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ABSTRACT

plasma process chamber is provided. A ?rst valve arrange
ment is connected to upstream ends of a ?rst gas line and a

second gas line. A second valve arrangement is connected to
downstream ends of the ?rst gas line and the second gas line.
A ?rst gas distribution outlet line is connected between a gas
supply and the ?rst valve arrangement and a ?rst chamber
inlet line connected between the second valve arrangement
and the plasma process chamber. A ?rst evacuation line is
connected to the ?rst gas line at a location between the ?rst
valve arrangement and the second valve arrangement. A sec
ond evacuation line is connected to the second gas line at a
location between the ?rst valve arrangement and the second
valve arrangement. The ?rst evacuation line and second
evacuation line are in ?uid communication with a vacuum
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line. A controller is operable to actuate the ?rst valve arrange
ment and second valve arrangement to selectively ?ow the
gas mixture from the gas supply to the plasma process cham
ber through the ?rst gas line while the second gas is selec
tively evacuated by the vacuum line; or to selectively ?ow the
gas mixture from the gas supply to the plasma process cham
ber through the second gas line while the ?rst gas line is

selectively evacuated by the vacuum line.
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ALTERNATE GAS DELIVERY AND
EVACUATION SYSTEM FOR PLASMA
PROCESSING APPARATUSES

line, While simultaneously evacuating the ?rst gas line With
the vacuum line. A second plasma is generated With the sec
ond gas mixture. The Wafer is processed With the second

plasma and the second plasma is extinguished by terminating
RELATED APPLICATIONS

[0001]

How of the second gas mixture in the second gas line.

This application claims priority under 35 U.S.C.

BRIEF DESCRIPTION OF FIGURES

119 to US. Provisional Application No. 60/935,750 entitled
ALTERNATE GAS DELIVERY AND EVACUATION SYS
TEM FOR PLASMA PROCESSING APPARATUSES and

?led on Aug. 29, 2007, the entire content of Which is hereby

incorporated by reference.

[0005]

FIG. 1A is a cross-sectional vieW of an exemplary

embodiment of a plasma processing apparatus.
[0006] FIG. 1B illustrates one embodiment of a gas deliv
ery system from a gas supply to a center and edge Zone of a

plasma process chamber.
BACKGROUND

[0002]

Semiconductor structures are processed in plasma

processing apparatuses including a plasma processing cham
ber, a gas source that supplies gas mixtures into the chamber,
and an energy source that produces plasma from the process
gas. Semiconductor structures are processed in such appara

tuses by techniques including dry etching processes, deposi
tion processes, such as chemical vapor deposition (CVD),

physical vapor deposition, or plasma-enhanced chemical
vapor deposition (PECVD) of metal, dielectric and semicon
ductor materials and resist stripping processes. Different pro

[0007] FIG. 1C illustrates another embodiment of a gas
delivery system from a gas supply to a single Zone of a plasma
process chamber.
[0008] FIGS. 2A-2B illustrate an embodiment of the gas

distribution system With tWo alternating gas lines to supply
gas mixtures to a plasma chamber.
[0009] FIGS. 3A-3B illustrate an embodiment of the gas

distribution system With tWo pairs of alternating gas lines to
supply gas mixtures to center and edge Zones of the plasma
process chamber.
[0010] FIGS. 4A-4B illustrate another embodiment of the

cess gases are used for these processing techniques, as Well as

gas distribution system With tWo pairs of alternating gas lines

processing different materials of semiconductor structures.

to supply gas mixtures to center and edge Zones.

SUMMARY

[0003]

A gas distribution system for supplying a gas mix

ture to a plasma process chamber is provided. A ?rst valve
arrangement is connected to upstream ends of a ?rst gas line
and a second gas line. A second valve arrangement is con
nected to doWnstream ends of the ?rst gas line and the second
gas line. A ?rst gas distribution outlet line is connected
betWeen a gas supply and the ?rst valve arrangement and a
?rst chamber inlet line connected betWeen the second valve
arrangement and the plasma process chamber. A ?rst evacu
ation line is connected to the ?rst gas line at a location
betWeen the ?rst valve arrangement and the second valve
arrangement. A second evacuation line is connected to the
second gas line at a location betWeen the ?rst valve arrange
ment and the second valve arrangement. The ?rst evacuation
line and second evacuation line are in ?uid communication

[0011] FIG. 5 is a graph of pressure-time pro?les generated
during the evacuation of a single pair of gas lines in compari
son to the pressure-time pro?les of a previously evacuated
pair of gas lines for an alternating pair of gas lines.
DETAILED DESCRIPTION

[0012] Plasma processing apparatuses for processing semi
conductor materials, such as semiconductor devices formed
on semiconductor substrates, e.g., silicon Wafers, include a

plasma processing chamber Wherein various process steps
such as etching, deposition, resist stripping, etc. can be car
ried out 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,

such as center (inner) and edge (outer) Zones, across the

surface of a Wafer during plasma processing. The gas distri
bution system can include How controllers to control the How

With a vacuum line. A controller is operable to actuate the ?rst

ratio of the same or different process gas, or gas mixture, to

valve arrangement and second valve arrangement to selec
tively How the gas mixture from the gas supply to the plasma
process chamber along the ?rst gas line While the second gas
is selectively evacuated by the vacuum line; or to selectively
How the gas mixture from the gas supply to the plasma pro
cess chamber along the second gas line While the ?rst gas line
is selectively evacuated by the vacuum line.
[0004] In another embodiment, a method of processing a
semiconductor Wafer in a plasma process chamber incorpo

the Zones, thereby alloWing in-process adjustment of across
substrate uniformity of gas How and gas composition.

rating the gas distribution system is provided. The semicon
ductor Wafer is placed in the plasma process chamber. A ?rst

[0013] FIG. 1A illustrates an exemplary semiconductor
material plasma process chamber 140A. Plasma process
chamber 140A comprises an interior containing a substrate
support 14 on Which a Wafer 16 is supported during plasma
processing. The substrate support 14 includes a clamping
device, preferably an electrostatic chuck 18, Which is oper
able to clamp the Wafer 16 on the substrate support 14 during
processing. The Wafer can be surrounded by focus rings and/

the ?rst gas line, While simultaneously evacuating the second

or edge rings (not shoWn), disclosed in commonly-oWned
US. Pat. No. 6,984,288 hereby incorporated by reference.
[0014] The exemplary plasma process chamber 140A

gas line With a vacuum line. A ?rst plasma is generated With
the ?rst gas mixture. The Wafer is processed With the ?rst

having a top plate 20 forming a Wall of the plasma chamber

gas mixture is ?oWed into the plasma process chamber With

plasma and the ?rst plasma is extinguished. The How of the

shoWn in FIG. 1A includes a shoWerhead electrode assembly

gas mixture is ?oWed into the plasma processing chamber

and a shoWerhead electrode 22 attached to the top plate 20. A
baf?e assembly is located betWeen the shoWerhead electrode
22 and the top plate 20 to uniformly distribute process gas to

With the second gas line Within less than about 10 seconds of
terminating the How of the ?rst gas mixture in the ?rst gas

a backside 28 of the shoWerhead. The baf?e assembly can
include one or more baf?e plates. In the embodiment, the

?rst gas mixture in the ?rst gas line is terminated. A second
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baf?e assembly includes baf?e plates 30A, 30B. Open ple

lication Nos. 2005/0241763 and 2007/0066038, Which are

nums 48A, 48B are de?ned between the baffle plates 30A,

incorporated herein by reference in their entirety.
[0020] In another embodiment, baf?e plates 30A, 3 0B from

30B; and betWeen the baffle plate 30B and shoWerhead elec
trode 22. The baf?e plates 30A, 30B and shoWerhead elec
trode 22 include through passages for ?owing process gas
into the interior of plasma process chamber 140A.
[0015] In the embodiment of FIG. 1A, the plenum betWeen
the top plate 20 and the baf?e plate 30A and the plenums 48A,
48B betWeen the baffle plates 30A, 30B are divided into a
center Zone 42 and an edge Zone 46 by seals 38A, 38B, 38C,
such as O-rings. The center Zone 42 and edge Zone 46 can be

supplied process gas having different respective gas chemis
tries and/or ?oW rates by the gas source 130A (e.g., a gas

distribution panel containing multiple gas sources). Gas is
supplied to the center Zone 42 from ?rst gas line 110A and to
the edge Zone 46 from second gas line 112A via an annular
channel 44.

