1 PROCESS TUNI NG GAS | NJECTI ON FROM THE SUBSTRATE EDGE By I nventors:

Raj i nder Dhi ndsa and Mukund Srinivasan BACKGROUND [ 1] In the fabrication of
sem conduct or based devices (e.g. integrated circuits or flat panel

di splays), layers of material may alternately be deposited onto and etched
froma substrate surface (e.g., the sem conductor wafer or the glass
panel). As is well known in the art, the deposition of material |ayer(s)
and etching of the material layer(s) may be acconplished by a variety of

t echni que i ncl udi asma-enhanced deposition an tching. In

bl s enPROGERS EUNING GAS INHEG RION FROMLHE: SIBSTRAFEN, of
the substrate takes pl ace inside a p processi ng chanber. During the
deposition or etching process, a pla gﬁ?@ formed froma suitable source
gas to deposit a material layer on the substrate or to etch areas of
substrate that are unprotected by tﬁ@hg%&gﬁpask, | eavi ng behi nd the desired
pattern. '

Rajinder Dhindsa and Mukund Srinivasan

BACKGROUND

1] In the fabrication of semiconductor based devices (e.g. integrated circuits or flat panel
displays), layers of material may alternately be deposited onto and etched from a substrate
surface (e.g., the semiconductor wafer or the glass panel). As is well known in the art, the
deposition of material layer(s) and etching of the material layer(s) may be accomplished by a
variety of techniques, including plasma-enhanced deposition and etching. In plasma-
enhanced deposition or etching, the actual deposition or etching of the substrate takes place
inside a plasma processing chamber. During the deposition or etching process, a plasma is
formed from a suitable source gas to deposit a material layer on the substrate or to ctch areas

of substrate that are unprotected by the etch mask, leaving behind the desired pattern.

[2] The shrinking feature sizes and the implementation of new materials in next
generation of device fabrication on larger substrate sizes have challenged plasma etch and
plasma deposition processing equipments to maintain the uniformities or process results from
centers to the very edges of substrates. The larger sizes of the substrates and the smaller
device sizes result in larger numbers of devices close to the very edges of the substrates (or
wafers). This makes controlling of processing results at the very edges of substrates very

critical.

{3] At the very edge of the substrate, the deposition or etching plasma non-uniformity
increases due to a few factors. For example, during plasma etching, the etching by-product
concentration at the substrate edge is different from the center of the substrate due to the
lacking of etching by-product source beyond the substrate edge. The lower etching by-
product concentration can affect the etching uniformity at the very edge of the substrate. In
addition, the substrate temperature is different at the substrate edge. Conventional plasma

etching system usually has a substrate cooling mechanism in the substrate support to cool the



[ 2] The shrinking feature sizes and the inplenentation of new materials in
next generation of device fabrication on |arger substrate sizes have
chal I enged pl asma etch and pl asnma deposition processing equi pments to
maintain the uniformties or process results fromcenters to the very edges
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sizes result in larger nunbers of devigtes close to the very edges of the
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devices that are within about 10 mm to the very edge of the substrate non-usable.

[5] In view of the foregoing, there is a need for a method and apparatus that provides an
improved plasma processing mechanism to increase the process uniformity at the very edge

of the substrate to increase device yield of semiconductor substrates.

SUMMARY

[6] Broadly speaking, the present invention fills these needs by providing an improved
plasma processing mechanism to increase the process uniformity at the very edge of the

substrate. It should be appreciated that the present invention can be implemented in
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support and the annular ring is coupled to a substrate support in the plasma processing

system. The plurality of tuning gas channels supply a tuning gas approximate to an edge of
the substrate support. The tuning gas assembly also includes an edge tuning gas plenum,
wherein the plurality of tuning gas channels are connected to the edge gas plenum
surrounding the substrate support. In addition, the tuning gas assembly includes a central
tuning gas plenum disposed within and near the center of the substrate support through a

plurality of tuning gas supply channels.

[9] In yet another embodiment, a method of improving plasma uniformity at an edge of a
substrate in a plasma processing chamber is provided. The method includes supplying a
process gas from a gas distribution plate disposed above a substrate support. The method
also includes introducing a tuning gas containing at least one component of the processing
gas from a bottom region of the plasma processing chamber towards an outer edge of the
substrate, contemporarily with supplying the processing gas. The tuning gas is supplied by a
central gas plenum disposed within the substrate support. In addition, the method includes

generating plasma by powering at least one electrode in the process chamber.



