".T - Description Nano-w res nmade of novel precursors and nethod for the
production thereof ‘5 The present invention relates to nangus i

consi st of or conprise sem conductor materials and which Emwmmmmmwmmm
applications in photovoltaics and electronics, and also to a gefhod for
production 10 thereof. A feature of the nanowires is tThat they are obtai ned
by an innovative nmethod using innovative precursors. The precursors
constitute conpounds or m xtures of conpoeunds each having at |east one
direct Si-Si and/or Ge-Si and/or Ge-Ge bond, with substituents 15 which
consi st of ha¢egerptanel or hydrogen and with a conposition in which the
atomc ratio of substituents to netalloid atons is at least 1:1. Prior art:
20 Described in the prior art, for the production of silicon nanowires, is
the thermal VRRIAPLETT i BADf CHaBBbHS BF FFEom ot ettt $BF - S hpdinds’e Her e,
besi des varipusdstticonticarpounds, catal ytically active netals 25 are

enpl oyed.c General |y speaking, catalyst netal agglonerates of a few
nanoneters in dianeter are produced first of all, and then act.

catal ytical | Jh®on PRESEBEONPHEFPFOA" of TERRLET | i EOn CORPBLIRS affft Tontri but e
to the orderedndeposidf or:0f doprekenental c@siddrcomateriretds Dependi ng on
the reaction,gondi tLops. !PT egil{ing nanowLes JALe Ghysl Ll e Qr whot |y
or partly anorphous” is preferre 0 use netafls whi ch- ex ibit eutectic
m xtures withlacroonhesti md empetat ire v t MeSitePcoR 0T ThEr fiddef i ¥oncept i on
says 35 fthat chépgsr. t he fLatiiconoCopHEt haRSwided i gui draRt alde§ ddxture is

formed, fromwhich, finally,. solid Si_deposits as _a result of further
upt ake of Sio?r%h?%%e by gﬁ innovative 'method “using Innovatilve

precursors. The precursors constitute compounds or

mixtures of compounds each having at least one direct
Si-Si and/o» Ge-Si and/or Ge-Ge bond, with substituents

15 which zonsis® of halogen and/or hydrogen and with a
£ ¢ ratic of substituents

composition in which the atomi

to metalloid atoms is at least 1:1.

Prior art:

20
Described in the prior art, for the production of
silicon nanowires, is the thermal decomposition of
gaseous silicon precursor compounds. Here, Dbesides
various silicon compounds, catalytically active metals
25 are employed. Generalily speaking, catalyst metal

agglomerates of a few nanometers in diameter are
produced first of all, and then act catalytically on
the decomposition of the silicon compounds and
contribute to the ordered deposition of the elemental
30 silicon formed. Depending on the reaction conditions,
the resulting nanowires are crystalline or wholly or
partly amorphous. It 1s preferred to use metals which
exhibit eutectic mixtures with a low melting
temperature with silicon. The model conception says
35 that, under the reaction conditions, a ligquid metal/Si
mixture 1s formed, from which, finally, solid Si

.depcsits as a result of further uptake of Si from the

R
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- 2 - precursor compounds as they deconpose. However, a conparable growh
behavior is al so observed even at tenperatures below the eutectic nelting
point. Silicon nanow res are deposited predom nantly on substrates 5 such
as silicon O such as netal oxides, an exanpl e being Al 203. For

exampl e, E.C. Garnett, W Liang,and P. Yang, Advanced Materials :
2007, 79, 2946, descri be the 10. production of silicon nanowi res by CVD
deéposition fromSi Cl4/H2 with Pt as c_atzal_yst nmet al , under - at nospheric
pressure and at 805C. Y. Zhang, Q Zhang, N. Wang, Y. Yan, H Zhou, and J.

Zhu, JOUFna|EQECS§¥§§a|cgﬁﬁyﬁABSZOQQE %%%g 188coMp8s@. Simhdfe et hod under

atmospheric 15 pressure with an optim zed tenperature of 900C, with NI as
catal yst met &PTPRFaPES f GFRH Tl hate oot Ahet Bpidtaxi aPoofeptst t £3R"of il i con
nanow res ontempstathiree séléwonhét euse2i nevessiary doist. ofikldort o renove

the oxide | aﬁgaogtf rg?e substyate- Ygr efgggg&;;iqgg anes  ar e 4sed. as. Precur sor
conmpounds, there is Tornmation, together with hyc}ro en additionally present,
of HCl, whickurBacts Githceheodxisdehl adfer Mgl GOX1ReS i &y, ©3€TRAE Y. Chen,
R Wang, 25 amedn§. afFan,. Advanced Materials 2005, 17, 56). Wen
chlorine-free precursor silanes are used, the sane effect can be achieved
by adm xing HC1 (S. Sharma, T.T. Kamns, and R'S. WIllians, Journal of
Crystal G owfler200kampée, 6E3F. FerneXanpl €; WBPD01/am6412; Yang,

Advanced Materials 2007, 79, 2946, describe the
10 production of silicon nanowires by CVD depecsition from
SiCls/H, with Pt as catalyst metal, under atmospheric
pressure and at 805°C. Y. Zhang, Q. Zhang, N. Wang,
Y. Yan, H. Zhou, and J. Zhu, Journal of Crystal Growth
2006, 221, 185, use & similar method under atmospheric
15 pressure with an optimized temperature of 900°C, with

Ni as catalyst metal.

It is found that for the epitaxial deposition of
silicon nanowires on crystalline silicon it is
2C necessary first of all to remove the oxide layer oI the
substrate. . Where chlorosilanes are used as precursor
compounds, there is formation, together with hydrogen
additionally present, of HCl, which reacts with the

oxide layer (S. Ge, K. Jiang, X. Lu, Y. Chen, R. Wang,

25 and S. Fan, Advanced Materials 2005, 17, 56). When
' chlorine-free precursor silanes are used} the same
effect <can Dbe achieved by admixing' HC1 (8. Sharma,
T.T. Kamins, and R.S. Williams, Journal of Crystal
Growth 2004, 261, 613). For example, WO 2001/136412,
30 after the production o0f suitable catalyst metal

agglomerates, cliaims the successive use of at least two
different precursor gas mixtures, of which the first
mixture comprises either & chlorine-containing silane
or, 1in addition to a silane, another chlorine source,
35 and which ensures the start of growth, but requires
comparatively high temperatures for the decomposition.

Thereafter the reaction temperature s lowered and &



30 ‘after the production of suitable catalyst netal agglonerates, clains the

successi ve use of at

| east two different precursor gas m xtures, of which

the first mxture conprises either a chlorine-containing silane in
addition to a silane, which ensures the start another chlorine source, of

growt.h, but requires

deconposi tion.

