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AUTO-SYNCHRONIZATION OF BRUSHLESS
DC MOTORS

TECHNICAL FIELD

[0001] This disclosure relates to electric motors, and more
particular, to techniques and circuits associated with brush-
less direct current (BLDC) motors.

BACKGROUND

[0002] Operation of brushless direct current (BLDC)
motors may be performed by a controller. The controller
controls a rotor rotation of the BLDC motor based on a
position of the rotor relative to stator coils of the BLDC
motor. In some examples, the controller may measure a back
electromotive force in undriven coils of the BLDC motor to
infer the position of the rotor without separate Hall Effect
sensors. In these examples, the controller may be referred to
as a “sensor-less” controller.

SUMMARY

[0003] The disclosure describes techniques, devices and
systems for improving operation of a brushless direct current
(BLDC) motor that, rather than relying on Hall Effect
sensors, uses the back electromotive force (hereinafter,
“back-emf”) in undriven coils of the BLDC motor to deter-
mine a rotor position of the BLDC motor. However, in some
instances, a voltage resulting from the back-emf may be
difficult to measure until the rotor rotation of the BLDC
motor exceeds a minimum speed.

[0004] In some examples, an open-loop voltage over fre-
quency (V/f) control and/or open-loop current over fre-
quency (I/f) may be used to start the BLDC motor without
relying on the back-emf. However, with such open-loop
control there is a comparatively high risk of failure for
accelerating the BLDC motor to achieve the minimum speed
suitable for detecting back-emf of undriven coils of the
BLDC motor.

[0005] Start-up techniques may include using motor
salience effects for interior permanent magnet synchronous
motors (IPMSM) and using variable inductance effect with
a permanent magnet rotor at different positions. However,
implementing such techniques may be more complicated
and may use more processing power compared with start-up
techniques that use the back-emf in undriven coils of the
BLDC motor to determine a rotor position of the BLDC
motor. Accordingly, in some applications, particularly when
one controller controls multiple motors, it may be desirable
to use zero-crossing point detection of the back-emf once the
rotor rotation of the BLDC motor exceeds a minimum speed.
[0006] In accordance with one or more aspects of this
disclosure, rather than relying on motor salience or variable
inductance effect to start-up a BLDC motor, auto-synchro-
nization techniques are proposed that use a direct current
(DC) shunt current and phase-to-ground voltages of the
BLDC motor. Accordingly, a risk of failure of the BLDC
motor and/or the controller during a start-up state of the
BLDC motor may be minimized while minimizing a com-
plexity and cost compared with systems omitting the auto-
synchronization technique.

[0007] In some examples, the disclosure is directed to a
controller for controlling a multiphase BLDC motor. The
controller is configured to determine that the multiphase
BLDC motor is operating in a phase delay state in response
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to determining that an indication of a shunt current for the
multiphase BLDC motor satisfies a shunt current threshold
and determine that the multiphase BLDC motor is operating
in a phase advance state in response to determining that a set
of phase-to-ground voltages for the multiphase BLDC motor
does not indicate a zero-crossing point. The controller is
further configured to selectively energize each phase of the
multiphase BLDC motor based on whether the multiphase
BLDC motor is operating in the phase delay state or phase
advance state.

[0008] In some examples, the disclosure is directed to a
method for controlling a multiphase BLDC motor. The
method includes in response to determining that an indica-
tion of a shunt current for the multiphase BLDC motor
satisfies a shunt current threshold, determining that the
multiphase BLDC motor is operating in a phase delay state
and in response to determining that a set of phase-to-ground
voltages for the multiphase BLDC motor does not indicate
a zero-crossing point, determining that the multiphase
BLDC motor is operating in a phase advance state. The
method further includes selectively energizing each phase of
the multiphase BLDC motor based on whether the multi-
phase BLDC motor is operating in the phase delay state or
phase advance state.

[0009] In some examples, the disclosure is directed to a
system including a three-phase brushless direct current
(BLDC) motor, an inverter, and a controller. The inverter is
configured to, for each commutation sequence of a set of
commutation sequences for the three-phase BLDC,
decouple one phase of the three-phase BLDC motor, couple
another phase of the three-phase BL.DC to a ground via a DC
shunt resistive element of very small resistance value (e.g.,
less than 0.1 ohms), and couple another phase of the
three-phase BLDC to a voltage rail. The controller is con-
figured to in response to determining that a shunt current at
the DC shunt resistive element satisfies a shunt current
threshold, determine that the three-phase BLDC motor is
operating in a phase delay state and in response to deter-
mining that three-phase back electromotive force of the
three-phase BLDC motor do not indicate a zero-crossing
point, determine that the three-phase BLDC motor is oper-
ating in a phase advance state. The controller is further
configured to selectively energize each phase of the three-
phase the BLDC motor based on whether the three-phase
BLDC motor is operating in the phase delay state or the
phase advance state.

[0010] The details of one or more examples are set forth
in the accompanying drawings and the description below.
Other features, objects, and advantages of the disclosure will
be apparent from the description and drawings, and from the
claims.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a block diagram illustrating an example
system configured to start-up and operate by using a back-
emf of a BLDC motor, in accordance with one or more
techniques of this disclosure.

[0012] FIG. 2 is an illustration of a start-up using the
back-emf of a BLDC motor, in accordance with one or more
techniques of this disclosure.

[0013] FIG. 3 is an illustration of zero-crossing point
detection during phase delay, in accordance with one or
more techniques of this disclosure.
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[0014] FIG. 4 is an illustration of zero-crossing point
detection during phase advance, in accordance with one or
more techniques of this disclosure.

[0015] FIG. 5 is an illustration of DC shunt current during
phase delay, in accordance with one or more techniques of
this disclosure.

[0016] FIG. 6 is an illustration of DC shunt current during
phase advance, in accordance with one or more techniques
of this disclosure.

[0017] FIG. 7 is an illustration of phase currents and
voltages during phase delay, in accordance with one or more
techniques of this disclosure.

[0018] FIG. 8 is an illustration of an exemplary start-up
performance using auto-synchronous techniques, in accor-
dance with one or more techniques of this disclosure.
[0019] FIG. 9 is an illustration of an exemplary low speed
performance using auto-synchronous techniques, in accor-
dance with one or more techniques of this disclosure.
[0020] FIG. 10 is an illustration of an exemplary high
speed performance using auto-synchronous techniques, in
accordance with one or more techniques of this disclosure.
[0021] FIG. 11 is a flow diagram consistent with tech-
niques that may be performed by a circuit in accordance with
this disclosure.

DETAILED DESCRIPTION

[0022] Some systems may use sensors to directly measure
a position of a rotor on a brushless direct current (BLDC)
motor. For example, three individual Hall effect sensors may
measure a rotating magnetic field that each Hall effect sensor
detects in a BLDC motor. In the example, a controller
applies voltages to each phase of the BLDC motor according
to the rotating magnetic fields detected by the Hall effect
sensors. However, using sensors to directly measure the
position of the rotor on the BLDC motor may add cost,
increase complexity (e.g., additional wiring), as well as
reduce reliability of the BLDC motor (e.g., due to a risk of
failure in the sensors).

