VETHODS FOR DEPOSI TI ON OF SEM CONDUCTOR MATERI AL
TECHNI CAL FI ELD [0001] The invention pertains to

woredsods19 or deposi tion of sem conduct or nmat er Pel/1S2005/000566

BACKGROUND OF THE | NVENTI ON [ 0002] There are numerous
appl i capeapRHS FOR ©RPOSITIONIBE ISERI CONMEE BOR MATFRIAL
deposit sem conductor nmaterial onto a sem conductor
surface relative to other surfaces. For instance, it

fngHpﬁanj@ﬁm_gj to epitaxially formone or both of
ilicon and germani um on a semn conductor surface,
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mRisiki.al over a sem conductor surface is described

wth reference to Figs. 1-3. [0003] Fig. 1 shows a

sem conductor wafer fragnment 10 at a prelimnary
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sem conductor substrate” are defined to nmean an
PRSI Ren CEBPINS |G GOBDBAISTHRRIBIEPRA CAISEPFIEALS Yo. Substrate 12
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"semiconductor material" refers to a material comprising one or more of the
semiconductive elements, such as, for example, a material comprising one or both of
silicon and germanium.

[0004] An electrically insulative material 14 is formed over substrate 12.
Material 14 can comprise, consist essentially of, or consist of silicon and one or both of
oxygen and nitrogen. For instance, material 14 can comprise silicon dioxide, silicon
nitride, and/or silicon oxynitride. In the illustrated example, substrate 12 has an upper
surface 13, and material 14 is formed directly against (i.e., in physical contact with) the



nitride, and/or silicon oxynitride. In the illustrated
exanpl e, substrate 12 has an upper surface 13, and

woraosorerho 14 is formed directly against (i.e.,PCTUS2005/000566
physi cal contact wi th) theupper surface 13. Material
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Bther processes have been developed which are modifications of the process described
with reference to Figs. 1-3. For instance, in one modification a semiconductor precursor
(such as, for example, dichlorosilane) is provided in combination with H, to form

semiconductor material 18 over a surface of a semiconductor substrate and over



Figs. 1-3. [0008] The processing sequence of Figs. 1-3

is an exenplary prior art process. O her processes
whaws/obeen devel oped which are nodificati ons 0oPCT/H82005/000566

process described with refexence to Figs. 1-3. For
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tion region 24 extends within strate .
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nmpri se silicon i oxl de. atlon regi on
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Qbxide, silicon nitride, or silicon oxynitride. Insulative cap 32 comprises an upper
exposed surface 33.

[0012] An anisotropically-etched sidewall spacer 34 is along a sidewall of
transistor gate 26. Spacer 34 can comprise, consist essentially of, or consist of silicon
together with one or both of oxygen and nitrogen. Accordingly, spacer 34 can comprise,



nore of metal, metal conpounds and conducti vel y- doped
sem conductor material (such as, for exanple,
waeoeovdioct7ivel y- doped silicon). Insulative cap 3RCT/ER2005/000566
conprise, consist essential4y of, or consist of
Srl ddneisnessepeilyest, ov dohsienef avie dvotdre of siterpdioxidedilicon nitride and

e P Brideo el FLEGH o0 BTG S0 Ta0e Bonsi ot of

S[oquon di A)@odauctwelymped mfmsiodeegnon 36idxte®@8 within substrate 22
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gatd@eaiah b%ﬁ@g&her?aﬂcdrﬁo@tdmgtoéa Barckened devide. t r ansi st or

ate acer 34 Il se, consi st essent
F00T70 o Bpteting oo % oo HEY (iRt b S8 R gy eurface
%Mﬂ@éﬂm@é\fhu&tdr lsQB&ate Qgé@lédﬂi\)?egj r)élanw&s:ﬁirfa%és thlan? 33 of insulative
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onprise, or consis se
@@t%lse?“o‘?”%?@ |r%§Pr?CHY%S< g%!“'cgi“i){‘{%ﬁn??ﬁ'?h%éaar?&’mpr'se consist
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13 A conductlvelgzgg ped diffusion region 36
\étmz@ﬁd&owsﬁwmnwsew torthataesgihacreyvipysiy with 5¢ eipacR 1@fbigs. 1-3.

Ab&rGRGIY Udb iselicond osteemelickibsEnaie foRb® By dBpddtn from a
transi stor gate 26 can be tog ether i ncorporated into a

$emig_ndycERr reQk in qutil Tthjqe\qw an ﬁ@ht"\ﬂ‘ q:if] igmoyes the deposited
EaEriaPIRGH O er sutRices P8 lnd 83 il WaVRG tRY BlatsSidl basresuddedds. An
sem conductor substrate 22 selectively relative ta

GiHaeHEd SONRSALRRPeRE 1By OIS ihat PUED "R 3P4 epoprasfPT doposited

mafRiarss, w8l dan beestlen ang wealén H@trﬁhb%ﬂuaﬁﬁn%mgcgnﬂhb $&unded outer
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reference tao Fig 1-3. Accordin e sem conduct or

¢Rt dpo apvessely Bgeqt@pﬁ@alagypraglﬁdfsq g(pr@rq]t fsrigwlagted either into or through

SEHCSRNRAHST te il 88U IFSPhsiaRcs Qibhd@&lvb@fbldﬁbb t&hﬁ‘t&l&oﬂtr@g{ﬂon 36 would
whi ch renoves the deposited material from ove

EAUPStiERASPOIHMAAE by @”\}\'HP'P@" FURSOUURT {hierRRHQEY @fanatew 138 rather than

1§émg§ BrBerrioffb &SR RI0h Of sEARERAESIGRaefialldRe TeGBuhded faceted
t hat such rounds an outer corner of dePosHed mat eri al

aunerA0 o hen scuprsaly aifertdermation olihe difysien eroianr3m of

’fb@h 5]5 Thens Q&ﬂ@@ﬁd%r%at@%l@@m ) S%nrﬁfrﬁété@%etc%né%twely
faceted corner, and can |ncrease degradation of a

@qpadsa@d &N %tﬂce@%ﬁ%m r Q@MPe: &0 PUree/qrain region
Qé%'oﬁ@té@i‘ﬁﬂﬁé‘ﬂ%sn%%é\ﬁ@éd?@nsw@ 168§, al so adversely

affect an inplant profil opant is inplanted )
401l i nt Humﬁrqq%r%@@ﬂng éfﬁ @aﬁ%ut@m dyrinngdhe grocgssing-gescribed

étfb‘i/b@ﬂﬁlereféié’r%%tljlg}éeh% @%%r@ﬁlérﬁﬁ%c@]ﬁdfﬁ@ ké&@te%%owlzx@ and

somet | nes formed by an inplant subsequent
$low gEawth ﬁa@fd'%ﬁ%@q RieVigesly-af\Rethet prahlepeis ﬁ@atﬂ?%g@?ﬂs't'on rate and

%ddu%%ég%fﬁﬁgwé kP MedmatRIbranle (RUch ! #F bRAm@8; HEN &tilized
during the deposition/etch processing, which can make it problematic to control wafer
throughput and quality in a fabrication process. For instance, it is sometimes found that
increasing HCI flow by 10% will decrease the growth rate of a deposited semiconductor
material by about 20%. It would be desirable to develop deposition methods which

alleviate, and preferably eliminate, some or all of the above-discussed problems.



corner 40 could then adversely affect formation of the

di ffusion region 36. [0015] The sem conductor nateri al
w@300s/7F1y. 5 can ultinmately be conductively dpEEUS20851000566

can be incorporated into, for exanple, an elevated

source/drain region associated wth a transistor

devi ce caonpri si ngﬁgjate 26. [0016] Nunerous problens

abk MMM D (it ERBAN Tl%'\'the processi ng descri bed above
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facet ed corner and sl ow growth rate di scussed
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about 20% It woul desirab devel op

@I'éB‘@sﬁelCPB% magerieb anga; the fiegt Matarial o) canepyaliprphihe precursor is
‘Sulééﬂ e Bie PFARBP! T Jjurgflort éﬁh@ Qe 1§Ibﬁ? Hﬁﬁ!ﬁﬁ for the growth phase

obl ens. SUMVARY OF THE | NV I[Q
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pagoharseslertiienlly irsuitiye ovateriahhabie firshandcenreand peifrces @ee exposed
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Initiate on the second material than on first
ReCeisPEs andgesBAbBIATPHAIBIAY GFeqURErpicedanost 2 suBstgnesemprising

bid & t&ﬁ? of &) ea(nd g-g?ﬁlaﬁl'd rPdJeP theXfubkiigieP W &xpSsur® Runder

enou or t growt h phase to substantially occur on

t:cmltfqnﬁ #1 Whigh @epaqﬂtlorb@tthe] substaiieg abiNgHIrstandisseonst Butages
F%]ﬁgﬂ%]ets?\uéfégﬁérfiﬂﬁdél’dréfwfﬁ%%e APhdres, SReQMicPRhRh itdhkes longer for

one aspec the i nvention enconpasses a
fhetdiouthiahese épipéiate over dfe secoBdpUEIRELbED pvefdh%flﬁsaﬁurface The

8 [feSh BBnQREePlor g‘i’@é 186 §1‘\6dg‘ﬁqa SBOHa QRAITRM e%qrowth phase

strate I's provi reaction ¢
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thie rs%@@nd)éur@?:%e THES) tﬁ? BEbGE e |§§él§<§t|v@|y9foﬁﬁ‘éb @ve?' Ot surface

ace consistin one or nore electrically
retadive & theesesap@d Ay The first and second surfaces
are exposed

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Preferred embodiments of the invention are described below with
reference to the following accompanying drawings.