Si9H6 SiCl4 and Si H2C12. Exanples of "suitable catalyst netals are Au,

conparatively high tenperatures for the

\ it 3 - second precursor gas is used, which has a | ower
deconposition tenperature. Suitable precursor conpounds cited are Si H4,

A,

Pt, ’ g@co§%N' rédlirYr | Nad N jaddike@n tonthe crayend i ongle .CVD

technlque for pro

UC|ng silicon- nanowires, there are also references to

Pl asma Enhan@éGOEE®¥%%ﬁoq}ﬁﬁﬁﬁ%q%ﬁrﬁﬁndQPPaéﬁéeEﬁﬁﬁﬁ&éﬂoffomQWHQﬂf al l'ow a

reduction inctihedr aa@tlslm4termeaa1 usecld0 Md . sPark, .G HBhemndeX df ang, B.
Ti an, and C. Nl Lleg

10 torr pressure
is 130 tihesNi,

Sn,

ch@np %BtR%E§1$0%§e &¢‘3q94 ggscrlbequM/ai 400C and
rateé of Silicorl nanowires with Au as catal yst
or In In addition to the ”onventlonal CvD

technique for producing silicon - nanowires, there are

also references to Plasma Enhanced Sputter Deposition

and

Elasma Enhanced CVD, which allow a reduction in the

reaction temperature.

Park, G. Zheng, X- Jiang, B. Tian, and

Lieber, Nano Letters 2008, 8, 3004, describe how

400°C and 10 torr pressure, the growth rate of

nanowires with Au as catalyst is 130 times

greater for disilane, Si;Hs, than for SiH,. Even with

temperatures optimized for SiHy, the growth

lags behind that starting from disiliane by a

of 31. S. Akhztar, L. Tanaka, K. Usami,

Y. Tsuchiya, and S. Oda, Thin Solid Films 2008, 517,

show that nanowires can be produced from Si Hs/H:

16
W.I.
C.M.
at
silicon
15
reaction
rate
factor
2G 317,

using Au catalyst even at a temperature of 350°C and

under

a pressure of 3 torr. For example,

JP 2006117475 A and JP 2007055840 A describe the

production of Si nanowires at temperatures as low as

25 250—300°C, using disilane and trisilane as silicon

sources,

employing the metals Au, Ag, Fe, and/or Ni as

catalysts, and setting a pressure during the reaction

of 1-5

30 E.-Y.

torr.

Tuan, D.C. Lee, 7. Hanrath, and B.A. Korgel, Nano
Letters 2005, 5, 681, show that the formation of 3i

nanowires takes place even without a substrate iIn

éupercriti al organic solvents at 400-520°C and =z
pressﬁre of 14.3 - 23.4 MPa. The catalyst metal used is
35 Ni, and, in addition to trisilane, SisHg, the precursor
compounds employed include octylsilane and

phenylsilane. A.T. Heitsch, D.D. Fanfeir, H.-Y. Tuan,.



15 ‘greater for disilane, Si2H6, than for SiH4. Even with reaction
tenperatures optim zed for SiH4, the growmh rate | ags behind that starting
fromdisilane by a factor of 31. S. Akhzar, A Tanaka, K Usam, Y.
Tsuchiya, and S. Oda, Thin Solid Filnms 2008, 517, 20 317, show t hat

nanow res can be produced from Si 2H6/ 1-1; using Au catal yst even at a
tenperature of 350C and under a pressure of 3 to-r. For exanple, JP
2006117475 AandJP 2007055840 Adescribethe production 'of Si nanow res at
tenperatures as | ow as 25 250-300C, using disilane and trisilane as silicon

sources, enploying, vth%%teql s AdurfAd: Fer aepléorm%r@sa&at@tmsal and
setting a pressure during the reaction of 1- torr 30H.-Y. Tuan, D.C. Lee,

T. Hanrath, afgEA. 2R8?geI13ONan%4{‘”eftt§P§W2(f§?t O%Sfrlé:‘ﬁ&ﬁ/n?haﬁs t he
formation ofpfk mwﬂmmumdﬁhduikestmhaceeevemomnﬂb@ﬂt ao SEibshs#@bwel 1 4%

supercritical_organia. olvqgkﬁgﬁggéﬁo igp’ and a pressure of A4 3 - 23.4

MPa. The catalyst netal use In addition to i-r-1si1ane,

Si 3H8, tHe pkeERFBVFILONAGARBSEHD] Oy edinEPuddbayibsiildngando ¥y si | ane..
A T. HeitschgoD/&cFanfair, H -Y. Tuan, and B. A. Korgel, Journal of the
Anmeri can .Chem cal Society 2.008, 130, 5436, show that for trisilane as
precursor nolecule, this reaction |eads to Si nanow res even under

at nospheric ﬁréés&d%&%ﬁﬁpquOﬂxﬁﬂﬁrEFQSOF silanes (SinHzn+2) 1is their

t enper at ur 6(6%90&3&@)&“ jgh-ikei | isRaergani cagol vept sn ai- A disaglvant age of
t he use q{ anes é n+2) is thelr pyrophoric properties
(self-ignita }P??§ %59 whi ch 10 hi nder handl i ng.

Objective:

The object on which the present invention is based 1is
15 that of providing innovative nanowires by & new method
from suitable precursors of the specified kind that are
new for this purpose. The intention, moreover, 1is to

provide a method for producing such nanowires.
2C Definitions:

Precursors for the growth of nanowires are silicon
and/or germanium-containing compounds which are
converted into elemental silicon and/or germanium under

25 the process conditions.

Polysilanes in the sense of the invention are compounds
having at least one Si-Si bond. According to one
embodiment of the invention, polysilanes are
30 halogenated and hydrogenated polysilanes and ‘zlso
polysilanes having organic supstituents, and the
corresponding partially halogenated and partially
hydrogenated polysilanes, having- the following general

fornula: SipX:Bp, ‘where a+b is greater than or equal to

w
N

2n and less than or egual to 2n+2, a and kb are each
greater than or equal to 0, and X = halogen, amine

substituent or organic radicel, such as alkyl radicals,



Obj‘'ective: The object on which the present invention is based is 15 that of
provi di ng i nnovative nanowires by a new nethod from suitable precursors of
the specified kind that are new for this purpose. The intention, noreover,
is to :Provide a nmethod for producing such nanow res. 20Definitions:
Precursors for the growh of nanowires are silicon

and/ or ger mani um cont ai ni ngconpoundswhi chare converted into el enenta
silicon and/or germani um under 25 the process conditions. Polysilanes in
the sense of the invention are conpounds having at |east one Si-Si bond.

