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A SEM CONDUCTOR WAFER I N A PROCESS CHAMBER AND PROCESS CHAMBER Fiel d of
the I nvenyiodpn7b3e present invention generally relates topéﬁﬂﬁhﬁﬁpﬁ and

met hod for manufacturing sem conductor circuits, and nore particularly, to
apparatus and nethod for processing sem conductor wafers. Background of the
I nvention For manufacturing sem conductor circuits, various transporting

and_r ocesshihudfos? kbagaaRe SR R0 b ER hC R MBS AN €1

(diameter e.q., the water 1s usually transported in a cl ean
room at room tenperatur puyhfers . ANS. PROGESs ¢l er is often processed at
a substantially higher process tenperature (e.g., 300...500C, depending on
the process), for exanple, to deposit a filmby well-known techniques (e.
g., chem cal vapor depositiphelVDf Hoe piesessémg, the wafer is placed on
a chuck that is usually at process tenperature. However, changing the

envi ronnent tenperature of the wafer rapidly fromroomtenperature to
process teppepabHERLCAHGER L FHEJEALLa VO EFc BXPAESEONapPh HLEYs r@igrred to as
t hermal shock. Due to intrinsic inpurities and contamnation_in the
silicon, PREhRdafor PrBPARELEEINE EARLIGANERCEABQERTFYL BRUSEHG TRFE her
unwant ed gffectsibike WabeLoBayhPds BhaPhatROBNEoP NplbEebs HiICK, OF
breakage. I'n other words, pFaC|ng the cold wafer on the hot chuck surface
shoul d besambrgeductesdwpbekssyst ens that couple the clean room and the
processi ng chanber can stepwi se increase the environnment CONFI RVATI ON COPY
WO 02/07193 PCT/1B01/01163 2 tenperature of the wafer. However, using the

| oad-1 ock system for prefeskigrgund odnmshiendaventidasired so that the

foll owi ng schene is used instead:

For manufacturing semiconductor circuits, various
transporting and processing steps are consecutively
applied to semiconductor wafers (diameter e.g., 300 mm).

While the wafer is usually transported in a clean room at

room temperature (e.g., 20...30°C), the wafer is often
processed at a substantially higher process temperature

(e.g., 300...500°C, depending on the process), for
example, to deposit a film by well-known techniques
{e.g., chemical vapor deposition CVD). For processing,
the wafer is placed on a chuck that is usually at process
temperature.

However, changing the environment temperature of the
wafer rapidly from room temperature to process
temperature causes immediate wafer expansion, widely
referred to as thermal shock. Due to intrinsic
impurities and contamination in the silicon, the heat
propagates in the wafer unequally causing further
unwanted effects like wafer bowing, misplacement on the
chuck, or breakage. In other words, placing the cold
wafer on the hot chuck surface should be avoided.

Load-lock systems that couple the clean room and the

processing chamber can stepwise increase the environment
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In a first step, the wafer is transported into the processi ng chanber and
pl aced near the chuck; in a second step (heating up, soaking up), the
envi ronnmegly g2RPR8rature near the wafer is increased by a Q@@h@héhhgck SO
that the wafer is preheated to the process tenperature (e. g., during 90
seconds); and in a third step, the waf®er is placed on the chuck and
processed. This schene reduces nechani cal stress and thermal shock of the
waf er; however, %he ch%nﬁék i s evacuated so that in _the_heating. up step,
the heat el BPSEREEST Claldfe3i&dr s HOYENREr altfygnitehy OR4ar-8FKon. Al so,
t he chanmbes dtent EHRO0 A Hihey aRt edmeito MeRl RGeS Slerg ralihes educi ng the

t hroughput. In qother, words, the expensi,ve chanber is booked for the | ow
val ue addih§ ﬁ@&éPW&n@ps§§§$ﬁT&F #7eGnd8sttPE4 | ong time. The present

invention seaks af ips@VisdRpAPRMAWET c2Nd shetriadpwhicel Thticgahe or avoid
t hese and ot her di sadvantages and _|imtations OP the prior art. Brief

