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FI ELD OF THE | NVENTI ONHERErED 83U UMSERPORT ARPPARAS I nerally to the field
of sem conduct or equi pnent and processing. Mre specifically, the present

invention relates to an apparatus and nethod for supporting a
sem conductor wafer or substrate during processing. 10 BACKGROUND OF THE

| NVENTI ON WAf er processi ng SYSRemaTaEmApeL ioMdsIoNe W dely used in the
manuf acture of sem conductors and int egrat ed circuits. One particular type

gf waf er _plr oc disi apglieyion @lﬁimﬁ pripiityete thehdb Beavisiensd Paigapopplicasan Senad) t o
t t . 1 . i
mmnu act OveORP LT EREN BTt 28200t syt SR R tn Y, Mo 11

di f f er enby cfbtenySinaftentifety.used in the art. For exanple, films may be
deposited using |ow pressure CVD (LPCVD) systens, atnospheric pressure CVD

(APCVD) systems or different types of plasm enhanced CvD (PECVD) systens.
In geheral, all such systens enﬁal oy a deposition chanber where certain

i nj ected gaseous chenical s rBEd: Q%THEFJH&ENTI@Na | ayer of material on the
surface of thepnsyhatdidiRntibRRatby P&RrAfy tMLHidl@bs sefi¥olBictRRGeibhRd: W t h
dielectrics such, as I\EXI des 'f&gﬁydgﬁed oxj.des bei a typical exanple. For
proper op@&t BOCHHINGr MTE SBYRHEY d)r?SﬁntdaY?qﬁearggteﬁB) %E?R%’fatmsaa i | m of
desired ngald foy supportihg pedimidundittiyr white ossibpwatt dofing pecsssiigconduct or waf er

or SE(?strate is inmportant. Substrates are typically supported within the
deposition chanber by a wafer support or 25 chuck. It is inportant to

Bt ocessi ng. Non- uni f or m (1 eCRANGNERE TEAE T NGO he vt or can | ad to a
non- Wafer processing systems and methods are widely used in the manufacture of
semiconductors and integrated circuits. One particular type of wafer processing system
utilizes chemical vapor deposition (CVD) to deposit films or layers on the surface of a
15  substrate as a step in the manufacture of semiconductors and integrated circuits. A variety
of different CVD systems are used in the art. For example, films may be deposited using
low pressure CVD (LPCVD) systems, atmospheric pressure CVD (APCVD) systems or
different types of plasma enhanced CVD (PECVD) systems. In general, all such systems
employ a deposition chamber where certain injected gaseous chemicals react and deposit
20  alayer of material on the surface of the substrate. Many types of materials may be
deposited, with dielectrics such as oxides and doped oxides being a typical example.
For proper operation of the system, and in particular to deposit a film of desired
quality and repeatability, the support of the semiconductor wafer or substrate is important.
Substrates are typically supported within the deposition chamber by a wafer support or
25  chuck. Itis important to provide substantially uniform heating and cooling of the wafer
during processing. Non-uniformities during the heating of the wafer can lead to a non-
uniform film formed on the surface of the wafer. While improvement of chuck designs
have been made, prior art vacuum chucks have shown limitations such as problems
associated with a single piece support puck and temperature control. Accordingly,

30 improvements are needed.

SUMMARY OF THE INVENTION
A vacuum wafer support apparatus is provided which comprises a support puck

and one or more heaters coupled to the support puck for providing uniform temperature
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cross sectional view of the support apparatus according to one 20
enbotls nrent of the pres@RIBFIVESCRETION QF THE PRAWINGS sectional view of

the support AR %B}'é%ts%ﬁ %ﬁgﬂnl?;ggeg 8r ﬁ’l%%tr&@ﬁt invention become apparent upon
reading of the following detailed description of the invention and upon reference to the
drawings in which:

FIG. 1 is a partial cross sectional view of the support apparatus according to one

20  embodiment of the present invention.

FIG. 2 is a cross sectional view of the support apparatus according to another
embodiment of the present invention.

