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METHOD FOR FORM NG A FI LM ON A SUBSTRATE FI ELD OF THE
| NVENTI ON The present invention relates to a nethod

wd mo8/i@nsn ng a silicon carbide based fil mon a@CT/CA2008/000357
substrate. BACKGROUND OF THE | NVENTI ON There are

present | yrguapl 9bheF@mmcehyFQLMrT@ﬁhndsuaa@Rmur ce
conpounds used for form ng an anorphous silicon

car bi de based filmon a substrate, some of which are
di scussed herein.FEBLDeQEnﬁHE,I§¥§E@@@Nsource
conpounds can be used in a chem cal vapor deposition

ce p f
The s PO CRIAELATTES d ok PSS o p e g 2
sil ecom rt¢agoide biseedf £ 5ithate ansulbyidracar bon gases.
However, the use of an extrenely pyrophoric gas such
as S|Iane gas in such a nethod requires costly
precauti onary G %Nﬁﬁg¥ﬁﬁhod al so
requires addition of hydrogen to t he gaseous m xture

Thé’fe agr-&l ﬁP@ééﬁ@lW@@éﬁ%lé%W&Héﬁ? dhemd ENDES adhid e
of the reactant gases due to the difference in

soteaperanpeends dsedotdnt Formbry wee raneEPetanel hieon
hgdéoc}gr bé‘)g gflc’rﬁson %gtga(.:teéc's sngr}{e bgf vﬁpl(?% %ﬂat i s

polynerlc SOUTCe oroa- sour ce conpoun
d1§¢§§@é&eﬂe@élﬁlxed into a solvent nmedium such as
descri bed by Gardiner et al .2 or Chayka 3 . However,

nost |iquid based polyneric sources are flamabl e or
FopypBpHBtE ¢, IFRESUF eBRiF FRgCIPRRIRMS Hadil Pagised 1n a

chgﬂiégfr Sr 5@%§Qf£1 b @éVDﬂdﬁféggséhgé @e%é@fﬁn§nfilm on

time In cess ours and a pyro ySIS e I n
a EXMEGGndﬁchr. Yao' teaches a method of producing a SiC

based film requiring the use of silane and hydrocarbon
gases. However, the use of an extremely pyrophoric gas such
as silane gas in such a method requires costly precautionary
handling procedures. The method also requires addition of
hydrogen to the gaseous mixture or an elaborate means for
controlling the temperature of the reactant gases due to the
difference in temperature of dissociation between the silane

and hydrocarbon gases.

A CVD process may be employed with a liquid polymeric source
or a source compound that is dissolved or mixed into a
solvent medium, such as described by Gardiner et al.? or
Chayka®. However, most liquid based polymeric sources are
flammable or pyrophoric, thus requiring special handling.
Furthermore, Pitcher et al.? teach that a treatment time in
excess of 48 hours and a pyrolysis time in excess of 24

hours are required.

Starfire Systems® has developed a method of producing

stoichiometric SiC films from stoichiometric source
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hours are required. Starfire Systens 5 has devel oped a
nmet hod of producing stoichionetric SIiC filnms from

w0s008/cl3p®et ri ¢ sour ceconpounds. I n this met haT/€Ax808/000357
two sources (CVD 2000(tm and CVD-4000(tm) are

corg}.ﬂr]&%&’s. flagmab & (dirsh PoidteQ0GourddC Jcvp ah 3™ and

d noi sture sensitive. CGoela et al .6 teach a CVD
oVt 0ees®) usiraglagahlor EDemeapl 8i NEDgsROopbEAL CONPOBUPC) , and
~either in agas or liquid form However, the chlorine
aig opndi e het worrenebrpotind forms corrosive and toxic
hydr ogen chl ori de funmes upon contact w th noisture,

i ch,.signd fi I ' .Qr.age,~di al Lo
bl B A LR TR Rt e eoncsiming
souetd ocksmhawved bettrhes eth vinegaes nor Jodyikricrsourléeveser,

di ssolved in a solvent and then applied to a substrate
ey SR PR o SR SOVES HPEb Ty C R Vi 2nd

tooUDSIPRUIEREEY  cRYER] IST Buids 1SS Qb @N witeh SHbSdt@te,
occurs at an el evated tenperature, for exanple 10000C

whieh npteni bicarvky afomplica{erestredde edigposg), handling,
ddition to-ljmtations. substrate shape and

an r?‘é‘ﬁ?la?‘-?o%fi%u?]i%e‘%%%‘?%%%ati hg nethod. the high
tenperature of pyrolysis limts the type of materi al

Spiis ecbasi idemstihsds aieve Theeneidod where 1resal psl ymenic
hi gh density of defects (voids) due to outgassing of

souBTgeh? YLFFRLVRIrbryRi 0L TRRY Y | thER MRRhe’d Rt o

$PL N, ¢08h{ 115 n@Ndy aﬁﬁ,d Q134! | Bkagei 9f, the
Su}%?ﬁﬁs Ruppe etlré\?’l .8&%eac eséjﬁgrn}g%ﬁ%d of co%a%}ng a
brgshsng at eShysspuenely ngeywhl gdi profiuces source on the

suBRRERLELSHLETEt L ol L A 9900l Ol Lok eramore
1000°C or more for several hours (see Moehle et al.”’). In
addition to limitations of substrate shape and orientation
in the spin coating method, the high temperature of
pyrolysis limits the type of material used as the substrate.
The method also results in a high density of defects (voids)
due to outgassing of solvent during pyrolysis, uneven film
thickness due to the spin coating, and cracks due to

shrinkage of the films.

Ruppel et al.® teaches a method of coating a substrate by
sputtering, which produces a non-stoichiometric film. A
good deal of heat is generated as the sputtering rate
increases, which may destroy the substrate, for example when
the substrate is made from plastic. Further, film produced
by sputtering is usually hydrogen free, which is a major

disadvantage for semiconductor applications.

Silicon carbide based films such as those described above
have been used for reduction of the surface recombination
velocity, also described as surface passivation, of silicon

2



10

15

20

25

30

i ncreases, which may destroy the substrate, for

exanpl e when the substrate is nmade from pl asti c.
waR08/en39 fil m produced by sputtering i s usualBGI/CA2008/000357

hydrogen free which is a major di sadvantage for

senfiB EANUGE 4 CALIPNSs Sl 14 &M i deaaseshblar

filne such as those descri bed above have been used for
celb@uctFnhn@fhawmngLbézmﬁrrpﬁsﬁﬁyaﬁn@mnph&ﬁqmﬂegastﬂ%@

escri bed as rfa assivatio
ol g | e s o ottt Dhe S drvicesy wdidrever,
dudasetc 0| RIgk etdst dhd MBoXeyi g detdiedassdtyadt®often
characteristics would i ncrease the efficiency of these

indelye@sin Hovleleg | there tdeTire i gwczcbsqtla@ra oxFetRy of
pad@ss t§8§t1%FSSUC%§ D 3§ Qyplyednd 4 NE e deVASES,

pr o I on passivation fayers 5t devi ces may
not al ways be viable. SUMVARY OF THE | NVENTI ON
According to one aspect of the present invention,

there is provided. a h for ] filmon a
substrate conpr|§UN8K% §giﬁgEagggghﬁggﬁganosilane
source in a heating chanber to formvolatile fragnents

AcObrd g sebi Enor 4apest | aher BOUs £Esdd SOnv&helsed tiRere is
herein as the gaseous precursor) ; transferrlng t he

prgﬂ;@@@sapm©%@® ofor of armipd sa t ¥ oM cPranbe?URBHEAF A ng
com Plgyg trﬁégtl d rS@f{é”%r#QSo&fffﬁ@S @%ﬁ&grfﬁra heating
orma frimon the

ener gy ource
ch&Mbéfrﬁbefofm el &obDdi fradmetithe ehetlyy solitdeorganosilane
pl asma. _ I n anot her _enbodi nent, the transferrin steg )
or

SO%‘;’/ecé%?‘i’s%eﬁ%?ﬁ%dat%a]il‘??%%ng%% the JRFCAMDLREFCUT
trsﬁpf’e'w?% ghbe g@é&&% BRYchHELREF o CONBLLSE1 1 b NShA e r

gaseous ecurs rwt a reactant gas prior to t he
coneathing shepsubher@aeeowsdpre@utsng tinel ghecreacpruatursor
us9§§ g& eggrggnééggcgrégrfégm a film on the substrate. 1In
an embodiment, the energy source is plasma. In another
embodiment, the transferring step may comprise using a
carrier gas. In yet another embodiment, the method may
further comprise mixing the gaseous precursor with a
reactant gas prior to the reacting step; the gaseous
precursor and the reactant gas may be admixed prior to
transfer to the deposition chamber, or the gaseous precursor
and reactant gas can both be transferred separately to the
deposition chamber. 1In still another embodiment, the
deposition chamber is within a reactor and the heating
chamber is external to the reactor. In yet another

embodiment, the deposition chamber and the heating chamber

are both within a reactor.

According to another aspect of the present invention, there
is provided a method for surface passivation of a silicon
based semiconductor, comprising depositing a film on the

surface of the semiconductor according to the method
3
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transfer to the deposition chanber, or the gaseous

precursor and reactant gas can both be transferred
woempgIah® y to the deposition chanber. |n sti|BCTAO&200&000357

enbodi nent, the deposition chanber is within a reactor

dedOdi pdre ﬂ@?éir?rg Chenbethi dSn@xd &S Paind Bdds{€a¢t O 1m Ieing

yet anot her enbodi nent, the deposition chanber and the
optheanahly clmamedeledre both within a reactor. According
to anot her aspect of the present invention, there is

S R O N AR

théhe S&IIpB6ei@Edt hecserd Ldd uchpr BETy o Nfhdeotidieprecursor
nmet hoddescri bed herein, the sem conductor and

Prodpeed Ly PRkl B@i gSeptd oPRIIYOEhRAT eBUTER of O gt oln @
methbd! f@POEQ%i@%%CEiP& the, presentaidvention, there

I'S provided a coOntalner conprising a gaseous precursor
produced by heating a solid organosil ane source for
use in a netBRIEF APESCRIPTEON OF | THROPRAWINGS r at e.
BRI EF DESCRI PTI ON OF THE DRAW NGS | n the acconpanyi ng
drawi ngs, which illustrate an exe ry, enbodi t
o g LR PR e adh AR R 6 P S (LA SRR B e ary
embba@shégt ReEOthe DeteséhonifER) iohi: @ a- Si CN: H sanpl e;
Figure 2 is a graph fromElastic Recoil Detection
(ERD) of a a-SICN.H sanple; Figure 3 is a graph from
FlﬁPﬁ@t1c1$@%09FaE%t%E?W2£1?§#E§g%?¢%?%-@$%$ﬁ?¥ BrpFRb) of a

_EL gyt ' he output fromthe nmeasurenent of
a gﬁggfﬁnéaﬁé%%g the m PCD techni que;

Figure 2 is a graph from Elastic Recoil Detection (ERD) of a

a-SiCN:H sample;

Figure 3 is a graph from Elastic Recoil Detection (ERD) of a

a-SiCN:H sample;

Figure 4 is the output from the measurement of lifetime

using the p-PCD technique;

Figure 5(a) is the output from the effective lifetime
measurement of a FZ Si wafer passivated by a-SiCN:H using

the Sinton technique;

Figure 5(b) is a graph showing the implied open circuit

voltage of a Si substrate as a function of light intensity;

Figure 6 is a graph of effective lifetime of an a-SiCN:H

coated FZ Si wafer as a function of film thickness;

Figure 7 is graph of effective lifetime of the a-SiCN:H

films as a function of silicon to nitrogen ratio;
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Figure 5 (a) is the output fromthe effective lifetine
nmeasurenent of a FZ Si wafer passivated by a-Si CN. H

wQmosig4ddve Sinton technique; Figure 5 (b) is a@Qreqde0s/000357
showi ng the inplied open circuit voltage of a S

Fig?'ﬁ}’:tgtg AHE &5 Spd MALL | O Rnd d BN | SPLASHIY ;o 11U & E5icN:H
s a graph of "effective lifetine of an a-Si CN. H coat ed
fiFds Slepyed Bredsom quactz gt of0G 1¢ maina KBRS ; simigle esqurce

[ ra f effective lifeti of the_a-SICN_H fi.lns
and, VEg F@iﬁ@t 50 §Pe 3R AW H?to%g gﬁ%rfgtrieél;%gs&&‘ seg pgre
pr%sa:%aiwlcéxﬁﬁmmtaﬁ Qb Sesd respeit el a8 CONEHe fi | s

deposited on quartz at 400 *C using PDVS single source
thighness afiddee t2 $H gast Foww 150uP 1535 of it Ml es

were prepared to confirmthe process repeatability.

