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are described for mitigating lid heating of a plasma processing chamber. One
system includes a plasma-based processing chamber enclosing a processing
region, the processing chamber comprising a first portion including sidewalls
and a bottom and a second portion including a chamber lid; a substate support
within the processing chamber and configured to retain a first substrate in
the processing region of the chamber; an inductively coupled plasma source
configured to direct RF energy into the chamber; a conductive structure prox-
imate to the chamber lid on an exterior side of the processing chamber; and a
power source configured to apply a negative charge to the conductive struc-
ture that generates an electric field through the chamber lid, the electric filed
providing repulsion force to incident electrons.
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SUPPRESSING HEATING OF A PLASMA PROCESSING CHAMBER LID

BACKGROUND
Thas specification relates to semiconductor systems, processes, and equipment.
Plasma eiching can be used in semiconductor processing to fabricate infegrated
circuits. Integrated circuits can be formed from layer structures including multiple (e.g., two

or more) laver composttions. Dhiferent siching gas chemisiries, e.g., different mixtures of

an

gases, can be used to form a plasma in the processing environment such that a given etching
gas chemistry can have increased precision and higher selectivity for a layer composition to

be siched.

SUMMARY
Thas specification describes technologies for reducing hid heating during operation of
a plasma processing chamber of a plasma-based processing system. A plasma-based
10 processing system generates a plasma within a processing region to perform a particular
process, e.g., plasma etching of a substrate supported within the processing chamber. As
mcreasingly higher voltage biases are used to perform particular processing operations, the
fid of the chamber incurs greater heating. This heating of the chamber lid may be caused, for

example, by impacis on the lid of electrons emitted from the surface of a subsirate being

Y
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processed i the chamber. Excessive heating can lead to damage to the chamber id.

To reduce lid heating, techniques are provided for reducing particle impacts on the
chamber lid during a plasma-based processing operation. In some implementations, a voltage
is apphed to a conductive structure on an outer side of the chamber id, 1.e., oppostie the
interior of the plasma chamber. The resulting eleciric field can deflect charged electrons away
20 from the lid surface. In some other implementations, a magnetic field is applied o at least a

region of the plasma chamber to deflect electrons away from the hid surface.

in general, one 1omovative aspect of the subject matter described 1o thas specification
can be embodied in a systern. The svstem includes a plasma-based processing chamber
enclosing a processing region, the processing chamber including a first portion inchuding
25 sidewalls and a bottom and a second portion including a chamber Hid; a substate support
within the processing chamber and configured to retain a first substrate 1o the processing
region of the chamber; an inductively coupled plasma source configured to direct RF energy
1o the chamber; a conductive structure proximaie 1o the chamber lid on an exterior side of

the processing chamber; and a power source configured to apply a negative charge to the
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conductive structure that generates an electric field through the chamber lid that provides a
repulsion force to incident electrons.

In general, another innovative aspect of the subject matter described in this
spectfication can be embodied in a system. The system inchdes a plasma-based processing
chamber enclosing a processing region, the processing chamber including a first portion
imcluding sidewalls and a bottom and a second portion including a chamber hid; a substate
support within the processing chamber and configured to retain a first substrate in the
processing region of the chamber; an mductively coupled plasma sowrce configured 1o direct
RF energy into the chamber; and a magnetic field source configured to provide a magnetic
field to a region of the processing chamber that 15 configured to deflect electrons enutied
from the substrate.

In general, ancther innovative aspect of the subject matter deseribed in this
specification can be embodied in a method of mitigating hid heating during operation of a
plasma processing chamber. The method includes 1gniting a plasma within the plasma
processing chamber; applying bias voliage 1o substate support 1o ativact ions from the plasma;
and apphving an electncal or magnetic field to deflect electrons emitted from the substrate
away from a lid of the plasma processing chamber,

The subject matier described in this specification can be implemented in these and
other embodiments so as to realize one or more of the following advantages. The chamber hid
heating is nutigated at the source rather than managing the heat through cooling structures
such as cooling fans or circulating heat transfer fluid. Additionally, by targeting the source of
the heating and thereby reducing the heating, the risk of being unable to keep up with cooling
al increasingly higher bias voltages through conventional cooling techniques, such as cooling
fans, 15 reduced.

Although the remaining disclosure will describe the innovative technologies in the
contest of a particular type of plasma-based processing chamber using the disclosed
technology. it will be readily undersiood that the systems and methods may be applicable to a
vartety of other fypes of plasma-based substrate processing chambers. Accordingly, the
technology should not be considered to be so limited as for use with the described eich-based
processing alone. The disclosure will discuss one possible system and chamber that can be
used with the present techuology before describing svsterns and methods or operations of
exemplary process sequences according 1o some embodiments of the present technology. Itis
io be understood that the technology 15 not imitied to the equipment described, and processes

discussed can be performed n any number of processing chambers and svsterms.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic cross-sectional view of an example processing chamber,

FIG. 2 shows a schernatic cross~-sectional view of an example processing chamber that
iHustrates lid heating.

