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METHOD AND APPARATUS FOR ETCHING MATERIAL
LAYERS WITH HIGH UNIFORMITY OF A LATERAL
ETCH RATE ACROSS A SUBSTRATE

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention generally relates to a method and apparatus for
fabricating devices on semiconductor substrates. More specifically, the present
invention relates to a method and apparatus for performing an etch process in a

semiconductor substrate processing system.

Description of the Related Art

[0002] Ultra-large-scale integrated (ULSI) circuits may include more than one
million micro-electronic devices (e.g., transistors, capacitors, and the like) that
are formed on a substrate (e.g., silicon (Si) wafer) and cooperate to perform
various functions within the device. Manufacture of ULSI circuits generally
comprises processes where one or more material layers of a film stack on the
substrate are etched (e.g., plasma etched) to form structures of the devices

being fabricated.

[0003] One problem associated with a conventional etch process is the non-
uniformity of a lateral etch rate across the substrate due to a substrate edge
effect. Herein lateral etch rate non-uniformity is defined as a ratio of a
difference between the maximal and minimal lateral etch rate to the sum of
such values across the substrate. More specifically, the lateral eich rate at
peripheral locations (i.e., near an edge of the substrate) is higher than the
lateral etch rate near a center of the substrate. Non-uniformity in the lateral
etch rate results in non-uniformity in the critical dimensions of the structures

formed by the etch process.

[0004] During the etch process, non-volatile by-products passivate sidewalls of
the structures being formed and, as such, reduce the etch rate. Non-uniformity
of the etch rate across the substrate is caused by a higher concentration of the
by-products near the center of the substrate than in the peripheral region. In

operation, a concentric pattern of exhaust pumping in the etch process



WO 2006/026422 PCT/US2005/030391

chamber results in a low concentration of the by-products near the edge of the

substrate and, correspondingly, in a high local lateral etch rate.

[0005] Structures being formed using the conventional etch process are
typically over-etched in the peripheral region that may extend about 10-20 mm
from the edge of the substrate. Such a region represents approximately 19-
36% and 13-25% of usable real estate for the 200 mm and 300 mm substrate,
respectively. A loss of accuracy for topographic dimensions (e.g., critical
dimensions (CDs), or smallest widths) of the etched structures in the peripheral
regions of the substrates may significantly affect performance and increase

costs of fabricating the integrated circuits and micro-electronic devices.

[ooos] Therefore, there is a need in the art for an improved method for etching
material layers with high uniformity of a lateral etch rate across a substrate in

manufacture of micro-electronic devices.

SUMMARY OF THE INVENTION

[0007] The present invention is a method and apparatus for etching material
layers with high uniformity of a lateral etch rate across a substrate using a gas
mixture that includes a passivation gas. The passivation gas is provided to a
peripheral region of the substrate to passivate sidewalls of the structures being
etched. In one embodiment, the lateral etch rate in the peripheral region of the
substrate may be selectively adjusted by controlling a flow rate and a degree of

dissociation of the passivation gas in the peripheral region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The teachings of the present invention can be readily understood by
considering the following detailed description in conjunction with the

accompanying drawings, in which:

[0009] FIG. 1 depicts a flow diagram of a method for etching features in
material layers with high uniformity of lateral etch rate across the substrate in

accordance with one embodiment of the present invention;,
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[0010] FIGS. 2A-2B depict a series of schematic, cross-sectional views of a
substrate having a gate structure of a field effect transistor being formed in

accordance with the method of FIG. 1;

[0011] FIG. 3 depicts a graph of the concentration of by-products across a

substrate being etched in accordance with the method of FIG. 1; and

[0012] FIG. 4 depicts a schematic diagram of an exemplary etch processing

apparatus of the kind used in performing portions of the inventive method.

[0013] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the

figures.

[0014] It is to be noted, however, that the appended drawings illustrate only
exemplary 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

[0015] The present invention is a method and apparatus for etching topographic
structures in material layers on a substrate (e.g., semiconductor wafer, and the
like) with high uniformity of lateral etch rate across the substrate. The method is
generally used during fabrication of ultra-large-scale integrated (ULSI)

semiconductor devices and circuits.

[oo16] FIG. 1 depicts a flow diagram of one embodiment of the inventive
method for etching topographic structures in material layers on a substrate with
high uniformity of lateral etch rate across the substrate as method 100. The
method 100 includes the processes that are performed upon a film stack

formed on the substrate.

