This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 11:29

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

- Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Novel Optical and Electroluminescent
Characteristics of Organic Multiple
Quantum Well Structure Utilizing

Fluorescent Dye Molecules

Yutaka Ohmori # , Chikayoshi Morishima ? , Akihiko Fujii % ,
Masayoshi Yoshida ? & Katsumi Yoshino ®

& Faculty of Engineering, Osaka University, Yamada-Oka, Suita,
Osaka, 565, Japan
Version of record first published: 24 Sep 2006.

To cite this article: Yutaka Ohmori , Chikayoshi Morishima , Akihiko Fujii , Masayoshi Yoshida &
Katsumi Yoshino (1995): Novel Optical and Electroluminescent Characteristics of Organic Multiple
Quantum Well Structure Utilizing Fluorescent Dye Molecules, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 267:1, 417-422

To link to this article: http://dx.doi.org/10.1080/10587259508034025

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508034025
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:29 18 February 2013

Mol. Cryst. Lig. Cryst. 1995, Vol. 267, pp. 417422 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Malaysia

NOVEL OPTICAL AND ELECTROLUMINESCENT CHARACTERISTICS OF
ORGANIC MULTIPLE QUANTUM WELL STRUCTURE UTILIZING
FLUORESCENT DYE MOLECULES

YUTAKA OHMORI, CHIKAYOSHI MORISHIMA, AKIHIKO FUIJII,
MASAYOSHI YOSHIDA AND KATSUMI YOSHINO
Faculty of Engineering, Osaka University, Yamada-Oka, Suita, Osaka 565, Japan

Abstract Novel optical and electroluminescent characteristics of organic multiple-
quantum-well (MQW) structure have been discussed comparing with MQW
structure which consists of cyclopentadiene derivatives (PPCP) and aromatic
diamine (TPD) and that of aluminum quinoline (Alq3) and aromatic diamine (TPD).
Energy transfer of excitons has been found in both MQW structures of PPCP/TPD
and Alq3/TPD systems. Unique electroluminescent characteristics with emission
spectrum has been discussed in PPCP/TPD MQW system comparing with that of
Alq3/TPD MQW system.

INTRODUCTION

Organic electroluminescent (EL) diodes!-7 have attracted much attention because of their
potentiality in materials and device processes. Tang ez al.l developed a very efficient
fluorescent material (tris(8-hydroxyquinoline) aluminum; Alg3) and.demonstrated low-
voltage-driven EL diodes using Alg3 as an emitting material. On the other hand, in
inorganic III-V compound semiconductors MQW structures have demonstrated many
unique optical and electrical characteristics compared with that in conventional bulk
materials. So et al.8.9 reported fabrication and optical characteristics of a crystalline
organic MQW structure by using organic molecular beam deposition, and we reported

anomalous optical characteristics of organic MQW structure of Alq3/TPD10-12 and other

organic dye materials.13-14
In this paper, we discuss novel optical and electroluminescent characteristics of
organic MQW structure utilizing organic dye molecules, mainly on PPCP/TPD system

comparing with that on Alq3/TPD system.

EXPERIMENTAL

An organic superlattice structure was grown by organic molecular beam deposition onto

two kinds of substrate. A quartz substrate was used for optical measurement, and an
417
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indium-tin-oxide (ITO) coated glass substrate for the EL diode. The base chamber

pressure was kept under 10-4 Pa during deposition. The powders of Alqs,
cyclopentadiene derivative (1,2,3,4,5-pentameters-1,3-cyclopentadiene; PPCP) and
aromatic diamine (N,N'-diphenyl-N,N'-(3-methyl phenyl)- 1,1'-biphenyl-4,4'-diamine;
TPD) were loaded into separate Knudsen cells. The cells were subsequently heated up to
sublimate and the growth rates were determined by an oscillating quartz thickness
monitor. Molecular structures of organic materials used in this study are shown in Fig. 1.

>
QLG

o O -

(a)1,2,3,4,5-pentaphenyl-1,3-cyclopentadiene,  (b)tris(8-hydroxyquinoline) aluminum

(PPCP) (Alg3)
N 7\ /\ . /\
A Ve N N
W —
M 4
CH 3/\/ A PN CHg
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FIGURE 1 Molecular structures of organic materials used in this study.

A series of multilayer samples consist of alternate layers of Alq3 or PPCP and

TPD. The layer structure was determined by low angle X-ray (Cu-Ka line) diffraction.10
Both MQW structures exhibited the X-ray diffraction signals from periodical layer
structures. The EL diode consists of the superlattice structure sandwiched by an ITO-
coated transparent electrode as the positive bias side and In-containing Mg (Mg:In)
electrode as the negative bias side. The Alq3 or PPCP layer provides contact with the
Mg:In electrode and the TPD layer with the ITO electrode. The emission area is 2mm
square.

OPTICAL CHARACTERISITICS OF ORGANIC MOQW STRUCTURE

An energy band diagram for the MQW structure was estimated from optical absorption
and cyclic voltammetry to determine the energy gaps and the HOMO states of the
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materials, respectively. Taking these results into consideration, it was found that LUMO
state of PPCP are surrounded by the TPD barriers whereas the HOMO state of TPD by
the PPCP barriers in PPCP/TPD system as shown in Fig. 2(a). Similarly, energy band

diagram for Alq3/TPD system are estimated as shown in Fig. 2(b).
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FIGURE 2 Energy band diagrams of MQW structures of PPCP/TPD and
Alg3/TPD systems.

