
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 13:20
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

The Electro-motive Force Generation
in Langmuir-Blodgett Films
Young-Soo Kwon a , Dou-Yol Kang b & Taro Hino c
a Department of Electrical Engineering, Dong-A University,
Pusan, 604-714, Korea
b Department of Electric & Control Engineering, Hong-Ik
University, Seoul, 121-791, Korea
c Department of Electrical Engineering, Kanagawa University,
Yokohama, 221, Japan
Version of record first published: 04 Oct 2006.

To cite this article: Young-Soo Kwon , Dou-Yol Kang & Taro Hino (1994): The Electro-motive
Force Generation in Langmuir-Blodgett Films, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 247:1, 251-260

To link to this article:  http://dx.doi.org/10.1080/10587259408039211

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/10.1080/10587259408039211
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1994, Vol. 241, pp. 251-260 
Reprints available directly from the publisher 
Photocopying permitted by license only 
6 1994 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

The Electro-motive Force Generation in 
Langmuir-Blodgett Films 

YOUNG-SO0 KWON 
Department of Electrical Engineering, Dong-A University, 
Pusan 604-7 14, Korea 

Department of Electric 11 Control Engineering , Hong-I k 
University, Seoul 121-791, Korea 
TARO HlNO 
Department of Electrical Engineering, Kanagawa University, 
Yokohama 221, Japan 

DOU-YOL KANG 

Abstract Even 20 years ago, it was suggested that the electro 
motive force is generated in the HIM-structured LB ultra-thin film 
element. It i s  known that the current-voltage curve does not pass the 
origin. In addition, the reason for the generation of voltage is 
considered to be the chemical reaction taking place in the LB film 
etc.. In this paper, it is proposed that with chemical reaction it 
may be difficult to explain the fact that the same phenomenon of 
voltage generation and electric properties can be investigated for 
the sample fabricated 6-7 years ago and the new sample. Thus, it is 
considered to be necessary to clarify the characteristics of voltage 
generation with a point of view of utilization or removal of voltage 
generated. 

- I NTRODUCT I ON 

It is well known that D.C. voltage i s  generated at the 
elements of MIM structure which is sandwiched between two 
electrode of Langmuir-Blodgett (LB) ultra-thin films.') It is 
considered that the voltage generation is caused by LB films 
only or a chemical reaction between LB films and electrode. We 
also found the generation of the voltage f o r  a long time ago. 
We already reported ') that 

1 )  In case of nonpolar Y type LB films sandwiched between 
same materials, the voltage is not generated; However, 2) In 
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252 Y.-S. KWON ET AL. 

different kind of electrode materials such as A1 and Au, the 
voltage is generated. The positive voltage is generated at Au. 
which has high work function; 3) In case of hetero structure 
of Y type LB films and polarized 2 type LB films, the voltage 
is generated at the same kind of electrode materials. 
In this paper, the experiments are processed for the sample 

which is left in the atmosphere since its fabrication in 1986. 
We measured the same voltage as at the time of fabricating the 
LB films. The thickness of LB films and evaporated electrode 
used for the experiments is about 20-30A and 2000A. 
respectively. 
Therefore, we can not think that the chemical reaction, 

which is generating several hundred mill i-volts. takes place 
continusly for 6-7 years. It is proper that the chemical 
reaction has terminated. In our experimental results, the 
cause is due to some kind of electro-motive force (EMF) which 
is occurred at elements. 
Anyhow, the voltage, several hundred mV, is generated for a 
long time. It can’t ignore the phenomena for the possibility 
of its use and characteristics of elements or materials. 

EXPERLeNTALS 

Ma ter ia  I s  ___._ 

Samples, shown in Figure 1 ,  are MIM-structured elements made 
by the process of vacuum evaporation of A1 and Au on a 
glass-substrate. In the other type of element, SnOz film was 
used as a lower electrode and Al ,  Au as upper electrode and 
LB film was deposited on it. For the molecule of the LB film 
sandwiched, Arachidic Acid(C20), Long alkyl chain additioned 
tertracyano-quinodimethane (CnCTNQ, n=12, 15, 18, 20, 221, 
Polyamide(PA1, Polyimide(P1) etc., and natural oxidized films 
A1203 were also used. LB film of PI was obtained by the 
imidization of LB f ilm of PA.3’ 

Measuremen t 

In Figure 2, the circuit of measurement used in this study 
is shown. The D.C voltage generated in the sample charges 
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I ; : ; I  

