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Research Progress on Nanocrystals Doped Glass Fiber

KANG Shiliang', FU Yanging', LIN Changgui', DONG Guoping”
(1. Laboratory of Infrared Material and Devices, The Research Institute of Advanced Technologies, Ningbo University, Ningbo
315211, Zhejiang, China; 2. School of Materials Science and Engineering, South China University of Technology,
Guangzhou 510640, China)

Abstract: Glass optical fibers doped with nanocrystals with optoelectronic function are highly anticipated for potential applications in
optical communication, remote sensing, biomedicine, and nonlinear optics. In this review, a versatile fiber-drawing approach so called
“melt-in-tube” (MIT) was represented to produce nanocrystals doped glass optical fibers. In the fiber-drawing process, the core is
fully melted and the cladding is only just softened. Recent advances on the nanocrystals doped glass fibers including glass core-glass
cladding fiber, crystal core-glass cladding fiber, and semiconductor core-glass cladding fiber were reported. In addition, the extensive
applications of the nanocrystals doped glass fibers in the fields of fiber laser, fiber sensing, frequency conversion, photodetection and
thermoelectric conversion were also discussed.
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Table 1 Glass optical fibers doped with nanocrystals containing different core materials

Fiber system Core composition Cladding composition Ref.
Glass core-glass cladding 54Tb,03-27Si0,-18A1,05-1Sb,03 Silica glass [21]
Al O3-SrF,-YbF3 Silica glass [22]
70Si0,-5A1,03-2AlF;3-2Na,0-18NaF3-3Lu,03-0.5ErF5-2YbF; DURAN® glass (borosilicate glass) [23]
39.3Si0,-9.7Ge0,-8.5A1,03-31.1Mg,CO;-17KNO;5-2.9Ti0,-0.1Cr,05 Silica glass [25]
60.9Si0,-16A1,03-16Zn0-7Ti0,-0.1Cr,0; Silica glass [26]
64Si0,-23Ga,0;-13Li,0-0.INiO Silica glass [27]
12Si0,-40B,03-20K,0-15Zn0-13Ba0-0.6CdS-3TmF; Borosilicate glass [28]
40B,05-25S10,-18Na,0-7NaF-10YF;-2ErF; K9 glass (borosilicate glass) [30]
60B,03-8Bi,03-32CaF,-1YbF3-0.5ErF; BK7 glass (borosilicate glass) [31]
37B,0;-28Si0,-18Na,0-7NaF-10YF;-2ErF;-2HoF; K9 glass (borosilicate glass) [59]
258i0,-35B,05-25Na,0-10Zn0-5Ba0-1PbO-1ZnS K9 glass (borosilicate glass) [62]
Crystal core-glass cladding YAG: Cr** Silica glass [36]
YAG: Er** Silica glass [37]
YAG: Yb* Silica glass [38]
YAG: Nd** Silica glass [39]
MgALO4 Silica glass [40]
Bi;xGeOy Borosilicate glass [41]
Semiconductor core-glass Bi;Ge;01n Borosilicate glass [42]
cladding BaO Silica glass [43]
Si Silica glass [50]
Ge Aluminosilicate glass [51]
GaSb Borosilicate glass [52]
AugoSnyg Tellurate glass [53]
Te Phosphate glass [55]
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Table 2 Glass optical fibers doped with nanocrystals for different applications

Fiber system Core composition Cladding composition Application Ref.

Glass core-glass cladding 37B,03-18Si0,-20K,0-15Zn0O-10YF3-1ErF;3-1YbF3 Borosilicate glass Fiber laser [60]
Li,0-Ta,05-Si0,-Al,05-NiO Silica glass Fiber amplifier [61]

458Si0,-5A1,03-35Ba0-15TiO, Silica glass Fiber laser [63]

23.75A1,05-71.25SrF,-5YDbF3 Silica glass Fiber laser [64]

50Li,0-50A1,0 Silica glass Strain sensing [65]

Crystal core-glass cladding YAG: Tm®* Silica glass Fiber laser [35]
Al 05 Silica glass Temperature sensing [44]

YAG: Nd** Silica glass Fiber laser [66]

YAG: Er** Silica glass Fiber laser [67]

YAG: Yb* Silica glass Fiber laser [69]

Semiconductor core-glass cladding GeO,: Si0,-Au Silica glass Nonlinear optics [54]
Si Silica glass Photodetection [70]

Ge Borosilicate glass Photodetection [71]

Sb,Se; Phosphate glass Photodetection [72]

SeosTeo Phosphate glass Optical switch [73]

GeSe Borosilicate glass Thermoelectric conversion — [74]

SeosTeo s Phosphate glass Stress sensing [75]

Bi()_5sb1.5T63/BiQSC3

Borosilicate glass Thermoelectric conversion  [76]
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