WO 02/ 084711 PCT/ EP02/ 04060 1 Description Heating System and Mt hod for
Heating an Atnospheric Reactor 5 The present invention relates to a

heat i ng swetemsemd a ne- thod for heating an atnospheric reaaproz/040Buri ng
the manufacture of integrated circuits such as nenory products substrates,
especially sem conductor wafers, are 10 processed in high-tenperature
ovens, called reactors, in or- der to ddeposit |ayers of isolating,

sem conduct i ng or conduc- ti ng material. These reactors can be suited for
the processsSingfna plurality of wafers at one time. The wafers are

pl aced on a wafer support inside the reactor. The deposition 15 reactor
and, thus, the wafers are heated to a desired tenpe- rature. Typically,
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Al ternatively, reac- tant gases passing over the heated wafer wl|
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sui- ted Tor I'ow press vapour deposition processes. A 25 large
nunber of wafers (typically at least 100) is carried by a wafer carrier,
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to the pré-ﬂ{g 4 %ﬂ?ﬂalfﬂ? of wafers at one time. The wafers are
placed on a wafer support inside the reactor. The deposition
15 reactor and, thus, the wafers are heated to a desired tempe-
rature. Typically, reactant gases are passed over the heated
wafer, causing the chemical vapor deposition of a thin layer
of the reactant material on the wafer. Alternatively, reac-
tant gases passing over the heated wafer will immediately re-
20 act with the substrate material, as is the case in thermal

oxidation.

Figure 1 shows an exemplary deposition reactor which is sui-
ted for low pressure chemical vapour deposition processes. A

25 large number of wafers (typically at least 100) is carried by
a wafer carrier, for example a slotted gquartz boat, so that
the gas flowing direction, which is defined by the line con-
necting gas inlet and gas outlet and which is parallel to the
longitudinal axis of the reactor, is orthogonal to the wafer

30 surfaces. Heating means are provided in order to heat the re-
actor to a predetermined temperature. As soon as the prede-
termined temperature is reached, the reactant gases are in-
troduced into the deposition reactor in order to effect the
deposition reaction. According to the prior art method, the

35 temperature of the deposition reactor is maintained constant
during depositibn. |



35 tenperature of the deposition reactor is nmaintained constant during
deposition. WO 02/084711 PCT/EP02/ 04060 2 In order to deposit silicon

di oxi de, Wworo2eseampl e TECS, (Si (OC(err)H(err)) (err)) is PeamprezioAto a
tenperature of 700C and a pres- sure of 40 Pa. Silicon nitride |ayers can
be generated by re- acting SiH(err)Cd (err) and NH(err) at a tenperature of
750C and a pressu- 5 re of 30 Pa. As i% generally known, the deposition
rate depends on the de- position tenperature and the pressure inside the
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neasubes,ra tofi 3QPd&si bl e to deposit a honpbgenous | ayer thickness onto all
waf ers which are simultaneously processed. However, it is not possible to

achieve a sufficient in plane 20 uniformty of the layer thickness. Mre
speci fi cfig yis tIrnerally skepwn heheafdamo sl tolsen et depandmitQretthe et o

assume a phow i Shapemhd-yhiEd 4:0e iRy rddickdesss Ale thie eflgeOftitdie  wafer
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quence, the temperature at the reactant gases outlet is hig-
15 her than the temperature at the reactant gases inlet. By the-
se measures, it is possible to deposit a homogenous layer

thickness onto all wafers which are simultaneously processed.

However, it is not possible to achieve a sufficient in plane

20 uniformity of the layer thickness. More specifically, the
layers on the wafers close to the gas outlet tend to assume a
bowl shape in which the layer thickness at the edge of the
wafer is greater than the layer thickness in the middle of
the wafer. Typically, the difference between layer thickness

25 at the edge and layer thickness in the middle is approximate-
ly 10 nm at a mean value of the layer thickness of 200 nm. On
the other side, the layers on the wafer close to the gas in-
let tend to assume a pillow shape in which the layer thick-
ness at the edge of the wafer is smaller than the layer

‘ 30 thickness in the middle of the wafer.

