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MAGNETIC-MATERIAL SHIELD ARCUND PLASMA
CHAMBERS NEAR PEDESTAL

BACKGROUND
Field

[G001] Embodiments of the present disclosure generally relate {o
semiconductor  processing eguipment, and more specifically to a high
permeability magnetic-material shield placed around a plasma chamber
encapsulating a processing region near a substrate support disposead within the

plasma chamber for adjusting plasma density profile in the processing region.
Description of the Related Art

{0002} In low-pressure plasma processing of a substrate, such as plasma
enhanced chemical vapor deposition (PECVD), assemblies of permanent
magnets are used to control plasma density profile and enhance average plasma
densily through confinement of the plasma in a plasma chamber, leading to
enhancement of uniformity of deposition and dsposition rate of materials.
Conventionally, the assemblies of permanent magnets are housad within & shield
at a fixed position to shieid the magnetic field generated within the chamber from
sensitive squipment or an adiacent chamber exterior {0 the chamber. Howeaver,
the magnetic field generated by the assemblies of permanent magnets disposed
at a fixed position may not be well adjusted, and thus the plasma density profile
may not be adiusied for even more enhanced uniformity of deposition and

deposition rate of materials.

[0003] Thus, there is a need for an improved system that allows adjustmeant
of the magnetic field profile In & processing region of a plasma chamber while
preventing the magnetic field within the chamber from leaking cutside of the

chiamber to avoid interaction with an adjacent chamber.
SUNMMARY

[0004] Embodiments of the present disclosure provide a plasma chamber.
The plasma chamber includes a chamber body having a8 processing region

therewithin, a liner disposed on the chamber body, the liner surrounding the
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processing region, a substrate support disposed within the liner, a magnet
assembiy comprising a plurality of magnets disposed around the liner, and a
magnetic-material shield disposed around the liner, the magnetic-material shield

encapsulating the processing region near the substrate support.

[{0005] Embodiments of the present discliosure also provide a shield for use in
a plasma chamber. The shield includas a high permaability magnetic material
having a relative permeability of 50,000 or more. The high permeability magnstic
material is configured to be positionad arcund a liner disposed within a chamber
body of a plasma chamber, and the high permeability magnetic material is

configured to encapsulate a processing region of the plasma chamber.

[0006] Embodiments of the present disciosure further provide a process
chamber. The process chamber includes a lid assembly, & chamber body
coupled to the lid assembly by a spacer, the spacer and the chamber body
defining a processing region, a rotatable magnet assembly coupled to the spacer
outside of the processing region, a substrate support disposed and movable
within the processing region. The substrate support is coupled to an actuator
cordfigured to raise and lower the subsirate support, and a magnstic-material
shield disposed around the spacer, the magnetic-matarial shisld encapsulating

the processing region near the substrate support.

BRIEF DESCRIPTION OF THE DRAWINGS

{0007} So that the manner in which the above recited features of the present
disclosure can be understood in detall, @ more particular description of the
disclosure, briefly summarized above, can be had by reference to embodiments,
some of which are illustrated in the appended drawings. H is to be noted,
however, that the appended drawings illustrate only typical embodiments of this
disclosure and are thersfore not {0 be considered limiting of its scope, for the

disclosure can admit to other equally effective embodiments.

[0608] Figures 1A and 1B are schemalic cross-sectional views of an

dlustrative processing chamber according to an embodiment.

[0009] Figures 2A and 2B are an isometric view and a top view of a chamber

body according to an embodiment
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106101 To faciiitate understanding, idantical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is contempiated that elemants and features of one embodiment may be

beneficially incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0011] Embodiments of the present disclosure generally relate io
semiconductor processing  equipment, and more spacifically o a high
permeability magnetic-material shield placed around a plasma chamber
encapsulating a processing region near a subsirate support disposed within the
plasma chamber. In low-pressure plasma processing of a substrate, such as
plasma enhanced chemical vapor deposition (PECVD), assemblies of permanent
magnets housed on a chamber body are used to control the plasma density
profile and enhance the average plasma density through confinement of the
plasma in the plasma chamber, leading o enhancement of the uniformily of
deposition and the deposition rate of materials. The embodiments described
hergin provide a magnetic-material shield placed around a plasma chamber
encapsulating a processing region near a substraie support disposed within the
plasma chambaear, which can adjust the magnetic fisld profile, and thus the plasma
density profile, in the processing region to achieve enhanced uniformity of

deposition and deposition rate of materials.

