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(54) SYSTEMS AND METHODS FOR A GATE DRIVE CIRCUIT

(57) Systems (100) and methods (400) provided
herein relate to a gate drive circuit (100) for controlling
operation of a wide bandgap semiconductor switch (106).
The systems (100) and methods (400) receive a control
signal (502) and configuring an operation signal (503)
configured to activate a wide bandgap switch (WBG

switch) (106). A profile of the operation signal (503) being
based on electrical characteristics of first and second
shaping circuits (204, 206). The systems (100) and meth-
ods (400) further deliver the operation signal (503) to the
WBG switch (106).
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Description

TECHNICAL FIELD

[0001] Embodiments of the subject matter described
herein relate to a gate drive circuit for controlling opera-
tion of a wide bandgap semiconductor switch.

BACKGROUND

[0002] Wide bandgap semiconductor switches may be
utilized as electronic switches for power terminals of high
voltage semiconductors operating at higher frequencies
and temperatures relative to conventional semiconduc-
tors. The wide bandgap semiconductor switch has a low
threshold voltage and high saturation velocity resulting
in relatively quick transitions between ON and OFF states
relative to conventional semiconductors. Conventional
gate drive circuits only control activation and clamping
of the wide bandgap semiconductor switch utilizing a sec-
ondary switch. The conventional gate drive circuits do
not control a rate of rise of the gate, but simply activate
the producing voltage spikes and/or oscillations (e.g.,
ringing). Thereby, there is a need for a gate drive circuit
to operate the wide band gap semiconductor switch
through a Miller plateau region.

BRIEF DESCRIPTION

[0003] In the invention a system (e.g., a gate drive sys-
tem) is provided. The system includes a wide bandgap
switch (WBG switch) and a control switch conductively
coupled to a control terminal and a gate terminal of the
WBG switch. The WBG switch and the control switch are
configured to have a common threshold voltage. The sys-
tem further includes first and second shaping circuits con-
ductively coupled to the control switch and the gate ter-
minal of the WBG switch. The first and second shaping
circuits and the control switch are configured to define
an operation signal. The operation signal being config-
ured to activate the WBG switch. The operation signal
includes a profile based on electrical characteristics of
the first and second shaping circuits.
[0004] In the invention furthermore a method is provid-
ed. The method includes receiving a control signal and
configuring an operation signal configured to activate a
wide bandgap switch (WBG switch). A profile of the op-
eration signal being based on electrical characteristics
of first and second shaping circuits. The method further
includes delivering the operation signal to the WBG
switch.
[0005] In an embodiment a system (e.g., a gate drive
system) is provided. The system includes a wide band-
gap switch (WBG switch) and a control switch conduc-
tively coupled to a control terminal and a gate terminal
of the WBG switch. The WBG switch and the control
switch are configured to have a common activation
threshold. The control switch having a gate terminal con-

ductively coupled to a voltage source. The voltage source
being a diode, a capacitor, or a control signal. The system
further includes first and second shaping circuits conduc-
tively coupled to the control switch and the gate terminal
of the WBG switch. The first and second shaping circuits
and the control switch are configured to define an oper-
ation signal. The operation signal being formed by three
shaping phases. A first shaping phase is defined by the
electrical characteristics of the first and second shaping
circuits. A second shaping phase is defined by the elec-
trical characteristics of the second shaping circuit and
the control switch. A third shaping phase is defined by
the control switch. The operation signal is configured to
activate the WBG switch. A profile of the operation signal
being based on electrical characteristics of the first and
second shaping circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figure 1 illustrates a block diagram of an embodi-
ment of a gate drive system.

Figure 2 illustrates a schematic illustration of an em-
bodiment of a gate drive circuit.

Figure 3 illustrates a timing diagram of an embodi-
ment of electrical waveforms of the gate drive circuit
shown in Figure 2.

Figure 4 is a flow chart of an embodiment of a method
for operating a wide bandgap switch.

Figure 5 is a graphical illustration of an embodiment
of a control and operator signal.

