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(57) ABSTRACT

A driver circuit associated with a power electronic system is
disclosed. The driver circuit comprises a gate driver circuit
configured to drive a switching circuit comprising a plurality
of switches in parallel, each switch comprising a respective
source bondwire. The driver circuit further comprises a
bondwire fault detection circuit comprising a gate charge
estimation circuit configured to measure a parameter of the
switching circuit comprising a gate charge of the switching
circuit or a parameter indicative of the gate charge associ-
ated with the switching circuit. The bondwire fault detection
circuit further comprises a detection circuit configured to
detect a fault associated with at least one source bondwire of
the switching circuit, based on the measured parameter of
the switching circuit.
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METHOD AND CIRCUIT FOR DETECTING
A LOSS OF A BONDWIRE IN A POWER
SWITCH

FIELD

[0001] The present disclosure relates to the field of power
electronic systems, and in particular, to a method and circuit
for detecting a loss of a bondwire associated with a power
switch in the power electronic systems.

BACKGROUND

[0002] Power semiconductor devices are the key elec-
tronic components used in power electronic systems. The
development of hybrid, mild hybrid and electric cars along
with the integration of smart technologies have boosted the
power electronics in automotive applications. Modern
power semiconductor devices, for example, power switches,
integrate several advanced capabilities in the field of secu-
rity, safety, comfort etc. At the same time, during their
everyday life the power switches have to support high
current densities, because of the continuous shrinkage of
new silicon technologies. Due to their widespread use in
industry and the inherently high operating stress conditions,
assessment of their failure mechanisms and reliability is a
key issue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Some examples of circuits, apparatuses and/or
methods will be described in the following by way of
example only. In this context, reference will be made to the
accompanying Figures.

[0004] FIG. 1 illustrates a simplified block diagram of a
power electronic system, according to one embodiment of
the disclosure.

[0005] FIG. 24 illustrates an example implementation of a
switching circuit, according to one embodiment of the
disclosure.

[0006] FIG. 25 illustrates an example implementation of a
switching circuit, according to another embodiment of the
disclosure.

[0007] FIG. 3a illustrates the gate charge waveforms of a
switching MOSFET, according to one embodiment of the
disclosure.

[0008] FIG. 36 illustrates a dependency of a gate voltage
and gate charge of the switching MOSFET in relation to a
drain voltage V. and applied drain current I,,, according to
one embodiment of the disclosure.

[0009] FIGS. 4a and 4b illustrate an example implemen-
tation of a power electronic system, according to one
embodiment of the disclosure.

[0010] FIGS. 54 and 55 illustrate an example implemen-
tation of a power electronic system, according to another
embodiment of the disclosure.

[0011] FIG. 6 illustrates an example implementation of a
power electronic system, according to another embodiment
of the disclosure.

[0012] FIGS. 7a and 75 illustrate an example implemen-
tation of a power electronic system, according to another
embodiment of the disclosure.

[0013] FIG. 8 illustrates a method for detecting a fault
associated with a source bondwire of a switching circuit,
according to one embodiment of the disclosure.
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DETAILED DESCRIPTION

[0014] In one embodiment of the disclosure, a driver
circuit associated with a power electronic system is dis-
closed. The power electronic system comprises a gate driver
circuit configured to drive a switching circuit comprising a
plurality of switches in parallel, each switch comprising a
respective source bondwire. The power electronic system
further comprises a bondwire fault detection circuit com-
prising a gate charge estimation circuit configured to mea-
sure a parameter of the switching circuit comprising a gate
charge of the switching circuit or a parameter indicative of
the gate charge associated with the switching circuit. In
some embodiments, the gate charge estimation circuit fur-
ther comprises a detection circuit configured to detect a fault
associated with at least one source bondwire of the switch-
ing circuit, based on the measured parameter of the switch-
ing circuit.

[0015] In one embodiment of the disclosure, a method for
detecting a fault associated with a source bondwire in a
switching circuit comprising a plurality of switches in
parallel, each switch comprising a respective source bond-
wire is disclosed. The method comprises measuring a
parameter of the switching circuit comprising a gate charge
of the switching circuit or a parameter indicative of the gate
charge associated with the switching circuit. The method
further comprises detecting a fault associated with at least
one source bondwire of the switching circuit, based on the
measured parameter of the switching circuit.

[0016] In one embodiment of the disclosure, a bondwire
fault detection circuit is disclosed. The bondwire fault
detection circuit comprises a gate charge estimation circuit
configured to measure a parameter of a switching circuit
comprising a plurality of switches in parallel, each switch
comprising a respective source bondwire, the parameter of
the switching circuit comprising a gate charge of the switch-
ing circuit or a parameter indicative of the gate charge
associated with the switching circuit. The bondwire fault
detection circuit further comprises a detection circuit con-
figured to detect a fault associated with at least one source
bondwire associated with the switching circuit, based on the
measured parameter of the switching circuit.

[0017] The present disclosure will now be described with
reference to the attached drawing figures, wherein like
reference numerals are used to refer to like elements
throughout, and wherein the illustrated structures and
devices are not necessarily drawn to scale. As utilized
herein, terms “component,” “system,” “interface,” “circuit”
and the like are intended to refer to a computer-related entity,
hardware, software (e.g., in execution), and/or firmware. For
example, a component can be a processor (e.g., a micropro-
cessor, a controller, or other processing device), a process
running on a processor, a controller, an object, an execut-
able, a program, a storage device, a computer, a tablet PC
and/or a user equipment (e.g., mobile phone, etc.) with a
processing device. By way of illustration, an application
running on a server and the server can also be a component.
One or more components can reside within a process, and a
component can be localized on one computer and/or dis-
tributed between two or more computers. A set of elements
or a set of other components can be described herein, in
which the term “set” can be interpreted as “one or more.”
[0018] Further, these components can execute from vari-
ous computer readable storage media having various data
structures stored thereon such as with a module, for
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example. The components can communicate via local and/or
remote processes such as in accordance with a signal having
one or more data packets (e.g., data from one component
interacting with another component in a local system, dis-
tributed system, and/or across a network, such as, the
Internet, a local area network, a wide area network, or
similar network with other systems via the signal).

[0019] As another example, a component can be an appa-
ratus with specific functionality provided by mechanical
parts operated by electric or electronic circuitry, in which the
electric or electronic circuitry can be operated by a software
application or a firmware application executed by one or
more processors. The one or more processors can be internal
or external to the apparatus and can execute at least a part of
the software or firmware application. As yet another
example, a component can be an apparatus that provides
specific functionality through electronic components with-
out mechanical parts; the electronic components can include
one or more processors therein to execute software and/or
firmware that confer(s), at least in part, the functionality of
the electronic components.

[0020] Use of the word exemplary is intended to present
concepts in a concrete fashion. As used in this application,
the term “or” is intended to mean an inclusive “or” rather
than an exclusive “or”. That is, unless specified otherwise, or
clear from conte8, “X employs A or B” is intended to mean
any of the natural inclusive permutations. That is, if X
employs A; X employs B; or X employs both A and B, then
“X employs A or B” is satisfied under any of the foregoing
instances. In addition, the articles “a” and “an” as used in
this application and the appended claims should generally be
construed to mean “one or more” unless specified otherwise
or clear from conte8 to be directed to a singular form.
Furthermore, to the event that the terms “including”,
“includes”, “having”, “has”, “with”, or variants thereof are
used in either the detailed description and the claims, such
terms are intended to be inclusive in a manner similar to the
term “comprising.”

[0021] The following detailed description refers to the
accompanying drawings. The same reference numbers may
be used in different drawings to identify the same or similar
elements. In the following description, for purposes of
explanation and not limitation, specific details are set forth
such as particular structures, architectures, interfaces, tech-
niques, etc. in order to provide a thorough understanding of
the various aspects of various embodiments. However, it
will be apparent to those skilled in the art having the benefit
of the present disclosure that the various aspects of the
various embodiments may be practiced in other examples
that depart from these specific details. In certain instances,
descriptions of well-known devices, circuits, and methods
are omitted so as not to obscure the description of the
various embodiments with unnecessary detail.

