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& compound electrode on the sacrificial layer which is also vertically-inclined with respect to the substrate, and removing the sacrificial
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capacitive device having a fixed vertically-inclined silicon-bearing compound electrode and a movable vertically-inclined silicon-
bearing compound electrode produced by arranging a sacrificial layer on a base silicon-bearing compound electrode, depositing a
grown silicon-bearing compound electrode on the sacrificial layer, and etching the sacrificial layer. Between the fixed silicon-bearing
compound and the movable silicon-bearing compound electrode is a nanogap, the nanogap having a uniform width.
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METHOD OF MAKING A NANOGAP
FOR VARIABLE CAPACITIVE ELEMENTS
AND DEVICE HAVING A NANOGAP

FIELD OF THE INVENTION

The present invention relates to capacitive elements used in
microelectromechanical systems (MEMS), and relates more particularly to variable
capacitive elements having narrow lateral inter-electrode gaps and a method for producing

such variable capacitive elements.

BACKGROUND INFORMATION

Variable capacitive elements are used in MEMS as components of microelectronic
devices including sensors, actuators and resonators. With respect to sensors, such as
movement sensors, micromechanical variable capacitive elements can form a component
for detection because their capacitance is sensitive to changes in position. With respect to
actuators microelectromechanical capacitive elements can form force transducers.

The effectiveness and performance of variable capacitive elements in a number of
different applications is often a function of the magnitude of the equilibrium gap distances
(widths) between fixed and movable electrodes. Further improvements in the
effectiveness of such elements requires either a reduction in the gap width or an increase in
electrode surface area to boost capacitance, or both.

In conventional microfabrication techniques for producing variable capacitive
elements, the surfaces of electrodes in variable capacitive elements are formed directly
onto a silicon structure by a lithographic patterning process followed by an etching process
in which vertical edges are defined and etched into a continuous field of silicon. In these
techniques, the minimum gap width and width tolerances are usually determined by

lithography and etching limits. For example, epitaxial polysilicon and switched plasma
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etching, as developed by Robert Bosch GmbH, allows etch depths (electrode thicknesses)
of 10-50 microns, and gap widths of on the order of a micron.

An article by W.T. Hsu, J.R. Clark, and L.T.-C. Nguyen, entitled “A Sub-Micron
Capacitive Gap Process for Multiple-Metal-Electrode Lateral Micromechanical
Resonators,” in Technical Digest, IEEE International MEMS Conference (Jan. 2001)
discusses a process for fabricating capacitive structures that combines polysilicon surface
micromachining, metal electroplating, sacrificial etching, and a side-wall sacrificial-spacer
technique to achieve high-aspect-ratio, submicron capacitive gaps (hereinafter referred to
as "the Nguyen process").

United States Patent No. 6,249,073 to Nguyen et al. discusses a method of
producing high frequency resonators using polysilicon surface micromachining

technology. These processes suffer from several disadvantages, including diverse

‘materials which may prevent use of some semiconductor fabrication equipment.

Additionally, owing to the metal plating steps in the Nguyen process, capacitive elements
produced according to this process will necessarily include a metal electrode (for each
electrode pair). Use of a metal electrode often presents material compatibility problems.
For example, MEMS-CMOS (Complementary Metal Oxide Semiconductor) integration
options are limited thereby because metal makes post-MEMS-CMOS mtegration
impossible and may limit intra-MEMS and pre-MEMS-CMOS integration. Inclusion of
metals usually also precludes post-fabrication high-temperature processing. In addition,
metal electrodes may experience plastic deformation or substrate adhesion failure when

subject to electrostatic forces.
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The Nguyen process is not amenable to forming epitaxial silicon structures. Thus,
the Nguyen process may not benefit from both the high-aspect-ratio structures and reduced
gap widths made possible by employing epipoly and switched-plasma etching.

Small, precise gaps may also be useful in other MEMS. For instance, high frequency
MEMS resonators may require gap distances of submicron dimensions. Therefore, what is

needed is a method for producing uniform narrow gaps between silicon elements.

