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PCT/ EP98/ 05400 1 Met hod and Apparatus for |nproved Tenperature
Control i n YRappao7TI8er mal PCT/EPP548si ng
(RTP) Systens 5 1 FIELD OF THE .~

| NVENTI ON The present invention relates to an apparatus and a
met hod for Méig'a Rﬁgaxﬂagus for lmprsﬂmmhbemuwéohﬁﬁpﬂnrnwaemémm obj ect
heated in a pI her Processing (RT system

specifically, the present mveMrncnssxdg{Rﬂ‘dBSystemwet hod and appar at us for
measuring and controlling the tenperature of an object if interference

effects disturb the conventional pyronetric nethods of

t enper ature neasurenents. The present invention is particularly
usefaul in the case of sem conductor wafers which have | ayers of material |
5 deposited on the back sigBLY OF TRIRBI¢ENTAOWN i n the case of Rapid
Thermal Chem cal Vapor Deposition (RT-CVD). The starting point
of the present |nvent|on |s that an in situ or ex situin line

br oadband refl ect onet er. sur enent . of he waf e i ntegrated, in

the equi pmthe P'é?ﬁ‘é?"‘l“i‘i"?‘ﬂ@“ﬁ? fes 2Ty Fnpgratys angd 6‘&9@“&?%5%@& 4 ect onet er
measur e”?”Emft, lling the tethfetdtur® of oot Pééfé& ﬁi‘&ﬁﬁ{aﬁ%&dn&ﬁrﬁé&% %ﬂg éRQ‘P)
caljigor ati on 9eg BF "ThE prior art vva t enperatu

measur eneng swﬁtmate sjﬁt:lx’ﬁch&y aherpreset inyentigry disciosedra method and appaestpofudi ng
open | oop heatlng file for determning the | anp power vs tine needed for
t he waf er measunng and contrgllv@eéb%temmengp eéémpbjleﬁ% mtﬁréﬁemmffwe lfethtb

repeatabll fn aﬁ élp Kl V|t endent.” at i ng
cont r ol %FQ Opdt P b ieimmera °é§‘earSH’%?“é5r RpLss ‘P‘{F“ 1on
t hese fret h@ﬁgarhanﬁnﬂaeﬁl in¥Re £RE bF SenBEbffuctod WaER WIRSH e SR8t O matLhs]

I nvent1 on | nproves the situation to the requirenent of
t he | ndust rdxtpcf’md annm(bzukrmc[eerrfrt]le Wafegranfl Gh ﬂreruase of R&fid Thermal Chemical
BACKGROUND_OF THE | NVENT 1Q\I e field of rapid thernal
pr ocessi ng aRer Bepesigon BT \I3h dbE sREing H‘W’ttﬂﬂf it Prepgnt W&Pﬁ‘%‘s that an in

serl conducty opak Pl fneor AL, SIRRLALL fea RS IR AP AGA0HEANIGGh ' ' "9

the 35 enperature trnme pr

anneal i ng M@c{ﬂxﬁxﬁbntrz@ﬁ(lh itipro€eds flow. On the basis df theréfledintetdrofduinirfnt
regy red the various processes. To achieve uniformty of
results the RTP system selects corresponding calibration file for the prior art wafer

temperature measurement system, usually comprising a pyrometer, or an corresponding
open loop heating file f_'or determining the lamp power vs time needed for the wafer in
process. The present invention improves the repeatability of the prior art “emissivity
25  jindependent” heating control methods. In case of large differences in wafer emissivity
these methods have about + 10 °C error in temperature control. The present invention

improves the situation to the requirement of the industry for a maximum = 2 °C error.

30 BACKGROUND OF THE INVENTION
L
The field of rapid thermal pfocessing has been chiefly concerned with uniforml& heaﬁng
semiconductor wafers to a known 'temperature, and measuring and controlling the
35 temperature tirﬁe profile of the wafer for the various annealing, chemical reaction, and

film growth techniques required by the various processes. To achieve uniformity of
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heati ng, tmweobpwirti7yd dual | anps of the heating systens have b@er/ErOpasdacel y

controll ed by the control system and the reflector systens have
been carefully designed to irradi ate 2 the wafer in a knomn ---
pattern. 5 Optical pyronetric tenperature neasurenents in RTP ™

systens requir.e the. sel.ection of . I |

Dandl dt h_ dieeting Heseranenpsef B bertng avyianf i SRR pohaRtely BnbRALR)
the materi BTRVEES, id thReeMRiR systbhensveartR tarefiliftiREignéd® ibalilagst or s,
and the the B8 rgﬁi 1glfi on so%rces S%’sSee for exanple S@S@Patent 5,188, 458
and DE 40122 %a%r.in a known patternThe so cal |l ed "Ri ppl e Techni que" (U. S.
Patent 5, 154, 512) is .a special case of opt ric

] ml 10 . g ron&t
measyy i ng. Opbcal YTt RMPeREmeasHEMEnisdn Rk AYSIERS reauins the 5l SHEBRY of
5-120 Hz, and the .n - | e S5l j 5 I in a
narr ow bandwavelength mfl& %é@%ﬁb%@@[ﬁ%ﬁﬁ %%P&ﬁ%gﬁh%ﬁc# l?g tez)#itggi on
from the | agpgs bftheRASdHaE ParatheteiofiBWafer, the reactor birarhtees; tha nefldcturs,and ele
regi on through a second optical fiber. The wafer tenperature 15

usual | y canrdiationanygrees é8ee ferexagipld U S.thatens 71188448 rad PE 4URA61 2ol | ow t he
nmodul at i on oo T ency, j .l he l.anp, f.lLlaments .and hence. t he

| any 4 adi at The se sallede WE&QM%% §. Paléht s, Ff‘hél laﬁlsg?‘flglncaf? 8‘3‘?}33}%‘80. The
radi‘ati on ] E%Jrlﬁn | ink i 'm ne
t he radi at {ngl%r“éﬁ%}gftee ?g}‘nﬁ% %%h%?a&ﬁf %ﬁégg l?%ﬁ? nglta tieg I‘\IN l}hna Fﬁ%u?lggl{ggt I on
must 20 5-120eH£ uad tiee infa-redfigieehdssidn fdrh thowafer remeanyed. in Tharroarbaatdi on

in light reflected is neasured, . . . . and the reflection coefficient
for the waf diongh amieptical Gheewhilelightrmissiqnoiion $as kapps dénwneagyped in the same

the wafer is kno or. a part.i cul ar .way 1l SSEV| e wafer
at that | narto Bing ReleiSbaof el E ARt 08, PO Rkl bl 2
radi‘ation cokhfARt@ndchafige fabt sibugh for the emi€tBd t4d@dtiohith €sliod thetrBoduigticin Ssi on
fromthe wafer can be used to calculate the ' tenperature. This

