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We have studied organic layer-thickness dependent electrical and optical properties of bottom- and top-emission
devices. Bottom-emission device was made in a structure of ITO(170 nm)/TPD(x nm)/Algs(y nm)/LiF(0.5
nm)AI(100 nm), and a top-emission device in a structure of glass/Al(100 nm)/TPD(x nm)/Alqs(y nm)/LiF(0.5
nm)Al(25 nm). A hole-transport layer of TPD (N,N'-diphenyl-N,N'-di(m-tolyl)-benzidine) was thermally
deposited in a range of 35 nm and 65 nm, and an emissive layer of Algs (tris-(8-hydroxyquinoline) aluminum) was
successively deposited in a range of 50 nm and 100 nm. Thickness ratio between the hole-transport layer and the
emissive layer was maintained to be 2:3, and a whole layer thickness was made to be in a range of 85 and 165 nm.
From the current density-luminance-voltage characteristics of the bottom-emission devices, a proper thickness of
the organic layer (55 nm thick TPD and 85 nm thick Algs; layer) was able to be determined. From the view-angle
dependent emission spectrum of the bottom-emission device, the peak wavelength of the spectrum does not shift
as the view angle increases. However, for the top-emission device, there is a blue shift in peak wavelength as the
view angle increases when the total layer thickness is thicker than 140 nm. This blue shift is thought to be duetoa

microcavity effect in organic light-emitting diodes.
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1. INTRODUCTION

Electroluminescent phenomenon in organic semi-
conductor single crystal was discovered in 1963. And in
1987, Tang and Van Slyke in Eastman Kodak developed
organic light-emitting diodes using bilayer device
structure[1-3]. Since then, lots of researches are going on[4-
5]. Organic light-emitting diodes have advantages in low
operation voltage, low power consumption, fast response
time, high efficiency, and etc. Organic light-emitting diodes
emit light by a recombination process of electrons and holes
injected from a cathode and an anode. Not only the organic
material itself but also a thickness of organic layer affect on
the device performance. An emission spectrum out of the
organic light-emitting diodes is determined by an emissive
material and also a type of emission as well. Microcavity
structure influences on the emission spectrum, and a
dielectric constant and a distance between the mirrors are
important factors in organic light-emitting diodes[6-8].

In this paper, we present clectrical and optical properties
of the bottom- and top-emission organic light-emitting
diodes made by varying a thickness of organic layers.
View-angle dependent emission spectrum was also studied
in those two types of devices.

2. EXPERIMENTAL DETAILS

Two different types of organic light-emitting diodes were
manufactured with a variation of organic layer thicknesses;
one is bottom-emission type and the other is top-emission
one. A device structure of ITO(170 nm)/ TPD(x nm)/Alqs(y

* Author to whom corresponding should be addressed: electronic
mail: tackim@hongik.ac.kr

1229-7607/2009/10(1)/1/3(WWW.TRANSEEM.ORG)

nm)/LiF(0.5 nm)/Al(100 nm) was made for the bottom-
emission type of device. Here, x and y denote a thickness of
each layer in nm unit. An ITO(indium-tin-oxide) was used
as an anode, which has a sheet resistance of 10 Q/sq and a
thickness of 170 nm. A width of patterned ITO strip line
was made to be 5 mm. On top of the patterned ITO
substrate, hole-transport layer of TPD (N,N'-diphenyl-N,N'-
di(m-tolyl)-benzidine) was thermally deposited in a range
of 35 nm and 65 nm. And then, an emissive layer of Alg;
(tris-(8-hydroxyquinoline) aluminum) was successively
deposited in a range of 50 nm and 100 nm. Thickness ratio
between the hole-transport layer and the emissive layer was
maintained to be 2:3, and a whole layer thickness was made
to be in a range of 85 and 165 nm. A LiF/Al was used as a
cathode, and they were separately evaporated under an
environment of 5 x 10 torr. Deposition rate of organics was
maintained to be 1.0 A/s and an active area of the device
was made to be 3 mmx5 mm. And for the top-emission
device, a device structure of glass/Al(100 nm)/TPD(x
nm)/Algs(y nm)/LiF (0.5 nm)/Al(25 nm) was made. A
plasma-treated aluminum electrode was used as an anode,
which has a thickness of 100 nm and a width of 5 mm.
Oxygen plasma treatment was performed under a condition
of 125 W for 2 minutes, and a partial pressure of oxygen in
a chamber was maintained to be 2 x 107 torr.

Several layer thicknesses of TPD and Alq; were made,
which are same to those of the previous bottom-emission
device. Semitransparent metal electrode was made on top of
the Algs layer with a LiF(0.5 nm)/Al(25 nm). Current
density-luminance-voltage characteristics were measured
using Keithley 236 source-measure unit and Keithley 617
electrometer at room temperature under a control of Test
Point program. View-angle dependent emission spectrum
was measured using Ocean Optics USB 2000.
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Fig. 1. (a) Current density-voltage characteristics and (b) corresponding
luminance-voltage characteristics of ITO/TPD/Alg;/LiF/Al  bottom-
emission devices for several different layer thicknesses. The number in
inset indicates a layer thickness of TPD and Alg; in order. And also the
letter “B” in inset indicates a bottom-emission device.

