5Met hod for producing a Il11/V Si tenplate. Field of the invention.
The invention relates to a nmethod for producing a Il11/V Si tenplate
“or blank, respectively, preferably on silicon substrates of up to 300
nm (di aneter) and |l arger, to tenplates produced by such a nethod and
to the uses of such tenplates. Background of the invention and prior
art. The enornous speed of progress in the conputer and
m crochi p technol ogy, respectively, is based 15 on the successful
m niaturization of the individual conponents of an integrated
circuit. An integrated circuit is basically an electronic connection
of sem conductor conponents and passive conponents for data
processi ng, said conponents being produced in a thin crystal |ayer at

the syrface of a gekihean substymdeuclihey nuerr of the tdiigyrated
el ectroni c conponents, such as transistors, diodes, resistors and

capacitors, is very high. In order to increase the performance of the
mcro- 25 chips and to |ower at the sane tine the production cost,

t he packingEde %tgfonﬂﬁgeiERQBQP$ﬁ¥§ is significantly increased in
no :

every new t éch ogy generation e nost inportant conponent of an
integrated circuit is the silicon-based CMOS logic 30with n- or

p- MOS- FET transi stqr (e erspt ary1aeial ox de semitesdudd A1 hddyuc-
particul ar the physical Grogertles of silicon and silicon dioxide

ing & III/ i template or blank, respectively,

preferably on silicon substrates of up to 300 mm

10 {(diameter) and larger, to templates produced by

such a method and to the uses of such templates.

Background of the invention and prior art.

The enormous speed of progress in the computer

and microchip technology, respectively, 1is based

15 on the successful miniaturization of the individ-
ual components of an integrated circuit. An inte-
grated circuit 1is basically an electronic connec-

tion of semiconductor components and passive com-
ponents for data processing, said components being

20 produced in a thin crystal layer at the surface of
a silicon substrate. The number of the integrated
electronic components, such as transistors, di-

odes, resistors and capacitors, is very high. 1In

order to increase the performance of the micro-

25 chips and to lower at the same time the production
cost, the packing density of the components is
significantly increased in every new technology
generation. The most important component of an in-
tegrated circuit 1is the silicon-based CMOS logic

30 with n- or p-MOS-FET transistor (complementary
metal oxide semiconductor). In particular the

physical properties of silicon and silicon dioxide



- 2 - have allowed a substantial reduction of the transistor size in
t he | ast decades. Correspondingly, the érgnsi stor density in the

m crochi p devel opnent coul d be doubl ed ‘éevery 24 nonths. 5Transi stors
are basically resistances con- trolled by an external gate voltage
(voltage at the control electrode). Crucial performance

characteri stj £§60fa 1 hese £ORPONEREST A €1 ALINr shack 1ehes And e | @Wan -
heat dissipatjion in ogerat ion. Up to now, thesegﬁerformance
B§ b@

charact eri st tS*0dul 818€ i Apr ob 2ffre dEFGAT e ICUDEEPEP B LPRY
transistors.the theameandtoe, dewevetry tie itievimlbakoconppnedevelop-
di nrensions are_so small. that fundanental physjcal limts are reached
and further Wﬂ?aﬁ?ﬁ ngt |Eooen %\?quneo ?‘égé%’t oflzlanmlorlrlptr%%érrent .

Meanwhi | e, besides silicon and silicon dioxide, new materials are

used gt this place Lot roduelng Lot egial edacirpul b £ 02aRsd calon -
properties of saldrmaterla s leading to an i nprovenent of the
conponent funeeilddl iy an exhepaal cHabe theltsgof (Ypifage at

seni conduct of h gateshaks 1i netihe: EMIS diechnat 0@y ails gesGussglncEtechar-
class of the I11/V sem conductor. crystals is conposed of 50% each _of
the chenical®et8femisI6f &5 grotipSH | %HHPBPEJ‘BPW. Theé biih]d‘?}ﬁg cloc

properties ofzthe respecti Yewhrpiaaal délsengns sidet eimi nepel@ation. Up
el ectronic and qptical . propertie the I'LLLV sem ctqr

compdlind. s hite ik oSBT s Pt S Phaie s phAY TREEN e BE it i AP
seni conduct cimpaberddl i s ey y sltarget ugw r espbndi agity eér y tdief f erem -
sem CO”dUCt%i%B'ESQ%'.emI% P@Eebe achieved. gﬁ‘@wbw, I att'rf’é‘ qfnc!l“ré'igual
sem conduct or ayers on S_I- aselg I nt egrat'e circuits allows on the
one hand i npt @HPRE X sERE R EASCT DnaFiet | S, Sfiichl ad e dpptdeaends L

of 1117V chamgkilayersikare §ransd skebshd® bhei orheit Hepdminoveturi -
devi ce conce&t{s - 3 '

11151 ager o488 16 Ldptieal JEAE FrbcRls i BRUCHEM or S B le.
| evel . besides silicon and silicen dioxide, new materials
are used at this place for producing integrated
circuits, the physical properties of said materi-
als leading to an improvement of the component

20 functionality.

In particular, the use of III/V semiconductor
materials in the CMOS technology 1is discussed. The
class of the III/V semiconductor crystals is com-
posed of ©50% each of the chemical elements of

25 group III and group V. The binding properties of
the respective chemical elements determine the
electronic and optical properties of the III/V
semiconductor compound. Since the composition op-
tions within the c¢lass of the III/V semiconductor

30 materials 1s very large, correspondingly very dif-
ferent semiconductor components can be achieved.
The integration of III/V semiconductor layers on
Si-based integrated <circuits allows on the one
hand improving existing functionalities, such as

35 the application of III/V channel layers for tran-

sistors. On the other hand, novel device concepts



Anot her crucial point for the application of 5 new materials for

i nproving the performance of the integrated circuits is the
“integration process. Herein it is inportant, despite novel nmaterials
and/ or device concepts, to keep the production costs low. Contrary to
hybrid integration approaches (see for instance EP 0297483), the
nmonol i thic of I/, m ct er I, substrates:
very inexpe%%ﬁyggﬁ%tﬁggéjﬁgfgfn%g?ﬁg_f%%/b%génggggi c?gggﬁ%xgg T1E/Y
crystal is diaeer|ydtofmect &P i thPEhead | idedr car ¥PeR ssbRgr ape (ke
as exanpl es ol ¥o R 1% 984+&144 or PCT/ DE 2006 / 000140). Because
of the different material class of silicon and Il11/V sem conductors,
the foll owi ng aspects have to be taken into account for the

monol i t hi ¢ conneetihh e Thec atieiLl bigwli ng pfoperthes oppsiildLohoandof
of the Il11/V class elene?ts re ve&y ditferegé conSﬁguentl% mst |
1117V cryst &% hEGE S 1At 61 & Condtaht Vdif ef BRt BT ohP A" oF © ©
silicon. Therdidfererck ofitha@iltattite comst antsteglrlat obhur pricaads s0
the formati - di sl acat.ion . ri ecipitati f
LHH/V film gln%rg%}gBeg?deTsl,s a&qﬁlﬁgggin%?'us%g ?Ltt e %%garggg%trmﬁ%%s
silicon andat®/ ¢F|/ decri@eal camdioPt8ont 41 nakeBR effffect sPEAAYRSE t fB
crystal growmds¢my head tocarndopi pg | Rd henyespesti vathoptaehyst alap-
that is difficult to control . _Anot her progl%qukﬁ caused by the
diffétent cPFRaFPBase BFsi TaRd 1P PFEGTsEal sO2PF 4hd) si P f Ao
conpri ses nan-th Da1 cat by ttioubke-1 BYEV sé eppedrSiutepracksyecard | ophase
defects wi || tﬁest:-r %e-sf%r r’reda i g trhe Iilr1|e/>\</ Iei lsnilvceSi r}r?éatﬂg% 80?1’ rtehfn
nmonol it hic Fﬁ%egraﬁion of" 3 1 F7 V' Payer s on 8P icon” was |nve§tig§%ed. !
Basi cal | y, thee aBdvie/ €haldrengesdiort ohie il ke peegisgiahat iion darsmatly
Sisubstrat ;‘:%Jgis?cﬁe@ L9t4 I peld dﬁ@firﬂtceénarceaémgd,?p/eg%egtéheﬁ see

formation o ocations during the integration of I materi a
withlfatticéscorstaRps edi f far bt PPomduthal’ of 74i | icdon BEFYPE 2006 /
conpl i cat es gtger g4 eal.i zation of highly efficient conponents with
sufficient life. Because of the different crystal base of
silicon and I11/V m xed crystals, anti-phase defects in the II1I/V

| ayer may very qBieckdysbe bdr mechaurdhd ftehes monohiatthd il piiecicdid=as i onf

These defects in. 15 Lyrn ippal the operat 'mcgtBE%peftéheé .O%ogllgowjfrﬁg
conponents. € Tormation of anti-phase defectsS cal be avoi de y
specific preparation dfauhe &Pliken swwkeare. into account for the

20 monolithic connection: The atomic binding proper-
ties of silicon and of the III/V class elements
are very different, conseqguently most III/V crys-
tals have a lattice constant different from that
of silicon. The difference of the lattice con-

25 stants will in turn lead to the formation of dis-
location defects during the precipitation of a
III/V film on 8i. Besides, an interdiffusion at
the boundary between silicon and the III/V crystal
and/or contamination effects during the <crystal

30 growth may lead to a doping in the respective host

crystal that is difficult to control.

