OPTICAL RADIATION MEASUREMENT APPARATUS

The present invention relates to an optical apparatus having at least
one radiation deflector for measuring electromagnetic radiation

emitted from at least two radiation sources.

Apparatus gf this type are known, for example, in conjunction with
rabid heating furnaces for the thermal trea.tment of semiconductor
substratés for manufacturing semiconductor chips. In order to be
able to measure the pararﬁeters and characteristics, such as the
temperature, the emissivity, the reﬂect}vity, the transmissivity and/or

the characteristics or thickness of a layer that is to be applied to the

‘semiconductor substrate during the thermal treatment, the radiation

coming from the semiconductor substrate is measured as is the

radiation that is emitted from the radiation sources provided for

heating up the semiconductor substgates. By comparing the two

measured radiation values it is possible to differentiate between the
radiation emitted from the semiconductor substrate and the reflected
radiation. Apparatus and methods of this type are known, for

example, from U.S. 5,490,728, where light lines are used in order
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to guide the respegtive radiation, and .in particular also the radiation
given off by the radiation sources, to radiation detectors. The inlet
openings of these fight lines, however:, have a [arge and undefined
opening angle, so that also a refatively great amount of ba;;kground
radiation is taken in ancil falls upon the radiation detector. As a
consequence, the measured values Lff at all- indicate little and are
not specific with r;spect to the actual radiation coming from the

radiation sources.

Furthermore, from DE 93 12 231 an apparatus for measuring UV
radiation is known where a phot§ diode for measuring UV radiation
emifted from a radiation source is prcs\./ided in a cylindrical housing
having an opening. The opening is partially closed off by a restrictor

that forms a radiation channel.

Reference is further made to DE 3129 065, which discloses a
device for the photoelectric monitoring of a flow medium, where a
light source and a direct light receiver disposed opposite the light
source are provided and the ﬁght‘recéiver is disposed in a receiver
bus having a light line channel. DE 39 08 627 furthermore discloses

a multi-element infrared detector where in front of each detector
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enables a substantially

element there is disposed:a light fine in the form of light conducting

channels formed in a channel plate, with the dimensions of the

channels effecting a dam

pening of radar radiation. In addition,

disposed in front of the cﬁannel plate is a shutter or aperture plate

which has openings that

are aligned with the light conductive

channels and have non-rﬁﬂective inner surfaces. FR 2 707 005

finally discloses a semicird
light conducting channels
member, and a respectivé

the light channels.

b3

|

ular photo detector arrangement where
are disposed |in a semicircular carrier

photo detector is provided at the ends of

It is therefore an object of the present invention to provide an optical

radiation measurement apf

aratus which with straightforward means

more precise determination of the

e[ectromagl_'letic radiation :_emitted from the radiation sources.

Starting from an optical radiation measurement apparatus of the

aforementioned general typ

e, this objective is inventively realized by

separate radiation channetls formed in & channel member for the

radiation path between ff

detector, which is common
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for the radiation sources. The radiation
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channels can thereby be designed very brecisely to the radiation

source, so no, or only an insignificant portion of, background

 radiation, which would falsify the measurement resutt, strikes the

radiation detector. As a result, the paramieters, characteristics and

intensities of the electramagnetic radi;ation emitted from the

radiation sources can be

and more reliably.

Hetermined signiﬁcantly more precisely

Pursuant to one particularly advantageous specific embodiment of

the invention, the radiation

channel has a tj:ross-sectional shape that

comesponds to the shape df the radiation source. Due to this shape

of the channel cross-sectiqh, and the dimensions thereof, a precise

adaptation of the radiation channel to: the radiation source is

_possible, so that independently of the sha:pe of the radiation source

the background radiation can be reliably: masked out.

It is particularly advantage

sectional shape that per r

bus if the radiation channel has a cross-

ts a radiation passage to the radiation

detector even if the radiation source deviates from the ideal position.

