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Introduction

In regard to microphotonic devices, the initial material should be tunable in terms of the three-dimensional control of its linear as well as second-and third-order nonlinear optical responses at the micrometer scale [ [START_REF] Dussauze | Thermal poling of optical glasses: mechanisms and second-order optical properties[END_REF], [START_REF] Richardson | Glasses for photonic applications[END_REF], [START_REF] Lepicard | Demonstration of dimensional control and stabilization of second harmonic electro-optical response in chalcogenide glasses[END_REF], [START_REF] Xiao | Cylindrical vector beam-excited frequency-tunable second harmonic generation in a plasmonic octamer[END_REF], [START_REF] Zhou | Broadband mid-infrared second harmonic generation using epitaxial polydomain barium titanate thin films[END_REF], [START_REF] Rocco | Tuning the second-harmonic generation in AlGaAs nanodimers via non-radiative state optimization[END_REF], [START_REF] Xue | Soliton regulation in microcavities induced by fundamental-second-harmonic mode coupling[END_REF]]. Glasses with good optical properties and low production cost are promising materials for use in microphotonic device applications. However, their natural centrosymmetry must be modified to achieve second-order nonlinear (SONL) responses. Thermal poling is an efficient method to induce SONL responses in glassy materials. An efficient macroscopic electrostatic field (Estat) at the anodic surface of the glass is created through thermal poling. That is, an electric field-induced second harmonic generation (EFISHG) as χ 2 = 3•χ 3 •Estat is observed, where χ 2 and χ 3 are the second-and third-order nonlinear susceptibilities, respectively. However, thermal poling is normally macroscale (up to a few mm). Thus, to achieve practical applications of SONL properties in microphotonics, such as electro-optic switching and wavelength conversion, a micrometer scale (or even less) Estat is required for thermal-poled glass as an isotropic material [START_REF] Lepicard | Demonstration of dimensional control and stabilization of second harmonic electro-optical response in chalcogenide glasses[END_REF][START_REF] Lipovskii | 2D-structuring of glasses via thermal poling: a short review[END_REF]. Although a considerable amount of insightful research has been done on glasses, the results have still not been sufficient for use in practical applications.

Our previous work reported that microstructured SHG patterns could be obtained by thermal poling on borophosphate niobium (BPN) glasses with an initial patterned silver film [START_REF] Delestre | Towards secondharmonic generation micropatterning of glass surface[END_REF]. Furthermore, our previous work showed that there was a spatial distribution of the frozen electric field with Cs symmetry containing components along the Z and X directions. The electric field was modulated by the Ag + /Na + -exchange process during thermal poling. Brunkov and Lipovskii et al. revealed that the anode electrode pattern could be stamped on the sample surface by normal and effective thermal poling [ [START_REF] Lipovskii | Electric field imprinting of sub-micron patterns in glass-metal nanocomposites[END_REF], [START_REF] Brunkov | Submicron-resolved relief formation in poled glasses and glass-metal nanocomposites[END_REF], [START_REF] Brunkov | Submicron surface relief formation using thermal poling of glasses[END_REF], [START_REF] Lipovskii | Imprinting phase/amplitude patterns in glasses with thermal poling[END_REF]]. Moreover, Sokolv et al. created a model to calculate the contours of the electric potential and charge carriers [START_REF] Sokolov | Spatially periodical poling of silica glass[END_REF]. They explained that the electric potential or electric field affected the distribution of sodium ions in the nonlinear layer. However, some important optical properties, such as microstructured SHG patterns, are seldom reported. Our recent works showed that periodic microstructured SHG or gradient refractive index could be imprinted on BPN glass or other glasses with patterned Si and microstructured ITO as anode electrodes [3,[15], [START_REF] Dussauze | Accurate second harmonic generation microimprinting in glassy oxide materials[END_REF], [START_REF] Yang | Ultralow voltage imprinting in GeS2-Ga2S3-AgI glasses for visible to middle-infrared diffraction gratings[END_REF], [START_REF] Yang | Imprinting gradient refractive index micro-structure in GeS2-Ga2S3-KCl glass for broadband diffraction grating[END_REF]].

