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[ not ] Enbodi nents of the present invention generally relate to an
apparatus and nethod for depositing or renoving materials on a
substrate. Modre particularly, enbodi nents of the present invention
relate to an apparatus and nethod for controlling the intensity
and/or distribution of a plasma di scharge in a plasnma chanber.
Description of the Related Art [0002] Pl asma enhanced processes, such
as pl asma enhanc FUNABRLE GROUMNDOPLANESIN PLABMACEMNMBERSCesses, high
density plasnma chem cal vapor deposition (HDPCVD) processes, plasm

I rmersion ion inplantation processes, and plasnma etch processes, have
becone sses used in depositing materials on substrates
and/or'égggggﬂ#ggﬁgferials froma substrate to form structures.

[ 0003] RY; provi des nmany advantages in manufacturing sem conduct or
devi ces: r exanple, using plasma _enahles a w de range of
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chall enge that is present In conventional plasma processing syste
i s embodiments of the present invention relate to an apparatus and method for

controlling the intensity and/or distribution of a plasma discharge in a plasma

chamber.

Description of the Related Art

[ooo2] Plasma enhanced processes, such as plasma enhanced chemical vapor
deposition (PECVD) processes, high density plasma chemical vapor deposition
(HDPCVD) processes, plasma immersion ion implantation processes, and plasma
etch processes, have become common processes used in depositing materials on

substrates and/or removing materials from a substrate to form structures.

[0003] Plasma provides many advantages in manufacturing semiconductor
devices. For example, using plasma enables a wide range of applications due to
towered processing temperature, enhanced gap-fill for high aspect ratio gaps, and

higher deposition rates.

foo04] A challenge that is present in conventional plasma processing systems is
the control of the plasma to attain uniform etching and deposition. A key factor in the
etch rate and deposition uniformity is the spatial distribution of the plasma during
processing. For example, in a conventional PECVD chamber, which are typically
parallel plate reactors, the traditional factors affecting the spatial distribution of the
plasma are chamber pressure, distance between electrodes, and chemistry, among
other factors. While conventional controt of plasma distribution in PECVD chambers
produces satisfactory results, the process may be improved. One challenge that
remains in plasma processing is non-uniformity or uneven deposition of bulk
material, such as conductive materials, dielectric materials, or semiconductive

rmaterials, to form a thin film on the substrate.



the control of the plasma to attain uniformetching and deposition. A
key factor in the etch rate and deposition uniformty is the spati al
distribution of the plasma during processing. For exanple, in a
conventi onal PECVD chanber, which are typically parallel plate
reactors, the traditional factors affecting the spatial distribution
of the plasma are chanber pressure, distance between el ectrodes, and
chem stry, anong other factors. Wile conventional control of plasnma
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excessive deposition and build-up of material occurs. In subsequent processes,
substrate 1 may undergo a chemical mechanical polishing (CMP) process or other
planarization or polishing process to remove a portion of layer 10. In the subsequent
process, region 15 may create challenges since region 15 must be removed along
with layer 10. As region 15 may include a height D3 of between a few hundred

angstroms (A) to thousands of A above surface area 20 of layer 10, throughput may



be negatively inpacted in the subsequent process. Additionally,
renoval of region 15 may cause overpolishing of surface area 20,
which may result in damage to devices or structures fornmed on
substrate 1. [nps] Therefore, there is a need for an apparatus and

met hod to provide enhanced control of the spatial distribution of
plasma in a plasma chanber to address the chall enges described above.
SUMMARY OF THE | NVENTI ON [ 0009] Enbodi nents descri bed herein
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gener apddizse thrphdlespeas deseiedalovensi de the processing vol ume havi ng
axi al and radi al conponents. NemAnot her enbodi nent provi des an

appar agumARYSOPPAHE INGERTSORSt rate in a processi ng chanber,
conprising a support surtface, a thermal control el enent disposed
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el ectrode. [0012] Anot her enbodi ment provides a nethod of controlling

the Sp[%io‘]" One embodiment provides an apparatus for processing a substrate,

comprising a substrate support; one or more electrodes coupled to the substrate
support; a showerhead assembly having a face plate opposing the substrate
support; and one or more ground elements spaced radially away from the substrate
support, wherein the substrate support and the face plate cooperatively define a
processing volume and the one or more electrodes are adapted to generate a
tunable electric field inside the processing volume having axial and radial

components.

f0011] Another embodiment provides an apparatus for supporing a substrate in a
processing chamber, comprising a support surface; a thermal control element
disposed within the support surface; an electrode disposed within the support
surface, wherein the electrode has a first portion defining a first plane and a second
portion defining an angled surface, and the angled surface intersects the first plane;

and a tuner coupled to the electrode.

