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SUMMARY
A gas distribution system which is operable to supply selected gases to a

15  vacuum chamber, such as a plasma processing chamber, is provided. The gases can
be etching gas compositions and/or deposition gas compositions. Preferred
embodiments of the gas distribution system can provide fast gas switching
éapabilities, which allow the system to change over between different gases supplied
to the vacuum chamber within a short period of time, preferably without the

20  occurrence of undesirable pressure surges or flow instabilities of either gas. Some
preferred embodiments of the gas distribution system can provide selected gas
flows, including different gas chemistries and/or flow rates, to different zones of the
interior of the vacuum chamber.

A preferred embodiment of a gas distribution system comprises a first gas

25 passage and a second gas passage adapted to be in fluid communication with a first
gas line, and a third gas passage and a fourth gas passage adapted to be in fluid
communication with a second gas line. The first and third gas passages are adapted
to supply gas to an interior of a vacuum chamber, and the second and fourth gas
passages are adapted to supply gas to a by-pass line. First, second, third and fourth

30 fast switching valves are arranged along the respective first, second, third and fourth

gas passages. The first and fourth fast switching valves are adapted to receive



30 fast switching valves are arranged al ong the respective first, second,
third and fourth gas passages. The first and fourth fast switching val ves
are adapted to receive 2 signals to open while the second and third fast
switching valves are closed to supply the first gas to the vacuum chanber
via the first gas line and the first gas [2assage while the second gas is
supplied to the by-pass line via the second gas line and the fourth gas
passage. The second and third fast switching valves are adapted to receive
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menber havi r]gadapted to be in fluid communication with a second process gas source, the outer
zone and the by-pass line. The gas distribution system comprises fast switching
valves which are adapted to receive signals to open and close so as to (i) supply the
first process gas to the inner and outer zones via the first and second gas passages,
while the second process gas is supplied to the by-pass line via the third and fourth
gas passages, and (ii) to change the flows of the first and second process gases to
supply the second process gas to the inner and outer zones via the third and fourth
gas passages, while the first process gas is supplied to the by-pass line via the first
and second gas passage.
A further preferred embodiment of a gas distribution system for supplying
gas to a plasma processing chamber including a gas distribution member having
inner and outer zones which are flow insulated from each other is provided, which
comprises a gas switching section including a plurality of first gas passages, each of
which is adapted to be (i) in fluid communication with at least one first gas passage

and/or at least one second gas passage, and (ii) in fluid communication with at least

one of the inner zone of the gas distribution member, the outer zone of the gas



I nner and outer zones which are flow insulated fromeach other is provided,
which conprises a gas switching section including a plurality of first gas
passages, e@ﬁ%&]}uzo‘ﬁ@i ch is adapted to be (i) in fluid cpmgo%gégg with at
| east one fiIrst gas passage and/or at |east one second gas passage, and
(it) in fluid conmmunication with at |least one of the inner zone of the gas
di stribution nenber, the outer zone of the gas WO 2005/112093

PCT/ US2005/ 013582 -3 distribution nenberz3and a by-pass line. The gas
switching section also conprises a fast switching val ve arrangenent adapted
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mask; c) switching the flows of the first and second process gases so that the second
process gas is supplied into the plasma processing chamber while diverting the first
process gas to the by-pass line, the first process gas being substantially replaced in a

20 plasma confinement zone of the plasma processing chamber by the second process
gas within a period of less than about 1 s, or less than about 200 ms; d) energizing
the second process gas to produce a second plasma and (iii) etching the at least one
feature in the layer or (iv) forming a deposit on the layer and the mask; ) switching
the flows of the first and second process gases so that the first process gas is

25  supplied into the plasma processing chamber while diverting the second process gas
to the by-pass line, the second process gas being substantially replaced in the plasma
confinement zone of the plasma processing chamber by the first process gas within a
period of less than about 1 s, or less than about 200 ms; and f) repeating a)-¢) a
plurality of times with the substrate.



the flows of the first and second process gases so that the first process
gas is 25 supplied into the plasm processi ng chanber while diverting the
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processi ng chanber by the first process gas within a period of |ess than
about 1 s, or less than about 200 ns; and f) repeating a)-e) a plurality of
times with the substrate. WO 2005/ 112093 PET/ US2005/ 013582 -4 BRI EF
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enbodi nent of a gas swtching section of the gas distribution system FIG
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DESCRI PTI ON Pl agismibRtif$senlg appar at uses for processing sen conduct or
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substrates, e.g., silflGeA4nepighamseferrghembpdirent ofa frwsnatrelrseetionf fie g8hanber

and a gas distr. | em that supplies process gas into the plasm
processi ng chan%g‘#&%e@é%gl'di stribution systemcan distribute gas to a
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pl asma processi na%. ) Thbe gas distribution systemcan include flow controllers
gas distribution system.
FIG. 6 depicts a second preferred embodiment of the gas switching section of
the gas distribution system.
FIG. 7 depicts a third preferred embodiment of the gas switching section of

15  the gas distribution system.

DETAILED DESCRIPTION

Plasma processing apparatuses for processing semiconductor materials, such

as semiconductor devices formed on semiconductor substrates, e.g., silicon wafers,

20 include a plasma processing chamber and a gas distribution system that supplies
process gas into the plasma processing chamber. The gas distribution system can
distribute gas to a single zone or multiple zones across the surface of a substrate
during plasma processing. The gas distribution system can include flow controllers
to control the flow ratio of the same or different process gas, or gas mixture, to the

25  zones, thereby allowing in-process adjustment of across-substrate uniformity of gas
flow and gas composition.

Although multiple-zone gas distribution systems can provide improved flow
control as compared to a single-zone system, it may be desirable to provide such
systems with an arrangement that allows substrate processing operations in which

30 the gas composition and/or the gas flow can be changed within a short period of
time.



to control the flowratio of the sane or different process gas, or gas
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15  available from Lam Research Corporation, located in Fremont, California. During

plasma etching processes, multiple frequencies can be applied to a substrate support
incorporating an electrode and an electrostatic chuck. Alternatively, in dual-
frequency plasma reactors, different frequencies can be applied to the substrate
support and an electrode, such as a showerhead electrode, spaced from the substrate.

20 A preferred embodiment of the gas distribution system can supply a first gas
into the interior of a vacuum chamber, such as a plasma processing chamber, via a
single zone or multiple zones, preferably at least an inner zone and an outer zone of
a gas distribution member adjacent to an exposed surface of a substrate to be
processed. The inner and outer zones are radially spaced, and preferably flow

25  insulated, from each other in the plasma processing chamber. The gas distribution
system can simultaneously divert a second gas that is different from the first gas to a
vacuum chamber by-pass line. The by-pass line can be in fluid communication with
a vacuum pump, or the like. In a preferred embodiment, the first gas is a first
process gas and the second gas is a different process gas. For example, the first gas

30  canbe a first etch gas chemistry or deposition gas chemistry, and the second gas can
be a different etch gas chemistry or deposition gas chemistry. The gas distribution

system can simultaneously provide different controlled flow rates of the first gas to



into the interior of a vacuum chanber, such as a plasma processing chanber,
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met hod st epss  operations that use different gas chemistries, e.g., alternating steps of a method of
processing a semiconductor device. In a preferred embodiment, the method steps
can be different etch steps, e.g., a faster etch step, such as a main etch, and a
relatively slower etch step, such as an over etch step; an etch step and a material
deposition step; or different material deposition steps that deposit different materials
20  onto a substrate.

In a preferred embodiment of the gas distribution system, a volume of a gas
composition in a confined region within a vacuum chamber, preferably a plasma
confinement zone, can be replaced (i.e., flushed out) by another gas composition
introduced into the vacuum chamber within a short period of time. Such gas

25  replacement preferably can be achieved in less than about 1 s, more preferably
within less than about 200 ms, by providing valves having a fast switching
capability in the gas distribution system. The plasma confinement zone can have a
gas volume of about !4 liter to about 4 liters for a plasma processing chamber for
processing 200 mm or 300 mm wafers. The plasma confinement zone can be

30 defined by a stack of confinement rings, such as disclosed in commonly-owned U.S.

Patent No. 5,534,751, which is hereby incorporated by reference in its entirety.



can be different etch steps, e.g., a faster etch step, such as a main etch,
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chamber 12 can include a confinement ring arrangement, suc
15 commonly-owned U.S. Patent No. 5,534,751, which is incorporated herein by

reference in its entirety, to define the plasma confinement zone. The gas distribution
system can replace such a volume of gas in the plasma confinement zone with
another gas within a period of less than about 1 s, preferably in less than about 200
ms, without substantial back diffusion. The confinement mechanism can limit the

20  fluid communication from the plasma volume to portions of the interior of the
plasma processing chamber 12 that are outside of the plasma volume.

The substrate 16 may include a base material, such as a silicon wafer; an
intermediate layer of a material that is to be processed, e.g., etched, over the base
material; and a masking layer over the intermediate layer. The intermediate layer

25 may be of a conductive, dielectric or semiconductive material. The masking layer
can be patterned photoresist material having an opening pattern for etching desired
features, e.g., holes, vias and/or trenches, in the intermediate layer and/or one or
more other layers. The substrate can include additional layers of conductive,
dielectric or semiconductive materials between the base layer and the masking layer,

30 depending on the type of semiconductor device formed on the base material.

