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rality of radial segments that extend from a primary center region to outside a
,,,,,,,,,,, periphery of the primary ferrite. An extended region of the primary shield has
a curved section to connect the primary shield with the primary base plate. In
one example, the secondary of the transformer isolator has similar construction
as the primary and are used together as part of the transformer isolator.
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TRANSFORMER ISOLATOR HAVING RF SHIELD STRUCTURE
FOR EFFECTIVE MAGNETIC POWER TRANSFER

Field of Embodiments

[0001] The present embodiments relate to an isolation transformer having shielding structures

that improve magnetic power transfer and provide isolation from electrostatic field currents.

Related Art

[0001] Plasma has long been employed to process substrates (e.g., wafers) into
semiconductor products, such as integrated circuits. In many modern plasma processing
systems, a substrate may be placed onto an RF chuck for plasma processing inside a plasma
processing chamber. The RF chuck may be biased with an RF signal, using RF voltages in
the range from tens to thousands of volts and RF frequencies in the range from tens of KHz to
hundreds of MHz. Since the RF chuck also acts as a substrate support, proper control of the
RF chuck temperature is an important consideration to ensure repeatable process results.
[0002] Generally speaking, the RF chuck’s temperature is maintained by one or more electric
heaters, which may be integrated or coupled within the substrate support. Electrical power to
the electric heater is typically obtained from line AC voltage via an appropriate control circuit
to maintain the substrate support at a desired temperature range. By way of example, the
electric heater may be powered by DC, line frequency (e.g., 50/60 Hz AC) or KHz range AC
power.

[0003] Thus, the substrate support needs to be simultaneously subject to substantial levels of
RF power, while also powering the heaters. AC circuitry providing power to these heaters
can inadvertently draw RF power from the plasma in the chamber, resulting in loss of etch-
rate, reduced power transfer to the heaters and/or damage to the AC circuitry. In an attempt
to address these issues, it is common to connect filters to block electrostatic currents. These
filters usually employ large LC tank circuits, e.g., using coils wound on cores to provide

inductance along with capacitor banks to provide high impedance at select frequencies.
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[0004] Unfortunately, traditional filters suffer from several disadvantages. One is unit to unit
variability of coil windings. This variability introduces repeatability issues in the primary
resonance. Also, parasitic resonances of such RF filters introduce further unpredictability.

[0005] It is in this context that embodiments of the present disclosure arise.

SUMMARY

[0006] Broadly speaking, the embodiments described herein provide for an efficient
transformer isolator. The transformer isolator implements a unique shielding configuration
that is optimized for efficient power transfer from a primary to a secondary, while providing
efficient isolation from currents returning from the secondary back to the primary.

[0007] In one embodiment, an apparatus for a transformer isolator used for transferring power
to an element of a substrate support used in a plasma chamber is provided. A primary of the
transformer isolator includes a primary base plate configured to electrically couple to ground.
A primary ferrite disposed over the primary base plate, and the primary ferrite has a primary
circular channel. A primary coil is wound within the primary circular channel. A primary
shield is disposed over the primary ferrite and the primary coil. The primary shield includes a
first plurality of radial segments that extend from a primary center region to outside a
periphery of the primary ferrite. An extended region of the primary shield has a curved
section to connect the primary shield with the primary base plate. In one example, the
secondary of the transformer isolator has similar construction as the primary and are used
together as part of the transformer isolator.

[0008] In another embodiment, a transformer isolator for transferring power to an element of
a substrate support used in a plasma chamber is provided. A primary of the transformer
isolator includes a primary base plate configured to electrically couple to a ground. A
primary ferrite is disposed over the primary base plate. The primary ferrite has a primary
circular channel. A primary coil is wound within the primary circular channel. A primary
shield is disposed over the primary ferrite and the primary coil. The primary shield includes a
first plurality of radial segments that extend from a primary center region to outside a
periphery of the primary ferrite and a first curved section to connect the primary shield with

the primary base plate. The transformer isolator includes a secondary that has a secondary
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base plate configured to electrically couple to a radio frequency (RF) ground return of the
plasma chamber. A secondary ferrite is disposed over the secondary base plate. The
secondary ferrite has a secondary circular channel. A secondary coil is wound within the
secondary circular channel of the secondary ferrite. A secondary shield is disposed over the
secondary ferrite and the secondary coil. The secondary shield includes a second plurality of
radial segments that extend from a secondary center region to outside a periphery of the
secondary ferrite and a second curved section to connect the secondary shield with the
secondary base plate. The primary shield is oriented to be spaced apart from and face the
secondary shield.

[0009] In yet another embodiment, a shield structure for use in a transformer isolator is
provided. The shield structure includes a dielectric substrate having a center, a substantially
flat surface that radially extends from the center to a periphery, and a curved extension that
extends from the periphery. A conductive pattern is formed over the dielectric substrate, and
the conductive pattern forms a plurality of radial segments. Each radial segment has a
plurality of slits extending over the substantially flat surface and the curved extension, and
each of the plurality of radial segments includes a segment end located near the center of the
dielectric substrate. The conductive pattern includes a center segment aligned with the center,
and wherein select ones of the segment ends are connected to the center segment.

[0010] Other aspects of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, illustrating by way of

example the principles of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0011] The present invention is illustrated by way of example, and not by way of limitation,
in the figures of the accompanying drawings and in which like reference numerals refer to
similar elements and in which:

[0012] Figure 1 illustrates a system used for processing a wafer under plasma conditions, in
accordance with one embodiment.

[0013] Figure 2 provides a more detailed example of the power transfer isolator, including the
transformer isolator, in accordance with one embodiment.

[0014] Figure 3A illustrates an example transformer arrangement.
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[0015] Figure 3B illustrates a cross-sectional view of the transformer of figure 3A and
magnetic field (H) lines.

