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ABSTRACT 

The existing SPLP method for the determination of the 

complex dielectric permittivity and the thickness of metal 

film .1.s reviewed. A close electrodynamic analysis of 

SPLP dispersion properties in very. thin metal films is 

made. The analysis is based on the numerical solution of 

the exact dispersion equation using the 'Downhill' method 

and subsequent selection of physically reasonable results. 

The selection is performed via the comparison of the power 

flows through the boundaries of the metal film in the 

transverse direction. 

The explicit expressions for the components of the 

power flo~1 in the Kretschmann Prism-Metal Film-Air 

configuration have been derived. 

Analysis made shovled that splitting of the classical 

- + dispersion equation into two branches (w mode and w mode) 

known in li~erature for the case of symmetriC environment 

occurs also for the case of asymmetric environment, but 

the 0/ mode branch is represented by a number of discrete 

points only. + It vias also shown that part of the IJj mode 

branch known in 11 terature is physically unreal. 

In addition to the two branches mentioned a third 

'side' branch have been found, which turned out to be 

physically unreal. 

The study of physically significant results revealed 

back-bending segments in the w- and w+ branches which 

demonstrate the phenomena of artificial anomalous dispersion. 



The developed teclli1ique of the numerical solution 

of the exact dispersion equation allo~lS to extehd 

applicability of the SPLP method to the case of very thin 

metal films and puts no restrictions on the type of the 

environment. 
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1 
Introduction 

Many of the fundamental properties (electronic) of the 

solid state can be successfully described by 

(a) the analogy of single electron moving in the 

periodic array of atoms, and 

(b) the plasma concept: the free electrons of a metal are 

treated as an electron liquid (or gas) of high density of 
about I023 cm _3, ignoring the lattice in a first approximation. 

From this approach, it follows that longitudinal density 

fluctuations, plasma oscillations, will propagate through the 
volume of the metal. The quantum of these "Volume Plasmons" 

has an energy 
-i1w '" -t1 ( pe lOeV. An important extension of the 

plasmon physics has been accomplished by the concept of 

"Surface Plasmons". Their existence has been demonstrated in 

electron energy-loss eXperiments by PO"lell and Swan t 11. 
The electon charges on a metal boundary can perform Coherent 
fluctuations which are called surface Plasma Oscillations 

Ritchie [12]. 

Maxwell's theory shows that electromagnetic surface "laves 

can propagate along semi-infinite metallic surface ",ith a 
broad spectrum of eigen frequencies from w~ot~ depending 

~ Ii 
on the wave vector k. The frequency ~) of these longitudinal 

oscillations is tied to its "lave vector kx by a dispersion 
relation w (kx)' These charge fluctuations, which can be 

localized in the y (normal to interface) direction are 
accompanied by a mixed transversal and longitudinal electro­

magnetic field which disappears at IYI~ 00, and has its 

maximum in the surface y ~ 0, typical for surface "laves. '.Phis 
explains their sensitivity to surface properties. 

lies 

The dispersion relation 

right of the light line 

w(k ) for surface plasmons 
x 

which means that the surface 
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plasmons have a longer wave vector than lig'ht waves of the 
same energy 1rw, propagating along the surface. This means 

that the surface plasmons (SP ) cannot transform into light: s 
it is a "nonradiative" surface plasmon (SF). Therefore on a 

semi-infinte metal surface, surface plasmons (SP ) cannot . s 
couple with light. 

In general, when an electromagnetic wave propagates 

through a condensed medium, its properties are modified by 

its coupling to the elementary excitations of the me~ium. The 

. coupled excitation is frequently referred to as a polarition 
and consists of a photon coupled to a plasmon, optical phonon, 
magnon, etc. We refer to a photon coupled to a surface 

plasmon (SP) as surface plasmon-polarition (SPLP). In the 
literature the expression "surface plasmon-polarition" is 
often used .,hich is identical to the term surface plasmon 

(SP). This.excitation of SF modes with light needs special 

light-plasmon coupler kno~m as prism coupler (ATR device). 

Nith the exitation of SP modes by light, a strong enhancement 

of the electromagnetic field in the surface (resonance 

amplification) is combined, .Ihich can be rather strong. 

In an ATR (attenuated total refrection) device, the metal 

is in a·form of a thin film deposited on the base of the prism 
surface. 

Concentration of the electromagnetic field near the thin 

metal surface makes SPLP very sensitive to minor changes in 

characteristic quantities of intefacing media 

(like €: '" £' + i(:" of the film) and to the state of rough-
222 

ness of the boundary. 

'l.'herefore SPLP constitutes a highly sensitive non-destroy!':· 

ing probe for measuring purposes, particularly in the optical 
and infrared range of frequencies. 

Note: All complex quantities in the text are distingusished 

by a dot. put <l.bove t.he character. 
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CHAPTER I 

The Existi.ng Method of Determinati.on of_ Complex Dielectric 
Permtttivity £. and Thi.ckness h of a Thin Metal Film by 

2 

SPLP Technique 

1.1 l"ormation of SPLPs in an ATR Device. 

The dispersion relation of SP 
s 

infinite metal surface boundering a 
propagating along semi­
dielectric medium £ 

is given by [9 1 1 

• 

k 0 = ~ (' _£..:.1 __ ~-,,-2 )~ 'lJ 
x c ~ 

~ r.: 
2 2 

(1.1) 

vlith real wand £ • Also £ '" £:l + 
1 2_

0 
iE:~ , under 

these conditions we obtain a complex k '" k '0 + ik' ~li th x xo 

k~o "'(_:-=-I_£"'-2_)~W 
~ c' C 

(1. 2) 

2 

and 

(E r.:' tE" !2 _1_..1. 2_ 

c E + E:' 2 (£' )P 
122 

(1. 3) 
k II '" xo 

, 
assuming £" « I e' I. For eal kxo one needs £' <0 and 
222 

1£' I >E. 'rhe medium with negative dielectric function 
2 I 

is usually called "active medium". 'rhis expresses the fact 
that the coupling beh/een the free electromagnetic field 

and the dipoles giving rise to SP 'occurs in this medium. 
s 

Since a negative £' (W) implies an imaginary index of 
2 

refraction in the absence of damping, the surface active 
medium is typically highly reflecting in the frequency 
range where SPs propagate. 

The DR (dispersion relation) of SPsapproaches the 
w 

l~ne c (£1 at small k~o' but remains larger than ~ 1£1' so 
that the SPs cannot transform into light: it is a "non 

radiative ll SP. At large k' , e' + -£ and the value of (0 xo 2 I 
approaches, assuming the metal as a free electron gas, 



w sp (1+£ ) Iz 
1 

(1. 4) 

i.e., at small values of the wave vector, the surface 

polarition is primarily photon-like, whereas at large values 

of the ./ave vetor, it is primarily plasmon-like. In the 

latter case Vg and Vph + 0, so that· the SP resembles a 

localized fluctuation of thE'l electron plasma. 'rhe region of 

finite k~o (resonance region) is the region in which we expect 
surface plasmon (SP) - photon coupling to take place. By 

resonance we mean a condition in which the frequenci~s and 
wave vectors of both particle are approximately equal. The 
light line and the horizontal line at 0.707w are the 

. p 
dispersion relations for photons and surface plasmons in the 
absence of any coupling between them. The region of the 

crossover of these two curves is the resonance region. In 
reali ty, however, thO:t;.e always is coupling iroplici t in 

Maxwell's equations an~ expressed by the dielectric function. 
The dispersion curve given by the disperson eqn. (2) shows 

this implicit coupling. 

The field amplitude of the SP decreases exponentially s 
as exp (-I kyi II '1ll, normal to the surface. The value of the 
(skin) depth at .,hich the field falls to l/e, becomes 

" 1 Yi ~ (1.5) 
IRyi l 

• 
Where k yi are given by 

k . (~)2(£ • 2 
~ - kxo )~ (1. 6) YJ· c . 1 

" At large k~o' Yi is given by about ,llk~o leading to a strong 

concentration of the field near the surface in both media. 

At low k~o or large I£~I values, the field in air has a 
strong (transverse) c:omponent Ey compared to the (longitud­

inal) component Ex' namely E /E ~ -il£~I~ and extends far 
y x 2 

into the air space~ it resembles thus a guided photon field 

(Zenneck-Sommerfeld wavel. In the metal, Ey is small against 
Ex since E IE '" 11£'1-~. These relations are derived from 

y x + l 
derived from diVE = 0, valid outside the surface alr/metal. 



At large k~o both components Ex and Ey become equal; 

E = + iE (air: + i, metal: -1 ). y x . 

The intensity of SPs propagating along a smooth 

surface decreases as exp(-2k~o) with k~o from eqn.(3). 
The length Li after which the intensity decreases to 
lie is then given by 

The field of -SF is described by s . . 
exp [+ i(kxox + kyiY - wtD 

(1. 7l 

(1. 8) 

with + for y~ 0, - for y ?O, and with imaginary ~y , which 
causes the exponential decay of the field E • The .,ave 

• y • 
vector kx lies parallel to the x direction - kx lies 

parallel to the x direction - k = 2rr , where AP is the wave 
x AP 

length of the plasma oscillation. Maxwell's equations yield 
the retarded dispersion relation given by eqn. (1). 

The application of photons to excite SF meets the difficulty s 
that the sispersion relation lies right from the light line 

(k~o> ~). At a given photon energy hw the wave vector 

~ has to be increased by a lIkx value inorder to "transform" 
the photons into SF • 

s ~w 
In an ATR device, its momentum becomes ( (:)/£3' where £3 

is the dielectric constant of the prism, instead of 

~: and its projection on the surface is 

k' = !2, 1£ sine ' 
x c 3 0 

(1. 9) 

The dispersion relation given by eqn. (1) for sPs 
propagating on the interface £ / £ (air/metal) can thus 

1 2 
be satisfied between lines c, beyond .,hich limit total 

r.eflection at an interface 3/2 takes place, and c/I"C • 
3 

The excitation of SF is recognized as a minimum in the 
(totally reflected intensity (ATR minimum) . 



Another way to understand the 

formation of SP in this device s 
(ATR) : Since the excitation of 

SPs occurs in the region of total 
re.flection at the interface 
prism/metal, an evanescent 

wave with a phase velocity 

18 sine >1 propagates in the 
3 0 

interface \oJ'ith v h < c. 
P -

Fig. 1 

11TH Device 

(Kretschmann Configuration) 

Since the light line c/IE in medium 3 (prism) lies to the right 
3 

of the dispersion relation of SPs up to certain k~, light 

can excite SPs of frequencies w below the cncssing point of 

c/re and DR of SP on the metal/air side. The SP on the 
3 s s 

interface 3/2 cannot be excited, since the DR of their SP . s 
lies to the right 6f c/Ie because e > 1. This can be 

3 3 
checked by replacing E by E in eqn. (1). 

I 3 

The resonance condition for SP s is 

'" V. 'ph' evenescent wave (LIO) 

( 1.11) 

can thus be fulfilled, particularly because the character 0 f 

both waves is the same. The electromagnetic field of the 
ev anesxcen i: wave decreases exponentially 

on the metal/air interface. the SP 
s 

in the film and excites 
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1. 2 Determination of g and h of a thin metal film by _________ --L-. _______________ _ 

SPLP technigue. 

The qvantitative description of the minimum of the 

reflected intensity R can be given-by Fresnel's equations 

for the three-layer system 3/2/1: 3 dielectric medium, prism; 

2 metal film of thickness h ; 1 dielectric, air or vacuum, 

etc. The reflectivity R for P-polarized light, with Eo the 

incoming and Er the reflected field, is given by 

R = Ir3211 

with 
r ik '" ( 

2 "" r 32 + r 21 exp( 2ik2yhL-
1+r32 r 21 exp (2ik

2yh
) 

(1.12) 

(1.13 ) 

where rik~ are the relative amplitudes of the reflected to 

incident ~Iaves on a given interface or Fresnel's reflection 

coefficients for plane polarized ~Iave. 

Under the special conditions I g t I» 1 and I cit 1< < 1 €' I 
2 2 2 

this dependence can be approximated in the region of the 

resonance by the Lorentzian type relation which reveals its 

physical meaning: 

R 'i' ~in 
-1lL_ 

kit 

~in 
_. 

). - \>li th n "" ..2!Q 
(l+nl i Aklt 

x 

(1.14 1 

• - . • Using kx "" k + lIkx xo ( 1.15) 

~Iith k~ given by eqn. (9) and k~o given by eqn. (2 1 the 
• • resonance wave vector (kxo + lIkxl is different from eqn. (1), 

which is valid only for a semi-infinite metal;here we have 

a finite metal film 

The term lIk can be x 

of thickness h between two dielectrica • 
• 

approximated for exp (2ik2yhl « 1 by 



or 

2 '( U) 
c £ 

1 

8 

1 
- EO' 

2 

£ £ 3/ 
(_1....2.-..) 2 

£ +£' 
1 2 

r32 is the coefficient of reflection 

Its real part causes a displacement of the resonance 

position compared to k~o t 

Its imaginary part gives an additional damping term, 

1m [lllCx1 '" Const. 1m [r 32 (kxo ) 1 

(1.16 ) 

(1.17) 

( 1.18) 

(1.19) 

which we call radiation damping, to the internal damping 

1m (kxo )' 

I 

where r 32 (kxo) is given by 
2 , (a 2 _EO, ) 2a~ __ 

r 32 (kxo)= , + i (1. 20) 
a 2 2 + £2 + £s a 

3 

a 2 = [_£ I (I': _ £ ) ... £ ] 
2 3 1 3 

(1.21) 

Equation (14) demonstrates that R passes a minimum which 

is zero for 

(1.22) 

This matching condition 

the metal film at a given A. 
fixes ~he thickness 

However, the value 
h t of op. 
of hopt 

(optimum value of the thickness) depends on the dielectric 
• function (: . 

? 
least by 10%. 

Since it is not kno~m exactly h t varies at , op 
The experimental arrangement (ATR device) is 

shown in Fig.I This device is used for the determination of 
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of experimental variables Ores' Rmin ' and ole Le; the 

resonance angle, minimum or reflectivity, and half-width 

of the reflection minimum. 

The physics giving rise to the reflectivity minimum: 

the light wave, having passed the prism (£ ), is partially 
3 

reflected at the interface 3/2. Partially it traverses 

the film as an exponentially decaying wave. At interface 

2/1 it induces excitations which radiate light back into 

the film. If the thickness h increases, the back scattered 

field disappears due to 1m [Ilk) -> 0, so that R approaches 
the value unity. 

For decreasing thickness h the back-scattered field 

increases. Since it is in antiphase with the ihcoming wave, 

see eqn. (12), the bl0 interfere distructive1y thus 

reducing R. At h = hopt they even compensate each other 
and R becomes zero. 

The antiphase radiation field, captured in the metal 

film, is converted into heat. In the resonance case . 
R = 0 the total damping amounts to 2 1m [k 1. This , x~ 
value determines the half-width of the reflection minimum. 

A further decrease of h leads to increasing 1m [Ilk
x

] and 

has the effect that R assumes again a value close to unity. 

From resonance condition eqn. (11), we have [:13 J 
,'/ 
". (e ) = .. res 

€: £ sin 2 e 
1 3 res 

€ - E: sin 2 e 
1 3 r,es 

Note that eq (23) assumes k~ ~ k' xo 

(1.23) 

'l'he reflectance has a lorentz dip at 1\ = eres with 

a half-width Wo (when 1m [kx ] < Re [ kx1) 

Tm [k 1 coso x res 
(1. 24) 
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,FE 00 k .-[f 
3 ° 3 

and 

Bres 00 arc sin 

Moreover, 

With 

ImIkx J '" Im [kxO] + 1m [ llkx J 
00 1m [ l\kx J [Il + 1 J 

1+ In . - --nun 

1'+ IR . ml.n 

(1.25) 

(1. 26) 

(1.27) 

The choice of algebraic signs in eqn. (1.27) should 

be based upon the physical sense of which is clear from 

eqn (1.14). In the limiting case h -> '" 1m [l&J should 

vanish, giving Il -> Q, This result can be achieved from 

eqn. (1.27) if the upper signs (both in the numerator and 

the denominator) are used with R. ... 1. This case ~Iould 
ml.n 

be denoted as n+ • In the other limiting case h ... 0, the 

perturbation Im [ llkJ prevails over 1m [ kxo J, therefore 

Il ... O. this result follows from eqn. (1.27) if the lower 

signs are used, ~Il th Rm1n ... 1. This case would be denoted 
as Il_. 

This consideration of the limiting cases suggest that 

there must be a sl'Il tch from the upper case to the lo~,er 

case as h change from 00 to O. this abrupt change occurs 
at h = h when R. ... O. opt' ml.n 

From eqn. (1. 26), we have 

Im [ k'l('] = Im Ik'xo] [Il~l ] (1.28) 
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;.,here Im (k
xo

) is given by 

. 1;; t' 
1m [k){Q 1 ~ ko (_1_,,-

.J 

E: +~, 
1 2 

3/2 e" 
_2...._ 
2(£,)2 

2 
(1.29) 

Using egns. (27) through (29) 1 ",e arrive at 

e" (R. 8 we) 
2 m~n, res, 

) e: e 3 tanores 

(t - E sin 2 e )2 
1 3' res 

(1. 30) 

From the above egns. after a few steps one arrives at 

(1+ IIi. i ) m n (1. 31) 

Which is the experimentally measured value of ImCllJi:xJ. 
The numerical solution of the egn: 

[Im[Llkx (~) J J theoretical '" [ rm[Llk~J ] experimental 

(1.32) 

Gives the eXper.t.meta11y determined value of h(thickness 

of the metal film) L.h.S of Egn. (1.32) is giVen by egn. (1.16). 

~)riting egn. (1.32) expliCitly, we have 

Im [ 
£ E' 3/2 

1 2 ) 

(: +8' 
t 2 

(1. 33) 

Egn. (33) determines the value of h, from experimentally 

determined value of Rmin , e res and we' 
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The experimental value of E:" given by eqn. (30) is very 
2 , 

sens i ti ve to the experimental conditions compared to £2 

given by eqn. (23). So the value of hopt is even more 

sensitive to experimental conditions since it depends on roth 
£' and €". 

2 2 

For a series of evaluations the knovlledge of i: (w) is 
2 

needed. Since data of £ (w) found in literature shown 
2 . 

fluctuations due to unknown preparation (experimental)conditi-

ons, it is therefore important that photometric measurement 

of the reflection minimum allows determination of E: (1.0) of 
the film surface in situ very accurately. 

eqn. (14) with the observed ATR Curve, £' 
2 

the metallic film can be obtained with an 
from to 

2 
By fitting Fresnel's 

, E" , and· 'h 0 f 
2 

accuray ranging 

.3 The Phenomenon of Splitting SP s into Symmetric and 

Anti-Symmetric modes for the dase of S~etric Environment 

(£ '" E: ) 
1 3 

We have seen that surface plasmons (SP s) propagate on 

srrooth surfaces of semi-'infinite metals. Surface plasm:>ns 
exist on thin films, tco. Their properties depend on the 

film thickness and the dielectric medium on roth sides of the 
film. As we have seen, the metal film between asymmetric 

dielectrica, e.g" prism/metal film/ air allows the excitation 
of SP by irradiation with light. If £ is close in value to s 3 

E (nearly symmetric environment) and if E: and E propagate 
1 1 3 

envanescent waves, the dispersion relation for SPs at the two 

surfaces € /E: and £ /E is obtained by writing that the 
1 2 1 3 

Fresnel coefficient for P-polarized l,ight in the three media 

(£ /E /E ) configuration has a pole, see egn. (l~). The 
123 . 

denominator of egn. (l~) is thus a classical thin film 

dispersion eqn. 
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From the classical thin film formula one obtains the 
condition 

• 2 

[; k' ] + [£ f. k2 + 
3 ly 1 3 .y 

. 
k2 h For large thickness h, tanh( ,~ 

i 
becomes 

(1.34) 

'" 1 an d egn. ( 3 4 ) 

. . 
kl k k k _.:!i, .+ ..1x....). (-~ .+ _b.'.) = 0 " • £ E: [; E: 1 2 3 2 

(1. 35) 

We recover the two modes corresponding to SP s (surface 

electromagnetic waves) at each interface: E If. and E IE I 

1 2 2 3 
~Ihich are totally decoupled. By putting each bracket in eqn. 
(35) equal to Zero. 

Fbr smaller values of h, ~Ie obtain from egn. (34) or classical 

thin film formula a dispersion curve with tw branches. Fbr 

k I X -> "', their asymptotic val ues corr espond to 

E: + E: = 0 and E + i ~ O. 
J 2 3 2 

There will be two resonances in the R curves for scanning 

either at fixed e and variable w or at fixed wand variable 

e. The important point to notice is that for not too small 
K 

values of hlA, tanh(_2Yh ) is not very different from unity 

and the t\'iO resonancesiare practically decoupled [ 10] . 

When the active film is relatively thin (thickness below 

about lOOOA
o 

at optical frequencies ,and is surrounded by the 

same medium (symmetric environment) on both sides (E =E: ), 
3 1 

the two resonances are asso ciated with sm rt-and 10 ng-range 
SP s ;see Sarid [6 .J. 

The symmetric environrnenton both sides of the metal 

film has interesting properties, especially if the thickness 

a f the metal film beoomes small, Il'Ore exactly k
2y

h « 1. 

The symmetry causes the SP - frequency to be the same on 

both sides of the film, so that in the case of a thin film 

the electromagnetic fields of both surfaces interact and the 
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+ frequency splits into w~, a high-frequency mode W (electric 

field synwetric to the plane y = 0) and a low - frequency 
mode w - (electric field asynwetric to the plane y '" 0). The 
values of w+ and w depend therefore on kx as well as on h, 

the thickness of the metal film, (see fig. 2). 

Fig. 2. A synwetrid Layer System 

c IE I € • ~ : dielectric function 
121 2 

of the metal film. y = 0 is the 
plane of synwetry. 

,4 Spl! tting of the DisperSion Eguation into TID Branches. 

The classical thin film dispersion equation for the metal 
film between' asynwetric dielectrica is given by 

(1. 36) 

For the synwetric environment, c - c 
3 1 

This implies that 

+ I = 0 (L37) 

but • 
r 12 = -r2l and eqn. (37) can be ~lritten as 

1 - ( r 2l eik2yh)2 = 0 
(1.38) 
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and hence 

e lk2yh ~ 0 (1.39) 1 + r 21 

• 
1 - r 2l e ik2yh = 0 (1. 40) 

• 
where r 21 is Fresnel's reflection coefficient for P-polarized 
light, given by 

• £ 
2 

£ 
I 

£ 
2 

E 
I 

(1 • 41) 

Putting eqn. (41) into eqns. (39) and (40), we arrive at 

£ k . ik2 h 
+ E: k2 tanh (- l· ) 2 lY 1 Y '" 0 (1.42) 

• 
~ k • ik2yh 

+ £ k2 Ctgh (- 2 ) 2 ly 1 Y '" 0 (1. 43) 

It can be sho~m that 

-ik h k2 h 2l 
'" ~-

2 2i 
(1.44) 

and henceeqns: (42) and (43) can be rewritten as 
+ . • . K h 

OJ : L+ = E kl + E k2 tanh (2L) '" 0 (1.45) 2 y 1 Y 2i 

• K h - € kl + ctgh(-K) OJ . L '" (: k2 '" 0 (1.46) 
. 

