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POWER SEMICONDUCTOR DEVICES INCLUDING MULTIPLE LAYER
METALLIZATION
PRIORITY CLAIM
[0001] This application is based upon and claims the benefit of priority to United States
Patent Application 18/160,765 having a filing date of January 27, 2023, which is based on
and claims priority to United States Provisional Application 63/434,782 having a filing date
of December 22, 2022. The present application claims priority to, benefit of, and

incorporates by reference the entirety of the contents of the cited applications.

FIELD

[0002] The present disclosure relates generally to power semiconductor devices.

BACKGROUND
[0003] A wide variety of power semiconductor devices are known in the art including, for
example, power Metal Oxide Semiconductor Field Effect Transistors ("MOSFETSs"),
Insulated Gate Bipolar Transistors ("IGBTs") and various other devices. These power
semiconductor devices are often fabricated from wide bandgap semiconductor materials such
as silicon carbide or gallium nitride-based materials. Herein, the term “wide bandgap
semiconductor” encompasses any semiconductor having a bandgap of at least 1.4 eV. Power
semiconductor devices are designed to selectively block or pass large voltages and/or
currents. For example, in the blocking state, a power semiconductor device may be designed

to sustain hundreds or thousands of volts of electric potential.

SUMMARY
[0004] Aspects and advantages of embodiments of the present disclosure will be set forth
in part in the following description, or may be leamed from the description, or may be
learned through practice of the embodiments.
[0005] One example aspect of the present disclosure is directed to a semiconductor
device. The semiconductor device includes a semiconductor vertical power device structure.
The semiconductor device  a first metallization layer on the semiconductor structure. The
first metallization layer may include one or more metal structures. The semiconductor device
includes a second metallization layer at least partially overlapping the first metallization

layer. The semiconductor device includes an insulating layer between the first metallization



WO 2024/137213 PCT/US2023/083034

layer and the second metallization layer. The insulating layer may include an insulating
portion. The insulating portion may be patterned to insulate the one or more metal structures
of the first metallization layer.

[0006] Another example aspect of the present disclosure is directed to a semiconductor
device. The semiconductor device includes a semiconductor structure. The semiconductor
device includes a first metallization layer on the semiconductor structure. The first
metallization layer includes one or more metal structures. The semiconductor device includes
a second metallization layer at least partially overlapping the first metallization layer. The
semiconductor device includes a third metallization layer between the first metallization layer
and the second metallization layer. The semiconductor device includes a first insulating layer
between the first metallization layer and the third metallization layer. The semiconductor
device includes a second insulating layer between the third metallization layer and the second
metallization layer.

[0007] Another example aspect of the present disclosure is directed to a semiconductor
device. The semiconductor device includes a semiconductor structure. The semiconductor
device includes a first metallization layer on the semiconductor structure. The first
metallization layer includes a distributed gate runner network. The distributed gate runner
network includes a plurality of non-contacting gate runners. The non-contacting gate runners
are separated from one another in the first metallization layer such that there is no conductive
electrical connection between the non-contacting gate runners in the first metallization layer.
[0008] Another example aspect of the present disclosure is directed to a method of
forming a semiconductor device. The method includes forming a first metallization layer on a
silicon carbide-based semiconductor structure. The first metallization layer includes one or
more metal structures. The method includes forming an insulating layer on the first
metallization layer. The insulating layer includes an insulating portion. The insulating portion
1s patterned to insulate the one or more metal structures of the first metallization layer. The
method includes forming a second metallization layer overlapping the first metallization
layer.

[0009] These and other features, aspects and advantages of various embodiments will
become better understood with reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the present disclosure and, together with the

description, explain the related principles.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Detailed discussion of embodiments directed to one of ordinary skill in the art are
set forth in the specification, which refers to the appended figures, in which:

[0011] FIG. 1 depicts a power semiconductor device including a single topside
metallization layer.

[0012] FIG. 2 depicts a power semiconductor device including a single topside
metallization layer.

[0013] FIG. 3 depicts a power semiconductor device including a single topside
metallization layer.

[0014] FIG. 4 depicts a power semiconductor device according to example embodiments
of the present disclosure.

[0015] FIG. 5 depicts a cross-sectional view of the power semiconductor device of FIG.
4.

0016] FIG. 6 depicts a cross-sectional view of the power semiconductor device of FIG.
4,

[0017] FIG. 7 depicts a power semiconductor device according to example embodiments
of the present disclosure.

[0018] FIG. 8 depicts a cross-sectional view of the power semiconductor device of FIG.
7.

0019] FIG. 9 depicts a cross-sectional view of the power semiconductor device of FIG.
7.

[0020] FIGS. 10A, 10B, and 10C depict example power semiconductor devices
incorporating a sensor according to example embodiments of the present disclosure.

[0021] FIGS. 11A, 11B, 11C, 11D, 11E, 11F, 11G, 11H, 111, 11J, 11K, 11M, 11N, 110,
11P, 11Q, 11R, 118, 11T, and 11U depict example bonding layer configurations for power
semiconductor devices according to example embodiments of the present disclosure.

[0022] FIGS. 12A, 12B, 12C, 12D, 12E, 12F, 12G, 12H, 12I, and 12J depict example
gate runner networks for power semiconductor devices according to example embodiments of
the present disclosure.

[0023] FIG. 13 depicts a power semiconductor device incorporating a distributed gate

runner network according to example embodiments of the present disclosure.
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[0024] FIGS. 14A, 14B, 14C, 14D, and 14E depict example distributed gate runner
networks according to example embodiments of the present disclosure.

[0025] FIG. 15 depicts a flow chart of an example method according to example
embodiments of the present disclosure.

[0026] FIG. 16 depicts a flow chart of an example method according to example

embodiments of the present disclosure.

DETAILED DESCRIPTION
[0027] Reference now will be made in detail to embodiments, one or more examples of
which are illustrated in the drawings. Each example is provided by way of explanation of the
embodiments, not limitation of the present disclosure. In fact, it will be apparent to those
skilled in the art that various modifications and variations may be made to the embodiments
without departing from the scope or spirit of the present disclosure. For instance, features
illustrated or described as part of one embodiment may be used with another embodiment to
yield a still further embodiment. Thus, it is intended that aspects of the present disclosure
cover such modifications and variations.
[0028] Example aspects of the present disclosure are directed to power semiconductor
devices, and more particularly to improved layout of interconnect layers of power
semiconductor devices using multiple layer metallization (e.g., multiple metal layers) to
improve performance, functionality, and packaging of the power semiconductor devices.
Power semiconductor devices, such as power MOSFETSs, may have a lateral structure or a
vertical structure. A power semiconductor device having a lateral structure has both the
source region and the drain region of the power semiconductor device on the same major
surface (e.g., upper surface or lower surface) of a semiconductor structure of the device. In
contrast, a power semiconductor device having a vertical structure has its source region on
one major surface of the semiconductor layer structure and its drain region on the other
(opposed) major surface thereof. Vertical device structures are typically used in very high-
power applications, as the vertical structure allows for a thick semiconductor drift layer that
may support high current densities and block high voltages.
[0029] Silicon carbide-based power semiconductor devices offer a high level of
performance benefits, including high voltage blocking, low on-resistance, high current, fast

switching, low switching losses, high junction temperatures, and high thermal conductivity.
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Ultimately, these characteristics result in a notable increase in potential power density, which
is power conducted per unit area or per unit volume. Achieving increased performance of
silicon carbide-based power semiconductor devices may require addressing significant
challenges at the device, package, and system level. The higher voltages, currents, and
switching speeds manifest into significantly higher electrical, thermal, and mechanical
stresses applied onto smaller and more constrained areas as chip sizes are scaled down.
[0030] For instance, a vertical silicon carbide-based power semiconductor device may
include a silicon carbide drift region that is formed on a silicon carbide substrate, such as a
silicon carbide wafer. The device has an active region, as well as one or more inactive
regions, such as an edge termination region or a gate bond pad region. The active region acts
as a main junction for blocking voltage during reverse bias operation and providing current
flow during forward bias operation. The power semiconductor device typically has a unit cell
structure, meaning that the active region includes a large number of individual “unit cell”
devices (e.g., MOSFETS) that are electrically connected in parallel to function as a single
power semiconductor device. In high power applications, such a device may include
thousands or tens of thousands of unit cells. It is generally desirable to maximize the total
active area of the power semiconductor device, since the total active area is directly
proportional to current carrying capacity.

[0031] Interconnect layers of a power semiconductor device may be used to facilitate the
coupling or connection of the individual “unit cell” devices of the semiconductor structure to
external components (e.g., for packaging of the power semiconductor device). The intemnal
layout, or physical arrangement of the various elements in the interconnect layers of a power
semiconductor device, may have a prominent influence on the performance and reliability of
the power semiconductor device. Components and structures that may need to be
implemented into interconnect layers of a power semiconductor device may include, for
mstance, electrical interconnection structures, electrical 1solation structures, heat transfer
structures, structures for protection from environmental contamination and moisture, high
current power connection interfaces, low current signal power connection interfaces, low
current signal distribution networks (e.g., gate runner networks), dielectric coating/masking,
topside metallization, backside metallization, edge terminations, lumped signal resistors,
current sensors, and/or temperature sensors. Each of these components or structures may

compete with the active area for space in the power semiconductor device. It becomes
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increasingly more difficult to realize an optimal layout as the number of competing structures
increases and the overall device area decreases.

[0032] As an example, features such as gate runners to reduce signal loop impedance and
bonding pads for signal interconnection compete for the same real estate as the active area
where the switching cells are formed. Accordingly, there is a tradeoff, for instance, between
switching quality (speed, loss, and overshoot) and the on-state resistance of the power loop.
[0033] Some power semiconductor devices include a single topside metallization layer as
part of the interconnect layer structure of the power semiconductor device. The single topside
metallization layer may form an electrical connection to the various electrical connection
sites across the structure. This topside metallization layer may be part of a interconnect layer
stack with various layers used to form ohmic contacts, adhesion, diffusion barriers, and
metallurgical compatibility with the attach method used for the topside pads (wire bonding,
soldering, sintering, etc.). A backside metallization layer may also be applied as part of the
fundamental structure, including an ohmic contact and a metal stack compatible with the
desired device attach material and process (soldering, sintering, etc.).

[0034] For instance, FIG. 1 depicts example interconnect layers of a power
semiconductor device 100 that includes topside metallization directly on a semiconductor
layer. More particularly, the power semiconductor device 100 may include a metallization
layer 102. The metallization layer 102 may be directly on a semiconductor structure 104 with
semiconductor unit cell devices (e.g., silicon carbide-based MOSFETs, diodes, transistors, or
other semiconductor unit cell devices). The semiconductor structure 104 includes an active
region that acts, for instance, as a main junction for blocking voltage during reverse bias
operation and providing current flow during forward bias operation. The metallization layer
102 may include metal structures including a gate pad 106, gate runners 108, and may also
include an edge termination structure 110. The gate pad 106 may be large in comparison to
the size of the power semiconductor device 100. The plurality of gate runners 108 (e.g., gate
buses) may extend from the gate pad 106 to better distribute a gate signal to the outer edges
and to the middle of the power semiconductor device 100. The edge termination structure 110
may be around the perimeter of the power semiconductor device 100 to buffer an electric
field so that voltage over distance is reduced. The space occupied by the gate pad 106, gate
runners 108 and edge termination structure 110 may reduce the active area available of the

semiconductor structure 104. As shown in FIG. 1, a backside metallization layer 112
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including a drain attach pad 114 may be on the backside of the semiconductor structure 104
to form a vertical structure power semiconductor device 100.