Another effective method for fabricating active glasses with microstructured SHG is to design new functional glass-crystal hybrid materials. Compared with the normal method of well-controlled heating treatments, laserinduced crystallization in glass has been increasingly studied because active crystals can be well patterned only in spatially selected positions. Komatsu's group has patterned many active crystals (such as LiNbO3 and β-BaB2O4) on the glass surface or inside glass through a continuous-wave (cw) Nd:YAG laser-written technique [START_REF] Komatsu | Laser patterning and characterization of optical active crystals in glasses[END_REF][START_REF] Shimada | Laser patterning of oriented LiNbO3 crystal particle arrays in NiO-doped lithium niobium silicate glasses[END_REF]. This technique simply utilized rare-earth atoms (such as Sm 3+ and Dy 3+ ) or transition metal atoms (Ni 2+ and Cu 2+ ) to absorb laser energy and then strong nonradiative lattice vibration induced enough local heating (laser-induced heating) to achieve crystallization. Therefore, we suppose it is possible to achieve microstructured SHG through special micropoling controlled by laser-induced heating at low laser powers.

In this work, a laser-induced thermal poling (LITP with an external electric field combined with laser-induced heating under certain preheating conditions) method is developed for fabricating microstructured SHG patterns. First, we study the laser-induced heating effect on a series of Sm2O3-doped BPN glasses. Then, we report the ability of this technique to write microstructured SHG on Sm2O3-doped BPN glass.

Experimental procedure

Sm2O3-doped sodium borophosphate niobium oxide glasses with a composition of (100-x)[0.58 (0.95NaPO3+0.05Na2B4O7)+0.42Nb2O5]+xSm2O3 (hereafter called xSmBPN, x = 1, 2 and 4) were prepared with the conventional melt quenching method. The sketch of the poling sandwich is shown in Fig. 1. The top part was the glass slide (SIGMA-ALDRICH, 578274 ALDRICH with a surface resistivity of 8-12 Ω/sq, an ITO coating thickness of 120-160 nm, a slide size of 75 mm × 25 mm × 1.1 mm and a transmittance of more than 83%) with the ITO on one side as the anode electrode, which was also previously coated with a thin silver line (with a width of 2-3 mm of silver conductive paint from RS 186-3600) on one cross-section side and on the top surfaces by ourselves to connect to a direct current source. The middle part was a xSmBPN glass with a thickness of 1 mm, and the bottom part was a silicon wafer as the cathode electrode. The effective transmittance of the cw laser power was approximately 80%. During the LITP process, first, the poling sandwich was preheated to a temperature of 125 °C or 160 °C in an ambient atmosphere. Next, a high voltage of 2.5 kV was applied. Then, a series of spots were irradiated by the cw laser at different laser powers (P = 1.40, 1.78, 2.20, 2.58, 2.84, 3.10, 3.26 and 3.40 W), different laser focus depths (D = 0, 5, 10, 15 and 20 μm) and fixed irradiation durations at each point (5 min). Finally, the sandwich was cooled to room temperature before the voltage was turned off. Absorption spectra were recorded using a double beam spectrophotometer (CARY 5000 UV-VIS-NIR, VARIAN, US) between 200 and 2000 nm for the serial xSmBPN glasses with a thickness of 1 mm. Laser-induced heating experiments were carried out by a homemade setup with the cw laser (at a wavelength of 1064 nm). The maximum laser power was 8 W. Laser-induced heating of the xSmBPN glasses was recorded by an IR thermal camera (FLIR A615, FLIR Systems Inc., US). Elemental concentration profiles of samples were analyzed by energy dispersive X-ray spectroscopy (EDS) integrated with an emission electron microprobe RX (CAMECA SX 100, CAMECA, France) and imaged with a scanning electron microscope (Bruker AXS, Bruker Inc., US). EDS tests were carried out on the sample surface whose effectively detected depth was controlled by the high voltage.

Microstructured SHG patterns were measured in reflection mode by a modified confocal micro-Raman spectrometer (HR800, Horiba/Jobin Yvon, France). A picosecond pulsed laser at 1064 nm was applied for the microstructured SHG measurements. Measurements of the SHG response were carried out through two doughnut radial and azimuthal polarization geometries to probe the SHG component along the z-direction (perpendicular to the surface) and within the xy-direction (parallel to the surface), respectively. Before the detector, there was also a filter to separate the microstructured SHG signal polarization directions in the xydirection (parallel to the surface). These special polarizations were obtained by a polarization converter from Arcoptix. A microscope objective (Olympus, 100 × ) with a numerical aperture of 0.5 was used for SHG and Raman imaging. Finally, the microstructured SHG signal was recorded by a Peltier-cooled high-sensitivity CCD camera (Hamamatsu C4742-95).