[0012] Another embodiment provides a method of controlling the spatial
distribution of a capacitively coupled plasma, comprising positioning a first electrode
inside a processing chamber, positioning a first ground plane inside the processing

chamber and facing the first electrode to define a processing volume, and generating



di stribution of a capacitively coupled plasma, conprising positioning
a first electrode inside a processing chanber, positioning a first
ground pl ane inside the processing chanber and facing the first

el ectrode to define a processing volunme, and generating an electric
field with axial and radial conponents inside the processing vol une
by application of RF power to the first electrode and DC power to the
first ground plane. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] So t hat
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are illustrated in the appended drawings. I is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0014] Figure 1A (prior art) is a cross-sectional view of a substrate treated

according to a prior art process.
[0015] Figure 1B (prior art) is a detail view of the substrate of Figure 1A.

[0016] Figure 2A is a schematic cross-sectional view of a plasma processing

chamber in accordance with one embodiment of the present invention.

[0017] Figure 2B is a schematic side view of the plasma processing chamber of

Figure 2A.

[0018] Figure 3 is a schematic side view of another embodiment of a plasma

processing chamber according to the present invention.

[0019] Figure 4 a schematic side view of another embodiment of a plasma

processing chamber according to the present invention.

[0020] Figure 5 is a schematic side view of another embodiment of a plasma

processing chamber according to the present invention.

[0021] Figure 6 is a schematic side view of another embodiment of a plasma

processing chamber according to the present invention.



[0016] Figure 2A is a schematic cross-sectional view of a plasna
processi ng chanber in accordance with one enbodi ment of the present

I nvention. [0017]Figure 2B is a schematic side view of the plasna
processi ng chanber of Figure 2A. [Oout]Figure 3 is a schematic side
vi ew of anot her enbodi nent of a plasma processi ng chanber accordi ng
to the present invention. [0019] Figure 4 a schematic side view of
anot her enbodi nent of a plasnma processing chanber according to the
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utilized on other embodiments without specific recitation.

DETAILED DESCRIPTION

[0023] The present invention generally provides methods and apparatus for
controlling the spatial distribution of a plasma during processing of a substrate in a

plasma reactor having a plasma generator with parallel electrodes.

[0024] Figure 2A is a schematic cross-sectional view of one embodiment of a
pltasma enhanced chemical vapor deposition (PECVYD) system 100. The PECVD
system 100 generally comprises a chamber body 102 supporting a chamber lid 104
which may be attached to the chamber body 102 by one or more fasteners, such as
screws, bolis, hinges, and the like. The chamber body 102 comprises chamber
sidewall 112 and a bottom wall 116 defining a processing volume 120 for containing
a plasma 103 between a substrate support 128 and a showerhead assembly 142. A
controtlef 175 is coupled to the system 100 to provide process control, such as gas

delivery and exhaust, transfer functions, among other functions.

[0025] The chamber lid 104 is coupled to a gas distribution system 108 for
delivering reactant and cleaning gases into the processing volume 120 via the
shower head assembly 142. The shower head assembly 142 includes a gas inlet
passage 140 which delivers gas into the processing volume 120 from one or more
gas inlets 168, 163, and 169. A remote plasma source (not shown) may be coupled
between the processing volume 120 and the gas inlets 168, 163, and 169. The
PECVD system 100 may also inciude a liquid delivery source 150 and a gas source
172 configured to provide a carrier gas and/or a precursor gas. A circumferential
pumping channel 125 formed in the sidewall 112 and coupled to a pumping system
164 is configured for exhausting gases from the processing volume 120 and
controlling the pressure within the processing volume 120. A chamber liner 127,
preferably made of ceramic or the like, may be disposed in the processing volume