[0035] The metallization layer 102 may include metallized pads (e.g. the gate bonding
pad 106 and source bonding pads 120) for power and signal connection to other components
(e.g., substrates, lead frames, terminals, etc.) so that the metallization layer 102 acts as a
bonding layer for the power semiconductor device 100. b. Signal connections to the gate
bonding pad 118 may be implemented, for instance, using wire bond(s). The source bonding
pads 120 may be directly on the active region of the semiconductor structure 104.. A power
connection may be made to the source bonding pads 120 using a clip or similar attach which
is directly soldered, sintered, welded to the source bonding pads 120. The source bonding
pads 120 may serve as source contact(s) or other contacts (e.g., ohmic contacts, Schottky
contacts, etc.) for the semiconductor unit cells in the active region(s) of the semiconductor
structure 104 of the power semiconductor device 100.

[0036] As illustrated in FIG. 1, the gate pad 106, gate runners 108, and edge termination
structure 110 may be features of the semiconductor power device 100 but are not considered
“active area” which contributes to the ability to conduct current. As illustrated, these features
may typically take up a significant percentage of the total device area. The space these
regions take up, particularly the gate pad 106 and the edge termination structure 110, may be
considered a fixed value such that the percentage of chip area these structures occupy
increases as the chip size decreases. In some cases, the area used for these features may be
reduced as much as possible to achieve the lowest possible on-resistance of the power-
semiconductor device.

[0037] Referring to FIG. 2, in some examples, the power semiconductor device 100 may
include source kelvin bond pad(s) 122 to further decouple the power loops and signal loops.
To keep attach material associated with the source kelvin bond pad(s) 122 off of the gate
bonding pad 106, which may interfere with the wire bonding process, the source kelvin bond
pad(s) 122 may be masked off with a dielectric barrier 124 or similar barrier material to keep
the source kelvin bond pad(s) 122 pristine. The source kelvin bond pad(s) 122 further reduces
the active area of the semiconductor structure 104 of the power semiconductor device 100.
However, there is active area under the dielectric barrier 124 used to mask off the source
kelvin bond pad(s) 122.

[0038] The amount of active area available for a given chip size becomes even more

constrained in the event that on-chip sensors or other ancillary features are used. In these



WO 2024/137213 PCT/US2023/083034

examples, space is not only needed for the feature itself, but also for the bonding pads to
provide electrical interconnection to the feature. For instance, FIG. 3 illustrates an example
power semiconductor device 100 with two sensors 125. Each sensor 125 takes up active area
for the sensing element itself and independent isolated sensor bonding pads 126. As
demonstrated by FIGS. 1-3, when limited to a single metallization layer as an interconnect
layer on the semiconductor structure 104, straightforward as well as more integrated
structures may suffer from the available chip area required to accommodate practical
packaging features as well as ancillary but effective additional features.

[0039] Example aspects of the present disclosure are directed to power semiconductor
devices that have multiple interconnect layers of metallization and/or additional layers in the
topside interconnect layer scheme to increase the size of the active area of the semiconductor
structure of the power semiconductor device while achieving packaging, interconnection,
and/or other functions (sensing) using structures on the additional interconnect layers. In
some embodiments, a power semiconductor device may include a semiconductor structure
including an active area. The active area may include a plurality of unit cell devices, such as
silicon carbide-based MOSFETs, located between a source contact and a drain contact to
form, for instance, a vertical structure power semiconductor device. Aspects of the present
disclosure are discussed with reference to silicon carbide-based MOSFET unit cell devices
for purposes of illustration and discussion. Those of ordinary skill in the art, using the
disclosures provided herein, will understand that the unit cell devices may be other
semiconductor devices without deviating from the scope of the present disclosure, such as
diodes (e.g. Schottky diodes), transistors, or other devices.

[0040] The interconnect layers of the power semiconductor device may include a first
metallization layer directly on the silicon carbide-based semiconductor structure. The first
metallization layer may include one or more metal structures, such as gate runners, vias,
interconnect structures, sensors, connections to underlying sensors, etc. The interconnect
layers of the power semiconductor device may include a second metallization layer at least
partially overlapping the first metallization layer. As used herein, a first structure “at least
overlaps™ a second structure if an axis that is perpendicular to a major surface of the first
structure passes through both the first structure and the second structure. The second
metallization layer may form a bonding layer for the power semiconductor device and may

include bonding pads for power connections, signal connections, sensor connections, etc.
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[0041] The interconnect scheme of the power semiconductor device may include an
insulating layer between the first metallization layer and the second metallization layer. The
insulating layer may include an insulating portion. The insulating portion may be a dielectric
material. The insulating portion may be patterned to insulate the one or more metal structures
of the first metallization layer. In this way, the power semiconductor device may
accommodate the second metallization layer including, for instance, the one or more bond
pads, without interfering or creating undesirable electrical connections with the metal
structures associated with the first metallization layer. In some embodiments, the insulating
layer may include one or more source contact openings patterned into the insulating portion.
The source contact openings may accommodate source contacts extending from, for instance,
the second metallization layer to the active regions of the semiconductor structure of the
power semiconductor device.

[0042] In some embodiments, the interconnect layers of the power semiconductor device
may include a third metallization layer directly on the insulating layer. The third
metallization layer may include one or more metal structures (e.g., vias, planar interconnect
structures, sensors, etc.). The third metallization layer may facilitate conductive electrical
connection of metal structures in the first metallization layer and the second metallization
layer.

[0043] In some embodiments, the interconnect layers of the power semiconductor device
may include a second insulating layer between the third metallization layer and the second
metallization layer. The second insulating layer may include an insulating portion that is
patterned to insulate one or more metal structures of the first metallization layer and/or the
interconnection layer. In some embodiments, the second insulating layer may include one or
more source contact openings pattemed into the insulating portion. The source contact
openings may accommodate source contacts extending from, for instance, the second
metallization layer to the active regions of semiconductor structure of the power
semiconductor device.

[0044] Aspects of the present disclosure provide technical effects and benefits. For
instance, aspects of the present disclosure provide for the implementation of multiple topside
metal layers on a power semiconductor device such that performance may be improved,
functionality may be added, and packaging may be made easier. Limited to a single
metallization and isolation layer, the topside metal pattern must match or be removed from

the underlying structure and locations of the functional elements, including active switching
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cells, signal runners, gate bonding pads, edge terminations, and ancillary features such as on-
chip current and temperature sensors.

[0045] For instance, a power semiconductor device having multiple layers of topside
metallization according to example embodiments of the present disclosure may provide
increased flexibility in how gate runner networks are incorporated into the power
semiconductor device. Gate runners may be used to reduce the distributed impedance of the
control switching loop. Gate runners may be considered high speed “highways™ of high
electrical conductivity until the gate signal is distributed to the individual power
semiconductor cells. Gate runners may be distributed around the outer edge regions and
through the middle of the device such that the furthest cells from the gate (or similar) pad do
not turn on appreciably slower than the ones closest to it.

[0046] In power semiconductor devices having a single topside metallization layer, gate
runners may have to be carefully balanced with their position and pattern with respect to the
gate pad. As an example, an edge gate bonding pad would normally have a long relative path
to the furthest sides of the power semiconductor device, so the cells on the opposite edge
region would need many gate runners to reduce the relative impedance. The gate runners
themselves take up space which may otherwise be used for more active area and accordingly
lower on-resistances. Multiple topside metallization layers on the power semiconductor
device may allow for robust, well distributed gate runners directly on the active layer itself or
on an additional metallization layer(s) in the stack.

[0047] With additional layers of insulators and conductors, more complicated routing
may occur. This acts to “decouple” the ideal chip layout for device performance from the
ideal chip layout for packaging. With multiple layers, the area used for gate distribution and
interconnection may be reduced on a first metallization layer, and then large, bondable
regions may be formed on an upper metallization layer. Additional features such as sensors,
signal resistors, etc. may be formed in the inner or upper layer without sacrificing active area
on the semiconductor structure of the power semiconductor device.

[0048] Embodiments of the present disclosure may vary significantly based on the
specific applications for and intended usage of the power semiconductor devices. In some
examples, the use of multiple metallization layers in the power semiconductor structure may
be used to achieve one or more of the goals for the power semiconductor devices depending
on application specific requirements, including high power density (e.g., small package size),

high current carrying capability, high voltage capability, high temperature operation, low
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thermal resistance, low stray inductance, fast switching with reduced losses, high efficiency
through low on-resistance, high efficiency through high speed switching with reduced losses,
thoughtful external terminal layout for effective interconnection, compliance with creepage
and clearance standards, Moisture Sensitivity Level (MSL) compliance, lower cost, and other
goals.

[0049] Aspects of the present disclosure are discussed with reference to silicon carbide-
based semiconductor structures. Those of ordinary skill in the art, using the disclosures
provided herein, will understand that the power semiconductor devices according to example
embodiments of the present disclosure may be used with any semiconductor material, such as
other wide band gap semiconductor materials. without deviating from the scope of the present
disclosure. Example wide band gap semiconductor materials include silicon carbide (e.g.,
2.996 eV band gap for alpha silicon carbide at room temperature) and the Group I1I-nitrides
(e.g.. 3.36 eV band gap for gallium nitride at room temperature).

[0050] It will be understood that, although the terms first, second, third, etc. may be used
herein to describe various elements, these elements should not be limited by these terms.
These terms are only used to distinguish one element from another. For example, a first
element could be termed a second element, and, similarly, a second element could be termed
a first element, without departing from the scope of the present disclosure. As used herein,
the term “and/or” includes any and all combinations of one or more of the associated listed
items.

[0051] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein, the
singular forms “a,” “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms “comprises™
“comprising,” “includes” and/or “including” when used herein, specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0052] Unless otherwise defined, all terms (including technical and scientific terms) used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood that terms used herein should be

interpreted as having a meaning that is consistent with their meaning in the context of this
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specification and the relevant art and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0053] It will be understood that when an element such as a layer, region, or substrate is
referred to as being “on” or extending “onto” another element, it may be directly on or extend
directly onto the other element or intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” or extending “directly onto” another element,
there are no intervening elements present. It will also be understood that when an element is
referred to as being “connected” or “coupled” to another element, it may be directly
connected or coupled to the other element or intervening elements may be present. In
contrast, when an element is referred to as being “directly connected” or “directly coupled™ to
another element, there are no intervening elements present.

[0054] Relative terms such as “below” or “above” or “upper” or “lower” or “horizontal”
or “lateral” or “vertical” may be used herein to describe a relationship of one element, layer
or region to another element, layer or region as illustrated in the figures. It will be understood
that these terms are intended to encompass different orientations of the device in addition to
the orientation depicted in the figures.

[0055] Embodiments of the disclosure are described herein with reference to cross-
section illustrations that are schematic illustrations of idealized embodiments (and
intermediate structures) of the invention. The thickness of layers and regions in the drawings
may be exaggerated for clarity. Additionally, variations from the shapes of the illustrations as
aresult, for example, of manufacturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed as limited to the particular
shapes of regions illustrated herein but are to include deviations in shapes that result, for
example, from manufacturing. Similarly, it will be understood that variations in the
dimensions are to be expected based on standard deviations in manufacturing procedures. As
used herein, “approximately” or “about” includes values within 10% of the nominal value.
[0056] Like numbers refer to like elements throughout. Thus, the same or similar
numbers may be described with reference to other drawings even if they are neither
mentioned nor described in the corresponding drawing. Also, elements that are not denoted
by reference numbers may be described with reference to other drawings.

