28 DEC 2004 1 METHOD FOR HEATI NG A SEM CONDUCTOR WAFER I N A ng .
CHAMBER BY A SHOWER HEAD, AND PROCESS CHAMBER Fi el d of the | nv@&nti n2&¥The
present invention generally relates to apparatus and nethod. for
manuf acturi ng sem conductor circuits, and nore particularly, to apparatus
and nethod for processing sem conductor wafers. 10 Background of the

I nvention For manufacturing sem conductor circuits, various transporting
and processi n% steps are consecutively 15 applied to sem conductor wafers
(di amet er MEFHOD3IFORHEATINGHA| SEMIRONDVCEOR] WADERIGIN \A tARROCEESrted in a cl ean
roomat room bRERBER! ¥y, - ) 5@% .S, often processed
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on the process), for 20 exanple, to deposit a film by well-known techni ques

(e.g., chenmical vapor depgsdild @& &Y®)rnfHriRpocessing,. the wafer is placed
on a chuck that is usually a ature. However, changing the

envi Fonment tenperature of the 25 wafer rapidly fromroomtenperature to
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semiconductor wafers. '

10
Background of the Invention

For manufacturing semiconductor circuits, various
transporting and processing steps are consecutively

15 applied to semiconductor wafers (diameter e.g.; 300 mnt) .
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

20 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

25 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

30 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



chuck, or breakage. In other words, placing the cold wafer on the hot
chuck surface should be avoi ded. Load-lock systens that C32§|©Qﬂ1 ﬁgean
room and the processing chanber can stepw se increase-th nt 2 3
DEC 2004 2 tenperature of the wafer. However, using the |oad-lock system
for preheating is sonetinmes not deshred so that the follow ng schene is
used instead; In a first step, the wafer is transported into the 5
processi ng chanber and pl aced near the chuck; in a second step (heating

up, soakit@gapupéatui-éleoﬁrﬁﬂé QRATeR! ASNPRRAL UEendede tiRRAMABEK i S | ncreased
hat, t he wafer is prehe ted to the_process -

by a heater blo t
t enper at G 8Pe %%r pﬁﬁhﬁﬁﬁjn§01§eﬁ?ﬁﬁﬁﬁﬁesaﬁﬂt esined 59 §P the wafer 10
S pIacedhenfbhbowinnﬂsqhamepEscese&xinsEbaa schenme reduces nechanical stress

and t her nmal sgo§frég: kﬁﬁhm@ﬁ afg) %e%ragégéégggﬂa P ﬁgevacuated so that

in the heatlng up step ock ca rans St substantially
only by Prefessorg QN@mbertnad151¢¢ﬁﬁﬂm§ﬂrlEheenhnnkaruhyapsevem@ed from

processi Sge tfﬁ@égﬁ&&l%ﬁgsbgﬁlﬁgﬁﬁﬁghﬂﬂg Eﬁﬂ%atln neWords, the expensive

chanmber i s booked f | ow val ue addin up stegofor an
undesi r etETRETR t45fe NefRe the cdiRT H‘F\/éﬁf“?%‘?ﬁ%‘%é?ys 3 beE}Fsvﬂa @ppar at us and

20 met hogb vitizah thel wgake 0f PvlidhileBets andl fidiess dempevaniages and
B B e iaBh S ofC 4T Boaes h R athy. "ER s 2t rew
di agansisfplagedoossshagchuck and processed. 1
This scheme reduces mechanical stress and thermal
shock of the wafer; however, thelchamber is evaéuated SO‘
that in the heating up step, the heater block can
transfer heat substantially only by raaiation. Also, the
15 chamber is temporarily prevented from processing, thus
reducing the throughput. In other words, the expensive
chamber is booked for the 'low value adding heating up
step for an undesired long timet | |
The present invention seeks to provide apparatus and
20 method which mitigate or avoid these and other

disadvantages and limitations of the prior art.

