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Abstract Two different doping concentrations Nd, Y : CaF, crystals (0.6%Nd, 5% Y : CaF, and 0.8% Nd, 5%
Y : CaF,, represented by fraction of number of atoms) are obtained by the temperature gradient technique (TGT)
method. The absorption and emission spectra, emission lifetimes, laser properties are studied. It is found that
codoped Y*" ions can effectively inhibit the concentration quenching effect and improve the spectral properties of the
crystal. The broad and flat emission spectra around 1.06 pm is observed in Nd,Y : CaF, crystals, and the emission
bandwidths is 26 nm., which is very close to the Nd-glass. While the strongest emission line is at 1054 nm, the
fluorescence lifetime, emission cross section, and quantum efficiency of 0. 6% Nd, 5% Y : CaF, are estimated as
333 ps, 3.6X10 % c¢cm’, and 76.7% , respectively. The room temperature continuous wave (CW)-laser oscillation
is achieved using 0.6 % Nd, 5% Y : CalF, crystal. The maximum output power is about 413.3 mW, with the slope
efficiency of 28.5% .
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Fig. 1 Photo of as-grown Nd,Y : CaF, crystal
obtained by TGT method
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Fig. 3 Room-temperature absorption spectra of 0. 6% Nd,
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Fig. 4 Emission spectra of 0. 6% Nd, 5%Y : CaF, and

0.8%Nd,5%Y : CaF, crystal at room temperature
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Table 1 Comparison of emission wavelength, emission bandwidths. lifetimes and maximum

emission cross-sections of different hosts

Crystals Aem /DM w,; /nm [ Gem/ (1072 cm?) Ref.
0.6%Nd,5%Y : CaF, 1054 26 33
0.8%Nd,5%Y : CaF, 1054 24 296 3.1
Nd: phosphate glass 1054 21~26 330 3.6~4.2 [17]
Nd: silicate glass 1062 28 340 2.9 [18]

i s fE Judd-Ofelt (JJOO HUEHER Z L XL R IBRERE . 0./ Qs IOEIE RN T,.0,/Q W
RS EAT TR A IO I PO R TR FRox NdTU'Fy, —>'1y, (1060 nm) BROIE 3R OEE R
(908 D 0 A 5 Bl RE il O A BT REVE RBCRBEHE T, "1, (890 nm) . HAH KX F 1. 06 pm &
—E ARG T R 2T 2 0 280, S5l A
FEZERZW Q.0 MSERKERT . RET

2 AR SRR TSR Q =2,4,6) Jui - (Q0/ Q) IR TN SE I AT (Trad s Tem)
B B TRCE () AU R SR o)
Table 2 J. O. parameters ,(t=2, 4, 6), spectroscopic quality factor (£, /(). theoretical and measured emission lifetimes

(Trad »Tem ) » fluorescence quantum efficiency (3 and maximum emission cross section (6., ) of different crystals

. 0./ 0./ 02/ Traa/ Tem/ 7/ Oem/
Crystal ‘ ) ‘ 0,/
(107" em®) (107 em®)  (107* cm®) ©s s % (107* cm®)
0.6%Nd,5%Y : CaF, 0. 6253 3. 4648 6.5441 0.53 434 333 76.7 3.6
0.8%Nd,5%Y : CaF, 0.5839 3.1209 5. 8028 0. 54 489 296 60. 5 3.1
3 Azl Lk 05
3.2 HOEIERE * 0.8% Nd, 5% Y:CaF,
KA LD 2 Mk 0. 620 Nd, 50Y ¢ CaF, i 04l 7=23.5%
0.8%Nd,54Y = CaF, fh M 1 O it T 26 bl % il 55
- . . - £ 0.3}
IR K 6 & 7 s, SEE R 2
0.6%Nd,5%Y : CaF, §ii&7E 1. 56 W 4135 1) % éO-Z
ARG T 413.3 mW 1Y% 22O L BHERAOR IR © o1
F 28.15%;0. 8% Nd, 5% Y = CaF, & 4 78 W& Uk
. 0 n 1 1 1 1 1 1
1. 98 Wihiz I % T 15 2| & K L 2h % 433. 3 mW, 0 03 o.g 0.9 12 }vg 1.8 21
umping power
RERRORIRF] 23.500, MK 0.64Nd.54Y ¢
CaF, 1k ELA5 o 0T 1 380 1 B Bl 7 0.8%Nd,5%Y ¢ CaF, {65 th 2h S b
itz Ly e Al iy it 2k
= (.6% Nd, 5% Y:CaF, . . .
0.4+ 7=28.15% 2 Fig. 7 Laser output power versus pumping
= power of 0. 8% Nd,5%Y : CaF, crystal
0.3+
g
£ N
§o_1- KA B AEK 0. 6% Nd, 5% Y = CaF,
0.8%Nd,54Y = CaF, & A, I X &b 14 1 56 3% i
0 L |

0 0f4Pumping0§OW€r /Wlfz L6 Ve EHEAT T RS . 3 g X B ol A 1 MR SO 3
R, R BAE LB AR E Y LT .

i e 0.6%Nd.5% Y : CaF, @ik BEA7 kb 0. 8% Nd, 5%

B 6 Lacer oato pomer vereas pumping Y ¢ Cal RT3 5E 5K 19 75
cower of 0. 6%NA.5%Y + CaF, crystal 0076 1 R0 R0 B 10 8 T 9 A
PSS R 0 ISR BT . B e . XPAE LD iz T
520 MRS EEERE AT T . K

s106002-4

Bl 6 0.6%Nd,5%Y : CaF, ffid i ot th 2 % b



W&

Nd/Y $48 CaF, #5403 506 RE

0.6%Nd.5%Y = CaF, & & B A5 5 I (9 3% 1 g
FH 0. 6% Nd, 5% Y + CaF, SR T %K
28. 15 % I RINFR Ny 413, 3 mW [ & L0800 .
T 5 8 A e BE YW IRl R 0. 5% ~0. 6% Nd, 5%
Y : CaF,, Nd:CaF, frded8 Y*" Bl A5 85040 il v B 45
RN« BR3E fb AR 14) 61 FOG M RE A R T AR AR AR
B HWOCRCR TSSOt 1 .