. thi cknes t - SLCN: [ i i Vi
i e R
fonnfli vay epesdhed dvy f & hersmeptr iegpdi rdss dmyi bhde estdrod and prior

deg,c I bed hgrein and prior art filnms; and Figure 10 is
art Jcifé?ra't?% of a solar cell with nultiple optical
coatings on each major surface, each having a

Figefé achi Ve & neleteds i@ NX, sdlldr dell OfithYmultiple
TAlI LED DESCRI PTI ON OF THE | NVENTI ON The present

opt hveht fort egat e’ ¢ch Meippdybiader agh HaVivg o a

ubstrate, c rising heating a-solid-prganosil ane
rei’c’)%?'{:JeV? nl’?ag%artli'ng}'1 ch8nbet td* f ocf]?n%p'gaseous

precursor, transferring the gaseous precursor to a

deposi t i orpPhafhes  DESER T RACIN NS UTies GBREMNIST GN ecur sor
usi ng an energy source to formthe filmon the

substrate. The nethod of the present invention may
Therpreeenhebiseo toR ohetates to a method for forming a film

on a substrate comprising heating a solid organosilane
source in a heating chamber to form a gaseous precursor,
transferring the gaseous precursor to a deposition chamber,
and reacting the gaseous precursor using an energy source to

form the £film on the substrate.

The method of the present invention may produce near-
stoichiometric SiC films on a substrate even when the Si:C
ratio in the solid organosilane source is non-
stoichiometric. If the solid organosilane is PDMS, the
method may require less silicon-carbon bond formation on the
surface of the substrate, since Si-C bonds in the pre-cursor
gas can be obtained during the Kumada re-arrangement
preceding the deposition of the film. For other organosilane
solids (e.g. polycarbosilane), the method may require less
silicon-carbon bond formation on the surface of the
substrate, since Si-C bonds can be provided in the gaseous
precursor obtained from the organosilane solid, which is

volatised preceding the deposition of the film. Further,
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SICfilms on a substrate even when the Si: Cratio in
the solid organosil ane source is nonstoichionetric .

wd f008/b=00!l i d organosil ane is PDMS, the net hodPamgA2008/000357
require |ess silicon-carbon bond formation on the

thé Yhd@aesy PodhenSuUbsidhdife SPCH ekt AU dBY tdB I minating
pre-cursor gas can be obtai ned during the Kunada

crackimng angjenemtinpg ecedidy dheoadepoisiy | vrmgft idre dug o

For ot her pr osi | ane solids (e.g. polycarbosilane) ,
Ouﬁ$ﬁf?&ﬁ$mﬁfﬁé§5¥%ﬁﬁﬁre | ess silicon-carbon bond

formation on the surface of the substrate, since Si-C
Sobpidsr&amoHE]l pievisiece n t he gaseous precursor
obtained fromthe organosilane solid, which is
vol ati sed preceding the deposition of the film
A 5 1P ePTINCFret RO %%lé%c‘ﬁo]fef%ﬁ%i t %ﬁ’WP%‘be‘ill/%n"tl%at
cohPEL 8bYs £! 1 &1 D3k | R0 CEACKI [y SR Nk Gso M St CFoom
porosity formati on due to outgassing of solvents.
teffoeratt orgamsdi peeesgoelr ce A solid organosil ane source
refers to conpounds that conprise Si, C and H atons,
and that are solid at roomtenperature an e e.
todn gL i ofitaSR LT nad G0 ey B e A BE ST e
siDbEcén ShhsEQNpbBEREr POOIPEL s COHAPS 1 ST rgortlis G o dsrs hat
are thernndynanicallﬁ%stab!e during heating in the

thereredyrEhadbey . st abbhederiRai Aent 109 hen sHIT it bared
chBRpIHET 1RSofe TOROSEIRERLIN! {n& OUPI | 860G Aed 35Ty REP has a

sificon atomand two or nore carbon atons. T
mon®neNEt | niti tompyifimd het Tenpticwee asldl icomaktom and two
el ements such as N, 0, F, B, P, or a copbination

OT tHe¥@of2rPAR afbPRRr ehBOJTARNICT T he Pt yARY i tUkbhTte
cohSrBsP0hygit BBRa DT e PeROMYSBEROS 1 48NE, .0, F, B, P, or a

combination thereof. 1In another embodiment, the polymeric

source is a polysilane or a polycarbosilane.

The polysilane compound can be any solid polysilane compound
that can produce gaseous organosilicon compounds when
pyrolysed, i.e. chemical decomposition of the solid
polysilane by heating in an atmosphere that is substantially
free of molecular oxygen. In one embodiment, the solid
polysilane compound comprises a linear or branched
polysilicon chain wherein each silicon is substituted by one
or more hydrogen atoms, C;-C¢ alkyl groups, phenyl groups or
~-NH; groups. In a further embodiment, the linear or branched
polysilicon chain has at least one monomeric unit comprising
at least one silicon atom and one or more carbon atoms. In
another embodiment, the linear or branched polysilicon chain
has at least one monomeric unit comprising at least one

silicon atom and two or more carbon atoms.

Examples of solid organosilane sources include silicon-based

polymers such as polydimethylsilane (PDMS) and
6
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The pol ysil ane conpound can be any solid polysilane
conpound that can produce gaseous organosilicon

womopodndds when pyrol ysed, i.e. chem cal decomuisCAio0$1000357
of the solid polysilane by heating in an atnosphere

pof}@érﬁ&n%ﬁ@fﬁéﬁé | VPébﬁ@)e of ndd et HorPXYBAne i ONe

enbodi ment,” the solid polysilane conpound conprises a
spéq:mrsuﬂh knan@hmhegrwwmr@e)rmc hmrtamﬁrdvt}eltnrle@clazane

icon is sub uted ne r nor gen a
PO b SRR G o, heryr Or G AL O oL e
fof Uk 1@nb@ﬂlmagéhﬁoiémr0ﬁei§mcmm}nmbd@uIa@:@n
chain as at | east one nononeri C uni t conprisin

g/mehsto ooyt | 2000 B andPRIMT b7 TR LANMRIFCHR
kD1 900 RS RIS kot PELLL e Lot s car.

In€ onme\sbmymrtt gastA oneard | 1€ oramt loaren df dmvoeexampis £ an

carbon atons, Exanples of solid or anosila e sources
aVeFRIR RO LT TR ER- %%%%lat pﬁrw*&% Rt out 1700.

PDl?@l ydi }@E%\l?ﬁ{' 84 | anso { HRAE) 2 516 pEd VAL RO NEE 1Y S SHE ane .

, and ot her non-pol yneric 'speci es such as
US¢r@bh%mw$sa$ameSer©©n@m®m@wmdrl$|a@wﬁmﬁag$wmﬁs1@ that (a)

|| Si -Ald h nd h
it (o B thopate E MaPale AT A A g NS ERE BT
tr SROL G 0l b ) 0i BbOYt 3 2009n @/ Pl st uPRPDMT 4151 &) S® desirable

commercially available (Gelest, Mrrisville, P .A
ch@ﬁ@ctsr:éw%@nwégm ughed , LNEIBUYPEReS M. mé%wal@%

enf0lNE: 1 06 CxaTDb eroaivavarage Il sl arqulaliea in =n
ef pohgmersabéemt veyu bt iingof yoar PSS | beieng éxpo@édFEmEC%&

a source conpound is_a eous in_that [
Proesss serRitRLmAndl Bt (0 B Pov e atied Hep 'nYrogen
su%%flpsﬁ FvitBlel bt Seal 1&@%@5@%@&&@&&%@ afd yields

SIra
dense amorphous SiC at temperatures as low as 50°C.

In another embodiment, the solid organosilane source may
have at least one label component, the type, proportion and
concentration of which can be used to create a chemical
“fingerprint” in the obtained film that can be readily
measured by standard laboratory analytical tools, e.g.
Secondary Ion Mass Spectrometry (SIMS), Auger Electron
Spectrometry (AES), X-ray photoelectron spectroscopy (XPS).
In one embodiment, the solid organosilane source can contain
an isotope label, i.e. a non-naturally abundant relative
amount of at least one isotope of an atomic species
contained in the solid organosilane source, e.g. C*? or C*.

This is referred to herein as a synthetic ratio of isotopes.

Formation of the gaseous precursor species
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characteristic when using |large volunes in industrial
environnent, (c) no corrosive conponents are generated

w0 wogm4edsf | uent streamresulting from PDVS beiBRGQI/CA2008/000357
exposed to CVD process conditions, and (d) PDVS

In pcsﬁé/'@lﬁs»oamew fydr Qgeny Yo Mid tau Qe idSy b

hydr ogen substituents and yi el ds dense anor phous SlC
added t srpehathe &si s ¢1mmlasr 5n®ca batrclamyt egntinuous manner

enbodi nt, t solid,or S|Ia ce na a)
as | BRI I%%Qf Lot %rt%‘g'esguﬁ%%‘ért?/%%ht%%e%aaﬁy'
thé& 0SS B I S d Ao &1 1 4 Cébl@la@e hﬁaydswl thix&d 6attth 8 second

chem cal ingerprint” in the obtained filmthat can

sobid re@byher nastiredieyt sranehaeeabor B 3t @nagdieEen,

t
thifebt drolyrRE R Vet e B (AT 8¢ A0E) for
exphpl ©e! Bot a0nasPpect r s colpy £ oflﬂnmmelempddnnbmtkg,
the soljd organosil ane source can contain an isotope

althpugh jaggen FBAURES JFRY |3 3D ET el ati ve anount

of at | east one isotope of an atom c species contained

Inlané hemBOk i He RF IEROShE ROENS Ot &Rbe £ Us ldgdd, Qg-ﬁtlonally
This is referred to herein as a synthetic ratio of

undsntm@e@umFoaﬁaﬁrohh©fS@hedgas&%@@s;ﬁgm@r%er@@é@¢%sb¢en
R SR R TR R M e R

I'n &a cont’i nuous

ga8PNEEEh a8s aa pevledr p@li@m r Dide Ofh&xtiber éﬁhlbbfgmf@ed
Optionally, the solid o an03|lane source may be m xed

befp¥e %e%%é%ﬁdl§oF?ﬂm%%??%e OF ntiofet $ERE T M ER atiblrin | hhe

n2@bED Addi bé 0P -+02588! hdr PRYANGST L ANG: SOYT Cen& OFRAYad

© nayégeéaﬂd% ?C gigﬁp? rP%% an é%nﬂﬁ% In the range

Theftémparatugetmlﬂnlkgthal¢h@mg®rl@ngmgammﬂnp@rgayshould
sed. I n one enbodi nent the heatjng.cha [

begggggggegﬁylBh%|F§mperature at which evolufion o e{hés

gaseous precursor species commences to minimise losses of

product.

The production of the gaseous precursor from the solid
organosilane source is achieved through a pyrolysis step,
which can encompass one or more different types of reactions
within the solid. The different types of reactions, which
can include e.g. volatisation of the solid organosilane
source or decomposition/rearrangement of the solid
organosilane into a new gaseous organosilane species, will
depend on the nature of the solid organosilane source, and
these reactions can also be promoted by the temperature
selected for the pyrolysis step. For embodiments where the
solid organosilane source is a polysilane, the gaseous
precursor species can be obtained through a process as
described in U.S. provisional application S/N 60/990,447
filed on November 27, 2007, the disclosure of which is

incorporated herein by reference in its entirety.

8



10

15

20

25

30

under vacuum after the solid organosil ane source has
been added to replace the gases within the chanber
wOonoh$i@nsd nert gas, such as argon or helium THGI/CA2008/000357
chanber can be purged before heating is conmenced, or
the tenmperature wthin the chanber can be increased
during, or prior to, the purge. The tenperature wthin
t he chanber during the purge should be kept bel ow the
The enpet ttaref athehsehi @verganesi bine oypseous the heating
r.ecursor species co nces, to m ni{m,se | osses of
ch T%%ﬁc?ay H%ép%¥€ [CtY o (ﬁl?ékffﬁ%ilﬁée%ﬁéﬁuﬁggr from
irt&ei§0lbd, orRaNeshd 2Rei SOUIEEcT SwRed Byedd 1 Dogh B-ray
_ pyrolysis step, which can enconpass one or nore
irgediakbem, t §pestBPNieRedBhs VR ST PLIES SOF i the Theke.
different types of reactions, which can include e.g.

