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ABSTRACT

This application report provides an insight into the thermal performance optimization of high-power density buck
converters. The report shares several design implementations of the TPS62866, a high frequency synchronous
step-down converter in a wafer chip-scale package (WCSP). Additionally, the report focuses on the trade-offs
between possible design enhancements and the costs incurred. This application note can be used as a thermal
design guide to implement high power density designs in thermally-limited applications.
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1 Introduction
For several years Quad-flat no-leads (QFN) package with thermal pad have been standard starting point for high
current designs. Technology and trends pushed buck converters to get even smaller and more efficient.
Therefore, optimized PCB designs need to be considered to dissipate the heat efficiently through the PCB and
enable low operating temperatures.

Especially for thermally-limited designs, mitigating the heat effectively from the Integrated Circuit (IC) through the
Printed Circuit Board (PCB) has become paramount. The PCB is the actual carrier and heatsink of ICs and
therefore the influence of PCB on ICs thermal capability should be analyzed. This necessitates an optimal PCB
layout design to ensure reliable operation of ICs over a wide range of temperature and different layouts can be
realized depending on packaging technology and associated pinouts.

This application note discusses three different PCB design approaches and the cost trade-off for a high power
density package. A brief comparison between simulated and measured results is subsequently explained. For
the study, TI’s new TPS62866- 6 A buck converter in a 1.05-mm x 1.78-mm x 0.5-mm WCSP/DSBGA package,
is considered. The package size is equal to die size in these packages for PCB space saving which makes heat
dissipation from these packages more challenging.

2 Thermal Vias in Power PCB design
Usually, power PCB designs focus on improving thermal performances by increasing the copper area or adding
ground planes in a multilayer boards. Thicker copper planes and wider traces resulting in low resistance and low
parasitic inductance also helps to dissipate heat in the same size board area.

However, one of the most effective ways to propagate heat through the PCB is to use vias. Thermal vias are
commonly used in PCBs as a mean to dissipate heat vertically from surface mount components to the PCB inner
layers. Vias are simple mechanical drillings made to penetrate the PCB and thereby connect multiple layers in
the PCB.

Figure 2-1 shows the different type of vias typically used in the PCB industry, they also differ in terms of use and
costs.

Figure 2-1. Different use of vias

Through-hole vias are the most used and cheapest to manufacture. There are micro vias called buried vias:
which can connect the internal layers without being exposed to outer air, and blind vias: which can connect the
internal layers and are exposed on one side of the board. Both buried vias and blind vias provide only a partial
connection between the PCB layers and add a degree of complexity to the design which results in a more
expensive PCB design.

3 Layout Comparison of TPS62866
Three different versions of PCB are designed and studied for thermal analysis. In the E1 version, through-hole
micro vias or thermal vias are placed under the device and near the VOUT net of the inductor. In the SW net of
the device and the inductor, blind vias are provided. This is obviously a performance optimized solution.
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Figure 3-1. PCB Layout for E1

The E2 version is a cost optimized solution and hence no vias are provided under the device as well as the
inductor. But the micro vias near the VOUT net of the inductor is unchanged.

Figure 3-2. PCB Layout for E2

In the E3 version, a trade-off between cost and performance is achieved by providing through-hole micro vias
under the device even in the SW net. Blind vias are not used under the device or the inductor. Micro vias near
the VOUT net of the inductor is unchanged.

Figure 3-3. PCB Layout for E3
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4 Simulation vs. Thermal Measurement
Simulation tools allow customer to evaluate their designs before manufacturing boards and assess the best
implementation of their designs. Consequently, three versions of the PCB were simulated using Keysight’s
Electro-thermal tool. The simulation setup considered is for Vin-3.3 V and Vout-0.9 V at 6 A load and ambient
temperature (typically 25⁰C). The thermal images of the PCBs were then captured using FLIR T335 thermal
imaging camera for the same test conditions. The results are as shown below.

Figure 4-1. Simulation vs. Measurement for E1

In the E1 version, the simulation and measurements resulted in a highest temperature of 97⁰C and 94.7⁰C
respectively on the device.

Figure 4-2. Simulation vs. Measurement for E2

In the E2 version, the simulation and measurements resulted in a highest temperature of 107⁰C and 117⁰C
respectively on the device.
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Figure 4-3. Simulation vs. Measurement for E3

In the E3 version, the simulation and measurements resulted in a highest temperature of 97.7⁰C and 96⁰C
respectively on the device.

It is then clear that the simulation results are not exactly similar to measurement results and this solely depends
on the assumptions of the simulation models and the inaccuracy of real-time measurements. Nevertheless, from
both the simulation and measurement, the hottest point of the PCB is on the device. It is seen that the lowest
temperature is for E1 version and the highest for E2 version. The temperature of the device in E1 and E3
versions are very much comparable.