DETAILED DESCRIPTION

[0007] Various embodiments will be better understood
when read in conjunction with the appended drawings.
To the extent that the figures illustrate diagrams of the
functional blocks of various embodiments, the functional
blocks are not necessarily indicative of the division be-
tween hardware circuitry. Thus, for example, one or more
of the functional blocks (e.g., processors, controllers or
memories) may be implemented in a single piece of hard-
ware (e.g., a general purpose signal processor or random
access memory, hard disk, or the like) or multiple pieces
of hardware. Similarly, any programs may be stand-alone
programs, may be incorporated as subroutines in an op-
erating system, may be functions in an installed software
package, and the like. It should be understood that the
various embodiments are not limited to the arrangements
and instrumentality shown in the drawings.
[0008] As used herein, the terms "system," "unit," or
"module" may include a hardware and/or software sys-
tem that operates to perform one or more functions. For
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example, a module, unit, or system may include a com-
puter processor, controller, or other logic-based device
that performs operations based on instructions stored on
a tangible and non-transitory computer readable storage
medium, such as a computer memory. Alternatively, a
module, unit, or system may include a hard-wired device
that performs operations based on hard-wired logic of
the device. The modules or units shown in the attached
figures may represent the hardware that operates based
on software or hardwired instructions, the software that
directs hardware to perform the operations, or a combi-
nation thereof. The hardware may include electronic cir-
cuits that include and/or are connected to one or more
logic-based devices, such as microprocessors, proces-
sors, controllers, or the like. These devices may be off-
the-shelf devices that are appropriately programmed or
instructed to perform operations described herein from
the instructions described above. Additionally or alterna-
tively, one or more of these devices may be hard-wired
with logic circuits to perform these operations.
[0009] As used herein, an element or step recited in
the singular and proceeded with the word "a" or "an"
should be understood as not excluding plural of said el-
ements or steps, unless such exclusion is explicitly stat-
ed. Furthermore, references to "one embodiment" are
not intended to be interpreted as excluding the existence
of additional embodiments that also incorporate the re-
cited features. Moreover, unless explicitly stated to the
contrary, embodiments "comprising" or "having" an ele-
ment or a plurality of elements having a particular prop-
erty may include additional such elements not having that
property.
[0010] Generally, various embodiments provide meth-
ods and systems for a gate drive system having a gate
drive circuit to operate a wide bandgap switch (WBG
switch). The WBG switch may include Silicon Carbide
(SiC), Aluminum Gallium Nitride (AlGaN), Gallium Nitride
(GaN), Gallium Oxide (GaO), and/or the like. The gate
drive circuit is configured to generate an operation signal
configured to activate the WBG switch. The profile of the
operation signal is based on electrical characteristics of
the gate drive circuit. For example, the gate drive circuit
controls a rate of rise and/or slope (e.g., amplitude) of
the operation signal. The profile of the operation signal
is configured to sustain the WBG switch operation within
the Miller plateau region. The profile of the operation sig-
nal may be divided into three different shaping phases.
For example, during the first shaping phase a gate volt-
age of the WBG switch is above the threshold activating
the WBG switch, during the second shaping phase the
gate voltage is configured to be sustained to operate the
WBG switch within the Miller plateau region, and during
the third shaping phase the gate voltage is clamped.
[0011] At least one technical effect of various embod-
iments provides effective control of a drain voltage spike
of the WBG switch. At least one technical effect of various
embodiments provides low cost, easily implemented
gate drive control circuit that enables control over the

