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Long-range surface-plasmon-polaritdrR—SPB waveguiding along thin gold stripes embedded in
polymer is investigated in the wavelength range of 1510-1620 nm. LR—SPP intensity distributions
at the output are measured for different stripe widths and thicknesses. Coupling te8s5adB is
achieved when exciting the fundamental LR—SPP mode along 10-nm-thick stripes ofuén-10
width with a polarization maintaining fiber. LR—SPP propagation loss of 6—8 dB/cm is estitaated
1550 nm and attributed to scattering from inhomogeneities of the metal stripe and polymer
cladding. © 2003 American Institute of Physic§DOI: 10.1063/1.1542944

Surface-plasmon polariton§SPP$ represent a quasi- Stripes of different width(3, 5, 8, 10, and 12um) were
two-dimensional wave that can propagate along an interfacpatterned using UV exposure, gold depositid®, 15, and
between two media with real parts of permittivity of opposite 20 nm in thicknessand lift-off. The top cladding consisted
signs, e.g., a dielectric and a metarhe SPP fields decay of a second 15sm-thick layer of BCB. We would like to
exponentially into both media and reach a maximum at thetress that the cladding layers should have the same dielectric
interface, a condition that makes SPPs extremely sensitive tgonstant and be thick enough to accommodate the electro-
interface properties. Many fundamental properties of SPPfagnetic field of the LR—SPP. In turn, their thickness can be
have been studied, and a number of applicationsstly for  ysed to control the LR—SPP mode depth profile, however,
surface sensinchave already been suggested. Recent invessimyitaneous influencing the propagation loss. These fea-
tigations suggested the usage of SPPs for gufdirnd  res are illustrated in Fig. 1 showing the LR—SPP propaga-
routing* of radiation in highly integrated optical devices. One tion loss(for infinitely wide stripes and the Gaussian mode
of the main problems in this context is the SPP propagatiogie|q giameter(MFD) calculated at the wavelength of 1.55
loss due to internal dampingphmic los$ of radiation in pm for different BCB cladding thickness. The LR—SPP char-
metal. SPPs propagating along a metal dielectric interfacgcteristiCS were found by solvingn the complex plarea
are typically limited to propagation lengths of the order Ofdispersion relation obtained from boundary conditions for

te_ns(m the visible rangpor hundrgds(ln th_e near-mfrare}j the tangential field component#ote that the transverse dis-
micrometers. However, for sufficiently thin metal film em- _ .~ " . .

T . . . tHbunon of the LR—-SPP is by nature not Gaussian, but con-
bedded in dielectric, the SPPs associated with the upper an o . . ) ;

, - sists primarily of two exponentially decaying tails extending
lower of the metal-dielectric interfaces couple and form anf th tal film into the dielectric cladding | It
asymmetric mode tightly bound to the metal film and a sym-trom et rr;]e at fiim t'ﬂ ci the ¢ elc rie tca l'n% Byers. i
metric mode which extends several micrometers into the up—urns out, o.V\;]ever, at. edqve'rbap' integra bo symmbe re
per and lower dielectric via two identical evanescent tails.AseXponez1ts with a Gau§3|an Istribution can be even etier
thickness of the metal decreases, less energy of the symmdfian 97%. In the following we use the Gaussian MFD found
fic mode so called long-range SPER—SPB, is dissipated by fitting a Gaussian distribution to the actual mode profile
into the metal leading to an increase of propagation lefgth.for the mode field characterization. NotEig. 1) that, for
It was recently demonstratethat the LR—SPP can be used ~10-nm-thick films, the propagatlon_loss is already accept-
to transmit polarized light at a wavelength of 1.536n  able (~1 dB/cm and, at the same time, the MFD can be
bedded in silica glass and excited in an end-fire experiment  The LR—SPP stripe mode was excited via end-fire cou-
(the latter was proposed by Burke al)’” The next steps to  Pling of laser light(in the wavelength range of 1510-1620
be taken in this direction would naturally be measurement§Mm) polarized perpendicular to the sample surface, by align-
of the LR—SPP propagation loss and the coupling loss wheiilg a cleaved fiber facet with the end of a stripe. The output
using a single-mode fiber. from the other end of the guide was either imaged with>200

In this letter, we report design, fabrication, and charac-magnification onto a vidicon camera for mode analysis or
terization of polymer based LR—SPP stripe waveguides ataptured by a photodiode for loss measurements. Since light
telecom wavelengths. The samples were fabricated by spieoupled from the input fiber to the cladding of the LR—-SPP
coating a silicon substrate with a 1Bn-thick layer of ben-  guide is not confined in any way to the vicinity of the guide,
zocyclobutendBCB) and coating with a layer of UV resist. this light is quickly stripped away and practically only the

light confined in the LR—SPP mode is observed.
dAuthor to whom correspondence should be addressed; electronic mail: Most measurements were performed at 1550 nm and the

tn@mmphotons.dk fiber used was a polarization-maintainit®\) fiber with the
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8 FIG. 3. Lateral mode field diameter as a function of the 10-nm-thick stripe
E width. The dotted line is added as a guide to the eye. Two insets show a
o photo of the intensity distribution (2020 um?) at the output of the 10-nm-
© thick stripe and the corresponding intensity lateral profile fitted to a Gauss-
o ian distribution.
(]
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) e
o 1 s 20 25 30 &5 40 45 50 55 60 takes into account the fact that, for thin and narrow stripes,
Gold film thickness (nm) the field confinement is expected to be weaker than for infi-

