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Abstract: Thermal poling is used to create a reduced indg&rlin a soda-lime/nanocomposite
film. Leaky-modes have been exploited to enhantaaction of light with Au-nanopatrticles and
demonstrate saturable absorption characteristiisdrwith state-of-the-art technology.

©2010 Optical Society of America
OCIS codes. (190.4400) Non-linear materials; (160.4236) Naraterials; (160.1245) Artificially engineered maaés
1. Introduction

Thanks to their distinct linear and nonlinear ogtiproperties, noble metal nanoparticles are rgpiofiding
applications in a variety of fields ranging fronolihemical sensing to spectroscopy, from chemistyyhotonics.
Among other applications they are now also emergisga saturable absorber material for ultra-shatsep
generation. Semiconductor saturable absorber reir(@ESAMS) are the benchmark material for the ratte
application. Despite the complex and costly cleaonmr fabrication systems SESAM has the importantathge
that the key parameters can be engineered to rtrecdpecific application. Recently, techniques #llatv a unique
flexibility in tailoring the optical properties afoble metal nanoparticles have been demonstralediriladdition,
the ultrafast response time makes metal nanopestiethich are relatively inexpensive to manufactateactive as
saturable absorber media. The engineering of thdutation depth, which is the maximum change of disiace,
proves more difficult and the highest light indu¢ethsmittance chand€l/T of about 22% was reported in copper
nanopatrticles [2]. In this work we present a teghrito increase and control the interaction lendtine light with

15 nm Au nanoparticles dispersed in a sol-gelasiilon deposited on a soda-lime substrate. Ourcgbr exploits a
thermal poling to create a layer of reduced reifvadhdex below the film. The layer act as a leakgveguide and a

1 mm long interaction length is demonstrated résylin a massive light-induced reflectance chanfj8%9%.
Achieved modulation depth of 48.8%, saturation riicee of 278pJ/cnf and non-saturable losses of 26.9% are
comparable to SESAMs and other established sarigditsiorber materials.

2. Samplepreparation

For experiments a soda-lime glass plate (22 x 32mm7) with a nano-composite 130 nm="

thick film on top was employed. The film was congtd by ~ 15 nm gold nanoparticles =7/ s
dispersed in a SipDmatrix with a volume fraction estimated in 2.3%g(FLa). The sample, :

was heat-treated at 28D while simultaneously applying voltage from 0 t&\ in steps of
200 V every 10 min. The voltage was applied throagh x 7 mrstainless steel anode.
thin gold metal wire (2%m diameter) was inserted between the anode ansolkgel film
near one of the edges, to prevent complete blegchbfnthe nanoparticles [3, 4]. The
thermal/electric treatment induced the drift of'Nra highly ionic conducting glasses such 4&*
soda-lime causing a reduction of the refractivesindf ~1% in a micron-thin layer under th
nano-composite film [5]. A scanning tunnelling @tea microscope image of the sampleg
cross section (Fig. 1b) confirmed that a modifiagel, by ~ 1um thickness, had been 3
created. The excitation of the leaky-modes by laingr light through the substrate is & & «
technique that has been employed in the past fiofitm characterisation. It is analogue tg&m
the two-layer Kretschmann geometry used to excitéase plasmons in a metallic film afigyre 1 a) sEM image of
both the air/metal and glass/metal interface. Ehimowever the first time that such geometihe pristine sample and b)

is realized monolithically in the same piece ofsgland used to enhance surface plasmSTEM image taken after
excitation thermal- e ectric treatment
. (courtesy of Prof. Zayats)

3. Reaultsand discussion

Successful coupling of light into the first leakypde in the TE-polarisation was obtained by laungHiomw
CW laser light at 532 nm from the side of the samgdl grazing angle (Fig. 2). Guided light was obagrfor a



length of ~ 1 mm corresponding to the size of thede electrode (Fig 2). The corresponding far-fidribution of
the reflected beam presented a dip in the middletwindicated the coupling of the incident light ttee leaky
waveguide. The coupling of light into the leaky reodas also associated to the onset of strong digattering
indicating interaction of the light with the gold&moparticles. In this low-power regime 88.2% of thser light
power coupled to the leaky waveguide was absorbeel.scattered power was estimated to be not marelto of
the total incident power. The nonlinear absorptieess tested by focusing the light from a frequenowtded
Nd:YVO,laser (A =532 nmTouse= 8 PS, W= 205unT) onto the sample oriented at the angle for maxinsanpling
to the leaky waveguide. The pulse fluence was as®é up to 48QJ/cnt by varying the laser repetition rate while
maintaining the average power constant at 10 m\itmate thermal effects. As a result of the cauplio the
leaky modes and the consequent mm-long interadéingth of the light beam with the gold nanoparicléhe
reflectance was enhanced from the 11.8% in thel sigalal regime to a 55.6% at the highest pulsenfte (Fig. 3).
It corresponded to AR/R = 371% increase which is by far larger thantvid&ypically obtained with nanoparticles
dispersed in solutions or in a glass matrix [2].

A simple two-level saturable absorber model wapleyed to characterise the sample (Fig.3-inset)td~ihe
experimental data in Fig. 3 resulted in saturafioence, k= 278.4 + 51.6 mJ/ct non-saturable losséss= 26.9
+ 3.9% and small-signal-absorptidg equal to 75.6 + 7.5%. The modulation depth, deffiagA; - A resulted as
high as 48.8% + 3.6%. Most importantly we have tgr@wn a technique that promise to allow engingeniithe
desired modulation depth by appropriately choogimg parameters of the leaky-waveguide by contglline
depletion layer thickness during poling. The recg\ine in gold nanoparticles is typically ~2.5 fBespite further
improvements are certainly required the charadtesi®f the saturable absorber shown in this wodkengold
nanopatrticles embedded in a silica matrix alreastyparable to other established saturable absorbatarials like
SESAM or semiconductor quantum dots. The typichle/éor the saturation fluence in SESAMSs is +Blicnt and
recovery times can be adjusted from ~100 fs to ¢éips.

4, Conclusions

In conclusion we have shown that with a simple i@eatpensive thermal-electric treatment a leaky-\gaide
can be produced in a soda-lime glass with a nanposite film deposited on top and exploited to ewmleathe
interaction with gold nanoparticles. Our approachs wsed to demonstrate a saturable absorber basedbte
metal nanoparticles having key properties of theesarder as the other state-of-the-art technologies proposed
technique allows the demonstration of modulatioptide as high as 49%. We envisage applications ef th
monolithic glass/leaky-waveguide geometry for lasede-locking and Q-switching.
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Figure 2 (top) Schematic illustrating the geometry of the coupling of light to Figure 3 Light induced change of absorption
the leaky modes and (| eft) the measured reflectance with far-fied images of
the beam refl ected through the sample. (Right) image of the guided mode.
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