2 Y I Y 2i 

Eqns. (45) and (46) represent the splitting of the 
dispersion equation into tw branches for the symmetric 

environment with very thin metal films. This is valid for 
P"polarized light. 

Fbr strict derivation of egns. (45) and (46) see 
appendix A 
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. . 
For large k~ (k2y = k

ly 
k'h 

'" ik I ) eqn. (45) becomes x 

£ + £ tanh(~) = 0 
212 

Rearr.anging and solving eqn. (1.47) becomes 

. 
£1+£2 k'h 

'" + e- x • 
Eo -£ 

I 2 

(1.47) 

(1.48) 

This is for the w+ mode. Similarly for the w ·mode, we 

Combining 

£ 1 + 
£ -

1 

-k'h 
"" - e x 

eqns. ( 48) and , 
£2 

+ -k'h • = e x 
£ 

2 

(1. 49) 

(49) , we get 

( 1.50) 

The Drude form for the dielectric function of a free 
electr on gas is 

W 2 '" 
P 

£ I (w) = 1 _ 
2 

~l 2 

-t-(neglecting absorption) 
w 

(1.51) 

the electron plasma frequency: 

with ne "" electron density, e = electron 

charge, me = electron (effective) mass and with £1 = 1, 
eqn. (50) becomes 

+ w- '" 
w 

p 

12 
(1 -k'h)~ + e x (1. 52) 
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This eqn. demonstrate 

region and in addition the 

k'h >1 

the splitting in the nonretarded 
+ - . relation w >w for finite h. EOr 

x 

~re obtain eqn. (4) 1. e . 

'w 
w = sp 

.....E_ 
12 

for case £; 
I 

:= 1 .. That is for large k' and h x 

+ 
OJ -- W '" ~J (no splitting of the dispersion equation). sp, 

If 

w sp 

W 
P 

11+£ 
, lowering the upper limit 

1 

(Maximum allowed) frequency of surface plasmons. 

This theoretical prediction has been 'confirmed by 

electron -loss spectroscopy with fr eely supported Al foils 

of ~ 200 A
O thickness [ 9 ]. From [ 9 J one sees that 

besides thel5ev loss, the excitation of the volume plasnons 

~wp, the SPs split into 4.9 and 9.4 ev. The 4.9 ev loss 

refers to the excitation of the lower mode i!w- t and the . 

9.4ev loss ie~ers to the excitation of the upper mode 11:0J+. 

The 4.9 and 9.4ev loss shows the splitting of 7ev SP. The III 

foil ~Ias rovered with a very thin oxyd film which reduces 

the 10ev excitation of a clean A,l surface to about 7ev. 

However, it is not convenient to r each the region of small 

k~ with electrons, fast or SlO~l, since the aperture of the 

electron beam cannot be sufficiently reduced due to intensity 
-5 reasons: All alue of the aperture of 5 x 10 rad ~lith 

Ael '" 0.05Ao(50 kev) gives an experimental k (k =kelO,e is . x x 
the scattering angle) width (bkx ) of 3xlO-3AO-'which is 

romparable with the extension of the whole retarded region 

of the dispersion relation. this.:l emonstrates that fast and 

slow electrons are not suitable, as yet, £Or studying the 

SP properties at very low k I values. The reverse is valid 
x . -3 

for light: a laser beam \1i th a divergence of 10 rad at 
° -6 0-1 6000A gi.ves a bkx of about 10 A and allo~ls thus to 
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Probe the SP dispersion relation down to very low k~ values. 

It has not yet been possible to reach the region of larger 

k' with photons. Thus I it', is obvious that this splitting has x 
also been studied vlith optical means since the observations 

in the region of light line are less difficult than those 

with electron--loss spectroscopy and give more details in the 

low k~ region. 

Fukui and Normandian [ 9 ] found in a study of the 

symmetric system, that the damping of the high-frequency 

mode w+ decreases with decreasing thickness h and the reverse 

of w- node. This result has been confirmed by Sarid ,[ 6 J. 
This behavior of w+ mode attracted the attention of sub­

sequent r~searchers, since the decrease of damping imply 

longer propagation lengths it is called long-range SP(LRSP). 

The strong Held enhC!ncement Le" larger intensity of the 

field than SP of single I:oundary and of w- mode, makes this 
+ s 

TIP de (w ) sui table for the study of sur faces. In the cases 

just mentioned the resonant excitation of SP has been s 
produced in the A1'R device and the dielectrica on 1:0 th sides 

are symmetric concerning the refractive index. 

The physical reason for the decrease of the damping with 

decrease of :f;ilm thickness h (case of w+model is the decrease 

of the field in the film which is pushed out of it with 

decreasing h, so that the Joule heat per cm3diminishes. In 

the case of w- mode as h decreases the damping increases 

because of the increase of the field in the film. This ITO de 

(w~) is suitable for the determination of £ (w) and h of the 
2 

film. 
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1. 5 Derivation of eycle"'lI~ra~e £.,?,l"'t:_j:~~~e 15retschmann 
Prism,-=- Me't;:al d FiJ:!lL::_.i\J:r, Confi9uratio~. 

While E and n are written as compleJ{ vectors it is the r",,,1 
part that has physical significance. Thus the poynting 
vector is given by 

S '" ReR:;ReH '" ~ ( E + E*) x l:1 (If '* if *) 

'rhis implies 

7; 1 [+ + +'k~)- -)-"'** :t* +'«1 
~ = 4 EXH + E XH + EXH + ~ XH (1. 53) 

Where the asterisks denote complex conjugates. 

We are interested in the mean value of S over one cycle of 

oscillation since the ttme of meiumrement is usually much 
longer than a period T 1 i."., in 

., 1 ("I' + 
< s> '" T J o sdt' 1 

Where T is the period of oscillation, being equal to 

The terms EXH and E*xn* in the expression for S eqn. 

contain exponential time factors exp <+2iwt'). As 

r-
1 f e +2iwt' dt' 
T C 

~ 0 I 

27f 
W 

(1. 53) 

-> these terms do not: contribute to < S>. On the other hand, the 
remaining terms E*XH and EXf1* do not contain any time faccor 
are not affected by averaging. Hence 

<ib = t (l*xf('+ txff*) '" ~ [<EXH*J* + (FXH")] 

This implies 
+ 1 + + • 

< s> '" '2 Re (EXH*) (1. 54) 

Applying ,':),:!n .• (1-5'1) ~:~ :.:;~f<i'::Q clect~')ll\ag,"Atj.~ \~aveso'~ thin 
metallic film bounded by dielectric media. 
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-+ 
Suppose a Tf.'. polarization, R 

film. 
= Hz' wave incident on the 

Now eqn. (l.54) becomes 

< ~> == -21 R tihil*) '" 1 R (-E H* ~ + E H*[ ) 
e 2" e x zJ Y Z 

and 

Resolving gives 

1 
< sx> '" 2" Re (EyH~) 

< s >= -1:. R (ExH!) 
Y 2 e " 

... 
Maxwell's eqn. which relate H 

V xii '" €: 21 
at 

assuming J ext '" 0 . 

to E is 

(1. 55) 

(1. 56) 

The magnetic field distribution in the film is assumed to be 
• 

HZ2 '" (;:2 e
ik

2YY + 13
2 

e-ik2yY) e i (l<xx - wt) 
(1.57) 

The field distributions in the bounding dielectrica are 

'" Al eiklyY + i(kxx - wt) in air (1. 58) 

. 
Hz3 = A3 e-ik3yY + i(kxx - wt) 

in prism (1.59) 

From the above three eqns. one,gets using eqn.(1.56) 

the respective electric field distributions, and using eqn. 

(1.55) we have for the three media 

and 

• 
k x 

• 
1 k ly ' 2 

'" _. R IHzll 
2 e 1f~1 

\ofhere j "" 1,2,3 (1. 60) 

(1. 61) 



• 
_ 1: k2y 

<S2y > = Re 
2 we; 

2 

21 

[ -I A21 
2 -2k"y 

e 2y 

A A* 
2 2 

+ I' 14 2k "y 
B2 e 2y 

• 

-2k" x e x 

;-

Now ~le .need to express the amplitudes AI' A2 , B2 

(1.62) 

(1.63) 

interms of A3 , the amplitude of the incident wave. This is 

accolllplished using boundary conditions at y "" 0 (metal/air) 

interface gives 

t21 
B2 

'= • 
1\.2 

(1. 64) 

and 

Al "" A2 + B2 (1. 65) 

where r 21 is the Fresnel reflection coefficient given by 

eqn. (1.13) 

The boundary conditions at y = -h (prism/metal) interface, 

together with eqn.64. 
. . . 
r ~32 

21 
2ik2 h e y + 1 = 0 (1.66) 

~lhich is the thin metal film dispersion equation. ~Ihere i:32 
is the Fresnel reflection coefficient given by eqn. (1.13) at 

prism/metal interface. 
• • 

• Using eqns. <:.64) through (1. 66), we can express Al ,A2 ' 

and B2 inte:ms o~ A3' Hence 

A3 e ik3yhr ik h -ik hJ (1.67) Al = r 23 e 2y + e 2y 
t + 1 

23 
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• 
. irk + k

3y
)h 

r23A3 e 2y 

r + 1 
23 

A3 ei(K3y-k2Y)h 

r23 + 1 

(1.68) 

(1.69) 

~: For strict derivation of the above and following 
results see appendix B. .. 

Using eqn. (1.60) the x-components of the average power 
flow for the three media can be written as 

k' -2k l 'h 
< s > '" x e .?y 

lx 2 r /' /' 2 WE
1 

r 23 . 
.. 

[ / / 
2 -2k" h 

• r 23 e 2y 
2k" 

+ e 2y + 2(r' COS {2k
2
' h) 

23 Y, 

-2k" 
e, lyY 

(k'E' + k"E".. .-2k" h x 2 x 2). e 3y 

2w / ~2 /2 (/ *23/ 2 + 2r~3 + 1) 

(1. 70) 

" .. [I r2312 e -2k2y (h+y) + e 2k:2Y (h+y)' + 2 (r~3 Cos [2k~y (h+y)] 

2k" k' e 3yY 
x 

(1. 71) 

(1. 72) 
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assuming 1A312 ~ 1 and at x ~ O. The field intensity 

-2k" falls as e XX in the x - direction. The same assumption 
is used for the y-components. 

Using eqns. (1.61) through (1.63), the y-components of 
the average power flow for the three media can be written 
as 

= 
k I e-2k" h ly 3y 

+ 2r I + 1] 
23 

[ I • 1 2 -2k" h 2k" h • r 23 e 2y + e 2y 

- r" sin [2k I hJ)Le 23 2y II" 

-2k" h 
'" e 3y 

2wl£ 12 
2 

-2k" y ly 

2k" Y -k' e 3y '" -:3",,1' __ _ 

2w£ 
3 

(1. 731. 

(1. 74) 

(1. 75) 

Integrating, over y from - 00 up' to + "', the x-comonents 
of the power flow, the total cycle-average power flow in 
each medium comes out as 

< PI > = S~sl > dy x 0 x 
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assuming IA31 z '" 1 and at x '" O. The field intenSity 

-2k"x falls as e x in the x - direction. The same assumption 
is used for the y-components. 

Using eqns. (1.61) through (1.63), the y-components of 
the average power flow for the three media can be written 
as 

= 
k' e-2k" h ly \;; 3y 

+ 2r' + 1) 
23 

• C I r2312 e-
2k2yh + e 2k2yh + 2(rh cos[2k2y!l] 

-2kY y 
- r;b sin [2k2yhJ ite y 

-2k" h 
=" e 3y 

2wl£ 12 
2 

2k" Y -k' e 3y 3y 
2w£ 

3 

(1. 731. 

(1. 74) 

(1. 75) 

Integrating, over y from - '" up' to + "', the x-comonents 
of the power flow, the total cycle-average power flow in 
each medium comes out as 

< PI > =S~'31 > dy x C> x 
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-2k" h k' e 3y x 

24 

-2k" h (k'e;' + k"E") e 3 
·".;.;·X~2_.......;X~2 ____ Y__ [1 [/a2k " h .. 
- - ~ IX- 2y ). 2wlE 12 eli: 12 + 2r' + 1] 2k" -1 

2 23 23 2y .. 

'" 

(1. 76) 

(1. 78) 

Note: The above relations for the power flows are derived 

or worked out by my advisor and my self. We haven't come 

across these relations in literature. 

The poynting vector Pix) of 

- 00 up to + 00, contains the 

the SPs ' integrated over y from 

field intensity IE (0+) 12 of the . sp 
SPs just at the met~l surface. At resonance or R = 0 the 

power of the SPs is lost exclusivly by internal absorption 

in the metal or 

-dP (x) 

dx 
'" 2k" Pix) xo (1. 79) 
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with k" , according to (1.3). This loss is comp~nsated for xo 
by the power of the incoming light IE31' which radiates on 

the unit surface area. Both have to be equal in the steady 

state. Thus one obtains the quotient 1Esp{o+) 12/ IE31' as 

a function of the experimental parameters as the angle of 

incidence, the dielectic function, etc. Thus the maximum 

enhancement of the electric-field intensity is obtained from 

where 

[JHZl (1/2) 12 1 
IH z3 (3/2) 12 max 

IE (1[2) I' 
IE 3 (3/2)I' 

'" -
£ 

3 

T el 
max 

(L80) 

(1. 81) 

with a 2 := 1 £ 'I (£ - E ) - €: \'lhe re I E <1/2) I 2:= IE ( 0+) I 2 
2' 3 1 3 sp 

is the field intensity on the metal surface at the air side, 

and I E3 1 2 is the incoming field intensity in the prism (8 ) 
. a 

for p-polarized light. 

The strong light intensity in the resonance case 

indicates a stl10ng electromagnetic field in the boundary 

air/metal (field enhancement). 
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CHAPTER 2 

Exact Numerical Solutions of the thin met,il film 

dispersion eguation in asyrnnunetric and symnletric environments 

2.1 preparation 9f the thin film dise§rsion equation in a form 

to be solved by the computer for the asymmetric and 

symmetric environments 

The classical thin film dispersion equation for th~ 

asymmetric (3nvironment is 

1 '" 0 

Resolving this complex equation into real and 

imaginary parts 

. 
r: ' e2ik2yh 
1I2l r Z3. 

Let 

F (k ' kll) "" R C" 2ik2 h ., 1 x, x e r 21r 23 e y- 1~ 

For eqn. (2.1) to be satisfied 

and the imaginary part should also vanish. 

1)+ 

(2.1) 

(2.2) 

(2.3) 

(2.4) 
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To find explict relations for the terms in eqn.(2. 2) 

we write 

r 21 '" 
, + ir" ):'21 21 

(2.5) 
r 23 '" 

, + ir" r 23 23 

-2kll h 
e 2y [cos (2k' 2yh) + 

Putting eqns. (2.5) into eqn. (2.3) yields 

Let 

2k' h 2y 

r" rll 
21 23 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

Using the relations in eqns. (2.7) through (2.9) in eqn. 

(2.6) we have 

,P . (k' kit) 
1 x' x 

-2k II h = e 2y (A cos C - B sin'C)-l 

The imaginary part of eqn. (2.1) comes out as 

(2.10) 

1m [;21~23 e
2ik

2yh 1 )=e-2k "2yh [A sin C + B cos CJ 

(2.11) 
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eqn. (2.1) requires that 

A sin C + B cos C = 0 

This implies 

A = -B . .22:.~ 

sin C 

Putting ec;;n. (2.12) into eqn. (2.10) gives 

The modulus of eqn. (2.1) is 

• 
[ • • e 2ik2'yh J + 1 . r 21 r 23 

but 

Re(~21r23 e
2ik

2yh) = 

Using eqn. (2 • 12), this can 

-4k" h e 2y 
-2R e 

be written as 

-2k" h B e 2,y 

sin C 

l.t can also be shown that . . 
I r21r2312 = A2 + B2 

(2.12) 

.. (2.13) 

(2.14) 

(2.15 ) 

(2.16 ) 

(2.17) 
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Thus rewriting eqn. (2.14) yields 

,; r 
21 23 

• 2 (13· -2k" h sine e 2y 
+ sin C) 

From eqn. (2.13) we seet that 

-2k" h PI = B e 2y + sin C 

Hence 
• 

2 

(2.18) 

r r e2ik2yhl2 
21 23 ~ 1 

= ( (A 
2 

+ 13 -4k" h 
) e 2y J 

1 

+ 2 
'l'\ .. 0 

sin C 

Since F 1 ~, O. We see that 

r,at 

Now for 

F1 

and 

F2 

(A 2 + 13 2 ) -4k" h e 2y 

F (k.~, k") 
2.... x 

eqn. (2,. 1) 

(k~, kU) 
'" x 

(k' k") x' x '" 

to be 

0 

0 

- 1 '" 0 

(A 2 + 13 2 ) -4k" h e 2Y_1 

satisfied 

(2.19) 

(2.20) 

(2.21) 
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Using eqn.s (2.13) and (2.20) we solve n~erica1ly 

the dispersion equation by the Downhill Method. 

For the symmetric environment (£ = E ) , we have seen 
3 I 

that the 'disperslon equation spU ts into ·two branches, 

1. e. I 

w 

. . 
E k1 

2 Y 

• • 
E: k1 

2 Y 

+ E k2 tan h ( 
1 Y 

• . 
+ E k2 ctgh 

l Y 
k2 h 

( y) 
2i 

'" o 

(2.22) 

'" o 

(2.23) 

To use the DoWnhill method we write the above aqna. 

in a form (by resolving into real and imaginary parts) 

(2.24) 

F (k I ,. k " ) '" 0 2·x x 

If eqn. (2.24) is for eqn. (2.22) • then 'we can write 

for eqn. (2.23) 

F3 (k I , k" ) '" 0 x x 
(2.25) 

F 4 (k • x ' k" x ) '" 0 



Thus for both environments we get numerical results 

for k' and k". It should also be.noted that the approxi-x x 
mate analytical solution of the dispersion equation devel-

oped in chapter 1 for the asymmetric environment is not 

applicable to the symmetric environment since the 

perturbation term (6kx) becomes very large and the 

perturbation losses meaning. Moreover, analytical solut-.. 
ion for the symmetric environment is only applicable for 

the case of very thin metal films or more exactly 
It h 
...1.L 1 « • 

2i 

• 2 Results .obtained f.or Symme.tric (e= e ) and Asymmetric __________________________________ .. -1 1 

(c 'I.c) envir.onnlents 
3 1· 

Exact numerical results for both environments have 

been obtained after a series of computer programs \qhioh 

involve the Do~hill method. These results are obtained 

for different cases; 

a) big thickness of the metal film and strong 

absorption i.e., relaxation time, T(ta"), small. 

b) big thickness of the metal. fUm and weak 

absorption i.e., relaxation time, T(tau), large. 

0) small thickness of the metal film and strong 

absorption. 

d) small thickness of the metal film and .,eak 

absorption. 
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The results are displayed here in graphs and tables. The 
.. 

graphs and tables show the attenuation and propagation 

properties of SPLPs. 'rhe physical desc:d.[,)t:i.on of SPLP 

pronerties-is through field distributions and power flows. 

For all cases the exact results are compared with the 

approximate analytical results obtained from SPLP method 

found in literature • 

. 21 Results obtained for SymmetriC Envirorunent (£ = £'). 
3 I 

In the case of £ '" £ , for the lO~ler (w-) branch fig. 
3 1 

(2.1 ), in the case of big h and strong absorption, 

shows that the exact solution is close to the dispersion 

relation of semi-infinite metal boundarying dielectric 

medium whereas the approximate solution is very far from 

these curves and lies almost horizontally at very small 

frequencies. For the samen\Ode fig. (2.3 ), in the case 

of big h and weak absorption, shows almost similar 

behavior to the previous case. 

For both cases just mentioned figs. ( 2. 2,4)display 
• 

the exact solution for the imaginary part of kx is close 

to that of sema-infinite metal whereas the approximate 

analytical solution for k~ is abou,t 6 orders different 

in ma'gni tude. The 'approximate solution increases k~ by 

about 6 orders of magnitude beyond the exact value. 

Therefore for the symmetric environment the approximate 

solution failS for both k' and k". We suppose this to x x 
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.be true for smaller thicknesses of the metal film. 

:.22 Results obta1ned for Asymmetric Environment (I; 'I € ). 
.31 

--------~~.-. --~-.,...~-....-..... ------.~ ..... ~ 

a) For case of big film thickness h and strong absorp­

tion f1g. (2.5) displays that the exact solution has 

got maximum allo~led frequency w* and real wave vector 

k~*. The approximate solution almost cOincides with 

the dispersion curve of semi-infinite metal and lies to 

the left of the exact solution without showing maximum 

allowed real wave vector k~*. As can be seen from the 

figure the approximate solution for k' fai~with x 
increasing frequency. 

For the same ,case fig (2.6 ) shows that the exact 

solution for the imaginary part of It x almost coincides 

with that of the approximate solution. The approximate 

solution for k~ is satisfactory and improving with 

increasing frequency. 

b) For case of big film thickness h and \~eak absorption 

(fig.( 2.7) displays the exact solution has got maximum 

allowed frequency w* and real. wave vector k~*. But in 

this case both w* and k~* are increased compared to the 

case of strong absorption. 

The difference between the exact and approximate 

solutions is (~onsiderable compared to previous case (a) 

For this same case fig. (2.8) shows that the exact 
• 

solution for the imaginary part of k is close to that 
x 

of semi-infinlte metal whereas the approximate solution 

for k~ is abO\lt 8 orders different in magnitude. 'rhe 
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approximate solution increases k~ by about 8 orders of 

magnitude beyond the exact value. Therefore the approxi­

mate solution failS for both k' and· k" • . x x 

c) For c~se of small film thickness h and strong absorp-

tion fig. (2.9) displays that the exact solution has got 

maximum (upper cutoff) allowed frequency w* and real 

wave vector k~*. In this case both w* and k~* are increa­

sed compared to the above two cases. The dispersion curve .. 
of the exact solution also shows back-bending which is 

due to absorption. As can be seen from the figure the 

approximate solution for k~ fai~. 

For this case fig. (2.10) shows that the exact 

solution for k~ lies to the right of the approximate 

solution which is almost similar to the case (a) discussed 

above. The approximate solution for k~ is satisfactory, 

. improving with increasing fequency. 

d) For ca&e of small film thickness h and weak absorpt-

ion fig (2.11) displays that the exact and approximate 

solutions are far removed from each other with the usual 

peculiarity of the exact solution i.e., it has got 

maximum (\ipper "cut off) allowed frequency w* C\nd k~ * but 

slightly lowered compared to that of case (c) • From 

Fig •. ( 2.12) one can see that the difference between exact 

and approximate solutions for k" is about 8 orders of x 
magnitude. 

The approximate solution increases k~ by about 8 

orders of magnitude beyond the exact valu·e. 'l'herefore the 

approximate solution failS for both It' and k" x x • 
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CHAPTER 3 

Analysis of obtained results 

3.1 Analysis of the SPLP dispersion at the roundaries of 

a thin metal film in symmetric environment (E: = € ). 
3 1 

1.1. 