' ' ' Upper electrode (Ad I '  

lover electrode (All+ 

FIGURE 1 Structure of M I M  element 

Samples 41-\:+:?. C 

FIGURE 2 Schema of 
the measuring c ircu it. 

first condenser C and sample itself (about 0.136 pF) and makes 
current flow through the resistance R. At this time, the 
voltage V generated at both ends of C and R was measured by 
eletronic-voltmeter M. The inner resistance of the 
electronic-voltmeter is very high about l O " ( L ( 2 )  and the 
output of power was recorded by X-Y recorder. 10". 10". l oy ,  
10' ( Q )  etc. were used as resistance R and the measurement 
was also performed for the circuit without R or Condenser C. 
The characteristics of temperature of a MIM-structured 

sample was investigated and the effect of the resistance 
inserted externally was also examined. It was heated from room 
temperature(24C) to 70C for 30 minutes in an 
electronic-temperature controller using the experimental 
apparatus shown in Figure 3. 

RESULTS AND DISCUSSION 

voltage Generation i n  LB ~ i 1 ~ ~ ~ . ~ )  

In Figure 4, a characteristic current-vol tage curve of the 
sample made by deposition o f  polyimide LB film (10 layers). on 
the electrode. As shown in Figure 4 ,  this curve does not pass 
through 0 point of both axis. This suggests that another D.C. 
voltage except the external voltage V (applied voltage) is 
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Metal cover 

de 

FIGURE 3 Schemat ic diagram of exper imental apparatus. 

generated in the sample. The current that flows from the upper 
electrode to the lower electrode is assumed to be positive and 
the measurement is performed on the voltage of upper electrode 
with the datum voltage of lower electrode. Therefore, it is 
inferred that the positive voltage is generated in the upper 
electrode for the case of Figure 4. The voltage generated 
mentioned in this paper means just the voltage described as 
above. It is found that the difference of the magnitude of the 
voltage generated depends on the sample, and is about 100 to 
several 100 mV. In addition, it is observed that the direction 
of voltage generated does not change for the same type element 
even though the magnitude ofvoltage is more or less different. 
In Figure 5, the result of the voltage generated measured for 
a long-period is shown.') At the point when evident decrease 
of voltage was not observed in 2 years, about 0.2 V of 
constant voltage was maintained. The experiments were 
simultaneously attempted on several tens of substances in type 
of AI/A~zO~/CIZTCNQ/A~, Al/A1~03/C~o/Al with the variation of 
the number of layers. The voltage, however, was generated in 
all samples for a long-period. In addition, both of the 
electrodes of sample was short when the measurement was not 
carried out. Later, as the measurement was resumed by 
connecting a voltmeter between two electrodes, the voltage of 
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ELECTRO-MOTIVE FORCE GENERATION 255 

-60 

electrode starts to increase up to the constant value as shown 
in Figure 5. The time tO required to reach the constant value 
o f  voltage generated is about 100 minutes and the time tO 
becomes small as the resistance o f  sample decreases. 

Al/Al~O~/PI(lO l a y e r s h  
- 

- 

FIGURE 4 An example o f  current-voltage characteristics. 

n 
0 

u W v 

loo - 
0- I I I I l l  I , I  I I I I 1  I I  I1 I I I I I 1 1 1 1  

1 10 102 1 I 101 
T i n e  t ( d a y s )  lyear 2yws 

FIGURE 5 Voltage generation over long period. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
20

 1
8 

Fe
br

ua
ry

 2
01

3 



256 Y.-S. KWON ET AL. 

~- The Electric-Capacity of M I M  element 

In the MIM element, natural oxidized film of A1203 about 30 
A in thickness and the relative dielectric constant of which 
is 8 is formed on the surface of inner eletrode of A1 
vacuum-evaporated f i lm.5) Thus, the electric capacity of 
circular-type MIM element of 5 mm in diameter is calculated as 
follows. 6 )  

1 1 1 

C cox CPl 
+ -  -= - 

COX = ( &.s/d = 0.345 X C F 1 
CplI = 0.210 X low6 C F I  

( 2 )  - __ __ - - - Then C = 0.136 C DF 1 

Here, S is the area of electrode and d is the thickness of 
LB film. In addition, the electric capacity of 
hetero-structured element of arachidic acid LB f ilm(C20) and 
TCNQ LB film(C15.TCNQ) is calculated by the use of equation 
( 1 )  and the result is as follows. 

