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Description

Background

Field

[0001] This disclosure relates generally to manufac-
ture of microelectromechanical systems (MEMS), and
more specifically, to reducing stiction in MEMS devices
through the use of a carbon barrier layer during formation
of the MEMS device.

Related Art

[0002] Microelectromechanical systems (MEMS) de-
vices are micromechanical devices that provide moving
parts having features with dimensions below 100 mm.
These moving parts are formed using micro-fabrication
techniques. MEMS devices have holes, cavities, chan-
nels, cantilevers, membranes, and the like. These devic-
es are typically based on silicon materials and use a va-
riety of techniques to form the physical structures and to
free the structures for movement.
[0003] Document WO 2007/021396 A2 discloses a
method of manufacturing a MEMS device, having me-
chanical structures encapsulated in a chamber prior to
final packaging. The method includes the step of forming
a silicon nitride layer on a buried polysilicon layer in order
to protect the buried polysilicon layer from exposure dur-
ing a subsequent HF vapor etch step.
[0004] Stiction is a static friction force that is a recurring
problem with typical MEMS devices. While any solid ob-
jects pressing against each other without sliding require
some threshold of force (stiction) to overcome static co-
hesion, the mechanisms generating this force can be dif-
ferent for MEMS devices. When two surfaces with areas
below the micrometer range come into close proximity,
the surfaces may adhere together due to electrostatic
and/or Van der Waals forces. Stiction forces at this scale
may also be related to hydrogen bonding or residual con-
tamination on the surfaces.
[0005] For MEMS devices such as accelerometers,
surfaces such as over-travel stops can come into close
proximity or contact during use at the limits of the device
design or during manufacture of the device. In those sit-
uations, stiction forces can cause the MEMS device parts
(e.g., a teeter-totter accelerometer mechanism) to freeze
in place and become unusable. Traditional methods of
avoiding such close proximity travel or contact include
increasing spring constants and increasing distance be-
tween parts of the MEMS device. But these methods can
cause decreased sensitivity of the device to acceleration,
and therefore decreased utility of the MEMS device. It is
therefore desirable to provide a mechanism for reducing
stiction-related interactions of MEMS devices without al-
so decreasing sensitivity of the MEMS device.

Brief Description of the Drawings

[0006] The present invention may be better under-
stood, and its numerous objects, features, and advan-
tages made apparent to those skilled in the art by refer-
encing the accompanying drawings.

Figure 1 is a simplified block diagram illustrating a
cross section view of an accelerometer known in the
art.

Figure 2 is a simplified block diagram illustrating a
close up of a cross-section view of the travel stop
region at an end of a MEMS accelerometer during a
stage of fabrication.

Figure 3 is a simplified block diagram illustrating a
cross-section view of the travel stop region during a
stage of fabrication subsequent to deposition of a
second polysilicon layer.

Figure 4 is a simplified block diagram illustrating a
cross-section view of the travel stop region subse-
quent to removal of a sacrificial layer, in a position
that can occur during use of the accelerometer or
during removal of the sacrificial layer.

Figure 5 is a simplified block diagram illustrating a
cross-sectional view of the travel stop region during
a step in processing, in accord with embodiments of
the present invention.

Figures 6A, 6B, 7A, and 7B are example secondary
ion mass spectrometry (SIMS) depth resolution pro-
files showing the effect upon carbon diffusion into
the polysilicon layer by inclusion of a barrier layer,
in accord with embodiments of the present invention.

[0007] The use of the same reference symbols in dif-
ferent drawings indicates identical items unless other-
wise noted. The figures are not necessarily drawn to
scale.