[9] In yet another enbodinment, a nethod of inproving plasma uniformty at
an edge of a substrate in a plasma processing chanber is provided. The

met hod i ncl udes supplying a process gas froma gas distribution plate
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tuni ng gas containing at | east one conponent of the processing gas froma
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[12] Figure 1 shows a schematic cross-sectional diagram of one embodiment of a substrate

etching system.
[13] Figure 2 shows a top view of an embodiment of the tuning gas assembly.
[14] Figure 3A shows an embodiment of an enlarged area 125 of Figure 1.

[15] Figure 3B shows a process flow of using a process flow of using a tuning gas at the

substrate edge to improve etch uniformity at the very edge of the substrate
[16] Figure 3C shows another embodiment of an enlarged area 125 of Figure 1.

[17] Figure 3D shows a process flow of using the tuning gas at the substrate edge to
prevent substrate backside etch by-product deposition.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

{18] Several exemplary embodiments for an improved plasma etching system, method and
apparatus will now be described. It will be apparent to those skilled in the art that the present
invention may be practiced without some or all of the specific details set forth herein. It will
also be apparent to those skilled in the art that the present invention may be practiced for

plasma deposition.

[19] As described earlier, due to increasing sizes of substrate and smaller feature sizes, a
large number of devices exist on the very edge of substrate. Improving process uniformity at
the very edge of substrate would improve yield of devices on the very edge of substrate. One
embodiment of the present invention provides a process tuning gas source at the very edge of

the substrate. For the following description of the various embodiments of the invention, we



[ 14] Figure 3A shows an enbodi nent of an enlarged area 125 of Figure 1.
[15] Figure 3B shows a process flow of using a process flow of using a
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reactive gas(es) from the center and the edge of the gas distribution plate. Although dual-gas

feed improves the etching rate at the very edge of substrate, improvement are provided
through the embodiment described herein. Further details of dual-gas feed is described in
commonly assigned U.S. Patent No. 6.432,831, titled “Gas Distribution Apparatus for

Semiconductor Processing,” issued on August 13, 2002,

[21] In one embodiment, a process tuning gas is supplied from a tuning gas source right
next to the edge of the substrate. Figure 1 shows a cross-sectional view of a plasma
processing apparatus 100 that has a tuning gas source surrounding the substrate support.
This embodiment includes a substrate support 145, which is also an electrode, that is
composed of a conductive material and is operatively coupled to a power supply (not shown).
The RF power supply may be a multiple frequency power supply. For example, the power
source can have a mixture of frequencies at 2 MHz, 27 MHz, and/or 60 MHz. Plasma may
be generated when RF power is communicated to the electrode (or substrate support 145} to
the process gas inside the process chamber. The process gas is supplied to the process
chamber through gas feed 190 to the gas distribution plate 120, which may also be an

electrode.

[22] Surrounding the substrate support 145 is an edge ring 160 that provides tuning gas
injection channels 151, which is part of the tuning gas assembly 150. The edge ring 160 may
be made of semi-conductive material, such as silicon, or made of insulator. Below the edge
ring 160 is a coupling ring 162, which houses an edge tuning gas plenum 152 and tuning gas
supply channels 154. The edge tuning gas plenum 152 and the tuning gas supply channels
are also part of the tuning gas assembly 150. The coupling ring 162 may be made of
dielectric material, such as quartz. The coupling ring 162 provides connection between the

edge ring 160 and the lower end of the substrate support 145.



5 wll use etching plasnma as an exanple. However, the concept can apply to
pl asma deposition and plasma deposition chanbers. [20] For plasnma etching
processes, the etch rates tend to drop significantly at the very edge of
the substrate due to factors such as different etching by-product
concentration, different substrate tenperature, different etching gas
concentration, and different RF coupligg effect at the very edge of
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[26] Figure 2 shows an embodiment of a top view of the tuning gas supply assembly 150.

The central tuning gas plenum 153 receives the supply of tuning gas from the tuning gas
container 156 through a tuning gas line 155. The central tuning gas plenum 153 supplies
tuning gas to the edge tuning gas plenum 152 through six tuning gas supply channels 154,
which are distributed evenly around the central tuning gas plenum 253. It should be
appreciated that there could be more than six or less than six of tuning gas supply channels
154. The tuning gas supply channels 154 are distributed evenly around the circumference of
the central tuning gas plenum 153. The tuning gas supply channels 154 intersect with the
edge tuning gas plenum 152 at junctions 159. On the top surface edge tuning gas plenum and