[0023] To address the above identified deficiencies of the
sensored BLDC motor, some systems may use a sensor-less
BLDC motor. For example, rather than relying on an output
of a sensor, a controller may apply voltages to each phase of
the BLDC motor according to a back electromotive force in
undriven coils of the BLDC motor. More specifically, the
controller may control the BLDC motor using a back
electromotive force voltage (hereinafter, “back-emf volt-
age”) in undriven coils of the BLDC motor. However,
because the back-emf voltage is generated by a rotation of
the rotor on the BLDC motor, some systems may use a
start-up technique until the rotor on the BLDC motor
achieves a minimal speed.

[0024] Some start-up techniques for sensor-less BLDC
motors using the back-emf voltage may use various electri-
cal characteristics of the BLDC motor. For example, some
systems may use a motor salience effect for interior perma-
nent magnetic synchronous motors (IPMSM). Some systems
may use a variable inductance effect with a permanent
magnet (PM) rotor at different positions. However, such
start-up techniques may add complexity and increase a
start-up time to systems using the back-emf voltage to
control the sensor-less BLDC motor.

[0025] To address the above identified deficiencies of the
sensor-less BLDC motor, auto-synchronization techniques
are proposed. More specifically, because systems using the
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back-emf voltage to control the sensor-less BLDC motor
may already include voltage and current detection for each
phase of the sensor-less BLDC motor, auto-synchronization
techniques using the existing voltage and current detection
may add minimal complexity and cost to systems configured
to use the back-emf voltage to control the sensor-less BLDC
motor.

[0026] For example, an auto-synchronization technique
may include a system that, rather than directly measuring a
zero-crossing point of the BLDC motor to control the BLDC
motor, determines whether a zero-crossing point is detected
and whether a direct current (DC) shunt current for the
BLDC motor is negative. Examples of instances where a DC
shunt current for the BLDC motor is negative may include
when DC shunt current flows from a ground to the BLDC
motor. As used herein, a ground may refer to any suitable
reference node, for instance, but not limited to, earth ground,
a node of a DC shunt resistor, or another reference node. In
the example, a controller shortens a commutation period of
the BLDC motor when the DC shunt current is negative and
extends the commutation period when the zero-crossing
point is not detected. In this manner, the controller may
effectively increase the commutation period when the mag-
netic field driving the rotor of the BLDC motor is in advance
of the rotor (e.g., phase advance) and effectively decrease
the commutation period when the rotor is in advance of the
magnetic field (e.g., phase delay). Such techniques may
permit the controller to minimize a risk of failure of the
BLDC motor and/or controller during a start-up state.
[0027] In some applications, for example an oil pump in a
transmission system, it may be desirable to minimize a risk
of failure of the BLDC motor during start-up, for instance,
to less than 1 failure in every 2 million start-up operations.
Additionally, or alternatively, in some applications, it may
be desirable to minimize a start-up time, for instance, to less
than 255 ms from zero speed to 90% of a maximum speed
of the BLDC motor. Accordingly, the controller may use an
auto-synchronization technique that shortens a commutation
period of the BLDC motor when the DC shunt current is
negative and extends the commutation period when the
zero-crossing point is not detected such that a start-up time
and a risk of failure of the BLDC motor are minimized.
[0028] FIG. 1 is a block diagram illustrating example
system 100 for controlling the operation of BLDC motor
108, in accordance with one or more aspects of this disclo-
sure. FIG. 1 shows system 100 as having separate and
distinct components, shown as controller 102, driver 104, a
plurality of switches (e.g., switches 106A+, 106A-, 106B+,
106B-, 106C+, and 106C-, collectively “inverter 106),
power source 107, and BLDC motor 108, however system
100 may include additional or fewer components. For
instance, controller 102, driver 104, inverter 106, power
source 107, and BLDC motor 108 may be five individual
components or may represent a combination of one or more
components that provide the functionality of system 100 as
described herein. In another example, driver 104 may be
omitted.

[0029] System 100 may include power source 107, which
provides electrical power to BLDC motor 108. For example,
when power source 107 includes a generator or generators,
transformers, batteries, solar panels, or regenerative braking
systems, system 100 may include power source 107. In other
examples, system 100 may be separate from power source
107. For example, when power source 107 includes power
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grids, generators, transformers, external batteries, external
solar panels, windmills, hydro-electrical or wind-powered
generators, or any other form of devices that are capable of
providing electrical power to system 100, system 100 may
be separate from power source 107. As described above,
numerous examples of power source 107 exist and may
include, but are not limited to, power grids, generators,
transformers, batteries, solar panels, windmills, regenerative
braking systems, hydro-electrical or wind-powered genera-
tors, or any other form of devices that are capable of
providing electrical power to system 100. In some examples,
power source 107 may include a voltage rail for supplying
a voltage to components of system 100, for instance, BLDC
motor 108.

[0030] In some examples, controller 102 may be config-
ured to operate BLDC motor 108 based on inputs 109 that
include an indication of one or more phase voltages of
BLDC motor 108 and/or an indication of'a DC shunt current
of BLDC motor 108. That is, controller 102 does not
necessarily rely on sensors (e.g., Hall effect sensors), but
may use a phase voltage of BLDC motor 108 and a DC shunt
current of BLDC motor 108. For example, controller 102
may be configured to generate outputs 103 that include
modulated signals that determine the average voltage and
current to the coils of BLDC motor 108 and also determine
motor speed and torque of BLDC motor 108 based on phase
voltages and/or a DC shunt current of BLDC motor 108.

[0031] In some examples, controller 102 may control
BLDC motor 108 using a six-step commutation sequence for
each electrical revolution of BLDC motor 108. In some
examples, controller 102 may be a microcontroller on a
single integrated circuit containing a processor core,
memory, inputs, and outputs. For example, controller 102
may include one or more processors, including one or more
microprocessors, digital signal processors (DSPs), applica-
tion specific integrated circuits (ASICs), field programmable
gate arrays (FPGAs), or any other equivalent integrated or
discrete logic circuitry, as well as any combinations of such
components. The term “processor” or “processing circuitry”
may generally refer to any of the foregoing logic circuitry,
alone or in combination with other logic circuitry, or any
other equivalent circuitry. In some examples, controller 102
may be a combination of one or more analog components
and one or more digital components.