SUMMARY OF THE INVENTION

The present invention provides a vertically-inclined variable capacitive element
including a vertically-inclined fixed silicon electrode and a vertically-inclined movable
silicon electrode which may be movable in a lateral direction with respect to the fixed
electrode. A nanogap may be arranged between the ﬁxed and movaBle electrodes that may
be between approximately, for example, 1 and 1000 nanofneters when the movable
electrode is in an equilibrated position with respect to the fixed electrode.

According to an exemplary embodiment, the movable electrode is made from
either polysilicon or single-crystal silicon on oxide and the fixed electrode is made from
polysilicon or single-crystal silicon.

In an exemplary embodiment, the present invention also provides a
microelectromechanical device including at least two silicon components separated by a
uniform nanogap which may be approximately one to one thousand nanometers in width.

In an exemplary embodiment, the present invention provides a method for
fabricating a variable capactive element having an inter-electrode nanogap in which a
sacrificial layer is arranged between a fixed vertically-inclined silicon electrode and a

movable vertically-inclined silicon electrode. The sacrificial layer has a thickness of
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approximately 1 to 1000 nanometers. The sacrificial layer between the fixed silicon
electrode and the movable silicon electrode may then be etched away, leaving a nanogap
between the fixed and movable electrodes.

According to an exemplary embodiment, the variable capacitive element may be
fabricated within an epitaxial reactor environment. According to one implementation, the
sacrificial layer may be composed of silicon dioxide.

According to an exemplary embodiment, before the sacrificial layer is arranged,
material in a first silicon layer may be etched to define the movable silicon electrode. The
sacrificial layer may be grown or deposited on the movable silicon electrode, a second
silicon layer may be deposited over the sacrificial layer, and material in the second silicon
layer may be etched to define the fixed silicon electrode.

According to an exemplary enlbodiment, the etching (;f thé material in the first and
second silicon layers may be pefforfned using a switched plésma 'etching process.

In an exemplary embodiment, the present invention may provide a methoa of
fabricating a micromechanical device having improved performance characteristics.
According to the method, gaps between components in the micromechanical elements may
be reduced by either depositing or growing a sacrificial layer between the components and
then removing the sacrificial layer, thereby generating nanogaps between the components.

According to an exemplary embodiment, the sacrificial layer may be released by
exposing the micromechanical element to liquid HF acid or to HF vapor.

According to an exemplary embodiment, the nanogaps may be about 50

nanometers in width.
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In an exemplary embodiment, the present invention provides a variable capacitive
element having a fixed, vertically-inclined electrode and a movable, vertically-inclined
electrode produced by arranging a sacrificial layer between the fixed electrode and the
movable electrode, and etching the sacrificial layer between the fixed electrode and the
movable electrode by exposing the variable capacitive element to liquid HF acid or vapor
HEF.

In an exemplary embodiment, the present invention provides a variable capacitive
element having a fixed vertically-inclined electrode and a movable vertically-inclined
electrode. The element is produced by arranging a sacrificial layer between the fixed
electrode and the movable electrode having a thickness of between 10 and 1000
nanometers, and then releasing the sacrificial layer. The fixed electrode and the movable

electrode. are made from silicon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a plan view of an exemplary variable capacitive element without a
nanogap.

FIG. 1B shows a cross-section of the variable capacitive element shown in FIG.1A
cut along line IB-IB.

FIG. 2A shows a plan view of an exemplary embodiment of a variable capacitive

element having interelectrode gaps (nanogaps) according to the present invention.

FIG. 2B shows the variable capacitive element shown in FIG. 2A cut along line

IIB-IIB.

FIG. 3A is a cross section of a variable capactive element at the starting point of

the fabrication process according to an exemplary embodiment of the present invention.

5
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FIG. 3B is a cross section of a variable capactive element after a first set of
electrodes have been formed according to an exemplary embodiment of the present

invention.

FIG. 3C s a cross section of a variable capactive element after a sacrificial oxide
layer is deposited over the element shown in FIG. 3B, according to an exemplary

embodiment of the present invention.

