e

METHOD OF M’::EAS.URING ELECTROMAGNETIC RADIATION

The present invention relates to a method of measuring
electromagnetic} radla'aon that is radlated from a surface of an object
that is lrradlated by electromagnetlc radlation given off by at least

one radiation source. whereby the rad)a'uon given off by the

radiation source ?IS determined by at least one first detector, and the
radiation given off by the irradiated eb;ect is determined by at least
one second detector that measures.tr'ae' radiation.

A rnethod of this type is kr{.own for example, from US
5,490,728 A in con]unchon with the manufacture of semiconductor

substrates in a reactlon chamber, ln thls case, the electromagnetic

radiation given dﬁ by the radiation so&rce is naturally superimposed

with a waviness ?chat is undesired and occurs due to fluctuations of
the line voltage or due to phase controls Unfortunately, no
influence can bZe had on this wavrmess, and can also not be

intentionally selécted. The waviness jsithersfore only suitable, if at

all, to a limited eéctent for an intentiona l ptilization as a characteristic

of the radiation given off by the radl'%a\ii:en source.
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Reference is also made fo D 6 27 753, which discloses
t. §

$

an apparatus formeasurmg and con]'pﬂlng the thrckness of optically
effective thin layers during burld up { ereof in vacuum coating units.
The measurement and control rs achleved by detecting the

reflection or transmrssron characteﬂstlc of layer thicknesses

between fractrons of and multrptes of he. essentually monochromatic

measurement lrght thatis ublrzed anri# by interruption of the coating

process when ag:redetermrned Iayes Fhsckness has been achieved.

The apparatus é'omprises a measur ent light source fora focused

disposed in the axrs of the: measurement lrght beam at an angle of

45°, a measurement llght recewer at s connected in series with
. il'- ,

a monochromatrc rllummator as w ll as a differentiator for the
l

iiii

Furthermare, DE— A-42 24 435 discl L

e_s an optical interface for the

infrared momtor‘ing of transparent cl;sks whereby the light of an
l

infrared radlatror; source IS conducte*d by a beam wave guide into

...._......u-i

re emitted for exposing the

t
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g
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the interior of the rnterface where j

surface of the dtsk The radratlon referated at the disk that is to be



monitared is recéived by the input of Bnpther beam wave guide and

a a daylight filter to a photo

(.'.

is conveyed by tihe beam wave guidé

detector. USA 5 270,222 furthermofe ,dsscloses a method and an
apparatus for a GllEQﬂOSIS and progmj;sﬂs during the manufacture of

semiconductor dewces The appat,atus has a sensor for the

dlaQHOSIS and prognosis that %méasures various optical

characteristics of_. a semiconductor w‘, iter. The sensor has a sensor

am and an opf_oelectronic contro!igimag for conducting coherent
electromagnetic%‘ or optical energ:j m the direction of the

semiconductor wafer.

ftis there?ore an object of the:;i)_r_ fsent invention to provide a

ina stra!ghtfonmard manner and moj:

The state’d object is mventlvejg- :eahzed in that the radiation

given off from at least one radlatlon §s' ;urce is actively modulated

with at least one;:charactenshc para :;e gr, and in that the radiation

éfrrected by the radiation

g1 X
.l-, <
10 15

determined by tl%ie second detector IS i



determined by tzﬁe first detector to c i:m{::jensate for the radiation of

the radiation sod:rce reflected from tH object The radiation source

is, preferably a Eeat tamp and the ir adﬁ%ted object is preferably a

i

semiconductor substrate thatis subjected to a thermal treatment.

“"Due fo the intentional, active and hence known modulation

of the radratlon source with a chara

to more preclsely differentiate the dr

ert_sttc parameter it is possible

eriénce between the radiation

radiated from th‘.e object itself, and necefssary for the determination

of the charactenstxcs of the abje

it from the radiation of the

radiation source! reﬂected from the ohjeé In this way, it is possible

to determine more precxsely and in firaa!%trme the characteristics of

E

the object, for example the temTrature the emissivity, the

transivity, the re‘ﬂectwrty or the Iayer

of a material thai is on the object and

object.

hfcknesses or charactenstlcs

dlffefs from the matenal of the

_.'.

Pursuant to one particularly gdvantageous embodiment of

radiation source_.f_.for the characterizafjof

correction of the;fadiation determined |

the invention, the active modulation gf:

;E_e radiation given off by the
,f”;g'thereof, is used during the

the second detector. Due



to the active and hence known mod ilatlon of the radiation given off

by the radlatwn source,

differentiation of thls radiation from

the mharactenzatlon and hence

the actually to be measured

radiation that is gaven off by the objeé.t ls partrculady simple, reliable

and quantltatively accurate.