It is an object of the present invention to provide a heating
system and a method for heating an atmospheric reactor by
which the in plane uniformity of the deposited or oxidized

35 layer thickness is improved. |



It is an object of the present invention to provide a heating systemand a
nmet hod for heating an atnospheric reactor by which the in plane uniformty
of the dewosnwedior oxidized 35 | ayer thickness is inprovedI/RAR/0DO84711
PCT/ EPO2/ 04060 3 According to the present invention, the above object is
achieved by a heating system for heating an atnospheric reac- tor in which
a plurality of wafers is held perpenditularly to the reactant gas flow ng
direction which is parallel to the 5 longitudinal axis of the reactor, so

as 10 enabl&,AdePosh ine OPrPEOSESSPnEILPX1 {3 | QBoPE Sct Werein said
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which is parallel to the longitudinal axis of the reactor, so
as to enable a deposition reaction or an oxidation reaction,
15 wherein the reactor temperature is changed during the

process.

As the inventors of the present invention found out, the in
plane uniformity of the deposited layers can be largely im-

20 proved by changing the reactor temperature during the deposi-
tion process. Accordingly, the reactor temperature is no lon-
ger held at a constant value but it is changed. For example,
the temperature can be lowered, raised or changed in an arbi-
trary manner. Examplary temperature profiles which are

25 applied in all the zones of the reactor are illustrated in
Figures 2 and 3. As is shown in Figure 2, the temperature is
ramped down by 40 K, whereas in Figure 3, during deposition
which starts at point A end ends at point B, the temperature
is first ramped up by 60 K and then again ramped down by 60

30 K. The time is depicted in abitrary units (a.u.). It is to be
noted that depostion and oxidation are exchangeable in this
invention. A feature of the invention which is described for
a deposition reaction can equally be used for an oxidation
reaction.

35
According to a preferred embodiment, the deposition (or oxi-

dation) reactor is divided into a plurality (usually five) of



Is first ranped up by 60 K and then again ranped down by 60 30 K. The tine
Is depicted in abitrary units (a.u.). It is to be noted that depostion and
oxi dat i onweroe/oewehangeabl e in this invention. A feature @®@CTtHPE2/0406@€NtI ON
which is described for a deposition reaction can equally be used for an
oxidation reaction. 35 According to a preferred enbodi nent, the deposition
(or oxi- dation) reactor is divided info a plurality (usually five) of WO
02/ 084711 PCT/ EP0O2/ 04060 4 zones along the reactant gas flow ng direction.
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boundary weiuvkensthdbseeriegi ohs, ghbeitkat, the temperature is ramped up
from 720°C to 780°C.

15 Generally stated, the temperature is ramped down in the two
thirds of the reactor which are closer to the gas outlet. It
is preferred that the difference between deposition starting
temperature and deposition end temperature is greater in a
zone closer to the gas outlet than in a zone closer to the

20 gas inlet. Moreover, the temperature is ramped up in the
third of the reactor which is closest to the gas inlet. In
the zone forming the boundary between these regions, the tem-
perature is maintained constant during deposition. The tempe-
rature profiles during a deposition process within each zone

25 differ from each other. The temperature profile in at least
one of the zones is varying over desposition time according
to a predefined profile or rate. The temperature profile can
be constant in at least one of the zones, and must be varying
in at least another one of the zones over deposition time.

30 Preferably, the temperature profiles of two ones of the zones
do not behave in parallel to each other.

By these measures, it is possible to adjust the optimum depo-

sition temperature in accordance with the deposition conditi-
35 ons which vary in dependence from the location of the speci-

fic reactor zone. In particular, the reactant gases are de-

pleted along the reactant gas flowing direction. Moreover, in



perature i s maintained constant during deposition. The tenpe- rature
profiles during a deposition process within each zone 25 differ from each
ot her. Thwotoenpenature profile in at |least one of the zomEI/EPE2/0A6Y I Ng
over desposition time according to a predefined profile or rate. The
tenperature profile can be constant g at | east one of the zones, and nust
be varying in at |east another one of"the zones over deposition tine. 30
Preferably, the tenperature profiles of two ones of the zones do not
behave i ra pasee | €loser eas htlnd hpis Byt leeseheepsariemt idadss possidd e to
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t he effecﬁlowinghélm@ttmmors afott h#o retlacdmt gases al ong the reactant gas
flowing direction is not so strong. 10 Another rel evant paranmeter is the
heat flowin a direction of the wafer surface. Generally, heat is supplied
by néfins Afohehenel eierpipaifaneteeat s nghe alm@awlecwﬁm sfit t et bon thie
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where no gﬁgeéeposfklonQreactor refers to the temperature at the wafer
15 edge. In addition, in most commonly used deposition reactors,
at a position closest to the gas inlet, redundant heating
elements are provided at a position where no wafer is placed.
Accordingly, in the zone closest to the gas inlet, the hea-
ting is not only effected from the wafer edge but also from
20 the middle of the wafer. Therefore, dependent from the speci-
fic location of the zone, different heating conditions will

prevail.

