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Abstract - In report is made the synthesis of the surface plason polariton propagation phenomenon.
Methods such as Maxwell equations, Drude model usetd describe the light confinement at the interface
between two media are analyzed. Simulation technigs such as the transfer matrix formalism and the
dispersion equation are examined. Finally are presged the results of our own investigations aiming
plasmonic structure containing a film of amorphouschalcogenide material. It is shown the structure isery

sensitive to the modifications of the refractive idex that may be used for the design of the opticatemory.

Index terms; photonics, plasmonics, chalcogenide amorphous maigs, optical memory.

I. INTRODUCTION

The ability of light to transmit information enormous, that the interaction of light with matter is realizeven at
due to the fact that the light frequency as elestrgnetic  lower dimensions, partially due to the large eieatarriers
wave overpass 100.000 GHz. Beyond of this, in spticoncentration, which in metals is of the order 6¥1The
there exists the simple possibility of informatiparallel plasmon propagation can be used for the routinghef
processing by Fourier transform with the aid oéaske. As signals along the electric nanowires. The phenomeno
to date the technology of the optical fibers fahticn with takes place without charge displacement, such thet
losses smaller then 0.2 dB/Km is already realitechn be effects of inductance and capacity which reduce the
foresee the human desire to use the light as sufipathe integrate circuits capacity does not occur.
transmission of information. Regrettably the phaton It is inconcevable to deal the plasmonics in &l i
devices dimensions are restricted from the minizdtion complexity, because the application domains ofmtascs
point of view by the diffraction limit, these onecihg are very numerous. There are known in the liteeatnuch
established for the conventional optical devices latvel of specialized monographs [3-6], on problems linked to
half of the wavelength. In the visible spectral gan plasmonics. An exhaustive analysis of the phenomena
diffraction limit constitutes on cca 250 nm, whihvery linked to the plasmonics frontiers ones, is presim the
much when compared to the actual electronic conmsne Mihalache’s review [7].
dimensions, and which have already reached valke®s | The aim of this paper constitutes on the presemntatf
then 100 nm. an image regarding two directions of the plasmqnidsch

In the actual stage, researchers develop ateelmique proved to be very close between them, namely the
of nanometric scale optical signals transmissiome T plasmonics sensors (especially the biosensors), and
modern beginning of this domain was put forwardhia elements of optical memory and optical switcherhe T
1968 year, by Kretschmann and Raether [1], whichpparition of bio -sensors on the market has patriai
purposed the method of plasmonic surface waveslue too, because it served as an acceleratorhef t
excitation. The surface plasmons represent wavethef researche on the plasmonics field. So that, beginfrom
electric charge density variation at the metalieledtric 20 years ago, the number of publications contairing
interface. These excitations are intrinsically dedpwith terms “surface plasmon resonance” doubles eacke fiv
the electromagnetic waves, such that the lighbised to years, finding them ourdays on a number of 2000300
propagate along the metallic surface at small digts, depending on the database accessed..
beyond the wavelength. Due to the matching reqerds In order the phenomenon to be understood by the
both the frequency and the propagation speed mustsearchers which deal with other fields of physicsl
correspond with those of the electromagnetic wavEle photonics technologies, at the beginning of thipgpave
phenomenon was predicted at the beginning of tH& 2@hall present briefly the principles of which thesteove
century by Zenneck [2], and reffers to the problein mentioned elements does function, as well as teahand
telegraphic signal propagation as radio waves wiaih technological methods used.
described by the Maxwell equations.

