
This article was downloaded by: [University of Haifa Library]
On: 11 August 2012, At: 10:47
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

SURFACE PLASMON RESONANCE
ENHANCED SECOND-HARMONIC
GENERATION IN POLED
POLYMER THIN FILM
Hironori Yoshida a , Ryo Naraoka a , Kotaro Kajikawa
a , Jaehoon Hwang b & Soo Young Park b
a Department of Information Processing,
Interdisciplinary Graduate School of Science and
Engineering, Tokyo Institute of Technology, 4259,
Nagatsuta, Midori-ku, Yokohama, 226-8502, Japan
b School of Materials Science and Engineering, Seoul
National University, 56-1, Shillim-dong, Kwanak-gu,
Seoul, 151-742, Korea

Version of record first published: 15 Jul 2010

To cite this article: Hironori Yoshida, Ryo Naraoka, Kotaro Kajikawa, Jaehoon
Hwang & Soo Young Park (2003): SURFACE PLASMON RESONANCE ENHANCED SECOND-
HARMONIC GENERATION IN POLED POLYMER THIN FILM, Molecular Crystals and Liquid
Crystals, 406:1, 129-133

To link to this article:  http://dx.doi.org/10.1080/744818995

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/744818995
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

47
 1

1 
A

ug
us

t 2
01

2 



SURFACE PLASMON RESONANCE ENHANCED

SECOND-HARMONIC GENERATION IN POLED

POLYMER THIN FILM

Hironori Yoshida, Ryo Naraoka, and Kotaro Kajikawa*
Department of Information Processing,

Interdisciplinary Graduate School of Science and Engineering,

Tokyo Institute of Technology, 4259, Nagatsuta, Midori-ku,

Yokohama, 226-8502, Japan

Jaehoon Hwang and Soo Young Park

School of Materials Science and Engineering,

Seoul National University, 56-1, Shillim-dong, Kwanak-gu,

Seoul, 151-742, Korea

In this paper we report surface plasmon resonance (SPR)-enhanced second-

harmonic generation (SHG) in a poled polymer thin film using an attenuated

total reflection (ATR) configuration (Kretschmann configuration). The second-

harmonic (SH) light generated in this configuration is about 7000 times larger

than that in the reflection geometry. This result is in agreement with the

enhancement predicted by theoretical calculation.

Keywords: attenuated total reflection; SHG; surface plasmon resonance

INTRODUCTION

Surface plasmon resonance (SPR) is widely used as probes for ultirathin
films and affinity sensors of biological molecules [1,2]. The SPR condition is
achieved in an attenuated total reflection (ATR) configuration where a
40 nm-thick Au or Ag thin film is vacuum-evaporated at an ATR surface of a
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prism (Kretschmann configuration). In the resonance condition, we have
more than 10-fold enhancement of the electric field of the incident light at
the surface of the metal thin film. If we can use the field for second-
harmonic generation (SHG), we can observe huge SHG intensity on
resonance.

There have been several attempts that use SPR in a Kreteschmann con-
figuration for SHG experiments. The SPR-enhanced SHG from a nonlinear
optical dielectric medium was firstly reported by Quail et al. [3]. An x-cut
quartz crystal was attached at the bottom of the prism and the SPR-
enhanced SHG from the quartz crystal was observed. Although 20 years have
passed since the first report, there are few reports on the SPR-enhanced
SHG from nonlinear optical organic thin films [4,5]. If we can use 104-fold
enhancement of SHG on resonance resulting from 10-fold enhancement of
the fundamental field, the SHG intensity from 1 mm-thick poled polymer thin
film will be equal to that from a 1mm-thick the LiNbO3 crystal in the angle
phase matching condition. Such large enhancement can be used for the
potential application for micrometer or nanometer sized optical devices.

In this paper we report about 7000-fold enhancement of SHG in a 28 nm-
thick poled polymer thin film of PILC, whose chemical structure is shown in
Figure 1 [6], in the SPR condition using a Kretschmann configuration. This
value is constant with the enhancement of 104 predicted by the theoretical
calculation using a Transfer Matrix technique [7].