Another problem 1s caused by the different
crystal base of Si and III/V crystals: If the Si
surface comprises non-atomically double-layer

35 stepped Si terraces, anti-phase defects will be



An anti-phase-free Il1/V integration is possible, if by a special
substrate pretreatnment double-steps of fwo Si atom c |ayers each are
produced. This surface preparation is however preferably possible on
slightly dislocated [(001) 2 to 6 off in the <110> direction]
substrates. In 25 the docunent B. Kunert, I. Neneth, S. Reinhard, K

Vol z, W StofgrmEd¥ ni ki ltAesSOLitd A7 €2008) 340.cd hehdef®os; fr@ee mono-
precipitation,of GaP,on exactly oriented_substrates was ShO\ﬁfllefOF t he
J

first time, hbWt& LRESUDIEAAT Spect fTédti OAYIST $tPM Sabject ™t ¢'e s
an addi ti onalntegu reaeetd. (0RlY1i¢smald,er thkanhbo¥e 1xiodf lemdde for
<110> directjpon. Since .t oday' s Si-hase ch Y er
conpl ex and %g\‘?an%%a/vt h%r?r?tlé:'glra it(:)Lr?nof gﬁewgrﬁag?@rsi éﬁs %ég’gﬁ:eééeg Jt
mat chéd ver yupr éci s2| y nwitt hdtilrenaOMDB mroeluevilore $r odasse vARy tlaggdror—
interventio « =5 = C t: ur : o] I
significant Ir}ngfgrllgrneagéftﬁgr%%?/g%&)l@ntg c%f?gn hehgvé%g?%%grtgos? of
substrate spgéi[f’chafﬂia&rﬁWﬁHSreé“de‘é]% thathd & | BEtents (Pbiferant

?- 5hof}‘ in ?f‘r%fn‘ ltl@a?i ééarysgiig@td ogti}][le_ @@j[ﬂ'%el_ﬁii%lﬁé%_ Uﬂl%t CMeg1i-
ecnno Ogy (0] I.SlI ocat_e . . .0 I N e < > I T I ONn \
oo Y | oa B e by Ik Sl S BBtrs] ERRA AR EGonBi il S 1 -

to the renewetleadj usi frent of the process. The above-nenti oned
substrate specification of (001) < 0.15 off in the <110> direction
woul d however fall into the specification of the CMOS process.

However, due to tBesasmed | ofii Siloeatiidiertptspecyfice habesesanfnglli-
process 1s Vc‘l?SM Cﬁm' | gatred; and expensiyetands | S SHEhl- P8 defects
chal l en the S

t echnol ogi cal e. I'n the neanting, i substrate size in

t he act ual G\IﬂBtth@:hﬁglIo’dﬂ/ {3v& i Bt feBY SO0 Glpsdie fFaderfesur-
work with ani gyen isdhlogro watern)s ghe Jmsstatadiue! i omede 30 MBs in
wafers with a dislocation of < 0.15 in the <110> direction uld
howeVeér dr astPERI 1Y PAcFeasRet 1P BF GG oRFEET ST - 5i7d ?ﬁeﬁ\??%ecompo_
appl i cati on wénthlkeseTaebst vatest iwoul d He sectonophead ¢ y dguesttenabae. be

Theref ore, Sh%ggﬁrdtei&u#gr dihe %gité%g@?%e;%fgg&%%ibh/ \, £ nteqr a£%L9'1c0c5h

300 nm Si rates an unsolv echno al “and econom ca
probl em for $hef@uS process. Anot her technol ogi cal chal | enge
is caused by the different thermal expansion coefficients of silicon
and the conpounds of the Il1]/V sem co When t he

nduct or cj(rj%/]stals. ,
different dependeteeadst i nehp£&TEESConkt hAls At BAE AtehPBr dttirBOSS 1~
not systematicall yiEaken iat a@eeount sobisier aoktegpakitare ptaeess, dou-

di sl ocat  ons, pr_cracks ey be forged ip the 1LY Taver, For Jarog, o

duced. This surface preparation 1s however pref-

erably possible on slightly dislocated [(001) 2°
to 6° off in the <110> direction] substrates. 1In
25 the document B. Kunert, I. Németh, 8. Reinhard, K.

Volz, W. Stolz, Thin Film Solid 17 (2008) 140, the
defect-free precipitation of GaP on exactly ori-
ented substrates was shown for tThe first tTime,
however the substrate specification is still sub-

30 ject to an additional requirement: (001) (smaller
than) < 0.15° off in the <110> direction.

Since today's Si-based CMOS technology is very
complex and advanced, the integration of new mate-
rials must be matched very precisely with the CMOS

35 production process. Any larger 1intervention or



- 6 - the Si wafer may even be affected (wafer flipping) and form
rel axation defects. Technical object of the invention. It is
"therefore the technical object of the 55 J nvention to propose a
met hod for producing a nonolithic I11/V Si tenplate having m ninmal
di sl ocation defects, mininal anti-phase defects, and allow ng the use
of conparatiygel y learcgf Shaeterns with diggeterscafs 20Q.0my 309 g £f -
| ar ger that optl%nal 'y may have a mask structure. Basics of the
invention. cantlporlacHi®ysAg ERiss C&ctmieRMEIb} ectOStRe i et i©HOS
teaches a mathodyber prsaduaings ergerol idtdd €1 ke ©f énCopptinsi RG FH Skt
wafer with a Iaéer of a III/V,sem,conﬂquctoL ep)ta |\%II gpp,lled on_a
surface of tife SPewafBrF 04l P \F Serfi udt/or Ha néf | dtt fde 25~
constant, whiichr dif/f ercsi byclessnt hamhk0% toemdihat oaf Sif conpri Stmgs
the follown teps: A tional t he, su of ,the_3Si fe 20,
i s deoxi di zg%,&é}?ggﬁtgl%n%pcf y,wlaSJS%gtlaé:yeec% |g@g|§t) aX|2aI I1§/§gr§ﬁn %ﬁft ha"
surface of ttie dedXl @bzediSeotafen] Cjubpttonabby, wokd dunfcacevefr thg
Si waf er OrthenS%!‘oaC(@ngent Sl lrpcyeﬁnle%éygingetaqd §0ed Pakichg: opt -
step and/or an etching step, D aal ayer 25 of a Il1/V sem conduct or
i s epitaxi a8y ydordions ERErsurg hcé N6t RRECSiISSvafer or a surface
formed during one of steps A) to ) at a wafer tenperature from 350
to 938 & iogrmﬂ@; A M At 1% 2P T 209 3 1 8Yeh 1N SKRSSY: o
{(001) < 0.15° off in the <«110> direction would
however fall into the specification of the CMOCS
process. However, due to this small dislocaticn,
the specific wafer sawing process is very compli-
15 cated and expensive and is still a big technologi-
cal challenge. In the meantime, the Si substrate

size 1in the actual CMOS technology is a diameter

of 300 mm {some factories work with an even
smaller wafer). The mass production of 300 mm Si
20 wafers with a dislocation of < 0.15° in the <110>

direction would however drastically increase the
production costs, and then the application of
these substrates would be economically guestion-
able. Therefore, in particular the anti-phase-free

25 III/V integraticon on 300 mm S$Si substrates is an
unsolved technological and economical problem for
the CMOS process.

