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) a2 method and apparatus for heating and cooling substrates.

BACKGROUND OF THE INVENTION

gemiconductor wafers, flat panel displays and

15 other similar substrates typically have numerous material
layers deposited thereon during device fabrication. Some
commonly deposited layers (e.g., spin-on glass (soG) films}
may contain contaminants, defects or undesirable
microstructures that can be reduced in number or altogether

20 removed by heating or vannealing” the substrate at an
appropriate temperature for an appropriate time. Other
deposited layers (e.g., copper films) may have properties
that undesirably change over time Or “gelf-anneal”,
resulting in unpredictable deposited layer properties {(e.g.,

25 unpredictable regsistivity, stress, grain gize, hardness,
etc.). As with contaminants, defects and undesirable
microstructures, deposited layer properties often can be
stabilized by a consrolled annealing step (e.g., for copper
films, a 200-400°C, 15 second - 3 minute anneal in a gas

30 such as N, or about 96% N, 4% H,). Following any annealing

step, a substrate preferably is rapidly cooled so that other

processes can be performed on the substrate without delay

{(i.e., to increase chroughput) .



Conventionally annealing is performed wwthin a quartz furnace that nust be
slowy pre-heated to a desired annealing tenperature, or within a rapid
thermal process (RTP) systemthat can be rapidly heated to a dei Zeflgg a
anneal i Rg 1epper ature. Thereafter an anneal ed substrate is trandférk &4
a separate cooling nodul e which conventionally enploys a cool ed substrate
support and is slightly backfilled with a gas such as argon to enhance
t hermal conducti oronthe Separlate aaotd nhagodul pet horeedesitbiagai pnent cost
and conplexity, as well as equipnent _footprint, and decreases.substrate
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cooling_ systens. Accordin , | St | o geishod and
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art, an_ inventive, chanber is V] - I rapid heating and
cool i ng t&@“ﬁ%&b‘fﬂa @ %%erﬁanrég{és)i%‘%Icﬁgl%ﬁg%ngg?igﬁh%gﬁ transfer tine to a
separ at € HRAdNGARAY} Giysl $Rsl U reshlédesubsaveat € oaugpereases agui pnent
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to heat _.a suhstrat ositio p | hg1 hgat khduMBCharrs@se cool i ng
mechani ﬁﬂesrﬁr?ged:qr}cg‘ﬁ% %éhegfl%géﬁé%ﬁ%%?sén and @adap]fled to cool a
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a

mechani sm adapted to transfer a substrate b tweeg a p sitieor&iq:riq{g mat e t he
heat i ng festninsm amd APOSREEBNSPPBXFARE THBVEBBH ngyrrgcﬁanl sm- As used

'herein " proxi mat e, means, ol P56 eNQUIBhOCAL! RER: SHbf bekierbod ing
systems. Accordingly, a need exists for an improved method
and apparatus for heating and cooling substrates that is

15 less expensive, less complex, and has a reduced equipment
footprint and increased throughput when compared to

conventional substrate heating and cooling systems.

SUMMARY OF THE INVENTION

20 To overcome the needs of the prior art, an
inventive chamber is provided that allows for rapid heating
and cooling of a substrate within a single chamber. As no
transfer time to a separate cooling module is required, the
invention decreases equipment cost, complexity and footprint

25 while increasing substrate throughput. Specifically, the
inventive chamber includes a heating mechanism adapted to
heat a substrate positioned proximate the heating mechanism,
a cooling mechanism spaced from the heating mechanism and
adapted to cool a substrate positioned proximate the cooling

30 mechanism, and a transfer mechanism adapted to transfer a
substrate between a position proximate the heating mechanism
and a position-proximate the cooling mechanism. As used

herein “proximate” means close enough to affect sufficient

2



2 7. FEB 2004 1717/ P1 thermal energy transfer for either heatin [
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conduct i® s?ance a substrate [ [
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:
| ocated gg ééggthgeggéné§91kes a substrate positioned proximate the
cooling plate.
The transfer mechanism transfers a substrate from
15 a position proximate the heating mechanism to a position
proximate the cooling mechanism, and preferably employs only
single-axisg, linear motion so as to further reduce equipment
complexity and cost. The transfer mechanism may comprise,
for example, a wafer lift hoop having a plurality of fingers
20 adapted to support a substrate, oOr a plurality of wafer lift
pins. A dry gas source mnay be coupled to the chamber in
order to supply a dry gas thereto. The chamber includes a
pump adapted to evacuate the chamber to a predetermined
pressure (e.g., about 20 and 200 Torr) during cooling, as
25 the present inventors have found that a reduced chamber
pressure provides good thermal conduction for short
distances (so that a substrate positioned proximate the
cooling mechanism is cooled thereby) but poor thermal
conduction for large distances (so that a substrate being
30 cooled by being positioned proximate the cooling mechanism

is not also heated by the distantly located heating

mechanism) .



.3 1717/ P1 2 7 FEB 2004 As is apparent fromthe above description, the

i nvention provides a nethod for efficiently heating (e.g., annealing,
degassing, etc.) and cooling a substrate within a single cha\r;?z me ofi4
transfer;iiygpis reduced, footprint 5 is reduced and sinpler r
novenments are enployed. Qher objects, features and advantages of the
present invention will becone nmore ful I y apparent fromthe follow ng

detai |l ed descriptimsn pf dppapertefred ehbodbowat descrtigtamendd cl ai ns and
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wil | erence-to an eCt to be heated and cool ed.
10
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of a heating and
cooling apparatus configured in accordance with the
invention;

15 FIG. 2 is a top elevational view of the substrate
support of the heating and cooling apparatus of FIG. 1;

FIG. 3 is a graph of wafer temperature Vversus time
for various cooling conditions within the heating and
cooling apparatus of FIG. 1;

20 FIG. 4 is a graph of wafer temperature Versus time

during a typical annealing and cooling process within the

heating and cooling apparatus of FIG. 1; and

FIG. 5 is a top plan view of a fabrication tool
that employs the inventive heating and cooling apparatus of

25 FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBCDIMENTS

FIG. 1 is a side elevational view of a heating and
cooling apparatus 11 configured in accordance with the
30 present invention. In order to conveniently describe the
inventive apparatus 11, its components will be described

with reference-to an object to be heated and cooled.



4 27FEB 2004 1717/ P1 However, it will be understood that the object itself

is not a part of the apparatus. As shown in FIG 1, the heatin
cooling apparatus 11 conprises a chanber 13 containing a heat e& ?nSFEB 2604
substrateisypport 15 (e.g., a substrate support having a resistive heating
el enent 15a therein). The chanber 13 preferably has a small volune of
about 5-20 liters to allow for rapid evacuation of the chanber (described
bel ow) t g?gevéeduﬁedwplrldcees ugds recrsdnpiiasn tEheheste d st riet 19

suppor may conpri se any conventional heated substrate s

st ai nl edspafrEePish traé’Pé‘r)é&blﬁort) having a tenperature ranggpgmfi(gi- gnt :

for the process tQbeppesf Qrmedc. (typitgdl Meaahiont atk0-GMIGHor nost
anneal ing applications). A gas inlet 17 couples a dry gas source 19 (such

S;r ?Sngg?pa_i;;éltgas 1(1][ cg'zntprmgs@mr; . aprodfeeratyl Y 31 GORUNE THaWE g #&We? t han a few
_ mllion o therein, or 4% or_less of j | in N2
ng%g BeReC refan SRPPSK tpdrt s Sp& 'md I%”&?tﬁasta S“%Eﬁerrgdl n ‘?%Iq Ih% chaﬁggr

: Therr%%sls% tg’%a{triqu the it 1985 FRWLCe)19 mie hehdmisdher3 "dried” via
a getter “or ~col rap (not shown) within the gas inlet 17. A gas outl et

21 couphegerhelghantera Ehatld avolameum e 3 S &, 159rs dperat F ot
gas fror?the chanb%r 13. A se ‘ct(%%?u tonr{b \/vafqee 2c5r, ,dbgf O:gge gi récﬂj;mzn
t he heatfed F@Fsh HVEUFFSH O5; '%b?loeﬁ-al V.o d plura Ef)?y 2%nof pi ns 27

(pref er%‘%l =P A s R8s R sfai@ dord hr emndi i
| Pinmt 2y asvbssrshown in FIGS. 1
and 2) V\A‘llc%‘f‘l ext%rﬁ%%‘romthe subsﬁate support 15, support the wafer 25 so

?Zd%}ge %ﬁ;ﬁt&hﬁ Q\ggﬂfiw%%gﬂgﬁ@%@@w@ ReRL SRAFEMP25TahE so as to
s T T AT W AR g
fac'l'tégéhﬂg¥gture range sufficient for the process to be perfgrmedelg £s
(typically about 150-600°C for most annealing applications) .
A gas inlet 17 couples a dry gas source 19 (such as a noble
15 gas or nitrogen, preferably 100% N, having fewer than a few
parts per million of O, therein, or 4% or less of H, diluted
in N, and having fewer than a few parts per million of 0,
therein) to the chamber 13. The gas emitted from the dry
gas source 19 may be further “dried” via a getter or cold
20 trap (not shown} within the gas inlet 17. A gas outlet 21
couples the chamber 13 to a vacuum pump 23 which, in
operation, pumps gas from the chamber 13.
A semiconductor wafer 25 may be placed directly on
the heated substrate support 15; or optionally, a plurality
25 of pins 27 (preferably 3-6 pins, most preferably three pins
27a-c as shown in FIGS. 1 and 2) which extend from the
substrate support 15, support the wafer 25 so as to
facilitate gas flow along the backside of the wafer 25 and
so as to reduce contact between the wafer 25 and the
30 substrate support 15 (thereby reducing particle generation
by such contact). Short pin heights facilitate heat
transfer from the substrate support 15 to the wafer 25;

preferably the pins 27a-c are between .005 - .02 inches in



transfer fromthe substrate support 15 to the wafer 25; preferably the

'FI)'Ihgsptz)Za;p are be]EWfﬁn .POS I .02 inches in 5 1717/ 21 27 FEB 2004 hei ght.
itioning o e plurality of pins 27 can be seen with ref®r;

FIG 2 whiiglypghows the heated substrate support 15 froma top prgn@mv\/%u

To inmprove substrate tenperature unifornmity during heating, the 5 dianeter

of the heated substrate support 15 preferably is larger than the dianeter

of the shlétg_%j;tatem nepdiead@ting ecf). tha plueal hch sbbpinat @ 7sggporre i s

preferred heati ng an ei ght_inch
Support SEShed: trgeefeagwe 290 o Grar 7 | Y BY CORAE: FOR FE26S0 10° i ¢ her
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bet ween & j1es csiihsd redrp Seppord 181 fandi ay sabsingt Bewhengthéhsubstrate rests

on the pins 27). A convective heating conponent also b I [
gas bs 1B dnedwad of dite threapRe kIiaet bR tEhEURRPEF gé 86%&%5 &S&”Pﬁ?g.ye‘j a

However,. the addit] f ClLiVv eat i ' as a
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(e.g., a out. 15 20 seconds to a few mn tes% angl the snmall .gap between the
waf er 2Shestdinhemhext @t s%@?r%‘t‘@s%ﬁb’ért 18hpehgateq ﬁb@s-t% i nches).