More specifically, in the zones which are not closest to the
25 gas inlet, the temperature at the wafer edge is different

from the temperature in the middle of the wafer. Accordingly,

by lowering the temperature of the reactor, a uniform heating

amount can be achieved along the wafer surface.

30 On the other hand, in the zone closest to the gas inlet, the
heating is not only effected from the edge as explained abo-
ve. As a consequence, by raising the temperature of the reac-
tor during the deposition, a uniform heating amount can be
achieved along the wafer surface.

35
The effects of the present invention can be further improved

if the temperature profiles of the zones are properly set 8O



Accordingly, in the zone closest to the gas inlet, the hea- ting is not
only effected fromthe wafer edge but also from 20 the m ddle of the wafer.
Ther ef or ewodepettdent fromthe speci- fic |ocation of the PemgPozivfober ent
heating conditions will prevail. Mre specifically, in the zones which are
not closest to the 25 gas inlet, the tenperature at the wafer edge is
different fromthe tenperature in thé middl e of the wafer. Accordi ngly,

by lowering the tenperature of the reactor, a uniform heating anount can
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batch of wafers has been processed. To this end, after the
end of the deposition, the wafers of each zone are evaluated,
15 for example using an ellipsometer. Thereafter, on the basis
of the measurement results obtained, the heating conditions
for the zones of the reactor are set for the next deposition
processes. If the deposited layer has assumed a bowl shape,
the difference between deposition start temperature and depo-
20 sition end temperature must be increased in that specific zo-
ne. On the contrary, if the deposited layer assumes a pillow
shape, the difference between deposition start temperature
and deposition end temperature must be decreased in that spe-
cific zone.
25 ‘
In order to deposit the same layer thickness onto the wafers
in all the zones, it is preferred that the mean value of the
temperature taken over time in each of the zones is decrea-
sing from the zone closgest to the gas outlet to the zone clo-
30 sest to the gas inlet. For example, zone 1 assumes a mean
temperature of 800°C, zone 2 assumes a mean temperature of
790°C, zone 3 assumes a mean temperature of 780°C, zone 4 as-
sumes a mean temperature of 770°C, and zone 5 assumes a mean
temperature of 760°C. This is preferred when the temperature
35 ig equally changed in all the zones, for example, lowered by

a certain amount, raised by a certain amount or changed in an



end of the deposition, the wafers of each zone are evaluated, 15 for
exanpl e using an ellipsoneter. Thereafter, on the basis of the neasurenent
resul ts oWwpDapmwed11t he heating conditions for the zones offCoiePor/emet or are
set for the next deposition processes. If the deposited |ayer has assuned
a bow shape, the difference between deposition start tenperature and depo
20 sition end tenperature nust be incréased in that specific zo- ne. On the
contrary, if the deposited |ayer assunes a pillow shape, the difference
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assuneés aadreamtagaperature of 790C, zone 3 assunes a nean tenperature of
780C, zone 4 as- sunmes a nean tenperature of 770C, and zone 5 assunes a
mean tenperature of 760C. This is preferred when the tenperature 35 is
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m ddl e ,
- The present invention can easily be implemented to existing
deposition reactors.
i5

- As is generally known,. by raising the pressure inside the
deposition reactor, the deposition rate can be raised. Howe-
ver, a high pressure will also result in very inhomogenous
layers. By additionally regulating the temperature in accor-
20 dance with the present invention, the homogenity of the lay-
ers will be improved. Accordingly, when the present invention
is applied to a deposition process which is performed at an
elevated pressure, the deposition rate is raised and, simul-
taneously, the quality of the layers in terms of their homo-

25 genity is maintained.

- The present invention can be applied to all low pressure
chemical vapour deposition processes. It is particularly
applicable to the deposition of silicon nitride, silicon di-
30 oxide (TEOS process and thermal oxidation), arsene oxide
(TEAS process) and polysilicon layers. The advantageous ef-
fects of the present invention become especially apparent at
a layer thickness of at least 30 nm. If the layer thickness
is smaller, the advantages become less apparent.
35
The present invention will be explained in more detail with

reference to the accompanying drawings in conjunction with



10 of the wafer amounts to 4 nmat nost if the nean value of the |[ayer
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apparent. 35 The pigseniy idyand epMdde R exlaidied 4y nore detail with
reference to the acconpanying drawings in conjunction with WO 02/084711

PCT/ EPO2/ 04060 8 deposition, although the invention also includes
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examples and the comparative example.