Exemplary dielectric materials that can be processed are, for example, doped

silicon oxide, such as fluorinated silicon oxide; un-doped silicon oxide, such as
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15 plate 30C and showerhead 22. The baffle plates 30A, 30B and 30C and showerhead

22 include through passages for flowing process gas into the interior of plasma

processing chamber 12. .
In the embodiment, the plenum between the plate 20 and the baffle plate 30A
and the plenums 48A, 48B and 48C between the baffle plates 30A, 30B and 30C are
20  divided into an inner zone 42 and an outer zone 46 by seals 38a, 38b, 38c and 38d,
such as O-rings. The inner zone 42 and outer zone 46 can be supplied process gas
having different respective gas chemistries and/or flow rates by the gas distribution
system 100, preferably under control of a controller 500. Gas is supplied from an
inner zone gas supply 40 into the inner zone 42, and gas is supplied from an outer
25  zone gas supply 44 into an annular channel 44a and then into the outer zone 46. The
process gas flows through the passages in the baffle plates 30A, 30B and 30C and
the showerhead 22 and into the interior of the plasma processing chamber 12. The
process gas is energized into the plasma state in the plasma processing chamber 12
by a power source, such as an RF source driving electrode 22, or a power source
30 driving an electrode in the substrate support 14. The RF power applied to the

electrode 22 can be varied when different gas compositions are supplied into the



10 assenbly is | ocated between the showerhead 22 and the support plate 20 to
uniformy distribute process gas to a backside 28 of the showerhead. The
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48A, 48B and 48C are defined between the baffle plates 30A, 30B and 30C;
and between the baffle 15 plate 30C and showerhead 22. The baffle pl ates
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system for Il’lj e t| ng process 'gas into the plasna Ssi ng For
exanpl e, the gmniroijoetrtrmnncsaylenemomanl dpexation of tha fgagysmpalyi secticns200i Sawosed in

commonl y- owned control seatlon%oﬁﬁﬁ lgélscs% cg]rr]lg[glgdtiog %63.88’ 365, U'S. Patent
15 In the gas distribution system 100, the gas supply section 200 can supply
different gases, such as first and second process gases, to the flow control section
300 via respective first and second gas lines 235, 245. The first and second gases
can have different compositions and/or gas flow rates from each other.
The flow control section 300 is operable to control the flow rate, and
20  optionally also to adjust the composition, of different gases that can be supplied to
the switching section 400. The flow control section 300 can provide different flow
rates and/or chemistries of the first and second gases to the switching section 400 via
gas passages 324, 326 and 364, 366, respectively. In addition, the flow rate and/or
chemistry of the first gas and/or second gas that is supplied to the plasma processing
25  chamber 12 (while the other gas is diverted to by-pass line 50, which can be in fluid
communication with a vacuum pumping system, such as between a turbo pump and
a roughing pump) can be different for the inner zone 42 and the outer zone 46.
Accordingly, the flow control section 300 can provide desired gas flows and/or gas
chemistries across the substrate 16, thereby enhancing substrate processing
30  uniformity.
In the gas distribution system 100, the switching section 400 is operable to
switch from the first gas to the second gas within a short period of time to allow the



Application No. 10/024,208, U. S. Patent No. 6,013,155, or U S. Patent No.

6, 270, 862, each of which is incorporated herein by reference inits
entirety. FIG 2 shows a preferred enbodi ment in which the gas distribution
system 10WO0'YHeY%des a gas supply section 200, a floﬁf:wg%“loﬁ?“?éction
300, and a gas switching section 400 in fluid conmunication with each
other. The gas distribution system 100 preferably also includes a
controller 500 (FIG 1), which is connectBi-in control conmunication to
control operation of the gas supply section 200, flow control section 300
and gas switching section 400. 15 In the gas distribution system 100, the
gas supply secfirdgasiodeseniaced byithe segondigas Bya sipgle gane of mautiple zpres<y.2.ef8 second
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the inner zone_ 42 and .the outer zone 46, while sinultaneously diverting the
first gas to 216, each being in fluid communication with the first gas line 235 and the second

15 gasline 245. As such, the gas supply section 200 can supply many different desired
gas mixtures to the plasma processing chamber 12. The number of gas sources
included in the gas distribution system 100 is not limited to any particular number of
gas sources, but preferably includes at least two different gas sources. For example,
the gas supply section 200 can include more than or less than the eight gas sources

20 included in the embodiment shown in FIG. 3. For example, the gas supply section
200 can include two, three, four, five, ten, twelve, sixteen, or more gas sources. The
different gases that can be provided by the respective gas sources include individual
gases, such as O,, Ar, Hj, Cl,, Nz and the like, as well as gaseous fluorocarbon
and/or fluorohydrocarbon compounds, such as CF4, CH3F and the like. In one

25  preferred embodiment, the plasma processing chamber is an etch chamber and the
gas sources 202-216 can supply Ar, Oz, N, Cly, CHj, CF4, C4Fg and CH3F or CHF
(in any suitable order thereof). The particular gases supplied by the respective gas
sources 202-216 can be selected based on the desired process that is to be performed
in the plasma processing chamber 12, e.g., particular dry etching and/or material

30 deposition processes. The gas supply section 200 can provide broad versatility
regarding the choice of gases that can be supplied for performing etching processes

and/or material deposition processes.



the by-pass line, or vice versa. The gas switching section 400 preferably
can switch between the first and second gases w thout the occurrence of
undesirabl e pressure 5 surges and flow instabilities in ei t her
gas. If deéY(Féo&smtzﬂgé’ gas distribution system 100 can ﬁ&:ﬁﬁg{:%@ﬁﬁsﬁz
substantially constant sequential volunetric flowrate of the first and
second gases through the plasnma processing chanber 12. FIG 3 shows a
preferred embodi nent of the gas supply secédiron 200 of the gas distribution
system 100. The gas supply section 200 is preferably connected to 10 the

controller 500 to cqoptrol operatio f flow cont.rql ,conponents, .such as
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gases that can be supplied for perform ng etching processes and/or material
deposi ti on pr ockasstow control devices 240 preferably are mass flow controllers (MFCs).

In the embodiment shown in FIG. 3, valves 250, 252 are located along the

gas passages downstream of each of the gas sources 202-216. The valves 250, 252
can be selectively opened or closed, preferably under control of the controller 500,

20  to allow different gas mixtures to be flowed to the first gas line 235 and/or the
second gas line 245. For example, by opening the valves 252 associated with one or
more of the gas sources 202-216 (while the remaining valves 252 associated with the
other ones of the gas sources 202-216 are closed), a first gas mixture can be supplied
to the first gas line 235. Likewise, by opening the valves 250 associated with one or

25  more of the other gas sources 202-216 (while the remaining valves 250 associated
with the other ones of the gas sources 202-216 are closed), a second gas mixture can
be supplied to the second gas line 245. Accordingly, various mixtures and mass
flow rates of the first and second gases can be provided to the first gas line 235 and
the second gas line 245 by controlled operation of the gas supply section 200.

30 In a preferred embodiment, the gas supply section 200 is operable to provide
a continuous flow of the first and second gases via the first gas line 235 and the

second gas line 245, respectively. The first gas or the second gas is flowed to the



WO 2005/ 112093 PCT1US2005/ 013582 -11 The gas supply section 200 preferably
al so includes at | east one tuning gas source to adjust the gas conposition.

The tuning n be, e.g., 02, an inert gas, such as argon, or a reactive
gas, such avggzw%ﬁwg:’ocar bon or fluorohydrocarbon gas, &<J7US2PO8eA383 [y (e

enbodi mrent shown in FIG 3, the gas supply section 200 includes 5 a first
tuni ng gas source 218 and a second tuning gas source 219. As descri bed

bel ow, the first tuning gas source 218 anrd2second tuni ng gas source 219 can
supply tuning gas to adjust the conposition of the first and/or second gas
supplied to the as swi t.ching _section fﬁgo' I n the enbodi nent of the gas
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15 gas line 235 into two separate outlet flows of the first gas, and the second flow
control section 315 divides the flow of the second gas introduced at the second gas
line 245 into two separate outlet flows of the second gas. The first flow control
section 305 includes first and second gas passages 324, 326 in fluid communication
with the inner zone 42 and outer zone 46, respectively, via the switching system 400,

20 and the second flow control section 315 includes first and second gas passages 364,
366 in fluid communication with the inner zone 42 and outer zone 46, respectively,
via the switching system 400.

In a preferred arrangement, the first flow control section 305 and the second
flow control section 315 each include at least two flow restrictors. Each flow

25  restrictor preferably has a fixed restriction size for gas flow through it. The flow
restrictors are preferably orifices. The flow restrictors restrict gas flow and maintain
an approximately constant gas pressure in a region of the gas passages upstream of
and proximate the orifices. Each of the first flow control section 305 and the second
flow control section 315 preferably includes a network of orifices, e.g., two, three,

30 four, five or more orifices, each preferably having a different cross-sectional
restriction size, e.g., a different diameter or a different cross-sectional area. The

restriction sizes of the orifices are smaller than the cross-sectional areas of the other



t he second gas |ine 245 by control |l ed operation of the gas supply section
200. 30 In a preferred enbodi nent, the gas supply section 200 is operable to

provi de ontin s flow of the first and second gase st gas
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15  conductance of the orifice 338, in order to supply different ratios of the first gas flow
and the second gas flow to the inner zone 42 and the outer zone 46.

Another embodiment can include a different number of orifices, e.g., a total
of two orifices; including the orifice 338 and a second orifice that replaces the
multiple orifices 330-336. The second orifice preferably has the same restriction

20  size as the orifice 338. In such embodiment, the flow ratio of the first gas and/or
second gas supplied to the inner zone 42 and the outer zone 46 is approximately 1:1.

Valves 320 preferably are located upstream of each of the respective orifices
330-338 to control the flow of the first and second gases to the orifices. For
example, in the first flow control section 305 and/or the second flow control section

25 315, one or more of the valves 320 can be opened to allow flow of the first gas
and/or second gas to one or more of the associated orifice(s) 330-336, while the
other valve 320 is opened to allow flow of the first gas and/or the second gas to the
orifice(s) 338.