The numerical solution of the exact classical thin 

film dispersion equation (2.1) for the case of symmetric 

environment yields, in addition to the two analytical 

branches given by eqns. (2.22) and 2.23, the mode which 

we call 'side' and. back-bending of the w+ lTb de at abo ut 

O.9wp ' The side mode (see Fig.(3.l)} lies to the left 

of the light line. For this mode no analytical 

solution is as yet kno'ffi. 

In analysis of the!;le dispersion curves, we take 

one branch at a time. 

Analysis oJ the IDwer mode w - (k < k' < k' ) ==::.<-:=::-.,;;;, ,-..:::.:=-=:::...::='-'==-.;::. 0 xo x 

For the thickness and relaxation time under consid-

eration the dispersion curve of w- mode shown iQ Fi~ 

(3.l,5,12,16)discloses that at very 10"1 k' values the 
x 

surface polaritions are primarily photon-l.ike and the 

surface polaritions of this mode Crol be approximated by 

surface polaritions of semi-infinite metal boundarying 

dielectric medium stnce a.ll the light line, semi-infinite. 

and w" mode dispersion curves over lapp in this limit. 

In finite k~ region i.e., near the cross-over of 

the dispersion curves of uncoupled photons and surface 
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plasmons, surface polaritions display mixed behavior of 

both virtual particles namely photons and surface 

plasmons. In this region (resonance region), as can be 

seen froin the figure, surface polaritions of semi-infinte 

metal are more closer to the cross-over than surface 

polaritions of w- mode. 

The w- mode is far removed from the cross-over which 

implies that the efficiency of coupling of photons to 

surface plasmons is very low, eventhough weak coupling 

exists which is responsible for the lower mode curve. 

Thus the w- mode remains non-radiative over the spectral 

range of interest. The SPLP technique developed in 

Chapter I is not applicable for this mode since the 

experimental kx width (bkx ) is comparable with the exten­

sion of the whole retarded region of the dispersion 

relation. 

In the non-retarded region i.e., k~ + 00 the 

dispersion curve of w- mode approaches the dispersion 

curve of semi-infinite metal. Both curves just mentioned 

approaches the surface plasmon dispersion curve and hence 

surface polaritions are primarily surface plasmons. In 

t:his region both phase and group xrelocities go to zero 

~thich implies localized surface plasma oscillations. 

From fig. (3.2t5tl2t~)the curve crresponding to the imag­

inary part of w- mode ~tave vector shows that k~ increases 

~ti th frequency. In the retarded region the increament 
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of k~ with w (upto 0.5 wp) is slow "'hich means that the 

dependence of damping on frequency is not a pronounced 

one. In the non-retared region the dependence of kif on x 

w (0.5 to .707 w ) becomes more pronounced. p . 

The attenuation and propagation properties of SP s 
corresponding to w- mode can physically be described by 

considering field distributions and power flows in the 

symmetric layer system. The magnetic field distribution 

for this mode is shown in Figs. (3.9,20). The field 

distribution is anti-symmetric with respect to ox-axis. 

for this reason this mode is termed as anti-symmetric 

rrode. 

The distribution shows that the field is exponent­

ially decaying in the bounding medimn and rrost of the 

field is ooncentrated in the film. For frequency range 

from 0 upto ~ this behavior of the fie1.d is main-
12 

tained which means that for a given thickness the SPs of 

this mode remains non-radiative. This confirms the 

conclusion drawn from the observation of w" mode cUsper­

sian curve. Comparing the field distrtbution of w- mode 

with that of w+mode (see Figs. (3.10,21.) ) one can see 

that the propagation length along tUe interfaces of SPs 
of this mode is shorter and hence it is termed as short-

range surface plasmon (SRSP). As the frequency increases 

the field is more concentrated in the film by decreasing 

the penetration (skin) depth into the bounding medium. 
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,The partial and net power transmission in ox-direction 

performed by the w':' mode is shown in Figs. (3.3,7,14,18). 

At low frequencies half of the total power flow is flow-, 

ing in the upper layer (1) and half in the lower layer 

(3) of the media bounding the metal film. In this case 

there is practically no power flow in the film. This can 

also be seen from tables. (3.4,9,14,19). As the frequency 

increases the flow in the film starts to increase. in 

opposite direction and the equally shared flow in the 

bounding media starts to decrease. The net flow also 
w 

starts to decrease. At w = -.!2. half of the total flow 
12 

is in the film in negative ox direction and half of the 

total flow is equally shared by the bounding media moving 

in positive oX-direction. N:n., the net flow is zero 

which means that surface plasmons are more localized. 

This describes the part of the dispersion curve Where 

V g is zero i.e., the non--retarded region. 

+ 3.1.2 Analysis of w, mode (ko".k~< k~o) 

For this condition Figs. 3.1,5,12,16) shows that this 

mode consist~of two distinct parts namely the physically 

unreal part, the physically real l?art with the back­

bend!ngpart. 
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The physically real part of the dispersion curve is 

slightly to the right of the light line and its real 

wave vector k' is not very much different"from the wave x ' 

vector of the incident light. Thus, this mode can easily 

be transformed into light by suitable experimental arrang­

ement with a buffer dielectric layer between the prism 

and the film, the refractive index of the buffer film 

should be less than that of the prism in order to provide 

the condition of total internal reflection. 

Back-bending of this mode occurs in the range 

< w < w 
p 

For smaller thickness of the film 
If; + 1 

1 

the bending point frequency shifts closer to w and for p w 
h + 00 it tends to _1'._ resulting in one degenerated 

If; + 1 
1 

dispersion curve kno~m for the semi-infinite case. 

The maximum allowed frequency w* of SPsis increased 

by this mode from O. 707(~p to about wp' At this 

critical frequency the SPs of this mode starts to 

radiate into the bounding media. For frequencies greater 

than the critical frequency the physically real part of 

the dispersion curve is bending back and here also this 

mode is radiating as can be seen from field distribution, 

see Figs (;3.11,22) 

From pO\'ler flow graphs Figs. (3.4,6,13 ,19),this case of 

radiation is shown by constant power flow as the 

frequency increases beyond the critical frequency * w • 
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Thus this mode is radiative £Or frequencies beyond the 

critical frequency. 

The imaginary part of the ox - wave vector k~ of 

w+ mode··increases slightly with the frequency (or wave-

length of the incident light Aor see l?igs. (3.2,6,13,17). 

k" of w rrode is about 3 orders of magnitude greater x 

than k" of III + rrode, this accounts for longer propagation x 

length Li = (2k~) -1 of the latter rrode. Thus the.nnde 

+ w is termed as long-range surface plasnnn (LRSP). From 

field distribution of this rrode one sees that the 

distribution is symmetrical with respect to OX-axis and 

rrostof the field is in the bounding media due to large 
A I 

penetration (skin) depths given by Yi = i.e., the 
IJ<Yi 1 

decrease of the amplitude of the field in y-direction is 

small due to small I KYi I. 

From. eqn. (1.6 ) it can be seen that, since k~ is 

close to ko and k~ is very small for this mode, l~yi 1 

is small. Thus large portion of the field is in the 

l:xJ unding media with longer propagation length along the 

interfaces fo.+ this SP s' This makes this mode very 

sensitive to surface properties (roughness, impurities, 

etc) and hence s~itable for the study of surfaces at 

relatively long distances compared to III mode. It 

is also more suitable for non linear interactions 

where a larger interaction range is desirable. 
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The strong field intensity (field enhancement) 

associated with thls mode ls due to resoriance ampU,ficat-

ion of the electromagnetic field'in the interfaces. 

As can be seen from Figs.(3. 2,6,13) the' damping 0 f the 

high-frequency mode (w+) decreases with decreasing thick-

ness h of the metal film which is the reverse of the 

w mode. This confirms the result obtained by Sarid 

[ 6 J. 
"rhe magnitude of k" growing with the decreasing thickness x 

of the film (compare fig. 3.2 and fig. 3.1~. HOwever, 

significant gIPwth of k~ is fbund when a non apsorbing 

film' (fig. 3.6) is substituted by a strongly absorbing' 

film 0 f the same thickness (fig. 3.17). 

The physically unreal part of w+ mode is the part of the 

dispersion curve with Vg<O and k~'<O, see figs (3.5,3.6). 

Negative' k" implies growing amplitude of the wave in ox .. ,x 

dlrection which is incompatlble with the principle of 

conservation of energy. Negative group velocity aloo 

implies that if the ~Iave is a fonlard wave then the 

energy of the wave is transferred in a backward direction 

',Which is incompatable with the definition 0 f the gIP up 

velocity as the velocity of ampl.ttude (and with that 

energy) displacement in the medium. It is one of the 

newly obtained results since in the literature [ 6 J 
+ the physical validity of this part of w mode hasn't 

been checked. 
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The second new result is the back-bending of the 

upper part of the physically real branch of the w+ 

mode, see Figs. (3.5, 3.16). This part of the curve 

correspond" to the phenomena of artificial anomaleous dis-

persion. It is artificially created by Plm structure 

under consideration since neither of the materials used 

exhibit property of anomaleous dispersion in the speci­

fied frequency range when illuminated separately. This 

segment of the dispersion curve for k~ correspond to an 

abrupt growth of damping (k" gl:O\'/' by 10 orders in the x 

case of non-absorbi~g film, see Fig. 3.6). The analysis 

of the power flow i~ ox-direction indicates that it drops 

to zero, see table 3.10, Fig 3.8, It means that at the 

wand k' values corresponding to the back-bending of the x 

w+ mode curve all the light energy incident on the PMA 

structure is either absorbed in it or is totally reflec-

ted back in the reverse direction. 

Final decision about this point needs additional 

study of the reflectivity of the PMA structure for the 

corresponding values of w.., k~ 

3.13 Analysis of the side mode 

The side mode arises from the numer.ical solution of 

the thin film dispersion equation. The side mode lies 

to the left of the light line in Figs,(3.1,3,5,3,12~3,16) 

with Vg < O. HO~lever, the imaginary part of the ox-wave 

vector corresponding to this mode, k~, is positive. The 

side mode curve looks like an extension of the back-bending 
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·~·1ble 3.1 . (L40\. Deoendance of the PEAL and the IMAG. parts of the 
SPIP OX-~avevector in PMA configuration: 13· 1.0000001 , 121- E21(w), 
E22 • 122(.,), &1 u 1 Plasma rrequenc\1 hlp" 1.1+15 Hz, Relaxt10n time Tau' 

.001 "ee, Thickness of the fl.lm H= 5000 'P,.' 
---------------------------.-----------------~-------- .. ---------------------- .. - .. 

LOI~ER BRA N C H 
---------------------------------------_._----------------------_ .. _--------------

Kec Kn K>:OI KXl No 

--------------------------------------------------------------------------------
.03513 
.06026 
.0853B 
11051 

.13564 

.16077 

.18'390 

.21103 

.23615 

.26128 

.28641 

.31154 

.33667 

.36179 

.38692 
41205 

.43718 

.46231 

.48744 

.51256 

.53769 

.56282 

.58795 

.61308 

.63821 

.66333 

.6B946 

+1.1717211+05 
+2.0098871+05 
+2.B480531+05 
+3.6862181+05 
+4.5243841+05 
+5.3625491+05 
+6.2007151+05 
+7.038881E+05 
+7.877046E+05 
+8.715212E+05 
+9.5533771+05 
+ 1. 039154E+06 
+1.122971E+06 
+1.206787E+06 
+1.290604E+06 
+1.3744211+06 
+1.459237E+06 
+1.5420541+06 
+1,625870E+06 
+ 1. 709687E+06 
+1.793503E+OG 
+ 1. 877320E+ 06 
·1.961136E+06 
+2.044953E+06 
+2.128770E+06 
+2.212586E·06 
·2.296403E+06 

'1. 1732759E+05 
'2.01776071+05 
+2.8705772E+05 
+3.7354144E+05 
+4.6161940E+05 
+5.51715'30E+05 
.6.44295181+05 
+7.3987733E+05 
.8.390486?E-05 
+9.42482001+05 
+.1.0509593E+06 
.1.1654020E+06 
-1.2869111E+06 
+1.4168216E+06 
+ 1. 5567777E+ 06 
+1. 7088405E+OS 
+1.8756444E+06 
+2.0606334E+06 
+2.2684313E+06 
'2.5054482E+06 
+2.7B09299E+06 
+3.1089036E+06 
+3.5121238E+06 
+4. 0'311115E- 06 
+4.7488852E+06 
+5.8814389E+06 
+8.3931778E+OS 

+1.17244SE+05 
+2.013559E+05 
+2.858569E+05 
.3:7092201+05 
+4.5673901+05 
+5.435138E+05 
+6.3147631+05 
+7.2088781+05 
+B.120504E+05 
+9.053186E+05 
+1.001115E+06 
+1.099951E+06 
+1.202455E+06 
+1.309414E+06 
+ 1. 421829E+06 
+1.540998E+06 
+1.668641E+06 
+1.a07098E+06 
+1. 959643E+ OS 
+2.131024E+06 
+2.328427E+06 
+2.563338E+OS 
+2.855491E+06 
+'3.242337E+06 
+3.B06297E+06 
+4.790120E+06 
+7.30087SE+06 

.7.3192E-09 

.2.16471-08 
+4. 381'lE- 08 
+7.4183E-08 
+1.1329E-07 
+1.6182E-07 
+2.2068E-07 
+2.9103E-07 
+3.7431E-07 
+4. 7237E- 07 
+5. 8757E- 07 
+7.22891- 07 
+8. 8224E- 07 
+1.0707E-06 
+ 1. 2951E- 06 
+ 1 . 5646E- 06 
+1.a921E-OS 
+2.2961E-06 
+2.8039E-06 
+3.45771-06 
.+4. 3265E- 06 

. +5.5311E-06 
+7.3005E-06 
+1.01331-05 
+ l. 5334E- 05 
+2.7684E-05 
+8.S123E-05 

1 
2 
3 
'5 
6 
7 
9 

10 
11 
15 
17 
19 
20 
23 
25 
28 
29 
32 
35 
36 
39 
41 
43 
45 
'I? 
50 
52 

---------------------~r------------------------------- --------------------------
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r"ble 3.2 . (L40). Dependance of the PEAL and II-1AG. ~arts of the SPIP 
OX"",avevecior in PHA configuration: £3 ~ 1.0000001 E21- E21(·,) 
E22 - £22(",). E1 • 1 Plasma frequency Wp' 1.E+15 Hz, Relaxtion time Tau' 

.001 sec Thicknes. of the film H= 5000 'A.' 

u P P £ P. B R R N C H (physically real part) 
------------------------------_ .. _-------------------- ------------------~--------

Ko Kxr Kxor No 

.23615 +7.677046E+05 +7.9913019E+05 +8. 120504E+05 +2.2575£-08 12 

.33667 + 1. 122971E+06 +1.1605385E+06 +1.202455£+06 +6.8685£-08 21 

.36179 +1.2067B7E+06 +1.2553918E+06 +1.309414£+06 +8.9712E-OB 24 

.38692 +1.290604E+06 +1.3528819£+06 + 1. 421829£+06 .1.1721E-07 26 

.46231 +1.542054E+06 +1.6686066E+06 +1.807098E+06 +2.6790£-07 33 .. 

.5'3769 • 1.::'93503£+06 +2 0499134E+06 +2.328427E+06 +6.7820E-07 38 

.63821 +2. 128770E+06 -2.9253185£+06 +3.806297£+06 +4.1082&-06 46 

.66333 +2.212586E+06 -3.4272986E·06 '4.78012BE+06 +9.3983E-06 49 

.68846 +2 296403£ + 06 '4.8637864£'06 +7300875E.06 'S . 9295E- 05 51 

.71359 +2.380219E+06 +3.4654824E·06 +O.OOOOOOE+OO '2.8809E+06 53 

Table 3.3 .(L40). Dependance of the REAL and INAG. parts of the SPIP 
OX:",avevedor in the PHA configuration: E3· 1.0000001 E21= E21(.,) .. 
E22 • E22(.,). El A 1 Plasma frequenc\, Wp = l.E+15 Hz, Relaxtion t.ime Tau • 

. 001 ~ec, Thickness of the film H- 5000 'A.' 
----_ .. -------------------------------------------------------------------------

u p P & R BRA N C H (physically unreal part) 
-- ________ •• ___________________________ . ___ •• ____________________________________ w_ 

KQ Kxr . Kxor Kxi No 

.73872 +2.464036E+06 +2.66135507E+06 +O.OOOOOOE+OO -2.6900&+06 54 . --------------------------------------_ .. _-------_ .. _-----------------------------
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~.3.l:·1e ::.4 lL41)1 1~·~1_.!--,1,~+.;'~'n5 !~~,r t.ho:' :,r~\hH?!.· ;~·~,.:.;r~1 :.. •. , Lre~_schnian" PH~l 

t~r:fi?uratl0~ 111~~ dlel~c~ric pe!"!~~~lvl~le~' E~ ~ ! OO~OOOl E21a E21~w~ 
E'X2 :: E'2:'2ff.)' Fl ,: 1, ~l.a'3m'l fr~qfl(:'n(\: !})p::> 1 r-> t~ Hz. R€ldY.+.iQn + .. une 1au 

001. ,:.e:: Tbi,-k,)€,!-~ ,='f to"''=' filrr H= r::(ll)O If.:. /-c'(Jonhna~e = 0 'i:~1 
. - _.. . - - -- - - . - - - - - - - .. - _ .. ~ - - - ... - ",' - - - - - - -. - .. -

S R '" I; (. B 
.. _------------_ .... _._._----------------._ .... _---------------------------

p< p .. - net he 
- ". ~. _.- - - ,-.~ -- ~ - - ... - .. --' ~ - - - _.- ~ - '" - - _. - ... --- -- - -- -_ .. - --- -- - -- - -. - .. - -'. - - -.-

,u?513 
Ot. 026 
(!BS 38 
i 10151 

. ; 35134 
1~0'77 

18590 
21103 
236!5 

.26128 
2J?t341 
?~15.:~ 

::61:'9 
~;8E· '3:: 
41205 
4'3'":'18 
46211 
48':'44 
51256 
53?Gr~ 

56282 
.58795 
S130t! 

.63821 
66333 

. E;884E 

. 4?'3~?7 
+ 49'398:; 
.. 4'???-/6 
t 499941 
+.4?'?868 
, 499''« 

499522 
• 49'~190 

+ .498'7D~ 

•. 49:300'1 
+ 4~-}O·~'.:· 

.{- 495~18 

4,!'£:9~·(, 

+ 4~1,,45 

t. QS4"S4 
+.47'3800 
+ 473'.:·20 
+ 46 f :!E 1(1 
+ 4fj r.: '):2""3 
+ 443,12: 
+ 428213 
t 4C'3S~8 

t .386710 
.... 358993' 
+ 325383 
t . ~841E.7 

.0000011 
000(109 Q 

O('I)O'l')~: 

0001140 
- 0(' 02620 

(I (I (~':, 248 
- . 0009~·49 
-.Q016182 

OC2S'%'7 
003«921 

- .00592% 
0085625 
(112/)789 

.. ~16~'Q8'7 

0::2:-'312 
1)31)4910 
040399:­
'J52,,58" 

- 0687711) 
(1885S~7 

11 !l58--
1435741 

- 1809441 
226~j796 

2820138 
-.3492'3213 
- 4316655 

5C;f)022 
+ 5[")01)3 
+ 4'°998'; 
-I- 49~S4c) 

t 4~?8?1 

, 499739 
.f 499523 
+ 499192 
~ 498 70~ 
+ 4980('4 
+ 4970,·6 
+ . 49r:,~' 19 
+ 4-3 ~'36 '. 
, 4'31 E· .jE­
• .·18%c4 
+.484755 
.. 4?'~'300 

+ 4'""'521 
4E5&1S 

• +13421 
I 428213 
... 40:t~2B 
+ . 3BB:'l 0 
f 358993 
• 325384 
+ 284168 

+1 oobo -2 01[-21 -201E-21 '2.01£-21 
.! 0000 ·2 O~E·~! -2 00£-21 +2.00£-21 

• 9999 -. 38E-21 -198£·21 +1 98£-21 
9998 ,95E-21 -1.~5E·-21 +1.95£-21 

+.9995 -1 92E-21 -1.92£-21 '1 92E-21 
.99~O -, .88E-21 -1.88E-21 +1.88£-21 
9981 -1.93£-21 -1.93E-21 +1.83£-21 

• 9968 -1.78E-21 -1.7'3£-21 d.'78E-21 
• 9948 -1.72E-21 -1.72E-21 '1 72£-21 
, ·~~::O -1 %E-21 ··1.66E-21 '1 &E-E-~: 

+ 9881 -1.S9E-2l -1.59£-21 +1 59£-:1 
• ?~29 -\ 51[·21 -\ SlE-21 , .. 51~-21 
• 9~58 -1 43F-21 -1 43E-21 ~l 43£-21 
• Q666 34E-21 -l 14£-21 +1.34E-21 
+ 9545 -1.25£-21 -1.25£-21 ·1.25E-21 
+ 9390 -.!..16E-21··t 16E--21"1 .i. tr F.> 71 
+.9l92 -1 06E-21 -1.06E-2l +1 06E-:1 
+.8341 -9 54£-22 -954£-22 .9 54£-2: 
'8625 -8 48E-2~ -9.4BE-22 .8.48E-22 
+.8229 -7 391-22 ~ 39£-22 .739E-22 
+.7737 -6 29E-22 -6 29£-22 ·6.29E-22 
• 7129 ,·5.17E··22 -5 17E-22 .5.17£-22 
+.6381 -4.061-22 -4.06£-22 +4 06E-22 
+.5468 -2.97£-22 -2.971-22 +2.971-22 
".4360 -1.93£-22 -1.93£-22 +1 931-22 

.3015 -9.68E-23 -9.69£··23 +9.68E-23 
+.1367 -2.03£-23 -2.03£-23 -2 031-23 

E 

25 
23 
29 
32 
35 
36 
39 
41 
43 
45 
4'7 
50 
<; -, 
.~ 

~ab:e ?~ 'l~0! ~al~ul~~11)rf5 fer ~be pO~Jer flow lYt Kretsctlma~n p~p 

~onf19ura~10!~ ~\lt~ dielectrIc p~rml~tl)i~le~· E3 ~ 1 0000001 E21= E21!wl. 
E22"" E2'2!('J:; El >:; Pl.:\sma ;:reqllerK:l) klp~' 1 E+l'.:· Hz Reld:~tl/)n tlrne T:1u 

001 ':,ec', T}·ri:·k(Jes't of "'.he- flirt· H~ 5000 It>., Y-coordlna-te::: I} (p.' 

