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Abstract Electrical properties and thermal annealing
effects of Cyp-quinolium(TCNQ) Langmuir-Blodgett(LB) films were
studied. Typical current-voltage(I-V) characteristics along
the perpendicular direction show an anomalous behavior of
breakdown near the electric-field strength of 10° V/em. From
the study of I-V characteristics in the high-electric field
region, it is found that there is a contribution of Jjoule
heating in addition to the electrical effect. To see the
thermal influence of the specimen, current was measured as a
function of temperature(20 ~ 180T). It shows that the
current increases about 4 orders of magnitude near 60 ~ 70T,
and remains constant for a while up to ~ 150C and then
suddenly drops. Such increase of current near 60 ~ 70T
seems to be related to a softness of alkyl chains. Besides
the electrical measurements, UV/visible absorption(300 -~
800nm) of the thermally annealed sample was measured to see
the internal-structure change. It is found there are four
characteristic peaks. At 494nm, the optical absorption of the
thermally annealed specimen at 60C starts to increase and
stays almost constant upto ~ 1407TC. And eventually it
disappears above 180°C.

INTRODUCTION

Memory capacity in a given volume has been tremendously increased
with a remarkable progress of semiconductor technology. These
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devices are normally based on inorganic materials such as silicon,
and a size is the order of micron(10%m). Near future it is expected
that the geometrical size can be reduced to nanometer(10™m) by using
molecular-electronic devices based on organic materials. For these
devices to be more practical, we have to produce ultra-thin films.
The Langmuir-Blodgett(LB) technique' has been proposed as a suitable
method for a production of ultra-thin film of wvarious organic
materials. This technique has the advantage in controlling a
thickness and orientation of the molecules.

TCNQ( tetracyanoquinodimethane) complexes have been attractive

2 e have previously reported

materials for a well-conducting system,
an anisotropic electrical conductivity of Ci-quinolium(TCNQ) LB
films.® A measured conductivity along the lateral direction was
higher than the perpendicular one by the order of 107 at room
temperature, Current-voltage(I-V) characteristic curve in the
perpendicular direction shows an chmic behavior in the low-electric
field region, and a nonlinear effect starts to occur in the
high-electric field region. Its conduction mechanism seems to be
space-charge limited current{or Child effect) and Schottky effect.
Y Due to these effects,

there is a sharp increase of current in the high-electric field

Its mechanism is still controversial topic.

region, Vhen the electric field exceeds further, there is an
anomalous phenomena similar to breakdown. There is not many work
done on this anomalous behavior occuring in the high-electric field.

In this work, we have studied (a)the anomalous phenomena in the
high-electric field region through the I-V characteristics in the
high-electric field region, and (b)the thermal annealing effects of
Cz-quinolium(TCNQ) LB films through a UV/visible absorption by
changing temperatures in the range of 20 ~ 220C.

EXPERIMENTAL DETAILS

Preparation and #-A Isotherm

Synthesis, characterization, and purity of Cy-quinolium(TCNQ)
molecules have been already published elsewhere® in our group. This
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molecule is composed of hydrophilic and hydrophobic part. Normal
optical-microscope slide glass(76mm x 26mm x lmm) was used as a
substrate. The substrate was ultrasonically cleaned 3 times in an
ultra-pure water and then dipped into a KiCr;0; saturated solution of
H,S04 for 24 hours, It was thoroughly rinsed with distilled water and
cleaned again in sonicator(Branson 2200) 5 times.

A Kuhn-type LB apparatus was used, which was manufactured by
Kyowa Co. (Model:HBM-H)., Purified-distilled water(~18MQ-cm) and
chloroform were used as a subphase and a solvent, respectively.
After spreading the solution on the subphase, 30 minutes were waited
for the solvent to evaporate. Since the x-A isotherm depends on
the environments, it was studied by giving different conditions of
temperature(12.5 ~ 50°C), pH(1.4 ~ 8.4), barrier moving speed, and
spreading amount of solution,

A Z-type formation of the LB film has been deposited on the
glass substrate within 16 layers of thickness under the surface
pressure of 45mN/m. A vertical dipping method was employed with a
dipping speed of 4mm/min,

Electrical Measurements

Current-voltage characteristics were measured by employing a
conventional two-probe  method, Aluminum electrodes were
vacuum-deposited at a pressure of ~107° Torr on both top and bottom
side of the specimen. Area of the electrode is 7~9m’.  Silver
paste was used to attach a thin wire(~504m dia.) to the electrode.
The specimen was kept inside a shield box.

