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OPTICAL RADIATION MEASUREMENT APPARATUS 

The present invention relates to an optical apparatus having at least 

one radiation deflector for measuririg electromagnetic radiation 

emitted from at least two radiation sources. 

Apparatus o,f this type are known, for. example, in conjunction with 

rapid heating furnaces for the thermal treatment of semiconductor 

substrates for manufacturing semiconductor chips. In order to be 

able to measure the parameters and characteristics, such as the 

temperature, the emissivity, the reflectivity, 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 sub~trate is measured as is the 

radiation that is emitted from the radiation sources provided for 

heating up the semiconductor substcates. By comparing the two · 

measured radiation values it is possibte 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 respective radiation, and in particular also the radiation 
. . 

given off by the radiation sources, to (adiation detectors. The inlet 

openings of these light lines, however. have a large and undefined 

opening angle, so that also a relatively great amou~t Of background 

radiation is taken in and falls u~on the radiation d~tector. As a 

consequence, the measured values .:if at all- indicate little and are 

not specific with respect ta the. actu~I radiation coming from the 

radiation sources. 

Furthermore, from DE 93 12 231 an apparatus for measuring UV 

radiation is known where a photo diode for measuring UV radiation 

emitted from a radiation source is provided 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 31·29 065, which disctoses 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 light"rec~iver is disposed in a receiver 

bus having a fight line channel. DE 39 OB 627 furthermore discloses 

a multi-element infrared detector where in front of each detector 
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l 
element there is disposed:t light line in the form of light conducting 

I 

channels formed in a ch~nnet plate1 with the dimensions of the 

channels effecting a dan1~ening of radar radiation •. In addition, 

disposed in front of the ch~nnel plate is a shutter or aperture plate 
·' 

which has openings that\ are aligned Vllilh the light conductive 

channels and have non-1flective inner .surfaces. FR 2 707 005 

finally discloses a semici~ular photo de~ector arrangement where 
I 

light conducting channels are disposed : in a semicircular earner 

member, and a respective. photo detectof: is provided at the ends of 

the light channels. 
:j 
:I 
! 

·I 
I ., 
I 

It Is thE:lrefore an object of ~e present invention to provide an optical 
.. . 

radiation measurement ap· aratus which with straightforward means 

.enables a subStantially more precise determination of the 

electromagnetic radiation :emitted from tbe radiation sources. 
. :j 

i . :· 

starting ~m an optical l1a11on measwemenl apparatus of the 

aforementioned general Je, this ob~ is inventively realized by 

I 
separate radiation chann,ls formed in ~ channel member for the 

radiation path between t.~e radiation sources and the radiation 

detector, which is comma for the radiation sources. The radiation 
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channels can thereby be .~esigned very precisely to the radiation 

source, so no, or only Jn insignificani: portion of, background 

radiation, which. would faJ\fy the measu;ement result, stnl<es the 

radiation detector. As a r~ ult, the para~eters, characteristics and 

intensities of the electr magnetic rad!ation emitted from the 

radiation sources can be etermined significantly more precisely 

and more reliably. 

Pursuant to one particular! advantageou;s specific embodiment of 

the invention. the radiation- hannel has a. ~ross-sedional shape that 

corresponds to the shape the radiation .source. Due to this shape 

of the channel cross-sectio , and the dim~nsions thereof, a precise . . 

adaptation of the radiati n channel to : the radiation source is 

. possible, so that indepenJntly Of the s~~ Of th!" radiation source 

the background radiation : )an b~ reliably, inasked out 

It is particularty advantage us if the radiation channel has a cross­

sectional shape that p+ a radiation. passage to the radiation 

detector even if the radiaticm source deviafes from the ideal position. 
· I . ~ 

As a result of such a wrmation of the channel, mechanical 

modifications or deviation! in position of the radiation source, for 
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example a lamp filament, which occur, fo~ example, by vibrations, 

being out of adjustment, or deformations;1 for example during the 

heating process, are not reflected in sigi1al alterations that could 

otheiwise adversely affect the measurement result and the 

evaluation. 

It is particularly advant~geous if the radi~tion channel, or at least 

one wall of the radiation channel. is stru~llred, for example having 

a wavy, grooved or corrugated, or irreg~lar wall structure. As a 

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

radiation channel, in other words which d.¢es not originate from the 

radiati?n source, is also n~t guided by re~ection upon the radiation 

detector, but rather is adsorbed. The: structured channel wall 

_therefore adaitionally contributes to ~~desired and undefined . . . 

background radiation and scatter light from not falling upon the . . 

radiation detector and thereby falsifying the measurement results. 