The radlatron given off by the]

modulated Wl‘th respect to amplitu
Depending uporz the existing conditiat
of modulation can be selected as f

modulation can be selected in parti¢

simplicity and rei:abdlty of the modu

-rééliation source is preferably

de,?frequency and/or phase.

hs :;;and requireménts, the type
:lesfired, whereby the type of
,ulér also with respect to the

atlon process, but also of the

"evaluation prooess and of the detectacun process In this connection,

amplitude modulat:on means the n
amplitude. Howgver, the process
i

modulation, the ?amplitude of which:

possibly slowly uaned

1odu|at|on of the modulation

. i

_pré;ferably involves intensity

Is :%_not modulated, but rather

In addmon to the type of modulatlon it is also possible to

utilize every sngq:al shape of the mod

advantageous, durmg an amplitude

laglon. However, particularly

odulation, is the use of a
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signal shape hé\;ﬁing a signal pattérithat is as continuous as

possible. This has the advantagé -tl’iat also during a Fourrier

transformation hxg'l frequencies esse,ntlally do not occur and

therefore the number of scans per umt ef time during the detection

or processing of the detected signa

-e‘aj remain low, so even with

a simple eva!uatlon process a good and téccurate measurement can

be carried out. :

Ze

In generagflE the modulation of tl'te characteristic parameter

i
1

can be effected with a periodic or nop periodic signal. A non

periodic modulatw'a can be obtaineg'i;i;'for example, In that the

characteristic parameter is linked

-wiﬁ} a positive or negative

'mcrement whlch IS ]generated by mefa:nﬁs" of a random mechanism,

via a linking operatllon (e.g. addition

a Icok-up-table) 3 this connection,

-mgf_itiplicaﬁon or a linking with

I.
aﬁér a certain interval of time
z;

has elapsed the!;n rement is respectlve[y predetermined pursuant

to a random’ prmmp e. The time inte

walzitself can in this connection

be constantly deie ined pursuant th a p‘redeﬁned function or again

pursuant {o a randmm principle. Th= lmportant thing with the non

periodic modulatuar‘ is that the param tgr (increment and/or time
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interval) determméd by random prmeiples be known and be

available wathm ar evalua‘non dev:cle ofjan evaluation process for

.

signal analysls i ﬁe -parameters (lncrement and/or time interval)

v )

determined by ¢ ;;a,;. .grandom prnncnple- can satisfy an arbitrarily

predefined distiﬂi

5

'fhéy can, for example, be

distributed umform 3 ,.in @ Gaussian fashton or pursuant to a Poisson

distribution, as a nesult of which the

j"és:ectlve expected values of
s
I-

Bl :
the parameters gﬁ : similarly predeﬂg_edx The advantage of a non

Pe§

periodic modulaf on' isthatas a resuitf pe;'Lriodic disruptive influences

can be suppressed :

A further adlva

P
‘i-

ntageous embodlment of the invention consists

-.. plciad

‘in that the rad*atqqn source comprnses a plurality of individual

i

radiation sources fer example ap urahty of lamps, that can be

combined into onepr ‘more lamp ban ks siF'ursua\nt o advantageous

embodiments i ln;

I
¥ !

plurality of lambs. :the radiation of

s S

hjunctron with rad,latlen saurces that comprise a

at least one of the lamps is

modulated. Althqqgh the modulatlon oij the radiation of one lamp

can be adequaitea éto achieve the

methad, the modu atfon of only one

§

o

:éﬂf)antages of the inventive

la_rri b in general delivers a
=



process. A parﬂc' iarly straight forward control of the lamps with a

single power swﬁ' |s also prowdedt m partlcuiar if the radiation of

-=

at least two Iam _ or of all Iamps ar*e modulated in the same

manner. Advantagjeously the radnatton bf only one or some of the

lamps is modulaite-i in order to avoid undes;red reflections.

l
(

Dependlrig Upon the apphcatlcns and conditions, it is,

however, also ad\éantageous to modulate the radiation of a lamp
differently, for exgmple if the lamp rad‘ atton is to be differentiated as

a function of thé uosmon of the Iamps or from the respectwely
. ;

specific lamp rel_:at: \;e to the radlatlon of other lamps or relative to

otherlamps. (i a:

:‘z

x 3
The radia'ilor’i modula’non of tf‘ & ir;"gidividual lamps or radiation
sources is preferatz#y 'synchronized over ttme for at least some of the

lamps orinafi fxedfﬁme correlatlon relatwe to one another, although

in certain appsh: _tlons radiation |- medulat:ons that are not

. #_

synchronized owe' ilme can also be aadmantageous

i s e




Pursuantﬁtc

the invention, thec

modulation, of ih.le radxatron glven

possibly also vary#'(g from radlatlon

lndependent fram

éam:antageous embodiment of
. i-

egree of modulatmn slamd especially the depth of

one partlcularly

i::ff- by the radiation source, -

éource to radlation source -, is
: i

the radiated hght ﬁntens:ty This so-called

: absolute modulatl'

signal with thch
embodiment of ’th

increase of the lntj

to be undertaken i

is not limited by'(a

In drFferenﬂ?_

of the invention Is
of modulation I§

radiation sourcgg.:

example, the str

depends upon c{:r

_n is thus mdependen’c from the basic level or DC

:e radlat!on sourue er lamp is controlled. This

lnventlon has tne advantage that during the
: z

hsnty of the radfataon source, which if possible is
,p1d|y, the compiete ‘control can be utilized and

-,.

,great ofa modulah@n of its intensity.

i
lald ouf apphcati DHS} however, an embodiment
more advantagedus guhere the degree or depth

a{ependent upon

1 !

‘UEIG,‘._ radiated intensity of the
o
?l'his so-called: relatﬁ«e modulation, where, for
i
;gth of the alte;nating current control signal

s proportlonal to ihe*strength of the DC control




a resuit of whlch‘ he detectlon of the

are more strargh1

C-'

expensive and cof

Hforward and, ca

Pu(suantiét:(
degree or depth4 _df. modulation i

regulated.

£ 1
L

Pursuant {toia further very a:giv

mtensity aridlor

invention, the larn'

with respect to p,ul e wudth Pursuan

r!p!ica"ted devices],

10 & - L

L
- L
o

moé'_lulaﬁon and the evaluation

n be carried out with fewer

.
s F

a further embadiment of the invention, the

1 '-cei;ntrolled or also actively

:éiﬁtf;ageous embadiment of the
'rr'ioéu!ation itself is modulated

t _to.:an alternative or additional

embodiment of th' anentlon the rad;atmn of the radiation source is

%: o
modulated with a

ata prbcessiﬁg .ﬁr
" A further very aiiv 'ntageous embod
in that the radlatlo: i modulated for

altering the reglstj r frequency of ge

temperature  whig

corresponds dlrec ly with.the lamp d

h _however in_ the

agr%m by using tabular values.
lméht of the invention consists
the‘ipulse width modulation by

1erétors.

y friodulating the pulse width. In

' ty i& a function of the filament

istationary. steady state -

ut.

ip.
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The Tadl&"(l& af the radlataon smu ce is preferably modulated

by means of a g mq du[atlon of the cc rntr;l signal or signals for the

i3 g
i' 0

radiation sourcé EH‘ the lamps ﬁs v}iil be described in detall

subsequently, tne: Jocathn et which fhe ::ontrol signal is modulated

within the sngna[ ' .neration'i:an' be; geleded as a function of the

requirements arid- ondltlons In th;s cbnnectlon it is particularly

e

l: :; 5
e control s:gnalf lafter generation thereof, is

o

advantageous ;f. .'

‘: e

Famaer

l"

modulated lmmedtately pnor to beaﬁg conducted to the radiation

source or the lampsj . i

“The preseni mvenﬁ'on can be dsed with great advantage for

determining the témperature reﬂer-f' il'y and/or emissivity of an

-abject, for examplé m con]unctlan thh ag apparatus for the thermal

t : f
s trates for example m a furnace in which the

substrates are tq rapldly heated ub and cooled with a prescribed

> nt that isas prec& > es possible.

Thus, puregantto the mven’norr tfie radiation given off by at

l.‘

least one radlamon source for example a heat lamp, and the

radiation resultm_g from the. object that ISi to be heated up, are

l

TR R ST



determined, whereby the radlatlon from the object is 2 combination

of the radiation erTﬁed from the Obj act and the radiation reflected

at the object. Asi :result qf the twc rweaeumments, it is possible to
correct the radfatr :n of the radiatlan s:t.zurces reflected from the
object and hence tL) determme the emltted radiation, in other words
the therrnal radlattan of the object that IS normally, and also in the

case of a wafer; _an b’lack-body radlator By knowing the emissivity

of this object, iti | How p0551ble to ca!culate back to the radiafion of

a black-body.
' -Pursuant?

