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Summary

Currently, almost all electronic devices and electrical products use ICs. For example, power
supply, motor driver, and LED driver ICs play an important role in controlling operations of the
electronic devices. These ICs generate heat when they supply power, drive motors, and turn LEDs
ON. Therefore, it is essential to perform an appropriate thermal design in order to ensure efficient
operation and long term reliability. Neglecting the thermal design may cause overheating,
resulting in deterioration of performance, and in the worst case, failures in the devices. Once a
problem occurs, schedules and costs are significantly affected, for example, by re-selection of
components, correction of board patterns, and redesign of heat dissipation. ROHM has prepared
several application notes that provide information about the thermal design necessary for
improving the product reliability and reducing reworking during the design phase. This White
Paper introduces some of these application notes.

Introduction of application notes
Figure 1 shows the tools and support that ROHM can provide for user development flows.
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Figure 1. Design support tool groups provided by ROHM
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Application notes are documents that summarize the technical information necessary for each
stage of user development flows, covering a wide range of content from basic to practical. This
document introduces the application notes prepared for successful thermal design, classified into
five steps.

Step 1: Learn the basics of thermal design

Step 2: Learn the thermal characteristics of components to be used
Step 3: Utilize thermal simulations

Step 4: Perform optimal board designs

Step 5: Perform accurate thermal measurements

Step 1: Learn the basics of thermal design

It is necessary to learn the basics of thermal design. Even if you introduce expensive measuring
instruments and simulators, you cannot utilize them effectively to achieve a successful thermal
design without knowing the basics. First, confirm the importance of thermal design by referring to
“What Is Thermal Design?” (Figure 2).
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The most important parameter in thermal design is thermal resistance of the individual
components. “Basics of Thermal Resistance and Heat Dissipation” helps you understand complex
heat transfer phenomena more simply by utilizing thermal resistance, providing a shortcut to
successful thermal design (Figure 3.).
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Figure 3. Basics of Thermal Resistance and Heat Dissipation
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Step 2: Learn the thermal characteristics of components to be used

Users of semiconductors need to know the characteristics of ICs to be used in order to satisfy
the specifications of devices to be developed. Specifically, the absolute maximum rating for
junction temperature, thermal resistance, and amount of heat generation (power loss) must be
known. Although the absolute maximum rating for junction temperature varies with the devices,
the information is always listed in the data sheet. For example, the rating is 150°C for general
DC-DC converter ICs (Figure 4).

Absolute Maximum Ratings

ltem Symbol Ratings Unit
Maximum input voltage VCC 80 \%
BST to GND VBST 85 V
Maximum input current Imax 3.5 A
BSTto LX AVBST 15 \
EN to GND VEN 80 V
LX to GND VLX 80 V
FB to GND VFB 7 V
VC to GNF wWC 7 V
RT to GND VRT 7 V
Operating Temperature Topr -40 to +85 °C
Storag;e Temperature Tstg -55 to +150 °C
Junction Temperature Tjmax 150 °C

Figure 4. Absolute maximum rating listed in data sheet: example of BD9G341AEFJ-LB

The thermal resistance is another piece of information that is always listed in the data sheet
(Figure 5). Its definition and measuring environment are summarized in “Thermal resistance and
thermal characterization parameter” (Figure 6).

Thermal Resistance Nete 1)

Thermal Resistance (Typ) )
Parameter Symbol Unit
15(Hote 3) ‘ 252p(Nete 4
HTSOP-J8
Junction to Ambient Bua 125.3 276 °C/W
Junction to Top Chiaracterization Parameter(\e 2) WYt 21 13 °C/W

(Note 1) Based on JESD51-2A(Still-Air)

(Note 2) The thermal characterization parameter to report the difference between junction temperature and the temperature at the top center of the outside
surface of the component package.

(Note 3) Using a PCB board based on JESD51-3.

(Note 4) Using a PCB board based on JESD51-5, 7.