Very advantageous is furt:hermore an erri~odiment of the invention 
. . 

pursuant to which the radi~tion channel h~s at least one mechanism 
. .: 

for altering the cross-sectional area of ~~e radiation channel. By 

altering the cross-sectional area of the ~~annal, the intensity, with 
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which the radiation given off by a ra~~ation source strikes the 

radiation detector, can: be adjusteCI, which is especially 
:• 

:: 
advantageous if pursuant to a further sP,ecific embodiment of the 

:• 

invention, where a number of radiationl~ources are present, the 
!: 
:· 

relationship of the radiation of the respe¢tive lamps that strikes the ,. 
;. 

radiation detector can be adjusted relativ~~to one another by altering 

the cross-sectional area of the respectiif channel. A particularly 
'• 

straight forward mechanism for altering ~?e cross-sectional area of 
,. 

the channel, and hence of the radiatiotj: intensity that strikes the 

radiation detector, is a screw that can be~~crewed into the radiation 
:: 

channel transverse to the direction ot radiation. However, a 
:. 

variable aperture can also be used. 

~Ith some rapid heating systems for ~~e thermal treatment of 
. !· 

semiconductor substrates, cool air is blo~n In between the radiation 
:: 

sources in order to cool some of the ~lements, for example a 
:· 

reaction chamber.: However, due to thi~ ;cool air flow. turbulances 
:. 
I 

occur- between the radiation channels attcI the individual radiation 
: !· 

sources and leads to fluctuations in intensity. In order to avoid 
=· .. 

these fluctuations in intensity, the ch~nnel member, with the 
. ;: 

radiation channel or channefs1 extends up~ to the radiation source or 
:: 
:· 
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sources. 

Pursuant to one preferred specific~ ert'bod\ment. the radiation 
. .. . :· 

channel can be extended by at lea~ one light transmissive 
:• 

: ~ 
intermediate element that extends the ~radiation channel and is 

. i' 

disposed between at least one outlet ~p$ing of a radiation channel 
: =· 

" : ; 
and an associated radia~ion sourc~. without the channel body 

~ ~ ; 
having to be guided to jtJst before the ~~adiation source. Jn this 

. . : 
:· 

connection advantageously an interm~di~~ element that in com.mon 
. : 

: 

extends a plurality of radiation channel~ )s provid~d. Pursuant to 
. :· 

one preferred embodimen~ of the inve~tio~, a quartz or sapphire rod 
. ;· 

is use~·for the extension, with which iefl~ctions are to the greatest 

extent possible suppressed at the in~er falls so that only the light 

.coming directly from the radiation so~r~:strikes the detector. 
: :. 

. :· 
: j• . : 

Pursuant to one particularly advan,ag~ous embodiment of the 
: . :· 

invention -as already mentioned- a plurality of radiation sources are 
: !: 
: :· 

disposed next ~o one another, and tt'~e qhannel member, for each 
: : !· 

radiation source, has a separate radi~i~~ channel that extends to . . .. 
:· 

the common radiation detector. The radiations of the individual . : 
: !: 

radiation sources, accompanied by t_he 1 :exclusion of background 
!• 
L 
" .. 7 - i: 
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.. 
radiation and reciprocal influence, are ~hef:~by reliably guided to the 

common radiation detector, thereby ~ind:~easing the. precision of 
! ... 
r.· 

measurement. If the radiation sources afe, for example, individual . :.· : : .. 
• i.-" 

lamps that are disposed next to one ariotper In a row in the form of 
. i·' 

(• 
r •• 

a lamp bank, as is the case, for ~x~tr,Jple, with rapid heating . . ;: . . 
; .. · 

apparatus for the thermal treatment Of s~miconductor substrates, 
. ~-· 

the channels are formed in a fan-like fiish/~n in the ~hannel member . '· . ,. 

between the lamps and the com~on ~d~tion source. 
. ~~: 

:· : .. 
:-' 
~;· 
!~. 

Since the lamps are essentially disp~se~ In a row, pursuant to a . r. 
further embodiment of the invention a c~lindrical lens is disposed 

: t 
between the ends of the radiation ch~nnbrs that face the radiation . . : :.· 

;', 

i'· 

detector and the radiation detector, witl{the lens focusing on the . F 
: i' 

radiation detector the radiation of the individual radiation sources . ;,.. 
• I . ;:_. 

that in a fan-like fashion feeds the radiati~n detector. 
. 1· 

t/: 
l~-: 

• j".· 

The inventive radlation measur~men~ apparatus can be used with 
: F. 

I~· 
great advantage in conjunction with ~ rapid heating furnace for the ,. , .. 

thermal treatment of semiconductor $ub~trates. . ., 
. ~ ~ 

i:. 
:•. 
! ~ 
!"'' 

The invention will be explained sub~eqhently with the aid of one 
: j:: 
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-----------·---------· 

preferred embodiment where the radi~tio? measurement apparatus 

is used in conjunction with a rapid h~ating furnace for the thermal 

treatment of semiconductor substrat~s a~d in conjunction with the 
. . 

drawings, which show: 

Fig. 1 a schematic longitudinal sectiopal :~llustration through a rapid 

heating furnace utilizing the inv~ntiYe radiation measurement 

apparatus, 

Fig. 2 a cross-sectional view along t~e lif-te 11-11 in Fig. 1, 

Fig. 3 .an enlarged schematic cross~septional illustration of the 

radiation channel member illu~tra~ed in Figs. 1 and 2, 

·: 
, 

Fig. 4 a cross-sectio.nal illustration ta~en ~long the line IV-lV in Fig. 

