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The present invention relates-generally to oxid i’é%cmtitsxe:magmo\;lc!t@ﬁaged (4'

slibstrates and, nore specifically, to oxidation _BfCIgiiIﬂ(k)COrt,paw.@ﬂkdlﬁﬂge&)r(' a

conbi nat i on @ipneddigdsEng fabrication of Semi cidddetiiess) : paged .. L. 10 paged &
BACKGROUND OF THE | NVENTI ON At YA | [qUsABtages Gukdanbet eg:gzd ?‘f/
manuf acture of ahfi egrated circuit on a sem denductor subsfrate It fily be

necessary to create an area of oxide coating. Traditionally, sem conductor

substrates ar gqgdrceoR~and -8 desiked axide,coatd | RN eXo]p W¥e NaVANe T
Oxi dati on of s“i;ﬁ%:éggtr% i“sO% agltoﬁér‘r%m%l y&gé'&g‘)éggn?g:pgoécgé}glsd,d:NgDZJr?grog Ir%'?)% gg)rgfxg‘r%rred

at tenperatures of between 900- 1@3808c IkibsIkpormrdNmt the thernal
oxidation rate of silicon at those tenperatures is further dependent on

many paraneters, including, but not limted to: the crystall ographic

orientation of the Si; the Si dopi ngde@yekart PerPsesence of hal ogen
g

impurities (A, HO, TCA TCE) int 5*“The pressure during

growt h; the presence of a plasma during growth; and the presence of a
photon flux during gro “lp Lt . f I L0 the gas
phase during an oxidatr%ﬁe é%?gﬂt #§9%+§%h2§§%%ﬁfg 3g§e?g29§n%pantation to
oxidation of semiconductor substrates and, more
specifically, to oxidation of silicon, germanium, or a

combination thereof during fabrication of semiconductors.
BACKGR D OF THE INVENTI

At various stages during the manufacture of an
integrated circuit on a semiconductor substrate it may be
necessary to create an area of oxide coating.
Traditionally, semiconductor substrates are silicon and the
desired oxide coating is silicon dioxide., Oxidation of
silicon is a thermally dependant process, generally
performed at temperatures of between 900-1050°C. It is

known that the thermal oxidation rate of silicon at those

¢

temperatures is further dependenp on many parameters,
including, but not limited to: the crystallographic
orientation of the Si: the Si doping level; the presepce of
halogen impurities (Cl, HCl, TCA, TCE) in the gas phase; the
pressure during growth,; the presence of a plasﬁa during
growth; and the presence of a photon flux duriﬁé growth. In
addition to the use of halogens in the gas phase during an

oxidation step, it is also known to use ion implantation to
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sel ectiively inplant halogen ions in silicon to provide sinultaneous
differential (greater) oxidation of the inplanted regions vs. non-inpl anted
regi ons during an oxidation step. The hi gh tenperatures
traditionally used for silicon oxidatiog have drawbacks, however, at
certain stages of sem conductor manufacture. For instance, high
tenperatures may cause undesired diffusion of dopants, which in turn may
degr ade per f sredmiete vefl vt Hepdenitcbadlagenriaresiioe siTiasn torpaovidei dation
st.ep perfornmed after well dopants _are in _place, or, after squrce and drain
di f f usi on reﬁP@Hé%ﬁQ98u5egﬁ9%?€89Eﬁ?ftﬁ%r 'QTtiQ§ﬁd§FéB”c?gaFé§ t he
undesired ef figpl 2@ etledegli bhULNInERPERS Fa Me il 48heNduring an For
exanpl e, after pattern efching, such as reactive ion etching” (R E) of a
pol ygate, cemxddatfieat gtep.-in the device structure require an oxidation
step to repair undesired etch features or defects. These defects often
occur on sidewalls or non-planar structures of the device.

Referring now to Figs. The- hdght bemperstitésidinaaiied onapl gcesedf foret ching a
gate structure 20. As ,shown in Fig. 1, a- typical sem conductor wafer 9
may conpri se S31d608d O%dAR L4100 Rakapdrakacksy, BOVEYEE . dRE| E8FFREN oFLGE e

layer 12 aboyg lsBe pehlcRBd A2RRFYSLLEEON Ay dlstnibsPgsgg on top of the

gate oxi de | ayer e typical process ing a pa gate structure
20 (shown i ntieémgperédrurespmayesaappl yhdgs trgrhadidifesisn &8 dupantde which
polysilicon l.ayer 14 as shown in Fig. 1. The h%toresLst 18 is tgen,exposed
and in turn may degrade performance of the semiconductor. device.

Thus, for any oxidation step performed after well dopants
are in place, or after source and drain diffusion regions
have been created, the oxidation step creates the undesired

effect of redistributing dopants by diffusion.

For example, after pattern etching, such as
reactive ion etching (RIE) of a polygate, certain features ‘
in the device structure require an oxidation step to repair
undesired etch features or defects. These defects often

occur on sidewalls or non-planar structures of the device.

o’ Referring now to Figs., 1 - 4, there is illustrated
a process for etching a gate structure 20. As shown in F@g.

