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Analysis of the Characteristics of a White OLED using the Newly
Synthesized Blue Emitting Material nitro-DPVT by Varying the Doping
Concentrations of Fluorescent Dye and the Thickness of the NPB Layer
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Abstract

A stacked white organic light-emitting diode (OLED) having a blue/orange emitting layer was
fabricated by synthesizing nitro-DPVT, a new derivative of the blue-emitting material DPVBi on the
market, The white-emission of the two-wavelength type was successfully obtained by using both
nitro-DPVT for blue-emitting material, orange emission as a host material and Rubrene for orange
emission as a guest material. The basic structure of the fabricated white OLED is glass/ITO/NPB(200
A)/nitro-DPVT(100 A)/nitro-DPVT:Rubrene(100 A)/BCP(70 A)/Algs(150 A)/Al(600 A). To evaluate
the . characteristics of the devices, firstly, we varied the doping concentrations of fluorescent dye
Rubrene from 05 % to 0.8 % to 1.3 % to 1.5 % to 3.0 % by weight. A nearly pure white-emission
was obtained in CIE coordinates of (0.3259, 0.3395) when the doping concentration of Rubrene was 1.3
% at an applied voltage of 18 V. Secondly, we varied the thickness of the NPB layer from 150 A to
200 A to 250 A to 300 A by fixing doping with of Rubrene at 1.3 %. A nearly pure white-emission
was also obtained in CIE coordinates of (0.3304, 0.3473) when the NPB layer was 250-A thick at an
applied voltage of 16 V. The two devices started to operate at 4 V and to emit light at 45 V. The
external quantum efficiency was above 0.4 % when almost all of the current was injected.
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Table 1. Classification of the fabricated devices
for the evaluation of characteristics.

Classification

05 % .
Device For various doping 0.8 %
I concentrations of Rubrene 1.3 %
(at applied voltage of 18 V) | 15 %
' 30 %
10 V
Device For vgn'ous applied .voltages —ﬁ—z
(doping concentrations of [————
o Rubrene : 1.3 %) | 16V
18 V
20V
For various the thicknesses 150 A
Device . of NPB laye.r 200 A
m (doping concentrations of _ZSO—A
Rubrene : 1.3 % | o
at_applied voltage of 16 V) | 300 A
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Fig. 1. Molecular structure of the newly

synthesized DPVBI derivative nitro-DPVT.
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Table 2. CIE coordinates of the devices for
various doping concentrations of Rubrene.
nitro-DPVT(100 A)
/nitro-DPVT:Rubrene[varying](100 A)

i CIE
cong:?glrg%ions Wi%reienigkth Coordinates
of Rubrene X y
05 % 455 nm 0.2598 | 0.2724
08 % 455 nm 0.2773 | 0.2868
1.3 % 560 nm 0.3259 | 0.3395
1.5 % 560 nm 0.3341 | 0.3469
3.0 % 561 nm 0.4041 | 0.4195
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Table 3.

A7bA% Wste] wE CIE AZE.
CIE coordinates of the devices for
various applied voltages.
nitro-DPVT(100 A)
/nitro-DPVT:Rubrene(1.3 %](100 A)
Applied EL Peak
Voltages Wavelength
10V 560 nm
12 V 560 nm
14 V 560 nm
16 V 560 nm
18V 560. nm
20 V 458 nm

CIE
Coordinates
X y
0.4053 | 0.4222
0.3864 | 0.4030
0.3578 | 0.3740
0.3347 | 0.3515
0.3259 | 0.3395
0.2688 | 0.2928
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4. 8 2

FE83En gl AMdFAE DPVBIiEYE A
7 DPVBi #=AQ nitro-DPVTE &4 ¥ AN
3AE 2 XA ¢FS FHI] YT host
ABZA nitro-DPVTE AHE3lx, SAXy %
F TES 93 guest AEE FF A Rubrenes
AL g-ste A/ AR Y WHE FxE W {7
wgtiel e =g AFsd. A9 JE FEE
glass/ITO/NPB(200 A)/nitro-DPVT(100 A)/ nitro-
DPVT:Rubrene(100 A)/BCP(70 A)/Algz (150 A)/
AI600 A)olch guest &< FFMA Rubrened
=95 WHiE BItd EAS Hute 2
Rubrened =3 %%=7F 1.3 %9 o 18 V¢ <7A
el A (0.3259, 0.3395)9] MAFTE Uguis HA
%8 91, Rubrened 3528 13 %& 1A
AFFr453S NPBZY 54 W3 g 539 &
H7tet 43 NPBE9 F77F 250 A9 o
9 QFALeIA (0.3304, 0.3473)9] HAT=
g wiAsge] 2 5EAHE 248 F UM
220 FANAAGLE 4 V, SFAAAEL
5 Ve, A9 BE AF FYo| digtd 04 %
de RYAEE A4S 4 & A}

oy 5 o
4 o K

W

L

L o =
2 73

[1] C. W. Tang and S. A. VanSlyke, “Organic
electroluminescent diodes”, Appl. Phys. Lett,,
Vol. 51, No. 12, p. 913, 1987.

[2]1 M. Morimoto and H. Watanabe, "Flat panel
displays”, NEC Technical Journal, Vol. 49,
No. 1, p. 82, 1996.

[3] J. Feng, F. Li, W. Gao, and S. Liu, "White
light emission from exciplex using tris-(8-
hydroxyquinoline) aluminum as chromaticity-
tuning layer”, Appl. Phys. Lett., Vol. 7§,
No. 25, p. 3947, 2001.

[4] H. Mattoussi, H. Murata, C. D. Merritt, Y.
Lizumi, J. Kido, and Z. H. Kafafi, "Photo
luminescence quantum yield of pure and
molecularly doped organic solid films”, ].
Appl. Phys., Vol. 86, No. 5, p. 2642, 1999.

[5] C. W. Ko and Y. T. Tao, "Bright white
organic light-emitting diode”, Appl. Phys.
Lett., Vol. 79, No. 25, p. 4234, 2001.

[6] Zhang Z.-L. Jiang X.-Y., Zhu W.-Q,
Zhang B.-X., and Xu S.-H, "A white
organic light emitting diode with improved



stability”, J. Phys. D: Appl. Phys., Vol. 34,
p. 3083, 2001.

[71 R. S. Deshpande, V. Bulovic, and S. R.

Forrest, "White-light-emitting organic electro-
luminescent devices based on interlayer
sequential energy tranfer”, Appl. Phys.
Lett., Vol. 75, No. 7, p. 8388, 1999.

{81 J. Y. Cho, S. J. Choi, S. B. Yoon, and H. S.

Oh, "A study on the luminous properties of
the white-light-emitting organic LED with
two-wavelength using DPVBi/Algs:Rubrene

structure”, J. of KIEEME(in Korean), Vol. -

16, No. 7, p. 616, 2003.

(9l

A7 AR B33 =2, A19E A4Z, 20060 49

H. S. Oh, Y. Cho, S. J. Choi, M. K. Kang,
and S. B. Yoon, "A study on the optical
and electrical properties of the white-
light-emitting organic LED with two~
wavelength using DPVBi/Rubrene structure”,
J. of KIEEME(Gn Korean), Vol. 17, No. 2, p.
217, 2004.

[10] J. Y. Cho, H. S. Oh, T. G. Kim, and S. B.

Yoon, “Fabrication of a white organic light
emitting diode by synthesizing a novel non~
conjugated blue emitting material PPPMA~
co-DTPM . Copolymer”, J. of KIEEME(in
Korean), Vol. 18, No. 7, p. 641, 2005.



