' 20NO 2003 5 10 15 20 APPARATUS AND METHOD FOR THE THERVAL TREATMENT g]ﬁ NOV 2003
SUBSTRATES The present invention relates to an apparatus and a netho f(gr
the thermal treatnment of substrates, especially sem conductor wafers,
‘including at |east one heating device for heating at | east one substrate
by neans of el ectromagnetic radiation, whereby the heating device includes
at least two arc |anps. An apparatus of the aforenentioned type is known,
for exanple, from US-A-4,698, 486, according to which a sem conductor wafer
that is |ocat eAPRARATLIS IAND MEBHOD FOR THE THERMAESREADMENT OF
arrangenment of quartz hal ogen | anpsSUNSTRATES waf er has reached a certain
tenperature, an additional |anp arrangenent, nanely a high-power pul sed
| anp arrangenent, is used for heating the wafer. The pulsed [|anp

arrangenment is psed only, for i.qd I ITE, r rface
te rature of frﬂ% RIgpet 1rgepﬁ?§2§faﬁ%£z<5 tag}rsgi’ﬂ{#j'p% qrwqgh'@%y}%c‘qﬁ?rt@%of t he
nelting point of the sem conductor material. Duye. to the short periods of
use of the pul sbgrmahpseatmeant; ebfatbstrates, oespe@aliarsamiceaductor ywa by the
pul sed lanps only in the region of the wafer surface, which leads to a
non- honogeneousinthudireg at igast dnsthedingi device farhadtingt 3t leRskene stibstatenaf er .
The quartz hal ogen | anps, as well as

by means of electromagnetic radiation, whereby the heating device

includes at least two arc lamps.

10
An apparatus of the aforementioned type is known, for example, from
US-A-4,698,486, according to which a semiconductor wafer that is
located in a reaction chamber is initially heated by an arrangement of
quartz halogen lamps. After the wafer has reached a certain

15 temperature, an additional lamp arrangement, namely a high-power
pulsed lamp arrangement, is used for heating the wafer. The pulsed
lamp arrangement is used only for a short period of time, whereby the
surface temperature of the wafer is raised to a temperature in the
vicinity of the melting point of the semiconductor material. Due to the

20 short periods of use of the pulsed lamps, the temperature of the wafer
is influenced by the pulsed lamps only in the region of the wafer
surface, which leads to a non-homogeneous temperature distribution
over the thickness of the wafer. The quartz halogen lamps, as well as

the pulsed lamps, are disposed in a highly reflective chamber that

1
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. the,pul sed | anps, are disposed in a highly reflective chanber that 1

Literal translation of PCTJEP00103665- Heinrich Walk et ai- STEAG - AZ)NGY4003
2 0 NOv 2003 5 10 15 20 surrounds the reaction chanmber and that is built up
in the formof a kaleidoscope. In order to achi eve a honbgeneous

tenperature distribution on the surface of the wafer in the reaction
chanber, it is inportant with this known apparatus that the spacing

between the respective | anps and the surface of the wafer be greater than

o 3 €8st CUgohd Bt SLATRIPERSHED SoCTaE 4 oA SBAP e, 1oHiP of RRCT N9

bet ween the respectiive lanps and surtace, lcular wth an
apparatus that js suitable for heating both sides of the water, leads to a
| arge overal | sf3gidoscepe ap'ﬁaroég?fs.mv@f‘h'eﬁ’ﬁeaev MQgeNeoys; tRMpakatyre

di ameters, such as for exang‘l_}e 300mm wafers, it is therefore necessary to
have a very | ardjistribeftioacon \he chwiiaser of the wafereiadther ceantign chamberadt i i ng
and nmai nt enance costs of the apparatus. From US- A-4, 398,094 as well as

US- A- 5, 336, 641 kgsareniti with athigiigiown appardtosvihat ahet fieadimg rivetivebnetenent  of
sem conductor wafers, according to which in each case an individual arc

| anps having a ”?ési:%ﬁtiv%?aﬁ\é@darﬂf thd'suheak @fot‘ﬁ%C\‘?daf%hﬁe ?’rﬁaﬂeﬁ”’fﬁén Yssegh as the
heat " source are ereby general 'y high-power arc | anp avi ng an expensive
least equal to the diameter of the reflective chamber. The spacing
between the respective lamps and the wafer surface, in particular with
an apparatus that is suitable for heating both sides of the wafer, leads
to a large overall size of the apparatus. With the ever increasing wafer
10 diaméters, such as for example 300mm wafers, it is therefore

necessary to have a very large reflective chamber, which leads to high

manufacturing and maintenance costs of the apparatus.

From US-A-4,398,094 as well as US-A-5,336,641 respective apparatus
15 are known for the thermal treatment of semiconductor wafers,
according to which in each case an individual arc lamp having a mirror
is used as the heat source. The arc lamps used as the heat source are
thereby generally high-power arc lamps having an expensive
construction and a complicated cooling device. Due to the use of an
20 individual lamp, it is not possible to achieve a homogeneous thermal

treatment of the wafer.

2
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. -construction and a conplicated cooling device. Due to the use of an
‘individual lanp, it is not possible to achi eve a honbgeneous t her nal
treatment of the wafer. 2 Literal translation of PCTI EP40103665- HeizrngO(yhzum
‘Wl k et al- STEAG -AZ. 2974 2 0 N OV 2003 5 10 15 20 From DD- A-295950 it is
furthermore known to use UV radiating systems having varying
configurations in conmbination with glow lanps for the thermal treatment of
sem conductor wafers. In this connection, a netallic vapor, |ow pressure

WV source is USE%rhhbﬁig%%%g{ejsom%erﬂPﬁzé g,gtcjjv{,ﬁa{at luset UV headepi?! |

radi ati on density of 1 evi ce. ect of the UV radiation
systemis not the actual .heating of the fer but. rather.,.t r tion of
phot ocheni cal r@é{-'"é?'inéﬁréa‘f'ﬂg d’@ﬂ'aﬂ(ﬁop ﬂ“ﬁﬂ\ﬁgﬁs g ﬁgpﬂﬁ'ﬂﬂprhﬁvt'ﬁhv@(ﬁgﬁla%cesses
via the U/ irradiation. Myst of the presently commercially available

appar atus for tfos thednemnal treatmentof semicendiicten wafans, Ilﬂiéisé&'m%?'?@l y gl ow

| anps for the thernmal treatnment of sem conductor wafers. However, these

| anps have the adhaiRCkapdralovi-peessatie A1V sourde ishesegl thatlcampribltes only very
slightly absorbed at wafer tenperatures bel ow 600C. This is due to the

characteristic : f ' i about
oot e ot o DR e ST aer ) of i hegh uatice e
object of the UV radiation system is not the actual heating of the wafer,
but rather the promotion of photochemical reactions in conjunction with

thermally activated processes via the UV irradiation.

10 Most of the presently commercially available apparatus for the thermal
treatment of substrates utilize exclusively glow lamps for the thermal
treatment of semiconductor wafers. However, these lamps have the
drawback that the radiation of the giow lamps is only very slightly
absorbed at wafer temperatures below 600°C. This is due to the

15 characteristic spectrum of the glow lamps, which at wave lengths of
about 1000nm is at its maximum. The rate of absorption of an Si
semiconductor substrate is, however, for wave lengths in this range
greatly dependent upon temperature and varies from about 0.1 to 0.7,
Only at temperatures of more than 600°C is the rate of absorption in

20 this wave length range nearly independent of wave length. The result
of this is that the energy of the glow lamps can be effectively absorbed

only at a wafer temperature of greater than about 600°C.

3
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' *'sem conduct or substrate is, however, for wave lengths in this range

'great|y dependent upon tenperature and varies fromabout 0.1 to 0.7. ZHNQV 2003
at tenperatures of nore than 600C is the rate of absorption in this wave

‘Il ength range nearly independent of wave | ength. The result of this is that
the energy of the glow | anps can be effectively absorbed only at a wafer
tenperature of greater than about 600C. 3 Literal translation of
PCT) EPOQ' 03665- Heinrich Walk et al- STEAG - AZ. 2974 2 0 NOV 2003 5 10 15
20 Proceeding fromthe known apparatus, it is an object of the present
I nvention to provide an apparatus of the aforenentioned type that enables

ffecti ' i :
an effective ccnashg AnNABIGRAAPUDILPALERI I 870ER8Y ohepRIhE!