[0017] The method 100 starts at step 101 and proceeds to step 102. At step
102, a substrate having a patterned etch mask is provided to an etch reactor

(e.g., exemplary DPS Il module discussed below with reference to FIG. 4) and

3
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is positioned on a substrate pedestal in a process chamber of the reactor. The
patterned etch mask (e.g., photoresist or hard mask) is generally formed upon

an underlying film stack that comprises at least one material layer.

[0018] At an optional step 104, the temperature of the substrate pedestal may
be adjusted in accordance with a process recipe for the etch process to be
performed upon the substrate (discussed in reference to step 114 below).
Generally, temperature of the substrate pedestal is maintained constant during
processing a plurality of substrates (substrate batch). The temperature of the
substrate may be increased or decreased and then is maintained at a pre-
determined level using a backside gas, as described below with reference to
FIG. 4. Certain etch processes are performed upon substrates having ambient

temperature.

[0019] At step 106, an etchant gas is supplied to the process chamber of the
etch reactor. Generally, the etchant gas is a mixture of individual gases that are
suitable for etching the material layer(s) beneath the paiterned etch mask.
Generally, the etchant gas is dispersed into the process chamber through one
or more gas inlets (e.g., openings, injectors, and the like) that are disposed

substantially above the substrate.

[0020] At step 108, a passivation gas is supplied to the process chamber. The
passivation gas is dispersed into the process chamber through a plurality of gas
inlets (e.g., openings, injectors, and the like) that are disposed substantially
equidistantly around a peripheral region of the substrate. The gas inlets are
adapted to provide the passivation gas predominantly to the peripheral region
of the substrate. A flow rate of the passivation gas may be selectively controlled
to facilitate a high concentration of such gas in the peripheral region.
Specifically, the concentration of the passivation gas in the peripheral region
may be adjusted to be higher than the concentration of such a gas in a central

region of the substrate.

[oo21] At step 110, a gas mixture of the etchant and passivation gases is
energized to form a plasma in the process chamber. In one embodiment, the

plasma is produced using an inductive antenna comprising at least two
4
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selectively controlled concentric antenna elements that are disposed above a
dielectric ceiling of the process chamber. Alternatively, in a reactive ion etch
reactor (RIE) reactor, the gas mixture may be energized to form the plasma
using at least one capacitive electrode disposed in a process chamber of the
reactor. Similarly, in an electron cyclotron resonance (ECR) reactor, such a
plasma may be produced using a source of microwave power. In yet alternate
embodiment, the gas mixture in the process chamber is not energized to form a

plasma. For such an embodiment, step 110 is considered optional.

[0022] At step 111, a substrate bias power may be applied. However, for certain
etch processes substrate biasing is not necessary. As such, step 111 is

considered optional.

[0023] In alternate embodiments, steps 104 and 106, or steps 106 and 108, or
steps 104, 106, and 108 may be performed in the same process chamber. In a
further embodiment, step 110 may be performed before step 108, and similarly

step 112 may precede step 111.

[0024] At step 112, density of a plasma of the passivation gas in the peripheral
region may be selectively adjusted to control a degree of dissociation and
chemical activity (e.g., a rate of passivating sidewalls of the structures being
formed on the substrate) of the passivation gas in that region. In one exemplary
embodiment, the density of the plasma is adjusted by controlling an amount of
RF power provided to an outer coil element 412a (discussed below with respect
to FIG. 4) of the inductive antenna 412. More specifically, the density of the
plasma and, as such, degree of dissociation of the passivation gas in the
peripheral region of the substrate increase when more RF power is provided to
the outer coil element 412a. In other types of plasma reactors, other techniques

may be used for plasma control.

[0025] At step 114, an etch process is performed to etch a material layer
formed on the substrate. During the etch process, a portion of the etchant gas
and by-products from the etch process are pumped away. A remaining portion
of the by-products are re-deposited on sidewalls of the structures being formed

on the substrate, thus reducing the lateral etch rate. Due to a concentric pattern
5
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of gas exhaust in the process chamber, the concentration of such by-products
may be depleted in the peripheral region faster than in the center region of the
substrate. A low concentration of the by-products in the peripheral region

causes an increase in the etch rate in that region.

