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β-BBO single crystal fibers with dimensions up to 15 mm in length and 0.7 mm in diameter devoid of cracks and inclusions were successfully grown by the micropulling down (µ-PD) method directly from a supercooling stoichiometric composition of BBO bath. Suitable pulling rate was defined as 0.1 mm/min. Different morphologies of β-BBO fibers were observed using single-crystal seeds oriented along the: c-axis, 𝑎 ̃-axis perpendicular to c-axis and phase-matching directions θ = 22.8° and θ = 47.7°. Strong axial thermal gradients were applied throughout the growth and adjusted for each crystallographic direction. The effects of capillary dimensions on fiber quality were studied. The quality and orientation of the fibers were examined by Raman spectroscopy and polarizing microscopy.

The UV absorption edge of β-BBO single crystal fibers was measured at 200 nm. A type Ⅰ second harmonic generation was produced with a continuous Nd:YAG laser at 1064 nm on β-BBO fibers oriented according to the phase-matching direction.

Introduction

Solid-state lasers made of inorganic crystals have become very interesting devices in several fields. Their application has extended to medicine [START_REF] Šulc | Solid-state lasers for medical applications[END_REF][START_REF] Kuperman-Beade | Laser removal of tattoos[END_REF] , science [START_REF] Horn | Evaluation and Design of a solid-state 193 nm OPO-Nd:YAG laser ablation system[END_REF][START_REF] Chen | Deep-UV nonlinear optical crystal KBe2BO3F2-discovery, growth, optical properties and applications[END_REF] , machining, and instrumentation in industry [START_REF] Washio | Laser applications in the electronics and optoelectronics industry in Japan[END_REF][START_REF] Meijer | Laser Beam Machining (LBM), State of the art and new opportunities[END_REF][START_REF] Hügel | New solid-state lasers and their application potentials[END_REF] . Indeed, the need for new coherent sources with wavelengths below 300 nm is becoming pressing and subjects these nonlinear crystals to very specific optical quality constraints. Efforts have been dedicated to borate-based crystals because of their structural properties which are at the origin of their nonlinear optical (NLO) efficiencies [START_REF] Kumar | Borate crystals for nonlinear optical and laser applications: A Review[END_REF][START_REF] Chen | The development of new borate-based UV nonlinear optical crystals[END_REF][START_REF] Chen | The anionic group theory of the non-linear optical effect and its applications in the development of new high-quality NLO crystals in the borate Series[END_REF] . In this family, there is the barium meta-borate (BBO), discovered in China by Chen et al [START_REF] Chen | A new-type ultraviolet SHG crystal-β-BaB2O4[END_REF] , one of the best NLO candidates. This material has considerably advanced the technology of ultraviolet frequency conversion (Second Harmonic Generation: SHG) [START_REF] Kouta | Attaining 186-nm light generation in cooled β-BaB2O4 crystal[END_REF] and in Optical Parametric Oscillator in the nanosecond and femtosecond ranges [START_REF] Tang | Optical parametric oscillators[END_REF] . It exhibits a wide transparency range (190 to 3500 nm), high birefringence (Δn = 0.115 at 1064 nm), a large effective SHG coefficient (deff = 1.76 pm/V at 1064 nm) [START_REF] Klein | Absolute non-linear optical coefficients measurements of BBO single crystal and determination of angular acceptance by second harmonic generation[END_REF] and a high optical damage threshold (2.3 GW/cm 2 for 14 ns pulses at 1064 nm) [START_REF] Kato | Second-harmonic generation to 2048 Å in β-BaB2O4[END_REF][START_REF] Eckardt | Absolute and relative nonlinear optical coefficients of KDP, KD*P, BaB2O4, LiIO3, MgO: LiNbO3, and KTP measured by phase-matched second-harmonic generation[END_REF][START_REF] Chen | High-efficiency and wide-band second-harmonic generation properties of new crystal β-BaB2O4[END_REF][START_REF] Nakatani | Laser-induced damage in beta-barium metaborate[END_REF] . Furthermore, BBO is a congruent material at 1095 °C. It exists in two forms: the high-temperature α-phase and the lowtemperature β-phase with a transition temperature at 925 °C [START_REF] Eimerl | Optical, mechanical, and thermal properties of barium borate[END_REF] . Only the β-phase is noncentrosymmetric interesting for frequency conversion processes.

