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ISOLATED BACKSIDE HELIUM DELIVERY SYSTEM

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to processing
chambers and to backside gas delivery assemblies for use therein.

Description of the Related Art

[0002] In the manufacture of integrated circuits and other electronic devices,
plasma processes are often used for deposition or etching of various material
layers. High frequency power, such as a radio frequency (RF) power, is often
used to generate the plasma, for example inside a process chamber. When RF
power is applied to the substrate support, a direct current (DC) bias is also often
applied to the substrate support to chuck the substrate to the substrate support
during processing. To improve the thermal uniformity and heat transfer between
the substrate support and the substrate during processing an inert gas, such as
helium, is delivered to the backside of the substrate by a backside gas delivery

assembly.

[0003] However, during processing the inert gas flowing through the backside
gas delivery assembly may ionize at various points along the backside gas
delivery assembly due to the proximity of the backside gas delivery assembly to
RF power applied to the substrate support. The ionized inert gas may form
parasitic plasma that propagates throughout the backside delivery gas assembly
and deposits contaminants, such as metals, on the backside surface of the
substrate that are not desired.

[0004] Therefore, there is a need for an improved backside gas delivery

assembly that prevents inert gas from forming parasitic plasma.
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SUMMARY

[0005] In one embodiment, a backside gas delivery assembly is provided.
The backside gas delivery assembly includes a first gas channel disposed in a
stem of a substrate support assembly. The substrate support assembly includes
a substrate support having a second gas channel extending from the first gas
channel. The backside gas delivery assembly further includes a porous plug
disposed within the first gas channel positioned at an interface of the stem and

the substrate support.

[0006] In another embodiment, a backside gas delivery assembly is provided.
The backside gas delivery assembly includes a first gas channel disposed in a
stem of a substrate support assembly. The substrate support assembly includes
a substrate support having a second gas channel extending from the first gas
channel. The backside gas delivery assembly further includes a porous plug
disposed within the first gas channel positioned at an interface of the stem and
the substrate support, a gas source connected to the first gas channel configured
to deliver an inert gas to a backside surface of a substrate disposed on an upper
surface of the substrate support, and a gas tube in the first gas channel
extending to the porous plug positioned at the interface of the stem and the
substrate support.

[0007] In yet another embodiment, a backside gas delivery assembly is
provided. The backside gas delivery assembly includes a first gas channel
disposed in a stem of a substrate support assembly. The substrate support
assembly includes a substrate support having a second gas channel extending
from the first gas channel. The backside gas delivery assembly further includes
a porous plug disposed within the first gas channel positioned at an interface of
the stem and the substrate support, a gas source connected to the first gas
channel configured to deliver an inert gas to a backside surface of a substrate
disposed on an upper surface of the substrate support, and a gas tube
connected to an electrical ground having an inner diameter between about 0.025
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inches and 0.075 inches and an inner surface having a surface finish less than 5
microinches, the gas tube bonded to the first gas channel and extending to the

porous plug positioned at the interface of the stem and the substrate support.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, 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
disclosure and are therefore not to be considered limiting of scope, for the

disclosure may admit to other equally effective embodiments.

[0009] Figure 1A is a schematic cross-sectional view of a plasma processing

chamber according to an embodiment.

[0010] Figure 1B is an enlarged, schematic cross-sectional view of the
substrate support assembly shown in Figure 1A.

[0011] Figure 1C is an enlarged, schematic cross-sectional view of the

backside gas delivery assembly shown in Figure 1B.

[0012] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contemplated that elements and features of one embodiment may be

beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0013] Embodiments described herein provide an improved backside gas
delivery assembly that prevents inert gas from forming parasitic plasma. The
backside gas delivery assembly includes a first gas channel disposed in a stem
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of a substrate support assembly. The substrate support assembly includes a
substrate support having a second gas channel extending from the first gas
channel. The backside gas delivery assembly further includes a porous plug
disposed within the first gas channel positioned at an interface of the stem and
the substrate support, a gas source connected to the first gas channel configured
to deliver an inert gas to a backside surface of a substrate disposed on an upper
surface of the substrate support, and a gas tube in the first gas channel
extending to the porous plug positioned at the interface of the stem and the
substrate support.

[0014] Figure 1A is a schematic cross-sectional view of a plasma processing
plasma processing chamber 100, according to one embodiment, available from
Applied Materials, Inc. located in Santa Clara, Calif. It is to be understood that
the chamber described below is an exemplary chamber and other chambers,
including chambers from other manufacturers, may be used with or modified to

accomplish aspects of the present disclosure.