Detailed Description

[0008] Embodiments of the present invention provide
a mechanism for reducing stiction in a MEMS device by
decreasing an amount of carbon from TEOS-based sili-
con oxide films that can accumulate on polysilicon sur-
faces during fabrication. In one embodiment of the
present invention, a carbon barrier material film is depos-
ited between the TEOS-based silicon oxide layer and
each of a first and a second polysilicon layer in a MEMS
device. This barrier material blocks diffusion of carbon
into the polysilicon, thereby reducing accumulation of
carbon on the polysilicon surfaces. By reducing the ac-
cumulation of carbon, the opportunity for stiction due to
the presence of the carbon is similarly reduced.
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[0009] Figure 1 is a simplified block diagram illustrating
a cross section view of a teeter totter accelerometer
known in the prior art. The accelerometer includes a sub-
strate 110 with an insulating layer 120. Substrate 110
can be, for example, a silicon wafer and insulating layer
120 can be, for example, a silicon oxide or silicon nitride.
In some cases, insulating layer 120 can be thermally
grown from substrate 110 or the insulating layer can be
deposited.
[0010] Fixed electrodes 130 and 135 are formed on
top of insulating layer 120, along with travel stop regions
140 and 145. The layer forming fixed electrodes 130 and
135 and travel stop regions 140 and 145 is typically poly-
silicon and is formed using conventional techniques, in-
cluding patterning as desired for the application. The lay-
er forming the fixed electrodes and travel stop regions
can alternatively be amorphous silicon, a nitride, a metal-
containing material, another suitable material, and the
like, or any combination thereof. A dielectric layer 150 is
formed to electrically isolate the electrodes and travel
stop regions from other elements of the MEMS acceler-
ometer. Dielectric layer 150 can be formed from a variety
of materials, including, for example, silicon nitride, silicon
dioxide, silicon oxynitride, and the like.
[0011] A pivoting proof mass 160 is configured to move
in a manner similar to that of a teeter totter in response
to acceleration of the MEMS device or a system incor-
porating the MEMS device. Pivoting proof mass 160 can
be configured in a manner such that there is an imbalance
between a side 170 of the pivoting proof mass and side
175 of the pivoting proof mass through pivot point 165.
The amount of imbalance has an effect of making the
device more or less sensitive to acceleration. An elec-
trode 180 configured on side 170 of the pivoting proof
mass is associated with fixed electrode 130, while an
electrode 185 on the pivoting proof mass is associated
with fixed electrode 135. In addition, a travel stop 190 on
side 170 of the pivoting proof mass is associated with
travel stop region 140 and a travel stop 195 on side 175
of the pivoting proof mass is associated with travel stop
region 145. Pivoting proof mass 160 and travel stops 190
and 195 are typically formed of polysilicon.
[0012] Electrode 180 and fixed electrode 130 form a
first variable sense capacitor, while electrode 185 and
fixed electrode 135 form a second variable sense capac-
itor. Changes in the capacitances of the first and second
variable sense capacitors can be combined to provide a
differential output from the MEMS accelerometer. Fabri-
cation of the MEMS accelerometer in Figure 1 can be
performed using known MEMS fabrication processes.
[0013] Figure 2 is a simplified block diagram illustrating
a close up of a cross section view of the travel stop region
at end 175 of the MEMS accelerometer during a stage
of fabrication. As discussed above, a substrate 110 is
provided with insulating layer 120, where substrate 110
can be a silicon wafer and insulating layer 120 can be a
silicon oxide. A first polysilicon layer 210 is formed on
insulating layer 120, forming, in part, travel stop region