As a result of such a formation of thfe channel, mechanical

modifications or deviations in position of the radiation source, for
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example a lamp filament, which occur, for example, by vibrations,
being out of adjustment, or deformationé;, for example during the
heating process, are not reflected in sig’rénal alterations that could
otherwise adversely affect the measufrement result and the

evaluation.

It is particularly advantageous if the radiation channel, or at least
one wall of the radiation channel is structured for example having

a wavy, grooved or corrugated or rrregular wall structure. As a

‘result, the radiation that does not enter .parallel to-the axis of the

radiation channel, in other words which d_ées not originate from the
radiation source, is also not guided by reflection upon the radiation

detector, but rather is adsorbed. Theéstructured channel wall

therefore additionally contributes to Ll.rfxdesired and undefined

background radiation and scatter light _ffrom not falling upon the

radiation detector and thereby falsifying the measurement resuits.

Very advantageous is furthermore an embodiment of the invention
pursuant to which the radiation channel h;is at least one mechanism
for altering the cross-sectional area of the radiation channel. By

altering the cross-sectional area of the channel, the intensity, with
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which the radiation given off by a radiation source strikes the
radiation detector, can be adjusted which is especially
advantageous if pursuant to a further specnf‘ ic embodiment of the
invention, where a number of radtatloni:sources are present, the
relationship of the radiation of the respeéﬁve lamps that strikes the
radiation detector can be adjusted relativeiéto one another by altering
the cross-sectional area of the respecti\é:e channel. A particularly
straight forward mechanism for altering the cross-sectional area of
the channel, and hence of the radiationi% intensity that strikes the
radiation detector, is a screw that can beiscrewed into the radiation
channel fransverse to the direction of radiation. However, a

variable aperture can alsoc be used.

_Wlth some rapid heating systems for ;he thermal treatment of
:.semiconductor substrates, cool air is blowiréz in between the radiation
sources in. order to cool some of the éezlements, for example a
reaction chamber.. However, due to this:i ::cool air flow turbulances
occur between the radiation channels and the individual radiation
sources and leads to fluctuations in int%-::gnsity. In' order to avoid
these fluctuations in intt_ansity, the chgnnel member, with the

radiation channel or channels, extends upto the radiation source or

-
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sources.

Pursuant to one preferred specific: er?ibodiment. ihe radiation
channel can be extended by at léasi‘t: one light transmissive
intermediate element tha{t extends tﬁe iradia’(icn channel and is
disposed between at least one outlet ope;rnng of a radiation channel
and an assoc:ated radiation sources wﬂhout the channel body
having to be guided to jgst before t:he gfadtatlon source. In this
connection advantageously an interme'diaét:e element that in common
extends a plurality of radiation chanrrels is provided. Pursuant to
one preferred embodrment of the lnventlon a quariz or sapphire rod

is used-for the extension, with which ;eﬂe_ctlons are to the greatest

extent possible suppressed at the inner %y;:alls so that only the light

.coming directly from the radiation soxércsé;strikes the detector.

Pursuant to one partlcularly advantageous embodiment of the
invention -as already mentloned— a plurailty of radiation sources are

disposed next to one another, and th_e qhannel member, for each

radiation source, has a separate radiéticijn channel that extends to
the common radiation detector. Thé ra:l:cliations of the individual

radiation sources, accompanied by the g;exclusion of background
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radiation and reciprocal influence, are thereby reliably gunded to the
common radiafion detector, thereby mcreasmg the precision of
measurement. If the radiation sources are for example, individual
lamps that are disposed next to one another in a row in the form of
a lamp bank as is the case, for exagnple with rapid heatlng
apparatus for the thermal treatment of sermconductor substrates,

the channels are formed in a fan-ike fashron in the channel member

between the lamps and the common radlatron source,

Since the lamps are essentially disp:?:seféi in a row, pursuant to a
further embodiment of the invention a célindrical lens is disposed
between the ends of the radiation channels that face the radiation
detector and the radiation detector, w:tH the lens focusing on the
radiation detector the radiation of the lndlwdual radiation sources

that in a fan-like fashion feeds the radlatlon detector.

