This article was downloaded by: [University of California, San Diego]

On: 08 August 2012, At: 14:28

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

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Growth and
Electroluminescence of
CaF,:Mn Thin Films

Do Kyung Lee ? , Min Gi Kwak ® & Sang Ho Sohn ©

 R&D Affairs Department, Gumi Electronics &
Information Technology Research Institute, Gumi,
Korea

® Information Display Research Center, Korea
Electronics Technology Institute, Seongnam, Korea

¢ Department of Physics, Kyungpook National
University, Daegu, Korea

Version of record first published: 10 Nov 2009

To cite this article: Do Kyung Lee, Min Gi Kwak & Sang Ho Sohn (2009): Growth and
Electroluminescence of CaF,:Mn Thin Films, Molecular Crystals and Liquid Crystals,
514:1, 228/[558]-234/[564]

To link to this article: http://dx.doi.org/10.1080/15421400903240928

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.



http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400903240928
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 14:28 08 August 2012

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.




Downloaded by [University of California, San Diego] at 14:28 08 August 2012

Taylor & Francis

Taylor & Francis Group

Copyright © Taylor & Francis Group, LLC
ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421400903240928

Mol. Cryst. Lig. Cryst., Vol. 514, pp. 228/[558]-234/[564], 2009 e

Growth and Electroluminescence of CaF,:Mn Thin Films
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'R&D Affairs Department, Gumi Electronics & Information Technology
Research Institute, Gumi, Korea

Information Display Research Center, Korea Electronics Technology
Institute, Seongnam, Korea

3Department of Physics, Kyungpook National University, Daegu, Korea

We have prepared the CaFs:Mn thin films on several buffer layer-coated glass
substrates by electron beam evaporation method and investigated their structural
and electroluminescent characteristics. The experimental results show that the dif-
fraction peaks in the X-ray patterns of CaFo:Mn thin films correspond to the cubic
fluorite phase. In addition, the crystallinity and orientation plane of the films
strongly depend on kinds of buffer layer. The CaFs:Mn thin film electrolumines-
cent devices show the blue emission of the 495nm peak, originating from the
4T1g(4G) —%A Jg(GS) dipole-dipole transition of Mn®" ions in the O, crystal field.

Keywords: buffer layer; CaFy:Mn thin film; crystal structure; thin film electrolumines-
cent device; thin film growth

INTRODUCTION

For the applications of electrooptical devices, interest in CaF, thin
films doped with impurities such as rare-earth and transition metal
has been growing due to the well-known good optical characteristics
of the CaFy host [1-3]. Up to now, doped CaFs thin films have been
mainly demonstrated an epitaxial or non-epitaxial growth on semicon-
ductor surfaces [4]. It is well known that the structural properties of
thin films are known to be easily affected by not only the deposition
method but also kinds of substrates. Nevertheless, to our best knowl-
edge, there have been few reports on the structural properties of CaF,
thin films grown on buffer layer-coated glass substrate. Thus, finding
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an appropriate buffer layer for the growth of CaF, thin films on glass
substrate is a major object in this study.

On the other hands, until quite recently, the lack of an efficient blue
phosphor precluded inorganic alternating-current thin film electro-
luminescent (TFEL) device from commercial development of a viable
full-color flat panel display. Although a really considerable amount
of intensive investigation on the blue-emitting materials, the practical
application of TFEL device has not been realized so far. The develop-
ment of the efficient blue-emitting materials, therefore, should be per-
formed in order to realize the practical application of TFEL device [5].

CaFo:Mn phosphor is a well-known thermoluminescent materials.
In CaF5:Mn?*, though Mn?" occupies a cubic site with high coordina-
tion number, crystal field is not so large because the anion valency of
F~ is smaller than that of O?". In addition, a ratio of Racah parameter
is small because of the smaller nephelauxetic effect. Consequently,
this material yield the shortest luminescence wavelength observed
among Mn?*-doped phosphors [6].

In this study, we have prepared the CaF5:Mn thin film on different
buffer layers and investigated their structural properties. Also, the
application possibility of CaFy:Mn thin film to as the blue phosphor
in TFEL devices is discussed.

EXPERIMENTAL

First of all, CaF5:Mn thin films were deposited on glass substrate
(corning #7059) by electron-beam evaporation method with varying
substrate temperatures. The evaporation sources of CaFy:Mn are pre-
pared by a sintering at 800°C for 6 hours in Ar atmosphere. The con-
centration of MnF is fixed at 1 mol%. The thickness of CaF5:Mn thin
films were fixed at 595nm. In the experiments, thin films of Al;Os3,
Y,03, and ZnS were used as buffer layer in order to investigate the
growth of CaFy:Mn thin films. All buffer layers were deposited on
glass substrate coated with Sn-doped In,O3 (ITO) by electron-beam
evaporation. The depositions of CaFy:Mn thin films on several buffer
layers were performed at substrate temperature of 300°C by same
method.

X-ray diffraction (XRD, Phillips PW3710) studies, using Cu-K,
radiation, were performed to examine the film crystallinity such as
the film orientation and grain size. Investigation of electroluminescent
characteristics of CaFs:Mn thin film is carried out in the TFEL device,
as in Figure 1. The devices with a structure of Al/Y;03/ZnS/
CaFy:Mn/ZnS/Y;03/ITO/Glass were fabricated by electron beam
evaporation except that Al electrode was prepared by thermal
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FIGURE 1 The structure of CaF5:Mn thin film electroluminescent device.

evaporation method. The electroluminescent characteristics of CaFo:Mn
TFEL devices driven by a sinusoidal-wave voltage at 1 kHz were mea-
sured using a conventional spectrophotometer.

