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The coupling of microwave radiation to surface plasmon polaritons
and guided modes via dielectric gratings
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It is shown that an absorbing dielectric layer, sinusoidally modulated in height, on top of a planar
metal substrate, may be used to provide coupling between &otimd p-polarized incident
microwave photons and surface plasmon polaritons, which propagate along the metal—dielectric
interface. The study is carried out using paraffin wax as the dielectric material on an aluminum-alloy
plate and the wax is sufficiently thick such that it may also support a guided mode. Energy
reradiated from these excited modes into diffracted orders is recorded by monitoring the specular
beam reflectivity as a function of wavelength (¥.5,<11.3 mm) and azimuthal angle of incidence
(0°<9<90°). The azimuthal-angle-dependent reflectivity scans are fitted using a multilayer,
multishape differential formalism to model conical diffraction with a single set of parameters
describing the grating profile, and the permittivity and thickness of the wax layer20@
American Institute of Physic§S0021-897@0)02606-2

I. INTRODUCTION ergy associated with the mode into diffracted orders, the
propagation length of the mode is reduced. Other workers

Itis well known that a wave, which is a solution of 56 shown that the radiative damping of the mode is pro-
Maxwell's equations, may exist at a surface bounding two

) . . . ortional to the square of the grating amplitdde’
homogeneous media of different dielectric constants. WheR a g g amp

N . . . : In this study an alternative grating geometry is used,
one medium is a dielectric and the other is a metal, this mod% . . .
) . ’ here the metallic surface along which the SPP propagates is
is known as the surface plasmon polari{i@PB. The mode 9 propag

. . . . lanar. D i n f the metalli rate i rru-
is nonradiative if the surface is planar, and is characterlzeg anar. Deposited on top of the metallic substrate is a corru

by a phase velocity greater than that of the light in the adja-gated dielectric overlayer of mean thicknas#n this work,

cent dielectric: In order to excite this mode resonantly, the ;[jhe d'fleﬁt_”ﬁ o;/(tar:Iaye_r Is petroleum lwax,ththe tre(;‘_ragtlr\]/e n-
in-plane momentum of the incident radiation must be suit- e1XSO W '_f e: tf? {m(;m\;vave v;/a\(e_slng S slu Ieth e_rr?] N
ably enhanced. One way of achieving this is to use a cou- ~—’ simriar fo that of glass at visible wavelengins. 1he

pling prism in the Otté or Kretschmann—Raethgeometry. up;l)er, §em|-|nf|n|te d'hEIGCt”C.IS all’..f::t Is the corrugated air—
A diffraction grating may also be used to couple incidentdielectric boundary that excites diffracted orders and pro-

radiation into the surface mode where the corrugated intert/des the required enhanced momentum to couple radiation
face provides the necessary in-plane wave-vector enhanci® the SPP (TN mode associated with the wax—metal in-
ment in integer multiples of the grating wave veckgr (kg terface. This geometry is similar in some respects to the Otto

=2m/\q, where\ is the grating pitchsuch that the surface arrangement that uses a high-index prism to create an eva-
plasmon wave vectdkspp satisfies nescent field across an air gap and couple the field to a SPP

) on the planar metal—air interface. Here, the prism is simply

Kspp=Ngko Sin 6= NKkg . (1) substituted for a corrugated overlayer. This coupling geom-
HereN is an integerny= e is the refractive index of the etry for the excitation of surface plasmons appears to have
dielectric, \g=27/K, is the wavelength of the incident ra- been first used by Mier et al® They successfully coupled
diation, and@ is the polar angle of incidence. If the azimuthal 632.8 nm radiation to the SPP mode, although their study
angle¢, defined as the angle between the plane of incidencwas restricted to the classical mourt=€0°). Their sample
and the grating wave vector, is equal to zero then all theonsisted of an evaporated silver planar substrate, on top of
diffracted beams lie in the plane of incidence and Ef. which was a 5 nmlayer of gold and a photoresist layer con-
reduces to a scalar equation. taining an interferographically produced grating. In addition,

