PLACING UNIT AND PLASMA PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is based on and claims prioritgnir Japanese Patent
Application No. 2016-226024 filed on November 2@18& with the Japan Patent Office,

the disclosure of which is incorporated hereirtsrentirety by reference.

TECHNICAL FIELD
[0002] Various aspects and exemplary embodiments of tbseptk disclosure relate

to a placing unit and a plasma processing apparatus

BACKGROUND
[0003] A plasma processing apparatus places a workpiecea giacing unit
disposed in a processing container. The placinginciudes, for example, a base and
an electrostatic chuck. The base is applied withigh-frequency power for plasma
generation. The electrostatic chuck is formed dfedectric and provided on the base,
and has a placing region configured to place tloeg®sing target subject and an outer
peripheral region configured to surround the plgeigion.
[0004] A heater used to control the temperature of thekpiece may be provided
in the electrostatic chuck. For example, a stmechas been known in which a heater
is provided in the placing region of the electrtstahuck and a wiring layer connected
to the heater extends to the inside of the outeiplperal region so as to connect a
contact portion of the wiring layer in the outeripberal region with a power supply
terminal for the heater. However, in the abovezdbed structure, a portion of the

high-frequency power applied to the base leaks filoenpower supply terminal for the



heater to an external power source, and thus, frggfluency power is wasted.

[0005] In this regard, a technique has been known in waitiler is provided on a
power supply line that connects a power supply itgarfor a heater and an external
power source so as to attenuate high-frequency pthaeis applied to a base and leaks
from the power supply terminal for the heater te fhower supply line. See, for
example, Japanese Patent Laid-Open Publication 20d8-175573, 2016-001688, and

2014-003179.

SUMMARY

[0006] A placing unit of an aspect of the present disalesacludes: a base to

which a high-frequency power is applied; an elestitic chuck provided on the base
and including a placing region configured to place&orkpiece and an outer peripheral
region configured to surround the placing regionheater provided in the placing

region; a wiring layer connected to the heater exténding to the inside of the outer
peripheral region; a power supply terminal conngé¢tea contact portion of the wiring

layer in the outer peripheral region; and a congactayer provided in the outer

peripheral region or in other regions along thekhess direction of the outer peripheral
region so as to overlap with the power supply teahwhen viewed from the thickness
direction of the outer peripheral region.

[0007] The foregoing summary is illustrative only and & mtended to be in any

way limiting. In addition to the illustrative asge, embodiments, and features
described above, further aspects, embodimentsfeatdres will become apparent by

reference to the drawings and the following detbdescription.

BRIEF DESCRIPTION OF THE DRAWINGS



[0008] FIG. 1 is a view schematically illustrating a plasmprocessing apparatus
according to an exemplary embodiment.

[0009] FIG. 2 is a plan view illustrating a placing undcarding to the exemplary
embodiment.

[0010] FIG. 3 is a cross-sectional view taken along lhef FIG. 2.

[0011] FIG. 4 is a cross-sectional view illustrating a foguration example of a
base, an electrostatic chuck, and a focus ringrdoapto the exemplary embodiment.
[0012] FIG. 5 is a view for explaining an operation exaenpf a conductive layer
according to the exemplary embodiment.

[0013] FIG. 6 is a view for explaining another operatic@mple of the conductive
layer according to the exemplary embodiment.

[0014] FIG. 7 is a view illustrating a simulation resuftan electric field strength
depending on the presence/absence of the condlayee

[0015] FIG. 8 is a view illustrating an example of an alsition state of the
conductive layer according to the exemplary embedim

[0016] FIG. 9 is a view illustrating another example of tinstallation state of the
conductive layer according to the exemplary embedin

[0017] FIG. 10 is a view illustrating yet another exampfdahe installation state of
the conductive layer according to the exemplary @dithent.

[0018] FIG. 11 is a view for explaining yet another opematexample of the
conductive layer according to the exemplary embedin

[0019] FIG. 12 is a view illustrating an effect by the gf@a processing apparatus (a

measurement result of an etching rate) accorditlgg@xemplary embodiment.

DETAILED DESCRIPTION



[0020] In the following detailed description, referenceriade to the accompanying
drawings, which form a part thereof. The illustratembodiments described in the
detailed description, drawings, and claims are m@ant to be limiting. Other
embodiments may be utilized, and other changeslmayade without departing from
the spirit or scope of the subject matter presehézd.

[0021] Since a filter is provided in correspondence to thenber of heaters
provided in an electrostatic chuck, when the numidfethe filters increases, a small
filter with a low impulse value may be used as eéitthr from the viewpoint of
avoiding the enlargement of a device. When susinall filter is applied to a placing
unit, the high-frequency power leaking from a powapply terminal for a heater to a
power supply line is not sufficiently attenuateddam potential locally decreases at a
position corresponding to the power supply termfoathe heater in the circumferential
position of a workpiece. As a result, the unifagmof an electric field strength along
the circumferential direction of the workpiece nimyimpaired.

