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Fig. 1. (color online) Energy transfer processes between Nd31 and Yb3+ for different pump conditions (see

Ref. [7] and [26)).
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Table 1. The glass composition and refractive index.

Glass Component/mol% Refractive index
GO 69.2P205-6.2 Al203-5.2 K20-10.3Ba0-4.1B203-5La203-2.5Nd203-0.6Yb2O3 1.5460
G1 67P205-6 Al203-5 K20-10Ba0O-4B203-4.8La203-3.2Y203 1.5448
G2 60P205-9 Al203-20 K20-10BaO-1B203 1.4996
G3 69.2P205-6.2 Al203-5.2 K20-10.3Ba0-4.1B203-5Las03-2.5Nd2 03 1.5456
G4 69.2P205-6.2 Al203-5.2 K20-10.3Ba0-4.1B203-5La203-0.6Ybo O3 1.5452
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Table 2. Fluorescence lifetime and energy transfer efficiency.

Sample G3 GO
Pump wavelength 808 nm
Test wavelength 1053 nm
Lifetime (7) Nd TNd/Yb
287 us 104 us
TINd—Yb 64%

Sample G4 GO
Pump wavelength 975 nm
Test wavelength 1006 nm
Lifetime (7) b TNd/Yb
1.64 ms 1.58 ms
MYb—Nd 4%
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Fig. 3. (color online) Emission cross section of Nd3+

in G3, and absorption and emission cross sections of
Yb3+ in G4.
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GRS, X SR 3 YD BT R S A T B
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BIFRBLMBOCOLE; (b) WOt TI%E S 970 nm LD
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Fig. 5. (color online) (a) Laser spectra of the 0.7 m
fiber with increasing 970 nm LD pump power; (b) laser

output power versus 970 nm LD pump power.
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ASE 5350 I X HI7E T ASE A B,
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6° f1) K SL B ASE B . 5% F I 4 F 7 1 % 1%
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1 ASE SGilk s EAE N2

Fig. 6. (color online) (a) ASE spectra of 0.35-m-

long fiber with increasing 970 nm LD pump power;

(b) the calculated variation of ASE-gain with increas-
ing 970 nm LD pump power. The ASE spectrum in-
tensity of 7.2 W pump power (Po7g = 7.2 W) is se-

lected as the reference in the calculation.

K6 (a) & KEFN0.35 m N3 /Yb3T 3L 5
JEEFAE9T0 nm LD iz N I ASE 3. bz
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THIEeH R, HHILASEF L KER, 5t
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G 25, AAE R B, 1053 nm PTG & A7 —
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UbAh, 1053 nm Ab ()3 25 B A Poro F 3 KM 2 25
KRR, 24 APyro KT 9.3 W (Pogg > 16.5 W),
Nd**+ & F1E 1053 nm Ak ()38 25 AR 73557 55 2% 45
A 427X 5 (b) T iE s 5, XA 45 TR
FEAE iz i A T e S B
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Fig. 7. (color online) ASE spectra of 0.9-m-long fiber
(a) and 5.0-m-long fiber (b) under different 970 nm
LD pump power.
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Fig. 8. (color online) Laser spectra of 0.25-m-long fiber

(a) and fluorescence spectra of 0.05-m-long fiber (b) with

increasing 808 nm LD pump power.
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Fig. 9. Nd3t — Yb3*t energy transfer efficiency with
respect to the signal power of stimulated emission of
Nd3* ions.
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Stimulated emission and laser behaviors of Nd*t/Yb3*

Co-doped phosphate glass fiber*
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1) (Key Laboratory of Materials for High Power Laser, Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of
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Abstract

The energy transfer phenomenon between Nd** and Yb3" generates the research interest in Nd** /Yb3*t co-doping,
because it provides a straight-forward way to combine the features of Nd®T and Yb3T to develop some potential appli-
cations, such as solar cells, high energy pulse and tunable lasers. Substantial research work has been conducted to study
the spectroscopic properties of Nd®* /Yb3+ in different glasses, crystal and ceramic host materials. However, it is still
not very clear about the laser properties of the Nd** /Yb3+ co-doping system, especially the high rare-earth solubility
phosphate glass. This work reports the stimulated emission and laser properties of an Nd3*+ /Yb3+ co-doped phosphate
glass fiber under singly 970 nm and 808 nm LD pumping. The molar doping ratio of Nd®** : Yb3" is 4 : 1. Using the
free-space coupled method, the laser properties of the co-doped fiber under 970 nm pump are tested first in a laser cavity
comprised of a butt-coupled dichroic mirror with high reflectivity (=99.5%) and a cleaved fiber ended with ~4.6% Fresnel
reflectivity. It is found that with the increase of 970 nm pump power (Po7o) two discrete laser peaks and one peak located
at 1053 nm with a larger threshold can be observed for fiber length equal to and less than 0.7 m. The 1053 nm laser is
produced by Yb3* — Nd3T energy transfer, and its lasing threshold decreases with increasing fiber length in this length
region. Then, the amplified spontaneous emission (ASE) spectra for fiber lengths of 0.35 m, 0.9 m and 5.0 m under
970 nm pumping are tested by cutting 6° at the output port. The test results indicate that the Yb3* — Nd3*t energy
transfer has a modulation effect on fiber spectrum, and the modulation becomes more obvious for a longer fiber length. A
two-fold promotion mechanism is suggested to explain the modulation effect: 1) the reabsorption effect of Yb** leading
to relatively lifetime prolongation increases the Yb®t — Nd3' energy transfer efficiency; 2) the red-shifted oscillator
laser wavelength leads to a larger emission cross section difference between Nd*T and Yb3". Besides, the measurement
results in 0.35-m-long fiber also suggest that the 1053 nm laser in fiber laser test may be due to a fiber temperature
raising effect during the increase of Py7o. The laser properties and ASE spectra of the fiber under 808 nm pumping have
been studied in the same fiber test setup. However, the tested results are quite different from the 970 nm pumping case.
Only one lasing peak at 1053 nm is detected, and it is found that the peak is not dependent on the 808 nm pump power
(Psos) nor the fiber length. To explain this phenomenon, one energy transfer model with taking into consideration the
stimulated emission of Nd®* is derived. According to this theoretical model, Nd** — Yb3* energy transfer efficiency fast
decreases with the increase of simulated emission intensity of Nd**. This explanation is experimentally supported by a
0.05-m-long Nd3+/Yb3+ co-doped phosphate glass fiber with varying Psos. Therefore, the adoption of Nd®* to sensitize
Yb3T for developing some laser applications needs to consider the suppression effect of Nd*" stimulated emission on
Nd3" — Yb3" energy transfer.

Keywords: fiber lasers, phosphate glass fiber, Nd3t « Yb3*

PACS: 42.55.Wd, 42.70.Jk DOI: 10.7498/aps.66.164204

energy transfer
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