Method and apparatus for depositing a layer on a sgmiconductor wafer by vapor deposition in a
process chamber The present invention relates to a method and an apparatus for 5 depositing a layer
on a semiconductor wafer by vapor deposition in a process chamber. The invention relates, in
particular, to the deposition of an epitaxial layer composed of silicon on a semiconductor wafer
composed of monocrystalline silicon, and to an apparatus suitable therefor. 10 Semiconductor wafers
are often provided with a layer produced by means of vapor deposition. The semiconductor wafer is
usually heielrhadotaifgappeeptorslufing tidetepssifiog ofthealagar, RidRs FBSTIBIRG 2Franged

in a process chambe(vélf'sel_tlpgg %%%\/eégﬁgggscm Reundapes of the praaRss hamber which are
throug

transmissive to theimal radiation an which radiation energy is transmitted into the process
chamber and onto the semiconductor wafer. The semiconductor wafer is heated to a specific
temperateesthat-isceptimakioe ihei depasificrref20: thealayer Hh@ prodessichampbes furthefmore has on

the side walls cannections for introducing process gas | 0 the process c her and far.discharging
procéss \ééaesp gr?’&%zﬁ?go&s é%%%%tso& the %?glée%%r%%gf%m l':‘f?e proc;i% S%meer. e plrocess gas is
conductetirover theosidesareaafities seffitontoten weder fal &5 to BE chalee ©pbitooritact with

the semigandugtgs wafet haated to.depgsitign famperatite, REagassaass decompasesrand the
desired layer is deposited on the semiconductor wafer. It is necessary to cleai .therE)rocesg, %hamber at
specific FOTREFPRSIEAUSEAT RN A YBREB R CoMpRESy Braveht hrsdutts oF e pfdééss Gas from
depositingin Hgintertarof she patchss chambisrfor example on parts of the susceptor, the inner
surface of the upper cover or the inner side of the side walls. Cleaning is effected by means of vapor
pha%% etching, 35 for example. 2 Semiconductor wafers cannot be coated during the cleaning of the
process chamisarndneretoreyafersss alfeafiatte HEAHEIRG BiddinPodAHE BISHRRY6Rthe process

Chamberg§ means of vapor deposition. The semiconductor wafer is
usually held by a rotating susceptor during the deposition of
the layer, said susceptor being arranged in a process chamber.

15 Upper and lower covers form boundaries of the process chamber
which are transmissive to thermal radiation and through which
radiation energy is transmitted into the process chamber and
onto the semiconductor wafer. The semiconductor wafer is heated
to a specific temperature that is optimal for the deposition of

20 the layer. The process chamber furthermore has on the side
walls connections for introducing process gas into the process
chamber and for discharging process gas and gaseous products of
the process gas from the process chamber. The process dgas is
conducted over the side area of the semiconductor wafer that is

25 to be coated. Upon contact with the semiconductor wafer heated
to deposition temperature, process gas is decomposed and the

desired layer is deposited on the semiconductor wafer.

Tt is necegsary to clean the process chamber at specific

30 intervals, because it is not possible to completely prevent
products of the process gas from depositing in the interior of
the process chamber, for example on parts of the susceptor, the
inner surface of the upper cover or the inner side of the side
walls. Cleaning is effected by means of vapor phase etching,

35 for example.



5 infrequently as possible. For this reason, EP 0 808,917 Al recommends controlling the temperature
of the walls of the process chamber within a narrow temperature range in a control loop. It specifically
proposes W cooling the process chamber by means of a cooling gas from outside and controlling the
temperature of the walls by controlling the inflow of cooling gas to a target temperature. In accordance
with US 2007/0042117 Al the control of the 15 temperature of the surface of the process chamber can
be extended, for example by controlling the temperature of the upper cover of the process chamber
and the temperature of the lower cover of the process chamber independently of one another. For

controlling 1he (epperafiye %4@%£QV%ré1ﬁ{&thseZ0c@m%ra&w9ﬂ%&ﬂ%ﬁ@b%@égﬁq@g copted, use is

made of pyrometers, inter alia, which measure the temperature of the upper cover on the outer surface
of the uppe¥cdEPIRE TefPeiibie of the 6wer Coverldirtheloutér Shfdde ofthE¥6WEr dver, the

temperaturgvafiibe sybstateyindhe center of 2arthe §ront siclecofdhe substratea=ans:thedemperature of
the sgjsce{)t strate. The COQ_ILrgI loop also comprises a cooling system that conducts a

of the s
coolihg ga?%rﬁgﬁlsi‘(e ﬁ'llge?gppaésr dnc 1ower covers. 30 The inventor of the present invention has
discovered that, despite careful control of the temperature of, for example, the surface of the cover of

the procegg chamber . deficigncigs:can geeurs Whihconcemnihs,rronestiss-efithe eposited layer or
consist in the fact that it is necessary to_clean the process 35 chamber comparatively frequently. 3

