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(57) Abstract: Embodiments of the invention relate to a substrate etching
method and apparatus. In one embodiment, a method for etching a sub-
strate in a plasma etch reactor is provided that includes a) depositing a
polymer on a substrate in an etch reactor, b) etching the substrate using a
gas mixture including a fluorine-containing gas and oxygen in the etch re-
actor, ¢) etching a silicon-containing layer the substrate using a fluorine-
containing gas without mixing oxygen in the etch reactor, and d) repeating
a), b) and c¢) until an endpoint of a feature etched into the silicon-contain-
ing layer is reached.



WO 20107141257 A2 00000 )00 O 0 OE VA A AU

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Published:

GW, ML, MR, NE, SN, TD, TG). —  without international search report and to be republished

upon receipt of that report (Rule 48.2(g))



WO 2010/141257 PCT/US2010/035959

METHOD AND APPARATUS FOR ETCHING

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] Embodiments of the invention generally relate a method and apparatus
for etching, and more particularly, a method and apparatus suitable for etching
Micro-Electro-Mechanical Systems (MEMS) devices and the like.

Description of the Related Art

[0002] The demand for Micro-Electro-Mechanical Systems (MEMS) devices
has introduced new challenges for processing equipment companies. One
challenge is providing equipment suitable for efficient plasma etching of materials
utilized to fabricate MEMS structures. For example, processing equipment utilized
for etching must be able to maintain good critical dimension control and mask
selectivity in order to successfuly manufacture MEMS structures on a
commercially viable scale. Additionally for MEMS structures intended for optical
devices, the processing equipment must produce sufficiently smooth sidewalls as
not to inhibit obtaining performance goals.

[0003] Silicon is a material commonly used for MEMS structures. Silicon
etching for MEMS fabrication is typically carried out in a reactive ion etch (RIE)
reactor. Typical RIE reactors generally have limited small plasma generation
areas and limited power capability. This makes it difficult to achieve good etching
uniformity in larger substrate formats and also limits the etch rate. Moreover, RIE
reactors generally etch faster in the center relative the edge of a substrate, which
limits potential product yields and quality.

[0004] Some RIE etch reactors employ a cyclical etch process that includes
several recipe steps, such as etch and deposition, or etch, flash, and deposition.
The cyclical etch process may use a time multiplexed gas modulation (“TMGM”)
system or a Bosch system to sequentially provide etchants and deposition
species. The deposition species provides a protective film upon the previously
etched surface to protect the surface, typically the sidewalls of the trench, from
further etching. These two steps are repeated as a deeper and deeper trench is
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formed. Poor control of the cyclical etch process disadvantageously increases the
roughness of the sidewalls, which may render a microelectronic device defective.
[0005] Therefore, there is a need for an improved method and apparatus of for
etching.

SUMMARY OF THE INVENTION

[0006) Embodiments of the invention relate to a substrate etching method and

apparatus. In one embodiment, a method for etching a substrate in a plasma etch
reactor is provided that includes a) depositing a polymer on a substrate in an etch
reactor, b) etching the substrate using a gas mixture including a fluorine-
containing gas and oxygen in the etch reactor, c¢) etching a silicon-containing layer
the substrate using a fluorine-containing gas without mixing oxygen in the etch
reactor, and d) repeating a), b) and c) until an endpoint of a feature etched into the
silicon-containing layer is reached.

[0007] In another embodiment, a method for etching a substrate in a plasma
etch reactor is provided that includes a) depositing a polymer on a substrate in an
etch reactor, b) etching the substrate using a gas mixture including a fluorine-
containing gas and oxygen in the etch reactor, the gas mixture additionally
including at least one of He or HeO,, c¢) etching a silicon-containing layer the
substrate using a fluorine-containing gas without mixing oxygen in the etch
reactor, and d) repeating a), b) and c) until an endpoint of a feature etched into the
silicon-containing layer is reached.

[0008] In some embodiments, etching the substrate using a gas mixture
including a fluorine-containing gas and oxygen is performed at a lower pressure
than etching a silicon-containing layer the substrate using a fluorine-containing
gas without mixing oxygen.

[0009] In some embodiments, etching the substrate using a gas mixture
including a fluorine-containing gas and oxygen is performed at a higher bias
power than etching a silicon-containing layer the substrate using a fluorine-
containing gas without mixing oxygen.

