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W OE: RABAEHET 10 at% Yb*T:GdGaGe.O7 ZiME, it X SHMKRATHF Rietveld 28
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Preparation, structure and spectral properties for
Yb3*t:GdGaGe,O;
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Abstract: 10 at% Yb3*t:GdGaGes Q7 powders were prepared by solid state reaction method, and its structure
was determined by the Rietveld reﬁnemenﬁ to the X-ray powder diffraction. Its space group is P2;/c, lattice
parameters of a, b, ¢, f and the atomic coordinates of Gd/Yb, Ga, Gel, Ge2 and O1~O7 were obtained.
The crystal field splitting of Yb3' in GdGaGe2Q7 was determined according to its absorption, excitation,
enﬁssion and Raman spectra. The lifetime of 1003 nm emission is 0.493 ms at low temperature(8 K) and
0.774 ms at room temperature(300 K), and the obtained decay-time is longer at room temperature which is
caused by its re-absorption. The emission and absorption spectra of Yb3*:GdGaGe2O7 are relatively wide,
the luminescence decay time is long, and it is a potential all-solid-state-laser medium.
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Nd3+:LaBGeOs ¥EH & 1.314 pm 1 1.386 um MJEOEHH, FARIHE B FEURNEILE 657 nm
KHBOLE H, BB 26 mW, £ %E 40%; Petricevic fil Bykov 2 (4 f|F Crt:CayGeO4 LI K
K 1.348 ~ 1.482 pm W EEBOLE H;  Alam % B fi|f] Nd3+:BapMgGe;O7 ik 3LHL 1.05444 pm B
JeE.

HERLENFEERAE THRE, #REPOREFRSUBENEERMNERFE, MEEREFR
HEHENRMZEHE, FEHEAARMESEE, HEARMESHES, HMEREFERSENHRES
&, FERBOEMBINTRER, RAMAENCE FEHRIM A HRERLCAF FHER YO3+ § f - f IKRIEE
. FBREEFERBOCEX —f5tE, BEFEE. KBE. SR LEYRM T AREE SR
AR—TAEXH T, FERENEHRESBYELRN ST Y, SEEEEFSMIIENY,
R—FME SRR AR, 40 BapMgGe,O7 S ARA WA ), 8™ 4 2 ¥ B0k,

W EMILA A S LB, KEE 1800 ~ 2000°C Z 18] 7], GeO, MHAIREIMIE R, HMARMEFIIRHIE
hERR, BERRFUBANARER, A THERRLETOFEIOHE, SRREFHIEEN.
WL EFBRIEE RN BREN: 1) BREEETEERTEERNETHRERLE T, FHER
BN —E PO HESLARKEEBREZ 2B 2) B THAERERY, MEEBFHEH%
e A EEE R EIERS Y, RANNEEERE; 3) BIHFREMESRER, FATEMEES
A, Kaminskiil® 2 A& T 255 1848 (LnGaGe, 07, Ln=La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 25[d]
BE No.14, P2, /c), 3 A#EHEAE K LaGaGe,O7 1 GdGaGe, 07 B, FHBFR T Nd3t #8449 LnGaGey 07
(Ln=La, Gd) By tiHERE.

ETEWEHEERFR Y3 :GdGaGe,O7 BIE M. 451, Yt ERELI RRER SN, BrRHMENS
B Vb WORAERIBO T REYE. SERATFTA, HATiXEE TR LAE.

