1 7 NOV 2004 Adjustment of Defect Profiles in Crystals or Crystalline-Like
Structures The following invention relates to a method of prod d U?Ct
profiles 5 in a crystalline or crystalline-like structure, t?eﬂﬁg|§g| n a
sem conductor, during a thermal treatnment in a process chanber During the
manuf act ure of sem conductor conponents, for exanple based on silicon, it is
known, by thermal treatnment steps of the 10 sem conductor in a suitable
process gas environnment, to influence the distribution of foreign atons

i ntroduced (inplanted) in the sem conductor or to influence the distribution

of "crystal defects. I ener a h iskribution of far n oNg .l S
essential ly codeter ﬁifﬂnﬁﬁgﬁw{ ?*}Qeg‘?&gﬁ"zﬂ??% rygials d&lrgdvggtaqﬁ%gﬁ'&%npl e,
it is known fromW Lerch 15 et al.; Mat. Res. Soc. Synp. Proc. (1998), Vol
525, pp 237-255 and OF. Downey et al.: $tmucReres Soc. Synp. Proc. (1998),
Vol 525, pp. 263-271, that by neans of an oxygen-containing process gas at
a constant thermal stressing of an inplanted or doped silicon

sem conductor, the dopi ng profile of boron ¢an be influenced, since the 20

oxi dation of sil | ads tar at ons
(EZG a type of po W«Lﬂé E’@h‘ﬁ%mﬁaﬁ%%gmégﬁrosgafg?%awlﬁséﬁf{ &,’G?ﬂ
2004 on interstitial p05| tions), the conti ent [atl on o{ whi ch tj nf | uences t he

5 in a crystaline’ or crystalline-iike structure, preferably ~in

semiconductor, during a thermal treatment in a process chamber.

During the manufacture of semiconductor components, for example
basécf on silicon, it is known, by thermal treatment steps of the
10 semiconductor in a suitable process gas environment, to influence the
distribution of foreign atoms introduced (implanted) in the
semiconductor or to influence the distribution of crystal defects. In
general, the distribution of foreign atoms is éssentially codetermined by
the distribution of the defects. For example, it is known from W. Lerch
15 et al.. Mat. Res. Soc. Symp. Proc. (1998), Vol 525, pp 237-255 and
- D.F. Dewney et al.: Mat Res. Soc. Symp. Proc{. (1998), Vol 525, pp.
263-Z71, that by means of an oxygen-containing process gas at a
constant thermal stressing of an implanted or doped silicon
semiconductor, the doping profile of boron can be influenced, since the

20 oxidation of silicon leads to an over saturation of self-interstitial

atoms (EZG, a type of point defects with which Si atoms are disposed

-



di ffusion property of the boron and thus the doping profile of boron. Wth
an oxygen-contai ni ng process gas environnment during the thermal _5 treatnent
‘of semiconductors, essentially only those foreign atom profiled brNGiElig
profiles can be influenced, the foreign atons of which essentially reach a
|attice position via the kick-out nmechanism In so doing,- the foreign atom
previously disposed in the interstitial region reaches a lattice position,
whereby a silicon atom (or in general lattice 10 aton) is given off from
this lattice position.into an interstitial position. US patents 5,401, 669
and 5, 403, 406 describe a selective formation of defects. via

ni t rogen- cont ai ni vy prtersditis! PasitENsbs Prer@ncRRBAEYY UﬁH&@é‘d@ﬁéﬁF@Ssgﬁbe as
nucl eation centers for the precipitation of 15 oxygen dissolved in silicon.

D.F. -Downey et aliffudii prdpesty diahe bSyom anBrtoos tHel®@§ping profile4f Gorgip.
299- 311 describes a reactive process gas during the rapid thermal treatnent

(RTP: Rapid Thermal Processing) of doped silicon wafers 20 with regard to
the doping profile for various reactive gases of different concentrations. 2
1 7 NOV 2004 In the not yet published German _a plicationté99 2@19 2 ﬁflthe
appl i cant there | Vith 88HYSBNLANAIARG RIOFEPH 3 FNYLPWERDT BYNTY, ed@w&r g
profile that is inproved relative to D.F. Downey et al. (Mat. Res. Soc.

Synp. Rroc. (1997)redtned?Oof spricendiictyrs, | essemtigly agrly those foreign atom

profiles or doping profiles can be influenced, the foreign atoms of which
- essentially reach a lattice position via the kick-out mechanism. In so
doing,- the foreign atom previously disposed in the interstitial region
reaci‘xés a lattice position, whereby a silicon atom (or in general lattice

10 atom) is given off from this lattice position into an interstitial position.

US patents 5,401,669 and 5,403,406 describe a selective formation of

defects via a nitrogen-containing process gas atmosphere, whereby

these defects serve as nucleation centers for the precipitation of
15 oxygen dissolved in silicon.

D.F.“Downey et al.; Mat. Res. Soc. Symp. Proc. (1997), Vol 470, pp.

299-311 describes a reactive process gas during the rapid thermal

treatment (RTP: Rapid Thermal Processing) of doped silicon wafers

20 with regard to the doping profile for various reactive gases of

different concentrations.




5 sem conductor is essentially subjected to a rapid thermal treatnent (in
an RTP system in a process gas atnosphere that includes a nunber of
reactive gases in order, for exanple, via these reactive gases17tF gcjgyat e
different inherent or self-point defects sinultaneously and in different
concentrations. In genera!, defect concentration and/or their spatial 10
defect distributions, and hence also the distribution(s) of the activated
dopi ng atons, can be controlled by the described nmethod. Wth the
increasingly smaller siructure sizes of sem conductor conponents, the -

requirenents also increase with regar o the 15 possibilities t -
control of defect Ianﬂ"%dﬂﬁtndebr%hﬁgsgé’( gEVEN; ﬁpPﬁﬁ?t'OQeﬂgé. bgf 95%&835\% al .
distribution of activated foreign atons). It is thereTore the object of the
present invention dpplicant trareiispresenteda mathmdefod dbe idhustimest hbthe 2gpinge
present invention realizes.this object by the initially nentioned nethod,’

whereby a concent [}f{@bfé“tr%@qé %pfo%”%lémediosbf#.bigb%ﬂ@g(& al.dﬁ\g%tﬁeé.ssoc

controlled as a f I'on of at "| east two process gases that 1 7 NOV 2004
have different conpositiqns an h ntajin at l-eas ne,reactiv

conmponent, and V\/ngt?p\é’B?- a f%asag?% Mco?t ﬁszrBBe@Q@s@s, “?esg?-:l%t icgﬂey a

separated from one anot her, respectively act on at |east two different,

surfaces of the suigmicanduct®r is essentially subjected to a rapid thermal treatment (in

an RTP system) in a process gas atmosphere that includes a number

- of reactive gases in order, for example, via these reactive gases, to

activate different inherent or self-point defects simultanecusly and in different

conééntrations. In general, defect concentration and/or their spatial

10 - defect distributions, and hence also the distribution(s) of the activated

doping atoms, can be controlled by the described method.

With the increasingly smaller structure sizes of semiconductor

components, the requirements also increase with regard to the

15 possibilities of the control of defect and doping profiles ( here in the
- sense -of the spatial distribution of activated foreign atoms). It is

theréfore the object of the present invention to further improve the

above-described method.

20 The present invention realizes this object by the initially mentioned
method, whereby a concentration and/or a density distribution of

defects is controlied as a function of at least two process gases that



Wth the inventive nethod, for exanple the front and rear side of, for
exanpl e, di sk-shaped sem conductors, for exanple silicon wafers, are
‘brought into contact with different reactive gases. This nakeslz gaﬁm%ble
during a thermal treatnment of the wafer to control defect 10 d tNO

and/ or defect concentrations fromboth sides of the wafer, whereby as a
result a maxi mum of possibilities are possible, especially wth regard to
the concentration and the spatial distribution of defects, but also with
regard to the type of defects, for exanple point defects and/or vol une -

defects. The inventive nethod can prefera d 15,1, (
Thermal Processi n§aye dﬁ@rerttd?@ﬁpe it *O%pﬁﬂd %Bﬁﬁo%‘?rf Aoh &y !eﬁd))ﬁf Eﬁ%&d
Ther mal Chem cal Vapor Deposition-) and epitaxial units, in which 8eneral |y

a "single wafer proagssient andwheaby aidleesﬂttwo obthewpnosesh ganes., eassectialel y
only one wafer is subjected to a thermal treatnment. However, a plurality of

yvaf ers could al so Slégg Falf%t&{@g% h)érsﬁétébééﬁ\%lytéét%nt Qpre@g{ w6 epfferent , as

is effected, for h many epi t axi al CVD units. In such a case,
a plurality of vvafers two to SIX) are essentially disposed in
a single 4 1 7 NO3Ys668 }9 sfﬂ@raﬁ €consequence of a thermal treatnent of
respectively only a single wafer or only few wafers, that are essentially
di sposéd within a plane, there exists the possibility of respectively
bringing the wafer or wafers, each with front and back sides, pursuant to
the inventive With the inventive method, for example the front and rear side of, for

- example, disk-shaped semiconductors, for exampl_e silicon wafers, are
brought intc contact with different reactive gases. This makes it
pos;if)le during a thermal treatment of the wafer to control defect

10 distributions and/or defect concentrations from both sides of the wafer,
whereby as a result a maximum of possibilities are p.ossible, especially
with regard to the concentration and the spatial distribution of defects,
but also with regard to the type of defects, for example point defects
and/or volume defects. The inventive method can preferably be used

15 in RTP- (Rapid Thermal Processing-), CVD- (Chemical Vapor

| Deposition-), RTCVD- (Rapid Thermal Chemiqal Vapor Deposition-)
and é’pitaxial units, in which generaily a “single wafer processing” is
carried out, i.e. with which respectively only one wafer is subjected to a
thermal treatment. However, a plurality of wafers could also be

20 simultaneously subjected to a thermal treatment, as is effected, for

example with many epitaxial or CVD units. In such a case, a plurality

of wafers (for example two to six) are essentially disposed in a single



5 nethod in contact wwth essentially only one process gas, whereby the
conposi tion of the process gases is different and each includes at | east

one reactive conmponent. Pursuant to the present invention, a process gas

i ncludes at |east one 10 reactive conponent, i.e. a conponent1ﬂhHﬂVrﬂmbts
with the substrate. The reaction can be a chem cal reaction of the conponent
(for exanple 02) with the substrate (for exanple Si) to forma new
substance (for exanple Si + 02- Si2), an adsorption (physical sorption
and/ or chem cal sorption) of a conponent of the process gas, and etching 15

(chem cal reaction) or a desorption of an_ alread resenf adsorben y.
conmponents of the PR ed§ HERNSCIMENCERIH @ﬁrréﬁﬁtr%@ﬁ?ﬁrﬁeE{ @&pﬁft’\feﬁé%n@ 8

substrate surface (for exanple, beginning of the oxidation of Si, or the
oxi dation of a coppgjle!vaafer crpplly éelvtveafarss dbat amt ejsentially diepasedriwidiinthe
substrate surface, or also.within the substrate (for exanple the 20

oxi dation of Si of I hind | ing fie tWgener e,
t he reaction can eﬂlé'gg’btgeggg%é{(%?iﬁ%?%gg%gﬂ S)Pvrﬁ\ne%cﬁg?ﬂﬁgw@f%g%rate, as is
the case, for exanple, with the reductign_of Si by hydr 5. :
2404 wher eby t he svajzrs,sea%@%ﬁ%o‘? ?Ha Pﬂ%rs'%rfé%régggfq%g tn({zre@\'{\g‘/
originated particles). The process gas can include inert gases, i.g. ases
that dg not react metHod: inecantaet wilh assentalysorlitene wraassrgas. yuhereby the gas
conponent behaves in an inert fashion can depend upon the

composition of the process gases is different and each includes at least

- one reactive component.