Descri pt i &F¥OSESEREIDCRFTRGE PRASPLEC2T Pegdt (tife CRURKH héB &f SERETSr esent
invention dpepsi HRlaifiingd v, d&cukeWod @yl a0 endiRbBRRSSI Ng chamber of the
present invention in a first node and in a second node; and FIG 3

| || ust r at ESTRFAEINS Ne@ImédieoFafiegwichancrepagfabyor tiratest Rd@CkDet ail ed
Descriptiap, o8 RS §ad EbodiiRal cEhe P rt%%e?&o'c'%\é%mt'eg{@e%%%%‘éeS the
tlne-consunlngaheatyng up step-by short-tinme hot helium showering of the
waf er W00 2/.07 893 139PET IsBOPINGEL G3 aldonnsiedéhiThle stent itheswbseantial |y
transferr far v ian.. Th chani cal stress, thernal
shock, ang%b%%ﬁ%%dgggkﬁgﬁhgﬁgf%gﬁgga$%§%§§§i ed. FIGS. 1-2 illustrate a
met hod of t h&hiseseahemenvediicers melghasiigplli Siteessi dedvicberdidgr ans of
processin r 0. of: t he.pr nt i_pventi in.a first _node (FIG 1)
and in a g%%%ﬁ%gﬁi égiﬁ%'é&g)h%w%%%%ﬁnggfig#a%gFﬁ ﬁFGFV§FU8§F |Fé for

met hod 20Ghaaviimg t3tee peapliag gy 2iep,etbet hegt220bapdknownng 230 are al so
expl ained in_caqnnection with FILG_.3. Steps.210 and, 220 are_performed when
chanber 1566F§&%ﬁ‘??ﬁ?%i%%asgﬁﬁfgééiﬁd°§ﬁ§bb§36a%§a§éPP0rngﬁsﬁhe 5"c‘?harrber
100 goes idhiambidie isecentoradd.] ySetcventded dronnbebcks@ihas thost si de 151
and backsi de, 152. Cha r 1og¥50nprises ggfer chuck 110 havi ng upper
surface 1f% ng g HmAResPuyppdrft C&RETe HPL IF1 2 ENEr SFEPRSEYE el enent s

112 are nee@h@er Elsempikedl Edrardeeilbher agxicended ngyehidagahlgy upo surface 115
(Z direction) or retracted into_recesses 111 within chuck 110. El enents

li ke ring$teRattofr &PeiPARE&eM 30T &A%oving into X or Y directions are

vel | known anthd herafane ipRlenthiown sckitst kel prekathenpbd ¢ #Pahges shower
head 120 having a_plurality of nozzles 121 ("shower holes"”) to tenporarily

ej ect heafiatdogaghizh mMifdigate oFy eveddoltfesrePRENPEASTI | | ustrated, nozzles

121 can reRei e 8Raghd2 anlOr igMamRienst Brovgk pr3sf how controller (M-C)
130. MFC 130 receives the gas fromsupply line 131 (at a pressure of about

25...50 psi) and provides a total gas flow to nozzles 121 of about 8...10

sccm (standard cubic mBieLs BSEs SEGHY DN é¥nﬂﬂ¥“5ﬂéhi#§?3 can al so act
separately on each no ; T sly heated up to
process tenperature, for exanple, by plasma or process gases in chamber 100
so that, proferably.;193%ch22 et WA st AR LAl SHRRLY. sbingy 131 to
nozzl es 121.

simplified side view diagrams of a processing

chamber of the present invention in a first

mode and in a second mode; and

FIG. 3 illustrates a simplified method flow chart

diagram of the method.

