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METHOD OF MEASURING ELECiiROMAGNETIC RADIATION 

!; i I;. 
The pre~nt invention relat~$; to a method of measuring 

; ; 1:: : 
electromagnetic radiation that is radi~t~~ from a surface of an object 

; : i: 
~· i i . 

that is irradiate&by electromagneti~ !~iation given off by at least 
t : I: 
:. : j:: 

one radiation ~urce, whereby t~-:· radiation given off by the 
.. . ! 
~ ~ I : . 
• . t· 

radiation source ~s determined by at .l~ast one first detector, and the 
~ ~ i .:· 
' . ' 

radiation given dff by the irradiated ~b}ect is determined by at least 
;. : I·. 
~ . : ? : . 

one second detector that measures:tihe radiation. 
~ : l .... 
~ i ! . 

A metho~ of this type is kH~wn, for example, from US 
. . ~ ~ 1. . 

5.490,728 A in c;onjunction with the ~~ufacture of semiconductor 
~- ~ r ~ 

substrates in a r~action chamber. I~ ~~s case, the electromagnetic 
: 'I 

radiation given ~by the radiation sJJtee is natu~lly superimposed 
(·. , 1. 
, ii". 

with a waviness~hat is undesired a~~;~ccurs due to fluctuations of 
! i ;.: : 

the line voltag~· or due to phasel ~ontrols. Unfortunately, no 
~ : i . 

influence can ~e had on this wayJ~ess, and can also not be 
:· ; ti: 

intentionally sel~cted. The wavines$ ~~itherefore only suitable, if at 
" -. I l "• 

' j 1.·. 
~ i l ... 

all, to a limited eXtent for an intentiorlat utilization as a characteristic 
i. ~ i : : 

of the radiation ~iven off by the radi~t!~n source. 
. '': 

~"'"-----~~~~~~ 



,. 

· 2 L :t J ••• 

1: I ~: l t 
~: 1 : 1 ~ 

Referenc~ is also made to D . :A~6 27 753 1 which discloses 
l: : lL i~ 

an apparatus foimeasurin!i and co~g the thickness of optically 

effective thin lay~rs during build up t~~reof in vacuum coating units. 

The measure4nt and ".°ntrol 11:+ieved by detecting the 
reflection or. tSIT)lssioR ~·haratrc of. layer thicknes~ 
between fraclto'f of and "".11!1p·les fnessentJaUy monochromatic 

measurement li~ht that is ~lized, a~ f! interruptio~ of the coating 

process when a rredetenn!ned layeirlress has been achieved. 

The apparatus~: meamr l~ht source~ a focu~ 
measurement ~ght bea~, a cho~R~~. a beam splitter that ts 

~: : !11.:. ; ~ .. 

disposed in the rs et the ;measure~Mt light beam at an angle of 

· 45'.. a measuref1ent light i-eceiver t~lls connected in series with 

a monochromat:c mumlnator •. as 1i.1:rs a differentiator for the 

measurement srnal and :n i11~rru1;1~t for ~ co~tlng process. 

Furthermore, 0~:.. A-42 24 ~35 drscl · ... ~ an optical interface for the 
I• ;I•··· 

infrared monitoJng of tra~sparent ~t~M.s. whereby the light of an 

infrared radla1io~ source ii; condo~ ~y a beam wave guide into 

l~ · ~I<~ 
the interior of t~e intf?rface where a: i~ emitted for exposing the 

;: ill: :'.. 
surface of the dr.k. The ~diation ~~~Bted at the disk that ls to be 
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!Ir.I' 
, 'It .. 

monitored is 1111/ed by the input of r:r [;re' beam wave guide and 

is conveyed by "e beam wave guidr r, ~ a daylight litter ta a photo 

detector. USA 1,270,222 furthermo~. ~iscloses a method and an 

apparatus for a c!liagn.osis and progn~$; :iduring the manufacture of 
j· !l!i·· !; 
l ~ii !; 

semiconductor pevices. The app~ft~s has a sensor for the 
~ ~ ~ i f; . 

diagnosis and r prognosis that : l ! .. ~asures various optical 
· r ~: r. .~~ 

characteristics of. a semiconductor w;; • f~ The sensor has a sensor 

~· Hr T 
arm and an opt~electronic control ;tj. ¥, for conducting coherent 

~ ! ! . r 
electromagneticf or optical energ !· ·!fl the direction of the 

~ i 1~ '. r 
semiconductor 'fctfer. ! j. f 

i ! i ~· 
It is therefore an object of the'. ·r ~sent invention to provide a 

r ~ ! r · i: 
·method of the t aforementioned ~~~: :ral type with which the 

t ;! I: ~: 

measurement ~ielectromagnetic ra'.,i~ :i~n. and the determination 
t 'i I · r: 
' 1!1 ••• 

of the paramete~ and values drived~~!:I. :refrom, can be carried out ,. : ; r· :.: 
in a straightforwird manner and mon '. !~ecisely. 

. ~: . :i LT 
The state~ object is inventive':. I . ~afized in that the radiation 

f. . · Hi· J: 
given off from at least one radiation l~ · :Orce is actively modulated 

~: . ~ ! ! . ; ; 
wtth at least on,:characteristic para]t, ~r, and in that the radiation 

determined by t'e second detector i~ I ~rrected by the radiation 
,. .!. 1· . ,. 



determined by le first detector: c ltnsate for the radiation of 
~- !· ~: 

the radiation so4rce reflected from tti' o~ject. The radiation source 

is, preferably a ~eat lamp and the i '. ~~~ted object is preferably a 
i i . ~· 

semiconductor dubstrate that is subj . c~d to a thermal treatment. 

· ·oue to th.l intentional, active l t ~1 hence known modulation 
~ ~- ~: 

of the radiation ~urce with a chara : erlstic parameter it is possible 

to more precise~ differentiate. the dtf nee between the radiation 

radiated from tfi'.~ object itsetf, and .n~~~sary for the. determination 
·. i. ;.. 

of the charact~rfstics of the objel t; ~om the radiation of the r , .. :.: 
. ~· ~ ~-

rad iatf on sourceireflected from the o: "ei#. In this way, it is possible 
f !· ~ 

to determine mqre precisely and in '. ea~~me the characteristics of 
~· . ~ . .~: 

·the object, for ~:example the tern: r+ture, the emissivity, the 

transivity, th"e ,..Jiectfvily, or the layel ~~sses of characteristics 
i . .. 
i i ~· . 

of a material that is on the object an~ · itfers from the material of the ... . :-

1: I: ~: 
object. !· . . < 

j' ; : . t 
Pursuant!to one particularly: ~ntageous embodiment of 

the invention, thl active modulation ~ }' !k radiation given off by the 

radlaHon sourc+r the characterizf i~ereof. ~ us~ during the 

correction of the~radiation determine· . · ·.the second detector. Due 
:~ r ~:: 
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to the active 1hence known modftn of the radiation given off 

by the radiati'~n source, the G:haracterization and hence 

dllfereniiation 1 this radiation fro1·~t actually to be measured 

radiation that is qiven off by the objel J,.; particularly simple, rellable 
" ~ . .. . .. ~ 

and quantitativeJ~ accurate. l; : 1· . : . 
~= . 

The radi~~on given off by th ':ra~iation source is preferably 
~= : . 

modulated with~lrespect to amplitu~eJfrequency and/or phase. 
1,: ~ : ! . 

