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SEMICONDUCTOR DEVICE AND METHOD FOR REDUCED BIAS
TEMPERATURE INSTABILITY (BTI) IN SILICON CARBIDE DEVICES

ABSTRACT

A system includes a silicon carbide (SiC) semiconductor device and a
hermetically sealed packaging enclosing the SiC semiconductor device. The hermetically
sealed packaging is configured to maintain a particular atmosphere near the SiC
semiconductor device. Further, the particular atmosphere limits a shift in a threshold

voltage of the S1C semiconductor device to less than 1 V during operation.
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SEMICONDUCTOR DEVICE AND METHOD FOR REDUCED BIAS
TEMPERATURE INSTABILITY (BTT) IN SILICON CARBIDE DEVICES

BACKGROUND

[0001] The subject matter disclosed herein relates to semiconductor devices and, more

specifically, to silicon carbide semiconductor devices.

[0002] For a semiconductor device, such as a silicon (Si) or silicon carbide (SiC)
transistor, bias temperature instability (BTI) may cause substantial variability in device
performance. For example, negative bias temperature instability (NBTI) in particular
may resuit in a significant change or drift in the threshold voltage of a SiC device when
operated under particular conditions, such as negative bias and/or elevated temperatures,
over an extended period of time. The NBTI in SiC devices is thought to be a result of
interfacial charge trapping (e.g., oxide charges), which may, for example, be induced by
operating the device at an elevated temperature, and under a particular bias condition, for
extended time periods. For example, a SiC metal-oxide-semiconductor field effect
transistor (MOSFET) may experience a threshold voltage shift when subjected to

combined voltage and temperature stressing due to NBTI.

[0003] In certain cases, the aforementioned NBTI may shift (e.g., decrease) the
threshold voltage of a SiC device to the point that the device may become conductive

even without an applied gate-source voltage, transforming a normally-off device into a

normally-on device. As such, NBTI significantly impacts the reliability and performance
of SiC devices. Considerable research has been directed toward designs to mitigate the
BTI problem 1n Si devices, and, in certain instances, the BTI issue has been alleviated or
obviated in Si. However, there are significant behavioral differences between Si and SiC
devices and, therefore, the mechanisms used to alleviate the problem in Si do not readily
translate to Si1C. As such, an industry-accepted solution to NBTI in SiC devices has yet
to be determined. Accordingly, alleviating the NBTI issue in SiC devices is especially

desirable in order to take advantage of the unique operating characteristics (e.g., higher
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operating temperatures, improved mechanical properties, improved electrical properties,

and so forth) that SiC may offer to certain systems and applications.

BRIEF DESCRIPTION

[0004] In one embodiment, a system 1ncludes a silicon carbide (S1C) semiconductor
device and a hermetically sealed packaging enclosing the SiC semiconductor device. The
hermetically sealed packaging i1s configured to maintain a particular atmosphere near the
S1C semiconductor device. Further, the particular atmosphere limits a shift in a threshold

voltage of the S1C semiconductor device to less than 1 V during operation.

[0005] In another embodiment, a metal-oxide field-effect transistor (MOSFET) device
includes an enclosure disposed about the MOSFET device. The enclosure is configured
to surround the MOSFET device in a reduced pressure environment relative to an

environment outside of the enclosure. Further, the reduced pressure environment reduces

a threshold voltage shift of the MOSFET device during operation.

[0006] In another embodiment, a method includes providing a silicon carbide (Si1C)
clectrical device and sealing the Si1C electrical device 1n a package under an atmosphere
having a pressure less than approximately 10 torr. The atmosphere inhibits negative bias
temperature 1nstability (NBTI) when operating the SiC electrical device at elevated

temperatures, elevated biases, or both, for an extended period of time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description i1s read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:

[0008] FIG. 1 1s a schematic cross-sectional view of a SiC MOSFET, in accordance

with an embodiment of the present approach;
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[0009] FIG. 2 is a plot of drain current as a function of gate voltage for a conventional

MOSFET before and after voltage and temperature stressing;

[0010] FIG. 3 is a plot of the change in the threshold voltage of a device under normal
atmosphere and under vacuum, in accordance with an embodiment of the present

approach;

0011] FIG. 4 is a flow diagram illustrating an embodiment of a process for

constructing and sealing a SiC device in a vacuum package, in accordance with an

embodiment of the present approach;

[0012] FIG. 5 is a flow diagram illustrating an embodiment of a process tor
constructing a SiC device and using the device in a vacuum, in accordance with an

embodiment of the present approach;

[0013] FIG. 6 is a plot of the change in the threshold voltage of a device under a
reduced pressure of air and under a reduced pressure of argon, in accordance with an

embodiment of the present approach; and

0014] FIG. 7 is a flow diagram illustrating an embodiment of a process for
constructing and sealing a SiC device in package under an inert atmosphere, in

accordance with an embodiment of the present approach.

