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(57) Abstract: An electrostatic chuck assembly including a body including a body recess and a heat transfer plate disposed in the body
recess, wherein the heat transfer plate includes an upper surface, a lower surface, a first opening, and a second opening. The electrostatic
chuck assembly further includes an RF transmission tube configured to transfer RF power to the lower surface of the heat transfer plate.
The electrostatic chuck assembly further includes a puck bonded to the upper surface of the heat transfer plate. The electrostatic chuck
assembly further includes a first chucking electrode disposed in the first opening and a second chucking electrode is disposed in the
second opening, wherein the first and second chucking electrodes are configured to transfer a chucking voltage to the puck.
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ELECTROSTATIC CHUCK

BACKGROUND
Field

[0001] Embodimenis of the present disclosure relate io the microelecironics
manufacturing industry and more pariicularly {0 electrostatic chucks for supporting a

substrate during semiconductor processing.

Description of the Related Art

(00027 Elechrostatic chucks are widely used to hold substrates, such as
semiconductor wafers, during processing in processing chambers.,  Conventional
glectrostatic chucks typically inciude one or more slectrodes embedded within a
unitary chuck body which comprises 3 diglectric or semi-conductive ceramic material
across which an eleclrostatic clamping field can be generaled. Semi-conductive
ceramic materials, such as aluminum nitride, boron nitride, or aluminum oxide doped
with a metal oxide, for example, may be used to enable Johnsen-Rahbek or non-

Couiombic electrostatic clamping fields to be generated.

(0003} However, it is difficull o embed metal components (8.g., electrodes) within
the ceramic chuck body because of differences in the thermal expansion coefficients
of the ceramic and metal which can resulf in thermo-mechanical siresses that can
cause the ceramic to fracture or chip during thermal cycling. Additionally, differences
in the thermal expansion coefficients may increase with temperature resulting in
greater thermo-mechanical stresses at higher temperatures. To compensate for these
stresges, the ceramic chuck body is made thicker (o provide greater strength and
prevent fracture. Increasing the thickness of the chuck body increases manufacturing

costs.

{00041 Conventional electrostatic chucks are used fo process substrates with
plasma. RF power is applied o the embedded slectrodes o ignite a plasma by
generating a magnetic field that ignites processes gases to form a plasma. However,
conventional chucks have a tendency (o generate a magnetic fisld that is shified o
ong side of the chuck such that the plasma is not uniformly distributed above the

substrate. This uneven distribution of the plasma, for example, can resull in an
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uneven eich rale across the subsirale. As a result, additional processing must be

completed 1o compensate for the effects on an uneven distribution of the plasma.

[0005]  Accordingly, there is a need in the art for a cost effective electrostatic chuck
that can operate at high temperatures and over a wide range of temperatures in a high
vacuum environment without failure. Additionally, a need exists for a cost effective
electrostatic chuck which can create an eleciromagnetic field with a reduced or

aliminated shift.

SUMMARY

[0008]  In one embodiment, an electrostatic chuck assembly includes a body, a
heat transfer plate, and RF transmission tube, a puck, a first chucking electrode, and
a second chucking elecirode. The body includes a body recess. The heat transfer
plate is disposed in the body recess. The heat transfer plate includes an upper
surface, a lower surface, a coolant channel, a first opening, and a second opening.
The RF transmission tube is configured to transfer RF power {0 the heat transfer plate.
The heat transfer plate includes a shaft connecied 10 a head with a head recess
formed therein. A head shoulder of the head contacts a continuous area of the lower
surface of the heat transfer plate. The puck is engaged with the upper surface of the
heat transfer plate. The first chucking electrodes is disposed in the first opening and
the second chucking electrode is disposed in the second opening. The first and

second chucking electrodes are configured to transfer a chucking voltage o the puck.

[0007Y In one embodiment, an electrostatic chuck assembly including a body
including a body recess and a heat transfer plate disposed in the body recess, wherein
the heat transfer plate includes an upper surface, a lower surface, a first opening, and
a sscond opening. The slechrostatic chuck assembiy further includes an RF
transmission tube configured to transfer RF power to the lower surface of the heat
transfer plate. The electrostatic chuck assembily further includes a puck bonded to
the upper surface of the heat ransfer plate. The electrostatic chuck assembly further
includes a first chucking electrode disposed in the first opening and a second chucking
electrode is disposed in the second opening, wherein the first and second chucking

electrodes are configured to transfer a chucking voltage o the puck.
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{0008}  In one embodiment, a method of processing a substrate inciudes chucking
a first substrate to a puck bonded o an upper surface of a heat transfer plate by
applving a chucking voltage o the puck using a first chucking electrode and a second
chucking electrode disposed in the heat transfer plate. The first and second chucking
electrode have opposing polarities. The method further includes igniting a plasma
above the first substrate chucked to the puck using a first RF power. The first RF
power is transferred from an RF transmission tube to the heat iransfer plate at &
continuous interface between the heat transfer plate and an RF transmission tube.
The mathod further includes processing the first substrate using a second RF power.
The second RF poweris transferred from the RF transmission tube 1o the heat transfer

plate at the continuous interface.

BRIEF DESCRIPTION OF THE DRAWINGS

{00091 So that the manner in which the above recited features of the present
disclosure can be understood in detall, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. tis to be notad, however, that the appended
drawings iHllustrate only exempiary embodiments and are thersfore not 10 be
considerad limiting of the scope of the disclosure, as the disclosure may admitto other

equally effective embodiments.

001071 Figure 1 depicts a schamalic illustration of a process station, according to

one embodiment.

[0011] Figure 2A is a cross-sectional view of an eleclrostatic chuck assembly

according o one embodiment.

0012} Figure 2B is a cross-seclional view of the elecirostatic chuck assembly

according to the embodiment shown in Figure 24,

{00131 Figure 2C is a fop perspective view of a puck bonded to a heat transfer
plate of the slectrostiatic chuck assembly, according o the embodiment shown in
Figure 2A.
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{0014} Figure 3 is a partial cross-sectional view of the puck bonded o the heat

transfer plate from the region iabeled Fig. 3 shown in Figure 2ZA.

(0018 Figure 4 is a flowchart of a method of processing @ substrate in the process

station of Figure 1 using the electrostatic chuck assembly of Figures 2A-C and 3.