The use of a backside gas _fLo S0 Legyh Lep | i I a
a parti dYERAY" cﬁrrlgear‘?%gtﬁ%rwel?g a%ggpgcl:{nrgog%gt i \gﬁfgﬁﬁgﬁlcﬁﬂa&?g(e{(ﬁ%ﬁn i \rlll
theq1art)e Shas 2bréec preneattwabedunprenent dueubstriasegdovydheg ke or der

to easil
Support Sri@z’é% ﬁfﬁﬁ‘n%@%f?éﬁgé‘uﬁggs?ﬁ%gﬁ% e S

sudfe! 4 s KNOWP, L0t BesBhkLdObetBeh kel SuRRirated subiemmalxs
and a substrate when the substrate rests on the pins 27). A
convective heating component also may be employed if gas is

15  flowed along the backside of the wafer 25 during heating.
However, the addition of a convective heating component,
such as a backside gas flow, during substrate heating has
been found to have minimal impact on heating time due to the
short heating times typically employed (e.g., about 15

50 seconds to a few minutes) and the small gap between the
wafer 25 and the heated substrate support 15 (e.g., 0.005 -
0.02 inches). The use of a backside gas flow also may
require wafer clamping (e.g., via a partial/full clamp ring
or via an electrostatic chuck as are known in the art) so as

25 to prevent wafer movement due toO the gas flow.

In order to easily place a wafer on and extract a

wafer from the heated substrate support 15, a conventional
3-6 finger wafer lift hoop 29 (the operation of which 1is
well known in the art)} or the like is employed. The wafer

30 1ift hoop 29 extends and retracts from the substrate support
15 (e.g., via a servo or stepper motor) and is of the type
having at least three fingers (represented by reference

numbers 29a-c), that extend under the edge of the wafer 25.



30 lift hoop 29 extends and retracts fromthe substrate support 15 (e.g.,
via a servo or stepper notor) and is of the type having at |east three
fingers (represented by reference nunbers 29a-c), that extendzj?dﬁ: m
edge of 1the,pafer 25. 6 1717/ P1 2 7 FEB 2004 Thus, during wafer Fi B And
| owering, wafer contact is |limted to the area above the three fingers
29a-c, and fewer particles are generated. The specific details of the

pref er r@gugpnﬁhgﬁéhgt wafiefrol ithenki nger § o@@a-ingar evadesc AdyddR B | ¥F par ent

application, United States Patent Applicatiaqn Serial Nupber 08/891,048,
filed JUipited T9orheAREERNALLVEl et REIFENS 1885 E ey Ve rﬁﬂ‘%réi%"ze so as

to extend_and.retract fro h t: At tSURROIdE khe Preferably the
waf er PFFE?‘ﬁéeﬁegﬁgn se%%(gragd t%tel %P’?%ﬁgépcaw or the pins 27) 10 extend
and ret pagtcbebleednd ipRgiatiion foaxitmet € irge rss APstratts s iprtiasdand a
position proximate the cooling plate 39. The rate at ich the gas flows
i nt &6 t hénchambet applisagdmnolinéded 24 thsediad ST @Qpp 194%W tontrol I er 35

15 (e.g., a s flow r.oll.er) rat4 oupjed gl iana-ddeivees i nl et
17. Pr eﬁ@FéBH‘;,ﬁw{? rvgéé‘zl’%%1¢8#§,qug%%ﬂuggsﬁa& rough- punp, such asﬁa dry
punp, hawiengiadspumRi-Rg tReed abtddtweescabeuttol 50 drid eyl seet TPt r api d
evacuation of the chanber 13. The gas out]l et cisaglprglses an i gégtion
val ve 2003&ndsdeivmashe prdstaEEe SolnGy fpor t A y_ coupl ed

t?e W
operative
to the vacuum pu - tpc é@'ﬁ@%&%ﬁ 44 oy drad epfmomthe chanber
13 and éﬁggépgglm;%gégﬁ}%g%'ggﬁa% vlal ve 38 for use during chanber

pUr gh NgexBeGAUSAIA etitgitt hemyden cagal i ofn arptiatd iy E®hanber to a

ST oy e Ul A4l SRS KD HIR TRt I BN 6 o SPpeidtus 11 i
not eva%ti%tt%d Lelow a pressure of a fewmlliTorr
The rate at which the gas flows into the chamber

13 is controlled via a needle valve or flow controller 35

15 (e.g., a mass flow controller) operatively coupled along the
gas inlet 17. Preferably, the vacuum pump 23 comprises a
rough-pump, such as a dry pump, having a pumping speed of
between about 1-50 liters/sec for rapid evacuation of the
chamber 13. The gas outlet 21 comprises an isclation valve

20 37, such as a pneumatic roughing port valve, operatively
coupled to the vacuum pump 23 SC as to control the gas flow
rate from the chamber 13 and preferably a chamber exhaust
valve 38 for use during chamber purging. Because a rough
pump is capable of evacuating a chamber to a pressure of a

25 few milliTorr or higher, a rough pump alone may be employed
for applications wherein the heating and cooling apparatus
11 is not evacuated below a pressure of a few milliTorr
(e.g., when the heating and cooling apparatus 11 is used as
a stand-alone module that is vented to atmospheric pressure

36 with a non-oxidizing gas such as nitrogen prior to loading a
substrate therein or when a substrate is transferred
directly between the heating and cooling apparatus 11 and

other process chambers tnat employ pressures of a few

7



(e.g., when the heating and cooling apparatus 11 is used as a stand-al one

“nodul e that is vented to atnospheric pressure 30 with a non-oxidizing gas
such as nitrogen prior to loading a substrate therein or when a&i?qﬁféﬁﬁﬁ
S tranqﬁgﬁvgq directly between the heating and cool i ng appar at il 4
ot her process chanbers that enploy pressures of a few 7 1717/P1 2 7 FEB

2004 mlliTorr or

hi gher). However, for applications that require

pressur &s jhelow,a Jrewimid HTor ridwegexr, PEEBSuppsicabiohscahaot be obtai ned
wi th a rough punp al on€, a high vacuun1£¥q£ (not shown) such as a cryopunp
trah

al so mayecomireememmura® e low subsyrat

Kf &8 - Bet WBERSFYREGh vacuum

envi ronnent and the chanher 13 (e.g.. wh i h tingy;apd cooling
appar at §811CR ARk &%F‘?@aﬂ%ﬁét%g‘fha §§%§I§rﬁ‘gr§é %%Pg\%’w?t ‘et erence to
FIG 5 q u%pgghgng&ﬁg slhherctychragshecriopunpsabstr abg bet ween the

heati ng and 10 "cool i ng apparatus 11 and ot her process chanbers that enpl oy

pr essur esndielyew & d el yow | $TosryatTot BRRBEETr APFYSEBOR RGIGF VAREYWRAf er 25

foll owi ng wafer

heat i ithin th 13 ibed hel oW t
or 1 of QBRI G LT pTATES6 £a- 00 Tan 4PGR it 15 coor ny Hoate

t hat may,
cooling%

appar at weddr idiest drelow helhlearedesanser APef $Hppér P¥1

#E*é?&ﬁfﬂbtéb atud 10 @bOnhby Aabeookithgnf koicd swpplied froma
ui d source 40)

Is disposed within the heating and coaling
yhed. Ehesrars abl y

bout 1-5 inches_thergf . B ¢ . ane 20
A ol e I S ANSL LI, BeCaUsEbDE BUPRLER! erslRRALnED Al (e

spo opposrte one another, Tonly

si nghe- axisyidd NGsFa PRELON { €afld, okReS pxpessivenantberiseshatommiehoyot i on
than nmulti-axis notion) need be enployed to transfer a substrate
.t her ebetpmsssutes fletowt Aef @rf BALLLTPEThrechani sm (e. g., the wafer Iift hoop

29 or the pins 27)Tg5ag§¥cper889&igggggnbookr@ggf%%f@ﬂmygﬂfgyﬂdwﬁﬁgthe

position

wafer heating within the chamber 13 (described below), a

water or refrigerant cooled cold plate 39 (e.g., an aluminum

15 cooling plate that may be cooled to about 5 to 25°C by a

cooling fluid supplied from a cooling fluid source 40) is

disposed within the heating and cooling apparatus 11 distant

the heated substrate support 15 (e.g., preferably about 1-5

inches therefrom). Because the substrate support 15 and the

20 cold plate 39 preferably are disposed opposite one another,

only single-axis, linear motion (e.g., less expensive and

less complex motion than multi-axis motion) need be employed

to transfer a substrate therebetween. In fact, the wafer

1ift mechanism {e.g., the wafer lift hoop 23 or the pins 27)

25 may be configured to transfer a wafer between the position

proximate the substrate support 15 and the cooling plate 35.