ThY Ch&L{ $A ieﬂar;%efhfsSﬂéwe@rtg@ngséérﬁs@:é@w&ei@rthe range
deconposTtion/rearrangenent of the solid organosil ane
of j nfor acxawp Yas ebusmoalganoss d ane alpewt €390, | Ifmpepaiput 100

on t he e of the sqlid organgsila SQuUrce, an
totﬁ%%'étrzgéﬁ’onfgr%r?%ﬁlgto ]%eo ﬁ%o A 873)0t ge #2on”3Bout 200
tol SBPEE atbo R Sedreat etbdr A5te Ry rMH® S70°ep. £k about 300

enbodi nents where the solid organosil ane source is a

topabget | 2pe°C t Her gasdrs B i @bapeditdsCeafirpm about 400

obt ai ne 0 es descr | jop. U
top?%@??iz%gﬁfhpp f@a f%ﬁzéﬁﬁfgﬁ?ggﬁﬁﬁg$ﬂ¥%Pédfgﬁm about 500
toNapeuber 0@, 206m dbvutdisad asurgbaft Width,i about 600 to

incorgogated herein by reference in its entire

b 7RG ot HIR ST FUariG A SO Lo FROTEDOUE 50 to
abﬁﬁ@téﬁg%ﬁhaﬂ}% B e pard Ul b eleckrbiabbout 50 to
eating, W irradiation, IR irradiation, mcrowave
about aflb atd ot rom ralyouty risilitat iadmute| it Conifcovealout 50 to
abgggeQSQQ?pmfégmta(%dglg% to about 400°C, from about 50 to
about 350°C, from about 50 to about 300°C, from about 50 to
about 250°C, from about 50 to about 200°C, from about 50 to
about 150°C, from about 50 to about 100°C, from about 100 to
about 650°C, from about 150 to about 600°C, from about 200 to
about 550°C, from about 250 to about 500°C, from about 300 to
about 450°C, from about 350 to about 400°C, from about 475 to
about 500°C, about 50°C, about 100°C, about 150°C, about
200°C, about 250°C, about 300°C, about 350°C, about 400°C,
about 450°C, about 500°C, about 550°C, about 600°C, about
650°C, or about 700°C. A higher temperature can increase the

rate at which the gaseous precursor compounds are produced

from the solid organosilane source.

In one embodiment, the heating chamber is heated at a rate
of up to 150°C per hour until the desired temperature is
reached, at which temperature the chamber is maintained. 1In
another embodiment, the temperature is increase to a first

value at which pyrolysis proceeds, and then the temperature
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The heating chanber is heated to a tenperature in the
range of, for exanple, from about 50 to about 7000C ,

wd z00sn@bidut 100 to about 7000C , from about 15@T©A2008/000357
about 7000C , from about 200 to about 7000C , from

Cge?éooﬂ Oor‘f@oé‘ﬁ O Gecd S R at@p# 330 62&1@@% var
7000 from about 350 to about 7000C , from about 40

the cratbouat 7000ch | the om stboce mfscgasﬁcatﬁmracoompr ¢orppund

abou to about 7000C 7 from abo bo
s Sotote e 0BRSS B BTE WHIRT e At
about 7000C, from about 50 to about 6500C , from

In a&wter&@odmm@uth@Owﬁberétrm ahodit péks $worabeit h 50
, from about 50 to about_  5000C , from about 50 _to
heapbg q@ﬁmk?r 3FR bRl 5ot AR REOIDDED 9F grke

u eSH20C
gaé‘@@%rﬁp out <%‘—Jcl)l:f’a %&rhé%%@?b%}%rr?ﬂ%out 58Ey1tL by
heabindg 2000&rgafiosn] abeousodfcd 0 @by 4509 indrorm

about 50 to abput 1000C rom about 100 t o about
chSEE Dt oheh Ok St bhe S BOTRE U | DY STEtES W
Vai@eélbf)é'f @l@@%atiﬁ@%l@&%@rzc%t&lé@%@ NG o Es@Rrol
about 300 to about 4500C , from about 350 to about

thqo@@olreﬂpﬁntlaoomsa%st@r%@mogm@tn%out 500C ,
about 1000C , about 1500C , about 2000C , about 2500C

rnfeuhed R SROML S00CoL SUMa 400G Sitce 1o

poipeill ahoP0éhe PosabOLE ﬁﬁﬁ61151#the@h@xoﬁeh@@datmmethe

can increase the rate at whi ch the gaseou rec
forpabbeRdSt af & Pt ottiedd! FRi6M Yhe B0 § ﬁhﬁstt %1 ane,

wh§8Hrf§ac£PoHn§s§QP99'Qgﬁés %f&c@eﬁé'@& &B@@@e§7$6c
heated at a rate of  up to 150 OC per hour until t he

Andekér epos smpbe aroa@t fenreacheticraed who cas t ehpelanada
ai ned, ., I n_anot her, enbodi nent, the

A s e e

between about 225°C to about 350°C, wherein the Si-Si
backbone chain becomes a Si-C-Si backbone chain. While this
type of reaction is usually used to produce a non-volatile
product, the Kumada re-arrangement can produce volatile
polycarbosilane oligomers, silanes and/or methyl silanes.
While the amount of gaseous species produced by way of the
Kumada rearrangement competes with the production of non-
volatile solid or liquid polycarbosilane, the production of
such species, while detrimental to the overall yield, can
prove a useful aspect of the gas evolution process in that
any material, liquid or solid that is left in the heating
chamber is in some embodiments turned into a harmless and
safe ceramic material, leading to safer handling of the

material once the process is terminated.

For the embodiment where the solid organosilane is a
polysilane, the pressure within the heating chamber can be

maintained at a predetermined pressure or within a
10
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val ue at which pyrolysis proceeds, and then the

tenperaturei s changed on one or nbre occasion, e.g. in
wQOnz0dg1040% vary the rate at which the m xture HCTEsSMOR(E00357

precur sor conpound is produced or to vary the pressure

prdid i fnd s Ghaabelre |f‘ar§§?]k,: arhodidento thesd P e addl fred

and pressure within th ating chanber are
mob@ntmiiicedc?f agmsmmlu_@m@mr@r t¢rmprseds siprideirpepduced
an _be driven the ressure e
92 S5 LR soUFeis T o Ly T RiniEr Tty oh e dgresedr,
e. %?Sel €ct i & 960 SpeL] ff&vé@f@etﬂ'@é Lﬁm@mtmm&smrgas@éws
or the heating chanber can al so be used to, contro
PTeRer $¥ UFREDF ST N Y3 sl Qe Urekrc ek & fetaht nle - @

I
10»9@%3'@%% &Peéfllg&ls%’%rgs)orgﬂ‘ffé m@%gg%g Fower

one possi bl e pyrolisis reaction
préseutor natgoniod Sb-T60 cps):s,slfawkcsumttthm phedsotioh of

pol ysi | ane, mhlch reacti on usual | q}e | ace u L
28BN FTEARREL L KRR PO HIRS M E R (RIS, Potery baF
we ?h@s(é KHﬂ@H@rrﬁ@ﬁ5@598ﬁ9§$11&@ﬁCQtéM@’Ca||y occurs

at tenperatures between about 225 0C to about 350 0C ,

wherein the Si-Si backbone chain becones a Si-C Si
Gaggggggﬁgegﬁgg@r gﬁé&geghis type of reaction is usually

use 0 produce a non-vol atile product, the Kunada

re-arrangenment can produce vol atil e pol ycarbosil ane

ol i goners, silanes and/or nethyl silanes. Wile the

GeﬁngfiYOftﬁgsﬁgg§o§$e§£§§u éggu ?ﬂp?ﬁs@@yagﬁiiggreo?f

t edr r angenen onpe es w e productrion
vobhapivel atageesosi df othéi gol tid porysrewdbihansoutde. In the
producti on of such species, while detrinental to, the

em%?@%faﬂlt yYeeHe Eh# %‘P%ﬂv@ %r%%%‘?%Jrl%%%eE’Ee%‘Fr?% Jg%\s

pofygiyéhgn PLOCSSSebiist ?ﬁéc@9¥oﬂaé§ééfés {14 04i @i PEure of
solid that is Teft in the heati ng

gaseous organosilicon compounds, i.e. compounds comprising
silicon, carbon and hydrogen atoms that are in the gas phase

at 20°C and 20 psi.

In one embodiment, the mixture of gaseous organosilicon
compounds comprises one of more gases selected from a
gaseous silane, a gaseous polysilane, or a gaseous
polycarbosilane. In another embodiment, substantially all
of the gaseous organosilicon compounds produced within the
mixture comprise from 1 to 4 silicon atoms. By gaseous
silane is meant a compound comprising a single silicon atom,
by gaseous polysilane is meant a compound comprising two or
more silicon atoms wherein the silicon atoms are covalently
linked (e.g. Si-Si), and by gaseous polycarbosilane is meant
a compound comprising two or more silicon atoms wherein at
least two of the silicon atoms are linked through a non-

silicon atom (e.g. Si-CH,-Si).
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chanber is in sone enbodi nents turned into a harnl ess

and safe ceramc material, |eading to safer handling
wQofoos/osvat eri al once the process i s term nat eCT/E42008/000357

t he enbodi ment where the solid organosilane is a

In PO! ¥ \%‘f’&ﬁé‘ﬁ@ﬁﬂ@dﬂﬁ&?@urﬁl déi‘éébﬁg‘eo featd Ho LhdieSmpound

can mai ntal ned at a et erm ned Ppressure or
canibhdian cpsecies egpmﬂym@lrkva@sls@n@ oanfprmwlor der to
provi de a desired nol ar ratio of gaseous precursor

ﬁgrﬁggpﬁ$hg ﬁrofgﬁ§ﬂ-%§- @?pé%%ﬁ#ggaégﬁgg{?hsxﬂ

favours the productlon of gaseous precursor species
whépyimgnp hower amd esul aidewégdént By grepréomer amnhereger
of silicon atons) , while nmai nta| ning a | ower

fropelstp e3: eWhth 190e tRr o5 psthat dyotr® ¥ he Fdductt A’ =

s, %, BaEeguEsugpnanil s oosseshes I flo ¢ oo o

with Galseopsopi ecutsar 1specqees Leher atdoh shkigasenusm, and x
precursor co r|s$ xture of volatile fragnents of
isiaR %%??%eﬁrggﬁ%s I%%e source. In the enbodi nent where

the solid organosilane precursor is a polysilane, the

Ex&ASPOHSo Pl 886608 SPEENES 415d agdid&dls ep Ol y GaBiedsifl anes
organosi|icon conpounds, i.e. conpounds conpri sSi

ingiude opilane boRivashny drvgbhe tivhss i hane ar"eG‘Fﬁa‘f‘%‘%“)g]as
sﬂgﬁ‘%mgé f %SeodgnggstSlt?H ”?H?ﬁ‘bo%ggﬁhgzt@ﬂ.] -CH,-

anosi én cohpou onpri'ses
[SDoeHHf; ([0 e gﬁSE(SHSBJ]G{ﬁPQd [(BidrHa) gabdqus[ Ssil (Giag, () ] -CH,-

(s 375Rne -CAbo I Enes) Jundedncral 15781 1CH6r 1o ChacHoig-

[S2{GRNOGH,T GO SEQERQYEF, Irc@gduged (el PN dle [Si (CHy) 2 (H) ],

[Si (CH;3) 2 (H) ] -CHz- [S1 (CH3) 2] -CH- [Si(CH3)2(H) ], [Si(CHs)z(H)]-

CH,- [Si (CH;) 2] -CHz- [Si (CH;3) 2] -CHa- [S1(CH3) 2 (H) 1, [Si(CHs) (H):2]-

CH,- [S1i (CHj;) 2] -CH;- [Si (CH3) 2] -CH,- [Si(CH3) 2 (H) ], [Si(CHs) (H)2]-
- [S1 (CHj) 2] -CH;- [S1 (CHj) 21 -CH»- [Si(CHs) (H) 2], and [Si(H)i3]-
- [Si (CH;) 2] -CH,- [Si (CH;) 2] -CH>- [S1i (CH3) (H) 2] .

After forming the gaseous precursor, it may be used
immediately or stored under appropriate temperature and
pressure conditions for later use. The process may be
interrupted at this stage since the heating chamber may be

external to the reactor.

