masking layer,
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wherein the masking |layer 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 coal esce abawe. a coal escence | ayer

t hi ckness and occupy an average surface area of at

least 0.16 NnR in a |layer plane of the coal esced ,

nitride sem conductor 5 layer that is perpendicular to

the gromh direction. Wth the process according to

the invention it has surprisingly been found that it

'v?hef?@iﬁstl'\@h%sklﬁg Qa%@?fs%e%ogtérd' inQuéhs v&ryQM\éthanF\e dBSoditionSdtep

nitride sem conductor layer an increéased conpressive

safrtee §rst Inidvidg pemighndustarilayer aseparatasnstalijies H@t of all grow that

pcfo%fé%éé laB8ve 5%a%‘é@éﬁc@fléfé?tth@kr%m&tc?‘cc@ﬁy ah '5‘9§rtage surface

conpl ete conpensagion of the tensile stress 10 a

arezp obaleast 16 ume inda faver piane ohterapaleserd ﬂ"trtqee%%cwuctor
@@ﬁét% perPen @ fr to%é?’r@Wcﬁre‘é%h be grown that, after

cool ing at roon1tenper ure, is either conpletely

stress-free, or' is virtually stress-free with a value

(Wltﬁ‘ tﬂehﬁfbcés% AdtoRihg toCtAs fnveh i ft |h§§@h}p)’ suhgﬁfbebh%hrﬂ tRat it
GPal p as a rul e however even |ess

AR @OLHEE hoPBeRLS IR BRIggoh Rt the F'Wlﬁ”dﬁ mwwc{%mlayer

Cé?ﬂﬁ@r@bﬁéﬁ ESthpradéive &%sgxmérbllnt whieR |\Ab(th\é9§LMa5I@WUrﬂfea©Kﬁ:e§§mg
i ndeed no cracks at all. The grocess accordi ?
I H% tensne S ress

i GANYEN Gfesta camnrlele of amps{ Foraplete; qogmeasatign of

p&Qﬁ’é{%'ﬁ?Bd&fed'Wﬂfe gitreneat Weemaméém@ern@rdfle&pérwdry A layer
gh or 'even an infinite_radius of curvature,

|§ru(9¥“'%r‘@é‘t bﬁdgr&ﬁ’(‘ag@ﬁ AftefacePitng 8k rPeMy }?g‘pﬁf?ﬁrﬁct'? o‘ﬂther

Oéorﬁd?ételyfsitﬂe%-fréenmaamlﬁauﬁ gfBsAfed-With .a Vilud Bf bhhat ivay any
an i nexpensi v of thin film c onent s asetg]anr’b1

nfase; Senificaatly l?égdufiﬂ B2sCP/kg) &5 Ebb‘g%l Vg P\Ear'gE
f@Pﬁ@t'n Sindi th@thmvrdoseshay ofPla (&iylibw aisleoation rmsud:emtratic)n and

Th d t b ttributed
t%?‘hl.'e%té Wﬁc@?fﬁ‘?g’t&? < ?e{}Sdgg PB\%F%BSIJE%L& alel iat egl agoSe

a sui tably dep05| ted rraskl ng | ayer, preferably
nsi stin

2 t)
cOBR bzt Searci B NecRFYET o e gl Lai, avigpie fox he
d:brbdlﬂtglohlwllayegstwdtdﬂeQMha{ paaticutartyt high omevesvasr aimte radlus of

[ f d i ,
CHI . WSt 3580 By P RS BLG Ty R

- campeesiswacs s €EDscan better conpensate the |ater,

still unknown tensile stress that will be produced.

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 consisﬁng 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
pm? and more in the nitride semiconductor layer. This relatively strong
compressive stress can better compensate the later, still unknown tensile stress

that will be produced.
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-7- The average crystallite surface area of the

crystallites in a |layer plane above the coal escence
| ayer thickness in a nitride sem conductor |ayer can
be determ ned by neans of -gn i nage-assi sted anal ysi s

process, such as for exanple an analysis of plan view

transm ssion el ectron m croscope (TEM inmages, as w ||
be 5 explained in nore detail hereinbelowwth the aid
of two exanples. The analysis should obviously be
based on a sufficiently |arge random sanpl e of

Cfr%ésév%'réqet &?staﬂn% éaﬁaééiar@@tofh}@/@rygamfesa% RA&Ye? Bldrieapol/b the

rior ar basis of the observed saturation
eqoabeét:@mégmﬁtwé@e&wvé NiiFide SeRIcARIURtOrdRYEr FRBIGE g termined

@yﬁ{eaﬁwgé‘rﬁ u%hge §£3|Qte@rbﬁ|1aty§i% Er%b&ssoasfdchaés $ér esdmple an
reducti on, kew se descri bed above, that

10 .
maﬂvgrs&vfmn %wﬁr@nsm§§'eﬂ e@%O%Wl%[PS%OP@HTEN&he&%S ghyill be

t%la‘ﬂ'%slh Bihdrk et hePdinBEIoW Hith thd BRI &ttRo %&érﬂ?ﬁzs The analysis
onpensation would occur, This surprisin

CaTouidloualy 68 PaRoRion & Syl IaR BnTE ARTBIe o Gvetalies
productlon of in particular slightly stressed or
Ietelg unstressed nitride sen1 ond ctorl

S PRed apbavsibesn SpprienToRLMEARE! o jp P observed

ps'brttﬁrhﬁéH affd s AsheAPSR GBS EN Lﬁdllﬁﬁaﬁ@ﬂl mdmgtlayer (D&dgar et
nponents can subsequent |

AT heranly pataLSts derdlioRe RS FEiringd AbgLS gt pnen

Wididy 8 GASBagdr lger (Monettaignhié @ﬂ‘ébt%ﬁd e dcny.emty bfudrf eimost
| ayer, internedi ate | aye

m@%ﬁo%woC%%ﬁﬁ‘S%\“q"aVQF'dh%?ﬁ“ﬁ T'E"ﬁ W%résbrégcteﬁe(g s utilised

f a0eetdiry td hag peés@htanmmuoaﬂ wmhetmbemdtlb&rofam paréicidad ehghtly
Goup |11 et or in co ion.W th

RIRBEHIOE Comabﬁt% URplFrogt éﬁﬁﬁ% SeBICoBAYET GV% %“Cglffe? 78 @
Pﬁlidg@d sméi*,eg tfgjm which pasticulairly hadiahtagenu® rnitneg ngesnicenductor
i s _disregarde or t s of the definiti
dﬂﬁ%"?f‘g %Bﬁeﬁerqugﬂt&?beo%rﬁ ge%Subst ances rr:alyI a: 22 be

i ncluded. A nucleation layer is only a few nanonetres

d gsptt@é] glgLnis &%r f %%eac‘i&rﬁﬂ - F@lt&ihﬂé%ﬁtﬁdé s with W respective

poor-crys
stuactim ometelahm payepebmffeeslaferr indernisliate layasi std)orthep this is

f#r?q%(% to %\é% ?”8{/ N hg mé Nfe! @ég%ﬁgé ongneg)rF Zﬁéte%htams
nalgivinigm Ieabrerrasstbe sajs G‘romp Hllrreetabvrpm eembinatigyawith ether Group lil

Cl‘?\\é?qlé Bhotg itk ek 91?5 B‘Ingtnbrsgrogég %'f‘t PY¥richid %%tem such as

nono S “or even ess an-on a er th
with S|||con 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 grbwth of the layer growing thereon, or from which

a further layer growth starts.

A masking layer serves for the complete or partial covering of a surface and is
often only a few monolayers or even less than one monolayer thick.
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-8- A second aspect of the present invention rel ates

to a process for the production of a nitride

sem conduct or conponent, conprising the follow ng

steps: production of a layergstructure of a nitride

sem conduct or conmponent on a silicon surface

according to a process according to the first aspect

of the 5 invention or according to one of the -
enbodi nents descri bed hereinafter in this application
or in one of the associ ated dependent cl ai ns; bondi ng
OA skéghd @sﬁ%bt St the @t¢$§ﬁt I'h?eraiﬁﬁ a'élraiee Ito lanpre¢EB fér wwaprodition
t he ow h upper._side of the |layer structure Is

i e REmeah R o com R BB aaS MBS aTes” 10 -
producti on of a contact structure. The process .
accordi ng,to the second aspect.of the invepntion i s an
v arragRne of AdeBF SHREHE B S i S ct BBt [fopfedion -
as pefmlicoﬁ dshkf&cé ayending to angstogess cesrding toahe ifiesilaapest of the
sinpl.e and i nexpensi ve processin f nitride . : :
sem dOYRIED 6F Scanpg feabe O i satdmpnly degcribegherginatter in
aspeahisGipplidation By irdne@ tHehessbeiatbd idepéndenddihiarss

nmenti oned above are solved by a nitride sem conductor
conponent with - a galliumcontaining first nitride

‘sem dmmdingt @t the dgyear stroeturentosa aaster uric suchkeaofay that the growth

s £ ABSbHEE of 3R il Bhng T a8, ST TEF e
per pendi cular to the growh direction, 20 - an

al umrginlév%]lgo?ﬁeaédﬁlsf?&eni tride internedi ate | ayer that

adjoins t rst nitride sem conductor |ayer, and -
adjoining the |ast layer, a galliumcontaining

furt Rebduieh 8P4 conthétBctuem conductor layer. -9- Such
wni ch

conponents, ! conprise a structure of the nitride
sem conductor layer that is characteristic of the

lpn?si p@tcggsfﬂacwrcﬁh%}ol thé 8Bcahd4sp6& . of raviaventioaMgars avdrtRyeous
i fe and fayourabl e operatjng par ers that ar .

SEipmant 65 06, Bifsers Paine L3hASRES POME MYBRIG AR RPTHS 2
| partiguigrducdiinple @t Snexpensive 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 pm? in a layer plane perpendicular to the growth direction,

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

nitride semiconductor layer, and

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

semiconductor layer.
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5 The nitride sem conductor conponent of the third
aspect of the invention has structural features that
are characteristic of the process procedure according
to the invention and enablLg-a nitride sen conductor
conmponent produced by this process to be

di sti ngui shed fromother nitride sem conduct or
conmponents. Thus, it is of course in principle also
possi bl e and known per se to produce 10 crystallites
with a large average surface area using a sapphire

%HQ@%Bﬁbgnenté'Wéompﬁﬁsbrd SteuchRB10f HehIGE lseMITPANAGT 1Syer
produced ﬁ?l re substrate and that contain no

Riatiachargalpdsiogaidne REFUZR PR HICER B2 FHotaHa Feloahyorvice

ﬂ*euﬁ'hﬁ“H%&Ql%abﬁlalré‘tﬂwgn'pbfa'n%@er%emaﬁ@'f’&l&ts@rﬁtlal for commercial
i nternmedi ate | ayers, particul ar do not have any

épalrﬁaﬁ@nlﬁ’rpﬂmf’\n?@é”thﬂﬂ"éPW@HFté’tné’OP'éyers The growt h of
sem conductor 15 | ayers on a sapphire, substrate is

subject to conpl et el d|f oundar ndi tiqns
ThaI GevemaHascer FhBBMtCtredad bk of Bechiasla tos
SBBctDFaE Sibiires it &iné |cﬁé\'acf5h§tlo‘ &fCthe ipsoceksa yedcegurevddsoingato
sapphire substr

te always leads to a biaxially :
despieRtgn@ng, cuehlg opiide eSAICARAUEIor CamPPAY! brodepd by this
PREHAE &F b Gisthduished &romPbtHeraiitriaé WainitbhdactatbApoheTds.
nitride internediate layers that |eads to a 20
conpressi ve stress of the GaN |l ayers during the growth

ITHUBOR i§@F edaBeYinagtthciple afsacﬁosblsleeaﬁm kumzlrespier ablte produce
LED truct since it s to a ve

ey S il VRS GTTE GRBWHTSY L RE T Fraabstate
|I-ﬁj;erﬂrrmtm@| s8ﬁﬂﬁ_ndﬁtdor3tom;bdr@nsnpi'odtﬂcajm preapplsics sutsstrate
int Lr t I

38 A0S R SHAE TR b5 B0 e DB
saldmmmm tantainipy crytnaé semtondu@ér intenmediaienigyersi ini pasticular do
n}wcongrl\'lyﬁ%g%l nl';I %{trnae fn?etrﬁe{jrg%elgl?erg gfhetgs}gﬁﬁtcsf%'emconductor
fla;aamrces avvasppthlrehemttsdrateous tsebjaeti toalchpletaihi diffeigmte boundary
%°P§?'g£sg'éc X 8.%%/\% QKeF Ssm%r? Cs%géiFaqe ag§g§' ghgbglbé@ it M%e present

esent I nvent as It becone
progsitibh.eTfeo faot amluwr mgxethsonmatszapphlgﬁssuﬂstruateengst é@ads to a

el e T

- Sl obrniwnhmm-balytelnmgf omtrldehelntnfmedl@ta dayess that cl@éﬁs 10 a

ol ivel oS BV RGN GhRe LERHE tho Ofo RIS nbi koY ng in

i CKNESS, I nt er medi at e
| fagteissewne unadesiaklar ip lcEﬂ)ystrfuoturQSMSIrg:leoWkPﬁd‘a‘a@ea \&fy anarked

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 se in
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 aspéct of the
present invention has it become possible to produce layers with crystallites of a
sufficiently large surface area on a silicon substrate. During continued growth of.

these nitride semiconductor layers for the production of thicker nitride
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substrate with a silicon surface, in order thereby to
establish a sufficiently |arge conpressive stress
during the growh that can conpletely or al nost
conpletely 5 conpensate a tgnsile stress that then
arises during the subsequent cooling. In specialist
circles it was hitherto not possible to produce a
nitride sem conductor conponent according to the
present third aspect of the invention. The |ayers
first produced in the deposition on the silicon
%Eﬁ{&%@uct&arﬁleﬁfs tdte moRd UikaR! HF3&OABED r}hrﬂgmnltlﬁmkr@@s strain .
eation |ayer and the masking | ayer, are MAtB lo
renginterngeintarmedite lavers are Macesyany 88 fAg theygrowd)) pgsed on a
's ?H?ﬁaﬁg V\)‘ltﬁ%lfl(!b% §Jrﬂab§ OR o'?(!’érftﬁé‘fr%b?ftd €§tabll%‘ﬂ §%uﬁ|d§]@ﬂ1tﬂ/§large
e grown layers, for a production of
compeassive stress gHrings thergraw !hFH Emommetﬂyr%ﬁ ‘H@Pﬁt COmP'ete'V
Q:'ﬁH 'eH?até%nﬂeﬁgrédé{%sgrthﬁqwé’@%ﬁgéssd&ﬂ@ e sulBéédUéﬁﬁdo&PMg In
e process according to the invention, and %
tspeciphis cisges ltmaﬁc'@tﬂﬁﬂé nRE BBTIRIRP PEPdURR 2 ’H\/'QﬁtsfaBWO ductor
CRRMBheSRBARIGES thel flEschit rfapectef tHehushfionuc! eat i on
masking | ayers, neverthel ess the presence of
alun1n|un} contai ning nitride sem conduct or

