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1. Introduction 

 

Performance and reliability of Gallium Nitride (GaN) power amplifier (PA) devices highly 

depend on the operating temperature. This Application note is to review the basis of 

thermal resistance figures and to specifically define the measurement and modeling use 

to derive thermal resistance and explain the basis for the figure. Furthermore, it will 

highlight thermal resistance connections to data sheet maximum channel temperature 

and reliability predictions. 

2.  Methodology for thermal evaluation  

 

Ampleon’s methodology for GaN thermal characteristics represented in datasheets 

follows the process illustrated in Figure 1. The surface temperature (Ts) of the active die 

is measured using an Infrared (IR) camera and the case temperature (Tc) with a 

thermocouple, to extract the thermal resistance of surface to case (Rth(s-c)). The 

calibrated finite element analysis (FEA)-based thermal model is used to predict the 

channel temperature (Tch) for thermal resistance of channel to case (Rth(ch-c)). In 

addition, the lifetime tool can predict the Median-Time-To-Failure (MTF is the time that  

50 % of the population has failed) vs power and channel temperature in a device. For 

specific calculation, we refer to the Lifetime Calculator on the Ampleon’s website. Pulse 

thermal impedance and temperature dependency of thermal resistance can be presented 

in the datasheet for specific devices. 

 

 
Figure 1. GaN thermal characterization process 

 

3. IR measurement for Rth(s-c) 

 

The commonly used technique to measure the temperature of a power amplifier device 

under operation is using IR thermography. However, we should consider the limitations 

of averaging the temperature over optical spot size on surface and sample preparation. 

Ampleon’s datasheets present Rth(s-c) based on IR measurements to enable application 
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of customers’ system-level IR measurement data, and comparison with the other thermal 

data. 

The schematic of the IR measurement setup is illustrated in Figure 2. For visibility of die, 

packaging layer of ceramic lead is removed or overmold compound is etched away. The 

exposed die is coated with a high emissivity coating to obtain an accurate fixed emissivity 

value. The surface temperature (Ts) of sample is measured by the high-resolution IR 

camera from top view and the case temperature (TC) of the package is measured by a 

spring-loaded thermocouple. The thermal resistance between surface to case is 

calculated as:  

Rth(s−c) = (Ts − Tc)/PD                                                                                  (1) 

where the dissipated power (PD) is calculated as: 

PD = Pin + PDC − Pout                                                                                      (2) 

where Pin and Pout are the RF input and output power and PDC is the DC input power. 

Due to the nonlinearity of material properties, the thermal resistance slightly depends on 

heat dissipation and case temperature. Please refer to the specific product data sheet for 

the conditions under which the devices are measured.  

(a) (b) 

 

(c) 

Figure 2. (a) Schematic, (b) image of setup and (c) board of the IR measurement 

4. Thermal model for Rth(ch-c)  

 

Accurate determination of the channel temperature relies on finite element thermal 

modeling calibrated with measurement. Ampleon’s datasheets present Rth(ch-c) based on 

thermal modeling to enable lifetime prediction and ensure to keep the device within 

thermal safe operation area. 

For each process technology, the thermal model is calibrated on material properties and 

geometry with accurate IR and µRaman measurements on various steady heat 

dissipations, beside to transient electrical-based measurement. The calibrated model is 

benchmarked to make sure about the versatility and range of applicability. Figure 3 

shows the measured IR image and modelled temperature of device surface with 3 dies.  

The model geometry is used to reproduce the IR measurement by averaging the 

simulated temperatures inside the IR focus spot. The highest channel temperature (Tch) 

of the device which is the maximum temperature of the model is used to calculate the 

thermal resistance between channel to case as following: 

http://www.ampleon.com/
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Rth(ch−c) = (Tch − Tc)/PD                                                                                     (3) 

 

(a) 

(b) 

Figure 3. (a) IR-measured and (b) FEM-modelled of device temperature 
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5. Legal information

5.1 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. Ampleon 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. 

5.2 Disclaimers 
Limited warranty and liability — Information in this document is believed to 

be accurate and reliable. However, Ampleon 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. Ampleon takes no responsibility 

for the content in this document if provided by an information source outside 

of Ampleon. 

In no event shall Ampleon 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, Ampleon’ 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 Ampleon. 

Right to make changes — Ampleon 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 — Ampleon 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 

Ampleon product can reasonably be expected to result in personal injury, 

death or severe property or environmental damage. Ampleon and its 

suppliers accept no liability for inclusion and/or use of Ampleon 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. Ampleon makes no representation 

or warranty that such applications will be suitable for the specified use 

without further testing or modification.  

Customers are responsible for the design and operation of their applications 

and products using Ampleon products, and Ampleon accepts no liability for 

any assistance with applications or customer product design. It is customer’s 

sole responsibility to determine whether the Ampleon 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.  

Ampleon 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 Ampleon 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). Ampleon 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. 

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. 

Terms and conditions of commercial sale — Ampleon products are sold 

subject to the general terms and conditions of commercial sale, as published 

at http://www.ampleon.com/terms, unless otherwise agreed in a valid written 

individual agreement. In case an individual agreement is concluded only the 

terms and conditions of the respective agreement shall apply. Ampleon 

hereby expressly objects to applying the customer’s general terms and 

conditions with regard to the purchase of Ampleon products by customer. 

5.3 Trademarks 
Notice: All referenced brands, product names, service names and 

trademarks are property of their respective owners. 
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http://www.ampleon.com/terms
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