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1 Abstract

The thermal management of printed-circuit boards is complex, but must be well understood to achieve
optimum performance and reliability. SWIFT™ dc/dc converters in the 14-pin QFN package rely on an
exposed lead frame die pad on the bottom of the package to provide an extremely low thermal resistance
from junction to case. The junction to ambient thermal impedance, RqJA (formerly qJ-A), is greatly dependent
on the printed circuit board design, orientation, and airflow; so, it is difficult to estimate the actual junction
temperature of the converter IC without detailed computer simulation of the circuit board and its operating
environment. A technique is demonstrated to measure actual junction temperatures of a device in a user's
application circuit using the body diode of the PWRGD open drain output transistor. Using this information
it is possible to accurately predict the junction to ambient thermal impedance of a given circuit.

2 Introduction

The 14-pin QFN package is used for the TPS54620 dc/dc converters. This device offer an output current
of 6 A. As the power FETs are integrated into the device, the power dissipation can be high at output
currents approaching the maximum of 6 A. Thermal management becomes an important factor in
determining the performance and reliability of the design. The QFN package used by the TPS54620 is
manufactured with the lead frame exposed on the under side of the package. This provides an extremely
low thermal resistance between the integrated circuit die and the package. By soldering this exposed
thermal pad on the device directly to the PCB, the heat generated can be drawn away from the device.
Thermal vias located under the device can be used to channel the heat directly to internal ground planes
or other heat sinking structures built into the PCB. Because the thermal impedance from the junction to
the exposed thermal pad is very low, the junction to ambient thermal resistance is mainly dependent on
the printed circuit board design. It is difficult to model the thermal performance of the printed circuit board
without specific modeling software. It is possible, however, to estimate the junction temperature of the
device from the voltage across the body diode of the PWRGD open drain output transistor when the
transistor is biased with a fixed current .

3 Test Setup

The TPS54620EVM-374 circuit is used for this application report. The schematic diagram is shown
inFigure 1.

SWIFT is a trademark of Texas Instruments.
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Figure 1. Electrical Schematic

To accurately measure the junction temperature of the device, it is possible to monitor the forward voltage
drop of the internal drain-to-source body diode of the PWRGD open-drain FET. The diode is forward
biased with a constant 300 mA current. This 300 µA bias current can be supplied by a current source or a
voltage supply connected in series with a 10-kΩ resistor as shown in Figure 2 .

Figure 2. Test Setup

4 Body Diode Characterization

The first step in obtaining thermal data is to determine the diode forward voltage versus junction
temperature characteristics. With no power applied to the VIN input PCB, measure the diode voltage at
various ambient temperatures as shown in Table 1 .

Table 1. Diode Voltage vs Temperature

TJ-C° Measured Diode Voltage-V

25 0.4609

50 0.4438

75 0.4265

100 0.4076

125 0.3863

150 0.3591
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Plotting the data shows the linear relationship of the diode voltage to the junction temperature. A trend line
can be used to easily determine the equation to express this relationship as shown in Figure 3 .

Figure 3. Diode Voltage vs Junction Temperature

The junction temperature as a function of diode voltage equation can easily be derived by rearranging
terms in the trend line equation:

(1)

5 Test Results

Now that the junction temperature to diode voltage characteristics are known, the thermal performance
data can be taken and the junction to ambient thermal resistance can be calculated. At a known ambient
temperature such as room ambient, it is necessary to calculate the device power dissipation and measure
the diode voltage over the range of output currents. The test board was set up with 12-V input and 3.3-V
output. Power dissipation was determined by measuring the input voltage, input current, output voltage
and output current. Because the high- and low-side FETs are integrated into the devices, the only other
significant power loss is the series resistance of the inductor. The device power dissipation is then given
by:
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(2)

It is important to understand that these test PCBs contain only the power conversion circuitry. All load
power is dissipated external to the PCB and does not contribute to the thermal measurements presented
here.

Figure 4 shows the device power dissipation as a function of output current. For a given output current,
the power dissipation is primarily due to the RDSon of the internal FET. For the TPS54620, the FET
high-side on-resistance is nominally 26mΩ and the low-side is 19 mΩ.

Figure 4. Device Power Dissipation vs Output Current

Figure 5 shows the junction temperature as a function of output current.

4 Measuring the Thermal Performance of theTPS54620 SLVA397–March 2010
Submit Documentation Feedback

Copyright © 2010, Texas Instruments Incorporated

http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA397


0

10

20

30

40

50

60

70

80

0 1 2 3 4 5 6

IO - Output Current - A

T
J

-
J
u

n
c
ti

o
n

T
e
m

p
e
ra

tu
re

-
ºC

www.ti.com Test Results

Figure 5. Device Junction Temperature vs Output Current

With the power dissipation and the junction temperature of the devices known, the thermal resistance RqJA,
can be determined. This parameter has the units of ºC/W; so, the device temperature rise is plotted vs
power dissipation. This curve is shown in Figure 6.
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Figure 6. Junction Temperature Rise vs Device Power Dissipation

The junction temperature rise vs power dissipation curve is close to linear. The slope of this line, given by
the coefficient of 20.867 in Figure 6, is the thermal resistance from junction to ambient.

6 Conclusion

For designs using the TPS54620 SWIFT device in the 14-pin QFN package, the thermal performance
almost completely depends on the PCB design and layout. For optimal performance, always use the
recommended footprint as provided in the device data sheets. Make sure that the device thermal pad is
soldered to the exposed copper area under the device. Increasing the amount of copper area used for
heat sinking and providing for airflow can improve the thermal performance, especially in high-current
applications. It is important to understand that the test results presented in this application report are only
valid for the PCB configurations described herein. Results in other application circuits will vary. In typical
applications, the SWIFT dc/dc converter will likely be used as point of load power supply; the power
dissipated at the load will contribute significantly to thermal performance as the heat dissipated by the load
may be many times that dissipated in the SWIFT dc/dc converter. Using the technique described in this
application report allows users to easily determine the thermal performance of their designs.

6 Measuring the Thermal Performance of theTPS54620 SLVA397–March 2010
Submit Documentation Feedback

Copyright © 2010, Texas Instruments Incorporated

http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVA397


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.

TI 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 TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI 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 TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI 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. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI 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 TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI 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 TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI 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.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI 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

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions www.ti.com/lprf Video and Imaging www.ti.com/video

Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2010, Texas Instruments Incorporated

http://amplifier.ti.com
http://www.ti.com/audio
http://dataconverter.ti.com
http://www.ti.com/automotive
http://www.dlp.com
http://www.ti.com/communications
http://dsp.ti.com
http://www.ti.com/computers
http://www.ti.com/clocks
http://www.ti.com/consumer-apps
http://interface.ti.com
http://www.ti.com/energy
http://logic.ti.com
http://www.ti.com/industrial
http://power.ti.com
http://www.ti.com/medical
http://microcontroller.ti.com
http://www.ti.com/security
http://www.ti-rfid.com
http://www.ti.com/space-avionics-defense
http://www.ti.com/lprf
http://www.ti.com/video
http://www.ti.com/wireless-apps

	Measuring the Thermal Performance of theTPS54620
	1 Measuring the Thermal Performance of theTPS54620
	1 Abstract
	2 Introduction
	3 Test Setup
	4 Body Diode Characterization
	5 Test Results
	6 Conclusion