FIG. 4A is a cross section of a variable capactive element after a polysilicon layer
is deposited over the sacrificial oxide layer according to an exemplary embodiment of the

present invention.

FIG. 4B is a cross section of a variable capactive element after the polysilicon layer

is planarized down to the layer of the first set of electrodes according to an exemplary

-embodiment of the present invention.

FIG. 4C is a cross section of a variable capactive element at a final point of the
fabrication process according to an exemplary embodiment of the present invention in
which a second set of electrodes is formed and the sacrificial oxide layer has been

removed.

FIG. 5 is a plan view of a resonator using a nanogap.
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DETAILED DESCRIPTION

FIG. 1A shows an exemplary variable capacitive element 10. The particular drive
configuration depicted is exemplary and the following discussion may apply equally to
many variable capacitive structures having a movable electrode and fixed electrodes in a
cooperative arrangement, in many configurations. The depicted variable capacitive
element 10 includes fixed electrodes 12 and 15 and a movable electrode 14, each having
numerous respective interdigitated fingers 15, 16, 17 which extend vertically upwards and
downwards, respectively. The movable electrode 14 is free to move with respect to the
fixed electrodes 12, 15, 16 in the direction of arrow 11. At equilibrium, the fingers 15 and
16 of the fixed electrodes are separated from the fingers 17 of the movable electrode by
gaps ‘18 with equilibrium gap distances x,. As the movable electrode 14 is dispiaced a
distance x from equilibrium with respect to the fixed electrode 12, the capacitances (C) of
the arrangement changes. In this manner, the change in capacitances caused by movement
may be transduced into an electrical signal that may be related to the magnitude of the
displacement (x). The gap distance x, may be the predominant factor in comparison to the
displacement x in the inter-electrode distance, and thus, the gap distance may be a
significant factor in determining the sensitivity of the variable capacitive element to
relative motion. More specifically, detection sensitivity may be maximized by minimizing

the equilibrium gap distance x,,

A variable capacitive element similar to the element depicted in FIG. 1A may be
used as an actuator to transduce an electrical signal into a physical displacement of the
movable electrode. The electrostatic force between electrodes for a given voltage also

increases as the equilibrium gap distance is reduced.
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FIG. 1B shows a cross-section of the variable capacitive element of FIG. 1A cut
along line IB-IB. FIG. 1B shows variable capacitive element 10 having capacitive
elements 15 of fixed electrodes 12 and capacitive elements 17 of a movable electrode.
Gaps 18 between cabacitive elements 15, 16, 17 defines an equilibrium gap distance which

affects the capacitance of variable capacitive element 10.

FIG. 2A illustfates a cross section of an exemplary embodiment of a variable
capacitive element having inter-electrode nanogaps according to the present invention. As
shown, the variable capacitive element 20 includes a movable electrode 25 having a flat
portion 24 and fingers e.g., 26A, 26B, 26C, 26D which extend downwards, in parallel,
from the flat portion 24. It is noted that multiple fingers are not a required feature, and -
that the principles herein apply equally to variable capacitive elements that do not include
multiple, interdigitated fingers and contain only a single electrode pair. In the embodiment
depicted, each of the fingers 26A, 26B, 26C, 26D of the movable electrode 25 may be
considered a separate electrode in that each finger provides a separate surface. The
movable electrode 25 may be made from silicon, and according to a particular
mmplementation, may be made from polysilicon. The counter-electrode of the variable
capacitive element 20 is a fixed electrode 30 that is fixed in position with respect to a
larger structure of which the capacitive element 20 is a part. The fixed electrode 30 may
also be composed of silicon, and according to a particular implementation, may be made
from epipoly on oxide or single crystal silicon on an insulator layer, for example an SOI
(Silicon On Insulator) wafer. The fixed electrode 30 includes fingers 314, 31B, 31C, 31D
and 32A, 32B, 32C, 32D which extend upward and interdigitate with the downwardly

extending fingers 26A, 26B, 26C of the movable electrode 25. Trenches 45 are situated
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between the fingers 31A, 31B, 31C and 32B, 32C, 32D of the fixed electrode. In the
embodiment depicted, the plurality of interdigitated fingers provide a multi-segment
capacitor increasing the overall capacitance of the element, with each pair of movable-
fixed fingers (e.g., 26A/31A) representing a single capacitor. The fixed electrode fingers
31A, 31B, 31C are physically attached to one or more supporting structures, and the

movable electrode may be movably anchored to a further anchoring structure.

