METHODS FOR REDUCI NG LOADI NG EFFECTS DURI NG FI LM FORMATI ON FI ELD OF THE

| NVENTION RINI] The present invention relates generally to nethods of
fabricating sem conductor devices and in particular, to nethods for
mtigatin ifferences in resultant filmthickness caused hy | oadin
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sel ective epitaxy proces§g§&§g%§gﬁh%%9?ﬁgyﬁﬁﬁgg§hﬁbyferent t hi cknesses at
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mtigate growth rate variations caused by |oading effect are desirable.
SUMVARYTaCEs Themgs NVENTY apv problems. One such problem is the variation in deposited film

thickness as a function of feature geometry.

[0003] For example, one potential problem is when selective epitaxy processes deposit
epilayers of different thicknesses at different regions of an IC. Selective epitaxy involves the
selective deposition of epilayers over mono-crystalline regions without the simultaneous
deposition of amorphous or polycrystalline layers over dielectric material and/or amorphous
regions. The mono-crystalline regions where epilayers are formed thereover are referred to as
seed windows. Selective epitaxy may be used in the formation of semiconductor device features
such as elevated source/drain, embedded stress inducing layers, base layers of bipolar transistors
and contact plugs.

[0004] Variations in epilayer thickness deposited on similar device features of an IC are
undesirable as this may lead to a corresponding variation in device characteristics such as
subthreshold characteristics, threshold voltage roll-off and drain induced barrier lowering and

consequently degraded device yield.



100061 The present invention relates o sem conductor devices and net hods
for fabrication thereof 100071 In accordance with one aspect of the
invention, a nmethod for fabricating a sem conductor device is provided. The
met hod conprises praoviding a substrate including a -first and a secon
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adj acent to thel and second device structures, wherein the first and second
expos ddagiog effesisiradesiralledi f f erent si ze. The nethod further includes

form ngst |ayer over the first and second exposed portions of the substrate
by using a gas m xture confUMMARY OFSTHEANVENTIAON sor ce gases t hat
function as growth conponents for formng the first |ayer wherein one of
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the first exposed portion conpared to the second exposed portion and the

ot her gouree gas exhibits an opposite behavior. The use of two source gases
for growng the first layer helps to mtigate variations in the thickness
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that the features of the various enbodi nents described herein are not
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adjacent to the first and second device structures, wherein the first and second exposed portions
are of different size. The method further includes forming a first layer over the first and second
exposed portions of the substrate by using a gas mixture comprising first and second source
gases that function as growth components for forming the first layer wherein one of first and
second source gases forms the first layer at a faster rate over the first exposed portion compared
to the second exposed portion and the other source gas exhibits an opposite behavior. The use of
two source gases for growing the first layer helps to mitigate variations in the thickness of the
first layer due to differences in exposed portion size.
[0008] These and other aspects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] In the drawings, like reference numbers generally refer to the same parts throughout the

different views. Also, the drawings are not necessarily to scale, emphasis instead generally

being placed upon illustrating the principles of the invention. In the following description,
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[0009] in the drawings, |ike reference nunbers generally refer to the sanme
parts throughout the different views. Al so, the draw ngs are not
necessarily to scale, enphasis instead generally being placed. upon
illustrating the principles of the invention. In the follow ng description,
embodi Fabrdments 1of dhg wyertanowillnew bsigsgedeby Wabed expipiRayith feleseasiloethai t h
reference to the drawi ngs of which: [001.0l Figs, 1 to 4 are schematic

cr oss-&ewirngsmaivhichiews illustrating the results of progressive stages in
fabricating an integrated circuit systemin accordance with an enbodi nent
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fabricating sem conductor devices in a manner that reduces deposition rate
dependemsly when dBilicee Geraraniue diSikeg) is grown under three different expitaxial process

conditions.

DETAILED DESCRIPTION OF THE INVENTION
[0012] One or more aspects of the present invention will now be described with reference to
the attached figures, wherein like reference numerals are used to refer to like elements
throughout, and wherein the various structures are not necessarily drawn to scale.
[0013] Generally, the following embodiments relate to methods of fabricating semiconductor
devices in a manner that reduces deposition rate dependency on device feature size.
[0014] Figs. 1-4, which follow, depict by way of example and not by limitation, one or more
exemplary methods for forming metal-oxide-semiconductor (MOS) transistors with embedded
stress inducing layers. It is to be understood that the MOS transistors presented in these figures
merely represent one example or illustration of how the concepts of the present invention may be
applied. There is no intention to limit the application of the present invention to the fabrication
of MOS transistors or the formation of embedded stress inducing layers. The invention may also
be used in selective epitaxial processes for the formation of other features on a semiconductor
device such as but not limited to elevated source/drain, base layers of bipolar transistors and
contact plugs.
[0015] Additionally, it is also to be appreciated that a plurality of conventional processes that
are well known in the art and not repeated herein, may precede or follow Figs. 1- 4. Moreover, it

is to be understood that many modifications, additions, and/or omissions may be made to the



