5Monolithic integrated sem conductor structure. Field of the

i nvention. The invention relates to a nonolithic integrated
sem conduct or structure, which is suitable for formng integrated
sem conduct or conponents based on the group I11/V elenments on a

silicon substrate, to a nmethod for producing the sane and to the uses
t hereof . Background of the invention and prior art. The invention of
the integrated circuit based 15- on silicon and silicon dioxide has
-allowed in the | ast decades an enornous devel opnment in mcrochip
processor technol ogy and m croel ectronics. In an integrated circuit,
inter alia, n-channel and p-channel transistors are conbined for data
process- 20 ing in the so called CMOS | ogic (conplenentary netal

oxi dedseni cétuet ah 1 qr andiesd ba s eshss enl bpndecEesi stthneesure.
controlled by an external gate voltage. In the | ast decades, the
performance of the integrated circuits could be inproved by in- 25
creasing mniaturization of the transistors and thus by the grow ng
transi stor densitlyof nthbe inepasahtAwn however, the dinensions of the

i ndi vi dual structures of the transistor conponents are so small that
fundanmental physical imts are reached and further mniaturization
will not |ead toTdreinprovemdmnofréhetascuids.a m@nelithic inte-
Vearwhile Dasides siLhgadandctidd cat Aloxlde, new Bl el S A eanie
used at this place for producing integrated circuits, the phyS|ca?
properties df0Bai §omatictPal d N1teArAaG 9D aRSMHIVVEHEHOT 5 epMidmnents
funcyponal i tyhsdatesnal tae the disg of thl/V Veoemhearducier Bt efip Son
in the CMOS technol ogy is discussed. Since the el ectron

mobi ity of tFlalt/*i// séfi condtt BP dnat @F i O HE CuEt &S afpype and
hi gher thantdathef usids coehearslothe efficiency or switching speed of
n-channel transistors is significantly determned, inter alia, by the
el ectron nmobility, the use of I11/V sem conductor materials as
n-chammel |ayers could lead to a substantial O inprovenent of the

integrated gifopblsyfArSRerme e ntRe, 9pbe Wold a0e 163N D1 educed by

using I11/V sem tonductor materi al s, rch in turnreduces the energy
consunption and thus the heat dissipation in the integrated circuits.
At pre- The invention of the integrated circuit based

15-.- on silicon and silicon dioxide has allowed in the

last decades an enormous development in microchip
processor technology and microelectronics. In an
integrated circuit, inter alia, n-channel and p-
channel transistors are combined for data process-
20 ing 1in the so called CMOS logic (complementary
metal oxide semiconductor). Transistors basicalilly
are resistances controlled by an external gate
voltage. In the last decades, the performance of
the integrated circuits could be improved by in-
25 creasing miniaturization o¢f the transistors and
thus by the growing transistor density. In the
meantime, however, the dimensions of the individ-
ual structures of the transistor components are so
small that fundamental physical limits are reached
30 and further miniaturization will not lead to an

improvement of the circuits.



20 sent, various institutes, universities and enterprises investigate
the use of 111/V channel layers in the_siolicon technol ogy.

VWhich 111/V sem conductor is nost useful for the integration on
silicon, is determ ned, on the one hand, by the fundanent al

properties of the sem conductor material, such as the el ectron
mobility and the ¥¢eowhonie, bandsgales siliOernt henst herli lehdpnt hdiox-
conmpati bi litysfor mmess producthan ip.th Ll 1.Go h _
ultimately bed%(f)n3| derren%. Arséni%c %.sea u?u%%t gﬁ:t in%l §%ozfs)it§tgéerr?t@%f PEo
many 111/V séaféoductiore arREE Er ystaFyl e tohehePhivgh doki ch ¥ yP6fr -
arseni c, an iendissaged $5€50fmakean £160n1 abRiingy MHELr iadl SipPovement
| arge-scal e i ndustrial productigon requires an_ex- - 3 - Een5|ve

di spodal of ?he t&%sehPELoRBRALAG wadtld BF ofdctdy: the uggr qhelll/V
i ntegration oémhkldndseroconduetcori sbkerial scioa IMdso-daradlogy is
circuits, nocgmallys thg 5 epitaxy nmethod is enployed. In this

epi t axi al pre%?ﬁi at7Oh method, the lattice constants of the
crystalline sem conductor materials play a decisive role. The used
silicon substrat Lothe .garri gn Lrate dpith iligon ' ITT/V
t echnol ogy de- Ie?? fermnes the a_s?c Iat.tdl’%é égﬁétadﬁt.. I?/D%E%@I I V/
seni conduct ot SHACOT ARS TR h i §R Tel ke r of obf PPEY Havea IHanever Ihe r
di ffepent |atthee tapnst at fromddiat a0fg sthecamsryhiehdy B n@l k¥ ch-
hi gher. In the epltaX|€I integration of 111/V channel layers 15 qon,
silicon subst?ateSPEARS d?ff eferfde®BP Sthhe 1af e 'Cohst aktss |Thd8 1td ~
the formati araot 18 sdét edinsl wedt, i anstemr tdei 311/B4 semieccoadvettofon mo-
| ayer. These_ di sl ocations are cryst ects, .which significantl
deteriorat eel?hielglyéct o ¢ up“c’re(:)pec}rfi ?SI PZ& of e{nﬁecos%%ugéc%fuctmoa?t?53¥/L5‘rl.s
In order to assurecaanoptl mibapeter i @owldl ityadf tle Bl AUbciaanglial
| ayens, specighrbhldneRul foF | Byer s 3116 ReCessar ko JBaSE UM i@l reher-

| ayers are defined by a special sequence o ferent TI1/V .
seni conduct Gt h@ter FalSs 9Z-and7 8l P speBi aPepr 68G¢1G DA ne¥hodsing

Furthernore,1thiy bytharcdayactast Mot ke 4109, t higkensoihhat uthe re-
conpati bi |Itc}/ in the 111/V-i ntgjgratl on on silicon \glth t he actual n
CMOS procesS 1S58 8ssif8d. SPCTIH £ CHERPTBGFERY | P& s "4 Srat thfngheat

| ayers are fdisbagpteancenkndwn ithet hel rat & girraome ¢ hec docuntens . DEAL03p3% -
357 @)TECWE&QL,M%EgkéﬂstT%g@!%ﬁ@é@; universities and enter-
prises investigate the use of III/V channel layers

in the silicon technology.

Which III/V semiconductor 1is most useful for

the integration on silicon, is determined, on the

25 one hand, by the fundamental properties of the
semiconductor material, such as the electron mo-

bility and the electronic band gap.

On the other end, the compatibility for mass
production in the silicon technclogy must ulti-

30 mately be considered. Arsenic 1is a substantial
constituent of many ITI/V semiconductor mixed
crystals. Due to the high toxicity of arsenic, an
envisaged use of arsenic-containing materials in a

large-scale industrial production reguires an ex-



- 4 - It is the technical object of the invention to specify
an integrated nonolithic sem conductor_stkructure, which integrates
group I11/V sem conductors on silicon substrates, and that under ful -
5fillment of all electronic requirenents, under avoi dance or
reduction of arsenic-containing wastes during the production and
under opt i mzedsdate hidigs 96 sdilf f erfentc Hat td cecaanst@dh s adfn Sh i coAsGR
t he one hand ang L2roup I11/V sem conductors on the other hand. Basics
of the invertion For achieving this technical object, the

i nvention teaches a nonolithic integrated sem conductor structure

containing the faghd pwipg 'f‘%{%g%{ét'% & ¢ Elaiﬁ\?ré'e‘ﬁhéé‘%{%&%xedm%”

doped or undoped SI, B) optio ayer havin he conposition
BxAl yGaz Nt Pt S heds n oa = @lll@qn Pasey - qlr,@u&tosr inogmaply othe

and vs= 0.9 epidtakly anéehaxatian é@%y@w ngnt%ggﬁm%agaa@%h-
20 Gazl nquSbw wherein X ?1 é h
v =0 - 1 afdtRtLagion PRE é’idﬂ Wtalﬁ /oi'“alfrtllsc%n "Eﬁ@ss?ladét?ac?ﬁg the

tovvard |ayercn°9’SﬁElB)lI$§B.|$éfﬂltC!hﬂ‘lﬂdueqw s t ©F ihilggerp tdhan @n dbei -
side facing away from|aygr A) or IS van- .25 able or onstant
within the ref a%éatl oin%rayer aev\,hésrl con1 S%ﬁ&/roarti —u+x1% )
optionally arﬂayersﬁlmﬁtbladcﬂu mgl ntbei tsdildlcgoat cdns arn@dmwohggtyhede—

COWQ@' t' on t%(ﬁml%vniﬁ}éec—'l_ Oﬂ%lc\’\’hgraed@lée gonsoté-r%y :M%st Lr#17v

op-
t| onal | y a ISFfet CPad et ero-BRESetl hhei rglthe ko pedpdigion mobil-
BxAl yGazl nuR,{SpwWM Ask,, Whered eXxQ - 0. Bi frerlnt L1 #Z:£1Ce LborkfEalt

ératyary01from %hat of 51%1con, whf%ﬁ'?gdgo;hgll;'hlg Q aIn
the epitaxial integration of III/V channel layers

15 on silicon substrate, this difference of the lat-
— tice constants leads to the formation of misfit
dislocations in the ITI/V-semiconductor layer.

These dislocations are crystal defects, which sig-
nificantly deteriorate the electronic properties

20... of the semiconductor layer. In order to assure an
cptimum material quality of the III/V channel lay-

ers, special III/V buffer layers are necessary.

These buffer layers are defined by a special se-
quence of different III/V semiconductor materials

25 and/or by a special production method. Further-
more, this buffer layer must not be too thick, so

that the compatibility in the III/V-integration on

silicon with the actual CMOS process is assured.
Different buffer layers or matching layers are

30 for instance known in the art from the document DE
103 55 357 A.

Technical object of the invention.



