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Abstract

Raman spectrum of a new radiation resistant GYSGG (Gdo.s3Y2375c2Gaz012) crystal grown by
Czochralski method was studied. The Raman vibration peaks are related with crystal structure of
tetrahedron, octahedron and dodecahedron by comparing with YAG (Y3Al5012) and GGG (Gd3Gas012)
garnet crystals with the same structure. The corresponding lattice vibration modes of 13 Raman
peaks are classified and identified. The maximum phonon energy of GYSGG crystal is obtained to
be 732.1 cm-, and the different maximum phonon energy of GYSGG, GSGG (Gd3Sc,Gaz012) and
YSGG (YsSc2Gaz012) by first-principles was discussed. At last, in comparison with common laser
crystals high-doped with Er3+, we analyzed the influence of maximum phonon energy with energy
level lifetime. Our results can provide some reference for the study of the microscopic mechanism
of crystal growth and the design of the laser crystal.
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Xﬁ%ﬁﬁﬁﬁ&ﬁi& B@%‘fﬂGYSGG (Gd0_63Y2,37SC2Ga3012) %%%Ramanﬁ'ﬁ%ﬁﬁ TE}?‘E ° ﬁji—'?%ﬁ]*ﬁ ﬁ
MIYAG (Y3Als012)FIGGG (GdsGasO1 ) ATHA mAERLE, HGYSGGH Ramankz)i& 50 mic. )\
R+ mEER G EHAEERR, 9EAEINT Ramantil 13 MEXT BLE S RENIER, B2IGYSGG
FIBRKAEFREANT732.1 cm !, FBEEE —MHEBETESHT T GYSGG, GSGG (GdsSc2Gaz012) YSGG
(Y3Sc2Gaz01) B KA TREZEFH KRR . BEE/FE LKRKEBEBOCRES, M TRAET
REEXTBOL E T RS A IR R . A SCEE T DO A A OOV B BT 5T R B0t S A B BT HR At
—REKZ%.
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T

GYSGG (GdyY3xSc,Gaz01,) /& GSGG (GdsSc,Gas01,) [1145 YSGG (Y3Sc,Gas0y,) fi A iR St bk, x
WUE AT PALE 0~3 Z[8]. GYSGG & T AtiAasit, S FRBORM Sc didh H A\ A AR i AL &,
BE H KT GGG (GdsGasOrp), A& —FhERARMIA IR EE A4 k2] thAbh, i S i R sp 4 T+ T e
Ptk Gd ALY [RGB, IERT DAVR Y SR AR H B KN, 2 R TH R S A RO A HUT S, AT BE
HiT R SEBRI 7 SR AMXUitk, #E GYSGG F:Jf s N &8 7 Ja i vl UL T O TR .. T
Gd 5 Y HRE A SRR, %59 T GSGG M YSGG, ot ks i nee, MiiEA
R T A J Bk O I 2 AR .38 NA* 1 GY'SGG & A 2o A R A XU K0 412 [3] [4] [5] [6], Zhong [6]
45 N EFE Nd:GYSGG ksl 1 1052.8 A1 1058.4 nm I Q XU Ko, 8 240N, B4 7]
BEFAFL) 1.53 THz HIRHHZE IR Chen [7]% AFE GYSGG HiB N ErJa, K43 7 1E 2.796 pum LbIE{ET)
oA 1.25 W o, B AR PR E[7] [8] [9] [10]. Luo [10145 A%t Er:GYSGG At 4T
T HACFLE ISR 7T, K CrErPr:GYSGG ik LS8l 7 FHZh 3 2.9 W, 4% 60Hz [ 2.79 um
Bot, 5 CrErYSGG @iitill, HEESEmEENR T TIE.

WO A5 N BS54 52 B B M L 7 BB K /NRE I, 1 5 T RE B AR RAE /7 (B T)R3N
SREUFE B, AR GUREUERCK T FREE M B VE AL Raman Jti%[11]. X T GYSGG ik
Raman Y&k FRAE 72 i A A SCRkARIE, A ST 0B 1746 GYSGG éb k1) Raman J6i%, 5 YAG (Y3Als01,)
1 GGG FR#EAT T LA, 048N T b 13 4> Raman & IRBIBE, RIS 3RS T A i ek s 1R
B PSS B A AR A KAWL 5T 80t iR B R i — B 3% .

