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Theoretical Study of Er** -Doped Tellurite-Based Upconversion
Fiber Laser

Zhou Yaxun Chen Fen Yang Gaobo
(College of Information Science and Engineering, Ningbo University. Ningbo, Zhejiang 315211, China)

Abstract A numerical model of the upconversion fiber laser with gain media of erbium-doped tellurite-based glass
fiber was presented. The lasing output performance of erbium-doped tellurite-based glass upconversion fiber laser was
investigated theoretically, and the dependence of 546 nm green output power on launched 980 nm pump power and
fiber length of resonant cavity were analyzed. The results indicate that erbium-doped tellurite-based glass
upconversion fiber laser can achieve milliwatt lasing power in a resonant cavity length of centimeter order, and its
slope efficiency reaches about 7% . Compared to the reported fluoride glass upconversion fiber laser, the erbium-
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doped tellurite-based glass upconversion fiber laser shows a potential small-scale characteristic of solid laser.
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Fig. 1 Schematic diagram of energy levels

and transitions of Er'" in tellurite glass
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Table 1 Simulated parameters used in the Er-doped tellurite-based glass upconversion fiber laser

Decay rate of Er’" ion between different levels

Absorption and emission cross-section of Er'" ion

Upconversion coefficient of * I, and " I,;,; levels
Fiber core radius

Refractive index and relative difference

Doped concentration of Er't ion

Fiber background loss

Mirror reflectivity coefficient

Ags =39237 s~

A, =455 s ",A, =147 s
A;; =398 s ', Ay, =3769 5!
A, =304 7!

o3 =6.80X107% cm?

a=1.5 pm

n =2.08,A=0.5%
No=3.4X10%/cm®

R,=0.99,R,=0.80

A;;=2693 s ', A, =984 s ' ,A; =87 s ' ,A;, =2256 5!
',A,;;=10219 s !

013 =4.48X10 % em? ,o5 = 2. 20X 10 cm?

615 =6.41X10 % em?®, 65, =7.05X10 % cm®

Cyp,=2.74X10" % em®/s,Cs3 =1. 09X 10 % cm® /s

asso =0. 10 dB/m, a5 =0. 20 dB/m
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Table 2 Lasing performance of some reported upconversion fiber lasers
Doped Fiber Pumped Pumped Threshold Lasing Lasing Slope
Glass fiber Df)ped concentration length  wavelength  power power  wavelength  power efficiency

on /1076 /cm /nm /mW /mW /nm /mW /%

ZBLAN Tm*" 1000 250 1130 890 80 480 106 13.0
Fluoride! "’ Prt 500 78 835/1017  42/250 80 492 22 8.0
60 860 760 42 635 300 52.0

‘ , , 60 860 430 29 615 44 11.5

ZBLANI®T Pri™ /YL 3000/20000

42 860 200 26 520 20 12. 4

26 860 200 60 491 4 3.0

ZBLANM Prit 1000 95 835/1017  50/120 30 492 — 14.0
ZBLANUST Pri™ /YL 3000/20000 30 840 1600 140 491 165 12.1
ZBLANM Pri™ /YB*™  3000/20000 40 838 500 50 635 3 —
ZBL AN Tm*" 2500 38 1112 600 77 481 36 7.0
ZBLANEY Tm*' 1000 180 1120 1050 272 480 116 15.0
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Fig. 2 Output power of Nd: YAG ceramic and crystal
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