Accordi ng toggpe &Mﬁ%@f&hewy@m&p&fw ysidanesare 30shal pgenated and
hydr ogenat ed pol ysi ane§_§n al so pol ysilanes having organi c substituents,
and the correspeheling paFthaNr shal ‘Gyeh bl antt Fies afty> hyBF dyehat ed

pol ysi | anes, shayt nguedthe f ablkowi sy gemeralvitespul asr Si mXahi b, amhere a+b.is
greater than_or _equal to 2n,.an ess. n o ual - 2:.8.and b are
each greatersf%%%*bgé%ﬁ%a?§fo@b% gﬁ%uiaékﬁglog%n?gaﬁéﬂ%pséggff?ﬁzht or
organi c rfadi éarthewedras ackylseadPehysilagesy &xanple, (FRBSpRteTcul arly
met hyl . i s al go+possiibd e, fdHdshernore, to use polysilanes with organic
substituents for SIC nanowires, or wth am ne substituents for SI N
nanowires. It is also possible, 5 furthernore, to use ool ysil anes having
(transition)Poevadrsamst it ient §he sense oI the invention are

compounds having at least one Ge-Ge bond. According <o
10 one embodiment of the invention, the polygermanes are
halogenated and hydrogenated polygermanes and also the
corresponding partially halogenated and ©partially
hydrogenated polygermanes, having the following general
formula: Ge.X.Hy,, where a+b 1s greater than or equal to
15 2n and less than or equai to 2n+2, & and b each being
greater than or equal to 0, and X = halogen, amine
substituent or organic radicai, such as alkyl radicals,
for example, more pafticu;arly methyl. Furthermcre,
polygermanes with organic substituents can also be used
20 for GeC nanowires, oxr, with amine substituents for GeN
nanowires. Tt is also possible, furthermore, for
polygermanes having (transition} metal substituents to

be used.

25  Polygermasilanes in <the sense of the invention are
compounds having at least one Si-Ge bond. According to
one embodiment of .the invention, rpolygermas-lanes are
halogenated and hydrogenated polygermasilanes, and also
the corresponding partially halogenated and partially

30 hydrogenated polygermasilanes, having the following
general formula: Si,.,Ge.X,Hp or Si,Ge..X.Hy, where a+b is
greater than or equal to 2n and less than or equal to
2n+Z2, a and b each being greater than or egual <o C, n
is greater than z, and X = halogen, amine substituent

35 or organic radical, suchh as aikyl radicals, for
example, more particularly methyl. Additionally it 1is

also possible to use polygermasilanes having organic



Pol'yaermanes in the sense of the invention are conpounds having at | east
one Ge-Ge bond. According to 10 one enbodi nent of the invention, the

pol yger nanes are hal ogenat ed and hydrogenat ed pol yaer manes and al so the
correspondi ng partially hal ogenated and partially hydrogenated

pol yger manes, having the follow ng general fornmula: GenXJ-ib, where. a+b is
greater than or equal to 15 2n and |less than or equal to 2n+2, a and h each
bei ng greater than or equal to 0,. and X = hal ogen, am ne substituent or
organi c radical, such as alkyl radicals, for exanple, nore particularly

met hyl . FU”Q@SQPI%er{}OJ y%%rm&%%nwt%a%ga@bg Supsti haem@ cafxad so be
used 20 for GeC nanow res, anm ne, subst i tuents 8 YGEN NAanow r es.

It is also PBERFbiEIS WRﬁtﬁ%FnﬁF@ekfo?a%%Wﬁﬁﬁ?na 8§lhé9pﬁ t ranstti on)
met al substi tlests posbiblused. t@5 Pobyaer pedivbanegsihahhe sehseinmd the

i nvention ar?t?%ﬁ??HﬂQﬁ having .abskeagt,ppe Si-CGe bond. According to one
enbodi nent of the 1 nvention, .polygernasil|lanes are hal ogenated and -
hydr ogenat ed polyaern35|lanes .and al so the corresponding partially

hal ogenat ed and ¢Eﬂdﬁdﬂ Iyraeuhydf@geMﬁteﬁapolyg@amasﬂkanessphaviwg t he
fol |l ow ng general Hb i b e IS
greater than “orr oung;q¥ hégﬁﬁgfgéégfhaﬁgog égﬁz*%?giz%ﬁgg gg%ﬂ§$b each
bei ng greatept Pman Prcheqaal @Qﬁ@ﬁrr1%¥§mgpé§terq%héhp%r &fd X0Liwag ogen,
am ne Substlbyeﬁé 551@rb&ﬁéﬁﬂu{bm§MI€@At §ycﬂs@5ualkyk endi aaksyedior
exanpl e, LJrore _part| ularly meth

iconductor 7 prop rtl AddlLlon lyde%ositlon product
(e.g., Fermi level), it being possible for these atoms
either to be incorporated into the precursor molecules

or to be admixed as separate compounds to the

precursors.

it
By n-doped precursors is meant that the respective
compound/the mixture comprises a fraction of n-doping

atoms such as nitrogen, phosphorus, arsenic, antimony,
or bismuth, preferably phosphorus atoms, that is usefql
20 for the desired semiconductor properties of the
deposition product {e.qg., Termi level), it being
possible for these atoms either to be incorporated Into
the precursor molecules or to be admixed as separate

compounds to the precursors.

25
Further doping elements may be taken from the groups of
the Periodic Table of the Elements to the leit and
right of main group 4 (group 14), preferably from
groups 13 and 1:Z.

30 ' | |
Monosilanes and monogermanes are all compounds having
in each case only one silicon atom or one germanium
atom. SiX,Hp, and GeX,H,, where a+b is 4, and a and b are
each greater than or equal to 0.

35

The term “metallold atoms” refers toc atoms of the

semimetals silicon and germarium.



al so possible to use pol ygermasflanes having organic - 6 - substituents
for Si GeC nanowi resr or having am ne substituents for Si GeN nanow res.
Additionally it is also possible to use .- polygernasilanes having
(transition). metal substituents. 5 By p-doped precursors is neant ‘that the
respective conpound/the m xture conprises a fraction of n-doping atons such
as boron, alumnum gallium or indium preferably boron atons, that is
-.useful for the desired 10 sem conductor, properties of the deposition
product (e.g., Ferm level), it being possible for these atons either to be
incorporated into the precursor nolecules or to be adm xed as separate
conpounds to_the precursors. 15 By n-doped precursors S _neant_ that the
respective cOmpoRHHE Wkt ure®ondr i SesPatPIELt | ofi of ~RHo ng at oms  such
as nitrogen, hposphorus, rasseni ghaant | mpay,:c or flosnut hinpr ef ertdidy
phosphor us aLgf. iat.d s uselub 2GJon !t e destbed, sat conduedof: |
properties of the deposition proguct e.g., Ferm level), it being possible
for thesé atewslesively & @@lpﬁ@@rﬁérQgegyﬂﬁPﬁePher?ﬁQﬁﬁﬁ%ﬂﬁﬂynolecules or
to be adm xed as separate conpounds to the precursors. 25 Further doping

olement s ey be Lken LOMLLE ofougs ol the, et c, Talla ol Lhe B ements

to the left and f%&htlo group group 14), er
and 15. 30 Mmestianess andk sryHoger ndifedNarer |t Fp &EFiA8 T havi™y $ n each
case only onenshlsEnnatMOr one germani um atom Si XaHb and GeXaHo, where
atb is %x)and a and b-are each greater than or equal to 0. 35 - 7 -
“Wirtually no[ne]” means that a secondary constituent

is present at less than 5% by mass in a mixture.
Description:

The nanowires produced in accordance with the invention
are notable for the fact that the innovative precursors
used are liquid under standard conditions (room
temperature, atmospheric pressure) with one exception
20 (Si,Hs) and are soluble in numerous solvents, meaning
that they can be handled more easily and securely than
many conventional precursors, such as monosilane, for
example. Examples of solvents which are inert relative

to the precursors are monochlorosilanes, such as SiCly,

o
Ut

Ziquid alkanes, such as hexane, heptane, pentane, and
octane, and also aromatics, such as benzene, toluene,

and xylene, for example.

In certain embodiments of the invention, particularly
30 preferred precursors are the highly chlorinated

polysilanes, polygermanes, polygermasilanes, more -

-
H

particularly SipHalzns: with Hal = Cl1, , Br, or I,

£ - . . . —- v _.S_‘Ir*’\ - TR ':"—1-“
preference being given tTo using ‘SipClzp.z Witn n 2 3,

more preferably with n = 2 -5. Polygermanes which can
35 be used are, generally, compounds of the general
formula GepHalopntz, with. Hal = C1, F, Br, or I,

preferably Ge,Clin-2. Polygermasilanes which carn be used



Thé expressions "...consist of halogen..." or "."consist of

hydr ogen. .. "neant hat apart fromm nor ot her constituents (< 1% by nmass), the
substituents consist 5 exclusively of hal ogen or of hydrogen, respectively.
By "predom nantly" is neant that the constituent in question is present in
the mi xture to an extent of norethan 80% by nmass. 10 "Virtually no[ne]"
nmeans that a secondary constituent is present at |less than 5% by nmass in a

m xture. Description: 15 The nanowires 8pr_oduced in accordance with the
invention are notable for the fact that” the innovative precursors used are

l'iquid under_ st aﬂ%%”f%?gh ians. (LoRM4 E’g?gﬁ&yg esiat gDsRNerI,C pressure)

with one exceptio ( 16) and are so e I n nunmerous solvents, neaning
that they cadii-Ge~hBnadi-ed nor'@ edstly: and sBehpe| YaIsamr LfanyCEorént i onal
precursors, sichhaas Morosilmnend orcagxanplre. thxanpbeggefmasaventsi which are

inert relative to the .precursars ag?e npnochl of osi Ilg&?bgyé:ﬁﬂaa%ﬁj Cl4, 9 ;

liquid al karfes, Y Such “as hexane; hept ane, pentane, ane, and al so
aromatics, such Zasdenzene, toluene, and xylene, for exanple. . In
certain enbodi nents of the invention, particularly 30 preferred

precursorsarethe highly chlorinated polysilanes, polygernanes, .
pol yger masi I%ﬂ%o,r%ﬁ}%e Part iIcliﬁ“g}ellS/ rﬂ%‘éf“fﬁh&zow Fﬁ“l—% e:nﬁ‘lo‘,%’F,' r, or I,
preference bemgigiasemayt daisiia iSigeClrom wrelkunsar® which e ggref er abl y

withn =2 'V“rgggDﬁ$”@@“§§n | chheanmdanke J4sed nafse, Haerer anl \wneconpounds
of the genera formiula GenHal2,0,with Hal = O, F

. = U, r, O
pr ef er aBl%y PoPYRfE o WHicH EanPBalgshglor < 2% Py mass.

According to a further embodiment of the invention, the
nanowires may be obtained from precursors which contain
virtually no branched chains, the amount of branching
15 sites, based on the overall product' mixture, being
below < 5% by mass, preferably < 2% by mass. It 1is
possible, for example, to use halogenated polysilanes
having a low fraction of rings and having chains with
low degrees of branching, these polysilanes being of
20 +the kind described in PCT application W02009/143823 AZ,
hereby incorporated in full by reference in relation to

their properties and synthesis.

Furthermore, the nanowires may be obtained ZIrom
25 precursors which consist predominantly c¢f Dbranched
chains. It is possible, for example, to use halogenated
polysilanes having a high fraction of rings and having
branched chains, of the kind described in PCT
application WO 2009/143824 Rl, hereby incorporated in
30 full by reference in relation to their preoperties and

synthesis.

According to another embodiment of the invention it is
possible to obtain nanowires from precursors whose
35 substituents consist exclusively of hydrogen. In this
case, for example, polysilanes, poiygermanes or

poclygermasilanes of  the generazl formulae  Sinhip-z,



- 8 - are conpounds of the general fornula Sin."GexHal 2n2 or Si"Gen"Hal 2n+2
wthn > x, it being possible for the paraneter n in the case of the

pol yger manes and pol ygernasil anea to be n = 2 -10, nore preferably 5n = 2
-5. According to a further enbodi nent of the invention, the nanow res may
be ohtai ned from precursors which contain virtually no rings, the anount of
rings, based on the 10 overall product m xture, being below < 2% by nass.
According to a further enbodi ment of_tge_invention, t he nanow res may be
obt ai ned from precursors which contain virtually no branched chains, the

amount  of br I ng Ltes, based op. the uerall praduct. m xtiue, being
bel ow < 3@6ngggﬁgséﬁggg%eF§ET€%22§T@6£y|ﬁﬁ%s.'?t'i§ possrble,JTo exanpl e,
to use haIogéﬁat%d*bbly@@¥%né§eﬁ99?%bVaWFBQ/Préc?ién'oFaPiﬁﬁs‘5ﬁﬁjhaving
chai ns with 4ow glegreesof. brranchisngaishesegdlyei | anesubei ngyofic20 t he

kind described, i n. POT application W20Q9/.1 herehy incorporated in
full by refef® %ﬁ#%??iﬂ a P%Hg?Bm??ﬁﬁl'“%Foé%?%ﬁ%égéﬁii‘é&ﬁ%hesiszP

Furt her nGr e, thhegranoni r 9 rmay2be Sebliai n&¢rfmomEE Ofr etiur$Gr82rwiiZch consi st
predomi nant | y; ofc branchedirghai BSx Iifidrs Pass bhie, fryrexarpteradlo use

hal ogenat ed po] . sflgn s_ having a high fraction of rings and having branched
chains, of t¥e“kihd desteribed in POT application WO 2009/ 143824 A, her eby
incorporated in 30 full by reference in relation to their properties and

synthesis. Aggording tp.angthereabodigentagf thedisvenyhon ddais

10 hydrogen) used in the context of the method of the
invention may additionally be diluted with an inert
gas, such as helium, neon, argon, krypton, xenon, Or
nitrogen, for example, and/or may comprise further
admixtures (additives), such as doping additives,

15 examples being 1liguid or. solid boron compounds,
metallic compounds or phosphorus compounds, for
example. Examples are BBrai, TiCls, or PCl,, In <tThe
context of the method of the invention, the admixing of
inert gases is, however, not mandatory.