The *classical” grating coupling geometry uses a singleif the dielectric overlayer is sufficiently thick, it will also be
corrugated metal—dielectric interface, and when gratingable to support TE and higher order TM “leaky” guided
coupled in this way, the SPP propagates along toisu-  modes. Daks®t al.” demonstrated how corrugated layers
gatedboundary. Since the periodic surface may diffract en-can be used as a mechanism to excite guided modes in thin
films, and this technique has more recently been used in the

. : 8
dAuthor to whom correspondence should be addressed; electronic maif?on'caI mount (o¢0°) by_ Veithet al.
A.P.Hibbins@Exeter.ac.uk In contrast to the optical wavelengths where Joule heat-
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ing damps the SPP, metals at microwave frequencies behave Incident %
as near-perfect conductors. Hence a SPP that travels along a radiation A Reflected
planar boundary between semi-infinite air and a metal sub- A sz’ y / radiation
strate will have an almost infinite propagation distance. . T
However in the geometry presented here, there are two inde- Alr : Dl

(semi-infinite)

pendent damping processes that may act on the SPP as it
propagates along the boundary. First, the mechanism that
allows radiation to couple into the SRRe., the gratingwill
also allow the mode to radiatively decay. In a previous study  , Y...kew..e DY
that illustrates the resonant excitation of SPPs on a near- T Wa ‘}\‘: z : It
perfectly conducting metallic gratingthis damping process .
was exploited; the width of the resonances would otherwise
have been prohibitively narrow to experimentally observe.
Second, although the top and bottom semi-infinite méalia
and metal, respectivelyare effectively nonabsorbing at these
frequencies, this may not be true for the wax. Since the eva-
nescent fields associated with the SPP mode penetrate this. 1 Schematic diagram il!ustrgting the sample, cpordinate syste_m,'and
wax, any Ioss mechanisms within this overlayer fu) il eX0eI*I Seerery e 1 sk e enon o e st e
contribute a term to the damping of the mode. Both of thes@etic, TM) radiation is incident. Hereis the average thickness of the wax
damping terms will contribute to the width of the surface overlayer,\ is the wavelength of the incident radiation, is the grating
plasmon resonance and will also have a similar effect on angitch, anda is the grating amplitude.
guided modes propagating in the system

However, it should be appreciated that reradiation of en-
ergy from the mode back into the specular beam does not
necessarily give an observable resonance loss. If the grati

grooves are neither parallel nor perpendicular to the plane . .

incidence (#0°,90°), then the polarization of the reradi- real part of the pe£m|tt|V|ty to be determined. It was calcu-

ated signal will be different from that of the incident beam !ateF’ to peE“WB‘X: Max=2.29 over thg frequenqy range S.tUd_
d in this work. However the imaginarglamping term is

and a polarization conversion signal may be detected. In this; . . . :
P g y ifficult to determine accurately by this method and is used

situation, a dip in the speculdR,, and Ry reflectivities " , . ,
would be observed around the resonance condition, togeth a fitting parameter in the subsequent theoretical modeling.
' n addition, the permittivity of the aluminum alloy substrate

with an associated peak in th&, and Ry, responsesif ¢ . o .
#0°,90°). Here the subscripts refer to the incident and de’® al?ﬁ assumled_constﬁr@kn&eg,—f_—"_106+ 109')'”.
tected polarizations, respectively. This will occur even in the e sample is prepared by filling a metallic, square tray

absence of absorption in the wax or reradiation of the SPI}e’hose S|ded|s ﬁpp.roanately 4|O(,)Amm a|r|1_d S'epthbﬁ ”;th'th
into other diffracted orders. ot wax and allowing it to cool. A metallic “comb” of the

In this article, the reflectivity of microwave radiation desired sinusoidal interface profile is manufactured using a
from the sample i’s recorded as a function of wavelength computer-aided design and manufacture technique. It is used
and azimuthal angle of incidencg It is illustrated that a to remove unwanted wax from the sample by carefully drag-
dielectric grating may be used to couple bosh and ging it across the surface until the required grating profile is
p-polarized microwave radiation to a SPP that propagategbta"_]ed' . .
along a planar, near-perfect conductor, as well as guided Figure 2 illustrates the experimental arrangement used to
modes supported by the wax. The azimuthal angliepen-
dent reflectivity scans are fitted to a rigorous grating model-