. 1, a typical semiconductor wafer 9'may;comprise a doped well
10 in substrate 11, a gate dielectric or oxide layer 12
above the well, and a polysilicon layer 14 disposed on top
of the gate oxide layer. The typical process for making a
patterned gate structure 20 (shown in Fig. 4) comprises
applying a photoresist 18 over the polysilicon layer 14 as
shown in Fig. 1. The photoresist 18 is then exposed and

e ——
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3 devel oped in a pattern that exposes regions 22, as shown in Fig. 2. The
-l ayers under the exposed regions 22 wll be renovedThimSMH&tBémﬂggaotggocess

such as RIE, while the |ayers under protective photor [ | not be
renoved. Rl E renoves the exposed regions gmm&nt ially
ani sotropic, or vertical, manner to create isolated g 20 under
protective photoresist 18, as shown in Fig. 3. Oten, to fully renove al

t he unwant eteYRallopsd ilcor gatéemat éh bl efpayast opgdraphi2, fasatshioes iin t he

devi , | med -pojnted - h" i ed. [ hi
over - ot ah, S O n 1 SoREde ITAPE: CAo LIRSREC REVGARE ZAIGa Poon | ayer 14

may be et cheshowdd fm@nuedehihfepedesss Sudn bierys) ewppl ¢/ HiHd Q@Rerayer,
causi ng undercut 24 in sidewall 26. The sidewall 26 is critical "for device
reliabilit WA @hiateqtizedphosngeshet i ¢ridii aetdbgrmtpmoveds nost severe
here), so the gate oxide 12 nust be re-grown on sidewall 26 before any
further processing is done. Typically, the photoresist 18 is renoved, and a
si dewal | oxi dation pRidegemoxedi the eipoged yweigivoon2gaire axige 15 and t he
adj acent area. The sidewall oxidation fills i.n undercué 24 in gate oxide 12
of Fig. 3, GOIRAAL BEePERGPR R oOF SRR AT gl 8% ok° FEESEE shown i n
Fig. 4. Gatpsendtta bhteastsletiren2bi Gnddr Hriklect deVBhotardddatt aBy,i s
general |y thicker than the original gate oxide 12 of Fig. 3. Excess
portions of2¥ ewhdir dddgade oRf8eni2tyeSdy ?ﬁ@%@r@lgrﬁtﬁ uEeEinEednder

gat e pol ysi 'ﬁgﬂ. repe. r . o

high-tenpe#%% re'%%? ag%oﬁ g8£8}?3§0§ﬁ?%rrpg%ﬁggmlc féatur%%ﬁ@%%?ﬁbnally

used for thdeviteematictutiedat Bohim8dcansend-poilnited- tevaeraetalr” iaxi dati on
used. During this over-etch, the thin gate oxide layer 12

under the gate polysilicon layer 14 may be etched out from
under the edge 15 of the gate polysilicon layer, causing
undercut 24 in sidewall 26.- The sidewall 26 is critical for
device reliability (electric fields, and therefore oxide
damage, are most severe here), so the gate oxide 12 must be
re-grown on sidewall 26 before any further processing is
done. Typically, the photoresist 18 is removed, and a
sidewall oxidation process oxidizes the polysilicon gate
edge 15 and the adjacent area. The sidewall oxidation fills

L in undercut 24 in gaée oxide 12 of Fig. 3, generally
resulting in a repaired gate oxide 112, as shown in Fig. 4.
Gate oxide 112 as shown in Fig. 4 after sidewall oxidation,
1s generally thicker than the original gate oxide 12 of Fig
3. Excess portions of the repaired.gate oxide 12 beyond the
portion directly under gate polysilicon layer 14, may later
be removed. '

A high-temperature oxidation (900 - 1050°) is
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fs done after all the doping is conpleted in well 10, the hi gh-“t”é.r'rf)eré't"uhr“és
may di ffuse the dopants, potentially resulting in degradeg§eynedBeen Replaced

perf ormance. In view of the shortcom ngs of the 1 ' re
is a need for a silicon oxidation process that mninzes dmuﬁglﬁrl JN n.
SUMVARY COF THE | NVENTI ON An aspect of the present i

relates to a process for thermal oxidation of a sem conductor substrate

having at | easivedreodoped & eak orvdanad WikByali | ®asdatas . dopapsuseach doped
region subject to a first anount of diffusion of said dopant when said

substrate i theedled-Gempesa ture tonmstatdioar dsgders aif ta¥adldbblie S8D{RG ] C for
a first ting I id fi } eri. 1.5l a ) tinme
required t(r)n%l g’f?v?/hgge(g)a(?dgnrdé%'lf%n'{q{g\%h%ghéggfg%@ée#%%é ?‘ﬁ? gg%%éggé\hen sai d
substrate i sHeeabpdnth, apooat ti#l Ny wdviledhgain tdeyfadest deedper ature, the
process conprising the steps of: a) introducing chlorine ions into
t he substrat@fﬁgfrgﬁﬁﬁgi'ng the substrate to a chlorine plasma, and then

b) growi ng the oxide region of said predeterm ned thickness by heating the

substrate in one of (1) the oxidizi n%q%rrbi ent at a second tenperature |ess
than said first tenpef8tVit® @hdERD)SHOKECERLIATS i MY BiOPERPTadIEai d fir st

t enperat ure r..a;3eco i rd.od 1 ess,t . Sai LTSt ebl peri od;
wherein perf%l%ﬁgnéé %fag?&eplz&(’(% édl(ri‘,gé(ogl) éf(éggﬁ&?lﬁgdgé%oﬁghgemunt of

di ffusi on t mdinimd zeesdophat dhffbdiorat anount of diffusion.

Anot her aspect of the present invention relates to a process for thermnal

oxi dation of a sem conductor substrate conprising a first diffusion region

therein, the process conpri siSIMMARY SFefHEOINVENTION a) exposing the

substrate to a chlorine plasm, and then b) heating said substrate
in an oxidizing anbient at a tenperature of between about 650[err]C and
about 750[err]C for grhai pgesepe almantienoxeletéayry aoyawceasdrdrr st

di ffusion reqi

1 on. ) . , -4a -
A further adp&cmads Of‘ﬁgaﬁ%%%e?l’f 3 rﬁﬁ’é‘f'?'tqoér"?uféf’étfé%bﬁtbtaj:ﬁermltpﬁn&iagefﬁer nal
oxi dati on ofegppliehaly %xpaéiﬁgyézs@uwﬁﬁ%c t8" & SAR AIHIORS p1kBRa P’ #68SS
conprising the steps of: a) introducing chlorine ions onto the
plurality ofthenydealtiogr spai substrafiaatirons byidkpbng mgiestpl ufbeity of
crystallographi G r is2ahahl 9nfy ALARY (PR nbQt2nd WP Wemperature

of between 750°C and 850°C.