[0057] Some embodiments of the invention are described with reference to
semiconductor layers and/or regions which are characterized as having a conductivity type

such as n type or p type, which refers to the majority carrier concentration in the layer and/or
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region. Thus, N type material has a majority equilibrium concentration of negatively charged
electrons, while P type material has a majority equilibrium concentration of positively
charged holes. Some material may be designated with a “+” or “— (as in N+, N—, P+, P—,
N++, N—, P++, P—, or the like), to indicate a relatively larger (“+7) or smaller (“—”
concentration of majority carriers compared to another layer or region. However, such
notation does not imply the existence of a particular concentration of majority or minority
carriers in a layer or region.

[0058] In the drawings and specification, there have been disclosed typical embodiments
and, although specific terms are employed, they are used in a generic and descriptive sense
only and not for purposes of limitation of the scope set forth in the following claims.

[0059] With reference now to the Figures, example embodiments of the present
disclosure will now be set forth.

[0060] FIG. 4 depicts example interconnect layers of a power semiconductor device 150
according to example embodiments of the present disclosure. More particularly, the power
semiconductor device 150 may include a first metallization layer 152. The first metallization
layer 152 may be directly on the semiconductor structure 154 with active regions including
semiconductor unit cells (e.g., silicon carbide-based MOSFETs or other devices). The first
metallization layer 152 may include metal structures, including gate runners 156 and a gate
via 158. As used herein, the metal structures directly on the semiconductor structure 154 for
metallization, interconnection, gate distribution, etc. form the first metallization layer 152.
[0061] The plurality of gate runners 156 (e.g., gate buses) are used to distribute a gate
signal through the power semiconductor device 150. The plurality of gate runners 156 of FIG.
4 form a gate runner network. The gate runner network of FIG. 4 is a crosshairs gate runner
network. More particularly, two gate runners may intersect one another in a central portion of
the first metallization layer 152 and may be about perpendicular to one another. In addition,
the two gate runners may have about the same length or may have differing lengths. Other
suitable gate runner configurations/networks may be used without deviating from the scope
of the present disclosure. Example gate runner configurations are illustrated in FIGS. 12A-
12J, FIG. 13, and in FIGS. 14A-14E.

[0062] In some embodiments, the gate runners 156 may take up a small amount of the
area of the first metallization layer 152, increasing the availability of area for the active
regions of the semiconductor structure 154. In some embodiments, the gate runners 156 may

take up about 10% or less of the area of the first metallization layer 152, such as about 5% or
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less, such as about 3% or less, such as about 1% or less, such as about 0.5% or less. A gate
via 158 may be used to communicate signals to the gate runners 156. The gate via 158 may
extend through a central portion of the power semiconductor device 150. However, other
suitable configurations and/or locations of gate vias may be used as illustrated in FIGS. 14A-
14E.

[0063] An insulating layer 160 may be on the first metallization layer 152. The insulating
layer 160 may include an insulating portion 162. The insulating portion 162 may be a
dielectric material (e.g., a dielectric coating). The insulating portion 162 may be patterned to
insulate or to mask the one or more metal structures of the first topside metallization layer.
More particularly, the insulating portion 162 may be patterned to cover certain structures in
the first metallization layer 152 while leaving other features (e.g., portions of active regions
of the semiconductor structure 154) uncovered.

[0064] For instance, the insulating portion 162 may include masking portions 164
operable to insulate or to mask the gate runners 156 of the first metallization layer 152. The
insulating portion 162 may be patterned to form source contact openings 168. The source
contact openings 168 may accommodate source contacts extending from, for instance, a
source bond pad 174 on a second metallization layer 170 (e.g., a bonding layer). The
insulating portion 162 may include a gate pad portion 166. The gate via 158 may extend
through the insulating portion 162 of the insulating layer 160.

[0065] The second metallization layer 170 may be on the insulating layer 160 such that
the insulating layer 160 is between the first metallization layer 152 and the second
metallization layer 170. In some embodiments, the second metallization layer 170 may act as
a bonding layer for the power semiconductor device 150. In the example of FIG. 4, the
second metallization layer 170 includes a large gate bonding pad 172 at a center edge region
of the power semiconductor device 150, which may be a useful location for packaging. The
second metallization layer 170 may include a planar interconnect structure 176 that
conductively electrically connects the gate bonding pad 172 with the gate via 158 and thus to
the gate runners 156 of the power semiconductor device 150. The second metallization layer
170 may include a large source bonding pad 174. Source contact(s) may extend from the
source bonding pad 174 through the source contact openings 168 of the insulating layer 160
to the active regions of the semiconductor structure 154 of the power semiconductor device

100.
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[0066] The second metallization layer 170 may be used for interconnection of the power
semiconductor device 150 to elements of a semiconductor package, including substrates, lead
frames, terminals, etc. Interconnection methods may vary based on package type, but may
include wire bonding, soldering, sintering, conductive epoxy, or similar electrically
conductive material. Other suitable configurations of the gate bonding pad 172 and the source
bonding pad 174 may be used without deviating from the scope of the present disclosure.
Example bonding layer configurations are illustrated in FIGS. 11A-11U.

[0067] The power semiconductor device 150 may include other structures without
deviating from the scope of the present disclosure. For instance, the power semiconductor
device 150 may include a backside metallization layer (not shown) including a drain attach
pad on the backside of the semiconductor structure 154 to form a vertical structure power
semiconductor device 150. The power semiconductor device 150 may include an insulating
layer (not shown) on the second metallization layer. The power semiconductor device 150
may include an edge termination structure 178.

[0068] FIG. 5 depicts a cross-sectional view of the power semiconductor device 150 of
FIG. 4 taken along line A-A’. FIG. 5 is intended to represent structures for identification and
description and is not intended to represent the structures to physical scale. As shown, the
power semiconductor device 150 includes a first metallization layer 152 directly on a
semiconductor structure 154. The power semiconductor device 150 includes an insulating
layer 160. The power semiconductor device 150 includes a second metallization layer 170
(e.g.. abonding layer). The layer boundaries are illustrated in dashed line for purposes of
illustration. Those of ordinary skill in the art, using the disclosures provided herein, will
understand that the layers of the power semiconductor device 150 may all be assembled
together to form a composite structure that may or may not include discrete layer boundaries
in the final assembled power semiconductor device 150.

[0069] As shown in FIG. 5, the power semiconductor device 150 includes the gate
bonding pad 172 and the source bonding pad 174 in the second metallization layer 170. The
insulating portion of the insulating layer 160 includes a gate pad portion 166. The first
metallization layer 152 includes the gate runner 156. An insulating portion 157 may separate
the gate runner 156 from other metal (e.g., source contact) in the first metallization layer 152.
The insulating layer 160 includes source contact openings to accommodate the source contact
extending from the source bonding pad 174 to the active region of the semiconductor

structure 154
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[0070] FIG. 6 depicts a cross-sectional view of the power semiconductor device 150 of
FIG. 4 taken along line B-B’. FIG. 6 is intended to represent structures for identification and
description and is not intended to represent the structures to physical scale. As shown, the
power semiconductor device 150 includes a first metallization layer 152 directly on the
semiconductor structure 154.The power semiconductor device 150 includes an insulating
layer 160. The power semiconductor device 150 includes a second metallization layer 170
(e.g.. abonding layer). The layer boundaries are illustrated in dashed line for purposes of
illustration. Those of ordinary skill in the art, using the disclosures provided herein, will
understand that the layers of the power semiconductor device 150 may all be assembled
together to form a composite structure that may or may not include discrete layer boundaries
in the final assembled power semiconductor device 150.

[0071] As shown in FIG. 6, the power semiconductor device 150 includes the gate
bonding pad 172 and the source bonding pad 174 in the second metallization layer 170. The
insulating portion of the insulating layer 160 includes a masking portion 164 to insulate or to
mask the gate runner 156 in the first metallization layer 152. An insulating portion 157 may
separate the gate runner 156 from other metal (e.g., source contact) in the first metallization
layer 153. The insulating layer 160 includes source contact openings to accommodate the
source contact extending from the source bonding pad 174 to the active region of the
semiconductor structure 154.

[0072] FIG. 7 depicts example interconnect layers of a power semiconductor device 200
incorporating a third metallization layer according to example embodiments of the present
disclosure. More particularly, the power semiconductor device 200 may include a first
metallization layer 202. The first metallization layer 202 may be directly on a semiconductor
structure 204 with active regions including semiconductor unit cells (e.g., silicon carbide-
based MOSFETs or other devices). The first metallization layer 202 may include metal
structures, including gate runners 206 and a gate via 208. As used herein, the metal structures
directly on the semiconductor structure 204 for metallization, interconnection, gate
distribution, etc. form the metallization layer 202.

[0073] The plurality of gate runners 206 (e.g., gate buses) are used to distribute a gate
signal through the power semiconductor device 200. The plurality of gate runners 206 of FIG.
7 form a gate runner network. The gate runner network of FIG. 7 is a crosshairs gate runner
network. In a crosshairs gate runner network, two gate runners may intersect one another in a

central portion of the first metallization layer 202 and may be about perpendicular to one
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another. In addition, the two gate runners 206 may have about the same length or may have
differing lengths. Other suitable gate runner configurations/networks may be used without
deviating from the scope of the present disclosure. Example gate runner configurations are
illustrated in FIGS. 12A-12J, FIG. 13, and in FIGS. 14A-14E.

[0074] In some embodiments, the gate runners 206 may take up a small amount of the
area of the first metallization layer 202, increasing the availability of area for the active
regions of the semiconductor structure 204. In some embodiments, the gate runners 206 may
take up about 10% or less of the area of the first metallization layer 202, such as about 5% or
less, such as about 3% or less, such as about 1% or less, such as about 0.5% or less. A gate
via 208 may be used to communicate signals to the gate runners 206. The gate via 208 may
extend through a central portion of the power semiconductor device 200.

[0075] A first insulating layer 210 may be on the first metallization layer 202 (e.g., on the
first metallization layer). The first insulating layer 210 may include an insulating portion 212.
The insulating portion 212 may be a dielectric material (e.g., a dielectric coating). The
insulating portion 212 may be patterned to insulate the one or more metal structures of the
first metallization layer. More particularly, the insulating portion 212 may be patterned to
cover certain metal structures in the first metallization layer 202 while leaving other features
(e.g., portions of active regions of the semiconductor structure 204) uncovered.

[0076] For instance, the insulating portion 212 may include masking portions 214
operable to insulate or to mask the gate runners 206 of the first metallization layer 202. The
insulating portion 212 may be patterned to form source contact openings 218. The source
contact openings 218 may accommodate source contacts extending from, for instance, a
source bond pad 244 on a second metallization layer 240 (e.g.. a bonding layer). The
insulating portion 212 may include a gate pad portion 216. The gate via 208 may extend
through the insulating portion 212 of the insulating layer 210.

[0077] In the example of FIG. 7, the power semiconductor device 200 may include a third
metallization layer 220. The third metallization layer 220 may include an insulating portion
222. The insulating portion 222 may be a dielectric material (e.g., dielectric coating). The
insulating portion 222 may be patterned in a similar manner as the insulating portion 212 of
the first insulating layer 210. For instance, the insulating portion 222 may include masking
portions 224 to insulate or to mask the gate runners 206. The insulating portion 222 may

include source contact openings 228. The source contact openings 228 may accommodate
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source contacts extending from, for instance, a source bond pad 244 in the second
metallization layer 240 (e.g., a bonding layer).