:5

modulated compc:}'iehts, whlch are alsc desngnated as alternating

§the present lnventten, the amplitudes of the

“current or alternating; voltage (AC) c.omponents are placed inta a

ratio relative to ane another and themomponents are measured by

the radiation dete'.for prowded for tf e ob;ect and by the radiation

' detector prowded .':r the radlatlen sources The number that results
R
from the amplltud _ 'ratlo is m a f rst approxxmatlon proportional to the

("

reflectivity of theo "‘ebt for example ‘the wafer This number is now

used fwo times tfo' the further evaantnon First of all, it is used in

G

order to duffereml: te the radlatlon emltted from the object, in other

i



.‘:ﬂl“a‘-‘-‘-‘r:‘}lu;l{:

words the thermfal radlatlon of the object from the radiation of the
radiation source! reﬂected at the obj&t Second of all, this number

is used in order ﬁo scale back the radlatron emitted by the abject, in
% '3

other wards the th%rmal rad:atlon tq the radiation of a black-body
of the same terrtperature By usmg uthe thereby obtained, scaled-

back temperature va]ue in the lnverted Planckian formula, there

‘.: “ %,
|

results a tem@erature Since the known

then unequwocal

amplitude condltio'; of the moduiatloms Is. thus used two times during
the evaluatlcn thlf must be measur%ed as precisely as possible in

i'recsse values dtinng the evaluation and the
temperature Tir\e inventwe method enables a
. ; % N

considerably merj p‘.reclse determmatlon of this amplitude ratio

order _to _obtamz

determination ofi

since the modu’; on parameiers fer each heating state can be

A Sars 7S

optimally prescrﬁlb__d and not, only gthe modulation but also the

and reliable man:er measures the radiahon given off by the

radiation sourca 'n ihls connechan the radiation given off by the



radiation sourcé f'

SR EE

:':ad\}ahta'gséouslsl'--:cs::nducted to the radiation

detector via optlc:l hnes or hght chénneis In order to ensure an

accurate measu‘re

or light channels a1

nent the radlatlorﬁ sources and the optical lines

Ee dlsposed relatlwﬁ tc one ancther in such a way

that the first ra&rahon detector genérafes a signal that is free of

_ influences from f{a ent holdlng mthanlsms or other means that

adversely affect% rzidratron ﬂux ‘or the radlatron temperature of the

s. ..‘ .

radiation sourca= :1

Pursuant tc

detector can be %a
i
with which the ldﬂz‘,

can be determiri‘ei':

Pursuant*tq

E ;

a_nother e:ri-rbodir

temperaturé sens

{en_"t of the invention, the first

T, such as a thermo element,

y femberatliré,_'énﬁ:-h}gnce the radiated intensity,

a further embodlrnent of the invention, the first

detector measures any deSIred pa;rameter that is related to the

radiation given cff
i- 2
intensity can bé

by the radnat:on S|

aurce Thus, for example, the

determmed \na ang 1mpedance measurement

apparatus that meﬁsures the 1rnpedance (e.g. the ohmic resistance)

of a lamp fi Iamén’i By means of 3

su%able processing unit, it is

pOSSlble by knom['rg the lmpedanc?mtenstty relationship of the
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radiation ﬁoume, such as a heat lamp, to determine the intensity, or
a parameter proportional thereto, given off thereby.

The invention will be subsequently explained in conj'unction 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
iflustration through a rapid hgatiné furnace for

treating semiconductor wafers,

Fig.2 a cross-sectional view taken along the line I-ll in
Fig. 1, ~
Fig. 3a and3b 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

Fig.4 a 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 radiation, and that is also
transpérent with respect to the measuring wavelengths or the
measuring waveltength spectra of the parameter or the radiation
detectors that are used. With quartz glasses and/or sapphire, which
have an absorption coefficient, averaged over the lamp spectrum,
of about 0.1 cm™ to 0.001 cm™, suitable reaction chambers for rapid
heating systems can be constructed where the thickness 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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Chamé:eré‘ walls having thicknesses in the range of
centimeters are then required in particular if in the reaction chamber
1 a vacuum (up t'o the ultra-hlgh vacuum) or an overpressure is to
be generated if the diameter of the reaction chamber is, for
example, about 300 mm, then with a quartz glass thickness of about
12 mm to 20 mm an adequate mechanical stability of the chamber
1is achreved so that this chamber can be evacuated The
thickness of the reaction chamber wall is designed in conformity
with the matenal of the wall, the size of the chamber, and the
pressdre loaci:s. !

