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Study of Ytterbium-doped Phosphate and Borate Laser Glasses
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Abstract  Physical spectral and laser properties of ytterbium borate and phosphate laser glasses were researched. Assessing from
thermal mechanical property nonlinear property glass transition temperature and spectroscopic properties of both glasses it is
found that as a laser medium ytterbium phosphate glass is a better candidate than ytterbium borate glass. Pumped by a 6 W 974
nm laser diode tunable cw laser with 62 mW maximum output power and 4.4% slope efficiency was achieved in the ytterbium
phosphate glass. In ytterbium borate glass pumped by 1 W 940 nm Ti: sapphire laser 8 mW quasi-cw laser output of 8 mW was
obtained. The laser performance of ytterbium phosphate glass is confirmed to be better than that of ytterbium borate glass.
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Table 1 Composition of Yb-doped borate and
phosphate glasses mol- %

Yh** doped borate glass ~ Yb** doped phosphate glass

P,05 - 60 ~ 65
B,0s 55~65 4-~8
AL Oy 0~5 5~10
KO 0~5 10~ 15
BaO 20~ 30 5~10
La, 0, 0~5 0~2
Nb, 05 0~5 0~2
Yh,0; 4~8 4~8
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Fig.1 Energy level diagram of Yb-doped glass
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Table 2 Physical properties of Yb-doped borate and phosphate glasses
Properties Symbol YB** doped borate glass YB** doped phosphate glass
Density/g cm ™3 0 3.99 2.98
Refractive index ny 1.6649 1.5325
Index at 1.06 pm N 1.6450 1.5234
Abbe value vp 58.42 65.64
Non-linear refractive index coefficient/ x 1071 esu ny 1.96 1.15
Temperature coefficient of index/107%/C dn/dT -0.8 -3.6
Thermal coefficient of optical path length/107%/°C 0 3.5 1.458
Transformation temperature/ °C T, 617 501
Coefficient of linear thermal expansion/10~%/C a, 6.5 9.5
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Fig.2 DTA curves of Yb-borate and phosphate glasses
3.3 YK+
3 1 mm Yb:
510 974 nm
0= n-1a+dnsdt 6 920 ~ 940 nm 974
a dn/de nm Yh* 2FS/z 2F7/2
2 Yb StOCk Yb : YAG
s Yb Yb: YAG Yb'
. 11
1.458 x 1076/C Yb:
Yb Yb Yb LD
2 Yb: Yb:

Yb:



29
YH'
Yb* 974 nm 1.0 pm
Yb3+ . Yb3+ .
BO,  BO; YhOg 0.53 x 10 pm*>  0.45 x 10
YbOg 3 pm’
Yb3+ .
- — — —Yb* -borate glass 1.8 ms
. SF «—— ¥b'* -phosphate glass G, x T 6, x T
3
5| h Yb* o, x 7 0.45 Yb*
w 0.6F
E I 0.81 Yh:
-c% 0.4t N Yb: Yb
|'
o . 3 W 974
”,
- nm
O 955~ 575 500 5¢5 550 B75 1000 105 1050 1075
Wavelength/nm
3 Yb: E
Fig.3 Absorption spectra of Yb-doped borate and E
phosphate glasses E
E
=
4

Yb:

-

A 1 1 A 1 1
900 920 940 D60 980 1000 1020 1048 106¢
Wavelength/nm

Fig.4 Emission spectrum of Yb-doped borate glass

Table 3 Spectroscopic characteristics of Yb-doped borate and phosphate glasses

3.4

Properties Symbol YB** doped borate glass YB** doped phosphate glass
Yh,0; wi-%  mean concentration wt-% 15.9 15.9
Yh,0; wi-%  measured by ICP wit-% 13.75 15.48
Yh** concentration/ x 107 ions/cm’ N 16.8 14.42
Fluorescence half-line width/nm AAy, 51.88 50.60
Fluorescent time/ps T 0.85 1.8
Stimulated emission cross section Zbs 3.96 3.34
Emission cross section at 940 nm o, 0.53 0.45
Peak wavelength of absorption Ap 974.4 974.2
o, X T 0.45 0.81
Coefficient of absorption at 940 nm a 5.80 4.145
Coefficient of absorption at 974 nm a 20.89 12.82
940 nm 1w
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Fig.5 Spectrum of output for Yb-doped borate glass
pumped by Ti: sapphire laser
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