Several growth techniques have been employed for the elaboration of β-BBO crystals. The most dominant in the industry is the top-seeded solution growth technique [START_REF] Feigelson | Solution growth of barium metaborate crystals by top seeding[END_REF] . It allows the growth of large crystals below the transition temperature, using self-fluxes [START_REF] Aidong | Flux growth of large single crystals of low temperature phase barium metaborate[END_REF] such as barium oxide (BaO) and boron oxide (B2O3) or other fluxes like sodium oxide (Na2O) [START_REF] Cheng | Growth and characterization of low temperature phase barium metaborate crystals[END_REF] and sodium fluoride (NaF) [START_REF] Roth | Growth of barium borate crystals from sodium fluoride solutions[END_REF] . The main disadvantages of this technique are: the growth rate which is low between 0.5-1.0 mm/day, and the fluxes used which can sometimes make growth difficult due to their high viscosity or volatility [START_REF] Xu | Study on the effects of volatiles on BBO crystal growth[END_REF][START_REF] Oseledchik | Growth of highquality barium metaborate crystals from Na2O-NaF Solution[END_REF] (in the case of B2O3 and NaF flux for example).

They can also form sources of contamination for the crystal by limiting its optical performance. An alternative growth without solvent is also possible by the Czochralski method. It was first reported by Kouta et al [START_REF] Kouta | β-BaB2O4 single crystal growth by Czochralski method[END_REF] . β-BBO single crystals are obtained directly from a pure BBO molten bath [START_REF] Ovanesyan | Solidification behaviour of BaB2O4 melts[END_REF] with a pulling rate of around 5 mm/h. High conditions in thermal gradients were required for the appearance of the β phase, which can sometimes generate thermomechanical stresses in the crystal. In parallel with bulk growth, two previous studies have reported the pulling of β-BBO fibers by the Laser Heated Pedestal Growth (LHPG) method with growth rates in the range of 0.1 mm/min and 0.5 mm/min. Single crystal fibers of high optical quality were obtained from the fluxes Na2O and B2O3. However, some fibers showed inclusions, mainly produced by constitutional undercooling [START_REF] Tang | Growth of barium metaborate (BaB2O4) single crystal fibers by the laser-heated pedestal growth method[END_REF][START_REF] Jianguo | Growth of beta-barium metaborate single crystal fibers along the phase matching direction[END_REF] . Then, pulling of fibers was tested without flux by M. Ferriol et al which has given to either α-phase fibers or biphasic polycrystalline fibers [START_REF] Ferriol | Attempts to grow β-BaB2O4 (β-BBO) crystal fibers by the micro-pulling down technique[END_REF] .

In the present paper, we report for the first time to the best of our knowledge the growth of single-crystal β-BBO fibers by the μ-PD technique, obtained directly from the pure bath BBO in the supercooling state with the pulling rate fixed at 0.1 mm/min. The strong thermal gradients naturally present in the μ-PD furnace are adjusted to allow the nucleation of the low-temperature phase. The influence of other growth parameters such as capillary dimensions, seed orientation, and growth temperature, on fiber morphology and quality, is discussed. The phase and orientation of the obtained single crystal fibers are verified by Raman spectroscopy and conoscopic analysis. Transmittance and second-harmonic generation tests are measured.

Experimental part:

Preparation of starting material

Two varieties of starting materials were used to grow β-BBO single-crystal fibers: crystals [START_REF] Kouta | β-BaB2O4 single crystal growth by Czochralski method using α-BaB2O4 and β-BaB2O4 single crystals as starting material[END_REF] from previous Czoshralski growth produced in our laboratory [START_REF] Maillard | Croissance en surfusion de métaborate de baryum par la méthode Czochralski[END_REF] and powder synthesized by the solid-state carbonate method [START_REF] Itoh | β-barium borate single crystal grown by a direct Czochralski method[END_REF] . BBO powder is prepared from a stoichiometric mixture of boron oxide and barium carbonate (Fox-Chemicals 99.99%) ground in an agate mortar, placed in a platinum crucible, and slowly heated to 920°C. This process takes 23 hours and is repeated twice for each final BBO powder charge. The phase, quality, and crystallinity of the BaB2O4 powders are assessed by XRD powder diffraction with Rigaku-MiniFlexII diffractometer using Cu-kα radiations. The resulting powders were of the β-phase.