3, 

~ : 

Fig. 5 a partial cross-sectional illustr*iOfil of the radiation channel 
: : ... . . 

member looking in the directf~n ~f the narrow side of the . . . . 

radiation channel member tha~ faqes the lamps, and 
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Fig. 6 an enlarged partial illustraticr.n \<?f the radiation channel 
: ~ .: 

member to explain the arientatioh· and arrangement of the . .. . ;: . 

radiation channels relative to ~ la~p. 
. . .. . :· . .. .. . ·: 
: :·· ... . :·· 

Fig. 7 an enlarged partial illustration of~~ region between an outlet 

opening of a radiation chann~I ~.nd a radiation source to . ..· : ;:· 
explain a further exemplary embqt;iirnent of the invention. 

: : ~ 
. :: 

. .. . .. . .: 

The rapid heating furnace illustrated i~ F!9s. 1 and 2 has a housing 
. .. . .. 

1 on the upper and lower inner w~ll qf which are respectively 
.· 

: .. 
mounted a bank 4, 5 of lamps compris(~g a number of individual 

. :. . .: 

tamps or individual lamp tubes 2, 3i wJ~h these banks of lamps . : ... . . :• . . .. 

heating up a semiconductor wafer 6 ~har is disposed in a reaction 

.chamber 7 in the housing 1 between th~;banks 4, 5 of lamps. 
: : : ::. 
~ ~ : . :• . :.· . .. . .. 

The reaction chamber 7 is advantage~u~y essentially comprised of 
. .. 
. ·= 

a material that is essentially transpa,-erit f9r the lamp radiation, and 
:: 
t: 

that is also transparent with respect to t~~ measuring wavelengths 
. ·' 
: :: 

or the measuring wavelength spectTa ~·of the pyrometer or the . :• 
; :·· 

radiation detectors that are used. ·Wi~h quartz glasses and/or . .·· . .. 
. =·· 

sapphire, which have an absorption c~e~cient, averaged over the 

.. 10 - . ~ :· 
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lamp spectru~, of about 0.1 cm·1 to ·O.~p1 cm·\ suitable reaction 
.: ~ 

chambers for rapid heating systems ~~::be constructed where the 
,'. 

:: 

thickness of the reaction chamber waB ean be between 1 mm and 
:·'-
:'.• 

several centimeters, for example 5. c~. Depending upon the 
., 
: .. 

thickness of the reaction chamber waft, the selection of the material 
~.: ... 

can be effected with regard to the abso~tion coefficient. 
·=: 
'• ; ... 

~ ~ 
~: 

Chamber walls having thicknesses in: t~~ range of centimeters are 
;. 

then required in particular if in the reactioh chamber 7 a vacuum (up 

to the ultra-high vacuum) or an overpre~sure is to be generated. . .:: 
, ' 

If the diameter of the reaction chamberfi~. for example, about 300 

mm, then with a quartz glass thickness o~~bout 12 mm to 20 mm an 
. . :': · . . . 

adequate mechanical stability of the chaf;r:iber 7 is achieved, so that 
;. 

this chamber can be evacuated. The~ihickness of the reaction 

chamber wall is designed in conformity·~~h the material of the wall1 
... 

the size of the chamber! and the pressut~ loads. 
~: 
; ,• 

. ~; ... ... 
The tamps are preferably halogen lamp1~· jhe filaments of which at 

.... 
least partially have a helical or coiled ~trHcture. By means of an at 

,. 

least partial helical structure, advantage~~sly a specific predefined 

geometrical and spectral radiation pJi.le of the lamp can be 
·: . 
~ ~ 
.:: 
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achieved. In this connection, the filar:ry~nt of the lamp can, for 

example, alternately include coiled and:·Jhcoiled filament sections . . ·: 
-:: 

The radiation profile (not only the geom~}~cal but also the spectral) 

is in this. case essentially determine~: ~~y the spacing between 
~. 

adjacent coiled filament sections. A fu~~er possibility for defining 
.· ~: . 

the l~mp radiation profile consists. frirLexample, in varying the . : 
density of the filament .structure (for e.X~~ple the coll density) along 

:.:: 

the filament. 
. -. . . :: . ··: 
.. : . 
. ~ : .. 
• -=i 
·. -:: ... 