The light attenuation in plasmonic structuresasmed Il. SURFACE PLASMON-POLARITONS (SPP),
to be relatively large. The propagation distancesdsally BASIC NOTIONS
lower then one millimeter, due to the fact thatefre
electrons are forced by the electromagnetic fietd t2.1. SPP Wave equation and dispersion characterist
oscillate. This inconvenience can be overpassdtidfact SPP are electromagnetic excitations propagatinggalo

the interface between a conductor (usually metafj a
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dielectric. These are surface electromagnetic wakas 2.2. Optical constant of metals
represent the coupling of the electromagnetic waitle the Metal-dielectric separation surface supports SRR o
free oscillations of the electrical charges frome thfor conducting media which have the dielectric ¢ans of
conductor. The equations which describe the fenomena large enough value. An appropriate model shodd b
are derived from the Maxwell's equations. If thesecaf formulated to calculate the dielectric constant atsd
harmonic oscilations they reduce to the Helmholavev dependence on frequency.
equation: The optical properties of metals can be understopd
2E + kozé‘E =0 1 treating the metals as a gas of free electronshumioves
] o against a fixed positive ion cores. This model &ned
They are solved for different geometries in manpks plasma model and may be described by the Newton
[8, 9, 10]. In the simplest case when the strucifefinite  equation of motion [8]. The resulting oscillatiori the
in the xy plane they reduce to the one dimensicaak: glectrons causes macroscopic polarization which nwhe

0%E(2) ( 2 2)~ 3 using the constitutive Maxwell’s relations D<E lead at
02 +k, e-B°JE(2) =0 2) the desired result:
2
. . . . w

\é\i/reerc(:atignli: the propagation constant in the propagatlong(w) _1 ~ +piyw ©)
E(x,y,2) = E(2) exp(5X)

The equation above is a vectorial equation andhén Were ne?
general case, is a system of three equations dinting the W, =
concept of TM mode, when the wave has only one &M

magnetic component,H{H,=H,=0) and TE mode when the

wave has only one electric componept(E=E,=0) allows IS the pIasma frequency Wr_lich depends of the eleictr
us to reduce the system to a scalar one: concentratiom and the effective mass of the electron

2 As we can see the dielectric functiefw) = g(w) +

Ey + (kOZE—ﬁZ)E =0 . A3) jei(o) have real and imaginary components. For large
02° Y enough frequencies > vy, but o < o, the dielectric
For the magnetic field the equation is practicttily same.  constant(w) is both real and negative:
In the simplest case when the geometry represbats 2
interface of two semi-infinite media with dielectri () zl_a)_p )
constants:; ande, the solutions are seeked on exponentiaf P
form for each medium. After the application of the
boundary conditions the following equality is oloied!: However the frequency dependence differs signifigan
k2 _ & for real metals, especially for the nobil metalsnhyaused
E - _? in the plasmonic experiments. Tabulated valuest €gis
, 1 , , , , , the optical constant, to see the Handbook of Ralik 12].
Werek1 =06 -k, and k,” =3 —Kk,°¢, @) Tablel. Optical constants of metals
Wave- Complex
By replacing kand k the central result of the SPP, the length, | Refrac. | Extinct. | dielectric
dispersion (or characteristic) equation leads: Metal | pm index coeff. constant
£.E Au 0.653 0.166 3.15 -9.89 - j1.05
_ 1~2 :
B=k, | —— Au 1.55 0.550 11.5 -132-j12.§
V& +é&, ) Ag | 0653 | 0.140 | 4.15 -17.2-j1.16
Two conditions are needed in order the metal-digte Ag 1.55 0.514 10.8 116 ‘11_1-1
interface supports SPP [9]: Al 0.653 1.49 7.82 -58.9 -_123.:
a) Surface plasmon polaritons exist only for TM [ Al 1.55 1.44 16.0 -254 - j46.1

polarization.

For this polarization the electric field have ismponent ~ Several examples extrapolated to the lasers wagttis

perpendicular to the interface dielectric-metalattttan are presented below. The dielectric constant sutated as

cause the oscillation of free electrons. No surfamles &(®) = (n - jkF.

exist for TE polarization. To mention the higher values of the extinction
b) The real parts of the dielectrics constant efriietal ~ coefficient for aluminium from the table above,de@ the

e1r and dielectrice, are of opposite sign and satisfy thehigher attenuations of SPP’s waves. For this redken

conditions: Re §;,} < — ¢,. noble metals are the better materials for realipiagmonic

The electromagnetic field decreases exponentigign ~ interactions.

