1 METHODS FOR DEPOSI TI ON OF SEM CONDUCTOR MATERI AL TECHNI CAL FI ELD [ 0001]
The invention pertains to nethods for deposition of sem conductor material.
BACKGROUND OF THE | NVENTI ON ' [ 0002] There are nunerous applications in which
it is desired to sglectively deposit sem conductor material onto a

sem conductor surface relative to other gurfaces. For instance, it can be
desired to epitaxiallye{QhRoRSRHEARRIMON OF JEIRONHIC BSRIARTEHIALON &

sem conduct or surface. prior art nmethod of epitaxially formng

sem conductor material over a sem conductor surface is described with
reference to Frgsunieca: FiEPEO3] Fig. 1 shows a sem conductor wafer fragnent
10 at a prelimnary processing stage. Fragment 10 conprises a semnm conductor
substrate 12. $00%frat e Tie invairios pePrNg I, MeHALT ©f dersiivnichpeR)iceRduciyr consi st
of nonocrystal | i;pg,silicon. The silicon can be appropriately doped wth one
or nore conductivity-enhancing dopants. For instance, the silicon can be

| i ghtly background doped with p-type dopant, and can conprise various

conduct i vel y-ng?QGﬁﬁngfqgmp@qut shown) fornmed therein. To aid in

interpretation of the clainms that follow, the terns "sem conductive

substrate" and 100€8ni conthRIe&Fe BypLHaERMICalioBS Huvhigk d 1 desired ip saigetively

constructi on cQa¥sh SbRonSEIbCAREHALINE S@higsridakior bidcedbRbve BWhdMQLifddes] t ed
to, bulk sem conductive materials such as a sen conductiye wafer gelther

al one or in asEenpsipees. R GApPesieaedereitaxiahy i aeriiel @aliron gpggermanium

sem conduct i Ve Rtsericdhdl@Messiatel ARebr # PBROL! bfltaRRMEIPhINgSenfmBnMS NY
other materials). The term "substrate® refers. to any éel({%)fﬁgrti:@g s'Ljructure,
i ncl udi ng, but MRl 4eF pSEMIPNApEEr Lilere Sitpgethedevitys & Figastri bed
above. The ternoolsen copdueishswsratemicahducteals flagmaniTed sird grelieaapr | Si ng
one or nore of uctive, el ements, such

mater | al compr PECREARRGE. EAOReYT 1L one st cgadiien he S 0Bapubghate 12
el ectrically i pautahprise, cmatsist eadeniidllyi of, drobnest cowenosydialinatitcoh?. Thelditer i al
bot b of - oxygerefaen oy s aR opesf it o oraBrer Rl rbiahS BB BT 1 con
di oxi de, sili cowntanng,tthe sidcoreerdy e lightly baxbproony doped wieh p-typej[dmpamtl ar!usd:errat ed
TR} Sa el et SRRl oSO o T TPl Vb T
aid in interpretation of the claims that follow, the terms “semiconductive substrate” and
“semiconductor substrate” are defined to mean any construction comprising
semiconductive material, including, but not limited to, bulk semiconductive materials
such as a semiconductive wafer (either alone or in assemblies comprising other
materials thereon}, and semiconductive material layers (either alone or in assemblies
comprising other materials). The term “substrate” refers to any supporting structure,
including, but not limited to, the semiconductive substrates described above. The term
"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 ohe 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



2 upper surface 13. Material 14 is patterned to have a gap 16 extendi ng
therethrough to the upper surface 13 of substrate 12. Material 14 has ‘
exposed surfaces 15. [0005] Referring to Fig. 2, a sem conductor material 18
is formed within gap 16 and also over the surfaces 15 of insulative
material 14. Material 16 will typically ,conprise, consist essentially of,

t of ot i .
Compr i ses, corléPet riggdrh M bf BaReReRtt A |q pxBWR b8l Bian o,
can be formedheuppdraungeed Tbf subsisitt dhe Matd@iabvohadGixpoFémbsutiacks$ d8.0si | ane
provides a STLIGRAL SOHoul0® B A ShiAalas, hackRe Sk L fen JFRSLET,

and also can r und orm ng over grow ng si
HCl et ches natawiado dx&rb‘@f&nnrfecedﬁw ofensavatizg ma@ﬂﬁl Tor Materiahl & will Aydicaler over

| nsulat i ve MRt erl Bk Jhnei SPRSLALAILE Y obiit BRI S Houl i RUERASLERANES. 1

i nsul ati ve mat@fi orms nds on surftace shown The
HCl cont i nuoushytessldfesmpeises, cahsids ESmﬁﬁifM@é af gahsists of sifieps, supidnaledacdn ngl y

rembyves materl a'fpaﬁ%utﬂgg@'aﬁhlo%sﬂgﬁg A)% ﬁmnt "l‘ﬁee aﬁgb@r@rg?@efé}g@g%& %&.ﬁor ma

continuous | alg/e r
growi ng over s'muf@cérhES-lg p(aﬁwaaageaomm&mmognudapoat@wmmatno gaprergive undesitadc h

removal i s 1004 %Woﬁrﬁrpi&x&éﬁq@@@: B T HEPLEhdAhattfall HUBIEB1AE Aghatt Nl N

gap 16. AccordO creates ective e osition of
materi al 18 ovean fomweaslmfcfradeyerswerflnsﬁaﬁvgomﬁiar@lé# Faedticady. tfl@maﬁft-’flahﬁ ve to

the surfaces %c@‘a és m&mgﬁ,mst%ﬁ%@h %rmTéa.eaug@gnd%aah QRiabeR5aELGM h O 2

in some aspects i rior g, shows consfruction 10 at
t he concl usi onThsf H@‘rf@néwqua%eé@hegrrwﬁﬂ*a” Haon tepemall istandst e asepidib@iduct or

material 18 hag Reenmashigcid {¥shhd QEABIbQYRIhS 4IFas 8an ar%rgef t0F61F ae&qlﬁ%@
substrate 12 relative to surfaces 15 of insulative material 14.
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probl em wi t h tIREPIHE EEZiTRISDINORERYLO refoayeiraatpnpd (8 (RN S Bravyag P SH'ffa
significantly @i%&%mﬁwhﬁatéﬁél%%thﬂ%ﬂ)l R s@h r@mao@%@m tdﬁb@éﬂta{e lé@er

relatlvetoarate whi ch ccur in the absence of the
Accor dingly, ¢ maeigddp e fPBﬂlaa\v@hwapdép&F?rpwﬁ'vp%éé%'seéfgctvﬁlchﬁe%%a
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Figs. 1-3. [O00&fhe ddpecproddessiongrtsequence of Figs. 1-3 is an exenplary pr| or

art process. QMRS DT 095 IR SrRRERLIRY Sl MRS oS SRS b, oS O

and shows that the semiconductor material 18 has been selectively formed over surface
13 of semiconductor substrate 12 relative to surfaces 15 of insulative material 14.

[0007] A problem with the processing of Figs. 1-3 is that the utilization of HCI
significantly slows the rate of deposition of semiconductor material 18 relative to a rate
which would occur in the absence of the HCL. Accordingly, it is desired to develop
deposition processes which can selectively form a semiconductor material over an
exposed semiconductor substrate surface relative to exposed surfaces of non-
semiconductor materials, and which have a higher rate than the processing sequence of
Figs. 1-3.

