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203{2? lr ieb oY, Ing%ﬁ%r riqrégrggoggtrieg%.e., integrated circuit d%mgn rules)

have decreased dramatically in size since integrated circuit (IC) devices were

first introduced several decades ago. ICs have generally followed “Moore’s
Law,” which means that the number of devices fabricated on a single integrated
circuit chip doubles every two years. Today’s IC fabrication facilities are

25 routinely producing 65 nm (0.065 um) feature size devices, and future fabs will
soon be producing devices having even smaller feature sizes.

As IC design rules shrink, an increasing trend in semiconductor
manufacturing is utilizing single-wafer processing for a variety of fabrication
steps, including plasma etching and deposition chambers. Single-wafer reactors

30 must be designed to unobtrusively secure the wafer (or other substrate-type)
during processing, while controlling both temperature and temperature
uniformity across the wafer.

Mechanical wafer clamps which engage a portion of front surfaces of the
wafer where processing is to be performed potentially create process uniformity

35  problems by interfering with gas flow, altering plasma distribution, and acting as
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bond | ayer ,103 ater 105,  heater plate 107, and
cerogﬁit?xﬁ%ﬂﬁgﬁﬁgfanﬂ?d@a%rsé@ﬁ%t ected from direct
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caustic chem cals by an edge bondi ng seal 113. The
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exanl o et b FEs LY (SPPBaTy PR aLadIsars Hers
ThemgrlgRat@RGhnAica]ak., dddrptodt &Y. ThEheater 105 is frequently
comprised of metallic resistance elements encapsulated in a polyimide while the
heater plate 107 is typically fabricated from aluminum. A ceramic-filled (e.g.,
alumina (AL, O3)) silicone material is commonly employed for the ceramic bond
layer 109. The ceramic top piece 111 is commonly fabricated from alumina.
The edge bonding seal 113 may be comprised of, for example, epoxy,
silicone, or polyimide based polymers. The edge bonding seal 113 protects the
heater 105, the heater plate 107, and the heater 103 and ceramic 109 bonding
layers from plasma erosion. However, the edge bonding seal 113, as noted
above, is exposed to the plasma and erosion from both chemical reactions and

ion bombardment can occur. In addition to the erosion effects, damage caused
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electrostatic chuck. The edge bonding seal includes an electrical monitoring

layer comprised of a first material configured to change in resistivity based upon
exposure to the plasma environment and an edge bonding layer configured to be
interspersed at least between the monitoring layer and the plasma environment.
The edge bonding layer is comprised of an electrically non-conductive material
susceptible to erosion due to reaction with the plasma environment and
configured to expose the monitoring layer to the plasma environment upon
sufficient exposure to the plasma environment.

In another exemplary embodiment, a device to monitor wear of an

electrostatic chuck for use in a plasma environment is disclosed. The device
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BRIEF DESCRIPTION OF THE DRAWINGS

The appended drawings merely illustrate exemplary embodiments of the
present invention and must not be considered as limiting its scope.

Fig. 1 is a cross-sectional view of a portion of a prior art electrostatic
chuck.

Fig. 2 is a cross-sectional view of an electrostatic chuck having an edge
bonding seal incorporating an indicator mechanism in accord with an exemplary

embodiment of the present invention.



The appended drawings nerely illustrate exenplary
enbodi nents of the present invention and nust not be
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plasma to ground is monitored through a conducting or semiconducting
circumferential layer and a base of the ESC.

25 With reference to Fig. 2, a portion of an exemplary ESC structure 200
includes an edge bonding layer 201 and an optical monitoring layer 203. The
edge bonding layer 201 and optical monitoring layer 203 may be used with
any standard ESC structure, thus replacing the edge bonding seal 113 (Fig. 1).

The optical monitoring layer 203 is placed in the edge bead of the

30 exemplary ESC structure 200 and sandwiched by bonding materials in the
edge bonding layer 201. Relative and absolute radial positioning, as shown in
Fig. 2, is determined according to bonding layer design and materials
properties. Such design criteria are known to one of skill in the art for a given

set of materials.
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In a specific exemplary embodiment, the optical monitoring layer 203
is formed from of polymeric or elastomeric materials containing P or S. These
particular materials, among others, have good mechanical properties in terms
of modulus of elasticity, coefficient of thermal expansion, and bonding
strength. Some appropriate phosphorus containing polymers may be
polyphosphazenes including, for example, poly(dichlorophosphazene) and
poly(bis(phenoxy)phosphazene) . These polymers are soluble in common
organic solvents and can easily be made into films that may be applied as a

sandwiched monitoring belt.
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an alternative or a supplemental monitoring procedure to optical measurements.

In Fig. 4, a portion of an alternative exemplary ESC structure 400

includes an edge bonding layer 401 and an electrical monitoring layer 403. In
this embodiment, the edge bonding layer 401 is either electrically non-
conductive or has low electrical conductivity. The electrical monitoring layer
403 forms an open circle, and its electrical resistance is measured by, for
example, an ohmmeter 405. A skilled artisan will recognize that the ohmmeter
405 may be replaced by a Kelvin sensing device, a four-point probe, or other
type of device known in the art for measuring a change in resistance or

conductivity.
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25  materials, usually composed of aromatic rings, include, but are not limited to,

polyacetylene, polyparaphenylene, polypyrrole, polyaniline,
polyperinaphthalene, and poly(phenylenesuldephenyleneamine) (PPSA).
In a further exemplary embodiment (not shown), an alternative electrical
monitoring approach uses a sandwiched conductive layer similar to that of Fig.
30 4 inthe edge bead material stack. Thé conductive layer is electrically
contacting the ESC baseplate (as an example, the base plate is formed from
aluminum). Direct current conducted from the plasma through the base plate (at

a controlled voltage relative to plasma or ground) may be monitored over time.
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exeptithPandt ecttichl ﬁ{b@nt@ﬁn§ grhb&dlhfénﬂsré@e shown separately, they may
be combined as well to operate in a variety of different etch and deposition
environments.