"I“HeefaV@rg' Rbeproa¥&aSini the tdepobifiyie onsthé Uslicon esirfagy, manthhs the
a clear indication to use_a sili ?Rf{‘j S

GO ESE a0 8 PHOPRIA BYe T I RapHED fayeB, A yinin

the frEﬁn"éWBfk%'th@fu@théﬁrb‘ché&mbltﬂﬂ@dly rénoveR! fegre th‘eOEhlwed sb[sface

a nitride sem conductor product

Cofer IenSinRPISD o G5 OiOHPrIALESS. 18 o ATRHEHPR 6 LI Iy fpgorents

Niuch i ethiifihe BEDS. nAd:c%YcﬁrﬁgI)’a@Jt@cﬂdﬁ s&icbhductorl comp’a)nents can be
surface, optional: an alun1n|un}conta|nkp%{n|t

UUP@*‘GQedI by, e RIBFRSS ASHEIANFetonthe N REtoR, AN daalfho b'ﬂﬁ tl-é&&ocess
2§rocecﬁ|ré@§&rﬂ|ﬁg|téyﬁé t|1rﬁ/@nlidh‘3celmrtol lgd?fonmtcarteahe ermisteapeof the
i f present, e nitri uf f er n

deleaoR i (reei dverngnPer Ceient « Eaarfie. oG duin-
| @Hediniag rrﬂﬁl@@?s@ﬁib@idmlcfmg infeemediatek laygrs! &y dine am;;erhﬁmcnges
a structure of coal esce ch the
cRrp¥ifies £ cteasndisalal 1§ Ue5 41 gg%gﬁ@%s”ag%/ rth% HI %ess and

|n a layer plane perpendicular to the growh

dhL &S mg(;) o QFSHHY a?prlacPXP{hQQRve}\lﬁBF\ 358 tehRitalYroBbms mentioned

above are solved by a nitride semiconductor product with

a substrate that has a silicon surface,

- an aluminium-contaihing 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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5 least 0.16 pn2. The nitride sem conductor product of
the invention is typically an independently

~obt ai nabl e i nternedi ate product of t-he conmponent

manufacture. It. my be usedifo produce conponents
both on the existing substrate with a silicon surface,
as well as, after stripping of the substrate, on

anot her carrier, or may be used for.the 10 production
of | arge area unsupported |layers, large area nitride
sem conductor substrates, or unsupported conponents.

Errbo% ed%ﬁlﬂh?cd?wftalﬁ iRg fl?é[f‘ﬁitr%ésse%g&%%étoa&‘}erd&%r@%d FRAPRfNPthe

of t resent invention are described hereinafter.
The mblagrimm nerhgving a GiHeIFeeel cRPleRcherysiAbieseln, which the

unI e%ﬁ/s{amtecs 50\?‘8(@ bé‘éléé%n%%y’égqgmkﬁe@s EarRo6H nedyer ®lane

ocess I‘O uction of a | ayer structure of
a ni petp@adlcglemodbﬁ@mtbm@awmmy haverage puiace area of at

surf ace: 366 ing to the first aspect of the
mveﬁét%ll on ?Jﬁj first of . all be described. The |ayer

quality is inproved with particularly |arge

Gl%é%ﬁhbla 'steﬁuéo%eﬁﬁsreﬁrodbét &) thdofn%ﬁrdneig twmgllalmanﬁeﬁémeently
maski ayer is erefore e05|ted|F u} \Ng% é)t
tqb&m%bgfwteaméd@%%wqt Pt 1§ cpmpgperntmapu acgif% Ay PR&sed to
Cb?@dh%@do%oﬁérﬁ@ beth drhtﬁe fekisiig Slitstra@eviteasiteonciictaos, as well
"ayer, stallites coal esce above a gal esce%fh

|agy after stﬁp@m@é heapidbsateu3) AR SPHIFE %fu?“?&
ProdRash o -1at8e RiFEa iURs@portt@Y®ers, t@Beareé riiti@e semiconductor

.coal escing nitride sem conductor |ayer perpendicul ar

tSbBiFRie B WOFHPPATPRERTRONCS | n a further enmbodi ment
the nmasking |ayer is deposited in a |ayer thickness
that, 1in.the case of the f| t nitri %]5 ?% m cond et Al tion
|'%r9'é9d'm??f§t°f8fe \éﬂ”P“@PE?\RF??ga’? VPFS F6PHP S Mo B h '

i & ABETibed thardinaigr.athecentbcslireerds mafy batcolvdérstd v@d0onenanother,

fromt enabl es a | ayer surface that
i‘g‘?%ﬁs-géé%?’(pg@&gﬁ)f%gdéa to be formed. The process -12-
procedure of this enbodi nent has, with a good

ﬁfﬁ%ﬂﬁ?@%ﬁ{f the pf(LC%gS lf& t é%Yc?d%Eh&ag et %tructure of a nitride

arning nriri e sem con r l'ayers which
hsengicorldacipe tymparsnest e@ma@mma&ela@y@rﬂmg He dhenfisstsaspectadthe

‘nm a

'H\éeq%'ﬁelwg%rson aﬂl%%es@r‘b%ﬂes above this dist ance from

ayer exhrbit large area crystallites
whose

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 pm? in a'layef
plane of the coalescing nitride semiconductor layer perpendicular to the growth

direction.

In a further embodiment the masking layer is deposited in a layer thickness that,
in the case of the first nitride semiconductor layer first of all growing in the form of
growth iélands, starting at a distance of at least 600 nm from the masking layer
enables a layer surface that is at least 80% closed to be formed. The process
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5 average surface area is above 0.16 pnz. In the.
process procedure according to the invention and in
particular in the process procedure in the enbodi nment
just described above, therei2s preferably used as
starting point a masking layer that provides a
coverage of the underlying nitride nucleation |ayer
or, where present, of the first nitride buffer |ayer,
of at 10 least 95% Wth this degree of coverage
relatively few growh nuclei are formed above the

rﬁ@&@tdﬂlﬁbl |c§¥y${’€|sbt Q@bctxﬁmanld%g@ Opitt Ca f?ﬁd@ |ra;br©6umb|hty, Ied in
crystal lites a three- dimepsiona

i6akgR OB ipnGA I e COUATEE BRGen ST Prdleron Byass SWRRR have
Jspesi dda@éced”%@o&éeﬁtla%&&m'cklﬁ?esba3f€60b&ﬁrm aﬂbttﬁatﬁﬁdayer planes
hitherto with pask g %%P” of S|WLcon

ni,
Ahot IRoAiBIRBOs foman Bugeaion @Rt BrtRasPe ot inose
QvBRIge SUith@bheai@itivea ® prhdr the masking |ayer, such
as for exanple anti-surfactants, which thus prevent a
wetting of the nucleation layer. In this case, in :
ﬂﬁitﬁéimb@séoﬁroeemwlaecﬁblngmet mb inverttibh el inhpdrtieular in the

used at the hi t th :
Gt rtrecure Bpdetitiogim e HpebbRe dhphd e & ey
td%ati ag rstth@Tpdmtfwman@&yewteafmﬁmﬂa lmvveeage bfethy undnerkymg

t abl t
e QP aRlGSE Byt b e ArSF ot 3 Blet BMide, B! 8eF Cor at
pém @6% &Vitts thixC gegrpa ot enﬁi/elragearemtleélglfevegro&nlbodclame fryned

com t ant msa ur.emen of th I ' J_nt '

GoobR &G PAHRAS SE0ET Y0 oo vl Pag (D T oy & RSB ST ke
kinaensigen grewtror(isandi gromitngdurirg Itiey epuge oot tthe Surther layer
cﬂe?P *s a control and defined adjustnment of the

8'1'Yh of the deposition of the masking |ayer,
which is preferably chosen so that in the deposition

e t t h
SHEPpol; fliis bl beBh dthdlfiec? AITAGRN A [ RASKIRY Blyelsher giicon
oiltrltibel_ngnmwme it isr ianewenalse conegivablgato aise rmdhan syitabie maggsigls
L e %‘ft?l' ds! Bt é)[ﬁgndlé‘gﬁt%uﬁa\étéﬁ?g‘ ‘Wﬁ'idﬂ%ué’\br‘ébent a

I NCr easl ng OS tion a

“egetling of thf necrleatnoodaxesrcm ihi rase. ¢y eriegiple H@rnewa%@& rpetal

rrﬁﬁ‘lgﬁé Yipapn rtearﬂjgen?mﬁh MHEN ﬁlé ?’d@s}tﬁ‘etemm?a@?é@‘:‘bf VRE USlitride

e duration o e depos |on of the masking | ayer
despeicaisiucter dapesitiomsmight bﬁﬁwtﬂbéﬁ Swhlancesahat/giey Freriously

Ol}& h%@vgvglj}n&%"ﬁ%@ fo b& su1table_smce often no nucleation or only a delayed

nucleation occurs on such surfaces.

The process procedure is accompanied in a preferred émbodiment by a
concomitant measuremenlt 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 '
first nitride semiconductor layer the concomitant measurement of the reflection

intensity of the growth surface at a light wavelength of ca. 600 nm exhibits an

- oscillating intensity behaviour with increasing oscillation amplitude, which at the

earliest after five oscillation cycles then reaches a roughly constant maximum
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anot her. Using the experience of the present

enbodi nent a suitable duration of the deposition of
the masking | ayer can be determi ned for a respective
growth 5 reactor by neans.of-a few experinents. The
first nitride sem conductor |ayer already grows in
accordance with the process according to the
invention with conpressive stress. Preferably, none of
the grom h paraneters (such as for exanple an

i ncreased growm h tenperature or a high V/III ratio)

RADHIHRe@RA L A5E VNGRe ALRtieNl ok S depdditdar oft the SRasking Iayer
conditions a 10 particul arly conpressive |ayer ﬂr owt h

| dePGBERPAYMOHE RATBTELS)S. AHUERB AT (TR P oreyfggactor to

afoBier COShY ek éiﬁén&:hk&ésof&h@@?@%gﬁﬂ@@u&dlr%eﬁﬁé €6GifdIk Qtiration of
unstressed nitride sem conductor l%er structure can

HEe siepaiianof he masking: pyRl B BrIGUBIEY sk {sppgeive dTowtn

denost befhebis 6 Dfe@adx@erihémer thickness, the first
nitride sem conductor layer is prefer abl y deposited in

a layer thickness of 800 15 1600 nm before further
Lﬂ’)@teﬁﬁst ﬁ!i@lﬁgrﬂélmc@ﬁjuetﬁm i@jenegirdady edroas tier accotdaobe |vathd the
0 e higher |ayer thickn Prefera case . -
TS ANS A BTG TRV ER PHBPTesT e £ et EFelotaee FOT o
i tﬂefg?&thﬁ%?ﬁétét%Ctsml zlis’\‘@r &xdnsdle Bh linicreled gnoveth mdupérature or
er an en al lium cont ai-n nitri
e hiob oLty PPauRs PeaREEOE B Ak InaPEleSs bhdifons -
vysurﬁéulargf @Jmeésarenresabrtdnwme@ obtinel} andlthesehyi « cxitived temsile
um ni um cont a
e e soeheng s DRMPRCTILS g st gy phangfesse) nivide
O§en‘if’@&hcﬁ;‘@td‘r idy8i strlicturé den bepiodocestuct or | ayer is
preferably a | owtenperature AIN |ayer, the
conpressive stress in the |layer structure can be
r hiasettide semicohdudtdrds to Géddepdsited in @greatertidyer thickness, the first

t Wﬁg egsleﬁgzzcg:n%ﬂ&%} EJ' QrglsrBrEirel'%gy q‘ﬂéo%ﬁé@ fH 24 elr ?\¥9{1neis§ of 800 -.

engl neeri sequenc
depos intri, bafood fusthealbyers aramnowomsaaxniaﬁ@dmemmaﬁ@r which lead to

| {Illte%é}%q Iag/%fthlék P?Jf?ra@lggr?lﬂlé H‘{%%@I@hm aﬂgcér%l”r‘@rmtnde

nror con UCt carrie
[ inpeaiedidleylayénis irhfast dsgpsitadeort e dirst mitride gemiconductor layer and

S en 8 Co&%our . hntl‘aﬁ%ﬁgrfuﬁﬁ%}rrﬂgdé glallf'nf%\&ﬁ&ﬁ%/ Ia?erﬁ@@@&gylted on the

€ sem con tor
emshlagets whighti$ alsp teiedube ye@{y}ddgﬁnﬂ@ @emlconductor Iayer Wlth the

of oﬁt@uﬁ*@oé%ﬂﬁ@aﬂﬁr |ht%f’rﬁ JRdi Al \k/ﬁXﬁrrﬁtheT(lsté of the growth -

e nitride 1 nternmed ate
| afyEal, asflrtshnltridemetnmmmiusferria)'@h@u@?iﬂfab%?éﬁwﬂﬁapefﬂ&ﬂe AN

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 depositio’n of an aluminium-containing nitride intermediate
layer and a gallium-containing further nitride semiconductor layer may be carried
out repeatedly. In this way the first nitride semiconductor layer can be followed by
a second, third, fourth, etc. nitride semiconductor layer, in each case with
previously deposited aluminium-containing intermediate layers. This produces,

apart from the nitride intermediate layers, a thick nitride semiconductor layer that
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i's conposed of the first, second, possibly third, etc.
nitride sem conductor layer. |If necessary further

internmediate layers with other functions can obviously

be incorporated herein. Thesgthi ckness of the

alum niumcontaining nitride internediate layer is for
5 exanple 8 to 15 nmin the case where a _

| ow-tenperature AIN internedi ate layer is enployed.
The use of an AlGaN internedi ate |layer is al so

concei vable, in which case roughly the sanme |ayer

48 E&%Ere%% I?eff?rsts 'éé&'d'ﬁlal ss;E'Wethlh'é &tQfnithid §i‘fﬁfcondﬂc%r layer. If

I nter ayers enper at ures
stencassaryerfgrthmelmanrgedlpt@r [pysiss witly q&h@mnﬁvm e P@V'QB%M be

ﬁ ?%ggglherélﬂ the name of the applicants. It 10
S

noted in this case that it is found from
experience that, starting froma thickness of this

| e hiEnes 8- of391en%]uﬂ|m§rh%dnélrﬂn§ W@é‘qbﬁteﬁﬁé@ét@s IdyBe is for
formation of hi gh el ectrical resist ance

SXeawlaB & TRAIER e CasawovarR lydemperaiyie "}sr'fzs%fmﬁd. o layer .

qQf én‘\;ﬂ&‘}edemhtat@sresof A 20Gal hl‘ﬂéﬁnécﬁatéﬂaydﬂ% 6%ﬂfl’é‘oedoncelvable in
tendency towards crack formation. | f

avhieh ﬁam%:ehkyahwsa@edmr ithjgknessesr ‘ﬁ‘@oﬁ“&?‘é’ei i%f*%e PLth'Cker

dAlﬁlpﬁﬂér?r%dYﬂté Nayer§ hgﬁ'o@fvh r &t h@ht fentHRrf e CRM dﬂf%ﬁro rerigﬁ\)égf ing
i's preferably deposited in t hi ckness of 130 S
{ PHEP QSRS dS bmowgaﬂ‘\em DRI 20446 973/t in e named ”&? apagants. I

r@%u%ct%'ﬁot@&‘ it Y RS th&t |§3@Lﬂwmorﬁfex;§é?%nb@ﬂ@t | sﬂarf&hg a@8M a
&Eonent that then arises. For the r oduct

e AP JRYoh Pt 19 4 e TG A e EienEL G g Tgmation o

”é“ﬁl{;h ASCtAMA YRS | lafdrT Hilicuire, Q\fhlcﬂhl ig idikadvantage for the
sem conductor material 1s preferabl osjted, on, the
SreeIo01o! 6O PRy M. TGS br O BSoBPOLTHISPEY IanpRess ok
reRRatgd | ayer deposition as expl ai ned above, on
another further ,nitride sem conductor |ayer.

