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ABSTRACT

Designers often want to measure the junction temperature of a DC switching power supply. This is
especially difficult in temperature chambers because a thermal camera is inaccurate and can be
damaged under high environmental temperatures, and an external temperature sensor is difficult to fix
onto small packages. This application note will help readers understand a practical method to measure
the junction temperature of an IC by demonstrating how to implement a direct readout temperature
measuring method using the MOSFET body diode of a power good (PG) pin. This is a direct voltage
readout method using the diode voltage vs. temperature relationship.

AN170 Rev. 1.0 MonolithicPower.com 2
12/18/2020 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2020 MPS. All Rights Reserved.



AN170 - DIRECT JUNCTION TEMPERATURE MEASUREMENT
OF A DC SWITCHING POWER SUPPLY

meSs

INTRODUCTION

In many applications, it is important to measure the junction temperature under the maximum specified
load and ambient temperature. The knowledge of the junction temperature and the margin to the
maximum permissible temperature is of interest in every industry branch no matter if it is a low cost mass
product, a safety or life sustaining application.

Figure 1 shows the DC block diagram of MPS’s MPQ4572, which uses a PG body diode. This device will
be used as the example for this application note.
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Figure 1: PG N-Channel MOSFET Body Diode in the MPQ4572

The MPQA4572 is a fully integrated, fixed-frequency, synchronous step-down converter that can achieve
up to 2A of continuous output current with peak current control. The device offers a 4.5V to 60V input
voltage range to accommodate a variety of step-down applications. Apply a 1mA current source in the
forward direction through the body diode (a part of the MOSFET) on the PG pin (see Figure 1).

The diode voltage vs. temperature curve can be measured on the EVQ4572-QB-00A evaluation board
(see Figure 2). It can also be measured directly from a custom board. The diode curve characteristic
depends on temperature, rather than on the PCB dimensions.
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Figure 2: EVQ4572-QB-00A 4-Layer Evaluation Board (8.9cmx8.9cm)

DESIGN PROCEDURE

The power good (PG) pin has an internal N-channel MOSFET with a body diode. To accurately measure
the junction temperature, the forward diode voltage and temperature must be calibrated. Follow the steps
below for calibration:

1. Disconnect any resistor, microcontroller, or part from the PG pin.

2. Glue a temperature sensor (e.g. a small PT1000, 4-wire) on top of the device package that is being
tested.

Another method is to solder a floating thermocouple close to the device being tested (it is
recommended to solder this thermocouple to GND). Fixing temperature sensors to the package is a
demanding task, so use the smallest possible sensors. The temperature sensor should not act as
heatsink for the small package. Use thermal conductive glue to fix a PT1000 temperature sensor to
the package, or use a thermocouple soldered directly to a part of the board that has EMC quiet
potential (e.g. GND or VIN) (see Figure 3).
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Figure 3: Soldering a Themocouple to the PCB
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10.

11.
12.

13.
14.
15.

Connect a precision multimeter with a built-in diode test function and a 1mA current source to the PG
pin (see Figure 1 and 5). Smaller currents can be used, but the system must have the same current
while it is calibrated and while measurements are taken.

Measure the forward diode voltage vs. junction temperature relationship in a climate chamber.

Measure the diode voltage when the device is powered by a supply voltage under the desired input
voltage (Vin). Determine which Vv values have valid calibration because Vi can influence the
efficiency, and can therefore influence the device temperature as well. Do not connect a load on the
DC/DC converter output.

Take measurements with the evaluation board or on a custom PCB.
Turn the device off.

Start the climate chamber (for example, at 25°C), and ensure that the external temperature sensor
shows a stable reading.

Turn the device on for a short period, and read the voltage on the multimeter. Without a load, the
junction temperature should not rise significantly, because the power loss in the junction is low (only
a few mW). If possible, use advanced asynchronous mode (AAM) due to its low quiescent current
under small loads.

Turn the device off.

Set the climate chamber to the next selected temperature and let the PCB temperature settle for
approximately 20 to 30 minutes, depending on the PCB’s specific heat capacity and size.

Turn the device on for a short period, and read the voltage on the multimeter.
Turn the device off again. Continue with the next selected temperature for the climate chamber.

Measure the forward diode voltage under the maximum desired load and maximum ambient
temperature.

Considerations
When measuring the PG forward voltage diode keep the following in mind:

The slope of this calibrated voltage vs. junction temperature is almost linear. For the highest accuracy,
use more points and a polynomial fit function. Check the calibration for repeatability.

Devices of the same type have similar slopes, but often different offsets.
Similar devices will typically have slightly different slopes.

Side effects, such as a small change to Vour, are possible. This should not be considered a failure,
as the coupled currents within the junction can cause such effects.

The main advantage of this measuring method is that the forward diode voltage can be used to
calculate the junction temperature under any load.

A temperature sensor is not necessary.

Note that not every part can use the PG pin to measure the current; contact the part manufacturer for
product guidance.

