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1. Introduction
When power semiconductor devices conduct electrical current there is power dissipated in the
semiconductor chip. The heat generated is concentrated in small regions of the chip and the temperature of
the chip rises. This heat generated diffuses outward towards the lower temperature regions of the chip, the
package and the environment. The flow of this heat is governed by the laws of thermodynamics and the
principles of heat transfer. The temperature within the package is at its highest at the heat generating regions
of the chip and higher chip temperatures are usually associated with reduced operating life for the device.
Thermal characterization of packaged devices is the determination of the temperature response of the chip
due to this internal self-heating. Using the important information provided by this characterization can
facilitate a designer to ensure safe chip operating temperatures for packaged power devices. This ensures
enhanced reliability and reduced thermally induced failures for the electronic systems into which power
devices are placed.
The parameter used in datasheets to describe this characterization is called “thermal resistance”, Rth. This
datasheet note looks at the way this parameter is defined and described.

2. Defining Rth
The quality of the internal chip attachment to the leadframe of the package, package design, materials used,
pad thickness for the chip on the leadframe and how this pad is exposed to the environment are factors under
the control of the semiconductor manufacturer. It is important to define a measurement of Rth that most
closely reflects the capability of a device with respect to these factors which are controlled by the supplier.
Such a definition is the measurement of Rth from the heat generating region of the chip (junction) to the
nearest external measurable point on the package. Any measurement of Rth to an external point beyond the
package, such as the ambient environment will necessarily involve factors under the control of the user and
not the supplier (e.g. air-flow).

Fig.1 Examples TO3, TO5 and DO5 – older metal can power packages
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In previous years, power devices were typically supplied by manufacturers in metal can packages such as TO3,
TO5, DO5 etc., (see Fig. 1). The “nearest external measurable point” at which temperature can be accurately
measured and defined was the “metal can”. This meant that suppliers defined thermal resistance as Rth(j-c) i.e.
thermal resistance from junction to “can” or “case”.
These days such metal can packages have been replaced by plastic encapsulated packages such as TO220,
IITO220, TO220F, SOT223, I2PAK, D2PAK, DPAK, SMA, SMB, SMC, TO3P, TO3PF, TO247 etc., (see Fig 2).

Fig.2 Examples of some recent power packages

Some packages have part of the leadframe on which the chip is attached exposed to the outside world as a
metal “tab” or “mounting base”. This is the “nearest external measurable point” where temperature can be
accurately measured and so the most meaningful measurement of thermal resistance for these packages is
Rth(j-mb) i.e. thermal resistance from junction to “mounting base”.
Thermal resistance from junction to mounting base is the common parameter guaranteed and used by most
manufacturers to characterise these packages, but some suppliers still use the old historic terminology of
Rth(j-c). Strictly, this not accurate because such plastic encapsulated packages do not have a “case” that
encloses the whole device.
If we define the whole external surface of the package as the “case”, then Rth(j-c) is ambiguous because the
temperature measured on the front of the plastic can be very different from that measured on the metal tab.
The high thermal conductivity of metal means we can approximately say that all points on the continuous
metal surface have the same temperature (similar as in the historic “can” or “case” of a hermetically sealed
metal package). This cannot be said of a plastic package such as TO220F.
Most suppliers that use the term Rth(j-c) are actually describing the thermal resistance from junction to the
metal part of the “case”, i.e. the metal tab, the mounting base.
In WeEn datasheets, the more accurate and unambiguous parameter, Rth(j-mb), thermal resistance from
junction to “mounting base”, is always used, the mounting base being defined as the back-metal surface of
the package.
For packages such as the TO220F “full-pack”, where the whole body of the device is encased in plastic, Rth(j-mb)
is also not the correct term to use because there is no external metal “mounting base” with a well-defined
temperature. It cannot be assumed, even approximately, that all points on the plastic surface have the same
temperature, so any Rth from junction to the “plastic surface” (if this is called “the case”) is not well-defined.
For this reason, for the TO220F “full-pack” devices, the metal heatsink on which the device is mounted is
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considered to be the “nearest external measurable point” with a measurable temperature. This measurement
of thermal resistance is called, Rth(j-h), thermal resistance from junction to heatsink.
This measurement of Rth(j-h) is now not entirely governed by the device itself since the measurement can be
affected by how the user mounts the package on the heatsink. It is for this reason the conditions, “with
heatsink compound” or “without heatsink compound” are often seen in datasheets for this thermal resistance
parameter - pointing out the fact that some factors affecting thermal resistance are under user control.

Fig.3 Example of WeEn datasheet for Rth(j-mb)

Fig.3 Example of WeEn datasheet for Rth(j-h)
As mentioned, some suppliers continue to use the historic term Rth(j-c), thermal resistance from junction to
“case”, even for TO220F “full-pack” packaged and similar devices. The best interpretation of what is
meant when Rth(j-c) is quoted for such packages is Rth(j-h) having the condition “with heatsink compound”.
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This understanding is on the basis that, with a good heatsink compound, the temperature of the heatsink
will be very close to the average temperature of the back-plastic surface of the package.