[0016]  To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. ltis
contempiated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

00177 Embodiments herein are generally directed to a bipolar electrostatic chuck

used during the processing of a substrate, such as a semiconducior substrate.

[0018] Figure 1 is a schematic cross-seclional view of a process station 100
according to one embodiment of the disclosure. in one embodiment, the process
chamber is a sputter efch processing chamber. However, the process station 100 may
be configured to complete other processes, such as physical vapor deposition or

chemical vapor deposition.

(00181  Process siation 100 is a chamber which is suitably adapted to maintain a
processing pressure within during subsirate processing. The process station 100
includes a chamber body 102 which encloses an interior volume 101, A processing
volume 103 is located in the upper portion of the interior volume 101, The processing
volume 103 may be maintained at sub-atmospheric pressures during processing. The
process station 100 may also include one or more shields 105 circumscribing various
chamber components to prevent unwanted reaction hetween such components and
ionized process material. The chamber body 102 may be made of metal, such as

aluminum. The chamber body 102 is also connected o a ground 107,

(00201 The process station 100 includes an exhaust 108 to remove gases from the
interior volume 101, A processing pressure may be maintained and/or adjusied using
aexhaust 108, The exhaust 108 may include one or more pumps. For example, the

exhaust 108 may include a throtile valve (not shown) and vacuum pump (not shown)
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which are used 1o evacuate the interior volume 101, The pressure inside the process
station 100 may be regulated by adjusting the throtile valve and/or vacuum pump. In
some embodiments, the exhaust 108 is used o maintain the pressure within the
processing volume 103 at sub-atmospheric conditions. The process station 100 is
coupled 10 a gas supply 109 which introduces gases, such as one or more process
gases, inte the processing volume 103, One or more gases delivered info the
processing volume 103 from the gas supply 108 may be ignited into and maintained

as a plasma 1006 by an slectrostaiic chuck assembly 140

[00211  An electrostatic chuck assembly 140 is at least partially disposed within the
interior volume 101 for supperting and chucking a substrate 130, The substrate 130
is placed on an upper surface {puck 250 as shown in Figure 2A) of the electrostatic
chuck assembly 140 during processing. A chucking power source 170 is coupled to
chucking elecirodes (2.g., first and second chucking electrodes 240a,b of Figure 2A)
in the slectrostatic chuck assembly 140 by lines 180abk fo provide the power
necessary to chuck the substrate 130 to the electrosiatic chuck assembly 140, A first
RF power supply 171 is connected o the electrostatic chuck assembily 140 o provide
power o ignite the gases within the processing volume 1038 to form the plasma 106,
A second RF power supply 172 is connecled to the eleclrostatic chuck assembly 140
o further excite the plasma 108 and io conirol the plasma 106 during processing of
the substrate 130. A heat transfer gas supply 173 is connecled io the electrostatic
chuck assembly 140 by gas line 183 to provide a heat transfer gas that flows between
the underside of substrate 130 and the upper surface of the elecirostatic chuck
assembly 140 to regulste the temperature of the subsirate 130, A heat exchanger
174 is connacted o the electrostatic chuck assembly 140 {o circulate a coolant fluid
into the electrostatic chuck assembly 140 o regulate the temperature of the substrate
130G, The coolant fluid flows into the electrosiatic chuck assembly 140 through a
coolant supply line 184a that retumns o the hesat exchanger 174 through a coolant

returmn iine 184k,

[00227 The electrostatic chuck assembly 140 is coupled to a first it mechanism
113 which provides vertical movement of the slectrostatic chuck assembly 140
between an upper, processing position {as shown in Figure 1) and a lower, fransfer

position (not shown). A bellows assembly 110 is coupled to the elecirostatic chuck
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assembly 140 {0 provide a flexible seal that allows vertical motion of the elecirostatic
chuck assembly 140 while preventing fluid communication between the environment
ouiside the process stalion 100 from and the interior volume 101, The bellows
assembly 110 also includes a lower bellows flange 114 in sealed against a botlom

surface 111 of chamber body 102 by ons or more seals 118,

(00237 The process station 100 also includes a lift assembiy 120, which includes
lift pins 122 mounted on a platform 124 connected to a shaft 125 The shafl 125 is
coupled to a second lift mechanism 128 for raising and lowering the lift assembly 120
relative 1o the electrostatic chuck assembly 140 so that the substrate 130 may be
placed on or removed from the surface of the slectrostatic chuck assembly 140,
Figure 1 shows the lift pins 122 in a lower position, but the lift pins 122 are moveable
{0 an upper position (not shown) where the tips of the lift pins 122 protrude from the

top of the elecirostatic chuck assembly 140.

[0024] The slectrostatic chuck assembly 140 includes thru-holes o receive the lift
ping 122 such that the lift pins 122 can engage the underside of the substrate 130, A
second bellows assembly 128 is coupled between the lift assembly 120 and the
bottom surface 111 to provide a flexible seal which maintains processing pressure

during the vertical motion of the lift assembly 120

{0025] Operation of the process station 100 is controlied by a controller 180, The
controller 180 includes a programmabie central processing unif, here the CPU 181,
which is operable with a memory 192 {e.q., non-volatile memory) and support circuits
193, The CPU 191 is one of any form of general-purpose computer processor used
in an industrial setling, such as a programmabile logic controller (PLC), for controlling
various station components and sub-processers. The memory 192, coupled to the
CPRPU 181, facilitates the operation of the process station 100, The support circuits
193 are conventionally coupled to the CPU 191 and comprise cache, clock circuits,
input/output subsystems, power supplies, and the like, and combinations thereof
coupled to the various components of the process station 100 {o facilitate control of

substraie processing operations therewith.

[00267  The instructions in memory 182 are in the form of a program product, such

as a program that impiements the methods of the present disclosure. In one example,
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the disclosure may be implemented as a program product stered on computer-
readable storage media for use with a computer system. The program(s) of the
program product define funclions of the embodiments {including the methods
described herein). Thus, the computer-readable storage media, when carrying
computer-readable instructions that direct the functions of the methods described

herain, are embodiments of the present disclosure.

