., e3exnL9xk445T6L87868TLOMYA0 4 O EC 2002 UV- Supported Thermal Tr egtl'n%%r‘[ (L
< O Conmpound Sem conductors In RTP Systens The pres i tion relates to
a nmethod of thermally treating at | east one Iayer,lmmﬂﬂmmawlwnlcomri si ng

* conpound sem conductors, for activating foreign or ons
passierated in the |layer by hydrogen, according to whi*tshisgtt | east one | ayer
is heated for a first time interval of less than 120 seconds to a

tenperature greater thanpadi j pecific |ayer or
sheet resistance decr easrpe\z.édf)r %H %ﬁ%&ﬂrﬁ&tﬁﬁ%gﬁ%@%fﬁr the el ectrical
activation of the p doping of - MR/ 'sEFPCOMduct ors that are
produced by CVD (Chem cal Vapor Deposition)) especially by MOCVD ( Met al
Organi ¢ Chem cal Vapor Deposition), processes. Such sem conductors are
used, for exanplle piesent heverdioofratztes © afmethod-afl ibetmalyi iceatomgpenieass (e. g.
| ight emtting conponents such as blue |ight diodes or |aser diodes).
During the CVD dHéJC%%%ﬁS,prbférélSW' chfpristhd ht%rﬁﬁ@@rﬂi Oger8ha0E 4, S f8f SO

i ncorporated into thé sem conducttor |ayer during the p-doping (e.g. in

'l11-V sem condugt or C , Ba. .00 4n il-V_ sencqpductors
N). Along with %%@aﬁggg&'gggni&dné%pwﬁl{g ﬁg@fndg ’F?”ng?i‘ﬁ@ a’k s\él\eec't%p%'cﬂ ly

i nactive conplex, which |l eads to a_ passivati on of .tge acceptor, atons (e.g.
My) and hence tY/IO8ER/ACKSNT te whishhpldeastong, |ayer isdieated Fyda it dMeown for
activating the passivated acceptor atons, according to which the

el ectrically i rinervaleofhipds dlyan 120 seoonds 10 a tetnperBluke grealep thampl fast (or in
general hydrogen-foreign atom conpl ex) are broken up and the hydrogen is

renoved from t hempetopes apwhidhotha¥pedificaygsr drysHéiet fassdtance decreass. I ;
;etl-rod acccrding to tl ~e initially described type for activating the
hydr ogen acceptor conplexes is described in US 5,786, 233, whereby during
the nmethod the substrate is irradiated with short wave |light, the photon

ener gy of Wi ohyies cBLEALE] hORBa' RSy SREIGY uRAR i BA AL 9afu P lort i g ocess

tenperature. The substrates are preferab to tenperatures
approxi nat el y Q.80 of 18 i L hi I put In so
doi ng, the corrpeq%g%ei Oéﬁg%r%]é}{?yggéﬁif#@é‘%k’f %Wg{él%/%ﬁéi%qe?aggdézgcept ors
(e.g. GaN: M) activat ed s a.result of ich . sheet i stance is
edaced by b (6NERIERY SBPUDOBH RS RrRERialy BVt il gk
concentration i s correspondingly .incr~eased~respectively. Asa resuftofthe
i rradiation w tHheREA ;‘E%R%I BRBRH!IPN g HRIOCE$RESactPWAY POMIGINAURETECREDt or s
and hence the hole carrier concentration were significantly increased.
Since at still uskghéer @x@meleafartes maoviegtire afrepipglrotronic compeaents damaged
and the p-diffusivity again decreases as the treatnent duration increases,
pursuant to US(6g73&h38miitihg mmpemandal suah ies pluef bghibbipdesedr daser
conparatively | ow

diodes). During the CVD processes, in addition to the acceptor

hydrogen is also incorporated into the semiconductor layer during the

p-doping (e.g. in -V semiconductors Mg, C, Zn, Be, Cd, Ca, Ba, 6r in

II-VI semiconductors N). Along with the acceptor atoms, the hydrogen forms an

electrically inactive complex, which leads to a passivation of the

acceptor atoms (e.g. Mg) and hence to a high sheet resistance. A

number of methods are known for activating the passivaled acceptor

aloms, according to which the electrically inactive hydrogen-acceptor

1
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‘tenperatures. 2 0 4 D E C 2002 Yoichi Kamura et al.; Jpn.J.Appl PHysDEBTI0L
(1998) - L970-1L971 descril3es ii~e influence of UV irradiation upon the My
activation of Gah! iiln~s. In this connection, the GaN filnms are held in a
“furnace for about one hour at a tenperature greater than an activation
tenperature of about 550 C. Upon irradiation of the My doped GaN | ayer
~.~th UV radiaticn, the activation tenperature can be reduced

approximately b @ esul t  of ich the thermal .stress, of the
Slbstrates it stopan 7 i Beegd hs st Siabatrh Ry S S ShuPa
light-emtting electronic conmponent that is built up of a hetero structure,
and a net hod foangileeihydrgents remayeddernritbe fgdepeder dnplantetbiayekbirat el y
600C with the aid of UV |l aser radiation, an annealing is carried out in
order to increaggutlda. acceptor activation in the layers_and to reduce the
sheet resistance respectively. In Manoru Myachi et al.; Appl.Phys. Lett.)
Vol unme 72, No 9) 1101 (1998), there is described the thermal activation of
My in GaN with the additional generation of charge carriers that are
generated by applying potential to.the sem conductor structure., In

addi tion, ref ergd}éég?%dﬁﬁﬁ%dtp@ thd§ detiaibhaEseiRRgG Whe & 2eates ithe
characteristic of GaN that contains My is al so achi eved and can be

