29 SEP 2005 * 166166* 1 Description *@0002* Heating Systen1an99wggmqg5for'
Heating a Deposition or Oxida- tion Reactor 5 The present invention rel ates

*0 a heating systemand a nethod for heat| tor for one of
ﬁ@ﬁ“@\mﬂ\me of integrated
, €S

deposi tion and oxida- tion. 10 During t mﬁ
circuits such as nenory products substr pecial |y sem conduct or

wafers, are processed in high-tenperature oV¥H§ called reactors, in or-
der to deposit layers of isolating, sem conducting or con- ductin

material . These reactors can be suited_ for the proc 15 essiEﬂNﬂMﬂﬁmnmwML
plurality of wafers at one tinme. The wkfers are pl aced on rt

i nsi de theeke®¢peionlhe deposition reactor and, thus, the waf ergiooere
heated to a desired tem perature. Typically, reactant gases are passed
over the heated wafer, causing the chem cal vapor deposition of a thin 20
| ayer of Heatdimgctgstemntndi Methodt iorwleakingl seDepoisisipn oreQuddat gases
passi ng ogggnpggFﬁggged wafer will inmmediately react with the substrate

material, as i S € Case in thermal oxidation. 25 Figure 1 shows an
exenpl@ary deposition reactor which is suited for |ow pressure chenical

vapour depgsi hr@BeREOGRY8REion relates to a heating system and a
method for heating a reactor for one of deposition and oxida-

tion.

10 During the manufacture of integrated c¢ircuits such as memory
products substrates, especially semiconductor wafers, are
processed in high-temperature ovens. called reactors, in or-
der to deposit layers of isolating, semiconducting or con-
ducting material. These reactors can be suited for the proc-

15 essing of a plurality of wafers at one time. The wafers are
placed on a wafer suppoft inside the reactor. The deposition
reactor and, thus, the wafers are heated to a desired tem-
perature. Typically, reactant gases are passed over the
heated wafer, causing the chemical vapor deposition of a thin

20 layer of the reactant material on the wafer. Altermatively,
reactant gases passing over the heated wafer will immediately
react with the substrate material, as is the case in thermal
oxidation. '

25 Figure 1 shows an exemplary deposition reactor which is
suited for low pressure chemical vapour deposition processes.
A large number of wafers {(typically at least 100) is carried
by a wafer carrier, for example a slotted quartz boat, so
that the gas flowing directioﬁ, which is defined by the line

30 connecting gas inlet and gas outlet and which is parallel to
the longitudinal axis of the reactor, is orthogonal to the
wafer surfaces. Heating means are provided in order to heat
the reactor to a predetermined temperature. As soon as the
predetermined temperature is reached, the reactant gases are

35 introduced into the deposition reactor in order to effect the
deposition reaction. According to the prior art method, the



A large number of wafers (typically at least 100) is carried B SERBr
carrier, for exanple a slotted quartz boat, so that the gas fl ow ng
‘direction, which is defi'ned by the Iine 30 connecting gas inlet and gas
outlet and which is parallel to the longitudinal axis of the reactor, is
orthogonal to the wafer surfaces. Heating neans are provided in order to
heat the reactor to a predeterm ned tenperature. As soon as the
predeterm ned tenperature is reached, the reactant gases are 35 introduced
into the deposition reactor in order to effect the deposition reaction.
According to the prior art method, the 29 SEP 2005 la tenperature of the
deposition reactor is maintained constabad during deposition. 29 SEP 2005 2

in order t i S f.0r + TE

reacted at e%“?%?r%{éégtéure g?‘%?%@’ 51&’ p@é@@ﬁegoﬁwtgg %@ﬂ?&ﬁﬁ ride
| ayers candpeiggndenesiitbonee- acting Si H2C12 and NH3 at a tenperature of
750C and a pres 5 sure of 30 Pa. As is generally known, the deposition rate
depends on the deposition tenperature and the pressure inside the
deposition reactor. Mre specifically, a higher deposition tenperature 10
results in a higher deposition rate. Accordingly, usually a tenperature
gradient is applied in a direction parallel to the gas flow ng direction
in order to conpensate for the de-



pl etion of the reactant gases in that direction. As a conse- qﬁén&%fZWEe
tenperature at the reactant gases outlet is is higher than the tenperature
‘at the reactant gases inlet. By these neasures, it is possible to deposit
a honogenous | ayer thickness onto all wafers which are sinultaneously
processed. However, it is not possible to achieve a sufficient in plane 20
uniformty of the layer thickness. Mre specifically, the |ayers on the
wafers close to the gas outlet tend t# assume a  bow shape in which the
llayer thigk Al d apRige ofilivon whfeerides dozarxamesn THRS 4 ayer

t hickness 1n the mddle of _ th fer | icf T2 nC s ween
| ayer thi Gnl@GsHok)a1ls 18 zf\#'g % fyeg‘}y%]a%r%gg Pﬁ)q{j’he i dqu %ibs
approxi - gipeelof 4 rea.atsid ineem niditisleofl ayers SpeY henigantsad F€hm On

the other_side, f. ayer t ASfd G ff &0 gparid2tprend to
assune aapﬁq"lrlﬂ/\/ééﬁ‘g&i?i%m\i}\hl?@% {tﬁeé,\?"faéyﬁ r&thi ckness at the edge of the

waf er 5i s sugd |t Ithdathe | ayer 30 thickness in the nmiddle of the wafer.
U S. patent US-A-5 775 889 discloses a reactor for high tem perature
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| ongi t udi gého @t SordltdriseFanntorand ghe hprgsouyes yineife dli dRPES 5 Mg and
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reactyioon $+ede) t@sin endisghebodeposition rate. Accordingly, usually a
temperature gradient is applied in a direction parallel to
the gas flowing direction in order to compensate for the de-
pletion of the reactant gases in that direction. As a conse-
quence, the temperature at the reactant gases outlet is

