APPARATUS AND METHODS FOR ADJUSTING AN EDGE RING
POTENTIAL FOR SUBSTRATE PROCESSING BACKGROUND OF THE
INVENTION [0001]The present invention relates in general to substrate
manufacturing technologies and in particular to an apparatus for ion incident
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processing of a substrate, e.g., a semiconductor substrate or a glass panel
such as one used in flaf BV BEBRY THRRRACESHN Glasma is often
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[0004] A common etching method is RIE or reactive ion etch. RIE combines both
chemical and ion processes in order to remove material from the substrate (e.g.,
photoresist, BARC, TiN, Oxide, etc.). However, the pressure to further reduce substrate
feature sizes, as well as the implementation of newer optimized substrate materials, has
challenged current fabrication technologies. For example, it is becoming increasing
difficult to maintain the uniformity or process results from the center to the edge of larger
substrates (e.g., > 300 mm). In general, for a given feature size, the larger the size of the
substrate, the greater the number of devices on the substrate near the edge. Likewise, for a
given substrate size, the smaller the feature size, the greater the number of devices on the
substrate near the edge. For example, often over 20% the total number of devices on a
substrate is located near the perimeter the substrate.

[0005] Due to substrate edge effects, such as electric field, plasma temperature,

and the loading effects from process chemistry, the process results near the substrate edge
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[0005]Due to substrate edge effects, such as electric field, plasma
temperature, and the loading effects from process chemistry, the process
results near the substrate edge may differ from the remaining (center) area
of the substrate. For example, the equipotential lines of the plasma sheath
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the substrate edge. [0006]Referring now to FIG. 1, a simplified diagram of a
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order to process (e.g., etch or deposit) exposed areas of substrate 106, such
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4ded (e.g., Si, etc.) on an electrostatic chuck 108, which also serves as a
powered electrode. Certain etch applications may require the upper electrode
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grounded with respect to all of the RF signal frequencies previously mentioned.

[0008] Edge ring 112 generally performs many functions, including positioning
substrate 106 on chuck 108 and shielding the underlying components not protected by the
substrate itself from being damaged by the ions of the plasma. edge ring 112 may further
sit on coupling ring 120 (e.g., quartz, etc.), which is generally configured to provide a

current path from chuck 108 to an edge ring 112.

[0009] In general, it is desirable for the electric field to remain substantially
constant over the entire surface of the substrate in order to maintain process uniformity
and vertical etch profiles. However, because of plasma chamber conditions and/or
configuration, a potential difference may exist between chuck 108 and the edge ring 112.
Consequently, this potential difference may create a non-uniformity 122 in the plasma

sheath shape, and hence adversely affect the etch profile.

[0010] In addition, during the etch process, it is not uncommon for polymer
byproducts (e.g., fluorinated polymers, etc.) to form on the substrate backside and/or

around the substrate edge. Fluorinated polymers generally comprise photoresist material
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constant over the entire surface of the substrate in order to maintain process
uniformity and vertical etch profiles. However, because of plasma chamber
conditions and/or configuration, a potential difference may exist between
chuck 108 and the edge ring 112. Consequently, this potential difference may
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substrate Is repositioned In the container, a partion of a polymer layer may
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[0013]The invention relates, in an embodiment, to a method for processing a
substrate in a plasma processing chamber. The substrate is disposed above
a chuck and surrounded BYINEAgeFinglvANY KN Ede ring being electrically
isolated from the chuck. The method includes providing RF power to the
chuck and providing a edge ring DC voltage control arrangement. The edge
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be greater than the DC potentla of the
the edge ring to provide first voltage to the edge ring, resulting in the edge ring having an

edge ring potential relative to the DC potential of the substrate. The method further
includes generating a plasma within the plasma processing chamber to process the
substrate. The substrate is processed while the edge ring DC voltage control arrangement

is configured to cause the edge ring potential to be greater than the DC potential of the



substrate in an embodiment, to be substantially equal to the DC potential of
the substrate in another embodiment, or to be less than the DC potential of
the substrate in yet another embodiment to control the ion directionality at the
substrate edge. [0014]These and other features of the present invention will
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and in conjunction with the following figures. BRIEF DESCRIPTION OF THE
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which a set of edge polymers have been deposited on the planar backside;
Ellpwing figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] 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:

[0016] FIG. 1 shows a simplified diagram of a capacitively coupled plasma

processing system;

[0017] FIG. 2 shows a simplified diagram of a substrate in which a set of edge

polymers have been deposited on the planar backside; and

[0018] FIGS. 3A-B show a set of simplified diagrams showing a capacitively
coupled plasma processing system with optimized ion angular distribution, according to an

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] The present invention will now be described in detail with reference to a
few preferred 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 other instances, well known process steps and/or structures have not

been described in detail in order to not unnecessarily obscure the present invention.

[0020] While not wishing to be bound by theory, the inventor believes that the ion
angular distribution may be controlled by altering the DC potential between the substrate
and the edge ring, thus optimizing the equipotential lines of the plasma sheath for a given

plasma process. In an advantageous manner, changes may be made to the electric field



[0018]FIGS. 3A-B show a set of simplified diagrams showing a capacitively
coupled plasma processing system with optimized ion angular distribution,
according to an embodiment of the invention. DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENTS [0019]The present invention will now
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as illustrated in the accompanying drawings. In the following description,
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unnecessarily obscure the present invention. [0020]While not wishing to be
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baygentrolled by altering the DC potential between the substrate and the edge

ring, thus optimizing the equipotential lines of the plasma sheath for a given
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angular distribution is generally uniform. Consequently, in an area of the

fla2dha sheath abalrehethoingsthbsirdie Ogdikatedge thngdgesetaahigrbe
YRR aTE, LM a3t A3y BRIRO LAY, REeSNSIGHAR 1O MG FHOSIR Berween
the DC potential of the substrate to the DC potential of the edge ring may be optimized in
order to control the angular distribution of the positively charged ions in the plasma

around the edge of the substrate.

[0024] For example, if the DC voltage of the edge ring is negative and
substantially similar to that of the substrate (e.g., Vubstrate —Vedge ring = 0), angular ion
distribution is substantially uniform, with a set of vectors that are substantially
perpendicular to the substrate, in an area of the plasma sheath above both the substrate and
the edge ring. This angular profile may be useful for anisotropic etch applications, such as

etching contacts and trenches with high aspect ratios.

[0025] In addition, certain devices require the etch features (e.g., high aspect ratio
contacts, vias or trenches) to assume a particular directionality in order to, for example,
enable a particular etch feature to make contact with another underlying feature. For
example, if a vertical via etch is required to allow the via to make contact with an
underlying feature, a deviation from etch verticality may cause the via to miss the intended
underlying feature, thereby resulting in a defective device and affecting yield. For these
applications, precise control of ion directionality at the substrate edge to achieve proper

etch directionality is a critical requirement.



[0022]However, if the DC potential of the substrate edge is substantially
different to the DC potential of the edge ring, the ion angular distribution is
generally non-uniform. Consequently, in an area of the plasma sheath above
both the substrate and the edge ring, a set of ion vectors are formed that tend
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[0028] Generally, an appropriate set of gases is flowed through an inlet in upper
electrode 102, and subsequently ionized to form a plasma 104, in order to process (e.g.,
etch or deposit) exposed areas of substrate 106, such as a semiconductor substrate or a
glass pane, positioned with an edge ring 112 (e.g., Si, etc.) on an electrostatic chuck 108,

which also serves as a powered electrode.

[0029] Edge ring 112 generally performs many functions, including positioning

substrate 106 on chuck 108 and shielding the underlying components not protected by the



[0027]Referring now to FIGS. 3A-B, a set of simplified diagrams showing a
capacitively coupled plasma processing system with optimized ion angular
distribution is shown, according to an embodiment of the invention. FIG. 3A
shows a simplified diagram of a capacitively coupled plasma processing
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ﬁﬁpﬁ&iﬂéﬁd}éular angular profile may be useful for anisotropic etch applications, such as

etching contacts and trenches with high aspect ratios.