[0026] During the etch process, the passivation gas forms a passivation film on
sidewalls of the structures being formed in a peripheral region of the substrate.
The chemistry of the passivation gas is selected such that the passivation film
deposited on the sidewalls of the structures is chemically similar to the by-
products of the etch process. The flow rate and degree of dissociation (i.e.,
plasma density) of the passivation gas may be selectively adjusted to
compensate for depletion of the by-products of the etch process and to reduce
the lateral etch rate in the peripheral region of the substrate. Specifically, the
flow rate and plasma density of the passivation gas may be selectively adjusted
such that lateral etch rates in the central and peripheral regions of the substrate
are the same or approximately the same. As such, using controlled high
concentration and controlled plasma density of the passivation gas in the
peripheral region of the substrate, structures (e.g., structures having smallest
width, or critical dimensions (CDs)) may be etched with high uniformity of the

lateral etch rate across the substrate.

[0027] Settings for selectively adjusting the flow rate of the passivation gas and
plasma density or a degree of dissociation of the passivation gas that provide a
uniform lateral etch rate across the substrate may be defined based on the
results of etching one or more test substrates. During subsequent etching of the
product substrates, such settings are used at step 108 (flow rate of the

passivation gas) and step 112 (RF power to the outer coil element 412a).

[oo28] At step 116, the etch process is terminated. Typically, the endpoint of the
etch process is determined by an endpoint detection system that may use
monitoring of plasma emissions at a particular wavelength, laser
interferometery, control of process time, and the like. Generally, step 116
terminates the plasma, substrate bias, and supplying of etchant, passivant, and

backside gases, as well as prepares the substrate for removal from the process

6
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chamber 410 of the etch reactor 400. Alternatively, the substrate may stay in

the process chamber for optional additional in-situ processing.
[0029] At step 118, the method 100 ends.

[0030] In one illustrative application of the present invention, a gate electrode
layer of a gate structure of a field effect transistor (e.g., complementary metal-
oxide-semiconductor (CMOS) field effect transistor, and the like) is etched
using the method 100.

[0031] FIGS. 2A-2B depict a series of schematic, cross-sectional views of a
substrate having a film stack of a gate structure of the field effect transistor
being fabricated. In this specific embodiment, critical topographic dimensions
for a gate electrode of the gate structure are controlled using processing steps
of the method 100. Such steps are illustratively performed using a DPS I
module (described below with reference to FIG. 4) of a CENTURA® processing
system available from Applied Materials, Inc. of Santa Clara, California. The
cross-sectional views in FIGS. 2A-2B are not depicted to scale and are
simplified for illustrative purposes. To best understand the invention, the reader
should simultaneously refer to FIG. 1 and FIGS. 2A-2B.

[0032] At step 102, a substrate 200 (e.g., silicon (Si) wafer, and the like) is
transported to an etch reactor and is placed on the substrate pedestal within

the reactor.

[0033] Referring to FIG. 2A, the substrate 200 generally comprises a plurality of
doped source regions (wells) 232 and drain regions (wells) 234 (i.e., regions
that will subsequently be doped to form sources and drains after the gate is
formed) separated by channel regions 236, a film stack 202 of a gate structure
of the transistor being fabricated, and a patterned mask 214. In one
embodiment, the film stack 202 comprises a gate dielectric layer 204 and a
gate electrode layer 206. The patterned mask 214 protects region 220 above
the channel region 236 as well as portions of the regions 232 and 234 and
exposes adjacent regions 221 and 222 of the substrate 200 to the etched

gases.
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{00341 During etching of the layers of the film stack 202, the patterned mask
214 is used as an etch mask. The patterned mask 214 may comprise, for
example, photoresist, silicon dioxide (SiO,), silicon oxynitride (SiON), silicon
nitride (SisN4), hafnium dioxide (HfO,), Advanced Patterning Film™ (APF)
available from Applied Materials, Inc. of Santa Clara, California, and the like.
The APF generally comprises films of SiON and a—carbon. Processes of
forming such patterned masks are well known in the art. In one exemplary

embodiment, the patterned mask 214 is formed of silicon oxynitride.