i nfl uenced by anydroganizgcepter wonpléxss isriasgyibed éotUWois78683233,owke@bE C 2002
Al'l of the previously described nmethods serve for the activation of the
hydr ogen- passi véirgth #rcertitudsthelfeh sdateviraigledidted vatabioore weee dighbade met hods
is that relatively long process tines are necessary for the activatic~;,

~~~hereby i n y idr i j atZn0 or'
A Z03) - i Sh e et o ey, PP P Fal et d Lo
hi gh thermal stges ' i tlon h ' Lt is an
obj ect of the pt'rhgs E%C%lggvﬂgmpl%g%lu%% eﬁ‘ér:‘iesﬁ}gg ggt%%egég d:!rr;éafe ag{:lisﬂe%dr snhant to
the present invention) this object . | zed. | hat ,wi t.h t initially
doscr bed et nOBMHAES PhaRrREvateh 85T By Gl A atiebgneubdb ' | <
heated for a second tine inE erval of u}E i 0 secondi)éto a second
t enper at ure t hdf™s "YPRi&Ber ' FANIPIRE: H1e SOMRGKRS &%) ?k%é'PeﬁVpdﬂ‘?i ng the
method in at |east one third tine interval charge carriers are produced
wi thin the | ayBFEVRHSY BRSSIteq AeceriorsdidaGah MB e rreastivalse, eaé eaiknt i ve
met hod, the process duration is advantageously considerably shortened for
the activation @fwhisd ther shraedgesisiritnsi isatasicedrii ¢ ot oeneraleorgleragf in one
or nore layers (e.g. GaN) that are conprised of conpound sem conductors,
whereby 4 0 4nagEt@e206ndstheethalestatiencrardirativie isacpirespaaingnt rat i on
are conparable ~ruith

increased,respectively. As a result of the irradiation with short wavelength light, the

activation of the acceptors and hence the hole carrier concentration
were significantly increased. Since at still higher temperatures,
however, the layer is thermally damaged and the p-diffusivity again
decreases as the treatment duration increases, pursuant to US
5,786,233 a longer annealing is preferably used at comparatively low

temperatures.



"t he aforenenti oned known. net hods. The inventive nmethod is preferably 4 DEC 2002
carried out in rapid heating or RTP (, Rapid Thermal Processing) systeQn
.since in RTP syster~is tl~~e semi conductor can be processed wi sh very

- precise tenperature-tine processes and very high unifon~nity. The first
tenperature of the inventive nmethod is sel ected between 350 C and 900 C,
wher eby for exanple with My-containing GaN (or in general with group Il ~
nitrides) a tenmpeicat Keeibet stesn JBEQAURARPIHR0E7i($908 ef $10-2d7 1 Depeitdisng upon
the type of sem conductor, the first tenperature can also be a function of
the selection oheliffubitd 8 L\R AR FonARE 196 ddifatbdl shabvadls the

el ectromagnetic radiation and of the generation of mnority charge carriers
connected therewith. As the le h.of th hird tine interval increases,
and with increaﬁ%goﬁ‘?ﬁfélﬁ&. e @%NfH@S@‘@?}Eﬁ%%aﬂe&'wa@e,;faa?a@wt@ﬁ,e B%H8n
dependi ng upon the type of sem conductor the first tenperature can be

decr eased, whi cht adeapesicoriglisatbetivy 2o aalivaithretdroperature e alivett &0 st ress
of the layer. The second tenperature during the second tinme interval is

preferably sel egt adpbelinvesiatid®REIRNMgl4ENXa GEREl=set aghi 9V radiztibh Sthe
tenperature S 0 4 DEC 2002 depends to a considérabl e e>ctent upon the

t i al fi th ¢ ] ; 0 A
Vo cont i i ng. CXFETRALEMRTAIORAN U au BB A ol at SRARTBAE AN D - iy
| ted. B | i hi dt , h d. ti
Thtorval can priseh b TBENEERBRASIESS hor bl ikl SWERPER & SITIATVy again
Y S igeily Ghic e R AL 6 hor o s sup e BE & STy

| eads to a reduction of the thermal stressing of the sem conductor |ayer or
of the seni cond§SHEEY| ayer system Heating the senm conductor to a second
tenperature that is greater than the deconposition tenperature can be
effected for a short period of tinme. If the surface of the sem conductor

| ayer is provided with a coating (e.g. Si02), or if the sem conductor |ayer
i s heated at aninoVEPpr@2S308, fhere exanpéscribada dy dgloganitingeels2trahicospher e,
a deconposition of the conpound sem conductor takes place only at higher

ter-nperatures, cagpénérasthiat i9fbumhiuphot ReherREe NHArcRIRE rdldUE Emedidbdbdeorf ur t her
increased. In this connection, tinme and tenperature are selected in such a

way that, for %w&ﬁgimet@néaa&&amwbdwmﬁ %prbbﬁﬂeg%o@@wﬁhs t hat

result fromnitrogen vacancies do not “exceed the nunber of active My

centers (in gengealiaasd LYeisaet ini@htn CAN eERBinS % thAled BUDRY bidRligr 2
p-type or conducting characteristic of the lay results. As a consequence,
there is provi ALl tysof. setd S L shin e
concentration gﬁ etgcgit\agtsﬁsdé:%bt ' E}o/ﬁt)'g%tr'&ah'd{}%c%&8&0%@&1?@#%&i ﬁ@vﬁ'aeeetr anges.
6 0 4 D EC 2002 _The d [ f the third tinme interval, during which
charge carrier srgglPEark)Creo u%zaeﬁﬂgflyhi n the sem conductor |ayers by

el ectromagnetic radi ati on, can be the sanme as the duration of the first
time interval. In this connection, during the overall process portion of
the nethod during which the sem conductor |ayer has a tenperature greater
than the first PeMaaratuMiyachi miraliyABRidrigs. etk r Velumer . ghlpePatlld8T The
third tinme interval can, however, also be disposed entirely or partially
out si de of the (1998} thénedsideseribed thettherinay activiadionhasriMg v &diNavitt théso or
only during the heating andl or cooling phase, or another

additional generation of charge carriers that are generated by applying
a potential to the semiconductor structure. In addition, reference is
made to the fact that a p-type or conducting characteristic of GaN that contains
Mg is also achieved and can be influenced by an irradiation with low

energy electrons.



.. desired tenperature-tine process step, which is disposed prior to or Gfthe€ 2002
~the first time interval, within which the |layer tenperature is still bel ow
the first tenperature. This is in particular advantageous if a

' repassivation of activated foreign atom (e.g. My) by hydrogen is to be

avoi ded during the cooling, or if as described above the first tenperature
is already to be achieved earlier, i.e. at a lower tenperature. On the
whol e, as a result of the position and the Iength of the second and third
time intervals, as well as a result of the first and second tenperature,

al so the spatial concentration profile of the actiyvated and passjyvated
foreign atons rbe’@eslé'iev&Uﬁ(i)éQE%@I}%WGWQCP& sRIvedep e activalion ¢f thec 2002