A sc;he%maiﬁcally ilustrated pyrometer 6 {see in particular Fig.
. 2) having a !arz'ge;:inlet angle measures the radiation emitted from the
semiconductér viyafer 2 as well as the radiation of the lamps 5
reflected at ‘the semiconductor wafer 2 in the illustrated
embodiment the lamps are embodied as rod .lamps. An
arrangement ;of thrs type is known and described, for example in
DE 44 37 361 C or in non-published DE 197 37 802 A of the

applicant, so tha'_( in order to avoid repetition these publications are
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incorporated by ?eference to the extent relevant to the present
specification. ‘

The rocé laénps are preferably halogen lamps, the filaments of
which at Ieastgpafrtially have a helical structure. By means of an at
least partial hélicial structure, advantageously a specific predefined
geometrical and spectral radiation profile of the lamp can be
achieved. ln thifs connection, the filar.nent of the lamp can, for
example, aiternately include coiled and uncoiled filament sections.
The radlatlon prof Ie (not only the geometrical but also the spectral)
is in this case essentlally determined by the spacing between
adjacent co;led f lament sections. A further possibility for defining
the lamp radlatlon profile consists, for example, in varying the
density of the: ﬁlament structure (for example the coil density) along
the filament. : .

if thg lamp profile is to be controllable, advantageously
lamps, prefe;abily rod lamps, having a number of individually
controllable ﬁf!arrfxents can be used. Lamps with controllable lamp
profile are pa'frtic;ulany advantagec_)us in rapid heating units for the

thermal treatﬁ'\erit of large-surface substrates, for example 300 mm
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semlconductc;r wafers since with these lamps and a suitable lamp
cantrol mechamsm a very homogeneous temperature profile can be
achieved along the surface of the substrate. As a consequence of
the superpos@cq of the individual radiation profiles of the filaments
there results% aén overall radiation profile of the lamp that is
controlfable over a wide range. In the simplest case, for example
with a halogera Iamp, sucha Iamp include two fillaments, for example
' _eachwitha hghcal structure or an at least partially coiled structure,
whereby the%coé.l density and/or the spacing between the coiled
filament sectlons of the first filament increases from the first end to
the second enéd of the lamp, and the coil density aﬁd/or the spacing
‘of the coiléd element sections of the second filament

correspondinély édecrease in the reverse order from the first and
second end t;‘f the lamp. The overall radiation profile can thus be
varied over a wnde range by the selection of the current strength in
the two ﬁlaments A further possibility for embodying a lamp with
controlfable radla’ﬂon profile consists in providing the filament of the

lamp with at least three electrical connections, whereby between

each two conpec;ttons different operating voltages are applied. In
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this way, the f‘ lament temperature, and hence the radiation
characteristic : of a lamp, can be controlled along sections of the
filament. . |

Asan a%ltefmative to the nreviousl'y described lamps, plasma
or arc lamps can also be used, whereby here also the radiation
profile can be %corfxtrolled. Thus, for example,. the lamp spectrum can
be adjusted vna i:he current density from the UV region up to the
near infrared. The arc lamps, with lespect to the active modulation,
have the advantage that they can be operated with higher
modulatlon frequenmes This simplifies not only the electronics for
stgnal processmg but also the analysis processes.

By means of optical lines or tight channels 8, the light
radiated from i‘he lamps 5 is conveyed directly to a further pyrometer
7. In this ti:onsnectlon, the radiation sources.and/or the light
channels areg prgeferably arranged in such a way that the lamp
pyrometer s:gnal originates from a lamp or filament section that is
free of fi lament holdmg mechanisms or other devices that adversely
affect the rad;;latlion fiux or the temperature of the filament or lamp

section obself'veél through the light channels. To avoid repetition
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with respect to the lamp pyrometer 7 in the arrangement for
irradiating the Iamp pyrometer 7 with the light of the lamps 5,
reference is made to DE 197 54 385 of the same applicant and filed
on the same dat%é, which is incorporated in the present application
to the extent releév'ant.-
The outptéxt signals of the pyrometers 6 and 7 are conveyed
toa non-Illu'st_raté::-d evaluation circuit that determine; the radiation
emitted by the ésemiconductor wafer 2 by relating the radiation
striking the pyriometer 6 to the radiation determined by the
pyrom'éter 7, their:'eby determining the radiation that is emitted from
the semiconductier wafer 2. This is possible because the radiation
“emitted from the ilamps 5 is actively modulated in a defined manner.
This modulationf' is also contained in the radiation taken up by the
wafer pyrometerz;.a, so that by comparing or relating the degree of
modulation or the:i modulation depths of the radiation taken up by the
pyrometers 6 aneii 7,a compensation of the lamp radiation reflected
from the semicofr;ductor wafer 2 in the radiation pickéd up by the
wafer pyrometergs is possible, 'and as a result the radiation emitted

by the semicondiuctor wafer 2, and hence the temperature,
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reflectivity, transmlsswlty and/or emissivity thereof can be measured
precisely. K