PursJant to the present invention, a process gas includes at least one

10 reactive component, i.e. a component that reacts with the substrate.
The reaction can be a chemical reaction of the component (for example

02) with the substrate (for example Si) to form a new substance (for

example Si + 02— Si02), an adsorption (physical sorption and/or

chemical sorption) of a component of the process gas, and efching

15 (chemical reaction) or a desorption of an already present adsorbent by
. components of the process gas. The reaction can be effected at the

subét?ate surface (for example, beginning of the oxidation of Si, or the

oxidation of a copper layer applied to a substrate), on a portion of the

substrate surface, or also within the substrate (for example the

20 oxidation of Si of the already present silicon oxide layer). Furthermore,
the reaction can also be effected on defects within the substrate, as is

the case, for example, with the reduction of SiO2 by hydrogen,



5 process tenperature, with an exanple for this being N2 during the

processing of silicon. At tenperatures of up to about 1100 C N2 behaves |
nearly inert; only at tenperatures over- 1100 C does any ap rzﬁgiygﬁ ction |
with siliconin the formof a nitridation occur. O her inert 'gas @, for |
exanpl e, nobl e gases such as argon, helium neon. 10 For this connection,
heliumis characterized, for exanple, by a particularly. high thernal
conductivity, which can, for exanple, be advantageous during the rapid

cooling of the substrate. Pursuant to the present invention, at |east two
different process gases 15 are used. In this connection, the process Pases

can differ in theiwhertbyitbalSiGaniscdispesad on,tharnener swégcasabCORs Ly )
conponents, in the ratio of the partial pressures to one another, and/or

the process gase%rigﬁﬂatédifﬁé?’ficlé_@].atTW@ ﬁchédb?gébS@dmﬁrﬁ:lLMeaﬁm eyases! he.
tenperature. The té&rm conposition also includes the paraneters of

tenperature and 20 pre re of .the.r t r S. L thin
the scope of the 9&3@§3ﬁ%& ‘?9198“?%%ﬁ%&%%e\gé{%ég’sr@gee%g%%ﬁaggt hvev-ﬁgg%'é a&éeérﬁ;i cal
conposition but with respectively different t_enger tures or at different 6 1
7 NOV 2004 pressurceés gas companedt benaves ihaneadaghan s2n $RPGELEREDHING at es
general ly depend al so upon pressure and tenperature, it is possible wth
the essentially sepetedsetempeorasse, gaitesan exafripde tfodittis dvaing N2 edwirigotie or
reaction rates at the various surfaces of the substrate upon
processing of silicon. At temperatures of up to about 1100 °C N2
- behaves nearly inert; only at temperatures over. 1100 °C does any
appreciable action with silicon in the form of a nitridation occur. Other
inert-g.'ases are, for example, noble gases such as argon, helium, neon.
10 ' For this connection, helium is characterized, for example, by a
particularly. high thermal conductivity, which can, for example, be

advantageous during the rapid cooling of the substrate.

Pursuant o the present invention, at least two different process gases
15 are used. In this connection, the process gases can differ in their
chemical composition or, where they have the same components, in
the ré'tio of the partial pressures to one another, andfor the process
gases can differ relative to the absolute pressure or the temperature.
The term composition also includes the parameters of temperature and
20 pressure of the respective process gases. Thus, within the scope of
the present invention, process gases having the same chemical

composition but with respectively different temperatures or at different



5 which the gases act, even if the gases have, for exanple, the sane
conposition. Thus, the reactions can fundanentally differ, or
the reaction rates can differ. Fundamentally different reactions wth the

chem cal

use of gases that have the same chenical conposition can resu , NOwr2004

only

exanple, with gases that include inert gases, the inert 10 property of which

changes into a reactive property as the tenperature
see above).

respective surfaces, or if the respective surfaces have a different
tenperature, the

respective surfac@sesgBEeVGan e UpBH aseNCHr

I nert gas can behave enti r&l@é differen
8

rises (for exanple N2,
If the gases then act with different tenperatures at the

-

AGRNSS thb¥ %Ea@hgrgsr@msi ally

separated from one another" it is to be understood that the process gases

t aki ng part
that at a

in t keneraliyesspatd raiss upbn pessurenandremiperattice, sitich passilét ent

surface or in a.region of this surface, reactions dom nate that
are 20 generated

%Wte qg;prea%‘égﬁﬁa@:?e&)%ﬁ%tg&Lg%ﬁag{d\@ésa% SeHEan diftdent

surface. ldeally, 0Cess ga entirely separated by the
substrate, so that a m xing of .the process gases in the MiLcini f e 71
7 NOV 200# respectBa@iafigreragacten ﬁ%}gsﬁg&ﬁ Yﬁréqusaﬁw%]%%e@n‘)fp[b%é&bé*%%su‘}ac&s
only on one surface of the substrate. However, the fulfillnment of this

i deal

scondi tion depemdse grasas| gctosvendf thecaaseahayesignexdmpie thy S8

10

15

20

chemical composition. Thus, the reactions can fundamentally differ, or
only the reaction rates can differ. Fundamentally different reactions
with the use of gases that have the same chemical composition can
resullt,-' for example, with gases that include inert gases, the inert
property of which changes into a reactive property as the temperature
rises (for example N2, see above). If the gases then act with different
temperatures at the respective surfaces, or if the respective surfaces
have a different temperature, the inert gas can behave entirely

differently at the respective surfaces.

With the phrase “process gases that are esse__ntial!y separated from
one Znother” it is to be understood that the process gases taking part
in the process at most mix with one another to such an extent that at a
surface or in a region of this surface, reactions dominate that are
generated by the process gas that predominantly acts upon the
surface. Ideally, the process gases would be entirely separated by the

substrate, so that a mixing of the process gases in the vicinity of the




chanber and upon the hol di ng device of the substrate. However, the 5
inventive nethod can al so be carried out even if this ideal condition is
not conpletely fulfilled, with one taking care, for exanple, that the
process gases that act upon various surfaces of the substrate m x on
nminimally with one another, or mix only to such an extent that} ANQY 26/[]#
descri bed above, one reaction domnates. 10 In the following, the term
defect is intended to include zero to three- dinensional l|attice defects.
Zer o- di mensi onal defects are, for exanple, point inperfections, or point

defects such as vacancies, self-interstitial_ ato EZG ar _in stitials)
and 15 cheni cal f&ﬂF@C@MeM@ﬁet'ﬁﬂo‘?%Sm%pﬁféctﬁg&h%f?}%esﬁo%qs é&rsn‘%‘ﬁ‘}’ioy :
lattice on interstitials or lattice |ocations. Dependi]irﬁﬁsupon whet her t he

defects are causggebyumess dfahti sebsitaters bowesesi e Atlidirsentont thipedral of
intrinsic or extrinsic point defects. If the host lattice atons that cause

the vacanci es vandgr 48t Heosd ggfregggh@fﬁ Qhbefdthhicss ity sfefirctmocess 20

t hese atons wande itions, one tal ks of Frenkel defects.

An accumul ati on (aggl oneratj on f poaint defect o] ' r

di nensi onal di sorﬁgﬁmbeél.ﬁfﬁjl HE%’” SB‘? %é’jﬁi’ﬁ%lde,\”céi ifptl%ggsedrpgsﬁ%tér'i rll_igi%%lé?’ thSov
2004 or displacenent |ines (one-dinensional defects),  stacki np erd'.ors.s(two-
di nensisonal def ecirs)entioe peteidptamelss be capiad gul aY t%l"sh’ galconaition'i

not complete!yfulﬂlled, with one taking care, for example, that the process
- gases that act upon various surfaces of the substrate mix only
minimally with one another, or mix only to such an extent that, as

described above, one reaction dominates.

10

In the following, the term defect is intended to include zero to three-
dimensional lattice defects. Zero-dimensional defects are, for example,
point imperfections, or point defects such as
vacancies, self-interstitial atoms (EZG or interstitials) and
15 chemical foreign atoms that are disposed in the host or matrix lattice on
interstitials or lattice locations. Depending upon whether the defects
are Gaused by host lattice atoms or foreign atoms, one speaks of
intrinsic or extrinsic point defects. If the host lattice atoms that cause
the vacancies wander to the surface, there result Schottky defects; if
20 these atoms wander to interstitial positions, one talks of Frenkel
defects. An accumulation (agglomeration) of point defects can lead to

higher dimensional disorders, such as, for example, displacement rings




di rensi onal defects). 5 Further defects are, for exanple, grain boundaries
(two-di nensional) or the already nentioned three-di nensional precipitates
(for exanple oxygen precipitates in silicon or netal precipitates), or the
nucl eati on centers necessary for the formation of precipitates as well as

| ocal anorphous regions that result, for exanple, during iohli NOVatldhtions
or 10 voids. The termcrystalline-like should be understood to nean, for
exanple, the transition region fromcrystalline to anorphous structure. A
further defect is also the formation of F-centers (Farnsworth centers), -

such as are present, for exanple, in ign crystal r n_el stops
in a hal ogen gap ion dimawmﬁg?{lﬁe%{oﬂ%g'rﬁ%ﬁ‘éeg%tg%fﬁ\é\gﬁng@gﬁlgsﬁf@%gmoto one
preferred enbodi nent of the invention, the two different surfaces of the

substrate are di spaaedsiepar oseferts) yoopposdipatesnefarfoteign , alemst H&rgénsity
di stributions of the defects produced by the reactive conponents of the

process gases extend f surface in a direction toward the
FirensBRefieieer

respective ot her s enbodi ment, involved are in general
di sk- shaped substrates, for exanple sem conductor wafers of silicon. In
this connection, the front 9 1 7 NOV 2 004 and rear sides of the wafer are

respectively brought into contact wwth the respectjvely different 5ocess
gases during a thdurtiertdedectaene, for example, grain boundaries (two-dimensional) or

the already mentioned three-dimensional precipitates (for example
- oxygen precipitates in silicon or mctal precipitates), or the nucleation
centers necessary for the formation of precipitates as well as local
amdr;.ihous regions that result, for example, during ion implantations or - -
10 voids. The term crystalline-like should be understood to mean, for
example, the transition region from crystalline to amorphous structure.
A further defect is also the formation of F-centers (Farnsworth centers),
such as are present, for example, in ion crystals, where an electron

stops in a halogen gap in the vicinity of the adjacent cations.

15
Pursuant to one preferred embodiment of trl_ne invention, the two
different surfaces of the substrate are disposed approximately opposite
one another, and the density distributions of the defects produced by
the reactive components of the process gases extend from each
20 surface in a direction toward the respective other surface. With this

embodiment, involved are in general disk-shaped substrates, for

example semiconductor wafers of silicon. In this connection, the front



step. 5 The density distributions of the defects produced by the process
gasses are preferably essentially self-interstitial atons at the one
surface and vacancies at the other surface. The density distributions then
extend respectively in the direction toward the respective other surface.

If the defects, for exanple with a silicon wafer, on the fr?n}t NJO(D ?!'me are
self-interstitial atons, i.e. are to result on the side of s/t uct ures,
or structures are already present, then for exanple the diffusion of boron
present in the silicon is pronoted in the direction of the interior of the

wafer, or in general, the diffusion of foreign at t hat use thes
def ects from i nheepdtreansaest ot iha W&f&in@etﬂ@épeﬁ%‘{q?ﬁ éghé IR E@%@Q{E&ﬁh

i nherent point defects as "diffusion vehicles") is pronoted in the

direction counter Giadi aresent ptdresdegssdsy ddrisgra beiroal teatrhent sel f
interstitial aton;[sl'?eocr)%gl?es ob?truct ed |pn the direction of the gradients. The

behavi.or is correspondingly reversed if the defects are vacancies, then the
di f fusi on of fore?é?atoms in the direction of the 20 gradients of the
density distribution of the vacancies is pronoted and is obstructed in the
direction counter to the gradients of this density distribution. This
characteristic can be advantageously exploited with to 1 7 NOV 2004 the
manuf agt ure of fl Fhezdeasity Mistributionspdfathedlefpets prdsicgd By okie mMyocess
generating an excess of vacancies fromthe surface at which the
gasses are preferably essentially self-interstitial atoms at the one
- surface and vacancies at the cther surface. The density distributions
then extend respectively in the direction toward the respective other
surfaée. If the defects, for example with a silicon wafer, on the front
10 | side are self-interstitial  atoms, i.e. are to result on the side of the
structures, or structures are already present, then for example the
diffusion of boron present in the silicon is promoted in the direction of
the interior of the wafer, or in general, the diffusion of foreign atoms
(that use these defects from inherent interstitial atoms that fall in the
15 class of inherent point defects as “diffusion vehicles’) is promoted in
the direction counter to the gradients of the deqsity distribution of the
self-interstitial atoms, or is obstructed in the direction of the
gradients. The behavior is correspondingly reversed if the defects are
vacancies, then the diffusion of foreign atoms in the direction of the
20 gradients of the density distribution of the vacancies is promoted and is

obstructed in the direction counter to the gradients of this density

distribution. This characteristic can be advantageously exploited with



I npl anted zones are disposed. On the side of the crystal (generally a

waf er) opposite to the inplanted zones, an excess of inherent 5 interstitial
atons i s advantageously produced. The term excess is here understood to
mean an exceedi ng of the defect concentration that would be qtg@biﬂnﬁd in
the thermal equilibriumat the respective process tenperature.

