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Abstract— Supercontinuum generation consists in launching a
high peak power pulsed laser in a nonlinear mediumysually a
photonic crystal fiber (PCF). It allows obtaining an ultra-wide
band spectrum source. In this article, we present aglass
integrated optics Q-switched laser, which can be ed to directly
pump the PCF, without bulk coupling optics. This lasr is made
by ion-exchange in a Neodymium-doped phosphate gkasThe
laser emits 2.4 kW peak power pulses with 0.6 ns dation. The
laser output is directly coupled to a PCF. A supemntinuum
spectrum spanning from 400 nm to 1600 nm is thus gerated.

Glass integrated optics, ion-exchange, Q-switched laser,
supercontinuum, photonic crystal fiber.

. INTRODUCTION

Supercontinuum sources have raised a great déatieodst
since their first realization by Alfano et al. i970[1]. Indeed,
sources with a broadband spectrum and high brikiaare
useful for numerous applications like spectroscapgtrology
or optical coherent tomography (OCT). Supercontinuu
sources using photonic crystal fiber (PCF) as tbe-lmear
medium have enabled huge performances improvenetits
past ten years[2]. These fibers have allowed sop&rmum
generation with spectra ranging from the UV to tRewhen
pumped with either mode-locked or Q-switched lasecsind
1 pm. However, a special care is required in otdefevise an
efficient coupling scheme between the pulsed laset the
PCF. The most common solution is to use some bplik®to
couple the pump laser in the PCF. Fiber lasersbeansed to
avoid this coupling optics. However, the saturadidsorber is
not integrated in these devices[3], so that buliceps needed
inside the laser cavity.

An alternative technology that could avoid the nded
bulk coupling optics is glass integrated opticsisTtachnology
is indeed compatible with optical fibers and allopreducing
both passive[4] and active devices such as amglifig and
lasers[6]. Moreover, a Q-switched laser realized ibg-
exchange has been demonstrated by R. Salas-Menht@|[7]
and an optimized structure has been recently phedis
allowing a 1 kW peak power emission[8]. This vahfepeak
power is compatible with supercontinuum generatioACF.

In this paper, we present a supercontinuum gernktediag
a fully integrated Q-switched laser directly coupte a PCF.
We first present the realization of the laser gauiesigned to
allow a direct coupling with the PCF. In the secqait, we
present the hybridization of the saturable absotbading to a

pulsed laser operation. The supercontinuum soueedized
with this laser is then characterized.

II.  DEVICE REALIZATION AND CHARACTERIZATION

The laser cavity consists of an amplifying waveguahd
two reflectors stuck on the waveguide facets. Theaguides
are made by ion-exchange in a commercially availabl
phosphate glass substrate (Schott™ 10G1) dopeddwitint%
Neodymium oxide. It is realized by silver/sodium-iexchange
in a (20% mol AgN@ - 80% mol NaN@ salt bath.
Amplification using the Neodymium system in our gfa
requires a pump at the wavelength of 800 nm angralsat
the wavelength of 1054 nm. In order to obtain aficieht
amplification, the waveguides have been designearder to
provide single-mode operation at those two waveleng

After realization, their single-mode behavior wasessed
by near field intensity distribution measurementheT
propagation losses were also measured and werel fiouhe
0.1+0.1 dB/cm. The mode intensity distribution weised to
compute the coupling efficiency of these modes ittt of the
PCF at the signal wavelength. A value of 70% wamdb

Numerical simulations were carried out to compute t
output power of Fabry-Perot lasers using the measur
waveguide mode field distributions with a 100% eefion
coefficient mirror on one side and a variable onetlee other
side. It appears that a 4% reflection coefficietresponding
to the reflection on the bare glass facet) leadartooutput
power value close to the maximum. Since the digtentirrors
we use are deposited on a 100 um thick microscliges & is
not possible to approach the optical fibre closeugh to
obtain a good coupling with the waveguide. Removihg
mirror and using instead the 4% reflection of theet is thus a
very attractive solution which allows a direct ctiug with an
optical fibre.

The Fabry-Perot structure containing a 100% redteon
one side and 4% reflector on the other side has teen
implemented on a 4 cm long waveguide. 440 mW puawep
has been launched inside the structure using tweeke as
presented on Fig.1. An output power of 160 mW hasnb
obtained with the maximum pump power.
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Figure 1. Schematic view of the supercontinuum source.

lll.  Q-SWITCHED OPERATION AND SUPERCONTINUUM
GENERATION

The element used as a saturable absorber is aedyped
BDN for bis(4-dimethylaminodithiiobenzil)nickel[9]This dye
is included in a cellulose acetate matrix so thean be shaped
as a 100 pm thick film which is cast on the glasafew
containing the waveguides. In this configuratidre saturable
absorber is distributed all along the laser cavitywever, only
the evanescent top part of the transverse photonirfteracts
with the saturable absorber, since the refractidex of the
cellulose acetate cladding is lower than that efgltass wafer.

supercontinuum source which does not require amplow
optics between the pump laser and the PCF.
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Figure 2. Spectrum emitted by the supercontinuum source.
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V. CONCLUSION
The realization of a supercontinuum source basechon

An experiment was then conducted using polymersfilm glass integrated optics laser is presented inphjgr. The Q-

with different BDN concentrations. The structure thiese
pulsed lasers is presented on Fig. 1. The pulsatidorr,
repetition rateT, and average output powey, have been

measured. The peak powBpe of the pulses could then be

inferred using (1).

Ppeak= T-Pmoy/T. (1)

For the optimal BDN concentration of 6XiM*, pulses
with an average power of (37 +1) mW, a pulse domabf
(0.65+0.1) ns and a repetition rate of (50 &) were
measured. This corresponds to a pulse energy&8 ¢10.2) uJ
and a peak power of (2,8 £ 0.6) kW. The polymeddiag of
devices with BDN concentrations above 6%t0° have been
irreversibly damaged due to the too high value haf intra-
cavity peak power. Taking into account the 70% diagp
coefficient of the device with the PCF, a peak powé
(2.0 £ 0.5) kW is available in the PCF, which iseqdate for
supercontinuum generation.

The supercontinuum source has been realized bygtlgire
coupling the Q-switched laser output to an 8 m I®@F as
shown on Fig. 1. A quantitative measurement ofgectrum
emitted by the supercontinuum source has beeredaotit in
three steps. First, the visible wavelengths werasme=d using
10 nm wide optical filters centered on 450, 5000 Znd
600 nm and a calibrated photodetector. The firgt gfathe IR
spectrum was measured directly through an OSA. sEeend
part was measured through the same OSA. Howevieny-a
pass optical filter has been inserted to prevemsttond order
of the 1054 nm or 800 nm signal to interfere withe t
measurement. The complete spectrum is representeijo2.

The spectrum presented on Fig.2 shows that
supercontinuum was indeed generated. It spans fBMnto
1600 nm and is comparable with the state of tHA@rtThis
work thus proves the feasibility of an

integrated

switched laser is based on an ion-exchanged wadegui
designed to let one bare facet that can be usedlifect
coupling with the PCF. This device is then freecofipling
optics and is thus more efficient while less subjés
vibrations. A BDN-doped cellulose acetate film dsifed on
the glass wafer acts as the saturable absorbealwts a Q-
switched operation. With this structure, pulse2.& kW peak
power and 0.6 ns duration have been obtained. @mgaled in
the 8 m long PCF, these pulses have produced a $qectral

output ranging from 450 to 1600 nm.
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