In Figure 1, reference numeral 1 denotes a deposition reactor

15 in which the low pressure chemical vapour deposition takes
place and which is implemented as a batch furnace. Reference
numeral 2 denoteg gas inlet for feeding one or more reactant
gases to the deposition reactor, and reference numeral 3 de-
notes a gas outlet for exhausting the reactant gases. As is

20 obvious, the reactant gas flowing direction is parallel to
the longitudinal axis of the reactor. Reference numeral 4 de-
notes a wafer carrier for carrying a plurality (usually bet-
ween 100 and 150) of wafers, and reference numeral 5 denotes
a heating system for heating the deposition reactor.

25
The reactor may be divided into 5 zones, zone 1 to zone 5,
wherein zone 1 is the zone closest to the gas outlet, whereas
zone 5 is the zone closest to the gas inlet. In Figure 1, re-
ference numeral 6 denotes zone 1 and reference numeral 7 de-

30 notes zone 5.

In the present examples, a pad nitride layer is to be deposi-
ted onto silicon wafers. After that, trenches for defining
storage capacitors for DRAM cells are to be etched into these

35 wafers.



Figures 2, 3 and 4 show exanplary tenperature profiles applied to the
deposition reactor; and 10 Figure 5 shows the neasurenent results
representwogokgiuni - formty of |ayers deposited in accordarepe2/niosh t he
exanpl es and the conparative exanple. In Figure 1, reference nuneral 1
denotes a deposition reactor 15 in which the |ow pressure chem cal vapour
deposition takes place and which is i‘hpl enented as a batch furnace.

Ref erence nuneral 2 denotes gas inlet for feeding one or nore reactant
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(usual l'y bet -. e f er e .nu 5 denot es
a heat i ng &t (?(1)5eat| Ny tq% het t\,}?e SLAA 155\;30 W ek

e depos s reac e Yeactor may be
di vi d&d it (ﬁlﬂblzbnle@() ron5d°¢ oiemmgiﬁlg Gwmeir@ n'JIZQm%n Iréactinn zoredit osest

to the gas; Q| eds YHEK €as azd)é'kﬁx%d %é&ﬁl&%@gféésfétré&ﬂé‘@ %sfif%tet I'n

Figure 1, re- ference nuneral 6 denotes zone 1 and reference nuneral 7 de-
30 not es LRAREFIL 19A8 hies phed et @xtdi| ks ceOPadi i ihe XS8R §3%90 be
deposi - . L Y Qy Sfiévﬁlozif‘aﬂ@f@f t&LsoAfécQ{m Ld’égianc%électmﬁéwlé derttefndd s St or age
capaci tor ce re to etched into these

02/ 08471Pﬁ5”c1ﬁ7%f$m$ﬂb ehiroNt q?entl?eoacﬁfc‘?ﬁg RS0l ei?f% Wﬁ o‘f%%feré/g)
deposit i elegesict nn td@perLactoris srencoadt e, sanmohd heederper ajas e t her eof
s raisedy; dpual 1y, o reacton e feld & potandhy Lenper e @l ap-

pr oxi mat evfh errpera ure 1S be i ntrease
reactor gso that the deposition reaction will start. A typical

pressure inside the deposition reactor amounts to 14,63 Pa
(110 mTorx).

15
The temperatures at which the deposition starts and the tem-
perature profiles during deposition are varied in accordance
with the following examples and the comparative example. Sin-
ce the temperature profiles are selected so that the mean

20 temperature amounts to 800°C in zone 1, 790°C in zone 2,
780°C in zone 3, 770°C in zone 4, and 760°C in zone 5, the

deposition rate amounts to 2 nm/min.

The layers are deposited at a mean value of the thickness of

25 200 nm within a time period of 100 minutes.
Example 1

The reactor is brought to a temperature of 820°C in zone 1,

30 810°C in zone 2, 800°C in zone 3, 790°C in zone 4, and 780°C
in zone 5. During deposition, the reactor temperature is ram-
ped down by 40 K in all the zones.