[0022] A placing unit according to a first aspect of thegent disclosure includes: a
base to which a high-frequency power is appliedelantrostatic chuck provided on the
base and including a placing region configured l@ce a workpiece and an outer
peripheral region configured to surround the plgaiagion; a heater provided in the
placing region; a wiring layer connected to thetbeand extending to the inside of the
outer peripheral region; a power supply terminairacted to a contact portion of the
wiring layer in the outer peripheral region; andamductive layer provided in the outer
peripheral region or in other regions along thekhess direction of the outer peripheral
region so as to overlap with the power supply teahwhen viewed from the thickness
direction of the outer peripheral region.

[0023] The above-described placing unit further includdsaus ring provided on



the outer peripheral region, and the conductiveoreds provided in the focus ring
along the thickness direction of the outer peripheggion or between the focus ring
and the outer peripheral region so as to overldap thie power supply terminal when
viewed from the thickness direction of the outetigdeeral region.

[0024] In the above-described placing unit, the conductaxer is a conductive
film that covers a surface facing the outer peniphe2gion of the focus ring.

[0025] In the above-described placing unit, the condudtayer is formed in a ring
shape including a portion overlapping with the powaeapply terminal and a portion not
overlapping with the power supply terminal whenwee from the thickness direction
of the outer peripheral region.

[0026] In the above-described placing unit, the conductesger is electrically
insulated from other portions.

[0027] In the above-described placing unit, the conduclayeer includes at least
one of, for example, W, Ti, Al, Si, Ni, C, and Cu.

[0028] In the above-described placing unit, a pluralitytred heaters are provided in
the placing region, a plurality of the wiring lageare connected to the plurality of
heaters, respectively, and extend to the insiddefouter peripheral region, the power
supply terminal is provided for each of the wirilgyers and is connected to a contact
portion of the corresponding wiring layer in theteyuperipheral region, and the
conductive layer overlaps with a plurality of thewer supply terminals when viewed
from the thickness direction of the outer periphezgion.

[0029] The above-described placing unit further includegower supply line that
connects the power supply terminal and an extgraadker source; and a filter provided
on the power supply line and configured to attemuagh-frequency power applied to

the base and leaking from the power supply termméte power supply line.



[0030] In the above-described placing unit, a through hbteugh which a fixing
member of the base penetrates is formed in ther quadpheral region, and the
conductive layer is formed in other regions alohg thickness direction of the outer
peripheral region so as to overlap with the throhgle in addition to the power supply
terminal when viewed from the thickness directiéhe outer peripheral region.

[0031] A placing unit according to a second aspect of pihesent disclosure
includes: a base to which a high-frequency poweapplied; an electrostatic chuck
provided on the base and including a placing regamfigured to place a workpiece, an
outer peripheral region configured to surround plecing region, and a through hole
that penetrates the outer peripheral region; armbraluctive layer formed in other
regions along the thickness direction of the optaipheral region so as to overlap with
the through hole when viewed from the thicknes®dfion of the outer peripheral
region.

[0032] A plasma processing apparatus according to a tmspmect of the present
disclosure includes the above-described placing uni

[0033] According to the above-described aspects, the q@aanit of the present
disclosure exhibits an effect of capable of impngvihe uniformity of the electric field
strength along the circumferential direction of tharkpiece.

[0034] Hereinafter, exemplary embodiments of the plasnaessing apparatus
disclosed herein will be described in detail witkference to the accompanying
drawings. Meanwhile, in the respective drawinps, $ame or corresponding portions
will be denoted by the same reference numerals.

[0035] FIG. 1 is a view schematically illustrating a plasprocessing apparatus 10
according to an exemplary embodiment. FIG. 1 settiealy illustrates a structure in

a longitudinal section of the plasma processingaggips according to the exemplary



embodiment. The plasma processing apparatus 1@trdted in FIG. 1 is a
capacitively coupled parallel plate plasma etchapgaratus. The plasma processing
apparatus 10 includes a substantially cylindricabcpssing container 12. The
processing container 12 is made of, for exampleanadum, and the surface thereof is
subjected to an anode oxidation processing.

[0036] A placing unit 16 is provided in the processingtaimer 12. The placing
unit 16 includes an electrostatic chuck 18, a faoug FR, and a base 20. The base 20
has a substantially disc shape and its main porsianade of a conductive metal such
as, for example, aluminum. The base 20 constitatesver electrode. The base 20
is supported by a support portion 14 and a suggast 15. The support portion 14 is a
cylindrical member that extends from the bottomtiparof the processing container 12.
The support base 15 is a cylindrical member thdisgosed at the bottom portion of the
processing container 12.

[0037] A first high-frequency power source HFS is electiic connected to the
base 20 via a matching unit MU1. The first higbginency power source HFS is a
power source that generates high frequency powegdoerating plasma, and generates
a high frequency power of 27 MHz to 100 MHz, foeewle, 40 MHz. The matching
unit MU1 includes a circuit that matches an outpupedance of the first high-
frequency power source HFS with an input impedanri@eload side (base 20 side).
[0038] Further, a second high-frequency power source kFdeictrically connected
to the base 20 via a matching unit MU2. The sedoigh-frequency power source
LFS generates a high-frequency power (high-frequdrnas power) for drawing ions
into a wafer W to supply the high-frequency biasvpoto the base 20. The frequency
of the high-frequency bias power is a frequencyinia range of 400 kHz to 40 MHz,

for example, 3 MHz. The matching unit MUZ2 includesircuit that matches an output



impedance of the second high-frequency power sduF&with an input impedance of
the load side (base 20 side).