120 to protect the sidewall 112 from the corrosive processing environment. A



processi ng chanber according to the present invention. [0022]To
facilitate understanding, identical reference nunerals have been
used, wherever possible, to designate identical elenents that are
common to the figures. It is also contenplated that el enments

di scl osed in one enbodi nrent may be beneficially utilized on other
enbodi ments wi thout specific recitation. DETAI LED DESCRI PTI ON
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from tdepictedrassi menppolae b€l cgioknembodimesrits dAscribed herein may be used on
any substrate support adapted to function as a ground plane in a plasma chamber
and may additionally be a bipolar chuck, a tripolar chuck, a DC chuck, an

interdigitated chuck, a zoned chuck, and the like.

[0028] The substrate support 128 may comprise heating elements 126, for
example resistive heating elements, to heat the substrate 121 positioned thereon to
a desired process temperature. The heating elements 126 may be coupled to an
afternating current (AC) power supply {not shown) configured to provide a voltage,
such as about 208 volts to the heating elements 126.

[0029] A radio frequency {RF) power source 165 is coupled to the showerhead
assembly 142 through an impedance matching circuit 173. The faceplate 146 of the
showerhead assembly 142 and the electrode 123, which may be grounded via an
electronic filter, such as a capacitor 190, form a capacitive plasma generator. The

RF source 165 provides RF energy to the showerhead assembly 142 to facilitate



plurality of exhaust ports 131 nay be fornmed on the chanber |iner 127
to couple the processing volune 120 to the punping channel 125.

[ 0026] A base plate 148 integrates the chanber |id 104, gas

di stribution system 108 and shower head assenbly 142. A cooling
channel 147 is formed in the base plate 148 to cool the base plate
148 during operation. A cooling inlet 145 delivers a coolant fluid,
such as water or the like, into the cooling channel 147. The cool ant
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LFRF power source provides both low frequency generation and fixed match
elements. The HFRF power source is designed for use with a fixed match and
regulates the power delivered to the load, eliminating concems about forward and

reflected power.

[0032] The electrode 123 is coupled to a conductive member 180. The
conductive member 180 may be a rod, a tube, wires, or the like, and be made of a
conductive material, such as molybdenum (Mo), tungsten (W), or other material with
a substantially similar coefficient of expansion with other materials comprising the
substrate support 128. The electrode 1283 functions as a return path for RF power
and a biasing electrode to enable electrostatic chucking of the substrate. In order to
provide an electrical bias to the substrate 121, the electrode 123 is in communication
with a power supply system 182 that supplies a biasing voltage to the electrode 123.

The power supply system 182 includes DC power source 176 to supply a DC signal



generation of a capacitive plasma between the faceplate 146 of the
shower head assenbly 142 and the substrate support 128. Thus, the

el ectrode 123 provides both a ground path for the RF source 165 and
an electrical bias from DC power source 176 to enable electrostatic
cl anpi ng of the substrate 121. [ono] The substrate support 128
generally conprises a body nmade of a ceramc material, such as
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occurs on the substrate 121.



[ 0034] As descri bed above, the el ectrode 123 provides a bias from DC
power source 176 and functions as a ground path for RF energy fromRF
power source 165. The capacitively coupled plasma 103 generated in

t he processing volune 120 may be tuned by the matching circuit 173
based on signals fromthe controller 175. However, the configuration
of the electrode 123, in its function as a ground plane for RF
energy, may not provide an acceptabl e pl asma discharge or spatial
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[0037] For embodiments featuring an electrode 123 with an angled edge, as
illustrated by Figure 2B, the angled portion 205, in cross-section, will form an angie
with the flat portion 204 that is preferably between about 90° and about 170°, such



as about 135. In the enbodi nent shown in Figure 2B, the angled
portion 205 of the electrode 123 thus fornms an obtuse angle with the
flat portion 204, and is angled away fromthe surface of the
substrate support 128. In other enbodi nents, the angled portion 205
may be angled toward the surface of the substrate support 128, or nmay
be curved toward or away fromthe surface of the substrate support
128. I n sonme enbodi nents, the edges of the el ectrode 123 nay extend

beyond Qen@:b@ﬂdé’@" ofn thesaipkadimest shayroinekigere 2hdhe abgbdan@tl@ua% of the