':PPEP 

Pxl 

.23615 + 498660 

.33667 +.493'764 

386'3:: '. 48E':":62 
46231 
<; 3"6'" 
t 38:'.: 
66 :-'3'3 
;:'8846 
~'1359 

+ 14'. '"144 
2~;2'?'?(; 

-!-.31.t880 
?- . :i\706 r) 1 
+ 250000 

P;lL Px3 p" net 

0026808 + 498659 • 9946 -2 48[-22 ~ 48E-22 '2 4eE-22 1 ,., 
"-

0124:}16 4':<3'1$01 97S~ ,,3 1)2£··r_ .' r;:2E-2~' 1-3 1j'2E->2: 
.(ll'''253t~ 49:'~-::'·: i '3E~15 -~ 18£-2: -3,lBE-22 ~;:.18E-:':·~ 24 
(t2'3il~'Gl ... 488262 9530 l" 3>'£-·22 -3 37£-2:: -3 .~</E·22 2~; 
O:.t}~1E -: 
ll"'112'7 

. :!'?4020'" 

.3662406 
- 4587985 
- 5000000 

4~2637 • 8905 -4 01E-22 -4 01E-22 ·4 01E-2~ 3~ 

i 441444 t ,~E5S -~ ~1E-22 -4 9lE-22 ·4 B3E-~2 ~B 

• 3~2990 • 4120 -6.31E-22 -6.31E-22 +6.31E-22 46 
+ 316880 +.2675 -~ 77£-22 -6.77E-22 .6 77E-22 49 
• 2'70601 +.0824 -6 71£-22 -6 71E-22 +6.71E-22 51 
+.250000 +0.0000 -1 15E-10 -115E-10 +1.15E-I0 53 

-----------------~---------~-,~------------------------------~-------------------
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T·!!.ble 3.6 . (L25) . Dependance 0 f the 
SPlP OX-wavevector in PHA configuration: 
K22 • K22(,.), K1 • 1 Plasma frequenC\l 

.001 sec, Thickness of the film H- 800 

PKAL and the IHRG. parts of the 
E3 = 1.000000001 .. K21- £21(,,), 

hlp • 1.Eo15 H~, Relaxlion time Tau· 
IA. I 

----------------------------------------------------_ .. _----------------------_ .. 
LOhlER BRA N C H 

----------- .. ---------.-----------------------~------- ----------------------------
H/hlp Ko f:xr Kxor Kxi NCI 

----------------------------------_._---_.----------------------------_ .. _---------
01000 

.02661 

.04322 

.05983 

.07644 

.09305 

.10966 

.12627 

.14289 

.15949 

.17610 
19271 

.22593 

.25915 

.29237 

.30898 

.32559 

.34220 

.35881 

.37542 

.39203 

.40B64 

.42525 

.44196 

.45847 

.47508 
.49169 
.50831 
.52492 
.54153 
.5S(114 
.57475 
.59136 
.60797 
.62458 
.64119 
.65780 
.67441 
.69102 

+3.335557E+04 
+8.875974E o04 
+1.441639E+05 
+1.995681E+05 
+2.549722E+05 
+3.103764E+05 
+3.657806E+05 
+4.211847E+05 
+4.765889E+05 
+5.319931E+05 
+5.873972E+05 
+6.428014E+05 
+7.536098E+05 
+8.644181E-05 
+9.752264E+05 
+1.030631E+06 
+1.086035E+06 
+1.J.41439E+06 
+ 1.19684311+06 
+1.252247E+06 
+1?Q7651E+06 
+1.363056E+06 
+1.418460E+06 
+1.473S64E<06 
+1.529268E+013 
+1.584672E+06 
+1.640076Eo06 
+1.695481£+06 
+1.750885E+06 
+1.806289E+06 
+1.861693E+06 
+1.917097E+1)6 
+1.972501E+06 
+2.027906E+06 
.+2.083310E+06 
+2. 138714E+06 
+2.194118E+06 
+2.249522E+06 
+2.304926E+06 

+3.3450256E+04 
+9.0530912E+04 
+1.5165196Et05 
+2.1906596Eo05 
+2.9471820E+05 
+3 . 8023735~:+05 
+4.7697247E+05 
+5.8605229E+05 
+7.0844848E+05 
+8.450330011+05 
+9.9662600£+05 
+1.1640347E+06 
+1. 5496476E+06 
+2.0091586E+06 
+2.5513030E+06 
+2.8566709E+06 
+3.1870175E+06 
+3.S442061E+06 
+3.9303735E+06 
+4.3479B35E+06 
+4.7998949E+06 
+5.2894469E+06 
+5.8205691£+06 
+6.3979253[+06 
+7.0271 028E+06 
+7.7148684E·06 
+8.4695188E·06 
+9.3013727E+06 
+1.0223478E+07 
+1.1252660E'07 
+1.2411123E'07 
.1.3729009E·07 
+1.S24BG83E+07 
'1.703236511'07 
·1.9176848E+07 

- +2 .1845017K+07 
+2.5344189E+07 
+3.0371633E+07 
.3.9204138E+07 

+3.335724E+04 
+9.879128E+04 
+1. 44299 E+OS 
.1.999275Eo05 
+2.557249E+05 
+ 3 . 117408E' 0';) 
+3.680272E+05 
+4.246390E+05 
+4.B16341E+05 
+5.390749E'05 
+5.970287E+05 
+6.555685E+05 
'7.747347E+05 
'9.973229E+05 
'1.024271E+06 
+1.089744E+06 
+1.156785£+06 
+1.225609E+06 
+1.296461E+06 
.1.369634E·06 
'1.445471E+06 
+1.524386E+06 
+1.606877E+06 
+1.693552E+06 
'1.785161E+06 
+1.882647E·06 
+1.987206E·06 
+2.100383E+06 
+2.224219E+06 
+2 . 361469E + 06 
+2.515951E+06 
+2.693144E+06 
+2.90122?E·06 
'3.153059E+06 
.3'. 470260E'06 
'3.892684E+06 
+4.504365E+06 
+5.52576011+06 
+7.854794E+06 

.1.8801E-08 
+1.3114E~87 
+3.3660£- 7 
+6.2135E-07 
+9 . 6981E- 07 
+1.3676E-06 
+1.80\1'9E-06 
·2.2679E-06 
+2.7561E-06 
+3.2638E-06 
+3.7926E-06 
+4.341 OE- 06 
.5. 4985E- 06 
+6.7580E-06 
+8.1514E-06 
+8.9100E-OS 
.9.7200£-06 
+1.0583E-05 
+1.1519E-05 
+1.2528E-05 
'1.3630E-05 
·1.4837E-05 
'l.SInE-OS 
+1.7663E-05 
+1.9334E-05 
'2. 1223E- 05 
+2. 3400E- 05 
·2.5913E-05 
+2. 8869E- 05 
+3.2406E-05 
+3.6711E-05 
+4.2076E-05 
+4.8969E-05 
+S.8138E-05 
.7. 0998E- 05 
+9.0312E-05 
+ 1 . 2267E- 04 
'1.8806E-O<l 
+3.8988E-04 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
61 
64 
67 
70 
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','able 3.7 . ([,25). Dependance of tho PEAL and HIAG. part,,· of the SPIP 
OX-wa0euector in PHA configuration 13· 1.000000001", E21- E21(wl. 
122 ~ 122(,,), El • 1 Plaero" frequency rJp' 1 ,E'15 Hz, Relaxtion Ume Tafl " 

.001 sec .. Thic),nes5 of the hlllt Hn 800 'A.! 
------------------------------------------------_ .. _-----------------------.-._--

u P PER B R R N C H (phy.,eally real part' 
_______________ u_ •. ____ . ___ •... _______________________ - ____________________________ •• 

~.,/wp Ko Kxr Kxor Kn .- No 

-------------------~.-----,--- .. -- ... ------------.-~-- ---------------------------------
.657130 +2,194118E'06 ·2.2Z045001+06 .'I.504365E·06 '6,3280E-08 
.67441 +2.249522£'06 '2.2803513£.06 +5.525760£·01& '7.937'1E-08 
.70763 '2.360331E+06 +2 A03184'1E'OE +O.OOOOOOE'OO • 1 ,2784E- 07 
.72'124 +2.415735£' 06 '2 4667129E+ 06 .O.OOOOOOE.OO + 1 .6474£- 07 
74085 +2 471139£.06 +2.5322452E+06 .O.OOOOOOE+OO '2,1502E-07 

.75746 +2,526543£'06 '2.6004710E·06 .O.OOOOOOE·OO '2.85~~E-07 
,77407 ,2.581947£'06 '2.6724121E-06 .O.OOOOOOE.OO +3.8567£-07 
.79068 '2.6373511':,06 '2. ?496455E+06 +O.OOOOOOE+OO '5,3495E-07 
.B0719 -2 . 692756E - 06 -2.8347324E-06 .O.OOOOOOE-OO '7,6673E-07 
.840'51 -2,B03564E-06 +3.0504113E+% +O.OOOOOOE-OO -1.846'1E-06 
,85712 ·2.858968E'06 ·3.208800'lE+06 ·O.OOOOOOE.OO +3. 3232E- 06 
.87373 '2.91'1372E'06 '3.465'1978E+06 '0.000000£+00 '7.7043E-06 
.89034 +2.969776E'06 ·4.4644774E+06 .O.OOOOOOE.OO .3.2982E'05 
.90695 '3.0251811'06 '3,8450879E'06 .O.OOOOOOE.OO '1.38S7E'06 
.92356 +3 . 080585 E+ 06 +3.2594951E'06 +O.OOOOOOE+OO +1.7025E+06 

Table 3.8 . ([,25). Dependance of the REAL and HIAG. pads of the SPIP 
OX"~avevect.or n, the PHA configuration' 13· 1.000000001 , E21~ E21(1<1) , 

63 
66 
72 
74 
77 
80 
83 
86 
89 
95 
98 

101 
104 
106 
107 

E22 ~ E22(w), 11 • 1 Plasma frequency Wp· 1.1+15 Hz, Relaxtion time Tau' 
.001 .ec Thickne51 of the film H· 800 'A.' _________________ ~--_~-----------. _____ -------~-----M-_________________________ _ 

u P PER w(· ) BRA N C H (phY5icelly unreel part) 
-------~-----.----------------------------------------------~----.----------------

Ko Kxr Kxor KXl NQ 

.72424 +2 4157351+06 .j.3.?114724E+07 +O.OOOOOOE+OO -3.6406E-04 75 

.74085 +2 471139£+06 +2.8559213E·07 'O.OOOOOOE+OO -1 ,8836E- 04 78 

.75746 .r, , .526543£+06 ·2.3410168E+07 .O,OOOOOOE+OO -1.2819£-0'1 81 

.77407 +2.581947E+09. +1.9679804E'07 'O.OOOOOOE+OO -9.7851E-05 84 

.79068 '2.637351E+06 +1 . 672949?E. 07 .O.OOOOOOE·OO -7.9640E-05 B7 
80729 '2.692-)56£+ 06 • 1 .'I269587E +07 .O.OOOOOOE.OO -6.7603E-05 90 

.B2390 +2.748160E+06 '1.2141074E+07 +O,OOOOOOE'OO -5. 9234E- 05 93 

.84051 '2.a03564E+06 '1.0242223E·07 'Q.OOOOQOE+OO -5.3'107E-05 % 

.85712 '2.858968E.06 '8.4928570E'06 .O,OOOOOOE+OO -4.9849E-05 9~ 

.8/373 '2.9143721;:'06 +6.7921695£.06 -O.OOOOOOE+OO -5.0296E-05 102 
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El ~ I 
ES= I. neeaaoesl 

li!p~ 1. ,;:~} 15 Hz 
TM~::l: . Bel G 

H "' Bee A 

I3.B -+-+-+--1--1--+--1--1--+--+--+-+-'+1 -<--+--+~;-+""'-I---+-
+3.13E1-00 +6.0EtOS +1.2Et07 ~1. 6E-t!F t;:.1E+1l7 ·'3.01:+1l7 

RERL parol I)-t t.ho OX-_' IJ.lKIJ0VoctOt 

Fig. 3.5 • (L25) R£AL par·t of the OX~-"'J1i.vaV$cto,.. a~ a funution of tho 
norMoiiz~d frequenoy: wC-) Mode'- Durve ( .• + ~)t w(4) mode 

(physlGnlly ret... 1 po.ri-)- ourvo fUtth squ . .ores. I!J('~) mode (phy'3ic;:)lly 
unr-oi:ll p~ri:.) - cur've IIJfth tri.:1ngles. semi-infinite ,~~se - SOl1d cur-'·'·c, 

side brarlch - ( * :\ '* curve), ~: 

. . 
:};: 

'.Ie tMAG. p'IJ./~t. of Kx' .+ va nmG. part· of Kx' 
Fig. 3.t: • (L25). IHAG. p.lJrt of th~ QX-I,1JliV~v~c'tor a=3 11 fl.mat.ion of th-a 
normalized froq.: IA.I(··) modo - ourve ( ~- 4- +), III(+-) ModO) (physiOi'Jlly 
r01J.J po.r(.) .~ Oljrve wit,h 3qllDre~1 IlIH .. > IflOrJ\1 ( phYl!j:ica..lly IJnrelll pori) -
·:lurvc JJ)j'~h tr-iQ.ng'e~f ,3:ide br-a.noh - (~;;. x ) our·ve. 
[l - 1 , 1:3 - 1. 000000001 • H -. 880 A. Hfl·' L UI5 liz, Ta' .• - .00' U' 
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Table 3,9 . (L2S). Calculations for the Do(o)er flow in Krehchmann PI'IA 
configuration (o)ith dielectric permi\ti~itie;: E3 = 1.000000001 E21- 121«(0). 
E22 '-E22«(o)), El • 1 Plasma frequency Wp· I.E-15 Hi, Rela.tion time Tau· 

.001 aec, Thlcknels of the Film H· 800 'A.' Y-coDrdinate· 0 'A' 
--------------------------_.----------------------------------------------------

L 0 J,J E R BRA N C H 
------------------------------------------------------.--------_.---------------

Pxl P.2 Pd py net Syl 5y2 5y3 No 
" 

---------------_._------------------------------------ --~--------------- .. --------
.01000 
,02661 
.04322 
,05983 
.07644 
.09305 
.10966 
12627 

.142813 

.15949 

.17610 
,19271 
.22593 
.25915 
,29237 
.30698 
,32559 
.34220 
.35881 
.37'542 
.39203 
.40864 
.42525 
441136 

,45847 
,47508 
,49169 
.50831 
.52492 
.54153 
,55814 
.57475 
,59136 
.60797 
.62458 
.64119 
,65780 
,67441 
,69102 

+.500000 -0,0000000 
+,500000 -.0000003 
+.499999 -,0000023 
+.499996 -,0000086 
+.499988 -.0000231 
+.499974 -,0000510 
+,499950 - 0000991 
+.499912 -.0001756 
+.499855 -.0002905 
+.499772 .. ,0004557 
+.499658 - .0006849 
• 499503 -.0009946 
',499033 -, 00193~.2 
+,498270 -.0034594 
+.497089 - 005B215 
+ 496293 -.0074144 
+.495327 ... 0093461 
+,494163 - 0116735 
• 4927E~ -.0144616 
+.491108 -.0177850 
+,489136 -.0217288 
• .486805 --.0263905 
+,484059 -.0318812 
+.490836. -,0383278 
+,477062 -,0458750 
+,472656 -.0546874 
+,467524 -,0649521 
+.461559 -,0768811 
+,454643 -,0907143 
+,446639 -,1067221 
+.437395 ... 1252091 
+,426741 ~,\~65173 
+.414484 -.1710319 
+,400405 -.1991891 
+,384253 -,2314930 
';365724 -.2685519 
+,344416 -,3111680 
+,319701 -,3605989 
+,29021B -,4195644 

+.500000 
+.500000 
+,499999 
+ .4999% 
+.499988 
+ ,499':174 
+.499950 
+.499912 
+,499855 
+ .499772 
+ ,<199658 
+ 493503 
+.499033 
'.498270 
+ .497089 
•. 496293 
+.495327 
+.494163 
'.4927 69 
+,491108 
+.489136 
+.486805 
+.4B40'59 
+.4B0836 
, ,477062 
+,472656 
+.467524 
+ .461559 
+ .454643 

.+,446639 
+ ,437395 
+.426741 
+ .414484 
+,400405 
, ,384253 
+ ,365724 
+,344416 
+,319701 
+,290219 

'1.0000 -1,251-20 -1,25E-20 
+1,0000 -1.251-20 -1,251-20 
+1,0000 -1.251-20 -1,25£-20 
+1.0000 -1.24E-20 -1.24E-20 
+1.0000 -1,24E-20 -1,241-20 

+.9999 -1.231-20 -1,231-20 
+,9998 -1.22E-20 -1.22£-20 
• 9996' -1.211-20 -1,211-20 
+,9994 -1,201-20 -1,20E-20 
+.9991 -1,19E-20 -1,19E-20 
+ 9986 -1.171-20 -1.171-20 
+.9980 -1.16E-20 -1,16£-20 
+,9961 -1.121-20 -1,12E-20 
+.9931 -1.0BI-20 -1,081-20 
+.9884 -1.03£-20 -1,031-20 
+.9852 -1,011-20 -1,01E-2~ 
+,9813 -9,831-21 -9.83£-21 
+.9767 -9.551-21 -9.551-21 
+,9711 -9,261 .. 21 -9.26£-21 
'.9644 -8.95E-21 -8,95£-21 
+.9565 -8.631-21 -8.631-21 
•. 9472 -8.291-21 -8,301-21 
+,9362 -7.951-21 -7.95£-21 
+,9233 -7.59£-21 -7,59E-21 
',9082 -7,21E-21 -7.211-21 
+,8906 -6,821-21 -6:82E-21 
+.8701 -6.421-21 -6.421-21 
+.8462 -6,00E-21 -6,00E-21 
+,BIB6 -5,57E-21 -5.57E-21 
+.7866 -5,131-21 -5,13E-21 
+,7496 -4.671-21 -4,671-21 
+,7070 -4.201-21 -4,20E-21 
+,6579 -3,721-21 -3,71E-21 
+,6016 -3.221-21 -3,221-21 
',537Q' -2, 71E--21 -2, 71E-21 
+.4629 -2.181-21 -2,18E-21 
+,3777 -1,65E-21 -1.65£-21 
+.278e -1,10E-21 -1,101-21 
+,1609 -5,39E-22 -5,39E-22 

'1,25E-20 
+1,251-20 
+1.251-20 

2 ., -'1. 241 .. 20 
+1.241-20 
+1,2'3E-20 
+1.22E-20 
+1.21E-20 1$ 
'1,20E-20 8 
+1,J.9E-20 10 
+1.171-20 11 
+ 1.161-20 12 
+1.121-20 14 
+1.08E-20 16 
'1. 03E-20 18 
+1 01E-20 20 
+9. B3E-21 22 
'9.55E-'21 24 
+9.26E-21 26 
+8.95E-21 213 
+8,631-21 30 
+8.29£-21 32 
+7,95E-21 34 
+7,59E-21 36 
·7,21E-21 38 
+6,82£-21 40 
+6,421-21 42 
+6,00E-21 44 
'5.57E-21 46 
+'3,13E-21 48 
+4,67E-21 '50 
+4,20E-21 52 
+3,72E-21 54 
+3.22E-21 56 
+2,711-21 53 
+2,18E-21 61 
+1. 65E-21 64 
+1,101-21 67 
+5,39E-22 70 

4 
51 
6, ., 
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.. 
Table 3.10 . (L25). GaloullltiOrl5 for the. power flo.) in Kretschmantl PHA 
col1figuration .)ith dielectric permiHivihe,,: £3 ~ 1.000000001, £21: E21(w) , 
£22 • E22(w) .. El • 1 Plasma frequency (,Jp' l.E<15 Hz, Relaxtion time Tau· 

.0015ec, Thickness of the film Hm 800 'A.' Y-coordinate * 0 'A' 

u p P £ R BRA N C H (physically real part) 

,,/(,Jp ?xl Px2 Px3 Px net Syl Sy2 5y3 No 
--------------------------------------------------------------------------------

.65780 +.489929 - .0201429 +.489929 +,9597 -2,97£-22 -2.97E-22 +2.9/£-22 63 

.67441 +,4879:'4 ··.0240521 +.487974 +.9519 -3,381-22 -3,38E-22 +3.38£-22 66 
,70763 +.482:'10 -.03457% +,482710 +,9308 -4,47£-22 -4.47£-22 +4.4/£-22 72 
.72424 +,479157 -.0416863 +.479157 +.9166 -5.19£-22 -5.19£-22 +5,19F.-22 74 
.74085 +.474759 -,0504923 + .474759 +.8990 -6,09£-22 -6 , 09E-22 +6,09E-22 77 
.75746 +.469268 -.0614636 ,,469268 +,8771 -7,201-22 -7,20£-22 +7,20£-22 eo 
,77407 +,462345 -.0753092 + 462345 +,8494 -8,65E-22 -8.65£-22 +8,65£-22 83 
.7906B + .453'517 -.0929661 + .453517 +.8141 -1.06E-21 -1.06£-21 +1.06£-21 86 
.80729 +,442108 - . 1157B49 + ,442108 +.7684 -1,32E-21 -1.32£-21 +1.32E-21 89 
.84051 +.407042 -.1859155 +.407042 +.6282 -2.30£-21 -2,30£-21 +2,30E-21 95 
.85712 +.379306 -.2413899 +,379306 +,5172 -3.38£-21 -3.38£-21 +3.38£-21 98 
.97373 + .338624 -.3227527 +.339624 +.3545 -6,04E-21 -6,04£-21 +6,04£-21 101 
,89034 +,250000 -,5000000 +,250000 +0.0000 -1.45£-10 -1.45£-10 +1,45£-10 104 
.90695 +,250000 -,5000000 +.250000 +0.0000 -6.93£-10 -6.93£-10 +6,93E-10 106 
,92356 +.250000 -.5000000 ,,250000 +0,0000 -9,74£-10 -9,74£-10 +9,74£-10 107 
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~·-,b!e '3.11 . (LIB) Det'o',dance of ~he PEAl, and the HIAG. parts of the 
srlP OX-wnvevector in PHA configuration' E3· 1,000000001 , 121- E21(w), 
122 • E22(w), 11 • 1 Plasma frequency hlp' 1.£+15 Hz, Relaxtion time Tau' 

.001 sec. Thickness of the fllm H' 100 'A.' 
________________________________ ~--------------------- ________________ u _______ _ 

.01000 

.02241 
,01'203 
.15B86 
.11'121' 
.2451'0 
.25BI0 
.29532 
.32013 
.33253 
.3691'5 
.39456 
.40696 
.41931' 
.4311'7 
.4441B 
.45658 
.46899 
.48139 
.49380 
.50620 
.51861 
.53101 
.54342 
.55582 
.56823 
.58063 
.59304 

L 0 hl £ R 

Ko 

'3.33555I'E+04 
+7. 47333I'E+04 
+2.402446E+05 
+5.2988911+05 
-5.1'126691+05 
+8.195331'£+05 
+8.609115£+05 
+9.8504491+05 
+1.067800[+06 
+1.10911'8E+06 
+1.233312[+06 
+1. 316061'E+06 
+1.351'4451+06 
+1.398823£+06 
+1.440201E+06 
+1.48151'8E+06 
+1.522956E+06 
+1.564334E+06 
+1.6051'121+06 
+1.6470901+06 
+1.68846I'E+06· 
+1.7298451+06 
+1.771223[+06 
-1.812601E+06 
-1,853979£+ 06 
-1. 8953561+06 
+1.936734r;:+06 
+1.9781121+06 

Kxr 

+3.88940651':+04 
+1.2520666E+05 
+1.0703560£+06 
+5.20669611+06 
+S.072998?E.06 
+1.2893960E+07 
+1. 43256731+07 
.1.9194422Jl+07 
-2 .. 2963516E-07 
+2 .. 5021191£+07 
+3.1969193E+07 
+3. 73289S8E+01' 
+4.0259084E+07 
+4.337251'9E+07 
+4.6684245E+01' 
-5.0210982£+07 
+5.3972185£+07 
+5.7990251E+07 
+6.2291225E+07 
+6.6905611:1E+01' 
+7. 18694BOE+07 
+1'.1'22Se07E+OI' 
+8,3026441E+07 
+B.9334646E+07 
+9.6228721E+07 
+10380715E+09 
+1.1219618E+08 
+1.2156129E+Oa 