[0016] Figure 4 illustrates a transformer isolator, in accordance with one embodiment.
[0017] Figures 5A-5D illustrate examples of slits that are formed on a dielectric substrate in
order to define a plurality of radial segments, in accordance with one embodiment.

[0018] Figures SE-5G illustrate example patterns that can be used to construct each of the
radial segments, in accordance with one embodiment.

[0019] Figure 6A is an example of modeling that illustrates how the center region of the
shields, without a center patterned cover allows leakage of currents from the secondary back
to the primary, in accordance with one embodiment.

[0020] Figure 6B illustrates one example configuration of a conductive pattern to form a
center segment of conductive material, in accordance with one embodiment.

[0021] Figure 7A illustrates one example configuration of the primary shield and the
secondary shield used in a transformer isolator, in accordance with one embodiment.

[0022] Figure 7B illustrates another example of a primary shield and a secondary shield
having sides that include minimal curvature at the transition to the sides, in accordance with
one embodiment.

[0023] Figure 8 illustrates an example orientation of the slits of the primary shield 402, in
accordance with one embodiment.

[0024] Figure 9A illustrates an example of the primary shield, including the primary side that
defines the extension having the curve, in accordance with one embodiment.

[0025] Figure 9B illustrates how the primary shield has a top surface that is substantially flat

and then curves at the periphery, in accordance with one embodiment.

DETAILED DESCRIPTION
[0026] The present invention will now be described in detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,

that the present invention may be practiced without some or all of these specific details. In
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other instances, well known process steps and/or structures have not been described in detail
in order to not unnecessarily obscure the present invention.

[0027] On etch tools, heating the electro-static chuck is one way to tune and improve process
uniformity. The alternating current (AC) circuitry providing power to these heaters can
inadvertently draw RF power from a chamber resulting in loss of etch-rate.

[0028] Typically, radio frequency (RF) filters are employed to block this RF power from
returning to circuitry of the AC circuitry of the heater’s AC/DC power supply. These filters
are traditionally designed as parallel LC tanks with coils wound on cores (or air cores) to
provide inductance along with capacitor banks to provide high impedance at select resonant
frequencies. There are inherent disadvantages to this filtering approach as the coil windings
and their associated primary and parasitic resonances have repeatability issues. In one
embodiment, a transformer approach for RF filtering is believed to assist in solving some of
these problems. A transformer provides a capacitive rejection response, and as there are no
resonances this approach is more immune to repeatability issues.

[0029] In one configuration, the transformer's primary and secondary are separated by a
physical gap to avoid RF capacitively coupling from secondary to primary, as the latter is
connected to sensitive AC circuitry and/or DC circuitry. RF is inherently present at the
secondary of the transformer as it is coupled in common-mode, e.g., RF ground of the
chamber hardware. However, simply having a large physical gap between the primary and
secondary of the transformer in order to solve the aforementioned issue would drastically
reduce the efficiency of power transmission. In accordance with one embodiment, an
isolation transformer is configured with RF shielding to block electromagnetic field
penetration and/or electrostatic currents back to the primary, but also allow for efficient
magnetic power to transfer and penetrate from the primary to the secondary for powering the
heaters of the chuck. In one embodiment, to prevent loss of RF power from secondary to
ground and primary circuitry, the physical gap may be between about 0.5 mm and about 30
mm and capable of standing off several kilovolts (KVs). For example, the DC voltage
between the gap may be between 1 KV and 15 KVs. Thus, one purpose of physical gap
between the secondary and primary is to enable RF isolation and also enable DC isolation, yet

provide for efficient power transfer.
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[0030] By way of example, the RF shield should not only block RF frequencies from 400
kHz to 300MHz at S00W to 50kW of RF power but also allow magnetic power (0.5kW to
50kW) to transfer through at 100 kHz to 1MHz switching frequencies. In one embodiment,
the RF shield disclosed herein has multiple slits at multiple levels in order to minimize the
eddy current dissipation which occurs when a magnetic-field couples through the shield.
Generally, by incorporating slits in the RF shields; a primary shield and a secondary shield,
current produced from RF power in the chamber will be directed to ground. The slits are
further designed to prevent excessive circling of eddy currents that would otherwise reduce
magnetic penetration and efficiency of power delivered to the heaters. Increasing the number
of slits also constrains the area in which the eddy currents can loop. Reduction in eddy
currents will thus increase the coupling efficiency of currents required to be induced in the
coil of the secondary. Accordingly, the RF shield configuration of the present embodiments
will reduce capacitive coupling to thereby block most, if not all, of the current returning from
the RF power in the chamber, but also include slits that are designed to reduce eddy currents
that would reduce the efficiency of magnetic penetration from the primary to the secondary.
[0031] Figure 1 illustrates a system 100 used for processing a wafer 106 under plasma
conditions, in accordance with one embodiment. The system 100 is a generalized system that
includes a substrate support 102, which will support the wafer 106. The substrate support 102
is shown to include a load 108 and receive power from an RF supply 116. RF supply 116 is
coupled to a match 114, and the output of the match 114 delivers power over an RF delivery
rod 270 that couples to the substrate support 102. Other structural features of the plasma
chamber 101 are not shown, but it is understood that other structural features of the plasma
chamber 101 will be included as is well known in the art. In this example, the load 108
represents a heater 110 that receives power from a power transfer isolator 120. The power
transfer isolator 120 is coupled to an AC line 118. The AC line 118 is communicated through
a transformer isolator 122 that delivers power to the heater 110 in the substrate support 102.
Example components and circuitry used for providing a type of universal RF isolation is
shown and described in US Patent RE47,276 E, reissued on March 5, 2019, which is
incorporated herein by reference.