RESULTS AND DISCUSSION
The XRD patterns of CaFy:Mn thin

films grown on bare glass sub-

strate with varying substrate temperatures are shown in Figure 2.

(220)

(31

Intensity [arb. unit]

1) (400%331)

- s st T =300 °C
,M\ \
Mncrcaind Semtitnisiod s T =200 ’c

w |
__ M} ‘w \\W\-ww

T=100"C

20 30 40 50

60 70 80

20 [degree]

FIGURE 2 X-ray diffraction patterns of CaFy:Mn thin films grown on glass
substrate by varying substrate temperature.
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The XRD patterns show that the CaFs:Mn thin films exhibit cubic
fluorite phase with face-centered lattices. As shown in Figure 2, with
increase of substrate temperatures, the (220) peak intensity increases,
while (111) and (311) peak intensities decrease slightly. Depending of
the crystallinity of CaFs:Mn thin films on substrate temperature may
be due to a change in the activation energy of components, which is
known to be dependent on the substrate temperatures [7].

Figure 3 shows the XRD patterns of CaF,:Mn thin films grown on
different buffer layers at 300°C. For reference, the XRD pattern of
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FIGURE 3 X-ray diffraction patterns of CaF5:Mn thin films grown on differ-
ent buffer layers; (a) Al;O3, (b) Y503, and (¢) ZnS, respectively.
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ITO-coated glass is also indicated. The orientation of CaFy:Mn thin
films on Al,O3 buffer layer is (220) plane whereas the films on Y505
and ZnS layers has (111) orientation plane. It is found that the XRD
pattern of Al,O3 buffer layer does not contain any peaks attributable
to crystal, showing an amorphous state. Hence, the structural prop-
erty of CaFy:Mn thin film grown on Al,O3 buffer layer is similar to
that on glass substrate. Contrary to CaFs:Mn/Al;O3, the orientation
of CaFs:Mn on Y503 and ZnS layer represents the (111) plane. An
Y503 (222) peak can be observed at about 20 =29°, and a peak of
ZnS (111) at 20 =29.8°, which are close to the peak of CaFy (111)
plane. This may be attributed that the surface energy of CaFy (111)
plane is quite stable, owing to having the strong ionic bonds.
Compared Y503 with ZnS buffer, XRD diffraction peak of CaFs:Mn
films on ZnS is much stronger than that on Y,0s3, so the grain size
of CaFs:Mn films on ZnS is larger than that on Y503, as shown in
Figure 3. These results imply that the different buffer layers for the
preparation of CaFy:Mn thin films can be made with varying struc-
tural properties. It can be applied to explain the difference of crystal-
line structures between these thin films deposited on different buffer
layers by the theory of crystal growth and migratory diffusion [8].
When thin films are deposited on the different substrates, it is
strongly dependent on the migratory diffusion ability and the nuclea-
tion work for critical crystal nucleus on the substrates. The Gibbs free
energy for transition into crystallite state not only depends on the
properties of thin film material itself but also is determined by the
properties of the substrate surface. Hence, the diffusion and nuclea-
tion of CaFs:Mn on the surface of ZnS may be easier than on Y503
at the initial stages of the film deposition.

Figure 4 represent the EL spectrum of CaFs:Mn TFEL device. The
emission displays a characteristic maximum at 495nm due to the
relaxation of an electron from one of the internal *G excited states of
Mn?* to the ground-state ®S level. By virtue of the doping of MnF,
in CaF, matrix, Mn?" enters the CaF, lattice substitutionally for
Ca”". Its point symmetry is Oy, and it possesses eight-fold coordination
with the surrounding F~ ions. From analysis of the excitation spectra
from CaFs:Mn [9], it can assign the emission to a transition from the
first excited *T14(*G) level to the ground-state °A;,(°S) level; the “T,
and 6A1g terms arise from the cubic crystal field splitting of the origi-
nal *G and °S states for the 3d° electrons of the Mn®" ion, associating
with a rather low crystal field (10Dq).

Figure 5 shows the effect of ZnS buffer layer thickness on the lumi-
nance of CaFy:Mn TFEL device. In order to investigate the effect of the
grain size on the luminance, the grain size of CaFy:Mn films is plotted
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FIGURE 4 Electroluminescent spectrum of CaFs:Mn thin film electrolumi-
nescent device.
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FIGURE 5 Effect of ZnS buffer layer thickness on the luminance of CaF5:Mn
thin film electroluminescent device.
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on the right axis. It can be seen that the EL emission intensity and
grain size of CaFy:Mn increase when the thickness of ZnS buffer layer
is increased up to 300nm. In TFEL devices, it is essential to have
enough hot electrons to excite the luminescent center Mn%" jon for
bright EL. A larger grain size is necessary for the electric field to accel-
erate the electrons to high enough energy before they are scattered at
the grain boundaries [10]. However, when the thickness of ZnS buffer
layer is over 400 nm, the luminance slightly decreases although the
grain size increases. This may arise from the decrease of effective elec-
tric field due to the increasing device thickness.

CONCLUSIONS

In summary, the CaFy:Mn thin films were prepared by the electron
beam evaporation method and their structural and EL characteristics
were investigated. The crystallinity and orientation plane of CaF,:Mn
thin films strongly depend on kinds of buffer layer. The CaFy:Mn
TFEL devices show the blue emission of the 495 nm peak, originating
from the “Ty, (*G) — ®A;, (°S) dipole-dipole transition of Mn*" ions in
the Oy, crystal field. This fact suggests that the CaFs:Mn luminescent
films have the sufficient possibility as the blue phosphor in TFEL
device.
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