Programmable Keithley 238 electrometer was used as a voltage
source and a current measure, which supports step or pulse outputs,
This electrometer was controlled by IBM 486-compatible computer.
Temperature of the specimen was varied in the range of 20 ~ 220TC.

Thermocouple was used as a temperature sensor,

Optical Measurements

UV/visible absorption of the LB film was measured in the range of 300
~ 800nm using HP 8452A spectrophotometer, To see the thermal
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annealing effect, the absorption spectra of the specimen was measured
after a heat treatment in a bath. Heat-treatment process is the
following. After taking the absorption spectra at room temperature,
specimen was put into the heat bath, It was heated upto a certain
temperature with an increment ratio of 2°C/min, And then let it cool
down to room temperature naturally and measure the absorption

spectra,

EXPERIMENTAL RESULTS AND DISCUSSION

x-A Isotherm

From the measurements of #x-A isotherm of Cyp-quinolium(TCNQ) at
different environments, the following optimum conditions were
obtained for the film deposition: temperature 25°C, surface pressure
450N/m, pH 5.6(pure water), spreading amount of solution 2,11 x 10t
~ 2.64 x 10" molecules/cm’. Detailed information can be found in
the reference 3. Figure 1 is a typical 7 -A isotherm obtained at
the above conditions. As the area is compressed, the surface
pressure increases monotonically.

60

50 Cy- Quinolium (TCNQ)
E temp. :25°C
zZ . pH:5.6
z
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FIGURE 1 Typical n-A isotherm of Cyp-quinolium(TCNQ) on the
water subphase,
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Current-Voltage Characteristics
We have investigated the I-V characteristics along the perpendicular

direction. Figure 2 shows a difference of I-V characteristics
measured at room temperature when the step or pulse voltage is
applied. The duration time of each step is 4s and the off-time
between the pulse is set to 4s. General feature of those two curves
is similar. As the applied voltage increases, the current increases
upto a certain value, Its characteristics have been already
explained by conduction mechanisms of ohmic, space-charge limited
current(or Child effect), and Schottky effect. Since our concern is
the anomalous behavior in the high-electric field region, we are not
going to discuss about the phenomena in low-electric field.

If the anomalous phenomena is due to an intrinsic effect only,
it is expected that the breakdown voltage is independent of the
type(step or pulse) of applied voltage. However, as is seen in
Figure 2, the breakdown voltage is higher when the step voltage is
applied. This implies that the anomalous behavior is partially
associated to an internal thermal effect, possibly joule heating.

1.0E-03
1.0E-043 | Cz2- Quinolium(TCNQ) é

3 | 12 layer, room temp. ;‘3

l.OE-OS; i
= f il
< 1.0E-064 vl step i
S’ 3 i
E 1.0E-07§ l—-— /
o 1.05-08% bias time /'

7 pulse
1.0E-09! V‘ |
I'OE-IO; bias time
l.OEi-llO.1 T o5 ] T 3
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FIGURE 2 Current-voltage characteristics of the 12-layer
C2-quinolium(TCNQ) LB films at room temperature with the
application of step and pulse voltage,
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Next we have observed a difference in the I-V characteristics by
varying a duration time of the pulse (2, 4, 8, and 16s) (See Figure
3). A time interval between the pulse (off time) is set to 4s in
every measurement, It is found that the breakdown voltage shifts to
the lower one as the duration time becomes longer even in the pulse
voltage. This result says that the short duration time of pulse
generates less joule heat in the high-electric field and, hence, is
appropriate in the electrical characterization of the materials,