Example 2

35
The reactor is brought to a temperature of 840°C in zone 1,
830°C in zone 2, 820°C in zone 3, 810°C in zone 4, and 800°C



5 by about 100 to 250C dependi ng on the chosen reaction condi- tions. As
soon as a desired vacuum degree is reached, a first reactant gas is fed
into the weaewst711 I n the present case, NH(err) at a fl owPCatEPODH404d80 sccm
(standard cubic centineters per second) is fed into the reactor. As soon
as the desired 10 deposition tenperature is reached, a second reactant gas,
which is SiHerr)d (err) at a flow rat@ of 120 sccm is fed into the
reactor so that the deposition reaction will start. A typical pressure

i nsi de the, deposid | ofuFBAGt @EpEEDUNGS, thd deddcRsr (ddferdOirg -id Sraihe
tenperatures at which the depoiitlon starts and the tem perature profiles
during depR3itHh BF SVaFi B Fhlatller#dRE with the fol | owing exanpl es and

the conparative exanple. Sin- ce the tenperature profiles are selected so
that the angfofgerrperature anounts to 800C in zone 1, 790C in zone 2,
780C in zOhE™3.€770C in zone 4, and 760C in zone 5 the deposition rate
anopuntss to 2 nmimn. The |ayers are deposited at a nean val ue of the

t hi cknes .40 i i ' es, Fxamie 1 The
reactor ?gﬁ%r%%?%%&?o%n%éu Q%?%Jée 0 &%%%%%ez(l)ﬁg élr%‘@u%oj?%loc in_zone 2,
800C i n z&h@°3,i7ou@e 2 zofe02AC HRdZTBOC: idh LIMRCTALENR| ¢ HRYYsi¥ton, the

reactor tesReratan® 4 scémprrRedrdoyn Pyo4d Knifoméd ! st heuZoReSdefaipl € 2
35 The reactor. is brought to a tenper té;re f 840C.in zone 830C i n zone

1,
2, 820C | PPzom® LR TRTS oh® ﬁgflﬂ)%% 9%/ By 19°8S/ EPg2/ 04060 10
in zame Shdufédigeteposet i onrabedr éawh asy teoper fh uzené sS4 f asamd it is

held constant in zone 5.
Example 4

15 The reactor is brought to a temperature of 840°C in zone 1,
830°C in =zone 2, 810°C in zone 3, 790°C in zone 4 and 750°C
in zone 5. During deposition, the temperature is ramped down
by 80 K in zonesg 1 and 2, the temperature is ramped down by
60 K in zone 3, the temperature is ramped down by 40 K in zo-

20 ne 4, and the temperature is ramped up by 20 K in zone 5.

Example 5

The reactor is brought to a temperature of 840°C in zone 1,
25 830°C in zone 2, 820°C in zone 3, 785°C in zone 4 and 740°C
in zone 5. During deposition, the temperature is ramped down
by 80 K in zones 1 to 3, the temperature is ramped down by 30
K in zone 4, and the temperature is ramped up by 40 K in zone
5.
30
Example 6

The reactor is brought to a temperature of 841°C in zone 1,
832°C in zone 2, 820°C in zone 3, 790°C in zone 4 and 734°C
35 in zone 5. During deposition, the temperature is ramped down
by 82 K in zone 1, the temperature is ramped down by 84 K in
zone 2, the temperature is ramped down by 80 K in zone 3, the



ped dowmn by 80 Kin all the zones. Exanple 3 5 The reactor is brought to a
tenperature of 840C in zone 1, 830Cin zone 2, 820Cin zone 3, a

t enper at Lwe 0fo84790C in zone 4 and a tenperature of 760C iPeTAPOBOMH60 Duri ng
depositi- on, the tenperature is ranped dowmn by 80 Kin zones 1 to 3, 10
the tenperature is ranped down by 40 Kin zone 4, and it is held constant
in zone S. Exanple 4 15 The reactor i 1br ought to a tenperature of 840C in
zone 1, 830C in zone 2, 810C in zone 3, 790C in zone 4 and 750C in zone
5. DUV'”gtgﬁﬁ8§éﬁu9@11éh@a&ﬁ@@eaéﬁﬂrﬁy'§orﬁ”P§dz§@éﬂ4 byn80tKe i PeBes 1

