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Introduction

It has recently been shown that large second-order non-
linearities may be induced in optical fibres by an excita-
tion poling technique!2. In this, high-intensity blue light
is launched the fibre core. Two-photon absorption then
gives rise to the excitation of defect centres, which align
in the presence of the dc-field. The process is strongly
linked to the generation of x(?)-gratings from noise®* or
by seeding® and the formation of Hill-gratings®’.

Here we present detailed measurements of the excita-
tion poling dynamics using very strong poling fields
(<150V/pm) and both pulsed and cw blue defect excita-
tion light. The measurements were made using a novel
phase-matching technique. It is based on x(?)-gratings
that are generated by the stationary mode-interference
pattern of the blue defect excitation light inside a slightly
multi-moded fibre when a poling field is applied. These
mode-interference gratings (MIGs) are permanent and
remain fixed in the fibre after the blue light and the
dc-field are switched off. They are easily erasable and
may subsequently be rewritten. MIGs may be used for
efficient SHG by a correct choice of the pump and SH-
modes (a detailed theory of SHG employing MIGs will
be given elsewhere®). Unlike the gratings described by
Hill et aI®* MIGs do not require a “standing wave” in
the fibre and are thus easily produced. Compared to
conventional x(?)-gratings®** MIGs are based on much
larger non-linearities and allow phase-matching to be
obtained for any infrared design wavelength by an ap-
propriate choice of the defect excitation wavelength.

Compared to modal phase-matching? MIGs allow
phase-matching to be obtained over longer coherence
lengths, since a degree of self-compensation of fibre non-
uniformities is provided by the writing process.

Experiment -

The poling dynamics were studied using a D-shaped
GeO,-doped fibre with an internal electrode’. The fibre
had a core area of 5um? and an NA of 0.30. It was
elliptical with an aspect ratio of 3:1 and cut-off wave-
length of about 1.15um. The flat side of the fibre allowed
an accurate alignment of the internal electrode with the
second external electrode. The applied poling field was
aligned with the major axis of the fibre core. Typically,
a fibre length of 30cm was used, over which the fibre
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was polarisation preserving. The electrodes were incor-
porated at the blue light launching end to minimise the
negative effect of dispersion.

Defects were excited employing either cw Argon laser
light at 488/514.5 nm or pulsed blue light of variable
wavelength from a dye laser (6ns pulse width, 30Hz
repetition rate). The growth of the second-order non-
linearity was measured by launching pulsed infrared
light from a Raman-shifted dye laser (6ns pulse-width,
30Hz repetition rate, 10W peak power) into the fibre and
monitoring the SH-conversion efficiency as a function
of time. The infra-red wavelength was chosen to coin-
cide with a MIG phase-match peak. The polarisation
of all lasers was adjustable with compensators. A set
of suitable filters and detectors was employed to allow
the simultaneous measurement of the infrared, SH and
blue light powers. Due to the large sensitivity of the
x(?)-grating structure on the mode-interference pattern,
the launching condition were dept constant during the
poling process.

CW Excitation Poling

Before using any blue light, the effects of applying only
a poling field, and poling field in conjunction with high
power infrared light were established. No x(* Qu =
w + w) could be generated by applying only a dc-field;
however, a permanent Pockels-type non-linearity was
nevertheless inducable®. A poling field in conjunction
with high-intensity infrared light (>20W) led to a semi-
permanent x(¥ (2w = w + w), which decayed within
minutes after switching-off of the poling field.

Figure 1: SH-power as a function of poling field strength and
time for a cw defect excitation power of 25mW at 488nm.

When cw-Argon light was launched into the fibre, the
poling field induced a permanent x¥ Qw = w + w).
The relative induced x{*) as a function of time and
applied poling field strength for a launched cw-Argon
light power of 25mW at 480nm is shown in Figure 1.
No saturation of x{¥ with the applied poling field
strength is observed. The induced non-linearity was
bleachable when launching only blue light into the fi-
bre. An optimum blue light intensity of only about I,
= 6mW/um? was observed to result in the highest SH
conversion efficiency. For blue light intensities <I oy the
SH-conversion efficiency was proportional to approxi-
mately v7. For intensities >Iop, The SH-conversion




efficiency was observed to decrease. A maximum SH-
conversion efficiency of 1% was obtained for an infrared
pump power of only 150W in a 6cm coherence length for
an estimated® maximum induced x(® of about 5 x 10—1°
esu, which is about 5 times smaller than the value of
x? for KDP. Extrapolating the results from Figure 1 to
possible poling fields at the dielectric breakdown limit of
GeO,-5i0; glass of about 700V/um, as achievable with
an optimised electrode design’®, a maximum x(? equal
to that of KDP should be achievable. This would result
in a SH conversion efficiency of >10% when using MIGs
for phase-matching.

Figure 2: SH-Power as a function of time for a range of
pulsed defect excitation powers at 480nm and a poling field
of 140V /pum.

Pulsed Excitation Poling

The writing and bleaching characteristics of pulsed ex-
citation poling were very similar to cw excitation pol-
ing with the exception that a weak permanent x(?
(2w = w + w) was inducable when using only pulsed
blue light and no poling field. The so generated x ‘2’ was
about 7 times smaller than induced by simultaneously
applying a poling field of 140V/gm. Note that a peak
intensity of about 0.2GW/cm? is required to start the
writing process, which is about one order of magnitude
smaller than required for conventional x (?)-gratings®**.
The difference may be due to the fact that hereit involves
coherent two-photon absorption, rather than coherent
three-photon absorption” as in the conventional writ-
ing process. The intensity and time dependence of the
relative induced x(?) as a function of time and pulsed
blue light power at 480 nm for an applied poling field of
140V /pm is shown in Figure2. The functional intensity-
dependence is the same as for cw-excitation poling, but
no saturation was detected. As in the cw case defect ex-
citation light at a wavelength of about 480nm was found
to give rise to the highest non-linearities, indicating that
two-photon absorption via the 240nm absorption band
of oxygen deficient germanosilicate glass lies at the root
of the process. The bleaching dynamics are displayed

in Figure 3. In this, a fibre previously unexposed to
high-intensity blue light was poled, then bleached and
finally re-poled. It was observed that the fibre is polable
and bleachable an unlimited number of times without
an effect on the magnitude of the induced x(? and the
poling rates. Note that previous measurements of poling
dynamics' were carried out with much smaller poling
fields in highly multi-moded fibres, where an accurate
control of the modal intensity distribution inside the fi-
bre and a separation of the contributions to x(*) from
defect excitation and excitation poling was not possible.

Figure 3: Writing and bleaching characteristics of pulsed ex-
citation poling for a defect excitation power of 40W at 480nm
and a poling field of 140V/um. Note the enhancement of the
contribution to the SH-power from electric-field-induced SHG
after poling the fiber. It may be explained by a refractive-index
grating that accompanies the x(2)-grating writing process.

Conclusions

In conclusion we have demonstrated a novel efficient
phase-matching technique for SHG in optical fibres.
The dynamic of cw and pulsed excitation poling were
studied and the contributions to the second-order non-
linearity from the poling field, the defect excitation light
and the infrared read-out light separated. Efficient SH-
generators in fibre form may be predicted as a result of
these measurements.
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