s e3enHL] k, , -t/ FR/ 1 060TH1OZ<~t t 17 MAY 2002 1 Method of Cenerati ng Qﬂggﬁ[}zs
|n a Lattice Structure O a Sem conductor Material The present inv Zt
relates to a method of generating defects in a lattice structure of a

sem conductor material during thermal treatnent of the material. During the
treatnment of sem conductor materials, it is known to thermally treat the
sem conductor materials in order to inflluence the inplanting or doping
profile of foreign atons within the sem conductor material. In this
connection, it is known, for exanple, fromW Lerch et al.; Mat. Res. Soc.

Synp. Proc. (1998), M@!ﬁé@%fi?é)era)ﬁggbe?é&sﬁé,m@f%b Qru&grgowney et al.;
Mat. Res. Soc. Synp. Proc VoI UITe pages -271, that the
doping profile of boron with erial can be influenced
by neans of an oxygen-cont ai U?aaSérﬁfHoﬁaﬂgfb Bkt nstant thermal |oad. The
oxygen-cont ai ni ng process gas effects an oxidation of the Si sem conductor

material, which leads to a super saturation of inherent internediate
lattice atoms (Si atons on internediate lattice |ocations), the

concentrati Eheopremm;nnv&ntqoaerﬁ!e@&weadmerth@qi o generatingrdefects B a he bor on
and hence the doping profile. 1 7 MAY 2002 2 In general, with the
above- descr |ditice strubtude iaf d@ sepiconiduictort material dering themmak treblmemmbfy t hose
doping profiles the foreign atons of which essentially reach a lattice
position Vi thd matéalcal | ed ki ck-out nechanism Wth this mechanism the
foreign atomthat was previously located in an interstitial lattice
position reaches a |lattice position, whereby a silicon (or in general

latti ce) atomis displaced fromits lattice position in the interstitial

o oe oS RhAG nk e SRR, Y LORDR BN, o, o

be ch b h
benavi or,  wiERLHYE RPOICAAUCIAR malerils, 0t oieltor BlleRte ye JMBIB % thi n t he
sem conduct or materi aI | n or der to achi eve deS| red profiles. However, this
i nherent |y gopingi profileref foreign etoraa wéthin the seraicenduetenmatedal. due to t he

thermal treatnent. Furthernore, the energy consunption for the thernal
treatnment is very high.

In this connection, it is known, for example, from W. Lerch et al.; Mat.
Res. Soc. Symp. Proc. (1998), volume 525, pages 237-255, and D. F.
Downey et al.; Mat. Res. Soc. Symp. Proc. (1998), volume 525, pages
263-271, that the doping profile of boron within a semiconductor material
) can be influenced by means of an oxygen-containing process gas at
constant thermal load. The oxygen-containing process gas effects an
oxidation of the Si semiconductor material, which leads to a super
saturation of inherent intermediate lattice atoms (Si atoms on intermediate
lattice locations), the concentration of which influences the diffusion

characteristic of the boron and hence the doping profile.

AR B N

*“G00002* *166166%




‘FurtRernore) fromthe conference report of D.F. Downey, et al.: "Rapid
thermal process requirenents for the annealing of ultra-shall ow jgrfcMAYoli6]
of the Materials Research Soci ety Synposi um Proceedi ngs, volune 470, pages
299 to 311 (1 April 1997) XP002101565, there is disclosed a nethod for the
thermal treatment of sem conductor materials in which a process gas

at nosphere that is used denonstrates an influence upon the diffusion
characteristic of foreign atons. In particular, the injection of vacancies

or interstjt by ' L RS : ' t:] '

i nfl uenceslht%ég'legall‘f Mﬁé ?@?\ggﬁ\g@g%#gpéd;tl é c?? ﬁﬁ%ﬁg%tablgﬁgég@%ﬁg% egrg%rgtn'%{l)(“ S

af or ement i @iedhaseadeping profiesathe, fareigh satems aifj which essertialy reachna lattiognt i on
to provid ‘ : C bRy i J ] les a
preci se. carian YRpIBtalil Kok AeieMint VIREURAABAEIR) B RRBEN SRAP! 357,
obj ect i s that\was preyioysly degatedcinn anyinterstisiahlatlice pogjtiore reaches)a daifiescpasition, a

| attice st gl hd i {: nt of
the mater ooty 8 silcof (e B Rt iy Sispied o) IR dobfieh e

di st ri but i ¥ interstitiatiatiige pasitien. a function of a process gas atnosphere. The
above nethod enables a control of the defect concentration and/or
distribution in a lattice structure of a sem conductor material during the

t her mal t rlédt fusthermorerkagwnahatinecdaping prafileyofcforeignatontsu adich formtletgeal of
the tenper adrl&te withifea Qémiﬁsﬂ%ucﬂ?qﬁateﬁél, ﬁan”Bé‘bﬁBﬂgFfi L&gﬁg@% éﬁ%ﬁr%‘l" frea %def ect

concentration and/or distribution can be contr unction of the
process gabky ¥anpgghe temperpkirel bekaviorc wherehy Migh hermaldytiessel srer freauentivn i n

turn i nfl ugheesed hﬁmﬁpgreteﬁémbhm&m%'na ms?;fde?t Iachidod %sﬁm@?&ﬁ&ri stic

. i
of foreign atons wthi e sem conductor material. Pursuant t one

preferred Hpwever; thisdnsentiyegantains thedisk of damagmto the semisppdudon dus todhe

gener at ed Rbfnd dea MR SFuriiERhYre! ﬁf{etér@?%)p&fﬂshhﬁ[?&) for IEthemnaltRagRGR &t | on of
vacanci es, foreign atons can pass to tHe lattice positions mé’ependently of

t he above YAWhi@Bned ki ck-out mechanism This is particularly advantageous
with large foreign atons such as arsenic or antinony, which essentially
pass to lattice positions of the sem conductor only bﬁ filling of vacancies
(enpty | atkyrthenpes fioghdhe conferaree xgport of 1ID.E. Dawneyr stiaht “Repid thermaher
enbodi nMent pBEedshRqlimiBats 38n tHehShridafRE b URBSHaRW GRIREGIS B tRE Matels

interstitial or intermediate lattice positions that in turn require another
mechani sm FesealH BaciethSympasiugh Prcsadings aohimef 0.dages 290itersd 1 (1 April

1997) XP002101565, there is disclosed a method for the thermal treatment of
semiconductor materials in which a process gas atmosphere that is used
demonstrates an influence upon the diffusion characteristic of foreign atoms. In
particular, the injection of vacancies or interstitials by the annealing in NH; or O, is
mentioned, which influences the diffusion characteristic of boron.