Fiber growth by µ-PD

All β-BBO fibers were carried out directly from a pure molten bath of BBO by the μ-PD method. The initial charge is placed in a platinum crucible (15 × 5 × 2 mm 3 ) prepared manually, equipped with a cylindrical capillary in its bottom, and heated by resistivity. The growth temperature is monitored at the capillary by a bichromatic digital pyrometer (Infratherm ISQ5-Impac). Oriented seeds were cut from Czochralski's β-BBO single crystals grown in our laboratory and are placed in contact with the BBO droplet and then pulled down with a rate of 0.1 mm/min. The operation is monitored by a CCD camera in real-time. To tune and obtain a thermal gradient suitable for the growth of the β-phase, an after-heater was placed 5 mm from the capillary outlet, and measurements of the vertical temperature gradients inside the oven were made by a K-type thermocouple over a distance of 10 mm between the drop and the after-heater outlet as shown in Figure 1. (2). Capillary channel, (3). BBO Drop, (4). Kthermocouple, (5). After-heater, (6). Pulling direction.

Fiber Characterizations

Raman spectroscopy analysis. The phase and orientation of fibers were checked using spectrometer Labram ARAMIS Horiba Jobin Yvon equipped with an automatic input/output polarization system. The as-grown fibers were excited with the 633 nm line. The backscattered light was collected in the CCD detector. The spectra were recorded at room temperature in the spectral region 100 -1000 cm -1 . The accumulation time was 20 seconds for each spectrum, and the resolution was 1 cm -1 .

Conoscopy analysis. The optical quality of the obtained fibers was determined with an

Olympus BH-2 Polarizing binocular microscope in the transmission mode, and the orientation was checked by conoscopy.

UV-visible NIR spectrometry analysis. The transmission spectrum of the β-BBO crystal fiber was collected by Perkin Elmer Lamda 900 UV-Vis-NIR spectrometer in 200-550 nm at room temperature.

Crystal fiber SHG measurements. A continuous-wave Nd:YAG laser emitting a singlemode transverse fundamental wave at 1064 nm linearly polarized with a power of 3 W, was focused into the crystalline sample to perform the first conversion at 532 nm. Further details of the second harmonic generation experimental setup used in this study are described precisely in reference [START_REF] Sifi | Absolute nonlinear optical coefficients measurements of CsLiB6O10 single crystals by second harmonic generation[END_REF] .

Effect of thermal gradient:

The thermal gradient is a parameter that leads to the occurrence of the metastable β-phase at high temperature [START_REF] Kimura | Crystal growth of BaB2O4 from melt using a Pt tube as a seed[END_REF] . Figure 2 shows the temperature profiles along the central axis of the oven with and without the after-heater (A.H), obtained by a K-thermocouple which is positioned at 1 mm from the hanging drop (Figure 1). These measurements were performed without the thermocouple coming into contact with the melt drop. The temperature in the capillary die was about 1050 °C recorded by the pyrometer. The comparison of the curves reveals several points. The axial thermal gradient in the absence of the after-heater was almost equal to 600 °C/mm. This value is halved when the after-heater is near the capillary outlet, approximatively 300 °C/mm (for A.H current intensity equal to 45 A). In this way, the axial gradient is reduced to ensure the obtaining of the good crystalline quality of the fibers without thermomechanical constraints, and on the other hand, it remains strong enough to ensure the appearance of the β-phase. The current injected in the after-heater allows regulating the value of the axial thermal gradient at the interface which varies continuously during the crystallization process and will be adjusted for each pulling direction. 

Results and discussion

Fiber growth:

a. Study of liquid-solid interface:

The growth temperature determined at the capillary is between 1046 °C and 1049 °C, which is similar to the surface temperature estimated in the Czochralski growth [START_REF] Kouta | β-BaB2O4 single crystal growth by Czochralski method[END_REF] . Therefore, it is necessary to ensure that the value of this temperature is always within this range to keep continuous growth of the β-phase without transition to the α-phase.

When the drop spreads over the lower part of the capillary and comes to rest on the upper horizontal surface of the seed without causing it to merge, a liquid-solid crystalization interface forms and the nucleation of the β-phase on the surface of the seed starts to occur.

Likewise, a process of heat transfer from the extremely hot drop to the slightly cold singlecrystal seed takes place. 20 to 30 minutes of stabilization are necessary to reach the desired thermal equilibrium and promote the appearance of the characteristic interface of β-BBO stable growth. Figure 3 illustrates the various intermediate stages of β-BBO fibers growth from the seed-drop connection, until the start of the pulling. All along the β-BBO fiber's growth, the shape of the meniscus is maintained concave with a flat, stable, and transparent interface (Figure 4). These characteristics can be quickly disturbed by several parameters such as temperature fluctuations and pulling rate variations.

