T 1'1111V *159159 111 METHOD FOR THE REMOVAL OF ADSORBED MOLECULES FROM A

~ CHAMBER The present invention relates to a nmethod for the renoval of first

5.nol ecul es that are adsorbed upon the surfaces of a chammmﬂ’mm@mmpf at
|- east one object |ocated in the chanber, in particular t I of
pol ar nol ecules froma processing or transfer chanber of a rapiss heating

unit. 10 Wth many nethods carried out within a processi ng chanber, such
as, for exanple, CVD processes or thermal treatnents of objects,

especially in theiefliennfes THe REFOVASOR ADSIBESNONERULESIFROMA
can, for exanple, : 0 becone
adsorbed on the chanber walls, the object THA RS for exanple, 15

sem conduct or substrates, or other el enen ' chanber. Exanpl es of

processes that are adversely affected by the presence of water are the
production of ultrg shallow pn-junctions (ujtra shallow junctions), .
metal i zi ng or coatﬂ?@ WP@@BES‘B%”% rg&{;g %r@@ﬂ'@e\gp}ﬂ ea&?ﬂ‘f’%’%‘nPf first
wat er adversely affects so-called COP s -or cr%stal ori gi nat ed Eart icles, as
20 wel 15 as the formetdosiesothadajgadspried upen dbe sudpees of aeghambenand/er of at
zones). 1

least one object located in the chamber, in particular to the removal of

polar molecules from a processing or transfer chamber of a rapid heating

unit.

10 With many methods carried out within a processing chamber, such as, for
example, CVD processes or thermal treatments of objects, especially in
the semiconductor industry and microelectronics, moisture can, for
example, adversely affect the process. Moisture tends to become
adsorbed on the chamber walls, the objects, such as, for example,

15 semiconductor substrates, or other elements in the chamber. Examples of
processes that are adversely affected by the presence of water are the
production of ultra shallow .pn-junctions (ultra shallow junctions),
metalizing or coating processes, and many CVD processes. In addition,
water adversely affects so-called COP’s or crystal originated particles, as

20 well as the formation of oxygen-free surface layers (magic denuded

zones).
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Literal Translation of PCT/EP01/01931 fil ed-21 February 2002 - Zsolt Nenyei
et al - Steag RTP Systens - AZ 3266 *@0002* r r The water nol ecul es
atisorbed on the chanber walls or on the substrates |ead to undesired
chemi cal reactions that adversely affect a treatnent result. Primarily
wWith the thermal treatnent of sem conductor substrates, water negatively
acts within the reaction chanber upon the substrates that 5 are to be
treated or upon the layers applied thereon. For exanple, water in the
-order of magnitude of less than 1 ppmto several 100ppm jn an oOxy % n-fre
at nosphere has an Téectpieg replesoles Oéibﬁ‘ﬂl@@tt%rmﬂmtfﬁe’/"a'ﬂﬁ geegdhe’s Strates
tenperature, upon silicon or GaAs wafers during a thermal treatnent. An
origi nal |y snoot hllgachdbi widasired themicsl renctiors dhati adversebbyffeot a yeataent
roughened. It is possible for zones of a diffused haze to form upon the
waf er. Structures resdti dahanilytwith shibtheraiad teaatineot of sentieondiador sylksiraies at
| east adversely affected thereby. Furthernore, the material of the

sem conduct or waf tbhaégaﬁ@elp@e& witeiRaHeasasticiPohamber ugendsé sabstatesanat
ot her location within thé processing chanber, thereby 15 contam nating the

chanber.. The cause,_f | [

hum di & of the AhsestoEatl o iR BRIS S BH?%%@'?BPhZF%i%%%EEW weltr

chanber, for exanple for the renoyal |nt oduction, of the, ahj.ect that

is to be treated 20 the onger Rf migﬁttﬁﬁ%rfrl}ele\%r ?”af?p@npeﬁgv?rﬁé1 8@&@@(5‘

chanmber. In clean _
oxygen-free atmosphere has an efching effect, as a function of the

process temperature, upon silicon or GaAs wafers during a thermal
treatment. An originally smoothly polished surface of the wafer is thereby
10 atomically roughened. It is possible for zones of a diffused haze to form
upon the wafer. Structures provided on the substrate surface can be
destroyed or at least adversely affected thereby. Furthermore, the
material of the semiconductor wafer that has been etched away could be

deposited at some other location within the processing chamber, thereby

15 contaminating the chamber.

The cause for water within a processing chamber is primarily the humidity
of the atmospheric air. With every opening of the processing chamber, for
example for the removal and introduction of the object that is to be treated
20 or during maintenance work, air enters the processing chamber. In clean
rooms, the relative humidity is generally between 38% and 42%. The

water present in the air is deposited upon the object to be treated or the
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roons, the relative humdity is generally between 38% and 42% The water
present in the air is deposited upon the object to be treated or the 2
Literal Translation of PCT/EPO1/01931 filed 21 February 2002 - Zsolt Nenyei
et al - Steag RTP Systens - AZ. 3266 | | inner chanber walls. This problem
occurs particularly intensely after a previously effected wet chem cal
treatnent of the object. In such cases, water is adsorbed in very great
qu?ntitieﬁ by the substrate surface. However, also special coatings of a
-wafer with various materials, as 5 frequently occurs in the sem condugt or

i ndustry, can i ncirngiechambepyalispt iThis qut&%% %CFLﬁﬁi%“PB'aMt'BFQ”%& AHBH a
di oxide, which is frequently wused as a coating material, is extrenely
hydrophi | i ¢ and hasedouslygffecield svastdhemisat teatmentzef the ebjeght 8 sueh cases,
particul ar during CVD processes, the processing chanber can becone

cont anmi nat ed by pwater dssadsqrbsdt 81 vEdy | grebhepmntiisesby athleasybstgatensutfacef
wat er can be absorbed, since as a consequence of the pulverous mcro

particles in the Hywdgdr, #80 dpuvisiasestirgy ofice wafewl with fariduse reaterals| iam.
To renmove water froma processing chanber, it is know to rinse the 15

chanberz with an i Egé({ugg,ﬁ %})ﬁ‘éﬁrsa iho®se pgé@ﬂ%r@fucidrm?nddﬁd,hbéac‘i’rﬂﬂéééé Othe

rihnsi ng’5 ti mes of urs are not unconmon 1I'n order to reduce
the water content wythin th ocessi chanber,.t o _an. accept abl e. | S
i s described, for 921@95&}!@ %ggﬁﬁlﬁg\\/\? qgnwaﬁe,r. HRFon He.xiqcees\gﬁ@hggs %Sbenﬂf‘
Brookshire in "lncreasing equi pment uptinme through in situ noisture
used as a coating material, is extremely hydrophilic and has a large
adsorption effect relative to water. In particular during CVD processes,
the processing chamber can become contaminated by pulverous deposits.
10 In these cases, a large quantity of water can be absorbed, since as a

consequence of the pulverous micro particles in the chamber, an

increased surface results for the adsorption.