5 F X

1 Keller U. Recent developments in compact ultrafast lasers[]].
Nature, 2003, 424(6950) . 831 —838.

2 Deguil N, Mottay E, Salin F, e al.. Novel diode-pumped
infrared tunable laser system for multi-photon microscopy [ ] ].
Microsc Res Tech, 2004, 63(1): 23— 26.

3 Bourquin S, Aguirre A D, Hartl I, e al.. Ultrahigh resolution
real time OCT imaging using a compact femtosecond Nd : Glass
laser and nonlinear fiber [J]. Opt Express, 2003, 11 (24):
3290—3297.

4 Yoshida A, Schmidt A, Petrov V, et al.. Diode-pumped mode-
locked Yb: YCOB laser generating 35 fs pulses[J]. Opt Lett,
2011, 36(22) . 4425—4427.

5 Zaouter Y, Didierjean J, Balembois F, et al.. 47-fs diode-pumped
Yb** + CaGdAIO; laser[J]. Opt Lett, 2006, 31(1): 119—121.

6 Zhang Qingli, Zhou Wenlong, Liu Wenpeng, e al.. Crystal
gowth by czochralski method and sectral poperties of Yb3' :
GdTaO,[J]. Acta Optica Sinica, 2010, 30(3); 849—853.
FRERAL. AR, RIS, 4. Yb' 2 GdTaO, RY3RFLEE & i A
KADEREEELT ], 2244k . 2010, 30(3): 849—853.

7 Agnesi A, Greborio A, Pirzio F, et al.. 40-fs Yb*" : CaGdAlO,
laser pumped by a singleemode 350 mW laser diode[]]. Opt
Express. 2012, 20(9) . 10077—10082.

8 Pugzlys A, Andriukaitis G, Sidorov D, et al.. Spectroscopy and
lasing of cryogenically cooled Yb, Na : CaF;[J]. Appl Phys B,
2009, 97(2): 339—350.

9 AuJ A, Loesel F H, Morier-Genoud F, e al.. Femtosecond
diode-pumped Nd : glass laser with more than 1 W of average
output power[J]. Opt Lett, 1998, 22(4).: 271—273.

10 Ai Qingkang, Chang Liang, Chen Meng, e al.. Thermal
Analysis of Nd: YVO, Pumped by 808 nm and 888 nm[]].
Chinese J Lasers, 2011, 38(4). 0402001.

WORHE, W FE. BE . % 808 nm 15 888 nm #fiiE Nd: YVO,
PR L) ], EOE, 2011, 38(4): 0402001,

11 Catlow C R A, Chadwick A V, Greaves G N, e al.. Direct
observations of the dopant environment in fluorites using EXAFS
[J]. Nature, 1984, 312(5995): 601—604.

12 Friebel F, Druon F, Boudeile J, et al. . Diode-pumped 99 {s Yb :
CaF; oscillator[J]. Opt Lett, 2009, 34(9);: 1474—1476.

13 Ge Wenqgi, Chai Lu, Yan Jie, et al.. Laser diode-pumped
continuous-wave mode-locked Yb,Na : CaF; Laser[J]. Chinese ]
Lasers, 2010, 37(11): 2803 —2806.

BOCEE, S B B, B R REOG S 0 i 2 BT AR
AL R AL EOE AR LT ]. P EOE, 2010, 37(11): 2803 —
2806.

14 Siebold M, Hornung M, Boedefeld R, e al.. Terawatt diode-
pumped Yb : CaF, laser[J]. Opt Lett, 2008, 33(23): 2770 —
2772.

15 Fernandez J, Oleaga A, Azkargorta J, et al.. Nd*" laser spectral
dynamics in CaF;-YF3;-NdF; crystals[J]. Opt Mater, 1999, 13
(1. 9—16.

16 Alimov O K, Basiev T T, Doroshenko M E, et al. . Investigation
of Nd*" ions spectroscopic and laser properties in SrF; fluoride
single crystal[J]. Opt Mater, 2012, 34(5); 799—802.

17 Campbell ] H, Suratwala T 1. Nd-doped phosphate glasses for
high-energy/high-peak-power lasers [ J]. J Non-Crys Solids.,
2000, 263(1). 318—341.

18 Weber M J. Science and technology of laser glass[J]. J Non-Crys
Solids, 1990, 123(1): 208—222.

19 Judd B R. Optical absorption intensities of rare-earth ions[ J].
Phys. Rev, 1962, 127(3): 750—761.

20 Ofelt G S. Intensities of crystal spectra of rare-earth ions[J]. J
Chem Phys, 1962, 37(3): 511—520.

ZEERE % %

s106002-5