[0035] In one exemplary embodiment, the gate electrode layer 206 is formed of
doped polysilicon (Si) and the gate dielectric layer 204 is formed of silicon
dioxide (SiO,). Alternatively, the gate dielectric layer 204 may comprise a high-
K dielectric material having a dielectric constant greater than 4.0, such as
hafnium dioxide (HfO), hafnium silicon dioxide (HfSiO.), and the like.
Generally, the layers 206 and 204 are formed to a thickness of about 500 to
6000 Angstroms and 10 to 60 Angstroms, respectively. The film stack 202 may

also comprise layers formed of other materials having different thicknesses.

[0036] The layers of the film stack 202 may be formed using any conventional
deposition technique, such as atomic layer deposition (ALD), physical vapor
deposition (PVD), chemical vapor deposition (CVD), plasma enhanced CVD
(PECVD), and the like. Fabrication of the field effect transistor may be
performed using the respective process modules of CENTURA®, ENDURA®,
and other semiconductor wafer processing systems available from Applied

Materials, Inc. of Santa Clara, California.

[0037] At step 104, the temperature of the substrate 200 is increased to and
then maintained between about 20 and 80 degrees Celsius using a heater and
helium (He) as a heat transfer (i.e., backside) gas. In one exemplary

embodiment, the substrate 200 is maintained at about 45 degrees Celsius.
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[0038] At step 106, the etchant gas for etching polysilicon comprising a gas
mixture including one or more halogen-containing gases, such as chlorine (Cly),
hydrogen bromide (HBr), carbon tetrafluoride (CF,), and the like, begins flowing
into the process chamber. The etchant gas may optionally include a diluent
gas, such as at least one of nitrogen (N.), argon (Ar), helium (He), neon (Ne),
and the like. In one embodiment, step 106 provides hydrogen bromide (HBr) at
a flow rate of 20 to 300 sccm, chlorine (Cly) at a flow rate of 20 to 300 sccm
(i.e., a HBr:Cl, flow ratio ranging from 1:15 to 15:1), and nitrogen (N.) at a flow
rate of O to 200 sccm, and a pressure in the process chamber between 2 and
100 mTorr. One exemplary process provides HBr at a flow rate of 40 sccm, Cl,
at a flow rate of 40 sccm (i.e., a HBr:Cl, flow ratio of about 1:1), N, at a flow

rate of 20 sccm, and a chamber pressure of about 45 mTorr.

[0039] At step 108, the passivation gas comprising a gas mixture including one
or more of fluorosilane (SiF,), dichlorosilane (SiH,Cl,), silane (SiH,), silicon
tetrachloride (SiCls) and an optional diluent inert gas (e.g., argon (Ar), helium
(He), and the like) begins flowing into the process chamber. During etching of
the polysilicon gate electrodes (discussed in reference to step 114 below), the
passivation gas forms Sidg-like deposits on sidewalls of the gate electrodes.
Such deposits are chemically similar to the by-products of the etch process.
The concentration of the passivation gas in a peripheral region 203 of the
substrate 200 is adjusted to be higher than the concentration of the gas in a
central region 205 of the substrate. In one embodiment, step 108 provides
fluorosilane (SiF4) at a flow rate of 1 to 100 sccm or silane (SiH,) at a flow rate
of 1 to 100 and helium (He) at a flow rate of 1 to 200 sccm. One exemplary
process provides SF, at a flow rate of 20 sccm or SiH, at a flow rate of 20 sccm

and He at a flow rate of 200 sccm.

[0040] At step 110, a gas mixture comprising the etchant gas and the passivant
gas is energized to a plasma using the inductive antenna (or other energy
applications). In one embodiment, step 110 applies to the antenna between
200 and 3000 W of a source power, while one exemplary process applies about
1100 W.
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[0041] At step 111, a substrate bias (i.e., cathode) power is applied to the
substrate pedestal 416. In one embodiment, step 111 applies to the substrate
pedestal between 0 and 300 W of the bias power, while one exemplary process

applies about 20 W.

[0042] At step 112, plasma density of the passivation gas may be selectively
adjusted by applying a higher power or current to the outer coil element 412a
(discussed in reference to FIG. 4 below). In one exemplary embodiment, a ratio
between currents in the outer coil element 412a and the inner coil element
412b is selectively adjusted in a range from about 0.3:1 to 10:1. In a more
specific embodiment, the current ratio is between 0.3:1 and 5:1 and the total

power is between 300 and 1500 watts.