(0027}  Figures 2A-2B illustrate cross-sectional views of the slectrostatic chuck
assembly 140. The electrostatic chuck assembly 140 includes & housing 200, a body
210, an RF transmission tube 220, a hest transfer plate 230, a first chucking electrode
240a, a second chucking slecirode 240b, a center tap slectrode 240c¢, a puck 250, a
plug assembly 260, and a manifold 270, The substrate 130 is chucked o the puck
250 during processing.

[0028]  The housing 200 is coupled to the bellows 110 and supporis the body 210,
A lower surface 201 of the housing 200 is engaged with the upper surface 282 of a
flange 290 of the bellows 110. The flange 290 may be secured 1o the housing 200 by
one or more fasteners 285, The housing 200 includes an upper surface 202 that
defines g housing recess 206. The upper surface 202 includes a bottom surface 203
and a shoulder surface 204, A port 205 is formed in the housing 200 and extends
from the betlom surface 203 to the lower surface 201, A shaft 222 of the RF
fransmission tube 220 is disposed in the port 205, Lift pin thru-holes corresponding
to lift pins 122 are formed in the housing 200. In some embodiments, the housing is
made of a metal, such as aluminum. The housing 200 is connected to the ground
107.

(0029  The body 210 includes a lower surface 211 and an inner upper surface 212
separated from an outer upper surface 213 by a lip 218, The inner upper surface 212
defines a body recess 218 and includes a shoulder surface 214 and a ceniral opening
215 that is formed through the body 210, The central opening 215 extends through
the body 210 from the lower surface 211 {0 the shoulder surface 214 and may be
cylindrical in shape. The housing recess 208 and the body recess 216 collectively
define a cavity 280. The body 210 is at least partially disposad in the housing recess

208 with the lower surface 211 engaged with the shouider surface 204 of the housing
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20C. The body 210 may be secured o the housing 200 by one or more fasteners 285.
The outer upper surface 213 is a shoulder surface that may engage with the one or
more shields 105 of the process station 100 (Figure 1). The body 210 may be formed
from an insulated material, such as a ceramic. For example, the body 210 may be

formed from aluminum oxide.

(00307 The RF transmission tube 220 is configured to transfer RF power supplied
from the first RF power supply 171 and second RF power supply 172 (Figure 1) to the
heat transfer plate 230. The RF transmission tube 220 includes the shaft 222 and a
head 224. The head 224 may be a circular flange extending radially from the shaft
222 thatis generally circular in shaps. A bore 221 exdends through the shaft 222 and
is in communication with a head recess 226 formed in the head 224, The head recess
226 may be generally cylindrical in shape. The head 224 includes a head shoulder
228 configured to engage with the heat transfer plate 230. The head shoulder 228
may be a fiat or substantially flat surface. An outside edge 229 of the head shoulder
228 is in contact with the heat fransfer plate 230, In some embodiments, the outside
edge 228 is in contact with the body 210, such as contacting the inner upper surface
212 within the opening 215. The head shoulder 228 may be aring that extends around
the edge of the head 224 where the edge 228 is the circumference of the ring. The
glectric lines 180a-180c¢, the coolant supply line 184a, the coolant return line 184b,
and the gas line 183 exiend through the bore 221 and into the head recess 228. The
RF transmiission tube 220 may be formed from copper or other material suitable to

conduct RF power.

(00311  The head 224 is disposed in the cavity 280 underneath the heat fransfer
plate 230, In some embodiments, the head 224 is disposed in the opening 215. The
thickness of the head 224, shown as Du, may be the same or substantially the same
as the thickness of the opening 215 formed in the body 216, shown as Ds. The
shoulder surface 214 and the head shoulder 228 may be co-planar as shown in Figure

2A.

(00321 The heattransfer plaie 230 is disposed in the body recess 216 and includes
a iower surface 231 and an upper surface 232. The heat transfer plate 230 may be

secured 1o the body 210 by one or more fastensers (not shown). A coolant channel
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234 is disposed in the heat transfer plate 230, Coolant fluid circulates through the
coolant channel 234 from the heat exchanger 174 (Figure 1) 1o regulate the temperate
of the substrate 130 that is disposed on the puck 250, The coolant channel 234 has
an inlet 234a connecied to the coolant supply line 184a and an oullet 234b connected
to the coolant retum line 184b. The coolant fuid may be deionized waler or any ¢ther
suitable coolant fluid, gas or liquid. The heat transfer plate 230 also includes a first
opening 238a, a second opening 238b, and a third opening 238¢ to receive the
glectrodes 240a, 24Ch, 240¢. The openings 236a-¢ may be spaced o minimize
crespage of the chucking voltage supplied o the first and second chucking electrodes
2403, 240b through the heat transfer plale 230, A plug port 238 extends through the
heat transfer plate 230 that houses the plug assembly 280. The plug port 238 also
includes a stop shoulder 238, The plug port 238 may exiend along the centerline of

the heat transfer plate 230

{0033} The lower surface 231 is engaged with the shoulder surface 214 of the body
210 and with the head shoulder 228 of the head 224, The head shouider 228 contacts
a continuous area 237 of the lower surface 231 that extends around the periphery of
the openings 238a-c. The ouler boundary of the continuous area 237 is where the
outer edge 229 of the head 224 engages the lower surface 231 In some
embodiments, the continuous area 237 is an annular area of the lowsr surface 231
that contacts the ring shaped head shoulder 228. RF power supplied {0 the RF
fransmission tube 220 is transferred to the heat transfer plate 230 at the continuous
interface between he head shoulder 228 and the continuous area 237. This interface
may be secured by fasteners {(not shown} that secure the head 224 {0 the heat transfer
plate 230. Due o the skin effect, the RF power primarily fiows through skin (i.e., cuter
surface) of the RF transmission tube 220. Similarly, RF powsr is transferred from the
RF transmission fube 220 to the heat fransfer plate 230 al the edge of the continuous
interface. In other words, the RF power primarily flows into the heat transfer plate 230
where the outer edge 229 of the head 224 contacts the lower surface 231 of the heat
transfer plate 230, This RF power is then transferred trough the heat transfer plate
230 o the puck 250, where the RF power is able {0 generate an electromagnetic field
that interact with gases of the processing volume 103 {o ignite g plasma or 1o maintain

or adjust a plasma.
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(0034} In conventional slectrostalic chucks, the RF power is supplied o chucking
electrodes embedded in the puck. This RF power is used 1o ignile and maintain
plasma. However, conventional RF transmission through the slectrodes embedded in
the puck has a tendency to shift the plasma {0 one side or portion of the substrate.
The plasma also shifts as the current alternates. Without being bound by theory, it is
balieved that the muitiple discontinuous electrodes transferring RF power to the puck
results in differentials in the magnetic field flowing through the plasma that causes the
plasma to shifl. As a result, the etch rate may be different at different locations on the

substrate.