The cold plate 39 preferably employs a diffuser or

shower head design as is known in the art, having up to ten

thousand 0.02-0.1 inch diameter holes therein (represented

30 by reference numbers 39%9a-n in FIG. 1). The holes 3%a-n

allow gas to flow through the cold plate 39 (e.g., from the

dry gas source-19) and to thereby be cooled by the cold

plate 39 so as to improve cooling of the wafer 25 as

8



proxi mate the substrate support 15 and the cooling

_ plate 39. The cold
plate 39 preferably enploys a diffuser or shower head design as i wn in
the art, having up to ten thousand 0.02-0.1 inch dianmeter hol esfﬁeﬁgﬁrﬂ){]‘
(represigtﬁgplﬁo by reference nunbers 39a-n in FIG 1). The holes 39a-n

allow g | ow t hrough the cold plate 39 (e
.9., fromthe dr as
source-19) and to thereby be cooled by the cold plate 39 so asytg | mprove

cool i ng gl i hg waler 25 agrd 2a11EEB 2004 LEEHERL dosqridmstiel puardhe

walls o er 13 preferably are water or refri
gerant (e.g., a 50%
de- i oni zadewaber F5E%iggirpasl (solgut,i en Hdvidey iprfizesy (waF Lol TS ( be?ow that %f

pure water) cooled as well to further enhanc ubst

shgvvn i B1PrGl $0lurd ogadavViiingt al%r L& 7309 B3 dSD gs w;itlehnattc?cﬂﬁ é}%t
SUDSLT 21,8 BUPPALL 1L OURMAN v o Eudater aniieinld 038 ld croul ingl y be
oupl e e upper portion of the chanber 13 (as shown in phanton) to

fr;ﬁlo% yI gnllog?s :OAhSt hsel)dmi ds1 39&.n lof tihee grol dirpledht el B Pt tened
0 not shown) havin | ur al
embtiedtafﬂﬂ@metnﬁe?@sheﬂt@td %%ﬁ%tt%ggﬁtg%?% qgenl %ﬁc%%%gmﬁéfégée 998
subst ant,i ni f
y QUi J QR 119,08 ik 9ASH OVRsug hel el erhe@Sispe f rpots
desi gn of* se&c a r?anlrafal |savve ]%ﬁovm touﬁthose of ordiﬁ%ear;pdgklll?ﬂl nTPﬁe

art of @{-‘Dtrt&aei‘rmmhiﬁml@n (alb Elhlcﬁzn Pat et_marN’cpm4 545wl eriitY | 885 HAl et
Mani fold and Method for reasin @}69%3@ £ EQI'D of
Di el ect rtlhsa Hakae 3% hQr &&feat‘?éﬁlcﬁég%%e b tahrlls f ef erence‘%lf i
teaﬁ}l ng O |f Hdidy & gmudold, Notspdibpigdecalsie cﬁhéfuaaegasve

heati ng an oollng dapparatus 11 ‘enplo
ys only a single chanber and
enpl oys drelatdd/ el yor neneperesd vier athpohehtse (ehg). Ch%fﬁ}éeﬁeg:ﬁ e sGBYPFat e

support 15, e velef, cool el <00} 09 Bakg Was SELCLRD MarkBOhsaxI s,

frontside. The design of such a manifold is well known to
those of ordinary skill in the art of CVD reactor design.

15 U.S. Patent No. 4,854,263 entitled "Inlet Manifold and
Method for Increasing Gas Dissociation and for PECVD of
Dielectric Films" is incorporated herein by this reference,
for it teaching of a specific inlet manifold.

Note that because the inventive heating and

20 cooling apparatus 11 employs only a single chamber and
employs relatively inexpensive components (e.g., the heated
substrate support 15, the water cooled cooling plate 39,
preferably single-axis, linear motion for transferring a
substrate therebetween, etc.}, heating and cooling is

25 economically performed with reduced footprint and increased
throughput as the need for substrate transfer time to a
separate cooling module is eliminated. A controller C is
coupled to the various chamber components (e.g., the heated
substrate support 15, the wafer 1ift mechanism 27 or 29, the

30 flow controller 35, the isolation valve 37, the chamber
exhaust valve 38, the cooling fluid source 40, the chamber

igolation slit valve 41 and the transfer station wafer



substrate therebetween, etc.), heating and cooling is 25 econonically
performed with reduced footprint and increased throughput as the need for
substrate transfer tine to a separate cooling nodule is elimn

control ler)Gdis coupled to the various chamber conponents (e.g.aéeffg% 2004
heated substrate support 15, the wafer |lift nmechanism 27 or 29, the 30
flow controller 35, the isolation valve 37, the chanber exhausi val ve 38
the cooljhifddighSowee 49, ptherohasdeso asotat cansel thevahventivand the

transfer station wafer 1717/ P1 2 7 FEB 2004 handl er 43a) .and.is progranmed
so as tcloalss tte pewerrt vViedhe chanderlY® ‘B%Fk’%ﬁin??ﬁgr?ﬁ\?gn ie\]fé’wrrgt hgd

descri bed below. In operatio ' to.p Lhg,a 2 i R t he

chanber 13, the ch%hbcggegéé}cgnb%%g%ﬁd??i%%gg;lg%o?v%ggégn%lswl{&ﬁgnsubstrate

Zzggglﬁt nt]}'fe r&%édnb%rprﬁ hegit e dchomper desi t edpheatonditeénpedat uFer(e. g., for
ing or egassi ng purposes) and the cold plate 39 _may, be pre- I

to aSdesixamblevoltihgy) $ ’é?%'%%r%@PQ\HHFtiénQF‘Vy?gt Brﬁr'g‘?a&?ﬁldi%tol (%n tﬁgo °d

chanmber 13 to redet erm ni.am i on ' so that |

t han 10 %?%%e%ﬁe%}égo%@?gﬁggu%gsi(ggé'|’nf%%ehgﬁgﬁ%gﬁg%%r t he charrbgfsm
may be %%ﬁ{% PLAPSPEEY | engrersucellypibowi A day Yas pheowaHedry gas
source 19 into the chamber 13 with the chanber .exhau val ve 38 open, may
be singles evatemtieoh poeyeddbyCBRAERREFfg tﬁgdiélﬁ’ﬁ‘& & 18 853

pr edet e;cn%rg%% Yag U 'E%Eanc!La SQ\EHV taﬁg?ed@H[%Emgﬁeﬁb)éo%%mi&&ta@ﬂ sol ati on

val ve 3 er ebet ween n back filling the chanber 13 with
dry 1 pgas] é¢&m tdeg df ysgashadbul ees18haor 1Anpabescpeire npdided Bf Gepeat edl y

TiTTing Theidsanbortss GheRary > gacher BRATRE dry 09 FSutes 8 ch fur t her
eace, SEIARIPLLBLBIELS bpyant.Lhiess:geteyaibn bpoimehar
source 19 into the chamber 13 with the chamber exhaust valve
38 open, may be single-evacuation purged by evacuating the
15 chamber 13 to a predetermined vacuum level via the rough
pump 23 (by opening an isolation valve 37 coupled
therebetween) and then back filling the chamber 13 with dry
gas from the dry gas source 19, Or may be cycle purged by
repeatedly evacuating the chamber 13 to a predetermined
20 vacuum level and then back filling the chamber 13 with dry
gas from the dry gas source 19 to further reduce
contamination levels beyond those achievable by atmogpheric
pressure or single evacuation purging.
As an example, for a copper anneal within the
25  chamber 13, the substrate support is heated to between about
150 - 600°C, and more preferably to between about 200 -
400°C, and the cold plate is cooled to between about 5 and
25°C, more preferably to about 15°C. Copper films readily
oxidize, particularly at elevated temperatures such as those
30 employed during annealing, and form undesirable copper oxide
regions that degrade film resistivity and increase the
contact resistance of interconnects fabricated therefrom.

Accordingly, the chamber 13’s environment preferably is pre-

10



As-an exanple, for a copper anneal within the 25 chanber 13, the substrate
support is heated to between about 150 - 600C, and nore preferably to

bet ween about 200 - 400C, and the cold plate is cooled to between a?b ut 5
and 25C;71mope preferably to about 15C. Copper filns readily oxidizEEB 2004
particularly at elevated tenperatures such as those 30 enpl oyed during
anneal i ng, and form undesirabl e copper oxide regions that degrade film
resi stivongimhonédcreasenthén é6AtathapedPstiandd BRATERt E’Ffoﬁﬁgé‘tlém

fabricated therefro Accordi ngly, .chapher '»S irenweRt preferably

is pre ‘ig PFYFFP1 ZF?rFﬁﬁaTBgﬁ’céﬁdtpp? r"'igl tg% ((::X%?Lgi R%I@é;s%?han about 10

parts pSﬁaﬁékig@thog a¥y0gas Febwexaepbey byspsogireg a9 ¢yelte purging the
Wi a

chanber ry gas fromthe dry gas source 19,“;at cgngri ses N2 havi ng
only a temppases Ferhawing cenby @xé@‘én@as‘:%nﬂeﬁo{% +@RePabPIYEhBut 96% N.

wth 4% H2 havi ng onl f ew rt.s.p 1LLi on of - , I
armount %FdF@°r§ug’p’?gggégl§x58§’%‘?otﬁ§n§t:i]gnmél«llt]tg? ?hg@éb’hla eorrfjli%a&ilzﬂj@lr
pre-cong%icgnﬁgr gichapbebs bx@yahi, oRsshi tsmadllvemblnthatt ¢upl es the

chanber to a 10 station for loading a wafer into or unloading a wafer
from thapphasbes ©3ife. dormatiLansfer station 43) opens and a transfer

station wafer hanglfﬁrggfggleg)%%%%rt her qtsh%qlégtbon&qirirdﬂerag thenadesr 25 into

position above th ubstrate support 15. The transfer station 43
typical hyohgrids ah idt RRIpREenilc tivaes s Lesr efher alilanbemilty dger® or ot her

non- oxi di zi ng at nosphere such as an argon at nosphere)_an Y be
const ansktptpongderwiloedding cyétrfGr amf ote -%ﬂgdiaéivf?gfe%afslb © reduce

PSR AR ORD SO A i ity iy aale

chanber (prLeSFERE sthl ibn Wdfdhtderidmg neoooidnd hgxritsgand/ or the
carrying the wafer 25 into position above the heated
substrate support 15. The transfer station 43 typically is

15 at atmospheric pressure (preferably a nitrogen or other non-
oxidizing atmosphere such as an argon atmosphere) and may be
constantly purged with nitrogen or any other non-oxidizing
gas to reduce the concentration of oxygen that enters the
chamber 13 during wafer transfer. Alternatively the

20 transfer station 43 may be at a reduced chamber pressure
(e.g., if the heating and cooling apparatus and/or the
transfer station 43 is coupled to other process chambers
employing reduced pressures) that preferably has a low
oxygen partial pressure.