[0016] The process gas ?oWs through the passages in the
baf?e plates 30A, 30B and the shoWerhead electrode 22 and
into the interior of the plasma process chamber 140A. Next,
the process gas is energiZed into the plasma state in the
plasma process chamber 140A by a poWer source 52, such as
an RF source driving shoWerhead electrode 22, and/or a
poWer source 54 at one or more frequencies (e.g., 2 MHZ,

13.56 MHZ, 60 MHZ) driving an electrode in the substrate
support 14 at one or more frequencies (e.g., 2 MHZ, 13.56

MHZ, 60 MHZ). The RF poWer applied to the shoWerhead
electrode 22 can be changed to perform different process
steps such as When different gas compositions are supplied
into the plasma process chamber 140A.
[0017] In one embodiment, the plasma can be generated in

FIG. 1A include a single Zone, supplied by a single gas source
line, rather than the multiple Zones (i.e., center Zone 42 and
edge Zone 46). FIG. 1C illustrates an embodiment of a gas
delivery system from gas supply 130C to a single Zone of
plasma process chamber 140C containing a semiconductor
Wafer (not shoWn). Gas mixtures are delivered to plasma
process chamber 140C, along a single gas line 110C. The
pressure in plasma process chamber 140C is maintained at a
vacuum pressure (e.g., >50 to 200 mTorr) by turbomolecular
pump 150C and roughing pump 152C. Gases removed from
the plasma process chamber 140C and the gas lines by turbo
molecular pump 150C and roughing pump 152C are released
into the facilities exhaust system.

[0021]

For certain etching applications, it is necessary to

etch the same semiconductor Wafer successively With mul

tiple plasmas of different gas chemistries in the same plasma
process chamber 140A, 140B, 140C. For example, a tWo-step
etch recipe may require generating a ?rst plasma With a ?rst
gas mixture folloWed by generating a second plasma With a
second gas mixture. After plasma etching With the ?rst gas
mixture is completed, the How of the ?rst gas mixture is
terminated and the ?rst plasma is extinguished. A second
plasma is generated With a second gas mixture to further etch
the same Wafer. The total etching time for any speci?c gas
composition can be betWeen about 1 to 2 minutes. HoWever,
if a gas distribution system distributes a ?rst gas mixture and
a second gas mixture through the same gas lines, remnants of
the ?rst gas mixture can contaminate the second gas mixture,

RF energy from tWo RF sources to the shoWerhead electrode

altering the plasma gas chemistry and adversely affecting the
etch pro?le.

22 and/or the substrate support 14, or the shoWerhead elec
trode 22 can be electrically grounded and RF energy at a

gas mixtures is to cleanse processing gas remnants by evacu

the interior of plasma process chamber 140A by supplying

single frequency or multiple frequencies can be supplied to
the substrate support 14.
[0018] FIG. 1B illustrates an embodiment of a gas delivery
system from gas supply 130B to a center and edge Zone of

plasma process chamber 140B containing a semiconductor
Wafer (not shoWn). Gas mixtures are delivered to the center
and edge Zones of plasma process chamber 140B, along ?rst
gas line 110B and second gas line 112B, respectively. The

[0022]

One approach for preventing the contamination of

ating the gas lines prior to the changeover from the ?rst gas
mixture to the second gas mixture. Gas lines can be evacuated
With a vacuum pump in ?uid communication With the gas
lines, evacuating the gas lines to a pressure of beloW about 30

Torr. Depending upon the length of the gas lines and the
desired pressure, this evacuation step can introduce a

changeover time in the overall Wafer processing. For
example, the changeover time betWeen the termination of

pressure in plasma process chamber 140B is maintained at a

How of the ?rst process and the beginning of How of the

vacuum pressure (e.g., >50 to 200 mTorr) by turbomolecular
pump 150B and roughing pump 152B. Gases removed from
the plasma process chamber 140B and the gas lines by turbo

second gas mixture can be betWeen about 10 and about 15
seconds for gas lines about 8 meters in length from the gas
source to the plasma process chamber. If the total etch time is
about 60 seconds, then a 15 second changeover time associ
ated With the evacuation of gas lines is a signi?cant delay,

molecular pump 150B and roughing pump 152B are released

into the facilities exhaust system.
[0019] For example, gas supply 130B can be a gas distri
etching, each gas source in ?uid communication With ?rst gas
line 110B and second gas line 112B. Individual gases can be

because this changeover time represents one-quarter of the
overall etching time. For a high volume semiconductor Wafer
processing facility, this changeover time can loWer the overall
throughput of a plasma etching apparatus, up to 100 Wafers

premixed before being delivered along ?rst gas line 110B and

per day. Thus, a need exists for a gas distribution system for

bution panel containing multiple gas sources used for dry

second gas line 112B. Furthermore, gas supply 130B can
comprise a gas manifold with How control devices, such as
mass ?oW controllers to adjust the How of each gas. Examples

of gases include hydrocarbon gases (e.g., CXHY), ?uorocar
bon gases (e.g., CXFY), hydro?uorocarbon gases (e.g.,

CXHYFZ), halogen-containing gases (e.g., N133, HBr, C12),
oxygen-containing gases (e.g., O2), nitrogen-containing
gases (e.g., N2, NH3) or inert gases (e.g., He, Ar). Gas mix
tures can be delivered by fast-sWitching gas systems, for

example, in commonly-oWned U.S. Patent Application Pub

distributing multiple processing gases, in Which the
changeover time betWeen the termination of How of the ?rst
gas mixture and the How of the second gas mixture is under
about 10 seconds, preferably under about 5 seconds and more
preferably under about 3 seconds.
[0023]

FIGS. 2A and 2B illustrate an embodiment of a gas

delivery system for a single Zone in Which the How of gas
mixture is alternated betWeen a primary gas line (?rst gas line
210) and an alternate gas line (second gas line 211) to deliver
gas mixtures from gas supply 230 to a plasma process cham