[0039] The electrostatic chuck 18 is provided on the lZsand adsorbs the wafer
W by an electrostatic force such as, for examplepaomb force so as to hold the
wafer W. The electrostatic chuck 18 has an elstdtic chucking electrode E1 in the
main body made of dielectric material. A directremt power source 22 is electrically
connected to the electrode E1 via a switch SW1.rthEy a plurality of heaters HT are
provided inside the electrostatic chuck 18. A aegiower source HP is electrically
connected to each heater HT. Each heater HT ¢eselgeat based on the power
supplied individually from the heater power soukte to heat the electrostatic chuck
18. As a result, the temperature of the wafer \d g the electrostatic chuck 18 is
controlled.

[0040] The focus ring FR is provided on the electrostatiaick 18. The focus
ring FR is provided to improve the uniformity ofetplasma processing. The focus
ring FR is made of dielectric and may be madeafekample, quartz.

[0041] A coolant flow path 24 is formed inside the base 2The coolant flow path
24 is supplied with a coolant from a chiller unitopided outside the processing
container 12 through a pipe 26a. The coolant $egb the coolant flow path 24 is
configured to be returned to the chiller unit trgbwa pipe 26b. Further, the details of
the placing unit 16 including the base 20 and thectmstatic chuck 18 will be
described later.

[0042] An upper electrode 30 is provided in the processiogtainer 12. The
upper electrode 30 is disposed opposite to the 2asdove the placing unit 16, and the
base 20 and the upper electrode 30 are providestanitally parallel to each other. A

processing space S is defined between the based2B@ upper electrode 30.



[0043] The upper electrode 30 is supported in the uppdiogmoof the processing
container 12 through an insulating shielding men8&r The upper electrode 30 may
include an electrode plate 34 and an electrodexstf3p. The electrode plate 34 faces
the processing space S and provides a pluralitgas ejection holes 34a. The
electrode plate 34 may be made of a low-resistaooeluctor or semiconductor with
little Joule heat.

[0044] The electrode support 36 detachably supports teetretle plate 34, and
may be made of a conductive material such as,damele, aluminum. The electrode
support 36 may have a water-cooled structure. # ddfusion chamber 36a is
provided in the electrode support 36. From thedjfigsion chamber 36a, a plurality
of gas flowing holes 36b extend downward to be @mmunication with the gas
ejection holes 34a. Further, a gas introductiort 8éc is formed in the electrode
support 36 to introduce the processing gas to #sediffusion chamber 36a. The gas
introduction port 36¢ is connected with a gas syppgbe 38.

[0045] The gas supply pipe 38 is connected with a gasceognmoup 40 via a valve
group 42 and a flow rate controller group 44. Vhbse group 42 includes a plurality
of opening/closing valves, and the flow rate coigragroup 44 includes a plurality of
flow rate controllers such as, for example, massvfcontrollers. Further, the gas
source group 40 includes a plurality of types of gaurces required for the plasma
processing. The plurality of gas sources of the gfaurce group 40 are connected to
the gas supply pipe 38 via the corresponding opgclmsing valves and the
corresponding mass flow controllers.

[0046] In the plasma processing apparatus 10, one or gases from one or more
gas sources selected from a plurality of gas ssuafethe gas source group 40 are

supplied to the gas supply pipe 38. The gas seghidi the gas supply pipe 38 reaches



the gas diffusion chamber 36a and is dischargatieégrocessing space S through the
gas flowing holes 36b and the gas discharge hdlas 3

[0047] Further, as illustrated in FIG. 1, the plasma pssoey apparatus 10 may
further include a grounding conductor 12a. Theugding conductor 12a is a
substantially cylindrical grounding conductor asprovided so as to extend above the
height of the upper electrode 30 from the side wiihe processing container 12.

[0048] Further, in the plasma processing apparatus 10eposit shield 46 is
detachably provided along the inner wall of thecessing container 12. The deposit
shield 46 is also provided in the outer periphdrthe support portion 14. The deposit
shield 46 serves to suppress an etching byprodiegtosit) from being attached to the
processing container 12, and may be formed by rmgati ceramicgg., Y>O3) on an
aluminum material.