[0078] The third metallization layer 220 may include one or more metal structures. The
metal structures may be used, for instance, to route power and/or signal vias to more
desirable locations withing the power semiconductor device 200. In the example of FIG. 7,
the third metallization layer 220 includes a planar interconnect structure 225 used to route the
gate via 208 to a second gate via 226.

[0079] The power semiconductor device 200 may include a second insulating layer 230.
The second insulating layer 230 may be on the third metallization layer 220. Similar to the
insulating layer 210, the second insulating layer 230 may include an insulating portion 232.
The insulating portion 232 may be a dielectric material (e.g., a dielectric coating). The
insulating portion 232 may be patterned in a similar manner as the insulating portion 212 of
the first insulating layer 210. For instance, the insulating portion 232 may include masking
portions 234 to insulate or to mask the gate runners 206. The insulating portion 232 may
include source contact openings 238. The source contact openings 228 may accommodate
source contacts extending from, for instance, a source bond pad 244 in the second
metallization layer 240 (e.g., a bonding layer).

[0080] The second metallization layer 240 may be on the second insulating layer 230
such that the second insulating layer 230 is between the third metallization layer 220 and the
second metallization layer 240. In some embodiments, the second metallization layer 240
may act as a bonding layer for the power semiconductor device 200. In the example of FIG.
7, the second metallization layer 240 includes a large gate bonding pad 242 at a center edge
region of the power semiconductor device 200, which may be a useful location for packaging.
The second metallization layer 240 may include a large source bonding pad 244. Other
suitable configurations of the gate bonding pad 242 and the source bonding pad 244 may be
used without deviating from the scope of the present disclosure. Example bonding layer
configurations are illustrated in FIGS. 11A-11U.

[0081] The second metallization layer 240 may be used for interconnection of the power
semiconductor device 200 to elements of a semiconductor package, including substrates, lead
frames, terminals, etc. Interconnection methods may vary based on package type, but may
include wire bonding, soldering, sintering, conductive epoxy, or similar electrically

conductive material.
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[0082] The power semiconductor device 200 may include other structures without
deviating from the scope of the present disclosure. For instance, the power semiconductor
device 200 may include a backside metallization layer (not shown) including a drain attach
pad on the backside of the semiconductor structure 204 to form a vertical structure power
semiconductor device 200. The power semiconductor device 200 may include an insulating
layer (not shown) on the second metallization layer 240. The power semiconductor device
200 may include an edge termination structure.

[0083] FIG. 8 depicts a cross-sectional view of the power semiconductor device 200 of
FIG. 7 taken along line A-A’. FIG. 8 is intended to represent structures for identification and
description and is not intended to represent the structures to physical scale. As shown, the
power semiconductor device 200 includes a first metallization layer 202 directly on a
semiconductor structure 204. The power semiconductor device 200 further includes a first
insulating layer 210, a third metallization layer 220, a second insulating layer 220, and a
second metallization layer 240 (e.g., a bonding layer). The layer boundaries are illustrated in
dashed line for purposes of illustration. Those of ordinary skill in the art, using the
disclosures provided herein, will understand that the layers of the power semiconductor
device 200 may all be assembled together to form a composite structure that may or may not
include discrete layer boundaries in the final assembled power semiconductor device 200.
[0084] As shown in FIG. 8, the power semiconductor device 200 includes the gate
bonding pad 242 and the source bonding pad 244 in the second metallization layer 240. The
insulating portion of the insulating layer 210 includes a gate pad portion 216.. The first
metallization layer 202 includes the gate runner 206. An insulating portion 207 may separate
the gate runner 206 from other metal (e.g., source contact) in the first metallization layer 202.
The insulating layer 210 includes source contact openings to accommodate the source contact
extending from the source bonding pad 244 to the active region on the semiconductor
structure 204.

[0085] The third metallization layer 220 may be on the first insulating layer 210. The
third metallization layer 220 may include a via 226 extending through the insulating portion
222 in the third metallization layer 220. The third metallization layer 220 includes source
contact openings to accommodate the source contact extending from the source bonding pad
244.

[0086] The second insulating layer 230 is on the third metallization layer 220. The via
226 extends through insulating portion 232 in the second insulating layer 230. The second
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insulating layer 230 includes source contact openings to accommodate the source contact
extending from the source bonding pad 244.

[0087] FIG. 9 depicts a cross-sectional view of the power semiconductor device 200 of
FIG. 7 taken along line B-B’. FIG. 9 is intended to represent structures for identification and
description and is not intended to represent the structures to physical scale. As shown, the
power semiconductor device 200 includes a first metallization layer 202 directly on a
semiconductor structure 204. The power semiconductor device 200 further includes a first
insulating layer 210, a third metallization layer 220, a second insulating layer 220, and a
second metallization layer 240 (e.g., a bonding layer).third metallization layer The layer
boundaries are illustrated in dashed line for purposes of illustration. Those of ordinary skill in
the art, using the disclosures provided herein, will understand that the layers of the power
semiconductor device 200 may all be assembled together to form a composite structure that
may or may not include discrete layer boundaries in the final assembled power
semiconductor device 200.

[0088] As shown in FIG. 9, the power semiconductor device 200 includes the gate
bonding pad 242 and the source bonding pad 244 in the second metallization layer 240. The
insulating portion 212 of the first insulating layer 210 includes a masking portion 214 to
insulate or to mask the gate runner 206 in the first metallization layer 202. The first
insulating layer 210 includes source contact openings to accommodate the source contact
extending from the source bonding pad 244 to the active region of the semiconductor
structure 204.

[0089] The third metallization layer 220 may be on the first insulating layer 210. The
insulating portion 222 of the third metallization layer 220 includes a masking portion 224 to
insulate or to mask the gate runner 206 in the first metallization layer 202. The third
metallization layer 220 includes source contact openings to accommodate the source contact
extending from the source bonding pad 244.

[0090] The second insulating layer 230 is on the third metallization layer 220. The
insulating portion 232 of the second insulating layer 230 includes a masking portion 234 to
insulate or to mask the gate runner 206 in the first metallization layer 202. The second
insulating layer 230 includes source contact openings to accommodate the source contact
extending from the source bonding pad 244.

[0091] FIGS. 10A-10C depict interconnect layers of example power semiconductor

devices 250 with different configurations for integrated on-chip sensor(s) 255 in the power
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semiconductor devices 250 according to example embodiments of the present disclosure.
More particularly, the power semiconductor device 250 of FIG. 10A may include a first
metallization layer 252. The first metallization layer 252 may be directly on a semiconductor
structure 254 with active regions including semiconductor unit cells (e.g., silicon carbide-
based MOSFETs or other devices).. The first metallization layer 252 may include metal
structures, including gate runners 256 and a gate via 258. As used herein, the metal structures
directly on the semiconductor structure 254 for metallization, interconnection, gate
distribution, edge termination, etc. form the first metallization layer 252.

[0092] The plurality of gate runners 256 (e.g., gate buses) are used to distribute a gate
signal through the power semiconductor device 250. The plurality of gate runners 256 of FIG.
10A form a gate runner network. The gate runner network of FIG. 10A is a crosshairs gate
runner network. In a crosshairs gate runner network, two gate runners may intersect one
another in a central portion of the first metallization layer 252 and may be about
perpendicular to one another. In addition, the two gate runners 256 may have about the same
length or may have differing lengths. Other suitable gate runner configurations/networks may
be used without deviating from the scope of the present disclosure. Example gate runner
configurations are illustrated in FIGS. 12A-12J, FIG. 13, and in FIGS. 14A-14E.

[0093] In some embodiments, the gate runners 256 may take up a small amount of the
area of the first metallization layer 252, increasing the availability of area for the active
regions 254. In some embodiments, the gate runners 256 may take up about 10% or less of
the area of the first metallization layer 252, such as about 5% or less, such as about 3% or
less, such as about 1% or less, such as about 0.5% or less. A gate via 258 may be used to
communicate signals to the gate runners 256. The gate via 258 may extend through a central
portion of the power semiconductor device 250.

[0094] The power semiconductor device 250 may include one or more sensor(s) 255 in
the first metallization layer 252. The one or more sensor(s) 255 may be, for instance,
temperature sensor(s), current sensor(s), signal resistor(s), or other on-chip sensor(s) 255.
Each of the sensor(s) 255 may include sensor vias 257 used to communicate signals to and/or
from the sensor(s) 255.

[0095] A first insulating layer 260 may be on the first metallization layer 252 (e.g., on the
first metallization layer). The first insulating layer 260 may include an insulating portion 262.
The insulating portion 262 may be a dielectric material (e.g., a dielectric coating). The

insulating portion 262 may be patterned to mask the one or more metal structures of the first
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metallization layer, including the sensor(s) 255. More particularly, the insulating portion 262
may be patterned to cover certain metal structures in the first metallization layer 252 while
leaving other features (e.g., portions of the semiconductor structure 254) uncovered.

[0096] For instance, the insulating portion 262 may include masking portions 264
operable to insulate or to mask the gate runners 256 of the first metallization layer. The
insulating portion 262 may be patterned to form source contact openings 268. The source
contact openings 268 may accommodate source contacts extending from, for instance, a
source bond pad 294 on a second metallization layer 290 (e.g., a bonding layer). The gate via
258 and the sensor via(s) 257 may extend through the insulating portion 262 of the insulating
layer 260.

[0097] In the example of FIG. 10A, the power semiconductor device 250 may include a
third metallization layer 270. The third metallization layer 270 may include an insulating
portion 272. The insulating portion 272 may be a dielectric material (e.g., dielectric coating).
The insulating portion 272 may be patterned in a similar manner as the insulating portion 262
of the first insulating layer 260. For instance, the insulating portion 272 may include masking
portions 274 to insulate or to mask the gate runners 256. The insulating portion 272 may
include source contact openings 278. The source contact openings 278 may accommodate
source contacts extending from, for instance, a source bond pad 294 in the second
metallization layer 290 (e.g., a bonding layer).

[0098] The third metallization layer 270 may include one or more metal structures.. The
metal structures may be used, for instance, to route power and/or signal vias to more
desirable locations within the power semiconductor device 250. In the example of FIG. 10A,
the third metallization layer 270 includes a planar interconnect structure 275 used to route the
gate via 208 to a second gate via 276. The third metallization layer 270 includes planar
interconnect structure(s) 287 to route the sensor via(s) 257 to the second sensor via(s) 286.
[0099] The power semiconductor device 200 may include a second insulating layer 280.
The second insulating layer 280 may be on the third metallization layer 270. Similar to the
first insulating layer 260, the second insulating layer 280 may include an insulating portion
282. The insulating portion 282 may be a dielectric material (e.g., dielectric coating). The
insulating portion 282 may be patterned in a similar manner as the insulating portion 262 of
the first insulating layer 260. For instance, the insulating portion 282 may include masking
portions 284 to insulate or to mask the gate runners 256. The insulating portion 282 may

include source contact openings 288. The source contact openings 288 may accommodate
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source contacts extending from, for instance, a source bond pad 294 in the second
metallization layer 290 (e.g., a bonding layer). The second sensor via(s) 286 may extend
through the second insulating layer 280.