US 2009/0061640 A1

ber 240 containing a semiconductor Wafer (not shown). The
pressure in plasma process chamber 240 is maintained at a

vacuum pressure (e.g., >50 to 200 mTorr) by turbomolecular
pump 250 and roughing pump 252. Gases removed from the
plasma process chamber 240 and the gas lines by turbomo
lecular pump 250 and roughing pump 252 are released into

the facilities exhaust system. In this embodiment, gas mix
tures are delivered along ?rst gas line 210, While second gas
line 211 is simultaneously evacuated With roughing pump
252 and vice versa. Initially, ?rst gas line 210 and second gas
line 211 are maintained in an evacuated state (e.g., a vacuum

pressure beloW about 30 Torr, 20 Torr or 10 Torr).
[0024] FIG. 2A illustrates the How of a ?rst gas mixture

though a primary gas line, ?rst gas line 210 (as indicated by
the single-headed arroWs), While an alternate gas line, second
gas line 211 is simultaneously evacuated (as indicated by the
double-headed arroWs). From FIG. 2A, a ?rst valve arrange
ment 212 and second valve arrangement 213 are at upstream
and doWnstream ends of ?rst gas line 210 and second gas line
211. A ?rst gas distribution outlet line 214 connects the gas

supply 230 to the ?rst valve arrangement 212. A ?rst chamber
inlet line 215 connects the second valve arrangement 213 to

the plasma process chamber 240. First valve arrangement 212
and second valve arrangement 213 can be automatically oper
ated to restrict the How of a gas mixture either along ?rst gas
line 210 or second gas line 211. The darkened regions of ?rst

valve arrangement 212 and second valve arrangement 213
indicate that the valves shut off How to second gas line 211.
The ?rst valve arrangement 212 and second valve arrange
ment 213 can be double-actuated three-Way gas valves, in
Which an electrical signal is used to actuate the valves

betWeen tWo gas ?oW positions (e.g. ?rst gas mixture ?oWs
through ?rst gas distribution outlet line 214 to either the ?rst
gas line 210 or second gas line 211). Other valve arrange
ments can be used to accomplish the gas sWitching. In one
embodiment, ?rst gas distribution outlet line 214 can be split
into tWo branches connected to tWo upstream valves at

upstream ends of ?rst gas line 210 and second gas line 211
and ?rst chamber inlet line 215 can be split into tWo branches
connected to tWo doWnstream valves at doWnstream ends of

lines ?rst gas line 210 and second gas line 211 (e.g.,Y-shaped

double valve) (not shoWn in FIG. 2).
[0025] FIG. 2A also illustrates the simultaneous evacuation
of second gas line 211. Roughing pump 252 is in ?uid com
munication With ?rst gas line 210 and second gas line 211,
along ?rst evacuation line 216 and second evacuation line

217, respectively. Third valve arrangement 218 is connected
betWeen a vacuum line 219 and the doWnstream ends of the

?rst evacuation line 216 and the second evacuation line 217.
As illustrated in FIG. 2A, third valve arrangement 218 shuts
off How to ?rst evacuation line 216, as indicated by the dark
ened region, to selectively evacuate second gas line 211
through second evacuation line 217. In one embodiment,
third valve arrangement 218 is a double-actuated three-Way
gas valve, in Which an electrical signal is used to actuate the
valve betWeen tWo gas ?oW positions. HoWever, separate
valves can be connected to the doWnstream ends of ?rst

evacuation line 216 and second evacuation line 217, if desired
and vacuum line 219 could be split into tWo branches con

nected to such separate valves (e.g., Y-shaped double valve).
[0026] From FIG. 2A, controller 260 is operable to actuate
?rst valve arrangement 212, second valve arrangement 213
and third valve arrangement 218 to selectively How the ?rst
gas mixture from the gas supply 230 to the processing cham
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ber 240 along the ?rst gas line 210, While the second gas line
211 is selectively evacuated by the roughing pump 250. Elec
trical connections from controller 260 to each individual
valve are illustrated in FIG. 2A as dashed lines. The controller
260 can be a separate component or incorporated in compo
nents such as gas supply 230 and/or process chamber 240.

[0027] A ?rst plasma is generated With the ?rst gas mixture
for processing the Wafer in plasma process chamber 240.
After etching With the ?rst gas mixture has been completed,
the ?rst plasma is extinguished by terminating How of the ?rst
gas mixture from gas supply 230. Thus, the changeover time
betWeen the termination of How of the ?rst gas mixture in ?rst
gas line 210 and the start of How of the second gas mixture in
the second gas line 211 can be signi?cantly reduced, com
pared to use of single lines to the plasma process chamber
(i.e., FIG. 1A embodiment), because second gas line 211 is
evacuated during How of the ?rst gas mixture in ?rst gas line
210 and thus ready for sWitchover to the second gas mixture
immediately upon termination of How of the ?rst gas mixture.
[0028] During a changeover, remnants of the ?rst gas mix
ture, second gas mixture, etc. can remain trapped in the ?rst
gas distribution outlet line 214 and ?rst chamber inlet line 215
because these sections of the gas distribution system are not
evacuated. Thus, the length of ?rst gas outlet line 214 and the
?rst chamber inlet line 215 should be minimized. For
example, if ?rst gas line 210 or second gas line 211 are

individually about 8 meters in length, the lengths of the ?rst
gas outlet line 214 or ?rst chamber inlet line 215 are less than

10% the length of ?rst gas line 210 or second gas line 211,
preferably less than 5% (e.g., <4%, <3% or <2%), e.g., about
12 to 15 centimeters in length.
[0029] A ?rst pressure sWitch 270 and a second pressure
sWitch 272 are arranged along ?rst evacuation line 216 and
second evacuation line 217, respectively. First pressure
sWitch 270 and second pressure sWitch 272 ensure that either
the ?rst evacuation line 210 or the second evacuation line 211
have been properly evacuated (e.g., a vacuum pressure beloW

about 30 Torr, 20 Torr or 10 Torr). For example, during How of
the ?rst gas mixture through ?rst gas line 210 and evacuation
of second gas line 211, second pressure sWitch 272 sends an
electrical signal to controller 260 indicative of When second
gas line 211 and second evacuation line 217 are evacuated to
a pressure of 10 Torr or loWer. Likewise, during the How of a
second gas mixture through second gas line 211 and evacua
tion of ?rst line 210, ?rst pressure sWitch 270 sends an elec

trical signal to controller 260 indicative of When ?rst gas line
210 and ?rst evacuation line 216 are evacuated to a pressure of
10 Torr or loWer. Electrical connections from controller 260
to each individual pres sure sWitch are illustrated in FIG. 2A as

dashed lines.
[0030] FIG. 2B illustrates the How of a second gas mixture

though the alternate gas line, second gas line 211, (as indi
cated by the single-headed arroWs), While the primary gas
line, ?rst gas line 210 is simultaneously evacuated (as indi
cated by the double-headed arroWs). The darkened regions of
?rst valve arrangement 212 and second valve arrangement
213 indicate that the valves prevent How of the second gas
mixture from supply 230 along ?rst gas line 210. A second
plasma is generated With the second gas mixture for process
ing the Wafer in plasma process chamber 240.
[0031] From FIG. 2B, controller 260 is operable to monitor
?rst pressure sWitch 270 and second pressure sWitch 272 and
actuate ?rst valve arrangement 212, second valve arrange
ment 213 and third valve arrangement 218 to selectively ?oW

Mar. 5, 2009

US 2009/0061640 Al

the second mixed gas from the gas supply 230 to the plasma
process chamber 240 along the second gas line 211, While the

?rst gas line 210 is selectively evacuated by the roughing
pump 252. Electrical connections from controller 260 to each
individual valve are illustrated in FIG. 2B as dashed lines.

