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GROWTH OF THIEO-HARMONIC SIGNAL IN
OPTICAL GLASE FIBRE

Indaxing terma: Opiical s Nonlimear optivs, Optics, Glaug

Rapid growth wih time of the thind-hatmonic signal in
eptical glags Abres, Mluaissied with 10KW peak power
pulics ftata a Nd: YAG Lajes, has been obierved. Brosdband
fudtesence fran the thied-harmonke signal around 430am
wa 3140 detected.

Efficient second-hatmonic  gencration (SHG) has  been
obscrved in optical fibres,! The most significant part of this
obseevation ix that the amaunt of SH light {3 very small 10
begin with (due to the amorphous natute of glass) but with
time, as the fibre is illuminated with intense Jaser light at
4w 1:06 um, the SI{ signal grows, What is believed to happen
during this *preparation stage' Is that a periadic ¢! nonlin.
earily is established in the fibre, The periadicity i important
for phase.matching. A good review of SHG in optical fibres
can de lound in Refcrence 2, Microscopically what is going on
during the preparation is still very unclear, In this letter it it
reported that for optical fibres which show efficient SHG,
occasionally the third-harmonie (TH) signal can grow expo-
nentially with time at the expense of the SH signal,

Qur experiments were performed with a  Q-switched
{1200Hz2) and mode-locked (76 MHZ) Nd:YAG laser
{Quantronix $16). Peak powers between | aad 20kW were
launched into the optical fibre. The fibre used had a core
diameter of d x 3:3um, A x 00037 and a 1-Im* phoiphor.
ous eontent in the core and cladding. The main dopantin the
core was GeO,.

Optical fibre Jeagths of 3~30-2m were useZ, The output of
the fibre was directed into sochremator {Jarrel-Ash,
model 82499} in conjunctic + an optical multichannel
analyser (OMA) (EG&G, mve.. ARC-1460 3nd a detector
1420 with an intensified linear photodiode array). A typical
spectrum i3 displaved in Fig. 1. To exclude any conttibution
from the sirong infra-red (IR) light 3t 4 = 1063um 10 lhe
visible and U\ signals, two BGIS Schott glass filters were
mounted in frant of the input slic of the monochromator.
Apart from blocking the IR light, the Alters cach had =70

transmission for A m 0:532um (2w) and 220, transmission
for 2 = 0-355um (3a). A spectrum such as the one in Fig. |
was recorded with an integration time of 23, a sensitivity of
15 photons/count and a spectral resolution of x6A, The
peak around 420 um is believed to be due to Puorescence from
the TH signal; this peak has been observed by others.?
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Fig. 1 Specirum from J0em-long unpeepared piece of fibee, illuminated
with light ut £ = 1-664 pm, 10 kW peak power

U. OSTERBERG

Frank J, Seiler Research Luboratory
US Air Force Academy, CO 30846528, USA

104

10th November 1989

FJISRL-J:. .3-0002

Fur most Rbres the SH signal started to grow hqmedmcly.
and very soon way ich larger than the TH signal, The
growth rates for the STC signals for different lengths of this
optical fibre can be seers in Fig. | of Reference 4. For approx-
imately 1074 of the fibres investigated, the TH signal suarted
1o grow expanentially, with time (Fig. 2).
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Fig. 2 Thied ond second-hagmenic sigaals at function of llumination
time fur Semelong plece of fibre

The growth rate for the TH signal was the same as for the
SH signal. in Rbres where the SHesignal grew and not. the TH
signal, However, in the c3ses when the TH signal grew expo-
nentially with time the SH signal grew linearly, and when the
TH glenul caturated the SH signal statted 1o grow exponen-
tially with time. The saturation level for the Tl:l signal was
comparable to the suturation level for the SH signal 7-r this
patticular length of fibre. . .

The TH signal grew 1o approsimately 60 times its criginal
value. This increase can be due 1o growth of the real part of
the third-order susveptibility, an increase of the coherince
length or both. If the increase could te solely scvounted {u; oy
an increase in the rhird-order susceptibility, an increase of a
factor of 11 in the speciral width of the fundamental beam
suld be detected, assuming 22w, o, —w, o) = 13w, @),
w, w), Improvirg our spectral resolution to S 1A we could
detect no change in spectral width of the fundamental beam
before and after the growth of the TH signal. waously. more
measuremerits have 10 be performed before it is known what
causes the TH signal to grow.

In conclusion, we repart a 60 times increase of the TH

signal with time in an optical glass fibre.
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