[0032] Driver 104 mirrors and generates driver outputs at
link 105 based on outputs 103 from controller 102. In some
examples, driver 104 may include an insulated-gate bipolar
transistor (IGBT) driver, a metal oxide semiconductor field
effect transistor (MOSFET) driver, a gallium nitride (GaN)
driver, or any other driver capable of mirroring the output
from controller 102 and providing the mirrored output to
inverter 106. In some examples, driver 104 may mirror and
generate inputs 109 based on inputs 111 and feedback at link
105 that includes an indication of a voltage at DC shunt
resistor 110 of inverter 106 and phase voltages at inverter
106 and/or BLDC motor 108. DC shunt resistor 110 may
have a very small resistance value. For instance, DC shunt
resistor 110 may have a resistance of less than 1 ohm or less
than 0.1 ohms. In some examples, driver 104 may amplify
the indication of a voltage at DC shunt resistor 110 of
inverter 106 for inputs 109, which may be sampled by
controller during a pulse width modulation (PWM) on cycle
and/or during a PWM off cycle. As shown, in some
examples driver 104 may be a pre-driver.
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[0033] Inverter 106 may include a three-phase inverter,
where three may be the same number of phases of BLDC
motor 108. Inverter 106 includes one or more switches (e.g.,
MOS power switch transistors based switches, gallium
nitride (GaN) based switches, or other types of switch
devices) that are controlled by controller 102, according to
one or more modulation techniques. Controller 102 may
include one or more gate drivers (e.g., driver 104) and
control logic to control (e.g., turn-on and turn-off) the one or
more switches using modulation techniques. The modula-
tion of the switches of inverter 106 may operate according
to pulse density modulation (PDM), pulse width modulation
(PWM), pulse frequency modulation (PFM), or another
suitable modulation technique. In PWM, the width (i.e.,
duration) of the pulse is modulated based on a modulator
signal. In PDM, the relative density of a pulse corresponds
to an analog signal’s amplitude. In PFM, the frequency of a
pulse train is varied based on the instantaneous amplitude of
the modulating signal at sampling intervals. By controlling
the switches of inverter 106 using modulation techniques
and the techniques as described herein, controller 102 may
regulate operation of BLDC motor 108.

[0034] In some examples, BLDC motor 108 may include
a permanent magnet synchronous motor (PMSM). For
example, a PMSM may include a shaft, rotor, stator, and
permanent magnet. A permanent magnet may be mounted on
or in the rotor. In some examples, the permanent magnet
may be surface mounted to the rotor, inset in the rotor, or
buried within the rotor. In some examples, the permanent
magnet may be an interior magnet. The permanent magnet
may include rare-earth elements, such as Neodymium-Iron-
Boron (NdFeB), Samarium-Cobalt (SmCo), or Ferrite ele-
ments (e.g., Barium (Ba) or Strontium (Sr)). In some
examples, the permanent magnet may include a protective
coating such as a layer of Gold (Au), Nickel (Ni), Zinc (Zn),
or the like. In some examples, BLDC motor 108 may be
multiphase. For example, BLDC motor 108 may be a
three-phase BLDC motor.

[0035] FIG. 2 is an illustration of a start-up technique
using the back-emf of a BLDC motor, in accordance with
one or more techniques of this disclosure. As illustrated,
start-up technique 200 includes open-loop volts-per-hertz
(V/1) control 252, auto-synchronous control 254, and back-
emf control 256. Auto-synchronous control 254 may include
phase delay state 262 and phase advance state 264. For
purposes of illustration only, the example performance is
described below within the context of system 100 of FIG. 1.
[0036] Initially, during open-loop V/F control 252, a rotor
of BLDC motor 108 may be stationary. Accordingly, con-
troller 102 may not receive a sufficient back-emf voltage for
back-emf control 256 or for auto-synchronous control 254.
As used herein, open-loop V/F control may refer to instances
where controller 102 may control BLDC motor 108 using a
predetermined V/f ratio. In some examples, the predeter-
mined V/f ratio may define a voltage for a frequency of
BLDC motor 108. For example, controller 102 may generate
outputs 103 that include modulated signals that determine
the average voltage and current to the coils of BLDC motor
108 based on a pre-programmed variable vector.

[0037] In accordance with one or more techniques
described herein, rather than using a predetermined V/{f ratio
configured to operate BLDC motor 108 between phase delay
and phase advance states, controller 102 may be configured
to apply a higher V/f ratio than the predetermined V/f ratio
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such that BLDC motor 108 enters phase delay state 262. For
example, controller 102 may determine a modified V/{ ratio
that is greater than a predetermined V/f ratio for BLDC
motor 108. In the example, controller 102 may selectively
energize each phase of the BLDC motor 108 according to
the modified V/f until BLDC motor 108 enters phase delay
state 262. In the example, controller 102 may selectively
energize each phase of BLDC motor 108 according to the
modified V/f prior to forcing BLDC motor 108 to spin and
receiving an indication of a shunt current for BLDC motor
108.

[0038] Auto-synchronous control 254 may initiate in
phase delay state 262. For example, as discussed above,
during open-loop V/F control 252, controller 102 may be
configured to apply a higher V/fratio than the predetermined
V/f ratio such that BLDC motor 108 enters a phase delay
state 262.

[0039] In accordance with one or more techniques
described herein, rather than using a predetermined com-
mutation period configured to operate BLDC motor 108,
controller 102 may be configured to reduce a commutation
period of BLDC motor 108 in response to determining that
BLDC motor 108 is operating in phase delay state 262. In
this manner, controller 102 may apply a commutation period
that is less than the predetermined commutation period such
that BLDC motor 108 enters phase advance state 264.
[0040] During phase delay state 262, controller 102 may
determine whether a set of phase-to-ground voltages for
BLDC motor 108 indicate a zero-crossing point. As dis-
cussed further in FIGS. 3 and 4, a zero-crossing point may
refer to instances where a set of phase-to-ground voltages
for BLDC motor 108 does exceed a voltage threshold (e.g.,
V p/2) during a rising period of a back-emf of BLDC motor
108 and the set of phase-to-ground voltages for BLDC
motor 108 is less than the voltage threshold (e.g., V/2)
during a falling period of a back-emf of BLDC motor 108.
Accordingly, controller 102 may determine that the set of
phase-to-ground voltages for BLDC motor 108 does not
indicate a zero-crossing point when the set of phase-to-
ground voltages for BLDC motor 108 does not exceed the
voltage threshold during the rising period of the back-emf of
BLDC motor 108 and the set of phase-to-ground voltages
for BLDC motor 108 is not less than the voltage threshold
(e.g., Vp/2) during the falling period of the back-emf of
BLDC motor 108. In response to determining that the set of
phase-to-ground voltages for BLDC motor 108 does not
indicate a zero-crossing point, controller 102 may determine
that BLDC motor 108 is operating in phase advance state
264.

[0041] An example of controller 102, includes an analog-
to-digital converter (ADC) module configured sample three-
phase back-emf at BLDC motor 108. In the example,
controller 102 may, using the sampled three-phase back-
emf, determine whether a zero-crossing point is detected.
For instance, controller 102 may determine whether a zero-
crossing point is detected based on a comparison of the
sampled three-phase back-emf with a voltage reference
(e.g., Vp/2). More specifically, the ADC module may be
configured to sample a voltage at each phase of BLDC motor
108 to determine a first set of voltages during a rising period
of a back-emf of BLDC motor 108 and a second set of
voltages during a falling period of the back-emf. In the
example, controller 102 is further configured to determine
whether each voltage of the first set of voltages exceeds a
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voltage threshold and to determine whether each voltage of
the second set of voltages is less than the voltage threshold.
In the example, controller 102 may determine that the three
phases of the BLDC motor 108 do not indicate a zero-
crossing point in response to determining that each voltage
of the first set of voltages does not exceed the voltage
threshold and determining that each voltage of the second
set of voltages is not less than the voltage threshold. In some
examples, system 100 may include one or more resistor
dividers that scale down a voltage of the three-phase back-
emf such that the sampled three-phase back-emf is within a
voltage rating of controller 102.