DETAILED DESCRIPTION

[0015] One or more specific embodiments will be described below. In an effort to
provide a concise description of these embodiments, all features of an actual
implementation may not be described in the specification. It should be appreciated that 1n
the development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-related and business-related
constraints, which may vary from one implementation to another. Moreover, 1t should be

appreciated that such a development effort might be complex and time consuming, but

3
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would nevertheless be a routine undertaking of design, fabrication, and manufacture for

those of ordinary skill having the benefit of this disclosure.

[0016] When introducing clements of various embodiments of the present invention,
the articles “a.” “an,” “the.” and “said’ are intended to mean that there are one or more of

the elements. The terms “comprising,” “including,” and “having” are intended to be

inclusive and mean that there may be additional elements other than the listed elements.

[0017]  As set forth above, BTI, such as NBTI, presents a challenge to semiconductor
device reliability. It should be appreciated that the physics and chemistry associated with
the BTI phenomenon are complex. As such, while the exact mechanism of BTI may not
be entirely understood, present embodiments provide systems and methods for inhibiting
(e.g., reducing, limiting, alleviating, or otherwise diminishing) BTI, such as NBTI, during
the operation of semiconductor devices (e.g., SiC MOSFETSs). In particular, the present
approach 1nvolves controlling the local atmosphere surrounding the device during
operation. As set forth in detail below, In certain embodiments, the semiconductor device
may be packaged such that a vacuum environment may be maintained around the device
during operation. In other embodiments, the semiconductor device may be packaged
such that an inert atmosphere 1s maintained around the device during operation. In still
other embodiments, the semiconductor device may be utilized in applications in which
they are subjected to vacuum during operation (e.g., space related applications, test

chamber applications, and so forth). Accordingly, using the presently disclosed

approach, BTI may be significantly reduced to tolerable levels (e.g., on the order of

tenths of a volt rather than on the order of several volts).

[0018] While the following disclosﬁre may be generally focused on NBTI in SiC

MOSFETs, 1n should be appreciated that the solutions and techniques detailed herein tor

mitigating BTI may have applicability to other semiconductor devices, such as insulated

gate bipolar transistors (IGBT), MOS controlled thyristor, and gate controlled thyristor.

For explanatory purposes, the MOS Controlled thyristor (MCT) may include two

MOSFETs built into the structure and may be sensitive to a shift in threshold voltage
4
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(VTH) as a result of BTI effects. It is also contemplated that the techniques detailed
herein will also mitigate the effects related to positive bias threshold instability (PBTI)

which refers to the VTH effects that occur under a positive bias.

[0019] With the foregoing in mind, FIG. 1 illustrates a metal-oxide semiconductor
field effect transistor (MOSFET) 100, in accordance with an example embodiment of the
present approach. In certain embodiments, the illustrated MOSFET 100 may be a SiC-
based MOSFET designed for high-temperature operation (e.g., above approximately 1235
°C, above approximately 175 °C, and/or above approximately 300 °C). Additionally, the
illustrated MOSFET 100 may be fabricated using standard microelectronic fabrication
pProcesses. These processes may include, for example, lithography, film
deposition/growth methods (e.g., physical and chemical vapor deposition, plating,
oxidation, etc.), crystal growth methods, and wet and dry etching methods. The
illustrated  MOSFET 100 includes a substrate 102, which may be made of a
semiconductor material, such as silicon carbide (SiC). The substrate 102 may be a
semiconductor die or wafer that defines a major surface 104 and a surface normal
direction or “thickness direction,” #, which extends normally from the surface and into the
substrate 102. It should be appreciated that FIG. 1 is intended to illustrate the relative
positions of the various components of the MOSFET 100 and should not be construed as

implying relative scales or dimensions of these components.