FIG. 3 shows a schematic cross-sectional view of an example processing chamber
using a pulsed voltage at the chamber hd.

FIG. 4 shows a schematic cross-sectional view of another example processing
chamber using a pulsed voltage at the chamber fid.

FIG. § shows a schematic cross-sectional view of an example processing chamber
using a constant voltage at the chamber hid.

FIG. 6 shows a schematic cross-sectional view of an example processing chamber
using an applied magnetic {ield to deflect electrons from the chamber hid,

FIG. 7 shows a schematic cross-sectional view of another example processing
chamber using an applied magnetic field to deflect electrons from the chamber hid.

FIG. 8 shows a schematic cross-sectional view of another example processing
chamber using an apphed magnetic field to deflect electrons from the chamber hid.

FIG. 9 shows a flow diagram of an exarople process for deflecting electrons from a
chamber lid.

Like reference numbers and designations in the various drawings indicate like

elerments.

DETAILED DESCRIPTION

The present specification describes technologies configured fo reduce or elimunate
heating of a plasma chamber Hid caused by particle impacts. In particular, during operation of
a plasma based processing svstem, electrons can be emitied from a surface of a substrate
being processed and directed towards the chamber lid. These cumulative particle impacts can
have a heating effect on the chamber hid. The technologies described in this specification
apply electrostatic or magnetic fields to regions of the plasma chamber to deflect glectrons {o
reduce the murnber of particle impacts oun the chamber lid.

FIG. 1 illustrates a schematic cross-sectional view of an example processing
chamber 100 suitable for eiching one or more material layer(s} disposed on a subsirate 103
{e.g., also referred to as a “wafer”) in the processing chamber 100, e.g., a plasma processing
charober. The processing chamber 100 ncludes a chamber body 1035 defiming a charober

volume 101 in which a substrate can be processed. The chamber body 105 has
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sidewalls 112 and a bottom 118 which are coupled with ground 126, The sidewalls 112 can
mchude a timer 115 to protect the sidewalls 112 and extend the time between maintenance
cveles of the plasma processing chamber 100, The chamber body 105 is supportive of a
chamber lid 110 to enclose the chamber volume 101, The chamber body 105 can be
fabricated from, for example, aluminum or other suitable materials. The chamber lid 110 can
be formed from a dielectric matenial that allows for passage of energy from an inductively
coupled plasma (1CP} source through the chamber lid 110 to the processing volume 101, In
some insiances, the chamber lid 110 15 referred 1o as a dielectric window.

A substrate access port 113 is formed through the sidewall 112 of the chamber
body 105, which can faciluate the transfer of the substrate 103 juto and out of the plasma
processing chamber 100. Access port 113 can be coupled with a transfer chamber and/or
other chambers (not shown} of a subsirate processing system, e.g., to perform other processes
on the substrate. A pumping port 145 15 formed through the botiorn 118 of the chamber
body 105 and connected to the chamber volume 101, A pumping device can be coupled
through the pumping port 145 to the chamber volime 101 {o evacuate and control the
pressure within the processing volume. The pumping device can include one or more vacuum
pumps and throttle valves that output gasses and processing byproducts to a foreline vent.

The chamber 100 can also include a Hid heater 168 disposed on the outer side of the
chamber Itd 110 opposite the chamber volume 101, In particular, the lid heater 168 can be
positioned between the chamber lid 110 and coils 148 of an mductively coupled plasma
source. The lid heater 168 can be used to provide a set chamber temperature before intiating
a plasma processing operation. In some implementations, the hid heater 168 includes or is
proximaie to a shielding material, e.g., Faraday shield, placed between the lid heater 168 and
the chamber id 110, The shielding matenial reduces radio frequency coupling between the
ICP source 1o the lid heater 168, The lid heater 168, with shielding, can be configured with
opemngs to allow for coupling of the ICP source energy to the chamber vohume 101,

In some implementations, the heater 168 includes one or more heating elements, e.g.,
resistive heating elements, coupled to a power supply (not shown) configured fo provide
sufficient energy to control the temperature of the heater 168, for example, to be between 50
and 100 degrees Celsius. The healer 168 can be electrically grounded, ¢.g., o the sidewalls of
the chamber 100 or floating, e.g.. may be positioned withowt being electrically coupled to
ground.