MEASURED CALIBRATION CURVE

Figure 4 shows a first-order PG forward diode voltage vs. junction temperature graph, which has a linear
fit function. The PG diode is driven by the external 1mA current source shown in Figure 1.
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Power Good Forward Diode Voltage vs. Junction Temperature
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Figure 4: Measured Calibration Curve on the EVQ4572-QB-00A

By measuring the diode voltage, the junction temperature can be calculated with Equation (1):
voltage(T}) = —0.8068 x Tjx = + 592.88mV 1)

COMPARING A BODY DIODE READOUT TO A THERMAL CAMERA

Table 1 shows a direct comparison between the readout of the junction temperature and a visual thermal
camera. The ambient temperature is measured with a platinum resistance type PT1000 (1109Q for
28.0°C).

Table 1: PG Forward Diode Temperature Readout vs. Thermal Camera

Power PG- A PG-
Vv Vv Loss Efficienc | PG Section Thermal | Section
N out y out Diode | Junction | Camera to
Board
Temp Camera
60V | 5.0862V 38mw 0.8% OmA 568.4mV 30.3°C 30.2°C 0.1K
60V | 5.0860V | 146mWwW 25.9% 10mA 566.2mV 33.1°C 32.6°C 0.5K
60V | 5.0858V | 416mW 55% 100mA | 561.4mV 39.0°C 36.9°C 1.9K

60V | 5.0827V | 608mW 80.7% 500mA | 560.1mV 40.6°C 38.7°C 2.0K
60V | 5.0793V | 773mW 86.8% 1000mA | 557.4mV 44.0°C 41.9°C 2.2K
60V | 5.0763V | 1021mW 88.2% 1500mA | 553.1mV 49.3°C 47.5°C 2.4K
60V | 5.0734V | 1376mW 88.1% 2000mA | 545.2mV 59.1°C 55.5°C 3.6K
60V | 5.0694V | 1857TmW 87.2% 2500mA | 536.5mV 69.9°C 65.5°C 4.4K

Table 1 shows that the measured junction temperature is comparable to the thermal camera on the PG
diode section of the package. The camera method shows lower temperatures, caused by thermal
resistance of the mold compound between the junction and the package top surface. The camera is
adjusted to a 0.95 emissivity, which is a good fit for the mold compound of the package. The junction
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temperature is not consistent between components (e.g. the PG section inside the die is colder than the
MOSFET section). Figure 5 shows the PG diode section and MOSFET section.
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Figure 5: MPQ4572 Package with MOSFET and PG Section

THERMAL MEASUREMENTS UNDER DIFFERENT CURRENT LOADS

As shown in Figure 5 and Figure 10, the small signal section and the power MOSFET section are at
different positions. The PG forward voltage diode measures the junction temperature at the PG position,
so the diode temperature must be compared to the camera temperature at that position. Because the
MOSFET has a higher temperature by a few degrees, that small offset must be added to the maximum
junction temperature. Figures 6—13 show the camera measurements corresponding to Table 1. These
measurements were all taken using the EVQ4572-QB-00A.
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Figure 6: Measurements when lL.oap = OmA
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Figure 7: Measurements when l.oap = 10mA
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Figure 8: Measurements when lL.oap = 100mA
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Figure 9: Measurements when lL.oap = 500mA
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Figure 10: Measurements when l.oap = 1000mA
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Figure 11: Measurements when l.oap = 1500mA
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Figure 12: Measurements when l.oap = 2000mA
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Figure 13: Measurements when l.oap = 2500mA @)

Note:

1) A continuous 2.5A current is not recommended.

APPLICATIONS
Failure Mode and Effects Analysis (FMEA)

Failure mode and effects analysis (FMEA) is a method of reviewing components and subsystems in a
complete system. The purpose of FMEA is to identify potential failure modes, as well as their effects and
causes. Each component is tested with a defined process to simulate either a failed component or a
component being out of specification from its nominal value. Each failed component effects the failure
mode for the overall system. By understanding these failure modes results, the designer can determine
if there is a loss of system accuracy due to the selected components, or if there is a potential danger for
the user or the environment.

Directly measuring the junction temperature via the methods described above allows a designer to easily
obtain an accurate temperature measurement of the junction temperature, even under difficult operating
conditions. The junction temperature of a DC switching power supply is often the warmest area on a PCB,
which is useful information for FMEA.

Highly Accelerated Life Test (HALT)

The highly accelerated life test (HALT) is a test for enhancing product reliability in many industries,
including electronics, medical, computer, automotive, and military. A HALT test is often done outside the
specified maximum operating temperature and mechanical vibration levels of a component or system.
The purpose of this test is to understand the behavior of a system.

For example, consider if the temperature of a DC switching power supply exceeds the specified maximum
junction temperature. By directly measuring the junction temperature, the user can quickly understand if
a device is operating outside of its limits. HALT searches for the “unknown” unknowns in a system, so
being able to measure the exact temperature at which a component fails provides crucial information.
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Highly Accelerated Stress Screening (HASS)

Highly accelerated stress screening (HASS) in an effective production screening method used to find
manufacturing defects in products. The goal of HASS is to accelerate the discovery of defects in
manufacturing during the production stages of a product life cycle to reduce associated failures.

CONCLUSION

This direct temperature readout method simplifies the process for design engineers when testing a
custom PCB in a temperature chamber, where a thermal camera cannot be utilized. This helpful method
achieves fast, reliable, and accurate junction temperature data without the complicated and often time-
intensive process such as fixing temperature sensors on a device package.
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