BRA N C H 

Kxor 

+3,335724E-04 
.7. 475214E-04 
+2.409734E+05 
+5.368947E+05 
+5.800990E+05 
+8.41'19951+05 
+8.933822E.05 
+1.035769E+06 
+1.134535E+06 
-1. 195304E.06 
+ 1. 3443441+06 
+1.457249E+06 
·1.5162411.06 
+1.51'7195E+06 
+1.640352£+06 
+1 .705993E+06 
+1.774448£+06 
+1.846110£+06 
+1.9214451-06 
+2,001019E+06 
+2.085516£-06 
·2.175781E+06 
.2,2?2869E+06 
+2.378111£+06 
+2.493227E·06 
'2.620460E+06 
+2,762924E+06 
+2,924466E+06 

Kxi 

+1. 0287E- 06 
+3.5989E-06 
+ 1,4182);;-05 
+3.32871-05 
+3,62271-05 
+5.5762E-05 
+5,9436£-05 
+7. 1448E- 05 
+8,0457£-05 
+9.5298£-05 
+1.01721-04 
+1.1'154E-04 
+1. 2163£- 04 
+1.2935£-04 
+1.37621-04 
+ 1. 4667E- 04 
+1. 5657£-04 
+1.6/391-04 
+1. 79361':-04 
+ 1. 9274E- 04 
+2,075BE-04 
{·2 ; 2'1'12E- 04 
+2.4352E-04 
+2.6545E-04 
+2.9088E-04 
·3.2079E-04 
+3.5649£-04 
+3.99BIF.-04 

1 I-
2 
6 

13 
14 
20 
21 
24 
28 
29 
32 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
58 
0;0 
62 
64 
66 
68 

-. ______ ~ __ ON _________ --J'--!-'I- ___________ ____ ,~ _ _____ ~ __________ .. _ ... __ . __ ~ __ _ ..... ___ .. ______ _ 
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Table 3.12 . (LIB). Dependance of the PEAL and HIAG. parts of the SPIP 
OX-waueuector in PMA configuration' 13· 1.000000001 ,'£21- E21(w), 
122 • E22(w), 11 • 1 Plasma frequency hlp' 1.E+15 Hz, Relaxtion time Tau' 

.001 sec. Thickne •• of the film H· 100 '~' . 
--------_ .... _------------_ .. _--------------------------------_.------------------

U P PER toJ ( "" ) BRA N C H (physically real part ) 
-----------------------------_ .. _-------_ .. _--------------- .. -------------------.--
.,/Mp Ko Kxr Kxor Kxi Nc' 

--------------------------------------------_.------.---------------------------
.65506 +2,185001E+06 +2.1854011E+06 
.6798? +2,267757E+06 +2,2682607E+06 
.69228 +2.309134E+OG +2,3097020E+06 
.71709 +2,391890E+06 +2,3926150E+06 
.72949 +2,433268£+06 +2,43'10908£+06 
.75430 '2. S16023E' 06 +2.5170956£+06 
, 77911 +2,598779£'06 +2.6002008E·06 
.79152 +2.640157E+06 +2.641807'5£+06 
,80392 +2.68153'5E+06 +2.6834636E+06 
.81633 '2,722912E+06 +2.7251835E+06 
.82873 +2,764290E+06 +2,7669872£+06 
.87B35 +2,929801E'06 +2.,9350535E+06 
,89076 +2.971179£+06 +2,9789165£+06 
.91557 +3,053935E'06 +3,0677194E:+06 
.92797 +3.095312E+06 +3,11<18937E+06 
.97759 +3.260824E+06 +3.5549840E+06 

Table 3.13 ,(L1S). Dependanc~ of the 
OX:wauevector in the PMA configuration : 
E22 • E22(w), E1 • 1 Plasma frequency 

.001 sec, Thicknies of the film H- 100 

+4.3844461::+06 +9,1870E-I0 
+6.050549E+06 +1. 2755E-09 
+8,179650E+06 +1.5102E-09 
+O.OOOOOOE+OO +2. 1424E-09 
+0,000000£+00 +2.5693£-09 
+0.000000£+00 +3.?582E,09 
+O.OOOOOOE+OO +5.6465E-09 
+ 0 0000001+00 +7,0091£-09 
.O.OOOOOOE·OO +8.7870E-09 
+O,OOOOOOE+OO +1.1142E-08 
+O.OOOOOOE+OO +1.4314£-08 
+O,OOOOOOE+OO +4.6826E-08 
'O.OOOOOOE+OO +6,7279E-08 
+O.OOOOOOE+OO + 1. 5831 E- 07 
+O.OOOOOOE+OO "2,6712E-07 
+O.OOOOOOE+OO +1.a043E~05 

REAL and IMAG. parts of the SPIP 
E3 c 1.000000001 , E21M E21(w), 

T' 
81 
83 
87 
90 
94 
99 

102 
105 
108 
111 
120 
122 
126 
12B 
136 

fJJp ~ l.E+15 Hz, Relaxtion time Tau' 

------------------------~-----------------------~---------------~--------------
u P PER 

,77911 
.79152 
,80392 . 
.B1633 
.82873 
,84114 
.85354 
.96595 
.8783'3 
,89076 
,90316 
,91557 
.92797 
,94038 
,95278 
.96519 
.97/59 

Ko 

+2,598779E+06 
+2.640157E+06 
+2.681535E+06 
+2.722912E·06 
+2. 764290E+ 06 
+2.90566BE+06 
+2. 847046E+ 06 
+2,888424E+06 
+2.929801£+06 
+2,971179E+06 
+3,012557E+06 
+3.053935£+06 
+3.095312E+06 
+3.136690E+06 
+3,178068E+06 
+3.219446E+06 
+3,260824£+06 

Kxr 

+1,5409424E'08 
+1. 3736511E+08 
+1,2282544E-OB 

.. +1. 0994708E.Oa 
+9.8372886E+07 
+8,7849955E'07 
-I' .8192580E+07 
+6,.9260282E+07 
'6,0944107£-07 
+5.3157680E·07 
'4,5831101E+07 
·3.8906556E+07 
+3.23348231;:'07 
+2.6071.821&-07 
·2.0073279E+07 
+1,4279322£+07 
+8,5124826£'06 

BRA N C H (physlcally unreal part! 

Kxor 

'O,OOOOOOE+OO 
·O,OOOOOOE.OO 
'O,OOOOOOE+OO 
·O.OOOOOOE.OO 
'O,OOOOOOE+OO 
+O.OOOOOOE+OO 
+O,OO(lOOOE'OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
'O.OOOOOOE+OO 
'0,000000£+00 
+O.OOOOOOE+OO 
-0.000000£+00 
+O.OOOOOOE+OO 
'O,OOOOOOE+OO 
'O.OOOOOOE-OO 
-O,OOOOOOE+OO 

KXl 

·?,2806E-04 
-6.2575E-04 
-5,4962E-04 
-4.9067E-04 
-4,4375E-04 
-4.0553E-04 
-3.7368E-04 
-3,4685E-04 
-3,2386E-04 
-3,0400£-04 
-?,9670E-04 
-2,7150E-04 
-2.5812E-04 
-2.4649E-04 
-2.3676E-04 
·2,3029E-04 
··2,4001E-04 

No 

100 
103 
106 
109 
112 
115 
117 
119 
121 
123 
125 
127 
129 
131 
133 
135 
137 

---------------------------------------------------._----------------------------
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":"ble 3,14 ,(Ll8) , G"lculatiom, for the po'wer flo.) in Kreischmann PHA 
configuration .,ith dielectric permittivities' E3 = 1. 000000001 , E21~ E21<w) , 
E22 • E22(w), E1 .~ 1 Plasma frequenc\, hlp' 1.E<15 Hz, Relaxtion time Tau· 

,001 sec, Thickness of ihe film H- 100 'A.' Y-coordinaie R 0 'A' 
-------------------------------_ .. _------------------- -------------------------~ 

L 0 hl E R BRANCH 
---_._---------------------------------------------------------------------------

Px1 Px2 Px3 Px net Sy1 SI'2 Sy3 No i 
---~----------------------------------------------------------------------~-----

,01000 +,500000 -0,0000000 +.500000 +1.0000 -1.00E-19 -1.00E-19 +1.00E-19 1~ 
.02241 +,500000 .. ,0000002 +,500000 +1.0000 -9.99E-20 -9.99E-20 +9.99E-20 2, 
,07203 +,499991 -,0000181 +.499991 +l.OOOO -9.89E-20 -9,90E-20·+9.99E-20 G 
.15886 +,499777 -.0004468 +.499777 +,9991 ~9.50E-20 -9.50E-20 +9.50E-20 13 
.17127 +.499696 -.0006085 +.499696 +.9988 -9.41E-20 -9.41E-20 +9.41E-20· 14 
.24570 +.498627 -,0027465 +,498627 +,9945 -B.79£-20 -8.79£-20 +8.79E-20 20 
.25810 +.498306 ··,0033880 +.498306 +.9932 -8.67£-20 -8.67E-20 +8.67£-20 21 
,29532 +.496970 -.0060604 +.496970 +,9879 -8. 26E-20 -8. 26E-20 +8. 26E-20. 24., 
.32013 +,495680 -.0086398, +.495680 +.9827 -7.95E-20 -7.95E-20 +7.95E-20 28' 
.33253 +,4.94.084 -.0102313. +,494.884 +.9795 -7.79£-20 -7,79£-20 +7.79£-20 29 
,36975 +.491.736 -.0165272 +.491736 +,9669 -7,27£-20 -7.26E-20 +7.27E-20 32 
,39456 +.488844 -,0223120 +.488844 +,9554 -6,89£-20 -6,88£-20 +6.89E-20 36 
.40696 +,467102 -.0257950 +.487102 +.9484 -6,69£-20 -6.69£-20 +6.69E-20 38 
.41937 +.485134 -.0297321 +.4.85134. +,9405 -6.48£-20 -6.48£-20 +6.48E-20 40 
,43177 +.482913 -.0341742 +.482913 +.9317 -6.27£-20 -6.27£-20 +6.27E-20 42 
.44418 +.480411 -,0391780 +.480411 +.9216 -6.05E-20 -6.05E-20 +6.05£-20 44 
,45658 +.477597 -.0448054 +.477597 +.9104 -5.83E-20 -5.83E-20 +5,83E-20 46 
. 46g99 +.474437 -,0511251 +,474437 +.8977 -5.60£-20 -5.60E-20 +5.60E-20 48 
.48139 +,470894 -.0582124 +,470894 +.8836 -5.36£-20 -5.37E-20 +5.36E-20 50 
.4.9380 +.466925 ·-,0661502 +.466925 +.8677 -5.12£-20 -5.12E-20 +5.12E-20 52 
.50620 +.462485 -,0750294 +.4.62485 '.8499 '-4.87E-20 -4.B8E~20 +4.87E-20 54 
.518S1 +.457525 -,0849497 '.457525 +.8301 -4.62£-20 -4.62£-20 +4.62E-20 56 
.53101 +,451990 -.0960204 +.451990 +.80BO -4,36E-20 -4.36£-20 +4.36E-20 58 
,54342 + .445820 - , l.083608 + ,445820 +.7933 -4. 09E-20 -4. 09E-20 +4. 09E-20 60 
,55592 +.438949 -.1221012 +.438949 +,7558 -3,82E-20 -3.82E-20 +3.82E-20 62 
.56823 +.43130B -.1373839 +,431308 +,7252 -3,54E-20 -3.54E-20 +3.54£-20 64 
.59063 +.422818 -,1543642 +,422818 +,6913 -3.26E-20 -3.26E-20 +3.26E-20 66 
.59304 +.413394 - ,.17~2123 +.413394 + ,6536 -2.97£-20 -2.97£-20 +2. 97E-20 68 
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Table 3.15 . (LIB) . Calculations for the potoJer flow in Krehchrnann PHA 
configuration ,.,ith dielectric perroittivihes: E3 s 1.000000001 ) E21~ E21<w), 
E22 • E22(w), El • 1 Pla5ma frequency hlp = I.E+15 Hz, Relaxtion time Tau' 

.001 sec, Thickness of the film H~ 100 'A.' V-coordinate· 0 'A' 

u P PER wIt) BRA N C H (physically real part) 
________________________________________________ ~----- ___ n ______________________ 

w/Wp Pxl Px2 Px3 Px net Syl Sy2 51)3 'Nc' 
-----------------------------------------------------------------------~--------

.65506 + .499843 -.0003142 + .499843 +.9994 -3.66E-23 -3.66E-23 +3.66E-23 'J'? 

.61'991' +.4991'94 -.000410B +.4991'95 +.9992-4.45E-23 -4.45E-23 +4.45E-23 81 

.69228 +.4991'64 - . 00041'09 . + .4991'65 +.9991 -4.92E-23 --4. 92E-23 +4.92E-23 83 

.1'11'09 +.499698 -.0006230 +.499689 •. 9988 -6.06E-23 -6.06E-23 +6.06E-23 81' 

.72949 + .499640 - . 0001'193 :+.499641 +.9986 -6.76E-23 -6.76E-23 +6.76E-23 90 

.1'5430 +.499516 -.0009696 +.499516 +.9991 -8.52E-23 -8.52E-23 +8.52E-23 94 

.1'7911 +.499337 -.0013260 +.499331' +.9973 -1. 09E-22 -·1. 09E-22 + 1. 09E-22 99 

.1'9152 +.499218 -.0015636 +.49921B +.9969 -1.25E-22 -1. 25E-22 +1. 25E-22 102 

.80392 +.499072 -.0018551 + .49901'3 +.9963 -1.44E-22 -1.44E-22 +1.44E-22 105 

.81633 +.498992 -.0022166 + .498992 +.9956 -1.67E-22 -1. 67E-22 +1.S7E-22 108 

.82B73 +.498665 -.00261'07 +.498665 +.9941' -1.95E-22 -1.95E-22 +1. 95E-22 111 

.8783~ +.496840 -.0063204 +.496940 +.981'4 -4. 14E-22 -4. 14E-22 +4.14E-22 120 
.89076 +.495913 -.0081731' +.495913 +.9831' -S.22E-22 -5.22E-22 +5.22E-22 122 
91551' +.492'395 -.0148303 +.492585 +.9703 -9.09E-22 -9.08E-22 +9.08E-22 126 

.921'91' +.489418 -'.0211635 + .489418 +.9571' -1.28E-21 -1. 28E-21 +1.28E-21 128 

.91'759 +.383041 -.2339181' +.383041 +.5322 -2.25E-20 -2.25E-20 +2.25E-20 136 
----------------------------------------------------~-----------------~--~------
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Table 3.16 . (LI9). Dependance of the PEAL and the IMAG. 'parte of the 
SPIP OX-Maveveclor in PHA configuration: £3· 1.000001001 , £21- E21(M), 
£22 • £22(M), 11 - 1 Plasma frequency Wp' 1.E+15 Hz, Relextion time Tau' 

1.1-13 sec, Thicknes" of the filn, H" BOO 'A'.' 
-------------------~--~--------------------------------------------------------

LO~JER w(- ) BRA N C H 

---------------------------------.------------~------- ------------------_ .. _------
w/Wp Ko Kxr Kxor Kxi No 

--------------------------------------------------------------------------------
.03513 +1.171721E+05 +1.2092200£+05 +1. 172446E+05 -2.2619E+03 2 
.06026 +2.0098B7E+05 +2.2045993E+05 +2.013558E·05 +S.3073E+03 3 
.OB538 '2.84BOS3E+05 .3.3B95246£+05 +2.B59567E+OS +1.1803E+04 4 
.110S1 +3.686218E.05 +4.8175099E-05 +3.709216E+05 +1. 8279E+04 5 
.13564 +4.524394£+05 +6.5291137E+05 -4.567302E+05 +2.5420E+04 6 
.16077 +5.362549E+05 -8.5568359E+05 +5.435124E+05 +3.3059E+04 7 
.18590 +6.200715E+05 -1.0929403E+06 +6.314740E+05 +4. 1141E+04 B 
.21103 +7.038881E+05 + 1. 3674972E+06 -7.208843E+05 -4.9683E+04 9 
.23615 '7.877046E+05 -1.6823506E+06 +e.120452E-05 +5.8750E+04 10 
.26128 +8.715212E+05 +2.0408667E+06 +9.053108E+05 +6.8445E+04 11 
.29641 +9.553377E+05 ~? . 4469578E+ 06 +1.001104E+06 +7.8908E+04 12 
.31154 +1.039154E+06 +2.9052689E+06 +1.099935E+06 +9.0315E+04 14 
.33667 +1.122971E+06 +3.4214003E+06 +1.202433E+06 -1.0289E+05 16 
.36179 +1.2067871':+06 .4.0021927E-06 +1.309383E+06 +1.1693E+05 18 
.38692 +1.2906041':-06 +4.6561104E+06 .1. 421786E+06 -1. 3280E+05 20 
.41205 +1.374421E+06 +5.39377561':+06 +1. 540936E+06 -1.5102E+05 22 
.43716 +1.45B237E+06 +6.2297376E+06 +1.668554E-06 +1. 7225E+05 24 
.46231 +1.5420541':+06 -7.1786161&+06 +1.806972E+06 +1.9748E+05 26 
.48744 +1.625870£+06 +8.2668646E+06 +1.959459);:-06 +2.2809E+05 2B 
51256 +1.709607£+06 +9.5256071'£+06 +2.130745£+06 +2.6622E+05 30 

.53769 +1. 793503E+06 +1.1000448E+07 +2.327999E+06 .3.1524E+05 32 

.562B2 +1.877320E+06 +1.2759150E+07 +2.S62615E+06 +3.80B9E+05 34 

.5B795 +1.961136&+06 +1.4908677£+07 +2.854211&+06 +4.7373£+05 3G 

.6130B +2.044953E+06 .1.7632554£+07 +'3.2398081':+06 ':6. 1562E+05 38 

.63821 +2. 128770E+06 +2.1286871E+07 .3.800313E+01'> +8.6022E+05 41 

.66333 +2.21.2586E.06 +2.67167541;:+07 +4.760040&-06 '1. 3836E+06 44 

.68846 .2.296403E-06 .3.6921851E+07 +7. 12467BI':+06 ·3.2757E·06 47 
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Table 3.17 . (L19). Dependance of the PEAL and IHAG. parts of the SP1P 
OX-wavevactor in PHA configura.tion: E3 ~ 1. 000000001", E21· E21(~1) " 
£22 • E22(w), F.l ~ 1 Plasma frequency !.Jp a l.E+15 Hz, Relaxtion time Tau· 

1.E-13 sec, Thicknaa5 of the film H- BOO 'A.' 
--------~--------------------.------------------------ --------------------------

u P PER w(+) II RAN C H (physically real part) 
--------------------------.-----.---------~----------- ------------ ----- - -----
w/!.Jp Ko Kxr Kxor Kx i '- No 

----------------------------------------------------------------- .. _-------------
.01000 
.63821 
.66333 
.68846 
.71359 
.73872 
.76385 
.78897 
.81410 
.83923 
.86436 
.B8949 
.91462 

+3.335557£+04 
+2. 129770E+06 
+2.212586Ji:+06 
+2.296403[+06 
+2.380219E+06 
+2.464036E+06 
+2 . 547852[' 06 
+2.631669£+06 
+2.715486[+06 
+2.799302E+06 
+2.8B3119E+06 
+2.966935[+06 
+3.050752£+06 

+3.33571791':+04 
+2.1507255E+06 
+2.2403143E+06 
+2.3317311E+06 
+2.4257601[+06 
+2.5236548E+06 
+2.6275312E+06 
+2.7412260E+06 
+2.8724330E+06 
+3.0391549E+06 
+3.29714051':+06 
+3.9453517£+06 
+3.4920293[+06 

+3.335724[+04 
+3.800313E+Oe 
+4.760040E+06 
+7. 124678E+06 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 

'1.8852E+02 
+4.8837£+02 
+6.8183E+02 
+9.66521':+02 
+1.3976E+03 
+2.0749E+03 
+3.1916E+03 
+5.1588£+03 
+8.9784E+03 
+1.7678E+04 
+4.5196E+04 
+3.B207E+05 
+ 1. 4032E+06 

1 
40 
43 
46 
49 
52 
55 
S8 
61 
64 
67 
70 
72 

--------------------------------------------------------------------------------

Table 3.18 .(L19). Dependance of the REAL and IMAG. parts of the SPIP 
OX:wavevecior in the PHA configuration: E3 a 1.000000001 , E21 m E21(w), 
E22 ~ E22(w), £1 ~ 1 Pla~me frequency !.Jp a 1.E-15 Hz, Relaxtion time Tau· 

1.1':-13 sec, Thickness of the film H- BOO 'A.' 

u P PER BRA N C H (physically unreal part) 
----------------_&_--------------------------~----------------------------------

w/(oJp 

.71359 
.73872 
.76385 
.78897 
.81410 
.83923 
.86436 
83949 

.91462 

Ko 

+2.380219E+06 
+2.464036E+06 
+2.547B52E+06 
+2.631669£+06 
+2.715486E+06 
+2.799302E+M 
+2.883119E+06 
+2.966935E+06 
•. 3.050752E+06 

Kxr 

HI. 630767B£+ 07 
+2.923172?E+07 
+2.1803386E+07 
+1.69B0653£+07 
+1.3347896E+07 
+1.0372771£+07 
.7.7517390E·06 
+5.0440096E+06 
+3.6467674£+06 

[(xor 

+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
{·O.OOOOOO£+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+0.0000001':+00 

"'+O.OOOOOOE+OO 
+O.,(jOOOOOE+OO 

Kxi 

-8.0398E+06 
-1.9893E-06 
-1.1410E+06 
-8.1049E+05 
-6.3760E+05 
-5.3736E+05 
-4.91981':+05 
-7.7819E+05 
-1 .7649E+06 

No 

50 
53 
56 
59 
62 .-
65 
68 
71 
73 

----------~~-.~------------~~----------~----------~-----------------------~------
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Table 3.19 . (L19). Calculations for the pO.ler flow 1n Krehchmann PHA 
configuration with dielectric permittiuities: E3· 1.000000001 , E21- E21(wl, 
E22 • E22(wl, E1 • 1 Plasma freqllenC;1 uJp = 1. E+15 Hz, Rel!lxtion time Tall • 

1.E··13 sec ThickneM of the film H= 900 'P,..' Y-coordinate - 0 'A' 
------.-------------------------------------------------------------------------

LOW E R BRANCH 
-----------_ .. _--------------------------------_ .. -----_ .. _------------------------

Px1 Px2 Px3 Px net Syl Sy2 Sy3 No 
--------------------------------------------------------------------------------