A furtheré- gt:orresponding lamp pyrometet, as this was
fllustrated in ths‘t and 2 and préviously described, can pursuant
to a further embééiment also be provided with corresponding light
~ lines or channels‘é{z:_:in the other side of the housing 3 to measure the
lamp radiation ofthe upper lamps 4. [n this cannection, the function
of the upper lamp pyrometer corresponds to that of the lower lamp
pyrometer 7 In: that the upper lamp pyrometer measures the
radiation and 1ntensnty thereof relative to the upper lamps 4. In this
connection, it is partlcu!arly advantageous if the fype or degree of
"modulation of tl'!e Iamps of the upper lamp bank differ from the
degree or type oﬁ modulatlon of the lower lamp bank. By comparing
the light taken ug.t_ay the wafer pyrometer 6, or its type or degree of
modulation, withg ;"'Eche type or degree of the modulation of the
intensity determmed with the upper lamp pyrometer, in a non-
illustrated analysts unit, it is furthermore possible to also determine

the transmlssmty of the semiconductor wafer 2, and to draw
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conclusions ther'eil’rom regarding the temperature, the emissivity
and/or the reﬂec!lwty of the wafer 2.

The 1nten§ljles I of the radiation sources are respectively
plotted veréus tlme in Figs. 3a and 3b. As shown in Fig. 3a, the
degree or deptih of modulation is essentially constant and
independent of the radiation intensity given off by the radiation
source, whereas ln the embodiment illustrated in Fig. 3b the degree
or depth of modulatxon depends upon the irradiated intensity of the
radxatlon source le the magnitude of its control signal, in other
words is proport:gr.;al thereto.

The so—cgal:iéd absolute medulation of Fig. 3a has the
advantage that dunng the heatlng-up of the semiconductor wafer 2
" and the reaction chamber 1, the heating capacity is practically not
adversely affecéd by the modulation, and therefore the entire
intensity is avallable for the rapid heating. In contrast, the so-called
relative modulaﬂgg of Fig. 3b has the advantage of increasing the
degree or depthi: of modulation as the radiati.on capacity of the
radiation source;iincreases. It is similarly possible to controf or

actively regulate?-tf;e modulation dépth.



24

Fig. 4 llll.tstrates a schematic circuit arrangement for the
control of a radlation source or lamps 11 for the generation of a
radiation or a radla‘ﬂon gradient for a specific wafer temperature or
a specific temperature gradient with which the wafer 2 is o be
heated up or, by appropriate switching off or reduction of the
intensity of the lagr;ps cooled off.

Ina comparator 11 the wafer temperature {connection 13),
which is mdlrectly measured by the wafer pyrometer 6, is
respectlvely corqpared with a reference temperature 14 and the
comparlson s:gnal is conveyed to a control unit 15, at the output of
which the controlg s__;gnal, in conformity with the adjustment elements
16,17, s distrib\éi_'éed to the two lamps or lamp banks. Thereatfter,
the control signa% '-:is distributed to the individual lamps 4, § of the
famp banks by dlstnbutors 18, 19, whereby in order to facilitate
illustration in each case merely one distributor 18, 19 is positively
ilustrated, such dlstnbutors providing the. control signal to the lamps

4 0rb5.
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it is paﬂ%&ﬁlarly advantageous if the control signal is
modulated imme;d:iately before the lamps 4 or 5, since in this way
distortions that are caused by the lamp control circuit can be
avoided. In thls case the modulation is therefore effected at the
locations 20 or%?:‘l of the circuit by non-iliustrated modulation
devices, for exafm:ple by programmable curve, amplitude and/or
frequency gradie:;réfs.

chever.%z’?he maodulation can .alsc take place at other
locations within the control circuit of Fig. 4, for example at the circuit
location 22 or at it’ne circuit location 20 ahead of or after the control
unit 23. Howe\ée:f, in this case an individual modulation of the
‘control signal f<;r a respective lamp is not possible, since the
modulation of the general output signal is uniformly affected.