145. Dielectric layer 150 is formed over polysilicon layer
210 and insulating layer 120, in order to prevent exces-
sive etching of insulating layer 120, for example. A sac-
rificial layer 220 is formed on top of patterned dielectric
layer 150 and exposed regions of polysilicon layer 210.
Sacrificial layer 220 is commonly formed using tetraethyl
orthosilicate (TEOS) gas to form a sacrificial layer of sil-
icon oxide or the sacrificial layer can be formed of phos-
phosilicate glass (PSG). The sacrificial layer can be pat-
terned to form a "molding" for the next layer of the MEMS
device. Sacrificial layer 220 may be annealed at this time
at elevated temperatures (e.g., in excess of 900C). A
second polysilicon layer 230 can be formed on the pat-
terned sacrificial layer to form pivoting proof mass 160,
including travel stop 195. The buildup of patterned layers
can continue as needed for the application.
[0014] Figure 3 is a simplified block diagram illustrating
a cross-section view of the travel stop region during a
stage of fabrication subsequent to deposition of second
polysilicon layer 230. Typical MEMS processing provides
for the second polysilicon layer to be deposited at low
temperature and low pressure. In one embodiment, in
order to relieve stresses on second polysilicon layer 230,
the structure is annealed by subjecting the structure to
temperatures in excess of 1000C for an hour or more.
During this anneal, the polysilicon grains in polysilicon
layer 230 realign and thereby reduce intrinsic stress, and
will provide a low energy, relaxed polysilicon structure in
the resulting device.
[0015] During the anneal, the entire MEMS device
structure is subjected to the heating, including sacrificial
layer 220. As stated above, sacrificial layer 220 is typi-
cally a silicon oxide layer formed using TEOS gas. TEOS
includes a significant amount of carbon chains that get
incorporated into the sacrificial layer. During the anneal
heating, volatile compounds in the sacrificial layer are
released from the layer, but carbon remains within the
sacrificial layer. Further, carbon in the sacrificial layer
that is near the polysilicon layers can diffuse into the sur-
faces of the polysilicon layers and form carbon deposits
along the interface region between the polysilicon layers
and the sacrificial layer (e.g., carbon deposits 310, 315,
320, 325, 330, 335, and 340).
[0016] Figure 4 is a simplified block diagram illustrating
a cross-section view of the travel stop region subsequent
to removal of the sacrificial layer, in a position that can
occur during use of the accelerometer or during removal
of the sacrificial layer. Sacrificial layer 220 is commonly
removed using an isotropic wet etch process selective
to the sacrificial layer. But capillary forces due to surface
tension of the liquid used for the etching process between
travel stop 195 and polysilicon travel stop region 145 can
draw the surfaces together. As illustrated, a conse-
quence of the surfaces being drawn together results in
bringing carbon deposits 310 and 315 into contact. A
carbon-coated surface can be significantly more suscep-
tible to adhesion than a clear surface, especially if the
carbon region is wet such as during a wet etching proc-
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ess.
[0017] Similarly, the carbon-coated surfaces can be
brought into contact during use of the device. For exam-
ple, an acceleration A sufficient to exceed the design
specification for the accelerometer is exerted upon the
device. This causes travel stop 195 to impact polysilicon
travel stop region 145, thereby preventing contact of elec-
trode 185 to fixed electrode 135. In this case, stiction
forces due to the carbon deposits, along with other sourc-
es of stiction (e.g., Van der Waals forces and electrostatic
forces) can cause the parts to stay together and render
the device inoperable.
[0018] Embodiments of the present invention provide
a mechanism to reduce carbon deposition on the poly-
silicon surfaces of, for example, both travel stop 195 and
travel stop region 145 in a MEMS device. This reduction
in carbon deposition will consequently reduce stiction
due to carbon deposits. This is accomplished by forming
a carbon barrier layer between the TEOS-based sacrifi-
cial layer and the polysilicon layers of one or both of the
pivoting proof mass and the fixed portion (e.g., the travel
stop region).
[0019] Figure 5 is a simplified block diagram illustrating
a cross-sectional view of the travel stop region of a MEMS
device during a step in processing, in accord with em-
bodiments of the present invention. As discussed above,
the travel stop region is formed over substrate 110 and
insulating layer 120. First polysilicon layer 210 is formed
over insulating layer 120, forming, in part, travel stop re-
gion 145. Dielectric layer 150 is formed over patterned
polysilicon layer 210, again to electrically isolate pat-
terned regions of the polysilicon layer.
[0020] As illustrated, a first barrier layer 510 is formed
over first polysilicon layer 210 and dielectric layer 150.
First barrier layer 510 prevents diffusion of carbon from
a sacrificial layer into the surface of first polysilicon layer
210, and therefore reduces carbon deposition on the
polysilicon layer. In one embodiment, poly-SiGeC is used
for the first barrier layer, while in another embodiment
silicon nitride is used. First barrier layer 510 can be
formed using a low-pressure CVD process to deposit the
first barrier layer. In one embodiment, no additional
processing is required for formation of the film subse-
quent to deposition.
[0021] As discussed above, sacrificial layer 220 is
formed using TEOS gas to form the sacrificial layer of
silicon oxide. Subsequent to formation of sacrificial layer
220, a second barrier layer 520 is formed. The second
barrier layer can be formed using the same techniques
as those used for formation of the first barrier layer, or
can be formed using different techniques should the ap-
plication require it.
[0022] Subsequent to formation of second barrier layer
520, second polysilicon layer 230 is formed using a low
temperature, low pressure deposition process. An an-
neal can then be performed to relieve stresses in the
second polysilicon layer. As with the previously dis-
cussed anneal, heating to temperatures in excess of