Depending upo~!the existing conditidnsiand requirem~nts, the type 

of modulation c~n be selected as ~"'il.i. whereby the type of . ~~ . I ..j 
modulation can ~e selected in partiI' ul~r also with respect to the 

simplicity ~nd rJiability of the modu: a~ibn process, but also of the 

·evaluation proce~s and of the detectilri ~~cess. In thi~ connection, 

amplitude modj\ation means the !oJ~lation of the modulation 
f~ . . . . ~. 

amplitude. Ho~ver, the process : pr~ferably involves intensity 
:. . ·. 
'.I . : 

modulation, the i~mplitude of which~ is lnot modulated I but rather 
i~ : : .. j' 

possibly slowly ~~ried. 1 · i: 
In additio~ to the type of mo: ul.tion, it is also possible to 

:: i : :-
~: i . : . 

utilize every sigri~t shape of the moq ~ation. However, particularly 

advantageous, d~ring an amplitude ~ p1ulation, is the use of a 
=~ i 
:i : 



s(gnal shape Jl a signm :attu~at ~ as continuous as 

po~sible. This ;1~. the advantag! tJ~t also during a Fourner 
' .. 

=. r . 1 ~ 

transformation fufg frequencies elSsJ}ltially do not occur and 
~: ! f· 
!: : 1: jf 

therefore the nujhber of scans per uhit ~f time during the detection 

or processing o~itiil detected signai.;..t remain low, so even with 
:: . t. • ~: ;; . . i . ·1· 

a simple evaluatjpfi process a good ~:nd :~ccurate measurement can 

ii; r- r be carried out. ;: . 1 • 1; 
l : ~· 

In gene~iJ· e modulation of t~ characteristic parameter 
: •. ~ . l ; ; 
,. i : 1~ 

can be. effe1 '."rh a periodic otrit periodic signal. A non 

periodic modultr can be oblai1~d1tfor example. in that the 

characteristic p~~ eter is linked j:~i'~ a positive or negative 
. ;; .: r . J: 

. increment whicli; is enerated by mean~ of a random mechanism, 
;;·.. i' : ;. 
;: : !· 

via a linking opetat1 n (e.g. additionfmditiplication or a linking with 
L i: r 

a look-up-table)~:~ this connection,!.aft#r a certajn interval of time 
,: . r r 

has elapsed the\~~ -rement is respetjtivJ.ty predetermined pursuant 
•.: •• i. ~ .. 
{: . ; . ;: 

to a random·prit~ e. The time inter.~l~elf can in this connection 

be constantly ~ed pursuant,~ 1rdefined function or again 

pursuant to a r~dC!>m principle. Th~ .inliportant thing with the non 

periodic modulat1 is that the paraf et~r (Increment and/or time 



7 ; . .: ~! 
i. •l 
!":: it 

interval) !: ; by random ~~~;pies be known and be 

available within ~ '.: ~valuation devic~ ~o~tan evaluation process for 
~l : i. j .. : J.1. 

signal analysis. jr '.~:parameters (i~~~e~ent and/or time interval) 
=~ : i i:· ··. '!! 

determined by !~~·.!random principj~; *an satisfy an arbitrarily 
. [ i ; f:: ~: 

predefined dist~! ;· ~i~n function. !T:ti~Y can, for example, be 
i. . . r. .r.' 
ji. :. i:" ii. 

distributed unifor~ ~..in a Gaussian ~~.hi§n or pursuant to a Poisson 
!: :. i. (·ii 

distribution, as ~hi ~~It of which the res~ective expected values of 
l~ : i . . r:: H 

the parameters ~r:el similarly predefirl?~; The advantage of a non 
. ~: · i · r· . h 

periodic modula~~· ~ i$ that as a resuf Firodic disruptive influences 
. ~: ; ; . . i:. jt 

can be suppress' l · !.. ir 
1; ' i" it i: . ! . . , ... ~~ 

A further ~q: ~.r.itageous embo~if:n~nt of the invention consists 
•. . ' . I ~~ 
;: ;· ~ · 1·:: ~r 

·in that the rad~t ;n. source compf.is~ a plurality of individual 
;i ·. i . . ::·. ~i "... ! . l.1· l.: • : • • • ~ 

radiation sourc~;· fer example a ptiJr;j(ity of lamps, that can be 
•. ; !.. . ~! 
~; •. i . t. ·. t, 

combined into o~~ ~r more .lamp ban~s. ~Pursuant to advantageous 
!i ,· i" i:: . 11· 

embodiments in !P ;, ~junction with ra~fati~n sources that comprise a 
~= ... ! •. • ~: 

plurality of lamJ,~; ·~he radiation of!·~~ i~ast one of the lamps is 
,: :: : r : ~! 
i: :' ! . . i." if 

modulated. Alt~P. ~r the modulatiop::oftthe radiation of one lamp 
L: 1· L:. H 

can be adequate ~o achieve the lad°Vjelntages of the inventive 

!> J.. . k H 
method, the mo~~ ft~n of only one ~~~f·· in general delivers a 

!· ' 1.: 1. 
,•' : .. , I ' 



,. · a 1: r 
ti ~· : .: r ~i 
~; :· ~ i . ~i 

practical result 9o y ·by limiting the l~niPersaUty of the measuring . 
;; '. r i; : ~~ 

process. A part~c l~fly straight forw~~d pontrol of the lamps with a 
~~ : 1: . r. :. §~ 

single power s~: ; is also providedt:if.1 ~articular if the radiation of 
~~ :. i f:: : ~: . 

at least two la~ ~ : :or of all lamp~:.~~~ modulated in the same 
;>1:. l>:f. ' 

manner. Advan~~ ~ously the radiat~on i~f only one or some of the 
;; . ~ . r . ~: 
.. : • ; J • :.:: 

lamps is modul~~ ~in order to avoiq :':l~~esired reflections. 
t! : ~ . ~:: ~; 

Dependirl~; Upon the appli~tidns and conditions, it is, 
fj :: 1 . !: . ~; 

however, also ap:· '.ntageous to mopul~e the radiation of a lamp 
;~ :: 1 . r · ~~ 

differently' for exa . pie if the lamp radJ!;!ti~m is to be differentiated as 
. . \'. ;: l . 1.: ·. ~~ . . . . . 

a function of th~;: ;osition of the lafrjp~ or from the respectively 
~: ~ ~·~ ~~ 

specific lamp rel~t ve to the radiatiOft ·Ot Other lamps or relative to 
.:: .. : ; •• : !!: 

~; ~ i . { .. ·. ~~ 

other lamps. f! :. i; . r ;. ~i 
The radiaii ·

1 

modulation oftti'e·irikfividual lamps or radiation 
~;-: ! !'.: ~i 

sources is prefe~: jrsynchronized o~er~me for at least some of the 
~i :· l f.: ~; . 

lamps or in a fix~ ~ime correlation r~iative to one another, although 
~~ . i ! : : ~: 

in certain ap~li: :tions radiation j:: m~dulations that are not 
E : i . . !·.. ~~ 

synchronized ow· ilme can also be iadV.antageous. 
~: . . I· . ~~ ... ·. . .. 