tenperature i s above the deconposition tenperature, the defect
concentration apdraden-pastivateddicsepiobsut Toe drawbaock of e abeww Bessibedor

est abl i shed. Thus, for exanple, the third time interval can enconpass the
second, can be {838 Bt Weldhilyt 18Ry SHERBES tink&s iaht GiatRksaabibRedi sposed

prior to the second tinme Interval, canh enconpass tine ranges prior to and

beyond the secqnd time |, ~al  or ting ranges.fromt ond..andg. af t er
the second ti n@cﬁh':t‘té?'Va‘l";Hé%;g)yc'éirffcdrf"%ﬂg%%ﬁ%%{%"ée?ictﬁtg'ir%p}?\?/gr $'§f Gtgf-:lr t he
second tune interval. The |ayers can include group I11-V and/or group II-VI
conmpound seni cAMuénét 8 Aégbid'i"ﬁﬂ SHBGRNPYSOR kS disgosed heigon e
exanple, GaN. The energy of the el ectromagnetic radiation of the inventive
met hod i s advasubhfpeted ity ayhégh ermadustrese, andrigyadpijorotheathioggbputoise | ayer.
As a result, mnority carriers are produced within the |ayer by the

el ectromagneti gerawat i on, thereby facilitating the activation of the

hydr ogen- passi vated forei gn atons, avoiding a repassivation of the foreign
atons, and supporting the diffusion of the hydrogen. The inventive nethod

i s advantageously carried out, as nentioned above, by neans of a rapid
heati ng systemy(; . i (T fined very
hort heat i ng. i Bels24EEEM e PrpeEn R YuriBe U S UERRIAE TP
range of one second up to 30 mnutes. The te~~nperature-line curves of the
substrates can be established precisely to the second in a tenperature
range of I (r)g?E}P@qgﬁéxﬁhﬁ:tﬁpgﬁﬁggﬁ%velné%i%%,cihi\smogjreecws (28 Do At nCRD Pe

initially described method, within the first time interval at least one layer
is heated for a second time interval of up 1o 60 seconds to a second
temperature that is greater than the first temperature, whereby during

the method in at least one third time interval charge carriers are

produced within the layer by electromagnelic radiation.

By means of the inventive method, the process duration is
advantageously considerably shortened for the activation of the
hydrogen-passivated foreign atoms (e.g. Mg) in one or more layers

(e.g. GaN) that are comprised of compound semiconductors, whereby



~only at low tenperatures but also at high tenperatures. Simlarly; il BEPP200?
systens various process gases, which surround the substrate, can al so be
~used, whereby the process gas pressure can be adjusted from vacuum

" conditions to overpressure conditions. The present invention wll be
described in detail in the followwng with reference to the foll ow ng
figures. The drawi ngs show. Fig. 1 schematically the sheet resistance as a

function of thehketpesistance ant hbkecamich umeenthiieh egé r@ﬁﬁ@@biec\mﬂﬁdi ation
t hereupon, Fig. 2a - 2 a various schematically illustrated tenperature-tine

curves for a sqﬂég%}g%% E@XﬁBwﬁrﬂ?@lﬁSﬁsi n an RTP system 9 0 4 DEC
2002 In Fig. 1, curve a scHema rean y shoves a iypical. plot of a sheet
resi stance of a conpound sem conductor, e.g. a GN filmthat is treated or
doped v~ith My, as a fu ~r~ction of the tenperature. P,t !cw tenperatures
(e.g. GaN at |l ess than approximately 550 C), the sem conductor filmhas a
hi gh el ectri calTheeisivettive exéihallies preferablypearsicd atut am rafid tHeatihgraei AP at ons
(e.g. My) by hydrogen. As the tenperature increases) the resistance is

reduced since MREGIAMThdIRIAE PMRESEHRR) aSGeRTOT s{i@ 6h IRTAL Qe Mhexes
break up and the acceptors are thus electrically activated. If all of the

conpl exes are Qr | | r I ature

i ncreases from%g%gﬁne%%ﬁgg? g}eu g&égg%g @L}?S’%hgﬁ}%g%ee?&pé%éé%%ﬁé val ue
TH) the sheet resi stancerﬁ{eerrai nsh nearly constant. Above the upper

t enper at ure valfiRCeRses ancevallbigh PRIrance R again significantly increases
as the tenperature increases, since above this tenperature TH a
deconposition of the serrriconductor |ayer occurs. For My doped GaN, at

, at mospheric pressure, T~ is approximately 550C and TH i s approxi mately
1050C. By genefThei firgt tamperatyreaifahgéneativeensthoidhie setegbed detweenT35@an be
reduced. In this connection, the charge carrier's can be generated, for
exanpl e, by iri@einat 000°QI Whekbby Fehexambey ehith WMipcomitemiHRtEIN Qbption 10 0
4 0 E C 2002 energy is greater that the energy gap of the sem conductor

layer at the apareRrilivatregloaBal nitBABS! fldthSerature BUXEEN 3508C BRgEag°car ri ers
can al so be generated, for e>canple, by applying a potential or voltage to

a seni CondUCtorisulvp"F‘é(%rrre r t@%@ﬁﬁﬂ g@gﬁumeortédég??&nﬁ@}aﬁ%ct% % frst

conbi nati on of rrradiati yl ng or a'voltage to the

layer or the | aygp. syskem, The, bEdGlAQROLs B SLOURE, LATRETALH YAl ue T~

depends upon the e g€ carriers gene ower tenperature
val ue can be | GHenef R SRRE L PENLY 20 SriihagRans Siathh bR iAo for
generation of minority charge carriers connected therewith. As the
length of the third time interval increases, and with increasing intensity
of the electromagnetic radiation, then depending upon the type of
semiconductor the first temperature can be decreased, which

advantageously leads to a reduction of the thermal stress:  of the

layer.

The second temperature during the second time interval is preferably

selected between 700°C and 1400°C. The selection of this temperature
5



| ength of less than approximtely 360nmas illustrated in Fig 1 by the[]l.DEC 2001
curve h: Fig. 2a shows an exanple of a tenperature-tine curve of the
-nventive nmethod. The sem conductor |ayer or in general the sem conductor

1 ayer systemis heated fromroomtenperature (point A) as rapidly as
possible to the tenperature T~, at which the .sheet resistance of the

sem conductor, or the sheet resistance of at |east one |ayer of the -
sem conduct or sysi@ifs Gear &rsfierépel dliel) upé\i‘?“[\l‘lé Phaidrihl éfsﬂ]etédﬂﬁpb@ﬁ@rvm of
| ess than 120 seconds (tinme difference BE between B and E)) the tenperature
of the layer (or_at |east one |ayer _of the |ayer, syste i s held above the
Cenperat o T SQRIRMACEIATS Whe B5Y  [dhe kABIE ARt AES-Fayieiod el et For
the duration of a second titre interval Sti me di fference CD befirveen point
D and O to a sewHd tesmpriptirabeteen 834°Ca0d4200ECEs poderabheselbylethe
second tine interval is less than 60 seconds. Wthin fhi's second tine