t echni que i $reqhenuyywhile therlpmpdilamenity and hence thedamp mzdiationcantpe modulated at
arrangenents for .the necessary nechani cal adjustnents of the ]ight, fibers
are very  the modulatigrn g@ﬂ‘é‘?"\‘i& Tk??da‘gl‘amn m@?@r%fw%n&ec% pt ff‘l?eﬁ 8?%L%1ﬂ§Fd1 Pght
pipes to COlde?e;’}niﬁehﬁe hd(ﬂ%fonq'gﬁ&tépﬁorﬁlﬁ% 'vgﬁ’ferf]gﬂ%%b%ﬁﬂ'icﬁﬁn' Qhe radiation must
t he measurenment’s cited above. e best prior art signal to
bac k%ﬁ ound mRtdueso tHrakfleaed hightrfems thedarips. The vanaod iartight wflected is measuredpr
narrow bandw dt h pyronetric_techni ques is about 1000:1 (ED 4012615C2),
which 3 5  and the egiflecrien epsbficient foride wiakr is deduped. Onee therfsBegtionceetiicient for
measur enent ., However c : o wi dt h
pyrometrc. AR rgoagisslr sare R e SRRSIvin U AL ARF AR
wavelength is known, and the unvarying part of the radiation collected by the first

25  optical fiber due to the emission from the wafer can be used to calculate the
temperature. This technique is, however, very sensitive to teﬂxperanlre and the
arrangements for the necessary mechanical adjustments of the light fibers are very
expensive. '

30 Use of optical ﬁbers and light pipes to collect the light does not change the principles of
the measurements cited above.
~The best prior art signal to b;ackground ratios that can be reached using monochromatic
or narrow bandwidth ;-)yrometn'c techniques is about 1000:1 (ED 4012615C2), which

35 allows good reproducibility of the temperature measurement. However, such

monochromatic or narrow bandwidth pyrometric measurement can be very strongly



3 1 I nfl uenced by | ayers of material of different indices of
refracti onW§hW¥Wél8sur f ace of the obj ect bei ng mePSIERIS/OIA t he
method is practically unusable if the neasured wafer surface has
optically thin layers of variable |ayer,thickness deposited thereon. The

: reflection coefficient at any Wavel ength, and hence the em ssivity
(whi gh i s lnftmé?xﬁédfa Peiyers of material/of il fRedrt Wdides ofreftdttion hitiReurfakabf @i
enormousl y "at the v)érlous | ayer thickness vary. For exanpl e, as
one |ayer @bjest béingmedivred cmdghomstibd dnpractRallpiuonssble ifithsmeasyredrvalesi | i con
wafer the reflectivity for 1.5 mcron |light varies fromteg m ni of 6%to

a maxi num sutfage has opgipallypthin laysrsaf wprizble eyerthickpessdenpsited thezean, 188 ysed i f

t he bandw dt f th l.at i N . t
he Bonot r JEFion SHGEETER FLE: warelsnely g hAREUR Lfisivy RiReA i1 it 02
nmeasuring Q—g?gééﬂv%yo%%ﬁﬁﬁ@é, Qa0 RhARy at ik VAHOUS A6Rr HHidlekssRRY For

wavel engt h mcron light "has a reflectivity nmaxi mum when

t he wavel engtatmpid, ad ofie layer afisli¢omslioxide grows from 0,25 ghiceasnt thickngss onrd ssigan A
measur enent band of from 1.5 %o 3 m.crons( grr a neasurerrfg,;/ 15 .

wavel engt h wafepthegeflegtivity doryky IWIE’F"BH@% VRSP FOPL2 FREPEI B 8718 3 p3iEitht ¢
the variati d,n LSS\ ] AR i hown
(onlgonserv0 | oﬁ"% sué:kr%éz?sge? agﬁy(g%tg éa;ﬁk?tg%/y ?i%eame%aﬁ t}béigggg%rﬁﬁ o

wavel engt h faiiatien icEroad endightthit theitoristrectivednad destructive intédficelues kgthinithd, and
t he signal to background ration becones very small. 20

Speci f i cat | wassufipg bendwisith pamppensate gachoriberf by thrasesited abonenvavelergihefd r ange
of the . . m ssiyity.factor (e..q. 3 - .0 | thout vel ength or
navel engt h g g i vty Hathut SikaRe Favoltnath alL SHBRnERETR 1) ) O
contain the.pay 'ﬁnﬂﬁﬂmﬁfn.tﬁﬁleﬁﬁﬂ%ﬁ&h bRYd SRS . IMY THhidrdns( or 2 measurement

senggtive to only~“a narrow band of infra-red wavel engths. "Em ssivity
measur ed oniwivélength 3f 3.25 + 0.76 anicrons)oesuld béprefertbie td eorppersttertiee variions ing
pyronet er nmeasures,_however, does_not .give a good account "of
the energy e@issivitigngfuch aease i oanibs shavan (omeonsameation e gperey grounds) that the

depends on LHe GO Alerdin G STRSSNL Y G ARBLAIN Mo Boblife ke

wavel engt h _ o e ener rans
syst em | anpgigndie bhékBRohriditioh Betd@Rtvesisnidle 30  wafer has a very nuch
broagder spectral width than the pyroneter sensitivity. The

coupl’i ng of Specifications ferfemissivity sayations fos RAm offenonentivmtondy a sangewf thet ed
LIRS T ENE R N D T
where the eRpssl HRciBLaARRAFRIILREY SRAR @F tvaleRgth OF tHL3REB! pylometer which is
sensitive to only a narrow band of infra-red wavelengths. Emissivity measured only in a
25 narrow band where the temperature measuring pyrometer measures, however, does not
give a good account of the energy coupling of the radiation to the wafer. Coupling
depends on the integral of the emissivity of absorptivity in the total wavelength range of
" the radiative energy transfer from the RTP system lamps. The lamp light incident on the
30 wafer has a very much broader spectral width than the pyrometer sensitivity.
The coupling of a coated wafer is very different from that of an uncoated wafer. Tt:e
uncoated wafer is to first orcier a “gray” body. In optics, a grey body has an emission or
absorption spectrum where the .ernission or absorption constant does not change. A
35 “black” body has emission constant is equal to 1, whereas the emission constant of a

“grey” body is less than one. Since the emission or absorption coefficient is constant



35 "bl ack” body has em ssion constant is equal to 1, whereas the

em ssi on cWENI7I®Hf a "grey" body is |ess than pgigeposiossee t he
em ssion or absorption coefficient is constant