[0049] An exhaust plate 48 is provided between the supportion 14 and the
inner wall of the processing container 12 at th&dmo portion side of the processing
container 12. The exhaust plate 48 may be formyedolating a ceramice(@., Y»0z3)

on an aluminum material. An exhaust port 12e ovided at the lower side of the
exhaust plate 48 in the processing container 1he &xhaust port 12e is connected
with an exhaust device 50 via an exhaust pipe Ghe exhaust device 50 includes a
vacuum pump such as, for example, a turbo molecplanp, and is capable of
decompressing the space in the processing contdhtr a desired degree of vacuum.
A carry-infout port 12g of the wafer W is providadthe sidewall of the processing
container 12. The carry-in/out port 129 is abléeémpened/closed by a gate valve 54.
[0050] Further, the plasma processing apparatus 10 m#yefunclude a controller
Cnt. The controller Cnt is a computer including; €xample, a processor, a storage

unit, an input device, and a display device, andtrobs respective portions of the
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plasma processing apparatus 10. In the contr@idr an operator may execute an
input operation of a command using the input deticenanage the plasma processing
apparatus 10, and may visualize and display theratipa status of the plasma
processing apparatus 10 by the display device. théyrthe storage unit of the
controller Cnt stores a control program for codiingl various processings to be
performed in the plasma processing apparatus lthdoyprocessor, or a program for
performing a processing on respective portionfiefilasma processing apparatus 10 in
accordance with a processing condition, that pgoaessing recipe.

[0051] Next, the placing unit 16 will be described in dletaFIG. 2 is a plan view
illustrating the placing 16 unit according to theemplary embodiment. FIG. 3 is a
cross-sectional view taken along line I-I of FIG. FIG. 4 is a cross-sectional view
illustrating a configuration example of a base &0 electrostatic chuck 18, and a focus
ring FR according to the exemplary embodiment. thHeur FIG. 2 omits the focus ring
FR for the sake of convenience of explanation.

[0052] As illustrated in illustrated in FIGS. 2 to 4, thkacing unit 20 includes the
electrostatic chuck 18, the focus ring FR, andithse 20. The electrostatic chuck 18
includes a placing region 18a and an outer pergthregion 18b. The placing region
18a is a substantially circular region in a plaewvi The wafer, which is a workpiece,
is placed on the placing region 18a. The uppefaserof the placing region 18a is
formed by, for example, top surfaces of a pluraditiconvex portions. In addition, the
diameter of the placing region 18a is set to bestgurtially the same as that of the wafer
W or slightly smaller than that of the wafer W. eThuter peripheral region 18b is a
region surrounding the placing region 18a and algen a substantially annular shape.
In the exemplary embodiment, the upper surfacénefduter peripheral region 18b is

located at a position lower than the upper surtddle placing region 18a. The focus
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ring FR is provided on the outer peripheral redi8b.

[0053] Further, a through hole 18b-1 penetrating the opgeipheral region 18b in
the thickness direction is formed in the outer peeral region 18b, and a fastening
member 21 for fixing the base 20 to the supporeldsis inserted through the through
hole 18b-1. In the exemplary embodiment, sincebthse 20 is fixed to the support
base 15 by a plurality of fastening members 21luaafity of through holes 18b-1 are
formed in the outer peripheral region 18b in acaom with the number of the
fastening members 21.

[0054] The electrostatic chuck 18 has an electrostatickihg electrode E1 in the
placing region 18a. As described above, the aldetiEl is connected to the direct
current power source 22 via the switch SW1.

[0055] Further, a plurality of heaters HT are providedthe placing region 18a.
For example, as illustrated in FIG. 2, the pluyalitf heaters HT are provided in a
central circular region of the placing region 18al & a plurality of concentric annular
regions surrounding the circular region. Furthereach of the plurality of annular
regions, the plurality of heaters HT are arrangethe circumferential direction. The
plurality of heaters HT are supplied with individlyaregulated power from the heater
power source HP. As a result, the heat generategiabh heater HT is individually
controlled, and the temperatures of the pluralftpartial regions in the placing region
18a are individually adjusted.

[0056] As illustrated in FIGS. 3 and 4, a plurality of ing layers EW are formed
in the electrostatic chuck 18. The plurality ofrimg layers EW are connected to the
plurality of heaters HT, respectively, and extendhe inside of the outer peripheral
region 18b. For example, each wiring layer EW rnmmyude a horizontally extending

linear pattern and a contact via extending in aation crossing with respect to the
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linear patternd€g., a vertical direction). In addition, each wiriteyer EW constitutes
a contact portion CT in the outer peripheral regi@b. The contact portion CT is
exposed from the lower surface of the outer pergdhregion 18b in the outer peripheral
region 18b.

[0057] The contact portion CT is connected to a power lsupgrminal ET that
supplies power generated by the heater power sotiee In the exemplary
embodiment, as illustrated in FIG. 4, the powempdyperminal ET is provided for each
wiring layer EW, and penetrates the base 20 so he tonnected to the contact portion
CT of the corresponding wiring layer EW in the auperipheral region 18b. The
power supply terminal ET and the heater power soiP are connected by a power
supply line EL. A filter 60 is provided with theower supply line EL. The filter 60
attenuates the high-frequency power that is appbethe base 20 and leaks from the
power supply terminal ET to the power supply line. EThe filter 60 is provided in
correspondence to the number of the heaters HTthelexemplary embodiment, since
the plurality of heaters HT are provided, a pluyalof filters 60 are provided in
correspondence to the number of the heaters HTre, ftem the viewpoint of avoiding
enlargement of the plasma processing apparatusal®mall filter having a low
impedance value may be used as each filter 60. nvitreesmall filter is applied to the
placing unit 16, the high-frequency power thatpgleed to the base 20 and leaks from
the power supply terminal ET to the power suppig [EL is not sufficiently attenuated.
[0058] In addition, as illustrated in FIGS. 2 to 4, a coctive layer 62 formed of a
conductive material is provided in the outer peeiath region 18b. The conductive
region 62 overlaps with the power supply termin@lvihen viewed from the thickness
direction of the outer peripheral region 18b. Sipeadly, the conductive layer 62 is