interval, the tBypelatiuger higher setorel teaipdrotLgenicadedond @ingdinienayeaw t h
fluctuations of up to 200 C about the second tenperature TZ . Figure 2a

shovs for GaN aTre/ab)abeuorsRRAAI4BrTReS" RRAIE sihfialy s fREAERGS] i on

tenperature of ‘ab reason the second tine itnterval CDis
| ess than 60 second pr.ef erably .l ess tha Q0 seconds. .The | ower .threshol d
val ue for the sk gﬁlﬁgb?iﬁh? Aﬁgﬂ\%'s?rlegspg @etjgr%ﬂm'(%f‘élr’ﬂf)h%deb?rtoﬁih? cl osed

| oop)control rate with which the increasing portion of the tenperature-tine
curve (ranp up)SUBIEOPEUEIRAIRME] SYSIER-t he decreasing portion (ramp down). For
nodern RTP systens, this tine is approximtely 1 second. Under certain
conditions, this value can be lowered with future inprovenents of the RTP
systens. The duration of the second tinme interval CD (in Fig 2a) decidedly
determi nes how Husating hbet sumiebatiudter 1@ « docoKE eethpdretuie aRAP asS ighéater
tenperature TH wi t hout pernmanently damagi ng the sem conductor |ayer or the

layer system Th@nstherdeonpissititcenthdrbfifeiddinebe @feblad bhe ¢Hprapefiogan be
the tenperature T2, since then the overall thermal stress of the |ayer does

not exceed a crji4d i cal ' h i I r ; |, stress.
is belowthis c(?flt {t"i%%al H\a/lgFﬁséd,rFétC%eﬁf @Sg%%’ﬁ‘?gﬁg‘d\égtc’ﬁq?%%'] {Sy'%)@%ggae Witk a

sem conduct or, . vacanci n ect : f.or t h

ar oat est oxt ent SO BT RAR Bt VBe b RhafRr i e els et
anneal ing (tenperi n% at afte erat‘ ur.e le%}S t han gHé I[T\pe %:riti cal val ue of
the thermal strQEPESSIE. 1 FXFMEIE DoG MAIGVERE oN20fTPPRPHEG eI sy st em
is to be deten-nir-red experinentally. @Q,o chat as high a tenpera[uri T2 as
possi bl e can bedeRIMRRILLOAOHINESEONBRYNE rsamicandusler fakes ifasss onty p
inportant that the RTP system enable a rapid heating up or cooling off of

t he seni conductiighermigimedniatyrasces audsHi £f iviych dbe segped terapermiviggCaibon t he

~~nit, between 750 s
be further increased. In this connection, time and temperature are

selected in such a way that, for example in the case of Mg-doped GaN,
the donor centers that result from nitrogen vacancies do not
exceed the number of active Mg centers (in general active activator
centers), so that in particular a p-type or conducting characteristic of the layer
results. As a conseguence, there is provided the possibility of
seting or establishing the concentration and activation of donor and acceptor

centers in wide ranges.



~and 500Cls. During the process illustrated in Fig 2a, charge carri er 4 GPEL 2002
generated within the layer for the duration of at |least one third tine
interval by electromagnetic radiation) preferably by ~JV radiation. In this

', connection, the third tine interval can be equal to the first tinme interval

BE) as a result of which the free charge carriers are produced only if the
Mg- (or in general foreign atom hydrogen conpl exes are already nearly
thermal |y broken up. Due to the (photo) generated free el ectrons, the

di ffusion characteristic of the broken-up hydrogen within the

ser - ni conduct omheay@iatie ARt hifeirhafihietns eduridy WaldhadHargh aridie drird tinme
interval can also enbrace the second BE or the overall process AF. In

general, the thi | e nt : re within : eSS AF,
aherepy i t s duPiTui M BRE Seb TRy B T A B he o B SRE Suer
limt of the third tinme interval is limted by the technical possibilities
of providing ag2adegutheesame| aghie chppation pf 1ae ik it drlervalni B thikit is
approximately 10'9s for pulsed | asers and approxinmately 10' ss for flash

| anps. However cohheetiomt eluviabsthefovieralb pt@fesseportida @fr thepreftlesd édringt i s
particul arly advantageous to set the third tinme intenral during the

ling-of f ph ' i E{C 2002
cooling-off p %ﬁﬁ’cﬁW?é‘sér'?ﬁ’éorﬁﬁ?io‘f‘%;}é?%a%oé’héﬁ(ﬂge-zl‘gé-iur%@e%rilp}Qr&iip}%ﬂEsits

| ayer, a repassivation of the forei'gn atons

extensi vely prey ~ (- ageous during the
heat i ng- up phag%!,ﬁ%gé}u{a{g@%?@ ?ﬁ\ﬁpﬁeéar”g%égér%%egrgyaz . to produce charge
carriers by W irradiation, as a result of which, as illustrated in Fig. 1,
the first tenperature T,, and hence also the thermal stress of the

sem conductor, _can be reduced. Furthernore, within the process AF, charge
carriers can bdhgr Hultdinaynigryal readl, dhoweven atsplher gispopedt eplinglr @ ti me
intervals. For exanple, the aforenenti oned advant ages can be conbi ned by
produci ng char gertdlyr detsilebeft theehirsinBmer ind@vieh Thapawer sntheinniradigdedown.
Fig. 2b shows an exanple of a known met hod, according to. which the
tenperature T2aisd lwel omlyt Heridg chephsating raricéorpevaling ehBde, Har enatheo at

| east one sem conductor |ayer is heated for at |l east one tine interval B E

of l'ess than 123@siré@ taniperiaratimecp@cest etep, hafichne dispsded prpetatoure T~
and for a second tine interval C D of less than 60s is held at a

tenperature Tzgndhené aR&t inefintdheals GEON wiHidR thlBle¥ abnipatuts idatig | ess
critical since the second tenperature T2 is bel ow’the conposition

temperature THyoie (RESHL! MmAdNTBe GHIAI AN pafiche ddldladddi® imberval
can be selected In conformty wth the fToregoing discussion in conjunction
with Fig. 2a. e ;i1 0 rat i t he thj t ' r i's
optim zed as arébuansc%'?{?églr?noé} ﬁgagﬁfﬁh‘éﬁﬁﬁé@ {él‘ﬁa '\QM g&s'{lygﬁoé)%” fsht\é ?/dr ogen,
whi ch results during the consunption of the 14 0.4 DE C 2002 Allg
(foreign aton) 2K9dEHg ”Eanﬁﬁ‘%zz,‘)o%vgt he f'?e@s cﬂ%sr‘cé'@e&iaraﬁoé(res @%nﬁ/'fsét ed by
the UV radiation. This is to be determ ned experinentally and depends upon
the sem conduct&PPeriighe Thakeadypriogbgnmchieved &miligle hevaAit £gdBWSET during
the process rangeA' B (in Fig 2b), to irradiate the layer with W~ |ight.
As a result, ttmperatgred conpl ex is al ready

On the whole, as a result of the position and the length of the second
and third time intervals, as well as a result of the first and second
temperature, also the spatial concentration profile of the activated and

passivated foreign atoms can be setorestablished. If the second
7



broken up at | ow tenperatures. During the process range B D, the hy roag[p
‘di ffuses at very high diffusion constants into the surface regions of k 1001
layer. During the cooling-off phaseD F', a renewed UV irradiation is