[24] The tuning gas supply channels 154 intersect the edge tuning gas
pl enum 152 at junctions 159. At the interface between the coupling ring 162
and the | ower portion of substrate support 145, there may be an opti onal
interfacial plenum 157. The coupling ring is secured to the substrate
support 145 by a securing device 158. Tuning gas supply channels 154 are
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Addi tional tuning gas, such as 02, CF4, C4F6, CAF8, Ar, or a comnbination of
t hese gat@s tuninggasanasihahatwuernaborhb syt Bput Hoscepyaong embedumest, BieOr he

etch unjformty at,the . ver . tate. I n one enbodi nent, the
flom1rah@uﬁﬁ$w6%n8%?mggﬁwgégﬁ&gﬁuggg%&%Ségﬁ%h QZO sccm  Anot her exanple is
phot oresi st ashi ng where oxygen is the main reactive gas in photoresist
ashing. Therefore, 02 can be used as tuning gas in the enbodi nents

descri bed herein. The flow rate of 02 tuning gas nay be between about 1

sccmto about 20 sccmin one enbodi ment. The 02 tuning gas can al so be
diluted with an inert gas, such as He. -




8 [28] Figure 3B shows a process flow of using a tuning gas at the
substrate edge to inprove etch uniformty at the very edge of the
substrate. At operation 301, an etching gas (or gas mxture) is supplied to
t he plasma process chanber fromthe main gas source, such as fromthe gas
di stribution plate, and also fromthe tuning gas injection holes. At
operation 303, an etching plasma is generated by powering the el ectrode(s).
Wth the introduction of the tuning gas, the etch rate at the substrate
edge c e Lncr d i N t v, e can
be irrp?@\{/‘gd.t pe??%?lﬁ)ﬁ %E{gﬁée‘sgéléwn%fﬁ{s@%%’%ﬁ#%?ﬁt&ﬁ%@%ﬂt é:g %élluic 56t at

are W t &l upiiowmityl & the FeltyOedgb@\RE yulstge. oAt direatiubXI1; ah etchény giwabt gas
However, the edge non-uniformty affects up, to 20 nmto 30 nun fromthe
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gas to the region 126 bel ow the substrate 140 to_ prevent deposition of etch
by - pr odiusing gasy the cish pass etithe sybsinatelczige lsan bevincrrasesd Ak tely wnifompity phtheyesy

enbodi nent, the tunin as_injection,.,channels 151B.4 i gle

73 r oniteon syt rEny Bnro ke BB Bl o il ity B B BRBLY O,
about 9B.daEnARS: afheemahly thelanpadiealfand sublirsleabeasatle HbablerObe degy ees.
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are bel gunbiBRlysdpsihiie 140. The tops of tuning gas injection channels
direct the inért gas toward an exposed region 127 at the edge of the

subst r aj4g; ang: ri . : t. et
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gas at the substrate edge to prevent substrate backsi de etch by-product
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operation 307, an etching plasma Is generalted by powering the el ectrode(s)
and t heedgeesft thg asbsteaté. nTeettags ofothe Hanieg @as afectegi dranbels dM Bherechidew dhe t he

substrate to prevent the etch by-product fromdepgsiting in the exposed
regi on H-gﬁsgwet]r@- edge 'ops P é“rg%%ﬁg? é’%JE‘.’thW?IWHP%E 1 trg’(‘j’u’(?ﬁqcﬁ?s&f’w e nert
gas in E)gﬁslé‘dr(] 1378 /Y g@gé OM¥hE RELLASLRS i gt DefMP Ble! Ao of BlLibRYatiPduct

deposi ti at expose egion can be greatly reduced or conpletedly

el i m napegent[cddilbyFedocrenepingdhe expmsediegein 126 wefow the eiige g shet sobstrade 4@ edge
of the substrate frqom a bottom region t he chanber can be used any
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processing any type of substrates, including, but not limted to,
sem conél@]gfi-oh’ Qrfhanbodimsnt, fl}edﬂerbgﬁ%?anot?%tg‘?‘ﬁ%at%@ta% glloﬁ?raﬁ?al?%ﬁvgf?n about 10

sccm to about 200 scem.
[30] Figure 3D shows a process flow of using the tuning gas at the substrate edge to
prevent substrate backside etch by-product deposition. At operation 305, an etching gas (or

gas mixture) is supplied to the plasma process chamber from the main gas source, such as