activation of the WBG switch without sacrificing deacti-
vation of the WBG switch.
[0012] Figure 1 illustrates a block diagram of an em-
bodiment of a gate drive system 100. The gate drive sys-
tem 100 includes a controller circuit 102 and a wide band-
gap switch 106 (WBG switch). The controller circuit 102
is configured to control the operation (e.g., activate, de-
activate) of the WBG switch 106. Additionally or alterna-
tively, the switch 106 may represent a high electron mo-
bility transistor (HEMT). The WBG switch 106 may in-
clude SiC, AlGaN, GaN, GaO, and/or the like. The WBG
switch 106 may be configured to control an electrical sys-
tem 108. The electrical system 108 may represent an
electric power system for a variable frequency drive, a
drive train, a home appliance, and/or the like. The WBG
switch 106 may be configured to switch between an ON
state (e.g., saturation state) and an OFF state at a static
and/or variable frequency (e.g., 100 kHz, 2 MHz, and/or
the like) based on control signals received by the con-
troller circuit 102.
[0013] The controller circuit 102 may be embodied in
hardware, such as one or more processors, controller,
or other logic-based device, that performs functions or
operations based on one or more sets of instructions
(e.g., software). Additionally or alternatively, the control-
ler circuit 102 may be an application specific integrated
circuit, a field programmable gate array, and/or the like
configured to control the electrical system 108 via a gate
drive circuit 104. The instructions on which the hardware
operates may be stored on a tangible and non-transitory
(e.g., not a transient signal) computer readable storage
medium, such as memory. The memory may include one
or more computer hard drives, flash drives, RAM, ROM,
EEPROM and/or the like. Alternatively, one or more of
the sets of instructions that direct operations of the hard-
ware may be hard-wired into the logic of the hardware.
[0014] The controller circuit 102 is configured to control
the electrical system 108 based on control signals trans-
mitted and/or communicated to the gate drive circuit 104.
In connection with Figure 2, the gate drive circuit 104
may include a control switch 202 and a first and second
shaping circuits 204, 206.
[0015] Figure 2 illustrates a schematic illustration 200
of an embodiment of the gate drive circuit 104. The con-
trol switch 202 is conductively coupled to a control ter-
minals 212, 213 and a gate terminal 224 of the WBG
switch 106. The control switch 202 may be a wide band-
gap semiconductor similar to and/or the same as the
WBG switch 106. For example, the control switch 202
may include SiC, AlGaN, GaN, GaO, and/or the like. In
another example, the control switch 202 and the WBG
switch 106 may have a common threshold voltage (e.g.,
activation voltage) and/or electrical characteristics. Ad-
ditionally or alternatively, the WBG switch 106 and the
control switch 202 may both represent a high electron
mobility transistor (HEMT). The control terminals 212,
213 are conductively coupled to the controller circuit 102.
For example, the controller circuit 102 may send, transmit
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and/or conduct a control signal along the control terminal
212. The control signal may represent a pulse and/or
electrical signal having a set voltage and/or current con-
figured to enable the gate drive circuit 104 to generate
the operation signal for the WBG switch 106.
[0016] A gate terminal 226 of the control switch 202 is
conductively coupled to a voltage source 208. The volt-
age source 208 is configured to provide a voltage poten-
tial to the gate terminal 226 to activate the control switch
202. The voltage source 208 shown in Figure 2 is a Zener
diode 222. For example, the Zener diode 222 is conduc-
tive coupled to the control terminal 212 having a cathode
of the Zener diode 222 directly coupled to the gate ter-
minal 226. As the control signal is conducted from the
control terminal 212 to the voltage source 208, a voltage
potential is provided by the Zener diode 222 and at the
gate terminal 226 activating the control switch 202.
[0017] Additionally or alternatively, the voltage source
208 may include a capacitor and/or a second control sig-
nal. For example, as the control signal is conducted from
the control terminal 212 to the voltage source 208, a volt-
age potential is provided by the capacitor and at the gate
terminal 226. In another example, the voltage source 208
may correspond to a second control terminal conductive-
ly coupled to the controller circuit 102 separate from the
control terminal 212. The controller circuit 102 may con-
duct the second control signal through the second control
terminal configured to the gate terminal 226. Optionally,
the second controller signal may be configured to provide
a voltage potential to the capacitor and/or the Zener diode
222.
[0018] The gate drive circuit 104 includes the first shap-
ing circuit 204 and the second shaping circuit 206. The
first and second shaping circuits 204, 206 are configured
to activate the WBG switch 106 via the gate terminal 224
when the control switch 202 is OFF (e.g., deactivated).
For example, the first shaping circuit 204 is conductively
coupled to separate and/or opposing terminals 228, 229
of the control switch 202. The first shaping circuit 204 is
also conductively coupled to the WBG switch 106. Op-
tionally, as shown in Figure 2, the first shaping circuit 204
may include a capacitor 214. The second shaping circuit
204 is interposed between the gate terminal 224 and the
control switch 202. Optionally, as shown in Figure 2, the
second shaping circuit 206 may include a capacitor 216
configured in parallel with a resistor 217. The first and
second shaping circuits 204, 206 may be configured to
have similar and/or the same electrical characteristics,
such as the components (e.g., the capacitor 214, the ca-
pacitor 216, the resistor 217) may have a common tem-
perature coefficient.
[0019] In connection with Figure 3, the first and second
shaping circuits 204, 206 and the control switch 202 are
configured to define an operation signal (e.g., the elec-
trical waveform 308). The operation signal is formed by
three shaping phases 312, 314, 216 forming a profile.
The first shaping phase 312 may be defined by the elec-
trical characteristics of the first and second shaping cir-