1s higher than the temperature at the reactant gases inlet. By

these 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 gsufficient 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 approxi-
mately 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 inlet tend to assume a pillow shape in which the layer
thickness at the edge of the wafer is smaller than the layer
30 thickness in the middle of the wafer.

U.S. patent US-A-5 775 889 discloses a reactor for high tem-
perature treatment of semiconductor wafers. The wafers are
held perpendiculafly which respect to a reactant gas flow di-
35 rection parallel to a longitudinal axis of the reactor. The
heating system performs a rising and falling temperature pro-
file during wafer processing in order to avoid crystal de-
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1.100 C, oxidation gases are fed into the reaction tube. The international
patent application WO 00/ 39840 discloses a 5 vertical oven sy%@e?ﬁpf 005
‘boron dopi ng of sem conductor wa fers. The wafers are vertically arranged.
The oven conprises several tenperature zone which can be heated

i ndependently. To provide a heating systemand a nethod for heating a reac-
7.0 tor for one of. deposition and oxidation by which the in plane
uniformty of the deposited or oxidized | ayer thickness is inproved. 2 9
SEP 2005 3 According to the present imyention, the above object is

achi eved by a heating system according to the featurges of Cll-;ai mfp. E

Nbr eover, fdvet sbrEl ehjekip i Shashi Ve weschionetnBa Faf reaftedngP8 teact or
according { e ' fréheihbyethar seaétibe pubsent

i nventi on_]f'gluiéc]eqoéu't aéﬁcgéﬁ'%n agi‘inéeg ?ﬁfﬁrrﬁty of the deposited | ayers can
be largely im10 proved by changing the reactor tenperature during the

deposi - tig@n, ARGt AT Pt Apelieation wenpeyassee disabosesnger
st ant vaﬁ ue but

hel d itod
Can boS| QAFERACAY FEU BYEREARR AR COPERT; 3F, SHmeRap et AT AL €

t enper at Urge s Of theswatveh @re Vértapphley arrahgedheThencvenf CORBL 888t or
are illustrated j Fi qur.es i i h } 0Yh8eBend 8t 1y,
t enper at ur%e‘f%rajr %ﬁf%%%y% %l?fémﬁe?%gss‘lg\ﬂh ?Egarie 3, e"gdﬁri ng Y

deposition .which starts at point A end ends at point B, the tenperature
To provide a heating system and a method for heating a reac-

10 tor for one of deposition and oxidation by which the in plane
uniformity of the deposited or oxidized layer thickness is

improved.

e e s ——



Is first ranped up by 60 K and then again ranped down by 60 é? ﬁé'The tinme
Is depicted in abitrary units (a.u.). It is to be noted that ego Pt 2085 and

‘oxi dation 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. 25 According to a preferred enbodi ment, the deposition
(or oxi- dation) reactor is divided into a plurality (usually five) of A
11AWhtr r Qut=E: r 2 9 SEP 2005 4 zones al ong the reactant gas fl ow ng
direction. The heating systemis dividegd into heating el enments and each of

the hea- ting elenents is separately controlled so as to provide a

di ff erent P@aﬁgﬁépgr5°ngFiPgeFﬁHFCXPVﬁEtiﬂ%'tghﬁeﬁs?ﬁ?e°§3e§tth§ specific

t enper at ur gchli evedt byeasheating spstemshowdrdssperdt trel Fyatur&s gvfe 4. The

nunber of hﬁg%#n elements can be the sane as the nunber of zones. As can
g -

be seen fr% re 4, in zone 1, which is close to the gas outlet, the
tenpe- rature is ranmped down from 790C to 710C, in zone 2 the tem 10

perat urse i d 770C /30C..in.zone 3_the.. t erature is
ol nt aed 2hRe Ehe “EHE 2BRV [HBTRRE TR ten g O o iftnad TR et
inl et, thelR@nperataterigceondont upe thenfettes I80Clald &eneral |y
stated, the tenperature is ranped down in the two .thirds of the reactor

which are closer o the gas gutlet. It . . .
As the inventors of the present invention found out, the in

plane uniformity of the deposited layers can be largely im-
10 proved by changing the reactor temperature during the deposi-
tion process. Accordingly, the reactor temperature is no
longexr held at a constant value but it is changed, For exam-
Ple, the temperature can be lowered, raised or changed in an
arbitrary manner. Examplary temperature profiles which are
15 applied in all the zones of the reactor are illustrated in
" .Figures 2 and 3. As is shown in Pigure 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
i first ramped up by 60 K and then again ramped down by 60
20 K. The time is depicted in abitrary units (a.u.). It is to be
noted that deposition 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.
25
According to a preferred embodiment, the deposition (or oxi-
. dation) reactor is divided into a plurality (usually five) of
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is preferred that the difference between deposition starting 2gegperajsure
and deposition end tenperature is greater in a zone closer to the gas
outlet than in a zone closer to the 20 gas inlet. Mrreover, the tenperature
is ranped up in the third of the reactor which is closest to the gas
inlet. In the zone form ng the boundagy between these regions, the tem
perature is nmaintai ned constant during deposition. The tenpe- rature