[0035] The elecirostatic chuck assembly 140 generates plasma that is more evenly
distributed over the surface of the substrate 130 {o reduce a differential in the eich
rate at different locations on the surface of the subsirate 130. RF power supplied by
the first and second RF power supplies 171, 172 flows through the single RF
fransmission tube 220 rather than through mulliple RF conductors. Without being
bound by theory, it is believed that the continuous interface of the head 224 with the
heat transfer plate 230 distributes the RF power in a more even fashion that reduces
or substantially eliminates plasma shift such that the plasma is more evenly distributed
over the surface of the subsirate 130, Additionally, it is believed that placing the
interface nearer the edge of the heal transfer plate 230 decreases the effect of the
plasma shift. Furthermore, the slectrosiatic chuck assembly 140 has an increased
etch rate. For example, the eich rate may be about 5.8 A/s. The reduction and/or
elimination of the shift of the plasma and the increased etch rale increases the

throughput of subsirate processes performed in the station 100,

[00368] The first and second RF power supplies 171, 172 may be connected {o the
shaft 222 of the RF transmission tube 220 by a strap, represented as line 181. In
some embodiments, the first power supply 171 is configured to supply RF power at
13.580MHz and the second RF power supply 172 is configured o supply RF power at
about GOMHz. In some embodimenis, the first RF power supply 171 supplies RF
power between 300W and 800W, such as between 330W and 360W. In some
embodiments, the second RF power supply 172 supplies RF power belweesn 800W
and 1000w, such as between 880 W and 880W. The power of the RF power supplied

by the first and second RF power supplies 171, 172 may be the same or substantially

10
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the same even though the frequency of the RF power differs. For example, the first
RF power supply may provide RF power at 800 V at about 13.56MHz while the second
RF power supply provides RF power at 800V at about 80 MHz. The first and second
power supplies may be connected o an RF filter, such as a 58 uH RF filter. For
example, the first and second power supplies may be configured o supply power at
300W and 800W, respectively, with the etch rate being about 5.9 A/s.

(00377 In some embodiments, RF power may be supplied to the RF fransmission
tube 220 from both the first and second RF power supplies 171, 172 simultaneously.
For example, the first RF power supply 171 may initially supply RF power {0 the RF
transmission tube 220 1o ignite the plasma 108. After the plasma is ignited, then RF
power is supplied {o the RF transmission tube 220 from the second RF power supply
172 to further excite and/or conitrol the plasma 108, The first RF power supply 171
may continue to provide RF power while RF power is being supplied from the second
RF power supply 172. However, the first RF power supply 171 may stop supplying
RF power after the plasma 106 is ignited and the second RF power supply 172 has

started supplving RF power {0 the RF fransmission tube 220.

[0038] The first chucking elecirode 240a and second chucking electrode 240b
transfer a chucking voltage o the puck 250 to generate an electrostatic force that
clamps the subsirate 130 t© the puck 250, The elecirostatic chuck assembly 140 is
bipolar because the first chucking electrede 240a and the second chucking electrede
240b are electrically biased relative to one ancther. A bipolar chuck does not require
the presence of a plasma 1o generale an elecirostatic clamping force unlike a
monopolar chuck that only has one chucking electrode. The center tap electrode 240¢
is disposed between the first chucking electrode 2403 and second chucking electrode
240b.

(00381 Eschelectrode 240a-cincludes a body portion 244 and a respective contact
242a, 242b, 242¢ configured {o engage an associated contact 257a-¢ of the puck 250,
The electrodes 240a-¢ are disposed in the body recess 218 between the shoulder
surface 214 and the upper surface of the lip 219, In some embodiments, the contact
242a-¢ of each electrode 240a-¢ may extend beyond the upper surface 2322 of the

heat transfer plale 230 and the upper surface of the lip 219 while the body portion 244

11
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of each slectrode 240a-¢ is disposed between the upper surface of the lip 219 and
the shoulder surface 214. The slectrodes 240a-¢ are positicned in the respsective
openings 238a-¢ of the heat transfer plate 230, The elecirodes 240a-¢ may be seated
on and supported by a support member 246 disposed in the head recess 226 beneath
the heat transfer plate 230. The elecitrodes 240a-¢ are connected to the chucking
power source 170 by a respechive electric ling 180a-¢ that extend through the bore
2271 and into the head recess 228. In some embodiments, the support member 248
is & Teflon cable holder that supports the electric lines 180a-¢ within the head recess
228,

[0040% The voltage at the center tap electrode 240c is monitored, such as being
monitored by the controller 180, {o determine the voltage drop across the substrate
130G, If an unegual voltage drop is detected, then the voltage of the first and second
chucking electrodes 240a, 240k, or the voltage of the center tap electrode 240c, may
be adjustad {0 equalize the voltage drop. Thus, the center tap slectrode 240c¢ is used
to maintain a constant vollage differential on opposiie sides of the subsirate 130 1o
keep the substrate chucked to the puck 250, In some embodiments, the chucking
electrodes 240a, 240b each supply a chucking voltage of 800V at opposing polarities
to the puck 250 o generate the electrostatic force. The slectric line 180¢ connected
{0 the center tap electrode 240c¢ may be used o monitor the voliage at center tap
glectrode 240c. This eleclric line 180¢c may be connecied to the chucking power

saurce 170 or to the confrolier 190,

[0041] Figures 2A-2C illustrate the puck 250, The puck 250 is disposed on the
heat transfer plate 230, The puck 25C is made of a dielectric matenal, such as
aluminum nitride.  In some embodiments, the puck 250 is formed by sintering. The
substrate 130 is chucked to and supporied by the puck 250 during processing. The
puck 250 is thinner than conventional pucks because electrodes are not disposed in
the puck 250, which omits the need for the puck 1o exceed the thickness of the
electrode and avoids issues relaling to differentials in heat transfer coeflicients caused
by embedded electrodes. insiead, the electrodes 240a, 240b, 240c are embeddead in
the heat transfer plate 230. For example, the puck 250 may have a thickness of about
dmm whereas a conventional puck has a thickness of aboul 10mm. In some

embodiments, the puck 240 has a thickness less than 4mm. Conventional pucks
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containing electrodes are coated in a dislectric material o cover the elecirodes
embedded therein. In some embodiments, the puck 250 is not coated with a dislecliic
material like a conventional puck since electrodes are not disposed in the puck 250,
Thus, the puck 250 may be an uncoated puck. The electrodes 240a, 240b, 240¢ are
in contact with a corresponding contact point 257a-¢ formed on a lower surface 258
of the puck 250.