[0032] FIG. 2B also illustrates the simultaneous evacuation
of ?rst gas line 210. As illustrated in FIG. 2B, third valve
arrangement 218 is closed to second evacuation line 217, as
indicated by the darkened region, to selectively evacuate ?rst
gas line 210. After etching With the second gas mixture has

been completed, the second plasma is extinguished and How
of the second gas mixture from gas supply 230 is terminated.
Thus, the changeover time betWeen the termination of How of
the second gas mixture and the How of any additional gas

mixtures in ?rst gas line 210 is signi?cantly reduced, because
?rst gas line 210 is evacuated during How of the second gas
mixture in second gas line 211, rather than after How of the
second gas mixture has been completed.
[0033] If desired, additional process steps can be carried
out by ?oWing a third gas mixture through ?rst gas line 210
into plasma processing chamber 240. As illustrated in the
embodiment of FIG. 2A, a third gas mixture ?oWs though ?rst

gas line 210, (as indicated by the single-headed arroWs),
While second gas line 211 is simultaneously evacuated (as
indicated by the double-headed arroWs). A third plasma is
generated With the third gas mixture for processing the Wafer

in plasma processing chamber 240.
[0034]

This process of alternating gas distribution betWeen

?rst gas line 210 and second gas line 211 can be further
implemented for the distribution of a fourth gas mixture, ?fth

gas mixture, etc., to plasma processing chamber 240 until the
multi-step processing of the Wafer has been completed.
[0035]

FIGS. 3A and 3B illustrate an embodiment of a gas

delivery system, including ?rst gas line 310, second gas line
311, third gas line 320 and fourth gas line 321 for gas delivery
to a center Zone and an edge Zone surrounding the center Zone

for plasma process chamber 340. The pressure in plasma
process chamber 340 is maintained at a vacuum pressure

(e.g., >50 to 200 mTorr for a capacitively coupled plasma
process chamber) by turbomolecular pump 350 and roughing
pump 352. Gases removed from the plasma process chamber
340 and the gas lines by turbomolecular pump 350 and rough
ing pump 352 are released to the facilities exhaust system.
First gas line 310 and second gas line 311 deliver processing
gases to the center Zone of plasma process chamber 340.

Third gas line 320 and fourth gas line 321 deliver processing
gases to the edge Zone of plasma process chamber 340.
[0036] The How of different gas mixtures are alternated
between: (1) tWo primary gas lines, ?rst gas line 310 and third
gas line 320; and (2) tWo alternate gas lines, second gas line
311 and fourth gas line 321 to deliver gas mixtures from gas
supply 330 to a plasma process chamber 340 containing a

semiconductor Wafer (not shoWn). In this embodiment, gas
mixtures are delivered along ?rst gas line 310 and third gas
line 320, While second gas line 311 and fourth gas line 321 are

simultaneously evacuated With roughing pump 352 and vice
versa. Initially, all four gas lines are maintained in an evacu

ated state (e.g., a vacuum pressure beloW about 30 Torr, 20
Torr or 10 Torr).
[0037] FIG. 3A illustrates the How of a ?rst gas mixture

though ?rst gas line 310 and third gas line 320, (as indicated
by the single-headed arroWs), While second gas line 311 and
fourth gas line 321 are simultaneously evacuated (as indi

cated by the double-headed arroWs).

[0038]

From FIG. 3A, a ?rst valve arrangement 312 and

second valve arrangement 313 are connected to up stream and
doWnstream ends of ?rst gas line 310 and second gas line 311.
A ?rst gas distribution outlet line 314 is connected betWeen

the gas supply 330 and ?rst valve arrangement 312; ?rst
chamber inlet line 315 is connected betWeen the second valve
arrangement 313 and plasma process chamber 340. Addition
ally, a third valve arrangement 322 and fourth valve arrange
ment 323 are connected to upstream and doWnstream ends of
third gas line 320 and fourth gas line 321. A second gas
distribution outlet line 324 is connected betWeen the gas
supply 330 and third valve arrangement 322; a second cham
ber inlet line 325 is connected betWeen the fourth valve

arrangement 323 and plasma process chamber 340.
[0039] Roughing pump 352 is in ?uid communication With
?rst gas line 310, second gas line 311, third gas line 320 and
fourth gas line 321, along ?rst evacuation line 316, second
evacuation line 317, third evacuation line 326 and fourth
evacuation line 327, respectively. Fifth valve arrangement
318 is connected betWeen a vacuum line 319 and the doWn

stream ends of ?rst evacuation line 316 and third evacuation
line 326. Sixth valve arrangement 328 is connected betWeen
the vacuum line 319 and the doWnstream ends of second
evacuation line 317 and fourth evacuation line 327. Vacuum
line 319 is connected betWeen ?fth valve arrangement 318,
sixth valve arrangement 328 and roughing pump 352.
[0040] First valve arrangement 312 and second valve
arrangement 313 restrict the How of gas mixtures either along
?rst gas line 310 or second gas line 311, Which distributes gas
mixtures to the central Zone of plasma process chamber 340.
Likewise, third valve arrangement 322 and fourth valve
arrangement 323 restrict the How of gas mixtures either along
third gas line 320 or fourth gas line 321, Which distributes gas
mixtures to the edge Zone of plasma process chamber 340.
The darkened regions of ?rst valve arrangement 312 and
second valve arrangement 3 13 indicate that the valves prevent
How of gas from supply 330 to second gas line 311. LikeWise,
the darkened regions of third valve arrangement 322 and
fourth valve arrangement 323 indicate that the valves prevent
How of gas from supply 330 to fourth gas line 321. In one

embodiment, ?rst valve arrangement 312, second valve
arrangement 313, third valve arrangement 322 and fourth
valve arrangement 323 can be double-actuated three-Way gas
valves, in Which an electrical signal is used to actuate the
valves betWeen tWo gas ?oW positions. HoWever, such three
Way valves can be replaced With other valve arrangements
such as a pair of valves as described above (e.g., Y-shaped

double valve).
[0041] FIG. 3A also illustrates the simultaneous evacuation
of second gas line 311 and fourth gas line 321. Fifth valve
arrangement 318 is closed to prevent How of gas along the
?rst evacuation line 316 and the third evacuation line 326

(indicated by the darkened regions) to the vacuum line 319.
Sixth valve arrangement 328 is open to selectively evacuate
second gas line 311 and fourth gas line 321. In one embodi

ment, ?fth valve arrangement 318 and sixth valve arrange
ment 328 are single-actuated three-Way gas valves, in Which
a single electrical signal opens or closes all three inlets. HoW
ever, other valve arrangements such as individual valves can

be used on ?rst evacuation line 316, second evacuation line
317, third evacuation line 326 and fourth evacuation line 327

(e.g., Y-shaped double valve).
[0042]

From FIG. 3A, controller 360 is operable to actuate

?rst valve arrangement 312, second valve arrangement 313,
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third valve arrangement 322, fourth valve arrangement 323,

[0046]

?fth valve arrangement 318 and sixth valve arrangement 328
to selectively How the ?rst mixed gas from the gas supply 330
to the processing chamber 340 along the ?rst gas line 310 and
third gas line 320, While the second gas line 311 and fourth
gas line 321 are selectively evacuated by the roughing pump

though second gas line 311 and fourth gas line 321 (as indi
cated by the single-headed arroWs), While ?rst gas line 310
and third gas line 320 are simultaneously evacuated (as indi

