
This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:46
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

An Effective Poling of High Tg
NLO Polymer
Takashi Fukuda a , Hiro Matsuda a , Hitoshi Someno b

, Masao Kato b & Hachiro Nakanishi c
a National Institute of Materials and Chemical
Research (NIMC), Tsukuba, 305, Japan
b Science University of Tokyo, 2641 Yamazaki, Noda,
278, Japan
c Institute for Chemical Reaction Science, Tohoku
Univ., Sendai, 980-77, Japan

Version of record first published: 04 Oct 2006

To cite this article: Takashi Fukuda, Hiro Matsuda, Hitoshi Someno, Masao Kato &
Hachiro Nakanishi (1998): An Effective Poling of High Tg NLO Polymer, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 315:1, 105-110

To link to this article:  http://dx.doi.org/10.1080/10587259808044317

PLEASE SCROLL DOWN FOR ARTICLE

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808044317
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:

46
 2

0 
A

ug
us

t 2
01

2 



Mol. Cryst. Liq. CryJt., 1998, Vol. 315, pp. 105-1 10 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1998 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

An Effective Poling of High Tg NLO Polymer 

TAKASHI FUKUDA', HIRO MATSUDAa, HITOSHI SOMENO b, 

MASAO KATOD, and HACHIRO NAKANISHI' 
'National Institute of Materials and Chemical Research (NIMC), Tsukuba 
305 Japan; bScience University of Tokyo, 2641 Yamazaki, No& 278 Japan; 
'Institute for Chemical Reaction Science, Tohoku Univ., Sendai 980-77 
Japan 

It was found that the electric conductivity of both polymer film and 
substrate were critical factors for the preparation of a poled polymer using 
corona-poling technique. The polymer used in this study was a copolymer of 
4-[N-(2-maleimidoethyl)N-methylamino]-4'-nitroazobenzene (MENA) and 
a-metylstyrene, which has a large optical nonlinearity and high glass transition 
temperature (Tg). The highest possible dipolar orientation could be achieved 
by optimizing the electric resistance of the substrate (Rs) corresponding to 
the electric properties of the polymer, i.e., the electric conductivity and 
breakdown threshold. For example, the poled polymer prepared onto a 0.4 
mm-thick soda glass (Rs = 0.45 GQ at 160 "C) exhibited a large SHG 
coefficient (&) of 268 x e.s.u., which is -70% larger than that for a 1.2 
mm-thick soda glass (Rs = 1.4 GQ at 160 "C). 

Keywords: Poled Polymer; Corona-poling; SHG; Dipolar Orientation; Glass 
Substrate; Electric Resistance 

INTRODUCTION 

Poled polymer systems have attracted much attention as ultrafast and low 
voltage electro-optic (EO) devices. In recent years, many kinds of polymeric 
materials with high EO coefficients, good long-term stability, low optical 
propagation loss, and good processability have been reported. Maleimide-based 
polymcrs with NLO-active azo-dyc sidc chain "1-131 are, in particular, thought 
to be good candidates for practical use. Recently, we demonstrated that thc 
polymer shown in Fig. 1 showed a large optical nonlinearity and good structural 
and chemical stability 1 3 ] .  The polymer , coated onto 0.8 mm-thick glass 
substrate and treated with corona-poling under 5kVlcm at 16O"C, exhibited 
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106/408 T. FUKUDA ef al. 

d,, -195x 10' e.s.u. at 1.064pm measured by the second harmonic generation 
(SHG) technique . This polcd polymer was quite stable, maintaining d,, -1 75 
x CAU cvcn after heating treatment at 80°C for more than 20 days, evcn 
though there wa$ a quick initial decay of -10% . 

Q NO, 

FIGURE 1 Chemical Structure of Poly(MENA-co-a-MS), 

On the other hand, the study on the optimization of poling conditions has 
k e n  so far directed to poling temperat~re'~]~[~],applied voltage '41*1s1, atmosphcrc 
'41*[71, annealing procedure and so on 18]. However, in order to get higher 
dipolar orientation by the corona-poling method, we came to believe that we 
should pay attention to the electric resistance of the substrate. Here, we will 
show experimental data regarding the influencc of thc clectric resistance 
(related to the substrate thickness and the electric conductivity) of thc glass 
substrate on the poling efficiency, and will point out optimized conditions for 
thc preparation of a polcd polymer. 

EXPERIMENTAL 

The precursor polymer was prepared by radical polymerization of 
[N-2-(rnaleimidoethyl)-N-methyl]aniline (MEA) 1 9 '  and a-mcthylstyrcnc in 
THF at 60 "C. The copolymerization ratio of MEA to a-methylstyrene was 
47% to 53% estimatcd by absorption spectrum. It was convcrted to acopolymcr 
of 4,4-{ N-(2-maleimidoethyl]N-methylamino}-4'-nitro-azobcnzene (MENA) 
and a-metylstyrene (Poly(MENA-co-a-MS)) by a polymer reaction of azo 
coupling with 4-nitrobenzene diawnium chloride. Azo-dye content of obtained 
Poly(MENA-co-a-MS) was 57% cstimated from the absorption spectrum. 
The molecular weight (Mn) and the glass transition temperature (Tg) was 1.7 
x lo4 and 221.4 'C ,  respectively. 
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A N  EFFECTIVE P O L I N G  OF HIGH Tg N L O  POLYMER 409/107 

This copolymer is soluble in dichloromethane and chloroform. Thin films 
of about 1000 8, thickness were prepared on various kinds of glass substrates 
by spin-coating. The film thickness was measured with a mechanical stylus 
profiler. Corona-poling was carried out in the conditions detailed below; a 
tungsten needle was kept at 5 kV, thc clectrode gapwas 1 cm, poling temperature 
was 160 "C, poling time was 20 min, and after that, the polymcr film was 
cooled to room temperature at the ratc of 3 " C h i n .  In this report, the following 
five different substrate thicknesses were examincd: 0.14, 0.4, 0.8, 1.2 and 1.6 
mm. SHG coefficient of poled polymers were determincd by Maker-fringc 
mcthod using Q-switched Nd:YAG laser ( h  = 1064 nm, pulsc duration = 

8ns, repetition frequency = 10 Hz, pulse powcr = 10 mJ / pulsc) as the 
fundamental light source. The temperature dependence of the electric resistancc 
of the substrate was measured in the range from 60 "c to 200 "c. 