Addition of a reactant gas

After heating, the gaseous precursor formed may be mixed
with a reactant gas in the heating chamber, the deposition
chamber or in a gas mixing unit. In one embodiment, the
reactant gas may be in the form of a gas that is
commercially available, and the gas is provided directly to

the system. In another embodiment, the reactant gas is

12
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m xture conprise froml to 4 silicon atons. By gaseous
silane is nmeant a conpound conprising a single silicon
w0a10081104b39 gaseous pol ysilane is meant a conpoWlr@/CA2008/000357

conprising two or nore silicon atonms wherein the

prcg dhd QLRI AES LoV £tdy 11dhked dfuke %dnﬁb:}lsﬁ@ any

y gaseous pol ycarbosilane is meant a compoun

nucoemro§i egetewt or suck &3 INcoh & o, Wherai e atomizbation
th ff the silicon atons are |inked through a

Tor3tiicon atom (e.g. Si-CH2-Si) .ln a further

enbodi nent, the gaseous organosilicon conpound can be
FoB SRSROLS, Pehy CREhHOSihanga OTmdprivell grodicdCHBY e imy a

{(CHz) Si (CH3)p(H) q]X-Si (CH3)a. (H) m wherein n , m
soligh soumer nFompRERHRN dRPOTHNPEPr e sBHN eﬁﬁlnteger from

tr_plggnglppﬂ%%{)‘hlﬂg PEQYH SO, thal i f BT Ahnbl l?ﬁnom

|ndependently represent an |nteger
nifrége2, swth has her ps Opysemzdmal yl hmerhae f proeagchsolid

silicon atpm _and Xx is integer frompoO t
SR B b1 S 1S o00R | PRSP Bt a6 oot ¥l dine

cﬁ9|3)tfaﬁ5 bes] | am%ﬂmﬁ{dmnﬁém%tedm@dﬂ%bm T\fl rmiﬂssﬂe
I"ane, tetranmethyl silane , [Si (CH3) 2
@gHs Q?B Bida

dl@@IhYI}B;nQ (s ))NH: B8b Q¥89r29m$ﬁyqbot9ﬂ B

Bl AR AP DT il o -

go{)@l s&@fBé 6poH<]>sl)al€tﬁe fc]Sr ok gZi S(:QE'lZL;ré@ré@-B}) RF
s |
Swgﬁa‘llzg(@ﬁ $1, tflsve'%c’rﬂ)t*ze(wefenwf[%u %ﬂé)%]dlsk
-CH2- [Si (CH3) 2 (H) ] , [SI (CH3)2 (H) ] - G- [Si
In(%&hg} é%plésl tﬁwag&ta%asg Shaﬁg%@p@omeaa by

heaylng}a 1 @Ml@@H@@rQe(Gpm@rlS{ﬁg Imgyl ¢ﬂs@ h aQ}Q

e Sis
dﬁ%ﬁ%)m#s S L R L o R i
phdsph&HBus|[ Sich GiB) tLibtBY1phdbpeiné OLOIHIY ;e gaseous
precursor, it may be used
dlmethylphenylphosphlne (CH3z) 2 (C¢Hs) P, or
tris(trimethylsilyl)phosphine [(CH3)3Sils;P; or a liquid
source comprising boron such as tris(trimethylsiloxy)boron
[ (CH;)3Si0]3;B. Riedel et al.'® reported doping a SiCN ceramic
using polymeric source
tris[[dichloromethylsilyl]lethyl]lboron) and Ramakrishnan et
al.'' reported using polyhydridomethlsilazane (NCP 200™) and
tris[[dichloromethylsilyl]lethyl]borane polymer precursors as

p-type dopant for SiCN ceramics.

In still another example, the reactant gas may be a nitrogen
based gas such as NH;, N, or NCl;3; an oxygen based gas such
as CO, 0O,, 03, CO;; a fluorine based gas such as CF4, C4Fs,
CH,F,, NF;, CyF¢, C3Fg, CHF3, C,Fs, C3F¢, or a combination
thereof; a boron based gas such as BH;, ByH¢, BCl;, B:Clg; or

a phosphorous based gas such as PH; or PClj;.
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i mredi ately or stored under appropriate tenperature

and pressure conditions for |ater use. The process may
wohmos/nesr upted at this stage since the heati rRETOsMINE000357

may be external to the reactor. Addition of a reactant

In G&$ é‘rﬁlb@dirﬁ@%}n@hetf@a@@é?@% REHI S8 fEmpeE S@yabe g,
m xed with a reactant gas in the heating chanber, the

Ge deposi ki oS cHanbBr, 03bi iSa $as Texihy amd tSbin one
enbodi ment, the reactant gas may be in the formof a

nt}galgsas IS

enbodlnent the reactant gas |sproduced by heating a
Theahétthad of Qthel mwe::et Cﬂlﬂﬂmmtsid&g rﬂa@y brideerriodd with a
such as or a conbi nat.i on

e| ene
Vath"é’%o‘?? Siﬁ%‘?er%x%‘ﬁbﬁegu?%"el‘?ré%'ct%ﬁﬁhgaa% W%telng chamber

and®’ AUGSEs Dyi Bieath A& 504 Kb SOUE & 1LY Siagl%as mixing
phosphor ous such as triphenyl phosphine (C 6 3P ; a
unyil and sduderosonpen stimmret r ogdreatuioly ashdmbesr, a gas

i AERE kL ok BHEA L cSH SR 1 D) OB B oF

pli¥ad Bithanef amenebey %&r&éms’?’%mx1 aﬂﬁlt and at
di rret%l am ne (CH3)2NH : BH3, or triphenyl boron B (C

leath)@ne deppsibiion Clambeiort ekh theonpkerted embodiment,
ehd AR PERES. L ORIAR 15 R0 S nogrins

chafb& iargetermal heo prlesereectodra (C 6H5)3P disk. In
anot her exarrpl e, the reactant gas may be produced by

Fo:a atl ng%?] d sour e co ICIPT%E%&]I' uorl ne SUChlcgﬁSnghe
M%%ﬁuﬁé& 6}§e tm@égwatm.spw@q (Héa?ﬂ@gg Rhamber in

the multiple-unit configuration may be of a relatively small

scale in size, so that the mechanical construction is simple
and reliable. All heating chambers may supply common gas
delivery, exhaust and control systems so that cost is
similar to a larger conventional reactor with the same
throughput. In theory, there is no limit to the number of

reactors that may be integrated into one system.

The method of the present invention may also utilize a
regular mass flow or pressure controller to more accurately
deliver appropriate process demanded flow rates. The
gaseous precursor may be transferred to the deposition

chamber in a continuous flow or in a pulsed flow.

The method of the present invention may in some embodiments
utilize regular tubing without the need of special heating
of the tubing as is the case in many liquid source CVD
processes in which heating the tubing lines is essential to
eliminate source vapor condensation, or earlier

decomposition of the source.
14
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di met hyl phenyl phosphine (CH3)2 (C 6H5)P , or tris
(trimethylsilyl) phosphine [(CH3)3Si] 3P ; or aliquid
WOsmOs/o0%onpri si ng boron such as tris (trimet MABCARY/)00357

boron [(CH3 3SiQ 3B . Riedel et al .10 reported

De%'@go@ hdhb&eram ¢ using pol yneric source tris
rchioronetnyfsilyl] ethyl] boron) and Ramakri shnan
et al 11 reported using pol yhydridomethl sil azane (NCP

Wheoit g desiixed st [rwhlorioneehyikg |sulstaahg |iparlared
: I r SIS -fy dgpant f S eram cs.
infS HF ST il RN agR e
suff idogerl pased messsued), asnd\Hhe NB sasudN@resumdor and
%grg%ln based gas such as_CO @2, 3, CO2; a fluorine
°p Jg%stl%% Aty andh FR TP FagfEr e IR odpssd
: a i ' t ;
o ey e e TR LR A e
1 o css ot Lsn draghe ds Qasc & updil exst RHE @re F@ @& . Hhe ateposition

carf BOLIE s L5 [ SR AN 05 TN 2! SG SRR &
pl&&HY | Dinadd @na HF t e ad h AN ERROS T dri P M reddies surder
net hod of the present invention may be carried with a
which | 2tgl agma yereRe ofd rd ats ofisi taulkeh. aslm dieadigents of
thé:;@f@gén'@nﬂq@e POs O Lhalbeal | 4, heatd ng, ¢ 30 &6
0 m Xi ng unit and a deposition chanber;” a heating
abehandb®r , mBo@s firoth ot t1 @t @ ghauralsdy forr, from
deposition chanmbers; or a plurality of heatin

S g
ab%‘h%n%'?%? _stEO PRIt I oL M ¢ rfm aftbqlétas%q%r@ about
506/6RASHE | Of‘r&li‘az{g&dt_id‘o ?tcﬁfaeécﬁlt{%@fmﬂﬂe ror{\%out 250
deposition chamber is within a reactor and the heatl ng
to cilaodoer50& rekeer nafrom dbmutr esd dre domruthi g0 mTorr, from

abé&%‘%%%“%g éggﬁéggg té é??, }éérgg%dgﬂié%(gotgg%ut 500
mTorr, from about 450 to about 500 mTorr, from about 50 to
about 450 mTorr, from about 50 to about 400 mTorr, from
about 50 to about 350 mTorr, from about 50 to about

300 mTorr, from about 50 to about 250 mTorr, from about 50
to about 200 mTorr, from about 50 to about 150 mTorr, from
about 50 to about 100 mTorr, from about 100 to about

450 mTorr, from about 150 to about 400 mTorr, from about 200
to about 350 mTorr, from about 250 to about 300 mTorr, from
about 50 mTorr to about 5 Torr, from about 50 mTorr to about
4 Torr, from about 50 mTorr to about 3 Torr, from about

50 mTorr to about 2 Torr, from about 50 mTorr to about

1 Torr, about 50 mTorr, about 100 mTorr, about 150 mTorr,
about 200 mTorr, about 250 mTorr, about 300 mTorr, about

350 mTorr, about 400 mTorr, about 450 mTorr, about

500 mTorr, about 1 Torr, about 2 Torr, about 3 Torr, about

4 Torr, or about 5 Torr.
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heati ng chanber may be integrated. Each heating

chanmber in the nmultiple-unit configuration nay be of a
woBogi4o® y snall scale in size, so that the rREahesioo®000357

construction is sinple and reliable. Al heating

Th& NAIDS Fa Y1 SURDI Y SO Ligas-Aalbey oy 1k hadigde &, for
control systens so that cost is simlar to a |larger

exafment foomal abeuct2fr v tabadte SHITE t Hrooghpout B to about
50@??0% onF@%H%tlao%otU gb%u%°§§§egggfgﬁ$ %%%ﬁﬁgiéggggfabout

Rdt “may be 1 nt égrated into

5009t Ereserboutyen e Ry ual S oit| | fzemaabegtl 260 Mssabout
fl ow or pressure controller to nore_accurately deliver

0% 5pr SFMaPetoSEYs the RiRYEd SO00R r hE@B. alrpdt gAsRokg about
50 PICEC UL SR the o}or st 2d 59k hefg@ggvéb&rge nyghaphely oy

In"a continuous flow or in a pul sed e nethod
50W1C,t Heropr edentt i2/v et adoutay SOAC s ofiecrnbbditreRs sto about

wilize regul ar tubi ng . wthout .the_need of speci al
40 é%tﬁ%@“b? £abitRg 2RO UEs PR cakECT ey #7 gbip gabout

306eUr G8-chVRHMRC eSS .S iaboRi e oheat Fagmt AEohtbh 80 b1 BBSuL
IS essential to elimnate source vapor condensation,
20QC edmome ebgatoFosict iabeust 15REC s ofirem. Tepati 25 oho about

Coposia ibus 16K 0.
20 @I CEPATE SRR 25040 ALR g Caepobt oToPEERanBar SO uRPEH:

450% , e\faeua@duto 18 0s ¢hf iadiormt by oPOW pressabeut andot b6 about
aseous precursor and optionally the reactant and o
35 ‘%é:rfr it&iony adosite 208t ted tc 8RO AuoRBPYE 0f 5 il SRPutARPC,
abQUESHHIR CABRE SBILE! gt | 206°AS i ENRIdE SAULER
selected'to effect the deposition ‘can be used at the
30G7¢, eatettpBE®SUy eabfor €8aTD eabantert Ji°as meri sbosed 589°C.
the energy source, any pressure under

Any system for conducting energy induced chemical vapor
deposition (CVD) may be used for the method of the present
invention. Other suitable equipment will be recognized by
those skilled in the art. The typical equipment, gas flow
requirements and other deposition settings for a variety of
PECVD deposition tools used for commercial coating solar
cells can be found in True Blue, Photon International, March
2006 pages 90-99 inclusive, the contents of which are

enclosed herewith by reference.

The energy source in the deposition chamber may be, for
example, electrical heating, hot filament processes, UV
irradiation, IR irradiation, microwave irradiation, X-ray
irradiation, electronic beams, laser beams, plasma, or RF.

In a preferred embodiment, the energy source is plasma.