[0032] In one embodiment, the transformer isolator 122 is configured to efficiently transfer

power through magnetic penetration over a transformer structure having one or more RF
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shields, while also substantially blocking current penetration from RF power used to generate
plasma in the plasma chamber 101, during processing. The heater 110 is also illustrated as a
single heater, but in some embodiments multiple heaters will be incorporated into the
substrate support 102. For example, some embodiments will utilize four multi-zone heaters,
while other configurations will utilize an array of heaters that are individually controlled to
provide strategic micro-controlled heating levels at different regions of the substrate support
102. For purposes of example, some heater arrays can include up to 150 individual heaters or
more, depending on the substrate support design.

[0033] Figure 2 provides a more detailed example of the power transfer isolator 120,
including the transformer isolator 122, in accordance with one embodiment. As shown, the
power transfer isolator 120 will include a power factor correction (PFC) circuit 202 that is
configured to receive the AC line 118 signals and output line direct current (DC). The AC
line 118 signal may be a 50 Hz or 60 Hz signal, depending on the supply. The line DC is then
supplied to a chopper circuit 204. The chopper circuit 204 uses an inverter to transform the
line DC to an AC signal. In one example, the AC signal output from the chopper circuit 204
produces a square AC signal at a frequency of between about 20 kHz and about 1000 kHz. In
one example, the square AC signal may have a frequency of about 85 kHz. The power
provided by the square AC signal may be between about 0.5 kilo-watts (kW) and about 50
kW, and in one example, about 16 kW.

[0034] The square AC signal is therefore provided to a primary coil 230a of the transformer
isolator 122. As schematically shown, the primary ferrite 232a is used to contain the primary
coil 230a, as will be shown in more detail below. A primary shield 240a is shown disposed
over the primary coil 230a and the primary ferrite 232a. The primary shield 240a is coupled
to ground 250. A secondary coil 230b, secondary ferrite 232b, and secondary shield 240b are
shown oriented opposite the primary shield 240a, while maintaining a separation gap. The
secondary shield 240b is shown connected to ground 250 by way of the RF ground return 252
of the plasma chamber 101.

[0035] As discussed above, when plasma 104 is generated in the plasma chamber 101, an RF
return to ground from the plasma 104 moves through the ground 250, and the secondary
shield 240b is connected to ground 250. The transformer isolator 122 will therefore have

complementary and opposing shields that are separated by a gap, and the shields will have a
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slit pattern designed to reduce eddy currents and improve magnetic field transfer of power to
the load (e.g., one or more heaters in the substrate support), while substantially blocking
currents produce from the RF return in the plasma chamber 101.

[0036] In one example, the gap separation between the shields 240a/240b may range between
about 0.5 mm and about 30 mm. This gap separation may produce a capacitance of between
about 30 pico-Farads (pF) and about 100 pF. The voltage between the gap separation may be
between about 0.5 kilo-volts (KV) and about 50 KV. In some embodiments, the voltage
between the gap separation may be between about 1 kilo-volt (KV) and about 15 KV.

[0037] The secondary coil 230b of Figure 2 is shown connected to secondary circuitry 210.
Secondary circuitry 210 can include programming circuitry for controlling the power levels of
specific heaters that are to be powered in the substrate support. A controller interface 208 can
be coupled to the secondary circuitry 210, which communicates with system controller 206.
System controller 206 can set the secondary circuit 210 to allow programmed values of power
to be applied to each of the heaters in the substrate support in order to achieve a fine tuning of
temperature across the surface of the substrate, and thus improve etch uniformity. A rectifier
circuit 214 is provided and can be implemented to tune the delivery of power to specific
heaters, based on control from the secondary circuit 210. The output of the rectifier circuit
214 is therefore configured to connect to one or more heaters 110 in the substrate support of
the plasma chamber 101.

[0038] As mentioned above, the number of heaters will depend on the heater’s configuration
within the substrate support. Some substrate supports will be multi-zone substrate supports
that are provided specific levels of power. Some substrate supports include arrays of heaters,
which are controlled and fine-tuned depending on the process and needs for temperature
variation to improve uniformity in etch operations. Lam Research Corporation, the assignee
of this application implements these types of heater arrangements and are referred to as
“Hydra heaters” or as a “Hydra-ESC,” and examples of such heaters can be found in U.S.
Publication 2014/0220709A1, which is incorporated by reference.

[0039] Figure 3A illustrates an example transformer arrangement. This transformer
arrangement is provided to illustrate an example construction of component parts. For the
primary, components include a primary base plate 302a, a primary ferrite 232a, and a primary

coil 230a. For the secondary, components include a secondary base plate 302b, a secondary
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ferrite 232b, and a secondary coil 230b. In this illustration, the primary is configured and
arranged to face the secondary, such that the coils 230a, 230b of the primary and the
secondary face each other. This illustration also indicates an example direction in which
current 231 flows in the primary coil 230a and secondary coil 230b. Each of the coils 230a,
230b is, in one embodiment, wrapped in a circular configuration within a circular channel
formed within the respective ferrites 232a, 232b.

[0040] In one configuration, the coils 230a, 230b are made from Litz wires. Litz wires are
multi-strand wires or cables used to carry alternating current (AC) at radio frequencies.
Therefore, although the primary and secondary coils 230a/b are illustrated as blocks in the
graphical illustration, the coils are actually wrapped around multiple times in the channels
defined in each of the primary ferrite 232a and the secondary ferrite 232b. The number of
turns in each of the coils 230a, 230b will vary, depending on the voltages and ratios being
transferred across the transformer.

[0041] Figure 3B illustrates a cross-sectional view of the transformer arrangement of Figure
3A, showing how magnetic fields (H) are produced when currents flow in the current 231
direction. These induced magnetic fields (H) show that a concentration of the magnetic field
returns through the center region of the transformer arrangement and in the direction 330,
based on the current 231 direction.