[0042] An example of driver 104, includes a comparator
configured to determine whether a zero-crossing point is
detected. For example, three comparator outputs may be sent
from driver 104 to controller 102 to a detect back-emf
zero-crossing point. These signals are comparator outputs
between a motor phase voltage and a voltage reference (e.g.,
Vp/2). More specifically, the comparator may be config-
ured to determine whether a voltage at each phase of BLDC
motor 108 exceeds a voltage threshold (e.g., V,/2) during
a rising period of a back-emf of BLDC motor 108 and to
determine whether the voltage at each phase of BLDC motor
108 is less than the voltage threshold during a falling period
of the back-emf. In the example, controller 102 determines
that the three phases of BLDC motor 108 do not indicate a
zero-crossing point in response to determining that the
voltage at each phase of BLDC motor 108 does not exceed
the voltage threshold during the rising period of a back-emf
and determining that the voltage at each phase of BLDC
motor 108 is not less than the voltage threshold during the
falling period of the back-emf. In some examples, the
comparators may be provided internally with driver 104
(e.g., a system on chip (SOC)). In some examples, the
comparators may be provided externally from driver 104.
[0043] In accordance with one or more techniques
described herein, rather than using the predetermined com-
mutation period configured to operate BLDC motor 108,
controller 102 may be configured to increase a commutation
period of BLDC motor 108 in response to determining that
BLDC motor 108 is operating in phase advance state 264. In
this manner, controller 102 may apply a commutation period
that is greater than the predetermined commutation period
such that BLDC motor 108 enters phase delay state 262.
[0044] During phase advance state 264, controller 102
may determine whether an indication of a shunt current for
BLDC motor 108 satisfies a shunt current threshold. For
example, controller 102 may determine whether an indica-
tion of a shunt current for BLDC motor 108 included in
inputs 109 indicates that the shunt current for BLDC motor
108 is negative. In response to determining that the indica-
tion of the shunt current for BLDC motor 108 satisfies (e.g.,
is negative) the shunt current threshold, controller 102 may
determine that BLDC motor 108 is operating in a phase
delay state.

[0045] During auto-synchronous control 254, controller
102 may repeat the above steps such that the commutation
period is shortened to naturally transition BLDC motor 108
from phase delay state 262 to phase advance state 264 and
such that the commutation period is increased to naturally
transition BLDC motor 108 from phase advance state 264 to
phase delay state 262. In this manner, controller 102 may
minimize a risk of failure of BLDC motor 108 and/or
controller 102 during auto-synchronous control 254 while
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minimizing a complexity and cost compared with systems
omitting the auto-synchronization techniques.

[0046] In some examples, during auto-synchronous con-
trol 254, controller 102 may selectively energize each phase
of BLDC motor 108 based on the predetermined V/f ratio
after receiving the indication of the shunt current for the
multiphase BLDC motor. That is, rather than using the
modified V/f during open-loop V/f control 252, controller
102 may use the predetermined V/f ratio during auto-
synchronous control 254 and/or during back-emf control
256.

[0047] As discussed further with respect to FIGS. 9 and
10, auto-synchronous control 254 may be used to control
BLDC motor 108 for any suitable rotor speed of BLDC
motor 108. In some examples, however, back-emf control
may be used when a rotor speed of BLDC motor 108
satisfies a speed threshold. For example, in response to
determining that a rotor speed of BLDC motor 108 satisfies
a speed threshold, controller 102 may selectively energize
each phase of BLDC motor 108 according to a zero-crossing
point detection of a back-emf of BLDC motor 108. As used
herein, zero-crossing point detection of a back-emf may
refer to instances where a next action in a commutation
sequence is activated according to the zero-crossing point
detection of a back-emf. Zero-crossing point detection may
be configured to synchronize a position of a rotor of BLDC
motor 108 with a magnetic field generated by inverter 106
such that a difference between the PM flux direction of
BLDC motor 108 and the generated magnetic field is
between 60 degrees and 120 degrees.

[0048] For example, in response to detecting a back-emf
on a undriven phase of BLDC motor 108 that crosses half of
a peak voltage applied to a trapezoidal wave applied to an
energized phase of BLDC motor 108, controller 102 acti-
vates a next action in the commutation sequence after a
delay of 30 degrees. In some examples, a commutation
sequence may include six actions. In the example, the
activation of the next action in the commutation sequence
may include causing inverter 106 to couple the previously
undriven phase to power source 107 and decouple the
previously energized phase from power source 107. In this
manner, during back-emf control 256, the commutation
sequence for BLDC motor 108 may be controlled according
to the zero-crossing point detection of a back-emf.

[0049] In some examples, controller 102 may be config-
ured to determine a failure in selectively energizing each
phase of BLDC motor 108 according to the zero-crossing
point detection of the back-emf. For example, the zero-
crossing point detection used in back-emf control 256 may
indicate missing, extra, or invalid zero-crossing points. In
the example, in response to determining that a failure in
selectively energizing each phase of BLDC motor 108
according to the zero-crossing point detection of the back-
emf has occurred (e.g., back-emf control 256 has failed),
controller 102 may control BLDC motor 108 using auto-
synchronous control 254. For instance, controller 102 may
selectively energize each phase of BLDC motor 108 based
on whether BLDC motor 108 is operating in phase delay
state 262 or phase advance state 264 and refrain from
selectively energizing each phase of BLDC motor 108
according to the zero-crossing point detection of the back-
emf of BLDC motor 108.

[0050] FIG. 3 is an illustration of zero-crossing point
detection during phase delay, in accordance with one or
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more techniques of this disclosure. For purposes of illustra-
tion only, the example performance is described below
within the context of system 100 of FIG. 1 and technique
200 of FIG. 2. FIG. 3 illustrates back-emf 302 and delayed
phase voltage 304, which is back-emf 302 delayed by 60
degrees. As shown, during rising period 312 of delayed
phase voltage 304, back-emf 302 is above the threshold
voltage 310. As shown, threshold voltage 310 is V /2.
During falling period 314 of delayed phase voltage 304,
back-emf 302 is below the threshold voltage 310.