For example, suitable plasma deposition techniques may be
plasma enhanced chemical vapor deposition (PECVD), radio
frequency plasma enhanced chemical vapor deposition (RF-

PECVD), electron-cyclotron-resonance plasma-enhanced
16
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whi ch a plasma can be fornmed is suitable. In
enbodi nents of the present invention the pressure can
wamwos/t@nssabout 50 to about 500 niTorr, from abRGT/ALD0%/@0357
about 500 mlorr, from about 150 to about 500 norr,
chdhosm o:?QQe;ScS’sﬁb%ﬁ bR NBEFVYD) ffi}[&@é\?ﬂe Occhﬁpled
about 500 nilorr, fyon1about 250 to_about 500 mlorr,
p1 4 $0am etancSHc hem il vasor rdkpesitieom eHRIESED t ®lasma
about 500 mlorr, fr.om about. 400 t about 500 mrlor
be i CHOURR PIRE SRR g THeh FatRe BoL gy (pBs-

PEQIOUS &b Ocdili®iat {&men epordoHO tmﬁﬂw&m&w ity types
from about 50 to about 350 nmflorr fron1about 50 to

of ABRRPS BHEOPHTRFINIGURT aBoLEAILES tPRISIR PEonamsF3cturing

in %}F%@@g ggui@s agpuéergpcpor@_@étfor @Q@é’«; é@strﬁ’ay also
about 1 mlrorr, from about 50 to a out 100 nﬂorr

be fussd about 100 to about 450 mlorr, from about 150 to
about 400 niorr, from about 200 to about 350 nilorr,
fron1about 250 to about 300 nforr, from about 50 nilorr

SubafLat®t 5 Torr, from about 50 niforr to about 4 Torr.
from about 50 nﬂorr to about 3 Torr, from about 50

A Wk rvipi abpusf 2sdiost raf & Qm@@pwlé%m We hgedboiticd the
Torr, about 50 nforr, about 100 nfTorr, about 150

fonﬁm@wona%uithqo@lhﬁrow the (WML IR T RFCUEH AR B0O

re {Vel bout %%rgpm 4 ﬁre aboé‘&ltgn?lén-rﬂf f&’f’ t 4150\:he

mlorr, about orr out orr,
sulﬂ:’ﬂ)@n&té% i@y rbe abboit éxél'mple anetadoblic Saﬂ'cﬂ)rind'mnic
substrate js held at era re in the ran
Mat & 124S mpf em?%%éb%ﬁ} R X O‘E?ra‘f‘f%rﬁl%tb%{&als

su@@ 48 §PPP&O§OQQ£bld$rO§1?$EBE 4091 & abPLim DVOGuart z,
from about 150 to about 5000C , from about 200 to
glaﬁaumrSQD@étlcfr@ﬂnm@bhtaQEMEab—E@ﬁnmt&mmEKBynth@ﬁnc
about 300 to out 5000C , {on1about 3 t 0. about
reslins suc uorocarpon pO ymers oxr po yaml e re81ns

In an embodiment, the substrate is a FZ Si(100) wafer.

The film of the present invention is particularly applicable
to solar cells fabricated from silicon. In this context the
film can be applied to amorphous, crystalline, or
polycrystalline silicon as well as n-doped, p-doped, or
intrinsic silicon. When used as an antireflective coating,
the film can be applied to the external n-doped and/or p-
doped surfaces of a solar cell to optimally minimise
reflections from these surfaces and to reduce the absorption

0.0f the light in the film to below 1%.

Films

The film formed on the substrate may have the chemical
formula SixC, wherein x and y may be, for example, from about
0.2 to about 0.8, from about 0.3 to about 0.8, from about
0.4 to about 0.8, from about 0.5 to about 0.8, from about
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5000C , from about 400 to about 5000C , from about 450

to about 5000C , from about 25 to about 4500C , from
wavosno4d® t o about 4000C , from about 25 to alrawCARH0HW0357

, fromabout 25 to about 3000C , from about 25 to

0.&8boyt329900G , g f r ORRROAUWS L1257 tis Mt 2000C srdh ABout 0.
about 25 to about 1500C , from about 25 t'o about 1000C

to ,albowm Gbbdut £25n tababouwd . 500T abdutom shoutr&o akowbout2 to

4500C , f 0 0pC ,_f
D3 abuin FRIDCLONT St ABGU IO 15 HodiC OO0, B

abAPC, 0 about r SR Ubouttbout dOMout &bO'U,t A5 Ghowbavi4 to
2000C , about 2500C , about 3000C , about 3500C ,
abeiplo 1 - GOCTTOUL ahotit ABVHT O - br %&& %o‘%m@bowtnyo 5, about

0. GLoURY %, TN chigR, 9oL oot ehem s dpoagiene,

an@reseatabowent i ®n. Thdef i buitap| fuethepnemtpmiséd deher
recogm zed by those skilled in the art., K The, typi.cal

eleRmbFetich 38 ¥1 oW rRquir eferts anftP B HERt] %‘???%%f

settings for a variety of PECVD deposition tools used

Inf o SAPPRIGEAL, CORE I POLRONAY K&ld SsERiche darbidn(sic), a
True Bl ue, Photon International, March 2006 pages

siDicoy ¢achetlveridee(SHEtknta mlmrem@rl@o@h@rb@%d@lcml
a 51{fg$th p Péeégngg;o%re $n§{ﬂ¥béﬁ“g§§% %ﬁﬁtr}de

dGDOSI or eXxa rca

(shea) nga @DIlé@ﬂla@EﬂboMﬁﬁ@éSGﬁlcw I&r&ﬂlﬂtdnon I R
irradiation, mcrowave irradiation, X-ray irradiation

caphbeii FHPPRr BRAmSIFMBLr BeRibl PR ASHROORROFRNIqy £51CP),
orpéeé fgagfpﬂd HER ftheT @efEYm fC@ 'ﬁuf%f@ﬁ?bré@ror

exanpl e, suitable plasm epOSItlon ni ques nay be
it phag nha*eemhangzeaidcdmem chl compos i deposi ¢ i @n g RECQVDyon
ox%@%%g?%{gﬂ % ¥%£%E§ﬂgrgntagcggyggﬁnéggéeng'atlon varies

at different thicknesses within the film.

For embodiments where the energy used during the deposition
is plasma, e.g. for PE-CVD, the values of x and y may be
controlled by suitably selecting conditions for (1) the
generation of the plasma, (2) the temperature of the
substrate, (3) the power and frequency of the reactor, (4)
the type and amount of gaseous precursor introduced into the
deposition chamber, and (5) the mixing ratio of gaseous

precursor and reactant gas.

For example, the silicon:carbon ratio of the silicon carbide
layer is tunable in that it may be varied as a function of
the RF power. The silicon:carbon ratio may be in a range of
about 1:2 to about 2:1. For example, the silicon:carbon
ratio in a silicon carbide layer formed at RF power of 900 W
is about 0.94:1, while silicon:carbon ratio of a silicon

carbide layer formed at RF power of 400 W is 1.3:1. A
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, electron- cyclotron-resonance pl asma
-enhancedchem cal -vapor deposition (ECR-PECVD) ,
waO ndsreddel y coupl ed pl asma- enhanced chem cal POTaQ4&2008/000357
deposition (ICP-ECVD) , plasma beam source plasnma
st SIRRNGHRS: £1end LRI c VRRQArHEROSI 4y N ABBFEDEImedlat RF
conbi nations thereof. Furthernore, other types of
powleposf taloout echhiWues suitable for use in
manufacturing integrated circuits or

sem conduct or.- based devj ces so. be used. ;
g ELET SR aE T AT T O S o 8 ot of

: vartety e materi a
subiSEeh 5é NEempdreaf @F &Rt i roOfpdiei dularbp, the tshbsdulsdterate
occurs at a relatively |low tenperature. Suitable .

temRRERAT AT TDriRmecedit riete Tl B FRFP VA, 10 the

dePBL L Ld Cs ANLb 0L YAD] G ML PLE AbSer&l Nt ary silicon,
carbon and ceramc materials such as silicon carbide,
silicon nitride, alumna, quartz, glass or plastic, as

Thewt1l hcomestrbesi st aheel synl sret fenakekd s syckurgtion of
fl uorocarbon polymers or polyam de resins..l{. an

ehe, BB TenT Lo Rt St 7ot NSV E R fRe Gl o e

fothdt®h. the present invention is particularly

applicable to solar cells fabricated fromsilicon. In
this context the filmcan be applied to_anorphous,

Ther {Eime | PReIueed Py vieRs sTef no¢ edes e HopA dievein have
o ) od. or Lntrinsi > q
R R T s i A i
methanixs braatess doped apskbopt porn copbiliciefttces bighkt and a
sol a ceil to_optimal i nimse reflections from
cophEatlal ?aﬁ%grgﬁﬁlY% ¥%@%§e the absorption O of the
light in the filmto below 1% Filns
These improved properties can be used to minimize some of

the limitations which negatively affect solar cell
efficiency, which limitations include front surface
reflection; optical losses, e.g. those due to randomly
textured surface, especially in the shorter wavelength
region; and internal parasitic losses, such as those due to
random texture, SiO, AR, metallization design and absorption

of light in the metal contact.

These films my also be used as optical coatings, e.g. as

anti-scratch and/or anti-reflective coatings.
Passivation

The invention also relates to the passivation of surfaces of
semiconductors using the films prepared by the method
described herein. These films can be used to passivate both

N and P type material.

The films can be used as a passivating layer to reduce

surface generation and recombination effects at insulator-
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The filmfornmed on the substrate may have the chem ca
formula Si xCy wherein x and y may be, for exanple,

wd zoosn@biut 0.2 to about 0.8, from about 0.3 {RCTAO&008/000357
0.8, fromabout 0.4 to about 0.8, fromabout 0.5 to

seHd-Gor f {0 2P0 9. 6 4 2{9@%&1&1 &£ frupaboutng ddn

about 0.8, from about O o about 0.7, from about
alsp zirt@r@etrwttloe Goulk ok Egfoine D a cﬁmn@@w r om

about e about O 4 from a out 0,
Su??%ﬁﬁ%%o YF% % ?a%F7lsfrom LRéQ?égﬁ) out
se&@onéﬂ@@&kﬁr Qn&teﬁib)llth&)vﬁ:tg abolbw ol k abj)fﬂtﬂné,. ahputa
0.6, about 0.7, or about 0.8. In a preferred
buBabbif eteime «f ah@lsay tkambbQAHD. 5. TIRherddson nﬁyr ftmet H@tlk

th t h
11 BB Enttense Fatlane iRe' S Shd e Th R riTIeRy
pré@bﬁtsdufﬁﬁﬁ @ﬁ@kmébbéf%£am pf Sbth | €190 fREdWls | presdehesor

é CF) , asilicon carbonltrlde (SICN) , a silicon
an

xcyreoa:vlom@b rSroont gases) cdﬁhmlyc%ymtmuo@y(@woe
into gl piEB o E et el odtlor, o adfhiare buli

defétﬁED thes ﬁmpﬁ@%iﬂ@tt@@ ik ebf fetThee f i | Tt by dkso

mul tilayered or it ave a gradient of_co 03|t|on
ad%a@taoegttl%onho&?c%+ﬁo%.??ttﬁ9?+n$n%oﬁﬁtit o xants of

tyat r f |
PSR L8 datugaraty O siast A e seR LY

dut heg depesi déposi siph asnecess Hng f osudE- Gvmnnérl vad ues
of x and y may be controlled by suitably selecting

mE RO LLBEoain ) 108 BERCEA Pl PRl B

reftegyeneye of i1he p;eo@tt@éd H¢) thdet éypei qund @edenibed
gaseous precursor introduced into the deposition ,
he ERbRLREOVAAY YWBSXPRBCRELY N3l shtPRSdivyhbepusesults. While

a precursor with a high C:Si content would be expected to

lead to a film having a large number of C-C or C=C bonds in
the film (which bonds are known to deteriorate passivation
performance), the present methods provide high C:Si content
while promoting the presence of C-Si bonds in the obtained

film.

The minority effective lifetime with respect to film
thickness and Si/N ratio are illustrated in Figures 6 and 7,

respectively.

Multilayer structures produced by the method described
herein may also replace the complex step of texturing the
front surface of solar cells to diffuse incoming light.
Texturing of the front of solar cells may lead to the
formation of physical defects, which defects promote
recombination effects at the semiconductor surface.

Presence of a passivating layer in combination with the
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precursor and react ant gas. For exanple, the silicon:
carbon ratio of the silicon carbide |ayer is tunable

WO 008/hEb3% t may be varied as a function of thePFCA2008/000357
power. The silicon: carbon ratio may be in a range of

absPPM e 167 30 @ROUtesdidridPIdSram Bl edd® & IBSHEY

carbon ratio in a siilcon carbide layer forned at RF
pageivert odn goOr Wimande wt OL1g: dhtavndd ssibsteoarte car bon
ratio of a silicon carbide |ayer fornmed at RF power of

Theﬁgé)a%geai.\?%%%rg%ll?ﬁsﬁoégﬁiggfg:;cgﬁaaglo lﬂﬁ%%@&[%tgelrll Wfder to

r a power

amSlideDe T bt ¢af 4 e nBytlal sioe beow aandtbrasbet famcsiden of
of substrate tenperature. Mxre particularly, as the

a SELTPRACCERAPER VIR e FQ FRETRRsEE F9RSLEY i<bn:

cri?%gﬁﬁbéf%ﬁﬁkéndéﬁ@b@§P°§ét Std G gD de dayefap
ecreases.” The silicon: carbon ratio is al so tunable
stases, fancto ontodin hetvenpesllilomwi lhdree fbss no ikt unermal
durjng SIC layer.fornation. The filns produced by the
anfied hit de PR Rt Bar BF T Pal TP OVAP T aPRt 11287 Ry dpeans
of 3Ba X et he€Rha Passhyat 1 89, (RPAY naw@r@&@laﬁﬁéfﬁﬁm? ] awelt
absorption coefficient of light and a controllable

fureaeecanneal Haexor Theekthe Aprbvaaner bed t | Eowgh mrny other

. 0 0 t ' :
antiSEEing FLEhR Ele S BFe tuliols AT PNl Annealing
cahibpetestronedi oat uderineonind ot axet¢efdesdsoni cwpdf cathe

| osses, e.g= those due to randomy textured surface,
pagghert aN¥yEi HMEhe shorter wavel ength region; and
internal parasitic |osses, such as those due to random

LoleXbebept Bh2-ABrriBt ahti gat i pondesi gn and absorption

High light absorption of passivating thin films produces a
loss in the short-circuit current, which can in turn reduce
the efficiency of a solar cell. Passivating thin films
having low absorption are expected to increase efficiency of
solar cells. Furthermore, the absorption, especially in the
UV range, results in fast heating of the solar cell due to
the high energy of the UV light. Such heating can reduce
the lifetime of the solar cell. Further, absorption of UV

light can lead to degradation of the cell.