generating such defect distributions, the diffusion of foreign atons in the
direction of the interior of the crystal is 10 essentially obstructed, as a
result of which flat zones of foreign atonms can also be produced after a

thermal treatnent of the crystal, for exanple.after_an.aciivati t,ep. As
a result one obt athe mamifaginre jofi gt 2BRES ﬁé‘%-ﬁfﬁl'ﬁn@ W]??P’%lﬁb{?é?’ﬁéﬁqﬁﬁ‘%c | ons:
15 It can furthernore be advantageous for the density distributions to

respectively conprengraeld dmiescess tofavacarmes drom vikeasuifeee tatarhishotited
fromthe respectiVve surface and that differ in concentration and/or in

their ratio relative t e@'}%{\gg%rgeﬂispm genpit dddict e Rrjstangenedn,a f or
arta

exanpl e, be produé’@&1 I'e "process gases that include 20 not only
Feactive conponenteaieDr apRRShR oMk DR aRRTEE. SWAREStor praees =
gases it is possible in particular to influence the 1 7 NCl 2904, spati al

profile of acti v atisiérétiiat atpmatie advamageewsly Pxedycad: |1%|ée t§76} exc@)?érﬁ)lhgpe

Seon understood to mean an exceeding of the defect concentration that

- would be established in the thcrmal cquilibrium at the respective

process temperature. By generating such defect distributions, the

diffusi.bn of foreign atoms in the direction of the interior of the crystal is

10 essentially obstructed, as a result of which flat zones of foreign atoms

can also be produced after a thermal treatment of the crystal, for

example after an activation step. As a result one obtains flat PN

junctions, so-called ultra-shallow-junctions.

15 it can furthermore be advantageous for the density distributions to
respectively comprise self-interstitial atorr)s and vacancies that
procéed from the respective surface and that differ in concentration
and/or in their ratio relative to one another. Such density distributions,
can, for example, be produced by suitable process gases that include

20 not only reactive components for the production of self-interstitial
atoms but also reactive components for the production of vacancies.

With such process gases it is possible in particular to influence the

11




Furthernore, the different process gases that act, for exanple, on the 5
front side and the rear side of a wafer, can advantageously have different
thermal conductivity coefficients and/or heat-absorption capacities. a

As
result it is possible, for exanple, to enhance a varying rapip?cmli g of f
~or heating up of the wafers at the respective surfaces, as a co éq@ lﬁce of
which, within the wafer, there is forned fromone 10 surface to the other a
tenperature gradient that, for exanple, in turn influences the diffusion
property of defects. JThe present invention is advantageously utilized to-

process a substrate having a_predefined tenperaturel/ti rofi i gpin a
process chamber. dmlias Mofl%s@ﬁta%‘ﬁ’aier?g?‘?rgﬂﬂ%rai?@?eﬂ Pnﬁg’%}%fi I é#ﬁ%%neli& -
di ffusion property of the defects can be controlled significantly.

Addi tionally, at eafipleosiicgrocess gas can be advantageously correl ated
with the tenperature/time profile with regard to its 20 conposition and/or
its process gas pressure and/or with regard to its process gas tenperature.
In this - connection, for exanple, the concentration (partial pressure) of

t he reactive conponents of 1 7.NJU [ 2 .534 qr & &y pressure
of the provess gaBurbeaIes ¢ AUTEEBhBSE S Re: RebATEot R8BS, P80s
flows into the process chanber and acts upon the substrate, can Ib%
correlmted with thent sifeparat the/repisigs ¢ifi # ewatgr, can advantageously have
different thermal conductivity coefficients and/or heat-absorption
- capacities. As a result it is possible, for cxample, o enhaence a varying
rapid cooling off or heating up of the wafers at the respective surfaces,
as a.éonsequence of which, within the wafer, there is formed from one

10 surface to the other a temperature gradient that, for example, in turn

influences the diffusion property of defects.

The present invention is advantageously utilized to process a substrate
having a predefined temperature/time profile within a process chamber.
15 As a result of the temperature/time profile, the diffusion property of the

defects can be controlled significantly.

Additionally, at least one process gas can be advantageously
correlated with the temperatureftime profile with regard to its
20 composition and/or its process gas pressure and/or with regard to its
process gas temperature. In this - connection, for exampie, the

concentration (partial pressure) of the reactive components of a




The inventive nmethod can al so be advantageously utilized with an "undoped”
silicon wafer, with which is to be understood such wafers that after
manuf acture of the wafer are not additionally doped with foreign atons by,

for exanple, diffusion and/or inplantation and/or 10 sonme ot her g{‘@;eﬁﬁ
Wth such wafers the spatial defect distribution can be adj ustlz LY

established that is then used for fixing the oxygen distribution within the
silicon crystal. The nethod can, for exanple, be advantageously used for
establishing the preci.pitate distribution of oxygen. 15 The use of the -

I nventive method with "doped” silicon wafers f n, as __al ready, ing'{#)ag eed
above, al so be adyaptesfe®@s, ther lARaRHFSUGUP %é RTREETR et P'n &t pn
junctions. In this connection, doped wafers neans those wafers that are

addi tional Iy dopedempthatlins elvin ahiuns theopratessxgasl doby HPf et RTOSR™H or
i mpl ant ati on and/ or some other process. If the inventive nethod is used,

for exanple, wth Shh§c Sthel bubdifated\cant ageevselafed avithaitire
defects are essentcﬁgﬁﬁ%ri hhg gél}rs:‘l\gégﬁl a?er 13 1 7 NC 7 2004 between 0 and

150 pm whereby density, quantit r concentration decrease toward the
interior of the sumﬁ%fﬁﬁ!remﬁ"%i?é}f&’-e of this is vacancies. 5 if in

contrast the inventive nethod is used for the preparation of silicon
5

The inventive method can also be advantageously utilized with an
- "undoped” silicon wafer, with which is to be understood such wafers
that after manufacture of the wafer are not additionally doped with
forei-g.h atoms by, for example, diffusion and/or implantation and/or
10 some other process. With such wafers the spatial defect distribution
can be adjusted or established that is then used for fixing the oxygen
distribution within the silicon crystal. The method can, for example, be
advantageously used for establishing the precipitate distribution of
oxygen.
15
The use of the inventive method with “doped”isilicon wafers can, as
already indicated above, also be advantageous, for example, during
the production of flat pn junctions. in this connection, doped wafers
means those wafers that are additionally doped with foreign atoms, for
20 example by diffusion and/or implantation and/or some other process. if
the inventive method is used, for example, with doped silicon wafers, it

is advantageous if certain defects are essentially in a surface layer

13



wafers, it is advantageous if certain defects are essentially depieted in a
surface | ayer between 0 and 150 pm and the defects are essentially di sposed
in the interior of the substrate. In this case, the defects are, for

exanpl e, essentially vacancies at which, for 10 exanple, oxy?ﬁn reciEitates
can form In so doing, there is advantageously produced at eN&Hfﬁm
surface a precipitate-free layer of about 150 pmw thin which structures,
such as, for exanple, electronic circuits can be produced. 15 The inventive
met hod can al so be used with production wafers, i.e. wafers- that already
i nclude structures that are obtained during t he manufacture of 'qt%%;ated

% rjra n )

circuits, discretbctwepnribmng 160 B, JeRIERY J&Nsiye ABANKYCPY @GPFé

Furthernore, the wafers or substrates can also include conponents fromthe
 microstructure teghpalngytowdtd thegemeral of te albsizaly. nbntéamepieadfols 1% he
defects can be foreign atons. This is in particular the case with doped

. crystals. I—b\A/ever,VéC}é ci]es7 NC7 200# defects can al so be vacancies at which
is effected, for eXanpl'e, 'a precipitate formation, so that the defects are,
in effect, precipitates. Furthernore, the defects can also be "crystal
originated particles" 5 COPs, which are controlled via the inventive

process wth regard to their spatial distribution and/or concent{a}.i on.
5 If in contrast the inventive method is used for the preparation of silicon

wafers, it is advantageous if cerfain defects are essentially

- depieted in & surface layer between 0 and 150 pm, and the
defects are essentially disposed in the interior of the substrate. In this

casé,t_the defects are, for example, essentially vacancies at which, for

10 example, oxygen precipitates can form. In so doing, there is
advantageously produced at the wafer surface a precipitate-free layer

of about 150 um within which structures, such as, for example,

electronic circuits can be produced.

15 The inventive method can also be used with production wafers, ie.
| wafers- that already include structures that are obtained during the
maritfacture of integrated circuits, discrete components, or in general
electronic circuits. Furthermore, the wafers or substrates can also
include components from the microstructure technology.
20
In general, as already mentioned above, the defects can be foreign

atomns. This is in particular the case with doped crystals, However, the

14



Advant ageously, the defects generated by at |east one process gas can
produce a getter layer in a layer in the vicinity of one surface, 10 whereby
the getter layer can be used, for exanple, for the gettering of inpurities
such as netals. Such a getter |ayer can, for exanple, conprif an .,
accurnul ati on of oxygen precipitates in silicon. As described 2bNGé,chch a
precipitate | ayer can, for exanple, be produced via a suitable spatial
vacancy distribution. 15 By neans of the inventive method, defects such as
vacanci es and/or self-interstitial atons are produced, whereby the reactive
process gas preferably includes oxygen and/or nitrogen and/ or an oxygen and
or nitrogen- cont aideifexgs cxaTpateEbe vacanfies ébnmeigh| lén@’*@%ﬁei%(nﬁ?‘%mﬁ%e 8 20 of
the process gases can essentially conprise oxygen and/ or an

oxygen- cont ai ni Ng QasiithieSorrhBEor ' REHaP theotiefelchearey#s efiects préapitateanyl e,
| ess than 100, 000 pg%%’?”ﬁ? 1 7 NOV 2004 For certain processes, it can,

however, al so be advantageous if one of the process gases is |less than
50, 000 ppm preferably less than 1,000 ppm and with many processes even

| ess than 250 ppm although 5 nore than 10 ppm oxygen (or.in general, ..
oxygen- cont ai ni ng Fgat)erensd othe rﬂﬁtf%@eﬁa(‘o?‘gpmﬁer{g)’gﬁg rﬂrfgﬁ%ﬂg _B%ﬁlfﬁ,sni ng
gas). 10 _

5 COPs, which are controlled via the inventive process with regard to

their spatial distribution and/or concentration.

Advantageously, the defects generated by at least one process gas
can ‘p.-roduce a getter layer in a layer in the vicinity of one surface,
10 whereby the getter layer can be used, for example, for the gettering of
impurities such as metals. Such a getter layer can, for example,
comprise an accumulation of oxygen precipitates in silicon. As
described above, such a precipitate layer can, for example, be

produced via a suitable spatial vacancy distribution.

15
By means of the inventive method, defects such as vacancies and/or
self-interstitial  atoms are produced, whereby the reactive process
gas preferably includes oxygen and/or nitrogen and/or an oxygen and
or nitrogen-containing component. In this connection, for example one
20 of the process gases can essentially comprise Oxygen and/or an

oxygen-containing gas, i.e. the fraction of other gases is, for example,

less than 100,000 ppm.