1000C can both relieve stresses in the second polysilicon
layer and cause volatile and carbon migration in the sac-
rificial layer. But the barrier layers prevent the carbon
from diffusing into the polysilicon layers. By retaining the
carbon in the sacrificial layer, the carbon is removed dur-
ing a sacrificial layer etch removal such as that described
in association with Figure 4.
[0023] In one embodiment of the present invention, two
barrier layers can be used as shown to prevent diffusion
of carbon into both the first and second polysilicon layers.
By preventing diffusion of carbon into at least one of the
polysilicon layers, issues related to carbon deposits stick-
ing to other carbon deposits are still prevented. Other
embodiments provide for removal of the barrier layer sub-
sequent to or in conjunction with the wet etch removal of
the sacrificial layer.
[0024] Figures 6A, 6B, 7A, and 7B are example sec-
ondary ion mass spectrometry (SIMS) depth resolution
profiles showing the effect upon carbon diffusion into the
polysilicon layer by including a barrier layer such as 510
or 520. In each figure, concentration levels, normalized
to show relative differences in concentration (e.g., not
actual concentration), are provided as a function of depth
through a stack of materials labeled in the "A" diagram
for each figure.
[0025] Figure 6A provides a SIMS depth resolution pro-
files 610. SIMS depth resolution profile 610 illustrates
silicon, carbon and oxygen normalized concentration lev-
els through an interface 612 between a polysilicon layer
614 and a TEOS-based SiO2 layer 616. SIMS depth res-
olution profile 610 shows concentration levels at varying
depths through the interface subsequent to deposition of
the TEOS-based SiO2 layer but prior to heating that
would be associated with an anneal. The carbon profile
shows an increase in carbon levels at the interface region
into the polysilicon layer to about 10 nm.
[0026] Figure 6B provides a SIMS depth resolution pro-
file 620. SIMS depth resolution profile 620 also shows
normalized concentration levels at varying depths
through the interface but subsequent to heating the struc-
ture to temperatures associated with an anneal. The car-
bon profile shows increased carbon levels throughout
polysilicon layer 624, with especially elevated carbon lev-
els to a depth of about 50 nm from interface 622 (e.g.,
region 628).
[0027] Figure 7A and 7B provides two SIMS depth res-
olution profiles in which a poly-SiGeC barrier layer is
formed between the polysilicon layer and the TEOS-SiO2
layer. The depth of the barrier poly-SiGeC layer is ap-
proximately 450 A. As with Figure 6A, in Figure 7A, SIMS
depth resolution profile 710 illustrates the concentration
profiles prior to heating to anneal temperatures and, in
Figure 7B, SIMS depth resolution profile 720 illustrates
the concentration profiles subsequent to heating to an-
neal temperatures. In both profiles illustrated in Figures
7A and 7B, carbon levels remain low within polysilicon
layers 712 and 722, while the carbon levels in the TEOS-
based SiO2 layers remain higher. These figures illustrate

5 6 



EP 2 746 217 B1

5

5

10

15

20

25

30

35

40

45

50

55

that a 450 A barrier layer formed by poly-SiGeC is suffi-
cient to prevent diffusion of carbon from the TEOS-based
SiO2 layer into the polysilicon layer. In one embodiment,
barrier layer thickness is kept below about 1000 A for
either barrier 510 or 520. For example, too thick a barrier
layer 510 may affect subsequent photolithography proc-
esses.
[0028] Through the use of a carbon-diffusion barrier
layer such as poly-SiGeC, carbon from an external
source such as a TEOS- based SiO2 layer is prevented
from diffusing into an adjacent polysilicon region. The
majority of the external carbon from the TEOS-based
SiO2 layer remains in the SiO2 layer and can then be
removed as part of the typical process flow for formation
of MEMS devices. This will reduce the number of carbon-
related stiction failures of MEMS devices (e.g., acceler-
ometers) in the field and will also improve device yield
during manufacture.
[0029] In addition, one advantage of reducing stiction
in accelerometer-type MEMS devices is improved sen-
sitivity of the device. In one type of traditional MEMS ac-
celerometer, stiction force is countered by increasing a
spring constant of the device. But increasing the spring
constant decreases sensitivity of the MEMS device to
light acceleration forces. In another type of traditional
MEMS device, chances for stiction occurring are sought
to be reduced by increasing the distance between the
movable portions of the device and the fixed portions of
the device. But this increases the distance between the
capacitive plates and can therefore decrease differences
in measured capacitance. Reducing stiction forces by
using embodiments of the present invention allow for low-
er spring constants and smaller distances between parts,
both of which can improve device sensitivity. Further,
smaller overall device sizes can be realized by decreas-
ing the distances between the parts. This can, in turn,
provide a decreased footprint for each MEMS device,
thereby allowing for incorporation of more MEMS devices
in a system or a smaller system size.
[0030] By now it should be appreciated that there has
been provided a method for manufacturing a micro-elec-
tromechanical systems device that includes: forming a
first polysilicon layer over a substrate; forming a sacrificial
layer over the first polysilicon layer where the sacrificial
layer includes silicon oxide deposited using TEOS gas;
forming a second polysilicon layer over the sacrificial lay-
er; annealing the second polysilicon layer where the an-
nealing includes heating the first and second polysilicon
layers and the sacrificial layer to a temperature sufficient
to relieve stress in the second polysilicon layer; and form-
ing a carbon barrier layer between the sacrificial layer
and each of of the first and second polysilicon layers,
wherein the carbon barrier layer prevents diffusion of car-
bon into an adjacent polysilicon layer from the sacrificial
layer during the annealing, and wherein said step of form-
ing the carbon barrier layer further comprises: forming a
first carbon barrier layer over and in contact with at least
a portion of the first polysilicon layer, wherein the first

