A METHOD OF ULTRA- SHALLOW JUNCTI ON FORVATI ON USI NG SI

FI LM ALLOYED W TH CARBON BACKGROUND OF THE | NVENTI ON
wo-e@rd3wie t he | nvention [0001] Enbodi ments of P¢EUS2007/067806

present invention generally relate to sem conduct or

devi ces and nethods of fabricating the sane, and in

particular, to a nethod of fabricating an

ANETHOD'OF ULWTRASHALLOW JUNCTIGN FORMATICN $JSING SI FILM
(FET) devi ces. Descr|8t| on of the Related Art [0002]

Utra-Ilarge-scale Ak &E& MTH&QR)BQNrcw ts typically

i ncl ude nore than one mllion transistors that are

BACKERBUND OF THE ]&gﬁNﬂ@N substrate and which
ous functions within an
Fiel€bfthe MVentigaii ce. Such transistors may incl ude
conpl enentary net al - oxi de-sem conductor (CMOS) field

[ooo1gf f eEmbodiments of theapregeeit ahvertiod sgereraiyo relate o séimidathductor
ef fect trgﬁnsnst rs ( MOSFE transi stor
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deviges pdede i@bﬂf@ﬁluee’fh@h%mﬁs %ﬂswoeealcal@trw&@ gethod of
fabriSH 4n URAH-SRal uﬂcm?i'éiﬁ"iri1 ﬁﬂEﬁBctdﬁfahEEfbr' RE ;I'Z@evicFF.y

sem-conduct or su strate e gat e structure nera

conprises a gate electrode forned on a gate dielectric
Deseription aif thetiRelgtedeAd! ectrode controls a flow of charge

carriers, beneath the g%{e dielectric, in a channel

[0002] o gi Mratrrgeissateointearatast (WeH) cheuits trbically gickde mere fean one
mﬂh#ﬁ UtFé:rﬁsétSps'l Clﬂgtr Zé?ﬁa%gh‘%a; g{JH:CeL r%feﬁn?s@ﬂ&uébp rsubatdte %4dd which

coopBDdaﬂeetotperﬁeirm vaiausrfadctions mthhmr&etec&sn@ dévieesBathtransistors
tion" There{saconstant trenqﬂq;o re

maydl H@‘F ofeMplemaRtary amatakRride-saeYc qqpror@\ﬁoﬁé field  effect
trané‘lé{BFé hh@hietAblide 68R%D d%cﬁ??nelboéfrf&ft'tn%'h%|sé§r@?ﬁﬁb§f-‘ET)

such transistors. [ 0004 e gate electro
generally formed of doped polysilicon (Si) while the

[0003jat e AdCM@Stiransistar mlmem;ga@mmupweathahiSndilsaqsﬂd between a

sourt rion 2y kel Bl ARG aeBRAIE o6l Zpe oate

structiife géﬁérdll;ﬁ&b ric& @ gatetdledirstipRiintdd bif @ngate Aiéldetric material.
and the Ii 0005] The CMOS transi stor may be
The gats plestrede wpnirets a,‘flﬁy efgharae gafriars apgneath the gate dielectric, in

a channel region that is formed between the drain region and the source region, so
as to turn the transistor on or off. The channel, drain, and source regions are
collectively referred to in the art as a “transistor junction”. There is a constant trend
to reduce dimensions of the transistor junction in order to facilitate an increase in the

operational speed of such transistors.

[0004] The gate electrode is generally formed of doped polysilicon (Si) while the
gate dielectric material may comprise a thin layer (e.g., < 20 A) of a high dielectric
constant material (e.g., a dielectric constant greater than 4.0) such as silicon dioxide

(SiO2) or N-doped silicon dioxide, and the like.

[0005] The CMOS transistor may be fabricated by defining source and drain
regions in the semiconductor substrate using an ion implantation process. However,

smaller dimensions for the transistor junctions have necessitated the formation of
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regions in the sem conductor substrate using an ion
i npl antati on process. However, smaller dinensions for
W b@7ns@nsi st or junctions have necessitated theCT/US2007/067806
formati on of source and drain regions with reduced
depths (e.g., depths of between 100 to 500 A). Such
ultra shallow junctions require abrupt interfaces that

sourcyy Qn@lldfrélh%gbrfswﬁwrrmmm@epths (ergp) @@ptﬁblcﬁlbetween 100 to 500
t echni ques due to jon-channeling and transi
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usm%i}oﬁfg;ﬁﬁlaﬂ% Féothﬂ'ic{ljg:ézg (? c}ﬁrlgg%%% ﬁg :{?ﬂs‘irabﬁgh?'%hanced

diffusiore pESnsr!nbnaQﬁEDm &oplnts ebkpeneﬁbesgreaﬂyaemwhcréldfdlﬁsslon or TED

durinb?&s{t%i%glqg\t %}%ggpﬁqr ggggt]raclg déq: 1an h}éﬂ]%lggg@{gggm%oexcess silicon

mterﬁﬁ%ﬁ"‘pﬁ'ﬁ% é%érﬁf@d%"ffﬂ]ﬁ@n%%h@& i %rd@ébé?nsd?frcMHFdlﬁ junction and
ow junctions. One netho or fabricating t

poored juneticrhpidfiey t ransi stor junctions is called car bon
co-inplantation in which carbon is co-inplanted with a

dopapgt su an, h n - b
ooos 2Py 8 ool il RS RD PRI TER: UMb of i
shaIIé§\!°<ﬂcjul‘ﬂifdftii)nfsr Ohé hrethod &d\faﬁﬁ@ﬂﬁhgctﬁeQﬂtﬁ@bhﬁlﬂ)\@tr’ahglbtor junctions is

uber of point defects in the film [0007] Another

Ca"ed@lal’hm oedsplantaianne which garaam is q%lmré@rar@é wr'l:_*Da dlopangsuch as
bororg. Qﬁ@\?gﬁﬂagﬁw&%ﬁ éHtﬁtl(EW‘ig@gacﬂféfstﬁ in ré&@&?\é H%E?aég?bon co-

as ca on co-1

lmplaiﬂémﬁ %uﬁei’@ilfmrﬁfmerdsadeamtagg of @ﬂélﬂingThehgnonamber of point
re is a need for an inproved nethod for fabricating
defe@tﬁ 'ﬁhﬂﬁ‘ﬁ'"&hal low junction of a field effect
transi stor. SUMVMARY OF THE | NVENTI ON [ 0009] The
[0007?’Ir esﬂ%tHé?'V(?HéthBP g,%ggr ﬁhbﬁnéebéllﬁxblérﬁs athEFé&‘éeOﬁ'ED during
abricating an ultra shallow junction of a fiel
annealihgctHoweavar, $hisrmethoidcsuffers fiom the rsamebdtﬁadmtggas as carbon

co-rgipReiatei ¢ PG AR o SR MBS o acod (o a

process chanber. A silicon carbon layer is deposited

[ocospn t MRefsfbad, tAéR is ENResd fdrcamimproved rhethed fosfabricatiegl an ultra
to a dopant. The substrate is heated to a tenperature
shallgwenetion pba fiokieftect ansistys: cause subst anti al
anneal i ng of the dopant within the silicon carbon
layer. In certain enbodi ments the substrate is heated

SUMMARY OF THE INVENTION

[0009] The present invention generally relates to a method of fabricating an ultra
shallow junction of a field effect transistor device. In certain embodiments a method
of forming an ultra shallow junction on a substrate is provided. The substrate is
placed into a process chamber. A silicon carbon layer is deposited on the substrate.
The silicon carbon layer is exposed to a dopant. The substrate is heated to a
temperatui’e greater than 950°C so as to cause substantial annealing of the dopant
within the silicon carbon layer. In certain embodiments the substrate is heated to a
temperature between about 1000°C and about 1100°. In certain embodiments the

substrate is heated to a temperature between about 1030°C and 1050°C.



tenperature between about 10000C and about 1100°. In
certain enbodi nents the substrate is heated to a
wao eovpas@tar e bet ween about 10300C and 10500C. [ BO/0$200T1067806

certain enbodi rents, a nethod of formng an ultra

shal  ow junction on a substrate surface is provided.

The substrate is placed into a process chanber. An

[0010EPi t BXtértaif idnisadimeatd) enmettyst of foraimp antugida @hatle junction on

substrate. A dopant is_inplanted into the silicon

a subSiraie SUrizpers PrRWASHSTHe SEDPEATRS: RIACES Infora pERGEss Shamber.
An |t%§fa?r3|l'i<9ﬁ1n %ﬁ%rpﬁ‘a;(ér”. fges @rmpqhgeﬂjb%'trawe A dopant is

opant 1s Inplanted 1nto th |con car
mplarﬁeahgnta theasilicon oarosi l@ger. ol hienq;).ibmnazbe usahepteni:tma temperature

areaie it Jo0e f E5tein ermbiioentothe SRPaRe MR rbimto he siicon

| I u n bo
car a5 1 hind SRS, o EHAGIOR PlocsB8 20 coran

embaedimests, raftar dreadingahe substrpte ta arteofperaiwire |g|r¢aiehtfwr g66°C, an

uppeﬁ&%)riij]ca"l bﬁ?li }sﬁlbgngceaﬁtt)? W) en‘g??% d %‘?)8\) ugg fcmr ohconcentration

less AN G %Ubsmgﬂ@ﬁals@érb@ns@éﬁdém@tléh af éulb&le"r ctior NeF the silicon
structure further conprlses a source reglon and a

carben lyerr egi on defined by ions inplanted in an
epltaX|aIIy deposited silicon carbon layer. The

[00118””% Weftal e%ﬁ%n%% '§e§tnﬁ:t§rléaﬂg9'n rSH'Q&u}M td"'n junction is

ate above he ¢ anne ‘region, the g e conpr
prowgeﬂe Téleesttuctule comprised aelsenﬁafonduk:tw@ubsiratec eTheastnucture further
nbodi nents, the abrﬁip n jun

Tl d t .
COMIAGR, PeSGHICA GO i Ak re60 159G by JPBS JiRped in an
epltag%{l/gm depdshiéd ?Fﬁ?ﬂﬁ’%ﬁﬁﬂirﬁ’la&@ﬁ fﬁé‘%ﬂﬁ@ﬁjré‘ﬂﬂtﬁeﬁ%ﬁh;ﬁﬂes a channel

ges (0] e presen i nvention i1 n order that
regiothewii Iaegateeammotheoohannel hreglpnvﬂm pate comaprisiog| a)getewelyectrode
be,. het under st god. A |to s and
and S Al tiE ey Thiie el ehboalnaft) therbERiriilotion has a dopant

prof"@%f@m&gefmmbg@ef ormt he subj ect of the clains of
he invention. It should be appreciated by those

sk| lled in the art that the conception and enbodi nent
[0012g scWb@efprﬁﬁ@ngeh?%éﬂ—ltl'@ﬁ%trﬁmefeféfoé‘gIYat%JP@tuf%ﬁ and technical

advapsidsy | bf‘ghé) %Htglﬁklglgtldﬂ W Tordly M%@S%%H% %%%ﬁﬁﬁon of the

or carryln same pur poses e present
mvemtmrerlhat)nfollwaslmmy doal bettdne uresErstoed. byAdtichalskﬁelatLﬂrds and
in the art that suc |Sg n const uct

advaptangs ok feninvRRtirh v 6% Qe5e|n@ erw fehs orm 3 fe" subject of

the claims of the invention. It should be appreciated by those skilled in the art that
the conception and embodiments disclosed may be readily utilized as a basis for
modifying or designing other structures or processes for carrying out the same
purposes of the present invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart form the spirit and scope of the

invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above recited features of the present

invention can be understood in detail, a more particular description of the invention,