20
The deposition temperatures in the method of the
invention lie between 250 - 1100°C, preferably between
330 to 950°C.

25 Some embodiments of the method of the invention are
notable for the fact that nanowires can be obtained
from the precursors of the invention without the
presence of hydrogen in free or bondea form being
necessary during the deposition, since there are other

30 semiconductor-yielding reac:ioné present, as for
example: Si3;Clg -> 2 SiCis + Si, GezClg -> 2 GeClg, + Ge,
3 GeSi,Cleg -> 4 SiCly + 2 GeCl, + GeSi,. In the case of
certain embodiments of the invention, this is possible
through use of highly halogenated, more particularly

35 highly chlorinated, polysilanes of the general formula

2 =5,

SipClspsz with n = 2 =10, more preferably with n

or by using the corresponding highly hzlogenated, more



possi ble to obtain nanowires from precursors whose substituents consi st
exclusively of hydrogen. In this - 9 - GenH2n+2 and/or Sin_xCey.H2n+7 or

Si "Gen-xH2n+7 with n > x with n = 3 -10, nore preferably with n = 3 -5, can
be used as precursors. It is also possible to use cyclic polysilanes,

pol yder manes and Dol yger masi | anes having 5 the general formulae SinH2n,
Genl -imand/or Sin_xG"H2, or SixGH2" wth n>x wth n =3 -10, nore
preferably with n = 4-6. The gas m xture (precursor and carrier gas and/or

10 hydrogen) used in the context of The method of the invention may

additionally _be diluted w th an ingr{.gas,.Sgch as held Wiy, .aeonqargon,
krypt on, xenBﬂ?tiﬁutﬁiy%geﬁP“ or é%%ﬁ%%%, éhd/or‘na$etonprfse furt her

adm xtures (mddiv¢¢wmsyilangsh as . dopi ng additives, 15 exanples being liauid
or solid boron conpounds, netallic conpounds or phosphorus conpounds, for

exanpl e. Exanples are BBr,, TiCl4, .or PCl__Ln e f 4 he Jret hod of
the inventi oh’ St he2 At XiFg ST ricert éggegaf§,éﬂomg€gﬁ§%%ﬂﬁ)?ﬁan atory. 20

The depositi anveenpers abueessiitmattkd net hobeofranye i fivent Cod PPe Bét ween 250
- 1100C, prefepgbly, bet ween. 330 f 0 950C; 25.Sore enbedi meats ofordde method

of the invention are notable fgf tgﬁ fgc% tﬂﬂ%.quomﬁres can be obtai ned
fromthe preBdf§BFEPbY RHeseRventi Bh*witho He 9r esence of hydrogen in

free or bonded form bei ng necessary during the deposition, since there are
other 30 senicaondyctor-.yielding reactiens jpreseMsc@schar exanpls SiCl8 ->
2 SiCl4 + Simf%Ge3 A égl‘émuf Ge, '3 GeSI2CTE > 4 SiCl4 + 2 GeCl4 +
GeSi 2. |ROthénygselier Eevt&cn EWGESAents of SEABFnVédt ioh, "ihi §'9 s
possi bl e t hr eugh wseabthirgbl yrhalregenasedyoimreepset i enHarlyo35thi ghl y
chlorinated, pol.ysilanes .of the geper formula Sind2r,+ withn =2 -10,
nor e preferaﬁ@?l%ﬁPH ﬁuEJELl§¥LOf%§§O§%Pﬁg'the correspondi ng hi ghly
hal ogenated, nore - 10 - particul arl yhi ghchl ori nat ed, pol yger manesor
Metallic catalys:ts employed for the deposition of the

nanowires of +the invention include metals such as

=
w

bismuth, preferably transition metals, such as Cu, Ag,
Ni, and Pt, for example, or else Au, oOr mixtures

thereof.

20 By using the precursors of .the invention it 1s possible
to employ catalysts which do not affect the electronic
properties of the nanowires. Ni and Pt particularly are
compatible with typical metal oxide semiconductor

technologies.

25
According to a further embodiment of the invention, the
innovative precursors are able to be decomposed over
the metallic <catalysts %o form the corresponding
elements, as for example Si or Ge, and/or alloys, as
30 for example Si-Ge alloys, and so Zorm the nanowires.
The particle sizes (diameters) oI the catalysts are
5 nr to 1000 nm, preferably 20 nm - 200 nm, and can be
determined by means of an electron microscope, for
32 axample.

The nanowires of the invention possess diameters in the



pol'yger masi | anes. The reaction pressures in the case of the nethod of the 5
invention are situated in the range fromO0.1 hPa to 2200 hPa, preferably at
1 hPa to 1100 hPa, nore preferably between 200 hPa and 1100 hPa. The
partial pressures of the precursors of the 10 invention may be adjusted in
a sinple way by varying the tenperatures of the reservoir vessel and al so
by adm xing further gas conponents. Metallic catal ysts enpl oyed for the
deposi tion of the 15 nanowires of the jnvention include netals such as
bi snuth, preferably transition netals, Such as Cu, Ag, N, and Pt, for
exanple, or else or-m xtu t her ) By. using, g h ecurgors of the
i nvention i tr?%g%ﬁ%s?r%l ’eént %(;(E e!rin?ﬁ% rﬂrga%g yls%ggﬁfi (L:Jlf]H (r:}%“n(r}far%e_f eLctO%fhe
el ectronic ptopef®i €800P0¢ hemnapemi PeRer NELBHE PN DHat 1§ ceP Bt inARde
conpat i bl e Wethyd ypirgalvamtialy exidgrseh coneuet or technol ogi es. 25
According to a further enbodi nent of the invention, the innovative
precursors are able to be deconposed over the netallic catalysts to form
t he correSpofide nar srenem s ard ol tararpl énSkher r@ege aledor> dM dys, as 30
for example ShofenRlddysirgd so formthe nanowires. The particle sizes
(diameters) of the catalysts are 5 rimto 7000 nm preferably 20 nm - 200
rim and can be determ ned by neans of an electron m croscope, for
35exanpl e. Bangeifig oMh&0ptect280rnneanthe ehgrérst ian tdred/ranges fom 100 to
100 000 nm and.of her .diAENSL QPSS ar §sobtiai Napl egasewel lyBy nyar iy t he
growh tinmes. 5 The growh rates are sMhuated Ln the range from5 nmto
5000 nn]b%r fPRUsRLION ©f the nanowires, the growth o the nanowires

of the invention <can also Dbe carried out without

formation of hydrogen halide, thereby exerting .an

influence also on the etching Dbehavior and the

epitaxially associated orientation of the nanowires.