< g %

Metal
(semi-infinite)

“+._: Plane of
* incidence

he spacing of the oscillations in the reflected signal, which
e due to the interference between the radiation reflected
om the top and bottom surfaces of the sample, allows the

ing theory® using the corrugation amplitude, wax thickness, Spherical
and €; o« as fitting parameters. mirror A‘\ '/,'
» 1 ‘s ¢ I LA
LN (N & I R
\‘ \I‘ ~ R4 'l/ ':
IIl. EXPERIMENT YN 7 A
L) . ) 4 oy 4
L. . . L . Y o, ¢ ¢ ’
By utilizing a grating modeling theor}f it is possible to AN N s '.','
design a sample whose grating pitch and amplitude, and wax “'u‘ ‘\ e /' :'/
. . . \
thickness will allow surface mode resonances to be easily ) \‘ /' >
identified and experimentally observed in the available Sot:rce . S' | ’Retceiving
antenna ample antenna
wavelength range (75\y<11.3mm). The system chosen alill reference on rotating? and signal
detector table detector

for this study has a purely sinusoidal top interface profile
A(x)=acos 27x/\q (Fig. 1), wheret~2.6 mm,a~1.5mm,
and)\g= 15mm. Information is deduced about the dIEIeCtrICFIG. 2. Schematic diagram illustrating the apparatus used to measure the

characteristics Of_ f[he wax by recording the Wavelength'wavelength- and azimuthal-angle-dependentesponse from the sample
dependent reflectivity from a planar slab of known thicknessstudied in this work.
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HP8350B
Sweep Oscillator
and HP83572A Flexible

¢ = 090°

RF Plug in. Waveguide. 0.90-1.00
HP System Interface. 8?8 - 828
HP8757D Scalar g:tzggfe Directional coupler. -W 828 8;8 (a)
Network Analyzer. o 0.40 ) 050
Na_rda Standard ] 0:30 - 0:40 Rpp
HP Interface Bus. gain horns. B 0.20-0.30
) Signal Il 0.10-0.20
:78 wﬂf; analogue Detector. Il 0.00-0.10
car -
(also controls izggllﬁer;f;tigwty

rotating table)

FIG. 3. Schematic representation of the interconnecting components used tc

record reflectivities in the 7.5—-11.3 mm wavelength range. 0.27 - 0.30
0.24-0.27
0.21-0.24
0.18-0.21
0.15-0.18;
record the reflectivity from the sample, and Fig. 3 shows a 8'83:8']523‘
schematic representation of the interconnecting components 0.06 - 0.09
of the system. The arrangement shown in Fig. 2 has been lll 0.03 - 0.06
developed in order to reduce the undesirable effects of Il 0.00-0.03
spherical wave fronts that may provide excitation of the SPP

even without the grating. The problem of near-spherical

wave fronts arises from the standard gain horn geometry and

BE

the large radiation wavelength. Typically, the beam diver- 0.90-1.00 .

gence is some 20°. By placing the transmitting horn at the 0.80-090 / =

focus d a 2 mfocal length mirror, the incident beam is well . 0.70-0.80 & 7 o\

collimated. A second mirror is positioned to collect the 8:28:8:;8;5' f \ﬁ | (C)
specularly reflected beam from the grating and focused into [l 0.40-0.50 ‘\‘ 10 20 30 40

the detector. The aluminum alloy mirrors have been milled Bl 0.30-0.40 3:\ Frequen}éyIGHé S
with a diameter of 450 mm and a radius of curvatiRe = g-%g'g-gg X N £ /