[0032] It is also possible to, for example, couple the ground terminal of the DC
power source, in which case the edge ring may have a higher potential (being at ground)
than the DC potential of the substrate (being generally negative during processing, in an

embodiment). In this case, the angular ion distribution will also tend toward the substrate



coupled plasma processing system in which the DC potential of the edge ring
is substantially similar to that of the substrate (e.g., Vsubstrate VgeHng 0).
Generally speaking, the DC potential on the substrate during processing
tends to be negative with respect to ground, and thus when the edge ring is
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trenches with high aspect ratios. [0032]It is also possible tg, for example,
snpl&ntheagrsoRii teFriinal ereHé DeopsldieddtircdageWrlickred e tie dtge
FiRg Maytiaue ainighenpsigitia (beingalamiund shaniths ke Hetantial ot
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during the various process steps and process substeps). The manitored DC
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may also be used with substrates of various diameters (e.g., 200 mm, 300
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[0036]Advantages of the invention include substantial control of ion angular
distribution around the substrate edge. Additional advantages include
cleaning a bevel polymer during an in situ strip process, optimizing the
plasma process, and improving substrate yield. [0037]Having disclosed

fiEPlary aubadinenisRnd b aeatedsmadiiealions andyataigns

may be made to the disclosed embodiments while remaining within the
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Er cessing &Dhamber, said substrate being disposed above a chuck and
{Eiisd&dby an edge ring, said edge ring being electrically isolated from

§d7¢huck, sdlavimethedosediprsiplgrpeoviciingeRis povier bessaicdehuck;
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provide first voltage to said edge ring, resulting in said edge ring having an
BGE iy poisshag: spiritgd s aiveg o p Restpiangathir heaf el ionisia sl tessing

chamber to process said substrate; and



adjusting said edge ring DC voltage control arrangement to cause said
plasma to have a non-uniform angular ion distribution profile for processing
an edge of said substrate, wherein said adjusting causes said edge ring
potential to be higher than a DC potential of said substrate. 2. The method of
claim 1 wherein said edge ring DC ppltggg control arrangement includes an
RF filter arrangement and a DC power source, said RF filter arrangement
being disposed between said edge ring and said DC power source. 3. The
wathaod-pialaim: 2 wherein said RF filter arrangement is configured to
ttenugte unwanted harmonic RF energy from reaching said DC power
ource BEPRE INRFA S B THOL TSPl P S3 RIS ORI TR B i Substate
fregadivpysil abavegecirark ablout20ndédzbioaaledpx 809 Kiizedse fimebeieghod of
claimhiwhesai it REPOWEE has f.56LaLREpfieguencies that includes at
least one of 2 MHz, 27 MHz, and 60 MHz. 6. 'Iphe method of claim 1 wherein
said plRSYidipEdeBsiRy khwidisBr¢kpresents a capacitively coupled plasma
proce&ﬁ;ﬂﬂliﬁ%%m%ﬁge rifg mm@myt@ @fﬁﬁn&e‘ﬂfé-ﬁf&ﬂ;ﬁ@'@h@&%ﬁ@@o provide
rocessing cha r represents an indyctively coupled plasma processin
B HRREC ) YHLSHREHOR B IR T WL5aek QAT AA8 T B D RABEIT
controkancangenehtsingludbs anRFapowpiosepply cambhetonetivoss sdidlaim 1
Wherein. spid edge ring DC voltage control arrangement includes a DC power
supply. '10. The method of claim 1 further including a feedback circuit
config@fdeb i rariesiee aieRinC potieatisPer it gawateo siberetd BERIMD O
RetentiahafrsaithsubeiRtR AuRmBlARdATiR BeFRREkSIgRRLIRYEI Y5@id first
voltage when said DC potential of sa,iéi substrate cha,nI(;es. _
substrate, wherein said adjusting causes said edge ring potential'to be higher than a DC

potential of said substrate.
2. The method of claim 1 wherein said edge ring DC voltage control arrangement
includes an RF filter arrangement and a DC power source, said RF filter arrangement

being disposed between said edge ring and said DC power source.

3. The method of claim 2 wherein said RF filter arrangement is configured to

attenuate unwanted harmonic RF energy from reaching said DC power source.

