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A new kind of UV-responsive film with quantum dots (QDs) fabricated by a spin-coating method is proposed in this paper. In a
previous study, the monolayer QDs film is deposited onto fused silica slides by the spin-coating way, which has some luminous
problem. The introduction of composite QDs coating which adds PEDOT:PSS and poly-TPD films to the monolayer QDs film
is found to have excellent performance. The reason can be that PEDOT:PSS and poly-TPD weaken the scattering and enhance
the emitting of quantum dot fluorescence. The intensity of photoluminescence (PL) for composite QDs coating is dozens of times
stronger than that formonolayer QDs film. Experiment results show that this composite coating has excellent fluorescent properties
and emits a blue purple glow together a wide excitation spectrum field from 190 nm to 300 nm. The spectrum of the composite
coating matches accurately with the detected zone of CCD, which achieves an outstanding UV-responsive coating for conventional
silicon-based image sensors.

1. Introduction

Silicon-based imaging detector CCD has been widely used in
the scientific fields. But the typical CCD image sensors are
not sensitive to ultraviolet (UV) radiation, because the pen-
etration depth of UV photons can only reach about 2 nm in
a polysilicon gate material with thickness of 1𝜇m [1]. There-
fore researchers from all over the world have quested the
method of enhancing the UV response of the CCD. In order
to enhance the UV response of CCD detectors, a kind of UV-
responsive film has been coated on the surface of CCD, which
could absorb the UV radiation and reemit it in the visible
spectrumwhere photons can penetrate the gatematerial.This
method is very useful since it does not require change the
structure of the typical CCD to be changed, and the produc-
tion engineering will be simplified [2].

The research was started in the UV-responsive film
abroad since 1980s. According to the used materials, the con-
version film can be divided into two categories—organic film
and inorganic one. Organic conversion coating technology is

relatively mature, with various products invented. However,
this kind of film has a fatal weakness that the degradation of
organicmolecules in the UV radiation is very fast. In the light
of illumination for 1 𝜇W/cm2, the organic molecules degrade
exponentially with the rate highly up to 3% [3–5]. Moreover,
because of the organic nature of organic molecules and their
lowmelting and boiling points, stability of these films has also
been in question.

Inorganic fluorescent material is usually composed by
rare earth oxides and crystals. The crystal diameter of the in-
organic fluorescent material is generally in the range of 1 to
150 𝜇m. Although the life of the films produced via spin-
coating precipitation method is quite long, generally up to
5500 hours, there are still many defects in the film thickness
and uniformity [6]. On the other hand, due to the advantages
of quantum dots, such as long fluorescence lifetimes, wide
excitation spectra, narrow emission spectra, and controllable
emission wavelength by quantum dot size, inorganic quan-
tum dots have been widely used in LEDs, biological detection
and many other fields [7–11].
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Figure 1: Structure of monolayer sample.
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Figure 2: Structure of composite sample.
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Figure 3: Photoluminescence emission spectra of composite sample
(straight line) and monolayer sample (dotted line) at 190 nm.
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Figure 4: Photoluminescence emission spectra of monolayer sam-
ple at 190 nm.

400 500 600 700 800
Wavelength (nm)

0
10000
20000
30000
40000
50000
60000
70000
80000
90000

100000
110000
120000
130000

In
te

ns
ity

 (a
.u

.)

Monolayer sample
Composite sample

Figure 5: Photoluminescence emission spectra of composite sample
(straight line) and monolayer sample (dotted line) at 250 nm.
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Figure 6: Photoluminescence emission spectra of monolayer sam-
ple at 250 nm.

In this paper, a new kind of UV-responsive film with
composite quantumdots (QDs)manufactured by a spin-coat-
ing method is reported. Compared to scintillators, QDs can
achieve a similar function of wavelength conversion but
present a more excellent fluorescent property on both inten-
sity and lifetime. The composite coating was formed by add-
ing the PEDOT:PSS and poly-TPD films under the QDs film
which will weaken the scattering and enhance the emitting of
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Figure 7: Photoluminescence emission spectra of composite sample
(straight line) and monolayer sample (dotted line) at 300 nm.
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Figure 8: Photoluminescence emission spectra of monolayer sam-
ple at 300 nm.

quantum dot fluorescence. In our experiment, it emitted an
intensive blue purple glow and responded in awide excitation
spectrum field from 190 nm to 300 nm, which complies well
with the requirements of the CCD for UV detection.