10020]  The illustrated surface 104 supports a gate electrode 106. Additionally, the

illustrated gate electrode 106 is disposed on an insulation layer 108 (which may also be
referred to as a gate oxide or gate dielectric layer) that is in direct contact with the
surface 104 of the substrate 102. The insulation layer 108 may generally be made trom
an electrically insulating material, such as silicon dioxide (SiO;). Furthermore, the
illustrated insulation layer 108 extends along the surface 104 and may extend to any point

up to the contact layer 126. The gate electrode 106 may include a polycrystalline silicon

layer 107, and may also include a low-resistance layer 109 formed, for example, of
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electrically conductive material (e.g., metal and/or silicide). The gate electrode 106 may

be configured to receive a gate voltage, VG.

[0021]  The illustrated substrate 102 also defines a second surface 110 that 1s in contact
with a drain electrode 112, which is generally configured to receive a drain voltage, VD.
It should be noted that FIG. 1 is a schematic cross-sectional view of a single MOSFET
cell and that the full MOSFET device is typically comprised of large number of cells,
situated next to one another, sharing a common gate electrode 106 and drain

electrode 112.

[0022]  The illustrated substrate 102 includes a drift region 114 in addition to a well
region 116, which is disposed adjacent to the drift region 114 and proximal to the
surface 104. The drift region 114 may be doped with a first dopant type and have a first
conductivity type with first majority charge carriers, while the well region 116 may be
doped with a second dopant type and have a second conductivity type with second
majority charge carriers. For example, in the SiC substrate 102 the first dopant type may
be one or more of nitrogen and phosphorus (“n-type dopants”), while the second dopant
type may be one or more of aluminum, boron, gallium, and beryllium (“p-type dopants™),
resulting in n-doped and p-doped regions, respectively. For such an embodiment, the

first and second majority charge carriers would be electrons and holes, respectively.

[0023] The illustrated substrate 102 further includes a source contact region 122
having the first conductivity type (e.g., n-type in FIG. 1). The well region 116 may be
disposed proximal to the contact region 122 such that the well region 116 may include
therein a channel region 118 disposed proximal to the gate electrode 106. For example,
the channel region 118 may extend along the surface 104 under the gate electrode 106
(where “under” means further along the thickness direction /). Additionally, a dielectric
layer 120, sometimes referred to as an inter-layer dielectric (ILD), may be disposed over
the gate electrode 106 and the insulation layer 108. In one example the dielectric layer 1s

a material including phosphorous silicate glass (PSG).
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[0024] In one embodiment, the source contact region 122 may be disposed adjacent to
the surface 104 and the well region 116 may surround the source contact region 122. The
substrate 102, in certain embodiments, also includes a body contact region 125 having the
second conductivity type (e.g., p-type in FIG. 1). The body contact region 125 in the
illustrated embodiment is disposed adjacent to the well region 116 and to the surface 104.
A source electrode 124 (e.g., formed of metal, such as aluminum) may disposed over the
source contact region 122 and body contact region 125 and may be configured to receive
a source voltage, VS. Further, the source electrode 124 may be in electrical contract with
both the source contact region 122 and body contact region 125. For example, in the
illustrated embodiment, electrical contact between the source electrode 124 and the
source contact region 122 and body contact region 125 is made via a contact layer 126

(e.g., formed of nickel or another suitable metal).

[0025] It should be appreciated that the illustrated packaging 130 may include a
hermetically sealed package (e.g., an integrated circuit package) or an enclosure (e.g., a
vacuum chamber or other suitable chamber) for maintaining a particular atmosphere 132
(e.g., pressure and/or gas composition) near the SiC device. It should be appreciated that,
in certain embodiments, the packaging 130 may conform to the shape of the device 100,
as illustrated in FIG. 1, while, in other embodiments, the packaging 130 may be any
suitable shape. In certain embodiments, the pressure inside the packaging 130 may be
less than approximately 760 torr, less than approximately 500 torr, less than
approximately 100 torr, less than approximately 10 torr, less than approximately 1 torr,
less than approximately 0.1 torr, or approximately 107 torr. In certain embodiments, the
pressure inside the packaging 130 may be between approximately 0.001 torr and
approximately 10 torr, between approximately 0.01 torr and approximately 1 torr,
between approximately 0.05 torr and approximately 0.5 torr, or approximately 0.1 torr.
Furthermore, it should be appreciated that, in addition to or in alternative to the reduced
pressure, the packaging 130 may be filled with a particular gas or mixture of gasses. For
example, in certain embodiments, the packaging 130 may maintain an atmosphere 132