3. Conclusion
Thermal resistance is an important parameter for designers to understand in order to ensure the
reliability of packaged power devices and the electronic systems into which they are placed.
The parameters and the history underpinning the definition of thermal resistance has been described so
that designers may understand thermal resistance values quoted by various suppliers and what is meant
by the terms Rth, Rth(j-mb), Rth(j-h), and Rth(j-c).
Rth(j-c) has been shown to be effectively the same parameter as Rth(j-mb) and Rth(j-h) with heatsink
compound.

WDN002

Datasheet note

All information provided in this document is subject to legal disclaimers.

Rev. 01— 05 September 2019

© WEEN 2019. All rights reserved.

4 of 7

WDN002

WeEn Semiconductors

Understanding Rth for power packages

Revision history
Rev

Date

v.1

20190905

Description
initial version

Contact information
For more information and sales office addresses please visit: http://www.ween-semi.com

WDN002

Datasheet note

All information provided in this document is subject to legal disclaimers.

Rev. 01 — 05 September 2019

© WEEN 2019. All rights reserved.

5 of 7

WDN002

WeEn Semiconductors

Understanding Rth for power packages

Legal information
Definitions
Draft — The document is a draft version only. The content is still under internal
review and subject to formal approval, which may result in modifications or
additions. WeEn Semiconductors does not give any representations or warranties as
to the accuracy or completeness of information included herein and shall have no
liability for the consequences of use of such information.

Disclaimers
Limited warranty and liability — Information in this document is believed to be
accurate and reliable. However, WeEn Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the consequences of
use of such information. WeEn Semiconductors takes no responsibility for the
content in this document if provided by an information source outside of WeEn
Semiconductors.
In no event shall WeEn Semiconductors be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost profits, lost
savings, business interruption, costs related to the removal or replacement of any
products or rework charges) whether or not such damages are based on tort
(including negligence), warranty, breach of contract or any other legal theory.
Notwithstanding any damages that customer might incur for any reason
whatsoever, WeEn Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of WeEn Semiconductors.
Right to make changes —WeEn Semiconductors reserves the right to make changes
to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the publication
hereof.
Suitability for use — WeEn Semiconductors products are not designed, authorized
or warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction of an WeEn
Semiconductors product can reasonably be expected to result in personal injury,
death or severe property or environmental damage. WeEn Semiconductors and its
suppliers accept no liability for inclusion and/or use of WeEn Semiconductors
products in such equipment or applications and therefore such inclusion and/or use
is at the customer’s own risk.
Applications — Applications that are described herein for any of these products are
for illustrative purposes only. WeEn Semiconductors makes no representation or
warranty that such applications will be suitable for the specified use without further
testing or modification.

WeEn Semiconductors does not accept any liability related to any default, damage,
costs or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s
third-party customer(s). Customer is responsible for doing all necessary testing for
the customer’s applications and products using WeEn
Semiconductors products in order to avoid a default of the applications and the
products or of the application or use by customer’s third-party customer(s). WeEn
does not accept any liability in this respect.
Export control — This document as well as the item(s) described herein may be
subject to export control regulations. Export might require a prior authorization from
competent authorities.
Evaluation products — This product is provided on an “as is” and “with all faults”
basis for evaluation purposes only. WeEn Semiconductors, its affiliates and their
suppliers expressly disclaim all warranties, whether express, implied or statutory,
including but not limited to the implied warranties of non-infringement,
merchantability and fitness for a particular purpose. The entire risk as to the quality,
or arising out of the use or performance, of this product remains with customer.
In no event shall WeEn Semiconductors, its affiliates or their suppliers be liable to
customer for any special, indirect, consequential, punitive or incidental damages
(including without limitation damages for loss of business, business interruption, loss
of use, loss of data or information, and the like) arising out the use of or inability to
use the product, whether or not based on tort (including negligence), strict liability,
breach of contract, breach of warranty or any other theory, even if advised of the
possibility of such damages.
Notwithstanding any damages that customer might incur for any reason whatsoever
(including without limitation, all damages referenced above and all direct or general
damages), the entire liability of WeEn Semiconductors, its affiliates and their
suppliers and customer’s exclusive remedy for all of the foregoing shall be limited to
actual damages incurred by customer based on reasonable reliance up to the greater
of the amount actually paid by customer for the product or five dollars (US$5.00).
The foregoing limitations, exclusions and disclaimers shall apply to the maximum
extent permitted by applicable law, even if any remedy fails of its essential purpose.
Translations — A non-English (translated) version of a document is for reference
only. The English version shall prevail in case of any discrepancy between the
translated and English versions.

Trademarks
Notice: All referenced brands, product names, service names and trademarks are
the property of their respective owners.

Customers are responsible for the design and operation of their applications and
products using WeEn Semiconductors products, and WeEn Semiconductors accepts
no liability for any assistance with applications or customer product design. It is
customer’s sole responsibility to determine whether the WeEn Semiconductors
product is suitable and fit for the customer’s applications and products planned, as
well as for the planned application and use of customer’s third-party customer(s).
Customers should provide appropriate design and operating safeguards to minimize
the risks associated with their applications and products.
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