The present invention further relates to
simultaneous thermal oxidation of a plurality of )
crystallographic orientations, the process comprising the
steps of exposing the plurality of crystallographic
orientations simultaneously to a chlorine plasma, and then
heating the plurality of crystallographic orientations

simultaneously in an oxidizing ambient.

It is to be understood that both the foregoing
general description and the following detailed description

are exemplary, but are not restrictive, of the invention.



pl asma, and then b) heating the plurality of—Tr

orienhtations sinmultaneously in an oxidizing anbi ent. A further
aspect of the present invention relates to a process’ f s Sheas HmsHee nReplgkag i on
of - a semiconductor substrate, the process conprising thi”

a) exposing the substrate to a chlorine g asma, and the UM’[
heating the substrate in an oxidizing anbient to create a sacri

oxi de. Yet another aspect of the present invention relates to a
process for thermal OXIdatIl, ate conprising a
gate having a gate oxide, .t ke c : eps of: a)
exposing said gate to an etchlng process that forns an undercut in said

gate oxide, then 05|n the substrate to_a chlorlne pl asma,
and t hen i q 5S¢ “ﬁdﬁﬁs QP ZF Ui ent to grow

c
an oxi de | ay. a]fﬁ%{)j{;{fﬁéé{%ﬂ%é%& A w hen read m'&o %@lc?g vith

under st ood t or egol ng génera escrlptlon an | 1 ow ng

det ai | ed desfhe p¢oumpmaTey imneergrtaaring butltais nmphaeszedctham% aﬁcdﬁdnng
i nventi on.

DESCRI PTI ON '@ f[ﬁmﬂméractlcer therﬁ’éli%ntfieéﬁuﬁs bRE t LR RN %*‘r%m t he

foll owi ng deg ékg#%l[ﬂ q?g} n n thet
acconpanylng dramnng |éh53%ﬁ25|ze at tﬁ§c§§§%?§8°¥% %%Q%gi practi ce,
t he vari ous vapicusfedturtes drmavarpistrmaridly eapanded. oOnredwcadnfornry, the

di mensi ons of_ the various f ures are arhitrarily expanded, or reduced for
clarity. Inc?%&E&FYT1t?ﬂ?%ﬂé%érﬁ?254§ (HERHY BFFngh 'gﬂrgQWlng figures:

N

Fig. 1 is a cross-sectional illustration of the

layers of a prior art semiconductor device:

Fig. 2 is a cross-sectional illustration of the
semiconductor device of Fig. 1 following exposure and

developing of the photoresist;

Fig. 3 is a cross~sectional illustration of the

semiconductor device of Fig. 2 following a RIE step:;

Fig. 4 is a cross-sectional illustration of the
semiconductor device of Fig. 3 following re-growth of the

oxide layer;

Fig. 5 is a flowchart depicting an exemplary

process of the present invention;

Fig. 6 is a cross-sectional illustration of the
semiconductor device of Fig. 3 being treated in accordance

with an exemplary embodiment of the present invention;



Fig. 1 is a cross-sectional illustration of the | ayers—ef—a—prior—a

sem’conduct or devi ce; Fig. 2 is a cross-sectional illus

of the sem conductor device of Fig. 1 follow ng exposur &hia3heet HasnBek: of
. .

f he photoresi st; Fig. 3 is a.cross-sectional nnm’mmﬂ

t he.sem.conductor device of Fig. 2 followng a RIE step;
1s a cross-sectional illustration of the sem conductor device o Ig. 3
following re-gromh of the oxide |ayer; Fig. 5is a flowhart

depi cting an exenpl aryigr oteis 0fgrizpa aéese@énﬁmgemhhoamcentratmn Fig. 6
is a cross-sgctlonal Il lustration of the sem conductor device of Fig. 3

bei ng treat 8 PAPARES LR F&ARES tak O BRPEGPIN aﬁo@dpﬁeﬁtﬂ 5e91PR i)?‘é%‘ént

invention; oxidation; Fig. 7is a
graph representing the concentration of dopant s mnth respect' to the depth
of a doped region after oxidation; Fig. 8 is a cross-sectiona

IlTustration of a pFHjg g is a cross-sectional illustration of a pFET
and an nFET structure on a substrate, having a p+ diffusion
region adjacent to the pFET gate;

Fig. 9 is a2 cross-~sectional illustration of the

PFET and nFET structures of Fig. 8 following creation of a

(

protective oxide layer over the p+ diffusion region in
accordance with an exemplary embodiment of the present

invention;

Fig. 10 is a cross-sectional illustration of:the

structures of Fig. 9 following further process steps:;

Fig. 11 is a flowchart depicting the process of
the present invention as applied to the exemplary embodiment
illustrated in Figs. 8-10.

(o Fig. 12 is a cross-sectional illustration of a
cylindrical, vertical gate structure according to a second

exemplary embodiment of the present invention; and

Fig. 13 is a plan view of the cylindrical,
vertical gate structure of Fig, l2.

ILED DESCRIPTION HE INVENTION

Referring now to the drawing, wherein like



and an nFET structure on a substrate, having a p+ diffusion region adjacent
to the pFET gate; Fig. 9 is a cross-sectional il hSheettlds Been®Epliche
pFET and nFET structures of Fig. 8 following creation o oxi de
I"ayer over the p+ diffusion region in accordance with a uﬂ
enbadi nent of the present invention; Fig. 10 1s a
eross-sectional illustration of the structures of Fig. 9 follow ng further

process stepgference numerald Grefdr it® aikkouchasit depimidgrguthe rpgocess of
the present invention as applied to the exenp[arg_enbodlnent~|Ilustrated in
Fi gs. 8-10.depicts &j§louphast plrddes@edi srafatiPuRTORESSn agfogding
cylindrical,_v ot} a r ot di 0; §ﬁ9 d exenpl ary

embodi ment o g%éhgféggn%ﬁPﬁéén W%Lé% gﬁ‘ 5Qgggn£ iy [ 3BL13 is a plan view

of the cyli gdseaghalygltthel igadet i upreésels &kgosiiy a substrate,
DETAI LED DESCRI PTI ON. OF THE | NVENTI ON Referring now to the
drawi ng, wh&FepnPPrkéon of a substrate, to a chlorine plasma ZD St&Perence

nurer al s re% @,tgnbi%ﬁeﬁlﬁgggﬁﬁgt{Hé“§HH¥yiatgi9n 2n oxidizing ambient
in step 502. The invention may be further understood with

respect to specific examples.