profiles during_a depqsition process wWithin each_zope 25 diff f each
ot her. TIRORSSFPRDr ?n%ﬁ??€§$9 %?SYt%gvln%nélﬁ?cgﬁgnZOﬁéé ﬁéaggﬁg}ng
over despagitidndid idivledr thtg héat ingrellehéned andf ehehoofr ahe. h&ae
tenperature prafile can, be constant in_at ast _qQne_of _t s, and nust
be varyiﬁ&ndﬁéiﬁmQQE%tl%uﬁﬁEEEaB%gyo?o?ﬁgoggﬁéss§v§§ ggpﬁ%???@% %ime. 30
Pr ef er abldi £ fieheerite mpanpe ratupe oprdEslef indbcanisgothehterpasstude abt

behavg i r | ¢ 4 ! r I Lol $SaP lhle to
adj ust t h%g%gp%érrcﬁ' n% K ep%%’?%%?\f? e%p%&gﬁﬁs‘ég?%ﬁgcggvrnga%ge%% tgﬁsﬁe
deposi t i civhanatiidalBly oie Fidere var yThe depbadentcheabinghelPBBREPORZDBS t he

speci - fT%'Eﬁ%“éHméIQ§1?ﬁQ_ﬂ@ﬁﬁéfuéﬁfzoﬁEE.rﬁécééﬂtbgaééénafﬁoﬂeFi eted

al ong the reactant gas flow ng direction. Mreover, in 29 SEP 2005 a zone
closer t&e Ho dds Z9Re b/ (WaleRalE aRLOgAsE] bhe 93s quFielepFBecHeTReER

directi oniaial |8 Fonbde IGIS' oomf 096°80tot PAbotheinegehank ghacgemre
nost _depleted in the nlddli of the mafer§. I n %hg ones cl ose tg t he gas
i nl el0 | PeFALYRE B | EamPed dewn bRel VAREECHCi ASPRE | dReFORRI PATBE t he

reactor, temperature is maintained constant at 750°C, and in zone 4,
which is close to the gas inlet, 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
igs prefexred that the difference between deposition starting
temperature and depoeition 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 profiie 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 zomes 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 onsg 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



this effect is less inportant since in these zones the effect 28 3HFe2005
depletion of the reactant gases along the reactant gas flow ng direction
is not so strong. 10 Another relevant paraneter is the heat flowin a
direction of the wafer surface. Cenerally, heat is supplied by neans of a
heating spiral or-heating lanp which iis situated at the reac- tor walls.
Accordingly, a certain tenperature of St he zone of the deposition reactor
refers to the tenperature at the wafer 15 edge. In addition, in nost

comonl y_ used. depgshli 8 £RacCHRESoutdbtrathesirkhetanltogastest axtehasgas inl et,
redundan? eafin

el ements _are provided osi tion f IS
pl aced. Wﬁbl;oﬁﬁP%@F?@ in ahéizsR IEPOEé&ﬁSit ﬁé’ & i‘"ﬁ}@g‘?{ %f'%ga\t%a-%rcti ng
i's not ophyceffiectedethal fhgerahee tdge depleted finowh20ntkdle ¢dl e of the
waf er. Therefore, dependent fromthe speci-

fic_lo QN (QRE,
di f f er enthRecBREREEcORB ERBNEOREF| C-FFEV P|Fhﬁb§835§§§F ch%ﬁyg&FéQ? e zones
mgic% arﬁa??tiﬁ|@HgshoheﬁtmecaEEdga& thbeﬂpnemethéfﬂepdtmhs FeANOTnaf er
edge is difrerent fromthe tenperature . ' Ade
Accor di nghy8 eS?SFEV\gPi ﬁrssﬁhég‘gé’ﬁ%@?l&t t?rlgmtgf qphnlgigggc%)r, at\gﬁ %[)frfrﬁcﬁeati ng
anount cafi baeagbpieedoal ofigthke reaktantugeses. 23ono thee @AM E:S i n

t he zone_cl osest .to ag t et ating is not only effected from
t he edgefggwé?ﬁlgﬁﬁggQg §-§5e55§ssg %gﬁgé uence, by raising the tenperature
of the reac- tor during the deposition, a uniform heating anount can be

achigyedaalondyt De1WRESE PUrhAe®er3is the heat flow in a direction of

the wafer surface. Generally, heat is supplied by means of a
heating spiral or heating lamp which is situated at the reac-
tor walls. Accordingly, a certain temperature of the zone of
the deposition reactor 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 alsc 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 so