The modulatlon can be carried out by means of an
appropriate data prccessmg program in a straightforward manner.
With software tables, practically all curve shapes and frequencies
can be freely programmed whereby- the length of the table
determines the fr;qguency. since the table can be processed with a

fixed time base (for example 1 ms), and after reaching the end of
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the table can be repeated as often as desired. The table can

be set, for example with a base of 2 = 256, whereby the algorithm
for the modulaticérfé.is, for example:

[

‘mod = S T
ZBasls

Whereby C,,,,,,d is the degree of modulation, Cp. is the value
of the non—moduilaited or base intensity or amplitude, and T{(n) are
the respective difs:_'cf'rete table values.

In this wafyéany desired degree of modulation or modulation
depths, curve sl@épes and frequencies can be programmed in a
straightforward rfl%nner.

With, for é:xample, a 100% modulation at 125 Hz the
_ following discreté %able values resuit

256, 435, 512, 435, 258, 76, 0, 76.

The mearfl_ ;:\_:;talue of the table values must in this connection

correspond to the devisor so that the resulting integrated output

remains unchanged.
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At 10% réc;%dulaﬁon -with 125 Hz the following table values

result
256,274‘ 282, 274, 256, 238, 230, 238.

The resoliﬁ%ion, i.e. the number of table values per unit of
time, is unchangie%ble by taking a different base.

This contég:l: or modﬁlation process has the advantage that
only shift and muitlpﬁcatton commands are required if the divisor is
a number havmg the base 2.

‘The mven‘tl.on has been explalned with the aid of preferred

l -a

embodiments. However embodiments and modifications are
‘possible for one;s‘l‘qlled in the art wnhout thereby abandoning the
inventive canceei The inventive method is especially

advantageously ’usable also in conjunction with other devices or
measurmg metheds other than the previously described one, in
order with straightforward means to be able to obtain reliable and
reproduceable measurement results, and from that to be able to

determine the temperature the transmissivity, the emissivity and/or

the reflectivity of‘go__,_bjects with a high degree of precision.
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The.invenétiii%)e methad can also be used with detectors other
than the illustratée% and described lamp pyrometer. For example,
instead of the lamp pyrometer a température sensor, such as a
thermo elemeng,-g;;c;';_an be used in order fo determine .the radiation
emitted from the lamps Furthermore, it s possible to determine the
radiation emittec;i ff;from the lamps by means of an impedance
measurement ofthe lamp filament followed by processing of the
measured value With the aid of an impedance-intensity
relationship of th::e%{iamp, the intensity radiated from the lamp can be

inferred.
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Patent Claims
Method of measuring electromagnetic radiation that is
radiated from a surface of an object that is irradiated by
electroma?g?;etic radiation given off by at least one radiation
source, whereby the radiation given off by the radiation
source is ‘id%termined by at least one first detector and the
| radiation gwen off by the irradiated object is determined by
at least one second detector that measures the radiation,
' characteriéiéd in that the radiation from at least one radiation
-source is ?i:tive!y modulated with at least one characteristic
parameteé’,% and in that the radiation determined by the
second deétiéctor is comected with the radiation determined by

the first c:lef_'_tector to compensate for the radiation of the

radiation s}éhrce reflected from the object.

Method according to claim 1, characterized in that the active
modulation/of radiation given off by the radiation source, for
the charaé:t;arization thereof, is used during the comection of

the radiati;i:é‘}i determined by the second detector.
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Method afcc:}:.‘:ording to claim 1 or 2, characterized in that the
radiation ::g;i:yen off from at least one radiation source is

amplitude?, %requency and/or phase modulated.

Method ia?;cording to one of the proceding claims,
characteriizféd in that the signal shape during an amplitude

modulation‘has a continuous signal pattern.

Method é\éﬁcording to one of the preceding claims,

1 .m

characterized in that the radiation source comprises a

plurality of famps.

Method aéréfurding to claim 5, characterized in that the lamps
emit theirirédiation from at least ane filament having an at
least partially coiled filament structure.

A method%aii:cording to claim 6, characterized in that due to

the ﬁla_meé't’jé_ structure of the lamps a predefined geometrical

and spectir‘%l radiation can be achieved.
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Method according to claim Blor 7, characterized in that the

e

lamp radi:_aftion is emitted fiom filament sections having

altematiné %j:oiled and uncoiléd filament structure.

i
i

Method aé;éording to one of the claims 6 to 8, characterized

in that thfe%';!amp radiation is; emitted from two individually
;
controflablé filaments.

Method a«f:é::ording to one of the claims 6 ta 9, characterized

-
HE

in that the I%mp radiation is emitted from a filament having at

least threé ‘electrical connectjons.

