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(57) Abstract: A method for processing a substrate in a plasma processing chamber is provided. The substrate is disposed above a
& chuck and surrounded by a first edge ring. The first edge ring is electrically isolated from the chuck. The method includes providing
a second edge ring. The second edge ring is disposed below an edge of the substrate. The method also includes providing a coupling
ring. The coupling ring is configured to facilitate RF coupling from an ESC (electrostatic chuck) assembly to the first edge ring,
thereby causing the first edge ring to have an edge ring potential during substrate processing and causing the RF coupling to be
g maximized at the first edge ring and minimized at the second edge ring during the substrate processing.
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EDGE RING ARRANGEMENTS FOR SUBSTRATE PROCESSING

BACKGROUND OF THE INVENTION
[Para 1} Growth in the semiconductor industry has been driven by advances in plasma

processing. Due to the highly competitive nature of the semiconductor, device manufacturers may
want to maximize vield and efficiently utilize the real estate available on a substrate.  During
plasma processing of the substrate, a plurality of parameters may need to be controlled to ensure
tgh vield of devices bemg processed. A common cause of defective devices s the lack of
untformity during substrate processmyg. Factors that may atfect untformuty are substrate edge
effects. Another cause of defective devices may be due to polymeric by-products Haking off from

the backside of one substrate onto another substrate during transport.

[Para 2} Current fabrication technologies are challenged by the demand for hugher
performance devices, the pressare to further reduce substrate teature sizes, as well as the
unplementation of newer optimized substrate materials. For example, it is becoming increasing
difficult to maintain the wniformity or process results from the center o the edge of larger
sabstrates {e.g.. > 300 mm). In general, for a grven feature size, the number of devices on the
substrate near the edge mcreases as the size of the substraie becomes larger, Likewise, for a given
substrate size, the sumber of devices on the substrate near the edge mcreases as the feature size of
the devices decreases. For example, often over 20% the total number of devices on a sabstrate are

focated near the perimeter the subsirate.

{Para 3} Fig. 1 shows a simplified diagram of a capacitively-coupled plasma processing
system with a single hot edge ning. In general, a source RF generated by source RF generator 112
is commonty used to generate the plasma as well as control the plasma density via capacitively
coupling. Certain exch apphcations may require upper electrode to be grounded with respect to g
lower glectrode, which 1s RF powered. The RF power 1s at least one of 2MHz, 27 MHz, and 60
MHz. Still other etch applications may require hoth the upper electrode and the lower electrode to
be RF powered using similar RF frequencies.

jPara 4} Generally, an appropriate set of gases 13 flowed through an 1nlet m an upper
electrode 102. The gases are subsequently tonized to form plasma 104, 1n order to process (e.g.,

etch or deposit) exposed areas of substrate 106, such as a semiconductor substrate or a glass pane,
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positioned with a hot edge ring (HER) 116 (e.g., 854, etc.) on an electvostatic chuck {(ESC) 108,
which also serves as a powered electrode.

{Para 5} Hot edge ring 116 generally performs many functions, including positioning
substrate 106 on ESC 108 and shielding the underlying components not protected by the substrate
itself from being damaged by the ions of the plasma. Hot edge ring 116, as shown m Fig. 1, 1
disposed under and around the edge of substrate 106, Hot edge ring 112 may further sit on
coupling ning 114 (e.g., guartz, etc.), which is generally configured to provide a corrent path from

chuck 108 to hot edge ring 116.

{Para 6} in the example of Fig. 1, msulator rings 118 and 120 are configured to provide
msulation between ESC 108 and ground ning 122, Quartz cover 124 15 disposed on top of ground
ring 122, Material for coupling ring | 14 may be quartz or appropriate matenial to optimize RF
couphing from ESC 108 to HER 116. For example, quartz mayv be emploved as coupling ring 114
to nunmize RE coupling to HER 116, In another example, alomunum may be emploved as

couphing ring 114 to get increase RF coupling to HER 116

[Para 7} Due to substrate edge effects, such as electric Deld, plasma temperatare, and the
loading effects from process chenmustry, the process results near the sabstrate edge may differ from
the remaining {center) area of the substrate during plasma processing. For example, the electric
field avound substrate 106 edge may change due to changes from RF coupling to HER 116, The
equapotential hines of the plasma sheath may become disrupted, causing non-waiform 1on angular
distribution around the substrate edge.