about the MOSFET 100 that includes a reduced pressure (e.g., less than 760 torr,

7
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approximately 0.1 torr, or approximately 10” torr) of room air. In certain embodiments,
the 'packaging 130 may maintain an atmosphere 132 about the MOSFET 100 that
includes a reduced pressure (e.g., approximately 1 torr or approximately 0.1 torr) of an
Inert gas, such as argon, nitrogen, helium, krypton, xenon, or another suitable inert gas.
In other embodiments, packaging 130 may maintain an atmosphere 132 about the
MOSFET 100 that includes slightly less than atmospheric pressure (e.g., between
approximately 500 torr and approximately 750 torr) of an inert gas (e.g., argon, nitrogen,

helium, krypton, xenon, or another suitable inert gas).

[0026] In certain embodiments, the packaging 130 may be constructed of metals,
polymers, or a composite materials suitable for maintaining the atmosphere 132 (e.g., a
vacuum or inert atmosphere) near the SiC device (e.g., MOSFET 100). For example, in
certain embodiments, the packaging 130 may be constructed of a number of metallic
pieces that are bonded or fused together to provide a hermetically sealed metal packaging
130. By specific example, in certain implementations, the SiC device 100 may be placed
in a vacuum furnace (e.g., Model 3140 or 3150 available from SST International of
Downey, CA) for sealing. By further specific example, in certain embodiments, the
package 130 may include a number metal pieces that are maintained around the SiC
device 100 while in a chamber of the vacuum furnace, which is pumped down to a
reduced pressure (e.g., in the milli-torr or micro-torr range) before heating the device 100
and package 130. In such an embodiment, after heating the chamber of the vacuum
furnace to a suitable temperature, solder near the edges of the package 130 (or portions of
the package 130 near the edges that have melted) may flow into position along the seam
to form a hermetic seal between the pieces of the package 130 upon cooling. In other
embodiments, metallic pieces of a metallic package 130 may be welded to one another
around the S1C device under a controlled, reduced atmosphere. For example, seam
sealers (e.g., the Venus III™ or Venus IV seam sealers available from Polaris
Electronics Corp., or other suitable sealing systems) may be used to manually,
automatically, or semi-automatically weld two or more pieces of the metallic packaging

130 together around the Si1C device 100 under a reduced pressure (e.g., in the milli-torr or

8
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micro-torr range) and/or inert atmosphere. In other embodiments, the package 130 may
be include two or more pieces made from one or more rigid (e.g., metal, polymer, or
composite) materials. In such embodiments, the package 130 and the Si1C device 100
may be placed within a vacuum chamber (e.g., providing a vacuum and/or inert
atmosphere) such that the rigid pieces of the package 130 may be bonded to one another
using a glue, resin, epoxy, or other suitable sealing material to provide a hermetically
sealed package 130 upon curing. In still other embodiments, the SiC device 100 may be
placed inside of a chamber configured to provide a particular (e.g., reduced pressure
and/or inert) atmosphere around the SiC device 100 while a segmented or unitary
polymer layer is applied to and sealed around the SiC device 100 to provide a

hermetically sealed package 130.

[0027] During operation, the MOSFET 100 may generally act as a switch. When a
voltage difference VDS = VD - VS is applied between the drain electrode 112 and the
source electrode 124, an output current (/DS) between those same electrodes can be
modulated or otherwise controlled by an input voltage VGS applied to the gate
electrode 106, wherein VGS = VG — VS. For gate voltages VG less than a “threshold
voltage” (VTH) of the MOSFET 100, the current IDS remains nominally at about zero,
although a relatively small leakage current may exist even for gate voltages below the
threshold voltage. The threshold voltage V'TH is a function of, amongst other things, the

dimensions, materials, and doping levels in the MOSFET 100, and MOSFETs are
typically designed so as to exhibit a predetermined threshold voltage V7TH. Circuits

incorporating the MOSFET 100 can then be designed to the expected (predetermined)
threshold voltage V'TH.