Brief Description of the Drawings

25 PFIGS. 1-2 illustrate a method of the present lnventlon by
-simplified side view diagrams of a processing
charber of the present invention in a first
mode and in a second mode; and

FIG. 3 illustrates a simﬁlified method flow chart

30 _ diagram of the method,.

Detailed Description of a Preferred Embodiment

The present invention replaces the time-consuming heating
- 35 up step by short-time hot helium showering of the wafer



chanmber of the present invention in a first node and in a second node;
illustrates a sinplified method flow chart 30 diagram of the nethod.

FIG 3

Det ai | ed Description of a Preferred Enbodi nent The present

repl aces the time-consum ng heating 35 up step-by short- tiln b
showering of the wafer 28 DEC 200433 frontside. The heat is substantlally
transferred by forced convection, Thereby, nechanical stress,
and bowi ng of the wafer are also avoided. FIGS. 1-2 illustrate a
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URPEr 5 ggméage 1%5*and Lasplurality of support elenents 112.

are fieedl es. Elenments 112 are either

ext ended

BlyEky u&p@%i@c@ﬂ&“ﬁﬁﬂ' Ié%crﬁmgs 2bbaind eMaRg Wabeard 50 from

into or directions, are
also explalned in connection with FIG. 3. Steps

220 are performed when chamber 100 is in the first mode,
and step 230 is performed when chamber 100 goes into the
second mode. '

Semiconductor wafer 150 has frontside 151 and backside
152. Chamber 100 comprises wafer chuck 110 having upper
surface 115 and a plurality of support elements 112.
Preferably, elements 112 are needles. Elements 112 are
either extended verticaliy to surface 115 (2 direction)
or retracted into recesses 111 within chuck 1190. '
Elements like rings that prevent wafer 150 from moving .
into XIOr Y directions are well known and therefore not
shown. '

Further, chamber 100 comprises showexr head 120 hav1ng
a plurality of nozzles 121 ("shower holes" )_to
temporarily eject heating gas 122, that is, preferébly,
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). Opticnally, MFCs can also act separately on

each nozzle. Shower head 120 is continuously heated up

‘to process temperature, for example, by plasma or process

gaseg in chamber 100 so that, preferably, gas 122 heats
up on the way from supply line 131 to nozzles 121.

knomn and th%r%forg not



shown. Further, chanber 100 conprises shower head 120 having a plurality
of nozzles 121 ("showgr holes") to 25 tenporarily; eject heating gas é}%g
that is, preferably, 'helium As illustrated, nozzles 121 car §egkbv as
122, for exanple, through mass flow controller (MFC) 130. MFC 130.
receives the gas fromsupply line 331 (at a pressure of about 25...50 psi)
and provides a total gas flow to 30 nozzles 121 of about 8...10 sccm
(standard -cubic neter per- second). Optionally, M-Cs can al so act

separ at el y mn a gdebt neadd e(cfShBner heacklep@nis tbhtexhssdsfyoneated up to
process temperatutge Le, p - ses in chanber
100 so t%‘ﬁ%cﬁr e#ér% ‘?3’,{"15%;3’%?5% %%%ta? %5%%&592?1 %%_es\?a;h??om supply line
131 to ndamked102bol@8 WBEEr2062 at 4 inredeterpingdddi gt écerPe 1), el enents

112 exti;%phsfulr .S Yif £ gcgpd_’gf@rgggyhc&ﬁ%fc@rD}S@b@gwelgac{ggfdg 152 so -t hat

‘chuck 1 ol ds wafer 150 at a predeterm ned dLsﬁmce D, fL9 surface 1 15.
Pr ef &r aBtacksdidst ARd 2 (UsEeRBehl Warlsr HOFEAREIFEIN P8 4 80 face 115) is
subst antgial ky agaual cée¥aimditlesX amskMezoardi pates. hedozizigegas2l ej ect heating

gas 122 to frqontsjide. 151 of .wafer 15Q to b .£30.Lt0 the
ngdeterjr'ﬁznéﬁ ﬁFBﬁ'Ié?sd’i efat ti? ?rilr?%ats?eggﬁé %Jye?{% .*%él &B 2), elenents