FIG. 1. Dependencies @) the Gaussian mode field diameter &ixl the mtely wide Oneé}' .It IS |ntgrestlng t(.) hote that the MFI.D N
LR—SPP propagation loss on the gold film thickness at the wavelength oﬂdep_th can be Var_'ed within a reIapver large range without
1550 nm for different thickness of polymer cladding layers. The consideredseriously influencing the propagation loss.
configuration is shown in the inset. Dots represent the values measured with Figure 3 shows the variation in the lateral MFD parallel
gié‘énl ;)V,'gres stripes sandwiched between A8r-thick polymer(BCB) clad- it the surface, with the width of the stripe in the lateral
direction parallel to the surface. The insert shows a measured
. . mode profile for an §&m wide stripe. The profile is fitted to
MFD of 10.8 um. Angular adjustment of the PM fitfeen- pre N 8“ : P P .
o . ) a Gaussian distribution with excellent agreement. As stripes
sured that the polarization of light coupled into the LR—SPP,
ecome narrower than gm, the lateral MFD seems to sta-

guide was orthogonal to the metal |ayer. In addition, the P ilize around 1lum. Further decrease in the stripe width is

fiber was also used for the calibration of the software devel- . .
. o o expected to result in the increase of the lateral as well as the
oped for measuring the mode field intensity distributions.

) g transverse MFD3. Making the stripe wider increases the
_ The LR-SPP mode profiles measured in depeYpen-  \\cn 00014 the onset of multimodén width) behavior,
dicular to the sample surfaceare shown in Fig. 2 for . . . -
samples having 10-, 15-, and 20-nm-thick gold strig@am which was observed for stripes wider than . The mini-
P g Ao, Lo, 9 A mum MFD of 11um is determined partly by the thickness of

in width). It is seen that, the LR—SPP modes consist of tWOthe stripe. We expect this value to decrease as the thickness

exponentially decaying fields, whose penetration length in. f the stripe increases. In principle the aforementioned fea-

creases with the decrease of the metal thickness. These moﬁﬁes allow a proper shaping of the LR—SPP mode dimen-
profiles were fitted to Gaussian distributions, and the result- brop hing

ing MFDs are plotted as points in Fig. 1. The correspondenc%lt?:rsuzzdafsotocgjﬁ?:g'ts profile with that of the mode of a

to the simulation results is quite good, especially when one The fabricated samples were cut to different length for
performing the measurements of propagation and coupling
losses with a standard cutback technique. The results ob-
tained for 10-nm-thick stripes are shown in Fig. 4 along with
a typical optical image recorded with a collection near-field
optical microscopé. It is seen that the total insertion loss
(sum of the total propagation and coupling logdes stripes
different in width exhibits close to exponential dependencies
on the sample length. Fitting each curve to the exponential
length dependence, coupling and propagation losses can be
estimated. It should be noted, that coupling losses varied
; ; i | A from sample to samplénd from stripe to stripedue to the
%5 10 -5 0 5 10 15 edge quality of the sample. From the data obtained we esti-
Depth coordinate (um) mate that the propagation loss is in the range of 6—8 dB/cm
and the coupling loss for the best case is of the order of 0.5

FIG. 2. LR-SPP intensity distributions in depth measured wigin8wide s . _
stripes of different thicknes&l0, 15, and 20 nmsandwiched between 15- dB. S!m”ar measgremer_ﬂs were p(_erformeq f_OI’ 15- and 20
um-thick polymer layers. The inset shows a photo of the intensity distribu-"M-thick 10 um wide stripes resulting in similar values of

tion (20x 15 um?) at the output facet of the 20-nm-thick stripe. the propagation and coupling loss. This suggests that the
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optical devices. Features of the guides include efficient cou-
pling with single-mode fibers and low propagation loss. The
. mode of the guide can be designed easily through varying
the thickness of the metal and/or cladding layers as well as
the width of the guide. Good correspondence of experiments
. with theory where found for the vertical mode profiles.
Propagation loss on the other hand was found to be indepen-
dent of film thickness suggesting that the fundamental loss of
- . a LR—SPP channel guide is even smaller than predicted by
. . . '. : simulation for a continuous film. LR—SPP channel guides
2 4 6 8 10 12 14 provide a true planar waveguiding technology, which simpli-
Stripe length (mm) fies development and fabrication of integrated optical de-
vices. Excellent mode match with optical fiber, low propaga-
FIG. 4. In;ertion loss for ;O-nm-thick stripeg of diﬁerent width_ as e_lfunction tion loss, and ease of fabrication make LR—SPP guides worth
of the stripe length. The inset shows a typical near-field optical image (69 . . . . .
%69 um?) obtained with the 5um wide 10-nm-thick gold stripe. f:on5|der|ng as an alternative to traditional technologies for
integrated optics.
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