[0028] It should be appreciated that the threshold voltage (VTH) for a MOSFET is not

uniquely defined. There are at least five different techniques for measuring VTH, and tor
a specific example, they do not necessarily produce exactly the same results. The method
employed herein is referred to as the “threshold drain current method,” in which the gate

voltage at a specified drain current is taken to be the threshold voltage.
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[0029] Conventional MOSFETs, including silicon or SiC MOSFETs, have been found
to experience a shift in the threshold voltage due to NBTI when subjected to a potential
difference between the gate and source electrodes 106, 124 and, particularly, when
subjected to this potential at elevated temperatures and for extended periods of time.
Specifically, as mentioned, negative bias temperature instability (NBTI) is a concern for
SiC devices. Illustrating an example of this threshold voltage shift, FIG. 2 1s a plot 140
of drain current as a function of gate voltage for a conventional MOSFET before and
after voltage and temperature stressing. That is, FIG. 2 illustrates the NBTI eftect in a
stressed SiC MOSFET device lacking the packaging 130 set forth above and operating

under atmospheric conditions (e.g., approximately 760 torr of room air).

[0030]  With respect to FIG. 2, a threshold drain current method, which is a variation
of the “sub-threshold technique,” may be used when characterizing the NBTI
phenomenon in the SiC MOSFET device. Example test conditions used for generating
the data illustrated in plot 140 of FIG. 2 are set forth below. In certain embodiments, the
test conditions may be such that the transfer curve measurements are taken on MOSFETSs
at constant stress temperature. For example, first, the gate voltage may be held at a
constant -20 volts (V) for 15 minutes and the VDS may be held at 0 V. Then, a small
constant voltage may be applied between the source and drain terminals (e.g.,
approximately 100 mV) and the gate voltage may be swept from -10 V to +10 V, a range
large enough to capture the lower current range of the MOSFET (e.g., less than 0.1 nano-
amps in this particular case) up to the saturation current (e.g., approximately 16 milii-
amps), defining the “post neg” transfer curve 142 depicted in FIG. 2. A constant voltage
oate positive stress bias of +20 V may then be applied to the gate for an additional 15
minutes, with VDS = 0 V. Finally, a similar reverse sweep of the gate voltage may be
conducted from +10 V to -10 V to capture the “post pos” transfer curve 144 with a small

constant voltage being applied between the source and drain terminals (e.g.,

approximately 100 mV).

10
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[0031] The use of 10 micro-amps as the threshold drain current of choice for VTH
determination is done for practical reasons. For example, it is small enough to reside on
the linear sub-threshold portion of the semilog transfer curve, and is large enough to
measure accurately and easy to extract from the data. The MOSFET parameters and test
conditions for data collection are as follows: VDS = 0.1 V; Temp = 175 °C; gate oxide
thickness (Tox) = 500 Angstroms, Device Active Area = 0.067 cm”; Area of one MOS
cell = 1.6E-4cm’; channel width to length ratio (W/L) of one MOS cell = 6900. Scaling
the threshold drain current to larger or smaller devices has a linear dependence on Device

Active Area, Area of one MOS cell and W/L. It should be noted however, that threshold

current scales inversely with gate oxide thickness (Tox).

[0032]  Accordingly, FIG. 2 demonstrates the drift or shift in the threshold voltage
(e.g., a shift in the voltage where IDS increases significantly) following positive and
negative gate bias stressing. The vertical scale is the drain current (amps), the horizontal
scale 1s the gate to source voltage (volts). The threshold voltage shift thus represents an
example of the effects of bias temperature instability (BTI). The VTH drift is taken as
the voltage difference between the VTH positive voltage stress value and the VTH

negative voltage stress value at 10 micro-amps of source to drain current. In the example

illustrated 1n FIG. 2, the VTH drift is approximately 6.9 V.

[0033] With the foregoing in mind, FIG. 3 includes a plot 150 of the change or shift in
the threshold voltage (e.g., AVIH) of a SiC MOSFET device due to the NBTI effect

under different atmospheric conditions, in accordance with an example of the present
approach. In particular, FIG. 3 illustrates the AVTH for a SiC MOSFET device under
atmospheric conditions (e.g., approximately 760 torr of room air) as well as the AVTH
for the SiC MOSFET device in vacuum (e.g., less than approximately 0.1 torr,
approximately 107 torr, or another suitable reduced pressure). To obtain the data
illustrated in plot 150, the AVTH may be determined (e.g., as set forth above with respect
to FI1G. 2) on the S1C MOSFET device at 150 °C, under atmospheric conditions.