The transmission of light in the visible spectra of the
exemplary films is shown in Figure 8. The a-SiCN:H film
produced by the method described herein shows a decrease in
the absorption coefficient of light by 1-2 orders of
magnitude compared to many SiC, SiN and SiCN films (Figure

9).

Controllable refractive index
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of light in the netal contact. These filnms ny al so be
used as optical coatings, e.g. as anti-scratch and/or

woazns/104e39 ecti ve coatings. Passivation The i n\VREY¢A2008/000357
also relates to the passivation of surfaces of

Us &4 CoNdHet 196 $s Usd S\ar 1heg Frid #esi b eparagl ysd hel areddiod
descri bed herein. These filns can be used to passivate

comprdil Nadcinesperapier i@af thatrldmnemss chh Hee usresbsating

. A _passivat i | ayer to reduce surf eration and

4 P BB AL T O 21 e R ST & or S ConaUat 6

cohtt &1 I @ sthdppd f £adt e of nddreser fihersf £an. alBor example,
increase the bulk lifetinme of a sem conductor

by SHRIPEEENT Stlkd PNFHRYEASEOR ChFar YR nburded Foim and by

) r i i ; I i i
maZ S EOAGNERO cTBOEEL P DAY 98 1B L Afldhy Kokyod, T both, a
fifmrhahendpud kréffaet iree | Imdeasei malabetaushato ehesilicon
.anqgnt of hgdro en.present. during the depositio from
ni R S STl S R Lt e Sty ks
pridph £83 e 98eR d8Ya dbfdaigeraid® dheadmd dvahld heefractive

~ semi conductor to passivate bulk defects, thus .
indepeavieoy the pueRaredefihos. | tFor exampbelvaht abeofgasible
to_have fil taining sigRifjcan n f
toh§%?%%§%é%dgg%?qgsfégﬁr%eéb%$ %%%gl%%g ondrsf 2'single
deposst vah i oy Wi ot peste flepesivé ohndsncessi g, t sUtdrad
annealing. Wile films known in the art can, produce

frg@ol- pads? vat PR rastPREIOt hed R i PRV et bt t n@s the

coh €8I GHec HESEE F PLdr DEE e Rapk Vi Aleg tpexpected! Ye fl @bt ivity
passivation results. While a precursor wwth a high C

of: Ghecbhiwnt woul d be expected to lead to a fil m having
a large nunber of CGC or C=C bonds in

Variations in reflection (increase and decrease) can be
achieved by the addition of one or more film layers having a
constant refractive index, or by the addition of a single

film layer having a gradient in refractive index.

Deposition of a multilayer structure by the methods
described herein may be optimized with regard to passivation
and anti-reflection properties by variation of the

deposition process parameters and thickness of each layer.

A gradient film layer, i.e. a layer having a graded
refractive index, can also be prepared using the method
described herein. For example, increasing the concentration
of a reactant gas comprising oxygen or nitrogen into the
deposition chamber may lead to an increase in the
concentration of that atom in the layer. Since such a
concentration can be continually adjusted during a single
deposition, the refractive index of the layer can be varied

through its thickness.
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the film (which bonds are known to deteriorate

passi vati on perfornmance), the present nethods provide
wahi0g$1103039Si content whil e pronoting the preserE/©A2008/000357

C-Si bonds in the obtained film The mnority

rofldeohb Ve, 'éfﬁ?éﬁ'@ Mt h Fespectide rﬁa&éﬁam c&«ma@e and

Si/Nratio are illustrated in Figures 6 ,
prep»@p@@tbwehayy cmtjlallrhlaylexla;yemcimresoibrmm byaltlh:ede with
hod descri bed. here $ epl.ace the conp ex
Vel R et r O St T oy (Sf | o5 eo

cagbdh USei daC 081 Nocdh gbkycdexide i gl afilheod ront of
solar cells nay lead to the formati on of physica

oxyled eeeBitHikieh- def ects pronote reconbination effects
at the sem conductor surface. Presence of a

Thgfagﬁaféwgof el tia @P’Oif{‘f%é Ofa i 4 s d heabst { AEEe @Mk o

e texturing defect eads to better passivation
1ngeea®ena@ﬁbeatlmnef@btamanasb®sd¢amé aT%mﬂ@ms@¢bhrwh@ﬂe
| ayer.can o %lonal ¥$be anneal ed in or

er t ,
iR R P A S e do DR IR St Tt TPt ing

soBhEoRE PoSERbTONUNEL D& HEYE Cehe tPed£UNSERT heoBlERSE L Y
of crystallographic defects, to reduce the density of

direapl¥tageinsorthe ailheen ot Wekh vk | DadewiderRd} t_IDf

Whiﬁgoﬁ%% gﬁ@% %fngheAMgg '@geéshﬂyét CQ&PPQ& .%%siiﬁ%51ng

acc nmeans o rapi d ther mal annea
effedot - @aﬁaa@neati@g l@ﬁéf é@rﬂaserﬁmaéahén@imrmay be added

i sot hermal  anneal i n ough nan ot her anneal i ng
tot%Eﬁn?ﬁﬁ%%lg?eoguFP%b?%l%ngokaP RROWPST FFHg can

Fupghgﬁrraﬁﬁweétﬁaﬁl 58 éngfgaléﬁé eérdrﬁ@P@illQ}?ePfcéQ@lng to
passivating filnms. Low absorption coeffici [

the back of the solar cell can also be used to optlmlze back

reflection of incident light, permitting the light to twice

cross the absorption junction. The back reflective mirror

may be achieved by applying a graded refractive index film

or multiple film layers on the back of the solar cell, where

the lower refractive index is closer to the cell, and the

higher refractive index is further from the cell.
EXAMPLES

The following examples are provided to illustrate the
invention. It will be understood, however, that the
specific details given in each example have been selected
for the purpose of illustration and are not to be construed

as limiting the scope of the invention.

The PECVD tool used to deposit the films in the following
examples was manufactured by Applied Materials (Plasma II
model) . This PECVD tool has a parallel plate geometry. The
plasma is generated by applying power from a 40KHz Advanced

Energy PE-2500 power supply across the system electrodes.
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Hi gh |ight absorption of passivating thin filns

produces a loss in the short-circuit current, which
woczns/iozozdur n reduce the efficiency of a sol ar REIECA2008/000357

Passivating thin filnms having | ow absorption are

ThEXP@EE et O d1EEERSEe ef s LNEYrOf c 9! 19¢ €t Solled from
Furthernore, the absorption, especially in the U

rocpran@?mp@é@,ﬁlm% o 420¢, hielzg | PREBAL 1R BEgIFULR| FarUee
. | 4 | .
vai Dok 20 01 P Sho Dol LA P et s

reduce he solar ¢
flehsoapdfon eimphhdii ghéedan | ead to degradati on of the
cell. The transmi ssion of light in the visible spectra

of the exemplary filns,is shown in Figure 8 . The
EXAMIERENE H 90t bﬂ%%%ﬂl%yaf$%9rﬁﬁ?ﬁ%?%e%%r?%%%)herein

shows a decrease in the absorption coefficient of

A 44 0Btakyrdr 25 0R :@éscgsﬁr&gmﬁéldgerﬁpéw@@té@ SBNYcSh Grafer
SiN and SiCN filns lgure 9 ) Controllable refractive

wa$ nelbx¢ed ngn t hed Hew eectTode herai RECYR sygstem and
0ssi bl e r e . entrati f; .t ts
neROER, 8 PRSI (el SR R bl a e de® SR o

elstttade, thhe depdsdtiongchiebeefvast tiven i adexuated ey
film For exanple, by mnimzing the concentration of
OPRERBYAT| A YREUET| WERd bYHeR| Wil%i%e?%‘ér%o%%h%? a’?]il%n

desé?méﬁg@ﬂamséygﬁgd_ PEaORLA. 0 30k 1 tRPAVLAG-R of PDMS was
fefractive index similar to that of sificon nitride,

insrbdeoad okheeebntsi &t conuclxynraté dehataphdeppeeparedinside
to.,provide a broad range of achie efractiyve

he ABREE F o8 RRORPebaren FrPieat fbre brahpie oY g batance

of f ensi Bbet { BubBsr 08UE6A0COIoN bRt Ohe PEdEr fhedv stacasation.
in a single deposition by which the refractive index

A kighpbreguepgedelectric power of 600 watts at a frequency

of 40 KHz was supplied between the electrodes for 4 minutes

to generate plasma inside the deposition chamber to which

the silicon wafer on the electrode was exposed.

After removal from the deposition chamber, the silicon wafer
was found to be coated with an amorphous silicon carbide

film having the formula Si;.sCo.s in a nearly pure state. The

film had a thickness of 0.1 pm.
EXAMPLE 2 - a-SiC on plastic (source is PDMS).

A 5cm x 5cm plastic plate was placed on a grounded electrode
of an apparatus without heating. The deposition chamber was
evacuated by operating a vacuum pump. When the pressure
inside the deposition chamber had reached 0.05 Torr, vapor
of PDMS was introduced thereinto at such a rate that the
pressure inside the deposition chamber was kept at 0.40 Torr
by the balance of the continuous introduction of the vapor

and evacuation. A high frequency electric power of
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from1.5-2.3. Such a control can prove beneficial, as
the control of the refractive index can dictate the

wOo mbs/emdiovity of the film Variations in refl etl/©42008/000357
(i ncrease and decrease) can be achieved by the

75 @G ¢ ¢ ONy 0T 5 ONE Qhe MO € f 14 4N RIBY BfSs NAYIPITE &3 CNSIEH the

refractive index, or by the addition of ‘a single film
eléctyerddmviony 20 gnimliees g gerienate veldsnrexinside the
ositionmof a nultilqyer struct t.he et

AeRRLS 1 o ROPEFR Ty B Bp i BtE b P PG e

regar 0

el HASBOIA W HH S&d | - I'efid edmpr P operdf eshdysubstrate
variation of the deposition process paraneters and

roghi eRnez§ Bpeehehrlagep. haagiadient filmlayer, i.e. a
| ayer having a graded refractive index, can also be

AfPLEPALARG, B! Adoh Nen fead00s PSS | bednhier 1 the R9Tastic plate
exanpl e, increasing the concentration of a reactant
wagafoendpt ¢ sheagecoxtyg@nwdth na t T glen yeit ow hemealaposus | 9hlicon
chapber may, | ead to an_increase, in,the, concentration
Caﬁ?lgga{lg%oﬁ?Ythh%h?a§%¥mu§?ﬁ%@*gabh %?c%ﬁ%%%?f%x?%ﬁF
bergcont| dj rifoy & Sipal e
St%@%bsi??%n?i?ﬁgﬁééfga%t?%Eg?%%éi J?'tﬁé | ayer can be
varied through its thickness .For exanple, a front
EXBMPLEr 2f | est $0ONmaseuraé tanPhdSpinpared by way of a
mul tilayer filmof silicon carbide with varying

concentrati f. d.nit . Q. Sili .
Thd SPRRPR s Carti S rOeh aa ar b Sl of 1 ipiole Puien
50 0X¥E6&hPRNIddd dRded e WAt tdlaPlofMHHd Imayey Vddd.  The

can also be utilized to increase reflection for the
topbatkEide of BPMB| apdcl |waghidd ustakdsl deeury agessure of

O.9§S§g¥9tiggidéhﬁﬁgn&eﬂggyéfgﬁuéﬁgﬂber. The duration of

deposition was 15 minutes and the temperature of the

substrate was 300°C.

After removal from the deposition chamber, the silicon wafer
was found to be coated with an amorphous silicon

carbonitride film having the formula Siy 4Co.3Np.3 in a nearly

pure state. The film had a thickness of 0.280 um.
EXAMPLE 4 - a-SiCN (source is PDMS+NH;) .

The method was carried out as described in Example 1 with
500 sccm NH; gas added to the stream of the PDMS vapor. The
total flow of PDMS and NH; was adjusted to keep a pressure of
0.38 Torr inside the deposition chamber. The duration of
deposition was 30 minutes and the temperature of the

substrate was 300°C.

