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ABSTRACT: In the frame of the CLIC (Compact Lineal Collider) study for the development of a two-beam accelerating 
technology for a future TeV–scale e+e- linear collider, electrical breakdown (BD) phenomena are deeply studied. BDs are caused 
by the interaction of the oxygen free electronic copper (Cu-OFE) with vacuum arcs at high gradient operation. BD phenomena 
lead to isolated or clusters of craters on the surface of the CLIC accelerating structure (AS). The presence of dislocations into 

the Cu-OFE is suspected to play a role on the BD phenomena. This study focuses on the development of a quantitative and non-
destructive diagnostic of the dislocations presence in the Cu-OFE. The final aim is to investigate the relationship between 

location of BDs features and dislocation presence. 

Protocol:

Context:

Conclusions and perspectives:
• These first results proved that the dislocation structures introduced into Cu-OFE by cyclic deformation are detectable by EBSD.
• The study of the local misorientation gives also a quantitative assessment of the observed dislocation presence.
• Dislocation patterns observed are in the same range scale that those observed by other techniques as TEM.
• New samples with different levels of deformation will be added to the study.
• The samples will be tested on a DC- spark system to help to understand why some areas with same surface status are highly affected by the BD

phenomena on CLIC AS during high gradient testing.

EBSD, using local misorientation criterion (KAM), can 
emphasis the deformation gradient due to GND*.

The EBSD KAM maps shows the misorientation gradients 
into the grain of Cu-OFE, highlighting areas of higher 

deformation. 

Real AS structure

Are BD features related to  
dislocation patterns?

How we can study it?

?

SEM image of cluster of craters produced 
by the interaction of vacuum arcs with the 

surface of the disc (Cu-OFE).

TEM image of annealed sample fatigued 
at εpl = 1.5 x 10 -3 [JIA03]

Results:

To accommodate plastic deformation, the material generates dislocations which under cyclic plastic deformations rearrange themselves 
disturbing the structure of the lattice leading to local misorientation. Previous transmission electron microscopy studies ([JIA03], [ZHA05]) 

showed that veins, ladder like and cells as the most characteristic dislocation patterns observed in Cu-OFE subject to plastic strain.

Annealed 
Cu-OFE 

Fatigue tests

• Stress control 
• 24-240 MPa
• Until fracture (10k cycles)

Sample preparation
• Longitudinal cut
• Electro polishing
• Avoid mechanical deformation

Samples

Reference
Deformed area

Reference sample 
was annealed and 

not deformed.

The middle area of the fatigue 
specimen was extracted and cut 

into two samples.
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The average misorientation value is close 
to zero for the non deformed sample, 

while the average value is around 0.75° in 
the deformed areas of the fatigue 

specimen.

*EBSD: Electron BackScattered Diffraction
*KAM: Kernel Average Misorientation
*GND: Geometrically Necessary Dislocation
[JIA03]: Jia W.P. and Fernandes J.V., Mechanical behaviour and the evolution of the dislocation structure of copper polycrystalline deformed under fatigue-tension and tension-fatigue sequential strain paths, MSE A 348, 2003, 133-144.
[ZHA05]: Zhang J. and Jiang Y., An experimental investigation on cyclic plastic deformation and substructures of polycrystalline copper, Int. J. Of Plasticity 21, 2005, 2191-2211.
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