352. Electrical connections from controller 360 to each indi
vidual valve are illustrated in FIG. 3A as dashed lines.

[0043] A ?rst plasma is generated With the ?rst gas mixture
for processing the Wafer in plasma process chamber 340.
After etching With the ?rst gas mixture has been completed,
the ?rst plasma is extinguished by terminating How of the ?rst
gas mixture from gas supply 330. Thus, the changeover time
betWeen the termination of How of the ?rst gas mixture in ?rst
gas line 310 and third gas line 320 and the start of How of the
second gas mixture in second gas line 311 and fourth gas line
321 can be signi?cantly reduced, compared to use of single
lines to the plasma process chamber (i.e., FIG. 1B embodi
ment), because second gas line 311 and fourth gas line 321 are
evacuated during How of the ?rst gas mixture in ?rst gas line
3 1 0 and third gas line 320 and thus ready for sWitchover to the
second gas mixture immediately upon termination of How of
the ?rst gas mixture.
[0044] Remnants of the ?rst gas mixture, second gas mix
ture, etc. can remain trapped in the ?rst gas outlet line 314,
?rst chamber inlet line 315, second gas outlet line 324 and
second chamber inlet line 325, because these sections of the
gas distribution system are not evacuated. To minimize such

residual gas during changeover of the ?rst gas mixture to the
second gas mixture, the length of ?rst gas outlet line 314, ?rst
chamber inlet line 315, second gas outlet line 324 and second
chamber inlet line 325 should be minimiZed. For example, if
?rst gas line 310, second gas line 311, third gas line 320 or
fourth gas line 321 are individually about 8 meters in length,
the lengths of ?rst gas outlet line 314, ?rst chamber inlet line
315, second gas outlet line 324 or second chamber inlet line
325 are less than 10% the length of ?rst gas line 310, second
gas line 311, third gas line 320 or fourth gas line 321, prefer
ably less than 5% (e.g., <4%, <3% or <2%), e.g., about 12 to

15 centimeters in length.
[0045] A ?rst pressure sWitch 370, a second pressure sWitch
372, third pressure sWitch 374 and fourth pressure sWitch 376
are arranged along ?rst evacuation line 316, second evacua
tion line 317, third evacuation line 326 and fourth evacuation

line 327, respectively. The pressure sWitches output signals to
controller 360 to ensure that: (l) ?rst gas line 310 and third

FIG. 3B illustrates the How of a second gas mixture

cated by the double-headed arroWs). The darkened regions of
?rst valve arrangement 312 and second valve arrangement
313 indicate that the valves prevent How of gas from gas
supply 330 to plasma process chamber 340 along ?rst gas line
310. Likewise, the darkened regions of third valve arrange
ment 322 and fourth valve arrangement 323 indicate that the
valves prevent How of gas from gas supply 330 to plasma
process chamber 340 along third gas line 320. A second
plasma is generated With the second gas mixture for process

ing the Wafer in plasma processing chamber 340.
[0047]

From FIG. 3B, controller 360 is operable to actuate

?rst valve arrangement 312, second valve arrangement 313,
third valve arrangement 322, fourth valve arrangement 323,
?fth valve arrangement 318 and sixth valve arrangement 328
to selectively How the second mixed gas from the gas supply
330 to the processing chamber 340 along the second gas line
311 and fourth gas line 321, While the ?rst gas line 310 and
third gas line 320 are selectively evacuated by roughing pump
352. Electrical connections from controller 360 to each indi
vidual valve are illustrated in FIG. 3B as dashed lines.

[0048] If desired, additional process steps can be carried
out by ?oWing a third gas mixture through ?rst gas line 310
and third gas line 320 into plasma processing chamber 340.
As illustrated in the embodiment of FIG. 3A, a third gas
mixture ?oWs though ?rst gas line 310 and third gas line 320,

(as indicated by the single-headed arroWs), While second gas
line 311 and fourth gas line 321 are simultaneously evacuated

(as indicated by the double-headed arroWs). The darkened
regions of ?rst valve arrangement 312 and second valve
arrangement 313 indicate that the valves are in the closed

position along second gas line 311. LikeWise, sixth valve
arrangement 328 is closed along second evacuation line 317
and fourth evacuation line 327, as indicated by the darkened
regions, to selectively evacuate second gas line 311 and fourth
gas line 321. A third plasma is generated With the third gas

mixture for processing the Wafer in plasma processing cham
ber 340.

[0049] This process of alternating gas distributionbetWeen:
(1) two primary gas lines, ?rst gas line 310 and third gas line
320; and (2) tWo alternate gas lines, second gas line 311 and
fourth gas line 321 can be further implemented for the distri
bution of a fourth gas mixture, ?fth gas mixture, etc., to

gas line 320; and (2) second gas line 311 and fourth gas line
321 have been properly evacuated (e.g., a vacuum pressure
beloW about 30 Torr, 20 Torr or 10 Torr) before gas
changeover occurs. For example, before the How of the ?rst
gas mixture begins through ?rst gas line 310 and third gas line
320, the controller 360 monitors signals from ?rst pressure

plasma processing chamber 340 until the multi-step process
ing of the Wafer has been completed.

sWitch 370 and third pressure sWitch 374 to ensure that ?rst

and second gas line 411 deliver processing gases to the center
Zone of plasma process chamber 440. Third gas line 420 and
fourth gas line 421 deliver processing gases to the edge Zone

evacuation line 316, third evacuation line 326, ?rst gas line
310 and third gas line 320 have been evacuated to a pressure
of 10 Torr or loWer. Likewise, before the How of the second

gas mixture through second gas line 311 and fourth gas line
321 begins, the controller 360 monitors signals from second
pressure sWitch 372 and fourth pressure sWitch 376 to ensure

that second evacuation line 317, fourth evacuation line 318,
second gas line 311 and fourth gas line 321 have been evacu
ated to a pressure of 10 Torr or loWer. Electrical connections
from controller 360 to each individual pressure sWitch are
illustrated in FIG. 3A as dashed lines.

[0050]

FIGS. 4A and 4B illustrate another embodiment of a

gas delivery system, including ?rst gas line 410, second gas
line 411, third gas line 420 and fourth gas line 421 for gas
delivery to a center Zone and an edge Zone. First gas line 410

of plasma process chamber 440.
[0051] The How of gas mixtures is alternated between: (1)
tWo primary gas lines, ?rst gas line 410 and third gas line 420;
and (2) tWo alternate gas lines, second gas line 411 and fourth
gas line 421 to deliver gas mixtures from gas supply 430 to
plasma process chamber 440 containing a semiconductor
Wafer (not shoWn). In this embodiment, gas mixtures are
delivered along ?rst gas line 410 and third gas line 420, While
second gas line 411 and fourth gas line 421 are simulta
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neously evacuated With roughing pump 452 and vice versa.

LikeWise, sixth valve arrangement 428 is closed along third

Initially, prior to plasma processing a Wafer in plasma process

evacuation line 426 to selectively evacuate second gas line
411 and fourth gas line 421. In one embodiment, third valve
arrangement 418 and sixth valve arrangement 428 are double

chamber 440, ?rst gas line 410, second gas line 411, third gas
line 420 and fourth gas line 421 are maintained in an evacu

ated state (e.g., a vacuum pressure beloW about 30 Torr, 20
Torr or 10 Torr).
[0052] FIG. 4A illustrates the How of a ?rst gas mixture

actuated three-Way gas valves, in Which an electrical signal is

line 420, (as indicated by the single-headed arroWs), While

used to actuate the valve betWeen tWo gas ?oW positions.
HoWever, other valve arrangements such as individual valves
can be used on ?rst evacuation line 416, second evacuation
line 417, third evacuation line 426 and fourth evacuation line

tWo alternate gas lines, second gas line 411 and fourth gas line

427 (e. g., Y-shaped double valve).

though tWo primary gas lines, ?rst gas line 410 and third gas

421 are simultaneously evacuated (as indicated by the

[0057]

double-headed arroWs).

