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Abstract: A quantum dots optical fiber (QDOF) sensor is proposed for temperature sensing
in this paper. The sensor is fabricated by the drop-on-demand inkjet printing technology.
By controlling the diameter of droplet, the spacing between droplets and the number of
printed layers, the QDOF is printed on the polymer substrate. The loss of QDOF is less
than 0.35 dB·mm−1 at the fluorescence wavelength. The experimental results show that the
temperature sensitivity of sensor is 109 pm/ °C. As far as we know, this is the first time that
a QDOF sensor is manufactured by the inkjet printing technology to realize the temperature
measurement.

Index Terms: Temperature sensor, quantum dots fiber, inkjet printing.

1. Introduction
In recent decades, quantum dots, a kind of low-dimensional semiconductor material, have been
attracting tremendous interest in both theoretical research and technological applications for their
unique optical and electronic properties [1]–[3]. Because of the exciton-phonon coupling action
and high surface-to-volume ratios, they are highly sensitive to various physical parameters such as
temperature and humidity. The optical sensors by using quantum dots materials have become one
of the most popular research fields [4]–[10].

Now many optical sensors which are based on quantum dots have been successfully developed
[11]–[13]. In 2011, Chao Meng et al. utilized the polymer nanofibers which were doped with
CdSe/ZnS quantum dots and synthetized by physically drawing solvated polymers for optical
sensing [14]. Because the diameter of the polymer nanofibers can’t be controlled by this method,
the repeatability is a problem and which will limit the further application of nanofibers. In 2012,
A.Bhardwaj et al. fabricated the polymer optical fiber preforms doped with quantum dots [15].
However, high temperature is involved in both the fabrication of the preform and the subsequent
fiber drawing process, which inevitably affects the fluorescence characteristics of the quantum dots.
In 2015, Xiaojin Yin et al. proposed a luminescence temperature sensor by employing quantum
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Fig. 1. Droplet ejection sequence in the process of inkjet printing.

dots aqueous solution encapsulated in a segment of photonic crystal fiber [16], [17]. Because it’s
difficult to fill the quantum dots solution into photonic crystals fiber, the length of the sensor fiber is
hard to control.

In this paper, a method to fabricate the QDOF sensor based on drop-on-demand inkjet printing
technology is proposed. Since the size of the sensing fiber is determined by the diameter of the
nozzle and the number of printed layers, we can precisely fabricate the quantum dots sensing
fiber which has the cross sections similar to the commercial fiber by optimizing the inkjet printing
program. That not only improves the coupling efficiency between the two different fibers and re-
duces the transmission loss, but also the fabrication of QDOF sensor has the excellent repeatability
and consistency. Meanwhile, this technology can fabricate a more compact and sensitive fiber
temperature sensor than that using the fiber Bragg grating (FBG) and the Mach-Zehnder(MZ)
interferometer [18]–[20].

2. The Fabrication of Quantum Dots Fiber Sensor
The inkjet printer used in the experiment is the Jetlab II. The printing ink is mixed by ourselves,
which is composed of CdSe/ZnS quantum dots and ultraviolet glue. The quantum dots concentra-
tion of the printing ink is 5 mg/ml. Owing to the controllable droplet diameter, distance between
droplets and number of printed layers, the printer can print various structures with different sizes.
When the nozzle with 60 μm diameter is used, the QDOF with the cross sections similar to those of
multimode fibers can be fabricated by controlling the printing program, which makes the alignment
between them easier.

The drop-on-demand inkjet printing systems produce a droplet when desired, so it can ensure
an accurate printing. The droplet (diameter = 63.3 μm) ejection sequence in the process of inkjet
printing is shown in Fig. 1. The inkjet printing sequence is from a to d. The sharp edge of the droplet
is caused by highly repetitive stroboscopic photography. When stable droplets are formed, we can
adjust the spacing between the adjacent droplets to print the ideal optical waveguide. As shown in
Fig. 2, when the spacing “d” between the droplets is reduced from 0.12 mm to 0.06 mm, discrete
single points gradually form a linear waveguide on the substrate. The smoothness of the waveguide
sidewall is highest when the spacing is set as 0.08 mm. If the spacing is decreased continuously,
the width of the waveguide will widen, and the sidewall will become unsmooth.