To remove water from a processing éhamber, it is known to rinse the
15 chamber with an inert gas over a long period of time. In this connection,
rinsing times of up to 12 hours are not at all uyncommon in order to reduce
the water content within the processing chamber to an acceptable level,
as is described, for example, by Andrew, Inman, Haider, Gillespie &
Brookshire in “Increasing equipment uptime through in situ moisture
20 monitoring”, Solid State Technology, August 1998. With systems where
the substrate is introduced into the chamber via a transfer mechanism, so-

called load-lock-systems, it is not necessary to rinse the entire chamber,

3
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20 nonitoring", Solid State Technol ogy, August 1998. Wth systens where
~the substrate is introduced into the chanber via a transfer nmechanism so-
called | oad-1ock-systens, it is not necessary to rinse the entire chanber,
3 Literal Translation of PCT/EP01/01931 filed 21 February 2002 - Zsolt
Nenyei et al - Steag RTP Systens - AZ. 3266 | | but rather nerely the
smal | er transfer chanber in which the wafer is |ocated prior to the

| oadi ng. Al though the rinsing time is thereby reduced to 4 hours, it is

still extremely | 8agrafferdmicely! ined knidlied frar¥ted chaiibit inoluhicte the ot er
waf ers becones uneconom cal. 5 Proceeding fromthis known nethod, it is

therefore an obj eﬁca?ée%\?@{ t@?ﬁé%dgirlé‘,v loAghl tRe HrRing! infe #EthBAshy REdUdea

rafid an? efricie I nol eculFes, such "as, for exanple,

wat er nol ecul es, but SO non-_.po e

oxygen nol ecul es, ?‘? ﬁoﬁ?‘érslg '3h%ﬁb%)?.FerH§’yte|§Hé' égna:\ec |“g§1f wﬁqﬁ% g?réggg!ra\?nem of

invention is related .in particular, to the renpval. of water nolecules from

a processing and/ 86M¢ cer Wé‘h’e{ SCOmES UNELANPMHEDY i ng unit. Pursuant to

the present invention, the object is realized by introducing 15 second

pol ar ol ecul es into the chamber that exert a desorptive effect upon the

first nolecules. The introduction of the second polar nolecul es

accel erates the deggeeéding fbnt heisukdewnr eiétfiod, sit feiterefare. anf object of the
present invention to provide a method for the rapid and efficient removal of
polar molecules, such as, for example, water molecules, but also non-
polar molecules, such as, for example, oxygen molecules, from a

10 chamber. In this connection, the present invention is related in particular

to the removal of water molecules from a processing and/or transfer

chamber of a rapid heating unit.

Pursuant to the present invention, thé object is realized by introducing
15 second polar molecules into the chamber that exert a desorptive effect
upon the first molecules. The introduction of the second polar molecules
accelerates the desorption of the undesired first molecules. After
detaching the first molecules, the second polar molecules preferably
assume the location of the first molecules, thus preventing a renewed
20 adsorption. As a consequence, more rapidly prescribed threshold values
can be achieved for the concentration of the first molecules within the

chamber, as a result of which the throughput rates of the unit, and hence

4
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detaching the first nolecules, the second polar nol ecul es preferably
~assune the location of the first nolecules, thus preventing a renewed 20
adsorption. As a consequence, nore rapidly prescribed threshold values can
be achieved for the concentration of the first nolecules within the
chanber, as a result of which the throughput rates of the unit, and hence 4
Literal Translation of PCT/EPO /01931 tiled 21 February 2002 - Zsolt Nenyei
et al - Steag RTP Systens - AZ. 3266 | its econony, can be increased. At

‘the sane tine, |ower values of the, concentratjon of the first np|ecul
can be achi eved wiltShFORIBY cRARRG incraased |ALIE saMeimsy doWhF 8@@&9 of the
results. The first nolecules are preferably water and/or oxygen nol ecul es
that can have an ewcsisentation aftthe fmﬁomo!qwl%%ﬁa%&%a@wsvew'é}m thg chamBarng
t hese nol ecul es, danage to the wafers or the structures provided thereon
can therefore be priickniesdls For boprovedo poogessr éésultsed dhpodirstemolegulepeare

I nvention, prior to, during and/or after the introduction of the second

pol ar nol ecul es, areferablyowgrs antiforespe@nanblecutes that cagasaver afatching effect
conveyed through the chanmber in order to reliably take the desorbed first

mol eculgs out of t ﬁﬁ@?&hicohﬂubﬁr%vaf&ﬁ”Bg%hﬂiving?‘%edmmbdwbﬁlr&mage to

enbodi ment of the 1'nvention initially rinsing gas and subsequently a

Conveyed  hr ough (hE viatanmet e SETlte R oRlued Refgsh SanRiieRie o favente, |

rinsing. Only after the prelimnary rinsing are the second pol ar nol ecul es
conveyed t hrough the chanber in order to

Pursuant to one preferred embodiment of the invention, prior to, during
and/or after the introduction of the second polar molecules, a rinsing gas,
10 especially an inert gas or Ny, is conveyed through the chamber in order to
reliably take the desorbed first molecules out of the chamber. In this
connection, according to one embodiment of the invention initially rinsing
gas and subsequently a mixture of rinsing gas and the second polar
molecules are preferably conveyed tlhrough the chamber in order to
15 initially achieve a preliminary rinsing. Only after the preliminary rinsing are
the second polar molecules conveyed through the chamber in order to
effect a further desorption of the first molecules. As a result of this two-
stage step, the quantity of the second polar molecules utilized can be
reduced. In order to take, for example, water away at a relative humidity
20 of about 40% and at room temperature by means of NH3, a mixture ratio of
9:1 between the rinsing gas and the polar NHz has been shown to be

advantageous.

