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Abstract

When choosing a MOSFET for a motor-control application, design engineers tend to first study
the device’s on-resistance characteristic, since this parameter has the greatest effect on the
MOSFET’s ability to provide sufficient current to the motor without generating excessive heat
caused by conduction losses. Some other aspects of the MOSFET’s operation also have a
marked effect on thermal performance, and attention paid to these factors can offer worthwhile
rewards in improved motor-drive design features..
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1. Introduction
Motor-drive circuits generally switch at lower frequency (typically 20 kHz - 40 kHz) than switch
mode power supplies (SMPS, normally 100+ kHz). This often induces designers to ignore the
thermal contribution from MOSFET dynamic switching losses attributable to parameters such
as input and output capacitance, since they are assumed to be much smaller than the effect of
conduction losses attributable to on-resistance.
In motor-control applications, however, in which the motor and controller are often physically
connected by wires, design engineers are increasingly taking account of EMC (Electro-Magnetic
Compliance) at the component selection phase. The non-ideal switching behavior of a MOSFET
can have a marked effect on electro-magnetic emissions: problems caused by these emissions
might only become apparent at the qualification phase of the design project.
Furthermore, the efficiency of the motor drive does not have an important effect on system
efficiency since motors are inherently less efficient than motor drives: 80-85% efficiency is typical
for a motor, whereas a drive circuit’s efficiency often exceeds 95%.
MOSFET losses in the drive circuit do however greatly affect the operating temperature of the
control circuit’s PCB (Printed-Circuit Board), and since the MOSFET’s on-resistance increases as
temperature rises, then excessive heating must be avoided through good design and component
selection. As OEMs (Original Equipment Manufacturer) strive to meet consumer demand for
smaller, more powerful products such as hand-held power tools and domestic appliances,
MOSFETs which generate less waste heat can enable the designer to achieve reductions in size,
weight and cost as well as to extend battery run-times.

2. Adding a gate resistor
To reduce electro-magnetic emissions in motor-control applications, it is common practice to add a
resistor in series with the MOSFET’s gate. When combined with the MOSFET’s capacitive gate, the
resistor makes a low-pass filter which helps to reduce the switching speed of the MOSFET. This
can be an effective means of reducing high-frequency harmonics, which contribute to the circuit’s
electro-magnetic emissions. But designers must be careful not to add too much resistance at the
MOSFET’s gate, since reducing the switching speed extends the time during which the MOSFET
operates in linear mode, causing it to dissipate more waste energy.
The heating effect of adding a 47 Ω gate resistor can easily be observed with a thermal camera, as
shown in Fig. 1 and 2.

gate resistor = 0 Ω; load current = 3 A
Fig. 1.

MOSFET temperature = 61.5 °C
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gate resistor = 47 Ω; load current = 3 A
Fig. 2.

MOSFET temperature = 65.6 °C
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3. The importance of reverse-recovery charge
A lesser understood parameter, reverse-recovery charge, Qrr, is also known to make a large
contribution to electro-magnetic emissions. During the dead-time in a motor-drive circuit, when both
MOSFETs are turned off, free-wheel current flows briefly through the body diode of the low-side
MOSFET: stored charge, Qrr, accumulates across the body diode’s PN junction, as shown in Fig. 3.

Fig. 3.

Reverse-recovery charge accumulates across the body diode’s PN junction

When the high-side MOSFET turns on, a current surge occurs, and flows briefly through the highside and low-side MOSFETs, until the accumulated charge of the low-side is removed, as shown
in Fig. 4. IRM (peak recovery current) can be relatively of high values and contributes to switching
losses. This high-speed pulse also contributes markedly to electro-magnetic emissions.

Fig. 4.
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Surge current in the high-side MOSFET caused by Qrr in the low-side MOSFET
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Low Qrr – reduced body diode reverse recovery current Irr
Fig. 5 shows the SPICE simulation results for 2 same devices, one of which was modelled to have
twice the amount of Qrr.

Fig. 5.

SPICE simulation result

The SPICE simulations show the benefits of low Qrr in switching applications, Irr reduced by 50%
for low Qrr types. In Fig. 5 the shaded area represents the additional energy loss for parts with 2 x
Qrr.
Nexperia NextPower 100 V types have a higher softness factor (tb / ta > 1) - gives lower ringing /
resonance and lower spike voltage. Lower Irr, ringing resonance also contributes to lower EMI
emissions

EMC
The Irr pulse interacts with the MOSFET’s lead-frame, and with the PCB’s parasitic inductance and
capacitance, to create a resonant circuit. The Irr effect when combined with parasitic or package
inductance will typically resonate at around 60 to 130 MHz.
Resonance can be reduced by carefully reducing the PCB’s parasitic inductance through good
PCB design, adding a snubber circuit, or by choosing MOSFETs with a low Qrr rating.
The spectrum analyzer trace, shown in Fig. 6, compares the measured RF emissions for a low-Qrr
NextPower 100 V MOSFET from Nexperia with those of a competitor’s MOSFET the Qrr of which
is twice as high. In this example, the NextPower 100 V low-Qrr technology offers a reduction in
electro-magnetic emissions of around 6 dB at frequencies between 70 MHz and 110 MHz. Use of
the Nexperia low Qrr part thus markedly reduces the risk of encountering EMC problems during
qualification of a motor-drive design.
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Fig. 6.

Reduced electro-magnetic emissions from a Nexperia NextPower MOSFET which
has low Qrr
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5. Legal information
Definitions
Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Nexperia does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

Disclaimers
Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, Nexperia does not give any
representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. Nexperia takes no responsibility
for the content in this document if provided by an information source outside
of Nexperia.
In no event shall Nexperia be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.
Notwithstanding any damages that customer might incur for any reason
whatsoever, Nexperia’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Nexperia.
Right to make changes — Nexperia reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.
Suitability for use — Nexperia products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction
of an Nexperia product can reasonably be expected to result in personal
injury, death or severe property or environmental damage. Nexperia and its
suppliers accept no liability for inclusion and/or use of Nexperia products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.
Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Nexperia makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.
Customers are responsible for the design and operation of their applications
and products using Nexperia products, and Nexperia accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Nexperia product is suitable
and fit for the customer’s applications and products planned, as well as
for the planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.
Nexperia does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Nexperia products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Nexperia does not accept any
liability in this respect.
Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.
Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

Trademarks
Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.
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