As the thickness of waveguide formed by single printing is too thin to form the cylindrical structure,
the method that printing layer by layer is adopted. In addition, every layer is UV cured before
each superimposing. By controlling the number of printing layers, the QDOF with the circular cross
section which is similar to the traditional fiber can be precisely fabricated. Fig. 3 presents the
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Fig. 2. The printed waveguides when different spacing is set.

Fig. 3. The images of QDOF with different printing layers by metallographic microscope.

Fig. 4. The image of QDOF by scanning electron microscopy a) the side views of QDOF b) the cross
section image of QDOF.

printing results when the printing layers are five and ten. The image is obtained by metallographic
microscope. It can be found that the width of QDOFs is 64.3 μm and 130.6 µm, respectively.

Since the images observed by the metallographic microscope are not clear enough, we use
the scanning electron microscope (SEM) to obtain the high-resolution pictures. The picture of
130.6-μm-width QDOF observed by the SEM is shown in Fig. 4. The QDOF is close to the
cylindrical structure and can be regard as the optical fiber. As shown in Fig. 4a, the fiber has
uniform diameter and smooth sidewall, which is necessary for low-loss optical waveguide. Fig. 4b
shows that the cross section of QDOF is close to circle, so the connection loss between traditional
optical fiber and QDOF can be low.

The pleats and tiny debris on the cross section are caused by the cleaving. When the 475 nm
light is used as excitation light and coupled into the QDOF from the multimode fiber, the QDOF
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Fig. 5. The effect of UV curing on the absorption and emission spectrum of printing ink.

Fig. 6. a) The quantum dots optical fiber sensor b) The luminescence characterization of QDOF.

demonstrates excellent waveguide properties with a bright output at the other end. The fluores-
cence wavelength is at 631 nm. In order to study the transmission loss of QDOF, we measured the
output power when the 631 nm laser propagated different length of QDOF. The transmission loss
coeff α is given by

α = 10
L2 − L1

l g
P2

P1
(dB/mm) (1)

Where L1, L2 is the length of the QDOF and P1, P2 is the output power of laser after propagating
the QDOF, respectively. The transmission loss of QDOF is less than 0.35 dB·mm−1 at room
temperature, which is low and in the same order compared with the results in Ref. [14].

Because the printing process does not affect the optical properties of the printing ink, the effect
of UV curing on the absorption and emission spectrum of printing ink is studied. The results are
shown in Fig. 5. Due to little change about absorption and emission spectrum and the unchanged
peak of emission, we believe that the UV curing does not affect the photoluminescence (PL)
characteristic of quantum dots. Then the printed QDOF is used in the sensing experiment. Due
to fluorescence quenching and transmission loss, In the case of constant excitation power, when
the length of the QDOF is less than 3 mm, the fluorescence intensity increases sharply with
the increase of the length. When the length of the QDOF is more than 3 mm, the fluorescence
intensity decreases about 7% with each 1mm increase. Therefore, the length of QDOF used
in the experiment is 3 mm. The optical alignment system is used to achieve the connection
of the multimode fiber (MMF) and the QDOF sensor. For robustness, the low-index UV-cured
adhesive was used as binders at the connection region between the QDOF and MMF. Finally,
the QDOF sensor is shown in Fig. 6(a). And the luminescence characterization of QDOF is shown
in Fig. 6(b).
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Fig. 7. Experimental setup of the QDOF temperature sensor.

Fig. 8. The excited spectrum of the QDOF sensor.

3. The Temperature Sensing Experimental Setups
The experimental setup is shown as Fig. 7. A semiconductor light-emitting diode (LED, λLED =
475 nm) is used as an excitation source for QDOF sensor, and the fluorescence (λQDOF = 631 nm)
of the QDOF is detected by the spectrometer. The experiment result is shown in Fig. 8, and the
spectra of excitation and emission can both be observed. As far as we know, this is the first time
that luminescence peak is detected through the QDOF sensor which is manufactured by inkjet
printing technology.