.03513 +.499999 -.0000010 

.06026 +.499996 -.0000088 

.09538 +.499982 -.0000359 

.11051 •. 499949 -.0001019 

.13564 +.499883 -.0002343 

.16077 +.499765 -.0004696 

.18590 >.499573 -.000B547 

.21103 +.499276 -.0014489 

.23615 +.498937 -.0023259 

.26129 +.498212 -.0035769 

.28641 +.497343 -.0053148 

.31154 +.496161 -.0076778 

.33667 +.494582 -.0108362 

.36179 +.492501 -.0149984 

. 38692 +.489790 -.0204203 

.41205 +.486293 -.0274149 

.43718 -.481817 -.0363650 

.46231 >.476131 -.0477382 

.48744 +.468949 -.0621027 

.51256 +.459926 -.0901472 
.53769 +.448649 -.1027012 
.56282 +.434621 -.1307585 
.58795 +.417248 -.1655033 
.61308 +.395824 -.2083530 
.63821 +.369472 -.2610559 
.66333 +.336993 -.3260149 
.68946 +.296184 -.4076322 

+.499999 +1.0000 -1.2SE-10 -1.2SE-I0 '1.25E-10 2 
'.499996 +1.0000 -1.24E-I0 -1.24E-I0 +1.24E-10 3 
+.499982 +.9999 -1.23E-I0 -1.23E-I0 +1.23E-I0 4 
-.499949 +.999'9 -1.22E-10 -1.22£-10 +1.22E-I0 5 
+.499883 +.9995 -1.20E-10 -1.20E-I0 +1.20£-10 6 
• .499765 + .9991 -1.18E-10 -1.1BE-l.0 .1.18E-I0 7 
'.499573 '.9993 -1.16E-I0 -1.16E-10 +1.16E-I0 e 
+ .499276 •. 991'1 -1.14E-10 -1.14E-10 +1.14E-10 9! 
'.499B37 +.9953 -1.11E-10 -1.11E-10 +1.11E-I0 10 i 

+.498212 +.9928 -1.08E-10 -1.08E-I0 +1.08E-10 11' 
+.497343 '.9894 -1.04E-I0 -1.04E-10 +1.04E-10 12 
+.496161 +.9846 -1.01E-10 -1.01E-I0 +1.01E-I0 141 
+.494582 '.9783 -9.64E-l1 -9.64E-11 +9.64E-l1 16· 
+.492501 +.9700 -9.20E-11 -9.20E-l1 >9.20E-l1 18 
+.499790 '.9592 -8.73E-11 -9.73£-11 +8.73E-11 20 . 
+ .486293 + .9452 -8. 23E-11 -8. 23E-l1 +8.23£-11 22; 
+.481817 +.9273 -7.69E-11 -7.69E-I1 '7.69E-1I 24 
+.476131 +.9045 -7.121-11 -7.121-11 .7.121-11 26 
+.468949 +.8758 -6.52E-11 -6.S2E-l1 +6.S2E-I1 28 
•. 459926 +.8397 -5.89E-11 -5.89E-11 +5.89E-11 30' 
+.443649 +.7946 -S.23E-l1 -5.23£-11 +5.23E-11 32! 
+.434621 +.7385 -4.541-11 -4.54E-11 +4.54£-11 34 
'.417248 +.6690 -3.B2E-l1 -3.B2E-ll +3.82E-11 36 
+.395824 -.5833 -3.07E-11 -3.071-11 +3.07E-11 38. 
+ .369472 + .4779 -2.291-11 -2.29E-11 +2. 29E-ll 41 
+.336993 +.3480 -1.4BE-11 -1.48E-11 +1.491-11 44 
+.296184 +.1847 -6.55E-12 -6.551-12 +6.55E-12 47 

Table 3.20 . (Ll9). Calculations for the pO(4er flow in Kretschmann PHA 
configllration with dielectric permittiuitie,,: E3· 1.000000001 • 121- E21(wl, 
122 • E22 (wI, El n 1 Plasma freqllency Wp: 1. E+ 15 Hz, Relaxt ion time Tau t 

1.E-13 sec, Thicknes5 of the film He 800 'A.' Y-coordinate Q 0 'A' 
------------------_ .. _----------------------------------------------------------

U P PER wIt) BRA N C H (physically real part) , 
--------------.~-------------------------------- .. -------------------------------
w/Wp Px1 Px2- Px3 Px net Syl S\>2 Sy3 No 
---------------------------------------~~------------- --------------------------

.01000 >.500000 -0.0000000 +.500000 +1.0000 -1.25E-10 -1. 25E-10 +1.25E-10 1 

.63821 +.491812 -.0163760 +.491812 +.9672 -2.56E-12 -2.56E-12 +2.56E-12 40 

.66333 + .489323 -.0213544 + .499323 +.9573 -3.10£-12 -3.10E-12 +3.10E-12 43 

.6B846 +.486006 -.0279871 + .486006 +.9440 -'3.79E-12 -3.79£-12 +3.79E-12 46 

.71359 '.481531 -.0369378 '.481531 +.9261 -4.71E-12 -4.71E-12 +4.71E-12 49 

.73872 +.475397 -.0492057 +.475397 + .9016 -5.96E-12 -5.96E .. 12 .5.96E-12 52 

.76385 +.466830 -.0663402 + .4G6B30 +.8673 -7.71E-12 -7. ?1E-12 ·7.71E-12 55 

.78S97 +.454585 -.090B302 +.454585 +.8183 -1.03E-l1 -1. 03E-ll +1.03£-11 S8 

.B1410 '.436573 -.1.269548 • .436573 +.7463 -l,4SE-1I -1.46.:-11 +1.46E-11 61 
.83923 + .409048 - .1819034 +.409048 +.6362 -2.24£-11 -2.24£-11 +2.24E-ll 64 
.86436 +.364355 -.271290B + .%4355 +.4574 -4.17E-11 -4. 17E-11 +4. 17E-11 67 
.88949 +.281208 ... 4375835 +.281208 +.1248 -2.l1E-I0 -2.11£-10 +2.111-10 70 
.91462 +.261936 - .4761273 +.261936 +.0477 -7.971-10 -7.97E-I0 '7.S7F.-IO n 

---------------------- .. ----------~----------------------------------------------
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segment of the ~J+ rrode to the region left of the light 

line, thus corresponding to phase velocities greater 

than c and ~Iith group velocity negative •. Thi-s mode is 

physically unreal. 'fhe field distribution corresponding 

to this mode is oscillatory with decreasing amplitude CSf 

oscillation away from the film in the media bounding the 

film and remains constant in the film. This behavior 

maintains for all frequencies upto wp. Thus this mode 

is strongly radiative eventhough it .is unphysical. 

3.2 Analysis of the SPLP dispersion at the boundaries of a 

thin metal film in asymmetric environment '(E 'I E) 
3 1 

3.21 

The numerical solution of the exact thin film disper-

sion eqn. (2.1) for the case of asymmetric environment 

yields also the three modes we encountered in the case of 

symmetriC environment namely the w+, the w-, and the 

'side' modes p 

In the analysis of these dispersion curves, we take 

one branch at a time as usual. Data presented at the 

figures can be found in the subsequent relevant tables. 

Analysis of the lower rrode w- (k < k' < k') . ." oxox 

For the thickness of 800Ao , the ,dispersion curve of 

UJ- mode' is analyzed_for two cases: (a) case of weak absorp­

tion (relaxation time, t~, large) and (b) case of strong 

absorption (relaxation time, tau,small). We analyze them 

separately and try to see their common features and 

differences. 
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a) Case of weak~sorption 

The dispersion curve of. w- mode for this case 

is shown in Fig. (3.23) whlch discloses that at very low 

k' and w values the surface polaritions are primarily' x 
photon-like. In the finite k~ region i.e., near the cross-

over of the dispersion curves of unooupled photons and 

surface plasmons,surface polaritions display mixed 

behavior of both virtual particles. namely photons and 

surface plasmons. In this region surface polaritions 

of semi-infinite metal are more closer to the czoss-over 

than surface polaritons of w- mode which implies that the 

efficiency of coupling of photons to surface plasmons is 

very low eventhough weak coupling exists which is respon­

sible for the lower mode curve. As in the case of 

symmetric environment the w- mode of this case remains 

non-radiative ever the spectral range of interest. 

Unlike the symmetric environment, the asymmetric 

envi~unment shows upper cutoff k~* which implies that 

. surface polari tions cannot be localized more than the 

value given by k~*. Fbr the case under consideration 
• f- .• 

the w- mode curve upon reaching k~* bends back with 

somewhat steep slope. The back-berrding segment is . . . -described, as already mentioned in section 3.12, as a 

phenomenon of artificial anomalous dispersion. 
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From Fig. (3.24) the curve corresponding to k~ of 

this segement shows an abrupt growth of damping (k~ 

grow by 11 orders in this case of' weakly absorbing film), 

see also t~ble 3.21. The analysis of the power flow in 

ox-direction indicates the net power flow drops to zero' 

for this segment of w- mode, see Fig. (3.25) and table 

3.23. The field distributions of this mode are shown in 

Figs. (3.27, 3.28). From observation of these distributi­

ons the field intensity switches from Prism/metal inter­

face to metal/air interface as the frequency increases 

without showing any symmetry with respect to ox-axis and 

with a reversal of intensity amplitude with respect to 

oy-axis. 

b) Case of strong obsorption 

The dispersion curve of w- mode for this case 

is shown in Fig. (3.31) The behavior 0 f the curve is 

in general not ·very different from that of case (a), 

except for the increase of k'* and low value of the slope· x 

of back-bending segment which means that strong absorption 

causes more localized surface polartions than the previous 

case. From F.ig<. (3.32) one observes that k" is increased x 
compared to that Of case (a) and th~re is no significant 

growth of damping due to back-bending, see also table 

3.25. The power flow in ox-direction shows that for this 

segment the net flow is close to zero, see table 3.27 and 

Fig. (3.33). 

) 
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The fact that the net flow never vantah indicates 

that at the 00 and k I values corre&pondJng to the back-x . 
bending of the 00- mode curve very small portion of the 

light energy incident on the Pl4A structure appears as -­

radiatibn in the structure whereas large portion of the 

light energy incident on the PMA structure is either 

absorbed in it or is reflected. 

As has been mentioned in the last part of section 

3.12 the final decision about this point needs additional 

study of the reflectivity of the PMA structure for the 

corresponding values of 00 and k~ • t-'£>st probably the 

observed back-bending is due to absorption of light 

incident on the PMA structure at angles (j~ ec as 

mentioned by Koverner and his co-\(()rkers r 8 J. This 

. can also be checked by observing the continuity of the 

transverse power flow at y = -h for these cases. 

The field distributions for this case of strong 

absorption are shown .l.n E'igs. 3.35 through 3.45 fo r 

different cases. Con~n to all these figures is that 

most of the field is concentrated .l.n the film. The amount 
,. 

of field in the bounding media decreases with increasing 

frequ~ncyand the field distributions at higher frequen-

cies, wave vectors, and damping show complicated patterns 

at the interfaces of the f.l.l1u cmd within the film, see 

Figs. 3.42 thzough 3.45. ~~tice that the field distrib-

utions shown in Figs. 3.35 through 3.42, except Fig. 3.40, 

> 
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behaves in the same manner which seems like t:he anti-' 

synwetric distribution of the s~etric environment, 

see Fig. (3.20). This part corresponds to w and k~ just 

below the upperc::Wt off.~lave vector k~*, see table 3.25 .• 

The field distribution changes its behavior totally at 

the upper,wt off wave vector k~* , see Figs. 3.43 • 

through 3.45 the distribut.ion show some conunon features 

and seems like the synwetric distribution of the symmet­

ric environment, see Fig.(3.2l) 

Therefore for OJ and k~ corresponding to back-bending 

segment of w- mode.the field distributions are different 

from the distribution corresponding to w and k~ less 

than w* and k~*. This change of field behavior from 

anti-synwetric to syrnmetric like distribution is related 

to the phenomena of artificial anomalous dispersion and 

with maximum field intensity in the film/air interface, 

which reminds us abotlt transformation of incident light 

into surface plasmons i.e.,) the incident light is almost 

totally absorbed. This Hfts our susp.icion that the back­

bending is due ·to reflection. E'ig. 3.40 shows the 
. " 

existence of slight modulation (bending-back and return) 

near wand k I correspondlng to the,'figure , for the w-
. . x 

mode curve, the reason for this needs further study, see 

table 3.25. At the frequency under consideration the net 

power flo~l drops close to zero and again abruptly 

increase at the srune frequency which means that this 

frequency is an eigen frequency in some unknown material 

I 
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in the Prism/metal interface i.e., absorbing and instant-

ly radiating it back with the same frequency and different 

\vave vector, This (bes not appear for Iveak absorption. 

3.22 Analysis of the Opper mode UJ+ (k < k I < k I ). 
o x xo 

For the same thickness of 800Ao, the physically real 

part of w+ mode and its physically unreal part appears 

as discrete paints only, see Fig. 3.23. Here we consider 

the physically real part of w+ mode for the cases of weak 

and strong absorptions in the asymmetric environment. 

i) Case of vleak absorption 

The dispersion curve which is a small segment 

with three discrete points between 0.8wp and 0.9wp is 

shown in Fig. (3.23). This segment also shol.,s back-bending 

behavior, see also table 3.22. 'fhe net power flo~l in 

oX-direcU.on drops to zero at the last frequency point 

~lhich is described, as usual, as a phenomenon of artifi-

cial anomalous dispersion i.e., absorption of incident 

light, see Fig (3.26) and table 3.24. From Fig. (3.24) 

the k" corresponding to back-bending segment of 10+ mode x 

shm'1s abrupt growth of damping (k~ increases by 10 orders) 

+ see also table 3.22. k" of w mode and w- mode for this 
x 

case sho~lS similar behavior whereas the k~ of /.0+ mode ane 

10- mode for symmetric environment differs by about 3 

orders of magnitude, see Fig. (3.6). '['he corresponding 

fi.eld distributions are shown in Figs. (3.29) and (3.30). 
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At the frequency point 0.810) the field is exponentially 
p 

decay ing in all 0 f the three media " the decaying in all 0 f 

the three media, the decay 0 f the{ field is fast in air, slow 

in prism, and wedium in the film. Most of the field is 

'V 
in the rounding media, mainly in the prism. at 0) = O.89w 

p 

the field remains constant in the film and shovls damped 

oscillations of different nature in air and prism, here 

the field is pushed into the film. This frequency 

corresponds to back-bending i.e., the corresponding k' is x 

clsoder to k (wave vector in air) y/hich means that sur­o 

face polaritions of this !!Dde are allrOst transformed into 

I igh t (pho to ns) wh ich is res p:>ns ibl e fu r the observed 

radiation (leaky plasIlDns), absorbing the incident light 

at uJ ~ O.89wp and corresponding k~ and radiating it back 

instantly at same uJ and k' . x 

iil Case of strong absorption 

In this case physically real part of the w+ 

IlDde is represented by five discrete points with one point 

far renoved from the rest at very large k~ at w ~ O.714wp ' 

figure the separate point of the w+ rrode at the right 

has arout the same k~ value \Olith k~* corresponding to 

w- rrode, see table 3.25 for comparison. to table 3.26 • 

The net po\o/er floVl in ox-direction sho\~s that the net 

flo y/ corresponding to this separate po int is clo se to zero 

which implies the existence of artificial anomalous disper-

sion at the corresponding eigen frequency which is also 

true of the last two points in back-bending segment. 
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The only frequency alrrost non--absorbing is ~ O.814wo ' see 

tabl e 3.28. The corresponding field distributio ns are 

sh::nm in Figs. ( 3.46) and (3.47). _ At the frequency point 

0.8140) , the field behavior is alnost the same as the weak 
p 

absorption case except that the decay in the bounding media 

and film is slightly increased. The behavior at ~ O.89wp 

is practically the same. 

The physically unreal part of w+ mode corresponding 

to both weak and strong absorptions is also shown in 

Figs. (3.23) and (3.31) with similar behavior. This part 

also appears in asymmetric environment. It is characteri­

zed by vg<O and k~<O. These makes this segment of w+ 

no de unphys i cal. 

Analysis of the Side Mode (k'<k <k' ) x 0 xo 

As in ~he syn®etric environment the side mode appears 

as an extension of w+ node, extending upto wp' It is 

shown in Figs. (3.23) and (3.31) with similar behavior in 

both cases 0 f v;eak and stro ng abso rptions. As usual this 

node is characterized by v <0, k">O, and dis=ntinuity in . g x 

the transverse power flow at the interfaces. Tw:l of these 

makes this ITO de unphysical. lib te that the existence of 

w+, w-, and side modes in the strongly asymmetric 

(£ t E ) environment is also new result not found in 
3 1 

literature. 'rhe difference in the general properties of 
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the dispersion curves for the tv.Q environments is that 

the existence of back-bending segment and upper cut off 

k I * in t:he u)- rro de of the asymmetric envim nment which is 

also a nevl result. 
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:3ble '3. '~l 'L30' . 
SP1P r)X-' .. Jave...,ec~or tn 

E22 • E22(w' El" I 
.001 sec. Thickne •• 

84 

Dependance of the PEAL and +.l,e !l1AG. pad" of the 
PHA conflgurat'Dn' E3 - 2.25 • E21- E21(w) . 

Pl05ma frequent') hlp" 1. E+15 Hz, RelaY.hon time Tau 
of the fllm H- 800 'iI' 

-------------------------_._-------------------------- -~-------------------------

L('I~EP. BRA N C H 
----------.-----------------------------------------------------------------_._-----
t,)/Mp Kc..r L'r KY.or Kn Nc· 

----------------._ .. _---------- ----------------------------------------------------
03513 +1. 171721£,,05 +1 .80229:15£+05 +1 .172446E+05 +2.7515E-O:l ~ 

" .08538 +2 .848053E+05 +5 .0477!J88E+!)5 +2.858'j6~E+i)5 • 1. 9118E-06 q 

.1356Q +4 . 524384E + OS +9 ~4S6500E+05 +4.567390E+05 +4.3248E-06 6 
16077 +5 .362549£+05 +1.3186961E'06 +5.435138E+05 +'5. 6271E- 06 ~ .. 

.21103 +" , . 038881£+ OS +2.1482176£+06 +7.208878E+05 48.4150E-06 10 

. "8641 +9 ,'j5337?E+05 +3.9293456E+06 +1.1)01115E+06 +1.3435£-05 14 

.31154 +1.1)39154E+06 '4 69B9329E+06 +1.099951E+06 + 1. 5507E- 05 18 

.38692 +1.29060'1E+06 +7.7491607E+06 +1.421829E'06 .2.4222E-05 30 
41205 +1.374421£'06 +9.1099615E'06 + 1 . 54099BE+ 06 +2.8682E-05 34 
43718 '1.458237E+06 +1.0730875E'07 +1.668641E+06 +3.4729E-05 38 

.46231 +1.'::.42054E+06 +1.2719292E+07 +1.807098E+01'; +4.3597E-05 42 

.48744 '1.625870E+06 +1.5282941E+07 '1.959643E+06 +5.8367E-05 47 

.51256 +1.709687E'06 +1.8923755E+07 '2.131024E.06 +8. 9497E- 05 52 

.53769 +1 .793503E+06 +2.5633514E+07 t2.328427£+06 +2.1168E-04 57 

.56333 ·2 .212586E+06 +2 1188852E+07 '4.780128E+06 +1.9644E+07 82 

Table 3.22 fL?O). Dependance of '\he PEAL ·~nd It·IAG. pads of the SPIP 
OX-wlVevedor in PHA conflguration: E3: 2.25 E21- E21(H) , 
E22 • E22(w'. El • 1 Plasma frequency Wp· 1.Et15 Hz, Relaxtion tIme Tau • 

. 001 sec. Thlcknes. Df the film H- aDO 'A.' 

UPPER BRA N C H (physically real partl 

Ko Kxr Kxor Kxi No 
--------------------------------------------------------------------------------

.81410 

.83923 

.B894? 

'2.7J.5486E'06 
+2.799302E+06 
+2.966935E+06 

+4 0739645E+06 
+'1.6777417£+06 
+3.6587223E'06 

+O.OOOOOOE+OO 
+O.OOOOOOE+OO 
+O.'OOOOOOE+OO 

+4. 4207E- 07 
+3.1689E-05 
+1.9551E+O€ 

110 
114 
122 

------------------------------------------------------ ----------------------~----
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Uoht I in~ 

.. 
+ 

t 

-t 1. 2E+~1 

.;-

+1.8t+~7 

£1 = J 
E3= 2 .. 25 

1-11'= I.E+I~ Hz 
T au= • mat 3 

H = eee A 

t~.1E+~7 t3 .13E+37 

RERL p~r-t of the OX·- 1.Llavev~ctor 

Fig. 3.23 ". (L30) REAL part of the QX-wavEI'.J&ct.or as a fUnction of the 
normo! jzed f(-oqucncy: IJI'(-) Node - ourve (+ l- +-) t W(+) fI:tode 

~phY3iCtd ly r-cll.I ptLr"t)- curve with squares. ItJ(.f) mode (physically 
unrcl1i p.a.rt) - curve Ntth triangles, sCli'll-infinit.e case - solid CUf'He, 

side branch - ( n *' * curve:) , ~ 

., 
m 
"'i 

~I •.. 
i 

A 
r: 

i:. I 

J t .9 

A. t .7 

i 

r .5 

t :: 

l 
0 o 

+ + + +. 
.t 
+ 

'lEi H1flG. pat~t. of Kx' + V~ lUnG. P~f't of Kx' 
rig . .3.24 • (LJl:P. 1I'!RG. pert~ of the OX·~w .... v&',/eotDr a'3 l3 funDt·ion of i:.he 
norftlEt\iz d fr~q.; 11.1(") mod€'" OIJr've (+- 4- +}I «J(.I-) ilIode. (phy;sie:aily 
,--cl}i ptlf) ,:;:l.JrVC l..lllt·h ~quDre3-, IJ.I(.f.) modI;] ( phy·"lQ'l11y unrc.o.! pJ::Jrt) 
ourve wi h tri~nglee~ $id~ br~noh - (~* x J ourv~ •. 
U - 1 . E.J - 2.25. H - 900 A. WI' - I.Ei!5 Hz. r.,.u - .a01 ~OD .' 



i 

86 

~3ble 3,23 (L30). Galculations for the power floN .n Kretschmann PHA 
configuration with dielectric permittlvihes' ,E3 = 2,25 , E21= E21(,.), 
122 • E22(w), El • 1 Plasma frequency Wp - 1 E+15 Hz, Relaxt.on time Tau 
,OO~ sec, Thickne~s of the bin, H- 800 't.,' V-coordinate' 0 'A' ____ L ____________ ~ ____________ . _______________________ ____ . ____________________ . __ _ 

BRA N C H 

Pr.2 Px3 p, net Syl Sy2 

, 03513 +,010299 - ,0000052 +,999696 +1. 0000 -8,13E-23 -8,13E-23 +7,81E-21 2 
.08538 +,102839 -,0001684 +,896993 +,9997 -1. 03E-21 -1. 03E-21 +8,95E-21 4\ 
.13564 +,191557 -.0010101 +,807433 +,9980 -2,05E-21 -2,05E-21 +8,63E-21 6 
16077 +.218212 -,0019708 + ,779817 + ,9961 -2,321-21 -2,321-21 +8,30E-21 7 

,211 03 +,248956 -,0058776 +,745166 +,9882 -2,52E-21 -2.52E-21 +7,54E-21 10 
28641 +,263284 ",0210039 +,715712 +,9580 -2,291-'21 -2.291··21 +6,23E-21 14 ! 