[0010] In some embodiments, a purge step is performed between the
deposition and etch steps. In additional embodiments, purging includes flowing at
least one of He or HeO; into the etch reactor.
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[0011] In some embodiments, etching the substrate using a gas mixture
including a fluorine-containing gas and oxygen is performed in the presence of a
plasma formed from SFg and Oa.

[0012] In yet some additional embodiments, etching the substrate using a gas
mixture including a fluorine-containing gas and oxygen is performed in the
presence of a plasma formed from SFg and O, and at least one of He and HeO.,
while etching a silicon-containing layer the substrate using a fluorine-containing
gas without mixing oxygen is performed in the presence of a plasma formed from
SFe.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] So that the manner in which the above recited features of the invention

can be understood in detail, a more particular description of the invention, briefly
summarized above, may be had by reference to embodiments, some of which are
illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to
other equally effective embodiments.

[0014] Figure 1 is a sectional schematic of one embodiment of a substrate
etching reactor.

[0015] Figure 2 is a partial sectional schematic of one embodiment of a
substrate support assembly.

[0016] Figure 3 is a flow diagram of one embodiment of an etching process.
[0017] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures. It is to be noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other equally effective
embodiments.

DETAILED DESCRIPTION
[0018] The invention generally relates to an apparatus and method of for

etching. Although the apparatus and methods described herein are particularly
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advantageous for etching silicon for MEMS applications, it is contemplated that
the embodiments of the invention are not limited to use with silicon etching, but
may be beneficially utilized to etch other types of materials and/or be utilized in
other etch reactors. To better understand the novelty of the apparatus of the
invention and the methods of use thereof, reference is hereafter made to the
accompanying drawings.

[0019] Figure 1 is a sectional view of one embodiment of an etch reactor 100.
The etch reactor 100 includes a lower chamber body 102, an upper chamber body
104, and a ceiling 106 which enclose a process volume 108. The ceiling 106 may
be flat or have other geometry. In one embodiment, the ceiling 106 is a dome. An
interchangeable spacer 110 is provided between the ceiling 106 and the upper
chamber body 104 so that the inclination and/or height of the ceiling 106 relative
to the upper chamber body 104 may be selectively changed as desired.

[0020] An RF coil 112 is disposed above the ceiling 106 and coupled to an RF
source 114 through a matching circuit 116. The ceiling 106 is transmissive to the
RF power such that source power applied to the coil 112 from the RF source 114
may be inductively coupled to and energize gases disposed in the process volume
108 of the reactor 100 to maintain a plasma 170. Conventionally, the power
applied to the coil 112 is known as source power.

[0021] The source power may be provided at a radio frequency within a range
from about 12 Mhz to about 13.5 MHz at a power within a range from about 10
watts to about 5000 watts. The source power may be pulsed.

[0022] The upper chamber body 104 includes a pumping channel 118 that
connects the process volume 108 of the reactor 100 to a pump 120 through a
throttle valve 122. The pump 120 and throttle valve 122 may be operated to
control the pressure within the process volume 108 of the reactor 100. The pump
120 also removes etch by-products. A baffle plate 180 may be disposed in the
pumping channel 118 to minimize contamination of the pump 120 and to improve
conductance within the process volume 108.

[0023] The reactor 100 has a fast gas exchange system 124 coupled thereto
that provides process and/or other gases to the process volume 108 through
nozzles 126 positioned around the interior of the upper chamber body 104 or
other suitable location. The fast gas exchange system 124 selectively allows any
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singular gas or combination of gases to be provided to the process volume 108.
In one embodiment, the fast gas exchange system 124 has three delivery lines
128, each coupled to a different gas source. The delivery lines 128 may be
coupled to the same or different nozzles 126.

[0024] In the embodiment depicted in Figure 1, each delivery line 128 includes
a first valve 130, a mass flow meter 132, and a second valve 134. The second
valves 134 are coupled to a common tee 138, which is coupled to the nozzles
126. The conduits through which gases flow from mass flow meters 132 to the
process volume 108 is less than about 2.5 m in length, there by allowing faster
switching times between gases. The fast gas exchange system 124 may be
isolated from the process volume 108 of the reactor 100 by an isolation valve 136
disposed between the tee 138 and nozzles 126.