carbon barrier layer is formed prior to said forming the
sacrificial layer; and forming a second carbon barrier lay-
er over and in contact with the sacrificial layer, wherein
the second carbon barrier layer is formed prior to said
forming the second polysilicon layer (230), and at least
a portion of the second polysilicon layer is formed in con-
tact with the second carbon barrier layer.
[0031] In one aspect of the above embodiment, the
carbon barrier layer includes one of silicon nitride or sil-
icon-germanium-carbon. In another aspect of the above
embodiment, forming the carbon barrier layer includes
depositing the carbon barrier layer to a thickness of about
45 nm or greater.
[0032] In the above embodiment, forming the carbon
barrier layer includes forming the carbon barrier layer
over and in contact with at least a portion of the first poly-
silicon layer and forming the carbon barrier layer prior to
forming the sacrificial layer. In the above embodiment,
forming the carbon barrier layer includes forming the car-
bon barrier layer over and in contact with the sacrificial
layer, where forming the carbon barrier layer is performed
prior to forming the second polysilicon layer and at least
a portion of the second polysilicon layer is formed in con-
tact with the carbon barrier layer.
[0033] Another aspect of the above embodiment in-
cludes removing the sacrificial layer after annealing, us-
ing a wet etch. In a further aspect, the method includes
removing the carbon barrier layer after annealing. Anoth-
er aspect of the above embodiment further includes form-
ing a first insulating layer over the substrate where the
first polysilicon layer is formed over the first insulating
layer, and forming a second insulating layer over at least
a portion of the first polysilicon layer.
[0034] The method of the present invention can pro-
vide a micro-electromechanical systems device that in-
cludes: a fixed surface having a first polysilicon layer
formed over a substrate and a first insulating layer formed
over at least a portion of the first polysilicon layer; a mov-
able body including a second polysilicon layer providing
a major surface facing the fixed surface; and a carbon
barrier layer formed on each of the first polysilicon layer
and the major surface of the second polysilicon layer. In
one aspect of this embodiment, the carbon barrier layer
includes one of silicon nitride or silicon-germanium-car-
bon.
[0035] In another aspect of the above embodiment, the
carbon barrier layer includes a thickness sufficient to pre-
vent diffusion of carbon into the adjacent polysilicon layer
from a TEOS sacrificial layer used during manufacture
of the MEMS device. In a further aspect, the thickness
of the carbon barrier layer is at least about 45 nm. In
another aspect of the above embodiment, the MEMS de-
vice is an accelerometer.
[0036] Another example not being part of the present
invention provides a method of manufacturing a micro-
electromechanical systems device, wherein the method
includes: forming a fixed surface comprising a first layer
of polysilicon; forming a movable body providing a major
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surface facing the fixed surface where at least a portion
of the major surface is configured to contact at least a
portion of the fixed surface at the at least a portion of the
major surface includes a second layer of polysilicon;
forming a sacrificial layer between the fixed surface of
the movable body where the second sacrificial layer in-
cludes silicon oxide deposited using TEOS gas; and
forming at least one of the first layer of polysilicon or the
second layer of polysilicon such that carbon from the sac-
rificial layer does not diffuse into the at least one of the
first layer or second layer of polysilicon.
[0037] In one aspect of the above example, forming
the at least one of the first layer of polysilicon or the sec-
ond layer of polysilicon such that carbon from the sacri-
ficial layer does not diffuse into the at least one of the
first layer or second layer of polysilicon further includes
forming a carbon barrier layer between the sacrificial lay-
er and the at least one of the first layer or second layer
of polysilicon. The carbon barrier layer prevent diffusion
of carbon into the adjacent polysilicon layer from the sac-
rificial layer during an anneal of the second layer of poly-
silicon. In a further aspect, the carbon barrier layer in-
cludes one of silicon nitride or silicon-germanium-carbon.
In another aspect of the above example, forming the car-
bon barrier layer includes depositing the carbon barrier
layer to a thickness of at least about 45 nm.
[0038] Because the apparatus implementing the
present invention is, for the most part, composed of elec-
tronic components and circuits known to those skilled in
the art, circuit details will not be explained in any greater
extent than that considered necessary as illustrated
above, for the understanding and appreciation of the un-
derlying concepts of the present invention and in order
not to obfuscate or distract from the teachings of the
present invention.
[0039] Moreover, the terms "front," "back," "top," "bot-
tom," "over," "under" and the like in the description and
in the claims, if any, are used for descriptive purposes
and not necessarily for describing permanent relative po-
sitions. It is understood that the terms so used are inter-
changeable under appropriate circumstances such that
the embodiments of the invention described herein are,
for example, capable of operation in other orientations
than those illustrated or otherwise described herein.
[0040] It is to be understood that the architectures de-
picted herein are merely exemplary, and that in fact many
other architectures can be implemented which achieve
the same functionality. In an abstract, but still definite
sense, any arrangement of components to achieve the
same functionality is effectively "associated" such that
the desired functionality is achieved. Hence, any two
components herein combined to achieve a particular
functionality can be seen as "associated with" each other
such that the desired functionality is achieved, irrespec-
tive of architectures or intermedial components. Like-
wise, any two components so associated can also be
viewed as being "operably connected," or "operably cou-
pled," to each other to achieve the desired functionality.