3



invention as set forth in the appended clains. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0013] So that the manner
WO poorh3mhe t he above recited features of the prEGENS2007/067806
i nvention can be understood in detail, a nore
particul ar description of the invention,briefly
sunmari zed above, may be had by reference to
brleflyﬂE ﬁtrmmarrmwabmrrmayf beNhac byaeferéndeits erabedinents heome of which
pended dr aw ngs. is to be noted, however,

t hat
are "!Ll’ﬁéraé%éﬂdéé apra@megis drawinges aflelSofd e patech fowever, that the
Y neko
oppofi IS8 SRS ALptb ohf P AR SFIRE ol i ar
thereforg rdtothd ooroetrderredelthrhgyoferts‘ eocbpere‘oeme)m\nwhoe may admit to
EIG 1 illustrates an exenplary process sequence

1
otherfwaﬁ%pﬁpﬁﬁveaﬁmgp imeRal | ow junction on a substrate

according to certain enbodi nents descri bed herein;

[oo141{ 0015 HI Pastrafss?Bni bkathplaR) @rodader seq@em r@rcrmrrmge%n ultra

for source/drain extension device within a MOSFET
shall\@urejtionlorsa sbsteateidocarting ieeeriain @mapodimentsedescribed herein;
contai ning selectively and epitaxially deposrted

[0015file|scflﬁggﬁﬁeﬂfuggﬁﬁy%ﬁ%@w% USt r at ES a P in ée])(tension

devidei wikhin @sSMIO8HEN, X-ray diffractonmeter (HR-XRD) spectra
of as-deposited (control) and of spike anneal ed

| .
) R M ST I —
epitafs(rléwgdeg)'o%rte fsrlf?:%n'cflS‘Pr'ta"imn%;dlayé!l‘hdb9f Oprﬂ%g @rﬁgodiﬁﬂ#ﬂé Riéscribed

_ carbon epitaxial “filns; 9] FIG
hereint | ustrates a pl ot of Secondary Ion I\/ass Spectroscopy

(Sl II\/S) de|/oth profi | es of carbon and phosphorous of
| ann d fyl
oo 2 B RSB A b bl D, FRORRBp B, AR Ber R xR
specfrﬁQif %%Cijéposttée (6dratiorpare obssike }anneakedtwrwnmb@rd epitaxial films;
or;n ng aphgl tngsngltl Oow junction on a substrate
surface. e is ces
[0018t hanbks. 5 Allustiates @ e@r@w‘rﬁa&ﬁ ﬁp§0§ép%’s§% -ggpasitachfeontrol), of
as-in?&?ﬁt‘egaéﬁd%ﬂr{@%ﬁte FAhedidd SMBoS BAARM dANRIal Fifm&des ed

bpant stratels eated to a tenperature
greater than 950 OC so as to cause substanti al
[0019pNNekIGnG dlustrates a plot of Secondary lon Mass Spectroscopy (SIMS)

depth profiles of carbon and phosphorous of implanted/ annealed silicon carbon film.

DETAILED DESCRIPTION

[0020] Embodiments of the invention as recited in the claims generally provide a
method of forming an ultra shallow junction on a substrate surface. The substrate is
placed into a process chamber. A silicon carbon layer is deposited on the substrate
surface. The silicon carbon layer is exposed to a dopant. The substrate is heated to
a temperature greater than 950°C so as to cause substantial annealing of the

dopant within the silicon carbon layer.

[0021] Throughout the application, the terms “silicon-containing” materials,

compounds, films or layers should be construed to include a composition containing
4



dopant within the silicon carbon |ayer. [0021]
Thr oughout the application, the terns

WO gioi7i1amme cont ai ni ng" material s, conpounds, fiPOEUS007/067806
| ayers shoul d be construed to include a conposition
contai ningat | east silicon and may contai n ger mani um
carbon, boron, arsenic, phosphorous gallium and/ or

at |e@dttumwmrrand1riw c@ht@l’re@bsmaﬁmmh @ﬂ'bﬁﬁt Bb®n, RRdarde nshesphorous
hy drogﬁn may be incorporated with

galliug} png &y -Hemindmi r@th%taé?mgnts @Hﬁb@lﬁw@em'ﬂ halegenspérhydrogen
may é%%ﬁb&%gré’teﬂ%fthlﬂeé sili fé'%@]m%%}%?néérﬁﬁ)gﬁﬁ% film ey layer,

s or alloys 0 COHC tainn

usualb,elrr pprtepanheldorb)(ppm)aidmcemram@w &Jmﬂrom&isSbr tboys of silicon-
si.licon for silican | C for sil

rnma n ..
conta@ypgdﬂategﬁ @a?éé@ fepregent ?ng %‘éla FﬁV Q0 SHER asTHE f%r silicon,
SlGeabeFe iliéd t@nﬁj{huﬁ‘rﬁt Si@orﬁ eflicshetdrbah, SHPtSieRe Yok hsilicon

st0|c I ome relatlons i ps, nor represent any
germpaiun carkzon.r elhec abbreviatiotat damos trepreseft chemical equations with

. Silicon-co material s 0022]. FI G . o
stoicf Pl B R R e a P BT Sty BatjguRE seduggioppidation state

of thd SiliEdr@oRtAirh h?atéhé’lb.' Ow junction on a substrate. In

step 110 a substrate is placed into a process chanber.

In step 120 a silicon carbon layer is deposited on th
[0022k | bsk kGt killuptiatesean qumépmqeiss,&eqéan%ﬂopégreiormgng an ultra

el R By S0, | %, B 0 oo
char’rﬂmusdnsymsﬂaﬁtd sllicamicardomiayef ist epakiteandn tid bulvsttdte. In step
130, i@ i dar oDy Sht ExbeSach B dioParie 13,541 14D eihe Stbstrate is
heateﬁ E:pa 1M %%u@g@a%tﬁ%ﬁm BURkshS ?6 Bau eef‘%ﬁt%tﬁﬁﬁ’al annealing of

strat s are sSubstrates that 1nclude ectronic
the dbpantwélsmftbelsiiidonnad)m'rlageto t he substrate surface.
The patterned substrate nmay contain m)nocryst alline

[oozaﬁunc a,c@} alqubﬁ&a ﬁﬁaé%eoc Hﬂg ¥S9§§3§ pﬁﬁ@tbg:?t 'IJh% substrate

of stémnoft@%Sbé drpaeeted MObSeates tRPattdried SUbERERS drecdubd@ates that
the bare crystalline substrate or a deposited single

include pﬁcénon||%§ﬁ@tur@§ dermngd infa@r anéihe sendfatesudaes d&e patterned
subsﬁhié ﬁl%g cioﬁlt%llh‘}ﬂgn ﬁgplhﬁ'gu%\cgé Tén‘aoé} Iggétb&{b : secpndary surface

I ne or ous surraces nmay I n

that dé ehe]gtmo?cl)m‘ystepmel Ssucfhucé‘s golgotiystatiiner ori tamalphous surfaces.
spec d | trid | |
Mong‘gy%tlﬁglhéa c?ﬁprluggg\e ﬁ{é pg@gérygtalllnceogubnsltra[té or fespo\gﬁed single

crystal layer usually made from a material such as silicon, silicon germanium or
silicon carbon. Polycrystalline or amorphous surfaces may include dielectric
materials, such as oxides or nitrides, specifically silicon oxide or silicon nitride, as

well as amorphous silicon surfaces.

[0024] In step 120 a silicon carbon layer is deposited on the substrate. The
silicon carbon layer of step 120 may be deposited using an epitaxial process.
Generally, the process chamber is maintained at a consistent temperature
throughout the epitaxial process. However, some steps may be performed at

varying temperatures. The process chamber is kept at a temperature in the range
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[0024] In step 120 a silicon carbon |ayer is deposited

on the substrate. The silicon carbon | ayer of step 120
woragn7haodteposi t ed using an epitaxial process. PCT/US2007/067806

General ly, the process chanber is maintained at a

consi stent tenperature throughout the epitaxia

process. However, sone steps may be perforned at

from ¥BOU Z&*@W@b@wﬂﬁtﬂ)o @?r@ﬂ’e@eﬂﬂ ¢ Sroph bRt 509°@etpt alsdutB00°C
tenperature in the rangefrom about 250_0C to about

and mago porferahlyf Berablapoul ofPRKouto SPUHCT P8 @bouthesparrropriate
temp%’%ﬂngmtc? 255 eaﬂgynpefgﬁtgg‘&fgﬂtdgegsgg@gﬁ B?QQ%” orf 2fHC particular

€ appropria epitaxi a

precmmels&dmty digesitdandyot Mcrpaheis:tltdomﬁcmrtammgsmateualed In one
osit and/ or i.con-cont ai ni

to t h
examplp of hap Dearniaune Brbrplosne: (CiEPbuRHs Bareitionally well as an
etcha@? (lf:ﬁ‘; %{@rﬁ-&&}qn?ﬁ% mMREMASs %Q&%bpﬁéllésylo%lr kh&$ pAdtesses using

or sl n-containing materials at
moretoemmoawtm'emtd; olbereforan inpooe exsmpla) si pr@feme@temmture to pre-

ants her.ef or e e.exanpl e red
neat ficyBarces Saripg s A TG o B brdla B AbPE aagR or less
and A CoRiterla®hB -abduef 530 )brafé@,bﬁ BiHY ﬁér@éeésef‘cﬁaﬁmérn@f asually
preferably about 5500C or | ess. The process chanber is

maintained BY anpiessdrefenabaubPek Joretd pbavkBEOt TaT,1prEdeiably from

aboul, 9P 0889, 39 DL BEARLIS R34 kgl g Byeon i

depoSiebiaesp, it & sily comstanep, but is generally
const ant. [0025] During the dep03|t| on process of step

20, the substrate i s expose d i on. gas
[oozsr or nPHANG ¥e 5&99&'“9@;?@90%? it hsleRs ?5%%3 ﬁtrﬁt@g%@gésd toa
depowﬁbb %éé"tﬂ‘ E Eﬁﬁé)}félt Ayt h 't@éeﬁ'\oﬁﬁcrﬁlgéllﬁ\%c%ﬂﬁﬁéé/ while
surf a e su ate i s exposed to the deposition
formlggsa ;bmiycrastwmeddyerf on lthmsectorwamyusuﬁaae$ etoe asbstﬁatab@ exposed

o 0 eSS 5 S AT B8 L SR R0, Ao

prefe‘?‘é’&gtfrc;lﬁ MEAMWSSecdhE toPSSAL 20 @é@@ﬁ@é eafd oS ptdierably from
sition process Is deternmined in relation to the

abouéﬁpﬁa@onds to mbodut( sgcomds. eT baispgCifie expasureimesf theydeposition
procQis Etb AR L S ER A GRREIEE Bl G Y g rocess. as

well Q@W@mémp@@ﬁrédw@nqnt@mrmré wsedanrtasiprozess. Generally, the
thickness of an epitaxial |layer while formn

substﬁatﬁ ialexppped nes e deRopiiPy c89% tlang | sRoUGEy & Torara Rgximized
thickREs £8P hh Y pRh&iAP hyBraniId Y6 Ao e Rtiidl McRASSS 328 polycrystalline

layer that may be easily etched away during deposition step 120.