Mul ti-quantumwel |l structures for light-emtting

niftttﬁé d@e seaiuatmdncoatinapioiienbermediateMayars ipdispersedmth,

d to. be des bed i
e Bh DB L LIDB bl Skl Lckpo oo
smqmdhmske mht?y elrt])omef th&ﬂf lbyerdhicknesaeticas elay dseéirerecooling
t he 0 t.ho d
senpEonaLeLhe erbls arE Sahan vt HeaGieP iant um wer
structure is deposited, produces a particularly good

ltﬁére{qqurglglgﬁgt%ni& ﬁ?errnﬁﬁ*eqoﬁltr o {dMichilor ToMpOhetts a muilti-

sive t em ssion
quantum-well structure of nitride semlconductor material is preferably deposited

on the second or, according to the process procedure with a repeated |ayer
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.

It has been found that the deposition of at least a second masking layer of silicon
immediately before the deposition of those of the further nitride semiconductor
layers on which the multi-quantum-well structure is deposited, produces a
particularly good layer quality in the region of the layer structufe that is decisive

for the light emission.
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-15- To produce an optoel ectronic conponent an

n-doping is preferably incorporated in the first and,
where present, those further nitride sem conductor

| ayers that are deposited.lpgiore the
mul-ti-quantumwell structure. In order to produce a
p-doped zone a p-doped galliumcontaining nitride

sem conduct or cover layer is preferably 5 deposited on
the multi-quantumwel |l structure. In particular for

the growth of thick layer structures, the problem has
1) BedLEKER opfo@fe@tr&ﬁ@ @&'ﬂboﬁéﬁ@bn&\ SpiRPIS pR6fekdbIy |ﬂ§0r|p6rated

the nitride sem conduct or xer structure wll
due theofirst an, wiges prasent dhasq;faﬁ prenigide ée@'CQUB%%t?fd%erS that are

ALY &ited tefors4ad niditi- (fdérnﬁ.ﬁ‘r‘i %ﬁ’ sirSctdreS i droeMe ;frédm‘)e@ ;blﬁbped

erosu strates, such for exanple 10 sap eb
06607 pest GRINTSCRTISI0ES GG SHT GRLEACIoR Oaues Bk [ REgferably
edEtljﬁ Ql'téq%ﬂthfe%ltl &ﬁﬁurﬁfwéﬂrswbtﬂiéqg a substrate, in .
particular a con uctive silicon substrate whose
thickness is at least Dcfl,vx x , where DGN denot es

tlh%a‘rtft\a%fr férthé gRRas of)fhldkh% erRitrUEIUEES, mrpreﬂed\u@tsotb be taken
| ayer to be deposited on the su

Hinorrcsent et # 1G5 1 F-EeAre Mg, BpTicgndustadver Structure

dgiposgdd aet of ee %Utsﬁt@ie tah@ daAVesd td lacm&a@scmatmfe tSueh a
nitride sem conductor ers to b F oSi t dont
s%‘éﬁt‘#"&t 5 alsg mowméromeﬁr iNFETASY fa‘x% Si-fUet A&d °ét%‘amp'e

| ¥Bhire. M reBERN%f tHis ElreatorsiAclvlieina ;ﬁi@mldadseri\bdmnent the
substrate is used is at | east

HeR & arovisiop SUbKIAR P grEeEr & obainke icph gubsie wnose
%Fc’ﬂnéé%eéeaw@!aé{e@c% At Wﬂwér@%eheh&weﬁé Idyee thegRiss|d the

astic deformatidn due to conpressive pre-stress
i rﬁ]trfdb%eﬁhccﬁlubstbf ayer to e depoeaa@fbrﬂtﬁe(sabﬁrd:be or, if more than one

iu(f@?}l sful | gP ﬁggl\é%}hgﬁﬁe J‘%Bz)shesd ﬂﬂe;’sfﬂr?]% ‘@e? Lﬂ&ﬁeéses of

pihanditride TSensicadidttor dayats foebe Ld'GQOSJdetthEﬂ[[ﬁ egteqirtate and of the

I on rocess 't

T RameHRUR R Bufr SREFRle.Eln 5 Basp MAERE Bbelricor

20

25

30

i Subsiratécip elnee ist dtyleasnri i M)andfln theocasetvhene Ao runtihreed substrate is

ségﬁ%g%bf?ﬁgé()&%@ﬁr s vAIlE &rt %f eﬁhﬁn?@st thk #Bssible plastic

on a sl on sur
adeforntatiogl due tocthe dmmptmwesm&ptreﬁ or thei 3i avgstaatgidandareach

substrate cord & n

S EO 245D RRRIEAR s B e 8 hed 534S Bfomes
t methismeayasightoio bhgerfbierdanaaspect of the i nvention as
wel | as the enbodi ments of the process of the first

aspect of the
This additional feature of the present embodiment represents a concept of the

invention that is independently worthy of protectlon. 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
“step of providing a silicon substrate corresponding to the addition'al feature of the
last-mentioned embodiment. The further steps of the process of the first aspect of
the invention as well as the embodirhents of the process of the first aspect of the
invention that are described here form embodiments of this process that is

independently worthy of protection. Specifically in the case of relatively highly
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invention that are described here form enbodi ments of

this process that is 30 i ndependently worthy of
protection. Specifically in the case of relatively
highly -16- stressed | ayer_ggructures the process of
this i ndependent invention can prevent the silicon
substrate devel oping too great a curvature. The

af oredescri bed enbodi nent is further inproved if the
silicon substrate has a thickness that in addition is
greater than or equal to 100 x DcaN x y , where
SRS e QARELE et BRes, of s idbgbRcH Aven@dban provent
vhe hllI¢qm86$te/dﬁ€%{wm%ﬂ@r9§eat%@@t\#§nts of the process
according to the second aspect of the invention,

which relates to the production of a nitrjde

i aloriederariped éﬁ\ll?ﬁg'ﬁ‘@ﬁ{ is fuither imaoved pde PGy Svgeratp has a
Ll th
(et U B iR "o M B RV N0 ol B RS Lo Where

shar > ti ts adve entlagems In a pref erred enbodi nent of
tﬁb&m—c{oﬁeﬁ—n -hg This tadditiseal Ooshditipedst adbatthgeous in
invention ahdSelectrically conducting contact |ayer is

el GOLEDs gﬁm q‘@Y‘GrIWG'éRQ&rersc" de of the layer

tructure produce the process according to the
first aspect of the invention. 15 In a first of two

‘%rﬁﬁ&ﬂﬂbh% %fQH@%c@?Qta§cc§8|§§ th bﬁé’ sBEdRI Asekebs tHehiBvention,

contact layer has a higher refractive index than the

prhighadlatest 19 de PEIRUSIRTY GF taoMitidy, Spmicpdyctor fp@ponent, are
tcr%%ﬁ!%d Il'né”l')éﬁéftémyrhi's raskdk tih A ealiNtB td gsS&itkhe | piSdesh idk ghe

rowth upper side of the nitride sem conductor
|fa§tea6p§@tr%mwméenﬂpm ah@'@éﬁisaéhafeéyfé@dv%” B¥%sent. In
this vvay the light yield of the nitride sem conductor
compon ner nthis first al ternati
RGP G o e PropgFetooRro By FatePEURbRY R e
| ifvetioatsr eletltiaallyt bariduofing bentaetdlape'dlsndéﬁdsded on the growth
sem condugt or cover

M e i
nés’pectdehVé‘r&foﬁm—O 1, 3, ...; Ais a

wavel ength of a

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 |ndex is greater
than that of the p-doped nitride semiconductor cover layer, this nitride

semiconductor cover Iayer is preferably deposited in a thickness of

J
m- A + A MOW where m=0, 1, 2, 3, ...; A is a wavelength of a

2-n 4-n

nitride nitride

light emission of the multi-quantum-well structure during operation of the nitride

semiconductor component, N is the refractive index of the nitride at the

wavelength 1, and d,ow denotes the thickness of the multi-quantum-well
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2 nniiride 4 - nitride 2 light em ssion of the

mul ti-quantumwel | structure during operation of the
nitride 25 sem conductor conponent, nnitride is the
refractive index of the nitq7ide at the wavelength A
and dMQW denotes the thickness of the

mul ti-quantumwel | -17- structure. This increases t he
light yield if the nitride seniconductor cover |ayer
in the finished conponent is enbedded in the materia
with n>n(nitride). These include netals or higher

s?rpétﬁﬁet MR lhé}gﬁéésr(ﬁé RiHt §letd if fHUnlﬁilﬂérﬁEhﬁohdgdnerrcover layer in
refractive index sem conductors.
thve fininbecicompaRent Ve SBMSFaRTEhiRe m%ief@gmﬂg ‘P>W?%\'J5’F o{é ese

R hefals & @t@&tréﬁeﬁ:tﬂ/é‘ ARisx hieaeridld) eores@ameadhigher ieractive

sem conduct or cover layer. In this enbodi nent the
ridex sgaiePPRleBifduct or cover layer is preferably
deposited in a d thickness of m- "'-~" where ' m = 1,

2, 3, 4, ... Al | h ’

st b b S RO OG e b Bemser
tBRaANET iAdSO R tHehe-dapéd irtede k@nsemidoctnd govesr layer. In this
rﬁr@t?q%gggr%tthg k{gglég\gq@ﬁgﬁ@{%rk@%@r ];/%rﬁl}g/é %ﬁ%t{kggé?cglteﬁ i a
thickness of the nmyyti-quantumwell structure. This

ftRickAEss clppl--es—t-o tfe- odmee where2t het ni-t fiig@ WaVe‘ength of
sem conduct o?r ngener 2| ayer is covered with a materi al

of Ié\if{tml | & tﬁg ﬁdlt?’r}dnﬂﬁﬁﬁell §tr_ﬁaur%91n %hegopéfét" drPdfXhe nitride

he nore usual
mﬂcdmdbbtostmndmed\t lrEs debeles thpgefqg@twadmé}f the pifide at the

t\&;\é&f&%d 0! S RERE PRSI BF e AHYRILARERMR!
ﬁR@EUgF sgforr%ulgI %gﬁés tg’%é Xas“e%%lr‘&mer}gtndé %EH\%BHMoroéover

tal s combi ne

t hes
plapepes tcowed Nwtara matesat @fgﬁé@ilbr Fﬁifr@ﬁ%\fe inflgx, t%‘PE aﬁéyg \afjgus

a I
TRTEP ARG Sl oS i RERF DR che P e oo ™

caotrhiogrevérswifrostrigaeddERsopper, al umi ni um al uni ni um
nitride, silicon or alum n| umsilicon and/ or
al um niumsilicon-carbon. E articul ar

ottihes peaved ipartickats PHANtA0SOHT (s ARIDHP §Pf’?é(: 8’?:‘°?%?‘f‘%°)e thatis
Whéé?i f3r me%ndmg is electrically conducting, reflecting or metallic. As is known, -

most metals combine these properties in an ad_vantageous 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 aIUminium-silicoh (Al/Si) with a high
silicon content, ideally above at least 70%, which is an electrically and thermally
highly conducting compound with, apart from copper or aluminium, virtually
identical coefficients of expansion compared to GaN, and with a higher Si content
has even identical coefficients of expansion. This prevents problems in the
installation and operation of the LEDs, since the stresses that occur in this

connection can lead to the separation or stripping of the component or to cracks
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silicon content, ideally above at |east 70% which is
an electrically and thermally highly conducting
compound wi th, apart from copper or alum nium

~virtually 25 identical coeffgcients of expansion

conpared to GaN, and with a higher Si content has
even identical coefficients of expansion. This
prevents problens in the installation and operation
of the LEDs, since the stresses that occur in this
connection can lead to the separation or stripping of

i éne RITRC M Nhe %‘i’esreﬂt ﬁrrn@q_lﬁbs aré- thér@fotr@‘?or' S¥Riple Hbnddicto Al

present time are therefore for exanple bonded to
marriesavitheglastisi edhesivast sieceagR¥sn iBiS, way fae tshMjdsahn varying

ttHér?na‘f‘Bééeﬁi%fenfshgf ‘é’kﬁéﬂs)bnvﬁﬁm ngsd @%HW' M oefg @bﬁﬁN‘? be

expansi on pp r‘rK )
@@ntroltﬁdl dhe Uﬁﬁ@flﬁé@t'éfadéﬁﬁ‘éﬁsl ha%@ﬁwao@@eﬁaewever Alturtner

qg@gﬁ&?@ﬁdMWﬁhy ot JrotetdRlis 2ckordRRly BB use of an Al/S

pen 'y worthy Of protection is _accordingly the
u@eﬂ&ﬁf foartha prgductienr pf ér lighjremitiag piidilet msrm‘eofsee'conductor

ldoﬁ’gﬁ)nsm bE WRg atsl'H fRyhk- bHﬁ wy th & seat %@m%ﬁﬂl?lftcl)r component

nent, as well "as a light emttlntt:;
with ﬁde‘\@ematf@ﬁcﬁ%%@ HowpsheRe ComPERTem oAlthesAlhFRITigY is

iaazzcé I'?e ?ﬁbérﬁ'&ntchgs&pémﬂ&' it hada Glrhd&odfriticht stakparRion

ac he i nventi on chosen so that it has: a.

tthé'fr'ﬁwen@@%fof na&mmdeaﬁceéiq)@ﬁ&@fdhe Diridenzamicendugton matesial of
%he aéd?ﬂg:tnehtdeme' HQEdJa‘Pltatg'%@tof0§Ia§tl&ea6HetsNe§iQnay be completely

sem conduct or mat er| a t he conponent .

cveisiedanitans AP epaist |(€°Q§@ﬂ'\%§§| Qfe%xﬂ?ﬂ§'06e°fc'6\$ﬁfp@/t7 g) yf for

a%Q 7% SN, ﬂwé ﬁlerrﬁ@l@dn@ﬁct&ﬁ@@f fnisCéRmdr rRAterial is still half
expansion of AlI'Si (30/70) for exan‘ﬁl e 7.

