Nd:LuAG SR fRBISEH . SeildFit R 1 e R
FET, RES, ORKALY, RRETT AR ECH S, TN,
BXW ', KR REA T
122K, 28 &L 230601
2. KR EARIECA IR AT, 250 Wk 244000
3. ERL A S AR SR 20 58 e 2 OGRS BT s oG & S AR
TR E RS E, 2 S 230031
4. P EBFAHEARAR Y, 2B AHE 230026

FE: LuAG &R Lo’ 5% WEEGE & TN, YO '/ Er)BiEHein,
B GARBIRATREIT(9.6 W(m-K)ENH, BN T —Fi W 711 Th 3
PO RN T AR TR Cz B IIEK T Nd:LuAG ik, 1CP Mllt4s R %
N~ NS B AR E N 0.85 at.%. Bt XRD. Rietveld f§EF1 XRC X 3L df ik 45
BB AT . dhah, R AZEE G WSO, RO MR
FrEEJTIEIE T Nd:LuAG ddiR DG ReE, JREET J-0 BRIHE 7 HOBE S
e CBAE J-0 9B, ZisR. HABKITMER. SO0 SCHAMEES T dr) . H UCH]
H COMSOL #fFxf Nd:LuAG &R REAT 1 IS 70 A SN ) ATt i
DG5S BT 1 A R A e D B R A SR R IR SR AL . BOBSKIR R T
FEFENTZ T = 40%HF S 4 HBL AT, 1R TTSEIL 8.100 W S5 K % Hi 2
K, FHAEIET] 40.03%, X2 HET Nd:LuAG S4BT RS SEHL B s i HE Ih

F IR PO A R Y], Nd:LuAG #4E —F B G187 BHO6HE 2597 T

R : Nd:LuAG gihs ot #dl; J-0 #ig



PACS: 42.70.H, 78.20.Ci, 78.55.-m

HEEWE: WM EAEE SR SR (KF2603) , [ 50 (iR it
(2023YFB3507401, 23YFB3507403) , EZEHAREZHESE (52272011) , F[H
BBl E R E#E s (2023463)

t #E/F#&. Email: ghsun@aiofm.ac.cn

T W E{E#. E-mail: yangmingliang@mail.ustc.edu.cn
F—1E¥. Email: q24201116@stu.ahu.edu.cn

e DA [E A BOGAS T H S R se E R . IR A G TR S, RO
I, AR EPREL. 5 EEE KR s 2 AN 2z M U, T,
N&* B2 A EMED Tum BIZSEOGE o RS s iz —, I AR E R 8
WRGJEEH, FWOL LR *Fan 5 FRER Tin ZIEAFAEBORIIRERIAING, A 20k %
A JE RN, TR I AR BP0 BB AN B o ) B e A U101, ek, NdHAE 400-
900 nm &% Vi A ISR E T AR B OCRF R, KR A2 808 nim PRI Y 5 I A e
(Ion—*Fsnpt*Hopn), 575 M GaAs-LD B SHEASHHULES, A Ay Bl i i B A
JeEE AR IT NP B2 Y3AsOn ARS8 2 F0 i WIS B T (N, Yo' Al Er)mt
MG REZE T ROIER, 1 LusAlsOn fiAR L 5% WHIEIE & 7l Ekir, #

HERBERFRIINO.6 W(mK)), FHARMI YAG FIRK SR EE FHHBLRISS),

H Nd:LuAG @G0 B AHURATDC A TERE - B58 F OGS 2717 98 LA SR e (1) M R

(0.9 Jem?) 254k, 2 H 1z Feyriie2,
F{E 2004 4, Kuwanol!™) 45 KBRS LuAG ik 1 37955 L RUEAT T HF 4

