VACUUM CHUCKI NG HEATER OF AXI SYMVETRI CAL AND UNI FORM THERMAL PRCFI LE
BACKGROUND OF THE INVENTION Field of the Invention [0001] Enbodi nents of
the present invention generally relate to vacuum chucks wused in

sem conductor fabrication, and nore particularly, to vacuum chucki ng

heaters having inproved thermal_ profiles. Description of the Related Art
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deposited films, thereby reducing quality and yield. Such thickness non-uniformities

are believed to be due, at least in part, to non-uniform thermal profiles of the
substrate involved in the aforementioned processes. The non-uniform thermal
profiles of the substrate may be due, at least in part, to non-uniform heat transfer
hetween the vacuum chucking heater and the substrate.

[0004] The vacuum chucking heater generally includes a substrate support having
a heater embedded therein with one or more grooves and vacuum chucking holes
formed therein for retaining a workpiece {(e.g., a semiconductor wafer) thereupon by
maintaining a vacuum in the grooves when the workpiece is in place.
Conventionally, other than by providing strong vacuum chucking power, the grooves
and chucking holes formed in vacuum chucking heaters were not thought to
contribute significantly to the quality of films deposited upon substrates disposed on
conventional vacuum chucking heaters. However, the inventors have discovered
that the size and locations of the grooves and chucking holes have a greater effect
on resultant thermal profiles of substrates disposed thereon than previously
appreciated. Moreover, the inventors have discovered that resultant thermal profiles

from such conventional heaters are non-uniform enough to cause variations in film



1 thickness for filnms deposited on such substrates. In sonme processes, for
exanple, a one degree change in the thermal profile may correspond to an
about 60 - 100 Angstrom per mnute change in the thickness of a film
deposited thereon. Therefore, such non-uniformthermal profiles may cause a
| arge variation in the resultant thickness profile of filnms deposited on
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within the various grooves) actually exacerbates the “cool spot” phenomenon.
[0o08] In addition to the “cool spots” caused by conventional chucking hole sizes
and locations, the inventors have further discovered that the non-axisymmetrical
layout of some conventional groove patterns further causes a non-axisymmetrical
temperature profile, and thus, a non-axisymmetrical film thickness profile, on the
substrate.
[0007] Moreover, the inventors have further discovered that variations from heater
to heater may further have large effects on resultant deposited film thicknesses. For
example, when replacing heaters (due to a failure, maintenance, or the like) within a
process chamber, the replacement heater wil! likely not provide the same thickness
profile as the prior heater. Moreover, the heater-to-heater variation may be such
that process standardization may be impossible or extremely difficuit across multiple
process chambers each with different vacuum heater chucks.
[0008] While some conventional systems utilizing vacuum chucking heaters may
utilize control of flow rates of gases within the process chamber or within the

vacuum chucking heater to attempt to compensate for the non-uniform thermal



utilize control of flow rates of gases within the process chanber or wthin
the vacuum chucki ng heater to attenpt to conpensate for the non-uniform
thermal 2 profile on the substrate, the thermal profile variation from
heater to heater makes such conpensation efforts difficult. [0009]
Accordingly, there is a need in the art for an inproved vacuum chucki ng
heat er for_processing substrates. SUMVARY OF THE | NVENTI ON [ ool 0]
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oper at i mﬂﬂ[@!ﬂﬁﬁﬂﬂéﬂhol es are disposed in non-intersecting
portions of the grooves. [0011) In sonme enbodi nents, a substrate process
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provided. In orre enbodi ment's, a net hod |cat|n
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pl urallt axi s r}q b* arran ed grooves in the support surface; and
f or m ng 'I”Eﬁrﬁ??tl’{g PQ BERPH ehgrogge hrough the body within non-intersecting
por ti onge@ihy t higy %ﬁ@véﬁlbodmrﬁg RESBtALS %EgssTHﬁaHBéWﬁ@@déQ%lE}oc%%st hat
t he manner |n whi ch the above recited features of the present vention can
be underchaolzeri andea sacyura chuok giapeserwithindthec piquese rchaimbdre thenvaeuron,
chuck includes a body having a support surface for supporting a substrate
thereupon; a plurality of axisymmetrically arranged grooves formed in the support
surface, at least some of the grooves intersecting; and a plurality of chucking holes
formed through the body and within the grooves, the chucking holes for fluidly
coupling the grooves to a vacuum source during operation, wherein the chucking
holes are disposed in non-intersecting portions of the grooves.
[0012] In another aspect of the invention, methods of fabricating a vacuum chuck
are provided. In some embodiments, a method of fabricating a vacuum chuck
includes providing a body having a substrate support surface; forming a plurality of
axisymmetrically arranged grooves in the support surface; and forming a plurality

chucking holes through the body within non-intersecting portions of the grooves.
BRIEF DESCRIPTION OF THE DRAWINGS

