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Abstract: Second harmonic generation has been investigated in He+-implanted waveguides in the new non 
linear crystals, GdCOB and YCOB, and periodically poled lithium niobate (PPLN), as well.  
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1. Introduction 

Light ion beam implantation has been used to form optical waveguides in numerous non linear 
crystals pure or doped [1]. This versatile technique is now reaching its maturity and it is subject to 
valuable application phases. Besides, it has been shown that this method does not, virtually, affect the 
linear and the non linear optical properties of the guiding region [2].  

Any technique employing the process of frequency conversion must solve a major problem: the 
realization of phase matching between the pump and the harmonic beams. On one hand, to obtain 
phase matching, one can use natural birefringence existing in the uniaxial or biaxial crystals to 
compensate for the difference of refractive indices dispersion. On the other hand, one can reach quasi 
phase matching between the harmonic and the fundamental signals by a periodic variation of the 
material polarization. In this case, the highest nonlinear coefficient (d33) of the crystal become 
accessible. The mechanisms of frequency conversion in this configuration are well controlled, 
particularly, in crystals such as periodically poled LiNbO3 (PPLN) [3].  
 In this paper, we report, the investigation of second harmonic generation in He+-implanted 
waveguides in two crystals of the oxoborate family, GdCOB and YCOB, and in PPLN crystals. We 
attempt to combine together the benefits of the implantation technique with those of the new nonlinear 
crystals and the use QPM method in order to obtain high conversion efficiencies and to enlarge the 
generated harmonic wavelength range.  
 
2. SHG in He+-implanted waveguides in oxoborate crystals 
Oxoborates crystals have been grown by using Czochralski method as described in reference [4]. Since 
1996, the group of G. Aka studied and tested all the possibilities of second harmonic generation (SHG) 
in bulk oxoborates, Ca4GdO(BO3)3 (GdCOB) and Ca4YO(BO3)3  (YCOB), crystals [4]. Both phase 
matching in the plans ZX and YX were investigated. For instance, they showed that the conversion 
efficiency may reach 50% by using a pulsed YAG pump laser at 1.06 µm [4]. 

The growth of high optical quality crystals of GdCOB and YCOB been now well established and 
their non linear performances are well demonstrated, the objective of this program consists of using 
these crystals in waveguiding configuration in order to increase their capabilities of producing efficient 
laser beams in the visible and the UV ranges. For instance, we recently demonstrated SHG in GdCOB 
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planar waveguides fabricated by He+-implantation [5]. This technique appears to be the only one that 
can be used with this type of non linear crystals.  

The samples were cut and optically polished in order to fulfil type I phase matching in the plans ZX 
and YX respectively. The fabrication conditions of the planar waveguides are reported in reference [5]. 
Implantation parameters are indicated in table 1. We employed triple consecutive implantations in 
order to reduce optical losses caused by leakage through the created optical barrier. To design a 
channel waveguide, we used multiple implantations by varying the beam energy from 0.3 to 1.7 MeV 
at a dose of 1x1015 ions/cm2 through a micrometric split in order to produce two optical 'walls' 
(barriers) that permit the lateral confinement of the propagating light - see figure 1. The distance 
between these ''walls'' gives the waveguide width.  
 

 
Fig.1 : Fabrication of channel waveguides 

by He+ implantation.  
 

                                                                                   
Tab.1 : Features of planar waveguide in GdCOB and 
YCOB crystals.  

∆n (%) Sample E 
(MeV) 

Dose 
(ions/cm2) 

Guide Barrier 

Losses 
(632 nm) 

 
GdCOB 

2.0 
1.9 
1.8 

0.66 x 1016 
0.40 x 1016 

0.33 x 1016 

-0.02 
+0.02 

0.0 

-1.2 
-1.2 
-1.2 

 
2 dB.cm-1 

 
YCOB 

2.0 
1.9 
1.8 

1.0 x 1016 
0.6 x 1016 
0.6 x 1016 

-0.01 
+0.01 

0.0 

-1.2 
-1.1 
-1.7 

 
1.8 dB.cm-1 

 
 

The linear optical parameters of the obtained planar waveguides were determined by using the well 
known prism-coupling technique [6]. Refractive index profiles of GdCOB and YCOB waveguides 
respectively, obtained by utilizing iWKB method [7] showed a step-like guides with a very weak index 
variations in the guiding core and a substantial decrease in the optical barrier - see table 1. For the 
optical loss measurements, we used a CCD camera to collect the scattered light from the surface of the 
guide when a guided mode is propagating. Losses were found to be less than 2 dB.cm-1 at λ = 632 nm 
(tab.1). Note that, in these measurements, we did not apply any heating treatment to our samples.  

As an example, we present here the study of SHG within GdCOB channel waveguide performed in 
the sample which fulfills phase matching in the plan ZX. The SHG experiments were carried out with 
a TE-polarized cw Ti: sapphire laser. Figure 2 shows the measured SH intensity at the output of the 
GdCOB channel waveguide as a function of the input fundamental wavelength. The maximum of SH 
signal is observed at 810.9 nm. The experimental data were fitted by using the standard sinc function 
giving the shape of the second harmonic signal versus the pump wavelength. The interaction length is 
found to be about of 4 mm which is in a good agreement with the sample length used. Besides, the 
theoretical analysis shows that this second harmonic process corresponds to a ω

OOTM  to ω2
01TE  

conversion. Figure 3 displays the variation of the generated harmonic power P2ω versus the 
fundamental power Pω. The experimental data were fitted by a linear function with a slope of 1.9 
which is very close to the theoretical value of 2.  