Another technological challenge 1is caused by

the different thermal expansion coefficients of

30 silicon and the compounds of the III/V semiconduc-
tor crystals. When the different dependence of the
lattice constants on the temperature 1is not sys-
tematically taken into account in the integration
process, dislocations or cracks may be formed in

35 the III/V layer. For large substrate diameters,



30 a layer of a Ill/V sem conductor, identically with or differently
fromthe I11/V sem conductor applied_ingsstep D), is epitaxially grown
on the - 7 - layer obtained in step D) at a wafer tenperature from
500 to 800 00, a growmh rate fromO0.1 to 10 pnih, and a | ayer
t hi ckness from 10 to 150 nm The invention thus conprises a speci al
met hod 5 oftliée scr ysha&ldd neapr ecv pht atd onfdfe grodp (Iwa fraterfilal spasig)
well as Il11/V ﬁ§e§i conduct or comgounds. on S substrates, these Si

n of

substrates HAV s i g%taexr 20 enJTfnec&j;O' mm and nore and

optionally being structured by nmeans of masking. The crystal
precipitation or the crystal growth, respectively, typically takes
pl ace by neans of gas phase epitaxy. Wth this process, the
i ntegrati on BEchnilial dPHlistati ea- frled LRVanséRfconductor | ayer on
Si substrate is intended and ideally al so achi eved. 15At the

begi nning of the process, the Si sub- strates . can be baked qut in a
first process stéeps i ortdté‘?rﬁéor%?mv‘%h?hetgf:pindo%agi o??tagchorﬂ{h&he
surfage. |In iheecnextostepo amtdpoer buf f enccamdde poeci pitcededinfg a

requi red. Depending .on t i nt.eqgr.at on_concept i i1 buf.ter . _
can be dope .oq’ﬁél%h]sﬁbgﬁria{{é gstrjlrflégénpvcﬁ ﬁgor}f%;?hgut%%%gﬁ%lon&aﬁglo
buffer |ayercasibor idsfantes,, butinomalecessaiiphapeci dldifie pkepar edid
depending on, 1 18, Gyt gy i Slseeabione 40k Of e £¥89Y V1At 80) - wdfe rs
25 precipitation of Steps D) and E) occlUrs 1 n two “process.steps:

First a thiMith/\dipmatergronh at0PoviPrenpef At UPBs 5t ep2 PP ranghat

then jphe reagt of oh@NPEY akiine hevel ghihbhsantdyrinereased for the
further crystal precipitation (step E)). The conposition of the II1/V
| ayer is adjusted, depending on |ayer thickness and growth
tenperature, in order to avoid the formation of dislocations and

cracks or reéiéjg§ctshe&a§hfearilq§e %sisglpl.e.

For achieving this technical object, the in-
vention teaches a method for producing a mono-
lithic template comprising a Si wafer with a layer

15 of a III/V semiconductor epitaxially applied on a
surface of the 8i wafer, the III/V semiconductor
having a lattice constant, which differs by less
than 10% from that of Si, comprising the following
steps: A) optionally, the surface of the Si wafer

20 is deoxidized, B) opticnally, a Si layer is epi-
taxially grown on the surface of the deoxidized Si
wafer, C) optionally, the surface of the S5i wafer
or the surface of the 8Si layer 1is subjected to a
baking-cut step and/or an etching step, D) a layer

25 of a III/V semiconductor 1s epitaxially grown on
the surface of the Si wafer or a surface formed
during one of steps A) to C) at a wafer tempera-
ture from 350 to 650 °C, a growth rate from 0.1 to
2 uym/h, and a layer thickness from 1 te 100 nm, E)

30 a layer of & III/V semiconductor, identically with
or differently from the III/V semiconductor ap-

plied in step D), 1s epitaxially grown on the



- 8 - Si substrate is possible without the formati on of dislocation
defects, since the two crystals have a_simlar lattice constant. Thus
"the application of GaP as a first 111/ V rucl eati on | ayer is techno-

5 logically very inportant, since this also appreciably sinplifies
the further integration of materials with a different lattice
constant. Thi p/ Si te ca sequent.ly.b f Y.
di fferent 1?f%0§%af§¢F§?gR%%d%{§lgg%&%n?@) %%np%ngﬁ%fggnégé?é%gﬁygyre
m croel ectr o @s. S0 prteseBPO vaFiods emtphi sestej dstoputles! af@®@ 10
uni versities,ywork am$spechbited nt ggratd o9scancapt sounder1 gppldeat i on
of a Gap/ Si tenpfate. The invention allows for the first tine
the precipitation of practically dislocation-free 111/V sem conduct or
rr?t erial 8388 exaqth@nﬁnd;iesﬂm@ahegtﬁhlsi C@ﬁm@lﬁﬁ%élat & Bapiengi fl diregteh o8
of up_to In the process design, i.t _has al so.been ta into
account thatO%B?e %%%S%ragc'bP?atgro C1BG TG 198 P P &AW s?{}amate_
si |l i con buf frera st la saar bictlriar y sdopil Ag Wcan elrel ¢ eafliuzdah r Ticgnsd gpdiss on
parti cularl y ihel Bbule 4 Dogrdef n 0 cOne; hang, 4 0, QRlJM A8 L, Substyahe -
surface, to permt selective silicon overgrowmh in particular _for a
mask struct @rEngopr oc@8s mhd 58 hrew Erat @B ustned SPidonraddy be-
layers for tihgy standard GM®B neyalhézati on.s The Hsengf. 308 mevafef §1
corresponds to today's Si-based CMOS techno) ogy, thus the integratjon
met hd¥ on c@rrree%beﬁéari@l%f & péEm tEYRbA %r@dwb%u mwscv‘ﬁﬂ? Ke
current develygpheat 1st ate afst e LMS dechnodvgy.of gas FyHdeenosei -
by the use %f 300 %qhﬁ¥b§%r%}esro%p égeakjﬁgsgn%ffQgé%g%gpggfo% the.
producti on G5t%-i & assuréd.”® 1R parti<cul ar si nce The process has been
realized inddrs epctdxyosyStrem t HAAI /¥ sec@icoohnetcted vidhean on Si
aut omat | ¢ d's%ﬁoQE?Q!t?dé‘”@n%lfd@B %%c@nﬁh'e%lsygsgﬁas_toe JEAnSfRLg S

€ app

possi bl e. esi des the Ication of the ihvention in the S
m cr ot echnol ogy, the precipitation of I11/V
15 At the beginning of the process, the Si sub-

strates can be baked out in a first process step,
in order to remove the silicon dioxide from the
surface. In the next step, a silicon buffer can be
precipitated if required. Depending on the 1inte-
20 gration concept, this silicon buffer can be doped.
The Si substrate surface with or without addi-

tional buffer layer is for instance, but not nec-

essarily specially prepared, depending on the
crystal dislocation (off or exactly oriented). The
25 precipitation of steps D) and E) occurs in two

process steps: First a thin ITII/V film is grown at
low temperatures (step D)) and then the reactor
temperature 1is significantly increased for the
further crystal precipitation (step E)). The com-
30 position of the III/V layer is adjusted, depending
on layer thickness and growth temperature, in or-
der to avoid the formation of dislocations and

cracks or reduce them as far as possible.