In the first flow control section 305, the orifices 330-336 are in fluid

30 communication with the gas passage 322. The gas passage 322 is divided into the
first and second gas passages 324, 326, which are in fluid communication with the

gas switching section. A pair of valves 320 is located in the first and second gas



25 restrictor preferably has a fixed restriction size for gas flow through
it. The flow restrictors are preferably orifices. The flowrestrictors
restrict gas.flow and nmaintain an approxi mately consta ure in a
regi on of tvﬁ%"'@g@lzB;al’ssages upstream of and proxinmate t%pg%??“‘%%é@ Each of
the first flow control section 305 and the second flow control section 315
preferably includes a network of orifices, e.g., tw, three, 30 four, five
or nore orifices, each preferably having-d4di fferent cross-sectional
restriction size, e.g., a different dianeter or a different cross-sectional

area. The restriction sizes of the orjifices are s | er. than the
cross-secti onal Paé%&%?% 5%&9 ceflmlrffw%@ﬁ{sa&aid@y agaé?PPﬁQ@%?rGﬁ%Sgﬁthe- 13
portions of theyffss §:L(5l2§‘36)é¥ttﬁe fifst Bb% cSﬂ?ol%c%iBﬁ '3@51$d B0 irh¥s $ 8142 QQd/or R

orifices are prefera sonic orifices. The gas flows are preferably
operat ed at theoutsrizonedd. Inlapwltemegvenembiodinndns, the pair efonlves 326 tecatedaloBH0 so

that the flow cgonduct ance lven rifhce 1 s, determned solely by its
restriction siz egﬁcpaaﬁg?sr@éln,??pf%aggb&rrgﬁac&g'byﬁgmgle? f%wwc"‘ém’ €t ance of an
orifice increases, tiAehefigsHoW CorifodPectitn 86 theRifte3BB drarigedalbigctiega gi ven

flowrate through the orifice decreases.. In the enbodi nent shown in FIG 4,
the first and 688 319-ohbersprseege 118ds diyiied yio gaspassagas 331, A3 (yrhickrarg e

ori,F1 ces 330, S0 chifile £5Pling GUATLS padlifey S04 s 330, 352

334, 336 and 3 can have relative restriction , ., diameters, of
one, two, four,respegtitelyand pairof eanes 3203plecited/ mlthe gahqmesagesifily333 talcemtrajas f 1 ow

occurs through all fjiv riflces, 330-338, the r,orifices 330-336 have
appr oxi mat el y tﬁ%wgg%%fsgtgﬁ‘f h?ﬁ%‘?@o‘ﬁ’é‘l“‘ﬁﬁﬁ@ 0_5@_8? ﬁgﬂé’(ﬁ‘e hﬁéa’%‘ﬁ?{j? &Fifice 338.
Al ternativejy, phsages 33 826.0Mh anRGefnBiive éMbolintens BRSPSt abidb 3b@loeseded to
provide different ratios of the total conductance of the orifices 330-336

as conpared to alprg the sesxrssagenide 33% canthe renlaced b azzgle, fouroyayerlveo suppl y
Zone 42 and the.out A rsebtacRSrie er B 51, HpaR SEONCeBD it obed B2 17"
nunber of ori fithesirst endjsecoind gastpassagesf364,856ad0 cortwb Hpwiofthelsacorg dabfowed f i ce
Second or i 1 o BREELPHEHAES BRDTERe a6 e P 05T PHE BRF 1 co
338. In sucty enfpek i@ Plhsmd ecdssR chtide?. B an'diRraliV S EmBHEmBRIhE bair of
valves 320 located along the gas passages 364, 366 can be replaced by a single, four-
way valve.
In the second flow control section 315, the orifice 338 is arranged along the
gas passage 359. The gas passage 359 is divided into gas passages 372, 374, which
20 are in fluid communication with the first and second gas passages 364, 366,
respectively. A pair of valves 320 is located in the gas passages 372, 374 to control
flow of the second gas flowed through the orifice 338 to the first and/or second gas
passages 364, 366. In an alternative embodiment, the pair of valves 320 located
along the gas passages 372, 374 can be replaced by a single four-way valve.
25 The orifices 330-338 are included in the flow control section 300 to prevent
pressure surges and flow instabilities in the gas flow when the gas distribution
system 100 changes the gas flowed into the plasma processing chamber 12 from the
first gas to the second gas, and vice versa.
In the embodiment shown in FIG. 4, the gas passage 242 of the first tuning
30  gas source 218 (FIG. 3) is arranged to supply the first tuning gas to the first gas
passage 324 and/or second gas passage 326 of the first flow control section 305 to
adjust the first gas composition. The gas passage 244 of the second tuning gas



second gas supplied to the inner zone 42 and the outer zone 46 is
approximately 1:1. Valves 320 preferably are | ocated upstream of each of
the respective orifices 330-338 to control the flow of the first and second
gases to t O3NS For exanple, in the first flow cAHHI0EOEDNn 305
and/ or the second flow control section 25 315, one or nore of the val ves
320 can be opened to allow flow of the first gas and/or second gas to one
or nore of the associated orifice(s) 330-336, while the other valve 320 is
opened to allow flow of the first gas and/or the second gas to the
orifice(s) 338. In the first flow control section 305, the orifices 330-336
are in fluid 3cossmApiEia Bbis awregeditn supghsthe second Bingzogas Thihe disy gpassage 322
is divided int ' | Le in
Frud communi carane it R AEAE R R 3 cB B RN fhw clsol SOMSNRIE 10
| ocated in the ddjusstheaecnd gaotuin®adio\OTEORSs! dnlidechdRGHing g2l bdie3b82 - 14
passages 324, 326 to control, flow of the first gas flowed through one or
nore of the orSMCCRUNSEH. T IHITEN THUNGEASE: f| ow control section 305 to the

nner zone 42 and/ ora bl coftbiRleicR IR, Hforerkbly R MK, SE Bk apibRigzENt | L he

pair of valves 320 | ocated along the gas passages 324 26 can be repl aced
by a single, fomassaga4aValges F0lame lohaed along the [gaspassages 337, $82 ta contr8I0fgw t he

orifice 338 is a al ong. th as as 19. The assa 319 is
v ded into oat hEBREfnbegainto e $Rp bR 1080 Sol Rinel i R ARG i 1 1
the first and seeAn@AShepSis 80RIves 330 10346d alofS IR Ghk Yakiges A3D3BY cafbeval ves
320 is located in the gas passages 331, 333 to control | ow of the first

gas fl owed thrdﬁ@lﬁchﬁé’%ﬁmglﬁc,f@ur%‘(aévet he first and second gas 10 passages
324, 326. Iy an alte i ' [ f: ted

al ong the g@s passag}é;ﬁggfﬁt@%gggwéwrfée%@%gm@ N %ﬁg{%ﬁgg{f ~way val ve.
In the second fpassage @ad.r Ghlvexr320iannloddted alangthi papasvapey 856, 328 td entrolciidve d
along the first, and second gas. passages 364, 36 o control flow of the
second gas f ovfdhe fa5P @H%%és’é‘?“ﬁﬁﬁ R?Fsaﬁf’?eg'%r%‘f’éﬁg‘_’@g@ly?,é%m%o t he inner
zone 42 and t he;Ria@ve &ﬁﬂ@diﬂaéntflﬁe%irbf‘é‘al%s%@%cﬁfe@‘&%ﬁ'ﬂ’f@%& 253760 an

al ternative enbodi nent, the Ealr of valves 320 | ocated al ong the gas

passages 364, 358 conhe kplacedby s sglsyfour-wanyalee. f our -
15 In the embodiment of the flow control section 300 shown in FIG. 4, the first

flow control section 305 and the second flow control section 315 include the same

components arranged in the same configuration. However, in other preferred
embodiments of the gas distribution system 100, the first and second flow control
sections 305, 315 can have different components and/or different configurations

20  from each other. For example, the first and second flow control sections 305, 315
can include different numbers of orifices and/or orifices with different restriction
sizes from each other.

In the gas distribution system 100, the gas switching system 400 is in fluid

communication with the flow control section 300, and with the interior of the

25  vacuum chamber and the by-pass line to which the first and second gases are flowed.
A first preferred embodiment of the gas switching system 400 is depicted in FIG. 5.
The gas switching system 400 can alternately supply first and second gases to both
the inner zone 42 and the outer zone 46 of the plasma processing chamber 12. The
gas switching system 400 is in fluid communication with the first gas passage 324

30 and the second gas passage 326 of the first flow control section 305, and with the
first gas passage 364 and the second gas passage 366 of the second flow control
section 315. An orifice 430 is arranged along each of the gas passages 324, 326, 364



way valve. In the second flow control section 315, the orifice 338 is
arranged al ong the gas passage 359. The gas passage 359 is divided into gas

passages 37‘ég§§)§é¥£¥v§h)i ch 20 are in fluid comunication ﬂ@%z@%@ﬁsgf st and

second gas 64, 366, respectively. A pair of valves I'S" | ocat ed
in the gas passages 372, 374 to control flow of the second gas fl owed
through the orifice 338 to the first and/or second gas passages 364, 366.
In an alternative enbodi nent, the pair of ¥al ves 320 | ocated along the gas
passages 372, 374 can be replaced by a single four-way val ve. 25 The

orifices 330-338 are.included.,in the flow contral section 3 t revent
pr las Is ure surg esm’zﬁlg’(?%ﬁ‘i’ BWV%JW?PQ‘IE?FPI?IF p@gsw#qrgpé dysag FIF%WIE \Rﬁgr??g’r?etﬁ 5‘%§8v

di stribution sséfIvat0 changes the gas flowed into the plasma processing
chanber 12 fromthe ~first gas to the second gas, and vice versa. In the
enbodi ment shown i n Fhedirstigas passages324oh thediyst flowpcastrol sestion 3@ is divideddnto30 gas
source 218 (FI i r ed t j i t e first
gas passage 3%?83%1%?? %?Sagggﬁdﬂlﬁe?gw%ggg%&%agé%g%E%&{hﬁtgygfﬂlraglt&ﬁ %lﬁg%%orgt r ol
section 305 3 o 308dj dividedintofghas pdssapes 4420 aph shd firohgas Passageododpatfabeageondd4 of the