Chamber volume 101 includes a processing region 107, e.g., a station for processing a

substrate. A substrate support 135 can be disposed in the processing region 107 of charober

4
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volume 101 1o support the subsirate 103 during processing. The substrate support 135 can
mclude an electrostatic chuck 122 {or holding the substrale 103 during processing. The
slectrostatic chuck ("ESC™) 122 can use the electrostatic attraction 1o hold the substrate

103 to the substrate support 135. The ESC 122 can be powered by a radio frequency ("RF”)
power supply 125 integrated with a match circwit 124, The ESC 122 can include an
electrode 121 embedded within a dielectric body. The electrode 121 can be coupled with the
RF power supply 125 and can provide a bias which attracts plasma ions, formed from the
process gases in the chamber volume 101, to the ESC 122 and substrate 103 seated on the
pedestal. The RF power supply 125 can cycle on and off, or pulse, during processing of the
substrate 103, The ESC 122 can have an isolator 128 for the purpose of making the sidewall
of the ESC 122 less atiractive {o the plasma io prolong the maintenance life cycle of the
ESC 122, Additionally, the substrate support 135 can have a cathode liner 136 to protect the
sidewalls of the substraie support 135 fromithe plasma gases and to extend the time hetween
maintenance of the plasma processing chamber 100.

Electrode 121 can be coupled with a DC power source 150. The power source 150 can
provide a chucking voltage of about 200 volts to about 2000 volis 1o the electrode 121, The
power source 150 can also include a system controller for controiling the operation ot the
electrode 121 by directing a DC current to the electrode 121 for chucking and de-chucking
the subsirate 103, The ESC 122 can inchude heaters disposed within the ESC 122 and
conmected to a power source for heating the substrate, while a cooling hase 129 supporiing
the BSC 122 can iclude conduits for circulating a heat transfer fluid to maintain a
temperature of the ESC 122 and substrate 103 disposed therson. The ESC 122 can be
configured to perform in the temperature range required by the thermal budget of the device
being fabricated on the substrate 103, For example, the ESC 122 can be configured to
maintain the substrate 103 at a temperature of about —150° € or lower 1o about 500° C or
higher depending on the process being performed. A cover ring 130 can be disposed on the
ESC 122 and along the periphery of the substrate support 135 The cover ring 130 can be
configurad to confine eiching gases to a desired portion of the exposed top surface of the
substrate 103, while shielding the top surface of the substrate support 135 from the plasma
environment inside the plasma processing chamber 100,

A gas panel 160 {e.g., also referred 1o herein as “gas distribution manifold™) can be
coupled by a gas line 167 with the chamber body 105 through chamber hid 110 o supply
process gases into the chamber volame 101, The gas panel 160 can include one or more

process gas sources 161, 162, 163, 164 and can additionally include inert gases, non-reactive
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gases, and reactive gases, as can be used for any number of sintable processes. Examples of
process gases that can be provided by the gas panel 160 incluade, but are not limited to,
hydrocarbon containing gases including methane, sulfur hexafluonide, silicon chloride, silicon
tetrachloride, carbon tetraftuoride, hydrogen bromide. Process gases that can be provided by
the gas panel can include, but are limied to, argon gas, chlorme gas, nitrogen, helium, or
oxygen gas, sulfur dioxade, as well as any number of additional materials. Additionally,
process gasses can include nitrogen, chiorine, fluorine, oxvgen, or hydrogen containing gases
ncluding, for example, BCls, UoF4, CaFs, CaFe, CHF3, CHoF2, CHsF, NF3, NHs, C02, 8O-,
CO, Nz, NG2, N20, and Hz, among any number of additional suitable precursors. Process
gases from process gas sources, e.g., sources 161, 162, 163, 164, can be combined to form
one or more etching gas mixtures. For example, gas panel 160 includes one or more process
gas sources specific to oxide-based etching chemstries. Tn another example, gas panel 160
imcludes one or more process gas sources spectfic (o niinide-based eiching chemistries.

(zas panel 160 includes various valves and other components to control the flow of the
process gases from the sources. Valves 166 can control the flow of the process gases from the
gas sources 161, 162, 163, 164 from the gas panel 160. Operations of the valves, pressure
regulators, and/or mass flow countroliers can be controlled by a controller 163, Controller 165
can be operably coupled to an electro-valve {EV) manifold {not shown) to control actuation
of one or more of the valves, pressure regulaiors, and/or mass flow controllers.

The lid 110 can incorporate a gas delivery nozzle 114, The gas delivery
nozzle 114 can include one or more openings for mnroducing the process gases from the
sources 161, 162, 163, 164 of the gas panel 160 into the chamber volume 101, Afier the
process gases are infroduced into the plasma processing chamber 100, the gases can be
energized to forro a plasma. An antenna such as one ot more inductor coils 148 can be
provided adjacent to the plasma processing charmber 100, An antenna power supply 142 can
power the inductor coils 148 through a match circuit 141 o inductively couple energy, such
as RF energy. 1o the process gas to maintain a plasroa formed froro the process gas 1o the
chamber volume 101 of the plasma processing chamber 100, The operation of the power
supply 142 can be controlied by a controller, such as controller 163, that also controls the
operation of other components in the plasma processing chamber 100.