-
The inventive radiation measurement apparatus can be used with

great advantage in conjunction with a rapld heating furnace for the

thermal treatment of semiconductor s_ubstrates-

The invention will be explained subsfeqtf:tently with the aid of one
o E -
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preferred embodiment where the radiéﬁoﬁl measurement apparatus
is used in conjunction with a rapid héatiﬁg furnace for the thermal
treatment of semiconductor substratés and in conjunction with the

drawings, which show:

Fig. 1 a schematic longitudinal sectioﬁal illustration through a rapid
heating fumace utilizing the invientiive radiation measurement

apparatus,
Fig. 2 a cross-sectional view along thie fine -1 in Fig. 1,

Fig. 3 an enlarged schematic cross-sectional fllustration of the
radiation channel member illustrafed in Figs. 1 and 2,
Fig. 4 a cross-sectional Hiustration takgen falong the line IV-V in Fig.

3,

Fig. 5 a partial cross-sectional illustrétioé\ of the radiation channel
member looking in the direction r;af the narrow side of the

radiation channel member that faces the lamps, and
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Fig. 6 an enlarged partial illustratidn ic::f the radiation channel
member to explain the onentatlon and arrangement of the

radiation channels relative to a lamp,

Fig. 7 an enlarged partial fllustration of the region between an outlet
opening of a radiation channel and a radiation source to

explain a further exemplary embodrment of the invention.

The rapid heating furnace illustrated i m ans 1 and 2 has a housing
1 on the upper and lower inner wall of which are respectively
mounted a bank 4, 5 of lamps compnsmg a number of individual
lamps or individual lamp tubes 2, 3 w:th these banks of lamps
heating up a semxconductor wafer 6 ‘éhaﬂ.~ is disposed in a reaction

chamber 7 in the housing 1 between _the:g_banks 4, 5 of lamps.

The reaction chamber 7 is advantageousiy essentially comprised of
a material that is essentially transparent for the lamp radiation, and
that is also transparent with respect tq thﬁe measuring wavelengths
or the measuring wavelength spectsra of the pyrometer or the
radiation detectors that are used. Wth quartz glasses and/or

sapphire, which have an absorption coeff cient, averaged over the
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lamp spectrum, of about 0.1 cm™ to-b.é);,_m cm, suitable reaction
chambers for rapid heating systems canbe constructed where the
thickness of the reaction chamber wall ean be between 1 mm and
several centiméters, for example 5' cm Depending upon the
thickness of the reaction chamber wal, the selection of the material

can be effected with regard to the absoéétion coefficient.

Chamber walls having thicknesses in:tbg range of centimeters are
then required in particular if in the reactiog chamber 7 a vacuum (up
to the ultra-high vacuum) or an_overpre;gsure 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 mechanicéi stability of the chaééaber 7 is achieved, so that
this chambgr can be evacuated. Theé;t,hickness of the reaction

~ chamber wall is designed in conformity wrth the material of the wall,

the size of the chamber, and the pressu?é loads.

The lamps are preferably halogen lampé;i the filaments of which at
least partially have a helical or coiled str:i}cture By means of an at
least partial helical structure, advantageeusly a specific predefined

geometrical and spectral radiation prof le of the lamp can be
_ :
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achieved. [n this connection, the fi lament of the lamp can, for
example, alternately include coiled and uncolled filament sections.
The radiation profite (not anly the geome“trlca! but alse the spectral)
is in this case essentially determmed by the spacing between
adjacent coiled filament sections. A furfher pOSSlblIlty for defining
the lamp radiation profile consists, for example in varying the
density of the filament structure (for exarrgnple the coll density) along

the filament.