Referring now to Fig. 6, there is shown an

S illustration of gate 20/, similar to gate 20 of Fig. 2,
undergoing an exemplary process of the present invention.
In accordance with the present invention, first the wafer 9,
including undercut 24 in gate oxide 12, is exposed to an
unbiased, isotropic chlorine plasma 36. The chlorine plasma
36 introduces chlorine at high concentrations into the near
surface of the exposed silicon, to depths of about 10 - 20
Angstroms. Then the silicon is exposed to an cxidizing
ambient for a predetermined time period at a temperature of
between about 750°C and about 850°C. Preferably, the
temperature may be zbout 800°C.

The time period required for an 800°C oxidation
step following treatment with the chlorine plasma is
equivalent to the time period required for a 1025°C
oxidation without the chlorine plasma. The resulting gate
structure 20’ having re~grown oxide layer 12, is similar to
gate structure 20 constructed in accordance with the prior
a2rt as shown in Fig. 4. The gate structure 20’ constructed
in accordance with the exempléry process of the present



--—-—————M
depicts a flowhart of a thermal oxidation process accordi ng an exenpl ary

enbodi nent of the present invention. Essentially, the Thsgetlaben tkes
exposi ng a -substrate, or a portion of a substrate, to a|iHdIk ma in
step 500, and then heating the substrate in an oxidizin&ﬂﬁ = tep
502.. The:invention may be further understood with respe Citic
exanpl es. Referring nowto Fi§. 6, there is shown an
illustration of gate 20', simlar to gate 20 of Fig. k2, undergoing an
exenpl ary priotédsigp ¢ REWEYeSentns ICHROTERF d@é’%r d&nEQev\?‘f)rfPet he present
invention, figgl t-he wafer 9, including undercut 24 in gate oxide 12, is

exposed to an unbi ased, isotropic chlorine plasma 36. The chlorine plasna
36 introduces chlorine at high concentrations into the near surface of the

exposed silicon, to dgaptBsnofiddOHt 210 ivh2PefPOsitheRs oxIBeRidMested i con is
exposed to an oxidizing anbient flor a predetermned tine period at a

t enper at ur e &7l Uoetingeaxpboure 750 [@ridxdnandlasmutcce3a] ber fondumtEfceriabl y, t he

For "an- 800 AAYiC OEARt PBre st e TeRRsRaRY e st e ERe PR i e

plasnma is eqicd ehlok@nehexpos®reer iTod st agyi axsb fresuat 1025 r] C oxi dati on
wi t hout the chlorine plasma. The resultin ate struycture 20! . having

re- grown oxiERQWQQFeﬂlfﬁpsigns?$ﬁ¢QSaﬂFod@é€59%¥§%ﬁﬂﬁJﬂB 5he st ructed in
accordance with the prior art as shown in Fig. 4. The gate structure 20

constructed in accordance wth_the exenplari‘process of the present
8 invention, however, TRAcP&RRT dMasmiand o BRIV tFd OFR N8P a2F .

Al ternati vel gy 2yl QirESAROS A G P4 RIhORIGAEP chlorine
concentration at the silicon surface than the use of HCl gas
(or other halogen-containing gases) during the oxidation
- process. Furthermore, the higher chlorine concentration at

the surface provides for an increased oxidation rate at the
low oxidatrion temperatures of the present invention as
compared to the oxidation rate using a halogen-containing
gas during the oxidation process. It may be possible to
achieve 30-40% chlorine in the surface with the plasma
process, while the gas phase method is restricted to a few
percent because the surface is oxidized simultaneously with

(e the chlorine exposure, thus preventing furthex chlorine

penetration.

In addition, an unbiased, isotropic plasma is
essential when it is necessary for the chlorine to contact
structures having non-planar topography, such as an undercut
gate sidewall, For planar structures, a biased or

anisotropic plasma may be used.
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f-ol | owi ng exposure to chlorine plasma could be conduct ed +n-tess—tire-than—
a high-tenperature oxidation step without prior chlorine exposure. This may
also result in the reduced diffusion of dopant dlstrlbutlo'ﬁlssshnﬂﬂtﬁ@ﬂmﬂetﬂ%ed
The use of plasma to deliver chlorine to the silicon surfac

much hi gher chlorine concentration at the silicon surface t

HCl gas (or other hal ogen-containing ga8es) during the oxidation process
Furt hernore, the higher Chlorine concentration at the surface provides for

an i ncreased oxidat| I da arahure f, the
present invention as fégéf %ﬁ dgleflé%grat us?ﬁé ékébb

hal ogen- comk@hnkmgggaslﬂudepmbtinaAngsﬁ&bmgnvaQQﬁsaogh;owayqbgnp053|ble to
achi eve 30-40% chlorine in the surface with the plasma process, while the

gas phase rﬁqmt@t#egtwc@%@ns/@@lf%weﬁém%@rfbeééegewfh@a@m ace is
oxi di zed sigplfa &lébxe%wsté}?e wlqr ggﬁfﬁgpgfwﬁbu%ﬂﬁ gfé‘é&e'}}' ng further

chl orine penetratlo unbr ase I'sot ropi c
pl asma is dszaerttem@lemﬂﬁenel bxida tnmressst@pyofothe hper ecdeindr nneemmmm.nt act

structures havin n- Ian [ _top §s.an unde te_si dewal
For pl anar @‘F %Jng' 5’15 %ﬁ‘%ﬁ%ka?p%otaf’ p?c 17 S F‘fﬁé’f %@