35group I11/V sem conductor material or the conbina- - 5 - tion of
several arbitrary sem conductor materialg, wherein the sum of the
above indices for all group Ill elenents is always 1 and wherein the
sum of the above indices for all group V elenents is al so 5al ways 1.
The basis of the invention is a novel conbination of existing

sem conduct or natkti alss @nd foerathei cddyedbprerit so £ hertenf L nivieror den ttoo
obtain an opt} ffer, la hi n :esp. r

i ntegration %}%Dglulml% cgﬁpongﬁ:tsec%rngeibg palgfl!n?l?]%gtr'h%%ann%?%qé:yéel?g?gr?Or
silicon subsifat€ture, Wha PecdlN ey Icis t HErPHPentildny Vs $hBicon-

realization @fcaochy fen |ayercbel ngubRasphoetl) -baged rand howdh ful-
arsenic (As)_or _al so freE of [Af ich 15-- has in addition by the
) he

admi xfure off &t bfisitim (& SgroupT PRI Si dBSAN HHeMPPIYSy  under

sem conduct of votixed €¢ yst ak- t he gt etiialn propeértyaaefsentelatdvebyning
| arge el ectroni ¢ ban ap and_has on the buffer_surface the latti
const ant of "t’%%gﬁ-sch ﬁ%ejtn?ay%l'rlevw ?ﬁogﬁlca%lgﬁal?n isPSgae[ri ono%%%%@'?zsed
density as possichlimg of dIhéeinaent ilert haset rersdecitivef silicon
advant ages oyer i St j [e]g) epts: | '

constants of(yl?AltZ% PU:?% glg %9 %%dco%ggrﬁ? o%?;y}nz n?%&ﬁ%%??&etr%rn?. on
Ther éfore, thilf CBAI<A) PRMA{ ayers with | ow boron or nitrogen
concentration can be epitaxially deposited wi thout the formation of

m sfit dislocations on (001) silicon substrate. Procedural chall enges
for the nonolithic connection of I11/V sem conductor m xed crystals
and silicon hesause of the dififenentocrystal properties of the two
materials, such as atomi c binding properties and lattice base, are

solved during the growh of this first thinlll/V - 6 -
For achieving this technical object, the in-

vention teaches a monclithic integrated semicon-
ductor structure containing the following layer
15 structure: A) a carrier layer based on doped or
undoped Si, B) optionally a layer having the com-
position ByAl,Ga,N;Py, wherein x = 0 - 0.1, y = 0 -
i1, z =0 -1, t = 0 - 0.1 and v = 0.9 - 1, C}) a
relaxation layer having the composition ByAly-
20 Ga,InyP¢«Sby, wherein x = 0 - 0.1, yv = 0 - 1, z = 0
-1, uw=0-1, v =0 - 1 and w = 0 - 1, wherein w
and/or u 1is on the side facing toward layer A) or
B} smaller than, egual to, or bigger than on the
side facing away from layer A) or B) and is wvari-
25 able or constant within the relaxation layer, and
wherein v = 1 - w and/or 1 = u + x + y + z, D} op-
tionally a layer for blocking misfit dislccations
and having the composition ByA1,Ga,In P SbyN¢,
wherein x = 0 - 0.1, v =0 -1, z =0 -1, u =0 -
30 1, v= 0 -1, w = 0 - 1 and £t = 0 - 0.1, E) op-
tionally a layer for hetero-cffset having the com-
pesition ByAlyGa.In P SbyN¢As,, wherein x = 0 - 0.1,
y =0-1, z =0 -1, uw =0 -1, v =0 - 1, w = 0
-1, t =0 - 0.1 and r = 0 - 1, and F} a arbitrary

35 group III/V semiconductor material or the combina-



sem conductor layer. Only in the next step, the lattice constant is
increased by the specific adm xture of_antinony and indiumand the
formation of msfit dislocations is initiated in a con- 5 trolled
manner. By using a defect-free tenplate, thus the overall |ayer

t hi ckness of the I11/V buffer |ayer can significantly be reduced,
which in turniéos deti siewe fol tshes tompaty bekintiyc o b ctther exiadd hgals,

CMOS proces rt.herppre,_ thinner_ | ayers are.l ess expensive.i-n
producti On-swhg};‘eﬁg ﬁfﬁg Band Sgp 1f%eaac oa‘rf%lctlenrclfls e u%]fo?lr‘}at%FPé]Ip
property depehdi rel eneties carmpogiltiansoflt kendl| IWheceyst ak handsiums o f
strain. SinamihaRand gapoletheds | £Y10lg B8N ¢ NalRge 4 8YeY d 52150
mai nly smal |, sem connmaterial state o terrpal there 1s at the

cont agt facé be2Ween the buffer |ayer and the n-channel |ayer a |arge
het ero-offset in the conduction and/or val ence band of the electronic

band structure, en the buffer |ayer has a conparatively |arge band
gap. A large off\gﬂiei hatsﬁes CSEdLR:ti on AT 8T it R ufn ”\Ra‘%/?l combina-
advant ageous fon td@e feunicdt dnal | &¥mdfc @amnd nethannela teangilst oand Nnfur-

this inventi i t,i I e hetero-offset to the n-channel
| ayer is reaﬁqpezjédbdggé.l o:ﬁ“é%éﬁ%el IEEIFrlr%treerolj%af sly%teorr%é%rt hégpt?nlﬁg%ln an
properties fartimgrcompdiem Iegguenttyreonthimncarbemiec., These., for

channgl | ay&nse aren PAWEVAT i ¥BT Vo kNi Argonpared, b onthe buffey |ayery,

therefore it |Is decisive to reduce in particular the arsenic
concentrati ont FRleKe FhpBREFuf k@Y elrdy . STHel ¢RR &k bRasFhor - based
buffer allows for the first time a significant reduction of an

ar seni c- cont ai ni compound_in the pndustrial producti.on. Thereby, .
the costs of theq&&eﬁgi 3d?§ﬂ)5§’alo!5f %eresehpg-eébWt%Pnilnsg %?te“egll_
products carzadrashi cafl yabeothbferedlayer being phosphor (P)-based

and low in arsenic (As) or also free of As, which

15— has in addition by the admixture of aluminum (Al)
on the group III side 1in the III/V semiconductor

mixed crystal the material property of a rela-
tively large electronic band gap and has on the

..... buffer surface the lattice constant of the n-chan-
20 nrel layer with an as small dislocation defects

density as possible.

The invention has three decisive advantages

over existing integration concepts:

1. The lattice constants of (AlGa)P and sili-

25 con are only minimally different. Therefore, thin
(BAlGa) (NP) layers with low boron or nitrogen con-
centration can be epitaxially deposited without

the formation of misfit dislocations on (001)
silicon substrate. Procedural challenges for the

30 monolithic connection of III/V semiconductor mixed
crystals and silicon because of the different
crystal properties of the two materials, such as
atomic binding properties and lattice base, are
solved during the growth of this first thin III/V



- 7 - Further, in this integration concept it is taken

advant age of that even thin (30 - 60 nmg -

boron-al um numgal Il i umnitri de-phosphide ((BAlIGa) (NP)) |ayers can be
deposited defect-free and 5 without crystal polarity disorder on
exactly oriented (001) silicon substrate. Thereby, the necessary

buf fer | ayers¢hiclkmetsctanm silgi¢rcan®Phy vbeimediiderl. next sThips the
(BGaAl) (NP) 1%1;%%'8@ a %dsstaf?%rel%r%.d{sﬁga%%da H‘}de&hgorsﬁag%lflc ad-
invention. Int oW ng, uffer 1n the embodi ment” wi t

i nper ati vel ynbSEHBIY sﬁéd Aoty tone) {Bddudli ddd Gt o ftcm?fé@tlon

:ayer pactag&s (14%|1'Sf3_|_t9r (ﬁlil)éﬂrcﬁ:gilb(?lsa11£ﬁ5@n)ltlated 11fnThglfbl’o$i—
ayer packa axation | ayer ). on the t refera

consi st s ofg‘de‘%Egte t SATRR S FduaP ¥l ayérdd may Své%% glrp Xate’
single layerthike dzom)osmtremrajol t haye { BAlh i G&klne £ SbPp fi nd:h/edua[EI/v
| ayers is vaglgge ?%ﬁ{ rrané/amsfl ncyﬁ cggﬁkl n %f ect sd‘%al(?]gdf ormelqch

and the | atti¢e Edns is systema Feall§ i nicreased. érfor e

speci al bakiig tetrtods scaie béséms ofed, §meocderp 2 iprichbt twnieth the
formation ofg méft'tngf shesat | %%eéé | 5 decheirs £ bat anheeaa i z8¢ers
| atti ce constant at 1he surf ce of the first [ayer pac age
corrd8ponds @bt RE XSr gEP st i Vee IdbrRF AR FokCfhe i ntegration of the

channel | ayer. 2. In the second | ayer package (I ayer D), a
msfit dlslocatlo cke Ia er is realized, This, bl acker e%/ oﬁ)
consi st of one or 'se eal _ MRl ( BsbRP ANt bFddal © 1 Gy et S it

di fferent caoipoesbtr cmatletmaslt @e'cqbqeety adephesd (BALGl nhe( RGN rial
| ayers to prevent t. 's i I n f he rst, La

package reach’ IFHOSl I I%#Vtﬁlaef/eregalt)l\gygr JQ%E M} ailntdé B%E:Crat?hOf
channel Iayeﬂraﬂd@rel ﬁlrtCh% dtteg e lofndt red m @fftﬁéﬂ& ndilI/V gnaterial

vidugk layersei Sck?é)e(ﬂ—félﬁféhlr%lvarl'ae}perHQLV‘éaV%ralr'i‘nyUsEﬂqBer m shidre is
di sl ocations are to be produced, and consequentlythese |nd|V|d

| ayers are ddpositted qqp’%ﬁ%uééﬁ’(‘?r pR&GNSL 3t rtat RedP WhARET . 183 ey nand

the third | ayies pacésagar(élrat eroyetfset ,1dayer krxeddecofisgimitandhe
gap as well as the opti mal Z_Ilfztero of fset for tige i ratlo of .t he
b8 fray

channel Iaye‘?o?gutcé:aﬂ?lieoan °d | IS TAGEr PAL 5% 6 Ctronlc
consi st of dmendr severcaluf8A Gahah (PISBI\IAbmfIE@ytergaymeréaasstIae com-

first,two 'ap}'§£ia gWEfs 2L Egkr egagrdorqgg[rpsenhc 15?:9% %%%%é”‘&’erln the
package may 1 nc hi'n arseni c-containing |aye ayer 1s
however conpaeadingd yorhipads50i aminwHereBy YheYsi gAviacapgeous for

advant age of¢ i s¢iAveNntd KA1 Wtk agaRe t g -{dieahAvar $8nies peeduct i am
is still maintained.
this invention, in particular a large hetero-off-

set to the n-channel layer is realized.