[Hlustrated by bar 152 of plot 150, this measurement represents an approximately 1.0 V to

11
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approximately 1.1 V AVTH for the SiC MOSFET device due to the NBTI effect under
atmospheric conditions. Subsequently, the SiC MOSFET device may be placed under
reduced pressure (e.g., less than approximately 0.1 torr, approximately 107 torr, or
another suitable reduced pressure) and the AVIH may be once again determined.
[llustrated by the bar 154 of the plot 150, this measurement represents an approximately

0.3 V to approximately 0.4 V AVTH for the SiC MOSFET device due to the NBTI effect

1N a vacuum environment.

[0034]  As such, FIG. 3 clearly illustrates that the AVTH resulting from NBTI in the
S1C MOSFET device under atmospheric conditions (e.g., illustrated by bar 152) is more
than double the AVTH resulting from NBTI in the SiC MOSFET device under vacuum
(e.g., illustrated by bar 154). Accordingly, operating the SiC MOSFET device in a
vacuum appears to substantially reduce (e.g., impede, alleviate, or otherwise diminish)
the AVTH and/or the BTI (e.g., NBTI) phenomenon in the device. In certain
embodiments, the AVTH achieved through the present approaches may be less than 1 V,

less than 0.8 V, less than 0.5 V, less than 0.4 V, less than 0.3 V., less than 0.2 V, or less
than 0.1 V. Furthermore, in certain embodiments, the reduced AVTH enabled by the

present approaches may be approximately 75%, 50%, 40%, 30%, 25%, 10%, or 5% the
AVTH observed for SiC not using the presently disclosed reduced pressure techniques. It
should be further appreciated that since BTI effects may induce AVTH as large as several
volts (e.g., 2 V to 5 V) in typical SiC MOSFETSs, the present techniques afford a

substantial improvement to device reliability.

[003S] With this 1n mind, it is envisioned that one implementation of the present
approach 1involves utilizing a SiC MOSFET having a packaging 130, as set forth above
with respect to FIG. 1. That is, in certain embodiments, SiC devices, such as SiC

MOSFET devices, may be packaged (e.g., using packaging 130) such that the SiC
MOSFET 1s maintained in a reduced pressure environment throughout operation. For

example, turning to FIG. 4, a flow diagram illustrates an embodiment of a process 160 for

inhibiting NBTI in a SiC MOSFET using the packaging 130. The illustrated process 160

12
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begins with constructing (block 162) a silicon carbide (S1C) semiconductor device, such
as the S1C MOSFET 100 illustrated in FIG. 1. During packaging, the SiC device may be
sealed (block 164) in a package (e.g., packaging 130) that maintains a vacuum (e.g., a
reduced pressure relative to atmospheric pressure) around the device. For example, in
certain embodiments, the pressure of the atmosphere 132 surrounding the SiC device may
be may be less than approximately 700 torr, less than approximately 250 torr, less than
approximately 75 torr, less than approximately 350 torr, less than approximately 5 torr,
less than approximately 0.5 torr, or less than approximately 0.05 torr. By vacuum

packaging the SiC device 1n this manner, BTI (e.g., NBTI) may be inhibited (block 166)

by the vacuum or reduced pressure environment when operating the SiC device.

[0036] However, In other embodiments, it is also envisioned that another
implementation of the present approach involves utilizing a SiC device for applications
involving a vacuum environment. That is, in certain embodiments, rather than vacuum
packaging a SiC device, as set forth above, the device may instead be configured to
operate 1n an environment of reduced or substantially no pressure. For example, turning
to FIG. 5, a flow diagram illustrates an embodiment of another process 170 for inhibiting
NBTI in a S1C device. The illustrated process 160 begins with constructing (block 162) a
silicon carbide (S1C) semiconductor device, such as the SiC MOSFET 100 illustrated in
FIG. 1, but a device lacking the packaging 130 discussed above. Once constructed, the
S1C device may be operated (block 174) in a vacuum to inhibit BTI (e.g., NBTI) in the
S1C device during operation. For example, in certain embodiments, a SiC MOSFET may
be operated in the vacuum of space (e.g., for space shuttle and/or satellite applications) or
in the reduced pressure environment (e.g., for a vacuum or pressure test chamber) 1n

order to inhibit NBTI in the device during operation.