2. SChy
TEHRBLEA A K LR GYSGG (GdossY5rSC,GasOn) i i 1, 1 EL T dh A K U <111> Y1) . X i
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TP IR 4

Fe RSN @25 mm x 1.8 mm 13 A i 7R E R N LABRAM-HR BB A B il 2 8 18N &
GYSGG #h i #E 50~1000 cm * (2 i, BOROCIERH Arf(514.5 nm)iotgs, ANSHEEE T RAR R
M. T GYSGG difkfE T 7 it F&, BEALMENE, KETEASLE %A 25 RE Mk i & &

3. &GRSR

GYSGG JE b &, RN OF -lagg, FCAZIECH 8, Ga (5 VU m AR 0 frE, Sc didis/\i
AL E, Gd A Y HE SR AR O E, SR EEwE LR, BAERTE 80 4
JR¥, HIF 3x80=240 MHMHE, WMWHFHEHIA 96 MRENEL, AATAERRA:

I'=3A, +8E, +14T,, +5A, +5A,, +5A,, +10E, +10T,  +16T,, +18T,,

Forft Agg + By + To #2002 Raman 361, Ty, A LLAMETE[12].

K 2 & GYSGG &AM Raman Jtit, JEWIEE] T 14 AN, W FTEA B 25 04: 1168 cm ™, 165.7
cm?t, 226.1cm™, 268.7cm*, 320.8cm Y, 345.7cm Y, 3744cmt, 4182cm™, 481.6cm™t, 511.5¢cm Y,
589.6 cm ', 634.2cmt, 732.1 cm ' A1980.1 cmt, HAP7EB AN 980.1 cm ™t b Hid KA. AMEBIRENEE
WERIRENIARENA R /N, T Raman W& rF i 807E 200 em ! LR (IS0 2 AMBIRSD, EA1R[GdOg ™ -+ —
A [YOg]™ itk [ScOe]® /\ T 1A AN [GaO,]” DU /A K A1 i f Ak R sh . EHRE, AT RIA R A
[ Raman §if 1 75 1-#B7E 800 cm™ LAR[13], X451 800 em ™ (Mg AR TR, ROAFES AL E T
FomER A R, Asp A P RIE R E N, FAMSCREOR A, —HERIER T, R — L
AFEAARLARAE AL B, TR (e N, U IX S0 n] B 9L 4L

GYSGG. GGG Ml YAG ¥Jg T HtiAa 454, SH[AI0 DUt [AIO6]* )\ i A% Al MF HEHR B 4%
RYGHE[13], BRI BRI M, LU SCHER[13] [14] [15]7 Nd:GGG ) Raman 45 S AIRATX GGG (il 45
TR, — R GYSGG (1) Raman Yeifh ity 13 ik, 4550 an% 1 fir.

1EFR L, IR SR AI IR R R v AR M A FIRFRIR G IR B s v, %
ARXTFRMESE E 1S HIIRBIANER : va RORXFRIESE T, BRI GEIRBIANER ; vq RORXSFRMESE T, AL TR
ARSI [16]. [GAOg]™ FI[YO]™ + it Gd-O AN Y-O fi KK, MEBRMMEE, i Ys
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Figure 1. Schematic of the GYSGG crystal structure
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Figure 2. Raman spectrum of the GYSGG crystal
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Table 1. Raman vibration modes of the GYSGG crystal
= 1. YSGG @{FHY) Raman #fRahiR=\

Raman Shift (cm™) Symmetry Symmetry type Vibration mode
116.8 Tog
External vibration
165.8 Tog
Gd-O bond in dodecahedral GdOg,
226.1 Tog V4 distortional and bending vibration
Gd-O bond in dodecahedral GdOs,
268.7 Eq V2 bending vibration
Sc-O bond in octahedral ScOg,
320.8 Eq Va distortional and bending vibration
Gd-O bond in dodecahedral GdOg,
345.7 Axg V1 symmetric and stretching vibration
Y-O bond in dodecahedral YQg,
3744 Axg i distortional and bending vibration
Ga-0 bond in tetrahedral GaO,,
418.2 Tog Va distortional and bending vibration
Y-O bond in dodecahedral YQOg,
482.6 Tog Va symmetric and stretching vibration
Sc-0 bond in octahedral ScOg,
516.5 A V1 symmetric and stretching vibration
589.6 v Sc-O bond in octahedral ScOg,
' Tog 8 dissymmetric and stretching vibration
634.2 Eq vy Ga-O bond in tetrahedral GaO,, bending vibration
Aog Vi Ga-O bond in tetrahedral GaO,,
732.1 . - . ) .
Tog V3 symmetric stretching and dissymmetric stretching
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BTN