112 are;HB; pektacéadi nad @meessmdﬁat@teehuck 110 so that wafer .150 S
pl aced di rgﬁt 5y889°€)§?’(°%ef%%5 f1e €2)D139bment Noz7d @5el21 substantial Iy do
er

not eject e gas. has reached its process t mper ature and
prod@ssinegracted into recesses 111 of chuck 110 so that wate

150 is placed directly on surface 115 (i.e. Dy;=0).
Nozzles 121 substantially do not eject the gas. Wwafer
150 has reached its process temperature and processing
can start. |
15 . 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
"2 direction. ' _
20 freferably, thé pressure in chamber 100 is kept to low
vacuum {about 2 torr) in both modes.
FIG. 3. illustrates a simplified method flow chart
- @iagram of method 200 for heating semigonduétor wafer. 150
in process chamber 100. The steps are pexrformed as
295 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. C
30 In ejecting step 220, heating gas 122 is ejected from
shower head 120 (located within chamber 100, thrqugh
nozzles 121) to frontside 151. The temperature of wafer
..350 is now increasing until the predetermiped procegs
lgémﬁerature. Step 220 is continued, for example, over a

551Npredetermined time interval. Or, step 220 is continued



can start. 15 Conveniently, in the first node, distance D2 between surface
125 of head 120 and syrface 115 of chuck 110 is shorter than in the second
node. This can be acconplished by displacing chuck 110 or head 120 into the
Z direction. 20 Preferably, the pressure in chanber 100 is kept to | ow
vacuum (about 2 torr) in both nodes. FIG 3-illustrates a?s} ffdfi08& net hod
flow chart diagram of nethod 20Q for heating sem conductor wafer 150 in
process chanber 100. The steps are perfornmed as 25 follows: In placing step
210, wafgfitb0vd SexplisoeHawi tdachelaeksreldetiesmioadt Hereshalsl ity of support
el ements_112 that-extend fr o f . This can be
acconpl i%?f%%‘?raf%urreeggﬁgl %a? %e%@ai?lgbé%&%{ q;l?ﬁg%%‘fl]}% he_ art.. 30 In
ej ect i noMet B2y theavaber Jarrezatise cfevedd krevw® Yhdhs a3%&ad 120
- (I ocat edag{&té%rp _ f%%@%fggﬂ)&eé hieueb: fiZzleea d21Fuiendrontside 151. The

0

t enper at Uir e waf er D is now increasing until the predeterm ned process
t enpér ateprlargtgem Pgresncont i nued, for exanple, over a 35 predeternined
tinme interval md¥ingSkep 224D, $uppbkt Nebened® sDEC2 2664intt i | waf er 150 has

reached a predeternined threshol t enper.at ur ' | Ss ot he process
t enper at{ﬁ‘ga.ssef%rh*ﬁo?’?‘ﬁ}dnf s Potté?rp%raa %rage%gg%\%}ﬁiﬁg\?n in the art

and can thideEorphickhe0l0 vat roerfathel heedisttahget Bet0)5 expl anati on herein.
|0 TOVING $1.60.230, SUDRO dock CHEAL Ecrkd? bbbl octRESEPED |11 W LI N chuck
100 to that &r “backsi de 1 : :
10 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
15 (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
pérticular structures, devices and methods, those of
skill in the art will understand based on the description
20 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.



