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Spectroscopic properties of Er'™ ions in ZnWO, : Er crystal

Tiwan Yupn, Yang Minghua, Su Yonghong, Wu Hongbin, Zhang Kecong
(Beijin Polytechnic University, Beijing 100022)
Lwu Mingguo, Lu Baosheng

(Institute of Crystal Materials, Shandong University, Jinan)

Abstract The spectra of absorption, excitation and emission of ZnWQ, : Er crystal
were measured and studied. There is an energy transfer process between Er** jon and the
host lattice. Intensity parameters £, of Er®* in ZnWO, : Er crystal were calculated based on
Judd_—Ofelt theory. The oscillator strength, spontaneous radiative transition rate, radiative
lifetime, integrated emission cross section and branching ratio were calculated and discussed.
The authors believe that the crystal has the potential usage as a lasing material.
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Fig. 1 Absorption spectrum of ZnWQ, ¢ Er crystal Fig. 2 Emission spectrum of Er®** in ZnWO, ¢ Er crystal

excited at 380 nm (solid line) and excitation
spectrum for Er®" 550 nm emission at room

temperature
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Fig. 3 Emission spectrum of Eri+in ZnWO, ¢ Er crystal Fig. 4 Emission spectrum of ZnWO, ¢ Er crystal excited
excited at 520 nm at 320 nm
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Fig. 5 Energy-level diagram of

Er*t ion in crystal
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Table 1 Intensity ( {2, ) and oscillator strength ( P ) of Er’' ion in ZnWO, crystal

Transition Spectral range (nm) |Wavelength (nm)| P,, X 105 | P, X 10°

s = g 827 ~ 767 795. 2 1.78 0.23
> Fy, 667 ~ 639 654. 4 1.45 1. 89

— 48, 555 ~ 540 548. 6 0. 92 0. 64

— *H), 541 ~ 510 521. 8 34, 38 34, 38

- F,, 493 ~ 481 490. 6 2.27 2. 31

— 4F, + AF,, 460 ~ 439 453. 4 1. 04 1.23
— o 410 ~ 401 408. 2 1.58° 0.92

— 4G 391 ~ 372 379. 0 50, 56 60, 99

— *Kisp 372 ~ 359 367.0 5.32 1. 80

RMS = 4.55 X 10%, n, = 2. 163, n, = 2. 294, n, = 2.413,72 = 2. 290

£, = 14.48 X 10%, 2, = 0.56 X 10%, 2, = 0.94 X 10®
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Table 2 Oscillator strength ( P, ), spontancous radiative transition rate ( A, ), radiative lifetime ( 7 ), branching ratio
( B ), integrated emission cross section { >, ) of Er3t for J — J' transition in ZnWO, crystal

S Wavelength | P, X 10% A4, (XA = 3 x 10m@

, (um) Pu | Pm | sh | ) | wo | 7 (em)
4152 = 150 1.54 2.14 ] 0.81 | 422.2 | 422.2 | 2368 1 2. 609
U= iapm 2.75 1.10]0.70 | 81.38 | 677.6 | 1476 | 0.12 1. 594
> 15 0. 99 1.71 596. 2 0. 88 1. 511

Fgip — g 3.70 1.03 25.61 | 2966 | 337.2] 0.0] 0. 908
A 1. 94 3. 01 273. 4 0. 09 2,663

e 1. 14 0.73 193. 8 0. 06 0. 650

— e 0. 65 3. 11 2473 0. 83 2.748

1830 = g 1.77 0. 98 106.2 ] 4137 | 242 | 0.03 0. 86
T 1.23 1. 80 403.6 0.10 1. 593
o 0. 85 0.58 276.5 0. 07 0. 52

— 5 0. 55 2. 96 3351 0. 81 2.62

2 g = Fop 1. 09 0. 80 231.5] 11197 | 89.3 | 0.02 0. 707
- 0. 84 1. 60 776.8 0. 07 1. 418