Results and discussion

Laser-induced heating

Absorption spectra were obtained for the xSmBPN glasses with a thickness of 1 mm, as shown in Fig. 2. The absorption spectra indicate detailed assignments of the bands for excited states from the ground state 6 H5/2 of Sm 3+ ; these excited states are centered at 401, 473, 943, 1075, 1228, 1373, and 1478 nm corresponding to the optical transitions from 6 H5/2 to 4 F7/2, 4 I11/2, 6 F11/2, 6 F9/2, 6 F7/2, 6 F5/2+ 6 H15/2, and 6 F3/2+ 6 F1/2, respectively [START_REF] Lin | Spectral parameters and visible fluorescence of Sm 3+ in alkali-barium-bismuth-tellurite glass with high refractive index[END_REF][START_REF] Yang | Modified local environment and enhanced near-infrared luminescence of Sm 3+ in chalcohalide glasses[END_REF]. These spectra also show that the absorption coefficient α of the xSmBPN glasses increases with the Sm2O3 content. For example, the α at 1075 nm increases almost linearly from 1.31 to 2.30 and then to 4.15 cm -1 with the addition of Sm2O3 from 1% to 2% and then to 4%, respectively. Thus, it is obvious that the Sm 3+ ions are homogenously distributed in the BPN glass matrix, and samples with a higher content of Sm2O3 will easily reach a higher temperature due to their stronger absorption of laser power. Furthermore, glasses with strong absorption bands can be utilized to perform laser-induced heating or writing processes for all kinds of optical applications [START_REF] Komatsu | Laser patterning and characterization of optical active crystals in glasses[END_REF]. where A0 is the room temperature, A1 is the maximum temperature induced by laser irradiation, P0 is the effective laser power constant (for samples reaching a temperature close to their saturation temperature A1) and β is the dispersion parameter (0 ≤ β ≤ 1) to be used in the fitting procedure. A1 is related to the matrix glass and content of doped Sm2O3. The fitting results are shown in Table 1, and they reveal that there is the same onset at A0 = 25 °C when the laser power is at x = 0 W. Then, the local temperature increases with the samples at different ratios before finally reaching saturation temperatures of 261, 411, and 682 °C; thus, the A1 has a maximum up to 682 °C for the 4SmBPN glass. However, these saturation temperatures are extrapolated data at a very high laser power and are not reached in this study. In addition, P0 and β are almost unchanged with the changes in Sm2O3 content. From Fig. 3, we can also see that the local temperature of samples doped with 2% and 4% Sm2O3 easily reaches above 200 °C, which is attributed to their stronger absorption of laser energy and the subsequent stronger nonradiative transition (lattice vibration) of these samples compared with that of the 1SmBPN glass. As a result, temperatures above 200 °C are sufficient for special thermal poling, where the heating of thermal poling is controlled by laser-induced heating, as described in the next section.

To avoid damaging the sample surface by a high-power laser while effectively maintaining laser-induced heating, we can use a complementary technique named preheating. In regard to the preheating range, a threshold temperature as the onset temperature for normal poling should be considered. According to our previous report [START_REF] Dussauze | Large second-harmonic generation of thermally poled sodium borophosphate glasses[END_REF], the threshold voltage to perform poling for the Na10P8.5B1.5Nb15O65 composition (which is close to 55(95NaPO3-5Na2B4O7)-45Nb2O5) is approximately 1 kV, and the threshold temperature is approximately 200 °C. Thus, we chose a series of preheating cycles at 25, 75, 100, 125, 150, and 175 °C to investigate the effect of laser-induced heating. The detailed experimental temperatures vs laser power for the 4SmBPN glass at different preheating temperatures are shown in Fig. 4. We find that the local temperature increases almost linearly with the irradiation laser power for the six different preheating cycles, and their ratios are similar. Normal thermal poling can be performed with a total heating temperature equal to or above 200 °C. Therefore, the positions above the dashed line can be good conditions to perform LITP. In addition, the most enhanced temperature of the sample surface ΔT1 can be obtained by ΔT1 = Tij-T1j, where Tij is the temperature of the sample surface at a preheating temperature of Ti and a laser irradiation power of Pj; additionally, T1j is the temperature of the sample surface at room temperature and a laser irradiation power of Pj. Fig. 5 reveals that most of the ΔT1 values are lower than the enhanced temperature ΔT2, which is the difference between preheating and room temperature. This result can be due to preheating enhancing electron-phonon interactions at both the ground state and excited state of the absorption center for Sm 3+ ions [ [START_REF] Hsu | On the thermal broadening of zero-honon impurity lines in absorption and fluorescence spectra[END_REF], [START_REF] Mikhailik | One-and two-photon excited luminescence and band-gap assignment in CaWO4[END_REF], [START_REF] Kim | Temperature-dependent emission spectra of M2SiO4:Eu 2+ (M=Ca, Sr, Ba) phosphors for green and greenish white LEDs[END_REF]]. 