5
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effect a further desorption of the first nolecules. As a result of this
_two- stage step, the quantity of the second polar nolecules utilized can be
reduced. In order to take, for exanple, water away at a relative humdity
20 of about 40% and at roomtenperature by neans of NH3, a m xture ratio of
9:1 between the rinsing gas and the polar NH3 has been shown to be

advant ageous. 5 Literal Translation of PCT/EP01/01931 filed 21 February
2002 - Zsolt Nenyei et al - Steag RTP Systens - AZ. 3266 | J Pursuant to an
-al ternative enbodiment, first the rinsing gas and subsequently the second
pol ar nol ecul es are conveyed through the chanber in order to again achieve

a two-stage process. Due to the fact that ,in.the secqond stage only pala
mol ecul es are conJeyédaphteugn t@,lgemg ‘é?rbsmbopﬁﬂemesﬁfsgt?\‘/% Eﬁ?'@gt Qlase‘ and
significantly increased. After the second stelp, a rinsing gas can again be
advant ageousl y corpubgeduentiy e saeond Reigermolegules greneRvaysd &E@Hgstﬂ'@n
of the first nolecules, the tenperature within the chanber is preferably

control l ed. In thichansrerciot order to gaialachicve a two-stégerpeocansd/ Duedo thej fact
found in the chanmber, such as, for exanple, a sem conductor wafer, are

preferaply heated.thfPin thed98EontEe sRIgH bﬁg ebhepholectiles arej @stiveyednthedeytatiey
heated to a tenperature range between 400C and 15 800C. The desorption can

advant ageously al sg e, SNRA0GELHNivB&HdD & LifRificantly increased. After the second
step, a rinsing gas can again be advantageously conveyed through the

chamber.

10 To promote the desorption of the first molecules, the temperature within
the chamber is preferably controlled. In this connection, the walls of the
chamber and/or an object found in the chamber, such as, for example, a
semiconductor wafer, are preferably heated. For a good desorption effect,
the object is preferably heated to a temperature range between 400°C and

15 800°C.

The desorption can advantageously also be enhanced by heating the
second polar molecules and/or the rinsing gas prior to the introduction into
the chamber.

20
Pursuant to one preferred embodiment of the invention, the second polar

molecules comprise nitrogen and hydrogen, and form in particular NH3

6
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second pol ar nol ecul es and/or the rinsing gas prior to the introduction
into the chanber. 20 Pursuant to one preferred enbodi nent of the

i nvention, the second polar nolecules conprise nitrogen and hydrogen, and
formin particular NH3 6 Literal Translation of PCT/EP01/01931 filed 21
February 2002 - Zsolt Nenyei et al - Steag RTP Systens - AZ. 3266 | |

nol ecules. In an alternative enbodi nent of the invention, the second polar
nol ecul es conprise fluorine and/or chlorine. Wen selecting the exchange

-adsor bent, one nust pay attention that the second polar .nolecul suppor
the desired rapid helgehles- pi @t altgMptiyece OHB‘“?\B@OE% é%‘?ﬁetf%%?hﬁg&o'}d;r
exanpl e, an undesired oxidizing effect of water is avoided if on? sel ects
NH3 as the second psbdramalecwes | coraprisa fugrine andiaiehlaripede ¥VheR selectingatneon
or a reduced effect upon the object to be processed is brought about.
Dependi ng upon t heexschaogesadstrbesbcond npustapayoaientian tbah the spgondpolar
N2, NO PH3, SiHACI 2 or weakly polar 10 nol ecules such as TiCl4 or SiH4,

wher eby in connectrelrcwidshstifysort tisdelisiret! rapitivhesting [progessrard waresinofho twees e
gases could also be utilized. The pressure in the chanber is

advant ggeous| y confibkigs. RN XGRS 44 Andbsiéd oXianPefrReL! 6f Water is

sequential desorption in multiple rinsing stages can also be advantageous,

whereby in each staas;c fif She"beRBlsPNHIPhE tHetSe@nd TordPhitidlie Brd HhES a

are utilized.

frequently desired nitridation or a reduced effect upon the object to be
processed is brought about. Depending upon the process, the second
polar molecules can be NH3, O3, NOz, NO, PHs, SiH4Cl2 or weakly polar
10 molecules such as TiCls or SiH4, whereby in connection with their chemical
compatibility, mixtures of these gases could also be utilized. The pressure
in the chamber is advantageously controlled to an overpressure or an
underpressure. A sequential desorption in multiple rinsing stages can
also be advantageous, whereby in each stage different polar molecules or

15 molecule mixtures are utilized.

The present disclosure is particularly suitable for the removal of water and
oxygen molecules from the processing and/or transfer chamber of a rapid
heating unit for the thermal treatment of semiconductor wafers.

20
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The present disclosure is particularly suitable for the removal of water
~and oxygen nol ecules fromthe processing and/ or transfer chanber of a
rapid heating unit for the thermal treatnment of sem conductor wafers. 20 7
Literal Translation of PCT/EPO1/01931 filed 21 February 2002 - Zsolt Nenyei
et al - Steag RTP Systens - AZ. 3266 | The invention will be explained in
greater detail subsequently with the aid of preferred enbodi nents in
conjunction with the Figures. The Figures show: Fig. 1 a schematic

‘Cross-secti onal Vi%@{"\ﬁiﬁgrﬁ%ﬁr té')?plgﬁ%dtigareg%etr%tgl%uf)é a%%wgﬁ tife aid

substrate; Fig. 2a content rn-a ream upon

processing chanber, as,a function of .tinme; Fig,. 2b a of a

curve, as well as fprg?éﬂ%eﬁ'ﬁ??ﬁ'g'e”&r"\'/éf,OnJ/Hr&ﬁ'PH ‘g{ﬁlﬂ%egﬂg\"%‘c %bé{gﬂﬁésa
function of tinme; 10 Figs. 3a, 3b simlar graphs as in 2a and 2b with

di fferent gas f 1 oo tenperature curves; Fig. 4 a graph that shows the

effects of nultiple repetitions of the inventive nethod upon the noisture

in a processing dFigner. 153R¥chemeatic shrgssectioniaégw cofi Bnuappanatus feorr the

rapid heating unit 1 for the thermal treatnent of substrates 2, as known,

for exagple, fromthe not- thermal treatment of a substrate;

Fig. 2a the water content in a gas stream upon leaving a processing
chamber as a function of time;

Fig. 2b a graph of a gas flow curve, as well as of a temperature
curve, within a processing chamber as a function of time;

10 Figs. 3a, 3b similar graphs as in 2a and 2b with different gas flows and
temperature curves,

Fig. 4 a graph that shows the effects of multiple repetitions of the
inventive method upon the moisture in a processing
chamber.