If the lamp profile is to be controllable. advantageously lamps,
-preferably rod famps, having a number of individually controllable
filaments can be used. Lamps with controllable lamp profile are
particularly advantageous in rapnd heatlng units for the thermal
treatment of large-surface substrates for example 300 mm
semiconductor wafers, since with these ;amps and a suitable lamp
control mechanism avery homogeneous temperature profile can be
achieved along the surface of the substrete As a consequence of
the superposition of the individual radlat;on profiles of the filaments
there results an overall radiation prjo:ﬁle of the lamp that is
controliable over a wide range. In theici‘?iimplest case, for example

a halogen lamp, such a lamp includes. two filaments, for example

-142.
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each with a helical structure or an at least partially coiled structure,

whereby the coil density and/or the s ' 'cing between the coiled

filament sections of the first fi lament lnc eases from the first end to

the second end of the lamp, and the conl densrty and/or the spacxng

of the coiled element sectlons of~ the second filament

correspondingly decrease in the reverse order from the first to the

H ;v..

second end of the lamp. The overalls-r.adlatlon profile can thus be

- -

varied over a wide range by the se[ectlen of the current strength in

the two filaments. A further possrblhiy ffqr embodying a lamp with

controllable radiation profile consists i m p.rowdmg the fi lament of the
lamp with at least three electrical con er:tions whereby between
each two connections different operatmg voltages are applied. In
this way, the filament temperature ”and hence the radiation
.- characteristic of a lamp, can be conatr.egléed along sections of the

filament.

As an alternative to the previously descr;bed lamps, plasma or arc
lamps can also be used, whereby here e]so the radiation profile can
be controlled. Thus, for example,é the lamp spectrum can be
adjusted via the current density from;t; UV region up to the near

infrared.
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From Fig. 2 it car% be seen that a waf«er pyrometer 8, which is
disposed on the underside of the housing 1, measures
electromagnstic raﬁtatron which is emitﬁed and reflected from the
~wafer 6, via a small opening 9 that preferably, however not
necessarily, is formed in the center of the wafer 6 that is to be
treated in a wall of*the housing. However it is also possible to use
a plurality of wafer pyrometers that are dlsposed paralle] to the axis

of the lamp.

H 5_'.,

Apparatus of the prrewously described type are known, for example,
from U.S. 5,490, 728 Furthermore, sueh a device is described in
the non-published [ DE 197 37 802 A and m DE 197 54 386.3 of the
-applicant and havmg the same filing date which in order to avoid
repetition are mcorporated by reference te the extent relevant to the

present specnﬁcat:on

Disposed on the Unders:de of the rapid heating furnace is an

inventive optical ra:dsation measurement apparatus that comprises

a pyrometer 10 angi_a channel membe(;’_fﬂ, in which are formed or
molded radiation ‘channels 12, as iwill be discussed in detail
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subsequently with i;he aid of Figs. 3 to 5

As can be seen m Flgs 1 to 5, wheh 'vnewed in a longitudinal
section the channel member 11 has the shape of a fan, which in
cross-section is dlsc or plate shaped. The channel member 11 is
disposed in a correspondmg recess 13 m the upper or lower wall of
a housing, and is {astened to the housmg 1. On that side of the
channel member 11 facing away from Ihe lamp bank 5 an optical
lens 14, preferably a cyimder lens, is dlsposed in such a way that its
focal pomt is located at or in the VIcimty mf a posmon at which the
axes of the radlattorg channels 13 mterseg’g, so that the radiation that
strikes the optical l%ens 14 enters the p)éricimeter 10.

