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1. Introduction 

 

The presence of oil residues on the power modules printed circuit board were recently reported. This 

residues can be easily wiped out during assembly. The origin of this leak is the dissociation of the thermal 

paste located between the shield and the main coil. This thermal paste is a silicone based compound, filled 

with ceramic powder to provide the required thermal conductivity. The dissociation results from the 

intrinsic properties of the silicone oil, it leaks very slowly from the coil towards the printed circuit board. 

Some of this oil can leak under the shield and becomes visible.  

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Material identification 

 

The thermal paste in the FEASTMP modules and FEASTMP-CLP modules is a silicone compound, 

ceramic filled thermally conductive paste with reference Thermally Conductive Paste Type H from 

Termopasty (datasheet in annexes). The silicone provides the required viscosity to apply the paste, and the 

ceramic powder is the thermal conductor material. This thermal paste has been chemically analyzed at the 

CERN chemical analysis laboratory, confirming the exclusive presence of silicone compound: 

 

https://edms.cern.ch/document/2109354/2 

 

 

3. Radiation tolerance properties of silicone oils 

The radiation tolerance refence material proceeds from the Radiation Damage and Radiation Tolerance 

CERN site: 

https://radiation-damage.web.cern.ch/ 

 

Silicone oils are normally used in high energy accelerators, primarily used as electrical insulators in 

magnets (CERN-2001-006, page 14): 

 

Radiation Damage Materials Table 

 

CERN-2001-006 on CDS 

  

The silicone oils are listed to moderately stand radiation up to 50 Mrad. The upper dose limit listed for 

silicone oils in CERN-HS-RP-093 is set at 50 Mrad (Annex 6, page 31). 

 

Compilation of Radiation Damage Test Data 

https://edms.cern.ch/document/2109354/2
https://radiation-damage.web.cern.ch/
https://radiation-damage.web.cern.ch/content/materials
http://cds.cern.ch/record/531818/files/CERN-2001-006.pdf?version=1
http://cds.cern.ch/record/141784/files/CERN-HS-RP-093.pdf?subformat=pdfa
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The degradation of the tested insulating silicone oil is a reduction of its insulation properties (CERN-HS-

RP-093, Insulating Oil tests, page 157): 

• The breakdown voltage and the viscosity is increased by 13% at 50 Mrad. 

• The insulation resistance is reduced by 33% at 50 Mrad. 

• The oil gelatinises above 100 Mrad.  

It must be noted that the dielectric strength of silicone oils is very high, of at least 10 MV/m.   

 

The volume resistance is typically 1014 Ω.cm at room temperature and 1013 at 150 ºC, comparable to the 

volume resistance of glass. The observed resistivity degradation at 50 Mrad leaves the volume resistance 

still above 1013 Ω.cm and still two orders of magnitude larger than that of air (1011 Ω.cm). These properties 

are fully compatible with the low voltage operation of the FEASTMP power modules. 

 

4. Radiation tolerance of the ceramic filler 

 

The filler is made of ceramic powder and is tolerant to radiation. There is no damage up to 100 Mrad and 

the damages develop at 10 Grad. Its use is safe for the power modules. 

 

Radiation Damage Materials Reference 

 

https://radiation-damage.web.cern.ch/sites/radiation-damage.web.cern.ch/files/Images/Radiation_Damage/Radiation_Damage_Materials_Electronics.png
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5. Improvements 

 

The thermal paste type H from Termopasty has a thermal conductivity of 0.78 W/m.k. It will be replaced 

by the KP98 thermal paste from Kerafol (datasheet in annexes) that is also a silicone based paste but with 

a thermal conductivity of 6 W/m.K. It is used by the new CMS Pixel power modules and was successfully 

operated up to 1 Mrad already without issues. Because it is still a silicone based paste, minor leaks can still 

occur. 

 

6. Conclusions 

 

• The thermal paste is a ceramic powder filled silicone oil. It has a large resistivity and breakdown 

voltage. 

• The silicone can leak slowly onto the printed circuit board. Because of its high volume resistivity, 

this has no incidence on the performance of the power module. 

• The radiation damage reference documents indicate that silicone oils, comparable to those used in 

the thermal paste, will typically degrade at 50 Mrad. The volume resistance is reduced but is still 

larger than the one from air and is comparable to glass.  

• Beyond 100 Mrad the viscosity of the oil is degraded, the oil will gelatinise. This will however fix 

the paste in place, and the thermal contact through the ceramic filler is preserved.  

• Besides the silicone leak, the material will preserve its performance during all the lifetime of power 

module, up to 50 Mrad. The degradation of the oil up to 100 Mrad will have no effect on the thermal 

properties of the paste. 

• The Type H thermal paste will be replaced by the KP98 paste from Kerafol that has improved 

thermal conductivity. Silicone residues can still potentially leak, but this will have no effect of the 

power module performance. 
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7. Annex  
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