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a  b  s  t  r  a  c  t

Morphological  and  optical  properties  of  a polymer  film/glass  system  with  laser-implanted  Au
nanofragments  were  studied.  The  polymer  films  (formvar)  were  deposited  on glass  plates  by the
Langmuir–Blodgett  method.  The  fragmentation  of  continuous  Au  films  was  carried  out by  a Q-switched
YAG:Nd3+ laser  (�  =  532  �m, tp =  10 ns)  at the  condition  of  the  surface  plasmon-polariton  resonance  (SPR)
and  subsequent  ballistic  transport  of  Au  nanoparticles  (NPs)  through  the  air  gap and  fixation  in  the
polymer  film.  It is shown  that  the  average  size  and  concentration  of  the  implanted  NPs are  significantly
influenced  by  the  SPR.  They  were  ranged  from  40 nm and  6.5 × 109 cm−2 up to 350  nm  and  5  ×  107 cm−2 at
the resonant  and nonresonant  cases,  respectively.  Possible  mechanisms  of decomposition  of  the  Au film
fragments  are discussed  within  the  framework  of a thermal  model.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Recent developments of nanoplasmonics open new opportuni-
ties to improve the characteristics of sensor devices by increasing
the sensitivity of the surface layer. Currently, the laser-assisted
methods based on the plasmon resonance effect [1,2] allow to con-
trol both size and shape of Au and Ag during their formation by
irradiation of colloid and gel solutions which already contain the
metal particles by high power laser pulses and for the completion
of the nano fragmentation process takes time for several hours [3].

In our previous works [4,5] the possibility of laser-assisted
nanofragmentation of Au films under the SPR condition at the laser
excitation close to the melting threshold was shown. The contin-
uous Au film deposited on a glass substrate served as a source of
Au NPs, which were obtained using laser fluence (LF) at a level that
exceed the microablation threshold at the SPR conditions. The Au
NPs were transferred to the polymer film through the thin air gap.

2. Experimental

The second harmonic of YAG:Nd3+ laser 1 (� = 0.532 �m,
tp = 10 ns) was used for the plasmon-polariton laser fragmentation
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of the Au film 2, Fig. 1. The same laser pulse was used to transfer of
Au NPs through the air gap (hair ≈ 50 �m,  see insertion) and their
incorporation into the polymer film 3 with a thickness df = 60 nm
on the glass substrate 4. The source film was deposited by vacuum
evaporation on the glass plate 5 previously covered by a thin Cr
sub-layer with thickness of ∼2 nm to improve of Au adhesion. This
source plate complements the glass segment 6 to the semi-cylinder
using an immersion layer 7 (glycerin) to implement Kretchman
configuration of irradiation. Both were made of flint glass.

Optical parameters of the structured polymer films were
determined experimentally by the method of modulation of the
polarized coherent radiation under an internal reflection from the
system glass/polymer film/air (also in Kretchman geometry), Fig. 2.
The photo-elastic polarization modulator PEM is the dynamic phase
plate which mode and azimuth position are chosen such that the
glass semi-cylinder is illuminated alternately by p- and s-polarized
He–Ne laser radiation. The reflected radiation was recorded by a
photodetector PD. Since the reflection coefficients of p-polarized RP

and s-polarized waves RS are various, the measured by a selective
voltmeter signal �I  at a modulation frequency is proportional to the
difference �I ∼ �R = RS − RP. The linear polarizer G in the front of a
photodetector results in modulation of the intensity of that polar-
ization with respect to which the polarizer is oriented to transmis-
sion. The measurement technique is described in details previously
[6]. Here we  just note that �R  is directly measured physical quan-
tity, but not the result of mathematical subtraction of RS and RP.
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Fig. 1. Experimental setting of SPR:1, YAG:Nd3+ laser; 2, Au film; 3, polymer layer
(formvar); 4, protective glass plate; 5, glass plate; 6, semicylindrical prism; 7, immer-
sion  layer; 8, photodiode.

3. Results

Typical AFM images of the polymer film surface after implan-
tation of Au NPs are shown in Fig. 3a with (a) and without (b and
c) SPR conditions (R = Rmin and R /= Rmin, respectively). It is seen
that in the first case the gold NPs with the circular-shaped cross
section and the average size of ı = 40 nm and surface concentra-
tion n = 5 × 109 cm−2 are obtained, while in the second case gold
particles have arbitrary cross-section. Also, they have larger dimen-
sion and lower concentration (typical values are ı = 350 nm and

n = 6.5 × 107 cm−2). The characteristics of the reflection RS, RP

and �R  at the scanning wavelength � = 630 nm for a representative
sample obtained at the SPR condition are shown in Fig. 4 in rela-
tive units. Shown in Fig. 5 are experimental angular dependences
of the polarization difference �R, obtained by reflection from the
regions of the formvar film implanted by Au NPs in the case of the
SPR, without the SPR, as well as, from the pure surface of the glass
semi-cylinder without the Au film.

The calculated three-dimensional diagram of the polarization
difference as a function of the film thickness and the incidence angle
of the scanning beam is presented in Fig. 6. In spite of the absence
of criterions of the resonant interaction of radiation with the film,
the range of angles which are more than the critical one is of the
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Fig. 2. Optical scheme of the polarization modulation method. PF, polymer film;
PEM, photoelastic polarization modulator; FP, phase plate; IL, immersion layer; GW,
glass wafer; ϕcr, critical angle of total internal reflection; n0, n1, n2, refractive indexes
of  glass, studied film and air, respectively.

Fig. 3. AFM images of the polymer film surface after YAG:Nd3+ laser irradiation
(�  = 0.532 �m, tp = 10 ns) (a) under (R = Rmin), and (b and c) without SPR (R /= Rmin)
condition.

most interest. It should be noted that the range of thickness d in
Fig. 6 is very small, d = 0 ÷3.5 nm.  This is the only range in which the
polarization difference is positive at angles more than the critical
angle and it shows the nonresonance interaction.

4. Discussion

To understand experimental results a model of transmission and
reflection is considered, using the formalism of the Fresnel equation
[7]. The intensity and polarization of testing laser beam is changed
during the passage of each layer and reflection on the boundaries,
Fig. 2. The product of matrices that describe these changes in the
sequence of light passing provides a state of polarization in the final
form (described in detail in [5]). In this simulation, three variables
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