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• low cost  

• possibility of wide aperture crystals growing 

• high laser damage threshold 

• growth from aqueous solutions 

• The relatively small values of d36 

KDP crystals  

The inclusion of 

organic/inorganic 

impurities on the growth phase  
(KCl, Li3+, xylenol orange) 

KDP crystal doped 

dye XO  

The incorporation of 

nanoparticles  
(SiO2, CdTe) 

ways to improve the properties  
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Наночастки анатазу 
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Giant nonlinear response 

of anatase layers 

χ(3)
nano ~ 106 χ(3)

bulk @1064 nm 

1.17 eV 

TiO2 NPs 

KDP 



Scattering indicatrix of KDP:TiO2 crystals 

Waveguide effect in KDP:TiO2:KDP layers 
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KDP:TiO2 : photoinduced changes 

of on-axis transmittance @ 1064 nm 

(42 ps FWHM) 
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for fixed TiO2 conc.  Re(χ(3))P ~ (4÷5)·Re (χ(3))Pr 

Concentration dependence of the real and imaginary 

parts of the cubic NLO susceptibility of the KDP:TiO2 

crystals  @1064 нм  

Re(χ(3)) > 0 

self-focusing 
Re(χ(3)) < 0  

self-defocusing 
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Phase-matching angles for SHG at 1064 nm  

Second harmonic generation in the KDP crystals 
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Investigation of second harmonic generation (SHG)  

42 ps FWHM, repetition rate 5 Hz 

Spatial Gaussian Profile (TEM00) !! 

given pump field approximation 



SHG in KDP, KDP:TiO2 crystals with single ps 

pulse @1064 nm 

Gayvoronsky V. Ya., Kopylovsky M. A. et al. Func. Mat. 19 (2012) 54-59.  
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Pump Pulse Energy, J
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Internal self-focusing  

KDP 

KDP:TiO2 

Beam narrowing 

to ~ 1.5 times  

Gayvoronsky V. Ya., Kopylovsky M. A. 

et al. Func. Mat. 19 (2012) 54-59.  



0 50 100 150 200
90

95

100

105

110

115

  

 

 

O
n

-A
x
is

 T
ra

n
s
m

it
ta

n
c
e

, 
%

Laser Intensity, MW/cm
2

1064 nm0 50 100 150 200 250

98.0

98.5

99.0

99.5

100.0

 

 

 

 
T

o
ta

l 
T

ra
n

s
m

it
ta

n
c
e

, 
%

Laser Intensity, MW/cm2

1064 nm

KDP 

KDP:TiO2
 

KDP:TiO2
 

KDP 

nNLO > 0 

Sample 
Re((3)), 

10-8 esu 

Im((3)), 

10-12 esu 

KDP -0.07 0.9 

KDP:TiO2 2.2 1.6 



Conclusions 

• Second harmonic generation efficiency versus 
the TiO2 nanoparticles concentration 
incorporated in the KDP single crystals was 
studied within picosecond range pump pulses at 
1064 nm. 

• For the first time we have obtained the 
frequency conversion efficiency enhancement 
up to 70% in the KDP:TiO2 in comparison with 
the KDP crystals due to the internal self-focusing 
effect that was observed as the pump beam 
spatial profile narrowing at moderate peak 
intensities. 
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Transmittance spectra of 
KDP, KDP:TiO2  
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Incorporation of TiO2 nanoparticles 

Piramidal [101] 

Prismatic [100] 



KDP:TiO2 crystals 

• KDP:TiO2 – growing from an 

aqueous solution  

• Optical characterization 

• Cubic NLO susceptibility  

• Second harmonic generation  
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