iH. 2009 5, Xu2E NSk sh i) T —FPi N 1064 nm ) Nd:LuAG SR EOGES,
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Hg K FE3 7 3.8 W, RAFEN 25.7%. 5, 2010 FH, FBRSF2IR
Nd:LuAG ST T 6 RE I REMNAAT J-0 BERTHEL, 2011 4F Dil1% AX Nd:LuAG f
PRIEAT T 4 Q WoksLat, RAF T RNk 12 ns. SR HINZ N 4.21 kW 145
F. 2012 4, Xu AR fEH SESAM AR XT Nd:LuAG @iAiAT 1 1 38t
BLSLES, O KIIFIAR] 1.05 W, Bkt EACH 5.4 ps. [Rl—4F, Wagner % NPHHiE 1
Nd:LuAG F&EL5H) . Pt REMET/E. BT 2015 4, Ye % AP RMIE T
Nd:LuAG Fi EHOEAFEP AN 1064 nm N SEIE K Rt Dh 308 8.3 W, RN 40.7%
MR . 2017 4F, Ma %5 APOI%} YAG/NA:LuAG/YAG #H T8 A, SEHLT 1.31 W 5k
B IR, 2025 4R, Chu %5 NPTgE— B4R T T Nd:LuAG B & OGRS I PERE,  Seailisk
K304 1053 1061, 1064, 1068+ 1072 A1 1078 nm <AL, HHTE
1064 nm FIH K H IR R 8.4 W, RICRIEF R 43.6%. 2025 4, WanglPl% A
Fl LHPG 74 K i Nd:LuAG fifk, %} Nd:LuAG f#ifAk XRD. itk e J-0 Blig it 5
HEATHRIE X XRD MR R HEATHS 1
M BRI SRR E, NdLuAG M & 068 O 4 Bon B4R = ok g,

Nd:LuAG @ADL A BRI T2 (8], R R IR SO M 7. Rk, AN
FiKH T Czochralski /754K Nd:LuAG fafk, @i XRD 1 FullProf A§ AR i 142k
FHEAT TIRABETE, KA X GTHERREAB ML (XRC) Sh iR T AT RAE . RN T
HouEMERe (RFREOIE . BBOIE . KRBt o FIH COMSOL #ff
X Nd:LuAG figEAT IR 7 A AR S AT . X Nd:LuAG S A O #(E 1064 nm

P BB AT IROE
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2. EBHH
2.1, fiEAE K

Nd:LuAG 5% F #2437 72:(Czochralski method)d: . 16 F_EigRT 7 Tk 7504 PR 2
"] SN ZEEE 1) Nd203+ LupOs Fl ALOs HEATACE . FRE 5 I RS 7840 B B VR & 5 s il
FRIEIGEIR, ££ 1300°C ke 24h LA JsRb 7 415340 BEJR R TR E T B2 60
mm PRI AT SR K . SR LuAG SR TE b dl, AR RE T, i b i 3 45
7F 0.6-3 mm/h, @ARBEFERA 3-8 v/min, AKSFNRAE . BIEEKTERE,
PAASAE 7 AR =R, SRS 5E5 M Nd:LuAG 4. MEERAET 1350 °CFiB
K72 h, PAHEBAERKE R AER AR S, JB K Nd:LuAG &4 H &l 2(a) s
Nd:LuAG g8 ICP WAL Rk 1 o, WERMGKRFEME, RIE S om R &
W 0By B O BE R L, JECLARR A AR TR B E Y AL = 5 OREEMERET A — 1k, 193
BEF OS2 BRS8N Ndo.02sLuososAlsO12, NA B 24K E N 0.85 at.%. Nd*'5 Lu**
BB 2.719<3, XATREE ICP X EM Lo mMAFE R G IR ZE, K NdLuAG

SR R U B R R 1 22829,

% 1 Nd:LuAG #ir 4 ICP ik 45
Table 1. ICP analysis results of the Nd:LuAG crystal.