9 doparef RDHCBELPEYE &9 Ft GelectleReaeptss s f&w@n@;gmphcmpl cting
wel|l depth in Angstrons vs. the log[err] of dopant concentration in

at ons/ cubi A EiSnEter degifed RedkmEnGh "aé)&?.% BT orefpesshation wel |
d d f |
dopi ng 'St@f{“t&h%%z‘ teféuéh é}’%ﬁt)@sg(?}%@%glg é}%.fés%?xt%ﬁp %.m;é‘ present

i nventi on. rve Isti stinct v 9 of
dopapt cdnaﬂnﬂnawmmnoatofedqpamﬂb(hﬁndssargsfentm&ﬂﬂmgzeﬁedevnce

performance, such as for threshold-adjust and anti-
punchthrough implants for buried channel devices, for

example.

Curve 27’, on the other hand, depicts the well
doping distribution after a high-temperature oxidation.
Curve 27’, as shown in Fig. 7, has a flattened distribution
deveid of distinct peaks or valleys, due to diffusion of the
dopants during the high-~temperature step. The flattened
dopant distribution may have a negative impact on device

performance.

The use of the process of the present invention
for sidewall oxidation is especially advantageous, because
sidewall oxidation is one of the remaining long, high-
temperature processes that diffuses the dopants.
Stabilization anneals used after the dopants are implanted
can minimize the dopant movement in subsequent anneals when
the subsequent anneals are short, as in the activation of

source/drain implants and in contact silicide formation.



ch

sane as the desired peaks and valleys prior to oxidation )—Such
peaks and vall eys represent an optimal distribution of dopants necessary
for maxim zed device performance, such as for threshol d- adj WstShatiths Besh Replaceq

puncht hrough inplants for buried channel devices, for exanpl i} I
Curve'27', on the other hand, depicts the well doping distri Hﬂ”gdub
hi gh-t enperature oxi dation. Curve 27', as shown in Fig. 7, has a

di stribution devoid of distinct peaks or vall eys, due to diffusion of the
dopant s duri Bbhus hes Idepsallermpadatioa prepenThea fdmateredogapandi fifiss ¥orbut i on
may have a n I ve. inmpact qQn device_perfornmnce. .. .. Jhe use of

t he process g?g% h%h?)g} er@b%ts ST naBB?agfde%‘flreﬁ%ilﬁﬁtsi BAdt Si ¥ eci al |y
advant ageousprbeeeusen sdutevald o §abeeBsi 1 0 YrelskAt! eAREM 16h | ONY,

hi gh- tenperature processes that diffuses the dopants. Stabilization
anneal s used after the dopants are inplanted can m nim ze the dopant
novenment in subsequents g esietonaRges! - Sshort, as in
the activation of sourgg? raf%kﬁggFaﬁggoiﬁgéin cg%?a?? gi ?%?ﬁgﬁgornation
10 Thus, si dphastha oxbdidthiem expesdngsthegskhiern dapamnt odifif msagramdisdntt han

t he subsequent anpeal s, .and requi.res,gdditional protection such as. the
process of tﬁé Preisk SHRAERATERY oXd SEL6n o0 %%PE@e@@Yo?eéyﬂggﬁ

silicon to atghimyifel MasEkiRE ibRACPresess| Ny Mdete! i €0Dst Gedfiraxiwh zing
anbient at a | ower-than-normal oxidation tenperature nmay be applied to any
silicon oxi deeERNEPMRREI RS FONhERE BRYi BedFIred toO

O
A

The process of the present invention may further
be used in a process for integration of n- and p-type
diffusion sources into a silicon substrate. Referring now
to Figs, 8 ~ 11, there 1s shown a schematic illustration in
Figs. 8 - 10 of a portion of a wafer 28 undergoing steps in
an exemplary process depicted in the flowchart of Fig. 11.
Wafer 28 comprises a silicon substrate 30 having a pFET gate
32 and an nFET gate 34 thereon, and.a p+ diffusion region 33
adjacent to pFET gate 32, The process generally comprises
(a) at Step 1100, exposing the wafer 28 to a chlorine plasma
36 as illustrated in Fig. 8; (b) at Step 1102, exposing the
wafer to an oxidizing ambient for a predetermined time
period at a temperature of between.about 650°C and about
750°C to provide an oxide layer 40 over the p+ diffusion
region 33 as illustrated in Fig. é; (c) at Step 1104,
creating an n+ diffusion region 35 (shown in Fig. 10)
adjacent to nFET gate 34; and (d) at Step 1106, etching away
the oxide layer 40, achieving the resulting structure shown

in Fig. 10.



~keep tenperatures |ow for any reason. The process of the
present invention may further be used in a procesisfSat iRb&IRGALGN Of N-
and p-type diffusion sources-into a silicon substr ; 1 nNow to
"Figs. 8 - 11, there is shown a schenmatic iIIustratﬂ%i,ﬂﬂHﬂﬁlH’E - 10 of a
por.tion of a wafer 28 undergoing steps ih an exenpl epicted in
-the flowhart of Fig. 11. Wafer 28 conprises a silicon substrate 30 havi ng
a pFET gate 32 and an nFET gate 34 thereon, and a p+ diffusion region 33
adj acent to pFET gat eT’32.abkhe process gepesbid \bec pepfbsesd (idjerat tHeep 1100,
“exposing the fer 28 to a chloyine plasma 36.as illustrated in .Fig. 8; (b)
2t Step 105" BKERSTTRY UIREARE o 05 SREOREUI Si50F 4AFI BROCSGREd, 4 th

predet er m nefet pRRdOCL4 ek &rovd AMPLRbYEEN ¢ HRIWeEB BhOsdA©50[err] C and
about 750[err]C to provide an oxide |ayer 40 over the p+ diffusion region
33 as il lustnzeation, Red the (Qpposttel¥pchanged @rredemiagn ahd nis di f f usi on
regi on 35 (%Qgg@ean Shdﬁo) adj acent to nFET gate 34; and (d) at Step