[0025] An exhaust conduit 162 is coupled between the isolation valve 136 and
the tee 138 to allow residual gases to be purged from the fast gas exchange
system 124 without entering the reactor 100. A shut off valve 164 is provided to
close the exhaust conduit 162 when gases are delivered to the process volume
108 of the reactor 100.

[0026] The gas sources coupled to the fast gas exchange system 124 may
provide gases, including but not limited to, sulfur hexafluoride (SFg), oxygen,
argon, trifluoromethane (CHF3), C4Fs, SFs, NF3, CF4, CHF3, CIF3, BrFs, IF3, HeO,,
and/or helium. The flow control valves may include pneumatic operation to allow
rapid response. In one example, the fast gas exchange system 124 is operable to
deliver SFg and C4Fs at up to about 1000 sccm, helium at about 500 sccm, and
oxygen (O2) and argon at about 200 sccm. In an alternative embodiment, the fast
gas exchange system 124 may further include a third gas panel comprising of a
plasma sustaining gas, such as argon and/or He, and operable to continuously
deliver the gas to the reactor 100 during the cyclical etching method described
further below.

[0027] The etch reactor 100 additionally includes a substrate support assembly
140 is disposed in the process volume 108. The substrate support assembly 140
includes an electrostatic chuck 142 mounted on a thermal isolator 144. The
thermal isolator 144 insulates the electrostatic chuck 142 from a stem 172 that
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supports the electrostatic chuck 142 above the bottom of the lower chamber body
102. |

[0028] Lift pins 146 are disposed through the substrate support assembly 140.
A lift plate 148 is disposed below the substrate support assembly 140 and may be
actuated by a lift 154 to selectively displace the lift pins 146 to lift and/or place a
substrate 150 on an upper surface 152 of the electrostatic chuck 142.

[0029] The electrostatic chuck 142 includes at least one electrode (not shown)
which may be energized to electrostatically retain the substrate 150 to the upper
surface 152 of the electrostatic chuck 142. An electrode of the electrostatic chuck
142 is coupled to a bias power source 156 through a matching circuit 158. The
bias power source 156 may selectively energize the electrode of the electrostatic
chuck 142 to control the directionality of the ions during etching.

[0030] The bias power applied to the electrostatic chuck 142 by the bias power
source 156 may be pulsed, e.g. repeatedly storing or collecting the energy over a
time period and then rapidly releasing the energy over another time period to
deliver an increased instantaneous amount of power, while the source power may
be continuously applied. In particular, the bias power may be pulsed using
generator pulsing capability set by a control system to provide a percentage of
time that the power is on, which is referred to as the “duty cycle.” In one
embodiment, the time on and the time off of a pulsed bias power may be uniform
throughout the etching cycles. For example, if the power is on for about 3 msec
and off for about 15 msec, then the duty cycle would be about 16.67%. The
pulsing frequency in cycles per second or hertz (Hz) is equal to 1.0 divided by the
sum of the on and off time periods in seconds. For example, when the bias power
is on for about 3 msec and off for about 15 msec, for a total of about 18 msec,
then the pulsing frequency in cycles per second is about 55.55 Hz. In one
embodiment, a specialized pulsing profile where the on/off timing changes during
the etching cycles may be used. In one embodiment, by changing the bias power
applied to the substrate, the etching cycle may switch between the deposition
and/or etching steps. The bias power is pulsed to help reduce scalloping of the
trench sidewalls, improve resist selectivity, improve the etch rate, and prevent
material interface undercut.
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[0031] Referring additionally to Figure 2, a backside gas source 160 is coupled
through the substrate support assembly 140 to provide one or more gases to a
space 202 defined between the substrate 150 and the upper surface 152 of the
electrostatic chuck 142. Gases provided by the backside gas source 160 may
include He and/or a backside process gas. The backside process gas is a gas
delivered from between the substrate and the substrate support which effects the
rate of etch or polymerization during the etch cycle by reacting with the materials
in the chamber, such as process gases, etch by-products, mask or other layers
disposed on the substrate or the material targeted for etching. In one
embodiment, the backside process gas is an oxygen containing gas, such as O,.
In one embodiment, a ratio of He to O; in the backside gas is about 50:50 to about
70:30 by volume or by mass for silicon etch applications. It is contemplated that
other backside process gases may be utilized to control the processes near the
edge of the substrate. It is contemplated that the use of backside process gases
may be used beneficially for single step etch processes as well as cyclical etch
processes as described below.