If the lamp profile is to be controllab·j~i advantageously lamps, 

preferably rod lamps, having a nurnbe~ Ut individually controllable 
: : .. : 

:: 

filaments can be used. Lamps with .c9btrollable lamp profile are 
.··:: .·.· 

particularly advantageous in rapid h·e~}i.ng units for the thermal 
·:.: 

treatment of large~surface substrat~l\ for example 300 mm 
: ·.: 

:-: 

semiconductor wafers, since with the$e j~mps and a suitable lamp ... , . . .:: 
control mechanism a very homogeneou~~temperature profile can be 

. .; . . . . ~ 
achieved along the surface of the suQs~te. As a consequence of 

the superposition ~f the individual radia~iln profiles of the filaments 
·.:: 

. ~ ~: 
there re.suits an overall radiation pr?;file of the lamp that is 

'. :.r: 
controllable over a wide range. In the::Si.mplest case, for example 

'I• . . .... . ·:: 
a halogen lamp, such a lamp include~. ~o filaments, for example 

.;.; 

... : . ~ : 
-12 - : ( 
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each with a helical structure or an at l~a$.t partially coiled structure, 

whereby the coil density and/or the ls~~cing between the coiled 

filament sections of the first filament i~~ses from the flrst end to 

the second end of the lamp, and the c6i)~~ensity and/or the spacing : : ~::: . 

of the coiled element sections t df the seco'nd filament .. ••,,/ 

corresponcfmgly decrease in the reve~rder from the first to the 
~ : ~:.: 

second end of the lamp. The overalll-r~.~iation profile can thus be 
; ~ ~;: 

varied over a wide range by the seledti~:h of the current strength in 

the two filaments. A further possibili~~;f.ir embodying a lamp with 

conlrollable racfration profile consists i~ ~~viding the filament of the 

lamp with at least three electrical coh~~tions, whereby b~tween 
each two connections different oper~u~·. voltages are applied. In 

~ ~ ~j~ 

this way, the filament temperaturJ, ~ ~nd hence the radiation 
~ : :t~: . ·::.:: 

·characteristic of a lamp, can be corltf4(led along sections of the 
. ~ ~~ 

filament. ~(: 
i;}; 
=~~ : ... 
.... 1 

. ~1! 
As an alternative to the previously d~s~r!.~ed lamps, plasma or arc 

: :::: ... 
~ ; ~:;: 

lamps can also be used, whereby here ~.so the radiation profile can 
: : ~1~· 

be controlled. Thus, for example,; t~~ lamp spectrum can be . . . ~·.: .. 
~ i ~:: 

adjusted via the current density fromi:t~~- UV region up to the near 

IITTra~. · 13) Iii 
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From Fig. 2 it caJ be seen that a k~i~r pyrometer 8, which is 

disposed on thJ underside of ~h~~!! housing 1 , measures 
~ :· : : ::· 

electromagnetic rabtation, which is e~~~d and reflected from the 

· wafer 6, via a s~all opening 9 t~~~ if preferably, however not 

necessarily; is fo~ed in the centeri:o.~ ~he wafer 6 that is to be 

~ ~ ~~~~· 
treated in a wall of~he housing. How~v¢r, it is also possible to use 

~ : ~ : ~1 
a plurality of wafer pyrometers that ar~ ~i~posed parallel to the axis 

~ : ~ : :~-

of the lamp. ~ l \: lf: 
: :.·:: 

.: ~ ~ : ;: 
·. : ~ : :;~ 

Apparatus Of the plviously described~ are known, for example, 

from U.S. 5,490, 7J8. Furthermore, ~-J~8 a device is described in 
. ~ : : : ;: 

:• ... :\ 
the non-published pE 197 37 802 A ~n~\~n DE 197 54 386.3 of the 

~ f ~~;~ 
. applicant and havi~g the same filing ~S(e, which in order to avoid 

~ ~ : : E 
repetition are inco~orated by referende1t'1i the extent relevant to the 

; :·~ 

~ ~ : .: ~~ 
present specificatiC?n. ~ · ;! 

:; -: !.: 
~ : . !: 
~ . : :~. 
~ . : : .. 

: : :~· 
~ . : : i~ 

Disposed on the !Jnderside of the ~~d heating furnace is an 
~ ; : !~ 

inventive optical ~iation measurem~~tl~pparatus that comprises 
~ : : : ::: 
~ : : : ;:. 

a pyrometer 10 an~ a channel memb¢r:f1, in which are formed or 
~ . : ~ ; ll 

molded radiation khannels 12, as i.wM'.: be discussed in detail 
~ :. u~ .. . .... 
~ - 14-: j:!;. 



.... 
subsequently with ~he aid of Figs. 3 to 5./ . :: 

) . =~ 
! 
~ . . : ; !i 

As can be seen i~ .Figs. 1 to 51 whe~~ ~iewed in a longitudinal 
. =·· 

~· : : ~;. 

section the chann~l:member 11 has th~l.shape of a fan, which in 
; .·~ 

cross-section is diJc or plate shaped. '.f ~e channel member 11 is 
1 ·. .~ 

disposed in a corre~ponding recess 13 r~[the upper or lower wall of 
~ : . :~ 
·' •• £' 

a housing, and is 'astened to the hou~!99 1. On that side of the 
~ . . ~ : 6 

channel member 1~· facing away from the lamp bank 5 an optical 
. ~. :J 

lens 14, preferably ~·cylinder lens, is disp9sed in such a way that its 

. ; . ~:~~ 
focal point is loca~d at or in the vicinity j9f a position at which the 

axes ~fthe radiatiob channels 13 inters~~~. so that the radiation that 

strikes the optical l~ns 14 enters the p~J~meter 1 O. 
. ~ ~ ; ;~ 

~ : : ::· 
~ : : !': 
~ . . : :: 