Method aéd}:ﬁording fo one of the claims 6 to 10, characterized

in that theé‘jéensity of the filament structure varies along the

filament.

Method f‘::ic-';cording to one of the preceding claims,
characteriizzéd in that the radiation is emitted from a halogen

lamp.
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: o
Method accordlng to one of*the preceding claims 1 to 11,

charactenzed in that at least a portion of the radiation is

emitted from arc lamps.

E'-'-

Methaod aé:éording to one of the claims 5 to 13, characterized
]
in that thei radiation of at leastone of the lamps is modulated.

Method atizc?:fording to one of the claims 5 to 14, characterized

in that all ufthe lamps have the same radiation modulation.

Method aééi;_érding to one of the claims 5 to 14, characterized

in that thé"lfgmps have different radiation modulations.
Lo i

1
!::

Method accordlng to onel of the claims 14 toc 16,
charactenzed in that the radiation modulation for at least

some of tt;lg.lamps is effected synchronously over time.
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Method éécording to one

of the preceding claims,

: characterizfeid in that the degree or depth of modulation of the

radiation given off by the radiation source is independent of

the radiaiééE lamp intensity.

e

Method gécording to one

of the preceding claims,

charactenzed in that the deg§ree or depth of modulation is

dependent upon the radlatedE

lamp intensity.

'Method accordmg to one of the precedmg claims,

charactenzed in that the degree or depth of modulation is

controlled;

Method accordmg to onée

of the preceding claims,

characterized in that the lamp intensity is pulse width

modulated

.n,-

Method accordmg to one

of the preceding claims,

characterlzed in that the radiation is modulated with a data
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processin;gg_:program by using: tabular values.

Method ai:ébrﬂing to one of thé claims 1 to 21, characterized
in that tﬁe _radiation is modulated for the pulse width

modulatlon by altering the regrster frequency of generators.

Method ;accordlng to one of the precedlng claims,
characterlzed in that the rad:atlon given off by the radiation
source is: mndulated by a modulatron of the control signals
for the ragllgtton source or so:_urces.

Method éé?:cording to one of the preceding claims,
charactenzed by the use to determine the temperature,
reﬂectlwty transmrssxvrty andlor emissivity of an object.

S

Pon

Method ga;:cording fo one of the preceding claims,
characteéizf{ed by the use in: conjunction with the thermal

treatmenf df semiconductor substrates.
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Method accordmg to claim 26 charactéfized in that the

thermal treatment of the semtconduc’tor substrate is effected

_ wnthm a :reactron chamber that essentially comprises a

material that is transparent far the electromagnetic radiation
of the radiat:on sources and for the spectrum of the

measurement wavelengths of the detectors.

[

Method acccrdlng to claim 27 charactenzed in that the

transparenf matenal compnse,s quartz glass and/or sapphire.
Method accordmg to claim 27 or 28, characterized in that the
material has an absormption coeff cient that is averaged over

.\_

the lamp §gectrum and is beiween 0.001 cm™ and 0.1 cm™.
Method aé;:c:'ording to claim 27§to 29, characterized in that the
radiation of‘ the radiation source is transmitted through a

? :
reaction c;h?mber wall thicknéss between 1 mm and 5 cm.
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Method accorcﬁng to one of the preceding clalms

charactenzed in that the first detector is a radiation detector.

Method afcéoa'ding to ¢laim 31, characterized in that the first

de’cector recewes the radnation given off by the radiation

source vxa optlcal llnes or ltght channels.

. Method aecerding to claim 32, characterized in that by means

of an arrér&;ement of‘:'the raéiaﬁon source and the optical

lines or the hght charinels relatlve to one another, the first

radiation detector generates a: sngnai that is free of influences
from ﬁlamem holdmg! mechamsms or other means that
adversely aﬁect the radnatlon flux or the radiation
temperatt{re_f-of the radlatlon source.

o
L

Method accerdmg to one of the claims 1 to 31, characterized

in that the ﬁrst detector is a tamperature sensor.
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Method afc:éprding to one the claims 1 to 30, characterized in

that the ﬁrst detector measures a parameter that is related to

the radiat?it::fh given off
Method af'cié:crding to]

detector én%asures th

Method %af;:cording

by the';radiation sources.

claim i35, characterized in that the

5 impedance of the radiation sources.

o one of the preceding claims,

charactergjzféd in that the - characteristic parameter is
PE i

-periodica lly modulated.

Method aiccf:;ording to d:ne of tl'ie claims 1 to 31, characterized

in that thé first detecter is a temperature sensor.



