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The attenuated total reflection (ATR) properties and emission light due to surface
plasmon (SP) excitations have been investigated in the prism/Ag/MgFs/organic
dye/MgFs/Ag structure. Poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenyleneviny-
lene) (MEH-PPV) was used as the organic dye. SPs were excited at the interfaces
of Ag/air, Ag/MgFs and MgFs/Ag in this structure, and the resonant curve due
to the SP excitations was observed by the ATR measurement. The emission light
through the prism was observed using various light incidences by reverse and
usual irradiations. When the incident light angle was fixed to an SP resonant
angle as SPs were excited at two interfaces of Ag/MgFs and MgFs/Ag, the stron-
gest emission light was observed. The emission light spectra at various emission
angles were measured and the emission light was related to photoluminescence
of the organic dyes, and the intensity and the spectra strongly depended on the
emission angles.
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INTRODUCTION

Various studies on organic devices of ultrathin films have been carried
out. For the development of organic devices with high efficiency, it is
quite important to evaluate the structure and functions of the
ultrathin films. The attenuated total reflection (ATR) method utilizing
surface plasmon (SP) excitation at the interface between metal and
dielectric ultrathin films, that is, the surface plasmon resonance
(SPR) method is one of very useful techniques for evaluation of dielec-
tric properties of the ultrathin films and sensing [1,2]. SPs are a coup-
ling mode of free electrons and light, and they can be resonantly
excited on metal surfaces in the Kretschmann and the Otto confi-
gurations by electromagnetic waves due to the total reflection of a
p-polarized laser beam [1]. SPs are two-dimensional optical waves
and propagate along the surfaces with strong electromagnetic waves,
that is, evanescent waves, which decay exponentially away from the
surfaces. SPs are also utilized in near-field optics where electromag-
netic waves with light frequency are localized in structures smaller
than the light wavelength [3]. It is considered that SPs are very impor-
tant and useful for the application to optical nano-devices [3].

Recently, emission light was observed through the prism in the
Kretschmann configuration for the ATR method, when metal ultra-
thin films on the prism or organic ultrathin films with metal ultrathin
films on the prism were directly irradiated from air by a laser beam,
that is, reverse irradiation [3—7]. The emission light depended on the
surface roughness of the films [6]. The intensities and the spectra of
the emission lights strongly depended on the emission angles and
the emission light was also related to the photoluminescence of
organic dyes [7—10]. In this work, the SP excitations and the emission
light were investigated in thye prism/Ag/MgF,/organic dye/MgF,/Ag
structure with two metal thin layers for SP excitations in both
Kretschmann and Otto configurations.

EXPERIMENTAL

The ATR and emission light measurements were carried out for the
Ag/MgFs/Ag and Ag/MgF,/organic dye/MgFs/Ag samples. Figure 1
shows the sample configuration of the ATR and emission light
measurements for the prism/Ag/MgF;/oeganic dye/MgFs/Ag struc-
ture. The MgF5 film is transparent and it has no optical absorption.
Poly(2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-phenylenevinylene) (MEH-PPV),
which is a photoluminescent dye, was used as the organic dye. The
Ag and MgFy films were deposited by vacuum evaporation method
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FIGURE 1 Sample configuration of ATR and SP emission light measure-
ments for the Ag/MgF,/organic dye/MgF,/Ag structure.

and MEH-PPV film was deposited by spin-coating method. The optical
absorption and photoluminescent peaks of the MEH-PPV film were
observed at around 500 nm and around 610 nm, respectively.
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FIGURE 2 ATR and emission light properties for the Ag/MgFs/Ag sample
measured at 632.8 nm by the reverse and usual irradiations.
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The Ag/MgFs/Ag or Ag/MgFs/MEH-PPV/MgF,/Ag sample was
attached to the bottom of a half-cylindrical prism using a matching
oil. The emission light through the prism was observed by the reverse
irradiation [6,7]. The emission light for the usual irradiation in
the ATR method was also observed. A p-polarized He-Ne laser with
the wavelength of 632.8nm were used for the incident light in the
measurement of Ag/MgFy/Ag sample. An p-polarized Ar* laser with
the wavelength of 488.0 nm was also used for the incident light in the
measurement of Ag/MgFy,/MEH-PPV/MgF,/Ag sample. The emission
lights were observed as a function of emission angle 0.. A sharp-cut
filter that eliminate lights of wavelength below 520 nm was used for
the measurement of emission light intensity. A photomultiplier tube
was used for detecting the emission light. Detailed descriptions of
the emission light measurement have been reported elsewhere [7,8].