[0020] Fig. 1 is a diagrammatic, cross-sectional view of a semiconductor wafer

fragment shown at a preliminary stage of a prior art process.



to at | east one precursor selected fromthe group

consi sting of silicon-containing precursors and
w@eoosani7um cont ai ni ng precursors to deposit a BUDESEN&@®0566

conprising one or both of silicon and germani um over

magezﬂu bst r gl 2 id BRIAXGARS FRY. I SvafsldRIgnedn dhdviPasa pitor art
i ch deposition of the substance over the first and

§@€8W%ﬁ?9%§%@%§ﬁ%’t%‘& ShGit tati on phase/ growt h

HEGQﬂ dynam >8,is ANbWEIARS FIthi Glarditirdghed® shR98T a Fﬁ’dr art
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pmﬁS%n\asﬁta%éumqqg?ntsta the @6FigTRe exposure is conduct ed V
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ABDEMN Shews @b StasitMigaNy\PreGRseing stagerfs agﬁeem%prmf@&aor@ws

(0628190 Ond FRYIBfiat SienTife FIoh® wbhStRRTM: bopPhegbiotelry

formed over e first surface relati've to the second
Bipcpeing SiRge Eub@gs@mltpﬁmw 4HE DRAW NGS [ 0019]

Hogasyr r ed ?l&)@% AR phical nl&é’cﬁaubﬂ\b?{?hb%rs@%%l%%%é iR8Hating the

bel ow with reference to | ow ng acconpanyin

el Foailn ﬁwmlg@@g@?mpqogduq_for @a’@ngi, §F Bymaifferent surfaces under particular
esRBssneect i onal view of a sem conductor wafer fragnment

shown at a _prelimnary stagte of a prior art

dPBe&ss. [ 0bm1Y ifn @rapinqaélllas (ﬁtléwobga& e pprgus timggdlfustrating an

ExSAIRR D ré&&%tg%‘eq éerﬁ%!e' @lan %rsbe& o4 Q%S&la%t Hhvafon.

subsequent to that of Fig. 1g. 3 1S a view
dpoﬂle Fi gF|918\h‘aﬁé‘ra9f¢raf@ﬁ%t0r@ﬁcﬁﬁaﬁ“%’ta' #epraf grreagtion chamber

9&9@;9%@!‘ fBgutﬁ&éﬂﬁl in YRSS@HPMry L dchatiheh ré:éeﬂt indentlo 023]

aé |agrannat|c Cr OoSss- sectlona Vi ew O
dB828onducFisr v siagraragain crasserational wepraiie Wﬁfﬁrafrqgment ata

Efe‘ﬂﬁ]ﬁm%ﬂ Pidodds st@ée i é@&%%l&&'a%? ec?lrotf tHY SteSent nh\JeQQc%]

s ayv the Fi ment shown at
6[0829]or ar F'Qpﬁﬁttse%ﬁ'lewg?féh!%glé %waéeédr@@ment haviipedt aggrocessing

Eﬂaggsf}bse[qgg,?rﬁ]) thdt®f FRy. bs @ graphical illustration of

versus thickness i'llustrating the growth dynamn cs
f[883&eni cohigudi ér a Migiveafitha Figy@ watafdragimentshonn ai @ fraeessing

E‘t% Qéutf&%rqhéﬁt%@ﬁat%@ll&%‘nﬁbons [0026] Fig. 7 is a

hical 111 ustrat [gas fl ow versus tine

|[DD Ht r at i Fig- 38 isxviepl A ie Poot wekar figogequehrve ajfa pracessing
g@%&bs%fquéﬁ‘t%%éi%?ﬁg; hpvention. [0027] Fig. 8 is a
e

granna I C Cross ctional view of a reaction
dﬁ%ﬂier cofiici 48 iealdegramnatic, gepss-eactionabyiew wéaseanigpnductor wafer

RSPREN 25 JriiBniRaS SO essY $Rige®R a second embodiment aspect of the
present invention.

[0033] Fig. 14 is a view of the Fig. 13 wafer fragment shown at a processing
stage subsequent to that of Fig. 13.

[0034] Fig. 15 is a view of the Fig. 13 wafer fragment shown at a processing
stage subsequent to that of Fig. 14.

[0035] Fig. 16 is a view of the Fig. 13 wafer fragment shown at a processing
stage subsequent to that of Fig. 15.

[0036] Fig. 17 is a view of the Fig. 13 wafer fragment shown at the processing
stage of Fig. 16 in accordance with an exemplary aspect of the invention.



[0028] Fig. 9 is a diagrammatic, cross-sectional view

of a wafer fragnent at a prelimnary processing stage
w@booan7exenpl ary aspect of the present i nventiBOT/US2005/000566

[0029] Fig. 10 is a view of7the Fig. 9 wafer fragnent

shown at a processi ng stage subsequent to that of Fig.

OOBOE view of the Fig. 9 wafer

PEzan DERoHP BN OpaE BHERERRER S B M o

Jb@ﬁ?f]o‘c Fi &ne 18 e({t%@?rﬂe]m\Férﬁon a %@co@m‘ﬁb@ﬂﬂia@fhetd}ﬂaﬂld% of growth
er frag ment shown at a processi ng

gfl%@all%ifﬁer@l@ortqqg{or gratetiads oqQ|ffe[eQ5@gQTaqe§ gan g@fer @ngl that this can

Sl BHEABERtSge &ﬁf@ﬁ@elé&.% idep&ditior SYpHic@asfifasegduct or
wafer fragnent at a prelimnary Brocessn ng stage of a

d8031d enbbi@i fisa gppisat '"Wa{t'ﬁ@ opthestyRamjcs\pé ﬁfCIWSh of a deposited
$QRBA AU makbridl Dndwd fINr&Ht sm&e% ©neldt tH@E@r\‘ae@é aopent

shown at a processing stage subsequent to that of Fig.
senicombginr nigteyial {thejlige (l;ab@?e@i\,@%fartq%@e pilpr is1a ipgglative material (the
Ifrfquﬂagé 6§)h°iVHé lﬁéulé‘tl\lérrﬁé;l%ﬁﬁ'déﬁ c%hégﬁof%ﬂlgéﬁ ﬁifg%mermh one or both
t hat of [ 0035] Fig. IS a view 0 .
qfswca(#reanc# mérgﬁ@h(l es W@MOB$'STa3f}§H'©@@§I§P<lﬁg glicggenitride or Sticon

ent to that of Fig. 15. [0036] Fig. 17 is a

view of the Fig. 13 wafer fragment shown at the
HP&¥ssi ngThe @3@ ob@rowﬂgof the dpposiied seavapnausipt matgral over the

SHRIBL A NuskBRRGH 1 Fiuh6 %PEa{b‘ﬁ%td Sk Tﬂﬂ&ﬁem @E;hcg\!ed

OF THE PREFERRED EMB NTS [ 0037] One aspect o

mﬁtﬁélﬁt ¥ time. é\lqt@ibgm ’QTQW’ﬁh damies en oidhe ssmisongueion syrface
f@)@ PAR ith%qln A6 RANGS QLR (?Ip“ 8 )Sarg%brﬁiﬂafrfrﬁfh%%oth have a delay

aces can fer, and t hat can
@t@ﬁﬁ&rﬂaﬁg@aw r:fr@r tosa pewtth phaske pargaifically, dhe ihipkoesanfane deposited
ﬁﬁ'élfefrl Féows. r{o@)p\%%asg 'fl%m ﬁﬁe'z%r@t Jgéﬁd?ll&' 6& raiel B g%ﬁé’"fo' iRreRie after a
ynani cs eposi t ed sem conduct or
|ﬁfﬁﬂ0€ﬁ$%l Tfamlag\nba@ﬁ fOI’fQI‘Qé'ﬁh ogam a@@@ondméorcmaten@ corresponds to time
$u
Sb%@gﬁeéla![; ﬁgase%wreog}ewm &{mg%%faﬂ@le il anﬁdﬁgegl cﬁlgme Ta.

, her 1s an I1nsulative materi a i
I[8@A0]ed 60)he lea@hape ifir growtb qﬁﬁteeciapalsIt%ma@@ﬁwsiﬂﬂe@emlconductor

ﬁ‘n'a drig A8 s‘g?ggémﬁlrsh‘%tbhthgﬂ ?hé)ragﬁb%\% &5 ’tl%X %Wihe insulative
trogen can consi st I con OXI

@atarlebdn exemplasy anplisatidnsothedagphasei dahay hoazlt 2Fegonds, while

ey E?rﬁas@r'lo%gll (5 atidif 16 2RO dsC e PEHRARE WrgH of Bh§bhake can be

over
impacted by the deposition conditions utilized. For instance, if the deposition conditions

comprise a semiconductor. precursor in the absence of an etchant material (such as
HCI), the lag phases will be relatively short. In contrast, if an etchant is present the lag
phases will be extended. Particular conditions may extend one of the lag phases T or
T, more than the other. Such can reduce the interval between Ty and Tz in some cases,
and in other cases can increase the interval between T4 and Ts.