[0022] As indicated above, due to the widespread use of
power semiconductor switches in industry and the inherently
high operating stress conditions, assessment of failure
mechanisms of the power semiconductor switches (e.g.,
power MOSFETS) and their reliability is a key requirement.
In the disclosure herein, failure of power semiconductor
switches due to a loss or fault of source bondwires is
assessed. Bondwires are utilized in semiconductor industry
to establish an electrical connection from a semiconductor
chip, for example, a power semiconductor switch, to its
external package pins or to other electronic components. The
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term “source bondwire” utilized throughout the disclosure
shall mean any conducting connection from the source
metallization towards the outside, such as a clip, tape, etc.,
and shall not be limited to a bondwire only. A loss or fault
at a bondwire associated with a power semiconductor switch
can affect the safety and reliability of a power electronic
system. Since a bond wire is limited in its current capability,
in some embodiments, several bond wires are used in
parallel for higher amperages. A loss of a source bond wire
in a power switch application, e.g. a power MOSFET leads
to an overload of the remaining source bondwire(s). This
loss is not detectable and over lifetime it is possible that the
remaining source bondwires also gets damaged because of
increase current density in normal operation. The nominal
current must flow only through the remaining bondwires and
the rules for bondwire dimensioning are violated. Similarly,
a loss of source bond wire in motor inverters, for example,
the high-side switch, may lead to a loss of a freewheeling
diodes associated therewith. The loss of freewheeling diodes
may result in the generation of high voltages in the bridge
caused by e.g. avalanche of MOSFETs and can cause
damage of other components in the inverter. If the loss or
failure associated with bondwires is not be detected, the
system would be available for a short time and then would
get into an unsafe state immediately without warning, which
could lead to a dangerous situation (violating safety goals
etc.). Therefore, it is important to determine/detect a loss or
failure of bondwires associated with power switches in
power electronic systems.

[0023] In current implementations of power electronic
systems, a loss or failure associated with bondwires is
detected based on a precise measurement of the on resis-
tance (i.e., Ron) of the power switch, in some embodiments.
For example, a precise measurement of the Ron is imple-
mented on the ATE (automated test equipment) and each
device is tested at 150° C., where the Ron shows in general
the highest value. The accuracy of the Ron measurement
must be in a range, which can detect a possible broken
bondwire. If the measured Ron is higher than a maximum
allowable value, the device is faulty and will not be deliv-
ered to customers. However, in the above implementation,
the loss or failure associated with the bondwire is detected
only once, during startup or configuration. Power switches
are used in functional safety relevant application with a
certain automotive safety integrity level (ASIL) level and
therefore it is important to ensure that all bondwires are well
connected, also in the running system. Further, in some
implementations, for example, in case of motor inverters,
Zener clamps are applied to MOSFETs to limit voltage in the
system to the clamping voltage and components that can
withstand the clamping voltage/avalanche voltage are uti-
lized, in order to enable the system to handle a fault
associated with a bondwire. However, in such embodiments,
components such as gate drivers, capacitors etc. have to
withstand higher voltages than the normal operating voltage,
which causes higher costs for the inverters.

[0024] Therefore, in order to overcome the above disad-
vantages, a method to detect a fault of bondwires associated
with power switches in real time during the product lifetime
is proposed in this disclosure. In some embodiments, fault
associated with a bondwire may refer to a loss or damage or
failure of the bondwire. In particular, a method and an
apparatus to determine a loss or failure of source bondwires
associated with power switches based on measuring a gate
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charge or a parameter indicative of the gate charge associ-
ated with the power switch is proposed herein. In some
embodiments, the proposed method is applicable to power
switches that are separated into a number of smaller power
switches in parallel. In particular, the proposed method is
applicable to detect a loss or failure of source bondwires
associated with a switching circuit comprising a plurality of
switches in parallel, each parallel switch comprising a
respective source bondwire. The key idea that is utilized
herein is the fact that, in case a source bondwire associated
with at least one parallel switch is lost or damaged, a gate
charge of the switching circuit is reduced. In some embodi-
ments, the gate charge of the switching circuit comprises a
sum of the gate charges of the plurality of switches associ-
ated with the switching circuit. Therefore, in some embodi-
ments, a measurement of the gate charge of the switching
circuit or a parameter indicative of the gate charge of the
switching circuit provides an indication of a possible dam-
age/loss associated with at least one source bondwire of the
switching circuit.

[0025] Therefore, in some embodiments, the proposed
method enables to detect a partial fault/loss of the source
bondwires of the switching circuit, thereby increasing the
reliability of the power electronic system. In some embodi-
ments, detection of a partial loss/failure of the source
bondwires offers a possibility to protect the power electronic
system from further damage. For example, in some embodi-
ments, the detection of a partial bondwire loss provides an
option to offload the switching circuit or initiate a repair of
the switching circuit, thereby avoiding a catastrophic com-
plete loss of the bondwires. Embodiments described
throughout the disclosure describe a method and an appa-
ratus for the detection of loss or fault of source bondwires
associated with power MOSFETs. However, the proposed
method is equally applicable to other power switches, for
example, IGBTs, JFET etc., and is not to be construed to be
limited to MOSFETs. In particular, in IGBT based switching
circuits, the proposed method is applicable for the detection
of loss or fault of emitter bondwires. Therefore, the term
source bondwires utilized throughout the disclosure with
respect to power MOSFET switches is to be considered
equivalent to emitter bondwires with respect to other power
switches like IGBTs.

[0026] FIG. 1 illustrates a simplified block diagram of a
power electronic system 100, according to one embodiment
of the disclosure. The power electronic circuit 100 com-
prises a switching circuit 102 and a driver circuit 104
configured to couple to the switching circuit 102, in order to
drive the switching circuit 102. In some embodiments, the
switching circuit 102 comprises power semiconductor
switches or power switches, for example, power MOSFETs.
In some embodiments, the power switch within the switch-
ing circuit 102 may be implemented as a plurality of power
switches in parallel, each parallel switch comprising a
respective source bondwire. In some embodiments, the
source bondwire associated with each parallel power switch
may comprise one or more bondwires coupled between a
contact pad associated with a source terminal of the respec-
tive parallel power switch and an external package pin of the
power switch or to other electronic components, for
example, other power switches. In this embodiment, the
power electronic system 100 is shown to include only a
single switching circuit 102 and a corresponding driver
circuit 104, for the ease of explanation. However, in other
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embodiments, the power electronic system 100 may include
a plurality of switching circuits and a corresponding plural-
ity of driver circuits. Exemplary embodiments describing
how the source bondwires may be coupled between a
contact pad associated with a source terminal of a respective
parallel power switch and an external package pin of the
power switch will be illustrated with respect to FIGS. 2a, 25,
4a, 4b, 5a, 5b, 6, 7a and 7b, in which the contact pad
associated with the source terminal of the respective parallel
power switch is referred to as “pad” and the external
package pin of the power switch is referred to as “pin”.

[0027] In some embodiments, the plurality of power
switches within the switching circuit 102 may comprise a
common gate terminal and separate source terminals, as
illustrated in FIG. 2a. In some switching circuits, for
example, in IGBT based switching circuits, the common
gate terminal is replaced by a common base terminal, and
the separated source terminals are replaced by separate
emitter terminals. In other embodiments, the plurality of
power switches within the switching circuit 102 may com-
prise separate gate terminals and separate source terminals,
as illustrated in FIG. 2b6. In some switching circuits, for
example, in IGBT based switching circuits, the separate gate
terminals are replaced by separate base terminals, and the
separate source terminals are replaced by separate emitter
terminals.