cuits 204, 206. The second shaping phase 314 may be
defined by the second shaping circuit 206 and the control
switch 202. The third shaping phase 316 may be defined
by the control switch 202.
[0020] Figure 3 illustrates a timing diagram 300 of an
embodiment of electrical waveforms 302, 304, 306, 308,
310 of the gate drive circuit 104 shown in Figure 2. The
electrical waveform 302 represents a voltage of the con-
trol terminal 212 with respect to the control terminal 213.
The electrical waveform 304 represents a voltage of the
first shaping circuit 204. The electrical waveform 306 rep-
resents a voltage at the gate terminal 226 relative to a
voltage at the terminal 229 (e.g., Vgs). The electrical
waveform 308 represents the operation signal or the volt-
age at the gate terminal 224. The electrical waveform
310 represents a voltage of the second shaping circuit
206.
[0021] The timing diagram 300 is subdivided into set
time periods and/or divisions (e.g., to-ts) associated with
the shaping phases 312, 314, 316 of the operation signal.
Optionally, the time periods may be continually repeated
at a set frequency and/or intermittently by the controller
circuit 102. At t0, the controller circuit 102 transmits and/or
sends a control signal along the control terminal 212. The
control signal may represent a voltage pulse, such as the
electrical waveform 302.
[0022] to-ti represent the first shaping phase 312 of the
operation signal (e.g., the electrical waveform 308). The
first shaping phase 312 may represent a short period of
time, such as less than 0.1 microseconds (e.g., .001 mi-
croseconds). The first shaping phase 312 is defined by
the electrical characteristics (e.g., capacitance) of the
first and second shaping circuits 204, 206. For example,
the operation signal at the first shaping phase 312 be-
tween t0 and t1 includes a slope. The slope is based on
an amount of voltage across the first and second shaping
circuit 204, 206. For example, the rate and/or increase
of the voltage of the first shaping phase 312 is based on
a capacitance of the capacitors 214 and 216.
[0023] At t1, the voltage source 208 may activate the
control switch 202. For example, the Zener diode 222 of
the voltage source 208 is configured to provide a voltage
at the gate terminal 226 based on the control signal. The
voltage at the gate terminal 226 with respect to the volt-
age at the terminal 229 may be above the activation
threshold of the control switch 202. When the control
switch 202 is activated, the voltage at the capacitor 214
may discharge.
[0024] t1-t2 represent the second shaping phase 314
of the operation signal (e.g., the electrical waveform 308).
The second shaping phase 314 may represent a longer
period of time relative to the first shaping phase 312. For
example, the second shaping phase 314 may be proxi-
mate to 0.1 microseconds (e.g., 80 nanoseconds). The
second shaping phase 314 is configured to transition the
WBG switch 106 within the Miller plateau. For example,
during the second shaping phase 314 the operator signal
is configured to control the gate terminal 224 of the WBG
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switch 106 to continually operate the WBG switch 106
within the Miller plateau through the third shaping phase
316. The second shaping phase 314 is defined by the
electrical characteristics of the second shaping circuits
206 and/or the control switch 202. For example, the op-
eration signal at the second shaping phase 314 between
t1 and t2 includes a curve configured to have an ascend-
ing curve. The ascending curve transitions by decreasing
the curve angle from the slope of the first shaping phase
312 to a clamped voltage of the third shaping phase 316.
A rate of the decrease in curve angle of the ascending
curve is based on electrical characteristics of the second
shaping circuit 206, such as the resistance of the resistor
217. For example, the resistance may adjust a rate at
which the curve angle is decreased to form the ascending
curve, such as a higher resistance has a higher rate of
decrease of the curve angle relative to a lower resistance
of the resistor 217.
[0025] The electrical characteristics of the control
switch 202 is configured to set a maximum voltage of the
operator signal to operate the WBG switch 106 in the
Miller plateau. For example, the control switch 202 is con-
figured to clamp the operator signal. During the second
shaping phase 314, the control switch 202 is configured
to operate in a Miller plateau. For example, when the
control switch 202 operates beyond the Miller plateau
voltage at the terminal 228 is reduced, which decreases
the voltage at the gate terminal 226 returning the control
switch 202 operation to the Miller plateau.
[0026] At t2, the control switch 202 may continually op-
erate in the Miller plateau based on feedback at the gate
terminal 226, thereby clamping the voltage of the oper-
ation signal (e.g., the electrical waveform 308) during the
third shaping phase 316. Based on the activation of the
control switch 202, voltage across the capacitor 214 of
the first shaping circuit 204 is discharged. t2-t4 represent
the third shaping phase 316 of the operation signal. For
example, between t3-t4 the controller circuit 102 may con-
tinually operate the WBG switch 106 for a duration of the
control signal until such a time when the control signal is
off.
[0027] At t4, the controller circuit 108 may terminate
the control signal along the control terminal 212, as
shown by the electrical waveform 302. For example, the
controller circuit 108 may be configured to activate a shut
off circuit 210 (shown in Figure 2). The shut off circuit
210 is conductively coupled to the gate terminal 224 of
the WBG switch 106 and the control terminals 212, 213.
The shut off circuit 210 may be configured to clamp a
voltage of the gate terminal 224 deactivating the WBG
switch 106. For example, the shut off circuit 210 may
include a semiconductor switch 218. When the semicon-
ductor switch 218 is activated (e.g., turned ON), the volt-
age at the gate terminal 224 is reduced below a threshold
voltage of the WBG switch 106, thereby deactivating the
WBG switch 106
[0028] Figure 4 is a flow chart of an embodiment of a
method 400 for operating the WBG switch 106. The meth-