[00100]  The second metallization layer 290 may be on the second insulating layer 280
such that the second insulating layer 280 is between the third metallization layer 270 and the
second metallization layer 290. In some embodiments, the second metallization layer 290
may act as a bonding layer for the power semiconductor device 250. In the example of FIG.
10A, the second metallization layer 290 includes a large gate bonding pad 292 at a center
edge region of the power semiconductor device 250, which may be a useful location for
packaging. The second metallization layer 290 may include a large source bonding pad 294.
The second metallization layer 290 may include sensor bonding pad(s) 296 for establishing
connections with the sensor(s) 255. Other suitable configurations of the gate bonding pad 292
and the source bonding pad 294 may be used without deviating from the scope of the present
disclosure. Example bonding layer configurations are illustrated in FIGS. 11A-11U.

[00101]  The second metallization layer 290 may be used for interconnection of the power
semiconductor device 250 to elements of a semiconductor package, including substrates, lead
frames, terminals, etc. Interconnection methods may vary based on package type, but may
include wire bonding, soldering, sintering, conductive epoxy, or similar electrically
conductive material.

[00102]  The power semiconductor device 250 may include other structures without
deviating from the scope of the present disclosure. For instance, the power semiconductor
device 250 may include a backside metallization layer (not shown) including a drain attach
pad on the backside of the semiconductor structure 254 to form a vertical structure power
semiconductor device 250. The power semiconductor device 250 may include an insulating
layer (not shown) on the second metallization layer 290. The power semiconductor device
250 may include an edge termination structure.

[00103]  FIG. 10B depicts a power semiconductor device 250 similar to the device
illustrated in FIG. 10A. In the power semiconductor device 250 of FIG. 10B, the sensor(s)
255 are in the third metallization layer 270. The sensor via(s) 286 provide signal connections
to the sensor(s) 255. The sensor via(s) 286 extend through the second dielectric layer 280 to
the sensor bond pad(s) 296 in the second metallization layer 290.

[00104]  FIG. 10C depicts a power semiconductor device 250 similar to the devices
illustrated in FIGS. 10A and 10B. In the power semiconductor device of FIG. 10C, the
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sensor(s) 255 are second metallization layer 290. The second metallization layer 290 may
include sensor bonding pad(s) 296 to establish connections with the sensor(s) 255.

[00105]  As described above, a power semiconductor device having multiple layers of
topside metallization according to example embodiments of the present disclosure may
provide increased flexibility in how bonding pads (e.g., gate bonding pads, source bonding
pads, sensor bonding pads) are incorporated into the power semiconductor device. To this
end, there are numerous functional implementations of resizing and positioning signal pads
and power pads to make the ideal bonding pad layout for a given packaging approach, all
without requiring modification of the first metallization layer of the power semiconductor
device. This may deliver increased flexibility and performance.

[00106]  FIGS. 11A-11U depict example arrangements of bonding pads (e.g., a gate
bonding 302 and a source bonding pad 304) on a bonding layer 300 according to examples
embodiments of the present disclosure. For any bonding pad feature, the bonding pad may be
formed as squares, rounded squares, rounded rectangles, circles, T shapes, L shapes, or
similar geometric entity depending on the specific requirements of the device and package.
For the following examples in FIGS. 1A-11U, squares are used for simplicity but could
readily be changed to another geometric shape without deviating from the scope of the
present disclosure.

[00107]  FIG. 11A-11C depicts single gate pad 302 arrangements. The single gate pad 302
may be arranged in a corner region as shown in FIG. 11A. The single gate pad 302 may be
arranged along an edge region (e.g., a center edge region) as shown in FIG. 11B. The single
gate pad 302 may be arranged within the body of the bonding layer 300 (e.g., in a center
portion of the bonding layer 310) as shown in FIG. 11C. In the case of FIG. 11C, the bonding
pad 302 may not necessarily be centered but may be located at some off-center region within
the bonding layer 300.

[00108] In some examples, as shown in the examples of FIGS. 11D-11G, multiple gate
bonding pads 302 may be used for a variety of functions and may be arranged in many ways.
For instance, FIG. 11D depicts gate bonding pads 302 arranged on opposing corner regions of
the bonding layer 300. FIG. 11E depicts gate bonding pads 302 arranged on opposing edge
regions of the bonding layer 300. Having gate bonding pads 302 on opposing sides of the
bonding layer 300 may open up package layout flexibility, such as jumper bonds for
interconnection, additional bonds for redundancy, and potential to daisy chain devices in

parallel with a series of gate bonds.
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[00109] In some examples, gate bonding pads 302 may be positioned symmetrically about
a perimeter of the bonding layer 300 to provide, for instance, increased signal bond flexibility
and gate signal distribution. For instance, FIG. 11F depicts gate bonding pads 302 arranged in
symmetric comner regions of the bonding layer 300. FIG. 11G depicts gate bonding pads
arranged on symmetric edge regions of the bonding layer 300. The example arrangements of
FIGS. 11F and 11G in may be useful for ultra-low inductance approaches, as the pattern
resembles a coaxial connection in which there is a significant amount of flux cancellation of
the magnetic fields. These positions may be well suited for wire bondless attaches in which a
substrate or clip is attached directly to the topside of the devices. The substrate may be
multiple layers itself such that signal loop inductance is significantly reduced. Alternatively,
devices may daisy chained together with multiple jumpers between devices from gate pad
302 to gate pad 302.

[00110] In some examples, multiple gate pads 302 or other bonding pads (e.g., source
kelvin bonding pad(s), sensor bonding pad(s), or other accessory bonding pad(s)) may be
clustered together. For instance, FIG. 11H depicts clustered gate pads 302 at a corner region
of the bonding layer 300. FIG. 111 depicts clustered gate pads 302 at an edge region of the
bonding layer 300. FIG 11J depicts clustered gate pads 302 within a body (e.g., a center
portion) of the bonding layer 300. Additional bonding pads may be subsequently added in-
line with the clusters depending on the number of interconnections needed.

[00111] In some examples, the clustered bonding pads are symmetrical in which a gate
bonding pad 302 is centered and other bonding pads 306 (e.g., source kelvin bonding pad(s),
sensor bonding pad(s), or other accessory bonding pad(s)) are placed on either side of the
gate bonding pad 302. For instance, FIG. 11K depicts symmetric clustered bonding pads with
a gate bonding pad 302 in the center and other bonding pads 306 on either side of the gate
bonding pad 302. FIG. 11L depicts distributed symmetric clustered bonding pads with a gate
bonding pad 302 in the center and other bonding pads 306 on either side of the gate bonding
pad 302. FIG. 11M depicts wide symmetric clustered bonding pads with a gate bonding pad
302 in the center and other bonding pads 306 on either side of the gate bonding pad 302. The
example arrangements of FIGS. 11K-11M may be useful for wire bonding pattern flexibility
as it may allow paralleled devices to have more symmetric wire bonding. Dedicated source
kelvin pads may be used as masked off features for direct power source attach techniques.
The dedicated source kelvin pads may also be useful in the event that source kelvin resistors

are implemented.
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[00112] In some examples, multiple bonding pads may be clustered along opposing sides
of the bonding layer 300. For instance, FIG. 11N depicts clustered gate pads 302 in opposing
corner regions of the bonding layer 300. FIG. 110 depicts clustered gate pads 302 in
opposing edge regions of the bonding layer 300. The example arrangements of the bonding
pads of FIGS. 11N and 110 may be useful to either bond out switching signals on one side of
the device and sensor signals on the other. The examples of FIGS. 11N and 110 may also be
used to provide redundant gate and source kelvin connections to daisy chain devices together.
[00113]  One benefit of using multiple topside metallization layers for power
semiconductor devices may be expanding the size of the gate bonding pads and other signal
pads beyond what would be practical if the bonding pads were directly on the semiconductor
structure. Increased size bonding pads may facilitate creation of a power semiconductor
device that is highly compatible with wire bondless interconnects for both the power and the
signal interfaces. Larger gate bonding pads may be more readily attached with soldering,
sintering, welding, etc. Larger gate bonding pads may be more compatible with wide ribbon
bonds, which are more reliable and have lower inductance than a circular wire.

[00114]  Example bonding layers 300 with larger gate bonding pads 302 are illustrated in
FIGS. 11P-11U. FIG. 11P depicts a larger gate bonding pad 302 in a corner region of the
bonding layer 300. FIG. 11Q depicts a larger gate bonding pad 302 in an edge region of the
bonding layer 300. FIG. 11R depicts a larger gate bonding pad 302 within the body of the
bonding layer 300. FIG. 118 depicts a full edge gate bonding pad 302. FIG. 11T depicts dual
large pads 302 on an edge region of the bonding layer 300. FIG. 11U depicts three large pads
302 on an edge region of the bonding layer 300.

[00115] For any of the above approaches, signal resistors may be incorporated for the gate
and/or source kelvin network. Signal resistors may act to decouple devices in parallel,
stabilizing switching transients and oscillations between devices. These oscillations may
occur due to differences in the switching rates and voltages between devices, inducing
currents in the switching loops. Adding a lumped resistance on-device is an effective method
to limit the transient currents that would flow due to these imbalances. Lumped signal
resistors may be implemented on the gate bonding pads and/or the source kelvin bonding
pads based on the performance requirements of the power semiconductor device. Signal
resistors may be added on any of the layers in the power semiconductor device. Similar to
other features, if the signal resistors are moved away from the semiconductor structure, then

the area these features take up could instead be used for more semiconductor unit cells.
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[00116]  As described above, a power semiconductor device having multiple layers of
topside metallization according to example embodiments of the present disclosure may
provide increased flexibility in how gate runner networks are incorporated into the power
semiconductor device. Gate runners may be used to reduce the distributed impedance of the
control switching loop. Gate runners may be considered high speed “highways™ of high
electrical conductivity until the gate signal is distributed to the individual power
semiconductor cells. Gate runners may be distributed around the outer edge regions and
through the middle of the device such that the furthest cells from the gate (or similar) pad do
not turn on appreciably slower than the ones closest to it.

[00117] In power semiconductor devices having a single topside metallization layer, gate
runners may have to be carefully balanced with their position and pattern with respect to the
gate pad. As an example, an edge gate bonding pad would normally have a long relative path
to the furthest sides of the power semiconductor device, so the unit cells on the opposite edge
region would need many gate runners to reduce the relative impedance. The gate runners
themselves take up space which may otherwise be used for more active area and accordingly
lower on-resistances. Multiple topside metallization layers on the power semiconductor
device may allow for robust, well distributed gate runners directly on the semiconductor
structure itself or on an additional metallization layer in the stack.

[00118] In some embodiments, the first metallization layer 310 may include a gate runner
network 315 that is coupled to a gate bonding pad through a center gate via 312. FIGS. 12A-
12E depict example gate runner networks 315 electrically conductively connected to a center
gate via 312 according to example embodiments of the present disclosure.

[00119]  FIG. 12A depicts a crosshairs gate runner network 315 connected to a center gate
via 312. The crosshairs gate runner network 315 includes two gate runners 314 that intersect
within a body of the first metallization layer 310 and are about perpendicular to one another.
The gate runners 314 may have the same length or different lengths.

[00120] FIG. 12B depicts a crosshairs gate runner network 315 with edge spurs 318. More
particularly, the crosshairs gate runner network 315 of FIG. 12B may be similar to that of the
crosshairs gate runner network of FIG. 12A, except that the gate runner network 315 of FIG.
12B includes edge spurs 318 located at the edge regions of the first metallization layer 310.
The gate runner network 315 of FIG. 12B may be connected to a center gate via 312.