Concentrations (ppm)

Atom
1 2 3
Nd 5496 5226 5929
Lu 767346 777061 771990

Al 219465 214882 221718




2.2. FAE

A b INHLBIR R O R, (8 I 2% Philips (¥ X 'Pert Pro X 524 AR AT HHCx 2
HEAT X BFERATH 8T, FIRETEEN 10048 80°, KN 0.033°. MK AP T
— AN, BT (L) s AT ) B A R T HEAT T IO DUE AT OGS I .
15 I ER 48] WL/A0 20893 5696 FE i (PerkinElmer Lambda-950)7E = i Fidst T Nd:LuAG
e R BB GG . RS R A/ A 2O 61 A (Edinburgh FLSP-920)12E47 L,
ARN Tnme Bl 808 nm #ZPOCLT AL & 1 FARBOCAAE BRI . DG TE R 238
it OPO kOt Rk Nd:LuAG fh#AFE i 3515 .
2.3. Yol LR

B 1 R T AR S5 T BT I LD i [ S R 2R (CW) S K Nd:LuAG oG A%
(R g R, SEBHoRH —HURSHA 2x2x6 mm? ) Nd:LuAG St A fE A3 a6 A
Ji, AR A RS Aot A B, H TR AT BRI O RS, (ORI
ViR BN SR IRIRIE F 0 A0 K 808 nm [FREF R A SAABOR RS, I
S BEFLE N 022, FFGEAEN 200 um. FEiHEEE —EL AL R4S
BEATHE AR AR, (AP BB BRI ORI BE s Z RGMBONAE Ry 1:2, AT
FE7 B] B SEIL T AR O6 S G 85 A B (A AU UL G . Ottt ThR Dyt E,
IR Js 225 ) SR FH 11 i 5 A o g 5 TSR 5% A I DRI A R8O i D R
Nd:LuAG &n MO 5 e 22K A b, W HIKIRIRFFAES) 18 °C. ~FIIEE M1
FAPERINAR & BE, H—MI8EA XS 808 nm S BLE FEE IR, 53— Mm% 1064 nm F
A SRR . P M2 /RN S 8%, 76 1064 nm KLHBES 2, 20008 20%.
30%- 40%AM 50%, LAMEHEEANE AT T BBotR . s M3 e RE, 1E
1064 nm U B A = SO 2
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Fig. 1. Schematic diagram of the laser experimental setup.

3. Z#RE®
3.1. Nd:LuAG An & (1) 25 46

% Nd:LuAG g &K R 4T XRD WA, 455 W1 2(b)i7R. Nd:LuAG fb & A
T 5 LuAG SAFRER A —3, RKIIAIE. NdLuAG fidii s RIF, TR
LuAG [IFEAGER), INSLIT 858 . Nilk— B9 N&:LuAG @ik 45 FRRIE, 34T T
Rietveld #51&. & 2(d)fia, K1EJ5 Chi> N 2.95 /NF 3, Rp Al Rwp 4 %A 6.30%A1
7.78%, /NT 10%. XERWIFGBER GERELE R EGE . £ 2 JBI Nd:LuAG AR
SEVRFAE, A& AL a=b=c= 11911381 A, AT V =1689.985 A3, I la3d,
HRTHE SRR 6.870 glem®. dibkE H HOM S AR FAI L AL LuAG @R RIIR, X W] REZ
N&*H L PR KA T30, B 2(e)h Nd S X ERE ML (XRC) o fi7iigest

WHELZIM S, K& (FWHM) 5 0.064°, FIHSEASESFREMRS, S 28%

RAfo
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Fig. 2. Crystal structure of Nd:LuAG: (a) photograph of the Nd:LuAG crystal; (b) X-ray
powder diffraction pattern; (c) unit-cell structure; (d) Rietveld refinement results obtained

using FullProf;(e) X-ray Rocking Curve Measuremen

2% 2 Nd:LuAG [ 45 KR AE
Table 2. Structural characteristics of Nd:LuAG.

Atom X Y Z Occ
All 0.00000 0.00000 0.00000 1.029
Al2 0.37500 0.00000 0.25000 0.964

Lu 0.12500 0.00000 0.25000 0.972
Nd 0.12500 0.00000 0.25000 0.008
O -0.04111 0.05349 0.15259 1.496

Nd:LuAG: a=b=c=11.911381A, V=1689.985 A?, Space group la3d,
Density=6.870g/cm?.

LuAG: a=b=c=11.90600A, V=1687.7093 A3, Space group Ia 3 d.

