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Description 

This document describes the Simplified CFD (Computational Fluid Dynamics) Model provided by Toshiba 
Electronic Devices & Storage Corporation. In this document, CFD means three-dimensional thermal fluid 
analysis. 
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1. Introduction 

In recent years, the size reduction in electronic equipment, high-density mounting, and severe operating 
conditions such as high ambient temperatures have caused a variety of heat issues when selecting, 
placing electronic components to be used and designing boards. 
Therefore, the importance of thermal design using cooling simulation with three forms of heat transfer: 
thermal conduction, thermal convection, and thermal radiation, is increasing. 
 
Thermal models, such as the enclosure, the board, and the mounted components are required for cooling 
simulations. Toshiba Electronic Devices & Storage Corporation has created the Simplified CFD Model 
that is suitable for cooling simulations, focusing on MOSFET, and has started releasing this model. This 
Simplified CFD Model can be used with thermal fluid analysis tool to visualize three-dimensional behavior 
(temperature distribution and flow velocity). 
 
This application note explains how to use the Simplified CFD Model and provides examples of cooling 
simulations. 
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2. Download file 

A ZIP format file containing the following two files is downloaded for each product. 
 

Table 2.1  Download files 

Content of the file File format (extension) Content 

Simplified CFD Model STEP (stp) Three-dimensional models used in cooling simulations 

Material properties Text (txt) 
List of adjusted material properties assigned to each component 

 in cooling simulations 

 
 

 

 

 

Figure 2.1  Simplified CFD Model 

(Open with 3D CAD) 

Figure 2.2  Material property text 

(Material property value list part) 

 
  The usage is described in Section 3. How to use . 
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3. How to use 

3.1. Instructions for use 

The procedure for using the download file is as follows. 
 
1. Download ZIP file and extract it to any folder. 
2. Convert the Simplified CFD Model to a simulation model with the 3D CAD tool for thermal fluid 

analysis tool used. 
3. Import the simulation model to thermal fluid analysis tool. 
4. Assign the physical property values described in the material property text file to each component of 

the imported model. 
5. Set on thermal fluid analysis tool, then run cooling simulation. 
 

For information on using 3D CAD tool or thermal fluid analysis tool, please contact the tool vender. 
 

3.2. Component structure of Simplified CFD Model and the method to assign material 

properties 

Figure 3.1 shows the component structure of the Simplified CFD Model. Table 3.1 shows the meaning of 
abbreviations for the components. The abbreviations given to the components can be checked by opening 
the Simplified CFD Model using 3D CAD tool. For SOP Advance product shown below, it consists of five 
components (Mold, Chip, SolderM, PinGS, and E-pad). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.1  Component structure of Simplified CFD Model 

 

Table 3.1  Meaning of abbreviations for components31 

Abbreviation of component Meaning 

Mold Molding 

Chip Semiconductor chip 

SolderM Solder for mounting semiconductor chip 

PinGS Gate and source pin (common block) 

E-pad Drain pad exposed at the bottom of the package 

 
These abbreviations are the same as the components abbreviations in the material property text file 
shown in Figure 3.2. 

Mold 

Chip 

SolderM 

Component structure 

E-pad 

PinGS 

Simplified CFD Model 

(e.g. SOP Advance) 

Mold 

Half-transparent display 

Components 
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Figure 3.2 shows an example of the contents of the material property text file for each component. 
In cooling simulation, the material properties of each component listed in the file are assigned on thermal 
fluid analysis tool. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.2  Example of material property text file 

 
  

Simplified CFD (Computational Fluid Dynamics) Model File 

(1) 

Toshiba Electronic Devices and Storage Corporation provides Simplified CFD Models as a service to our  

customers. You and your company shall not distribute, sell or give these models to anyone else without 

prior written permission from Toshiba Electronic Devices and Storage Corporation. 

 

TOSHIBA ELECTRONIC DEVICES AND STORAGE CORPORATION IS PROVIDING THE SIMPLIFIED CFD MODELS  

AND WITHOUT ANY WARRANTY, EXPRESSED OR IMPLIED. 

 

Toshiba Electronic Devices and Storage Corporation assumes no liability for: 

  1) The accuracy of the Simplified CFD Models provided to your company; 

  2) The proper functioning of these Simplified CFD Models in your design or for any resulting applications; or 

  3) Infringement of patents, copyrights or intellectual property rights resulting from your use of these Simplified CFD Models. 

 

Permission is granted to use this file for simulations only. Please do not do reverse engineering its  

contents. When using Simulation Model, please be sure to visit "Simulation" page and re-confirm 

Restrictions on Usage, Limitations and others in "Cautions on Simulation Model" on Toshiba Electronic 

Devices & Storage Corporation website. 