[0041] Furthermore, those skilled in the art will recog-
nize that boundaries between the functionality of the
above described operations merely illustrative. The func-
tionality of multiple operations may be combined into a
single operation, and/or the functionality of a single op-
eration may be distributed in additional operations. More-
over, alternative embodiments may include multiple in-
stances of a particular operation, and the order of oper-
ations may be altered in various other embodiments.
[0042] Although the invention is described herein with
reference to specific embodiments, various modifications
and changes can be made without departing from the
scope of the present invention as set forth in the claims
below. For example, the description of embodiments of
the invention relates to a teeter-totter type accelerometer.
Embodiments of the present invention are not limited to
teeter-totter accelerometers, but can include accelerom-
eters having a mass suspended by springs, or other
MEMS devices that have a potential for components to
come in contact with one another during operation or
manufacture. Accordingly, the specification and figures
are to be regarded in an illustrative rather than a restric-
tive sense, and all such modifications are intended to be
included within the scope of the present invention. Any
benefits, advantages, or solutions to problems that are
described herein with regard to specific embodiments
are not intended to be construed as a critical, required,
or essential feature or element of any or all the claims.
[0043] The term "coupled," as used herein, is not in-
tended to be limited to a direct coupling or a mechanical
coupling.
[0044] Furthermore, the terms "a" or "an," as used
herein, are defined as one or more than one. Also, the
use of introductory phrases such as "at least one" and
"one or more" in the claims should not be construed to
imply that the introduction of another claim element by
the indefinite articles "a" or "an" limits any particular claim
containing such introduced claim element to inventions
containing only one such element, even when the same
claim includes the introductory phrases "one or more" or
"at least one" and indefinite articles such as "a" or "an."
The same holds true for the use of definite articles.
[0045] Unless stated otherwise, terms such as "first"
and "second" are used to arbitrarily distinguish between
the elements such terms describe. Thus, these terms are
not necessarily intended to indicate temporal or other
prioritization of such elements.

Claims

1. A method for manufacturing a microelectromechan-
ical systems (MEMS) device, the method compris-
ing:

forming a first polysilicon layer (210) over a sub-
strate (110);
forming a sacrificial layer (220) over the first
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polysilicon layer, wherein the sacrificial layer
comprises silicon oxide deposited using tetrae-
thyl orthosilicate (TEOS) gas;
forming a second polysilicon layer (230) over
the sacrificial layer (220);
annealing the second polysilicon layer (230)
wherein said annealing comprises heating the
first and second polysilicon layers (210, 230)
and the sacrificial layer (220) to a temperature
sufficient to relieve stress in the second polysil-
icon layer; and
forming a carbon barrier layer (510, 520) be-
tween the sacrificial layer and each of the first
and second polysilicon layers, wherein

the carbon barrier layer prevents diffusion
of carbon into an adjacent polysilicon layer
(210, 230) from the sacrificial layer (220)
during said annealing, and
said step of forming the carbon barrier layer
further comprises

forming a first carbon barrier layer (510)
over and in contact with at least a por-
tion of the first polysilicon layer (210),
wherein the first carbon barrier layer is
formed prior to said forming the sacrifi-
cial layer (220); and
forming a second carbon barrier layer
(520) over and in contact with the sac-
rificial layer (220), wherein

the second carbon barrier layer is
formed prior to said forming the
second polysilicon layer (230), and
at least a portion of the second
polysilicon layer is formed in con-
tact with the second carbon barrier
layer.

2. The method of Claim 1 wherein the carbon barrier
layer (510, 520) comprises one of silicon nitride or
silicon-germanium-carbon.

3. The method of any one of the preceding claims
wherein said forming the carbon barrier layer (510,
520) comprises:

depositing the carbon barrier layer to a thickness
of about 45 nm or greater.

4. The method of any one of the preceding claims
wherein said forming the carbon barrier layer (510)
comprises:

forming the carbon barrier layer (510) over and
in contact with at least a portion of the first poly-
silicon layer (210), wherein said forming the car-

bon barrier layer is performed prior to forming
the sacrificial layer.

5. The method of any one of the preceding claims
wherein said forming the carbon barrier layer (520)
comprises:

forming the carbon barrier layer (520) over and
in contact with the sacrificial layer (220), wherein
forming the carbon barrier layer (520) is per-
formed prior to said forming the second polysil-
icon layer (230), and

at least a portion of the second polysilicon
layer (230) is formed in contact with the car-
bon barrier layer (520)..

6. The method of any one of the preceding claims fur-
ther comprising:

removing the sacrificial layer (220) subsequent
to said annealing, wherein said removing uses
a wet etch.