3.2. Nd:LuAG g i it 14 g

3(a)f#7R" T Nd:LuAG ffA7E 200-1200 nm P KJEE N B R, BiEETFRE



it 85%. MRIEFE LG AT 11 H Nd:LuAG SE iRk, AR

—U R)’ J@ R) +4RT’

a()=-— o M
R:(n_—ljz Q)
n+1
n:1+ (1-T)/(1+7) 3
1-(1-7)/(1+T
a(4)
O ubs (’1) N )

T REEFEL SR, d AR ER, R NEET RS, a ARIEREL n A
RT3, N NS B TIRE.

Kl 3(b)E/~ I Nd:LuAG anfiaMR I, A 6 MRIIERE > mIAL T 508-541. 567-
602, 671-686. 731-768. 790-832 A1 860-896, X B *lop—"Gopt*Gro+*Kizns
Ton—*Gr2t*Gspn “Ton—*Fons Top—*S30+t*Frnv on—2Hon+*Fsp Al “lop—*Fan HIEKIE,
1E 808 nm AbMRIGE I KA, WUERTE M 2.0x1020 em?, WRILRECH 2.45 cm™ 204 55
(FWHM) N 8.02 nm 5 Nd:YAG(FWHM = 5.8 nm)Af bt FL B AT 58 S 6 %0, X al LA

RPEARIR I PRI C PR RSO 2 i Ol
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Fig. 3. Spectroscopic properties of the Nd:LuAG crystal: (a) transmission spectrum; (b)

absorption spectrum; (c) emission spectrum; (d) fluorescence decay curve.

3(c)iE7R T Nd:LuAG SR R I3k . 78 900 £ 1400 nm G A 3 A& 1%
£ 937-951. 1050-1228 A1 1318-1356 nm 73 Xt N *F30—*1on+ *F3n—T112 fll “F30—*Ti3
RERIT, HrA i RIgEAL T 1064 nm, FIEFEH 1.30 nm, KEFEH Y 1.85%107"° em?.
5 Nd:YAG(2.24x10"° ecm?)BPUAH L, Nd:LuAG ShARA B/ & ST #E, XA BT
Nd:LuAG @A TET Q AW AR RE &, SEIFE s Hh Dh 2B 5 st 26
W 3(d)Frs, E BRREA G A G HAT I AP,

I(t)=1,exp(~t/7) (5)

Forr, IO GmEREN 8] t B RRE Lo EWIIRDOEIREE, © VA M. Pt

i

fir T =266 us. 5 Nd:YAG(220 ps)P2UAH L Nd:LuAG @i B K Hdr, £ HAE

1 Q WOt WU R A B 1P,


https://www.sciencedirect.com/topics/engineering/fluorescence-intensity
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3.3. Judd-Ofelt # &

W E TR 28 SRR BT BRI R b R B T EARR (WA R S T AT
R N ZEYIFEALH], Brian Judd Al George Ofelt T~ 1962 £/ Hl# H! T Judd-Ofelt (J-
O) Hit., ZHWRHEL FIA=ZARRIE RS (G Qi Fl Q) SEHL T X fb R I71EH
ML Af-Af FARNRGT SR B E BAIE, RGO LB A AR DG B
7 HEERILAIPSS, FERCIERE b, B R TR BRIT R (AR EERE)

I HE S IR TR fop RAE,  H TIOR3k 15, Hat B AT

dme ¢
SLJ,a'S'L'J") = —= A)dA 6
Jo,(@SLJ,a ) IV E [a(2) (6)
— Jaa(r)da
A=
[a(r)da ™

H, N NSRBI BRE TR, o NESNMEEH, 1 AHELRIEEK,
a (A) NEAAE 2 AR R L

T 9 P I AE SR BRAT AL BT v, F AN [R] 22 SRR WL 1) 3 5 SR 1) 48
FER LB TR, BRAE M Celectric dipole, ED) BRIT4N, I 7 78 B 1% W2
(magnetic dipole, MD) LUK 5 S B I 2 ARERT vTdik. SRT, milir2e O 485, 18
ZHSEBRR R T DAL 2 o BRIk, FESEBRAM AT, BRIE R R R AR AR R
LT, JEAERRE PR 21 N % IR T B IEAE A o 250 b Bouil dul 80 i
SR pE, AT b T X L S VR BRI AL IR 25 6 DUk

fo(@SLI,&'S'L'T") = £, (aSLS;&'S'L'T ) + £, (aSLJ, &/ SL'J') (8)
Hrb, f,(@SLI,a'S'L'T") R £, (aSLI,a'S'L'J") 53 AR Ao B A 7 ARG AR Al 1 9 5

BARIR T 5 B T LLRIE N .



