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INTRODUCTION

= The SPR is a quantum electromagnetic (EM) phenomenon arising from the
interaction of light with free electrons at a metal-dielectric interface emerging as a
longitudinal EM wave in a two-dimensional gas of charged particles such as free
electrons in metals.

= Under certain conditions the energy carried by the photons is transferred to
collective excitations of free electrons, called surface plasmons (SPs), at that
interface.

= This transfer of energy occurs only at a specific resonance wavelength of light
when the momentum of the photon matches that of the plasmon.
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THE CONDITIONS FOR EXTENDED SP

The conditions for the extended surface plasmon excitation are:
1. Incident light is TM polarized.

2. The real part of the dielectric constant of the metal and the dielectric are of
opposite sign and satisfy: R{e,,} < —¢,.

3. Wave vector of the incident light is large enough to satisfy the momentum
matching k, = kgp.
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TM POLARIZED LIGHT

= Propagating SP waves are excited with

TM-polarized EM waves when the
component of the k-vector along the
metal-dielectric interface matches the
SP k-vector. The condition of TM
polarization is needed to generate the
charge distribution on the metal-
dielectric interface.

€, Analyte
Ftt o e At me e At -
€m Thin metal film

Figure 1: Surface plasmon wave (SPW)
excitation at the interface between thin
metal film and analyte.
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THE DIELECTRIC CONSTANT

= Assuming TM plane wave and applying the continuity relations of the tangential
field’s components (E,, H,):

El (rl t) - (Exi’ 0, EZl)e_klezle](kxlx_O)t)

Hi (rr t) — (0, Hyi: O)e_kzi|z|ej(kxix—wt)

where ¢ the relative permittivity and k, is the z component of the wave vector (k-
vector).
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THE DIELECTRIC CONSTANT

= Using the phase matching condition k,.,,, = k,, = k,, and the k relation

2
kziz + kxiz = & (%) , the condition for the excitation of extended surface plasmon

is defined as:

EmE
ky = ksp = ki |—— 1)
m a

Since for metal ¢,,, < 0, then |g,,| > &,.

= From k, = k;n; sin(6;) we can calculate the angle for SPR (Ospg = 6;). i - the incident
angle in the coupling medium.
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PENETRATION DEPTH

= Penetration depth 6, is the depth at which the intensity decays to 1/e of the
maximum intensity. It equals to J3{k,,,}/2

5, = A \/ea + &y )

o 2
2T &q

= The penetration depth in the near-infrared (NIR) range is larger by a factor of 8
than that in the visible, although the wavelength ratio is only 2.5. The reason for that
is the difference in the real part of the metal dielectric function.
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PROPAGATION LENGTH

Propagation length is the distance at which the intensity decays to 1/e of the
maximum intensity. It equals to J3{k, }/2

[ = A <€mr2> (ga + 5mr>§ (3)
X 2 ) _ 2
T\ &Emi Eq

where ¢, and ¢,,; are the real and the imaginary part of the metal dielectric
constant.

w
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DISPERSION CURVES

= Extended surface plasmon on a flat metal/dielectric

interface cannot be excited directly by light since kgp | Disprton eaton_ /Disperton eaton o ]
> k;, prohibiting phase-matching. | ofphotonin photon fiting S _

08 [ vacuum prism —>
at 50°

= The phase-matching between light and SPPs can be

(wp/2)1/2

06 dk,
achieved by adding a coupling medium. For large g 05 /
. . . o Dispertion relation
frequencies close to w, the damping is negligible due " pstﬁr;ceplastr\won
to the product wr > 1 and then e(w) is predominantly ol e
real. 01|
00 O‘.5 % 15
= Here, the coupling medium allows for the phase kK,

matching. The graph shows the dispersion curves for
incident light into the metal from vacuum and SF11 at
incidence angle of 50 degrees.
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CONFIGURATIONS FOR EXTENDED SPR
EXCITATION

Three common configurations:
= Otto configuration.
= Kretschmann-Raether configuration.