[0043] Referring to FIG. 2B, at step 114, the gate electrode layer 206 (e.g.,
polysilicon) is etched and removed in the regions 221 and 222 using a gas
mixture comprising the etchant gas and the passivation gas. A remaining
portion of the gate electrode layer 206 forms gate electrodes 216 having widths
215a in the peripheral region 203 and widths 215b in the central region 205 of

the substrate, respectively.

[0044] During the etch process, by-products of the etch process and the
passivation gas form passivating films on sidewalls of the gate electrodes 216.
The concentration of these by-products is high in the central region 205 and low
in the peripheral region 203 of the substrate 200. Oppositely, the concentration
of the passivation gas is high in the peripheral region 203 and low in the central

region 205 of the substrate.

[0045] High concentrations of the passivation gas in the peripheral region 203
compensates for depletion of the by-products of the etch process near the edge
of the substrate 200 and, as such, selectively reduce the lateral etch rate for the
polysilicon gate electrode layer 206 in the peripheral region 203 of the
substrate. After the etch process, the gate electrodes 216 have high uniformity
of critical topographic dimensions (i.e., widths 215) across the substrate 200.
Specifically, widths 215a and 215b of the gate electrodes 216 across the

substrate are the same or about the same (i.e., widths of the gate electrodes
10
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216 are uniform across the substrate 200).

[0046] At step 116, the etch process is terminated. In one embodiment, the
endpoint of the etch process is determined using an endpoint detection system
that is configured to monitor plasma emissions at a particular wavelength. At
the endpoint of the etch process, the plasma, substrate bias, etchant gas,
passivation gas and backside gases are terminated. Further, the substrate 200
is removed from the reactor. In an alternate embodiment, the substrate 200
may remain in the process chamber for optional additional in-situ processing
(e.g., etching the gate dielectric layer 204, removal of the patterned mask 214,
and the like).

[0047] At step 118, the method 100 ends.

[00o48] FIG. 3 depicts a series of exemplary diagrams illustrating concentrations
of by-products of the etch process and the passivation gas across the surface
of the substrate 200 in accordance with one embodiment of the method of FIG.
1. A schematic cross-sectional view of the substrate 200 is provided as a
reference for the gas concentrations. A first graph 310 depicts a concentration
(y-axis 312) of the by-products of the etch process versus a distance (x-axis
314) from a center 302 of the substrate 200. The concentration of by-products
is less at the peripheral regions 203 of the substrate 200 as compared to the
center region 205. A second graph 320 depicts a concentration (y-axis 322) of
the passivation gas process versus a distance (x-axis 324) from the center 302.
The concentration of passivation gas is higher at the peripheral regions 203
than in the center region 205. A third graph 330 depicts a resulting combined
concentration (y-axis 332) of the by-products and the passivation gas (i.e.,
concentration of species that may reduce the etch rate) versus a distance (x-
axis 334) from the center 302. The combined concentrations of by-products and
passivation gas is uniform across the substrate 200. As such, the lateral etch

rate is substantially uniform across the substrate.

11
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[0049] FIG. 4 depicts a schematic diagram of an exemplary Decoupled Plasma
Source (DPS) Il etch reactor 400 that may illustratively be used to practice the
invention. The DPS [l reactor 400 is a processing module of a CENTURA®
integrated semiconductor wafer processing system available from Applied
Materials, Inc. of Santa Clara, California. The particular embodiment of the
reactor 400 shown herein is provided for illustrative purposes and should not be

used to limit the scope of the invention.

foo50] The reactor 400 generally comprises a process chamber 410 having a
substrate pedestal 416 within a conductive body (wall) 430, and a controller
440.

[0051] In one embodiment, the chamber 410 is supplied with a substantially flat
dielectric ceiling 420. Other modifications of the chamber 410 may have other
types of ceilings, e.g.,, a dome-shaped ceiling. Above the ceiling 420 is
disposed an antenna 412 comprising one ore more inductive coil elements (co-
axial outer coil element 412a and inner coil element 412b are shown) that may
be selectively controlled. The antenna 412 is coupled, through a first matching
network 419, to a plasma power source 418. The plasma power source 418
typically is capable of producing up to 3000 W at a tunable frequency in a range
from 50 kHz to 13.56 MHz. For etch reactions, the frequency is set to about
13.56 MHz.