The.effects of the present invention can be further inproved ig tgi?
tenperature profiles of the zones are properly set so 2 9 SEP 2 85 @%ﬁt
the tenperature profiles of neighbouring zones do not cross each other
during the deposition process. Stated nore concretely, the el evation of
the tenperature of one zone should be avoided, if at the same tine the
tenperature of a 5 neighbouring zone i lowered in order to mnimze a
detrinmen- tal heat flow between the zones. The detrinmental heat flow can be

best supprgessed,if. the depo- sitiqQn.process en at_the sane t erature in
al | zonesﬁﬁig gPﬁcEeHPFFQEBﬁF Eﬁﬁéhﬁ%ﬁQDﬁﬁfé§%¥£ﬁh9q;%ﬂﬂFQQQﬁ%fé§ “heating
condi ti onsroascakchr ether daming méwef depeditdors guocess Bhatduhimdraf

waf ers ha ce d, hi wraf t d e psi tion,
the waf eréoggggggp&toﬁggaﬁézg\?gll&g’t ggd tf% ft(;ee:mptee%r%}e‘[e}e uog no;:{?sanz%‘?{%

el | i psoneskouldhbeecavpédedonifhatbidies sagfe tHmerddwutamparatemd f a

obt ai red, I I 1,0 tihe ANRS N 4 ' for

t he ngxt ﬁgbgg?tslﬁgﬁﬂgpggggségs?%ertr%rﬁle lggpom tea:qﬁI aﬁglltehrmﬁgés\é g{sgl?nt% a bow
shape, theldheptr Ehow between S&BSo&arissh start tenperature and depo 20

sition end tenperature nust be increased in that specific zo- ne. On the
contrary, if the deposited |ayer assunes a pillow shape, the difference

bet ween” dERBsHersimsnapl heafeldrlr araMe ROFSsiSURRT a/fed dipdid deParust
be decreasedibn phatesBeendsl he Z0@e.same temperature in all zones.

10
Since different deposition reactors require different heating
conditions, a calibration can be performed, as soon ag a new
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
procesges., 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 z pillow
shape, the difference between deposition start temperature
and deposition end temperature must be decreased in that spe-
cifie 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 closest to the gas outlet to the zone ¢lo-

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-
gumes a mean temperature of 770°C, and zone 5 assumes a mean
temperature of 760°C. This is preferred when the temperature

35 is equally changed in all the zones, for example, lowered by

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



25 In order to deposit the sane |ayer thickness onto the mafer q% t he
zones, it is preferred that the nean value of the tenperature &gﬂ

time in each of the zones is decrea- sing fromthe zone closest to the gas
outlet to the zone clo 30 sest to the gas inlet. For exanple, zone 1
assunmes a nean tenperature of 800C, zone 2 assunes 'a nean tenperature of
790C, zone 3 assunes a nmean tenperatupe of 780C, zone 4 as- sunmes a nean
tenperature of 770C, and zone 5 assunes a nean tenperature of 760C. This

is pref e&?ﬁ@#’ﬁwg &Qﬁnt«a&'frpe&awree 3hel Teappedidturenangsllien off lewdwy zones,
for exanple re a cert% anDunt ralsed by a certain anount or
changed FﬁnanlEQCQEPSE@O§n7aaﬂB L:or when the tenperature

profile of every zone is changed |n a different manner. |In sunmary, the

present jnvention i des the fallow.n pl ane

uni f or m £ ¥ de% PEESERN et ve?tlg’fbgl%%%s?%\%d £q E%g“a”& cul ar,

di ff g enedvhetwees:t he | ayer thickness at the edge and the |ayer thlckness
in the mddle 10 of the wafer anmbunts to 4 nmat nost if the nean val ue of

the layer thickness anbunts to 200 nm - The resent i nvention can easily

be i npl erefted iro pdens v fotEdy tqfortheeai@m%lt% ayers ¢ gelfragly
known, by £ e 1IE JRIUI%Y,"H @ fiffience between the layer

thickneas at the edge and the layer thickness in the middle
10 of the wafer amounts to 4 nm at most if the mean value of the
layer thickness amountes to 200 nm.

- The present invention can easily be implemented to existing
deposition reactors.
15
- As is generally known, by raising the pressure inside the
| deposition reactor, the deposition rate can be raised. Howe-
ver, a high pressure will aleo 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 hecome 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



deposition reactor, the deposition rate can be rai sed. Howe- vq{Q §EPhFﬂ§
pressure will also result in very inhonogenous |ayers. By additionally
Tegul ating the tenperature in accor 20 dance with the present invention,

t he honogenity of the lay- ers will be inproved. Accordingly, when the
present invention is applied to a deposition process which is perforned at
an elevated pressure, the depositionBrate is raised and, sinul- taneously,
the quality of the layers in terns of their honp- 25 genity is nmintained.

- The present. inventj b PRLBH L 3ndlall P Wi IRy oxicheiaral vapour
depositié%??ﬁ%ﬁ%ggEngﬁPgﬁghpgpgigh&%ﬁ]y agblicable to the deposition of
silicon procesieessilicon di 30 oxide (TEGCS process and thermal oxidation),
arsene oxide (TEAS process) and. polysilicon |layers. The advantageous ef-

fects of the present invention becone especially apparent at f%ge?ﬁg
thi cknesBigiretl| bhiusbvanss Af CVRe XRAFELY i n ke BFEG FOT 1S

advapt ages beCO”E?}]éﬁénEEﬁgr eRb. p2Bgéhe pnesentticmvention will be expl ai ned
in nore detail w reference to the acconpanyi ng drawi ngs i n conjunction

with 2 9 SEP 2005 8 deposition, although the invention also includes
oxi dat i OBy gRreEes5es. ahtigyr @hbwi lehdaniplaires tenPdratannt @rafilds can be used
for im 5 plenenting.th resent .inventi.on; _Figures, and 4 show
exanpl ary tenpera?ﬁgélﬁﬁogfal gge depos:.ttlon reabte; and’
10 Figure 5 shows the measurement results representing the uni-
formity of layers deposited in accordance with the