[0014] Figs. 1-4, which tbilow depict by way of exanple and not by
limtation, one or nore Lary nmethods for formng

nmet al - oxi de- sem conductor (M3 S) transistors wi th enbedded. stress inducing
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present disclosure need not be limted to the initial integrated circuit
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a partial cross-sectional view of an
102 formed within the substrate 101. The integrated circuit system 100 may be divided into a
first region and a second region denoted by reference characters ‘A’ and ‘B’ respectively. The
first region A is where a trench having a relatively small line width is to be formed within the
substrate and subsequently filled by selective epitaxy, and the second region B is where a trench
having a relatively large line width is to be formed within the substrate and subsequently filled
by selective epitaxy. First and second regions A and B may correspond to a cell region and a
core/peripheral region respectively.
[0017] A pair of first devices (110a, 110b) and a second device 210 are formed in the first
and second regions (A, B) respectively. In the presently described embodiment, the first and
second devices may constitute NMOS and/or PMOS devices. As shown in Fig. 1, the first and
second devices 110, 210 both include a gate stack comprising a gate dielectric (112, 212) formed
over the substrate 101, a gate electrode (114, 214) overlying the gate dielectric (112, 212) and a
gate cap (116, 216) overlying the top of the gate electrode (114, 214). The gate cap (116, 216)
helps to protect the gate electrode during subsequent processing steps and may comprise of
nitride. Surrounding the gate stack is an L-shaped first spacer (117, 217), and surrounding the
first spacer is a second spacer (118, 218).  Located below the gate dielectric (112, 212) within
the substrate 101 is an MOS channel (120, 220). At this stage of manufacture, the first and

second devices (110, 210) may also include a source/drain extension (122, 222) extending from

the MOS channel (120, 220) in the substrate 101, and source/drain regions (124, 224) in the



integat- circuit system 100 in accordance with an enbodi nent: of the
present invention. The integrated circuit. system 100 conprises a substrate
101 and shallow etch isolation structures 102 forned within the substrate
101. The |ntegrated circuit system 100 nmay be divided into a first re
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are offset fromthe MOS channel the first and second spacers (117, 118).
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fabrication art. (00191For exanple, the substrate 101 nay conprise, any
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the like as known in the art.

[0021] The first and second spacers may include dielectric materials such as silicon nitride,
silicon oxide, TEOS, silicon oxynitride or combinations thereof. The spacers may be formed by
depositing one or more dielectric layers over the gate electrode and etching the dielectric layer
such that only the material adjacent to the gate electrode sidewalls remains. Apart from the
spacer profile illustrated in Fig. 5, other types of spacers such as L-shaped spacers, disposable
spacers, multiple spacers, offset spacers are also suitable. Accordingly, embodiments of the

present invention may utilize different doping profiles depending on the spacer profile adopted.



materials. Non-limting exanples include doped and undoped sem conduct or
materials (e.g. polysilicon, anorphous silicon or SiGe), netallic
materials, a netallic alloy, a suicide, or a conbination thereof. As for
the gate dielectric (112, 212), it may .conprise one. or nore |ayers of
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enbodi nents of the 100221Fig. 2 illustrates the integrated circuit system
100 of thrjagangengnt eraytbgaevesyedtat i on of a protective |ayer 130 and a mask

| ayer 132 over one of the first devices 11.0a while, |eaving the other
first @82Wice I1hoheexpodmeknt, The pseeoivd lagvilde 2d0bd forakd @vbethe caXpos efithel n
one enbodi nent, the pair of first devices (110a, 110b) shown in Fig, 2 may
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covered by the protective layer 130 and nmask | ayer 132 may be an Nirvl
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with the mask |ayer 132 to renove unprotected co-dance
portions of the protective layer 130.
[0024] The protective layer 130 may comprise dielectric materials such as silicon nitride,
silicon oxide or a combination thereof. Alternatively, other materials that block the deposition of
a subsequent epitaxial layer are also suitable.
[0025] Referring now to Fig. 3, therein is shown the integrated circuit system 100 of Fig. 2
after the substrate 101 has been patterned using the mask and protective layer (130, 132) as an
etching mask. This results in the formation of first recesses 140 within the substrate located in
the first region A and second recesses 240 within the substrate located in the second region B.
The first and second recesses are situated adjacent opposed sides of the gate stack associated
with the exposed first and second devices (110b, 210). In Fig. 3, the first recesses 140 in the first
region A have a width W that is less than a width W, of the second recesses 240 in the second

region B. The mask layer 132 may be removed after the first and second recesses (140, 240)

have been formed.