Thereford: SA@ BBRELEEHRprERENTRVERtiGHis 18 ProfCSERTHrobemants ditddted agaltt iy’

occurrenee:ebsucitdeficiengies 5 the objectiscachiewes. by meanswf &imellod for depesiting a layer
on a semiconductor wafer by vapor deposition in a process chamber having an d a lower
' cov%(r? can%cr)igfh% ggguﬁn%j %%%tsén?pea}g Ure o%%h%?r%rrll% s%% of the %Z%nlll or%ah%c?%rerr wafer; 10 heating

the semicondadde wailer tocartepadition téiperafuitec saiivaling the-tesnp&raifedf the upper cover of
the process chamber fp;a dajget femperature-Whensls the temperatyrefdhe UpRgE cavalds measured

in the center of the outer surface of the upper cover and is used as an actual value of the

In accordance with US 2007/0042117 A1l the control of the

15 temperature of the surface of the process chamber can be
extended, for example by controlling the temperature of the
upper cover of the process chamber and the temperature of the
lower cover of the process chamber independently of one
another. For controlling the temperature of the covers and the

20 temperature of the substrate to be coated, use is made of
pyrometers, inter alia, which measure the temperature of the
upper cover on the outer surface of the upper cover, the
temperature of the lower cover on the outer surface of the
lower cover, the temperature of the substrate in the center of

25 the front sgide of the substrate and the temperature of the
susceptor of the substrate. The control loop also comprises a
cooling system that conducts a cooling gas against the upper

and lower covers.

30 The inventor of the present invention has discovered that,
despite careful control of the temperature of, for example, the
surface of the cover of the process chamber, deficiencies can
occur, which concern the properties of the deposited layer or
consist in the fact that it is necessary to clean the process

35 chamber comparatively freguently.



15 controlled variable of a control loop for controlling,the temperature of the upper cover; setting a gas
flow rate with which a process gas for depositing the layer is conducted through the process chamber;
and depositing the layer on the front side of the semiconductor wafer heated to the deposition 20
temperature during the control of the temperature of the upper cover of the process chamber to the
target temperature. The invention provides for measuring the temperature of the upper cover in the
center of the outer surface of the upper 25 cover and making this temperature available as an actual
value of a controlled variable in a control loop by means of which the temperature of the upper cover is

controlledr{ 3 argettempera ; e.2gidjargt lemperatie is preferably chosen, to,lie within an

optimum temperature range. The optimum 30 temperature range is a temperature range within which
the rate at WGV BreRINER GFHithe PréCes9gds §épiditor e hhersGfale 6MRR upper cover is lower
than in tegyperatuse FanrRges which adjoin the optimum temperature range. The actual temperature of
the ug)per cover is measured in the center of the 35 outer surface of the cover and hence at a location
that 4 deviates from the location that is disclosed for example in EP 0 808 917 Al. The present
invention Takescagoaunt dbthecfatethad they Seeating of the inaéhsedrfdcerofibpampbetcover with

products f thie, profess g@%?sgm}ewpfwyé@&e%@th%gwea@%@&m% coper thapatdaeations

that are distant from the center of the upper cover. The upper and fower covers of the process
chamber G8aERELOITSE DPGuBRZ PRSE fdtetial st Ts WPHFERsmRSRR S ThEMASAEIbA%GNd has
a thermaligonduetiyitrthahisccampanasivelydow. @wdrg trthetatteepropenyiithedempefatiye

me%%ﬂe gg%£§§ﬂggénggﬁf%ggguctor wafer to a deposition temperature;

controlling the temperature of the upper cover of the process
chamber to a target temperature, wherein the temperature of the
upper cover ils measured in the center of the outer surface of
the upper cover and is used as an actual value of the

15 controlled variable of a control loop for contreolling the
temperature of the upper cover; setting a gas flow rate with
which a process gas for depositing the layer is conducted
through the process chamber; and depositing the layer on the
front side of the semiconductor wafer heated to the deposition

20 temperature during the control of the temperature of the upper

cover of the process chamber to the target temperature.

The invention provides for measuring the temperature of the
upper cover in the center of the outer surface of the upper

25 cover and making this temperature available as an actual value
of a controlled variable in a control loop by means of which
the temperature of the upper cover is controlled to a target
temperature. Sald target temperature is preferably chosen to
lie within an optimum temperature range. The optimum

30 temperature range 1s a temperature range within which the rate
at which products of the process gas deposit on the inner
surface of the upper cover is lower than in temperature ranges
which adjoin the optimum temperature range. The actual
temperature of the upper cover is measured in the center of the