Pursuant to the present”invention, _ ect is realfzed wth™an o
For “each arc | aRYelRToE PRATEE A TRpdlahis;bf 18 #P"eRebifoed WHEHEL “ana”
in that the electromgnetic radiation of the arc |anps contribute
substantial |y t nahiespaneifegtiye eeQnemiaal @ndeheppgeneeiethermaldreatiment of t he
heati ng device. The use of arc |anps, which contribute significantly to
t he power densi bfsolbsttates. el ectromagneti c radi ati on of the heating device,
has t he advant age t hat
Pursuant to the present invention, this object is realized with an
apparatus of the aforementioned type in that the radiation
characteristics for each arc lamp can be individually controlled by a
10 control device, and in that the electromagnetic radiation of the arc
lamps contribute substantially to the power density of the
electromagnetic radiation of the heating device. The use of arc lamps,
which contribute significantly to the power density of the
electromagnetic radiation of the heating device, has the advantage that
15 these lamps radiate in a spectral range in which, for example Si wafers,
have the highest absorption, and in particular already at room
temperature. Thus, as a result of the arc lamps an effective heating in
particular of semiconductor wafers is possible even at room
temperatures. Due to the possibility of an individual control of the arc
20 lamps, the spatial radiation field of the lamps can be established, which

enables a homogeneous radiation distribution and thus a

homogeneous temperature distribution upon the wafer surface. Due to
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'“these lanps radiate in a spectral range in which, for exanple Si wafezrus
"have-. t he hi ghest absorption, and in particular already at room ROV 2003
tenperature. Thus, as a result of the arc |anps an effective heating in
‘particular of sem conductor wafers is possible even at room tenperatures.
Due to the possibility of an individual control of the arc |anps, the
spatial radiation field of the | anps can be established, which enables a
honogeneous radi ation distribution and thus a honpgeneous tenperature

di stribution upte alsittyvefset thespatial rabiationofield Linkechierting devitatinoldivg
PCTI EPOOI 03665- Heinrich Walk et al- STEAG - AZ.2974 2 0 NOV 2003 5 10 15

20 the ability f g,%tlahgﬁciﬁﬁgwdswﬁoam ) \flﬁ:ﬁltg of the snseﬂratﬁgthﬁ?w o

including the arc la I'sposed Int icinity of the substrate
that is to be treat d and, i.t .i S _not_necess ryto mai n

spacing  bet wedif {FeARaciiiy it el aeEFRY dob el m%efﬁﬁﬁiakw. :
prescribed by the dianeter of the treatnent apparatus, in order to be able

to carry out a betmegendaashealing rdgvice rand ribat substrate; axbich, spaeingoifer al |
size of the apparatus, and the cost connected therewith, can be

consfder abl y r epheserdbeddry the dipnietal oﬁdim)ﬁmatmenbappamtmsadhamﬂden to be

characteristics of the apparatus to the process conditions, especially to

the substrate ti@ik tbscarry out a homogeneous substrate treatment. As a result, the
overall size of the apparatus, and the cost connected therewith, can be

considerably reduced.

10 For an optimal adaptation of the radiation characteristics of the
apparatus to the process conditions, especially to the substrate that is
to be treated, the operating mode and/or the lamp current of the arc
lamps is advantageously individually controliable. The arc lamps are
advantageously controllable in a direct current operation and/or in a

15 pulsed manner as flash or pulsed lamps. For an effective use of the
arc lamps, these contribute at least 1/10 to the power density of the
heating device. For a good, effective cooling of the arc lamps, these
are preferably fluid cooled. As a result of a good cooling of the arc
lamps, their life expectancy can be extended considerably.

20
In order to achieve a good, homogeneous temperature distribution on

the substrate that is to be treated, the gas or glow discharge zone of

5
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to be treated, the operating node and/or the lanp current of the arc | anps
I s advant ageously individually controllable. The arc | anps are

advant ageously controllable in a direct current operation and/or hp v 2003
pul sed manner as flash or pulsed | anps. For an effective use of the g

| anps, these contribute at least 1/10 to the power density of the heating
devi ce. For a good, effective cooling of the arc |anps, these are

preferably fluid %};H r nps,
their life expectg%gépéglgrﬁee%i tda(gcsgﬁgﬂ%gﬂtabfaﬁ%ﬂﬁ p%gugscthétg\/e a
good, honpbgeneous te ure di striputi rate that to be
Sreat ed.the gas_ SHCRIZm At Sdigs Jenalher She slamelet ol tha Rubatiale. oft 1

PCTI EP00103665- Heinrich Walk et al - STEAG -AZ.2974 2 0 h[N 2003 5 10 15 20
the arc | anps cor peefpeahly langssthamthgdimensien abthel sbstiate.he Thatase famps

such as the edge length or the dianeter of the substrate. It is preferably

| onger than the darepsefarabfy disposetidnithé eegibreofithe batgrperipheeryraff eiabl y
di sposed in the region of the outer periphery of the substrate in order to

besabl e to easilysgp8ifdte ih rdé?%ebﬁtéﬁlﬁ tode 811y lRehitd] the ttEhﬁ)éFa?@re Arc

| anps are particularly suitable int regi on,” because they have a rapid

response char act eifibfiion i thi*arés ARY'1GRoR" %Feerp%b By SithBIE iR i ™PS

having at |east t

region, because they have a rapid response characteristic.

The heating device preferably has a bank of lamps having at least two
10 rod-shaped lamps that are disposed nearly parallel to one another. In
this connection, the lamps of the bank of lamps have, preferably in
addition to the arc lamps, glow lamps that enable an economical
heating of the substrates. Pursuant to one specific embodiment of the
invention, the glow lamps and the arc lamps have essentially the same
15 dimensions so that they can be interchanged in order to be able to
specifically adapt the radiation characteristics within the apparatus to
the respective substrate or the respective thermal process. The glow
lamps and the arc lamps advantageously have essentially the same
lamp power, so that ‘the same cooling system can be utilized for the
20 lamps.  For an increased effectiveness of the apparatus, the heating
device is surrounded by a chamber that at least in sections reflects the

electromagnetic radiation, so that radiation of the lamps that is not



+ -rod-shaped | anps that are disposed nearly parallel to one anot her.cz[r_me a3

connection, the [anps of the bank of |anps have, preferably in ad
the arc | anps, glow | anps that enable an econom cal heating of the
substrates. Pursuant to one specific enbodi nent of the invention, the glow
| anps and the arc | anps have essentially the sane dinensions so that they
can be interchanged in order to be able to specifically adapt the

radi ati on characteristics within the apparatus to the respective substrate
or the respect idil‘éctétﬁdrfébtlyOUFcﬁ?ehe stbstrateois reflacted wpoh theesuibstratanygs

advant ageously have essentially the sanme |anp power, so that the sane

cooling syst emtﬁﬁnﬁgﬁnéﬂtidni Kl §ﬁct?%qereﬂééﬁm§ cobfficiet b ahamber is
e appar atus, the

ef fectiveness of 't ara eating device is surrounded by a

chanmber that at |egast, in sectigns reflect.s the r qpet L, c hation,
so that radiat i%ﬁ%?blb’hgepﬁ &t RPN Egﬁ'g'?%n’z %8%@28@%2816 ?[é@h
directed directly upon the substrate is reflected upon the substrate. In
this connecti orspectial gashiatiom distrdyutiony yeen thesubsliatasustacendn Ahis
preferably dependent upon position in order to achieve a certain spectral
radisati on di st rii Bupossibleponptevents tivs thAradistion af éhe |arcgampsciipay beingt i s
possible to prevent the UV radiation of the arc lanps frombeing reflected

upon certain regheRedaipdEeRsiATehIR e slibsrate tiratadd het face the arc

tion to

lamps.

In order to reduce the overall size of the apparatus, the spacing of the
10 heating device relative to the surface of the substrate is preferably less
than the diameter of a reaction chamber. In this connection, the ratio

between spacing and diameter is advantageously less than 0.5.