[0037] FIG. 6 illustrates a plot 180 of AVTH for a SiC MOSFET device due to the
NBTI effect under different atmospheric conditions, in accordance with an example of
the present approach. In particular, FIG. 6 illustrates AVTH for a SiC MOSFET device

under a substantially reduced pressure (e.g., less than approximately 0.1 torr or

13



CA 02822132 2013-07-26
260401

approximately 107 torr) of air as well as AVTH for the SiC MOSFET device under a
reduced pressure argon atmosphere 132 (e.g., less than approximately 760 torr, less than
1 torr, or approximately 0.1 torr of argon). To obtain the data illustrated in plot 180, the
AVTH may be determined, as set forth above with respect to FIG. 2, on the SiC
MOSFET device at 150 °C, under vacuum. Illustrated by bar 182 of plot 180, this
measurement represents an approximately 0.2 V to approximately 0.3 V AVTH for the
S1C MOSFET device due to the NBTI effect under vacuum. Subsequently, the SiC
MOSFET device may be placed under a reduced pressure atmosphere 132 of argon (e.g.,
less than approximately 760 torr, approximately 1 torr, or approximately 0.1 torr) and the
AVTH may be once again determined. Illustrated by the bar 184 of the plot 180, this

measurement represents an approximately 0.5 V to approximately 0.6 V AVTH for the

S1C MOSFET device due to the NBT1 effect in an inert atmosphere 132.

[0038] As such, FIG. 6 illustrates that the AVTH that results from NBTI in the SiC
MOSFKET device under a reduced pressure inert atmosphere 132 (e.g., illustrated by bars
184) 1s still substantially greater than (e.g., approximately double) the AVTH that results
from NBTI 1n the SiC MOSFET device under a stronger vacuum (e.g., illustrated by bars
182). Accordingly, operating the S1C MOSFET device in a relatively strong vacuum
(e.g., less than 1 torr, less than 0.1 torr, or approximately 10 torr) atmosphere 132
appears to substantially reduce (e.g., impede, alleviate, or otherwise diminish) the AVTH
and/or the NBTI phenomenon in the device relative a higher pressure atmosphere 132
(e.g., greater than 1 torr or 0.1 torr) of a one or more gases (e.g., air or an inert
atmosphere, such as argon). However, it should be appreciated that, compared to the
AVTH for the SiC device under normal atmospheric conditions (e.g., illustrated by bars
152 of FIG. 3), the AVTH for the SiC device under the reduced pressure of argon (e.g.,
illustrated by bars 164 of FIG. 4) may still represent a substantial improvement with
respect to NBTI. In certain embodiments, the AVTH achieved through the presence the
reduced pressure inert atmosphere 132 may be less than 1 V, less than 0.5 V, less than 0.4
V, less than 0.3 V, less than 0.2 V, or less than 0.1 V. Furthermore, in certain

embodiments, the reduced AVTH enabled by the presence the reduced pressure inert
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atmosphere 132 may be approximately 75%, 50%, 40%, 30%, 25%, 10%, or 5% the
AVTH observed for a SiC device not using an inert atmosphere 132 as presently

disclosed.

[0039]  With this in mind, it 1s envisioned that another implementation of the present
approach involves utilizing a SiC MOSFET having a packaging 130, as set forth above
with respect to FIG. 1. For example, turning to FIG. 7, a flow diagram illustrates an
embodiment of a process 190 for inhibiting NBTI in a SiC MOSFET having the
packaging 130. The illustrated process 190 begins with constructing (block 192) a silicon
carbide (S1C) semiconductor device, such as the SiC MOSFET 100 illustrated in FIG. 1.
During packaging, the SiC device may be sealed (block 194) in a package (e.g.,
packaging 130) that maintains a particular atmosphere 132 around the device. That is, in
certain embodiments, S1C devices, such as SiC MOSFET devices, may be packaged (e.g.,
by packaging 130) such that the SiC MOSFET is maintained in a particular atmosphere
132 (e.g., an inert atmosphere, such as argon, helium, nitrogen, krypton, xenon, or
another suitable gas). For example, in certain embodiments, the packaging 130 of the
S1C device may be filled with argon, helium, nitrogen, or another suitable gas prior to
sealing the packaging 130 around the SiC device, and the inert gas may function to at
least partially reduce (e.g., impede, alleviate, or otherwise diminish) the NBTI effect in
the device. By packaging the SiC device in this manner, BTI (e.g., NBTI) may be
inhibited (block 196) by the selected atmosphere 132 when operating the SiC device.
Furthermore, in certain embodiments, a combination approach may be utilized, in which
the packaging 130 maintains a reduced pressure environment surrounding the Si1C device
(e.g., a vacuum of 0.1 torr) in which the remaining gas pressure inside the packaging 130
1s produced by an inert gas (e.g., argon, helium, nitrogen, xenon, krypton, mixtures

thereof, or another suitable inert gas or mixture).