15



The invention wll be explained in greater detail with reference to the
followng figures with the aid of preferred enbodi nents. The figures . -
show in Figure 1 a schematic sectional illustration of a process chanber,
for exanmple of an RTP system suitable for carrying out the friveyiv @Bl4
Figure 2 a) Exanples of various process gas m xtures, each 15 having several
reactive gases; b) Exanple of different process gases, each having a single
reactive gas; Figure 3 schematic concentration distributions of inplanted
foreign atons after the thermal activation using different process gases;
20 Figure 4 neasured concentration distributions of inplanted foreign atons
(As) after the thermal activation using different process gases; 16 1 7 NOV
2034 5 Figure 5 schematic illustrations of precipitate density distri bgt i ons
or vacancy densi tpprdiestdin prbtensesi it canwaberevet, @igp bRadvaNtAgESYS opne B
wafer; Figure 6 a portion of a process chanber having a schematic

i1 Tustration of a yotary. deyhees W felsangh SoDompesY ippefefablly less than 1,000
ppm, and with many processes even less than 250 ppm, although

5 more than 10 ppm oxygen (or in general oxygen-containing gas) and/or

nitrogen (or in general nitrogen-containing gas).

The invention will be explained in greater detail with reference to the

folloﬁx;'ing figures with the aid of preferred embodiments. The figures - -

10 show in

Figure 1 a schematic sectional illustration of a process chamber,
for example of an RTP system, suitable for carrying out
the invention;

Figure 2 a) Examples of various process gas mixtures, each

15 having several reactive gases, by Example of different
- - process gases, each having a singl_le reactive gas;

Figure 3 schematic concentration distributions of implanted foreign
atoms after the thermal activation using different process
gases;

20 "Figure 4 measured concentration distributions of implanted foreign

atoms (As) after the thermal activation using different

|
process gases, |



formng a split process chanber having two partial chanbers. Fig. 1 shows a
schematic illustration of a process chanber 3, which is 10 suitable for
carrying out the inventive nmethod. This chanmber can be the chanber of an
RTP-, CVD-, RTCVD-, or epitaxial systeml1l, within which chanqekﬂﬂﬁagmﬁﬂly a
single wafer 5 (a substrate 5) undergoes a thernmal treatnent. or
the substrate is, for exanple, a silicon wafer having a dianmeter of up to
300 mm or even greater. In the 15 system 1, the wafer, by neans of a
heati ng device 17, 18, for exanple via lanps 2,4, preferably, for exanpl-e,

rod- shaped hal ogen lanps that are disposed in the faqorm.of banks. | a
17, 18, is heat ed Figura 5t emsshamatie HRSHEERNE o6 Pé%%'ﬁ%?u?@sgﬁa‘sgl{)mg%?.
approxi mately 1400C (in the case of silicon wafers). Lanps in the form of
banks of |anps 17, 18 20vammecydefsty altybdiossds edweisr sy thie thicknpescéte
chanmber 3 above and/or bel.ow the wafer 5. \Were the banks of |anps 17,18
are disposed on both sides,W gti ng of the wafer 5 via the lanp radiation
of 17 1 7 NOV 2004 the | anps and 4 or the banks of lanps 17,18 is possible

fromboth sides. In this connection,,the |anps 4.0f th ppe - ower
banks of |anps 17i04% €an te RATERDsE S AT5SH Cﬁénl?ﬁé éﬂ\gpﬁeg,g%ﬁ}gﬁﬂ'('gngl e,
or, as illustrated in Fig. 1, at right angles to one another,. Far ,thef | anmp 5
radi atison, the process chandbustgtioncpfi@etcteradgpaeentth rafgaeo: HEYICE {18F

forming a split process chamber having two partial

- chambers.

Fig. ‘1.' shows a schematic illustration of a process chamber 3, which is - -
10 ' suitable for carrying out the inventive method. This chamber can be
the chamber of an RTP-, CVD-, RTCVD-, or epitaxial system 1, within
which chamber generally a single wafer 5 (a substrate 5) undergoes a
thermal treatment. The wafer or the substrate is, for example, a silicon
wafer having a diameter of up to 300 mm, or even greater. In the
15 system 1, the wafer, by means of a heating device 17, 18, for example
| via larmaps 2,4, preferably, for example, rod-shaged halogen lamps that
are ﬁsposed in the form of banks of lamps 17, 18, is heated to a
temperature between room temperature and approximately 1400°C (in
the case of silicon wafers). Lamps in the form of banks of lamps 17,18
20 are preferably disposed outside of the process chamber 3 above

and/or below the wafer 5. Where the banks of lamps 17,18 are

disposed on both sides, heating of the wafer 5 via the lamp radiation of

17



exanple, are conprised of quartz, so that the lanp radiation can pass into
the interior of the process chanber for heating up the wafer. The entire

process chanber can al so be forned, for exanple of quartz. 10 Tie 2,4
of the bank of lanps 17, 18 are advantageously disposed at anl H@é@qﬁakone
anot her, preferably at an angle of 900 as illustrated in Fig. 1, whereby
each individual |anp can be controlled separately, or the |lanp can be
controlled in sections in predefined groups. 15 Systens | having heating
on one side can al so be used, whereby with these systens the chanber wakl

that is disposed across fromthe bank of | s is_generally reflectiyve. 20
The illustrated ptrecksspsRaaberd Pk thabenks 9@@“5? i Holp W%%b@t’f’?@aé?ty‘ t wo
gas inlet devices 7, 10 via which at |east two process gases 9, 12 can be

introduced into pafkal inciaTbsssedti®dnldherdnnosiR 4 bither opparsarkBlower baOs2004
e gases 9,12 significantly-mxing with one another. Simlarly, the chanber

1S provided with, g Least (810, PRRABEARTaIBPRALHE HBYGCY o arkde! o

whi ch t he respect galn escape out of the partial
chanbers 13 and 14. ldeally, the_chanber |, is configured S he
process gases 9, 10rtamilluairated Bwiigg i At HERt JHLES 6‘?18('%9 aftoter” 6t 8%y

5 radiation, the process chamber 3 includes transparent regions that, for
example, are comprised of quartz, so that the lamp radiation can pass
- into the interior of the process chamber for heating up the wafer. The

entire process chamber can also be formed, for example of quartz.

10 The lamps 24 of the bank of lamps 17, 18 are advantageously
disposed at an angle to one ancther, preferably at an angle of 80° as
ilustrated in Fig. 1, whereby each individual lamp can be controlled

separately, or the lamp can be controlled in sections in predefined

groups.
15
Systerms 1 having heating on one side can also be used, whereby with
thesa systems the chamber wall that is disposed across from the bank
of lamps is generally reflective.
20 The illustrated process chamber is furthermore provided with at least

two gas inlet devices 7, 10 via which at least two process gases 9,12

can be introduced into partial chambers 13,14 without the process
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another to a mninmal extent, so that the discharging process gases 8 ,and 11
contain mnimal fractions of the respective other gas or possible reaction
products of the respective other gas. 10 The maxi mum process tenperatures to

whi ch the substrate 5 is heated to in the chanber 3 depend qpp:]qu?ﬂﬂwpe of
substrate; a simlar situation exists for the process tinmes an he

tenperature/tine profile of the thermal treatnent. For silicon wafers in RTP
systens, process tinmes between approximtely 0 and 500 seconds are used in
15 order to hold the wafer at an approxi mately constant tenperature. The-

ranp mates for the heating up are approximately 5C Is t app.oxi mat
500C/ s, and for thmsesolity vgnifiep Yo%ﬂ%ﬁtgel“v't%po’i% aricﬁg%?'s, %\Wﬁ?@gy%é’

however, with appropriate cooling devices cooling rates in the range of the

heating rates can @lsfhdtes aGkooied with bhieast tveo 8€parbte gaeischatge deViEET at es,
tenperature ranges, and tine periods, a wafer can be heated w th nodern

units, such as th T 3000, i : SARLcada oet

foll ows nearly ev?r'ﬁ%d\é@i\’?’ 'Ehf@ei t@e%%%é%ﬁ%%ﬁ‘ggg’fiﬁiﬁ%e curv%, wher eby
the tenperature distribution over a_ wafer surface, ca -

approxi mat el y 0. 1%fttbe P.%%iﬁhaﬂqb%FQQ&r?cgéﬁ' grg}eué}baarﬁﬁéei%]%@rggr?%e
wafer is heated on both sides, as is nade possible, for exanpl|e, _L]n Fig. 1
by the panks of | aggs Hhat7thengracesabgazesafdl bahainatendowitern DENWERaPTf e

di fferences
another to a minimal extent, so that the discharging process gases 8
- and 11 contain minimal fractions of the respective other gas or nossible

reaction products of the respective other gas.

10 The maximum process temperatures to which the substrate 5 is heated
to in the chamber 3 depend upon the type of substrate; a similar
situation exists for the process times and the temperature/time

profile of the thermal treatment. For silicon wafers in RTP systems,
process times between approximately 0 and 500 seconds are used in

15 order to hold the wafer at an approximately constant temperature, The
ramp —ates for the heating up are apprpximately 5°Cls to
approximately 500°C/s, and for the cooling off approximately up to
150°C/s, whereby, however, with appropriate cooling devices cooling
rates in the range of the heating rates can also be achieved. Within the

20 aforementioned ramp rates, temperature ranges, and time periods, a
wafer can be heated with modern units, such as the AST 3000, in such

a way that the wafer temperature follows nearly every desired
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between the front and back sides of the wafer (upper side and | ower side
can al so be established, whereby in practice generally the requirenents
‘exist for as small a tenperature difference as possible between the upper
side and the lower side and to realize as uniforma 10 tenperature

di stribution on the wafer as possible. In order to fulfill t hd NEYu 08ent s
with regard to the spatial and tinely tenperature distributions that the
waf er shoul d experience during the thermal treatnent, as nentioned
previously the lamps 2,4 of the banks 15 of lanps 17,18 are controllable-
individually or in groups, so that the i tion field tha ts t he
process chanber 1,temperatuse/time C[dF\@dufélwe PRetEHRRP ed%'#@é'ﬁ% %@r an be

controlled not only spatially but also in ternms of tine. 20 For carrying

out the inventive JBfhodyribbe BsRCEpsroabhnizeprakimatelpnbodbeto ad 54 t @b-Part
chanber having the partial .chanbers 13 and 14. The partial chanbers 13 and

14 are fornmed by a divyjdi 7\”}@% hy 8424l ,théé'tgdvm Q:rot}5 I n
this connection, tHE&S arl%d(;qﬁ&%§gi§/tlﬁéegcé pre er%gg |y conprised o

material that is transparent for th iati f r tion,
preferably being nsides.dcFs i§uapes po‘f’ﬁ'g‘e gé}p‘?)fazm Fvlnd?'ﬁgqgag/ gev% gé]rf\ l%é?ude
an annul ar, non-transparent region 5 6a, so that the wafer ii(rwt%rounded by

this region 6a. Thi® arediih deovef ands beloppdher wafest é@mp@ﬁat@{ﬁj CENAGY
about the wafer in order to

between the front and back sides of the wafer (upper side and lower
- sidge} can also be established, whereby in practice gencrally the
requirements exist for as small a temperature difference as possible
bet\n;e:en the upper side and the lower side and to realize as uniform a

10 ' temperature distribution on the wafer as possible.

in order to fulfill the requirements with regard to the spatial and timely
temperature distributions that the wafer should experience during the
thermal treatment, as mentioned previously the lamps 2,4 of the banks
15 of lamps 17,18 are controllable individually or in groups, so that the
radiation field that exists in the process chgmber 1, and that is
produced by the heating device 17,18, can be controlled not only

spatially but also in terms of time.

