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Super Junction MOSFET in the SOT-223-3 Package

ROHM developed a Super Junction MOSFET product using a new SOT-223-3 package that replaces DPAK (TO-252 package),

which has been used for many years in a variety of semiconductor devices. SOT-223-3 offers a package solution for downsizing

and cost-effectiveness. However, downsizing a package poses challenges related to thermal characteristics. This application note

explains the advantages of replacing DPAK with the SOT-223-3 package and how to overcome the challenges of the thermal

design.

Comparison of external shapes

Figure 1 shows the outline drawings of DPAK and the SOT-
223-3 package. In comparison with DPAK, SOT-223-3 is

31.1% smaller in area and 48.3% smaller.
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Figure 1. Outline drawings of DPAK and the SOT-223-3

package

Footprint compatibility

Figure 2 shows the footprints of DPAK and the SOT-223-3
package. Figure 3 shows the state of SOT-223-3 mounted on
the footprint of DPAK. Since DPAK and SOT-223-3 are
compatible in lead spacing, it is possible to mount SOT-223-3
in the place of DPAK as shown without modifying the footprint
layout of DPAK.
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Figure 2. Footprints of DPAK and the SOT-223-3 package

] DPAK footprint
* e il SOT-223-3 footprint
7 7
7 7
7 7
[

Figure 3. SOT-223-3 mounted on the footprint of DPAK
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Challenges related to thermal characteristics

When surface mounted parts are mounted on a PCB, most of
the heat is dissipated through heat dissipation paths to the
PCB side due to the high thermal resistance of the air layer on
the package surface. Figure 4 shows the main thermal
conduction paths when DPAK is mounted on a PCB and when
SOT-223-3 is mounted on a PCB. In DPAK, the lead frame
directly below the chip (heat source) is exposed on the back
surface of the plastic mold, which allows heat to be conducted
to the copper foil and the PCB at the shortest distance. On the
other hand, in SOT-223-3, the lead frame is not exposed on
the back surface, so heat is transferred horizontally through
the lead frame before being conducted to the copper foil and
the PCB. Thus, SOT-223-3 has higher thermal resistance than
DPAK.
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Figure 4. Main thermal conduction paths

Thermal design

Now, check to see how the PCB layout should be modified to
obtain thermal characteristics equivalent to those of DPAK.

Figure 5 shows the simulation results when the copper foil
area of the heat dissipation part is varied with each package
mounted on the footprint of DPAK. Figure 6 shows an example
of the heat dissipation part when the copper foil area is varied.

On the thermal resistance graph, the value at the left end of
the curves represents the heat dissipation area of the
reference footprint for DPAK, which is 37.1 mm? (= 5.8 mm x
6.4 mm). The thermal resistance at this point is 152.6°C/W for
DPAK and 163.6°C/W for SOT-223-3, showing that SOT-223-
3 is 11°C/W higher.

Next, determine the copper foil area required for SOT-223-3
to have the same thermal resistance as DPAK. Find the point
on the graph at which the curve of SOT-223-3 crosses the
DPAK’s thermal resistance of 152.6°C/W. The X-axis value of
the point of intersection represents the area required for heat

dissipation. This value is 50.6 mm?, which means that thermal
resistance equivalent to that of DPAK can be obtained by
increasing the original area by 13.5 mm?.
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Figure 5. Thermal resistance with varied copper foil area
Each package mounted on the footprint of DPAK
Board specifications
- Board size: 100 mm x 100 mm, 1.6 mm thick
- Material: FR4
- Copper foil thickness: 35 pm
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Figure 6. Example of the heat dissipation part with modified
copper foil area
Each package mounted on the footprint of DPAK
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Next, check the junction temperatures when the power Summary

dissipation is varied with each package mounted on the

The following summarizes the advantages of the SOT-223-3
reference footprint for DPAK.

package and the thermal design data obtained from the
Figure 7 shows the simulation results. For example, when the thermal simulation.
power dissipation is 0.25 W, it is predicted that the temperature

Smaller package solution for cost-effectiveness
of SOT-223-3 will be 2.8°C higher than that of DPAK. Figure 8

shows the contour diagram for this case. - 31.1% smaller in area and 48.3% smaller in volume than

DPAK
In applications where the temperature difference can be

- Compatible footprint that allows for in-to-pin
tolerated at each power dissipation value, SOT-223-3 can be pat pri W s P

replacement of DPAK
used as an alternative to DPAK.

Thermal characteristics equivalent to DPAK
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Figure 7. Junction temperatures with varied power
dissipation
Each package mounted on the footprint of DPAK
Copper foil area 37.1 mm? (5.8 mm x 6.4 mm) at Ta = 70°C
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Figure 8. Contour diagram
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Notice

Notice

1) 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.

2) 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.

3) 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.

4) 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.

5) 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 Export Administration
Regulations, and follow the necessary procedures in accordance with these provisions.

6) 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.

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

8) 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.

9) 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.

ROHM ROHM Customer Support System

SEMICONDUCTOR

https://www.rohm.com/contactus
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