4 1 over a-large wavel ength rage,, a single emssivtiy or absorption
coefficient defines the | i ght absorption and em ssion properties

f bl ack hffer aver . . _constLuct result in
2 o™ ot eviven s dores WA isast el FBinele R o bapBB PR B | et e

may vary W figHtbidipRohiiémistien @@%ﬁk@bﬂg%@ bPickibedy! Pifferdm iyl i on. A
broad band measurenent oOf the emSsivity or reflectivity can,

however, becanstroctiomspesattiint nohé&grey” body and the enission and abkmptiadcafficiantso t he
waf er and thus to set the system paraneters- P .. system so

t hat guni f or RARYAR %@Wﬁ?ﬁﬁ%&%&ﬂfﬂéﬁﬁ@%ﬁ%é g@%{ﬂ%@ﬂ- Agroad band

Front and b ' | NOS 0 gér:&"i-l L §: nt. The
front side &%mgﬁerﬁ%lfmnéa%%g{gy ﬁ%%g aytgr%s 0 o%af:{’lérgr?\é%h%spg%{l{é&?geach spot
havi ng di ff @tﬁﬁﬂihg $¢ telradibtiyn to the wafer and thivk egsa tiedsysehl fhineictsyofaRTP

em ssivity. The backside of the wafer is generally spatially

uni form ansystame se that vnifomyheating ¢o the desiteddrmperatuseriesuitsity is general |y
quite different _ fromthe spatially and spectrally averaged

em g vity of the front side of the wafer. In the case of a
spectral |y L0 badhi¥e b aMINRR OF proflit Rl Witk ard ATRhL i

narr ow spec?ﬁgﬁ(hﬁ'{gnﬁ V\niagt h?mbl%rgongl{ er signal hagsvﬁia?ﬁ%%to h%ﬁemﬁt ide

t enper at ur ema@hatéimany layers of patternad“dpatstl, cach sp@ihaeimgtdiffrentadpactealdi f f er ent
waf ers give_ different pyroneter. si g{nal s. On 20 the other hand in the
I

case of a fintegyated zefleetivisyard emissixity + The harkside efithe wafinis aeperalypatialiy

a different e . . - er s

REL ATED APPELEAH ARG TBESR integrated backside emissivity is Reneralyiapie ifFTERt o
AEF . .

of ten have Hog Belspittally D8 Spectelly Alerdfed sty 6f tht Bnt side of the wafer! BACt OF

chanber open during the wafer handling process. This construction has been

est abl i shedthesatigka spestrelly vayingiNoorgrinobolly”smiguvity) amonpchrombtiger

distributi | at . . . .
' stributd 0?1 ov% sggc’tral band width) pyrometer signal has little to do with temperature. On the

one hand at a given temperature different wafers give different pyrometer signals. On'

20 the other hand in the case of a fixed heating power level the different coupling results in

a different wafer temperature..
| RELATED APPLICATIONS

25
Reactors based on the RTP principle often have the entire cross section of one end of the
reactor chamber open during the wafer handling process. This construction has been
established because the various wafer holders, guard ring, and gas distribution plates,

30 which have significantly greater dimensions and may be thicker than the wafers, must

also be introduced into the chamber and must be easily and quickly changed when the
process is changed or when different wafer sizes, for example, are used. The reaction
chamber dimensions are designed with these ancillary pieces in mind. US Patent

35 5,580,830, assigned to the assignee of the present invention, teaches the importance of



30 whi ch have si gnificantly greater dinmensions and nmay be thicker
t han the waVer9810Hgst al so be introduced into thBCEERHRSOGNI
nmust be easily and qui ckly changed when the process i s changed
or when different wafer sizes, for example, are used. The reaction -
chanber di nensions are designed with thése ancillary pieces in mnd. US
Pateft 35 the gas flow aR®thelde of a Spdfesiinithe s tassg\gﬂega@ﬂowmci RoBBEINT

i nvention, teaches t he inmportance of

5 impuetigai the procasschamdeise of an aperture in the door to regul ate
gas flow and control I mpurities in the process chanber.

The i nportance of rreasuri ng the tenperature of the wafer using a pyrorreter
of very . I

5,628, 564, [} el |s assi gnegﬁﬁ% }Ft&ﬁp&%%éﬁhagdég};uﬁieg (L)ﬁ éﬁgtgg%ese t

i nvention. prgd ¥krAl respduee tsetamgrﬂmu 8. Peatanit S[628(5%4| whith is yssignea to the
typically rests on a plurality of artz pins which hold the wafer

accur at el y 3ssigaeé ef the present 1gventxon¢ W@'ﬁﬂ tededicatedlin g cenvqnﬁengﬁl"%mstmu or
art systens_hav

t dt t t
typically atyB}?Pﬁ}SF ‘?eI}?B frlua%?’:é’%gn‘ﬁﬁnﬁghglgttgwais t umafff AR P o
08/537, 409 theFARRE AR Jfitke @y%f%hﬂ PEi8r &t syinPhRLGBited MESPUE S ad €aChES t he

I mpat anc succeptor plates separated fromthe wafer. Rapid

t hermal pr om&smaged)ﬁudcbptot \fypically a uniformssélinoaovaferc Copendiag pateitt dpplicatan
successful as RTP of silicon. One reason for this is that 15

surface hasO¥53bA09.iasuemediodhe astisaee Bf"b% pissentadnventign, tgache the impeange: ( As)

in the cas efuctcgpc}o%?la%g sggar%&# #o&%gmﬁepllgaﬁné E%ﬁ%glaqr-g&%s off?ﬁ egi on

becones depte qua ty sdaffers.

Copendi NG PariobndiRRirk B hAtbeOiBADHbceR6A] asTEBP BASitico®. Orfereason for this is that
assijgnee of the present invention, hereby incorporated by reference,

supplies a ﬁEtslutdeQlimwndlaappla(rlnglumpboprem O,f;rﬁwrrﬁg.ampks arsewb(As) inghereaseod of |

{arier ot ur coL B B R sh e geceeeiBpeiori rpletedn s wnd the " oy
Lioht 1S di stkanelud Q@ﬂ&@%&@gﬂgbﬁ@ﬁu ipcRfi e gﬁse, alihiafeld tb #1551 gned

to the assi gnee esent "1 nvent1 on. e Indentified

U. S. pat ent assigide apfiie pradendinveRidn, hereby imcerpbeateblyy teferenqzo swgiplids hynethod
ref ggence. SUWWARY OF THE | NVENTI ON
30 Acé@ﬂ a@m@at%fqr IpvercpmiRg thispsolipmopmethed of wisingthe ﬁmmsnétx efaituy or

(:el)l’(l of Ihte;J ene ?Ssthf ?g%eér rglatiyely low tof: b L”%ﬁ"ﬁ? ¥ f‘% b%@caﬂ@%@?ﬂng e wBdRbeS V\is

of light is disclosed in copending application 08/632,364, which is assigned to the

assignee of the present invention. The above indentified U.S. patents and applications

25 are hereby incorporated by reference.
SUMMARY OF THE INVENTION
30 According to this invention an off liné, or an in line in situ or ex situ, broad band

reflectivity measurement is combined with another energy transfer or heating control

method in an RTP system. ’I_‘he RTP system has means for creating and storing different

calibration files and/or means for creating and storing different “open loop™ files which
35 determine the power to be delivered to the lamps as a function of time. These files are in

the form of “look-up” tables, but may be in the form of functions of one or more



method in an RTP system The RTP system has neans for creating and storing
di fferent- 0 99/10718 calibration files and/ or nmeans for cregTNPIssioo
storing di]y\%erent "“open |l oop" files which 35 determ ne the power to
be delivered to the lanps as a function of tinme. These files are in ---

the formof "look-up" tables, but may be in the formof functions of one or
nor e 1