portions of the protective |ayer 130. 100241The protective |layer 130 may
conprise dielectric materials such as silicon nitride, silicon oxide or a
conbi nation thereof Alternatively, other materials that bl ock the depo |ion

of as quent epitaxi.al |ayer are al so suitable. 00251Referring now to
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the ubs te 101 has been patterned using the mask and protective |ayer (130,
132) awnagiclet(BAEhgrongsk thatielechieddul atehes nthe haateoplnahosen fof thé ssbstrase edgles
140 within the substrate located in the first region A and second recesses
240 w mimimallhetchitpsdthat matcoabt @dhian thdensske doyed 182 gfion sphced (B 7 21 3, sadchd
second recesses are situated adjacent opposed sides of the gate stack
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the eases 140 in the first region A have a wwdthW that is less than a
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132 may be renove ter 't ave been
formed, 10,[0 61t'hrhr one.(ﬁ;’godi rren(i h% first and second recesses (140, 240)
are f ol EAABY VAl PGy detrionngd Ry thedire)ang, seeWdSPEEEY sel ecti vel y et ches
the material chosenthe substrate while mnimally etching other materials
such a¥02he ndisk 4 Hpaws 1B intepratad eigade pystam 710020k Fig. sk @disd the seartapgas,
218) and gate cap (116 216). As a result of the selective etch process, the
first famasecoifirsetessesefitdt] n2dd)al 6@ ofar tive dirsfreestes flHO mt hesesirdcapdr] s
of the gate electrode it is associated with by a wwdth determ ned by the
first shwpitaciabmdteSiRRZ&Y Sver the second recesses 240. Selective epitaxial deposition is used to
selectively fill the first and second recesses (140, 240) formed within the substrate 101 with
substantially no deposition of polycrystalline and/or amorphous material over other parts of the
integrated circuit system 100. The first layer 160 deposited within the first recesses 140 in first
region A has a thickness of t; while the second layer 260 deposited within the second recesses
240 in second region B has a thickness of t,.
[0028] In one embodiment, the first and second layers may be stress inducing layers that
comprise a material having a lattice constant different from that of the substrate 101. This
mismatch in lattice constant causes a strain to be induced within the MOS channel (120, 220). In
one embodiment, the substrate 101 is composed of silicon and the first and second layers (160,
260) comprise undoped silicon germanium (SiGe). Alternatively, other materials that are
capable of inducing strain within the MOS channel may also be used as the first and second layer
(160, 260). For example, the first and second layer of epitaxial material (160,260) may comprise
Silicon (8i), Silicon Carbide (SiC) or combinations of one or more of Si, SiC and SiGe.
Moreover, the epitaxial layers (160, 260) may also be doped in-situ during the epitaxial process,
for example, by incorporating dopant gases into the gas mixture.

[0029] In general, selective epitaxial deposition processes involve both deposition and

etching reactions occurring simultaneously but with relatively different rates in relation to an



[0027] Fig. 4 shows the integrated circuit system 100 of Fig. .3 after the
simul taneous formation of a first |ayer of epitaxial material 160 over the
first recesses 140 and a second | ayer of epnaxiad material 260 over the

second recesses 240. Sel ectjve epitaxial depositjon is used to, selectivel
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epitaxial |ayers (160, 260) may al so be doped in-situ during the epitaxial
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[0029] I n general, selective epitaxial deposition proceses involve both
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relativ erent rates elatiton to a

240) with substantially no simultaneous growth of crystalline /amorphous film on dielectric
surfaces such as the first and second spacers, gate cap and isolation material filling the STI
structures 102. In particular, the process conditions are adjusted so that the etch rate for
polycrystalline material exceeds its deposition rate while the etch rate for epitaxial material is
less than its deposition rate.

[0030] The inventors have discovered that with the scaling down of device dimensions, the
effect of seed window area on epitaxial growth rate, also known as local loading effect, is
enhanced. Seed window area refers to the two-dimensional size of an exposed surface where an
epilayer is to be grown. In particular, when the seed window area dimensions are of a similar
order of magnitude as the diffusion length of growth component adatoms, the impact of seed
window area on growth rate can be significant. Silicon adatoms have a diffusion length of
approximately 0.2 pum.

[0031] The inventors have discovered that local loading effect problem can be mitigated by
using at least two source gases which exhibit for at least some of the seed window geometries,
opposed growth rate versus seed window size behavior within the epitaxial deposition conditions

of interest. Preferably, for selective epitaxial processes, the gas mixture used during deposition
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epitaxial |ayer and a poiycrvstal hne arid/or anorphous |ayer. The
deposition reactions result in epitaxial |ayers being grown over
nonocrystallinc surfaces while non none-crystalline tag. polycrystalline
and anor phous) |ayers are being grown over surfaces that do not have a nono
cryst adl$d meludey ae eishingsepapoagntdperetalling thetsslechyisy offthe epttarak ekt growth. on
the ot her hand, etch away both the etntaxial and non nono-crystalline. In a
sel ectThie egghitgaxompopmodedsting amatheeatbletsieen sepss giseowhactd aelt zhigrgvth
reactions is selected such that adatons adsorbed on a nono-crystalline

sur f ac@nyponknts ehml i sdiahiagb@Rlyl M1HOLUREL 1@NTHY Qo MR tuaRd titicak siByt@itiaQyowt h
whi | e adatons | ocated over a non nono-crystalline surface are etched away

can QU B oAbl okl 16O <fBFRERDALSICAYCH Bl MakiAG oHbE, exampl e of Fig.