2 % B

2.1 ZEBEHE

AR Yby05(4N) . GdaO3(5N) . Gap03(5N) #1 GeO2(5N) Ak, FAEMEG ML ik
Ybg.1Gdg.sGaGe07 (YB3 :GdGaGe:07) . B, HALZFEITEH Ybo03:Gdr03:Gas03:Ge02=0.05:0.45:0.5:2
WEUREMBE BB B4k, BFEE 40 min, LUKERI MBS, REHEEN EHRS, EEHFTHEREK
ST A 1250°C fREEREES 24 h, BIB )] 10 at% Yb3+:GdGaGe, 07 £ ¥k,
2.2 {HEEBIRIE

%t Yb%*:GdGaGe, 07 B EMAHITT X STERMARMS . FOtotuk. 8 SR hr & 56,
FEER AN TR CHBARR Xopert PRO XRD ST X SHEMRTHIR, HEAH Y Cu il
Ko 585, #EHK K, =1.540598 nm, K,2=1.544426 nm, ‘B B K 40 kV, BB H 40 mA, H#EH XA ELZEH,
HiEAE Y 0.033°/s, HIEFEE 10 ~ 90° . FHMAR Ak E JOBIN YVON 2 7] Fluorolog-3-Tau ;1%
L, WHAEE AN 8 K #1300 K . 18 RMRUGERTEZ R T %A H A Shimadzu /4 7] Solid Spec-3700
DUV-UV-Visible-Near Infrared 4366 BT &, 8%t 2 HEE JY A F £ 7°# LabRamHR B g%
ok B AR &6 EIHAR, BAEER 514.5 nm, MATEE & 50 ~ 1800 cm ™!, e BN, Wik
EiR| THAT.



236

B ¥ & F % # 28 %

3 SRMITR

3.1 HEHIRIE

A Yb3*+:GdGaGe,O7 # X-ray MARATEHEIESHIT T Rieveld £EM A, MEHMEN GSASE | A
GdGaGe, 07 (ICSD-63357)(8) ML ISR WAL HIBUIE, IR A 1] Pseudo-Vogit B3, 5 REHIRR A
shifted Chebyshev polynomials ¥, Fi&#eq S Yb*t B4k E, EE Yb* Al G WREFHEXR,
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Fig.1 Rietveld refinement results to the X-ray

powder diffraction of Yb3*:GdGaGe; Q7 (the line

with ' x’ represents the observed intensities, the line

with '’ represents the calculated intensities, the

solid line represents the difference of observed and

calculated intensities)

Yb3T:GdGaGe 07 I EAESH. R F A EM ST RERE
HTFEHTTHE. DEERME 1 MER 1 iR, HE 1L
FAH Ry = 3.53% . Rup = 4.6%, EEH/NF 10%, AT W
B 1 PR EMEM TR RF. BB EHRINGS
HMEIRAH T Yb3:GdGaGe:Or SMSSHIIME 2 FiR,
B P E AL AL Gd/YDOy BLALETH .
GaOs BLMI BT M GeOy BEM B, HF GaOs BLfiL
LZEEN b B RE HEEREES, B GeO,y BELfifASE
A—EREFER—U [001] HFIH [Ge,0q R, T
Yb3*:GdGaGe O ik, GaOs BIEZEE S [Ge,04]
LT R IETE T RAGE, SN2 B R— SRIESR
&, BRI Gd/Yb [RFHAEEREMM SRS, B
I, NSERRHESRRGE M LA el B B &0 Y3+ BFi
BASSH G #EA GdGaGe, 07 HIEFR TG+,

Ry = > | Fexp — cact]/ 22 | Fexpl; Rwp = [ wi(Fexp — Fcacl)z/ Zwi(FeXp)2]1/2 .