[0041] The lag phases T, and T, are believed to result from nucleation
phase/growth phase dynamics during deposition of semiconductor material.
Specifically, there is initially a nucleation phase of the deposited semiconductor material
during which there is substantially no increase in the thickness of the material over an
underlying surface. The nucleation phase then progresses to a growth phase, with the



surfaces is illustrated in the Fig. 6 graph as a
change in thickness of the deposited naterial over
WO 2ovs/07N0e abl y, the growt h dynam cs on bot h t heBCT/US2005/000566
sem conductor surface (line 50) and the insulative
gRiNEl pRAseShih@aefingdiasehd Phaserie viich thare ik A dubstantdintrease in

has | ag ,phase i or rovvt
HiG et &be ePraeflyhat b RRr Bl Poraq RBauRees Tana T2
aafeﬁpbabl télpeSdufaioni ol teea ot Phbdes drethe sbhi‘ﬂbfhdhcﬁtbr surface and
pbut rat her bfgl s to increase ter a éaﬁ ﬁaase 8
Inslafyreaterig fit HSRFFIV Y Qehihe JRgrie? aRd R Cairespond to the
gmwﬁﬁ@g&%dme@emoﬁauot@ndaﬁehgl duracdbns edipsulathe materlal
on the insulative materlal corresponds to.t

faoeotpABpetvRY- A §OHRASRSTHHIING BRI PBRSS %%@id@ée@apeﬂod of

aws@émi@hy mrrbatr h\%re%%mlr$ﬂiédldl@kr%ssrmb@feb@éltédsmaterlal
anlfl cantly shorter than the ase fo

t he
PB4EIh on h%'ncrﬁafpgﬂqwe}%ﬁtoamn'nSBﬁt'@(@ﬁfﬂr@wﬂfaw relative to a

%ﬁicbﬁ@udt&rs%rfawsad @Qtd&@ﬁ%@vérr&a%@& i tScRBy deppgands,
while the |la ase T2 nma ut 10 seconds The

PRIPICPRIHCRT m%ﬁ@%'wndhe éem%“%%*’eg%féﬁe rlatVRpathedpsgtive material

sheacdempeititany, s9melktivmattial $wRle ahara ddnstaGetor aterial
the deposition conditions conprise a sem conduct or

STECAICRBIPOIHDR REPOSEY i BUISP Oh ReBICERGHAON RISEH?RA) Dftde: Rulse can

B8 ot Echliratibh @ hicAGxBEaRake Md phaae T, Whaé 'blél%byes%hﬁéﬁ thell lohase T..
contrast, if an etchant is present the rte]‘ﬁaases W

Aecasdinghydibare wl beickeithrof egmisonfysier ’ﬁﬁ&‘if’”ém sgmycopluctor
slrackaButRRas &Il Adt Mg{;@@tl’(@%@nﬁé@ﬂu&tﬁ?nﬁéﬂ%f@n AeGRsUtRNe material

reduce the interval etween T-i and T2 in sone cases,
$HERCBN ot her cases can increase the interval between

Too4e1d T2. AhQR4 Ia-rrﬂele’ck@a |§Bl§§%$nrﬁétlo@ﬂ3¢m-r&reﬁé@m FI%
bel i eved to result from nucl eati on phase/ growth ase

amfﬁaﬁb Fagir7 $TPVchearh Phorviiovs ¥prsed Haa de'ct Pyiss/ @lﬂrgmsequence

PResA bé alilz¥d 6 ing %e#nf&ohd@étbb’m@teﬁﬁ@'s%@ctnﬂa"y &t@%e of
t he deposited sem conductor material during which

sBicRNqustes sHYRemt Faah RHIsRcarirspeRdsdoifiewaf @PpIoPERigesgigemductor

fnBeriBBbREUBbr WK a3BadiiBA @hhbBSto s fiRsént can@emrat.on to grow
nucl eati on phase then progresses to angr ow h phase,

SATIROGHSH GVRtE RUSTSBECIG UGS PHERPesS {SUsAE eneierial surfaces.

Y\Hé ﬁlﬁ]sésh&fe%l‘ & derafsPRhast thah tHeﬁQ{; %ﬁ§§e 1oR gEdtls kR eRSseHhiconductor
deposited material. Accordin the”l ag phase

‘{»qrf?@g, li'fl!! '%?ﬁdha@%%ﬂ%@dbﬁ G Ri‘atsﬁg%ﬁjﬁ\ém @hthgfinsuipdive material
Mﬁc@%ﬁé O FBNARRE kSH@JeF ﬂ\%nsﬁ"@f ERNEUSH Mo q’?é‘&tfa%ﬁn #Mime T, of Fig.

i nsul atlve mat eri al “surf ace, resp ectlve
$)- fter sechpiseche é@m@gpféﬁ%ortraatﬁf@ REPRRAN Iﬁbhlérge@ fr@m Wikhin the

RABIGPEHIWPr material surface and the insulative
material surface, respectively. In sonme aspects,

t he
dpQﬂ,&] h ph agboqf’gﬁplqg@sg@q{g, the p@alcgng@tq)rdaat@flal which is deposﬂed
SRSsRB! domkslsys éds@ﬁt?eﬂ E gg%rr ]%éﬁﬁstb Bf b ok l!satﬁ 6ﬂ§ﬁc°onoafndage;man.um

deposited materi al he increased \pg hase
B\BiEh REPSGYS AN serois0 ingatedal prequiesar altitizep\biring the pulses can be

selected from the group consisting of dichlorosilane, trichlorosilane, tetrachlorosilane,
disilane, silane and germane.

[0045] The material utilized for the purge can comprise any suitable purge gas,
and/or vacuum. If a purge gas is utilized, such can be inert relative to reaction with



sem conduct or surface can be taken advantage of to

sel ectively deposit a sem conductor material on the
waessoortguct or surface relative to the insul at PEEUS2005/000566

material surface. Specificadly, an insulative materi al

e&Hé&a%Cﬁrb%ﬁQteaslﬁtﬁBéé?rﬁﬂﬁ’él fdaetioN Bl Rt oSiHIsbRe@spadts b@’d be reactive
exposed to a pul se of e]m conduct or precurso

W'W@wrsreoreeﬁrp%eddmargnalaﬂ%{ edRagionahampes ol éllqrgépects the

RRFS Rl EhmMas %\Q@rbl’éggelsqﬁr%ubh @Weé&%n'c@rﬁn{b@ﬁmh'&lch gas containing
Accordi ngly, therée w | grovvt of sem conduct or

HenFiGaS ks oD 86 ﬁr*@lﬂ%ﬂ&? findng sipRONeRh N 3ddiioa tuihe He, such

d30tor *éﬁarﬂb%"‘@ﬂ &a ﬁﬁﬁb&@é’d’i’&@u@ﬁ ag%?ékai‘hpléﬂ-l(f)lhﬂf HCl is utilized
I nsul ative material surface. [0043] exenp

dvsine i PWoei sighaafReincesenyinithe Leetqtlar éaam'ﬁerrtpﬁ O}écemfaﬂon of less

HPREE '1f\}oﬁﬁ1|1e Eercghtg Thé (RiR2MWeN B th@%eﬁfooﬁ’éﬁmﬁd r"h\é’re‘r‘rﬁfdﬂrﬁrg the

tinme for a pul se/purge sequence that can be utilized

Husge earohe Advasisgecsn iLibabi C%reerqurryceereéi&qwerrwue%maéﬁﬂa's

fﬁ)?ﬁ' beQNALGLRE stiHhERC Holereh ifidnSgoe %\Wﬁ%%@G&tréerrfoh@y! by also
propriate sem conductor naterial precursor wthi

ramowa@toreaﬁsradmorrd@otar QatariptireRoveon SERCPBYYERT Stusace

/%8}’& riﬁymtﬁ@Wr@léﬁﬁd?hl@ér%dn@as@é’seésp%‘é@ if UMHCE T;%rge gas does not

surfaces and insul ative material surfaces. ul ses

inglede eichantgu esaremasnasife thet Mkge oaR ulilggs bhérétéort@rﬂy halogen-

SR ﬁg E&?erﬁ@ %Q%Bgéiﬁéaﬂ{/ WitHduR& sy cﬂ%’r‘iné &saihiRgBoMponents.

equal hase for growth on the insulative

190461 i al sltrhala@en ecpntémmgdratraml o athereetehangds desigd inrthe reaction

C&%t T ol su@lp1 cQﬂF E}%\/&Le%l% e 6Hé‘ﬂﬂbe‘r REritd R pl&si offthé serffilconductor

r ‘'each p e sem conductor material precursor
m@tep@ﬂrl@@dm reselion etarpbarisdiemativaly i O Meadsition to.qriaviging fhe
Gﬂéﬂefnlt ST th%%‘?ﬁ%ﬁ? It @mpRIN SQC 1 rsIT|§Ve§ér4rtfi‘rlr th‘éﬂle&rﬂron
dep 0S| conpri ses, consists essenti al ,

Qhames daring thermalserof semizopeudien malsraldnie the rammbeern@nq i§ present to

8&1& Lo Iestsnﬁ r'?@m\fbﬂmﬁér@ént”ﬁﬁ@%@'caﬁra%%ﬂt§ ously remove

I'zed during pul ses can be selected fromthe
PYeANCLIoIPs rraterrw@ nmle@rrn@mndrr%éatrvarwrfa@es ohHisp@gintageeof including
' I

AR PP ORI ERDrp i Miigt b RHaRNArIRTEAN 2 depositon
oegssi 8ied agnprdingly Ebsameasrpstsghean %a&d\@ma&@@uwﬁ nqtfhaye etchants
@H&rg s, 98 Sexatnpid, Iy &ggent%lklﬁﬁb FRPUL éf%%ﬁﬁcdn@h&&r‘ M8tekifl into a

eacti’'on Wt heXposed substrate surfaces iIn
neaelini dhambleanber, or in some aspects can be react ive
mdmone Oﬁg”@ﬂlﬁst‘?ﬁ??@ﬁﬁ@x%lﬁry r@hétrdnrh ?atuseﬁﬂHaPBan be utilized

articular aspect 7g
io papicle aSH)QWﬁ pighe pw@nrlnver@gn é\pp@ra &rCQf'FfHH’B%ﬁ chamber 72. A
H?at%%theg 33, |§Wﬁﬁrﬁltﬁe SMhntter, aHofis Qgévtvﬁ ﬁ@ldﬁr@'ﬁ?\réx%ﬁn@%ry substrate

ogen-contai ni ng conponent 1 n ad ion
Zﬁ;cﬂsubstrate 76 can correspond to, for example, a semiconductor wafer, such as, for

example, a monocrystalline silicon wafer. An inlet 78 extends into the chamber, and is
blocked by a valve 80. An outlet 82 also extends into the chamber, and is blocked bye
valve 84.