25 The opening of the slit valve 41 preferably is no
larger than the minimum area required to move the wafer 25
and the blade of the wafer handler 43a into or out of the
chamber 13, thereby minimizing the impact of the transfer
station 43's atmosphere on the chamber 13's atmogsphere. To

30 prevent contaminants (e.g., oxygen during copper film
annealing) from entering the chamber 13 as the wafer 25 is
transferred thereto, the chamber 13 may be purged with dry

gas from the dry gas source 19 (typically at a flow rate of

11



transfer station 43 is coupled to other process chanbers enployin
pressures) that preferably has a | ow ongen parti al pressu;ne). ¥5 ‘gll'htraEdUCEd
opening of the slit valve 41 preferably is no larger than the ninlmim area
requi red 417 /mave the wafer 25 and the bl ade of the wafer handl eﬂ ﬁBrﬂﬂgt
or out of the chanber 13, thereby mnim zing the inpact of the transfer
station 43's atnosphere on the chanber 13's atnosphere. To 30 prevent
g(ﬁg'ﬁrgrerl r%ﬁfs(?hlgm i)x}yggrsl) ddw t tigg c‘@?ﬁer Ethnﬁfaﬁneaﬂ"hﬁg) iffrom entering the
| waf er is transferred thereto he c er 13 may b
pur ged RamkIfYlayyas ¥R b HRE d‘f’?/e@aghgow%‘ésﬁ@r( F§S}C&8PI 3%2% a flow )r/atg

of 11 1717 Rl 1. r7 é;ﬁﬁ)ngogfeggoyé_éj 10Qas- b Aiynhduihaagnwaf er transfer.

This is par%f cul a ortant when the transfer stafion 43's atnosphere
i s not cl@arerdterariomasr aothgh okygehmpevhtenteaceptrat iorhéhalti gy npurity

concentration that may 5 affect _the fer 25 fil f '
heat g SBReBod VS Ehi 20t i EhuiBeroTas] TRETREPORMELrD RSGE 8 (via |
the three fi g 298c6in! LhESchigowafl e6) 25 fhemsblier Lnarsheiopstoat i on

waf er _handl er a and a%ter the transfer station wafer handl er 43a has
sufficiepkly tied ractes, fihgetd 8batcValvétsltbeovadeandst Heafafde 1ift hoop

29 lowers the wafer onto the heat substrate s 5. bl

waf er 25t1f%n$]?1‘3’ai?%?l%%nV%EFrM?HSEﬁﬁ ggﬁsf"?@t 8%21%%[):5&% fg%rne({)}teerr\?vi t% EEZ
pi 1S 27%%11;?&1 a5 f O "RXhAL 26 heat nhkansken cikhengbeteweertant thar ninmi ze
waf er heating tinme. The 15 pressure within the chanber 13 preferably is

rr?la![ rnggierr:@lg?t?ﬁ;h%@uzlesfhﬁspfeahd phésyaféri A 1& tn&roekisd ﬂi%rggds’:}é%ch as
oo SlAT T, R LG SHATORL LA UG il Py, L
chanber expausisvalven3firect contact with the substrate support 15
{or with the pins 27a-c) so as to maximize heat transfer
therebetween and to minimize wafer heating time. The
15 pressure within the chamber 13 preferably is maintained at
about atmospheric pressure in a non-oxidizing gas such as
nitrogen either by sealing the chamber 13 from the rough
pump 23 (via the isolation valve 37), or by purging the
chamber 13 wiph dry gas with the chamber exhaust valve 38
20 open or while pumping the chamber 13 with the rough pump 23.
Note that the gas pressure within the chamber 13 aids in the
transfer of heat from the heated substrate support 15 to the
wafer 25 as described in pafent application, United States
Patent Application Serial Number 08/891,048, filed July 10,
25 1997. Chamber pressures of a few Torr or less yield a poor
heat conduction path between the wafer 25 and the heated
substrate support 15. Thus a wafer backside gas preferably
is employed at such reduced chamber pressures {e.g., an
argon, helium or nitrogen backside gas with appropriate
30 wafer clamping to prevent wafer movement caused by the
backside gas) .
An anneal, degas or other heating process

thereafter may be employed on the wafer 25 using the

12



20 -open.or whil e punping the chanber 13 with the rough pu 2

the gas pressure within the chanber 13 aids in the ?ragspgr gf hggt ef£2§
the heated substrate support 15 to the wafer 25 as described i t
applicathen,/pYnited States Patent Application Serial Number 08 g?msm"
filed July 10, 25 1997. Chanber pressures of a few Torr or |ess yi eid a’
poor heat conduction path between the wafer 25 and the heated substrate
support s1pscTaus auwplatt hacksirte gasamplef eralioppers anmsaly gtkwatbasuch

reduced chanber pressures (e.g an argon,_ heliumaor_ nitraogen b [
: _ . €.9., , . . cksi de gas
with appesfpicaes 3y wafidyt adirdmd rid'& ¢ em Wafcé?ntlﬂé}er}”éln (I;Ealheged by t%e

backsi de gas). .An anneal,, r | i eafte
enpl oye&“gﬁilrﬁéevﬁfué’lp#§ ulgﬁ%%t %g)%éq%Sl%dd%%F%rg)%gﬁl%%&ﬁ} ate ;ugﬁgri)e
15. For seyampli®g &rCopRert cdpaalt umy dfe tiperfartrl spstalaiai HPRPTHe waf er
25 in confact with the substrate support 15 for abouyt. 15 s}gccongg to 3

mi nus es,15 eewendiengias natk arBHiEr atdFE DOR Hétk}?é%t%bedautsllfb%tga e support 5 15

and the desir.ed anr:nIeaI Icke r r | - '
_ C?Lﬁé d L Agald NG, P GESS halif Bhdy Odnd TO
per f or mdélrﬁ‘é?d'z%‘ pr oce<E Wi tage E%_}eatipng anéél cool i ng appar at%gﬂﬁ such as
the i nvenidivefegasmmpicess. glescrdbeche niperemvaphdaatPorcehi ted States
Patent Application Serial Nunmber 08/891, 048, Cifliéed%\]ul Alg 1997, a 10
S tp% d%at nt

g:y?ﬁugﬁffﬁﬂﬁeﬂgﬁ%ﬁw&%ﬁ;er%? i VT ded Th addition to
' ' ?Lﬁgﬂi:f) Qs PRS Rl dud Nepil W supes1¢e7g.a 1x10-
Torr) rebﬁﬁﬁrlecdart et €0t . Fol | ow ng anpé;nneal i ng,ldegalim%;3 ot ﬁeréhegt?ngx o

Pr oggss,c gl esr | dfie haopgR vatevat penp revefenple e Waf@Fovigedsispove
the heated substrate support 15t osi tion '
o o S EHPER AR TS, 0EaR8 ot 32
to Op“'ﬁéwiﬁgg%sures {e.g., 1x107° Torr} required thereof. ’
Following an annealing, degas or other heating
process, the wafer 1ift hoop 29 elevates, raising the wafer
15 25 above the heated substrate support 15 to a position
proximate the cold plate 33 s0 as to cool the wafer 25. As
described below with reference to FIG. 3, to optimize the
cooling rate of the wafer 25, the gap between the top
surface of the wafer 25 and the bottom surface of the cold
20 plate 39 preferably is less than about 0.02" or about 0.5
mm, the pressure within the chamber 13 preferably is reduced
to between about 20-200 Torr during cooling, and dry gas
from the dry gas source 19 may be flowed (e.g., at a rate of
about 100 - 150 s.1.m.) through the cold plate 39 (e.g., via
25 the holes 3%a-n) to generate a cool dry gas that strikes the

top surface of the wafer 25.

FIG. 3 is a graph of wafer temperature versus time
for the various chamber 13 cooling conditions listed in
TABLE 1 (below). To obtain the data plotted in these

30 graphs, the substrate support 15 was heated to a temperature
of 350 °C (e.g., to simulate a heating process performed
just prior to a cooling process), the cold plate 39 was

cooled to a temperature of 25 °C and the distance between

13



cooling rate of the wafer 25, the gap between the top surface of the wafer
25 and the bottom surface of the cold 20 plate 39 preferably is | ess than
about 0.02" or about 0.5 mm the pressure within the chanber 1B PFehe |y
i s reduqged 7/tea between about 20-200 Torr during cooling, and diy gagB W@m
the dry gas source 19 may be flowed (e.g., at a rate of about 100 - 150
s.l.m) through the cold plate 39 (e.g., via 25 the holes 39a-n) to

gener at e e caddstrat gasuphatt st5iked the cebp BLRrEacéoaghébmaftert 5. FIG

3 is a graph of wafer tenperature versus ti for _th ak i hanber 13
cool i ng ™ondi%a g I“r’%lf%gp‘?%g ﬂﬁﬁrﬁcfbg‘f’l&mﬁ?tﬂl%bt g.Ih% Fﬁ%&%ga pl ot t ed
' n theseé[%%tg_faac@%uﬁﬁ@m?Up§t\5§r'£Eoétlp@@galoQ@n@/ashhepﬁ_ﬁd boaad.enperature
of 350 e.g., to simulate a heating process performed just prior to a

cooling process), the cold plate 39 was cooled to a tenperature of 25 C

and the di stance between 13 1717/ Pl FEB 2004 the substrate support 15
and Phe col d pllate 39 was about 40 —@gﬁ\fgfers were held in di recltopcont act

wit h t hre=reategT=stt =t aying tn C
TABLE 1 GYBUE % |301 302 303 304365 ?@w CRLEENEICE P
purge fihr od@h cdl’d ptad 5 hbiBs Na@inge Fhi ecrOlpErgsur% oisla%oﬁt 760
Tarr; gnd 3. 3 |mMAa2wWafer-cold plate distance.

2. Chamber pressure of about 760 Torr; and

3. 3 mm wafer-cold plate distance.
302 1. 150 s.l.m. N, purge through cold plate holes
3%a-n;

2. Chamber pressure of about 80 Torr;
3. 3 mm wafer-cold plate distance.
303 1. 150 s.l.m. N, purge through cold plate holes
3%a-n;
10 s.1l.m. N, purge on backside of wafer;
Chamber pressure of about 760 Torr;
3 mm wafer-cold plate distance.

304 No N, flow;
0.25 mm wafer-cold plate distance.
305 No N, flow;

Chamber pressure of about 47 Torr;
0.45 mm wafer-cold plate distance.