20 For carrying out the inventive method, the process chamber 3 is
embodied as a two-part chamber having the partial chambers 13 and

14. The partial chambers 13 and 14 are formed by a dividing device 6

20




achieve a nore uniformtenperature distribution.. in this connection, the
guard ring 6a can be thinner than, thicker than, or have the sane thickness
‘as does the wafer. It can be disposed in the plane of the 10 wafer, s what
bel ow or sonmewhat above the wafer, whereby the displacenent fﬂoﬁ1Nm% bne
of the wafer is generally less than 5% of the wafer dianmeter, i.e. for a
300 mMmm wafer the displacenent is preferably less than 15 nm 15 The wafer 5
is held within the process chanber 3 by a non-illustrated wafer hol ding
device in such a way that together with the dividing device 6, a two-part

chanmber having the partial chanbers 13 and 14 results. A possjble gap
between the wafer Zndabg thee wiifer di.nglrddhisceomegtionnithe niiyicing rdé':’rvgﬁy% et is
| arge enough that the wafer can undergo a ?p thermal expansion that is

i mparted by the t %@gbgkrgahaﬁgéd dff at hatersitant 5 testspargrdnfor e diavii ng
device 6, a gap fornatio etween wafer 5 and dividing device 6 can

advant ageousl y be avoi ded, there e t g izngride
partial chambers fraemﬂeﬁéfhﬂf%&%% r%gj'aﬁ‘ﬁé’wa &r @ bgﬁ @?\% di (’rﬁ; device 6 are
not disposed in the same plane, a separatio of the partial an,
for exanple, also mlartzeéll\lldz@jdﬁ\ﬂcﬁaﬁli?%mcﬂ‘?ﬂ% @\%F@P”gnonv%ﬁrgaség%g?ﬁgi%ﬁof
the dividing device 6, as a result of 5 which an essentially_hori z_ontgl gap
resul t s bet ween t hey pay tHatlthe oafiebés surBundier by thisnregies 8onhiEEBIRN $he

width of the gap is
forms a type of protection (guard ring) about the wafer in order to
- achieve a more uniform ternperature distribution.. in this connecticn,
the guard ring 6a can be thinner than, thicker than, or have the same
thiclg.n'éss as does the wafer. It can be disposed in the plane of the
10 wafer, somewhat below or somewhat above the wafer, whereby the
displacement from the plane of the wafer is generally less than 5% of

the wafer diameter, i.e. for a 300 mm wafer the displacement is

preferably less than 15 mm.

15 The wafer 5 is held within the process chamber 3 by a non-illustrated
wafer folding device in such a way that together with the dividing
device 6, a two-part chamber having the partial chambers 13 and 14
results. A possible gap between the wafer 5 and the dividing device 6
is minimized thereby, yet is large enough that the wafer can undergo a
20 thermal expansion that is imparted by the thermal treatment. If the
wafer 5 rests upon the dividing device 6, a gap formation between

wafer 5 and dividing device 6 can advantageously be avoided, thereby

21




determ ned by the spacing between the wafer 5 and dividing device 6. This
spacing can also be mnimzed, so that as little gas as possible is
exchanged between the partial chanbers 13,14. 30 The wafer 5 can furthernore
be rotated via a rotary device (not illustrated), whereby the axis of

rotation advantageously extends through the center of the k
perpendi cular to the surface of the wafer. As a consequencﬁai)ﬁlq\ﬁgﬂu‘bt ation

of the wafer, a nore uniform 15 honbgeneous tenperature distribution can be
realized. If the wafer 5 is rotated, the partial chanbers 13 and 14 are -
preferably realized by the above-described, partial overl appi of tge

di vi di ng device byetthesepafaingdhe martalafendiers fem gpadnodess: Jé! gewf?i’?f egard
to the latter possibility, Fig. 6 schematically shows a rotary device 60 of

one 20 possible egpleddig@mg P@ggggr@é@n@mig\mg&d intee wahes pfnies ateslpdratmom
waf er support elenents 61 of a rotating ring 62. The periphery of the

Nov 2003t di vi i ng dgiRats Brerherprateld Semier Aorhs KRS PN 7
B e G908 BBt el MR B0 2 B B 20
which leads to a good separation of the two partial chanbers 13 and 14. The
5 horizontal gap hetigeeant kessentialbf i harizetaingaphdesilts detyegpyitee Baftis!
chambers 13 and 14. In this connection, the width of the gap is
- determined by the spacing belween the waler 5 and gividing device €.
This spacing can also be minimized, so that as little gas as possible is
excha.'nged between the partial chambers 13,14.
10
The wafer 5 can furthermore be rotated via a rotary device {not
illustrated), whereby the axis of rotation advantageously extends
through the center of the wafer and perpendicular to the surface of the
wafer. As a consequence of the rotation of the wafer, a more uniform
15 homogeneous temperature distribution can be realized. If the wafer 5
is rotated, the partial chambers 13 and 14 are preferably realized by
the sBove-described, partial overlapping of the dividing device by the
wafer or portions of the rotary device. With regard to the latter
possibility, Fig. 6 schematically shows a rotary device 60 of one
20 possible embodiment, according to which the wafer 5 is held upon

wafer support elements 61 of a rotating ring 62. The periphery of the

rotating ring 62 has an outwardly open U-profile 63 into which the



thereby m nimzed. In addition, vanes 64 can be nounted on at |east one

si de, advant ageously however or, both sides,- of the flanges of the
U-profile 63, so that when the rotary device 60 rotates, these vanes 64,

due to the centrifugal forces, produce a punp effect and thus prevent 10
process gas from passing out of one partial chanber into the other.
Dependi ng upon the substrate material, the ring 62 is comjr? <NQN 0%
exanpl e, of quartz or sapphire (for exanple if the substrate is conprised
of sapphire such as, for exanple, with Il11-V sem conductors, for exanple
for GaN. My), with silicon wafers the ring is 15 advantageously conprised of
silicon or coated gildimpdeoicestldfcba proaets dbabie0)3 prajertshat Ishel parially so be
used for GaNo My if SIC1s used as the carrier nmaterial of the IIl-V

sem conduct or . Asm\f&'{tﬁc‘?&t“'hbwetv.@? g@,{tggtmgcm ke Be#ed-paifiloBBy I eendoirey, f ront

side but also fro e tear side and fromthe edge regions. The rotation

and/or the position of the, 20 rotary devic l-af I 1.0 the. 3 can
be effected mechanih€alctyry dgvice Q@P"é&éaﬂ%b@“ glgsglgafft%é ﬁ&g‘;@l@g id%g’ﬁ%hsﬁrm%h

el ectro-magnetically, or via an air cushion device. Furtherpore,

sucti oni ng-of f devieads tamdgeed gegartion of thetweperial shambess Jp&nd i ke

provided in the dividing device, so that, for exanple, gas that tries to
flow from one partjahi,angsp HelweénitheoUigrefiler 83 et thee doidieg devinebériscan

be drawn off. In addition, or alternatively, for exanple an inert gas can
flowin via gas | n{h%tre&?%hﬁ?ized. In addition, vanes 64 can be mounted on at least
- one side, advantageously however on both sides,- of the flanges of the
U-profile 63, so that when the rotary device 60 rotates, these vanes 64,

due tc-i the centrifugal forces, produce a pump effect and thus prevent -
10 process gas from passing out of one partial chamber into the other.
Depending upon the substrate material, the ring 82 is comprised, for
example, of quartz or sapphire (for example if the substrate is
comprised of sapphire such as, for example, with [11-V semiconductors,
for example for GaN: Mg), with silicon wafers the rng is
15 advantageously comprised of silicon or coated silicon or silicon
carbide (SiC), whereby SiC can also be used for GaN:Mg if SiC is used
as 1AB carrier material of the 11l-V semiconductor. As a result, the wafer
can be heated not only from the front side but also from the rear side
and from the edge regions. The rotation and/or the position of the
20 rotary device 60 relative to the chamber 3 can be effected mechanically

via, for example, a shaft, magnetically, electro-magnetically, or via an

air cushion device. Furthermore, suctioning-off devices and/or gas
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5 so that a type of gas seal results between the partial chanbers 13 and 14
in the region of U-profile 63. Under certain conditions, the gas inlet
‘'nozzl es can al so be supplied with a reactive process gas, if, for exanple,
a mxing of the gases in one chanber is permssible yet is inpermssible in
the other chanber. In this case, the process gas is 10 advapqaﬂgqugmy used
as a gas seal that is found in that chanber that is to be Sealed relative
to the other chanmber. Fig. 2 illustrates a nunber of enbodi nents of the

i nvention, whereby respective process gases having at | east one reactive

conponent are 15 used above and bel ow the wafer 5.i.n. the partial a rs 13
and 14. In this conlebctozzies £8n PEUSIPHEISE lﬁyﬁiﬁaﬁ'\ﬂg'”&xéﬂﬁgl% i 5P I't:]l%% rfgg

process gases having at |east two reactive conponents can be used in one

partial chanber 13ykAnplehgaeiyat thies texaupirem ome partial opembssritial hing e
conponents, during a thermal treatnent of a silicon wafer, produce

addi ti onal vacanci - t.he e hepCBah hak tdrewndidff useni nddaitidre or
interior of the We{f%gpé&g?yg%tﬁ@ﬁzo%?iwm ng ?:onponents produce 24 17 Nov 7004

additional self-interstijtial, atons (EZO. 0q dj, f i t

interior of the walEmMaesfrf Sﬁﬁ@pi%ﬁﬂilﬂé&%éﬁaé@ %&éﬁeg%:%%mnrﬁ?trﬁ%gﬁs’

cont ai ni ng gases, the concentration of vacancies and the EZr&C%{%gn tﬁjs be
set. Sifice the vacsmtizt= type ofpesesealgseltubemaaminedyatase e1sokt A% ent s

in silicon, and also reconbine with one another, a desired _
14 in the region of U-profile 63. Under certain conditions, the gas inlet

- nozzles can also be supplied with a reactive process gae, if, for
example, a mixing of the gases in one chamber is permissible yet is
impér-inissible in the other chamber. In this case, the process gas is

10 advantageously used as a gas seal that is found in that chamber that is

o be sealed relative to the other chamber.

Fig. 2 illustrates a number of embodiments of the invention, whereby

respective process gases having at least one reactive component are
15 used above and below the wafer 5 in the partial chambers 13 and 14.

In 1HTE connection, as illustrated by way of example in Fig. 2a, process

gases having at least two reactive components can be used in one

partial chamber 13,14, whereby, for example, the nitrogen-containing
20 components, during a thermal treatment of a silicon wafer, produce

additional vacancies at the wafer surface that then diffuse into the

interior of the wafer.  Oxygen-containing components produce

24



density distribution (fromthe surface to the interior of the wafer) of
vacanci es and/ or EZG can additionally be Jct. In this connection, not only
‘the tenperature, the tenperature profile in terns of tinme, the process tine
and the conposition of the gas m xture can be utilized for 10 setting the
concentration and the density distribution of the defects.{W NVt lfidensity
distribution of the defects, however, a distribution of activated foreign
atons (donators or acceptors) are also determned therewith. Due to the
thermal treatnent, the activation of inplanted 15 silicon wafers, the -

spatial distribution profile of the doped or inplanted- in f.grei aLons
natural |y expandsaddgional diQe‘lﬁhiterstitiﬂbme\ﬁé@mso{%@otha@h@%oégﬁﬁ ﬁ'i‘ y t he

activation, i.e. due to the possibility that a foreign atomcan reach a

lattice location gfichibecsihé Gffer.t Byssiisbleisombiriationesfsexygeal ayd aitsegen
determ ned by the concentration and the spatial 20 distribution (density

di stributi f the defects.  This.i b gah theant |
nf | uence {he act FOBIAORGEHBBEDITS 195 CET0L ob ot SRebr 11 1y Lot & orol gn

i nfluence the acti ity that a foreign

atomcan reach a lattice |ocation of the siljcon. 17 oeh a

mani pul ati on of tie sphtidincgi L& VBERNIRS @”4 ‘Iful'ée aﬁfév@?veed oerréﬁg#fﬂaéﬁcbrm vi a

the use of RTP in an undivided process chanber, i.e. in a procesa c,géic!rber

i n whigh the waf ercoetficsentsanraii@mbromndl dlssirdeembipet Wth o58nNHPBL R 8eY s

described, for exanple, in the not-pre-published 5 Gernman patent

appl i cation 199 23963, ofistribetisANEroapRhe canface to the interior of the wafer) of

- vacancies andlor EZG can additionally be sct. In.this sennection, not

only the temperature, the temperature profile in terms of time, the
procégs time and the composition of the gas mixture can be utilized for

10 setting the concentration and the density distribution of the defects.