.As can be best seeh in Fig. 1, the radia"(idh channels 12 are formed 

or orientated in tht channel member ~ ~ in such a way that the 
r : : r. 

respective filamen~ 15 of the individual :l~~ps 3 lie on the extended 
~ : . :: 

longitudinal axes 1~ of the respective ;~~Hation channel 12. The 
:. : :. 

pyrometer ~ O or i~ optical lens 14 th~~~fore precisely .. sees" the 
~ : . :~ 

respective lamp fiJament 15, as a ~s~lt of which background 
.: . :: 

radiation, which do~s not come from th~ l~mp filament 15, -if at all­

is only a negligibly J,mall percentage of th~ entire light that falls upon 

-

______ ____.i_· -- ); 
. =~ 

- 15 - ' ::. 
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the pyrometer 10. ~ 
.. ~ : 

' 

The channel memijer 11 is shown enlarg, d in Fig. 3. From here, it 
~ ; . r 

can be seen thaJ. the walls of the ~: ~iation channels 12 are 
~ i: t . 
~ : • i 

structured, for exarfiple are provided w~; mall curved portions that 
~ . : : ; 

prevent scattered radiation from reac~~ '.g the pyrometer 10. The . . . 
i: : • { 
• ''I 
:: •• t 

radiation channels 12, with appropriate ~t: cturing, are formed in the 
'I • I 

~ : : : 
channel member 1~ by means of milling i 

:: :·: 

~ ~ : i 
~ : : ~ 
:•. .. : 

Disposed in the ,nity of those ends f~~e radiation channels 12 

that face the pyrometer 10 are respe¢t · e screws 16 that can be 
~ :- f . 

screwed to a greatir or lesser degree i~J the radiation channels 12 
. :! . • ... 

: : ~ 
and thereby alter t~e diameter of the ratl:f '. tion channels 12, so that . ~ .. \ 

t ' . \ 

the. intensity of t~e radiation passi~ ! through the respective 
~ ~ . ; 

radiation channel 12 can be altered a~: '. justed. As a result, it is 
~ : : t 

possible to essen~a.lly set every desir~ · ~relationship between the 
; . : : ~ 

~ : .. ! 

radiation intensiti~ of the Individual ~a· ps 3 that fall upon the 

pyrometer 10. 

:. '• -: ;. 

i.= ~ . 
~ I • . r 
~ 

~ 

Provided that th, lamps respective i ve the same radiation 

intensity, more rad!ation intensity reac~~ 
=: ~ : 

the pyrometer 10 via the 
r: :: 

. 16- : '. 



-------------·---·---

.. : ~ 

radiation channel 1'~ disposed the clo~ ·:t to the central axis 17 of 
~ ~ : ;· 
.. . ' .. 

the channel memb~r 11 than does via t6: ':more outwardly disposed 
: : . : ~ 

radiation channelJ 12. In order to co~ ;.ensate for this, the cross 

sectio~al area of th.~~more inwardly disJ 1 '. ed radiation channels 12 

can be made smal~i by screwing the :s~ ~ws 16 in further, thereby 

balancing the di~e~nt radiation in~~~~ ities that fall upon the 

pyrometer 10. Eve~ desired relationshi~~fthe radiati~n intensities 
~ ~ : ; ; 

relative to one another can also be sefl ·this manner. 

~ t. ~ ~ ; 
; : : : ; : . , 
~ : ~ ~ ~ 

As schematically miltrated in the exem~ ~ry embodiment of Fig. 61 
f ~ ~ : ~ 

the diameters or crr~s-sectional areas~ ~the radiation channe.ls 12 
~ ! : . ~ 

are optimally adap~d to the shape oft~· ~lamps 3 or their elements 
. L ~ ~ ~ 

15, which contrib!Jtes to further red1;( ing the background or 
~ : . .. 

. ~ ~ : : ~ 
scattered radiation J~at falls upon the py~ :meter 10. The orientation .. •. . ... r ~ : : ~ 
of the channel 12 id the channel membe: ;11 or the channel window 

: ~ : . : 
~ ~ . :·: ~ 

in the channel me~qer 11 is pursuant tc?~ ; ig. 6 selected with regard 

to dimensions in ·# a way that the rufient is still disposed within 

the channel windo1 j18 even if the frla~~1: ~ t 15 vib~tes or oscillate~, 

or becomes deforrrted for example dunn · ~he heating process. This 
~ : : . ~ 
:". . .. 

ensures that the light intensity that falls h : on the lamp pyrometer 1 O 
:=: : . 

is not altered by Jdscillations, vibratib' or deformations of the 
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filament 15, and th~ ~easurements anJ ;~recision of measurements 
: ,. ~ 1 
. , : i 

are not adversely ~ffected. \ : ! . : . i 
.:~: _;: . . ; 
.- :· ': 

