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When designing a power stage for motor control, you can drive down the total system cost if you make special
considerations regarding efficiency. This includes optimizing the field-effect transistor, switch node and control
algorithms. During design, you will need to protect the system against an over temperature condition. Over
temperature means that if the system gets to a certain temperature level, the components on the printed circuit
board are outside their specification ranges. This can damage the components and cause the drive system to
malfunction.

Temperature sensors monitor and protect power-stage components to keep the drive system within the safe
operating area (SOA). A SOA is a defined operating temperature range for the system at a specific apparent
load or root-mean-square (RMS) current in a phase, which the drive can support without extra cooling abilities.
The temperature range for industrial equipment is typically an ambient temperature of -40°C to 85°C.

TI's 48V/500W Three-Phase Inverter with Smart Gate Driver Reference Design for Servo Drives was used to
generate an SOA curve. The “ideal” curve of the SOA, shown in Figure 1. The curve is defined based on results
from thermal camera testing and an efficiency measurement at 10 Agys. With an assumed zero temperature
error, this curve is used as a reference against a negative temperature coefficient (NTC) thermistor and the
TMP235A2 sensors. The difference in the SOA is a result of the temperature error of the sensors and indicates
the need for a safety margin in order to ensure operation within the SOA of the drive.

48V/500W Three-phase Inverter with Smart Gate Driver Reference Design for Servo Drives
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Figure 1. SOA Difference Due to Sensor Temperature Error Compensation

How does the temperature error degradation of SOA affect system performance?

In Figure 1 it can been seen what effect the temperature error has in regards to RMS current at ambient
temperature, here is it assumed the NTC has an error of 3.9°C and the TMP235A2 has an error of 2.0°C, this
assumption is described in detail in part 2 of this blog. Using the SOA curve on the maximum phase current with
regards to ambient temperature, it is possible to define the maximum phase current possible before cooling is
needed. Now this maximum phase current is used to calculate the power degradation of the power stage given

a specific temperature sensor error. Figure 2 is based on calculations found in the three-phase inverter reference

design.

Figure 2. Usable Apparent Load at 85°C Using Different Temperature Sensors
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You can see that the power stage can support 539 W — if it was possible to measure the temperature without
error. Now, because of the temperature error of the sensor, you’ll need to add a safety margin. This safety
margin means that the power stage needs to be degraded by 4% or 8% of the potential power usage of a servo
drive power stage module system. If the power stage needs to support 500 W (which is clearly possible as seen
in Figure 1) but you choose to use a NTC, you would need to add additional cooling to the system to support the
system’s full temperature range, or redesign the system for higher efficiency the 48V/500W Three-phase Inverter
with Smart Gate Driver Reference Design for Servo Drives is already running at higher 99% efficiency on the
power stage. This increases the design time and cost.

In the next installment of this series, | will explain considerations, theories and tools used to generate the figures
in this installment, and explain why it is worth it to spend time deciding which temperature sensor to use.

SSZT470 — JUNE 2019 Getting the Most Out of Your Power Stage at the Full Temperature Range — 3
Submit Document Feedback Part 1

Copyright © 2023 Texas Instruments Incorporated


http://www.ti.com/solution/manufacturing_robotics_axis_motor_drives
http://www.ti.com/solution/manufacturing_robotics_axis_motor_drives
https://www.ti.com
https://www.ti.com/lit/pdf/SSZT470
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZT470&partnum=CSD19536KTT

IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