Contrary to most other III/V mixed crystals,

35 the monolithic integraticn of thin GaP layers on



5 materials on large-area Si substrates is advantageous for other
applications, too. It is the intention Epe[e to benefit of the fact
that Si substrates are significantly | ess expensive conpared to
conventional 111/V substrates, and that |arger substrate discs can
al so be produced. By the integration of conventional

111/ V- based gpnmpaneat s asuchias bEBS.ifies €6GL0F 800k SPhar £€khSt0bS of
substrates, the_production cjgsts coul d signj %i cantly be redice . At
this point, $hels@ ool Gotafed ((BODFD 8% ofP iGf Yhedefro32ve @

direction) Sigubstyr atlex mwbokd absetheiposdithhe. the adml partiicuhargt

the foll ow referred_vari.an f,t he t . ACC j to_t _
i nvention a:tgages%sr’i B"‘ed.fl:':St ﬁnfe)/gurrf%gge{égcdﬂgﬁcg%%gggof Pfhgg%f:hno
waf er 5i s prefegablal by (00dYySi impofrdcentwi t Bi0a® Ghis pakspcurpp -

to 2, disl 00@%%8'19) nsmgldiiff&gi QL §15Q - { Readdi {08y Ao MBf Rt e-
structure f 1, the f

may have a mas . . For a dislocation of 1, direction of
the dislocatibalgay Wither o rofi &frosent latgépen) canshedarri édis

out by baki ngsputs it Otém\Mﬁetmr@wgegwﬂ@ﬂQ e 10203 CEdh very
particular 900 to 1,100 C _for instance 950 tq 1, 050 %ﬁfor tine

from1l s to BoLARFEGh dat i YuIBe T8 kSt rthf L D186 ":H',llf:gr compo=
instapce 5 troedd Moncieptad iorer tigasiattmospheteohesi.neit gasesent,

at nosphere can_be nitrogen_or_ .h ogen.__The tal) S . ay,
be in the ravnagl:]relfjruosm 590[9?8r ,rO]U%gE-' 1 n-syn%gglftoepsfefaelggbl gkﬁéﬁoéj{gélgg(fs
nmbar. The totatkgasn f Epwareyibe imtebe atahge faoneepte 200dE/mi appild -

particular 61090 1A, J05,/50skance140L0 50 1/mn. 5in step B)

the Si layer can be grown at a wa- fer tenperature from600 to 1,200
00, in particular from725 to 1,100 C, for instance from 850 to 1,050

C agrowh rate f6om On0tnitoi 20 palhowish Faydi aHar 4i £6t10tpMd, the
(o st ance, 3,40 50, pUth, and2 | axer, LDucknEDs TR Lo % AL o
at nosphere mayI P& nsemagem ouchydr ogert amted saddint i ®naktusendf dislo-
gaseous Si ecdzyggd %)Jt.i?%%lrl ySungCOLp;Qg \M&xblﬁg C?’d?’am%)cer of up to
300 mm. In the process design, 1t has also been
taken 1nto account that before the precipitation
20 of III/V materials, a silicon buffer with arbi-
trary doping can be realized. This step 1is par-
ticularly helpful, in order on one hand to opti-
mize the substrate surface, to permit selective
silicon overgrowth in particular for a mask struc-
25 turing process and to precipitate adjusted Si con-
tact layers for the standard CMOS metallization.
The use of 300 mm wafers corresponds to today's
Si-based CMOS technology, thus the integration
method on corresponding wafers permits maximum
30 compatibility with the current development state

of the CMOS technology.

Furthermore, by the use of 300 mm substrates,
an ideal <cost effectiveness of the production
costs 1is assured. In particular since the process

35 has been realized in an epitaxy system that 1is



15 and/or As in a p- or n-doping concentration of 1015 to 1011 cm 3,
for instance 1017 to 1011 cm3 is carried out. The (total) gas
"pressure may be in the range from 50"t § T, 000 nbar, preferably 100 to
300 nbar. The total gas flow may be in the range from6 to 200 1/ m n,
in particular 6 to 50 1/mn, for instance 40 to 50 1/ mn. In

step O, anJNgiL 9ag of ; REOLLLL IS c%‘ﬁt(i&mdig%t aneEN2 O Ak thus
waf er

0

respectively, 'or an active gas can be conducted at a :

t enper at ur e &y oA t2BBDOCt 6 Uk PODa0E@ Grapadiacul &r PP 1B1E-100 00,
for instance 850 to 1,050 C, for a time fromO to 60 mn, in
particular O to 15 mn, for instance,1 to 10 mn, over the surface at

an etching rate £h®cfo 5hfm RPRFEFELANTY Pto BB AR VAR oD 33D
tive gas, famhdnstangecHolk afhhydiegen mhye berused {temdiondess forI/v
instapce nitrogen). .The (total) gas_pressure be .in the range from
50°t o8 3. 000 o L APt oP Boi o EHG 10860 Thar LRHETERAT  gas Frod e

be in the rargenfranet tot200 14ppAidak pantsi,cutar 6 tIa 50s1/whre, for
i nstance 10t / g - : X zP, a _
seni conduct 5reqqct;%0éer%$6ﬁnf\?\he?%ﬁﬁ%;etg g)f- fi‘h% Eé{éltt otgéf a%l\z\ﬁibo
- 1, or w=s0rabes amgey signifi¢ansdrnti d@sy wPansyve QcgFPFred

0, wherein the séMvdn Ol chaly and zvf oy iGawByAlzd ) ish@l wayst 1.1 alhe@e r
waf er tenperature may preferably be_in the range from400 to 625 C,

in pdfticul aUUDHTEESSOD: BCSTHAT | RAV Yrioht RGSHeCREy be in the range
fromO0.1 to 2 pmh, in particular 0.5 to 1.5 nonol ayers/s, for

i nstance 1 nonol ayer/s. The_ growt.h node be cantinuqu r.ef er abl
by neans of f|OW%I’ atéﬁﬁo&urf%%ﬂgﬁtelp??a?ﬁ )"Teé’lntdl%Qa(rieZInIsEés_a %Smeé
| ayer preci pidngt®orn(tALDsuothak scahEdlsso detusedofer dhe dayers cells
general |y or, ,spgc¢i al| qs(;t; ed of berw 8, e, hayels L bi ckngss sig-
preferably ioglsiﬁgtﬁf“léu%gg% e %gr'nz to go!nmuci n parti cSu ar 2 to 85nln’ci}j
The gas propdritieanyuy | beayrsduseehe Aandd o G116 2008 nuse of

partieul ar 33 40:48@.ed og (omstiange 5t @°7Q rhe n( tohal k RG> PrIESSHE S
may be in the rangg_ 20 from50 to 1,00 n‘?ar, referably 50 to 500

mbar, in pattitul a 15(?‘{%SE§(?%%rWOP%Eét% ar gkg% PPSW TaySbe in the
range from6 to 200 1/mn, in particular 6 to 60 1/mn, for instance

40 to 60 1/ m n. tignal.l dopi Wi t . S, 29 and/or
Si takes place ing%a %—'Motr%‘/?’ll-J gpﬁ’ngr{gqo%cepn?fg iw-o‘[L‘r%li%f pl]gigg?c}:el]l £
cm 3, for inastahce f10tEet ongdDRD ccni 8 cOofel pyocedutd & an Nivevievep nal soe
be nade w t haut - doping. In step E), a GaxByAlJl or a

GaNwP, sem conduc 30 tor can be grown, wherein x =0 - 1, vy =0 - 0.1

20 The surface to be coated of the 8Si wafer is
preferably a (001) Si surface, with 0 to 6°, in
particular 0 to 2°, dislocation in the direction
<110>. In addition, the Si wafer may have a mask
structure. For a dislocation of £ 1°, the direc-

25 tion of the dislocation may differ from <110>.

Step A) can be carried out by baking-out to a
wafer temperature from 800 to 1,200 °C, in par-
ticular 900 to 1,100 °cC, for instance 950 to 1,050
°c, for a time from 1 s to 30 min, in particular a

30 time from 1 to 30 min, for instance 5 to 15 min,
in an inert gas atmosphere. The 1inert gas atmos-
phere can be nitrogen or hydrogen. The (total) gas

pressure may be In the range from 50 to 1,000



and z =0- 1, or wO - 0.2 and v =1-w in particular x =0 - 1, vy
=0-0.06 and z = 0 - 1, wherein the symof x, y and z for GaxByAl zP
is always 1. The wafer tenperature may preferably be in 35 the range
fromb525 to 725 C, in particular 650 to 700 C. The II1/V gromh rate
may be in the range fromO0.1 to 10 pmh, in particular 0.5 to 5 pnlh,

- 12 - for imssancep?df=2ab1RN hoolThe d agero t kicknessrpeef epallly igss
in the range ]frrom 38 tqQ 100 nn]E in particular 40.tq 702 ;[?e gas .
proportion W1PF M3Ybe S nithe P&nggafllgﬁm 5Te8 260,59 n B]arHrt' lﬁqjg?' 51
10 to 100, fmartAstence 10 two 3G.0 The'n{iwt al fogasipesessice nBYy beoi b0
the range fro J5_(1)1 to 1,000 nbar, preferably 50 to 900 nmbar, in
particular 5 167150 nbar. The total gas flow may be in the range
from6 to 200 1/mn, in particular 6 to 60 1/mn, for instance 40 to

60 1/gin. Optionalhys i slophng metisZmaler Scab M ghdldh Sic takesm-
place in a p- or n-dopi gcconcentratlon of 1015 to 1021 cm 3, for
i nstance 10 ¥or 1GEMBAFILURR FroeBd @ c&® howewdt afso bB maeticu-