4 as an | stration, epltaxia cess conditions nay be adjusted so that.

there | net deposition o i ial ,materjal wthjn.t ecesses, 040,
20y - WOBRAs il o ity Sietl R TS BB Resfebrldpa oh e ERE  srihs
filin on dielectric surfaces such as the first and second spacers ate ca
and is%maktar&ﬁuﬂﬁt@fqdawﬂ i9 TSPt R dirgTands $eceRe g of ppitayial H@#ﬂﬂ&&i%@%ﬁ% he P
process conditions are adjusted so that the etch rate for polycrystalline
mat er | @muEsoectibcont Sedepugnt(Piére)r dhe dapasitéon precess oteyrbstaclopopresspia eheimatal
material is less than its deposition rate. [00301The i nventors have

di scoveipetldépaaitioni(LACVITY psekd dvgnshnmy bk feléoviag combiagsooosgastdigilane (SIHYHT
seed wi ndow area on epitaxial growmh rate, also known as |ocal |oading

ef f ectand $icRBRANGSA (Sifised) W BERYAL 3bERe 'RE&Q! Ryli®gthehlowae AR Sisonakbickinge of
an exposed surface where an epilayer is to he grown. In particular, when

t he se N | S| . f a:.Si:mi r i t he
ot usy SRS B TRhERR e RRS AL Gt B il il BOORE oBmBUTLLFR £8s.,
area on gromh rate ca e significant. Siljicon, adat have di f fusion
gt BT reEi: 819 o i ichEER e foRISITE AL RLvaLH CToRsrdt i fiat

| ocal |oading effect problemcan be mtigated by using at |east two source
gases 8#i ShlaaAdbilichlospsilage freghpscanmsilisontsares @ases i Hid akaer) fpeequss silane
opposed growth rate versus seed wi ndow size behavior within the epitaxial
deposi liasarlowendwbosition sato felativtean esiallePreed erablvwy ared whils dichédrpsilane pklhibits die
processes, the gas m xture used during deposition also includes an etching

CoNMpongipositObetaQidh foPlal hifGkrtdeBos@beedt Ydlhtveoto dnftdlee Pdddaxindbw! AYLT GEh& My
This etching conponent I's distinct fromthe at | east two source gases which

act asyrond, GOIPARERLR ALY AEVARL A0EMSh %ual havS,Shihs SEIBRLIM) fhyert O
Ao 42613 g SR She e ey

be tuned w t hout substanti iating fromt optimal rati source

gases Ee%gglggn tra eas g'f&r?ctljéln% Isgéd%l%]:if)\%cstlz'e can be reduced. By way of example, the flow

rate of silane can be set at approximately 40-60 sccm, the dichlorosilane flow rate between 90-
110 sccm and the HCL flow rate around 65-85 sccm. However, it is to be understood that the
ratio may vary depending on the settings for other process parameters such as process
temperature, flow rate of other gases used in the epitaxial growth process e.g. HCL and/or
germane. Therefore, the above settings are not limiting and may vary so as to provide at least
two sources of epitaxial growth component exhibiting opposed growth rate versus seed window
area trend for at least some of the seed windows, neither of the sources are significantly more
dominant than the other.

[0033] The presence of a dedicated etching component such HCL in the above example also

has its benefits compared to a scenario where only silane and dichlorosilane are used without a



10032] I n one enbodi ment, first and second recesses (140 240) in Fig. 4 are
simultaneously filled with a respective first and second | ayer of epita ial
mat erial (160, 260) conprising Silicon Germani um (Si Ge). The deposition
process [ra¥ be a | ow pressure chem cal vapaqr_ deposition (LPCVD) process
conpr i 4difgtadrécipg FOMPeRIE o Hbih et wegang, dishlospsilapgisrelied peon 25ndn @iFRREI 1 os
| ane (Si H2C12) as silicon source gases, hydrogen chloride (.HEL) as an

et chi ngpnampainant as enche slspesitidn nejedthvityseinect beiatljpsiefl to hee degpietl alevell witlagugr
growt h, germane (Cel-14) as a Ge precursor that reacts with silane and

di ehl oizesid angnpaet bonkhe Sttéa @Edadiygobgeved( Hn) pascdarg tier dicillo@aaneSldange and
di chl orosdane are chosen as silicon source gases in this exanple because
Saati ey Ra8 R heWRindeRRIL bl Ahifdhelel el Al 46 Eoopl%_‘miela%elé&i%g ¢ tEBQQIV\br%E&@_
whi | e di ehl orosilane exhibits the opposite behavior of a higher deposition
rate r i t. | er | rea. . i ver. .

i on of B2 e 7 p B R B ST PO DRBN SRl G el B ndspietls

| ayer degosi%i on rate as a function of seedb(gf ndow si ze ﬁan be reduced. By
way of PERUpe PHEMFMolRVFlalaY dreesd iforBarniyy displomsiiang, flgy it &4 48-180
seem the diehlorosilane flowrate between 90- 1 0 seemand the FICL flow
rate awoueasasigongedil ofpndics featies. Ot bemehagdded.shegeds elarntupeet bmitdonay
vary depending on the settings for other process paranmeters such as process
t enpertat dichlorbdibme vatses silanotfhver ragase® heyodd whidhhen ephihgxhakrorgnammhithprioeess
e.g. HCL and/or germane. Therefore, the above settings are not limting and

