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Abstract: A series of 10%Th:x%Y: CaF,(x = 0, 3, 5, 10) crystals have been successfully grown
by the temperature gradient technique (TGT). The crystal structure was analyzed by X-ray diffrac-
tion, and the results showed that the high concentration of rare earth ion doping increased the unit
cell parameters, but still maintained the fluorite cubic structure of CaF,. The absorption spectra,
fluorescence spectra, and fluorescence decay curves were measured and analyzed at room tempera-
ture. By co-doping Y™ ions, the spectral quality factor £2,/0) increased from 0. 75 to 0. 80. Using F-
L formula, the emission cross sections of 10%Th: CaF,were calculated to be 0. 89x10 ¢m® and
0.082x107*" c¢m® for the 545 nm and 587 nm, respectively, and the emission cross sections of
10% Tb, 10%Y : CaF,were calculated to be 0. 89x10™' ¢m® and 0. 077x107' ¢m’ for the 545 nm and

587 nm. The fluorescence lifetime of ’D, level is more than 5 ms, and there is no fluorescence
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lifetime quenching phenomenon caused by high concentration doping. The long fluorescence life-

time means that Th* ion has excellent energy storage capacity. The experimental results show that

Th:CaF, and Tb, Y:CaF, crystals are gain mediums with great potential to realize visible laser output.
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Tab. 1 Nominal compositions and density of the glasses
2 0 B 1% N 1 3 )
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1 10 0 90 4.02 20. 68
2 10 3 87 3.97 17.18
3 10 5 85 4.00 17.97
4 10 10 80 4.27 18.25
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Tab.2 Cell parameters of Th: CaF, and Th, Y : CaF, crystals

mm il 28 0/nm
Cal, 0. 546 30
10%Th: Cak, 0.548 79
10%Tb,3%Y3CaF2 0.549 17
IO%Tb,S%YZCaFZ 0. 549 45
10%Th, 10%Y : CaF, 0.550095
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Fig.4 Gaussian fitting processing of absorption spectra of Th:
CaF, and Th, Y : CaF, crystals
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Tab.3 The calculated average wavelength, absorption line
strength and calculated line strength of Th™ in Th:

CaF, crystal

Excited state(from  _ S, (1,31 S..(1 17
F,) m (10 em®) (107 em?®)
*D,+°H, 318 0.056 2 0.076 3
°D, 326 0.0103 0.001 2
6, +’L+’L+L+G, 340 0.106 4 0.1618
*D,+°G,+'L,+°G 352 0.2385 0.3016
Ly, 368 0.2136 0.2406
D,+G, 378 0.1277 0.0750
°D, 486 0.025 8 0.0108
’F, 1952 4.1721 4.1755
’F, 2235 2.5188 2.5297
RMS(AS)/A(10™ em®) 0. 043
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Tab.4 The calculated average wavelength, absorption line

exp
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CaF, crystal
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nm

F,) (10em?) (10" em?)
°D,+’H, 318 0.056 2 0.076 3
°D, 326 0.0103 0.001 2
G L+ L+ L+G, 340 0.106 4 0.1618
*D,+G L, +°G 352 0.2385 0.3016
Ly, 368 0.2136 0.2406
’D+°G, 378 0.1277 0.0750
°D, 486 0.0258 0.0108
’F, 1952 4.1721 4.1755
F, 2235 2.5188 2.5297

RMS(AS)/A(10™ em®) 0. 059
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Tab. 5 J-O intensity parameters of Th doped materials

Q107" 07010 /(107 Q/

Materials N N 5
cm’) em’) cm?) 0,
Th: CaF, 2.67 3.05 404 0.75
Th,Y: CaF, 3.07 3.19 3.96  0.80
YAP! 3.49 5.87 2.55  2.30
LiYF, ' 28.30 1.65 215 0.77
ThAIO, " 40. 52 8. 74 2,26 0.77
KYb(WO,),"" 1.91 2.41 4.91  0.49
TbAL(BO,)," 8.15 0.29 244 0.12
Lu,0," 3.79 1.30 .08 1.20
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Tab. 6 Radiative transition rates, branching ratios and radi-

ative lifetime of Th: CaF, crystal

10%Th: CaF,

.. 5
Transition from D,

A/nm Als™ Bl%  r,/ms
F, 489 26.16  15.44  5.90
’F, 542 108.43  64.02
’F, 583 13.56  8.01
’F, 622 8.74 5.16
’F, 648 3.62 2.14
’F, 670 5.36 3.17
’F 679 3.49 2.06

R7 Th,Y:CaF, Rk D AERINBETHREEHEKA B
REBHILEA(),)) FHASZILB(I, ) )FEESHF
W7,

Tab.7 Radiative transition rates, branching ratios and radi-

ative lifetime of Th, Y : CaF, crystal

10%Th, 10%Y : CaF,

.. s
Transition from "D,

A/nm Als™ Bl%  r/ms
F, 489 28.03  15.50 5.52
F, 542 116.46  64.39
’F, 583 13.61  7.53
’F, 622 9.55 5.28
’F, 648 3.95 2.19
'F, 670 5.61 3.10
F 679 3.65 2.02
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Fig.5 Room temperature fluorescence spectra of Th: Cal, and

Th,Y : CaF, crystal under 485 nm excitation
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Fig.6 Normalized room temperature fluorescence spectra of
Th: CaF, and Tb, Y : CaF, crystal under 485 nm exci-

tation
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Fig.7 Decay curve of the °D, energy level of Th: CaF, and
Th,Y:CaF, crystals
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Tab. 8 Emission spectroscopic parameters of Tbh**-doped

materials
. Al o, /(107 ot/
Materials ’ 7,/ms S
nm cm?®) (107" em’+ms)
545 0.89 4.90
Th: CaF, 5.51
583 0.08 0.45
545 0. 89 4.63
Th,Y:CaF, 5.21
- 583 0. 08 0.40
L) 540 1.50 7.20
587 1.00 4. 80
e 545 0.60 3.00
Th,Na: CaF, 6. 48
585 0.20 1.00
(5] 544 1.11 1.91
YAP (E//c) 2.31
588 0.27 0.46
ThAIO, " 543 0.04 3.50 0. 08
LS4 2.40 1.92
ThAL(BO,), 2.07
X ‘ 592 0. 10 0.08
: [19] 546 1.30 4. 81
TbLiP,0 , 4.09
588 0. 10 0.37
(9] 542 1.40 4.76
ThP.0 3.82
587 0.10 0.34
. L 542 0.59 1.87
a,Th(PO,), 3.54
’ ) 589 0.13 0.41
e 549 2,30 0.91
KYh(WO,), 2.08
590 0.74 0.29
. 540 114 0.48
PZABP" 3.60
582 0.07 0.03
2] 544 1.28 2.25
LBTAF-~ 2.76
585 0. 06 0.11
(24 543 0.57 2.38 1. 15
NazLagos( BO3)8 o
591 0.24 0.48
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