reffected in order to prevent a repassivation of the My the foreign atons)

in GN (inI1-Vl or I1l1-V sem conductors). On the whole, wth this nethod
one obtains a high degree of activation. A further enbodinent is -
illustrated i n Egpeeiuenicomavesihe odetunpesitionuienpesatres the hdefecl

sem conductor |ayer is tenpered in the tenperature range between T~ and TH

for a time integyaderfdionofarldestbet RpatidR0gistrPutibAJ thdresf t Ea®, aldee be
activation of the foreign atons is effected by breaking up the

hydr ogen- f or ] co Or_ ydr o i

i ftused i n SRS RTRIERTBA, REL PO AR ARET 18l PP AL ERR . A a
result of the further tenperature increase D'E'F the hydrogen diffusion is
i ncreased. |n tHessendesn s thewemeppwitainutne sesendtiveemtena!, df@8difosi ti on
tenperature T,-,, as illustrated in Fig 2c, Here also, the rate of
activation or réippesedativoto (hersadeeddipae irdervbh cantercoiiass @082anges

di stributions thereof) can be influenced by the position and duration of

the third tinme ppdefo/ahdadobd thé 'kebatithne Whieh/dMN\orlingdtrand&s Foe eeanpl E of
Fig 2c the tine interval E'KF"_~ with the respectively pertaining (average)

tenperature can 1Lk en
temper at ur o T2, SFRUREEN Bt B SEERRYHE ekl St Rin 236 chpSuRERgTihe
mechanism the tinme jnterval E'F'of ,.the higher tenperature is preferably
consi derabl y sh@?‘?ré(?‘lst tﬁ?\ée??’?ﬁ:{st”inﬁt"’eﬂrevr‘g‘?n' CD'. The intervals are

t oget her shorter than 120s, which is the maxi num perm ssible tinme for the
first tinme interval B'G'. A further known exanple for a nethod of thermally
treating a substrate is illustrated in Fig 2d and 2e. In contrast to Fig 2c
and Fig 2d, FigThe kiyevs canf inclide gredpelbVurcedirepraup tih¥licnrepaund G H' "
follows a high tenperature step E'""F"") which is preceded by a | ower

t enper at ur e st eger@icobdUcipappespeardtyelbyogs 11l nniffides 2agh Ehi or sdemigde, H'" i s
particul arly advantageous if appreciable defect formation (e.g. N-vacancies
in GaN) occurs gufl.to a high tenperature step E'""F'" (which can al so be

di sposed above the deconposition tenperature). Dependi ng upon the

sem conductor material, these defects can extensively or at |east partially
be cured in the step G'"H'". In this exanple the time interval E'"F'" coul d

be interpreted fge fefﬁ%r@ﬁep f @Ee@oﬂnegﬁéwﬂaasﬁ&{ df o mgm‘;‘e h&-\fﬁ&% jon, if

the tenperature is above t econposSition tenperature during sal

interval) where I I ' Lhe of the

interval 5 C'" D%’é’vééﬂgiéwsﬁlgﬁé&térﬁﬂgﬁ&é %Bterkﬁpgéﬁgﬁattlgggt cg'pélay]:ep. ASYM
result, minority carriers are produced within the layer by the
electromagnetic radiation, thereby facilitating the activation of the

hydrogen-passivated foreign atoms, avoiding a repassivation of the

foreign atoms, and supporting the diffusion of the hydrogen.

The inventive method is advantageously carried out, as mentioned
above, by means of a rapid heating system (RTP System), since by

means of the RTP system defined very short heating processes can be
g .



. of foreign atons passivated int

‘0 4 DE C 2002 simlarly less that 120s, which is the ma.xinmurn

hen~ni ssible tine for the first lime interval Bl. Wth regard to the 04 DEC 2002
~position and duration of the third tine interval, w thin which charge
~carriers are produced in the sem conductor |ayer by el ectromagnetic

radiation (e.g. W light), in a manner anal ogous to the precedi ng exanpl es;
the rate of activation or repassivation (and the distributions thereof, -
respectivel y) camidge dubhfihubrecedndy ofr padi sedam wipt bo BD Imigibtes. Fofhe hi s
purpose, the position and the duration of the third time interval is

suitably sel eciad %‘fétrb‘r'enlrrhgec I g@lfﬂésu'bsﬁ: tes"\‘f}a‘?{&?léﬁ li ﬁé& ,ﬁbove)

t he senlconductor ayer 1s pr yirra |ated W t Irg he range

of the heating,u in ot r exanpl e, in the ran rA

and 1 the 1 anieaereRBIchA rrapsr fure Wﬁ%@h%ﬁ%ﬁ@ﬁ#@r%ﬂﬁ the
ranges F"'G'" andlorH"1" By applying an electrical field to the

sem conduct or [1408fC, wherecmyﬂhasiwﬁhpteombedreate@ ehremedennifersly tiohg duri ng
the activation can also be influenced, i.e. the diffusion through the

sem conduct or bayeat ccarrr@ﬂp@m@ﬂe@rwte@lsoersorwmb@ra@unfe@ctsdmlafrm rexanpl e,
in that the substrate with the semicond uctor layer and tile sem conductor

| ayer system %gtsie‘fﬁé X/arrbﬁs \%B%é ga&& hwﬁrcﬂoéurfél)rﬁi Iﬂﬁ% hkﬁ‘btev"‘ th

respect to the proc Ss gas, pect’ to an ectro I'S spaced
over the |ayer n arran suc can _be u by
Cteelf or i coAbiHeR PBrE rrﬂrer”é%mmsr@Qrarrrrrsﬁlare%@?ﬁ&ws??%
general, in the third tine interval, in addition to the el ectromagnetic

radi ati on, a pHOBhYRGHUNE£ANEEORY to OYRTRIESSHrECORDICNSed i n the descri bed
type and manner. If during the third tine interval only a potential or a
field is applied to the layer, this does not necessarily produce charge
carriers in the layer. Already the change of the el ectrochenical potenti al
al ters the difiTheusiesanbinvehBomwdl dgedesanibiedein! dgteil .in 18e followlin® \BIIC 2002
PATENT CLP,IMS: 1. Method for the thermal treatnment of at |east or-~e-iayer,
especially a 'réf@r@rceqarméif@rido@n%ﬂgo@@ndrme@ﬂam@wmms, for the activation
e |l ayer by hydrogen, including the
foll owi ng nethod steps: -heating the layer in a first tine interval (BE
B"G') of |less than 120 seconds above a first tenperature (T~) at which the
specific sheet i stanc Sy i S tinme
F@esr gflgéﬁméﬁrﬁaﬁﬁ the é\f@ét fedistdifed a¥ ey fur’f'ct%n &F o

interval (CD,E'"F’) which t he rst time interval and 1s | ess than

60 seconds, to ahove theugﬁ§8£Mﬂ§'téﬁP Eﬁ?pﬁﬁﬂkﬁkg (J#Deggvéﬁgphgﬁatron

- produci ng charge carriers e Ia er an €l ectromagne
during at |east one thrrd#l -h OI 2 Met hod accordrng to claim1,
characterized in that tht ?y%ﬂ ™,

Fig. 2a — 2e various schematically illustrated temperature-time curves

for a semiconductor layer treated in an RTP system.



. tenperature |lies between 300C and 1200C. 3. Met hod according to claqhagqumn
2, characterized in that the second tenperature |lies between 600C and

- 1200C. 4. Method according to one of the clains 1 to 3, characterized by

. thermal nethod steps, which |lie beyond the first tinme interval (BE B"G'), at
tenperatures T |l ess than T~. 19 0 4 DE C 2002 5. Method according to ore