[0013] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are



briefly summari zed above, may be had by reference to enbodi nents, sone of
which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical enbodinments of this

i nvention and are 3 therefore not to be considered limting of its scope,
for the invention may admt to other equally effective embodiments. [0014]
Fi gure theretgsenat ta he)pomsldweﬂ limitingcofuits sbopdi fiog the ameantion mayadhainée Wit h
sone e d| rrent Q C r s% invention. [Dols] Figure 1B depicts a
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be si nplhehte?®fFigure! 18X tdkén dibngd Sestiun EPiBi1g! that el ements and features of
one enbodi nent may be beneficially incorporated in other enbodi nents
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substrate. [ Dol ‘L ures 1A-B respectively depict a top View and

cr oss- s@thergimpo Wéﬁputfakf@ﬁf ggaatiosection line 1 B-1 B of a vacuum
chucki ng heater 100 in accordance with sonme enbodi nents of the present
i nvent i QRETALED BESCORIBTION ng heater 100 may be disposed in a process
chanber (not shown) for use in processing substrates, for exanple
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sem conductor wafers). The vacuum chucki ng heater 100 may be used in any
having an axisymmetrical and/or more uniform thermal profile. As used herein, the

term “thermal profile” refers to the steady state temperature of a substrate or work
piece disposed on a vacuum chucking heater and heated to a desired temperature.
As used herein, the term “axisymmetrical’ refers to a symmetry of the thermal profile
with respect to a central axis of the vacuum chucking heater or a substrate disposed
thereon, for example, an axis extending perpendicularly from a center of a
semiconductor wafer or substrate.

[0019] Figures 1A-B respectively depict a top view and a cross-sectional side view
taken along section line 1B-1B of a vacuum chucking heater 100 in accordance with
some embodiments of the present invention. The vacuum chucking heater 100 may
be disposed in a process chamber (not shown) for use in processing substrates, for
example semiconductor substrates (such as, but not iimited to, 200 or 300 mm
semiconductor wafers). The vacuum chucking heater 100 may be used in any
process where heating of the substrate is desired, such as, chemical vapor
deposition (CVD), physical vapor deposition (PVD), or the like. Suitable process
chambers that may benefit from vacuum chucking heaters as described herein
include the sub-atmospheric CVD (SACVD) line of process chambers utilized in, for
example, the PRODUCER® semiconductor processing system, all available from
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process where heating of the substrate is desired, such as, chem cal vapor
deposition (CVD), physical vapor deposition (PVD), or the |ike. Suitable
process chanbers that may benefit from vacuum chucki ng heaters as descri bed
herein include the sub-atnospheric CVD (SACVD) |ine of process chanbers
utilized in, for exanple, the PRODUCER(r) sem conductor processing system
al | avallablefrom 4 Applied Materials, Inc., of Santa Clara, California.
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[0021] The heater 112 generally comprises one or more resistive coils (not shown)
embedded in the body 102. The resistive coils may be independently controllable to
create heater zones. A temperature indicator (not shown) may be provided to
monitor the processing temperature. As one example, the temperature indicator can
be a thermocouple (not shown), positioned such that it provides data correlating to
the temperature at the support surface 106 (or at the surface of a substrate disposed
thereon).

[0022] In some embodiments, an RF electrode 116 may be provided within the
body 102 to facilitate one or both of coupling RF power to the chamber or providing
an RF ground path to remove RF power from the chamber.