FIG. 3 is an exploded assembly view of the support apparatus according to one
embodiment of the present invention.

25 FIG. 4 is a top view of the heaters showing two heating regions according to one
embodiment of the present invention.

FIG. 5 is a top view of the heaters showing five heating zones according to
another embodiment of the present invention.

FIG. 6 is a schematic showing the substantially uniform temperature profile on a

30  wafer carried by the support apparatus of the present invention having five heating zone
control.

FIG. 7 is a schematic showing the substantially uniform temperature profile on the
wafer carried by the support apparatus of the present invention having five heating zone
control and a quartz insulating ring.

35 FIGS. 8A and 8B show the film uniformity for undoped silicate glass (USG) films
on the wafer carried by the support apparatus of the present invention having two heating

region control and five heating zone control respectively.
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of the sib erring to FIGS. 1 to 5, the vacuum support apparatus
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di spose ousi n ng a substrate 16 thereon and one
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example, housing 12 is preferably cooled by a cooling media such as water supplied by
line 20, as shown in FIG. 3.
Support puck 14 includes a first inner portion 22 for supporting the substrate 16

thereon and a second outer portion 24 coupled to housing 12 and other components of the

20  support apparatus 10. The first inner portion 22 has a planar surface 26 having a
configuration and dimension suitable for supporting the substrate 16. Specifically, for
supporting an annular wafer, the planar surface 26 of the first inner portion 22 preferably
has an annular configuration. For instance, the first inner portion 22 of the support puck
14 can be sized to support both 200mm and 300mm wafers. Preferably the planar surface

25 26 of the first portion 22 is defined to have a recess 28 with respect to the second outer
portion 24 for reasons described below.

The second outer portion 24 includes a planar surface 30 having a height
preferably such that the top surface of the substrate 16 is substantially coplanar with the
planar surface 30 when the support apparatus 10 is in operation and use. In one

30 embodiment as shown in FIG. 1, the second outer portion 24 is provided with a first end
32 proximate to the periphery of the first inner portion 22, and a second end 34 coupled to
housing 12 and other components of the support apparatus 10. The first end 32 has the
same planar surface 30. The second end 34 has a planar surface 36 having a height lower
than the first end surface 30 for receiving a deposition ring 38 as described below.

35 Support puck or body 14 is preferably made of materials that are mechanically
robust and chemically and thermally stable. Support puck 14 is preferably made of non-
metallic insulating materials that resist corrosive fluids and does not create any
contaminating particles to the processed substrate. Ceramic such as aluminum nitride
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surface of the substrate 16. Housing 12 can be nmade of any nechanically
robust and chemcally and thernmally stable materials. Housing 12 is

t ypi cal | ywoanpemat ure controll ed to provide a set referen®eT/usenpsanat ur e
for heating and cooling of the substrate and to ensure an appropriate 15

operati vi ronpgent for.the - :

067" For VLS R 0 RoE Gt ooy 55 EOTRBPE DL DA uhiifu T AORAoadDRR & 10,
as wat eransuxpgildne thelyal donfect@0yt high tempemtvires anddas 3 mshpesercosffikeri 2fi ncl udes
a first hOHE egg%kfo% gf%alfeaft &%&Hﬁét%hi@%ét&@a@.@& ABY BudkBhodyhan pasviand a
second outer prtlonS ?e to h E&;‘-‘

coup Qusing 1 nd ot her conponents of the
20 suppaceelignbaluckpnd pefertaapgrpiusg umfﬂ?@rrtypw}lﬁ? g‘#\owg S§Obt%Shar surface 26

ngi 30 %x?_@ﬁ'sﬁ\}'e?w mrsi@maaqia%raeﬁlieﬁt@ ab déstciailbh@bélfew. Shp PNt dhngk béry isubst r at e
. Speci.tjica , for. supporting an nul ar wafer, t . surface 26
of the fHgRlY “il‘?%@r WTCBHQW%*’S‘F%‘?SQEEV peﬁ’gglcefﬁeag%qqgl?&é%ﬁgl Fl&ﬁjr ation. For
i nst ancegegibhe first inner portion 22 of the support puck 14 can be sized