[0042] Figure 4 illustrates a transformer isolator 122, in accordance with one embodiment. In
this embodiment, a primary shield 402a is disposed over the primary ferrite 232a and the
primary coil 230a. The secondary shield 402b is disposed over the secondary ferrite 232b and
the secondary coil 230b. The primary shield 402a is configured to be in a facing orientation
relative to the secondary shield 402b, whereby a gap separates each of the shields 402a, 402b.
Also shown, the primary shield 402a extends down to connect with the primary base plate
302a. The primary shield 402a is also shown to include a plurality of slits that define radial
segments extending from the center of the shield 402a/402b and out to an extended region
504d that is outside of a periphery 504e. The extended region 504d is shown to extend
downward to the primary base plate 302a. The periphery 504e is shown at a diameter where
the top part of the shield 402a starts to bend, turn, or curve toward one of the base plates
302a, 302b. Thus, outside of the periphery 504e of the respective shields 402a, 402b is an

annular region beyond the substantially flat top surface of the respective shields 402a, 402b.



WO 2021/211269 PCT/US2021/023670

10

It should be understood that the “substantially flat” top surface of the respective shields 402a,
402b may have surface variations, slight slopes or minor bends introduced during
manufacture and/or design. The annular region is shown to bend toward the base plates 302a,
302b.

[0043] The secondary shield 402b has a similar construction, whereby the shield 402b
includes a plurality of slits defining radial segments that extend from the center of the
secondary shield 402b and out to the periphery before extending upward toward the
secondary base plate 302b. As mentioned above, the primary base plate 302a is connected to
ground, and the secondary base plate 302b is connected to ground of the plasma chamber,
when the transformer isolator 122 is implemented in a configuration similar to that of Figure
1 or Figure 2 for delivery of power to heaters.

[0044] Figures SA-5D illustrate examples of the slits 560 that are formed on a dielectric
substrate in order to define a plurality of radial segments 502. As shown, the radial slits 560
are configured to divide the primary shield 402a and the secondary shield 402b surfaces into
regions that reduce the circulation of eddy currents 350. The direction of H-fields is shown to
be concentrated in the center region of the respective primary and secondary shields 402a,
402b. This is viewed as the H-field 330 passing into the primary shield 402a, and noted as
“x”, and the H-field 340 passing out of the primary shield 402a is noted as “dot”. It should be
understood that the H-field 340 passing out of the primary shield 402a occurs throughout the
surface of the shield 402a.

[0045] Therefore, by segmenting the shields 402a, 402b with slits 560 to form radial
segments 502, it is possible to reduce the circulation of the eddy currents that are generated
when the H-field 340 passes through of the shields 402a, 402b. Further, because each shield
402a, 402b is extended beyond the periphery 504e that faces the opposite shield 402a, 402b,
and is extended away and downward or upward toward the respective grounded base plates
302a, 302b, the power consuming effects of eddy currents can be reduced. More specifically,
by creating the radial segments 502 and the extended region 504d outside of the periphery
504e that faces the respective shield 402a, 402b, the resistance of the path that the eddy
currents must traverse in each radial segment 502 will increase.

[0046] As is known, power is equal to current squared times resistance. In the configurations

shown in Figures 5A-5D, it is shown that the segments 502 are increased beyond the outer
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periphery 504e and extend to the respective base plates 302a, 302b, the resistance is being
increased due to the increased length that the eddy currents must travel between the center of
the shields 402a, 402b and grounds, as the eddy currents circle along the respective radial
segments 502. Thus, the radial segments 502 and their extended regions 504d will also act to
reduce power dissipation, which reduces the heat produced by the flowing eddy currents. The
increased resistance paths in each of the radial segments 502 will therefore reduce current
flows of the eddy currents in each of the radial segments 502. By way of example, the
contribution of current to power dissipation may be more significant than that of the
resistance due to the squared term.

[0047] This combination of features will allow for the maximum amount of magnetic flux to
be transferred between the primary and the secondary in regions where the ferrites 232a, 232b
face each other. This construction also provides for reduction in capacitive coupling, to
thereby substantially block the currents flowing from the plasma to penetrate from the
secondary to the primary of the transformer isolator 122. Collectively, this construction
provides for efficient transfer of magnetic power between the primary to the secondary for
powering the heaters of the substrate support of the plasma chamber while at the same time
reducing the currents from penetrating back to the primary.

[0048] Figures SE-5G illustrates example patterns that can be used to construct each of the
radial segments 502. Figure SE illustrates how each radial segment 502 can itself have slits
560. The radial segment 502 can have a segment end 503 that is closest to a center of the
respective shield 402a and 402b. Each radial segment 502 is defined over a dielectric
material, where conductive patterns 820 are formed. Between the conductive patterns 820,
the slits 560 remain exposing the dielectric material. As will be described below, the
dielectric material is preferably defined by a single substrate where all of the radial segments
502 are patterned thereon, where the slits 560 that define the radial segments 502 and the slits
560 that are formed within radial segment 502 are also formed.

[0049] Figure 5F illustrates an example where the conductive pattern 820 can take on any
number of configurations. In some embodiments, a shield 402a or 402b, may have slits 560
that define the radial segments 502-1 as well as the slits 560 internal to the radial segments

502. Other configurations can have fewer slits or more slits, depending on the frequencies of
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operation, the power transfer needs, and the specific implementations of the transformer
isolator 122.