1106, etchi ng away Sgke oxi de |l ayer 40, achieving the resulting structure
shown in Fig. 10. The

11
above process may als e f or ned r e, N+ g fiusion regio 51s
created first and pro?)é t Jf/HS[J‘r?’% ﬁ@%?f’ge‘ta?ai/gq "grg\?ﬁ #Th %%%%dreégr?ge wth
the present 4 ByenHi 9tatanditfifsppeicceky- shom@et Rppleelolaydr ior created
second. The diffusion regions 33 and 35 nmay _be created by a
i

d
sol i d stat e 3PFPRELBREPY RRRed (Hiads ROAPRFIEHLA HF&SSofl Baphriodr |y doped

gl ass .(bOfogﬁi reG20f! 355aABDsdiicsliNg cRtgi £0 OfusE] 8¢ BESeA GRididR 9l ass
(ASG) for the n+7region
35, for example) and annealing. The presence of oxide layer

40 over the p+ diffusion region 33 while the n+ diffusion

region 35 is being formed protects the p+ region.

The diffusion regions 33 and 35 may be created by
any process known in the art, which may include protecting
the nFET gate 34 and future n+ diffusion region 35 with a
layer of tetraethylorthosilicon (TE0S) 38 (shown in Fig. 8)
during the creation of p+ diffusion region 33, treatment
with chlorine plasma 36, and subsequent creation of oxide
layer 40. Conversely, if the n+ diffusion region 35 is

o created first, the TEOS layer 38 would protect the pFET gate

32 and future p+ diffusion region 33 during creation of the
n+ region 35 and creation of a protective oxide layer in

accordance with the present invention.

The order and manner of creation of the diffusions
ls unimportant, however, to the present invention. What is
important, is that the protective oxide is created by a low-
temperature oxidation step enabled by prior exposure to a

o B S it PETTYATS



3% for exanple) and annealing. The presence of oxide—+ayer 40 over the p+
diffusion region 33 while the n+ diffusion region 35 |s bei ng forned

protects the p+ region. The di ffusion re SﬂH%E@ﬁdh
created by any process known in the art, which may |n ng the
NFET gate 34 and future n+ diffusion reg*on 35 with a Lu”

tetraethylorth03|llcon (TEGCS) 38 (shown %1 Fig. 8) durlng I on of

p+ diffusion region 33, treatnent with chlorine plasma 36, and subsequent
creation of @)bildeid‘ay;elam Jonvéisel gEOS flder 38 diéfushieomAMyigate35 i s

created first, er 38 uId rotect ,the pF e 32 and future
p+ dif f usi ont3|9e %ﬂ%ﬁ%&ﬁf”crré 4¢ P83 g'f PHY r“fi‘ er B ghfgﬁ‘lé’ﬁ’dr&géﬁf’l on of
a protective J@xgﬁs éé\y@éew PFEOLHRACELVE £d) 43 SBHESED! th P Y@t ve

The order and nmanner of creation”of the diffusiaons is uninportant, however,

to the presesifdavédtvbhl omdat drovwi ppert the SmlgcpnadlffhﬁqnﬂﬁRQEBPMe36x|de
s created by,g hows, L IPRIALML RLU2t LA SR, 0abL e by, drjior exposur e

to a OF T he plasna ke Wth TECS

| ayer 38 ovenmpbetaEEm@ﬁﬁeBmedmg fidfertion begiond By anlhy ghhe p+
di ffusion regi on 33 and %6%$cent pFET gate 32 are e osed, so the
protective oXFARCEDLYF ¢ |OBHHALIGRoRLERYORHE %ﬁqslecblﬂ ?%'Wi% fu&dPdn 33

during the oxirdahk 08084 5Ps dé%etxe%%a&k'fﬁi%rﬂ%b%n'ﬁ'kFHlQret ¥ gaecause
creating protective oxide 40 hi gh- tenperature oxidation step would

cause unde5|ﬁ@dldlbeLm@cﬂreﬁtadua dopants deeper into diffusion region 33
whi |l e oxide 40 is being created. In both the exenplary process
enbedi nents for sidewall oxidation and for i ntegration Qf the diffusion
sources, the process simpsotdf thse epempéaty ipnaaesisoambedingres for

sidewall oxidation and for integration of the diffusion
sources, the process steps of the present invention are used
to create what may be referred to as a “sacrificial oxide”.
& sacrificial oxide is sdcrificial in the sense that it
serves a particular purpose, Ssuch a; to protect one
diffusion source while another one is created, and then all
or a part of it 1s later removed. Sacrificial oxides may
"also be used to remove residual pad nitride from active
device regions, to protect the exposed silicon surface from
contamination and plasma ion damage during mask and etch
processing, and/or to remove damaged or contaminated silicon
prior to gate oxidation. Using the éhiorine plasma step
rior to oxidation avoids the need for a high—temperafure
oxidation process that may redistribute the weli-doping

concentrations.