to support both 200nm a rifr-ace 25 26
of the first Do EPENTES% L AR b bl Sk AR PRI IRCP 22 2
second dotpeovidgpihetsibsirages] § with tasanseataredaiformise andpiosite hater SERGFE Yol er

por tjigon g4 eirr%ldﬂ‘_?&ﬁ, Qsospbgrﬂ%{ FRUN! 86 G1s30BRYinB203s HRl $htherRAIBf @cabiply such

that the top surface e subsfrate 16_is substantiall opl.anar with the
pl anar She serpertIvichHddAtan Bedpppg ilz-agbeﬂ%‘iqilé’ 8 t%@ 1’?%‘%“%6‘]5‘ ARes 8IPesd use. In
one _38 ?m@ditl]dmg Fh@&er@h@[\gﬁbfgm dupfart puckt hearsbwapitdaitierhopsing 12N TRE i s
provided wi.th a.first en 2 proximate t e i Lrst inner
port i on BHatQRFINg ‘i@&%’nel?f aéﬁlﬁg%ﬁm tp 1 gaftgottkg%%egﬁoﬁa 1 t%enﬁ;pB%ﬂ g}l&%onponent s
of the suppoptefappginsnased Bom Thepdriphsty ofiible 8Ppheipurhés alsadistaptedliiam sur f ace
30. ,Lhe HofP Pdtoea%guéﬁS’h%%Pﬁt B8 Q@Sut%%%ﬁ? gor:iﬁx R Rkuptbaleght:. | oner than
the Tirst end Surtace 30 for receiving a epogl tion ring 38 as descri bed
bel ow. 35 Supbbrve thaskubstiongay 441 dispqsedt eerasitipniite’ oV Nighistvalcd P hat are
mechani Gk LyolideGine ueamek R Bl dpbsiioe rinR SRR bpates bijfveghe Buwptod ripgick 14
is preferably made of non: metallic ins l?tllﬂ? mat eri al 3 t hat, .r si4 t
corrosi VA9 BY ¥ 4& 23 tp mEeRizs dherpp ‘%ﬂ“éacén]éjjre FHHY SRE ALFCT B F@F@S ?o t he
pr ocessefie dishodcdaicereenahainisulasarcdndadepadition rings 38 and 405 as shown in FIGS.2
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surface 44 substantially coplanar with the planar surface 30 of the second portion 24.

Alternatively, in the embodiment where the second portion 24 of the puck body 14 has

first and second ends 32 and 34, as shown in FIG. 1, the second end 34 can be coupled to

housing 12 directly by any suitable means. Above the second end 34 is disposed the

25  deposition ring 38 that is coupled to plate 46 and first end 32 of the second portion 24.

Preferably the deposition ring 38 is spaced above the second end 34 of the second portion

24 to minimize thermal contact. The deposition ring 38 preferably has a surface 44

substantially coplanar with the first end surface 30 of the second outer portion 24 after the

support apparatus 10 is assembled.

30 The insulating ring 40 can be made of any suitable insulating materials.
Preferably insulation ring 40 is made of quartz. The deposition ring 38 can be made of
any chemical and thermal stable insulating materials and is preferably made of the same
material as the puck body 14 such as aluminum nitride (AIN). The insulation and
deposition rings 40 and 38 reduce radial heat loss from the support puck 14 and thus

