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(57) Abstract: A deposition process including a dry etch process, followed by a deposition process of a high-k dielectric is dis-
closed. The dry etch process involves placing a substrate to be cleaned into a processing chamber to remove surface oxides. A gas
mixture is energized to form a plasma of reactive gas which reacts with an oxide on the substrate, forming a thin film. The substrate
is heated to vaporize the thin film and expose a substrate surface. The substrate surface is substantially free of oxides. Deposition is
then used to form a layer on the substrate surface.
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DRY CHEMICAL CLEANING FOR GATE STACK PREPARATION

BACKGROUND

[0001] Embodiments of the present invention pertain to methods, systems and
apparatus for forming gate stacks on substrates. In particular, deposition methods,
systems and apparatus that involve a cleaning process used to remove surface oxide

prior to the gate stack formation are disclosed.

[0002] In typical process flows for the formation of transistor gate stacks in logic
and memory devices, the gate stack process flow consists of a preclean followed by
thermal oxidation. For example, the substrate may be annealed in a hydrogen
atmosphere at a temperature in excess of 1000°C, using what may be referred to in
the art as a hydrogen pre-bake. However, such high temperature processes are

expensive in terms of thermal budgeting.

[0003] In more advanced devices, subsequent steps can be introduced such as
high-k deposition, decoupled plasma oxidation, wet chemical treatments and anneals.
The very first step in the flow, the preclean step, has been done by submerging the
wafer into a wet chemical to remove the native oxide. This is typically done with HF,
SC1, amongst others. Additionally, after the thermal oxide, there can be another wet
chemical treatment step to thin down the interface layer.

[0004] More specifically, an ex-situ wet diluted hydrofluoric (HF) acid etching is
typically performed prior to loading of the substrate into the deposition chamber. This
process is sometimes referred to in the art as HF-last. The substrate may be dried
after rinsing and passivated with hydrogen, which, for silicon substrates, populates the
substrate surface with Si-H bonds that slow native oxide growth, which can occur
when the wafer is exposed to ambient air while transferred from the wet HF etch
station to the deposition chamber. Because of the minor oxidation that does still occur
(assuming that ambient exposure is kept to a minimum), a relatively light hydrogen
pre-bake can be performed in-situ, such as at temperatures of less than 900 °C for 30

to 120 seconds. After the pre-bake step, the deposition process may be performed.
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[0005] Although the HF-last pre-clean step is effective in the removal of native
oxide from the substrate surface, it introduces a certain amount of complexity into the
manufacturing process. Because it is a wet process, HF-last imposes an inherent
queue time between the wet-clean station and the subsequent process chambers

such as a deposition chamber.

[0006] Oxygenation of the substrate surface may occur, for example, when the
substrate is exposed to ambient air when transported between various fabrication
stations. This can pose a variety of problems in the formation of subsequent gate
stacks. It would therefore be desirable to provide alternative ways of cleaning the
substrate surface prior to gate stack formation.

SUMMARY

[0007] Embodiments of the invention pertain a dry chemical clean/treatment in the
gate stack process flow. The dry clean process, which may be referred to as a
"Siconi" process can potentially improve the electrical characteristics of the device
versus wet cleaning techniques, as well as provide a path to more scalable devices to
allow further miniaturization of microelectronic components.

[0008] In one or more embodiments, a gate oxide is formed on a cleaned substrate
surface during the formation of a gate stack, for example, during the formation of a
MOSFET, MOS CAP, etc.. In some embodiments, the gate oxide comprises silicon
dioxide. Silicon dioxide has been used as a gate oxide material for many years.
However, as feature sizes have decreased, the silicon dioxide gate dielectric
thickness has been decreased to increase the gate capacitance to drive current and
device performance. In other embodiments, the gate oxide comprises a high K
dielectric having a dielectric constant exceeding 3.9. Examples are provided below.

[0009] The gate oxide and gate stack can be performed by any suitable deposition
or material layer formation process, for example physical vapor deposition and
chemical vapor deposition. As devices become smaller, atomic layer deposition
(ALD) is becoming more commonly used to manufacture devices with smaller feature
sizes. In a typical ALD process, reactant gases are sequentially introduced into a
process chamber containing a substrate. Generally, a first reactant is introduced into
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a process chamber and is adsorbed onto the substrate surface. A second reactant is
then introduced into the process chamber and reacts with the first reactant to form a
deposited material. A purge step may be carried out between the delivery of each
reactant gas to ensure that the only reactions that occur are on the substrate surface.
The purge step may be a continuous purge with a carrier gas or a pulse purge
between the delivery of the reactant gases.

[0010] According to one or more embodiments, devices with smaller feature sizes,
for example, 45 nm and smaller and 32 nm and smaller can be manufactured

according to the techniques described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 shows a multi-chamber processing system according to one aspect of

the invention;

[0012] Figs. 2A-2C show a substrate being processed according to an embodiment

of the present invention;

[0013] Fig. 3 is a partial cross sectional view showing one embodiment of a dry
etch processing chamber;

[0014] Fig. 4 shows an enlarged cross sectional view of a lid assembly shown in
Figure 3;

[0015] Fig. 5 shows a partial cross sectional view of a support assembly shown in
Figure 3; and

[0016] Fig. 6 shows a graph of the gate leakage as a function of effective oxide

thickness for various devices.

DETAILED DESCRIPTION

[0017] Before describing several exemplary embodiments of the invention, it is to
be understood that the invention is not limited to the details of construction or process
steps set forth in the following description. The invention is capable of other
embodiments and of being practiced or being carried out in various ways.
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[0018] Aspects of the invention relate to systems, apparatus and methods for
deposition of films onto substrates. As will be appreciated by the skilled artisan, well-
known semiconductor processing equipment and techniques relating to deposition are
not described in detail in the following so as to not unnecessarily obscure the present
invention. Persons skilled in the art will readily recognize that process parameter
values will vary significantly depending on the particular environment, substrate type,
etc. As such, a comprehensive list of possible values and conditions is neither
practical nor necessary, as such values can be determined once the principles of the

present invention are known.

[0019] Embodiments of the invention relate to cleaning a substrate, for example,
silicon, prior to deposition using an energized gas. Aspects of the invention may be
carried out in a cluster tool. Generally, a cluster tool is a modular system comprising
multiple chambers which perform various functions including substrate center-finding
and orientation, degassing, annealing, deposition and/or etching. According to an
embodiment of the present invention, a cluster tool includes an oxidation chamber
configured to perform the inventive oxide growth processes. The multiple chambers
of the cluster tool are mounted to a central transfer chamber which houses a robot
adapted to shuttle substrates between the chambers. The transfer chamber is
typically maintained at a vacuum condition and provides an intermediate stage for
shuttling substrates from one chamber to another and/or to a load lock chamber
positioned at a front end of the cluster tool. Two well-known cluster tools which may
be adapted for the present invention are the Centura® and the Endura®, both available
from Applied Materials, Inc., of Santa Clara, Calif. The details of one such staged-
vacuum substrate processing system is disclosed in U.S. Pat. No. 5,186,718, entitled
"Staged-Vacuum Wafer Processing System and Method," Tepman et al., issued on
Feb. 16, 1993, which is incorporated herein by reference. However, the exact
arrangement and combination of chambers may be altered for purposes of performing
specific steps of a fabrication process, which includes the present cleaning process.