Yet another application of the present invention
is in the development of vertical gate structures in high-
density applications. Referring now to Figs. 12 and 13,



to create what may be referred to as a "sacrificial oxide". A sacrlflc“*T
oxide is sacrificial in the sense that it serves a partimsgh@fzRBLAR5E,.SUch
as to protect one diffusion source while another one is ! en
all or a part of it is later renmoved. Sacrificial oxi desﬂmﬂw&mﬁed
to renove residual pad nitride from actiige device region t he
exposed silicon surface from contanination and pl asma i on damage during
mask and etch processing, and/or to renove damaged or contami nated silicon
prior to gderexidashown aUsubgttdwee cil deiviegph asertidsdp ABTI 6 wothxi dation

avoi ds the nee erat ure oxj dation process that
redistribu@ecy'én%EFFaz gEﬁ@ccﬁﬁ% ?Qﬂﬁqgn§%ere°” Becaus?epfaﬁﬁgher

appl i cati onyQfi nbire cBN e§8Bhe L RYENEE PG J %a‘snbb?ﬁ geyglgprent of vertical gate
structures in high- density appllcatlons erring nowto Firgs. 12 and 13,

13  there drys¢iddngaaphbst onfenGitivayiang a v&00» caty sl 192 raphlica
cylindrical tr cture di ed_t hereon cause cylindrical
geonetry, % %gganfﬁgﬁa<iﬁ%>giﬁiﬂﬂﬁﬂrﬁﬁﬁﬁaph@%f%ﬁﬁ &t ation and a <100>
crystal | ogreyheica 106y 28pBE £ 08r 26 PLEE drisS heveC HIFEE LEE - sudifhleer ent
crystal |l ographic orientations have different surface reaction rate

const ant s, IﬁﬁﬁtﬂﬁﬁsrﬁFPféPéﬁFaﬂﬁﬁxkﬁndn¢hﬂétééffﬁéeaﬁrQﬁﬂﬂﬂﬁlOPhéaE§§O>
orientati o Oxi %éﬁﬁ ¢f agher <4 P@g tchhleen kiaPLaL 1ol el ndh! LAC! NO

oxi dation rates résu e oxXl non-uni form thr ckness around
t he cyI|nd3ﬂ00$ho$1ehtecnonan rmﬁrdjﬁﬁazaa@ bxldedﬂmﬂrn;udmemayrtaselteactlon

rate constant by the se of, n | mpur j duction of th urface reaction
rate” const &ft gé%@r QML eﬁi B &%ﬂ.‘{%lé%ﬁbéﬁl&%%ﬁ% %?(‘?'ﬂ‘éfitz’ﬁ rate.

cylinder. This effect can be minimized by reducing the

surface reaction rate constant by the use of an impurity.
Reduction of the surface reaction rate constant oversll,

minimizes its impact on the oxidation rate.

In accordance with the present invention, the
impurity introduced to the silicon is chlorine. The
chlozrine is introduced by exposing the silicon to an
isotropic chlorine plasma. The isotropic plasma is
particularly useful for assuring the non-planar topography
of the cylindrical structure of FET 52 is evenly bombarded
with chlorine. Chlorine also increases the parabolic rate
constant -- the rate at which the oxygen diffuses through
the oxide to the oxide/silicon interface -~ further reducing
the difference in oxidation rates between <100> and <110>
silicon. Thus, when the wafer is exposed to the oxidizing
ambient, the oxidation rates are more similar for each
silicon orientation, and the resulting oxide thickness
around the cylinder is more nearly uniform.



n accordance with the present invention, the inpurity introduced to the —
silicon is chlorine. The chlorine is |ntroduced by exposrmgg$@gh§k&h& 4
an isotropic chlorine plasma. The isotropic plasma is par u
for assuring the non-planar topography of the cylindrical Mﬂﬂ MHHHWFET
52 is evenly bonbarded with chlorine. Chlorine also incre olic
rate constant -- the rate at which the oxyden diffuses through the oxide to

the oxide/silicon interface -- further reducing the difference in

oxi dation rates betwe <100> and <110> silicon when the wafer is
exposed to the oxidizgﬂﬁhaﬂg?e%treQ?ﬁ?@mﬁ®ﬁBFF@ﬁ”?%ﬁ@§’éFb”ﬁSFe WiEHil ar for

€ach siliconmarsi gibabisen, babguideriaadlitd Ag pxkeect i €kness tar pabd & he
cylinder is nore nearly uni f or m

14 redncerotignpPars ture edue e&mm@gecmyldmrms\m ghnekeél pr ocess,
because t her, rfic r I ha re due to
dopi ng consﬁ%m#%trlggﬁgg Bkng}r)ﬁn‘}ffﬁnﬁ:[ 2’39’& é@oépe%%dggggnég %e used,
resul ting i fazteasbridasidat soep st ep. Al t hough the exenpl ary

.processes described herein have been described with respect to silicon
substrates, the process according to the present invention is not limted

to silicon. Qher senptoncugh ittee exenplazhl provésydaldescribbdanegeimani um
or germaniunisilicon alloys, may al so benefit fron1theu§@ocess steps of the

present i nvédveoReen descrlbedAﬂ%?ﬂnﬁﬁ$HeFFu§9r%&%&FQﬂuf $EPLBEd Feeein
o e claig. s 0, SRyt s e 00

nevert hel ess "not e detail
varlous nodisfildabnonsOthyr beemiatenduttive, oxidizable materlals, such
as germanium or germanium/silicon alloys, may also benefit

from the process steps of the present invention.

Although illustrated and described herein with
reference to certain specific embodiments, the present
invention is nevertheless not intended to be limited to the
details shown. Rather, various modifications may be made in
the details within the scope and range of equivalents of the
claims and without departing from the spirit of the

invention.
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the details within the scope and range of equivalents of the clains and

W t hout departing fromthe spirit of the invention.