[Para B} Generally, it 15 desirable for the electric field to remain substannally constant over
the entire surface of the substrate m order to mantain process uniformity and vertical eteh profiles.
Daring plasma processing, RF coupling balance between substrate 106 and HER 116 may be
optinuized by design to maintain process unifornuty and vertical etch. For example, RF coupling
to HER 116 may be optinnized for maxmmum RF coupling to get eniform etching. However, the
RF coupling balance to maimtam process unmformity may come at a cost o beveled edye polymer
deposition.

{Para 9 During the etch process, it may be common {or polymer byproducts (e.g.,
fuorinated polymers, ete.) to form on the substrate backside and/or around the substrate edge.
Fluorinated polvmers generally are comprised of photo resist matenial previously exposed to an

etch chenistry, or polymer hyproducts deposited during a fluorocarbon etch process. In general, a
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fluorinated polymer is a substance with a chemical equation of CHF,, where x, 2 are integers
greater than 0, and v is an integer greater than or equal to 0 (e.g., CFy, CiFq, CHuF,, CoFg Gy,
ete. ).
[Para 10} However, as successive polymer tayvers are deposited on the edge avea as the resalt
of several different etch processes, organic bonds that are normally strong and adhesive will
eventually weaken and peel or flake off, often onto another substrate during transpost. For
example, substrates are commonly moved in sets between plasima processing systems via
substantially clean containers, often called cassettes. As a higher positioned substrate is
repositioned i the container, & portion of a polvmer layer may fall on a lower substrate where dies
are present, potentially affecting device yield.
[Para 11} Fig. 2 shows a simplified diagram of a substrate m which a set of edge polvmers
have been deposited on the planar backside 15 shown. As previously stated, during the eteh
process, # may be common for polymer by-products {edge polymers) to form on the substrate. In
this example, the polvmer by-products have been deposied on the planar backside, that 15, the side
of the substrate away from the plasma. For example, the polymer thickness may be about 250 nm
at about 70° 202, 270 nm at about 45° 204, and about 120 nm at 0° 206, In general, the greater the
thickness of the polymer, the ugher the probalulity that a portion of the polymer may become
dislodged and fall onto another substrate or the chuck, potentially affecting manufacturing vield.
[Para 12] For example, RF coupling to HER 116 may be optsnmized for mmnimal R¥F coaplimg
o reduce polymer by-products deposition on beveled edge. However, the RF coupling balance to
nuninsze beveled edge polvmer deposition may come at a cost to mamtain process aniformty at
substrate edge.
jPara 13} Hence, aforementioned prior art methods require RF coupling balance between the
hot edge ring and the substrate to trade-off between optimizing for edge uniformity or beveled
edge polvmer deposition. In addition, arcing between the wafer edge and hot edge ring may cause
pitting on substrate edge and damage to the devices, thereby reducing yield.

SUMMARY OF INVENTION
{Para 14} The mvention relates, m an embodiment, 1n a plasma processing chamber, a
method for processing a substrate. The substrate 1s disposed above a chuck and surrounded by a

first edge ning. The first edge ning 1s electrically solated from the chuck. The method mcludes

providing a second edge ring. The second edge ring is disposed below an edge of the substrate.
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The method further inclades providing a coupling ring. The coupling ring is configured to
facilitate RF couphing from an ESC (electrostatic chuck) assembly to the first edge ring, thereby
causing the first edge ring to have an edge ring potential during substrate processing and causing
the RF couphng to be maximized at the first edge ring and minimized at the second edge ring

during the substrate processing.