25 3. n-channel material systems with optimum
properties for the component frequently contain
arsenic. These channel layers are however very
thin compared to the buffer layer, therefore it 1is
decisive to reduce 1in particular the arsenic con-

30 centration in the thick buffer layers. The use of
a phosphor-based buffer allows for the first time
a significant reduction of an arsenic-containing
cempound in the industrial production. Thereby,
the costs of the expensive disposal of arsenic-

35 containing waste prcducts can drastically be low-

ered.



In particular, the following variants of the invention are preferred.
The conpositions of layers C), D), and.Ej can 20 be selected so that
the lattice constant of one of |layers D) and/or E) and/or of the side
of layer C) facing away fromlayer A) or B) substantially corresponds
to the lattice constant of |ayer F). On the side facing

toward | ayer B) dufyhe2bl ayen Afhpreef efrabkygrisst Bobi €00 esur f ace dfs
a Si nonocry, i ndizvi I s.pr.eferghly hawe th _
fol |l owi ng fet:ég!regs.advan-E@Lega%/eng)gyn%]& ﬁi%//e:ﬂat?]hlﬁikrgglsas of %é -Im_]Lgobo
nm in partizehaal3gningo19dlidrniist bndcsstohagpdriddeor a p-(BR1Ga)

n- dopi ng congﬁp; g?til?@%e_ksl*l@alfé - bk 1024 .68 3y o 4N r&ﬁerf'eﬁ'-%rrté%égé%d

- 11017 cm instance 3*1015°cm 3. Preferably, I

one of the fblFBRUTg ESNpUstti dgislazity dipoxdery ent exXychly=yeri-
1, x=z=t =0or n0ell 0011, i 0iB0r HubBStZafel TWer¥by,l OheX meBell
- 0.1, z 5= 0.9gb-f%.99,ly =t :tO }((: 1 or t = 0.01,-f.0.1, :jr:
0.90 - 0.9953F¥ yufger’ Iayep,thjcknedsiicy Gphynificanply be
| ayer C), wmedhoeds may be nonotonically rising or falling fromthe
side facing toward layer A) or B) to the side facing away from | ayer

A) or B) (if wand/or uon the side facing toward layer A) or B) is
smal l er or |argefhhan (BEahe)dNR) faéi neamap)t.e Heseith e raéottey mised

"mongponi caldy rd sk o1 fabli nghmeans o 198 .0nenhapde Nro110wing,
mat hemati cal strictness "strictly nonotonically rising/falling”,

vi ened as a FtRcPiidt®F Wwhanblner sbAdd MR ectildh of "R b Ve Y €S-
coordi nat e exdiendish@ drihggonal by toot ke susfach @i vhiayel Mtey Bhree

Exanpl es are |inear, onentjal or, any other arhi- Mtrary i
nonot oni ¢ fﬁhﬂ?iﬁnpaﬁ%gggﬁm @y h(}v\/e‘?/%rggly&r%oﬁﬁritsoe #anﬁ%ﬁﬁ; Jitn
whi ch the value of w and/or u may be, depending on the |ocation,
partially constant. ex of € i [ sin l.J i ng)
function, which iqs' o@?lfl ngggjvﬁﬁten ]l% %? a?sg%é%dugregiﬁ%%pﬂa#??all £a58:
llayer®— I n frli nenpl e ei tt $BPHeWes e Ifot © Erélluded otrtfat s wsaredf ord Wf fer-
within |ayere{d hasdilvii S€£11 ONSy LNANTI AG ST NS, OF etrhe aslope h8 aone
| ocat i on-depe,ndegt concentration distribution, In particular, it is

al so possi bIS¢RHaf t he2¥Ghcti oh % orCaMPRsHehdPRy offsaitd* ¢dati 6RA1 -
coor di nat e, chsbn msim) orindniviedubkle. 1ltadhee ABXI MyM oFa Al BidTUuB v al tes t
thereof may be hi g

sides of | a;r/“earn)é) : q%{f }Oé lﬁ%ﬁ%t?g%ﬁséggg\% eg(?ésﬂ?a’% ?ﬁé’l{r?g%ﬁitrgerﬁ%\rﬂ@he
m ni @im val Jest arecbet owen artie val uegsofernvebica ldty t hednwa sedes Bhir-
layer O). LayRIrfbre, special baking methods can be employed,
in order to promote the formation of misfit dislo-

cations. It is decisive that the realized lattice

constant at the surface of the first layer package

25 corresponds to the target lattice constant for the

integration of the channel layer.

2. In the second layer package (layer D)), a
misfit dislocation blocker layer is realized. This
blocker layer may consist of one or several (BAl-

30 GalIn) (PSbN) individual layers with different com-
position. It 1is the object of +these (BAlGaln)
(PSbN) layers to prevent that misfit dislocations
from the first layer package reach the upper III/V
layers (layer packages 2 and 3 and the channel

35 layer). Herein, the state of strain of the indi-



- 10 - may however al so consist of an individual |ayer with a
constant conposition. As menti onedsgabove, |layer C) may be
formed froma nultitude of partial layers, in particular 5 1 - 30
partial layers, preferably 2 - 10 partial |ayers, for instance 6
partial layers, wherein win turn may be variable or constant within
a partial Ia‘i;/bﬂu(alln LR aif # ecits oRP¥Thbgemal 1 Y o wéhel sdr-f aewsfvémyerno

A) or B)). Layeth@r m%ﬁll@@‘i@: acflr%ﬂﬁegst%&fls arel0cym g parbheulal,
100 - 400 nm for instance 3Q0 partial |ayers_ respectively

may have, eqtiafl yc8PSAFH_PEA y,th§§%| cknésd G5 18YSEE nRTS nde-

particular 0otk nM &f Askudcaeepho ulsl $0shma Layar M@noert he
15 partial layers thereof may have, in part or in total, a p- or

n- dopi ng concentration of 1015 - 1021 cm 3, but may however al so be
undopeéd. Layer C)3or ]1rhet|b]aerttaliﬁchyémgrethep@afkeégdenthealerm offset,

different) preferably, hays, oneof 1l LAl @vyag, coUPQA 1 20 HRBSop-

Exanpl es aretNﬂP\le\b%lh@rAlwfl@Pe@r Ao nu’Pthle'rtlfl%gFf@é?cl@r@nt pénedhe

llayer is recoppgpded !LQt;Mth%W@éa?%z'e%ﬁ byt; oneapartiglh dayshckage
within partial |ayers ofherw se conprising AlylnuP, referfed to_the

overlying nék¥Y| alBr. t¥RNs FRNXShHEE onk paRei aPr| a@%?’er%lfoQBAlGaIn)

i nst apce havep%m%p&ambm— HP2reas thaymlclaéty,td@y%y@r Wolalc k ~
have a thickness of 1 and/ or be undogﬁ g/ or

2\ dopi ngt Eoncaht fati oRort 106 A% 365+ Cent 25 { O EF HPoR"
i ndi vi dual |ayer oava nnk:tlludJeeie of t(h]:llentax:a.énorc-dctbhea’aem;ngar1'aarler

layers, _‘LEC‘!L'%F Fpii Oplaner s ; o%%é?glty 54}‘1"3}’&“ <§0" n i g

|nstance 2 he | a nesses o rs may be In
range from 1wfﬂ©rf$n/ nigh & orswn@tléﬁééa%ttoa%@nmﬁgtayéf D)hsp thaven-

partigl |ayersn( 'mﬁf’ahl cak garrdi fherent) M@qufs@fﬁféer@pwuf&vgeogn%s

of thefollovvlng 03|t|ons x =0 0.1, 1, w
néa&rn%—l W=0-0.5,V—05-l,t—0

=y =z 0 or y =1, v 0-07, w0.3-1,t =0- 0.1, x

r % bartlcéﬁar,’the f%?loW1ng(%agi%ng§ %5f the

invention are preferred.

The compositicns of layers C), D), and E) can

20 be selected so that the lattice constant of one of
layers D) and/or E) and/or of the side of layer C)
facing away from layer A) or B) substantially cor-

responds to the lattice constant of layer F).

On the side facing toward layer B) or C},
25 layer A) preferably is a S5i (001) surface of a S5i

monocrystal.

The individual layers preferably have the fol-

lowing features.

Layer B) may have a thickness of 5 - 100 nm,
30 in particular 30 - 80 nm, for instance 60 nm, and/
or a p- or n-doping concentration of 1*10%°

1*10%' em™®, in particular 1*10'° - 1*10' c¢cm™®, for



t = 0. Layer E) or the partial |ayers thereof (for instance 2
to 5) may have a thickness of 5 - 200 nmy in particular 10 - 100 nm
or 10 to 50 nm 1 to 10, preferably 2 to 5, for instance 2, partial

| ayers may be provided, of identical or different conposition and/or
t hi ckness of the parti al Iayers (thickness of the partial layers: 5 -
200 nm). It iotstbscear Bikdl0Payers .nayr be curedoped and/ am haveea f Qhe

n- dopi ng co £ r.at.i on of 101 1021 cm 3. Layer E) or |ts partial
| ayers (i deﬁlggf) Yor” i & en%)ltr%aoynsprefzerabl y havle’ offe of the E 0
following 20ccgnpositfods: ¥ = % £t GX-00.5% wH.@5 - 0..8,, xy =

=z=u=t=r= 0 pryg L wr, g4 -, 0-8,:r= 052 = Q. 65XZz=uzVvstx

Dopi ng i f provided, can be made W t 'the el erreoﬁ:ts Si, -0001 Zon qu
Be andl/ or C= DopPAg TeBgéfs Yor dse=i At He matlhd%lrdésml%eélll m t e
foll owi ng are £op .igstange 9o et Ryl=tel Lurg umy di -net e zi Ret G €L hyle
zinc, ditert. ar% %utyl silane, silane, di terti ary-butyl sulfide

bi s- cycl opentadr @ magnesi um or tetrabrononet hane. The

i nvention further conprises a method for producing a nonolithic
integrated semc du trycture acg rdln to on of cla

