28 DEC 2004 1 METHOD FOR HEATI NG A SEM CONDUCTOR WAFER I N A EE&CEE@
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
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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



2 tenperature of the wafer. However, using the |load-lock systemfor

preheating is sonetines not desired so that thexfoll ow ng,sc her, used
instead; In a first rsqtaep, the wafer is transported into th%%sﬁﬁﬁgg@}si ng

chanmber and pl aced near the chuck; in a second step (heating up, soaking
up), the environnent tenperature ngar the wafer is increased by a heater
bl ock so that the wafer is preheated to the process tenperature (e.g.,
during 90 seconds); and in a third step, the wafer 10 is placed on the

chuck andeppeeesaed. offhire Seert reskses,eshagi gl 19-@e3scrnd thermal -
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shock of the wafer; however, the chamber is evacuated 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 FIGS. 1-2 illustrate a method of the presént invention by
gimplified side view diagrams of a prbcessing -
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



forced convection. Thereby, nechanical stress, thermal shock, and bow ng
of the wafer are alsoyavoided. FIGS. 1-2 illustrate a method of the present
invention 5 by sinplified side view diagranms of processi ng chanb 100 of
the present invention in a first node (FIG 1) and its a Setdi rﬁﬂ% (FIG
2) In connection with FIG 3, detaidls for nethod 200 * havi ng steps pl acing
210, ejecting 220 and noving 230 are 10 also explained in connection with
FIG 3. Steps 210 and 220 are performed when chanber 100 is in the first
node, afwprdisdgie230The shendy fisr splsbhrtiadianteangderredy into the second

node. S%ﬁ%d%h%ct@é&r tﬁgreai frtafﬂa%ﬁ%llétr@é@ hackskde 15 152.
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Semiconductor wafer 150 has frontside 151 and backside

15 152. 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 110. '

20 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

25 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

30 nozzles 121 of about 8...10 sccom (standard cubic meter per
second). Opticnally, MFCs can also act separately on
each nozzle. Shower head 120 is continuoﬁsly heated up
‘to process temperature, for example, by plasma or process
gaseg in chamber 100 so that, preferably, gas 122 heats

'35 up on the way from supply line 131 to nozzles 121.



4 in a first node (cf. FIG 1), elenents 112 extend from surface 115 and
hol d wafer 150 at backside 152 so that chuck 110; hol ds wafer 150 at %
predeternined distance D, to surface 1 15. Preferably, dist&ngeDi 2004
(between wafer 5 backside 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 wafer 150 to the predeterm ned process .
tenperature. in a second node (cf. FIG 2), elenments 112 are 10 retracted
into recessms d Ifliret mddek(cELOFE6. that eiements 1502 jextsingc &408i rect |y on

surface d3% e 4150038 nq1a Nakal o8sd 2 RREaAL! fd Yedlerapt eject the gas.

vafer 1BYHAS reac S process tenperature and processing can start.
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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



tenperature. Step 220 is continued, for exanple, over a 35 predeterm ned
time interval. O, step 220 is continued 28 DEC 2004 until wafer 150 has
reached a predeterm ned threshold tenperature that is near the process
tenperature. Mnitoring the wafer tenperature is well known in the art

and can be acconplished wi thout the need of further 5 expRahf3hLrPibkr ein.

In noving step 230, support elenents 112 go into recesses IIl within chuck
100 to that wafer backside 152 touches chuck 100 at surface 115-(di stance.
D1=0) Com)atiednatmaxt he&0ahay er eveiieidon epr edetivothiaed or g eghalsl 10 the prior

art, heatin é upsthe yaer to. pr %ﬁgséroégé’g)% ﬂ%@&@tﬁﬁa acconpl i shed by

convectl'b requites ess ) seconds). Persons of skill
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int erfere W gpocess gas used for CVD. Wiile the invention has been
descrdi beekpkpnadrips dEreparticul ar structures, devices and nethods, those of
skill in t%%&vﬁ@ Etuﬁdﬁcst&ngpbaeedlmﬂtrsemgsgoim&mn 20 herein that it

is not limted nere 0, such ex | es .and ope of the
i nvent i SFFSSSHHi%opdr %]/ EIF81’9‘3 eciﬂ]ﬁcﬁegagyc? hée}j c g%%gét%&?k%}% %% Wat s
cl ai ned ttdhchhs Mableidl 60ratheatrifageal SenidistdanceoPiMf er in a process
chanber , cﬁné:\g?‘f ﬁl £ 02 DGRl R@{xéi&%@%th@,dbaeﬁéfdﬁag ) d met hod

conpri sing OW Nng steps: acing the wafer with the backside on a
pl undl i thhenferiggpert. eh%#ﬁa‘lmgsuph‘abeéﬂ tor BAP&S€Ruck; ejecting a heating

gas fro(r? Fph QB eata Qa2 dnilt By Nedifled tRHACESS eéqnhers to sai d
frontside; ™ novi ngesal d su port eé% nts into recesses within the chuck so

) that sail®sfaftdPenierdi de "tlc9u5ﬁ‘é‘§n d chuck; and processing the wafer with
a process @%‘i‘soﬂs dheskElthda ehecaxnt nah aﬂdeﬁerhh%al gtefsecting step is

continued over agpredet e ned, t L4144 Sutakne- ‘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 ot
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 probe'rly _
determined by the claims that follow.



3. The method of claim1l, wherein said ejecting step is continued until
said wafer has reached a predeterm ned threshold tenperature. 4. Chanber
for processing a senm conductor wafer having a frontside and a backsi de,

sai d chanber conprising: a wafer chuck having a surface ang a plup %ty of
support elenments that in a first node tenporarily extend frdn1sa|d 'SUr face
to hold said wafer at said backside at a predeterm ned di stance to said

sur f aGe aqgn%p in a second node are retracted into said chuck to place
sai d mﬁ%%? Wt R said  backsi de directly on said surface; a shower head
having a plurality of nozzles to eject a gas to said frontside of said

waf eR ; métRaasr Hegrngms@wcdhmtoawﬁeﬂh b'bgacgé%hﬁrﬁbe‘iadaﬁl WwaRWRTind 8 Rchtiiemasai d
chanbescksige, isBidstida torhprising@eollodingR@pt: Up said wafer, and for providing a
process gas to said shower head when said chanber is in said second node.

5. Thleciahthetyeter with thé backside avteeplenlity sfauppotgEpants tiedt erremt fonas ehuskedl es. 6. The
chanber of claim4 wherein in said first node, the distance between said
waf efleging R dpaiig apdironsa phpweheag desated wﬁmhgai@ﬁw@ﬁ Icharehfy il saidArontsidel chanber of
cIa|n14 mhereln said heatin as . is hell HOD FOR HEATING A
S BENPS TP o PRt e 8 PR IRSEHE B9 1Rt SOIR WERD ss

CHA 'RB&tract of the Disclosure Heating (200.) a senlconductor waf er
(150 r.{ 100) is performed in the order of: placing

(2 %D&Qﬁ@g€%9§§§?M1§?%H§§ﬁ {he backsi de (152) on a plurality of support
elenents (112) that extend froma chuck (100); ejecting (220) a heating gas
(1222. THe nethioo Bt @ais 1 owereil efidlejedtihg 8ikp Isaoatinaed wiet B brrdétbeniprdaeedgeredianber

(100) to the frontside (151) of the wafer (150); and noving (230) the
support elenments (112) into recesses (111) within the chuck (100) to that
t he $dihemepgiae REGara 1{ @9'“ s3I BIREEd FiRR is CopiiieRd ¢t gRjd 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.