~ ! f ~ 



,. . . . 9. ' ~: 

t .. ~. :. i : ~· 
;· : f 

il . · 
1
:. : ~ 

l: . : . . ~: 
;: .· : ~ : ~: 

Pursuanti~t ~ne particularly adi.antageous embodiment of 
i~: > . " · I." ;; 

the invention, th~·= $9ree ot'modul~t~~.!~nd especially the depth of 
;~ ~ ; . : : J· ; 1: 

modulation, of lh '.·radiation given !off.~by the radiation source, -
~: •• • .. i • S: 
;~ ~. ; . . . ! .. :. ~; 

possibly also va!Y :g·from ra~jation ~otijce to radiation source-, is 
~~ :: ; . . .· f . f 

independent fr~ ·· ~tJ:1e radiated _figJ,t ~ntensity. This so-called 
• ~: : : • : ~I I 1: o 

;: : I' • ~· 

absolute modulct,i··n.i~ thus indepencient~from the basic level or DC 
. . i~ :: ! . . . : t: .. ;: 

signal with whic~: '. e radiation sourpe .~r lamp is controlled. This 
~; :· ~ . . . . t :· i~ 

embodiment of~ , ·invention : has th~ ~dvantage that during the 
•• • j... g· :: . : : . ~-. r 

increase of the i8t: h~ity of th.e-.rad1a~o:n~ource, which if possible is 
f: ·· : · . .· r: ~= 

to be u·ndertake~;· ;pidly, the compl~te~ontrol can be utilized and 
~~ : . ~ . . : I·. : ~: 
... • 4 • I .. ~. 

is not limited by~q: ; great of a .rrio~u)~f.n of its intensity. 
-: : : . . i ~-
!: ~ . r. !: 

1r:t differerr p~id out ap~lic~tlf~1 however. an embodiment 
i: : ; . i : i: 

of the invention ~~- ; ~re advantag~9~~ f:here the degree or depth 
... . . . . . ... 

of modulation i~ ~: ;~pendent ·UP~!"' r.~~~~ radiated intensity of the 
i! : ~ f. · B: 

radiation sour~~. Jhis so-ca~led: r~l~tf;,e modulation, where, for 
i• • : • • . (. • •• 

~~ " i : . . . f '. 1: 
example, the sfti ; gth of the· alte{riating current control signal 

ll :: ! ·: . .· r :_ I~ 
depends upon f ~: ; .:proportion~! t.o f~el~trength of the DC control 

~= .. : . 1·.- ~· 

signal of the racH '. jpn source,: has t~e ~dvantage that the relative 
ll :· l ". : : : !:· ~ ·1; 

degree of modu@t .:rr is constant or varies only ta a slight extent, as r· t· · .. · 1 :· i~ 



' . . ·10 j: . :. 
~ r : ~ 
~ ~·~ ~ 
!~ : · .. . : · r .· i~ 

a result ofwhichj~: . detection ofthefrno9u1ation and the evaluation 
): ~ ·· . . r: · r 

are more straig)1. fo:rward and. car : b:e carried out with fewer 
i'. ~: . . : · I:::: r 

expensive and ~o; _plicated devic·es~: l'. 
~~ :· . . : t . 1: 

PufSuant~1~· a further embJdtrnent of the invention? the 
;. ·· . . · r i· 
=.: : t. . i· 

degree or dep~~:: pf rnodulation is. ··controlled or also actively 
:: ·: . l:" i· 

re9u1ated. ~1 :: !' I: 
!1 :. : · · · : f · ~ I~ 

Pursuant~q a.further very adV,an~geous embodiment of the 
L; : :· I> I~ 

invention, the lam intensity arid/or modulation itself is modulated 
1~ -: · ·.. ·· : r: ~~ 

with respect to A~i e width. Pursua~t ~o.l:an alternative. or additional 
. . l~ :· :. · · · I·: : 1: 

embodiment of tp invention; the radJatiqn of the radiation source is 
''!.. . r.. I" 
!: •' . . .. ! - !' 

modulated with ~ ta processing prpg~m by using tabular values. n :· . . . !.·: J~ 
· A further very a~v · i:itag~ous etnbo~im~nt of the invention consists 

~~ :. " . . . . : I.:· I: 
in that the radia(q : is modulated fo~th~;pulse width modulation by 

~~ :' : . . . . !:": 1: 
altering the regi~: ~frequency-of geb.e~tors. 

o\: •• • • • • • 1. 

j~ :· . : . : ~ :· ~: 
The lamR: : :ut is varied ~y fnoqulating the pulse width. In 
. 11.::. . J.:.: ;: 

this connection,!~:· . ~adiation if)tensjty i~ a function of the filament 
;: : · · ... r·· i: 

temperature w~f' h . howev~r in ~h~ !~stationary, steady state · 
i~ :· ": . .. : ?: :· ;. 

corresponds dir¢~ lywith.the'lamp d'~p~t. 
il ; .. : : I-: " I~ 
~ l:~ t 



': J .: 11 H !· 

The radJJ,I,f ~ radi3tion U~L S preferab~ modulated 
~~ ~: . ·~ · n i· 

by means of a 1!11. dulation of the ctj)rjtrbl signal or signals for the 
~= ... ·: · · n 1: 1: 

radiation sourc~: r,\the lamp~. ;{~ ~ill be described in detail 
;: : .: . . . ~ !; J. 

subsequ~ntty, tH~· o.tation ~t which ih~ ~ontro1 signa1 is modulated 
~1 ·: :; : -: . · H .I" 

within the signaJ~ ~eratio,n ean be~~e~cted as a function of the 
~~ :. : ·~ . . . . E li 1: 
•: • • ~ • I 

requirements a~~:: ~ditions. In thl.~~ ~bnnection, it is particularly 
~; : :: : ~ i; r 

advantageous ~ :· ~ control ~ignalf · f:a*er generation thereof, is 
~i :· .: : . ~ ~: l• 

modulated imm+d· · ~ely pr~~r tC? bei+q 4onducted to the radiation 
•. . . u. i: :: 

~ j• : 

source or the lam · :: . . ~ !i i· 
. ~~ :· :. . £ ~ !. 

·The pres~~ ,i~ventitm can be tJ.,~'.d with great advantage for 
;: ~ J : . I f; -1: 

determining the~l : rtjperafure·, refle~t(¥i!Y and/or emissivity of an 

C: :; . · H !: 
·object, for exam~r. _iry conj~ncticm wifllf.a?. apparatus for the thermal 

::: : · Hr · 
i: · . · • I· !• 

treatment of sti> 1~tes, for ~xamijJ' In a furnace in which the 
, ••• •• d. l: I· 
i~ :· · :: . . ~ f. F 

substrates are tq~ .. rapidly: hea~ed up la~d cooled with a prescribed 
:.: • • : • • • B ~ }· 
<: : •• ' ~ i• I 

temperature gra~I" rit that .is as _preds~ ~s possible. { :; .. . H !'. 
Thus, pu~ · ~t to the inventiq~ t~e radiation given off by at 

g ·: : .. ~ f. r 
lea~ .one ra1~ :;soun;e, fi;ir exttt a heat lamp, and the 

rad1at1on resultr1f ;: ~m the: qb~~c;:t thf ~ i1 to be heated up, are 

-!! > .. . . . n l 



~= ··12 i .. .::· 
~~ : ~ 
t• : ~· .. 
!= . • • • • • ~-
:; •• .. : •' l\ . 