15, wherein on a aygr(yﬁ]£$ d[jtl or"fal‘?y ﬂ aygr IE? IS %plnt%&?gl%lnlcally
grown, on | ayesiny orOIB) Balayierg ) fromepitttaxi abliyegr ding iog | dyevaCy
opti gpal I'y qafé@r 32 5P teeﬂdt% Bibs letoa&%galwg%roy@ iOMayer

| ayer C) or A% ala ger i S epitaxia

several of IAa)yeP§ E'I_’D)d/E)f lhnGPortlF§ rﬁ&d%efﬁ-cb@% Tdb‘ﬁeéd
but may al sadyebpafi ca&ana )be 1l$nd§ﬂl%dller orl rlapﬁdjb'rcujcﬁ'én aoﬁet‘aﬁ@
according to the invention g:f)rlsethefollovmngs

substrate cdnt ?nlfr?fjtrégeraw@ HCedirn GRcedit iRy | ?EPtE’SEC?le
particul ar ainetab- @rzgaﬁadl\aap@r' preses epirt axye( MMPER aappat at us; t Ae -

carr i er gasmaaéleégﬁab'éft&%%e@sor "'},ytdx{ﬁg‘é‘_‘ty ! %&8%@%@1%"&591&9‘“?55—

in defined concéenfrations accordin
| ayer—A), BLnajfabliremd, E)v1eﬁea;bpalscabl eflame@llb)n orf tWe padiical u
layers theraqf, 5t hei Leaded; cayd e gpécta%foqﬂd%toepdwertet hexwﬁ@fﬁg

of the substrate heated to a tenperature in the_range from of
to 800 C, i RifhePeMearl o6 C Ede6 R CERAS r%fcéeéf%t Payer s é)) an%lx-

D) or the pamigBés| ayess ltiheseef,, @kpa&%&teﬂ%rcarmytt&m@ﬁe Dfbi-
| ayer . E) or the parti al

ers there the surface of e
uppe??m &fétt Bn Pﬁelosfu%l)s(ﬂ;at guf géocﬁle'fl nedSti € St erﬁf)gsuﬁ“é{wever
wher ei n theatltﬁcal cgomeentkEat fomof 1. v he ,ediuat swandh hehtel meadfue of w

exposure ar e adjyst o 0, 28 pach Giliet  SUENCHAL Lhe, serfconductor

| ayer with a given |layer thickKness s epltaX|aII orrre
surface of tthealshbstqﬂaltlet@rn’ft he Aur acanp he u@éer%ﬂi | ayera orf ttiteeing

substrate. or fabhayaigf) snea ber gk ewa J), Pati@h liayebpt Andle betyween
t he rowth f two art al é}/ers and/or after the grow h of the |ast

partfal | ayelY%dakirg Jo? PR IuBsEr at’e PG ESHAE t:'di‘ﬁ’?%ésc }m princi-
partlcul ar paeb00 i€ tds/2hdwewBY 086HN.exclli@led that w and/or u

within Jlayer C) has, in sections, changing signs
of the slope in a location-dependent concentration
distribution. In particular, 1t 1s also possible
30 that the function w or u, depending on said loca-
tion coordinate, has maxima or minima, i.e. the
maximum or minimum values thereof may be higher or
lower than the values of w or u at the two sides
of layer C). It is however also possible that the
35 maximum or minimum values are between the values

of w or u at the two sides of layer C). Layer C)



tiary-butylgalliumand/ortrimethylgallium(G(OH3)3) as Ga educt,

di borane (B2H6)or 01-05 trial kyl borane,19n-particular triethyl

borane (B(021-15)3) and tritertiary-butyl borane and/or bo- 5

rane- am ne adducts such as di nethyl am noborane as B educt,

al ane-am ne adducts such as dinethyl ethylam ne al ane or 01 05
trialkyl aluhd¥unomefa¥tizbpar ePinfethyl afun?Aund PAL(OHBY8) ahdyer
tritertiary-putyl alughaymss Abpgdiet + 103 05 trialkyl indium in
particular trinethyl indium (In(OH3)3) as In educt, phosphine (PH3)
and/ or 0105 al kyl phosphine, in particular tertiary-butyl phosphine
(TBP) (t-(04H9)- %ig) a8 nk ieduet, abiB)ivnﬁ (Alsé-l;?)erand'/)or n((}%élo%@ kfbrmed
ar si ne, |nprt|cu ar_tertiar yl_arsi.n

and/or trine ﬁyin at s %%é éfeB % éﬁu ;[ 5 tjr?aipeprg )ular
anti ndny, i nlpartBeuILaarttmael hylamrssmrgr(eﬁb(rfm&{w) and/ ot Ot roaethyd 1
antinmony (S i )al C8)

hydra- 20 gﬁl%‘é in partl cq'lqgsf{%g?{glgr@ya%%??ﬁ ydr %%S(t(gh%m)
and/or 1, 1- dJrIQOI—LU-Sl)aIHk’W hgdrezraeblie parteenlsdrant 1wditeihyla par-

hydrazine ((138)2- MaNle42) (25 Neeductyi woeraidh t her 0802 @b ky! +@r oupse
may be l|inear or. branched. Educts for dOEI ng are: dieth tellurium

(DETe), di nﬁ%??aﬁ%co(fuviﬁ)ye’al éthyP L DEARY S qi ter t MY - BRYE @
si | ane (DltButsbk,nessekamﬁi dlterGEHIyntiutyhnSUﬂJEhfdﬁ,cular 100 - 400
bi s-cycl opent adi epyl. sium t abr ono e total
pressure of c%frlf«;%/ gajs 5%@%‘%&@@@ "BPe |m1r§ thepragngjea%ro $F o €5

1,000 hPa, isppattival ar @@&tof&&)@ehPaeqM@lélyn tchre pd b drety @nt bfy ,t hea
sum of the l, S of t t 0 i ressur f
the carrier pﬁ‘%b?{s e%mesﬂgn&%*l%E-%@an 0. %H&a dl f{—_ill;uﬂaeé ¥ Fo

deposition 10@4nmysafern sips¢denec16 hnth, & parti Ealya?rf OCG)S @ %She
pnt h.is gdetiinvent b fértéwﬁh@'r%bﬁoﬁﬁry segva ,Noygl apht azsys neh hed, -
wherein the use of neta nic § group V starti ng SUbStaié

permts the Wer of® eRir eRbl %T%@\Pd sPPRGE 1 eRpErRr 88 £8w cryst il

growt h t enpermtiyr esuar enPgr thcmudaaelxy & peor t}:aeslt uricrbpéder Laybe abjeor
to reallzet | a s L.n ver uffer ayer Sin :
t hese netal - grr?gan{gc gr(?lr}j!p %Eﬁrsgpsersgu% Q 3@&%" TIE’ﬁracll Mffer

liquid at r(ﬁmﬂemée@r@@lhah@lﬁmgOhﬁ the prfrﬁjuépuldmwsng composi-

substygnti al ly; sgker ¢ han i heyuse of _the usyal gaseous_and Hioghly- , -
toxic starting substances ‘arsi ne and phosphi'ne. Furthernore, the

mai nt enance &4 n¥s of lepi t xy ¥achihes can BetaRBLESd, 2 5Endel %‘&?’%m fing

deposi ts in Aher mast & gasir, qwusy,stkﬁ,m aTBé'Dé]lsE'—&r@éﬁthﬁq@BJCQ@yer is
Overal |, this novel (gltaxj'y t thys offers_si %mfl %ant econom ¢ 1
advant ages i 7RSSt rbnpar 1CURATl PY, TRES nbBAt i BRSr é?%?&%a

to the use dfapesenwdédriduct arastriuct urlee peeesr dongidowibe | pvenirdaing

for oduci 14/ V u r nmp. t, .S [} L/ ha I
trandrstor Goa Tl odt SURLETAtEs. WA & herne 117/ 9% ankal SF haTS
transi stor prageranlly poenscpaferF) lav¢d smapi thxtralinsyroer, Besve w
well as to a sgnmpgondugt gr -stguebure obtai nabl e by a method accordi ng
to one of the clains of the invention. The explanations with
regard to the sem conductor structure according to the invention can

al so be used in anypnakagogs manner bHor dheilnmetded andiviegnedysaot 1
- 150 nm and/or be undoped and/or have a p- or n-

30 doping concentration of 10%® - 10%! cm™®. It may be
formed of an individual layer or a mnmultitude of
{identical or different) partial layers, in par-

ticular 1 - 10 layers, preferably 2 - 5 layers,

for instance 2. The layer thicknesses of the par-

35 tial layers may be in the range from 1 to 150 nm,

for instance 5 to 100 nm. Layer D) or the partial



- 15 - clainms as a buffer layer, and that independently fromthe
features of the further l|ayers accordingo_the clains. In
the following, the invention is explained 5in nore detail wth
reference to non-limting ex- anples of execution. Exanple 1.1: Layer
C, first variant. In this Exanple and in all follow ng

Exanpl es, a ICCHefcl osedeaupl €a Shaner l:l&a‘ct)eﬂaus MWVRE reysf epreiar akd v

from A xtron, pcussge o T0e FETBLALE.L0 Denyised copgleat s, of a 60

nmthick GaP Tayer on a exac | Ni'con sibst Fate
the first stlepl:thve teflplate ils b‘akéd Gt-675 C for 5 Bi.8 undér z = u

tertiary-butylphosphippe ( TBP) stabildigati gn.s5 The reagter pr gssq{e I $
100 nbar, the total flowis 48 1/mn and the TBP flowis 1E-3
nol / nPn. Redct Br 1pr e¥sur eYard Zotal Of 0% &r € hél-d Borst@nt i R-the ¥ =

conpl ete pracess-~ 20) ntt he Hold opi.ng skep; ihe waf er ¢ egper@turep for —
the growth aof the re¢axath{1 | ayer &Iafy i S Iowere%ngOO_C _
and the nol e fl8ws o an 0 tT’ue re‘ﬁlpltatlo A¥YPSh aré
adj usted. The grdwt h node may be contl nuous, pref- 25 erably by
means of flow rate nodul ati on epitaxy (FME) or by means of atom c

| ayer deposition (ALD). Correspondingly, the trimethyl alum num
(TMAL) nol e flowliayad, ust edosuchhehapapdrl skcondlyome nbhei agef Alfor

occuphes the sibshi-at ezsuféacsq EB@; (HESR +a TBR{ IMAL Jwropgrtson 2qq
(TESb = triethyl antinony) is wher eas the TESb/ (TBP + TESb)

proportion |r§“adjlf}st%r§&€ﬁﬂt%5tion evely IBfepT -14pte 50 nm. 1 to
10, preferably 2 to 5, for instance 2, partial

layers may be provided, of identical or different
composition and/or thickness of the partial layers
15 (thickness of the partial layers: 5 - 200 nm). It
— or its partial layers may be undoped and/or have a
p- or n-doping concentration of 10'®* - 102! cm 3.
Layer E) or its partial layers (identical or dif-
ferent) may preferably have one of the following
w = 0.5 - 0.8,
X =2 =1u=%t =1r =0v¢rvyv=1, w=20.4 - 0.8, r =

0.2 - 0.6, x =z = u=v = t = 0.

