VACUUM CHUCKI NG HEATER OF AXI SYMVETRI CAL AND UNI FORM THERVAL PROFI LE
BACKGROUND OF THE I NVENTION Field of the Invention [0001]

Enbodi nents of the present invention generally relate to vacuum
chucks used in sem conductor fabrication, and nore particularly, to
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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



thi ckness for filns 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 m nute change in the

thi ckness of a film deposited thereon. Therefore, such non-uniform
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need in tﬁ&gralt €for an inproved vacuum chucki ng heater for processing

substrat efpoor; 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 will 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 difficult 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



SUMVARY OF THE | NVENTI ON [ 0010]] Enbodi nents of a vacuum chuck havi ng
an axisymretrical and/or nore uniformthermal profile are provided
herein. In sonme enbodi nents, a vacuum chuck i ncludes a body having a
support surface for supporting a substrate thereupon; a plurality of
axi symmetrically arranged grooves fornmed in the support surface, at
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holes are disposed in non-intersecting portions of the grooves.

f0012] 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



[0016] Figure 2 depicts a flow chart of a nethod of fabricating a
vacuum chucki ng heater in accordance wth sone enbodi nents of the
invention. [0017] To facilitate understanding, identical reference
nuneral s have been used, where possible, to designate identical
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[0023] To facilitate vacuum chucki ng, one or nore grooves 108 are
formed in the support surface 106 and a plurality of chucking hol es
110 are provided wthin the grooves 108. The grooves 108 nay be
formed in any suitable manner, such as during a nolding, casting, or
sintering process to formthe body 102, and/or by machi ni ng t he
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(0029] The shaft 104 may have a plurality of openings 114 (or other
mechani sm such as tubes, hoses, or the like) that fluidly couple the
chucki ng holes 110 (and thereby the grooves 108) to a vacuum system
(not shown). Accordingly, in operation, a substrate may be di sposed
on the support surface 106 of the vacuum heater chuck 100 and
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1. A vacuum chuck, conprising: a body having a support surface for
supporting a substrate thereupon; a plurality of axisymretrically
arranged grooves forned in the support surface, wherein the plurality
of axisymretrically arranged grooves conprise: an innernost circular
groove arranged about a central axis of the vacuum ¢
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huck;
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circul ar ygfsaRVEEs, and a plurality of radially extending

grooves coupling the innernost and outernost circular grooves; and a
pl uralitieoadl chuskinagrmdimenisrafdtie pressat mveniéomndbg gseveni 08 may have
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| coﬁtact between the substrate and the support surface 106 during use. Thus, the
heater to heater variation of substrate temperature may be controlied by tightly
controlling the topographical conditions of the surface of the vacuum heater chuck
100,
[0o2e] The shaft 104 may have a plurality of openings 114 (or other mechanism,
such as tubes, hoses, or the like) that fluidly couple the chucking holes 110 (and
thereby the grooves 108) to a vacuum system {not shown). Accordingly, in
operation, a substrate may be disposed 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).
[0030] 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, sintefing,

machining, or the like.



5. The vacuum chuck of any of clains 1-2, wherein the support surface
has a surface roughness of |ess than or equal to 32 mcroinches. 6.
The vacuum chuck any of clains 1-2, wherein the hol es have a di aneter
of between 20 -60 mls. 7. The vacuum chuck any of clains 1-2,
wherein the holes have a dianeter of |ess than or equal to 40 mls.
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conpri si mguoves mtoctke SuppartBefaceandb of the body 102. In some embodiments, such
as refurbishment of an existing vacuum chucking heater, pre-existing grooves may
be removed from the body 102 prior to forming the grooves 108. For example, in
some embodiments, the support surface 106 may be machined flat fo remove the
pre-existing grooves. It is contemplated that at least some of any pre-existing
grooves may be re-conditioned rather than completely removed to form the grooves
108.
[0032] Next, at 206, a plurality of chucking holes 110 may be formed through the
body within non-intersecting portions of the grooves 108. The chucking holes 110
may be formed either prior to or after the forming of the grooves 108. Moreover, in
embodiments where the vacuum chucking heater is being refurbished, the chucking
holes 110 may already exist within the body 102 or may be subsequently formed. 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-{o-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.



a vacuum chuck as described in any of clainms 1-2 disposed within the
process chanber. 12. The substrate process chanber of claim11,
further conprising: a vacuum punp coupled to the chucking holes for
establ i shing and mai ntai ni ng vacuum pressure within the grooves

duri ng whatdeekiimgdgd: a substrate in the process chanber. 13. A

met hod of fabricating a vacuum chuck, conprising: providing a body
havi ng a substrate support surface; formng a plurality of

axi symiet piwalilng cAnclesaedrigiigoves in the support surface, wherein the
pluralit

of axisymmetrically arranged grooves conprise: an innernost
Gi  cul &5 58VRY 2/ SURRYG TS T SHPRERER AISUARTRS SFERRPR™ acuum chuck:
an out ergiality of brsnimheBitoRVRr=01g86 grioves flringd & thargpsbrafieficel he
I nner nost r(;l rcul argg[?gov,e; an lurality of radially
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W thin non-i Qrtm %Ltse%%g{i;tngmaggt I ons of the innernos i rculgll ar groove,
groove concentrically arranged about the innermost circular
groove; and
a plurality of radially extending grooves coupling the innermost and outermost
circular grooves; and
a plurality of chucking holes formed through the body and within the innermost circular
groove, 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
innermost circular groove, wherein the plurality of radially extending grooves coupling the

innermost and outermost circular grooves are four.

2. The vacuum chuck of claim 1, further comprising:
a heater disposed within the body.

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 1-2, wherein the grooves have a depth of between
2.5 - 3.5 mils.

5. The vacuum chuck of any of claims 1-2, wherein the support surface has a surface

roughness of less than or equal to 32 microinches.

6. The vacuum chuck any of claims 1-2, wherein the holes have a diameter of between 20
- 60 mils.

7. The vacuum chuck any of claims 1-2, wherein the holes have a diameter of less than or

equal to 40 mils.

8. The vacuum chuck of any of claims 1-2, wherein the holes have a diameter of less than

9



wherein the plurality of radially extending grooves coupling the
I nnernost and outernost circular grooves are four. 14. The nethod of
claim 13, wherein providing a body further conprises: renoving
pre-existing grooves fromthe body.

a width of the grooves.

9. The vacuum chuck of any of claims 1-2, wherein the plurality of chucking holes are two

chucking holes.

10. The vacuum chuck of any of claims 1-2, wherein the plurality of chucking holes are

symmetrically arranged about a cenfral axis of the vacuum chuck.

11. A substrate process chamber, comprising:
a process chamber; and

a vacuum chuck as described in any of claims 1-2 disposed within the process chamber.

12. The substrate process chamber of claim 11, further comprising:
a vacuum pump coupled fo the chucking holes for establishing and maintaining vacuum

pressure within the grooves during processing of a substrate in the process chamber.

13. 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, wherein the
plurality of axisymmetrically arranged grooves comprise:

an innermost circular groove arranged about a central axis of the vacuum chuck;

an outermost circular groove concentrically arranged about the innermost circular
groove; and

a plurality of radially extending grooves coupling the innermost and outermost
circular grooves; and
forming a plurality chucking holes through the body within non-intersecting portions of the
innermost circular groove,
wherein the plurality of radially extending grooves coupling the innermost and outermost

circular grooves are four.

14. The method of claim 13, wherein providing a body further comprises:

removing pre-existing grooves from the body.
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