of the clains 1 to 4, characterized in that the third time interval lies”
partially beyond the~first tine interval ' ( BE B'G'). 6. Mthod
according to one of the clainms 1 to 4) characterized in that the third time
interval is equal to the first. 7. Method according to one of the clair-ns
1 to 5 characterized in that the third tine interval |ies beyond the first
time interval. 8. _Method according to one of the clains 1 to 5)
characterized if figat 1t BENehier achismeticaly ephalvs enclypisab el ohe §é7@@hd time
interval. 9. Method according to one of the clains 1 to 5, characterized in
that the char geegistanicer sf @ eoppodudeserpicondutior,t Bgy. seceal filnethantier val in
terms of time. 10. Method according to one of the clains 1 to 5,

character | 760 i otdilort e AHWE 6L L RS %@g heEiE t8r ang during

the second tinme interv ntermso t1me. 11 ccordlngto one of
the clains 1t aracterijz in, that he char rr| r oduced
during and aftg‘?mpﬁ‘é‘f"qgéec?oﬁagrlﬁﬁl\l A elEF8I ha{‘z H% eé%cggﬁﬁéy “8 one of
the clains 1 to 5, characterized in that the charge carriers are produced
after the secok@Misordycielefial hap@ high slecircel sepstange | K1 8ufol® 4R or di ng
to one of the clains 1 to 5, characterized in that the charge carriers are
produced only nma'rseirvationaufdﬂaa‘ tfereigrhetemeofalg. tMgje biynhydregen. 14s Mee hod
according to one of the clainms 1 to 5, characterized in that the charge
carriers are pratpeesiuvd Insreadebgtheaesisthridenie rettlicgdvsihce horeNeidhedraccor di ng

to one of the clains 1 to 14, characterized in that at |east one | ayer

i ncl udes conpoudrsfin-secebist ofisieldh tdém) complexes break up and the
acceptors are thus electrically aclivated. If all of the complexes are
broken up, and all acceptors activated, as the temperature increases
from a lower temperature value T to an upper temperature value Ty,
the sheet resistance remains nearly constant. Above the upper
temperature value Ty , the sheet resistance R again significantly
increases as the temperature increases, since above this temperature
Tw a decomposition of the semiconductor layer occurs. For Mg doped

GaN, at atmospheric pressure, Ty is approximately 550°C and Ty is

approximately 1050°C,

By generating minority charge carriers, the temperature T, can be
reduced. In this connection, the charge carriers can be generated, for

example, by irradiation with UV light, whereby the irradiaied photon
10



group I11-V. 16. Method according to one of the clains 1 to 15, 04 DEC 2002
characterized in that at |east one |ayer includes conpound sem conductors

.of the group II1-VlI. 17. Method according to claim16) characterized in chat
"at | east one |ayer includes conmpound sem conductors of the group Il

nitrides. 18. Method according to one of the preceding clains,

characterized in that the energy of the electromagnetic radiation is ~
greater than tENesgersgyregaey 1bet tie ansagy gene!ltiag eemicopduster ey &t dbedi ng to
one of the preceding clains, characfierized in that the then~nal treatnent

of the layer i smhbgeiiedapet inpeasiud P Huséwm (OchdYgt hedrigecaritdare to one
of the preceding clains, characterized in that the second tine interval is

e theh 21Uy By ALY bt il

g} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca] ca] ca] SENUEPRAIEA] IR cal da sginicondysten layer system, or by a

R$I { vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] cadahziidre af ¢A caddiafjaanbhd applying a potential or a voltage to

ge=H' e} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

] ca] ca] ca] ca] cahs Myi] srtheabgad k6] CRE YO RIBH BT tHE AW EPSIYaIBECEPERRE:
m|"""(()a))}xsnid Z]]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

] oa) cal ] ol oghal #2l4ekiab B ahe Miei teRale chreis dbrdibled. Thel * -2

(;Zi; Zoi cal caT cal CA7C HTR G Eay G P BP ORHE b BY| ARSI SEYGoRYn 777 ro6b

| wr nhc” Y] ] ca] capeai]scal &3 vidiajenfeassampleanctiecegscapicapbayithjacwpra] cal caj c
aJ calcalcalcalcalcalcalcalcalcalcal;l;;

<P<<<) =n===7>| lerytRQiitt 25 A BRBBRMOhBE2 BE BhxanilldsZafepda)fog) thydhg cal ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca! FQ) GEEEEEH idukid il 11 J0Jj JIJKLW.LL&MVs MVMNNNCCc OO wr mhc”Y] ] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] c
a] ca] ca! OBPt PQQSRRRR5SDSSSSS5TTTU_UUULVF VWGWAKaXXX: Y| wr mhc”Y] ] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca]ca] ca]ca]ca]ca]ca]calc

a] ca] ca] ca] cal! FipYahYSNOWY BhZéRardbll %4 ial e gt atude-time curve of the inventive
aXaaaa8b| wnmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

| inddge? 8fgf ff4

fgggﬁbﬁ ﬁ]hﬁ% g ?l}ﬁlhgﬁ} gﬁ%ﬁ%‘g%ﬁ?ﬁgﬂg c%?ggfh{c %té@ gﬁgﬁhgafﬁfgg]gggﬁa] ga] ca]g
TeRteTt S iy

enGRVERNn@ o1 1P S G DS PR L e RRPARERRAZ el et B ) Ty
Cobsa ] TohERER SRhSpLe R SRR 50| LRI e sl el Vi
10%& ()!10%& ()-M10%& () -L109%& ()-. 10%& () - 10%& ()-
10%& 8-V( kdE?lé’)“:‘LQ?’/'&S’&'C 9%%0/{@&' %'j@%t(l')@%&a%@ Oﬁl)ﬂd%ﬁ' P?é?_'éi@fyﬁ&'”(‘ﬁ- Ly
10%& ()-, 10 /bger(n)l(;onmcc:torlgy/ggm? decreases (point B). Now for a first time

interval of less than 120 seconds (time difference BE between B and
E), the temperature of the layer (or at least one layer of the layer
system) is held above the temperature T4. Within this first time interval,
the layer is heated for the duration of a second iime interval (time

difference CD between point D and C) to a second temperature T,
11



@O0% U& ()- 3 @O0% U& ()-1(10% U& ()- 10b 10b 10b!,; 04 DEC 2002
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U8 ()-3 @0%U& ()- S10% U& ()- 3 &' 10% & ()- g2 dEbC 10%& , S10%
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whereby the second time interval is less than 60 seconds. Within this
second time interval, the temperature-time curve can in general have

any curve with fluctuations of up to 200 C about the second

-

temperature T,. Figure 2a shows for GaN a T, of about 550°C and a
T, greater than the decomposition temperature of about 1050°C, for
which reason the second time ‘interval CD is less than 60 seconds,
preferably less than 30 seconds. The lower threshold value for the
second time interval is in general determined by the(closed loop) control rate with
which the increasing portion of the temperature-time curve (ramp up)