second tuning gas WD 2005/112093 PCT/ US2005/ 01358 - 15 source 219 (FIG
3) is arranged ﬁ?i”%‘&?ﬁfﬂ?ﬁe“t“ﬁ%3225(542‘((‘}:1?‘1}?:‘?0&35Q?ﬁa&e&%ﬁwéﬁf‘i?‘@t YUSONpHSsage 364
and/ or second Gagsf333586Fthd Seofl ﬂB@%ﬁt‘?@QE’&ioﬁb@Wi&&leé@intégéi‘styg%gé%%@t 0

adj ust the seco as conposition. The first and second tuni gases can be
the sane tuni n4p8gyds theremholinentrthe gasipassggaytidas in Buid commowniratien with thevi ce 340,

preferably an M I S r ed al th S__passa A2. Val ves 320 are

| ocated al ong t érgzgge %@8@@8BEBS%%Q@%?%’%&%%%PP%%%%S ubﬂuﬁhe_ first tuning
gas into thp gasoniissiédion ¥t thédder 2086 P 6f the Bla¥ma procassiritl dhembért 12y £nd the
enbodi nent, the pair of valves 320 | ocated along the Lgs\%s passages 337, 339

can be repl acegpspyssagestdtgpravidess by-pasy line | The gas passaga B iesrlvid] devi ce 340,
f bl '
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| ocat ed al ong € gas passages to control
tuni ng gas i nt oistihfivigasmpamiateswib te gabfassagesiddco thedhner zome 420 The gas

passages 450, 454 and 458 are in fluid communication with the gas passage 444 to
15  the by-pass line.
A valve 440 is arranged along each of the gas passages 442, 444, 448, 450,
452,454,456 and 458. In an alternative embodiment, each of the pairs of valves
440 located along the gas passages 442, 444; 448, 450; 452, 454; and 456, 458 can
be replaced by a single, four-way valve. The valves 440 can be selectively opened
20  and closed, preferably under control of the controller 500, to supply the first or
second gas to the chamber, while simultaneously diverting the other gas to the by~
pass line.
For example, to supply the first gas to the inner zone 42 and the outer zone
46 of the plasma processing chamber 12 and divert the second gas to the by-pass
25 line, the valves 440 along the gas passages 442, 448 and 454, 458 are opened, while
the valves 440 along the gas passages 444, 450 and 452, 456 are closed. To switch
the gas flow so that the second gas is supplied to the inner zone 42 and the outer
zone 46 of the plasma processing chamber 12, while the first gas is diverted to the
by-pass line, the valves 440 along the gas passages 444, 450 and 452, 456 are
30 opened, while the valves 440 along the gas passages 442, 448 and 454, 458 are
closed. In other words, a first group of valves 440 is opened and a second group of

valves 440 is closed to supply the first gas to the plasma processing chamber 12, and



alternative enbodi ment, the pair of valves 320 |ocated al ong the gas
passages 376, 378 can be replaced by a single, four-way valve. 15 In the
enbodi nent of the flow control section 300 shown in FIG st flow
control secY?3W3¥*4nd the second flow control section Pﬁ‘g}%}ﬁb@p&%&ft he sane
conponents arranged in the same configuration. However, in other preferred
enbodi nents of the gas distribution system 100, the first and second fl ow
control sections 305, 315 can have differldnt conponents and/or different
configurations 20 fromeach other. For exanple, the first and second fl ow

control sections 305, 31 can include dj fferent nunbers of orifices and/or
oot Ces it h oo i sme ot BRIV (OF SHYEs Sloteding Mo BEM Serand BrouA PEOREED ac
di stribution sys0a80diad ¢ HRingéthe pad AGH kN EipplIhe8BcdRPgdsto ke HldsHiad

comuni cation with the flow control section 300, and with the interior of
t he 25 vacuum cpreedseing ghambene by-pass line to which the first and second

gases are fl owed. first preferred e | _ment th as..sw tching system
400 is depicted in él“éhe ges Sg"\tﬁe%%%g%sge&ma@g%envépvgflg{me?ﬁei ) atﬁhugﬁ Y%Y?Si‘atel y
supply firsts angls sedmetein) st Ofabiadwitchinh @aliven@easanalvedhatean bdiépeaed 6 zone
46 of the plasmg processing champer 12. The as svvitchiﬁ%[system 400 is in
fluid communi catlpsd Wikhima shpst period of tins, prefsrablyd essAhanaboyt 0l ms mase ond gas

passage 326 Of LRy B bhANNGSH 1l arPRkiORe 3NhmaP R thd Contebfler SODE 025

passage 364 an e seco gas passage t he secon ow contro
section 315. Anomniok cloee. 4B vadvea 4 am preferhblyglestiamically dontolimiand asteatgds 324,
326, 364 WD 2005/112093 PCT/ S20 5/013%3%5 =16 and 3@6 t‘g 1%33 ent

undesi rabl e pr e¥TFEVEEAFEIAHEIT MY ©R 80 t-onsp of lese. 4 8 d 14%kecond
gases. The {0 r s§witthfghabretaft Sarfbedised hahé fdsSivitchiaw sestdth B0d isSaReintleB0S s
divided into gas passages 448, 450; the second ggl; passage 326 of the first

fl ow control seedumbss FSB-395116535 pvailgelg fiom uikinsofyhmengselocated in Sante Clarge f i r st
gas passage 364~9fc the second flow control section 315 is divided into gas
passages 452, 4%%; and the second gas passage 366 of the second flow
control section 315 Accotllinglgatle pax sovighing pgstesmd@® cahSopply 4hdfirst gasf g, to
embodiment, the g0 a3 A atuin charber while SivE AR the second ps Yo the by-pass
15  line, and then, preferably under control of the controller 500, quickly switch these
gas flows and supply the second gas to the vacuum chamber while diverting the first
gas to the by-pass line. The amount of time that the first gas or second gas is
supplied to the vacuum chamber before the gases are switched can be controlled by
the controller 500. The volume of the gas passages 324, 326, 364 and 366 between
20  the associated orifices 430 and the valves 440 preferably is less than about 10 cm’,
As explained above, the gas distribution system can be used with a plasma
processing chamber including a plasma confinement zone to replace a gas volume of
about ¥ liter to about 4 liters within a period of less than about 1 s, more preferably
less than about 200 ms, to thereby stabilize the system.
25 A gas switching system 1400 according to a second preferred embodiment is
depicted in FIG. 6. In the gas switching system 1400, a valve 440 and a orifice 430,
which is located downstream of the valve 440 are arranged along each of the gas
passages 442-458. Otherwise, the gas switching system 1400 can have the same
configuration as the gas switching system 400. The orifices 430 prevent undesirable
30  pressure surges during switching of gases. In an alternative embodiment, each of the
pairs of valves 440 located along the gas passages 442, 444; 448, 450; 452, 454; and

456, 458 can be replaced by a single, four-way valve.



outer zone 46 of the plasma chanber 12, the gas passage 448 is in fluid 10
comuni cation with the inner zone 42 of the plasma processing chanber 12,
and the gas passage 444 provides a by-pass line. The gas passage 456 is in
fluid comWMPWsd1269 with the gas passage 442 to the outPEA/US3HEOWES2 The gas
passage 452 is in fluid communication with the gas passage 448 to the inner
zone 42. The gas passages 450, 454 and 458 are in fluid conmunication with
t he gas passage 444 to 15 the by-pass li.ng.. A valve 440 is arranged al ong
each of the gas passages 442, 444, 448, 450, 452, 454, 456 and 458. In an
alternative enbodi nent, each of the pairs of valves 440 |ocated along the
gas passages 442, 444 gadistdtchiigBysterb2400i&ctprdinprio4ibird grefered embbdimespkaced by

a single, four- val val ves 440 can be L. ectiyvel pened.20 and
cl osed, prefer a‘% tet‘ilr}HX:?Gcgrrﬁr%‘Fe °‘§‘H‘§mc§‘r‘?tgf‘%wg IW,SteF’oi/@ﬁbsp‘t"sﬂ‘f e first
or second gas dopnriniifcatioA Wara firdtPak asshgpd05 ANE @ Wédord Ghy/SistdgB 18 .MEnefilger gas

to the by- pass line. For exanple, to supply the first gas to the inner zone
42 and the out emndseenad gaspassagend0p 1S pan b €e8 i gat and asecapihigadi vert t he

second gas to t - S, RO 41 . . sages
442, 448 an 45‘5@8%?8@3%&%@& ﬁ%%%ég&bﬁ’g&\?gﬁglélgé @5@°§P’§H§3‘?ﬁ§%§ag
passages 444, 4X0 shown &DPIG.4580eamet intladebbth Tmesand autter zohegagamtléts.oanso t hat
the second gas is_supplied to the ipner zone 42 and e puter. zone 46 of
the plasma pr o e A0 isarale alane eaghp! e i 899 Raéfaggééy Aad s5ond 438 #8588 he
by-pass line, the \'I%‘fﬁft gA¢Phs é@%s i BvidaPinRASs paRaghUd2, 4a0ae dednd!S6 are
30 opened, while the val ves 440 al ong the gas passages 442, 448 and 454, 458

are closed. | ngasthssagetASds dividetliimte gagypassagesd26y 428, cEhelgno passagesdd2zancand a
second gro of ,ooval ves .440 is closed.to supplyv.the first gas to the plasm
processi ng an@grmi?ﬁlﬂiﬁo%%f}?flﬁl%n J% Y?ﬁ%‘luﬁfg%‘g T a—“f?;het%én t he
same first groushssigey4davad 428 afd i TR coREminieitisR MithGSOREs e UR valle 440 ves

440 is opened to change the gas flow to su gléﬁ"t he second_gas to the plasma
processi ng chan‘ﬁé‘?c?teﬂﬁqulﬁ@a‘éa%ft@%ﬂftsd’ﬁ$sﬁ@esé‘$ 142thand 326,1438. Tinan aistughive ar e

fast-sw tching éﬂl&o\ﬁfrﬁent, each of the pairs of valves 440 located along the gas passages 422,
424; and 426, 428 can be replaced by a single, four-way valve.