It has been found that the increase in temperature leads to the organization of a convex meniscus and a less transparent interface. In other cases, it can be extremely concave when the pulling speed is high, a polycrystalline structure dominates and the fiber detaches from the BBO drop. The fundamental principles of conservation of mass, the balance of heat transfer, and the capillary stability proposed by Fukuda [START_REF] Rudolph | Fiber crystal growth from the melt[END_REF] were taken into consideration in order to ensure a β-BBO stable growth process. This requires a controlled supply of liquid through the capillary so that the flow of the liquid out of the nozzle matches the flow of crystallized material during the pulling. This liquid flow depends on many parameters including the diameter and the length of the capillary, the viscosity of the liquid, the nature of the material of the capillary through the surface tension between the liquid, air, and the capillary, the pulling rate, etc... Here, we will make an empirical study of several tests with capillaries of different diameters and lengths. Table 1 shows the results obtained for the pulling according to the phase-matching direction (θ = 22.8°). In the following explanations, the pulling speed is constant and equal to 0.1 mm/min.

In this study, the use of the long capillary L = 3 mm doesn't allow the BBO-droplet formation. Growth under these conditions is practically unfeasible.

On the other hand, if the capillary is very short (L = 1 mm), the conservation of mass is broken since the BBO liquid flow rate in the die becomes fast, as well as the solidification rate. Accordingly, the interface shape changes, the stability of the meniscus is not controlled and becomes very wide. Furthermore, the temperature of the hanging drop depending on the length of the capillary could influence the appearance of the β-phase or the α-phase. The use of a short capillary allows the formation of a drop with a temperature very close to the working temperature (supercooling temperature = 1049 °C), which is always measured by the pyrometer at the same place versus the bottom of the crucible.

It is also possible to observe a variation of the heat transfer balance at the liquid-solid interface, firstly due to the important heat contribution by the quantity of melt arriving through the capillary, and secondly due to the exothermic energy of the formed crystal. Under these conditions, the axial thermal gradient should be expected to increase, causing localized inclusions in the center of some grown fibers. The same results were collected with a capillary orifice greater than 0.7 mm, (Dcapillary = 0.8 mm and 1 mm). The utilization of short and wide capillaries mainly leads to the production of transparent α-BBO fibers or β-BBO fibers with inclusions, as summarized in Table 1.

Finally, it was found that only the capillary of the 2 mm long and 0.7 mm diameter was the best suited for the nucleation of the β-phase. The drop formed at the end of this capillary (2mm) has a temperature lower than 1049 °C. The shape of the interface and the meniscus radius are kept. The phase and the uniformity of the fiber are also maintained until the end of the growth. In the present study, β-BBO fibers were grown along four crystallographic orientations: 𝑎 ̃axis, c-axis, SHG: Second Harmonic Generation (θ = 22.8°), and FHG: Fourth Harmonic Generation (θ = 47.7°) directions. Single crystal β-BBO seeds of different shapes and sizes were tested. In order to achieve the conditions for balanced growth of the low-temperature phase (β-BBO), we preferred to use seeds having rectangular cross-sections. The singlecrystal fibers produced are transparent and homogeneous with a stable diameter and a smooth surface (Figure 5a-b-c-d). They are free-cracks and without macroscopic inclusions. The thermal gradient was adapted for each oriented pulling. -BBO belongs to the trigonal space group 𝐶 3𝑣 6 -R3c. Its crystallographic structure has been well described by Eimerl et al [START_REF] Eimerl | Optical, mechanical, and thermal properties of barium borate[END_REF] with a and b perpendicular to the c axis (Figure 6). This material presents a uniaxial anisotropy with optical axis Z along the c crystallographic axis.

In a first approach, we noticed 𝑎 ̃ any axis perpendicular to the optical axis Z.

All fibers were obtained with the conservation of the phase until the exhaustion of the material in the crucible. For fibers pulled along the 𝑎 ̃-axis binocular examination revealed that the cross-section was oval (Figure 7a), this is coherent with the uneven growth rates along the 𝑎 ̃ and c directions of the (B3O6) 3-elementary units of the BBO layer structure [START_REF] Eimerl | Optical, mechanical, and thermal properties of barium borate[END_REF] , which grow faster along the a and b direction than along the c axis (Figure 7b).