Moreover, the term semiconductor should be construed throughout the
description to include data storage, flat panel display, as well as allied or other
industries. These and various other embodiments are all within a scope of the
present invention. The specification and drawings are, accordingly, to be

regarded in an illustrative rather than a restrictive sense.
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el ectrostatic chuck, the edge bondi ng seal including
an,opti cal .nonitori.n ayer conprised of first .
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configured to be interspersed at |east between the
optical nonitoring |layer and the plasma environnent,

h d ' I | 1. sed. of d .
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t heolplileshemials winreposednd tieyMsnglsn® doh@e@xpose t he
optical nonitoring layer to the plasna environnment

upon sufficient exposure to the plasma environnment. 2.
Th@.. devTﬁ@d 'ce%f%'lamnjs \f&fﬁérgf?le[fle @ e'cﬁ%ﬁ%aﬁ%?fﬁé &%I-:cted by
noni toring device arranged to detect e emtted
spacopsal enissivhepajios@aly spemt ori ng | ayer. 3. The
device of claim1l wherein the first material is
configured to em t

5. The device of claim 1 wherein the first material is at least partially

comprised of a phosphorus-containing molecule.

6. The device of claim 1 wherein the first material is a polyphosphazene-
containing polymer.
7. The device of claim 1 wherein the first material is at least partially

comprised of a sulfur-containing molecule.

8. The device of claim 1 wherein the first material is configured to change

in optical reflectivity when exposed to the plasma environment.
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vol atil e chem cal s when exposed to the plasma
environment. 4. The device of claim3 wherein the
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8. e’?ﬁléc"aﬁ?ﬂ'ce of claim1l wherein the first material is

configured to change in optical reflectivity when

exposed to the plasma environnment.9. The device of
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de F¥RSUBTto dheplasmperionment. conpri si ng an el ectri cal
nonitoring device coupled to the electrical nonitoring

| ayer. 12. The device of claim 10 wherein the first
matlér i alThe devdccofdaiat 10/ irthet 3oMprisingdan lEricle vich@odhg

claim210 further conprising interspersing a portion of
t hdevice coqued to the elecqplcal mon?toring layerp J P

12. The device of claim 10 wherein the first material is a conductive

polymer.

13. The device of claim 10 further comprising interspersing a portion of the
edge bonding layer between the edge bead of the electrostatic chuck and the

electrical monitoring layer.
14. The device of claim 10 wherein a combined resistance value of the

electrical monitoring layer and the electrostatic chuck is configured to change

based upon exposure to the plasma environment.
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edge bondi ng | ayer between the edge bead of the
el ectrostatic chuck and the electrical nonitoring

wo 20001433301, The device of claim 10 wherein a cROOUS®A/044847
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the nonitoring |ayer. 20. The device of claim16
wherein a conbi ned resi stance val ue of the nonitoring

| ay@r amtle dbeicebLelbi0$6 airther %Mﬁﬂism$a1€éleét'ﬁ@&lﬁﬁﬁ1i€oﬁng
change based upon exposure to the plasma
endFYiehRRmRiedte thermendeinglayest ¢l ai m 16 furt her
conprising a current neasuring device

18. The device of claim 16 wherein the first material is a conductive

polymer.

19.  The device of claim 16 further comprising interspersing a portion of the
edge bonding layer between the edge bead of the electrostatic chuck and the

monitoring layer.
20. The device of claim 16 wherein a combined resistance value of the

monitoring layer and the electrostatic chuck is configured to change based upon

exposure to the plasma environment.
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configured to neasure a difference in direct current
conducted fromthe plasm to a base plate of the

webk®@etsst ati ¢ chuck. 22. The device of cl ai mRGI/US2009/044847
further conprising an optical nonitoring device

arrangeqd to detect th mtted species fromthe, _
morilt or i 1H§ de¥se i clomn 1 Firtlich 6eMmpiosipgA cpBFAt measuring device

) S5 e g ARl o

edde abasedilatg of 8wl elentrostatiocingkan opti cal nonitoring
layer in proximty to the edge bead; neasuring a
baseline | evel of volatile species present near the
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electrostatic chuck using an optical system;

using the optical system to detect volatile species emitted from the
optical monitoring layer; and

continuing to detect emitted volatile species to evaluate a level of erosion

of the optical monitoring layer.

24. A method to monitor plasma-induced erosion near an edge bead of an
electrostatic chuck, the method comprising:

placing an edge bonding seal containing an electrical monitoring layer in
proximity to the edge bead;

measuring a baseline level of electrical resistance of the electrical
monitoring layer; and

continuing to measure differences in resistance to evaluate level of

crosion of the electrical monitoring layer.

13