7. The method of Claim 6 further comprising:

removing the carbon barrier layer (510, 520)
subsequent to said annealing.

8. The method of any one of the preceding claims fur-
ther comprising:

forming a first insulating layer (120) over the sub-
strate (110), wherein the first polysilicon layer
(210) is formed over the first insulating layer; and
forming a second insulating layer (150) over at
least a portion of the first polysilicon layer.

Patentansprüche

1. Ein Verfahren zum Herstellen einer mikroelektrome-
chanischen System (MEMS) Vorrichtung, das Ver-
fahren aufweisend:

Bilden einer ersten Polysilizium-Schicht (210)
über einem Substrat (110);
Bilden einer Opfer-Schicht (220) über der ersten
Polysilizium-Schicht, wobei die Opfer-Schicht
Siliziumoxid aufweist, welches abgelagert ist
unter Verwenden von Tetraethylorthosilikat
(TEOS) Gas;
Bilden einer zweiten Polysilizium-Schicht (230)
über der Opfer-Schicht (220);
Ausglühen der zweiten Polysilizium-Schicht
(230), wobei das Ausglühen aufweist Erhitzen
der ersten Polysilizium-Schicht (210) und der
zweiten Polysilizium-Schicht (230) und der Op-
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fer-Schicht (220) auf eine Temperatur, welche
ausreichend ist, um Druck in der zweiten Poly-
silizium-Schicht zu entlasten; und
Bilden einer Kohlenstoffbarriereschicht (510,
520) zwischen der Opfer-Schicht und sowohl
der ersten Polysilizium-Schicht als auch der
zweiten Polysilizium-Schicht, wobei

die Kohlenstoffbarriereschicht eine Diffusi-
on von Kohlenstoff in eine angrenzende Po-
lysilizium-Schicht (210, 230) von der Opfer-
Schicht (220) aus während dem Ausglühen
verhindert, und
der Schritt des Bildens der Kohlenstoffbar-
riereschicht ferner aufweist

Bilden einer ersten Kohlenstoffbarrier-
eschicht (510) über und in Kontakt mit
zumindest einem Teil von der ersten
Polysilizium-Schicht (210),

wobei die erste Kohlenstoffbarriereschicht
vor dem Bilden der Opfer-Schicht (220) ge-
bildet wird; und

Bilden einer zweiten Kohlenstoffbarri-
ereschicht (520) über und in Kontakt
mit der Opfer-Schicht (220), wobei

die zweite Kohlenstoffbarriere-
schicht vor dem Bilden der zweiten
Polysilizium-Schicht (32) gebildet
wird, und
zumindest ein Teil von der zweiten
Polysilizium-Schicht in Kontakt mit
der zweiten Kohlenstoffbarriere-
schicht gebildet wird.

2. Das Verfahren gemäß Anspruch 1, wobei die Koh-
lenstoffbarriereschicht (510, 520) eines aufweist von
Siliziumnitrid oder Silizium-Germanium-Kohlenstoff.

3. Das Verfahren gemäß einem beliebigen vorherge-
henden Anspruch, wobei das Bilden der Kohlenstoff-
barriereschicht (510, 520) aufweist:

Ablagern der Kohlenstoffbarriereschicht bis zu
einer Dicke von ungefähr 45 nm oder mehr.

4. Das Verfahren gemäß einem beliebigen von den vor-
hergehenden Ansprüchen, wobei das Bilden der
Kohlenstoffbarriereschicht (510) aufweist:

Bilden der Kohlenstoffbarriereschicht (510)
über und in Kontakt mit zumindest einem Teil
von der ersten Polysilizium-Schicht (210),

wobei das Bilden der Kohlenstoffbarriereschicht vor

dem Bilden der Opfer-Schicht durchgeführt wird.

5. Das Verfahren gemäß einem beliebigen von den vor-
hergehenden Ansprüchen, wobei das Bilden der
Kohlenstoffbarriereschicht (520) aufweist:

Bilden der Kohlenstoffbarriereschicht (520)
über und in Kontakt mit der Opfer-Schicht (220),
wobei

das Bilden der Kohlenstoffbarriereschicht
(520) vor dem Bilden der zweiten Polysilizi-
um-Schicht (230) durchgeführt wird, und
zumindest ein Teil von der zweiten Polysi-
lizium-Schicht (230) in Kontakt mit der Koh-
lenstoffbarriereschicht (520) gebildet wird.

6. Das Verfahren gemäß einem beliebigen von den vor-
hergehenden Ansprüchen, ferner aufweisend:

Entfernen der Opfer-Schicht (220) nachfolgend
zu dem Ausglühen, wobei das Entfernen ein
Nassätzen verwendet.

