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Fabrication and Laser Parameters of Yb:YAG Transparent Ceramics
with High Optical Quality
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Abstract: Yb:YAG transparent ceramics with high optical quality were fabricated by solid-state reaction and vac-
uum sintering method (1750 ‘Cx30 h) using high-purity Y,0s, a-Al,0sand Yb,0; powders as raw materials. The
measured concentration of Yb*"in 5.0at% Yb:YAG ceramics is 6.41x10*" cm, and the cell density is 4.65 g/cm’.
The microstructures, spectral characteristics and laser performance parameters of Yb:YAG ceramics were studied in
this work. FESEM results show that Yb:YAG ceramics have uniform and compact structure, clean and straight grain
boundaries, and the average grain size is about (19£3) um. The in-line transmittance of Yb:YAG ceramics with
thickness of 4.0 mm reaches 82.5% at 400 nm and 85.2% at 1100 nm. The minimum pump saturation light intensity

occurs at 940 nm, and the pump threshold power at 1030 nm is the lowest. The quality factor of 1030 nm laser
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pumped at 940 nm is 1.02x10>* cm-s. By calculating the gain cross section, it is indicated that Yb:YAG ceramics

can be tuned broadband, and are ideal laser gain media.
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Fig. 1 FESEM microstructures of commercial oxide powders
(a) (x-A1203; (b) Y203; (C) Yb203
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Fig. 2 FESEM microstructure of the thermally etched surface
of Yb:YAG ceramics
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Fig. 3 XRD pattern of Yb:YAG ceramics
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Fig. 4 In-line transmittance curve of Yb:YAG ceramics
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Fig. 7 Gain cross sections of Yb:YAG ceramics
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Table 1

Laser performance parameters of Yb:YAG transparent ceramics at

different pump wavelengths and laser wavelengths

A, = A /nm I /(kW -cm™) F (A )/(T-cm™) Boin % I /(KW -cm™?) M/(x107% cm-s)
915—968 58.7 56.7 52.4 30.8 0.86
940—968 255 56.7 52.4 13.4 1.92
915—1030 58.7 10.1 5.63 3.30 4.53
940—1030 255 10.1 5.63 1.44 10.2
968—1030 44.8 10.1 5.63 2.52 5.62
915—1048 58.7 58.7 2.59 1.52 0.78
940—1048 255 58.7 2.59 0.66 1.72
968—1048 44.8 58.7 2.59 1.16 0.95




210

R

i $35%

£=0.06 Bf 3% 25 AR R 7 729 70 nm [ 1E{H,

HAR

T MW TSI . S5 RTA, AR
Yb:YAG 35 P 6 A — A S 5 ) ok
25 M

2% 3k

(1]

ZHANG ZHOU, WANG HAO, TU PENG-YU, et al. Characteri-
zation and evaluation on mechanical property of Mg »7AL 5503 73No27
transparent ceramic. Journal of Inorganic Materials, 2018, 33(9):
1006-1010.

IKESUE A, KINOSHITA T, KAMATE K, et al. Fabrication and
optical properties of high-performance polycrystalline Nd:YAG
ceramics for solid-state lasers. Journal of the American Ceramic
Society, 1995, 78(4): 1033-1040.

PAN YU-BAI, XU JUN, WU YU-SONG, et al. Fabrication and la-
ser output of Nd:YAG transparent ceramic. Journal of Inorganic
Materials, 2006, 21(5): 1278-1280.

GIESEN A, HUGEL H, VOSS A, et al. Scalable concept for diode-
pumped high-power solid state lasers. Applied Physics B, 1994,
58(4): 365-372.

XU XIAO-DONG, ZHAO ZHI-WEI, SONG PING-XIN, et al.
Spectroscopic properties of Cr,Yb:YAG crystals. Journal of Inor-
ganic Materials, 2004, 19(6): 1427-1430.

ZHANG H B, ZHANG Q L, WANG X, et al. Transition intensity
calculation of Yb:YAG. Chinese Physics B, 2018, 27(6): 067801-1-6.
HE YI-FENG, XUE YAN-YAN, LIU WEN-QING, et al. Structure
and property of Yb doped Ca,_R.,F,.((R=La, Gd) laser crystals.
Journal of Inorganic Materials, 2017, 32(8): 857-862.

TAKAICHI K, YAGI H, LU J, et al. Yb* doped Y3Als0,, ceramics-

9]

[10

=

[14]

[15]

[16]

[17

—

(18]

a new solid-state laser material. Physica Status Solidi A, 2003,
200(1): R5-R7.

WU YU-SONG, PAN YU-BAI LI JIANG, et al. Fabrication and
laser output of transparent Yb:YAG ceramic. Journal of Inorganic
Materials, 2007, 22(6): 1086—1088.

HOSTASA J, ESPOSITO L, ALDERIGHI D, et al. Preparation
and characterization of Yb-doped YAG ceramics. Optical Materi-
als, 2013, 35(4): 798-803.

IKESUE A, AUNG Y L. Synthesis of Yb:YAG ceramics without
sintering additives and their performance. Journal of the American
Ceramic Society, 2017, 100(1): 26-30.

WA, 2L, ZAY: el uThatiE R, b Rlat R
#k, 2013: 47-49.

LIJ, PAN Y B, ZEBG Y P, et al. The history, development, and
future prospects for laser ceramics: a review. International Journal
Refractory Metals and Hard Materials, 2013, 39(Complete): 44-52.
WANG Q Q. Calculation and analysis of the lattice constant of /-
Zn,Sbs doped with Sm. Journal of Bengbu University, 2016, 5(1):
31-34.

YOSHIKAWA A, BOULON G, LAVERSENNE L, ef al. Growth
and spectroscopic analysis of Yb*" doped Y3AlsO,, fiber single
crystals. Journal of Applied Physics, 2003, 94(9): 5479-5488.

XIA Z C, YANG F G, QIAO L. The modeling of end pumping
Yb*:YVO, quasi-three-level laser. Acta Physica Sinica, 2013,
62(11): 114206-114206.

WE, RBEAR, FRE, & BRECLREMEL. B EE
S 7 AL, 2005: 34-35.

XU Y'Y, GONG X H, CHEN Y J, et al. Crystal growth and optical
properties of YbAl;(BO;),: a promising stoichiometric laser crystal.
Journal Crystal Growth, 2003, 252(1): 241-245.