[0023] To facilitate vacuum chucking, one or more grooves 108 are formed in the
support surface 106 and a plurality of chucking holes 110 are provided within the
grooves 108. The grooves 108 may be formed in any suitable manner, such as
during a molding, casting, or sintering process to form the body 102, and/or by
machining the support surface 106 of the body 102. The grooves 108 may further
be formed in a conventional vacuum heater chuck (or a vacuum heater chuck 100

may be refurbished) by removing any existing grooves (such as by filling or



[0023] To facilitate vacuum chucki ng, one or nore grooves 108 are fornmed in
the support surface 106 and a plurality of chucking holes 110 are provided
within the grooves 108. The grooves 108 nmay be formed in any suitable
manner, such as during a nolding, casting, or sintering process to formthe
body 102, and/or by machining the support surface 106 of the body 102. The
grooves mmhiniag thersubport suefaice) ard then enachinisg groovas 168 inuacdwedarste witbhck (or

a vacuu at chuck na be refurbished) by renoving any existing
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[0026] In some embodiments of the invention, the grooves 108 are
axisymmefrically arranged about a central axis 150 of the vacuum chucking heater
100, thereby advantageously facilitating the generation of an axisymmetrical thermal
profile and, thereby, of an axisymmetrical film thickness profile. For example, in the
embodiment depicted in Figures 1A-B, an inner circular groove 1084 and an outer
circular groove 108g are provided with four equidistantly spaced radial grooves
108¢.F connecting the inner and outer circular grooves 108,. It is contemplated
that other axisymmetrical geometric configurations may be utilized having the same
or different numbers of grooves.

[0027] The axisymmetrically arranged grooves 108 result in uniform distribution of
gas pressure between the substrate and the support surface 106 of the vacuum
heater chuck 100. This, in turn, causes uniform heat transfer between the vacuum
heater chuck 100 and the substrate, thereby resulting in a more uniform temperature
profile of the substrate. For example, testing results show that the azimuthal
temperature range of a substrate disposed on the vacuum heater chuck 100 can be
reduced from 6 degrees Celsius to less than about 3 degrees Celsius, thereby



that other axi symmetrical geonetric configurations may be utilized having
the same or different nunbers of grooves. [0027] The axisymmetrically
arranged grooves 108 result in uniformdistribution of gas pressure between
the substrate and the support surface 106 of the vacuum heater chuck 100.
This, in turn, causes uni form heat transfer between the vacuum heater chuck
100 andreduging mliange«n other engansetoudttempt toncempensaterfof thermat ppefilanone
profile o% t he substrate. For exanple, testing results show that the
azinuth5P'°?@ﬁ5%rature range of a substrate disposed on the vacuum heater
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surface 106 during use. Thus, the heater to heater Vvariation of substrate
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t hereby the grooves 10 to a vacuum system (not shown). Accordingly, in
operati dR0.a substrate may be disposed on the support surface 106 of the
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of facilities or connectors to the body 102 of the vacuum heater chuck 100.

For exarfperepyothe @roonsase 108xtter a waeuant sysienpgnatshpwn) ou’Egordingkghn t he

passagev(\)/ap\éra]t%%, %ngut'?s% ela(?’ﬁia} %etcﬂgposed on the support surface 106 of the vacuum
heater chuck 100 and retained thereon by application and maintenance of vacuum
pressure within the grooves 108 via the chucking holes 110. The shaft 104 further
comprises a central passageway 126 to facilitate routing of facilities or connectors to
the body 102 of the vacuum heater chuck 100. For example, one or more heater
connectors 128 may be routed through the passageway 126 and coupled to the
heater 112 for providing electrical connection to operate the heater 112. In addition,
an RF connector 130 may be routed through the passageway 126 for coupling the
RF electrode 116 to an RF power supply or ground connection (not shown).
[oo3o] Figure 2 depicts a flow chart of a method 200 of fabricating a vacuum
chucking heater in accordance with some embodiments of the invention. The
method 200 is described with reference to the vacuum chucking heater 100
described above with respect to Figures 1A-B. In some embodiments, the method
begins at 202 wherein a body 102 having a substrate support surface 106 is
provided. The body 102 may be fabricated from any suitable materials as discussed
above and may be fabricated in any suitable manner, such as by molding, sintering,

machining, or the like.



heater 112 for providing electrical connection to operate the heater 112. In
addition, an RF connector 130 nmay be routed through the passageway 126 for
coupling the RF electrode 116 to an RF power supply or ground connection
(not shown). [0030] Figure 2 depicts a flow chart of a nmethod 200 of
fabricating a vacuum chucking heater in accordance wi th sone enbodi nents of
the invigestlon Nebtteat 204, roplizalityi of adésyminietritally tarrargesr grmesmﬁaﬂmayabelum

hucki h 100 d be th t to FEi 1A- I
cboa nATEY oS SURRGE StapentOEs, (3o SrRECTOE Maoy '%?iix@%sgtast{‘mifﬁte
support nwrfeacesu%ﬂfi dsS du?"h@vItﬁ’@dfabﬁegu&@dpfro%@%snﬁ# gg @Q frm' any

suitable materials as disclissed above and ny sui tabl e
manner , Adleorativelybytheoperavgs 308t maynbe fcmmeﬂl byng;bsaquehﬁylmlaehlnmq (DIGBl]