My Vadyno 8& @SwhiP oPep¥Axda dhtetifasiobk¥Red OUerToref b?lhb{fiﬁgiaahecﬁédﬂé!&t Btching
conponent exhibiting opposed growth rate versus seed wi ndow area trend for

at le Y] nei : e[ TR A tly
mor e domRaT: fert Ron R e BB ek R P SR P e TP LR
conponent, such FI i.n t apove, exanple als as ,i.ts .henefits conpared to
o obanpich HEHE Biieiel dionR MR mehpd eBurh arE il St S it SRR e

dedi cated etching conmponent. in the latter scenario, dichlorosilane is

rel i edPYBENPESCHN et chi ng conponent and as such, deposition selectivity
cannot he adjusted to a desired |evel w thout having an nnpact on the

ext ent[0884]l oadipay fols éhw ebhvel qunpandtiooudfamilante hed dicbhirenilosé, tieerfsiloanrsateehas
to be maintained above a mninumlevel in order to provide a selective

epi t axgaaks PhPERS He WB&Y & dnh@idtasiveor edonghiemtdn tofdepaityssiGeaphaxinl lapi-(s6xd

w ndow regions. This is undesirable because the mnimum|level may exceed
the amymt rof efikkOPRIRAARE, H ) OWitiRhE (SiSAY HEF alsO bE RRERS AL SiebRbHwNGH- RN
of smallér features, On. tﬁ% oge’her 1hamg,l?ftjl%?er ggias al'so an upper it to
the dig]tiorositan [ 3L ilagie flowra [at | eyond .whi ch. ani

vt it FR SURDRBT RIRQt SSiRat M, A A4 b P L s of
Ther ef ore, havi ng a dedi cated etching conponent, there is nore |latitude for
adj ust?¥§°4%He di chl orosil ane versus silane ratio to a val ue which nitigates

the effect of seed wi ndow size on growh rate while still maintaining ri
sel ectli003Slepi Fisyd proeeapd. showing the normalized deposition rate versus seed window area

variation for an experiment where a SiGe epitaxial film is selectively grown over exposed silicon
surfaces or seed windows having an area of 3600 um?, 0.07 um?® and 0.01 um?® respectively.
Areas surrounding the seed windows are masked by silicon nitride and there is substantially no
net growth in this region. The substrates are subjected to a cleaning process (such as RCA) to
remove native oxide from the seed windows before a SiGe epitaxial film is grown.

[0036] In Fig. 5, the growth rate for the 0.07 and 0.01 um” seed window areas are normalized
with respect to the growth rate for the 3600 um? seed window of each process condition. The

plot denoted by reference numeral 520 represents the trend for a selective epitaxial process
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100341Apart fromthe above conbination of siltnme and dichl owsil ane, otherco
source gases nay al so be used as an alternative or in onbination to deposit
a S CGe epitaxial layer (160, 260). For exanple, Disilane (S), T silane
(SI'13H5) may al so he used as an alternative or in additionto Sill.;.

and/ orwire -ongy dichlorspilanggenserhgs eselipen Ky gen and di3s iFused 8s ke sichingph
shci  variation fiiir an experinent where a SiGe epitaxial filmis

sel ectdonglopegtrwhihe thegrlotedqnowddysickdremme mundraced isrforse edestivedpiisxinbmiongssan
area of 3600 L13112, 0.07 um and 0.01 to 2 respectively. Areas surrounding

the seHRervioRBOmNaILusBASKaRe BYicsd bdeengd dddi HeLake dshie¢ eichigsdogioandti ahl y
no net growh in this region. The substrates are subjected to a cl eaning

Pr ocesgy $46 QPQ?PIB%@% 5&1’8;())%@5@}%51’% %e‘fz%i@(tb%aﬁé mairaﬁlo%?gné’%Meé)ﬁfcg € a

Si Ge epitaxia , the gro rate for the 0,07 and

0,01 utilgtzthgr%elg no'me grvc\)/w'ﬁ%l i the Hifide %grlrgrllsl. Zﬁge thickness of the SiGe epitaxial films may

be characterized using high resolution transmission electron microscopy (HRTEM) and
ellipsometric techniques.

[0037] As evident from Fig. 5, experimental results for the dichlorosilane and silane only
processes (520, 560) indicate that for seed window area of less than 0.07 um?, variations in seed
window area have a significant impact on the deposition rate of SiGe. Specifically, the use of
dichlorosilane as a silicon growth component leads to an increase in deposition rate as seed
window size is reduced below 0.07 um? while the silane process 560 shows the opposite trend,
that is, the deposition rate decreases as seed window size is reduced below 0.07 um®. Applying
the results of Fig. 5 to the example in Fig. 4 where the first and second recesses (140, 240) have
the same length (dimension extending into the plane of the paper) and depth but different widths
of W, and W, respectively, differences in SiGe growth rate can result in the first and second
layer thickness, t, and t; that are significantly different. For example, assuming that the first and
second recesses have an area of 0.01 um? and 0.07 um? respectively and dichlorosilane is used as
the silicon source gas to provide a SiGe epilayer, the epitaxy thickness t; of the first layer 160
will be higher compared to the thickness t, of the second layer 260. Under certain
circumstances, this difference in growth rate may lead to an overfill of epitaxial material for the
first recess 140 and underfill of epitaxial material for the second recess 240 thus potentially
leading to a degradation in first and/or second device performance.

