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Control Integrated POwer System (CIPOS™) 
Oxidized C opper Layer on C IPOS™ Mini Inverter IPM P roducts 

About this document 

Scope and purpose 

The scope of this application note is to describe the oxidized copper layer of DCB (Direct Copper Bonded) 

substrates on CIPOS™ Mini inverter IPM products. 

Intended audience 

Power electronics engineers who want to evaluate the CIPOS™ Mini inverter IPM products. 
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1 Oxidized Copper Layer on CIPOS™ Mini Inverter IPM 

1.1 Introduction 

CIPOS™ Mini inverter IPM comprises DCB substrates offering a low thermal resistance. The backside of such 
a substrate is formed by a copper layer being directly accessible for cooling purposes. Due to the contact 
with air during storage, the surface of this layer may oxidize. This yields a non-uniformly distributed thin 
oxide layer consisting mainly of copper oxide (Cu2O / CuO) which does not affect the electrical or the 
thermal performance of the module. Such layers shine in different colors depending on their thicknesses 
(typically brown or silver). 

1.2 Thermal performance of CIPOS™ Mini inverter IPM products 

CIPOS™ Mini inverter IPM products need to be cooled during normal operation. Being attached to heat sinks, 

thermal grease is typically used in order to provide a good thermal contact between the module and the heat 
sink. Frequently used thermal greases have typically a thermal conductivity of 1 W/mK. In most cases one 
can assume a thermal grease thickness of about 100 µm. 
 

 

Figure 1 Simplified cross-section through the DCB of a CIPOS™ Mini inverter IPM 

When the system is properly cooled, one of the main factors determining its thermal impedance is the 
thermal grease. Characteristic of such a layer of thermal grease is the property Rth,greaseA= 100µ K/Wm2 

being much higher than the one of other layers (see Table 1). 

Table 1 Rth*A of different layers 

Layer Thickness [mm] Thermal conductivity @ 100°C [W/mK] 
Rth*A 

[W/K*m^2] 

Copper 0.3 385 7.79E-07 

Al2O3 0.38 23 1.65E-05 

Thermal Grease 0.1 1 1.00E-04 

Oxidized Copper 0.0001 10 1.00E-08 
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Oxidized copper layers are typically very thin (the thickness hardly reaches 100 nm). The thermal 
conductivity of copper oxides ranges approximately from 10 W/mK to 40 W/mK. This yields at worst 
Rth,ox.CuA= 0.01µ K/Wm2. As heat spreading is negligible in such a thin layer, the heat flow through these 
layers covers the same area. Hence, the thermal resistance of the thermal grease will be approximately 
10 000 times higher than the thermal resistance of the oxidized copper: 

Cu ox.th,, 10000 RR greaseth   

Even if one could provide an ideal thermal contact between module and heat sink, the thermal resistance of 
the DCB is much larger than that of the oxidized copper. Thus, the oxidized copper does not affect the 
thermal performance of the module. 

1.3 Conclusion 

It has been shown by assessing the thickness and thermal conductivity of different layers of a mounted 

CIPOS™ Mini inverter IPM that oxidized copper layers have no impact on the thermal performance. 

  



  

 

AN2016-17 Application Note 4 <Revision 1.11>  
  <2016-09-09>  

Control Integrated POwer System (CIPOS™) 
Oxidized Copper Layer on CIPOS™ Mini Inverter IPM Products 

Oxidized Copper Layer on CIPOS™ Mini Inverter IPM 

  

Revision History 

Major changes since the last revision 

Page or Reference Description of change 

Ver1.0, Dec.03.2015 

All pages 

 

First release 

Ver1.1, 
Aug.04.2016 

All pages 

 

Minor typo fixed 

Template changed 

Ver1.11, 
Sep.09.2016 

All pages 

 

Minor typo fixed 



 

 

 

T r ademarks of Infineon Technologies AG 
µHVIC™, µIPM™, µPFC™, AU-ConvertIR™, AURIX™, C166™, CanPAK™, CIPOS™, CIPURSE™, CoolDP™, CoolGaN™, COOLiR™, CoolMOS™, CoolSET™, 
CoolSiC™, DAVE™, DI-POL™, DirectFET™, DrBlade™, EasyPIM™, EconoBRIDGE™, EconoDUAL™, EconoPACK™, EconoPIM™, EiceDRIVER™, eupec™, 
FCOS™, GaNpowIR™, HEXFET™, HITFET™, HybridPACK™, iMOTION™, IRAM™, ISOFACE™, IsoPACK™, LEDrivIR™, LITIX™, MIPAQ™, ModSTACK™, my -
d™, NovalithIC™, OPTIGA™, OptiMOS™, ORIGA™, PowIRaudio™, PowIRStage™, PrimePACK™, PrimeSTACK™, PROFET™, PRO-SIL™, RASIC™, REAL3™, 
SmartLEWIS™, SOLID FLASH™, SPOC™, StrongIRFET™, SupIRBuck™, TEMPFET™, TRENCHSTOP™, TriCore™, UHVIC™, XHP™, XMC™ 
 
Trademarks updated November 2015 
 

Ot her Trademarks 
All referenced product or service names and trademarks are the property of their respective owners. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ifx1owners. 

Edition <2016-09-09> 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
AN2016-17 Application Note 

  

   
 

 

 

Published by 

I nfineon Technologies AG 

81726 Munich, Germany 

 

©  2016 Infineon Technologies AG. 
All Rights Reserved. 
 

Do you have a question about this 
document? 

Email: erratum@infineon.com 

 
Document reference  

I MPORTANT NOTICE 
The information contained in this application note 
is given as a hint for the implementation of the 
product only and shall in no event be regarded as 
a description or warranty of a certain 
functionality, condition or quality of the product. 
Before implementation of the product, the 
recipient of this application note must verify any 
function and other technical information given 
herein in the real application. Infineon 
Technologies hereby disclaims any and all 
warranties and liabilities of any kind (including 
without limitation warranties of non-infringement 
of intellectual property rights of any third party) 
with respect to any and all information given in 
this application note.  
 
The data contained in this document is exclusively 
intended for technically trained staff. It is the 
responsibility of customer’s technical departments 
to evaluate the suitability of the product for the 
intended application and the completeness of the 
product information given in this document with 
respect to such application.     
 

 
For further information on the product, 
technology, delivery terms and conditions and 
prices please contact your nearest Infineon 
Technologies office (www.infineon.com). 
 
Please note that this product is not qualified 
according to the AEC Q100 or AEC Q101 
documents of the Automotive Electronics Council. 
 

WARNINGS 
Due to technical requirements products may 
contain dangerous substances. For information on 
the types in question please contact your nearest 
Infineon Technologies office. 
 
Except as otherwise explicitly approved by 
Infineon Technologies in a written document 
signed by authorized representatives of Infineon 
Technologies, Infineon Technologies’ products 
may not be used in any applications where a 
failure of the product or any consequences of the 
use thereof can reasonably be expected to result in 
personal injury. 
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