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Abstract: The stability of the χ(2) susceptibility induced in thermally poled fused silica is 
investigated. A significant reduction of the nonlinear width with no modification of the χ(2) 
susceptibility magnitude is observed after six months at room temperature. 

1. Introduction 

Second order nonlinear (NL) effects are theoretically forbidden in glasses, because of their amorphous 
structure. However, second harmonic (SH) generation has been observed in silica glass fibers [1], that was of 
great interest in terms of potential applications for the telecommunication domain. This discovery offers the 
perspective of manufacturing cheap active fibered components, in spite of the low magnitude of the induced 
effects (0.2pm/V). In 1991, Myers et al. proposed the method of thermal poling to induce a second order 
nonlinearity (SON) in bulk glasses [2], in which a χ(2) susceptibility of ~1pm/V can be achieved. The 
experimental protocol of this technique consists in heating the sample to about 300°C, and to submit it to a high 
bias of a few kilovolts. After a sufficient duration of typically tens of minutes, the sample is cooled down, before 
switching off the voltage. 

During poling, it is usually admitted that charge migration mechanims occur within the glass sample. Mobile 
alkali ions (mainly Na+) are driven towards the cathode under the influence of the applied voltage. An alkali ions 
depleted layer which is negatively charged appears beneath the anodic side. This charge separation induces a 
high electric field EDC, which is frozen into the material after the cooling phase of the process. The SON results 
from a coupling between EDC and the third order susceptibility of the medium, according to the following 
relation: 
  (1) DCE)3()2( 3χχ =

The reliability of components exhibiting SON in telecommunication networks requires good stability 
properties of the NL effects. It is generally assumed that only sodium ions play a role in the poling stability. The 
relaxation time of the SON has been studied for high temperatures, and an Arrhenius dependence with an 
activation energy of 1.3eV has been found [3]. In this case, the induced nonlinearity is expected to be stable over 
15000 years at 25°C [4]. To verify if Na+ are the only ions implied in the poling stability, we investigated the 
ageing of the SON at room temperature. 

2. Experiments 

To this end, two Infrasil disks from Heraeus have been poled in strictly similar conditions (10 minutes at 
290°C, with 4kV applied by means of Si pressed-on electrodes). The two samples were both characterized just 
after poling by the Maker fringes method in order to check the reproducibility of the poling experiment. Maker 
fringe technique consists in recording the SH peak power as a function of the incident angle of the pump beam 
on the sample. The silica disks were placed between two hemispherical lenses to avoid total internal reflexion 
and Fresnel losses at great angles [5]. The shape of the Maker fringes patterns and the magnitude of the SH 
signals were similar for both samples. This experimental result indicates that the NL distribution induced inside 
the poled samples were identical. 

The samples have been also characterized by the recently introduced ”layer peeling method” [6] to obtain the 
NL distribution as a function of the depth under the surface which was in contact with the anode. Briefly, it 
consists in recording the SH power for a fixed incident angle of the pump laser beam, while the anodic side of 
the sample is chemically etched by means of hydrofluoric acid. The removed thickness of silica is monitored in 
real time with an interferometric measurement [7]. An iterative algorithm is used to reconstruct the SON profile 
with a <50nm accuracy, from the knowledge of the SH power generated at each point of the NL layer.  

 One of the two samples (called S1) has been characterized by this method immediately after the poling 
process, whereas the other one (named S2) has been let in air atmosphere, at room temperature during six 
months, and has been subsequently characterized.  



3. Results and discussion 

In the figure 1 are represented the χ(2) susceptibility profiles obtained for samples S1 and S2 (respectively 
solid line and dashed line). A sign reversal of the SON is observed for both samples within a 200nm-thick region 
just beneath the anodic surface. Such a phenomenon has been observed many times [8] and can be attributed to 
surface effects [9]. The maximum magnitude of 0.35pm/V for the χ(2) susceptibility is reached at 500nm under 
the surface for both samples S1 and S2. Then, the χ(2) decreases with the same slope until 4.5µm for sample S2 
and 7.5µm for sample S1. Finally, the χ(2) susceptibility drops to zero after a total NL thickness of 5.4µm for 
sample S2, and 8.6µm for S1. A very nice agreement between both NL profiles can be observed between the 
surface and the end of the NL region of sample S2. The main difference concerns the total NL layer thickness. 
Indeed, the width of the NL layer is 3.2 μm higher in sample S1 than in sample S2. 
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Fig.1. Evolution of the χ(2) susceptibility as a function of the sample thickness for a sample 
characterized just  after the poling process (solid line) and 6 months later (dashed line) 

 
A scheme of the NL distribution just after poling is shown in Fig.2a. At this time, negative charges are 

localized at the edge of the NL region, because of positive carriers injection processes through the surface [10]. 
As mentionned above, the layer of negative charges is at the origin of the built-in electric field EDC, whose 
magnitude is directly related to the charge concentration [11].  
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Fig.2. Scheme displaying the χ(2) distribution (a) just after the poling process and (b) 6 months later. 

The shapes of the profiles are considered as steps for simplification. 
 

The experimental profile obtained after 6 months suggests that the built-in electric field remains constant 
within the depletion region (same NL distribution), leading to the fact that the negative charges concentration is 
constant (they are not neutralized by positive ions), but they are located less deeper in the sample (see Fig.2b). 
This result implies that the negative charge are mobile at room temperature and can move towards the anode 
under the influence of the built-in electric field. Positive charge carriers are assumed to be motionless at room 



temperature, since a positive charge movement would lead to a recombination with negative ions, and 
consequently to a decrease of both NL thickness and χ(2) magnitude, what is not the case in our experiments. 

The origin of the negative charge migration is not clearly understood at the present time. It is generally 
assumed that they are bonded to the silica matrix (typically SiO-). Such a migration of negative charges could be 
due for example to ionization processes. This phenomenon is in disagreement with theoretical predictions, which 
can be deduced by thermal annealing experiments. The results presented here prove that another phenomenon 
should be taken into account to predict the stability of the thermally-induced SON. This phenomenon (probably 
ionization) cannot be seen in the case of thermal annealing experiments, since positive ions recombinate with 
negative ions at high temperature (positive carriers becomes mobiles). The positive ions mobility is highly 
depending on the temperature, whereas the negative charges ionization process should be sensitive to 
temperature variations. As a consequence, thermal annealing seems to be unsuitable for predicting the poling 
stability at room temperature since two mechanisms with two differents kinetics are brought into play. 
 

4. Conclusion 

The stability of the χ(2) susceptibility induced in silica samples has been investigated at room temperature. A 
significant 37% reduction of the NL layer thickness has been highlighted for a sample characterized 6 months 
after the poling process. However, the χ(2) maximum magnitude just beneath the surface has not evolved during 
this period. The NL thickness decrease can be attributed to a negative charges movement towards the anodic 
side. The results we get at room temperature differs from those that can be deduced from thermal annealing 
experiments, because of different phenomena, highly depending on the temperature. Therefore, the results 
obtained from thermal annealing experiments should be carefully interpreted.  
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