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Abstract. In this paper, we have proposed a novel type of fiber amplifier by filling the
PbS semiconductor quantum dots into the holes of photonic crystal fibers (PCFs) for
the first time. Based on simulation results, we have found that the loss of PCF filled
with PbS is slightly increased compared with the one without PbS at wavelength of
1310 nm. Furthermore, we have successfully fabricated the PbS-filled PCF with
selective air-hole cladding by a new perfusion technique that can optimize the overall
loss.

1. Introduction

In recent years, semiconducting quantum dots (QDs) based optical fibers for optical amplifier are As
an important support platform for information technology, optical fiber communication plays an
important role in the future information society. In optical communication, it is vital to enhance the
utilization of optical band. With the development of low loss of anhydrous fiber, people reconsidered
using 1310 nm wavelength to communicate[1], currently, mainly propose three types of fiber
amplifiers, doped rare earth fiber[2], raman fiber [3]and quantum dot fiber[4,5] ,but an important
problem is the development of optical amplifier used in 1310nm is not mature so that a stable and high
gain optical amplifier supporting optical communication in 1310nm is needed.

On the other hand, quantum dots(QDs) show great potential in the application of optical
amplifier[6-9]. Due to the size effect as well as quantum confinement effect, the semiconductor
quantum dots based optical amplifier possesses the advantages of wide spectrum of amplification, low
pumping conditions and high gain[10]. In particular, the Lead sulfide(PbS) QDs are attractive because
the emission spectrum covers the telecommunication band ranging from 1200 nm to 1600 nm
[11,12].In addition, PbS quantum dots have high quantum yield (QYs) and good photo thermal
stability in practical applications [13,14]. At present, the processing technique of quantum dots
becomes mature, but the research of quantum dots as the gain medium to compose quantum dot device
for quantum dot fiber, especially for , still needs to go deeper.

In this work, we have proposed and demonstrated a novel method to fabricate optical amplifier
with high gain by combining semiconductor quantum dot. Based on the capillary pressure, PbS
quantum dots are filled into the air hole of photonic crystal fiber (PCF). Such PbS filled PCF enables
to build optical amplifier system that isolates quantum dot from oxygen. We have established the
model of the end face of the optical fiber in COMSOL and the mode field distribution of photonic
crystal fiber and quantum dot photonic crystal fiber. We improved the filling method by dropping the
overall loss of 3.5 dB.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



6th conference on Advances in Optoelectronics and Micro/nano-optics IOP Publishing
IOP Conlf. Series: Journal of Physics: Conf. Series 844 (2017) 012060 doi:10.1088/1742-6596/844/1/012060

2. Simulation of PbS Quantum Photonic Crystal Fiber

Through the model analysis, we can obtain the mode field distribution of the quantum dot photonic
crystal fiber (QDPCF) model, according to the mode field distribution of the fundamental mode of
PCF which is evenly distributed in the fiber core. Considering the weak fundamental mode penetrating
in the cladding, the energy is mainly concentrated in the core in optical transmission with a low
transmission loss. The quantum dots poured into the holes of cladding, and then dried into quantum
dot films, which is equivalent to plate with a layer of PbS quantum dot films in the air holes. We build
a QDPCF face model with Comsol, and simulated the mode field with adding 5 layers of air holes.
The mode field distribution is as shown in Fig.1.

Fig. 1. () The schematic diagram of solid-core photonic crystal fiber (PCF); (b)The mode field distribution of the quantum
dot filled in PCF.

When the quantum dot coated film leaning to the left cladding, the mode field distribution is as in
Fig. 2(a). Oppositely, when the quantum dot coated film leaning to the right cladding, the mode field
distribution is as in Fig. 2(b).
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Fig.2. The mode field distribution (a). The left side of the refractive index is high; (b).The right side of the refractive index is
high

It is can be found that the fundamental mode meets the condition of total reflection in the
transmission. Because the refractive index of cladding is increased after adding quantum dot films into
cladding, which results in weakened bound of fundamental mode. So the energy leakage ratio of
fundamental mode will be increased, and the energy fundamental mode is leaning to the quantum dot
coated film. We calculate the limiting loss of the optical fiber by the imaginary part of the effective
refractive index of the fundamental mode based on method reported by previous report . We find that
the confinement loss of the PbS-filled PCF is slightly increased by 1.3 dB/km compared with the PCF
without PbS at operation wavelength of 1310 nm.

3. Preparation of PbS Quantum Photonic Crystal Fiber
The PbS QDs were synthesized according to the Cademartiri method[8]. They were then modified by
In the experiment, we have fabricated two kinds of PbS-filled PCF: one is PCF with all of air-hole
cladding filled with PbS; the other is PCF with selective air-hole cladding filled with PbS. Both PCF
devices are made by capillary action. The quantum dots are prepared by ultrasonic vibration at first,
and then poured into air hole of photonic crystal fiber. The PCF should be put into a vacuum oven at
once and dried vacuum for 12 hours at 25 C.

The fabricated PCF with all the air-hole cladding filled by PbS is measured by Scanning Electron
Microscope (SEM) and the results are shown in Fig. 3. silicon (Si) and Oxygen (O) refer to photonic



6th conference on Advances in Optoelectronics and Micro/nano-optics IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 844 (2017) 012060 doi:10.1088/1742-6596/844/1/012060

crystal fiber itself. and S (shown in Fig. 3(c))and Pb (shown in Fig. 3(d)) appear on end face of the
fiber. This indicates that PbS quantum dots have been filled into air holes of photonic crystal fiber.
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Fig.3. The elemental analysis by scanning the end face: (a)O of elements (b) Si of element (c) S of element(d) Pb of element
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Fig. 4. (a) Microscopic image of PCF for filling PbS in selective air hole cladding: the hollow core fiber (HCF-I) is used to
fix the fibers; the HCF-I1 is used to deliver the PbS to the targeted air-hole cladding. (b) Scanning Electron Microscope
image of end-facet of the fabricated PCF with selective air-hole cladding filled with PbS.

Moreover, we can selectively fill the PbS into air holes of PCF. The microscopic image is shown in Fig.
4(a): the hollow core fiber (HCF-I) is used to fix the fibers; the HCF-II is used to deliver the PbS to the
targeted air-hole cladding. The end-facet of fabricated PbS-filled PCF is shown in Fig. 4(b). In this way, we
can complete the selective filling of three layer of air holes. Then we take out the fiber and fuse the ends with
single-mode fiber pigtail to measure the overall loss.

In the absence of pumping light injection, optic transmission spectrum of 1310 nm in two cases as
shown in Fig.5(Without filling shown in Solid line,Selectively filling shown in second line,Ordinary filling
shown in lower line) , the overall loss is approximately dropped 3.5dB in same of fiber length.
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Fig. 5. The transmission spectrum at 1310nm(Without filling shown in Solid line,Selectively filling shown in second line,

Ordinary filling shown in lower line)

4. Conclusion
In this work, the quantum dot is injected into the holes of the 10 cm photonic crystal fiber , and it is
dried under the normal temperature vacuum condition, then the photonic crystal fiber is pigtailed by
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single-mode fiber, using 980nm laser whose power is 2mW as a sign light source. Moreover, this
method is more simple and controllable compared with growth method where the quantum dot in
solution is unstable so that it is worth studying to improve the growth method. We find that the
confinement loss of the PbS-filled PCF is slightly increased by 1.3 dB/km compared with the PCF
without PbS at operation wavelength of 1310 nm. Selectively filling compared with ordinary filling
that the overall loss is approximately dropped 3.5dB in same of fiber length.
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