[0020] Figure 1 shows an example of a cluster tool or multi-chamber processing
system 10 according to one aspect of the invention. The processing system 10 can
include one or more load lock chambers 12, 14 for transferring substrates into and out

of the system 10. Typically, since the system 10 is under vacuum, the load lock
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chambers 12, 14 may "pump down" substrates introduced into the system 10. A first
robot 20 may transfer the substrates between the load lock chambers 12, 14, and a
first set of one or more substrate processing chambers 32, 34, 36, 38. Each
processing chamber 32, 34, 36, 38, may be configured to perform a number of
substrate processing operations. In particular, processing chamber 32 is a dry etch
processor designed to practice a dry etch process described in the following, and
processing chamber 34 is a deposition reactor. Processing chambers 36, 38 may be
configured to further provide, for example, cyclical layer deposition (CLD), atomic
layer deposition (ALD), chemical vapor deposition (CVD), physical vapor deposition
(PVD), etch, pre-clean, degas, orientation and other substrate processes.

[0021] The first robot 20 can also transfer substrates to/from one or more transfer
chambers 42, 44. The transfer chambers 42, 44 can be used to maintain ultrahigh
vacuum conditions while allowing substrates to be transferred within the system 10. A
second robot 50 can transfer the substrates between the transfer chambers 42, 44
and a second set of one or more processing chambers 62, 64, 66, 68. Similar to
processing chambers 32, 34, 36, 38, the processing chambers 62, 64, 66, 68 can be
configured to perform a variety of substrate processing operations, including the dry
etch processes described in the following, in addition to cyclical layer deposition
(CLD), atomic layer deposition (ALD), chemical vapor deposition (CVD), physical
vapor deposition (PVD), deposition, etch, pre-clean, degas, and orientation. Any of
the substrate processing chambers 32, 34, 36, 38, 62, 64, 66, 68 may be removed
from the system 10 if not needed.

[0022] Referring now to Figures 2A-2C, an example of a deposition process
includes a dry pre-clean step to remove surface oxide 72 (sometimes referred to as a
native oxide) from a substrate 70, followed by a deposition process. To this end, prior
to performing the deposition process, the substrate 70 to be processed is first loaded
into the dry etch processor 100 to undergo a mild, dry etching process that removes
surface oxide 72. This dry cleaning process exposes an substrate surface 74 on the
substrate 70, as shown in Figure 2B, which is suitable to sustain the subsequent
growth of a layer. After the dry cleaning process has been completed, the substrate
70 is transferred from the dry etch processor 100 into the deposition reactor 34 by
robot 20. Because the entire system 10 is load locked, the substrate 70 is not
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exposed to ambient air when transferred, and hence does not experience native oxide
growth on the substantially oxide-free substrate surface 74. As such, when the
deposition process is subsequently performed, an extensive hydrogen pre-bake is not
required, or, alternatively, only a very limited duration hydrogen pre-bake may be
utilized. Although specific reference in this description is made to silicon, it will be
appreciated that the substrate surface 74 may be any surface suitable for supporting
deposition, such as, but not limited to, silicon germanium, doped silicon, and all other
Group-1V, Group IlI-V, and Group II-VI semiconductors and alloys.

[0023] The deposition process may be carried out by chemical vapor deposition
performed within the deposition reactor 34, such as within an EPI CENTURA reactor
from Applied Materials of Santa Clara, Calif., to form an layer 76 on the substrate
surface 74. The substrate surface 74 of the substrate 70 may be exposed, for
example, to silicon in the form of a deposition gas mixture that comprises silicon (e.g.,
SiCls, SiHCIs, SiH2Cl»1 SiH3Cl, SioHe, or SiH4) and a carrier gas (such as N» and/or
Ho). If the intended use of the substrate 70 requires that the layer 76 include a
dopant, the silicon-containing gas may also include a suitable dopant-containing gas,

such as arsine (AsHs), phosphine (PH3), and/or diborane (B2Hs).

[0024] If SiH:Cly is used, the pressure within the deposition reactor 34 during
deposition may be from about 500 to about 760 Torr. If, on the other hand, SiH4 or
another Group-1V hydride is used, the deposition reactor 34 pressure should be below
100 Torr. Deposition using SiHCl; may be conducted at atmospheric pressure.
Deposition using SiHCI; at atmospheric pressure may be preferable if the deposition
reactor 34 and the dry etch processor 100 are not connected to a common, load-
locked system, but are instead individual units in which the substrate 70 is loaded and
extracted under ambient conditions. It will be appreciated that if the substrate surface
74 is thereby exposed to ambient air, it may be necessary to first perform a light
hydrogen pre-bake in the deposition reactor 34 prior to the deposition process to
remove any resultant native oxide from the substrate surface 74. The term “ambient
air” typically means the air within a fabrication room. However, ambient air may also
include environments that have enough oxygen to cause oxidization of the substrate
surface 74 sufficient to create defects or flaws in a subsequent deposition process that
are unacceptable from a process quality control point of view.
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[0025] During the CVD deposition process, the temperature of the substrate
surface 74 is preferably maintained at a temperature sufficient to prevent the silicon-
containing gas from depositing polycrystalline silicon onto the substrate surface 74.
The temperature of the substrate surface 74 during deposition may be, for example,
between about 1150 °C to about 450 °C.

[0026] In an ALD deposition process, the temperature of the surface of the
substrate can be varied depending on the surface reactions occurring. As most
devices have an inherent thermal budget, based on any previous layers deposited on
the substrate, it is generally useful to keep the temperature as close to room
temperature as possible.

[0027] Once a layer 76 having the desired thickness has been formed on the
substrate surface 74, the deposition reactor 34 may be purged with a noble gas, Hy, or
a combination thereof. The substrate 70 may then be cooled, say to a temperature of
less than 700° C, and then removed from the deposition reactor 34 for subsequent

processing.

[0028] Figure 3 is a partial cross sectional view showing an illustrative processing
chamber 100. The processing chamber 100 may include a chamber body 101, a lid
assembly 140, and a support assembly 120. The lid assembly 140 is disposed at an
upper end of the chamber body 101, and the support assembly 120 is at least partially
disposed within the chamber body 101. The chamber body 101 may include a slit
valve opening 111 formed in a sidewall thereof to provide access to the interior of the
processing chamber 100. The slit valve opening 111 is selectively opened and closed
to allow access to the interior of the chamber body 101 by first robot 20.

[0029] The chamber body 101 may include a channel 102 formed therein for
flowing a heat transfer fluid therethrough. The heat transfer fluid can be a heating
fluid or a coolant and is used to control the temperature of the chamber body 101
during processing and substrate transfer. Exemplary heat transfer fluids include
water, ethylene glycol, or a mixture thereof. An exemplary heat transfer fluid may also

include nitrogen gas.