The controller 165 can be used to control the process sequence, regulating the gas
flows from the gas panel 160 into the plasma processing chamber 100, and other process
parameters. Software routings, when executed by a computing device having one or more

processors {e.g., a central processing wrut (CPU}) in data convnunication with one or more
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memory storage devices, transform the computing device into a specific purpose computer
such as a controller, which can control the plasma processing chamber 100 such that the
processes are performed in accordance with the present disclosure. The software routines can
aiso be stored and/or executed by one or more other controller(s} that can be associated with
the plasma processing chamber 100.

in some embodiments, at a termination point of etching process{es) for the wafer, an
automatic or semi-auiomatic robotic manipulator (not shown} can be unlized to transfer the
water{s} from the substrate support out of the process chamber, e.g., through substrate access
port 113, For example, the robotiic manipudator can transfer the wafer to ancther chamber (or
another location) to perform another step in a fabrication process.

Although described with respect to FIG. 1 as a process chamber including a substrate
support disposed within a processing region of the chamber volume, two or more substrate
supports can be disposed within the same chamber volume 1n respective processing regions,
e.g., in respective processing stations. For example, a processing chamber 100 can be a
tandem processing chamber including two processing regions each with respective substrate
supports configured to retain respective wafers during etching process{es). The processing
charober 100 can include two or ruore processing regions within the chamber volume 161 to
facilitate parallel processing of two or more substrates in respective processing regions. The
processing regions can be substantially isolated such that an eiching process in a first
processing region has mimamal effect on an etching process n a second processing region and
Vice-versa.

FIGz. Z shows a schematic cross-sectional view 200 of an example processing chamber
202 that illustrates lid heating. In particular, the processing chamber 200 illostrates a
simphified version of a portion of processing chamber 100 shown in FIG. 1. The cross-
sectional view 200 includes chamber body 204 defining a chamber volume 206 n which a
substrate 208 can be processed. The chamber body 204 inchides sidewalls and a bottom
which are coupled to a ground 210. The chamber body 204 supports a chamber hd 212 to
enclose the chamber volume 206. The cross-sectional view 200 also includes a lid heater 214
positioned adjacent to the chamber hid 212 on the exterior side of the chamber volume 206.
The lid heater 214 can be floating or grounded, e.g., by being electrically coupled 216 10 the
charober body 204,

The lid heater 214 1s configured to heat the chamber volume 206 to a particular
operating temperature for a plasma processing operation. For example, the lid heater can be

configured 1o heai the chamber volume 206 1o substantially 90 degrees Celsius,
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The chamber lid 212 is formed from a dielectric material, for example, aluminum
oxide, quartz, or other types of ceramic material, that do not impede RF energy generated by
the inductively coupled plasroa coils (not shown i FIG. 2).

In some tmplementations, during a plasma processing operation, radio frequency
energy s applied to the inductively coupled plasma coils and a particular etch gas misture 1s
provided to the processing chamber 202, An inductively coupled plasma {represented by
region 201} of the etch gas mixture is ignited within the chamber body 204, The mnductively
coupled plasma source power conirols a plasma density formed within the chamber body.

A bias voltage is applied to an electrostatic chuck holding the substrate 208, The bias
voliage power controls voltage between the substrate 208 and the plasma 201, This voliage at
the plasma-substrate interface is referred to as a sheath {represented by region 203). Ions
generated from the plasma are accelerated through the sheath to the substrate 208. The sheath
is controlled by the application of the bias voltage to control both the energy and
directionality of ions e g., 1o direct ions of a particular energy vertically foward the substrate
surface to perform etching of fayers on the substrate to form various structures. In particular,
etching of high aspect ratio features requires hagher bias voltages.

As shown in FIG. 2, the bias voltage 1s generated using a pulse generator 218 that
applies voltage pulses to an electrode within the electrostatic chuck supporting the substrate
208. The apphied voltage pulses provide a bias that atiracts plasma ions, formed from the
process gases in the chamber volume 206, to the substrate 208 seated on the electrostatic
chuck. In some implementations, the pulse generator results in square wave D pulses ata
specified voltage. The pulses result in a formation of the sheath that collapses as ions
discharge the applied voltage and that is reformed agamn with the next pulse. The timescale of
the individual pulses can be very small to provide a near constant voltage presence. For
example, in some implementations, the period of the pulses is about 2.5 microseconds. This
can include, for example, 2 microsecond off and 500 nanoseconds on. Other suitable pulse
pertods and pulse widths can be used. In some other imoplementations, the bias vollage 1s
provided by an RF source.