[0008] The processing sequence of Figs. 1-3 is an exemplary prior art process.
Other 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 materlal 18 over a surface of a semiconductor substrate and over



with reference to Figs. 1-3. For instance, in one nodification a

sem conduct or precursor (such as, for exanple, dichlorosilane) is provided

in conbination with H2 to form sem conductor material 18 over a surface of a
sem conductor substrate and over 3 surfaces of insulative materials. After

the gromh of the sem conductor materialz HCl is provided to selectively

remove the Segbﬁé’c%%m[na r‘ﬁéﬂeﬂ%isfF\ﬁ@ﬂtﬂ&!ﬁfowﬁl‘i‘@fﬂn@%%h?éoh&@ctor%t@ﬁétaﬂiél i

surfaces whil e 1Teaving he sem conduct or terial over
seni conduct or pwb:@drtatse!eswe demove thesgmicondrder raatetipidrapyeyar Hip IBsuldiosi ti on

of sem Condu%a(?érla{@étﬁ{a'céé whitd BN a RlyeBEIThE SaHlEARICtIFRt B8R bvdritRen over

insul ative materi a surfaces, deposition of the material, etching of the

material, etcsemioondegierAubelrFeFHTanee N $OTHR ESRES!S, HienvalingsthideBPRIRY Br mat er i al

to a desired %Qh&%ﬂe@ciom&bna &@rﬂhg@ﬁ%ﬁﬁé&ﬁuc@p%@@rf%rﬁuvé@@@uaw&em&érnacul ar
prior art methodology flows disilane for about 10 seconds, then Cl 2 for

about 10 secontgaceashaeposiion s thaweaterial,Gieingfdie Makriial effedt EreAEd MRl ss

mul tiple timeg.lQf %n‘ﬁ‘@s&%&rfé%i@k‘ﬁb%nah@lé@iestr@d Bhickasid r biRbmlcRastever a
sem conduct or substrate surface. [000 4 and 5 illustrate anot her

exenpl ary pri eHbgrate &‘ﬁ’f:ﬂcieca?tl?aé‘ﬂ?“f%rp”orsaé" @E%P%O%bfl‘%‘i“ﬁﬁnﬁfor about 10

epi taxially-grsg c%efﬁ'eﬁ%dfhlﬁéwut m@&&fohaé HOME,, r B8Nt G ORABEHAR! ancSrepsitk &ee.
Referring initially to Fig. 4, a wafer fr@gm&nt 20 co rlsea‘a substrate 22.

Substrate 22 @é??eéﬁfﬂwti%ee“m%mé%rﬁ%a EFRCPREEATT Gryen® HeePr BEErReYSds! v
relative to sdRRddnati®odaibefratEisgriack. and accor di ngly can corrpri se

nonocrystalline silicon tly- backgrou W t.h ant.
Substrate 22 cH¥8P] ses 5 gﬁ@¥ 5§'R“FV%@@“E er e’[eg‘@ﬂ%f]y PRA" g@ﬁ‘?@??t&? Pegi on 24
extends wi t hi Bepdiiad oAh&ioADf equlapigmwwggmmdaétor gateriaDoger asem:doodu@marrpl e,
a shal | ow trencB%}i sol

r. acc in rlse sl on

di oxi de. |sol &t F?t?eéle(?rq '@4"'@%&3? Fége %Wa%{)&agrﬁg'ﬁl}rzﬁacgénpﬁ'g Tﬁbtﬁr]a 85
transi stor gatRibgfatee2fcan mempciseuhesamia&oastﬂﬁtn@f asdbstibad preRidushf relaiBiesd or

ate 26 conpris nsul.atiyv 28, _a.con 0 and
gn i nsul at ree §%E)ae%§éb ﬂ:‘@uf Eid \?gg%gt S’I PCE@P%%enmgﬁ ¥S\{§ién "%ron@%lt#pl e,
silicon di oxi deckgndndtdopadevithrretype deghrt. osmt@mmmmlse\@and@mn apgapmPeri al
30 can conpris r ex LAl nd
conduct i vel y- dSaal sem conensioneadh asERioRyC kil BhsuafE 2 1oCRIREHAR 2
conduct i vel y- depedmpiiss, é@rﬁxamDEesQISE\@iiwetr&f@b igtation redion@nt eecordioglyicen
essential | y Ofclgn@rnsgg.nédrﬁ&.oﬁée slts&:?ﬁ&ﬂebga%%ﬁ]pm&&rp%e%uﬂ%g%of oxygen

and nitrogen Instance, 1nsulative ca can conprise, consi st
essential |y of [003d] Cons,ﬁstralmstorsqapq 208 formed over surface 23 of substrate 22, Transistor

gate 26 comprises an insulative material 28, a conductive materiat 30, and an insulative
cap 32. Insulative material 28 can comprise, for example, silicon dioxide, and can be
referred to as pad oxide. Conductive material 30 can comprise, for example, one or
more of metal, metal compounds and conductively-doped semiconductor material (such
as, for example, conductively-doped silicon). Insulative cap 32 can comprise, consist
essentially of, or consist of silicon together with one or both of axygen and nitrogen. For
instance, insulative cap 32 can comprise, consist essentially of, or consist oi-silicon
dioxide, silicon nitride, or silicon oxynitride. Insulative cap 32 comprises an upper
exposed surface 33.

[00612] 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,



di oxide, silicon nitride, or silicon oxynitride. Insulative cap 32 conpri ses
an upper exposed surface 33. [0012] An anisotropically-etched sidewall
spacer 34 is along a sidewall of transistor gate 26. Spacer 34 can
conprise, consist essentially of, or consist of silicon together with one
or both of oxygen and nitrogen. Accordingly, spacer 34 can conprise, 4 or

consi st essenti al l‘g'SP%?ﬁenﬁ%}ﬁ{ W SdrSbnddt ?Bﬁ%glgrggﬁr%rcgiﬁ)hoéﬁ Ex&&é’%nl@bﬁ’ﬁhsuﬁngce

silicon nitrid& S oxynrtri ose
35. [0013] A coeitichrogxynigide: cﬁmedr%ﬁ!ﬂafaﬁm poseshiwiac885ext ends Wlthl n substrate

22 beside tranﬁbﬁ o' gaﬁ\%oﬁguct%\g dﬁﬁ@ﬁj&'iﬁ&éléﬁ? IOQ% 1l WA QLERAL 98 36

and transi stor e 26 can I ncorp rate Into a transi stor
devi ce. [0014] bmﬂeﬁanwﬁgomatﬂzg The cepdyetiMelorrpad dtusieatregiom B aed trandidemed

over surface ghe0s 2fHeIBRAHG! IRtoraRBh b & 12 fsist S%évew relative to

surfaces 25 an nsu rve ‘materials 24 and respectively.
Seni conduct or n[@Défﬂl al 3Bsteminglomis. iSs @ se@isariusior recs e 88 i ymed ovessuganesi st

of one or both fgérh.b@@%gdtpgag%@%%aﬁwr% ehssﬁf%dée 5aHH'3b'o%5r@ tive

processi ng anal ogous t reviously wt erence I gs.
1- 3.  Accor di ngiajeriaisfa Eh$d sepectivety- r&ﬁr@mr@pct@matﬁ@ar%ﬁwwr@@. Big§ on

froma sem Con%&éq%wfe&r%ﬁ%t & g%smbtn%ff bl%n"?ﬂntd e?rﬂar‘ﬁfu?uharYH‘éHt?] RHRYES the

deposited materi rom over surfaces eavin e nateri al
over surface 23tilizkg meﬂﬁé@ﬂr@éb@@%@dt@ﬁ@écr @Pd PFﬁé’lCé’tSlYHN*ihsf efteh%.'tceé‘mg [9sr bdnds

an outer cor ”e?\c%rdﬂ@@%bts%ﬂucdﬁ&u&éﬂrﬁéte?@ caRBe ¢Ghel®yRBHsIfIN florh @cat i on 40
in the diagram of Fi . The rounded outer corner Can be referred to as a

facet ed corner Semisgn rlpr‘i%orlh?ﬁ%" & eIBRinRfiN iR agreted whieh Frmeyes theygrposited

conponent (Wi t hhAerfePfoRbveI §lﬁ‘ﬁatce§)§5 agd B3 wﬁmeexlnn@l&wra@hehmoén s@ﬂade 28apnal so
adversely affect an |g’g| ant profil anted either into or

t hrough seni c SALERYES POMTRIEETCA Dfél%e EtﬁBl‘S tf’ﬁ’sg}ﬂj-'ﬁrh(‘fé‘“dﬁéﬂc%'@f FraesQfdispasited
di ffusion regi gkt wtds(tanst@m%bh R8s |deatidros0a thddiagRn SFFig B 'Ifh'ébéﬁﬁ?ﬂé@l&)htefro

Lot o TR Py Dl S b et TS T Bk e B " ©

adversely aff emtanélgbnmﬁwmm’ﬁpdnbm (dﬁtlﬁ fatmmmnragcmnaﬁp ciﬁ&ﬁbBﬂegTé‘r&tlon and

and can be. | ncarpaPaag raY aiorap EaaRl e T iePatiy S aty Ehieti o \%ﬂéﬂﬁ

associ at ed W t Bemicondutsdirstaerial @i ¢er inetapce, songuctiedle d@fed Jilb@:le| refiomsSe ouwsid

problenms are eggr%g{%gsr t%jfoqﬁ'lreb %9 aE tﬂ%pigﬂtos%%&?ciu%gt tg‘?gr?nraitigﬁ gf material 38 rather than
being present prior to deposition of semiconductor material 38. The rounded faceted
corner 40 could then adversely affect formation of the diffusion region 36.