With the density distribution of the defects, however, a distribution of
activated foreign atoms (donators or acceptors) are also determined
therewith. Due to the thermal treatment, the activation of implanted
15 silicon wafers, the spatial distribution profile of the doped or implanted-
in foreign atoms naturally expands due to diffusion. However, due to
the possibility of the activation, i.e. due to the possibility that a foreign
atom can reach a lattice location of the silicon, this diffusion is
essentially also determined by the concentration and the spatial
20 distribution (density distribution) of the defects. This is so because the
defects significantly influence the activation probability, ie. the

probability that a foreign atom can reach a latlice location of the silicon.
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(NH~3 + + N~and ..t ~I ,~"" Tl he piocess conbination of a) ~i~ Q and
C (H2 + 02) illustrated in Fig. 2a is used, for exanple, for the
manufacture of flat pn junctions (so-called "ultra-shallowjunctions” In

this connection, the 10 concentrations of NH3 are approxi rratf y @ Bﬁmto
50, 000 ppm the concentration of N20 is in the range of 0% g tfg
(deducting the NH3 concentration). Furthernore, the two reactive gases can
also be diluted with an inert gas such as, for exanple, argon.
Alternatively, instead of the process gas c), a mxture of, for exanple,
(N2 + 02) can 5 be used, whereby the 02 concentration js in th range of 10
ppmto 50, 000- - pguchThinsamjpslationt ofr thecsnatial istieution ot &1 aFtive %91 ‘?'%@rr{ gas
such as argon, or the nitrogen can be replaced by an inert gas. If in a

process gas m Xt ur e, Ry drogRe dé% ana&TENroAy gentivided airotess geambes i.eused the
hydrogen concentration is preferably selected in a range 20 beyond the

explosion threshold, in th t l; i gl Rides by thene
oxygen- cont ai ni ng PHAETSSC ggm fA}hr e&h%nn\g?@ 1Q§uﬁ%§§#§dgﬂﬁ i F g‘f 2a,

there results no danger of explosion a 00 ik xture
can be sel ected, fSOMREHSS §2DM§ CRECT M%W?@WBZ‘E Noéh o‘l%&gﬁ)upﬁgnéﬂ
respective gases. The gas m xture ¢c) (H2 + 02) can be selected, for

exanpl & such t hatGétmat pgmhelpphcairces"sﬁl& 27i982tafdhe pame apRicaRbt substrat e

surfaces and/or in the vicinity thereof a conbustion of

- The ptocess combination of a) (NHy + N,O) and ¢} (Hp + O;) illustrated
in Fig.- 2a is used, for example, for the manufacture of flat pn junctions

(so-éa;-lied “ultra-shallow-junctions”). In this connection, the

10 ' concentrations of NH; are approximately 5 ppm to 50,000 ppm, the
concentration of N2O is in the range of 0% to 100% (deducting the NHs

concentration). Furthermore, the two reactive gases can also be

diluted with an inert gas such as, for example, argon. Alternatively,

instead of the process gas c), a mixture of, for example, (N2 + Oz) can

15 be used, whereby the O concentration is in the range of 10 ppm to
50,000-ppm. This gas mixture can also be dil;uted with an inert gas

such;és argon, or the nitrogen can be replaced by an inert gas. If in a

process gas mixture hydrogen H; and an oxygen-containing gas are

used, the hydrogen concentration is preferably selected in a range

20 beyond the explosion threshold, in the event that an explosion is
possible. If the oxygen-containing gas is H,O as, for example, in

Example b) in Fig. 2a, there results no danger of explosion and any
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5 oxygen and hydrogen to formwater is effected. This water then serves,
for exanple, for the oxidation of the substrate surface. Fig. 2b shows four
‘Exanples a) to d) with which at |east two reactive gases act upon
respectively different surfaces of the substrate. In 10 Exanpl_e %b i H2
concentration and the H20O concentration are in the range of dbd &ﬁpn1to
100% (for exanple diluted by inert gases such as argon or at tenperatures
under approximately 1100C al so N2). At tenperatures over 1100C, during the
processing of silicon nolecular nitrogen is also converted to a nitrogen
containing reactive gas, since ] 5 then at the Si surface and/or _an Si O2
surface a nitri datdesned sniafirectaadpe sgecied douExapPlaiiorh e oM FM49F form
of vacancies result. In general, an initially (i.e. at |ow tenperatures)
inert gas can behqye NEIRaAFIREIr¥spéstnet gaselsy Hig ges enizkedingHa + Brlezaiol d
tenperature of the substrate. Such gases should al so be considered as

reactive gases within the 20 f r FiRukpAEd a8 inifiallyhat
substrate tenpera r?legt%geg%séﬁh@ th%ggﬁgﬁ%%ftgéntper }thSrle\tguri ng the g:hermal

treatnment. In this way, a nunber of varjatiqps of th [ese ' Len are
possible. 27 1 7 Nowh2 eubatmtg,swegxaa}ﬁ%@réﬁﬁ?d#ﬁ’@' e@%ﬁ% g%@yﬂgﬁ&fng 2b
initially the water (nore precisely water vapor) that acts, for ex | e,
essentisal |y upon dxygetnged shydzogén ttve fagim ivesar viaf effededan This avatel &M t h
N2, for exanple an N2 concentration of about 1 ppmto about 100,000 ppm
After the serves, for example, for the oxidation of the substrate surface.

Fig. 2b shows four Examples a) to d) with which at least two reactive
gasész act upon respectively different surfaces of the substrate. In
10 Exampte a) the Hz concentration and the H,O concentration are in the
range of about 1 ppm to 100% (for example diluted by inert gases such
as argon or at temperatures under approximately 1100°C also Np). At
temperatures over 1100°C, during the processing of silicon molecular
nitrogen is also converted to a nitrogen containing reactive gas, since
15 then at the Si surface andfor an SiO; surface a nitridation is effected,
as a result of which defects in the form of vacanpies result. In general,
an infally (i.e. at low temperatures) inert gas can behave increasingly
reactively after exceeding a threshold temperature of the substrate.
Such gases should also be considered as reactive gases within the
20 framework of the present invention if the substrate temperature
exceeds the threshold temperature during the thermal treatment. in

this way, a number of variations of the present invention are possible.
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waf er has been heated up, the water has an oxidizing effect, i.e.

additional self-interstitial atons result upon the back side of the wafer.
if the threshold tenperature of about 1100,C is exceeded, the nolecul ar
nitrogen additionally acts in a nitriding nanner and additi onal vacanci es
are produced. These however only 10 during the time period qf?qﬁﬁpg 4ng the
threshold tenperature. In this way a further possibility for controlling

the defect distribution is presented. The Exanples a) and c) iIIustrated in ‘
Fig. 2b, according to which above 15 an Si wafer hydrogen (|n t he

concentration range between | ppmand 100%-is use .0 e fer
water or oxygen (Thspetdri sxdmppien frarhdhe dnesnRiead) gg,F g%@}]e Vgg%rm and

10099 are used as reactive gases, can be used, for exarrpl e in order to

reduce the COP dg@g}é)tbr@&é]?%ﬂﬂé@ﬂfap@mmaﬁfadmefomm‘xamplb,eeamladlh@Fr%ﬂdr ogen
reduces 20 the Si hin.the COPs, as a result of which these can be

elimnated by acghumjl ti on o %éll%(ﬂwa Bbn HeRited W,»@dm tfopBxample

interstitial Si produ onthe back side of the wafer by
means of the oxidation, vvlth the Si dlfoSIn in .t upper
side of the wafer anl N, genceetraian ot pheubf R W@Pmpg d@éﬁ%} Rﬁfimﬁ n the
concentration 5 range 1 ppmto 100% is used, and on the up i de of the
wafer NH3 (in theyegacants deennheatedeup thprwaier 10 @@o%tﬁ#ﬁmg se (Rdd i -Eas
additional self-interstitial  atoms result upon the back side of the
- wafer. If the threshold temperature of about 1100°C is excecded, the
molecular nitrogen additionally acts in a nitriding manner and additional
vacancies are produced. These however only

10 during the time period of exceeding the threshold temperature. In this

way a further possibility for controlling the defect distribution is

presented.

The Examples a) and c) illustrated in Fig. 2b, according to which above

15 an Si wafer hydrogen (in the concentration range between 1 ppm and
| 100%)-is used, and below the wafer water or oxygen (respectively in

the Toncentration range between 1 ppm and 100%) are used as

reactive gases, can be used, for example, in order to reduce the COP

density on the upper side of the wafer, because the hydrogen reduces

20 the SiO, within the COPs, as a result of which these can be eliminated

by accumulation of interstitial Si atoms. In addition, interstitial Si is
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illustrated in Fig. 2b in Exanple b ), then in a region of an upper side
vacancies and in the region of the underside EZG are produced. 10 In the
Exanple d) in Fig. 2b, above the wafer hydrogen H2 (possibly diluted with
an inert gas such as Ar or N2) having a concentration of 1 ppmto 100%is
used, while below the wafer anmmnia NH3 is used (possibly Hill NO¥d208kt h an
inert gas such as Ar or N2) . In this case, for exanple in a region of the
upper surface of the wafer, COPs are 15 reduced, and in the region of the

| ower surface of the wafer vacancies are produced that can serve, for -
exanple, for the formation of getter centers. The gases or gas conbi nations

of the previously geggséded thebaortxits vbtieswaten hyemeaas of thigeoxidabomet i t h
one another in any desired fashion. Furthernore, gases or gas conbi nations

can be replaced Dy oquiyaliehil he'OFediRe AI68 upBlr dideNPhIORbert 0. 3

schematically sho I'mensi onal stribution of activated foreign
atons as a function of the spacing fromthe wafer surface. In this
connection, curve 31 shows a conventional activation 5 with which an inert
gas or nerely one reactive gas is used for the nanipul ati %n of the fief ect
di stribution wit hilhohheeveeckrsidavaf the waer, domexamplenhiC Aet NG RANGRNHBIRd, at
nost one type -0f dcfcct (vacancies or EZG defects) is influenced by the
processs gas, as thizsgkst gescio PEEN) is used, and on the upper side of the wafer NH,
(in the concentration range 10 ppm to 100,000 ppm) is used (as
- illustrated in Fig. 2b in Example b ), then in a region of an upper side

vacancies and in the region of the underside EZG are produced.

10 In the Example d) in Fig.'2b, above the wafer hydrogen H; (possibly
diluted with an inert gas such as Ar or Nz) having a concentration of 1
ppm to 100% is used, while below the wafer ammonia NHj is used
(possibly diluted with an inert gas such as Ar or N,) . In this case, for
example in a region of the upper surface of the wafer, COPs are

15 ~ reduced, and in the region of the lower surface of the wafer vacancies
are preduced that can serve, for example, for the formation of getter

centers.

The gases or gas combinations of the previously described
20 embodiments can generally be combined with one another in any
desired fashion. Furthermore, gases or gas combinations can be

replaced by equivalently working ones.
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for exanple, in D.F. Downey et al.; Mat. Res. Soc. Synp. Proc. (1997), 10
Vol 470, pp. 299-311. At the sane thernal budget, the distribution of the
‘activated foreign atons can be considerably less if one utilizes the nethod
descri bed above in the German patent application 199 27 962. This is 15
schematically represented by the curve 32. In addition, the concentration
of the activated foreign atons can be increased, which is I7s gqhﬂMN in the
i ncrease of the plateau region 32a, so that the distribution of the
activated foreign atons nore closely approaches a desired "box profile" ~35.
This is in particular necessary with very highly 20 integrated circuits,
since there very thin activated zones are necessary, and hence a "box .
profile” 35 should be realized as closely as possible. 30 17 Nov 2004 Fig. 4
shows several meagw ed ag%ﬁé/rﬁé{i(%uydiﬁdwsbuihieormwé-dimémsiomlmcbstnbum@ﬂ of
densities of the aclivated.foreign atons (in 1/ccm as a function of the

D o he S 23, WTLiEh BHEE8 6, lnaRae bt A )spRinpfrapn tee wiafl of

wer e produced acc &l pursuant to e Gerrman 5 patent
application 199 27 962. It is clearly recognizabl e that due. t .

conbi nati on of twsurfeaet i MethifageRNEHENe CNIP!% gﬁcﬁ?‘ﬂ at%&vgﬁ?éﬁ%e&@;ﬁ Ve
produce vacanci es and EZG an increase of the plateau 32a (see also Fig. 3)
can be sachi eved (G@faftaciewnvmetl gaist br 42erely one)reaghve taast 'S Aseddet s by

the suitable selection of the conposition of . _
manipulation of the defect distribution within the wafer. With this