formed in a ring shape including a portion overiagpwith the power supply terminal
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ET and a portion not overlapping with the powergyperminal ET when viewed from
the thickness direction of the outer peripheralioegl8b. Further, the conductive
layer 62 is electrically insulated from other poms. As a result, in the conductive
layer 62, a potential of the portion overlappinghathe power supply terminal ET and
the potential of the portion not overlapping wikte tpower supply terminal ET become
equal to each other. The conductive layer 62 desuat least one of, for example, W,
Ti, Al, Si, Ni, C, and Cu.

[0059] The operation of the conductive layer 62 will besa#@ed using an
equivalent circuit of the plasma processing appard0. FIGS. 5 and 6 are views for
explaining an operation example of the conductayet 62 according to the exemplary
embodiment. The equivalent circuit illustratedRIG. 5 corresponds to the plasma
processing apparatus 10 in which the conductiveerla§?2 is not present. The
equivalent circuit illustrated in FIG. 6 correspsni the plasma processing apparatus
10 according to the exemplary embodiment, thahis plasma processing apparatus 10
in which the conductive layer 62 is formed in thetes peripheral region 18b. In
FIGS. 5 and 6, arrows indicate the flows of higkgitency powers, and the widths of
the arrows indicate the magnitudes of the hightfesqy powers.

[0060] As illustrated in FIGS. 5 and 6, a portion of thighafrequency power
applied to the base 20 from the first high-freqyepower source HFS leaks from the
power supply terminal ET to the power supply linke. EThe high-frequency power
leaking from the power supply terminal ET to thewpo supply line EL is not
sufficiently attenuated because the impedance vafiuke filter 60 is relatively small.
Therefore, in a case where the conductive layas 62t present, as illustrated in FIG. 5,
the potential locally falls at a position corresgimg to the power supply terminal ET

among the positions in the outer peripheral regiBb {(.e.,, positions in the
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circumferential direction of the wafer W), and thigh-frequency power supplied to the
processing space S locally falls. As a result, whige conductive layer 62 is not
present, the uniformity of the electric field stgém along the circumferential direction
of the wafer W is impaired. In the example of FBG.the electric field strengths of
regions A and B corresponding to the power supgiminal ET decrease in comparison
with the electric field strength of region C whidoes not correspond to the power
supply terminal ET in the region of the processapgice S along the circumferential
direction of the wafer W.

[0061] When the conductive layer 62 is formed in the optipheral region 18b,
the potential of the portion overlapping with thewgr supply terminal ET and the
potential of the portion not overlapping with thewer supply terminal ET become
equal to each other in the conductive layer 62. er@tore, when the conductive layer
62 is formed in the outer peripheral region 18b,illastrated in FIG. 6, a potential
difference between the conductive layer 62 and ghacessing space S becomes
constant along the circumferential direction of thafer W, and the high-frequency
power is uniformly supplied to the processing sp&e As a result, when the
conductive layer 62 is formed in the outer peripheegion 18b, the uniformity of the
electric field strength along the circumferentiatedtion of the wafer W may be
improved. In the example of FIG. 6, a differeneéveen the electric field strengths of
the regions A and B corresponding to the power sugminal ET and the electric
field strength of the region C which does not cgpand to the power supply terminal
ET decreases in the region of the processing spadeng the circumferential direction
of the wafer W.

[0062] FIG. 7 is a view illustrating a simulation resuftan electric field strength

depending on the presence/absence of the conduleper 62. In FIG. 7, the
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horizontal axis indicates the radial position [mai]the wafer W with respect to the
central position of the wafer W having a size 0@ 30m, and the vertical axis indicates
the electric field strength [V/m] of the processispgace S. Further, the electric field
strength of the processing space S is assumed thebelectric field strength at the
position above the placing region 18a of the etestatic chuck 18 by 3 mm. In
addition, it is assumed that the position of 150 mrthe radial direction of the wafer W
corresponds to the edge of the placing region ttigaposition of 157 mm in the radial
direction of the wafer W corresponds to the powspdy terminal ET, and the position
of 172 mm in the radial direction of the wafer Wrresponds to the edge of the outer
peripheral region 18b.

[0063] Further, in FIG. 7, graph 501 represents the 8istion of the electric field
strength calculated in the region correspondinthéopower supply terminal ET in the
region of the processing space S along the circumfal direction of the wafer W
when the conductive layer 62 is not present. GiQih represents the distribution of
the electric field strength calculated in the regnt corresponding to the power supply
terminal ET in the region of the processing spa@afg the circumferential direction
of the wafer W when the conductive layer 62 ispratsent.