[0015] The semiconductor material 38 of Fig. 5 can ultimately be conductively
doped; and can be incorporated into, for example, an elevated source/drain region
associated with a transistor device comprising gate 26.

[0016] Numerous problems are encountered during the processing described
abovea with reference to Figs. 1-5. Such probiems include the faceted corner 40 and
slow growth rate discussed previously. Another problem is that the deposition rate and
quality can be sensitive to the amount of etchant (such as, for example, HCI) utilized
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
materia! by about 20%. it would be desirable to develop deposition methods which
alleviate, and preferably eliminate, some or all of the above-discussed problems.



above with reference to Figs. 1-5. Such problens Include the faceted corner
40 and ,slow grow h rate di scussed previously. Another problemis that the
deposition rate and quality can be sensitive to the anount of etchant (such
as, for exanple, HCl) utilized during the deposition/etch processing, which
can nmake it problematic to control wafers throughput and quality in a
fabrication process. For instance, it is sonetines found that increasing
HCl flow by 10% wi || decrease the growh rate of a deposited sem conductor
mat eri al by abSUMNAY QR THBUWNYEREOHesi rabl e to devel op deposition net hods

which alleviat nd pr | b

above- di scusseo[%prabl emﬁ;%ﬁ%&éf@—e%ﬁéﬁﬁﬂwg\?@% 1‘3111‘;“3Ci mgﬁ%osglsogeoét t he
i nvention encospaissrdliciormeatpiial Wba@wmm\mdomthlrswﬁa@bwwmﬁr nmiferial . A
substrate is pEQcY %nt‘%&é@ At Frﬁf‘é?l%l'é?\'a acsfé%mfnate-rgﬁwnﬁ ‘t\‘l?éséerc@ﬁc?nfafé?llapdes a

first materi al a second materi a t he second nateri al having a
di f f erent corrpbsvlm afifieram c@méomiicrrstbamﬁ\teé!rat matermheThiq first angrrgcenctBatgrials are

materials are mﬁ?%%@é?@a%@m%oﬁ@mt&‘?ﬂé{!éﬁél PreclRbEGAR: c&m@h@wﬁengﬁ;wm of

conditions in sem conductor material fromthe precursor
conprises a | agepleas@girirepteniy] franythe RrasUrspheasepriseha 'anﬁitﬁsﬁlpaﬁ"stoé‘r%owhso such

that it takes Eﬁé‘&er”ﬂ'nfeq{onﬁmgngér@%% @eﬁ%@tmkwk{n&;aﬁ%rm@gﬂmﬁ pﬁagé:ﬂadmuate
mat eri al than first material. A concentration of ﬁrecursor

pul sed into t hendmusasend metrriadtheson e G5t haterigly AcenFentiagag o AERTUTSST ISt he

growt h phase tQiss4pss ﬁ]@tdha}nlbﬁr opfeldurgidnlohthefdulsstis Ak @hbadh foPite gR&With lbAREE
enough for the grow h phase substantjally occur on the second nmaterial .

[0018] In one %ﬁ@@fﬁnt'?'fY@quK/%ﬁeé'FﬁtM%QE lapgRECHE for Hie Qi%‘ﬁ%‘éqhﬁﬁ%ff? of a

sem conduct or g@@@émg §@U‘rpbh$nd’l@c@ﬁ@n@fenbioth of silicon and germanium A
substrate is nroﬁwde Whi? n a reaction, chanber. The substrate has aflrst
e

surface consi stiOR§] ess NE #3P°6% r@d%VBBPOWB”E’Qﬁ?‘??&@E Brforr?ﬁf)‘éﬁjti'oéﬂcg and a
second sur f ace semishaidtdrgnatbrial@dmpOsingiomeoralogrdirsiicah hyd baswianiin, vE stpdhatd ial S.

The first d f d t | 1

et o« o FRSPRAATELERERAET R RPSh whRrdh R PRLEEHER ana
ger mani um cont assentigllypsfenarcs orge semidemsior matesialssindrececoodrpurtase mgnsisting obr
bot h of I t

condi 1 ons 1 n Ry ohHELSEMEN ik habiaB, TR fisy ANEpERT Rl Bed' 088
surfaces conpta atdsasmuoe peacLser piadied oo wegrphasensibyinant gliconaadtainider whi ch

it takes [onge réccﬂ sorslg'f'da \%ﬁﬂlrrpglﬂﬁﬁmﬁ Fe@br&&fgttg ﬁé%rt(? %ﬁs@ﬁgf&ﬁnﬁ# face

t han over the |rs ex os e (S con
enough t o substaapl bithpf Bih¢cv1 ﬂmetrm@mgmmwhphdwate The exposure is under

conditions in which deposition of the substance over the first and second surfaces
comprises nucleation phase/growth phase dynamics, and under which it takes longer for
the growth phase to initiate over the second surface than over the first surface. The
éxposure is conducted for a time long enough to substantially initiate the growth phase
over the first surface but not long enough 1o substantially initiate the growth phase over
the second surface. Thus, the substance is selectively formed over the first surface

relative o the second surface.

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.



over the first surface but not | ong enough to substantially initiate the
grow h phase over the second surface. Thus, the substance is selectively .
fornmed over the first surface relative to the second surface. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0019] Preferred enbodi nents of the invention
are described below with reference to the follow ng acconpanying draw ngs.
[0020] Fig. 1 is a_ diagrammtic, cross-secti ?nal Vi ew of atsen‘i cogductor
waf er fragnentl0@idbwn atFia: Hisé Yigw Hﬁtf"? Fig 3@“@ Fiiragmsht Vet arEads. 6
[0021] Fig. 2 hgcassitig@iadef sibBeqengto thatwafFigr 1.f ragnent shown at a prior art
processi ng stage subsequent_to that %f IFFi ?5\} I[002219 Fim%. t3 is a.view of
the Fig. 1 wafdP0%agment9shsivial obhg it walsr ragmsob¥ Wil IRE 88 bsequent
to that of Fi gproesslid@Rde dtibgequbnt ® tRatdii &granmmat i c, cross-sectional view of

a sem conduct or fer fragment shown at a preljmnar rocessing stage of a
second pri or ar[P(\)A%Jocess.'g' %@%Tgrﬁ“Ea%% W%sg?fe\‘?{’%' B'Px'toﬁg sﬁﬂbc.ongg%[f e

z r a? (r)rg gg | S Ep\/\mr@gm@t BribvaH a’ﬁ@ brellimfrxlaqeml barsgqngtsm;? csgmeemmormhgrdfc?tss.of Fig.