) - ‘e 6
vari abl es. verables dn aegosdangs pithyresslactedranges gﬁg)&mﬁsmieﬂée%ggmegéhe
reflectivities th : | PORR %bR A beHenodh heati
correspondieﬂ{:}‘p&ﬁnl?ﬁellg‘it? i |af1§£§fr§ope%p®ggg ﬁggﬁ ng 6 Oc;;)pf(_i%}%lgfor t he
gi ven waf erg RothOERES walekdn 9addehss andetriésheut picopresess using ghe steredttimed ti me
5 history or the stored values for calibration of the tenperature
neasyr enenthistesi arehe stored values for calibration of the temperature megfrementde¥isesT) ON OF

THE W NGS Fig. 1is a flowchart of the nost preferred
net hod of the invention. 10 Fig. 2 is aflowchart for a closed | oop

process flow. BRIEF DESCRIPTION GFCTEE DRAWRGSPen | oop process
fl ow. Fig. 4 is a diagramm of an RTP systemfor in situ

i mpl enentation of the invention. Fig. 5 is a plan view of

equi prent | pat i B flow charpbftie maat preferrsfl medtleod oitbairnvention. 15 Fig. 6is
an expanded view of an jin situ_neasurenent t hod. Fig. 7 shows
t he Yfeasur eEigbﬂotMlﬁQmCh@?f‘é’@tql‘?ﬁef@oq?cﬂm%é? P¥- of various batches.

Fig. 8 show§igt. Qeisoax'9£ch9&?&%§fo§8{1?%ﬁp?&e¥‘@ﬁﬂs of fig. 7 treated according

to various t processes and by the process of the
i nvention. Fig? 4 is a diagramm of an RTP system for in sitDEhAlehfent b ORI inGntioR. THE

| NVENTI ON Fig. 1 shows a flow chart of the nost preferred .
enbodi nent  &ig. Shés 4 plaenidvoef eeviprhent socgtion fos ipplementation of the INKEKIOWr enent  of
the broad band reflectivity.. Th? cassg{:ﬁle of vva{ er.8 o be

proddssed afdg: 0o SAEXPARGELYIERNE AR 1 FRFPERIEHR PSS arm can wit hdraw a

wafer at a gy, 7 show the%%@uﬁﬁ@r&ardﬁﬁﬁf RfledtiVtyWal Whfetofvaridhiebatahdsgni ng t ool
where ‘the waf®r s ailgne In step . )
Fig. 8 shows the oxide thickness for the wafers of fig. 7 treated according to various

prior art processes and by the process of the invention.
- DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a flow chart of the most preferred embodiment of the invention which is an

25 in line ex-situ measurement of the broad band reflectivity. The cassette of wafers to be
processed are loaded into a device from which a robot arm can withdraw a waferata
time and transfer the wafer to a wafer aligning tool where the wafer is aligned in step
12. After the wafer has been aligned so that the flat on the wafer is in the correct
orientation and the center of the wafer is correctly aligned, the robot arm picks up the

% wafer again and transfers the wafer to a broadband reflectivity measurement tool where
the broadband reflectivity is measured in step 14. The spectrally integrated reflectivity
may be measured in step 14, or the spectrally resolved reflectivity may optionally be
measured using a spectrometer or other device as is known in the art. The robot arm

85 removes the wafer from the reflectivity measurement tool, and inserts the wafer into the

chamber of the RTP system in step 16. Independently of step 16, the system computer



12. After the wafer has been aligned so that the flat on the wafer is in

t he correcWO 9910718 orientation and the center of the wHGIYER98/05400
correctly aligned, the robot arm picks up the 30 waf er again
and transfers the wafer to a broadband reflectivity neasurenent tool where
t he broadband reflectivity is nmeasured in step 14. The spectrally

i nt egr at ed reqfveaelid 2ékiilys of the measurement imstep ¢4 amdudiests 4 systdne parkrhetenin t he
spectrally resolved reflectivity may optiaonally be measur ed
usi ng a speteprignssttbat the smtmrma:@rp%sa@waiemné{m 1i8~1n step AP the prrcesssBot ar m

renoves the fer fro he l.ect,ivity measurenent, tool .and jnpnserts the
waf er into WHeris rembved from X{'ﬁ;amt)ewm%’rﬂgv as%?éfegﬁf?ﬁ‘es?‘gw%f Q

| ndependen 16, the system conputer WO 99/ 10718

7 ] tﬂr?%éggeﬁd\%geﬁshe results of the nmeasurenment in step 14, and adjusts
a syst em paFigneiiesws diflow chart of a “cisseddodp” mwocdshfiowt ke slos¢dlvoppyogesosess t he
wafer in step 18. In step 19, the processed . wafer is renpved
from RTP chisedshena@yrrinelar ¢as be reliakunondo ghye repredpsiblepndgliable;
processed wafers. Lg. 2. sh flo r f " cl.osed | "
process fl dWasﬁ*FFéne&Itsol:f&e 4 t@otge p”l“&’ceéézt%r%\igg tHé obj ec\{v_bgﬂl%uréeeagur\ﬁﬁ éann%alg %er%onrg\ggr

can be rel igdcaR0NnbR il tYRpERRIE BFithie BbRcAB Yefybivd BbRever, or the object is
nmeasorenent’s related to the tenperature of the object being neasured, and

i s the nor nmdrtially transparenpatdbewsyelvtigtinwhich thepyemstarmeecastres,va opejidaap i s very

| ow, however, or the object. i % 0 partially transparent at the
wavel engt h RIRFEH SE“Rbaspsg’PWHéP e tPewedan open | oop process
such as sh ' ' : . : ctivity
o he-waf of B bSadidh 8 iRl b S Her fe mesgured in 13192 RO ARG 6 i

measur ement meisuf@ A& e il ireinsntd $€keb By tHecobgiunertodntroinigrthe systegn tdaijagtst em
to agj ust the paraneters of the system In the case shown in fig.
2, the conpleparanriers of thersystenp In the case shownan §ge.ghe epmyputer ehassesipistad gi ve

th fer t funct | f. th t L di ng.
The waf or i 20 PRt PrOCIEs Bine Eivs B8 xiferrpdiuraid Bpction of frepyrmger | °
Pyrometer reading The WaRHidGeh ﬁrzdi:éﬁ‘g% §Pthe hsﬁ%aﬂ ReayViafsRip 262 WMRFeAthY bPromietep t he

"l ook up" fi I_enghosen In step ) e System then conpares t.he
waf er t enpereatlingds usedhotgne the maderdtmp@atmefoomdite Hipok bp” file chosen in step 24.