15 For example, to supply the first gas to the vacuum chamber and
simultaneously route the second gas to the by-pass line, the valves 440 along the
fluid passages 422 and 428 are opened and the valves 440 along the gas passages
424 and 426 are closed. To switch the gas flows so that the second gas is supplied
to the vacuum chamber and the first gas is diverted to the by-pass line, the valves

20 440 along the fluid passages 424 and 426 are opened and the valves 440 along the
fluid passages 422 and 428 are closed.

In another preferred embodiment of the gas switching system, the
embodiment shown in FIG. 7 can be modified by removing the orifices 430 arranged
in the first gas passage 405 and second gas passage 415 upstream of the valves 440,

25 and instead arranging a orifice in each of the gas passages 422, 424, 426 and 428
downstream of the associated valves 440.

Preferred embodiments of the gas distribution system 100 can be used to
supply different gas chemistries and/or flow rates to the plasma processing chamber
12 to perform various etching and/or deposition processes. For example, the gas

30 distribution system 100 can supply process gases to a plasma processing chamber to

etch features in a silicon oxide, such as an SiO; layer protected by an overlying

mask, such as a UV resist mask. The SiO; layer can be formed on a semiconductor



5 As used herein, the term"fast-switching val ve" neans a valve that can be
opened or closed within a short period of tinme, preferably | ess than about

100 ns, nore referably | ess than about 50 ns, after r Y i gnal
fromthe cm?og?’?lé?”SOO to open or close. The val ves 4%&:@&63%?%?% ably

electronically controlled and actuated by receiving a signal fromthe
controller 500 to open or close. A suitable "fast 10 switching val ve" that
can be used in the gas switching system 409-is val ve nodel nunber

FSR-SD- 71-6. 35, available fromFujikin of Arerica, located in Santa C ara,

California. Accordingly, the gas_sw tching system 400 can supply the first
gas, e.g., to Waer puphasiasiicgn wafes haxing adiameienad 200 mm ar 300w | t he second

gas 10 the by- fgssres Lih bd, B, viR dnd/BRenchlse TRERR ot iCiEhg @Q?%]sﬁ&l, it the

control l er 500, quickly 3wt ese gas flows-and supp e Second gas to
t he vacuum chandesirabldiiol depaokitveepdlymer antpertians of the giresk toorephiesthigtipmssg.l i ne. The
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associ ated orifices 430 and the val ves 440 preferably is | ess than about 10

cnB. As expl ainobrepaises sheyrcar eypatially seach Badaysnuedeslymd teamagkeanddeaffegit h a
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gas volune of abou I'ter 1o a a perio ess than
about 1 s, nor sidewaileodhk featdress t han about 200 ns, to thereby stabilize the

system 25 A gas swi_tching system 1400 according to a cond preferred
enbodi nent is depi di bas begn %t@m“?ﬁd’ b??"’?"ﬁ%ﬂ&&g‘eé&ﬂﬂ?ﬁ* ﬂé‘ggpglb’@ﬁ{ ‘%ﬁ?@@?eda val ve
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PCT/ U52005/ 01359mpletely. Polymer may

15  Accordingly, the amount of time that the gas mixture for forming the polymer
deposit on the mask and features is supplied into the plasma processing chamber is
preferably controlled to thereby control the thickness of the polymer deposit formed
on the SiO, layer, while also providing sufficient repair and protection of the mask.
During etching of the SiO; layer, polymer is periodically removed from the mask.

20  Accordingly, the polymer is preferably deposited on the mask between periods of
etching of the SiO; layer to ensure that sufficient repair and protection of the mask is
achieved.

The gas distribution system 100 can be used to supply process gas into a
plasma processing chamber to etch SiO, protected by an overlying mask, e.g., a UV

25  resist mask, with control of the thickness of polymer deposited on the features, and
with repair and protection of the mask. The gas switching system of the gas
distribution system 100 is operable to allow a first process gas used to etch the SiO,
to be supplied into the plasma processing chamber for a first period of time while a
second gas mixture used to form the polymer deposit is diverted to a bypass line,

30  and then to quickly switch the gas flows so that the second gas mixture is supplied
into the plasma processing chamber to form the polymer deposit while the first gas
mixture is supplied to the by-pass line. Preferably, the first gas mixture supplied to



A gas sw tching system 2400 according to a third preferred enbodi nent is
depicted in FIG 7. In this enbodinent, the gas switching system 2400 is in
fluid comuni catlon with a first gas passage 405 and a passage
415. The fWQWSY¥3second gas passages 405, 415 can beP%gﬁggéaSBE'?lzr st gas
outlet and a second gas 5 outlet, respectively, of a flow control section
that, unlike the flow control section 300 shown in FIG 4, does not include
both inner and outer zone gas outlets. Ar20erifice 430 is |ocated al ong each
of the first gas passage 405 and second gas passage 415. The first gas
passage 405 is d|V|ded I nto gas passages 422, 424, and the _second gas
passage 445 is 4Rlasmpeonip @Iaergagnep%f %éé%nweceswgsc happher is-at ?ﬁé’ssages 422 and
10 426 are in f and
the gas  passagu iR PR ATy o s nlk il s CHMERARRRL
line. A valve 449 mdreptetaraily tesathangb@a20l wh. Theplgssa padbagest 2022, 424 and

426, 428. In an t ive h of..the pairs of valves 440

| ocated al ong tmg’[l Eibnmgsgme%oﬁ}ié@r aﬁ?autlfg’é 128 can be replaced by a
single, foursway valmg. ﬁrﬂt%aEﬁﬁxtﬂféaﬁéﬁt%etdhC&@M'c)én{ahﬁefgl aSfuogRarbbe the
vacuum chanber and si nul taneous;lpé route the secon%blgas to the by-pass |ine,

the val ves 440 spr@iery sudhens CaFuiQd aphiasgageEhehow satig of SBFPyaigpe pathbead- t he
val ves 440 alo fd?fO(ps%gmpal‘ﬁég&%ﬁd zfs%xf%g?%a?%?orr& aggl w&deﬁgs bt ch the gas

flows so that t'he Second gas I's su pI| e va chanber and t he
first gas is diooatdgd.g,a fluoeolydrqoarben kpeoies, sutteasv @y, an®frgdr. 0Tl ovgratioe f 1 ui d

passages 424 an are opened a he valyes 440 al ong the f|UI passages
422 and 428 ar e° Ggeon ‘ﬁ‘gg’ﬁo‘? &e{g?)(ioé"lc‘élpr %6 8168 g??etﬂjtxg‘g ¢ ‘@’t‘ﬁﬁzg swi t chi ng
system thejg erdiQahRad O ey daﬁadﬁﬁ@-ccﬁpﬁ@ﬂla@fﬁa BRAddc R fdPproREIE 9 t he

orifices 430 arranged in the first gas passage 405 and second gas passage
415 upst r eam of mmior 308 inve wafess) thexdhamnet fresseresan be, e Giordy mTomwi Thedrst n each
of the gas paszgaages 422, str at ed

O voe 935, iy SRR pishuy TBvBR T 68 pE R B RER B P BRSO con be

used to suppl yseBorids & st YRsecoiBHadH fithe & idinttb@iced ivvicahembérqwhiiethgl asma
processi ng chanber 12 tg performvarious etching and/ or depasition

processes. For S%@dgagis ‘%IYFéteéé% thepygiass linehnd die ssgandeges migureds prsfmbly
process gasgs tfoiedRh@IRBpIRERS Fiosdsiflg CRAMRE ForBout 1 second to about 3 seconds

each time it is introduced into the chamber (while the first gas is diverted to the by-

pass line). During etching of SiO; on a subsirate, the length of the etching period
and/or the polymer deposition period can be increased or decreased within the
preferred time periods. The polymer deposit preferably reaches a maximum

20 thickness of less than about 100 angstroms during the etching process, which
typically lasts up to about 3 minutes. During etching, polymer can be deposited on
the mask to repair striations and provide mask protection. Accordingly, the shape of
the openings in the mask preferably can be maintained during the etching process.

The present invention has been described with reference to preferred

25 embodiments. However, it will be readily apparent to those skilled in the art that it
is possible to embody the invention in specific forms other than as described above
without departing from the spirit of the invention. The preferred embodiments are
illustrative and should not be considered restrictive in any way. The scope of the
invention is given by the appended claims, rather than the preceding description, and

30  all variations and equivalents which fall within the range of the claims are intended

to be embraced therein.



etch features in a silicon oxide, such as an SiQ2 | ayer protected by an
overlying mask, such as a UV resist nmask. The Si02 | ayer can be forned on a
sem conduct or WD 2005/112093 PCT/ US2005/ 013582 -19 wafer, such as a silicon
waf er, having a dianeter of 200 mm or 300 nun. The features can be, e.g.,
vias and/or trenches. During such etching processes, it is desirable to
deposit a polyner on portions of the mask to repair striations, e.g.,

cracks or fissures, in the mask (i.e.21to fill the striations) so that
features etched in the 5 Si2 have their desired shape, e.g., vias have a
round cross-section. If striations are not repaired, they can eventually
reach t héVHATES CIBVEDIIR t he mask and in effect be transferred to that

| ayer during etching. Also, a polynmer can be deposited on the sidewalls of

the features. It has been determ ned, however., that, the thickness of the
ol yror de s lstbUTgn SFF B SPRRAE kes B Hm BERPeGoBPeEH 1 5t ur es
affects tdagp@ssde andtaGecdnd gasp&0ddeaR FlGid RhfMinlAtiBh VEBSTRSt gab Ghe!MRAirdleposi t ed
on the bottomof the feature is substantially renoved during etching.