[0038] Without limiting ourselves to any particular theory, the inventors are of the opinion
that the availability of adsorbed growth component adatoms for epitaxial growth at the seed

windows becomes important when the size of the seed window is reduced to a similar order of

11



where only diehlorosilane is used as the silicon source gas and HCL is used
as the etching conponent while the plot denoted by reference nuneral 560 is
for a selective epitaxial process \vhere only slinme is used as the silicon
source gas and. HCL acts as the etching conponent. In both 520 and 560, the
pr opor Magititvgf aftiE. ditfedion lepathtad gso W hrrempeacwtiadpionso$Pr Bseasesoisijcesadatonisch
that there is no net growth in the nitride regions. The thickness of the

Si Ge ewhichtbeé a fliffismnieysthef gfpasdataely aedimsthagritiéalbrenésabutd 004 um”. The
transm ssion electron mcroscopy (I RTEM and el |ipsonetric techniques.

10037145 16MiliAlent adal g ﬁrgpi(tngi%legfgggi eREAlyidR they bOlefngarfiophhoObensidane

and silane orily processes ) indicate that” for seed w ndow area of

a
less t 0.07 .uin.2, . variations,in seed w ndow ar. h i.pi ficant

| mmact Sofe PiBbatlaauRi i Sietieh R aRals S PP PSR NBYG e SR e

di chl orosi| ane as a siljicon gr?mmh conpo ent_leggﬁ to.an increase in
deposi {iFsATICAPNersd akae F of FraBw s iz Eig & VagLEEe Belsirsgatras Pt 428 hrs
siiane process 560 shows the opposite trend, that is, the deposition rate
decr eaapsaagoswedh iMlwrdonSsiardainingrasidisresd froel By OirolE ared 2 theagas ywindowhe
results of Fig. 5 to the exanple in Fig. 4 when. the first and second
recesselercddhr %Ay, Hewesédhes sabe dneogtlbw( of Sensomainigt etadinng fiont thet beed
pl ane of the paper) and depth but different widths of WL and V!)

r especlindeln, tottht fsBFHBMEERs inftridh. CoA 9% 0WMnbediRh&, GAM URSIrésiliaRe, tRBref drkShoRNd
second | ayer thickness, ti and ti that are significantly different. For

exanpl %i;oﬁ)%ﬁ %mﬁglgfa%nh%sﬁegﬁ§ fajvzgipaialeaiﬂ%e%? grgrﬂﬁﬁséseag ?:?Iﬁlgﬁrelaqg Silde. %i%{éﬁfcegino 1u

and O. urn rositane 1s use on source gas to provide

a Sitio i layer, the i.taxy thickpess t of the first layer 160.w |l he
i gher CORBURLE Aatormeof ke bipes 5P S eRgutognalsp 1§ artiBEE « iefines 5 o
circunstances, this difference in growth rate may | ead to an overfill of
epi t axPther svitaee regrtigromethaismswich pe pderactiqowdh thausieiing rompesiene pigt Hilagnd
material for the second recess 240 thus potentially Leading to a

degr adahétom torlifférestes antheonal sedenidtydeibediorsced wanoes of dIBBdNsidsout
limting ourselves to any particular theory, the in.yentors are of the

opi ni opeBoRt Al ENAith@bivechioys’ ofondgsosbaingno Wbt BeimBoRes raadabich dxatbit
epitaxialgrowh at the seed wi ndows becones inportant when the size of the

seed w I o lar. ar : : ' i f i

T engt o B R S B e o e
have a _di.ffusion | t.h.of a oxi,mately 0.2 in-al. area,i nd

o . ek D PR TR WEBRLRR T o el Bo0gpBieR Dol Rellet ey
he dependant on the behavior_of the respective adsorbed species in relation
to sectng Redvilapgpodh d1ohigresilane suree L% Hd] %ggr%wgl. comRAnsrs ipe siapliapeqysly
areas. For exanple, in Fig. 5 when using dichlorositane as a source gas,

t her e Bppew sSiCe dpétazial filvh buse seéd Siindoovs haninggnzded ofid00rom PIE uni‘tand ddlar ea
to the seed wi ndows, whereas for silane, there seens to he an outfl ow of