20

The system then compares the wafer temperature with the temperature required by the
process, and adjusts the lamp power up or down to bring the wafer temperature to the
required temperature in the normal feedback loop process.
The broadband reflectivity may be measured only once, as in the ex situ set up detailed
25 in fig. 1, or an iterative set up may be used in an in situ measurement where the wafer
reflectivity may be measured multiple times, and the system parameters changed as a
result of the measurements. The decision step 28 decides whether the wafer processing
has been finished, and if so the process is terminated in step 29. If the wafer processing
30 has not been finished, the system returns to step 22 to remeasure the broadband
reflectivity. o
The in situ reflectivity measurement is very difficult to carry out if stray light from the
heating lamps is intercepted by the optical system used to measure the reflectivity. In
35 - this case, the lamp power may be reduced for the few milliseconds necessary to measure

the broad band reflectivity.



process, and adjusts the | anp power up or down to bring the wafer

t enper at ur VO 89/147a8 requi red tenperature in the nagrdmEpsspespack
| oop process. The broadband reflectivity may be neasured only
once, as in the ex situ set up detailed 3 5 infig. 1, or an itecative

set up may be used in an in situ nmeasurenment where the wafer

reflactivi tyhdFiyoret JoRAS ¢RI dpeR Idpld ; met ers
changed as a or resu(I)t 0 et k‘g’pr?égﬁ?eéﬁ‘gﬂ?{éa&r@é{‘%ﬁ@@% step 28
deci des whetatiatiohin mefiehrgmatoessdsivity at the pyrometehwavdiath, fsinee sthed, and i f
so the process is termnated in step 29. If the wafer_processing 30

has not beeRyTpmgtes peessentiadly fptuserhte eqniwoh thethsating lamps. Howevsremisning thee

br oadband . 3Gt Vit Ve . The n situ reflectivity
meas @ enent Syistse_n%/lél_r the g E’% #o?&lr{mtieox%&lagw%grsﬁ{y Y¥Y0g r“éasferlr}Fr& RYrafure s e

heati ng | angsuplifig vRfa@idiR befrteRYvadls. THRIh&Rhreiient S SRAdbMdTRASMH A t he
reflectivity. In this case, the lanp power nay be reduced for
the few ni | ¢aeffciontcd theewates as showa inpasoessstep 32 of fig. 3 cantgredtiyaadiudeahid

reflectivity.. . 1. The prior art power contraolled open | oop
processes eYdTHtigRt Qucs 3pain, the systeny fd&l‘%ﬁs a parameter, in thig, gase £hs sy§tem ehooses a

nonochr omat } Al : t i . t he
oyr aoet or 1 eI Phfbe & BT 845 SATH ok HENTP RSN RSP S 36 Once
runni ng t heagaif an in situ nfepSirermerhtindy e BBE o 4R WBSIRerwhé Wafth }Sﬁnc%s%?% has
varyi ng wafer tenperature due to coupling varaitions between

waf ers. Thebspadftnisheddn step38; andl if notattiamdo step B2 do remeasure reflectivity. @oef f i ci ent

of the wafer_.as .shown in process step 32 of fig.,.3.ca reatl.y. reduce this
variation. U lgggﬁsr??set’ﬁghag&etsé(ﬁﬁe %%@“‘% %&‘5#@%‘%9&‘26" ‘?‘Ef‘}él‘%é%%‘”‘tt% _
syst em choogg# 4k opknQoop to a éibsed 186p ¢onfiBl RWR]. VS time in step 34 to run the
RTPigrocess outlined in step 36. ance again, an in situ -

measur enent Hotlyinér T ¢ techooldgy deleiledintchpendinpepatadt epplivatior §8/509,4b8suses a
been finish dht'é% s%erlo 8, alndb"lﬁi not, return to step 32 to reneasure
reflectivi tﬁ.g gorbing, thermally apd epiically;stabifesplateheneath theqwodustion yeafesnThey

deci de on t] i { r L V1L | tc forma en
dect 05 00 ERERS o i S Sh ok aiai) S5 e syepp ol yl F
technol ogy getifin eshplingcasensista thaivaft. IaRR d8abi R 3biplingifereHSRSar?

| i gy absorbing, thermally and optically stabile plate beneath the
product i on @Rifrepriatggalibration file must be chosen, since the measured temperature of the plate

will imply a different temperature for the wafer depending on the coupling or the

broadband reflectivity measurement. In HotLiner (TM ) technology the temperature of

this plate is measured by conventional (monochromatic) pyrometry. The measured
25 temperature is then fed back to the system set the lamp power to produce the required
temperature vs time profile of the HotLiner plate. The appropriate calibration file
determines the temperature and/or the dual side heating in independent top and bottom
heater bank control mode to control the mutual energy coupling between the wafer and
30 | the plate, so that the measured HotLiner (TM ) temperature accurately controls the

temperature of the production wafer.

The method “total reﬂectivify at pyrometer wavelength” shifts wafer emissivity at the

pyr-ometer wavelength artificially upwards to the blackbody radiation curve. Using a
35 highly reflective sealed gold coating on the bottom part of a heating chamber beneath

the wafer the effective emissivity of the wafer can be enhanced near to “1.0” in the

-



tenperature of the plate can be neasured accurately and the system can

tol erate snWD|99/16718 medi um coupl i ng vari ations on theTmeiszes4od n
the case of larger coupling differences, an 20 appropriate

calibration file nmust be chosen, since the neasured tenperature of the--
pl ate wll inmply a different tenperature for the wafer -

dependi ng op, ey GANE Ad\Dfildthet ﬁﬁ’provement the coaﬁﬁ?ﬁﬁ "B@Qle&%ﬁéaef& kothtt Y

measurenment. In HotCiner (TM) technology the tenperature of

this plate teflestiosalrpaoingtec wavelengthritle rhethod ishicourate in thepgase of4myll tolhe
nmeasured 2 5 tenperature i s.then fed back to the systemset the |anp
power to prBwdiun mesorkugmatie gmissivity variations; khfhe casedower menashpeatid e of

h | K f
Lhe tompor srmisR yaliS G0 005 3 Gl RigHoth 1. Timmss BRI ATRK £ort oo
heat er bankmﬁaé,r@lmmet 410 “B0ALARIn 4 HpHdl WadteSAS RY 1dcﬂiéﬂhhl?@k09&§&ee” the

waf er and 30 he plate, so that the neasured t LI ner
t enper at ur eUsngEMéﬂSE@H Mcthbck)lmgles for 0,25 pm TechriobogyeTtrmakrApplidatiens”

production wafe The, nethod "taqtal reflectivity at pyroneter
wavel engt h" §H|If’ @Pressniation at the Rapid Thermaland Integrated Pfocesélillgcﬁryﬁ!{f%fﬁn‘b@am%ngt h

artificiall c] r r 35

hi ghlcy refl yesgtmwés%gke%é gﬁflg) COSS??%A btr?;lg %E egg‘ft&érﬁ\ﬁggsrlw eating
chanber benggpdximate well the valbbef YéHeL and the eplot grfwsve enissivity of the wafer
can be enhanced near to "1.0" in the