[0032] To enable the process gas provided by the backside gas source 160 to
reach the edge of the substrate 150, the rate of backside gas leakage from under
the edge of the substrate 150 is higher than that of conventional backside gas
systems. In one embodiment, the leak rate is elevated by maintaining the
pressure of the gases in the space 202 between the substrate 150 and the upper
surface 152 of the electrostatic chuck 142 between about 4 and 26 Torr. In
another embodiment, the pressure is maintained between about 10 and 22 Torr.
In still another embodiment, the pressure is maintained between about 14 and 20
Torr. It is contemplated that the leak rate (shown by arrows 208) may also be
achieved by providing notches (204 shown in phantom) or other features in a lip
206 supporting the substrate 150 and the upper surface 152 of the electrostatic
chuck 142 which promotes leakage of the backside gas between the electrostatic
chuck 142 and the substrate 150.

[0033] Figure 3 depicts a flow diagram of one embodiment of a method 300 for
etching a substrate. The method 300 may be practiced in the etch reactor 100 or
other suitable etch reactor. The method 300 begins at step 302 by transferring a
substrate to a substrate support assembly 140 disposed in the reactor 100.

7
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[0034] At an optional step 304, backside gas is provided to the interstitial
space between the substrate and the substrate support assembly. In one
embodiment, the backside gas contains a backside process gas. The backside
gas contains may also contain He or other inert gas. The backside process gas,
when used during all or a portion of the cyclical etching process at 306, affects at
least one of the etching or deposition substep described further below.

[0035] In one embodiment, the backside process gas includes a polymer
forming gas. In one embodiment, the polymer forming gas is an oxygen-
containing gas, such as O,. Helium or other inert gas may be present in the
backside gas. In one embodiment, the ratio of helium to backside process gas in
the backside gas is between about 50:50 and about 70:30 by weight or mass.
The pressure of backside gas is provided in a range of about 4 and 26 Torr or
other pressure suitable to ensure a sufficient leakage of backside gas from below
the edge of the wafer such that the backside process gas affects processing on
the substrate’s surface.

[0036] At step 306, a cyclical etching process is performed. The cyclical
etching process includes at least one deposition substep and at least one etch
substep. The substeps are repeatedly performed until an endpoint is reached.
The endpoint may be determined through time, effluent monitoring, plasma
monitoring, thickness monitoring or other suitable endpoint detection method. In
one embodiment, the cyclical etching process performed at step 306 includes a
polymer deposition substep 308, an optional purge substep 310, a first etch
substep 312 and a second etch substep 314. The substrate temperature may be
maintained between about (-)10 to about (+)10 degrees Celsius, for example, at
about (+)10 degrees Celsius, during the cyclical etching process of step 306.
[0037] The polymer deposition substep 308 may include providing a polymer-
forming gas through the fast gas manifold. The polymer-forming gas may include
a carbon-containing gas such as C4Fs, among others. During the polymer
deposition substep 308, C4Fs may be provided into the process volume 108 of the
etch reactor 100 at a rate of between about 100 to about 500 sccm, for example,
between about 150 to about 450 sccm, while maintaining chamber pressure at
about 60 to about 120 milliTorr, for example, about 85 milliTorr. RF power may be
applied to the coil 112 to maintain a plasma formed from the polymer-forming gas.

8
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In one embodiment, the RF power applied to the coil 112 is about 1000 to about
2500 Watts, for example, between about 1500 to about 2100 Watts. RF bias
power may be applied to the electrode of the electrostatic chuck 142 to promote
deposition. In one embodiment, the RF bias power provided by the bias power
source 156 to the electrode of the electrostatic chuck 142 is about 1 to about 500
Watts, for example, between about 70 to about 350 Watts. The RF bias power
may be pulsed or applied as continuous duty. The duration of the substep 308 is
about 1.0 to about 5.0 seconds, for example, about 1.0 to about 3.0 seconds.
[0038] The deposition substep 308 provides good sidewall polymer coverage
which assists minimizing scalloping during the cylindrical etch cycle.

[0039] The purge substep 310 is optionally performed between the deposition
substep 308 and the second etch substep 314. During the purge substep 310, the
throttle valve is opened to enhance the pumping of gases remaining in the
process volume 108 from the deposition substep 308. This generally causes the
pressure within the process volume to drop. The duration of the purge substep
310 may be less than about 1.0 seconds or as desired. In one embodiment, no
RF plasma or bias power is applied during the purge substep 310.