Noxt 3 oFoes ol hUrorP LR OB S Bl 285, RS haeimatR, Tt
sui t abl @s rERABRhMEH T a?ﬁeﬁﬁfh@ga&@@nfé}mckﬁ@t h@ﬂe?r&@eéﬁ% SngUv@s Wﬁa;f he

body 102 Al ternatively, grooves 108 may be f'or med bsequent
machi ni Bg removegr Gowethe; lmdy fia mmpiorformmgftaea;mosesﬂOﬁheFoxoelyampte mm some

enbodi fu hrren existin acu ucki n heat er,
pre- exr‘épw é’iﬁ@@%éﬁtﬁa& gpﬁ c?rmwlb% %@e‘ﬁ%g& I“'an’ rtrlﬂ?\g the
gr ooves piél%msﬁﬁ? HRVBS €. | t'i@ c@ﬂ@ﬁp%l’@@d!hﬁﬁthSIeaE‘.h%oﬁ'iéOWrénysBFé-éSEl@tlﬁ#)G may
be machined flaf to renove pre-existing grooves. It is contenpla

t hat at OrREMESs rHgrdeote- mmlm@@satber then aprepletely removed tefaronthiet gronwes r at her
than co hetely renoved to formthe grooves 108. [0032] Next, at 206, a

pl ural i H@ of chucking holes 110 may be forned through the body Wi t hin

non- i nt gdo3gCt iNExtPat RDeNg mura‘hﬂeoﬂémmk‘iﬁg AhBRs Ffmnrdwsélf&%éwhﬁs I\%ﬁ@he may be

formed either prior to or after the formng of the grooves 108. reover, in
enbodi mdedy within aionkisteraecting phm@nsmj the girepvess 108i n'Ehe chucking thetes 11

subsequant bedorren i PubER Y aterhedhimin atife Wntves ThE MBKeHPE ficki ng
heat er '&nﬁbﬂlmgnfﬁhé@ &i@ﬁ@bcu@ﬁ%h@élﬂn@h’e&érﬂg b@hﬁ&l@fﬂﬂﬁl@o‘?%hé@ﬁu&ﬁn t
| east partla filled prior to formn chucki ng holes 110. [0033]
Thus, efolas mayoaimcgr rwighiodhe hgghéQEeﬂf rody beisspseguentyfiormad. In
addition, in embodiments where the vacuum chucking heater is being refurbished,
any pre-existing chucking holes may be at least partially filled prior to forming the
chucking holes 110.
[0033] Thus, embodiments of a vacuum chucking heater of axisymmetrical and
uniform thermal profile have been provided herein. The vacuum chucking heater
advantageously minimizes thickness non-uniformity of films and/or coatings formed
on substrates disposed on the vacuum chucking heater. Moreover, the inventive
vacuum chucking heaters described herein further advantageously provide one or
more of: 1) reduction of film thickness spikes due to local cold spots on a substrate
corresponding to chucking holes, 2) reduction of film thickness profile asymmetry
due to thermal profile asymmetry of the vacuum chucking heater, and 3) reduction in
heater-to-heater thermal profile variation.
[0034] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.



uniformthermal profile have been provided herein. The vacuum chucki ng
heat er advantageously m nim zes thickness non-uniformty of filnms and/or
coatings forned on substrates di sposed on the vacuum chucki ng heater.
Mor eover, the inventive vacuum chucking heaters described herein further
advant ageously pr ovi de one or nore of: 1) reduction of filmthickness
spi kes ttlgcllaﬁ 2! d spots on a substrate corresponding to chucking
hol es, reduction of filmthickness profile asymetry due to thernal

pr of i I e aserHg; f hucki ng heater, and 3) reduction in
heat er - o heat QFMFﬁ]ecf'h&?( %nggvarl ation. [0034] VWhile the foregoing is
directed to gbaginaRingsa @ﬁppmspﬁééefﬁr JuPYORingCA subStrdterthardip BH” her
enbodi ments of the invention devi sed wi'thout departi nc}; fromthe

tl

basi ¢ scope @hplugajity @fncaxmm@@éy@@"y hairanged graeves rﬁorraad bip the sYppofs t hat