[0028] FIG. 24 illustrates an example implementation of a
switching circuit 202 comprising two parallel power
switches. In other embodiments, however, the switching
circuit 202 may comprise more than two parallel power
switches. In some embodiments, the switching circuit 202
depicts one possible implementation of the switching circuit
102 in FIG. 1. The two parallel power switches in the
switching circuit 202 comprise MOSFETs in this embodi-
ment. However, in other embodiments, the two parallel
switches can comprise other power switches like IGBT, FET
etc. and shall not be limited to power MOSFETs. The
switching circuit 202 comprises a first power switch 202a
and a second power switch 2025 in parallel having separate
sources 204a and 2044, respectively, and a common gate
terminal 208. The first power switch 202a and the second
power switch 2025 further comprise a first source bondwire
206a and a second source bondwire 2065 respectively
associated therewith. In some embodiments, the first source
bondwire 2064 may comprise a single bondwire as illus-
trated in FIG. 2a. However, in other embodiments, the first
source bondwire 206a may be implemented as a plurality of
source bondwires. Similarly, in some embodiments, the
second source bondwire 2065 may comprise a single bond-
wire as illustrated in FIG. 2a. However, in other embodi-
ments, the second source bondwire 20656 may be imple-
mented as a plurality of source bondwires.

[0029] Similarly, FIG. 24 illustrates another example
implementation of a switching circuit 252 comprising two
parallel power switches. In other embodiments, however, the
switching circuit 252 may comprise more than two parallel
power switches. In some embodiments, the switching circuit
252 depicts another possible way of implementation of the
switching circuit 102 in FIG. 1. The two parallel power
switches in the switching circuit 252 comprises MOSFETs
in this embodiment. However, in other embodiments, the
two parallel switches can comprise other power switches
like IGBT, FET etc. and is not to be construed to be limited
to power MOSFETs. The switching circuit 252 comprises a
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first power switch 252q and a second power switch 2525 in
parallel having separate sources 254a and 254b, respec-
tively. Further, the first power switch 252a and the second
power switch 2525 comprises a first gate terminal 2584 and
a second gate terminal 2585 respectively associated there-
with. The first power switch 252a and the second power
switch 2525 further comprise a first source bondwire 256a
and a second source bondwire 2564, respectively associated
therewith. In some embodiments, the first source bondwire
256a may comprise a single bondwire as illustrated in FIG.
2b. However, in other embodiments, the first source bond-
wire 256a may be implemented as a plurality of source
bondwires. Similarly, in some embodiments, the second
source bondwire 2565 may comprise a single bondwire as
illustrated in FIG. 2b. However, in other embodiments, the
second source bondwire 2565 may be implemented as a
plurality of source bondwires.

[0030] Referring back to FIG. 1, the driver circuit 104
comprises a gate driver circuit 106 configured to drive the
switching circuit 102. In the embodiments where the switch-
ing circuit 102 comprises a common gate terminal as illus-
trated in FIG. 2a, the gate driver circuit 106 may be coupled
to the common gate terminal, in order to drive the switching
circuit 102. Alternately, in other embodiments where the
switching circuit 102 comprises separated gate terminals, as
illustrated in FIG. 2b, the gate driver circuit 106 may
comprise different driver output stages to drive to drive the
respective gate terminals. In some embodiments, the driver
circuit 104 further comprises a bondwire fault detection
circuit 108 configured to detect a fault associated with at
least one source bondwire associated with the switching
circuit 102. In some embodiments, a fault associated with
the source bondwire can comprise a broken or damaged or
lost bondwire. However, other types of fault different from
above are also contemplated to be within the scope of this
disclosure. In some embodiments, the bondwire fault detec-
tion circuit 108 is coupled to the gate driver circuit 106. In
some embodiments, the bondwire fault detection circuit 108
is further configured to couple to the switching circuit 102.
In some embodiments, both the gate driver circuit 106 and
the bondwire fault detection circuit 108 are implemented as
part of a same driver integrated circuit (IC). However, in
other embodiments, the gate driver circuit 106 and the
bondwire fault detection circuit 108 may be implemented on
separate 1Cs.

[0031] Insomeembodiments, the bondwire fault detection
circuit 108 comprises a gate charge estimation circuit 112
configured to measure a parameter of the switching circuit
102 comprising a gate charge of the switching circuit 102 or
a parameter indicative of the gate charge associated with the
switching circuit 102. In some embodiments, the gate charge
estimation circuit 112 is configured to couple to the gate
driver circuit 102 or the switching circuit 102, in order to
measure the gate charge of the switching circuit 102 or the
parameter indicative of the gate charge associated with the
switching circuit 102. In some embodiments, the bondwire
fault detection circuit 108 further comprises a detection
circuit 110 configured to detect a fault associated with at
least one source bondwire of the switching circuit 102, based
on the measured parameter of the switching circuit 102. As
indicated above, the key idea that is utilized herein is the fact
that, in case a source bondwire associated with at least one
parallel switch is lost or damaged, a gate charge of the
switching circuit 102 is reduced. In some embodiments, the
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gate charge of the switching circuit 102 is proportional to a
charge of the internal capacitors, for example, the gate
source capacitors associated with the switching circuit 102.
In case a source bondwire associated with a parallel switch
is lost or damaged, a corresponding gate source capacitance
of the parallel switch is not charged, thereby resulting in a
reduction of the gate charge associated with the switching
circuit 102.

[0032] Therefore, in some embodiments, a measurement
of the gate charge of the switching circuit 102 or a parameter
indicative of the gate charge of the switching circuit 102
provides an indication of a possible damage/loss associated
with at least one source bondwire (e.g., 2064 or 2065 or both
in FIG. 2a) of the switching circuit 102. In some embodi-
ments, the gate charge estimation circuit 112 is configured to
measure the gate charge of the switching circuit 102 or the
parameter indicative of the gate charge associated with the
switching circuit 102 at every switching event or a plurality
of switching events associated with the switching circuit
102. In some embodiments, measuring the gate charge at a
plurality of switching events of the switching circuit 102
enables the bondwire fault detection circuit 108 to detect a
fault associated with the bondwires of the switching circuit
102 in real time during a product lifetime. Upon detecting
the fault, in some embodiments, the detection circuit 110 is
further configured to generate a fault indication signal (not
shown) that provides an indication of a possible loss or
damage associated with the source bondwires of the switch-
ing circuit 102.

[0033] FIG. 3a illustrates the gate charge waveforms of a
switching MOSFET. Further, FIG. 35 illustrates the depen-
dency of the gate voltage and gate charge of the switching
MOSFET on the drain voltage V. and applied drain current
I, Referring back to FIG. 1, in some embodiments, the
detection circuit 110 is configured to detect the fault based
on a comparison of the measured parameter of the switching
circuit 102 to a predetermined measurement parameter
threshold. In some embodiments, the predetermined mea-
surement parameter threshold comprises an earlier value of
the measured parameter of the switching circuit 102 mea-
sured at an earlier instant of time, further details of which are
given in embodiments below. Alternately, in other embodi-
ments, the detection circuit 110 is configured to detect the
fault based on a comparison of the measured parameter of
the switching circuit 102 to a predefined threshold range,
further details of which are given in an embodiment below.

[0034] FIG. 4a illustrates an example implementation of a
power electronic system 400, according to one embodiment
of the disclosure. In some embodiments, the power elec-
tronic system 400 comprises one possible way of imple-
mentation of the power electronic system 100 in FIG. 1. The
power electronic system 400 comprises a switching circuit
402 and a driver circuit 404 configured to drive the switch-
ing circuit 402. In this example embodiment, the switching
circuit 402 is shown to include a first power switch 402a and
a second power switch 4025, in parallel to one another.
However, in other embodiments, the switching circuit 402
can comprise more than two power switches in parallel. The
switching circuit 402 comprises a common gate terminal
403 and separated source terminals 402¢ and 402f. The
switching circuit 402 further comprises source bondwires
402¢ and 4024 respectively coupled to the source terminals
402¢ and 402f. In this embodiment, the source bondwires
402¢ and 4024 are shown to be coupled to a single external
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output pin 402g. However, in other embodiments, the source
bondwires 402¢ and 402d may be coupled to two separate
output pins 402g and 402/, respectively, as illustrated in
FIG. 4b. Even though not indicated explicitly, the concept of
using separate output pins for the source bondwires associ-
ated with parallel switches of the switching circuit is appli-
cable to all embodiments described in this disclosure.