determined, wh~re·.ylhe radiation frbm the object is a combination 
11 < : : · . ·: ~: r :~ 

of the radiation $. . ~~d· from the ci~j~ct and the radiation reflected 
i~ > ~ . : . ~· ~· :: 

atthe object. AS,l~:fe~ult qfthe.twcf.rf,lea~urements, it is possible to 
·ii ~ :~ ,; : . : . . . '.: l ;: 

correct the radi~ti·:n~of"ttie radiaticir.t spurces reflected from the 
1~ } "; : : . . . ~ f ;: 

object and henc+. ~: ~eterrrji~e'the er}i~d radiation, in other words 
. ~~ ; ; : ~ : . : . r =~ 

the thermal radi~ : : n; of the object,: ~~at i.s normally, and also in the 
. '.~ / : . ... :' ~.. (. .. 

case of a waferJ;ri ·: ~ack-body·rad:ic\tor.:: By knowing the emissivity 
i; : ;: .: . . . . :· ~· :: 

of this object, it ik '.:a~ possible ·to ~~lcu(~te back ta the radiation of 

ii:·~·\ : ,; . d ''. 
a black-body. ~= : ·: : · : : f:· :: 

. f~ :~ ·; ~ · '. I: :: 
· Pursuantg :: ~ t~e pr$sent invention, the amplitudes cf the r :· i · . ; ·.: :· ~ ~:. 

modulated com~~ ::e~ts, whic~ art!. ~[so; designated as alternating 
~~ > ; . . . . : ~· ~: 

· current or alter~ .. r;ig~· voltage (AC)." ~mponents, are placed into a 
i; ;: : ~ : . . ~ :: . 

ratio relative to «n · a;iother. and the.Jboroponents are measured by 
E ::; ~ · · · ;. i. ;· 

the radiation de1~::::.:)~ proyid~d;for~t~~ gbject and by the radiation 
~! : .. : .~ . ; . : g ·: 

detector provide~ : '.r ~he. radiation ~o~r~s. The number that results ,, :··: : : : . : ~· :. . 1. . . : . . . ~ .. 
from the amplitu~ '. :~tio is .i~ a first ~~Prd?Cimation proportional to the 

~~ .. :. . . . . .. i ·: 

reflectivity of thd~~. ···~ht, for:exampJ~ ~he :wafer. This number is now 
~j ~ : ~ :~ . . . . : i ~· 

used two times ~q ;.tf.)e f.urthe~ ev~\~~tiqn. First of all, it is used in 
l: : : .: . . . : ~- :: 

order to differeJi: kithe radiation. etitt~d from the object, In other 
!i "f·' .: . .. : i: . 
'.-1 • .. : • : t.· ·: 



~: .· . ,. ~ 

i: :. .. .. 13 .. r .. • . ;· : Ji .• 
(i : . : ~ 
?:·. : . ~-

i! : . . : ~ . : J.: : 
words the the~~· ra~iation oflthe ·o~ject, from the radiation of the 

(_: .: . . ~· .· ~ :: 
radiation sourcej~: eCted at th;e obje!pt. :Second of all, this number 

[~ ~·. :~ : ) .. : J :: 
is used in order ~P:· c~le back t~e -r~qiatign emitted by the object, in 

;1 :.. .; i 1 : 
·::· . . ! ~· . 

other words the ~h: · rriial radia~ion, ~q·the radiation of a black-body 
~~ ( .~ . : . ; : i ::· 

of the same terrtp· ·rature. ·.BY ~µsing~the::thereby obtained, scaled-c:: ·~ . ! : t :: 
back temperatuf~. :value in th~ in~ei'.ted: Planckian formula, there 

l~ :: . . ; . ~ t 1· 

then unequivo'*1! ·results ~· tem~e~ture. Since the known 
i~ :. : ~ . . j . : ~- .: 

amplitude conditft>:, of the mod~latiorU? is:thus used two times during . 
:-: . . . . li . 

the evaluation, ~i:: ·~us~ be ~!3as~r~d ~s .precisely as possible in 
. :: ·. . :: . 1· : 

order to obtaini~ :. retise valubs ·<iJring the evaluation and the 
•• }; • : • : • • it • 

g : . : ; . i· :: 
determination oth :· temperature. T~e i~ventive method enables a 
· l~: · ~ -· !. · ~ r ~: 
considerably m~r.: ~recise d~errni~ati9n of this amplitude ratio 

\! : : ~. : i .· 
since the moduf :· ori paramelers i~r ~ach heating state can be 

i~ :· . . : . : ~ . : i ~: ,. . . . ~ . 
optimally presctJ.~. d~ and not! only ~he!: modulation but also the 

i~ : : i . { . : ~ :: 
evaluation therepf ar~ con~id~rably ~implified. 

;; '.; ·~ . :. ~ i :: 
Pursuanti~~ . a particu~arly; Ri"ef~rred embodiment of the 

i: ·. :· L .: ~ :. 
invention, the fi$.t !detect~r is ~ rad~tio~ detector that in a simple 

~; ·; : ·~ ; . ; t :'. 
and reliable mtry~· e~ ~easu~es ~hf r~diatian given off by the 

,• , ' ' . II • 

radiation sourcej; ~- '.n jhis· conn~ctianl°the radiation given off by the 
'. ~ . . . . . . ~. :' 



~: : .. 
~= . 
~= ... 
~: : . . . . 

radiatio~ sourc~ ;: : ::;advant~deou~( .. : . ~~nducted to the radiation 
!: .· . . •, . . . .. 

detector via optf~:: :i tines or light ch ·,,~:Is. In order to ensure an 
i: :.: .· .. : :· . : . : . 

accurate measuf~ n~nt, -the r~dJati~ '.: ~~urces and the optical lines 
H :. . .· . : : . . ... : ~ 
~: . . : . . . . : . 

er light channel~l~. ·9isposed relativ: . ti) one another in such a way 
~~ :. :. ; . : : :. 

that the first ra~i ::,ion dete~qr g~ · ~~es a signal that is free of 
!~ ~: ~ . : . . . : : : 

influences from ;:1 :: ~ent holqiag ~e )ianisms or other means that 

adversely affecJj ~: dl~ti~n. fl~'..~r· th -ja~iation temperature of the 
~= : . . . : : . 

radiation sourcJ > ~:· :. · ·' .'·: ~. 
;: -:· . .· . 

Pursuant~~~· -~~other e~bodi ~n~ of the invention, the first 

detect~r can be 1;:. ~peratur~ :sen !! $Uch as a thermo element, 
f: : ... ·;-.· : 

with which .the l~i'p femp~rat~r.e •. ·an :h~nce the radiated intensity, 
;1 : . : i . . .: .. ;· 

can be determi r. :: • ;: .. : · : . 
~· • I • ' : 
~= : : : . . . 
.. : oo 0 00 0 I o 

Pursuant!~: a;:further e~bo~i· ·:~ryt of the invention, the first 
H '· .: : . : . . .: ; : 

detector measuf~'. ~ny · desir~d ·p~ .~eter that is related to the 

radiation given J~:: ~th~ r:~d~~tion;s. ·~r~e. Thus, for example, the 
\;:. ;· . : . :. : 

intensity can b~ ~: ~~termin~t[ .~ia; ·n impedance measurement 
;: : '•• ... : 
i; . : :· . : ~ . . : . : : 

apparatus that ni; :·. µres the irttpe~ ~:·(e.g. the ohmic resistance) 
j: :· . . .. : . . .. 
~: : . :. . . : 

of a lamp filam~: :.:.-.By meah~.~f'. .. $~~able processing unit, it is 
~ ~~ ~ . ~ . : : . . . 

possible, by knari ~th~ Jmp~~nc ·!~t~nsity relationship of the 
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radiation source, such as a heat.lamp, to determine the intensity, or 

a parameter proportional thereto, given off thereby. 

