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ABSTRACT 
Thermal resistance model is useful to estimate thermal performance of the device and to design how to heat 
dissipate. Murata provide thermal resistance value of UltraCP in the datasheet. 
 In this paper how to calculate UltraCP Maximum temperature inside the module by thermal resistance. 
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1. Definitions of Terms 
To apply thermal resistance expression to a module there are standard terms. Most of them are defined in the 
JEDEC standard. This paper original terms below are noted inside after definition like (Only this paper) 
 

Table 1. Definitions of Terms 
Symbol Meaning Remark 

Ta Ambient temperature Environment air temperature 
Tj Junction temperature Maximum temperature of a module 

Tc Case temperature Case temperature of the top side of the 
module 

Tb Case bottom temperature Temperature of the hottest point of the 
PCB around module 

θja Junction to air thermal resistance Thermal resistance between hottest point 
of a module and Ambient temperature 

θjc, Junction  to case thermal resistance 
Thermal resistance between hottest point 
of a module and the top surface of a 
module 

θjct Junction to bottom of the case thermal resistance 
Thermal resistance between hottest point 
of a module and the bottom surface of a 
module 

θjb Junction to bottom of the case thermal resistance 
Thermal resistance between hottest point 
of a module and the top surface of a 
module 

θjcb Junction to bottom of the case thermal resistance 
Thermal resistance between hottest point 
of a module and the bottom surface of a 
module 

Ptotal loss Total loss of a module Only this paper 
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2. Module Operation limit 
  There are limits to operation temperature because too much thermal stress makes specification error, reliability 
lost and in the worst case modules are down and stop their operation by their protection function. In the data sheet 
those thermal limitations are written in two sections. 
 One is “Absolute maximum rate”. Operation Over this condition makes modules damaged. 
 Two is “Recommended Operating Condition”. Inside this condition modules can operate little stressed. 

 Fig.1 is the image of the Module operation area and stress. Tj is the criteria to Thermal condition. 
 

 
Figure 1. Operation area and Stress 

 
 

3.Meaning of Thermal resistance 
 Thermal resistance is defined as below equation1. 
 

𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝑏𝑏 =
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐴𝐴 𝑎𝑎𝑎𝑎𝑎𝑎 𝐵𝐵
ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝐴𝐴 𝑡𝑡ℎ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟ℎ 𝐵𝐵 

 

Equation 1 
 

 The functional expression of thermal resistance is left side picture in Fig.2 (If clearly recognize as thermal meaning, 
often use electrical resistance Z-shape symbol instead of white box symbol) 
Right side of Fig.1 is an image of ideal 3Dim. model of thermal resistance.  

  
Figure 2. Thermal resistance model (left functional, right ideal model in 3Dim.) 

  
 The flamework is very simple but it is difficult to describe heat dissipation performance of the module by thermal 
resistance in detail. There are several devices as heat sources and PCB patterns as heat flow path and models 
become product by product. In this paper only two resistance model is explained for versatility. 
 Two resistance model is consist by two resistance(θjc, θjb) and one heat source (detail is in next section)  
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3.1 θjc(θjct) and θjb(θjcb) 
Two thermal resistance model is consist by thermal resistance θjc(θjct) from heat source to top surface and 

thermal resistanceθjb(θjcb) from heat source to bottom surface.Fig.3 is the image of the definition of θjc(θjct) 
and θjb(θjcb). In Fig.3 thermal resistance is expressed by blue Z-type resistance and heat source is expressed 
by red dot. As it is said It is necessary to be clear how much the heat flow from junction point (generate heat point ) 
to other surface that out heat outside of the system.  
 

 
Figure 3. Thermal resistance difinition about θjc and θjb 

 
To measure heat flow by minimize heat flow that go through a surface except heat bath and measuring heat source. 
 Or subject heat flow that go through a surface except heat bath from total heat flow. 
 

3.2 θja 
θja is defined as Fig.4. As whole loss of the device flow away to air by radiation and convection of the air, θja is 
calculated by dividing temperature difference between heat source and far location air by total loss of heat source. 
The value θja is affected by the evaluation board heat dissipation performance. 
 