[0015] The plasma processing chamber 100 includes a chamber body 102, a
substrate support assembly 105, and a gas distribution assembly 104 positioned
opposite the substrate support assembly 105 and defining a process volume 106
therebetween. The gas distribution assembly is configured to distribute gases
uniformly into the process volume 106 of the plasma processing chamber 100 to
facilitate deposition of a film onto, or etching of a film from, a substrate 110
positioned on the substrate support 105. The gas distribution assembly 104
includes a gas inlet passage 117, which delivers gas from a gas flow controller
120 into a gas distribution manifold 118 suspended from a hanger plate 119.
The gas distribution manifold 118 includes a plurality of holes or nozzles (not
shown) through which gaseous mixtures are injected into the process volume
106 during processing. The gas distribution assembly 104 can be connected to

an RF return allow RF energy applied to a substrate support 108 to generate an
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electric field within the process volume 106, which is used to generate the
plasma for processing of the substrate 110.

[0016] The substrate support assembly 105 includes the substrate support
108, a base 115, a stem 114 connecting the base 115 to the substrate support
108, and a drive system 103. The substrate support assembly 105 is disposed
within the interior volume of the plasma processing chamber 100. The substrate
support 108 has an upper surface 109 that supports the substrate 110 and a
lower surface 111 for mounting the stem 114 to the substrate support 108. In
one embodiment, the substrate support 108 is formed from a sintered ceramic
material, such as aluminum nitride (AIN), silicon nitride (SiN), silicon carbide
(SIiC) or the like. The substrate support 108 is movably disposed in the process
volume 106 by the stem 114 that is coupled to the drive system 103 located
external of the chamber body 102. The stem 114 and base 115 are connected to
the drive system 103 and a bellows (not shown) to allow the substrate support

108 to be raised, lowered, and/or rotated.

[0017] Figure 1B is an enlarged, schematic cross-sectional view of the
substrate support assembly 105. In one embodiment, the substrate support
assembly 105 includes an interconnect assembly 130 disposed in the base 115.
The interconnect assembly 130 couples a RF circuit 170 and a DC circuit 175
with an electrode 112 disposed within the substrate support 108. In one
embodiment, the electrode 112 comprises a conductive mesh, such as a
tungsten-, copper-, or molybdenum-containing conductive mesh.

[0018] The RF circuit 170 is electrically coupled to the electrode 112 by a
conductive rod 122. The RF circuit 170 is configured to generate an electric field
in the process volume 106 to create the plasma within the process volume 106
(shown in Figure 1A) to process the substrate 110. The electric field is
generated between the electrode 112 in the substrate support 108 and the gas
distribution assembly 104 (shown in Figure 1A), which is connected to an

electrical ground. The RF circuit 170 includes a RF power source 171 and a
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match circuit 172 coupled between the RF power source 171 and the electrode
112 to facilitate application of RF power to the electrode 112.

[0019] The DC circuit 175 is electrically coupled to the electrode 112 by the
conductive rod 122. The DC circuit 175 can be used to electrostatically chuck
the substrate 110 to the substrate support 108 during processing. The DC circuit
175 can include a DC power source 176 and a RF filter 177 coupled between the
DC power source 176 and the electrode 112. The RF filter 177 can be used to
protect the DC power source 176 from the high frequency power from the RF
circuit 170. The DC power source 176 can be configured to generate a positive
or negative DC voltage. A heating circuit 160 is electrically coupled a heating
element 150 by a conductive rod 155. The heating circuit 160 further includes a
RF filter 166 coupled between the heating power source 165 and the heating
element 150. The RF filter 166 is used to protect the heating power source 165

from the high frequency power from the RF circuit 170.

[0020] The substrate support assembly 105 further includes a backside gas
delivery assembly 116 to provide an inert gas, such as helium, to the backside of
the substrate 110. The inert gas can be used to improve the thermal uniformity
and heat transfer between the substrate support 108 and the substrate 110
during processing. The backside gas delivery assembly 116 includes a first gas
channel 126 connected to a gas source 124. The first gas channel 126 extends
through a RF gasket 132, the interconnect assembly 130, and the stem 114. A
second gas channel 136 which is disposed in the substrate support 108 extends
from the first gas channel 126 forming a continuous gas channel. The second
gas channel 136 is utilized to provide the inert gas to the backside surface of the
substrate 110. The RF gasket 132 coupled to the first gas channel 126 protects
the inert gas inside the first gas channel 126 from ionizing and forming a parasitic
plasma due to the presence of RF power. In some examples, the RF gasket 132

may be connected to an electrical ground.