Proceeding from this aforementioned state of the art, it is an object of the present
invention to provide a new method which in a simple and economical manner
enables a precise control of lattice defects in a semiconductor material.



The "def ect s are advantageously generated in the region of the senmi conductor
surface with a depth of 0 to approxi mately 1000 angstrons. The def dct MAYa}(6?
thus al so disposed in the region of inplanted foreign atons, as a result of
whi ch the distribution and concentration of the foreign atons are
considerably influenced. Pursuant to a particularly preferred enbodi nent of
the present invention, the conposition3of the process gas is controlled. By
means of the conposition of the process gas, which can conprise a m xture
of several gases) the defect concentration and/or distribution can be

control | ed ThisPolpjett isCinvertively réalizaat by s Waethodroegérigtating defdqstin ye manner.
The concentration of the process gas or the process gas conponent 1s

preferably ; rdpN A i i N carrier
Gas. 17 vt riprdidr a Spfidrdficlor Bater Wbl REMH A Pedaherdl L
control |l ed. 17 Y ,200Z 5 .Purguant, .to artd cul arl referred,enbodi nent
of the inveHld o'ﬁ‘?%A'f?é' p??ﬁ?ég'gggjg which nﬁ}eﬁ)o ﬁ%o‘?ﬂ’ﬁeﬁ‘%ﬁgoﬂa@ Rl
preferably generates vacancies (enpty. lattice positions) that considerably
i nfl uence t AistriRifiongs santiolled s a durstipn of amocess gas atrvespRere: dhe t he
process gas is preferably fornmed of NH3 or N2. The nitrogen-containing gas
| eads t o anabeyecmethodfenabtesn@ @ontrioh dfhthes glefédtb concentrativentanaforon. The
process gas i s advantageously provided with no oxygen, especially no free

oxygen, whi distrisutioh ineadattizeastrestuabf ansémiconeuston matesiat idvringether i al  and
could adversely affect the generation of vacancies (enpty lattice

POSI t§ 0NS) . ¢l idBirheneineRkdr dt BhSsSenlia cortaRt bidbeti(Puddia) Srel [ bri um

concentration at the process tenperature. “Pursuant rnative

enbodi ment , | g r S~10AS ' i 1

oxygen- cont gélrﬁP%%%{e)?rtﬁpﬁﬁ eélq}s?gaﬁ%%g natl %3‘8"%82%'&?? es‘gf'seg Qb?ﬁ‘? hdeefa%tf ect
concentration (self.interstitials). In this conpection, _th

oxygen- cont 8?'?."?{3'%%6%@{ ?té'kﬂe'%lcﬁ'nc W"&Qﬂe&ﬁf aPﬁV‘é’ﬁaﬂtOft@ea further
preferred enbodi nent of the invention, the tenperature behavior of the

t her mal trcRfGRESS gas abnResRhared The defeetscencantiation and/endistrituition in

turn influences the concentration as well as the diffusion characteristic of

foreign atoms within the semiconductor material.

Pursuant to one preferred specific embodiment of the invention, the
defects that are generated are vacancies (empty lattice positions). Due to
) the generation of vacancies, foreign atoms can pass to the lattice
positions independently of the above mentioned kick-out mechanism. This
is particularly advantageous with large foreign atoms such as arsenic or
antimony, which essentially pass to lattice positions of the semiconductor

only by filling of vacancies (empty lattice positions).



1 oading of the semconductor naterial is preferably reduced to a m ni mum
6. Furthernore, via the control of the tenperature behavior of the theMA&R0?
treatment in ternms of tine, the diffusion characteristic of the defects as
wel | as of inplanted foreign atons can be controlled. In this regard, in
particular the depth of penetration of the lattice defects, vacancies
and/or self-interstitials as well as off the foreign atons, and thus the
spatial distribution thereof within the sem conductor nmaterial, can be
i nfluenced. The process gas atnosphere preferably contains argon, which

functions apugguarietd £d0Rh6r ciSodifMent S thd dndertio?, Sthet defdtte disgent  of
the invention, an Si XOyNZ | ayer is generated upon the surface of the

sem conduct gemicdiioldrAiBR o IntblfitiaryShidrinddiath F5MBL hoRRAR HaPinand 20

angstronms. Pursuant to an ernative speci 0 I nvention,

a natural S I r isapreferabl.y removed fromthe senm conductor surface
prior to thé&ﬁﬁgaﬁﬁ? ng‘?rr@ﬁfﬁ?mg'@rﬂﬁrwh"&h%e%ﬂgr‘c glogash aﬁﬁze

oxi de-free surface layer. During the thermal treatnent an Si 3N4 | ayer

havi ng a t hPERHE8SE: pet ween 0 and approxi mately 40 angstrons is then
preferably generated upon the sem conductor wafer. 1 7 MAY 2002 1,1 7
Pursuant to a particularly preferred enbodi nent of the invention, the NH3
concentration is between approxi mately 500 to 10, OOOppm The NH3

concentrati Jhei Jefectberard! ndvantageoud§oQenerdte@OMpPine Tregiorwi 6f dgweage to
the wafer, the thermal stress of the sem conductor
semiconductor surface with a depth of 0 to approximately 1000
angstroms. The defects are thus also disposed in the region of implanted
foreign atoms, as a result of which the distribution and concentration of

the foreign atoms are considerably influenced.

Pursuant to a particularly preferred embodiment of the present invention,
the composition of the process gas is controlled. By means of the
composition of the process gas, which can comprise a mixture of several
gases, the defect concentration and/or distribution can be controlled in a
) particularly straightforward, precise and effective manner. The
concentration of the process gas or the process gas component is

preferably controlled within an inert gas, which functions as a carrier gas.