[Para 15] The above summary refates 1o only one of the many embodiments of the invention

disclosed herein and is not mtended to limit the scope of the tnvention, which is set forth o the

claims herein. These and other features of the present invention will be described in more detail

below int the detailed description of the invention and m conjunction with the following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[Para 16] The present invention is tlustrated by way of example, and not by way of

Innitation, m the figures of the accompanying drawings and m whach like reference numerals refer

to similgr elements and m which:

|Para 17} FIG. | shows a simphified diagram of a capacitively-coupled plasma processing

systern with a single hot edge ring.

jPara 18] FI1G. 2 shows a simplified diagram of a substrate in which a set of edge polymers

trave been deposited on the planar backside 15 shown.

jPara 19] FIG. 3 shows, in accordance with an embodiment of the present invention, a
straplified schematic of a capacitively-coupled plasma processing system configured with dual

edge rings.

{Para 20 FIG. 4 shows, m accordance with an embodiment of the mvention, a nmulti-

frequency capacitively coupled plasma processing system with a pharality of hot edge rings.

DETAILED DESCRIPTION OF EMBODIMENTS
[Para 21} The present mvention will now he descrtbed in detal with reference to a few
embodiments thereof as illustrated in the accompanymg drawings. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the present
mvention. It will be apparent, however, to one skilled 1 the art, that the present invention may be
practiced wathout some or all of these specific detasls. In other instances, well known process
steps andfor structures bave ot been deseribed in detast i order to not unnecessanly obscure the

present mvention.
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[Para 22} Various embodiments are described hereinbelow, including methods and
techniques. It should be kept in mind that the mvention might also cover articles of manufacture
that includes a computer readable medium on which computer-readable mstructions for carryving
out embodiments of the inventive techmque are stored. The computer readable mednon may
mclude, for example, senuconductor, magnetic, opto-magnetic, optical, or other forms of
computer readable medivm for storing computer readable code. Further, the invention may also
cover apparatuses for practicing ersbodiments of the mvention. Such apparatus may mclude
cireudts, dedicated and/or programmable, to carry out tasks pertaining to embodiments of the
myvention. Examples of such apparatus mclude a general-purpose computer andfor a dedicated
computing device when appropuiately programmed and may include a combination of a
compater/computing device and dedicated/programmable cireuits adapted for the various tasks

pertaining to embodiments of the invention.

[Para 23] In accordance with embodiments of the invention, there are provided arrangements
for configuring a plasma processimg system to enhance control over plasma processing parameters,
Embodiments of the mvention mclade providing independent RF coupling to a phurality of hot
edge rings to produce destred electnic potential differences between a substrate and each edge ring.
Thus, the equupotential lines of the plasma sheath for a given plasma process may be optimized to
achieve uniform etching at a substrate edge without sacnificing cleaning of polymer by-products

from the beveled edge of the substrate.

{Para 24| In one or more embodiments of the mvention, a first hot edge ring 18 disposed

around the edge of a substrate. In an embodiment, first HER may be made of sthicon (813, sthicon

nitride (SIN), andfor sthcon dioxade (510:). In an embodiment, first HER may further siton a
coupling ring to provide RF coupling from ESC lower electrode to first HER o minumize potential
difference between substrate and first HER. Thus, the equipotential lines of the plasma sheath for
a given plasma process s optimized to keep 1on bombardment to the edge of substrate straight.
The vertical ton bombardment at the edge of substrate may ensure uniform eiching with respect to

the center of the substrate during plasma processmg.

[Para 25] in an embodiment, a second HER | isolated by an insalator ring, 1s disposed
underneath the edge of a substrate. Second HER may be made from stbicon (1), silicon nitride
{SIN}, andfor sithicon dioxide {S10;) i an embodiment. Second HER 15 1solated from the

substrate, the first edge ring, an ESC, and an ESC {ower body by the insulator ring. The tsulator
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ring may be made from insulator material such as quartz to achieve RF decoupling from ESC
tower electrode. Embodiments of the invention provide for high voltage potential between the
substrate and the second HER to cause arcimg on the beveled edge of substrate to remove polymer

by-products deposited on beveled edge of the substrate.

{Para 26} {n another embodiment of the invention, a second HER 1s disposed directly
undermneath the substrate and on top of the insulator ring.  In an embodiment, second HER may be
made from SiN or $i10;. In an embodiment, RF coupling to second HER may be optimized to
provide maximum potential difference between the substrate and the second HER to mduce arcing

ont the beveled edge of the substrate for cleaning of polymer by~products.