35 facilitating steady and uniform temperature distribution across the planar surface 26 of the
first portion 22 on which the substrate 16 is supported. The insulation and deposition
rings 40 and 38 also decrease power consumption by minimizing heat loss to the cooled
housing and plate 12 and 46. The insulation ring 40 further improves mechanical
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-3 WD 03/ 046957 PCT/ US02/ 38106 (ALN) is a preferred material for the
support puck. Alum numnitride (ALN) provides for an excellent thermal
conduct orwetosjeiqh’ t enper at ures and has a much | ower coef f iPCirarsp2/a8106 t her nal
expansion conpared to nost netallic materials. The ALN puck body can

provid t ch d

Phe use thayetahe St o0 1Bl MopbBPRAGAA Syrbitks. D oty WllaBoR | DL A0

bel ow. Tirez Aliddutesdhe tostyf ths ceﬂanmwlopolﬁﬁnck toby mdgmnﬂéhwﬁ@rahmﬁsr ghses

used T ory PREIOM GadU-GAN 149s Qlpehlice HERASH fok B out&eloRfiedie support puck 14
v 1nsu FOMICO0

IS prefera ool er and housi ng vide the
subst r at e 16 Qe or mevedeptprulGarg ﬁpﬂﬁ?‘ﬁﬁottbe woﬁr%‘ﬁ%tlé t‘h@é’t"éfe S?F‘&Y g’l“gncy I'n

10 one ?erat%?e &RQIMtibA a&b@the?ﬁrs@ﬁoﬂtlﬂﬁllb&if Itlwlsurppﬁlg pﬂ&k lzsamlsthd to
thermally decou e the s t_puck 14 fro

e | nsubBRG L6 iRpomod TS B Aa =20 mREU RIS L6 Atk pePepRerReRia b
support dagpbit ﬁﬂckalm o€ pryftrablytioinchpotatadsinrg iddlatibnebody A8 lsbmat@frpmrtge 40 can

be arran ed(i)l’lg B%@%gﬁ@y Cont a%]%] EQChtO CDCE{GI CR?I?({ éhggteltsh% 1§ H%girfdew k 14 or

preferab e perlp e support 14 "at a
di stancecmtroﬁwdaﬁdamdmdwlovm about 1 5 (about 25 to about 38 mm for

| mpryed ins Lk'{@z&@g'is%{féc \ﬁcﬁ-ﬁ ns%Q%YQn}I éﬁﬁamefm&tﬁ{gl &BmEhts g7 46cti & r@l:mﬂ@s ed a

deposition rin I's. coupl €d to_ the co re rab

the depogsilsi t@hl%m PrgHhds ﬁ@%b%%%ﬁ Hfbde It gae ?IHE?A gb As al?%}’ mfégb gﬁ ai ?/

g ?2 é 0 M3tk dRnlchR4Talre ERPERATN mﬂnemleui@bbodymewnrch foxnes dobesminid arﬁimilzel ds 42
i Spos

etween the i t
Shown | AR Py nepipEreeiant of i REREE R s T ind e e
deposi t i epiohs AQ adB5hase mdenieamntly csnmrdlhade T 1m1uwtoam0dal48f0mmmedd@g Wi t h t he

D1 0B il 1eRpRlur A pREAONAAON oG, maBhbELRRb ¥ELYs 1R Holkne

enbo menet ére e secon 14 has flrst and
second e¢icm61324aﬁ@bh’§l$ reasﬂ\@hmﬁ qaﬂbFP@beqdedtlh@%‘B&@Hﬁdﬂsé‘?‘?&loﬁho%ﬁ Be? coupl ed

to hous S
di spose déc{ﬁggﬂa%tlgh ggg giu)falw oRBIncEhtkic ke WRARS: spé&iﬂh‘ Qohh §t&ﬁ10fbﬂhéﬁ‘mdg i's

