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Spectroscopic Properties and Judd-Ofelt Theory Analysis of Nd:YAG

Transparent Laser Ceramic
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Abstract: Neodymium-doped yttrium aluminum garnet (Nd:YAG) transparent ceramic with doping
concentration of 1.0at% was fabricated by a solid-state reaction method and vacuum sintering. The
absorption spectrum and the fluorescence spectrum of the sample were measured. The highest absorption
peak is centered at 808nm and the absorption cross section is 3.1x1072%cm?. The main emission peak
is at 1064nm, and the fluorescence lifetime is 257us. The Judd-Ofelt intensity parameter 2)(A=2,
4, 6), spontaneous transition probability, fluorescence branching ratio and radiative lifetime of Nd3+
were calculated by Judd-Ofelt theory. Finally, the stimulated emission cross section of 4F3 /2 —4 I, /2
transition calculated is 3.81x10719%m?. It is found that the prepared Nd:YAG transparent ceramic has
large stimulated emission cross section and high fluorescence quantum efficiency, which is a potentially

excellent laser material.
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Fig. 1 Absorption cross section spectrum of the
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Table 1 Measured and calculated line strengths of Nd®' in Nd:YAG transparent ceramic
Transition from *Io;; — Usprfem™!  X/nm n JENAA(107%)  fexp(1078)  feur(1078)
1Fyn 11360 880  1.823 129.3 146.0 203.7
*Fsy2 +2 H(2)o/2 12400 806  1.824 736.0 831.4 793.7
*Fr2 +* S3)2 13500 741 1.827 749.6 846.7 909.8
*Fo/2 14700 680  1.829 73.3 82.8 68.3
G2 +° G(1)7)2 17200 581  1.837 662.3 748.1 757.1
*Kizj2 +* Grjg +* Gojg 19100 524  1.842 549.4 620.6 497.0
*Kissa +2 G(1)gs2 +2 D(1)3/2 20800 481  1.848 108.1 122.1 104.5
‘Gz 21700 461  1.851 81.9 82.6 23.8
2Py /s 23100 433 1.855 27.3 30.8 47.6
*D3a +* Dsja +2 Iiija +* D1ja +2 Lis)2 28000 357  1.880 908.2 1025.9 1046.5
*Liaj2 +* D7jg +2 Li7)2 30050 333 1.890 238.6 269.5 4446
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Table 2 Calculated dipole transition probabilities,
branching ratios for Nd*t in Nd:YAG transparent

ceramic
J=J A/pm Agyfs™? By
iFy0 = Ig)s 0.88 1406 0.350
4F3 = Iy 1.06 2118 0.528
‘F3/2 —* Iays 1.35 466 0.116
4F35 —* Iis )z 1.88 24 0.006

Fig. 2
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