[0021] The backside gas delivery assembly 116 further includes a porous plug
134 which is positioned at an interface of the stem 114 and the lower surface 111
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of the substrate support 108. The porous plug 134 is disposed within the first
gas channel 126. The porous plug 134 has an outer diameter that is
approximately the same as the inner diameter of the first gas channel 126 to form
an interference fit therebetween. The porous plug 134, formed from a low-
density sintered ceramic material, has passages that allow the inert gas to flow
through the second gas channel 136 extending from the first gas channel. The
porous plug may include aluminium oxide (Alz:O3) and/or aluminium nitride (AIN)
containing materials. The porous plug 134 prevents the inert gas inside the first
gas channel 126 from ionizing due to the presence of RF power, and thus
prevents the formation of a parasitic plasma within the second gas channel 136,
for example, by preventing propagating of plasma down the first gas channel
126. A parasitic plasma will only propagate into a space if there is a viable
amount of cross-sectional area to allow the parasitic plasma to propagate. The
effective cross sections of passageways in the porous plug 134 have cross-
sectional areas that prevent ionized inert gas from prorogating through the
porous plug 134. The formation of parasitic plasma beneath the substrate 110
may result in the generation of particle contamination, which may deposit on the
back side of the substrate 110 and adversely affect final device performance
Thus, reduction of backside parasitic plasma is advantageous.

[0022] Furthermore, in addition to reducing parasitic plasma, the porous plug
134 further reduces particle contamination by being spaced from (e.g., being in a
non-contact configuration with) the substrate 110. Conventional substrate
supports formed from sintered ceramic materials have non-uniform compositions.
Thus, porous plugs disposed in conventional substrate supports could be
displaced due to weak bonds and different ratios of thermal expansion resulting
from the non-uniform compositions. Thus, use of a plug, such as the ceramic
porous plug 134 disclosed herein, would result in particle contamination if
positioned at the distal end of the second gas channel 136 within the substrate
support 108, due to expansion/contraction of substrate support 108 relative to the
plug. However, the ceramic porous plug 134 of the present disclosure is
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positioned within the stem 114, which is formed of aluminum or an aluminum
alloy, generally having a more uniform composition, and is less subject to particle
generation due to relative movement between the porous plug 134 and the stem
114.

[0023] Figure 1C is an enlarged, schematic cross-sectional view of the
backside gas delivery assembly 116. The backside gas delivery assembly 116
further includes a gas tube 140 extending to the porous plug 134 which is
positioned at the interface of the stem 114 and the lower surface 111 of the
substrate support 108. The gas tube 140 is bonded to an inner surface 127 of
the first gas channel 126. In one embodiment, the gas tube 140 has a first end
142 bonded to a first portion 138 of the first gas channel 126 positioned before
(e.g., fluidly upstream) the RF gasket 132 and a second end 144 bonded to the
porous plug 134. The gas tube 140 may be welded to the first portion 138 of the
first gas channel 126 positioned before the RF gasket 132. The gas tube 140
may be connected to an electrical ground to protect inert gas inside the gas tube
140 from ionizing due to the presence of RF power during operation due to the
proximity of the backside gas delivery assembly 116 to the RF power and
circuitry in the substrate support assembly 105. The porous plug 134 further
prevents a formation of the parasitic plasma from propagating down a space 128
between the gas tube 140 and the first gas channel 126 in a second portion 146

of the first gas channel 126.

[0024] In one embodiment, the gas tube 140 has inner diameter 148 that is
narrow to allow the inert gas to flow through the gas tube 140 while preventing
inert gas inside the gas tube 140 from ionizing due to the presence of RF power.
In one embodiment, the inner diameter 148 is between about 0.025 inches and
0.075 inches. In another embodiment, the gas tube 140 is formed from
electroformed nickel such that the inner surface 152 of gas tube 140 has a
surface finish less than 5 microinches (uin). The surface finish of less than 5 pin

allows the inert gas to be delivered without trace amounts of contaminants
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depositing on internal surface of the tube, and subsequently flaking off and
contaminating substrates. Also, the electroformed nickel is extremely resistant to
temperature and corrosive breakdown that may occur during operation over time,
thereby reducing the likelihood of particle generation.

[0025] In one example, an improved backside gas delivery assembly that
prevents inert gas from forming parasitic plasma that deposits metals or other
contaminants on the backside surface of the substrate is described herein. The
porous plug which is positioned at the interface of the stem and the lower surface
of the substrate support coupled to the second gas channel, allows for a
substrate support formed from a sintered ceramic material to be utilized.
Additionally, the porous plug prevents inert gas from ionizing and propagating up
the second gas channel disposed in the substrate support or down the first gas
channel of the gas delivery assembly. The gas tube connected to an electrical
ground prevents inert gas inside the gas tube from ionizing and the porous plug
bonded to the gas tube further prevents parasitic plasma from propagating down
a space between the gas tube and the first gas channel. The gas tube has inner
diameter that is narrow to allow the inert gas to flow through the gas tube while
preventing inert gas inside the gas tube from ionizing. The gas tube formed from
electroformed nickel having the surface finish of less than 5 microinches (pin)
allows the inert gas to be delivered without trace amounts of contaminants
depositing on internal surface of the tube, and subsequently flaking off and
contaminating substrates.

[0026] While the foregoing is directed to embodiments of the present
disclosure, other and further embodiments of the disclosure may be devised
without departing from the basic scope thereof, and the scope thereof is
determined by the claims that follow.



