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A light-emitting microcavity with the structure of dielectric mirror/phosphor coating/dielectric mirror for the enhancement of
PL efficiency excited under UV light was designed and fabricated. The fluorescence emission of Lumogen S0795 coating within
microcavity structure is significantly enhanced compared with the coating on bare substrate. The measurement results indicate the
possibility of developing front illuminated CCD based on optical resonant cavity for UV-visible imaging with higher sensitivity.

1. Introduction

One-dimensional photonic crystal is a periodic structure
that consisted with different refractive index of dielectric
materials [1, 2]. When the light comes through this medium,
the light of certain frequency range will be suppressed and
formed into photonic band gap. It is similar to the band
structure of the electrons in semiconductor material. The
theoretical model [3] and the application of photonic crystals
are very extensive [4, 5], and the most common and easiest
preparation of one-dimensional photonic crystal is usually
prepared by physical vapor deposition method of multilayer
structure with defect, whichmeans a Fabry-Perot cavity sized
for a light wave on the one-dimensional direction vertical
cavity surface.

In recent years, because the significance on basic physical
electrodynamics research, the research on emission proper-
ties of any kinds of luminous materials in microcavity has
been paid more and more attentions [6–8]. Particularly the
plane microcavity made of organic materials has been more
conspicuous [9–11]. Lumogen, a kind of organic fluorescent
material with UV-frequency conversion ability, can be used
in CCD device to detect the ultraviolet spectrum area. In
this paper, we adopted Lumogen as photonic crystal defect

area. Based on the characteristics of stimulated emission
of the Lumogen material, we design an artificial crystal
structure in the form of Fabry-Perot microcavity to improve
the photoluminescence efficiency of the fluorescent material,
which makes CCD device have a greatly improvement in
detective ability and sensitivity to ultraviolet signal.

2. Simulation

When we come up with the traditional multilayer high
reflective film, there only exists light cut-off region in the
center frequency which is represented by 𝜔

0
and its odd

number of times, and there is no light cut-off region at the
incident for 𝜔

0
even times, as shown in Figure 1. From the

perspective of photonic crystals, there are band gap structures
in general frequency 𝜔

0
integer times. Namely, when 𝑘 ∗

𝑑 = 𝑛 ∗ 𝜋, there exists a band gap. If the light comes
through a vertical incidence from medium A to medium B,
the reflectivity can be given by Fresnel formula:
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𝑎𝑏
𝑟
∗

𝑎𝑏
,

𝑟
𝑎𝑏
=

𝑛
𝑏
− 𝑛
𝑎

𝑛
𝑏
+ 𝑛
𝑎

,

(1)

Hindawi Publishing Corporation
Journal of Spectroscopy
Volume 2015, Article ID 153483, 6 pages
http://dx.doi.org/10.1155/2015/153483



2 Journal of Spectroscopy

0

20

40

60

80

100

𝜔/𝜔0

0.5 1.0 1.5 2.0 2.5 3.0 3.5

Tr
an

sm
itt

an
ce

 (%
)

Figure 1: Transmission spectrum of one-dimensional photonic
crystal at 0∘ incidence.
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Figure 2: Reflective spectrum of 5, 7, 9, and 11 periodic dielectric
multilayer.

where 𝑛
𝑎
and 𝑛

𝑏
are the refractive indexes of two different

media. For the limited periodic structure material, we could
use the transfermatrixmethod to get the transfer characteris-
tic of themembrane reactor. By the above theory the reflective
spectra of the films with period of 5, 7, 9, and 11, respectively,
can be obtained, as shown in Figure 2.The period mentioned
here refers to a pair of membrane consisting of two different
mediums A and B. Theoretically the photonic crystal should
have infinite structure, but in practice, thewidth of the energy
gap basically no longer changes as long as there is a certain
number of periods, as shown in Figure 2. So the traditional
high antimembrane can be regarded as a kind of one-
dimensional photonic crystal, and the finite membrane stack
should also be considered a special case of one-dimensional
photonic crystal. So the research of fluorescent material
enhancement can be discussed combined with thin solid film
optical theory with the theory of the photonic crystal.

When the fluorescent material is doped in photonic
crystal, an impurities defect mode in the photonic band gap

Reflector A Reflector B SubstrateFluorescent
material

Figure 3: Structure design of one-dimensional photonic crystal.

would be created. It would change the light propagationmode
and the density of states. The enhancement ratio can be
obtained by comparing the density of states in free space and
photonic crystal. According to the gold Fermi’s rule, the ratio
of spontaneous emission in photonic crystal and free space
was decided by the ratio of the density of states. The density
of states in free space was given by

𝜌
𝑖
(𝜔) =

1

𝑉

⋅

𝑑𝑁

𝑑𝑉

=

𝜔
2

𝜋
2
𝐶
3
=

4𝑛

𝑐

, (2)

where 𝑛 was the refractive index of medium, 𝑐 was the
speed of light in vacuum, and 𝑉 was the mode volume. 𝐶 is
associated with parameters and frequency of the dipole of the
incident photon.The density of states in photonic crystal was
given by

𝜌
𝑐 (
𝜔) =

1

𝛿𝜔𝑉

=

𝑛

𝑐

⋅ √10𝐹, 𝐹 =

4𝑅

(1 − 𝑅)
2
, (3)

where 𝐹 was the degree coefficient and 𝑅 was the reflectivity
of the mirror. There is only single mode where bandwidth is
𝛿𝜔 and the frequency is 𝜔. So the ratio of the state’s density
of photonic crystal and free space that was represented by𝑀
was given by

𝑀 =

√40𝑅

4 (1 − 𝑅)

. (4)

So the value of𝑀 was decided by the reflectance 𝑅 and is
greater than 1 in the case of𝑅 > 90%.Thatmeant the photonic
crystal can improve the rate of spontaneous emission and
one dimensional photonic crystal structure can effectively
enhance the luminous efficiency of organic light-emitting
materials.