A byproduct of the plasma stching operation can include electrons 220 emitted from
the surface of the wafer. The bias voltage applied (o the wafer resulis in a floating potential at
the electrically grounded chamber Iid 212, The electrons 220, because of the voltages applied
to the chamber 202, are generally flowing from the surface of the wafer 208 1o the chamber
hid 212, The effect of the electrons mcident on the chamber 11d 212 15 to further heat the

chamber id 212, Dafferent applications require different bias voltage levels. The higher the
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voltage levels used, e g., for etching higher aspect ratio features, the more lid heating occurs.
Thus, the higher voltage levels may cause an increase in electrons bemg emitted from the
surface of the substrate, or the emitted electrons may have tugher energies, or both

in some cases, lid heating is mitigated by cooling structures outside of the chamber
body 204, for example, cooling fans directed at the chamber id 212, However, as higher
voltages are applied for particular plasma processing operations reguiring higher aspect
ratios, the cooling provided by extemnal fang can be limuted. Excessive heating of the chamber
id 212 can result in a decreased lifespan of the chamber Hd 212, cracking, or other damage
mchuding loss of vacuum within the chamber,

Rather thav attempting only to mitigate the heating by applving external coohng to
the lid, this specification describes techniques as illustrated in FIGS. 3-8 to suppress the
heating itself by redirecting the electrons from impacting the lid surface. FIGS. 3-5 illustrate
techniques for applving a bias voltage to the chamber 1id to repel electrons emitted from the
substrate surface. FIGS. 6-8 illustrate techniques for using magnetic fields to “move”

glectrons emitted from the substrate surface.

FIG. 3 shows a schernatic cross~-sectional view 300 of an example processing chamber
302 using a pulsed voliage at the chamber lid. The cross-sectional view 300 includes chamber
body 304 defining a chamber volume 306 in which a subsirate 308 can be processed. The
chamber body 304 includes sidewalls and a bottorn which are coupled to a ground 310, The
chamber body 304 supports a chamber lid 312 to enclose the chamber volume 206, The
cross-sectional view 300 also mcludes a lid heater 314 positioned adjacent to the chamber id
312 on the extentor side of the chamber volume 306

The chamber lid 312 1s formed from a dielectric material, for example, a ceramic
material, that does not impede RF energy generated by the inductively coupled plasma coils
{not shown in FIG. 3).

During operation, a pulse generator 318 applies voltage pulses that create a bias
voltage drawing plasma ions to the substrate 308, In some implementations, the voltage
pulses can be substantially on the order of 2000V . However, the voltage level can vary
depending on the particular operations being performed in the chamber. For example,
different plasma etch processes and different aspect ratios can require different bias voliage

fevels.
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The lid heater 314 is configured 1o heat the chamber volume 306 to a particular
operating temperature for a plasma processing operation. For example, the hid heater can be
configured to heat the chamber volume 306 to substantially 90 degrees Celsius.

The lid heater 314 is coupled to a pulse generator 320 distinct from the pulse
generator 318, The pulse generaior 320 apphies voliage pulses to the lid heater 314 {o create a
negative charge. In particular, the pulses are provided on a short tirnescale such that there is a
near constant charge on the lid heater that isn’t dimunished or neutralized due to particle
mnieractions. In some implementations, the voltage pulses provided by pulse generator 320 are
substantially similar to the voltage pulses provided by pulse generator 318, e g, substantially
2000V, In some toplementations, the voltage pulses generated by pulse generator 320 can
have a voltage within the range of 1KV 1o 10kV. Some implementaiions square wave pulses
or sawtooth wave pulses. In other implemeniations, a ramped or RF sinusoidal waveform
may be used to generate the negatively charged lid heater 314,

The negatively charged lid heater 314 generates an electric field extending nto the
plasma chamber through the diglectric lid 312, The electric field from a negatively charged
source generates a repulsive force on the electrons 301 emitted from the substrate 308, The
repulsive force deflects the electrons 301 from their straight line path from the substrate 308
reducing the number of electrons impacting the lid 312. Reducing the amount of electron
impacts on the hd 312 reduces the electron based heating of the hd 312

FIG. 4 shows a schematic cross-sectional view 400 of an example processing chambe
402 using a pulsed voltage at the chamber lid. The cross-sectional view 400 includes the
chamber body 304 defining the chamber volume 306 in which the substrate 308 can be
processed. The chamber body 304 supports the chamber lid 312 to enclose the chamber
volume 306. The cross-sectional view 400 also mcludes a Iid heater 314 positioned adjacent
to the chamber lid 312 on the exterior side of the chamber volume 306

However, in the example shown in FIG. 4, instead of separate pulse generaiors, the hd
heater 314 15 elecirically coupled to the pulse generator 318 that provides the bias voltage to
the substrate 308, In this example, the magnitude and cccurrence of the voltage pulses are
synchronized and the need for a separaie second pulse generaior is eliminated.