[0026] The deposition gas contains at least a silicon source, a carrier gas, and a
carbon source. In certain embodiments, the deposition gas may include at least one

etchant, such as hydrogen chloride or chlorine.

[0027] The silicon source is usually provided into the process chamber at a rate
in a range from about 5 sccm to about 500 sccm, preferably from about 10 sccm to
about 300 sccm, and more preferably from about 50 sccm to about 200 sccm, for

example, about 100 sccm. Silicon sources useful in the deposition gas to deposit
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[ 0026] The deposition gas contains at |least a silicon
source, a carrier gas, and a carbon source. In certain
wepdodserent s, the deposition gas may include apCT/E881D7/067806

one etchant, such as hydrogen chloride or chlorine.

[0027] The silicon source is usually provided into the
process chanber at a rate in a range from about 5 seem
silicot-@ontamihgS06ompeandr eheludbl ysifane®) abeulbgdrihteg¢ensitames, and
about 300 seen1 and mpre preferably fromabout 50 seem
Orgaftoé"ﬁ%%%t Silgpes dacHide @l"a'é%{ Q, 3%%‘9(‘9&@63@%%‘" the empirical

formuh IS¢ %) S OU[FCSs URALHL (ﬁgHE’S?HQ%@%Z@ "f?? éhgiz f?ﬂsnane (SisH10),

dep 0S19E" T con- cont ai ni anes,
as wbmlaxgce]’nladarsd sHéIagm&atedtmilanegannonIeanempoSndjsm/aﬂw the empirical

i ngJ, ud | Si i 4) gqdchi gh |
formulfi Sl orHOPE 10 5 e mBf o dusehed BERadhitocisdBppdsiCle).
tetraohlérbb%r{eanﬁsé§:§ 3'&&hloro%ﬂé*né e(d:l?QFHﬁnSn& Shrdrib@kilarms 4{ClaSiH).

as ot s. Hal ogenat ed anes | ncl ude conpound
Organpsilanerdneupe |comsp|ouhds ithathe grBpitieabiormuly R,Skidpe2, where R
as hexachl

= mayly BinFopdey| Sr U Biey SRS (GREISE:p R yisiane
(CHEBIHBICh! girstnyaikand O S@H)a)as%ganwt Fglﬁﬁihel ncl(gzme CHs)SiHa),

oundsvvlththee irical formul a Si xH

methy@ﬁl@llen@(&iﬂ@% @m@thyldﬁrl@w(((‘dﬂs)tﬁmlgh) a &lﬁxa@ethyldls"ane

((CHM)QQ%%",“%| &%ﬂ{yfigha&/ﬁ éﬂéﬁﬂ(ﬁ\ﬁba :;’é?%) ?c’lvantageous silicon

sourceishes wiell arecarhéir s8Gidal Sh krhodimeatwhibhsintamergte@drbon in the
3%@%&2'% , di met hyl di silane ((CH 3)2Si 2H4) and
depogiischeitiedrycantaining gorpeHnd) 6si 2) . Organosi | ane

conmpounds have been found to be advantageous silicon

[0028}° OUT TI&S sfigoN'8blrc@Ss GRLARP p RN eERtd ﬂweeﬁ%egéé@ﬂérﬁb%él%g with

I ncorporate carbon in the deposited silicon-containing
a cargengesind.he COEBl gavidasia flowrratwfrooeabeutut san I(standard liters per

minu@@) 38 4feit JO0C5IbT BrBlePREY TeH ARl 7AYo Abiil, Zo S pfft more
prefe(@dl?m@@rﬁ @Gbbut @0SsIefo absWtSD sing, RP Xk &baut 25 sim. Carrier
erably fromabout 5 slmto about 75 sl m and nore

gase@rremeﬂmw fritepaeb i), b@dmgﬂnt glabagorsdedium apgrcombinations

anp| I
’thereﬁ?(t 'ﬁé g\ﬁﬂa%bér aﬁsZé fgﬁfeégr{d @ﬁ%%ﬁ%ﬁgb?ﬁmg%ﬁg’ helium and
combdetiznsathepds . thecmi‘br g%is magr be (wledted tesedi on the precursor(s)

preferred and incl udes nitrogen, on,  helium

USGdc%’F‘FHPﬁé't‘? JHSCe$Re ieBPerature; Arag tBﬁs W%X'%ep@éf*%%t eHsuaIIy the
carrlét}e |9°cﬂet§%ﬁné”tﬁr6%ﬁﬁut( cH@t%ﬁ ﬁqgwg{/ert, '&@ﬂﬁﬁ\oé?rﬁﬁﬁdltr?]%nts may

erature during the epitax process.
use different carrier gases in particular steps.

[0029] Preferably, nitrogen is utilized as a carrier gas in embodiments featuring
low temperature (e.g., <800°C) processes. Low temperature processes are
accessible due in part to the use of chlorine gas in the etching process. Nitrogen
remains inert during low temperature deposition processes. Therefore, nitrogen is
not incorporated into the deposited silicon-containing material during low
temperature processes. Also, a nitrogen carrier gas does not form hydrogen-
terminated surfaces as does a hydrogen carrier gas. The hydrogen-terminated
surfaces formed by the adsorption of hydrogen carrier gas on the substrate surface
7



carrier gas is the sane throughout each step. However,
certain enbodi nents may use different carrier gases in
w@20viiaoh@ar steps. [0029] Preferably, nitrogenP@BUS2007/067806

utilized as a carrier gas in enbodi nents featuring | ow
tenperature (e.g., <800°C) processes. Low tenperature
processes are accessible due in part to the use of

inhibit h@rgrowttgaste of tsilikoptcohtaigingr Ryers. Mhalhgaee loandemperature
inert during | ow tenperature deposition processes.

procesgas a1y take mcpn@g%ad\éan{age PﬁB@PﬁGPaﬁse@ Caies gagesince nitrogen

is far?e'(;s%poe;slrpteﬁglvé'théﬁﬂg hagfﬂscggor"% Iefh.@l during |ow

ature processes a nitrogen carrier gas
does not form hydrogenterm nated surfaces as does a
[0030]hy dr Tige narbenr saurce psovidek tdihdr prgeass ehainber durisgrster 820 with

e DRSNS, A oS b o HHCST R a0 o auch s

silico® icatseH mfeReHia i usdal\PpRivided inttHe/ prddees Ichwmber at a rate in the
tenperature processes may take econom c advant age of

rangenfrom gbaut 8. aseemrioeabeis20 sceme preferalyedrans abgut 108 $cem to

aboul RE RS SRR AT TR L 4 KESBRl Eioom, for

exam?)ﬂ@pa&a@t @ tsBcine Shfbororosfiesc @sefudl toadepeosit ®I$Cdnacontam|ng
rma silicon-containin ound, such as a siljc
comn@ynaénn%d@.qrg@nc?%langwlgylspg@@na%@nﬂrﬁlbmq%eofp?wbsr@pyl and

butyl.Chagpaioeérb%n %to%r Eﬁu&?n%tﬁgglﬁr@o@m@ 8@%&?}/&“3%

abou seem pre era rom anout O see

((CHal)gsuse)erntnmemwmleaepr(gmeg)gﬁw),frecuwlatmm (cm@éms]m) methane

t 5 bout 2 Car b
(CHe§ oalede GGt niep BeiHe)< PRITANS (GATEh HoRe B iBelinlg outyne

(C4He~,e)t %L}WJ&I QEQﬁﬁ&%' | ?E e\r@éﬁ‘)ébﬁcerﬁré‘{ﬁ)rr\eéf éﬁ‘%p‘ﬂb%iﬁf‘ﬁﬁle?ﬁs in the

propy Such carbon sources i ncl

rangerﬁbhylabomtal?@ pp]*B@ eHlX)ut 5 aﬂl %epl'@fBEahlyafren'( aizput3) EB?/d—m about 3

at.% (f@tﬁrgl mat ata‘ﬂ;et &‘a?%% '_ggdl gﬁy éﬁ% c?ms:oncentratlon may

be %&M@%ﬁ@ﬁ"'&h epﬁéﬂﬁlamﬁle(r%ﬂgierablm gmﬂﬁi (Wi8H& higher carbon

ut yne as wel as ot hers. e carbon
conce@tﬁatmn Irna’theo W mﬁtl@ppf the apitaxigldayesthan mht@ertmyé portion of

e BTEFIRY: 2060, 5t By BESIEY PRIy ey
both Berddiied @Irostep N2y, intdthecrobess claabat withithe siliepn lseurce and

graded within an epitaxjal |ayer, preferabl aded
carrih 67 40HPHReR SIHATFPTHBIEHEPRWOURL; SUEHAY Bullicon germanium

carb&?ﬁ{dt&r‘al"f the epitaxial layer than in the upper
portion of

[0031] The deposition process is terminated. In one example, the process
chamber may be flushed with a purge gas or the carrier gas and/or the process
chamber may be evacuated with a vacuum pump. The purging and/or evacuating
processes remove excess deposition gas, reaction by-products and other
contaminates. In another example, once the deposition process has terminated, the
etching process is immediately started without purging and/or evacuating the

process chamber.



the epitaxial layer. Alternatively, a germani um source
and a carbon source may both be added during step 120

WO p00/18(9¢6 pr ocess chanber with the silicon soupCEUS2007/067806
carrier gas to forma silicon-containing conpound,
such as a silicon germani um carbon material. [0031]
The deposition process is termnated. In one exanple,

[0032]t he Axi @ptioRak etgiey pragedse nfdytlbbwbrﬁirh’feda QFUTegetcgﬁtsg Qrocess
the carrier gas and/or the process chanb

remoygs ligeegontaiming Raketiar eaa?ﬁ'teﬁhéurﬂm gtqu%%m ‘the substrate

acyal
surta SR SRR BREREE oA BTN RSB 101 R i matorls
and ammaripheus @x opiceystallice materidlep dolycrgstapinedagershidany, deposited

on th%%b?é&%%eﬁ%réq%ar%{%%‘ rocgqq%%rbrsattqlz]g%? &%e% Yax?gl ?ar\)}eers The
time GHW of Qﬂézétcﬁfh 08ch%§§' is€b&1BhB&d RUIBFIRE tIAY dMfration of the

d. The et process renoves
deposmom @messrtoaeaulhgw m@ttctapoait@nom‘ﬁbe iepéaxiallayayselestivelp formed

fromthe su rate urfac Teet hi ng, proces "
on dp§fi] alSad l “be bibsitHC o, THBIUEH <A NP EeqHE B thp cdeposition
procedBdinasp P20 anelr eRBlnC pisdesk | tonPrifesslet@les and epitaxially grown
Pol ycrystalline |ayers, if_ any, deposited on the

silicosgostaining rvateriat while eninénigings lfaansa grawtheof patyerystalline silicon-

ial layers. The tine duration of the etching
conta?)ri]ﬁ%grgésféﬁél bal anced with the tine duration of the

deposition process to result in net deposition of the
[0033}epi tRuriEg thaalehlr@qbrecesksx/ d¢hg stibstnatd i® BXxpesad dtharedcsingfgas for
res

th t . Th t t t th
a peripthabimedn s seags o sbey | se0am EeBAME) seiads mrgferably,
from fa‘%@t selsgebhye té‘%o%@'é(ﬁ’éb%ﬁd’s gér%""?nore preferably from about 4