[00121]  FIG. 12C depicts a linear spurs gate runner network 315. The linear spurs gate

runner network includes a plurality of linear gate runners 314 throughout the first
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metallization layer 310. The linear gate runners 314 may be spaced apart from one another at
regular or irregular intervals. The linear gate runners 314 may all have the same length or
differing lengths. The linear gate runners 314 may be connected to a center gate via 312.
[00122]  FIG. 12D depicts a crosshairs gate runner network 315 with middle spurs 318.
More particularly, the crosshairs gate runner network 315 of FIG. 12B may be similar to that
of the crosshairs gate runner network of FIG. 12B, except that the gate runner network 315 of
FIG. 12D includes spurs 318 located in the middle of the gate runners 314. The gate runner
network 315 of FIG. 12D may be connected to a center gate via 312.

[00123]  FIG. 12E depicts a branching crosshairs gate runner network 315. More
particularly, the crosshairs gate runner network 315 of FIG. 12E may be similar to that of the
crosshairs gate runner network of FIG. 12A, except that the gate runner network 315 of FIG.
12E includes branched gate runners 320 located at the edge regions of the first metallization
layer 310. The gate runner network 315 of FIG. 12E may be connected to a center gate via
312.

[00124] In some embodiments, the first metallization layer on the first metallization layer
310 may include a gate runner network 315 that is coupled to a gate bonding pad through an
edge gate via 322. FIGS. 12F-12J depict example gate runner networks 315 electrically
conductively connected to an edge gate via 322 according to example embodiments of the
present disclosure.

[00125] FIG. 12F depicts a perimeter gate runner network 325 with gate runners 324
located along a perimeter of the first metallization layer 310. The perimeter gate runner
network 325 may be connected to an edge gate via 322.

[00126]  FIG. 12G depicts a center gate runner network 325 with a gate runner 326 located
in a center portion or within the body of the first metallization layer 310. The center gate
runner network 325 may be connected to an edge gate via 322.

[00127]  FIG. 12H depicts a combined gate runner network 325 with perimeter gate
runners 324 along a perimeter of the first metallization layer 310 and a center gate runner 326
located in a center portion or within the body of the first metallization layer 310. The
combined gate runner network 325 may be connected to an edge gate via 322.

[00128]  FIG. 12I depicts a gate runner network 325 with perimeter gate runners 324 along
a perimeter of the first metallization layer 310 and multiple center gate runners 326 within the
body of the first metallization layer 310. The gate runner network 325 may be connected to

an edge gate via 322.
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[00129]  FIG. 12J depicts a branching gate runner network 325 with perimeter gate runners
324 along a perimeter of the first metallization layer 310 and a center gate runner 326 located
in a center portion or within the body of the first metallization layer 310. The center gate
runner 326 may include branched gate runners 328 located at an edge region of the first
metallization layer 310. The branching gate runner network 325 may be connected to an edge
gate via 322.

[00130] In some examples, the first metallization layer directly on the semiconductor
structure of a power semiconductor device may include a distributed gate runner network.
The distributed gate runner network may include a plurality of non-contacting gate runners.
The non-contacting gate runners may be separated from one another in the first metallization
layer such that there is no conductive electrical connection between the non-contacting gate
runners in the first metallization layer.

[00131] More particularly, the routing of the gate runners takes up space that could
otherwise be used as active area. In some cases, such as highly distributed and branching
runners, the space may be considerable. Taking advantage of the multiple metallization layers
may allow for implementation of a distributed gate runner network. The distributed gate
runners may be connected to one another in a different metallization layer (e.g., a third
metallization layer). In this way, only vias may be needed at the first metallization layer
directly on the semiconductor structure to connect the gate runners to the gate bonding pad of
a power semiconductor device. This may be effective at reducing real state for the gate
runners and increasing the active region for the power semiconductor device.

[00132]  FIG. 13 depicts layers of an example power semiconductor device 400 that
incorporates a distributed gate runner network according to example embodiments of the
present disclosure. More particularly, the power semiconductor device 400 may include a
first metallization layer 402. The first metallization layer 402 may be directly on a
semiconductor structure 204 with active regions including semiconductor unit cells (e.g.,
silicon carbide-based MOSFETs or other devices).. The first metallization layer 402 may
include metal structures, including gate runners 406 and gate vias 408. As used herein, the
metal structures directly on the semiconductor structure 404 for metallization,
interconnection, gate distribution, edge termination, etc. form the first metallization layer
402.

[00133] The gate runners 406 form a distributed gate runner network as the gate runners

do not contact one another in the first metallization layer 402 . Each of the gate runners 406
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may include spurs extending out in multiple directions. Each of the gate runners is coupled to
a gate via 408. Other example distributed gate runner networks are illustrated in FIGS. 14A-
14E.

[00134] In some embodiments, the gate runners 406 may take up a small amount of the
area of the first metallization layer 402, increasing the availability of area for the active
regions of the semiconductor structure 404. In some embodiments, the gate runners 406 may
take up about 10% or less of the area of the first metallization layer 202, such as about 5% or
less, such as about 3% or less, such as about 1% or less, such as about 0.5% or less.

[00135] A first insulating layer 410 may be on the first metallization layer 402. The first
insulating layer 410 may include an insulating portion 412 (e.g., a dielectric coating). The
insulating portion 412 may be a dielectric material (e.g., dielectric coating). The insulating
portion 412 may be patterned to insulate or to mask the one or more metal structures of the
first metallization layer. More particularly, the insulating portion 412 may be patterned to
cover certain metal structures in the first metallization layer 402 while leaving other features
(e.g., portions of active regions of the semiconductor structure 404) uncovered.

[00136]  For instance, the insulating portion 412 may include masking portions 414
operable to insulate or to mask the gate runners 406 of the first metallization layer 402. The
insulating portion 412 may be patterned to form source contact openings 418. The source
contact openings 218 may accommodate source contacts extending from, for instance, a
source bond pad 444 on a second metallization layer 440 (e.g., a bonding layer). The
insulating portion 412 may include a gate pad portion 416. The gate vias 408 may extend
through the insulating portion 412 of the insulating layer 410.

[00137] The power semiconductor device 400 may include a third metallization layer 420.
The third metallization layer 420 may include an insulating portion 422. The insulating
portion 422 may be a dielectric material (e.g., dielectric coating). The insulating portion 422
may be patterned in a similar manner as the insulating portion 412 of the first insulating layer
410. For instance, the insulating portion 422 may include masking portions 424 to insulate or
to mask the gate runners 406. The insulating portion 422 may include source contact
openings 428. The source contact openings 428 may accommodate source contacts extending
from, for instance, a source bond pad 444 in the second metallization layer 440 (e.g., a
bonding layer).

[00138]  The third metallization layer 420 may include one or more metal structures. The

metal structures may be used, for instance, to route power and/or signal vias to more
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desirable locations within the power semiconductor device 400. In the example of FIG. 13,
the third metallization layer 420 includes a planar interconnect structure 425 used to route the
gate vias 408 to second planar interconnect structure 427. The second planar interconnect
structure 427 may be conductively connected to a second gate via 426 that is coupled to the
gate bonding pad 442 in the second metallization layer 440 (e.g., the bonding layer).

[00139]  The power semiconductor device 400 may include a second insulating layer 430.
The second insulating layer 430 may be on the third metallization layer 420. Similar to the
insulating layer 410, the second insulating layer 430 may include an insulating portion 432.
The insulating portion 432 may be a dielectric material (e.g., dielectric coating). The
insulating portion 432 may be patterned in a similar manner as the insulating portion 412 of
the first insulating layer 410. For instance, the insulating portion 432 may include masking
portions 434 to insulate or to mask the gate runners 406. The insulating portion 432 may
include source contact openings 438. The source contact openings 428 may accommodate
source contacts extending from, for instance, a source bond pad 444 in the second
metallization layer 440 (e.g., a bonding layer). The second gate via 426 may extend through
the second insulating layer 430.

[00140]  The second metallization layer 440 may be on the second insulating layer 430
such that the second insulating layer 430 is between the third metallization layer 420 and the
second metallization layer 440. In some embodiments, the second metallization layer 440
may act as a bonding layer for the power semiconductor device 400. In the example of FIG.
13, the second metallization layer 440 includes a large gate bonding pad 442 at a center edge
region of the power semiconductor device 400, which may be a useful location for packaging.
The second metallization layer 440 may include a large source bonding pad 444. Other
suitable configurations of the gate bonding pad 442 and the source bonding pad 444 may be
used without deviating from the scope of the present disclosure. Example bonding layer
configurations are illustrated in FIGS. 11A-11U.

[00141] The second metallization layer 440 may be used for interconnection of the power
semiconductor device 400 to elements of a semiconductor package, including substrates, lead
frames, terminals, etc. Interconnection methods may vary based on package type, but may
include wire bonding, soldering, sintering, conductive epoxy, or similar electrically
conductive material.

[00142]  The power semiconductor device 400 may include other structures without

deviating from the scope of the present disclosure. For instance, the power semiconductor
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device 400 may include a backside metallization layer (not shown) including a drain attach
pad on the backside of the semiconductor structure 404 to form a vertical structure power
semiconductor device 400. The power semiconductor device 400 may include an insulating
layer (not shown) on the second metallization layer 440. The power semiconductor device
400 may include an edge termination structure.

[00143]  FIGS. 14A-14F depict other example distributed gate runner networks 455 in a
first metallization layer 452 according to example embodiments of the present disclosure.
The distributed gate runner networks 455 each include a plurality of non-contacting gate
runners 456 distributed throughout the first metallization layer. The distributed gate runner
networks 455 increase the area available for the active region of the semiconductor structure
454.

[00144]  Forinstance, in FIG. 14A, the distributed gate runner network 455 may include
four non-contacting via shaped gate runners 456 distributed through the first metallization
layer 452. Each of the via shaped gate runners 456 may be a point contact directly on the
semiconductor structure 454. More or fewer gate runners 456 may be used without deviating
from the scope of the present disclosure.

[00145] In FIG. 14B, the distributed gate runner network 455 may include four non-
contacting gate runners 456 distributed through the first metallization layer 452. Each gate
runner 456 may include a plurality of spurs extending in multiple directions, for instance, to
form a cross shape. More or fewer gate runners 456 may be used without deviating from the
scope of the present disclosure.

[00146] In FIG. 14C, the distributed gate runner network 455 may include nine non-
contacting via shaped gate runners 456 distributed through the first metallization layer 452.
Each of the via shaped gate runners 456 may be a point contact directly on the semiconductor
structure 454. More or fewer gate runners 456 may be used without deviating from the scope
of the present disclosure.

[00147] In FIG. 14D, the distributed gate runner network 455 may include four non-
contacting gate runners 456 at the comer regions of the first metallization layer 452. Each
gate runner 456 includes two spurs extending in different directions along, for instance a
perimeter region of the first metallization layer 452. More or fewer gate runners 456 may be
used without deviating from the scope of the present disclosure.

[00148] In FIG. 14E, the distributed gate runner network 455 may include four non-

contacting gate runners 456 at the comer regions of the first metallization layer 452. Each
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gate runner 456 includes two spurs extending in different directions along, for instance a
perimeter region of the first metallization layer 452. The distributed gate runner network 455
further includes a center gate runner 456 in a center portion or within the body of the first
metallization layer 452. The center gate runner 456 may include a plurality of spurs
extending in multiple directions, for instance, to form a cross shape. More or fewer gate
runners 456 may be used without deviating from the scope of the present disclosure.