Sumilar to FHG. 3, the hid heater 314 becomes negatively charged {0 generate an
glecinic field extending info the plasma chamber through the dielectric id 312, The elecinic
field from a negatively charged source generates a repulsive force on the electrons 401

emitted from the sabsirate 308. The repulsive foree deflects the electrons 401 from their

it
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straight line path from the substrate 308 reducing the number of electrons impacting the hid
312

FIG. S shows a schernatic cross~-sectional view 500 of an example processing chamber
502 using a constant voltage at the chamber lid. The cross-sectional view 500 mcludes the
chamber bodv 304 defining the chamber volume 306 in which the sobstrate 308 can be
processed. The chamber body 304 supporis the chamber 1id 312 to enclose the charober
volume 306, The cross-sectional view 500 also includes a lid heater 314 positioned adjacent
to the chamber lid 312 on the exterior side of the chamber volume 306

In the example shown in FIG. §, the lid 314 15 biased based on a constant negative DC
voliage provided by a DC power source 304, The power source 504 can include a power
supply electrically coupled 1o the lid 314 and grounded to the chamber body 304, The power
source S04 can inchide an wnverter that allows for a negative voltage to be applied to the lid
heater.

Similar to FIGS. 3-4, the lid heater 314 becomes negatively charged to generate an
glectric field extending into the plasma chamber through the dielectric hid 312, The elecinc
field from a negatively charged source generates a repulsive foree on the electrons S01
emitted from the substrate 308, The repulsive force deflects the electrons S01 from their
straight line path from the substrate 308 reducing the number of elecirons impacting the hid
312

FIG. 6 shows a schematic cross-sectional view of an exarople processing chamber 602
using an applied magnetic field to deflect electrons from the chamber lid. The cross-sectional
view 600 inchdes chamber body 604 defining a chamber volume 606 1n which a substrate
608 can be processed. The chamber body 604 wncludes sidewalls and a bottom which are
coupled to a ground 610. The chamber body 604 supports a chamber 1id 612 to enclose the
chamber volume 606. The cross-sectional view 600 also inchudes a lid heater 614 positioned
adjacent (o the chamber 1id 612 on the exterior side of the chamber volume 606.

The chamber 1id 612 18 formed from a dielectric material, for example, a ceramic
material, that does not impede RF energy generated by the inductively coupled plasma cotls
(not shown in FIG. 63

During operation, a pulse generator 618 apphies voltage pulses that create a bias
voliage drawing plasma 1015 to the substrate 608, In some implementations, the voltage
pulses can be substantially on the order of 2000V. However, the voltage level can vary
dependimg on the particular operations being performed in the chamber. For example,

different plasma etch processes and different aspect ratios can require different bias voltage
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fevels. The magnitude of the voltage pulses can be proportional to the amount of electrons
grmitied from the surface of the subsirate 608 during a plasma processing operation,

A magnetic field B 601 is generated by passing energy, e.g., a current, through coil
620, e.g., a solenoid, positioned within the chamber body between the substrate 608 and the
chamber bottom. In particular, the magnetic field is generaied so that the electrons emitted
from the surface of the substrate are deflected toward the sidewalls of the chamber body 604,
iIn particular, based on the onentation of the coil relative to the surface of the substrate 608,
g.g., with central axis perpendicular 1o a surface of the subsirate 608, electrons emitted
perpendicuiar to the substrate surface and divected ioward the Hid 612 will be deflected toward
a helical path based on the magoetic field lines that in many instances may cause the
electrons to intersect with the walls of the chamber body.

The force of the deflection depends on the magnetic field sirength, the charge of the
electron, the velocity of the electron, and the orientation of the magnetic field relative to
emitted electrons. Consequently, the magnetic field strength needed to obtain a deflection
force thai results in the elecirons hitting the side walls of the chamber, i.e., a minimum
Lamor’s, or cvelotron, radius, can be mathematically caleudated for a known electron charge,
e.g., 2500 eV. For exaruple, a magnetic field strength of 1006 to 300 gauss can be apphed (o
maintain a cyclotron radius of substantially 1 centimeter for electron energies of 1 keV 1o 10
keV. Other field strengths can be used for other suntable cvclotron radiuses and other electron
energies.

Positioning the coils 620 beneath the substrate and orented with a central axis
perpendicuiar to a plane of the substrate may also reduce the risk of interference in the
plasma processing operation caused by the generated magnetic field.

FIG. 7 shows a schernatic cross-sectional view 700 of another example processing
chamber 702 using an applied magnetic field to deflect electrons from the chamber lid.