[0035] The driver circuit 404 comprises a gate driver
circuit 406 coupled to the common gate terminal 403 of the
switching circuit 402 and configured to drive the switching
circuit 402. The driver circuit further comprises a bondwire
fault detection circuit 408 configured to detect a fault
associated with at least one source bondwire (e.g., 402¢ or
402d) associated with the switching circuit 402. The bond-
wire fault detection circuit 408 comprises a gate charge
estimation circuit 412 configured to determine a gate charge
associated with the switching circuit 402 and a detection
circuit 410 configured to determine a fault associated with at
least one source bondwire of the switching circuit 402 based
on the determined gate charge. In some embodiments, the
gate charge associated with the switching circuit 402 is
proportional to a charge associated with internal capacitors,
for example, the gate source capacitors of the switching
circuit 402. In some embodiments, both the first power
switch 402a and the second power switch 4025 comprise a
respective gate source capacitance. In some embodiments, if
one of the source bondwires, for example, 402¢ is lost or
damaged, a corresponding gate source capacitance is not
charged, resulting in a reduction of the gate charge associ-
ated with the switching circuit 402.

[0036] The gate charge estimation circuit 412 comprises a
current measurement circuit 412a coupled to the common
gate terminal 403 and configured to generate a replica of a
gate current at the common gate terminal 403. The gate
charge estimation circuit 412 further comprises a charge
measurement circuit 412 coupled to the current measure-
ment circuit 412a and configured to determine a correspond-
ing gate charge based on an integration of the generated
replica of the gate current. In some embodiments, the current
measurement circuit 412a comprises a current mirror circuit.
Further, in some embodiments, the charge measurement
circuit 41256 may comprise a capacitor as an integration
element. However, in other embodiments, the current mea-
surement circuit 412a and the charge measurement circuit
4126 may be implemented differently. Upon determining the
gate charge associated with the switching circuit 402, the
detection circuit 410 is configured to compare the deter-
mined gate charge to a predetermined threshold value com-
prising a predetermined gate charge, in order to determine a
fault associated with at least one source bondwire of the
switching circuit 402.

[0037] In some embodiments, a fault associated with at
least one source bondwire of the switching circuit 402 is
determined at the detection circuit 410, when the determined
gate charge is different from the predetermined gate charge
by a certain predefined value. For example, in some embodi-
ments, a fault associated with at least one source bondwire
of the switching circuit 402 is determined at the detection
circuit 410, when the determined gate charge is less than the
predetermined gate charge by a certain predefined value. In
some embodiments, the predetermined gate charge com-
prises an earlier value of gate charge associated with the
switching circuit 402 measured at an earlier instant of time.
In some embodiments, the predetermined gate charge com-
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prises a gate charge associated with the switching circuit 402
measured at a time when both the source bondwires 402¢
and 402d are well connected. However, in other embodi-
ments, the predetermined gate charge can be determined
differently than above and may comprise a default value.
Upon detecting a fault, in some embodiments, the detection
circuit 410 is further configured to generate a fault indication
signal (not shown) that provides an indication of a possible
loss or damage associated with the source bondwires of the
switching circuit 402.

[0038] FIG. 5aq illustrates an example implementation of a
power electronic system 500, according to another embodi-
ment of the disclosure. In some embodiments, the power
electronic system 500 comprises another possible way of
implementation of the power electronic system 100 in FIG.
1. The power electronic system 500 comprises a switching
circuit 502 and a driver circuit 504 configured to drive the
switching circuit 502. In this example embodiment, the
switching circuit 502 is shown to include a first power
switch 502a and a second power switch 5025, in parallel to
one another. However, in other embodiments, the switching
circuit 502 can comprise more than two power switches in
parallel. The switching circuit 502 comprises a common gate
terminal 503 and separated source terminals 502¢ and 502f.
The switching circuit 502 further comprises source bond-
wires 502¢ and 5024 respectively coupled to the source
terminals 502¢ and 502f.

[0039] The driver circuit 504 comprises a gate driver
circuit 506 coupled to the common gate terminal 503 of the
switching circuit 502 and configured to drive the switching
circuit 502. The driver circuit 504 further comprises a
bondwire fault detection circuit 508 configured to detect a
fault associated with at least one source bondwire (e.g., 502¢
or 502d) associated with the switching circuit 502. In some
embodiments, both the gate driver circuit 506 and the
bondwire fault detection circuit 508 are implemented as part
of a same driver integrated circuit (IC). However, in other
embodiments, the gate driver circuit 506 and the bondwire
fault detection circuit 508 may be implemented on separate
ICs. The bondwire fault detection circuit 508 comprises a
time measurement circuit 512 configured to measure a
turn-on time required to turn on the switching circuit 502 or
a turn-off time required to turn-off the switching circuit 502.
In some embodiments, the turn-on time or the turn-off time
of the switching circuit 502 is indicative of a gate charge of
the switching circuit 502. In some embodiments, the turn-on
time or the turn-off time of the switching circuit 502 is
proportional to the gate charge of the switching circuit 502.
For example, if one of the source bondwires 502c¢ is lost or
damaged, the gate charge associated with the switching
circuit 502 is reduced (since the corresponding gate source
capacitance need not be charged), thereby resulting in a
reduction of the turn-on time or turn-off time of the switch-
ing circuit 502. In some embodiments, the time measure-
ment circuit 512 comprises one possible way of implemen-
tation of the gate charge estimation circuit 112 explained
above with respect to FIG. 1.

[0040] In some embodiments, the time measurement cir-
cuit 512 comprises a CLK-counter circuit 512a comprising
a counter or a shift register and a gate voltage comparator
circuit 5125, as illustrated in FIG. 55. In other embodiments,
however, the time measurement circuit 512 can be imple-
mented differently. In some embodiments, the power elec-
tronic system 500 in FIG. 55 is same as the power electronic
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system 500 in FIG. 5a and is utilized herein to illustrate one
possible way of implementation of the time measurement
circuit 512 in FIG. 5a. Therefore, all the explanations given
above with respect to FIG. 5a are applicable to FIG. 54. In
order to measure the turn-on time of the switching circuit
502, in some embodiments, the CLK-counter circuit 512a is
configured to start counting at a start time of the gate driver
circuit 506. In some embodiments, the CLK-counter circuit
512a is coupled to an input terminal of the gate driver circuit
506 and is configured to start counting at toggling an input
signal of the gate driver circuit 506. In some embodiments,
the CLK-counter circuit 512a is further configured to stop
counting when the switching circuit 502 is turned on. In
some embodiments, the CLK-counter circuit 512a is con-
figured to stop counting based on an indication from the gate
voltage comparator circuit 5124. In some embodiments, the
gate voltage comparator circuit 5125 provides an indication
to the CLK-counter circuit 5124 when the switching circuit
502 is turned on. Alternately, in other embodiments, the
CLK-counter circuit 512a may be configured to measure the
turn-off time of the switching circuit 502, in order to
estimate the gate charge.