Pursuant to a particularly preferred specific embodiment of the
15 invention, the radiation characteristics of the electromagnetic radiation
of the heating device can be modulated, as a result of which a good
possibility of determining the temperature of the wafer is provided. In
this connection, it is an advantage of the arc lamps that they can be
operated with considerably higher modulation frequencies than is true
20 for halogen lamps. As a result, the temperature of the object,
especially during the temperature fluctuations, can be determined more

precisely and with simpler evaluation electronics.
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--lanps. In order to reduce the overall size of the apparatus, the spacin
‘the _heating device relative to the surface of the substrate is preféﬂﬁh
|l ess than the dianmeter of a reaction chanber. In this connection, the

‘ratio between spacing and dianeter is advantageously |ess than 0.5.
Pursuant to a particularly preferred specific enbodi mrent of the invention,
the radiation characteristics of the el ectronagnetic radiation of the
heati ng device can be nodul ated, as a result of which a good possibility
of determ ning the tenperature of the wafer is provided. In this
connection, it is an advantage of the arc |lanps that they can be operated

W th considera i | at i | ' : ogen
amps. As ar osiie Neatab B, haBE s SPHERAETE hVaMdaBol bl Hishatied R °F1
tenperature fluctuations, can be determ ned nore. prec|sely an i th

si npl er eval uat? d1easlyek@MEALESOUS; AGpgiagte m%am?&ﬂ?%ﬁ BTe Mﬁ? @&%"0%%65-
Heinrich Walk et al- STEAG - AZ. 2974 2 0 NOV 2003 5 10 15 20 The heating
devi ce and/ or twhichykasieast én itise aiirtyt ofgthelanicylatipspoedel have aacomaengnt
honbgeneous, adjustable magnetic field, the lines of flux of which, at

leas§ in the vigighihkierffs édseniafly lparalleine dpe ki is: ofiehé art lwhpsxt ends
essentially parallel to the arc discharge of the arc | anps.

A modulation of the lamps can be effected by the magnetic field.

of
W, 2003

Furthermore, by means of the magnetic field a significant influence can
be had upon the life expectancy of the arc lamps, since the rate of
erosion of the anode can be positively reduced. In this connection, the
10 magnetic flux density of the magnetic field is advantageously between

0.005 and 0.3 tesla.

For a thermal treatment on both sides of the substrate, the apparatus
preferably has a second heating device, whereby the substrate is

15 disposed between the heating devices.

The apparatus advantageously has a reaction chamber that essentially
surrounds the substrate and is nearly transparent for the
electromagnetic radiation of the heating device, the reaction chamber
20 advantageously being provided with quartz glass and/or sapphire. The
reaction chamber material advantageously has an absorption

coefficient, averaged over the spectrum of the electromagnetic

8

Literal translation of PCT/EPO(/03665- Heinrich Walk et al- STEAG ~ AZ.2974



A nodul ati on of the |anps can be effected by the magnetic field.
Furt hernore, by neans of the magnetic field a significant influence can be

had upon the |ife expectancy of the arc | anps, since the rate of Fﬁﬁﬁ\{?ﬂ;ﬂfi
of the anode can be positively reduced. In this connection, the mnagne

flux density of the magnetic field is advantageously between 0.005 and 0.3
tesla. For a thermal treatnent on both sides of the substrate, the
apparatus preferably has a se heati ng, devi ce, , whereby the, substrate is
di sposed bet we&FAigh ,h@ﬂwe@d@@ﬁgegerwq@maﬁ% hdv REF RIHiRgtpr-nddes
reaction chanber that essentially surrounds the substrate and is nearly

t ranspar ent f othickressebtdhe ovalhpétthe readiien ichamifertinepreferabiyy babveare onehe
reaction chanber advantageously being provided with quartz gl ass and/ or

sapphire. The npiigiasstepand fieglkentinmitersi al advant ageously has an absorption
coefficient, averaged over the spectrumof the electromagnetic 8 Literal
transl ati on of PCTI EP00103665- Heinrich Walk et ai- STEAG - AZ. 2974 2 0 Nov
2003 5 10 15 20 radi ation, between 0.001 per centineter and 0.1 per

CoBl et e TR ke Shelabd ShhoPh APBokFREM, B PR BRSEnt

invention, the glow lamps at least partially have a helical filament
structure with which preferably a predefined geometrical and spectral
radiation profile can be achieved. For this purpose, the filament
preferably alternatingly has helical and non-helical filament structures.

10 Pursuant to a further, preferred specific embodiment of the invention, at
least one glow lamp has at least two individually controllable filaments.
Preferably at least one filament of a glow lamp has at least three
electrical connections. The density of at least one filament structure
preferably varies along the filament.

15
Pursuant to a preferred specific embodiment of the invention, the
reaction chamber and/or the lamp bodies form a frequency filter for at
least one wave length range of the electromagnetic radiation of the
heating device in order to determine within this spectrum the radiation reflected
from the wafer and hence to determine the temperature, whereby the lamp

20 is suppressed by the filter effect. Such a frequency filter can be achieved,

for example, in that synthetic quartz is



--Pursuant to one preferred specific enbodi nent of the present inventim 2003
‘the glow | anps at |east partially have a helical fil anment structure2 ‘W

whi ch preferably a predefined geonetrical and spectral

radi ation profile

-can be achieved. For this purpose, the filanent preferably alternatingly
has helical and non-helical filanment structures. Pursuant to a further,
preferred specific enbodi nent of the invention, at |east one glow | anp has
at least two individually controllable filanents. Preferably at |east one

filament of a glQueldModfe Aol diibd HRE fusds Qudrilis cUleael! fSthelhe

density of at |east one filament structure preferably varies along the

react i on’ chamba e AN ANEST ot/ JeLE et Al ot Aqtenbsnex Ftef Sgi e '

| east one wave Iength range of the electromagnetic radiation of the heating

device in orderadd
fromthe wafer and hence to determ ne the tenperature,

ieeally flueneed hyrtherselecinsot the temaperatirg: $fdheriampect ed

whereby the lanmp is

suppressed by thedy.i |Iheparitliactat |6ucterapénaburesriby ihtrinsic ersiasive afctheeved,
for exanple, in that synthetic quartz is 9 2 0 NOV 2003 5 10 15 20 sel ected

for the lanp bulafsp asushy WS eatidiiGHAIR tsdfRdect &8 4 dleslifte appactinatelg hanber .

The filter effect of such a frequency filter can be

2700nm the lamp radiation is suppressed, the wafer radiation of

2700nm can, however, be detected through the reaction chamber. In

general, such frequency filters can be built up as absorption filters or in

the form of interference filters, in other words, by utilizing thin dielectric

10 layers. These advantages can also be advantageously achieved in

that at least one of the lamps is at least partially filled with a material

that absorbs a specific wave length range of the electromagnetic

radiation of the heating device. With the halogen lamps, a suitable

additive can, for example, be mixed with the halogen gas of the lamp

15 filing, with such additive absorbing in narrow bands and

advantageously ‘emitting only slightly or not at all in the absorption

band.

The object of the invention can be realized with a method of the

20 aforementioned type in that the radiation characteristics for each arc

lamp are individually controlled, and the electromagnetic radiation of

the arc lamps contributes substantially to the power density of the

10
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.additionally influenced by the selection of the tenperature of the | ahBNOV 2003
body. In particular at low tenperatures the intrinsic emssion of the |anp
body is additionally reduced. As a result, approximtely at 2700nmthe

‘lanp radiation is suppressed, the wafer radiation of 2700nm can, however,

be detected through the reaction chanber. In general, such frequency

filters can be built up as absorption filters or in the form of

interference filters, in other words, by utilizing thin dielectric |ayers.