od 400, for example, may employ or be performed by
structures or aspects of various embodiments discussed
herein. In various embodiments, certain operations may
be omitted or added, certain operations may be com-
bined, certain operations may be performed simultane-
ously, certain operations may be performed concurrently,
certain operations may be split into multiple operations,
certain operations may be performed in a different order,
or certain operations or series of operations may be re-
performed in an iterative fashion. In various embodi-
ments, portions, aspects, and/or variations of the method
400 may be able to be used as one or more algorithms
to direct hardware to perform one or more operations
described herein.
[0029] Beginning at 402, the gate drive circuit 104 may
receive a control signal. Figure 5 is a graphical illustration
500 of an embodiment of a control signal 502 and an
operator signal 503. For example, the controller circuit
108 transmits and/or sends a control signal 502 along
the control terminal 212. The control signal 502 may rep-
resent a voltage pulse. The controller signal 502 may be
similar to and/or the same as the electrical waveform 302
shown in Figure 3.
[0030] At 404, the voltage source 208 is configured to
deliver electrical power to the gate terminal 226 of the
control switch 202. The voltage source 208 may include
the Zener diode 222 (as shown in Figure 2), a capacitor,
and/or a second control signal. For example, the voltage
source 208 is conductively coupled to the control terminal
212. As the control signal is conducted from the control
terminal 212 to the voltage source 208, a voltage potential
may be provided by the Zener diode 222 (shown in Figure
2) and/or the capacitor. The voltage potential represent
electrical power, which is provided to the gate terminal
226 activating the control switch 202. In another example,
a second control terminal may be conductively coupled
to the controller circuit 102 separate from the control ter-
minal 212. The controller circuit 102 may conduct the
second control signal through the second control terminal
to the gate terminal 226, which provides electrical power.
[0031] At 406, the gate drive circuit 104 configured to
generate the operation signal 503. In connection with Fig-
ure 5, the operation signal 503 may have a profile formed
by three shaping phases 504-506. For example, each of
the shaping phases 504-506 may have a different slope
forming the profile, which is defined by the electrical char-
acteristics of the first and second shaping circuits 204,
206 and the control switch 202. The first shaping phase
504 may be defined by the electrical characteristics of
the first and second shaping circuits 204, 206. For ex-
ample, the first shaping phase 504 may represent a slope
based on an amount of voltage across the first and sec-
ond shaping circuit 204, 206. The slope corresponding
to a rate and/or increase of the voltage of the first shaping
phase 504 based on a capacitance of the capacitors 214
and 216. The second shaping phase 505 may be defined
by the second shaping circuit 206 and the control switch
202. For example, the second shaping phase 314 may
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represent a curve shaped as an ascending curve based
on electrical characteristics of the second shaping circuit
206, such as the resistance of the resistor 217. For ex-
ample, the resistance (e.g., of the resistor 217) of the
second shaping circuit 206 may adjust a rate at which
the curve angle is adjusted from the first shaping phase
504 to the second shaping phase 505. The curve angle
of the second shaping phase 505 is decreased relative
to the slope of the first shaping phase 504 based on the
resistance of the second shaping circuit 206. The de-
crease in the curve angle relative to the first shaping
phase 504, which forms the ascending curve, is based
on a magnitude of the resistance of the resistor 217. For
example, a resistor 217 having a higher resistance has
a higher rate of decrease of the curve angle relative to a
lower resistance of the resistor 217. The third shaping
phase 506 may be defined by the control switch 202. For
example, the control switch 202 is configured to clamp
the operator signal 503 during the third shaping phase
506 to a set voltage having a slope of approximately zero
and/or within a predetermined threshold to the set volt-
age.
[0032] At 408, the gate drive circuit 104 is configured
to deliver the operation signal 503 to the WBG switch
106. For example, the gate drive circuit 104 is conduc-
tively coupled to the gate terminal 224 of the WBG switch
106, thereby delivering the operation signal 504 to the
WBG switch 106.
[0033] It should be noted that the particular arrange-
ment of components (e.g., the number, types, placement,
and/or the like) of the illustrated embodiments may be
modified in various alternate embodiments. For example,
in various embodiments, different numbers of a given
module or unit may be employed, a different type or types
of a given module or unit may be employed, a number
of modules or units (or aspects thereof) may be com-
bined, a given module or unit may be divided into plural
modules (or sub-modules) or units (or sub-units), one or
more aspects of one or more modules may be shared
between modules, a given module or unit may be added,
or a given module or unit may be omitted.
[0034] As used herein, a structure, limitation, or ele-
ment that is "configured to" perform a task or operation
is particularly structurally formed, constructed, or adapt-
ed in a manner corresponding to the task or operation.
For purposes of clarity and the avoidance of doubt, an
object that is merely capable of being modified to perform
the task or operation is not "configured to" perform the
task or operation as used herein. Instead, the use of "con-
figured to" as used herein denotes structural adaptations
or characteristics, and denotes structural requirements
of any structure, limitation, or element that is described
as being "configured to" perform the task or operation.
For example, a processing unit, processor, or computer
that is "configured to" perform a task or operation may
be understood as being particularly structured to perform
the task or operation (e.g., having one or more programs
or instructions stored thereon or used in conjunction