The photoluminescence (PL) spectra with the excitation wavelength of 300nm are
shown in Fig. 3 for the samples with MQW structure (TPD 5.5nm, PPCP 5.5nm, 20
periods; solid line) and heterostructure (TPD 55nm, PPCP 55nm, 1 period; dashed and
broken lines). The emission intensity is normalized in this figure. Single layer of the
deposited PPCP (100nm thickness) exhibits blue fluorescence at 457nm. The emission
peak wavelength of the PL spectrum of the MQW structure was at 457nm and
corresponded to that of PPCP, while the emission peak wavelength of the PL spectrum
of the heterostructure was at 426nm. Since the single layer of TPD shows fluorescence at
around 400nm, the PL spectrum of the heterostructure is the one overlapped with those
of TPD and PPCP. Most of the excitons generated in the PPCP or TPD layers recombine
in the own layers and result in the light emission. PL spectra of the heterostructure
excited by 260nm light is shown in Fig.3 (dotted line). The PL spectrum shift to longer
wavelength compared with that excited with 300nm. Photogenerated excitons are
transferred to PPCP layers and result in the emission. In the heterostructure system, PL
was observed from both the layers, and the emission changes with the excitation light.

On the other hand, in the MQW structure, emission from TPD is not observed and
the spectrum does not change with the excitation wavelength. That is, only the emission
from PPCP layer was observed from the MQW structure. From these results, it should
be mentioned that the excitons are confined in the PPCP layer in the MQW structure, and
the excitons generated in the TPD layer are transferred into the PPCP layer efficiently and
result in the emission in the PPCP layer.
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FIGURE 3 Photoluminescence spectra of PPCP/TPD MQW and heterostructure
systems.

In the MQW structure of Alq3/TPD system, both the photoluminescence from TPD
and Alq3 has been observed. However, emission from Alq3 increases as the layer
thickness decreases. Similar energy transfer has been observed in the Alq3/TPD MQW

system, where the strong emission has been observed from Alq3 in the short-period
MQW system.

ELECTROLUMINESCENT CHARACTERISTICS OF ORGANIC MOW
STRUCTURE

Current-voltage characteristics of the EL diodes with heterostructure and MQW structure

show strong rectifying characteristics in both PPCP/TPD and Alq3/TPD systems. Since
the energy band structures of the MQW structures are same in both cases, similar current-
voltage characteristics should be obtained.

In Fig. 4, electroluminescence spectra for the diodes with MQW structure are
shown. The emission spectrum of the MQW structure with long-period MQW (TPD
55nm, PPCP 55nm, 2 periods) corresponds to that of the diodes with heterostructure
which shows the emission at around 460nm. However, the short-period MQW (TPD
4.4nm, PPCP 4.4nm, 25 periods; TPD 2.8nm, PPCP 2.8nm, 40 periods) show
emission at around 600nm besides the emission at around 460nm. Since the emission at
600nm becomes stronger with decreasing the layer thickness of PPCP, it relates to the
thin PPCP layer or the interface of PPCP and TPD.

In the short-period structure, the interface is interpreted to play larger role and the
interaction between PPCP and TPD layers becomes larger against the emission from the
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bulk PPCP. In the case of the diodes with long-period structure, the injected carriers
result in the emission at around 460nm. However, in the short-period structure,
recombination through another energy levels located below LUMO or above HOMO
states results in the emission at around 600nm. As we have observed no emission at
600nm at low temperature (77K), there should exist energy barrier to transit to the newly
created energy levels. The new energy levels may be created by the interaction of the
PPCP and TPD layers. The original bulk energy level is lost by the interaction of the
energy levels between PPCP and TPD. The exciplex formation has to be also considered.
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FIGURE 4 Electroluminescent spectrum of MQW systems.

On the other hand, in the case of Alq3/TPD MQW system, as shown in Fig. 4(b),
the emission spectrum from MQW structure shift to the shorter wavelength and the full-
width at half-maximum of the emission from MQW structure decreases as the layer
thickness become thinner. In this MQW system, the emission spectrum is not broadened
in the short-period MQW structure. The solid curve shows the EL spectrum from
heterostructure with 53.6nm-thick Alg3 and 53.6nm-thick TPD, and the dashed curve

that from MQW structure with 8 periods of 9.5nm-thick Alg3 and 9.5nm-thick TPD.

CONCLUSIONS

The experimental results are summarized as follows.

1) The photoluminescence spectrum with organic MQW structure of PPCP and
TPD exhibits a peak emission from PPCP. Since the spectrum does not depend upon the
excitation light, it is interpreted that the energy transfer from TPD to PPCP has been
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conducted, and the excitons are confined in the PPCP layer. Similar energy transfer has
been observed in Alq3/TPD MQW system, where the strong emission has been observed

from Alqgs layer in the short-period MQW structure.

2) The electroluminescence spectra of the diodes with PPCP/TPD MQW structure
exhibits only from PPCP. In the short-period structure, newly created emission at longer
wavelength is observed besides the original emission of PPCP. This is caused by the
interaction or the interface of thin PPCP and TPD layers. In the MQW structure the
carriers or excitons are transferred to the PPCP layer resulting in the emission from
PPCP layer. On the other hand, in the Alq3/TPD MQW system, spectral narrowing and
emission energy shift to higher energy have been observed. In the MQW system of
Alq3/TPD, interaction between Alq3 and TPD are considered to be very small and the

emission from Alg3 has been kept even in the short-period MQW system.
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