Table 1 Crystal structural parameters of Yb3+:GdGaG9207 at room temperature

obtained by Rietveld full-profile refinement

Atom Wyckoff site T y z Occupancy Uiso(nm?)
Gd 4e 0.7666(12)  0.1472(9)  0.0278(6) 0.90 0.0000146(252)
Yb de 0.7666(12) 0.1472(9)  0.0278(6) 0.10 0.0000146(252)
Gal 4e 0.7835(18) 0.4094(23) 0.2650(10) 1 0.0000396(421)
Gel 4e 0.7832(20) 0.6426(22) 0.0395(11) 1 0.0000104(390)
Ge2 de 0.2996(18) 0.4055(20) 0.2219(10) 1 0.0000114(360)
01 de 0.585(7)  0.826(7)  0.023(4) 1 0.0001188(1887)
02 de 0.799(6)  0.116(9)  0.221(4) 1 0.0000634(1620)
03 de 0.550(7)  0.434(7)  0.3042(34) 1 0.0000239(1768)
04 de 0.010(7)  0.340(8)  0.4230(34) 1 0.0001322(1913)
05 de 0.708(9)  0.010(5)  0.397(5) 1 0.0001010(2355)
06 de 0.800(9)  0.459(6)  0.134(4) 1 0.0000478(2150)
o7 de 0.160(7)  0.188(7)  0.188(4) 1 0.0000761(2022)

Space group: P2:/c, Lattice parameters: ¢ = 0.7152739(257) nm, b = 0.6563936(192) nm,
¢ = 1.2736846(410) nm, 8 = 117.508(2)°

Volume: 0.530391(20) nm ™3, Density: 6.083 g.cm™3, R: R, = 3.53%, Rup = 4.6%
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3.2 fiftEaE

Yb3+:GdGaGe, 07 ERBBOEHEANT LI ME 3 FiR. FILLEBAATEEMN, RBGEM RS
ESRFHHHAHES, SIRE YO BT 2Fs, M °Fq), SR MKTSIEY. YOr BEERR
GdGaGe, 0 HHERIXTBREN CU%, HAMYE SELAES PIH 40 34U, e p BRI}, BT R
BRI ATE, EE RSP EVERES 4 Mg R HEERKESHRE, ELNNER 3R
Weig, NE 4. 5 AL, ZEHETTH 6 ERIFHM-E (B 4), 452 977.8 nm , 985.1 nm . 1003.8 nm ,
1020.8 nm . 1034.2 nm F 1056.8 nm, MR A9 KR4 (FWHM) 4512 454 nm . 22.7nm ., 20.9 nm ,
20.8 nm ., 16.1 nm 1 17.1 nm; MRWER A 5 MEBIFHIIE, 558 9204 nm ., 951.6 nm , 978.6 nm ,

978 nm 1003.3 nm

1019.4 nm

1032.5 nm

3

% 952 nm

& 918 nm

Q

£
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Fig.3 The absorption and photoluminescence

Fig.2 The crystal cell structure of spectra of Yb3+:GdGaGe»O7 at room
3+,
Ybo_1Gdo‘9GaGe207(Yb :GdGaGe207) temperature (T = 300 K)
0.04
o s —x~ €xp.curve [peak FWHM| peak FWHM —x— €Xp. curve
18000 .w-fitted peakl [977.8 nm  4.54 nn 9204 nm  45.3 nm —m— fitted peakl
4. fitted peak2 [985.1 nm  22.7 nm 951.6nm  39.7 nm o fitted peak2
16000 A ~w~fitted peak3 {1003.8 nm 20.9 nn 0.03 1 978.6nm  28.8 nm —a— fitted peak3
- fitted peak4 §1020.8 nm 20.8 nn : 1002.3 nm 35.0 nm v fitted peakd
14000 4 ~-»- fitted peak5 §1034.2 nm 16.1 nml 1021.9 nm 30.4 nm g fitted peaks
5 12000 (|3 ftted Peak® 10568 nm 17.1 nny 3 —— fitted curve
= A >0.02 4
210000 g
§ 000 g
R ] =
6000 0014 .
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Fig.4 Peak fitting on the emission spectrum of Fig.5 Peak fitting to the absorption spectrum of
Yb3+:GdGaGe2 07 at room temperature (T'=300 K) Yb3*+:GdGaGe2 07 at room temperature (T = 300 K)

1002.3 nm 1 1021.9 nm, MV ATEFHLR (FWHM) 5 45.3nm ., 39.7nm ., 28.8 nm, 35.0 nm 1 30.4 nm .,
B LLE LS 25 H A TR 978.6 nm ., 1002.3nm . 1021.9 nm Fl &5 977.8 nm . 1003.8 nm ., 1020.8 nm
ARIFHIT R, RS ZHIEEBRFEH, VEH TFHETEANEFRIERS Yo*+ BFEEHRH
HRGER 128, ' :