-15- WHAT IS CLAIMED | S 1. A process for thermaJmmmﬂu

sem conductor substrate having at | east one doped regi 'ﬁW’ﬂ'uﬂ"

| east one dopant, each doped region subjg t to a first anodnt‘of* disffusion
of sai d dopant when said substrate is heated at a first tenperature greater

than about 850[err]C for a first tine period, said first tinme period
conpri si ng Wretamsuft adfed A required to grow an oxi de region having a

"predeterm ned thickness when said substrate is heated in an oxidizing
,anbient at the first tenperature, the process conprising the steps of:

a) introducing chlorilne i @anprionesst her sthstnalt extigaexpnsofigga t he substrate
to a chlorine plas and b row ng the. oxide re |on of said
predeternin%ﬁW£) Qé§%£ﬂ§ %ﬁééﬁFﬁg Fﬂﬁn@%ﬁé%%%ﬂﬂg%Pﬁlﬁﬁ%QOW

oxi di zing agpient at a second tenperature |less than said flrst tenperature,

and (2) the oxidizing anbient at said first tenperature for a second tine
period | ess than said first tinme period; wher ei n performance of

steps (a) and (b) resylt ehpdsssgoe mairatle dbf BUShfcdApIasrAss L han
said first anmount of diffusion e process accordlng to claim 1,
wher ei n t heam@&rihmamduct or substrate conprises silicon, germanium or a
conbi nati on t hereof. 3. The process according te claim2, wherein in
step (b) the sem conductor substrate is heated at a tenperature of between
abQut 750[err] C and ahjout héaBfegr ke sudstrate Tineapr oxbdszaorording to
claim 2, wherejn said sem conductor substrate has a first diffusion region
t her ei n, aﬁﬁ%&%ﬁr(b) further conprises heating said substrate at said
second tenperature for growing a protectlve oxi de | ayer over said first

di ffusion region, said second te erature r|S| e erat.ur |n a
range of between abof* 65 F‘@ ﬁa iﬁﬁ?ﬁ [t rF?‘%"‘“ 7 Wheses

semiconductor subs;rate comprises silicon, germanium, or 2

combination thereof.
{

3. The process according to claim 2, wherein in
step {b) the semiconductor substrate is heated at a
temperature of between about 750°C and zbout 850°C.

4, The process according to claim 1, wherein
A step (a) includes exposing the semiconductor substrate to an

unbiased, isotropic chlorine plasma.

5. The process according to claim 1, wherein

step (b) includes the step of creating a sacrificial oxide.

6. The process according %o claim 1, wherein
said semiconductor substrate further comprises a gate having
a gate oxide, and said process further comprises prior to

step {a) the step of exposing said gate to an etching

—_—
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5. . The process according to claim4 further conprising the steps of:
c) creating a second diffusion region in the sem conductor substrate; a

ate; and
-16- d) renoving the protective oxide |ayer.- i ""“ﬂlm S
according to claim 1, wherein step (a) includes exposi ! Eﬂfﬁ"ﬁtor

substrate to an unbiased, isotropic chlorifne pl asma. 7. L A¥pr écess
for thermal oxidation of a sem conductor substrate conprising a first
di ffusion region therein, the process conprising the steps of: a)

exposi ng t hBXee®ss rthat trang Eoningersussivn, said gaten oxide, an®) heating

sai d substrate LD xi dizing.anhient at _a.t erature of befween about
650[err] C aﬁég %bﬁ%[&)r]fg%%‘;%gr%\wphgsgs pﬁg%)esc‘t p\/é)efo%i’agl{l%@? over
said first dktéigsiopetesbOdrepai&ing saiBeupEOEEss,. according to claim7,

wherein the process further conprises the steps of: C) creating a
second di ffusion region; and _ d) renoving the protective oxide _
layer. 9. A progess e prdBdds2RRsdiRGr &l c1uuind 2l | @Reoéig plurality

of crystallographic orientations, the procesS conprising the steps of:
a) i ntroducisagdchenicordiatnr gnbstitatephasati fyreat dirffsxsdbhoyeapdnc
orlentatlon§P§¥Fexp05|$g t he |*H;H|t of crystallqghgphlc ori entations

si mul t aneou oa R or iR a - 05fd CPRBn=S&S h H?F ﬁ&aging t he

plml;_r al L ty olubkyshet! 861 aptempOFdai¥edldfOBetHbEH| ABNEOEHCI Bnanawiei zi ng
a I ent. .
7580°C and thereby growing .a protective oxide layer over said

N first diffusion region.

8. The process according to claim 7, wherein the

process further comprises the steps of:
c) rezting a second diffusion region; and
d) removing the protective oxide layer.

9. A process for simultaneous thermal oxidation
of 2 plurality of crystallographic orientations, the process

¢omprising the steps of:

a) exposing the plurality of crystallographic

crientations simultaneously to a chlorine plasma, and then

b) heating the plurality of crystallographic
orientations simultaneously in an oxidizing ambient,

10. The process according to claim 8, wherein the
plurality of crystallographic orientations comprise silicon,
germanium, or a combination thereof.

—_—
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10. . The process according to claim9, wherein the piT
crystall ographic orientations conprise silicon, gernmani i nation
ther eof 11. The process according to claim?9, V\herlmmm Hb’”m :
plasma is an unbi ased, isotropic chlorine plasna.

-.17 - 12, The process according to claim1, wherein step (b) |ncludes
the step of creating a sacrificial oxidé. 13. The process according to
claim1l1, wherein said sem conductor substrate further conprises a gate

havi ng a gate oxi de,1and Bl dppooeses eccortiheg conglrdised,pwhereio shep (a)
the step of exposing,said gate to an etchin rocess .t hat forns_an undercut
in said gaF8?°ng8 D12 5a %r%ﬂrPQﬁ%ﬁfeeb)ngFf§E& |ﬁl§§spéﬁ§m§tep of
growi ng an oxide layer for repairing said undercut. 14. A process for
t hermal oxidation of a sem conductor substrate, the process. conprising the
steps of: a) exposing the substrate to a chlorine plasma, and then
b) heating the substrate in an oxidizing anbient to create a sacrificial

oxi de. 15. A process for thermal oxidation of a sem conduct or
substrate conprising a gate having a gate oxide, the process conprising the
steps of: a) exposing said gate to an etching process that forns
an undercut in said gate oxide, then b) exposing the substrate to
a chlorine plasma, and then c) heating the substrate in an
oxi di zing anmbient to grow an oxide layer for repairing said undercut.
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