Movable electrode 25 moves laterally back and forth from an equilibrium position
in the direction of arrow 21. The degree of lateral movement is limited by the stiffness of
the components, and the width of the nanogap 40 bétween the pairs of interdigitated
electrodes. As will be described further below, the nanogap width may be approximately 1

to 1000 nanometers.

FIG. 2B shows a cross-section of the variable capacitive element of FIG. 2A cut
along line IIB-1IB. FIG. 2B shows variable capacitor element 20 including a fixed
electrode 30 having fingers 32A, 32B, 32C, 31D and 31A, 31B, 31C, 31D. The variable
capacitive element 20 also includes a movable electrode having fingers 26A, 26B, 26C,
26D. Matching pairs of interdigitated fingers (e.g., 26A/31A) are separated by a nanogap

40, while adjacent pairs of interdigitated fingers are separated by a trench 45.

An embodiment of a process for fabricating variable capacitive elements having
nanogaps according to the present invention is described with reference to Figures 3A, 3B,
and 3C and Figures 4A, 4B, and 4C. FIG. 3A, which depicts the starting point of the
fabrication process, shows an initial structure of a capacitive element 100 having three
layers 103, 104, 105 from bottom to top. Layer 105 (hereinafter, the epipoly layer) may be

either epipoly or single crystal silicon and may be between, for example, 10 and 30pm in

9
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depth, and the underlying insulating layer 104 may be composed of silicon dioxide having
a depth of, for example, approximately 2um. The bottom layer 103 is a silicon wafer

substrate.

The first fabrication procedure is the etching of a set of fingers, e.g. 107a, 107b,
107¢ in the epipoly layer 105, as shown in FIG. 3B. The etching may be performed using
conventional photolithography techniques which may include spinning a photoresist mask
layer over the epipoly layer 105, exposing portions of the photoresist layer to ultraviolet
radiation according to a desired pattern, developing the photoresist (thereby removing a
portion of the photoresist material, the remaining portion being a mask pattern protecting
regions of the epipoly layer 105 from exposure) and then employing a reactive ion etching
procedure to remove exposed material in the epipoly layer down to the insulating layer
104, (which is resistant to the reactive ion etchant). The photoresist layer may then be
stripped using a Piranha solution or by an O, plasma. The protected material in the
epipoly layer 105 form fingers 107a, b, ¢ and ends 108a, b of the capacitive element. The
fingers 107a, b, ¢ and ends IQSa, b, may form a first set of electrode elements for either a

fixed or movable electrode in the final capacitive element structure.

After etching, the sidewalls of the fingers 107a, b, c, the sacrificial spacer layer
110, which may typically be SiO,, may be grown or deposited on the top surfaces and
sidewalls of the fingers 107a, b, ¢, and ends 108a, b. This sacrificial layer 110 is shown in
FIG. 3C. The thickness of the sacrificial layer 110 defines the nanogap width because this
layer is later removed from the final capacitive element structure, creating the nanogaps
120a, 120b, 120c, 120d (shown in FIG 4C). As noted, the thickness of the sacrificial layer

110 is limited by the minimum width of an oxide layer that can be both predictably grown

10
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on the surfaces of the electrode elements and etched away. It may also be limited by the -
mechanical stability of the element. This width may vary between, for example,

approximately 1 and 1000 nanometers.