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 denotes 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 xeactor. Reference numeral 4 de-
notes a wafer carrier for carrying a plurality (usually bet-
ween 100 and 150) of wafexrs, 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 é 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.




applied to the deposition reactor; and 10 Figure 5 shows the neasurenent
results representing the uni- formty of layers deposited in ac@dr 86h 005
wWith the exanples 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 inplenented as a batch
furnace. Reference nuneral 2 denotes aas inlet for feeding one or nore
reactant gases to the deposition reactor, and reference nuneral 3 de-

not ets at 9ﬁ§t8f!|t hﬁtrﬁ&ﬁc@h@?'&h@ wafele :1|@&|€at ;mre tmmh | w%mtn sem:lmdmm dlhﬁf me
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pl gr al i tyUéuaﬁayl y thet rembfrl(i@ heddlad) aots bamidys,t eanperagfusree e apmer al
5 denotes a hea m_f or_, heat ing I
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the zdhe byoabsuttaowhaoga§061¢t Hepenm@ge@sl thengl®den meactaen GAskist to

the gas iQlghy | AFLQUC ol of fledliPel (R RMIPIRGRAWLARARNE b Flbst

ref erence "Nuine notes zone 5. In ]ﬁhesent exanpl es, a pad
nitride | apactantt gase igefed inted the Fesiatiodon Inaftdles pogsesit (qee,

trenches [ f igni [ , foar & e fethereet ched
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per second) is fed into the reactor. As scon as the desired

10 deposition temperature is reachad, a second reactant gas,
which is SiHpClg at a flow rate of 120 scem, is fed into the
reactor so that the deposition reaction will start. A typical
pressure ingide the deposition reactor amounts to 14,63 Pa
(110 mTorr) .

15
The temperatures at which the deposition starts and the tem-
perature profiles during deposition are Varied in aceordance
with the following examples and the comparative example. 8in-
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 peried of 100 minutes.

Example 1

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

30 B810°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



After introducing the wafers into the deposition reactor, the rggc@gr I S
evacuated, and the tenperature thereof is raised. Usually, the avkFoR006 s
hel d at a standby tenperature of ap- proxinmately 650C so that the
tenperature is to be increased 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 reactor. In the present
case, NH3 at a flowrate of 480 sccm (ggandard 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 SiH2C12 at a fl ow
rate of 120iBceeneis. fluring slanesitienet shesseapbort hemMpepdsire g Lddct i on

Wil start.pddtaddintdby &0 e6SH @liIngirée Johesdeposition reactor anounts to
14,63 Pa (110 mrorr). 15 The tenperatures at which the deposition starts

and the tem perature profiles during deposition are varied in accordance
wi th the foEkxawle xanpl es and the conparative exanple. Sin- ce the
tenperature profiles are selected so 'that the nmean' 20 tenperature anmounts
to 800C in zone 1, 790Cin zone 2, 780C in zone 3, 770C in zone 4, and
760C i n zonEh®, reartonidfo HUUSINY & 2a¥EERES2EWrY Pf #4 0°C Tk 2c@feds are
dems;I t eg zi%%@m z&{e@,ofslztohie: t%ﬁﬂ gloness, of té’rgpaﬁ%lﬁw@ vé it higyeg tihme f
period o m put es. anpl e e.r r..s brought_to a tenperature o
B20C i n 7onE 4 R0 o ESTHER RS, SB0GONT SBrEcHE JodRTHG, GRBoR: Eang
780C on, the temperature is ramped down by 80 K in zones 1 to 3,

10 the temperature is ramped down by 40 K in zone 4, and it is

held constant in zone S.
Example 4

15 The reactor is brought to a temperqture 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 tempexature is ramped down
by 80 K in zones 1 and 2, the temperature i1as famped 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 ipn 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 témperature is ramped down
by 82 K in zone 1, the temperature is ramped down by 84 K in
zonie 2, the temperature is ramped down by 80 K in zone 3, the



in zone 5. During deposition, the reactor tenperature is ram ped down by
40 Kin all the zones. Exanple 2 35 The reactor is brought to a28e$qReigopur e
of 840C in zone 1, 830Cin zone 2, 820Cin zone 3, 8.10C in zone 4, and
800C 2 9 SEP 2005 10 in zone 5. During deposition, the reactor tenperature
is ram ped down by 80 Kin all the zones. Exanple 3 5 The reactor is
brought to a tenperature of 840C in zbhe 1, 830C in zone 2, 820C in zone
3, a tenperature of 790C in zone 4 and a tenperature of 760C in zone S.