[0041] Referring back to FIG. 54, in some embodiments,
the bondwire fault detection circuit 508 further comprises a
detection circuit 510 configured to determine a fault asso-
ciated with at least one source bondwire of the switching
circuit 502 based on the measured turn-on time or the
turn-off time. In some embodiments, the detection circuit
510 is configured to compare the measured turn-on time or
the turn-off time to a predetermined threshold value com-
prising a predetermined turn-on time or a predetermined
turn-off time respectively, in order to determine the fault
associated with at least one source bondwire of the switch-
ing circuit 502. In some embodiments, a fault associated
with at least one source bondwire of the switching circuit
502 is determined at the detection circuit 510, when the
measured turn-on time is different from the predetermined
turn-on time by a certain predefined value or the measured
turn-off time is different from the predetermined turn-off
time by a certain predefined value. For example, in some
embodiments, a fault associated with at least one source
bondwire of the switching circuit 502 is determined at the
detection circuit 510, when the measured turn-on time is less
than the predetermined turn-on time by a certain predefined
value or the measured turn-off time is less than the prede-
termined turn-off time by a certain predefined value. In some
embodiments, the predetermined turn-on time comprises an
earlier value of turn-on time associated with the switching
circuit 502 measured at an earlier instant of time. In some
embodiments, the predetermined turn-on time comprises a
turn-on time associated with the switching circuit 502 mea-
sured at a time when both the source bondwires 502¢ and
502d are well connected. However, in other embodiments,
the predetermined turn-on time can be determined differ-
ently than above and may comprise a default value. Simi-
larly, in some embodiments, the predetermined turn-off time
comprises an earlier value of turn-off time associated with
the switching circuit 502 measured at an earlier instant of
time. In some embodiments, the predetermined turn-off time
comprises a turn-off time associated with the switching
circuit 502 measured at a time when both the source bond-
wires 502¢ and 502d are well connected. However, in other
embodiments, the predetermined turn-off time can be deter-
mined differently than above and may comprise a default
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value. Upon detecting a fault, in some embodiments, the
detection circuit 510 is further configured to generate a fault
indication signal (not shown) that provides an indication of
a possible loss or damage associated with the source bond-
wires of the switching circuit 502.

[0042] FIG. 6 illustrates an example implementation of a
power electronic system 600, according to another embodi-
ment of the disclosure. In some embodiments, the power
electronic system 600 comprises another possible way of
implementation of the power electronic system 100 in FIG.
1. The power electronic system 600 comprises a switching
circuit 602 and a driver circuit 604 configured to drive the
switching circuit 602. In this example embodiment, the
switching circuit 502 is shown to include a first power
switch 602a and a second power switch 6025, in parallel to
one another. However, in other embodiments, the switching
circuit 602 can comprise more than two power switches in
parallel. The switching circuit 602 comprises a common gate
terminal 603 and separated source terminals 602¢ and 602f.
The switching circuit 602 further comprises source bond-
wires 602¢ and 6024 respectively coupled to the source
terminals 602¢ and 602f.

[0043] The driver circuit 604 comprises a gate driver
circuit 606 coupled to the common gate terminal 603 of the
switching circuit 602 and configured to drive the switching
circuit 602. The driver circuit further comprises a bondwire
fault detection circuit 608 configured to detect a fault
associated with at least one source bondwire (e.g., 602¢ or
602d or both) associated with the switching circuit 602. In
some embodiments, both the gate driver circuit 606 and the
bondwire fault detection circuit 608 are implemented as part
of a same driver integrated circuit (IC). However, in other
embodiments, the gate driver circuit 606 and the bondwire
fault detection circuit 608 may be implemented on separate
ICs. The bondwire fault detection circuit 608 comprises a
gate charge estimation circuit 612 configured to determine a
parameter indicative of a gate charge associated with the
switching circuit 602 and a detection circuit 610 configured
to determine a fault associated with at least one source
bondwire of the switching circuit 602 based on the deter-
mined parameter.

[0044] In some embodiments, the gate charge estimation
circuit 612 comprises an alternating current (AC) source
circuit 612a coupled to the common gate terminal 603 of the
switching circuit 602 and configured to output an AC signal
to the common gate terminal 603. In some embodiments, the
alternating current (AC) source circuit 612q is coupled to the
common gate terminal 603 via the gate driver circuit 606.
The gate charge estimation circuit 612 further comprises an
amplitude detector circuit 6126 configured to couple the
common gate terminal 603 and configured to measure an
amplitude of the AC signal at the common gate terminal 603.
In some embodiments, the amplitude of the AC signal at the
common gate terminal 603 is indicative of the gate charge of
the switching circuit 602. For example, in some embodi-
ments, when one of the source bondwires, for example, the
source bondwire 602c¢ is lost or damaged, gate charge of the
switching circuit 602 is reduced. In some embodiments, a
reduction of the gate charge of the switching circuit 602
results in an increase in the amplitude of the AC signal
compared to an earlier value of the AC signal (e.g., when
both the source bondwires 602¢ and 6024 are well con-
nected). Therefore, in such embodiments, a measurement of
the amplitude of the AC signal at the common gate terminal
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603 of the switching circuit 602 provides an indication of a
possible loss or damage of at least one source bondwire of
the switching circuit 602.

[0045] Once the amplitude of the AC signal is measured at
the amplitude detector circuit 6125, the detection circuit 610
is configured to compare the measured AC signal amplitude
to a predetermined threshold value comprising a predeter-
mined AC signal amplitude, in order to determine a fault
associated with at least one source bondwire of the switch-
ing circuit 602. In some embodiments, a fault associated
with at least one source bondwire of the switching circuit
602 is determined at the detection circuit 610, when the
measured AC signal amplitude is different from the prede-
termined AC signal amplitude by a certain predefined value.
For example, in some embodiments, a fault associated with
at least one source bondwire of the switching circuit 602 is
determined at the detection circuit 610, when the determined
AC signal amplitude is greater than the predetermined AC
signal amplitude by a certain predefined value. In some
embodiments, the predetermined AC signal amplitude com-
prises an earlier value of AC signal amplitude associated
with the switching circuit 602 measured at an earlier instant
of time. In some embodiments, the predetermined AC signal
amplitude comprises an

[0046] AC signal amplitude associated with the switching
circuit 602 measured at a time when both the source bond-
wires 602¢ and 602d are well connected. However, in other
embodiments, the predetermined AC signal amplitude can
be determined differently than above and may comprise a
default value. Upon detecting a fault, in some embodiments,
the detection circuit 610 is further configured to generate a
fault indication signal (not shown) that provides an indica-
tion of a possible loss or damage associated with the source
bondwires of the switching circuit 602.

[0047] FIG. 7a illustrates an example implementation of a
power electronic system 700, according to one embodiment
of the disclosure. In some embodiments, the power elec-
tronic system 700 comprises another possible way of imple-
mentation of the power electronic system 100 in FIG. 1. The
power electronic system 700 comprises a switching circuit
702 and a driver circuit 704 configured to drive the switch-
ing circuit 702. In this example embodiment, the switching
circuit 702 is shown to include a first power switch 702a and
a second power switch 7025, in parallel to one another.
However, in other embodiments, the switching circuit 702
can comprise more than two power switches in parallel. The
switching circuit 702 comprises a first gate terminal 703a
and a second gate terminal 7035 respectively associated with
the first power switch 702a¢ and the second power switch
7025. The switching circuit 702 further comprises separated
source terminals 702e¢ and 702/, and source bondwires 702¢
and 702d respectively coupled to the source terminals 702¢
and 7021

[0048] The driver circuit 704 comprises a gate driver
circuit 706 coupled to the first gate terminal 7034 and the
second gate terminal 7035 of the switching circuit 702 and
configured to drive the switching circuit 702. The driver
circuit 704 further comprises a bondwire fault detection
circuit 708 configured to detect a fault associated with at
least one source bondwire (e.g., 702¢ or 702d or both)
associated with the switching circuit 702. In some embodi-
ments, both the gate driver circuit 706 and the bondwire
fault detection circuit 708 are implemented as part of a same
driver integrated circuit (IC). However, in other embodi-

Dec. 5, 2019

ments, the gate driver circuit 706 and the bondwire fault
detection circuit 708 may be implemented on separate ICs.
The bondwire fault detection circuit 708 comprises a gate
voltage comparator circuit 712 configured to measure a
voltage difference between a first gate voltage associated
with the first power switch 7024 and a second gate voltage
associated with the second power switch 70254, during a
turn-on phase or a turn-off phase of the switching circuit
702. In some embodiments, the measured voltage difference
is indicative of the gate charge of the switching circuit 702.