10612 Figures 1A and 1B are schematic cross-sectional views of an

fllustrative processing chamber 100 suitable for conducting & deposition process.

[¢013] The processing chamber 100 includes a lid assembly 102, a spacer
104 disposed on a chamber body 108, and a substrate support 108, The lid
assembly 102 includes a face plate 110 and a heat exchanger 112. The chamber

body 106 is coupled o the lid assembly 102 by the spacer 104

{0014} The lid assembly 102 is coupled {0 a processing gas source 114, The

processing gas scurce 114 contains precursor gases for forming films on a

substrate W supportad on the substrate support 108, The processing gas source

114 provides precursor gases o a plenum 116 disposed in the lid assembly 102

The lid assembly 102 includaes one or more channels for directing precursor
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gases from the processing gas source 114 into the plenum 1186, From the plenum
116, the precursor gases flow into a processing region 118, In some
embodiments, ancther processing gas source (not shown) is fluidly coupled to
the processing region 118 via an inlet (not shown) disposed through the spacer
104,

[0015] The lid assembly 102 is also coupled to an optional remote plasma
source 120. The remote plasma source 120 is coupled {0 a cleaning gas source
122 for providing cleaning gases to the processing region 118 formed inside the
spacer 104 between the lid assembly 102 and the substrate W In one example,
cleaning gases are provided through a central conduit 124 formed axially through
the lid assembly 102, In another example, cleaning gases are provided through
the same channels which direct precursor gases. Example cleaning gases
include oxygen-containing gases such as oxygen and/or ozone, as well flucrine

containing gases such as NFa, or combinations thereof.

[0616] In addition t¢ or as an aiternative to the remote plasma source 120, the
lid assembly 102 is also coupled to a first radic frequency (RF) power source 126,
The first RF power source 126 facilitates maintenance or generation of plasma,
such as a plasma genearated from a cleaning gas. In one example, the remote
plasma source 120 is omitted, and the cleaning gas is ionized info a plasma in
situ via the first RF power source 126, The substrate support 108 is coupled to
a second RF power source 128, The first RF power source 126 may be a high
frequency RF power source (for example, about 13.56 MHz to about 120 MHz)
and the second RF power source 128 may be a low frequency RF power source
{for example, about 2 MHz {c about 13.56 MHz). it is to be noted that other
frequencies are also contemplated. In some implemeantations, the second RF
power source 128 is a mixed frequency RF power source, providing both high
frequency and low frequency power. Utilization of a dual frequency RF power
source, particularly for the second RF power source 128, improves film
deposition. In one example, utilizing the second RF power source 128 provides
dual frequency powers. A first frequency of about 2 MHz to about 13.56 MHz

improves implantation of species into the deposited film, while a second
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frequency of about 13.56 MHz o about 120 MHz increases ionization and

deposition rate of the film.

[0017] One or both of the first RF power source 126 and the second RF power
source 128 are utilized in creating or maintaining a plasma in the processing
region 118. Forexample, the second RF power source 128 may be utilized during
a deposition process and the first RF power source 126 may be utilized during a
cleaning process (alone or in conjunclion with the remote plasma source 120}, In
some deposition processes, the first RF power source 126 is used in conjunction
with the second RF power source 128. During a deposition or etch process, one
or both of the first RF power source 126 and the second RF power source 128
provide a power of about 100 Watts (W) to about 20,000 W in the processing
region 118 to facilitation ionization of a precursor gas. In some embodiments, at
least one of the first RF power source 126 and the second RF powear source 128

are pulsed.