Detailed Description of a Preferred Embodiment

The present invention replaces the time-consuming heating

up step by short-time hot helium showering of the wafer



WO 02/07193 4 PCT/1BOL/O11G3 In a first node (cf. FIG 1), elements 112
extend from surface 115 and hold wafer 150 at backside 152 so that chuck
110 hol dsywpd2ep10850 at a predeterm ned di stance D1 to surfpgegpdidRies
Preferably, distance D1 (between wafer,backsi de 152 and surface 115) is
substantially equal for all X and Y coordinates. Nozzles 121 eject heating
gas 122 to frontside 151 of wafer 150 to heat up vvafer 150 to the

predet erm ess hengerat ur el ement s

112 are ré rac edfl nto%recesgzes 151 %tagh ai%q?’l Sﬁ%@&r%%é’r 150 is

pl aced di riextded arorswdtaics 11 eraby DiriSharNezZl es:rla%]s Subsiratatl al |y do

~ not eject L"’c‘%ﬂ‘g fer 150 Qa& reached its rocess tde erature and
processi ng staé)r VAL S i S° P YK st ance D2 bet ween

surfage 125 QTfIr(]jBE'adL—JQZG.HM*s@iHﬁ;@(E nislthoaf d?ﬁllt}ié ?p]x%she‘htlS(fl@f\ie@ftitdri:ﬁndi nzghe

second node. Thi n conpl i aC|ng chuck 110 or head 1

into the %Ydl 511151%- %r%faazﬁ' C? ’#‘e%ﬁifro Sradmse ch ?@%qrs kept to

| ow vacuumgakautt b tgdderth 1bﬁiefhtﬁQﬂ'ﬁsln R Cﬁu%a ded&et rates a)sizwe i fied

met hod fl ow chart di agram of net hod 200 for heating sem conductor wafer 150

in processTRamRORth @O el E%psllare performed as follows: In placing step

210, wafer 130, ioasdbivfitibacksi de A 0ond %rplmért@iddxzo@f support
el ements 112 that extend from chuck 100 (cf. FIG q$ This can be

acconpl i sHeFincostEpfmitlacing @%%bcﬁjmun%m angl meaigya 230h agjeect i ng

step 220, heat idg 198522 d %o%irfé‘ét%rf KA hower 3hea<§t3e%% (2'1%0%&@ Wi thin
chanber 100, through nozzles 121) to frontside 151. e tenperature of

waf er 150 24'2@ r@e?\ﬁ ioearfesady whar [chamogsr ddé e-rSmeecﬂméce% modser at ur e.
Step 220 ig, %S) f i terval O,
step 220 |s contl nue %\8%&% v&éﬁ I%( { %/%gef?é)m untg"lnl G &r 150 has
reached asmteme‘terqﬁmed t hreshol d terrperature t hat |s near the process

t emper at ur e. %\étm r r gt e, art and
can be acconp |scto 4 %Ehout erenleSteog urtnﬁg p anétnl ahcr]1<rs’llgiee

novi ng st dp 2230 Cl'fan]hmzr t1 Gl e:mm:as]eléz m@cfemtcblumess}emairm@/\nutplper chuck 100
to that wafer. bac uch chu 100 at suyrface 1 (d| st ance D1=0)
Conpar ed tsélﬁfl?ec é@\;’d%’t]sans ac,sél@lp(? rjt-'g e;i(?“}er‘?g: 21151 art, heating
up the wafrerefte(rapuﬂgx;emetnfsmﬁ:r aruy em'esmmnmﬁ [ Shiﬂ(én’@mt(soﬂ\lQCtair@’l and
requires Ie tinme - 10 conds). Perso of skjll in the art can
add furthét eé"pfx%ﬁjéjr?%dé"eh‘tdrcaéﬁéfngﬁ UF&aCﬁJH;SndZogﬁrﬁ?élﬁ@atl ng gas
(after step 2¥raarddahidedealddy 19as Wees mehidk afere with the
process gas used fqr, CVD., Wil e the invention has been descri,bed in terns