[0030] The chamber body 101 can further include a liner 108 that surrounds the
support assembly 120. The liner 108 is preferably removable for servicing and
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cleaning. The liner 108 can be made of a metal such as aluminum, or a ceramic
material. However, the liner 108 can be any process compatible material. The liner
108 can be bead blasted to increase the adhesion of any material deposited thereon,
thereby preventing flaking of material which results in contamination of the processing
chamber 100. The liner 108 may include one or more apertures 109 and a pumping
channel 106 formed therein that is in fluid communication with a vacuum system. The
apertures 109 provide a flow path for gases into the pumping channel 106, which
provides an egress for the gases within the processing chamber 100.

[0031] The vacuum system can include a vacuum pump 104 and a throttle valve
105 to regulate flow of gases through the processing chamber 100. The vacuum
pump 104 is coupled to a vacuum port 107 disposed on the chamber body 101 and
therefore is in fluid communication with the pumping channel 106 formed within the
liner 108.

[0032] Apertures 109 allow the pumping channel 106 to be in fluid communication
with a processing zone 110 within the chamber body 101. The processing zone 110
is defined by a lower surface of the lid assembly 140 and an upper surface of the
support assembly 120, and is surrounded by the liner 108. The apertures 109 may be
uniformly sized and evenly spaced about the liner 108. However, any number,
position, size or shape of apertures may be used, and each of those design
parameters can vary depending on the desired flow pattern of gas across the
substrate receiving surface as is discussed in more detail below. In addition, the size,
number and position of the apertures 109 are configured to achieve uniform flow of
gases exiting the processing chamber 100. Further, the aperture size and location
may be configured to provide rapid or high capacity pumping to facilitate a rapid
exhaust of gas from the chamber 100. For example, the number and size of apertures
109 in close proximity to the vacuum port 107 may be smaller than the size of
apertures 109 positioned farther away from the vacuum port 107.

[0033] Considering the lid assembly 140 in more detail, Figure 4 shows an
enlarged cross sectional view of lid assembly 140 that may be disposed at an upper
end of the chamber body 101. Referring to Figures 3 and 4, the lid assembly 140
includes a number of components stacked on top of one another to form a plasma
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region or cavity therebetween. The lid assembly 140 may include a first electrode 141
("upper electrode") disposed vertically above a second electrode 152 ("lower
electrode") confining a plasma volume or cavity 149 therebetween. The first electrode
141 is connected to a power source 144, such as an RF power supply, and the
second electrode 152 is connected to ground, forming a capacitance between the two
electrodes 141, 152.

[0034] The lid assembly 140 may include one or more gas inlets 142 (only one is
shown) that are at least partially formed within an upper section 143 of the first
electrode 141. One or more process gases enter the lid assembly 140 via the one or
more gas inlets 142. The one or more gas inlets 142 are in fluid communication with
the plasma cavity 149 at a first end thereof and coupled to one or more upstream gas
sources and/or other gas delivery components, such as gas mixers, at a second end
thereof. The first end of the one or more gas inlets 142 may open into the plasma
cavity 149 at the upper-most point of the inner diameter 150 of expanding section 146.
Similarly, the first end of the one or more gas inlets 142 may open into the plasma
cavity 149 at any height interval along the inner diameter 150 of the expanding section
146. Although not shown, two gas inlets 142 can be disposed at opposite sides of the
expanding section 146 to create a swirling flow pattern or “vortex” flow into the
expanding section 146 which helps mix the gases within the plasma cavity 149.

[0035] The first electrode 141 may have an expanding section 146 that houses the
plasma cavity 149. The expanding section 146 may be in fluid communication with
the gas inlet 142 as described above. The expanding section 146 may be an annular
member that has an inner surface or diameter 150 that gradually increases from an
upper portion 147 thereof to a lower portion 148 thereof. As such, the distance
between the first electrode 141 and the second electrode 152 is variable. That varying
distance helps control the formation and stability of the plasma generated within the

plasma cavity 149.

[0036] The expanding section 146 may resemble a cone or “funnel,” as is shown in
FIGS. 3 and 4. The inner surface 150 of the expanding section 146 may gradually
slope from the upper portion 147 to the lower portion 148 of the expanding section

146. The slope or angle of the inner diameter 150 can vary depending on process
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requirements and/or process limitations. The length or height of the expanding
section 146 can also vary depending on specific process requirements and/or
limitations. The slope of the inner diameter 150, or the height of the expanding
section 146, or both may vary depending on the volume of plasma needed for

processing.

[0037] Not wishing to be bound by theory, it is believed that the variation in
distance between the two electrodes 141, 152 allows the plasma formed in the plasma
cavity 149 to find the necessary power level to sustain itself within some portion of the
plasma cavity 149, if not throughout the entire plasma cavity 149. The plasma within
the plasma cavity 149 is therefore less dependent on pressure, allowing the plasma to
be generated and sustained within a wider operating window. As such, a more
repeatable and reliable plasma can be formed within the lid assembly 140.

[0038] The first electrode 141 can be constructed from any process compatible
materials, such as aluminum, anodized aluminum, nickel plated aluminum, nickel
plated aluminum 6061-T6, stainless steel as well as combinations and alloys thereof,
for example. In one or more embodiments, the entire first electrode 141 or portions
thereof are nickel coated to reduce unwanted particle formation. Preferably, at least
the inner surface 150 of the expanding section 146 is nickel plated.

[0039] The second electrode 152 can include one or more stacked plates. When
two or more plates are desired, the plates should be in electrical communication with
one another. Each of the plates should include a plurality of apertures or gas
passages to allow the one or more gases from the plasma cavity 149 to flow through.

[0040] The lid assembly 140 may further include an isolator ring 151 to electrically
isolate the first electrode 141 from the second electrode 152. The isolator ring 151
can be made from aluminum oxide or any other insulative, process compatible
material. Preferably, the isolator ring 151 surrounds or substantially surrounds at least
the expanding section 146.

[0041] The second electrode 152 may include a top plate 153, distribution plate
158 and blocker plate 162 separating the substrate in the processing chamber from
the plasma cavity. The top plate 153, distribution plate 158 and blocker plate 162 are
stacked and disposed on a lid rim 164 which is connected to the chamber body 101 as
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shown in FIG. 3. As is known in the art, a hinge assembly (not shown) can be used to
couple the lid rim 164 to the chamber body 101. The lid rim 164 can include an
embedded channel or passage 165 for housing a heat transfer medium. The heat
transfer medium can be used for heating, cooling, or both, depending on the process

requirements.