Tafegeaseagiiet @bﬁlumwmangi I%fhefeﬁ?r@ rpererinan am@n%ma@tude

Stdtlel tHamlthat o&si.good as that of-alum niumand is
therefore nore than an order of nmagnitude 15 better

than.that of Si. The bonding is preferably carried out
athd bunditdTReprafamitts cambd ot bi lewi temperaturgs, wiiel Vieénaz8age

500 At th ti i-S .
Btveern 2801 g bty af e pRed IS RERPRGTE &7 2EnC
?p;]biﬁ%dmgalpr@érfas sias thiy &vaypn@cbncerdy calightn gddutmtal rejrea$eseare

e .bon
t%rﬁﬂ\é?eé’tw'gg&P°|§@%ef h\eaﬁoln 'ng Qegwggbg?} Ee CrI %P‘?:’?Pa(b A
UfeRfperdtinel of S007C Muﬁadatdwadssthemmtnem wppiert linuf fop 0wy lsairiers
occurring stre t
o Ao BB oL VP D A F S B 7 o
hfe@biere fohatheb08Getsh At temiedaturasetigtier 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.

In a further embodiment the growth rear side exposed by removal of the
substrate is structured so as to form an anti-reflective layer. This may be carried
out very easily for example by etching the N face, i.e. the nitrogen face (000-1) of
the material, with KOH (potassium hydroxide), and with a suitable process
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may al so seriously suffer, depending on the materi al
that is used. The renoval of the substrate in the
process of the second aspect of the present 25
invention is preferably carfged out by abrasion. In
addition wet chemical or dry chem cal etching may be
enpl oyed. In a further enbodi nent the growth rear side
exposed by renoval of the substrate is structured so
as to forman anti-reflective layer. This may be
carried out very easily for exanple by etching the N
bAsRdule BrovidBs Hlyglj qgietbid afect(r@9Chdy) aref safevtig pyramidal in
material, with (pot assi um hydroxide), and with a
$h#R%bl e process -19- procedure provides highly

sui tabl e structures that are sonmewhat pyramdal in

shape, Accordi to an alternative proces r duyr

e Bing G ol e Rl DB AR B Foun
\Mifeﬂfi'dn mgderpégamn/i Mrthytd be pgﬁé&ﬁibm,ﬁmdswstrate gsonq)il edreplgtely
5 thinned and then oxjdised. t he descripe [ :
BRI N et SRR RICeRS JRRToBfe PRI T the
iseg&m %ﬁéc@bf_ lg_é imd%ﬁhti@i of biSOt_tB(;nbfdd;i émbttcﬂmelﬁs,t tl)(litsis thinnedeahd
an then oxidi sed to a .residu ayer_ t hi.ckn
oo GekbadpsbBep gL DT b SIEATRIgs Bber that
fiQtHEPEby Brrh6d BhoMgiay EtiGdtured chsas transpacems yee Mhel myeass thus
The process thus conprises the follow ng steps 10

Foases b5 1O SI6RY structure of a nitride

sem conduct or conmponent on a silicon surface; bonding
of the |ayer structure to carrier i

Che. TAKEHN Ghpesbes FHEC R it Ao Serthriiiply Bondntah =
f aci rgicomeurtsver i er; renoval of the substrate down to a
thin silicon layer that is preferably 5 to 1s 10 pm
thick; - oxidation of the silicon |layer to forma

si | i condidgmfitte [dyey skrticture toragaGier ghsedh a waynthakthe growth

Str u‘q#éresidggf. the Mg@??ﬁ?cttﬂé UREHE hd\@sridrhe advantage

t hat can be us or an 1 nproved [|ight decoupling.
Apart fromthis the oxidation of the silicon substrate

Pr odyggsvabf tR0sfh0agAdd A tHiMSilEa Rsr thibis tpréferabingl to
t hus 1%5 atg_eksul t produces a slightly
pm thick;

- oxidation of the silicon layer to form a silicon dioxid_e 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. -
Due to the compressive stress a cracking and bending of the GaN layer is thus
reliably avoided. The thicker layer stack due to the oxidised Si substrate still
remaining, with thicknesses in the range from 6 - 20 pym, has in particular a
higher mechanical strength, which simplifies the production of the components.
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- conpressive stress of the nitride sem conductor (for

exanple GaN) layer. This is particularly advantageous

~if this GaN layer is subjected to a slight tensile

stress. Due to the conpresgive stress a cracking and
bendi ng of the GaN layer is thus reliably avoi ded.

The thicker |layer stack due to the oxidised Si
substrate still 25 remaining, with thicknesses in the
range from6 - 20 pm has in particular a higher
mechani cal strength, which sinplifies the production
@mﬂd&ﬁn%ﬂ%?(ﬁ%%tﬁde s2QcoRanas d&ﬁﬁ%ﬁerﬂfach&%m@' th fthed Fhventlon
sem conduct or conponent according to the invention

T coeatdance with qu mérdtasipeet sthedtvestion Ree HeRERed mfeafi‘aétef
?r?ﬁ%ﬁ) é%eﬁi\egqoeh&aglrte%){ follbﬂlscﬂfe%fly fom! (heYerdiSodiaéntd| de8aibed

wdirectly from nbodi ment s descri bed above
@bovmeofprﬂmeygr:%@c@mrmgt@ tthee inyRAAR divefersbdy dhappiride

ts@%lda'nﬁﬂét?re %ﬁgﬁﬁ{gnf: eoeLRt & cé?ﬁém&”tﬁgtnltﬁg@tséinfb‘énéuctor layer

carrier of nitride sem conductor |a structure
ﬁna@turesth@t fig differant fiognthensubstipier praMdichn ?XEH gtucture was

. RbHchidk s‘ﬂ@acble G5PBR badicdN@dohsibts adt| dbpper faﬁ}ﬁhlﬁium or
arr| ‘er baS| cally consists of copper, alum nium o

ABSiIn this wayi tie @isgiratien ef keat ﬁﬁt,l%ﬁrogpcqpelgtthg Iepggrqtlgn of the
Qﬁtﬂgygéﬂlcbﬂdd&}ﬁ BRBbASH MinPovele nitride

sem conductor conponent is inproved. 10 Embodi nments

W th p-doped and n-doped regions, such as are usual in

| E B dim &Mt tith 9-doped &AB chLabsyd Eégim\@nen&rs aé %@&Jsuhlaﬁ\erght-
di odes), but also in electranic '

o artnso sy et LBt PSS b8 s oot

ec'@h‘%h@ﬁ@t(trﬂhélﬁoﬂsn etc9aahe pRYRIedNn &l sretdrieaadmisaihast with in
el enent . further Hg ef erred enbodi ment contains at

|ea58 cagman P@PV'H@IWO skGIEgeMayer of 15 silicon nitride
arranged | mTEdI ately adjacent to that of the further

sem tor ers
T pasiEdhT RamASGHn cPPLS 4 et bR e prsiing, e of
tsﬂli‘;oSIf pigidef atrbhgiedc iminediatehy tadjadents éavi toatn dfidherfutthgre nitride
t hat. ces m,t he
SS(GFH%Q’@PQOV e%/shlog \%91 tr}h e'?(‘}'”lty!ét#a%(%ﬂlt\n}ém/%ﬁgl%re is degosned
itEougrhen rtiegisiole aff thlshfertb@nmtnderﬁemld:mtdubtloeiaycr m@cqsoaway
t uan ruct
r{acgn rlnglg Lﬁaﬂﬁ.‘ VﬁatrucﬁuthI@ tgl %vaégh%a g&:ﬂﬁ pl'g?rg %ved in
|thé eegldiiy of theprompongntt that lleameseqtutalthe ynuiil qlqmtygn wﬁﬂaﬂtrggture
carrier [ b
A o For iy B ot By EBRes i 6 oRAGE cartl doBrg . By
rimpesvnigniatilayer gualitied érigst 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
are arranged. The carrier wafer forms an intermediate product that is comparable
to a processed wafer in silicon technology. The separation of the nitride
semiconductor components arranged on the carrier wafer can be carried out by
the manufacturer of the processed carrier wafer itself, or can take place after

transportation to a component manufacturer.
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An internedi ate product. that , is fornmed in the
production of the nitride sem conductor conponent
according to the invention is a carrier wafer on which
25 a large nunber of nitride sem conductor components
according to the invention are arranged. The carrier
waf er fornms an internedi ate product that is conparable
to a processed wafer in silicon technol ogy. The
separation of the nitride sem conductor conponents.
arranged on the carrier wafer can be carried out by

t‘l"ﬂ@ %@H{aaétdfrtﬁé ifentidle irP iHE B§SRY i€ &t | pRIticORIrgrarge carrler

or can place after 30 transportati
avaﬁeym@@n @Qtusﬁn@m%fpg PEgcess ageording to Hedpyentian §an ?)ﬁ é:arned

QY 6A14r8, do%rﬁ&‘c%ll)a\?v%ﬁl udedl dilleah waddrbi Aftdraegvih@tigenitride

carrier waf ers can be ‘used, since the pr.ocess

aemo@dn@ort iBYen&tHRyEnthabhag HTONe it sticon yafeyn the said
|8, 8Gre EQ{TE@ behddd t Absabywhee et %r?és?@ﬁblﬁ@fsﬁéSThé\frivéﬁnon

renoving the nitride sem conductor st ruc.} ure. .
ttihest PREtsga FRRicylarly HaexPen$ive Rregyelgn o ﬁgmg%nedﬁss he nitride

Sendi&of 2BmPBndRa g8 dnéip tétaﬁt?rrhla?rha\ﬂéfﬁf ébmple a lateral
correspondi ng size. The invention thus permts a

stmensien efratyeashk paresithe cyFBuct i on of conponents. The

nitride sem conductor conponents in their totality

may have for exanple a latera f at._| ea -

o eoRmAnE 6 teuh he semisntuR rep il FOsRiane B felriPSdect

% rfh«%@ﬂ/%ldﬁdrpérepdé%@ﬂlﬁéd ﬁé‘rgméﬂlernmsbfar tab&hé)o?o nbt fdipeatirectly
of the inventio re, descr rei naf t.er

JEorE yraiovR Ogs5T PP EPYITENS O Peang IRSPBr a0l Wadngnibn

descri bed, enbodi nents of the other aspects of the

B B BB A TP bR St

tfeasundisié r@t ehe rsubstdite dot @ adiregtiorp@ediendiculer tte theereegagide
e. substratge surf
o’?U%éH?'\?aﬂ“U?%e JpatLorre ogps gcggimogl% (%fec%%ﬂﬁé of 9 I@a{;taﬂj r\;l%r to

an|n|n|

1 & gmmteiydlange oddiwsuofvaureatere. Sudhlarge wpdii phgHivatre are DOSSIble

g\g@\é Ut gc;?as%eqrﬁ esdfll'tg Scotthrh htpttng nQEFPt?o%SiE Q6 @5k [r88rtion of

|nven ron due e insertion of
IIOW-tte&ipfpﬂtmbusteanet eagineagingi mt;qmen@tq reyarsredi gulliciently high

e f fi | ¢ Sir _
SEhEsle Btprhg; ERborgicl, fing; BPPEAT MRaCl Bafpdifated as
ctlosaty ws amssxblssm kthe suhsaqhenGQMwM tocthe| temiile sdiges that is
t{;\%n prodsuceg stress that is 20 then produced.

 Further embodiments and advantages of the invention follow from the following

description of the accompanying figures, in which:

Fig. 1 shows an embodiment of a nitride semiconductor product that forms
an intermediate product in the ‘production of a nitride semiconductor

component according to the invention;

Fig. 2 is a diagram that shows the development of the radius of curvature of

the semiconductor product of Fig. 1 during its production, and also
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Furt her enbodi nents and advantages of the invention
follow fromthe followi ng description of the
acconpanying figures, in which: Fig. 1 shows an

enbodi nent of a nitride semxonductor product that
forms an internediate product in the production of a
nitride sem conductor 25 conponent . according to the
invention; Fig. 2 is a diagramthat shows the

devel opnent of the radius of curvature of the

sem conductor product of Fig. 1 during its production,

and al sogsrRgare§ OBPMeEfadi® bheuRatliresofoh GitHdeaternieonductor
nitride sem conductor product accordi ngﬁl 0 the prior

art dur i pgdpetaceergngde therPrioFRy duang 1S ROAYEGP am showi ng
t he devel opnent over tinme of the light reflected from
the gromh surface of the pitride sem conduct of

Ribduct S ARgat Sromng, e dTRePBREGRET AR Hicapy refegtec
di f f er engemithé grofet SnfRe P Mermisite Btraicosduape pfaIuC) during its
i mages of GaN | ayers that have been produced by the
process BOYF¥™ng  to the prior art; Fig. 4c) is a DIC
i mpge of a GaN | ayer that has been produced by a

process 10 according t he i nventiaon. Fi oy
G o3 A BF e aptip bcithon i Btsgicce (OR) ipigdo
GaN | ayer tGaN Ibgss et hape bderc poddbgedabyptheceesess according
according to tFe Fri%[_ art; Fig. 5b) is an-in-plane
transni ssi on'%MBEMPGH i cr oscope i mage of a GaN | ayer
that has been produced by a process according to the

i nventi on; 15 Fig. = ) '

o cls " 2l g L8 gk Hornep W8 tingl P8 By g process
nitride secdrdiogduttieonveptioduct of Fig. 1. Fig. 1 shows
in a diagrammatic view the |layer structure of a

nitride sem conductor product 100. The nitrid

SRigi G nd icem in-plarsitiesmigHoT PeFHONIRICIASERRSRIS10s @ GaN layer

product iyl g bBER BRI bAA ool ddcBRinABTIORTbIGHOT

conponent, as i pl al ne O in nore detail
herei nbelow with the aid of Figs. 6a) - 6f). The

i II:ilr;.u%)r atid QRid-Plafid HanshisSomekctidnudictascopmimeagelafia GaN layer

articul ar h X rati f th . . .
P that htas%egn ?Jlsotducérjl byoa 8rocgsseaccord|ng 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).