'. 
-:·: : t 

~ : : : j 
~ l . ! : l 
= ~ . . i 

In general, the radiation sources and/.oi the radiation channels are 
~ ; ~ : i 

preferably dispose~\ in such a way th~~~he lamp pyrometer signal 

results from a lamp~Jrfilament section ~~Jt is free of filament holding 

mechanisms or ~means that adv~~ affect the radiation flux 
' ~ ~ . . : : i 

:: : :· 1 

or the temperature·bf the filament or lamp portion observed through 
·,:; i ~ : i 

• • i 

the radiation chanrl~ls. ~ : j 
~ \ . : : : 
~ ~ : : : 
~; . J 
i:: •. : 

Whereas the Jam~\ pyrometer 10 h~~ optical lenses 14 with 
~ : : . ~ 
~ i : : ~ 

cylindrical lenses, t~e wafer pyrometer; ~ can be provided with a 
. ~ ·~ ~ ~ ; . 

round lens, a cylinf1fical lens or other -~~ns-like means (e.g. zone 
~ : . . : ! 

ptates, Fresnel len~~s), whereby the ~~ns can be correlated in 
~ ~ ! : i 
) l •• ( 

conformity with the~r~diation geometr}i ~fa lens. It is, for example, 
~ ~ . : : ~ 

for a lamp bank a{ parallel rod lamps; ~dvantageous to utilize a 
~ ·~ ; : ! 

cylinder lens with a~ylinder axis orienta~p parallel to the lamps. In 
! ~ : : ~ 

. general, in this wa~ ~as large a space ~ possible. and hence for 
: ~ • : t 
~ ~ . ' 

example a hemisph~tical reflection of tb~;~afer 61 is measu~ed In an 
~ ~ ; : ~ 

as unlimited a fash~n as possible. :~ ! 
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~ : ~ . il 

Fig. 7 shows a f~~her exemplary eri,bodiment of the present .. . . .. 
~ f· ~ : Ii 

invention wherein am intermediate element 20, such as a quartz or 

j 1 l :·11 
sapphire rod, whic~iextends the radiation channel 12, is disposed 

. L ~ ~ il 
between the exit o~~ning of the radiati~n! channel 12 and the lamp 

~} ~~~~ . 
(I ''iJ 

3. The purpose of~}iis element 20 is to e~end the radiation channel 

~i ~;ii 
to just before the lrpip, whereby the lPilP between the end of the 

~ ~ : : ~~ 
element and the latnp is of the order of pmly a few millimeters. This n i;!! . 
prevents that flo~ ~urbulence that c~o!l occur between the exit 

~ ~ : : ;1 

opening of the res~~ctive channel 12 ~J.d the associated lamp 3 

~ ~ '.dl 
generate fluctuatiop~ in intensity durif'!S t~e measurement process. 

I I ~ l ll 
l ~ ; : ~ 

Although the exten)ion element 20 is iflµ~trated as a rod, it is also 
. : : '· :: 

~ ; : : ~l 
possible to dispos~ ~ single quartz eleJT;l~nt over the entire range of 

:;: ~ t • ~1 ( ; . u 
the fan between t~ wall of the housfri.Qliand the lamps. It is also 

~ ~ : : !~ 
possible to extend ~~e fans to shortly b~re the lamps. 

! 1 ·:I 
The present inverl_tiPn has in the aforS,going been described in 

~ i : ; ~1 
conjunction with op~ preferred exemP:J~ry embodiment. To one 

i .: : : ;i 

skilled in the art a htimber of rnodificaiid~s and embodiments are 
~ ~ ; : ~i 

possible without dey(ating from the inventl\!e concept. For example, 
:=: :·Ii 

the use of the inverre optical radiatlo1 f asurement apparatus is 

; : ::11 
~~ ~19- ;'ii 



~ : '. 
not limited to rapid heating systems for: the thermal treatment of '. 

~ : . 

wafers. Depending L~on the arrangemen~. forms and embodiments 
} ; ... 
~ ! ·. 

of the radiation so~r~es, other channel. m.ember shapes in addition 
i: . 

to fan shapes are l~assible. In additl~n~. the configuration of the 
::. I • 

radiation channel~ ~4 is not limited ·to. ~he specific embodiment 
~ : .. 

illustrated in Fig. 3~ t .. 
~ ! 
:: ! 

ii ii ii~ 
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4. 
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; ; 
~ : Patent Claims : 
~ ~ 

~ l 
~ : . : 
~ : . . 

Optical app~r~tus with at least one:;radiation detector (10) for 
~ ; 

measuring ~electromagnetic radiation emitted from at least 

two radiatio~ iources (3), chara~t~~zed by separate radiation 
:: : : 
~ : 

channels (1~ formed in a chanhel member (11) for the 
~ . . 
~ ; . :. 

. radiation p~~ between the radi8fion sources (3) and the 
~ ~ . 
~ : . : 

radiation de~ector (10) that is Jn ~ommon for the radiation 
~ . 
~ : sources. , 
~ • 
~ 
~ 
~ 

Apparatus ~dcording to claim 1 ,. :characterized in that the 
~· l • l ! .. 