[0049] For example, if both the source bondwires 702¢
and 7024 are well connected, the gate voltages of the
respective power switches rise or fall in the same way,
because the same gate charge on both gates are needed.
Therefore, in such instances a voltage difference between the
first gate voltage and the second gate voltage will be
minimal. However, if one source bondwire, for example, the
source bondwire 702¢ is lost or damaged, the respective gate
is charged or discharged much faster compared to the other
gate, which is normally charged or discharged. Therefore, in
such instance a voltage difference between the first gate
voltage and the second gate voltage is increased. In embodi-
ments where the switching circuit 702 comprises more than
two power switches in parallel, the gate voltage comparator
circuit 712 may be configured to measure a voltage differ-
ence between the gate voltages respectively associated with
the various power switches in the switching circuit 702. In
some embodiments, the gate voltage comparator circuit 712
comprises one possible way of implementation of the gate
charge estimation circuit 112 explained above with respect
to FIG. 1.

[0050] Insome embodiments, the bondwire fault detection
circuit 708 further comprises a detection circuit 710 config-
ured to determine a fault associated with at least one source
bondwire of the switching circuit 702 based on the measured
voltage difference. In some embodiments, the detection
circuit 710 is configured to compare the measured voltage
difference to a predetermined threshold range comprising a
predefined voltage difference range, in order to determine a
fault associated with at least one source bondwire of the
switching circuit 702. In some embodiments, a fault asso-
ciated with at least one source bondwire of the switching
circuit 702 is detected at the detection circuit 710, when the
measured voltage difference is not within the predefined
voltage difference range. Upon detecting a fault, in some
embodiments, the detection circuit 710 is further configured
to generate a fault indication signal (not shown) that pro-
vides an indication of a possible loss or damage associated
with the source bondwires of the switching circuit 702. In
some embodiments, the power electronic system 750 in FIG.
7b depicts one possible way of implementation of the power
electronic system 700 in FIG. 7a. The power electronic
system 750 comprises a switching circuit 752, a delta gate
voltage comparator 758 and a gate driver circuit 756. In
some embodiments, the delta gate voltage comparator 758
depicts one possible way of implementation of the bondwire
fault detection circuit 708 in FIG. 7a. In some embodiments,
the delta gate voltage comparator 758 determines if a
voltage difference between two gate voltages is within a
predefined range. In some embodiments, the gate driver
circuit 756 in FIG. 75 depicts one possible way of imple-
mentation of the gate driver circuit 706 in FIG. 7a. The gate
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driver circuit 756 comprises separate charge/discharge struc-
tures to be coupled to the separated gates associated with the
switching circuit.

[0051] FIG. 8 illustrates a flow chart for a method 800 for
detecting a fault associated with a source bondwire of a
switching circuit, according to one embodiment of the
disclosure. In some embodiments, the switching circuit
comprises a plurality of switches in parallel, each switch
comprising a respective source bondwire. The method 800 is
explained herein with reference to the power electronic
system 100 in FIG. 1. However, the method is equally
applicable to the power electronic system 400 in FIGS. 4a
and 4b, the power electronic system 500 in FIGS. 5a and 55,
the power electronic system 600 in FIG. 6 and the power
electronic system 700 in FIGS. 7a and 7b. Further, the
method 800 may be applied to any power electronic system
having a switching circuit comprising a plurality of power
switches in parallel, in order to determine a loss or damage
of at least one source bondwire associated with the switch-
ing circuit. At 802, a parameter of a switching circuit (e.g.,
the switching circuit 102 in FIG. 1) comprising a gate charge
of the switching circuit or a parameter indicative of the gate
charge associated with the switching circuit, is measured at
a gate charge estimation circuit (e.g., the gate charge esti-
mation circuit 112 in FIG. 1). In some embodiments, a
measurement of the gate charge of the switching circuit or
the parameter indicative of the gate charge of the switching
circuit provides an indication of a possible damage/loss
associated with at least one source bondwire of the switch-
ing circuit.

[0052] In some embodiments, the gate charge estimation
circuit may comprise a current measurement circuit config-
ured to generate a replica of a gate current at a common gate
terminal of the switching circuit and a charge measurement
circuit configured to determine a corresponding gate charge
based on an integration of the generated replica of the gate
current, as explained above with respect to FIG. 4. In some
embodiments, the gate charge estimation circuit may com-
prise a time measurement circuit configured to measure a
turn-on time required to turn on the switching circuit or a
turn-off time required to turn off the switching circuit, as
explained above with respect to FIG. 54. In some embodi-
ments, the turn-on time or the turn-off time of the switching
circuit is indicative of the gate charge of the switching
circuit. In some embodiments, the gate charge estimation
circuit may comprise an alternating current (AC) source
circuit coupled to a common gate terminal of the switching
circuit and configured to output an AC signal to the common
gate terminal, and an amplitude detector circuit configured
to measure an amplitude of the AC signal at the common
gate terminal, as explained above with respect to FIG. 6. In
some embodiments, the amplitude of the AC signal is
indicative of the gate charge of the switching circuit. Fur-
ther, in some embodiment, the gate charge estimation circuit
may comprise a gate voltage comparator circuit configured
to measure a voltage difference between a first gate voltage
associated with a first power switch of the plurality of
switches and a second gate voltage associated with a second
power switch of the plurality of switches, during a turn-on
phase or a turn-off phase of the switching circuit, as
explained above with respect to FIG. 7a. In some embodi-
ments, the measured voltage difference is indicative of the
gate charge of the switching circuit.
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[0053] At 804, a fault associated with at least one source
bondwire of the switching circuit is detected at a detection
circuit (e.g., the detection circuit 110 in FIG. 1), based on the
measured parameter of the switching circuit. In some
embodiments, the fault associated with at least one source
bondwire of the switching circuit is detected at the detection
circuit based on a comparison of the measured parameter of
the switching circuit to a predetermined measurement
parameter threshold. In some embodiments, the predeter-
mined measurement parameter threshold comprises an ear-
lier value of the measured parameter of the switching circuit
measured at an earlier instant of time. Alternately, in other
embodiments, the fault associated with at least one source
bondwire of the switching circuit is detected at the detection
circuit based on a comparison of the measured parameter of
the switching circuit to a predefined threshold range. At 806,
a fault indication signal is generated at the detection circuit,
upon detecting a fault associated with at least one source
bondwire of the switching circuit. In some embodiments, the
fault indication signal provides an indication of a possible
loss or damage associated with at least one source bondwire
of the switching circuit.

[0054] While the methods are illustrated and described
above as a series of acts or events, it will be appreciated that
the illustrated ordering of such acts or events are not to be
interpreted in a limiting sense. For example, some acts may
occur in different orders and/or concurrently with other acts
or events apart from those illustrated and/or described
herein. In addition, not all illustrated acts may be required to
implement one or more aspects or embodiments of the
disclosure herein. Also, one or more of the acts depicted
herein may be carried out in one or more separate acts and/or
phases.

[0055] While the apparatus has been illustrated and
described with respect to one or more implementations,
alterations and/or modifications may be made to the illus-
trated examples without departing from the spirit and scope
of the appended claims. In particular regard to the various
functions performed by the above described components or
structures (assemblies, devices, circuits, systems, etc.), the
terms (including a reference to a “means”) used to describe
such components are intended to correspond, unless other-
wise indicated, to any component or structure which per-
forms the specified function of the described component
(e.g., that is functionally equivalent), even though not struc-
turally equivalent to the disclosed structure which performs
the function in the herein illustrated exemplary implemen-
tations of the invention.

[0056] Examples can include subject matter such as a
method, means for performing acts or blocks of the method,
at least one machine-readable medium including instruc-
tions that, when performed by a machine cause the machine
to perform acts of the method or of an apparatus or system
for concurrent communication using multiple communica-
tion technologies according to embodiments and examples
described herein.