As shown in FIG. 4A, a thick, conformal, polysilicon layer 115 is deposited over
the sacrificial layer 110. This can be epipoly, but may also be LPCVD tube polysilicon.
In the deposition process, a seed poly layer (not shown) of approximately 10-1000 nm
thickness may be deposited directly over the sacrificial layer 110, over which epipoly may
be deposited in an epitaxial reactor up to tens of microns in thickness to generate the bulk

of the polysilicon layer 115.

As shown in FIG. 4B, the surface of the polysilicon layer 115 may be planarized

‘down to the level of the top of the epipoly fingers 107a, b, ¢ and ends 108a, b using a

Chemical Mechanical Planarization (CMP) process, or by any similar process. The
deposited and planarized polysilicon may be patterned and etched using a similar
photolithography process to that described above. In particular, an etch mask 117a, b, ¢
may be deposited on the surface to define a second set of finger electrodes (116a, b, ¢
shown in FIG. 4C). The top surface and sidewall oxide on the first set of electrodes
normally protects them from etching, therefore the etch mask may or may not overlap the
existing structures. The gaps between the first and second sets of electrodes (i.c., the
distance between 107a/116a and 107b/116b) may typically be the same width as would be

formed between etched electrodes, e.g., on the order of a micron.

The sacrificial layer 110 separates the first and second electrodes (e.g., 107a and

116a) and must be cleared from the nanogap. According to an exemplary embodiment, the

11
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sacrificial oxide layer may be removed with liquid HF acid or HF vapor etch. Other

appropriate etching methods may also be used.

FIG. 4C shows the final stage of the fabrication process according to the present
mvention. Either the first set 107a, b, ¢ or the second set 116a, b, ¢ of electrodes can be
the movable struc;tures. For instance, if the element is built in single crystal silicon then
the first set of electrodes is typically single crystal silicon and the second set will typically
be epipoly. In this case, the single crystal silicon would generally be used for the movable
electrode structure. However, when both electrodes are of the same material, it may be
more convenient to use the first set as the fixed electrodes since the large field areas are
natural anchors. In addition, the first electrodes 107a, b, ¢ and the second electrodes 116a,
b, ¢ may be attached in some areas. If a step is inserted inﬁo the process to clear the
sidewgll oxide on selected areas of the ﬁrs‘g electrodes prior to the second electrode
deposition, then the second electrode may be bonded to the first in those areas. This has
the benefits that the bonded second electrodes do not need large support anchors to the

substrate and they may have electrical contacts to areas of the first electrode.

There may be several advantages to the variable capacitive element having inter-
electrode nanogaps according to the present invention. Because of the increased
sensitivity that variable capacitive elements with nanogaps provide, signals from sensors
made from capacitive elements are larger. For example, for sensors the capacitive signal
varies inversely with the square of the gap width for lateral motion. Therefore, a ten-fold
reduction in gap width can result in an increase of approximately100 times in signal
amplitude. Since many sensors may be limited by their signal-to-noise ratio, the increased

signal may translate into increased sensor resolution.

12
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When increased resolution is not needed, the decreased gap may allow for
reduction in capacitor area. Thus, a ten-fold reduction in gap width can support a 100 fold
reduction in interdigitated electrode area. Since the majority of active sensor area is
usually dedicated to capacitor electrode structures, this may translate into a significant
reduction in sensor area and cost. The decreased inter-electrode gap width may also

simplify sensor circuitry.

The analog front ends used in capacitance sensing are often difficult to design and
expensive to manufacture. Their performance often himits the entire sensor. Increased -

sensor capacitance can simplify and unburden the amplifier circuitry.

In a similar vein, the reduced gap width may eliminate charge pumps. Charge
pumps are used to increase the voltages across the capacitors. With increased capacitance,
the variable capacitive elements according to the present invention can maintain the same .
performance at lower voltage levels. When capacitors are used as driving transducers,
narrow gaps can significantly increase the force per volt of drive. This again provides for

lower drive voltages and smaller areas.