O P b b onrr e AR b B B 9y |
spaced aRaufg Héﬁleﬁt%(iﬁ ode enshottheafing fegiohe cambe paployed
20 Preferably the inner heating region 50 is substantially adjacent to the first portion
22 of the support puck 14. The outer heating region 52 is substantially adjacent to the
second outer region 24 of the support puck 14. However, other disposition of the heaters
18 are possible and the present invention is not so limited.
In one embodiment, the outer heating region 52 is further divided into two or
25  more heating zones, as shown in FIG. 5. The heating elements 47 in each of the two or
more heating zones of the outer region 52 are independently controlled to mitigate
asymmetric conditions in the process environment. For example, as shown in FIG. 5, the
outer region 52 is preferably divided into four quadrant zones 54, 56, 58 and 60. The
heating element 47 in each of the quadrant zones 54 through 60 is independently
30 controlled. The four heating zones in the outer region 52 and one heating zone in the
inner region 50 provide five heating zones that are independently controlled.
Conventional temperature controllers available in the art such as Eurotherm and Watlow
can be used to independently control the heating regions or zones. Each independent
temperature controller provides three mode (proportional, integral, and derivative)
35 feedback control to the element firing circuitry. Phase angle firing controllers or zero-

crossover solid state relays are typically utilized.



24 to mnimze thermal contact. The deposition ring 38 preferably has a
surface 44 substantially coplanar with the first end surface 30 of the
second ouwero3pesi on 24 after the support apparatus 10 i #Cagsemdtiled. 30
The insulating ring 40 can be made of any suitable insulating nmaterials.
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lifted and placed on the support puck 14 by lift pins 70 and secured to the support puck 14

20 by means of vacuum. The substrate 16 is preferably adhered or chucked to the first
portion 22 by a pressure differential created between the substrate 16 and the support
chuck 14 in excess of the vacuum condition maintained in a chamber where the support
apparatus 10 is disposed. That is, when the substrate 16 is chucked to the support puck
14, the pressure between the substrate 16 and the support puck 14 is less than the pressure

25  inthe chamber. To create this pressure differential, the support chuck 14 is provided with
vacuum channels 68 which are in fluid communication with a vacuum supply (not
shown).

When the substrate 16 is secured on the support puck 14, the substrate 16 is
substantially coplanar with the periphery surfaces surrounding the substrate. The heating

30 elements 47 in the two heating regions or multiple heating zones are independently
controlled so that the substrate surface and its perimeter surfaces have substantially the
same temperature.

Of advantage, the wafer support apparatus of the invention promotes substantially
uniform flow of the process or reactant gases on the surface of the wafer during

35  processing to facilitate deposition of good quality films on the surface of the wafer. The
support provides an integrated wafer perimeter surfaces which are substantially coplanar
with the wafer surface and are heated to substantially the same temperature as the wafer.
Accordingly the flowing process gases experience a highly uniform flow and thermal
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15 , heating elenents 47 can be any thermally insulating material such as
quartz. The heating elenents 47 such as resistive wires can be enbedded in
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first poLti f support puck 14. The outer heating region 52 is
substantlgré{)(ﬁglyééaea%eﬁﬂ%'the second outer region 24 of the support puck

14. However, 6 aadSpehert the tenareratie digrbuiion achisved Wit dhe viWEMand t he
present S%dbﬁsa]{abp{}%ﬁﬁ ofd‘ﬂfe_pg&ghﬂ iﬁiitv&rﬁ?)n. AR sﬁ&gg empm.hmemdt _7,TaYSﬁbmﬁtﬁ[1yheaL i ng
regi on is further divided into, two or nor e heating. es,_ as shown
in FIG %?ad?’r?é‘dﬁ‘ééf?m&néﬂeé%‘gs%?uﬁlq{l ALihp WHFeT KRS atcﬁkfv‘f)‘?g’ltﬁgﬁeeﬁ%eeati ng
zones of hé¢di@g aviieetontefi Die eipataturk iciepencbdrin the ABNextahbdule tianmberi Fhe e
asynmetric conditions i Q . i: as shown in
FIG 5, Y?‘f’é‘umosﬁ%?r?? geﬁr%%g W?%l qglgéigrg%%léﬁﬁﬁg?ggrcﬁ%et 0 ?ou%ﬁe&uadr ant zones
54, 56, GBerdursdistithsiontertss iy wifermmiacads shawads K161 7t REG.fuidgvathe zones 54
t hr oygh | 51l g : } in the
Wy 8&& ﬁgg&gﬁ,g&g%;f%&ydoﬁgd GiBBE giaksﬁ]s 'GinfsUH thb SalFér@n7ansahé