87’ me
(aSLJ,a'S'L')) = ———— aSLJ,a'S'L'J’
Jeu( ) Y (HeaSeu( ) ©)

+2,,8,,(@SLI,a'S'L'J"))

Horb b A WTEEEL m R TR, c DLHE, JREMIER T i

BN TH, BT Rl e, SN EM B b 2k A2, WtE
TP B R i A S AN e 4 Bl BRI, AETHSRLRGE 9 L N

\

BHATESEIE, —S@EEIANHMEIERE (y, =" +2) /905 x,,=n)

FE
ﬁﬁi

KRR IZ AN JFIRIA RN o Sea FT S 7399 LB ANRE A AR RO £eo, TR AR

S (aSLJ,a'SL'J)= ¥ Q ‘( asL) U/’ J)‘ (10)

t=2,4,6

h
S (aSLJ,a'S'L'J") = (4—)2 [aSL1J || L+2S || [a'S'LV| (11)
wmc

([aSLY U 1[e/ST'V) AL BT U IIZMeTE, (I L+2511J") RS
T TG AT, 7 DLUZE BT 2R 5K OC AR AE ARk T B o () 52
(eSLY U |lef'SL'10") T M5 SCHRFAT , Q25T LG it 36 ) 5 R T8 foy
kWA, HAtEITREOT:

(=101,

) (12)
FHX 7 % R WIH R AT
e \/Z[ fulexr) . cab} 13
2 /.. (exp)
HABRIT MR A BT R A nT
e 167°¢" ) ey oy
AaSLT,a/S'L'J") = {—3}150(2‘], el } (2.5, (@SLI.a'S'L") "

+x.S. (aSLJ,a'ST'J")]

B  f we THRL A AR -



1
7 (aSLJ) = (15)
S A(aSLJ,a’S'L'J")

a’S’LJ'

RN B TR AT
A(aSLJ ,a'S'L'J")
> A(aSLJ,a'S'L'J")

a'S'LJ'

T ERTHEINE, X Nd:LuAG #8H) J-0 52 S48, oo/, IR, AKX

B(aSLJ,a'S'"L'T") =

(16)

BRSBTS PO S SR A EAT T RGO, MRERICE 738 3 M1k 4
o THES RSS2 BN T ZN R = 6.4%, REAHEIREA 5900048 B A
RAF—2, 30IE 7 iHE RSN TSRS Q. = 0.26. Qa4 =3.49 11 Qs = 3.95,

H A BN QAR N> HT AL SR i A BAT e s AR v, AT S e HE HL A Al R A
SZ PR ARFIE . IR, 6T B X Na (4 Fs)2) = Qa/Q6 = 0.88, HAR(L B T AN
RESERITIMIE 2 [H )56 4+ Kk & BEAE GG B K, *Fan—Yon BRIT 67 SCH
ETE, M Fsn—Tn K Fan— s BRIEH 70 SCEEAH N FAIR, 2R WI4R S g B AE & Tl
WRKAEER . RZ&THHEABRNTOEHE RN 277 ps, 5REH 266 ps FEA—FL,

HE— U B IR AN Nd:LuAG & 7' 4 Jo 42 38 1 v 7 2



X3 UELLTRE . JRTRE N J-O HigTRE S

Table 3. Line strengths, oscillator strengths, and Judd—Ofelt intensity parameters.