As discussed above, conventional lithographic techniques for defining gap widths
are limited to quarter micron resolution for common stepper equipment, and even the most
extreme lithography equipment today can only define one-tenth micron resolution. The
limits of the width of the thin sacrificial layer which determines the nanogap widths are set
by device distortion and surface quality, but are nevertheless much finer than lithography
limits. Even as lithography technology progresses, the sacrificial method described here
will generally enable narrower gaps. Along the same lines, etching constraints preclude

cutting capacitor gaps with extremely tall and narrow profiles, known as high aspect ratios.

13
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The aspect ratios achievable according to the present invention are not limited in this way

and can support very high aspect-ratio gaps, for instance to the hundreds.

Furthermore, very predictable nanogap widths can be produced according to the
present invention as the conditions for the growth of the sacrificial oxide layer are
adjustable, with tight design tolerances achievable. Consequently, when the sacrificial
layer is composed of a conformal oxide, the nanogaps formed provide gap spacings that
can be more uniform across a given variable capacitive element or across a plurality of
variable capacitive elements than etched gap spacings. Significantly, gap uniformity
among a number of sensor devices can be an important factor in determining sensitivity
uniformity among the devices, and improvements in sensitivity uniformity among different

devices can reduce calibration requirements and save additional cost.

FIG. 5 shows a resonator fabricated using a nanogap. Resonator 50 is fabricated on
substrate 51. Fixed supports 52 support bridge 56, which is a resonating structure able to
vibrate at least in the direction of arrow 57. Supports 52 and bridge 56 are constructed of a
first material. Driver 53 and pickup 58 are situated on opposite sides of bridge 56, are
separated from bridge 56 by nanogap 55, and are constructed of a second material.
Supports 52, bridge 56, driver 53 and pickup 58 are separated from substrate 51 by trench
54. Resonator 50 may be operated by imposing an oscillating voltage between driver 53
and bridge 56. This oscillating voltage may induce bridge 56 to xéibrate in the direction of
arrow 57. The vibration of bridge 56 may be measured at pickup 58 by measuring the
oscillating voltage or current between bridge 56 and pickup 58. Resonator 50 may be

operated at frequencies, for example, between 10 and 100 megahertz.

In the foregoing description, the method and system of the present invention have been

14
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described with reference to a number of examples that are not to be considered limiting.
Rather, it is to be understood and expected that variations in the principles of the method
and apparatus herein disclosed may be made by one skilled in the art. It is intended that
such modifications, changes, and/or substitutions are to be included within the scope of the
present invention as set forth in the appended claims. Thus, to the extent that the
performance of such devices can be improved by reducing the gaps between the
component structures of such micromechanical elements, the principles of the present
invention are intended to be equally applicable with respect to such elements. In
particular, the principles of the present invention are intended to be applicable to reducing
mter-component gaps between silicon components in micromechanical devices.
Additionally, all references to silicon and polysilicon may mclude doped silicon or doped -

polysilicon, including Silicon/Germanium. Other doping combinations are also possible. .

15
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WHAT IS CLAIMED IS:

1. A method for fabricating a variable capacitive device, comprising:

providing a first silicon-bearing compound electrode on a substrate;
providing a sacrificial layer on the first silicon-bearing compound electrode,

the sacrificial layer being vertically-inclined with respect to the substrate;

providing a second silicon-bearing compound electrode on the sacrificial layer; and
removing the sacrificial layer from between the first silicon-bearing

compound electrode and the second silicon-bearing compound electrode;

wherein at least one of the first and second second silicon-bearing compound

electrodes is a movable electrode.

2. The method of claim 1, wherein the other of the first and second silicon-bearing
compound electrodes is a further movable electrode, the movable electrode and the further

movable electrode movable at least one of towards and away from each other.

3. The method of claim 1, wherein the other of the first and second silicon-bearing
compound electrodes is a fixed electrode, the movable electrode movable at least one of

towards and away from the fixed electrode.

4. The method of claim 2, wherein the first silicon-bearing compound electrode is the
movable electrode and the second silicon-bearing compound electrode is the fixed

electrode.

5. The method of claim 2, wherein the first silicon-bearing compound electrode is the
fixed electrode and the second silicon-bearing compound electrode is the movable

electrode.