We studied the response of QDOF’s fluorescence to temperature and strain, respectively. In
order to study the response of QDOF’s fluorescence to strain, the multimode fibers which connects
the two ends of the quantum-dot fiber was clamped on two displacement platform. One platform
was fixed, and the other one was driven by a motor to stretch the QDOF. Due to deformation which
is caused by stretch, the light leakage of QDOF increases. Therefore, the loss increases. The effect
of strain on PL characteristic of QDOF sensor is shown in Fig. 9. With the increase of strain, the
PL peak and the full width at half maxima (FWHM) of QDOF sensor demonstrate excellent stability,
but the PL intensity of sensor decreases.

In order to test the temperature sensitivity of the QDOF sensor, the QDOF sensor is placed in a
temperature-controlled chamber. the length of QDOF has a very little change and the width of the
QDOF increase about 8% when the temperatures from 20 °C to 70 °C. The optical response of the
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Fig. 9. The luminescence spectra of QDOF sensor at different strains.

Fig. 10. The luminescence spectra of the QDOF temperature sensor at different temperatures.

QDOF sensor is shown in Fig. 10. As expected, with increases of temperature, not only the PL peak
shows red shifts, but also the intensity of the PL decreases. The experimental results agree well
with the theoretical analysis, that is, with the temperature increasing, the temperature-dependent
band-gap will shrink, some nonradiative process will be activated, at the same time the exciton-LO
phonon scattering will enhance. These changes that lead to the PL peak red shift, the PL intensity
decrease and the PL bandwidth broaden, respectively [21], [22].

4. Results and Discussion
According to the above experiments, it can be found that strain and temperature change can both
affect the PL intensity and may result in the cross sensitivity. Therefore, the PL intensity is not
suitable for temperature measurement. The shifts of the PL peak and the width of PL FWHM are
used to measure the temperature changes in the next experiment. As shown in Fig. 10, the PL
peak wavelength of QDOF sensor owns good linear response to the change of temperature. The
correlation coefficient square (R2) is close to 1, and the temperature sensitivity of the sensor is
about 109 pm/ °C. And it can be seen that the temperature response of the QDOF sensor has
excellent reversibility. We also research the relationship of FWHM with the different temperatures,
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Fig. 11. The long-term luminescence stability of QDOF sensor within 240 h at the 30 °C.

and the sensitivity is 90 pm/ °C, the correlation coefficient square (R2) is 0.968. Due to the higher
sensitivity, we use the wavelength of PL peak as the temperature indicator in this paper. The
measurement range can be expanded by optimizing the fabrication technology of the quantum
dots.

The long-term stability of luminescence is more important to a quantum dots sensor. We put a
3 mm-length QDOF sensor in a thermostat. The Fig. 11 shows the luminescence stability of the
QDOF sensor within 240 h at the 30 °C. The change of the PL peaks is very small. The fluctuation
of luminescence intensity is no more than 1.4%, and the broadening of PL FWHM is no more
than 4.6%, respectively. Therefore, the QDOF temperature sensors demonstrate good prospects
for application.

5. Conclusion
In conclusion, a quantum dots optical fiber temperature sensor based on the drop-on-demand
inkjet printing technology is presented in this paper. We can fabricate the different sizes of QDOF
by precise control of printing process. The experimental results show that the QDOF owns strong
and stable PL intensity, low transmission loss and easier coupling with multimode fibers. When the
QDOF is used in the temperature measurement, the QDOF sensor demonstrated high temperature
sensitivity about 109pm/ °C and excellent reversibility. Considering the flexibility, controllability and
repeatability, the printing method may be a good candidate for fabricating optical fiber and other
optical elements with arbitrary structure, such as optical microcavity. Using the change of PL
intensity, QDOF sensor will realize the simultaneous measurement of temperature and strain in
the future.
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