?rst valve arrangement 412, second valve arrangement 413,
third valve arrangement 418, fourth valve arrangement 422,

[0053]

From FIG. 4A, a ?rst valve arrangement 412 and

second valve arrangement 413 are connected to up stream and
doWnstream ends of ?rst gas line 410 and second gas line 411.

A ?rst gas outlet line 414 is connected betWeen the gas supply
430 and ?rst valve arrangement 412; a ?rst chamber inlet line
415 is connected betWeen the second valve arrangement 413
and plasma process chamber 440. Roughing pump 452 is in
?uid communication With ?rst gas line 410 and second gas
line 411 along ?rst evacuation line 416 and second evacuation
line 417, respectively. Third valve arrangement 418 is con
nected betWeen the vacuum line 419 and the doWnstream
ends of ?rst evacuation line 416 and second evacuation line
417.

[0054]

Additionally, a fourth valve arrangement 422 and

?fth valve arrangement 423 are connected to upstream and
doWnstream ends of third gas line 420 and fourth gas line 421.

A second gas outlet line 424 is connected betWeen the gas
supply 430 and fourth valve arrangement 422; a second
chamber inlet line 425 is connected betWeen the ?fth valve

arrangement 423 and plasma process chamber 440. Roughing
pump 452 is in ?uid communication With third gas line 420
and fourth gas line 421 along third evacuation line 426 and

fourth evacuation line 427, respectively. Sixth valve arrange
ment 428 is connected betWeen the vacuum line 419 and the

doWnstream ends of third evacuation line 426 and fourth
evacuation line 427.
[0055] First valve arrangement 412 and second valve
arrangement 413 restrict the How of gas mixtures either along
?rst gas line 410 or second gas line 411, Which distributes gas
mixtures to the center Zone of plasma process chamber 440.
Likewise, fourth valve arrangement 422 and ?fth valve
arrangement 423 restrict the How of gas mixtures either along
third gas line 420 or fourth gas line 421, Which distributes gas
mixtures to the edge Zone of plasma process chamber 440.

The darkened regions of ?rst valve arrangement 412 and
second valve arrangement 413 indicate that the valves are in

the closed position along second gas line 411. Likewise, the
darkened regions of fourth valve arrangement 422 and ?fth
valve arrangement 423 indicate that the valves are in the
closed position along the fourth gas line 421. In one embodi

ment, ?rst valve arrangement 412, second valve arrangement
413, fourth valve arrangement 422 and ?fth valve arrange
ment 423 can be double-actuated three-Way gas valves, in
Which an electrical signal is used to actuate the valve betWeen
tWo positions. HoWever, other valve arrangements such as
individual valves can be used to accomplish gas sWitching on
?rst gas line 410, second gas line 411, third gas line 420 and

fourth gas line 421 (e.g., Y-shaped double valve)
[0056] FIG. 4A also illustrates the simultaneous evacuation
of second gas line 411 and fourth gas line 421. As illustrated

in FIG. 4A, third valve arrangement 418 is closed along ?rst

evacuation line 416 (indicated by the darkened regions).

From FIG. 4A, controller 460 is operable to actuate

?fth valve arrangement 423 and sixth valve arrangement 428
to selectively How the ?rst gas mixture from the gas supply
430 to the plasma process chamber 440 along the ?rst gas line
410 and third gas line 420, While the second gas line 411 and
fourth gas line 421 are selectively evacuated by the roughing
pump 452. Electrical connections from controller 460 to each
individual valve are illustrated in FIG. 4A With dashed lines.

[0058] A ?rst plasma is generated With the ?rst gas mixture
for processing the Wafer in plasma process chamber 440.
After etching With the ?rst gas mixture has been completed,
the ?rst plasma is extinguished by terminating How of the ?rst
gas mixture from gas supply 430. Thus, the changeover time
betWeen the termination of How of the ?rst gas mixture in ?rst
gas line 410 and third gas line 420 and the start of How of the
second gas mixture in second gas line 411 and fourth gas line

421 can be signi?cantly reduced, compared to use of single
lines to the plasma process chamber (i.e., FIG. 1B embodi
ment), because second gas line 411 and fourth gas line 421 are
evacuated during How of the ?rst gas mixture in ?rst gas line
410 and third gas line 420 and thus ready for sWitchover to the
second gas mixture immediately upon termination of How of
the ?rst gas mixture.
[0059] Remnants of the ?rst gas mixture, second gas mix
ture, etc. can remain trapped in the ?rst gas outlet line 414,
?rst chamber inlet line 415, second gas outlet line 424 and
second chamber inlet line 425, because these sections of the
gas distribution system are not evacuated. To minimiZe such

residual gas during changeover of the ?rst gas mixture to the
second gas mixture, the length of ?rst gas outlet line 414, ?rst
chamber inlet line 415, second gas outlet line 424 and second
chamber inlet line 425 should be minimiZed. For example, if
?rst gas line 410, second gas line 411, third gas line 420 or
fourth gas line 421 are individually about 8 meters in length,
the lengths of ?rst gas outlet line 414, ?rst chamber inlet line
415, second gas outlet line 424 or second chamber inlet line
425 are less than 10% the length of ?rst gas line 410, second
gas line 411, third gas line 420 or fourth gas line 421, prefer
ably less than 5% (e.g., <4%, <3% or <2%), eg about 12 to

15 centimeters in length.
[0060]

A ?rst pressure sWitch 470, a second pressure sWitch

472, third pres sure sWitch 474 and fourth pres sure sWitch 476

are arranged along ?rst evacuation line 416, second evacua
tion line 417, third evacuation line 426 and fourth evacuation

line 427, respectively. The pressure sWitches output signals to
controller 460 to ensure that: (l) ?rst gas line 410 and third

gas line 420; and (2) second gas line 411 and fourth gas line
421 have been properly evacuated (e.g., a vacuum pressure
beloW about 30 Torr, 20 Torr or 10 Torr) before gas
changeover occurs. For example, before the How of the ?rst

gas mixture begins through ?rst gas line 410 and third gas line
420, the controller 460 monitors signals from ?rst pressure
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switch 470 and third pressure switch 474 to ensure that ?rst

evacuation line 416, third evacuation line 426, ?rst gas line
410 and third gas line 420 have been evacuated to a pressure
of 10 Torr or lower. Likewise, before the ?ow of the second

gas mixture through second gas line 411 and fourth gas line
421 begins, the controller 460 monitors signals from second
pressure switch 472 and fourth pressure switch 476 to ensure