35 outer surface of the cover and hence at a location that



surface of the upper cover is considerably dependerlt on the covering of the inner surface of the upper
cover at this 15 location by deposits of products of the process gas. It is therefore advantageous to
measure the temperature of the upper cover at a location where there is the lowest probability of the
measurement result being corrupted by deposits of 20 products of process gas on the inner surface of
the upper cover. This location is the center of the outer surface of the upper cover. Using the
measurement of the temperature in the center of the outer surface of the upper cover as an actual
value of thecbatrelied varablagheomntrobaf thes25 temperatire of thef appexeovel ¢huisiensures that
the temp%rgtl.geeoiféh%ngirlqover, regardless of incipient coating of the inner surface of the upper
cover, also actually corresponds or virtually corresponds to the target temperature, and thus remains
in the optimum temperature range. As a result, 30 this has the effect that the process chamber can be

used for deRosiing-a jayer Qhasemiconsietor yvates i vagordeposition fonadorger period before
cleaning has to be effected. If the tem%erature of tge 1r~L'g[.?cger cover were measured at a different
Y

location, fH&ihterdal8 betwEer S EledningeSst th oSSR SRBEFWE U h &5 horter. 5
Preferably, fattieastorectisth eg by eb eydepositedmonratilégstiere=further seamicondustorafafendefore

the pfoceévga%@ Sriscleatac tha gleaning.of e procgss ehammiels prefgrabi Selfected by
means of or phase etching. In accordance with one preferred configuration of the method, the
target terfiperafiffe WPHTE U FEISCOVel 1S CHESEFTINTSUEh PWAY tRATEESTTEate Wit BREGES flow rate

of the proggsmbk gas that is setdondepesiting dhe layer.qihis s becaysedhe proeesstyasshas a cooling
effect on the inner surface of the upper cover, As a result and owing to the low thermal conductivity of
theﬁ%ﬂeﬁﬁ%ﬁﬂ%&é&%ﬁ? to thérmal radiation an asg therma

conductivity that i1s comparatively low. Owing to the latter
property, the temperature measured at a location on the outer
surface of the upper cover is considerably dependent on the
covering of the inner surface of the upper cover at this

15 locaticn by deposits of products of the process gas.

It ig therefore advantageous to measure the temperature of the
upper cover at a location where there is the lowest probability
of the measurement result being corrupted by deposits of

20 products of process gas on the inner surface of the upper
cover., This location is the center of the outer surface cf the
upper cover. Using the measurement cof the temperature in the
center of the outer surface of the upper cover ag an actual
value of the controlled variable, the control of the

25 temperature of the upper cover thus ensures that the
temperature of the upper cover, regardless of incipient coating
of the inner surface cf the upper cover, also actually
corregponds or virtually corresponds to the target temperature,
and thus remains in the optimum temperature range. As a result,

30 this has the effect that the process chamber can be used for
depositing a layer on a semiconductor wafer by vapor deposition
for a longer period before cleaning has to be effected. If the
temperature of the upper cover were measured at a different
location, the intervals between two cleanings of the process

35 chamber would have to be shorter.



15 considerable temperature differences between the temperature on the inner and outer surfaces of
the upper cover can occur. The temperature measured on the outer surface of the upper cover is then
higher than it would be if the thermal conductivity of the material of the upper cover permitted a rapid
temperature 20 equalization. If the cooling effect of the process gas were disregarded in the choice of
the target temperature, the temperature on the inner surface of the cover, despite the measures for
controlling the temperature of the upper cover, could fall out of the optimum temperature range, and
the 25 process chamber would have to be cleaned more frequently as a result. In accordance with a

further preterred configuratiomof the methogh, after.a cleaning oftheraeass.ehasmber the.gmount of

30 material deposited on semiconductor wafers is ren%istered in the form of a total thickness, and the

process (HPnHRHIS RRSaNREEEATBH Mife ' A TdfinB 8 tOGEF tHitkh 25 UF ATste ARATRESedrT deposited.

The defingddgtet thicknessof seposiied matadakaastespondstanthersumn of the thielsliegses of the

Iayer§ whi 2 6c%rg ddg%(r)sgeea% on sgplgggg%ctég%\évg%ergg%v%/ﬁ%gq two cleanings of the process
chamber. Furthermore; provision can bemade for cleaning process 5 chamber again even

regardless of the defined total thickness of deposited material after a cleaning in any case when this is

advisable;on agcouni of the difference-betwesn.the fempgratiyieson tie fentside akihgog,

semiconductor wafer and on the rear side of the susceptor, particularly when an nitial temperature 10
difference-Hat BXIE Hut Sy BRI freta8p0diti bR PR CIERTIRY of thé PRRERs TRaRie? has changed
by more thag 5€haSuchra ebangd uxibe tefinperatuse differenceicammbe reganded gsrarcimskicator that
indic%tes that pcrgd cts of éréetp@glgs% agshaé/lenals%ggpfisited in the center of the upper cover on the