departing from the interface. The penetration dejsth

around % of the wavelength in dielectric (that 8800 2.3. Excitation of SPP by prism method

nm) and 10-15 nm in metal, such as the electroniagne The short analyse provided above lead us to thgedsion

field can propagate along the free metal surfagengo equation for the plasmon propagation constant.
strongly confined. This is the SPP wave that our structure supppadnts.

order to excite such waves, the phase-matchingitonsl
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for energy and momentum must be ensured. Thisti@noof metallic film located between two semi-infinit
trivial case since the propagation constaug greater than dielectrics corresponding to the three-layer Kigtsann
the wave vector k of the light in the dielectriciffBrent configuration is obtained as a transcendental @muat
techniques for SPP excitation were proposed inrotde which can be solved numerically using solver fomptex
increase the value of the light wave vector. Thst fone numbers. In the book of Sophocles [14, Ch.09] wefoad
was purposed by Kretschmann and Raether [1]. Thélye solutions for many three-layers plasmonic waids
proposed and demonstrated that phase-matchingtmoredi configurations. The dielectric with higher real ldigric
can be achieved by using a thin metal film in @¢hlayer constant must have a prismatic form which ensuhes t
configuration. The top layer is made of a dielectith the conditions of directing light to higher incidenaegées.

refractive index higher than the bottom one. SP&ted The analytical expression for the reflectivity weirlike
at the bottom metal interface via the evanescentewa the experimentally measured one presented in fiight)
(Fig.1). is given in book [15, Ch.14] and represents theyAir
formula for the three-layer structure. We’'ll not ehe
Laser Detector reflectivity formula for structures of more layet®cause it

could become too complicated. Abeles's 2x2 matrix

approach [16] is welcome for calculation of the icgt

reflectivity in a multilayer structure. The fiekimplitudes

connections between the first boundary and the dast

may be descibed by the total characteristic mathich is
Coupling prism calculated as the multiplication of characteristiatrices
Metal film with known coefficients [9].

Ill. OPTICAL SENSORS BASED ON SURFACE
PLASMON RESONANCE (SPR)

As was established before, SPP are modes of the

electromagnetic field confined near the metal-digle

10 ‘ _ Pu-BKTPlasmon resonance , surface. The reflectance of light supports a dig aharp
resonance minimum (Fig.1) at a certain angle. The d
value and position depend on the optical constahthe
metal and dielectric. We can consider the metalcapt
properties as being constant. Thus, the SPR amglends
only on the dielectric constants connected to thmplex
refractive index by the relation = (n - jkf. The other
particularity that can be mentioned is the sengjhinly to

the properties of the medium situated close tdrterface.
This phenomenon can be used to create sensingabptic
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ol device.
One of the first plasmonic sensors was a onegdedi
Y% a0 3 40 45 80 5 60 & for gas detection [17]. Since than sensors of stphysical
nedence znge 1 and chemical quantities were developed. The promisa
Fig.1. Schematic presentation of surface plasmon plasmonic bio-sensing was especially succesfuibwéahg

resonance (Kretschmann configuration) on thetop side the real time study of biomolecular interactiorisvas one
and the experimental resonance curve with gold filmat the  of the most investigated photonic devices.
bottom side. The metal film thicknessis 50 nm. The sensor technology has been commercialized by
several companies such as BIACORE (Sweden), Texas
The propagation constapitwhich is defined by from the Instrument (USA), Xantec (Germany) and others. SPR
formula (5) must be equal to the tangential to aef optical sensor comprises an optical system, a draisg
component of the light wave vector: medium (sensing chipset) and an electronic sysfEme.
e Kretschmann geometry of ATR method has been foand t
k,nsin®@ = g =k, 172 be most suitable for sensing. The gold film withe th
& té&, thickness of 50 nm is the most common used. Thesfire

(8) : )
In the formula above deduced for the propagatioObtamed by the electron beam evaporation on thesgk

) . o . slides covered with a thin 25 nm layer of chromiom
constant for a single interface it is tacitly asednthe metal . . . . .
film to be thick. titanium both to improve adhesion and to avoid ihéve