: ig. a gr cal .i tration_ of tine, versus thickness

i1 listrati ng i HEGr oue By A e phe E ki S e R e DAt v

di fferent surfpeesssingdeagepautisequenato thataridigt bons. [0026] Fig. 7 is a
graphical illu ion of. gas flow.versus .ti RN N .ng*ary
processi ng seqﬁhﬁ& of glﬁgaéﬁs&graé\fﬁiczsH@s%&gt@ggﬁpm%@%%% %éfl@%fgﬁﬁtfé'g? ®8is
a di agrammat i cgroettogsastet fooserhicondemtoo maternkaect tvandifa@rbanfaces nhidey padidulaor
utilization in_an.exenplary aspect of the present invention. [0028] Fig. 9

is a di agramm??'@,'t'oi??'oss-secti onal view of a wafer fragnent at a
prelimnary prdoezsii ng sfiggeisof graphieaidiuplratiop chgpetew sérsuhtimprilbstating an

processing st S pktalifo fatleRlt Oed el nlBe fineehSHT SDOUNR of
the Fig. 9 waf dP02Hagnentigsh pndiagrammstioceessreagtional digy of absediigashamben hat of
Fig. 10 [0031boreiyGronter difiadtiorPhh Bherhfiy Bl floct S R TpREseht AKRh. shown at a
processing stage subsequent to that of Fig. 11.

[0028] Fig. 9 is a diagrammatic, cross-sectional view of a wafer fragment at a
preliminary processing stage of an exemplary aspect of the present invention,

{0029] Fig. 10 is a view of the Fig. 9 wafer fragment shown at a processing
stage subsequent to that of Fig, 9.

[0030] Fig. 11 is a view of the Fig. 9 water fragment shown at a processing
stage subsequent to that of Fig. 10. '

[0031] Fig. 12 is a view of the Fig. 9 wafer fragment shown at a processing
stage subsequent to that of Fig. 11.

[0032] Fig. 13 is a diagrammatic, cross-sectional view of a semiconductor wafer
fragment at a preliminary processing stage of 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 subseguent 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.



[0032] Fig. 13 is a diagrammtic, cross-sectional view of a sem conductor
wafer fragnment at a prelimnary processing stage of a second enbodi nent
aspect of the present invention. [0033] Fig. 14 is a view of the Fig. 13
waf er fragment shown at a processing stage subsequent to that of Fig. 13.
[0034] Fig. 15 is a view of the Fig. 13 wafer fragnment shown at a processing
st age subsequent to that of Fig. 14. [0035] Fig. 16 is a view of the Fig. 13
waf er fragment shown at a processi n_? st age subsequent to that of Fig. 15.
[0036] Fig. 17DETAKRED RFSORIATHeNGRIHES RE%%EB&MIMEM% at the
processing st f Fi | I he
Mvent:on. 7 BRPATLeD GRS TN ol e S R R R g E el a2
aspect of the pirepnsitegrsemicaadr@eogaietiale A" difgrent Berfappa &A0 é@ebﬁﬂeﬁww CoyF
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this can en advant a for selective deposition on parti cuI ar

sur f aces. [0038?03ﬁlg 6 fig. %’S@rﬁﬁlﬁh’%lm”ﬂm@ﬁ‘ﬂf He drawicsoh8ranaha gepasited

growth of a deQ&ﬁ:b&&fémo?m&&n&w&&ffa@ﬁ%ﬁa&e@mmﬂ#é Elipdcgsts sur faces. One
of the surfaces Is a semconductor nmaterial (the line |abeled 50), and the

other is an i neamigendpetarnmaiariahithg fnedabelpcha0) andinectissys amiaulatie materigldthe
material can Cfﬂwréslh@élec%oﬁ'T'h'e‘?l%rattﬁ?gﬁ{a'?éﬂal Mdnt&bn%@?oﬁbﬁhcgﬁwgeﬂ@f'W‘RK)zSQQBr BéA

nitrogen (i.e., can consist of silicon dioxide, licon nitride or silicon
oxynitride). [o0oByperard 'P‘Hf—‘%erb(f egPW‘PPSt?F Oftf’rh'@oaé'ﬁﬁéqet dipogdiiide Aurltaesr
material over Lhg m,@égrfaces IS |Ilustrated in the Flg 6 graph as a change
in thickness of th eposited nmateri t he

dynami cs on botlR0%He sent ‘E%rr%&u?:ft%?w@tﬁ Fr}fc po?'f?‘ﬂ%nﬁ daﬁay?“ﬁ@"?'r@&r g’tei ve
mat eri al surf ag@fdcké RaliEBhtaarie i iyl egraphas hahamhet ih thennessoitge agpogitbase (1 ag

phase) prior to a grow h Lopecificall t he thickness of the osited
Pator) al does. MBERHOELITE. FEGR A SakE s ootk iE SRimarSRiEEe o

i ncrease after (hae Sbﬁ@cpilTnamUlaTh@rﬁa&glapmee {lime 69) arst dmitar i thet B@tmhammaerltagar
mat eri al corres T1 an on.

e Bl ve s hi et Brorby o R a5’ SBaRBRS hetdREFLHE Bated ™ |

of the deposit edtaral drasalot mnraabefrsmrthewdlﬁoteppint,mt etheabegins & |gcne'ésa:a‘tﬂrlay
shorter than the Jag PRASEgbREsS P oS ERB kS nb0S! Aol corresponds to time
Ty, and the lag phase for the growth on the insulative material corraspondé to time T..
[0040] The lag phase for growth of the deposited material on the semiconductor
material is significantly shorter than the lag phase for the growth on the insulative
material. In exemplary applications, the lag phase T, may be about 2 seconds, while
the lag phase T, may be about 10 seconds. The particular length of a lag phase can be
impacted by the deposition conditions utilized. For instance, if the deposition conditions
comptise 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
T2 more than the other. Such can reduce the interval between Ty and T, in some cases,
and in other cases can increase the interval between Ty and T,
[0041] The lag phases T, and Tz are believed to result from nucleation
phase/growth phase dynamics during deposition of semiconductor materiéi.
Specifically, there is initially a nucleation phase of the deposited semi¢onductor 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



material. In exenplary applications, the |lag phase Tl may be about 2
seconds, while the |ag phase T2 may be about 10 seconds. The particul ar
| ength of a |ag phase can be inpacted by the deposition conditions
utilized. For instance, if the deposition conditions conprise a

sem conductor. precursor in the absence of an etchant material (such as

HCI t he | h Il . b t hant |
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of the deposit ere 1s substantially
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t hi ckness of t Heod#2posi. t§b|e mt@secalag pheesodir aglinsulative rateyiapsiataee rélatbe tTa and

T2 cor T espond ol b A AHLONAod BEeTHRkARL NG Pleddif as e CONdUC or

surface and insul’ative erial sur ace respective ‘ | ines 50 and
60 correspond semicheduciprovatarig hai*@ss%wcqrtﬁectsﬁéﬁu@@ﬁdei@t\@rtom iepilatvegngtbdal e

and the insul atjye. %Emgényeﬁﬂnéé%e z?téﬂéi%hﬁé&%'é/ndelébrﬁn%"i?du@t%?%tté‘nalthe

growt h phase can nsi a perio subst ant i al |1 near 1 ncrease in
the thi ckness @urf@ped@pcb@m*e@jew@ foA PU'fQ)d@EP'CH"FéU‘PtHEWQQ@é@ bulgheRelse caver

an insul ative H@to% lhatatisN Whikh@xE&Rhy RgipPade T1We%?%q6§é)ﬁ1aﬁ W IQ&Fh@s’é”&be
t aken advantage of to selectively deposit a sem conductor materia

seni conduct or é@@qra@eiyr@%ﬁw'{}@et%owth@f PHRIGPNAUCIPE MARTF Prafhe se(liqopdictor