The patrtial pressure of the process gas is preferably controlled.



waf er, during the thermal treatment is preferably reduced to a m ni num

'this low thermal stress the defects can advant ageously be controlledlbpﬁyzwz
t he process gas atnosphere. Pursuant to a particularly preferred enbodi nent
of the invention, a concentration and/or distribution of foreign atons

wi thin the sem conductor material is controlled via the concentration

and/or distribution of the defects. Thé foreign atons are preferably
selected fromthe follow ng group: boron, phosphorus, As, Sb and In)

wher eby conbi nations are al so possi ble. Pursuant to one enbodi nent of the

Som conduct e oA 6, BC AR PRTSEA HyPHmET, O e Tnde A e
For oi on at oMSTBSC R, B 1 ispofnESHERlhb "baRcir pifiafbl epigratel ©' 17

distribution, i acancj es and/ . Qr interstitials. Pursuant to an
alternativeV %?ﬂﬂﬁﬁl?ﬁ‘ P}f faﬁﬁ-‘@ B‘P%E%’Pﬁ l"ﬁ\/%ﬁ’ﬁﬁ'@?fabiyn'@ﬂ%?%éh@ dopWgr i ed out

on a non-doped seni conductor. In this way, the sem conductor material can
be prepar edpfaile &f fongigm atares. Isdthisceennestion, thevprocess Dasaisgeretaratiypi ng of

t he sem conductor material, which has a direct influence upon the follow ng
treat ment pfarocesketsNbl; armz.s'lé're' nitrodentcontaiiing gas/ leaidsdo an irjedtion of
subsequently explained in greater detail with the aid of preferred specific

enbodi ment syaéaridies viavipetedquilibriunt eoheeHtidtion. Wi th the drawi ngs; the draw ngs
show:

The process gas is advantageously provided with no oxygen, especially

no free oxygen, which would lead to an oxidation of the semiconductor

material and could adversely affect the generation of vacancies (empty

lattice positions). O, leads to a self interstitial injection via the equilibrium

concentration at the process temperature.

Pursuant to an alternative embodiment, in contrast, the process gas is
provided with an oxygen-containing component that can lead to an
) increase of the defect concentration (self interstitials). In this connection,
the oxygen-containing component preferably comprises N2O. Pursuant' to
a further preferred embodiment of the invention, the temperature behavior
of the thermal treatment is controlled in terms of time, and the thermal

loading of the semiconductor material is preferably reduced to a minimum.



cFigure 1 the thickness of an oxy-nitride layer as a function of the NH3
‘concentration in an argon atnosphere for an Si wafer that is coated W7tMAY 200
natural oxide; Figure 2 schematically the percent of retained dose of
foreign atonms in an inplanted silicon sem conductor as a function of the

NH3 concentration for a prescribed tenperature-tinme process control in an
RTP system as well as the 1 7 MAY 2602 9 correlation of the sheet

resi stance of the sem conductor as a function of the NH3 concentration;
Figure 3 the arsenic distribution in a silicon sem conductor materi al

i mpl ant ed WFLRthefri6rd, ia Qhe‘b’ﬁn‘tr@”%fN‘T@té%@?ﬁihfé‘bbﬁaﬁof %fftﬂe'tﬁé‘frhalgas as a
function of the depth of penetration thereof fromthe wafer surface, for a

prescr i bed ﬁ'@HLeettofn {ehfhs! SIRAER S Siffialn SRBHerdc bi'hd WRRLER df eat ment;

Figure 4 the's reS| stance of a sem con r eat ment
wth prescrlbdte ntrols of a N

f
concentrat i Wﬁ i P 9 %‘R aqliﬁaélfp@%n gnémhgfggar]tqpﬂegc)#n ise0ar%t s in a

silicon sem conductor waf er as a function of the depth of penetration from
t he subst r apartigylardbe depth ¢f pepatation ek the lpdtic &tvaéascleatandm sanme
tenperature-time control. Figure 1 shows the thlckness of an oxy-nitride

| ayer as a Selfvintecstitials akewnitizas micthet fareignn atoms,n andgthusatheosphtiale for a
silicon sem conductor wafer that is coated with a natural oxide and that is

subj ect ed t distriUtinnthbrddfesttin e Sémidopduetormateriall e8A ble ihfuerddedseconds.
Wth the thermal treatnent that is the basis of Figure 1, argon was used as

t he

The process gas atmosphere preferably contains argon, which functions

as an inert carrier gas.

Pursuant to a preferred embodiment of the invention, an SixOyN; layer is
generated upon the surface of the semiconductor. The thickness of the

layer is preferably between 0 and 20 angstroms.

Pursuant to an alternative specific embodiment of the invention, a natural
) Si;0 layer is preferably removed from the semiconductor surface prior to
the thermal treatment in order to be able to generate an oxide-free
surface layer. During the thermal treatment an SisN4 layer having a
thickness between 0 and approximately 40 angstroms is then preferably

generated upon the semiconductor wafer.



17 NMAY 2002 10 inert carrier gas for the NH3 conponent. The thernal

treatment includes heating the seniconductor wafer to, for exanple, 1700AYG002
for 10 seconds. In so doing, the oxy-nitride layer is built up during the
thermal treatnment. A nitride layer is forned at | esser or also greater
tenperatures, and the process tine is also not fixed. As can be seen from
Figure 1, after the thermal treatnment &nd at very | ow NH3 concentrations

(in the range of 0 to 1 ppm) or under vacuum conditions (e.g. 10-6 torr),
the Si xO/NZ |l ayer is less than the original, natural oxide |ayer thickness

whi ch, as cPurieariaemn paicularyWrefetred EmPBENSSHBIIRE InvehtRMY e N, This is
attributable to the fact that at.these , . NH3 concentrations) and as a

function of [ %ni Fint & : 0 an
"et chi ng" o?%ﬁ%ﬁ% m?éetﬂe?\gggﬂ aiiacgmﬁﬁ%%’ggw 1?0?/\(38)@&& ﬁ-gte ﬁhe-lcaessari |y
occur. As t centratiqn,.incre ity the thermal treatnent,
however , regéf‘%é‘%e'gsoé ?E)YPQR@@I@OI(@[A?Q})%R&E%% and reaches a
maxi nrum of approxi mately 20 angstrons in pure NH3. In this connection, it
shoul d be noted that the maxi num | ayer thickness is essentially a function
of the process control, i.e. of the ten{ﬁerature-ti me behavi or of the

t

pr ocess. To ayoid 2tamage tedhe wafendhet theemaksirgssiof the eepucenduciesr bel ow
approximately 1000 C, instead of argon, N2 can be used as the inert gas

since due t evafévedinirghtheothéimgl eeathisntds phéfetatlypredlieed t6.a mnicluneAty very
little nitriding occurs. At tenperatures above 1000 C, N2 can al so be used

as a nitridixlg |GRTREAREL stréssAtHY @6fRehs Sﬁﬁedf/ﬁﬁta@ééﬂ?l&%é eoRfrafdd Wal N ar gon
or also NH3. Wth the nmethod that fornms the basi's of "Figure 1, a

seni ¢onduct ?ri,e Wc%srﬁ%‘éia[]ﬁ‘ggpw ral silicon |ayer was treated.