128. Ing f b. 48 d
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tapered. For example, portion 205 may be up to about 3 mm. thick where it joins
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350, which is coupled to the electrode 123 by a connector. A simlar
bi as generator 420 may be coupled to the chanber wall el ectrode 410.
The controller 175 may be adapted to control application of RF power
to the face plate 146, bias power to the el ectrode 123, and bias
power to the chanber wall electrode 410 to ensure adequate coverage
of a substrate 121 by plasma 103. [0042]Figure 5 is a schematic

si de-vi ew of a plasma processing chanber 500 accordi ng to anot her
enbodi RAKEOHE04, r?m OB RS0 a| thickngss @frﬂaacmmmrtlesst dttetSCekdgﬂaePOMah 205

el ectr I 103
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entir e tepepbidal. wal |, causing plasma 103 to spread toward the
peri phery of the processing volune 120 and cover the substrate 121.
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enbodi nent's descri bed above are exanples incorporating elene
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processi ng e coverage a Su
W t hougleeltiege ¢23 byta comumetao n’ﬂnm aOmem siidwarhlehd mseembryc:seroa !ie@)upfké‘lﬂn)ed
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o ouncA LR A8 1o i eldn B MABaNgi g aeaana vekimeo e 1o [onis) Ihe
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[0041] Figure 4 is a schematic side-view of a plasma processing chamber
according to another embodiment of the invention. In this embodiment, a chamber
400 utilizes an electrode 410 embedded in the chamber sidewall 112. The chamber
wall electrode 410 is made of a suitable conductive material, such as aluminum, and
is isolated from the sidewall 112 by an isolator 320 and from chamber lid 104 by an
isolator 105.  Each isolator may be made of any suitable insulating material, but is
preferably made of a material with thermal characteristics similar to the materials of
the chamber wall. One such material is ceramic. In this embodiment, a voltage bias
is applied to the elecirode 123 as above, with DC source, amplifiers, and filters, as

described above in reference to Figure 2A, collectively represented by DC element
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pl asma processi ng chanber according to any of the enbodi nents

descri bed above. Process gases are supplied to the processing chanber
t hrough a shower head assenbly, which conprises a first ‘el ectrode. RF
power is applied to the first electrode by coupling an RF generat or

t hrough an i npedance matching network to the first el ectrode. The RF
generator may generate hi gh-frequency power, such as about 13.56 Mz,

| h boyt. ,300 kHz. Appli cat f RF
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intersecting surfaces. [0048]1n an ernative e tiple
gr oundbeferh &eash rﬁdﬁ;ﬂt@@epﬁ @onmued treervexamplgeoursl plenefer B power,nweitser

h f ded
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net wor ks t]o thF di ff nt zones. A controller maéa e used to tune the
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net worKgsmA 188 14 PhihidiSe Bféﬁnm&eﬁ;ﬂ%ms% p@ Afackl ectrode enbedded in

the substrate support to cla e substrate and provide a path to
ground for the RF power, as d| scussed above. In this enbodi nent,

t uni ngo944k poW@@ ea&qdmwtsmﬁssﬁféedjabo@ are exanelesgncarperating\alements

el ectr fi i al
Comporane " eHiod ] deRBnBiaE e ARy ol @ apfe Rkl nB
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plas n%o@ﬁﬂet%eccgvae?égael |0¥ a substrate 121 without edge effects. Any combination of

multiple electrodes, shaped or unshaped ground members, bias generators,
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adj usted by providing an electrode in the sidewall of the processing
chanber. In sone enbodi nents, the chanber wall itself nay be used as
the el ectrode. The el ectrode nay be grounded or biased in addition to
the el ectrode enbedded in the substrate support. A controller may be
used to independently adjust the bias of the substrate support

el ectrode, the sidewall electrode, and the power delivered to the
shomerheqd eIectro@F to adjust the spatial distribution of the