=4m. B 0.00-0.10

Variation of the magnitude of the incident wave vector
in the plane of the grating may be achieved by scanning
either Wavelengtho’ or angle of incidencé or ¢- Keeping FIG. 4. Normalizeda) Ry, (b) Ry, and(c) Resresponse of the sample as

the polar angle of incidencé constant, in contrast to the 4 function of frequency between 26.5 and 40 G#2.3 and 7.5 mi and
conventional method of polar angle scans that are often usetimuthal angle of incidence. Data have been recorded betwegs 0°

for experiments at visible and infrared waveleng]ﬂ"lavoids and¢=90°, and reflected about theandy axis to produce full 360° polar
the difficulty of scanning the detector and focusing mirror. In™2P*
addition, by keeping the system fixed and only rotating the
sample, the poss_|b|llty (_)f experimental errors arising fromm_ RESULTS
detector function is eliminatetd.
The reflectivity data are recorded as a function of wave-  Figure 4 illustrates a polar gray-scale map of the normal-
length between 7.5 and 11.3 mm, and over the azimuthatedR,,, R,s, andRgssignals from the sample as a function
angle ¢ range from 0° to 90° at a fixed polar angle of inci- of frequency and azimuthal angle of incidengeSince the
dencef~47°. The source and receiving horn antennae ar@rofile of the grating is nonblazed, the results from the two
set to pass eithep (transverse magnetic, TMor s (trans-  polarization conversion scanB{,andRJ are identical, and
verse electric, TEpolarizations, defined with respect to the hence theRg, response is not illustrated.
plane of incidence. This enables the measuremerR gf A planar air—metal interface may be represented as a
Rps: Rss, andRg, reflectivities. To account for any fluctua- single lattice point ink space, upon which a light circle of
tions in the emitted power from the source, the analyzeradiusn,k, is based. The area bounded by this circle repre-
divides the output from the signal detector by that from thesents the range of wave vectors that may be accessed by an
reference. The normalized reflectivities over the entireincident photon from the air side. SPPs and guided modes
frequency range are downloaded from a scalar network anaupported by a dielectriowvax) layer deposited on top of a
lyzer to a PC and are saved to disk. The resultingmetal substrate, both existing at higher wave vectors than
wavelength- and angle-dependent reflectivities from thehat available from an incident photoRdp=Kgm>Naiko);
sample are normalized by comparison with the reflected sighence it is impossible to couple directly to either mode via a
nal from a flat metal plate. planar wax—air interface. However, the periodic modulation
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frequencies 26.5 and 40.0 GHx4=11.3 and 7.5 mm, re-
spectively. Incident radiation on the sample may be repre-
sented by a cone of radiug;k, sin 6 (dashed ling By view-

ing from a location above the cones, one may visualize the
ellipses mapped out by the intersections of this experimental
angle scan with the diffracted light cones, where the points
on these curves correspond to the occurrence of a Rayleigh
anomaly. The Rayleigh anomalgr pseudocritical edgeoc-

curs when one of the diffracted orders emerges from the
FIG. 5. A schematic reciprocal space map of the grating studied in this worlgrating at grazing angle. This results in a sharp change in
Ye\;ittt?c;adgtri?snsfeﬁz\éeéen%tz1;}1;0me ilrzid;”ttﬁghfart‘i‘;m‘fsg \F/’Oir;in%re theeflectivity from the grating due to the sudden redistribution
the soI‘i)d circlepcentergd upgn the o?igauf radiugna,rko? is the i(:\%ident of energy. These are difficult to Ob,serve I_n the reﬂeCtI_VIty
light circle where the area it boundshadedl contains all the modes acces- data due to the angle spread associated with the experiment.
sible to a real photon incident on the grating. Also centered upon the origitHowever the ellipses of greater radius corresponding to the

are dashed and dotted circles representing the momenta of the undiffract%up”ng of radiation to SPPs and guided modes are clearly
guided mode and SPP, respectively. The periodic modulation of a diffrac- ident