I'1 con- contalnlng mat eri al l e mnim zi ng,

any,
secorgplsowt abmﬂt Hbbgcondst al he¢ etching geemnhudeﬁ al I@gshem@letchant and a

ri.ng the etc I i bstrate i .
carrids,Gibee SE TR dS ALY BERIHET TS b HEaCH bidBe 3t gaate in
the rérﬁg’&ﬁoﬁf SHoLRbEUECccn $©aBHEt 10D 866H! pRFer@BROMER, about 50 sccm to

referably, from about 2 seconds to about 30 seconds,

abougﬁao BEE®, el apkh preferably Fpauabauts b aexmtte abweitid09cscem, for

exanﬁi‘%oggéut EBS ?éc%tﬂ' n%gaé chﬁﬁ ﬂggé it tl‘l %&hﬁﬁ@%agtegw nclude

arrier dgas. ant' 1's usua

chlorin@t QC[zhehpdl@geﬁSch‘lbﬂﬂée(H(alt) dora etrlclmlotlbe (BCige ethyichloride
hout 10 seemto about W{ refera Bly fro about
(CH3§B <G Rep otetrachloride (CCI4 ch orotrifluoride (CIF3) a Sombinations

thereof. Preferably, chlorine or hydrogen chloride is used as the etchant.

[0034] The etchant is usually provided into the process chamber with a carrier
gas. The carrier gas has a flow rate in the range from about 1 sim to about 100 sIm,
preferably from about 5 sim to about 75 slm, and more preferably from about 10 sim
to about 50 slm, for example, about 25 slm. Carrier gases may include nitrogen
(N2), hydrogen (Hz), argon, helium and combinations thereof. In some embodiment,
an inert carrier gas is preferred and includes nitrogen, argon, helium and
combinations thereof. A carrier gas may be selected based upon specific
precursor(s) and/or temperature used during the epitaxial process. The same
carrier gas is usually used throughout each of the steps. However, some
9



about 500 seem and nore preferably from about 100
seemto about 400 seem for exanple, about 200 seem
wadb®7asehant used in the etching gas nmay i ncl UBET/US2007/067806
chlorine (Cl2) , hydrogen chloride (HCl), boron
trichloride (BCI3), nethylchloride (CH3Cl), carbon
tetrachloride (CCl4) , chlorotrifluoride (ClF3) and

embogiifibhtsahapnsetd @iffetdnt RAreéegadtiring he etdhng® prdteds egersed in
chloride Is used as the etchant. [0034] The etchant is

the dgeesifiey PEPesASdet FREtain: erabpdinanis, theantsderred wichant is chiorine
gas, 89{5édl§¥y dfhen tﬂ%eAgﬁs {dr&%e&agoa?ﬁdlt%éé& U 4 3% ek é;ture (e.g.,

range rrom about sl'm~ prefer
<8007C) nF@bexetmﬁlesbmdtmna@gaB cohtaimsrchlaride rasrzm ptohbat ahd yntrogen

fraom about 10 sl mto about 5 m .for ex
as a eajyrigl gas @gd s @?‘P%%%(g? H%g'ﬁfﬁ‘d%‘"ﬁ@% 6@%23‘:8@5“”9 in"a range
[ [
from Qﬁgwg@@"d Wébou@?%i e lanBRef kB! Qﬁtété}ﬂﬁ% gJas, %ontalmng

In sone e ment, an 1 nert carrier
chlonpeeam:t métcbgeamnd is axpo&@s tmithe cydsirater gorfacéelti airtersuperature in a

ati her . garrier gas may be sel ected
rangeoﬁgrgoarh%%%g@ éé‘?f"‘ ﬁ@%gﬁsor(s) and/ or tenperature
used during the epitaxial process. The sanme carrier

[ooas]gas Tie erhdld prodesslid fereuanedt Ieand exanighe, theqiécess chamber
However, soneenbodi nents may use a different carrier

may kg dushied wghta]@urgtecgﬂw thesaeder gas ard/ar the piesess chamber may
be efFARTed yith, BTSSR Plnboy Tk "B B Sevd g prpgesses
remo#@&xveesee&hlr@ gasduesetibmbysproductseaner ather e:o{n&argmates In
anothes Gxelilengnes dn ﬂP‘i"PgS@%tcégé RsolErmaitgde e fipdiess of the
epltagéﬁ%Z@ndls ithrh8&ia O mﬁ%ﬁjﬁﬁggg éﬁwd/@ﬂ’@@é@}éﬂhgrthﬁ process

from about In anoth
chamdeanpl e, an etching gas containing chlorine and

nitrogen i s exposed to the substrate surface at a

oosely o risaoS ol PGP RLAMEH dnd R folkuBeNie B mey be

deterfined! € thbhﬂ'eﬂétéfmﬁﬁe@hﬁtfmﬁssg@hr@@cﬁlév%betheN épitakial process

purge gas or the carrier gas and/or the process
is termrrsa%e@ Heaxeves ikthechigdeteriingd tickaessas plapot a¢iueved, then the

depo?ﬂ&ﬁ'p?&e@gqé ?épeeéf %@tdbif}%l ﬁlec §%srr8mgkﬁé%‘§%§sare achieved.

gas, reac and
The emmmhlme§ ushallyiglt?IIvh'eto Iaa\&maltlancknesseat laeraage iiong about 10 A

o aoBGGEB05 2 ieindly By St 0 A 50T sFibs bbby
from %\6689@60 %9td BBl PSBBSA, for example, about 800 A. The polycrystalline
layer is usually deposited with a thickness, if any, in a range from an atomic layer to
about 500 A. The desired or predetermined thickness of the epitaxial silicon-
containing layer or the polycrystalline silicon-containing layer is specific to a
particular fabrication process. In one example, the epitaxial layer may reach the

predetermined thickness while the polycrystalline layer is too thick.

[0037] In step 130, the silicon carbon film is exposed to a dopant. Typical
dopants may include at least one dopant compound to provide a source of elemental

dopant, such as boron, arsenic, phosphorous, gallium or aluminum. Dopants

10



chanber. [0036] The thicknesses of the epitaxial |ayer
and the polycrystalline |ayer may be determ ned. If

wo b@7psmedet er mi ned t hi cknesses are achi eved, tPERNUS2007/067806
epi taxi al process is term nated. However, if the
predet erm ned thi cknesses are not achieved, then the
deposition process is repeated as a cycle until the

providie sthiee dptisitkd € shiesnaohtaAagiRy e ceehpolings € WithaXiiadlous aehductive
is usually grown to have a thickness at a range from

charaglasistica.csught as disestional elestran flomeineg spntjoliacoandgesired pathway
At . d .
requitgd By 3¢ Hlecraiy divicdy s oP ! Sfiath-tahlahg Flthoctiits are

dope@gi_/i;m paﬂtcalai_r}d‘cmdnw_&r abhieueuaé:cdesﬂerjomndnmivé ltchaaacteristic. In
thickness, if any, in a range from an, atoni ayer t
certa'ab%ut;ogmm&s, HhcSIlReET e Qia BinG, FRTIBP A% dBPEH ReRE s 8UGH as by
using! beo%}‘\é qy! ?de derbﬁpé‘F%nbéh&rﬁﬂatiloﬂyﬁ{ tR¢ rah§e from about 10™
polycrystalline silicon-containing layer is specific
atoms/ong tpabout 403 ratbaisténoht inocertsin eedxdimantsy thepdype dppant has
t he epitaxial |ayer y.reach sth redet er pi ned
a conaentrehpa of atileest sl Ao Aesloms} | [ EeTal smpadimspts, the p-type
i Ck. 20t i/l 1.6 ink1. i 3
dopaffisCih inbidnge fhdinshioR 4310%) Aot %0 RO 0" Thtos/om’
In cettaimsémbodintkeritanthecsitigunsodntaming cempeuadsis Wopedaf-type, such as
el enent al dgﬁ@{}ﬁt such as boron, arsenic, phosphorous,

with phesRhemws 2R0(RT HSANICESHAMRASPBIATRN ihdheispRas fiom about 107
atom§/icH3Ct8%b69f“1921rHt8ﬁ1$ oounds Wi th various conductive
characteristics, such as directional electron flowin
a controlled and desired pathway required by the
[0038k| ech dopiaot sewiceds uBualiysprovidadeintn thecpiecess chamibagduring step

d d d with icul '
130 g Fgaiiod BRaUET Aotk O hepi & ABSRTED Seif, BerEY from
abouf0BosHCRR Y Sholithe® Sddnh Gt #RRs prdTerRBIEREROabithiti1SsateP&about 5
-type, such as by using _di borane to add boron at a

p a L
sccmg derc examate, abaquh 4 sechanBeran-epntaising dopantsausefy) @m 3 dopant
0. ced al ] ' t
source” AR, bEenes, 3nBTB1oBbbordis? CBcfued RIS Hilring, ffBorane
(BoHa)t oﬂB)bCeIiane'S. tétrlabt?’rahei ragﬁlnbpei'itabom;a, t Wh/ilp- tajﬁgﬂbcﬁfagaﬂt include
is in the range fr abqut 020 ato cm3to ut
compsUgeg oyith they ipiriGAl 0 3 wﬁﬁ@dwﬁwfeﬁfe%thyk gihy1, propy! or
SihhNCQN=Cont ai y.n comqgwg}' d N+ a
bUtylvmbbE ghosgﬂor@ourasf ghd/or arsgg‘?sc @gﬁ‘gecgﬂaégﬁ}y@*?@% ?@H:i)sB)’
dimethytbaramge ((ChisxBbiput trisdh@bartames/ (@HCHy)4)ouand 02iathylborane
((CH?CEI—?S%ISW 3Dopants may also include arsine (AsH3), phosphine (PH3) and

alkylphosphines, such as with the empirical formula RPH@z.x), where R = methyl,

ethyl, propyl or butyl and x = 1, 2 or 3. Alkylphosphines include trimethylphosphine
((CH3)sP), dimethylphosphine ((CH3),PH), triethylphosphine ((CH3CH;)sP) and
diethylphosphine ((CH3CH32),PH). Aluminum and gallium dopant sources may
include alkylated and/or halogenated derivates, such as described with the empirical
formula R\MX.x, Where M = Al or Ga, R = methyl, ethyl, propyl or butyl, X = Clor F
and x = 0, 1, 2 or 3. Examples of aluminum and gallium dopant sources include

trimethylaluminum (MesAl), triethylaluminum (EtzAl), dimethylaluminumchloride
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[0038] A dopant source is usually provided into the
process chanmber during step 130 at a rate in the range
wo e@mabdout 0.1 seemto about 20 seem pref er abCHUSI00TV67806

about 0.5 seemto about 10 seem and nore preferably

fromabout 1 seemto about 5 seem for exanple, about

2 seem Boron-containing dopants useful as a dopant
(Mezﬁacur C@Iuhﬂndlmdezhhmﬁne(m(am trrrgemylgetlﬂnes(Mé’gﬁ@)netnethylgalllum

cl. ude borane, dibor ane

(EtGeb B M aRIRTEBESS BraRe Anth dathim eplcsBieach).