These advant A0°8Ieefd g?ﬁtl@era%ﬁf%'ﬁt 69@]%'3*%%%“&@0/'6@ | Thist Feduligtinl GRSt one
of the lanps is at partially filled wmth a material that absorbs a

device Wi L@”ﬂﬂr%é%%gfrs%g%@' BB 0G0 11 ve can, for exampl 6. be

m xed wth the hal ogen gas of the lamp filling, with such additive
absorbing in narrow bands and advantageously emtting only slightly or not
at all in the absorption band. The object of the invention can be realized

with a method oPutsuant afooranpatticoteety tpreteriad tdpecifiheembddiméntn of the
characteristics for each are lanp are individually controlled, and the

el ec{ romagnet i Cinkafltigh,| @Re OSubstRfteals HeAt®$ MORE NbWEL et&n‘ipé?&tlﬁét rardey
the power density of the 10 Literal translation of PCTI EP00103665- Hei nr| ch

valk et al - STEAGeaIg96¢ meBnd & Yhé08% TamBs 13ince arc lamps give off

radiation in a spectral range that, for example, by S! semiconductor
wafers, is absorbed better at temperatures below 600°C than is the
radiation of glow lamps. The substrate is preferably heated in a lower
10 temperature range exclusively by means of arc lamps. For Si
semiconductor wafers, the lower temperature range is preferably

between room temperature and approximately 600°C.

The electromagnetic radiation of the heating device is preferably

15 modulated, which pursuant to one specific embodiment of the invention
is effected by applying a magnetic field in the region of the substrate
and/or the heating device, with the lines of flux of the magnetic field, at
least in the region of the arc lamp anode, having a component that
extends essentially paraliel to the arc discharge.

20

"
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-20 el ectromagnetic radiation of the heating device. This results in the
"advant ages al ready nentioned above. Pursuant to a particul arly preferZddNOV 2003
speci fic enbodi mrent of the invention, the substrate is heated in a | ower
tenperature range essentially by neans of the arc |anps, since arc |anps
give off radiation in a spectral range that, for exanple, by S

sem conductor wafers, is absorbed better at tenperatures bel ow 600C t han

is the radiation of glow | anps. The substrate is preferably heated in a

| ower tenperatPhe ifastaionewill bis iexplaindy imgerateo tietriicsusasientfipwith the
sem conductor wafers, the |lower tenperature range is preferably between

roomtenperat ur gqa Fomt 6.0 : (aYat:To ' hajHeon of

t he heating devﬁgerséﬁ}%%tﬁls?eﬁhf@dg abtoyfle%%ﬁf pur sﬁgﬁré?%@ggemsegeci fic
enbodi nent of the i.nve_%i o] is effected by applying a magnetic field in
the region of tHEWNGStP&ALEWIRY W he heating device, with the Iines of
flux of the magnetic field, at least in the region of the arc |anp anode,
havi ng a conponent that extends essentially parallel to the arc discharge.
11 Literal translation of PCTIEP00103665- Heinrich Walk et al- STEAG -

AZ. 2974 20NOV 2Pig3 b 1@ EBheémMatic cross-sectional view of an apparatus for the

thermal treatment of substrates;

Fig. 2 a schematic c:foss-sectional view of an alternative specific
embodiment taken along the line A-A in Fig. 3;

Fig. 3 a schematic crd%)ss-sectional view of the specific embodiment

10 of Fig. 2 taken along the line B-B in Fig. 2.

Figure 1 shows an apparatus 1 for the thermal treatment of
semiconductor wafers 2. The apparatus 1 comprises a housing 4
having an upper wall 5, a lower wall 6, a left side wall 7, a right side

15 wall 8, as well as nonlillustrated front and rear walls, to form an
essentially closed chamiber 10. The surfaces of the walls of the
housing 4 that face the c:thamber 10 are coated in a known manner in
order to serve as reﬂectoir surfaces, or the walls are made of a material
that has a high reﬂectivityi.

20

Provided within the chamber 10, adjacent to the upper wall 5, is a first

lamp arrangement 12, and adjacent to the lower wall 6 is a second

12
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-The. invention will be explained in greater detail subsequently with t
"aid of a preferred specific enbodifrrgnt and with referenge to %/he drazn%rﬂ?g;ma
the drawi ngs show. Fig. 1 a schenmatic cross-sectional view of an apparatus
for the thermal treatment of substrates; Fig. 2 a schematic

cross-sectional view of an alternative specific enbodinent taken along the
line AAAin Fig. 3; Fig. 3 a schematic cross-sectional view of the specific
enbodi ment of Fig. 2 taken along the line B-Bin Fig. 2. Figure 1 shows an

apparatus 1 for ehe drigaRhert’ RAL R 1opfp aFRIFGRATSHICI D conpirives e ahe

apFa¥atusd1 conprises a~housing 4 having an upper wall 5, a |ower wall 6,
aleft side wal)] 7 ri sid , I é]ﬂnw’ front
aﬂd reialr vva:c I Syl'ampsf gprﬁlsgwe"eésss@fﬁ }O%H%?%clﬁg@gﬁ'h\gﬁ%%r 1 el #ﬁéﬁéﬁbggges of
the walls of the housing 4 that face the chanmb 10 are cpated,pn a known
manner in or defaR OlsePWEea VR A @%éb?rft P %ﬁ:@g,[a"&PS't ﬂi‘nev\%npgs alrsea%de of
a material that has a high reflectivity. Provided within the char>fiber
10, adj acent to16tareuppbodied as pdilgmpst ihes extarghpssentialycparaliel te thed
adj acent to the lower wall 6 is a second 12 Literal translation of
PCTI £P00103665- bl 5 Aid besseralicul&iTioAGe-plade 29 e afiNvg20Tis: Bandgs 15

15 and 16 are held in a suitable manner in the non-illustrated front wall

and in the non-illustrated rear wall. The dimensions of the arc lamps

15 correspond essentially to the dimensions of the halogen lamps 16

and they are therefore interchangeable.

10
The gas or glow discharge zone of the arc lamps 15 corresponds to the

diameter of the wafer I2 in order to achieve a uniform radiation

distribution upon that wafler surface that is to be heated.

15 The lamps 15 and 16 of the upper lamp arrangement 12 are
respectively individually ' controllable by means of a non-illustrated
control device. In this connection, for example, the arc lamps 15 can
be controlled with direct current, or they can be controlled in a pulsed
manner, so that they operate in a flash mode. In particular, also the

20 lamp current, and hencei the intensity of the radiation given off, can be
individually controlled foﬁ each lamp. By means of this individual ability

to control, not only the sbatial but also the spectral radiation profile can

13
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-20 lanp arrangenment 14. the | anp arrangenent 12 conprises five arc nﬁs

15 as wel | as five halogen | anps 16, whereby the arrangenent can, of20NOV 2003
course, have a different nunber of |lanps. The lanps 15 and 16 are enbodi ed
‘as rod |l anps that extend essentially parallel to the upper wall 5 and
perpendi cular to the plane of the drawing. The lanps 15 and 16 are held in
a suitable manner in the non-illustrated front wall and in the
non-illustrated rear wall. The dinensions of the arc |anps 15 correspond

essentially to beepricigs i edtablpheth@ithinl ggethaniiss 16. 8ndol Beingarie is
therefore mterchangeabl e. The gas or glow discharge zone of the arc | anps

15 corresponds t n_,o

uni formradi ati Basglgl%sttgl %on %Veé'nff@h‘(\?éf@if §eu}r[%s("'lk]}r Pa@gﬁ{oﬁgﬁeﬂgh?@"gee

heat ed. The | anps 15 the ra

fespectivel y i niETOPSELY @y&egﬁwemoéﬁfe@%yﬂ S0 3 e S e wlef and 2
control device. In this connection, for example, the arc |lanmps 15 can be
control | ed withtempe@tureuet 2000°Cor 1n payticuar. Hliscalse rrassitie ita cenol thel

manner, so that they operate in a flash node. In particular, also the |[|anp

curr&nt, and heooment fdensity cobithy aic tameps,adingrelon thevew cﬁdrtiorcaaif tree
i ndividually controlled for! each lanp. By neans of this individual ability

to control, not rihtion Rpesthplindbades a@lrﬁghtélmeﬁﬂeaémﬁesr agli Qﬁétofheoéﬂ'f' le
can 13 Literal translation of | CIl EPOOLD3665- Heinrich Walk at al - STEAG -
AZ. 2974 20NV Zﬁ%écorrespond to a radiating system having a temperature between
8000 and 9000°C. In this connection, the emission spectrum of the
radiation has a maximum at approximately 350nm. In this wave length

10 range, the material of the wafer (Si) has a high absorption coefficient

that is essentially independent of the temperature of the wafer.

