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Growth and Spectral Characteristic of Tm®* and Ho™* Co-doped KYb(WOy), Laser Crystal
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Abstract: The potassium ytterbium tungstate [Tm, Ho:KYb(WO,),, Tm, Ho:KYbW] crystal doped with 8% (in mole, the same below)
Tm*" and 1% Ho®" was grown with K,W,0; as a flux and Yb*" as a sensitizer by the Kyropoulos method. The structure of the crystals

was analyzed via the X-ray diffractometer (XRD). The infrared and Raman spectra of the crystals were measured, and the assignation

of the vibrations of peak value was discussed. The absorption and fluorescence spectra of the Tm, Ho:KYbW crystal was analyzed

and the corresponding spectral parameters were calculated. The XRD results show that the grown crystal belongs to a monoclinic

S-Tm, Ho:KYbW, space group C2/c. The absorption peaks of Yb** are located at 929, 962nm and 1000 nm and the full width half
maximum (FWHM) of the peak is 103 nm in absorption spectra. The fluorescence emission peaks of the Tm, Ho:KYbW crystal are

located at 2 048 and 1626 nm, and the emission FWHM of the chief peak at 2 048 nm is 132 nm, leading to an excellent gain medium

for tunable laser. The upconversion fluorescence spectrum of the crystals indicate that the upconversion blue light of 467 nm and

near-infrared light of 782 nm can be obtained. There exists the Tm®" and Ho®* cross relaxation. In addition, the corresponding upcon-

version mechanism is also analyzed.

Key words: thulium; holmium; potassium ytterbium tungstate crystal; Kyropoulos method; absorption spectrum; fluorescence spec-
trum; laser crystal
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Fig.1 Tm, Ho:KYb(WO,), (Tm, Ho:KYbW) crystal grown by
the Kyropoulos method
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Fig.2 Powder X-ray diffraction (XRD) patterns of crystal samples
Tm, Ho:KYbW and Tm:KYbW
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Fig.3 Infrared (IR) transmittance spectra of crystal samples
Tm, Ho:KYbW and KYbW
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Fig.4 Raman spectra of crystal samples Tm, Ho:KYbW and
KYbW
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Table 1 Assignment of IR and Raman spectra for Tm, Ho:

KYDbW crystal
Assignment Raman spectrum/cm’" IR spectrum/cm ™'
T(Yb™) 219
H(WOW) 236
9(WOg) 299, 318, 349, 380
94s(WOq) 405
H(WOOW) 449 435, 446
o(WOOW) 487
v(WOW) 533, 689 640
(WOOW) 759 745,782
Vs s(WOg)+vs( WOW) 811 842
Vs s(WOg)+(WOOW) 908 889
V5 (WOg) 991 925

T—Translational modes; d—Bending vibration; o,—Symmetry bending vibra-
tion; Js—Asymmetry bending vibration, w—out of plane wagging; vi—
Symmetry stretching vibration; v—Stretching vibration; v,—Asymmetry

stretching vibration.
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Fig.5 Absorption spectrum of Tm, Ho:KYbW crystal
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%2 Tm, Ho:KYbW Z{KH) EZRUTIE R LESH
Table 2 Major absorption peak and spectral parameter of Tm, Ho:KYbW crystal

Transition Absorption peak/nm Absorption peak center/nm Nx102/em™ a/cm™ Gaps X 10%°/cm?
Iy He(Ho™") 357 357 0.118 7.602 6.442
*Ig— Gu(Ho™") 383,388 388 0.118 4240 3.593
*Is— Gs(Ho") 420 420 0.118 4.837 4.099
Ls— Gg(Ho™) 451, 457 457 0.118 6.177 5.235
*He—'G4 (Tm*") 468, 474 474 0.435 20.449 4.701
SLg— F3(Ho™) 488 488 0.118 4.534 3.842
*Ig— Fy(Ho ") 540 540 0.118 5305 4.496
*Is— Fs(Ho™") 643, 648, 651 648 0.118 5.154 4368
*Hy—'D, (Tm*") 662, 668 662 0.435 19.014 4371
’He—"F3 (Tm*") 689, 694 689 0.435 35.553 8.173
*Hs—'G4 (Tm*") 786, 794, 802 794 0.435 27.479 6.317
*F7—"Fsn (YD) 929,939, 948 929 5.139 912.173 17.750
*Fr—Fsn (YD) 954, 962, 968, 972 962 5.139 933.242 18.160
?F7,—Fs, (YB) 996, 1000, 1002 1000 5.139 962.021 18.720
*Tg— To(Ho™") 1155,1163 1163 0.118 5.140 4356
*Hy—'G4 (Tm™) 1174,1179 1179 0.435 28.253 6.495
SHe—Hs (Tm>") 1195,1215,1228 1215 0.435 27.205 6.254
SHe—F4 (Tm*") 1674,1713,1751 1713 0.435 23.721 5.453
SIg—°T;(Ho™) 1852,1962,2001 1962 0.118 5.014 4.249
Notes: N—Rare-earth ion concentration; a—Absorption coefficient; o,,s—Absorption cross-sectional area.
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Fig.7 Energy level structure and sensitization process of Ho**, Yb** and Tm®" ions
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Fig.8 Fluorescence spectrum of Tm, Ho:KYbW crystal
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