[
(@]

The precursors of the invention are preferably suitable
both for the gas/liquid/solid phase growth process and
for the gas/solid/soiid phase growth process. In the
case of the gas/liquid/solid phase growth prdcess, a
20  liquid eutectic mixture 1s formed from the metal and
the semimetal element (e.g., gold/silicon), from wnich
silicon depcsits on the solid wire and in which fresh
silicon dissolves by decomposition of the precursors in
the gas phase. In the case of the gas/solid/solid phase
25 growth process, a solid alloy of the semimetal element
in the metal is formed by the dissolution of the
element after decompesition of the precursor and also
by <the depositiorn Zrom the sclid alloy onto the

=

nanowire as a result of diffusion processes 1in the

3¢ sciid alloy.

In the case of certain embodiments of the invention, by
using the precursors of the invention, such as the
highly hzalogenated polysilanes, polygermanes or
35 polygermasilanes, for example, it is pessible to obtain
hydrogen-Zree nanowires, since the use of nydrogen 1is

not necessary for producing the nanowires.



" By ‘using the precursors of the invention and/or at |ow process tenperatures

-of bel ow 600C during the 10 formati on of the nanowres, the growth of the
nanowi res of the invention can also be carried out w thout formation of
hydrogen halide, thereby exerting an influence also on the etching behavior
and the epitaxially associated orientation of .the nanowires. 15 The
precursors of the invention are preferably suitable both for the
gas/liquid/solid phase growth process p$d for the aas/solid/solid phase
growt h process. In the case of the gas/fiquid/solid phase growth process, a
20 liquid eutectic mxture is formed fromthe netal and the sem netal
el ement (e.g., gold/silicon), fromwhich silicon deposits on the solid wire
and in whi chAf r 68AtEEFi c6Ra8HES0l Pés By ede CHHBUSI 155N FOYYE Sor edtir sors i n

- the gas phasgccbﬁdiﬁ@gcagehohﬂauh@ﬁéﬂﬁﬂﬁndisokmdt pitasei@bogaointd process,

a solid aIIogFof the sem net al %eneﬂ$ N4 é¥ﬁ1f§f§§”§9E Yo1 he

di ssol ution Sthe ®f enent af'tér °a econp sfil e ‘precursor and al so by
t he depos$t|enutcenpth@usxﬂniiQﬂﬂ(ﬂppﬁﬁt§eﬁhéoﬁéH@%PFer%%l%F$es%ﬁtaof

di ffusion pr9€§§§@sofnt¥Q§ QQSQE|%O%EH@Xe kR the Lase witicerial se
enbodi nent s of t he |nvent|on&H%¥ usmg1azar %recuggorgtgf thgcﬁnvggtlon

such as the Afghi§iafogdhat @ 519 ane< oIy ger mahesor

pol yger nmasi | ahesphfoe exawbledleraQEposgpble evambtai n W@éﬁbgenl$ree

nanowi res, S'ceﬁ@ B@?oﬁ'éf efo pB%Er QRN eisS ROty Safte foke preducéng the
nanowi res. - er feature of the nanomné %$ oduced |n

accor dant® mr?ﬁt%ﬁeqﬁﬁvéHPPeﬁ PRIt Rt theSYRhTVAL i CUF sor s°iSed may be
desi gned prekepbabliyeas sfnghe- invention, therefore, it 1s possible

to produce the nanowires using exclusively the
precursors, without additional reactive gases, such as

hydrogen, for example.

Moreover, & feature of the nanowires produced 1in
accordance with the invention is . that the innovative
precursors used can be used in temporal alternation,
i.e., for example, p-doped and n-doped precursors
20 alternately, for the growth, with the precursors being
switched at least once during the process. In this way
it 1is pcssibie to obtain, for example, differently
doped regions preferably in alternation in The

longitudinal direction, more particulariliy p/n

[N
2]

junctions, which are important, for example, for the
photovoltaic effect. In a corresponding way it 1s also
possible, furthermore, to produce alternating regions

having different S:i:Ge ratios.

30 In addition it is possible to obtain nanowires having
compositions which alternate in growth direction. For
this purpose, different precursors/precursor mixtures
can be provided in alternation during growth. As a

result it is possible to obtain, for example, different

W
u

dopings or alloys in a crystal of a nanowire.

A further feature of the method of the invention for



" 5 source precursors for doped sem conductor regions. As a result of this it
is possible to do away with the use of toxic or otherw se hazardous
dopants, such as phosphi ne and di borane, for exanple, which in conventional
dopi ng processes necessitate the use of 10 costly gas supply and safety
systens. According to one enbodi nent of the invention, therefore, it is
possible to produce the . nanow res using exclusively the precursors,

w t hout additional reactive gases, such.as hydrogen, for exanple. Moreover,
a feature of the nanowi res produced in dccordance with the invention is
that the i ””§¥@5h¥§n&r%%HB%QEésUS_L%d €80 beyysed ind eHQ?BQLtPM eprat i on,
i.e., for exanple, p-doped and n-doped precursors 20 alternately, for the
growt h, withthbRegPreriFsdr sPpeifrs samecﬁéaoaﬂrﬁéas%eéﬁcénaarﬂﬂé Phe -
process. In phisewayeht by-pessibte, t axmbtdisingt orf@xasphepldj f taeent!ly
doped regionsg.preferably in alternation in the Longitudinal direction, nore
particularlye%EHGESa?uﬁ% |8ﬁ§?ﬁah?§h 8Fe(%%pogfgnfg*¥§Pt§§aﬁﬁfefﬁ%or t he
phot ovol tai cdebpeétionnrageor respohdi mgnwany res -i §hakso “pogsitbReby- '
furthernore, pkeapeeducRapl tie Nnatd Mg d €04 HNSa hard NG i ffrer entvadice@ rati os.
30 In addition it Es ggs igh§(§o+o%}ai%.Q%%owkggs Qavgng conposi ti ons which
alternate i n“growEnYary ectiTON. " For this purpdse; - "arftérent :
precursors/ precursor mxtures can be provided in alternation during growth
As a result i grpessi bhectpsobs aln, choriexampl s, dif farente39sdapi ngs or
alloys in a crystal of ‘a nanowire. - 13 - produci ng nanowires is.that
during the dépdsittFoRPoF2the nardii? e3t & %&ﬁ?%tﬂ?rﬁﬁﬁiﬁ%%&&?eléés t han
10% of pul vesulbentabysproducts, conprising, for exanple, the el enental
semnetals Si or Ge, are deposited in the 5 deposition region of the