i ncl ude conpounds with the enpirical fornula

[0039] RC B'TK\ Qbé“r?aln ‘M?ﬁﬁ@dlﬁentﬁ%ayao eﬁ‘?t@%a)( Fb:jeg Mittodice@Wida process

1, bor anes inc
such asucnretmmabtatlane Io(oeHa)reembodummtayansenh:rie inpEnts) peMeen 0.7

o W4 IS Sl B8 £ BB osmens

phosgHse a8 i PngIBREY &Nt kal/kat! PBesH b B@fweéhUQb( ane”vmtdnt)heo15 In
enmpirical formula RcPH(3-x wher e R—rrethgh et hy
1

certaipreyphedigrentst §oronrig maplaniec? at 85 keV Atia desr e ’mesen 5 'X 10™

and 4,3 18551 5, EFRANIBACRRl Bl 70 Jblm dgped, redigns such as the

source( &#4dB Grd2 firh. andhdlméwrhtpémmenme( (rﬁIHB@IsJE)da‘Fthk doped regions
Al um num and gal | i um dopant sougces may, i n¢l ud

may tog K§IVANEY BRI GMPIG] BiecRiokaasnar iheadaRed tegiansgay be less than
300Adeﬁ%4n%ﬂltgzbhﬁéﬁ?atfﬂ?ﬁh{ayoﬁ Iﬁzfsﬁrtﬁéﬂ Br %Wl% % 1@meeft8ms/cm

pr opy or buty
or highler,candtherndbping-dbse Ilnay&)e)abﬁut ’Eﬁa(‘rﬂ)d) al um num and
gal | i um dopant sources include trinet hyI aI um num

00401 AR T GHSRF P E(RRZRPER2ton may Rs-RETRBIR ey Plasma

lmme@ébﬁ:' |§)1 bmcrsléht@ﬁbﬁw Q’Q’édm#ﬁh{nﬁ@@@fﬁ jorf limplamyatid hayminclude a
nmet hyl gal | i unchl ori de (Me2GCl Zﬁi and gallium

procasmwlner@m actpcjode [ayesonay hec@qppaeeh tarfbB snﬁw@urcehé/h"e an

applq%f&%ﬁwgﬁ%’eﬁ&qll@tt@réjgﬁﬁ&r%go d‘ﬁ'\rfegh?)%%ﬁmg%gl l%spér?&m plasma

immer$§iBh aov &dplbﬂtamarmﬁy thokedé & Girilyld abdair tmtctowafe:vfreactor whereln
bet ween X 1014 and 1 X 1015. In cert?l n e od| nen

dlrecbwgﬁmdp&)@ndéor ragiodrequensy (RF)bipsnay Tiep lpdhaaastrate.
The Qﬁgépégl anf}g%na?ﬁ((@gl]aat ion v %&ucfé’%ggirmsam@i%?ﬁressure

at a dose ween 5 X1
that magl rande Hatween @01 mpl amtamdi aoutel0QPeTagedThe stibstiate may be

e ns such a he G he th
neid SF PSS S Sl B Behet J4E°G, 204 ot 1005, | Rig sty
plasn‘@ymw W@rdfo&l@ééb b'ioé ﬁ%@Hﬁ/b@e dlBetréMi GkRAn Psdrdce (ECR)
regions may be |ess than
plasma a hellcon plasma, an inductively coupled plasma, and/or other high density
plasma sources. The plasma may comprise Ar, H, N, Xe, O, As, BxHg, GeHy, P,
and/or other sources of the impurity. For example, the helicon plasma may utilize
RF powers ranging between about 200 Watts and about 2500 Watts. The applied
bias may range between about +200V and about 500V. Other aspects of Plasma
Immersion lon Implantation are discussed in commonly assigned U.S. Patent No.
6,893,907, issued May 17, 2005, entitted FABRICATION OF SILICON-ON-

INSULATOR STRUCTURE USING PLASMA IMMERSION |ON IMPLANTATION,
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3QgA. The inpurity concentration may be | ess than or

equal to 1 X 1020 ‘atons/cm 3 or higher, and the dopi ng
waelo®e/1smys be about 1.5 X 1015 cm 2. [0040] | n BPEY/USI0N7/067806

enbodi nents, the ion inplantation nmay be perforned by

pl asma i mersion ion inplantation. Plasma i mrersion

ion inplantation may i nclude a process wherein an

whicheiseltdrerdRcopyaratatitly befeterestedihieoexden! hsivessmiroodflict with the
whil e an applied bias my be applied to a substrate.
currentepasificalion @y ddBIS- t o perform pl asma i nmersion ion

i nplantation may include a single and/or batch wafer

[0041]rea%°§te9\’\ﬂgp rﬂaﬂhé&lﬁ{g Eiﬁc{e‘%@tls( orﬁi@a‘é}/ 8k t&écﬂu%strate The

equenc i'as may be appli to the substrate
annedimg pfaressa mayréw&cammdomutlfmplm:nvahor’oanddmailog damagleien;duced

BN B T T T YA N LT

proce%% %dll@”%ra%u%Slté)%n%e@sﬁﬁé%i%ﬂ 1286€ éﬂnﬂaaﬁHQUtand or spike
H gh density plasma may be produced by a

anneaﬁrtg oﬁm@neeelmg iempgratuse meay deperithae éhe BORESPIUgSHa, N gertain

o5 S8 Pl B Rt oy e s

For eﬁ@’mﬁlés%pme ahheéllngxmayohaﬁé a Bahpersiahi, raRglngnHéMeen about
sources of the inmpurity. For exanple

1000?fé|an§oabq;uta1s1@9 Gmgluqh ap ibebwegn J0WRTG afnanb(?ﬁQng@mté@bly about
10507 whi 8l Bhack, 88tad 1) bg ol SP0GTE RS her

aspects of Plasma Immersion lon Inplantation are
[0042]di sclusaedréferre«brmnbbdinwﬂj gpike BnBealiPgy éstpeformed in an RTP

systef: CapEbCRE BRAGULTA Se5SHIREETORES Dl enBelgaroiont Bt a level

&gmﬁd%?srb%r 't@h't%"—ﬁhﬁ%ﬁh%%éﬁhrbs p@r &kdmple of such an RTP

I ncor por at ed reference to the extent it does not
systegois thecRA\DIANQEw@Eéh'W BA® syséemfearamiessialihavailakierifom Applied

4 st.ep~140,
MatelialS, Hhe.o SR ap B gieal SRS POERT R BHopFEdsed i
comrﬁyhlyf 86sig6dd M. OPatent Neabigyy, tanaigeued dvuag 24|up00g, entitied
he“i on rnplantation. The anneal | ngsproces

ADVANQEﬁie'H rSBIKE t HNNEALpr BREESSESI dF %SQL@%{A agHALLOW
JUN '?I‘Eﬂ&@tér{d %ﬁ‘téﬁ‘g\ﬂ%e s?@ﬁ%daﬂ@qbéft%ﬂt NS 863 987K fssued October

nnea enperature rnay depend on the

12, 2004e%$1t|tléd3dOH'lﬁMm.r tSPh(EnMMEm&Int &AMBIIEEN'ISpl\MacIana@I herein
s perf

lncorlporaFt)ecg t()); rTfl?e(fjerencc—s-:Jl ttoet eerea}(ttgrqtetrgreao no‘i confhc? wct:h the current

specification and claims.

[0043] In one example, as depicted in FIGS. 2A-2E, a source/drain extension is
formed within a MOSFET device wherein the silicon-containing layers are epitaxially
and selectively deposited on the surface of the substrate. FIG. 2A depicts a
source/drain region 232 formed by implanting ions into the surface of a substrate
230. The segments of source/drain region 232 are bridged by the gate 236 formed
on gate oxide layer 235 and spacer 234. In order to form a source/drain extension,

a portion of the source/drain region 232 is etched and wet-cleaned to produce a
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For exanpl e, spike annealing my have a tenperature

rangi ng between about 1000 OC and about 1100°C, such
wa@sgoopasoseen 1030 OC and 1050°C, preferably abortT/E8207/067806

0C, while solid phase epitaxy may be perforned at

5000C or less. [0042] In a preferred enbodi nent, spike

annealing is performed in an RTP system capabl e of

reces@ﬁﬂ%t 3lsNh TIGY2B. pEt%ﬁﬁigr & the ddie 266%@&/ 'b@ga\@'ﬁéaeﬁy d@positing a
l'evel significantly | dwer than the athospheric

hardrpagisprierdo etehing ding pertioh @‘Lﬁ@hr@oﬂdmprw@m édZ2i s the
RADI ANCE CENTURA(r) system commercially available from

onus 008 AE iAok A PR LA s cosred
hereigSipi @hiefl aJsficoRaontdiniNg. efitalRl ldyet 240 aﬁdlejibtlbfhal ﬁdycrystalllne

2005 entitled ADVANCES | N SP| KE ANNEAL PROCESSES
Iayer@wr%ﬁm@Newamﬁaﬁ@emwebm%myte&swaﬂ%d@p@ltmg on the

o0 PO A TR 0 98 ) ot

the depositipnr andd etphingfEroeessest of tthe epttz_mal tphegesso nAlternatively,
polyCPGUHNG Javes 8268 rpliaUas o TBES el TorTredis 235,85 Bpitaxial layer
240 80K 8§i &hﬂué?éc% éld?é'in réﬂlfoﬂr?ﬁ?d Wi thin a MOSFET

erein 'l con-containing |layers are
epltaX|aIIy and selectlvely deposited on the surface
[0045pf tlne sobtber ataxammle, siiceor-epotainiag s wpiteialr dayer 240 and

oty A 5 90 R O A B B o

in a FR@eOfom3abaute1 kit %t g6 byt tBoeaigt eréfdtati|p ratodt Qﬁt gie%eor less.
oxi de |l ayer 235 and spacer 234. In order to forma

Multigleu r@iGedéentaining elayetn, CRNMBIING ovAying h%mgantsceqfdrsﬂi%n and

ool ToA7 R SEHITE, W b0 BRORTL LA By 200 it o
gradet&y&lqdnmﬁaﬁboimérh;atldapd%n'rtémnmeharfmstaSiIaniayer may be deposited
. etching the portion qf source/drain
with & germatiu FaBeaniidendn & eRgearateAbout T4t i ahou 25 al% and
h i i
2 S e A Al R S as avf“h“ﬁyg?fm%%"';ﬁgngg?ﬁfm naenge

from pbbyt2y at.% ta aleoutBpeat.%42 are si nul t aneously and
sel ectively deposited without depositing on the spacer

oossf 3 ESBHEREE, i HBCoR olntE’ AP, IBGEPI 280 ang
po|ydP{/$1§mﬁ§Qéyé?@été@r@&@@&hﬁiiniﬁg Qaysrs .with heganbon eehyentration in a
range from about 200 ppm to about 5 at.%, preferably about 3 at.% or less,
preferably, from about 1 at.% to about 2 at.%, for example, about 1.5 at.%. In
another embodiment, silicon-containing epitaxial layer 240 and polycrystalline layer
242 are SiGeC-containing layers with a germanium concentration in the range from
about 1 at.% to about 50 at.%, preferably about 24 at.% or less and a carbon
concentration at about 200 ppm to about 5 at.%, preferably about 3 at.% or less,
more preferably from about 1 at.% to about 2 at.%, for example, about 1.5 at.%.