Duri ng d%QQ\?etr'a'tu‘i'@ il G eln@IBRE IR By 10 ATHer A 4y cBMH e tzames- 1 to
3, 10 the ténperature is ranped down by 40 Kjn zone 4, and it is held
const ant YAfUEEnd ssrampad, U PY152rie "Féa'@ﬁ?r ‘s brought to a tenperature of
840C in zone 1, 830Cin zone 2, 810C in zone 3, 790C in zone 4 and 750C
in zone 5. During deposition, the tenperature is ranped down by 80 Kin
zones 1 KREPATARYS &8k %re is ranped down by 60 K in zone 3, the
tenpegature i s ranped down by 40 Kin zo 20 ne 4, and the tenperature is

ranped unl Qo G0 RioH UL Al dRAY Ut If0d¥eusizdt A,
790°C in zone 2, 780°C in zone 3, 770°C in zone 4, and 760°C
in zone 5. During deposition, the temperature is held con-
stant in all zones.

10
When the deposition reaction is finished, the flow of the re-
actant gases is interrupted and the reactoxr 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
20 sigma % are given in the following table:



25 830C in zone 2, 820C in zone 3, 785C in zone 4 and 740C in 2022 g.
During deposition, the tenperature is ranped dowmm by 80 K in zofiegs ﬁftﬂm&&
the tenperature is ranped down by 30 K in zone 4, and the tenperature is
ranped up by 40 Kin zone 5. 30 Exanple 6 The reactor is brought to a
tenperature of 841C in zone 1, 832C in zone 2, 820C in zone 3, 790C in
zone 4 and 734C 35 in zone 5. During deposition, the tenperature is ranped
down by 82 Kin zone 1, the tenperatufg is ranped down by 84 Kin zone 2,
the tenperature is ranped down by 80 K in zone 3, the 29 SEP 2005 11
tenperature is ranped down by 40 Kin zone 4, and the tenpe- rature is
ranped up, by 52 K in zone S _ Conparati. 5 The reactor—-s—broyght
to a teinEﬂaﬁﬁﬁeOf 80Q&né N1 zoR né 2 79deoua aone [20n€88C i nzomees3, {70C
in zone 4 760C one ring g sition, ete grghure is hel d
con- stant—r—al—zene £% Pu C‘gCFEE?LIUH f é%?;un ?B r%nIaucu, t he
flow of theg re- actan1_gp$es |§,Baterru Qed7and t h€,B&act or |23 9insed|with
an inertfgas such as|pijgogeny ¢p Ther af 5gr the|guaghity off1t hg depogited

l

Iayers i S evat-vated

3 0,49  lo,5s lo0,22 0,17 0,95
4 0,64 0,74 0,67 0,31 0,85
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 résults 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 prov;de an improved
uniformity in zone 5.
10

However, since in normally used deposition reactors the posi-
tione 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 gags ocutlet are occupied by dummy wafers which are not

15 used for chip production, the deterilorated in plane uniformi-
'ty in zone 5 is 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 S and 6.



as follows. The standard deviation fromthe nmean val ue of the %§y§ﬁ>zm5
t hi ckness based on 13 neasurenent points on the wafer surface
determ ned for each of the exanples and the conpa- rative exanple, and the
results represented by uniformty 20 signa % are given in the follow ng
table: 2 9 SEP 2005 12 Exanpl ezone 1zone 2zone 3zone 4zone 5

11, 140, 920, 770, 371, 07 20, 450, 610, 540, 411, 78 30, 49' 0, 590, 220,170 t 95
40, 640, 740, 670, 310, 85 501580, 730, 470, 320, 69. 60, 710, 730, 570, 290166
conpar ativel, 781, 381, 191, 030, 69 The MBasurenent results for exanples 1, 2,
5 and the conpara- tive exanple are illustrated in Figure 5. 5 As can be
seen fromt haitsablef Relflexdneenadlenenples provide a |ayer thickness having
an inproved in plane uniformty in zo- nes | to 4, whereas only exanples 5
and 6 provide an inproved uniformty in zone 5. 10 However, since in
normal |y used depdsposditigacterete®he posi- tions of the wafer carrier of
zone 5 cl osest tog%geﬁyyégnlet and the positions of the wafer carrier of
zone 1 closest to~ the %?s outl et are occupied by dunmy wafers which are
not 5 3 gas outlet

wafer carrier
. heating system

first zone

fifth zone

S o W



15 used for chip production, the deteriorated in plane U”ifor”ig-SEP-(ﬁ I n
zone 5 is of mnor relevance for the chip production. In sunmary, thz J
Present invention provides inproved results in exanples 1 to 4 and
excellent results in exanples 5 and 6. 29 SEP 2005 13 List of Reference
Nuneral s | deposition reactor 2 gas inket 5 3 gas outlet 4 wafer carrier

5 heating system 6 first zone 7 fifth zone 29 SEP 2005 14 CLAIMS 1. A
heating sysiramg 5) for heating a reactor (1) for one of deposition and
oxidation of a plurality of sem conductor wafers in which the plurality of

waf ers is jhel d 25 rRerdiensli S wdh y(3)0 for asediaimg ghsrdadtoor diTecfoonomdi ch is
parallel to a longitudinal axis of the reactor (1) so as to enable a

deposi ti on,gor, wﬁror@fbr%i&af&m&i qsess plbeal heatbndsenseentedobei ng
adapted to charige the tenperature wthin the reactor during the deposition

or oxi dat iv?ar%erlso priﬁcesx&u&@ar %ﬁteer 'ﬁfﬂ,gréﬂﬁpat of wafers is held

5 perpendicularly to a reactant gas flow direction which is
parallel to a longitudinal axis of the reactor (1) so as to
enable a deposition process or an oxidation process, the
heating system (5) being adapted to change the temperature
within the reactor during the deposition or oxidation