9 Thetmethedicandtalpsate greater coynling rvanmtt;\pmem thc h@ecydmithg camgy obe

d d f The
method s adigler episshinissel EpBfirihatnd? TRES Ge ity %ﬁm ot ¢
em ssivity ‘fﬁ’dtéﬁélk% Wﬁh‘bxﬁé?& v%%f%ng% HeW{hefmﬂgggg] é}gfe. %.e 0,9 umm for

em s vity val ues to 0,3 at O

Riley, ArunSg.Itis also shown ilNthegmperGy Mumd( Nﬁndaj Térrénky 3l m&dy,@ﬁl\&mefﬁml ed
Mat eri al s Rapi.d Thernmal . Processor i ng SEMATECH Met hodol ogi es
for 0,25 [ererljlﬂﬁdre%‘m%wwwfmlﬁﬁmémﬂls Ranid thsrmal Processor Using $EMAT

present et gl b, R 55 TRt B oBRY T APAb Ak B Ao EREI Mg o VS
em ssivity Gofifepéice that the major draWhacIesf mtrﬁems& s thixes éfﬁdlpéh-&fm tﬁ‘me and the
err gr ows. The met hod can tolerate greater coupling variations
only 1n the agswmaptigneaf 2 fully seflestive surface will cause the effective emissivity to reduce
significantly, resulting in larger temperature error. In the case that the reflector is cold
and near the wafer backside, deposition from wafer out gassing may arise easily.
In accordance with the present invention we complete the existing “emissivity
25 independent” methods with an in line broad band reflectivity measurement and select by
software the proper calibration file or open loop heating file for the wafer in process. A
preferred combination is a broad band reflectometry with power controlled open loop
processing. Another preferred combination is a broad band reflectometry with HotLiner
30 application or with wavevector selective pyrometry. In case of HoltLiner application the
temperature control of the HotLiner can be performed by any of the ex1st1ng
monochromatic or narrow band pyrometry.
Fig. 4 shows a sketch ofa prior art RTP system with the addition of an in line in situ

35 broadband reflection measurement system. A hole 49 is introduced into the reflecting

wall 41 of the RTP system so that the wafer 42 can be seen by the measurement system.



the smaller emssivity is not a partial transparency. This is the case for
bul k sil i ce¥o99/10718 ~ materials and a pyroneter wavel eng Tﬂﬁ" e
band gap energy (e. g. at 0,9 [err] for 15 Si). H& |59glpés4‘36.|shom
in the paper by Arun K. Nanda, Terrence é Riley, G Mner et al L
entitled "Evaluation of Applied Mteri att Rapi d Thermal Processor Using

SEMATECH rol ogies for 0,25 um Technol ogy Ther mal
Appl iIc at i orfabrgsdhand ﬁ%‘t SQPFF% sughyas a tungsten lamp ig gfusrta Reloprd3 ismsediy or

dr awback of ' ' rror_in the 20 tion of 2
funack P arbias afEghddor e it iy cnsEldhronled BoABRBR BRI e
si gni fi cantiight incidant bh 86d teflebRE FRin he WRraRUASnRFT @10 WHicH féﬁe&@?ﬁ:tto? the

reflector is cold . and near the wafer backside, deposition from
waf e out dightifiom theyarap 43 és eseditd deflect the light reflected frmorthe deafierat2btthe t he

. ; Th At ;LR UE L .-
P dopendent STor PR GRaTH o e hroed RenliesdomBind Fiavihelonohod bt ur emrent
and sel ect Dynouter 46, and the RhbRHefis LRt REQ&%d lﬁ;g'lt 'b?rt%% \’.ét?)gdl; \ Ig%g%{??_agn | oop

heating file f'or the watrer 1 n process. err tion
is a broad daare used by tHewvaipuyerd bdjust Painetds forahd REPREEsE. Q0Rumber of
processing. Another preferred conmbination is a broad band reflectonetry

wi t hyHot Li repticglpyrometers 45grgishewn fasnsoin a¢losediesrprocess Thetwuptiternt
pyrometry. ln,c f tLiner |ication the tenperature
control of ‘E%‘é‘°ﬁ§5if%%%%°%%%’2ﬁ?8?% OBPSAT of the existing

nmonochr omatFig. 9Ehdvdd 4 V6N oPM RTBLY¥em. Cassettes wit lefl t P&éé’? etch
of a prior a(rgt RTP syste%‘vvith t he a%d?ntli oaﬁs%fesgvﬁl}vﬁgqe%ng%ie? Sl Sl?a?gé(

br oadband rleadescintooncaseeiteuroddre 5t . Awsatimm pah (not shoddh)ion theeddsfucsiksbnkile t he
reflecting wal | 41 of the RTP system so that the wafer 42 can be

see by t herORRLAT Ynifls 2 Kpfhr&d from the cassette and withdgavg dhe wateg42 from the
10

1 | / t | ' t
envel ope 4 3scheHol¥ BT lobBl S ifel? dbllnd i R AR S Vheirdadnlo 1
Lenses 44 adrealighetbnt ot 6k Theadlignmesk the134Srotaid the wafer until the Wa8&Hadi Rci dent on

and reflected fromthe wafer 42. A mrror 410 which reflects part of the
5 | i ¢parectly alignade andegnters thesvafereThe robabarirepicks hp thei wifer 42xfibmcthed f r om

1 oht - sour caidiohlfol 3+ andmoyes P B broad band FefeChiity Boanueid ol 3oamhe  ne
meastr enent wafef isdisy s@htA8Y %ﬁgﬁédgmh &x%échﬁo fRE sk ?cg{g ‘Sﬁée’qiérgk dBan.

can be used by the conputer to adjust paraneters Srocedss. A

nunber of rEflectivity is muaturedy thpyobohatreremodds the avaférdivem figy broadband a cl osed

| oop process. The conputer 4 )
P pre reflectivity mgfsunng too? 55, and inserts the wafer 42 into the processing chamber 56

of the RTPsystem. After processing, the robot arm picks up the wafer 42 from the

25 processing chamber 56 and moves it into a cassette contained in the receiver 58. |

The inventors anticipate that the station for aligning 54 and the broadband reflection

measurement system 55 may be combined in one tool to save floor spacé.