RESULTS AND DISCUSSION

Figure 2 shows the ATR and emission light properties for the
prism/Ag(50 nm)/MgF2(260 nm)/Ag(50 nm) structure measured at
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FIGURE 3 Electric field amplitude distribution in the Ag/MgF;/Ag sample
calculated for the incident beam at 632.8 nm.
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632.8nm. The dots and solid curve indicate the experimental and
calculated results of ATR property. The theoretical ATR curve were
calculated from Fresnel’s formula and it agreed with the experimental
values well. The dashed curves indicate the emission light properties
measured by usual and reverse irradiations. In the usual irradiation,
the incident angle 0; was 0°. In the ATR property, a sharp dip at
around 43° and a large dip at around 49° are observed. The resonant
dip at around 43° was caused by the SP excitation at the Ag/air inter-
face and the resonat dip at around 49° was caused by the SP excita-
tions at the Ag/MgFs and MgFy/Ag interfaces. The intensity of the
emission light measured by the reverse irradiation was stronger than
that measured by the usual irradiation, but both specra were the
same. Both emission light properties show the peaks at almost the
same angles as the resonant angles of the ATR property. This result
indicates that the emission lights are caused by the SP excitations
mediated surface roughness of Ag thin films [5,6].

The electric fields in the Ag/MgF,/Ag sample were calculated using
a transfer matrix method [11]. The result is shown in Figure 3. The
calculations were carried out at the incident light angles 6; of 48.0°,
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FIGURE 4 Emission light properties for the Ag/MgF,/Ag sample measured
at 632.8 nm by the usual irradiation at the different fixed incident light angles.
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49.2° and 51.0°. It is found that the electric fields at the interfaces of
Ag/air, Ag/MgF,; and MgF,;/Ag are enhanced by the SP excitations.
The strong electric field are obtained at 49.2° for the SP excitations
at the Ag/MgFsand MgF,/Ag interfaces.

Figure 4 shows the emission light properties for the prism/
Ag/MgF,/Ag structure measured at 632.8 nm by the usual irradiation
at the different fixed incident light angles ;. When the incident light
angle 6; was fixed to the angle of 49.2° for the SP excitations at the
Ag/MgFsand MgFs/Ag interfaces, the emission light was observed
at around the SP excitation angles of the Ag/air interface. The
intensity of the emission light measured at the SP excitation angle
was extremely large.

Figure 5 shows the ATR property for the prism/Ag(25nm)/
MgF5(180 nm)/MEH-PPV(40 nm)/MgF5(145nm)/Ag(40 nm) structure
measured at 488.0nm. The lower resonant angle of around 44° is
due to the SP excitation at the Ag/air interface and the higher res-
onant angle of around 72° is due to the SP excitation at the Ag/MgF,
and MgF,/Ag interfaces.
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FIGURE 5 ATR properties for the Ag/MgF,/MEH-PPV/MgF,/Ag sample
measured at 488.0nm by the usual and reverse irradiations.
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The emission light properties for the prism/Ag(25nm)/
MgF5(100 nm)/MEH-PPV(40 nm)/MgF5(60 nm)/Ag(40 nm) structure
are shown in Figure 6. The emission light measured at the
incident angle 0; of 72.0° of SP excitation had the largest intensity.
The emission angle corresponded to the resonant angle of the ATR
curve measured at around the photoluminescence wavelength of the
MEH-PPV dye. It was found that the emission light intensity and
the spectra strongly depended on the emission angles and the emission
light was also related to the photoluminescence of the organic dye.

Figure 7 shows the spectra of emission lights at various emission
angles for the Ag/MgF,/ MEH-PPV/MgF,;/Ag structure measured
at 488.0 nm at the incident angle 0; of 72.0° by the usual irradiation.
The peaks of the spectra at the lower emission angles were observed
at longer wavelengths than. On the contrary, the peaks of the spectra
at the higher emission angles were observed at shorter wavelengths. It
is found that the spectra of the emission light strongly depends on the
emission angle. The emission light is considered to be observed by the
following process. The organic dye was excited by the incidet laser
light and evanescent waves were induced by the molecular lumi-
nescence. Multiple SPs with various number of vibrations on metal
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FIGURE 6 Emission light properties for the Ag/MgF,/MEH-PPV/MgF,/Ag
sample measured at 488.0 nm by the usual and reverse irradiations.
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FIGURE 7 Spectra of emission lights at various emission angles for the
Ag/MgF,/MEH-PPV/MgF5/Ag sample measured at 488.0 nm at the incident
angle of 72.0° by the usual irradiation.

surface were excited by the evanescent waves. Then emission light
were observed due to near-field coupling of the propagating multiple
SPs [9,10]. Further investigation on the emission light from the
prism/Ag/MgFs/organic dye/MgFs/Ag structure is under way.

CONCLUSION

ATR and SP emission light properties were investigated for the
Ag/MgF;/Ag and Ag/MgF,/MEH-PPV/MgF,/Ag samples. In both
samples, SPs were excited at the interfaces of Ag/air, Ag/MgF,; and
MgF;/Ag in this structure, and the resonant ATR curve due to the
SP excitations was observed. Extremely large emission lights were
also observed in the vicinity of the interface of Ag/Air, when the inci-
dent light is fixed to the SP excitation angle of Ag/MgFs and MgF,/Ag.
When the incident light angle was fixed to an SP resonant angle as
SPs were excited at two interfaces of Ag/MgF,; and MgF,;/Ag, the
strongest emission light was observed. The emission light was related
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to photoluminescence of the organic dyes, and the intensity and the
spectra strongly depended on the emission angles. It is thought that
SP emission light is useful for application to new optical devices.
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