The cross-sectional view 700 inchades the chamber body 604 defining the chamber
volume 606 n which the substrate 608 can be processed. The chamber body 604 includes the
sidewalls and the bottom which are coupled to the ground 610. The chamber body 604
supports the chamber lid 612 {0 enclose the chamber volume 606. The cross-sectional view
700 also inchudes a hid beater 614 positioned adjacent to the chamber lid 612 on the exterior
side of the charober volurne 606

in the example processing chamber 702, a magnetic field is again generated 1o deflect

electrons emitied from the swrface of the substrate 608 during a plasma processing operaiion

12
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to reduce the number of impacts on the hid 612, and thereby reduce lid heating caused by
glectron fmpacts.

However, 1n the processing chamber 702 the roagnetic field is generated from outside
the sidewalls of the chamber body 604. In the example shown in FIG. 7, a coil 704 is
positioned on the side of the processing chamber 702 such that generated magnetic field lines
are substantially parallel across a surface of the substrate 608, For exarnple, the cod 704 can
be posttionad i proximity 1o the electrostatic chuck portion of the chamber body 604 and
oriented so that the central axis of the coil 704 is paraliel to the surface of the subsirate 608.
Electrons emitted from the surface of the substrate 608 during a plasma processing operation
will be deflected, with sufficient magnetic field strength, toward the sidewalls of the chamber
body 604,

FIG. 8 shows a schematic cross-sectional view 800 of another example processing
chamber 802 using an applied magnetic field to deflect electrons from the chamber hd.

The cross-sectional view 800 includes the chamber body 604 defining the chamber
volume 606 in which the substrate 608 can be processed. The chamber body 604 includes the
sidewalls and the bottom which are coupled (o the groumd 610, The chamber body 604
supports the chamber lid 612 {0 enclose the chamber volume 606, The cross-sectional view
800 also includes a lid heater 614 positioned adiacent to the chamber lid 612 on the exterior
side of the chamber volume 606.

{n the exarple processing chamber 802, a magoetic field 15 again generated to deflect
electrons emitted from the surface of the substrate 608 during a plasma processing operation
to reduce the number of impacts on the hid 612, and thereby reduce lid heating caused by
glectron fmpacts.

Surular to the processing chamber 702 dlustrated in FIG. 7, 1o the processing chamber
802 the magnetic field is generated from outside the sidewalls of the chamber body 604. As
shown in FIG. 8, a coil 804 is posttioned on the side of the processing chamber 802 such that
generated magoetic field lines are substantially paraliel across a surface of the hd 612 For
exampie, the coil 804 can bhe positioned in proximity to the upper portion of the chamber near
the lid 612 and orienied so that the central axis of the coil 804 is parallel {0 the surface of the
lid 612. Electrons emitted from the surface of the substrate 608 during a plasma processing
operation will be deflected, with sufficient magnetic field strength, toward the sidewalls of
the chamber body 604, e.g.. a magnetic field strength to generate a substantially T cm

gyroradius.

o
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While in FIGS. 7-8 a coil is illustraied as the source for the generated magnetic field,
other suitable sources can be used. For example, magnets on opposite sides of the chamber
body can generate a magnetic field between the magnets. To particular, the magnets can have
opposite poles facing each other so that the atiraction concentrates the magnetic field lings

between the two magnets across the chamber body.

FIG. 9 shows a flow diagram of an example process 200 for deflecting electrons from
a chamber lid. For convenience, the process 900 1s described with respect to a system that
performs the process 900, e.g., a plasma-based processing system.

The syster 1gnites a plasma within a plasma-~processing chamber (902). The plasma-
processing chamber can be simular to those described above with respect to FIGS. 3-8.

The system applies a bias voltage (o a substrate support within the plasma-processing
chamber to attract ions {rom the plasma (904}, The bias voltage can be apphied by a pulse
generator or RF sowrce as described above with respect to FIGS. 1-8.

The system applies an eleciric or magnetic field (o deflect electrons emitted form the
substrate away from a lid of the plasma processing chamber (306). A pulse generator can be
used fo apply an electric field to a conductive region proximate to the lid as described above
with respect to FIGE. 3-5. A magnetic field source can be used to generate a magnetic field as
described above with respect to FIGS. 6-8.

While this specification contams many specific implementation details, these should
not be construed as limitations on the scope of what is being claimed, which is defined by the
claims themselves, but rather as descriptions of features that can be specific to particular
embodiments of particular mventions. Certain features that are described in this specification
i the context of separate erobodirnents can also be implemented in combination 1 a single
embodiment. Conversely, various features that are described in the context of a simgle
embodiment can also be implemented in multiple embodiments separately orin anv suitable
subcombination. Moreover, although features can be described above a3 acting m certam
combinations and even mnitially be claimed as such, one or more features from a claimed
combination ¢an in some cases be excised from the combination, and the claim can be
directed 1o a subcombination or variation of a subcombination.