7. Das Verfahren gemäß Anspruch 6, ferner aufwei-
send:

Entfernen der Kohlenstoffbarriereschicht (510,
520) nachfolgend zu dem Ausglühen.

8. Das Verfahren gemäß einem beliebigen von den vor-
hergehenden Ansprüchen, ferner aufweisend:

Bilden einer ersten isolierenden Schicht (120)
über dem Substrat (110), wobei die erste Poly-
silizium-Schicht (210) über der ersten isolieren-
den Schicht gebildet ist; und
Bilden einer zweiten isolierenden Schicht (150)
über zumindest einen Teil von der ersten Poly-
silizium-Schicht.

Revendications

1. Procédé de fabrication d’un dispositif à systèmes mi-
croélectromécaniques (MEMS), le procédé
comprenant :

la formation d’une première couche de silicium
polycristallin (210) sur un substrat (110) ;
la formation d’une couche sacrificielle (220) sur
la première couche de silicium polycristallin, la
couche sacrificielle comprenant de l’oxyde de
silicium déposé en utilisant de l’orthosilicate de
tétraéthyle (TEOS) gazeux ;
la formation d’une deuxième couche de silicium
polycristallin (230) sur la couche sacrificielle
(220) ;

13 14 



EP 2 746 217 B1

9

5

10

15

20

25

30

35

40

45

50

55

le recuit de la deuxième couche de silicium po-
lycristallin (230), ledit recuit comprenant le
chauffage des première et deuxième couches
de silicium polycristallin (210, 230) et de la cou-
che sacrificielle (220) jusqu’à une température
suffisante pour relaxer les contraintes dans la
deuxième couche de silicium polycristallin ; et
la formation d’une couche de barrière au carbo-
ne (510, 520) entre la couche sacrificielle et cha-
cune des première et deuxième couches de si-
licium polycristallin, dans lequel
la couche de barrière au carbone empêche la
diffusion de carbone dans une couche de sili-
cium polycristallin adjacente (210, 230) à partir
de la couche sacrificielle (220) pendant ledit re-
cuit, et

ladite étape de formation de la couche de barrière
au carbone comprend en outre

la formation d’une première couche de barrière
au carbone (510) sur et en contact avec au
moins une partie de la première couche de sili-
cium polycristallin (210), la première couche de
barrière au carbone étant formée avant ladite
formation de la couche sacrificielle (220) ; et
la formation d’une deuxième couche de barrière
au carbone (520) sur et en contact avec la cou-
che sacrificielle (220), dans lequel
la deuxième couche de barrière au carbone est
formée avant ladite formation de la deuxième
couche de silicium polycristallin (230), et

au moins une partie de la deuxième couche de sili-
cium polycristallin est formée en contact avec la
deuxième couche de barrière au carbone.

2. Procédé de la revendication 1 dans lequel la couche
de barrière au carbone (510, 520) comprend du ni-
trure de silicium ou du silicium-germanium-carbone.

3. Procédé de l’une quelconque des revendications
précédentes dans lequel ladite formation de la cou-
che de barrière au carbone (510, 520) comprend :

le dépôt de la couche de barrière au carbone
jusqu’à une épaisseur d’environ 45 nm ou plus.

4. Procédé de l’une quelconque des revendications
précédentes dans lequel ladite formation de la cou-
che de barrière au carbone (510) comprend :

la formation de la couche de barrière au carbone
(510) sur et en contact avec au moins une partie
de la première couche de silicium polycristallin
(210), ladite formation de la couche de barrière
au carbone étant effectuée avant la formation
de la couche sacrificielle.

5. Procédé de l’une quelconque des revendications
précédentes dans lequel ladite formation de la cou-
che de barrière au carbone (520) comprend :

la formation de la couche de barrière au carbone
(520) sur et en contact avec la couche sacrifi-
cielle (220), dans lequel
la formation de la couche de barrière au carbone
(520) est effectuée avant ladite formation de la
deuxième couche de silicium polycristallin
(230), et

au moins une partie de la deuxième couche de sili-
cium polycristallin (230) est formée en contact avec
la couche de barrière au carbone (520).

6. Procédé de l’une quelconque des revendications
précédentes comprenant en outre :

le retrait de la couche sacrificielle (220) après
ledit recuit, ledit retrait utilisant une gravure hu-
mide.

7. Procédé de la revendication 6 comprenant en outre :

le retrait de la couche de barrière au carbone
(510, 520) après ledit recuit.

8. Procédé de l’une quelconque des revendications
précédentes comprenant en outre :

la formation d’une première couche isolante
(120) sur le substrat (110), la première couche
de silicium polycristallin (210) étant formée sur
la première couche isolante ; et
la formation d’une deuxième couche isolante
(150) sur au moins une partie de la première
couche de silicium polycristallin.
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