tion grating scatters these SPP and guided-mode circles about each Iattigé/ ' . L. .
point and the sections that fall within the incident light circle may be During the fitting process, it is useful to be able to dif-
coupled by the incident radiation. These are represented by thick dashed afigrentiate SPPs from guided modes, and recognize which
dotted lines, respectively. The diffracted light circles based upon each latticgjiffracted order provides the coupling mechanism to each
point, and which represent the Rayleigh anomalies within the shaded are?hode. However, from the data illustrated in this study so far,
this is not immediately obvious. One way in which each of
the modes may be identified is to use a rigorous grating
of the wax overlayer diffracts the incident radiation by inte-theory to model their dependence on the thickness of the wax
ger multiples ofky. This results in a series of diffracted layer. The theory uses a scattering matrix technitjbased
light, SPP, and guided-mode circles about each reciprocan a multilayer and multishape conical verdaf the dif-
lattice point. The sections of these diffracted SPP anderential formalism of Chandezoet all* It involves the
guided-mode circles that fall within the light circle based transformation of the mathematics into a new, nonrectilinear
upon the origin may now be coupled by the incident radia-coordinate system in which the boundary conditions at the
tion (Fig. 5. This work considers a multiwavelength study corrugated interface are more readily solved, effectively flat-
and this idea is extended by considering a series of lightening the surface. This requires that the field amplitudes are
cones about each grating lattice point, as illustrated in Fig. 6represented as a Fourier expansion. A Fourier series is also
However for clarity, only the specular light cone is illus- used to describe the surface itself
trated, together with cross sections through the cones for

are also shown.

A(X) = a, cogkgx) +a, cog 2kgx) + ...
+ay CogNkgx)+..., (2)

L

.9. where ay provides the first-order diffracting mechanism to
the =N SPP.

“"’Q"‘Q%‘#Q‘ Figure 7 illustrates, aty=11 mm, the predicte® re-
flectivities from samples with wax thicknessega) t
=21mm, (b) t=2.6mm, (c) t=3.1mm, and (d) t
=3.6mm, anda=1.5mm, Ag=15mm, €,,=2.29+0.00,
and emera= — 10°+10°%i. The theoretical data are plotted in
the form of a series of reciprocal space maps, where
=N, Ko Sin@cose andk,=n,; Ky Sin#sing. The imaginary
component ofe,,, has been set to zero in order to provide
maximum contrast in the diagram@An illustration that a
variation ofe; o does not affect the position of the modes in
> .. k space will be provided later.

_23 2 10 +1 42 43 The modes visible in Fig. (@ are the diffracted SPP

(TMp) modes which propagate along the metal-wax inter-

FIG. 6. Schematic diagram illustrating the reciprocal space of the experiface. Note that the coupling strength to the SPP decreases to

mental system studied in this wo_rk._ For clar_ity_, only Fhe light cone thatZero asp=0° is approached. This is because the incident TE
represents the momentum of the incident radiatiogk,) is shown(thick

lines); the cones representing the guided mode and SPP exist at a great@?ld has no component perpendicular to the grating surface
radius. Also shown is the light cone representing the experimentaBNd hence cannot create the necessary surface charge.

azimuthal-angle scafdotted lineg. The series of light circles labele@) Clearly, the evanescent fields associated with the SPP will

and (b) are cross sections through the series of diffracted incident light : f f
cones with radiation of wavelength 11.3 m{@6.5 GH2 and 7.5 mm(40.0 sample the wax Iayer and will penetrate into the air half

GHz) incident, respectively. The numbered points at the bottom of the diaSPace. Thergfore, the d_iSpe_rSion Offf the_SPP will be dependent
gram illustrate the lattice points about which each light cone is centered. on an effective refractive indexnf,) since the degree of
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(b)

t=2.6 mm

Reflectivity, R,

09-1.0
0.8-0.9
0.7-0.8
06-0.7
0.5-0.6
0.4-0.5
0.3-04
0.2-0.3
0.1-0.2
0.0-0.1

(d)

t=3.6 mm

(2 GM  (+2)
1)

