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Calculating Motor Driver Power Dissipation
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ABSTRACT

When selecting a motor driver IC for a particular application, consider the maximum amount of current that
must be driven. The thermal characteristics of the IC and PCB are often the limiting factor in how much
current a given motor driver provides. To calculate the maximum allowable current in a given application,
an estimation of the total motor driver power dissipation is needed. This application report shows how to
estimate this power dissipation in DC brush motor and stepper motor applications.

1 Sources of Power Dissipation in a Motor Driver

There are a number of sources of power dissipation inside a motor driver IC. Some are obvious, like the
power dissipated in the FET ON-resistance, others are more subtle. To make an accurate assessment of
the total power dissipation, all sources must be considered.

1.1 Rpyson Dissipation

The biggest source of power dissipated inside a motor driver IC is the power dissipated in the FET ON-
resistance, or Rpson). The power dissipated in an H-bridge (consisting of a high-side FET and a low-side
FET) is calculated with the following:

Pros = (HS-Rpsiony X (IOUT(RMS))Z) + (LS-Rps(on) ¥ (IOUT(RMS))Z)

where Pgps is the power dissipated in the output FETS, HS-Rpg oy is the resistance of the high-side FET,
LS-Rps(on is the resistance of the low side FET, and loyrrus) is the RMS output current being applied to
the motor.

Note that Rpg oy inCreases with temperature, as the device heats, the power dissipation increases. This
must be considered when calculating the total device power dissipation.

If a device has two H-bridges, like a typical stepping motor driver, you need to add the power dissipated in
each H-bridge.

1.2 Switching Losses

When an output transitions from high to low or low to high, the output devices traverse a linear region
where they are dissipating significantly more power than when fully turned on. This power dissipation is
referred to as switching loss.

Switching loss is a function of the following:

» rise and fall times of the output, how quickly the output swings from one extreme to the other
» supply voltage

* Output current

» frequency that the output is switching

In some cases, such as a DC motor driver that is only turned on or off (not subjected to PWM speed
control or current control), this rate may be so small as to be negligible. On the other extreme, for example
a stepper motor driver using current control, the outputs are always being switched at some PWM
frequency to maintain current regulation.
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As an approximation, switching losses for each output are calculated as follows:

Psw = PSW_RISE + PSW_FALL

where Py, is the total switching loss (in watts) for one output, and Py, e is the power dissipated during
the rising edge, and P, (4, is dissipated during the falling edge.

Expanding on this:

Psw rise = ¥2 X Vi X loyr X tg X fgy
and

Psw rai = %2 X Vi X loyr X te X fgyy

where V,, is the supply voltage (in volts), loyr is the output current (in amps), t is the rise time (in
seconds), t: is the fall time (in seconds), and fg,, is the switching frequency (in Hz).

The values of t; and t- are generally listed in the motor driver datasheet. fs, may be the internal PWM
frequency of the motor driver, if the motor driver is performing current regulation (as when driving a
stepper motor), or may be an externally applied PWM frequency (as when doing DC motor speed control
from a processor).

In an H-bridge, it is possible that one side or both sides of the H-bridge are being switched. For example,
with a DC motor driver or a stepper motor using slow decay mode, only one side of the H-bridge is being
pulse-width modulated, while the other side remains at a fixed state. A stepper motor driver running in fast
decay, however, reverses state at each PWM cycle. Both sides of the H-bridge switch, causing twice as
much switching loss.

1.3 Operating Supply Current Dissipation
Some current is consumed by the motor driver IC. On Tl motor driver data sheets, this is usually called V,,
operating supply current.
Power dissipated by the operating supply current is calculated using:
Pim = Vi X Iy
1.4 Other Power Dissipation
Motor drivers may contain other circuits that dissipate power. Many Tl motor drivers contain an LDO
regulator that is used to provide some reference current, or current to power external loads. You must
account for this power dissipation as well.
For an LDO, power dissipation is calculated as follows:
Pioo = lioo_our X (V= Vour)
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2.1

2.2

Example Calculation

Section 2.2 shows an example power dissipation calculation for a DRV8825 motor controller driving a
bipolar stepper motor operated with current regulation. Similar calculations are made using other stepper
and brush DC motor drivers.

Conditions and Assumptions

When driving a stepper motor using current control, two H-bridges are always conducting current, and are
always being switched (to regulate current using PWM). In this example, using a DRV8825 stepper motor
controller, we use the following operating parameters:

eV, (supply voltage) = 24 V

e lour = 1.5-A RMS per phase

» Only slow decay is used (so only one side of each H-bridge is switching)
* 2-mA current is drawn from the LDO regulator (V3P30UT)

For estimation purposes, use the typical 85°C Rpgon) NUmber, and the worst-case (maximum) rise and fall
times from the datasheet. Other datasheet parameters used are the typical values.

Power Calculation
The total power dissipation is calculated as follows:
Pror = (2 X Pgrps) + (2 X Pgy) + Pym + Pioo

The factor of 2 on the Pxy5 and Pg,, terms comes from the fact that there are two H-bridges in the
DRV8825, each driving one phase of the stepper motor, and one side of each H-bridge is being pulse-
width modulated to regulate winding current.

Calculating the components step-by-step, using data from the DRV8825 data sheet:

Pros = (HS- RDS(ON) (IOUT(RMS )2) + (LS- RDS(ON) X (IOUT(RMS)) )
—(OZSQX(15A)2)+(025Q><(15 ))
=1.125W

Psw = Psw rise * Psw raLL
= (Y2 X Vy X loyr X tg X foy) + (V2 X Viy X loyr X te X fgy)
=(2%x24Vx15Ax%200ns x 30 kHz) + (*2%x 24V x 15 A x 200 ns x 30 kHz)
=0.216 W

Pwv=Vuxlm=24V x5mA
Poo = oo our X (Vm— Vour) =2 MA X (24V -3.3V) =0.04 W
Finally,

Pror = (2 X Pgps) + (2 X Psy) + Py + Pioo
=2x1125W+2x0.216 W+ 0.12W + 0.04 W =284 W

This is the approximate amount of power dissipated in the IC.
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2.3 Die Temperature Estimation

Once you know the power dissipated in the driver, you can estimate the die temperature. Calculate the die
temperature using the thermal resistance 8,, and the ambient temperature as follows:

Toie = Tawe *+ (854 X Pror)

In this example, if the DRV8825 were mounted on a JEDEC-standard PCB, the 6,, value is 31.6°C/W. The
resulting die temperature at a 25°C ambient temperature is:

Toie = Tawe * (834 X Pror)
= 25°C + (31.6°C/W x 2.86 W) = 115.4°C

This temperature is well below the overtemperature shutdown temperature of 150°C.
However, an ambient temperature of 70°C produces the following:

=70°C + (31.6°C/W x 2.8614 W)
=160.4°C

At an ambient temperature of 70°C, the device would enter overtemperature shutdown.

NOTE: When mounted on the application PCB, the actual 6,, value is probably different than the 6,,
value listed on the datasheet for a JEDEC-standard board. Please refer to
www.ti.com/thermal for more information on how to determine the 6,, value on your PCB.

3 References
1. Understanding Motor Driver Current Ratings (SLVA505)
2. www.ti.com/thermal

4 Calculating Motor Driver Power Dissipation SLVA504—February 2012

Submit Documentation Feedback
Copyright © 2012, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/lit/pdf/SLVA505
http://www.ti.com/thermal
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA504

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity
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