Figure 5. Thermal resistance listed in data sheet: example of BD9G341AEFJ-LB
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Figure 6. Thermal resistance and thermal characterization parameter

Among the thermal related values, 6,a represents the thermal resistance from the junction to
the ambient environment, Bic represents the thermal resistance from the junction to the case
surface, and Wyt represents the thermal characteristics parameter indicating the temperature

difference between the junction and the top center of the outer surface of the package divided by
the power applied to the device. The values listed in the data sheet are specified in the JEDEC

JESD51 standards.

“How to Use the Thermal

Resistance and Thermal

Characteristics

Parameters” (Figure 7) summarizes the usage of these values in thermal design, providing the

information that users of power management ICs must know.
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Figure 7. How to Use the Thermal Resistance and Thermal Characteristics Parameters
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The amount of heat generation (power loss) is as important as the thermal resistance. The
amount of heat generation needs to be calculated according to applications to be used because
it depends on not only the IC characteristics, but also the circuit operations. “Efficiency of Buck
Converter” summarizes how to calculate the amount of heat generation (power loss) during the
switching operation of buck DC-DC converters (Figure 8).

Efficiency of Buck Converter Application Note
Application Note

Switching Regulator IC Series

Efficiency of Buck Converter

Figre 2 Sunehing vavetcam and s,
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Figure 8. Efficiency of Buck Converter

The junction temperature must be calculated using the transient thermal resistance if the
amount of heat generation (power loss) varies with time. “Method for Calculating Junction
Temperature from Transient Thermal Resistance Data” (Figure 9) summarizes how to calculate
the junction temperature from the transient thermal resistance data.
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Figure 9. Method for Calculating Junction Temperature from
Transient Thermal Resistance Data
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Step 3: Utilize thermal simulations

Simulations are efficient methods in thermal design, just as they are in electrical design. Co-
simulations that simulate the electrical and thermal aspects simultaneously are particularly useful
for analyzing the thermal behaviors, optimizing the designs, and improving the reliability of
electronic components and circuits. ROHM Solution Simulator can run simulations online and in
real time, allowing you to check the results immediately. Figure 10 shows an example of a linear
regulator IC, demonstrating that the junction temperature can be estimated under various
conditions, including the input voltage, PCB types, and ambient temperature. In addition, User’s
Guide for each simulation circuit is provided.

@ User’s Guide

ROHM Solution Simulator

Thermal Simulation of BD9xxN1G Series
Linear Regulators

B0 [cce @]/ [ I

Figure 10. Simulation example of linear regulator IC and User’s Guide

Other simulations used for the thermal design include three-dimensional computational fluid
dynamics (CFD) simulations. Detailed models containing information about internal structures
and thermophysical properties are required to achieve precision. However, simulators are
incompatible each other, and the quality of models from different companies varies because there
is no unified standard for such detailed models. ROHM has released two-resistor models on
ROHM'’s website, although they are less precise than the detailed models. The two-resistor model
is compatible with different simulators and takes less time for analysis. Therefore, this model is
suitable for roughly determining board size and parts arrangement or for checking relative
differences between different packages during the initial design phase. “Two-Resistor Model for
Thermal Simulation” (Figure 11) explains the two-resistor model and “How to Use the Two-
Resistor Model” (Figure 12) explains how to download the two-resistor models and use them in
thermal simulations. Note that it is eventually necessary to make decisions based on
measurements taken from the actual equipment.
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Figure 11. Two-Resistor Model for Thermal Simulation
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Step 4: Perform optimal board designs

As a recent technological trend, products that focus on downsizing or designability are
increasing, making it necessary to place multiple components in a limited volume. It is very
important to consider the electrical characteristics, electromagnetic compatibility (EMC)
characteristics, and thermal characteristics during the board design. A highly reliable board
design can be realized by considering these characteristics in a balanced way. There is no
absolute answer because different parameters are prioritized for different products. However,
“PCB Layout Thermal Design Guide” (Figure 13) explains some key points on how to reduce
thermal resistance in designing the print circuit boards (PCB).

PCE Layout Thermal Design Guids Application Note

w Application Note

Power Devices

PCB Layout Thermal Design Guide
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Figure 13. PCB Layout Thermal Design Guide

For some products, you can utilize the detailed thermal resistance data available, for example, in
“TO252 Package Thermal Resistance Information” (Figure 14).