can be changed into the decreasing portion (ramp down). For modern
RTP systems, this time is approximately 1 second. Under certain
conditions, this value can be lowered with future improvements of the
RTP systems. The duration of the second time interval CD (in Fig 2a)
decidedly determines how much the temperature T, can exceed the
decomposition temperature Ty without permanently damaging the
semiconductor layer or the layer system. The shorter the second time
interval CD, the greater can be the temperature T,, since then the
overall thermal stress  of the layer does not exceed a critical value in
the time interval CD. If the thermal stress,  is below this critical value,
then depending upon the type of semiconductor, the vacancies
and defects that are formed can to the greatest extent or at least in part
be again elliminated by a subsequem annealing (tempering) al a

temperature less than Ty, The critical value of the thermal stress  of
12
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that as high a temperature T, as possible can be achieved at

prescribed critical thermal stress, it is important llwat}he RTP system
enable a rapid healing up or cooling off of the semiconductor. Typical
maximum heating rates are, depending upon the unit, between 75°C/s
and 500°C/s. During the process illustrated in Fig 2a, charge carriers
are generated within the layer for the duration of at least one third time
interval by electromagnetic radiation, preferably by UV radiation. In
this connection, the third time interval can be equal to the first time
interval BE, as a result of which the free charge carriers are produced
only if the Mg-(or in general foreign atom) hydrogen complexes are
already nearly thermally broken up. Due to the (photo) generated free
electrons, the diffusion characteristic of the broken-up hydrogen within
the semiconductor layer can then be influenced. Alternatively, the third
time interval can also embrace the second BE or the overall process
AF. In general, the third time interval can be anywhere within the
process AF, whereby its duration can be up to the overall process time
AF. The lower limit of the third lime interval is limited by the technical
possibilities of providing an adequate UV light capacity. At the present
this limit is approximately 10”% for pulsed lasers and approximately 10°
®s for flash lamps. However, time intervals of 1 io 120 seconds
are preferred. It is r;articularly advantageous to set the third time

interval during the cooling-off phase such that during the cooling of the
13
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) YL0%08&' () - 10g=leger"a repassivahancol de fomigm@tioms (e.g. the Mg in GaN) is
1007s10%& () -0  10%0& () - 10%0& ()- 10%0& ()- s109%& ()-7"E""# ###dEYNC

109 extensively prevented. Furthermore, it is also advama €ous dunn%the
S10%g&' () - &10%g& ()-z10%& ()-y"10%g& () - 910%g& () - | (10/@&' ) - #$h$$$9%-%dEY
NC 10g

#10%g&' () - 1 100gE IR S fBB/ageéa”T'e 1848 (@19206G:} ﬁq"/g%&%%dEYNC
10g 110%& () - /100/ & ()- +f10%& () - S) 10%g& () 10O
%0%g8& () - &&' |  fharde ar"leré@mfg{ \ragetion &s(3 I@%tldw%@b) as illustrated in
| (10% & () - 10g10g10g 610%9& ()- 410%& ()-'(()a)))aBeF 10g3 10% & ()-F
10% & () - F Sz10Pig&1( dreHirst temperature T4, and hence also the thermal stress  of
the semiconductor, can be reduced. Furthermore, within the process
AF, charge carriers can be produced by UV radiation in a plurality of
(third) time intervals. For example, the aforementioned advantages
can be combined by producing charge carriers between AB or AC in

ramp up and in ramp down.

Fig. 2b shows an example of a known method, according to.

which the temperature T, is below the decomposition temperature Th.
Here also at least one semiconductor layer is heated for at least one
time interval B'E’ of less than 120s to a temperature greater than the
first temperature Ty and for a second time interval C'D'of less than 60s
is held at a temperature T,. The length of the second time interval C'D’
is here less critical since the second temperature Ty is below the
composition temperature Ty. The position and the duration of the third
time interval can be selected in conformity with the foregoing
discussion in conjunction with Fig. 2a. The position and duration of the

third time interval is optimized as a function of the influence of the

diffusion of the hydrogen, which resulis during the consumption of the
14
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and depends upon the semiconductor layer. Thus, for example, it can

be advantageous, during the process range A'B’ (in Fig 2b), to irradiate
the layer with UV light. As a result, the Mg-H complex is already
broken up at low temperatures. During the process range B'D’, the
hydrogen diffuses at very high diffusion constants into the surface
regions of the layer. During the cooling-off phaseD'F’, a renewed UV
irradiation is effected in order to prevent a repassivation of the Mg (

the foreign atoms) in GaN (in II-VI or IV semiconductors). On the

whole, with this method one obtains a high degree of activation.

A further embodiment is illustrated in Fig 2c. In contrast to the
previous examples, the semiconductor layer is tempered in the
temperature range between T4, and Ty for a time intervalC"D" of less
than 120s. During this time, the activation of the foreign atoms is
effecled by breaking up the hydrogen-foreign atom complex and the
hydrogen or the hydrogen ions diffused in the direction of the

semiconductor sutface, respectively. As a result of the further temperature increase
D'E'F the hydrogen diffusion is increased. In this connection, the
temperature can exceed the decomposition temperature Ty, as
illustrated in Fig 2c,

Here also, the rate of activation or repassivation (or the spatial
15
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of Fig 2c¢ the time interval E’f’_‘_‘
with the respectively perlaining (average) temperature can
be seen as the second lime interval and the second temperature To, respectively.
Due to the diffusion and activation mechanism, the time intervalE"F"of
the higher temperature is preferably considerably shorter than the time
interval C’'D". The intervals are together shorter than 120s, which is the