2

3

4

1.

2. Chamber pressure of about 760 Torr;
3

1

2

3

As can be seen with joint reference to FIG. 3 and TABLE 1,
for a fixed wafer-to-cold plate distance (e.g., 3 mm for
curves 301-303), reducing the pressure within the chamber 13
10 and flowing dry gas (e.g., N,) through the holes 3%a-n of the
cold plate 39, as well as to the backside of the wafer 25,
increases the cooling rate of the wafer 25. However, the
distance between the wafer 25 and the cold plate 39 with
optimized chamber pressure plays a more significant role in
15 cooling a wafer than flowing a cool dry gas as shown by
curve 304 which represents the cooling achieved with no N,
purge through cold plate holes 3%a-n, a 0.25 mm wafer-cold
plate distance, and a 760 Torr chamber pressure; and by
curve 305 which represents the cooling achieved with no N,

20 purge through cold plate holes 39a-n, a 0.45 mm wafer-cold
14



1. 150 s.I.m NZ purge through cold plate holes 39a-n; 2. Ch
-n; 2. amber press
of about 80 Torr; 3. 3 mmwafer-cold plate distance. 1. 150 s.|. mpN2 e

purge through cold plate holes 39a-n; 2. 10 s.|.m N2 pur
waf er; 1317/0hanber pressure of about 760 Torr; 4. 3 mﬂ\a/af gre gcl)qd F t%bm()f
distance. 1. No N2 flow, 2. Chanber pressure of about 760 Torr; 3. 0.25 mm
wafer-cold plate distance. 1. No N2 f |ow 2. Chamber pressure of about 47

Torr; pBlatedbisvameéeravdl d plaferd shanber RESEGHTBe seen with | oi nt

referenceto FIG 3 an for X t I I
(e.g., 3 mmfor CHFGE 1§6?&§03fhergaﬁgleﬁk ?ﬂg\égf—:ééé’u?%%% ?ﬁ%ﬁ ﬁedl:?\;ﬁggre

13 10 apd,{| pusngedry
a cAr ¥ndabetepdessZk st Neough theuhokes 28%a-Teraf) th
pl at e 38 as We‘lr}? as to the backsi de of tlﬁe waf er 25, |ncrease)s te col d

cool i ngduatagotodhéngabpt id5 zeHowev epo liRg PAPSESFC BeFaURSe T SIE Sihf
and the cold plate 39 th or 25
sigrifi Eéﬁﬁsﬁﬂgﬁé FﬁnES\AMBSoItPngrSV edg%?ﬁmggr it ?LSEBB%LI@&% FE

'ow ng a cool dry gas as shown

by curye. 44 hghcge%e ent s ehe te@eal ion

g aehi eeedewint theo WXempurye
t hr ough co?g F\gte hol es 9a n, a 0.25 mmwafer-cold plate di strgnc‘lieJ and a
760 Torandhahbecomdepéarce 38nd By CLhEr $eTS0% 1l c K erdS 52’( e cooling

el er - CBEGSSYRCE7 7P RSP R SO0 § %§P%Q%I%%§ﬁ3°'t%“§%f“ e e an
pressur g.,reReclbiseabhy suppoRtesentd rt\l'@tmrf&rha%ewa?mgaté forr chanber

10 preferably separated by about 25-125 mm (e.g., about 25-125
mm between the substrate support 15 and the cold plate 39).
As can be sgeen from FIG. 3, cooling from 350 °C can require
as much as about 20 seconds depending on the cooling
conditions employed, but can be reduced to about 5 seconds

15 for optimal cooling conditions (e.g., a chamber pressure of
47 Torr and a 0.45 mm wafer-cold plate distance). As can be
seen by the differences between curves 301 and 302, the
addition of a convective cooling component by flowing a gas
through the cooling plate holes 39a-n has less of an impact

20 on cooling than does reducing heat conduction between the
heated substrate support 15 and the wafer 25 during cooling.
As with heating, cooling appears to be predominately
conduction dominated.

Following the cooling process, the chamber 13 is

25  vented with dry gas from the dry gas source 19 to a pressure
of about 760 Torr (1 atmosphere) or is evacuated to a
pressure required for wafer transfer into a fabrication
system (as described pelow with reference to FIG. 5). The
chamber isolation slit valve 41 opens and the transfer

30 station wafer handler 43a reaches into the chamber 13 and
extends under the wafer 25. Thereafter the wafer 1ift hoop
29 lowers (transferring the wafer 25 to the wafer handler

43a) and the wafer handler 43a retracts carrying the wafer

15



t hat reduced chanmber pressures (e.g., about 20-200 Torr) during cooling
optim ze the cooling process because reduced 5 pressures continue to
provi de good thermal conduction for a small distance (e.g., |ess tf?m @y
mm) bet wgéf/Phe wafer 25 and the cold plate 39. At the sane tin%, g
chanber pressures have been found to suppress heat transfer fromthe

heat ed substrate support 15 to the wafer 25 which are 105\5refer gly

separ at 83 bytabslie 13-a1Ef G G On dbout D%-BB8VeRm BREWBEANERE subst r at e
support (13, a0d e GoldLPlALE 3] 43 A SR BE 5068 EROM-fhEbed. 1808ki Ng

from 35 require “as much as about 20 seconds dependi ng on the
cool i ng +¢@Ndiatfan® =N ayeths thiradnt ibere £docedthe abaubes $ecoadsbels for
opti mal cooling conditions sure of 47 Tarr ﬁgd a 0.45

.qg., hanb
mm waf epleged [ﬂoa’tteifd%%{%(éﬁei.gﬁsdgﬁgﬂ%% ’?’g%‘g:lt?%? Ph¥ E7Fr BPBAESs Bet ween

curves 301 and ot NE 1 1i00 Of ALQAVECT hY¥EsCOOh NgwEeTRORGA! by
flo 'ng3( Yé)alscalﬁ%%oau%hhat %q'go% %g pl ate holes 39a-n has | ess of an inpact
20 on cealiithgrdiRan doeiss reskici nghfreat  cloaduaf onhbadhesn4Bhe reREaces

substrate support 15 and the wafer, 25 dyurin co?l i ng. A§ W”rhirﬂ ating,

cool i ng TPt (R HOF ebonf Pt - %‘%ﬂ‘dﬁc%i‘ oh~dont nated. *F6Powi ng t he

cool i ng ALOCeRH: Jhechanbernds 15 n2p Menhadeubth dry gas fromthe dry gas
od'p of a

source 1 ressure out 760 Tarr (1 atnosphere) or is evacuated
to a pressure requiGed fos aedeaphrafsveferntomaerabiir€alieds usSsysf®m (as

described below with reference to Fl 5).,Th h r j:sal.ati slit

val ¥& 4T0'9pdrs /Rt ranieet 139 3F t?%ﬂl%\ﬁ epgﬁgﬁgeﬁligaﬁlr &aches into

the Chag?%[ti]n’%aa('}% £D4S MPEEFaths wafeE B5G.Ther eahierubse nsafeer |ift
Towers (L1ans

~hoop 2 erring the wafer 25 to the wafer handler 43a) and
the waf efugpont ers 483 peérbeabedarpyingerperaaiee o5 2497Cp 21® FEB 2004

cold plate 39 is pre-cooled to a temperature of 25°C and the
chamber 13 is pre-conditioned to contain less than about 10

15 parts per million of oxygen (e.g., by purging or cycle
purging the chamber 13 as previously described). The
chamber 13 preferably is backfilled with a dry gas such as
nitrogen to a pressure of about 760 Torr. With reference to
¢IG¢. 4, at time 1, the wafer 25 is placed directly on the

20 heated substrate support 15 (without employing the pins 27a-
c) via the wafer lift hoop 29, and between times 1 and 2
annealing is performed (e.g., at a chamber pressure of about
760 Torr). At time 2, the wafer 25 igs lifted from the
heated substrate support 15 via the wafer lift hoop 29, and

55 at time 3 arrives at a position proximate the cold plate 39
(e.g., about 0.45 mm from the cold plate 39}, beginning the
wafer cooling cycle. At time 4, the rough pump 23 begins
pumping the chamber 13. Pumping continues until time 5 when
the pressure within the chamber 13 reaches about 47 Torr.

30 Once the chamber pressure reaches about 47 Torr, the wafer
25 begins to cool rapidly (between times 5 and 6). At time
6 the cooling process ends and the chamber 13 is vented to

atmospheric pressure with dry gas {e.g., N,) from the dry gas
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25 into the transfer station 43. To prevent contam nants fromthe transfer
station 43 fromentering the chanber 13 as the wafer 25 is transferred
therefrom the chanber 13 nmay be purged continuously with dry %a romthe
dry gasisqur/ee 19 5 (typically at a flow rate of about 5-100 s.| ?Jffﬂhfﬂm
the slit valve 41 is open. After the wafer handler 43a retracts fromthe
chanmber 13 the slit valve 41 closes, and purgin (if any) of the chanber
13 may beualet ad. EGis eivsacalagtreecbraa)fdamf@rb&%?ﬁ?ér%w et eretRTeErme 10

during a typical_ annealing a ool i.ng .proce el beatipg and

cool i ng t&p%ﬁﬁat &4 -11 A5f tﬁg‘@ r]7?Ii.t‘i"1‘he(:hsubsetrroa %O%agulpgp}%ﬁfﬁ Ys pre-heated to
a terrperoﬁ]elgse ofs 34QCwdfha ool plated®d < fpe-ttoel @dadioea 12nper at ure of
25C and e (?hanber 13 is pre-conditioned to contain | ess than about 10 15

parts perrevildisdy ofesmaidetd ( e Npte Bhaurlgi e orr el e pth gt hé chanber
13 as previously described). The . ch or.ef i ckfilled with
a dry gé‘éays&an Eégﬂp thfyog%g]e troo'“égrbr%"gng%?% ﬁflg%rgut?é %%%%ofr?@\'/éfh ref erence
to FlGgfidl Jdfl krdleraal sfor5hs flmoeshid ragpyronl s heo20haeat ed

substrate support-15 (w thout enploying the pins 27a- c%ﬁvia the wafer lift
hoop 29,ccaridi retpiesre t3Pes HMRVEr, R RTHETS Perforaed [8YG., at a

chanmber pressure of ahout 760 Torr . 1 o L he; L-22) 1 ghkhfted

from t he"OHEARW S R Tt SUpporT %l%fi\?%%éég‘ea(%vé?'e'r Jf|¥v1ii§§ht(:)op) 29, and 25 at

time 3 ‘%@ﬁﬁ% alr & ROStHAmbe Proxi M@tsot hee chbrhnel abet 8D the. gafeabout 0. 45
co

mm from d plate 39), beginning the wafer cooling cycle. At tine 4,
t he 10ougdE thap Eadferd righe p@m@fﬁ@gtﬂ% Ehahber 13. Punping continues until

time 5 when the essure W thin,t " m déed . 30
B]:Etée shéatﬂl% %ﬁ'd @ﬁ%ﬁ{ﬁg?%pég‘ fggchesmabopt edorr