10 process,
characterized in that
said heating system (5) comprises a plurality of heating
elements each corresponding to a respective one of a
plurality of reactor zones into which the reactor (1) 1is

15 divided, that the heating element of each zone is adapted
to perform a temperature behaviour according to a
temperature profile versus time, that a heating element
corresponding to a zone (7) close to a gas inlet (2) for
feeding one or more reactant gases to the reactor (1) is

20 adapted to perform a temperature behaviour according to a
temperature profile which rises during the process, and
that a heating element corresponding to a zone close to a
gas outlet (3) for exhausting the reactant gases from the

reactor (1) is adapted to perform a temperature behaviour



sai d heating system (5) conprises a plurality of heating eIenQQ$§E§
corresponding to a respective one of a plurality of reactor zones
which the reactor (1) is 15 divided, that the heating el enent of each zone
is adapted to performa tenperature behaviour according to a tenperature
profile versus tinme, that a heating el asent corresponding to a zone (7)
close to a gas inlet (2) for feeding one or nore reactant gases to the
reactor (Bedsrdhadept ad tempearsftarma gprehiles avbi ehbdéladdisoduaiotdrdiag to a
tenperature profile which rises during the process, and that a heating
el enent cgﬁﬁﬁ§ggyﬂing to a zone close to a gas outlet (3) for exhausting
the reactant gases fromthe reactor (1) is adapted to performa
t enperature behaviour 2 9 SEP 2005 15 according to a tenperature profile
which falls during the process. 2. The heating system (5)according to
claim1l, characteri.zed i ' e] enents
correspona%s'ng ?f&“ezol’heeastlcrg%sﬁg/é?%&tﬁée) %ﬁﬁﬁ%ﬁt%3 Mla%g %’dapt ed to perform
tenperature behavi our_according to respective tenperature profile for
whi ch tthe 3T HTEE et WekPh respective process start 10 tenperature and
a respective process end tenperature is reater for a zone closer to the
gas outl etakh ﬁa$6rtHOZBﬁét1@80§@@Wﬁ?§ﬁu§%ﬁﬁ?qﬂﬂ ¥n3itQh§°ﬂ%§tFE88§ystem
(5) according to claim1 or 2,

to the gas outlet (3) are adapted to perform temperature

behaviour according to respective temperature profile for
which the differences between a respective process start
10 temperature and a respective process end temperature ig
greater for a zone closer to the gas outlet than for a zone

closer to the gas inlet.

3. The heating system (5) according to claim 1 or 2,

15 characterized in that
the heating elements are adapted to perform temperature
behaviours according to temperature profiles such that the
temperature profiles of neighboring zones do not cross each
other during the process.

20
4. The heating system (5) according to claim 3,

characterized in that



15 characterized in that the heating elenents are adapted to perS&r @605
tenperature behaviours according to tenperature profiles such that the
tenperature profiles of neighboring zones do not cross each other during
the process. 20 4. The heating system (5) according to claimS3,
characterized in that 29 SEP 2005 16 tibe heating el enents are adapted to
provide an identical end tenperature of the process (5) in each of the
plurality tiaf heating zdresnts Sardhedapaedngsysremids) aaccbdenhgcad
anyone of clains 2 to 4, characterized in that the heating system

conpri ses &g |ragte foilirdast | tige ehed@dds (®acin ceaclespdndhagplorality
respective reactor zone, that a 10 first heating elenent is disposed close

to a gas id¢ gt %]in)n od&eding one or nore reactant gases to the reactor
(1), a seconde eating elenent is disposed between the first heating
el ement and a gas outlet (3) for exhausting the reactant gases fromthe
reactor (1), a third heating 15 elenent is disposed between the first

i aposad bot vedid tReAiTd RSt Thg Bl chereranim: he gaeoRiubPeeteiB b rat
the first heating el enent perforns a
to 4,
characterized in that
the heating system comprises at least four heating elements
each corresponding to a :reépective reactor zone, that a
10 first heating element is disposed close to a gas inlet (2)
for feeding one or more reactant gases to the reactor (1),
a second heating element is disposed between the first
heating element and a gas outlet (3) for exhausting the
reactant gases from the reactor (1), a third heating
15 element is disposed between the first heating element and
the gas outlet (3), and a fourth heating element is
disposed between the third heating element and the gas
outlet (3), that the first heating element performs a
temperature behaviour according to a temperature profile
20 which rises during the deposition or oxidation process,
that the second heating element performs a temperature
behaviour according to a temperature profile which is
maintained constant during the deposition or oxidation

process, and that the third and fourth heating elements

25 each perform a temperature behaviour according to a



t enper ature behavi our according to a tenperature profile 20 whi hséﬁ%ﬂﬁ
during the deposition or oxidation process, that the second h2§t| g

el enent. perforns a tenperature behaviour according to a tenperature
profile which is naintained constant during the deposition or oxidation
process, and that the third and fourthiheating el ements 25 each performa