4. The method of claim 1 wherein said RF power has an RF frequency in a range

from about 20 KHz to about 800 KHz.

5. The method of claim 1 wherein said RF power has a set of RF frequencies that
includes at least one of 2 MHz, 27 MHz, and 60 MHz.

6. The method of claim 1 wherein said plasma processing chamber represents a

capacitively coupled plasma processing chamber.
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11. A method for reducing polymer deposition around an edge of a substrate
in a plasma processing chamber, said substrate being disposed above a
chuck and surrounded by an edge ring, said edge ring being electrically
isolated from said chuck, said method comprising: providing RF power to said

ghuckine HSING 3P SHLEIN RS éﬁ%ﬁﬁ?ﬁ%ﬁ#&%&[ﬁ%@ﬂ&%@"réBr@sré?l‘_(é%% first

voltage to said edge ring, resulting in said edge ring having an edge ring
Bulisiityaly coupjethalatiPaoptatitL DR said plasma processing chamber to
process said substrate; and adjusting said edge ring DC voltage control

rrangement to cause.sajd edge ring, potential to be different from a DC
B oter TP SO U WATTE B i Rl AP B A e 68
iopludesdeRApgteofuppis. disposed in a vicinity of said edge of said substrate

to be biased toward said edge of said substrate and away from said edge
ring, wherein said adjusting causes said plasma to have a non-uniform

&ngulaFhermraiBedutitinmrofifererpsahedasatRa PorOkigs taniiplersiiasangnt

adaRrinodGyRiagpmentrol arrangement includes an RF filter arrangement
and a DC power source, said RF filter arrangement being disposed between

said edge ring and said DC power source. 13. The method of claim 12
WhereifhsaicttRbd fiif efadrr arigeimenicis Gonfidendith¢tb a@ttaituateipmadntadnitor
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amber represents a c_a aCI coup | asma prqcessmg
emarakRst as pfeqdhadhaigied e veripaid fihelsliee s RAE G Bvarorasd e Rmd

freaueRendnRgange from about 20 KHz to about 800 KHz. 16. The method
of claim 11 wherein said RF power has a set of RF frequencies that includes
at least one of 2 MHz, 27 MHz, and 60 MHz.

11. A method for reducing polymer deposition around an edge of a substrate in a
plasma processing chamber, said substrate being disposed above a chuck and surrounded
by an edge ring, said edge ring being electrically isolated from said chuck, said method
comprising:

providing RF power to said chuck;

using an edge ring DC voltage control arrangement to provide first voltage to said
edge ring, resulting in said edge ring having an edge ring potential;

generating a plasma within said plasma processing chamber to process said
substrate; and

adjusting said edge ring DC voltage control arrangement to cause said edge ring
potential to be different from a DC potential of said substrate while processing said
substrate so as to cause an ion incident angle of ions disposed in a vicinity of said edge of
said substrate to be biased toward said edge of said substrate and away from said edge
ring, wherein said adjusting causes said plasma to have a non-uniform angular ion

distribution profile.

12.  The method of claim 11 wherein said edge ring DC voltage control arrangement
includes an RF filter arrangement and a DC power source, said RF filter arrangement

being disposed between said edge ring and said DC power source.
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17. The method of claim 11 wherein said plasma processing chamber
represents an inductively coupled plasma processing chamber. 18. The
method of claim 11 wherein said edge ring DC voltage control arrangement
includes an RF power supply. 19. The method of claim 11 wherein said edge
ring DC voltage control arrangement includes an DC power supply. 20. The
method of claim 11 further including a feedback circuit configured to monitor

d3id DENpoIEhedIdriA bUbeista sih &lebl<Aidapes perkitraroesisd o

substialais amaleyeshas ’RiFeadRack signal to vary said first voltage when
said DC potential of said substrate changes. 21. A method for processing a

substrate in a plasma processing chamber, said substrate being disposed
atbove Ehehugkasing slamolihdédrbiy s dplgemingosatingdyentng lopingnts a

g&gg@ﬂf@lﬁy éﬁﬂﬁéﬂ%ﬂﬁﬂﬁ B@&QﬂHg&;ﬁﬁﬁ%ﬁethOd comprising: providing RF

power to Said chuck; using an edge ring DC voltage control arrangement
to provide first voltage to said edge ring, resulting in said edge ring having an

gslge ring RREBBHAY claimAgNEKaiNYsai P REMAITIS 58K PlasivR PIRGAESHT
hamber tQ process said substrate; and adjusting said edge ring DC voltage