Fig. 6 shows a detail of an in situ broad band reflection measuring set up where a wafer

.30 42 is held inside the chamber (not shown) of an RTP system above an auxiliary ;.Jlate 61.
A guard ring 62 is also shown. The radiation form a source of broad band radiation 43 is
collimated by lens 63 into a i)arallel beam of radiation which impinges on a broad band
reflecting mirror 64. The mirror may reflect 50 % of the radiation from the light source-

35 43 to a broad band detector 65. The signal from the broad band detector 65 gives the

intensity of the light from source 43. About half of the collimated beam from the light



controls the lanp 411 power for the open | oop process. Fig. 5
shows a f| Y@ 9YIEMB of an RTP system Cassettes with wafers trChEPISHS@essed
are | oaded into a cassette holder 51. A vacuum pan (not shown)
on the end of a scissor like jprobot arm52 lifts a wafer 42-from
the cassette and withdraws the wafer 42 fromthe 15 casselte
hol dgr 51. r W i i fer 42
ntor - shifed @ iR o ian s ARy Aol e R RTHE T

waf er unti | reflo@edviflerreidhas thesmirror 64 and is refleniéd mqiartytoal depveat,66akila cent er s

the wafer. The robot arm picks up the wafer 42 fromthe .

al i gnment  t prefersd embedimentstbe detestor A is hedemetsn dn pegtherrelerme] epmbadimentg

tool 55. Th 20 . fer is now accurately align with respect to the
robots arm &Ftdﬁec{oﬁéﬁﬁ%gﬁtﬁgﬂﬁﬁavmg spéctral re'so‘f)ur |8 16&%1]@%%3 ﬁé%%ﬁ?g'c??ert he
robot arm rE{’qqy 4+ omthe broadband reflectivity
measuring too @@u%%ﬁgc‘ﬁ‘?%@étrlérg the wafer 42 into the processing chanber 56
of the RTP- gyaintsi RTP tquippieatismss semicdnldectoobaferssdomipamtksinithe tange ol 0gr— 42
fromthe 25 processi ng_chanber 56 and noves it into a cassette

cont ai ned i f mipwmetgayaysiength. The broadband reflectractershopidomatel s £a0g8128 t hat

the station_for,all i- 4 [ QN -

roaay orent Py pRR AR i AREA S ARINE MR ftek Filecllity jptommated over the
Fig. 6 showspudfladid artf ovah thekubfatdlarts OFle RARG i§ fiddaslah ARpulPasetdtdoset up
where a wafer 30 42 is held inside the chanber (not shown) of an RTP

syst em abov eelest paeper cilthrgtiqn et aped loop files. A guard ring 62 is also
shown. The radi ati ﬁn forma spurce of .broad8$an radi ati o
T

43 | s
col i mated BYyowappligation e sepsilyityjrange ipehow BHCHOMSter 'ao?feh’ﬁfl,nges on a
br oad band : | ] T ' % of’
the ead at | SRopdiment fho (pLqtRLCEEadt bhbBlocRmc'sgfisdf (HEBolly THE RiREherdl,
65. e si ghad a tompleichefibr spactrd acsponietite eiditionGheugksutitherelevant spectral
intensity of the light fromsource 43. About half of the collinmted beam
from t he | i gegion. The source of lightgnglny reflgctgmeter is a tungsten halogen lamp.
11 source 43 apnd l.en 3_continues. i.n straight |i.ne d
reflects f rg‘%efﬁréso%etcglrveﬁgm_endﬁ?gtsan% indifdlt 1d °iet :hgl&ftgﬁoulgg “%g%tﬁ’é?‘nt he
myror 64 apgefbged RfleGHREEricHINM the réflcRted AirB6d £ iR@rect Nghk by a spherical
prefgrred enbodi ment, the detector 66 is a bolometer. In another preferred
embddi ment , mifror in the lintline edesite ctibodident sf the deteatiom THiaurangesertissaitable
resol ution capabilit .and, bol opet er

such as a speckroneter

conbi nat i on.to measure rgﬂe°m°wﬁ%ﬂﬁélﬁﬁ‘@%ﬁ‘- Theabove mantignef sl waf er s

dom nantly i.p.i.h e mm%ﬁ | e . The

br oadband refl ¢ (‘:)?%{rl%ﬁbgﬁuga%gﬁnémn‘% éﬁng[eﬁfgherré%ge as B%e@ﬁ%’% b?g’?aﬁc}l y as
possi bl e. | rLighthyr ddped silitor Madets afdbovi he VRS @in drefsb@e trivviphient. Mhegisat ed over
t he _ spectral range and over the surface area of the wafer is
use?Rs an isAPIGE Op seriamasasirsment. To reduce o eliminatethissrorcamimereandse used open

| oop files. . I | cat i the nsitivity range i s abqut
04. - 3 m crc’(glrrtltel 519 ?0 tr?eavp ?)fgﬁ R %?@%{&ﬁe ilgh r{'sourc""'e %H%“ﬁ%h?%tﬂse" e} fp}ﬂ"S ter
has a t her magleehithisaseths absdlie refetitity caneambauAIEABBthEPimprovement

possibility is the local free carrier generation at the measurement spot. This can be

O

30 achieved by a strong focused signal of the measurement light itself or by local laser

introduction in addition. A radiative preheating of the total wafer is also feasible.

35



has a conpletely flat spectral response to radiation throughout the

rel evant spaxsambis region. The source of light inphaposnsane
reflectometer is a tungsten hal ogen | anp. The sensor fecelves
the direct and indirect reflected |ight tfrough a quartz filter. A _._
preferred refl ectoneter collects the refi%cted direct and indirect | i ght by

a spherical 2 0 mrror | Lol | tu enbodi nent of the

i nvention. This arrangenent |stggﬁmwﬂﬂisaﬁ to nmeasure reflectivity
on one side of the wafer. The above nentioned opti cal conmponent s
result in a sensitivity range of the measurenent between 0,4 - 3 um

Li ght |y dopge ptephiedd50umhedl 80]aN tgpoy € 10.ohm-crh pPodifetion QualiiyiSi wWadisRar ent .
This is a2 5 source of error in neasurenent. To reduce or elimnate
t hi sger r or four growpsoOne groupevassargference without anyogeating Biedwherf3 groupsmsérer
opposite to the light source. This m.rror can.also be a spherical

one. In thicgat(‘?gg&ﬂ?%@%ﬂg'{)lwa@eth‘? tqi\ogv&g @V?EF"B'&W Oeasured. Anot her

i mpr ovenent possibility is the local free carrier generation at .
t he neasurenent spot. This can be 30 achi eved by a strong focused
signal of tahd9mmeSiQ, a0 Bighi; itself or by | ocal |aser

I ntroduction in addition., A radiative preheating of the total wafer is al so
f eagj bl e. b) 20@mm Si0O, + 110nm poly-Si (undoped)

12 1 . . EXPERI MENTAL RESULTS

W prepar ed:) fgé}%ﬁgtqﬂo}mlﬁnp{’%@ @“4°Pf6) ohm cm production quality Si
‘wafers in b5 four groups. One group was a reference w thout any

coating. The other 3 groups were ' coated on the backside with the
fol | owi ng I'Ehedrontsiddphtheiveafers were etched and preparddofionpSidetion: The backsiieIbider

b) 200 nm Si 2.+ .1 | Onm pol y-Si (undoped). . c). 980 nm Si 02+ 160 nm
pol %§Si (urﬁ?%é%tmns are kuowr'to %’ﬂﬁ‘gee @Bﬁ&%‘é@r“'ﬂ mct?%'a\/%%‘éﬂgl% Sr&Hhed and

prepared f h Gt R8ui | § ' ' known
o have. oxt b Ie JIRRTE U PRCKOS PulgiéE halogen lamps anfl WAk BB s
equi pment . ghikdcéatéd. SMe hpreadital sids heatingst en hal ogen | anps and the heating

chanber is . .
Representative measured broad band reflectivity values from wafers of each batch are

plotted in Fig. 7.
20 We performed rapid thermal oxidation at 1130 °C for 45 s in different processing
modes. A HotLiner was used for all experiments. Using only one calibration or only one
open loop heating file, the repeatability of the oxidation was in the range of about 10 —
- 11,2 nm. This range corresponds to a total temperature variation of 15 °C.
25 When we used the results of the reflectivity measurement and selected the
corresponding calibration file automatically, the repeatability of the oxidation was
within 0,2 nm. This corresponds to a temperature variation of 3 °C. The comparison of
the oxidation results in case of the different heating methods is illustrated in Fig. 8.
30 Extensions of the invention controlling system parameters other than those enumerated
in this disclosure on the basis of the measurement of broad band reflectivity are

anticipated be the inventors.