·radiation c~nnel (12) has a. cross-sectional shape that ' : . : -: . .. 
correspond~ fo the shape of the radiation source (3). 

I ! . '. . 
r • 

Apparatus a..lborcting to claim 1 ·or 2, characterized in that the . . . 
~ ~ . : 

radiation ctj~nnel (12) has a c~ss-sectiona~ shape that 
; : . '. s : .. 

permits a r~~iation passage to the radiation detector (10) 
~ i : 
.: ; I 

even when ft1e.radiation source(~) deviates from the ideal 
' l . 

position. ~ j 
j i 
~ ~ ·:;: 
' . 
~ : 

Apparatus ~ccording to one .·of the claims 1 to 3, 
If: 

~ ~ 
~ : 
:i: -21 -, . 
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5. 

6. 

7. 

8. 

I 1111111 IJlllf llllf If If I ~ f HJ 
* C L M S * 

characterized :in that at least one wall of the radiation channel 
~ ~ . 

(12) is struc1Jred. 
1: 
-; : 

; ~ 

H 
~ ; 

Apparatus ?ccording to one of. the preceding claims, 
;. : 
~ : 

characteriz~ in that the radiation:channel (12) has at least 
~ ; .. 

one mecharii~m ( 16) that alters the cross~sectional area of 
j j . : 

the radiatio~ fhannel (12). 
:: ~ 

r ~ 
~ ~ .· 

Apparatus Jdcording to claim ·s. :characterized in that the 
~ : 
J. •• 

mechanism ~ i 6) that can vary the ~ross-sectional area of the 

radiation cHsnnel (12) comp~ises a screw that can be 
~ { : 
>. • 

screwed int~ tthe radiation chann.el (12) transverse to the 
~ ; . 

o ~ ! I 

·direction of f.adiation. 
~ ~ , : 
~ : 
~ ; 

~ ~ 
Apparatus .~~cording to one. of: the preceding claims, 

; : 
I• 
:i:. • 

characteriz~~ in that a pluralify of.radiation sources (3) are 
L · .. 

disposed n~ to one another and :the channel member (11) 
~ ~ . : 

for each· r~~iation source (3} .has a separate radiation 

channel (1~); that is directed t~ the common radiation 
.: : 

detector (1~J 
~ : 
?. : 
~ ~ 

J t 

Apparatus ~bcording to one of the preceding claims, 
1. 
i ~ ' . . ·. 

-22-
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9. 

10. 

11. 

12. 

* C L N S * 

characterize~; in that the chartnei: member (11}, with the 
~ ~ . : . 
~ '• . 

radiation ch~~nel or channels ( 12): extends to the radiation 
~ .: .. 
~ i . 

source or squ,rces (3). 
~ ; 
~ : 
~ ~ 
I ~ 
~ 1 .. 

Apparatus i according to one . of the preceding claims, 

characterizeb~by at least one light ~ransmissive intermediate 
~- i .. 

element (2o}·ihat extends the r:adi~ion channel (12) and is . ~ : .. 
~ ~ . . .. 

disposed b#een at least one.o~let opening of a radiation 
. ~ i ' 

channel (12l ~nd an associated .r~~iation source (3). 
'' ~ ~ : : 

~ \ 

Apparatus iicording to claim ~. characterized by an 
~ : 
~ : ; 

intermediatS..element that in cor:nrnon extends a plurality of 

·~diation ·chl~nels (12). :. 
~ ~ 
~ . ! 
~ ~ 
! ! 

Apparatus according to one of: the claims 9 or 10, 
~ i , : 

characterize!~ in that the interm~piate element (20) is a . : 
; ' . i ; : 

quartz or sapphire element. 
! : 
~ ' ~ ; 

~ l 
Apparatus bbcording to one . o,f the claims 7 to 11, 

· characterizJd in that the radiation !sources (3) are individuaf 
; : . ;1 
) \ .. 5 ; . .. 

lamps that ~(e disposed next to qne another in a row as a 
t !. 
(: . 

lamp bank(~~ 5), and in that the ~diation channels (12) are 
~ .:. .. 
j ~ : 

~ ~ . : 
~ ~ - 23 -
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13. 

14. 

15. 

16. 
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formed in ~l f,an-like fashion ii"! s~id channel member (11) 
.,; : 

between sal~ lamps (3) and a common radiation detector 
... : 

(10). 

Apparatus.'.rfcording to on~ . ~ the claims 7 to 12. 

character~~d in that the relationship of the radiation of the 
: ~ ~ : 

respective .tamps (3) striking . the radiation detector (1 O) 
·! . . 

i • • 
I • • 
I • 

relative to ohe another can be adjusted by the mechanism 

(16) that c~~ ~lter the cross-secti~al area of the respective . . ~ : : . . . . 
radiation ch~·~nel (12). · : 

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

Apparatus. :~¢ording to one· of the preceding claims, 

·~haracterizJdj in that a cylindrical lens (14) is disposed 
·: . . . 