FIGURE 1 Chemical structure of PILC.
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EXPERIMENTAL

The polymeric material, PILC, has a cyanostilbene type push-pull nonlinear
optical chromophore as a side chain group as depicted in Figure 1 [6]. It has
been reported that PILC shows a large second-order nonlinear suspect-
ibility w(2)¼ 120 pm/V for the fundamental light at l¼ 1064 nm [6].
The average molecular weight Mw and glass transition temperature Tg was
reported 1.46104 and 127�C, respectively.

The polymeric material was dissolved in chloroform and was spin-coated
at 2200 rpm on a glass substrate whose surface was covered with a 40 nm-
thick Au thin film vacuum-evaporated. The thickness of the PILC film was
estimated to be 28 nm by an SPR measurement with a semiconductor laser
light (l¼ 635 nm) assuming that the refractive index of the polymer thin
film n¼ 1.52. The film was Corona-poled at 5 kV at a temperature of T > Tg

[8]. The film was attached to the bottom of a BK7 prism with index
matching oil as shown in Figure 2 (a).

The SPR-enhanced SHG measurement was performed with an Nd:YAG
laser running at its fundamental wavelength l¼ 1064 nm at a reputation
rate of 10Hz. p-polarized incident light was chosen with a combination of a
Gran-Laser prism and a half wave plate. The intensity was reduced less
than 0.3mJ/mm2 to avoid damage of the Au thin film. p-polarized second-
harmonic (SH) light generated in the poled polymer thin film was detected
with a photomultiplier in the total reflection direction after removal of the
fundamental light with color and interference filters.

RESULTS AND DISCUSSION

Figure 3 shows the reflectivity profile (open circles) together with that of
the SHG intensity (filled circles). The resonance condition was observed at
approximately 42.5 degrees, where the incident light was absorbed in the
Au thin film. The SHG intensity has a peak at around the resonance angle
due to the enhancement of the fundamental field on resonance. The slight

FIGURE 2 Optical setup for (a) the SPR-enhanced SHG geometry and (b) a

Fresnel reflection geometry.
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shift of the SHG peak to the lower angle of incidence with respect to the
ATR dip is predicted by simulation using the Transfer matrix calculation [6].
We observed 7000-fold enhancement compared with the SHG intensity in a
Fresnel reflection geometry illustrated in Figure 2 (b).

When the thickness of the polymer thin film is smaller than coherence
length, the SHG intensity from the film, Ipolym

2o, can be described as

Ipolym
2o ¼ Ad2

polymðF2owð2Þpolym : ðFoEoÞðFoEoÞÞ2; ð1Þ

where Eo denotes the electric field of the incident light and FO does a
factor of the enhancement at frequency O [9], A is a certain constant, and
dpolym is a thickness of the polymer thin film. F 2o� 1 because the angle of
incidence at 42.5 degrees was off resonance for 2o light. Transfer matrix
calculation [7] gives Fo� 10, resulting in the enhancement of 104.
This value is in line with our result, the 7000-fold enhancement, shown in
Figure 3.

The SHG intensity from a 1mm-thick the LiNbO3 crystal in the phase
matching condition, ILN

2o, can be described as

ILN
2o ¼ AdLN

2ðwð2Þ31 : EoEoÞ2; ð2Þ

where wð2Þ31 ¼ 10 pm=V [10] is the susceptibility of the LiNbO3 crystal
effective in the angle phase matching condition. The Eq. (1) and Eq. (2)
suggest that the 1 mm-thick PILC polymer film with wð2Þpolym ¼ 120 pm=V
[6] in the SPR condition (Fo� 10) shows SHG activity almost equal to

FIGURE 3 The ATR-scan profile for reflectance (open circles) and the SHG

intensity (filled circles).
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that from the 1mm-thick LiNbO3 crystal in the phase matching condition.
Since the SPR-enhancement technique is quite simple, it will be compa-
tible with the micrometer or nanometer sized optical integrated circuits in
future.

CONCLUSION

We have reported the SPR-enhanced SHG in poled polymer thin film in a
Kretschmann configuration. The SH light generated in this configuration is
about 7000 times larger than that in a Fresnel reflection geometry.
This technique will be compatible with the micrometer or nanometer sized
optical integrated circuits.
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