As shown in Figure 3, there was a fluorescent layer as
defect in our designed photonic crystal structure. In order to
make the UV detecting light incentive fluorescent material,
the reflective mirror A was designed that the UV band light
could pass through and a certain band gap with the center
wavelength of 525 nm.While the reflective mirror B was only
designed with a band gap of certain bandwidth in the center
of 525 nm. So this was a photonic crystal with asymmetric
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Figure 4: Transmitted spectrum of one-dimensional photonic
crystal with different periods.
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Figure 5: Transmitted spectrum of one-dimensional photonic
crystal with different thickness of defect layer.

structure. According to the characteristics of photonic
crystal, the transmission spectrum was very sensitive to the
influence that geometric structure brought in, including the
period and thickness of the defect.

As shown in Figure 4, a narrow transmission peak can
be observed in the center of the photonic band gap. The
photonic crystal structure with fewer periods had a shallower
forbidden band gap and greater bandwidth. This meant that
the impurity level was created in the photonic band gap
and the transmission peak can be used to guide the visible
emitting light of the organic material out.

The transmission spectra of the photonic crystal with
different thickness of defect layer (100, 110, 120, 130, and
140 nm) were shown in Figure 5. It could be found that there
was little impact on the spectrum with different thickness
compared with that of Figure 4. Even the location of the
transmission peak had drifted to the longer wavelength with

OH

HC

N

N

HC

OH

Figure 6: Chemical structure formula of Lumogen S0790.

the thickness increasing of the defect layers, the emission
peaks of fluorescent material still fell into the response band
the Si-based detectors. It is of great help for us to fabricate
the UV-sensitive devices based on the photonic crystal with
fluorescent material.

3. Experiment

The fluorescent material used for defect layer was Lumogen
S0790 made by company BASF. The chemical structure
formula was shown in Figure 6. There were fluorescent
phenyl groups in the molecular and hydroxyl group that
had function of fluorescent auxochrome.This structure could
make the internal electronic of themolecular in transition, so
the molecular group absorbed ultraviolet light and emitted
visible light at the same time. It was found that this material
emitted strong visible light near 525 nm under the irradiation
of wide range of ultraviolet light.

Based on the properties of the organic fluorescent mate-
rial, the photonic crystal was designed as follows: air | top
reflective mirror | defect layer | bottom reflective mir-
ror | substrate. The structure of the top reflective mirror
was (HL)∧𝑚H, and the bottom reflective mirror was
(HL)∧𝑛H. H was one layer of high refractive index material,
ZrO
2
, while L was one low, SiO

2
. H and L were not a quarter

attribute film system and 𝑚 and 𝑛 were the number of the
repeat period.

The reflective mirrors were prepared by electronic beam
evaporation method, with baking temperature 200∘C and
ultimate pressure 1 ∗ 10−4 Pa. And the defect layer was pre-
pared by resistance heat evaporation, with baking tempera-
ture 40–60∘C and ultimate pressure 8 ∗ 10−4 Pa.

4. Discussion

Thetransmittance spectra of themirror samplewere obtained
by the spectrophotometer (PerkinElmer, Lambda 1050). The
transmission spectrumof the top reflectivemirror was shown
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Figure 7: The transmitted spectrum of top HR mirror.
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Figure 8: The transmitted spectrum of bottom HR mirror.

in Figure 7. The average transmittance at 250–400 nm was
about 85%, which satisfied the input of the ultraviolet light
to the microcavity. The bandwidth was nearly 70 nm and the
average transmittance was 4%. The transmission spectrum
of the bottom reflective mirror was shown in Figure 8. The
bandwidth was nearly 75 nm and the average transmittance
was 7%.

The transmission spectrum of the photonic crystal in
the form of Fabry-Perot microcavity was shown in Figure 9.
The transmittance of the peak was nearly 60.1% and the full
width half maximum was nearly 11 nm, while width of the
two cut-off bands was 80 nm and 54 nm, respectively. And
the transmittance of the cut-off bands was only 2% and 1%,
respectively.

The photoluminescence (PL) spectra of the photonic
crystal were shown in Figure 10, which were obtained by flu-
orescence spectrometer (Horiba, Aqualog DualFL-UV-NIR).
The studied excitation wavelength was 250 nm, 300 nm, and
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Figure 9: The transmitted spectrum of one-dimensional photonic
crystal.

330 nm, respectively. It was found that he PL efficiency was
all enhanced effectively and obviously at the three selected
ultraviolet wavelength. The peak intensity increased nearly
by 62% at the excitation of 250 nm, 90% at 300 nm, and 57%
at 330 nm. By integration of the intensity of the emission
spectrum, there was a greater enhancement of PL efficiency
and conversion efficiency for UV to visible light.

5. Conclusion

In this paper, a one-dimensional photonic crystal in the form
of Fabry-Perot microcavity with the structure of dielectric
mirror and phosphor coating was simulated and fabricated.
The photoluminescence efficiency of the fluorescent material
was investigated. By emission spectrum, we could find that
the photoluminescence intensity of Lumogen fluorescent
material has been significantly improved. Our study provides
a feasibility of developing front illuminated CCD devices for
UV light detection with higher sensitivity.
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Figure 10: PL spectrum of one-dimensional photonic crystal excited at 250, 300, 330 nm.
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