Finally, for a pump power of 200 mW, the conversion efficiency was estimated to be about of  
2 W-1.cm-2. This value is 20 % higher than that obtained with planar waveguides. Results of all SHG 
processes within He+-implanted GdCOB and YCOB will be presented and discussed. We are also 
focusing on the investigation of the heating treatment to improve the efficiency conversion.  
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Fig.2 : SH intensity vs the fundamental wavelength. 
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Fig.3 : SH intensity vs the fundamental power. 
 

 
3. SHG in He+-implanted PPLN planar waveguides 
 According to this program, we carried out two studies: the first one states on the investigation of the 
feasibility of waveguides by He+-implantation in PPLN crystals. For that we used a PPLN sample with 
a grating period of 10 µm. The second study deals with the investigation of waveguides in 4.8 µm-
period PPLN samples. This period is suitable for frequency doubling of IR diode laser emitting at 960 
nm in order to generate first order QPM blue laser. 
 To carry out the periodically polarized (PP) LiNbO3 structures, we used LiCl saturated solution as 
liquid electrodes with a 10 µm-period photoresist grating of 1.3 µm thickness deposited on Z+-face of 
the sample. The poling was achieved by applying several voltage pulses of 10.5 kV and 100 ms on a 
0.5 mm-thick Z-cut LiNbO3 wafer. It should be noted that Z+ face was beforehand identified by 
pyroelectric effect. To control the periodically polarized structures, we used chemical etching. The 
etching speed depends on the face of the crystal. It is faster on the faces Z- and Y- than on Z+ and Y+ 
(face X, does not have any difference due to symmetry). Under these conditions, a chemical etching 
carried out on a PPLN crystal causes periodic deteriorations of the surface (see figure 4). 
 
 
 

 
 
 
Fig.4 : 10-µm PPLN structure  
revealed by chemical etching. 
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Fig.5 : 2nd order QPM SH intensity vs fundamental 
Wavelength PPLN : He+ planar waveguide. 
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Tab.1 : Theoretical QPM wavelengths of PPLN:He+ planar waveguides. 
SHG in PPLN : He+ waveguide 

Theory Experiment 
 

QPM 
order 

  Bulk PPLN 
measured   
λ QPM (nm) Interaction    λ QPM (nm) IOVL (m-1/2)    λ QPM (nm) 

2nd 969 ωω → 2
00 TMTM  978 1373 981 

3rd 800 ωω → 2
00 TMTM  866 1430 869 

4th 794.8 ωω → 2
00 TMTM  800 1474 804 

  
As in the first study, we used triple-implantation of He+ (with energies of 1.5, 1.6 and 1.7 MeV at a 
dose of 0.5x1016 ions.cm-2, respectively). Subsequently, the sample was annealed at 200 °C during 1 
hour. The linear optical properties of our waveguides were characterized at different wavelengths 
ranging from 514 nm to 980 nm by using the same prism-coupling technique. The reconstructed index 
profiles of our He+-implanted PPLN waveguides (by iWKB method) indicate a slight refractive index 
variation at the surface and a maximum variation of 3x10-2 at the barrier position. Eventually, the 
optical losses measured were less than 2 dB.cm-1.  
 Figure 5 shows the SHG signal related to the fundamental wavelength of a tunable Ti-sapphire 
laser. The experimental data were fitted by the sinc function giving, therefore, an interaction length 
about of 1 mm. This result indicates that our PPLN is not homogenous throughout the sample. 
Moreover the asymmetric experimental curve is due to the inhomogeneity of the waveguide. The 
second harmonic generation was found to be a ω

0TM  to ω2
0TM  second order QPM conversion process at 

981 nm. This wavelength is in a good agreement with the theoretical value. Moreover, we measured 
the conversion efficiency of our waveguides relatively to that of the bulk PPLN. We found that it was 
40% higher than in a bulk interaction. Finally, table 1 reports the results of experiments and 
computations of SHG process within our PPLN: He+ waveguides. The calculation concerns 2nd, 3th 
and 4th QPM orders as well. The small discrepancy between the experiments and the theory is very 
likely due to the model used in our computation procedure.  
 
4. Conclusion 
 Waveguides have been fabricated and studied in GdCOB, YCOB and PPLN crystals by using He+ 
implantation in the MeV range. Frequency doubling generating blue laser beams in GdCOB and 
YCOB channel waveguides have been demonstrated. SHG in He+-implanted planar PPLN waveguide 
have been also investigated by using 2nd, 3rd and 4th QPM orders. These results emphasize that the non 
linear grating remains in the guiding region after the implantation. We are pursuing our work to 
investigate SHG in He+-implanted waveguides in 4.8 µm-period PPLN samples.  
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