Line strength Oscillator strength
Astart—Ae
Transitions from “Io2 Sexp (100 Scal (100 fexp (107 feal (10°
nd (nm) R(%)
20 C1’1’12) 20 Cl’l’lz) 6) 6)
P12+ Dsp 426-440  0.5547  0.2136 0.4122 0.6564 2.02

G112+ D3t KisnHGop  450-491 1.0419  0.4598 1.8123 1.2273 4.83

*Gont*Ki3n 495-524 1.5609  0.7169 2.3705 1.8337 4.44
‘G 525-546 23245 09757 2.4787 2.7509 2.25
*Gsp 565-609 49202 24196 5.8426 5.8228 0.16
*Hip 623-636  0.1390  0.0673 0.0591 0.1550 0.79
*Fon 666-699  0.4571 0.2223 0.6315 0.5156 0.96

1S3+ F 7 736-770  5.8609  2.9487 7.1156 6.9359 1.49

*Hox+*Fsp 774-833  5.7706  2.7265 6.2850 6.7456 3.81
*Fn 854-906 1.8228  0.7430 2.5776 2.1568 3.48

Relative square deviation: R = 6.4 %, Q> =0.26, Q4 =3.49, Q¢ =3.95
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Table 4. Radiative transition probabilities, branching ratios, and radiative lifetimes of

different Nd?' transition levels.

*F3n—* 1L Sed(102  fed(10"
Aed(s ) B(%)  trad(us)
transitions cm?) %)
Tisp 11.1487 2.7599 17.2911 0.4791
T3 8.2597 2.8322 340.1661 9.4344
277
T 2.1136 9.1921 1777.1149  49.2538
o 1.0160 5.2988 1473.4512  40.8325

34 EE T HL 5 A
NIRIT Nd:LuAG &SI GRS Nl B2 70 A1 5 3N 37041, H] COMSOL #iff
ST fEEAMBPRR T @Y. T NELuAG SRR, Rh 2x2x6 mm®, Hv
WMSHINR 5 Fios. SRR S b AL RR s mT DLE R A m oo, O GsR A )
E A, AL R T 1] B TR F W . BRIk, SRV T A P 1 2 ]
B VAE

2 2(x*+y7
I(x,y,z)= l;”z’ exp[ (T)—azj (17)

SRR di R R ST B A TR, R B A BRI AT ] R RO

2 2
2nap, 2(x" +)7)
Q(xay,Z)FGXPL—T—aZ (18)

Pin NBOETHE, a W REL d NERYE, n N0 ERK R 5. HT
Nd:LuAG @R RN i &R, HEEMEREIAEMERT, SR NS iR AN AT B,
HIEAR I m ] KR N:

e =& =¢ =aAT, )/yz=yzx=}/xy=0 (19)



a NERIAIIZIZIK R AT = T — ToR M T 7 CENAD MIREREE, ¢ NEikr
IENAZ, y AR TR AR

Nd:LuAG iR A & TR e A AR ) G, SRR A AN, i
FRAE IR TR AAK o H 5 T R T T R R N AR

gx=é[ax—v(0'y+02)}+aAT

g, :%[o-y—v(ax+o;)}+aAT

£, I%[O'Z—V(O'y+0'x):|+0(AT o)
2(1

20,
2(1+

Vi = (EV) xy

E RIS &, o NEARIIER YT, « 9ERIIVIN 7T, v R EIARA EL .

ANRQOVKAENL 17358, B EN:

o - E | _aEAT
* I+v|1-2v * 1-2v
E [ aEAT
O =— g |-
Y l+ov|1-20 }} 1—20
E| v aEAT
O, =—— ete. |-
1+v|[1-20 } 1-2v .
_E 21)
" 7 2(1+0)
- E
=T (1+0)
. __E
zX 2(1+U)}/zx
e NERRIAE, e=e +¢& +¢& o .
Ou ov ow ov ou ow ov ou ow
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NI RIEAN:

am{:{—“o;—a}f+(ay—a)2+(az—a)2+6@@2+gj+45?ﬂ}2 (22)

W 4 JE&7R Nd:LuAG @b R EE 73 A A ES 77504 o B 4(a) T R B H IR S v vt

P B BID AL B IZW G, REiRE 364.42 K, B 4b)HfEx B #E B RIHR
S, ARG G B T A B 4(e) N N A B R AE xy T YA
O, FRNJIMEN 65.86 MPa. & 4(d) 7RI ) B AR fE b P um Al RO E

X Nd:LuAG & A AESOG S50 A 7 1k b AT A0 /> PG 5 RO 7T S LB kAt

% 5 Nd:LuAG SRRt 24
Table 5. Thermal simulation parameters of the Nd:LuAG crystal.