20.... compositions: y =1, v = 0.2 - 0.5,

Doping, 1if provided, can be made with the ele-

ments Si, Te, S, Zn, Mg, Be and/or C. Doping re-

25 agents for use in the method described in the fol-
lowing are for instance diethyl tellurium, di-
methyl =zinc, diethyl =zinc, ditertiary-butyl si-

lane, silane, ditertiary-butyl sulfide, bis-cyclo-

pentadienyl magnesium, or tetrabromomethane.

30 The dnvention further comprises a method for
producing a monolithic integrated semiconductor
structure according to one of c¢laims 1 to 15,
wherein on a layer A), optionally a layer B) is
epitaxially grown, on layer A) or B) a layer C) 1is

35 epitaxially grown, on layer C) optionally a layer



the desired conmposition of the group V elenents is realized.

Overal |,
i ndi vi dual

Every | ayer
carried out.
500 C, and the mol@®/ ¢Fkovis) aie aePilvatzed

the first layer package (relaxat2on |layer) is conposed of 6
| ayers. The in- 5 dividual |ayer thickness is 50 nm each.

is deposited in the FME node, and then a baking step is
After baking, the wafer tenEerature i's reduced again to
afldy ttsomwent phectpyedtidh. or

Baking takespypl age upger ;TBR Stapi | zal i gn, pher £35:1N8 PIEEYLBAr one

TESb is enabled for the precipitation only in the reactor.” Baking is
carried out BRY&Tt effer &Cer ot 695 CLR¥EAS i+ Bl C), D),

r

Thesi xi ndi vigiyal/AlxSbPyaygaes | pwi ng-Sho gonceabbald onguthaveihefzalso ln
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particular be undoped.

In particular, a method according to the in-
vention may comprise the following steps: a sub-
strate containing layer A) 1s placed in an epitaxy
apparatus, in particular a metal-organic vapor-
phase epitaxy (MCVPE) apparatus, a carrier gas,
preferably nitrocgen or hydrogen, 1is 1loaded with
educts 1in defined concentrations according to the
given composition cof a layer A), B), C), D), and
E), i1f applicable also F), or the partial layers
thereof, the lcaded carrier gas 1s cocnducted over
the surface of the substrate heated to a tempera-
ture in the range from of 300 °C to 800 °C, in
particular 400 °C to 625 °C in the case of layers
C) and D) or the partial layers thereof, or 525 °C
to 725 °C in the case of layer E) or the partial
layers thereof, or on the surface of the uppermost
layer on the substrate for a defined time of expo-
sure, wherein the total concentration of the
educts and the time of exposure are adjusted to
each other such that the semiconductor layer with
a given layer thickness 1s epitaxially formed on
the surface of the substrate or the surface the

uppermost layer on the substrate.

Layer () may be grown 1in partial layers, and
between the growth of two partial layers and/or
after the growth of the last partial layer, baking
of the substrate te 550 °C to 750 °C, in particu-
lar to 600 °C to 725 °C, may occur.

As educts can be used: Cl-C5 trialkyl gallium,
in particular triethyl gallium (Ga{CzHs)3), triter-
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3) 45% 4) 60%

tiary-butyl gallium and/or trimethyl gallium
(Ga (CH3) 3) as Ga educt, diborane (BoHg)or C1-C5
trialkyl borane, in particular triethyl borane
{B{C2Hs)3) and tritertiary-butyl borane and/or bo-
rane-amine adducts such as dimethyl aminoborane as
B educt, alane-amine adducts such as dimethyl
ethylamine alane or Cl-C5 trialkyl aluminum, in
particular trimethyl aluminum (Al {CHs3)3) and
tritertiary-butyl aluminum as Al educt, C1-C5 tri-
alkyl indium, in particular trimethyl indium
(In(CHs)s3) as In educt, phosphine (PH3) and/or Cl-
C5 alkyl phosphine, in particular tertiary-butyl
phosphine (TBP) (t-(C4Hy)-PH2} as P educt, arsine
(AsH3) and/or C1-C5 alkyl e&arsine, in particular
tertiary-butyl arsine (TBAs) (t-{(CsHs)-AsH,) and/or
Lrimethyl arsine (As(CHs)s3) as As educt, C1-C5 tri-
alkyl antimony, in particular triethyl antimony
(Sb(C2Hs)3) and/or trimethyl antimony (Sb(CHs)s:) as
Sb educt, ammonia (NH3), mono(Cl-C8)alkyl hydra-
zine, 1in particular tertiary-butyl hydrazine (t-
(C4Hg)NHz) and/or 1,1-di(Cl-C5)alkyl hydrazine, in
particular 1,l1-dimethyl hydrazine ({CH3z}2-N-NH:) as
N educt, wherein the C3-C5 alkyl groups may be

linear or branched.

Educts for doping are: diethyl tellurium
(DETe), dimethyl zinc (DMZn), diethyl zinc (DEZn},
ditertiary-butyl silane (DitButSi), silane, diter-
tiary-butyl sulfide, bis-cyclopentadienyl magne-

sium, tetrabromomethane.

The total pressure of carrier gas and educts
may be in the range from of 10 to 1,000 hPa, in
particular 50 to 500 hPa, wherein the proportion
cf the sum of the partiasl pressures of the educts
to the partial pressure of the carrier gas 1s be-

tween 1*10E-6 and 0.5, and wherein the deposition
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6) 60%

rate 1s 0.01 to 10 um/h, in particular 0.05 to 5
pm/h.

The invention thus also comprises a novel epi-
taxy method, wherein the wuse o©of metal-organic
group V starting substances permits the use of ex-
tremely low deposition temperatures. Low crystal
growth temperatures are particularly important, in
order to be able to realize the lattice mismatch
in a very thin buffer layer. Since these metal-or-
ganic group V precursors such as TBAs and TBP are
liguid at room temperature, handling 1in the pro-
duction is substantially safer than the use c¢f the
usual gaseous and highly toxic starting substances
arsine and phosphine. Furthermore, the maintenance
times of epitaxy machines can be reduced, since
parasitic deposits in the waste gas raw system are
significantly reduced. Overall, this novel epitaxy
method thus offers significant economic advantages

in mass production.

Finally, the invention relates to the use of a
semiconductor structure according to the invention
for producing a III/V semiconductor component such
as a III/V channel transistor on a silicon sub-
strate, wherein the III/V channel of the transis-
tor preferably forms layer F) and is epitaxially
grown, as well as to a semiconductor structure ob-
tainable by a method according to one of the

claims of the invention.

The explanations with regard to the semicon-
ductor structure according to the invention can
alsc be used in an analogcous manner for the method

and vice versa.

An independent importance also has a combina-

tion of layers C}), D), and E) according to the
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claims as a buffer layer, and that independently
from the features of the further layers according

to the claims.

In the following, the invention is explained
in more detail with reference to non-limiting ex-

amples of execution.

Example 1.1: Layer C), first variant.

In this Example and in all folleowing Examples,
a CCS (close couple showerhead) Crius MOVPE system

obtained from Aixtron is used.

The template to be used consists of a 60 nm
thick GaP layer on a (001) exactly oriented sili-
ccn substrate. In the first step, the template is
baked at 675 °C for 5 min under tertiary-butyl
phosphine (TBP) stabilization. The reactor pres-
sure 1is 100 mbar, the total flow is 48 1/min and
the TBP flow is 1E-3 mol/min. Reactor pressure and
total flow are held constant in the complete proc-

e2ss.

In the following step, the wafer temperature
for the growth of the relaxation layer (layer C))
is lowered to 500 °C, and the mole flows of Al, P
and Sb for the precipitation of AlPSb are ad-
justed. The growth mode may be continuous, pref-
erably by means of flow rate modulation epitaxy
(FME) or by means of atomic Jlayer deposition
(ALD) . Correspondingly, the trimethyl aluminum
(TMAl) mole flow 1is adjusted such that per second
one monolayer Al occupies the substrate surface.
The (TESk + TBP)/TMAl proportion (TESb = triethyl
antimony) is 20, whereas the TESb/(TBP + TESb)

proportion 1is adjusted such that in every layer



| ar, the nmethod paraneters are as follows: 25Total gas flow 48 1/ mn,
reactor pressure 100 nbar, wafer tenperat@are 500 C, baking
tenperature 675 C, and baking tine 1 mn. Exanple 1.2: Layer O,
second variant. - 17 - In this Exanple and in all follow ng
Exanples, a CCS Crius MOVPE system obtained fromAi xtron is used. The
tenpl ate to beeusEs tbAS stTBP Sd BDOAMSE, t i€k CaPUPayér CefRERDO1)L S
exactly oriepntgdisiddcon substrate. In the first step, the tenplate
is baked at 675 (c)C for 5 min under tertiary-butyl phosphine (TB?)
stabilization. The reactor pressure is 100 nbar, the total flowis 48
1/mn and the TBR{toewlils, 1EB=nofi fsn. Regeiwr gpessyre dnctTokalkion
fl ow are hel caonstang |nthe complete pro e _
fol |l owi ng stlg YefHe Waf & Hf%cr)rﬁgpat ufe%for gS'LgdruO\A%h af}p?}%g The in
rel axation IdayerLdQJIaayerl@y)eJﬂS -thsckowes ed te 500 C nandeteheh nol Every
flows of Al,;Byand s fag ﬁt&&%@c' 2 akhon Gfydl ibaare adldSkebn o
The growt h m)dg may be conti nuous, preferab neans of flow rate
nodul ati on éprkaryg (FNWEP o%%f%éﬁ@%foéhtom %fl‘}é%rerbéé‘rﬂdk‘iltl dhe wa-
(ALD). Corresppndiagbyrdherkri mat hybdajwmnta@éwm);ombe of l ow,i sand
adj ust ed such t hat per econd one nonal ayer occupi es th substrat.e
surface. The"RFEEYP +eT§§)°/wrfr\Mfrﬁ' oPBIFLi% t?eiLE%) #F‘I Cethyf arﬁjf%ﬁ%l_
is 2Qp whereasttibe .TESHXIBE +tEEShg 25lprepordridari sSTa® usttedb sudlza-
that in ever Iayer he. desir Qsition of gr;oup t

is realized. eio télraﬁ?agt hggfel rg? a'}yeg pac Eaagé%(re ax\éf?%ngﬁf;yzr o
i s conposed ©fie5 pndcwpcﬁmth@yler onlar| itrer hdwey redicidual Bajdmards
50 nm t hi ck,. pply dhe, b hi gknessgh, dde, binar yo Endiny dugl flo%’ei f: $b.
is selected suc that aki ng causes a partial relaxation to the
desired lattice constant of the sem conductor material of the
n-channel |ayer. TS g¥Bans ridh + his afxanplse ¢ hat wdwes AnSby & ayefe i $ol -
not

15 lowing Sb concentrations:
1) 15%
2) 30%
3) 45%
4) 60%
20 5) 68%
6) 60%

After the last baking step, the precipitation
of the relaxation layer 1is complete. In particu-

lar, the method parameters are as follows:
25 Total gas flow 48 1/min, reactor pressure 100

mbar, wafer temperature 500 °C, baking temperature

675 °C, and baking time 1 min.