[0052] In one embodiment, the substrate pedestal (cathode) 416 is coupled,
through a second matching network 424, to a biasing power source 422. The
biasing source 422 generally is a source of up to 500 W at a frequency of
approximately 13.56 MHz that is capable of producing either continuous or
pulsed power. In other embodiments, the source 422 may be a DC or pulsed

DC source.

[0053] A controller 440 comprises a central processing unit (CPU) 444, a
memory 442, and support circuits 446 for the CPU 444 and facilitates control of
the components of the process chamber 410 and, as such, of the etch process,

as discussed below in further detail.

12
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[o0o54] An etchant gas and a passivation gas are provided to the process
chamber 410 from a gas panel 438. In one embodiment, the etchant gas is
provided through an inlet 426 located above the substrate pedestal 416, while
the passivation gas is provided through a plurality of inlets 428 (e.g., openings,
injectors, and the like). Alternatively, the passivation gas may be provided via
an edge ring disposed proximate to an edge of a semiconductor substrate 414
being etched. In one embodiment, the inlets 428 (two inlets are shown) are
positioned substantially equidistantly around the substrate pedestal 416
approximately coplanar with the semiconductor substrate 414. Embodiment
and location of the inlets 428 are selected to provide high controlled
concentration of the passivation gas in a peripheral region (i.e., annular region

near the edge) of the wafer 414.

[0055] In one embodiment, the etchant gas and the passivation gas are
delivered to the process chamber 410 using separate gas conduits (conduits
437 and 439, respectively) and the gases do not mix until are dispersed into a
reaction volume 453 of the chamber. In the depicted embodiment, the etchant
gas is illustratively provided to the inlets 426 using an annular gas channel 427
and, similarly, the passivation gas is provided to the inlets 428 using an annular
gas channel 429. The gas channels 427 and 429 may be formed in the wall 430
or in gas rings (as shown) that are coupled to the wall 430. In the process
chamber 410, the etchant and passivation gases form a gaseous mixture 450.
During an etch process, the gaseous mixture 450 may be energized to a

plasma 455 by applying power from the plasma source 418 to the antenna 412.

[0056] In one embodiment, the gas pressure in the chamber 410 is controlled
using a throttle valve 477 and a vacuum pump 436. The temperature of the wall
430 may be controlled using liquid-containing conduits (not shown) that run
through the wall 430. Typically, the chamber wall 430 is formed from a metal
(e.g., aluminum (Al), stainless steel, and the like) and coupled to an electrical
ground 434.

13
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[0057] In operation, the temperature of the substrate 414 is controlled by
stabilizing a temperature of the substrate pedestal 416. In one embodiment, a
backside gas (e.g., helium (He)) from a gas source 448 is provided via a gas
conduit 449 to channels that are formed in the pedestal surface under the
substrate 414. The backside gas is used to facilitate heat transfer between the
pedestal 416 and the substrate 414. During the processing, the pedestal 416
may be heated by an embedded resistive heater 432 to a steady-state
temperature and then the helium gas facilitates uniform heating of the substrate
414, Using such thermal control, the substrate 414 may be maintained at a

temperature between about 0 and 350 degrees Celsius.

[0058] In one embodiment, the substrate pedestal 416 comprises an
electrostatic chuck 460, an edge ring 415, the resistive heater 432, a heat sink
466, and a mounting assembly 406. The electrostatic chuck 460 comprises at
least one clamping electrode 480 and is controlled by a chuck power supply
476. The resistive heater 432 generally comprises at least one heating element
482 and is regulated by a heater power supply 478. In alternative embodiments,
the substrate pedestal 416 may comprise a susceptor clamp ring, a mechanical

chuck, and the like substrate retention mechanism.

[0059] In operation, the lift mechanism 462 is used to raise the substrate 414
off the substrate support 416 or to lower the substrate onto the substrate
support. Generally, the lift mechanism 462 comprises a plurality of lift pins 472
(one lift pin is shown) that travel through respective guide holes 488. The
process chamber 410 also comprises conventional systems for process control,
internal diagnostic, end point detection, and the like. Such systems are

collectively shown as support systems 407.