The invention will be subsequently explained in conjunction with 

the example of an apparatus for heating up semiconductor wafers 

with reference to the drawings, which show: 

Fig. 1 a schematic longitudinal cross-sectional 

illustration through a rapid heating furnace for 

treating semiebnductor wafers, 

Fig.2 a 

Fig. 3a and3b 

Fig. 4 a 

cross-sectional view taken along the line ll-11 in 

Fig. 1, . 

schematic diagrams to explain the degree or 

depth of modulation independently of or as a 

function of the base intensity of the radiation 

source, and 

schematic illustration of a block circuit diagram 

for controlling a radiation source or a lamp 

pursuant to the inventive method. 
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The embodiment Illustrated in Figs. 1 and 2 of a rapid heating 

furnace for processing semiconductor wafers 2 shows a reaction 

chamber 1, which is preferably comprised of quartz or silica glass, 

with a semiconductor wafer 2 disposed therein. The reaction 

chamber 1 is surrounded by a housing 3 that is respectively 

provided at the top and bottom with lamps 4, 5, the radiation of 

which is directed upon the reaction chamber 1. The reaction 

chamber 1 is advantageously essentially comprised of a material 

that is essentially transparent for the lamp r_adiation, and that is also 

transpar~nt with respect to the measuring wavel~ngths or the 

measuring wavelength spectra of the parameter or the radiation 

detectors that are. used. Wrth quartz glasses and/or sapphire, which 

have an absorption coefficient, averaged over the lamp spectrum, 

of about 0.1 cm·1 to 0.001 cm·1, suitable reaction chambers for rapid 

heating systems can be constructed where the thjckness of the 

reaction chamber wall can be between 1 mm and several 

centimeters, for example 5 cm. Depending upon· the thickness of 

the reaction chamber wall, the selection of the material can be 

effected with regard to the absorption coefficient. 
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; 

j 

Chamberl· walls having thicknesses in the range of 
: . 

centimeters are then required in particular tf in the reaction chamber 
: : 
: ! 

1 a vacuum (~p ~ the ultra-high vacuum} or an overpressure is to . . . : 
i : 

be generatep. ~If the diameter of the reaction chamber is, for 
~ ;· 

example, aboi.rt ~00 mm, then with a quartz glass thickness of about 
: = . : 

12 mm to 20 mm an adequate mechanical stability of the chamber 
: : 

1 is achievea, so that this chamber can be evacuated. The 
: : 

thickness of.1helreaction chamber wall is design~d in conformity 
! ] 
: s • 

with the mat~rtal of the wall, the size of the chamber, and the 
: : 
: = 

pressure loa~s. j· 
: : . . 

A sc;h~m~lically illustrated pyrometer 6 {see in particular Fig. 
: ;. . ; 

2) having a lai-ge;inlet angle measures the radiation emitted from the . . : 

! ~ 

semiconductor ~afer 2 as well as the radiation of the lamps 5 
• I 

i 
reflected at th~ semiconductor wafer 2; in the illustrated 

: 
l 

embodiment, t~ tamps are embodied as rod. lamps. An 

arrangement pf this type is known and described1 for example, in 
! : : ; 

DE 44 37 3~1 ~ or in non-published DE 197 37 802 A of the 
: 

applicant, so that· in order to avoid repetition these publications are 
; i 
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incorporated ~y ~ference to the extent relevant to the present 
: : 

specification. : i· 

The ro~ la~ps are preferably halogen lamps, the filaments of 
~ ~ 
! : 

which at feast~pai'tially have a helical structure. By means of an at 
: : 

least partial h~lic~I structure, advantageously a specific predefined 

geometrical ~nd~ spectral radiation profile of the lamp can be 
i : 

achieved. lnl th~s connection1 the filament of the lamp can, for 
~ : 
' . 

example1 alternately include coiled and uncoiled filament sections. 
: : 
: : 

The radiation~profile (not only the geometrical but also the spectraO 
: I ' : ; 

is in this case ~ssentially determined by the spacing between 
~ ! 

adjacent coil~d ~lament sections. A further possibility for defining 

·the lamp rad~ati~n profile consists, for example, in varying the . : 
: ! 

density of the~filafyient structure (for example the coil density) along 
! 

the filament. 

If the anjip profile is to be controllable, advantageously 
; 

lamps, preferabfy rod lamps, having a number of individually 
I 

: : 
' I 

controllable 1a~ents can be used. Lamps with controllable lamp 
. . 

profile are p~ic'.utarly advantageous in rapid heating units for the 
: ~ . 

thermal treatment of large.surface substrates, for example 300 mm 
: : 
: : . : 
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semiconduct~r Y.(afers, since with these lamps and a suitable lamp 
: : 

control mechJnis~ a very homogeneous temperature profile can be 
~ : 

achieved aloJg t~e surface of the substrate. As a consequence of 

the superposi~o~ of the individual radiation profiles of the filaments 
; 

there result~ ap overalt radiation profile of the lamp that is 
. ; 

controllable o~ert a wide range. In the simplest case1 for example 
! ; 
1 : 

with a haloge~ lamp, such a lamp Include two filaments, for example 
~ ; . 

each with a helic~I structure or an at least partially coiled structure, 
: . 
' . • I 

whereby the j coj.1 density and/or the spacing between the coiled 

filament sectiinJ of the first filament increases from the first end to 
; r 

the second eryd qf the lamp, and the coil density and/or the spacing 
i : 
: i 

·of the coiled i element sections of the second filament 
~ ! 
I ; 

correspondingly ldecrease in the reverse order from the first and 
i ! 

second end q~ tt1.e lamp. The overall radiation profile can thus be 
. : . . 
I • 

varied over a ~ide range by the selection of the current strength in 
~ ~ 

the two filam~n~. A further possibility for embodying a lamp with 
: i 
; i 

controllable r~di~tion profile consists in providing the filament of the 
": :· 
! : 

lamp with at tea~ three electrical connections, whereby between . : : . 

each two con~e~tions different operating voltages are applied. In 
~ : 
I • 
: : 
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this way, th~ fifament temperature, and hence the radiation 
: : 
! . ; 

characteristic iof ~ lamp, can be controlled along sections of the 
: : 
: : 

filament : : 

As an $1te~ative to the previously described lamps, plasma 
~ ; 

or arc lamps !ca~ also be used, whereby here also the radiation 

profile can be ~o~trolled. Thus, for example, the lamp spectrum can 
: 

be adjusted ~ia ~he current density from the UV region up to the 
: . 

near infrared. i ni'.e arc lamps, with respect to the active modulationT 
~ : . . . . 

have the ad~antage that they can be operated with higher 
i : 
: i 

modulation fr~qu:encies. This simplifies not only the electronics for 
":. ! 

signal proces~in~ but also the analysis processes. 

By ~Jani. of optical lines or light channels 8, the light 
< I . 
":. : 
: 

radiated from ~he~ lamps 5 is conveyetf directly to a further pyrometer 
: : 
; ! 