35



gold coated. We have dual side heating. . Representative neasured
broad band WQ¥HFt§ vity val ues fromwafers of each batch ar #CT/EP98/05400
plotted in Fig. 7. 20 We performed rapid thermal oxidation at 1130
[err]C for 45 s in different processing 3 nmodes. A Hot Li ner “was
used for all experinments. Using only ongj calib }

open.loop heatjng.file, the repeatability of t THISKSHERT HAS WBEkENi

n the range

of - aBout 10" 11,2 nm This range cbrresRERUACED a t gt al
tenperature variation of 15 [err]C. 2 5 sul ts of
the reflectivity neasurenent and sel ected the correspondi ng

calibration file automatically, the repeatability of the oxidation was

compay i son b A metiod SF RGeSl Broc SRR AP fof Ll gl AU, TN

heati ng met hods | ﬁxe'dbljé&hﬁﬁhgq strfadeiith SreflRetivity com%;ﬂéiﬂg}Si ons of the

i nvention control I'i'ng”systent paraneters other t’han those enunerated

in this disclosure on the basis of the neasurenent of broad band
reflectivity are ) anticjipated be the inventors 5 Ve
Caim 1. A net measwingthpreflechuitnel %F‘B@f&"ﬁ%ﬂg@ Phigg5)n GPT%F}?Q?BFQ& usi ng
an RTP system the ob#ec hgving a surface with a reflectivity, conprising:
measyy i ng the r ef "E&P Qﬁﬁfn f the surface of the object and adjusting a
system paraneter of the RTP systemin response to said neasured

reflectivity, characterized in that said reflectivity is spectrally
integrated in a bradpstihgadyssém pasagietan gf the, RTFR systém dn responsg ey thegneasyeed
heati ng wavel ength of the RTP systemas broad as possible. 2. The net hod

of claim 1, whereTellgetip system further conprises an auxiliary plate
bet ween the object and at | east one heating | anp of the system and the
syst paraneter conprises a file of tenperature of the object as a

functTon of % enperpiethethed of Eaing U xwhérathe syktetreparaietel IseanreptissivitypEoredctiom 1,
where the system paranmeter is an em ssivity correction to
to a temperature measurement of the object by an optical pyrometer.

3. The method of claim 1, where the system parameter is a calibration file to

20 calibrate a temperature measurement of the object by an optical pyrometer.

4. The method of claim 1, where the system parameter is file of lamp power vs
time settings for an “open loop” heating cycle.
25
5. The method of claim 1, where the RTP system further comprises an auxiliary
plate between the object and at least one heating lamp of the system, and the
system parameter comprises a file of temperature of the object as a function of

30 | temperature of the auxiliary plate.

. 6. The method of claim 1, where the RTP system further comprises an auxiliary
élate between the object and at least one heating lamp of the system, and the

35 system parameter is a file of lamp power vs time settings for an “open loop”

ect Has Been Replac
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a tenperature neasurenent of the object b s ter. 4. The
met hod of &Y@PI0718 where the system para%ﬁgsggégéglﬁw iPQ/EPok/65400
calibrate a tenperature neasurenent of the-ebieti—Dy -an qptical pyroneter.
5. The nethod according to claim1 or 2,,where the system paraneter is-a
file of lanp power vs tinme settings for an "open | oop"” heating cycle. 6.

The thod of cl ajm;l, . re the neasured reflectivity is the spectrally
HE egtl c e@.

resolved reflecti Vi1 r the broad band of wavel engt hs. 7. The net hod
of claiml1, where the reflectivity is neasured in the process line as an
ex-situ process. 8. The nmethod of claim1l, where the reflectivity is

measur ed i n/-t he pFreoestholiofielaig lawhem thyi measpredaeBectivity is the spectrally
13 9. The nethod of clai.m 8, re |a ower, of the RTP systemis
reduged ' for rreas‘E}F‘ﬁgF?ée‘g%ﬁﬂ%"?@H%v&%ﬁ’??ﬂdbaggﬂ?w?’%‘e%%od of claimi1,

where on the basis of the reflectivity the RTP systemis switched from an

open loop to a closed | oop control system 11. A nethod of rapid thernal
processing §RTP) Tlie metholljofelaiti | Mer@thdthEusuyedireflectivity iOthe@péctiBlyi Ng a
surface with a reflectivity, conprising the follow ng steps in order; a)

i nt roduci ng t he otspelved rafletivity eves thedwoadrhant of wavelangthsP system  b)
irradiating the object with radiation fromradiation sources of the RTP

sysyem _ _
9. The method of claim 1, where the reflectivity is measured in the process line as

an ex-situ process.

10. The method of claim 1, where the reflectivity is measured in the process line as
15
- an in-situ process.
11. - A method of rapid thermal processing (RTP) of an object using an RTP system,
the object having a surface with a reflectivity, comprising the following stepé
20 , . |
in order;
a)  introducing the object into a reaction chamber of an RTP system;
— b) irradiating the object with radiation from radiation sources of the RTP
25 : system;
c)  measuring the reflectivity of the surface of the object in a broad band of
wavelengths; and
d) . adjusting a system parameter of the RTP system in response to the
-+ 30 measured reflectivity. |
12. The method of claim 11, further comprising:
35 e) further irradiation the object with radiation from radiation sources of the
RTP system.
This Spee; Has Beeyy
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c) neasuring the reflectivity of the surface of the object; and

adj usting QYYIEHM paraneter of the RTP systemin response t&Ws 4ur ed
reflectivity, characterized in that said reflectivity is spectrally
integrated in a broad band of wavel engt b, matching the wavel ength range of
the radiation fromthe radi ati on sources. 12. The method of claim 11,
furtlﬂe'r conprising; e) further irradiating the object with radiation from
radi ati on sources of the RTP system 13. The nethod of claim 12, where

the irradi atd.on fFhsrmethediof cleifndRi whers éia imadiation from bedadiationspusses s ) .
14 reduced during step c).

?.O
15
20
.25

30 .

heet Has Been Replaced

T

35

L