of parti cElEeEGSy FINGS j EVIR T §@E et Hode TSP OMATION t he art

Wi |1 undergtcandk Rased OR-ddie RS W ttedll Keidkinn anldat: Helrdfritothde m t ed
nmerely to such exanples and that the full scope of the invention is

properly &% ned by the claims that fol |l ow. WO 02/ 07193

PCT/ 1 B0O1/ OL163,:6 1{dxai Mhakbdvetiad dpAieatd %o%eie'ﬂe%@nq.@@t YaMaier in

process chanber, said wafer having a frontside and a backsi de,
a plurality of nozzles 121 ("shower holes") to

temporarily eject heating gas 122, that is, preferably,
helium. As illustrated, nozzles 121 can receive gas 122,
for example, through mass flow controller (MFC) 130. MFC

130 receives the gas from supply line 131 (at a pressure
of about 25...50 psi) and provides a total gas flow to

nozzles 121 of about 8...10 sccm (standard cubic meter per
second). Optionally, MFCs can also act separately on
each nozzle. Shower head 120 is continuously heated up
to process temperature, for example, by plasma or process
gases in chamber 100 so that, preferably, gas 122 heats
up on the way from supply line 131 to nozzles 121.



said nmethod conmprising the follow ng steps: placing (210) the wafer with
the backside on a plurality of support elenents that extend from a chuck;

ej ecting w2P)rvsheating gas froma shower head | ocated wpkhjigosAhdd Process
chanber to said frontside; and noving (230) said support elenents into

recesses within the chuck so that said wafer backside touches said chuck;
and processing said wafer with a process gas. 2. The nethod of claim1,

wherein said.gj ectd. step.is ntj.nued ,over, a pred rm.ned ti i nterval .
3. The met ho IJofa clar]:%‘rir:l ,oodv%e c(e}"lo'ntElsfawl'dqéj’eg ieﬂl§%§tseghlase &r‘f'fjidhfgénhntil

sai d waf ersuheEfadecdditeciral froddetwerfamdd Ot bte daeokd idenperatsdr ehat WO

02/ 071"')3 PCT/I 7 er_ for processi.ng a sem conductor wafer
(150) haviFRrek %%@ éff?éfefcg%ﬁﬁtd& Psfpﬁd&t@ﬁémﬁ%ﬁ PICETPEI sing: a

waf er chudo (SWkPadwvily a mefaaed (] 19 stacgica P, uiBbtigenf waBgport

elements (112) that in a first node tenporarily extend fromsaid surface to
hol d sai d(*%ﬁé’r‘gél 124 (?néaa@k"sxif@(?eatljé%prlédé"ﬁl@rs pRcdadilet el §ogai d

surface anpdit batarid) va sREIGIREE anRzekkagbad ke 3l ieluekst 0 pl ace
said wafer with said backside directly on said_surface; a shower head (120)

havi ng a piafr §19 B sice 1led of epdar 450asot besdi 4o Wedesi dé0otosai d

waf er; meas fedit@ntig HIRAUING LR eysal.d shower head when said
chanber is insaid first node to heat up said wafer, for providing a

process gas tI8 SaiSPeORshWECdfedd inh&dGoaild - clrdementiss Lild saied second node.
5. The chamhyer, Qfectliaidy 4- M RIN 1581 &SUPRAE! 18108 EBNtat wafer

150 is placed directly on surface 115 (i.e. D;=0).
Nozzles 121 substantially do not eject the gas. Wafer
150 has reached its process temperature and processing
can start.

Conveniently, in the first mode, distance D, between
surface 125 of head 120 and surface 115 of chuck 110 is
shorter than in the second mode. This can be
accomplished by displacing chuck 110 or head 120 into the
Z direction.

Preferably, the pressure in chamber 100 is kept to low
vacuum (about 2 torr) in both modes.

FIG. 3 illustrates a simplified method flow chart
diagram of method 200 for heating semiconductor wafer 150
in process chamber 100. The steps are performed as
follows: In placing step 210, wafer 150 is placed with
backside 152 on the plurality of support elements 112
that extend from chuck 100 (cf. FIG. 1). This can be
accomplished, for example, by a robot well known in the
art.