[0047] Multiple layers containing Si, SiGe, SiC or SiGeC may be deposited in
varying order to form graded elemental concentrations within the silicon-containing

epitaxial layer 240. The silicon-containing layers are generally doped with a dopant
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pol ycrystalline |ayer 242 is continually etched away
fromgate 236 as epitaxial |layer 240 is deposited on

wao b®73891€e/ drain regi on 232. [0045] | n anot hePCT/US2007/067806
exanpl e, silicon-containing epitaxial |ayer 240 and
pol ycrystalline | ayer 242 are Si Ge-containing |ayers
Wi th a germani um concentration in a range from about 1

(e.g., @brc%? ta@sém@%h hatic “galirdf i iy li’g?adion%ﬁfratlon in the
l ess. Multipl e Ge-contal ni ng Iayers contain

rangeviioyi aoutmbuti'd aMmsAcm “clonabeidt 4K eI amm%@m%)aoreferably from

s 0 S Sk T 0B 2-BEH i b

layerd bf file SHi&GH- E&éftﬁfmﬁﬁahﬂérléﬁ@ﬁﬁ'drﬁ&’ed’"ﬂbgaﬁt qudFEéRaWi'ble silicon-

oncentratlonlnaranefrom %to abo
contamgalepﬁ’amadlag{esééﬁnd fSrrﬁbd Ilnry@epomdwg)e fﬂebSﬁBe-edntalmlhg Iayer

BN e T A T R e

abouts"1|><'1@@pn -ROMsAIAT HhER tsbebAl BRYECoAHMIAGdlayer with a dopant
olycrystal line |ayer 242 are Si C-confaining lLayers

conceritedtion (ezg-bberoppircarrange fiom phout 1xHY aterssican databend 2x10%°
atom%Em:*to about 5 at.% preferably about 3 at.% or |ess,
Ié’ferably, fromabout 1 at.%to about 2 at.% for
exanpl e, about 1.5 at.% |In another embodi nent,

[0048]Si | l@@bo?d?(}i@rpbralﬂgd ﬁpStzczgoﬂialdlggge}/ce;i’sﬂ@ndlSiGeC contammg layers
pol ycrystal line |ayer are Si cont.ai ni n

is gengrafy @cgé?drﬂhmﬁﬂﬁsaéﬁc%ﬁ%r%ftther?ryﬁ#aﬂlﬂé ?faﬁ%é“mg%}ﬂﬁa%ﬁo@'owmg

the d%%%sm anéf)ﬂ%bﬁh% r1590rﬁ5r F efrRal; Hteﬁ%iFPiHF c%oﬁtcoﬁtéﬁt is about

a carbon conce ti'on at a 0 ppmto
10 atd8bhantless, preferaldy téssrthbh;ab@bbﬁtat% ando/more pr&ferabhmifem about 1

o AT e B0 8 0Pl ot
layer QQOtrﬁé{/‘ bBQanﬁ'eale% t@nc&b@rélé a@lé&%@a%ﬂl&@ ifeRasi dfede iimterstitial

aryl ng order to form ra ed el enental concentrations
carbom inko aubsttéu’mnal sias obmeacnrynstajhr@oiatttm al he apaealingopropggs may

ot gL, E6Re G hlh SE8ER BB R ol Bpfociing or
therndi l#ﬁn@bm’r)ngl DAthi av9 aﬁn@@p‘rfeﬁétdf@aso Buth alshsxygengaitiogen hydrogen,
about 1x 1019 atons/cm 3 to_about 2.5x1 02 1 atons/cm

argorg, hejiusn er genpinaiiensatiaieotsx The 1annaabing /RIRFEsS & gpRiicted at a
tempéﬁw%éﬂgﬁt Iggéﬂtcgb@*c RpRasLE 1?5@??2,' b fér%ﬂ a)/frgH\g‘ébJ)Lﬂy%@O Cto

n-contalning nma

aboutldd@ots. Fhe swaahng, pr@lcbssonayorucaunumgwemntebyxaﬁm the silicon-
| ayer 240 is fornmed by dep 03|t|n$ ?h
contagn@ laygt igidanegiteq psdfter a variety of other process steps the substrate

will endure.

[0049] During the next step, FIG. 2D shows a spacer 244, generally a nitride
spacer (e.g., SisN4) deposited on the spacer 234. Spacer 244 is usually deposited in
a different chamber by a CVD or ALD technique. Therefore, the substrate is
removed from the process chamber that was used to deposit silicon-containing
epitaxial layer 240. During the transfer between the two chambers, the substrate
may be exposed to ambient conditions, such as the temperature, pressure or the
atmospheric air containing water and oxygen. Upon depositing the spacer 244, or

performing other semiconductor process (e.g., anneal, deposition or implant), the
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wi th a dopant concentration (e.g., boron) in a range

from about 5c 1019 atons/cm 3 to about 1 1020 atons/cm
w@2@md3@icecond Si Ge-containing layer with a dpEEDS2007/067806

concentration (e.g., boron) in a range from about 1*10

20 atonms/cm 3 to about 2c 1020 atons/cm 3. [0048]

Carbon incorporated in SiCcontaining | ayers and

substiAtéRhal betedpdisad tbayabient sogditietisibl sedopdatirnd prror to depositing
interstitial sites of the crystalli ne lattic

elevaiegnigyeaéfy Iﬂoweaﬁmhg)d!rnentaabb@mltaw ayer H@t shown) with no or
mmm%'ohleen?m geggn'l ﬂh@ ou?%ﬁaécé/?ﬁ?@???éﬁ%pﬁ%@ wtaxnal

| es
layer 280 Wefbreatxgosingl tIWBebphetfeeﬁoaoﬂny)le‘nt cam'\dtllms since n%v@ oxides
about 3 at.% for exa bout 2 a

| e,
are E4AFIcJR- BIOHEn TR0 GPIAREL | V&iFe CORRINGY B mAhggERpnium
concer@ratiBRE TR fom 9[; énrf?@%al FyRPFoIn9EY with é‘@brrﬂbhluﬁ‘f cbﬁ@entratlon
Interstitial car nto bstltutlonal sites of
greate:rrttnanaiblouhé at¥ttice. The annealing process may i ncI ude
a spi ke anneal, such as rapid thernal process (RTP),

| as anpeal i n t in
ooso > FGR 02 B AR Bl “ith B Bieygise, ayer 268
compAEE® f afwhddm&ﬁam@r(rjgonm@mams sbleetiesly anﬂf@plmwldewsned on
process is conducted at a tenperature from about_ 80

epltamt tlayemhod#0 1de@-oclopré&Pipabl y PUSRDahet depssition oprocess
polyc%&é@wleaggp% R g@gcﬂll e o%ﬁ?&%r@f’éh CéWéy on the gate 236.

ter con a|n|ng
deposited or after a variety of other process steps
[oos1]t he Iaubspneééreedviémbodlmﬂm elevated] |ayeri BQStilaeepim«ial deposited
FI G 2D shows a spacer 244 eneyr.al | {s .
siico siainig. 1S & PenSTREHOR o FaEhPtne-iOpalel 1Baah dlemative

embo%ﬁ’rﬁéﬁlr aééatbﬁ lé?/é?'i% %B@Sbérﬁgwi Befmehiuhe o kardmi.  For

or ALD’techni que. Therefore, the substrate is
examp@wlevjatfedomyehé_’@r owysbave abiosit & g% andesssefl gesmanium. In

dep03|t silicon nt ai a rien

anott{EESRkelS: SRl I, 246 Ty s Bl SR o ron.

Eleval®y |18fere2n8shytalsa it eidpeaonithta cmﬁ;ansusdmhaest beron, arsenic,
tenperature, pressure or the atnospheric air

phosplerous mIHINEM&r g@liNdxygen. Upon depositing t he
spacer 244, or perform ng other sem conductor process

[ooszlggyggmc&p%m Hnﬁgp@%f)b%s"rar RiRRY withie §6dlﬁféﬁts of the

e expose ent con ifions a second tine
processesrtot deptmlosmt:omrgoataemag ddyérayesed 4@ Bipolandevice fabrication

(e.g.,e géj ! grep er, collgﬁlo}' ae(m er co/n%acts thﬁlr(])%mc)enget lPabr}l%aﬁclr)n (e.g.,
base, emitter, collector, emitter contact) and CMOS device fabrication (e.g., channel,
source/drain, source/drain extension, elevated source/drain, substrate, strained
silicon, silicon on insulator and contact plug). Other embodiments of processes
teach the growth of silicon-containing layers that can be used as gate, base contact,

collector contact, emitter contact, elevated source/drain and other uses.