[0050] The number of patterns, shapes and configurations can be chosen to fine tune and
control the flow of eddy currents in the respective radial segments 502, in order to increase
power transfer efficiency between the primary and secondary. That is, by reducing the eddy
current flows in the shield 402a, 402b, it is possible to increase the coupling efficiency of the
currents that are intended to be induced in the secondary via the primary. Figure 5G
illustrates another example of a radial segment 502-2, where the conductive pattern 820
includes more slits 560 oriented toward the center of the radius of the radial segment 502. In
some embodiments, it 1s desirable to increase the number of slits 560 closer to the center of
the shield 402a, 402b, and in other embodiments it is desirable to increase the number of slits
560 in regions of the shield 402a, 402b that have more area, such as the outer diameters. By
way of example, it may be desirable to reduce the number of slits 560 in the center region and
increase the number of slits 560 in the outer areas to controllably reduce the flow of eddy
currents and maximize the efficiency of power transfer between the primary and secondary.
[0051] Figure 6A is an example of modeling that illustrates how the center region of the
shields 402a and 402b, if left without conductive patterning, could provide undesired direct
coupling 602. In this modeling, it is believed that the slits 560 that are forming the radial
segments 502 act to sufficiently block the E fields from fringing through. However, the
center hole area is shown to exhibit optical transparency that could allow currents to penetrate
from the secondary down to the primary. Reference to a “hole,” in the context of the example
refers to a lack of conductive pattern, as the shield 402a, 402b is formed from a dielectric
substrate that has the conductive patterns formed thereon. As mentioned above, the
transformer isolator is configured to substantially block currents from penetrating from the
secondary to the primary while also efficiently allowing magnetic field penetration from the
primary to the secondary to power the heaters of the substrate support.

[0052] Figure 6B illustrates one example configuration of a conductive pattern to form a
center segment 502b. The center segment 502b is shown to include four portions defined by
splitting a circular conductive pattern into four. These portions are, in one embodiment, four
pie portions. It should be understood that other patterns can be formed for the center segment

502b. However, in this configuration it is desired that not all of the radial segment ends 502a
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of the radial segments 502 should be in electrical contact with the center segment 502b. By
way of example, one configuration is designed so that a connection 604 of one of the radial
segment ends 502a is in electrical contact with a respective portion of the center segment
502b. As shown, there are four portions in the center segment 502b, and only one radial
segment end 502a makes a connection 604 with each portion of the center segment 502b. In
this manner, each portion of the center segment 502b will function as a type of extension to
the radial segment 502 that has its radial segment end 502a connected therewith.

[0053] Figure 7A illustrates one example configuration of the primary shield 402a and the
secondary shield 402b used in a transformer isolator 122. In this example, each of the shields
402a and 402b has a gap-facing surface. As described herein, the gap-facing surface of each
shield 402a/402b is the respective areas of the shields 402 that are oriented to face each other,
e.g., from the center region to an outer region. The gap-facing surfaces that face each other
are oriented to define a gap that separates the primary from the secondary. In one
embodiment, the gap-facing surfaces of each of the shield 402a/402b are aligned with one
another. In another embodiment, the gap-facing surfaces of each of the shield 402a/402b are
not aligned with one another, e.g., there may be an offset in alignment. Further shown is the
primary base plate 302a connected to AC ground 250. The secondary base plate 302b is
connected to RF common ground return 260. The gap-facing surfaces of the shields 402 that
face each other are configured to be substantially flat, and extend to a periphery 504e where
curved sections that are void of sharp edges transition to the respective primary side 402a’
and the secondary side 402b’. As shown, the curved sections are substantially free of hard
corners or edges to allow efficient flow of eddy currents in the segments.

[0054] The curved section that transitions the gap-facing surface of the primary shield 402a to
the primary side 402a’ is shown to connect to the primary base plate 302a by way of a
primary ring 702a. The primary ring 702a connects electrically the primary shield 402a to
AC ground 250. Similarly, the curved section of the secondary shield 402b connects the gap-
facing surface of the secondary shield 402b to the secondary side 402b’ which is then
connected to the secondary base plate 302b via a secondary ring 702b. By incorporating the
curved sections in the transition at the periphery 504e of the respective shields 402, a positive
effect of reducing eddy current power dissipation is achieved. That is, the eddy currents will

be allowed to efficiently traverse along the radial segments 502 from the gap-facing surfaces
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that face each other and gradually to the extended region of the shields 402 without causing
heat buildup that would have been produced if the edges were sharp. The extended regions
are shown respectively as the primary side 402a’ and secondary side 402b’.

[0055] Additionally, the extended regions of the shields 402 that include the curved sections
and the sides, i.e., the primary side 402a’ and secondary side 402b’, will assist to effectively
extend the length over which the eddy currents must traverse thereby increasing the resistance
and reducing power dissipation. By way of example, in one eddy current simulation run at 80
kHz, it was observed that patterned radial segments 502 having the curved sections were
effective to achieve an eddy current power dissipation of less than 50 waltts, even considering
the higher dissipation regions that align with the ferrite areas. In some areas over the slotted
shield 402, the eddy current power dissipation was substantially lower, e.g., in the range of 2-
20 watts. The curved sections also provide for a significantly reduced risk of arc over events
and provide better stand-off to high voltages.

[0056] In some embodiments, it is possible to extend the shield 402 radially outward
without including the curved sections. However, by including the curved sections, it is
possible to reduce the overall diameter of the shields 402 of the transformer isolator 122
thereby reducing the capacitive coupling. Collectively, these features act to increase the
efficiency of the magnetic flux transfer of power between the ferrites of the primary to the
secondary, while blocking current penetration returning from the plasma chamber back to the
primary.

[0057] Figure 7B illustrates another example of a primary shield 402a and a secondary shield
402b each including a minimal curvature at the transition between the gap-facing surface and
the side. For example, the primary shield 402a is shown to transition to the primary side
402a’’ with a reduced curvature connection. The same is shown between the transition in the
secondary shield 402b that transitions to the secondary side 402b’’. This illustration is shown
as an alternative embodiment, such as where a smaller diameter footprint is desired, and the
frequencies and power requirements may not require as much eddy current reductions to
achieve the desired operating parameters and have relaxed constraints on high-voltage
standoff requirements. In one embodiment, the coils 230a, 230b are made from Litz wires,

and the strands are shown by way of example in Figure 7B. It should be understood that the
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coils 230a, 230b of Figure 7A are shown as a block diagram for simplicity, but in one
embodiment, are also defined by Litz wires.