= Grating configuration.
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0TTO CONFIGURATION

= In Otto configuration there is an air between the prism and the metal layer and the
plasmon propagates on the surface of the metal film.

Air gap
.| Metal film

N ——

Figure 3: Illustration of Otto configuration for SPR excitation.
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KRETSCHMANN-RAETHER CONFIGURATION

= In Kretschmann-Raether configuration, the metal layer is deposited on the prism
and the plasmon propagates on the metal-air boundary.

Metal film

Figure 4: Illustration of basic Kretschmann-Raether configuration for SPR excitation.
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GRATING CONFIGURATION

Another option is to excite plasmon by using a metal grating.

Note: The grating can be dielectric on metal substrate or metallic on dielectric
substrate.
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GRATING CONFIGURATION

In order to excite plasmon in the grating, the matching between the grating constant,
the incident light and the plasmonic wave is needed:

2T 24 2 | &nE
—ngsin +—m = b (4)
A A A |&m+ Eas

where A is the grating constant and a,s corresponds to the medium where the
plasmonic wave will propagate (analyte or substrate).

0
Analyte /\
——

Metal grating |

1

Substrate

Figure 5: Illustration of grating
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GRATING EXPERIMENT
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Figure 6: Schematic of the experimental setup of grating configuration for SPR

excitation [1]
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GRATING FABRICATION

a
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LOCALIZED SURFACE PLASMON (LSP)

= When the metal layer made of subwavelength (d < A1) structural units (such as
nanoparticles, containing nanoholes, etc.), the plasmon becomes localized and
non-propagating. It can’t propagate more than the size of the structural unit.
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Figure 8: Oscillations of free electrons at the surface of a nanosphere due to applied
electric field with arbitrary polarization.
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HYBRID PLASMONIC DEVICES

= Hybrid plasmonic devices incorporating dielectric and metallic waveguiding
structures offer great potential for ultra-compact high-performance devices from
polarizers and sensors, through surface-enhanced Raman spectrometers, to
telecommunications filters and all-optical switches. In particular there is growing
interest in such plasmonic technologies for biochemical analysis in clinical point-
of-care applications.

= Surface plasmon-polaritons (SPP) are supported by several different optical
waveguide configurations. Thin metal films sandwiched between two semi-infinite
dielectric media are known to support bound and a leaky SPP modes with
symmetric and anti-symmetric transverse-magnetic field distributions across the
film thickness.
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HYBRID PLASMONIC DEVICES

= Hybrid plasmonic devices can be used for variety of applications such as
polarizers, filters, modulators and switches.

Polarizers Switches Modulators Telecommunication filters

Thin metal film Dielectric
P L —

TiO2 wire gold nanoparticles

> \)

glass E’o

Fig. 1. SPW fiber-optic polarizer configuration.

Figure 9: Hybrid plasmonic devices incorporating dielectric and metallic guided
wave structures.
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THE STRUCTURE

= Here we consider the 3D composite plasmonic waveguide which is modeled
throughout at a wavelength of 633 nm [2].

= It consists of a dielectric ridge waveguide with core having index of n; = 1.478,
width of 4 ym and height of 2 ym, covered by a 50 nm thick gold stripe with
complex index of 0.197 — 3.466j over a finite length L, the refractive index of the
substrate n, = 1.471.The superstrate index was chosen to vary from 1.3 to 1.44.
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0PTICAL THEOREM AND COMPLEX INDEX
OF REFRACTION

= The index of refraction is linearly related to the forward scattering amplitude
n=1+2nNk~25(0)

Forward scattering amplitude S(0) of a medium having N particles per unit volume
and reduced wavenumber of light is k; = % =2n(n+ jk)/Ag . UsiNg Oiot = Oext
= 4Nk~ 1LS(0) we obtain relation of dispersion of light by Kramers-Kronig (KK)
considering causal propagation of radiation in a medium.