7. In this po~nection, the radiation sources. and/or the light 
~ ' I j 

channels ar~ p(.eferably arranged in such a way that the lamp 
~ ! 

pyrometer si~naf originates from a lamp or filament section that is 
~ ! 

free of filame~t h~olding mechanisms or other devices that adversely 
~ i 

affect the ra~iati~n flux or the temperature of the filament or lamp 
; i 

section obse&e~ through the light channels. To avoid repetition 
' . ; : 
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!· 
: 

with respect to ~the lamp pyrometer 7 in the arrangement for 
:· 
: 

irradiating the (amp pyrometer 7 with the light of the lamps 5, 
r 

reference is mad~ to DE 197 54 385 of the same applicant and filed 
i 

on the same dat~. which is incorporated in the present application 
: . 
: 

to the extent relevant.· . 
The outpyt signals of the pyrometers 6 and 7 are conveyed 

to a non-illustratkd evaluation circuit that determines tlie radiation . :. 

emitted by the ~semiconductor wafer 2 by relating the radiation 
; 

striking the py~~meter 6 to the· radiation determined by the 

pyrometer 7, the~by determining the radiation that is emitted from 

~ 

the semiconduc(ar wafer 2. This is possible because the radiation 

· emitted from the ~amps 5 is actively modulated in a defined manner. 

This modulatio~· is also contained in the radiation taken up by the 
; 
i 

wafer pyromete1.61 so that by comparing or relating the degree of 

modulation or th~ modulation depths of the radiation taken up by the 
I 

: 

pyrometers 6 an~ 7, a compensation of the lamp radiation reflected 
!• 
i 

from the semiconductor wafer 2 in the radiation picked up by the 
· 1 

wafer pyrometer!6 is possible, and as a result the radiation emitted 
: 

by the semicon~uctor wafer 2, and hence the temperature. 
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reflectivity, trans~.i~sivity and/or em!ssivity thereof can be measured 
i .. 

precisely: 
! :'" 
; ... 
: ·: :·:· 
: . ,. ·.:-

A furthe~· ~~orresponding lamp pyrometer, as this was 
: · .. 

illustrated in Fig~.:~1 and 2 and previously described, can pursuant 

to a further embHlment also be provided wi1h corresponding light 

lines or channel$:.qn the other side of the housing 3 to measure the 

lamp radiation ofl~ge upper lamps 4. In this connection, the function 
~ :·. 
~ : . . 

of the upper lamp~~yrometer corresponds to that of the low~r lamp 

pyrometer 7 in lt~at the upper lamp pyrometer measures the : .. . .. 
radiation and int~ry~ity thereof.relativ.e to th~ upper lamps 4. ln this 

:·:. =··· . 
connection, it is ~~rticularly advantageous if the type or degree of 

· mo~ulation of t~:: tamp~ of the upper lamp bank differ from the 
! .. 

degree or type ol~odulation of the lower lamp bank. By comparing 
i··:. 

the Jig ht taken u~. ~y the wafer pyrometer 6, or its type or degree of 
~ : : 

modulation, wltH. ~ihe type or degree of the modulation of the 
L :. . 

intensity determl~~d with th~ upper lamp pyrometer, in a non­
~· ::. 

illustrated analys~~::unit, it is furthermore possible to also determine 
i· ~: 

the transmissivity i: of the semiconductor wafer 2, and to draw 
: :: 
:: ··. 

~·· .. · 
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conclusions ther~frqm regarding the temperature, the emissivity 
! :": 

and/or the reflec~i~~ty of the wafer 2 . 
. ! :· 

The inten~iiies I of the radiation sources are respectively 
~ ::· 

plotted versus ti~~ in Figs. 3a and 3b. As shown in Fig. 3a, the 
: : . ,· 

degree or dep~t{.: of modulation is essentially constant and 
i' 
! ;: 

independent of itie radiation intensity given off by the radiation . : .. . 

source, whereas~: the embodiment illustrated in Fig. 3b the degree 

or d~pth of modJi~tion depends upon the irradiated intensity of the 

radiation source;· f:e. the magnitude of its control signal, in other . : .... 
i : 

words is proportipnal thereto. 
: : 

The so-cli~ed absolute modulation of Fig. 3a has the . r :·. 
l :: 

advantage that d~'.r.ing ·the heating-up of the semiconductor wafer 2 .. 
and the reaction ~c~amber 1, the heating capacity is practically not : ·~ 

!: :=· 

adversely affect~~ by the modulation, and therefore the entire 
: . 
: .. 
~ . : . 

intensity is availatble for the rapid h~ating. In contrast, the so-called 
!" ~-:. 

relative modulatip~· of Fig. 3b has the advantage of increasing the 
~ .. 

degree or dept~: :bf modulation as the radiation capacity of the : ... · ... 

radiation sourceb~·increases. It is similarly possible to control or : ·.· 
.. . . , 

actively regulate!the modulation depth. 
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: · .. 
: ·: 

Fig. 4 mJ~trates a schematic circuit arrangement for the 
~ .: . 
:· .: 

control of a radi~tion source or lamps 11 for the generation of a 
: ... 
: " 

radiation or a radi~tion gradient for a specific wafer temperature or 
: :· 

a specific temp~~ure gradient with which the wafer 2 is to be 
: ~ 

heated up or, ~y~ appropriate switching off or reduction of the 
• •I• 

intensity of the l~~ps, cooled off. 

In a c~md;~tor 11 the wafer temperature (connection 13), 
: ·: 

which is indire~tiy measured by the wafer py~o~eter 6, is 
:.;. 
'. 

respectively co~-~ared with a reference temperature 14 and the 

co~parison sign~iis conveyed to a control unit 15, at the output of 
! ~: 

which the control! ~gnal, in confonnity with the adjustment elements 

= r 
· 15, 17, is distrib~ed to the two lamps or lamp banks. Thereafter, 

!·"· 
!·: 

the control signai :-is distributed to the individual lamps 4, 5 of the 
;- . . .. 

lamp banks by ¥~tributors 18, 19, whereby in order to facilitate 

illustration in ea~~: cas~ merely one distributor 18, 19 is positively 

illustrated, such d·~tributors providing the control signal to the lamps .. 
4 or 5. 

:. 
:· 
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advantageous if the control signal is 

modulated imms.diately before the lamps 4 or 5, since in this way : , . · .. 
distortions that ~te caused by the lamp control circuit can be ... 

: .. ... 
avoided. In this!~~se, the modulati.on is therefore effected at the 

locations 20 or l .21 of the circuit by non-illustrated modulation 
: :·. 

devices, for exa~ple by programmable curve, amplitude and/or 
: :-

frequency gradi~~~­
! :: 

However,l.the modulation can also take place at other 
~. : 

locations within t~~ control circuit of Fig. 4, for example at the circuit 
; ·. 
i :· 

location 22 or at ffie circuit location 20 ahead of or after the control 
I• ... 
' 

unit 23. Howe~~. in this. case an individual modulation of the 
; : 
i. 
i •,, 

·control signal fcif.:a respective lamp is not possible, since the 
i :: 

modulation of th~ ~eneral output signal is uniformly affected. 
: ·:· ... 

The mo~ylation can be carried out by means of an 
: ... 

appropriate datal~r-ocessing program in a straightfornard manner. 
= :· 
i :.· 
i :· 

With software t~bles, practically all curve shapes and frequencies 
: ..... : .. 
: •' 

can be freely P,~?grammed, whereby· the length of the table 
: :·· 

determines the f~~~uency, since the table can be processed with a 
. : 

fixed time base (f?r example 1 ms), and after reaching the end of 
: .. 
! :· 
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the table <kn be repeated as often as desired. The table can 
:,;;, 

be set, for examP.le, with a base of 28 = 256, whereby the algorithm . . .. 
i ;: ... 

for the modulatidr{is. for example: 
., ,. , . . · 

cmod = c oc · .TI!!1. 
zeasls 

Whereby ~~od is the degree of modulation, C0c is the value 
; .! 

of the non-modu}Jted or base intensity or amplitude, and T(n) are ... 
: : .. 