[0064] In the meantime, in FIG. 7, graph 601 represengs distribution of the
electric field strength calculated in the regionrresponding to the power supply
terminal ET in the region of the processing spa@afg the circumferential direction
of the wafer W when the conductive layer 62 is pted in the outer peripheral region
18b. Graph 602 represents the distribution ofeieetric field strength calculated in
the region not corresponding to the power suppiyitgal ET in the region of the
processing space S along the circumferential diecof the wafer W when the

conductive layer 62 is provided in the outer pegigregion 18b. In the simulation of
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FIG. 7, W was used as the conductive layer 62.

[0065] As illustrated in graphs 501 and 502 of FIG. 7, whiee conductive layer 62
is not present, the electric field strength of iygion corresponding to the power supply
terminal ET was lowered when compared with thetateéeld strength of the region
not corresponding to the power supply terminal ET.

[0066] As illustrated in graphs 601 and 602 of FIG. 7, whiee conductive layer 62
is provided in the outer peripheral region 18b,iffeence between the electric field
strength of the region corresponding to the powsgply terminal ET and the electric
filed strength of the region not corresponding lie power supply terminal ET was
lowered. That is, when the conductive layer 6Zoisned in the outer peripheral
region 18b, the uniformity of the electric fieldrestigth along the circumferential
direction of the wafer W was able to be improved.

[0067] Next, a manner in which the conductive layer 62ating to the exemplary
embodiment is installed will be described. In theemplary embodiment, the
conductive layer 62 is provided in the outer pegiih region 18b, but the conductive
layer 62 may be provided in other regions along ttiiekness direction of the outer
peripheral region 18b. That is, the conductiveiaed?2 is formed in other regions
along the thickness direction of the outer periphergion 18b so as to overlap with the
power supply terminal ET when viewed from the thieks direction of the outer
peripheral region 18b.

[0068] For example, as illustrated in FIG. 8, the condictiegion 62 may be
provided in the focus ring FR along the thickneg®ation of the outer peripheral
region 18b so as to overlap with the power supplyninal ET when viewed from the
thickness direction of the outer peripheral regl®b. FIG. 8 is a view illustrating an

example of an installation state of the conductayer 62 according to the exemplary
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embodiment. Like the conductive layer 62 illustchin FIG. 2, the conductive layer
62 illustrated in FIG. 8 is formed in a ring shdpeluding a portion overlapping with
the power supply terminal ET and a portion not amping with the power supply
terminal ET when viewed from the thickness directmf the outer peripheral region
18b. Further, the conductive layer 62 is elecliydasulated from other portions. As
a result, a potential of the portion overlappinghthe power supply terminal ET and
the potential of the portion not overlapping wikte tpower supply terminal ET become
equal to each other in the conductive layer 62.

[0069] As another example, as illustrated in FIG. 9, theduictive layer 62 may be
provided between the focus ring FR and the outeiplperal region 18b along the
thickness direction of the outer peripheral regi@b so as to overlap with the power
supply terminal ET when viewed from the thicknes®gation of the outer peripheral
region 18b. FIG. 9 is a view illustrating anotiegample of the installation state of the
conductive layer 62 according to the exemplary efithent. Like the conductive
layer 62 illustrated in FIG. 2, the conductive Iage illustrated in FIG. 9 is formed in a
ring shape including a portion overlapping with th@wver supply terminal ET and a
portion not overlapping with the power supply temali ET when viewed from the
thickness direction of the outer peripheral redi@b. Further, the conductive layer 62
is electrically insulated from other portions. Asresult, a potential of the portion
overlapping with the power supply terminal ET ahe fotential of the portion not
overlapping with the power supply terminal ET beeosqual to each other in the
conductive layer 62. Further, the description 8&.F represents a case where the
conductive layer 62 and the focus ring FR are s#pamembers, but the conductive
layer 62 may be a conductive film that covers damér facing the outer peripheral

region 18b of the focus ring FR.

18



[0070] In addition, the conductive region 62 may be predidh other regions along
the thickness direction of the outer peripheralicedgl8b so as to overlap with the
through hole 18b-1 of the outer peripheral regi8b in addition to the power supply
terminal ET when viewed from the thickness directmf the outer peripheral region
18b. For example, as illustrated in FIG. 10, tbaductive layer 62 may be provided
in the focus ring FR along the thickness directiérthe outer peripheral region 18b so
as to overlap with the through hole 18b-1 of theepperipheral region 18b in addition
to the power supply terminal ET when viewed frora thickness direction of the outer
peripheral region 18b. FIG. 10 is a view illusingta third example of the installation
state of the conductive layer 62 according to tkenglary embodiment. FIG. 10 is a
cross-sectional view taken along line J-J of FIG. Zhe conductive layer 62 illustrated
in FIG. 10 is formed in a ring shape including atpm overlapping with the power
supply terminal ET, a portion not overlapping witie power supply terminal ET, a
portion overlapping with the through hole 18b-1d @nportion not overlapping with the
through hole 18b-1 when viewed from the thicknesection of the outer peripheral
region 18b. Further, the conductive layer 62 isceically insulated from other
portions. As a result, the potential of the partmverlapping with the power supply
terminal ET, the potential of the portion not oe@ping with the power supply terminal
ET, the potential of the portion overlapping withetthrough hole 18b-1, and the
potential of the portion not overlapping with thedugh hole 18b-1 become equal to
each other in the conductive layer 62.

