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Application Note 

Thermal Design 

How to Use the Two-Resistor Model 
The two-resistor model is one of the simplest thermal simulation models. The thermal simulations mentioned here cover three-

dimensional model thermal conduction and thermal fluid analysis tools. By using the two-resistor model, it is possible to obtain 

the results of thermal simulation of circuits created on a board in a relatively short period of time. This application note explains 

how to use the two-resistor model. 

Overview of the two-resistor model 

The two-resistor model is one of the simplest thermal models for semiconductor devices where the arrangement can be 

represented as shown in Figure 1. To actually represent the two-resistor model in simulation software, two cuboids of the same 

shape are stacked together as shown in Figure 2. Since the two-resistor model has a simple structure in which the package is 

simply divided vertically at the junction, it is suitable for single function devices, such as discrete products. This model is also 

suitable for connection to multilayer boards or boards with high heat dissipation performance since it is based on a four-layer 

board in accordance with JEDEC. On the other hand, the two-resistor thermal model produces globally uniform temperature 

results in thermal simulation and is therefore unsuitable for use in operation modes or chip layouts with localized heat generation, 

or for connection to boards with low heat dissipation performance, since the simulation precision may be reduced. Because of its 

simplicity, the two-resistor model is less accurate than the detailed model, which is the most complex thermal model, but has a 

feature that it can significantly reduce the time required for analysis. 

 

Figure 1. Physical arrangement of the two-resistor model 

 

Figure 2. Example of the two-resistor model  

LDO regulator BD950M5EFJ-C  

(Package name: HTSOP-J8) 

In Figure 1, Junction Node is the heat source of the chip, where all the heat is generated while the device is operated. Case Node 

is the package surface that is in direct thermal contact with the environment immediately above it (normally, air or a thermal 

conducting material used together with the heat sink). The Board Node represents the board surface temperature at a position of 

1 mm or less from the contact point between the edge of the device and the board, and is in direct thermal contact with the 

environment immediately below the footprint of the package (normally, the printed circuit board). The Case Node and the Board 

Node are connected to the Junction Node via two thermal resistors (θJC-TOP and θJB), respectively, which correspond to the two 

cuboids in Figure 2. In the two-resistor model, it is assumed that the heat generated in the Junction Node flows only in two 

directions, i.e., toward the Case Node and toward the Board Node, and the thermal flow from the side surfaces of the package to 

the surrounding fluid is not considered.  

For more information on the two-resistor model, refer to Application Note “Two-Resistor Model for Thermal Simulation.” 

https://www.rohm.com/products/power-management/linear-regulators/single-output-ldo-regulators/bd950m5efj-c-product
https://fscdn.rohm.com/en/products/databook/applinote/common/two_resistor_model_for_thermal_simulation-e.pdf
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How to obtain the two-resistor model  

Step 1 

- Access the ROHM website. Enter the product model name in the “Search ROHM” box on the upper right of the home page. 

 

Figure 3. Search ROHM box on the home page 

Step 2 

- Click on the applicable model name in the search results to go to the individual product page. 

 

Figure 4. Example of searching for the applicable model name (BD950M5EFJ-C) 

Step 3 

- Click “Documents” on the product page. 

- From “THERMAL DESIGN” in “Documents”, download the two-resistor model application note. Note that the two-resistor 

model is not supported by some products. 

 

Figure 5. Example of the product page (BD950M5EFJ-C) 

https://www.rohm.com/
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Figure 6. Location of the link to the two-resistor model application note 

Thermal simulation method  

The setting method differs depending on the simulator used. This explanation uses Simcenter Flotherm™ (Siemens Industry 

Software Inc.). 

1. As described above, obtain the two-resistor model application note for the applicable product from ROHM’s website. 

2. In the “Create” tab of Flotherm, select “Compact Component” to create a model. 

 

Figure 7. How to generate a compact component model 

3. Select the created model and, in the “Model” tab, set the model type to “2-Resistor Model” and the junction heating value 

to the power consumption value expected when the device is used. 

 

Figure 8. Example of entering the physical properties 

4. By referring to the two-resistor model (Figure 9) in the application note obtained in step 1, enter the dimensions of the 

model to create in the “Geometry” tab as shown in Figure 10. At this time, for the top and bottom layer thickness values, 

enter half of the thickness in the Z-direction, respectively. 
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Figure 9. Reference example of the two-resistor model 

(Package name: HTSOP-J8) 

 

Figure 10. Example of entering dimensions of the two-

resistor model 

5. By referring to the two-resistor model values (Figure 11) in the application note obtained in step 1., enter the resistance 

values in the “Network” tab. At this time, set the unit of thermal resistance to K/W, and enter the θJC-TOP and θJB values 

described on the two-resistor model application note in the Junction-Top and Junction-Bottom resistance fields, respectively.

 

Figure 11. Reference example of the two-resistor model values  

(Package name: HTSOP-J8) 

 

 

Figure 12. Example of entering the physical properties 

 

6. Mount the created two-resistor model on any board and perform a thermal simulation. 

 

Example of simulation 

Based on the simulation method described above, an example of thermal design using the two-resistor model is shown below. 

Here, we consider as an example the detailed model of BD950M5EFJ-C mounted on a single-layer board with no via as shown 

in Figure 13. At this time, assume that the power consumption of the device is 1 W and that the junction temperature does not 

exceed 60ºC. 

Performing a thermal simulation under these conditions resulted in a junction temperature of 79.4ºC, which exceeds the set 

condition of 60ºC (Figure 14). To keep the junction temperature within the conditions, it is necessary to change the 

environmental conditions around components. However, performing a simulation using the detailed model each time after 

changing the conditions takes a long time. Therefore, perform the simulation using the two-resistor model, which is simpler than 

the detailed model. 