[0048] In operation, materials are flowed into chamber 72 through inlet 78, and
expelled from chamber 72 through outlet 82. The materials flowed into chamber 72 can
be suitable reactants during a pulse of precursor into the chamber, and can be suitable



as, for example, 2, or a halogen acid, such as, for
exanple, HCl. If HClI is utilized during the purge,

W@ a@k/oTtem be present in the reaction chanber tBCHUS2005/000566
concentration of |less than10.1 vol unme percent. The

Mrgé bé?éé cﬁﬂm@fa &JrBélb%@fénﬁl@ﬂﬁoﬂh tHetha bl Addiitihallly, Wvacuum (not
dvant ageous in that it can renbve

an g8 ae @é?wcte@lrmamsts?afﬁﬂf apilef |82 tp A8siStdy EHIdIngMRR A drom

witdih #eeshaniiRpever, it can sl ow down a deposition
process by al so renoving deposited sem conductor

0043 al | ThosrRerasatus 79 &N bl Stikabla gppayatys, including, for example,
ém*ﬂg dhNZbY¥r déab%.taoﬂ\(evm BPpAhEE, SNSRIRSESIHSRA6H FALD)

a purge gas does not include etchants. In sone

%ﬁﬁ@é@tl% a mln@ﬂp@ﬁb@mﬂél’m inDz@'s‘\L@aW%Téa,t etany
%@6%9”00”%5{3 7 nraefme%%@xémpwaw@bﬁhew[emon Fig, 9 shows

ut any C orine-containin corrponent S
seaniogpshicton taienifagganii @9 fla prebmlr@trm@mce%%ﬁﬁge i Eragment 100

%Q al s'&n_%ﬂg%e J@Q%‘hbl QR .ﬁ&ﬁ’e{mg rmatél‘i’eﬁ R 0@ %Uerbﬁlb@fré%' 192d substrate

|nt echa uring the pulsin t he sem conduct or
R ean camprises identical @ﬁi@fl%ﬁtodhgﬁiﬁagﬁcﬁsﬁfé ehaxs e pybstigte 12 of Fig.
Pr Ab&)r@iﬂgl}/t Sirh 1o@ré%\ﬁ'c%h{£>9isé hensikroaBhiialldr ng cfohﬁst of
gl ng n exenpl ar e IS presént in the
$mcmdmto¢ hfaﬂb’@s cmriulrm Qafﬁlﬁ'éamﬁp@é’fsdf?'“ sempieh gorgigressentially of,
SRR Adr dridt pﬁ?fféman%hd g@ﬂﬁlaﬂuﬁrpr esent to a
concentration o ess than~0.1 volume percent. The HCl
de@p1ddvant Sgewiaie 9/02 eorORIESes & UppRESITase 198t dhportion of substrate
THELRHA0 RNl mghchacsimut o paiptinge ol
paricidarcisacts vdlheorapiisg, deist @seritiely ofi ehcqnsist ekane @rhﬁ)th of silicon
[ d

B ) o R oy R o YA RO matera
@hﬁurfﬁge B cpubs éOI@Qd @ellﬁd@gﬁ?@uﬁpwfmﬂ! éaurfaq:e i ¢t @arnbe comprised
@Eg%ﬁﬂh%@ §éd dik84 te drg no?stvJH?’% 5§]'¥|§.ﬁaraé'épects of the

i on appar can be util

Ilnmerp@nt @chsﬂnahe tmm@tsesl b(gmntjqa@eobt?@@gmduptw arateriahin OTher aspects of
ﬁgﬁﬁ\feﬂ{ 70 conprises a chanber 72. A substrate

|'der is wthin the chanber, and is shown hol di ng
dﬁOFEB]en'pI angulaiivesmeterie! 1! capuipmpriseddengicalanatedals éxsthonel

d r of

USeresPd BB froidhiel PFpEAD H SrBlack ol SHRritToe; Glpgist
eseteetn&dlsr df reonsiet of silicow in coamhinat@nwvltbm(@oprwﬂaofmﬂrwn and
%8, ﬁ\n outl et 82 also extends into the chanber, and is

§ERed by a valve 84. [0048] In operation, rmterlals
40053]| O\Nedlnsnlabvezhi@tﬁﬁleHOFZCCtmm@@gﬁ suipee 10, Inpadticular aspects,
%%lel CEP H HSICtﬁes%_Eﬁt%ﬂggf %kaﬂlst%? ond BEmore of silicon

eria I'nto
dioxide, silicon nltrlde and silicon oxynitride. Matenals 102 and 104 can be referred to

as first and second materials, respectively, in the discussion that follows; and surfaces
103 and 105 can be referred to as first and second surfaces respectively.

[0054] In exemplary aspects of the invention, the wafer comprising fragment 100
is provided within a reaction chamber, such as, for example, the chamber above with
reference to Fig. 8, and first and second surfaces 103 and 105 are exposed {o at least

one semiconductor material precursor. The surfaces are exposed to the precursor



be suitable reactants during a pul se of precursor into

t he chanber, and can be suitabl epurge gases during a
w@oge7oio materials fromthe chanmber. Additi onetT/¥$2085/000566

vacuum (not shown) can be ptovi ded downstream of

%ér%bn@@oﬂ@nm rowth GFwediidtthdiBbEmatdrsl ffrérﬂmhé’\pﬁehw%or over the
he chanber. 0049 The apparatus 70 can be an

férat bieeong Prtenials 107 Ard It WY, CWIS@%&%P%&S%@M gegwih
h"’d%%r ar@&@x@&érwrﬁ% it @@é Io@@@@ﬂ)ﬁHé?gro@fh Fﬂfa@&ﬁ&lnit@y@bn surface 105 of
03|t| on (ALD) appar at us, pl asma- enhanced {ngeg%
sipD! (dothan anwyrfags £03 Pfd"ogtéjlalﬁoé’s .The.precyreqr s thjesed %Hm the

&Wr% ¥ sBfiernt C(S?'fceﬁﬁ‘ﬁldnrwleg\bl/\ﬁ}nof denficorRustopWatatial from the
sem conduct or waf er b(}émsnt 100 at a prelimnary

plicaeiessombotbisy suriapetpbard amné GHPAGEs d*@f&m@r,rta? grecursor
é's&ﬁ:eﬁf?&o%ns hRRHhiAbd WRhimehe EhathbdQdr PV@atSY Bﬁlwcmgeer;b%h for the

strate 102 can conprises identical materials
gievdepinsedn sybeaniialy ecewondlipisurface 143 apd not ipng fnough for the

@% ?F\é&l ¥ su§é%9§ﬁeﬂl?to§cdr% S%Bn& 95%0‘954@6 QORI phase is
ssen , or consist of sem conductor materials,
mmsldemecb@rftave u$L&ST€ﬁ§'BU§l:@@UW9N orep spraasd! a getesiable layer of uniform
mﬁééé e frrRdd o@fhecé?l?l%bétan@fnd%‘ ﬂ%u@l%a*é@t!:ﬂaﬂjs a?rblthé:@ﬁly
and germani um [0051] Substrate 102 conprises an upper.
éﬁénqs&l@@ onghe smﬁ@ep drhei ditration taefidbe peacarspp oRSeRP AL Nigjntained
PUHE BRENEEEaRA dRSTBRRCS YASELI the BrRfurRRWARIMAS Bhirhbe:
in particular aspects wl| conprise, consist
dg%ﬁit i al | | ssme aspesen Hesdengpition ef gAmipeRdycsT material on surfaces
?é‘éjargc? R HRR chhs'HB?Q& foisdvald firdeactlatks! e iRk b B&rface 103,
sem conductor material of surface 103 can be
@I@b@ée@mdmw{@@ tingheedative dapyiacesipbs dbe e ackyatige time” refers to
R ﬁﬁﬁe @g phaSe ragy&ﬁéta@ litn SRRAA o%ér%hmtdreﬂét@nm over the
not s particul ar aspects of the invention,
gafacee qumep@@ajlybythﬁmwhlc lireen Beleraoinerawhipiase ﬁ"T'a’feS
Phd S&t]\/@ﬁ@r‘?gﬁé r@htid 8 suRYENT (bEP(ihe E%a]ach%%% "ﬁHeZ% longer than the

materi a can conprise identical nmaterials
detyeiisiime wlative tp@grfm 03 Ghe first agtivation tine). e semlconductor

ARG r%g¥r¥oﬁ?rﬂ)u%%amtb tfa?ﬁb%'r r aetﬁﬁﬁ %Hél th¥n giet fg@ﬂg%ctlvatlon

consi s Icon In Cco |nat|on W t one or L .
fine g ea gserlediey#re sqcony sttivietien fisei Jae mpaiserthiag selgdively deposits

Qﬁﬁ?f)hoﬁﬁ:ﬁ@naﬁé‘ﬁgl 3GEr thSFirst SOHRY 1d58l@le ﬁﬁﬂ@%‘eé@r}d surface 105.

ace can conpri se, consi st essenti al
d60&8]st of TomprasursepLiizes fcyudelp@@horupfosarrd@ondymor amterlal over

Qur'fafc'eq%SgEH céfnlghgeogt I@é%’t'ynbrdréj&rrs%teéﬁ%ﬂlfﬁnn;% gffgl% dOicon-

can be referre irst and second materi a
cipoipgipreduysors and BeMANiENSeNisNIncRIECYrEPISoisCorgingly, the

SHREBRER tor material deposited over surface 103 can comprise, consist essentially of,
or consist of one or both of silicon and germanium. [f the semiconductor material
comprises both silicon and germanium, it can be referred to as silicon/germanium. In
particular aspects, the precursor can comprise one or more materials selected from the
group consisting of dichlorosilane, trichlorosilane, tetrachlorosilane, disilane, silane and
germane.