outer region eating zone'in .inner region g%gr?rovidefive
heating YeWaE UAPAT APRATHAYRIER AESTENtyICHHER BNiRgProcessHige it AR ACKNSHher at ur e
cont r ol | grioANEIJF3HE 1bRvdshehidtéd witk fheasicimin eifipirappathtidiidving can be used
to i ndependently cont

ol the heating regqjo or.,zones. ch.in ndent
t enper at EAECRIGARPRIGF F‘é‘i e aleg r?$?rg%01§§5 ex(%d 0%%1?53 ﬁlélﬁf%nfnrq ce’féﬁa ° and
deri vat i ve)vasacHieedvaitkthe vatuumh suppottrppahsbaving ifive hgatoig zome controlPhase
angle firing controllers or zero- crossover solid state relays are
typigal ly utifd ibet ' iFeal6MiA hd&iRNe
pr ef gsraabl y i r‘fgsuffeg%‘egd?d}’gﬁ’9%&%%%‘???%‘“?8%#‘%%% h 61‘?/"11 ossugt%o Zurfaces
ot her t hbgenevideshiothe pessgakinYentiono dhgderagqing desseniian Phepesdify 62 and

radi ati ogmpsdthRhdo1 A2 i63ht18 HASE€PednPrésentell dbretht berpbeabfillastiBiohraad housi ng
12, as shown in FLG 3. The he t%rs f}S {.n t he Ou‘iﬁ{ .and jnne{ reglons, or
in the erpquugl. &Fe EQ}HB@HQ?@O e exhaustive or to lumit the invention t0 the precise

forms disclosed, and obviously many modifications, embodiments, and variations are
20  possible in light of the above teaching. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents.



5 i ndependently controlled via feedback from thernmal coupl es 64 di sposed in
the support puck 14, as shown in FIG 2, to tenperature controllers (not
shown) cowpload4ds7t he heaters. Miltiple heaters or heat edCrarsey3sgreat |y

i nprove the tenperature uniformty of the substrate by providing |ocalized
conpensation for wafer non-uniformiggdugto external factors such as

| ocal i zed g{%fagpl ows, asymmetries in conduction paths or 10 inconsistencies
in the sib e to support puck contact. Miltiple heated zones reduce
wi t hi n-wafer and wafer-to-wafer tenperature variability. The support
apparat ug further |ncI e i s 66 and heater cover 74 as shown
in FIGS. ? @%a el ?g rfeﬂp%%ﬁhgélcﬁlgtp{}gg umlines 68 are provided for

provi fi ng vaauunnpon'@@kdmklmghesu pstandte 16 to the chuck body 14 in
operation as Qﬁ Sfth&qheg%gsﬁa&gtpk‘a tla'szuti sﬁlbﬂlﬁt AR BRGOHISIARmANd 72 are

provi ded for t| n rate fromthe support puck 14 in
oper at i oﬁﬁn&erﬁb@cqiﬁtﬂ@ﬁl%)earc&ﬁs ﬂl‘%“é@é‘? ak 5ahsuPPAE PYtthport apparatus 10 is

noved up and ¢@eRiViad bhd br MBI RALEAre Titlebendeasy toridllab. Support appar at us
10 within a deposition chanber. The substrate 16 is |lifted and placed on

h k 14 b 70 4 20
e N e R e S R e L R

t he 10r sklupontmaenrid® by a pressure differential created betvveen the
substrate 16 and the support chuck 14 in excess of the vacuum condition

mai nt ai ngd i n-fe GHARRL SuMRe SpfaRRuSHPRAI, 1 WIRRBIALME 0dd of ?no% $09&€Gre That
is, when the substrate 16 1s chucked.to the support puck t he, pressure

bet ween €PEPEsRS<Qfheptng glemeats; fepased ibPre %’E‘Qrel qt1§g|rg§lgn§ H’a?‘P fseledYessur e