maximum permissible time for the first time interval B'G’".

A further known example for a method of thermally treating a substrate is
ilustrated in Fig 2d and 2e. In contrast to Fig 2c and Fig 2d, Fig 2e shows
a further temperature step in the interval G™H"™ follows a high
temperature step E™F", which is preceded by a lower temperature step
C"D"™ (approximately as in Fig. 2¢). This step G"H" is particularly
advantageous if appreciable defect formation (e.g. N-vacancies in GaN)
occurs due to a high temperature step E"F™ (which can also be disposed
above the decomposition temperature). Depending upon the
semiconductor material, these defects can ex‘tensively or at least partially
be cured in the step G™H". In this example the time interval E"F" could
be interpreted as the second time interval according to the invention, if
the temperature is above the decomposition temperature during said
interval, whereby the interval length is then less than 60s. The sum of the

intervals C""'D"™, E™F™ and G™H" is
16
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109 () -3 first time interval Bl. With regard to the position and duration of the

-

third time interval, within which charge carriers an:e_ﬂproduc‘ed in the
semiconductor layer by electromagnetic radiation (e.g. UV light), in a
manner analogous to the preceding examples, the rate of
activation or repassivation (and the distributions thereof, respectively) can be
influenced by irradiation with UV light. For this purpose, the position
and the duration of the third time interval is suitably selected within the
processA”K"whereby as described above, the semiconductor layer is
preferably irradiated with UV light in the range of the heating up, in

other words for example in the range A”B” or A"C", and in the ranges of

the cooling off, in other words for example in the ranges F"G™ andfor H™I™.

By applying an electrical field to the semiconductor layer, the diffusion
process of the hydrogen resulting during the activation can also be
influenced, i.e. the diffusion through the semiconductor layer can be
accelerated. This can be effected, for example, in that the substrate
with the semiconductor layer and the semiconductor layer system, respectively, is
provided with a positive potential with respect to the process gas, or
with respect to an electrode that is spaced over the layer. Such an
arrangement, or such a method, can be used by itself or in combination
with the previously illustrated method. In general, in the third time

interval, in addition 1o the electromagnetic radiation, a potential can be
17
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used in the described type and manner. i during the third time interval only
a potential or a field is applied to the layer, this does not necessarily
produce charge carriers in the layer. Already the change of the

electrochemical potential aiters the diffusion of the hydrogen in the

layer.
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PATENT CLAIMS:

1.

Method for the thermal treatment of at least ore-ayer, especially a
layer comp—rising compound semiconductors, for the activation of
foreign atoms passivated in the layer by hydrogen, including the
following method steps:

-heating the layer in a first time interval (BE;B"G") of less than 120
seconds above a first temperature (T,) at which the specific sheet
resistance decreases;

-heating the layer in a second time interval (CD;E"F") which is within
the first time interval and is less than 60 seconds, to ahove the
decompdsition temperature (Ty) of the layer;

-producing charge carriers in the layer by an electromagnetic
radiation during at least one third time interval.

Method according to claim 1, characterized in that the first
temperature lies between 300°C and 1200°C.

Method according to claim 1 or 2, characterized in that the second
temperature lies between 600°C and 1200°C.

Method according to one of the claims 1 to 3, characterized by
thermal method steps, which lie beyond the first time interval

(BE;B"G"),at temperatures T less than T4.
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the third time interval lies partially beyond the-first time interval
(BE;B"G").

6. Method according to one of the claims 1 to 4, characterized in that
the third time interval is equal to the first.

7. Method according 10 one of the claims 1 to §, characterized in that
the third time interval lies beyond the first time interval.

8. l\/léthc;d acc_ordihg to ohe of the claims 1 té 5, charaéterized in that
the third time interval encompasses the second time interval.

9. Method according to one of the claims 1 to 5, characlerized in that
the charge carriers are produced prior to the second'time interval in
terms of time.

10. Method according to one of the claims 1 to 5, characterized.in that
the charge carriers are produced prior to and during the second
time interval in terms of time.

11. Method according to one of the claims 1 to 5, characterized in that
the charge carriers are produced during and after the second time
interval.

12. Method according to one of the claims 1 to 5, characterized in that

the charge carriers are produced after the second time interval,
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the charge carriers are produced within the second time interval.

15. Method according to one of the claims 1 to 14, characterized in that
at'least one layer includes  compound semiconductors of the
gfoup -V.

16. Method according to one of the claims 1 to 15, characterized in that
at least one layer includes compound semiconductors of the
group I1-V1. |

17.Method according to claim 16, characterized in that at least one
layer includes  compound semiconductors of the group 1l
nitrides.

18. Method acébrding to one of the preceding claims, characterized in
that the energy of the electromagnetic radiation is greater than the
energy gap of at least one layer.

19. Method according to one of the preceding claims, characterized in
that the thermal treatment of the layer is effected within an RTP
system.

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

that the second time interval is less than 30 seconds.
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