Zone were evacuated with roughening pump 152B, in prepa
ration for the ?ow of a second gas mixture. Because both ?rst
gas line 110B and a second gas line 112B were used to deliver
the ?rst gas mixture of Ar/CF 4/N2, the same pair of gas lines
must be evacuated with roughing pump 152B before the gas
lines can be used to deliver a second gas mixture. Pressure

time pro?les were measured using an upstream manometer

that second evacuation line 417, fourth evacuation line 418,

located near the gas supply 130B and a downstream manom

second gas line 411 and fourth gas line 421 have been evacu
ated to a pressure of 10 Torr or lower. Electrical connections
from controller 460 to each individual pressure switch are
illustrated in FIG. 4A as dashed lines.
[0061] FIG. 4B illustrates the ?ow of a second gas mixture

eter, located near the plasma processing chamber 140B. The
pressure-time pro?les for the evacuation of a single pair of gas
lines is illustrated in FIG. 5. The dashed line indicates the

though two alternate gas lines, second gas line 411 and fourth

gas line 421 (as indicated by the single-headed arrows), while
two primary lines, ?rst gas line 410 and third gas line 420 are

simultaneously evacuated (as indicated by the double-headed
arrows). The darkened regions of ?rst valve arrangement 412
and second valve arrangement 413 indicate that the valves are

in the closed position along ?rst gas line 410. Likewise, the
darkened regions of fourth valve arrangement 422 and ?fth
valve arrangement 423 indicate that the valves are in the

closed position along third gas line 420.
[0062] From FIG. 4B, controller 460 is operable to actuate
?rst valve arrangement 412, second valve arrangement 413,
third valve arrangement 418, fourth valve arrangement 422,
?fth valve arrangement 423 and sixth valve arrangement 428
to selectively ?ow the second mixed gas from the gas supply
430 to the processing chamber 440 along second gas line 411
and fourth gas line 421, while ?rst gas line 410 and third gas
line 420 are selectively evacuated by the roughing pump 452.

pressure-time pro?le measured by the upstream manometer,
whereas the solid line indicates the pres sure-time pro?le mea
sured by the downstream manometer.
[0066] In a second test, an EXELAN® HPTTM plasma pro
cessing system with a con?guration similar to the FIGS.
3A-3B embodiment was used. A ?rst gas mixture was deliv

ered by ?owing a ?rst gas mixture through ?rst gas line 310
and third gas line 320, while simultaneously evacuating sec
ond gas line 311 and fourth gas line 321. A ?rst gas mixture of
600 SCCM Ar/50 SCCM CF4/ 10 SCCM N2 was delivered
from the gas supply 330 to the processing chamber 340 at
pressure of 110 Torr along ?rst gas line 310 and third gas line
320. After the Ar/CF4/N2 gas mixture ?ows in ?rst gas line
310 and third gas line 320 was terminated, ?rst valve arrange
ment 312, second valve arrangement 3 13, third valve arrange
ment 322 and fourth valve arrangement 323 were adjusted in

preparation for ?ow of a second processing gas along second
gas line 311 and fourth gas line 321. The pressure-time pro
?les of second gas line 311 and fourth gas line 321 were

Electrical connections from controller 460 to each individual

measured during evacuation with roughing pump 352. Pres
sure-time pro?les during evacuation were measured using an

valve are illustrated in FIG. 4B as dashed lines.

upstream manometer located near the gas supply 330 and a

[0063]

downstream manometer, located near the plasma processing
chamber 340. These pressure-time pro?les are illustrated in
FIG. 5. The dashed line indicates the pressure-time pro?le
measured by the up stream manometer, whereas the solid line

In another embodiment, multiple primary gas lines

(e.g. three gas lines, four gas lines, ?ve gas lines, etc.) can be
used to deliver gas mixtures from a gas source to a process

chamber. To signi?cantly reduce the changeover time
between the termination of ?ow between different gas mix
tures, each of the primary lines can have a corresponding

indicates the pressure-time pro?le measured by the down

alternating line with the appropriate valve arrangements and

[0067] As seen in FIG. 5, the alternating pair of gas lines
(i.e., FIGS. 3A and 3B embodiment) signi?cantly reduces
evacuation time delays, in comparison to evacuation time

evacuation lines.
EXAMPLE

[0064]

Testing was performed to determine the delay time

associated with evacuating gas lines to a speci?c pressure,
after the ?ow of gas mixtures has been completed. This test

ing included the generation of pressure-time pro?les for
evacuating a single pair of gas lines (i.e. the embodiment of
FIG. 1B) in comparison to alternating between a ?rst pair of
gas lines and a second pair of gas lines (i.e., the embodiment
of FIGS. 3A and 3B). Testing was performed in an

EXELAN® HPTTM plasma processing system, manufactured
by Lam Research Corporation, located in Fremont, Calif. The
approximate length of the gas lines, from the gas supply to the
plasma processing chamber, was about 8 meters.
[0065] In one test, an EXELAN® HPTTM plasma process
ing system with a con?guration similar to the FIG. 1B
embodiment was used. A ?rst gas line 110B and a second gas

stream manometer.

associated with a single pair of gas lines (i.e., FIG. 1B
embodiment), after the ?ow of the gas mixtures has been

completed.
[0068] While the invention has been described in detail
with reference to speci?c embodiments thereof, it will be
apparent to those skilled in the art that various changes and
modi?cations can be made, and equivalents employed, with
out departing from the scope of the appended claims.
What is claimed is:
1. A gas distribution system for supplying a gas mixture to

a plasma process chamber, comprising:
a ?rst valve arrangement connected to upstream ends of a
?rst gas line and a second gas line;
a second valve arrangement connected to downstream ends

of the ?rst gas line and the second gas line;

line 112B were used to distribute a ?rst gas mixture at a

a ?rst gas distribution outlet line connected between a gas

pressure of 110 Torr and a gas mixture of 600 standard cubic

supply and the ?rst valve arrangement and a ?rst cham
ber inlet line connected between the second valve

centimeters per minute (SCCM) Ar/50 SCCM CF4/ 10 SCCM
N2 from gas supply 130B to plasma process chamber 140B.
The gas ?ow was terminated and ?rst gas line 110B supplying
a center Zone and second gas line 112B supplying an edge

arrangement and the plasma process chamber;
a ?rst evacuation line connected to the ?rst gas line at a

location between the ?rst valve arrangement and the
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second valve arrangement, the ?rst evacuation line being
in ?uid communication With a vacuum line;
a second evacuation line connected to the second gas line at
a location betWeen the ?rst valve arrangement and the

second valve arrangement, the second evacuation line
being in ?uid communication With the vacuum line; and
a controller being operable to actuate the ?rst valve
arrangement and second valve arrangement to selec
tively ?oW the gas mixture from the gas supply to the
plasma process chamber along the ?rst gas line While the
second gas is selectively evacuated by the vacuum line;
or to selectively ?oW the gas mixture from the gas supply
to the plasma process chamber along the second gas line
While the ?rst gas line is selectively evacuated by the
vacuum line.

2. The gas distribution system of claim 1, further compris

ing:
a third valve arrangement connected betWeen the vacuum

line and the doWnstream ends of the ?rst evacuation line
and the second evacuation line; and
the controller further being operable to actuate the third
valve arrangement to selectively ?oW the gas mixture
from the gas supply to the plasma process chamber
along the ?rst gas line While the second gas is selectively
evacuated by the vacuum line; or to selectively ?oW the
gas mixture from the gas supply to the plasma process
chamber along the second gas line While the ?rst gas line
is selectively evacuated by the vacuum line.