Si - comhai HCNgs adatisddirinmd gye coedthaibndowsepanatt behigreonpooimgo obrtrdl dee  As
a consequence., with dichlorosilanc, there are nore adsorbed Si-containing

speci eg1@Yidit) ¥ Be iePitSERIpAEAIOVE A8 66 QRBdaH e BhliaRenofAAz6d eRGES daft
avai lability of adatons for different types of source gases may al so be

attri but di r i f . | C I
"t er ot g i ST RAGR ik RETRE aBdl BSGIQATOLAT TRCARUE ForP 4R s20he e
in thermal. em ssivity vexhibited by seed wi ndows of different size,
0030 HBTNIgR T PO RBraC VBl s W Bonu Tyt OF Satarr iy Stiead hseds
whi ch hi bi

' seu)italbleI rtatio of silane and dichlorosilane is used as silicon growth components compared to a

single silicon source gas process like those represented by 520 and 540. This is due to the
combination of silane and dichlorosilane exhibiting opposed epitaxial growth rate behavior as

2

seed window area is reduced below 0.07 um”. For example in one experiment, a flow ratio of
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opposed grow h rate versus seed w ndow size behavior, SiC3e is selectively
grown over a nitride masked silicon wafer simlar to that used in the
processes associated with plot 520 and 560 but using both silane and

di chl orosil ane source gases as Sigrowh conponents for sinultanepusly

Si Ge el t@kd &ir silpnen digklorasdaee Wﬁgmsdmdiar@owh rateedf of> Bhanl 4PnY's fof ©7 anp
and 0.01 ura2. HCL is also included in the gas conbination as a separate

et chi rEB0OOMPDAEND.0 QnConhdeks tdpectBelyecti vity of the opitaxial process. Plot
560 represents the resultant nornmalized growh rate variation with seed

w ndom)gg@_a f ot Ep?&'_eﬁ \éﬁfbg&aﬁhi BEthePLOGRRR: is AR iBULHRRE of rtl‘igrlrf\:/hlgtiorﬁratﬁé?e

variation’in epitaxial growh rate wtti seed w ndow size can

substantial l.y redyced en suitable.ratio.of si.l.anc_and diehiorosilane is
ased 20u Fites SEHECAIER, o hics PELRbbe ot 22U AT L olaER TRk B
process |ike those represented by 520 and 540, This is due to the_. i
Conbi RGN BENESH, PRI SHUERFGY0S) JURESIaRhy b SPRGOBHIS T SrueprT whilg still
growm h rate behavior as seed wi ndow area is reduced bel ow 0.07 |Inn2. For
exanpl rgovidingreesemxipenrdunton that dalf wathiny the iseopsfofthe ireludsd febimsj Alj peatters hitherto

di chlorosilane : HG produced a growh rate of 5.9, 6.1 and 6.0for the
3600, 0t Gfttahde®. &lshbowinrih2hwvkodawsnyiapekiwings vre LORADICHetedriafaariilastrative
enbodi nent of the invention is an illustrative of the invention rather than
i m ting Rh-lh€nkR4RBLion. It is to he understood that revisions and

nodi fications may he made to nethods, ma,erials structures and di nensi ons
nico doctor structure while still providing a sem conductor that fal

within the scope of e included elains"4?11 matters hitherto set forth
herein or shown in the acconpanying drawings are to be interpreted in an
illustrative and non-limting sense. Wat i.s clained is; CLAIMS 1. A

net hod for fabricating a sem conductor device conpri sing:

13



providing a substrate conprising a first and second device structures;
formng a first and a second exposed portions of the substrate adjacent to
the first and second device structures respectively, wherein the first and

second exposed portions are of different size; and ously
f or mi nyhat i clagmed wyer over the first and second exposed portions of the
substrate by using a gas m xture conpri sing: first and second source

gases that function asnrawth conpon€itddMSor formng the first |ayer,
wherein one of first and second source gases fo ns the first layer at a

f ast ery rat es eygiiod 0e fdoricstineX RRsieshdveiot Hevice bsppdigae:t 0 t he second exposed
portion and the other source gas exhibits an opposite behavior. 2. The

method as GUBLARE J duchAtL %eggﬁgiﬁ%aﬁfréi%nagé&hgh@w@é strgorged.ecti vely formed

over the first second exposed portions of the substrate and the gas

i Xt f h i t t f ' '
Component TP TS| 1T e Cov o or lans 1iiSF AR Re AT it i
reactant gas being different fromthe first and second source gases.
The methO 4ay1 SHUARERSITRSPEFAY Shy 2V ey Fhisi fﬁfS%@%éewf@eWOﬁreGrmﬁf&S%FFeot?i rst

| ayer conprises selectively wowing the first layer in an epitaxial process.
4. The drffetvotisias aoflai mned in claim3, when the first |ayer conprises one of
Si SiGe or SiC or a conbination of one or nore thereof. The et hod
as cl ai med dimutth@ons13 fornkiag eifitsttifyer bi¢rahe find asesmndd squsektp@tieesofahe

silicon source gases.
substrate by using a gas mixture comprising:
first and second source gases that function as growth components for forming the
first layer, wherein one of first and second source gases forms the first layer at a faster

rate over the first exposed portion compared to the second exposed portion and the other

source gas exhibits an opposite behavior.