[0051] Controller 102 may be configured to detect, during
rising period 312 of delayed phase voltage 304, that back-
emf 302 is above the threshold voltage 310 and detect,
during falling period 314 of delayed phase voltage 304, that
back-emf 302 is below the threshold voltage 310. In the
example, controller 102 may determine that a set of phase-
to-ground voltages for BLDC motor 108 indicates a zero-
crossing point in response to determining that a phase (e.g.,
back-emf 302) of a set of phase-to-ground voltages exceeds
threshold voltage 310 during rising period 312 of delayed
phase voltage 304 of BLDC motor 108 and is less than
threshold voltage 310 during falling period 314 of delayed
phase voltage 304. Therefore, although the zero-crossing
points detected using the above techniques may be insuffi-
cient for back-emf control according to zero-crossing points,
the “fake” zero-crossing points may be detected during
phase delay. That is, controller 102 may determine that
BLDC motor 108 is in phase delay state 262 in response to
detecting the “fake” zero-crossing points.

[0052] FIG. 4 is an illustration of zero-crossing point
detection during phase advance, in accordance with one or
more techniques of this disclosure. For purposes of illustra-
tion only, the example performance is described below
within the context of system 100 of FIG. 1 and technique
200 of FIG. 2. FIG. 4 illustrates back-emf 402 and advanced
phase voltage 404, which is back-emf 402 advanced by 60
degrees. As shown, during rising period 412 of advanced
phase voltage 404, back-emf 402 is below the threshold
voltage 410. As shown, threshold voltage 410 is V /2.
During falling period 414 of advanced phase voltage 404,
back-emf 402 is above the threshold voltage 410.

[0053] Controller 102 may be configured to detect, during
rising period 412 of advanced phase voltage 404, that
back-emf 402 does not exceed the threshold voltage 410 and
detect, during falling period 414 of advanced phase voltage
404, that back-emf 402 is not less than the threshold voltage
410. In the example, controller 102 may determine that a set
of phase-to-ground voltages for BLDC motor 108 does not
indicate a zero-crossing point in response to determining
that a phase (e.g., back-emf 402) of a set of phase-to-ground
voltages does not exceed threshold voltage 410 during rising
period 412 of advanced phase voltage 404 of BLDC motor
108 and is not less than threshold voltage 410 during falling
period 414 of advanced phase voltage 404. Therefore,
because the zero-crossing points cannot be detected during
phase advance, controller 102 may determine that BLDC
motor 108 is in phase advance state 264 in response to
determining that the zero-crossing points cannot be detected.
[0054] FIG. 5 is an illustration of DC shunt current during
phase delay, in accordance with one or more techniques of
this disclosure. For purposes of illustration only, the
example performance is described below within the context
of system 100 of FIG. 1 and technique 200 of FIG. 2. FIG.
5 illustrates DC shunt current during a pulse-width modu-
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lation (PWM) on state 520 and a DC shunt current during a
PWM off state 522. As shown, during phase delay, DC shunt
current during a PWM off state 522 is negative for a
free-wheeling stage after a low-side switch (e.g., MOSFET)
of inverter 106 switches off. In some examples, DC shunt
current during a PWM off state 522 is negative because the
current of the turn-off phase is too large and is discharged
through the shunt. Therefore, controller 102 may determine
that BLDC motor 108 is in phase delay state 262 in response
to determining that DC shunt current during PWM off state
522 is negative.

[0055] FIG. 6 is an illustration of DC shunt current during
phase advance, in accordance with one or more techniques
of this disclosure. For purposes of illustration only, the
example performance is described below within the context
of system 100 of FIG. 1 and technique 200 of FIG. 2. FIG.
6 illustrates DC shunt current during a pulse-width modu-
lation (PWM) on state 620 and a DC shunt current during a
PWM off state 622. As shown, during phase advance, DC
shunt current during a PWM off state 622 is zero. As used
herein, a current may be zero when a peak magnitude of zero
current is less than ten percent of a peak magnitude of a
positive current. Therefore, controller 102 may determine
that BLDC motor 108 is in phase advance state 264 in
response to determining that DC shunt current during PWM
off state 622 is substantially zero and/or not negative.

[0056] FIG. 7 is an illustration of phase currents and
voltages during phase delay, in accordance with one or more
techniques of this disclosure. For purposes of illustration
only, the example performance is described below within the
context of system 100 of FIG. 1 and technique 200 of FIG.
2. FIG. 7 illustrates phase to ground voltage 732, a first
phase current 734, and a second phase current 736. As
shown, at time 740, first phase current 734 has a negative
DC shunt current. Similarly, at time 742, second phase
current 736 has a negative DC shunt current.

[0057] FIG. 8 is an illustration of an exemplary start-up
performance using auto-synchronous techniques, in accor-
dance with one or more techniques of this disclosure. For
purposes of illustration only, the example performance is
described below within the context of system 100 of FIG. 1
and technique 200 of FIG. 2. FIG. 8 illustrates synchroni-
zation index 850, phase current 852, and phase voltage 854
during a start-up according to one or more techniques
described herein. As shown, after time 856 of 98 millisec-
onds (e.g., 3 electrical cycles) a motor rotor of BLDC motor
108 is synchronized. As shown, auto-synchronous control
254 of FIG. 2 is used prior to time 856 and back-emf control
256 of FIG. 2 is used after time 856. As previously noted, in
applications, such as TCU oil pumps, where start-up time
must be short, the exemplary start up time of 98 milliseconds
satisfies a short start-up time.

[0058] FIG. 9 is an illustration of an exemplary low speed
performance using auto-synchronous techniques, in accor-
dance with one or more techniques of this disclosure. For
purposes of illustration only, the example performance is
described below within the context of system 100 of FIG. 1
and technique 200 of FIG. 2. FIG. 9 illustrates synchroni-
zation index 960, zero crossing point 962, and phase voltage
964 according to one or more techniques described herein.
As shown auto-synchronous control 254 of FIG. 2 is used at
a stable speed operation of 14.8 Hz and back-emf control
256 of FIG. 2 is omitted.
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[0059] FIG. 10 is an illustration of an exemplary high
speed performance using auto-synchronous techniques, in
accordance with one or more techniques of this disclosure.
For purposes of illustration only, the example performance
is described below within the context of system 100 of FIG.
1 and technique 200 of FIG. 2. FIG. 10 illustrates synchro-
nization index 1070, zero crossing point 1072, and phase
voltage 1074 according to one or more techniques described
herein. As shown, auto-synchronous control 254 of FIG. 2 is
used at a stable speed operation of 170 Hz and back-emf
control 256 of FIG. 2 is omitted. As shown in FIGS. 9 and
10, auto-synchronous control 254 of FIG. 2 may operate at
a speed ratio of more than 10, which may be considered as
supporting a wide speed drive system.

[0060] FIG. 11 is a flow diagram consistent with tech-
niques that may be performed by a circuit in accordance with
this disclosure. For purposes of illustration only, the
example operations are described below within the context
of system 100 of FIG. 1 and technique 200 of FIG. 2.
[0061] In accordance with one or more techniques of this
disclosure, controller 102 determines that a brushless DC
motor is operating in a phase delay state in response to
determining that the shunt current satisfies a threshold
(1102). For example, in response to controller 102 deter-
mining that the shunt current is negative during a PWM off
state, controller 102 determines that BLDC motor 108 is
operating in a phase delay state. In the example, in response
to controller 102 determining that the shunt current is not
negative during the PWM off state, controller 102 deter-
mines that BLDC motor 108 is not operating in the phase
delay state.