3. The gas distribution system of claim 2, further compris

ing:
a fourth valve arrangement connected to upstream ends of
a third gas line and a fourth gas line;
a ?fth valve arrangement connected to doWnstream ends of
the third gas line and the fourth gas line;
a second gas distribution outlet line connected betWeen the
gas supply and the fourth valve arrangement and a sec
ond chamber inlet line connected betWeen the ?fth valve

arrangement and the plasma process chamber;
a third evacuation line connected to the third gas line at a

location betWeen the fourth valve arrangement and the
?fth valve arrangement, the third evacuation line being
in ?uid communication With the vacuum line;
a fourth evacuation line connected to the fourth gas line at
a location betWeen the fourth valve arrangement and the

?fth valve arrangement, the fourth evacuation line being
in ?uid communication With the vacuum line;
a sixth valve arrangement connected betWeen the vacuum

line and doWnstream ends of the third evacuation line

and fourth evacuation line;
the controller further being operable to actuate the fourth
valve arrangement, ?fth valve arrangement and sixth
valve arrangement to selectively ?oW the gas mixture
from the gas supply to inner and outer Zones in the

plasma process chamber along the third gas line simul
taneously With the ?rst gas line, While the fourth gas line
is selectively evacuated by the vacuum line simulta
neously With the second gas line; or selectively ?oW the

valve arrangement, fourth valve arrangement, ?fth valve
arrangement and sixth valve arrangement is a double-actu
ated three-Way gas valve.
5. The gas distribution system of claim 1, further compris

ing:
a third valve arrangement connected to up stream ends of a

third gas line and a fourth gas line;
a fourth valve arrangement connected to doWnstream ends

of the third gas line and the fourth gas line;
a second gas distribution outlet line connected betWeen the

gas supply and the third valve arrangement and a second
chamber inlet line connected betWeen the fourth valve

arrangement and the plasma process chamber;
a third evacuation line connected to the third gas line at a

location betWeen the third valve arrangement and the
fourth valve arrangement, the third evacuation line being
in ?uid communication With the vacuum line;
a fourth evacuation line connected to the fourth gas line at
a location betWeen the third valve arrangement and the

fourth valve arrangement, the fourth evacuation line
being in ?uid communication With the vacuum line;
a ?fth valve arrangement connected betWeen the vacuum

line and the doWnstream ends of the ?rst evacuation line
and the third evacuation line;
a sixth valve arrangement connected betWeen the vacuum

line and the doWnstream ends of the second evacuation
line and the fourth evacuation line; and
the controller being operable to actuate the third valve

arrangement, fourth valve arrangement, ?fth valve
arrangement and sixth valve arrangement to selectively
?oW the gas mixture from the gas supply to the plasma
process chamber along the ?rst gas line and the third gas
line, While the second gas line and the fourth gas line are

simultaneously evacuated; or to selectively ?oW the gas
mixture from the gas supply to the plasma process cham
ber along the second gas line and the fourth gas line,
While the ?rst gas line and the third gas line are simul

taneously evacuated.
6. The gas distribution system of claim 5, Wherein each of
the ?rst valve arrangement, second valve arrangement, third
valve arrangement and fourth valve arrangement is a double
actuated three-Way gas valve; and the ?fth valve and sixth
valve is a single-actuated three-Way gas valve.
7. The gas distribution system of claim 5, further compris
ing a ?rst pressure sWitch arranged along the ?rst evacuation
line, a second pressure sWitch arranged along the second
evacuation line, a third pressure sWitch arranged along the
third evacuation line and a fourth pressure sWitch arranged

along the arranged along the fourth evacuation line, the ?rst
pressure sWitch, the second pressure sWitch, the third pres
sure sWitch and the fourth pressure sWitch operable to supply
signals to the controller as to When the ?rst evacuation line,
the second evacuation line, the third evacuation line and the
fourth evacuation line are in an evacuated state.

8. The gas distribution system of claim 5, Wherein the ?rst
gas line and the second gas line are adapted to supply the gas

gas mixture from the gas supply to inner and outer Zones

mixture to a center Zone of a shoWerhead in the plasma

in the plasma process chamber along the fourth gas line
simultaneously With the second gas line While the third
gas line is selectively evacuated by the vacuum line
simultaneously With the ?rst gas line.
4. The gas distribution system of claim 3, Wherein each of
the ?rst valve arrangement, second valve arrangement, third

process chamber, and the third gas line and the fourth gas line
are adapted to supply the gas mixture to an edge Zone of the
shoWerhead in the plasma process chamber.
9. A method of processing a semiconductor Wafer in a

plasma process chamber incorporating the gas distribution
system of claim 1, comprising:
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placing the semiconductor Wafer in the plasma process

chamber;
?owing a ?rst gas mixture into the plasma process chamber

through the ?rst gas line, While simultaneously evacuat
ing the second gas line With the vacuum line;
generating a ?rst plasma With the ?rst gas mixture;
processing the Wafer With the ?rst plasma;
extinguishing the ?rst plasma by terminating a How of the
?rst gas mixture in the ?rst gas line;
effecting gas changeover by ?oWing a second gas mixture

into the plasma processing chamber through the second
gas line Within less than about 10 seconds of terminating
the How of the ?rst gas mixture, While simultaneously
evacuating the ?rst gas line With the vacuum line;
generating a second plasma With the second gas mixture;

processing the Wafer With the second plasma;
extinguishing the second plasma by terminating a How of
the second gas mixture in the second gas line.
10. The method of claim 9, Wherein the gas changeover is
effected Within 5 seconds.
11. The method of claim 9, Wherein the gas changeover is
effected Within 3 seconds.
12. The method of claim 9, further comprising:
?oWing a third gas mixture into the plasma processing

chamber through the ?rst gas line, While simultaneously
evacuating the second gas line With the vacuum line;
generating a third plasma With the third gas mixture;

processing the Wafer With the third plasma;
extinguishing the third plasma by terminating a How of the
third gas mixture in the ?rst gas line.

13. The method of claim 12, further comprising:
?oWing a fourth gas mixture into the plasma processing
chamber through the second gas line, While simulta
neously evacuating the ?rst gas line With the vacuum

line;
generating a fourth plasma With the fourth gas mixture;
processing the Wafer With the fourth plasma;
extinguishing the fourth plasma by terminating a How of
the fourth gas mixture in the second gas line.

14. The method of claim 9, Wherein processing the Wafer

comprises a multi-step plasma etching process.

15. The method of claim 9, comprising:
evacuating the second gas line to a pressure of beloW about

30 Torr, While simultaneously ?oWing the ?rst gas mix
ture into the plasma processing chamber through the ?rst
gas line; or
evacuating the ?rst gas line to a pressure of beloW about 30

Torr, While simultaneously ?oWing the second gas mix
ture into the plasma processing chamber through the
second gas line.

16. The method of claim 9, comprising:
evacuating the second gas line to a pressure of beloW about

20 Torr, While simultaneously ?oWing the ?rst gas mix
ture into the plasma processing chamber through the ?rst
gas line; or
evacuating the ?rst gas line to a pressure of beloW about 20

Torr, While simultaneously ?oWing the second gas mix
ture into the plasma processing chamber through the
second gas line.

17. The method of claim 9, comprising:
evacuating the second gas line to a pressure of beloW about

10 Torr, While simultaneously ?oWing the ?rst gas mix
ture into the plasma processing chamber through the ?rst
gas line; or
evacuating the ?rst gas line to a pressure of beloW about 10

Torr, While simultaneously ?oWing the second gas mix
ture into the plasma processing chamber through the
second gas line.

18. A plasma processing apparatus, comprising the gas
distribution system according to claim 1 in ?uid communica
tion With the plasma process chamber.

19. A plasma processing apparatus, comprising the gas
distribution system according to claim 1, Wherein the length
of the ?rst gas distribution outlet line or the ?rst chamber inlet
line is less than 5% of the length of the ?rst gas line or the
second gas line.

20. A plasma processing apparatus, comprising the gas
distribution system according to claim 3, Wherein the length
of the ?rst gas distribution outlet line, the second gas distri
bution outlet line, the ?rst chamber inlet line or the second
chamber inlet line is less than 5% of the length of the ?rst gas
line, the second gas line, the third gas line or the fourth gas
line.