and 2, the tenperature is ranped_d 60 K in zone 3, the tenperature
is ranpedrﬂ%vﬁeb§S4E@WP?% b5) 9@ he ﬁ l%nﬁo?ﬁe tenperature i s ranped up by
20 Kin zone 5 Exanple 5 The reactor is brought to a tenperature of 840C
in zone 1 n zoqf 2, 820C in zone 3, 785C in zone 4 and 740C in
zone S. EE?Tﬂﬁrﬁ%ﬁ%%l?¥%WP fhe tenperature is ramped down by 80 K in zones
1to 3 the tenperature is ranped down by 30 Kin zone 4, and the

t enper at Upf | eéé‘E@Pdlé«'ppP u%lgtiKtbn a 208 %at%%%@”@b@@ gﬁe é‘Cior | s

brought to a tenperature o Cin zon Cin zone I'h zone
3, 790C i ho¢bdReln apme 734C788%C| hnzéﬁ@653 DUFO 1Y Hepaanei én, altlcﬁqe760°c

tenperatuyg ténéa@peﬁlﬂ %§8151bﬁ ZORe &emﬁ@@aﬁ@ﬁ@eiét}iéﬁdléoﬁa”ped
down by 84 K in, zope 2, enperature is ranped down by 80 K in zone 3,

the WO 02¢BR83Y 1310 Pt EF@??MOGO 11
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When the deposition reaction is finished, the flow of the re-
actant gasesg is interrupted and the reactor is rinsed with an

inert gas such as nitrogen.

15 Thereafter the quality of the deposited layers is evaluated
as follows. The standard deviation from the mean value of the
layer thickness based on 13 measurement points on the wafer
surface is determined for each of the examples and the compa-
rative example, and the results represented by uniformity

0,

20 sigma % are given in the following table:



tenperature is ranped down by 40 Kin zone 4, and the tenpe- rature is
ranped up by 52 Kin zone 5. Conparative exanple 5 The reactor is brought
to a tenpwoakwosginf 800C in zone 1, 790C in zone 2, 7380Cpch/Erones08) 770C
in zone 4, and 760C in zone 5. During deposition, the tenperature is held
con- stant in all zones. 10 Wen the deposition reaction is finished, the
flow of the re- actant gases is interfdpted and the reactor is rinsed with
an inert gas such as nitrogen. 15 Thereafter the quality of the deposited
| ayers is evaluated as follows. The standard deviation fromthe nmean val ue
of the |ayer—thickngss based onm 13 MEasUrenent poi Nnts on e waf er
surface |B5BRERni nedZPBE LadFoBe the ekt es and?PRe fonpd2& idve
exanpl e, | and the resuyligs reprigzgnted by| pmj form ty (8D sigma |%dre givep
the fol l pwing tablre: (WO, 02/ 084711 PCI/ EPOZ2/ 04060 [1Z_EXanpl €§_zone I zope
zone 3 zgﬂne_g_z_gne 5llrdd roglOndye rog rofl /4 1 141887 9?97%4,'977 1,07 12
0,45 0,60120,54 0,41 10785 3 Q,04%1-0,59 P24 0,17 0p9%1 4 0, 64,0874 0O, 6/
50,58 0, 1 47 0,32 0,69- 6.0,71 0,78.0,57 0,29 0,66
gbﬁéa?é? e 1,78'1,388i229 },ng;,59—IanHUGSULe“h311.esu!thﬂgg e
1, 2, 5 phd the conpanaé4tivdogvanpl e af® 7| ustradedlin Fi dur,855. 5

xanp| es

5 0,58 0,73 0,47 0,32 0,69
6 0,71 0,73 0,57 0,29 0,66
comparative |1,78 1,38 1,19 1,03 0,69

The measurement results for examples 1, 2, 5 and the compara-

tive example are illustrated in Figure 5.

5
As can be seen from the table, all of the examples provide a
layer thickness having an improved in plane uniformity in zo-
nes 1 to 4, whereas only examples 5 and 6 provide an improved
uniformity in zone 5.
10

However, since in normally used deposition reactors the posi-
tions of the wafer carrier of zone 5 closest to the gas inlet
and the positions of the wafer carrier of zone 1 closest to
the gas outlet are occupied by dummy wafers which are not

15 used for chip production, the deteriorated in plane uniformi-

ty in zone 5 ig of minor relevance for the chip production.

In summary, the present invention provides improved results

in examples 1 to 4 and excellent results in examples 5 and 6.