[0040]  This written description uses examples to disclose the invention, including the
best mode, and also to enable any person skilled in the art to practice the invention,

including making and using any devices or systems and performing any incorporated
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methods. The patentable scope of the invention is defined by the claims, and may include
other examples that occur to those skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural elements that do not differ from
the literal language of the claims, or if they include equivalent structural elements with

insubstantial differences from the literal languages of the claims.
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CLAIMS:
l. A system, comprising:
a silicon carbide (S1C) semiconductor device; and
a hermetically sealed packaging enclosing the SiC semiconductor
device, wherein the hermetically sealed packaging is configured to maintain a particular
atmosphere near the SiC semiconductor device, wherein the particular atmosphere limits
a shift in a threshold voltage of the SiC semiconductor device to less than 1 V during

operation.

2. The system of claim 1, wherein the particular atmosphere comprises a

vacuuin.

3. The system of claim 2, wherein the vacuum comprises a pressure less

than approximately 1 torr.

4. The system of claim 2, wherein the vacuum comprises a pressure of

approximately 0.1 torr.

. The system of claim 1, wherein the particular atmosphere comprises

argon, helium, nitrogen, krypton, xenon, or a combination thereof.

6. The system of claim 1, wherein the SiC semiconductor device

comprises a metal-oxide field-effect transistor (MOSFET).

7. The system of claim 1, wherein the Si1C semiconductor device
comprises an insulated gate bipolar transistor (IGBT), a MOS controlled thyristor, or a

gate controlled thyristor.

8. The system of claim 1, wherein the shift in the threshold voltage of the
S1C semiconductor device results from bias temperature instability (BTI) 1in the SiC
semiconductor device when operating the SiC semiconductor device at elevated

temperatures, elevated bias, or both.
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9. The system of claim 8, wherein the particular atmosphere limits the
shift in the threshold voltage of the SiC semiconductor device to less than approximately

0.8 V.

10.  The system of claim 9, wherein the particular atmosphere limits the

shift in the threshold voltage of the S1C semiconductor device to less than approximately

0.5 V.

11.  The system of claim 1, wherein the SiC semiconductor device is

configured to operate at a temperature above 175 °C.

12. The system of claim 1, wherein the SiC semiconductor device is

configured to operate at a temperature above 300 °C.

13. A metal-oxide field-eftect transistor (MOSFET) device, comprising:
an enclosure disposed about the MOSFET device, wherein the
enclosure is configured to surround the MOSFET device in a reduced pressure
environment relative to an environment outside of the enclosure, and wherein the reduced
pressure environment reduces a threshold voltage shift of the MOSFET device during

operation.

14.  The device of claam 13, wherein the threshold voltage shift of the
MOSFET is a result of negative bias temperature instability (NBTI) during operation of
the MOSFET at elevated temperatures and/or elevated biases for extended periods of

time.

15. The device of claim 13, wherein the reduced pressure environment
comprises a reduced pressure of an inert gas, wherein the inert gas comprises helium,

argon, or nitrogen.

16.  The device of claim 13, wherein the reduced pressure environment

reduces the threshold voltage shift to less than approximately 1 V.
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17. A method, comprising:
providing a silicon carbide (SiC) electrical device;
sealing the SiC electrical device in a package under an atmosphere
having a pressure less than approximately 10 torr, wherein the atmosphere inhibits
negative bias temperature instability (NBTI) when operating the SiC electrical device at

elevated temperatures, elevated biases, or both, for an extended period of time.

18.  The method of claim 17, wherein the atmosphere consists essentially of

one or more inert gases.

19.  The method of claim 17, wherein the atmosphere comprises air.

20.  The method of claim 17, wherein the NBTI is inhibited such that a
threshold voltage shift of the SiC electrical device from the NBTI is less than

approximately 1 volt.
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