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Special Drivers Boost BLDC
Motor Performance

ICs used in smart gate-drive technology eliminate multiple external components and
help mitigate problems such as shoot-through and dV/dt turn-on that causes MOSFET
damage.
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often Hall-effect sensors that tell the controller when to turn
the drive voltages off and on, creating the rotation. The stator
windings are usually driven by MOSFET half-bridge circuits.
IGBTs are used to drive larger motors with higher voltage-
current needs.

Figure 1 shows a simplified arrangement. Note that a
microcontroller produces the initial drive pulses that are
conditioned by the gate drivers to operate the MOSFET
switches connected to the windings X, Y, and Z.
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BLDC motors are sometimes called electronically
commutated motors. While they’re designated as dc motors,
the drive signals are a form of ac. The drive circuits are dc-to-ac
inverters. Figure 2 shows the signals applied by the MOSFETs
to the windings. These ac pulses are 120 degrees apart. At any
instant, one pulse is positive, one pulse is negative, and the
third is open (O) or floating. This sequence of pulses keeps the
rotor turning smoothly.

General benefits of the BLDC include the fact that no
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mechanical commutator and brushes are used as in standard
dc motors. Brushes wear out and shorten service life. In
addition, the brush-commutator switch combination produces
arcing that, in turn, causes electrical noise. The BLDC motor
eliminates these problems. It's more reliable, more efficient,
and produces less EMI, plus it offers more torque and power
for their size than other dc motor types.

While the BLDC is generally superior to other dc motors,
they have their issues. They’re more complex than other forms
to dc motors. In addition, the MOSFET drivers require special
gate-drive signals and protection from switching sequencing.
Now, special gate-drive circuits are available to mitigate these
problems.

GATE DRIVERS: THE KEY TO SUPERIOR BLDC
MOTOR CONTROL

Different MOSFETs have widely differing gate-drive
requirements. The gate-drive current must be exactly as
needed for the chosen MOSFETSs, meaning a special design.
The alternative is a gate-driver IC that you can adjust to
provide the desired level of drive current.

Another issue is that the MOSFETs generally need
protection from several potential problems. One of these is
shoot-through, a condition that occurs when the gate-drive
timing isn’t right. It causes both drive MOSFETs to turn on
at the same time, leading to a catastrophic short and failure.
Some available drivers use a state machine to produce the
drive signals that include a dead time between drive pulses,
thereby eliminating the problem.

Another problem is dV/dt turn-on and the resulting
MOSFET damage due to the transients. This is caused by
parasitic capacitance. The problem can be mitigated by proper
timing of the MOSFET switching.

Other faults are caused by external shorts, solder bridges,
or MOSFETs hung up in one state or another. These can be
dealt with by monitoring the gate-source drive voltage and
providing feedback to correct the problem.

Texas Instruments’ Smart Gate Drive ICs are designed to
deal with all of these needs. These drivers are easy to use and
provide the desired protection. In addition, they integrate
most components, potentially eliminating up to 24 external
components generally required in discrete-component
designs.

An available instructional video introduces TT’s smart gate-
drive technology and details its protection and ease of use
features. Access it here.

The integrity and function of the power-stage MOSFETs are
crucial in any motor system. The smart gate-drive technology
provides protection against MOSFET failures, making your
system more robust and efficient. This resource shows how.

ARCHITECTURE FOR BLDC GATE-DRIVE SYSTEMS

Brushless dc motor drive systems can assume a number
of different possible architectures, each with its own system
implementation. An example is an alternative feedback
approach that eliminates the Hall-effect sensors in favor of a
sensor-less method.

This method detects the back-EMF of the stator coils
that’s conditioned and used to initiate the drive signals to the
windings. Current-sense resistors are placed in series with the
external MOSFET Y-H-bridges driving the stator windings
to generate trapezoidal-shaped feedback signals processed by
current-sense amplifiers (Fig. 3). This arrangement is known
as field-oriented control (FOC).

With FOC algorithms implemented in the MCU, the BLDC
motor runs more efficiently with higher power factor and
quicker response to dynamic load or speed changes.

The DRV832x and DRV835x drive families give designers
the flexibility to choose a device that meets architecture
requirements, including FOC. Use the following link to access
more details.
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