Example 1.2: Layer C), second variant.



- 18 - conpletely relaxed and still has a lattice constant smaller

t han Al Sb, but identical with that of _t hg;n=channel |ayer. Every

| ayer is deposited in the FVME node, and then a baking step is carried
5 out. After baking, the wafer tenperature is reduced again to 500 C,
and the nole flows are activated for the next precipitation. Baking

t akes pl ace underIdTBPhstabiEkiazatl ®nanwhei ras ltlhef pidecw soy FESmpies,

enabled for th eglLpi.tat i Iy . e .Qr.. , Baki | | e
Ut af & terbersture gt oyl D, Ly 4k ohe SN NE PRECRE hlgSh ol
Al SbP | ayer sa$@de the foll owing Sb concentrations: 1) 25% 2) 50% 3)

75% 4) 100% 5) 60% After the |ast baking step, the precipitation

of the relaxation |layer is_conplete. In partjcular,, the nethod
parameters are as 19l I'hBPLlate f& aPegadsEbwcrd s fid, Pact 0rf0 nm

pressare 100:mbak, caberldgsperaue 50010, bakiowl § ewnel @hueel 64516
i hoki 00 IR L B Re i bk Qg Bl
syst em obt ailrekle fir omtAi ¥t7ron & uSed. 5 min under tertiary-butyl
phosphine (TBP) stabilization. The reactor pres-

sure is 100 mbar, the total flow is 48 1/min and

10 the TBP flow is 1E-3 mol/min. Reactor pressure and
total flow are held constant in the complete proc-

eSS .

In the following step, the wafer temperature

for the growth of the relaxation layer (layer C))

15— is lowered to 500 °C, and the mole flows of Al, P
and Sb for the precipitation of AlPSb are ad-
justed. The growth mode may be continuous, pref-
erably by means of flow rate modulation epitaxy

N (FME) or by means of atomic layer deposition
20 (ALD) . Correspondingly, the trimethyl aluminum
(TMAl) mole flow is adjusted such that per second

one monolayer Al occupies the substrate surface.

The (TESb + TBP)/TMAl proportion (TESb = triethyl
antimony) 1is 20, whereas +the TESb/(TBP + TESb)
25 proportion 1is adjusted such that in every layer

the desired composition of the group V elements is

realized.

Overall, the first layer package (relaxation

layer) 1s composed of 5 individual layers. All

30 ternary individual layer are 50 nm thick, only the
thickness of the binary individual layer AlSb 1is
selected such that baking causes a partial relaxa-

tion to the desired lattice constant of the semi-
conductor material of the n-channel layer. This

35 means in this Example that the AlSb layer 1is not



- 19 - The tenplate to be used consists of a 60 nmthick GaP

| ayer on a (001) exactly oriented sili-congsubstrate. In the first
step, the tenplate is baked at 675 C for 5 mn under tertiary-butyl

5 phosphine (TBP) stabilization. The reactor pressure is 100 nbar,

the total flowis 48 1/mn and the TBP flow_is 1E-3 nol/mn. Reactor
pressure andceBraletys b af & liei condlanttin 1t h& aconpt etled hEdeSsscon-

10In the foldpuhrRg shen 14he vaber Aepperabuie fialerdthecanow,h tof theit
rel axation | ayer (layer C)) is laowered to 500 C _and the nole fl ov

of A, In, Ptortisp) TorleRe ot ech Y Eari ot VEF YA IMAREDHT are® adi TRPEG €1
The growt h nbdetmry bEEcCoddayousm dpréfen 18ekalit ynbhy sweaps icf ¢howied
rate dul atiop epjtaxy. (E . Qr. by ans of atom. c | ayver depositiaqn _
(ALD) gomrre%%ghdi%él%fyrtk?ea Sum’sf ttﬁe gr‘"’oaupef'ﬁlI£r|(rertr)nlpee J(&)\L/\llsr,‘:'phelrse L
TVAL and tridrethy aqdiom(IMIN0 i°S.adpost edhsucie it hatf bevssecoadac-
one nonol ayey . 0 I e i:es: : str U f

The TNAL | (THEE £ T priogor t of an: FRe TTESh:/ ((ToP 0 FERg) Cores
proportion abaggj ushedrsuthrt idtabPaldviayiPayervh s edesi F8¢ Precur-
conposi tion of -t her groups | bh ANde @r otpr VielempiHesc i i@l i@8d.only in
250verall, the first |ayer %acka e (relaxation a\éerg i% conposed of

6 i ndPvi dual P P8y S CFRE i ndidFHlgl 12yer2thtE 85 s350 AmeaBRera-
Every | ayer tsrdepdsiéed iC thexFNE mbde, and then a baking step is
carried out. After baking, the wa- Mfer tenperature is reduced
again to 500 00, and the nole flows are activated for the next

preci pitation. Bakiag stizked ngl acedusder ATBR Bt dbivid zat ingrve whdreag ol -
t he precursojfogggsgJ i$, epabled. for, tshe precipitation only in the '

reactor. Baking I1s carried out at a tenperature of 650 C for 1 mn.

1) 25%
15 2) 50%
3) 75%
4) 100%
5) ©60%

After the last baking step, the precipitation
20 of the relaxation layer is complete. In particu-

lar, the method parameters are as follows:

Total gas flow 48 1/min, reactor pressure 100
mbar, wafer temperature 500 °C, baking temperature

675 °C, and baking time 1 min.

25 Example 1.3: Layer C), third variant.

In this Example and in all following Examples,

a CCS Crius MOVPE system obtailined from Aixtron is

used.



- 20 - The six individual AllnP |ayers have the following In

concentrations: 1) 25% - 2)950% 53) 75% 4) 100% 5)
100% wherein in this layer Sb is also built in (w=0.08, v = 0.92)
6) 100% After the |ast baking step, the precipitation of the

rel axation layer is conplete. In particular, the nethod paraneters
are as follows: The Totablgas: fltow #& lhmiay mﬂcﬁbetaresgur@ 100 nm

nbar, wafer r e : Ki_ng erature 675 and baking .
time 1 mn. Tltiligenp Zég.bl:l‘s%gﬁg (%? ép% ri ant. f le{lheCfi Swgﬁ
of the m sfigocdi slweatirart ol odl@erth&yeflrtsrte aaker, téh]@er‘aempela‘rse is
adj usted t01p7kcG The EMAL mote féPW 55 ﬁ%ush%qjéf” @efgﬂfa' bRy

grow h node (.normal, preC| I tation) at 575 C.~ Furthermore,
the TEB fl oW} SS&dWUsE ed! §BEN tﬁattabz%béraﬁnl%ﬁe blhet Fgactor TRees-

misfit dislacateon Hl acker miaye) ithsomposed of 12wl ayer 3.8 Whi/eli ir @ng
deposi ted succes- 2P5 ver WI 5@2% &wh mterruggl on or a baki ng d
step. The conpB®sitio ﬁé’r ckht Spedttbel y'F2FECredP TESFODOEF 2N
group Il orcgtelp Mewem shednrt d:ayie;rtatrhltclinesshes s okltewsproc -

ess.

10 In the following step, the wafer temperature
for the growth of the relaxation layer {layer C))
is lowered to 500 °C, and the mole flows of Al,
In, P {or 8Sb) for the precipitation of AXlInPSb are

adjusted. The growth mode may be continuous, pref-

15 erably by means of flow rate modulation epitaxy
S — (FME) or by means of atomic 1layer deposition
(ALD}. Correspondingly, the sum of the group III

mole flows, here TMAl and trimethyl indium (TMIn),
is adjusted such that per second one monolayer
20... group III elements occupies the substrate surface.
The TMALl / (TMAl + TMIn) proportion and the TESb /
(TBP + TESb) proportion are adjusted such that 1in
every layer the desired composition of the group

ITIT and group V elements is realized.

25 Overall, the first layer package (relaxation
layer) is composed of 6 individual layers. The in-
dividual layer thickness is 50 nm each. Every
layer 1is deposited in the FME mode, and then a
baking step is carried out. After baking, the wa-

30 fer temperature 1is reduced again to 500 °C, and
the mole flows are activated for the next precipi-
tation. Baking takes place under TBP stabiliza-
tion, whereas the precursor TESb is enabled for
the precipitation only in the reactor. Baking 1is

35 carried out at a temperature of 650 °C for 1 min.



- 21 - 1) 50nm B 2% A 98%P 40% Sb 60% 2) 50 nm B 2% Al 98% P
34.1% Sb 65.9% G owh rate is 2 pmih (norgal node), total gas

flow 48 1/mn, reactor pressure 100 nbar, and wa- 5fer tenperature
575 C. Layer 1) is facing toward |ayer C). Exanple 2.2: Layer D,
second variant. The procedure in 2.2 is anal ogous to Exanple 2.1. The
m sfit dislocatidnhél ocker dreeyidsieccomrlIn® pesetirof evaydrse fol-

whi ch are depggit, §Hc%%§1%é/§lc_ycavg£glqgt: growth interruption or a
baking step. In this Exanple, the group Ill atons consist of indium

only. Instead of TEB, the 1, i-di met hyl hydrazine flow (UDVHy) is
adj ust ed suchy t haty 2% 15nitrogen are built in on the side of group V.
The conposition and | ayer thickness is as follows:

2) 50%
5 3) 75%
4) 100%

5) 100%, wherein in this layer 8b is also built in
{w = 0.08, v = 0.92)

6) 100%

10 After the last baking step, the precipitation
of the relaxation layer 1is complete. In particu-

lar, the method parameters are as follows:

Total gas flow 48 1/min, reactor pressure 100
mbar, wafer temperature 500 °C, baking temperature
15 675 °C, and baking time 1 min.