The lower bank of lamps 14 is essentially built up in the same manner
from rod-shaped arc lamps and halogen lamps, and will therefore not
15 be described in greater detail. Provided in the lower housing wall 6 is
an opening 18 into which a pyrometer 19 is at least partially introduced
in order in a known manner to determine the temperature of the wafer

2.

20 The spacing between the upper and lower banks of lamps 12,14 and
the wafer is generally between 1cm and 10cm. Depending upon the

diameter of the wafer 2 that is to be handled, and hence the diameter

14
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-10 15 20 be precisely established within the chanber 10. In so doing,
" possible to achieve over the wafer surface a honpgeneity of the
tenperature distribution of better than 0.5% with a 300mm wafer and a
“tenperature of 1000C. In particular, it is also possible to control the
current density of the arc | anps, whereby the UV portion of the radiation
greatly increases at high current densities, so that the arc |anps
correspond to a radi ati ng system having a tenperature between 8000 and

9000C. In this gofHeehamber 10¢ titsres@isalts SPeatio’ beiert the spacihgtananthizas a
maxi mrum at approxi mately 350nm In this wave length range, the material of

the wafer (Si) @%?né?epwqc %%H%.aeﬂaemggégm aotwefai.oe%sg@f rably

i ndependent of enpera ure o l'ower bank of lanps 14 is

essential ly bui n a d

hal ogen | anps, |§ﬁﬁ¥ﬁ? M@é}dé?%?%fgﬁ&e"% e&g @eﬁgﬁ?g}gé‘f@b%@m@
Provided in the |lower housing wall 6 is an openln 18 into which _a
pyroneter 19 i sofatcmeansd apé\amlmwameﬁero@f&%@m ianrasiogely forrexamplewh-Qdanner
to determine the tenperature of the wafer 2. The spaci ng between the upper
and fower bankswolld mzoit. 12, 14 and the wafer is generally between 1lcm and
10cm Dependi ng upon the dianmeter of the wafer 2 that is to be handl ed,
and hence the dianmeter 14 Literal translation of PCT/EPOQ 103665- Heinrich
Wal k et al - STEAG - AZ. 2974

The radiation of the lamps 15 and 16 is modulated during the operation

200NeS

of the apparatus in order in a known manner to be able to differentiate
the radiation qf the lamps from the radiation emitted from the wafer.
10 From the radiation emitted from fhe wafer it is in turn possible to
determine the temperature of the wafer. in this connection, arc lamps
have the advantage that they can be operated with a higher modulation
frequency than can the halogen lamps. As a result, the temperature of
the wafer can be determined more precisely and with simpler
15 evaluation electronics, especially during a heating-up phase with in part
rapid temperature variations. The modulation can be effected by
moduiation of the lamp current or with the arc lamps by applying a

magnetic field, as will be described in greater detail subsequently.

20 Provided within the chamber 10, between the upper and lower lamp
arrangements 12,14, is a reaction chamber housing 20 for forming a

reaction chamber 22 in which the wafer is accommodated and held in a

15
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5 10 15 20 of the chanber 10, there results a ratio between the spacing and
the dianeter which is considerably less than 1.0. The ratio is preferably
| ess than 0.5, and preferably even |l ess than 0.15. Wth a | anp sgﬁpumpzmr

1 cmand a chanber dianeter of 50 cm a ratio of, for exanple, 0.02 d
result. The radiation of the lanps 15 and 16 is modul at ed during the
operation of the apparatus in order in a known manner to be able to

differentiate no S rom
t he waf er. ﬁa’t@hﬁ’géﬁﬁéﬁ ontrh h'eedecg rcltlé V\hquegimp%l S | ﬁ’s&&ed*é
possible to determ he te ratur t he fer. ln thi cannect on
arc | anps havénﬂﬁ!'agdvgﬂ'f §§@ ‘étql{"ﬂ 9(5’&? %‘Waﬁm Fai tih%

modul ati on frequency than can the hal ogen | anps. As a result, the

t enper ature of trarmpamretrfwahmeb@!amt@mmmmwmabpécmfsmejI%m@s\m t TR npl er
eval uation el ectronics, especially during a heating-up phase with in part

rapi d tenper at yeactian iohTaithr. hding@dy loat ito leftsidelpurstintte Higwre yoas at i on
of the lanmp current or with the arc |anps by applying a magnetic field, as

wild4 be descri bgfidiat Frrhat zdeirﬁdtleﬂ%%%quﬁahbm thigr it daste WdIhi7rof b

chanber 10, between the upper and |ower lanp arrangenents 12,14, is a
reaction chanber, Bgus) it PO b £OREL Ditnth bR AR AP LATAF or 335! 1 Wik the

means of the inlet conduit 24,  during the thermal treatment of the wafer
2 a gas is introduced into the reaction chamber 22 in order to provide
specific process parameters.
10

On the right side, the reaction chamber housing 20 has an opening 26
that communicates with an opening 28 in the right side wall 8 of the
housing 4. The opening 28 is closed off by a door 30 that can be
opened for the introduction into and removal of the wafer 2 from the

15 | reaction chamber 22.

in the specific embodiment of the invention illustrated in Figure 1, not
only the upper lamp arrangement 12 but also the lower lamp
arrangement 14 are provided with arc lamps and haiogen lamps.
20 However, when structured wafers are treated, it can be advantageous,
for the careful treatment or the preservation of the structures, if no UV
light falls on the structures. To prevent this, pursuant to an alternative,

non-illustrated

16



~20NQU ., Literal translation of PCTI EPO OL03665- Heinrich Wal k et 21%
STEAG - AZ2974 2 0 NOV 2003 5 10 15 20 known menner. The reaction chahb8pV 2003

housing is conprised of a material, for exanple quartz glass and/or

sapphire, that is nearly transparent for the el ectromagnetic radiation of

the lanps. The reaction chanber housing 20, on its left side pursuant to

Figure 1, has an inlet conduit 24 that extends through the |eft side wall

7 of the housing 4 and communicates with a non-illustrated supply of gas.

By neans of t hepéecifietershbodimiant 2f thelnvenfiarhdot kzamwwle,t theauppen bartk ohe

wafer 2 a gas is introduced into the reaction chanber 22 in order to

provi de speci f gnps orEIrasd Moa kR SampsOthdthfacel B8 strutturet be theawafen
chanber housi ng 20 has an opening 26 that conmmunicates with an openi ng 28

in the right si ﬁﬁﬁwg@m%pgﬁggh@gr BS 1t the THEnMRPM OQNE dre gispasel of f by

a door 30 that ca r e introduction into and reno f the
wafer 2 fromthe, reactjon ecifi enbodi hent 0I t he

chanber .22. In the s f

i nvention il usPPaYed Piang ﬁﬂﬁ.@ \ﬂafq{o?re Bﬁtﬁgt‘ﬂ L‘?p e nﬁugi? r%?n%%ﬂtent 12
but also the Iower lanp arrangenent 14 are provjded with arc | anps_ and
hal o§en | anps. that has a very low reflection coefficient for UV light. This prevents UV

light from falling directly upon the structure of the wafer, or being

reflected thereupon. In contrast, the inner walls of the chamber 10 that

are disposed below a plane of the wafer 2 can be coated with a

material, such as aluminum, that reflects UV light in order to achieve an

10 efficient irradiation and hence heating of the underside of the wafer,

even with UV radiation.

Figure 2 shows an alternative specific embodiment of a thermal
treatment apparatus for substrates, whereby in Figure 2 the same
15 reference numerals are used as in Figure 1 in order to designate the

same or equivalent components.

Thus, in essentially the same manner as the apparatus of Figure 1, the
apparatus of Figure 2 is provided with a housing 4 in which are
20 disposed a reaction chamber housing 20 as well as lamp arrangements

12 and 14.