@8H1P53%ﬂ%ﬁ5§%&%ﬁ8“&§8§ 4id plasma to have a non-uniform angular ion

distribution profile, wherein said adjusting causes said edge ring potential to

be lessiihan.a D PAteAal of said sHbRFgIs. e arocesing said aibsiate

22. The method of claim 21 wherein sai ge ring DC voltage contro

HirhgerhBasinepfesMHRE MEzarrarfiyeMidat and a DC power source, said
RF filter arrangement being disposed between said edge ring and said DC
iower source, 23. The method of claim 22 wherein said RF filter

frang bRTARE RO 8RBT bl DR SRS A DA RSP S R TaRrr g an

inductively coupled plasma processing chamber.

18.  The method of claim 11 wherein said edge ring DC voltage control arrangement

includes an RF power supply.

19. The method of claim 11 wherein said edge ring DC voltage control arrangement

includes an DC power supply.

20. The method of claim 11 further including a feedback circuit configured to monitor
said DC potential of said substrate, whereby said DC potential of said substrate is
employed as a feedback signal to vary said first voltage when said DC potential of said

substrate changes.

21. A method for processing a substrate in a plasma processing chamber, said substrate
being disposed above a chuck and surrounded by an edge ring, said edge ring being
electrically isolated from said chuck, said method comprising:

providing RF power to said chuck;

using an edge ring DC voltage control arrangement to provide first voltage to said

edge ring, resulting in said edge ring having an edge ring potential;
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24. The method of claim 21 wherein said RF power has an RF frequency in a
range from about 20 KHz to about 800 KHz. 25. The method of claim 21
wherein said RF power has a set of RF frequencies that includes at least one
of 2 MHz, 27 MHz, and 60 MHz. 26. The method of claim 21 wherein said

p|asm%£{é?§§§§@91m&ﬁﬂ§£%@gﬁ%%r%@&§ﬁi YEERHRISHplas R

processing chamber. 27. The method of claim 21 wherein said plasma
prbtEdsingdtratt T resrtasaiGnalieacsnnesLiyrenssaethiy sretetithg

phaADR ha?8 a Tbe mathechebalaipn2iswidarein maidedgerting R yaliage
an RF.

trol t incl) lv. 29. T thod of clai
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powesisgpply suBrdihe method of claim 21 further including a feedback circuit
configured to monitor said DC potential of said substrate, whereby said DC
potential of said substrate is employed as a feedback signal to vary said first

véitagd IHeethad @ivRipoiénthareinsaid edgssingdenalgescontrol arrangement

includes an RF filter arrangement and a DC power source, said RF filter arrangement

being disposed between said edge ring and said DC power source.

23.  The method of claim 22 wherein said RF filter arrangement is configured to

attenuate unwanted harmonic RF energy.

24.  The method of claim 21 wherein said RF power has an RF frequency in a range

from about 20 KHz to about 800 KHz.

25. The method of claim 21 wherein said RF power has a set of RF frequencies that
includes at least one of 2 MHz, 27 MHz, and 60 MHz.

26. The method of claim 21 wherein said plasma processing chamber represents a

capacitively coupled plasma processing chamber.

27.  The method of claim 21 wherein said plasma processing chamber represents an

inductively coupled plasma processing chamber.

28.  The method of claim 21 wherein said edge ring DC voltage control arrangement

includes an RF power supply.

29. The method of claim 21 wherein said edge ring DC voltage control arrangement

includes an DC power supply.

30. The method of claim 21 further including a feedback circuit configured to monitor

said DC potential of said substrate, whereby said DC potential of said substrate is



employed as a feedback signal to vary said first voltage when said DC potential of said

substrate changes.
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