[00149]  FIG. 15 depicts a flow chart of an example method 500 of forming a power
semiconductor device according to example embodiments of the present disclosure, such as
the power semiconductor device 150 of FIG. 4. FIG. 15 depicts example method steps for
purposes of illustration and discussion. Those of ordinary skill in the art, using the disclosures
provided herein, will understand that the methods described in the present disclosure may be
adapted, modified, include steps not illustrated, omitted, and/or rearranged without deviating
from the scope of the present disclosure.

[00150] At 502, the method 500 may include forming a first metallization layer on a
semiconductor structure having an active region. The semiconductor structure may be a
silicon carbide-based semiconductor structure or other semiconductor structure (e.g., wide
band gap semiconductor structure). The first metallization layer may include one or more
metal structures, such as one or more gate runners, gate vias, sensors, or other metal
structures. An example first metallization layer formed on a semiconductor structure is
illustrated as first metallization layer 152 of FIG. 4.

[00151] At 504, the method 500 may include forming an insulating layer on the first
metallization layer. The insulating layer may include an insulating portion. The insulating
portion may be a dielectric material. The insulating portion may be patterned to insulate or to
mask the one or more metal structures of the first metallization layer. The insulating portion
may include a source contact opening. The power semiconductor device may include a source
contact in the source contact opening. An example insulating layer is illustrated as insulating
layer 160 of FIG. 4

[00152] At 506, the method 500 may include forming a second metallization layer at least
partially overlapping the first metallization layer. The second metallization layer may be a
bonding layer and may include a gate bond pad and/or a source bond pad for the power
semiconductor device. An example second metallization layer is illustrated as second

metallization layer 170 of FIG. 4.
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[00153]  FIG. 16 depicts a flow chart of an example method 510 of forming a power
semiconductor device according to example embodiments of the present disclosure, such as
the power semiconductor device 200 of FIG. 7. FIG. 16 depicts example method steps for
purposes of illustration and discussion. Those of ordinary skill in the art, using the disclosures
provided herein, will understand that the methods described in the present disclosure may be
adapted, modified, include steps not illustrated, omitted, and/or rearranged without deviating
from the scope of the present disclosure.

[00154] At 512, the method 510 may include forming a first metallization layer on a
semiconductor structure having an active region. The semiconductor structure may be a
silicon carbide-based semiconductor structure or other semiconductor structure (e.g., wide
band gap semiconductor). The first metallization layer may include one or more metal
structures, such as one or more gate runners, gate vias, sensors, or other metal structures. An
example first metallization layer formed on a semiconductor structure is illustrated as first
metallization layer 202 of FIG. 7.

[00155] At 514, the method 510 may include forming a first insulating layer on the first
metallization layer. The first insulating layer may include an insulating portion. The
insulating portion may be a dielectric material. The insulating portion may be patterned to
insulate or to mask the one or more metal structures of the first metallization layer. The
insulating portion may include a source contact opening. The power semiconductor device
may include a source contact in the source contact opening. An example first insulating layer
1s illustrated as insulating layer 210 of FIG. 7

[00156] At 516, the method 510 may include forming a third metallization layer on the
first insulating layer. The third metallization layer may include one or more interconnect
structures, such one or more planar interconnect structures. The planar interconnect structures
may be used to transfer the location of vias, for instance, in the power semiconductor device.
In some examples, the third metallization layer may include one or more sensors or other
devices. An example third metallization layer is illustrated as third metallization layer 220 of
FIG. 7.

[00157] At 518, the method may include forming a second insulating layer on the third
metallization layer. The second insulating layer may be patterned to insulate or to mask the
one or more metal structures in the first metallization layer. The second insulating layer may

include a source contact opening. In some examples, a via may extend from the third
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metallization layer through the second insulating layer. An example second insulating layer is
illustrated as second insulating layer 230 of FIG. 7.

[00158] At 520, the method 510 may include forming a second metallization layer at least
partially overlapping the first metallization layer. The second metallization layer may be a
bonding layer and may include a gate bond pad and/or a source bond pad for the power
semiconductor device. An example second metallization layer is illustrated as second
metallization layer 240 of FIG. 7.

[00159]  Example aspects of the present disclosure are provided in the following
paragraphs, the examples of which may be combined to form various different embodiments
of the present disclosure.

[00160] One example aspect of the present disclosure is directed to a semiconductor
device. The semiconductor device includes a semiconductor vertical power device structure.
The semiconductor device includes a first metallization layer on the semiconductor structure.
The first metallization layer may include one or more metal structures. The semiconductor
device includes a second metallization layer at least partially overlapping the first
metallization layer. The semiconductor device includes an insulating layer between the first
metallization layer and the second metallization layer. The insulating layer may include an
insulating portion. The insulating portion may be patterned to insulate the one or more metal
structures of the first metallization layer.

[00161] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the insulating layer includes a source contact opening to accommodate a
source contact.

[00162] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second metallization layer includes a source bonding pad and a gate
bonding pad.

[00163] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein a third metallization layer is between the insulating layer and the second
metallization layer.

[00164] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein a second insulating layer is between the interconnection layer and the

second metallization layer.
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[00165] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second insulating layer includes an insulating portion patterned to
insulate the one or more metal structures of the first metallization layer.

[00166] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second insulating layer includes a source contact opening to
accommodate a source contact.

[00167] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a via, the via connected to the one or
more metal structures, the via extending through the insulating layer, the via connected to a
planar interconnect structure in the second metallization layer.

[00168] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the planar interconnect structure is coupled to a gate bonding pad.
[00169]  Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a via, the via connected to the one or
more metal structures, the via extending through the insulating layer, the via connected to a
planar interconnect structure in the third metallization layer.

[00170] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a second via coupled to the planar
interconnect structure, the second via electrically coupled to a gate bonding pad.

[00171] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a sensor in the first metallization layer.
[00172] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a first via connected to the sensor and
a second via connected to the sensor, the first via and the second via each extending through
the insulating layer.

[00173] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a third metallization layer, the first via
connected to a first planar interconnect structure in the third metallization layer and the
second via connected to a second planar interconnect structure in the third metallization layer.
[00174] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a third via connecting the first planar

interconnect structure to a first bonding pad in the second metallization layer and a fourth via
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connecting the second planar interconnect structure to a second bonding pad in the second
metallization layer.

[00175] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a sensor in the third metallization
layer.

[00176] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a first via connected to the sensor and
a second via connected to the sensor, the first via and the second via each extending through a
second insulating layer between the third metallization layer and the second metallization
layer, the first via coupled to a first bonding pad in the second metallization layer, the second
via coupled to a second bonding pad in the second metallization layer.

[00177] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the one or more metal structures include a gate runner.

[00178] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the one or more metal structures form a gate runner network.

[00179] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the gate runner network includes one or more of a crosshairs gate runner
network, a crosshairs gate runner network with edge spurs, a gate runner network with linear
spurs, a crosshairs gate runner network with middle spurs, or a crosshairs gate runner network
with branched gate runners.

[00180] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the gate runner network includes a center gate runner.

[00181] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the gate runner network includes one or more perimeter gate runners.
[00182] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the gate runner network includes a distributed gate runner network, the
distributed gate runner network comprising a plurality of non-contacting gate runners, the
non-contacting gate runners being separated from one another in the first metallization layer
such that there is no conductive electrical connection between the non-contacting gate
runners in the first metallization layer.

[00183] Some examples are directed to a semiconductor device of any preceding

paragraph, wherein the second metallization layer includes a gate bonding pad in a corner
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region of the semiconductor device, an edge region of the semiconductor device, or a center
region of the semiconductor device.

[00184] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second metallization layer includes a first gate bonding pad and a
second gate bonding pad.

[00185] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first gate bonding pad is located in a first corner region of the
semiconductor device and the second gate bonding pad is located in a second corner region of
the semiconductor device, the first comer region being opposite to the second corner region.
[00186] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first gate bonding pad is located in a first edge region of the
semiconductor device and the second gate bonding pad is located in a second edge region of
the semiconductor device, the first edge region being opposite the second edge region.
[00187] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first gate bonding pad and the second gate bonding pad are located in
a first corner region of the semiconductor device.

[00188] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first gate bonding pad and the second gate bonding pad are located in
a first edge region of the semiconductor device.

[00189] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first gate bonding pad and the second gate bonding pad are located in
a center region of the semiconductor device.

[00190]  Another example aspect of the present disclosure is directed to a semiconductor
device. The semiconductor device includes a semiconductor structure. The semiconductor
device includes a first metallization layer on the semiconductor structure. The first
metallization layer includes one or more metal structures. The semiconductor device includes
a second metallization layer at least partially overlapping the first metallization layer. The
semiconductor device includes a third metallization layer between the first metallization layer
and the second metallization layer. The semiconductor device includes a first insulating layer
between the first metallization layer and the third metallization layer. The semiconductor
device includes a second insulating layer between the third metallization layer and the second

metallization layer.
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[00191] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first metallization layer includes one or more gate runners.

[00192] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first metallization layer includes a sensor.

[00193] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the third metallization layer includes a sensor.

[00194]  Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the third metallization layer includes a planar interconnect structure
connecting a first via extending through the first insulating layer to a second via extending
through the second insulating layer.

[00195] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second metallization layer includes a gate bonding pad.

[00196]  Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second metallization layer Some examples are directed to a method of
any preceding paragraph, wherein the method includes a source bonding pad.

[00197] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first insulating layer includes an insulating portion, the insulating
portion pattered to insulate the one or more gate runners.

[00198] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the first insulating layer includes one or more source contact openings to
accommodate a source contact.

[00199]  Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second insulating layer includes an insulating portion, the insulating
portion pattered to insulate the one or more gate runners.

[00200] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second insulating layer includes one or more source contact openings
to accommodate a source contact connected to the second metallization layer.

[00201]  Another example aspect of the present disclosure is directed to a semiconductor
device. The semiconductor device includes a semiconductor structure. The semiconductor
device includes a first metallization layer on the semiconductor structure. The first
metallization layer includes a distributed gate runner network. The distributed gate runner

network includes a plurality of non-contacting gate runners. The non-contacting gate runners
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are separated from one another in the first metallization layer such that there is no conductive
electrical connection between the non-contacting gate runners in the first metallization layer.
[00202] Some examples are directed to a semiconductor device of any preceding
paragraph, further comprising a second metallization layer overlapping the first metallization
layer.

[00203] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a third metallization layer between the
first metallization layer and the second metallization layer; a first insulating layer between the
first metallization layer and the third metallization layer; and a second insulating layer
between the third metallization layer and the first metallization layer.

[00204] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a plurality of gate vias, each gate via
connected to one of the non-contacting gate runners, each of the gate vias extending through
the first insulating layer.

[00205] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the third metallization layer includes a planar interconnect structure, at
least one of the plurality of gate vias connected to the planar interconnect structure.

[00206]  Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the semiconductor device includes a second via connected to the planar
interconnect structure and extending through the second insulating layer.

[00207]  Some examples are directed to a semiconductor device of any preceding
paragraph, wherein the second via is conductively connected to a gate bonding pad in the
second metallization layer.

[00208] Some examples are directed to a semiconductor device of any preceding
paragraph, wherein each of the non-contacting gate runners has a cross shape.

[00209]  Some examples are directed to a semiconductor device of any preceding
paragraph, wherein each of the non-contacting gate runners includes a point contact.

[00210]  Another example aspect of the present disclosure is directed to a method of
forming a semiconductor device. The method includes forming a first metallization layer on a
silicon carbide-based semiconductor structure. The first metallization layer includes one or
more metal structures. The method includes forming an insulating layer on the first
metallization layer. The insulating layer includes an insulating portion. The insulating portion

1s patterned to insulate the one or more metal structures of the first metallization layer. The
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method includes forming a second metallization layer overlapping the first metallization
layer.