— 0.70 4.92 3464 0. 31 4. 348
" 0. 555 4. 90 5423 0. 484 4. 335

— s 0. 41 0. 64 1302 0.12 0.563
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3.1 BT #H—HH ZnWO, : Er BERGIEERE, BRI LA RN EELESHS
BB BOLE B e LR E R REN SEHE R, SR % 3,

H % 3 BB WA ,ZnWO, : Er ML FERTHEN Ao XHBEESSHHATFE
FLIWOEH LS, LH R *Sse— Nise Fl *Hopp— oy AR Z5HEE > 4
XK, SCXe I B 98 6 6T BH , X P AN BRI H 7 A R A SR, 1R {4 B 2 F 549 nm
550 nm (& NA LSS . KERERRHESRAYS. XREWRSIAEEOHK
YKz —.

3.2 ARFFEMLEcC SO R BEMR, IR EREROCE B h B, IFHE M AZE
WEERBZ —, MERFEREX AR HERERAF NN &EF,E ZnWO, : Er Fikd
PGS EERER *Hoe = s *Hiup— Tisp 1 1Ssp = Lispey o 2Hope — ‘1is2 JRIUEE
BARGEMEEBBEAT; T AIFHERINE =R RE . N ERENEHRAEH.ERER Y
HE R R EREURIER « —FE EC BTEEEMREB (e M Hun ) BRIE
EHMAEEHRERBZ  WERFHEMFFTERBREEZHAUMARR, FEHES
REFEHRTFE: - EEREROEIER, BRERES FRE BB NEE, ©F
REHRERERES B PR S MY TEC MMT AR BER, #—F T HE
A LHR T3 AT B F L3R T8 R . MR RE B E. XA EREIEN
HHERPRAZALY . BREFEBAGAEF.Z0W0,  Er'" BEMX R BEEEARE
) EC T EEBEHBPEERES .
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Table 3 Comparison of parameters of ZnWO0, : Er with those of some other laser crystals

Ocsaillator| Transition| Integrated cross
Wavelength
Crystal J =g (um) strength |probability| section emission Remark
pm '
Poy X 108 (4,81 3K 108

YAlO, : Er ' q 1. 67 1. 21 107 1. 03 Pulsed lasing at room tempersture
ZnWo, : Er| 2 ° : 0. 98 106 0. 86 —_—

CaF, : Er 0. 31 51. 2 0. 48 Laser output at 77 K
e T it} *15’3;2 - 'U”l.rg 1. 23

ZnWO, : Er . 81 403. 6 1.59 —_—

Y:Al;0,: ® Er| 1. 29 41 1.24 Lasing at room tempecature
———————1 Ny = e 2.75

ZnWO, : Er 1. 80 81. 4 1. 56 e

Y3Al;0,0 ¢ Er 2.04 211 2.00 Pulsed lasing at room temperdture
R —— {Im;g — ” 15/2 1- 54

ZnWOQ, ¢ Er 2.95 422 2.62 —

BaY,F; : Er 1. 85 960 1.63 Pulsed lasing at 77 K
————— 183y > U5 0. 55

ZnWO, t Er 2. 96 3351 2. 62 e

Ba¥Y:F; : Er 0. 80 881 0. 707 Pulsed lasing at 77 K
—_— ‘H&fz = 41]3!2 0. 56

ZnWO, : Er 4. 80 5423 4, 335

3.3 REEAWRGRE, RITANEEHGFRAMN ECT BFHOCHEP,ZnWO, : Er
FEARIAZREEPCE D  MIEEXFATREYE, RAOTH ns BOCRDOCERE EZR
TLA 355 nm B& Ml i ZnWO, : Er g {&7E 550 nm KR F . G580 8.5 us. WEICER[1],
BaY:F; : Er K7 77 K 45 550 nm J36 5 4 N M BRIE R *Hope— 1)  HAFap A 25 ps, X
WA ZnWO, : Er @K@ TTREM R ED .

FAb e F 3 PR LRI 40, ZnWO, ¢ Er @ik fELLSM X g LA 3= B 48 51 BR T /Y FRL4 A 5
BE 2 HEEKAMEEREOEE L. AAXHrNEAMESREILERE,
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