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This year marks the 35th anniversary of the Applied Power Electronics Conference (APEC). It’s a perfect reason 
to take a trip down memory lane when it comes to power-supply design for system-on-chip (SoC) applications, 
such as communication base stations, test and measurement equipment or data centers.

While designing thermally optimized power supplies has never been an easy task, the power requirements of 
modern SoCs have made doing so increasingly challenging. When the first integrated field-effect transistor (FET) 
buck converters hit the market about 20 years ago, they sought to solve a major challenge emerging in the 
industry: the need to supply increasing amounts of power at point of load in an increasingly limited amount of 
board space.

Tackling that challenge is still a top priority, but today’s power designers also face trends that make managing 
thermals even more critical: continually rising SoC power requirements, higher ambient temperatures and higher 
converter switching frequencies. If your power-supply design doesn’t adequately account for these constraints, 
you run the risk that it won’t be able to supply the power you need. Here are three steps you can take to ensure 
your power supply adequately addresses the needs of your SoC.

1.       Understand your processor’s power needs.

Reducing solution size and external component count has always been a goal for power designers. Integrating 
FETs into the package with a buck controller is one good way to do that, and the industry has continued to use 
this approach to increase power density in the face of rising SoC power requirements. Because of this trend, 
selecting a converter that’s properly rated for your application need is especially critical.

There are many heuristics that you can use to determine if a converter’s power rating will fit your application 
need, but a good place to start is to understand the power loss at the current level where you’ll use the 
converter. Figure 1 is a power-loss curve for the TPS546D24A, a buck converter rated for 40-A output current. 
Since this converter’s package has a large ground pad and its integrated FETs have low RDS(on), its power loss 
is relatively low, even at a high output current. Carefully considering the power loss under your load condition for 
any device you’re designing with is a good way to ensure that your converter is properly derated to match the 
application’s thermal environment.
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Figure 1. TPS546D24A power loss

2.       Ensure that your design can handle higher temperatures.

Using a buck converter with high power loss can be especially problematic in applications with higher ambient 
temperatures (TA). To tackle this challenge, TI has developed converter solutions that can operate over a wider 
range of temperatures, typically specified as a maximum junction temperature (TJ). Consider the increasingly 
common condition where the environment in which your device will be operating is at 60°C or greater. In this 
condition, it doesn’t take much power loss for a traditional 105°C TJ-rated buck converter to enter thermal 
shutdown.

While efficiency or power-loss curves can be a helpful starting point, to understand the true operating range of 
your power supply, ask to see its safe operating area (SOA) curves. For the TPS546D24A, these curves are 
shown in Figure 2. SOA curves are a good way to understand what power level your converter can realistically 
deliver over its full operating lifetime based on the ambient temperature in which it will be operating.

Figure 2. TPS546D24A SOA curves
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3.       Balance the benefits and drawbacks of high switching frequency operation.

The correlation between higher switching frequency (FSW), higher switching losses and higher total power loss 
is well understood, but requirements for smaller solution size and faster transient response have pushed more 
power designers to accept lower-efficiency power solutions. One major factor contributing to this are the power 
requirements of common processor core rails, which may only allow a total output-voltage deviation of a few 
percent over changes in line voltage, load voltage and operating temperature. Switching to converters with a 
higher FSW will allow your design to react more quickly to voltage transients and regulate them more effectively. 
This principle has driven many power designers to use converters that can switch at frequencies above 1 MHz, 
even for very high-power applications. Ultimately, the value of operating your converter at a high FSW will depend 
on your specific application conditions, but choosing a device with a resistor-adjustable or pin-selectable FSW will 
enable the greatest flexibility for tackling thermal challenges in the face of shifting load requirements.

These are just a few of many considerations when designing a point-of-load power solution, but keeping these 
in mind when choosing power devices will make optimizing the thermal performance of your applications much 
more manageable.

Additional resources:
• For further reading on the correlation between FSW and solution size/efficiency, see “Choosing the optimum 

switching frequency of your DC/DC converter.”
• To learn more about safe operating area, read the application report, “Method of Graphing Safe Operating 

Area Curves in DC/DC Converters.”
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