Speci fically, apiddaspltahérsailMRétdel Rbwihlof EaRRoAMB IR nSRERF B BHEChEatiVB et
surface can both be exposed to a pul se of sem conductor precursor, but the

pul se can be 8%@®durati on whi ch exceeds the |ag phase T, while being |ess
than the | ag pn@e%]TZ AseResibag) methbmsnﬁagmﬂnhwab&angrl@%ﬁte@ﬁn signy. conductor

e conduct or SEEGHTIY. 0h M sRUPEl Pl TR br s ths ot Aeuse P spovirce
exenpl ary net hﬂdat t&n dé agizat@igreaihd gemicbuthictor meterials fdlgstivaly ov@mam fically,,
Fig. 7 shows a mlcggdl?gtor%aﬁagé.oé\éc\(\ pu?sljescotrr'egpnonlags ol 811 e?p%/rcg)prlage semiconalctor
material precursor within a reaction chamber to a sufficieﬁt concentration to grow
semiconductor material over semiconductor surfaces and insulative material surfaces.
The pulses are for a duration longer than the lag phase for growth on the semiconductor
surface, but less than or equal to the lag phase for growth on the insulative material
surface (i.e., of for a time longer than T, of Fig. 6, but no greater than the time T, of Fig.
6). After each pulse, the semiconductor material precursor is purged from within the
reaction chamber.
[0044] in particular aspects, the semiconductor material which is deposited
comprises, consists essentially of, or consists of one or bath of silicon and germanium.
In such aspects, the semiconductor material precursor utilized during the pulées can be
selected from the group consisting of dichlorosilane, trichiorositane, tetrachlorosilane,
disilane, silane and germane.
[0045] The material utilized for the purge can comprise any suitable purge gas,
and/or vacuum. [f a purge gas is utilized, such can be inern relative to reaction with



that can be utilized for growi ng sem conductor materials selectively over a
sem conduct or surface. Each pul se corresponds to flow of appropriate

sem conductor rmaterial precursor within a reaction chanber to a sufficient
concentration to grow seniconductor material over sem'conductor surfaces
and insulative material surfaces. The pualses are for a duration |onger than
the | ag phase for u €
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t he pul sing of the sem con
etchants with deposition -precursors is that the etchants can slow down a deposition

process, and accordingly in some aspects it can be advantageous to not have etchants
(such as, for example, Cl) present during the pulse of semiconductor material into a
reaction chamber.

[0047] Fig. 8 illustrates an exemplary reaction apparatus 70 that can be utilized
'in particular aspects of the presentinvention. Apparatus 70 comprises a chamber 72. A
substrate holder 74 is within the chamber, and is shown holding an exemplary substrate
76. Substrate 76 can correspond to, for example, a semiconductor wafer, such as, for
example, a monoctystalline 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 by é
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



material into the reaction chanber alternatively to, or in addition to,
providing the etchant during the purging. In exenplary aspects, HCl is
present In the reaction chanber during the pul se of .sem conductor nateri al
into the chanber, and is present to a concentration of less than 0.1 vol une
percent. The HCI can advant ageously renmgye sem conductor materi al

nucl eating on i ?%Jé%?%\égwigu%%ﬁ&%:c{f Aén&!a%afg\ﬁq[}‘tte%g,gm% 'R@nﬁ%&n@ 815?#

wi th depositi oY etc s can ep03| | on
process, and mmhncmgiqpmmxds@mwaﬂmam@ outlet@ario besistdy aHtgingevatsrialaframt have
etchants (such,,as 8 %x'arrpl e, Cl) present during the pul se of

sem conduct or th are reaction chanber. [0047] Fig. 8 illustrates
an exenpl ary r@ﬁ{mtsﬂon aﬁfﬂmraﬂpasatw)?&ttmbec%m sudahie prpiparatis, inﬁu@ia@tfprcenample
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extends into ts*.eemcmainbter watenttagrsenil 166 1eéd ptghrrwarwamessam stho®@48Rgmant 100
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fromthe chanber , a vacuum (not shown) can be provi ded
downst r eam of wMmip@dugRr ﬂ@’ffﬁéi » 3d inrpapisigit Aspacks il cangrise. GRVSigliesprmiatihe,

chanber. [00494; cB'ﬂ@is@cH%é%ﬁrH&hH@sﬂi@dhQﬁlg%@bﬁaﬁumt abl e apparatus, including,
for exanple, a chem ca deposition (CVD) apparatus, an atom c | ayer

deposi tion (ALIi?D51alppar a@&s?rat& mzafé’ﬁﬁ’”é%%fhwr ewEgcecIs: JﬁeﬁEﬁoﬁﬁbé‘i‘t&Erﬂ
etc. [0050] Fi g cdnphided bl @ﬁﬁéo@tmsaﬂn%eﬁmioafymama@@e ol9tryéiBminé MEIM i on. Fi g.
9 shows a sem conductor er fragment i m na cessin
tage. Fr agnor SO SRR LGOI AL s SO RORIARE RROTIR ol St YOS HEA
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mat eri al s, andoy & coaiuctivaiy- ampemismmsucm ragibh (mosphewrgén padingasdspessenthcal | y of ,
invention, or can be comprised by undoped semiconductor material in other aspects of
the inventian.

[0052] Insulative material 104 can comprise identical materials to those
discussed above for material 14 of Fig. 1, and accordingly can comprise, consist
essentially of, or consist of sificon in combination with one or both of nitrogen and
oxygen.

[0053] Insulative material 104 comprisas a surface 105. In particular aspects,
surface 105 can comprise, consist essentially of, or consist of one or more of silicon
dioxide, silicon nitride and silicon oxynitride. Materials 102 and 104 can be referred to
as first and second materials, respectively, in the discussiori that follows; and suriaces
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 to at least
one semiconductor material precursor. The surfaces are exposed to the precursor



or consist of one or both of silicon and germanium [0051] Substrate 102
conprises an upper surface 103. The portion of substrate 102 conprised by
surface 103 can be nonocrystalline or polycrystalline, -and in particular
aspects will conprise, consist essentially of, or consist of one or both of
silicon and gernaniun1in nmonocrystalling or polycrystalline form The
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surface 105. Aa&fv%n*\arﬁé‘?eﬁﬁwb% surface 103 (the first activation time). The semiconducter

material precursor is pulsed into the chamber for a time longer than the first activation
time and no greater than the second activation time. The pulse thus selectively deposits
semiconductor material over the first surface 103 relative to the second surface 105.

[6056] The precursor utilized for deposition of semiconductor material over
surface 103 can comprise at least one precursor selected from the group of silicon-
containing precursors and germanium-containing precursors. Accordingly, the
semiconductor material deposited over surface 103 can comprise, consist essentially of,
or consist of one or both of silicon and germanium. If 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 matetials selected from the
group consisting of dichlorosilane, trichlorosilane, tétrachforosilane, 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



considered to have "substantially occurred” on a surface if a detectable

| ayer of uniform thickness has fornmed on the surface, and not if nucl eated
islands are the only deposition on the surface. The duration that the
precursor concentration is maintained in the chanber can be considered a
pul se of the precursor within the chanbef, [0055] In sone aspects, the
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deposition is Sélective art
applications, it can be des:red that a thicker amount of semiconductor matetial be

provided. An exemplary thickness of material 110 is from about 10A to about 5000A.

[0061] Fig. 11 shows fragment 100 after another puise of semiconductor
material is utilized to selectively form a layer 112 of semiconductor material over the
layer 110, The conditions utilized for forming layer 112 can be similar to, or identical to,
the conditions utilized for forming semiconductor material 110. Specifically, it is noted
that semiconductor material 110 comprises a surface 111 of semiconductor material,
Accordingly, the conditions described above with reference to Figs. 6 and 7 can be
utilized for selectively forming semiconductor material over surface 111 refative to the
surface 105 of material 104.