e Gd* B T4/, Y-O B K L Gd-O $d, Uil Y-O SIRBN IR E L Gd-O 4k, AA%T ) Raman
Bk TR, PR AT DASE IR KN 226.1, 268.7 F1.345.7 cm ) Raman U4 43 il A N[GdOg] ™+ —ifif& 4 Gd-O
BT RS0 . 25 ARSI R BRI S s JEBECH 374.4 1 482.6 cm tHEIA ALY O]+ it e
Y-O S8 (AT 2 MRS BRI 45 R 3l s J\IHIR[ScOg]* ' Sc-O g AT DU A A+ — i A ],
IEAE AN 320.8, 516.5 A1 589.6 cm™ 43 TR Ay Sc-O 4 AIAS LA IR B, AR 46 IR B0 AN S FR (i 4
&zh; [GaO” MU A Ga-O #H K, Ga-O #IRENIIF AN AL FH A, S H[AI0,]° Ui 4
I vis vas va RSN HILE 700~980. 720~840. 370~460 cm ™ Z [A][14]. BT 418.2 cm 5N Ga-O 4t
AR RS, 48 732.1 cm ™ $8IA N Ga-O B FRAFAER S AN SO BRI 4R S, 4 634.2 cm™ #8iA M
Ga-O B RN . MR O R ok UM J\THARFI T RS A, A SR Bl 20 A LA X 43 1
RISERIN 2P S Iig (VEi=RINS

76 YAG "1, Al didfg )\ AR D m R O E, Y S+ ik o E, GGG 1, Ga fiff
J\THARFIDY A RO E, Gd S8+ TR OA B . AT T GYSGG dhk &5 121 YAG 1
GGG Ak T T Raman Jeifilli, MAR4ERwnE 3 . FtcEx Y, Gd BHEMLMMER, Y il Gd
#HEEE T A OB, oA K R, HIRIIRAERIR R, R a] DLW R] = Fh i
1h7E 252.3 cm™t, 350.1 cmt, 343.4 cm ' T EIAS Raman g, DYTEIIASE LSS F5k, B BON 6
RN AR, HEA B RIRIE .

BATEFT LA 3 (19 Ramam 1% o 73 20T e K5 T RERAE, tHAITELR 2 . YAG /& Al 4 DU T 44
DAL E, BOKF TRERTE 776.1 cm “FfiL, GGG Fl GYSGG 4B/ Ga (5 MU & 0 B, ik
THEE BN 739.3 Al 732.1 cm ™. BEAh, iBFR1G T YSGG Ml GSGG SR A T, 407k 728.2
7411 emt, s 4 R0 2 TR LR WA A SR S AT, YAG I FRERK, GYSGG &
7E YSGG ik il Gd* & FHUR — 34> Y BT, J& T GSGG M1 YSGG il ff, HAH TREE WA T
EpdIR
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Figure 3. Raman spectra of YAG, GGG and
GYSGG crystals
3. YAG, GGG, GYSGG HIRiSHiL
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Figure 4. Raman spectra of YSGG, GSGG and GYSGG crystals
& 4. YSGG, GSGG # GYSGG &4 #J Raman ik

Table 2. Maximum phonon energy and Mulliken populations of some garnet structure crystals

2. JLME R ABASHSFNRAE FEEERM Mulliken 75 /E%

Crystals Maximum phonon energy (cm™) Ga-0 bonds length(A) Ga-O Mulliken populations
YSGG 728.2 1.90457 0.38
GYSGG 732.1 1.90603 0.39
GSGG 741.1 1.91698 0.46