[0057] Example 1 is a driver circuit, comprising a gate
driver circuit configured to drive a switching circuit com-
prising a plurality of switches in parallel, each switch
comprising a respective source bondwire; and a bondwire
fault detection circuit comprising a gate charge estimation
circuit configured to measure a parameter of the switching
circuit comprising a gate charge of the switching circuit or
a parameter indicative of the gate charge associated with the
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switching circuit; and a detection circuit configured to detect
a fault associated with at least one source bondwire of the
switching circuit, based on the measured parameter of the
switching circuit.

[0058] Example 2 is a driver circuit, including the subject
matter of example 1, wherein the gate charge estimation
circuit is configured to measure the parameter of the switch-
ing circuit at a plurality of switching events associated with
the switching circuit.

[0059] Example 3 is a driver circuit, including the subject
matter of examples 1-2, including or omitting elements,
wherein the detection circuit is configured to detect the fault
based on a comparison of the measured parameter of the
switching circuit to a predetermined measured parameter
threshold.

[0060] Example 4 is a driver circuit, including the subject
matter of examples 1-3, including or omitting elements,
wherein the predetermined measured parameter threshold
comprises an earlier value of the measured parameter of the
switching circuit measured at an earlier instant of time.

[0061] Example 5 is a driver circuit, including the subject
matter of examples 1-4, including or omitting elements,
wherein the gate charge estimation circuit comprises a
current measurement circuit configured to generate a replica
of'a gate current at a common gate terminal of the switching
circuit, and a charge measurement circuit configured to
determine a corresponding gate charge based on an integra-
tion of the generated replica of the gate current.

[0062] Example 6 is a driver circuit, including the subject
matter of examples 1-5, including or omitting elements,
wherein the gate charge estimation circuit comprises a time
measurement circuit configured to measure a turn-on time
required to turn on the switching circuit or a turn-off time
required to turn off the switching circuit, wherein the turn-on
time and the turn-off time are indicative of the gate charge
of the switching circuit.

[0063] Example 7 is a driver circuit, including the subject
matter of examples 1-6, including or omitting elements,
wherein the time measurement circuit comprises a counter
configured to start counting at a start time of the gate driver
circuit and stop counting when the switching circuit is
turned on, thereby measuring the turn-on time of the switch-
ing circuit.

[0064] Example 8 is a driver circuit, including the subject
matter of examples 1-7, including or omitting elements,
wherein the gate charge estimation circuit comprises an
alternating current (AC) source circuit coupled to a common
gate terminal of the switching circuit and configured to
output an AC signal to the common gate terminal; and an
amplitude detector circuit configured to measure an ampli-
tude of the AC signal at the common gate terminal, wherein
the amplitude of the AC signal is indicative of the gate
charge of the switching circuit.

[0065] Example 9 is a driver circuit, including the subject
matter of examples 1-8, including or omitting elements,
wherein the gate charge estimation circuit comprises a gate
voltage comparator circuit configured to measure a voltage
difference between a first gate voltage associated with a first
switch of the plurality of switches and a second gate voltage
associated with a second switch of the plurality of switches,
during a turn-on phase or a turn-off phase of the switching
circuit, wherein the measured voltage difference is indica-
tive of the gate charge of the switching circuit.
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[0066] Example 10 is a driver circuit, including the subject
matter of examples 1-9, including or omitting elements,
wherein the detection circuit is configured to detect the fault
based on a comparison of the measured voltage difference to
a predefined voltage difference range.

[0067] Example 11 is a method for detecting a fault
associated with a source bondwire in a switching circuit
comprising a plurality of switches in parallel, each switch
comprising a respective source bondwire, the method com-
prising measuring a parameter of the switching circuit
comprising a gate charge of the switching circuit or a
parameter indicative of the gate charge associated with the
switching circuit; and detecting a fault associated with at
least one source bondwire of the switching circuit, based on
the measured parameter of the switching circuit.

[0068] Example 12 is a method, including the subject
matter of example 11, further comprising repeating the
measurement of the parameter of the switching circuit at a
plurality of switching events associated with the switching
circuit.

[0069] Example 13 is a method, including the subject
matter of examples 11-12, including or omitting elements,
wherein detecting the fault associated with the at least one
source bondwire of the switching circuit comprises compar-
ing the measured parameter of the switching circuit to a
predetermined measured parameter threshold.

[0070] Example 14 is a method, including the subject
matter of examples 11-13, including or omitting elements,
wherein the predetermined measured parameter threshold
comprises an earlier value of the measured parameter of the
switching circuit measured at an earlier instant of time.
[0071] Example 15 is a method, including the subject
matter of examples 11-14, including or omitting elements,
wherein detecting the fault associated with the at least one
source bondwire of the switching circuit comprises compar-
ing the measured parameter of the switching circuit to a
predetermined threshold range.

[0072] Example 16 is a bondwire fault detection circuit,
comprising a gate charge estimation circuit configured to
measure a parameter of a switching circuit comprising a
plurality of switches in parallel, each switch comprising a
respective source bondwire, the parameter of the switching
circuit comprising a gate charge of the switching circuit or
a parameter indicative of the gate charge associated with the
switching circuit; and a detection circuit configured to detect
a fault associated with at least one source bondwire associ-
ated with the switching circuit, based on the measured
parameter of the switching circuit.

[0073] Example 17 is a circuit, including the subject
matter of example 16, wherein the gate charge estimation
circuit is configured to measure the parameter of the switch-
ing circuit at a plurality of switching events associated with
the switching circuit.

[0074] Example 18 is a circuit, including the subject
matter of examples 16-17, including or omitting elements,
wherein the detection circuit is configured to detect the fault
based on a comparison of the measured parameter of the
switching circuit to a predetermined measured parameter
threshold.

[0075] Example 19 is a circuit, including the subject
matter of examples 16-18, including or omitting elements,
wherein the predetermined measured parameter threshold
comprises an earlier value of the measured parameter of the
switching circuit measured at an earlier instant of time.
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[0076] Example 20 is a circuit, including the subject
matter of examples 16-19, including or omitting elements,
wherein the gate charge estimation circuit comprises a
current measurement circuit configured to measure a gate
current at a common gate terminal of the switching circuit,
and a charge measurement circuit configured to determine a
corresponding gate charge based on an integration of the
measured gate current.

[0077] Example 21 is a circuit, including the subject
matter of examples 16-20, including or omitting elements,
wherein the gate charge estimation circuit comprises a time
measurement circuit configured to measure a turn-on time
required to turn on the switching circuit or a turn-off time
required to turn off the switching circuit, wherein the turn-on
time and the turn-off time are indicative of the gate charge
of the switching circuit.

[0078] Example 22 is a circuit, including the subject
matter of examples 16-21, including or omitting elements,
wherein the gate charge estimation circuit comprises an
alternating current (AC) source circuit coupled to a common
gate terminal of the switching circuit and configured to
output an AC signal to the common gate terminal; and an
amplitude detector circuit configured to measure an ampli-
tude of the AC signal at the common gate terminal, wherein
the amplitude of the AC signal is indicative of the gate
charge of the switching circuit.

[0079] Example 23 is a circuit, including the subject
matter of examples 16-22, including or omitting elements,
wherein the gate charge estimation circuit comprises a gate
voltage comparator circuit configured to measure a voltage
difference between a first gate voltage associated with a first
switch of the plurality of switches and a second gate voltage
associated with a second switch of the plurality of switches,
during a turn-on phase or a turn-off phase of the switching
circuit, wherein the measured voltage difference is indica-
tive of the gate charge of the switching circuit.

[0080] Example 24 is a circuit, including the subject
matter of examples 16-23, including or omitting elements,
wherein the detection circuit is configured to detect the fault
based on a comparison of the measured voltage difference to
a predefined voltage difference range.

[0081] Various illustrative logics, logical blocks, modules,
and circuits described in connection with aspects disclosed
herein can be implemented or performed with a general
purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form functions described herein. A general-purpose proces-
sor can be a microprocessor, but, in the alternative, processor
can be any conventional processor, controller, microcon-
troller, or state machine.