6. The method of claim 1, wherein the providing of the second silicon-bearing compound
electrode includes at least one of:

depositing in an epitaxial reactor environment;

16
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sputtering;
evaporating; and

chemical vapor deposition.

7. The method of claim 1, wherein a capacitance of the variable capacitive device is

maximally dependent on a horizontal motion of the movable electrode.

8. The method of claim 1, wherein the providing of the first silicon-bearing compound
electrode further includes:
depositing epipoly to form a first silicon-bearing compound layer; and
etching the first silicon—bearinglcompound layer to define the first silicon-

bearing compound electrode.

9. The method of claim 8, wherein the providing of the second silicon-bearing compound
electrode further includes:
depositing epipoly to form a second silicon-bearing compound layer onthe
- sacrificial layer; and
etching the second silicon-bearing compound layer to define the second

silicon-bearing compound electrode.

10.  The method of claim 9, wherein at least one of the etching of the first silicon-
bearing compound layer and the etching of the second silicon-bearing compound layer

includes a switched plasma etching process.

11.  The method of claim 9, wherein the depositing of the second silicon-bearing
compound layer includes:
depositing a seed layer of polysilicon on the sacrificial layer; and

epitaxially depositing epipoly on the seed layer.

17
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12. The method of claim 9, further comprising, before the etching of the second
silicon-bearing compound layer, planarizing the second silicon-bearing compound layer

down to a level of the first silicon-bearing compound electrode.

13.  The method of claim 12, wherein the planarizing includes a chemical mechanical

planarization process.

14.  The method of claim 1, wherein the providing of the sacrificial layer on the first
silicon-bearing compound electrode includes at least one of:
growing the sacrificial layer in a thermal oxide growth process; and

depositing the sacrificial layer in a chemical vapor deposition process.

15.  The method of claim 1, wherein the sacrificial layer is deposited in a conformal

depositional process.

16.  The method of claim 1, further comprising sealing the variable capacitive device in

an encapsulation of thin film epipoly.

17.  The method of claim 1, wherein the first silicon-bearing compound electrode

includes polysilicon.

18.  The method of claim 1, wherein the second silicon-bearing compound electrode

includes polysilicon.

19.  The method of claim 1, wherein the sacrificial layer includes silicon dioxide.

20. A method of fabricating a device, comprising:
providing a sacrificial layer on a first silicon-bearing compound component,
the sacrificial layer being vertically-inclined with respect to a substrate;
providing a second silicon-bearing compound component on the sacrificial

layer; and
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removing the sacrificial layer, a nanogap being generated between the first
silicon-bearing compound component and the second silicon-bearing compound
component;

wherein at least one of the first silicon-bearing compound component and
the second silicon-bearing compound component is a movable component; and

wherein the other of the first silicon-bearing compound component and the
second silicon-bearing compound component is a fixed component, the movable
component movable towards and away from the fixed component in a lateral

direction, the lateral direction being parallel to the substrate.

21.  The method of claim 20, wherein the first silicon-bearing compound component is
the movable component and the second silicon-bearing compound component is the fixed

component.

22. “ The method of claim 20, wherein the second silicon-bearing compound component
is the movable component and the first silicon-bearing compound component is the fixed

component.
23.  The method of claim 20, wherein at least one of the first silicon-bearing compound
component and the second silicon-bearing compound component includes epitaxially

deposited polysilicon.

24.  The method of claim 20, wherein the sacrificial layer is deposited by high

temperature oxidation.

25.  The method of claim 20, wherein the sacrificial layer is deposited in a highly

conformal depositional process.
26.  The method of claim 20, wherein the nanogap is less than 100 nanometers wide.

27.  The method of claim 20, further comprising switched plasma etching at least one
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of the first silicon-bearing compound component and the second silicon-bearing

compound component.