Surularly, while operations are depicied i the drawings and rectied 1o the claims ina
particular order, this by tiself should not be understood as requiring that such operations be
performed in the particular order shown or in sequential order, or that all Hlustrated

operations be performed, to achieve desirable resulis. In certam circumstances, muliitasking
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and parallel processing can be advantageous. Moreover, the separation of various system
modules and components in the embodiments described above should not be understood as

equiring such separation in ali embodiments, and it should be understood that the described
program components and svstems can generally be integrated together n a single software
product or packaged nto multiple software products.

Particular embodiments of the subject matier have been described. Other
embodiments are within the scope of the following claims. For example, the actions recited in
the claims can be performed in a different order and still achieve desirable results. As one
example, the processes depicted in the accompanying figures do not necessarily require the
particular order shown, or sequential order, to achieve desirable resuits. In some cases,

mutltitasking and paraliel processing can be advaniageous.

What is claimed is:

o
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"LAIMS

1. A sysiem comprising:

a plasma-based processing chamber enclosing a processing region, the processing
chamber comprising a first portion mcluding sidewalls and a bottom and a second portion
mncluding a chamber hid;

a3 substate support within the processing chamber and configured (o retain a {irst
substrate in the processing region of the processing chamber;

an inductively coupled plasma source configured to direct RF energy into the
processing chamber;

a conductive structure proximate to the chamber hid on ao exterior side of the
processing chamber; and

a power source configured o apply a negative charge to the conductive structure that
generales an electric field through the chamber lid, the electric field providing a repulsion

force to incident electrons.

2. The svstem of claim 1, wherein the power source is a pulse generator that generates

D puises of a specified voltage and period.

3. The svstem of claim 2, wherein the pulse generator generaies square wave pulses or

sawtooth wave pulses of a negative BC voltage.

4. The svstem of claim 1, wherein substrate support has a bias voltage applied by a
second pulse generator to attract wons to the substrate and wherein the pulse generator applies

a voltage corresponding to the bias voltage applied by the second pulse generator voliage.

5. The system of claim 1, wherein the power source is a pulse generator that provides

concurrent DO pulses 1o both the conductive struciure and to the substrate support.

6. The systern of claim 1, wherein the conductive structure is a lid heater,
7. The system of claim 1, wherein the power source applies the negative charge using

ramped or RF power.

8. The system of claim 1, wherein the power source provides constant voliage 1o the

conductive structure.

16
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9. A system comprising:

a plasma-based processing chamber enclosing a processing region, the processing
charober comprising a first portion mcluding stdewalls and a bottom and a second portion
meluding a chamber hid;

a substate support within the processing chamber and configured to refain a first
substrate in the processing region of the processing chamber,;

an mductively coupled plasma source configured to direct RF energy into the
processing chamber; and

a magnetic field source configured to provide a magnetic field to a region of the
processing chamber, the magnetic {ield being contigured to detlect electrons emitted from the

subgtrate.

10.  The system of claim 9, wherein the magnetic figld source is a cotl between the
substrate and the bottom of the processing chamber, and wherein the coil is onented with a

central axis perpendicular to a planar surface of the substrate.

11, The system of claim 10, wherein the magnetic field source comprises a solenoid.

12, The system of claim 10, wherein magoetic field source comprises one or more
magneis.

13. The system of claim 9, wherein the magnetic field source is positioned adjacent o a

sidewall of the plasma-based processing chamber in proximity (o the subsirate.

14, The system of claim 9, wherein the magnetic field source 1s positioned adjacent (o a

sidewall of the plasma-~based processing chamber in proxumity to the chamber lid.

15 A miethod of mitigating hd heating during operation of a plasma processing chamber
COMPFISING;

igniting a plasma within the plasma processing chamber;

applying bias voltage to substaie support to attract 1ons from the plasma; and

applying an electrical or magnetic field to at least a portion of the plasma processing
chamber to deflect elecirons emitted from the substrate away from a lid of the plasma

processing chamber,

17
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16, The method of claim 15, wherein applying an electric or magnetic field comprises
applving a negative bias voltage to a conductive structure proximate to the lid and outside of

the plasroa processing chamber to generate an electric field.

17, The method of claim 15, wherein applving an electric or magoetic field comprises
eenerating a magnetic field using a solenoid positioned beneath the subsirate and oriented to

deflect electrons along radius with sufficient magnitude to cause electrons to impact sidewalls

18. The method of claim 13, wherein applving an eleciric or magnetic field comprises
generating a maguoetic field using a magnetic field source outside of the plasma processing

chamber.

19. The method of claim 18, wherein the magnetic field source is positioned adiacent to a

sidewall of the plasma-based processing chamber in proximity (o the subsirate.

20 The method of claim 18, wherein the magnetic field source 13 positioned adiacent (o a

sidewall of the plasma-~based processing chamber in proxumity to the chamber lid.

13
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