When the film becomes to have lower thickness ﬂ%roperties of noble metal to form islands. Theeslidre put
SPP’s modes begin to couple between them ’tht'PsOpt'Cal contact with the prism by using |mmersm1_I.
producing a shift of the resonance angle. Theg shifs The sensitivity O.f SPR sensors to the refracthdex
calculated fot the first time by Kretschmann [1Bhe shift chang_e; was anes?gatgd t_)y ddlfferr(]ant authors %8'?26
of the resonance curve is small when the film Hamua50 s?nsr:tlvnyéo t ef reﬁractl\r/](.e Ihn 'ex changes wasntbto he
nm thickness coresponding on the optimal dip i@onﬁ Zr;dr t(ce)rtr?e ris,ul'r\sl cli)tailr?ea/ ebry irllrtzpr)fr:rsesr:\é;&en
reflectance. The exact solution for the propagatiomstant pa . ; y . ) "
especially taking into account the submicronic cadti
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interactions length. Many chemical sensors are chase
the adsorption of analite molecules on the sensdace.
This one produces a local change of the refradtidex
which conducts to the changes of the resonance 42t
25]. The changes in the reflected light are meabui¢h a
photodiode and related electronics.

IV. PLASMONIC 2D OPTICAL MEMORY WITH
ACTIVE CHALCOGENIDE GLASS LAYER

Foreword: The chalcogenide phase-change materials
are the key point for optical data storage in rewritable CDs
and DVDs. A laser is used to thermally transform regions
of the material from an amorphous to a crystalline state.
Blue-ray disks have the capacity to store 25 Gigabytes,
almost six times greater that of a DVD and equivalent to
roughly 38 CDs. Further improvements in data storage
lifetime and density will require, however, a comprehensive
understanding of how the atomic make-up is altered by the
laser light. Chalcogenide glass (ChG) compounds have
characterigtics of easy transition from crystalline state to
amorphous state. The phase-change optical memory has
amazing potential capacity up to 10 GB/cm2. However the
writelerase process has some intrinsic time limit due to
cooling rate restrictions.

All-optical memory may be realised by usingofih

glass slide. The calculations were done analiticély
using a 2x2 matrix transfer formalism. The expligsults
which conduct to the establishement of resonancgean
values are easy to obtain for an arbitrary numbéayers.

In recent works [38, 39] we have shown the advagag
of light modulation in SPR configuration, which lisas
coupling of plasmon wave with waveguide modes. ths
refractive index of the chalcogenide materials héagh
value (2.45-2.50) for AS; and Galas, they constitute a
planar waveguides.

= = = d=50nm d=250 nm
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= 1(‘ '
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=] ] !
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0 40% - !
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Fig.2. Smulations results for the TM modes. Plasmon
(blue dashed curve) resonances and planar waveguide

induced optical changes that occurs in thin filmk oresonances (red curves) may be distinguished.

semiconductor chalcogenide glasses (ChG) by iriadia
with light. In order the phenomenon to be produtieel

photon energy must be higher than the semicondbetiod

gap energy.
absorption and the film thickness must be less tharm.

The phenomenon is reversible in some conditions3[26

The optical state of material is sensed with ottt ray

with lower photon energy at which the film is ojptic
transparent. The value of the refractive indexnges is

rather small, of the order of 0.002 in,8g suggesting that
interferometric methods usually used for the rdivac
index measurements are not very useful.

The chalcogenide films which exhibit changes of the

properties under irradiation can be used as alziver with
higher sensibility in SPR configuration. This isnavel
light-material interaction configuration which rextly has
been demonstrated [31]. The use of a rutile pristh high
refractive index leads to some limitations of thethod. As

in the case of plasmonic sensors, any change in th

refractive index inside of the chalcogenide digiectiim
causes a shift in the value of resonance anglehnikivary

The resonance property and the sensibility to the
refractive index change in a 4-layer structure wWwhic
contains chalcogenide films were studied. The sarfévfor

It is the region of fundamental opticatumerical SPR calculations for four layer structuvas

developed. The results are presented in in fig. 2.

