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Abstract

We have investigated equivalent-circuit

analysis

of organic light-emitting diodes using

frequency-dependent response of ITQO/Alqs(60nm)/Al device at two different bias voltages. Complex

impedance Z of the device was measured in the frequency range of 40Hz~1MHz. A Cole-Cole plot

shows that there are two dielectric relaxations at the bias below turn-on voltage, and one relaxation

at the bias above turn-on voltage. We are able to interpret the frequency-dependent response in

terms of equivalent-circuit model of contact resistance Rs in series with parallel combination of

resistance R, and capacitance C,. We have obtained contact resistance Rs around 90Q, mainly from

the ITO anode.

keyword : impedance, frequency-dependant response

1. Introduction

There was a breakthrough in the area of
organic light-emitting diodes due to a report of
Tang and VanSlyke’s work in Eastman Kodak[1].
A light emission from the device occurs due to a
recombination of injected electrons and holes in the
molecules. Hence, an injection mechanism,
transport mechanism, and recombination process
are important in organic light-emitting diodes. A
de current—volfage characteristic of the device
gives a resistive response to the applied voltage.
However, an characteristic

ac current-voltage

gives a resistive and capacitive response to the
applied voltage. Roy et al, analyzed the organic
layer of
component[2]. And Pospisil et al, reported that the

in terms resistive and capacitive

impedance of organic layer depends on the
frequency and the applied voltagel3l.

In this paper, we report dielectric response of
the organic light-emitting diodes through a study
of frequency- and voltage-dependent impedance of
the ITO/Algy/Al device. From this study, we can
establish an equivalent-circuit model of the device

involving resistors and capacitors.
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2. Experimental

Organic light-emitting diodes were fabricated
with the Alqs emissive layer sandwiched between
ITO anode and Al cathode. A thermal evaporation
was employed to evaporate the powder of Alqgs at
a base pressure of 5x10° torr with a deposition
rate of about 0.7A/s. A thickness of organic layer
was made to be 60nm. And then the aluminum
was thermally evaporated to a thickness of 150nm
at a base pressure of 5x10°° torr. A deposition rate
of aluminum was 05A/s up to 10nm thick, and 10
A/s in  10nm~150nm thickness
light-emitting

range. A

area was made to be
15mm*(3mmx*5mm). A surface resistance of ITO
substrate is 15Q/0] and a thickness is 170nm.

To characterize the organic light-emitting
diodes,

measured as a function of frequency at ambient

complex impedance of the device was

environment. Precision impedance analyzer of
4294A was used to

frequency~dependent response in the range of 40Hz
and 1MHz.

Agilent measure the

3. Restlts and Discussion

A complex impedance Z can be expressed

such as
Z=7Z +iZ" " =\Zle ¥ n

Figure 1 shows (a) a magnitude of impedance
|Z| and (b) phase & of the device as a function of
frequency from 40Hz to IMHz at a bias voltage of
2V and 12V,

As is seen 1(a),

impedance [Z| at 2V bias decreases from 40Hz to
As is in Fig. 1(a),
impedance |Z| at 2V bias decreases from 40Hz to

in Fig. the magnitude of

seen the magnitude of

100Hz in the beginning, and stays almost constant
from 100Hz to 3kHz, and then gradually decreases
as the frequency increases further. The corresponding
phase @ at 2V bias is about zero below 1kHz, and
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Fig. 1. (a) Magnitude of impedance 1Z| and (b)
phase # as a function of frequency at a
bias voltage of 2V and 12V in
ITO/Alg3(60nm)/Al organic light-emitting
diodes.

decreases to about -75 near 30kHz, and then

gradually approaches zero in the high frequency
region{see Fig. 1(b)). A behavior of |Z| and @
measured under 12V bias is similar to that of 2V
bias, except the magnitude of impedance |Z| is
lower by a factor of one third to the previous one.

The complex impedance Z can be expressed in
terms of real and imaginary part of impedance Z’
and Z" instead of |Z| and @ using Eq. (1) and Fig.
1. Figure 2(a) shows an absolute value of real and
imaginary part of impedance 1Z’| and |Z"| as a
function of frequency measured at 2V, which is
well below turn-on voltage. And Fig. 2(b) is the
impedance measured at 12V, which is above the
turn-on voltage. The real part of impedance |Z'| is
almost constant below 1kHz and gradually decreases
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Fig. 2. Absolute value of real and imaginary part
of impedance as a function of frequency at

a bias voltage of 2V and 12V in
ITO/Alqs(60nm)/Al  organic light-emitting
diodes.

as the frequency increases.

A Cole-Cole plot was made as shown in Fig. 3.
Bigger half circle in Fig. 3 is the one measured at
2V, and the smaller one at 12V. It is thought that
there are two relaxations in the complex
impedance measured at 2V, the first one is a big
half circle which is supposed to be due to a
molecular orientational polarization, and the second
one is a low-frequency response(below 100Hz)

possibly due to an interfacial polarization.
However, the Cole-Cole plot at 12V shows only

one relaxation due to a molecular orientational
polarization.

We can employ an equivalent-circuit model of
in Fig. 4 for the
Then,

the device such as shown
analysis of Cole-Cole plot. the complex

impedance Z in this model is
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Fig. 3. Cole-Cole piot of the complex impedance Z
IT_O/AIQ3(60nm)/A1
organic light-emitting diodes at different

of a single layer

bias voltages.

R
i
Z=7 '+jZ =Rtk ®)

, where 7 is given by K,Cp,. Then, the real and

imaginary part of impedance are the following.

R
Z' —R = — b
S 1+ (wn)?

Vs wtR
VA =—-—1—L——2— 3)

1+(“E)

The solid lines in Fig. 2 are fitted ones using
Eq. (3.
model is appropriate in this device structure. We
can show that the Z' and Z” satisfy the following

It implies that this equivalent-circuit

relation.
[Z'—(R.s+—§—"’—)]2+[Z"]2=(*%A)2 (4

In Z'-7Z" plane, this is an equation of circle,
having a center at (R ,+R,/2,0) with radius of
R ,/2. The solid lines in Fig. 3 are fitted ones

using Eq. (4). From this analysis, it gives a

contact resistance of R around 90Q. And the
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Fig. 4. Equivalent-circuit model of organic
light-emitting diodes in terms of contact
resistance Hs in series with parallel
combination of resistance R, and

capacitance Cp

radius gives a resistance R, around 3,100Q and
L1708 for 2V and 12V, respectively.

Using Eq. (2),
dependent K, and G, in terms of Z' and Z".

we can express frequency-

(7 ' — (z)?E
R,=(Z RS”(Z’-RS)

’

Co==(i) Ty ©

Figure 5 shows a calculated resistance R, and
capacitance C, of the device as a function of
frequency at two bias voltages by applying the
equivalent—circuit model of Fig. 4. A capacitance
C, is almost constant to be about 10nF in the
measured frequency range irrespective of the bias

voltages.

4. Conclusion

We have studied frequency-dependent response
cof organic light-emitting diodes using
ITO/Algs(60nm)/Al device at two different bias
voltages; one above and one below tum-on
voltage. We are able to interpret the organic
light~emitting diodes in terms of  the
equivalent—circuit model of contact resistance Rs in
series with parallel combination of resistance R,

and capacitance Cj..
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Fig. 5. Frequency-dependent R, and C, at the bias
voltage of 2V and 3V in ITO/Algs(60nm)/Al
organic light-emitting diode.
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