 

(2) 

Operation of this model has been verified only on the ICEPAK 

 

******************************************************************************************************* 

*  (C) Copyright 2022 Toshiba Electronic Devices & Storage Corporation 

*  Date:      2022/09/27 

*  File Name: TPH12008NH_CFD_rev1.txt 

*  Part Number: TPH12008NH 

*  Adjusted Material Properties for Cooling Simulation: 

*  Component Thermal Conductivity (W/mK)  Specific Heat (J/kgK)  Density (kg/m^3) 

*  Mold      0.8        795                 1900 

*  E-pad      334.5                       369                 8302 

*  PinGS      334.5       369                8302 

*  SolderM    50.2                197          8500 

*  Chip       148.0                      705         2330 

******************************************************************************************************* 

Material 

properties 

list 

Precautionary 

statement in the 

Simplified CFD 

Model 

Description 

・・・Items of physical properties  

・・・Physical properties of Mold 

・・・Physical properties of E-pad 

・・・Physical properties of PinGS 

・・・Physical properties of SolderM 

・・・Physical properties of Chip 
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4. Simulation example of Simplified CFD Model 

4.1. Cooling simulation 

Thermal analysis methods used in thermal designs are broadly categorized into two methods: using a 
simplified model converting heat-flow paths to an electric circuit network, and using a three-dimensional 
model generated based on device geometry by CFD. While the former considers only one-dimensional 
behavior in SPICE simulations, the latter calculates the three-dimensional behavior of the fluid so that the 
temperature distribution and heat flow can be visualized and checked, including the inside that cannot be 
seen by actual devices. Section 4.2 shows an example of cooling simulation using the Simplified CFD 
Model. 
 

4.2. Cooling simulation examples 

This example shows a simulation of a board model assuming an inverter circuit. Figure 4.1 shows the 
model used for cooling simulation. The Simplified CFD Models of six MOSFETs are mounted on the board 
with heatsink. This section explains how to visualize the temperature distribution and heat flow using 
cooling simulation results in this model. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.1  Simulation model example 

 
Figure 4.2 shows the temperature distribution on the model surface that shows heat spread to the board 
or heatsink as MOSFET temperature rises. In addition, thermal fluid analysis tool display setting allows 
checking the temperature inside the device, such as a chip, that cannot be seen in the actual set. On the 
board, the temperature inside the board (Cu layers and Vias) as shown in Figure 4.3 can be checked. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2  Surface temperature distribution (overall, mold surface and inside) 

  

Board with heatsink MOSFET 
(e.g. SOP Advance) 

Overall Mold surface 

Mold hidden (internal distribution) 
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Figure 4.3  Temperature distributions inside the board (Cu Layers, Vias) 

 
Figure 4.4 shows the temperature distribution of the cross section including the area around the board. 
This result allows checking the spread of heat on the heatsink and seeing how much heat is dissipated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.4  Cross-sectional temperature distribution 

Figure 4.5 shows the air velocity and heat flow in the chamber set during the analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5  Fluid display around the board (flow velocity and heat-flow path in the chamber) 

  

View on the right 

Cross-section of the heat sink 

Heat flow display 

Vias 

Enlarged view (only Cu layers and Vias connected to the drain pad) 

Board temperature distribution 
MOSFET hidden 

Cu layers 

Flow velocity distribution display 
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5. Summary 

This document explains how to use the Simplified CFD Model and examples of its use. Toshiba Electronic 
Devices & Storage Corporation has released some of our Simplified CFD Models on website since 
October 2022, and continues to add them. They can be downloaded from the parametric search page or 
from each product page. 
Various application notes for thermal designs are also available on our website. Please use them together. 
 
 
Finding Simplified CFD Models  → 
(MOSFET parametric search) 
 
Application Notes for thermal design → 
   Document Title 

・Hints and Tips for Thermal design for Discrete Semiconductor Devices 

・Hints and Tips for Thermal design for Discrete Semiconductor Devices _part2 

・Hints and Tips for Thermal design for Discrete Semiconductor Devices _part3 

・Quick Reference Guide of Thermal Design for Power Semiconductor SMD type 

・Quick Reference Guide of Thermal Design for Power Semiconductor SMD type: Part 2 

 
 
  