{0042] Figure 2C illustrates a top axonometric view of the puck 250 disposed on
the heat transfer plate 230, An upper surface 251 of the puck 250 may be bounded
by a peripheral ring 252 and may include a pluralily of raised wedge-shaped mesas
283, The mesas 283 are defined by intersecting radial channels 254 and circular
channels 255 configured to distribute a heat transfer gas supplied from the heat
transfer gas supply 173 (Figure 1) and delivered through an opening 256 formed in
the puck 250. Each lift pin thru-holes 258 formed through the puck 250 is aligned with
a corresponding lift pin thru-holes 235 of the heat transfer plate 230 and a
corresponding  thru-hole formed in the body 210, housing 200, and flange 280 o

receive a liit pin 122 (Figure 1}). These aligned thru-holes are shown in Figure 2B.

(00431 The heattransfer gas flows between the underside of the subsirate 130 and
the upper surface 251 of the puck 250 through the channels 254, 255 in order to
regulate the temperature of the substrate 130, The heat transfer gas supplied by the
heat transfer gas supply 173 may be an inert gas, such as argon gas. The peripheral
ring 252 contacts the underside of the substrate 1320 near its edge which helps control
the amount of heatl transfer gas which escapses from behind the substrate 130. As
shown in Figure 2A, the puck 250 may be sized such that the bottom surface of the
peripheral ring 252 extends beyond the edge of the heat transfer plate 230 and is
engaged with the lip 218, In some embodiments, the botlom surface of the peripheral
ring 252 may instead be engaged with the upper swiface 232 of the heat transfer plate
230.

(00441 The one or more mesas 253 which are disposed belween intersecling
channels 254, 255 may comprise square or rectanguiar blocks, cones, wedges,
pyramids, posis, cylindrical mounds, or other protrusions of varying sizes, or

combinations thereof that extend up from the puck 250 and support the substrate 130.
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in one embodiment, the height of the mesas 253 may range from about 50 microns
{micrometers) to about 700 microns, and the width (or diameter) of the mesas 253
may range from about 500 microns to about 5000 microns. In another example, the
puck 250 may include an upper surface 251 having a plurality of channels (s.q., radial
channels 254) formed thersin and which doss not include mesas 253. in some
embodiments, the puck 250 includes channels arranged in g grid like pattern or &
circular pattern. Allernately, radial patterns may be combined with grid and circular
patterns. Other geomeilries may also be used for the pattern of channels of the puck
2560,

[0045] In some embodiments, the contact points 257a-¢ may be a blind bore
formed in the lower surface 258 of the puck 250 to receive a respective contact 242a-
¢ as shown in Figure 2A. In some embodiments, the contact poinis 257a-c are &
portion of the lower surface 258 where the respective contact 242a-c contacts the
lower surface 258, In some embodiments, the contact points 257a-¢ may be an
indentation formed on the lower surface 258 in which the respective contact 242a-¢ is
partially inserted. In some embodiments, the coniact poinis 257a-¢ may each be a
protrusion extending from the lower surface 2858 configured fo engage with a

respective contact 242a-c.

[0046] A robust elecirostatic force chucking the subsirate 130 to the puck 250 is
necessary to supply the heat transfer gas without causing the substrate 130 to move
about the surface of the puck 250 due {0 the pressure of the gas. Movement of the
substrate 130 across the surface of the puck 250 can damage the puck 25C and the
substrate 130, Thus, the chucking force provided by the electrodes 240a, 2400 aliow
for pressurized heat transfer gas to flow through the channels 254, 255 withoul moving
the substrate 130. The pressure and flow rale of the heat transfer gas may be

adiusted o help reguiate the temperature of the subsirate 130,

(00477 Referring to Figure 24, the plug assembly 260 is disposad in the plug port
238 of the heat transfer plate 230 to facilitate fiowing the heat transfer gas into the
channels 254, 255, The plug assembly 260 includes a plug 282 and a slesve 268,
The plug 262 may extend at least partiaily into the opening 256 of the puck 250. The
plug 262 includes a flow path 263, The inlet 264 of the flow path 283 is is connected
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{o the heat ransfer gas supply 173 (Figure 1) via the gas line 183. The plug 262 also

includes one or more radial cutlets 265 formed on the side of the plug 262,

(00487 The plug 262 is disposed in a central gpening 267 of the slesve 266, The
sleave 266 is engaged with the stop shouider 238 of the heat transfer plate 230, The
sleave 2688 may be formed of an insulating material. A flow annulus is present
between the surface of the central opening 267 and the plug 282 such thal haat
fransfer gas flowing through the flow path 263 exils at the one or more radial outlets
265 and then flows upwards through the flow annulus and out the opening 256 formed
into the puck 250 and into the channels 254, 255,

(00491 A portion of the coolant supply line 1843, the coolant return line 184b, and
a portion of the gas line 183 may be formed in the manifold 270. The manifold 270 is
disposed in the head recess 228 beneath the heat ransfer plale 230, The manifoid
270 may be at least partially disposed in an opening or recess formed in the support
member 248. In some embodiments, the manifold 270 is disposed underneath the

heat transfer plate 230 between the first and second chucking electrodes 240a, 240b.