After removal from the deposition chamber, the silicon wafer

was found to be coated with an amorphous silicon
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solutions for solar cells have the rear netal contact

directly against the silicon, with no backside
wowas/i3g®. Wil e presence of the netal does harGI/@A2008/000357

surface passivating effect, a passivation |ayer as
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colPfleK1 b8 SHIENAE 1194 NG el XAMPHES HS Lol el dige of
exanp ed o I'llus ot

es are provi rate the inv nt|
0.wM | Tobe imsedst oiod, dopyeiteton t dladmbdre. spHe fderatet e | of

gi ven i n each exanpl e have_been sel ected fog(héhe
dem%%é%nowaw 1osPaEren aMd Hie FRPRRHredrstrRd as

Suﬂ)ég}gtggwgge:;%@e of the invention. The PECVD t ool
used to deposit the filns in the foll ow ng exanples

was manufactured by Applied Materials (Plasma |1
Afh@xjemmova'hi ér@ECNHDEt@@}DOﬁ?a%lgn pelraibert, ptle esilicon wafer

g Cr’ﬁla 46?(?—-@5 gvanced Eﬁeeng %ﬁgg@g%u%gﬁgﬁgﬁﬁgwm

caﬁbéﬂﬁﬁofh@eSfﬁlﬁ”h@ﬁﬁﬁgr@H@Sfah@usybsi&§¢&5E&§CimOﬁenearly
tenperature can be controlled fromroomtenperature to
puné0s;athe opeeafihy padsasurtleickmede 9hrd etO® rigm
-200m I li-Torr to 3 Torr by controlling gas flows

ExRIELQ" 6 PUNRL D95SPEED: rce is PDMS +CO,) .

The method was carried out as described in Example 1 with

50 sccm CO; gas added to the stream of the PDMS vapor. The
total flow of PDMS and CO, was adjusted to keep a pressure of
0.40 Torr inside the deposition chamber. The duration of
deposition was 15 minutes and the temperature of the

substrate was 300°C.

After removal from the deposition chamber, the silicon wafer
was found to be coated with an amorphous silicon oxycarbide
film having the formula Si;.4500.4Co.15 in a nearly pure state.

The film had a thickness of 0.250 pum.

Tables 2 and 3 summarize deposition conditions and film

compositions of Examples 1-6.
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EXAMPLE 1 - Stoichionetric a-SiC (source is PDV5) . A

4" di anmeter single-crystalline sem conductor silicon
wonlg104089s pl aced on a grounded el ectrode in a(AAECAIDIS/N000357

system and heated at 3000C by energizing a heater

built into the el ectrode. The deposition chanber was

t hemevacuatedThy gper ati g a vl:;uu mpunp. Wien the

prgssurg insideg thg depgositfion chanper pad reached
0.0 Tagr, vapaqg of|gP wag i Nt odiEed| thereinto at
such a gate that the prigssurfe i|isi dg the deposition
chanmber”was kept at| 0. 215 Torr py the bal ance of the
cofttnuous T ntTjodugtion of {thewvapor angd evacuation. A
hi gh frequency |el eqbri clopo Ofc 60bwatts at a
frefuency of 404 KHzWwas|asup i e befween t he
el ectrodes for |4 minutegs to generate plasma inside the
deposi ti on chantber [to which the| sil|con|wafer on the
el ggtrogle v@s gxposed. After renoval fromthe
deposi t§on ghan‘ger, ot he~si | jccon|-waf pr was found to be
coat ed ™i t h-an |anmor|phous si|icop cafbide film having
t he—forma—SHG-—5C0--5 ary—ppre—state. The film
hagma thi cknesg of |0.1 nm .| EXAVPLE 2 -|a-Si C on
pl @stic_ (source is |PDMB),. A.5cmx bem plastic plate
wast pl aged on g grqunded el &t r pile H a
wi tfoutgheating.' The def@sitd onchander |was evacuat ed
by | $perati ng a |[vacuum puhp. Aefr t hg” pressure inside
had D. 05
rern
oSi t
g, of

N appar at us

t he2 deposi ti on [chanber reached p. Torr, vapor of
P was_ introduced the o_at such alrate that the
pressure insidg the dep i on chanper was kept at
0.49 Tarr by the balanc 4 he|gontd nupus

i n{¥oduiti on of|St helSvap® amgl ejmcudgion. A high
freguency el ectiric [power of /50 watts at|a frequency of

o 40 |%KHz was supplied between| t he
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el ectrodes for 20 mnutes to generate plasma inside

the deposition chanber to which the plastic plate on
W tves/el4e®t r ode was exposed. The tenperature ofPQI€A2008/000357

substrate rose to 75C due to plasma heating. After
TabE&OYal cdih i@foﬁe@QSéiérﬁg%&f%@@ﬁlms the mbasliemdhed ey
X- PRYNGe T Oc P O £& Wb & {2y yel | ow anmor phous

silicon carbide fil'm having e fornula Si0.5C0.5 in a

naarl v i ~ of + Th £ 31 | g | oz ol £ OH—0

T ar i _y Uurc© St attt. I'"nIcTT1 LIF 1A |A]A RIS I

. EXAMWPLE 3 - a-Si CN (souF%%mi §°ﬁBi?/§}rKﬁ§§ Mepguref gy XFS
was cari1lied out as described in Exanple 1 with 500

seem N2 |gas added to the stream of the (BDMB)vapor. The
total fliow of PDV5 and|N2 was adjusted to keep a

of 0.3 8 Torrlinsidethe deppsition—chapb

Tl

: ~
The duration of depositi oflwas 15%ni nit e and t
tenper atjure of the substrate s 3000C . Aftsg

hé

removal
Ex%,t;‘lgfrét'f Jepesidi on chanbep, (e £ 11 ¢on gvaf g wgs

ound tao be coated with an anmgrphous §ilicon
carbonitiride filmhavipg the flormila 5 0.4C0..3N0.3 in

Exampear ) g€ /StlasticThe 60l mhadt& t hi ckhesg of 00. 280 2
mm . EXAMPLE 4 - a-Si CN (sourge is PDVMS+NH 3). The

rethotdwas—tatriedoutTasdescrthetd—+nExgnpte—t -wth
EX%%ige%maNI%ﬁd\T sspladded to4;dhe st r‘adz;m Df E?ge FDI\/IS0 0
vapor. The total flow ¢of PDMS [and NH3|was adjjusted to

Ex&@pPe a4 ressiing/ if 0. 38 Tarr inside the deposjition 0
chanber.| The duration ¢f deposition was 30 m|nutes apd
the temerature of thelsubstrate was 3000C After

PO o

ExpgRboab |faom i depositi 88 chamb2?, {he &ililcondwafer 2

Example 6 | a-SiOC/Si 45 15 0 0 40

EXAMPLE 7 - Passivation and anti-reflective properties of

films.

Exemplary films have been deposited onto FZ Si(100) wafers
according to the method described herein using the
deposition conditions set out in Table 4 to study their
passivation and anti-reflective properties. The composition
of the exemplary films in Table 4 were determined by XPS
(Table 5) and Elastic Recoil Detection (ERD) (Figures 1-3).
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was found to be coated with an anor phous
siliconcarbonitride filmhaving the fornmula Si0.4C

WAR0ASNA0S5 in a nearl ypure state.

t hi ckness of 0.300 mm . EXAMPLE 5 -

TabTVEL: G,

In Exanp?

The t

éczsn{&% 8EL A0 YRS €&l i €4
wth 100 seem CF4 gas a

fibhst he PDNB vapor .
adjusted to keep a pressure of 0.44 Torr

ot al

The fil m hadCx/CA2008/000357

a- Si CF (source is

&ﬁﬁ?to t he s ream
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Table 5:

films.

XPS structural analysis of exemplary a-SiCN:H

Samples

%at.

%at.C

%at.o

%at.N

Lifetime (us)

70208p02

48. 14.0

35.

1121

70226p02

47. 14.6

36.

1962

70312p01A

35. 16.5

39.

844

70312p01B

Nnjwidk]o

47. 16.4

F|lo|r
alu|n|o

34.

glgjn|o

422

Two techniques were used to evaluate the effective lifetime

of the minority carriers in the exemplary films:

(1)

microwave photoconductive decay (p-PCD) developed by SEMILAB

10

Semiconductor Physics Laboratory,

Inc.

14

and (2) Quasi-

Steady-State photo conductance (QSSPC) using a WCT-120

instrument developed by Sinton Consulting,

Inc.

The results

of the two techniques were found to be comparable within +5%
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15

X-ray Phot oel ectron Spectroscopy (XPS)

Passi vati on and anti

EXAMPLE 7 -

-reflective properties of fil ns.

woesrpi4es9y fil ms have been deposited onto FZ SqaO008/000357
waf ers according to the nethod descri bed herein using

by s SSPORY td Aoyl

their

I O0SeS@ QRHhA TyJd@bl @i dutds 4 UCb/(a)

passi vation and anti-reflective properties.

and@doBrpoki tion of the exenplary filnms in Table 4 mere

determ ned by XPS (Table 5 )
(B dn

pare exernpl ar

Li tectlon

fifes 20e (e

to” pr

%LMHI%P

and El asti c Recoi

%/aesn[v%ep(?.ﬁi A 1921591

1@@8 wa feled Wdte ahdd st &d Ofs ExenMhargyssPSieNt Hbd | [ Fsgure

Tmo techni ques were used to evaluate t he

)1 i bEERENRT Phethf RATELVRRING er ksl

G RMaY £, PHOL ogonduc
SEM LAB 0 Sem conduct or

fowadoimt thy, attnc(seantalfle €uasi -

me

a%%ﬁﬁiéé*%y

Mg RFRA
éﬂé’&l}g

hysi cs

effﬁctlve

qaéatéfnéﬁéa those
St eady- St at e phot o

conductance (QSSPC) using a WCT-120 i nstrunent

TapfE

oped by Sinton Consulting,
two techniques were found to be conparable within

I nc.

The results of

5%y neasuring a sanple with each techni que (Figures 4

Pasdidka)iad 5 (Bubstratkel RBBSs6fvilpyt 052500 |NBf Bective | Ref.
£\ H passi vateg 4i" FZ Bp (J00) waf ersmWer'e 1measur ffe
u5|ng the QSSPC nethod (Flgure 4 ) . Llfetines(ﬁg)the
passi-vating—HHsproducetd—bythe—neth gescriued
*é?@?ﬁ' une>§%ctedly bett8r than thogg found in the |22
PFﬁquq @bpgr@iml e ) Tabhl 6162  Erom t he?abpovel result S,
PE{CBarR 184 seen that addi tteA--f N H3| 54 100 13
PE-CVD a-SiCN 16 1000
PE-CVD a-SiC N 0.85 <100 14
Native oxide N 1 130 15
1 10-20
50 2020
50 215
50 470
50 195
PE-CVD a-SiC P 3.3 30 585 16
0.4 2400 8
0.4 650 33
PE-CVD a-SiC P 1 1300 | <5 17
PE-CVD a-SiC P 3.3 29 | ----- 18
N 1.4 50 | -----
PE-CVD a-SiC P 3-4 30 | ------ 19
PE-CVD a-SiC(n) 10 | ------
PE-CVD a-SiC(n) | P 1 953 20
PE-CVD a-SiC 1356 21

From the above results, it can be seen that addition of NH;

in the gas flow leads to an increase in the measured
lifetime for the a-SiC:H passivated 4” FZ Si (100) wafers,
demonstrating that the passivation effect can be varied by
the presence of nitrogen and/or hydrogen atoms(i.e. the

saturation of free bonds).
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in the gas flow |l eads to an increase in the neasured
lifetime for the a-SiC.H passivated 4 " FZ S i (100)
wonbgt@psodenonst rati ng that the passivati on efH@EuCA9081000357
b e varied by the presence o f nitrogen and/or
Alﬂ'ﬁ/cq{g%gec.rhé‘t%édir?g iheesaldt elddpded ddfe-usin some
. Al though the foregoing invention has been descri bed
detiailsdme wieyt adff byl ugtyratfion lapd rendran exrfd e xarmesgprot

urposes of .clarity. of understandi. it ] [ |
d'%ffp& e Lfrbd?%q% n%an%’r d]incnalrsy Ig aﬁjlrh%f naé%éexseargttea%] those of
ordidity afki1e ieachs ngsc ofn thight re®rdhertddueiimes taf rthis
~ changes and nodifications may be nmade thereto w thout
invessaPRi Bk r 6RFERENsPRANEEDr 23¢d opedbf I ekl PP AR P made

th&@ti.cgmwit':r t?'cﬁé”psém@% %% i@ff:?cn’ozpaéc%’ée ®f the
patent application in tThis specification is not an
appeimisdi oaitat the publication, patent or patent

application is prior art. It nust be noted that as

used in, the specifi i on and the appended .clains, the
Th%iﬁjgﬂ?‘éjro?o?fmm@f p"écibai,m %Lo%hopatieffge.cﬁp?%t & pl ur al
appEicieree 1l €8st Hise €0 €xt i &h e | Not Nehh cadeBssion that

ot herwi se. Unl ess defined otherwise all technical and

thepept i ¢akiorr nRateeld Prerld Feha PR hec &b rearhtPasArt -
comonly understood to one of ordinary skill in the

e it ARSI g U0 o9 ap SIS . e

appkisde®at Batmdp. tve 82MnGblar forhaykata’'l S'aPatand Nohe”
.5 9(22, 04 6 4 £ M.W. P'tcherhet al. ., A vancled

inghude Blungl gfefopRiPoimI eSS Chen RSN CAEE L Pat ent
in&PcaPe§50: V64884, Shen et al .,