17
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* However, when structured wafers are treated, it can be advantageous, ZF®NOV 2003
"the careful treatnent or the preservation of the structures, if no W

light falls on the structures. To prevent this, pursuant to an alternative,
"non-illustrated 16 20NOV 2003 5 10 15 20 specific enbodi ment of the

i nvention, for exanple, the upper bank of Ilanps 12 has no arc |anps that

face the structure of the wafer. Furthernore, the inner walls of the

chanber 10 that are di sposed above a plane of the wafer are coated with a

material, such as @@ Be sddmithéaecionadfyFigare Reéktentis graraksiftbi thieclaing or
l'i ght. Thi s prevents W light fromfalling directly upon the structure of

the wafer. o DfiraoeBhIERs oo T aWeORoudifg GOR! ittty LiffolAGES phald o of

t he charrber 10 are di sposed bel ow a waf er

o achi eve an SRPIEIENel Spadi relseﬁf”a Ereﬁt??'r%i%!fﬁﬁﬁra%hhﬁmksi% de.of

the wafer, even with UV radiation. shows an_al ternative specific
embodi ment of aa% M@llnag coils éatf%ﬁpp'é{m&a?dﬂ@ﬂ"@t&f%ldbs-[h%t@ﬁe 3@ranciie i n

Figure 2 the same reference nunerals are used as in Figure 1 in order to
desi gnate the cailse3dDarequiangedrin stchpowawtthat they produce a magnetic field

that extends essentially paralle! to the lamps of the lamp arrangements
12,14, i.e. essentially parallel to the surface of the wafer. By providing
auxiliary coils 38, which are similarly provided on the electromagnet 35,
the homogeneity of the magnetic field can be set. By means of the
10 magnetic field produced by the electromagnet 35, the geometrical and
spectral radiation characteristics of the arc lamps contained in the lamp
arrangements 12 and 14 can be established. Furthermore, by means
of the magnetic field the life expectancy of the arc lamps can be
extended. By modulating the magnetic field, the radiation intensity of
15 the arc lamps can furthermore be modulated, which makes it possible

for the pyrometer 19 to determine the wafer temperature.

Instead of, or also in conjunction with the modulation of the lamp
radiation, there is also the possibility of providing a frequency filter for
20 at least one wave length range of the electromagnetic radiation of the
lamps. This results in an alternative differentiation, at least in one

frequency range, between the radiation emitted from the wafer and the

18
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.+ Thus, in essentially the sane manner as the apparatus of Figure 1, tzﬁ 0
" apparatus of Figure 2 is provided with a housing 4 in which are dis §Q&Zﬂ
reaction chanber housing 20 as well as |anp arrangenents 12 and 14. 17
“Literal translation of PCTIEFOQ 03665- Heinrich Walk et al- STEAG - AZ. 2974

2 0 NOV 2003 5 10 15 20 As can be seen, the section of Figure 2 extends
parallel to the lanp arrangenents 12 and 14. The housing 4 is partially
surrounded by an el ectronagnet 35. The el ectronagnet 35 has a

ferromagnetic yekdiafién emsitte8!frorAth€dbmps37ThiR" inatiph ¥naBled SREARratutd el d.
The yoke 36 and the <coils 37 are arranged in such a way that they produce

2 magnet i 1 el edihatit 874% Ga16Nt Iy QANEHGH. o0 ddfndia s B e

| anp arrangenen essent parallel” to e 'sur t he
waf er. By providi auxiliary coils 38,., whic re simlarl ovided on
the e ect r bragnBPd®s andiae i tadincranine il i Beavendy Bl LS 5y
nmeans of the ma?netic field produced by the el ectromagnet 35, the

geonet ri cal andfiltepelectagan; doi exaronle: beraghieved bydising symibetie quaszfor
contained in the lanp arrangenents 12 and 14 can be established.

Furt Bernore, bytemmp boligshandragingtfused iceladtztfboethd feactivpashanisar. ofhd he arc

| anps can be extended. By nodul ating the nagnetic field, the radiation
intensity of  gynthetic quartz suppresses the lamp radiation at about 2700 nm
whereas the fused quartz allows the radiation emitted by the wafer in
this wave length range to pass through, so that the radiation in this
wave length range is detected by the pyrometer and can be used for
10 determining the temperature of the wafer. Such frequency filters can

be produced as absorption filters or in the form of interference filters,

i.e. by providing thin dielectric layers.

In addition, especially with halogen lamps, there is the possibility of
15 mixing the gas of the lamp filling with a suitable additive that absorbs in
a narrow band and in the absorption band emits slightly or even not at

ail.

Figure 3 shows a cross-sectional view of the apparatus of Figure 2
20 along the line B-B, whereby in this view one can see a compensation

ring 40 that surrounds the wafer 2.

19
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- the-.arc |l anps can furthernore be nodul ated, which nakes it possible fdrNOV 2003
the pyroneter 19 to determne the wafer tenperature. Instead of, or also in
conjunction with the nodulation of the lanp radiation, there is also the
possibility of providing a frequency filter for at |east one wave |length
range of the electromagnetic radiation of the lanps. This results in an
alternative differentiation, at least in one frequency range, between the
radiation emtted fromthe wafer and the 18 Literal translation of

PCTI EPO0103665- AttioughcineVapparatusahas HeehdesdibeddOvwdhahe idvoRpflered0 15
20 radiation emtted fromthe lanps. This in turn enables a tenperature

det erm nati on Ofsgbﬁﬁic""éﬁﬂodid-nén hij sﬁ%ﬂﬁﬁ?&i fABted %ate’&i’érﬁh\felntmwe is _ﬁ?g

bodi es and/ or the reaction chanmber coul rma frequency I'ter.

the Lanp bodi os naHEd0r RSP Relodifeic’ FiPongbiafcttbaiihh apPhfile "

synthetic quartz suppresses.the | a radi ati on_at about 2700 nm whereas
the fused quart 35 BPPEIRle thad is REpvided AXelupiveliwilly individwale contiollable areave
| ength range to pass through, so that the radiation in this wave |ength
rangé i s det ect éammpy viithen fiye tamp errangenoents bi@ ase d 4t 0©f cdetser mrailargps he

tenperature of the wafer. Such frequency filters can be produced as

absorption filteas flsoibe LB&d WithoMeritRbe therduseaibéd |Hedgen lamps within

the lamp arrangements. Furthermore, it is also not necessary to

provide two separate lamp arrangements 12,14 since under certain

circumstances a single lamp arrangement, such as the lamp

10 arrangement 12 would aiso be adequate for the thermal treatment of

the semiconductor wafer 2. Certain of the aforementioned features,

such as the provision of frequency filters or the mixing of a gas that

absorbs in a narrow band to the lamp filling of heating lamps are

independent of the use of certain types of lamps, and in particular are

15 independent of the use of arc lamps.

20
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i.e. by providing thin dielectric layers. In addition, especially with

hal ogen | anps, there is the possibility of mxing the gas of the | anmp
filling with a suitable additive that absorbs in a narrow band and in the
absorption band enits slightly or even not at all. Figure 3 shd&NGy 2003
cross-sectional view of the apparatus of Figure 2 along the line B-B,
whereby in this view one can see a conpensation ring 40 that surrounds the
wafer 2. 19 Literal translation of PCT/EPOO/03665- Heinrich Walk et al-

STEAG - AZ. 2974 2 0 NOV 2003 5 10 A 0 e appar atus has been
described with the aid of preferre f odi nents, it should be
noted that the invention is not |imted to these enbodi nents. In

particular, for exanple, an apparatus is possible that is provided
exclusively with individually controllable arc lanps within the |la
arrangenments 12 and 14Apparadesride, foartbel thasmal clapatment vé sihsiralps Hggt her
than the described hal ogen lanps within the |anp arrangenents.
Furthernore, it is al sespestialhecesseconductor pradeisdewithoats dgaataore |heating
arrangenments 12, 14 since under certain circunstances a single |anp
arrangenent, such as téevicenpi2;aay dogeieatingl 2atWedstd ahes ositesteateq @it eyf or

the& hernmal treatnent of the sem conductor wafer 2. Certain of the

af orementioned featureglectromagnetic radiation, whereby the heating device
(12;14) includes at least two arc lamps (15)and glow lamps (16),

characterized in that the radiation characteristics for each

arc lamp (15) can be individually controlled by a control

device, and in that the electromagnetic radiation of the arc

° lamps (15) contributes substantially to the power density of

the electromagnetic radiation of the heating device (12,14},

whereby the arc lamps (15) contribute at least 1/10 to the

power density of the heating device.