[0057] Fig. 10 shows fragment 100 after exposure of surfaces 103 and 105 to

the semiconductor material precursor. A semiconductor material 110 is selectively



103 and 105 can be referred to as first and second
surfaces respectively. [0054] In exenplary aspects of

wo b@siomvent i on, the wafer conprising fragnent RODUB®05/000566
provided within a reacti onighanber, such as, for
fspﬁmd j Ry sgnﬁggcfwrbagv@bp?{maabnbgg Sb&fé@jmd&ctbomﬁt@al 810 can
an irst and secon ur faces. n 05 are
PITPAES PBY SRR ST BB QT et D 2P GHIEE ARG WHiggmprce,
C%H&fsﬁ@é%‘énﬁélﬁ BXHesRslstdI chB@r poica lrss;odsmamegemmmrm ons

rowth of sepi condwtfgr material from

H?Qé;@ﬂrr sor epogitiop of grterial T ELeasHRE: MPAPS QP%eCi?)foﬂﬁlgered a
LRk HhpSRFRANH Rt Suka@sP0BSAIADERIe bethaxgbssu b phassor, even
and under which it takes | ongm or the growth phase
theughihedgpesitng is gelesiive fepthegta %FPQ?CGl%Q? t han on
S\?’({ h;'[lce 108 OformBiRN dfdhatdfd 1 10an PeEESHPIshe utrliﬁrrﬁ:}?ﬂw@d/arlous

he chanber to a sufficient concentration

apnditiens discussatl BRIV FefaRene? oo HRg ?Te%%e'n%ﬁ%eéwmaﬂon
A dlefidingb caHbE B6orAARNES @trﬁzﬁ@é‘@erﬁ%bﬁ@\%rlﬁ)&enal precursor alone

HOV\BVGI‘ t he precur sor concentration i s mai ntaln
lwﬂnqwreﬁcmmbcrtﬁ%érr ip semgingtieayittha ham9n1ceﬂfa'“€r%m@r?“%r

E rg%tbggh%ﬁtarr@ngsr%ﬁfér@%tdr@|hb fg@%éhﬁtaml’hgfad i (for example
surfac not™ | ong enou or_the wt h
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sur detectabl e layer of uniform

nrmecamea@ PrRsSNTiB Aenagmba e asansaietion Aidesrinan or squal to about

AYGhE %ﬁtgirb‘jsth@rl-ﬁ.‘,l \Ah?bé’?lle‘éem@‘éﬁiohb@rﬂraﬂﬁn bhRom greater than
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¢ ¥olympmesganttp Ipss thAB OF RAWA & 2bRIH OpkVAWRE PEEEBD: a pul se
260602'6‘ pr eﬁHﬁ@ Qhowh hiidat bitRe GRRAADEH, mdt&QR 310 lsﬁd&ﬁ)@ﬁed to a

t he deposition of sem conduct or materi al

Bigkneaseshialnis lesedhan thedaialiaiokeRssiclarel il S0hARS acoproingty
rﬂﬁfeh&aﬁ'oocghl); bmalfthl@ta' O x@erihitid tﬂ%gﬂ\%teﬁmd 03. $RESMI 110 can

ivation tine tive to surface 105, The term
b%&lsmqkmougfm at rhﬁ@roqeérsl@e stage of rig- i P iy Reftiquiss apRlipagApg eFor other
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ation | onger than the activation tine
metesiel ip aitiizedde ﬁel&@té/emgrr(l eHayveriii 3of gerpicorayciy rﬂ@tﬁﬁé}' over the

Igggr SRMGHRLY Sﬁreﬁs (L& 'fcfi"for%ﬁgfl‘églérof 12 o°anFBé| $h®flari 1B} & identical to,

chanber or a time |onger Than the first
thetconaitiprmutilizegbios Fiming %ﬁ*’@ﬁ@@“ct% Aateriab 1 4@ c Saeciically, tis noted

RSt s AbhMctdr 'r"??ater-g1 €4 rP’%r%Brréé&an sRIcBG H B L¥mRBRASI b Smaterial.

sem conduct or terial over first surface 103
Aedodingly, the con@tn%&mn@qﬂ@%@ withgeferengsdg Fipseb and 7 can be

f?&d’ fo?%rele%\}ély} ) mg %'énf?&‘?n@ﬁbtbr RBteRihl SRILGREHCIOGlative to the

erial over ‘sur can conprise at |east one
purtacar19aof switerial é@ﬂfrom t he group of siliconcont aining

[0062] Layers 110 and 112 can be considered to have been formed by the
pulse/purge cycle of Fig. 7. Such pulse/purge cycle can be repeated multiple times to
deposit a desired thickness of semiconductor material. Fig. 12 shows construction 100



precursors and germani um contai ni ng precursors.
Accordingly, the sem conductor material deposited over
waewosace1403 can conpri se, consist essenti al | yPoOf/pSm5/000566
consi st of one or both of d9Blicon and germanium |If
ati¢ren legen tidnafsetmizondutter inateriabigpeicg@fisipRihes blérdayerand relative

i ﬁfr@%g'ﬁg‘o l‘ntatecf p16) referred to as silicon/gernmani um
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: rmani_um sition of materia
fer B SO ke 2Ll Tot Rt 100148 onf ik sen be epiaially
groepeyige cmstarmlaieahlssur faces 103 and 105 are both
sed t even t hough the deposition is
L0 o8 T HE Migaiate Bliptaer Qxmeheldhe oM gag. thghows a
sehnuicoreduicton wafer frataien 200 ddneiiind e s SRR HS Iéuﬂqlsola’uon reglon 204
| ons gl scussed above wit :

Al hn d et Ble. B0 A BPohr SR G e nbBrarmspiate
202f isoiEtien rezjtlorilzm)i amnmla@rcm@ bos b@tﬁcé&hbﬂléeZME%aﬁle cotmposmons
nduct or ursor alone in the reaction
2 ARHEERE SR i B0 BRSuhal kb aiat areiongs and
tranatsearigate ZGExes’nmlcwavy hﬂrbcbgrﬁlfﬁlgl? Qdlibgiréte 20218 hH %bh}%ﬂ'@e HoBisist
or exa

ey BT AL BB o P Geieling P cantusipametetish SUitrasiar

examle mnbrysialh”hb elllb@aqﬁdlaanB@B’ﬁ 204 @H#h 'CBIQIPQ&P %h&lé%sentlally
ni referab

of "er CBPE~'§F?3 q"’ﬂ“ gﬁé'dEh%iEﬁo%?“sﬂ%OVapaé%%% FRT} BRTRIPeIRY 4B 268, 57210
andip4R I"(a:vingqmiitlcélccoa’:mtumoﬂs b M@ryos, Cftﬁélﬁ‘cﬁﬁz]f d%éori%ed pFeﬂ/t?ousl
W sent ,to centration of from greater
4R80T eptan SicBo SEeNahSrRcsr 26 baciasnnsdewall o
traDsistov ghwrm)apemd;eam gompreEH idbmidahor n@BREsdusSdd Ablve for

L nv material 110 is deposited to a thickness
SPRAT" @anéls than the initial thickness of nmaterial

[01)66] and Aamudumegl dopmltcﬁﬂfusﬁln byRn@BYexRAML 'V\ﬁthlrb’st'erréi% 202
. rga‘% extg% throu mat g@l al 104. WMateri al can
proximate. aate Cg{l CPW n?ﬁ. ae gp cgma@%’uqﬁ aq:qhg dlfj_L@lQi’}dﬁglon
36piEcubsad wovemmhlreatemes@ Fiow. ot her applications, it
be d<?3| red that a thi ckéar anmpunt of sem conduct or

[O&E?]er i al Han exemplary aspect, substrate 202 comprises an upper surface 203
consisting essentially of, or consisting of semiconductor material; isolation region 204
comprises an upper surface 205 consisting essentially of or consisting of, for example,
silicon dioxide; layer 212 comprises an upper surface 213 consisting essentially of, or
consisting of, for example, silicon nitride, silicon dioxide and/or silicon oxynitride; and
sidewall spacer 214 comprises a surface 215 consisting essentially of, or consisting of,

for example, silicon nitride, silicon dioxide, and/or silicon oxynitride.



provided. An exenplary thickness of material 110 is
fromabout 10A to about 500gA. [0061] Fig. 11 shows
wo ea@goertio 100 after anot her pul se of sem condurRtDUS2005/000566
material is utilized to seli¢ctively forma |layer 112

dﬂo&&]m Con@UﬁﬁﬂfC’ﬂmﬁm ca b@‘égﬁogela% 'tr%v&iffgih%ﬁs ditBfssed above with
ayer can

BN BHoe a0l seBiat vl S e ERer A g Gt pyRsaLrtace 203

Sim
rfetartlvé m surfeges @05, CIBCHICL DIS. G €14 Howk EBnstmR@eh Pb6 @hétygrowth of

dth conductor material 110 conprises
ergl ﬁ%qc&gtoeme%ﬁ 22@%'88“’& R\G¥ SHEacer308 . Accordingly,
ttmﬁ%ondl t Ao ﬂﬁpé}%ﬁlﬁat@etb@ﬁlwrﬁiuwtdr iR 8HEEN bO uliiRd-as a
i zed for selectively formng
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conductor nmater.i al
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baiaiyagroivd sigleesidimahictigicned over |ayer 112 rel ative
b phioun Rl P 104. [0063] Layers 110, 112

105 of  mat |
LDy 1 aPheceglra 600 FkPaa i massnushe os arsabainhtsly square
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et her considere
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one of the layers than are utiliz
2B PR PSR S KR 9 PRE el S ressPeq Braviousiy, the
invkatiemidcilidds sabesdilg lhﬁ?/vfﬁ‘dryﬁb%ulilﬂg Idy@rsqelrrﬁécﬂﬁlrcﬁf@th seguential

f tion, Furt 'n sone as
pt”% %Eﬂsfee‘g’ﬁleér?? *{fﬁggdﬁli%be@lwh é‘ﬁ‘éreﬁm tehig. B@ave different

cennpbﬁﬁcbrﬁﬂ rebatigd RVhedrttie?, Sl wdthd ﬁ)rrrlgaaj s?wcu?g Bfhe type

3(7 illustrate another aspect

fqrﬁ\%ﬁ’f ﬂ:@n O.Frgweves, ahwag alsosliseuseastrhoves thadivention encompasses

pfocagsasih WA the Mdiltipkd ﬁlﬂ?%pttﬁﬁe eiéigd 6 @Q?ypeadbgbﬁ@éo%ﬁ@%ference
in

endi ng Substrate

4 ex
tq ki i anchg?‘g?‘yeé%%@“@@%‘eo%@@?e ¢HRPasiiipatasane angtitest asush2Bpect, the
lalysiel 280, 2P0 éﬁtﬂ?@ﬂoﬂﬂé ANWolif ff‘u@ﬁlbé&ll@ﬁ]&ﬁ’éh%b%ﬁﬁﬁ@@ﬂe another in the

he sane COﬂDOSItIOﬂS as di scusse ove

StF‘éCF%rPéﬁ E@ 8 Fidg17 8hews cangeiion 20008t the Biﬂca$sll@g18tagg pDFig. 16 in
ar2 dspatdinl WineS ia5610122080 82 Ak 25 £5PEGL /KA thé%&r%r%%' H‘%o¥m0n as

bstrate 202 can_ conprise, consist essent
oriegﬁliq % ‘%\d MeEs & Spé'i"gﬂ:p $ingle SemVAoRBwRioIMaieriakR48: |Fag 17 also

illwt’ciﬁesﬂénotfﬁéﬂexemplary advantageous aspect of the present invention in which
there has been lateral overgrowth of semiconductor material 240 over isolation region
204. Such lateral overgrowth can help to reduce p-channel degradation relative to
transistor devices lacking the overgrowth.