Al ternative prior reatnment, however, the natural silicon oxide
can al so be renoved fromthe wafer, for exanple by wet etching, VPC (Vapor
Phase C eani ng) or

Pursuant to a particularly preferred embodiment of the invention, a
concentration and/or distribution of foreign atoms within the
semiconductor material is controlled via the concentration and/or

distribution of the defects.

The foreign atoms are preferably selected from the following group:
) boron, phosphorus, As, Sb and In, whereby combinations are also

possible.

Pursuant to one embodiment of the invention, the above method is
preferably carried out on a doped semiconductor, as a result of which

during the thermal treatment at the time the



sonme ot her known nmet hod, so that during the subsequent thermal treatnent
‘essentially an Si3N4 layer is formed. The Si3N4 |ayer thicknesses tIWalACHE
hereby be achieved are in a range of approximately 0 to 40 angstrons,
whereby the | ayer thickness is a function not only of the concentration and
t he conposition of the nitrogen-containing process gas but also of the
tenperature-tinme control of the thernalB treatnent. Figure 2 schematically
shows the retained dose Ro of foreign atonms in a doped or inplanted silicon
sem conductor, as well as the sheet resistance Rs as a function of the NH3

. , : iRl '
concentr at i @8ncertratiddend/dP distAb@idrEof the *b?é@ﬁ. atbﬁgai%%rdﬂéa' @gf’%y shows

prescribed tenperature-tine process control. “Figu emat |

t he retaine e i.gn y i ned . he, sem gonduct or
(5111 con) ageletd;eBheortFalon’ AbE dRrblRbA. e, VREatE sandiel Sefic
concentration of..a nitrogen-containing process gas conponent) for a
specific tef@@ﬁ&'ﬁ'ﬁ‘se-ti me process control in an RTP system It is clearly
shown that in pure inert gas, a |large proportion of the foreign atons | eave
t he sem conductor by diffusion. This results in a reduction of foreign
atonms in the sem conductor. A drawback of this reduction is, an increase
.af the she®ursuantstoarare aRerrativeuerhbodimeniiofi ther prasentnineention, athe
unuseability of the overall sem conductor (wafer). By adding one or nore

ni trogen- comigthOd N8 dHrA6E SutIGS o ABRIDPRUSseMicdndutidrNth 45§ Wvay Othd he
sem conductor surface that acts as a diffusion barrier for the foreign

. As A - Ind
at ons BBk di RS FRACAILIIDBI FepaRed R § HIRRBENNG Vel e2n nts)

i ncr eases, 1 on orelgn atons I's suppressed. At

hi gher NH3 ¢on rati.ons.. the retain se of .foreign atons increases

wi thin the lagstEs dhaity Q\;afﬂgg ﬁﬁ’hﬁé’l"%ﬁc@%nﬁ@g‘?ﬁ’ﬂti%ﬁ%ﬁf ﬁaﬁp'ﬁ’of??’ﬁﬁ ely
2500ppm nearly achi eves_ a ximum This is attributable to the fact that
the nit rogeFﬂ%@ﬁpﬁiqﬂ%gthﬁrfg@@@'ﬁgd'?@tmeﬂt progessed avthessemicapausioref fect s a
nitriding on the sem conductor surface that acts as a diffusion barrier for
the foreign atons. For exanple, at a concentration of approximtely 2500 to
10, O00ppm NH3 in an inert gas, such as argon, at a tenperature-timnme process
of 900 C toThe invention will be subsequently explained in greater detail with the aid

of preferred specific embodiments of the invention in conjunction with the

drawings; the drawings show:

Figure 1 the thickness of an oxy-nitride layer as a function of the NHj
concentration in an argon atmosphere for an Si wafer that is
coated with natural oxide;

Figure 2 schematically the percent of retained dose of foreign atoms
in an implanted silicon semiconductor as a function of the
NHs concentration for a prescribed temperature-time

process control in an RTP system, as well as the



1150 C at a duration of) for exanple, 10 seconds, the "out diffusion" of
foreign atons in an inplanted sem conductor wafer (such as with arzz I @m
antinony) in silicon is nearly entirely suppressed. This is achiev W@@

Si XOyNZ or Si 3N | ayer having a thickness of 10 to 16 angstronms (see Figure
1). This is a great advantage, especially with very thin pn junctions,
since here a "out diffusion" of foreigf atoms would | ead to undefined pn
junctions having undefined high sheet resistances. Figure 3 shows by way of
exanpl e the arsenic distribution of silicon sem conductors inplanted with

arseni c after a prescebheRbTIRG sheaFoTRRINGY étnd seAMBsRIcbhaS el budget

for different NH3 concentrations in argon, as a function of the depth of
penetration fromthe rk% .S cannection, the same starting
conditions were pr ese)mﬁcz@iE)r‘%#rt W@C%H{r%@di stribution for Oppm NH3)
i.e. in the-case.,of cgnductin e _process i.p pure argo r inert gas,
exhibits a El%'z?&erab Pé%ﬁfﬁ‘?iﬂ"%‘f‘ 'qrbl"biagﬁ'ﬂ%‘frbﬁ\?n?' A F?g?l”@‘o t he
other distributions. This is due to the "out diffusion" of the arsenic
(foreign) atonms descrimpelantgsbwithiarseniajfanvaniens WHsrcancgntrations suen a
reduction of foreign atons | eads to a considerable increase of the sheet

resi stance, as il |l ustineregasnasigiunetion ofttherdegitbvaf penetstiont theesdfst ance of
the sem conductor as a function of 'the NH3 1 concentration for various

tenperatures at a pro@ess thenwafdr $Qrfacsofstsa Pregtribeleco@ed bf afiet hi s
di agram the sheet resistance denonstrates a tendency toward snal |

resi stances at approx'té‘fﬁb%la\.gb,,-1e iR Fthe WhemeANrddimenpsol ute val ue is

essegti ally codetermined fromthe tenperature-tine process control. The

hi gher the ed t 1 (=3 sprl . [ In this
connecti on, gﬁr@&?her m%%&%égtrgﬁlg{%g\?aﬁfégggﬂﬁ%%ﬁ&maggﬁ,asittﬁée]ﬁﬁ?'he waf er s
are preferably processed,at a high tenpergture in order to, keep the process
duration as short as SQHPSW‘%WmPyB'ieéaFg qg@@?@"@@ﬁ)‘ & GPRLOISr @Sh8t ween 800
C and 1200 C, and typical tinmes are between approxi mately 0.5s and 360s.
Figure 3 shows that diinatignofia Nhs eeneentratiandn@sged; sili con seni conduct or
in pure argon, the concentration, as well as the depth of penetration of

t he arseni cFigure 5at t e r domeestratioresuift i atpenic a atdmiser inRs a  silicon

semiconductor wafer as a function of the depth of
penetration from the substrate surface for various process

gas compositions, at the same temperature-time control.