[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



[0059] The formation of material 110 can be acconplished utilizing the
various conditions discussed above with reference to Figs. 6 and 7.
Accordingly, the formation of material 110 can be acconplished utilizing a
seni conductor material precursor alone in the reaction chanber, or in

conmbi nation wth a hal ogen-containing nagterial. Exenplary hal ogen-containing

material s argube @ @rnﬂqq;ntsamruon@mwme;ﬁaﬁ @ seR%6AVEN Rrmettioldr, layand 12 kedtivi C
hal ogen nol ecul es ?for exanp Cl2). If HO is present in the reaction

chanber duri ﬁ@s’éi%%P?l%ﬁ‘afﬁ”a%@rﬁ conductor material 110, the HCl will
preferably be cmeepent lLﬁyérbewhiamwlﬂ 110 can e@ﬁw@tmamma semlcbedmtdsrhwertai
equal to about

t he HCl
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formed by the pul se/purge cycle g 7. Such pul se/ purge cycle can be
repeat ed nul tTHPEf BAESG: @Spﬂ%‘b’@%’ i t”‘céor '@Eﬁyr%ﬁ’sﬁrﬁ?@%é% cgPsCEBHIuCt or

material . Fi thesdiiafOmsr 601%E b bRy sldihe BBmiddhtigftoamkRMal sukhbsofor
sem conductor material is s Iec%el f.or ned \6 | ayer 112 rel ative,
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conposi ti ons, n%rqu %\r}mg(ladetnﬁ)gaqtcgl%;raoscﬁ?oqwssltg %yers 28, 30 and 32 described pre\nously

[0065] An anisotropically etched sidewall spacer 214 is adjacent a sidewall of
transistor gate 2086, and can comprise an identical composition as discussed above for
spacer 34 of Fig. 4. .

[0066] A conductively-doped diffusion region 216 extends within substrate 202
proximate gate 206, and can comprise an identical composition as the diffusion region
36 discussed above with reference to Fig. 4.

[0067] In an exemplary aspect, substraie 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 essentiaily 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.



to be a stack of sem conductor material |layers. At |least two of the |ayers
wll conprise different conpositions relative to one another if different
sem conductor nmaterial precursors, or sem conductor material precursor
conbi nations, are utilized during formation of one of the |layers than are
utilized duri ng formation of another of fhe layers. The layers 110, 112 and

L1 can ol | DegBEYSL o | LRt B BREEd G 8 RRLE IS ey N et

in sone aspect ron layers can pe epl taxi al y
grown single esfgmhad tafEiges ailds, to[seEetfeFirgy. serBondudtive urateia! everrsuriaes 2@s pect
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conprising a $U Noat i-on regi on extending into the
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conposi ti ons scusse ve with reference to Fig. 4 for substrate 22,
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nmonocrystal |l i ne Sem condu erial, suc for exanple
monocrystal | i mrm‘rsnlal pPedpan be ullaed an arselysitate o aclectivelydaming anoteeinsi st

essentially méc%gd&gmhéﬂenﬂf%& k1R ORn }qélﬁewh%ﬂ&k/etré 85 103b @lhd @8k 8aQP can

conprise |l ayers 212 having identical conpositions to [ayers
28, 30 and 32 bgesystalinedn preigvlaiasnpcts of JTgByenten, @ﬁﬁéfb‘é@rﬁfb?%%ﬁcff%/caé‘tt@ned

si dewal | spac%b[tg,géhy@o@db,ﬁ@gmys@ el | of transistor gate 206, and can
conprise an identical conpoSition as discussed above for 8acer 34 of Fig.

4. [0066] A colf9dli vel Jhaéﬁéfaw&@opﬁﬁﬂm1@@5%@%@@?%8'&%?%&& HRRRIV SRt r at e
202  proxi mat @ gat6rméPe30 atrtﬂe ﬁﬁfbrﬁmﬁmé ltrsef:pramema‘mtduﬁaéd @&rr@om ddc@ited@m théne

di ffusion region 36 di scu agove W th reqﬁ encg gég Ll0067] n an
exenpl ary asp&ee’ aréat&qtqrg % EFR3AINg4sthe Ar [?B’é'ir Iscispeg 2boygdela QiR fng
essentially ofcan®e aqmeatarﬂgn pértisgia apRoelar eniélgbivakomesaliaihy e regi on
204 conprises an uﬁgeL sur f ace 20§ consisting essentially of or consisting
of, for exanplPEcessNy PLBR PESEYT BN PRy er 212 conprises an upper surface 213

consi sting esspuoritpl |y O"he sonctw@misﬂ@nﬁrsgom serihloasncencmlrmaﬂaenew daoces and ri de,

silicon dioxi and/ or n|tr|de si,dewal | ace
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[0068] - Const r gt A, 20805301 b pPasesbdwhNBand b iy Ml ghrngd above

with ,
compositions relative to one another, and such would form a structure of the type

formed in Fig. 16. However, as was also discussed above, the invention encompasses
processes in which the multiple pulse/purge cycles of the type described with reference
to Fig. 7 form layers having the same compaosition as one another. In such aspect, the
layers 220, 222 and 224 of Fig. 16 would not be distinguishable from one another in the
structure of Fig. 16. Fig. 17 shows construction 200 at the processing stage of Fig. 16 in
an aspect in which layers 220, 222 and 224 of Fig. 16 have the same composition as
one another and merge to form a single semiconductor material 240. Fig. 17 also
iNMustrates another exemplary 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



reference to Figs. 6 and 7 to selectively grow sem conductive material over
surface 203 relative to surfaces 205, 213 and 215. Fig. 14 shows
construction 200 after gromh of sem conductor material 220 selectively
over surface 203. [0069] An upper surface of sem conductor material 220 can
be utilized as a substrate in subsequenjs processing to form anot her

Z 331 ;:ondu;:lt Or J¥Bédelalithddfrénenc Fagas efanahordd@ 1@a8ra$ bﬁrwgrowm Eﬂ&gsenéh&anductor
Itionally,

upper
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material 224 as rghovamoi diclidrg,. orli@creé'&ﬁ@g biae}te’fam 2tRenididnandihn24 peianaral | be
crystalline in particular aspe invention, and.ln ects can
e e t axi al IR/GBT 025 G158 TP e ot PIERsep By O PR an L E &6 o
Fig. 16 \Azdvantaatgﬁh Gwsbv\gh&& L&wdéslmtyeﬂ@hslﬁ*éw Smrﬂnc@uéeaselmmwor 230 at the
regi on ere t ounde r 40 occurre p r art
structure of 51’£°§8U‘A8%8F'B?tf?§ﬂyer ?%@C%}dg'ﬁ éﬂﬁfa&%(ﬁ@%@ 8@8(/%“@8?%&?’ ve to
Fig. 5 can b%uaisthmallgtaeﬁidmgwdmls@aetcaseslMsre@s@&mjiﬁg,e{é@ma@rﬁgrbﬁ{hyofovercoma,
utilizing the roce§S|n9 { sent QventioE. [gp?%%gﬁhe ructure of
Fig. 16 shows SSBHTRHEECTE enﬂl&toél’ul Séreffﬁ,apfff §S POFRPRYEPE % di sti nct
| ayer s from orenmrisihbeilicorAsitriiessiicrss eiibxplee sndiarsdilicon benitrideivent i on i ncl udes
processing in which the multiple |ayers formed through sequenti al
pul se/ purge cycles of the type described with reference to Fig. 7 have
different conpositions relative to one another, and such would forma
structure of the type forned in Fig. 16. However, as was al so di scussed
above, the invention enconpasses processes in which the nmultiple
pul se/ purge cycles of the type described with reference to Fig. 7 form
| ayers having the sanme conposition as one another. In such aspect, the
| ayers 220, 222 and 224 of Fig. 16 would not be distinguishable fromone
another in the structure of Fig. 16. Fig. 17 shows construction 200 at the
processing stage of Fig. 16 in an aspect in which |ayers 220, 222 and 224
of Fig. 16 have the sanme conposition as one another and nerge to forma
single sem conductor material 240. Fig. 17 also illustrates another
exenpl ary advant ageous aspect of the present invention in which there has
been | ateral overgrowth of sem conductor material 240 over isolation region
204. Such lateral overgrowth can help to reduce p-channel degradation
relative to transistor devices |acking the overgrowh. [0072] The invention
descri bed herein can provide numerous advant ages



relative to prior art processes. For instance, the invention can reduce the
faceting 15 described with reference to Fig. 5; can increase |ateral
overgrow h of a sem conductor material as described above with reference to
Fig. 17; can reduce processing tine due to renoval of etchant, or
decreasi ng of etchant concentration relative to prior art processes; can