touches chuck 100 at surface 115 (di stance. D1=0O Conpared to the above
ment i oned net hod according to 10 the prior art, heating up-the wafer to
process tenperature is acconplished by convection and requires less tine
(e.g., 7-10 seconds). Persons of skill in the art can add fyrther steps,
such as, for exanple, for punping out the-heating gas 15 (after 'stép 210)
so that the heating gas does not interfere wwth the process gas used for
CVD. ||ea%P |nvent|on has been described in ternms of particular

stru ur% devi ces and nethods, those of skill in the art will understand
based on the description 20 herein that it is not Iinited merely to such

exanmp! gshaier hebfldta dehohdiiclor RERMS a9Focfe£§9chbrﬂM&@aioq&bfér%aﬂﬁgwﬁédtéfde &gt erm ned
by t beadkkiaé, Eaidimaiod cohpray theWbiRtwingstepb:ai med is: 1. Method for heating a
seni conductor wafer in a process chanber, said wafer having a frontside and

a baphksngibe wefar ditnibe baplsidsoorpy ;blsrhmgoftsluepdrt(ﬂ!dnmntsnlgptekterpisfronpb gloickkg t he waf er
with the backside on a plurality of support elenments that extend froma
chucRiecting g dggting gasiraiea showgr bred Iqcpiehwihia Baid\eiocess gbiarnkse lrsald fontsldPin sai d
process chapber t said frontside; sai d ort elements into
b S PR TR R PSR A P e o SR R SHETBENESA chuck
and %lng the wafer wwth a process gas. 2. The nethod of claiml,
wher 6i,0sSit fhe Safs WiNIpRb&R ghs continued over a predetermined time interval.
3. The ééﬁ%oﬁ 3?9 Ia?%11 MEEFEIH said ejecting step is continued until
said wafer has reached a predeterm ned threshold tenperature. 4. Chanber
for priveesgiod gf @ais e Nwicosinl sald gectingbiep istaktinagd avel & priistec@nainicheantbaalksi de,
sai d chanber conprising: a wafer chuck having a surface and a plurality of

support elenents that in a first node tenporarily
3. The method of claim 1, wherein said ejecting step is continued uniil said wafer has reached a

predetermined threshold temperature

4. Chamber for processing a semiconductor wafer having a frontside and a backside, said chamber
comprising:

a wafer chuck having a surface and a plurality of support elements 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 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 said wafer, and for providing a process gas to said shower head when said chamber is 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 is substantially equal.

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



extend fromsaid surface to hold said wafer at said backside at a

predet erm ned distance to said surface and that iin a second node are
retracted into said chuck to place said wafer with said backsi cpﬁgdizn@ptly
on said surface; a shower head having a plurality of nozzles to €ject a gas
to said frontside of said wafer; nmeans for providing a heating gas to said
shower head when said chanber is in said first node to heat up said wafer,
and for prvi.di i hegad i d chanber is in
sai d secoﬁgdhg%ﬁd%ﬁ%%%ffggﬁ%h% er%(o) cl al m%gﬁf e?gi ﬁ"‘gﬁ?c support el enents
are needl es. GHAMBERC BInBecSEQIER: HERD JANP RROCESSNCEAMEER | r st node, the

di stance between said wafer backside and said surface is substantially-
equal . 7. The chanber of claim4 wherein said heating gas is helium 6
METHOD FOR HEATI NG A SEYsCORPUCGTORNSAPERCI SEW@ROCESS CHAMBER BY A SHOWER
HEAD; AND PROCESS CHAMBER Abstract of the Disclosure Heating (200.) a
sem conductor wafer (150) in a process chanber (100) is perfornmed in the
order offeasfing 4g0Ph1v)semigendureer WEFEr PR} t e HIIKGSFE (152) on a

pl ural i igha@bersyppoy tielrEBrhed 1i?)tHchakdext 60d $¥0Mray qi2ack (100);

o thi ' R BrbeBs LERNLHeR EbOFas ke (LPPbnea B CHen ¥t OEne vaf or

(150) ; @ngpaovi alent@s8d (1A8) shaporttesidefeansa (diwk i (30P)recesses (111)

0 (3b L38ce £AYCladd00 Hearihg!odd 43! ehipagkSh 4P dibark baughes the chuck
(120) located within the process chamber (100) to the '
frontside (151) of the wafer (150); and moving (230) the
support elements {(112) into recesses (111) within the
chuck {100) to that the wafer backside (152) touches the

15 chuck (110). '