. . .
15 iner slitface 6fthé El"Jpper cover. se epoglts corru&lfﬁe measurement of the temperature of

the semiconductor wafer on the front side of the semiconductor wafer. A temperature lying below the
true temperature is indicated. Acgardinglycthe tgaperatuire otthe sermicanductor wiafaris already too

high if 20 the measurement of the temperature on the front side indicates a_tem ,er%tutrr% c}(;)éresponding
'“grpt etea

to an envisaged dEPBSROA tehpERRuRBHe MeiStrenishtdf IRE tEnip&atlrd {de of the
susceptorliswnat repaied by ke depodit pndlfe innersurface of thefupper coveeand indicates the true

25 temperature gn the tear side of tQQuS#éSCSEfPﬁeT;Q%H&e se-nJhis @HLD%%H%% In,coppagigon with
the temperaﬁjre measured on tﬁe )front side of the semiconductor wafer Is therefore an expression of
increasindg kentemmintiomef tietaressyfacest hé Upperepyet cover can occur. The

temperature measured on the outer surface of the upper cover is
then higher than it would be if the thermal conductivity of the
material of the upper cover permitted a rapid temperature

20 egualization. If the cooling effect of the process gas were
disregarded in the choice cf the target temperature, the
temperature on the inner surface of the cover, despite the
measures for controlling the temperature of the upper cover,
could fall out of the optimum temperature range, and the

25 process chamber would have to be cleaned more frequently as a

result.

In accordance with a further preferred configuration of the
method, after a cleaning of the process chamber, the amount of
36 material deposited on semiconductor wafers is registered in the
form of a total thickness, and the process chamber is cleaned
again only when a defined total thickness of material has been
deposited. The defined total thickness of deposited material

corresponds to the sum of the thicknesses of the layers which



30 In accordance with a further preferred configuratipn of the method, an epitaxial layer composed of
silicon is deposited on a semiconductor wafer composed of monocrystalline silicon by vapor
deposition, for example using a mixture of 35 trichlorosilane and hydrogen as process gas. 7 For the
deposition of the epitaxial layer composed of silicon, the process parameters given in the following
table are preferably chosen. 5 Table: Gas flow rate [sIm] Optimum temperature range[C] Second
target temperature[CC] 45-55 510 - 530 520 56-65

10

15

20

25

30

35

are deposited on semiconductor wafers between two cleanings of

the process chamber.

Furthermore, provision can be made for cleaning the process
chamber again even regardless of the defined total thickness of
depogited material after a cleaning in any case when this is
advisable on account of the difference between the temperatures
on the front gide of the semiconductor wafer and on the rear
gide of the susceptor, particularly when an initial temperature
difference that exists during the first deposition after the
cleaning of the process chamber has changed by more than 5°C.
Such a change in the temperature difference can be regarded as
an indicator that indicates that products of the process gas
have also deposited in the center of the upper cover on the
inner surface of the upper cover. These deposits corrupt the
measurement of the temperature of the semiconductor wafer on
the front side of the semiconductor wafer. A temperature lying
below the true temperature is indicated. Accordingly, the
temperature of the semiconductor wafer is already too high if
the measurement of the temperature on the front side indicates
a temperature corresponding to an envisaged deposition
temperature. The measurement of the temperature on the rear
gside of the susceptor is not impaired by the deposit on the
inner surface of the upper cover and indicates the true
temperature on the rear side of the susceptor. The increase in
this temperature in comparison with the temperature measured on
the front side of the semiconductor wafer is therefore an
expression of increasing contamination of the inner surface of

the upper cover.

In accordance with a further preferred configuration of the
method, an epitaxial layer composed of silicon is deposited on
a semiconductor wafer composed of monocrystalline silicon by
vapor deposition, for example using a mixture of

trichlorogilane and hydrogen as process gas.



525 - 545 535 66-80 540 - 560 550 Gas flow ratg denotes in the table the gas flow rate of the 10
process gas that is set for depositing the layer. If the target temperature were set in a manner
deviating from the value in the table to a temperature lying below the lower limit of the optimum
temperature range, products of the process 15 gas would deposit as deposits having a white hue more
rapidly on the inner surface of the upper cover, and more frequent cleaning of the process chamber
would be necessary. If the target temperature were set in a manner deviating from 20 the value in the
table to a temperature lying above the upper limit of the optimum temperature range, products of the
process gas would deposit as.deposits having a brown hue more rapidly on the inner surface of the
upper cog\J/Fec?,ra%gl %£§Q%%Jg%%?§e%%in%g§ tgg h?gécels%tjck?aa 5er woul %Seerg;(?eé;sg%y]?ﬁgoﬁifeferably,
at least oh&duntherapitxiz iares composat of silicoh e dépdditediny atkaseona further

semicon I&’é’!@ﬁﬂ?c’@%ééﬁ of monocrystalline silicon, and the amount of material that has been

deposited on the semiconductor wafers 30 overall since a last cleaning of the process chamber is
5

Table:

Gas flow rate Optimum temperature | Second target
[slm] range [°C] temperature [°C]
45 - BB 51¢ - 530 520

56 - 65 525 - 545 535

66 ~ 80 540 - 560 550

Gas flow rate denotes in the table the gas £iow rate of the

10 process gas that is set for depositing the layer.