Example 2.1: Layer D, first wvariant.

For the growth of the misfit dislocation

blccker layer, the wafer temperature 1is adjusted

to 575 °C. The TMAl mole flow is adjusted for a

20 continuous growth mode {(normal precipitation) of 2
um/h at 575 °C. Furthermore, the TEB flow is ad-

justed such that 2% boron are built in.

The misfit dislocation blocker layer 1s com-

posed of 2 layers, which are deposited succes-
25 sively without growth interruption or a baking
step. The composition (percentages respectively

referred to 100% group III or group V elements)

and layer thickness is as follows:



1) 50 nm N 2% P 98%In 100% 2) 50 nm N 2% Sb 5.9% P 92.1%In 100%
Layer 1) is facing toward |layer C). Exanpje_3.1: Layer E), first
vari ant. The | ast | ayer package (the buffer |ayer) consists of
a ternary AIPSb ayer with a thickness of 50 nm G owth tenperature,
reactor pressure and 25 flow settings are identical with the
paraneters flor blkie muecBpi2tzatAbn 9@ thedmissfdly di0$l ocati on bl ocker

| ayer. The conposition of 100% A, 40% P - 22 - and 60% Sb | eads to

t he specifi @) ati gen copstantaiopstsher i Byegratspn saf. e n-channel

| ayer. Settings as in Exanple 2.1, however growth rate is 1 pnih.
S5Exanpl e 3.2: Layer E), second variant. The | ast | ayer package
(the buffer | ayer@rdmte consestis 0 ant/dr nany rid £PSbmlcayey , aceoaradi ngas

to Exanple 3 a ckne d partd al .l.ayer _faci
toward | ayer ]Ig llfgd ljfnit?\:se Bé%tpg%%ﬁsaygew%t%d g c%’rrpom
A1A50568130ﬂﬁ11 @ﬁ)‘ﬂr@ﬁrﬁénp*‘e@aﬁﬂr-‘es Cr.eabtare préssui e a?rmbingwtoward
settings ara_aflggtlcqal to the parameters for the precipitation of the
m sfit dislocation blocker |ayer, however the growth rate is 1 pnih.
15 - 23 - 5Patent clains: 1. A nonolithic integrated sem conductor

structure containing the follow ng |ayer structure:

Example 2.2: Layer D, second variant.

The procedure in 2.2 is analogous to Example

2.1. The misfit dislocation blocker layer is com-

10 pesed of 2 layers, which are deposited succes-
sively without growth interruption or a baking

step. In this Example, the group III atoms consist

of indium only. Instead of TEB, the i,l—dimethyl
hydrazine flow (UDMHy) is adjusted such that 2%

15 nitrogen are built in on the side of group V.

The composition and layer thickness is as fol-

iows:

1) 50 nm, N 2% P 98% In 100%

2) 50 nm, N 2% Sb 5.9% P 92.1% In 100%

20 Layer 1) is facing toward layer C).

Example 3.1: Layer E), first variant.

The last layer package (the buffer layer) con-

sists of a ternary AlPSb layer with a thickness of

50 nm. Growth temperature, reactor pressure and

25 flow settings are 1dentical with the parameters
for the precipitation of the misfit dislocation

blocker layer. The composition of 100% 2Al, 40% P



A) a carrier |ayer based on doped or undoped Si, B) optionally a

| ayer having the conmposition 13, AlyGazNtBy,-wherein x =0 - 0.1, y =
0-1, z=0-1,t =0-0.1andv =0.9- 1, O a relaxation | ayer
havi ng t he corrpositi on 13, AlyGazI nuPvSbw, wherein x =0 - 0.1, vy =0
-1, z=0- 1, u 0-1, v O0-1and w=0 - 1, 15where|nw
and/or u is ardt KO %i 8 fé@laﬁ’gs t 6Rardhpaysr e A) forC B) adrfal Fer aaptant
equal to, orgdiggernhthan RRclfessida fa@Eng evay frhoeHayeeiA) DaEyB)r.
and varies or |s constant wi thin the r | ayer, and \é/nereln A
= 1 - wand/BFtyings _ag inpokxample) Sf hm%,v T Wil rate 1s
bl ocki ng m sff i tmdihsl ocati ons and havi ng the conposition

ExAl yGzl nuP, Sbwi\t, wherein x =0 - 0.1, y =0- 1, z =0 -

1, u=0-1, v=0-1, w=0- 1andt =0- 25 0.1, E) optionally a
| ayer for hetero- offset havi ng t he conposition BxAl yGazI nuPvSbwNt Asr ,

V\,herenx— 0L = 0 3 £V =0-1 w=
0 - 1? &Oxa%BiL and’ r = OaﬁLer gn’d %SIJ’—Z&OD;% gggl trary preferably
group | I I/V, semicon- ductor materi al , Oor a conbination of several

different arbitrarye serlGONdHGlr PREREAA S(tire 2dutfer layer) here
consists of a ternary AlPSb layer according to Ex-

ample 3.1 with & thickness of 10 nm as the partial

layer facing toward layer D) and a 40 nm thick

10 partial layer with the composition AlASp.553D0.ss-
Growth temperatures, reactor pressure and flow

settings are identical tc the parameters for the
precipitation of the misfit dislocation blocker

layer, however the growth rate is 1 um/h.

15



wherein the sum of the above stoichionetric indi- ces for all group V
elements is also always 1. 2. The sem cgpmductor structure according
to claiml1, wherein the conpositions of layers C, D), and 5 E) are
sel ected such that the lattice constant of one of layers D) and/or E)
and/or of the side of layer C) facing away from |l ayer A) or B)
substantially corresponds to the lattice constant of layer F). 3.
The sem conductor structure according to claiml or 2, wherein |ayer
A) on the side facing toward layer B) or C is a Si 001 surface of a
Si nonocrystal. 4. The sem conductor structure according to one of
claims 1 to 3, wherein layer B) has a thickness of 20 - 100 nm and/ or
a p- or n-do in concentration of 1*1015 - 1*1011 cm3. 5. The

seni cénduct gPGct‘b]r@lg‘écordl ng to one of clains 1 to 4, vvherel n
Iayer B) has one of the follow ng conmpositions: z 1,

=0ory=yv-= 1 1

-t =0 v ; onob %Plc()in§§gr%F%8 Sﬁ%kg Qdué%or %ruc
o - 25 - mrih@csetmcondxg:tbhestﬁmlqwaneg:cbadlemg $orome wiecl ai ms
1to5 whereinin layer C) wand/or uis on the side facing toward

| ayer A) or ) snaklrari ¢ hanagre t heasicde dacidup aday rf nomibayer 99,

B) optionally a layer having the composition BAl,-
10 Ga;N:Py, wherein x = 0 - 0.1, v = 0 -1, z = 0 -
1, t =0 - 0.1 and v = 0.9 - 1,

C) a relaxation layer having the composition ByAl,-
Ga,InyP,Sby, wherein x = 0 - 0.1, vy =0 - 1, =z =

0 -1, w=90-1, v = 0 - 1 and w = 0 - 1,

15 wherein w and/or u is on the side facing toward
layer A) or B) smaller than, equal to, or bigger

than on the side facing away from layer A) or B)

and varies or 1s constant within the relaxation

layer, and wherein v = 1 - w and/or y = 1 - u -

20 X - z,

D) optionally a layer for blocking misfit disloca-
tions and having the <composition ByAl,Ga,Ing-—
PySbyN¢, wherein x = 0 - 0.1, vy =0 - 1, z = 0 -
1, w=0-1, v=0 -1, w =0 -1 and t = 0 -
25 0.1,

E) optionally a layer for hetero-offset having the
composition ByAlyGa.In,P,SbyN¢As,, wherein x = 0 -
9.1, yv=0-1, z =0 -1, u =0 -1, v = 0 - 1,
w=90-1, £t =0 - 0.1 and r = 0 - 1, and

30 F) an arbitrary, preferably group III/V, semicon-
ductor material, c¢r a combination of several

different arbitrary semiconductor materials,

wherein the sum of the above stoichiometric indi-

ces for all group III elements 1s always 1 and



5 or B) and in the direction of a |ocation coordinate that is
orthogonal to the main faces of the | ayex4 G- passes a maxi num

wherein w and/or u in the maxi numoptionally nmay be |arger than on
the side facing away fromlayer A) or B). 7. The sem conductor
structure according to one of clains 1 to 6, wherein layer C) is, .
formed of a wuetetiddetdle papfli aPf| fifees ahavparttedrcalametsdq ayekt -
preferably Z.s51@daygrs, 81 wradiorn- 4 is ward @abhewery gonst ant
within a partial layer. 158. The sem conductor structure according to
one of clainms 1 to 7, wherein |layer C) has a thickness of 1 - 500 nm
in particular 100 - 400 nm and/or is undoped or has a p- O n-doping
concentrati of . 1*1015 -, 1*1021 cm 3._.209, The sem duct or .
structure actordi etgeg}"ilec%?géllce{‘l% ttrou%:tuv]\:heeraef:%%lr}aﬁleégc)tOorctlﬁelm
partial |ayers tiher eefinhaveeoneompotshie fohksow Ag lconposi tGbns:D) , and
y = 1?' X = ZpvF UWie O M SedagV OhcR % 72t *Re ylaf?%ibe_mc)ﬂn‘gﬁ"éﬁtl-of
10. The sem conductor structure according to one of clains 1 to 9,
wherein | ayern®) Has 1@ ¥arekriess agfdfor 15D dAAhaBLorcfs WUndopeide of
and/ or has a Pyedr @y dap HIneoNceRaLr ation of a $EL01H) - ¥ 1921-BuEA3in -
- 26 - 11. The rs@m conduct or “structure a% or di gg ta one of clai 1
to 10, whereihafayer B IS FRPREF ofCQAn | vi da&E 4S5 er COR AN of
mul titude oflpaetia)|layers, in particular 1 - 10 |ayers, preferably

2 - Slayers. 12. The sem conductor structure according to one of
claims 1 to 11, wherein layer D) or the partial |ayers thereof have
one of the follow ng conpositions:

10 3. The semiconductor structure according to claim
1 or 2, wherein layer A) on the side facing toward
layer B) or C) is a 8i 001 surface of a B8i

monocrystal.

4. The semiconductor structure according to one
15 of claims 1 to 3, wherein layer B) has a thickness

of 20 - 100 nm and/or a p- or n-doping concentra-

tion of 1*10'® - 1*10%! cm™.

