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Abstract: The laser characteristics of the Nd-La : CaF, and Nd-Sc : CaF, co-doping disordered crystals
pumped by a 790 nm laser diode were studied. Absorption spectrum and lasing performances of Nd; CaF,
crystal with different La*" -Sc®" doping concentration were studied respectively. Under the pump power
of 5 W, the laser power of 1. 10 W and 0. 64 W are obtained with the co-doping of 0.5 at. % Nd*",
5at. % La*" : CaF,, 0.5 at. % Nd*"and 3 at. % Sc’™ ¢ CaF, respectively, corresponding to the slope
efficiencies of 23.0% and 12. 8% respectively. The laser threshold for both crystals is as low as 10 mW.
The results show that the new co-doped crystals are promising laser mediums for high power and high
efficiency diode pumped solid-state lasers.
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Fig. 1 Schematic of the experimental setup
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(d) Emission spectra of Nd:CaF, crystal with
different concentrations of La**
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Fig. 2 Absorption and emission spectra of Nd : CaF, crystal with different concentrations of Sc*" and La®" respectively
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(e) CW output power versus the pump power for
Nd-Sc:CaF, with OC of 2.5% transmission
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(f) CW output power versus the pump power for
Nd-La:CaF, with OC of 2.5% transmission
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Fig. 4 CW output power versus the pump power for Nd-Sc : CaF, and Nd-La : CaF, with three
OCs of 0.8, 1.6and 2.5% transmission, respectively

0114001-4



K4 % LD R Nd-La L4801 Nd-Sc 3442 CaF,

TEFF i 1 0 0O BE

1ol 1049.5nm 1061.7nm
2 — Nd-Sc:CaF,
g
E
B 05t 1065.9nm
=
g
S
Z

0

1040 1050 1060 1070 108
Wavelengthnm

(a) Laser wavelength of 0.5at.% Nd, 3at.%
Sc:CaF, and the near-field beam pattern

10k 1049.6nm

o, L
G — Nd-La:CaF,
>
= 1065.2nm
;[3, 05+ 1061.5nm
<
£
=}
Z

N

1040 1050 1060 1070 1080

Wavelengthnm

(b) Laser wavelength of 0.5at.% Nd, 5at.%
La:CaF, and the near-field beam pattern

(IR R o G 7 o 8
Fig.5 Laser wavelength and the corresponding

near-field beam pattern
3 ik

SLESBFSE T Nd-La : CaF, fil Nd-Sc : CaF, 1R i
P 2 2 O B R L A R O [E] 3B 2 ok B R R R AT
ORI, ZBL 0.5 at. %6 Nd'" 5 5 at. % La™" ¢
CaF, fi1 0.5 at. % Nd*" 5 3 at. % Sc*™ & CaF, 4 %I4E
5W EIITIRTLLHT 1.10 Wl 0. 64 W [ % 223
SRR SR ) K 23, 0% K1 12. 8% . 9 A 2 W T
ALK 10 mW. S35 B 3 B Nd-La 2£48 fil Nd-Sc 3t
% CaF, @R 2 — P m] J] T 8 208 A5 25 T 1 1K 38
AR PHOL SR A L. 456 3648 CaF, & IRO6 1 AR 58
Y % 6 & B A 9 . A S B T AR 4 [ 3SR 0 Bk v

&% ik

(1]

(2]

(3]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

MENMILLIOD N, ROMERO R, CHARTIER I, et al.
Performance of various diode-pumped Nd: laser materials:
influence of inhomogeneous broadening[J]. IEEE, Quantum
Electronics, 1992, 28(4).:1179-1187.

OBER M H, SOROKIN E, SOROKINA I, et al.
Subpicosecond mode locking of a Nd*" -doped garnet laser[ ] ].
Optics Letters, 1992, 17(19) . 1364-1366 .

SOROKIN E, OBER M H, SOROKINA 1, et al.
Femtosecond solid-state lasers using Nd*"-doped mixed
scandium garnets [ J |. Journal of the Optical Society of
America B, 1993, 10(8) :1436-1442.

XIE G Q, TANG D Y, LUO H, et al.
synchronously mode-locked Nd: CNGG laser [ ] J.
Letters, 2008, 33(16) :1872-1874.

XIE G Q, QIAN L J, YUAN P, et al. Generation of 534 fs
from a passively mode-locked Nd: CLNGG-CNGG
disordered crystal hybrid laser [J]. Laser Physics Letters,
2001, 7(7):483-486.

WANG Q, WEI Z Y, LIU J X, etal. Mode-locked Nd : LGS
laser with femtosecond pulse duration [ C]. Conference on
Lasers and Electro-Optics Pacific Rim (CLEO-PR), 2013.
DOUALAN J L, SU L B, BRASSE G, et al. Improvement of
infrared laser properties of Nd :
with Y% and Lu®*" buffer ions[J]. Journal of the Optical
Society of America B, 2013, 30(11).:3018-3021.

PAYNE S A, CAIRD J A, CHASE L L, et al. Spectroscopy

in SrF, and other fluorite-

Dual-wavelength
Optics

pulses

CaF; crystals via codoping

and gain measurements of Nd*'
structure hosts [ J]. J- owrnal of the Optical Society of
America B, 1991, 8(4) . 726-740.
FERNANDEZ J, OLEAGA A, AZKARGORTA ], et al.
Nd** laser spectral dynamics in CaF;-YF;-NdF; crystals[]].
Optical Materials, 1999, 13(1) . 9-16.
QIN Z P, XIE G Q, MA J, etal. Generation of 103 fs mode-
locked pulses by a gain linewidth-variable Nd, Y. CaF;
disordered crystal [J]. Optics Letters, 2014, 39(7);:1737-
1739.
ZHU J F, ZHANG L J, GAO Z Y, et al. Diode-pumped
femtosecond mode-locked Nd, Y-codoped CaF, laser [ J].
Laser Physics Letters, 2015, 12(3); 035801-035804.
WEI L, HAN H N, TIAN W L, etal. Efficient femtosecond
mode-locked Nd, Y:SrF; laser[ J]. Applied Physics Express .
2014, 7(9): 092704-092704.
WEI L, ZHU J F, TIAN W L, et al. Generation of sub-100
fs pulses from mode-locked Nd, Y: SrF; laser with enhancing
SPM[]J]. Laser Physics Letters, submitted.
LI C, ZHANG F, LIU J, et al. Continuous-wave and mode-
locked operation of a diode-pumped Nd-La : CaF; laser[]].
Optical Materials Express, 2015, 5(9);1972-1978.

Foundation item: The National Major Scientific Instruments Development Project of China(No. 2012YQ120047) and the National Natural

Science Foundation of China(No. 61205130)

0114001-5