With?)_ut thpimr from le%_i@%Ient,ilomoflﬂrd,hefaarem@t%hefet@ra;m 850 r;co
nmonolithic te te,otalna e Yy neans a 1 aCccC in 0 the
ot | on. 117 Bb 00 s oy aias P THE, Jaerer Shel 5t B0, 80 US, P, %
nonol i t hi ¢ ipd eghiatu oar of 1 conponéiot s uhasSed ofiokl | AW sseamcenddct are 10

| ayer.s such ransi st ors, iod , ectors. a ar .
cel | s;lﬁon a éﬁgé%bst‘rgglt%e, I‘:ji nlégfet%lr c(t}lhajfgg%e;s%is fsu lét féat eé%a\r}?n%%d tn
di amet er of pwreichahas dn 1pried erdablyn norfeo ¥ haimdbaame i § -par ticcullard

nmore than 20,cm Subsegyentd y % stenopnre fWMdNend ! IdM rogen or
sem conduct or [ayers can be epitaxially grown and el ectronic

conmponents COAPEPSIGTY | 1NAG Sef OAGIG R Lcal S5e OF med. 93SCOHF t vt
following, tdheukmrventgwnibsaaexpy i ngd dppmie detain by, neeas ob, sSb

non- L U1ng ex9p! s, T ¢prepenting. erbadiEnts Yo BAPIS, o 10t
to 102! e¢m ™3, for instance 10'7 to 102! cm™® is car-

ried out. The (total) gas pressure may be 1in the

range from 50 to 1,000 mbar, preferably 100 to 300

mbar. The total gas flow may be in the range Ifrom

20 6 to 200 1/min, in particular 6 to 50 1/min, for

instance 40 to 50 l/min.

In step C), an 1inert gas or protective gas

(for instance N, or Ar), respectively, or &an active

gas can be conducted at a wafer temperature from

25 600 to 1,200 °C, in particular 725 to 1,100 °cC,
for instance 850 to 1,050 °C, for a time from 0 to

60 min, in particular ¢ to 15 min, for instance 1

to 10 min, over the surface at an etching rate

from 0 to 5 um/h, preferably 0 to 2 um/h. As ac-

30 tive gas, for instance HCl or hydrogen may be used
(remainder: for instance nitrogen). The (total)

gas pressure may be in the range from 5C to 1,000

mbar, preferably 600 to 900 mbar. The total gas

flow may be in the range from 6 to 200 1/min, in

35 particular 6 to 50 1/min, for instance 10 to 15

l/min.



- 13 - systemis required that allows the crystal growmh on 300 mm
(diameter) Si substrates. Furthernore, the tenperature distribution
" of the susceptor can be radially vari eblin the method, in order to
pre- 5 cisely adjust the tenperature profile of the Si wafer.
Preferably, the CCS (C ose Coupl e Shower-head) Crius systemfrom

Al xtron is used. y, ste?I 'Dﬁj‘?scari@g%l}ﬁ????%ﬁ?§p%acl@‘“9vb?38ﬁ.riré§rgd88t—
in asingle epitaxy reactor. In ordér to*mnimze contahination
effects or tt@mdrast Phe duregratilbarmdthod o Gurt her proceSs tstePs 1

two epitaxygrgactors gay-aljso he used. gherejn; am@ptj onal; substrate
transfer after process step C) and/or D) is reconended. Exanple 2:

Enpl oyed subtEnte8 16T gisés, Lredpect Pvdind 2 = Oqnehesigoli rgie sum

educts or pregtugsons, ahespectiiore! ga,.eanibhe enpl ayechys the phecessfer

Educts for scieln%;g:ggétqugi lrr?gg’t;giré%ie!l?a?ke)ly be in the range from

400 to 625 °C, in particular 420 to 500 °C. The

IITI/V growth rate may be in the range from 0.1 to

2 um/h, in particular 0.5 tec 1.5 monolayers/s, for

10 instance 1 monolayer/s. The growth mode may be

continucus, preferably by means of flow rate modu-

lation epitaxy (FME) and by means of atomic layer

precipitation (ALD), what can also be used for the

layers generally or specially described otherwise.

15 The layer thickness preferably 1s 1in the range

from 2 to 50 nm, in particular 2 to 8 nm. The gas

proportion V/III may be in the range from 5 to

200, 1n particular 10 to 150, for instance 50 to

70. The (total) gas pressure may be in the range

20 from 50 to 1,000 mbar, preferably 50 to 500 mbar,

in particular 50 to 150 mbar. The total gas flow

may be in the range from 6 to 200 1/min, in par-

ticular 6 to 60 1/min, for instance 40 to 60

l1/min. Optionally, a doping with Zn, Te, S, C, Mg

25 and/cr Si takes place in a p- or n-doping concen-

tration of 10%® to 102! cm™®, for instance 10'7 to

102! cm™®. The procedure can however also be made

without doping.

In step E), a Ga,ByAl,P or a GaN,P, semiconduc-

30 tor can be grown, wherein x = 0 - 1, y = 0 - 0.1
and z = 0 - 1, or w = 0 - 0.1 and v = 1 - w, in
particular x = 0 - 1, vy = 0 - 0.06 and z = 0 - 1,

wherein the sum of x, y and z for GayByAl.P is al-
ways 1. The wafer temperature may preferably be in
35 the range from 525 to 725 °C, in particular 650 to
700 °C. The III/V growth rate may be in the range
from 0.1 to 10 pm/h, in particular C€.5 to 5 um/h,



chlorosil ane(Si Cl4), (DitButSi). silane, di-chlorsilane,
neopenta-silane, tetradi-tertiary-but _ylljzsi_l ane Educts for

gal I'ium

tri-ethyl-gallium (TEG), tri-methyl-gallium (TMza),

tri-tertiary-butyl-gallium Educts for boron: tri-ethyl-borane

(TEE),

tritertiary-butyl-borane, di-borane, borane-am ne adducts such

as di -met hylr@ani nohakanize -214c 2.5 pm/h. The layer thickness
Educt sf oral um ni_.um tgii/me,t hyl.- al %EI‘ ni um

10

15

20

25

30

prefera is”’in e range from 30 to 100 nm, in
particular 40 to 70 nm. The gas proportion V/III
may be in the range from 5 to 200, in particular
10 to 100, for instance 10 to 30. The (total) gas
pressure may be in the range from 50 to 1,000
mbar, preferably 50 to 900 mbar, in particular 50
to 150 mbar. The total gas flow may be 1in the
range from 6 to 200 1/min, in particular 6 to 60
1/min, for instance 40 to 60 1/min. Optionally, a
doping with Zn, Te, S, C, Mg and/or Si takes place
in a p- or n-doping concentration of 10*° to 10%
cm™3, for instance 10 to 102! cm™. The procedure

can however also be made without doping.

The invention furthermore relates to a mono-
lithic template, obtainable by means of a method
according to the invention. It also relates to the
use of such a template for the monolithic integra-
tion of components based on III/V semiconductor
layers such as transistors, laser diodes, LEDs,
detectors and solar cells on a Si substrate, in
particular on a Si substrate having a diameter of
more than 6 c¢m, preferably more than 10 cm, in
particular more than 20 cm. Subsequently to step
E), further III/V semiconductor layers can be epi-
taxially grown and electronic components compris-

ing III/V semiconductor can be formed.

In the fcllowing, the invention 1s explained
in more detail by means of non-limiting examples
representing embodiments only.

Example 1: Employed devices.

Crystal precipitation takes place by means of

gas phase epitaxy. For this purpose, an epitaxy



(TMALl),tri-tertiary-butyl-alum nium am ne ad- ducts such as
di - met hyl - am noal um ni um Educts for phosphorus:
“tertiary-butyl - phoshi ne 5(TBP), phosph}%e
Educt sforarsenic:tertiary-butyl-arsine (TBAs), arsine,
tri-methyl-arsi ne (TMAs). Eductsforantinony:tri-ethyl-antinony

(TESD), tr|- +1| up%u%ﬂ&%b)that a1EdUEd s iy 998,‘509&1&“99]%%‘:}{

| ayer: , di-nmethyl-zinc (DMZn), “di-ethyl zi nc
( DEZn) , d|t|9l§t8|30%|l%e qjlfa@@ﬂitei%)ry bt uRFErad,es - Furthermore,
2;3(Wf|0pe@ﬁ%'Q@ﬁp@?gﬁﬁiﬁnbﬂéﬁf@BUHE@EtWﬁmthe susceptor can
cont al ni nge I
% ugbﬁgf?y vé}igdmlfmghe method, in order to pre-
5 cisely adjust the temperature profile of the Si
wafer. Preferably, the CCS (Close Couple Shower-

head) Crius system from Aixtron is used.