= The dispersion relation

RS(0,w) =

dw
w'2 — 2

joo w' oot (") ,
2m2C -,

This is the Hilbert transform relation between the real and the imaginary parts of the
refractive index as a function of frequency.
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KRAMERS-KRONIG RELATIONS

Kramers-Kronig relation can be used to calculate the complex refractive index of a
material.

2 © w'r(w)
nw)—1= —?J = >dw' (5)
2w “n(w') — 1
k(w) = ——.‘Pj (,2 ) > dw' (6)
T 0 WrP—w

where P is the Cauchy principal value and the complex refractive index is 1 = n + jk.
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DISPERSION OF R MEDIUM
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Figure 11:Dispersions calculated by using the KK relations.
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HW.

1. Derive the KK dispersion relation between forward scattering amplitude and the
total cross-section.

2. Derive the KK dispersion relation between refractive index and extinction
coefficient.

3. Why imaginary part of complex optical index is named extinction coefficient?
4. Why the real part of complex optical index has geometrical meaning?

5. Explain the physical meaning of the causality in Eq. (5).
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MODAL COUPLING ACROSS
DISCONTINUITIES IN WAVEGUIDES

The discontinuity in the waveguide will produce a reflected guided mode E, and
forward Ef, and backward E},, traveling radiation modes as well as the transmitted
guided mode E;. The continuity of the electromagnetic fields across the discontinuity

will then give, for TE modes
Ei + E. + Epy = E¢ + Ef, (7)

where i, r, t are incident, reflected and transmitted guided modes, respectively. fr
and br are forward S(0) and backward S(m) scattered radiation modes. Only E;
represents a single mode.
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FIELD DI%

.\"\é\ Second step
<" of discontinuity
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m  First step
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(a)

The general complex field distributions at the boundary between input waveguide
and waveguide with gold overlayer, while ignoring reflected and radiated modes,

are.
Eyio = Z Exyl EyiO = z Eyyl
Y=i,j,m y=i,j,m
Hyio = Z nyl HyiO = z Hyyl
Y=i,j,m y=i,j,m

(8,9)

(10,11)

E=EX+E,y+E,Zand H=H, X+ H,y + H,Z. X, y and Z are unit vectors in the x, y

and z directions, respectively.
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BONUS

The task:

1. Derive transmittance and surface intensity while considering reflected and
radiated modes.

Y y-z plane y Xy plane

1 {2
superstrate n, |

Lt
t

dielectric n
waveguide '

£
substrate n, T .
.’:ﬁ@—)-—z

Figure 12:Plasmonic grating overlayer.
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Figure 13: Cross-sections of the y-component of the electric field magnitude for the

structure shown in Fig. 10 with a superstrate index of 1.4 for different regions [2].
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Yy y-z plane y Xy plane

0 1 i 2
superstrate n, |

gold layer n,, { t

: (]
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L 2
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| . : o delectic i

| Ly = W

[ / 4 n, g
L n substrate n, 5 )
T n,=1.471 (a) (b) IL 2 () 21 &

Egio = z Egyp  Heio = z Heyq (12)

y=Lim y=i,jm

MODE-M

where ¢ = x,y. An expression for the expansion coefficient between input mode i0 in
region 0 and mode j1 in region 1 is derived using the complex orthogonality
principle:

(00]

jf [(Eio X Hyl)z + (EyjL X HiO)Z] dxdy =
f (13)

_U [(El’l X Hyl)z + (Eyl X Hyl)Z] dxdy

where y1 = i1, j1, ml.
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EXPRESSION OF THE EXPANSION
COEFTICIENTS

= To derive the expression of the expansion coefficient between input mode i at the 0
side of the first step and mode j at the gold coated side of the first step 1.