[0062] Controller 102 determines that a brushless DC
motor is operating in a phase advance state in response to
determining that a set of phase-to-ground voltages for the
brushless DC motor does not indicate a zero-crossing point
(1104). For example, in response to controller 102 deter-
mining that each phase of a set of phase-to-ground voltages
for BLDC motor 108 does not exceed a V /2 during a
rising period of a back-emf of BLDC motor 108 and each
phase of the set of phase-to-ground voltages for BLDC
motor 108 is not less than V /2 during a falling period of
a back-emf of BLDC motor 108, controller 102 determines
that BLDC motor 108 is operating in the phase advance
state. In the example, in response to controller 102 deter-
mining that a phase of the set of phase-to-ground voltages
for BLDC motor 108 exceeds a V /2 during the rising
period of the back-emf of BLDC motor 108 and the phase
of the set of phase-to-ground voltages for BLDC motor 108
is less than V,/2 during the falling period of the back-emf
of BLDC motor 108, controller 102 determines that BLDC
motor 108 is not operating in the phase advance state or
advance angle is less than 30 degrees electrically.

[0063] Controller 102 selectively energizes each phase of
the brushless DC motor based on whether the brushless DC
motor is operating in the phase delay state or the phase
advance state (1106). For example, controller 102 may be
configured to increase a commutation period of BLDC
motor 108 in response to determining that BLDC motor 108
is operating in the phase advance state and decrease the
commutation period of BLDC motor 108 in response to
determining that BLDC motor 108 is operating in the phase
delay state.

[0064] The following examples may illustrate one or more
aspects of the disclosure.
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EXAMPLE 1

[0065] A controller for controlling a multiphase brushless
direct current (BLDC) motor, the controller being config-
ured to: in response to determining that an indication of a
shunt current for the multiphase BLDC motor satisfies a
shunt current threshold, determine that the multiphase
BLDC motor is operating in a phase delay state; in response
to determining that a set of phase-to-ground voltages for the
multiphase BLDC motor does not indicate a zero-crossing
point, determine that the multiphase BLDC motor is oper-
ating in a phase advance state; and selectively energize each
phase of the multiphase BLDC motor based on whether the
multiphase BLDC motor is operating in the phase delay state
or phase advance state.

EXAMPLE 2

[0066] The controller of example 1, wherein the controller
is further configured to: selectively energize each phase of
the multiphase BLDC motor to reduce a commutation period
of the multiphase BLDC motor in response to determining
that multiphase BLDC motor is operating in the phase delay
state; and selectively energize each phase of the multiphase
BLDC motor to increase the commutation period of the
multiphase BLDC motor in response to determining that
multiphase BLDC motor is operating in the phase advance
state.

EXAMPLE 3

[0067] The controller of any combination of examples 1-2,
wherein the controller is further configured to: determine a
modified volts-per-hertz (V/f) ratio that is greater than a
predetermined V/f ratio for the multiphase BLDC motor;
and selectively energize each phase of the multiphase BLDC
motor according to the modified V/f prior to forcing the
multiphase BLDC motor to spin and receiving the indication
of the shunt current for the multiphase BLDC motor.

EXAMPLE 4

[0068] The controller of any combination of examples 1-3,
wherein the controller is further configured to: selectively
energize each phase of the multiphase BLDC motor based
further on the predetermined V/f ratio after receiving the
indication of the shunt current for the multiphase BLDC
motor.

EXAMPLE 5

[0069] The controller of any combination of examples 1-4,
wherein the controller is further configured to: in response to
determining that a phase of the set of phase-to-ground
voltages does not exceed a threshold voltage during a rising
period of a back electromotive force of the multiphase
BLDC motor and is not less than the threshold voltage
during a falling period of the back electromotive force,
determine that the set of phase-to-ground voltages for the
multiphase BLDC motor does not indicate the zero-crossing
point.

EXAMPLE 6

[0070] The controller of any combination of examples 1-5,
wherein the controller is further configured to: in response to
determining that the phase of the set of phase-to-ground
voltages exceeds the threshold voltage during the rising
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period of the back electromotive force of the multiphase
BLDC motor and is less than the threshold voltage during
the falling period of the back electromotive force, determine
that the set of phase-to-ground voltages for the multiphase
BLDC motor indicates the zero-crossing point.

EXAMPLE 7

[0071] The controller of any combination of examples 1-6,
wherein the controller is further configured to: determine
whether the indication of the shunt current for the multi-
phase BLDC motor indicates a negative shunt current,
wherein the controller is configured to determine that the
indication of a shunt current for the multiphase BLDC motor
satisfies the shunt current threshold in response to determin-
ing that the indication of the shunt current for the multiphase
BLDC motor indicates the negative shunt current.

EXAMPLE 8

[0072] The controller of any combination of examples 1-7,
wherein the controller is further configured to: in response to
determining that a rotor speed of the multiphase BLDC
motor satisfies a speed threshold, selectively energize each
phase of the multiphase BLDC motor according to a zero-
crossing point detection of a back electromotive force of the
multiphase BLDC motor.

EXAMPLE 9

[0073] The controller of any combination of examples 1-8,
wherein the controller is further configured to: in response to
determining a failure in selectively energizing each phase of
the multiphase BLDC motor according to the zero-crossing
point detection of the back electromotive force of the
multiphase BLDC motor, selectively energize each phase of
the multiphase BLDC motor based on whether the multi-
phase BLDC motor is operating in the phase delay state or
the phase advance state and refrain from selectively ener-
gizing each phase of the multiphase BLDC motor according
to the zero-crossing point detection of the back electromo-
tive force of the multiphase BLDC motor.

EXAMPLE 10

[0074] A method for controlling a multiphase brushless
direct current (BLDC) motor comprising: in response to
determining that an indication of a shunt current for the
multiphase BLDC motor satisfies a shunt current threshold,
determining that the multiphase BLDC motor is operating in
a phase delay state; in response to determining that a set of
phase-to-ground voltages for the multiphase BLDC motor
does not indicate a zero-crossing point, determining that the
multiphase BLDC motor is operating in a phase advance
state; and selectively energizing each phase of the multi-
phase BLDC motor based on whether the multiphase BLDC
motor is operating in the phase delay state or phase advance
state.

EXAMPLE 11

[0075] The method of example 10, further comprising:
selectively energizing each phase of the multiphase BLDC
motor to reduce a commutation period of the multiphase
BLDC motor in response to determining that multiphase
BLDC motor is operating in the phase delay state; and
selectively energizing each phase of the multiphase BLDC
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motor to increase the commutation period of the multiphase
BLDC motor in response to determining that multiphase
BLDC motor is operating in the phase advance state.

EXAMPLE 12

[0076] The method of any combination of examples
10-11, further comprising: determining a modified volts-per-
hertz (V/1) ratio that is greater than a predetermined V/{ ratio
for the multiphase BLDC motor; and selectively energizing
each phase of the multiphase BLDC motor according to the
modified V/f prior to forcing the multiphase BLDC motor to
spin and receiving the indication of the shunt current for the
multiphase BLDC motor.