15 2. Apparatus (1) according to claim 1, characterized in that the
operating mode and/or the lamp current can be individually

controlled.

20 3. Apparatus (1) according to claim 1 or 2, characterized in that

the arc lamps (15) can be controlled in direct current

operation.

21



such as the provision of frequency filters or the mxing of a gas that
absorbs in a narrow band to the lanp filling of heating |anps are

i ndependent of the use of certain types of lanps, and in particul 20 NOVellf]
i ndependent of the use of arc lanps. 20 Literal translation of

PCTI EPO0103665- Heinrich Walk et al- STEAG - AZ. 2974 2 0 NOV 2003 PATENT
CLAIMS 5 10 15 1. Apparatus (1) for the thermal treatnment of substrates
(2), especially sem conductor wafers, with at | east one heating device
(12;14) for heating. at Feparatusd1sabsendingtq ohe lof theckimsohtydet i c

radi ati on, whereby the heating device (12;14) includes at |least two arc
| anps (15) and gl ow | anpshérb@jerized anm Hett e aredamps ( hajt canhtee cadrodied im

r each arc lanp (15) can be individually controlled by a
control device, and inathaded manpéesd fisasmagapsi ¢ radi ation of the arc

| anps (15) contributes substantially to the power density of the

el ecgronmagnetic radi ation of the heating device (12;14), whereby the arc
| anps (15) contribute at least 1/10 to the power density of the heating

Qpebh Akl erUp et 1 L

characteristics fo

device. 2. Apparat
operating node and

10

15

20

?S
or

characterized in that the arc lamps (15) are fluid cooled.

Apparatus (1) according to one of the preceding claims,
characterized in that the gas discharge zone of the arc lamps

(15) corresponds essentially to a dimension of the substrate

).

Apparatus (1} according to one of the preceding claims,
characterized in that the gas discharge zone of the arc lamps

(15) is longer than a dimension of the substrate (2).

Apparatus (1) according to one of the preceding claims,

characterized in that the arc lamps {15) are disposed in the

region of the outer periphery of the substrate (2).

11



controlled. 20 3. Apparatus (1) according to claiml1l or 2, characterized in
that the arc lanps (15) can be controlled in direct current operation. Z1
2 0 Nov 2003 5 4. Apparatus (1) according to one of the clains 1 tOZﬂNUV}mg
characterized in that the arc |anps (15) can be controlled in a pul sed
manner as flash lanps. 5. Apparatus (1) according to one of the preceding
clains, characterized in that the arc |lanps (15) are fluid cooled. 10 15 20

6. Apparatus (1) .according.to,qQne of .the pre i ng. cl ai ._Ccharacterized
in that the gas gisch&p@@%%gﬂﬁc?q@\g&p@o ea?&ggep '"@ona?‘&sponds
essentially to a dinension of the substrate 2). 7. aratus (1)

accordi ng to one of tﬁ@aﬁﬁc&fﬁi&gHbtr@tmer&‘?at'“SW%?’g’@t'%Pr@oé‘geJW'ﬂﬂ Aat the gas

di scharge zone of the arc lanps | 153 is longer than a di mension of the
substrate (2). 8. App&eakotlamps with at lgpsigwododshaped {amPsH &t ng cl ai ns,
characterized in that the arc lanps (15) are disposed in the region of the
outer periphery of theispobed nagry pargllel to one another.

5

10 10.  Apparatus (1) according to one of the preceding claims,
characterized in that the glow lamps (16) and the arc lamps (15)

essentially have the same dimensions.

11. Apparatus (1) according to one of the preceding claims
15 characterized in that the glow lamps (16) and the arc lamps (15)

essentially have the same lamp power.

12.  Apparatus (1) according to one of the preceding claims,
characterized in that the heating device (12;14) is
20 surrounded by a chamber (4) that is reflective at least in

sections stages for the electromagnetic radiation.

23



22 20 Noy 2x 5 9. Apparatus (1) according to one of the preceding clains,
characterized in that the heating device is provided with a bank of |anps
with at | east two rod-shaped |anps (15;16) disposed nearly parallel to one
anot her. 10 10. Apparatus (1) according to one of the preceding CIaQWFNUV2W3
characterized in that the glow lanps (16) and the arc | anps (15)
essentially have the sane di nensions. 15 20 Apparatus (1) according to one
of the preceding clains characterized in that the glow | anps (16) and the
arc lanps (15) essentially have the sane | anp power. 12. Apparatus (1)

according to one, of the precedj.ng clains haracteri zed in tha

heating device (12:1 pﬁ’gra?%ﬂ)ogﬁ%a'"@ytoac%ﬁ@ T cfegfr)ach{g@di 0 &@%Rﬁ%t ive
at least in sections stages for the electromagnetic radiation. 23 2 0 NOV
2003 13. Apparatus ( SPeiEbreliegianocestitant 21 tBRATATIEs 'S dependentne
spectral reflection coefficient of the chanmber (4) is dependent wupon
position. 5 14. Apparaparspédifioaccording to one of the preceding cl ains,

5 14. Apparatus (1) according to one of the preceding claims,
characterized in that the spacing of the heating device
(12;14) to a surface of the substrate (2) is less than the

diameter of a reaction chamber (22).

10 15.  Apparatus (1) according to claim 14, characterized in that the

ratio between spacing and diameter is less than 0.5.

16. Apparatus (1) according to one of the preceding claims,
characterized in that the radiation characteristics of the
15 electromagnetic radiation of the heating device (12;14) can

be modulated.

17. Apparatus (1) according to one of the preceding claims,
characterized in that the heating device {12;14) and/or the

20 substrate {2) is disposed in a nearly homogeneous,
adjustable magnetic field, the lines of flux of which, at least in

the vicinity of the arc lamp anode have a component that

14



characterized in that the spacing of the heating device (12;14) to a
surface of the substrate (2) is less than the dianeter of a reaction
chanber (22). 10 15. Apparatus (1) according to claim 14, characteriZ880V0
that the ratio between spacing and dianeter is less than 0.5. 15 20 16.
Apparatus (1) according to one of the preceding clains, characterized in
that the radiation characteristics of the electronagnetic radiation of the
heati ng device (12;14) gan, be no at ed. . parat.us, (1 ording to
one of the preceding c?’é?%s, es@ﬁﬁﬁé’:”t B?'i'ay@ézc? r’iﬁ%)tﬁ{F @’ﬁ%ﬁf@ﬁ&ﬁ@‘%@%ce (12;
14) and/or the substrate (2) is disposed in a nearly honpbgeneous,
adj ust abl e magnetic fil8mPs {18 |ines of flux of which, at least in the
vicinity of the arc |anp anode have a conmponent that 24 2 0 NOV 2003
extends essentially parallel to the arc discharge of the arc lanmps (15). 5
10 15 20 18. Apparatus (1) according to claim17, characterized in that the
18. Apparatus (1) according to claim 17, characterized in that the
5 magnetic flux density of the magnetic field is between 0.005

and 0.3 tesla.

19.  Apparatus (1) according to one of the preceding claims,
characterized by a second heating device (12;14), whereby
10 the substrate (2) is disposed between the heating devices

(12; 14).

20.  Apparatus (1) according to one of the preceding claims,
characterized by a reaction chamber (20) that essentially
16 surrounds the substrate (2) and is nearly transparent for the

electromagnetic radiation of the heating device (12,14).
21.  Apparatus (1) according to claim 20, characterized in that the

reaction chamber (20) is provided with quartz glass and/or

20 sapphire.
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magnetic flux density of the magnetic field is between 0.005 and 0.3
tesla. 19. Apparatus (1) according to one of the preceding clains,
characterized by a second heating device (12;14), whereby the substrate
(2) is disposed between the heating devices (12; 14). 20. Apparatuggqmwzw3
according to one of the preceding clains, characterized by a reaction
chanber (20) that essentially surrounds the substrate (2) and is nearly
transparent for the electronmagnetic radiation of the heating device
(12,14). 21. Apparatus (1) according to claim20, characterized in that the

reacti on chanber 0) } V] | rtz gl nd/ pphire. 25 2
0 NOV 2003 5 22. %par%ﬁ%@'ra?ﬂ% P@%C?PWH@%?S"‘B@t'ﬁéﬁlaﬁ'é‘g&%;‘?rrgﬁzo or 21,
characterized in.that the reaction chanber material has an,  absorption
coefficient between 0.9Waglerized,inthptdhe reastionghampbenmatenialfasaie spect rum
of the el ectromagnetic radiation. 23. Apparatus (1) according to one of the
claims 20 to 22, charaksaptiorgoetiicianbetween 8401 per onaande?. 1(@)cnas a
wal I thickness between 1mm and 5cm 10 24. Apparatus (1) according to one
of the preceding cl ai naveragedioget the gmettium ohtiie éleetrohmynetiopadialién. have at
| east in part
5
23. Apparatus (1) according to one of the claims 20 to 22,
characterized in that the reaction chamber (20) has a wall

thickness between 1mm and 5cm.