FIG. 7. Reciprocal space maps of the theoretically modBlgdignals from samples with 11 mm radiation incident and wax thicknéssés- 2.1 mm, (b)
t=2.6mm, (c) t=3.1 mm, and(d) t=3.6 mm (wherek,=n,; ko sin 8 cose andk,=n,; ko sin sin ¢). The reflectivities have only been plotted for wave
vector values that are accessible to the incident photon, l'(@-,l(ﬁ) Y2<n,.ko. The Rayleigh anomalies are labeled and highlighted with dotted lines and the
SPP and guided mod&M) are also identified and labeled with the diffracted order that provides the coupling mechanism. The equivalent experimental
momentum scan undertaken at this wavelength is also sliaiite, dashed circle

penetration into the air is governed by the thickness of theively. The solid curves are the theoretical fits, which are in
wax overlayer. Hencégpp> n(t)\‘fvf;xko, wheren,< n(t)\?vf;X good agreement with the experimental data. During the fit-
<nyax With the SPP moving to higher momentum valuesting process, the amplitude of the corrugation, thickness and
with increasing thickness as is clear in Fig. 7. In addition thereal part of the permittivity of the wax, and the polar angle of
excitation of guided mode§GMs) also becomes possible incidencef are all allowed to vary within uncertainty bounds
where, in contrast to the SPP, the dispersion of these moddé®m their measured values. The imaginary part of the per-
is governed by the true refractive index of the layg,y, mittivity of the wax is initially assumed to be zero, the pitch
wheren ko <Kgu<nyaKo. The lowest order guided mode of the grating ishg=15mm, and the permittivities of the
may be observed in Figs(h), 7(c), and 71d), however at metal and air are assumed to lege=— 1P+ 10% and
=2.6 mm the mode is almost coincident with the Rayleighe,,=1.0+ 0.0/, respectively. Distortion of the grating profile
anomaly. In a manner similar to the SPP, the guided mode

also moves away from the Rayleigh anomaly as the wax

thickness is increased. 1.0 T T LI
The white dashed circle superimposed on Fig) fllus- 1
trates the equivalent momentum scan undertaken in this 0.8 y

study with radiation of wavelengtho=11.0 mm incident.
Hence, by comparison of Fig.() with the experimental
study at this fixed wavelength it is possible to identify the
GM and SPP, and label the modes according to the diffracted
order, which provides the coupling mechanigfig. 8).

Reflectivity
o
[o)]
¥|
g
.
J

o

~

T

T

]

~
got
::j
O o,

Having identified the modes supported by the sample, 0.2f o /%\SPP o.:
the reflectivity data are fitted to the grating modeling theory [ @2 (1) OM~]
for a series of different wavelengths. By fitting the reflectiv- 0.0¢ 1 : . . %))
ity data to the modeling theory using a single set of param- 0 15 30 45 60 75 90
eters, it is possible to accurately parameterize the grating Azimuthal angle, ¢ (°)

profile, thickness, and permittivity of the wax overlayer. Fig-
ure 9 shows a series of experimental data geffsat wave-
lengths of:(a) 7.5 mm,(b) 8.5 mm,(c) 9.5 mm, andd) 10.5
mm, showing theR;,, Rs, R

FIG. 8. The experimentaRy, azimuth-anglep scan corresponding to the
white, dashed line shown in Fig() (A =11 mm). The diffracted SPP and
GM have been identified and labeled according to the diffracted order that
ps» and Rgs signals, respec- provides their coupling mechanism.
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10 1.0 1.0 T T T T
(@) (b)
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< 0.4}
5% e 5w T 5w B W o k
Azimuthal angle ()/° Azimuthal angle (¢)° 14 0ok ]
03 10 ’
© @
0.8 0.0 n n . L
202 £ o9 0 15 30 45 60 75 90
b = . )
B .. Azimuthal angle (@)
2 o1 g
02 FIG. 10. Graph illustrating the effects of increasiggof the wax layer on
0.0 e O the R reflected signal with radiation of wavelengify=11 mm incident.

The solid, dashed, and dotted lines corresponde;t@a=0.001, €; yax
=0.041, ande; ,,o=0.081, respectively. An identical set of parameters to
those used to create the theoretical traces in Fig. 9 are used to produce the
data shown here.

