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System thermal management has become ever-more critical, as three industry trends continue to work against
each other in today’s electronics:

* The drive toward higher system performance.
» Shrinking form factors.
» Rapidly increasing system modularity, which in turn creates a need for subsystem health monitoring.

Historically, designers implemented system protection by monitoring temperatures at key locations around a
system. And while temperature is the greatest indicator of system health status, unfortunately it is also a lagging
indicator.

An increase in system temperature is normally caused by increased current flow. By measuring and modeling
the current draw of a system, designers can manage thermals more efficiently and anticipate and proactively

address problems. Using precision temperature and current monitoring together enables systems to achieve

higher levels of reliability and performance.

Enhancing System Reliability

The amount of current flow in a system greatly impacts its reliability. An increase in current correspondingly
increases an integrated circuit’s (IC) junction temperature. And increasing junction temperatures can negatively
impact performance such as IC voltage offset or gain errors (Figure 1). In extreme cases, junction temperatures
can exceed the maximum operating conditions, permanently damaging the IC and causing system failure.

Figure 1. Large Changes in Temperature Can Degrade Component Performance
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Another type of system fault would be a short to power or ground, accompanied by a rapid change in current.
Therefore, it is critical to detect faults as early as possible to prevent system-level damage.

Characterizing a system to understand its current load profile can provide valuable insight into areas of concern.
Enabling distributed-current monitoring instead of a single-system current also narrows down the list of potential
issues more quickly.

Design a unidirectional current sensing solution

Download TI's overcurrent event detection circuit example.

To help address this need of precision current monitoring, Tl has introduced the INA301 and INA381 device
families. Both devices offer an overcurrent alert function as well as a voltage output capability for measuring the
absolute current level (Figure 2). This combination of outputs provides flexibility to actively monitor current only
when it has exceeded a predetermined early warning threshold, which is highlighted by the alert pin. The INA381
has the added benefit of being available in a 2mm-by-2mm ultra quad flat no-lead (UQFN) package.
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Figure 2. INA381 Functional Diagram

Enhancing System Performance

Monitoring load currents can help maximize system performance. Let’s look at a telecommunications central
office scenario where minimizing power consumption is critical. Monitoring the load current for each line card in
a large communication system platform makes it possible to balance both power consumption and performance.
During off-peak times, enabling only a single line card minimizes system power consumption. But if you monitor
the current being consumed by the communications processor, you can detect when the load (or number of
users) is increasing and bring additional line cards online.

Overtemperature Protection — the Absolute

Even with design strategies to proactively manage load currents, there will always be a need to have
overtemperature protection, as it is the last line of defense before overheating and system failure. One of the
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most popular components for thermal system protection is the TMP302, which provides intuitive overtemperature
detection in the form of a very small, accurate and low-power temperature switch. See Figure 3.
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Figure 3. TMP302 Layout Example

Conclusion

TI's latest devices enable you to monitor both the load current and temperature of a system while consuming
very little board space, giving you critical insight into both a leading indicator as well as an absolute
understanding of a system’s thermal profile.

Additional Resources

» Design a unidirectional current sensing solution with this overcurrent event detection circuit example.
* Learn more about TI's current sense amplifiers.

* Check out TI's temperature sensors.

SSZT613 — OCTOBER 2018 A Key to Accurate System Thermal Management: Monitoring Both Current 3
Submit Document Feedback Flow and Temperature

Copyright © 2023 Texas Instruments Incorporated


https://www.ti.com/lit/pdf/SBOA297
http://www.ti.com/amplifier-circuit/current-sense/overview.html
http://www.ti.com/sensors/temperature-sensors/overview.html
https://www.ti.com
https://www.ti.com/lit/pdf/SSZT613
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZT613&partnum=

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