If the target temperature were set in a manner deviating from
the value in the table to a temperature lying below the lower
limit of the optimum temperature range, products of the process

15 gas would deposit as deposits having a white hue more rapidly
on the inner surface of the upper cover, and more frequent

cleaning of the process chamber would be necessary.

If the target temperature were set in a manner deviating from
20 the value in the table to a temperature lying above the upper
limit of the optimum temperature range, products of the procesgs
gas would deposit as deposits having a brown hue more rapidly
on the inner surface of the upper cover, and more frequent
cleaning of the process chamber would be necessary.
25
Preferably, at least one further epitaxial layer composed of
gilicon is deposgited on at least one further semiconductor
wafer composed of monocrystalline silicon, and the amount of
material that has been deposited on the semiconductor wafers

30  overall since a last cleaning of the process chamber is



8 registered. The process chamber is cleaned again,after the last cleaning only when the total
thickness of epitaxially deposited silicon, that is to say the defined total thickness of deposited
material, is not less than 50 m, preferably not less 5 than 80 um. The abovementioned object is
equally achieved by means of an apparatus for depositing a layer on a semiconductor wafer by vapor
deposition, comprising a process chamber having an upper 10 and a lower cover and a first sensor for
measuring the temperature of the upper cover in the center of the outer surface of the upper cover,
and a contealler farcoftrofling thedemperaitieabithe 1ippel cavediosaypledetdmaned hargetst

temperature using the t erature measured by the first sensaor-1 an act e Petails
of a prefe?r%%aélrﬁ gdicr%qr‘i:]ei:?iltpo‘?7 e pFrc?é%ssé%Egr?}b%E?sl?e{{ Iel?(r%%inge% %@?e spe%ﬁ?él}ly%%g%tivj\%%da
referencestbihe figure: e figureshews drbeiafelemvis bPielinta8AEHmSE 205implified manner.

The pfOC%@%@mQ%{ hiseonstructad substantially symametica)ly angd cormyprisss\amuppergayer 2, a
lower cover 3 and a sidewall 4, which enclose a reactor space, in which a 25 semiconductor wafer is
coated bﬁ?ﬁ%ﬁné of K&por deposition. The semiconductor wafer 5 to be coated is held by a susceptor

6 arranged in the reactor space. Radiant heating systems 7 and 8 for heating the semiconductor wafer

to a specific deposition temperature are sjtu t%d h RarGover elgw the 30 lower
cover 3. lﬁ%egr%%\fg,mgo%%jg%ﬁgﬁs gga?n% J%O or ir%t oLolél?c%XS %?oce%?%gs%ﬁ%% pQFo(CDess chamber and
for dischagipgroeessigas aRtYasEsns pFodLRYEET the [FroEESE GaI RBRIME ProéEss ilamber

through the, sigewall dofitheduocesswehamberare preseats $hermunenss ehambey furhappere
comprises 35 a cqoling system for cooling the ugper cover 2 and the lower 9
0 and a lowér cover and a first sensor for measuring the
temperature of the upper cover in the centexr of the outer
surface of the upper cover, and a controller for controlling
the temperature of the upper cover to a predetermined target
temperature uging the temperature measured by the first sensor

15 as an actual temperature.

Details of a preferred embodiment of the process chamber are
explained more specifically below with reference to the figure.
The figure shows crucial elements of the invention in a

20 simplified manner.

The procesgs chamber 1 is constructed substantially
gymmetrically and comprises an upper cover 2, a lower cover 3
and a sidewall 4, which enclose a reactor space, in which a

25 semiceonductor wafer is coated by meansg of vapor depositicn. The
semiconductor wafer 5 to be coated is held by a susceptor 6
arranged in the reactor space. Radiant heating systems 7 and 8
for heating the semiconductor wafer tc a specific deposition
temperature are situated above the upper cover 2 and below the

30 lower cover 3. Furthermore, connections 9 and 10 for
introducing process gas into the process chamber and for
discharging process gas and gaseous products of the process gas
from the process chamber through the sidewall 4 of the process
chamber are present. The process chamber furthermore comprises