t enper at ure behavi our according to a 2 9 SEP 2005 17 tenperature profile
whi ch f al lseradangitdepdefiadiet iviniar fakidatduwning othss.deposA tiwtrhodr f or
heating a reactor (1) for one of 5 deposition and oxidation of a plurality
of sem conglucd i wafeFScdds Whi ch the plurality of wafers is held
perpendicularly to a reactant gas flow direction which is parallel to a

| ongi tudi nal axis of the reactor (1 )so as to enable a deposition process
or an oxidation process, said 10 reactor conprising a plurality of reactor

zones whergin the , [8a64 Or ¢ Z0Nese AL gngach heabedoaccoidi ngoko dhbf epent
S tine aurl

tenperature profiles versu g the deposition or oxidation
process, characterized in that 15 the_tenperature. of the . sest
Eo)a gési$%QRS¥%5°nf8Pdféﬁﬂ$ﬁfﬂﬂ% 5F ﬁ%rgingg%SXtcﬁgsgéﬂggo%éécgégctor
1 is increased during the process and that the te rature, of . a.zone
close to tWRigEs od%qetW?B§hfoﬁjﬁkhaﬂ§?FﬁglFﬁe cp%acggﬁFraaségsfrBﬁ% he

reactor (1) is decreased during the , , , ,
perpendicularly to a reactant gas flow direction which is

parallel to a longitudinal axis of the reactor (l)so as to
enable a deposition process or an oxidation process, said

10 reactor comprising a plurality of reactor zones wherein the
reactor zones are each heated according to different
temperature profiles versus time during the deposition or
oxidation process,

characterized in that

15 the temperature of the zone (7) closest to a gas inlet (2)
for feeding one or more reactant gases to the reactor (1)
is increased during the process and that the temperature of
a zone close to the gas outlet (3) for exhausting the
reactant gases from the reactor (1) is decreased during the

20 process.

7. A method for heating a reactor (1) according to claim
6,
characterized in that

25 the temperature of at least two zones close to gas outlet
(3) is decreased such that the difference between the
process start temperature and the process end temperature
is greater in a =zone closer to the gas outlet than in a

zone closer to the gas inlet.



20 process. 7. A nethod for heating a reactor (1) according to ¢l aj ﬂ@ﬁ
characterized in that 25 the tenperature of at |east two zones §€@
(3) is decreased such that the difference between the process

out | et

t°0 gas

start tenperature and the process end tenperature is greater in a zone
closer to the gas outlet than in a zone closer to the gas inlet. 29 SEP
2005 18 8. The nethod for heating a reactor (1) according to claimé6
characterized in that 5 the tenperature profiles are such that the
tenperature | es ne r|n zones do s _each her d
the procesd. 9.7 q”ﬁh “\?Eg’i‘?gd fL'g ﬁbgaar ea‘é?ﬁ ofl) @cc@rcéloﬁg 18
8, characterd#gds idythat the tenperature profiles are such that the end

tenperature of the process is the sane in each zone. 15 10. The netho
accordi ng Qhﬁ%ﬁ@ﬁﬁﬁ#%ﬁdc1ﬁlh%36 to 9, characterized in that the heati

systemgconprl s&: 6@9 ﬂé%ﬁge %%qu%%'ngrglQﬁﬁgﬁstﬂﬁﬁ?ht%%rrgéﬂﬁgghegréo

respect Ive react

a gas inl epr¢2iles of nelghbourlng zones do not c¢ross each other

10

15

20

25

30

during the process.

9. The method for heating a reactor (1) according to
claim 8,

characterized in that

the temperature profiles are such that the end temperature

of the process is the same in each zone.

10. The method according to anyone of claims 6 to 9,
characterized in that

the heating system comprises at least four heating elements
each corresponding to a respective reactor zone, that a
first heating element is disposed close to a gas inlet (2)
for feeding one or more reactant gases to the reactor (1),
a second heating element is disposed between the first
heating element and a gas outlet (3) for exhausting the
reactant gases from the reactor (1), a third heating
element is disposed between the first heating element and
the gas outlet (3), and a fourth heating element 1is
disposed between the third heating element and the gas
outlet (3), that the first heating element performs a
temperature behaviour according to a temperature profile
which rises during the deposition or oxidation process,
that the second heating element performs a temperature
behaviour according to a temperature profile which is
maintained constant during the deposition or oxidation

process, and that the third and fourth heating elements

or 7,

uring
claim

d

ng
a

Zzone, first heating elenent Is disposed close to



20 for feeding one or nore reactant gases to the reactor (1), a second
heating el enment is disposed between the first heating elenent and a gas
outlet (3) for exhausting the reactant gases fromthe reactor (1), a third
heating elenent is disposed between the first heating el enent and 25 the
gas outlet (3), and a fourth heating elienent is disposed between the third
heating el enent and the gas outlet (3), that the first heating el enent
performs adanpeset fivembehavitempeaatore ng)eﬂ'ravamt)ammr@irm oftde awhich

rises during the de 03|t| atlo ess 30, that the second
heating el HRRRTHH4Dr REC 111§nﬂg? Tﬂ)g gESr ﬁeﬁ’ FERPH ©or

tenperaturgkiﬁégiéﬁaﬂ%géggés nalntalned constant during the deposition or
oxi dation process, and that the third and fourth heating elenments 19 each
perform a tenperature behaviour according to a tenperature profile which
falls during the deposition or oxidation process.