3. RESULTS AND DISCUSSION

Figure 1(a) and (b) show the current density-voltage
characteristics and the corresponding luminance-voltage
characteristics of the bottom-emission devices for several
thicknesses of TPD and Alg; layer. The number in inset
indicates a layer thickness of TPD and Alg;s in order. Since
devices having five different layer thicknesses were made,
the devices were named as B1, B2, B3, B4, and BS5. Here, a
letter “B” designates a bottom-emission device. Figure 1(a)
shows a rectifying behavior in all the devices. And as the
total thickness of the organic layer increases, the
characteristic curves shift to the higher voltage, which
means that a turn-on voltage shifts to higher one. Figure
I{b) shows the corresponding luminance-voltage
characteristics for those shown in Fig. 1(a). Since the
behavior of characteristic curves in Fig. 1(a) is similar to
that of Fig. 1(b), we can conclude that the luminance of the
device is current driven.

Figure 2(a) and (b) show, respectively, the current
efficiency and external quantum efficiency as a function of
current density obtained from Fig. 1 for the bottom-
emission devices. The figure shows that the efficiencies are
stable above the current density of 20 mA/cm” irrespective
of the organic layer thicknesses. As shown in the figure, the
device B4, in general, gives a higher current efficiency of
about 10 cd/A and external quantum efficiency of about
1.2 % than the other ones. Thus, we can say that a proper layer
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Fig. 2. (a) Current efficiency and (b) external quantum efficiency as a
function of current density obtained from Fig. 1 for the bottom-emission
devices of ITO/TPD/ Alqs/LiF/Al.

thickness of TPD and Alg; in bottom-emission device is 55
nm and 85 nm, respectively.

Figure 3(a) and (b) show the view-angle dependent
emission spectra as a function of wavelength for the
bottom-emission device B4 and top-emission device T4,
respectively. Here, a letter “T” designates a top-emission
device. Top-emission devices were made in a structure of
glass/Al(100 nm)/TPD(x nm)/Alqgs/(y nm)/LiF(0.5 nm)/Al
(25 nm) by varying a thickness of TPD and Alg; layer in a
similar way to those of bottom-emission devices. Five
devices having different organic-layer thicknesses were
made and named as T1, T2, T3, T4, and T5. Here, the
organic layer thicknesses for the top-emission devices are
the same as those of bottom-emission devices. For example,
the device B4 and T4 have the layer thickness of TPD and
Alqg; of 55 nm and 85 nm, respectively. Figure 3(a) shows
that for the bottom-emission devices, peak wavelengths of
the emission spectra are around 525 nm irrespective of the
view angles. However, Fig. 3(b) shows that there is a blue
shift in peak wavelength of the emission spectrum from 560
nm to 520 nm as the view angle increases from 0 °to 60 °
for the top-emission devices.

Figure 4(a) and (b) show the view-angle dependent peak
wavelengths of the emission spectra for the bottom- and
top-emission devices, respectively. Figure 4(a) shows that
the peak wavelengths for the bottom-emission devices lie
near 525 nm, and a full widths at half maxima are about 90
nm irrespective of the layer thickness of the devices, even
though the angle dependent whole behavior of full widths at
half maxima is not shown in the figure. Figure 4(b) shows
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Fig. 3. View-angle dependent emission spectra for (a) the bottom-
emission device B4 and (b) the top-emission device T4. In both devices,
the layer thickness of the TPD and Alg; is 55 nm and 85 nm, respectively.

that for the top-emission devices, there is a blue shift in
peak wavelength as the view angle increases for the devices
T4 and T5 which are thickness than 140 nm. However,
there is not much change in peak wavelengths for the
devices T1, T2, and T3. Thus, it is thought that for the top-
emission devices thicker than 140 nm organic layer, a
microcavity effect is involved in the emission spectrum. An
interpretation of this behavior is still under investigation,
and it will be addressed sometime later.

4. CONCLUSION

We have studied organic layer-thickness dependent
electrical and optical properties for the bottom- and top-
emission devices. Current density-luminance-voltage
characteristics of the bottom-emission devices show that a
proper thickness of the TPD and Alq; layer is 55 nm and 85
nm, respectively. View-angle dependent emission spectra
show that for the bottom-emission device, there is no shift
in peak wavelength of the emission spectrum. However, for
the top-emission device, there is a blue shift in peak
wavelength as the view angle increases when the total layer

Trans. EEM 10(1) 28 (2009): H. C. An et al.

545 L v L
o~ —a=—35:50 (B1)
E ssob —0— 40:60 (B2)
2 —/=—150:70 (B3)
= —p—55:85 (B4)
20 535k e 65:100
[}
3
Z 530
=
2 S525p
[+
A
520 bt ” v v
0 10 20 30 40 50 o0
View angle ")

—_ 560 — Y T v T —m~35:50 (T1)
g <l —8—40:60 (T2)
= 550
2 = 50:70 (T3)
f‘n 540 mge 55:85 (T4)
2 ss0f e 65:100 (T
2 s20} 1
«
2 510} 1
2 s00f 1
@ A_&_M_A/A—_A
A 490} 2 : - (b)Y

0 10 20 30 40 50 60
View angle (°)

Fig. 4. (a) View-angle dependent peak wavelengths of the emission
spectra for several different layer thicknesses of (a) bottom-emission and
(b) top-emission devices.

thickness is thicker than 140 nm.
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