15

Figure 1 shows a schematic illustration of a rapid heating unit 1 for the

thermal treatment of substrates 2, as known, for example, from the not-

prepublished DE 199 23 400.0 of this same applicant. The apparatus 1

has a housing 3, which in the interior can include a reflective chamber 4.

20 Provided within the housing 3 is a processing chamber 6 that is made, for
example, of quartz. Within the processing chamber 6 a support is

provided for accommodating and holding a semiconductor wafer 2. The

8
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prepublished DE 199 23 400.0 of this same applicant. The apparatus 1 has a
~housing 3, which in the interior can include a reflective chanber 4. 20
Rrovided within the housing 3 is a processing chanber 6 that is nade, for
exanple, of quartz. Wthin the processing chanber 6 a support is provided
for accommodati ng and hol ding a sem conductor wafer 2. The 8 Literal
Transl ati on of PCT/EP01/01931 filed 21 February 2002 - Zsolt Nenyei et al -
Steag RTP Systens - AZ. 3266 | processing chanber 6 is provided at one end

with a gas line 8 that is I ni | | I t kf -
sourfes of8 gas llopé%d S??gbgﬁamgﬁg%g@ @%‘e"c%riao%\eeé@?%tgndc\ﬁgﬁbae?g% I%Ep%???ggtlﬂe
gas |ine I's closed off. a _.ch er, door . r egi f
cpa{rﬁerhdoo_r 14,3 SOF}"\%’%‘P@%%“&E&E@ s&é”@ﬁ*%&”t)rgggfb esd&g%g%]ﬁ@ %IEJ 2r1's'iA8e
o] e housing Vi a ich, in _a kpown nner, .sen conduct or f

i ntroduced into t&ad C_ﬁﬂb@é’é@??ﬁf'%&ﬁﬁ@rbeé a‘?RP%'tseiE]&%? % ﬁé? §E’P§§1S°“%‘%>Z£’e
processing chanber 6 is spaced froman upper and a |ower |1 qf 1(% th
housi ng 3, and di shasdéri doemd4spde eber erdien thﬁ}%ﬁgﬁmvﬁﬁ’@ aém?s WS?G"
| anps 18, 19 in order to be able to thermally treat these sem conductors

waf erss2 in a knowpapenels cambehirevidedrartticoouter Iside bbitleshaisingdpéa wdyichLo
can be provided not only with tungsten-halogen lanps 7 as well as WV | anps

9, or can be respggtd W&{dWrPrrﬁﬁh | YirhitoRBlYtor WRafie 2 Vare fitrdduted Pioithe
t he opening of the transftfer chanber 16, air having a certain

processing chamber 6 and are removed therefrom.

The processing chamber 6 is spaced from an upper and a lower wall of
10 the housing 3, and disposed in the spaces formed therebetween are
banks of lamps 18, 19 in order to be able to thermally treat these
semiconductors wafers ? in a known manner. In this connection, the
banks of lamps 18, 19 can be provided not only with tungsten-halogen
lamps 7 as well as UV lamps 9, or can be respectively provided with only

15 one type of lamp.

During the opening of the transfer chamber 16, air having a certain
moisture content enters the transfer chamber 16, which air, upon opening
of the chamber door 14, passes at least partially into the processing
20 chamber 6. The moisture contained in the air can be adsorbed upon the
inner walls of the processing chamber 6, the holding elements located in

the chamber 6, and upon the semiconductdr wafers 2. However, it is

9
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nbi sture content enters the transfer chanber 16, which air, upon opening
~of the chanber door 14, passes at |least partially into the processing 20
chanber 6. The noisture contained in the air can be adsorbed upon the

inner walls of the processing chanber 6, the holding elenents |located in

t he chanber 6, and upon the sem conductor wafers 2. However, it is 9
Literal Translation of PCT/EP01/01931 filed 21 February 2002 - Zsolt Nenyei
et al - Steag RTP Systems - AZ. 3266 | inportant to reduce the noisture in

the chamber to a [Ft\ﬁbr%’ﬁ‘q toSldfiReltRE m?ﬁi&%%%é%aﬂ%@‘?@ d Hﬂnﬁtﬂiﬁwcglﬂ@é%@r

wafers 2 during a thermal ~ treatnment ereof . Thus, 1nternational

R e T s
e n ,

LM% AL R AR TR T e PO, 5
noi st ure content to SUCh an extent, a rinsi ng

h
exanpl e, an inert thfas Semagech s Repdmanc e ntﬂg thLm ggg'l aa:z%"ﬁﬁﬁﬁgr for

via the line 8 fromthe gas source 10, and is di scharged at a suitable,
non-i | Bustrated | Semicondudtoss (ITRS)ndn gasjurstion with dhedd.fl3am technietogy, call
noi sture and transports it out of the processing chanber 6. To achieve a

desorption of adsesbgd &%rﬁl’l‘%oH?éﬂtW' &adiz®y substafddes, ion @,9a8Ad HyBhohkess15
for exanple, NH3, that contains polar nolecules is i ntroduced into the |ine