[0042] The top plate 153 may include a plurality of gas passages or apertures 156
formed beneath the plasma cavity 149 to allow gas from the plasma cavity 149 to flow
therethrough. The top plate 153 may include a recessed portion 154 that is adapted
to house at least a portion of the first electrode 141. In one or more embodiments, the
apertures 156 are through the cross section of the top plate 153 beneath the recessed
portion 154. The recessed portion 154 of the top plate 153 can be stair stepped as
shown in FIG. 4 to provide a better sealed fit therebetween. Furthermore, the outer
diameter of the top plate 153 can be designed to mount or rest on an outer diameter
of the distribution plate 158 as shown in FIG. 4. An o-ring type seal, such as an
elastomeric o-ring 155, can be at least partially disposed within the recessed portion
154 of the top plate 153 to ensure a fluid-tight contact with the first electrode 141.
Likewise, an o-ring type seal 157 can be used to provide a fluid-tight contact between
the outer perimeters of the top plate 153 and the distribution plate 158.

[0043] The distribution plate 158 is substantially disc-shaped and includes a
plurality of apertures 161 or passageways to distribute the flow of gases therethrough.
The apertures 161 can be sized and positioned about the distribution plate 158 to
provide a controlled and even flow distribution to the processing zone 110 where the
substrate 70 to be processed is located. Furthermore, the apertures 161 prevent the
gas(es) from impinging directly on the substrate 70 surface by slowing and re-directing
the velocity profile of the flowing gases, as well as evenly distributing the flow of gas to
provide an even distribution of gas across the surface of the substrate 70.

[0044] The distribution plate 158 can also include an annular mounting flange 159
formed at an outer perimeter thereof. The mounting flange 159 can be sized to rest
on an upper surface of the lid rim 164. An o-ring type seal, such as an elastomeric o-
ring, can be at least partially disposed within the annular mounting flange 159 to
ensure a fluid-tight contact with the lid rim 164.



10

15

20

25

30

WO 2012/116259 PCT/US2012/026459

12

[0045] The distribution plate 158 may include one or more embedded channels or
passages 160 for housing a heater or heating fluid to provide temperature control of
the lid assembly 140. A resistive heating element can be inserted within the passage
160 to heat the distribution plate 158. A thermocouple can be connected to the
distribution plate 158 to regulate the temperature thereof. The thermocouple can be
used in a feedback loop to control electric current applied to the heating element, as

known in the art.

[0046] Alternatively, a heat transfer medium can be passed through the passage
160. The one or more passages 160 can contain a cooling medium, if needed, to
better control temperature of the distribution plate 158 depending on the process
requirements within the chamber body 101. As mentioned above, any heat transfer
medium may be used, such as nitrogen, water, ethylene glycol, or mixtures thereof,

for example.

[0047] The lid assembly 140 may be heated using one or more heat lamps (not
shown). Typically, the heat lamps are arranged about an upper surface of the
distribution plate 158 to heat the components of the lid assembly 140 including the

distribution plate 158 by radiation.

[0048] The blocker plate 162 is optional and may be disposed between the top
plate 153 and the distribution plate 158. Preferably, the blocker plate 162 is
removably mounted to a lower surface of the top plate 153. The blocker plate 162
should make good thermal and electrical contact with the top plate 153. The blocker
plate 162 may be coupled to the top plate 153 using a bolt or similar fastener. The
blocker plate 162 may also be threaded or screwed onto an out diameter of the top
plate 153.

[0049] The blocker plate 162 includes a plurality of apertures 163 to provide a
plurality of gas passages from the top plate 153 to the distribution plate 158. The
apertures 163 can be sized and positioned about the blocker plate 162 to provide a

controlled and even flow distribution the distribution plate 158.

[0050] Figure 5 shows a partial cross sectional view of an illustrative support
assembly 120. The support assembly 120 can be at least partially disposed within the
chamber body 101. The support assembly 120 can include a support member 122 to



10

15

20

25

30

WO 2012/116259 PCT/US2012/026459

13

support the substrate 70 (not shown in this view) for processing within the chamber
body 101. The support member 122 can be coupled to a lift mechanism 131 through
a shaft 126 which extends through a centrally-located opening 103 formed in a bottom
surface of the chamber body 101. The lift mechanism 131 can be flexibly sealed to
the chamber body 101 by a bellows 132 that prevents vacuum leakage from around
the shaft 126. The lift mechanism 131 allows the support member 122 to be moved
vertically within the chamber body 101 between a process position and a lower,
transfer position. The transfer position is slightly below the opening of the slit valve

111 formed in a sidewall of the chamber body 101.

[0051] In one or more embodiments, the substrate 70 (not shown in Fig. 5) may be
secured to the support assembly 120 using a vacuum chuck. The top plate 123 can
include a plurality of holes 124 in fluid communication with one or more grooves 127
formed in the support member 122. The grooves 127 are in fluid communication with a
vacuum pump (not shown) via a vacuum conduit 125 disposed within the shaft 126
and the support member 122. Under certain conditions, the vacuum conduit 125 can
be used to supply a purge gas to the surface of the support member 122 when the
substrate 70 is not disposed on the support member 122. The vacuum conduit 125
can also pass a purge gas during processing to prevent a reactive gas or byproduct
from contacting the backside of the substrate 70.

[0052] The support member 122 can include one or more bores 129 formed
therethrough to accommodate a lift pin 130. Each lift pin 130 is typically constructed
of ceramic or ceramic-containing materials, and are used for substrate-handling and
transport. Each lift pin 130 is slideably mounted within the bore 129. The lift pin 130
is moveable within its respective bore 129 by engaging an annular lift ring 128
disposed within the chamber body 101. The lift ring 128 is movable such that the
upper surface of the lift-pin 130 can be located above the substrate support surface of
the support member 122 when the lift ring 128 is in an upper position. Conversely, the
upper surface of the lift-pins 130 is located below the substrate support surface of the
support member 122 when the lift ring 128 is in a lower position. Thus, part of each
lift-pin 130 passes through its respective bore 129 in the support member 122 when
the lift ring 128 moves from either the lower position to the upper position.
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[0053] When activated, the lift pins 130 push against a lower surface of the
substrate 70, lifting the substrate 70 off the support member 122. Conversely, the lift
pins 130 may be de-activated to lower the substrate 70, thereby resting the substrate
70 on the support member 122.

[0054] The support assembly 120 can include an edge ring 121 disposed about the
support member 122. The edge ring 121 is an annular member that is adapted to
cover an outer perimeter of the support member 122 and protect the support member
122. The edge ring 121 can be positioned on or adjacent the support member 122 to
form an annular purge gas channel 133 between the outer diameter of support
member 122 and the inner diameter of the edge ring 121. The annular purge gas
channel 133 can be in fluid communication with a purge gas conduit 134 formed
through the support member 122 and the shaft 126. Preferably, the purge gas conduit
134 is in fluid communication with a purge gas supply (not shown) to provide a purge
gas to the purge gas channel 133. In operation, the purge gas flows through the
conduit 134, into the purge gas channel 133, and about an edge of the substrate
disposed on the support member 122. Accordingly, the purge gas working in
cooperation with the edge ring 121 prevents deposition at the edge and/or backside of
the substrate.