The illustration in Fig. 1 is not true to scale. In particular, the exact ratio of the
layer thicknesses of the individual illustrated layers to one another cannot be
determined from the figure. The layer thickness relationships shown in the ﬁgu_re
thus provide only a fairly rough starting point. in the following description process
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| ayer thicknesses of the individual illustrated |ayers
to one another cannot be determned fromthe figure.
The | ayer thickness relationships shown in the figure
thus provide only a fairly.pgugh starting point. In
the follow ng description process -23- aspects are

di scussed in parallel to device aspects on account of
the lack of detail of the illustration. The nitride
sem conduct or product 100 contains a |layer structure
102 on a silicon wafer 104. The enpl oyed growth

sadpbas aarefdidduesa e paralidlité ielige RRPEEH GnCadodlnt &fotheSack of
the plane of the paper of Fig. 1, is "a (111) silicon
s‘iﬁt?'g‘?féhe \IHelfa8B- of a silicon wafer there may al so be
used an SO substrate or sone other suitable

bstrate, . preferabl i 111), silj iwface, ..
Tt e ey hBuragapductibp cSmems ettt 8 siicon
agigtet 1@ The driloyerf Gro@ticsurfaga®r fleswaféf)Gvhiah id D2rjeatiicelas to
e

to F are also sh n. the left-hand sid f Fig.
Ao P1ans” e PGt AL 61 duiai = FLyERUeo Adtares Msdetlcd shicon
tisfeStieRe may aRbDbedltat antSWistbstraay er sorné othlee suitablesubstrate,
type. In particular Ais a nitride nucleation |layer in
c%’ﬁf%f%\”ﬁ'hav(ﬂfﬁs 'C%?V%”ei ayer, B is a masking
| ayer, C are nitride sem conductor |ayers, here in

rtic r p-caonductin . Lavers [
i ety T B el i e T Parthn pB¥E0Eto Beelefbnps nyereis
SH6 tooi2duetteds Ado Feare bsgeshowhen ¢hd leftihand sidalofFigp Gal, to the
and F is a lo emperature, Al N or [ [
g Pur e ersal s LT esEinG: a1y S M R EaR b Py the
ofandtypeapgrartclauct ure and its production are
descri bed hereinafter. Before |layers are deposited
the growh of 'the wafer 104 is passivated. This
ndansis @Huride puglgatipedsied inseainbingtine with\a Rydfer @hemi cal

t geateenh dieating in vacuo or in hydrogen at
ten‘pe'r at u?eénd; )(I)v'e 1000C, and a hydrogen-term nated

26 s@rpa@igiqessgmggn@@épr layers, here ‘in particular n-conducting GaN
layers,

D i5 a multi-quantum-well structure, .
E is a p-doped nftride semiconductor cover layer, here in particular p-GaN,
and

F |s 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
vacuo or in hydrogen at temperatures above 1000°C, and a hydrogen-terminated

surface is produced.

The nucleation layer 106 has a thickness of between 10 and 50 nm. A layer

thickness of at most 400 nm is formed in the composite, which in the present
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The nucl eation | ayer 106 has a.thickness of between 10
and 50 nm A |ayer thickness of at nost 400 nmis
formed in the conposite, which in the present -24-
exanpl e has a buffer layer_ggposited thereon, though
in the process procedure the buffer layer is in
principle optional. An AN nucleation layer is
suitable, which is grown either at |ow tenperatures,
i.e. below 1000C, for exanple at 600 - 800C, or at
hi gh tenperatures i.e. normal 5 growth tenperatures
depbSite8Rhé@BR! th lthé d¥le ed
S?{‘e’?@ Nﬁ% so %&Q GEIB < |sr@gp|ot ?Ll‘e%ﬁ igtt lran@gh gs;fr g\r/&ch e
ﬁ@h@éﬁﬂkWﬁé@InWh@NM@pP%leIayer may however al so
consi st of Al GaN. Wen using Al GaN t he nucl eati on
| ayer éﬁalso have a rel atively Iar i ckness, for.

éahip neicleatiorslagerifnsuitihian WHHWE APWNHRLL ﬁﬁ%tq%‘ﬁﬁ‘?fwﬁf?% €.
'b%lo'v@ﬂﬁ?b@@dfo‘?%&ar‘}wﬁletb?%bﬁ 1ameader 4t igh &impdiguretOi.e. normal

alum nium precursor to the reactaor for

srowthetamnaraiyes fare ¥ sshove 1QPOo?deT ® HBV%@V‘%@% layet is

Q:'Fé?&%my AsHid fAndla{ﬂﬂ i9fagpliey sthghr b\ﬁth t@nﬁietdthr@tsﬂ@h@fouffer
he substrate | ead to an un

,meey @%P@W?Y%ea'ﬁ? SORTELSH APRN: AeRsHs ?ﬂ; AIGRN the,ucleation
Shyer FRA dMd ﬁd\/@% lemtid@P 544 Bitkpdss! I ergiplesat €00 nm.

consi sting of the nucleation |ayer and buffer |ayer
106. This deposition is carried out by 15

VAR GANERY e/ nidé4tREUS)EIOt B é)(pledréﬁnthbeg]nl ms@ads.umin ofithe
for exanple silane or disilan g

EHPIBLITY PresHisOR Ihihe BRI ?ﬁf%féjP gl a8 it
di BRich YAmsly t@zdréhﬁént Ihﬁirl@nﬂ@ opth@&Ubﬁmts A gitrtingoof thdreubstrate
grow h surface { i con nlft de. The thickness
gnay kgad & an Hﬁ%ﬁkﬁ'rﬁg pP'é{‘fféé?ta lige gipudiaf [s‘,l “that during the
following 20 growth of the first nitride

ré E aiﬁe?gpg?l?go IEHJ% 'is {jéhcﬁltéc?% B %Js}fe con3|st|ng of the

rl e sane tine at
wmcedaea@tltayerr a680buffer talyer 11061 Thiss gleppsitieroris s@af@?fgtcwt by -

t ai ned .on t of ol ' i
i ReS o fodicmloL S i(EBH dréqifhr fch 8 for SR Stane o
| disigp@aesrabn tdrganit esilidon tawmposiod.f aed a Wtqolerarpr@wrs}pr such as

ol TS BURYinrnk Fhe MEDYEERSHS soug WP AIAh e

a® farnt silieonbetridesol ved by reflectometry. A suitable
Si N | ayer thickness can be determ ned subject- to this

sti pul ati on by
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

rorgl;em ﬁ?g@u rsor,

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
original islands, of < 5%, which cannot as a rule be resolved by reflectometry. A
suitable SiN layer thickness can be determined subject to this stipulation by
simple experiments. A transfer of this technical teaching to other wavelengths
used in reflectometry does not present any problem to the person skilled in the

art.
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sinple experinents. A transfer of this technica
teaching to other wavel engths wused in reflectonetry
does not present any problemto the person skilled in
the art. -25- During the gsgowth of the first nitride
sem conductor |ayer 110, which in the present exanple
of Fig. 1 basically consists of GaN and is therefore
also termed GaN layer 110, no coal escence-pronoting
grom h paraneters are adjusted in the present

enbodi nent. This nmeans that the tenperature and the

Rrihg RE deMhOGP'ﬂwéﬁF%'E %Haé%nﬁ&ne@étbﬂ wybpne@uwah Al fe
not rncreased. Using such paraneters ficiently

oerRsnkexsmple gf Biat h basicallyeconsinis| oh @aN qrrblséh%fem Alsp terged
f@a{) I%g@f] 11@ o tcSé‘lééée‘?lcéchﬁm%?mgfg?&Mh ®ARIN 18 s HE alijist8d #h the
stant| | ess curved eneous destressed
@oeﬁ@ohembo@meubﬂ@rsfemaar@ et terfeenperpiise and teeratio] f Mitgogen
&Uﬁ%rcten%lﬁdn?rb?re&ﬁﬁg 5@ ﬁ’otI ﬁE&%Eed Suﬁgg éﬂjﬁﬁvﬁé?ameters a

turn 1 nmproves the |ayer and al so

eufiicientlys camp@ggive et it yihe @a«N b’t’de 1?Q3|aﬁatw' nit atfge smaller
lté’é@ﬁé LhiEkngss eboihfe afaNHARY & %@tahﬁal@etlé@e%uﬁ% and
and 1600 nm An

alum niumcontaining nitrid
emogenrRAYSIAestressed cRRgPRgNS siragiwie qrﬁogtﬁ@efior m of a

| ow-tenperature AIN internediate | ayer 112 is

"deposited on this for the strain 15 en lneerln%,m gﬂ‘llch in

IT('S‘W fgiepentienade ol ceRARedead & pAYERT IFiR0d; 90

G@Reinfbrovddi BkNRgEr liali®y bAd s @khiliiRe al BWet esmizhay U6 &rack
AN internedi ate | ayer increases the conpressive

dermadien. conponent. 1f this layer were onitted, a GaN
| ayer 1300 nmthick could be grown crack- free on

e Berc <o L ecBaN Bikso PO eliber S e @

ciumsiaiuaT-esrksiniah iteidé lsemidohtodtoremermédietel lager ini the fofm of a

the lowte LN i,nter e :

B ORE AR b sals iVef B Been@cd B rdrdtRstger

|egideeting. DEheatdw ¢arepkrbtyrec A iimesdedige daydr lufs an this case a
uence. of rther GaN | ayers and | ow tenperature AN

istﬁ?'er}er?ﬁ(? gé%%‘ﬁ(}‘ers The | ow tenperature AN

internedi ate layer 112 25 consequently follows a

SHORE GRlNetAYRT Akl tterREAhl: Bler RERaL& HROoMFRLNS Kiress

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
intermediate layers. The low temperature AIN intermediate layer 112
consequently follows a second GaN layer 114, again ca. 800 to 1600 nm thick,
which is in turn followed by a further low temperature AIN intermediate layer 115. .
A third GaN layer 116 is deposited on this. A second masking layer 117 of SiN is
in turn deposited on this third layer. The second SiN masking layer 117 leads to a

reduction of the dislocation concentration in the following fourth GaN layer 118.
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which is in turn followed by a further |ow tenperature
AIN internediate layer 115. A third GaN layer 116 is
deposited on this. A second masking |ayer 117 of SiN
is in turn deposited on thpg-third |ayer. The second
Si N masking |layer 117 leads to a -reduction of the

di sl ocation concentration in the following fourth GaN
| ayer 118. -26- The four GaN | ayers 110, 114, 116 and
118 are n-doped. The doping is carried out during the
growt h by addi ng a suitable dopi ng substance

CESS 106 AREAYB Qrél b EThes@odiny istdased
gﬁ%gggrsélém ygﬁlsﬁﬁ? he first GaN Iz:1 er b110 whi ch

ot dé@lﬂ)ﬁh@@rqvﬂhtbb( @dding grsuiipble daRing SRV KE PEEBF A ay er

of the description 5 given above, to a growth with
conpressive stress. The rei;a ed ten e str

CEI® BrecessHresRsre fescrped SRlp" ?%l ?'ref@f L@?d? We&gubsst[etggu%ln er
I R0 WlchaidereBsoidisng tied first Rigideaker coheéctbrolayermirﬂne description
The forces acting on the adhesive

e ey B R R e e e T
e(?a%' l')ét’ aErﬂe\Féagln?ﬁfer@f facili gﬂ?e}sl tﬂiﬁrsxlmb@ét}uenr gesﬂicailal amd bonding of
structure an e reduced tensile stress already
(Ve oS04 GaR iy PRIE1D afasves s B Théloverall
r‘EMtu?@mi §§d‘br&ﬁ§l§mbh@f§s doré Basigna ttaf ¢aeriet Mbe improved
uct y

Lﬁérg,étaﬁ) @u%mcﬂﬁé @gp :tr?es?qrdlggetfcheé\swssta%sﬁ@gre?%m the f‘j:'%t GaN layer

f o1 TSN r | @Y Ede IHkBienbiBficy theraeR fofmatwheduridlg andl after the
exact | ayer structure ﬁf this nmulti-quantum well
s$tripRing pkthe 1ay§r sireetyg; 19t ed corresponding to the

desired wavel ength of the light em ssion. 15 The

paraneters to b ust.ed, for. thj |
P Remhiyornasel sBiiLiiR, S et b vfh R o R A9a. The
kBtﬁtWﬁb bomiakegiapend exacs kayer etductluretdiehlarmult|-Agantgm weII structure

£$?al légﬁ?@%ﬁ%ﬁﬂoﬁpl ?6 tHe a&%{f%'v@@n@ﬂqu 9 Ry R fendission.

or exa ting frompure
GINB pafantatehs e dei aujushes o ttm:puronseafsupih@s mtgygragm@ iometry

di d .
§ AEY S IR B0 L T b T VFnBE S0 dchoraly

20

25

| kadwn,eop @dx:ilr(gnndwm e batjdugapeef ® aiidegsemiserductog fof example
vvavelenththa f indi

SRR AU R0 B 0 g of o
barnrdee Byfanndur\gmmlhexnmetb@netganm inpreasedhigyacsistthe Ha'PP W AIN.

ovi de [ i
E{%W?%? gi s o{&? F%Hutgsét rcg?ge{d ﬁ%@?ﬁ%beﬁf&d%&t egfh&ﬂa °s ,
c@»eWeelnaye redl&tdl tbé ulra@alst cigianstof theadeeliyinng t he
mul ti - quant um wel |

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.

Instead, a cover layer 122 of p-GaN directly adjoining the muiti-quantum-well

structure 120 is illustrated.

The above description related to an embodiment of a nitride  semiconductor
component according to the invention. It is understood of course that with

another component, such as for example a field effect transistor, the specific
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25 structure 120 is illustrated. The above description
related to an enbodi nent of a nitride sem conduct or
conmponent according to the invention. It is understood
of course that with anotheR7eonponent, such as for
exanple a field effect transistor, the specific -27-
details of the layer structure and the |ayer doping
have to be adjusted in a manner known per se. Fig. 2
shows a diagramthat illustrates the devel opment of

the curvature of a nitride sen conductor product
dietdilB ofi the Ipyerdstaictoe dny thbelapsrodstyy Aawotalibagadjusted in a

the invention and al so, in conparison, the curvature

SPaNDeR KW YRS ¥ni conduct or product according to the
prior art during its production. The time in mnutes

1 P SRR SRR BEbRah 4 Pt AT oL chiyaRys of o
011tr|ae @émib))ndtudtorc;mndwmrnngmte paotlictidrebe tre: wbcedseaccordmg to
SRS k! o i . B FUEHETE oL TR SRl o
tmeduut taccatding dmtb@mdulcartbrdupng)dﬂcwqduphorplemettemie émmiirhges is
I@ﬁed onht;%% anggaﬁgl’éee%ﬁs&rapégestl rﬁeﬁ Iagféﬂ Vt?ett\%éjw h§ b@&?ﬁﬁ?nglo?the
neyes Wepnsititn petah(idd) sDetraslibsstrafe arhbtheeashofeﬂnemoobtﬁg phthe

(I:Q:Jréxr? a&%? stf&rt]urgeTheo?Jr?étpr%dsolthkéD%b‘?%%;g ﬁ‘%%& Bgéeg}fmﬁwe
(Zcﬂﬂlﬁ)éhltrmedsemlcqrﬁdmstor @todaict, és phiyed o thet y-agiel The m)%aaﬂement
899 S50 T Bovtfb 5, Aonh e 9008 REltE
ouea/saur&m@ﬁ wethhda Detdilusf die meavaremest béttmeewvatmcanan be