[0050%7  Figure 3 illustrates a partial cross-section of Figure 2A o llustrate a bond
310 that secures the puck 250 to the heal transfer plate 230. As shown, the lower
surface 258 of the puck 250 is secured o the opposing upper surface 232 of the heat
transfer plate 230 by the bond 310, Without being bound by theory, it is believed that
bonding the puck 250 o the heat transfer plate 230 faciliiates sfficient transfer of RF
power and heat between the engaged opposing surfaces of the puck 250 and the heat
transfer plate 230, Addilionally, the bond 310 may be selected o maintain the
engagement of the puck 250 and the heat fransfer plate 230 despite the thermal
expansion in the puck 250 and heatl transfer plate 230, In some embodiments, the
bond 310 may be a muitilayer bond that includes a first indium layer 311, a second
indium bond layer 312, and a nono bond layer 313 disposed between the first and
second indium bond layers 311, 312, The bond 310 may aliernatively be made by
any cother suilable adhesive. In some embodiments, the bond 310 may only be
disposed about the periphery of the lower surface 258 of the puck 250 as shown in
Figure 3. The bond 210 may act as a seal to prevent process gases within the

processing volume 103 from leaking into the cavity 280 around the edge of the puck
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250. Figure 30 is exaggerated to show the bond 310, The lower surface 258 of the
puck 250 may be in contact with the upper surface 232 of the heat transfer plate 230
with the bond 310 disposed therebetween rather than a gap being present between

the two opposing surfaces 258, 231 as shown in Figure 3.

(00511 As shown in Figure 3, a seal 320 may be disposead in a groove 330 formed
in the upper surface 232 of the heat transfer plate 220 and engaged with the underside
of the puck 250. The seal 320 may be disposed adiacent {o the bond 310 as shown
in Figure 3. The seal 320 is configured to isolate the cavily 280 from the processing
volume 103 {(Figures 1 and 2A4-2C), such maintaining the isolation of the cavity 280
should process gases leak through the bond 310, Additional seals {not shown) may
be disposed in the electrostatic chuck assembly 140 {o isclate the cavity 280 from the
processing volume 103, For example, one or more seals may be disposed between
the heat transfer plate 230 and the body 210 and one or more seals may be disposed
between the housing 200 and the body 210. One or more seals may be disposed in
the openings 238a-c to seal against a respective electrode 240a-¢. One or more seals
may aiso be disposed between the heat fransfer plate 230 and the underside of the
puck 250 adiacent the plug assembly 260 and opening 256 to prevent heat fransfer

gases from leaking behind the underside of the puck 250,

(0052}  Figure 4 Hllustrates a method 400 of processing a substrate 130 within the
process stgtion 100. The method 400 may be executed by the controller 180. As
showrn by activity 401, the subsirate 130 is first pesitioned onio the puck 250. The
substrate 130 may enter the processing volume 103 through an opening {(not shown)
in the chamber body 102 engaged with a transfer robot (net shown) or on a carrier
(not shown) levitaled by one or more magneiic ralls {not shown) disposed in the

processing volume 103,

[0083] The second lift mechanism 128 is used {0 move the liit pins 122 into an
upper position such that the tips of the lift pins 122 exiend above the upper surface
251 of the puck 250 fo lift the substrate 130 off of the robot or carrier. Each lift pin
122 is able to move within respective aligned lift-pin thru-holes formed in the housing
200G, body 210, heat transfer plate 230 {(see thru-holes 235), puck 250 (see thru-holes
258), and the flange 290, The second lift mechanism 126 then moves the lift pinsg 122
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{o the lower position to engage the underside of the subsirate 130 with the upper

surface 251 of the puck 250, thereby transfarring the substrate 130 to the puck 250G,

[00547 As shown by activity 402, the substrate 130 is chucked o the puck 250. To
chuck the substrate 130, opposing chucking voltages are supplied to the first chucking
glectrode 240a and the second chucking electrode 240b from the chucking power
source 170. For example, a current with a positive 800V may be supplied (o the first
chucking slectrode 240a while a current with a negative 800V may be supplied o the
second chucking elecirode 240b. The voltage at the center fap electrode 240c is
monitored. I an unequal vollage drop is detected, then the voltage of the first and
second chucking slectrodes 240a b, or the voitage of the center tap slectrode 240c¢,

may be adjusted {o equalize the voltage drop.

[0085]  As shown by activity 403, the plasma 108 is ignited within the processing
volume 103. One or more process gases are supplied into processing velume 103
from the gas supply 108, The first RF power supply 171 provides RF power to the RF
transmission tube 220 which is used o ignite the process gases 1o form the plasma
106. For example, the first RF power supply 171 may supply RF power at 800W and
13.56MHz t0 the RF transmission tube 220 {o ignite the process gases o form the
plasma 108. In some embodiments, the substrale 130 is subjected to one or more

processes within the processing volume 103 prior to igniting the plasma 106.

[00567  As shown by activity 404, the substrate 130 is processed using the plasma
106. For example, the plasma 106 may be used 1o elch the surface of the subsirate
130G, To process the subsirate 130 with the plasma 108, the second RF power supply
172 may supply RF power to the RF transmission fube 220 to further excite andior
control the plasma 108, For example, the second RF power supply 172 may supply
RF power at 800V at 80MHz. In some embodiments, both the first and second RF
power supplies 171, 172 supply RF power to the RF transmission tube 220 during
plasma processing. In some embodiments, the first RF power supply 171 may stop
supplying RF power o the RF transmission tube 220 afler the second RF power

supply 172 has supplied RF power for a period of time.

[0087]  The temperate of the substrate 130 is regulated during both activities 403

and 404 and during other processes performed in the processing volume 103, For
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axample, the subsirate 130 may need 1o be cooled. The heat transfer gas supply 173
flows gas through the electrostatic chuck assembly 140 and inlo the channels 254,
255 to help regulaie the temperature of the substrate 130, The hest transfer gas may
be maintained at a steady flow rate and/or pressure during plasma ignition and/or
plasma processing. The flow rate and/or pressure of the heat transfer gas may be
adiusted to regulate the temperature of the substrate 130, A coolant fluid is circulated
from the heat exchanger 174 through the coolant channel 234 to help regulate the
temperature of the substrate 130, For exampile, the flow rate of the coolant may be
adiusted to changse the temperature of the subsirate 130. The coolant channsl 234
provides for uniform cooling of the subsirate 130 which minimizes cutgassing that

could otherwise interfere with the chucking of the subsirate 130 to the puck 250,