Time Charac ter is ~ t ics o f Vo I tage-genera ted 

In Figure 6, the voltage generated in the circuit without R 
is shown. The voltage is generated as the electric charges of 
condenser C and sample are discharged, and the measurment is 
performed by switching S on for a second with time interval 1 
minute. At this time, the short was accomplished through 10' 
(9) since switch S built in the voltmeter was used for short. 
Thus, the voltage is generated to some degree in a moment of 
switch open as the electric charges of the condenser and 
sample were not discharged enough. After that, however, the 
voltage generated increases with the time interval of 1 
minute. In addition, the voltage generated decreases with the 
number of discharges, however, the rate of decline o f  voltage 
decreases considerably after 10 charge - discharge, cycles. 
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ELECTRO-MOTIVE FORCE GENERATION 257 

In Figure 7, the results of voltage generated just before 
short by the switch S are shown. It includes three kinds of 
results. The 1st run was performed without leaving time in the 
air, and the 2nd and 3rd run were attempted after 30-minute 
and 10-minute of leaving time in the air. In other words, the 
voltage generated becomes much smaller than that of Figure 6 
as the leaving time in the air increases. Thus, about 1 day o f  
leaving time was required for the recovery of voltage. 

I o o c  
=r e 

5- 

w 
0) 

U 4 

- 
m 

50 
rn 0 .d 

U 

c a.l 

fi w 
c3 

m 

I I I I I I I I I I 1 
0 5 10 

N u m b e r  o f  d i s c h a r g e  N 

FIGURE 6 Characteristics of charging and discharging of 
condenser by generating voltage. 
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Mlun 
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1st NII -Mnm :301in. 
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1st Nn m 
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R aI 
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0 5 10  15 20 

N u m b e r  o f  d i s c h a r g e  N 

FIGURE 7 Recovery of generating voltage during the time. 
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258 Y . 4 .  KWON ET AL. 

The Accuru& t ion of Charge generated 

In Figure 6, the short is performed through lo8 ( 8 )  since 
the internal short switch o f  electronic voltmeter was used for 
the experiment. In other words, the charge of condenser C and 
sample could not discharge enough due to short. Thus, by the 
use o f  contact relay switch, the charge can be discharged 
enough. With this condenser, more than 100 times o f  repetition 
o f  charge-discharge were attempted. At first, the voltage 
generated decreases as that of Figure 6 and it does not become 
zero, but it maintains almost a constant value. The 
calculation of  total quantity of charge accumulat ion (total 
quantity of discharge) generated in the sample under the 
assumption that all of the charged electric-charge is fully 
discharged by short is shown in Figure 8. From Figure 8, it is 
known that the accumulated charge increases almost linearly as 
the number o f  charge-discharge increases. This infers that the 
velocity o f  charge generation is almost constant. 

Number of charge 4 discharge of condenser n 

FIGURE 8 Accumulation o f  charge generated in specimen by 
charging and discharging o f  condenser. 

Tempera ture dependence of generat ing vo 1 tage 

The temperature-characteristcs that the voltage increases as 
temperature increases was observed as shown in Figure 9. It is 
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ELECl'RO-MOTIVE FORCE GENERATION 259 

known from Figure 9 that voltage generated decreases as 
resistance R decreases. The reason is that the resistance 
inserted externally is smaller than that o f  the sample (about 
1O9-1OL0 L2 1. In addition, it was observed that the 1 inearity 
between log(V) and 1/T appears very clearly and the slope was 
measured in a large value as resistance becomes smaller. It is 
considered that the characteristics o f  Arrhenius type shown in 
Figure 9 is related with the cause of generation o f  voltage. 
The experiment f o r  this is, accordingly, in progress now. 

E AIIPl(7L)IAu 

1 L 
2.8 3.0 3.2 3.4 

T e r p e r a t u r e  l / T  ( K - 1 1  

FIGURE 9 Temperature dependence of generating voltage. 

CONCLUSIONS 

It is well known that voltage is generated in the 
MIM-structured LB element. The authors have already reported a 
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260 Y.-S. KWON ET AL. 

study on the electric phenomenon of voltage generated. The aim 
of this study is to discuss the same voltage generated and 
electric properties observed in both the sample left in the 
air for 6-7 years after fabrication and the new one. The fact 
that the voltage is generated for the long-term interval raise 
a doubt in the explanation that the voltage generation is due 
to the chemical reaction in LB film etc.. Although the reason 
for the generation o f  voltage is considered to be the chemical 
reaction, it is very important to verify the characteristics 
o f  voltage generated and its utilization. The attempts to 
investigate the electrical phenomena of voltage generation are 
in progress. 
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