5. The semiconductor structure according to one

cf claims 1 to 4, wherein layer B) has one of the

20 following compositions:

z = v =1, x =y =1t = 0 or

x = 0.01 - 0.1, vy = 0.90 - 0.99, z =t =0, v =1
or

25 x = 0.01 - 0.1, z = 0.5%0 - 0.99, vy =t =90, v =1
or



.7, w=0.3-1, z=u=1t =0 or
O- 0.4d,ox=_y =z =0 or y=
.1 u=0or u=0.9 - 1,
x= 0- 0.1, v 0. 5 - 1 w= 0 - 0.5, y =2z = 0. 13 The
sem conductor structure according to one of cI ains 1 to 12, wherein
| ayer E) hasb a tmmn@smétO&duQDOmmstirmCpautrieculaa:rcclf)dinigootrcnm one
and/or i s undeped Andhor has agp- 0k Bedapl ig congentraiian af, 474018,
- 11011 cm 3. 14. e sem condlctor structire according to one
clains 1 to 438, @Rerdihel ajddeE) facioredtovarzss ahavadi viddual oFayé)

or a rrultlttgi@ame&arthaln I@ﬁe&%elgla@tfgeh@rg lawal0 $ AYRM Sbayer A)
preferably &dz . The sem conducfor structure
i 8

accor di ng td“f)n@ of 1t{18 1gflr\ﬁ|’?etr3e?ﬂ 1%y el By OKEt bhe FopPREL-
foll owi ng canposi tiloas: ¥s=drvEo@chal 0.t Weh® Smaith 8 o6ezds tof the

layer C) passes a maximum, wherein w and/or u in

x
1=
o1
—+ N
1

the maximum optionally may be larger than on the

side facing away from layer A) or B).

10 7. The semiconducter structure according to one
of claims 1 to 6, wherein layer C) is formed of =
multitude of partial layers, in particular 1 - 30
layers, preferably 2 - 10 layers, wherein w and/or

u is variable or constant within a partial layer.

15 8. The semiconductor structure according to one
of claims 1 to 7, wherein layer C) has a thickness
of 1 - 500 nm, in particular 100 - 400 nm, and/or
is undoped or has a p- or n-doping concentration
of 1#10% - 1*10% cm™?.

20 9. The semiconductor structure according to one
of claims 1 to 8, wherein layer C) or the partial

layers thereof have one of the following composi-

tions:
y =1, x =z =u=0, v =1 - w or
25 x =z =0, v=1-u, v + w = 1.

10. The semiconductor structure according to one
of claims 1 to 9, wherein layer D) has a thickness
of 1 - 150 nm and/or is undoped and/or has a p- or

n-doping concentration of 1*10'® - 1*102?! cm 3.



5= r =0or y=1,w0.4- 0.8r=0.2- 0.6,x=zuv =t = 0. 16. A

met hod for producing a nonolithic integraged sem conductor structure
according to one of clains 1 to 15, wherein on a layer A), optionally
a layer B) is epitaxially grown, on layer A) or B), a layer O is
epitaxially grown, on layer C), optionally a |layer D) and/or E) is
epitaxially gF owThen E’r%{?époé)dlb@ )8 OIStE)UCEUFfﬁyeIaCF)o?@l@;ﬂ t &9 al9n3e
gr own. 17 Jbe dEd had accerdi m@ tOwﬁle&le’HrlG 15@1@@@ aﬂsﬁ)’@br@ﬁed of

6. “The net ol A8corit Ao, LR 165 0F TO¢Srii I SEng & He2F811 Dot G Y™

st eps: ers, armsupstrtateuteamt al ni-nd. d ayereA)s ] sppleatedabi y252n- 5
epi taxy app ratus.,. | in particular a netal-or- ganic vapor-phase
epi taxy ( appar at us,

12. The semiconductor structure according to one
of claims 1 to 11, wherein layer D) or the partial

layers thereof have one of the following composi-

tions:
10 x =0-0.1, v =0.9 -1, v=0- 0.7, w= 0.3 -
1, z = u =1t =0 or
ua =1, w=20-0.5, v= 0.5 -1, £t =0 - 0.1, =x =
y = z = 0 or
y =1, v=0- 0.7, w=20.,3 -1, t =0- 0.1, x =
15 z = u = 0 or
= 0.9 -1, x = 0 - 0.1, v = 0.5 - 1, w = 0 -

13. The semiconductcocr structure acceording to one
of claims 1 to 12, wherein layer E) has a thick-
20 ness of 5 - 200 nm, in particular 10 - 100 nm,
and/or is undoped and/or has a p- or n-doping con-

centration of 1*10% - 1*102%' cm 3.

14. The semiconductor structure according to one
of claims 1 to 13, wherein layer E) i1s formed of
25 an individual layer or a multitude of partial lay-
ers, in particular 1 - 10 layers, preferably 2 - 5

layers.



- 28 - of alayer A, B), O, D, and E), if applicable also F), or

the parti al

| ayers thereof, the d oagled carrier gas is conducted

over the surface of the substrate heated to a tenperature 5 in the
range fromof 300 Cto 800 C, in particular 400 Cto 625 Cin the
case of layers C) and D) or the partial layers thereof, or 525 Cto
725 Cin thelzas€lod |sgmicEndecthe pattiatthayper s aderdohg otconone

the surface of t:h%iqp@erlrméi hayer, g8 he, subs/ xatﬁgfﬁ]aeéegﬁfé ned the

time of exposure, wherein t

e total concentration o ucts an

the time of eXpbsUre?@r 6CqH St £d AB° each ot her such that the

sem conductor layer with a given layer thickness is epitaxially
formed on the sudf.ace of the sul¥stTatw or hé surfaBe thesupper most t
| ayer son the sybstrpate, wherein the epitaxial growh node may be

cont i nuous,
or by neans
according t

preferably by neans of flow rate nodul ati on epitaxy (FME)
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igrganticul ar tertiary-butyl phosphine (t-(C4H9)- PH2) as

on layer C), optionally a layer D) and/or E) 1is

epitaxially grown,

on layer C) or D) or E), a layer F) is epitaxially

grown.

17. The method according to claim 16, wherein a
layer or several of layers A), B}, C), D), E),

and/or F) are p- or n-doped.

18. The method according to claim 16 or 17 com-

prising the following steps:

a substrate containing layer A) 1is placed in
an epitaxy apparatus, 1in particular a metal-or-

ganic vapor-phase epitaxy (MOVPE) apparatus,

a carrier gas is loaded with educts in defined

concentrations according to the given composition



arsine (AsH3) and/or 01-05 al kyl arsine and/or 15 trimethyl arsine
(As(OH3)3), in particular terti- ary-but3g arsine (t-(04H9)-AsH2)as
As educt, 01-05trial kyl anti nony,inparticular triethyl antinony
(Sb(02H5) 3) and/or trinethyl antinony (Sb(OH3)3) as Sb educt,

ammoni a (NH3), nono(Cl-08)al kyl hydrazine, in particular
tertiary-butyf Rydtayiate t-r(oﬁiquHz)Dénd/wdlEl di (c1- 69} kgpble
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the tlme of exposure are adjusted to each other

such that the semiconducteor layer with a given

layer thickness is epitaxially formed on the sur-

15 face of the substrate or the surface the uppermost
layer on the substrate, wherein the epitaxial

growth mode may be continuous, preferably by means

of flow rate modulation epitaxy (FME) or by means

of atomic layer depcsition (ALD).

20 19. The method according to c¢laim 18, wherein
layer C) is grown in partial layers, and wherein
between the growth of two partial layers and/or
after the growth of the last partial layer, baking
of the substrate at 550 °C to 750 °C, in particu-

25 lar at 600 °C to 725 °C, occurs.

20. The method according to c¢claim 18 or 19,
wherein as educts for the construction cof the lay-

ers are used:

Cl-C5 trialkyl gallium, in particular triethyl
30 gallium (Ga(CzHg)3), tritertiary-butyl gallium and/
or trimethyl gallium (Ga(CHs)3) as Ga educt,
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diborane (BzHg)or C1-C5 trialkyl borane, 1in
particular tritertiary-butyl borane and triethyl
borane (B{(C;Hs)3)and/or borane-amine adducts such

as dimethyl aminoborane as B educt,

alane-amine adducts or C1-C5 trialkyl alumi-
num, in particular trimethyl aluminum (ALl (CHs)z),
tritertiary-butyl aluminum and/cr dimethyl ethyl-

amine alane as Al educt,

Ci-C5 trialkyl indium, in particular trimethyl

indium {In{(CHs}3) as In educt,

phosphine (PHj3) and/or C1-C5 alkyl phosphine,
in particular tertiary-butyl phosphine (t-(C4Hg)-
PH;) as P educt,

arsine (AsH3) and/or Cl1-C5 alkyl arsine and/or
trimethyl arsine (As{CH3)3), 1in particular terti-
ary-butyl arsine (t-(C4Hge)—-AsH;) as As educt,

Cl-C5 trialkyl antimony, in particular
triethyl antimony (Sb({(CzHs)3) and/or trimethyl an-
timony (Sb(CH3)s) as Sb educt,

ammonia (NHz), mono{(Cl-C8)alkyl hydrazine, 1in
particular tertiary-butyl hydrazine (t-(C4sHg) NH5)
and/or 1,1-di{(Cl-C5)alkyl hydrazine, in particular
1,1-dimethyl hydrazine ((CH3)2-N-NH;} as N educt,

wherein the C3-C5 alkyl groups may be linear

or branched, and

wherein as educts for doping the layers are
used: diethyl tellurium (DETe) , dimethyl zinc
(DMZn}, diethyl zinc (DEZn), ditertiary-butyl si-
lane (DitButSi), silane, ditertiary-butyl sulfide,

bis-cyclopentadienyl magnesium, tetrabromomethane.

21. The method according to one of claims 18 to

20, wherein the total pressure of carrier gas and
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educts is in the range from of 10 to 1,000 hPa, in
particular 50 to 500 hPa, wherein the proportion
of the sum of the partial pressures of the educts
to the partial pressure of the carrier gas 1is be-
tween 1*10E-6 and 0.5, and wherein the deposition

rate is 0.01 to 10 wum/h, in particular 0.05 to 5
pm/h.

22. The use a semiconductor structure according to
one of claims 1 to 15 for producing a III/V chan-
nel transistor or other group III/V-based compo-
nents such as a laser, light-emitting dicde, de-

tector and solar cell on a silicon substrate.

23. A semiconductor structure o¢obtainable by a

method according to one of claims 16 to 21.