- conventional activation method, at most one type of defcet (vacancies

or EZG defects) is influenced by the process gas, as this is described,

for ex;mple, in D.F. Downey et al.; Mat. Res. Soc. Symp. Proc. (1997),

10 Vol 470, pp. 298-311.

At the same thermal budget, the distribution of the activated
foreign atoms can be considerably less if one utilizes the method
described above in the German patent application 199 27 862. This is
15 _ schematically represented by the curve 32. In addition, the
concentration of the activated foreign atoms can be increased, which is
also shown in the increase of the plateau region 32a, so that the
distribution of the activated foreign atoms more closely approaches a
desired "box profile” 35. This is in particular necessary with very highly
20 integrated circuits, since there very thin activated zones are necessary, |

and hence a “box profile” 35 should be realized as closely as possible.
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10 the reactive gases (here NH3 and N20) the width of the density
distribution can be mnimzed (conpare curve 44 with, for exanple, 41). In
'so doing it is clearly easier to fulfill the requirenents of the "box
profile” 35 of as high an activation concentration as possiblgTM& Eﬁﬁﬁ
smal |l a distribution as possible. A noble or inert gas such as'a @ , br 15
however, al so nol ecular nitrogen N2, can, for exanple, serve as a
carrier.-gas of the reactive gases. Pursuant to the present invention, the
method illustrated up to nowwth the aid of Figure 3 and Figure 4 can row
be further inproved in that , 20 as illustrated in Fig. 2a, one uses
respectively diff@ignd gproocessveras awasabey @ctivetidre Hisiiuienaainethe; Rrmnef _
partial chanbers 13 and 14. Thus, for exanple, gas conbinations a) and c),

as illustrated inyfd gureitgd. of3he bclivAled 13Rdn caombire ondom)ess wiftinctameof

anot her, whereby the respective concentratron ratios relative to one

another or in an inert carrjer gas_are £t h |.Le AVt h
the conbination afN@s@2eNg 'ha ﬁ}q B'ﬂ% n I%%gg'ggﬁﬁ%%é)&bog%ﬁg%m?oﬁgg% e at

t he back side of the 5 wafer, which very rapidly diffuses in tFeggﬂ{rection
of the front side vdfich ierepapeucedpesPrdifiddr thadnethpdduipeant ipdre S&IMANe Mos
transistors, that are to be produced are disposed). If arsenic is

i npl antsed, for exgmm@, apmicatitre 100@T 962.d4 intiealy readbgnizablechat €vis0 the of
arsenic into the interior of the wafer can additionally be prevented. A

further approxi mati,an,iRbtidd€of two reactive gases (here NH3 and N20) that

32a (see also Fig. 3) can be achieved (compare curve 41 with 42 to
44), Aa-'nd that in addition by the suitable selection of the composition of
10 the reactive gases (here NH3 and N20) the width of the density
distribution can be minimized (compare curve 44 with, for example,
41). in so doing it is clearly easier to fulfill the requirements of the “box
profile” 35 of as high an activation concentration as possible with as
small a distribution as possible. A noble or inert gas such as argon, or
15 however, also molecular nitrogen N2, can, for example, serve as a
carrier-gas of the reactive gases.
Pursuant to the present invention, the method illustrated up to now with
the aid of Figure 3 and Figure 4 can now be further improved in that |,
20 as illustrated in Fig. 2a, one uses respectively different process gases
above and below the wafer in the partial chambers 13 and 14. Thus,

for example, gas combinations a) and ¢), as illustrated in Figure 2a,
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10 desired box profile 35 is the result, and this is shown in Fig. 3 at 34,
34a. Wth a suitable concentration of oxygen and hydrogen, in addition an

in-situ wet oxidation can result upon the back side of the wafer, or the

hydr ogen can be used for reduction reactions or for the saturation of
dangling bonds. 15 As an.. alternative to the processes illust{qtRdyi i}
Figure 2a, where in each partial chanber 13,14 at |east two or nore
reactive gases (and possibly inert carrier gases ) are disposed, it is
possible as illustrated by way of exanple in Fig. 2b to dispose in each.
partial chanber 13,14 20 only one reactive gas (and possibly inert carrier
gases). A nunber ghn ecanpbedieed mibvicks enol)er, byvhemby alhg diespahtverer e.

al ready di scussed above. Here also the defect/density distributions of the

front side of the
can be controlled C&%/C%

conbi nati on of the

tgaw ﬁt%e%ﬂ‘v@ﬁo%’r’@ MothBeobiatdh Blettecntiet hes wed er

n
h uence of the reactive gases. Furthernore, a

d i bed | i gQuf 2D.:
possi bl e accordi@?@g?qtchWiit %SF%%%@%E?E %ﬁtgﬁéﬁ%efé}gwﬁgh%gafle%&i?)é gas

(possibly with 5 one or nore inert carrier %ases) is present, aqr_):éi in the
other partial chadditorehEZ? cesr be readusar: TgasXamploabing Pagk g R the
carrier gases) are present. The previous conbinations, and the gases and
gas combi nations wafer, which very rapidly diffuses in the direction of the front side of the

wafer (upon which the structures, for example MOS transistors, that

- are 1o be produced are disposea). If arsenic is implanted, for example,
on the front side of the wafer, the diffusion of arsenic into the interior of

the Wa;fer can additionally be prevented. A further approximation of the

10 desired box profile 35 is the result, and this is shown in Fig. 3 at 34,
34a. With a suitable concentration of oxygen and hydrogen, in addition

an in-situ wet oxidation can result upon the back side of the wafer, or

the hydrogen can be used for reduction reactions or for the saturation

of dangling bonds.

15
As an -alternative to the processes illustrated ip Figure 2a, where in
each partial chamber 13,14 at least two or more reactive gases (and
possibly inert carrier gases ) are disposed, it is possible as ilustrated
by way of example in Fig. 2b to dispose in each partial chamber 13,14
20 | only one reactive gas (and possibly inert carrier gases). A number of

examples are provided in a), b}, c), and d), and were already discussed

above. Hére also the defect/density distributions of the front side of the
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10 illustrated in Fig. 2, are merely provided as exanples. In general, it is
possible to utilize nore than two reactive gases in a partial chanber 13,14

‘'of the process chanber 3. The inventive nmethod was previously described in

conjunction with the 15 activation of foreign atons doped in silicon with
the aid of Figures 3 and 4.- Further application possibilitids/ Nov 12
;present invention are illustrated subsequently. Fig. 5 schematically shows
different spatial distributions of precipitates 20 (for exanple oxygen
precipitates in silicon) along the wafer thickness. The distribution 51 -
results when the sanme process gas is used on both sides of the wafer 5. In
this connection, thdet \arel of tHesbathbsideonf B8 WafdiooarRds cespetediayy thehe
shape of the maxim and the drop off of the distribution toward the rim of

the wafer, essent ia@f*d%ﬁ%ﬂ%?@? r%@@fl"ibné @%seé.enpﬁ’ﬁﬁéﬂr'ﬁ@rét iaeosWinaRical of fise

t hermal treatnent eneral, the wafer is processed in an

undoped state in a proces a .that congain i frogen, reb -

ni t rogen- cont ai ni ﬁ@et@ggsacgirlgggdﬂ rﬁﬁg&r&%aaigﬁaﬂ@ %éﬂeorogg@g\’éggﬂr&l%% at

the wafer surface. These vacancies form nucleation seeds for the oxygen

preci pi tation, whitchwhish igetres glarjalesiasaberdonl ene A@_GHVENSIFrAPCIS It Wt

step. 10 The greatly unsymetrical distributions 52 and 53 can, for exanple,

be preduced by didfeebpmhome opesscarfisegaisas) veppent abnd arthe rdhar3padial
chamber two or more reactive gases (possibly with inert carrier gases)

are present.

The brevious combinations, and the gases and gas combinations
10 illustrated in Fig. 2, are merely provided as examples. In general, it is
possible to utilize more than two reactive gases in a partial chamber

13,14 of the process chamber 3.

The inventive method was previously described in conjunction with the
15 ~ activation of foreign atoms doped in silicon with the aid of Figures 3
and 4~ Further application possibilities of the present invention are

illustrated subsequently.

Fig. 5 schematically shows different spatial distributions of precipitates
20 (for example oxygen precipitates in silicon) along the wafer thickness.
The distribution 51 results when the same process gas is used on both

sides of the wafer 5. In this connection, the type of distribution,
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wher eby the inventive nethod can be utilized. For exanple, if one uses an

inert gas such as argon in one partial chanmber 14, to which is added oxygen

‘or an oxygen-containing gas only in the range between 15 10 ppm and 5000

ppm in order essentially to avoid en etching of the wafer,5 mﬂjs si de,
ﬁ@ﬂ“ﬁﬁg

and in order to obtain a reduction of vacancies by addi tid ction of
self-interstitial atonms (curve 52). In contrast, in the other partial
chanber 13 a nitrogen-containing gas such as NH3 is used in order to obtain
essentially a vacancy injection at the 20 wafer surface. Small quantities of
additional |y added oxygen prevent an etching of the silicon. One thereby

obtai ns a vacancy ¢dhstibjiPtid 8Rapé Bathe sranhbadrd/theasrop offudfl thendistributen
vicinity of a wafer surface. This 34 1 7 NOV 2004 surface is used then for

t he back side of hvg%r}@g;‘ﬁ{ﬂeﬁhnggf[ ﬁti]et habser! Ot%_gg#ﬁ%”gh% sty Qin T later

resul ting oxygen greates Xygen precipitates can
then act as getters for, for exanple, heagv tals such Cr, . Ni , Fe
or other inpurititempheatus/time sWuaPE he ﬂtgrgﬁ it@fﬁw%iq{aﬁ‘ﬁewﬁ;%cgss f
chanmber. The structures, for exanple circuits, are then applied to the

pr eci pi t at e- depl eigederdidthe wafarcie precessedyigean pndoppd tsd@iesind BreresgV@issel y
affect the electrical characteristics, such as, for exanple, the breakdown

vol taggand the '%@ %Sﬁt'gﬂn%rHﬁﬁf&@n?%h@éb?!@&ﬁtf@érﬁc@mmm@rga‘s, aats as d ow as
possi blFe 10 precipitation of oxygen is desired in a surface region of up to
150 pm reactive gas and generates vacancies at the wafer surface. These
vacancies form nucleation seeds for the oxygen precipitation, which is

generally effected in a later thermal treatment step. .

10 The greatly unsymmetrical distributions 52 and 53 can, for example, be
produced by different process gases in the partial chambers 13,14,
whereby the inventive method can be utilized. For example, if one
uses an inert gas such as argon in one partial chamber 14, to which is
added oxygen or an oxygen-containing gas only in the range between

15 10 ppm and 5000 ppm, in order essentially to avoid en etching of the
wafer 5 on this side, and in order to obtain a reduction of vacancies by
additional production of  self-interstitial atoms (curve 52). In
contrast, in the other partial chamber 13 a nitrogen-containing gas such
as NH3 is used in order to obtain essentially a vacancy injection at the

20 wafer surface. Small quantities of additionally added oxygen prevent
an etching of the silicon. One thereby obtains a vacancy distribution

that essentially has a maximum in the vicinity of a wafer surface. This




It can be particularly advantageous if the precipitate density rises
greatly directly after an extensively precipitate-free surface layer. In so
‘doi ng, one obtains a getter effect in the inmediate vicinity of the
el ectronic structures (for exanple MOS transistors), which 15 advant ageously

further inproves the electrical characteristics of the strgqtghvsﬂmghe t hen
speaks of "intrinsic getters". Such a precipitate structur

schematically represented, for exanple, in curve 54. Here the precipitate
density drops off greatly at |least to one side, whereas it 1is otherw se-~
very high in order to provide a getter effect. In this 20 connection the
preci pitate densi kycfafe ageusef enersUof dbe lpawn sidecobdbeswaiidisin@nat (that as i s
schematically shown in curve 55. The structures are then applied to the

preci pi t at e- depl eiﬂec%g?)héi@.se HEnsi@é‘ro'?L{ﬁ@t ot Fwiltdy bxygdbraeltatuseretie