Multiplying Eq. (8) by H,;; and Eq. (9) by H,;; and subtracting between them leads
to:
ExiOHyjl — EyiOijl — EleHyjl - Eylele (14)

Multiplying Eq. (10) by Ej, ;; and Eq. (11) by E,;; and subtracting between them leads
to:
—(Eyj1Hxio — Exj1Hyio) = —(Eyz1Hxj1 — Exj1Hyj1) (15)

Which is simply:
EleHyiO - EylexiO — EleHyjl - Eylele (16)

In Eq. (14)-(16), complex orthogonality principle has been considered. Therefore,

y #jand[,; = 0 atsteps 1 and 2.
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POWER CARRIED BY MODE ; ON SIDE 1 OF
DISCONTINUITY

By adding Eq. (14) and Eq. (16) and integrating over a whole range we obtain power
carried in a mode j on the side 1 of the first abrupt step:

[ i x ), + (B x W), | xay

% (17)
= jj [2(E11 X HJl)Z] dXdy
General complex electric and magnetic field distribution components:
Es(x,y,2) = asEs(x,y) exp(—jBsz) (18)
HS(XJ Y Z) = aS}[S(xr }’) exp(—jﬁgz) (19)

where z = 0 at the first step, 5 is a propagation constant of mode § and €5(x, y) and
Hs(x,y) are extracted complex field components.
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RELATION BETWEEN EIGENMODES AT AN
ABRUPT STEP

By substituting Eq. (18) and Eq. (19) into Eq. (17) we obtain:

ai% ﬂ [(Eio X }_[yl)z + (gyl X }_[iO)Z] dxdy =

_ (20)
2 — _
= ()’ || 2[(E x 7,), | dxay =
To obtain a relation between eigenmodes at an abrupt step:
Ajo (IiO,yl + Iyl,io) = Ay121y191
Lioy1 + Lyaio (21)

a = a;
Y1 10 2
I),l,),l
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Transmittance T

y y-z plane y Xy plane
0 1 {2
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|

gold layer t
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EIGENMODES & dbnntai
ntart ’ (@ el b ZL

Yy n Yy

where . Ny
Iiy = j J [(Ei X :ffy)Z] dxdy = j f (€43, — € Hy, )dxdy (22)
Let define complex Ag
As = |As| exp(—js) (23)
As 1s related to the power carried by a mode as:
Ps = |Asl? (24)

The aim: each mode carrying power of unity: Pgs =1
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NORMALIZATION OF EIGENMODES

Es(x,y,2z)

as = NsAs = : 25
0 T OO T g5 (x, y) exp(—jBs2) (22)
The normalization factor having unity power:
1/2
Ns = ——— - — (26)
R {ff_oo(Ei X }[;)dedy}
where
E=EX+E9+E,2 (27)
H = Hy &+ Hy9 + H,2 (28)
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NORMALIZATION

We express normalization factor N as:

, 2
Ny = (29)
° 7 R{Iss)

Which is: ( )
A,oNyollioyr + 11
y0t¥yo\‘10,y1 ¥1,10
Aleyl — 21 (30)
YLyl
Let define expansion coefficient ¢;g ,4:
e Nio lio,j1 + ljs,i0 (31)
ot aij Njp 211 1

which expands mode i at 0 side into mode j at side 1 of 15t abrupt step.
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EXPANSION COEFFICIENT

For z = 0:
ajoHeio = z ay1Hey1 AijpCeip = Z ay1E¢y1 (32)
y=ijm y=ijm

The power in any region is defined as:
1 (0 0]
P = E,‘R {jj (€ X }[*)dedy} (33)

An expansion coefficient c;y,; expanding mode il from region 0 into mode y1 in

region 1 over the first abrupt step is:
ay1 Ny .IiO,yl + 110 (34)

Cioy1l =
aip  Nyq 21,11
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EXPANSION COEFFICIENT