[0053] The processes are extremely useful for depositing selective, epitaxial
silicon-containing layers in MOSFET and bipolar transistors as depicted in FIGS. 3A-
3C. FIGS. 3A-3B shows the epitaxially grown silicon-containing compounds on a

MOSFET device. The silicon-containing compound is deposited on the source/drain
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m ni mal germanium (e.g., less than about 5 at% is

deposited on the top of epitaxial |ayer 240 before
WE@2os3as t he substrate to anbi ent conditi ons BECTUS2007/067806

native oxides are easier to renove from epitaxi al

| ayers containing mninmal gernmani um concentrations

than froman epitaxial layer formed with a germani um

featuré8"sfeRbr ddvicd) dheadifdor-bartaminy tompaubd ddHepéd ahtGrods from
depi cts anot her example in which an el evated | ayer 248
the ceystalrlatiice off the sindpdyng daverapnd Hyainkaiesithis agangement as the

- i.yel

sﬂwo&-%rﬁﬁ%rgﬁ@ c%en%gagjpaﬁé é?c%y/rg %é (ﬁ%%%a'tﬁﬂénﬁ > glgféo sagﬂt Blemonstrates

the silc@F-e6Aataineg ompauadl de‘[mshtagd&!s 24éce$e‘dJscbuTee/dgalnvlayer while
deposited_or etched away on the ate 236. [ 005

FIG. aBemWSeél 'éﬁﬁt?@inF?éWPQ rapeyRgs d 9%$'t6214es C%ﬁ%daﬁwce/dram
layer gﬁa%l élSﬂ%téHléoﬁpéé/ﬁ @ }ng little or no germani um or
car bon. WEeVEr, 1n an XF

ternative enbodi nent,
el evated | ayer 248 does contain gernmani um and/ or

[0054]c ar bidhre sGunce/hainpiegioned B st foomed pyrior 4@ planjaticny eGeperally, the

sl B o AP SRR EM EToA Pl oot e
SIIICOﬁ%&%‘Hm@ %«9@?93313 Y 8BledffelPByrodns enbhed sp@demrain Eeglon 312

ant, sSuch as boron, arsenic, phosphorous, alum
and/oas irgatly iopraubistro2 316 |Sllts-‘@:m etiaining ﬁ@taé@ﬁ‘rﬂ@xmdﬁmaﬁeselectwely

til
arow 5B S e BEROEhHPTL Blor B ARER Ry o oot o
layer 348i SiRidesline Gayhntdd siicon-eentainirgildyer313c c(Bélw'atly, gate oxide
emtter contact), Bi CMOS device fabrl catj o cP
layerp3t®, lSeﬁemp@sedc@i sHEPB dioKidey 1 oo de, Rt Bt oxide.
Partléj@\ljérgcg)[r&?% il Ofhte xélte Ilaggf"ﬁf‘@'ls a%? ?Ieé% Kich is usually an

S| on, vat ed sou dr al’
isolatirbatatedial, smras aermltrsiel/o)odm staxkl (ecapn SauNu’SrQ:lSaij). dpate layer

322 (?e?g?t STy hAEH A L GIRCHV BN PA9eradi A Snehf Sfiide, along
the et &&éulgﬁtsﬁiesb?}elrpméagh AREHRAEN!T gaeniarr, 32[Hnnﬁé have a

tact, el evat source/drain and Ot her uses.
spac@hd1pand effssat layars 8R0r(erge) FiaNs)dispogast orefiiryi siderg
sel ective, epitaxial silicon-containing layers in

[oossgﬁ)_SFEg_a%réﬁt%bi. g%ﬁélgt ;Iﬂ?m;§{3gé§%@§st QI’?@ 'cﬁp%%ltba Sili (%-contalnlng
epitafial Ia§@N 380 Asa béﬁ@lay@ﬁbﬂalm&)IMrm&stor S|I|con -containing epitaxial
layer 334 is selectively grown with the various embodiments of the invention.
Silicon-containing epitaxial layer 334 is deposited on an n-type collector layer 332
previously deposited on substrate 330. The transistor further includes isolation layer
333 (e.g., SiO or Si3N,), contact layer 336 (e.g., heavily doped poly-Si), off-set layer
338 (e.g., SisN4), and a second isolation layer 340 (e.g., SiO2 or SizNs).

[0056] The processes of the invention can be carried out in equipment known in
the art of ALE, CVD and ALD. The apparatus may contain multiple gas lines to
maintain the deposition gas and the etching gas separated prior to entering the
process chamber. Thereafter, the gases are brought into contact with a heated

substrate on which the silicon-containing compound films are grown. Hardware that
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MOSFET devi ce. The silicon-containing conpound is

deposited on the source/drai nfeatures of the device.
wabh@783d91€on- cont ai ni ng conpound adheres and grPOMESINDOATS06

the crystal lattice of the underlying |ayer and

mai ntains this arrangenent as the silicon-containing

conpound is grown to a desired thickness. FIG 3A

can b@%@e% ro%tp@&tfsn.eoﬁicbht:érmngthgllﬁunlEWe§m@rEF>¢|rwerﬁ@@@ss¢seéin and

recessed source/drain | G 3B shows
the PeiylGe@nswanaavalka@le;ﬁﬁnﬁbﬁnp@ Mptarials dnes locsted ne8anta Clara,

cair e AoThEbphBuBht I R A ST RHE HheD Ufes staes
Paterit"Noanﬁ@HBCHQS Gergeal byly tbe 2008t aatie edfiffed,s GR®EeDELIVERY
[e the source/drain region 312 i s dgped

APP&BA%H§ AN;DI WESH QISR ARIAME |12 wgq_cgpp@at@@hggqln wy|reference in
entlregﬁ? Hﬂap thb%%lﬂf 8%&?@%% tﬁg ré%% apfhG" agkérﬁgégé include

n| ng epitaxi
batch3 high-tengSratire ierhgces, (‘asrkmuwn imetheldri con- cont ai ni ng
Iayer 313 according to aspects herein. A gate oxide

[0057]: ay 318 "k %e(’:%épt 0 Se gsﬁlggtg%g@’%:f‘la[;‘z’%gsﬁggé o%%c?gé‘bf“ Epi

Cenu%®%aueézﬁp@s@eﬁéﬂaaarﬁbéﬂ %Qanéwrﬁbhﬁ ?m@d Mméﬂawmnc of Santa
oxide. Partially enconpassing e oxide |ayer 3

Claral €A.sAn &98dcthickumqdopsd Shcuemltawdaﬂlny Veg's d@pﬂseﬂedcﬂn the 300mm

e o Phopiy ol A< GHERD A 256V Snd s P8 o 15

10" Bt gsihgv# Qwareim3XSimsaster, aévélablelﬂ@nﬂw@plllé@ Mﬁleﬁlaﬂi Inc. of
t he perpendi cul ar si des as in FIG 3A. Alternately,
Santag&l@rab é}@ be yeRbng wassperiemesh endhe Yiganswafer at 1050°C

sl Y SERATS g N BRI, I DS Fire, . e

procegeedsepitedlaisﬂlms Q{Jere @ltmmo'uengadelpy high EﬂsloILarperX{BS% diffractometer
as ayer of a bipolar tr tor. Si - t

(HR-Z3DY so Abformige Pubeitichal cln GuICpnyAUIR AitHICKRgss. The total
carboé?Fétfb‘éﬁtﬁHﬂQ%%h& qate'i':ﬁﬁla? '&Fﬁayel)‘}%bémcentratlon and phosphorous

I con-contal ni ng epitaxla IS dGDOSI ted on

concemtra’tmdm)tb qirbfiles (werb aeternised by eannsiayy UIEDM@SS &pestroscopy
SIMEE o1 Ko oRidTagianotdes $i0G o e, Bkl 4RE) YSRSmissian electron

mlcrdségﬁ{,“%gq,geq 9., heavily doped poly-Si), off set |ayer
Si3N4) , and a second isolation | ayer 340

Si Q2 or Si3MN) The processes of th

[00581( nvelﬁhG oh ilkstrates aaplpt é@gcﬁfthlgh reseIvHoR nt- r%élﬁﬁaﬁ?tﬁ"ﬁﬁ@ (HR-
XRDﬁ%fJ?C&FﬁI %lflfas-&%/&s"i'tgg @bRtrol-gth)Zagﬂar(ﬂ‘téﬁkér%n%gfgdahﬂcon carbon

pl € gas
epitaxial films 404. The x-axis represents Omega [arcsec] and the y-axis represents

Intensity [A.U.]. The Si:C is centered at about 1240 arc second on the positive side
of the substrate silicon peak, indicating 1.24% of substitutional carbon concentration.
Also, multiple thickness fringes indicate high crystallinity of the epitaxial film. A
Vegard-like linear interpolation between the lattice parameter of silicon (5.43105A)
and that of cubic silicon carbide (4.35965A) was used to determine substitutional
carbon from the XRD result.
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mai ntai n the deposition gas and the etching gas

separated prior to entering the process chanber.
wah®@resfter, the gases are brought into contaceCTSW0Z067806

heat ed substrate on which the silicon-containing

compound filnms are grown. Hardware thatcan be used to

deposit silicon-containing filnms includes the Epi

[0059]Centﬁh"eaef(‘éc)t cﬁﬁénl@énaﬂﬁéaﬁd"geoﬁc&hbsﬁ&ﬁbhél éé{rfbbﬁfbf the Si:C film is
avai |l able from Applied Materials, Inc., located in

also shawrairOFHGa4. CEromdhai comperissinDob ppardRRsspestrai scfleeease of

sussgS MBI BT LD e PLAThGHENS B BEAR 1 i s omosa by

60 arek&d)VERY BERIYSHEH AYDOshikEHeRRelAy AtDh tantbersture of 1050°C.

i ncorporated herein by reference in entirety for

th
Howeper, p’@sreeaif brgagening; was phserphariiieibickoeps f”'lﬂ?pféﬁ'ﬁg lﬁ@%éted in

|y t
e spf! YRGRRSE T Sor IR, A NasE St Rl o i
maintaias i3l quedity with sligitsubstutiofantarben (ogs. r educed pressure
chanber, available from Applied Materials, Inc.

onsr B8 A T S ELSBEE B oo

502, @hgiﬁ(}ﬂgfaﬁt’éd %83, bﬂ‘&'&‘ﬂﬁ&ﬁiarﬂéd/%nhéé(ieanﬂndéﬁ Baﬂ)o%Oéﬁtaaa‘m films

15 cm 2’ using a Quantum X i npl anter, avail abl e
506. fTbenxAp}pm regregents iGmegal [accses} agdnthe wamraaremseﬂ?pu lgensity

0 2R R B S P A g 900 oo

obserlgd eﬂTIﬁ ?eak BRifts Ffonal4a” €& anao” C\F@ith Ebﬁnﬁ‘r@ﬁ@ﬁéaﬂ broadening.
epi taxi a I ms were characterized resol ution

Also, shiglgiesgifringa pealke eee n(QtRﬁﬂh@)\C%lru@leelemSﬂfée of the Si:C peak and

e S3AEH DEGLSERSELY B SERREREHTSTRS AR Mool

mtroduaebama)ma:g%mlr: e'ntas;atpcxmébrarmtﬂ thédapdgormhso dayeremod@i Muﬂn different
rofiles were ter o)

ooy e el U KT s vo
layer %oﬁiﬁ)‘trg 6%% '3b§}&éé W&”s@dsﬁﬁ}tbﬂﬁl Hér‘%ﬁs(?ﬂﬁdt ({1\@5%) while

ust rates a plot 40
the seaswl Iayero\mth<56é)§\ tUlcknes&;mmmlwhmﬂD)arbmcbsa tof1 24%.
as-deposited (control) 402 and of spi ke anneal ed

sili bneiti fddos .T - axl.S
00617 o pr ER3 TfiBYE 2 0 Orertety 1o s Bficburaspapy (sivs)
depthl profis éfva kArddn 604F AAd PHdsphdraisNé@s eflindblapieelianhédied silicon
arc second on the positive side of the substrate

carbogi filron Ap&@kbon riapitit praflel forus epniselhsemplg .Qﬂ«?aus overlaid for
compSAEEAN 7oA &&M & a8 ound to be about 1.3%. This indicated greater than

90% substitutionality. The junction depth at a phosphorous concentration of 1 X

10"®cm™ is about 370A which is close to the top layer thickness by the above XRD
two-layer modeling. Also, the carbon concentration along the depth appears to
oscillate slightly within the end-of-range defects caused by the implantation. It is
noted that the phosphorous junction profile is as abrupt as 3 nm/decade, indicating
significant retardation of phosphorous diffusion in Si:C epitaxial film.