[0058] Figure 8 illustrates an example orientation of the slits 560 of the primary shield 402a.
As shown, the inner region 504a of the radial segment 502 is disposed closer to the center
segment 502b of the transformer isolator 122. As discussed above with reference to Figure
6B, the segment end 503 may be connected to the center segment 502b. The radial segment
502 includes a middle region 504b that is substantially disposed over the primary coil 230a.
As shown, more slits 560 are disposed in the middle region 504b and respectively more
conductive patterns 820, since more slit area is present in the middle region relative to the
inner region. In the outer region 504c, the slits 560 and conductive patterns 820 are extended
from the middle region 504b. In one embodiment, the conductive patterns 820 are made of
copper. In other embodiments, the conductive pattern material can be silver plated copper. In
another embodiment, the conductive pattern material may be aluminum. The thickness of the
conductive patterns 820 are selected for efficient isolation of the RF return currents (e.g.
flowing from the plasma through the secondary and back to the primary). In one
embodiment, the thickness is selected based upon the skin depth that is defined for a specific
operating frequency. It should be understood that the skin depth may vary for the different
frequencies and the materials used for the conductive patterns 820.

[0059] The extended region 504dgoes beyond the periphery 504e of the flat portion of the
primary shield 402a. In one embodiment, as shown in Figure 7A, the extended region 504d
can include the curved portion and the primary side 402a’ that connects to ground. As
described above, the primary coil 230a is defined by winding a Litz wire a number of times
into a channel defined in the primary ferrite 232a. This description is provided for the
primary, but a similar construction is provided for the secondary. In one embodiment, each of
the plurality of radial segments 502 of the primary shield 402a has conductive patterns that
define radial slits. The conductive patterns extend from a center and to an outer edge of the
primary shield 402a so that the conductive patterns electrically connect to the primary base
plate 302a that is coupled to ground.

[0060] Figure 9A illustrates an example of the primary shield 402a, including the primary
side 402a’ that defines the extended region 504d. As shown, each radial segment 502 of the

primary shield 402a transitions with a curvature that is void of sharp edges to the primary side
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402a’. The primary side 402a’ is shown to connect with the primary ring 702a to the primary
base plate 302a. In this example, the center segment 502b is connected to the segment end
503, as described in Figure 6B where connection 604 makes the electrical connection between
the respective conductive patterns of the shield. Figure 9B illustrates how the primary shield
402a includes a top surface that is substantially flat with a length L1. The extended region
5044 of the primary shield 402a extends the length over which eddy currents will traverse by
an additional length L.2. As described above with reference to Figure 7A, the additional
length of the radial segment 502 increases the resistance and therefore reduces the power
dissipation by the eddy currents generated during operation.

[0061] In one embodiment, it is also desired that the thickness of the conductive patterns 820
should not be too much thicker than the skin depth, so that efficient magnetic penetration can
be achieved from the primary to the secondary. Accordingly, there is a trade-off being made
in selecting the thickness of the conductive patterns 820. On the one hand, the thickness
should be enough to block current penetration returning from the plasma, while at the same
time also allowing efficient magnetic penetration from the primary to the secondary to power
the heaters in the substrate support of the plasma chamber. It should be understood that the
skin depth may vary depending on the frequency of operation and the plasma chamber in
which the transformer isolator 122 is used.

[0062] In some embodiments, the thickness of the conductive patterns 820 will be optimized
in cases where there are multiple frequencies being used. By way of example, it is possible
that higher frequencies, e.g., 60 MHz or higher may be used as well as lower frequencies,
e.g., 400 kHz or less. In such cases, the skin depth and material being used for the conductive
patterns 820 will be taken into consideration to define the appropriate conductive patterns 820
thickness that will achieve a balance of isolation from electromagnetic fields penetrating back
from the plasma versus the efficiency of magnetic penetration to be transferred from the
primary to the secondary. That is, it is possible to have a thickness for the conductive pattern
820 to be less than the skin depth, yet still provide for efficient isolation and efficient power
transfer. In various implementations, the operating frequencies may range between 400 kHz
or less to about 100 MHz.

[0063] In one embodiment, a shield structure itself is disclosed. The shield may be used on

one side of a transformer (e.g., either the primary or the secondary) or on both sides as shown
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in the example transformer isolator 122. The shield structure includes a dielectric substrate
having a circular shape that extends from a center of the circular shape to an outside diameter.
In another example, the top part or gap-facing surface of the shield structure could also be
square or rectangle or an n-sided polygon. The substrate has a flat surface that extends from
the center to a periphery and a curved extension that extends from the periphery to the outside
diameter. A conductive pattern is formed over the dielectric substrate. The conductive
pattern includes a plurality of radial segments that extend over the flat surface, over the
curved extension, and to the outside diameter. Each radial segment includes a plurality of
slits. Each of the plurality of radial segments includes segment ends located near the center of
the dielectric substrate. The conductive pattern includes a center segment, and wherein select
ones of the segment ends connect to the center segment.

[0064] In some embodiments, the shield structure may be a consumable part. Over time, the
shield may wear down and it may need to be replaced to maintain the transformer isolator.
[0065] Embodiments may be practiced with various computer system configurations
including hand-held devices, microprocessor systems, microprocessor-based or
programmable consumer electronics, minicomputers, mainframe computers and the like. The
embodiments can also be practiced in distributed computing environments where tasks are
performed by remote processing devices that are linked through a network.