[32] Although the foregoing invention has been described in sone detail for
purposes of clarity of understanding, it will be apparent that certain
changes and nodifications may be practiced within the scope of the appended
clainms. Accordingly, the present enbodi nents are to be considered as
illustrative and not restrictive, and the invention is not to be limted to
the details given herein, but may be npdified within the scope and
equi val ents of the appended clains. 10 What is clained is: Cains 1. A

pl asma pracg: aE% s%%&gfplat%oaﬁpd Lt ik of gs;%gb{]@& froft #RANhi gogag lg,g;tﬁﬂl to

receive a SU an annu aving a p gas

channel soleeto ﬁﬁd:xbb&ﬂ&legmntﬂéh)vafhwé@b ofithg sybstraicneAeoperation. 307, an cdieg of
the substrate support and the annular _ring_ is coupled to the substrate

suppor t plasmwpgqaﬁ@mdtlgy PIVGHE they 81?%%9(%3@14 @hwﬁﬂ&% gingested fo dhgyexngad
pl enum sup %”e'l‘ % o?%i’éé o3t fe 341 Pe%ﬁv E%&hﬁ%ﬁ& &gﬁ ﬁQ)In‘PH sﬁﬁl' N8 the

connect 6& %o gas enum d spose near nt er of
the su béxﬁoaé@re‘gibmudw uivea!g lof ehepdubsitedté.t Wit the dstraduotidry oﬁﬂnaﬁnmt gas in the
exposed region below the edge of the substrate, etch by-product deposition in that exposed

region can be greatly reduced or completedly eliminated.

[31] The concept of the injection of tuning gas toward the edge of the substrate from a
bottom region of the chamber can be used any processing chamber. Even non-plasma
processing chambers used for depositing or etching substrates can utilize this concept. For
plasma processing chamber, the plasma source can be inductive, capacitive or a combination
of both inductive and capacitive. The concept of the invention can be used for processing
any type of substrates, including, but not limited to, semiconductor substrates, flat panel

displays and solar panels.

[32] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments
are to be considered as illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the

appended claims.



2. The plasma processing chanber of claim1, wherein the plurality of gas
channels are cylindrical and the dianeters of the plurality of gas channels
are between about 0.3 mmto about 5 nm 3. The plasma processing chanber
of claim1l, wherein each of the plurality of gas channels is pointed toward
the center of the substrate at an angl e between about O degree to about 60
degree froma vertical axis of the eagh of the plurality of gas channels.

4. The plasma processing chanber of claim1, wherein there are at |east 12
gas 1lp,n.:; The, plhasma processing chanber of claim1, wherein there are at

| east 6 gas supply channels. 6. The plasma processi ng chanber of claim1,
wherein the plurality of gas channels are configured to direct a process
tuning gas to be carried to a region above a surface of an edge of the
substrate. 7. The plasma processi ng(hanber of claim1l, wherein the
processing tuning gas includes at |east one processing gas.

1. A plasma processing chamber, comprising:

a substrate support configured to receive a substrate; and

an annular ring having a plurality of gas channels defined therein, the annular ring
proximate to an outer edge of the substrate support and the annular ring is coupled to the
substrate support, the plurality of gas channels being connected to an edge gas plenum
surrounding the substrate support, the edge gas plenum being connected to a central gas
plenum disposed within and near the center of the substrate support through a plurality of gas

supply channels.

2. The plasma processing chamber of claim 1, wherein the plurality of gas channels are
cylindrical and the diameters of the plurality of gas channels are between about 0.3 mm to

about 5 mm.

3. The plasma processing chamber of claim 1, wherein each of the plurality of gas
channels is pointed toward the center of the substrate at an angle between about 0 degree to

about 60 degree from a vertical axis of the each of the plurality of gas channels.

4. The plasma processing chamber of claim 1, wherein there are at least 12 gas

channels.



8. The plasma processing chanber of claim 1, wherein the plurality of gas
channels are configured to direct an inert gas to be carried to an exposed
regi on bel ow an edge of the substrate 9. A tuning gas assenbly for a

pl asma processing system conpri sing: an annul ar ring having a
plurality of tuning gas channels defined therein, the annular ring
approximate to an outer edge of the sulpstrate support and the annular ring
is coupled to a substrate support in the plasm processing system wherein

the plugalit [ hame! pi V. Uy ro%. 0 an
edge ofithe ?ﬁ%@?@ggg&gﬁgggﬁg; dTé%H@HBQM?ﬁ%#EBQgégégﬁEﬁ%éféﬁﬂg&gpi t he
plurality of tuning gas channels are connected to the edge gas pl enum
surroudﬁpﬁﬁﬂﬁhe substrate support; and a central tuning gas plenum

di sposed within and near the center of the substrate support through a
plurality of tuning gas supply channels. 12 10. The tuning gas assenbly
of claim9, wherein the plurality of tuning gas channels are cylindrical

and t hesdi angheplisih ptdtessitgushatibley obélainun] wWlergasthe panalel ©f gaeclimhveare about
0.3 nmto about 5 nm
configured to direct a process tuning gas to be carried to a region above a surface of an edge

of the substrate.