In ejecting step 220, heating gas 122 is ejected from
shower head 120 (located within chamber 100, through
nozzles 121) to frontside 151. The temperature of wafer
150 is now increasing until the predetermined process
temperature. Step 220 is continued, for example, over a

predetermined time interval. Or, step 220 is continued



are needles. 6. The chanber of claim4 wherein in said first node, the
di stance between said wafer backside and said surface is substantially

equal . 7.wpheusetvanber of claim4 wherein said heating gasprg Bl R
. A% A. AsR. As. A s% A% A, #Yuv6LhA z> ~

\ {upkfa\ VU] ca] ca] ca] ca] ca] ca] c*a] ca] caﬁ ca] cal] ca] c<a] ca] ca] ca] ca] c”a] ca] ca]
ca] ca] ca] ca] cal] cal] cal] ca] cal] caU] ca] ca )57F} 23

Y+, glkinl 111 #$r$ % $ nh%AYgF cal ca% ak a%c nalcaUl ca] cal c
a]ca]ca]cg gé &a %%]éé?ca Ea %éﬁgg cé?%é?%é?céF §] %f SﬁLEd
SWBREE' ' 'tembefgtire! thb#$i $SRBEE} xbri drythEeatkankealaakcal ca] cal ca] ca] c”a
~]Jcal]ca]ca]ca %%hca caU%c%i ca ca% al ca ca%c C c%%ca C c?%c ]ca
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) 394098 ( FXPLALE6ROD) PSFBIog ()-2z 10%& ()-28 oM )!C810%JI& ()-! &L0%OOR () -
1000 1000 10€R msiAUGO&teh- R3D3YEAYBoLL- EZementk<M 20§@8& ko ! ! 10%00& () -f
F10% & () -f 31090 &&-!H&l ?&kCX&f&)-!O&lO%Y?&T()-‘ ,
recesses 1 within chuck” 100 to that wafer backside 152
touches chuck 100 at surface 115 (distance D;=0)
Compared to the above mentioned method according to
the prior art, heating up the wafer to process
temperature is accomplished by convection and requires
less time (e.g., 7-10 seconds).
Persons of skill in the art can add further steps,
such as, for example, for pumping out the heating gas
(after step 210) so that the heating gas does not
interfere with the process gas used for CVD.
While the invention has been described in terms of
particular structures, devices and methods, those of
skill in the art will understand based on the description
herein that it is not limited merely to such examples and

that the full scope of the invention is properly
determined by the claims that follow.
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chamber, said wafer having a front51de and a backside,

said method comprising the following steps:

placing (210) the wafer with the backside on a
plurality of support elements that extend from a
chuck;

ejecting (220) a heating gas from a shower head
located within said process chamber to said
frontside; and

moving (230) said support elements into recesses
within the chuck so that said wafer backside
touches said chuck; and

processing said wafer with a process gas.

2. The method of claim 1, wherein said ejecting step is

continued over a predetermined time interval.

3. The method of claim 1, wherein said ejecting step is
continued until said wafer has reached a predetermined

threshold temperature.
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a wafer chuck (110) having a surface (115) and a
plurality of support elements (112) that in a first
mode temporarily extend from said surface to hold
said wafer at said backside at a predetermined
distance to said surface and that in a second mode
are retracted into said chuck to place said wafer
with said backside directly on said surface;
a shower head (120) having a plurality of nozzles to
eject a gas to said frontside of said wafer;
means for providing a heating gas to said shower head
when said chamber is in said first mode to heat up
sald wafer, for providing a process gas to said

shower head when said chamber i1s in said second

mode.

5. The chamber of claim 4 wherein said support elements

are needles.

6. The chamber of claim 4 wherein in said first mode, the
distance between said wafer backside and said surface

ig substantially equal.

7. The chamber of claim 4 wherein said heating gas is

helium.