I nvention differe s gas are disposed in the partial chanbers 13,
14 during the thermal treatnent, the steepness . or.profli 0 plsgt ed

zones can be cont B63t8&t on %t%ygpaeg[ecgbdt%{%satcaﬁﬁ & éaﬁt eapsr gﬁh?@s@ésult in
the regions A and C, whereby in the vicinity of _5 '?t | east one urf,{ﬁcE t he
concentration of ewenmiechevyaredals suchtsCdeNaty: T@$E IRgh MRUHCSEAET al

region B of the wafer. A further application possibility of the inventive
methodsi s a reducti@mo@d irf e gittosn by iptheOpPRResS@PBNIbearo Tiae stractires, Upt i ve

effect "during the
example circuits, are then applied to the precipitate-depleted side.
- Since here oxygen precipitates would adversely -aifect ihe electiical
characteristics, such as, for example, the breakdown voltageand the
Iong-térm properties, of electronic components, an as low as possible
10  precipitation of oxygen is desired in a surface region of up to 150 pm.
It can be particularly advantageous if the precipitate density rises
greatly directly after an extensively precipitate-free surface layer. Inso
doing, one obtains a getter effect in the immediate vicinity of the
electronic  structures  (for example MOS  transistors), which
15 advantageously further improves the electrical characteristics of the
structures. One then speaks of “intrinsic getters”. Such a precipitate
strucTlre is schematically represented, for example, in curve 54. Here
the precipitate density drops off greatly at least to one side, whereas it
is otherwise very high in order to provide a getter effect. In this
20 connection the precipitate density on one wafer surface even increases

additionally, as is schematically shown in curve 55. The structures are

then applied to the precipitate-depleted side, If, pursuant to the
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10 production of sem conductor conponents and integrated circui [

these COPs, if they are disposed in the surface Iager I n which ErS]e vinee
components result, can adversely affect the operation of the latter. COPS
can be chem cally reduced, for exanple, by a thernmal treatnent of the wafer
at tenperatures over about 1100C (preferably over 1150" 15 gZ:)N' 204
hydr ogen- cont ai ni ng gas at nosphere, whereby the Si 02 found V\A?ﬂl n -the COPS
i s reduced. By, for exanple, oxygen-containing gas (for exanple 02 and/or
H2 0) in small quantities (up to 0. 1 % additional interstitial atons can
be produced at the wafer surface that then reconbine within the COPS on
lattice positions préserscindentin diffarend preapsst GrRESoRTe HiSPOSPS iPstﬁ?eFEﬁI@@H or
the COPS are elimnated. By a suitable process sequence, the COPS at t he

surface |ayers canubedrequcad, dumiey glvtheimbl @eatherit hessteeptésmonprtilet he
precipitates, a spatlatﬂ §6 1 7 NOV 2004 COP profile can al s%mbe e“é\fabl I shed.

Pursuant to the in tiv d, a %}P ;
\e/;ggﬁLe, on t hebf roiﬁgesi aee!gg#f he r?%%&eéﬁﬁt@gﬁbg@k%ﬁgg’ag%d?%fetﬁ%f er

i es can e generated, I [ [ - i nij i
such 5 vacanci es big’fifﬁgnhﬁgﬁi|¢%%&‘~’feﬁéﬁft E%!sliiljg% '%@gg&@ggﬁf&%g%ﬁﬁﬁf@ weh

schematically indicated in Fig. 2b in Exanple d). The inventive nmethod wa
. . . : : S
described with thetailgastf driee sbdaee the concentration of the precipitates is

considerably less than in a central region B of the wafer.

A further application possibility of the inventive method is a reduction of
the dénsity of COPs. COPs also have a disruptive effect during the
10 production of semiconductor components and integrated circuits, since
these COPs, if they are disposed in the surface layer in which the
components result, can adversely affect the operation of the latter.
COPs can be chemically reduced, for examplé, by a thermal treatment
of the wafer at temperatures over about 1100°C (preferably over 1150°
15 " C)ina hydrogen-containing gas atmosphere, whereby the SiO; found
within the COPs is reduced. By, for example, oxygen-containing gas
(for Example O, and/or Hz O) in smalll quantities (up to 0.1%) additional
interstitial atoms can be produced at the wafer surface that then
recombine within the COPs on lattice positions. [n so doing, the
20 magnitude of the COPs is reduced, or the COPs are eliminated. By a
suitable process sequence, the COPs at the surface layers can be

reduced, whereby similar to the situation with the precipitates, a spatial
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enbodi nents, control of point defect profiles and hence al so control of 10
foreign atomprofiles, for exanple for the manufacture of "ultra shall ow
junctions" (flat pn junctions), control of oxygen precipitates and of COPs
(crystal originated particles) relative to concentration and distribution
in, for exanple, silicon. The inventive nmethod is not Iim iqd Vo @Iqese
exanpl es and can also be utilized with other sem conduct or HQ % exanpl e
wi th sem conductors of the classes IIl-Vor I1-VI, as well as other
crystal line substances such as, for exanple, ion crystals. In particul ar,
for the expansion of the application range of thenFEr esent invention, the
features presentedOm tviofile farf rasevine kesdblished. enBogiuashtts 8dn AedvVee
conbi ned with one another. 20 37 11 Nov 2004 Patent Clainms: 1. Method for

produci ng def ect &gﬁﬁ escidpa @épleted | | “ecﬂ gléﬁé?étéd ner eixkkmpss, loncther e of

a substrate, pre 'y" a.sem conduct or a thermal treatnent in a

process 5 chanber, characterized in that ce .0 ity
distribution of Herkeds afdhe qﬁewalngoorhg’\e b?ﬂ%%aégﬁﬁ%‘?%a%}ﬁ’eags é}1te§v?a[ﬁ)rocess
gases that differ in their conposition and each contain at |east one
reactive conponenbe géresretsd,afor| exanoplet we BETOPRB-GONGRBEY gases Witk such
essentially separated fromone another, and act on different surfaces of
the substrate. 10ygcancies being used for the formation of a getter layer, as is

schematically indicated in Fig. 2b in Example d).

The inventive method was described with the aid of the above
embbaiments, control of point defect profiles and hence also control of
10 foreign atom profiles, for exampie for the manufacture of “ultra shallow
junctions” (flat pn junctions), control of oxygen precipitates and of
COPs (crystal originated particles) relative to concentration and
distribution in, for example, silicon. The inventive method is not limited
to these examples and can also be utilized with other semiconductors,
15 ~ for example with semiconducters of the classes HI-V or 1I-VI, as weil as
other erystalline substances such as, for example, ion crystals. In
partiél':lar, for the expansion of the application range of the present
invention, the features presented within the framework of the

embodiments can also be combined with one another.
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2. Method according to claim1, characterized in that different surfaces of

the substrate are di sposed approxi nately opposite one another, and in that

the density distributions of the defects produced by the redctiN@ 2004
conponents of the process gases extend fromeach surface in the direction

t owar d tP,e rea)ect_i vely other 15 surface. 3. Method according to claim 2,

char act ePRBEHCIAMEhat the density distributions respectively conprise
essentially self-interstitial atonms, proceeding fromthe one surface, and
essentially vacanci es proceeding fromthe other surface. 20 4. Method

according to claim?2, characterized in that the density distribution

respectivel | Methad fepprogiucingidefect prafilesdn aarystaling.er erystalfios-tike sirustee®f Ag fr om
the respective surfaces, with such atons and vacancies differing in

concent r at i onsubsi@terpreteratdy ar seraicpRductes. gHEng @otheepal tpeptagnt; inzaNuRCessos 5.

Met hod according to one of the preceding clains, characterized in that the

di ff efent pr ockamberasbarasterizediin fthateat cangentrationcanttierc ai dansify clisdribution 9ft s |
and/ or heat capacities. 5 6. Method according to one of the precedin |
cl ai ns, char adefectszedontoliedzas a function b at lgast two precass gases ihat iiffer i thedrf | ned
tenperaturettime profile within the process chanber. 7. Method according to

cl ai m 6, char aempositiardand) eathacortainl atdeastone feactiveseonponent; whereby at least

two of the process gases are essentially separated from one another, and act on
different surfaces of the substrate.
10
2. Method according to claim 1, characterized in that different surfaces of the
substrate are disposed approximately opposite one another, and in that the density

distributions of the defects produced by the reactive components of the process

gases extend from each surface in the direction toward the respectively other

15 surface.

3. Method according to claim 2, characterized in that the density distributions
respectively comprise essentially self-interstitial atoms, proceeding from the one
surface, and essentially vacancies proceeding from the other surface.

20

4. Method according to claim 2, characterized in that the density distribution
respectively comprises self-interstitial atoms and vacancies proceeding from the
respective surfaces, with such atoms and vacancies differing in concentration
and/or ratios relative to one another.

25

38




10 controlled in correlation with the tenperature/time profile with regard
to the conposition and/or with regard to the process gas pressure and/or the
process gas tenperature. 8. Method according to one of the ptdcRaynzi0y
clainms, characterized in that the 15 substrate is an undoped silicon wafer.

9. Method according to one of the clainms 1 1o 7, characterized. in_that the
substrate i% Meﬂlﬂﬁ’gﬁfcgfqm%@rpr\ﬁaqqé?‘? prageding cfaﬁ"ﬁ(ﬁa@ﬁ{%'? Hbt%'?bthﬁrﬁ’g}%?mt he
claims 1 to 7, characterized in that the substrate is a_production wafer.

11. Method acBUCEsH3sesohaver different, tbemeal hgondustivily copificigbise andiog heat: nat
the defects are essentially in a surface |layer between 0 and 150 pm and in

that the def eGARACH®S. decrease toward the interior of the substrate. 39 1 7
NOV 2004 12. Method according to one of the preceding clains, characterized
in that the defects are essentially depleted in a surface |ayer between 0
and 150 pm _and in that the defects are essentially in the interior of the
subst$ate. & Methadeaheatdiagctsr onegoft thec ipsgaeding, clgims, achasagterzedi in thatt thehe
defects are foreign atonms. 14. Method according to claim 12, characterized
in that the deliksitate ds eprpcessegi with o3 piedpefined viemperatars/time prefile \withie gthe
according to one of the preceding clains, characterized in that the defects
are COPs. 16. pideessochamimsr ding to claim 1, characterized in that the defects
generated by at | east
7. Method according to claim 6, characterized in that at least one process gas is
10 controlled in correlation with the temperature/time profile with regard to the
composition and/or with regard to the process gas pressure and/or the process gas

temperature.

8. Method according to one of the preceding claims, characterized in that the

15 substrate is an undoped silicon wafer.

9. Method according to one of the claims 1 to 7, characterized in that the substrate is

a doped silicon wafer.

20 10. Method according to one of the claims 1 to 7, characterized in that the substrate is

a production wafer.

11. Method according to one of the preceding claims, characterized in that the defects
are essentially in a surface layer between 0 and 150 ym, and in that the defects

25 decrease toward the interior of the substrate.
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one process gas produce a getter layer in a layer in the vicinity of one
surface. 15 17. Method according to claim 16, characterized in that the
getter layer is fornmed essentially by oxygen precipitates. 18. ﬂ@tNBV mmq
according to one of the preceding clains, characterized in that one of th

igni’;?f]?ﬁ; %gif t: C%pfSﬁpﬁfﬁﬁﬁﬁﬁﬁ%’d%ﬁemﬁéyﬁ@%ﬁ%ﬁ%@“@‘%ﬁﬁ?@@f@ﬂs
characteri ze

ot or il v poplmerseabalHeriaies foa s Rier evast B HELF0 s fnd AAgar B8° DB
20. Met hod accord| ng to one,.of .the G@rec characterized in that

at |east one dgfectsile gispnwaly igthgint '(%qug'ﬁ§%es}ra?)3 H20, NH3, H2, a noble

gas or an inert gas. 40

5 13. Method according to claim 11, characterized in that the defects are foreign atoms.

14. Method according to claim 12, characterized in that the defects are precipitates

and/or vacancies.

10 15. Method according to one of the preceding claims, characterized in that the defects

are COPs.

16. Method according to claim 1, characterized in that the defects generated by at least
one process gas produce a getter layer in a fayer in the vicinity of one surface.
15
17. Method according to claim 16, characterized in that the getter layer is formed

essentially by oxygen precipitates.

18. Method according to one of the preceding claims, characterized in that one of the

20 process gases is comprised essentially of oxygen and/or an oxygen containing gas.

19. Method according to one of the preceding claims, characterized in that one of the
process gases contains less than 1000 ppm, preferably between 30 and 250 ppm,
oxygen or an oxygen containing gas.

25

20. Method according to one of the preceding claims, characterized in that at least one

of the process gases contains O, O,, HO, NH;, Hz, a noble gas or an inert gas.