However , g8 passegeporl priewrtibgaspaessee wdluideermmpnication widh dessand gasding/e on the
base, t heﬁr?tta?lp tﬂl?t# ?ag ]:g:ss #eg% }s&pé)g\fgd’s%gﬁl%% cﬁﬁg%}gﬁ%ep ean? t(t)lgepstgﬁ&d a?lgg_rgl etely.

Pol ymer may al so 0 aces i eCOITeS I CK.

Accor di ngbyrth gdseassapestd sapply gasto albgtpabdlineg airsvifast swiechiny vdlararianged he pol yner
deposit on the mask and features is supplied into the plasna processing
chanber dongihefest &35 RpsRERA SFIYfast SWittapR 3] ve HFanest alpﬂ%?hewrsiqaﬁ@g% of the

pol ymer it : Iighgj i V. il oy i fli uf ficient
repair aﬂ%pﬁg%taetféﬂi ﬁfjso“{ﬁ[ﬂh n}a‘g%ka%n%é}rﬁngg t@?{c%iar%g g%sﬁ?’ey g%q?szyer ,
pol yner iswitghing vdive atrhnged @inmgeht fonohgismssagska copGoldarodrich mgpgrablebe pol yner

is preferably deposited on,the mask t ween. per.i ods of, .et.chi f the SiQ2
| ayer to EREHFCTRREO SRR e aRE PR fa oMM G PR e Ed LR | o

achi eved. faskR@itelafg VAISEsF tHRUtrktQRd SHSHEMRt %%clﬁﬁ%ﬂ@esﬁ%%beh@ sfgaRRIfonPhecess gas
into a plasma processing chanber to etch Si protected by an overlying

mask, e. gontrellepto omenyveileghe pasord ang thisd Eashawitshingsvalves racrive kigagls fiom pol yner
deposi t egﬁg Qontnlaﬂe{ tg %ﬁé? ?c? hhél?‘g&g gl‘Pétths S8 Ied Bhe REQRGC BB Pia tAEARSK.  The

gas switching sys
gas line and the first gas passage while the second gas is supplied to the by-pass line via

the second gas line and the fourth gas passage; and the second and third fast switching
valves to receive signals from the controller to open while the first and fourth fast
switching valves receive signals from the controller to close so that the second gas is
supplied to the vacuum chamber via the second gas line and the third gas passage while
the first gas is supplied to the by-pass line via the first gas line and the second gas

passage.

2. The gas distribution system of Claim 1, further comprising: a first flow restrictor along
the first gas line upstream of the first and second fast switching valves; and a second flow
restrictor along the second gas line upstream of the third and fourth fast switching valves;
wherein the first and second flow restrictors maintain an approximately constant gas
pressure in a region of the first and second gas lines upstream of and proximate the first

and second flow restrictors.



di stribution system 100 is operable to allow a first process gas used to
etch the SI2 to be supplied into the plasnma processing chanber for a first
period of tinme while a second gas m xture used to formthe pol ynmer deposit
is diverted to a bypass line, 30 and then to quickly switch the gas flows so
that the second gas m xture is supplied into the plasma processi ng chanber
to formthe polynmer deposit while the first gas mxture is supplied to the
by-pass line. Preferably, the first gag m xture supplied to WO 20051112093
PCT/ US2005/ 013582 -20 a plasma confinenent zone of the plasma processing
chanber is at |east substantially replaced with the second gas m xture

wi t hi n a hdhegas distribeisen systgm efifdaim 2, whereimthedirgirgas bnaibdsya valyrge t han about 200

ns. The plasma .copfi Renent .zone r ef er abl a_val.ume of out' /2 liter
(o about P FRFEnisL AR g 1B FlCHRRsoenddie Pyttt Paltsst g tnsg e i
e.g., a fivear nraniand tHerecdndsas ih€hasas olisbetRdenthé seto @ flow Feridtbiow rati o of
CAF3/ @2/ argon can be, e.g., 20/10/500 seem_ The second gas m xture used to
form a poingiths third sad faurthfpst swisehing walves of less thapabeitdRyaBocar bon speci es, such
as CH3F, and argon. The flowratio of CH3F/ argon can be, e.g., 15/500 sccm

The secon as m.xture can _optdqnal |y 10 al so .i.ncl 2. For.
Cpact v v 138 el Wb Gl PRl IR | Hprties BomPrbiRE Al B8 ek 200 o
waf ers, tdifangébatbgy thp fies $U¢ passape do@nstieah of tHOAROfasilsoitching Valvej 4 fourth gas

m xture is preferably flowed jnto the plasm processingﬁchanber for about 5
seconds tioapsticty@ransdenedhe seepngasipessage dawnstigie o theseeondiast chanber

(while ths%vitcﬁﬁl%%ﬁregéﬁfd% ﬁfon' ﬁﬁ&tﬁpar}eﬂxgﬁhﬁo Y the Frird Js@%gsa%é;‘ 4 dsigareCONd gas

| 4
mxture is preferably 1 I&ﬁe Into e plasma processi anber for about
1 second d¢fchathirdifasd serconglvalves aoda sixtleflow rasgictartarrengededbrigrthofoutth gahanber

while the first i s divert the by: line). .During.etching of

S on abastase dpuiareains Ryt oot Sri i bheng e Bt eR TS o

deposi t i ofxReIowoestFieidrdiRaih A ﬁfag)?%x%até@%ﬁ@&ﬁ%a%&mu& fhRGegibh 6f @ered tine
p

peri ods. The pol ymer deposit erably reaches a maxi mum 20 t hi ckness of
| ess t hanfirsheerond,obird prgsiontshgacpassages wnstream ehinvdgprpxioatssthe reapgctivie typi cal |y

| asts up @BdQQQHﬁfﬁﬂﬂhﬂ%Pﬁﬁﬂo&H%g'&b&FChing’ pol ymer can be deposited on

the mask T0 Yepai’r striations and provi de mask protection. Accordingly, the
shape of

5. The gas distribution system of Claim 1, wherein the first, second, third and fourth fast
switching valves can be opened and/or closed within a period of less than about 100 ms,

or less than about 50 ms, after receiving one of the signals.



t he openings in the mask preferably can be nmaintained during the etching
process. The present invention has been described with reference to
preferred 25 enbodi nents. However, it will be readily apparent to those
skilled in the art that it 1is possible to enbody the invention in specific
forms other than as described above w thout departing fromthe spirit of
the invention. The preferred enbodinents are illustrative and should not be
considered restrictive in any way. The3scope of the invention is given by

t he appended cl ains, rather than the precedi ng description, and 30 al

vari ations and equi val ents which fall within the range of the clains are

i nt ended 6. Aoplasmaproecssing appraatas, somprisingAAtash® pEpetsE hagiber incladings

di stributjon stemfaqr su i as to a vacuum chanber.. conprising: a
first  odtOReBba et sR el nadaehs apliade PRMARALAR i BB RE Wi 0
first gasabbites liter tddbodt 4 BREs; REGHages dBdbatidrosytteth QocrdP@36 @emi INinf | Ui d
communi cation with a second gas line, the first and third gas passages to
suppl y gdtuid sommpmunigatian it ths plrsma peesgssingchamberi wharedn the gay difrijalomassages to
supply g = 1.ner fe ' ne V. aged al ong
the fir stag?l Sgt%‘g‘ %%g'}s{bé‘g"g?@y }gglég%g)efﬂ gst?g %é\nlat?%:m%%& gallgiehea%? %S\ggagzg)gg g}l?tgng t he
second gabe othasssfahefirsagdsturitie deamtd gramtithini axperiodlof essithaanbed 1al orlgsst he t hird
gas passage; a fg(ﬁrth fast sw tching valve arranged al ong the fourth gas
passage; B8R4 8- which is operable to generate signals to control the
opening and closing of the first, second, third and fourth fast sw tching

val ves; t 'S diridn i j Qe CEfSeY Snchl I's from
t he cont‘}r?a%desrd%% op&ﬁ%lﬁ?%lfstﬂg@yglgggﬁgiﬂ%ﬁéﬁ%hl?&rg(éjes%laé'% SWIet %ﬁ?dr?g{é\?al ves
recei ve s gpsdissrifutiommentber homg inhéremd tootec kase whechtadnaflow hsufatedsfrorgas i s
supplied to ttﬂg acuug10 anber ¥ia the.f.ir_stf %as | i ne.and. the first gas
passage viaFh ather, thegas gistbyen systemy pormprisipg: 3 firyl gappasyapedn Ffe via the second
gas |ine RinddiitibR Withh B8SprB@ss sa8ouRBdhd MBeSAMO Bt s dibirbdtidast swi t chi ng
val ves to receive signals fromthe controller to open while the first and
fourth fagembergi thetplasganapsessing ehambgeand yhymass lineoaseched sasmaswBe 8y to cl ose
so that t : I | t vacuym & the second gas
| i ne and @ﬁ%%&ﬁﬁpgw%g% dﬁlghs%h%gga \%ﬁ?ﬁgg g% P %@g??’?lget gars(yaﬁés@@h% %]SI ed to the

by- pass |disteibstioh héigbdriof e pi@tal provesamgcHafbesariahelbgmss limaa skflgas

passage in fluid communication with a second process gas source, the inner zone and the

by-pass line; a fourth gas passage in fluid communication with the second process gas
source, the outer zone and the by-pass line; a controller which is operable to generate
signals to control the opening and closing of switching valves; and a plurality of fast
switching valves to receive signals from the controller to open or close so that (i) the first
process gas is supplied to the inner and outer zones via the first and second gas passages,
while the second process gas is supplied to the by-pass line via the third and fourth gas
passages, and (ii) to change the flows of the first and second process gases so that the
second process gas is supplied to the inner and outer zones via the third and fourth gas
passages, while the first process gas is supplied to the by-pass line via the first and

second gas passages.