As can be best seeh in Fig. 1, the radlaf o.n channels 12 are formed
or orientated in the channel member 11 in such a way that the
respective fi Iaments 15 of the individual lamps 3 lie on the extended
longitudinal axes 15 of the respective | radlatlon channel 12. The
pyrometer 10 or lts optical lens 14 therefcre precisely ,sees” the
respective lamp fi lament 15, as a result of which background
radiation, which does not come from the lamp filament 15, -if at all-
isonlya neghglbly small percentage of the entire light that falls upon
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the pyrometer 10,

: b

The channel member 11 is shown enlarg}ed in Fig. 3. From here, it

can be seen that*e the walls of the r.

dnatlon channels 12 are

5'

radiation channels 12 with appropnate st

channel member 1‘1 by means of rmllmg

Disposed in the VIlety of those ends of ihe radiation channels 12
that face the pyrometer 10 are respect?;e screws 16 that can be

screwed to a greatt;r_ or lesser degree m,tpg the radiation channels 12

and thereby alter tﬁe diameter of the rad:i"‘tion channels 12, so that

the intensity of the radiation passm. ¢ through the respective

radiation channel 12 can be altered or: justed. As a result, it is
possible to essenﬁglly set every desxre_: gre!ationship between the
radiation intensitie? of the individual 'géE-nps 3 that fall upon the
pyrometer 10,
Provided that theE lamps respective g:l-éave the same radiation

intensity, more radi:éﬁon intensity reachjnfa% the pyrometer 10 via the
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radiation channel ‘[2 disposed the clo.s.jej:
the channel membér:.; 11 than does via th
radiation channels:E 12 In order to cor;f
sectlonal area of th*e :mare inwardly dlspf

can be made smalfer by screwing the sc

balancing the dlfF_:en:'ent radiation lnfe:@f

pyrometer 10. Eveij desired relationship
relative to one anof;hier can also be set%iir
As schematically lllustrated in the exemp

the diameters or cross—sectronal areas of

. .'

are optimally adapt’ed to the shape of thq
15, which contnbutes to further redu
scattered radlatlon z‘.hat falls upon the pyn
of the channet 12 lri the channel member
in the channe! men;al;er 11 s pursuant to
to dimensions in sux:h a way that the ﬁlan
the channel wmdow 18 even ifthe fi Iamer
or becomes defomfed for example durmg

ensures that the hght intensity that falls | ua

is not altered by: osclllaﬂons v;bra'aor
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t to the central axis 17 of
Emore outwardly disposed
iensate for this, the cross
:ed radiation channels 12
éws 16 in further, thereby
‘mes that fall upon the
of the radiation intensities

y this manner.

ary embodiment of Fig. 6,
the radiation channels 12
Jamps 3 or their elements
cmg the background or
Jmeter 10. The orientation
1 1 or the channel window
-1g. 6 selected with regard
1ent is still disposed within
1t 18 vibrates or oscillates,
fthe heating process. This
o the lamp pyrometer 10

for deformations of the




filament 15, and the measurements and precision of measurements

are not adveréely éféfected. B
In general, the radlatlon sources and/acxr the radiation channels are
preferably dlsposed in such a way that the lamp pyrometer signal
results from a |amp cr filament section that is free of filament holding
mechamsms or other means that adversely affect the radiation flux

or the temperature of the filament or lamp portion observed through

the radlatlon channels .

Whereas the Iamp pyrometer 10 has optical lenses 14 with

cyhndncal lenses, the wafer pyrometer B can be provided with a

5 H

round lens, a cyhn_,d_ncal lens or other _;qns-hke means {e.g. zone

plates, Fresnel !en;sés) whereby the ni:ejans can be correlated in

conformity with therradiatlon geometry ef'a lens. Itis, for example,
for a lamp bank of parallel rod Iamps advantageous to utilize a

cyfinder lens with a cyilnder axis onentated parallel to the lamps. In

s. _;

. general, in this way ‘as large a space as possible, and hence for

example a hemlsphenca! reflection of the wafer 6, is measured in an

::;

as unlimited a fashuan as possible.
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Fig. 7 shows a ﬁ:u;ther exemplary embodlment of the present
invention wherem an lntermedlate element 20, such as a quartz or
sapphire red, whlch ex‘tends the radlation channel 12, is disposed
between the exit ogemng of the radlatlor; channel 12 and the lamp

3. The purpose of fhls element 20 is to extend the radiation channel

to just before the Iamp, whereby the- ga_a between the end of the

element and the Iainp is of the order of sonly a few miliimeters. This
prevenis that ﬂow turbulence that r:an§ occur between the exit
opening of the respectxve channel 12 and the associated lamp 3

generate ﬂuctua‘uons in intensity dunng the measurement process.