RESULTS AND DISCUSSION 

Figurc 2 shows the relationship betwcen SHG coefficient (d3J of poled 
polymer and thc electric resistance that is proportional to the thickness of 
glass substrate. As is clear from the dashed line of Fig. 2, SHG coefficient 
(d3) reaches its peak of - 280 x lUy e.s.u. at around 0.3 G Ohm (corresponding 
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FIGURE 2 The dependence of SHG coefficient (d3J on the electric rcsistancc 
and the thickness of glass substrate. The electric rcsistancc 
shown in this figure is the valuc at 160 "C. 
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108/4 10 T. FUKUDA er al. 

to 0.27 mm-thick). So far, a 1.0 - 1.2 mrn-thick soda-lime slide glass was 
usually employed for the preparation of the poled polymcr. Therefore, it was 
demonstrated that the poled polymer treated under the optimized condition 
should exhibit 60 - 80 % larger SHG coefficient (d,,) than that prepared by 
conventional ways. 

These observations can be interpreted by the relationship between thc 
electric resistance of the substrate and the clcctric resistance and breakdown 
threshold of thc polymer. Figure 3 shows the Maxwell-Wagner two-layer 
capacitor and its equivalent circuit. The dielectric consists of a polymcr thin 
film and a glass substrate is characterized by their dielectric constant, 
conductivity and thickness, (E ,, u,, dJ and ( E,, cr, d,) respectively. 

When a DC field is suddenly applied, the final distribution follows from 
the condition of electric current density continuity: J ,  = J ,  which can bc 
written as E l /  E,= o,/ u,, where El and E,are the electric field applied at 
each dielectric, respectively. If we assume that the applicd total voltage (V = 

V, t V,) is constant in corona poling, the electric field applied to a polcd 
polymer is given by 

U2V El = 
u,d, + a,d, ' 

The SHG coefficicnt (d,,) of the poled polymer is given by 

d,, = Nf,f,f,,L(a)Pm f (2) 
where N is the numbcr of NLO active group in unit volumc, f,, and f,,,, arc 
the local ficld factors, L(a) is the third-order Langevin function and /j,, is 
the first-order hyperpolarizability of NLO active group. 

L ( a ) - -  ClE, , 
5k,T (3) 

where p is the dipole moment of NLO active group, k, is the Boltzmann 
constant and T is the temperature. 
From the Eq.(l)-(3), the SHG coefficient (d,,) of polcd polymer is found to 
bc a monotonous decreasing function of the thickness of glass substrdtc (dJ. 
If we assume the w e  of uI = u2 = lO-'S/cm (at 160 "C) and d ,  = 1000 
i!, the predicted relation between d,, and d,is shown in Fig.4. The experimcntal 
data of the right slope shown in Fig.2 is well characterized by this relation. 
The observed quick drop of d,, in the thinner (low resistance) region in Fig.2 
is thought to be based on the elcctric breakdown of dielectric. 
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FIGURE 3 Maxwcll-Wagner two-layer capacitor and its cquivalcnt circuit. 

FIGURE 4 The prcdicted relation between the SHG coefficicnt (d3J of 
poled polymer and thc thickness of glass substrate (dJ according 
to the model above. The scale of the vertical axis of calculated 
curve (Solid line) was adjusted to fit the experimcntal data 
(Solid circles). 

Figure 5 is the experimental set-up for in situ current measurerncnt o n  
corona poling. When 5 kV were applicd at 160 'C, -60 nA was obscrved. 
Because the elcctric resistance of the polcd polymcr, the film and the substrate 
thickness are -30 MQ, 1000 8, and 1.2 mm, respectively, the actual voltage 
and the electric field applied to  the polymcr laycr arc cstimated at -1.8 V and 
18 kV/mm, rcspcctively. This value is a fcw times smaller than the clcctric 
breakdown threshold (E,) of the polymer. Supposc that we can evaluate thc 
order parameter of dipolar oricntation from Eq.(3), the averaged t i l t  angle 
(OdJ from thc surface normal is then 73.0". (Thc dipole moment of NU) 
active group was calculated to be 8.7 Debye by a semi-empirical molccular 
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110/412 T.FUKUDAeta/. 

orbital method with a PM3. ) From these results, the value of E, is expected 
to be 32 kV/mm and 8 ,  is to be 69" at the optimized condition. 

k V  
NLO Polymer t 

Glass Substrate 
Counter Electrode 

FIGURE 5 Experimental set-up for in situ current measuremcnt on corona 
poling. A is a picoammeter. 

CONCLUSION 
On the preparation of the poled polymer using corona-poling technique, 

it was demonstrated that the electric conductivity of both polymer film and 
substrate wcre critical factors, and it was suggcstcd that the highest possiblc 
dipolar orientation could be achieved by optimizing thc clectric resistance of 
the substrate. 
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