[0055] The temperature of the support assembly 120 is controlled by a fluid
circulated through a fluid channel 135 embedded in the body of the support member
122. The fluid channel 135 may be in fluid communication with a heat transfer conduit
136 disposed through the shaft 126 of the support assembly 120. The fluid channel
135 may be positioned about the support member 122 to provide a uniform heat
transfer to the substrate receiving surface of the support member 122. The fluid
channel 135 and heat transfer conduit 136 can flow heat transfer fluids to either heat
or cool the support member 122. The support assembly 120 can further include an
embedded thermocouple (not shown) for monitoring the temperature of the support
surface of the support member 122.

[0056] In operation, the support member 122 can be elevated to a close proximity
of the lid assembly 140 to control the temperature of the substrate 70 being
processed. As such, the substrate 70 can be heated via radiation emitted from the
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distribution plate 158 that is controlled by the heating element 474. Alternatively, the
substrate 70 can be lifted off the support member 122 to close proximity of the heated
lid assembly 140 using the lift pins 130 activated by the lift ring 128.

[0057] An exemplary dry etch process for removing silicon oxide using an
ammonia (NHs) and nitrogen trifluoride (NFs) gas mixture performed within the
processing chamber 100 will now be described. Referring to Figure 3 and Figure 5,
the dry etch process begins by placing the substrate 70, into the processing zone 110.
The substrate 70 is typically placed into the chamber body 101 through the slit valve
opening 111 and disposed on the upper surface of the support member 122. The
substrate 70 is chucked to the upper surface of the support member 122, and an edge
purge is passed through the channel 133. The substrate 70 may be chucked to the
upper surface of the support member 122 by pulling a vacuum through the holes 124
and grooves 127 that are in fluid communication with a vacuum pump via conduit 125.
The support member 122 is then lifted to a processing position within the chamber
body 101, if not already in a processing position. The chamber body 101 may be
maintained at a temperature of between 50 °C and 80°C, more preferably at about 65
°C. This temperature of the chamber body 101 is maintained by passing a heat
transfer medium through the fluid channel 102.

[0058] The substrate 70 is cooled below 65 °C, such as between 15 °C and 50 °C,
by passing a heat transfer medium or coolant through the fluid channel 135 formed
within the support assembly 120. In one embodiment, the substrate 70 is maintained
below room temperature. In another embodiment, the substrate 70 is maintained at a
temperature of between 22 °C and 40 °C. Typically, the support member 122 is
maintained below about 22 °C to reach the desired substrate temperatures specified
above. To cool the support member 122, the coolant is passed through the fluid
channel 135. A continuous flow of coolant is preferred to better control the
temperature of the support member 122.

[0059] The ammonia and nitrogen trifluoride gases are then introduced into the
chamber 100 to form a cleaning gas mixture. The amount of each gas introduced into
the chamber is variable and may be adjusted to accommodate, for example, the
thickness of the oxide layer 72 to be removed, the geometry of the substrate 70 being
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cleaned, the volume capacity of the plasma, the volume capacity of the chamber body
101, as well as the capabilities of the vacuum system coupled to the chamber body
101. In one aspect, the gases are added to provide a gas mixture having at least a
1:1 molar ratio of ammonia to nitrogen trifluoride. In another aspect, the molar ratio of
the gas mixture is at least about 3 to 1 (ammonia to nitrogen trifluoride). Preferably,
the gases are introduced in the chamber 100 at a molar ratio of from 5:1 (ammonia to
nitrogen trifluoride) to 30:1. More preferably, the molar ratio of the gas mixture is from
about 5 to 1 (ammonia to nitrogen trifluoride) to about 10 to 1. The molar ratio of the
gas mixture may also fall between about 10:1 (ammonia to nitrogen trifluoride) to
about 20:1.

[0060] A purge gas or carrier gas may also be added to the gas mixture. Any
suitable purge/carrier gas may be used, such as argon, helium, hydrogen, nitrogen, or
mixtures thereof, for example. Typically, the overall gas mixture is from about 0.05%
to about 20% by volume of ammonia and nitrogen trifluoride; the remainder being the
carrier gas. In one embodiment, the purge or carrier gas is first introduced into the
chamber body 101 before the reactive gases to stabilize the pressure within the
chamber body 101.

[0061] The operating pressure within the chamber body 101 can be variable.
Typically, the pressure is maintained between about 500 mTorr and about 30 Torr.
Preferably, the pressure is maintained between about 1 Torr and about 10 Torr. More
preferably, the operating pressure within the chamber body 101 is maintained
between about 3 Torr and about 6 Torr.

[0062] RF power from about 5 to about 600 Watts is applied to the first electrode
141 to ignite a plasma of the gas mixture within the plasma cavity 149. Preferably, the
RF power is less than 100 Watts. More preferable is that the frequency at which the
power is applied is relatively low, such as less than 100 kHz. Preferably, the
frequency ranges from about 50 kHz to about 90 kHz. Because of the lower electrode
153, the blocker plate 162 and the distribution plate 158, plasma ignited within the
plasma cavity 149 does not contact the substrate 70 within the processing zone 110,
but instead remains trapped within the plasma cavity 149. The plasma is thus
remotely generated in the plasma cavity 149 with respect to the processing zone 110.
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That is, the processing chamber 100 provides two distinct regions: the plasma cavity
149 and the processing zone 110. These regions are not communicative with each
other in terms of plasmas formed in the plasma cavity 149, but are communicative
with each other in terms of reactive species formed in the plasma cavity 149.
Specifically, reactive species resulting from the plasma can exit the plasma cavity 149
via the apertures 156, pass through the apertures 163 of the blocker plate 162, and
enter into the processing zone 110 via apertures 161 of the distribution plate 158.

[0063] The plasma energy dissociates the ammonia and nitrogen trifluoride gases
into reactive species that combine to form a highly reactive ammonia fluoride (NH4F)
compound and/or ammonium hydrogen fluoride (NH4F-HF) in the gas phase. These
molecules flow through the apertures 156, 163 and 161 to react with the oxide layer
72 of the substrate 70. In one embodiment, the carrier gas is first introduced into the
chamber 100, a plasma of the carrier gas is generated in the plasma cavity 149, and
then the reactive gases, ammonia and nitrogen trifluoride, are added to the plasma.
As noted previously, the plasma formed in the plasma cavity 149 does not reach the
substrate 70 disposed within the processing region or zone 110.

[0064] Not wishing to be bound by theory, it is believed that the etchant gas, NH4F
and/or NH4F-HF, reacts with the silicon oxide surface 72 to form ammonium
hexafluorosilicate (NH4)>SiFs, NH3, and H>O products. The NHj;, and H,O are vapors
at processing conditions and removed from the chamber 100 by the vacuum pump
104. In particular, the volatile gases flow through the apertures 109 formed in the liner
108 into the pumping channel 106 before the gases exit the chamber 100 through the
vacuum port 107 into the vacuum pump 104. A thin film of (NH,).SiFs is left behind on
the surface of the substrate 70. This reaction mechanism can be summarized as

follows:

[0065] NFs+NH3z— NH4F+NHsF-HF+N>
[0066] 6NH4F+SiO, — (NH4),SiFe+H-0
[0067] (NH4).SiFe+heat — NHz+HF+SiF,

[0068] After the thin film is formed on the substrate surface, the support member
122 having the substrate 70 supported thereon is elevated to an anneal position in
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close proximity to the heated distribution plate 158. The heat radiated from the
distribution plate 158 should be sufficient to dissociate or sublimate the thin film of
(NH,4).SiFe into volatile SiF4, NH3, and HF products. These volatile products are then
removed from the chamber 32 by the vacuum pump 104 as described above. In
effect, the thin film is boiled or vaporized off from the substrate 70, leaving behind the
exposed substrate surface 74. Typically, a temperature of 75 °C or more is used to
effectively sublimate and remove the thin film from the substrate 70. Preferably, a
temperature of 100 °C or more is used, such as between about 115 °C and about 200
°C.