2. Materials and Methods

The QDs used in this work are CdSe/ZnS with core-shell
structure, which can increase the photostability of the QDs.
The structures of monolayer sample and composite sample
are shown in Figures 1 and 2, respectively.

The details of the experimental procedures are given in
the following paragraphs.

For monolayer sample

(1) clean the fused silica slide in the deionized water, pro-
panol, ethanol, and ethyl propanol successively and by
ultrasonic clearing machine in the end;

Table 1:The centerwavelengths and intensity of PL emission spectra
for monolayer and composite samples.

190 nm 250 nm 300 nm
Composite
QDs film 480 nm/345099 470 nm/116209 432 nm/2453072

Monolayer
QDs film 480 nm/4011 468 nm/3895 434 nm/4772
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Figure 9: Photoluminescence excitation spectra of composite sam-
ple emitted at 480 nm.

(2) deposit QDs film onto the fused silica slides by the
spin-coating way, and then keep the sample at a tem-
perature of 80 degrees for 20 minutes.

For composite sample:

(1) repeat step (1) of monolayer sample;
(2) make PEDOT:PSS film spin onto the fused silica slide,

and then keep it at a temperature of 150 degrees for 30
minutes;

(3) deposit poly-TPD film onto PEDOT:PSS film by the
method of spin coating, and then keep the sample at
a temperature of 120 degrees for 30 minutes;

(4) repeat step (2) of monolayer sample.

3. Results and Discussion

The PL spectra of monolayer and composite samples operat-
ing at different wavelengths are shown in Figures 3, 4, 5, 6, 7,
and 8, with the detailed data displayed in Table 1.

As shown in Figure 3, the PL intensity is significantly
enhanced if PEDOT:PSS and poly-TPD are added. Besides,
it can be seen from Table 1 that when the light of 190 nm is
used to excite the samples, the emission center wavelengths of
the two samples are both at 480 nm. However, the PL inten-
sity of the composite sample which added PEDOT:PSS and
poly-TPD is 86.04 times larger than the monolayer sample.
Viewing Figures 5–8 and Table 1, we can find that the results
are almost the same. It can be calculated from Table 1 that at
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Figure 10: AFM image of monolayer sample.

Figure 11: AFM image of composite sample.

250 nm, the peak of the composite sample is 29.84 times big-
ger than that of themonolayer sample, while it is 514.06 times
at 300 nm.

According to the above discussion, we can get the conclu-
sion that PEDOT:PSS and poly-TPD can greatly enhance the
PL intensity without affecting the position of emission peaks
and therefore achieve the purpose of transformation of the
wavelength—that is to say, the UV light is converted to visible
light tomeet the demand for UV-responsive film. By analysis,
the reasons should be the presence of PEDOT:PSS and poly-
TPD, which weaken the scattering and enhance the emitting
of quantum dot fluorescence [12–18].

Thephotoluminescence excitation spectra of the compos-
ite coating emitted at 480 nm are shown in Figure 9; we can
see that the composite sample has a wide excitation spectrum
in the UV wavelengths range.

Atomic Force Microscope (AFM) was used to examine
the morphology of coating surfaces in this case [19–21]. The
AFM images of monolayer sample and composite sample are
shown in Figures 10 and 11, and the detail data are given in

Table 2. From Figures 10 and 11 and Table 2, we can easily
reach a conclusion that the composite sample has amore uni-
form and lower roughness surface, whichwill reduce the light
scattering and enhance the fluorescence emission.

4. Conclusions

This paper creatively presents the use of QDs coating as UV-
responsive film and proposes a kind of effective composite
coating. The results show that the composite QDs coating
which added the PEDOT:PSS and poly-TPD films can greatly
enhance the fluorescence intensity compared to the mono-
layer QDs film. The reasons should be attributed to the pres-
ence of PEDOT:PSS and poly-TPD, which weaken the scat-
tering and enhance the emitting of quantumdot fluorescence.
The composite coating can convert the UV light band of 190–
300 nm into the visible light band of 400–500 nm, and its
emission spectrum lies in the CCD response band for a wide
excitation spectrum; all of these characteristics just comply
with the requirements of the CCD for UV detection.
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Table 2: AFM test data of monolayer and composite samples.

Rq (nm) Ra (nm)
Monolayer QDS film 9.116 7.205
Composite QDS film 5.209 4.251
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