For low thicknesses the resonance angle lowers 29+
30° which corresponds to waveguide modes. This mean
that more convenient silica or borosilicate glass de
used as prism material. The mode coupled resonarees
sharper than plasmon-polariton modes.
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narrow. The phenomenon is widely used in plasmonic
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optical sensors. However, in our case the plasmonic

structure becomes a 4-layer one that requires new
calculations to be performed. The developed typaptital
memory is a novel approach using the well known SPR
method combined with an active ChG film. Our expece
[32-37] in the physics and technology of ChG, desdhat
under certain conditions permanent photoinducech@gds

of the optical absorption and of the refractiveexdccur

in ChG thin films.

V. RESULTS
Four layers plasmonic configurations containingsiri
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Gold film-Chalcogenide film-Air were
additional thin dielectric ChG film was deposited the
chipset which contains a 50 nm gold film depositecthe
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sensitivity of the coupled plasmon-waveguide modes
(bottom) compare to plasmonic resonances (top).

Such peculiarity can provide a greater sensitivithe
picks shift A@/Anf due to changes of the film refractive
index were calculated and the results are presedretmv
in fig. 3.

VI. CONCLUSIONS

The shifts of the reflectivity dip which correspentb
two values of film refractive indices, which diffey only
1%, are very distinctive. Simulations are done for
polarised plasmonic mode (Fig.3, left) and for dedp
waveguide mode (Fig.3, right). It can be seen foathe
bounded plasmon-waveguide modes the same variafion
the film refractive index is better distinguisheto find
more features, the system of equations wich cositdie
field distributions were solved for four layer stture by
applying the boudary conditions.

In the report an overall analysis of phenomenaedlto
plasmon resonance and its applications as sengass (
chemical, bio-). Only an initiation to the optigahsmonic

[9] Zalevsky, Ibrahim Abdulhalim, “Integrated
Nanophotonic Devices”, 2nd ed., William Andrew, (
2014).

[10] D. Marcuse, “Theory of dielectric optical
waveguides”, 2nd ed., Academic Press, Inc., (1991).
[11] E. D. Palik, “Handbook of Optical Constants of
Solids I”, New York, Academic Press, (1985).

[12] E. D. Palik, “Handbook of Optical Constants of
Solids 117, New York, Academic Press, (1991).

[13] Kretschmann E., Die Bestimmung optischer
Konstanten von Metallen durch Anregung von
Oberflachenplasmaschwingungen. Z. Phy2&k]: 313—
324 (1971).

[14] Sophocles J. Orfanidis, Electromagnetic Waaes
Antennas, http://www.ece.rutgers.edu/~orfanidi/ewa/
[15] Max Born and Emil Wolf, “Principles of optics”
7" ed., Cambridge University Press, (1999).
[16] H.A. Macleod, “Thin-film Optical
McGraw Hill, New York, (1988).

[17] C. Nylander, B. Liedberg, T. Lind, “Gas deiect

by means of surface plasmons resonance”, Sensdrs an

Filters”,

memory was done as the domain is very new. The Actuators3, 79-88 (1982).

references are done to our results, which expltits

[18] Ji1 Homola, Sinclair S.Yee, Giinter Gauglitz,

photoinduced phenomenon in amorphous chalcogenide“Surface plasmon resonance sensors: review”, Sgnsor

films. The four layer plasmonic configuration which
contains active planar waveguide
compared to the plasmon resonance. The method®alsd
used to describe this phenomenon were synthetisized

and Actuators B: Chemicad4 (1-2), 3-15 (1999).

is more sensitive [19] R.P.H. Kooyman, H. Kolkman, J. van Gent, J.

Greve, “Surface plasmon resonance immunosensors:
sensitivity considerations”, Anal. Chim. Acgl3 35—

Many others, very amazing applications of plasmonic 45 (1988)

such as photonic nano-circuits, nonlinear very $agtchs,
sub-wavelength imaging, slow light phenomena andrso
remained out of our discussion. Plasmon is thedgerid
between the photonics and nanoelectronics.
achievements are foreseen in the field of photaioltells.
Plasmonics is an area that deserves our attention.
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