Yb3*:GdGaGe;O7 i (T = 8 K) JMBUAMIEMBA G ME 6 FiR. MRERAIEBUR GG Rk
ME BT, HRSEMBEETRERY, KT 986.7 nm K HEBFEIEH, MENBEE
P 977.2 nm FHFLM A ST 978.1 nm ERT RFH THHITMERERL, BT RIHETHEL (FE5) 8
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X FHMEEPHIESE (ERE) AR EKET MBS, FOEFEXHR AR B § BT AR B A R
Wi, K ERUEEE hva MERSTEEE hvp 2 EHS RN R STBURBGE FRERE he B9 4 M, B

hva — hvp = 2hv. (1)

AP ARIERY 977.2 nm ISR 978.1 nm RSB ER I FREEAN 47 em™ . Bk, HERTH
FFETFRMNA 977.6 nm (10229 cm™'), X 5 ER TRYEOEHEH 978.6 nm WU, RETIEEFE 977.8 nm
K SHERE. -

BT E#RIEARAGRERN U, B Yo BFRGERHRARBH A TRE, IBHETER
FINHERT EME, f8ERs KB PEFIRIER, 2530 (15,16), RHMHEEE TR
RETEMRUGETE TR, B 748 T RECBCRHE, BB ZRN S LA, BT LK
Bop AL, SHERSEMBAETHTEFL (10229 om ™) EHERF RSB BNFAMES,
MBSO AL T R B, MBS EHL B, ‘

91.8 cm '(968.9 nm)
326.1 cm}(947.4 nm)

0 cm(977.6 nm, excitation

986.7nm {1003 nm T=8K
659.4 cm'(918.4
980.8 nm I cm (! nm)
2 - > -1
89.1 cm1(986.2 nm) ({7 254.0 cm™!(1002.5 nm)
978.1 nm . 411.6 cm(1018.6 nm) .
5 . 28.1cm'(980.3 nm) emission
& 977.2 nm 1019.1 nm g 0 cm!(977.6 nm} T 606.2 cm'(1032.9 nm) T=8K
> B 7432 e 1(1054.2 nm)
w) -
§ g
= £ 284.0 cm’? 887 cr!

849.4 ¢!
810.3 cm!

excitation

T=8K 918nm 947 om ;r:ési(ion lggé 2:: :ﬁ\ Ea{_nan
880 9(;0 950 94IO 96'0 98IO IOIOO ]0I20 10'40 10|60 1080 -400 _22)0 (1) 2(|)0 4(I)0 6(‘)0 8(I)0 1(;00 1200
Wavelength/nm Wavenumber/cm™!
Fig6 The photoluminescence (Aex = 947 nm) and Fig.7 Comparison of the photoluminescence (T = 8 K,
excitation (Aem = 1003 nm) spectra of Aex = 947 nm), excitation spectra with the Raman
Yb*+:GdGaGe;O7 at low temperature (T = 8 K) spectra with the incident wavelength 514.5 nm of

Yb3+:GdGaGe, 07 at room temperature

B 7 43Eg 2518 om ™1, 547 cm~! (A BIXRH P 6 149 1003 nm . 1033.4 nm) K GHEEA
B, EIINEAT YOI METEKE, ZFEP 7421 cm™! GTHVE 6 K511% 1054 c ™!
) AR FNRE N, WHKGKHEKTETRAR/IMERWE 7S5, Ft, REZEM SK BEME
i, AT 8 KRR T 986.7 nm . 1019.1 nm bk &N 5| T 985.1 nm ., 1020.8 nm B & 5T R [
—R e, FEEET, AT 1003 nm g2 HE, ENKRERBENRE, SEIRE THETRYMNKIRE
MRS, NHEREMNAR, TE TROMMERERE, WA FHBIBRENA A,