) Figure 1 shows the thickness of an oxy-nitride layer as a function of the
NHs concentration in an argon atmosphere for a silicon semiconductor
wafer that is coated with a natural oxide and that is subjected to a thermal
treatment of, for example, 1000 °C for 10 seconds. With the thermal

treatment that is the basis of Figure 1, argon was used as the



1 7'MAY 2002 15 value. As the NH3 concentration increases, not only does

the arsenic concentration increase but the depth of penetration of they MAY 2001
arsenic atons in the sem conductor wafer also increases. Figure 3 shows

that nmerely by the selection of the concentration of at |east one

ni trogen-contai ning process gas conponent, at a prescribed tenperature-tine
process, the distribution of the foreiym atons and the depth of penetration
of the foreign atons can be adjusted or established. This provides the
possibility, at a mnimumstill tolerable thermal stress of the

senmi conduct {rert tarrigetgdshfor fthe NIg) cairpaneht [ TH tHerfal itfeateft irtafs Merely
via the process gas conposition. In this way) the sheet resistance can be

varied up t ; [ [ ] dept h of
penetrati Onﬂg?tlrﬁig{?g?@lfcgﬁﬂ gl& %@%ﬁ*‘%é@%’?ﬁ@'%gﬁgxﬁ@ﬁP;%?"Qg-f actor of
2. Figure 4 shows.the sheet  r.esistanc f a silicon sem conductor wafer

i mpl ant ed wif ﬁ°§?’§@a§'&68§y—£"tf'§ﬁé@¥%ﬁs EP&%"W?‘?@%@\%H@H&?W& gas for
various tenperatures of the thermal treatnent at a respective process tine
of 10 secon8iride tlayemis,formeash ghilessertoraalsg: graalgretempsratwese mndatheons t he
sheet resistance is reduced. In this connection, at a concentration greater
t han appr oxipradesis\tina® @alsoF@d@igedn NH3 a saturation or | ower threshold val ue
of the sheet resistance to small 1 7 MAY 2002 16 v sheet resistances
occurs that cannot be further reduced even if the NH3 concentrations rise
further. The value of the sheet resistance is simlarly essentially

codet er m nes! (s B eh BSH PG, HHEP 1hS BiuER) FRBITEh: add af Jbs BRMTCt ! N

one can recogni ze that a i gher tenperatures the sheet resistance becones

| ess! Typic pr er.at S .ar t n C and 1200 C and

typi cal st eﬂyya §3§?§R¥%‘ﬁ‘ﬂjﬁs a@elfﬁgt (@9% 3’?5@5@0 1%%89 %%@%rr ,vapgum event
damage to the sem conductQr material ., her nal . budget shoul d be

m ni m zed, Pﬁnalﬁpﬂﬁ né@tsi'&'iét Iﬁ'éerﬁ'oégiasq)ieﬁe@ lessuin@npthe @M9iNal be under
60 seconds and the tenperatures should be between 950 C and 1150 C. Wth
very thin phajurat oxisies layes-thigkness mhigh a8 sepsbeseanefrom Figwe this are
defined by very high tenperature increase rates, between 100 C per second
and 500 C pepprepdmately 48 arddtroms.aThiaps datiribotabbe to hiee factirthappt theseat el y 25
C per second to 150 C per second. Wth these processes) the nmaxi num

t enper at ur e Ni§; Eoeépittrdtionsinanat & Reflinction| ofsthet fetipdratite S pdssibld t en
there is even a direct transition fromthe heating phase into the cooling

phase) as aﬁégﬁiﬁﬁ]”rﬁ%ﬁ;@%ho\fﬁ% ‘“’@%[g' v ¥ ! SPUES! fakedNplage ThisSved.

However, ve tures nust achireved in a very short period of
time. At th i Leyed only with the nost nodern units,
such as theﬁﬁgﬁi?@%ﬁ"%aé‘@ﬁ%@e%@gﬁ% mbH, since only with such equi pnent
t he power for such high ranp rates is available in a
) As the NH3 concentration increases (with the thermal treatment, however,
remaining the same), the SiOyN; layer increases and reaches a
maximum of approximately 20 angstroms in pure NHa. In this connection,
it should be noted that the maximum layer thickness is essentially a

function of the process control, i.e. of the temperature-time behavior of the

process.



1 7'MAY 2002 17 controlled nmanner, so that a honpgeneous heating of the

sem conduct or substrate is still possible. Figure 5 again shows the 17 MAY 2002
concentration of arsenic atons in a doped Si sem conductor wafer as a
function of the depth of penetration fromthe substrate surface for various
process gas conpositions, with the tenperature-tine processes renaining
constant. Wth the method that forns thke basis of Figure 5, in addition to
NH3 in an argon at nosphere an oxygen-contai ni ng conponent, nanely N20, was
al so used. Figure 5 shows that the addition of N20 increases the arsenic

concentrat i Por tHdrhial ateetments Witht tefhpeiatires B8icw éaﬁﬂnﬁrﬂaw fepbhes, reduced.
ua

Furthernore, Figure 5 shows that the addition of an adeq e quantity of

N20 reduces; e nat j he seni ¢_at ons, ich.is
particul arl Vtsgé\a£§f)égﬁé}$’or§2 Pﬁ%‘ ﬁ%phg%]%%%ttb&{ggﬁ Iﬂ?sa%fﬂf’?\é{t%xg?\é\@'ﬁ- E'th ai ni ng
gas, the arseni.c concentration can be_increased by up to approximately
twenty ti meéoaé"‘a engrgy Piﬁ'z@ﬁ?%zoean&npr%q vefy lithe nitridingRGeUSnt ai ni ng
gas, whereby the depth of penetration of the foreign atons is increased
only insi gnAtitempergturesicaboze 1000eQ;sNargarbalscethacased las Ehhitridiag, t he
arsenic distribution can approximate a desired box profile having steeply

arseni c i | box
(vachnol s, COTpPREnt el picosses, 17 chafule Rdethe CR arddh r A8B3H or o1 s