In the case of fibers oriented along the c-axis, the cross-section takes on a rounded shape (Figure 7c), the (B3O6) 3-planes grow with equal velocities along the a and b directions which are similar to the point of view of crystal symmetry (Figure 7d). In fact, the real morphology of c-oriented fiber initially begins as hexagonal with facets well characteristic of the trigonal symmetry of BBO, then becomes circular due to the symmetrical radial thermal gradients.

We have also noticed that c-axis fibers easily cleave perpendicular to the growth axis because of the (B3O6) 3-rings forming stacked planes on top of each other in the direction of the coptical axis. This brittleness was too reported by Tang during the pulling of β-BBO fibers by the LHPG method from solution [START_REF] Tang | Growth of barium metaborate (BaB2O4) single crystal fibers by the laser-heated pedestal growth method[END_REF] .

For fibers oriented in the SHG direction, in the longitudinal dimension along the growth axis, we expect to have single-crystal fibers with a sawtooth shape as mentioned in the work of Kouta et al [START_REF] Kouta | β-BaB2O4 phase-matching-direction growth by the Czochralski method[END_REF] on the bulk crystals. However, the fibers obtained by μ-PD in our laboratory have a regular shape. Their cross-section take an intermediate form between the oval shape of the fiber along the 𝑎 ̃-axis and the rounded shape of the one along the c-axis (Figures 7e,7f).

This observation is in agreement with the previous works employing the LHPG technique [START_REF] Jianguo | Growth of beta-barium metaborate single crystal fibers along the phase matching direction[END_REF] .

Almost the same results were obtained using the FHG seed. The cross-sectional shape is circular and slightly distorted. The recovered fiber pieces are observed under the optical microscope (Figure 7g-h). They are transparent but show some tensions towards the surface, probably due to temperature fluctuations during fiber cooling. The cleavage plane of the FHG fibers was this time inclined to the pulling axis. 

Fiber characterizations a. Determination of phase and orientation by Raman spectroscopy

Raman vibration assignments in BBO crystals have been solved in previous studies [START_REF] Lu | Raman scattering study of the single crystal β-BaB2O4 under high pressure[END_REF][START_REF] Voronko | Study of the boron-oxygen units in crystalline and molten barium metaborate by high temperature Raman spectroscopy[END_REF][START_REF] Ney | Assignment of the Raman Lines in Single Crystal Barium Metaborate[END_REF] . The experimental unpolarized spectra obtained on α-phase and β-phase fibers do not have the same appearance as shown in Figure 8. The A1 and E modes of (B3O6) 3-are clearly visible in both spectra and the vibrational differences are quite distinct. The doublets at 382-394 cm -1 and 481-491 cm -1 , the peaks at 620 cm -1 and 789 cm -1 , are the most evident vibrational signature of the β phase. This was found in all the β-BBO fibers obtained in this work. In accordance with the trigonal symmetry R3c of β-BBO, the Raman tensors are A1(Z), E(X), and E(Y) [START_REF] Ney | Assignment of the Raman Lines in Single Crystal Barium Metaborate[END_REF] . In the following backscattering configurations, the expected modes are summarized in Table 2.

Table 2. Raman-active modes de β-BBO in various scattering geometries. In Figure 9a, the spectra collected on the c-axis oriented fiber are identical as expected. No shift or change in frequency was noticed. For the fiber oriented along the 𝑎 ̃-axis (Figure 9b), in the 𝑌(𝑋𝑋)𝑌 ̅ configuration, the spectrum pattern is very similar to those observed for the fiber oriented along the c-axis and completely different compared to the spectrum in 𝑌(𝑍𝑍)𝑌 ̅ configuration. This means that our fibers did maintain seed orientation along the 𝑎 ̃-axis and confirm indeed that the polarization is along the Y-axis.