2. The method as claimed in claim 1, wherein the first layer is selectively formed over the
first and second exposed portions of the substrate and the gas mixture further comprises a
reactant gas that functions as an etching component for controlling selectivity of the first layer

growth, the reactant gas being different from the first and second source gases.

3. The method as claimed in claim 2, wherein selectively forming the first layer comprises

selectively growing the first layer in an epitaxial process.

4. The method as claimed in claim 3, wherein the first layer comprises one of Si, SiGe or

SiC or a combination of one or more thereof.
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The method as clainmed in claim5, wherein the first source gas is siltne
and - he second source gas is dichiorosilane, 7. The nmethod as clained in
ci win 3, wherein the etching conponent conprises fICL. 8. The nethod as
claimed in claim3, wherejn the first and second exposed portions have a
seed wndow! & B4teA a clormegt Heelgim §.eierein the firsid sreeHoWUES gateticed! P cl ai m
1, wherein the first and second device structures each conprise a gate
stack $awedaghisery a gate dielectric formed over the substrate and a gate

el ectrode overlying the gate dielectric, and spacers surrounding the gate
stack. 10. The nethod clained claim9, wherein the first layer is
selectively fornmed in an epitaxial process, the gas at ixture further

conpri ges aTheaet@dts 9RSmENA clEiHNS ti1RRSH 8% @Rt fluehd %}Qiscﬁﬁﬁé)ﬁkﬁf'ﬂmfs&fond _
controlling selectivity of the First layer gromh, the reactant gas being

differ f . i and second source gases. 11. The nethod as
claine%ﬂﬁﬁaéﬁg%%gﬁoﬁhg%%?n the first layer is a stress inducing |ayer.

17. The nethod as claimed in claiml 1, wherein the first and second exposed
portions of the substrate are trenches forned within the substrate. 14.
The method as clainmed in claim13, wherein the first source gas is silaric
and t hé sechheimsted e clgased v duightorlwssin diveetching component comprises HCL.

8. The method as claimed in claim 3, wherein the first and second exposed portions have a

seed window area of 0.07 um? or less.

9. The method as claimed in claim 1, wherein the first and second device structures each
comprise a gate stack including a gate dielectric formed over the substrate and a gate electrode

overlying the gate dielectric, and spacers surrounding the gate stack.

10. The method as claimed in claim 9, wherein the first layer is selectively formed in an
epitaxial process, the gas mixture further comprises a reactant gas that functions as an etching
component for controlling selectivity of the first layer growth, the reactant gas being different

from the first and second source gases.
11. The method as claimed in claim 10, wherein the first layer is a stress inducing layer.

12. The method as claimed in claim 11, wherein the first and second exposed portions of the

substrate are trenches formed within the substrate.

13. The method as claimed in claim 11, wherein the first layer comprises SiGE.
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15. The method as-ted in claim 14, wherein he etching conponent conprises

HCL. The nethod as clained in claim 14, wherein the flow rate of
slinme is between around 60 scorn and the flow rate of dichl orosi around
90-1.1. 0 see 7 The. ne as clainmed in.claiml1l, wherein the ratlo of
the fitst ah ﬂas E@HF@tel“g‘g%l@s 13, &@{%Ihthﬁé‘}rftwemcsfga% Kellaggnddae pegond

simficantly nnre dom nant than the other. 18. A nmethod for fabricating a
sem coaoest 898 idévhlewsdapy usi ng: provi ding a substrate conprising a first
and second devi ce structures; forming a first and a second exposed
portions of the substrate adjacent to the first and second. device
structures respectively, wherein the -first and second exposed portions are

of differenthSiné@od a96laimed in $BhEH, Wt@ln RN @&nhpdnsht dodyRkeomer, t he
first and second exposed portions of the substrate by using a gas m xture

conpri si ng: first and second source gases that function as growth
conponents thr kinning the first layer; and a reactant gas that

functipns a onent. for con lin lL.ecti of t first
| yer How ningRelpl i AiFCTREER: 1 Naerroretion RRssHan fetVorm el
source gases wherein one of first and second source gases forns the
first ¢<g§ﬁ@m%mdthe flawtrate of dickl@oetanpés Hatwesn agpsk¥ 1 fdsaciton conmpared to the
second exposed portion and the other source gas exhibits an opposite
behavi or.

17. The method as claimed in claim 1, wherein the ratio of the first and second source gases

is such neither of the sources is significantly more dominant than the other.

18. A method for fabricating a semiconductor device comprising:
providing a substrate comprising a first and second device structures;
forming a first and a second exposed portions of the substrate adjacent to the first and
second device structures respectively, wherein the first and second exposed portions are of
different size; and
selectively forming a first layer over the first and second exposed portions of the
substrate by using a gas mixture comprising;:
first and second source gases that function as growth components for forming the
first layer; and
a reactant gas that functions as an etching component for controlling selectivity of
the first layer growth, the reactant gas being different from the first and second source
gases,
wherein one of first and second source gases forms the first layer at a faster rate
over the first exposed portion compared to the second exposed portion and the other

source gas exhibits an opposite behavior.
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