T0252 Package Thermal Resistance Information Application Note
Application Note
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Figure 14. TO252 Package Thermal Resistance Information
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To improve heat dissipation efficiency of surface mounted power ICs, an exposed pad (pad
exposed for heat dissipation) is installed on the back surface of the package. The exposed pad
and the copper foil surface of the PCB are connected with reflow soldering. If the dimensions of
the stencil to be used are not properly designed, problems with mounting occur. “Design Guide
and Example of Stencil for Exposed Pad” (Figure 15) provides a guide for designing the
stencils.

Exanple 1. HTSOP-J8

Design Guide and Example of Stencil for Expased Pad Application Note
Application Note
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Figure 15. Design Guide and Example of Stencil for Exposed Pad
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Step 5: Perform accurate thermal measurements

After the prototype is completed, it is necessary to check whether it has been finished as
designed. The temperature measurement plays an important role here. Thermocouples are used
if the junction temperature is estimated using Wyr. “Notes for Temperature Measurement Using
Thermocouples” (Figure 16) summarizes points of the temperature measurements using
thermocouples with a focus on points that may cause problems, showing actual measurement
results as well. As an alternative method, the junction temperature can be estimated using the
forward voltage of a diode inside the chip. “Notes for Temperature Measurement Using Forward
Voltage of PN Junction” (Figure 17) explains how to select and measure diodes correctly.
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Figure 16. Notes for Temperature Measurement Using Thermocouples
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Finally, evaluations and judgments must be made based on the estimated junction temperature.
There are various feasible methods for calculating the estimated junction temperature depending
on the development phases and application structures. “Judgment Criteria of Thermal Evaluation”
(Figure 18) introduces some methods for estimating the junction temperature as a reference for
making decisions.

Judgment Criteria of Thermal Evaluation
@ Application Note

Fgure 4 shows e extomst view of e DC-OC converter 105

Thermal Design
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Figure 18. Judgment Criteria of Thermal Evaluation

Concluding remarks

This document introduces application notes that summarize information about the thermal
design necessary for improving product reliability and reducing rework during the design phase
by classifying the process into steps. In addition, to help users solve their problems, solutions and
content have been prepared that are best suited for each step, from component selection to
simulation, evaluation, and board creation. ROHM believes that these contents can contribute to
accelerating development and preventing problems and failures.
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Application Note

Step 1: Learn the basics of thermal design
- What Is Thermal Design? [EN] [JP] [CN]
- Basics of Thermal Resistance and Heat Dissipation [EN] [JP] [CN]
- Thermal resistance and thermal characterization parameter [EN] [JP] [CN]
-Biaand Wyr [EN] [JP] [CN]
-Bicand Wyr [EN] [JP] [CN]

Step 2: Learn the thermal characteristics of components to be used
- How to Use the Thermal Resistance and Thermal Characteristics Parameters [EN] [JP] [CN]

- Method for Calculating Junction Temperature from Transient Thermal Resistance Data [EN] [JP] [CN]
- Efficiency of Buck Converter [EN] [JP] [CN]

- Thermal Design for Three-Terminal Voltage Regulators [EN] [JP]

- Thermal Calculation for Linear Regulator [EN] [JP]

- Calculating Junction Temperature from Inrush Current [EN] [JP] [CN]

Step 3: Utilize thermal simulations
- Two-Resistor Model for Thermal Simulation [EN] [JP] [CN]
- How to Use the Two-Resistor Model [EN] [JP]

Step 4: Perform optimal board designs
- PCB Layout Thermal Design Guide [EN] [JP] [CN]
- Design Guide and Example of Stencil for Exposed Pad [EN] [JP] [CN]
- Heat Dissipation Effect of Thermal Via in Exposed Pad Type Package [EN] [JP] [CN]

Step 5: Perform accurate thermal measurements
- Notes for Temperature Measurement Using Thermocouples [EN] [JP]
- Judgment Criteria of Thermal Evaluation [EN] [JP] [CN]
- Notes for Temperature Measurement Using Forward Voltage of PN Junction [EN] [JP]
- Precautions When Measuring the Rear of the Package with a Thermocouple [EN] [JP]

ROHM Solution Simulator
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