[0058]  As shown by activity 405, the subsirate 130 is de-chucked from the puck
250, To de-chuck the substrate 130, a current is supplied from the chucking power
source 170 to each chucking slectrode 2403, b that is opposite in polarity of the current
used to chuck the substrate 130 for a period of time. Supplying a cumrent at the
opposite polarily reduces and/or gliminates residual charges in the puck 250 and/or
the substrate 130. For example, a current may have been supplied at positive 800V
o the first chucking elecirode 240a to chuck the substrate. A de-chuck current at
about negative 175V may be supplied to the first chucking elecirode 240a for a period
of time, such as between 1 and 5 seconds, to de-chuck the substrate 130, A similar
de-chuck current of positive 175V may be suppliad to the second chucking electrode
24Ch when a chucking voltage of negative 800V was supplied {0 the second electrode
240b to chuck the substrate 130

(00591  After the subsirate 130 is de-chucked, the substrate 130 is removed from
the puck 250 as shown by activity 406, The substrate 130 is removed from the puck
250G by lifting the substrate 130 off the puck 250 by using the lift pins 122. The second
Iift mechanism 128 moves the lift pins 122 1o the upper position o lift the substrate off
the puck 250 and 1o position the substrate 130 for transfer back to the transfer robot

or carrier,

(00607 The process 400 may be repeated o fabricate an addilional substrate. In

some embodiments, the polarities of the first chucking electrode 240a and the second
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chucking slectrode 240b are reversed during a subsequent process 400, Flipping the
polarities further reduces and/or eliminates residual charges within the electrostatic

chuck assembly 140.

(00611 In some embodiments, acliviies 403, 404 may be omitled. The substrate
130 is instead subjected o one or more processes within the processing volume 103
while chucked o the puck 250 withoul supplying RF power 1o the RF transmission
tube 220.

(00627 \While the foregoing is directad o embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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What is claimed is:

1. An electrosiatic chuck assembly, comprising:

a body including a body recess;

a heat ransfer plate disposed in the body recess, wherein the heat transfer
plate includes an upper surface, a lower surface, a coolant channel, a first opening,
and a second opening;

an RF transmission tube configured o transfer RF power to the heat transfer
plate, the RF transmission tube including a shaft connected o a head with & head
recess formed therein, wherein a head shoulder of the head contacts a continuous
area of the lower surface of the heat transfer plate,

a puck engaged with the upper surface of the heat transfer piate;

a first chucking electrode disposed in the first opening and a second chucking
electrode is disposed in the second opening, wherein the first and second chucking

elecirodes are configured to transfer a chucking voltage o the puck.

2. The electrostatic chuck assembly of claim 1, further comprising:
a bond securing the puck to the heat transfer plate, wherein the bond is

disposed about a periphery of a lower surface of the puck.

2 The elecirostatic chuck assembly of claim 2, wherein the bond is a multi-layer
bond.
4. The electrostatic chuck assembly of claim 1, further comprising:

a housing including a housing recess secured o the body, wherein the shaft of

the RF transmission tube is disposed in a port formed in the housing.

5. The electrostatic chuck assembly of claim 1, wherein the puck is a sintered
puck.
8. The electrostatic chuck assembly of claim 1, wherein the puck has a thickness

of 4mm or less.
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7. The elecirostatic chuck assembiy of claim 1, wherein a contact of the first and
second chucking slectrodes extends into a respective contact point formed in the

puck.

8. The electrostatic chuck assembly of claim 1, whersin the head is circular in

shape and the head shoulder is a ring.

9. The electrostatic chuck assembly of caim 1, wherein the head is disposed in
an opening of the body recess, whersin the opening extends from a lower surface of
the body to a shoulder surface of the body engaged with the lower surface of the heat

transfer plate.

10, The slectrostatic chuck assembly of claim 1, further comprising:

a plug assembly disposed in a plug port formed in the heat transfer plate,
wherein the plug assembly is configured to distribute a heal transfer gas 10 an opening
formed in the puck connecled to a plurality of channels formed in an upper suiface of
the puck.

1. The slectrostatic chuck assembly of claim 10, further comprising:

a first elactric line in connection with the first chucking selecirode;

a second electric line in conneclion with the second chucking electrode;

a coolant supply iine connected with an inlet of the coolant channel;

a return coolant line connecied o an outlet of the coclant channel; and

a gas supply line configured fo supply the heal transfer gas {0 the plug
assembly, wherein the first and second electric lings, the coolant supply line, the
coolant return line, and the gas supply line are partially disposed in a bore of the shaft

of the RF transmission tube.
12. The electrostatic chuck assembly of claim 11, further comprising:
a manifold disposed in the head recess, wherein the coolant supply ling,

coolant return line, and the gas supply line are partially disposed in the manifold.

13, An electrostatic chuck assembly, comprising:
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a hody including a body recess;

a heat ransfer plate disposed in the body recess, wherein the heat transfer
plate includes an upper surface, a lower surface, a first opening, and a second
opening;

an RF fransmission tube configured {o transfer RF power to the lowsr surface
of the heat transfer plate;

a puck bonded to the upper surface of the heat transfer plate;

a first chucking electrode disposed in the first opening and a second chucking
glectrode is disposed in the second opening, wherein the first and second chucking

electrodes are configured to transfer a chucking voltage o the puck.

14, The electrostatic chuck assembiy of claim 13, wherein a bond betwesn the
upper surface of the heat fransfer plate and the puck is disposed about a periphery of

a lower surface of the puck.

15. The elecirostatic chuck assembly of claim 14, wherein the bond is a multi-layer
bond.

16. A method of processing a substrate, comprising:

chucking a first substrate {0 a puck bonded to an upper surface of a heat
transfer plate by applving a chucking voltage to the puck using a first chucking
glectrode and a second chucking electrode disposed in the heat transfer plate,
wherein first and second chucking slectrods have opposing polarities;

igniting a plasma above the first substrate chucked to the puck using a first RF
power, wherein the first RF power is fransferred from an RF transmission tube 1o the
heat transfer plate at a continuous interface between the heat transfer plale and an
RF transmission tube; and

processing the first substraie using a second RF power, wherein the second
RF power is transferred from the RF transmission tube (o the heat transfer plate at the

continuous interface.

17.  The method of claim 16, further comprising:
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processing the first substrate with one or more process gases prior 1o igniting

the plasma.