2. The gas distribution systemof Caim1, further conprising: a first flow
restrictor along the first gas line upstreamof the first and second fast
switching val ves; and a second flow restrictor along the second gas |ine
upstreamof the third and fourth fast switching valves; wherein the first
and second flow restrictors maintain an approxi mately constant gas pressure
in aregion of the first and second gas |ines upstream of and proxinate the
first and second flow restrictors. 224 3. The gas distribution system of
Claim 2, wherein the first gas line has a volume between the first flow
restrictor and the first and second fast sw tching val ves of |ess than

about 10 &;r’fﬁ? g@r;ﬁstrihmicsleso'@tnnh af §8aim T durties compridingia 1éast owecitow testrisecond f | ow
restrictor 1 he ét?‘ fourt fasé %mhtchln val ves o{l_ﬁl ss than
about 10 Err?ﬁge onsheéwlbg &L seEnd; £ (ﬂmcﬁg FIMPEISAEGy Weonpri si ng:
a third fleauctbRb fﬂaﬁ{taﬁmapﬁsraﬂmlﬁh&ﬁ&ntmpiéssﬁb i@ fegssTagefigownst r eam of
the first fast switchin a fourth flowrestrictor arranged al ong the
second ga§cpdsdirdand tgag pagsedes upereawcd gad prpximate thietftony restrigirsye; a fifth
flowrestrictor arranged along the third gas passage downstream of the
third fa W tc val ve w.restri.ctor arranged alongthe
Fourth oo Thpe oty Sradt i Sndeen B LS RS B ver vner ei m

t he thir chpeh@dndfor cfoséd WithinG pefibd bhled thi dRat [00CHE)0F 1¢¥8 tHah 30 rmlsaﬁlfter

approxi mately constant gas pressure in a region of the first, second, third
and f our tBceiwBe peesefdhesignalst r eam of and proximate the respective third,
fourth, fifth and sixth flowrestrictors. 5. The gas di stribution system of
Claim1, r on t f our ng val ves
can be opnad it mpesstbE bepeRf i Pt  sBip vt ARbepSibbARR B0

| ess t harshabenhbacﬁé)edmde aiskmblyrmﬁig\thm@nmd@ﬁtet Beénes agdad &terR)BvolﬁmeA pl asma
pr ocessi 2‘% apparat us, conpri asma processing cha[?rg% cI uding a
shower heaf 8P ¢y le)tafewafslst@ﬁbqﬂw taﬁaasrﬁawwgloa syster8 RecEdAe fne Rt 1B H’é‘ with a
vol ume of, Ilﬁllil%atlbé‘wllﬂhttﬁé 1n]ﬁ& A8 Qufer Jorek bEE sh&@&héé&%l&%dgéé&ﬁﬁlpm' on system
accor di ng to Cdaim1in communi cat1on wt e plasma processing
chanber ; wieeinithe galhdisgrmitidn systerinhemg)nperslystcesubstamtlacl;lubqﬂmtthaﬁtsy repl ace the
first gas or the second gas in the plasma zone with the o e of .the first

h
gas or tHEOSELENA" GHSHW TS BT PZ?S‘W“e?é’EF‘E%‘W‘ 20y the othgrof og g

the first process gas or the second process gas within a period of less than about ls,or

less than about 200 ms.

11. A gas distribution system for supplying process gas to a plasma processing chamber
including a gas distribution member having inner and outer zones which are flow
insulated from each other, the gas distribution system comprising a gas switching section,
including: a plurality of first gas passages each (i) in fluid communication with at least
one first gas line and/or at least one second gas line, and (ii) in fluid communication with
at least one of the inner zone of the gas distribution member of the plasma processing
chamber, the outer zone of the gas distribution member of the plasma processing
chamber, and a by-pass line; a controller which is operable to generate signals to control
the opening and closing of switching valves; and a fast switching valve arrangement to
receive signals from the controller to (iii) open a first group of fast switching valves and

close a second group of fast switching valves



t han about 200 ns. 7. A gas distribution systemfor supplying gas to a

pl asma processi ng chanber including a gas distribution nmenber having inner
and outer zones which are flow insulated from each other, the gas
distribution systemconprising: a first gas passage in fluid comrunication
with a first process gas source, the inner zone of the gas distribution
menber of the plasnma processing chanber and a bypass |line; a second gas
passage in fluid conmunication with 2he first process gas source, the outer
zone of the gas distribution nenber of the plasma processing chanber and
the bypass line; a third gas passage in fluid communication with a second
process dasurpdyip est prasessgen & the swer andoputeseondsyniplegsserondeproeess gagrs h gas

passage | i i.cat . i S t he

b or zorvaed 1§ S FPRIER ik o bbub oP BRI, RESRRR In RN | AMeTe (1S, o e
si gnal s tfirstcgrodp of fastBevitolfiag ivalgesdd opkwthengeontl geoniptof Hash gwitehivgeealvesnsl a
plurality of fgs% swL%ghufg val ves_to receive Pignals iron1the controller
to open dihaRgedielisshandageond gropess eds flays sogs i wpRlyfAe sqeend prsess @85 0 t he i nner
and out er& ARgSand! datdr REndsiisile (ROFrBHOORE o838 dRRASARARe bypid i, Wag second
process gas 1s supplied to the by-pass Iine via the thiTd and fourth gas

passages,seeard group) oftthe fitshgapepasdagest | ows of the first and second process gases
so that the second process gas is supplied to the inner and outer zones via

the third apnd foupth gas ass S, ile the first process gas is supplied
to the byl_-2p§g% e %%ﬂbﬁﬁaontsw_gtemm? gﬁﬁ%%@ﬁ%ﬂ&p@g&%ﬁé@%@@@l $aiong  The gas
di stributdopprismgt 8RAR{ orfel sREdAd izas pasAREH NRRITHrRiMhtiBh WithaSl bORRed tHW
restrictor "arranged al ong each of the first, second, third and fourth

process glrst grapawsagss and Hhe firbtagas line whichds inrfbiid commitmication veith atpeasootienat el y

const ant ga ressure in regi o f the firs Seco third and fourth
oo pass ARG RIS FistesP: MR lrvelyt BpetsbRag L R G R Y O

di st ri butbexpplytfesm e fichtaialife toMd Gdag ohe ls€dnll @84 pBWige CAtlaMGt ol tiiedgan be
opened and/or clqgsed within a period of |ess than about 100 ns, or |ess than
50 s, afRastage g duid qomymeniention withand ibgiveen the figst gas prssages apd Bessondg

appar at Usg,g @iﬁ%fcﬁ'iﬂﬂf flld BO AR cREROE RIS A 16asEHF HESnd ﬂ?&%gggﬁgo@rce;.saﬂﬁv"er head

el ect rode” asse y having the 1nner and outer zones "and an interior volune
of about dtAeakt dnerse¢omd4alvietoperable amalldvinthe geond ipsdcesstyas ioobe sippliehfram der di ng to
Claim7 in fluid

second gas line to at least one third gas passage.

13. The gas distribution system of Claim 12, further comprising a gas supply section
including: the first gas line in fluid communication with a plurality of the first process gas
sources; the second gas line in fluid communication with a plurality of the second process
gas sources; at least one third valve operable to allow supply of the first process gas to at

least one of the first and second gas lines;



communi cation with the inner and outer zones of the showerhead el ectrode
assenbly; wherein the gas distribution system being operable to
substantially replace the first process gas or the second process gas in
the plasma confinenent zone with the other of the first process gas or the
second process gas within a period of |ess than about 1 s, or |less than
about 200 ns. 11. A gas distribution systemfor supplying process gas to a
pl asma processi ng chanmber including a6gas distribution nenber having inner
and outer zones which are flow insulated fromeach other, the gas

di stribution system conprising a gas smﬁtchiqg section, including: a

pl ur al i t yandfat lepst ope fauthyalysngersblsde pllqw yupply ¢fithe secordhpronsse g4 ot Igasth at

| east o fichst |J A at | east one second gas line, and (ii) in
fluid coEﬁﬁH#@%JF%%ﬁﬁf%%5d2F9¢§%st one of the inner zone of the gas

di stribution nmenber of the plasma processing chanber, the outer zone of the
gas di st ridThé g4y diiib@lonQisttiefUlaaNR, MheeRsht gw coh@sltieétiondndudes RY - pass
line; a controller which 1s operable to generate signals to control the
openi ng aewst enclishiow restrigterand alegsd ppeseconthbiow resirigtorgipsiream angl ip dluide

I aNGEIERnchhicaliBi GlithSh ealive [ OB 4G FORAAMLELs, 1R dibddnk QRER 3 11 1t
group of fast swtching valves and  close a°secon group o fast swi t chi ng
val ves 25low cessiefips to maihiairsdn gppooc@nstelyasndtant ighepressosr inandgiontigstreamnes whi | e
a second process gas is. diverted to the bypass line, via a first group of

t he firstgﬂd@”ﬁ@?%&g§§fh§ﬁ@d€?VTH€@“EFﬁ§@°%he first group of fast switching
val ves and open the second group of fast switching valves to change the
first and f ess gas to
the 1 nnor S Ba BRSNS SiEm R, Reh L Bk P TS e
bypass | iinelpdesiatleast twe dwstdlogr mstpicofs, theat feastone gaong dewagstsctodicluddse gas

distribution systemof .Caiml further gconprising a flaw control section,
Conpr i o 1 ORI LB eHREOEaEs Atler one Bt AER kg  GHTRTEH on wi ¢ and
bet ween tdadudidnce thad e RASHPOASS r&fkidrhe first gas line which is in fluid
communi cation with at | east one first process gas source; at |east one

first valve operable to allow the first process gas to be supplied fromthe
first gasld. Thegasalisitibhteasystemef Sdaimnks, ghsrepeatbs fgpe flowtredtactets havea tokdlr d gas

Phe. sscor™ B AR VHFE R Ereniog i B e bePwr e ot B8 SpBRE: Tome
second prwesstridéy. source; and

17. The gas distribution system of Claim 12, wherein the second and third gas passages
are in fluid communication with at least one tuning gas source which is operable to

supply a tuning gas to at least one of the second and third gas passages.