8 and the processifg, GRaRIRithindnk'chENitYr. 9as source 11. The pol ar

In order to reduce the moisture content to such an extent, a rinsing gas,
10 such as, for example, an inert gas or Ny, is introduced into the processing
chamber 6 via the line 8 from the gas source 10, and is discharged at a
suitable, non-illustrated location. The rinsing gas takes up a portion of the
moisture and transports it out of the processing chamber 6. To achieve a
desorption of adsorbed O; and H;O moiecules, in addition a gas, such as,
15 for example, NH3, that contains polar molecules is introduced into the line
8 and the processing chamber 6 from the nas source 11. The polar
molecules have a desorptive effect upon water and oxygen, and thus
enable a better removal of the water and the oxygen from the chamber 6.
In this connection, the gas of polar molecules can be introduced into the
20 rinsing gas stream, or the rinsing gas stream can be interrupted and only
polar gas can be introduced into the chamber 6 in order to provide a good
desorptive effect. Subsequently, a rinsing gas can again be introduced
10
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nol ecul es have a desorptive effect upon water and oxygen, and thus enable
~a better renpval of the water and the oxygen fromthe chanber 6. In this
connection, the gas of polar nol ecules can be introduced into the 20
Finsing gas stream or the rinsing gas streamcan be interrupted and only
pol ar gas can be introduced into the chanber 6 in order to provide a good
desorptive effect. Subsequently, a rinsing gas can again be introduced 10
Literal Translation of PCT/EPO1/01931 filed 21 February 2002 - Zsolt Nenyei

t al - St RTP . t - . 6.1 . I

gasacan bee?%troddﬁgﬁﬁigﬁag‘ﬁm@@ ac%rpl:glé% grtagg%ﬁ%%gﬁgggi"'ﬁgatt gPPﬁ%ﬁﬁr‘%s
t t t of th ] dugt f 2. Th b . {

of ten a5 desi red, GETGESACIoNS fnd egerRar TatieR of iR SariRpfigader fier
desorptive effect can al so be 5 achi eved Ee/dogsg m xture of vari gus polc%r

mol ecul es, the corfeerileS€i Bi§PSCANRECIRPER 83 dirade ey N ea

conditions, such as, for exanple, tenperature_and pressure. Furthernore,
the pol ar nol ecul edep etheagases aan digsdtiized.e Thandeserntivel effeati ¢an alko be
generated in the reaction chanber. For exanple, ozone can be produced via

W radismtion in araghiengshby aQyazomixure oivaricasgsslagmsieduies the cencéniratidn ef
as pol ar gases that exert a desorptive effect upon water are, for - exanple,

ni trogen-hydrogen \gQRR de éﬁ&@géﬁgﬁﬁ@é?f&e@@%ﬁditiw@khnﬁs,'\@ﬁdexample

hydr ogen- hal ogen conpounds suc trogen 15 hal 6gen conpounds such
as NF3, and hal Ogetg?ntp%(iiaplﬁg ra%%%r%%@ﬁres. uﬁ&rtﬁérmore, the polar molecules that act in a

desorptive manner can also first be generated in the reaction chamber.
For example, ozone can be produced via UV radiation in an oxygen-

10 containing process gas atmosphere.

Suitable as polar gases that exert a desorptive effect upon water are, for
example, nitrogen-hydrogen compounds, such as ammonia NH; or
hydrazine N;Hs, hydrogen-halogen cdmpounds such as HCI, nitrogen-
15 halogen compounds such as NF3, and halogenated hydrocarbons such as

CHsF or CHCI; (chloroform) etc., to name just a few examples.

Pursuant to the adsorption theory (adsorption isotherms from Langmuir),
an increase of the partial pressure of the gases utilized is advantageous.

20 Particularly advantageous is an overpressure of the polar gas.

11
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CH3F or CHCI 3 (chloroform etc., to nane just a few exanples. Pursuant to
~the adsorption theory (adsorption isotherns fromLangnmuir), an increase of
the partial pressure of the gases utilized is advantageous. 20

Particul arly advant ageous is an overpressure of the polar gas. 11 Literal
Transl ati on of PCT/EPO1/01931 filed 21 February 2002 - Zsolt Nenyei et al -
Steag RTP Systens - AZ 3266 For certain rapid heating processes, the use
of NH3 advantageously permits the reduction of the process tenperature,

and hence the thermal stressing, of . the substrat since N ed
in various ways ahd®’ FeRRIN AP yﬁ?%tﬂ% R QC?%'ileéa §. Use Fef hﬁ%ai%ﬂgbf%%%‘gfy
method it is not necessary to rinse_the proceSS|ng chanber i n stages, or
continuousl y wi t h Rerpisadhegaguction oftheProcessiemparptie, and mcﬁgﬂg tP?HE?'ng
process for the renoval of the water is advantageous, whereb a rinsing or
process gas, and tiessing ghthe sgbsirate; since Nh'st'ﬁé"ﬁ%c@tﬁje'&rﬂ%ﬂ@r ways and
prescribed nodul ati on. To enhance the desorption of water, the tenperature
of the processing rehetifeehydroged/isreleated.he wafer 2 can be varied duri ng the
i ndi vidual rinsing processes. Figure 2 shows the results of a test that
shows tfie influence of a polar gas 15 upon the noisture concentration
within a processing chanber of a rapid heating unit. The test was carried

Systems aroit An dubeine ghisiiive, Bh¥Rat I8 e Gy A7 rERET 3‘%%@ :
Srﬁt {F?gnnfji fﬁhﬂ]gi S?quﬁrqgé? 6}nlors?acgeesssIonrg c%ﬂ?ﬂh’gﬂsw Wik Ma ! poeiar é)artm Sertain
applications, a periodic rinsing process for the removal of the water is

advantageous, whereby a rinsing or process gas, and a polar gas,

10 alternate in the gas stream after prescribed modulation. To enhance the

desorption of water, the temperature of the processing chamber 6 and/or

of the wafer 2 can be varied during the individual rinsing processes.