I 
,31154 + 262113 -.0301734 +,707713 +,9397 -2 ' 14E-21 -2,14E-21 +5.77E-21 
,38692 + 2391393 -.0792481 +,680859 , 8415 -1.52E-21 -1. 521-21 +4,321-21 
41205 + ,224672 - .106061" + 669266 +,7879 -1,29E-21 -1. 29E-21 +3,84E-21 

.43718 , .204235 1403578 +.655407 + .7193 -1. 05E-21 -1. 05E-21 +3,361-21 
46231 +,177410 -.1840703' +.638520 +,6319 -8,00E-22 -8.00E-22 +2.88E-21 

.48744 + 142677 -,239B413 +,617482 +,5203 -5,571-22 -5 571-22 +2.41£··21 
51256 +.098114 - ,3116988 + ,59018 7 + .3766 -3,24E-22 -3.24E-22 +1,95E"21 
53769 +,041736 -,4075299 +.550734 +,1849 -1.131 .. 22 -1.131-22 +1. 49E-21 
66333 + 355821 - ,5000000 +,144179 +0 ,0000 -5,63E-I0 -5.63E-10 +2.28E-10 

':',ble ' :'4 - L3(1). Galculatlons for the pm'Jer flOh' In Kretschmann PHA 
configurahor, .,ith d.elect.tlc permith"ihes' E3 = 2,25 , E21= E21l~1), 
£22 = E22(w), E1 " 1 Pla~roa frequenc'} hlp' 1.£+1.5 Hz, Reladion hme Tau = 

.001 sec Thickne% "f tl,e film H- 800 'A' Y-coordinate' 0 'A' 

u P PER BRA N C H (phy •• cally real partl 

Pd Px2 P.d Syl 

18 
30 I 

34 
38 
42 
47 
52 
'57 
82 

,81410 
83923 

.88849 

+ (157928 
+.326868 
+.310254 

-.0509323 
- .4334324 
- ,50.00000 

+,891140 +.8981 -4 08E-22 -4,081-22 +6.27E-21 110 
+,239600 +,1331 -1 871-20 -1.87E-20 +1,37E-20 114 
+,189746 +0,0000 -1.12£-09 -1.12E-09 +6,86E-10 122 

----- ... _---------_.----------------------------_._---------------------------------
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-t 
1.3 + 

j .9 t 
.'> I ') .B t ;: 

'" i}' .7 t ., 
0 ... 6 .. L i 

.6 + " ~ 
.. a + " 6 
N • 5 0 a • 'k 

'" A\* .. 
" 

j 00 +t 
g .4 l 

0
0 

+ ... 
L ;- 'J!-

" El = 1 z 
.3 '0: ;- i ~ E3 :sot 2.2~ + 

i Np= 1.E"15 Hz 
.~ t Tau ~ .13111 s 0 + A .". 

H = sell A 8 .. A6 * t + 
· I 0 .. A ." 

! ~ '* 0.11 ! I I 
-1.0 -.8 -.6 -.4 -.2 -e.e +.2 -t.4 -t.6 +.8 tl. 

N~I'mal1zGd power trlinsh)lssion in OX-'dtreotton 

Fig. 3.25 .CL30) Part.lal and net pCH~.r il'ansmilt&ion in QX-direat(on 
performed by the w(-) Mode I in rAedia. I - our-vo (4- +- +), in rl'liHUa 

III - our-vo {with i.rian9icB), in tho "'jlrn - ourve (with squores}, t.he 

ne-t power tr'~nDtA1$eion - ourvc ( ~ x. ~ ) • 

.g. 1.11 't ~ 

j .9 

t 
0 .". 6 + 

.-" ... 0 + /f A .'+ " .0 
, ..•... 

D ~ ;: 
'U \ , , 
" .... ,. 
o· " " ....... , : "':. .. " L t . ., 

.6 
II 

'" N .S + ,. j 
g · ~ I i El ~ I 

.3 I E3" " 2.25 
i Np= J.E-t15 Hz 

~ t fau ~ • ell I • .~ , H " _8 Illl A I 
• 1 t 

! 
13.0 I- , +- I 

-L0 -.8 -.0 -.4 -.2 -13.e + ';1 
.~ ... 4 -t.6 +.8 +1. 

Normalizod powur t;.r~n&fl"ti3alon in OX"d i reot jon 

'i2. 3.26 .(L30) 
perfof'med by the 
[11 - curve (with 

Pa.rtial end nat power ;'t'en$m;seion In OX-tfif"oction 
UJ(+j rl'lade, In rnedin I - ourvo (.f. +- .J.-). in media 
;'ria.og1e:sJ. in the. ":·t 1m - curvo lwith squl'll'es). the 

net power tl'~nBlllis~tion - curve ( ~ X .. ) 
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A I R 

-~---.---
F I L 11 

-------...--~----~.---
...... , ........ " ........... , .......... " .. .-.............. , .. ,=",:.:.;.;.~ 

PRISI1 

No = 57 

rig. 3a27 ,(L30) Magnetic field distribution ir'l the w(-) mado 
C( - 1 . E3 - 2.25 , Hp - 1.t~15 Hz, Tou - .00) 3. No •. 537G923e?692 
H - Bee A. Ko - 1.7935e33GI22E~G Kxr - 2.56335136672E+7 
Kxor • 2.320~2GB129SE+6 • ¥.xi - .0013211679967265 D.1. fi 1" name.,L31'" 

I , 
I 

J A I R 

J 
,····· .. ·· .. ,·+·· .. ········-:~~~:::':::'::',=.= ..... ' ... 'h'="'" ... '...,..,.::"::::=::::=_~_ .. . .... ~. 

j -~--. ---.------ F I L 11 ..... +---
.... ~-.. ".~"".!"'===(~.- ! ...... , ............. -..................... . -----y 

I 
i 
I 
! 

P R ISM 

No = 82 

J:""ig. 3.29 . (LJ0) f1agnetiD fiold distribut.ion in the- IlJ(-) moat! 
[( - 1 . E3 - 2.25 • Hp - I.E+15 Hz, lou - .13131 3, Nn •.. 663333333333 
H - Bile A. Ko - 2.21250GIGB5(;E·'G Kxr - 2.11e9051SBG~E.7 
Kxor - 4.781312761712E'8 • ¥.xi - 1.9G411729G21E+7 Daia fi Ie nome.L3e. 

.. 
/ 
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i ..... J' 
,J 
i 

.. J .. 

FI g. 3. 29 • (L3 I'D Hag not i a f j " 1 d 
[I - 1 , £3 - 2.25 • Wp - 1.[+15 
H - B00 A. Ko - 2.(15~B553737[.S 
Kxor- 13 , Kxl - 1.42070~92274E-7 

............. ,,_ ... " ................... , .. ,+ .... , .... , ......... -.................... . 

A I R 

P R ISM 

No = t 1121 

distribu1.ton in the w<~) roods 
Hz, Tou - .001 " Wn - .914102564103 

Kx" - 4 .0799S449536£+6 
D.1:Qfllen ... "ILa0 • 

A I R 

.... , ............ M .. ,., •• _ •••• H ••• ,~"' ...... ~ .... m ......... w._ ......... _ ... ~M ........ ' ... M .. " •• '~ ... '" 

( F I L M 
.,.·"'.· •• H.· .......... _ •••••• • " ••• _ ......................... =~ .. . 

..... ------_._---; ----_. ,---~--

( .... -
M _ !" ----... -..... i -....... - . 

rig. 3.'30 . (L]~) Magnetic f\91d 
[I - I , £3 - 2.25 , Hp - 1.£+15 
H - 9H0 A, Ko - 2.96(;93522177[+6 
Kxor- e , Kxi - 1.955B9520994E.S 

P R 15M 

No = t22 

di'ii;t~ibui,.iDn in th(!! \rl(.f..) Mode 
Hz, rau - .001 s, Wn -·,099497179497 

Kxr - 1.G5972226919E+G 
D.ta file n.rn~IL.0 • 



90 

~·~ble '3.25 . 1L37) . [leDendance of the PEAL and the H1AG. parts of the 
SPIP OX-wavevector In PMA configuration: E3· 2.25 , E21- E21(w), 
122 • 122(w). 11 • 1 Plasma frequency Wp - ~.E+15 Hz, Relaxtion time Tau' 

1. 1-13 sec. Thickness of the film H- 800 'A:' ----,- ---- ---- -- -." - -- -- - - - - ------ - --- -- - - --- -- --- -- --- -- -- --- -- -- --- ----- ----_ .. 
; LOWER w(-:' BRANCH 

------------------------------------------------------ ----------------~---- .. ----
Ko Kxr Kxor Kxi NO' 

---------------------------------------------------------------------------------
.01000 
.01000 
.03513 
.03513 
.06026 
.08538 
.11051 
.13564 
.16077 
.18590 
.21103 
.23615 
.26128 
.28641 
.31154 
.33667 
.36179 
.38692 
.41205 
.43718 
.46231 
.48744 
.51256 
.51256 
.53769 
.53769 
.56282 
.58795 

+3.33555/E+OtJ 
+3.335557E+Q4 
+1.171721E+05 
+1.171721E+05 
+2.009887E+05 
+2.848053E+05 
+3.686218E+05 
+4.524384E+05 
+5.3625491+05 
+6.200715E+05 
+7.038881E+05 
+7.877046E+05 
+8.715212E+05 
+9.553377E+05 
+1.039154E+06 
+1. 122971E+06 
+1.206787E+06 
+1. 290604E+06 
+1.374421E+06 
+ 1. 458237E+ 06 
+1.542054E+06 
+1.62587-01+06 
+1.709687E+06 
+1.709687E+06 
+1.793503E+06 
<1.793503E+06 
+1.877320E+06 
+1.961136E+06 

+5.0025741E+0'1 
+3.3365539E·04 
+1.7974114E+05 
+1.1840356E+05 
+3.2605087£+05 
+5.0373537E+05 
+7.2395346E+05 
+9.9370591E+05 
+1.3179308£+06 
+1.7009994E+06 
+2. 1475293E+06 
+2 .. 6629089E+06 
+3.2537579E+06 
+3.9284578E+06 
+'1.6978641E+06 
+5.5763579£+06 
+6.5834977E+06 
+7.7467775E+06 
+9.J.065602E+QE. 
+1.0725706E+07 
+1.2710679E>07 
+1.5266216E+07 
+1.8304444E+07 
+ 1. 9879715E+07 
+2.5351088E+07 
+2.5351088E+07 
+2.9276670E+07 
+2.2501014E+07 

+3.335724E+04 
+3.335724E+04 
+1. 172446E+05 
+1.172446E+05 
+2.0 13558E + 05 
+2.858567E+05 
+3.709216E+05 
+4.567382£+05 
+5.435124E+05 
+6.314740E+05 
+7.208843E+05 
+8.120452E+05 
+9.053108E+05 
+1. 001104E+06 
+1.099935E+06 
+1.202433E+06 
+ 1. 309383£+06 
+1. 421786£+01', 
+1.540936E+06 
+1.668554E+06 
+1.806972£+06 
+1. 959458E+06 
+2.130745E+06 
+2. 130745E+06 
+2.327988E+06 
+2.327988E+06 
+2.562615E+06 
+2.854211£+06 

+1.7254E+02 
+5.4840E+01 
+2.7364E+03 
+5.1233E+00 
+9.26961'+03 
+1.9159E+04 
+3.0812E+04 
+4.3286E+04 
+5.6299E+04 
+1>.9874E+04 
+8.4175E+04 
+9.9451E+04 
+1. 1604E+05 
+1.3437E+05 
+1.5506E+05 
+ 1. 7B97E+05 
+2.0735E+05 
+2.4219E+05 
'2.8679E+05 
+3.4716E+05 
+4.3569£+05 
+5.8292E+05 
+4.0133E+07 
'8.9168E+05 
+2.0609E+06 
+2.0609E+06 
+1. 7262E+07 
+1.9293E+07 

Table 3.26 . (L37). "Dependance of the PEAL and IMAG. parts of the SP1P 
OX-~Javevector in PMA configurai; ion: E3· 2.25 , E21= E21 (w), 

1 
2 I 

3 
4 
5 
6 
7 
l3 
9 

10 
11 
12 
13 
14 
16 
19 
21 
23 
25 
27 
29 
32 
37 
38 
45 
49 
51 
57 

£22 = E22(w), E1 = 1 Plasma frequenc\J Illp = l.E+15 Hz, Relaxtion time Tau = 

1.E-13 sec, Thickness of the film H- BOO 'A .• ' 

u P PER BRA N C H (physically real part) 

Ko Kxr Kxor Kxi No 

.71359 +2.380219E+06 +2.9451654E+07 +0.0000001+00 +3.52BOE+07 83 

.71359 +2.380219E+06 +2.9451654£+07 +O.OOOOOOE+OO +3.5280E+07 87 
.81410 +2.715486E+06 +4.0673356E+06 +O.OOOOOOE+OO +4.2794E+03 96 
.83923 +2.799302E+06 +4.5646083E+06 +O.OOOOOOE'+OO +2.4126E+05 101 
.86436 +2.883119E+06 +4.3258662E+06 +O.OOOOOOE+OO +1. 4054E+06 103 
.88949 +2.966935E+06 +3.6323615E+06 +O.OOOOOOE+OO +1. B095E.06 105 
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REAL par-t of the OX-- wav$vectof' 

t 19. 3.31 . (LJ?) REAL p.,·t of the OX-waVBVBctor as • functton of the 
norfl'lQl izcd frequ~ncy: IJH:-) Mode - curve i .... ...... " wi4-) mode 

(phy:.dclllly rel1l po.rt)- curve with squtlres, wi+) mode (physicolly 
unreal part) - aurve with tri~n91es. sCF()i-infif'tit.e cl1se - solid cur~te. 

side brl1nch - ( * * * curve). ~ 
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\Ie. tHAG. part of Kx' 'of va IMAG. part of Kx' 

fig. 3.32 • (LJ7). IMAG. pert of the OX-Il,I~VDveotor Ole. 6 flJnot1on of tho 
nOt'rnaiized freq.~ 111(-) mode - ourve- ( ...... +), w(+) 'Mode (physioally 
rCtli pnrt) - ourvo l.JIit.h *qUf)f'03. w(-I·) modo ( physioally unreo.l p" ... t) -
vurvl"; wi th t.r 1 ang I 0&. 31 de brflnah - (.~ ~ X ) curve. 
El - I , Ea - 2.25. H - 900 A. Wp - l.E>15 Hz. Tau - 1.£:-13 BOO". 
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Table 3,27 ,(L37), Calculations for the power flo.) in Kretschmann PHA 
configuration with dielectric permittivitieo' 13· 2,25 , 121- 121(w), 
122 • E22(w) .. E1 • 1 PIMma frequency Inp· l.E+15 Hz·; Relaxtion time Tau· 

1,£-13 sec .. Thickness of the film H- BOO 'A.' Y-coordinate' ° 'A' 
______________________________________________ T _______ .--------------------------. 

LOW Ii: R t·J ~ - ) BRAN C H 
---~---------------- .. -----------------------------------------------------------
W/~p Px 1 .. Px2 Px3 Px net Syl Sy2 Sy3 No ________________________________ ~ ___ •• ________________ ________________ J~ _________ 

,01000 +,000412 -0,0000000 +,9995B8 +1.0000 -2,75£-14 -2,75£-14 +6,68£-11 1 
.01000 + .850915 -0,0000000 + .149085 +1.0000 -4,73£-09 -4,73E-09 +8.29£-10 2 
,03513 +,011207 -.0000051 +,988788 +1.0000 -8,86E-13 -8.86E-13 +7,82£-11 3 
,03513 +.007509 -0,0000000 +,992491 +1,0000 -6,22E-12 -6,22E-12 +8.22E-10 4 
,06026 +,049487 -,0000431 +,9'50470 0,9999 -4,511-12 -4,51E-12 +8,66£-11 5 1 

.08538 +.104754 - ,0001671 +,895079 +,9997 -1,05E-11 -1.051-11 +8.96E-11 6 
,11051 + .154963 -,0004530 + ,844584 + ,9991 -1.63E-11 -1.63£-11. +8.881-11 7 
,13564 +.192489 -.0010053 +.806'505 + .9980 .-2. 06E-11 -2,061-11 +8,631-11 8 
,16077 +,218800 -.0019635 + .779237 +,9961 -2.33E-11 -2,33£-11 '8,30E-11 9 
.18590 +,236918 -.0035072 +.759575 +,9930 -2,48E-l1 -2.481-11 +7.94E-11 10 
,21103 +,249207 -,0058630 +.744930 +,9883 -2,52E-11 -2,521-11 .7.54E-11 11 
.23615 +.257192 -.0093129 +,733496 +.9814 -2.50E-l1 -2,501-11 +7 .13E- t1 12 
.26128 '.261765 -,0142056 + .724030 +,9716 -2,42E-11 -2,421-11 -6.69E-11 13 
.28641 +.263384 -.0209689 +.715647 +.9591 -2,291-11 -2.29E-11 +6,24E-11 14 
.31154 +.262199 -.0301275' +.707674 +,9397 -2. 14E-l1 -2.14£-11 +5.77E-11 16 
.33667 +.25B124 -,0423229 +,699553 +.9154 -1.95£-11 -1,95E-11 +5.29E-11 19 
.36179 +.250B77 - .05B3402 + ,690783 +.8833 -1.75E-11 -1,75E-l1 +4.81E-11 21 
.38692 -.239987 -,0791427 '.680870 +.B417 -1,521-11 -1.521-11 +4,33E-11 23 
.41205 +.224788 - .1059200 +,669292 +,7882 -1.29E-l1 -1,29E-11 +3,84E-11 25 
.43718 +.204391 -.1401625 +,655447 +.7197 -1,05E-l1 -1.05E-11 +3,36£-11 27 
.46231 +,17763'5 -.1B37896 +,638575 0,6324 -8.021-12 -8,02E-12 +2,89E-ll 29 
.48744 +.143036 -,2394052 +.617559 +,5212 -5,59E-12 -5.59£-12 +2. 41E~11 32 
,51256 +,080629 -,4818988 + ,437472 +,0362 -1,731-10 -1.73E-10 +9,361-10 37 
. '51256 +.098787 -.31.08996 +.590313 +,3782 -3.27E-12 -3,27£-12 +1. 96E-11 39 
.53769 +.043675 -,4051242 + ,551201 +,189B -1.20E-12 -1,20E-12 +1.52E-11 45 
,53769 +,043675 -,4051242 +.551201 +,189B -1,20E-12 -1.20E-12 +1. 52£-11 49 
.56282 +,028637 -.4B48199 +.4B6544 +,0304 -3,781-12 -3:78E-12 +6.42E-11 51 
.50795 +.105099 -,4866233 +,408278 +,0268 -5,25E-11 -5,25£-11 +2,04E-10 5? 

Table 3.29 . (t37), Calculations for the power flo!" in Kretschmann PHA 
configuration with diel.eciric permiHivities: E3 % 2,25 , E21- E21(w) .. 
E22 • E22(w), E1 • 1 Plasma frequency Wp = 1.E+15 Hz; Relaxtion time Tall" 

l.E-13 sec .. Thickne-ss"of the film H- BOO 'A.' V-coordinate = 0 'A' 

u P P 1 R B R R N C H (physically real part) , 
-----------~-----~------------------------------------ --------------------------

Pxl Px2 - Px3 p)( net 5y1 Sy2 5y3 N 

,71359 + .491800 - .4851018 +,02309B +,0296 -2,14E-09 -2.141-09 +1. 00E-10 8 
71359 +.491800 - .485101B + .02309B +,0298 -2. 14E-09 -2.14E-09 +1. OOE-10 e 

.81410 +.056528 -,1}495256 +,893947 +,9009 -3,95E-12 -3.95E-12 +6.25E-11 ~ 

.83923 +.327270 ... 4174241 '.255305 +.1652 -1,48£ .. 10 -1,48E-I0 +1.16E-10 1( 

.86436 + .320113 ... 4805780 '. 199309 +,0388 -7,67E-10 -7.67E-10 04,771-10 1( 

.88949 +.317149 -.4830035 +.199847 +.0340 -l.OSE-09 -1. 08E-09 +6.781-10 11 
------------------------------------------------------------------------------. 
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no;; powel' t.tansMt~(J:ton .~ DUrVG ( '* ~ *" ) • 



J , 
'.".!-.... ~ ... ~ ,,, ....... ,., ........... __ .. 

, 
" 1 

!. 

94 

A I R 

P R ISM 

I No = l 

f-Ig. 3.35 ,"(L1?" f'1agnGi.ie fiold dfstt-ibution in the W(~) Rod. 
EI - 1 . ED - 2.25 , Hp - I.E+15 Hz, r.u - I.E-13o, Wn _ .Bl 
H - eae A. Ko - "3355.5703903 Kxr - 50025.7~le709 
Kxoc ~ 33357.2391597 , Kxi - 172.S3741292G Daia filo nemolL37 .. 

• 1-_' 

T 
; 
! 
; 

I 
+ 

.,. 
Ii 

, j 

J 
! 
f 

.,J,. 

A I R 

FILM 

P R ISM 

No = 2 

~Ig. 3.36 .(LJ7) Magne~ib rj~ld d;~tribu~ion in thG w(-) 
£1 - 1 . E~ - 2.25 , Wp - LUIS Hz, ro ... - I.E-13 e, ~In ": .Bl 
H - 900 A. Ko - 33355.5703803 f(xo - 33365. 539lH9 
Kxoc - 33357.23U1597 , Kxl - 5~.B1021IG53 Dot. file nQ~IL37 



95 

'I' 

'L' J i 

I 
..... .... "b~···········::······························ .................... -.............................. . I __ 

j ~------_~ F I L M 

A I R 

l ---------------__ ' ..... , .................... .,l ...... -............................. _ ............ '·"n .. _ ..... n ........ , ... ,··._ ..... ,., ... · ..... ·• -" ...•. ' ... ' ................. ' .•. :-::::::.:::/:;~!- .......... · ...... , .. '.·.·N_ ...... _ .. •·• 

I 
L 
i 

P R I S'H 

I No ~ 3 

rig. 3.37 .IL3?) Magnetio field distribution In tho wl-) modo 
EI - I , E<l ··2.25 • lip - 1.[-1-15 Hz. Tau ~ l.E-13 s. t4n - .035129205129; 
H - 980 A. Ko - 117172.131949 Kxr - 179741.140347 
Kxor - 1172H.57!1243 • Kxl - 2739.41'11392 Dat~ filo M",o.L37 • 

1T 
H 

i 
! ' 
i. 

I 
A I R 

P R ISM 

I 
I' 

I 
i 

.oj.. No = <I 

rig. 3.38 • (L37) ti.gn.tl~ flold distribution in th.. ",( .. ) "aae 
EI - 1 . E3 - .2.25 • Hp - I.E-I-15 Hz. hu - 1.[-13 s. t4n - .a3Sl2!l20S12!l; 
H - 900 A. Ko - 117172.131949 Kxr - 119403.561487 
Kxor - l J72H.5i'@243 • Kxi - 5.1233111415411 Oat" filo nome,Ul7 • 

" I 



,. 
i 
! 