LITP

According to our previous report [START_REF] Dussauze | Large second-harmonic generation of thermally poled sodium borophosphate glasses[END_REF], the onset of the poling temperature for the 4SmBPN glass is approximately 160 °C at a poling voltage of 2.5 kV. Thus, to obtain a good signal-to-noise ratio of SHG on the laser irradiation spot positions of the 4SmBPN glass, preheating temperatures of 125 °C and 160 °C were chosen to ensure either no or a weak thermal poling effect, respectively, occurs with the glass matrix. Variations in the current curves over time at a fixed high voltage are shown in Fig. 6(a). With a preheating temperature of 160 °C, it is found that the current appears in a timely manner when laser irradiation is turned on and disappears then the laser is off. Moreover, the intensity of the current stabilization at a certain level with the laser is focused on a series of depths from 0 to 20 μm at the same laser power and increases from 0.039 to 0.078 mA as the laser power increases from 1.40 to 3.40 W. Compared with that of the preheating temperature of 160 °C, there is almost no current at a low preheating temperature of 125 °C. However, in Fig. 6(b), we can find that all spots show obvious topological deformation of the glassy surface after laser irradiation, and some are even damaged when the laser is focused on a series of depths between 0 and 10 μm. Notably, the spot positions are still glassy.

Fig. 6. (a) Variation of current with time at a voltage of 2.5 kV (black open square) and different preheating temperatures of 160 °C (blue open circular) and 125 °C (red open triangle). (b) Microscope image of 4SmBPN glass surface after poling process at a preheating of 125 °C. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

The effects of the LITP process on the implementation of second-order optical properties were characterized by SHG confocal microscopy in reflection mode. Radial and azimuthal incident polarizations have been utilized. They probe the longitudinal (noted I2ω⊥) and in-plane (noted I2ω//xy) SHG responses (check the reference in Figs.

6(b) and Fig. 7(a)), respectively. In regard to the sample poled at a preheating temperature of 160 °C, the difference in SHG intensity observed between the maximum at each edge and the background signal measured from the LITP spots is approximately one order of magnitude, as shown in Fig. 7(b). One possible reason is that the preheating temperature of 160 °C is enough to induce a certain SHG response on the 4SmBPN glass over the whole ITO anode under the present conditions, thereby showing a much stronger anode bonding strength between the ITO anode and 4SmBPN glass at the preheating temperature of 160 °C compared with that at 125 °C. Thus, we decreased the preheating temperature to 125 °C to achieve microscale thermal poling with a higher SHG intensity contrast than that at a preheating temperature of 160 °C. The concentration profiles of Na + on the surface of the xSmBPN glasses at the anode side were recorded by EDS, and the results are shown in Fig. 8. The results reveal that the Na + concentration profile of the 4SmBPN glass is almost totally depleted at particular spots (except for some effect in the upper-right angle of Fig. 8(a)), while the Na + concentration of the left area is unchanged. Furthermore, the linear analysis in Fig. 8(b) for spots irradiated at a laser focus depth (D) of 15 μm and a laser power (P) of 3.10 W shows a depleted depth up to 6 μm, and the Na + concentration on the edge of the spot varies sharply from 0 to 8 at% within a depth of less than 6 μm. The Na + concentration map in space nicely indicates that a 3-dimensional electric field probably appears along the Z direction and radial direction of the spot, similar to that in Ref. [START_REF] Dussauze | Accurate second harmonic generation microimprinting in glassy oxide materials[END_REF].

Typical microstructured SHG patterns of spot (15 μm, 3.10 W) are shown in Fig. 9, denoting an accurate spatial location of the SHG signal on the edges of each imprinted spot at a preheating temperature of 125 °C. Fig. 9(a,d) shows that the difference in intensity observed between the maximum at each edge and the background signal measured out of the imprinted spots is greater than two orders of magnitude. Notably, the in-plane SHG signal is null when the excitation polarization is parallel to the edge but is maximal when the excitation polarization is vertical to the edge in the configuration shown in Fig. 9(b andc). The respective locations of the longitudinal and in-plane SHG responses are well matched in regard to their intensity profiles (Fig. 9(e)). Both the longitudinal and in-plane SHG components are confined within a width of 5 μm. The longitudinal SHG response I2ω⊥ (Fig. 9(d)) shows two distinct maxima, whereas the in-plane SHG response I2ω//xy (Fig. 9(a)) has one maximum located between the two maxima of the longitudinal signals corresponding to the edge of the spots.