Figure 2 shows the results of a test that'shows the influence of a polar gas
15 upon the moisture concentration within a processing chamber of a rapid
heating unit. The test was carried out on a rapid heating unit of the type
AST 2800F of the company STEAG RTP Systems GmbH. An upper
graph shows the content of water molecules in a gas stream discharging
from a processing chamber in ppm, i.e. in parts per million. in the graph
20 shown in Figure 2b, a first curve 21 shows an argon flow through the
processing chamber of the rapid heating unit; a second curve 22 shows an

ammonia (NHs) flow through the processing chamber, and a third curve 23

12
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20 shown in Figure 2b, a first curve 21 shows an argon flow t hrough the

_ processing chanber of the rapid heating unit; a second curve 22 shows an
anmoni a (NH3) flow through the processing chanber, and a third curve 23 12
Literal Translation of PCT/EP01/01931 filed 21 February 2002 - Zsolt Nenyei
et al - Steag RTP Systens - AZ 3266 1 shows the tenperature of a

sem conduct or wafer |located in the chanber, wth the tenperature being
measured by a pyroneter in a known nanner. As one can recogni ze fromthe

two graphs, in th%ﬁoﬁééhgﬁ&éﬁnﬁéﬁﬁh@é Eénﬁ{%du@toﬁ?ﬁéﬁé%cﬁad% qR8 chhﬁigeﬁ’f

about 10slm the gas stream di scharging out of t

processi ng chanber copntipuously drops to 4pp Th . f hiS.. | at
the argon stream d@"ﬁ%ﬁ‘%&"&?efﬁﬁf’&&ﬁ?&"&?aﬁ’é‘g%?x%'ﬁ’é'%g‘ﬂ‘%stg?' eggﬂbwhﬁn%ﬁ%é#
chanmber, and the water content in the chanber drops over tine. 10

Approxi mately 55 seconds after the initiation of the argon stream an

addi tional streamof 1slmammonia is introduced into the chanber, as_can

be seen in Fi gure Abonsieant iegognigededro dhe twograrhisein thetitst 6R secepdaalter the
the gas stream di scharging fromthe chanber to 8ppm which is 15

attribuwg abl e to thstaftasftart argort fiew afiraboub 10sine dtheegatex eontemt de the gas sream
ef fect upon the water nol ecules. Furthernore, the ammonia particles assune

CRenber vl | ) SSTREVEPYL E N 40990 SHETEAN GO0 uSps 6.
The reason for this is that the argon stream draws water molecules along
to the outside out of the chamber, and the water content in the chamber
drops over time.

10
Approximately 55 seconds after the initiation of the argon stream, an
additional stream of 1slm ammonia is introduced into the chamber, as can
be seen in Figure 2b. Shortly thereafter, the water fraction increases in
the gas stream discharging from the chamber to 8ppm, which is

15 attributable to the fact that the ammonia molecules exert a desorptive
effect upon the water molecules. Furthermore, the ammonia particles
assume the sites of the water molecules on the various surfaces, such as
the chamber walls and/or the wafer surfaces, as a result of which a
renewed adsorption of the water molecules is prevented. As a

20 consequence of the statistical distribution of thermal energy upon the

individual molecules a certain fraction of the water molecules continuously

receive enough energy to overcome the adsorption energy and to'be

13
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renewed adsorption of the water nolecules is prevented. As a 20 consequence
~of the statistical distribution of thermal energy upon the i ndividual

nol ecul es a certain fraction of the water nol ecul es conti nuously receive
enough energy to overcone the adsorption energy and to be 13 Literal

Transl ation of PCT/EP01/01931 filed 21 February 2002 - Zsolt Nenyei et al -
Steag RTP Systens - AZ. 3266 | released fromthe surfaces and thereby free
up adsorption sites. These freed sites are occupied by the amoni a

argon and amroni &, APCnRT e ByRacet andi e i RER i, MsbibfoTiies; "FHeRe!

whi ch the water 5 t i ses | h t i
Flgure 2a. After (HES ST S5 CRENBROSIOME MaTTRe i agryEn: 15 dEaPBelvdler,
8ppm at about 70 seconds the water content again begins to gro . A,
renewed increase BPlegE AR Pickss: WnbY e gas seanh et REIRN AY t‘l‘fg%\‘%ra@%

an 10 increased tenperature. As can be recognized in the curve 23 in Figure
2b, the wafer tenpareatopngeyed heat ef the rmeaseld resolt. ofriwhichettia water
enhances the desorption of water, which results in a renewed increase of

the watgr content parcehtagindses inctheddsadtreamas chnibgeskdr infrighee Paocessi ng
chanber, as shown in Figure 2a. The tenperature of the wafer was 15

measured with a pyroneter. Since a slightly doped silicon wafer is
sem transparent bel ow 450C in-the infrared wavel ength range, and a non-

reaur abl e veak  DSHIP I SFal PRkhsh. LI thtel UBrlSHIRG BRI Pobin, a
about 70 seconds the water content again begins to drop. A renewed
increase of the water content is achieved by heating the wafer to an

10 increased temperature. As can be recognized in the curve 23 in Figure
2b, the wafer temperature is heated to approximately 750°C. This heating
enhances the desorption of water, which results in a renewed increase of
the water content in the gas stream that is discharged from the processing
chamber, as shown in Figure 2a. The temperature of the wafer was

15 measured with a pyrometer. Since a slightly doped silicon wafer is
semitransparent below 450°C in the infrared wavelength range, and a non-
measurable weak thermal radiation is emitted, the temperature curve is

commenced only after this limiting temperature.

20 The wafer is preferably heated to a temperature of 750°C, and is held at
this temperature for ten seconds, as can be seen in Figure 2b. The wafer

temperature is preferably in a range between 400°C and 800°C. Ten

14
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20 The wafer is preferably heated to a tenperature of 750C, and is held at
~this tenperature for ten seconds, as can be seen in Figure 2b. The wafer
tenperature is preferably in a range between 400C and 800C. Ten 14 Literal
Transl ation of PCT/EP01/01931 filed 21 February 2002 - Zsolt Nenyei et al -
Steag RTP Systems - AZ. 3266 seconds suffice in order to achieve a renewed
maxi mum of the water content in the rinsing gas. As an alternative to
heati ng the wafer, the argon and/ or ammoni a gas can al so be heated in

order to enhance t gwﬂcb% edé/f\%%chévé\fé qenéWedherixirigm afmise ater
been shut off, and has cool ed, the water content in the gas

stream al so drops m i gur 5*1@/\@ t St

further test with é@%@ﬂ fﬁggﬁﬂﬁ#‘?ﬁ@% teAsst QH con |gure|1'{té%(t)lrﬁ§afshled@ggr bed
previously. As before, chanber is first re

with an argon st reﬁ?ﬂc’r'i‘aepﬁ/ F alpmoNg 98854 f%?l {’ﬁ?‘cetﬁ%%?@ﬂ?ggahe%gﬂ%ﬁn%w?
water in the gas stream_ di schargl ng fromthe processing chanber again
drops conti nuousl ydeS@’@BQB(ﬂjé\fﬁ €Y, the argon streamis replaced by a pure
NH3 stream of 15 1Gslm (curve 32). Immediately upon initiation of the NH3

stream 5the water content in the gas streamdischarging fromthe
processi ng chanber rises to 10ppm Wth the previous test, the water

fraction rose to opkyr &i&)ﬁbatu&{ué mave belehesig dff, @indtthe wiaber e doolédithe
nore pronounced with this |s points to a nore efficient water

desorption with a putg Mifient in the gas stream also drops to a range below 3ppm.