[0018] The substrate support 108 is coupled to an actuator (not shown) that
provides movement thereof in the Z direction. The substrate support 108 is also
coupled fo a facilities cable 130 that is flexible which allows vertical movement of
the substrate support 108 while maintaining communication with the second RF
power source 128 as well as other power and fluid connections. The spacer 104
is disposed on the chamber body 106, A height of the spacer 104 allows
movement of the subsirate support 108 vertically within the processing region
118. The height of the spacer 104 is between about 0.5 inches and about 20
inches. In one example, the subsirate support 108 is movable from a first
distance 132A (shown in Figure 1A) {0 a second distance 1328 {(shown in Figure
18) relative to the lid assembly 102, In one embodiment, the second distance
1328 is about 2/3 of the first distance 132A. For exampie, the difference beiween
the first distance 1324 and the second distance is about & inches to about &

inches.

10019} The processing chamber 100 also includes a substrate transfer port
134. The substrate transfer port 134 is selectively sealed by a door 1368, The

door 136 facilitates vacuum sealing of the processing region 118. The door 136
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also provides symmetrical RF application and/or plasma symmelry within the
processing region 118, In one example, the door 136 is formed of a material that
facilitates conductance of RF power, such as stainless steel, aluminum, or alloys

thereof.

[0020] The spacer 104 inciudes a liner 138 that surrcunds the processing
region 118, In some embodiments, the spacer 104 and the liner 138 made of a
single member. The liner 138 may be bonded (e g, diffusion bonded) to the

spacer 104

[oo21} The spacer 104 also includes a plurality of healer slements 140
embedded in or in thermal communication with the body of the spacer 104, The
heater elements 140 are ulilized {o maintain the temperature of the spacer 104
at about 80 degress Celsius, or greater. Each of the heater elements 140 may

be cartridge heaters.

{0022 The liner 138 includes an interior surface 142 o be exposed (o the
processing region 118, In some embodiments, the interior surface 142 may
include one or more materials including aluminum, fitanium, or alloys thereof.
The interior surface 142 of the liner 138 may be coated with one or more of the
aluminum, titanium, or alloys thereof. In some embodiments, the interior surface
142 may include one or more ceramic containing materials. In one example, the
liner 138 extends from the lid assembly 102, past the substrate support 108, and
adjacent a bottom of the processing chamber 100, In such an example, the liner
138 may not contact the bottom of the processing chamber 100, but is instead

spaced apart therefrom.

{0023} The spacer 104 also includes 2 magnet assembly 146, The magnat
assembly 146 may include a plurality of magnets 148 disposed around the liner
138. The magnets 148 are coupled to an actuator (not shown} and rotated about
a longitudinal axis 150 of the processing chamber 100, The magnets 148 may
be adapted to be moved vertically (in the Z direction) along the longitudinal axis
150. Each of the magnets 148 may be permanent magnets, or electromagnets,
or a combination thereof of any shape. In some embodiments, the plurality of

magnets 148 is arranged in a circle about the spacer 104. The plurality of
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magnets 148 are arranged into two semi-circles. Each of the magnsts 148
{indicated as 148a in Figures 2A and 2B) in a first semi-circle is oriented with the
North pole facing the substrate support 108 (substantially parallel o the
longitudinal axis 150). Each of the magnets 148 (indicaled as 148b in Figures 2A
and 2B) in a second semi-circle are oriented with the South pole facing the

substrate support 108 (substantially parallel to the longitudinal axis 150).

[0024] The magnet assembly 148 aids in plasma confinement andfor tuning
in the processing region 118. The magnst assembly 146 also forms a resonance
cavity 170 within the processing region 118 during a deposition process. The
resonance cavilty 170 provides a magnetic flux that extends the plasma sheath

vertically downward (Z direction) towards a substrate W,

[0025] The magnet assembly 148 provides a magnetic field in an X/Y plane
as well as in the Z direction. The magnet assembly 146 also allows tuning of the
plasma within the processing region 118 andfor the resonance cavity 170, Eddy
currents in the plasma may be monitored to provide a metric for adjusting one or
both of the position of the magnets 148 and the rotation speed of the magnets
148, Additionally or allernatively, metrology of films previously deposited on a
substrate W may be performed, and the results utilized to vary positions and/or
rotation speed of the magnets 148, Thus, the resonance cavity 170 and the

magnet assembly 148 provide better film uniformity on a substrate.