% ﬁéc} ?jﬂ)m tWé) r[f)}ﬁbﬁcfaﬁsr?sn&éﬂe Rrodt g{‘rglnt gts sGif g))@r&t %@fb—

i agra measdr curv

oZﬁrMa(BQﬂﬁé addrﬁ KgOSﬁ htealglpbyﬂ Istapfsof. @) 29@n2'@1ﬁ5| (89@3)- The values
tad tar 0

ok Gty GONEL' 2 3R6S! oo BT ks 1o

tduevacttures aith egadifls pheurvatune] W@élrﬁr@ end lﬂ‘é't“é)f pr oduct

according to the invention is shown by the continuous

line. Four different growh phases can be-

diwq diftererd hagasuiemart e gie ploted kit ée dgdidg 902 A

th8adurMRENt cBRve Mhé?&r%tﬁrescﬁﬁlﬁlj %ﬁeeé#of/s/ﬂp&‘ tRé @orﬂféﬂflé}%‘l niide
vertical dotted lines in time inte

tseseandugter aperdigg do ithes RFI9MT qarga; Wwﬂr %pr@ dotted I|ne Tlhe 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
numerals 1 to 4. The growth of the AIN nucleation layer 106 as well as the
heating up to a growth temperature above 1000°C suitable for the deposition of
GaN takes place in a time interval 1. Starting from an initially vanishing curvature
(corresponding to an infinite radius of curvature), a slight positive curvature is
established in this time interval in both different structures. In the following time

interval 2, which starts just after 30 minutes and lasts about 45 minutes after the
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25 nunerals 1 to 4. The growth of the AIN nucleation

| ayer 106 as well as the heating up to a growth

t enperature above 1000C suitable for the deposition of
GaN takes place in a time ipgerval 1. Starting froman,
initially vanishing curvature (corresponding to an
infinite radius of curvature), a slight positive
curvature is established in this tinme interval in
both different structures. In the followi ng tine 30
interval 2, which starts just after 30 m nutes and

sf’a?‘f of tﬂ@?ﬁéwtﬂ@h@gwtr&%kﬁptlﬂerﬁm in 4% Eﬁérﬁélé oOf:lgt hPand the

maski n ayer (108 in the

mrs; Gai\) et 1100 Fif e G ape@ta(tloi@q ?Paﬁsgerﬁ%ofé?%GaN
?\W dlsyﬂ@s SSRlts R tﬂl@%n@mt&%zé:lem‘?@a@fcléah@ KeaNeeg rtaat the

s occurs inthis tine interval It can cl arlty
b‘@f\@éléﬁ efhiile fayer siustvea arasiued tyetheaproress @a%qrg'r'g o the

95&%8@%%&&1@. tH%%Qfg%Sh@ﬁé‘rWaﬂJeﬁghérpmt the o'énipﬁﬂﬁﬂi tAtture,

assunes 1n this stage higher values than_in D
TS igsMn By 7 gen onal pracess WahQyt BHiAY ByPikl masking layer.
conventional process w thout using a SiN masking

| ayer. The first GaN_| ayer 110 F

FRoTESAN oY 10 it g o S1oin hoTodsgind Ditva iyt the
ALHYREGY dePndidcadeariRNttd Omal c@tﬁx@ﬂﬁ@ﬁl mroe@dupmcehme the
procedure differs here on

e GaRITEE Nt 8p Bccsinn of e apEoiqertt AR iersaapg the

hetyResva 3 iasd b%M@htdoyartaV@ghtaoom B0 esuted tiftr théretart of the

tSQtfg’rﬁé\' 3{ H{egperﬁ\ﬁ?‘{l‘rt%\é\%g\ﬂﬂ |%;%§p$étlealfsene&ﬁ\lo§r§§l phe}slg(r)lgv{r',%roduced |

PoPMeGrbdUtion of the AN Wtérifearateriert 2l ayer 112. Both -
structures are cooled after conpletion of the Iayer

deposition (tinme interval 4). In-.the conparison
sBétp | struptumsLare cboaled Gaftei ngmpletiarhef theilayer depgsitipn (timetipterval

35 i G, S A S B0  Bgh 5 e o coe
acﬁfttae sarlneleairamucedfactdsrdlnprtoai'gslsvemun | tbagaoling tekas place about

B TS HDhE PR prbe ah ot FREK SpAliUR! dhficlo o
BIRAE Be PG =G

corr es
rmhnuslyoﬁarkem v,arlvaiuee of thatsamplesofsahout A. 17’ I\wyem corresponds

{eklu ?Eﬁ} gc;u?v% G&%s gﬁ&ﬁ s gI]p tﬂeg Iag/Qlest d?:ﬁﬁ@%hﬂ'ﬂcéch Sccording

conplietion o e " cool 1 ng rocess 1|s
atoothie |ﬁ€br(ﬁor12hencﬂlrvat1m réepoordpleipr of hercegling peeess is about

gp??ﬁ g;ce 1t sp rg;i ?adimur%fher Wval Gk Y 2680k 8.9%n. f'ltHst Vﬁﬁe can

40w I énper at ur'e
| by durther axptlmrsetirta/ mlsaryneg figrthen dow tempsratorey AIN IGY§E§ taﬁdf‘ the

ala%} LihfSurs %?]F%quy& HAE aRHitAG! SEmirbhdlcKR BrSdlic @Y vanishingly

small curvature can be produced.

. Fig. 3 is a diagram showing the development over time of the light reflected from

the growth surface of the nitride semiconductor product during its product|on
during the process procedure for the comparison ‘sample (dotted curve)
described on the basis of Fig. 2, and for the sample produced according to the
invention. The diagram thus shows the result of a reflectometry measurement at
a light wavelength of ca. 600 nm during the growth of the layer structure

corresponding to the process procedure explained in Fig. 2. The reflected light
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smal | curvature can be produced. Fig. 3 is a diagram
showi ng the devel opnent over tinme of the |ight
reflected from 25 the growth surface of the nitride
sem conduct or product duringgits production, during
the process procedure for the conparison sanple
(dotted curve) described on the basis of Fig. 2, and
for the sanpl e produced according to the invention.
The di agram thus shows the result of a reflectonetry
measurenment at a light wavel ength of ca. 600 nm

b hdng id E‘I@tt&f %M Hst‘?lfnet hRe WRAIm St dubaividee iBthe same way as in

corresp ond I Ng process procedure ex

|
Figy.2, 2nt01tm$ ?%ﬁ'loé%ﬂea ?’la@ﬁt"' Inibal intepgifysh ?§ alé}ﬁﬁ%f‘%@&ted
Wgﬁ‘l‘ iR@hsity, %mh-@%els dieAsa ANk cwrSeHiates dRfing fhetlhﬁerfgﬂmth are

as In Fig. 2, intotime sections

jdsntified hyneeaws tip seoliPRe2 oft 8 beeftas thal "1 .C@ﬂf{ast %o the

ggﬁl%@ﬁé&ysaﬁﬁ\ﬂbcm A8 dafple pRIatLd atdoriAg QSCHe' ingérisn the full
uring the layer growth, are identifie

garad kaiween infensiiy Minima @8 maxipa is; ’ﬁafél?ﬁﬂ? 8%% 'q éoﬁ?\q{%t'gns I

GREBALSP B t%@'&’d)\ﬁth df 'i’net llﬁﬁsl&ﬁ’d@g@r ip b@ﬂﬂ@ﬁ@oaﬁ@twudh agpattern

the 1 nvention fu range

AeEuUTTRiRi the rp&eqt@a%tnea*eaﬁw@fne@t clger 1 '§cf'P1Tft"§5 e"fff}cemﬂat
t@ﬁal@usr RAhi8 cREtiIG Seibder@in maaidpsaﬁh¢mgtebavyerre GaN layer,

usted so that such a pattern occurs. in

rv@fwre(gr@ﬁetpg?th%@ggyeér?eﬁpalegq?@ﬁe layerg tch(l)(nﬁﬂs Wd occupy an
EXBEIJeCalfict RRda of Bt [dadl bY 6%!3‘@?6\{03@) 86 Gny’Sh & layéreplans ©f the

present in the deposition step o

vinfetdiowine wittieR seRIsPnesiRrdaver @859%%%'%%&”8;9&“‘0“ o Srown.

tIh|sCt5rH;é5é(6D@e@dQﬁ§tL@béna&‘rgeﬁyﬁér@wchfe&ﬂ@@éica?ﬁb@bcméved by
| east : nt | ayer plane of. the
Qﬂt'é}'ijfﬂgﬁ\ﬁ”rfgrt?ﬁrt”ﬂ? Er@%i’iﬁ‘r@@ﬁ&ﬁﬁt or layer perpendicul ar
tothe direction of growh. It is to be expectedthat

o A g B0 e RO TR R B B heces
FcbeISaN feayprsatngt havestesn m‘bﬁtﬁc@lddrycmoceﬁs% faeqzqmloe te te pripstart.

538, S B o g P U e By B

Fh@ordiey tothepsioraarDl C i mage of a GaN | ayer that has
been produced by a process according to the prior
art. The scanning electron nmicroscope i mages of Fig

4he Boar#m)g sfeotmrs umitraseape inEQes apriigedakd 9n) shew ssaﬁéces
Sl%%lreesenp oS s@i® B SBHo IR B &S 6aNNSy et @ MHeSsample

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 ym thick which,
although it was produced using a SiN masking layer, did not however include an
AIN intermediate layer for the strain engineering. This layer shows a significantly
improved structure with only a few cracks, compared to the previously discussed

sample.

The surface of a sample illustrated in Fig. 4c), which was grown up to a thickness

of 2.8 pm according to the invention, i.e. using a suitable SiN masking layer and
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shown in Fig. 4a) was produced w thout a Si N maski ng

| ayer and has a thickness. of about 2.5 pm It can
clearly be seen that the surface has a | arge nunber of
cracks. The surface shown i4pFig. 4b) belongs to a
sanple 2.4 pmthick which, although it was produced
using a Si N nmasking |layer, did not however include an
25 AIN internedi ate | ayer for the strain engi neering.
This layer shows a significantly inproved structure
with only a few cracks, conpared to the previously

WnﬁW%%erﬁ@@Alﬁ mtEhﬁe(ﬁé{Eflé}/é?s @kniBitsSeHPE Strdr hesd é@tré%dly

grown up to a thickness of
mramcbwhtvwmut ARy ¢rﬁ%§9fm6tr9n ip the imgget §ediosui t abl e
Si N masking | ayer and 30- with [ ow tenperature AN
i nternedi ate | ayers, exhibits on the other hand a

1% a) PhowsnanofRianguEMSIYSSIAN RIBGYOMAYCTeScoPR IgRsR! PofieN
idyet Bt WEBGREUREE tyQNprobkh advaldifd'@®e ot BrtPFigN8h) shows
transm ssion el ectron mcroscope | mage .of a
ERAN-Pls (HRNsARERN Blpclon MitesOPE iEBeEi Hf P@Nteﬁéef Lh 2 was
fdduckh By a%bc@sﬁ%ord%gata thé i ativh. ThaMBadesséHow on roughly
el ectron” m croscope i ma of aG&gl er tha
mebaar@eoﬁcage ‘é?fBPSMeGs‘%W%\ HYRG: %ﬁéfﬁaﬁ\v%ﬁ?yﬁh wagppysed
'Wmﬁ%‘-‘roglbg%@ 'ihyfs-:@ ﬁs&w in Fl@efﬁ)ﬁﬂ'ﬁeﬁﬁ@de%s \saamw;sl atcordimgnto
i N maski ng | ayer

e oD S Byey BRI Whee Goviga e eI EhgRp JbEY. Sb).

sgquenge accordlng to the |nvent|on was however

adopt ed when rOWIn sho

T Oftet &y SYhbaug e et e SR Gans EREBUID Jjfte iy e nkatea

Qé)béﬁtpﬂiriel W§§ e‘s!mrﬁatgﬂ ]gzamcn fdrhtaisi purpader eitoathr dr aaﬁfpncepl range that
an 0 ur po e ci rcul

Giart el ?h%ggcqgﬂﬁ?g'e fﬁlﬁ% r Fo%"%'%sgce? ?;tﬁ‘."ts‘?sb gre

(wpém‘dmsedfontthewmml. esced cr yst aI lites were

superinposed on the inage. By way of explanation it

shoul d be added that dislocations in the heteroepitaxy
1By way of explandtion dnghoulthie added that dislgicatiansdn itk setgroepiaxy

gog%@r éﬁ%e ang ngfq tagqmgflthﬁgocé?ﬂﬂg a@'ir%fn%rfé‘ég 4Ry Jrhfhe other

occurri t
standrege yomdl bowp tivef @:ﬂeraﬂwccwrlog yalangd g,%'g@' 3@/3&: fﬁﬁf@§ "adapt
sl?r%XglgltW;f‘ehr%Eﬁtyﬁs% %@falllh(% %t'rdclrttgrg% ?\;e a‘%y%tg‘?&/v stntil fiked or
dwissada Al theesanestinds theotilingeat the interface @f tyyo @nﬁt@lWes leads to the

i AR bPRrew WUisibddtand edRtihg EAS fOT RBL ivMatiin &06dge
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
indicate approximately the boundary of the coalescing crystallites since, provided
that the adjacent crystallite is only slightly imperfectly oriented, thesé dislocations
"decorate” the coalescing crystallites. In order to check the average surface area
of the crystallites, a layer plane at a distance of 700 + 50 nm from the masking

layer should be used.
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20 dislocations at the interface of two crystallites.
These di sl ocations accordingly are fornmed at the
boundary of two crystallites precisely due to the

coal escence process that ggcurs with increasing |ayer
thi ckness. Only a few di sl ocations take place

i ndependently of these effects, for instance directly
at the interface with the substrate. The recogni sable
edge di sl ocati ons and. screw di sl ocati ons accordi ngly
25 indicate approximately the boundary of the

‘Agjaéa%gé;‘?'te 4 rl%lf:é{ %tr%l bc&ﬁﬁedslBWFF\% cr?é’tﬁmtbgfw the maétrét&? pIane of

ry teis only s nper f ect |

y
~ bweraestied qurw@é,@laje% frewalhe gatio of taedb'ﬁé@t@d spface area and the

GORAbESSH RS trﬁfsyléérﬂiﬂbb bRRtallkds. M B&h |ﬁ\%$ﬁé’é@é&<s:§rﬁ@e§‘ﬂ'ﬁ§ pAfe

surface area he crystallites, X | ane at a
af dntarseetiass hemoabosc then Eealapcenee ﬂ\%k.thg nﬁrSéyé'P BRotAPle

1 iR etefRaRted RtarPgeH R @84 hn khiags
Elrgfltﬁtg?m ngs?ﬁ@% Ef\gglal lustrat ed eI ane of intersection

At 2c 40681 &g TioBIVEREAT AVPBOBISUAES (a1l (G92] Hm” per
§ﬁga@ ‘?a area and the nunber of the thus identified
ystallites. In both investigated sanples this plane
intersection |lies above the coal escence | ayer

\ 'irh'tl%‘ @Sﬁ%le b at Rigide agamiCorRiuciol ysdduat %@ccbrﬂun&l 19. theahvélion

U ST R T

Qr&Z&lzg“@Qmﬁ@rzzsghms& Blel7iiré%. Thiz §ikes smaperagefsubiace area of
nitride sem conduct or product according to the

Ol R cystalif@t rated in Fig. 5b) on the other hand,
35 crystallites were counted on a surface 10 area of
2982 223
Soubebepgaeg o et dicpreaneel Apbelh ¥ S e A fogaros
hxg qQ|@I_|tW &dhe ldwer adit dfhiee muaslthag edreble samipves! with Fiegorocess
5 e as r [ t
spberiatiardeveie ek B8Rricrturfeehitpi St uo'a
g avethgegsrtact faeed is\at ieaisDDL36 laméf Iertbablwayttlhmccpmpreesy;e stress
d
BueCaN st opg ol quRanpRglsaRty Wi Bl By resuts for

ceTRIdesSIf earvaturesisd tensild stees&irNhe figishec eampmment.
significantly increased, which leads to better results
for the radius of curvature and tensile stress in the
frigd. $hpd 66 shpediierent pragess gayes indie prodestioniof pe t-ERtfrom the

[tAGE LemLRAGSRor &F D1 PTRE BRIES pRicedite [deScrhitedMdrB Gollows

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
bonding to a carrier 126, and on the other hand to improve the light decoupling

from the component that is formed.