 

Figure 13. Example of a board on which the detailed model is 

mounted 

  

Figure 14. Results of thermal simulation of the board on 

which the detailed model is mounted 
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Using the two-resistor modeling method described above, create a two-resistor model (light blue part) as shown in Figure 15. 

Now, change the number of copper foil layers and the number of vias around components as shown in Figure 16 and perform a 

simulation. The result will show that the junction temperature is 57.8ºC, which is below 60ºC. If the simulation is actually 

performed using the original detailed model under the same conditions, the result will be 57.1ºC, which shows a fairly small 

error of less than 1ºC compared with the result using the two-resistor model. The simulation conditions and results are 

summarized in Table 1. 

 

Figure 15. Board on which the two-resistor model is mounted 

 

 

 

 

 

Figure 16. Example of thermal improvements on a board on 

which the two-resistor model is mounted 

(Side view of the board)

Table 1. Simulation conditions and results 

 Model before improvement 
(Detailed model) 

Model after improvement 
(Two-resistor model) 

Model after Improvement 
(Detailed model) 

Number of Vias 0 84 84 

Number of copper foil layers 1 layer (70μm) 4 layer (70μm) 4 layer (70μm) 

Junction temperature 79.4℃ 57.8℃ 57.1℃ 

 

In addition, for the model after improvement, the number of grids and the time required in a simulation using the detailed model 

and the two-resistor model are summarized in Table 2. As shown in Table 2, the simulation using the two-resistor model requires 

a significantly fewer number of grids and less calculation time than the simulation using the detailed model. Note that the 

simulation results shown here are an example, so the time reduced by the two-resistor model will vary depending on the 

conditions. 

Based on the above, the two-resistor model is useful when detailed changes to the condition settings are required since it 

enables quick simulation without large errors compared with the detailed model. 

Table 2. Comparison of the model after improvement 

 Two-resister model Detailed model Improvement rate 

Number of grids 1,143,248 3,656,419 69% reduction 

Simulation time 4 minutes 7 second 9 minutes 29 second 57% reduction 

 

Finally, the specifications of the PC used this time are shown below. 

OS: Windows 10 64-bit 

CPU: Intel(R) Xeon(R) CPU E5-2650 v4 12-core (10 cores used) 

Memory: 128 GB 
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Precautions for use 

Since the two-resistor model is based on the thermal resistance that assumes the JEDEC Standard environment, the prediction 

precision will be lower as the deviation from the specific application environment becomes larger. In addition, θJB and θJC-TOP 

can be used as an index of the thermal performance to incorporate the device into thermal simulation models at the board level, 

the precision of the results will vary depending on how the information is used, other modeling and discretization errors in the 

environment, and the simulation software as well. Since θJB and θJC-TOP are mainly performance indices, the precision of the 

simulation results at the circuit board level is lower than the precision obtained with the detailed model. 
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The information contained in this document is intended to introduce ROHM Group (hereafter 
referred to asROHM) products. When using ROHM products, please verify the latest specifications 
or datasheets before use.

ROHM products are designed and manufactured for use in general electronic equipment and 
applications (such as Audio Visual equipment, Office Automation equipment, telecommunication 
equipment, home appliances, amusement devices, etc.) or specified in the datasheets. Therefore, 
please contact the ROHM sales representative before using ROHM products in equipment or 
devices requiring extremely high reliability and whose failure or malfunction may cause danger or 
injury to human life or body or other serious damage (such as medical equipment, transportation, 
traffic, aircraft, spacecraft, nuclear power controllers, fuel control, automotive equipment including 
car accessories, etc. hereafter referred to as Specific Applications). Unless otherwise agreed in 
writing by ROHM in advance, ROHM shall not be in any way responsible or liable for any damages, 
expenses, or losses incurred by you or third parties arising from the use of ROHM Products for 
Specific Applications. 

Electronic components, including semiconductors, can fail or malfunction at a certain rate. Please 
be sure to implement, at your own responsibilities, adequate safety measures including but not 
limited to fail-safe design against physical injury, and damage to any property, which a failure or 
malfunction of products may cause. 

The information contained in this document, including application circuit examples and their 
constants, is intended to explain the standard operation and usage of ROHM products, and is not 
intended to guarantee, either explicitly or implicitly, the operation of the product in the actual 
equipment it will be used. As a result, you are solely responsible for it, and you must exercise your 
own independent verification and judgment in the use of such information contained in this 
document. ROHM shall not be in any way responsible or liable for any damages, expenses, or 
losses incurred by you or third parties arising from the use of such information. 

When exporting ROHM products or technologies described in this document to other countries, you 
must abide by the procedures and provisions stipulated in all applicable export laws and regulations, 
such as the Foreign Exchange and Foreign Trade Act and the US Expor t Administration 
Regulations, and follow the necessary procedures in accordance with these provisions.

The technical information and data described in this document, including typical application circuits, 
are examples only and are not intended to guarantee to be free from infringement of third parties 
intellectual property or other rights. ROHM does not grant any license, express or implied, to 
implement, use, or exploit any intellectual property or other rights owned or controlled by ROHM or 
any third parties with respect to the information contained herein.

No part of this document may be reprinted or reproduced in any form by any means without the 
prior written consent of ROHM.

All information contained in this document is current as of the date of publication and subject to 
change without notice. Before purchasing or using ROHM products, please confirm the latest 
information with the ROHM sales representative. 

ROHM does not warrant that the information contained herein is error-free. ROHM shall not be in 
any way responsible or liable for any damages, expenses, or losses incurred by you or third parties 
resulting from errors contained in this document. 

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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