B TFEZR TRENE Yb*T:GdGaGe, 07 WIRH 4T, WA B4, ST RATU 8 K BE THEK
& SHEKEHE YD*H 7 GdGaGe 07 FHYE TR, RIE 977.6 nm B TFRMERE, HRBEME LK
RIRE R CUNRICT — M EEEN 4.7 em ™! B F, REHERMBERSEMUARS T — RN 4.7 cm™!
R, LB E R TSKER K. FetE T armmi S5 & 5 L, TTHEIA Yb**:GdGaGe, Oy
REHEMM R EEERKT: MEBHAEP, 918nm . 947nm . 977.2 nm #LR N FIR TREOGIEH
920.4nm . 951.6 nm 1 978.6 nm #IE) S H T 2F,/5(0) B 2F5/5(2) . 2Fsa(1) . 2F5/5(0) BIEKE, 968.5 nm
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Mk B F 2F7/2(0) =2F5,2(0) BIE FHEBNERTE; KIBASEF, 978.1nm . 1003 nm . 1033.4nm . 1054.7 nm
(ZET2HHK977.8 nm . 1003.8 nm ., 1034.2 nm F 1056.8 nm) ﬁ'%ﬂ}{é BT Yb** # 2F5,5(0) -2F7/2(0) .
2Fr/2(1) . 2F7/2(2) . 2Fy72(3) B9BKEE, 986.7nm . 1019.1 nm (EE T4 985.1 nm . 1020.8 nm ¥
W) 4 FI% H T FHBIN °F5/2(0) 5°F7/2(0) . *Frpp(1) BRiE. HMAEE] YO+ £ GdGaGe O IR
SZmE 8 R,

15000
/" PFsn(2) 10889 12000 - —a— €Xp. curve
P 4 K —e— fitted curve
2Fsn(1) 10555 2 9000 1 T=8K
52 £ 6000 1=0.493 ms
s Aex=947 nm
%F52(0) 10229 3000 1 Aem=1003 nm
0 4
F) . 180004 0@ 05 1.0 15 20 25 30
/ 7 R —m— exp. curve
/ 3 15000 1 —o— fitted curve
/ 2 = 12000 1 RT.
i F12(2) 548 2 9000 7=0.774 ms
DN = gggg 1 Aem=1003 nm
N 254 :
Vo Fa®) 0 T A S

Time/ms

Fig.9 The decay curves of 1003 nia in

Fig. 1 splitting of Yb3* i i -
ig8 Crystal splitting of Yb™ in GdGaGe; O~ in Yb*+:GdGaGesO7 at low temperature

Wavenumber (T = 8 K) and room temperature (T = 300 K)

3.3 XABH

WA (T = 8 K) MZE (T = 300 K) At 1003 nm 3ZIETERM L ME 9 Bz, B+ A MEE Rk
SRR T TG, tH T 1003 nm BOLTERIBM ERIT Y &6 20 512 0.493 ms f1 0.774 ms .
F|AFOLHE @ LRENMER, XRHT Yb* BTIE 1003 nm ROCERE R HHEE RN R (b
B 5 7] . 1002.3 nm BHEARETRYD) SIEMTOEFMIEEK. YD :GdGaGe,07 LRI MBI
o, BHT LRI F R RE, AmEIBOLHE .

4 % ®

FEAERET Yb*H:GdGaGe, 07 £k, H Rietveld M A/ L T HEKER. FTEiR. BE
HFHEE, mRBOLHE. BAtHE. REDGEMREERE T YO* £ Yb*:GdGaGe, 07 By 37 REK
SR, BEHAETHRBRAZERE Yb3:GdGaGe, 07 7E 1003 nm &6 _ERER F 6 4 54 0.493 ms FI
0.774 ms, B THEAEMTKREE N ERKE RN, EHRBOGERTEH RHIEE Yb*:GdGaGe,07
R A 4 25 T YRR A B i o AR R
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