R TRER /NS [Ga0,]” DU AL Frh Ga-O b - a5 IEARSG, 3 [ Ak 2 i i T B e T
FL 725 43 A G B Mulliken A7 & 50322 71%) [17] [18] [19], FIFF:T 25— R B 511 CASTEP (Cambridge
Sequential Total Energy Package)f&/%H il YSGG, GSGG il GYSGG A [GaO,]° VYAt Ga-O f
() Muliiken fii JE %, 45 R 2 fos. FAVETHF P GYSGG 73 7N GdosY2255¢,Ga0rp, iX &
KIAFE CASTEP iyt s SuZb te iy, BT S MR A SR 7 b AU B, an R A% GdogsY 257 SC.Gas01 73 13X
PR TR B — AN, TR AR, R IE T S Gd R T5 Y JE P Bl ol i
N 13, IRFERL LA S ah s R e i, (HFFANEILE 8. YSGG, GYSGG il GSGG (117 [Ga0,]*
DAL ] Ga-O i) Mulliken i & %7354 0.38, 0.39 A1 0.46, SRBbIRS IR AR TREBILATT &,
A X B AR ARREAE 1] 4 vh, B GA* B T1E Gd,Y3.Sc,Gas0y, LLFIMIHE AN, 7E 732 om ™t JEtiT
Raman A3 & A LR 1R A

PO A R 5 B KN Fe R B N B T I BB T A — E ISR, RESITE R ALAN R B
% 3FIH T UM EERARA SIS EXTBUEEAE Y A1 s, BERFE S E[7] [20] [21], REFA
7] g BOE TR B H 2.7~3 um B0, Er B IR FELE 30~35 at.%2 ] HRAE AR AERCEE, P=
E/M, BEBRA E Mgz R AR GE LR £ H E 5HEREKF FREE M IILE P ve, 7R
M /N, PAEA K, AEARSTRE I LRI, R R e gOhL T RURXT b, Zdrsi%E . ER'E YAG. GGG.
YSGG. GYSGG 1 GSGG ik LREZR *lyyp FF 4 Bl E: 0.12, 0.96. 1.3\ 1.2 f1 1.6 ms, 1M FAEZR *liap
ZFfn sy AN 7.25. 4.86. 3.4, 3.9 M1 6.0ms, HTREHS LRe M FAFarttnly 60.4, 5.1, 2.6, 3.3 #i13.8.
MAF LA, HAmESER 2 PRANEKE FRERAMTES. BT YAG R KA FREERK, JEE
WERGERLRBR, HI S T Red A aik, LRSS Hais, LIRS LREg 5 ar thEiAF] 60.4
%, 1M YSGG M TFReEm/D, HAMIAEMN 2.6, BOLLR SRR, EnYSGG HIHOLBIE K H



Table 3. Level lifetimes of *1;1/, and *l;3, in some Er¥*doping laser crystals
52 3. JL#8 ErTEOL BRI Yy, B ligp BERE A

Crystals ErYAG ErnGGG ErYSGG ErGYSGG Er:GSGG
Wavelength(nm) 2937 2821 2797 2796 2790
Er® concentration (at.%) 33 30 30 35 35
*l,45, Lifetime(ms) 0.12 0.96 13 1.2 1.6
*1,312 Lifetime(ms) 7.25 4.86 34 3.9 6.0
*lya2 /11 lifetime ratio 60.4 5.1 2.6 3.3 3.8

BB AN R, EnGYSGG MZ itk /NT ErYAG. Er:GGG 1 Er:GSGG, &4 kT Er:YSGG,
HRNEEG I R PUES R, IR A OB 2.7~3 pm H8 Fh 20 AMEOE A KL .

4, g5ig

Xt GYSGG A H<111>@ k4T 7 Raman Y6, @it 5 YAG fl GGG dfAHRaNHE A E A,
W d A Raman W5 DY A )\ THIAAR B2 A i S5 M AR &R, 70 28RN T 13 A Raman RN .
IeAh, EEE GYSGG M KFE ThER AN 7320 em ™Y, I H 5% WHIFRZEH & 1A YAG. GGG, YSGG M
GSGG [ KA FRERIMT T HE, Wit 7 RO FRER Bk E S ErX ot fik b R aER %
AR, T GYSGG i R AR S 1t B RAH XK K i K T RE R, DA R AR X B AR ) Y
HZLANBO G EE A K

E&UH

X T AF R B & E AR BRI (No. 2016YFB1102301); [ 5 E 48 B2 % 4 (No. 51272254,
61405206, 51502292); HL T T F2 % B ikt Dh 2 WO HA E 5K 5 A SE 00 = P 42 (No. SKL2015KF01) 3 #F.
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