This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 11:34

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
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

In-Situ Observation of SHG and its
Origin in Vacuum Deposited Copper
Phthalocyanine Film

Hajime Hoshi @, Toshiki Yamada 2 , Kotaro Kajikawa ®® , Ken
Ishikawa ® , Hideo Takezoe * & Atsuo Fukuda ®

& Department of Organic and Polymeric Materials, Tokyo Institute of
Technology, O-okayama, Meguro-ku, Tokyo, 152, Japan

® Frontier Research Program, The Institute of Physical and Chemical
Research (RIKEN), Wako, Saitama, 350-01, Japan
Version of record first published: 24 Sep 2006.

To cite this article: Hajime Hoshi , Toshiki Yamada , Kotaro Kajikawa , Ken Ishikawa , Hideo Takezoe
& Atsuo Fukuda (1995): In-Situ Observation of SHG and its Origin in Vacuum Deposited Copper
Phthalocyanine Film, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 267:1, 1-6

To link to this article: http://dx.doi.org/10.1080/10587259508033964

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: 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.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508033964
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:34 18 February 2013

Mol. Cryst. Lig. Cryst. 1995, Vol. 267, pp. 1-6 © 1995 OPA (Overseas Publishers Association)
Reprints a\_'ailable d_1rectly from the publisher Amsterdam B.V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Malaysia

IN-SITU OBSERVATION OF SHG AND ITS ORIGIN
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Abstract In situ observation system of second harmonic generation (SHG) during
vacuum deposition has been constructed. It allows us to observe SHG from
transmitted and reflected directions. The advantages of the system is summarized
in the following two points: (1) Detailed dependence of SHG on film-thickness
can be easily obtained. (2) The measurement can be achieved without exposing
films to the atmosphere. This system was applied to vacuum evaporated films of
copper phthalocyanine (CuPc) to clarify the origin of SH activity in such a
centrosymmetric molecule. We suggest the importance of quadrupolar
contribution on the basis of the thickness dependence of SHG and the comparison
with the theoretical analysis.

I ION

Second harmonic generation (SHG) provides us with a useful tool for assessing
surface molecular orientation and its symmetry. Among several advantages of SHG
technique, the possible application to in-situ condition is one of the most important
features in addition to its high sensitivity. Because of the coherent nature of SHG
process, the signal has good directionality, which enables us to use this technique in a
variety of circumstances such as at the air/water interface and in high vacuum.

In this paper, we report an in-situ observation system of SHG during vacuum
evaporation. The main advantages are: (1) The precise film-thickness dependence of
SHG can be measured. (2) We can always use a fresh sample surface without
exposing it to the atmosphere. As the first set of examples, we will present the
preliminary experimental result in copper phthalocyanine (CuPc) films.

CuPc is a planar n-conjugate molecule with the centrosymmetric Dgp, structure,
so that SHG is not allowed by the usual electric dipolar response mechanism.
Recently, however, relatively strong SHG activity, xzyy = 4.51 x 10-8 esu,was

reported in its vacuum deposited films.1,2 Kumagai et al.2 proposed a model that the
1
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film structure is asymmetric along the direction of thickness, which corresponds to the
point group symmetry of Cooy structure, so that SHG is allowed by the electric dipolar
mechanism. However, the details of the asymmetric structure is unknown at present.

On the other hand, Qin et al.3 succeeded in explaining SHG observed in thin
films of the Cgg molecule,4.5 by taking into account a quadrupolar mechanism. Since
both CuPc and Cgq are m-conjugated molecules, this mechanism may also contribute to
the SHG in CuPc films. Thus, under this mechanism, SHG activity in CuPc arises in
centrosymmetric structure without requiring the existence of the asymmetry along the
direction of thickness, as suggested by Kumagai et al.2

We will report the film-thickness dependence of SHG experimentally observed
in the transmitted direction and the simulated results in the same geometry. The
comparison between the experimental and simulated results suggests the quadrupolar
mechanism.

EXPERIMENTAL SETUP

Figure 1 shows optical arrangement around a vacuum chamber for evaporation (Kitano
Seiki Co. Ltd.). A substrate glass plate is placed in a Cu mount whose temperature can
be regulated by liquid flow. The mount can be rotated by 90°, so that the substrate
normal can be oriented toward the evaporation source in the bottom and can be faced
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FIGURE 1 Optical arrangement for in-situ SHG observation during vacuum
deposition.
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toward the beam propagation direction. In the present experiment, the angle
was fixed so that the incident radiation beam and the evaporating material beam made
45° with respect to the substrate normal. The substrate temperature was kept at room
temperature without special temperature regulation.

