P-115/J. S. Park

Realization of improved efficient White-Organic Light Emitting Diodes with
a Thin Electron Blocking Layer

Jung Soo Park' 2 Joo Won Lee', Young Min Kim' and Jai Kyeong Kim®

! Opto-Electric Materials Research Center, Korea Institute of Science and Technology.
Hawolgok-dong, Seongbuk-gu, Seoul, 136-791, Korea
E-mail: jspark@kist.re.kr,Tel: 82-2-958-5773, Fax: 82-2-958-5692
Jin Jang®
2 Departments of Physics, Kyung Hee University, Seoul, Korea
Byeong Kwon Ju?,

% Departments of Electrical Engineering, Korea University, Seoul, Korea

Abdstract

We have fabricated white organic light emitting
diodes. To obtain balanced white emisson and
improve the efficiency of devices, thin eectron
blocking layer (TEBL) was inserted between the
emitting layers. We showed that the effective injection
of eectrons through the optimization of TEBL @ -
NPD) embodied the balance of spectra and had a
possibility of getting white emission. In a device with
0.3 nm aNPD, it had a maximum power efficiency of
3.80 Imw at 250 cd/nf, a luminance of 1200 cd/nT at
100 mA/ent , and the CIE coordinates were (0.353,
0.357).

1. Objective and Background

As the next generation flat-panel displays,
organic light emitting diodes (OLEDs) have studied.
Because ther severa advantages such as thinness,
light-weight, low driving voltage, fast response time,
and the wide viewing angle. So, the application for
the various displays is possible. Even from in that,
white-OLEDs will be able to embody large-area and
full-color display and they can dso serve as a
backlight of liquid crysta display (LCD) and
illumination light source as the as an illuminant.
White is the most important color in the lighting
industry. So white-OLEDs have attracted particular
atention due to their potential. A variety of methods
have been proposed to achieve white emission. One
approach is usng a multilayer device in which three
different color lights such as red, green, and blue are
emitted from each layer and combined to give the
white emission. ! Another is use of a
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complementary color relation.!® For applying white-
OLEDs to generd illumination light source, the white
light with high efficiency, stability, high brightness,
and the Commission Internationale de I'Eclairage
(CIE) coordinates near (0.33, 0.33) through
controlling the emission intensity for baanced
emission must be required.

In this study, we have fabricated the white-
OLEDs using the method of Red-Green-Blue stacked
multilayer and improved the efficiencies of the

devices. To obtain balanced white emission, thin
dectron blocking layer (a -NPD) which form
interfacial barrier for controlling eectron injection
was inserted between the emitting layers with the
knowledge of energy band diagram. Then we took
control of a-NPD’ s thickness and embodied balanced
white emission.

2. Results
2.4 24
28 28 30 30 30
30
LiF/Al
CuPc a-NPD EBL
DPVBI Alg,:
Al 3 Al
ITO % | bt b
51 — o
55 55 R
58 58 58 58
Oeme  [esL

Figure 1. The schematic energy band
diagram of white-OLEDs



The basic gructure of the device configuration used
in this sudy is shown in figure 1. Copper Phthaocyanine
(CuPc) was used as a hole injection layer (HIL), [N,N'-
di(naphthadene-1-yl)-N,N’ -diphenyl-benziding]  (a-NPD)
was as a hole trangporting layer (HTL) and a dectron
blocking layer (EBL), 44-big22 diphenylvinyl)-1,1'-
biphenyl (DPV BI) was as a blue emitting materid, tris-(8-
hydroxyquinolineduminum (Alg) was as a green
emitting materid and a eectron transporting layer (ETL).
2wt% red-emitting 4(dicyano-methylene) -2-methyt-6-(p-
dimethyl aminostyryl)-4H-pyran (DCM1)-doped tris-(8-
hydroxyquinoling) duminum (Algs) was asared emitting
materid. A bilayer of 1 nm lithium fluoride (LiF) and
duminum (Al) was used as an efficient cathode. Light
emitting area is 10x10 mn. In our experiment, devices
gacked with RGB materias were condructed for white
emisson and relative contribution of red, green and blue
emisson can be controlled by changing the thickness of
each emitting layer. The optima thickness of each
emitting layer was 7 nm so that the tota thickness of three
different emitting layers was 21 nm. Through the
optimization of the thickness of dl organic layers, white
emisson could be obtained. The CIE coordinates of
(0.327, 0.353) were well within the white region.
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Figure 2. The normalized EL spectra of
the RGB stacked OLED under different
thickness of each emittina laver.