25 int h@o@yhadameheatﬂi@ Eemaite ihhihe desSubee Hédtingr @pionsl beiddhéndspadentty chuck
14 is provi ?fﬁ{d i,_%n vacuum channel s 68 which are in fluid comunication
with a vEeH a]é’ pply (not shown). Wen the substrate 16 is secured on the
support puck 14, the substrate 16 is substantially coplanar with the

peri pher¢. sur fhe scusm soppodi apardies sliplsinr dtweherinesatieané nymoz® hedtermart s 47

inthe t \ggmgxg@d'd}% %lﬁlgé @eﬁ{sadtﬂjots&p cIhEaltHD QubkP BRS il heAHIEPRPRARO ¥

controll t hat tr surface and its perineter surfaces have
subst ant thelipgulatiye body ﬁﬁd b@ﬁﬁ édeperdently controllable.

5. The vacuum support apparatus of claim 4 wherein said heating elements within
said outer heating region are disposed in one or more heating zones and being

20  independently controllable.

6. The vacuum support apparatus of claim 5 wherein said heating elements within

said outer heating region are disposed in four quadrant zones.

7. The vacuum support apparatus of claim 3 wherein said heating elements are

comprised of resistive coils.

25 8. The vacuum support apparatus of claim 3 wherein said concentric inner region has
an inner diameter of about from 180 to 220 mm and said outer region has an outer
diameter of about from 185 to 305 mm.

9. The vacuum support apparatus of claim 3 wherein said concentric inner region has
an inner diameter of about from 280 to 320 mm and said outer region has an outer
30 diameter of about from 285 to 406 mm.



O advantage, the wafer support apparatus of the invention pronotes
substantially wuniformflow of the process or reactant gases on the surface
of the waWwerosdwwshg 35 processing to facilitate depositiomrcafusgpsgioqual ity
films on the surface of the wafer. The support provides an integrated

waf er per i nmet surfaces which are s ntd .CO i t waf er
sur f ace L¢1d a%e HESHEY BPYL P %ﬁﬁsa ﬁbéfaﬁﬁeg g\glr%elﬁ e%%ggg?%orrgpggk thﬁ_g Waf er |
Accor di npériphtetyearid snid vgepmocbsek Gathes cempiises enciaseatitny epbgh ispsewadiigow and
t her mal 1 PR HtyyeInsS acr oss
t he waf et;h%&\r%p@%gg%?ﬁﬂﬁ%ﬁ%%ﬁ%?@ grcigﬁ/]:l%ﬁal t&%’g@?ﬁ H} %dr%@rgftr% around

t he support puck perinmeter reduce the surface tenperagtures. snoothly to
near - ambil bnt . The @ECUUB SWePort apRAFATH ef P@%Fﬁe]roa’t’vl}?’@lrﬂ?%larlpﬂﬁﬁt?% Frei;qed with
the vacuppysobympert apparatus of the present invention. As shown in FIGS
6 and 7, a subStantially steady and uniformtenperature distribution on

t he wafer,was, achieved with the fiv heat i A . .CcoNt N erature
is measuﬁ‘?efd i Iﬁ? H%cumg&poﬁoaamm‘eaughcgfn%gpl_ i%'}%régggﬁl u%&sélg%lgfet H%[g%g%t us 10
Wi t h quaspazed freml saidi snpport puclkdy pr svigged even better tenperature

di stribution across the wafer surface as shown in FIG 7. FIG 8 shows the
10 good 18. m Wmiabparatut Yorf suppemidg perdhfer, tangmisengyl ass (USG films on the wafer
carried by the, vacuum support apparatus of the present invention during
processi ng. A*PP¥Shi ckness unifornity of 8.8% la was achieved with the
Vacupgn suppor b sapRALAEKidR8MdNGithis ARCRALIEC outer and inner heating region
control. Afilmithickness uniformty of 1.6% |Q was achieved with the
vacuum suppor tn applatisg wenihaydisposei between thersgpparhuckadrtbe housmngalor descr i bed

above, a.supporf apparatu ith inproved uniformty in heating has been
provi deduﬁk}ﬁgﬂ% Prgﬁgﬁfpgcw%;ﬂbenﬁufﬁg, ?nc()lr egoi ng description of specific
ebodi Ment s obnd embe Rkl BupREEs BEeBupoas ROk ethdren shitomurpase of

illustration and description. They are not intended to be exhaustive or to
limt thbeatersarptindapendentiyecopirelbabde andor s di scl osed, and obvi ously many

di ficati ' : iaatd ible in light of th
abovEs teachi n LA QR B AR AR o SppO RS Uention be