[Para 27] The features and advantages of the invention may be better understood with
reference to the figures and discusstons that follow. Fig. 3 shows, in accordance with an
embodiment of the present invention, a simplified schematic of a capacitively-coupled plasma

processing system 300 configured with dual edge nings.

|Para 28] Plasma processing system 300 may be a single, double, or tiple frequency RF
capacitively discharge system, In an example, radio frequencies may wichude, but are not imited
to, e, 2 MHz, 27 MHz, and 60 MHz. Plasma processing system 300 may be configured to

b=

mclude a substrate 306 bemg disposed above an electrostatic chuck (ESC) 308, ESC 308, which

also serves as a powered electrode, 1s disposed above an ESC lower electrode 310,

[Para 29] Consider the suuation wherein, for example, substrate 306 is being processed.
During plasma processmg, a multifrequency RF generator 312 with a path to ground {not shown to
siraplify the figare} may supply low RF bias power to ESC lower electrode 310 through an RF
match network {(not shown to simplify the figure}. The RF power from RF generator 312 may
interact with a gas (not shown to simplify the figore) to tgnite plasma 304 between an upper
electrode 302 and substrate 306, Plasma may be employed to etch andior deposit materials onto
sabstrate 306 to create electronic devices.

{Para 30] As shown m Fig. 3, certain etch apphications may require apper electrode 302 to be
grounded with respect (o a lower electrode, which is RF powered. The RF power 15 at least one of
IMHz, 27 MHz, and 60 MHz. Sull other etch applications may require both the upper electrode

and the lower electrode to be RF powered esing stmilar RF frequencies.

4]
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[Para 31} in contrast to the prior art where only one hot edge ring s employed, plasioa
procassing system 300 15 configured with a plurality of hot edge rings (HER), e.x.. a first HER 314
and a second HER 326 10 an embodiment. Furst HER 314 15 disposed around the edge of substrate
306 m accordance with an embodiment of the vention. First HER 314 mayv be made from
siticon (81), silicon nitride (SIN), and/or silicon dioxide {S10;) m an embodiment. An insulator
ring 320 may provide insulation between first HER 314 and a ground ring 322, A gquartz cover
ring 324 1 disposed on top of ground ring 322, Fust HER 314 may further sit on & couphng ring

318. Coupling ring 318 may be made from conductive materials such as aluminun or graphite to

provide RF coupling from ESC assembly, e.g., ESC 308 and ESC lower electrode 310, to first

HER 314,

[Para 32] RF coupling from ESC assembly to HER 314 may be optimized to achieve sinular
plasma sheath between an area of RF sheath voltage (V2} above the substrate edge ring 330 with
respect to an area of RF sheath voltage (V1) above the substrate 332 to produce mumimal electrical
potential differences (VI -~ V2) m accordance with an embodiment.  Thus, the equipotential Iines
of the plasma sheath for a given plasma process 18 optimized to keep son bombardments to the
edge of substrate 306 stratght. The vernical ion bombardments at the edge of substrate 306 may

ensured aniform etching with respect to the center of the sabstrate durng plasma processing.

{Para 33] I the maplementation of Fig. 3, second HER 326, 1solated by an msolator rmg 316,
1s disposed underneath the edge of substrate 306 1 accordance with an embodiment. Second HER
326 may be made from silicon {51}, sthicon mitride {$iN), andfor sihicon dioxide {Si0:) m an
embodiment. Second HER 326 15 wolated from sebstrate 306, first edge ning 314, ESC 308, and
ESC lower body 310 by insalator ring 316 1o accordance with an embodiment of the mvention.
Insalator ving 316 may be made from nsalator matenial such as quariz to aclveve R¥F decoupling

from ESC assembly.