Figure 3 shows the results of a further test with essentially the same test
10 configuration as described previously. As before, the chamber is first
prerinsed for about 50 seconds with an argon stream having
approximately 10sIm (curve 31). The amount of water in the gas stream
discharging from the processing chamber again drops continuously.
Subsequently, the argon stream is replaced by a pure NHj3 stream of
15 10sIm (curve 32). Immediately upon initiation of the NH3 stream, the water
content in the gas stream discharging from the processing chamber rises
to 10ppm. With the previous test, the water fraction rose to only 8ppm.
Furthermore, the peak of the maximum is far more pronounced with this
test. This points to a more efficient water desorption with a pure NHj
20 stream in contrast to an argon-ammonia stream. Since the water sensor

outside of the reaction chamber was connected to the gas flow system,

15
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20 streamin contrast to an argon-ammoni a stream Since the water sensor
~outside of the reaction chanber was connected to the gas flow system 15
Literal Translation of PCT/EPO1/01931 filed 21 February 2002 - Zsolt Nenyei
et al - Steag RTP Systens - AZ 3266 | the peaks in the curves for the H2O
content occurred in part with 10-20 second lag. As with the previous test
pursuant to Figure 2, a sem conductor wafer 5 located in the chanber is
heated up (curve 33) to enhance the water desorption. Again in this case a

| ocal maxi mum of t : alall ik i
streamis pr oducedﬂgesﬁgéggs"ﬁjlqﬁé éfy?ﬂéesgﬁrﬁtget ﬁé@ %grﬁt. 6%ctmrt eldeﬁghg\glt??? 20
heating step, the NI_B(H?SJA eamis again switched to Ar (curve 34). 10 The
graphs of Figures p Ak %l early show an inproved renoval of water from
t he processing chanber by introducing a polar gas, such as, for exanple,
ammoni a, into the processing chanber. 15 There is furthernore clearly shown
that an increase in tenperature al so enhances the renoval of water fromf'i
processi ng charrberASDUEBr'P‘JS‘iBnBTQYﬂﬂHﬁs st dewysuaphin Fige, 2; @ semigaaductor wafer
advant ageous to rinse the chanber with a m xture of several polar gases

i nstead50f with a oageed in 2bepchambgrds hbated tupr &urve a3l tt ieohante the water
PCT/ EP01/ 01931 filed 21 February 2002 - Zsolt Nenyei et al - Steag RTP

desorption. Again in this case a local maximum of the curve that indicates
the water content in the gas stream is produced as a result of heating the
wafer. At the end of the heating step, the NHj stream is again switched to
Ar (curve 34).

10
The graphs of Figures 2 and 3 clearly show an improved removal of water

from the processing chamber by introducing a polar gas, such as, for

example, ammonia, into the processing chamber.

15 There is furthermore clearly shown that an increase in temperature also

enhances the removal of water from a processing chamber.

Depending upon process conditions, it can be advantageous to rinse the
chamber with a mixture of several polar gases instead of with a single

20 polar gas.

16
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Systenms - AZ. 3266 | Figure 4 shows the effects of nultiple repetition of
~t’he above- nentioned nethod upon the noisture content in the processing
chanber. In the graph of Figure 4, the water content in a gas stream

di scharging fromthe processing chanber is shown as a function of time. A
gas streamand 5 tenperature control pursuant to Figure 3b were used for
the reduction of the noisture concentration in the chanber. The curve 41
shows the progress of the water content in the gas stream discharging from

the processing chaglire 4Uolndivd the rtBlsctr mififbid RepditionCof hetdb ot ihehiidned

curve of the wate t he charging gas stream during the

treatnent of the tenth fer..The t.j per. 1.4ndi |t
e ot which the SRS Srery Wabie REREl L5 ERShd siabfier L the
During the | oading and renpval ,of the wafers,, an argon str . '
mai nt ai ned t hr oughgﬁq?g' %fﬁ'g]oﬁﬂé‘? 4 h"%\”@é?r ?thﬁtp'ﬂraegggéf’ﬁregh? ?&%b%ﬁgu%éﬂo% e
at nospheric air into the processing chanber. The {reat r?ant processes wer
successi vel y carri R@c8gsingogharahenss shewn B Hnshan Af tips. 04‘ 935 Stea AN s
41 and 42 it can be clearly recognized that the curve 42, after the

i ntrodugtion of thienaperatire cdntedpuasuartdoddgute Bh weneeused faratbeareauction of
| ower | ocal naxi mumthan does the curve 41. Fromthis one can concl ude 17

Literal Transl ati ofehoRElieEEHdcM@8nih tivslcRdmbebr uary 2002 - Zsol t Nenyei
et al - Steag RTP .

The curve 41 shows the progress of the water content in the gas stream

discharging from the processing chamber for a first wafer, and the curve

10 42 shows the curve of the water content in the discharging gas stream

during the treatment of the tenth wafer.

The time period t; indicates the point in time at which the ammonia stream

is initiated during the treatment.