[0040] In one embodiment, the purge substep 310 may include providing He
and/or HeO; to the process volume 108. RF power is applied to the coil 112 to
maintain a plasma formed from the He and/or HeO, gas. In one embodiment, the
RF power applied to the coil 112 is about 1000 to about 2500 Watts, for example,
between about 1500 to about 2100 Watts. RF bias power may be applied to the
electrode of the electrostatic chuck 142 to promote removal of the polymer from
the bottom of the cyclically etch feature during the purge substep 310 to speed the
subsequent etching substeps. In one embodiment, the RF bias power provided
by the bias power source 156 is about 1 to about 500 Watts, for example,
between about 70 to about 350 Watts. The RF bias power may be pulsed or
applied as continuous duty.

[0041] The first etch substep 312 generally provides a short isotropic etch to
preferentially etch polymer from the bottom, horizontal surfaces of the feature
being etched to expose silicon material for subsequent anisotropic etching during
the second etch substep 314. The first etch substep 312 includes providing a
mixture of a fluorine-containing gas and oxygen to the process volume 108.

9
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Suitable fluorine-containing gases include SFg, NF3, CF4, CHF3, CIF3, BrFs, IF3, or
derivatives thereof. The gas mixture provided during the first etch substep 312
may include other gases, such as He and/or HeO,.

[0042] In one embodiment, the gas mixture provided during the first etch
substep 312 may include about 100 to about 500 sccm of SFg, less than 20 sccm
of O,. Optionally the gas mixture may include about 0 to about 200 sccm of He.
Optionally, the gas mixture may include about 0 to about 100 sccm of HeO, The
pressure of the gas mixture within the process volume 108 is maintain at about 25
to about 85 milliTorr. About 1000 to about 2500 Watts of RF power is provided to
the coil 112 to maintain a plasma formed from the gas mixture. About 1 to about
500 Watts of RF bias power (continuous or pulsed) is provided to the electrode of
the electrostatic chuck 142. The first etch substep 312 may have a duration of
about 0.5 to about 5.0 seconds.

[0043] In another embodiment, the first etch substep 312 includes providing
about 150 to about 450 sccm of SFg and about 5 to about 10 sccm of O..
Optionally the gas mixture may include about 50 to about 150 sccm of He.
Optionally, the gas mixture may include about 50 to about 75 sccm of HeO, The
pressure of the gas mixture within the process volume 108 is maintain at about 35
to about 65 milliTorr. About 1500 to about 2100 Watts of RF power is provided to
the coil 112 to maintain a plasma formed from the gas mixture. About 70 to about
350 Watts of RF bias power (continuous or pulsed) is provided to the electrode of
the electrostatic chuck 142. The first etch substep 312 may have a duration of
about 1.0 to about 4.0 seconds.

[0044] In one embodiment, the low pressure and high bias power utilized
during the first etch substep 312 relative to the second etch substep 314
generates high directional ion bombardment. The directional ion bombardment,
coupled with the gas mixture, enhances polymer removal at the bottom of the
trench (feature being etched) without adversely affecting sidewall polymer
coverage.

[0045] Following the first etch substep 312, the second etch substep 314 is
performed. The second etch substep 314 includes providing an oxygen-free
fluorine-containing gas to the process volume 108. Oxygen-containing gases are
not mixed with the fluorine-containing gas. Suitable fluorine-containing gases

10
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include SFs, NF3, CF4, CHF3;, CIF3, BrFs, IFs, or derivatives thereof. He may
optionally be provided during the second etch substep 314. Experiments have
indicated that sidewall pitting may occur if oxygen is added during the second etch
substep 314, which is believed to be caused by an attack by O; on the polymers
which protect the sidewall. Additionally, by having an oxygen-free second etch
substep 314, any residual oxygen in the process volume 108 introduced during
other steps/substeps to the process volume 108 is well purged, thereby
preventing O, from mixing with the CsFg provided during the subsequent
deposition substep 308 and weakening it's passivation ability.

[0046] In one embodiment, about 100 to about 500 sccm of SFg is provided
during the second etch substep 314. The pressure of the gas within the process
volume 108 may be different than that used during the first etch substep 312. For
example, the pressure of the gas within the process volume 108 may be maintain
at about 35 to about 85 milliTorr during the second etch substep 314. About 1000
to about 2500 Watts of RF power is provided to the coil 112 to maintain a plasma
formed from the SFg gas. About 1 to about 500 Watts of RF bias powef
(continuous or pulsed) is provided to the electrode of the electrostatic chuck 142.
The second etch substep 314 may have a duration of about 0.5 to about 15.0
seconds.