Configuration

For SHG and FHG-oriented fibers, the Raman configuration is shown by the scheme in Figure 9c, the laser beam is propagating perpendicularly to the pulling axis along the long axis « X » of the oval section. By extrapolation of the growth rate of « c » and « 𝑎 ̃ » faces as seen previously, the c axis is expected in the plane defined by the pulling axis (axis of the fiber) and the minor axis of the oval section. The polarization of the laser can be chosen in the Z direction or the Y direction. The 𝑋(𝑍𝑍)𝑋 ̅ configuration is associated at the A1(b) mode as the 𝑌(𝑍𝑍)𝑌 ̅ configuration. Moreover, we notice that the 𝑋(𝑌𝑌)𝑋 ̅ spectrum, the ratio of the peak at 383 cm -1 and 394 cm -1 is greater than one. This is a verification of the direction of propagation along the dielectric X-axis as mentioned in the H. Moussambi Ph.D. report [START_REF] Moussambi Membetsi | Croissance Par La Méthode Czochralski de cristaux non linéaires de borate : premières caractérisations[END_REF] . 

b. Conoscopy and UV-Vis Transmission

A complementary characterization by conoscopy to evaluate the optical quality and orientation of the as-grown β-BBO fibers has been performed as well. Images (Figure 10a-b)

of interference-fringe patterns on slices cut perpendicular to the pulling axis show that they have uniaxial characteristics and good optical homogeneity. In the case of the fiber along the c-axis, the melatope is at the center of the image and the interference fringes are concentrated around the optical axis which is collinear to the growth axis. For SHG direction fibers, the interference pattern becomes off-center since the c-axis is inclined, the melatope is formed therefore far from the field. The transmission spectrum of a 3 mm sample of the grown fiber is shown in Figure 11. This is the same pattern as the Czochralski β-BBO crystal (3 mm of crystal used as reference)

expected at the short wavelength. The less qualitative appearance of the spectrum is due to the low quality of the polishing surface which increases scattering and optical loss. The signal-to-noise ratio is lower for the fiber because of its small aperture. Nevertheless, this result remains conclusive since it confirms the transparency of our fibers in the UV and the absence of a particular absorption except that of β-BBO. 

c. Second Harmonique Generation (SHG)

A grown fiber from a seed oriented along the SHG direction with θ = 22.8° and φ = 90°

(Figure 12a) was used to prepare a 3 mm long sample. Both ends were polished and the piece was placed into a holder as shown in Figure 12b. To check the fiber orientation, a test of second harmonic generation is proceeded. A half-wave plate is employed to turn the incident polarization in a plane perpendicular to the light propagation axis. Then, the fundamental wave at 1064 nm, linearly polarized, is focused in the sample with a waist size of 90 μm. For type I (ooe) conversion configuration the fundamental wave is polarized along the X-axis with an ordinary polarization in the crystal. Thus, the conversion efficiency is maximum and green radiation at 532 nm is generated as shown in Figure 12c. For a half-wave plate turned 

Conclusion

β-BBO single crystal fibers were successfully grown by the µ-PD method. The growth was carried out directly from a pure bath of BBO in a state of supercooling without a solution in four crystallographic directions. A suitable pulling speed was determined to be 0.1 mm/min.

The capillary used was carefully selected to obtain a high quality of fiber. The characteristic interface of the low-temperature β phase was stable and transparent. An adjustment of the axial gradients in the furnace was important for the appearance of the beta phase and the maintenance of this phase throughout the pulling. The resulting fibers were brittle but transparent and free of defects. The cross-sectional shape of each fiber depended on the growth orientation imposed by the β-BBO single crystal seeds used and was also associated with the dielectric axes. A first frequency conversion was obtained with the fiber along the SHG-direction. Maximum efficiency of the conversion could be achieved with the improvement of the polishing of the fiber ends.
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 8 Figure 8. Comparison between Raman spectra of α-BBO and β-BBO single crystal fibers.
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 11 Figure 11. Comparison of the transmission spectra of the β-BBO bulk and fiber along SHG

  Bulk grown by Cz -BBO Fiber grown by µ-PD to 45° the fundamental wave is extraordinary there is no green radiation as the NLO theory expects.
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 12 Figure 12. (a) experimental configuration used for type І SHG with θ corresponds to the

  

Table 1 .

 1 Effects of capillary dimensions on growth behavior according to SHG direction (θ = 22.8°).

		Capillary				
				Current	Fiber	Phase fiber identified by
	Inner	Outer	Length	intensity of	quality	Raman spectroscopy
	diameter	diameter	(mm)	after-heater		
	(mm)	(mm)		(A)		
	0.7	0.9	1	35	Inclusions	β
	0.7	0.9	2	35	Transparent	β
	0.8	1	1	42	Transparent	α
	1	1.2	1	40-45	Transparent	α
	1	1.2	2	40-45	Inclusions	β
	1	1.2	3	40-45	No droplet	-

c. Effects of oriented seeds:
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