[0071] Here, the operation of the conductive layer 6Xilated in FIG. 10 will be
described using an equivalent circuit of the plagmuessing apparatus 10. FIG. 11 is
a view for explaining another operation exampléhef conductive layer 62 according to

the exemplary embodiment. The equivalent cirdluisirated in FIG. 11 corresponds
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to the plasma processing apparatus 10 accordititgetexemplary embodiment, that is,
the plasma processing apparatus 10 in which thdumive layer 62 is formed in the
focus ring FR. In FIG. 11, arrows indicate thenifoof high-frequency powers, and the
widths of the arrows indicate the magnitudes ofttigia-frequency power.

[0072] As described above, when the conductive layer gasided in the focus
ring FR, the potential of the portion overlappinghathe power supply terminal ET, the
potential of the portion not overlapping with theager supply terminal ET, the potential
of the portion overlapping with the through holebd8 and the potential of the portion
not overlapping with the through hole 18b-1 becaqgeal to each other. Therefore,
when the conductive layer 62 is provided in thauodng FR, as illustrated in FIG. 11,
a potential difference between the conductive la§2rand the processing space S
becomes constant along the circumferential diractb the wafer W, and the high-
frequency power is uniformly supplied to the presieg space S. As a result, when
the conductive layer 62 is provided in the focus R, the uniformity of the electric
field strength along the circumferential directiminthe wafer W may be improved. In
the example of FIG. 11, the electric field strengththe region A corresponding to the
power supply terminal ET, the electric field stréngf the region B corresponding to
the through hole 18b-1, and the electric fieldrgjth of the region C not corresponding
to the through hole 18b-1 become substantially letpuaach other in the region of the
processing space S along the circumferential dinecif the wafer W.

[0073] Next, an effect by the plasma processing appafddiya measurement result
of an etching rate) according to the exemplary etithent will be described. FIG. 12
is a view illustrating an effect by the plasma m%ging apparatus 10 (a measurement
result of an etching rate) according to the exemgpéambodiment. FIG. 12 includes

graphs 701 to 703.
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[0074] Graph 701 represents the measurement result obtdipeneasuring the
distribution of the etching rate along the circurefdial direction of the wafer W having
a size of 300 mm using the plasma processing apysaf®) in which the conductive
layer 62 is not present (Comparative Example). p8rar02 represents the
measurement result obtained by measuring the llisih of the etching rate along the
circumferential direction of the wafer W having izesof 300 mm using the plasma
processing apparatus 10 in which the conductiverl®2 is provided in the outer
peripheral region 18b (Example 1). Graph 703 regmes the measurement result
obtained by measuring the distribution of the etghrate along the circumferential
direction of the wafer W having a size of 300 mmingsthe plasma processing
apparatus 10 in which the conductive layer 62 igvigied in the focus ring FR
(Example 2). In graphs 701 to 703, the horizoatas indicates the circumferential
angle [degree (°)] of the wafer W with respect tpradetermined position of the edge
portion of the wafer W, and the vertical axis irat&s the etching rate [nm/min] at a
position of 3 mm from the end portion of the waféralong the radial direction of the
wafer W. Further, in each graph, the etching mtéhe region corresponding to the
power supply terminal ET is indicated by a whitecld, and the etching rate in the
region not corresponding to the power supply teainlfil is indicated by a black circle.
[0075] As illustrated in FIG. 12, in the Comparative Exdepan “amplitude,”
which is a difference between the average valughef etching rate in the region
corresponding to the power supply terminal ET dredaverage value of the etching rate
in the region not corresponding to the power sugpiyninal ET in a predetermined
range along the circumferential direction of thefavdV, was 0.14 nm/min.

[0076] In Example 1, the above-mentioned “amplitude” w360 nm/min, and in

Example 2, the above-mentioned “amplitude” was 8.06n/min. That is, in
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Examples 1 and 2, the variation in the etching aédeg the circumferential direction of
the wafer W was suppressed when compared with timep@rative Example. This is
probably because when the conductive layer 62 wasiged in the outer peripheral
region 18b or the focus ring FR, the uniformitytbé electric field strength along the
circumferential direction of the wafer W was impeoy whereby the unevenness of the
etching rate along the circumferential directioribad wafer W was improved locally.
[0077] According to the exemplary embodiment describedvapthe conductive
layer 62 superimposed on the power supply termiEal when viewed from the
thickness direction of the outer peripheral regl@f is formed in the outer peripheral
region 18b of the electrostatic chuck 18 or in ptiegions along the thickness direction
of the outer peripheral region 18b. Therefore, oating to the exemplary
embodiment, a local decrease in the potentialeaptsition corresponding to the power
supply terminal ET in the circumferential positiohthe wafer W may be avoided, and
the uniformity of the electric field strength alotige circumferential direction of the
wafer W may be improved. As a result, the unevesrod the etching rate along the
circumferential direction of the wafer W may be noyed.