pl asna.'SPBtE] At Bet et BlaYgBENYSeS dFPécﬁxéEFFt'% M&Nﬁrﬂ}%dosr%é
presentmbRvery idNa siidheshapsd fgdidem AR Sidivali NFedtERN AN ﬁgay

be devised w thout departing “fromthe basic scope thereof, andt
scope tusedeoh Zoged shewaiheed @lgcirate miayialeo bRatsetiovittoane otiradresshapedAn
appar at I NG r . | $inQ. a substrate

atppor 14/ EsRREE S o2 oRt ST BIecRo8n: rar o support: a

shower head assenbly having a face plate opposing the substrate
suppor t[§045] In operation, a substrate is disposed on a substrate support inside a

plasma processing chamber according to any of the embodiments described above.
Process gases are supplied to the processing chamber through a showerhead
assembly, which comprises a first electrode. RF power is applied to the first
electrode by coupling an RF generator through an impedance matching network to
the first electrode. The RF generator may generate high-frequency power, such as
about 13.56 MHz, or low-frequency power, such as about 300 kHz. Application of
RF power to the first electrode creates an oscillating electric field inside the

processing chamber, and ionizes the process gases into a plasma.

[0046] The substrate is disposed on a substrate support with a ground member
embedded therein. The ground member serves as an electrode for coupling DC
power to the substrate support, and together with the first electrode, defines a
processing volume in the processing chamber. DC power is coupled to the electrode
using connectors that run through the substrate support. DC power is applied to the
electrode, creating a voltage bias in the electrode that results in the substrate being
clamped securely to the substrate support. An electronic filter may be provided
between the DC power source and the electrode disposed in the substrate support
so that the electrode may serve as a path to ground for the RF power, while applying
a DC voltage bias to the substrate. In this way, the electrode in the substrate
support may serve as a ground member for the RF power. A controlier may be used
to adjust the power delivered to the plasma by tuning the impedance of the match
network. The controller may also be used to adjust the power output of the DC
source to tune the electric field inside the processing chamber. In this way, an
electric field having radial as well as axial components is generated, allowing
adjustment of the spatial distribution of the plasma toward or away from the center of

the chamber for full coverage of the substrate.

13



and one or nore ground el enents spaced radially away fromthe
substrate support, wherein the substrate support and the face plate
cooperatively define a processing volune and the one or nore

el ectrodes are adapted to generate a tunable electric field inside
the processing volune having axial and radial components. 2. The
apparatus of claim1, wherein the one or nore electrodes is disposed
within the substrate support. 3. The apparatus of claim1l, wherein a

porti ord®®¥! at Indhis: erphediprent.Hie @reunst mesher ég éfmnﬁtﬁj@spl’pdu%g'leﬁ?asired.
Th t £l aj i si r .

i rcut O EpSIes. 200 ralie; e SRERY' Siefibod il reBRLS 4 B0 REon
5. The spptantialisparliel e thedsurfaget dfdhe copiratei suppone ant arseeoricl patioa

[ it o} f the.one or nore el ectrodes. 6.
i i B SPUEN 104 bSRGh 286 0 e T BB Bl e
zones portion defines a surface that intersects the plane. A shaped ground member may

thus define a plurality of intersecting surfaces.

[0048] In an alternative embodiment, multiple ground members may be provided.
For example, a second ground member having a different shape from the first
ground member may be embedded inside the substrate support. A controller may
separately tune the bias applied to each ground member to create the desired spatial

distribution of the plasma.

[0049] In another embodiment, a zoned showerhead electrode may be used to
generate a tunable electric field. RF power may be provided independentiy through
different match networks to the different zones. A controller may be used {o tune the
power provided to each zone by adjusting the impedance of the match networks. A
DC voltage bias is applied to an electrode embedded in the substrate support to
clamp the substrate and provide a path to ground for the RF power, as discussed
above. In this embodiment, tuning the power delivery to the different zones of the
showerhead electrode results in an electric field having radial as well as axial

components, and allows control of the spatial distribution of the plasma.