 
Figure 4. Thermal resistance difinition about θja 

 

http://www.murata.com/products/power


 

Thermal resistance about on board power modules 
Document Category: Application note  

 
 

http://www.murata.com/products/power  
Copyright ©2023 Murata Manufacturing Co., Ltd. All rights reserved. Specifications are 
subject to change without notice. 

Document Number: D90DH - 00206  /  Export Control Code: X0863 
Thermal resistance about on board power modules A01  Page 5 of 7 

 

4. Calculation Method of Tj 
1) Pick up Thermal resistance value from data sheet. (θjc, θjb)  
2) Measure the loss of the module under the same condition as it is used, or calculate the loss from efficiency 

curve in the data sheet by equation2 

"𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙" = “𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 " ×
１−“𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ𝑒𝑒𝑒𝑒𝑒𝑒”
“𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ𝑒𝑒𝑒𝑒𝑒𝑒” 

 

Equation 2 Ptotal loss calculation 
 
3) Calculate top surface Temperature and bottom side Temperature of the module by simulation or 

measurement. (Tt and Tb) 
4) Calculate Tj from below equation by Thermal resistance value. 

𝑇𝑇𝑇𝑇 = θjb ∗ (Ptotal loss − 𝑃𝑃ℎ𝑓𝑓) + Tb 
Here Phf is the heat flow from junction to module surface that exposed directory to the air. 
If Top surface is the main path of the heat flow except bottom side. Phf can be simplified to below equation 
as rough estimation. 

𝑃𝑃ℎ𝑓𝑓 =
𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇
θjc

 

 
      In that case Tj can be estimated by below equation 

𝑇𝑇𝑇𝑇 =
θjb ∗ Ploss +

θjb
θjc

∗ Tc + Tb

1 +
θjb
θjc

 

 
If need more accurate estimation, use simulation software that can calculate 1D model with thermal 
resistance value in the product data sheet 
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5.Example 
Below is the Tj Calculation example. 
Fig.5 is a module Thermal resistance value. 
Table1 is a measurement result and a calculation result of this module under national convection condition. 
(Calculation done by 4.4) equation) 

 
Figure 5. Thermal resistance value 

 
 

Table 2. Measurement result 
Item Value Unit 

Top surface Temperature 43.81 degC 
PCB Temperature near the module 37.4 degC 

Ta 26.04 degC 
Efficiency 92.5 % 

Vin 11.9975 V 
Iin 1.2138 A 

Vout 1.7856 V 
Iout 7.5454 A 

 
Table 3. Calculation result 

Item Value Unit 
Ploss 1.09 W 

Tj 44.2 degC 
Θjb 6.27 degC/W 
Θjc 51.8 degC/W 

Θjb/Θjc 0.121 NA 
 

6. Reference 
Detail of terms definition 

    JEDEC JESD51-12 Page 6 to page 10 
 
About real measurement (not mentioned this paper) 

   JEDEC JESD51-2A 
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Disclaimer   
-Descriptions of circuits and other related information in this document are provided to understand the product 

and application examples. Before you use our product, please contact our sales representative and verify the latest 
specifications. 
-Contents of this material is subject to change without notice due to technological advances. 
-Murata Manufacturing Co., Ltd has taken reasonable care to ensure the accuracy of any information disclosed in 

this document. However, we do not guarantee that written information is error-free, and shall have no responsibility 
for any damages arising from any inaccuracy or omission. 
-You are fully responsible for the incorporation or any other use of the information in the design of your product or 

system. Murata Manufacturing Co., Ltd disclaims any and all liability for any losses and damages incurred by you 
or third parties arising from the use of these circuits or information. 
-The information contained herein is presented only as guidance for representative operation for our product. No 

responsibility is assumed by Murata Manufacturing Co., Ltd for any infringement of patents or any other intellectual 
property rights of our company and 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. 
-This document and any information herein may not be reproduced without prior written permission from Murata 

Manufacturing Co., Ltd. Even with Murata's written permission, reproduction is permissible only if reproduction is 
without alteration or omission. 

Contact form  
https://www.murata.com/en-global/contactform?Product=Power%20Device 
 

Copyright and Trademark  
All right reserved. 
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