25
HE

4
i i
G' R

Although the extenzs%on element 20 is iflﬁ%trated as arod, itis also
possible fo d:sposa a single quariz element over the entire range of
the fan between the wall of the housmg and the lamps. It is also

possible to extend the fans to shortly before the lamps.

:- :
M
s .

:

The present lnvermon has in the aforegomg been described in

conjunction with one preferred exemp]a‘ry embodiment. To one

H {

skilled in the art a number of modifi catmns and embodiments are

;l

possible without dematmg from the lnventnve concept. For example,

the use of the mveﬁtxve optical radlatlorij easurement apparatus is

[
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’. .

not limited to rapad heating systems for the thermal treatment of
wafers. Depending | upon the arrangemenis forms and embeodiments
of the radiation scdrces other channel member shapes in addition
to fan shapes are possnb!e In addltaon_,' the configuration of the
radiation channelsg 14 is not limited -to._;E:he specific embodiment

illustrated in Fig. 3} -

I
z i
H

—
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Patent Claims

Optical apparatus with at least ene rachatlon detector (10) for
measuring ah electromagnetic radlatlon emitted from at least
two radnatlori sources (3), charactenzed by separate radiation
channels 12) formed in a channei member (11) for the
_ radiation paih between the radlaimn sources (3) and the
radiation de;e;c’tor (10) that is in gommon for the radiation

sources.

Apparatus éécording to claim 1, :characterized in that the
radiation channe! (12) has a cross-sectnonal shape that

corresponds to the shape of the radlatton source (3).

Apparatus ag:cordlng to claim 1 or 2 characterized in that the
radiation channel (12) has a cross—sectronai shape that
permits a rédlatron passage to the radiation detector (10)
even when the radiation source (3) deviates from the ideal

position. !

Y
b

Apparatus ziafccording to on:e ‘of the claims 1 to 3,

¥
g
i
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8.

I

charactenzed in that at least one wall of the radiation channel
(12) is strucﬁured

Apparatus acccrdmg fo one of the preceding claims,
charactenzeﬁ in that the radlatlen channel (12) has at least
one mechamsm {16} that alters the cross-sectional area of

1 i
the radlatlon_ 9hannel (12).

Apparatus a'::c;cording to claim 5, ‘characterized in that the
mechanism (16) that can vary the cross—sectlonal area of the
radiation channel (12) comprlses a screw that can be

screwed mtgssthe radiation channel (12) transverse to the

‘direction of tdiation.

Apparatus accordmg to one of the preceding claims,
charactenzed in that a plurahty of radiation sources (3) are
disposed nm to one another and the channel member (11)
for each ra,d:atlon source (3) has a separate radiation
channel (12) that is directed tu the common radiation

detector {1 0:)

Apparatus 2aii:cording to one of the preceding claims,

-22-
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10.

11.

12.

N

charactenzed in that the channe! member (11), with the
radiation channel or channels (1 2) extends to the radiation
source or suurces (3) |

ApparatUSsaccordmg to one of the preceding claims,
charactenzed by at least one hght transmlssnve intermediate
element (20) that extends the radlahon channel (12) and is

dlsposed belween at least one. outlet opening of a radiation

channel (1ZI and an associated radlatlon source (3).

Apparatus accordmg to clalm 9 characterized by an
tntermedlate element that in common extends a plurality of
radlatlon channels (12).

Apparatus a;cordlng to one of the claims 8 or 10,

charactenz%d in that the mterrnedlate element (20) is a

quartz or sap ahlre element,

L
i
.