28. A variable capacitive device having a fixed silicon-bearing compound electrode
and a movable silicon-bearing compound electrode produced by:
providing a sacrificial layer on a first silicon-bearing compound electrode,
the sacrificial layer being vertically-inclined with respect to a substrate;
providing a second silicon-bearing compound electrode on the sacrificial
layer; and
etching the sacrificial layer;
wherein one of the first silicon-bearing compound electrode and the second
silicon-bearing compound electrode is the fixed silicon-bearing compound
electrode; and
wherein the other of the first silicon-bearing compound electrode and the
second silicon-bearing compound electrode is the movable silicon-bearing
‘compound electrode, the movable electrode movable towards and away from the
fixed electrode.

29.  The variable capacitive device of claim 28, wherein the first silicon-bearing
compound electrode is the fixed silicon-bearing compound electrode and the second

silicon-bearing compound electrode is the movable silicon-bearing compound electrode.
30.  The variable capacitive device of claim 28, wherein the second silicon-bearing
compound electrode is the fixed silicon-bearing compound electrode and the first silicon-

bearing compound electrode is the movable silicon-bearing compound electrode.

31.  The variable capacitive device of claim 28, wherein the sacrificial layer has a depth

of less than 120 nanometers.
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32.  The variable capacitive device of claim 28, wherein at least one of the fixed
silicon-bearing compound electrode and the movable silicon-bearing compound electrode

includes epitaxially deposited polysilicon.

33.  The variable capacitive device of claim 28, further comprising, before arranging
the sacrificial layer, etching a first silicon-bearing compound layer to define the first

silicon-bearing compound electrode.

34.  The variable capacitive device of claim 28, wherein the depositing of the second
silicon-bearing compound electrode on the sacrificial layer further includes:
depositing a second silicon-bearing compound layer over the sacrificial
layer; and
etching the second silicon-bearing compound layer to define the second

silicon-bearing compound electrode.

35. A variable capacitive device, comprising:

a fixed silicon-bearing compound electrode vertically-inclined with respect
to a substrate; and

a movable silicon-bearing compound electrode, the movable silicon-bearing
compound electrode being movable in a lateral direction with respect to the fixed
silicon-bearing compound electrode and vertically-inclined with respect to the
substrate;

wherein, between the fixed silicon-bearing compound electrode and the
movable silicon-bearing compound electrode is a nanogap, the nanogap having a

uniform width.

36.  The variable capacitive device of claim 35, wherein the movable silicon-bearing

compound electrode is one of epitaxially deposited polysilicon and single-crystal silicon.

37.  The variable capacitive device of claim 35, wherein the fixed silicon-bearing

compound electrode is one of epitaxially deposited polysilicon and single-crystal silicon.
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38.  The variable capacitive device of claim 35, wherein the movable silicon-bearing

compound electrode includes one of epipoly and tube polysilicon.

39.  The variable capacitive device of claim 35, wherein:

the fixed silicon-bearing compound electrode includes a plurality of fixed
electrode fingers that extend perpendicularly to the lateral direction; and

the movable silicon-bearing compound electrode includes a plurality of
movable electrode fingers that extend in an opposite direction to the plurality of
fixed electrode fingers, each one of the plurality of the movable electrode fingers
interdigitating with one of the plurality of the fixed electrode fingers, the nanogap
separating the interdigitating fingers.

40.  The variable capacitive device of claim 35, wherein:
the fixed silicon-bearing compound electrode has a fixed gap face, the fixed
gap face facing the nanogap; and
the movable silicon-bearing compound electrode has a movable gap face,
the movable gap face facing the nanogap, the fixed gap face being an exact

negative mirror image of the movable gap face.

41.  The variable capacitive device of claim 35, wherein a capacitance of the variable
capacitive device is maximally dependent on a horizontal motion of the movable silicon-

bearing compound electrode.

42.  The variable capacitive device at claim 35, wherein:
the nanogap is formed by removing a sacrificial layer from between the
fixed silicon-bearing compound electrode and the movable silicon-bearing
compound electrode; and
one of the fixed silicon-bearing compound electrode and the movable silicon-bearing

compound electrode is formed by depositing on the sacrificial layer.
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