[0066] With the above embodiments in mind, it should be understood that the embodiments
can employ various computer-implemented operations involving data stored in computer
systems. These operations are those requiring physical manipulation of physical quantities.
Any of the operations described herein that form part of the embodiments are useful machine
operations. The embodiments also relate to a device or an apparatus for performing these
operations. The apparatus may be specially constructed for the required purpose, such as a
special purpose computer. When defined as a special purpose computer, the computer can
also perform other processing, program execution or routines that are not part of the special
purpose, while still being capable of operating for the special purpose. Alternatively, the
operations may be processed by a general purpose computer selectively activated or
configured by one or more computer programs stored in the computer memory, cache, or
obtained over a network. When data is obtained over a network the data may be processed by

other computers on the network, e.g., a cloud of computing resources.
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[0067] One or more embodiments can also be fabricated as computer readable code on a
computer readable medium. The computer readable medium is any data storage device that
can store data, which can thereafter be read by a computer system. Examples of the computer
readable medium include hard drives, network attached storage (NAS), read-only memory,
random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes and other optical and
non-optical data storage devices. The computer readable medium can include computer
readable tangible medium distributed over a network-coupled computer system so that the
computer readable code is stored and executed in a distributed fashion.

[0068] The foregoing description of the embodiments has been provided for purposes of
illustration and description. It is not intended to be exhaustive or to limit the invention.
Individual elements or features of a particular embodiment are generally not limited to that
particular embodiment, but, where applicable, are interchangeable and can be used in a
selected embodiment, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from the invention,
and all such modifications are intended to be included within the scope of the invention.
[0069] Although the foregoing embodiments have been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications can be
practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the embodiments are not to be limited
to the details given herein, but may be modified within their scope and equivalents of the
claims.

What is claimed is:
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CLAIMS
1. A transformer isolator for transferring power to an element of a substrate support used
in a plasma chamber, comprising,
a primary including,

a primary base plate configured to electrically couple to a ground;

a primary ferrite disposed over the primary base plate, the primary ferrite
having a primary circular channel;

a primary coil wound within the primary circular channel;

a primary shield disposed over the primary ferrite and the primary coil, the
primary shield including a first plurality of radial segments that extend from a primary
center region to outside a periphery of the primary ferrite and a first curved section to
connect the primary shield with the primary base plate; and
a secondary including,

a secondary base plate configured to electrically couple to a radio frequency
(RF) ground return of the plasma chamber;

a secondary ferrite disposed over the secondary base plate, the secondary
ferrite having a secondary circular channel;

a secondary coil wound within the secondary circular channel of the secondary

ferrite;

a secondary shield disposed over the secondary ferrite and the secondary coil,
the secondary shield including a second plurality of radial segments that extend from a
secondary center region to outside a periphery of the secondary ferrite and a second
curved section to connect the secondary shield with the secondary base plate;
wherein the primary shield is oriented to be spaced apart from and face the secondary

shield.

2. The transformer isolator of claim 1, wherein each of the first plurality of radial
segments has a first plurality of conductive patterns that define a first plurality of radial slits

extending from the primary center region to outside the periphery of the primary ferrite;
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wherein each of the second plurality of radial segments has a second plurality of
conductive patterns that define a second plurality of radial slits extending from the secondary

center region to outside the periphery of the secondary ferrite.

3. The transformer isolator of claim 1, wherein each of the first plurality of radial
segments of the primary shield and second plurality of radial segments of the secondary
shield are formed from a dielectric substrate and the dielectric substrate has said conductive
patterns thereon, such that the conductive patterns on the primary shield face the conductive

patterns on the secondary shield.

4. The transformer isolator of claim 3, wherein the dielectric substrate of each of the
primary shield and the secondary shield includes said first and second curved sections that

extend outside said peripheries.

5. The transformer isolator of claim 1, wherein the primary shield and the secondary

shield include corresponding center segments.

6. The transformer isolator of claim 5, wherein each center segment is defined from a

dielectric substrate that has a conductive pattern.

7. The transformer isolator of claim 5, wherein each of the first and second plurality of
radial segments of the primary and secondary shields extend to respective said center
segments, and wherein less than all of the first and second plurality of radial segments are

connected to respective said center segments.

8. The transformer isolator of claim 7, wherein each center segment includes a plurality
of portions; and
wherein each portion is electrically connected to only either one of the first plurality

of radial segments or one of the second plurality of radial segments.
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9. The transformer isolator of claim 1, wherein the first plurality of radial segments
includes a first plurality of radial slits and the second plurality of radial segments includes a
second plurality of radial slits;

wherein the first and second plurality of radial slits are configured to reduce
penetration of a current toward the primary and concurrently increase penetration of a
magnetic field toward the secondary, wherein said current is from plasma in the plasma
chamber when returning to ground and said magnetic field is used to transfer power to said

element.

10. The transformer isolator of claim 1, wherein the first plurality of radial segments
includes a first plurality of radial slits and the second plurality of radial segments includes a
second plurality of radial slits;

wherein the first and second plurality of radial slits are configured to assist in reducing
circling eddy currents and enable currents produced from plasma in the plasma chamber to

flow to the ground and flow to the RF ground return.

11. The transformer isolator of claim 1, wherein the first and second curved sections are

void of sharp corners or edges.

12. The transformer isolator of claim 11, wherein each of the first and second curved
sections includes an upper curve and a lower curve, the upper curve transitions off of a flat
region to a side region and the lower curve transitions from the side region to a connection to

said ground or RF ground return.