[0026] Each of the magnets 148 are positionad within a cavity 152 formed in
a sleeve 154 of the spacer 104, In one example, the magnets 148 are positioned
below the heater slements 140. The materials and the thicknass of the sleeve
154 provide for confinement of the magnstic fields generated by the magnets 148
to the processing region 118 by controlling the magnetic permeability of the
sleeve 154, Confinement of the magnetic fields to the processing region 118
mitigates influence of the magnetic fields on nearby processing regions of
adjacent procass chambers, thus improving pracess uniformity. A controller 156
coupled to the processing chamber 100 and the magnet assembly 146 is
configured o control aspects of the processing chamber 100 and magnet

assembly 146 during processing.
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[0027] The processing chamber 100 further includes a cathode assembly 158,
which includes the substrate support 108. The cathode assembly 158 is coupled
to an actuator 160 that moves the cathode assembly 158 vertically in the £
directionn. The ability 1o adjust the position of the cathode assembly 158 for

deposition processes allows an optimum film guality to be achievad.

[10628] The cathode assembly 158 also includes a facilities interface 162, The
facilities interface 162 provides connections for RF power as well as other
electrical and fluid connections. The facilities interface 162 is coupled {o the
substrate support 108 via the facilities cable 130. Other connections include a
power source 164, a coolant source 166 and a gas supply 168, The power source
164 is utilized to power an electrostatic chuck 144 that is part of the substrate
support 108. The power source 164 may be & DC power source. De-chucking
is facilitated by the controller 156 that drains the electrostatic chuck 144, In
addition, the facilities cable 130 is coupled to the second RF power source 128,
optionally through a maiching network, to facilitate operations within the
processing chamber 100, In one example, the facilities cable 130 facilities

transfer of RF power during PECVD process.

[0029] Figuras 2A and 2B are an isometric view and a top view of the chamber
body 106. In embodiments described herein, the spacer 104 includes a
magnetic-material shield {referred to simply as “shield” herainafter) 200 disposed
around the liner 138, encapsulating the processing region 118 near the substrate

support 108,

[0030] The shigid 200 is formed of high permeability magnetic material having
a relative permeability (/.e., relative permeability relative to free space) of 50,000
ar more, such as between about 80,000 and about 100,000, The shield 200 not
only attenuates magnetic field strength near the liner 138, thus preventing
excessive deposition or etching on walls of the chamber body 1086, but also
provides additional tunability for the magnetic field profile (thus, the plasma
density profile} in the processing region 118, The magnetic field profile in the

processing region 118 may be adjusted by, for example, a location of the shisld
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200 relative to the procassing region 118 as well as material, size, and/or shape
of the shield 200.

[0031] Suitable high permeability magnetic materials that provides high
sensitivity 1o the adjustment of the magnetic fisld profile in the processing ragion
118 include one or more of nickel, iron, copper, chromium, molybdenum, or
silicon. Examplas of such high permeability magnetic materials include nicksl

molybdenum alioy (e.g., HyMu 80®) and nickel-ion alloy (e.g., MUMETAL®).

[0032] The shield 200 may be of a cviindrical shape exiending in the £
direction. In some smbodimeants, the shisld 200 has a non-cyiindrical shaped
cross-section, such as a polygon shape. The shield 200 may have a length in
the Z direction of betwean about 2 inches and about 10 inches. The shieid 200
may be placed at a fixed position at a distance from the magnet assembly 146
including the plurality of magnets 148 in the £ direction. The position of the shield
200 may be fixed, or may be movable {0 provide further tunability for the plasma

density profile in the processing region.

0633 The shield 200 may be coated with a non-reactive material, such as
aluminum, aluminum oxide, silicon dioxide, or polytetrafiuoroethylene (PTFE), to
prevent contamination by precursor gases or cleaning gasses in the proceassing
chamber 100.