35 a cooling system for cooling the upper cover 2 and the lower



cover 3, for example a fan 18, which conducts a cooling gas against the upper and lower covers, and
heat exchangers 11, which draw heat from the coolir%g gas heated up in contact with the covers. The
direction of movement of the cooling gas is 5 indicated by arrows. The cooling system acts as an
actuating device of a control loop for controlling the temperature of the upper cover of the process
chamber. A sensor 12 forms a measuring element of the control loop. The sensor 12 is preferably a
pyrometer with the aid of which the temperature of W the upper cover 2 is measured contactlessly. A

controllerd&fet-cantrallirg the tamperaturg:of ilse uppeeovestaadyredatedpiediargridemperature
influences the, owert?{ the fan 18 de({)efd‘i%%on the differencg t?letwgen th%temgeratlﬂe measured by
the sensct 32 dHd the %rdléﬁg%paelﬁa uis ‘Trie 15°¢Gntrdl |8‘51p is (ﬁ?ecteeéfcin%%%ﬁﬁar, abainst
disturbanwés. that drisw ase testitof |&dis inahé hogsipgofitee pestesgs chrandsertkotatiokshat which

such leaks;gan rgadiy ocqur arg highlighied by dashed eireles jn the.figuse: 20, The sensor 121s

arranged according to the invention in such a way that the temperature of the upper cover 2 in the
centey of G RRFSGrfRee BFtF iFopertoverR mBas i éa tREYehy = FhRSe AT ePatbf@ fori the
controllecieariabie efthe eanitotdoopldde sensorda makesiagilehie therantualdempesatutathat is 25
compared with th% 8r%dlet%rtmiggg tar g(t: éen;p%rﬁltl#nrg. The\‘lgtarggzt1 é%mp‘irf‘t%r&;i% grgerably
predetern%ggﬁy adata MEMOry 1%, Inwhich a ﬁluraﬁiﬂ/‘ of temperature values are stored to which are
respectivelgassighed edasdow rate 680 therproeéss gay duling tisedepasifién d8the layer on the

semicondygior wafes Jhe datainemor 43 predaiermings thatjgmperaire valusastargel or

temperature which is assignéd to the gas flow rate set for depositing the layer. 10 The apparatus
preféfably &R0 WIRTHisER S heastAng eRit 1S W eyidte R oW mderrraterRd has bﬁgn deposited
on semicarauciemraiels singetnlast elepaingtaftiae proaass chapeher-ane whieh, after registering a
defined tot%l et ié:’égessl I51 é)é deggsié%d @ateri%}a%%nreéatfg ai ng!efsor irﬂteiatin a rneggsclgﬁming of the
process dhanber A Sensor I |sgprOV|dEe?f%r measuring the emperatfure Gt the semiconductor wafer
on the frobaside Df dspsamicondotdihe difference between the temperature

measured by the sensor 12 and the target temperature. The

15 control loop is directed, in particular, against disturbances
that arise as a result of leaks in the housing of the process
chamber. Locations at which such leaks can readily occur are

highlighted by dashed circles in the figure.

20 The sensor 12 is arranged according to the invention in such a
way that the temperature of the upper cover 2 in the center of
the outer surface of the upper cover is measured thereby. This
temperature forms the controlled variable of the control loop.
The sensor 12 makes avallable the actual temperature that is

25 compared with the predetermined target temperature.

The target temperature is preferably predetermined by a data
memory 15, in which a plurality of temperature values are
stored to which are respectively assigned a gas flow rate of
30 the process gas during the deposition of the layer on the
semiconductor wafex. The data memory 15 predetermines that
temperature value as target temperature which is assigned to

the gas flow rate set for depositing the layer.



W wafer. The front side of the semiconductor wafer ig that side area on which the layer is deposited.
Furthermore, a sensor 14 is provided, which measures the temperature on the rear side of the

susceptor 6. The sensors 13 and 14 are preferably likewise embodied as pyrometers and are part of a
control loop for 15 controlling the temperature of the semiconductor wafer by means of a controller 20.
The sensor 13 is preferably arranged in such a way that it measures the temperature on the front side
of the semiconductor wafer in the center of the front side. 20 The apparatus preferably also comprises

a comparigen uibEtavhish is-tegratad indhecontiafier 2@ ang witehk cemparesthe tegperatures

measured gx ttple genslosrscégsar}g 14 an%WIL“CQ er]ae{ahes a§?nal fgr |n|t|%tjcneqda ggxt cleaning of the

process chaniber; it the temperaﬁ}"?emdﬁ?eren%e Between the 25 emperature measured by the sensor
13 on thedfeonitsiaelotthesemitenductonwafer anathedémpeiatdreomealaraetipreissensor 14 on

the rear sigg, gt the susgapior hojding, the. semiconductor wafer deviates bymete than o6 fog an

initial temperature difference. The initial temperature difference is that which 30 exists during the first
depositioR bftePRRSAESMNY Dt He ProcctSFBRTRT vihich anddty frectBes HidABgk dedfg. The
controllers 18-a1ich30 dhe tlata preraerysl s HAagasuring unit 16 and the comparison unit 17 can also
be parts of an 35 installation control system. Patent Claims 1. A method for depositing a layer on a
semiconductor wafer by vapor deposition in a process chamber having an upper and a 5 lower cover,
comprisirly measmrindg theltenperatife dnithe frome sideisfahé kenficomitictorwsfertheding the