[0072] The invention described herein can provide numerous advantages
relative to prior art processes. For instance, the invention can reduce the faceting



exanpl e, nmonocrystalline silicon; isolation region 204

can conprise, consist essentially of, or consist of
waRdosoorTidi oxi de; and transi stor gate 206 can BOIPF1088000566

| ayers 208, 210 and 212 haubng identical conpositions
describay evith r2@rerd@ taRy. S2cateiscrerbe thigrarkbwieogrewih of[0gBatonductor

L o Er T

tcmmvasel @chantlemiecrebsiog mpe@hamtmmnemtwﬁsn wsigtoe talpoveart

ol B8 et v Boudr e 8o AR IAL Y3995 i
afippocasing wgatund2fifabhesehsitiaa i@ @amprcas énaeadecetediticig] for

sw@%na%ttgp fgﬁﬁ%[m%]go%ﬁl‘ aer%%gr'lc? nle rfgaessr%agx%ggp%ﬁeld sﬁ%%es by
saisqiattially audidging pdrel la&amemmpess setirelyravoiljrey; dsuambakeegra@fh of
consi sti.ng essenti al consi

S aPedereR A e e s PaeFE it g Smele wriressy
camphgipg silisar hitcle, Sfpnaiimddes tandr stisandiyaltlige.of or
consisting of, for exanple, silicon dioxide; |ayer 212
conpri ses an upper surface 213 consisting essentially
of, or consisting of, for exanple, silicon nitride,
silicon dioxide and/or silicon oxynitride; and
sidewal | spacer 214 conprises a surface 215 consisting
essentially of, or consisting of, for exanple, silicon
nitride, silicon dioxide, and/or silicon
oxynitride.[0068] Construction 200 can be exposed to
the conditions discussed above with reference to Figs.
6 and 7 to selectively grow sem conductive materi al
over surface 203 relative to surfaces 205, 213 and
215. Fig. 14 shows construction 200 after growth of
sem conductor material 220 selectively over surface
203. [0069] An upper surface of sem conductor materi al
220 can be utilized as a substrate in subsequent
processing to form anot her sem conductor material 222
over material 220 as shown in Fig. 15. Additionally,
an upper surface of sem conductor material 222 can be
utilized as a substrate for selectively formng

anot her sem conductor material 224 as shown in Fig.

16. The layers 220, 222 and 224 can all be crystalline
in particular aspects of the invention, and in sone
aspects can be epitaxially grown single crystal
materials. [0070] The structure 200 of Fig. 16

advant ageously has a substantially square outer corner
230 at the region where the problematic rounded corner
40 occurred in the prior art structure of Fig. 5.
Accordingly, the problens discussed above relative to
Fig. 5



can be alleviated, and in particular aspects even
entirely overcone, utilizing the processing of the
w@e@sent719 nventi on. [0071] The structure of FiBCT/LI82005/000566
shows sem conductor materidabs 220, 222 and 224 as
cepmst e distinct |ayers fromone another. As
di scussed preV|oust the invention includes
procegg?ﬁyeFWXWH@Hﬁ*ﬂ%e mul tiple |ayers fornmed through
sequential pul se/purge cycles of the type described

wi th fef er angehb@idrideposttidrasiescehiédran et n@mo%btﬁpﬂﬁﬁg
relative to one anot hertﬁ’ﬂnd such would form

structure Bfovidng tia q%trﬂedzorrlrgmng(ﬂ,\fﬁ@pateggl and a
g@@naln@eﬁwscussed above the i nventi on enconpasses
processes in which the l'tiple pul se/ purge cycles of

the type de¥Rasingdhefiistan ﬁnaé?‘é?”gﬁﬁ@ef@s o gt legstiofe semiconductor

ha¥RiabplRalisBuidee o§|3?dﬁ?orf‘sqm1i:'h zgzr@wthae? s@n@coaaeétbﬁmatehm from the
such aspect, the |ayers and 224 of Fig. 16

AR ORBPrRAIrIAY SVeBAiIE éBP‘ éewrm@tﬁ@alaﬁeméﬁeﬁ % lagrphase period

Bridris bWrewiBfphakE anbfundet @hloﬂr_f't t§lklé%\’l/§n§é?'?§1tﬁé‘ gFdvAR pRAL to initiate
at the processin in an aspect iIn

st a
%TWQCQ%F@"%@@%& qa%arszmg%tal Bg. 16 have the sane

conposi t i oheAspBERg @emb f&@hd@dﬁ@b mﬂcg@ etr@u{;@fdmwe §HOW Bhase to
sem conductor nateri al Fig | so illustrat

GRS ABtheskirehyprteria!, awtfcgd@woa@bé@tth@ﬂrq% pba%%@rﬁubstantlaﬂy
b&y,eehltwséc@nm&é}@here has been | ateral overgrowth

sem conductor material 240 over isolation region
204 Such | ateral overgrowth can help to reduce

p- chafnel By MEd @claa T heeinithe 9\‘0%'% PBe%s of dae peraigonductor

hafdfianén ﬂw'éfflrﬁ\fﬁétglr&%r’?ns d ROddf tHd18erhidY NI ALeSA habifg a
herei n can provi de.nunmerous advantages relative to

Tﬁﬁka?ssa?troﬁi‘ e 484 to pheutis8PANCe, the invention can
reduce the facetingdescribed with reference to Fig. 5;

can igcr ea$|ee htrRIdedt cRMaRONIRskEIR tHé sEmBERMGRRIGHABRA] is a single
material as descri bed abov%&vvlth reference to Fig. 17;

eyralpaEal gtgKabsgRYNAVREING IS Rt @oval of et chant,

or decreasing of etchant concentration relative to
priorgart Ph@ﬁ%&ﬁﬁsof cl@n 1Ivﬂ¢dr@|aﬁl$e X sy sbiRfteddh a reaction

rocesse reer e ant t hat ri.or rt
gt s i sl Sar A e B 2L Al bna ety RoLlp B5 hamber followed

byNg peareao seheed theiat m%mwmma@m@mmélq’rm‘mlpﬂromwmhm the
em conduct or surfaces relative to other surfaces by

®mtially avoiding, and in some cases entirely
avoi di ng, detectable growh of sem conductor materials
on unslesi r ede migtHoaiast elair Uorhersin thi@purgsamiiites, onslrhage st H,, Cl,
CO({TﬁéLSi ng silicon nitride, silicon dioxide, and/or
rcon oxynitride. CLAIMS The invention clained is:

6. The method of claim 5 wherein the purge utilizes H, without a chlorine-

containing component.

7. The method of claim 4 wherein a sequence comprising two or more of
the pulses is utilized to form a thickness of semiconductor material.



1. A nethod for deposition of sem conductor material,

conprising: providing a substrate, the substrate
weoeowpniging a first material and a second nat ePCEIUS2005/000566

exposing the first and secand materials to at |east

one sgm CO’ﬂﬁé’FrFe‘%HodB?tc%!‘rha?'wfﬁHrSﬁ%éQémé%@ﬁﬁcdﬁ@ﬁhG{bﬁﬂ)r@&%sor is
in which growh of sem conductor material fromthe at

flaveast intoribe phapbersbring\waeh Phideftive of mereipylsednd
materials conprises a | ag phase period prior to a

growt§ phasge nRfbI¢imidieinta difk@nt SROSKdUctr ptdt@rsor is
%W\?Mh phase to initiate on the second mater.i al

th
adhatorthe shamberedyriagong o therwoy e Rylsearelgtive to a%other of the

RslusseGfE. | ong enough for the growth phase to
occur on the first material, but not for |ong enough

for the growth ?hase to subst antially occur on th

secon#0-mat &p¢ Eiethogl of pladm fHBRT comPEista o winght %tpharttwgo the

e cHaR®Re d@flné haesf BofRH wed SiposRbealdivheRir thE etchant is
first material forns a |ayer of the sem conduct or

shilpblei fal etghiy sgM8 Qfm%@ﬁ@‘é@%@oﬂ‘@ﬁﬁ”ﬁbout 10A to about
50gA. 3. The nethod of claim2 wherein the

sem conductig mEHRS dfdlairhs @he&emgioeet&{afﬁb@kamaafoe@toalng the
epitaxially grown over the first material. 4.

srIviRefustor enaagnal is WiHap @%feﬁﬁt@”&}?%ﬁeﬁﬂu”@ @8@69%%’% in

a reaction chanber and conprises a pul se of the at
| east 1@ne Pﬁ@ﬁiéﬂﬁi@loflc@rﬁ 1tioehararpeising dlolvinged h&ggén-containing

urge to renove the a ast ecur
BotsduH i B (SPCBRE Prarerdons &f FRFHPTROCRARERISIG, The
nmet hod of claim4 wherein the purge utilizes one or
mor e of. H2Thé&htimachfldE@im 16.whEnein mied hgidgeaf ofth@hatofen-containing
vvhere &ahe purge utilizes H2 without a
BAiESA §&tont ai ni ng conponent. 7. The method of claim4
wherein a sequence conprising two or nore of the
pul ses4.i s Thé hietred df eldiraridvenerdin clﬁ@ﬂl@@ége)f -containing material is HCI
' rial.8. The net

] duct t h
AL Pt as Reeden Ersmberce 6 opration e E8 Mlabsgaualto dbou
0.ntvolunkeparbadtber during each of the two or nore
puI ses. 9. The method of claim7 wherein a different"

durt nioner 81 TRHER S Tl IFe b BabdaRgTaR consists

aswehtidly odbné beboth of silicon and germanium.