At z = L, the expansion coefficients are derived in a similar manner to that detailed

above resulting in:
Lyj2 + lizy

City2 = eXP[—f(ﬁyz — Bi1)L] (35)
21312
Since ayl — CiO,ylaiO
Ai2 = Cio,y1Qi0Cy1,i2 (36)
or
A2 Nip = Cigy14i0NioCy1,iz (37)
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BONUS

The task:

1. Derive expansion coefficients considering reflection and radiation modes when
z = L.

y y-z plane y Xy plane

1 | 2
superstrate n;

dielectric n
waveguide '

o
substrate n, T .
ff)@—)—z

Figure 12:Plasmonic grating overlayer.
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SURFACE INTENSITY

where €; and H;

€ = 2 Ci0,y1<y1 (38)
y=i,j,m

Hy = z Cioy1Hy1 (39)
Y=i,j,m

P; /Py < 1 and surface intensity of, for example, the y component of an electric field
(normalized to the complex input field amplitude a;g) is:

Z CiO,yl Eyyl (x» Vs Z)

Y=i,j,m

2

Intensity = |E(x, y;,2)|% = (40)

where y, =d +t
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Figure 15: Calculated surface intensity profiles at x = 0 and along L = 100 um [2].
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FIELD DIS

TRIBUTIONS - z = L

y=i,jm
Eyi2= Eyyl

Y=i,j,m
Hyip = z nyl

Y=i,j,m
Hyi2: Z Hyyl

(41)

(42)

(43)

(44)

Multiplying Eq. (41) by H,,;; and Eq. (42) by H,;, and subtracting between them leads to:

ExylHin

—F

y

yleiZ = Exi> Hyiz

—F

y

i2Hyiz

(45)
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FIELD DISTRIBUTIONS - z = L

Multiplying Eq. (43) by E,;, and Eq. (44) by E,;, and subtracting between them leads
to:

Einnyl - ExiZHyyl = EinHxiZ - ExiZHin (46)

Then, we are adding Eq. (45) and Eq. (46) and integrating over a whole range to
obtain power carried in a mode i on the side 2 of the second step:

f j :(Ey1 X Hip) + (Eiz X Hyl)Z] dxdy =

_ jf [(Eiy X Hiz), + (Egy X Hip))dxdy

— 00

(47)

= ff_oooo 2[(E;» X Hi),ldxdy
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FIELD DISTRIBUTIONS - z = L

The field components as an amplitude and phase at the second step are:
Eg(x, Y L) — QSES(X, y) exp(—j,BgL) (48)

By substituting Eq. (41) and Eq. (44) into Eq. (47) we obtain:
ay10ai2 eXp[_j(,Byl + ﬁiz)L] ﬂ [(Em X }[iz)z + (Eiz X }[yl)Z] dxdy  (49)

which is equal to:

(aiz)? exp[—j2P;, L] U [(Eiz X Hiz), + (€ X Hip),ldxdy (50)
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FIELD DISTRIBUTIONS - z = L

by simplifying Eq. (49) = Eq (50), we obtain Eq. (51) = Eq. (52):

Ayq exp[—j[)’ylL] ff [(Eyl X }[iz)z + (Eiz X }[yl)Z] dxdy

aip expl—jBiL] j f (€13 X Hig), + (Egp X Hip),ldxdy

(51)

(52)



TRANSMITTANCE

2
- _ A ‘o z o (Ni )
— 1 | — io,y1tyviz \ 7y
ALO y=ijm Nl
2 2
A Ligi1+ Liqinl,qio + I
T — A_lz _ Z 10,1211 j1,i0 y1,1221 i2,y1 exp(—jﬁylL) (53)
i0 e j1,j1 i2,i2
Y=Lj]jm
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Relation of the fields at the second step to calculate the power are:

8xy1 = Z Cyl,izgxiz (54)
Y=i,jm

Eyy1 = z Cy1,i2€yi2 (55)
Y=L,j,m

Hyy1 = z Cy1,i2Hxiz (56)
Y=i,j,m

}[yylz z Cyl,iz}[yiz (57)
Y=i,j,m
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SUMMAR?