7. The plasma processing chamber of claim 1, wherein the processing tuning gas

includes at least one processing gas.

8. The plasma processing chamber of claim 1, wherein the plurality of gas channels are
configured to direct an inert gas to be carried to an exposed region below an edge of the

substrate.

9. A tuning gas assembly for a plasma processing system, comprising:

an annular ring having a plurality of tuning gas channels defined therein, the annular
ring approximate to an outer edge of the substrate support and the annular ring is coupled to
a substrate support in the plasma processing system, wherein the plurality of tuning gas
channels supply a tuning gas approximate to an edge of the substrate support,

an edge tuning gas plenum, wherein the plurality of tuning gas channels are
connected to the edge gas plenum surrounding the substrate support; and

a central tuning gas plenum disposed within and near the center of the substrate

support through a plurality of tuning gas supply channels.



11. The tuning gas assenbly of claim9, wherein each of the plurality of
tuning gas channels is pointed toward the center of the substrate at an
angl e between about O degree to about 60 degree froma vertical axis of the
each of the plurality of tuning gas channels. 12. The tuning gas assenbly
of claim9, wherein there are at |least 12 tuning gas channels. 13. The
tuning gas assenbly of claim9, whereilp there are at | east 6 tuning gas
suppl y channels 14. The tuning gas assenbly of claim9, wherein the

plurality of &@Sdsgeg[?dgﬁskgaﬁﬁ@ o/hed @H{eﬁ:‘i’?& fftﬁiﬁh adoe%ﬁaweuni ng

gas to be Cal’l’l ed toar ove surrace edge a substrate

supporte the substrate s ort 15..The roces r of
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direct an inert gas to be carried to an exposed regi on beIOM/an edge of a
substramelguﬁputiemnby the substrate support. 16. The plasna processing
chanber of claim 10, wherein the plurality of tuning gas injection holes
are configured to direct the tuning gas to be carried to an exposed region
at the edge of the substrate and right bel ow the edge of the substrate. 13
11.  The tuning gas assembly of claim 9, wherein each of the plurality of tuning gas
channels is pointed toward the center of the substrate at an angle between about 0 degree to

about 60 degree from a vertical axis of the each of the plurality of tuning gas channels.
12,  The tuning gas assembly of claim 9, wherein there are at least 12 tuning gas channels.

13.  The tuning gas assembly of claim 9, wherein there are at least 6 tuning gas supply

channels.

14.  The tuning gas assembly of claim 9, wherein the plurality of tuning gas channels are
configured to direct a process tuning gas to be carried to a region above a surface of an edge

of a substrate supported by the substrate support.

15. The plasma processing chamber of claim 9, wherein the plurality of tuning gas
channels are configured to direct an inert gas to be carried to an exposed region below an

edge of a substrate supported by the substrate support.

16.  The plasma processing chamber of claim 10, wherein the plurality of tuning gas
injection holes are configured to direct the tuning gas to be carried to an exposed region at

the edge of the substrate and right below the edge of the substrate.



17. A nmethod of inproving plasma uniformty at an edge of a substrate in a

pl asma processi ng chanber, conprising nmethod operations of: suppl yi ng
a process gas froma gas distribution plate disposed above a substrate
support; contenporarily with supplying the processing gas, introducing

a tuning gas containing at |east one conponent of the processing gas froma
bottom regi on of the plasnma processing3ichanber towards an outer edge of the
substrate, wherein the tuning gas is supplied by a central gas plenum

di sposed within the substrate support; and generating plasna by powering at
| east one el ectrode in the process chanber. 18. The nethod of claim 17,

wher ei n_the tuni i ncreases the plasma densjt t the end of . the
subst r a]t'}e. me&gdgo Simprovmg plasma umﬁ)rm?ty at an edgeyo a subsfrate 1Cr11 a plasma

processing chamber, comprising method operations of:

supplying a process gas from a gas distribution plate disposed above a substrate
support;

contemporarily with supplying the processing gas, introducing a tuning gas
containing at least one component of the processing gas from a bottom region of the plasma
processing chamber towards an outer edge of the substrate, wherein the tuning gas is
supplied by a central gas plenum disposed within the substrate support; and

generating plasma by powering at least one electrode in the process chamber.

18.  The method of claim 17, wherein the tuning gas increases the plasma density at the

end of the substrate.