[0082] The above description of illustrated embodiments
of the subject disclosure, including what is described in the
Abstract, is not intended to be exhaustive or to limit the
disclosed embodiments to the precise forms disclosed.
While specific embodiments and examples are described
herein for illustrative purposes, various modifications are
possible that are considered within the scope of such
embodiments and examples, as those skilled in the relevant
art can recognize.

[0083] In this regard, while the disclosed subject matter
has been described in connection with various embodiments
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and corresponding Figures, where applicable, it is to be
understood that other similar embodiments can be used or
modifications and additions can be made to the described
embodiments for performing the same, similar, alternative,
or substitute function of the disclosed subject matter without
deviating therefrom. Therefore, the disclosed subject matter
should not be limited to any single embodiment described
herein, but rather should be construed in breadth and scope
in accordance with the appended claims below.

[0084] In particular regard to the various functions per-
formed by the above described components (assemblies,
devices, circuits, systems, etc.), the terms (including a
reference to a “means”) used to describe such components
are intended to correspond, unless otherwise indicated, to
any component or structure which performs the specified
function of the described component (e.g., that is function-
ally equivalent), even though not structurally equivalent to
the disclosed structure which performs the function in the
herein illustrated exemplary implementations of the disclo-
sure. In addition, while a particular feature may have been
disclosed with respect to only one of several implementa-
tions, such feature may be combined with one or more other
features of the other implementations as may be desired and
advantageous for any given or particular application.

What is claimed is:

1. A driver circuit, comprising:

a gate driver circuit configured to drive a switching circuit
comprising a plurality of switches in parallel, each
switch comprising a respective source bondwire; and

a bondwire fault detection circuit comprising:

a gate charge estimation circuit configured to measure
a parameter of the switching circuit comprising a
gate charge of the switching circuit or a parameter
indicative of the gate charge associated with the
switching circuit; and

a detection circuit configured to detect a fault associ-
ated with at least one source bondwire of the switch-
ing circuit, based on the measured parameter of the
switching circuit.

2. The driver circuit of claim 1, wherein the gate charge
estimation circuit is configured to measure the parameter of
the switching circuit at a plurality of switching events
associated with the switching circuit.

3. The driver circuit of claim 1, wherein the detection
circuit is configured to detect the fault based on a compari-
son of the measured parameter of the switching circuit to a
predetermined measured parameter threshold.

4. The driver circuit of claim 3, wherein the predeter-
mined measured parameter threshold comprises an earlier
value of the measured parameter of the switching circuit
measured at an earlier instant of time.

5. The driver circuit of claim 3, wherein the gate charge
estimation circuit comprises:

a current measurement circuit configured to generate a
replica of a gate current at a common gate terminal of
the switching circuit, and

a charge measurement circuit configured to determine a
corresponding gate charge based on an integration of
the generated replica of the gate current.

6. The driver circuit of claim 3, wherein the gate charge
estimation circuit comprises a time measurement circuit
configured to measure a turn-on time required to turn on the
switching circuit or a turn-off time required to turn off the
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switching circuit, wherein the turn-on time and the turn-off
time are indicative of the gate charge of the switching
circuit.

7. The driver circuit of claim 6, wherein the time mea-
surement circuit comprises a counter configured to start
counting at a start time of the gate driver circuit and stop
counting when the switching circuit is turned on, thereby
measuring the turn-on time of the switching circuit.

8. The driver circuit of claim 3, wherein the gate charge
estimation circuit comprises:

an alternating current (AC) source circuit coupled to a

common gate terminal of the switching circuit and
configured to output an AC signal to the common gate
terminal; and

an amplitude detector circuit configured to measure an

amplitude of the AC signal at the common gate termi-
nal, wherein the amplitude of the AC signal is indica-
tive of the gate charge of the switching circuit.

9. The driver circuit of claim 1, wherein the gate charge
estimation circuit comprises a gate voltage comparator cir-
cuit configured to measure a voltage difference between a
first gate voltage associated with a first switch of the
plurality of switches and a second gate voltage associated
with a second switch of the plurality of switches, during a
turn-on phase or a turn-off phase of the switching circuit,
wherein the measured voltage difference is indicative of the
gate charge of the switching circuit.

10. The driver circuit of claim 9, wherein the detection
circuit is configured to detect the fault based on a compari-
son of the measured voltage difference to a predefined
voltage difference range.

11. A method for detecting a fault associated with a source
bondwire in a switching circuit comprising a plurality of
switches in parallel, each switch comprising a respective
source bondwire, the method comprising:

measuring a parameter of the switching circuit comprising

a gate charge of the switching circuit or a parameter
indicative of the gate charge associated with the switch-
ing circuit; and

detecting a fault associated with at least one source

bondwire of the switching circuit, based on the mea-
sured parameter of the switching circuit.

12. The method of claim 11, further comprising repeating
the measurement of the parameter of the switching circuit at
a plurality of switching events associated with the switching
circuit.

13. The method of claim 11, wherein detecting the fault
associated with the at least one source bondwire of the
switching circuit comprises comparing the measured param-
eter of the switching circuit to a predetermined measured
parameter threshold.

14. The method of claim 13, wherein the predetermined
measured parameter threshold comprises an earlier value of
the measured parameter of the switching circuit measured at
an earlier instant of time.

15. The method of claim 11, wherein detecting the fault
associated with the at least one source bondwire of the
switching circuit comprises comparing the measured param-
eter of the switching circuit to a predetermined threshold
range.
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16. A bondwire fault detection circuit, comprising:

a gate charge estimation circuit configured to measure a
parameter of a switching circuit comprising a plurality
of switches in parallel, each switch comprising a
respective source bondwire, the parameter of the
switching circuit comprising a gate charge of the
switching circuit or a parameter indicative of the gate
charge associated with the switching circuit; and

a detection circuit configured to detect a fault associated
with at least one source bondwire associated with the
switching circuit, based on the measured parameter of
the switching circuit.

17. The circuit of claim 16, wherein the gate charge
estimation circuit is configured to measure the parameter of
the switching circuit at a plurality of switching events
associated with the switching circuit.

18. The driver circuit of claim 16, wherein the detection
circuit is configured to detect the fault based on a compari-
son of the measured parameter of the switching circuit to a
predetermined measured parameter threshold.

19. The circuit of claim 18, wherein the predetermined
measured parameter threshold comprises an earlier value of
the measured parameter of the switching circuit measured at
an earlier instant of time.

20. The circuit of claim 18, wherein the gate charge
estimation circuit comprises:

a current measurement circuit configured to measure a
gate current at a common gate terminal of the switching
circuit, and

a charge measurement circuit configured to determine a
corresponding gate charge based on an integration of
the measured gate current.

21. The circuit of claim 18, wherein the gate charge
estimation circuit comprises a time measurement circuit
configured to measure a turn-on time required to turn on the
switching circuit or a turn-off time required to turn off the
switching circuit, wherein the turn-on time and the turn-off
time are indicative of the gate charge of the switching
circuit.

22. The circuit of claim 18, wherein the gate charge
estimation circuit comprises:

an alternating current (AC) source circuit coupled to a
common gate terminal of the switching circuit and
configured to output an AC signal to the common gate
terminal; and

an amplitude detector circuit configured to measure an
amplitude of the AC signal at the common gate termi-
nal, wherein the amplitude of the AC signal is indica-
tive of the gate charge of the switching circuit.

23. The circuit of claim 16, wherein the gate charge
estimation circuit comprises a gate voltage comparator cir-
cuit configured to measure a voltage difference between a
first gate voltage associated with a first switch of the
plurality of switches and a second gate voltage associated
with a second switch of the plurality of switches, during a
turn-on phase or a turn-off phase of the switching circuit,
wherein the measured voltage difference is indicative of the
gate charge of the switching circuit.

24. The circuit of claim 23, wherein the detection circuit
is configured to detect the fault based on a comparison of the
measured voltage difference to a predefined voltage differ-
ence range.