Click Here 

Click Here 

https://toshiba.semicon-storage.com/ap-en/semiconductor/design-development/application-note.html#MOSFETs-Bipolar-Transistors
https://toshiba.semicon-storage.com/parametric?region=apc&lang=en&code=param_304&p=50&i=1&sort=44,desc&cc=0d,1d,41h,3h,32h,44d,33h,42h,4h,5h,6d,7d,8d,9d,10d,11d,12d,13d,14d,15d,16d,17d,18d,19d,43d,20d,21d,22d,23h,24d,25d,26d,27d,28d,34h,35h,36h,37h,38h,39h,40h
https://toshiba.semicon-storage.com/ap-en/semiconductor/design-development/application-note.html#MOSFETs-Bipolar-Transistors
https://toshiba.semicon-storage.com/parametric?region=apc&lang=en&code=param_304&p=50&i=1&sort=44,desc&cc=0d,1d,41h,3h,32h,44d,33h,42h,4h,5h,6d,7d,8d,9d,10d,11d,12d,13d,14d,15d,16d,17d,18d,19d,43d,20d,21d,22d,23h,24d,25d,26d,27d,28d,34h,35h,36h,37h,38h,39h,40h
https://toshiba.semicon-storage.com/ap-en/semiconductor/design-development/application-note.html#MOSFETs-Bipolar-Transistors
https://toshiba.semicon-storage.com/parametric?region=apc&lang=en&code=param_304&p=50&i=1&sort=44,desc&cc=0d,1d,41h,3h,32h,44d,33h,42h,4h,5h,6d,7d,8d,9d,10d,11d,12d,13d,14d,15d,16d,17d,18d,19d,43d,20d,21d,22d,23h,24d,25d,26d,27d,28d,34h,35h,36h,37h,38h,39h,40h
https://toshiba.semicon-storage.com/ap-en/semiconductor/design-development/application-note.html#MOSFETs-Bipolar-Transistors
https://toshiba.semicon-storage.com/parametric?region=apc&lang=en&code=param_304&p=50&i=1&sort=44,desc&cc=0d,1d,41h,3h,32h,44d,33h,42h,4h,5h,6d,7d,8d,9d,10d,11d,12d,13d,14d,15d,16d,17d,18d,19d,43d,20d,21d,22d,23h,24d,25d,26d,27d,28d,34h,35h,36h,37h,38h,39h,40h
https://toshiba.semicon-storage.com/ap-en/semiconductor/design-development/application-note.html#MOSFETs-Bipolar-Transistors
https://toshiba.semicon-storage.com/parametric?region=apc&lang=en&code=param_304&p=50&i=1&sort=44,desc&cc=0d,1d,41h,3h,32h,44d,33h,42h,4h,5h,6d,7d,8d,9d,10d,11d,12d,13d,14d,15d,16d,17d,18d,19d,43d,20d,21d,22d,23h,24d,25d,26d,27d,28d,34h,35h,36h,37h,38h,39h,40h
https://toshiba.semicon-storage.com/ap-en/semiconductor/design-development/application-note.html#MOSFETs-Bipolar-Transistors
https://toshiba.semicon-storage.com/ap-en/semiconductor/design-development/application-note.html#MOSFETs-Bipolar-Transistors
https://toshiba.semicon-storage.com/parametric?region=apc&lang=en&code=param_304&p=50&i=1&sort=44,desc&cc=0d,1d,41h,3h,32h,44d,33h,42h,4h,5h,6d,7d,8d,9d,10d,11d,12d,13d,14d,15d,16d,17d,18d,19d,43d,20d,21d,22d,23h,24d,25d,26d,27d,28d,34h,35h,36h,37h,38h,39h,40h
https://toshiba.semicon-storage.com/ap-en/semiconductor/design-development/application-note.html#MOSFETs-Bipolar-Transistors
https://toshiba.semicon-storage.com/parametric?region=apc&lang=en&code=param_304&p=50&i=1&sort=44,desc&cc=0d,1d,41h,3h,32h,44d,33h,42h,4h,5h,6d,7d,8d,9d,10d,11d,12d,13d,14d,15d,16d,17d,18d,19d,43d,20d,21d,22d,23h,24d,25d,26d,27d,28d,34h,35h,36h,37h,38h,39h,40h
https://toshiba.semicon-storage.com/parametric?region=apc&lang=en&code=param_304&p=50&i=1&sort=44,desc&cc=0d,1d,41h,3h,32h,44d,33h,42h,4h,5h,6d,7d,8d,9d,10d,11d,12d,13d,14d,15d,16d,17d,18d,19d,43d,20d,21d,22d,23h,24d,25d,26d,27d,28d,34h,35h,36h,37h,38h,39h,40h
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RESTRICTIONS ON PRODUCT USE 

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”. 

Hardware, software and systems described in this document are collectively referred to as “Product”. 

 TOSHIBA reserves the right to make changes to the information in this document and related Product without notice. 

 This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's 

written permission, reproduction is permissible only if reproduction is without alteration/omission. 

 Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for 

complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which 

minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to 

property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the 

Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, 

including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and 

conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product 

will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited 

to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the 

applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any 

other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO 

LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS. 

 PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE 

EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY 

CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT 

("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation, 

equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment, 

equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or 

explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, 

TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our 

website. 

 Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part. 

 Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any 

applicable laws or regulations. 

 The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any 

infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any 

intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise. 

 ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR 

PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, 

INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING 

WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) 

DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR 

INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, 

ACCURACY OF INFORMATION, OR NONINFRINGEMENT. 

 Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for 

the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass 

destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations 

including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export 

and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and 

regulations. 

 Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please 

use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including 

without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT 

OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS. 

 
 
 
 
 
 
 
 
 

 

 
https://toshiba.semicon-storage.com/ 

https://toshiba.semicon-storage.com/
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