As can be seen fromthe table, all of the exanples provide a |ayer

t hi ckness having an inproved in plane uniformty in zo- nes 1 to 4, whereas
only exanwbag/87and 6 provide an inproved wuniformty in 2emEPs2/04060
However, since in normally used depositifs reactors the posi- tions of the
wafer carrier of zone 5 closest to the gas inlet and the positions of the
wafer carrier of zone 1 closest to the gas outlet are occupied by dunmy
waf ers which are not 15 used for chip production, the deteriorated in plane
uni form -4t Id¥F Z00€ S & QfuddrQrs rel evance for the chip production. 1In
summary, the present invention provides inproved results in exanples 1 to
4 and excellent results in exanples 5 and 6. WD 02/084711 PCT/ EPO2/ 04060

13 List 1of Refegsnicel Minessadtorl deposition reactor 2 gas inlet 5 3 gas
outlet 4 wafer_carrier. 5 heating system 6 first zone 7 fifth zone WO

02/ 08471F PCTAEP02/"04060 14 O aims 1. A heating system (5) for heating an
at nospherd ¢ rem ayut{ed) in which a plurality of wafers is held

per pendi gul ar | feqi &b feactant gas flowi ng direction which is parallel
to the longitudinal axis of the reactor (1), so as to enable a depo- sition
process & anheatddtg Fiv§firdftess, char act er i zedi nt hat

6 first zone
7 fifth zone



said heating system (5) is adapted to change the reactor tem 10 perature
during the deposition process. 2. The heating system (5) according to claim
1, ¢ h awooossamite r i zedi nt hat it conprises a pPCEER020406©f

heati ng el enents corresponding to 154a plurality of reactor zones into
which the reactor (1) is divided in a direction parallel to the reactant
gas flowng direction, wherein the heating el enent of each zone is adap-
ted to provide a different tenperature profile indicating the tenperature
of this spegiddc zone versus tinme. 20 3. The heating system (5) according
toclaim2, char acterizedint hat the heating el enent of
the zone (7) closest to the gas inlet (2) for feeding one or nore reactant
gases to 1 heariesst ong (dyst@b {3 attaptiesht ngravi stemesplespee ateaetprofile in

ol emont s 61 CHE ok o5 SLutFLI B LAY L OG0RT el AR fod e %}‘?t 2"
react &nt @a%elseaiCFmU@aﬁSe@l:anq 1@11@@@3&@&p‘ﬂ1@whtb‘3m@ﬁh}e€ eipeke ure

profiles jay,hi el 40e LIPS AtiHE dSacdOrfal) | nébdé'é'tf‘@ ért@opé o&e&?& The
heating system (5) according to claim 3, charac i nth

at the Hehiiohy RFRFRRE sOBf IR HKIIFHELOR IRERCESF t he gas outlet (3) 35 are

adapted t® wproHwde tepperature Hrdfi lesnin whhch the dif- ference between
t he process, $tart| nllg?% n%erat e and cEroce s, WO .02/ 084711 PCT/ EP02404060

15 end t ePET atTi et 2EBr (h 3 ARPTIE? To7rde YAe TUtTE” tHEn in a
zone 1ol os;esﬁretm:té\edwgasngntbe.d@oél’:hmdsreaprogesgstem (5) according to any of
claimte 2to4, 5characterizedinthat
2. The heating system (5) according to claim 1,
characterized in t hat
it comprises a plurality of heating elements corresponding to
15 a plurality of reactor zones into which the reactor (1) is
divided in a direction parallel to the reactant gas flowing
direction, wherein the heating element of each zone is adap-
ted to provide a different temperature profile indicating the
temperature of this specific zone versus time.
20
3. The heating system (5) according to claim 2,
characterized in that
the heating element of the zone (7) closest to the gas inlet
(2) for feeding one or more reactant gases to the reactor (1)
25 is adapted to provide a temperature profile in which the tem-
perature is rising during the process, whereas the heating
elements of the zones close to the gas outlet (3) for ex-
hausting the reactant gases from the reactor (1) are adapted
to provide temperature profiles in which the temperature is

30 falling during the process.