All described process steps can be carried cut

in a single epitaxy reactor. In order to minimize

10 contamination effects or to adjust the integraticn
methed to further process steps, two epitaxy reac-

tors may also be used. Therein, an optional sub-

strate transfer after process step C} and/or D) is

recommended.
15 Example 2: Employed substances or gases, respec-
tively.
The following educts or precursors, respec-

tively, can be employed in the process:

Educts for silicon: silane, di-chlorsilane,

20 di-silane, tri-silane, neopenta-silane, tetra-

chlorosilane {(SiClys), di-tertiary-butyl-silane
(DitButsSi) .

Educts for gallium: tri-ethyl-gallium (TEGa),
tri-methyl-gallium (TMGa), tri-tertiary-butyl-gal-

25 lium.,.

Educts for boron: tri-ethyl-borane (TEB), tri-
tertiary-butyl-borane, di-borane, borane-amine ad-

ducts such as di-methyl-aminoborane.



Si Cl4. Nitrogen or hydrogen is used as carrier gases. The
following educts are preferred: silane,,di-silane, di-chlorosilane,
HCl1, TEGa, TEB, TMAl1 20and TBP. The preferred carrier gas is

hydr ogen. Exanple 3: GaP on exact silicon (001). As an exanpl e

of execution, the precipitation of a thin GaP layer on 300 mmsilicon
substrate is desa@dbeds | nfidv s exaoplieidme Sitsubsidioheli-sPumiddum

doped and ex rient d The P-1ay 50.nm.t hi ck and_n-.doped
Che range of TRd1e s L THETF 1A b G ‘ehtict s AV LdBa: sPRadg  ad-
TEGa, TBP, atudlcbETesuch &5 -di-metlifhk-Smiwadatumd rtiamsferred by
nmeans of an automated disc-transfer systemfrom Brooks into a CCS

Onus reactor fromAixtron. Purified hydrogen is used as carrier gas,
wher eas sil ane, TEBGact¥BE or phosphorus: tertiary-butyl- phoshlne

5 (TB?P), phosphine.

Educts for arsenic: tertiary-butyl-arsine

(TBAs), arsine, tri-methyl-arsine (TMAs).

Educts for antimony: tri-ethyl—-antimony
(TESb), tri-methyl-antimony (TMSb).

10 Educts for doping the III/V layer: di-ethyl-
tellurium (DETe), di-methyl-zinc (DMZn), di-ethyl-
zinc (DEZn), ditButS8i, silane, di-tertiary-butyl-

sulfide, bis-cyclopentadienyl-magnesium, tetra-
bromomethane.

15 Cl-containing educts: HC1, di-chlorsilane,
SiCly.

Nitrogen or hydrogen 1s used as carrier gases.

The following educts are preferred: silane,
di-silane, di-chlorosilane, HC1l, TEGa, TEB, TMAIl

20 and TBP. The preferred carrier gas is hydrogen.

Example 3: GaP on exact silicon (001).

As an example of execution, the precipitatiocn
of a thin GaP layer on 300 mm silicon substrate is
described. In this example, the Si substrate is p-

25 doped and exact-oriented. The GaP-layer 1is 50 nm
thick and n-doped in the range of 3*10'® cm™®. The
following educts are used: silane, TEGa, TBP, and
DETe.



5 and DETe are avail able as educts for Si, Ga, P and Te. In the
first step, the native silicon dioxide is removed fromthe substrate
"surface in a 10-m nut e baki ng-out step ?st‘ep A). The reactor pressure
is 200 nbar, the total gas flowis 48 1/mn, and the wafer
tenperature is 1,000 C For the preci pitation of a 1 pmthick

Si buffer (step t f ng gr Lanet er r st
react or pressure%)ﬂ%)% n% &9%%‘(8‘3‘: Qs gl ow gg %ﬁ‘l& %vgf g?g%é%pe(ragture
900 C. Underamh@gl@tcﬁ;hdndmamstransaﬁ%ne fyowest SroB- 4ABmoloks niwte a

lead to a grawsh daf @s0frda Pt rrom Afit&r-the b@‘xﬁf_f@“flgi@"\’th;vd%lg
silicon surface is prepared (step C)). For this purpose,

of 5.4E-3 nolF n® §Dr 25 rFATEAHSS t BE TeabhGT$35efTebeBE, THES2, r3%

surfase tre@tmnbziwtaatee%w@lfawwt ben ofudeubl £c kayer, stepped Shd
terraces, in,order to mnimze the formation of anti-phase defects.
The reactor ‘pressure is 700 nmbar and the 25total flowis 12 1/nmin.
The foll owi ng nucl eati on of the GaP-layer again necessitates the

adj ustment of th ro it Th f . er.at,ur n
is reduced to 458“% and agrggactgiregﬁr esga]\rgg %%t}%?négrﬂaéﬁ%ha Cflo(? f‘Q)e
gas flow of 148 mewlef@tdarmsté@ Thbsiwsiat ¢| ewsroicehdn | &/ VL &doéns

are 2. 52E'4Lf'@é/61aﬁ<3f (%/ FEGa andpl. pdEeg ] [ miph & Op cTBR: o 4N tr}'éassure

first step of the II nucl eation, TBP is fed for 10 s mtzm
react!dr (TBP Sr &0 m?@r fIcEVG) . Pt f Blaows le &sP §Powk Ampar FREC

(flow rate matil abifeyr epehdeat dRies igamns oo pacticul ar that after
the TBP preflow, the follow ng educt sw tching sequence for the
reactor is repeated 5 several tines: 1 s growmh interruption wthout
educts -> 1 s TEGo:> tthe gromebijpntexr tuph oo t houtl edugtshix i sSi

TSP. This sw1€hing ggggéhsB ? ?%ﬁg Zgoﬁ EPin q%fﬁﬁEﬁbprr%kaQErs

are preC|p|tated OW IS a juste
second t he wa:f%rasiarw%%@m S rc%@/@it@df V\Pt—”ﬁscﬁ"}ér%ﬁ&%ylébaea total gas

15 flow 48 1/min, wafer temperature 900 °C. Under
these conditions, a silane flow of 8.%E-4 mol/min

will lead to a growth rate of 4 pm/h.

After the buffer growth, the silicon surface
is prepared (step C)}. For this purpose, a HC1
20 flow of 5.4E-3 mol/min for 5 min into the reactor
is effected. This surface treatment initiates the
formation of double-layer stepped Si terraces, in
order to minimize the formation of anti-phase de-
fects. The reactor pressure is 700 mbar and the

25 total flow is 12 1/min.

The following nucleation of the GaP-layer
again necessitates the adjustment of the growth
conditions: The wafer temperature in step D) 1is
reduced to 450 °C, and a reactor pressure of 100

30 mbar and a total gas flow of 48 1/min are ad-
justed. The mole flows of the III/V educts are
2.52E-4 mol/min for TEGa and 1.51E-2 mol/min for
TBP. In the first step of the III/V nucleation,
TBF 1s fed for 10 s into the reactor (TBP pre-



In the next step (step E)), the wafer tenperature is increased to 675
C under TBP stabilization. Further, new nmole flows for the educts are
adj usted: 5.81E-4 nol/min for TEGa and f 16E-2 nol/min for TB?.
Thereby, the V/I1I1 proportion is reduced from60 to 20. The gas phase
proportion DETe/ TEGa is adjusted such that at 675 C an n-dopi ng of

371018 cm 3 # $oaGhi eyadn ArGaR daxert 9k 4da pMd SoRkeci pelrat etew (13w
gromh rate of 2.3 pnis. This GaP/Si tenplate 1s then cooled down

under TBP st&dffi Afifehation cpitagkyge p?B&és@%ﬁPéne’t%r?ac%mlaPslér

be used for {W8) §Et\é&f ert&ew tTlBB dpsb@qaiwpn t)ffleupbelZ)W)iﬁgZSEduct
the <110> direc icon, 2 off

; % % ng %oéoi: O in.g eated
<110> direct7dh-6 Jtrf'ﬁé SP \'ﬁélfeerrl R e%gr?pq'% of é)(c’ecu]il%
t he pseci pi ts¢vemadf aimks:GaR | aglerg(nrmh@ﬂﬁ) mmsid 1 coptduhst rat ehiogi t

d i bed. In | bst r at d ‘
Pel beat | on OGS PBIPIE, 10k 0% [ 1 oSl D RS 2R dityBrion

di sl ocati on off int irection. ayer t ess
is 50 nm Thelthout -eflgldtoni ng eluct sTdPe ehpicyetvwigidinhey TEmp 1s

and TBP. repdB@ i vaf et i 4 ransier ek byppeags i an AuLeEt gde-
di sc-transfer systemfrom Brooks into a

cipitated. The TEGa mole flow 1s adjusted such

10 that in one second the wafer surface 1is covered

with one monolayer Ga.