[Para 34] Since RF coupling to second HER 326 may be mininmzed, the induced voltage
{V3} on second HER 326 may be low in comparison the voltage on substrate 306 {(V1). The
voltage potential (V1 - V3) between substrate 306 and second HER 326 may be high. Due to the
high voliage potential between substrate 306 and second HER 326, arcing may occur on the
beveled edge of substrate 306, Normally, arcing s an uncontrolled event that is undesirable.
However, there are no devices on the beveled edge of a substrate. Thus, arcing or nucro-explosion

on the beveled edge of substrate 306 may be desirable as a cleaning mechanism to remove

-
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polymer by-products deposited on beveled edge of the substrate in accordance with an

embodiment of the mvention.

{Para 35} in the prior arts, there is only one HER and the RF coupling to the HER 1s
optimized to balance between uniform etching at a substrate edge or deposition of polvmer by-
producis on the beveled edge. Unlike prior art methods, a plurality of HERs may be employed
with independent RF coupling to each hot edge ning to achieve both wmtorm etching and beveled

edge cleaning of polymer by-producis deposition.

jPara 36] It addition to the aforementioned method and arrangement as discussed m Fig. 3,
other embodiments may be provided in which a plurality of HERs may be employed to provide
separate RF coupling to individual HERs, Fig. 4 shows, i accordance with an embodiment of the
wvention, a multi-frequency capacuively coupled plasma processing system 400 with a plurality
of hot edge rings. Plasma processing systemn 400 may be configured to include a grounded upper

electrode 402, a substrate 406, an electrostatic chuck (ESC) 408, an ESC lower electrode 410, an

wnsulator ring 420, a ground ring 422 and a quanz cover ring 424.

[Para 37} Consider the situation wherein, for example, substrate 406 18 hemg processed.
Plasma 404 may be struck when gas {not shown to simply the figure) interacts with RF power
from an RF power generator 412, Plasma 404 may be employed to etch andfor deposit materials

onto substrate 406 to create electronic devices.

[Para 38] As aforementioned, sebsirate edge effects, such as electnie field, plasma
temperature, and the loadimg effects from process chemistry, may cause the process results near
the suhstrate edge to differ from the remaining (center) area of the substrate. For example, the
equipotential fines of the plasma sheath may become disrupted, cassing non~-eniform ion angalar

distribution around the scbstrate edge.

[Para 39] I the tmplementation of Fig. 4, a first HER 414 15 disposed above coupling ring
418 and around the edge of substrate 406, In an embodiment, first HER 414 may be made from
sthicon. In an embodiment, RF couphng to first HER 414 may be optimized to provide mmimal
potential difference (V1 - V2) between substrate 406 and first HER 414 to achieve uniform

etching at the edge of the substrate.

[Para 48] Thus, the equupotential lines of the plasma sheath above the substrate edge ring

430 with respect to the plasma sheath above the substrate 432 are optimuzed to keep ion
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bombardments to the edge of substrate 406 straight. The vertical ion bombardments at the edge of
substrate 406 may ensured uniform etching with respect to the center of the substrate during

plasma processing.

jPara 41] As shown in Fig. 4, a second HER 426 1s disposed directly underneath substrate
406 and on top of an insulator ring 416, In an embodiment, second HER 426 may be made from
SIN or 510;. In an embodiment, RF couphing to second HER 426 may be optimized to provide
maximwn potential difference (V1 ~ V3) between substrate 406 and second HER 426 to induce

arcing on beveled edge of the substrate for cleaning of polymer by-products.

{Para 42§ As may be appreciated from the foregoing, embodiments of the invention provide
methods and arrangements for independent RF coupling of each hot edge ring from a plurality of
HERs bemyg provided without employing external hardware devices. By employing independent
RF couplings to a plurality of HERs, etching unifornuty at substrate edge may be achieve without
trading-off cleaning of polvmer by-products at the beveled edge. In addition, the design of the hot
edge ring arrangement is simple and inexpensive to retrofit to carrent plasma processing