13. The transformer isolator of claim 1, wherein the first plurality of radial segments
includes a first plurality of radial slits and the second plurality of radial segments includes a
second plurality of radial slits;

wherein the first and second plurality of radial slits are configured to reduce circling
of eddy currents; and wherein an outer radius region of the primary shield includes more area

having radial slits than an inner radius region.
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14. The transformer isolator of claim 1, wherein the primary and secondary shields are
formed from a dielectric substrate and include a plurality of conductive patterns disposed on
the dielectric substrate;

wherein a thickness of the plurality of conductive patterns is approximately in a range
of skin depth for a target operating frequency of the plasma chamber and a material type of

the plurality of conductive patterns.

15. The transformer isolator of claim 1, wherein the element is a heater.

16. The transformer isolator of claim 1, wherein the primary coil is interconnected to an
alternating current source and the secondary coil is interconnected to the element, wherein the
transformer isolator assists in reducing capacitive coupling of RF return currents back to the
alternating current source while effecting transfer power to the element via an increase in

penetration of a magnetic field.

17. The transformer isolator of claim 1, wherein the primary and secondary shields are
formed from a dielectric substrate and include a plurality of conductive patterns disposed on
the dielectric substrate, and wherein a material type of the plurality of conductive patterns is
one of copper, or silver, or aluminum, and a target operating frequency of the plasma chamber
is between about 400 kHz and about 100 MHz, and wherein a thickness of the plurality of
conductive patterns is set based on a skin depth associated with the material type and the

target operating frequency.

18. An apparatus for a transformer isolator used for transferring power to an element of a
substrate support used in a plasma chamber, a primary of the transformer isolator comprising,
a primary base plate configured to electrically couple to ground;

a primary ferrite disposed over the primary base plate, the primary ferrite
having a primary circular channel;

a primary coil wound within the primary circular channel; and
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a primary shield disposed over the primary ferrite and the primary coil, the
primary shield including a first plurality of radial segments that extend from a primary
center region to outside a periphery of the primary ferrite,

wherein an extended region of the primary shield has a curved section to

connect the primary shield with the primary base plate.

19. An apparatus of claim 18, wherein the extended region increases a length of the
primary shield away from the primary ferrite so that induced eddy currents reduce power
dissipation in regions of the primary shield that are oriented substantially over the primary

ferrite.

20. The apparatus of claim 18, wherein each of the first plurality of radial segments of the
primary shield has conductive patterns that define radial slits, the conductive patterns
extending from the primary center region and to an outer edge of the primary shield so that

the conductive patterns electrically connect to the primary base plate that is coupled to ground.

21. The apparatus of claim 18, wherein each of the first plurality of radial segments of the
primary shield are formed from a dielectric substrate and the dielectric substrate has
conductive patterns thereon, the conductive patterns extend from the primary center region of

the primary shield and through to the extended region the primary shield having said curved

section.
22. The apparatus of claim 18, wherein the primary shield has a center segment.
23. The apparatus of claim 22, wherein the center segment has conductive center patterns

and said primary shield includes conductive patterns defining said first plurality of radial
segments and radial slits, wherein select ones of inner edges of said first plurality radial

segments electrically connect to select ones of the conductive center patterns.

24. A shield structure for use in a transformer isolator, comprising:
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a dielectric substrate having a center, a flat surface that radially extends from the
center to a periphery, and a curved extension that extends from the periphery; and

a conductive pattern formed over the dielectric substrate, the conductive pattern forms
a plurality of radial segments, each radial segment having a plurality of slits extending over
the flat surface and the curved extension, wherein each of said plurality of radial segments
includes a segment end located near the center of the dielectric substrate;

wherein the conductive pattern includes a center segment aligned with the center, and

wherein select ones of the segment ends are connected to the center segment.

25. The shield structure of claim 24, wherein the curved extension does not have any

sharp corners or edges.

26. The shield structure of claim 24, wherein the flat surface has a circular shape.

27. The shield structure of claim 24, wherein the center segment is defined by four pie
sections.

28. The shield structure of claim 27, wherein each of the four pie sections of the center

segment is connected to only one segment end.

29. The shield structure of claim 24, wherein the curved extension includes one or more
curves and is configured for attachment to a ground connection for coupling said conductive

pattern to ground.

30. The shield structure of claim 24, wherein the dielectric substrate is configured for

placement over a ferrite and a coil when used in the transformer isolator.

31. The shield structure of claim 30, wherein the periphery is located beyond an outer

edge of the ferrite.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2021/023670

A. CLASSIFICATION OF SUBJECT MATTER

HO1F 27/36(2006.01)i; HO1F 27/32(2006.01)i; HO1F 27/30(2006.01)i; HO1J 37/32(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

HO2M 5/45(2006.01)

Minimum documentation searched (classification system followed by classification symbols)

HO1F 27/36(2006.01); HO1F 27/28(2006.01); HO1F 5/00(2006.01); HO1J 37/32(2006.01); HO2M 3/335(2006.01);

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: transformer, isolation, shield, core, coil, primary, secondary, radial

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2006-0202789 Al (LASSI PENTTI OLAVI HYVONEN) 14 September 2006 (2006-09-14)
A See paragraphs [0020], [0034]-[0047] and figures 10A-10C, 12-13. 1-31

US 2017-0243721 A1 (MATTSON TECHNOLOGY, INC.) 24 August 2017 (2017-08-24)

A See claim 21 and figures 1, 8. 1-31
WO 2020-033325 Al (GOOGLE LLC) 13 February 2020 (2020-02-13)

A See claim 1 and figures 1-5B. 1-31
EP 2169692 Al (BRUKER BIOSPIN SA) 31 March 2010 (2010-03-31)

A See claims 1, 7 and figure 2. 1-31
US 8755204 B2 (NEIL BENJAMIN) 17 June 2014 (2014-06-17)

A See claims 1, 4 and figure 2. 1-31

D Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered

to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

«p” document published prior to the international filing date but later than

the priority date claimed
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'

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

> document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

> document member of the same patent family
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