In the next step (step E)), the wafer tempera-
ture 1is increased to 675 °C under TBP stabiliza-
tion. Further, new mole flows for the educts are

15 adjusted: 5.81lE-4 mol/min for TEGa and 1.16E-2Z2
mol/min for TBP. Thereby, the V/IIILI proportion 1is
reduced from 60 to 20. The gas phase proportion
DETe/TEGa is adjusted such that at 675 °C an n-
doping of 3*10%® cm™® is achieved. A GaP layer of

20 44 nm 1is précipitated with a growth rate of 2.3
um/s. This GaP/Si template 1is then cooled down un-
der TBP stabilization.

These process parameters can also be used for
(001) Si wafers with a dislocation of up to 2° off
25 in the <110> direction.

Example 4: GaP on (001) silicon, 2° off in the
<110> direction of the Si wafer.

As an example of execution, the precipitation

of a thin GaP layer on 300 mm silicon substrate is

30 described. In this example, the Si substrate is p-
doped and has a dislocation of 2° off in the <110>

direction. The GaP-layer thickness is 50 nm. The



5 CCS Onus reactor from Aixtron. Purified hydrogen is used as carrier
gas, whereas silane, TEGa, and TBP are avail able as educts for Si,
"Ga, and P. In the first step, thé’native silicon dioxide is
renoved fromthe substrate surface in a 10-m nute baki ng-out step
(step A). The reactor pressure is 200 nbar, the total gas flowis 48
1/mn, and tﬂ?l .Far_ t he

fer. . te [ re.is 1 C.
precipitation © z‘ﬁf%m ﬁ;%&‘é& aE%ffS%%?Ls?%%dB)),Sltlﬁen ol ITo%mGﬁg and
growt h parartérs are adjusted: reactor pressure 200 nmbar, total gas
flow 48 1/mn, wafer tenperature 1,050 C. Under these conditions, a
silane flow of 8. 9E-4 nol/mn will lead to a growh rate of 8.3 pni h.
A step O is not T ri®H HRLIRK tRiSs EX@RSEeTded D)Yi Mednsgt ey an
foll OW'Si t au%aﬂﬂggfézilt@w's{t&?gt@mh@ﬁé@n E%Fsﬁggl_ t@?ohﬂygﬁo@g@é Ninto a
necessi tates e adj ustnen ro condi ti ons: ,The er
enpesat ur 6 Gt a5 169 BaGdeqt £0 0 00 L ahd o hEddrord praictip gen
of 100 nbar ianduaddt als gasrfliew oba48 liar«ase adi ushed. ThAeanol end
flows of th 1LV e 5 - ar, . H2E-4 Lm oL . TEGa, an . 51E- 2
mol /min for T8P. °FF %qgéiil%a%egtgé SREEMAb R o%f‘deg% i s
fed for 10 s into the reactor (TBP pre-flow). Then follows the GaP

growth per FME (fl,pwipat errodyl agian epthaxylat RS BBANS-4A dioxide
particular that after the TBP preflow, the follow ng educt sw.tching

sequence forl & hESFEHRdr Lire ™ epB&t et L5 tiR L e sV bR Ci fgs: @1 1P -min-
growy i nt enspt b@n;iwi%h@utt e@Itl%bs grgté)ép%fgrEGarh% ﬁ_raagmy\t hpressure
interruption w ut ucts ->1's : is_swtching, Loap,is
repeated 22t rr%?% aﬁgatrr'rerét]i’&? GtH%%Pgﬁ‘rSe 6?‘@-‘” 5Ci p?%aﬁe/dr.“l?f‘ie and
TEG nol e fltdve | saddinust edpsucat that iisn dbpe gecddd t he wafer surface
is covered with one nonol ayer Ga. In the next step (step E)),

the wafer tenperature is increased to 675 C under TBP stabilization.
Further, new nol €91 owshfor Rhecegddiat apa adilist ed: 15, AE-4hagt it i A1

for TEGa ang s A6E-2( gpkpm gy hor TRB. FBenelyinfheyMohith PhoRQMid ©8rs
is reduced from60 to 20. A GaP |ayer of 44 nmis precipitated with a
growth rat eadie 238Jphikedthikewabrs RERSISHEST € YheRPedol elioddin 9as
under TBP strabdi ze8 i QVmin, wafer temperature 1,050 °C. Under

these conditions, a silane flow of 8.9E-4 mol/min

will lead to a growth rate of 8.3 um/h.

A step C) is not carried out in this Example,

20 step D} immediately follows.

The following nucleation of the GaP-layer
agaln necessitates the adjustment of the growth
conditions: The wafer temperature in step D) 1is
reduced to 450 °C, and a reactor pressure of 100

25 mbar and a total gas flow of 48 1/min are ad-
justed. The mole flows of the III/V educts are
2.52E-4 mol/min for TEGa and 1.51E-2 mol/min for
TBP. In the first step of the III/V nucleation,
TBP 1is fed for 10 s 1intce the reactor ({(TBFP pre-

30 flow). Then follows the GaP growth per FME (flow
rate modulation epitaxy). This means in particular
that after the TBP preflow, the following educt

switching sequence for the reactor 1is repeated



These process paraneters can al so be used for (001) Si wafers with a
di sl ocation of up to 6 off in the <1103.,direction. 20 - 19 - 5Patent
clainms: 1. A nmethod for producing a m)%glithi c tenplate conprising a
Si wafer with a layer of a Il1/V sem conductor epitaxially applied on
a surface of the Si wafer, the I11/V sem conductor having a lattice

constant, Wy &hediaf1f ers; A o:essy than %Q%w‘mm § Rate 10f u Sl i GPMPEL Shidgs t
the followi ng steps: A optlonallg, he surface of tpe Si wafer is

deoxi di zed, €3UCts  B) dptidnadlt§2 a~S Hayér 9 TpFtaxtAHSE GrButon
on 15t he surfackoeft t Be&udeoxi dized § wafer, Th@s opwiiansiiyg tlhheop is

surface of the Si  wafer, . or, the surfac f the SI lLayer i ubj ected
to an etchi n%e%?gﬁea%dlzc% 5 ’ng-adh(f %theep]feby b P B
5

cipitated. The TEGa mole flow 1s adjusted such
that 1in one second the wafer surface 1s covered

with one monolayer Ga.

In the next step (step E)), the wafer tempera-

ture 1is dincreased to 675 °C under TBP stabiliza-

10 tion. Further, new mole flows for the educts are
adjusted: 5.81E-4 mol/min for TEGa and 1.16E-2
mol/min for TBP. Thereby, the V/III proportion is
reduced from 60 to 20. A GaP layer of 44 nm is
precipitated with a growth rate of 2.3 pm/s. This

15 GaP/Si template is then cooled down under TBP sta-

bilization.
These process parameters can also be used for
(001) Si wafers with a dislocation of up toc 6° off

in the <110> direction.