Azimuthal angle {g)/° Azimuthal angle (@)°

FIG. 9. Typical normalized azimuthal-angéedependent reflectivitie€ 1)
compared with the theoretically modeled resuits) created from a single
set of fitting parameters. Radiation is incident on the sample at fixed polar

angle of incidence off~47° with wavelengths of(a) Ag=7.5mm, (b)

Ao=8.5mm, (c) \p=9.5mm, and(d) \,=10.5mm impinging on the by using a corrugated dielectric overlayer with nonzeyo

sample. The signals recorded a@:R;,, (b) Rss, () Rys, and(d) Rs. The  deposited on a planar metal surface, a second damping
3:;2‘;?;'}333:25‘3?{:13Fsig_ofln have been extracted from the experimenigle anism is introduced by which the SPP may decay.
Hence the need for such large corrugation amplitudes is de-
creased. Figures 10 and 11 illustrate the effect of increasing
[a,,a3 in Eq. (2)] is also introduced, however it does not the imaginary part of the permittivity of the dielectric layer
improve the average quality of the fits. It has previously beer®n the modeledRsresponse and degree of absorption of the
shown that a beam spread of approximately,=1° is re- sample at\y=11mm. They demonstrate that the positions
quired to account for finite source size and diffraction in theof the modes in momentum space do not change, but the
systent therefore a small amount of beam spread is intro-width of these resonances is increased. In addition, an ab-
duced into the theoretical modeling illustrated here. The gratsorbing overlayer will decrease the coupling strength to the
ing profile, polar angle of incidencé and properties of the SPP since the magnitude of the evanescent fields at the metal
wax overlayer determined for each azimuthal scan are avesurface will be reduced. Clearly, the introduction of a non-
aged, and the error about the mean calculated. The final figeroe; decreases the background reflectivity level, however
shown are then each generated from this averagedaget: the degree of absorption on-resonance of a well-coupled
=1.50=0.02mm, t=2.62£0.01mm, € ya=2.29£0.01, mode is greatly enhanced. For comparison, Fig. 11 also il-
€ wax=0.04+0.01, andf=46.8+0.1°. To confirm the va- lustrates the degree of absorption on a planar sample of the
lidity of the theoretical model, it is necessary to indepen-same mean thickness.
dently measure the profile of the grating. By scanning a dial
gauge across the wax surface, the grating amplitude and thé CONCLUSIONS
thickness of the wax layer are determined to éne=1.48 . . . . .
In this work, the coupling of microwave radiation via a

=0.01 mm andt=2.63*0.08mm, respectively. Clearly, dielectric grating to a SPP that propagates on a planar near-
these values are within the errors of those determined via the 9 9 propag P

fitting process.

0.6 ————————

IV. DISCUSSION c 0.5

This work has demonstrated that it is possible to couple %0-4 ]
incident microwave radiation to the guided and SPP modes 50.3
via an alternative geometry that does not require forming the Bo2
grating profile directly to the metal substrate. Coupling to the <0_1
SPP in this way is advantageous over the “classical” one- 0.0
interface grating-coupling geometry since complicated 0 30 45

15 . 60 7 90
shapes can easily be carved into a wax layer, rather than Azimuthal angle, 60(‘8

using expensw-e. machine time to mill the shape dlrecﬂy Intc’FIG. 11. Graph illustrating the effects of increasingf the corrugated wax
a metal. In addition, the SPP that propagates along this metger on the absorption due to Joule heating in the sample. The sample is
surface may only be radiatively damped since the media eifuminated with incident TE radiation of wavelength 11 mm at a polar
ther side of the boundary are usually nonabsorbing. Therdbcident angle ofg=47° with wax thicknes$=2.6 mm and grating ampli-

;L ; ; ; ude a;=1.5mm. lllustrated are the theoretically modeled results with
fore,l a ;ufﬁmently large grating q§pth is rgquwed to :~:hortent€i,waxzo_00 (thick solid N8, € yu=0.04 (dashed ling and e, o 0.08
the “fet'me of the mOd? and SufﬁC'ently widen the resonancggotted ling. Also shown is the absorption due to a planar wax layer of the
so that it may be easily experimentally observed. Howevesame mean thickneggine sold ling.
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