= Theoretical study of planar waveguides with plasmonic overlayer.

= Coupling of hybrid real field distributions over a discontinuity in a waveguide
horns.

= Mapping of surface intensity in 3D composite-plasmonic waveguides.

= Optical transmittance follows HDM modal attenuation loss.
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ORTHOGONALITY OF COMPLEX MODES

'Vl:/:] Ii,j:O

Eyio = 2 Exyl (58)
y=i,jm

Eyio = Eyy1 (59)
y=Lijm

Hyio = Z nyl (60)
y=Ljm

HyiO = Hyyl (61)



MATCHING MODES EQUATIONS
D, A= ), (62)

y=i,jm y=i,jm
Ayz = Z Cyidy1 (63)
y=i,jm
Lipy1 + Ly1io SR{1)/1,)/1}
iy = (64)
21,191 R{Lig.i0}
- vz +lizyr |Rilyiy1) (65)
v 2Ii2,i2 m{lio,io}

Note: [izi2 = lipio = Iss= fffooo(ES X Hs), dxdy
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NUMERICAL APPROACH

Figure 17: Cross-sections of the
y-component of the electric field
magnitude for the structure with
a superstrate index of 1.4 in (a) a
purely dielectric mode (DM) in a
dielectric waveguide in the z < (
and z > L regions [2].

23(11):14407-14423, 2015.
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(x,y,z=0)| Vim

»
o

MODES

= Evolution of the dominant y-component - sl o Tl o TS -
of electric field magnitudes for quasi- " - ]
transverse magnetic  modes at
resonance having superstrate index of
1.365, and far from it, at low superstrate
index: 1.3 and high superstrate index
1.44 as labeled on the figure
accordingly for DM, HDM, SPP-s and
SPP-a guided modes [2].

O = N W & 00 o N

(x,y.z=0)| Vim

guides. Opti¢s"express,
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ANALYSIS OF COMPLEX N,/

Effective refractive index RIU:

Nerr = R{B}IA/ 2 (66)
Modal attenuation coefficient dB/cm:
a = 0.2log(e) I{L} (67)
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ANALYSIS OF COMPLEX N, (¢
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PREDICTION OF TRANSMITTANCE

50 nm Au

Transmittance dB:

Alina Karabchevsky, James S Wilkinson, and Michalis N Zervas. Transmittance and surface intensity in 3d composite plasmonic waveguides. Optics express,

23(11):14407-14423, 2015.
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Figure 19: Calculated optical

transmittance for L = 2 mm based
on our model and of L = 1 mm [2].
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SURFACE INTENSITY

Surface Intensity V2 /m?:

2
] =

z Cioy1Ey1

Y=t,j,k

(69)

Note: The superstrate indices, n; which yield the minimum in transmittance and the
maximum in integrated surface intensity are labeled in (d).
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SURFACE INTENSITY

Figure 20: Mapped surface
intensity: (a) y component, (b) z
component and (c¢) x component
along 50 mm gold length for a
superstrate index of 1.44 and (d)
integrated surface intensity and
transmittance for a L = 200 mm
gold length vs. n; [2].

23(11):14407-14423, 2015.
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CLORKING WITH COMPOSITE PLASMONIC
WAVEGUIDES

The interesting characteristics of composite plasmonic waveguides can be used to
achieve novel devices. One of them is an invisibility cloak. Using transformation
optics technique that is built upon two key observations:

= Maxwell's equations retain the same format under coordinate transformations in
space, i.e. they are form-invariant under coordinate transformations.