20



D) a layer of a Ill/V sem conductor is epitaxially grown on the
~surface of the Si wafer or a surface forned during one of steps A) to
C) at a wafer tenperature from 350 to J6%0"C, a growh rate fromO0.1
to 2 pmih, and a | ayer thickness from1 to 100 nm 25E) a |layer of a
I11/V sem conductor, identically with or differently fromthe I11/V
sem conductor applied in step D), is epitaxially grown on the |ayer
obtained in step D) at a wafer tenperature from500 to 800 C, a
growh rate fromO0.1 to 10 pmh, and a |ayer thickness from 10 to 150
nm - 20 - with O to 60 in the direction <110>, wherein at a

di sl ocation of 1 the direction of the dislocation can differ from
<110>. 3. The nmethod according to claim1 or 2, wherein 5step A) is
carrigd out Pyt baki rg-aolmst:0 a wafer tenperature from800 to 1,200 C
for atinme froml s to 30 mnin an inert gas atnosphere. 4. The

met hod according to one of clains 1 to 3,

1. A method for producing a monolithic template
comprising a Si wafer with a layer of a TIII/V
semiconductor epitaxially applied on a surface of
the 8i wafer, the III/V semiconductor having a
10 lattice constant, which differs by less than 10%

from that of Si, comprising the following steps:

A) optionally, the surface of the Si wafer is de-

oxidized,

B) optionally, a $i layer 1is epitaxially grown on

15 the surface of the deoxidized Si wafer,

C) optionally, the surface of the Si wafer or the
surface of the Si layer is subjected to an etching

step and/or a baking-out step,

D) a layer of a III/V semiconductor is epitaxially
20 grown on the surface of the Si wafer or a surface
formed during one of steps A) to C) at a wafer
temperature from 350 to 650 °C, a growth rate from
0.1 to 2 um/h, and a layer thickness from 1 to 100

nm,

25 E) a layer of a III/V semiconductor, identically
with or differently from the III/V semiconductor
applied in step D), 1is epitaxially grown on the
layer obtained in step D} at a wafer temperature
from 500 to 800 °C, a growth rate from 0.1 to 10

30 pum/h, and a layer thickness from 10 to 150 nm.

2. The method according to claim 1, wherein the

surface of the S§i wafer 1s a (001) 8i surface,



wherein in step B) the Si layer is grown at a wa- rn fer tenperature
from600 to 1,200 C, a growth rate f_roggO._Ol to 20 pmh, and a | ayer
t hi ckness fromO to 5 pm 5. The nethdd according to one of clains 1
to 4, wherein in step C) an active gas, in particular a'

Cl -contai ning gas and/ or hydrogen, is conducted over the surface at a

waf e: Leﬁper@%tlhf d regsl f@®5tiq1 1}:}2@0 @}E@btﬁéh”&:{fI@@,Q moeﬁgim' ngat a
an etching rate_from o5 p .and/ or an iner, as i s_condyct

over the surc%hﬁéoﬁa%l%fe?ftgnpérat % Firlo?ﬁgﬁéotrg ?500"E fGFS4oca
time fromO #Dof0 dam. diG.felhefmetthodl adcarding to one of clainms 1 to
5, wherein in step D) a GawByAl zP or a GaNwPv sem conductor is grown,
wherein x =0 -1, y =0- 0.1 25 andz=0- 1, or w=0 - 0.1 and v
=1- w wherein the sumof x, y and z for GawBvAl Ji is always 1. -

21 - 7. Theynet hod ageondiag £0-9p8:1¥g ckai mB1ditP 6 or 2, wherein
5 step A) 1s carried out Dby baking-cut to a wafer
temperature from 800 to 1,200 °C for a time from 1

s to 30 min in an inert gas atmosphere.

4, The method according to one of claims 1 to 3,
wherein in step B) the 8i layer is grown at a wa-

10 fer temperature from 600 to 1,200 °C, a growth
rate from 0.01 to 2C um/h, and a layer thickness
from 0 teo 5 um.

5. The method according to one of claims 1 to 4,
wherein in step C) an active gas, in particular a
15 Cl-containing gas and/or hydrogen, is conducted
over the surface at a wafer temperature from 600
to 1,200 °C for a time from 0 to 60 min at an
etching rate from 0 to 5 um/h, and/or an inert gas

is conducted over the surface at a wafer tempera-

20 ture from 600 to 1,200 °C for a time from 0 to 60
min.
6. The method according to one of claims 1 to 5,

wherein in step D) a GayByAl.,P or a GaNyP, semicon-
ductor is grown, wherein x = 0 - 1, y = 0 - 0.1
25 and z = 0 - 1, or w = 0 - 0.1 and v = 1 - w,
wherein the sum of x, y and z for GayByAl.:P 1is al-

ways 1.



wherein in step E) a GaxByAl zP or a GaNwP, sem' conduct or i's grown,
.whereinx =0- 1, y =0- 0.1 and z = g 1, w=0-0.1and v =
1 - w b5wherein the sumof x, y and z % GaxByAI zP is al- ways 1.

8. Anonolithic tenplate, obtainable by neans of a nethod according
to one of clains 1 to 7. 9. The use of a tenplate according to claim

8 for the mnolikhic hptegat b%&}di% Ve basefk e CONAYHOr1 to 6,
conponents such as transistors, |aser diodes, LEDs, detectors, and

sol ar cel | s "IEEeEN stibsSEAR, Ein ?)aptaw@uf'\érz orPh & @lsFrafemicon-
optional ly wWiddtarmesk sirewhyrewhavigi axdiamet er of , mor e= th:an-6 coL
preferably rmrcf thag 1 cm in partlcul ar, rmre t an 20 cm . The
use accordi g1 o %l ai wHer et stibse- %uent P StepVE)T furthel
111/ Vs sem cmﬂamdad)n Italyer&mneoéplx,axwaldiydgrzovvﬁprarﬁla@mlmmlcs al-
conponent s g,oar(_,péi $ing 111/V sem conductor are forned. - 22 -

8. A menolithic template, obtainable by means of

a method according to one of claims 1 to 7.

9, The use of a template according to claim 8 for
10 the monolithic integration of III/V-based semicon-
ductor components such as transistors, laser di-
odes, LEDs, detectors, and solar cells on a Si
substrate, in particular on a 8i substrate, op-
tionally with a mask structure having a diameter
15 of more than 6 cm, preferably more than 10 cm, in

particular more than 20 cm.

10. The use according to claim 9, wherein subse-
guently to step E), further TIII/V semiconductor
layers are epitaxially grown, and electronic com-

20 ponents comprising III/V semiconductor are formed.



5Abstract . The invention relates to a nethod for producing a
nmonolithic tenplate conprising a Si wafer _with a layer of a IllI/V
sem conductor epitaxially applied on a surface of the Si wafer, the
I11/V sem conductor having a lattice constant, which differs by |ess
than 10% fromthat of Si, conprising the follow ng steps: A)
optionally, the surface of the Si wafer is deoxidized, B) optionally,
a Si layer is epitaxially grown on the surface of the deoxidized Si
wafer, C) optionally, the surface of the Si wafer or the surface of
the Si layer is subjected to an etching step and/or a baki ng-out
step, D) a layer of a Ill/V sem conductor is epitaxially grown on the
surface of the Si wafer or a surface forned during one of steps A to
O atSa waf bselpertature from 350 to 650 C, a growth rate fromO0.1
to 2 pmih, and a | ayer thickness from1l to 100 nm E) a |layer of a
[11/V sem conductor, identically with or differently from 25 the
I11/V sem conductor applied in step D), is epitaxially grown on the

| ayer obtai ned irmrisé epB)ent iannaten aenperat uae e NEB00Edbe §OPo Euca

%;nowth rate fromO 1 to ?[qtﬂ{qg @Q% al | .a ercégl %I&nseisggfrgmég t‘gaq_;%q_,
w1th a layer of a III/V semiconductor epitaxially
applied on a surface of the Si wafer, the III/V

10 semiconductor having a lattice <constant, which
differs by less than 10% from that of Si, compris-
ing the following steps: A) optionally, the sur-
face of the Si wafer is deoxidized, B) opticnally,
a Si layer 1is epitaxially grown on the surface of

15 the deoxidized Si wafer, C) optionally, the sur-
face of the Si wafer or the surface of the 5i
layer is subjected to an etching step and/or a
baking-out step, D) a layer of a III/V semiconduc-
tor is epitaxially grown on the surface of the S5Si

20 wafer or a surface formed during one of steps A)
to C) at a wafer temperature frem 350 to 650 °C, a
growth rate from 0.1 to 2 um/h, and a layer thick-
ness from 1 to 100 nm, E} a layer of a III/V semi-
conductor, identically with or differently from

25 the III/V semiconductor applied in step D), 1is
epitaxially grown on the layer obtained in step D)
at a wafer temperature from 500 to 800 °C, a
growth rate from 0.1 to 10 wum/h, and a layer
thickness from 10 to 150 nm.