[0078] In addition, in the exemplary embodiment, a casere/ithe conductive
layer 62 overlaps with the power supply terminal \&#fien viewed from the thickness
direction of the outer peripheral region 18b ha®rbelescribed. However, the
conductive layer 62 may be provided to overlap waithortion of the wiring layer EW
in addition to the power supply terminal ET wheewed from the thickness direction
of the outer peripheral region 18b. In this cdbe, ratio of the overlapping portion
between the wiring layer EW and the conductive 182 to the portion corresponding
to the outer peripheral region 18b of the wiringelaEW may be 76% or more.

[0079] Further, in the exemplary embodiment, the firsthHiggequency power
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source HFS, which is a power supply that generdigh-frequency power for
generating plasma, is electrically connected tobee 20 via the matching unit MU1,
but the first high-frequency power source HFS maybnnected to the upper electrode
30 via the matching unit MU1.

[0080] The plasma processing apparatus 10 in the exemplatyodiment is a
capacitively coupled parallel plate plasma (CCRhielg apparatus. Examples of the
plasma source may include an inductively couplegmk (ICP), a microwave plasma, a
surface wave plasma (SWP), a radial line slot argRLSA) plasma, and an electron
cyclotron resonance (ECT) plasma.

[0081] From the foregoing, it will be appreciated thatiwas embodiments of the
present disclosure have been described herein dggopes of illustration, and that
various modifications may be made without deparfiogn the scope and spirit of the
present disclosure. Accordingly, the various ennedts disclosed herein are not
intended to be limiting, with the true scope anditspeing indicated by the following

claims.
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WHAT ISCLAIMED IS

1. A placing unit comprising:

a base to which a high-frequency power is applied;

an electrostatic chuck provided on the base aotlidmng a placing region
configured to place a workpiece and an outer pergiiregion configured to surround
the placing region;

a heater provided in the placing region;

a wiring layer connected to the heater and extenth an inside of the outer
peripheral region;

a power supply terminal connected to a contactiggoiof the wiring layer in
the outer peripheral region; and

a conductive layer formed in the outer peripheegfion or in other regions
along a thickness direction of the outer periphergion so as to overlap with the power
supply terminal when viewed from the thickness aimn of the outer peripheral

region.

2. The placing unit of claim 1, further comprisiragfocus ring provided on the
outer peripheral region,

wherein the conductive layer is formed in the ®cing along the thickness
direction of the outer peripheral region or betwabe focus ring and the outer
peripheral region so as to overlap with the powgp$/ terminal when viewed from the

thickness direction of the outer peripheral region.

3. The placing unit of claim 2, wherein the condretayer is a conductive film

24



that covers a surface facing the peripheral regfadhe focus ring.

4. The placing unit of claim 1, wherein the condeetiayer is formed in a ring
shape including a portion overlapping with the powaapply terminal and a portion not
overlapping with the power supply terminal whenweel from the thickness direction

of the outer peripheral region.

5. The placing unit of claim 1, wherein the conduetlayer is electrically

insulated from other portions.

6. The placing unit of claim 1, wherein the condectayer includes at least one

of W, Ti, Al, Si, Ni, C, and Cu.

7. The placing unit of claim 1, wherein a pluraldf/ the heaters are provided in
the placing region,

a plurality of the wiring layers are connectedthe plurality of the heaters,
respectively, and extend to the inside of the opégipheral region,

the power supply terminal is provided for eachtlud wiring layers and is
connected to a contact portion of a correspondinnggvlayer in the outer peripheral
region, and

the conductive layer overlaps with a plurality tbé power supply terminals

when viewed from the thickness direction of thesoyteripheral region.

8. The placing unit of claim 1, further comprising:

a power supply line that connects the power supgigninal and an external
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power source; and
a filter provided on the power supply line and fagured to attenuate a high-
frequency power that is applied to the base arksléam the power supply terminal to

the power supply line.

9. The placing unit of claim 1, wherein a througblehthrough which a fixing
member of the base penetrates is formed in the patgheral region, and

the conductive layer is formed in other regioranglthe thickness direction of
the outer peripheral region so as to overlap whig through hole in addition to the
power supply terminal when viewed from the thiclsdsection of the outer peripheral

region.

10. A placing unit comprising:

a base to which a high-frequency power is applied;

an electrostatic chuck provided on the base aotlidmng a placing region
configured to place a workpiece, an outer perigh@gion configured to surround the
placing region, and a through hole that penetiid@®uter peripheral region; and

a conductive layer formed in other regions alonthiekness direction of the
outer peripheral region so as to overlap with t@ugh hole when viewed from the

thickness direction of the outer peripheral region.

11. A plasma processing apparatus comprising ey unit of claim 1.
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