In addition to the reduction of the thermal resistance of the device, the optimization of the layout for thermals
also can offer improvements in terms of efficiency. The use of thermal vias allows a better connection of the
switching plane to inner layers of the design, by providing a low resistive path and consequently increases the
switch node copper area. The fast swinging from the input voltage to ground at high frequency makes the switch
node a critical thermal connection.

Table 4-1 shows the associated efficiency curves to the different layout implementations.

Figure 4-4. Efficiency Comparison Between Layouts

The efficiency curves comparison reflects that better efficiency results can be achieved by increasing copper
area at the switching node. Thus, it is important to consider wide connection at the switch node.
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Table 4-1. PCB Layout Comparison Table
VIN=3.3 V/VOUT=0.9 V E1 E2 E3

Strategy Performance optimized Cost optimized Performance and Cost

Max temperature at 6 A 94.7°C 117°C 96°C

Peak efficiency 90.75 % 90.29 % 90.66 %

5 PCB Layout for Thermal Performance
In the E1 version, where both blind vias and through-hole thermal vias are used, best heat exchange is achieved
between the package and the PCB. The device temperature is much lower in E1 compared to the other versions.
Hence, it can be regarded as a performance optimized solution. On the contrary, blind vias are difficult to
manufacture and this increases the overall cost of the PCB. In the E2 version, thermal vias are not used, heat is
not dissipated effectively from the board and the device has very high temperature. But the overall cost is much
lower than the other versions and hence it is a cost optimized solution.

In the E3 version, the device temperature is lower than the E2 version and almost similar to E1 version. This
means, there is effective heat dissipation and the same thermal performance is achieved by using through-hole
micro vias. Blind vias could be beneficial but in this case, it is not necessary. By avoiding unnecessary blind vias
we can save cost and at the same time obtain a highly optimized design. Therefore, it is both performance and
cost optimized.

Adding thermal vias helps reducing the overall device temperature and improves efficiency results. It is also
manifest that after adding an optimum number of vias, using more thermal vias will not necessarily offer an
additional reduction of the same magnitude.

However, using vias directly on the switch node can propagate fast switching signals through the PCB and
induce high switching noise which, in noise-sensitive applications, could disturb other signals on the board. For
more noise-sensitive applications, the TPS62869EVM layout shows how to achieve good thermal results without
using micro vias and thermal vias at the switch node.

Figure 5-1. TPS62869EVM layout

6 Summary
Layout is essential to optimize the thermal performance of a high-density buck converter. Thermal vias play a
significant role in vertical heat dissipation and they must be placed directly below or very close to the heating
elements/components. Additionally, the effective thermal resistance of parallel vias in an array is much less than
that for a single via. Hence a number of vias can be closely spaced for better heat dissipation.

If the component density is not too high on the PCB, through-hole micro vias would be sufficient to dissipate heat
on the PCB. Blind vias are normally used in HDI PCBs where component density is too high and when multiple
traces are present in the inner PCB layers which cannot be cut-through. Therefore, by using simple through-hole
micro vias, we can achieve a performance and cost optimized solution.

PCB Layout for Thermal Performance www.ti.com

6 Thermal Performance Optimization of High Power Density Buck Converters SLUAAD6 – FEBRUARY 2021
Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

https://www.ti.com/lit/ug/sluuc88/sluuc88.pdf?ts=1603458863910&ref_url=https%253A%252F%252Fwww.ti.com%252Fproduct%252FTPS62869
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUAAD6&partnum=TPS6286X


7 References
• Texas Instruments, 5.5-V, 6-A Synchronous Step-Down Converter with I2C Interface in 1.05-mm × 1.78-mm

WCSP Package
• Texas Instruments, 5.5-V 6-A Synchronous Step-Down Converter with I2C Interface in 1.5-mm x 2.5-mm

QFN Package
• Texas Instruments, Improving the Thermal Performance of a MicroSiP™ Power Module, Analog Applications

Journal

www.ti.com References

SLUAAD6 – FEBRUARY 2021
Submit Document Feedback

Thermal Performance Optimization of High Power Density Buck Converters 7

Copyright © 2021 Texas Instruments Incorporated

https://www.ti.com/product/TPS62866
https://www.ti.com/product/TPS62866
https://www.ti.com/product/TPS62869
https://www.ti.com/product/TPS62869
https://www.ti.com/lit/pdf/SLYT724
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUAAD6&partnum=TPS6286X


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 TI 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. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI 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 TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated

https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	Table of Contents
	1 Introduction
	2 Thermal Vias in Power PCB design
	3 Layout Comparison of TPS62866
	4 Simulation vs. Thermal Measurement
	5 PCB Layout for Thermal Performance
	6 Summary
	7 References