i ncrease the robustness of processes by renoving the etchant that prior art
processi ng was undesirably sensitive to;l@nd can increase selectivity for
sem conductor_ formation over sem conductor surfaces relative to other
surfaces by CledM8antial |y avoiding, and in some cases entirely avoiding,
detectable growh of sem conductor materials on undesired surfaces, such
as, for exanple, surfaces conprising silicon nitride, silicon dioxide,

and/ or silicoh oxymethod de.dep6sitic@ flshBicondystorendeithl foompdieinesi ti on of
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second mat erdxgbsing tBe fitst hBSdcoNRag bl EONAeH e soRihiMoMhaskalgEcursander
conditions in which growh of sem conductor material fromthe at |east one

precur sor owaferqeaditippssin wiieh srewéhefl ssaY@nfuater e foasths af legstoRase peri od
prior to a r i i I : : grow h
phase to i nip?‘{gcgl%l%pgﬁé?ﬁe:ﬁm@@osg ﬁanflég%ag ¢ t arfrié%ﬁﬁg ﬁg%‘qﬁeg{)@ rl{n};rgiaal ; the
exposi ng beigigwihqhdsec treblurfder whizhgt tekesugyigef for thehgpogthophiabe fohsisieteton thccur on

the first material, but not for |ong.enough for the growth phase to
subst ant i al 155c@daateri thapog té“eé‘@h’&”‘%ﬁfﬂeri al ; the exposing being conducted in

a reaction chanbegpe 8idsia®BRNE SoiittcRd BoH 188 Goupifor tiad %rbﬂﬁlsﬁha%‘ﬁ) REQCHY SOr
into the chanber followed by a purge to renove the at | east one precursor

subst ant i al |tye Brst naterigl, butoret rdengenongh n thetssewihgphagefgsplstangishp et A two or
nore of the ing.utilized to forma thickness of sem conductor
mat eri al ; antgéjge%gﬁ'?lg{reg%lf sem conduct or precursor being flowed into the
chanmber during onie @fposinfbeihpooralucrdiea mattkaeschambat andeoinprisingtipalse of thehe t wo

or nore pul sef. 2. The nethod, of cl ai rp{ vvg%rei n said thi chness is from
about 10 A t3eapsine PegsB§or nto the chamber followed by a purge to remove the at least one

precursor substantially entirely from within the chamber;

a sequence comprising two or more of the pulses being utilized to form a
thickness of semiconductor material; and

a different semiconductor precursor being flowed into the chamber during one of

the two or more pulses relative to another of the two or more pulses.

2. The method of claim 1 wherein said thickness is from about 10 A to about 5000
A.

3. The method of claim 2 wherein the semiconductor material is a single crystal
material epitaxially grown over the first material.

4. The method of claim | wherein the purge utilizes one or more of H,, Cl; and HCL.

5. The method of claim 4 wherein the purge utilizes H; without a chlorine-
containing component.

6. The method of claim 1 further comprising flowing an etchant into the reaction
chamber during at least some of the exposing, and wherein the etchant is suitable for
etching some of the semiconductor material.

7. The method of claim | wherein no etchant suitable for etching the semiconductor



3. The nmethod of claim2 wherein the sem conductor material is a single
crystal material epitaxially grown over the first material. 4. The nethod
of claiml wherein the purge utilizes one or nore of H2, Cl2 and HCI. 5.
The nethod of claim4 wherein the purge utilizes H2 without a chlorine-

cont ai ni ng conponent. 6. The nethod of claim| further conprising flow ng an
etchant into the reaction chanber during at |east sone of the exposing, and
wherein the etchant is suitable for etchlng sone of the sem conductor
material. 7. The method of claiml| wherein no etchant suitable for etching
the sem condWderé ispithipghegeactionicharpar during the eXBR& on chanber during t he

exposing. 8. ghe qgethad fr o&h lﬂ'lr?ui’th{{%%l fibin ﬁ%f%%r%%g‘e Qohfathifk material

hal ogen-containing material 1ntot act uring at least sone
of the exposintoghe @actibnehambérabiriof ackast serBe ofthe expvsinge hal ogen of the

hal ogen- cont ai,ni material  i.s . .10, The nethod of claim n the
hal ogen- cont a?ni ﬁ%e Hhe{déqdl 03]"1%‘%‘ SI—Y%CREH gwi '??Ogﬁ? 8@&‘5?’3@ ﬁe?ﬁ%nt?lglggﬁl g‘?‘f‘a& Ramber
to a concentgjati on of |ess than or equal to about 0.1 volume percent. 11.
The met hod of cI aim1l wherein the sem conductor naterial consists

essential |y ofi0. die msthadnfislaim Sswhereip sheidpegervataining matorial thEChatdisd of
claim | wher gl it B SER EANNRR o FBUREhBioh 8F HsStin 85 SARI ialbb¥e f ST T con.

13. The rret aim erein t e sem conduc 1al consists
essenti al | y valumg@romni um 14 The nethod of claiml wherein the

sen conduct or al s of ane or .both of sil.icon.and r mani.um
T e et hod o Helm s o e nsrsil Cae st PPt GO ists Exshigialy OF of

silicon. 1Q,ne'5930tﬂ%tfl§mgorp;n edhmidmwher ei n the sem conductor materi al
consi sts of gerrranl um 17. e nethod of claim| wherein the first materi al

conprises a séfi cldwaathakof clramdrwhgreigmiee spmeqoafvctotpatenal spasistmesentilly of
conpri ses angf?cl gctrl cally insulative material. 18. The nethod of claim 17
wherein the i1t material is nonocrystal line or

13. The method of claim 1 wherein the semiconductor material consists essentially of

germanium.

14. The method of claim | wherein the semiconductor material consists of one or
both of silicon and germanium.

15. The method of claim 1 wherein the semiconductor material consists of silicon.

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

17. The method of claim 1 wherein the first material comprises a semiconductor
material and wherein the second material comprises an electrically insulative material.

18. The method of claim 17 wherein the first material is monocrystalline or
polycrystalline.

19. The method of claim 17 wherein the first material consists essentially of doped or
undoped silicon.

20. The method of claim 19 wherein the second material consists essentially of silicon
and one or both of oxygen and nitrogen.

21. The method of claim 17 wherein the first material consists of doped or undoped
silicon.

22. The method of claim 21 wherein the second material consists of silicon and one or

both of oxygen and nitrogen.



pol ycrystalline. 19. The nethod of claim 17 wherein the first materi al
consists essentially of doped or wundoped silicon. 20. The nethod of claim
19 wherein the second naterial consists essentially of silicon and one or
bot h of oxygen and nitrogen. 21. The nethod of claim 17 wherein the first
materi al consists of doped or undoped silicon. 22. The nethod of claim 21
wherein the second material consists of silicon and one or both of oxygen
and nitrogen. 18 23. The nethod of clairs 17 wherein the first material
consists essentially of doped or undoped germanium  24. The nmethod of claim
23 wher ei n t h&3.sdbpimgthedtof elaim 12 srheredn the diss asrial pgpsists espqntighbyrof dopgd 8he or
bot h of oxy iteogen. 25. The nethod of claim 17 wherein the first
mat eri al co%'s%?%pt%gcégﬁaég%g’d or undoped germanium 26. The nmethod of claim25
wher ei n t he satoffile methediofklaoo 33 ivdkeinthe sédond onatanticonstsmssenbalf holofilicony gen
and nitrogen.  27. gg)e}bnlpt hod of, claim 17 wherein the first material consists
essent i al | y 28 OHOYRPIHPT OXYREHHUNIEPEE con/ ger mani um  28. The nethod of clai m