EXAMPLE 13

[0077] The method of any combination of examples
10-12, further comprising: selectively energizing each phase
of the multiphase BLDC motor based further on the prede-
termined V/f ratio after receiving the indication of the shunt
current for the multiphase BLDC motor.

EXAMPLE 14

[0078] The method of any combination of examples
10-13, further comprising: in response to determining that a
phase of the set of phase-to-ground voltages does not exceed
a threshold voltage during a rising period of a back electro-
motive force of the multiphase BLDC motor and is not less
than the threshold voltage during a falling period of the back
electromotive force, determining that the set of phase-to-
ground voltages for the multiphase BLDC motor does not
indicate the zero-crossing point.

EXAMPLE 15

[0079] The method of any combination of examples
10-14, further comprising: in response to determining that
the phase of the set of phase-to-ground voltages exceeds the
threshold voltage during the rising period of the back
electromotive force of the multiphase BLDC motor and is
less than the threshold voltage during the falling period of
the back electromotive force, determining that the set of
phase-to-ground voltages for the multiphase BLDC motor
indicates the zero-crossing point.

EXAMPLE 16

[0080] A system comprising: a three-phase brushless
direct current (BLDC) motor; an inverter configured to, for
each commutation sequence of a set of commutation
sequences for the three-phase BLDC motor, decouple one
phase of the three-phase BLDC motor, couple another phase
of the three-phase BLDC motor to a ground via a direct
current (DC) shunt resistive element, and couple another
phase of the three-phase BLDC motor to a voltage rail; and
a controller configured to: in response to determining that a
shunt current at the DC shunt resistive element satisfies a
shunt current threshold, determine that the three-phase
BLDC motor is operating in a phase delay state; in response
to determining that three phases of the three-phase BLDC
motor do not indicate a zero-crossing point, determine that
the three-phase BLDC motor is operating in a phase advance
state; and selectively energize each phase of the three-phase
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BLDC motor based on whether the three-phase BLDC
motor is operating in the phase delay state or the phase
advance state.

EXAMPLE 17

[0081] The system of example 16, further comprising: a
pre-driver configured to mirror and generate driver outputs
for the inverter based on outputs from the controller.

EXAMPLE 18

[0082] The system of any combination of examples 16-17,
wherein the pre-driver is further configured to detect the
shunt current at the DC shunt resistive element, wherein the
controller is further configured to determine that the three-
phase BLDC motor is operating in the phase delay state in
response to determining that the detected shunt current at the
DC shunt resistive element indicates a current flowing from
the ground to a phase of the three-phase BLDC motor.

EXAMPLE 19

[0083] The system of any combination of examples 16-18,
further comprising: a comparator configured to determine
whether a voltage at each phase of the three-phase BLDC
motor exceeds a voltage threshold during a rising period of
a back electromotive force of the three-phase BLDC motor
and to determine whether the voltage at each phase of the
three-phase BLDC motor is less than the voltage threshold
during a falling period of the back electromotive force,
wherein the controller is further configured to determine that
the three phases of the three-phase BLDC motor do not
indicate the zero-crossing point in response to determining
that the voltage at each phase of the three-phase BLDC
motor does not exceed the voltage threshold during the
rising period of a back electromotive force and determining
that the voltage at each phase of the three-phase BLDC
motor is not less than the voltage threshold during the falling
period of the back electromotive force.

EXAMPLE 20

[0084] The system of any combination of examples 17-19,
further comprising: an analog-to-digital converter (ADC)
module configured to sample a voltage at each phase of the
three-phase BLDC motor to determine a first set of voltages
during a rising period of a back electromotive force of the
three-phase BLDC motor and a second set of voltages
during a falling period of the back electromotive force,
wherein the controller is further configured to determine
whether each voltage of the first set of voltages exceeds a
voltage threshold and determine whether each voltage of the
second set of voltages is less than the voltage threshold, and
wherein the controller determines that the three phases of the
three-phase BLDC motor do not indicate the zero-crossing
point in response to determining that each voltage of the first
set of voltages does not exceed the voltage threshold and
determining that each voltage of the second set of voltages
is not less than the voltage threshold.

[0085] Various aspects have been described in this disclo-
sure. These and other aspects are within the scope of the
following claims.

1. A controller for controlling a multiphase brushless
direct current (BLDC) motor, the controller comprising a
processor, the processor being configured to:
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receive, from a driver, an indication of a shunt current for
the multiphase BLDC motor;
determine that the multiphase BLDC motor is operating in
a phase delay state when the indication of the shunt
current for the multiphase BLDC motor satisfies a
shunt current threshold;
receive, from the driver, an indication of a set of phase-
to-ground voltages for the multiphase BLDC motor;
determine that the set of phase-to-ground voltages for the
multiphase BLDC motor does not indicate a zero-
crossing point when the indication of the set of phase-
to-ground voltages indicates that the set of phase-to-
ground voltages does not exceed a threshold voltage
during a rising period of a back electromotive force of
the multiphase BLDC motor and is not less than the
threshold voltage during a falling period of the back
electromotive force;
determine that the set of phase-to-ground voltages for the
multiphase BLDC motor indicates the zero-crossing
point when the indication of the set of phase-to-ground
voltages indicates that the set of phase-to-ground volt-
ages exceeds the threshold voltage during the rising
period of the back electromotive force of the multi-
phase BLDC motor and is less than the threshold
voltage during the falling period of the back electro-
motive force;
in response to determining that the set of phase-to-ground
voltages for the multiphase BLDC motor does not
indicate the zero-crossing point, determine that the
multiphase BLDC motor is operating in a phase
advance state; and
selectively energize each phase of the multiphase BLDC
motor based on whether the multiphase BLDC motor is
operating in the phase delay state or the phase advance
state.
2. The controller of claim 1, wherein the processor is
further configured to:
selectively energize each phase of the multiphase BLDC
motor to reduce a commutation period of the multi-
phase BLDC motor in response to determining that the
multiphase BLDC motor is operating in the phase delay
state; and
selectively energize each phase of the multiphase BLDC
motor to increase the commutation period of the mul-
tiphase BL.DC motor in response to determining that
the multiphase BLDC motor is operating in the phase
advance state.
3. The controller of claim 1, wherein the processor is
further configured to:
determine a modified volts-per-hertz (V/f) ratio that is
greater than a predetermined V/f ratio for the multi-
phase BLDC motor; and
selectively energize each phase of the multiphase BLDC
motor according to the modified V/f ratio prior to
forcing the multiphase BLDC motor to spin and receiv-
ing the indication of the shunt current for the multi-
phase BLDC motor.
4. The controller of claim 3, wherein the processor is
further configured to:
selectively energize each phase of the multiphase BLDC
motor based further on the predetermined V/f ratio after
receiving the indication of the shunt current for the
multiphase BLDC motor.
5. (canceled)
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6. (canceled)
7. The controller of claim 1, wherein the processor is
further configured to:
determine whether the indication of the shunt current for
the multiphase BLDC motor indicates a negative shunt
current,
wherein the processor is configured to determine that the
indication of the shunt current for the multiphase
BLDC motor satisfies the shunt current threshold in
response to determining that the indication of the shunt
current for the multiphase BLDC motor indicates the
negative shunt current.
8. The controller of claim 1, wherein the processor is
further configured to:
in response to determining that a rotor speed of the
multiphase BLDC motor satisfies a speed threshold,
selectively energize each phase of the multiphase
BLDC motor according to a zero-crossing point detec-
tion of the back electromotive force of the multiphase
BLDC motor.
9. The controller of claim 8, wherein the processor is
further configured to:
in response to determining a failure in selectively ener-
gizing each phase of the multiphase BLDC motor
according to the zero-crossing point detection of the
back electromotive force of the multiphase BLDC
motor, selectively energize each phase of the multi-
phase BLDC motor based on whether the multiphase
BLDC motor is operating in the phase delay state or the
phase advance state and refrain from selectively ener-
gizing each phase of the multiphase BLDC motor
according to the zero-crossing point detection of the
back electromotive force of the multiphase BLDC
motor.
10. A method for controlling a multiphase brushless direct
current (BLDC) motor comprising:
receiving, from a driver, an indication of a shunt current
for the multiphase BLDC motor;
determining that the multiphase BLDC motor is operating
in a phase delay state when the indication of the shunt
current for the multiphase BLDC motor satisfies a
shunt current threshold;
receiving, from the driver, an indication of a set of
phase-to-ground voltages for the multiphase BLDC
motor;
determining that the set of phase-to-ground voltages for
the multiphase BLDC motor does not indicate a zero-
crossing point when the indication of the set of phase-
to-ground voltages indicates that the set of phase-to-
ground voltages does not exceed a threshold voltage
during a rising period of a back electromotive force of
the multiphase BLDC motor and is not less than the
threshold voltage during a falling period of the back
electromotive force;
determining that the set of phase-to-ground voltages for
the multiphase BLDC motor indicates the zero-cross-
ing point when the indication of the set of phase-to-
ground voltages indicates that the set of phase-to-
ground voltages exceeds the threshold voltage during
the rising period of the back electromotive force of the
multiphase BLDC motor and is less than the threshold
voltage during the falling period of the back electro-
motive force;
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in response to determining that the set of phase-to-ground
voltages for the multiphase BLDC motor does not
indicate the zero-crossing point, determining that the
multiphase BLDC motor is operating in a phase
advance state; and