therewith tailored or intended to perform the task or op-
eration, and/or having an arrangement of processing cir-
cuitry tailored or intended to perform the task or opera-
tion). For the purposes of clarity and the avoidance of
doubt, a general purpose computer (which may become
"configured to" perform the task or operation if appropri-
ately programmed) is not "configured to" perform a task
or operation unless or until specifically programmed or
structurally modified to perform the task or operation.
[0035] It should be noted that the various embodiments
may be implemented in hardware, software or a combi-
nation thereof. The various embodiments and/or compo-
nents, for example, the modules, or components and
controllers therein, also may be implemented as part of
one or more computers or processors. The computer or
processor may include a computing device, an input de-
vice, a display unit and an interface, for example, for ac-
cessing the Internet. The computer or processor may in-
clude a microprocessor. The microprocessor may be
connected to a communication bus. The computer or
processor may also include a memory. The memory may
include Random Access Memory (RAM), Read Only
Memory (ROM), EEPROM and/or the like. The computer
or processor further may include a storage device, which
may be a hard disk drive or a removable storage drive
such as a solid state drive, optic drive, and the like. The
storage device may also be other similar means for load-
ing computer programs or other instructions into the com-
puter or processor.
[0036] As used herein, the term "computer," "control-
ler," and "module" may each include any processor-
based or microprocessor-based system including sys-
tems using microcontrollers, reduced instruction set
computers (RISC), application specific integrated circuits
(ASICs), logic circuits, GPUs, FPGAs, and any other cir-
cuit or processor capable of executing the functions de-
scribed herein. The above examples are exemplary only,
and are thus not intended to limit in any way the definition
and/or meaning of the term "module" or "computer."
[0037] The computer, module, or processor executes
a set of instructions that are stored in one or more storage
elements, in order to process input data. The storage
elements may also store data or other information as
desired or needed. The storage element may be in the
form of an information source or a physical memory el-
ement within a processing machine.
[0038] The set of instructions may include various com-
mands that instruct the computer, module, or processor
as a processing machine to perform specific operations
such as the methods and processes of the various em-
bodiments described and/or illustrated herein. The set of
instructions may be in the form of a software program.
The software may be in various forms such as system
software or application software and which may be em-
bodied as a tangible and non-transitory computer read-
able medium. Further, the software may be in the form
of a collection of separate programs or modules, a pro-
gram module within a larger program or a portion of a
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program module. The software also may include modular
programming in the form of object-oriented program-
ming. The processing of input data by the processing
machine may be in response to operator commands, or
in response to results of previous processing, or in re-
sponse to a request made by another processing ma-
chine.
[0039] As used herein, the terms "software" and
"firmware" are interchangeable, and include any compu-
ter program stored in memory for execution by a compu-
ter, including RAM memory, ROM memory, EPROM
memory, EEPROM memory, and non-volatile RAM
(NVRAM) memory. The above memory types are exem-
plary only, and are thus not limiting as to the types of
memory usable for storage of a computer program. The
individual components of the various embodiments may
be virtualized and hosted by a cloud type computational
environment, for example to allow for dynamic allocation
of computational power, without requiring the user con-
cerning the location, configuration, and/or specific hard-
ware of the computer system.
[0040] This written description uses examples to dis-
close the various embodiments, and also to enable a
person having ordinary skill in the art to practice the var-
ious embodiments, including making and using any de-
vices or systems and performing any incorporated meth-
ods. The patentable scope of the various embodiments
is defined by the claims, and may include other examples
that occur to those skilled in the art.
[0041] Various aspects and embodiments of the
present invention are defined by the following clauses:

1. A gate drive system comprising:

a wide bandgap switch (WBG switch);

a control switch conductively coupled to a con-
trol terminal and a gate terminal of the WBG
switch, wherein the WBG switch and the control
switch are configured to have a common thresh-
old voltage; and

first and second shaping circuits conductively
coupled to the control switch and the gate ter-
minal of the WBG switch, wherein the first and
second shaping circuits and the control switch
are configured to define an operation signal, the
operation signal being configured to activate the
WBG switch, a profile of the operation signal be-
ing based on electrical characteristics of the first
and second shaping circuits.

2. The gate drive system of clause 1, wherein the
operation signal is formed by three shaping phases,
a first shaping phase is defined by the electrical char-
acteristics of the first and second shaping circuits, a
second shaping phase is defined by the electrical
characteristics of the second shaping circuit and the

control switch, and a third shaping phase is defined
by the control switch.

3. The gate drive system of clause 2, wherein during
the second shaping phase the control switch is con-
figured to operate within a Miller plateau.

4. The gate drive system of clause 2, wherein the
second shaping circuit includes a capacitor config-
ured in parallel with a resistor, a resistance of the
resistor is configured to define an ascending curve
of the second shaping phase.

5. The gate drive system of clause 2, wherein the
control switch is configured to clamp a voltage of the
operation signal during the third shaping phase.

6. The gate drive system of clause 2, wherein an
electrical characteristic of the second shaping phase
is configured to operate the WBG switch within a
Miller plateau.

7. The gate drive system of clause 1, a gate terminal
of the control switch is conductively coupled to a volt-
age source.

8. The gate drive system of clause 7, wherein the
voltage source is a diode, a capacitor, or a control
signal.

9. The gate drive system of clause 1, wherein the
first and second shaping circuits are configured to
have a common temperature coefficient.

10. The gate drive system of clause 1, further com-
prising a shut off circuit conductively coupled to the
gate terminal of the WBG switch and the control ter-
minal, wherein the shut off circuit is configured to
clamp the gate terminal.

11. The gate drive system of clause 1, wherein the
WBG switch and the control include Silicon Carbide,
Aluminum Gallium Nitride, Gallium Nitride, or Gal-
lium Oxide.

12. A method, comprising:

receiving a control signal;

configuring an operation signal configured to ac-
tivate a wide bandgap switch (WBG switch),
wherein a profile of the operation signal is based
on electrical characteristics of first and second
shaping circuits; and

delivering the operation signal to the WBG
switch.
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13. The method of clause 12, wherein the configuring
operation includes forming three shaping phases of
the operation signal, the first shaping phase is de-
fined by the electrical characteristics of the first and
second shaping circuits, the second shaping phase
is defined by the electrical characteristics of the sec-
ond shaping circuit and a control switch, and a third
shaping phase is defined by the control switch.

14. The method of clause 13, wherein the second
shaping circuit includes a capacitor configured in
parallel with a resistor, a resistance of the resistor is
configured to define a curve of the second shaping
phase.

15. The method of clause 13, further comprising
clamping a voltage of the operation signal during the
third shaping phase.

16. The method of clause 13, further comprising op-
erating the WBG switch within a Miller plateau during
the second shaping phase.

17. The method of clause 12, further comprising de-
livering electrical power to a gate terminal of the con-
trol switch, wherein the electrical power is delivered
from a diode, a capacitor, or a control signal.

18. The method of clause 12, wherein the first and
second shaping circuits are configured to have a
common temperature coefficient.

19. A gate drive system comprising:

a wide bandgap switch (WBG switch);

a control switch conductively coupled to a con-
trol terminal and a gate terminal of the WBG
switch, wherein the WBG switch and the control
switch are configured to have a common activa-
tion threshold, the control switch having a gate
terminal conductively coupled to a voltage
source, the voltage source being a diode, a ca-
pacitor, or a control signal; and

first and second shaping circuits conductively
coupled to the control switch and the gate ter-
minal of the WBG switch, wherein the first and
second shaping circuits and the control switch
are configured to define an operation signal, the
operation signal being formed by three shaping
phases, a first shaping phase is defined by the
electrical characteristics of the first and second
shaping circuits, a second shaping phase is de-
fined by the electrical characteristics of the sec-
ond shaping circuit and the control switch, and
a third shaping phase is defined by the control
switch, wherein the operation signal is config-

ured to activate the WBG switch, a profile of the
operation signal being based on electrical char-
acteristics of the first and second shaping cir-
cuits.