= Maxwell's equations interpreted in different coordinate systems are equivalent to
changing the medium parameters in the constitutive relationships.
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TRANSFORMATION OPTICS

Consider a set of time-harmonic electric and magnetic fields E and H at an angular
frequency w in a cartesian (x,y,z) coordinate system. Adopting the e/®! time
convention, the fields satisfy Maxwell's curl equations at any source-free point.
V XE = —jwu'H’ (70)
V xH =jwe'E (71)

where the constitutive relationships
B=puH D = ¢E

where D and B the electric and magnetic flux densities, respectively, ¢ is the electric
permittivity tensor and u is the magnetic permeability tensor.

Alina Karabchevsky, Integrated Photonics @



TRANSFORMATION OPTICS

A A

— — X —\/—> X
_\/

Since Maxwell's equations are form-invariant under coordinate transformations, the
two curl equations in the transformed system may be written as:
V X E = —jou'f’ (72)
V xH =jweE (73)
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TRANSFORMATION OPTICS

Let the coordinate transformation be described by the 3x3 Jacobian matrix A defined as:
dx'/ox 0x'/oy O0x'/oz
A=|dy'/ox 0y'/dy dy'/0z (74)
dz'/ox 0z'/0y 0z'/0z

Both field and medium quantities in the (x',y’,z") system are related to their respective
counterparts in the (x, y, z) system. Specifically, the medium tensor parameters, 1, and ¢,
are related to u, and ¢, in the original space by the following expressions
. AuA” o AeA”
H = E =
det{A} det{A}

(75)

In addition, the fields in the transformed system are given in terms of the fields in the

original system via
E'=(ADTE H =(AYHTH (76)
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THE COMPOSITE PLASMONIC WAVEGUIDE
STRUCTURE

= Wavelength of A =637 nm illuminates the dielectric waveguide exciting the
fundamental mode guided in region 0.

= Region 1 is characterized by the metasurface and Si nano-spacer placed on the

waveguide with length L in the propagation direction exciting three hybrid
plasmonic modes.

= Region 2 is identical to the region 0 in terms of the optical properties and
functionality. A scattering object with optical index of 1.3 is placed on the
metasurface.

Alina Karabchevsky, Integrated Photonics @



THE COMPOSITE PLASMONIC WAVEGUIDE
STRUCTURE
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Figure 21: Illustration of the composite plasmonic waveguide structure and materials
to study the invisibility cloaking scheme [3].

Yakov Galutin, Eran Falek, and Alina Karabchevsky. Invisibility cloaking scheme by evanescent fields distortion on compgsite Llasmenicwaveguidesswith sinan l@
spacer. Scientific reports, 7(1):12076, 2017.



COMPOSITE PLASMONIC WAVEGUIDE CLOAK
DESIGN

If the mapping satisfies the Cauchy-Riemann conditions given by:
ox'/0x = 0z'/0z (77)
dx'/0z = 0z'/0z (78)

the transformed material becomes inhomogeneous and isotropic. The resulting
transformation is composed of a quasi-orthogonal grid with an effective index in

each cell:
0.4
/E 0.2
= 0

x-0.2
-0.4

0 1 2 3 4 5
z (pum)

Figure 22: Transformed mesh using quasi-conformal transformation theme (black
mesh) and calculated effective mode index, n.¢r [3].
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spacer. Scientific reports, 7(1):12076, 2017.



CLORKING RESULTS AND PERFORMANCE

The figure below shows calculated integrated total surface intensity to assess the
effectiveness of evanescent invisibility cloak with a composite plasmonic waveguide.

-4 -3 -2 -1 0 1

z (um)

Figure 23: Calculated spatial surface intensities |, (x,y)| at y = y; in the composite

plasmonic waveguide: (a) slab gold overlayer, (b) slab gold overlayer and an object
index of 1.3, (¢) transformed metasurface and (d) transformed metasurface and an

object [3]. Alina Karabchevsky, Integrated Photonics ’@
Yakov Galutin, Eran Falek, and Alina Karabchevsky. Invisibility cloaking scheme by evanescent fields distortion on composite plasmonic waveguides with si nano-
spacer. Scientific reports, 7(1):12076, 2017.
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