selectively energizing each phase of the multiphase
BLDC motor based on whether the multiphase BLDC
motor is operating in the phase delay state or phase
advance state.

11. The method according to claim 10, further compris-

ing:

selectively energizing each phase of the multiphase
BLDC motor to reduce a commutation period of the
multiphase BLDC motor in response to determining
that the multiphase BLDC motor is operating in the
phase delay state; and

selectively energizing each phase of the multiphase
BLDC motor to increase the commutation period of the
multiphase BLDC motor in response to determining
that the multiphase BLDC motor is operating in the
phase advance state.

12. The method according to claim 10, further compris-

ing:

determining a modified volts-per-hertz (V/1) ratio that is
greater than a predetermined V/f ratio for the multi-
phase BLDC motor; and

selectively energizing each phase of the multiphase
BLDC motor according to the modified V/f ratio prior
to forcing the multiphase BLDC motor to spin and
receiving the indication of the shunt current for the
multiphase BLDC motor.

13. The method according to claim 12, further compris-

ing:
selectively energizing each phase of the multiphase
BLDC motor based further on the predetermined V/f
ratio after receiving the indication of the shunt current
for the multiphase BLDC motor.
14. (canceled)
15. (canceled)
16. A system comprising:
a three-phase brushless direct current (BLDC) motor;
an inverter configured to, for each commutation sequence
of a set of commutation sequences for the three-phase
BLDC motor, decouple a first phase of the three-phase
BLDC motor, couple a second phase of the three-phase
BLDC motor to a ground via a direct current (DC)
shunt resistive element, and couple a third phase of the
three-phase BLDC motor to a voltage rail;
a pre-driver configured to output an indication of a shunt
current at the DC shunt resistive element and an
indication of a set of phase-to-ground voltages for the
three-phase BLDC motor; and
a controller comprising a processor, the processor being
configured to:
receive, from the pre-driver, the indication of the shunt
current at the DC shunt resistive element;

determine that the three-phase BLDC motor is operat-
ing in a phase delay state when the shunt current at
the DC shunt resistive element satisfies a shunt
current threshold;
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receive, from the pre-driver, the indication of the set of
phase-to-ground voltages for the three-phase BLDC
motor;

determine that the three phases of the three-phase
BLDC motor do not indicate a zero-crossing point
when the indication of the set of phase-to-ground
voltages indicates that the set of phase-to-ground
voltages does not exceed a threshold voltage during
a rising period of a back electromotive force of the
three-phase BLDC motor and is not less than the
threshold voltage during a falling period of the back
electromotive force;

determine that the three phases of the three-phase
BLDC motor indicate the zero-crossing point when
the indication of the set of phase-to-ground voltages
indicates that the set of phase-to-ground voltages
exceeds the threshold voltage during the rising
period of the back electromotive force of the three-
phase BLDC motor and is less than the threshold
voltage during the falling period of the back elec-
tromotive force;

in response to determining that the three phases of the
three-phase BLDC motor do not indicate the zero-
crossing point, determine that the three-phase BLDC
motor is operating in a phase advance state; and

selectively energize each phase of the three-phase
BLDC motor based on whether the three-phase
BLDC motor is operating in the phase delay state or
the phase advance state.

17. The system according to claim 16, wherein the pre-
driver is further configured to mirror and generate driver
outputs for the inverter based on outputs from the processor.

18. The system according to claim 17, wherein the pro-
cessor is further configured to determine that the three-phase
BLDC motor is operating in the phase delay state in
response to determining that the detected shunt current at the
DC shunt resistive element indicates a current flowing from
the ground to a phase of the three-phase BLDC motor.

19. The system according to claim 16, further comprising:

a comparator configured to generate the indication of the

set of phase-to-ground voltages based on a comparison
of a voltage at each phase of the three-phase BLDC
motor and the threshold voltage during the rising period
of the back electromotive force of the three-phase
BLDC motor and based on a comparison of the voltage
at each phase of the three-phase BLDC motor and the
threshold voltage during the falling period of the back
electromotive force.

20. The system according to claim 16, further comprising:

an analog-to-digital converter (ADC) module configured

to generate the indication of the set of phase-to-ground
voltages, wherein, to generate the indication of the set
of phase-to-ground voltages, the ADC module is con-
figured to sample a voltage at each phase of the
three-phase BLDC motor to determine a first set of
voltages during the rising period of the back electro-
motive force of the three-phase BLDC motor and a
second set of voltages during the falling period of the
back electromotive force.
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