[0062] In sum, while spike annealing at a temperature of 1050°C results in a
slight loss of substitutional carbon (0.6%) but maintains high crystallinity,
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Al'so, multiple thickness fringes indicate high
crystallinity of the epitaxial film A Vegard-Iike
WO povaasooidt er pol ati on between the lattice par aPeL/E82001/067806
silicon (5.431 05A) and that of cubic silicon carbide
(4.35965A) was used to determ ne substitutional carbon
fromthe XRD result.[0059] The effect of spike
phospwﬂ@@r’é 'lﬂﬁgléi’ifetﬁﬁbﬁddcébl Slgaicast B & stibetitSliorial fddrbom sand a
al so shown in . From the conparison of two XRD
changgoetca@pnadqmbrma@@ dt issalsetohseryeshthat eaveynalyyipbjunstion can
orre ' e peak shift to | ower onega by 60
be for&f%d;@ciﬁggggédg%xf ?gféﬁved by spi ke annealing at a
tenperature of 10500C. However, no peak broadeni ng was
[0063]0bs eNtitel thel ferebbingkisedirected trgerﬁbddirhegtsr efsinet présent intvention,
same, thi ckness within errors. This |nd| at.es, t hat

other gndefuriien embogimentss of femgntieniMay s %1‘0%\‘?‘?' Wt?\?/f"{ feparting
from fhie! KHYic § fﬁe‘ﬁ‘%éfoﬂlg (’c)ﬁ%‘%@ﬂ%é tift8of |E%§&}mﬁé@by5he claims that

Ilustra XRD spectra of

ﬁmomas dep03|ted (control) 502, of as-inplanted 504, and
of i nplanted/ anneal ed silicon carbon epitaxial filns
506. The x-axis represents QOrega [arcsec] and the
y-axis represents Intensity [A.U]. For the inplanted/
anneal ed sanpl e 504, significant changes can be
observed. The peak shifts from 1240" to 1100", with
asymmetric peak broadening. Al so, thickness fringe
peaks are nore enhanced in the left side of the Si:C
peak and the shoul der peak adjacent to the substrate
peak. Since the inplantation typically introduces
damages in top portion of the layer, a two | ayer node
with different carbon concentration was devel oped to
fit the XRD result. According to the two | ayer nodel,
the top 3QgA has nuch | ower substitutional carbon
(about 0.35% while the second | ayer with 56gA
t hi ckness, has substitutional carbon close to 1.24%
[0061] FIG 6 illustrates a plot 600 of Secondary |on
Mass Spectroscopy (SIMS) depth profiles of a carbon
604 and phosphorous 606 of inplanted/ annealed silicon
carbon film A carbon depth profile for a contro
sanple 602 is overlaid for conparison. Total carbon
was found to be about 1.3% This indicated greater
than 90% substitutionality. The junction depth at a
phosphorous concentration of 1 X 1018cm 3 is about
379A which is close to the top | ayer thickness by the
above XRD
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two-| ayer nodeling. Al so, the carbon concentration
al ong the depth appears to oscillate slightly within
wo b@7asiHof - range def ects caused by the i npl ankPEx/Us2007/067806

It is noted that the phosphorous junction profile is

as abrupt as 3 nnidecade, indicating significant

retardati on of phosphorous diffusion in Si:C epitaxial
Claimis:I m [0062] In sum while spike annealing at a

tenperature of 10500C results in a slight |oss of

substitutional carbon (0.6% but maintains high

1 SRR BBSCRR R B NP YT gpetnon
comp@kingar bon depth profile. It is also observed that a

very abrupt |1 unction can be formed in a Si:C epitaxial
f depositing e33iliopn; sasbem tayes padbe sybstalei rect ed to

e . re inv ' her and
f%6&%%%8@%@%&?8@%@%éri‘vegn%s% “ﬁﬁﬁ ’be devi sed
whehtng tekegabkirae fo antehiperbse grestepeham@506C, s@ad to cause
the scope thereof is determ ned by the clains that

substagtialAnneaingef the departwikdthersilicanfatgorlaver: ra shal | ow
junction on a substrate, the nmethod conpri sing:
depositing a silicon carbon |ayer on the substrate;
2. eXpesimethddef aldiat Matvendreinatioo pemperadme ubstrpaemtiDOO°C and
%ating the substrate to a tenperature greater than
1100dsonc so as to cause substantial anneal | ng of the
dopant with the silicon carbon layer. 2. The nethod of
claiml1l, wherein the tenperature is between 10000C and
3. 1Tbeomettiod Dieclaiot Hoawlreist thentamperedursi is batwveen 1030°C and
1050£§nper ature i s between 10300C and 10500C. 4. The
thod of claim1l1l, wherein the tenperature is about
10500C. 5. The nethod of claim1, wherein the
depositing a silicon carbon |ayer on the substrate
capﬂnsrmgﬁwdecpﬁcj@m h whergipihs: termpgratvee i abwd 098rGon
| ayer. 6 . The nmethod of claim1, wherein the dopant
is selected fromthe group consisting of boron,
5. armeninethgthof plaimolysyhersth thentépasitirgna dilioonecdrbon layer on the

substrate comprises epitaxially depositing the silicon carbon layer.

0. The method of claim 1, wherein the dopant is selected from the group

consisting of boron, arsenic, phosphorous, and combinations thereof.

7. The method of claim 1, wherein the exposing the silicon carbon layer to a

dopant comprises performing an ion implantation process.
8. The method of claim 7, wherein the implantation process comprises

implanting phosphorous between about 1 keV and about 2 keV at a dose of between
about 5 X 10" atoms/cm? and about 1 X 10'® atoms/cm?.
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7. The method of claim1, wherein the exposing the
silicon carbon |layer to a dopant conprises performng
w@roo7asnoiépl ant ati on process. 8. The net hod of PCI/Es2907067806
wherein the inplantation process conprises inplanting
phosphor ous between about 1 keV and about 2 keV at a
dose of between about 5 X 1014 atons/cnR and about 1 X
9. 1ﬂ4§ AHePGd CHR-Faiml e RRidieid Qhe Clrﬁplﬁht%tm\ﬁh%%é%t Remprises

i npl antati on process conprises inplanting bor onﬂatz
implantingbomnsatahoutt0.5 kedsat afdasetaideatwepn abosit & XM atoms/cm?

ng ancdb 1 X 1015 atons/cnR. 10. The net hod of
and 133@%""\%&%. n the exposing the silicon carbon |ayer
to a dopant occurs sinmultaneously wth the dep05|t| ng

a_silicon carbon | ayer on the substrate.

10. nEhegaettpdcofaglaim 1 M@erelmth%exmng e aS'lé%PBs@ﬁ"HPB layer to a
0 € I 0
dopar& 5@&]@ ﬁr\xﬁjﬂ%%u I g/vl?rr ?ﬁ%%@#ﬂﬁ@ au%@ on & %@ gé’s%r bn the

substm@ant profl | e of about 3 nnf decade 13. A nethod of
formng an ultra shallow junction on a substrate,
conprising depositing an epitaxial silicon carbon
?i &Hod'&?c%s’ﬁ Wiletein tHB!Hatihg G SulskaRAd bomptiges Berforming
Icon carbon |ayer; and heating the substrate to a
asplheeammrada.ture greater than 9500C. 14. The net hod of
claim 13, wherein the tenperature is between 10000C
and 11000C. 15. The nethod of claim 13, wherein the

12. 1 ?H@?ﬁ&hé& f icRaiMPR WherBrOBE. ulttd shailsw fEidiied Hfs £Uapant profile
3, wherein the dopant is selected fromthe gr oup
of ab@dri’shmt’dmd@f boron, arsenic, phosphorous, and
conbi nations thereof. 17. The method of claim 13,
wherein the inplantation process conprises inplanting

13. pPhoseimedaffoltingesnuleahalidwlenctancdomb gubsiatee ¥omipriaing:
dose of between about 5 X 1014 ato /c and about 1 X
1depositingranapitaxigl siigen fabesdaysr en raliher ei n t he

bon |
B Rng & dbufsaefHs o t“%%'?%%*‘ga%“ﬁg& 8P et ween about
ShEaﬂtﬁljme substrate to a temperature greater than 950°C.

14. The method of claim 13, wherein the temperature is between 1000°C and
1100°C.

15.  The method of claim 13, wherein the temperature is about 1050°C.

16. The method of claim 13, wherein the dopant is selected from the group

consisting of boron, arsenic, phosphorous, and combinations thereof.
17. The method of claim 13, wherein the implantation process comprises

implanting phosphorous between about 1 keV and about 2 keV at a dose of between

about 5 X 10" atoms/cm? and about 1 X 10'® atoms/cm?.
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atons/cn2 and 1 X 1015 atons/cn2. 19. The net hod of

claim 13, wherein the ultra shallow junction has a
waelopansoops of i | e of about 3 nm decade. 20. The PEL/ORWOTO67806

claim 13, wherein after the heating the substrate to a

tenperature greater than 9500C an upper portion of the

silicon carbon |l ayer has a substitutional carbon

18. CPREERbiRIA en c|a€Pr$|S13hWhe?e|ﬁLthét iniplantiitila 6ep&stninto the S|I|con
concentration of a lower portion of the silicon carbo

carbonalgyer cempriseseimplanting doren &t ra Tosevpicbetweamabout 5 X 10
16l nto the silicon carbon | ayer
atom%gﬁlp%i%eggp@rfgﬁﬁéf{ﬁha pl asma i mersion ion

i npl antation process. 22. The nethod of claim 13,

wherein the de[)?gé‘lttlng an epitaxial silicon carbo
19. | dhermethachef & 1t Whemipriheeultraeshajiow dgpclion has a dopant

proﬂlec‘g#gﬁéut\@enﬁ\pdéc%)&' aI process. 23. A structure having an
unction, the structure conprising: a

sem conductor substrate a source region and a drain
i on ned [ [ Iant in ap epitaxiall
20. gEfisemetiod 19t cime IBoandradiates e Redthe dher subgrate to a
tempéY'aM}ea% @alet tRBR\UBOP bear? @gg@?boﬂ%@\' Nthet SifciRESrbon layer has a

a gate electrode and a dielectric |ayer.
substnutlonTai e:amommnneewtraﬂon letisnth2s,a sulstibitionaheargbngoncentiiation of

a |0Wﬁﬁ$§lt'eﬂ| og:ﬁﬁg sﬁ‘con% H)torJ Igng}l on profile of about 3

21.  The method of claim 13, wherein the implanting a dopant into the silicon

carbon layer comprises performing a plasma immersion ion implantation process.

22. The method of claim 13, wherein the depositing an epitaxial silicon carbon

layer on the substrate comprises performing a selective epitaxial process.

23. A structure having an abrupt p-n junction, the structure comprising:

a semiconductor substrate;

a source region and a drain region defined by ions implanted in an epitaxially
deposited silicon carbon layer; and

a channel region with a gate above the channel region, the gate comprising a

gate electrode and a dielectric layer.

24.  The structure of claim 23, wherein the abrupt p-n junction has a dopant

junction profile of about 3 nm/decade.
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