The origin of the SHG microstructures in the 4SmBPN glass correlates with both the microstructures promoted by local laser heating and the ITO microstructures. On the one hand, to clarify the large effect of LITP on both the location and geometry of SHG properties, we should consider the influence of side effects promoting the local field enhancement of the modified electrode because the laser caused some notable damage to the ITO electrode [START_REF] Dussauze | Accurate second harmonic generation microimprinting in glassy oxide materials[END_REF]. An undoped BPN glass was written by the cw laser with an ITO cover at 0 V and room temperature, as shown in Fig. 10. We found that both the ITO and undoped glass can be damaged by the focused laser even at spot of (0 μm, 1.78 W) which is observed in the form of a black spot. With an increasing laser focus depth in the glass surface, the damage to the ITO glass is alleviated and even disappears. This result means that the morphology of ITO can be modified by cw laser irradiation at room temperature due to the high laser powers ranging from 1.78 to 2.58 W through the ITO equaling an effective laser power range of 1.42-2.06 W. Compared with the undoped BPN glass, our 4SmBPN glass will more easily achieve the surface morphology of ITO with a strong absorption of the laser power at a preheating temperature of 125 °C because the 4SmBPN glass can reach a local temperature of 250-300 °C, as shown in Fig. 4. On the other hand, the laser simultaneously induced heating on the xSmBPN glasses. As in our above results, Sm 3+ in the xSmBPN glasses have strong absorption bands at approximately 1080 nm through ƒ-ƒ transitions ( 6 F9/2 → 6 H5/2) [START_REF] Honma | Nonlinear optical crystal-line writing in glass by yttrium aluminum garnet laser irradiation[END_REF]. Because the main relaxation is nonradiative, the absorbed laser energy is transformed into the lattice system as lattice vibrations through electron-phonon coupling. Next, the LITP effect can be achieved by irradiation with cw laser-induced local heating combined with the strong local electric field enhancement of the modified electrode. Then, sodium depletion zones are only formed at the laser-heated volume positions in Fig. 8 after LITP. Finally, we observe a similar SHG pattern or static field distribution at the border of the modified electrode as that on the BPN glasses by thermal poling using micropatterned electrodes [START_REF] Dussauze | Accurate second harmonic generation microimprinting in glassy oxide materials[END_REF]. However, sodium depletion is induced only within the heated volume, which provides an opposite composition profile compared to the "classical" thermal electrical imprinting process even with micropatterned electrodes.

The preheat and voltage steps were conducted before laser irradiation, but the profile of ITO was modified by laser irradiation within a few seconds or less, which is much shorter than the duration of laser-induced thermal poling (5 min at each point). Thus, we suggest that ITO electrodes should be previously microstructured by laser ablation before the poling process. According to our previous report [START_REF] Dussauze | Accurate second harmonic generation microimprinting in glassy oxide materials[END_REF], a sketch of the electrostatic model used to simulate the polarized glass at one edge of a structured electrode is shown in Fig. 11. The subanodic layer formed below the conductive electrode is defined at a depth of 2 μm and a negative anodic charge concentration ρanode = -2 × 10 3 C m -3 . To consider both the field enhancement and the lateral (or in-plane) poling effects at the electrode edges during LITP, we formed two regions with equal charge concentrations and sizes but with opposite signs (ρside1 = -ρside2 = -2 × 10 4 C m -3 ) [START_REF] Dussauze | Structural rearrangements and second-order optical response in the space charge layer of thermally poled sodium niobium borophosphate glasses[END_REF]. The longitudinal component of the electric field (Ez) has two main contributions in opposite directions along the edge of the electrode, whereas the main contribution of the in-plane electric field component is a maximum just at the border of the electrode (Exy). Thus, it is possible to infer the theoretical SHG responses (two maxima along the longitudinal direction and one maximum in the plane along the border of the electrode) expected from our qualitative electrostatic model. The good correlation observed between the theoretical microstructured SHG patterns and those of the experiment in Fig. 10 qualitatively proves the key importance of both charge accumulation and the in-plane poling contribution along electrode discontinuities. Furthermore, we tried thermal poling on undoped BPN sample at a condition of 125 °C and 2.5 kV for 0.5 h. The ITO and undoped BPN samples have a similar structure after LITP, but no enhanced microstructured SHG can be observed on the undoped BPN samples. This result is also an indication that Sm2O3 significantly affects the nonlinear optical response in the form of laser-induced heating with regard to what has been reported in Sm2O3-doped glasses [START_REF] Komatsu | Laser patterning and characterization of optical active crystals in glasses[END_REF]. Above all, the laser irradiation of the Sm2O3-doped BPN samples can first induce profile deformation of ITO into a microstructured electrode, while simultaneously providing enough energy in the form of heat to obtain an accurate and original sodium distribution in the heated volume. Thus, microstructured SHG spots or complex patterns are achieved after the LITP process.