1.0E-03
3 r
| €2 Quinolium (TCNQ) | f 16 [ 14128
1.0E-04§ 12 layer, room temp. ’ /
: |
~ LOE-05; [
< 1 v { “ »
é 1.0E-06; 8 168 ! \
6 : voltage bias time i le
1.0E-073 e
1.0E-08; “
1.0E-097 >3 3 35 2
Voltage (V)

FIGURE 3 Current-voltage characteristics of the 12-layer
Cz-quinolium(TCNQ) LB films at room temperature when the
different duration time of pulse is applied,

Next, an external heating effect has been studied by measuring
temperature-dependent I-V characteristics in the range of 20 ~ 180
C. Figure 4 displays a current-temperature (I-T) relation at 3
different bias voltages (0.5, 1, and 1.5V), which are lower than that
of breakdown. Heating rate was 2 C/min, General feature of the I-T
curve is similar to each other regardless of the bias voltage. In
the measured range, current widely depends on the temperature. There
is an increase of current about 4 orders of magnitude in the range of
60 ~ 70C. Current stays almost constant in 80 ~ 150C, and then
suddenly drops more than 1 order of magnitude, The sharp rising of
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current near 60 ~ 70C seems to be related to a softness of alkyl
chains, The sudden drop of current near 150°C may be from a damage
of the constituent components of the specimen, which are not clearly
identified yet. To understand the internal-structure change of the
film depending on the temperature, UV/visible absorption spectra of
the thermally annealed specimen was studied.

1.0E-05

1.0E-06

1.0E-07,

1.0E-08

Current (A)

C2- Quinolim (TCNQ)
12layer, :2°C/min

20 50 80 110 140 170 200
Temperature ('C)

FIGURE 4 Current-temperature relation of Cx-quinolium(TCNQ)
LB films at 3 different bias voltages (0.5, 1, and 1,5V).

Thermal Annealing Effects
Thermal annealing effects of the film were studied by UV/visible (300

~ 800nm) absorption in the temperature range of 20 ~ 220C. Figure
5 displays the absorption spectra of the 12-layer Cx-quinolium(TCNQ)
IB films annealed at several temperatures. There are four
characteristic peaks at 320, 380, 494, 678nm wavelengths.

A physical interpretation of each peak is not conclusive at
present. If we trace the peak at 494nm which is supposed to be an
intramolecular excitation of the TCNQ, it gradually increases with
increasing temperature to ~ 100°C. The spectrum changes a little
when the temperature increases further from 100C to 140C. And
then it starts to disappear as the temperature increases. The
relative absorption intensity at 494nm is shown in Figure 6 as a
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FIGURE 5 Absorption spectra of thermally annealed 12-layer

C-quinolium(TCNQ) LB films.
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FIGURE 6 The relative absorption intensity as a function
of annealed temperature at 494nm.
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function of annealed temperature. The absorption intensities at the
other peaks decrease with increasing temperatures. This fact
demonstrates that the Cxz-quinolium(TCNQ) LB film is sensitive to the
temperature and the annealing affects the formation of aggregates.

CONCLUSIONS

We have investigated the electrical properties of the Cx—quinolium
(TCNQ) LB films under the high-electric field along the perpendicular
direction, and the thermal annealing effects of the f£films by
UV/vigible absorption. The following conclusions were able to be
deduced.

(1) From the I-V characteristics under the high-electric field(~
10%/cm), the LB film shows the anomalous behavior.

(2) The anomalous phenomena is partially associated to the joule
heating effect on top of the electrical effect.

(3) The current-temperature characteristic shows that there is a
sharp increase of current near 60 ~ 70°C, and stays almost
constant from ~ 100°C to ~ 140°C. Such increase of current
seems to be from a softness of alkyl chains,

(4) The UV/visible absorption spectra of the thermally annealed LB
films show that there are 4 characteristic peaks. These
peaks are also sengsitive to the temperature. The temperature
dependence of the peak at 494nm is different from the other
ones.
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