14.  The apparatus of claim 13 wherein said support puck is made of aluminum nitride.

15. The apparatus of claim 13 wherein said insulating member is made of quartz.
20

16.  The apparatus of claim 13 wherein the one or more heaters are comprised of

heating elements disposed in one or more heating regions in an insulating body, said

heating elements disposed in one or more heating regions are independently controllable.



defined by the clains appended hereto and their equivalents. -7 WO

03/ 046957 PCT/US02/38106 CLAIMS W Caim 1. A vacuum support apparatus,
conpri si nyo 03®4evs3upport puck having a surface; and one orPaToU2B€@tser s
coupled to said support puck for providing uniform tenperature

di stribution across the surface of said support puck, wherein said one or
nore heaters are i ndependently controllable. 2. The vacuum support
apparatus of claim1l wherein said support puck is made of 10 al um num
nitride. 3. The vacuum support app /Z%us of claim1l wherein said one or
nore heaters are conprised of heating el enents di sposed in one or nore
heating regions in an insulative body, said heating elenents in the one or
nore heating regions being independently controllable. 15 4. The vacuum
support apparatus of claim3 wherein said one or nore heaters are
conprised of heating el emefts oispesed in concentric outer and inner
heating regions in the ingul agive body and bei ng i ndependently
controllable. 5. The vacuum sypport apparatus of claim4 wherein said
heati ng el enents within Al heati ng region are di sposed in one or
nore heating zones and Qﬁl g 20 i-ajependently controllable. 6. The vacuum
n said heating elenents within said
outer heating region are diisposed ipn four guadrant zones. 7. The vacuum
support apparatus of clai m& h said-Reating elenments are conprised
of resistive coils. 25 8. t apparatus of claim3 wherein
said concentric inner regi

220 mm and sai d outer regif&
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di aneter of about from 185 to 305 nm 9. The vacuum support apparatus of
claim3 wherein said concentric inner region has an inner dianeter of
about from@BM46%37320 mm and said outer region has an out eCT/Gd2dsmset er of
about from 285 to 406 mm -8 WD 03/046957 PCT/ US02/ 38106 10. The vacuum
support apparatus of claim@8 wherein said support puck has a periphery and
sai d vacuum chuck further conprises an insulation nenber surrounding the
peri phery for insulating the support ,opuck froma housing encl osing the
support puck. 11. The vacuum supp pparatus of claim 10 wherein said
insulation nmenber is 5 made of quartz. 12. The vacuum support apparatus of
claim1 wherein said one or nore heaters are spaced fromsaid support puck
by an air gap. 13. An apparatus for supporting a wafer, conprising: a
housi ng; 10 a support puck di sposed within the housing; an insulating
menber di sposed bet weerldthe. sepport puck and the housing for insulating

t he support puck fromt u%ing; and one or nore heaters coupled to said
support puck, wher&n } or nore heaters are independently
control lable; and T5 u D wafer to the support
puck. 14. The appar-<at \ i elein said suppdrt puck is nmade of
aluminumnitride. 5. atus ef |cl aim 13 whergin said insul ating
menber is made of quar ! 16. The |apparatus of claijm 13 wherein the one
or nore heaters are coppH|s of heénﬂ el enents di §posed in one or nore
heating regions in an jns ifng body, id heating ¢l erents disposed in
one or nore heatinggLsgjoE$:§re i ndepgepdlently control lfable. -9
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