nanow res. These unwanted byproducts nmay be fornmed as a result of unwanted,
uncat al yzed #ecHApEsFEABALDF the precursors. Al'l of the precursors of
the invention can al so be used 10 for the epitaxial growh of nanow res on

crystalline S isubsiigles. 0, exarpless 2508 nahighl y g Lnat o

exanpl e, as pre€lmsors,thamd =wilt h1Au a¥chersl ISieChat dfstexam@icn #es can be

produced wit i decerpesit ke of th heu ps eCHESEY Bi At c4 APRIEt WeHwaekween 400C

to 900C. Besides the 2Q pr curﬁor onlé heliuq%,qﬂlinert as, was present,
§r Btitae PLTERR i |

and so the n&iSWiFe& REPa®pr 8y THBET T T § e SBEEREE 8F hydr ogen
or other readtdnpergasess Thetwasow A88°Radtdi m&@9i°6ns &es2dem t 6h20 umin

length, apd g, dt-h0k, 50n0 £01 500, "ML inedd gas, was present, and
- " so the nanowires were produced in particular in the
absence o0f hydrogen or other reactive gases. The

nanowires had dimensions of 2 um to 20 um in length,

and a width of 50 nm to 500 nm.



Clainms 1. Nanow reswhi chconsi st of orconpri se sem conduct or
serve for applications 5 in photovoltaics and el ectronics,

materials and
characterized in

that they are produced from precursors which constitute compounds or
m xtures of conpounds each having at |east one direct Si-Si and/or

and/ or Ge-CGe bond, wth substituents consisting of

Ge-S

10 hal ogen and/ or

‘hydrogen and with a conposition in which the atomc ratio of substituents
to metalloid atons is at least 1:1. 2. The nanowi res according to claiml1,

characterized

15 in that they are obt af

ned from Precursors which for

deposition dglgg%srequire t he presence of hydrogen in free or bonded form
3. The nanowires according to either of the preceding 20 clains,
characterized in that they are obtained from precursors which contain

virtual l'y nojringgandwie-<anmountnhofnh ringsnshased @ t heover abhpproduct

m xture, being bel ow < 2% mass. 25.4. The nanow res dip any of
the preceding ClaﬁTﬁﬁcQﬂ?uggér ma%eélalstﬁn% ser%v f%L %ﬁg?gvévgoﬁg

aracterized I n at they are o ined Trom

precursors whi ch tontladrowdlrtadalsl yndo dearieivad cohaichs ragher barint ™ of

branching sites, based @it heQveraldqucRdUGtr i XigHe@nrbet8g helewv 30<-5
by mass, preferablg%§_296by_nass. 5
[

clains 1 to

C

Tt e

nanowi res accordi ng,to_any of

c EThe as O 20y
FEROPREREE FHEY UAFE St &PRed FFonTprecur sors

%

whi ch consi st pr edonimanticy beabr anotred d35ekai n§i-Stl @ orch@eagterized in
that they are Obt@ﬁ&%%& Ge-Ge bond, with substituents consisting of

10
15
20
25 4
30
35

halogen and/or hydrogen and with a composition in

which the atomic ratio of substituents to

.metalloid atoms 1s at least 1:1.

The nanowires according to claim 1, characterized
in that <they are obtained from precursors which
for deposition do not reguire the presence of

hydrogen in free or bonded form.

The nanowires according to either of the preceding
claims, characterized in that they are obtained
from precursors which contain virtually no rings,
the amount of rings, based on the overall product
mixture, being below < 2% by mass.

The nanowires according to any of the preceding

ol

claims, characterized in that they are obtained
from precursors which contain  virtually no

=

branched chains, the amount of branching sites,
based on the overall product mixture, being below

<- 5% by mass, preferably < 2% by mass.

The nanowires according to any of claims 1 to 3,
characterized in that <they are obtained from
precursors which consist predominantly of branched

chains.

The nanowires according to anv of the preceding



" fronprecursorswhosesubsti t uent sconsi st

excl usi vel yof hal ogen, noreparticularly chlorine. 5 7. The nanow res
according to any of clainms 1 to 5, characterized in that they are obtained
from precursors whose substituents consist exclusiyely of hydrogen. 10 8.
The nanowi res according to any of clains 1 to 4 or 6, 7, characterized in
that they are obtained from precursors which consist predom nantly of

| fnear chains. 9. The nanow res accordipg_to any of the preceding clains,
characterized in that they are obtai ned”from precursors which possess an

average chain | engthof Noga228coPLolerall ViRat dmey llelOopdliensanow res
according to any o t'he preceding clains, characterized in that they are
obt ai ned from precifiSor CHFFEFE e r edthly sottbie i FRert CSoF¥ehts. 25
11. The nanowi r ese;accrididlg, t 0 @ny ohallbeepr ecediorg cl aamsiceharbet eri zed
in that they are gbtained from precursors which are not pyrophoric, such
as,, for exanple,C T%ﬁﬂ%ﬁ'halogenated pol ysi | anes, the 30hal ogen being nore
particuldly C and/or Br. 12. The nanowi res according to any of the

precedi ng cl ai ms, michapagteri2edakbnothahgt Bey se@nta nclass thato 15 at onb of
hydrogen. 35 - characterized in that they are obtained from
precursors whose substituents consist exclusively
of hydrogen. |
10
8. The nanowires according to any of claims 1 to 4 or
6, 7, characterized in that they are obtained from

precursors which consist predominantly o

-

linear

chains.

9. The nanowires according to any of the preceding
claims, characterized in that they are obtained
from precursors which possess an average chailn

-

length of n = 2-6, preferably n = 2-5.

10. The nanowires according to any of the preceding
claims, characterized in that they are obtained
from precursors which are readily solubie in inert

solvents.

11. The nanowires according to any of the preceding
claims, characterized in that they are obtained
from precursors which are not pyrophoric, such as,
for example, highly halogenated polysilanes, the

30 halogen being more particularly Cl and/or Br.

12. The nanowires according to any of the preceding
claims, characterized in that they contain less

than 1 atom$% of hydrogen.