4. The heating system (5) according to claim 3,

characterized in that

the heating elements of the zones close to the gas outlet (3)
35 are adapted to provide temperature profileg in which the dif-

ference between the process starting temperature and process



the heating elenents are adapted to provide tenperature pro- files such
that the tenperature profiles of neighbouring zo- nes do not cross each

ot her durwog2wggiprocess. 10 6. The heating system (5) aceamrdiPayo4o60 cl ai m
5, characteri zedint hsat the heating elenents are adapted
to provide the sane end tem perature of the process. 15 7. A nmethod for
heating an atnospheric reactor (1) in which a plurality of wafers is held
perpendicularly to the reactant gas flowing direction which is parallel to

the | ongidiifliNdloe - 01 4 NE-dRAE! O SR IQENAD!E, ifteRRal i i ocess

or an ox process, nthat the
react or ttémrla’tmezq)%e&ﬂa?ﬁﬁaﬂt@rﬁ% E% Jﬁﬂcﬁ%ss 8. The nethod for

heating a reactor (1) according to claim7, characteri zedin
t hat 25 each of a pluralit reactor, zones, into ich the reactor 1is
di vi ded i3 &hf rl'%éf’cfl‘t'rjc}{‘)ia p%)f%ﬁq%l 5[)0 aﬁﬁé’“ﬁ‘%‘é’& at 3R 4 \A,{]‘L%“I‘ﬁg 4ite&ion, is
heat ed atcéh@lffeste:nttt@rmeraztweiprcﬁlﬂe i ndicati ng the tenperature of
this specif ne vers us tinme. 30 9. .The nethod f ti r or (1)
accor di ng-’ qﬁaa msB,°© em%n%s 5 @ apeterOFitoz Egeko%lwié)én 1{]eeﬁﬁbea&lgc‘“l{j‘rnet eé

t enper at urid g cfudle at hehe drengeda wlus astof bleheoHaweighbaurityy For _
feeding Q& o MUE LLACL aégv%lg%f %ﬁﬂ%gﬁe&?e lqgcegs’ls) the tenperature is

rising during the process, reas in the tenperature profiles of the
zones close to the gas outlet (3) for exhausting the reactant gases from

the fg- %:t@ﬁhémea&fw%tmr@twe dded iAo SluEd 4m the process. WO
02/ 084711 PCT/ EPO2/ 0 16 10 dThe rret ho fora t}_’eatl ng a reactor (1)

accordi ng tb &1GignCo; ¢ ¥ 1 z
the heating elements are adapted to provide the same end tem-

perature of the process.

15 7. A method for heating an atmospheric reactor (1) in which a
plurality of wafers is held perpendicularly to the reactant
gas flowing direction which is parallel to the longitudinal
axis of the reactor, so as to enable a deposition process or
an oxidation process,

20 characterzrized in t hat

the reactor temperature is changed during the process.

8. The method for heating a reactor (1) according to claim 7,
characterized in t hat

25 each of a plurality of reactor zones, into which the reactor
is divided in a direction parallel to the reactant gas flo-
wing direction, is heated at a different temperature profile

indicating the temperature of this specific zone versus time.

30 9. The method for heating a reactor (1) according to claim 8,
characterized in t hat
in the temperature profile of the zone (7) closest to the gas
inlet (2) for feeding one or more reactant gases to the reac-
tor (1), the temperature is rising during the process, whe-
35 reas in the temperature profiles of the zones close to the
gas outlet (3) for exhausting the reactant gases from the re-

actor (1), the temperature in falling during the process.



characterizedinthat 5inthe tenperature profiles of the
zones close to the gas outlet (3) the difference between the process end
t enper at we 02asd1t he process starting tenperature is greatP€m/EPa2/ed080Ne

closer to the gas outlet than in a zonggcloser to the gas in-

| et.

10 11.

The nethod for heating a reactor according to any of clainms 8 to 10, ¢ h a
racteri zedint hat the tenperature profiles are such that the
tenperature pro- 15 files of neighbouring zones do not cross each other
during the process. 12. The nmethod for heating a reactor according to
claiml1ll, char acteri zedint hat 20 the_tenperature

profil es e BiRHeHad t FRr RRE iHet HRE Y (P heaFFYeddy it (He

each zones,

characterized in t hat

5 1in the temperature profiles of the zones close to the gas
outlet (3) the difference between the process end temperature
and the process starting temperature is greater in a zone
closer to the gas outlet than in a zone closer to the gas in-
let.

10

11. The method for heating a reactor according to any of

claims 8 to 10,

characterized in t hat

e in

the temperature profiles are such that the temperature pro-

15 files of neighbouring zones do not cross each other during

the process.

12. The method for heating a reactor according to claim 11,

characterized in t hat

20 the temperature profiles are such that the end temperature of

the process is the same in each zone.