Once the chanber Ssure Teaches a orr, the wafer 25 begins to

‘cool rapigly ébeiaesroté nesatiandabd. cévlingesystehe 8opRKA§SpEEEBsE ends
and the chanber 13 is vented to at sgheric.ﬁ){essure V\A'thhgljr% gas (e.qg.,
N2) fronfam@gqﬁgd%ﬁBSﬁfﬁem that couples multiple process C exsy

or may be used as part of a fabrication system. For

15 example, FIG. 5 is a top plan view of a fabrication system
45 that employs the inventive heating and cooiing apparatus
of FIG. 1. The fabrication system 45 comprises at least a
first load lock 47, at least one process chamber 4%, at
least one wafer handler 51 and the inventive heating and

20 cooling apparatus 11. The at least one wafer handler 51
resides within a transfer chamber 53 that couples the first
load lock 47, the process chamber 49 and the inventive
heating and cooling apparatus 11.

In operation, a wafer carrier containing at least

25 one wafer is loaded into the first load lock 47, and the
first load lock 47 is pumped to a desired vacuum level,
typically set by the process to be performed within the
process chamber 49 (e.g., slightly below atmospheric
pressure for a subatmospheric CVD process such as low k

30 dielectric deposition, at a low pressure for a PVD process,
etc.). If the inventive heating and cooling chamber 11 is
to be employed for annealing only, the wafer handler 51

extracts a first wafer from the first load lock 47 and
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1717/21 2 7 FEB 20% source 19 (or is evacuated as described below with
reference to FIG 5). At tinme 7 the chanber isolation slit valve 41 opens
and the wafer 25 is extracted fromthe chanber 13 as previousl (?eﬁ ig@l.
Not e that hf/pdesired, the chamber 13 5 may be punped by the ro_u& p Eﬂ
prior totime 4 (e.g., during wafer transfer fromthe substrate support 15
to the cooling plate 39). However, the present inventors have found that
cool i ng tirs e tef fiitcitentt Hee . rqcdss fasdepyr when  punphngadsblie chanber 13

is not perfornmed until the wafer. 10 25 h@s reached. t he coolﬁi ng leate 39.
The heabiregesnd (Eod -ind AppardkiSanr Hayt bE" USBPS Hs' R st Bhd - 4l dfe heat i ng

and cool ing system ssparate froma ndabsication: syssesribat veauphes
nul tipl & 0¢ESs chanbers,  or may be used as part of a fabrication system

For 15 gxaa eardlGr 51 @ dlop phasnview béanifiabandacPohisgst em 45 that
enpl oys the inventive heati nﬁ‘%@nd cool i ng apgar tus . of FlI s 1.41The

f abr§ catipparaateh 45 Forfftd SRRLAtPPERsTIEN 75| Bhdtl 88k V7% at | east
one proc c er ra?%slt e erahandi gy Bheandrthenamagetd ve
heat i ng (m‘ gg\cooopf iﬂtﬁbe %%%ra usPﬁl]lc.)ﬁ@}ée %t | east one wafer handler 51
resi des oW tdd nrendi ansfere ledarierb&8 L hatndodpbesithehei £drst] waderock 47,

the process chanber 49 and the inventive_ _heating and ¢ooli ratus 11.
In oper ati die daaied LTI EICRoNtBPAF hglat ?ﬁa@?evﬁgusg e erﬁ:%% ‘oaded

one wal e

into the,fl r&&f%%@%ﬁ&f&r@l Andribes hhastnkoaditock14¢ ks pumped to a

desi red ‘vacuum typically set by the process to be perfornmed within
t heqgpr omes svahanbes @9 eheated| agt bgobefownatAESpAERFE “ptdsddde for a
subat nospheric CVD process, such as low.k 30 diele LC deposi tiQn,.-at a | ow
pressur elff‘(ﬁn%lqﬁ\/[?%r%%%%g%be‘gt\?.lfh FFf?ﬁgnFﬁvgﬁt %Ee;lshegt Earig And eool | ng

' chanber 11 § o tghde-59PL QY edchor warBealibngeenkyiedt he wakert ihandlleracd 1
lock 47. The sequence repeats until each wafer within the
wafer carrier has been processed and returned to the first

15 load lock 47.

Tf the inventive heating and cooling chamber 11 is
to be employed for degassing, the above seguence is
reversed. Each wafer travels from the first load lock 47 to
the inventive heating and cooling apparatus 11 and 1is

20 degassed therein. Thereafter each wafer travels from the
inventive heating and cooling apparatus 11 to the process
chamber 49, has a process performed thereon, and then
travels from the process chamber 49 to the first load lock
47 (either directly or after having a cooling step or an

25 annealing and cooling step performed thereon within the
heating and cooling apparatus 11} . Note that many processes
that require a degassing step also require a high vacuum
level (e.g., PVD processes). Accordingly, the heating and
cooling apparatus 11 may require a Cryopump in addition to a

30 rough pump so as to reach the high vacuum level (as set by

the process chamber 489) required for the fabrication system

45, b
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extracts a first wafer fromthe first load |lock 47 and 17 1717/Pl 2 7 FEB
2904 transports it to the process chanber 49. An anneal able process (e.g.,
|l ow k dielectric filmdeposition, etc.) is perfornmed on the wafer_a tﬂﬁ
waf er ig7tir7ampsferred via the wafer handler 51 to the inventive Qeztﬁr& ﬁl
cooling S apparatus 11. A seal able port such as the slit valve 41 (FIG
1A) on the chanber 13 opens allow ng the wafer handler 51 to reach into

t he chamber 13 andlroeposidgaivey fdastrigtfion dircheseRadely stB8trat e support

15, as previously described. The wafer handler 51.retr nd.tpe_slit
val ve 4Pr&f@§é7§.‘%/ Wettet T tth?erfrh"éeé?ake]djrb’nd“%%lo le%‘glf%&égc%rfdgﬁ%e with

the i NUgpLjon @ desel iath Ll ralernatd aiH G cdid uithen chealing and
cooling, the wafer 1s returned to the first load |ock 47. The sequence
repeat s deuidd cadthenaifrerei idvi witlhe bevarfeard thif rarpa kBt beentppetessed and

returned to the first, 15 load lock 47. 1f _the inv ' eai.Lng and
cool Png HRAFETY ﬁ“isjs1 ¥ B et oy ¥ ot HSH RS n%ﬁ%%gg}gbgb% sequence is

rever Seq:orrgﬁﬁ"[éﬁ’teé e tavel sediomd heedd 15 doRdodoTkngd 7appartbasi nventi ve
heating and cooling apparatus 11 and is 20 degassed therein, Thereafter

each wafserd tuteyeten figmathions mesr T kehdzr T ol a6E cPPEFAGdPparatus 11 to

the process. chapber 49, has a process perf r : dithen travels
from t hé3s5t c HAHEr O ‘f%rf%t:el?r?sf srﬁae o%%%ciﬁgﬁggelrtéﬂerl directly or
after hayidg @ polddhStEp Bie ainvontedmeal | Rgr aeadampde | ngestepgperfyor med

thereon wthin the heating and cooling apparatus 11). te that many
prodessdm pdrforreii e N JEYRRE P SHEPL of 59° rReEF &M ahi ghtvacuum | evel

(e.g., E’ﬁ\ﬁgé,%;eoxcels;eggd ACSPI i ngl Y, {1heaPeati 89-3RE s£Q8! hRgrappapat us 11
.may req cryopunp in addition to a 30 rough punp so as to reach the
hi gh vaocuusn digsm@bef as3 setThy needle valve or flow controller and the
isolation valves can be manually adjusted but are preferably
computer controlled. The substrate support 15 may be
15 resistively heated, heated by lamps (e.g., infrared lamps
inside or outside of the chamber 13), heated from underneath
or directly, or heated via any other known heating
mechanism.
A substrate may be heated by either touching the
20 substrate support 15 or merely by being held proximate the
substrate support 15. Similarly, a substrate may be cooled
by either touching the cold plate 39, or merely by being
neld in close proximity to the cold plate 35. A cooled
substrate support or other cooling mechanism may be employed
25 in place of the cold plate 39. Heating and/or cooling may
be performed with a chamber pressure at or slightly above
atmospheric pressure or with a reduced chamber pressure,
with or without gas flowing through the cold plate 39.
The wafer lift mechanism may be motorized,
30 pneumatic or employ any other known lifting mechanism (e.g.,
a wafer handler such as the wafer handler 43a). The wafer
may be heated and then transferred via the lift mechanism to

a supporting mechanism position proximate the cooling
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t he process chanber 49) required for the fabrication system45. 18 1717/ P1
2 7 FEB 2004 The foregoing description discloses only the preferred
enbodi nents of the invention, nodifications of the above discbfgep 0
appar at us; @b et hod which fall within the scope of the invent%on &Plglﬁe
readily apparent to those of 5 ordinary skill in the art. For instance,

al t hough the conponents of the inventive heating and cool i ng apparatus
and t he onfdrgmal | anse deseri begpbet ehg aeehpnésenthy tpaebdered, numer ous
variations may occur and yet remain_wthin the scope of .the.invention. For
exanpl e,prEsng heretlo b2 perrbeatd iR HnSupBeFeBr PPPLLCEtd€™ortion of
the ch er 13_an Lng.in a. I ec Si p i of the
chanber ?fl%%gwheg%$ggéglg%iOrg%#§§?g3ﬁ%rgrlg?gghdgﬁﬁegh%égﬁétion val ves

can be mpnualdyad st edibut iar enpeeperabey heeepat by chitrol | ed. The
substrate support 15 may be 15 resistively heated, heﬁted by, Ian&% 9?-9-
i nf r &r edré BawpEnce nsi Ber bresut BRBETBESt RRIBRAFDAFNEY) EIRBaMEE &S T

under neat h irectlhy aye i her gkpowa sheatiRg:) n@ghani sm
A substr%ﬁ%@éﬁﬁfﬁﬁg%%%t%ﬁgégggi?Egpikgugﬁ¥ﬁg%t%e 0 sgbgﬁrate support 15
or ner elyehyr bei fgohet He pi axerat ect beosebst.r affe sddpsribnlso Simlarly, a

substrate nmay be cool ed by either_touchin% t he ngd pl at e 39,h r. nerely by
bei ng heldrégerl odey pPEREF BT 8*LHE 2¢0Pd IpParE <39 25A%¢ 8N ed “Subtir at e
support or other. c i n ani y 135 d Relagheadfe the cold
pl ate 39?t$baiﬁ%§ g%%%oglgﬁgPiﬁé§g;§% Sg%pgg?ggﬁgg wi th a chanber pressure
at qp slaghihy sbioverastnhephensc poedsuge aod/wirt ftranséduc et chamsss
pressure, wth or_wi thout gas flow ng through the cold plate 39. The wafer
i ft mecel@nser nb§lBe notorized,

Accordingly, while the present invention has been
disclosed in connection with the preferred embodiments
thereof, it should be understood that other embodiments may

15  fall within the spirit and scope of the invention, as

defined by the following claims.