[0050] In an alternative embodiment, the electric field and plasma may be radially
adjusted by providing an electrode in the sidewall of the processing chamber. In
some embodiments, the chamber wall itself may be used as the electrode. The
electrode may be grounded or biased in addition to the electrode embedded in the
substrale support. A controller may be used to independently adjust the bias of the
substrate support electrode, the sidewall electrode, and the power delivered to the

showerhead electrode to adjust the spatial distribution of the plasma.

[0051] While the foregoing is directed to embodiments of the present invention,

other and furiher embodiments of the invention may be devised without departing
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separated by one or nore isolators. 7. The apparatus of claim§6,
further conprising isolators disposed between the one or nore ground
pl anes. 8. An apparatus for supporting a substrate in a processing
chanber, conprising: a support surface; a thermal control el enent

di sposed within the support surface; an el ectrode di sposed

wi thin the support surface, wherein the electrode has a first portion
definigp a fiEsL pl ane and a s&cond ortion _defining an angl ed

sur f acd O ARe PAYC 2AGPR Ieserls aRd thes pEeof fredgterane by be claigs dhat
tuner ggupled to the electrode. 9. The apparatus of claim8, further
conprising an electronic filter coupled to the el ectrode.
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10. The apparatus of claim8, wherein the support surface defines a
second plane, and the first plane is substantially parallel to the
second plane. 11. The apparatus of claim8, wherein the electrode is
an RF mesh. 12. A nethod of controlling the spatial distribution of
a capacitively coupled plasma, conprising: positioning a first

el ectrode inside a processing chanber; positioning a first
ground pl ane inside the processing chanber and facing the first
el ectr qoigint® define a processing vol une; and generating an

electric field with axial and radial conponents inside the processing

vol ume by application of RF power to the first electrode and DC power
further

to the first l.ane. 13 . The t.hod of .claim 12,
conpri s1i'ng @5@%‘@%@%‘#’%@%?@%@ GPBB%‘E%& GEIHE de t he processi ng
chanmber. 14 subswameduppdrtpf claim 12, further conprising using the
[ I t
first or oun%ng o??r?ore%lectrodes coupled to the substrate support;
a showerhead assembly having a face plate opposing the substrate support;

and

one or more ground elements spaced radially away from the substrate
support, wherein the substrate support and the face plate cooperatively define a
processing volume and the one or more electrodes are adapted to generate a
tunable electric field inside the processing volume having axial and radial

components.

2. The apparatus of claim 1, wherein the one or more electrodes is disposed

within the substrate support.

3. The apparatus of claim 1, wherein a portion of at least one of the one or more

electrodes is angled.

4. The apparatus of claim 1, further comprising one or more tunable circuits

coupled to at least one of the one or more ground planes.

5. The apparatus of claim 4, further comprising one or more tunable circuits

coupled to at least one of the one or more electrodes.

6. The apparatus of claim 1, wherein the face plate is divided into zones

separated by one or more isolators.

7. The apparatus of claim 6, further comprising isolators disposed between the

one or more ground planes.
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provide a path to ground for the AF power and to apply a voltage bias
I nside the processing vol une.

8. An apparatus for supporting a substrate in a processing chamber, comprising:

a support surface;

a thermal control element disposed within the support surface;

an electrode disposed within the support surface, wherein the electrode has a
first portion defining a first plane and a second portion defining an angled surface,
and the angled surface intersects the first plane; and

a tuner coupled to the electrode.

9. The apparatus of claim 8, further comprising an electronic filter coupied to the

electrode.

10. The apparatus of claim 8, wherein the support surface defines a second

plane, and the first plane is substantially parallef to the second plane.
11.  The apparatus of claim 8, wherein the electrode is an RF mesh.

12. A method of controlling the spatial distribution of a capacitively coupled
plasma, comprising:

positioning a first electrode inside a processing chamber;

positioning a first ground plane inside the processing chamber and facing the
first electrode to define a processing volume; and

generating an electric field with axial and radial components inside the
processing volume by application of RF power to the first electrode and DC power to

the first ground plane.

13.  The method of claim 12, further comprising positioning a second ground plane

inside the processing chamber.

14.  The method of claim 12, further comprising using the first ground piane to
provide a path to ground for the RF power and to apply a voltage bias inside the

processing volume.
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