96 

A I R 

., P R I S ~1 

r 
,~, 

No = 5 
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3.3 A 'suggested Modific!t~.on of the E~~~ 

SPLP I1ethod. 

j 
The existing SPLP method found in literature is 

, reviewed in section 1.2.. The reasons ~lhich initiated " 

the modification of the method are 

i) The previous study by Mr. Abdurahman Ahmed and 

Dr. D.A. Letov [13 ] reveaied that the existing Sl>LP 

method fails: 

a) 

b) 

cJ 

o 
at small h, thicknesses less than ~ 250A 

" for w;>0.4Wp. 
ii) As mentioned earlier the method cannot be applied 

to the symmetric environment (E = E ). 
S 1 

iii) Upon solving the eXact thin film disp~rsion 

equation (2.1) nUmerically by the computer using the 

'Downhill' ~ethod for the asymmetric environment we 

observed that the~e exist several new results which are 

not shown by the approximate analytical solution of the 

existing method. 

We avoided the't'ollowing aswnptions used in the existing 

SPLP method • . ' • • 
1) Rekx ~ Rek~o 

2) Approximate solution for k; • 
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By avoiding the first assumption one increases the 

accuracy in the determination of € • 
2. ' 

~lhich particularly 

improves with growing frequency. The elimination of the 

Iformer als6 allows the determination of small h value 

physically possible for both environments and avoids the 

Over estimation of radiation damping in the case of weak 

absorption, see fig. (2.12) and also the tmder estimation 

of radiation damping in the case of strong absorption, 

see fig. (2.10) 

For the modification we borrow the fbllowing 

expressions from the existing method: 
. €2€ a 

I). €" (6 R ) ~ (1_+ I-Rmin) 1 3tan ·res 2 res, min,WO = 2"" 

II) k' '" k3Sin a x res 

III) k" '" 
k3 Wa 

x 2 Cos ares 

(3.1) 

(3.2) 

(3.3) 

Where k3 '" kon3 is the wave vector of light in Prism. 

From section 2.1 we have the following equations 

satisfying the·tftin film dispersion eqn. (2.1). 

Fl (€ 2" £" - . h, k' 
2' X k") = 0 x (3.4) 

(3.5) 

From eqns. (2.13) and (2.20) the expressions for Fl 

and F2 are 
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-2k" 
Be 2yh + Sin C 

Where 

B = r' rt' + r" r' 21 23 :n 23 . 

C = 2k' h 2y 

. 
~ IEl k 2y\2 _ \£2k 1yI2 

D 

. . 

Where 

and = IiY E - ~~ 
o i x 

k' + ik" iy iy 

I 

(3.6) 

(3.7) 

(3.8) 

. (3.9) 

(3.10) 

. . . 
1 r U 

. 21 = 
2Im(Elk2y(E2k1y)*) 

D 

(3.11) 

. .' 
2Im(E k2 (E k3 )*) 

'" 3 Y 2 Y 

E 

(3.12 ) 

i = 1,2,3. (3.13) 
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c~ , k~1 and k~ are determined experimentally using 

the ATR device by eqns. (3.1) through (3.3). After fixing 

Itheir valu~s and putting in eqns. (3.6) and (3.7) we have 

two equations with two ,unknowns c' and h. Therefore 
2 ' 

eqns. (3.4) and (3.5) can be written as 

(3.14) 

F2 (c~ , h) = 0 (3.15) 

Which can be solved simultaneously for c' and 
2 

h numerically by the computer using the 'Downhill' 

method. 

3 • 4 $l1JII!9a:r y and Conc Ius ions 

In trying to improve the existing SPLP method we 

assessed both symmetric and asymmetric env~ onments of 

the film. The restriction upon the type of the environ-

ment i. e ., the requireroent that the environment must be 

strongly asymmetric (c t c ) is lifted. The modified 
3 1 

method suggested in the thesis can be applied to any 

type of environment in which the film is placed. It is 
.' . .-t .. 

also important to note that the modified method does not 

;require any ~reset roodel for the E l ;; 2 (w) function. 

·Therefore the applicability of the method can be very 

large covering not only different metal films but also 

various semiconductor films. The studies of the dielect­

ric function are very useful in the determination of the 

av8X!all band structure of a crystal since ~ (w) depends 
2 

sensittvely on the electronic band structure of a crystal. 
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Several ne\,1 results have also been obtained upon 

solving the thin fi lin dispersion eqn. (2.1-) numerically 

by the computer using the 'Downhill' method. These are 

i) the existence of back-bending segements for 

both environments in the £0- and £0+ modes. 

ii} the existence of w~ and £0+ modes for the 

asymmetric environment. However, ,the £0+ mode appears 

only as discrete points. 

iii) the existence of upper cut off wave vector k'* 
x 

for the £0- mode of the asymmetric environment. 

iv) the existence of 'side' mode which appears as , 
+' an extension of £0 ~ode. The 'side' mode is labelled 

unphysical. 

iv) the existence of modulation in the (0- mode of 

the asymmetric enVirOl1nlent (£ j4 £ ) at about 0.51£0 
3 1 P • 

'However, this latter point requires additional studying 

since the type of field distributions obtained at the 

corresponding points of the dispersion curve does not 

fit any of the standards kno\'m so far. 

The derivation of the experesions for the components 

of cycle-aver.ag~ power flo\,IS in the PI-fA structure is also 

our achievement. Ne have not come ,across these experess­

ions in Ii terature_. These expressions for the power flo\</1> 

can be applied without any restriction on the type of the 

environment, see appendix B. We have also shown, start-

ing with the thin film dispersion eqn. (2.1), the 

splitting of the dispersion eqn. into (0- -and (0+ modes 

i 
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in the symmetric environment, eqns. (2.22), and '(2.23), 

for very thin metal films, see appendix A. 

The back-bending and modulation segments are 

checked for Physicall validity and we described them a~ 

a consequence of artificial anomalous dispersion which 

is most probably due to absorption of the incident light 

on PMA structure since the net power flow drops 'Very close 

to zero for ~ small or is zero for T big. It was ' 

found out that the magnetic field distributions change 

their s~nmetry properties at 00 and k~ corresponding to 

these segments. 

It is also established that part of the 00+ mode 

dispersion curve is physically unreal. The physical 

-'Validity of this part of this part of 00+ mode has not 

been checked in literature [ 9 J . 

• . "1' 

I 
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~(I:lx 1\ 

Derivation of tl~_ SE1!.tUng of the dispersion equation of 

thin -Inetal film in the symmetric envirolUnent (£ '" £ ) into 
3 I 

~wo branches. 

I 

The classical thin metal film dispersion equation in the 

asymmetric environment is 

+ 1 '" 0 (A.l) 

For the case of symmetric environment, £ '" £ 
3 1 

r 32 ->- , r 12 

'I.'his implies 

2ik2 h r 12 r 2l e y 
-1- 1 = 0 (A.2) 

but -r 21. 

Thus egn. (A.2) can be written as 

• ik h) 2 1 - (r2l e 2y_. '" 0 (A.3) 

Equation (A.,l) can be interpreted as a difference of 

two squares, Le., like a 2
_ b 2 

'" (a+b) (a-b) and hence 

ik_ h: • il h 
(l+r21 e 2y) (1-r21 e e2y ) '" 0 (A.4) 

By putting each bracket in eqn. (A.4) equal to zero, we 

have . ' 
1 + r 2l 

e ik2yh ,- 0 (A.S) 

and 
• 

e ik2Y h 
1. .. r 21 = 0 (A.6) 
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Where r 21 ~s Fresnel's reflection coefficient for 

P-po1arized light, seG eqn. (1.13), given by 

k (_-1x 
• 
€ 

2 

Putting eqn. (A.7) into 

K • k k :ly.> ( ::.2Y (:lX + + 
Eo € € 
l' 1 2 

This implies 

. . . 
k 2y ( 1 + e ik2yh) 
Fe 

2 

eqn. (A. 5) I we have 

, 
k ik h . ..1:x.) = 0 e 2y 
€ 

1 

+ 
I 

(A.7) 

(A.8) 

Dividing throughout, eqn. (A.8) t by (1_eik2yh) \qe get 

This 

but 

-I-
• I': 

2 

goes to 

• 
k 1y k2 

._J, _.!:X . • € E: 
1 2 

eik2yh + 1 

e ilt2yh_l 

e
ik2l + 

e iK2yh_l 

ctgh ( 

1 ) '" 

ik2 h Y ) 
2 

o 

0 

(A.9) 



109 

Now eqn. (A.9) becomes 

kly k2 ik2 h -P- ctgh .y ) - 0 
E: £; 2 

(A.10) 

I'" 2 

since ik2 h 
-ctgh ( Y ) 

2 
= 

··ik h 
ctgh ( ,.2y -) , eqn (A.I0) 

2 

can be written as 

• 
k k 2y ':'il< h 
.....!x + ctgh ( 2y ) = 0 (A. H) • 
£ £ 2 

1 2 

Multiplying eqn. (A. 11) through tout by £ £ \1e have 
1 2 

. · . -ilt . h 
£; k + £; k 2y ctgh ( 2y ) = 0 (A.12) z ly 1 2 

but in egn •. (A.12) the argument can be simplified as 

· -ik h 2y i = ~ (A.13) 
2 i 21 

Hence eqn. (A.i2) takes the to11owing ~orm 
,. k2 h 
+ c k2 ctgh (--.£l. ) -- 0 

1 Y 2:t 
(A.14) E k1 

2 Y 

Similarly, putting eqn • CA.7) into eqn. (A. 6) • 1>10 have 
. 

k k k k1y 
. 

(~ + -.l:Y) (~ -) e ik2yh ~ 0 
{; • £; C £; 

2 1 2 1 

f 
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Thfs implies 

k 2y 
. k 

( i- e ik2yh) + -1x ( 1 + e ik2yh) = 
{O E 

2 .. I 

• 
Dividing eqn. (A. IS ) throughout by (l+eik2yh) 

k ly + 
k 2y 

( 
1 . ik2 h :e y) = 0 

E E e ik2yh + 1 
1 2 

This goes to 

. = 0 

but 

Now 

E 
1 

E 
2 

e;i.k~h_l 

e.iK2yh+ I 

eqn. (A.16 ) 

ik h 
~ tanh (-4-) 

2 

becomes 

~ k2y tanh ( 
ik2 h 

y ) 
" . 

E E 2 
1 2 

= 0 

0 

(A. IS) 

we get 

(A.16) 

(A.17) 

since 
ik h 

tanh( -~ ) = 
2 

-ik h 
tanh ( 2y ) , eqn. (A.17; 

2 

can be written as 



. k
ly 

e: 
1 

III 
• 
k

2y + tanh ( • e: 
2 

Multiplying eqn. (AIS) throughout by 

using eqn. (A.13) we get 

;; kl 
2 Y + e: k2 

I Y tanh ( 
k· h 2y 

2i ) = 0 

(A.IS) 

• £ £ and 
I 2 

(A.19) 

So eqn.s (A.14~ and (A.19) are the final forms of 

the splitting of the dispersion eqn. (A.2) into blo 

branches. So the aqns. corresponding to the upper mode 

(w+) and lower mode (w-) are 

+ 
~) 

w 

+ L • • 
£ kl 

2 . Y 

. . 
'" £ ki 

2 Y 

" 

+ £ k2 tanh ( 
1 Y 

+ £ k2 ctgh ( 
I Y 

o 

o 

CA.20) 

CA.21) 
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- APPENDlX B 

DeXi y.a ti on of ~le -AVex ~q!' ___ 1?pwer _ J? Im'1 in __ KretschnYahn 

P1>il\ Configuration. 

--
'I'he cycle-avexage pm'ler flow 1s given by 

on 

-+ 
<s> = 

Suppose a TM polarization, -H '" 

the film. From Max~Tel1' s eqn. 

-+ £1 aE' rot H. 
__ l. --

1- (J t 

; 

We see that-
+ 
E = E /> + 

xi 

Now eqn. (B.l) becomes 

A ;'> 

<s i + x 
S j> 

Y 

Resowing 

< S > x 

gives 

__ 1 Re 

2 
(E H") 

y z 

<8 > '" -- 1:: R (E H*) 
Y 2 e x z 

E 
A 

yj 

The magneti{) field distributlons 

for the three media are 

(B .1) 

-, 
Hz, \o/ave incident 

(B.2) 

(B.3) 

(B. 4) 

(J3. 5) 
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From eqn. (B. 2) , we have 

1 
H 

Ext 
' zi = --

~i(JlE; 1 dy 

1 
H zi 

E = y1 :\.w£ . ax 
. 1. 

~lhere i '" 1,2,3. 

For our layered system, using eqn (B.6) we get 
• 

• _ k 1y • 
Exl = Hzl 

w£ 
1 

. 
w£ 

2 

. 1<3 • 
EX3 '" 

_!y H z3 
we 

3 

and 
k 

Eyl 
x 

Hzl 
_. 

WE: 
1 

,.k,. • x 
E '} ~ IfZ2 y •. 

Wf 
2 

k • x E ~ H z3 y3 
tile 

3 

Using aqna. (B.7) and (B.8) 

k • 
~IH 12 
flJ£ • 

1. 

I zi 

in eqr,. (B. 4) \'le have 

't'lhere :l '" 1,2,3. 

i 

(B.6) 

(B.7) 

(B.8) 

(B.9) 
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and . 
<Syl> 

I 
Re 

k
lX 

IIzl12 
= 

2 W€.>l (S· :/.0) 

I . 
I 

<Sy:!.> 
k

2y [ -I A 12 -2k" Y + = - - R e 2y e • 2 2 WE 
2 

• 2k" Y * -2ik 1y * -2ik" Y. -2k "x IB212 e 2y + B2A2 e 2- A2B2 ·13 2Y'j.e ~ 

(B.ll) 

I k~y 
1 HZ3 12 (B.12) <Sy3> ::= --R 

2 e 
WE: 

~ 

NOvl we need to express the arnpli tudes Al A2 I and J:l
2 

interms of A3 • This is accomplished using boundary 

conditions at the two interfaces Le., continuity of the 
.... .... 

field V'OlctOrs E and II. 

At Y = 0, (metal/air) interface 

Exl ~ Ex2 and Hzl = Hz2 

At Y '" -h, (prism/metal) interface 

Irom Eqn;. (n.13) we obtain 

(B,13) 

(B.14 ) 

A '" 
1 

E:1 k2y " • 
E R (A2 - B2) and Al = A2+B2 , respectively. 

2 ly 

(B.IS) 

I 
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From eqn. (B. JA) ,-Ie obtain 

, .k.~y (-A 
• 2 
E 

2 

-ik h e 2y 
·E 

-ik h ik h ik h (A e 2y + B2 e, 2y ) = A3 e 3y 
2 

respectively. 

A3 

3 

ik h e 3y 
(11.16) 

Where kiy are determined by solving the wave eqn. for each 

mdium 

= , \·,here i. = 1,2,3. (B .17) 

and is given by 

• 
ki.y = ( k 2 E. - k 2 h (B .18) 0 1. X 

From eqns. (IL}-5 ) vie have 

k' 
. • k k' k • ( ~y .J:x) _?x ~.1x) B2 '" A2 / ( + (B.l:J) ~ 

£2 € € 2 
2 1 

" l!'rom eqn. (1.l3) vIe see that 

• . ~ 

)32 ~2y k k Ie, 
r = = ( _ .2Y ) 

/ ( _zy 
+ -E. ) (B.20) 

21 • • A2 E E E E 
2 1 2 1 

is the Fresnel reflection cO-~fficient at metal/air interface. 

From eqn. (16) \'le get 

* / 
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A2 = 82 E 23 
e2ik2yQ 

(B.21) 

where 
k k k It 

r'23 ~ (2Y. -.1x)/(~ + .2x) . (B. 22) 
E - E E E 

2 3 2 3 

is the Fresnel reflection coefficient given by eqn •. 
(1.13) 

Using eqn. (B.20) in eqn. (B.21), we arrive at 

(B.23) 

This is the thin metal film dispersion eqn. 

Now we need to express A2 inte~~ns of A3 ustng eqn. 

(.8.20) in the 2
nd 

of eqn. (13.16), and also using eqn.(B.23), 

we have . . 
r23A3 e i (k2y .+ k3y~h 

r 23 + 1. 
. 

and using eqn. (B. 20) B2 can be written as 

• _f.' r + 1 
?-3 

Using eqn. (8. 15) Al can be ~lri t ten ,as 

• 
A3 e i (k2y + k 3y )h 

r 23 + 1 

(B. 24) 

(B. 25) 

(8.26 ) 
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In the expressions for the pm1er flows we frequently . 
come acroSs terms like I H I 2 zi i ~ 1,2,;. 

) 

For medium 1 (aLe) 

-2k II Y - 2k "x e 1y x 

For metal film (2) 

= [
• -2k" Y 

IA212 e 2y + 

For Prism (3) 

2k" Y IH 12=jA12 e 3y -2k"x z3 3 x 

(B.27) 

(B.28) 

(B. 29) 

Putting eqns·. (B.27) through (B.29) in eqns. (B.9), W;lO), 

and B.l.2), r.'le have 

<sxl> 
1 

R ~ 

2 e 

for 
iI 

~ 
WE 

1 

, 
k' 

j{ 

• WE 

the x-components 

IA
l

l2 -2k" Y e ly - 2k"x x 

C·' -2k" Y + I 132 I 2 2k" Y I A2 j 2 e 2y e 2y' 

2 

-2ik I Y"'I -2k"x 
e 2Y.J.e x 

1 kx 2k" Y - 2k "x 
< s > ~ "- R I A3 .1 2 e 3y X' x3 2 €I 

(~E 
3 

(B.30) 

+ 

(B.31) 

(D.32) 

I 
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and for the y - components, we get 

< sa:> y 

<s • > yJ 

'" 1. R 2 e 

• 

-2k" '1 - 2k"x e . x 
ly 

k 
~[-IA212 
WE: . 

-2k" 
e 2 Y 

'y 
2 

1 k3 • 
·.iV I A3 12 = _.- R ~ 

2 e WE: 
3 

2k" Y e 3y 2k" x x 

(B.33) 

(B. 34) 

(h • .);)} 

The next step is to replace AI' A2 and 3
2 

by 

their expressions interms of A3 , eqns. (B.24) through 

(B. 26). Hence 

.* 
~ 

rr23 12 11\31 2 e-2k2~ - 2k3~ 
1~23!2+ 2r23 + 1 

• *2 -2k" h --2ik' h 
r 23 IA31 e 3y 2y 

= 
I r 23 1

2 
+ 2r2~ + 1 

(B. 36) 

(B.37) 

(B,)8) 

(Il.39) 
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IAI2 --2k" h 
.• 3 e. 3L [ 

Ir2312+2r,;'3+l 

• -2k" h 2k" h + Ir2) 2 e 2y +.e 2y. 

(B i 40) 

Eqns. (B.38) and B.39) should be resolved into Re and 

1m parts. 

The complex term in eqn. (B. 38) is 

2ik' h r
23

e 2y 
= (r

2
'3 + i:e ") (Cos(2k' h)+ 23' 2y 

i sin (2k 2yh» 

=: r • cos (2k2yh) - rIO sin (2ki y
h ) 23 23 

+ i [r23 
sin (2k2yh) + r " 23 cos (2kiyhfi 

.This implies 
I A31

2 -2k "h r. cos (2k' 2h ) -r23" sin (2k2yh)'l e 3y LFZ3 ~~~._(_y __________________ ~ 

1~2312+ Zr23 + 1 

(B.41) 

(ll. A2) 

The complex term in eqn. (B.39) is 

'* -2ik' h 
r 23 e 2y = [ , r Z3 cos (2k' h) •. r" sin (2k' h)] -

2y 23 2y 

i r' sin(2k' h) + r " cos(2k' h)j - [23 Zy 23 2y 
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That is 

'" R (A B- ) .•. Re (B
2 e 2 2 

, '" 
ITO (A

2 
B2 ) '" - 1m (B

2 (E. 43) 

Using egn. (B.43) for the last t\olO tel.'ras in eqn. (B.31) 

(B.44) 

Similarly, for the last two terms in egu. (£,34) 

(B. iH \ 

Using eqns. (B .. 36) through (Bd5) in eqns. (B.30) tbrough 

(E.35) I and also usIng the b,igo110mei:ric relations 

sin ( Ci S) sin g COB 13 + cos g sin B 

cos ( g + B) -. cos u cos 13 .. sln g sin B 

,1e are also ,:eco Iving the terms In eqns. (Il. 30) through 

(8.35). :i.nto Re and Im pKrts. 

In eqn. (E. 30), the term 

k k ' + 'k" x'" x J· x ' R (k ) e y. = k' x 

(B.1\6) 

(8.4'7) 
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In eqn. (B. 31), the term 

. .i £: II 
kl{ k' ·lk" c' 

l{ +. l{ __ 2_":..2....1. 
= . 

c c'+ . " :t€:. c l ~ ie ll 

2 2 .. 2 2 2 

In eqn. (B.32), the term 

k' x 
+ ikll 

X 

In eqn. (B.33), the term 

'{ '" k' + ilc" . Iy 2y 1y 

In eqn. (E. 34) I the term 

.f: '. .-, i.E: It 
~ ____ 2 

£' -- i£(I 
2 2 

In eqn. (B. 35), the term 

• 
k = k' + lk" 3y 3),' 3y 

k' c' k"C H 0Ckllsl F.:"k'] 
x· 2+ x 2 = + 

! x 2~ 2 X 

I ~ 12 I ~ 12 
2 2 

(B. 48) 

(B.49) 

(B. 50) 

+ 

(B. 51) 

(1:'.52) 
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NoVl eqns. (B.30) -through (B.35) can be ~lritten as. 

i <s 1 > , x 

2w£ 
3 

-2k" h 2k" h e 2y + e 2y 

(B. 53) 

[ ,. 12 -2k" (h+y) ,:t:23 e 2y 

(B. 5 4) 

(B. 55) 

Assuming 1 11.312 ~ 1 and at x -- O. with the same as[,UIllpt lon 

;for 'the y - components. 

-2k" h 
ki '" 3y ",L...:!:-X... _~ ___ _ 

2WE r 1~.12+2r· +1J 
1 ~3 23 

-2k" h 
[ Ir23 12 e 2y 
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.6(1 /2 -2k2" (h+y) I r 23 a y 

• (r'3 sin (2k2'· (h+y)J 2 -y 

2k" Y -k3v e. 3y 

2w£ 
3 

+ r II 

23 

[(k! £1 t. k"' e") 
2y 2'" . 2y 2 

cos (2kzy (h+y)] »J 
( B,57) 

(B.58) 

Integrating, over y from - 00 upto + 00 I the x -

components of the potier flow, the total cycle-average pOHcr 

flow in each rnedi\Xfl\ comes out as 

,~~ 

<PIx> ~Jo<slx>dY 
-2k" h k' c 3y 

._ x ~_.. ----[1 ~ /2 -2k" h 
4we k" [/rI 2 12r' +~ 23 e 2y + 

1 ly 23 23 

• -2k" h -I r2312( e 2Y_l)J 

<r 
.~~~os (2ki y h) - l)J J 

(D.59) 

1 ri 2k II h 
[e 2y -1)-

2k" 
2y 

(B.60) 
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<P3x> '" f~ 
~Oc\ 

s3x > dy 

k' -2k" h e 
~ x _. 

4wf, k" 
"3 3y .. (B.6l) 

".' 
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