20



30 pneunatic or enploy any other known lifting nmechanism(e.g., a wafer
handl er such as the wafer handler 43a). The wafer nay be heated and then
transferred via the lift mechanismto a supporting nechanism pozi?im 2004
pr oxi rrate”tlhn?g/ﬁool ing 19 1717/Pi 2 7 FEB 2004 nechani sm One suc

supporting chani sm and transfer process thereto is disclosed in U S
Patent Application Serial No. 08/869, 111, filed June 4, 1997, the entire
di scl osurgiﬁflmlggdb§ é%mwrpg ed herein by this 5 reference. Further,
nuner ous an wafers (for exanple liquid crystal display
panel s and gl ass plxat es)A nayanbenefddpfedm ¢ heednvendi veopracess. In
addition to nitrogen, any, other non-oxidi zing gas such as argon, helium
etc., mPHFITHANG PRI t he chanber 13's atmosphere . 10 during

substrate heating, cool ig\g@&d{@ hd Ssd £Em 04 a Y dAJt o Chagbes i dl e.
Accordingly, while the present invention has been disclosed in connection

Wi th the qulefteraes mododi oreed sprachisrand | the dduldg beeohdeisnood t hat ot her

enbodi ments nmay 15 fall within the spirit and scope_of t i .1.Qn, as
defined by the follow nd® c?%?ﬁjsr.‘g W%ﬂ%ﬂ %paic%%Bf§864p$ﬁEg¥§lE/Eh§I ON

CLAI MED |3 cHan ik Naesa actant et taodead amgs€p9te aposubsbhatie conpri sing:
a heating nechani sm adapted to heat a 5 substrate positioned proxinate the

heati ng nechamstre twheoobdhingretdemshsBpazed fromthe heating nechanism

ﬁgﬂhgﬂ?g’ﬁ,fdaﬁ,g cool a substrate positioned  proxippie the, gagking,

10 substrate between a position proximate the heating mechanism

and a position proximate the cooling mechanism.

2. The chamber of claim 1 wherein the heating

mechanism comprises a heated substrate support.

15
3. The chamber of claim 2 wherein the heated
substrate support is adapted to support a substrate and to
heat the supported substrate to a predetermined temperature.
20 4. The chamber of claim 1 wherein the heating

mechanism and the cooling mechanism are separated by about 1

to S inches.

5. The chamber of claim 1 wherein the cooling

25 mechanism comprises a coocling plate.

6. The chamber of claim 5 wherein the cooling
plate comprises a cooling plate selected from the group
consisting of a water cooled cooling plate and a refrigerant

30 cooled cooling plate.
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a transfer nmechani sm adapted to transfer a 10 substrate between a position
proxi mate the heating nechanism and a position proximte the cooling
mechani sm 2. The chanber of claim1 wherein the heating mechﬂn?sFrﬁB 2004
conprises 7 heat ed substrate support. 15 20 3. The chanber of claim2

wherein the heated substrate support is adapted to support a substrate and
to heat the supported substrate to a predeterm ned tenperature. 4. The
chanber of clai m 1 whereilme tdleathieati af ch@tmahiwheaﬁﬁnthBECG@bﬂﬁggnechanism
are separated by about 1 to 5 inches. 5. The chanber 5 éﬁ im1l wherein

t he coohH&ft%NFQﬁﬁﬁkﬁﬁ%nﬁd%%%??%é%yapéog?%ﬁﬁ %@%Pée 6t°Tﬁ EHafbef “of

claims5 uhe 0PPLL §€8022600bi BEoR! ahe sgkected from
t he group con3|§g§%%9 &@ifn gg C%O|?n% pl at e gnd a rgfrlgerant 30

cool ed cooling plate. 21 2 7 FEB 2004 1717/ P1 7. The chanber of claim5

wherein the cooling plate conprises ura of hol adapted to all ow
a gas5 to flow throtigh tﬁ%ec%BFmﬁﬁergtgigbmag %Be586p ?ﬁg %ﬁl§98 The

chanber of. claim5 where c e, oe ed to bet ween
about 5 &P Y Jffl%oﬁg %St@ B?Ee ¢ ag %?Eo glngl wherein the
transfer nechanismconprises a plurality of mafer lift pins. 10. The

chanber of claim 1l wherein the transfer )
9. The chamber of claim 1 wherein the transfer

mechanism comprises a plurality of wafer lift pins.
10
10. The chamber of claim 1 wherein the transfer
mechanism is adapted tc transfer a substrate positioned
proximate the heating mechanism to a pesition of less than
about 0.02 inches from the cooling mechanism.
15
11. The chamber of claim 1 further comprising a
dry gas source coupled to the chamber and adapted to supply

a dry gas thereto.

20 12. The chamber of claim 1l wherein the dry gas
comprises a dry gas selected from the group consisting of
approximately 100% N, and approximately 96% or greater N,
with 4% or less H,, both having less than about 5 parts per
million of O,.

25

13. The chamber of claim 11 wherein the cooling
mechanism comprises a plurality of holes adapted to allow a
gas to flow through the cooling mechanism so as to cool the
gas and wherein the dry gas source is couplied to the cocling

30 mechanism and is adapted to supply a dry gas that flows

through the plurality of holes of the cooling mechanism.
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‘mechanismis adapted to transfer a substrate positioned proximte the

heating nmechanismto a position of |Iess than about 0.02 inches fromthe

cool ing nechanism 11. The chanber of claim1 further conprisi dry gas
2 ReFEB 00

source cquplegto the chanber and adapted to supply a dry gas 12.
The chanber of claim 11 wherein the dry gas conprises a dry gas sel ected
fromthe group consisting of approximately 100% N2 and approxi mately 96%

or greater N2 with 4% ofmd egsadtisr bett hothavi ng | Asstlidwncahont s Sngasts per
mllion of 02 . 13. The chanber of claim 11 wherein the cooling nmechanism

conpri sesaaiflaldaliaying ehatles siddpt f el ARart st oW 2 h¥d%gh t he

cool i ng nechani sm.so as tqQ cool it ) r el r ource is
coupl ed 8 [kﬁré’wcgg&ﬁ%bgﬁb(ﬁ}%c“ﬁaanﬁiégo%dan ia?gtdy\agfleﬁf&oé gﬁbﬁl%a%aéd?@ gas t hat
flows tReuehd havdlamalddy efuhd ess dfoudieedond i tige Meahahosdn a2@ 1317/ Pl

2 7 FEB 2004 14. The chanber of claim 11 further conprising a nanifold
havi ng a adaptad the cfupoles abaptass tidad | ews Jgasrowe f How Tarblighdt he

mani fold so as .to diffuse the gas and wherein the dry gas source is
coupled to the manifold and is 5 adapted to supply a dry gas that flows

t hrough the mani f ol . 15nelhenhchmabest ofl olmi m fuftinéhecomprpsisgng a  punp
coupled to the chanber and adapted to evacuate the chanber to a

predet er muvEd Qrawst &0 e SoiEnber e RGP eYAFRRES WBSing a

controller oupl.ed there bei ng programred to cause the
punmp to ecvhaacwgoaetlg the 2?1%& egcre%ng%a&%rréfd%éeﬁﬁ ned pressure .

190
16. The chambexr of claim 15 having a controller
coupled thereto, the controcller being programmed to cause
the pump to evacuate the chamber to a predetermined pressure
during cooling of a substrate with the cooling mechanism.
15
17. The chamber of claim 16 wherein the
predetermined pressure is between about 20 and 200 Torr.
18. A fabrication system comprising:
20 at least one leoad lock:
a transfer chamber coupled teo the at least
one load lock;
at least one process chamber coupled to the
transfer chamber;
25 the chamber of claim 1 coupled to the

transfer chamber; and

a wafer handler disposed within the transfer
chamber and adapted to transfer a substrate between the at

least one load lock, the at least one process chamber and

30 the chamber of claim 1.

19. A method of heating and cooling a substrate

comprising:

23



during cooling of a substrate with the cooling nechanism 17. The chanber
of claim 16 wherein the predeterm ned pressure is between about_ 20 and 200
Torr. 18. A fabrication systemconprising: at |east one |oad Z(YCEEBazgm
transfer hanhber coupled to the at |east one |load | ock; at |east one
process chanber coupled to the transfer chanber; 25 the chanber of claim1l
coupled to the transfer chanber; and a wafer handl er disposed within the
transfer chanber and adappeddiodt pandbebes baysfate NeGtAdEN the at | east

one | oad Iocﬁ< t he atdl east lcine pr oc%ss.charrber and 30 the chanber of
claim 1. "FPHHeThdR9r RBRLIAY SNG"E86F Mg a substrate conprising: 23

1717/P1 2 | FEB 2004 proypdiRagaaCRapkerahavingoa theatdmebaychani sm and a
cool ing nechani sm |oading a substrate into the chanber; positioning the

substrate at a positioneHosstppokingatéct RebhéZpiteg arechAfssiiidas i ng t he
.transferring the substrate fromthe

Substrate w thmt e pﬁat hng n?lch%gic%%lsm
posi tion p]ﬁ?}ﬁjxi te-Phe RE5L ﬁ'g nmechanismto a position proximate the 10

cool i ng nmechani sm and caekitAggt heeswhpbrate ewntift H héiec drldtigiarechani sm
20. The nmethod of claim 19 wherein positioning 15 the substrate proximate
t he heat imRCk@ERhAMI sm conpri ses

transferring the substrate from the position
proximate the heating mechanism to a position proximate the
10 cooling mechanism; and
cooling the substrate with the cooling

mechanism.

