
Influence of Laser Radiation on 
Adhesion of Nb/Cu Structure

Adhesion of Nb thin layer to Cu substrate (Nb/Cu) depends on Nd:YAG laser radiation 

was studded. 

Experimental

Tow samples Nr.4/5 (rough) and Nr.22/31 (mirror) were irradiated by Nd:YAG laser  (λ= 

1.064 µm, τ =6 ns and intensity I=200.0 MW/cm2) in scanning mode with step 5µm in Ar

atmosphere. Such intensity of the laser is smaller that ablation threshold of structure. 

Four areas, D1=1.6 J; D2=2.5J; D3=4.9 J; D4=49.0 J, of the structure were irradiated 

with different doses. 

Resistance to delamination was investigated by scratching method (CSM Micro-Combi

Tester) using conical diamond indenter (Rockwell). Scratch force on indenter was 

gradiently increased, from 10 mN to 3.0 N. 

Optical microscope Nicon Eclipse 100M was used for imaging the scratch path and 

surface structure during experiments. For sample Nr.4/5 penetration depth and residual 

depth were measured depending on laser irradiation dose. 
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Results

Minimal indentation depth is 9.0 µm for D2 and maximal is 12.6 µm for non-irradiated 

area. It means that the hardness of the structure was increased after laser irradiation.  

Critical delamination force is maximal for laser D2 and increased by 10% (+-5%) as 

compared with non-irradiated area. 

The same measurements were carried out with sample Nr.22/31. It was found that the 

critical delamination force increased with the laser dose and was maximal 36% for the 

lase dose D4. Minimal indentation depth was 8.5 µm for laser dose D2 and maximal for 

non-irradiated area – 10.84 µm. It means that Nb cower thin layer on Cu of sample Nr. 

22/31 better than of Nr.4/5 because the delamination force and the hardness increased 

more after laser irradiation.
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Fig.1. Optical microscope images Nb/Cu structure sample Nr.4/5: (a) 

before irradiation and (b) after irradiation by laser with D2.

Fig.2. Optical microscope images Nb/Cu structure sample Nr.22/31: 

(a) before irradiation and (b) after irradiation by laser with D4.

Fig.3 Optical microscope images of Nb/Cu structure sampleNr.4/5 

after scratch: (a) before irradiation and (b) after irradiation by laser 

with D4. 
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The worst results were obtained for Nb/Cu structure sample Nr.4/5 after laser 

irradiation 4D. Surface was delaminated already after laser treatment (see fig. 3). 

The combination of scratch test results of not laser irradiated (fig. 3a) and 

irradiated (fig. 3b) shows that coating on has defects, such like not adhered with the 

cooper base areas of coating. After high irradiation that areas of coating were fused 

out. But areas which were adhered with base were not delaminated during scratch 

test. So, assuming the results of sample Nr.4/5 we can say that laser irradiation 

effects not only on adhesion of coating, but increase the ductility of the coating.