[06034] In the embodiments described herein, a magnetic-material shield that
is disposed around a chamber body, encapsulating the processing region near a
substrate support disposed within the chamber body is described. The use of a
magnetic-material shield reduces the magnetic field near inner walls of the
chamber body, and thus pravents excessive deposition or eltching on the inner
walls of the chamber body. The use of a magnetic-material shield attenuates the
magnetic fields penetrating outside the chamber body, and thus prevents
interaction with any adjacently placed chambers and ensures safety of users
nearby. The ability of changing positions of the magnetic-material shield provides
additional tunability of magnetic field profile, and plasma density profile, within the

Orocessing region.
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[0035] While the foregoing is directed to embodiments of the present
disclosure, other and further embodiments of the disclosure can be devised
without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.
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What Is Claimed is:

1. A plasma chamber, comprising:

a chamber body having a processing region therewithin;

a liner disposed on the chamber body, the liner surrcunding the processing
region;

a substrate support disposed within the liner;

a magnet assambly comprising a plurality of magnsts disposed around the
liner; and

a magnetic-material shisld disposed around the liner, the magnstic-

material shield encapsulating the processing region near the substrate support.

2. The plasma chamber of claim 1, wherein the magnetic-material shisld
comprises high permeability magnetic material having a relative permeability of

50,000 or more.

3. The plasma chamber of claim 2, wherein the high permeability magnetic

material comprises nickel molybdenum alloy.

4, The plasma chamber of claim 1, further comprising:
a sleeve formed around the magnet assembly to confine magnetic fislds

generated the plurality of magnets to the processing region.

5. The plasma chamber of claim 1, whergin the magnetic-material shield is

of a cylindrical shape extending in a direction of the length of the chamber body.

G. The plasma chamber of claim 5, wherein the magnetic-material shisld has
a length of batween 2 inches and 10 inchas in the direction of the length of the
chamber body.

7. The plasma chamber of claim 5, wherein the magnetic-material shield is
positioned at a distance from the magnst assembly in the direction of the length

of the chamber body.
11
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8. A shield for use in a plasma chamber, comprising:

a high permeability magnetic material having a relative permeability of
50,000 or more, wherein

the high permeability magnetic material is configured to be positioned
around a liner disposed within a chamber body of a plasma chamber, and

the high permeability magnetic material is configured to encapsulate a

processing region of the plasma chamber.

g, The shisld of claim 8, wherain the high permeability magnetic material

comprises nickel molybdenum alloy.

10, The shield of claim 8, wherein the high permeability magnetic material is

shaped cylindrical, extending in a direction of the length of the chamber body.

11.  The shield of claim 10, wherein the high permeability magnstic material is
shaped to have a length of betwaen 2 inches and 10 inches in the direction of the

length of the chamber body.

12.  The plasma chamber of claim 10, wherein the high permeability magnetic
material is positioned at a distance from a magnet assembly disposed around the

liner in the direction of the length of the chamber body.

13, Aprocess chamber, comprising:

a lid assembly;

a chamber body coupled to the lid assembly by a spacer, the spacer and
the chamber body defining a processing region,

a rotatable magnet assembly coupled to the spacer outside of the
processing region,

a substrate support disposed and movable within the processing region,
wherein the substrate support is coupled {o an actuator configured to raise and

lower the substrate support; and
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a magnstic-material shield disposed around the spacer, the magnstic-

material shield encapsulating the processing region near the substrate support.

14.  The process chamber of claim 13, wherein the lid assembly compriseas a

heat exchanger.

15, The process chamber of claim 13, whersin the spacer comprises a plurality

of haater elements.

16.  The process chamber of claim 13, whergin the spacer comprises a liner

surrounding the processing region.

17.  The process chamber of claim 13, wherein the rotatable magnet assembly

comprises a plurality of magnsts.

18.  The process chamber of claim 13, wherein the magnetic-material shield
comprises high permeability magnetic material having a relative permeability of
50,000 or more.

19.  The process chamber of claim 13, wherein the magnetic-material shield
has a length of between 2 inches and 10 inches in a direction of the length of the

chamber body.
20.  The process chamber of claim 13, wharein the magnetic-material shield is

positioned at a distance from the rotatable magnet assembly in a direction of the

length of the chamber body.
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