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A technique by which the second order nonlineadftgoled silica fibre is significantly increased
is demonstrated. Voltage assisted cooling technidfiees a significant increase ¥’ compared
to the standard thermal poling technique.
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Amorphous silica does not posses an intrinsic stander nonlinearity (SON) due to its centrosymimetature.
However, in the process of thermal poling, theimsic third order nonlinearity of silica combinestlwthe frozen
in-field created by thermal poling to produce afeetive SON, with values as high as 1pm/V repoitedhe
literature for bulk silica and silica fibres [1,owever, high values of SON have not been comgigtachieved in
twin-hole fibres as the electro-optic effect indiide affected by many factors, such as fibre geped core
composition. The average value of SON is more yikelbe in the region of 0.1pm/V for poled silicarés. Poled
silica fibres can be utilised to fabricate devisegh as, electro-optic modulators, optical switcHesquency
converters, optical parametric oscillators, etc.

The technigue of voltage assisted cooling involyesiual incremental increase of the applied DG fighilst
the temperature is gradually reduced [3]. Thusafiigied DC voltage is maintained close to the bdealk voltage
of silica, which increases as this is being coasd result of lowered mobility of charges. Thishtgque, when
applied to bulk Herasil samples, showed a 75% aszrén the second harmonic power [3]. In that reploe depth
of the second order nonlinear region (or deplete&gion) was also observed to increase significaiotlysamples
poled using the voltage assisted cooling technique.
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Figure 1(a). A 12fm diameter twin-hole fibre device with two 2% gold coated tungsten electrodes. (b). All-fiboread¥-Zehnder
interferometer for then-situ measurement of the SON during thermal poling oftiie-hole fibre device. Equation 1 shows the ckdtian of

the SON susceptibility,/\/(z) for a device of length, L and applied electriddieE from the amplitudes of the two modulationginencies.

Equation 2 shows the relationship betw%ﬁ) and linear electro-optic coefficiemt, through the core refractive indqxobre.

In this experiment, twin-hole fibre of NA 0.28 agdrmanium concentration of 16.8mol% was used todate
devices with two side entry electrodes, as showFidgre 1(a).One of the holes is positioned cléeghe core to
attain better overlap with the depletion region,olihin fibres typically is ~3-fm wide [4]. The devices were
fusion spliced into one arm of an all-fibre MachhBder interferometer for tha-situ measurement of the linear
electro-optic (LEO) coefficient during the polingopess. This is schematically illustrated in Figle).



The evolution of the LEO coefficient for the twouites as measured by the interferometric technique
described above is shown in Figure 2. Device 1 paled at a temperature of 2@ and a constant 3kV DC
voltage for ~23 minutes, while Device 2 was poletha same conditions for ~22minutes before theptgature
was reduced to 268 and the voltage increased to 3.5kV. The voltage again increased to 4kV and 4.5kV for
the poling temperatures 24D and 220C respectively. The dwell time of the applied fialdeach temperature is
not critical and does not result in a greater nesidcSON, as verified in subsequent experimentsvas$ also
observed that extended periods of poling at anthe@ftemperature/voltage combinations can resuhielectrical
breakdown across the core of the fibre.
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Figure 2. Evolution of the electro-optic coeffideturing thermal poling of twin-hole fibre devicéhe initial parts of the curves showing rise
and fall of the E-O coefficient during the firstwfeminutes of poling have been omitted for claritihe residual values of the LEO were
measured with the DC field switched off, as repneseé by the drop seen from the maximum LEO attaatetie end of poling.

The residual values of the LEO coefficient, whishmeasured after the high voltage DC is switch&dwnedre
0.08 and 0.14pm/V for devices 1 and 2, respectivEhese values were recorded immediately aftemptilng
procedures. The drop seen in the measured LEOideeffin Figure 2 is due to the removal of the lagghDC
field component. The difference in the measurediamlof LEO coefficient represents a 75% increaséhén
induced electro-optic effect for the device poleithwthe voltage assisted cooling technique over tamdard
poling technique. The significant improvement ie ®ON in Device 2 with voltage assisted coolingttsbuted to
the increased injection of the less mobile carrigts K™ ...) at the anode surface in the presence of aggtron
electric field, resulting in a greater frozen-ieldl after poling. The increase in the concentratibthe injected
carriers resulted in a broader nonlinear layehandase of the bulk Herasil samples [3]. In the cdgoled fibres,
a broader nonlinear layer could result in a morgorm distribution of charges and consequently aemmiform
SON in the core of the fibre.

In conclusion, voltage-assisted cooling during mpoliof twin-hole fibres significantly enhances setarder
nonlinearity compared to the standard poling tegptsi Furthermore, the width of the nonlinear lagepossibly
broader for fibres poled using the voltage assistading technique. This suggests that the positgpof the core
of the fibre near the anode hole may no longer riteeal as in standard poling technique [5]. If thiere is
manufactured with the core positioned away fromahede hole and equidistant from the two holes ctiveent
transmission losses due to leakage into the anoldedan be improved. This could serve to furthepriowe the
conversion efficiency of second harmonic generatiqreriodically poled silica fibres [5].
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