[0069] The thermal energy to dissociate the thin film of (NH4).SiFs into its volatile
components is convected or radiated by the distribution plate 158. As described
above, a heating element 160 may be directly coupled to the distribution plate 158,
and is activated to heat the distribution plate 158 and the components in thermal
contact therewith to a temperature between about 75 °C and 250 °C. In one aspect,
the distribution plate 158 is heated to a temperature of between 100 °C and 200 °C,
such as about 120 °C.

[0070] The lift mechanism 131 can elevate the support member 122 toward a lower
surface of the distribution plate 158. During this lifting step, the substrate 70 is
secured to the support member 122, such as by a vacuum chuck or an electrostatic
chuck. Alternatively, the substrate 70 can be lifted off the support member 122 and
placed in close proximity to the heated distribution plate 158 by elevating the lift pins
130 via the lift ring 128.

[0071] The distance between the upper surface of the substrate 70 having the thin
film thereon and the distribution plate 158 is not critical and is a matter of routine
experimentation. A person of ordinary skill in the art can easily determine the spacing
required to efficiently and effectively vaporize the thin film without damaging the
underlying substrate 70. It is believed, however, that a spacing of between about
0.254 mm (10 mils) and 5.08 mm (200 mils) is effective.

[0072] Once the film has been removed from the substrate 70, the substrate
surface 74 has been exposed and the substrate 70 is ready for the subsequent
deposition process. The dry etch processor 32 is purged and evacuated. The
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cleaned substrate 70 is removed from the chamber body 101 by lowering the
substrate 70 to the transfer position, de-chucking the substrate 70, and transferring
the substrate 70 through the slit valve opening 111. The first robot 20 transfers the
substrate 70 from the dry etch processor 32 to the deposition reactor 34. Because the
substrate 70 remains within the load-locked system 10, the substrate 70 is not
exposed to any ambient air during this transfer process. That is, the plasma cavity
149, the processing zone 110 and the deposition reactor 34 are in vacuum-tight
communication with each other that prevents unwanted oxygen from entering into any
of these regions. The substrate surface 74 thus is not contaminated with oxide, and
remains cleanly exposed when the substrate 70 is loaded into the deposition reactor
34. The layer 76 may thus immediately be grown on the substrate surface 74, as

previously described.

[0073] By replacing the HF-last wet cleaning step with the above-described dry
clean procedure, it is possible to perform the entire deposition process in a single
load-locked system 10. Queue times are thus reduced. Moreover, it is believed that
the above-described dry clean process has fewer issues of undercut due to lateral
etching of oxide than HF wet etch with oxide-nitride-silicon substrates. However, it will
be appreciated that anytime a process step is changed, particularly a cleaning step
immediately prior to deposition, there is a risk that the surface may not be acceptable
for deposition. Higher levels of certain elements such as oxygen, fluorine, chlorine or

nitrogen may adversely affect the deposition process.

[0074] It is believed that reactive species other than those described above are
possible for the dry etching step; for example, an addition of hydrogen plasma may
help reduce the levels of residual elements. That is, other types of gases may be
introduced into the gas delivery system 220 and formed into a plasma that is remote
from the substrate 70. The plasma so formed may form reactive species that
subsequently travel to, and react with, the oxide surface 72 on the substrate 70 to
thereby expose the substrate surface 74. The substrate 70 may be heated or cooled

as required to support the removal of the oxide layer 72.

[0075] Detailed embodiments of the invention are directed to methods of cleaning
substrates and reducing the thickness of deposited (or grown) oxide layers (e.g., SiO,
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HfO.). A gas mixture is introduced into a plasma cavity. The gas mixture is energized
to form a plasma of reactive gas in the cavity. The reactive gas is introduced to a first
processing chamber to react with a portion of an oxide on a substrate surface within
the processing chamber to reduce the thickness of the oxide on the substrate surface
or to eliminate the oxide. The oxide can be present on the surface of the substrate or
can be grown or deposited on the surface of the substrate. In some embodiments, the
substrate is being pre-cleaned of oxides before depositing a high-k dielectric film. In
some embodiments, the substrate intentionally has an oxide layer and the thickness of
the layer is being reduced. The substrate is processed with the reactive gas to
remove at least a portion of oxide on the substrate surface. A gate dielectric stack is
formed on the substrate. The gate dielectric stack comprises a high-k dielectric layer.

[0076] The gate dielectric stack can be made up of one or more individual layers.
In specific embodiments, the gate dielectric stack is a single layer comprising a high-k
dielectric. In detailed embodiments, the high-k dielectric is a material, or combination
of materials, which has a dielectric constant greater than that of pure silicon dioxide,
or greater than 3.9. In specific embodiments, the high-k dielectric is a material, or
combination of materials, which has a dielectric constant greater than that of pure
silicon oxynitride, or greater than 7.8. The high-k dielectric is detailed embodiments
includes one or more of hafnium, zirconium, hafnium oxide, zirconium oxide, hafnium

silicate and zirconium silicate.

[0077] In detailed embodiments, the substrate surface is maintained at a
temperature below about 65 2C when the reactive gas is introduced to the processing
chamber. The temperature of the substrate surface is increased to a temperature in
the range of about 100 °C to about 1000 °C after the reactive gas has reacted with the
oxide on the substrate surface. Increasing the temperature allows the film formed on
the substrate surface to be sublimated, leaving a substantially clean surface. As used
in this specification and the appended claims, the term “substantially clean” means
that there is less than about 10% of the initial oxide layer remaining. In specific
embodiments, there is less than about 5%, 4%, 3%, 2% or 1% of the initial oxide layer
remaining. In detailed embodiments, the temperature of the substrate surface is
increased to a temperature in the range of about 100 °C to about 750 °C, or in the
range of about 100 °C to about 500 °C, or in the range of about 100 °C to about 400
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C, or in the range of about 100 °C to about 300 °C, or in the range of about 100 °C to
about 200 °C. In various embodiments, the maximum temperature of the substrate
surface during the sublimation portion of the cleaning is less than about 1000 °C, 900
°C, 800 °C, 700 °C, 600 °C, 500 °C, 400 °C, 300 °C or 200 °C.