(electrically inactive) can be converted into electrically active dopant
profiles acconpanied by a mninalization of the depth of penetration and a

maxi mum con tratio -cal l ed box profjle). Ln general  one can say that
by neans of %%Q&WM@&%&P%@@P Pagﬁeﬁ’grﬁ 'ﬂé’egésﬁ emig erwefer of -
whether the wafer is extrinsically doped (inplantation, GPD, diffusion by
out diffusiBaviog a natusal gilispaslayenwas deqatednMliermatively, optiore to the

sem conductor) or is not doped, the defect concentration (self

i nterstiti atreatmenindiosever athebratueal siicaresxidedcarabiso bedemavied froml uence of
the thermal treatnent. The present invention has been described with the

ai d of spectHd watersTor ékdmﬁ@ﬁylivmné&hinfy,t\lmt(v%af FhaskeCrRanirg)idred to
t hese special exanples. In particular, for carrying out the nmethod it is

Nt NecesSagymigh i knBlup HStnBAS S RSP REFMAGC AL AubsRBuBAETthefifisl | e gas.

Rat her) the neth co be carrie under °l ow pressure or partia

vacuum condjt.| he_pr, S 0 at4 be_regul at ed
via the pr egéhﬁﬂénﬁ:\&%@?m e‘,ént r?gﬁ‘g‘r Zlgg%'ts %nvéﬁﬁlé%'n Trg&ngf}’N‘i 3133({'3 to the
use of N3 arricll\lnze%s%g tﬁéto cC:aenS ?lege%sy 88 %Rl%%%sare EH rat rhaenrgeegta ar?ﬂrgﬁimately

0 to 40 angstroms, whereby the layer thickness is a function not only of

the concentration and the composition of the nitrogen-containing process

gas but also of the temperature-time control of the thermal treatment.

Figure 2 schematically shows the retained dose Rp of foreign atoms in a
doped or implanted silicon semiconductor, as well as the sheet resistance

Rs as a function of the NH3; concentration



1 7°NAC r!r'~" 19 for process gas conbinations are, for exanple, NO me
(water vapor). If H20 is used, the thermal budget can be reduced sti I] 2002
further, and there occurs a | ower OED (Oxygen Enhanced Diffusion). The

met hod can al so be used for non-doped sem conductors in order to prepare
them for a subsequent treatnment, such as an inplantation or a doping step.

A further exenplary application for t 2 i nventive method is also the use

upon boron andl or phosphorus and/ or antinony and/or indium (or universal
acceptorsl donators) in order to influence the diffusion characteristic
(profile) waftéer axthermnak trebtmentigaving /=0 preticribedeta bretinte pAsRss and to
establish, for exanple, box profiles. 17 MAY 2002 20 c~al nns 1. Method of
generating gehtesits in a lattice structure of a sem conductor materi al

during thermal treatment of the material, in which the concentration andl or
di stribution of defects vacancies is controlled as a function of a process
gas at nosphere, and an Si XOYNz oxy-nitride |ayer having a thickness of up

to 2nm (20 angstrons) is produced on the surface of .the, sem condyctor. 2.

Met hod of gEWg'f"até)rﬁ}'&g?aé@?Eyisr%oé{vﬁ g'l‘?i"@@"%?é r of dereign; ateenRact or
material during thermal treatment of the materjal, according to which the
concent r at i GretainedoPogekin thaseaicasdugtard(silicon) asa function oktheoHsol | ed as

a function of a process gas tenperature) whereby prior to the thermnal
treat nent acomrtantedtiodi (it inagenerat the neoreentration tdfea skitrogendontainingur f ace
and an Si 3N4 | ayer having a thickness of up to 4nm (40 angstrons) is

ELSEEE? e 2 T B e Pt N Tons)
4. Method agCohdRT® sPsteht RlistéIgamy SFBWMthat! A Phre FhEH YsC'd #4de' N
proportion of the foreign atoms leave the semiconductor by diffusion. This
results in a reduction of foreign atoms in the semiconductor. A drawback
of this reduction is, an increase of the sheet resistance Rs and under
certain circumstances to an unuseability of the overall semiconductor
(wafer). By adding one or more nitrogen-containing process gas
components, a nitriding occurs on the semiconductor surface that acts as
a diffusion barrier for the foreign atoms. As the nitrogen-containing

) process gas component (or components) increases, the “out diffusion” of

the foreign atoms is suppressed.

At higher NHj3; concentrations, the retained dose of foreign atoms
increases within the semiconductor wafer and at a concentration of
approximately 2500ppm nearly achieves a maximum. This is attributable

to the fact that the nitrogen-containing process gas



.that the defects are sem conductor 17 MAY 2002 21 substrate atons on
interstitials (self-interstitials). 5. Method according to one of thel7 MAY 2002
precedi ng clains, characterized in that the conmposition of the process gas

is controlled. 6. Method according to one of the preceding clains,
characterized in that the concentration of the process gas or of the

process gas conponents is controlled. ¥ Method according to one of the
precedi ng clains, characterized in that the partial pressure of the process
gas is controlled. 8 Method according to one of the preceding clains,

char act er i zesmponémaffédis apsifiiss of Ake isBRlisBIRRuCTor SUrfRSRaE 8BisThENg gas.
9. Method according to claim8, characterized in that the process gas

i ncl udes NHSiffudidn d%ﬁ?rﬁﬁ‘g%@%@ﬁ‘y aim8 or 9, characterized in that

the process gas 1nc od according to one of the preceding
clainms, characterized in that the process gas contains no oxygen. 12.