27 wherein thes sqaERtHRRCladth (¢ WSttt the TS OMMdral bohstils & dobeddr undbgedone or
bot h of oxygen and nitrogen. 29. The method of claim 17 wherein the first

mat eri al corggimsanguref doped or undoped silicon/germanium 30. The nethod of

claim 29 whergjn.the seco i . | b LA . ot h of
oxygen and ni ?é'oai'ﬁ m e%% 02%%%‘%??3&" }%(L)er”?%g%%%ﬁ f@frtler%; L%ngﬁlgcogﬁﬂﬁgﬁg?@%et%ri al ,
conpri si ng: hptooictygeh andsitbsgenat e within a reaction chamber, the substrate

including a first material, wth a first surface and.incl udi second
material with2 g@&m@&fﬁ%@;”ﬁ&ﬁﬁ"ﬂaﬁfrﬁ “%"é‘?ﬁ%&?ﬂﬂ?&"éﬁe%ﬁngﬂpe Pecur sor
having a firgh, tsil}é%flﬁg%éniidm associated therewith for form ng

sem conduct or terial "over the first surface and a second activation tine

associ at ed t hd.eviihe mettmd of slaiin2g veendic e derond matwtad ednsistspseantialheof silicon
and one or both of oxygen and nitrogen.
29. The method of claim 17 wherein the first material consists of doped or undoped
silicon/germanium.
30. The method of claim 29 wherein the second material consists of silicon and one or
both of oxygen and nitrogen.
31. A method for deposition of semiconductor material, comprising:
providing a substrate within a reaction chamber, the substrate including a first material
with a first surface and including a second material with a second surface;
providing a semiconductor material precursor having a first activation time
associated therewith for forming semiconductor material over the first surface and a
second activation time associated therewith for forming semiconductor material over the
second surface, the second activation time being longer than the first activation time;
providing a pulse of the semiconductor material precursor within the chamber, the
pulse being maintained in the chamber for a time longer than the first activation time and
no greater than the second activation time to selectively form semiconductor material
from the semiconductor material precursor over the first surface relative to the second
surface;
two or more of the pulses being sequentially utilized to form a stack of

semiconductor material; and



second surface, the second activation tinme being |onger than the first
activation time; providing a pulse of the sem conductor material precursor
wi thin the chanber, the pulse being naintained in the chanber for a tine
| onger than the first activation tine and no greater than the second
activation tinme to selectively form sem conductor material fromthe

sem conductor material precursor over the first surface relative to the
second surface; two or nore of the pul s¥s being sequentially utilized to
forma stack of sem conductor material; and 19 a different sem conductor

precursor being #Ha{RERNt pepisondustos REsqwser Reing fiRyveshiatoghe ehambenduring oRsiod pul ses
rel ative touaneLRer, of }gﬁlgb% L MVOH aﬂ?ﬁa Elllest%% ordfore piiesT®t hod of claim 31

wherein the sem conduc mat er i al fromthe precursor deposits over
the first surﬂac@hameﬁmdmﬁsmm Bl Méedeaythe sen’ﬁBondﬁh@r nmetdnebifoohed framth82 wher ei n
at least one of th chl ori ne-cont ai ni ng

il i zes
conponent . BFCUHR %Eilﬁg?d% lIrséls f%érryé H’"gi?:yﬁ ‘of the two or nore pul ses

is foll owed w3 hThamRio@®f blairh BZ Wheref&R 18t dHRICE tRf puliides uEiliZesavitiot § 0 renove
the semiconductor material precursor substantially entirely fromwthin the

chanber. 35chiprise-penttiniagspmpprdntn 31 further conprising flow ng a hal ogen

acid into t he31 ﬁkf’ﬁgpl%{hog%'f élg%l 3 V\Jh%%%ﬂt ea%f? HPtthth G?m%fe@l&%hs?o#éfﬁtﬁgltﬂne of

t he pul ses of SEm con erial precursor. of claim
35 wherein tafpergaaitlhgmg oaendmbrze d*ﬂ(EI;, CB3and Hié tonrerbwel thefsemicandndddr mdtenizi n t he

hal ogen acid is HCl and.is pre in.th ction chanber to a
concent r at | GFFCHEOY wbslagtially eapr;h o wihi E‘SGE‘E‘ abei vol une percent. 38. The

met hod of clagyn qfﬂreméﬁ{o@'o'f‘cﬁ%bgi ﬁmﬂeahdmprﬁ%gmdmgah%g& had nﬁ@ﬁ\%nt Wi thin
the chanber during the time of at |east one of the pul Ses of

sem conduct @hamhsﬂréumw at legasbsamesafithe Goe ofratéeaﬁe@l‘moﬂ thﬁptd$ea|0ﬁﬂ@1 wher ein the
sem conduct Qr macﬁlt ? furrsorrsos are selected fromthe group consisting of
di chl or osi | SHEYMCERMGTEET PERE "t et rachl orosi l ane, disilane, silane and

germane. 40. JdeTheikoddof clalmiimwdiérenhde ahlbgéeidgMconduct or material of
the sem Condug 7t.0'r1"he g%%h%yo%lcla% %g l\Jth%rOeEnsthle ial?):geln ac?d is HC! and is present in the
reaction chamber to a concentration of less than or equal to about 0.1 volume percent.

38. The method of claim 31 wherein substantially no halogen acid is present within
the chamber during the time of at least one of the pulses of the semiconductor material
precursor.

39. The method of claim 31 wherein the semiconductor material precursors are
selected from the group consisting of dichlorosilane, trichlorosilane, tetrachlorosilane,
disilane, silane and germane.

40. The method of claim 31 wherein the semiconductor material of the semiconductor
material precursors is silicon.

41. The method of claim 31 wherein the semiconductor material of the semiconductor
material precursors is germanium.

42. The method of claim 31 wherein the first surface consists essentially of doped or
undoped silicon.

43. The method of claim 42 wherein the second surface consists essentially of silicon
and one or both of oxygen and nitrogen.

44, The method of claim 31 wherein the first material consists of doped or undoped

silicon.



41. The nethod of claim 31 wherein the sem conductor material of the

sem conductor material precursors is germanium 42. The nmethod of claim 31
wherein the first surface consists essentially of doped or undoped silicon.
43. The nethod of claim42 wherein the second surface consists essentially
of silicon and one or both of oxygen and nitrogen. 44. The method of claim
31 wherein the first material consists of doped or undoped silicon. 20 45.
The nmethod of claim44 wherein the secaed material consists of silicon and
one or both of oxygen and nitrogen. 46. The nethod of claim 31 wherein the

first materi4l dbnarthed ofglamid ahpigingthe srepadimaterial oo @f gdicomaidgne o47. The
nmet hod of %hfﬁiorf‘oilg%em%ﬁit%igkﬁe second material consists essentially of
an 0

silicon one bot oxygen and nitrogen. 48. The nmethod of claim 31
wher ei n t he 46.r $he methediofitlatcwA s wWhtsimthe fiop editorial camdopedsengaliyneidoped 019, The
met hod of cl aim,48 wherein the second material consists of silicon and one
or both of'“‘%i&?g@ﬁm&’ﬂﬂmﬁi trogen. 50. The nmethod of claim 31 wherein the

first materi s oROFEOE o€ RN AhkdkiPhe dQRBAE mferialAORE GssehlihIGOsY RHARNT UM
51. The nethod of claim50 wherein the second material consists essentially

of siliconanhpie arkethorl Gagen &K rakgesen and nitrogen. 52. The nethod of claim
Si 11 cont gor nii hy FesBLEKan oF SRRISHH e e BT Bng ARG orsndoned o o
consi sts ofgemtdniun@n and one or both of oxygen and nitrogen.
49, The method of claim 48 wherein the second material consists of silicon and one or
both of oxygen and nitrogen.
50. The method of claim 31 wherein the first material consists essentially of doped or
undoped silicon/germanium,
51. The method of claim 50 wherein the second material consists essentially of silicon
and one or both of oxygen and nitrogen.
52. The method of claim 31 wherein the first material consists of doped or undoped
silicon/germanium.

53. The method of claim 52 wherein the second material consists of silicon and one or

both of oxygen and nitrogen.