[0078] Only the surface temperature of the substrate needs to be changed for the
reaction to take place. While it is not necessary for the bulk substrate temperature to
change, it is not excluded. The temperature of the surface of the substrate can be
changed by moving the substrate toward or away from a thermal element. The
thermal element can be any suitable thermal element including, but not limited to,
resistive heaters, radiative heaters and cooling plates. For example, if the thermal
element is a heater, the substrate (and therefore the substrate surface) can be moved
closer to the heater to increase the temperature. In detailed embodiments, the

thermal element is integrated into the gas distribution plate.

[0079] In some embodiments, the oxide on the substrate surface is a native oxide
coating. Removal of this native oxide coating results in the substantially clean surface
described. In detailed embodiments, processing the substrate with the reactive gas

cleans the substrate surface before forming the gate dielectric stack.

[0080] In some embodiments, the oxide is a grown oxide on the substrate. This
grown oxide can be, for example, a dielectric or high-k dielectric material which is part
of the gate stack. In these embodiments, the sublimation of the film produced by
reaction with the plasma can result in a decrease in the thickness of the dielectric film.
In specific embodiments, the oxide is a grown oxide of a high-k dielectric material and
the processing results in the thickness of the high-k dielectric material to decrease
from a grown thickness to a reduced thickness.

[0081] In detailed embodiments, the first processing chamber is part of a cluster
tool including a load lock chamber and at least one second processing chamber. As
described with respect to FIG. 1, the load lock chamber can comprise at least one
robot configured to move the substrate between and among the load lock chamber,
the first processing chamber and the at least one second processing chamber. In
specific embodiments, the at least one second processing chamber is selected from
the group consisting of atomic layer deposition chamber, physical vapor deposition
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chambers, chemical vapor deposition chamber, rapid thermal processing chambers
and combinations thereof. One or more embodiments of the invention include moving
the substrate from the first processing chamber to a second processing chamber prior
to depositing the high-k dielectric film, the movement being done without exposing the
substrate surface to air. In specific embodiments, forming the high-k dielectric film is
performed by atomic layer deposition. According to detailed embodiments, the
method further comprises depositing at least one conductive layer on the gate
dielectric stack.

[0082] One or more embodiments of the invention are directed to deposition
methods comprising introducing a substrate into a first processing chamber. The
substrate has a surface with a native oxide thereon. A gas mixture is introduced into a
plasma cavity and is energized to form a plasma of reactive gas in the cavity. The
reactive gas is introduced into the first processing chamber to react with the native
oxide on the substrate surface. The substrate surface is processed with the reactive
gas to remove the native oxide from the surface to provide a substantially clean
surface. A gate dielectric stack is then formed on the substantially clean surface. The
formation of the gate dielectric stack can occur in the first processing chamber or in a
different processing chamber.

[0083] Detailed embodiments further comprise reducing the thickness of the gate
dielectric stack by introducing a gas mixture into a plasma cavity and energizing the
gas mixture to form a plasma of reactive gas in the cavity. The reactive gas is then
introduced into the processing chamber to react with the gate dielectric stack to
reduce the thickness of the gate dielectric stack.

[0084] Some embodiments of the invention are directed to deposition methods
comprising introducing a substrate having a native oxide on the surface into a
processing chamber. The surface of the substrate is maintained at a temperature
below about 65 °C. A plasma of reactive species is generated and is reacted with the
native oxide to form a film on the substrate surface. The temperature of the surface of
the substrate is increased to within the range of about 100 °C to about 1000 °C to
sublimate the film and create a substantially clean surface. A gate dielectric stack is
formed on the substrate including a high-k dielectric layer.
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[0085] FIG. 6 shows a graph of the gate leakage (Jg) as a function of the effective
oxide thickness (EOT) for several MOSCAP devices formed with high-k dielectrics on
substrates cleaned by the dry clean method described and devices formed using the
SC1 cleaning process known to those skilled in the art. All devices were prepared
using the same process with the exception of the pre-cleaning step. It can be seen
from this graph that at a given EOT (denoted at 8 in the graph), the device formed on
the substrates cleaned with the dry clean method had gate leakages more than a full
order of magnitude less than the SC1 prepared devices. Assuming that both methods
produce a clean surface, it is very surprising that the dry clean process should result
in such a large difference in the observed gate leakage. One of ordinary skill in the art
would not expect to see such a dramatically reduced gate leakage. Detailed
embodiments of the invention, the gate stack is part of a metal oxide semiconductor
capacitor (MOSCAP) having a leakage current less than about 1/10th the leakage
current of a similar MOSCAP produced on a substrate cleaned by an SC1 process. In
various embodiments, the leakage current is less than about 1/20™, 1/30™, 1/40™,
1/50™, 1/60™, 1/70™, 1/80™, 1/90™ or 1/100™ of the leakage current for a similar device

made with the SC1 pre-clean.

[0086] In detailed embodiments, the deposition method further comprises
generating a plasma of reactive species, The surface of the substrate is maintained at
a temperature below about 65 °C. The high-k dielectric layer is reacted with the
reactive species to form a film on the high-k dielectric. The temperature of the
substrate surface is increased to within the range of about 100 °C to about 1000 °C to
sublimate the film and cause a reduction in thickness of the high-k dielectric.

[0087] One or more embodiments of the invention are directed to a deposition
methods comprising introducing a substrate into a first processing chamber. A gate
dielectric layer having a grown thickness is on the surface of the substrate. A gas
mixture is introduced into a plasma cavity and energized to form a plasma of reactive
gas in the cavity. The reactive gas is introduced into the first processing chamber to
react with the gate dielectric on the substrate surface. The substrate is processed
with the reactive gas to decrease the grown thickness of the gate dielectric layer to a
reduced thickness. At least one additional layer is formed on the gate dielectric. The
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at least one additional layer can be, for example, another dielectric layer or a

conductive layer.

[0088] Detailed embodiments of the invention are directed to methods for removing
silicon oxides from a substrate surface. A substrate comprising a silicon oxide surface
is supported in a first position spaced a first distance from a gas distribution plate
coupled to the chamber. A plasma of reactive species is generated from a gas
mixture within the processing chamber. The gas mixture comprises ammonia,
nitrogen trifluoride, and a carrier gas and the gas mixture comprises a total volume of
the ammonia and the nitrogen trifluoride within a range from about 0.05% to about
20%. The substrate is cooled to a first temperature of less than about 65 °C within the
processing chamber. The silicon oxide surface on the cooled substrate is exposed to
the reactive species while forming a film on the substrate. The substrate is moved to
a second position within the processing chamber, the second position located a
second distance from the gas distribution plate, the second distance being less than
the first distance. The substrate is heated to a second temperature of about 100 °C or
greater within the processing chamber to sublimate the film and create a clean

substrate surface. A high-k dielectric film is deposited on the clean substrate surface.