[00211] Some examples are directed to a method of any preceding paragraph, wherein the
one or more metal structures comprise one or more gate runners.

[00212] Some examples are directed to a method of any preceding paragraph, wherein the
second metallization layer includes a source bonding pad and a gate bonding pad.

[00213] Some examples are directed to a method of any preceding paragraph, wherein the
method includes forming a third metallization layer on the insulating layer.

[00214]  Some examples are directed to a method of any preceding paragraph, wherein the
method includes forming a second insulating layer on the third metallization layer.

[00215] Some examples are directed to a method of any preceding paragraph, wherein the
third metallization layer includes a planar interconnect structure.

[00216] Some examples are directed to a method of any preceding paragraph, wherein the
insulating layer includes one or more source contact openings.

[00217] Some examples are directed to a method of any preceding paragraph, wherein the
power semiconductor device includes a source contact in the source contact opening.
[00218] Some examples are directed to a method of any preceding paragraph, wherein the
first metallization layer includes a sensor.

[00219]  Some examples are directed to a method of any preceding paragraph, wherein the
third metallization layer includes a sensor.

[00220]  Some examples are directed to a method of any preceding paragraph, wherein the
one or more metal structures includes a via.

[00221] Some examples are directed to a method of any preceding paragraph, wherein the
semiconductor device includes a via contacting the planar interconnect structure and
extending through a second insulating layer between the third metallization layer and the
second metallization layer.

[00222]  While the present subject matter has been described in detail with respect to
specific example embodiments thereof, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing may readily produce alterations to,
variations of, and equivalents to such embodiments. Accordingly, the scope of the present
disclosure is by way of example rather than by way of limitation, and the subject disclosure
does not preclude inclusion of such modifications, variations and/or additions to the present

subject matter as would be readily apparent to one of ordinary skill in the art.
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WHAT IS CLAIMED IS:

1. A semiconductor device, comprising:

a semiconductor vertical power device structure,

a first metallization layer on the semiconductor structure, the first
metallization layer comprising one or more metal structures;

a second metallization layer at least partially overlapping the first
metallization layer; and

an insulating layer between the first metallization layer and the second
metallization layer, the insulating layer comprising an insulating portion, the insulating

portion patterned to insulate the one or more metal structures of the first metallization layer.

2. The semiconductor device of claim 1, wherein the insulating layer comprises a

source contact opening to accommodate a source contact.

3. The semiconductor device of claim 1, wherein the second metallization layer

comprises a source bonding pad and a gate bonding pad.

4. The semiconductor device of claim 1, further comprising a third metallization

layer between the insulating layer and the second metallization layer.

5. The semiconductor device of claim 4, further comprising a second insulating

layer between the interconnection layer and the second metallization layer.
6. The semiconductor device of claim 5, wherein the second insulating layer
comprises an insulating portion patterned to insulate the one or more metal structures of the

first metallization layer.

7. The semiconductor device of claim 6, wherein the second insulating layer

comprises a source contact opening to accommodate a source contact.
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8. The semiconductor device of claim 1, further comprising a via, the via
connected to the one or more metal structures, the via extending through the insulating layer,

the via connected to a planar interconnect structure in the second metallization layer.

9. The semiconductor device of claim 8, wherein the planar interconnect

structure is coupled to a gate bonding pad.

10. The semiconductor device of claim 4, further comprising a via, the via
connected to the one or more metal structures, the via extending through the insulating layer,

the via connected to a planar interconnect structure in the third metallization layer.

11. The semiconductor device of claim 10, further comprising a second via
coupled to the planar interconnect structure, the second via electrically coupled to a gate

bonding pad.

12. The semiconductor device of claim 1, further comprising a sensor in the first

metallization layer.

13.  The semiconductor device of claim 12, further comprising a first via
connected to the sensor and a second via connected to the sensor, the first via and the second

via each extending through the insulating layer.

14.  The semiconductor device of claim 13, further comprising a third
metallization layer, the first via connected to a first planar interconnect structure in the third
metallization layer and the second via connected to a second planar interconnect structure in

the third metallization layer.

15. The semiconductor device of claim 14, further comprising a third via
connecting the first planar interconnect structure to a first bonding pad in the second
metallization layer and a fourth via connecting the second planar interconnect structure to a

second bonding pad in the second metallization layer.
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16. The semiconductor device of claim 4, further comprising a sensor in the third

metallization layer.

17. The semiconductor device of claim 16, further comprising a first via
connected to the sensor and a second via connected to the sensor, the first via and the second
via each extending through a second insulating layer between the third metallization layer
and the second metallization layer, the first via coupled to a first bonding pad in the second
metallization layer, the second via coupled to a second bonding pad in the second

metallization layer.

18. The semiconductor device of claim 1, wherein the one or more metal

structures comprise a gate runner.

19. The semiconductor device of claim 1, wherein the one or more metal

structures form a gate runner network.

20. The semiconductor device of claim 19, wherein the gate runner network
comprises one or more of a crosshairs gate runner network, a crosshairs gate runner network
with edge spurs, a gate runner network with linear spurs, a crosshairs gate runner network

with middle spurs, or a crosshairs gate runner network with branched gate runners.

21. The semiconductor device of claim 19, wherein the gate runner network

comprises a center gate runner.

22. The semiconductor device of claim 19, wherein the gate runner network

comprises one or more perimeter gate runners.

23, The semiconductor device of claim 19, wherein the gate runner network
comprises a distributed gate runner network, the distributed gate runner network comprising a
plurality of non-contacting gate runners, the non-contacting gate runners being separated
from one another in the first metallization layer such that there is no conductive electrical

connection between the non-contacting gate runners in the first metallization layer.
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24, The semiconductor device of claim 1, wherein the second metallization layer
comprises a gate bonding pad in a comer region of the semiconductor device, an edge region

of the semiconductor device, or a center region of the semiconductor device.

25. The semiconductor device of claim 1, wherein the second metallization layer

comprises a first gate bonding pad and a second gate bonding pad.

26. The semiconductor device of claim 25, wherein the first gate bonding pad is
located in a first comer region of the semiconductor device and the second gate bonding pad
1s located in a second comer region of the semiconductor device, the first corner region being

opposite to the second comer region.

27. The semiconductor device of claim 25, wherein the first gate bonding pad is
located in a first edge region of the semiconductor device and the second gate bonding pad is
located in a second edge region of the semiconductor device, the first edge region being

opposite the second edge region.

28. The semiconductor device of claim 25, wherein the first gate bonding pad and

the second gate bonding pad are located in a first corner region of the semiconductor device.

29. The semiconductor device of claim 25, wherein the first gate bonding pad and

the second gate bonding pad are located in a first edge region of the semiconductor device.

30. The semiconductor device of claim 25, wherein the first gate bonding pad and

the second gate bonding pad are located in a center region of the semiconductor device.

31. A semiconductor device, comprising:
a semiconductor structure,
a first metallization layer on the semiconductor structure, the first
metallization layer comprising one or more metal structures;
a second metallization layer above the first metallization layer;
a third metallization layer between the first metallization layer and the second

metallization layer;
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a first insulating layer between the first metallization layer and the third
metallization layer; and
a second insulating layer between the third metallization layer and the second

metallization layer.

32. The semiconductor device of claim 31, wherein the first metallization layer

comprises one or more gate runners.

33. The semiconductor device of claim 31, wherein the first metallization layer

comprises a Sensor.

34. The semiconductor device of claim 31, wherein the third metallization layer

comprises a SEnsor.

35. The semiconductor device of claim 31, wherein the third metallization layer
comprises a planar interconnect structure connecting a first via extending through the first

insulating layer to a second via extending through the second insulating layer.

36. The semiconductor device of claim 31, wherein the second metallization layer

comprises a gate bonding pad.

37. The semiconductor device of claim 31, wherein the second metallization layer

comprises a source bonding pad.
38. The semiconductor device of claim 32, wherein the first insulating layer
comprises an insulating portion, the insulating portion patterned to insulate the one or more

gate runners.

39. The semiconductor device of claim 31, wherein the first insulating layer

comprises one or more source contact openings to accommodate a source contact.
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40.  The semiconductor device of claim 32, wherein the second insulating layer
comprises an insulating portion, the insulating portion patterned to insulate the one or more

gate runners.

41.  The semiconductor device of claim 31, wherein the second insulating layer
comprises one or more source contact openings to accommodate a source contact connected

to the second metallization layer.

42, A semiconductor device, comprising:
a semiconductor structure; and
a first metallization layer on the semiconductor structure, the first
metallization layer comprising a distributed gate runner network;
wherein the distributed gate runner network comprising a plurality of non-
contacting gate runners, the non-contacting gate runners being separated from one another in
the first metallization layer such that there is no conductive electrical connection between the

non-contacting gate runners in the first metallization layer.

43, The semiconductor device of claim 42, further comprising a second

metallization layer overlapping the first metallization layer.

44, The semiconductor device of claim 43, further comprising:
a third metallization layer between the first metallization layer and the second
metallization layer;
a first insulating layer between the first metallization layer and the third
metallization layer; and
a second insulating layer between the third metallization layer and the first

metallization layer.
45. The semiconductor device of claim 44, further comprising a plurality of gate

vias, each gate via connected to one of the non-contacting gate runners, each of the gate vias

extending through the first insulating layer.
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46. The semiconductor device of claim 45, wherein the third metallization layer
comprises a planar interconnect structure, at least one of the plurality of gate vias connected

to the planar interconnect structure.

47.  The semiconductor device of claim 46, further comprising a second via
connected to the planar interconnect structure and extending through the second insulating

layer.

48. The semiconductor device of claim 47, wherein the second via is conductively

connected to a gate bonding pad in the second metallization layer.

49, The semiconductor device of claim 42, wherein each of the non-contacting

gate runners has a cross shape.

50. The semiconductor device of claim 42, wherein each of the non-contacting

gate runners comprises a point contact.

51. A method of forming a semiconductor device, the method comprising;
forming a first metallization layer on a silicon carbide-based semiconductor
structure, the first metallization layer comprising one or more metal structures;
forming an insulating layer on the first metallization layer, the insulating layer
comprising an insulating portion, the insulating portion patterned to insulate the one or more
metal structures of the first metallization layer; and

forming a second metallization layer overlapping the first metallization layer.

52. The method of claim 51, wherein the one or more metal structures comprise

one or more gate runners.

53. The method of claim 51, wherein second metallization layer comprises a

source bonding pad and a gate bonding pad.

54. The method of claim 51, further comprising forming a third metallization layer

on the insulating layer.
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55. The method of claim 54, further comprising forming a second insulating layer

on the third metallization layer.

56. The method of claim 51, wherein the third metallization layer comprises a

planar interconnect structure.

57. The method of claim 51, wherein the insulating layer comprises one or more

source contact openings.

58. The method of claim 57, wherein the power semiconductor device comprises a

source contact in the source contact opening.

59. The method of claim 51, wherein the first metallization layer comprises a
Sensor.

60. The method of claim 54, wherein the third metallization layer comprises a
Sensor.

61. The method of claim 51, wherein the one or more metal structures comprises a
via.

62. The method of claim 56, wherein the semiconductor device comprises a via

contacting the planar interconnect structure and extending through a second insulating layer

between the third metallization layer and the second metallization layer.
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