equipment

jPara 43] While this invention has been described m terms of several preferred embodiments,
there are alterations, permutations, and equivalents, whuch fall within the scope of this invention.
Also, the title, summary, and abstract are provided heremn for convenience and shoudd not be vsed
to construe the scope of the clasms herein. It should also be noted that theve are many alternative
ways of implementing the methods and apparatuses of the present mvention. Although various
examples are provided herew, it 15 mtended that these examples be illustrative and not hnuting
with respect to the mvention. Further, in this application, a set of “n” ems refers zero or more
ytems 10 the set. 1t ix therefore intended that the following appended claims be nterpreted as
mcluding all such alterations, permutations, and equivalents as fall within the true spirit and seope

of the present mvention.
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CLAIMS
What 1s claimed is:
i. In a plasma processing chamber, a method for processing a substrate, said substrate being

disposed above a chuck and surroanded by a first edge ning, sawd first edge rng being electmncally
isolated from said chuck, comprising:

providing a second edge ring, said second edge ning being disposed below an edge of said
substrate; and

providing a coupling ring, wherein said coupling ring is configured to facilitate RF
coupling from an ESC {electrostatic chuck) assembly to said first edge ning, thereby causing said
first edge ning to have an edge ring potential during substrate processing and causing ssid RF

coupling to be maxmmized at said first edge rning and miminyized at said second edge ning donmg

satd substrate processimg.
2. The method of claim 1 further comprising providing an imsulator rmg that 1s configered to

encapsulate said second edge ning.

3 The method of claim 1 further comprising providing an insulator ring, wherein said second
edge ring is disposed above said msulator ning.

4. The method of claim 1, wheretn sad first hot edge ring 15 formed of a material that
meludes at least one of sthicon, sithicon niride and silicon dioxide.

5 The method of claim 1, wherem said coupling ring 18 formed of a matersal that mcludes at
least one of conductive matenial, aluminum and graphite.

f. ‘The method of clamm §, wherem said wherein said second hot edge ring 15 formed of a
matertal that mcludes at least one of silicon, silicon nitride and silicon dioxide.

7. The method of clamm 2, wherein said insulator ring 1s formed of a material that includes at
least one of insulator material and quariz.

8. The method of claim 3, wherein said insulator ring 1s formed of a matenial that includes at
least one of insulator material and quartz.

9, The method of claim 1, wherein said RF power being delivered to said chuck has a set of
RF frequencies that mcludes at least one of about 2 MHz, about 27 MHz, and about 60 MHz.

10, A plasma processing system having a plasma processing chamber configured for

processing a substrate, said substrate betng disposed above a chuck and surrounded by a first edge

ring, said first edge ring bemg electrically isolated from said chuck, comprising:

Ht
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a second edge ring. said second edge ring being disposed below an edge of said substrate;
and

a coupling ning, wheremn said coupling ring s configured to faciltate RF coupling from an
ESC (electrostatic chuck) assembly to satd first edge ving, thereby causing sad first edge ring to
have an edge ring potential during substrate processing and causing said RF coupling to be
maxinized at sad fivst edge ring and nuninuzed at said second edge ring during said substrate
processmg.
11, The plasma processing system of claim 10 further comprising an insulator ring that is
confipured to encapsulate saxd second edge ring.
12, The plasma processing systern of claim 10 forther comprising an insulator ring, wherein
sard second edge ning s disposed above saxd nsulator ring,
13, The plasma processing system of claim 10, wheren sard first bot edge ring 15 formed of a
material that includes at least one of silicon, silicon nitnide and sihicon dioxide.
14, The plasma processing systern of claim 10, wherem said couphing ring i formed of a
material that inchades at feast one of conductive material, aliwminem and graphite.
15, The plasma processing systemy of claim 10, wherein said wheremn said second hot edge ning
is formed of a material that includes at least one of silicon, silicon nitnide and siheon dioxide.
16, The plasma processing system of claim 11, wherein saud nsulator ving 1 formed of 8
material that includes at feast one of msulator material and quartz.
7. The plasma processing system of claim 12, wherein said msalator ring 1 formed of a
material that includes at least one of msulator material and quartz.
18 The plasma processmg system of claim 10, wherein sard RF power bemy delivered to sad
chuck has a set of RF frequencies that includes at least one of about 2 MHz, about 27 MHz, and
about 60 MHz.
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