W
w

13. The nanowires according to any of the preceding

claims, characterized in that they contain 10 ppb



" to'50 000 ppm preferably 10.ppb to 100 ppm of hal ogen, preferably

chl ori ne. 14. Tha nanow res according to any of the preceding 5
clainms, characterized in that they are obtained from precursors which have
an H content of less than 5 aton? preferably |less than 2 atont 15.

The nanowi res according to any of the preceding 10cl ains, characterized in
that they are obtained from precursors which conprise p-doping atons

i hcorporated in the precursor nnleculei _ 16. The nanowi res according
to any of the. preceding 1, clains, %aracterized in that they are
obt ai ned from precursgr gl o L.S€, R, dop ngatL bAcepROr ajed in the
pr ecur sor m)lecu;’:té)s.%8 50&h§§£'Tﬁggﬁgﬁgﬁr¥egﬂﬁgggrdﬁﬂglpg g%y of the
precedi ng 20 cl ik gecharaeterpeéd FRLehERSt hey are obtai ned from

Precursors which conprise p-doping additions as separate additives in the

m Xt ure. The _nanowi res accarding

18, _acc to_any_of the preceding 25
‘¢l ai ns, chéV%Ctgv} e "Nt hat ?ﬁgﬁ‘g%ggoﬁféiﬁgﬁ fFo&%ﬁré%ursors'Mhich
conpri se51-i dopi rg siddi t i oherastsebzeat énaddiat veBey n afke AR5 s
19. The nanowi r es; aGeopdi8gr§Or ANYnoEnt hever egediingodehai ke, odhar act eri zed
in that they are qbtained from precursors.which conprise.doping additions
fromthe groups 6#“Fhé?5§¥mﬁdi8rféﬁfs of %ﬁ%sEﬁéﬂ%g$§“?§°fhe left and right
of main group (group 14), preferably fromgroups 13 and 15. 35

15. The nanowires according to any of the preceding
10 ' claims, characterized 1in that they are obtained
from precursors which comprise p-doping atoms

incorporated in the precursor molecules.

16. The nanowires according to any of the preceding

[y
(@2}

claims, characterized in that they are obtained
from precursors which comprise n-doping atoms

incorporated in the precursor molecules.

17. The nanowires according to any oif the preceding
20 claims, characterized in that <they are obtained
from precursors which comprise p-doping additions

as separate additives in the mixture.

18. The nanowires according to any of the preceding

[N
o

'claims, characterized in that they are obtalned
from precursors which comprise n-doping additions

as separate additives in the mixture.

19. Thé nanowires according to any of the preceding

30 claims, characterized in that they are obtained
from precursors wnich comprise doping additions

from the groups of the Periodic able of the

Elements to the lieft and right of main group ¢4

(group 14), preferably from groups 13 and 15.

w
w

20. The nanowires according to any of the preceding

claims, characterized in that they are obtained



- 17 - fromthe precursors, with adni xtures fromthe group of the
nonosi | anes and/ or the nonoger manes havi ng been added additionally. 5 21.
The nanowi res according to any of the preceding clains, characterized in
that they are obtained from precursors which are deconposed over catalysts
for the deposition of the nanowires of the invention, with catalysts

enpl oyed being 10netals, preferably transition netals, or m xtures thereof.
22. The nanowires according to any of the preceding clains, characterized
in that they are obtained 15 from precursors which are suitable both for

the.gas/Iiquid/sogkg%Phg§e gﬁg%ﬁgsgggceggugpda%%ﬁxgngegasé§8$idﬁ§plid phase
grow h process. 23. met ho or produci ng nanowi res according to any 20 .
of the preceding eFapms by Theactiig iprdear S81Y Crortist eBORSBRENARMF hydr ogen,
characterized in thatn@ pracwsern: bydiogemsixi ng ratio of 1:0 to 1:1 000
‘000 is operated. 2524. The nethod according to preceding claim 23,
characterized in that the deposition takes place w thout presence of
hydrogen $n élemefihal remoponded aoermdiBe 5. Jhe At HAE aREoFeiHP t o any of

the preceding clakmgingharaetertzed-dd thatedassthban skQ% ebtpuhaer ul ent
by-Products occur .in the deposition of. the nanow res 35 2E The method
according to any 6f°The PrEcBdiong cl 4PhE} chidrtact EFC2BH°PR%t hat' & pressure

range of 0.1 - 2206chPpstpréber abky dekppeit200 bPa thse nand@iregperiat ed.
| the invention, "~ with catalysts employed being
10 metals, preferably transition metals, or mixtures
thereof.

22. The nanowires according to any of the preceding
claims, characterized in that they are obtained

15 from precursors which are suitable both for the
gas/liquid/solid phase growth process and for the

gas/solid/solid phase growth process.

23. A method for producing nanowires according to any

20 of the preceding claims by reécting precursors, oOr
precursors and hydrogen, characterized 1in that a
precursor:hydrogen mixing ratioc of 2:0 to 1:2 000

000 is operated.

25 24. The method according to preceding claim 23,
characterized in that the deposition takes place
without presencer of hydrogen 1in elemental or

bonded form.

30 25. The method according to any of the preceding
claims, characterized in that less than 10% of
pulverulent by-products occur in the deposition of

the nanowires.

35 26. The method according to any of the preceding
claims, characterized in that & pressure range oI
0.1 - 2200 hPa, preferably 1 to 1200 hPa is



" 27 The method according to any of the preceding clains, characterized in
that the deposition takes 5 place at a tenperature of 250C to 1100C,
preferably 300C to 950C, nore preferably, in particular 350C to 900C. 28. A
met hod for produci ng nanowi res according to any 10 of the preceding clains
by reacting precursors, or precursors and hydrogen, characterized in that
different precursors for the growh are used in tenporal alternation, the
precursors being switched at |east oncegduring the process. 15 29. A method
for produci ng nanow res according to any of the preceding clains by
reacting precursopge-Qke®recursors and hydrogen, characterized in that
nanow res havi ng conpositions which aLternate in 20growth direction are
obt ai ned. _

" 27. The method according to any of the preceding

claims, characterized in that the deposition takes

5 place at a temperature of 250°C to llOO°C,.
préferably 300°C to 950°C, more preferably, in
particular 350°C to 900°C.

28. A method for producing nanowires according to any
10 of the preceding claims by reacting precursors, oOr
precursors and hydrogen, characterized in that
different precursors for the growth are used in
temporal alternation, the precursors being
switched at least once during the process.
15
22. A method for producing nanowires according to any
of the preceding claims by reacting precursors, or
precursors and hydrogen, characterized ir <that
nanowires having compositions which a_ternate in

20 growth direction are obtained.