suppor S0 8 et SBUERer b qpdoneds TR HB L upont & pil el cy o
axi symet ri calplyraiityr sfngedkiigasies féraigtethrough i Bodpand withit tcgroodbs)| east
sone of the grooves intersecting; and a plurali técof chucki ng hol es for med

t hr oughthenghueking dimewfphufhndlhecqgmaget@e graeves higc Ri mgcmune%our@e duringd| y

chucki ngehafiol” SRERIn A EAERHYAR S AhdsR iR ok @Rpitd Bioftdhsoifes. -

The vac rebuek of claim 1, further conprising: a heater di sposed Wi t hi n
the body. 3. The vacuum chuck of any of clainms 1-2, wherein the grooves have
a wdth of between 17 - 23 mls. 4. The vacuum chuck of any of clains 1-3,

wher ei n,t he . f - 3.5 mls. 5. The vacuum
chuck o? anyghg%?iwﬂéc@cg Oq%ﬁéé&efr{ugﬁ%t ?ﬁﬁ@&% iurface has a surface

roughness ofalh@asertd]gfosyd Withialthé ®ody. m croi nches. 6. The vacuum chuck any
of clains 1-5, wherein the holes have a dianeter of between 20 - 60 mls.

3. The vacuum chuck of any of claims 1-2, wherein the grooves have a width of

between 17 — 23 mils.

4. The vacuum chuck of any of claims 1-3, wherein the grooves have a depth of
between 2.5 — 3.5 mils.

5. The vacuum chuck of any of claims 1-4, wherein the support surface has a

surface roughness of less than or equal to 32 microinches.

6. The vacuum chuck any of claims 1-5, wherein the holes have a diameter of
between 20 - 60 mils.

7. The vacuum chuck any of claims 1-5, wherein the holes have a diameter of

less than or equal to 40 mils.

8. The vacuum chuck of any of claims 1-7, wherein the holes have a diameter of

less than a width of the grooves.

9. The vacuum chuck of any of claims 1-8, wherein the plurality of chucking

holes are two chucking holes.



7. The vacuum chuck any of clainms 1-5, wherein the hol es have a di aneter of
| ess than or equal to 40 mls. 8. The vacuum chuck of any of clains 1-7,
wherein the holes have a dianeter of less than a width of the grooves. 9.
The vacuum chuck of any of clains 1-8, wherein the plurality of chucking
hol es are two chucking holes. 9 10. The vacuum chuck of any of clainms 1-9,
wherein the plurality of chucking holes are symmetrically arranged about a
central ,axis

| f th k. 1, .Th hyck of f clai
AL TR ST SR S of Bairac -SSPy M i R AR e
at 'eashoie%ré%ZHﬁﬁétrribﬁufbfrﬁ @dab@ﬁtﬁé’&@ﬁtrﬁ!aéﬂwafﬁfg}é&&%b EB{uékf. radially

ext endi ng groovés coupli'ng the circular grooves. ubstrate process
chanber, conprising: a process chanber; and a vacuum chuck as described in

any of ¢l ai 1-11 disposed, within th rocess, chanber.. 13. The yacuum
chuck o$1cl g?ﬂ?lé’?c'f‘m H“i\“cgoﬁ%r pay nBF %lg\'/'%t%uu'r#puﬂ’};'e&%ﬂpljﬂé%l PE’@'EI% eﬁucki ng
hol es f g kS : | 4 u € WhEBhitict oves
A o e R SR i AR i A
provi di gepavebobiavingyanglurakitybef rradially upxtendinguigreaves fooupling) thepkincwlai ty of
axi symmetrically arranged grooves in the support surface; and formng a

pl ural i 8P™RGcki ng hol es through the body within non-intersecting portions
of the grooves. 15. The nethod of claim 14, wherein providing a body further

conprises: renobving pre-existing grooves fromthe body. 10
12. A substrate process chamber, comprising:

a process chamber; and
a vacuum chuck as described in any of claims 1-11 disposed within the

process chamber.

13.  The vacuum chuck of claim 12, further comprising:
a vacuum pump coupled to the chucking holes for establishing and
maintaining vacuum pressure within the grooves during processing.

14. A method of fabricating a vacuum chuck, comprising:

providing a body having a substrate support surface;

forming a plurality of axisymmetrically arranged grooves in the support
surface; and

forming a plurality chucking holes through the body within non-intersecting

portions of the grooves.

15.  The method of claim 14, wherein providing a body further comprises:

removing pre-existing grooves from the body.
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