16. The method of claim 1 wherein the semiconductor material consists

essentially of silicon.

17. The method of claim 1 wherein the semiconductor material consists

essentially of germanium.

18. The method of claim 1 wherein the semiconductor material consisis of

one or both of silicon and germanium.

19. The method of claim 1 wherein the semiconductor material consists of

silicon.



two or nore pulses. 10. The nethod of claim21 further

conprising flowing an etchant into the reaction
waeb@sioer7iduri ng at | east sone of the exposi ng, PEnusS2005/000566

wherein the etchant is suitltdble for etching sone of

the sggn CO‘ﬁIﬁ’é‘ﬁFeﬁfod"@"cﬂdwﬂ'whééln tﬁ@@erﬂﬁ&ﬁ%t&fm&bﬁél%ﬁssts of

wherein no etchant suitable for etching the

gIffiabttluct or material is within the reaction chamber

during the exposing. 12. The nethod of claim1 further

conprpfi NGThd R A chath a0eREr6iARkETifRt Ratdal &fm@.se»srat 0
the reaction chanber during at |east sone of

Wpieeidygior resterighandwihgiin e %ﬂcanwzer%@@wr#ﬁetsr?@ electrically
inahiggrRmakrikihe hal ogen-containing material is C. 14.

The method of claim 12 wherein the hal ogen-cont ai ni ng
material is HCl and is present in the reaction chanber

to a #dncehis aethed QfP'W'@@é vheaein dre giapterigl igmnocystaliine or
NN HRaRes.cent . 15. The nethod of claim1 wherein the

sem conductor material consists essentially of one or

both of silicon and germanium 16. The nethod of claim

1 whef2in {PRMSHAISSRIBE) Wheseia Hiefirstpatsrial onsists essentially of

&5eRMYrivabibpeddilicdhl i con. 17. The nethod of claim1
wherein the seni conductor material consists

essenti al | of um_ 1 The net hod of cl

wher et HENSEREErR AATB2S Hisseh e Se5GH SteTH SopReta posentialy
@fcgnlaoﬁfanabhe@oﬁotaraﬁog;ggdﬂwhdmogb% The method of claim

1 wherein the sem conductor material consists of

silic 20.. The net of .c herein the .

sem C%Educmﬁ" Meiogq %‘@(%SW rge[r@n ﬁ?e\/%@'i'rﬂﬁ%f 'aﬁqonﬁ'f.ts ofigped or
ureioped stitorl ai m 1 wherein the first material conprises

a sem conductor material and wherein the second

ot or a1 B el Pl 25T e SpHA P fensists of sifeon
arat &id & batis oaxyger ¥ad altilogee. or pol ycrystal | i ne.

27. The method of claim 21 wherein the first material consists essentially of

doped or undoped germanium.

28. The method of claim 27 wherein the second material consists essentially

of silicon and one or both of oxygen and nitrogen.

29.  The method of claim 21 wherein the first material consists of doped or

undoped germanium.

30. The method of claim 29 wherein the second material consists of silicon

and one or both of oxygen and nitrogen.

31.  The method of claim 21 wherein the first material consists essentially of

doped or undoped silicon/germanium.



23. The nethod of claim21 wherein the first materi al

consi sts essentially of doped or undoped silicon. 24.
wab@soet7mod of claim 23 wherein the second mat BCT/a52005/000566

consi sts essentially of silltpcon and one or both of

OXygegp andrhd kcRERIbf ol B-Mﬂ”uel’r@h t?lﬁ’éisé%;fone |n€’dté'ﬁ|a2 onsists essentially

wherein the first material caonsists of doped or

ofrfilispe @ndione @b Roth s OXYMIRR 3RSk MBRESE cl ai m 25 wherei n

the second material consists of silicon and one or

both @3 OXYQEmeRYd diicldiA®aWhetdin tH i shRklkAEl &nsktbiMoped or

21 wherein the first material consists essentially of

Wesiepad silice{@epadiyger mani um  28. The method of clai m 27

wherein the second material consists essentially of

silicen anghORRiHId Aeldim® herSiR ha8kbonl niRERN cordsts of silicon

The nmethod of claim?21 wherein the first materi al

dirhenesprebadh ofieyean 8pd IRPEEBd ger mani um 30. The net hod

of claim 29 wherein the second material consists of

silicen anf ngdiBodPfor EHEsiRn &’Sﬁﬂﬁ!bn@ﬂ&omnbfé?lﬁﬁﬁom fising:
The nmet hod of claim?21 wherein the first mater

consi sts eRO¥SINGA Flgpsgfated\glﬁg@ adgaqglﬁagb@aber the substrate including a

firsl inBRAAOAITRRISYBrBbe aH¥EndBdiR@E sebor Mbidyiglwinhgeeddhd surface;
the second material consists essentially of silicon

and one or PIR¥IARIF sYRIGHRICITdN3ipH § lj%’r‘r'rsoﬁ'av”?ﬂé‘fﬁgta}%\?“o”

frhe ebadomted thehsigi 1Br fohﬂm};' JeRlicdmLEn MateFRNSVet s @bt surface and a
doped or undgped silicon/germani um 34. The net hod

of
R4oRNFHASHYaRAR FERRSERRiated dorTaw iR ics faraingsrmaipaRducly material over the

Sddoh8 Q0riadd tH'sucehd Befvatien tn@ué)b@ﬁg; |3isbr M B8 §ifst adfivatibn time;
met hod for deposition of semi conductor material,

@hpri sing: providing a substrate within a reaction

chanber, theviiHeH p@be of helsefiddadactbi rfnﬁierlﬁﬁir@éur%r \Mvtﬁilhthe
a first surface and including a second material wt

Sheuisd, tarPy s Do BN IR 18 AR BRI IR U e lor ey I the frt

BERELES@Rhe BAY ho Greatdd thah tRCIdcYRd a@m/aﬁémﬁn@wege@tv@@ form
therewith for form ng sem conductor material over

$qrpigenaygiar Mraderiah from e SemiFcREYGtoNAteHak RrARYIERIYET Hteef fst surface
ter e tHa deebnd Qirdcag semi conductor naterial over the

36. The method of claim 35 wherein the semiconductor material formed from

the precursor deposits over the first surface as a crystalline layer.

37. The method of claim 35 wherein the pulse is followed with a purge
utilizing one or more of Hy, Cl, and HCI to remove the semiconductor material precursor

substantially entirely from within the chamber.

38. The method of claim 36 wherein the purge utilizes H, without a chlorine-

containing component.

39.  The method of claim 35 wherein two or more of the pulses are

sequentially utilized to form a stack of semiconductor material.



second surface, the second activation tinme being

| onger than the first activation tinme; and providing a
w@ose7oi9 t he sem conduct or material precur sorP@i/UBIN05/000566

the chanber, the pul se beirgg mai ntained in the chanber

f or ayd.1 ”ETilmé)Hﬁﬁ{odtd‘f‘@lélrh 136 viHek&ih trRCEd @ bbmrohdustoraitecursor is
greater than the seconda%ct ivation tine to

fécé'YQQdNO\IE? gharpben AeiRD CEARY AL AWeRE BIOTRPUESSM t he
sem conductor material precursor over the first

surfage refr@d néthdddfchim Secntekis Wrdifsent e%@nlcomcmbmmsor is
of claim 35 wherein the sofin conduct or mmateri

fornme
fivedl inteehp paRTPHUriAR 958 KNedveror fmse prlses f%%.wﬁée @nagef of the
odrradrdlduises. | ayer. 37. The nethod of claim 35
wherein the pulse |s foIIovved with a purge ut|I|Z|ng

one or nore of HCE&S O renove
seni chducl e ”}‘?Htoé'rqféla”ﬁlsééw |C°§KE’B§'99HPYV‘39I%/M|°99“ acid into the
ShER |ern\ﬁA%QﬂbéMttth1é di s whaohee pult: of Thessreitbdlicer material

cl aim 36 erein the purge ut|I|zes H2 wi thout a
RRF¥EPecont ai ni ng conponent. 39. The nethod of claim
35 wherein two or nore of the pul ses are sequentially

utilizgd tohd Aleficdl oF loRel 40fwHeedTh eaneuIegen adidtsaiClal . 40.
The net hod of cl ai m 39 wher ei n the sane semn conduct or

?Lgcgﬁr}\%ogrﬁ_s 4 |Q§§ ; 041% % Iﬁ%guerplf n%(l“l %ﬂﬁ&ﬁ?lfd is present in

inaeegdtion @hdmbéretbemoreemamduﬂ wse th4d¥ @Cagjuabto dbsuf 0.0wellime
into the chanber during one of the two or nore pul ses
PP ve to another of the two or nore pul ses. 42. The

nmet hod of claim 35 further conprising flow ng a

hal ogef acTke imetrodtdielaashverereln subgaatially eamlc@emacmifls present

%E@E&?g&]ﬂ%bﬁg ge‘l‘ﬁ% hﬁz %’ITE? pﬁlgg:o %%%\%{gr glmatO{ Wg?enal precursor.

hal ogen acid is HCl. 44. The nethod of claim42
wher el t hehdaletigeiof atird 353vHd@in mnjsersicpmchmvndterial lpescursor is

ertoacoc rat. of th .
wdrd Pamans B o o8 G I BrERS o ofRals RlsBhiprosiiane,
dikitdna Sneledeiermsandst antial |y no hal ogen acid is

- present within the chanber during the tine of the

pul se 'Pf t Jﬁﬁe Fc’n%mo%ooq(%}é?%%% thaefrgﬁ ltl?e! sdthieGHH Ry material of the

semiconductor material precursor is silicon.