[0060] Those skilled in the art will understand that other forms of etch chambers
may be used to practice the invention, including chambers with remote plasma

sources, electron cyclotron resonance (ECR) plasma chambers, and the like.
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[oo61] To facilitate control of the process chamber 410, the controller 440 may
be one of any form of general-purpose computer processor that can be used in
an industrial setting for controlling various chambers and sub-processors. The
memory, or computer-readable medium, 442 of the CPU 444 may be one or
more of readily available memory such as random access memory (RAM), read
only memory (ROM), floppy disk, hard disk, or any other form of digital storage,
local or remote. The support circuits 446 are coupled to the CPU 444 for
supporting the processor in a conventional manner. These circuits include
cache, power supplies, clock circuits, input/output circuitry and subsystems,
and the like. The inventive method is generally stored in the memory 442 as a
software routine. Alternatively, such software routine may also be stored and/or
executed by a second CPU (not shown) that is remotely located from the
hardware being controlled by the CPU 444.

[0062] The invention may be practiced using other etch processes wherein
parameters may be adjusted to achieve acceptable characteristics by those
skilled in the art by utilizing the teachings disclosed herein without departing
from the spirit of the invention. Although the forgoing discussion referred to
fabrication of a field effect transistor, fabrication of the other devices and

structures used in the integrated circuits can also benefit from the invention

[0063] While the foregoing is directed to the illustrative embodiment of the
present 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.
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What is claimed is:

1. A method of etching a material layer on a substrate, comprising:

(a) providing the substrate to a process chamber of an etch reactor;

(b) supplying an etchant gas into the process chamber through a first
gas inlet; and

(c) supplying a passivation gas proximate a peripheral region of the

substrate through a second gas inlet.

2. The method of claim 1 wherein the step (c) further comprises:

selectively adjusting a flow rate of the passivation gas.

3. The method of claim 1 further comprising:

energizing the etchant gas and the passivation gas to form a plasma.

4. The method of claim 3 further comprising:
selectively adjusting a degree of dissociation of the passivation gas in

the peripheral region of the substrate.

5. The method of claim 3 further comprising:
selectively adjusting a density of the plasma of the passivation gas in the

peripheral region of the substrate.
6. The method of claim 5 further comprising:
controlling a power level applied an element of an inductively coupled

antenna to adjust the plasma density.

7. The method of claim 1 wherein the etchant gas removes a material from

the substrate to form a gate structure of a transistor.

8. The method of claim 1 wherein the passivation gas is at least one gas

selected from the group consisting of SiF, and SiH,.
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9. The method of claim 1 wherein the etchant gas comprises at least one of
HBr, Cl,, and O..

10.  The method of claim 9 further comprising:

providing HBr and Cl; at a flow ratio HBr:Cl, in a range from 1:15 to 15:1.

11.  The method of claim 1 wherein the passivation gas comprises at least
one of SiF4 and SiH,.

12.  The method of claim 11 further comprising:

providing one of SiF,; and SiH, at a flow rate of about 1 to 100 sccm.

13.  Apparatus for etching a material layer on a substrate during fabrication
of semiconductor devices in a semiconductor substrate processing system,
comprising
a process chamber;
a substrate support disposed in the process chamber;
at least one gas inlet for supplying an etchant gas into the process
chamber;
at least one gas inlet for supplying a passivation gas proximate a
peripheral region of the substrate; and
means for forming a plasma coupled to at least one source of a

radio-frequency power and positioned proximate the process chamber.

14. The apparatus of claim 13, wherein the plasma forming means

comprises an antenna.

15.  The apparatus of claim 14, wherein the antenna comprises at least one
inductive coil element that is configured to selectively adjust a degree of

dissociation of the passivation gas in the peripheral region of the substrate.

16.  The apparatus of claim 14, wherein the antenna comprises at least one
inductive coil element that is configured to selectively adjust the plasma density

17
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in the peripheral region of the substrate.

17.  The apparatus of claim 14, wherein the antenna comprises at least one
inductive coil element that is configured to adjust the plasma density in the

process chamber.

18. The apparatus of claim 13, wherein the at least one gas inlet for
supplying the etchant gas is disposed above a center region of the substrate

support.

19. The apparatus of claim 13, wherein the at least one gas inlet for
supplying the passivation gas is coupled to a common conduit providing the

passivation gas into the process chamber.
20. The apparatus of claim 14, wherein the at least one source of the radio-

frequency power is a controlled source of at least 3000 W at a frequency of
about 13.56 MHz.
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