Conclusion

We demonstrated LITP could be considered a laser writing process governing the implementation and geometry of SONL properties at the micrometer scale for glass materials. Preheating allowed the xSmBPN (x ≥ 2) glass surfaces to reach above 200 °C with low-power laser irradiation. However, preheating also decreased the efficiency of laser-induced heating due to enhancing the electron-phonon interactions at both the ground state and excited state of the absorption center. Furthermore, the LITP could induce a microstructured electrode, while simultaneously providing enough energy to achieve local electric field enhancement effects. This enhanced local electric field of the microstructured electrode along with laser-induced heating were the main factors affecting the geometry and strength of the electric field. Therefore, LITP could be a potential method to fabricate optical materials with an accurate microstructured design of second-order optical properties.
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 1 Fig. 1. Sketch of the laser-induced thermal poling setup.

Fig. 2 .

 2 Fig. 2. Optical absorption spectra of xSmBPN glasses at room temperature.

Fig. 3 .

 3 Fig. 3. Experimental temperature vs laser power for xSmBPN glasses with a 10 × -0.5NA air objective at room temperature. The dash line is a guide at a preheating temperature of 200 °C.

Fig. 3

 3 Fig.3shows the experimental temperature vs laser power for the xSmBPN glasses under a 10 × -0.5NA air objective. It appears that the local temperature of the three xSmBPN glasses increases with laser power. The variation in the enhanced temperature is in good agreement with that of α. Then, they were well fitted by the stretched exponential function (Kohlrausch law) shown below [[START_REF] Krecmer | Reversible nanocontraction and dilatation in a solid induced by polarized light[END_REF],[START_REF] Ren | In-situ measurement of reversible photodarkening in ion-conducting chalcohalide glass[END_REF],[START_REF] Yan | Millisecond kinetics of photo-darkening/bleaching in xGe45Se55-(1-x)As45Se55 chalcogenide amorphous films[END_REF]]:

Fig. 4 .

 4 Fig. 4. Experimental temperature vs laser power for 4SmBPN glass at different preheating temperatures and a 10 × -0.5NA air objective. The dash line is a guide at a preheating temperature of 200 °C.

Fig. 5 .

 5 Fig. 5. Variation of sample's surface temperature (ΔT1) vs enhanced preheating (ΔT2) for 4SmBPN glass under different laser power and a 10 × -0.5NA air objective. The dash line is a guide for slope equaling to 1.

Fig. 7 .

 7 Fig. 7. Microscope image (a) and microstructured SHG pattern (b) of 4SmBPN glass surface after LITP at a preheating temperature of 160 °C. The SHG pattern was detected by a radial donut laser in Y-direction and with a scanning interval of 1.5 μm.

Fig. 8 .

 8 Fig. 8. (a) Sodium distributions of 4SmBPN glass after LITP under a condition of 125 °C and 2.5 kV for 0.5 h and (b) linear sodium concentration distributions across center of spot (3.10 W, 15 μm) detected with different effective testing depths: 10 kV (1 μm), 20 kV (4 μm), 30 kV (6 μm).

Fig. 9 .

 9 Fig. 9. Microstructured SHG pattern of 4SmBPN glass at spot (15 μm, 3.10 W) detected by azimuthal donut (a-c) laser inplane and radial donut (d) laser in longitudinal direction under a scanning interval of 0.5 μm. (e) Overlap of microstructured SHG of (a) and (d).

Fig. 10 .

 10 Fig. 10. Microscope image of an undoped BPN glass (a) written by a cw laser with an ITO (b) as a cover.

Fig. 11 .

 11 Fig. 11. A schematic of the electrostatic model of field enhancement and lateral poling effects at one electrode edge.
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