semicondsiclor Wafal i3 depgsition dempgratyre; controling dhe temperatureaidhe gper cover of the

process chamber to a target temperature, wherein the temperature of the upper cover is 10 measured
in th¥ ce ﬁf@?@ﬁhe%r&iﬁ’f&tbeﬁf‘ﬁe UppePors i RPRINGHCR H7 5Efiat FalbBF e Controlled
variable of peconitol igopcior enatroking the teraperatiirecaf theuppeecaverssetting ergas-flaw rate with
which a process 9as{okdepesiing fie layeL ls canducted trough (e proggss chambetiae of
the susceptor 6. The sensors 13 and 14 are preferably likewise
embodied as pyrometers and are part of a control loop for
15 controlling the temperature of the semiconductor wafer by means
of a controller 20. The sensor 13 is preferably arranged in
such a way that it measures the temperature on the front side

of the semiconductor wafer in the center of the front side.

20 The apparatus preferably also comprises a comparison unit 17,
which ig integrated in the controller 20 and which compares the
temperatures measured by the sensors 13 and 14, and which
generates a signal for initiating a next cleaning of the
process chamber, if the temperature difference between the

25 temperature measured by the sensor 13 on the front side of the
semiconductor wafer and the temperature measured by the sensor
14 on the rear side of the susceptor holding the semiconductor
wafer deviates by more than 5°C from an initial temperature
difference. The initial temperature difference is that which

30 exists during the first deposition after the cleaning of the

process chamber which directly precedes the next cleaning.

The contrellers 19 and 20, the data memory 15, the measuring
unit 16 and the comparison unit 17 can also be parts of an

35 installation control system.



15 and depositing the layer on the front side of the ﬁmiconductor wafer heated to the deposition
temperature during the control of the temperature of the upper cover of the process chamber to the
target temperature. 20 2. The method as claimed in claim 1, wherein the target temperature is chosen
in such a way that it correlates with the set gas flow rate of the process gas. 25 3. The method as
claimed in claim 1 or claim 2, wherein at least one further layer is deposited on at least one further
semiconductor wafer, and the amount of material that has been deposited on semiconductor wafers
since a las eleapingn @fithe process chamber is registered, and the process chamber is 30 cleaned
again after the last cleaning only when a defined total thickness of deposited material has been
deposited. 4. The method as claimed in claim 3, wherein the temperature is measured on the rear side
of a suscéptok hofitg thef 85 sérticoriLity wafes wad whereirsatieastdne ilrtherddysr iSy12

deposited,an ot Ieas),gne fyrtherssericpnducior wafpl,and anex sleaning.ghibe pragess chamber is

initiated, regardless of the defined total thickness of depaosited material, if the temperature difference

betwéen MR SEERFe oRMEHbHE B%iBE BFtHE SEMItBRIGEBPRAERHiRI PR tERfpet&RIE on the
rear side of the sisceptordasichangedday-mese than 56 4n Camparisor withcamifitiat stamperature
difference thgt exjsts dug[r%ghse. fti:r% de@%siti%r)} g@g% tetle %eg@%#g p@iﬁeeség Shamber which
directly p?ve%eﬁgs'fhoe feX ear:{‘lng ot the 18 process chamber. 5. Themethod as tlaimed in claim 3
or claim Wwhereinthedefinetiestab thickressust cepssitdmagaridids aotREsHan 50 pi, if the

semiconduciorwafer, cansigis ot monqgystallipsassilicon apd thedepesited paterial is epitaxially
dep?§uxkgggﬂ;eé in the centex of the outer surface of the upper cover
and is used as an actual value of the controlled variable of a
control loop for controlling the temperature of the upper
cover; setting a gas flow rate with which a process gas for
depogiting the layer is conducted through the process chamber;
13 and
depositing the layer on the front side of the semiconductor
wafer heated to the deposition temperature during the control
of the temperature of the upper cover of the process chamber to
the target temperature.
20
2. The method as claimed in claim 1, wherein the target

temperature is chosen in such a way that it correlates with the

set gas flow rate of the process gas.

25 3. The method ag c¢laimed in c¢laim 1 or claim 2, wherein at
least one further layer is deposited on at least one further
semiconductor wafer, and the amount of material that has been
deposited on semiconductor wafers since a last cleaning of the
process chamber is registered, and the process chamber is

30 cleaned again after the last cleaning only when a defined total

thickness of deposited material has been deposited.