. i ., 

the respective di~~rete table values. 
: ... . ·: 
! ~·. 

In this waygany desired degree of modulation or modulation .. , 
: :: 

depths~ curve s~apes and frequencies can be programmed in a 
!· :: 

straightforward ~~nner. 
! .,.• 

With,· for I ~ample, a 100% modulation at 125 Hz the . ~-
~ :; 

following discret~ ~able values result 
t :;· 
. " : ;: 
l· i~ 
~~6,435,512,435,256, 761o.76. 

The meary. ~alue of the table values must in this connection 
! ::: 

correspond to tHe'. devisor so that the resulting integrated output 
: ... 

remains unchanb~d . . ,, 
; ·~ 
; ·: 
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At 10% nlc:fdulation ·with 125 Hz the following table values 
; : .. . ,, 

1f 
~. ~~ 

2s$}~274, 2a2, 274, 2se, 2ss. 230, 238. 
f ~:: 
: .: 

: ~= . ~· . :. 
:·:.. 

The resol~lion, i.e. the number of table values per unit of 
: :. 

: ~·· 

time, is unchang~~ble oy taking a different base. 
! ::.: 
: ::. 

This cont~i or modulation process has the advantage that 
;.:: 
! , .. 

only shift and m~~pllcatiori commands are required if the divisor is 

a number havinJ {he base 2. 
r ~:: . . . )." 

·The inventfon has been explained wlth the aid of preferred 
: ·:" 

~ r: 
embodiments. iHowever, embodiments and modifications are 

: f:' 
I•'• 

: ~· 
·possible for one~!<illed in the art without thereby abandoning the 

; ~; 
inventive cance~. The inventive method is especially 

i : 

advantageou~ly ~;~able, also in conjunction with other devices or 
~ ~ 
:- · .. 

measuring rnethp~ other than the previously described one, in 
. 1 ~i· . 
order with straig~~rward means to be able to obtain reliable and 

. " 
i ~ 

reproduceable ~asurement. results·, and from that to be able to .... 
! ~;. . 

determine the te*iperature, the transmissivity, the emissivity and/or ... 

the reflectivity ~-~~jects with a high deg~ee of precision . 
. ·. 
: ::_ 
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d;-
The. inven~ite method can also be used with detectors other ! .• . 

than the illustrati~ and described lamp pyrometer. For example, 
: :: 

instead of the l~~P pyrometer a temperature sensor, such as a 
~ • r: 

thermo element·!? be used in order to determine the radiation 
I•· 

emitted from the 14!nps. Furthermore, it is possible to determine the 
.. • 

radiation emitte~ ~from the lamps by means of an impedance 
; ,,. 
~ ~:· 

measurement of\ the lamp filament followed by processing of the 
i :· • 

~ =~ . 
measured valu~.{ With the aid of an impedance-intensity 

: .. 
~ .. 
; r~ 

relationship ofthe~lamp, the intensity radiated from the lamp can be ., 

inferred. 

. .-
::· 
•, 

:·: 
:: 
~:. 
~; 
.... 

.. 
~-

, . .. 
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~: Patent Claims 
·' 

1. Method 9(. measuring electromagnetic radiation that is . ·. 
;.:: 

radiated +~m a surface of an object that is irradiated by 

electroma~~etic radiation given off by at least one radiation 
: :: 

source1 w~~reby the radiation given off by the radiation 
i ;:. 

source is ~~termined by at least ·one first detector and the 

radiation ~/.ien off by the irradiated object is deterrnin.ed by 
: =~· 
i ~: 

at least o~$ second detector that measures the radiation, 
! :·~ 

characte~~d in that the radiation' from at least one radiation 
= :,. 

: :-: 
. : i: 

·source is ~<;tively modulated with at least one characteristic 

parametel.[~ and in that the radiation determined by the 
! ~=· 

second d~ctor is corrected with the radiation determined by 

the first j!tector to compensate for the radiation of the 
~ ::· 
I ~: 

radiation *~.urce reflected from the object . 
. •, 
: 1 •• 

: ~= : =· 
; ~ .. 
: ·: 
: :: 

2. Method a~¢.ording to claim 1, characterized in that the active 
:·:i 
i :: . 

modulatio)1~;of radiation given off by the radiation source, for 
: :i 

the charai~~rization thereof, is used during the correction of 

the radiatjJp deteimined by the second detector. 
! :;. 
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! :~ 

Method aitording to claim 1 or 2, characterized in that the . :· 

radiation ~)~~n off from at least one radiation source is 
: : ... 

amplitudel ~requency and/or phase modulated. 
i ~: 

l'.~ 
i !:· 

Method ~§cording to one of the proceding claims. 
: :·: 

character~~d in that the signal shape during an amplitude 
: ·; 

·modulatio~~~has a continuous signal pattern. 
i· ;:· 

i ·: 
i :: . 

5. Method ~8cording to one of the preceding claims, 
! ~~ 

·characteri~~d in that the radiation source comprises a 
: ! 

plurality of..i~mps. 
: ·.: 
i !:. 

6. Method ac~brding to claim 5, characterized in that the lamps .. · 
= ,.· 

emit their!~diation from at least one filament having an at 
: :: 

least parf~l)y coiled filament structure . ... 

~·· .. 
7. A method.Jbcording to claim 6, characterized in that due to 

; :~ 
I:• . ;: 

the filamen~structure of the lamps a predefined geometrical 
I ~ ~:' 

and spectr~4 radiation can be achieved. 
!G . 



--------------------- ---

8. 

9. 

10. 

11. 
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i ;·: ~ 

.Method a~~ording to claim ef or 7, characterized in that the 
: •• c 
• •• 'I' 

! ::· I 
lamp radi~tion is emitted ftom filament sections having 

! !~ i 
i ·. ' 

alternating j.~oiled and t:incoil~d filament structure. 

l \j ! 
; ~= ~ 
.; ~~ 
I: t 
l :: ! 

Method according to one of the claims 6 to 8, characterized 
:· =·: t 

in that thif:1amp radiation isl emitted from two Individually 
: :· r 

~ ~ ~ 
controHab'e filaments. i 

•• .,. c. 

; ~ 1 
i :: ~ 
~ ;~ ( 
: :, t 
• ="' ~ 

Method acqording to one of t~e claims 6 to 9, characterized 
; t: r 
. '· I . 

·In that th~ l~mp radiation is eihitted from a fila~ent having at 
! ~ ! . 
; r: i 

least thre~ ~electrical connections. 
: ::: ... 

r ~ ! 
!· =~ l 

Method a~~rding to one of t~e claims 6 to 1 a, characterized 
! •. I 

in that th.} !ensity of the fiiatenl structure varies along the 

filament. ;; f 
~ ~ . 

~ ! 
i! i 
~-~. ( 

Method !Fording to on1 of the preceding claims, 
£ ,~ J 

characte~~~d in that the radi+tion is emitted from a halogen 
= .... ~ ; ~ I 
: ~ ; 

lamp. it 1 ; ;;: l 
. ·' t. : , l 
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i ;; ~ 
: :: ~ 
j ~.: . ; 

13. 
. . ' 

Method a;c'.eording to one oflthe preceding claims 1 to 11, 
•I• • 

14. 