15
During the loading and removal of the wafers, an argon stream of 15sim is
maintained through the chamber in order to suppress an entry of
atmospheric air into the processing chamber. The treatment processes
were successively carried out for ten wafers. From a comparison of the
20 curves 41 and 42 it can be clearly recognized that the curve 42, after the

introduction of the ammonia stream at the point in time t;, has a much

lower local maximum than does the curve 41. From this one can conclude

17
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Systems - AZ. 3266 | that the repeated carrying out of the inventive nethod
“results in a considerable reduction of the noisture content in the chanber.
Al t hough the invention was described with the aid of a preferred 5

enbodi nent, the inventive nethod can also be used with other apparatus. In
particular, the described nmethod is advantageous with units that are
provided with a transfer system for exanple if the processing chanber
itself and other conponents of the unit are evacuated. In these cases, the

descri bed renoval of .adsorbed ter can be cayrjed out.wthoyt or with.10

t he opti onal heatiﬁb”tsf rEResis PPHM%P%&\&W s'HlveB%\f%r'BeHWéP\Kﬁﬂgis it @
i ntroduced into a processing chanber. Due to the typically relatively small
vol une of a transf eensifarable reduction of theseristure goptentan the EBW“E@"- achi eved.
O course, also in these situations a gas introduced into the transfer
chanber can be heated up in order to enhance the desorption of 15 water and
t hus achieve a nore rapid reduction of the noisture concentration within

the transfer chanbaitholghLtheeriaveiemswasi descibgdCwiltrOthied 18181 of | & epreférred
February 2002 - Zsolt Nenyei et al - Steag RTP Systens - AZ 3266 PATENT

%ﬂal\:ﬁl g-s g’fghOd a@ﬁfﬂdﬁirﬂ@nfﬂpé liflehtive rREMOACESH 4RBD fiséd RithidtRef pSaratus.
pol ar, especially hydrogen nolecules. 5

In particular, the described method is advantageous with units that are

provided with a transfer system, for example if the processing chamber

itself and other components of the unit are evacuated. In these cases, the

described removal of adsorbed water can be carried out without or with

10 the optional heating step in the transfer mechanism, before the wafer is

introduced into a processing chamber. Due to the typically relatively small

volume of a transfer chamber, a rapid desorption of water can be

achieved. Of course, also in these situations a gas introduced into the

transfer chamber can be heated up in 6rder to enhance the desorption of

15 water and thus achieve a more rapid reduction of the moisture

concentration within the transfer chamber.

18
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1 Method for the renmoval of first nolecul es adsorbed on the surfaced of a
chanber and/or on at |east one object located in the chanber, in
"particular a processing or transfer chanber of a rapid heating unit,
characterized by introduci ng second polar nol ecules into the chanber that
exert a desorptive effect upon the first nolecules. 2. Method according to
claim1, characterized in that the first 10 nol ecul es are oxygen nol ecul es.
15 4. Method according to one of the preceding clains, characterized in
that prior to, during and/or after the 'Iﬁ\f@lqkl‘céLRWg t he second pol ar
nol ecul es, a rinsing gas, especially an-nert gas or N2, is conveyed

t hrough the chanber. 20 19 Literal Translation of PCT/EP01/01931 flled 21
February 2002 - Zsolt Nenyei et al - Steag RTP Systens - AZ. 3266

Met hod accordi ng t one ecedl n cha act

Frot rinsing s dnd sOMatbaddal i e Brely m?bﬁ%ﬁfﬁﬁ%@&@ﬂ%ﬁé%@&sﬁd
pol ar nol ecul es are conveyed t hrough the chanber. 5 6. Method according to
claim5, characterized iof a¢hamberandieor oneatrlgasioone pbiast lacated inytheaghamber,

t he second polar nolecules is approximately 9 to 1. 10 7. Method according
to one gf the clains 1 4w phrtieliar acpeycessigi or traasferfchaghben of iantapddheatidg
subsequently the second pol ar nol ecul es are conveyed through the chanber.

unit, characterized by introducing second polar molecules into the

chamber that exert a desorptive effect upon the first molecules.

2. Method according to claim 1, characterized in that the first
10 molecules are oxygen molecules.
3. Method according to claim 1, characterized in that the first

molecules are polar, especially hydrogen molecules.

15 4, Method according to one of the preceding claims, characterized in
that prior to, during and/or after the introduction of the second polar
molecules, a rinsing gas, especially an inert gas or Ny, is conveyed

through the chamber.

20

19
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8. A nethod according to one of the preceding clains, characterized 15 in
that the tenperature within the chanber is controlled. 20 9. Method
“according to one of the preceding clainms, characterized in that the walls
of the chanber and/or an object found in the chanber is heated. 20 Literal
Transl ati on of PCT/EP01/01931 filed 21 February 2002 - Zsolt Nenyei et al -
Steag RTP Systens - AZ 3266 10. A nmethod according to claim?9,
characterized in that the object is heated to a tenperature range between

400C and 800C. 5 1G; 11. g ﬂ&gor‘i?gg:iﬁ‘eegﬁ %@'&F&rﬁ@' EHaFJc?érfEiad in

characterized in that the seco rinsing gas Is

one of the preceding cl ARG Bl S8 A B 4t Sy 888l
I I d pf d d d |
NG ol Goutes. 13, Mot ndle SEEBPARRITY BolgUIes By EYed e DIt R amber

characterized in that the second pol ar nol ecul es conprise fluorine and/or
chlorine. 15 14. Method according to one of the preceding clains,
characterized in that the pressure in the chanber is controlled to an
overpressure or am®.unddviethesisaccarding to claim §, characterized in that the mixture ratio

of the rinsing gas and the second polar molecules is approximately

9to 1.

10 7. Method according to one of the claims 1 to 4, characterized in that
first rinsing gas and subsequently the second polar molecules are

conveyed through the chamber.

8. A method according to one of the preceding claims, characterized
15 in that the temperature within the chamber is controlled.
9. Method according to one of the preceding claims, characterized in

that the walls of the chamber and/or an object found in the chamber

20 is heated.

20
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20 21 Literal

Transl ati on of PCT/EP01/01931 filed 21 February 2002 - Zsolt

Nenyei et al - Steag RTP Systens - AZ. 3266

10

15

20

10.

1.

12.

13.

14.

A method according to claim 9, characterized in that the object is

heated to a temperature range between 400°C and 800°C.

Method according to one of the preceding claims, characterized in
that the second polar molecules and/or rinsing gas is heated prior

to the introduction into the chamber.

Method according to one of the preceding claims, characterized in
that the second polar molecules are comprised of nitrogen and

hydrogen, and in particular are NH; molecules.

Method according to one of the preceding claims, characterized in

that the second polar molecules comprise fluorine and/or chlorine.
Method according to one of the preceding claims, characterized in

that the pressure in the chamber is controlled to an overpressure or

an underpressure.

21
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