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Abstract
The work is devoted research the modification of a thin film of high-temperature superconductor (HTS) 
GdBa2Cu3O7-δ using picosecond and femtosecond laser exposure. The main purpose of present work is to 
improve the magnetic and transport characteristics of 2G HTS tapes by creating an ordered lattice of artificial 
pinning centers. 
It was investigated the influence of the laser exposure on the structure of the film in the area where artificial defects 
were created. We have performed the measurements of the magnetization, local trap field and current distribution 
in samples before and after modifications. Also the critical current dependence on magnetic field was measured 
and dependencies of the pinning force and n-values on the energy of laser pulse were obtain. So we have shown that 
the created pinning centers lead to the appearance of point pinning centers that can improve the local critical 
current of tape.

Tapes specifications:
Width - 4, 6, 12 mm,
 Length — 25-55 mm
The thickness of the layer of 
HTS — 1 µm
! without the silver layer !

Fitting of laser-beam parameters, 
including alignment of its divergence and 
effective diameter with the input pupil of 
infinity corrected objective (Mitutoyo Plan 
Apo NIR 20, NIR 100 with an extra large 
working distance), provided a focusing spot 
diameter of 1.2 µm at a level of 1/e, which 
is close to the diffraction limit. 
Pico: pulse duration 25 ps, the wavelength 

is 1064 nm. The pulse energy varied 
from 50 to 4000 nJ.

Femto: pulse duration 200fs - 2ps, the 
wavelength is 870 nm. The pulse 
energy varied from 100 to 850 nJ
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FEMTO-T laser complex (developed in NRNU MEPHI)
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Сonclusions
Summarizing obtained data we have come to the following 
conclusions:
1.By using a picosecond and femtosecond laser exposure  is possible to 

modify superconducting film and improve magnetic and current-
carrying characteristics 

2. Modifications is related to the change in the pinning the character 
and depend on the laser pulse energy and focus

3. In the multipulse mode with small pulse energies received through 
holes with diameters of the order of 2 microns

4. Using proposed method it is a possibility to control n-value and the 
critical current of the superconductor

E=Ec(J /Jc)n Ec=1µV/cm

SEM image of exposure point ( sample 5 )

O 50.48%

Cu 28.41%

Ba 13.92%

Gd 7.19%

~1200 exposure points array 50x50 µm

 sample 5 sample 7

Pico: Single pulse modePico: Single pulse mode

D=2.5 µm

Femto: Multipulse modeFemto: Multipulse mode

SEM image of exposure point: 20 pulses, 
NIR 100, 150 nJ 
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Local current increase: 15.6%, ΔIc=12.5A  
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