Unless defined otherwise all technical and scientific terms
used herein have the same meaning as commonly understood to
one of ordinary skill in the art to which this invention

belongs.
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source in a heating chanber to form a gaseous

PP prekitsot01ltransferring the gaseous precursor to a
deposition chanber containing the substrate; and

177 €agtig &Hen PASEPLiSe K &F UL 1S OFhd!SiMgwan1 8nepdyeseHEEon
to formthe filmon the substrate. 2 . The nethod

Pheteor Hf aitc t Bneray rfanvendiepri rHawrl endiay sfrce is

el ectrical heating, W irradiation, IR irradiation,

m cyowave, jrragdi atj X-r @yl diati ctko
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nmet hod according to claim3 , wherein the filmis
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vapor deposition (RF-PECVD) ,

el ectron-cycl otron-resonance pl asma- enhanced chem ca
WO wapo0ipeposi ti on (ECR-PECVD) , inductively ouapd£908/000357

pl asma- enhanced chem cal -vapor deposition (1 CP-ECVD)
Cclaifkasnma beam source pl asma enhanced chem cal vapor

deposition (PBS-PECVD) , or conbinations thereof. 5 .

The method according to any one of clains 1 to 4 ,
1.wherei n Bheekrbadi Agr charbendi 3 hebnedntd auberpeEature

I 0.k ange of from50 to 7000C .6 . The net hod
CO@EE%?SP#Q to any one of clains 1 to 4 , wherein the

heati ng chanber is heated to a tenperature in the

range of htabimd478 $01500083andsildhe sethod accardeaging
hto any ong of clainse 1 to 6 , wherein the substrate is
chapbgr EfpePEPuR eIPRSPHE PERGETSPTfrom 25 to 5000C . 8

. The nethod according to any one of clainms 1 to 7 ,

wher ei n thengasesufgPtREUFSOEcLS prasefebtedot & 88Fosition

deposition chanmber_ in a continuous _flow. 9 . The
ChﬁﬁgﬁédCQEEéFHFﬂg tBeanybehEabei cifdms 1 to 7 , wherein

t he gaseous precursor is transferred to the deposition

GORTRS" ch dp} f. ,dh h 0L gl Pdet

reany oﬁeto? g?ggééglpt%egkfémh%%eﬁ%n§ﬁe8%%p gi%?%ﬁge %

forhanher fi3mwbhhtheasubatteteand t he heating chanber is
external to the reactor. 11. The method according to

any one mhereir%the deposition

| aj 1t 9
2. 30 ooy Sha vibiRdantRgtanadnts “alaltor n HREke hiache

en?ﬁ@?t??urég-ighélgﬁthﬂgaﬁcﬁéégiﬂg,t@VaﬂYrQaEa@ioﬁlatﬁB
to ,
irradiation, microwave irradiation, X-ray irradiation,

electron beam, RF, or plasma.

3. The method according to claim 1, wherein the

energy source is plasma.

4., The method according to claim 3, wherein the film
is formed on the substrate by plasma enhanced chemical wvapor
deposition (PECVD), radio frequency plasma enhanced chemical
vapor deposition (RF-PECVD), electron-cyclotron-resonance
plasma-enhanced chemical-vapor deposition (ECR-PECVD),
inductively coupled plasma-enhanced chemical-vapor
deposition (ICP-ECVD), plasma beam source plasma enhanced
chemical vapor deposition (PBS-PECVD), or combinations

thereof.

5. The method according to any one of claims 1 to 4,
wherein the heating chamber is heated to a temperature in

the range of from 50 to 700°C.
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wherein the solid organosil ane source is a

silicon-based pol yner.

13. The method according to

w(cioas/m403®, wherein the silicon-based pol ymer CEpCAXe8000357
Si - C bonds which are thernodynamc ally stable during

6.heating TRethecheat hogochan§eto ddy

according to claim 12 or 1:
whesejRethfabeat ipaorkarkenni §

dhe BEtADEims 1 to 4,

13, wherein the silicon-based

keaped staga atenpesatene in

N 0 d r carbon atons. 15. The
th%e%ﬁgggaggo?%sﬁg4?%ng a?ﬁ??%, wherei n the nononeric

unit further conprises N, O

, F B, Por a

7.conbi nat Tha nhéehedf acdérdihe uethﬁﬂ ageoofli aatosahyto 6,

) | ai 1t 11, wh
whepti et e “BPSHFABEh7E ST afie

fréhi phepyl sbbane, or

i th
CORRFTREVE bR ny R Fange OFf

nonanet hyl tri si |l azane .

sol i d. or ganosi | ane

17. The

nmet hod according to any one of clains 1 to 16, wherein
the solid organosil ane source conprises a synthetic
8.ratio of Theonepbed agcordengetpodnvcede dPhgctaimaylobe 7.

whggeghagﬂ§sé%§80&g:P%@Sﬁ?EQrtb

carbid

. sitrcon carbo$ §%%$%529%§$2§§ ?ﬁgicon

depobkitboncahbmhetridea( Soed)nuoss! ftowm. oxycar bi de

(Sia0

silicon oxycarbonitride (Si OCN ,

silicon

carboborjde (SICB) , silicon carbonitrobogid Si CNB
5. T e b ERRs BAFUEALSF By S8 MBI RLEFBR & to 7.
whbPEE 8Ot he 18asdB8s "BLEESUr 86608 8i PBahOf 8RY¥e@NEoOENE! ai T8

1 to 18 further conprising mxing the gaseous
deppethienr chhmhen ivagtBnisgdstpeveor to the reacting

st ep.

10. The method according
wherein the deposition chamber

heating chamber is external to

11. The method according
wherein the deposition chamber

both within a reactor.

12. The method according

wherein the solid organosilane

polymer.

13. The method according

to any one of claims 1 to 9,
is within a reactor and the

the reactor.

to any one of claims 1 to 9,

and the heating chamber are

to any one of claims 1 to 11,

source 1is a silicon-based

to claim 12, wherein the

silicon-based polymer comprises Si-C bonds which are

thermodynamically stable during heating in the heating

chamber.

14. The method according

to claim 12 or 13, wherein

the silicon-based polymer has a monomeric unit comprising at

least one silicon atom and two

or more carbon atoms.
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20. The nethod according to claim 19, wherein the
reactant gas is CF4, C4F8, CH2F2, NF3, C2F , C3F8, CHF
W(B2008PHA59 C3F6, or a conbi nation thereof. 21. PUTCA2008/000357
met hod according to claim 19, wherein the reactant gas

15Ls N2, NrBe REtN6H BceoZdindh€onBilod 8£COoyHERGihOthe
claim19, wherein the reactant gas is 2, O3, CO or

mogoperig3unthefusthed acvpridseag No @} aFmBO, Pwherein

[ a is BH3, BA 3, B2HG6, or B2C 6 . 24.
CO%Egnﬁgiﬁédgégggégrng to claim19, wherein the reactant

gas is PH3 or P33 . 25. The nethod according to claim
1619, wher®ha mhbehodaastaotdfjag ts &nynedebyrheddimg di to 11,

| uor obenzene_ . .26. The net hod according t laim 19, .
Whﬁﬁ%%@iEﬂ?hEOFéQcPSﬂ?naﬁgf?gef6?HE8€b&ShB%fYﬁbmethY?51lane'

pol FERPBBYEPAPSRAI BRe FE%?bH¥h?P§§PQh@?'or _
di met hyl phenyl phosphine, “or tris (trimethylsilyl)
nophvsphyheris2¥azahe. net hod according to claim19,
wherein the reactant gas is formed by heating tris

(pyrazol ~1-vyl t.hane . .28, The_nethod accordin 0
174 PH m 10T P ERC RECP AL T Cqaly SO Fhaaipyie 1°co 16,
whbeati hnghbosabedt obghibani age bouetbasohpni s€bosakgnthetic
borane di nethylam ne, or tris (trinethylsiloxy) boron
ratiggof ThECRBPRSd according to any one of clains 1 to
28, wherein the transferring step conprises using a

1gcarrier Qﬁé-mé@hoah§c88£BQH%€€8OéﬁynSné009'éin%g’1 to 17,
wherein the carrier gas is , Ar," Ne, or a
wheoabhnaheofiimerewpri8es ailitenobeubhéd (Bo@ t heilicon
caggg??go%ﬁdgl?5?89)5ns§T¥con carbonitride (SiCN), silicon
oxycarbide (SiOC), silicon oxycarbonitride (SiOCN), silicon
carboboride (SiCB), silicon carbonitroboride (SiCNB),

silicon carbophosphide (SiCP), or a combination thereof.

19. The method according to any one of claims 1 to 18
further comprising mixing the gaseous precursor with a

reactant gas prior to the reacting step.

20. The method according to claim 19, wherein the
reactant gas is CF,, C4Fg, CHyF,, NF;, CyFg, CiFg, CHFa, CoF4,

C3Fs, or a combination thereof.

21. The method according to claim 19, wherein the

reactant gas is N,, NH;, or NCl,.

22. The method according to claim 19, wherein the

reactant gas is O, 03, CO, or CO,.

23. The method according to claim 19, wherein the

reactant gas is BH3;, BCl;, B;Hg, or B;Clg.
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one of claims 1 to 30. 32 . A nethod for surface

passi vation of a silicon based sem conduct or,
wWamapi48iong depositing a filmon the surface afCT®&2008/000357

sem conduct or according to the nmethod of any one of

24¢l ai M 17he 30tndd. adh8rAehyod-aceidi g, tonelai A BRe
wherein the filmconprises Silicon carbide (SIC)

regfrapbngear bef PHuord RCY:Si CF) , silicon carbonitride
(SICN) , silicon oxycarbide (SiOC) , silicon

oxycarbonjfr] [ .Siljcon r bopor i de( Si CB
25 P o DORhE hdPnbd AF %Ed%%ckf%)c?ggﬁ PRo gt S e
regathnphgaphi def 6 Hin€R) by oheat Cogbi pal werobberené. 34.
The nmet hod according to claim 32 or 33, which
conprises a further step_of annealing the _
26sen1condEE?oWeS??graﬂ%ﬁ%@???oﬁ? gkaifnkd nevheygein the

red6€8hdi §9st 9sCEBLMEZ4py WHEL L Agt Bfﬁﬂ@ﬁ@ﬂgmsﬂaﬁiﬁépi d
thermal “anneal i ng, hot-gas annealing, belt furnace
traphbdl Phgsphingot Aemathy dpheay i pgosgBing, cont ai ner

erEQUPLL ALOG, A OROPOUS BLEEHL SO produced by heating a

ol rd~or gahosi source, for use in the nethod as
clainmed in any one of clainms 1 to 30.
27. The method according to claim 19, wherein the

reactant gas is formed by heating tris(pyrazol-1-yl)methane.

28. The method according to claim 19, wherein the
reactant gas is formed by heating borane t-butylamine,
triethanolamineborate, borane dimethylamine, or

tris(trimethylsiloxy)boron.

29. The method according to any one of claims 1 to 28,

wherein the transferring step comprises using a carrier gas.

30. The method according to claim 29, wherein the

carrier gas is He, Ar, Ne, or a combination thereof.

31. A film obtained from the method as claimed in any

one of claims 1 to 30.

32. A method for surface passivation of a silicon
based semiconductor, comprising depositing a film on the
surface of the semiconductor according to the method of any

one of claims 1 to 30.

33, The method according to claim 32, wherein the film
comprises silicon carbide (SiC), silicon carbofluoride
(SiCF), silicon carbonitride (SiCN), silicon oxycarbide

(si0C), silicon oxycarbonitride (SiOCN), silicon carboboride
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(SiCB), silicon carbonitroboride (SiCNB), silicon

carbophosphide (SiCP), or a combination thereof.

34, The method according to claim 32 or 33, which
comprises a further step of annealing the semiconductor

after deposition.

35. The method according to claim 34, wherein the
annealing is rapid thermal annealing, hot-gas annealing,

belt furnace annealing or isothermal annealing.

36. A container comprising a gaseous precursor
produced by heating a solid organosilane source, for use in

the method as claimed in any one of claims 1 to 30.
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