Met hod according to one of the clains 1 to 10, characterized in that the
process gas_i ncludes an oxygen-containing . ' 17 MAY 2002 22 conponent. 13.
Met hod accof @f e¥amblee phagonseniralionet approximatelyt 2500 1 20.80Pgem Wbkt ai ni ng
conmponent includes N20, NO and/or H20. 14. Method according to one of the
pr ecedi ng cinaAminericgas, stichraszangonnat aiempbmturstimegiracessehd00 6C tof t he
thermal treatnment is controlled in ternms of time. 15. Method according to

one of the pisFedi a0a urdtich of TBF axhRipie.efb sBconds, the “out diffusion” of
foreign atoms in an implanted semiconductor wafer (such as with arsenic
or antimony) in silicon is nearly entirely suppressed. This is achieved by
an SixOyN; or SizNy4 layer having a thickness of 10 to 16 angstroms (see
Figure 1). This is a great advantage, especially with very thin pn junctions,
since here a “out diffusion” of foreign atoms would lead to undefined pn

junctions having undefined high sheet resistances.

Figure 3 shows by way of example the arsenic distribution of silicon
semiconductors implanted with arsenic after a prescribed thermal
treatment with a constant thermal budget for different NH3 concentrations
in argon, as a function of the depth of penetration from the wafer surface.

In this connection, the same starting conditions were present.



~that .the process gas atnosphere contains argon. . 16. Method according to
one of the preceding clains, characterized in that prior to the therf@IMAY 2002
treatment a natural Si02 layer is renoved fromthe sem conductor surface.

17. Method according to claim9) characterized in that the NH3
concentration is 0 to 10, COCppm 18. Mt hod according to claim 17)
characterized in that the NH3 concentr¥ion is 2500 to 5, OOppm 19.

Met hod according to one of the preceding clainms, characterized in that a
distribution of foreign atons within the sem conductor material is

control | ed Yhe disteibdtion fol0pprarNES, itélﬂndﬁéQ}abé-of?dbndweﬁﬁ?%@‘b?&éﬁsng to
claim19, characterized in that the foreign atons have at | east one el enent

of the T ol Riplif GhauiP dbfinBAT 18" bhsiderabRPrddiibibh: of foldigh? 2002

23 21. Method according to ong of the preceding cl ai aracterized in

that the ne I - | 0 em o] oped wth fogeign atons.
22. Met hod ég)gg? dﬁ n‘goqﬁ%érgs%é\ g# tﬁ%@%&aﬁﬁ@@@%léﬂ%F)Fagggt%’r F}eedo‘i’t?] t hat

t he nmethod i,s. carried out on, a, seniconductor that is to be doped. 23.

Vbt hod. accof UGN (SToig: prespic (AL RIams destIzehEbONE o GANMIIOE: o i s
doped. 24. Method according to one of the preceding clains, characterized
in that thewitbririggraige Buechiarefustiantof fareign atamgdeadsiose epnsidegable

i npl antation, and/or diffusion by out-diffusion into the sem conductor from
a layer thaincreasenof the Bheekrasisianice,tas illustrate® in. Righré\4, which shows

.AA. AY3. Al 3. A3. Ay. AQAFSY. Al . A[. A@A> . A AA9. A A(f. Af % A2. A. A. GcJ3wNpep
~ytoj e [V] cie aheal aakistdricel oflthel sethieHboelos ads Rrlfaistionelof atheaNtg] ca] ca] ca

] ca] ¢ca] ca] ca] ca] ca] c”a] c”a] ca] caU] ca] cal 4\"f

}E?;fc\éﬂ:gﬂﬁ’“&%‘f@ﬁf“gﬁfﬁ%ﬁ%ﬁ%@?ﬁ%ﬁ gﬁ&?hg%@ﬁgiFWS%%ﬁééﬂ cal ca] ca
a] ca] o] ca 1%\%‘%3‘] BRI RPREHTE PRRaRy TR PeS [odBRes At IR bk a5
o ca ol cofmesy BHRRC RSl habell LBl L™ 1

b D/ //1E012d2}xsni d_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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6Y6s778L8y8{88888;
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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cg ca] c% ca] ca] ca] ca] ca] ca] ca]

cal! ] kakkkkklendZypicettimed are betweenyapprpximately 00B1ands30Qs.7] 1] ca] ca] ca] ca] ca]

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cU] ca] ca] ca] ca] ca] ca]

ca]lca]c”aCGcaB 10%&' ()-yyl09%&' ()-L109& () -

SMLOY%&' () - &MLO%&' ()-! | FL10% ~{~& ()-JdE 109%&' ()-Z: 10%& ()- 109%& ()-°

109%&’ () - @LO%Egre 3 shows that during a treatment of the doped silicon semiconductor

in pure argon, the concentration, as well as the depth of penetration of the

arsenic, are at their lowest, resulting in a higher Rs
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dEbCF$ 109%& ()--F 10%& ()-Yz 10%& ()-F10%& ()-F 10% ()- @y 10% ()- @ 4bC&
109& ()- @OY% ()-9109%& ()- 10 10 10F. 109& ()- Y+ 109 ()- g4\ aBbC
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Em\V Z109& ()- 109& ()- Z39109& ()-9 109& ()- m@o%& ()- 9109%& ()- 10

10Ed"A 2N/ Z101 +109&' ()- !. (#109&' ()-nd' 109& ()- 9%A0%& ()-# 10%&' ()-!&

"10%& () - 2'N=lrd.0 @0thest NH3 coflddmtiétion- intfeases, not only does the arsenic

concentration increase but the depth of penetration of the arsenic atoms

in the semiconductor wafer also increases.

Figure 3 shows that merely by the selection of the concentration of at
least one nitrogen-containing process gas component, at a prescribed
temperature-time process, the distribution of the foreign atoms and the
depth of penetration of the foreign atoms can be adjusted or established.
This provides the possibility, at a minimum still tolerable thermal stress of
the semiconductor, to set the foreign atom distribution in wide ranges
merely via the process gas composition. In this way, the sheet resistance
can be varied up to a factor of approximately 10, and in the same way the
depth of penetration of the foreign atoms can be varied approximately by

a factor of 2.

Figure 4 shows the sheet resistance of a silicon semiconductor wafer
implanted with arsenic as a function of the NH3 in an argon carrier gas for
various temperatures of the thermal treatment at a respective process
time of 10 seconds. It can be recognized that at higher NH;
concentrations the sheet resistance is reduced. In this connection, at a
concentration greater than approximately 2500 — 5000ppm NH; a

saturation or lower threshold value of the sheet resistance to small
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concentrations rise further. The value of the sheet resistance is similarly
essentially codetermined from the temperature-time process control. In
this connection, one can recognize that at higher temperatures the sheet
resistance becomes less. Typical process temperatures are between 800
°C and 1200 °C, and typical steady state times are between 0.5s to 360s.