[0047] In one embodiment, the pressure of the second etch substep 314 is
increased relative to the pressure utilized during the first etch substep 312 while
the bias power is reduced to provide higher fluorine radical density. The relatively
higher pressure with low bias power provides a chemically driven, low bias
process that maintains sidewall integrity with improved resist selectivity.

[0048] In another embodiment, the second etch substep 314 includes providing
about 150 to about 450 sccm of SFg to the process volume 108. The pressure
within the process volume 108 may be maintained at about 35 to about 110
milliTorr. About 1500 to about 2100 Watts of RF power is provided to the coil 112
to maintain a plasma formed from the SFs gas. About 70 to about 350 Watts of
RF bias power (continuous or pulsed) is provided to the electrode of the
electrostatic chuck 142. The second etch substep 314 may have a duration of
about 1.0 to about 12.0 seconds.

11
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[0049] Rapid switching between substeps 308, 310, 312 and 314 and back is
augmented by the use of mass flow controller in the fast gas exchange system
124 having response times in the range of 300 ms. Faster switching between
substeps 308, 310, 312 and 314 results in faster etch rates and less scalloping of
the feature sidewalls.

[0050] While the foregoing is directed to embodiments of the invention, other
and further embodiments of the invention may be devised without departing from
the basic scope thereof, and the scope thereof is determined by the claims that
follow.

12



WO 2010/141257 PCT/US2010/035959

What is claimed is:

1. A method for etching a substrate in a plasma etch reactor comprising:

a) depositing a polymer on a substrate in an etch reactor;

b) etching the substrate using a gas mixture including a fluorine-
containing gas and oxygen in the etch reactor;

C) etching a silicon-containing layer disposed on the substrate using a
fluorine-containing gas without mixing oxygen in the etch reactor; and

d) repeating a), b) and c) until an endpoint of a feature etched into the
silicon-containing layer is reached.

2, The method of claim 1, wherein b) further comprises:
etching the substrate in the presence of at least one of He or HeO,.

3. The method of claim 1, wherein b) is performed at a lower pressure than c).
4, The method of claim 1, wherein b) is performed using a higher bias power
than c).

5. The method of claim 1 further comprising:

purging the etch reactor between a) and b).

6. The method of claim 5, wherein purging further comprises:
flowing at least one of He or HeO; into the etch reactor.

7. The method of claim 5, wherein purging further comprises:
forming a plasma from at least one of He or HeO, in the etch reactor.

8. The method of claim 7, wherein purging further comprises:
biasing the substrate with RF power.

9. The method of claim 1, wherein c) further comprises:
forming a plasma from SFs.

13
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10.  The method of claim 1, wherein b) further comprises:
forming a plasma from SFg and O,.

11.  The method of claim 1, wherein b) further comprises:

forming a plasma from a gas mixture of SFg and O, and at least one of He
and HeO,; and wherein c) further comprises:

forming a plasma from SFe.

12. A method for etching a substrate in a plasma etch reactor comprising:

a) depositing a polymer on silicon-containing layer disposed on a
substrate in an etch reactor;

b) isotropically etching the polymer and silicon-containing layer in the
etch reactor using a gas mixture including a fluorine-containing gas and oxygen
maintained at a first pressure;

c) anisotropically etching the silicon-containing layer in the etch reactor
using a fluorine-containing gas without mixing oxygen maintained a second
pressure that is greater than the first pressure, wherein the fluorine-containing gas
comprising the gas mixture is selected from the group consisting of SFs, NF3, CF4,
CHF3, CIF3;, BrFs, IF; and derivatives thereof; and

d) repeating a), b) and c¢) until an endpoint of a feature etched into the

silicon-containing layer is reached.

13.  The method of claim 12 further comprising:
purging the etch reactor between a) and b) with at least one of He or HeO,.

14.  The method of claim 13, wherein purging further comprises:

forming a plasma from at least one of He or HeO; in the etch reactor during
purging; and

biasing the substrate during purging.

15.  The method of claim 12 further comprising:
flowing at least one of He and HeO; out from a backside of the substrate
during b).
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