18. The gas distribution system of Claim 11, wherein the gas switching section comprises
a flow restrictor arranged along each of the first gas passages upstream of a respective
fast switching valve, the flow restrictors to maintain an approximately constant gas
pressure in a region of an associated first gas passage upstream of and proximate the flow

restrictor.



at | east one second val ve operable to allow the second process gas to be
supplied fromthe second gas line to at |east one third gas passage. 13.
The gas distribution systemof Caim12, further conprising a gas supply
section including: the first gas line in fluid comrunication with a
plurality of the first process gas sources; the second gas line in fluid
comuni cation with a plurality of the second process gas sources; at | east
one third valve operable to allow suppfy of the first process gas to at

| east one of the first and second gas lines; 26 and at |east one fourth

val ve operable to _allow supply of the second process gas to at |east one of
the firstl9%hbe saschyidbyjion systemef Claim Hthwhergin the st switshingrvalygs cambeof O ai m 12,
wherein tenld 0o ONLLPLiRES deRBd EPELUHGS a8l 10683 lor RAE alhTBb OGN,
restrictor and at | 6ast one second ow restrictor upstreamand in’fluid
conmuni cadfiepreceiving onbef thesfmalsi ve second and third gas passages, the first
and second flowrestrictors to maintain an approxi mately constant gas
pressure in a region upstream and proximate of the first and second flow
restri ct otls A plsmamiecesng apparatysy cemprising 8 piasng Pragessing chambehiaelaflingehe at

| east onegf] r r i | t ot i I

restrict osrh é{”glt%h%({ %%Mil.og géésegﬁé})@g él Sgig’g H ﬁ gl\?\?r?%sv y fr?u?t{'::étoof ra%\?lhtcl [AUIZ erseco agé\{ét second

fl ow rest4 litetspind thedasadisthibatiin systemface@tling to@lairadtl rin fu@rcobasunicadod f er ent 1 ow

conduct ance than the second flow restrictor. 16, The gas .distribution system
of d ai mYi ttl\m%sw BrqcResing Ghamber; sfhereinsthe gas distabytinpesysiemys gperable i,
conduct anggsi¥tiiaf

rd phace R st }5@%@%& éaﬁﬁ‘ﬂﬁé seEthf};}Scécsé oY if MWCG of the

second flow res?rl ctor. 17.” The gas distribution systemof Caim12,
wher ei n tdoafisement dorenwith thierotheg abthp disst prassss gas er $eqord priockss gasmithizat i on wit h

at | east ogne,tunin ) urc ich,is erable to supply a tuning gas to
at | east pgﬁgdﬁ'f%f%@&%%%o&lig Sa?{gemﬁ?qnc?bﬁlgsz%ggé%ages. 18. The gas distribution
system of Claim 11, wherein the gas switching section conprises a flow

restrict of], alhaRSEHf FbAREIng 8SEmRbnduRedr birlichire 428 pRARS pAREssiRThABB of a
respective fast switching valve, the flowrestrictors to maintain an

appr oxi megosipyisinghatsupirlyga s firpirpsecess gasiinto shepdesmarprodessing ehaseher whdel first gas

passage U(B%r{iggagnse%];n@g%cgsrs %)ég: &%t b%lp%gﬁir}ce! fﬂ\évplagl%g tpgcggs(i)r{g' chamber
containing a semiconductor substrate including at least one layer and a patterned resist
mask overlying the layer; b) energizing the first process gas to produce a first plasma and
(i) etching at least one feature in the layer or (ii) forming a polymer deposit on the mask;
¢) switching the flows of the first and second process gases so that the second process gas
is supplied into the plasma processing chamber while diverting the first process gas to the
by-pass line, the first process gas being substantially replaced in a plasma confinement
zone of the plasma processing chamber by the second process gas within a period of less
than about | s, or less than about 200 ms; d) energizing the second process gas to produce
a second plasma and (iii) etching the at least one feature in the layer or (iv) forming a

polymer deposit on the layer and the mask;



27 19. The gas distribution systemof Caim1l1l, wherein the fast sw tching
val ves can be opened and/or closed within a period of |ess than about 100
nms, or |ess than about 50 ns, after receiving one of the signals. 20. A

pl asma processi ng apparatus, conprising: a plasm processing chanber
including a showerhead el ectrode assergply and having an interior volune of
about 1A liter to about 4 liters; and the gas distribution system accordi ng
to Caim11l in fluid communication wth the plasma processi ng chanber;

wher ei n t keswiahirg theé flowridf tha fisy aheracosd wpessabhses swthasthb $itsaptacedslggs isepl ace
the first process gas or the second process _gas in the plasma confinenent
zone wi t hSTPRCG{He PeHasmsTpqcrune {J?S@&%\ghlz%@gmm% SRPTBPEEEEAGES within a
period of ghasspdshane, ARAMEOrH RoceRd gdsBe g e andRPYtepRRA Mithe BhsmA\ Met hod of
processing a semnm conductor structure in a plasma processing chanber,

conpr i si ngonfaemenpgsing iof thepldsmagroqspsingeshemyersbyi the Hrst peocpssagpwithingcessi ng
chanmber whil.e Lverting a second,.proce as. t bypasss Line, t:he plasm
processiném%%%%ﬂg¥ m%ﬁ% 5%%’8 ‘3Sg%ﬁ$%%ﬁg%g or*"'su §?¥awéafﬁt?ﬁ%ﬁﬁp at | east
one | ayer oftithe@wiihtiessub@ehtd. €si st nmask overlying the layer; b) energizing
the first process gas to produce a first plasma and (i) etching at | east

one feature in the layer or (ii) formng a polyner deposit on the mask; c)
swi t chi ng 22hEharesiad off Cleine 21 i wherein i pobeon deprssdeismgaesmgdmunat t he second
process ¢ i |y Lntoath I rocessi : ile.diverting
t he first%%ngéggqégghﬁ%b?ﬂg%oﬁ§§%§g§%ﬁ%he?gﬁﬁg%¥?E%@G%EB§%§§Q§§§ﬂbeing
subst ant i ahd snbsteypd. aced in a plasma confinenment zone of the plasma
processi ng chanber by the second process gas within a period of |ess than
about 1 s, or |ess than about 200 ns; d) energizing the second process gas

t o produce3. Bhegpetborhoffflasma l.avhergin the)firgitpdasmagiahaethgtat [eagone Haturg Btheire in
the | ayer I f 1 I I mask; 28
) sw 1 oni e ep B lsthe (R P LR OTS 1R b REE, BEBHP, T e
first procgagingatiations supphadd i nto the plasma processi ng chanber while
diverting the second process gas to the by-pass line, the second process
gas being substantially replaced in the plasma confinenent zone of the

pl asma pr gesThéigetbamdelaiby? It hefdin S plisanesafigatemizbin nsa vopane offatwiut | ess
than about | s, or less than about 200 ns; and f) repeating a)-e) a
plurality” liter to about 4 liters.

25.  The method of Claim 21, wherein:

the first layer is of SiOy;

the mask is a UV -resist mask;

the first process gas comprises a mixture of C4Fs, O, and argon and the first plasma
etches the layer; and

the second process gas comprises a mixture of CH;F, argon and optionally O, and

the second plasma forms the polymer deposit on the feature and the mask.

26. The method of Claim 25, wherein the first process gas is supplied into the plasma
processing chamber for a period of about 5 seconds to about 20 seconds, and the second
process gas is supplied into the plasma processing chamber for a period of about 1 second
to about 3 seconds, each time that the first and second process gases, respectively, are

supplied into the plasma processing chamber.



of times with the substrate. 22. The nethod of C aim 21, wherein the pol yner
deposit is forned to a maxi num thickness of |ess than about 100 angstrons
after repeating a)-e) a plurality of times with the substrate. 23. The

met hod of Claim 21, wherein the first plasma etches the at | east one feature
in the layer, and the second plasma forns the deposit on the | ayer and the
mask, the deposit repairing striations in the mask. 24. The nethod of Claim
21, wherein the plasma confinenent zor2e has a volune of about /2 liter to
about 4 liters. 25. The nmethod of Claim 21, wherein: the first layer is of
Si2; the mask is a UV-resist mask;, the first process gas conprises a

m xt ure of7.Ghemetlod offdainy 2o whareth the plasine procpdsmgrahamberdogwris¢ser | ayer; and

and cho SeRsobrERREORRY RS Bt adlsrt 3k SR BB and the

mask. 26. probés g btk RipplhiddfotheBner¥dgE @idht betef ZdnetwHile FeeseSoliBisrotess SUpp! i ed
into the plasna processing chanber for a period of about 5 seconds to about

20 second&as igfiyerteddodhainpass hine@ad theggeondrangppgas baing surplicd éo thearnen
processin r r | t. L L -3 seconds, each
time that %n%gﬁmsotuiegrzlgges‘gg%én@g ;f)i? {t) goggéégggé g:‘ﬁ&e?ieggé%ght%ib\? 31% yst lugér' e supplied
into the plasnma processing chanber. 29 27. The nmethod of Caim 21, wherein
t he pl asnps.[Ihe eesisdd e CliianDE iwheeithe $iest processihavaidierte edcond pRdess gasenbl y

i ncludi ng. an i nner_zone and an outer zone, the first process gas being
suppl i ed 1s6¢ {@rlisdethe waer zone andibe guiceroneshdiflgrant Bowratesecond process gas
is diverted to the by-pass line, and the second process gas being supplied
to the inner zone and the outer zone while the first process gas is
diverted to the by-pass line. 28. The nethod of C aim 27, wherein the first
process gas and/or the second process gas is/are supplied to the inner zone
and the outer zone at different flow rates.