The vacuum chamber was evacuated down to 1.5x10-5 Torr by an oil diffusion
pump. CuPc after purification by sublimation was evaporated at the rate of about 5
nm/min. Since windows for optical observation have cover guides to prevent the
deposition of CuPc on the window surfaces, the transmittance change through the
optical view ports is negligible. The fillm thickness was monitored by Leybold
Inficon XTM/2 and was calibrated by direct observation of the cross section of the
film by scanning electron microscopy (Hitachi $900).

SHG was observed in transmission and reflection geometries through the optical
view ports. For the transmission geometry, the fundamental beam from a Nd:YAG
laser (1064 nm, 12 Hz, Quanta-Ray DCR-11) was cast upon the sample surface, and
the emitted SHG was observed through a glass substrate. For the reflection geometry,
the fundamental beam was cast upon the sample through the glass substrate, and the
reflected SH light after passing through the glass substrate was detected.

EXPERIMENTAL RESULTS

Figure 2 shows the thickness dependence of SH light intensity observed in
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FIGURE 2 Thickness dependence of SH light intensity observed in transmission
geometry.



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:34 18 February 2013

H. HOSHI ET AL.

transmission geometry. The polarization condition used was s-p; p-polarized SHG by
s-polarized incident radiation. As shown by a solid line, a quadratic dependence is
observed in the middle region between 70 nm ~ 200 nm. However, the deviation from
the quadratic dependence is observed in thiner and thicker thickness regions.

The deviation from the quadratic dependence in the thicker region was observed
below 100 nm by Kumagai et al.2 in reflection geometry. We have observed
essentially the same thickness dependence in reflection geometry. The totally different
thickness dependences in transmission and reflection geometries are explainable
within the framework employed by Kumagai et al.2 The details will be reported in a
separate paper.

ANALYSIS AND DISCUSSION

We consider a three-layer model where the top and bottom layers are isotropic linear
material and the middle layer is uniaxial nonlinear material whose optical Coo axis is
normal to the layer surface. Kumagai et al. used this model with the assumption of
the electrical dipolar mechanism.2 According to this mechanism, nonlinear
polarization is expressed as

Pj = X ijkE;jEx (1

where X113=)223, X311=X322, and %333 are nonzero components for Cooy system,
where 3 corresponds to the Coo axis. On the other hand, Qin et al. used a three-layer
model with the assumption of the electrical quadrupolar mechanism,3 where nonlinear
quadrupole moment is expressed as

Qij = Z INjjExE. 2

For Coov, Doop and Ky, symmetries, there are 21 nonzero components that have the
forms Tijii, Tiijj» Tijij> and Tjjji. For Ceoy and Deop symmetries, there are four
independent components. For Ky symmetry, there is only one independent
component. In the present study, we reduced the independent components into one
according to Kp symmetry, for simplicity; Tijii = -2@55 = (4/3)T 555 = (4/3) 5.

We calculated the thickness dependence of SHG based on these two models.
The middle layer was treated as a uniaxial and absorbing medium by using Kumagai et
al.'s dielectric constants of CuPc film.2 In the middle layer, a fundamental electric
field is expressed as the sum of forward and backward waves. All nonlinear
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polarizations that arise from the products of these waves were considered. The
dielectric constant of the glass substrate was 2.2.

Figure 3 shows the calculated result of the thickness dependence of SHG (s-p
polarization condition) in transmission geometry. The result clearly shows the
difference between two mechanisms. In the figure, relative SH intensities in two
mechanisms cannot be compared, since the absolute values of %'s and I''s are not
known. In the electrical dipolar model (dotted curve), SH light intensity increases
quadratically with the thickness below 60 nm thickness, as shown in Fig. 3. On the
other hand, the electrical quadrupolar model (solid curve) shows that the quadratic
dependence occurs only tranisiently within the middle thickness range around 80 nm,
as shown in Fig. 3, or more strictly the dependence is 2.6th power below about 70 nm.
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FIGURE 3 Simulated results of thickness dependence of SH light intensity in
transmission geometry. Dotted and solid curves are for electric dipole and electric
quadrupole models, respectively.

According to the preliminary data shown in Fig. 2 and the simulation shown in
Fig. 3, we can conclude that SHG in CuPc film originates from quadrupolar
mechanism. Further experiments, particularly in thin films, are now going on in our
laboratory.
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CONCLUSION

In-situ observation system of SHG during vacuum evaporation was constructed. The
system allows us to measure precise thickness dependence of SH light intensity
without exposing the film to the atmosphere. Preliminary experiment in vacuum
deposited CuPc films and the comparison with the theoretical analysis suggest the
origin of SHG to be quadrupolar mechanism.
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