48. The method of claim 35 wherein the semiconductor material of the

semiconductor material precursor is germanium.

49. The method of claim 35 wherein the first surface consists essentially of

doped or undoped silicon.

50.  The method of claim 49 wherein the second surface consists essentially

of silicon and one or both of oxygen and nitrogen.

51. The method of claim 35 wherein the first material consists of doped or

undoped silicon.



46. The nethod of claim 35 wherein the sem conduct or

material precursor is selected fromthe group
wa@emsiost7ing of di chl orosilane, trichl orosil anePCT/US2005/000566

tetrachl orosil ane, disilané@]l silane and germane. 47.

The mgphod Tk nediRdddidailt BN @hdreintBe S648rHIANEAAIDonsists of silicon
materi al of the sem conductor material precursor is

ang peey A bt of PRYERANAII W C] ai m 35 wherein t he
senm conductor nmaterial of the sem conductor materi al

precussor iThe afitiaNbURIMES widreinthé Red materkl 8bri8isiS essentially of
wherein the first surface consists essentially of

depretordndgReb gAY Mcon. 50. The nethod of ciai m 49

wherein the second surface consists essentially of

si | i cen. andtheRf:tiesd SrAfldImE3 whergnhasecamdirmagasl.cobdists essentially
The net hod of c¢laim35 wherein the first materi al

e ﬁ%qogtaé‘dcﬂ“e&éf?eﬁl ‘g]loxﬁfﬁ%@?éﬁn'gpg?rbon. 52. The net hod of

cl ai m 51 wherein the second material consists of

si l'i cep. antthenestingd Sfafldimads whkergidnhanet fiatdriag eshsistSof doped or
The nmet hod of claim 35 wherein the first materi al

UBARRCS IS EaWEM i al |y of doped or undoped ger mani um

54. The nethod of claim53 wherein the second materia

consi 565 e3heniatiadd of adims3d witerainane sesumdanatbdlfvonsists of silicon
ox%gen at?cﬁ n%tro en. 55(. The met hod of claim 35

RAL PRSP A PR O PREEN AP N onsi st s of doped or

undoped gernmani um 56. The nethod of claim55 wherein

t he sé&ZondThatethad ofctaigi 3& whaytindhé ficbmasenid! coresists essentially of
goth orfu xggqe]nmaor}? r}itr% en. 57. The nmethod of claim

%p%%r AP he T YEY ™At EVi al consists essenti al | y of

doped or undoped silicon/germanium 58. The nethod of

cl ai nb8.7 whibe eiathdchef cdladimdiTdvimaeierthabeaodsnaibgal consists essentially

Bk e oRt ERRad e MFedin 35 wher ei n the first

mat eri al consists of doped or undoped
si | i c69/ geflhameiimd F@laim s wietrbiodhofirst naiariab8onstsis afi doped or

LG rRB&ARE BB S idth, consists of silicon

60. The method of claim 59 wherein the second material consists of silicon

and one or both of oxygen and nitrogen.



and one or both of oxygen and nitrogen.61. A nethod

for deposition of sem conductor material, conprising:
w@e@ziodi7ng a substrate within a reacti on chanbeeT/Us1065/000566

substrate having a first sgeface consisting

essentjal | g rﬁéth@a%rqepaar@w 6mmmustbornalf@daerdompﬁsmg
t he substrate, having sec surface consistin

one or nor Brding ¢ ?E%ﬁt'f%‘e Wﬁ@ﬂlad??q@”r?ﬁ?@bﬁﬁlﬂ%e ‘%Strate having a
AsOYiireHcB GoRsiBiHSEssehtialy of 66 br PBR: SrEEtHRRIor $Rli8GI€ehe substrate

fromthe g r%gﬁFfOf si licon- contalnln% precursors._and
BRYPHASEER ard PH@S'?}P"Q&J PEBPEMRIE PIPHTIEREY In2haiive sraterials;
chanber angraitdidg & bOMe ohgt 184stlofa precRifdr @él%@!éf:l?r@fm frRgroup of
depositing a substance conprising one or both of

STIganeenntalfiag GERCHESAIBIAN GBI -SOMAININg: RreCUTRRSS within the reaction

elenAsdridna AtiRding e ot Yt BRE BreRbr foh BeSddfg A8 bstance comprising
occurring under conditions in which depositing of the

S8t ik &f lcan atwegerrmgwa%@rmwrg@rf aces conprises

nucl eat i onyRREHBERIRG W me%hﬁﬁﬁnég’&%’ﬁﬁéssutﬁﬂgteudb@@ﬁmg under
which it takes | onger f he growt h phase to initiate
eRditiongén whieh ﬁep@%ﬁ*wga%féh@ ﬁlat?ﬁt%\;c@rovseh@effirﬂsftndse@p@rat@rfaces
8dfprides nlals'lleéﬁomﬂ*{ds@@%r@wﬁwﬁab@ PR mids! radl PlRiet Rhich it takes longer for
substantlallﬁbl nitia he growt h phase over the fi

teraraed nhase finitigia oipr dre %‘mpmi suidane tham averdhe figt surface and

substant i a{Herdlsfé' Iﬁelvﬁ{ Euhﬁc@ﬁt%ethoﬁh@%@bs%ﬁﬁl’a"& Mijate the growth
second surf ace. e nethod of claim®61l whereln

PirRSeRYPS e f§3téuff??%PUtmﬂt beingof syflicignt dusation to ﬁebstantlally initiate

PeRFWBPhadd dvdianeBedorlfhc®! the deposited
substance; the first pulse is followed wth a purge to

renove the_at |east one precursor substantially

entir@y fHorimERas of claie &dveieRip: and the purge is

fol | owed whkhuksessaaist p@llé'e%? tHf attléb?st 8he bRRBFsoPARd forms a layer of
recursor into the chamber; the second pul se being fo

edoppsiedsPsianfeiti on to substantially initiate the

growt h phagg reueiuisensrdised wah atw&g@%n@ﬁiobs%e%&héés%ﬁs
but not of sufficient duration to Substantially

PigFYeat RibsiretighRitirey agevitiniherghambes el sur f ace. 63.

The net hodingfpuedetisbideahaihed fedohg pﬂléégﬁtﬂét ét“éa@@%n@brecursor
| east one hal ogencont ai ni ng conponent .

igto thp ghamee WisetasPnd pHise paingdona syfficient q%atlon to substantlally initiate
el PElRR phasd é‘l/éi'tﬂ@la?@%’f(iﬁ@ BEposied sUbRarmBt MRt ot s‘&\‘fme’m duration

62 wherein the purgé utilizes H2 and one or bot
to substantially initiate the growth phase over the second surface.

63.  The method of claim 62 wherein the purge utilizes at least one halogen-

containing component.

64.  The method of claim 62 wherein the purge utilizes no halogen-containing

component.

65. The method of claim 62 wherein the purge utilizes H, and one or both of
Clz and HCI.



a2 and HCl .66. The nethod of claim 61 further
conprising flow ng a hal ogen-containing nmaterial into

wo b@sohenber during at | east sone of the time BET/URE05/000566
pul se of the at | east one pBecursor. 67. The nethod of

cl ai mg6l f orht AeSthEPORDIAISI mGUﬁh@woﬁﬁ)ri@m@&loWa ﬂéleen -containing
into the chanber during at | east of the t of

T LG onB B oh UG o5h 80 B ELAPSBr OB Pl of e at least
oks pRAubr.cl ai m 67 wherein the hal ogen acid is HC .

69. The net hod of cI aim 67 wherein the hal ogen acid is

HCl and |s resent in the reaction chanber to

conceffr at iTBR “?ﬁth?‘%%fs‘)'%“ﬁ‘am BEhRrfgPr ‘Fﬁ‘ga{'@lﬁ’d”tg @h?L'Ogen acid into the
Y rbives d@lﬂﬁ? affeastddmel frahaeib of tHef puidedfthé At Pé’ﬁ?(rcﬁierbrecursor
substantially no hal ogen acid is present wthi n t he

chanber duibggnthe time of the pul se of the at |east

one pP&cur efod qhelaimETHPreh 1ae BRIREN aGA&T JER t he

at | east one precursor is selected fromthe group
consi 69.i NgThé nikitisdd @frﬂzﬁmla’nﬂqerélhltﬁ@h@lbgérh hé@B & HCI and is present in

etrachl oros, ane, disi ane, gernm
R eh ShAEPELR @ Siceniating Isa 1A vl BratmyLPdivglume
p@eemlrst surface is polycrystalline. 73. The nethod
of claim61l wherein the first surface is
monoc staihlne t.hod of 61 wher

Che r 1Yot *She Pltnefer B urgenpnrnGhall hanEkgeRitis present

wfthig eieneizinber alneing tHel themof thS pulSbef trhetd1dshsobne brictisoi,
wherein the first surface consists of one or both of

Sher of k- TR o & hiarh b iR T e ted ohe B gy is selected
Erd)rinitlme)groapd:oosletlrrgofknhmﬁbroéllane(,ytgernoraeidhnei, tetragkiorosilane, disilane,
e nmet hod of ,cl Ei%fe8ﬁrei n the second surface

-%r'(?ﬁgi L{rege agfjlm'é ﬁes e or both of oxygen and

ni trogen.
72. The method of claim 61 wherein the first surface is polycrystalline.

73. The method of claim 61 wherein the first surface is monocrystalline.

74. The method of claim 61 wherein the first surface consists essentially of

one or both of germanium and silicon.

75. The method of claim 61 wherein the first surface consists of one or both

of germanium and silicon.

76. The method of claim 61 wherein the second surface consists essentially

of silicon and one or both of oxygen and nitrogen.

77. The method of claim 61 wherein the second surface consists of silicon

and one or both of oxygen and nitrogen.