The carrier 126 is fabricated from copper or AlSi and is metallised 130 on one
side 128 that is used for the bonding. Fig. 6b) shows a process stage after the
bonding. The bonding is carried out at a temperature of 280°C. The use of such a
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nitride sem conductor of Fig. 1. The process procedure
descri bed here follows 20 after the production of the
nitride sem conductor conmponent of Fig. 1. In this
connection an upper side negallisation is first of al
provided on the nitride sem conductor product 100.
This serves on the one hand for the subsequent

bonding to a carrier 126, and on the other hand to

i nprove the |ight decoupling fromthe conponent that
is formed. 25 The carrier 126 is fabricated from

GOP REhp&EtuA Bhs BRCadvantage ahdtinseatiditidalcetressts arsipiedut28 by
that is used for the bonding. Fig. 6b) shows a process
éb%@@”ﬁ@ﬂ%ﬂepHﬁnggﬁﬁﬁﬁaGQ The bonding is carried out

at a tenperature of 280C. The use of such a -32- |ow

tenperatuge t he advant.age t [ n

stee ¥ q@?oﬁué@'&% 'Yhe Efnl%wrrgl ﬂ%cl Eh' u?él r{lgyusvﬁted
hesthmgatiddng iSFigMBER Mha(8l waserr W40y eemovedabyf meamapingrinding
step., This

o ST 5L L SRR LD i, e

d&t@ﬁﬁjﬁ@ﬂlﬂ&trdﬂ@i inTiFig. &f)dd thegehya;rodim:edem vdmifl’ﬂheaiucbatlon Iayer
ry-cne The str r i I . j
R b 5 Saler BN S fieldebPp LO8 A thdproover
||ayeﬁr1 22196n Htgémoggactﬁwndmb retdiisatia 12¢(130. Inavofleving step
t he upper. si.de t he over, S
55 2BB" SRS SHEO ety PIBRES Ry sybefrdsoinplnro e ne
Slfgﬁpdeddﬂlghrtg)ﬂa@h tisd dﬂnpcmest aredbumesicbybtne etabinign épr example with
ram d res rove t I
%@Hu?ﬂ F‘P\ngf r dﬂ?lt;’h é:oetgﬁlgas% reg1 raze fdgtr?%%c d Ltht%efme the flow
e;scﬁéntyl of thedIE®nargoktverpdidrity KCkppiied m?@poleFemhpolyact 136 on

nta str cture are u e
rt{a(} t"ﬁ EpoE L?EEY g %;go‘%e% Fg rtH? yolféserjfacpg rﬁtgﬂv‘bn the
tdswnwol e-end cont act 136 on the surface and a
positive polarity is applied to the pole-end cont act
on the carrier. 15 According to the invention |aye
gAcmlrdhng to thegavantien dayer araydh Suprssible @t lasgRsypates %and thus

IeesS iflel RS prob&e éBEQﬁW&&é eBmPbndrid BEa %@watﬁéﬁtfprﬁucﬁon
BSt - ef |C|ent producti on a l.arge nunbe

safahl lenge crumpzsieaft gmallen @06@96¢ntbe8h% dgeabed p‘F e%eéa (prgeedure
tgkes RBl:@Wﬁ tttng \ﬁ%e? HRppi ﬁ@ﬁ{at gédnp@rhtlbﬂaﬁ)f@ﬁplbﬁed in the use

convent i ona oye in the use Sapé){
sqfos&npatfe§ub%trﬁﬂes @nﬂhérﬂaﬁr@ﬁoée §'mPﬂﬂfear”da‘?ﬂ?ae eg,!aeﬁohthography

PBl%EQ(Iidrteggﬁbr QR\BK/ 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
component. Qualitatively high-grade but inexpensive components can be

produced in this way.

‘Different variants are possible in the process procedure. For example, the
p-conducting cover layer 122 can, after at least 20 nm growth of p-GaN, be

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



20 procedures are sinply necessary for the production
of the rear side contact and for a structuring before
the separation of the conponents. The precedi ng
description shows that, basgsgl-on the growth process
according to the invention for an unstressed nitride
sem conduct or | ayer structure, a particularly sinple
processing is possible in the further production
stages of the 25 conponent. Qualitatively high-grade
but i nexpensive conponents can be produced in this

Wedn iddufah efRRkr ¥ad H@&t ﬁot@éaﬁi BBHPHtE codledddfcd MPRESBJuCces
procedure. For exanpl e, p- conductin covergggg(#
BrPUgh AUTageraRd lgads B 4Re ﬂwqﬁ’rﬁeg?'WHctef C%"re%{ﬁnt )t
R Prﬁrﬁ%frﬁ’&g%he@sshgi}t r@ﬁlgsuoﬁh@m@mwmghtf ﬂdfdiehﬁ[lpled more
gro o -

in I n
aactislys eYﬁﬂ if @ dosg offt 6'%‘6%’6! @f'@ct@ad?& tse%‘wctpéeéJ mf‘é Upper Side.
produces a rough surface and |leads in the finished
sem conduct or conponent of Fig. 6f) to a nore
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.
-34- Cainms 1. Process for the production of a |ayer
structure of a nitride sem conductor conmponent on a
silicon surface, including the steps: - provision of a
substrate that has a silicon surface; 5 - deposition
of an al um niumcontaining nitride nucleation |ayer on

the silicon surface of the substrate; - optional:
deposition of an alum niumcontaining nitride buffer
| ayer on the nitride nucleation |ayer; - deposition

of a masking layer on the nitride nucleation | ayer or,
where 10 present, on the first nitride buffer |ayer;

- deposition of a galliumcontaining first nitride

sem conductor |ayer.on the masking |ayer, wherein the
‘masking layer is deposited in such a way that, in the
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deposition step of the first nitride sem conductor

| ayer, initially separate 15 crystallites grow that
coal esce above a coal escence | ayer thickness and
occupy an average surface agea of at least 0.16 pnt in
a layer plane of the coal esced nitride sem conductor
| ayer that is perpendicular to the growth direction.
20 2. Process according to claim1, in which the
masking |l ayer is deposited in a I|ayer thickness that
in the first nitride sem conductor |ayer, which
initially grows in the faumef growh islands, |eads
to a layer area that is at Teast 80%closed froma
di stance of, on average, at |least 600 nmfromthe

maski mrgodeRY @r- thd prodiuciirosfes hiyacsiarctira @f & mitdd@semitooductor

2, in which the skln | ayer ited wth a
cover £§@PERERtRA A E‘@PIsan m%@ffﬁgﬁﬁa‘f‘?f’%au on | ayer

or, if prp@&fﬁsﬁﬁnofcﬁcsutish@tefthﬁtsfasl’alslilrcbdeudﬁatfef er Iayer of
at least 95% 30 4. Process accord e of ronn&e

1to 3, ﬁP%ﬁ'%Ofﬁ{ba'Hﬁ@W'ﬁgoPtﬁwg}g g 'ded%"ﬁ gmrél(?y?rom

silicon %il’bdsm Q@face?o'ﬁthe'isubE‘meess according to one of
the preceding cla [ t he durat i OQ

depositi ORt '@?a'tq?éogﬁéfk'f)ﬂz{‘ P'&V‘é’?“ﬂ“&"eﬁ!ﬁ‘éf@n”' 'gethh?rela%er on
t he depoghd higitle riicrBatief layde first. nitride

sem conductor, . | a er a conconi S N
refl ect i G¢PPHiXheia Pagng ﬁééergqjg\/\f ﬁ’qe%r 'Plécgeea '{'Iagg{ o E/f' ere
WﬁVG'engﬁﬁ%ﬁﬁtQﬁthéﬁ@@&nﬁﬁﬂmﬁembyan OSCI||at|ng
intensity behavio ncr easj. n
anpl i tud&ePRAfiholA 9&&'“’5?%@5&'{9 é;'{ gg@idﬁsg{n zilconSch}grl lgger-on
reaches ahérmggmqmay@al ue that then remai ns roughly
const ant . Process agccording t ne of th djn
cl ai nﬂ”hqrﬁ'”\/\ﬁﬁcﬁ‘aflﬂﬁg @ﬁés‘?t?%ﬁ’sgﬁcg S FSUER 2 ﬁ/\(& ﬁ%g In"¥he
nucl e&idp@@ltlbfﬁ)tfﬂp dfatkie Sirgil rdicide csanﬁsco('\dlldc)r lgiyéri gotially separate
surface. accor di 0

Wﬁtﬁ”'\%|96‘ﬁ"’ﬁ’l‘?é°??|?§‘fe %&ivte 85]aqe§?; ntd'B a/QIr ﬁ%‘iﬂéé@and

cl ai me i e’ sem con
| ayer (b(ﬁuﬂ}eaﬂﬂveﬁdelsnrfacd argarof tahilasish846 1o’ ibet lmfernplamof
nm anﬂe coa%scga nitride semiconductor layer that is perpendicular to the

growth d|rect|on.

2. Process according to claim 1, in which the masking layer is deposited in a
layer thickness that in the first nit;ide 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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15 8. Process according to claim7, in which an

alum niumcontaining nitride internediate |ayer is
deposited on the first nitride sem conductor |ayer and
in which a galliumcontainigsg, further, second nitride
sem conductor layer is deposited on the |ast |ayer.
20 9. Process according to claim8, in which the
sequence of steps of the deposition of an

al um ni um containing nitride internediate |ayer and a
galliumcontaining further nitride sem conductor |ayer

gre C@FJde@Qa@dé‘i'dlngﬁ ﬁ)o(ﬁﬂzt(ﬁdthé/pregédlﬂ@claﬁfsoﬁﬁﬁﬁcmmwwbtmg of

to claim$8 ch a nulti-quantum

S 1 ucihe epaBtion;af SR JerRiL CBTo b REAIT [he depositon

depos %fe%dofcfﬁ‘e fike nftMiet E@ﬁlcﬁr‘\ddctdﬂ ¢aye$ %fﬁcﬁ@@rﬁw&’it%edsament
rocess accord g to cla aracterl g

t he d@btﬁ@reflet?ﬁora)mt%ns'ty ehbibe QFQYHB sf‘ﬁ?‘ien%tra Wﬁ&W?Yf’de'?giﬂ‘/B{) a.

of si lgh§ A dHolsidhskilERY infeRsily tedboiber Wilitincréasing osdikztion
of those of the further nitride sem conductaor

on wheewitugpewhigh fteq ahifeghy ascilatiany W&eﬁrrga?@sl & aximum

deposih e that dim rbRainroG@FscaReatdi ng to one of the
preceding clains, in which an n-doping is introduced

into the first and i f present, those further nitride

M Canghest @Ecorhlﬁ? € &nd bithe @F&ediﬁ@@%uﬁ§dn hefcariee témsition
mul ti-quant um wel

structure. 5 13, di
Lo one! b IHE® Preealney o (AEReiacE SRS R coReu eee.
fo: : ow ng steps: production of a p-doped, \
alliumcontaining nitri sem con uctor
At hiPTeEse POERIENG WP Ihe PRREGHETATER 1 ey L Alie
accor @bﬁﬂ:oﬁ@u&&ela%r i Hé% dite atlh Mgy ek trdkmess bfibethearh8dthem
prOV|d|ng a substrate includes the provision

tep o
of a s’ii”Fil 88AMBubstrate, the thickness of which is at
| east D& Nx x , wherein D&GN denotes the |ayer

8. 'Process according to claim 7, in which an aluminium-containing nitride
intermediate layer is deposited on the first nitride semiconductor layer and
in which a gallium-containing, further, second nitride semiconductor layer

is deposited on the last layer.

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 structuré is deposited.
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thi ckness of the nitride sem conductor |ayer to be
deposited on the substrate or, if nore than one
nitride sem conductor |layer is to be 15 deposited,
denotes the sum of the | ayesst hi cknesses of the
nitride sem conductor |layers to be deposited on the
substrate and of the existing nitride internediate
| ayer, and wherein x in the case where a doped
silicon substrate is used is 110 and in the case where
an undoped substrate is used is 200. 20 15. Process
according to claim14, in which the step of providing
a substrate includes thF $FOVI ion of

%

Jabet FAO@SSRETONP KRR S OF PIRFEERS e duRpIeBAd T goring i
gr eat gktrdadaéy Pfo e GRlt ah®, ifiHegerd@adEexfupther nitige semiconductor

o oo el g depel P ieke ot cearoecya RS ("

conprising the steps: - production of a layer
structure of a nitride sen1c ndu or onent
'P%eq%

i3 i cdosasst aceordie dPdPiy ¥ ol SnBreﬁ‘F F‘gcecgmpasmg the

cl ai Mgglodfhg M&dl ;ﬂ'gd@ftloh hef laayedopets lg}illil.lhmdrmalmng nitride
carrier in such

t he r owmt per side of
t he |§;¢€P°°§‘FP@€E%&VQF %ége’f%‘#“ Ll“h&“%‘éHrP Weeﬁ;SFr“%“?re
ei tger conplete or parti al rermval of the substrate;
production of a ¢contact structure. 17.. Pro
adcor ITAEESS AP NG tf6°”%’{ {i?eaorggeé?pq ﬂ@'ﬁ]s\n"hé'%{cﬂéhe step of -
deposigrb@iingfa albstateeInekides ame Ipyovisiord ot i siligon anibaicdte, the
| ayer on the %rovvth upper side of the |a

&P

st r ucttbickness ! whightissat 188t oPdiviid - t‘"@eﬁq"éld‘;?hiqe”qt?ﬁ i leper

hi gherPETRacE] 6 1is PG Rl Bug 36 B! Fiog 8 £f) the
sem candeieater orc v eforé atiem .one nitride semiconductor Iayer is to be
deposited, denotes the sum of the layer thicknesses of the nitride
semiconductor layers to be deposited on the substrate and of the existing
nitride intermediate 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.