J ~ : • 

between ~d,s~ ends of the radiiati~n channels (14) that face 

the radiati~~ ~etector (10) and th~ radiation detector (10). 
; . . 
; . . 
! ! . ~ . 

Apparatus:.:J~ccording to one :the preceding claims, 
I ' ... 

characteri~d] by the use in conj~rlction with a rapid heating 
~ ; . 

system fo~ jthe thermal treat~ent of semiconductor 
•: . . 

substrates. 

. . . 

Apparatus·*~bording to claim 15,:characterized in that the . . : . 
:·: 
; . 

iiiiiir 
-24-
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thermal tie~~ent of the semicon~Lictor substrates is effected 
; . ~ .! . 

· within a ~re~~ion chamber th~t :essentially comprises a 

material t~~t i~ transparent for t~e ~electromagnetic radiation 
'. .11 : 

of the r~dif1~1on sources and .. for the spectrum of the 
. ; i ~ . : 

• f : • 

measureineM wavelengths ot the radiation detectors. 
~ .. i. i . 
~· . ~ l 1 

17. Apparatu~.Jcbording to claim 16.:characterized in that the 
: i ~ : : . 

transpar~.nfh{.aterial comprises qu~rtz glass and/or sapphire. 
. : i ~ . 
: : . ~ ·~· .. : : 
:· .. ; ~ 
•. ·:;. 

18. Apparatu~ ab~ording to claim 17 ·o·r 16, characterized in that 

the mate~~J h~s an absorption -~~e~cient, averaged over the 
~ . ~ ~- . ~ 

lamp speptd.Jm, between 0.001· crr.r1 and 0.1 cm·1• 

:. . :1.1 . .. : 
:. ! ! 

19. Apparat~.'~~cording to one of the claims 16 to 18, 
; : r ~ . = 

. charactef:izE1'd·~in that the thickn~ss~ of the wall of the reaction 
• z I • 

chamber\is :~~een 1 mm an~ 5 ~m. 
' . . : .. 
! i 

.: .; I 
:' ·: : 
' '! : 
,, : J 

· 20. Apparatus : !a.~cording to one d.f the claims 1 to 19, 
~ .. i ; 

characte~iz~dj in that the radiatiro~ $ources comprise at least 
:: . j : . ~ 

one filament 1 having an at least partially coiled filament 
: :. i'; : : 

I :• . 

structure; ! 
.f 
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21. 

22. 

23. 

24. 

25. 

I fllflll 111111111111111 ~ 1111 
* C L K S * 

,;: : · 1 . 
. · : : 

: :; ; t: : 
Apparatu~ .jjording to claim.~·' characterized in that by 

means o~ th~~tilament structur~ ~r the lamps1 a predefined 

geome4i~~d spectral radi~n .proflled can be achieved. 

i : 11 ; . 
~ . ; : : . 

Apparatuf :,trding to claim 2(_characl.erized in that the 

filament if~fl radiation source~ 1r:prises aft~mating coiled 

· and non cot~ filament structures; 
i : i ~ I: . ; I =. : •• 

Apparank :lLrding to one Ll. the claims 21 to 22, 

character;~~Jd! in that the radi~JiJn sourc~ comprises two : ·.;.; · 1· : 
. ; i : : ,: : 

. individua!Jy ~cqntrollable filaments:: 

1 ·:1.·l . 1
) 

Apparat$ -~Lording to one· iif the claims 20 to 23, 

chara~H1 in t~at at least o~frament has at least three 

electrical'.:CQtl\leCtlons. : r : . 
~ .1 : . . ... : 

~.:11 ·:·: 
.Apparat~ i~bcording · to one lot the preceding claims, •, •; ! I'•' 

charact&H1 in that the radial+ source comprises at least 

one haloge~ (amp. Vi ~ 
: . i ~ II: .. 
: '1 : ••• 

~ .. ! . i 
.· ·; ': . : : 

This Sh 
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26. 

27. 

28. 
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Apparatu~: ·~~?cording to one; ot the claims 20 to 25, 
·.; : :-

characteJ.~~~! in that the de~~it~_:of at l~ast one filament 

structure ~t~~~s along the fila ; j ~t. . 
~:: .. ;. ;1 · i :. . 

AppaJ : Lrding to on~ :~ the claims 1 to 19, 

characteJW~~in that the radiafr!;> _::source comprises at least 

one arc 1J~~~ ~ l ~< . . 
'.~: .::- :l ; ·1 '.: 

."1 :1: : '.>1 l : .. 
Apparatti$ -~~~cording to onel bf the preceding claims, 

:":: .. : .1 ··. 

characte~~in that by arran~jS.the radiation source and 

the radia~~o~ jtliannel relative;tr~ne another the radiation 

·<letec~or ~~?,~rates a signal t~~1~)s free of infl~ences from 

filanient ff rg mechanisms *fer means that adversely 

affect th~; ;r~djation flux or the. r~~~ation temperature of the 
::~· ;: :~ . i f ::-. 

radiation ~~~ice. ~ l Ii·~:. 

,.: . 
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