10 24.  Apparatus (1) according to one of the preceding claims,
characterized in that the glow lamps (16) have at least in part

a hefical filament structure.

25.  Apparatus (1) according to one of the preceding claims,
15 characterized in that a predefined geometrical and spectral
radiation profile can be achieved by means of the filament

structure of the glow lamps (16).

26.  Apparatus (1) according to one of the preceding claims,
20 characterized in that the filament of the glow lamps (16) has

alternating helical and non-helical filament structures.
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a helical filament structure. 15 20 25. Apparatus (1) according to one of
the preceding clains, characterized in that a predefined geonetrical) NAYA3
spectral radiation profile can be achieved by neans of the filament
structure of the glow lanps (16). 26. Apparatus (1) according to one of the
preceding clains, characterized in that the filanent of the glow | anps
(16) has alternating helical and non-helical filament structures. 26 2 0 N

O V 2003 27. App tus 1 d| n ne of recedi cI ai s,
characterized i n ﬁ%’ %"@i rdE'P\H fa‘?ﬁ‘? ?&%‘F R{§§3904P9| t wo

I ndi vidual Iy cont roI I able fil arrents Appar at us (1% accord| ng to one
of the preceding cl ai nﬁhafa@tﬂirzﬁét"éﬁhét@i |$$f5tt0r'ﬂ§t9|aw lpapst! 6y hasmatiledstnt of a
glow lanmp (16) has at |east three electrical connections. 10° 15 20 29.
Apparatus (1) accordi ntwd individually ¢drdroflablenfiladvertss 28, characterized in

that the density thickness of at |east one filanent structure varies along
the filament. 30. Apparatus (1) according to one of the preceding clains,

5 28.  Apparatus (1) according to one of the preceding claims,
characterized in that at least one filament of a glow lamp (16)

has at least three electrical connections.

29.  Apparatus (1) according to one of the claims 24 to 28,
10° characterized in that the density thickness of at least one filament

structure varies along the filament.

30.  Apparatus (1) according to one of the preceding claims,

characterized in that the glow lamps (16) are halogen lamps.

15
31.  Apparatus (1) according one of the preceding claims,
characterized in that a reaction chamber (20) and/or
tamp bodies form a frequency filter for at least one wave
length range of the electromagnetic radiation of the heating
20 device (12;14).
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characterized in that the glow |l anps (16) are hal ogen | anps. 31. Apparatus
(1) according one of the preceding clains, characterized in that a
reaction chanber (20) and/or |anp bodies forma frequency filter fqr. at

| east one wave |ength range of the el ectromagnetic radiation of th&UNUV 2003
heating device (12;14). 27 2 0 NOV 2003 5 10 15 20 32. Apparatus (1)
according to one of the preceding clains, characterized in that at |east

one of the |anps 51 LS. f ] . [ | & erial that
absorbs a specif iéczl'wav'g&’p%%ﬁlé% H)?ég:ﬁag&%é ?flﬁée@qé@%%‘%&&m& ﬁ?ﬂﬁé’di ation of
the heating device (12; 14).. 33. aratus (1) ,accordin g .one_of the
precedi ng cl ai ns, cha‘ﬁ'@ﬁ’?@ ”Z@g In fﬁ)&ﬁﬁé?eqsﬁ@“ﬁd?féﬁ?iﬁ’m%?@éé@gﬁ filfed,
non-emtting in the absorption range. 34. A nethod for the thernal

treat nent of substrat edt lea$t ingastwithial materiahihesabsorks awpeeific wave h at

| east one heating device (12;14) for heating at |east one substrate (2) by

el ectromagneti c radi atlength ngeatfithé ledediemiagrectidanadiationld; thé heiatingudes  at
| east two arc lanps (15) and gl ow | anps (16),

5 device (12; 14).

33.  Apparatus (1) according to one of the preceding claims,
characterized in that the material is essentially non-emitting
in the absorption range.
10
34. A method for the thermal treatment of substrates (2), especially
semiconductor wafers, with at least one heating device
(12;14) for heating at least one substrate (2) by
electromagnetic radiation, whereby the heating device
15 (12;14) includes at least two arc lamps (15) and glow lamps (16),
characterized in that the radiation characteristics for each arc
lamp are individually controlled, and the electromagnetic
radiation of the arc lamps (15) contributes at least 1/10 to the
power density of the electromagnetic radiation of the heating

20 device (12,14).
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characterized in that the radiation characteristics for each arc lanp are
individually controlled, and the el ectromagnetic radiation of the arc
| anps (15) contributes at least 1/10 to the power density of the Z0NOV 2003
el ectromagnetic radi ation of the heating device (12,14). 28 2 0 NOV 2003 5
10 15 35. Method according to claim 34, characterized in that the
operating node andfor the lanp current of the arc lanps (15) 1is
i ndividually controlled. 36. Method according . to one of the clai 34 or

4 that g

35, charact eri ze@5i n Metod; @ecarding dep§lains p4arhaaGiEriged el | ¢ ect
current operation. 37. Method according to one of the clains 35 to 37,
characterized in that dgezatingmatepandfobthealasne outreot pbthe arcdamps 988 manner
in flash operation. 38. Method according to one of the clains 35 to 39,
characterized in thatjsfmivigudm éaiteolled), in a |lower tenperature range, is
heated essentially by neans of the arc lanmps (15). 29 2 0 N O V 2003 39.
Met hod according to one of the clains 34 to 38, characteri zed

5 . 36. Method according to one of the claims 34 or 35,
characterized in that the arc lamps (15) are controlled in

direct current operation.

37. Method according to one of the ctaims 35 to 37,
10 characterized in that the are lamps (15) are controlled in a

pulsed manner in flash operation.

38. Method according to one of the claims 35 to 39, characterized
in that the substrate (2), in a lower temperature range, is
heated essentially by means of the arc lamps (15).

15
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in that the substrate (2), in a |lower tenperature range, is heated
exclusively via the are lanps (15). 5 40. Method according to one 05 gﬂﬁ
claims 38 or 39, <characterized in that the | ower tenperature range i0 2003
bet ween room tenperature and approxi mately 600C. 10 15 20 41. Met hod
according to one of the clains 34 to 40, characterized in that the

el ectromagnetic radiation of the heating device (12;14) is nodul ated. 42.

Vet hod according 4 Ofeblod BecspigT o bPIR o343 E?@a'cﬁ‘éﬁaé?%riﬂ?io' ying

arragnetlcfleldlnthe region strate eat i ng
device (12;14), the i of, qu t tICerd at S8 in the
region of the arc | arr'|5l dt@ ﬁﬁé‘f’tﬁ%}e @oﬁ%%ﬁg et ﬁ%@pgﬁ é'ﬁ%sf @éé'erlﬁ lally
parallel to the arc discharge. 30

heated exclusively via the arc lamps (15).

5 40.  Method according to one of the claims 38 or 39,
characterized in that the lower temperature range is between

room temperature and approximately 600° C.

41.  Method according to one of the claims 34 to 40,
10 characterized in that the electromagnetic radiation of the

heating device (12;14) is modulated.

42.  Method according to one of the claims 34 to 41,
characterized by applying a magnetic field in the region of
15 the substrate (2) and/or the heating device (12;14), the lines
of flux of the magnetic field, at least in the region of the arc
lamp anode, having a component that extends essentially

parallel to the arc discharge.

20
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