However, to prevent damage to the semiconductor material, the thermal

~—

budget should be minimized, in which connection the process times
should preferably be under 60 seconds and the temperatures should be
between 950 °C and 1150 °C. With very thin pn junctions, so-called flash
processes are utilized that are defined by very high temperature increase
rates, between 100 °C per second and 500 °C per second, as well as a
rapid cooling, between approximately 25 °C per second to 150 °C per
second. With these processes, the maximum temperature is frequently

maintained for less than five seconds. Often there is even a direct

N

transition from the heating phase into the cooling phase, as a resulit of
which very small thermal budgets can be achieved. However, very high
temperatures must be achieved in a very short period of time. At the
moment, this can be achieved only with the most modern units, such as
the AST 3000 from RTP Systems GmbH, since only with such equipment

the power for such high ramp rates is available in a
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substrate is still possible.

Figure 5 again shows the concentration of arsenic atoms in a doped Si
semiconductor wafer as a function of the depth of penetration from the
substrate surface for various process gas compositions, with the
temperature-time processes remaining constant. With the method that
forms the basis of Figure 5, in addition to NH3 in an argon atmosphere an

oxygen-containing component, namely N>O, was also used.

Figure 5 shows that the addition of N2O increases the arsenic

concentration. This also allows the sheet resistance to be further reduced.
Furthermore, Figure 5 shows that the addition of an adequate quantity of
N2O reduces the depth of penetration of the arsenic atoms, which is
particularly expedient for thin pn junctions. By adding oxygen-containing
gas, the arsenic concentration can be increased by up to approximately
twenty times as a function of the concentration of the nitrogen containing
gas, whereby the depth of penetration of the foreign atoms is increased
only insignificantly, and can if necessary be reduced. In this way, the
arsenic distribution can approximate a desired box profile having steeply

dropping sides. By
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the generation of self-defects (vacancies, self-interstitials) on the surface,
prescribed dopant profiles (electrically inactive) can be converted into
electrically active dopant profiles accompanied by a minimalization of the

depth of penetration and a maximum concentration (so-called box profile).

In general one can say that by means of oxygen and/or nitrogen
containing gases, independently of whether the wafer is extrinsically
doped (implantation, GPD, diffusion by out diffusion of a layer disposed
on a semiconductor into the semiconductor) or is not doped, the defect
concentration (self-interstitials/vacancies) can be set as desired, also

under the influence of the thermal treatment.

The present invention has been described with the aid of specific
exemplary embodiments, without thereby being limited to these special
examples. In particular, for carrying out the method it is not necessary that
the process gas atmosphere contain an inert carrier gas. Rather, the
method could be carried out under low pressure or partial vacuum
conditions, whereby the process gas concentration can be regulated via
the pressure. Furthermore, the present invention is not limited to the use

of NH3 or N,O as process gas components. Further examples
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H20 is used, the thermal budget can be reduced still further, and there
occurs a lower OED (Oxygen Enhanced Diffusion). The method can also

be used for non-doped semiconductors in order to prepare them for a

subsequent treatment, such as an implantation or a doping step.

A further exemplary application for the inventive method is also the use
upon boron and/or phosphorus and/or antimony and/or indium (or
universal acceptors/donators) in order to influence the diffusion
characteristic (profile) with oxygen-containing and/or nitrogen-containing

gases, and to establish, for example, box profiles.
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CLAIMS

Method of generating defects in a lattice structure of a
semiconductor material during thermal treatment of the material, in
which the concentration and/or distribution of defects vacancies is
controlled as a function of a process gas atmosphere, and an
SixOyN; oxy-nitride layer having a thickness of up to 2nm (20
angstroms) is produced on the surface of the semiconductor.
Method of generating defects in a lattice structure of a
semiconductor material during thermal treatment of the material,
according to which the concentration and/or distribution of defects
or vacancies is controlled as a function of a process gas
temperature, whereby prior to the thermal treatment a natural SiO;
layer is removed from the semiconductor surface and an SisN4
layer having a thickness of up to 4nm (40 angstroms) is produced
on the semiconductor wafer.

Method according to claim 1 or 2, characterized in that the defects
are vacancies (empty lattice positions).

Method according to one of the preceding claims, characterized in

that the defects are semiconductor-
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5. Method according to one of the preceding claims, characterized in
that the composition of the process gas is controlled.
6. Method according to one of the preceding claims, characterized in
that the concentration of the process gas or of the process gas
components is controlled.
7. Method according to one of the preceding claims, characterized in
that the partial pressure of the process gas is controlled.
8. Method according to one of the preceding claims, characterized in
that the process gas includes a nitrogen-containing gas.
9. Method according to claim 8, characterized in that the process gas
includes NHs.
10. Method according to claim 8 or 9, characterized in that the process
gas includes Na.
11.  Method according to one of the preceding claims, characterized in
that the process gas contains no oxygen.

12.  Method according to one of the claims 1 to 10, characterized in that

the process gas includes an oxygen-containing
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13. Method according to claim 12, characterized in that the oxygen-
containing component includes N2O, NO and/or H2O.
14,  Method according to one of the preceding claims, characterized in
that the temperature behavior of the thermal treatment is controlled
in terms of time.
15.  Method according to one of the preceding claims, characterized in
) that the process gas atmosphere contains argon.
16. Method according to one of the preceding claims, characterized in
that prior to the thermal treatment a natural SiO, layer is removed
from the semiconductor surface.
17. M_éthod according to claim 9, characterized in that the NHj3
concentration is 0 to 10,000ppm.
18. Method according to claim .17, characterized in that the NHj;
concentration is 2500 to 5,000ppm. -
' 19.  Method according to one of the preceding claims, characterized in
that a distribution of foreign atoms within the semiconductor
material is controlled via the distribution of the defects.
20. Method according to claim 19, characterized in that the foreign

atoms have at least one element of the following group of boron,

phosphorus, As, Sb and In.
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foreign atoms.
22. Method according to one of the claims 1 to 19, characterized in that
the method is carried out on a semiconductor that is to be doped.
23. Method according to claim 22, characterized in that the
sérﬁiconductor is doped.
) 24, Method according to one of the preceding claims, characterized in
that the semiconductor is doped by means of gas phase doping

implantation, and/or diffusion by out-diffusion into the

semiconductor from a layer that contacts the semiconductor.