In figure 2, EL spectra showed a broadband
covering the range of 400~700 nm but the red
emission intensity was relatively weask compared to
blue and green emisson intensty. A gredter
contribution from the red is needed to obtain the pure
white emission. Instead of increasing the red emission
intensity, we reduced the contribution from blue
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emission. So we decided to control the blue emission
peak by using the eectron blocking layer in order to
reduce the blue emission layer. We fabricated devices
by using ITO / CuPc (3nm) / a -NPD (40 nm) / Blue
(7 nm)/ a -NPD (0.3, 0.5, 1 nm) / Green (7 nm) / Red
(7 nm) / Algs (25 nm) / LiF:Al (150 nm) structure. To
limit the electron transport into the blue-light-emitting
layer, aNPD is inserted between blue-light-emitting
layer and greenlightemitting layer. Because the
lowest unoccupied molecular orbital (LUMO) of &
NPD is higher than that of the blue-light-emitting
layer (figure 1). As aresult, electron could not easily
be hopped into the blue-light-emitting layer, and
recombination rate decreased inside the blue-light-
emitting layer.
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Figure 3. (a) The normalized EL spectra
and (b) CIE chromaticity diagram under
different thicknessof TEBL (a-NPD).
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Figure4. (@ Current densty vs applied vatage
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luminance dharaderidics (Insd:  Luminance
dfidency versus aurrent density) bewean the
devicewith TEBL and without TEBL

The EL spectra of devices for different thickness of a-
NPD ae shown in figure 3. We obsaved thet the blue
emission intendty weskened and that emisson of Al
contributed to the broed tail a long wavdength region when
a -NPD was insarted. As the thickness of the aNPD layer
increesss from 0.3 nm to 1 nm, the blue emisson intendty
decreases. The CIE coordinates shift from red to white when
the thickness of a -NPD was decreased. It may result from
the effective trgoping of dectron by aNPD, ad the
vaidion of the biue emisson intensity could be undersood
as the result of aNPD. Thet is the thicker of the dectron
blocking layer, the more effective for the dectrons blocked
by the dectron blocking layer, hence the blue emisson
intensity decreeses

It can be concluded that the aNPD layer should
be an effective electron-blocking layer and change the
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emission intensity. So the matching blue contribution
relative to the red contribution can be achieved by
controlling the thickness of a-NPD. From these
results, we showed that the balanced white emission
was tailored by using thin electron blocking layer (a-
NPD) and contralling its thickness effectively.

Figure 4 shows current dengty (J) vs. applied
voltage (V) characteridics of devices in which the
dectron blocking layer was insated with 0.3 nm
thicknesses and was not. Turn-on voltage increased from
310 3.25V when the dectron blocking layer was inserted
in the device. It indicated that the current dendty was
influenced by the dectron blocking layer and thet that &
NPD effectively interrupted the trangport of eectron. The
efficiency was influenced by the dectron blocking layer
too. The device without the eectron blocking layer had a
maximum power efficiency of 0.2~0.22 Im/w a 142~255
cd/m?, a luminance of 300~400 cd/m?at 100 mA/cnf but
in adevice with 0.3 nm a-NPD, it had a maximum power
efficiency of 3.80 Im/w at 250 cd/nt, aluminance of 1200
cd/nf? & 100 mA/cnf. It cosdy mached the CIE
coordinates (0.353, 0.357) of balanced white emission.

3. Conclusion

We have demongrated high-efficient white-OLEDs
using thin dectron blocking layer (a-NPD). TEBL played an
important part in contralling the balanced emisson. As the
thickness of the dectron blocking layer incresses the
blocking of the dectron happens effectivay, hence emssion
intensity decreases. We showed thet contralling the thickness
of thin dectron blocking layer (a-NPD) reaults in effective
control emission intengity and the possibility of meking the
belanced white emisson. TEBL will be a good means to
obtain bdanced emisson and redize higheffident white-
CLEDs

References

[1] Tang, C. W. and VanSlyke, S. A., Appl. Phys. Lett.
913, 51 (1987)

[2] Kido J, Kimura M and Nagai K, Science 1332,
267, (1995)

[3] Deshpande, R. S, Bulovie, V., and Forrest, S. R,
Appl. Phys. Lett., 888, 75 (1999)

[4] Ko, C. W. and Tag Y. T., Appl. Phys. Lett. 4234,
79 (2001)

[5] D’Andrade, B. W., Thompson, M. E., and Forrest,
S.R., Adv. Mater. 147, 14 (2002)

[6] Steuber, F., Staudigdl, J., Stossel, M., Simmerer, J,,
Winnacker. A,, Spreitzer, H., Weissortd, F., and
Salbeck, J., Adv. Mater. 12, 130 (2000)



	Main
	Return