20. The method of claim 19 wherein positioning
15 the substrate proximate the heating mechanism comprises

placing the substrate on a heated substrate support.

21. The method of claim 19 wherein transferring
the substrate from a position proximate the heating
20 mechanism to a position proximate the cooling mechanism
comprises transferring the substrate from a position
proximate the heating mechanism to a position proximate a

cooling plate.

25 22. The method of claim 19 wherein transferring
the substrate from a position proximate the heating
mechanism to a position proximate the cooling mechanism
comprises transferring the substrate from a position
proximate the heating mechanism tc a position less than

30 about 0.02 inches from the cooling mechanism.

23. -~The method of claim 19 wherein cocling the

substrate with the cooling mechanism comprises cooling the

24



pl acing the substrate on a heated substrate support. 21. The net hod of
claim19 wherein transferring the substrate froma position proximte the
heat i ng 20 mechanismto a position proxi mte the cooling mecha?' ?[Fef
conprise r@pg erring the substrate froma position proxinmat ﬂeamﬁng
mechani sm t o' ‘a p05|t|on proximate a cooling plate. 25 22. The nethod of
claim 19 wherein transferring the substrate froma position proximte the

reating  [REhAn ofn (o R pRstLLOD: B %%éaﬁgﬁlgmehgwh ng FEGRaRLE M cCONpri ses

transferring fron1a osition proximate the heating nmechani sm
to a p05|ﬁe&weé@sab©ﬁan53@nabmﬂt 0.02 inches fromthe cooling nmechani sm

23. The nmethod of claim 19 wherein cooling the substrate with the cooling
mechani sm conpri ses cooling the 24 1717/ Pl 2 7 FEB 20U4 substrate with the

cool i ng nmechani sm hayin te atyge 1Q§hM@gnfangg S-andr23 24. The
met hod of cl aim 19 ?%rt%%?eco%g$§5|ng C5 flowmng a r§ gasgfntén he chanber

during atfl®astgonedoy gheainng ahd cbahbag theisgbstraeest26neThé met hod
of claim19 further conprisin flowng a dry gas through a plurality of

hol es wi tlHEaC M3 219 €86iing g%%h%H?gﬁgﬂE?lng cooling the substrate. is 20
25 26. The nmethod of claim 19 further conprising evacuating the chanber to
a predeterm ned pressure during cooling the substrate. 27. The nethod of

cl ai m 26 wherei n evaguatThg tnhehodhahbetativ a%pfvdehernicregrpeasigure duri ng

cool i ng tgfgw1ng a dry gas through a plurality of holes within the

10 cooling mechanism during cooling the substrate.

26. The method of claim 19 further comprising
evacuating the chamber to a predetermined pressure during
cooling the substrate.

15

27. The method of claim 26 wherein evacuating the
chamber to a predetermined pressure during cooling the
substrate comprises evacuating the chamber to between about
20 and 200 Torr during cocling the substrate.

20
28. The method of claim 19 wherein heating the

substrate with the heating mechanism comprises annealing the

substrate.

25 29. The method of claim 19 wherein heating the
substrate with the heating mechanism comprises degassing the

substrate.

25



substrate conprises evacuating the chanber to between about 20 and 200
Torr during cooling the substrate. 28. The nethod of claim 19 wherein

heating the substrate with the heating mechani sm conprises annehlf FBBt?@4
substrate. 29. The nethod of claim 19 wherein heating the substrate w

t he heating mechani sm conpri ses degassing the substrate. 25 2 7 FEB 2004
30. The nmethod of claim 19 wherein cooling the substrate with the cool abl e
menber conprises enploying the cool able nmenber to cool the substrate to
bet ween about 50 to 100 C within about 30 seconds i medi ately after

anneal ing the substrate. 31. A nethod of annealing a substrate conprising:
provi di ng an anneal i ng chanber having a heating nechani smand a cool abl e
menber that is coolable by a cooling nmechanism |oading a substrate into

t he anneal i ng chanber; annealing the substrate by placing the substrate

proxi mte the heating mechani sm%ce)cgf%gb]g#fm 15 Rﬁbeﬂ&%smwé e the

heati ng nmechani sm3% hdhf qreHo ur e ‘of between about™ 150 and 600 C

transferring the suhstr Ragdi afompar D@ steerep ol h@athg
mechani %ttsgrzf‘llrfos“iﬁsrbn&foe%%%a%%r?he cool al;rl‘per nenber ; ar&gﬁ coo#é ng the
subst r atg, i1 d heerenot abd ecoehbere S0 sPHREGEIDRED e A7 Trt her

conprising maintaining an inert .at r i 44 eafpeeal i ng chanber
during armedlq nf ofl e g?;a%%,sntﬁtgrplﬁeﬁgﬂéﬁ@ew a

annealing the substrate.

31. A method of annealing a substrate
comprising:
providing an annealing chamber having a

heating mechanism and & coolable member that is coolable by

a cooling mechanism;
loading a substrate into the annealing

chamber;

annealing the substrate by placing the
substrate proximate the heating mechanism for about 15 to
180 seconds while the heating mechanism is held at a
temperature of between about 150 and 600 °C;

transferring the substrate from the position
proximate the heating mechanism to a position proximate the
coolable member; and

cocling the substrate with the coolable

member.

32. The method of claim 31 further comprising
maintaining an inert atmesphere within the annealing
chamber during annealing of the substrate, the inert
atmosphere having an oxygen concentration of less than

about 10 parts per million.
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at nosphere having an oxygen concentration of |ess than about 10 parts per
mllion. 26 2 7 FEB 2004 33. The nethod of claim 31 wherein cooling the
substrate with the cool abl e nenber conprises: placing the subst Qa?eFEB 2004
proxi mate the cooling nenber while the cooling nenber is held at a
tenperature of between about 5 and 25 C. 34. The nethod of claim 31
wherein cooling the substrate with the cool abl e nenber conprises enpl oyi ng
the cool able nmenber to cool the substrate to between about 50 to 100 C

wi thin about 30 s%%qnd@k{emmwtﬁqu afltdim @nedieineg.nt OBk %, 35. The
met hod of claim 31 wherein cooling the substrate with the cool abl e nmenber
conpri sesemHaty ng thhehe ootal@Rl &t SO+ 8% substrate to bet ween

about 50 to 100 C within about, .5 t wmxiﬁtgr@,mmﬁm claim31
wherein the heating mdoHHsm & §'8 h%%)tat a tenperature of between, about

200 and 400 C. 3% ., A/ Bthash cogmmdmdag:ig A)e ot B B LR RIS on syst em
havi ng: g procéss chanber adapted to performa deposition process on a
subst r ats v dicatbaut ddaedot$ ng- chanber incl udi ng: a heating mechani sm
adapted to heat a substrate positioned proxi mate the heating mechanism a
cool abl e menber spaced fromthe heating nechani smand adapted to cool a
substrate positioned preximetieodhef cobiabl Bl merpesint fettod abte nenber

being Cosokllssbireaé)g v?igr?otlztluggcggfgg alesm m}genj(:j czo7m rfsggBelgBQéying the

coolable member Lo cool the substrate to between about 50

to 100 °C within about 30 seconds immediately after

annealing the substrate.

35. The method of claim 31 wherein cooling the
substrate with the cooclable member comprises employing the
coolable member to ccol the substrate to between about 50

to 100 °C within about 5 to 20 seconds.

36. The method of claim 31 wherein the heating
mechanism is held at a temperature of between about 200 and

400 °C.

37. A method comprising:
(a} providing a fabrication system having:
a process chamber adapted to perform a
deposition process on a substrate;
a heating and cooling chamber including:
a heating mechanism adapted to heat a
substrate positioned proximate the heating mechanism;
a coolable member spaced from the
heating mechanism and adapted to cool a substrate
positioned proximate the coolable membexr, the coolable

member being coolable by a cooling mechanism; and

27



a transfer mechanism adapted to transfer a substrate between a position
proxi mate the heating nmechanismand a position proxi mte the cool abl e
menber; (b) perform ng a deposition process on a substrate vvitQ i EEB 2004
process chanber; (c) transferring the substrate fromthe process chanber
to the heating and cooling chanber; and (d) perform ng an anneal i ng process
on the substrate within the heating and cooling chanber by: heating the
heati ng mechanismto a tenperature of between about 150 and 600 C, and

pl acing the substrate proxi mate the_ heati : | of; about 15 to 180
seconds. 38. The method of & aiFAMEE FurtHe nclﬁgp%%éenpl oyi ng t he

cool abl e nenber to cqol, t datet sib@idpeqmr@bfamusmhe) 100 C within
about 3¢E§&ﬁﬁﬁﬁsai§ﬁhﬁﬁE§E§y after angggling t he substr at 9. The met hod

of cl ai fﬂ@@f&%%}f‘{hé‘rﬁ@ﬁiéﬂlcﬁ‘% gl ©idm gt Peltde? able T %}f’f?o cool the
substrateato et ween about 50 to 100 C within about 5 to 20 seconds. 2 8
member;

{(b) pexrforming a deposition process on a

substrate within the process chamber:;
(c) transferring the substrate from the process

chamber to the heating and cooling chamber; and
{d) performing an annealing process on the_
substrate within the heating and cooling chamber by:
heating the heating mechanism to a
temperature of-between about 150 and 600 °C: and

placing the substrate proximate the heating

mechanism for about 15 to 180 seconds.

3g. The method of claim 37 further comprising
employing the coolable member to cool the substrate to
petween about 50 to 100 °C within about 30 seconds

immediately after annealing the substrate.
39. The method of claim 37 further comprising

employing the coolable member to cool the substrate te

between about S0 te 100 °C within about 5 to 20 seconds.
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