Apparatus accordmg to one. of the claims 7 to 11,

' charactenzed“ in that the raduat:on sources (3) are individual

lamps that ar‘e disposed next to one another in a row as a

l[amp bank (4 5), and in that the r:a:ldiation channels (12) are

-23-
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13.

14.

185.

16.

S ——————

A

formed in a' fan-lnke fashion in said channel member (11)
between sald lamps (3) and a common radiation defector

(10).

Apparatus. eccordlng to one af the claims 7 to 12,
characterlzed in that the reiatrenshnp of the radiation of the
respective -!amps (3) striking . the radiation detector (10)
relative to one another can be adjusted by the mechanism
(16) that car; alter the cross-sectlonal area of the respective

radiation channel (12).:

Apparatus.ﬁfaecording to one of the preceding claims,
'eharacteriiédé in that a cylincjricél lens (14) is disposed
between th:dsée ends of the radiaﬁen channels (14) that face

the radiation életector (10) and -thez radiation detector (10).

Apparatus - according to one 5the preceding claims,

charactenzed by the use in conjunctlon with a rapid heating

. system for the thermal treatment of semiconductor

substrates. i f

Apparatus :_d:ef_cording to claim 15,_§characterized in that the

-24 -
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Iy mmmm I

thermal treaiment of the semlconductor substrates is effected
~ within a react!on chamber that essentlally comprises a
material th31 ls transparent for the eiectromagnetlc radiation
of the radlatlon sources and fer the spectrum of the

measuremepf wavelengths of the radiation detectors.

17. Apparatufs -a:cicording to claim ﬂs,icharacterized in that the
transparef_nt}frf?terial comprises quartz glass and/or sapphire.
18. Apparatufs a:icéording to claim 17 of 16, characterized in that
the material has an absorption 'cc_)effﬁcient, averaged over the

lamp spectmm, between 0.001 cm‘ and 0.1 cm™.

19. Apparatu;s accordmg to one of the claims 16 to 18,
. charactenzed in that the thickness of the wall of the reaction

chamber;ls Jetween 1 mm and 5 cm.

R

" 20. Apparatufs ':_éafccording to one of the claims 1 to 19,

characteéizgdg in that the radiation isources comprise at least
one ﬁtart;\e;ﬁﬁhaving an at leasf partially coiled filament

structure! | i
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21.

23.

24

25.

EIY

Apparatus accordmg to claim 20 characterized in that by

means of the f lament structure

of the lamps, a predefined

geometncalg Ea_nd spectral radratrcngproﬁled can be achieved.

* L
H H
* " M
. y 3

R

Apparatu’:s 'ajcgcording to claim 2

!:: :characterized in that the

filament of the radiation source o:ompnses aiternating coiled

* and non corled filament structures

Apparatuss. accordmg to one

df the claims 21 to 22,

characterrzéd in that the radrafron source comprises two

_ |nd1vrdually controllable fi lament§1§

J o
o -

Apparatus accordmg to one

o'r the cldims 20 to 23,

charactenzed in that at least one f f' Iament has at least three

electrical’ connectlons
Apparatufs accordmg to one

charactenzéd in that the radtatm

one halogen lamp

of the preceding claims,

n source comprises at least

o)
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26.

27.

28,

[

Apparatué"?aé:cording to one

ef the claims 20 to 25,

charactenzed in that the densny ‘of at least one filament

structure vanes along the fi lam;d t

Apparatus accordmg o one

of the claims 1 to 19,

charactenzed in that the radiaﬁon source comprlses at least

one arc lamp

Apparatus accordmg to one
charactenzed in that by arrangnr
the radlatton thannel relatwe tc

filament I'mfd' ng mechanisms oi'

of: the preceding claims,
lg .the radiation source and

ane another the radiation

dther means that adversely

affect the radtatlon flux or the radlatmn temperature of the

-‘

radtation §o,unce.
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