[0089] Detailed embodiments are directed to methods for removing silicon oxides
from a substrate surface within a processing chamber. A plasma of reactive species
is generated from a gas mixture within the processing chamber, the plasma
comprising ammonium fluoride or ammonium hydrogen fluoride. A silicon oxide
surface on a substrate located in a first position is exposed to the plasma at a first
temperature of less than about 65 °C while forming a film comprising ammonium
hexafluorosilicate, the first position spaced a first distance from a gas distribution plate
coupled to the chamber. The gas distribution plate is heated within the processing
chamber. The substrate is positioned in a second position, the second position
located a second distance from the gas distribution plate, the second distance being
less than the first distance and within a range from about 10 mils to about 200 mils
from the gas distribution plate. The substrate is heated to a second temperature of
about 100 °C or greater within the processing chamber at the second position to
sublimate the film and create a clean substrate surface. A high-k dielectric is
deposited on the clean substrate surface.



10

15

20

25

30

WO 2012/116259 PCT/US2012/026459

25

[0090] Detailed embodiments of the invention are directed to methods for removing
silicon oxides from a substrate surface. A substrate comprising exposed silicon oxide
is positioned in a first position within a processing chamber. The first position spaced
a first distance from a gas distribution plate coupled to the chamber. A plasma of
reactive species is generated from a gas mixture within the processing chamber. The
exposed silicon oxide on the substrate is contacted with reactive species while
forming a film on the substrate at a first temperature of less than about 65 °C. The
substrate is moved to a second position within the processing chamber. The second
position located a second distance from the gas distribution plate, the second distance
being less than the first distance. The substrate is heated to a second temperature of
about 100 °C or greater within the processing chamber at the second position to
sublimate the film and create a clean substrate surface. A high-k dielectric is

deposited on the clean substrate surface.

[0091] Some embodiments are directed to deposition methods comprising
supporting a substrate in a first position in a processing chamber. The substrate has
a surface with an oxide thereon. The first position is spaced a first distance from a
thermal element. A plasma of reactive species is generated from a gas mixture within
the processing chamber. The substrate surface is cooled to, or maintained at, a first
temperature less than about 65 °C within the processing chamber. The oxide is
exposed to the reactive species to form a film on the substrate surface. The substrate
is moved to a second position located a second distance from the thermal element,
the second distance being less than the first distance. The substrate surface is
heated to a second temperature in the range of about 100 °C to about 1000 °C within
the processing chamber to sublimate the film and create a clean substrate surface. A

high-k dielectric film is deposited on the clean substrate surface.

[0092] Some embodiments are directed to deposition methods comprising
generating a plasma of reactive species from a gas mixture within a processing
chamber. An oxide surface of a substrate located in a first position is exposed to the
plasma at a first temperature of less than about 65 °C to form a film, the first position
spaced a first distance from a thermal element. The thermal element is heated within
the processing chamber. The substrate is positioned in a second position, the second
position located a second distance from the thermal element, the second distance
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being less than the first distance. The substrates surface is heated to a second
temperature in the range of about 100 °C to about 1000 °C within the processing
chamber at the second position to sublimate the film and create a clean substrate
surface. A high-k dielectric film is deposited on

[0093] Some embodiments of the invention are directed to deposition methods
comprising positioning a substrate surface comprising an oxide in a first position within
a processing chamber, the first position spaced a first distance from a gas distribution
plate. A plasma of reactive species is generated from a gas mixture within the
processing chamber. The exposed oxide on the substrate surface is contacted with
the reactive species to form a film on the substrate at a first temperature less than
about 65 °C. The substrate is moved into a second position within the processing
chamber, the second position located a second distance from the gas distribution
plate, the second distance being less than the first distance. The substrate surface is
heated to a second temperature in the range of about 100 °C to about 1000 °C at the
second position to sublimate the film and create a clean substrate surface. A high-k
dielectric film is deposited on the clean substrate surface.

[0094] Although the invention herein has been described with reference to
particular embodiments, it is to be understood that these embodiments are merely
illustrative of the principles and applications of the present invention. It will be
apparent to those skilled in the art that various modifications and variations can be
made to the method and apparatus of the present invention without departing from the
spirit and scope of the invention. Thus, it is intended that the present invention
include modifications and variations that are within the scope of the appended claims
and their equivalents.
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What is claimed is:

1.

A deposition method comprising:

introducing a gas mixture into a plasma cavity;

energizing the gas mixture to form a plasma of reactive gas in the cavity;

introducing the plasma of reactive gas into a first processing chamber to
react with an oxide on a substrate surface within the processing chamber;

processing the substrate with the reactive gas to remove at least a
portion of the oxide on the substrate surface; and

forming a gate dielectric stack comprising a high-k dielectric on the
substrate.

The deposition method of claim 1, further comprising maintaining the substrate
surface at a temperature below about 65 °C when the reactive gas is
introduced to the processing chamber and increasing the temperature of the
substrate surface to a temperature in the range of about 100 °C to about 1000

°C after the reactive gas has reacted with the oxide on the substrate surface.

The deposition method of claim 2, wherein the temperature of the substrate
surface is changed by moving the substrate closer to a thermal element.

The deposition method of claim 2, wherein the temperature of the substrate
surface is increased to a temperature in the range of about 100 °C to about 750
eC.

The deposition method of any of the preceding claims, wherein the oxide is a
native oxide on the substrate surface.

The deposition method of claim 5, wherein processing the substrate with the
reactive gas cleans the substrate surface before forming the gate dielectric
stack.
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11.

12.

13.

14.

28

The deposition method of any of the preceding claims, wherein the oxide is a
grown oxide having a grown thickness on the substrate.

The deposition method of claim 7, wherein the grown oxide is the high-k
dielectric of the gate dielectric stack.

The deposition method of claim 7, wherein processing the substrate with the
reactive gas decreases the grown thickness to a reduced thickness.

The deposition method of any of the preceding claims, wherein the gas mixture

comprises ammonia and nitrogen trifluoride in a carrier gas.

The deposition method of claim 12, wherein the ammonia and nitrogen
trifluoride, in combination, are present in an amount in the range of about
0.05% to about 20% by volume.

The deposition method of any of the preceding claims, further comprising
moving the substrate from the first processing chamber to a second processing
chamber prior to depositing the high-k dielectric film, the movement being done

without exposing the substrate surface to air.

The deposition method of any of the preceding claims, further comprising
reducing thickness of the gate dielectric stack by

introducing a gas mixture into a plasma cavity;

energizing the gas mixture to form a plasma of reactive gas in the cavity;
and

introducing the plasma of reactive gas into the first processing chamber
to react with the gate dielectric stack to reduce the thickness of the gate
dielectric stack.

The deposition method of any of the preceding claims, wherein the gate stack
is part of a metal oxide semiconductor capacitor (MOSCAP) having a leakage
current less than about 1/10"™ the leakage current of a similar MOSCAP
produced on a substrate cleaned by an SC1 process.
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15.

29

The deposition method of any of the preceding claims, further comprising
cleaning a native oxide layer from the surface of the substrate before forming
the gate dielectric, cleaning the substrate comprising:

introducing a gas mixture into the plasma cavity;

energizing the gas mixture to form a plasma of reactive gas in the cavity;

introducing the plasma of reactive gas into the first processing chamber
to react with the native oxide on the substrate; and

processing the substrate with the reactive gas to remove the native
oxide from the surface of the substrate to provide a substantially cleaned

surface.
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