~ ~; ~ 
characte~~~d in that at lea~t a portion of the radiation is 

! ;: ; 

emitted it arc lamps. I 
i ~: '. : ... , 
i· :: i 
i :: ; 

Method a~~ording to one of tije claims 5 to 13, characterized 
: :. l 
: :: i 

in thatth~f.~diation of at leastione of the lamps is modulated. 
. r ~; i 

: :· t ; i: l 
~ ~ ! 

15. Method a~~ording to one of tije claims 5 to 14, characterized 

l ~: I 
in that all :of the lamps have 1lhe same radiation modulation. 

. . I ~ l 
16. 

i' ~: . ; 
Method a~~ording to one of tije claims 5 to 14, characterized 

i ~:. I . 
in that th~·~~mps have differ~nt radiation modulations. 

:. ;. 1 
~ ~= l 
: ·: 1 
• :· Ill 

i !:' ! 
Method ~~cording to one! of the claims 14 to 16, 

~ ~= ~ : :. i 
characterized in that the radiation modulation for at least 

: ,. l 
: ,. l 
i ;: i 

some of tfl~ .lamps is effected synchronously over time. 
. . ;: ! 

~~ ~:.~ :: 
i~ 
:: ! 

I 

17. 

:: ' 
~ I .. ! 
;: i 
~ ' 
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18. Method ~4=cording to onei of the preceding claims, 
: :· f 
: :~ f 

. characteri~d in that the degr~e or depth of modulation of the 
~ ~;· ~ 

radiation ~i~en off by the radi~tion source is independent of 
! ~: i 

the radiat~~ lamp intensity. ! 
: :._. I 
;. ~· E 

1 :.: 1 
: ~ i 

19. Method ~~ording t-o one! of the preceding claims, 
i !'. ! 

characte~i~~d in that the de~ree or depth of modulation is 
: :.. f 
. ' ' 

dependenl;i.Jpon the radiatedllamp intensity. 
• J ~ 

; ;. f 
: := . ! 
~ ~: 11.: : :· 

20. 'Method ~~ording to on~ of the preceding claims, 
~ ~: i 

characteri~d in that the ~e~ree ·or depth of modulation is 
. l ;: ~ 

controlledl ~~ i : ;.. I 
~ f ~ ; 
n 1_1 ! . ~~ 

21. Method ~#cording to on~ of the preceding claims, 

character~~d in that the 1lmp intensity is pulse width 

modulate11f I 
~ t: ~ 

l ~ 1,; 

: :· 

22. Method ~~cording to onJ of the preceding claims, 
: .. ;: I 

characterized in that the radiation is modulated with a data 
1 ~ I 
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24. 

25. 

26. 
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processi~gj:program by using!tabular values. 

Method a~J~rding to one of the claims 1 to 21, characterized 
~· ~ : 

in that t~~'.. radiation is m~dulated for the pulse width 

modulatiJn\l~Y altering the re~ister frequency of generators. 
i ~~ ' 
. :"' 
;· !:' 

i ;~ 

Method ~9cording to one of the preceding claims, 

character)z~d in that the radi~tion given off by the radiation 

source. is IJ~dulated by a m~dulation of the control signals 

for the ra1irtion source or sojJrces. 
~ !! : 
i :: 
I ;; 

: i:· 
! i::· 

Method ~a~cording to onei of the preceding cJaims, 
: :: 

character,lz~d by the use tq determine the temperature, 
~ ~ 
: !~ • 

reflectivify, ~ransmissivity and/or emissivity of an object. 
L i~: . 
~ ;; 
~. g 

Method !atcording to one of the preceding claims, 
l (~ 

character;iz'.~d by the use in: conjunction with the thermal 

treatmeni ~semiconductor ~ubstrates. 
: : ~ 
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28. 

29. 

30. 

: :: 
: :: 
! ·:" : .. 
: := 
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Method ~~hording to claim :26, charactefized in that the 
: .·. : : ::· 
I•:,• 

thermal trkatment of the semkonductor substrate is effected ; ... . 
J :: : 

within a !r~action chamber ~that essentially comprises a 
. ; :: : 

material t~t is transparent f~r the electromagnetic radiation 
! ~; : 

of the r~cHafion sources and for the spectrum of the 
: :: 

measure~~nt wavelengths ;, the detectors. 
~ =~· . 
~ ~: 
! :': 
: :· 

Method J~ording to claim ;27, characterized in that the 
! ;:. : 
: .: 

transpare~~!naterial comprisE!:5 quartz glass and/or sapphire. 
:"° ;· 
: =;: 
: :· 
:· F : ·.'. 

Method a~~rding to claim 2Tor 28, cha~acterized in that the 
l ~;: : 

material tla~ an absorption coefficient that is averaged over 
~ ~- : 

the lamp spectrum and is between 0.001 cm·1 and 0.1 cm·1• 
I • • 

~ ff ; 
z I• ' 
: !: . 
~ != . 
: i: . 

Method aedording to claim 27'.to 29, characterized in thatthe . .· . : ::.· 

radiatiQn lof the radiation soi.tree is transmitted through a 
; ~ ~ 

reaction ~h~mber wall thickness between 1 mm and 5 cm. 
i :··. 
: ;:· 
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32. 

33. 

34. 
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; :~.. ,i ... 
i• ~: : 

Method l~~cording ~ on~ of the preceding claims, 
: :~ : 
: .: i . 

characte~z~ in that t~e first detector is a radiation detector. 
l 

i :·_ i 

! ~~ ' :· :.: ! . 

. i :: i" : 
Method a:ceording to $laim 31, characterized in that the first 

i :: f . 
' r ' . i :: ! : 

detector r~ceives th~ radiation given off by the radiation 
? r: ! . 

source v~ ~ptical Jin$ or light channels. 
~ ~~ ~ . : 
: :·. i 

! ~ I . 
. Method a~q~rding to c~aim 32,~characterized in that by means 

~ ;~ ~ . 
of an arr~r(gement of;·the ra~iation source and the optical 

I ". : ' 
I :• i 

-lines or t~~light cha~nels reiative to one another, the first 
i ;~ ~ : . 

radiation ~~tector gen$rates a~ signai that is free of influences 
~ . f ~ i : 

from fila~~t holding mech!=lnisms or other means that 
l ~ I . 

adversely~ ~affect th$ radiation flux or the radiation 
! ~: ! . 
I I• ! 

temperatilr~ .of the radiation source. 
~ [l. ! . 
i ~: i 

Method aJc~rding to ohe of th~ claims 1to311 characterized 
: :; ; 

in that th~ ~~st detectdr is a t~inperature sensor. 
: :l ! . 
~ :_: l 
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Method a~q~rding to qne the ~laims 1 to 30, characterized in 
; ;· i . 

that the first detector rpeasures a parameter that is related to 

~ ~~ i : 
the radia~i~n given off! by the/adiation sources. 

~ f: I 
l l~ · I 

Method ~qpording tol claim :35, characterized in that the 

detector ~lasures th~ impedance of the radiation sources. 
1 ~;. i . 
~ i: I 

Method ~kordlng ~ one of the preceding claims, 

characte~ed in th1t the : characteristic parameter is 
~ :: I 
. :: I 

· periodicairY.: modulated. 

! t!. I 
i ~~ .I . :-

Method abr3ording to dne of the claims 1 to 31, characterized 
. . ~ ~ I .: 

in that ·th~ first detect~r is a temperature sensor. 
: ~ i . 

.: I 
; ;: ! 