4. The method as claimed in c¢laim 3, wherein the temperature is
measured on the rear side of a susceptor holding the

35 semiconductor wafer, and wherein at least one further layer is



6. The method as claimed in any of claims 1 to 5, wherein an epitaxial layer composed of silicon is
deposited on a 20 semiconductor wafer composed of monocrystalline silicon and the target
temperature is chosen to lie in a range of 510 to 530C, if the set gas flow rate of the process gas lies in
the range of 45 to 55 slm, wherein the target temperature is chosen to lie in a range of 525 to 5450C, if
the set gas flow rate of the 25 process gas lies in the range of 56 to 65 slm, and wherein the target
temperature is chosen to lie in a range of 540 to 560C, if the set gas flow rate of the process gas lies in
the rangedefifs: ta-8a stn. 3@ 71Aa @pparaius fertdeposingiataytnon@a-semicanduatod wafer by
vapor deposion, comising.a pracess.charmber g an uppes a0d & lower coyerand g irst sensor
for measuring thé tempergture of the Spper cover i the ceniter of the outer Surfacé of the upper covetr,
and a comtfollgrdordedhtrolthge3s e tenipdragie ob thalapperidevdrie bgsrédeterrminddiarget 13

temperatyre, Using the-lemperaiyre meagiyedyihefiEstsanser-a¢ apacisaldgmperajyee. 8. The

apparatus as claimed in claim, 7, comprising a data 5 memaory, in which a plurality of temperature
values aré F6redfiitR af& PaSHRRBvEl Fesitbtia GRS oW TalE BRAETBEEsSFad aliring e
depositios Df ¢he layenendhe semicondustoravaiagadhérgimibecdatammersory predetermines that

temperature value as tar ef femperature vl igg%\%%%%@%q:éo Qlef%%g%\gelot %_sgg{fggggpositing

the Iayer.cgfn?ﬁgzé%%%ra Us as Claimed in claim claim 8, comprising a measuring unit, which
registers flowimaicii peatéhiaiciasisasrpdépesicaidiesernitondlei inde RisikEE aRER%¥Eaning of the

15 procesg.chapberandiwhichafter registering-a deflaeg fotal thickngss of depesited material,
generates a signal for initiating a next cleaning of the process chamber that follows the last cleaning.
20 16. THEASH St B8 E med in any of claims 7 to 9, comprising a second sensor, which measures
the temperature of the semiconductor wafer on the front side of the semiconductor wafer, and a third

sensor, which,meagufes he [empealig;on he.1eanside gta sysegpter hodingte sqmiconductor
wafer, ) ’
defined total thickness of deposited materizl is not less than
50 pm, if the semiconductor wafer consists of monocrystaliine
15 silicon and the deposited material is epitaxially depcsited

gilicon.

6. The method as claimed in any of claims 1 to 5, wherein an
epitaxial layer composed of silicon is deposited on a

20 semiconductor wafer composed of monocrystalline silicon and the
target temperature is chosen to lie in a range of 510 to 530°C,
if the set gas flow rate of the process gas lies in the range
of 45 to 55 slm, wherein the target temperature is chosen to
lie in a range of 525 to 545°C, if the set gas flow rate of the

25 process gas lies in the range of 56 to 65 slm, and wherein the
target temperature is chosen to lie in a range of 540 to 560°C,
if the set gas flow rate of the process gas lies in the range

of 66 to 80 slim.

30 7. An apparatus for depositing a layer on a semiconductor wafer
by vapor deposition, comprising a process chamber having an
upper and a lower cover and a first sensor for measuring the
temperature of the upper cover in the center of the outer
surface of the upper cover, and a controller for controlling

35 the temperature of the upper cover to a predetermined target



25 and a comparison unit, which generates a signal for initiating a next cleaning of the process
chamber, if the temperature difference between the‘t%mperature measured by the second sensor and
the temperature measured by the third sensor deviates by more than 5C from an initial temperature 30
difference that exists during the first deposition after the cleaning of the process chamber which
directly precedes the next cleaning of the process chamber.

10
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20
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30

temperature using the temperature measured by the first sensor

as an actual temperature.

8. The apparatus as claimed in claim 7, comprising a data
memory, in which a plurality of temperature values are stored
which are respectively assigned a gas flow rate of the process
gas during the deposition of the layer on the semiconductor
wafer, wherein the data memory predetermines that temperature
value as target temperature which is assigned to the gas flow

rate set for depositing the layer.

9. The apparatus as claimed in claim 7 or claim 8, comprising a
measuring unit, which registers how much material has been
deposited on semiconductor wafers since a last cleaning of the
procegs chamber, and which, after registering a defined total
thickness of deposited material, generates a signal for
initiating a next cleaning of the process chamber that follows

the lagt cleaning.

10. The apparatus as c¢laimed in any of claims 7 to 9,
compriging a second sensor, which measures the temperature of
the semiconductor wafer on the front side of the semiconductor
wafer, and a third sensor, which measures the temperature on
the rear side of a susceptor holding the semiconductor wafer,
and a comparison unit, which generates a signal for initiating
a next cleaning of the process chamber, if the temperature
difference between the temperature measured by the second
sensor and the temperature measured by the third sensor
deviates by more than 5°C from an initial temperature
difference that exists during the first deposition after the
c¢leaning of the procesgss chamber which directly precedes the

next cleaning of the process chamber.