20. The gate drive system of clause 19, wherein the
WBG switch and the control include Silicon Carbide,
Aluminum Gallium Nitride, Gallium Nitride, or Gal-
lium Oxide.

Claims

1. A gate drive system (100) comprising:

a wide bandgap switch (WBG switch) (106);
a control switch (202) conductively coupled to a
control terminal (212, 213) and a gate terminal
(224, 226) of the WBG switch (106), wherein the
WBG switch (106) and the control switch (202)
are configured to have a common threshold volt-
age; and
first and second shaping circuits (204, 206) con-
ductively coupled to the control switch (202) and
the gate terminal (224, 226) of the WBG switch
(106), wherein the first and second shaping cir-
cuits (204, 206) and the control switch (202) are
configured to define an operation signal (503),
the operation signal (503) being configured to
activate the WBG switch (106), a profile of the
operation signal (503) being based on electrical
characteristics of the first and second shaping
circuits (204, 206).

2. The gate drive system (100) of claim 1, wherein the
operation signal (503) is formed by three shaping
phases (504, 505, 506), a first shaping phase (504)
is defined by the electrical characteristics of the first
and second shaping circuits (204, 206), a second
shaping phase (505) is defined by the electrical char-
acteristics of the second shaping circuit (206) and
the control switch (202), and a third shaping phase
(506) is defined by the control switch (202).

3. The gate drive system (100) of claim 2, wherein dur-
ing the second shaping phase (505) the control
switch (202) is configured to operate within a Miller
plateau.

4. The gate drive system (100) of claim 2, wherein the
second shaping circuit (206) includes a capacitor
(216) configured in parallel with a resistor (217), a
resistance of the resistor (217) is configured to define
an ascending curve of the second shaping phase
(505) and wherein an electrical characteristic of the
second shaping phase (505) is configured to operate
the WBG switch (106) within a Miller plateau and
wherein the WBG switch (106) and the control switch
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(202) include Silicon Carbide, Aluminum Gallium Ni-
tride, Gallium Nitride, or Gallium Oxide.

5. The gate drive system (100) of claim 2, wherein the
control switch (202) is configured to clamp a voltage
of the operation signal (503) during the third shaping
phase (506).

6. The gate drive system (100) of claim 1, a gate ter-
minal (224, 226) of the control switch (202) is con-
ductively coupled to a voltage source (208); wherein
the voltage source (208)

7. The gate drive system (100) of claim 1, wherein the
first and second shaping circuits (204, 206) are con-
figured to have a common temperature coefficient.

8. The gate drive system (100) of claim 1, further com-
prising a shut off circuit (210) conductively coupled
to the gate terminal (224, 226) of the WBG switch
(106) and the control terminal (212, 213), wherein
the shut off circuit (210) is configured to clamp the
gate terminal (224, 226).

9. A method (400), comprising:

receiving (402) a control signal (502);
configuring (406) an operation signal (503) con-
figured to activate a wide bandgap switch (WBG
switch) (106), wherein a profile of the operation
signal (503) is based on electrical characteris-
tics of first and second shaping circuits (204,
206); and
delivering (408) the operation signal (503) to the
WBG switch (106).

10. The method (400) of claim 9, wherein the configuring
(406) operation includes forming three shaping
phases (504, 505, 506) of the operation signal (503),
the first shaping phase (504) is defined by the elec-
trical characteristics of the first and second shaping
circuits (204, 206), the second shaping phase (505)
is defined by the electrical characteristics of the sec-
ond shaping circuit (206) and a control switch (202),
and a third shaping phase (506) is defined by the
control switch (202) and wherein the second shaping
circuit (206) includes a capacitor (216) configured in
parallel with a resistor (217), a resistance of the re-
sistor (217) is configured to define a curve of the
second shaping phase (505).

11. The method (400) of claim 10, further comprising
clamping a voltage of the operation signal (503) dur-
ing the third shaping phase (506) and wherein the
first and second shaping circuits (204, 206) are con-
figured to have a common temperature coefficient.

12. The method (400) of claim 10, further comprising

operating the WBG switch (106) within a Miller pla-
teau during the second shaping phase (505).

13. The method (400) of claim 9, further comprising de-
livering (404) electrical power to a gate terminal (224,
226) of the control switch (202), wherein the electri-
cal power is delivered from a diode (222), a capacitor
(214, 216), or a control signal (502).
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