18, The method of claim 18, wherein the first RF power is at 800W with a freguency
of 13.56MHz and the second RF power is at S00W with a frequency of 60MHz.

18. The method of claim 18, further comprising:

reguiating a temperature of the first substrate by supplying a coclant fluid
through a coolant supply line o a coclant channel of the heat transfer plate and by
supplying heat transfer gas through a gas line 10 an opening in the puck, wherein the

gas line and the coolant supply iine are disposed in the RF transmission tube.
20, The method of claim 18, further comprising:

de-chucking the first substrate from the puck by reversing the polarities of the

first and second chucking electrodes.
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AMENDED CLAIMS
received by the International Bureau on

Claims 06 June 2024 (06.06.2024)

[Claim 1] An electrostatic chuck assembly, comprising:
a body including a body recess;
a heat transfer plate disposed in the body recess, wherein the heat
transfer plate includes an upper surface, a lower surface, a coolant
channel, a first opening, and a second opening;
an RF transmission tube configured to transfer RF power to the heat
transfer plate, the RF transmission tube including a shaft connected to a
head with a head recess formed therein, wherein a head shoulder of the
head contacts a continuous area of the lower surface of the heat transfer
plate;
a puck engaged with the upper surface of the heat transfer plate;
a first chucking electrode disposed in the first opening and a second
chucking electrode is disposed in the second opening, wherein the first
and second chucking electrodes are configured to transfer a chucking
voltage to the puck.

[Claim 2] The electrostatic chuck assembly of claim 1, further comprising:

a bond securing the puck to the heat transfer plate, wherein the bond is
disposed about a periphery of a lower surface of the puck.

[Claim 3] The electrostatic chuck assembly of claim 2, wherein the bond is a
multi-layer bond.

[Claim 4] The electrostatic chuck assembly of claim 1, further comprising:

a housing including a housing recess secured to the body, wherein the
shaft of the RF transmission tube is disposed in a port formed in the
housing.

[Claim 5] The electrostatic chuck assembly of claim 1, wherein the puck is a
sintered puck.

[Claim 6] The electrostatic chuck assembly of claim 1, wherein the puck has a
thickness of 4mm or less.

[Claim 7] The electrostatic chuck assembly of claim 1, wherein a contact of the
first and second chucking electrodes extends into a respective contact
point formed in the puck.

[Claim 8] The electrostatic chuck assembly of claim 1, wherein the head is
circular in shape and the head shoulder is a ring.

[Claim 9] The electrostatic chuck assembly of claim 1, wherein the head is
disposed in an opening of the body recess, wherein the opening extends
from a lower surface of the body to a shoulder surface of the body
engaged with the lower surface of the heat transfer plate.

[Claim 10] The electrostatic chuck assembly of claim 1, further comprising:

a plug assembly disposed in a plug port formed in the heat transfer
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[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

PCT/US2024/012091

plate, wherein the plug assembly is configured to distribute a heat
transfer gas to an opening formed in the puck connected to a plurality
of channels formed in an upper surface of the puck.

The electrostatic chuck assembly of claim 10, further comprising:

a first electric line in connection with the first chucking electrode;

a second electric line in connection with the second chucking electrode;
a coolant supply line connected with an inlet of the coolant channel;

a return coolant line connected to an outlet of the coolant channel; and
a gas supply line configured to supply the heat transfer gas to the plug
assembly, wherein the first and second electric lines, the coolant supply
line, the coolant return line, and the gas supply line are partially
disposed in a bore of the shaft of the RF transmission tube.

The electrostatic chuck assembly of claim 11, further comprising:

a manifold disposed in the head recess, wherein the coolant supply line,
coolant return line, and the gas supply line are partially disposed in the
manifold.

An electrostatic chuck assembly, comprising:

a body including a body recess;

a heat transfer plate disposed in the body recess, wherein the heat
transfer plate includes an upper surface, a lower surface, a first
opening, and a second opening;

an RF transmission tube configured to transfer RF power to the lower
surface of the heat transfer plate, the RF transmission tube including:

a shaft including a bore; and

a head extending from the shaft and including a recess in commu-
nication with the bore, wherein the head is engaged with the lower
surface of the heat transfer plate;

a puck bonded to the upper surface of the heat transfer plate;

a first chucking electrode disposed in the first opening and a second
chucking electrode is disposed in the second opening, wherein the first
and second chucking electrodes are configured to transfer a chucking
voltage to the puck.

The electrostatic chuck assembly of claim 13, wherein a bond between
the upper surface of the heat transfer plate and the puck is disposed
about a periphery of a lower surface of the puck.

The electrostatic chuck assembly of claim 14, wherein the bond is a
multi-layer bond.

A method of processing a substrate, comprising:

chucking a first substrate to a puck bonded to an upper surface of a heat
transfer plate by applying a chucking voltage to the puck using a first
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[Claim 17]

[Claim 18]

[Claim 19]

[Claim 20]

PCT/US2024/012091

chucking electrode and a second chucking electrode disposed in the
heat transfer plate, wherein first and second chucking electrode have
opposing polarities;

igniting a plasma above the first substrate chucked to the puck using a
first RF power, wherein the first RF power is transferred from an RF
transmission tube to the heat transfer plate at a continuous interface
between the heat transfer plate and a head of the [[an]] RF transmission
tube, wherein the head extends from a shaft of the RF transmission tube
and includes a head recess that is in communication with a bore of the
shaft; and

processing the first substrate using a second RF power, wherein the
second RF power is transferred from the RF transmission tube to the
heat transfer plate at the continuous interface.

The method of claim 16, further comprising:

processing the first substrate with one or more process gases prior to
igniting the plasma.

The method of claim 16, wherein the first RF power is at 800W with a
frequency of 13.56MHz and the second RF power is at 800W with a
frequency of 60MHz.

The method of claim 16, further comprising:

regulating a temperature of the first substrate by supplying a coolant
fluid through a coolant supply line to a coolant channel of the heat
transfer plate and by supplying heat transfer gas through a gas line to
an opening in the puck, wherein the gas line and the coolant supply line
are disposed in the RF transmission tube.

The method of claim 16, further comprising:

de-chucking the first substrate from the puck by reversing the polarities
of the first and second chucking electrodes.
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