185. 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, where

_ Substrate diameter in cm
3.5 '

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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19. Process according to one of clains 16 to 18, with

a step, carried out before the bonding, involving
netallisation of the growh upper side of the |ayer
structure or, if present, 037 the contact |ayer. 15 20.
Process according to one of clainms 16 to 19, in which

a carrier is used whose surface that is enployed for
the bonding is electrically conducting or reflecting
or netallic. 20 21. Process according to one of clains
18 to 20, .in which the nitride sem conductor cover

| ayer -of eitherdompeate 6t partdiuemova otibpasbitedeii n a - MW
, Wwhere m=0, 1, 2 . thickness of m A+ Ad

2 . nni t Profction ofg ‘Eorr%fégéuq\“r?s a wavel ength of a

light emi ssion of the nmulti-quantumwell structure
during operation of the nitride sem canducto o
cﬂarrpo%é e,ssr%pqrfq‘ngéo iCE"P ﬂg Wil a,3l¥R '53?'?"\?8%% aRosiipn o gn
ni tri @eeciricallneontaeiiedgitdct Ayeaod tre: dviwihdepet eige ohthe layer
t hi ckness, of the nulti-quantumwell structure. 22.
Proces¥Us¥trding to claim 17, in which a material is

used for the contact |ayer that has a smaller

refractive index. than the_p-d d. nitri .
s cd’ﬁﬂ%ﬁ?ﬁ@nﬁc%%wgrolcmﬁ?' ‘H@’ﬁ&‘z ! hﬁrégggas%%g%rc%p&leﬁgl 'S
to cl ajsey2fhat i iasWai tliyheh erefradtive dmdse nthennthec petoped veitride

| ayer of the | ayer s}ructure is deposited in a
t hi ckQUCQEAUCIPRCOVRT BYeT+ 5 v/ | where m= 1, 2, 3, 4,
.; Ais a wavelength of alight 2 nnilride 2

.e.m'ssionofthe [ti-quantumwell, s Ture..i
: t

ofer atfT8FESS a‘icﬂ@'% 39’ Pg% of §Faér3¥nﬁg otr?dt%ﬁlglﬁh c% osrtr%%n%ﬂ%d ou
Il ni t riedisre dignbérasing, irevolvirigrraetallivationrod éhe grbwtrheppenside iofithe
at the wavelength A and d t he thickness
of t héa¥ﬁﬁlsfrf‘9t“%tﬁin'{ Bﬁsﬁgr pr tE? Fﬁ%? (lr:}(r?%.%§'24. Process
according to one of clainms 16 to 23, in which the
bf&dl nIgrolc:g’ss according to one of claims 16 to 19, in which a carrier is used

whose surface that is employed for the bonding is electrically conducting

or reflecting or metallic.

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
A A
: +
2n 4-n

d
thickness of m — MOW \where m =0,1,23 ..

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

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

thickness of the muiti-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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carried out at a tenperature in the range between 280
and 500C. 10 25. Process according to one of clains 16
to 24, in which the step of renoving the substrate is
carried out by grinding or.#y-conbined grinding and
etching. 15 26. Process according to one of clains 16
to 24, in which the step of renoving the substrate is
carried out solely by etching. 27. Process according
to one of clains 16 to 25, in which the growth rear

si de exposed by the renoval of the substrate is

S ,UCtF#'? sTREoMg thUdMII0M Qhich4Re @liride semiconductor cover
anti-reflection-acCting layer. 28. Nitride

seni comacobr tReonjsyplensiryityre -is o dgaPStedmiR oft allickRgss  ©f
first nitride sgm conductor layer that has a structure
of coahescéd cr{¥a| lhéresn Ehab, Bk upy i dnaaeeiageth of a light
surface armgaq.of & least 25 0.16 pn2 in a |ayer plane
perpendicular_to the growh direction, - an . .-
B un o b mdlGa T SPEbirad g @5 aga ot thg piride
adj oi nenfidv@diittes ttompbhdritd@,sendenoteduteorefiaater inderdof- the
a galliumcontaining further, second nitrjde _
sem covege ebthe wayelengthdt onf Agon HENPIES they thigkness ghtheaulti-
29. Nitride sem conductor conponent according to claim
28, i rﬂ‘-\ﬂﬂﬁ“&'ﬁw‘?‘ﬂqétr%tﬂfgt allites in a |layer plane

per pendi cular to the growh direction have an average
s|ze at_|east . 400 x 40 . 0. I.tride o
sde4m' c r{aﬁ%slso?cc%dr%ﬁ)eﬂ?e a E%Frﬁls rgg E%oz%ll\'lé\ivsrﬁ'gb,thei bonding is
whi ch dakried @t ws4 &drhperatsrd in tie taage betwean@8pengefdiG ul ar
to the growh direction occupy an average surface

area of at least 0.36 pnt. 31. Nitride sem conductor
c2Brporkrntesac acoodding to corenef cfairo$ ai6nto 28, tro valch ihe step of

R T L L e

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 pm?ina Iayér 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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32. Nitride sem conductor conmponent according to one
of clains 28 to 31, that repeatedly contains the

| ayer sequence of al um niumcontaining 15 nitride
internediate |ayer and gall3am containing further
nitride semconductor layer. 33. Ntride

sem conduct or conponent according to one of clains 31
or 32, in which a multi-quantumwel| structure of
nitride sem conductor naterial is 20 deposited on the

“further nitride sem conductor |ayer. 34. Nitride.

99M CRRAHE tRMicAARABE BEmMBEHMt EicBrding 1l elaim 28, in which the

characterised b t | t furt [
of 51 PGSR 13 Bt AREPEPENg o i FF AP FAe Ry By on

of theybupt 3Bk onbt Bhstacsgmooamsfuct or | ayers on which
the multi 25 quantumwel | structure is deposited, but

on the side of this further nitride sem conductor

lyer Nifigk N@nvsYiubtbp Bbinbendhtl ddcoirgntalblaingl28, in which the
structure. 35. Nitride sem co,nchtor conpgnent .

accor drysépliites sna layer plage Rereandicy agjro tl'?qqgr\%ﬁ/ﬁ*tﬁlr?%lgn occupy
first Anferafaefifadd 881K at lbhaoead wnther nitride

sem conductor 30 layers that are arranged on the side

of the nmulti -quantumvv_el | structure that faces
Ppwar q\gtrfdﬁ%gmidoﬁbu&brt EdniisbreaNhording toosnd efyeims@8eto 30, in

t

n-doped. -40- 36. N tride sem conductor conponent

accor dviign e dire Biridel é‘f"ﬁ*go@%“cf% l3xer 1A% 1 Z&’y 4 g‘ﬁ}?‘éré‘?ss of
gal | i WeneeH §d0mmanditboo A@. sen conduct or cover |ayer
that 1s arranged on the side of the

mul ti-quantumwel | structure facing away fromthe
Laezfmst N‘igfdre't%ié&’fﬂu@t@ﬂ@dﬁ\b@ﬁedt-?&bmir@ @B7one\btt claites 28 to 31,
conduct or component according to one of cl.ai :
to 35,thawf€€&?aéed8’aﬁ?ﬁ‘té¥”5t%§t %iygr Bg% et% ?\f’fé"'?'?'}"g%néﬁ“ng
ni tri detrigeniserdediater lagarer and38gallimrdodiinimgri fwtheucngride
component, acco{oﬂa?/grto one of clainms 28 to 37, in 10
n

whi ch $&RRICNAUF d the first nitride sem conductor
| ayer are bonded to one another via a netal |ayer.

39. Nitride sem conductor co . i NG b AM:
55 o R AR LB REBRL 6 ey bl
copper which al mokiRjuanuerwslil siraxdurearf nitride semiconductor material is

deposited on the further nitride semiconductor layer.

34, Nitride sémiconductor component according to claim 33, characterised by
at least one further masking layer of silicon nitride immediately adjoining
that layer of the further nitride semicondxluctor 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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15 alumniumnitride or of AI/Si. 40. Nitride

sem conduct or conponent according to one of clains 28
to 39, in which an electrically conducting contact
l'ayer is arranged between thg. carrier and the first
nitride sem conductor |ayer. 20 41. Nitride

sem conduct or conponent according to claim36 and
claim40, in which the contact |ayer has a higher
refractive index than the p-doped nitride

sem conduct or cover layer. 25 42. Nitride

Sfm C‘N] |H€ts‘éFm€dP1HHé7tB|eB(§m9&%M Actdihg t§|o¢1|e%f3c§a|mbr133 to 35
whi ch nitride sem conductor cover |ayer of the

| ayer vgthrauemﬂed,l galligaperntaigigginifrige S%{“FHPWS@V?ﬁ'aYﬁr that
2 - |§V@rran é’éh@r'i %é‘rélde Q¢ tHo m%ltl uantum-wefl striictur facing away

nitrid 2 a wavel ength of a light em ssion
of théf%lf\ﬁlflrﬁ@ﬁﬁ@%ﬁﬁ%wd@wLRY@‘Ure during operation
of the nitride sem conductor conponent, nnitri de is
the 30 refractive index of the nitride a

wHvel d¥itida %m'wuﬁm'ﬂﬂ@?flﬁ%éct??f@“gttﬂlQﬂ?n‘éfs@a'ﬁ‘ls &0 36,

mul ti - QuanEAEMBAL is BbRdeetty i firstritridé 3emMNoh8udi& layer.
sem conduct or conponent according to claim36 and

cllaim 40, in which the contact |[ayer has a | ower

r& 1 agliingg sef@ndldtencdrisorRnoaR@ttindid éricdér claims 28 to 37, in

sem conduct or cover layer. 5 44. Nitride sem conduct or
conportetieh Hecearderandt e dirsliniride semicoppicier layRs argibppgegsto

sem copfutoHer GREhelafidgér. Of the layer structure is
deposited in a thickness of mA dMQW, where m= 1,

2, 3, 4, Ais a 2' n,,itride 2 wavelength of a |ight

efg SSi 1R semti€oribibl coHpORH=08dring tth eklidr37 6tuBs,N@ which
10 operation of the nitride sem conductor conpon

nni trithe sariemEonsts ARANYRY qfnBRBPehT Ot RBIMHPLT QB %‘tcon or
t he wayMghmieh Ritrfie EAASY QX Yy, denotes the thickness

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 A _ dMQW

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

thickness of m-
2 ' nnirride nitride

a wavelength of a light emission of the muiti-quantum-well structure

during operation of the nitride semiconductor component, Nuige is the

refractive index of the nitride at the wavelength 1, and d,,,, denotes the

thickness of the muiti-quantum-well structure.
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of the multi-quantumwell structure. 45. N tride

sem conduct or conponent according to one of clains 28
to 44, 15 with an n-side and a p-side electrical
contact elenent. 46. Carriegqwafer with a plurality of
nitride sem conductor conponents according to one of
clains 28 to 45. 20 47. Carrier wafer according to
claimd46, in which the plurality of nitride

sem conduct or conponents on the carrier have in
totality a lateral dinension of at |east 24 cm 48.
Nitride sem conductor product with 25 - a substrate
that has a silicon surface, - an al um ni um contai ni n8 o
i3t r i d¥itride cesdrongvctPrasasPeRe N bR FFOFING t9eclaim $& apd claim 40, in
surf AGfhict tHPES faa! |aye<'flma§| B YR SQRE ahddx thafli thé | H&oped
buffe ayer adjoining the nitride nucleation |ayer,

30 - a"tﬁﬁ%ﬁﬁ?fﬁ@%q}{%‘r’ ceYert#erni tri de nucl eation | ayer

or, if present, on the nitride buffer |ayer, and wth
“42- a gal liumcontaining first nitride sem conductor
|4y er Nilrdarspaticonsyrier sPmgonent apssidinggta 8l 43ndn NANGhnEpe
a str f'lHé %eﬂfcoﬁ@@!t@rséb@gr Ia%ﬁ/@fttﬁé|Iéfe?§truétﬁreW§'d%Bo§n@€ ina
crystallites above a coadgscence | ayer thickness and
in a layer plane perjpendidgylar to the gro |rect|on
5 occupigk %ga ef”agiensurfaog AP aTg1 eég't%w % 16 &

49. Nitride sem condtf¢tor pr oduct according to claim
48, i ﬂNeV\‘éiefhbtri brea m%sudrsd;fandwdnaq@mmﬁlmomictiure auring
amount of at zast 80% I stance of  at

nm fr d?ﬂeffﬂké?“rﬁ’é rm H'ﬂ qea%gg}lconfactgbcorﬂmrﬁn& en"""de is ?ﬁc’et re?rggtive
sem CqRallCsr e RE-RIEYE thaapARIchgi At an@iae, Ofdepbl e thitkness
and 49, in which the nitridé nucleation llayer is an

al um nifume MukicdudatuhBwer siuct@s.  al uni ni unf gal | i um
nitride layer with an alum nium proportion of at | east

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
- a substrate that has a silicon surface,
- an aluminium-containing nitride nucleation layer adjoining the silicon
surface, '
- optional: an aluminium-containing nitride buffer I'ayer 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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10% 15 51. Nitride sem conductor product according to
claimb50, in which the nitride nucleation |ayer has a
I ayer thickness of between 10 and 100 nm 52. Ntride

sem conductor product accorqfing to one of clainms 48 to
51, in 20 which the nitride buffer layer has a | ayer

t hi ckness of at nobst 400 nm 53. Nitride sem conductor
product according to one of clainms 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.ragi gi0fh-@atamabg!r @sOfnidte | e@dicondftckO ldYer Sélrranged

Ni tride sem conductor product according to

1 Bl 1 4B0OTES e TERK N YA i1 AV e b RGO Foaipsged
i nt er nedicaisikay ah Whrh @é] @ﬂy@t@lhtd&eaf)d)\fesb cBhlesdedlee layer

seni conductor |ayer and,

30
gal | i um S¥eHgPhERY It ar'?%P'ar@e@dﬂﬂ"q‘ﬁ“ﬂ%tBéhe growth direction

seni condyet gy dnddefageddifaidlamg of hechasi1d ayer . - 43-
55. Nitride sem conductor product according to one of

clains 48 to 54, in which the crystallites in a |ayer

Rlgane mtﬁa@%eﬂic%kib@ftortpﬁodm aBEdithg teltlale #8,0n witahupy grawth
average surface area of at |east O o 06
Ni tri deansisrhaveralesend iprasurepuni & 6t g‘iaﬁg%{ﬁ aiﬁe igjpnce of at

cl ai Mg AB6d@nMFron theWdskihg 1afee. substrate has a | ateral
di nension of at | east 24 cm

50. Nitride semiconductor product according to one of claims 48 and 49, in
which the nitride nucleation layer is an aluminium nitride layer or an

aluminium/gallium nitride layer with an aluminium proportion of at least -

10%.

51. Nitride semiconductor product according to claim 50, in which the nitride

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

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

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.

>



55.

56.

-43 -

Nitride semiconductor product according to one of claims 48 to 54, in which
the crystallites in a layer plane perpendicular to the growth direction occupy

an average surface area of at least 0.36 pmZ

Nitride semiconductor product according to one of claims 48 to 55, in which

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