Parameter Values
FrIRS 9.6 W/(m'K)
WOt R RE R R4 0.24030]
S prIE 20W
TR R 50 W/(m*K)
& JE R B R 2E4 W/(m?:K)
2N Rl 293.15K
AL LSHRTSYES 293.15K
R A 400 pm
THFALL 0.2587]
K 23 6.26E-6 1/KB7]

[ZM 52

2.87E11 Pal®!
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4 Nd:LuAG #VEAY.: ()i TR 7047 (b) A=A VIR 2246 s (c) Sl #1704 s (d) 72
1Fa) ) T AN 3 70 Af

Fig. 4. Thermal simulation of Nd:LuAG: (a) end-face temperature distribution; (b) radial cross-
sectional temperature distribution; (¢) end-face thermal stress distribution; (d) radial cross-sectional

thermal stress distribution.

3.5.Nd:LuAG HJ#0atge
WA FER A BB R, W7 0.85 at.%Nd:LuAG g fA7E 808 nmLD Eifi%E

B (CW) BT BIEOETERE, W S(a)fr . & BB HEEAE 20%. 30%. 40%

N 50% 5 K fi i h 43 314 6.030. 7.020. 8.100 A1 5.790 W, X B HIRIE A 36.85%-
36.28%-+ 40.03%F1 24.25%, WOLBIEIIN 0.1 W MFEHH BB I N 40%IE0E

BN R DRBARN, WOtk H DR R IR U R R KR, WE

IR 0380, i ISR NRIX o AN X Y R R R TR,

DERRIHE TP, 2GR T TR FM T AR GE SR AN R G 08, T

BRI 7 Bk T2 i — B4R TS 3R 6 mI A, AR TAESRAFI Nd:LuAG fik ek

LW ThZRIL ] 8.10 W, RIE N 40.03%, 5CRiE Nd:YAG &EF1 Nd:LuAG



Ve B e MEREAR Y, FR T304 Nd:LuYGG SR IRIESE 5, #9 Nd:LuAG sk R
AR HEOG RS AT AR RS /7. B 5(b)E R T Nd:LuAG Sk *Fsn—*1iin fig
R oG, R SHIEAE 1064.5 nm, FUETE FWHM = 1.18 nm.

a 5% b

1064.5nm

—| |-a—FWHM=1.18nm

Output power (W)
4
Intensity (a.u.)

. N N L ) R
o 5 10 15 20 1060 1070
Absorbed pump power (w) Wavelength (nm)

Kl 5 Nd:LuAG A8 AE 1064 nm PAESHEAR I (a) A [FRE S B B D% (b)i
Fig. 5. Continuous-wave laser performance of the Nd:LuAG crystal at 1064 nm: (a) output

power under different output couplers; (b) laser spectrum.
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Table 6. Comparison of the continuous-wave laser performance of different Nd-doped garnet

laser materials.

Nd Maximum output Slope
Materia Size(mm)
concentration power(W) efficiency

Nd:LuAG crytstal 2x2%6 0.85 at.% 8.1 40.03%
Nd:LuAG ceramicl?”! d=5 1 at.% 8.4 43.6%
Nd:YAG crystal*”! ®3x10 1 at.% 10 28.5%
Nd:YAG ceramicl*”! 3x3x10 1 at.% 7.74 44.8%
Nd:LuYGG crytstal*!) 1x12x10 0.29 at.% 5.47 23.0%
Nd:LuYAG crytstal?] 3x3x7 1 at.% 8.51 44.0%
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Fig. 6. Output power of the Nd:LuAG crystal under quasi-continuous-wave operation at 1064
nm: (a) repetition rate of 200 Hz; (b) repetition rate of 300 Hz; (c) repetition rate of 400 Hz;

(d) repetition rate of 500 Hz.
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Abstract

Nd crystals have attracted considerable attention as promising gain media for
high-power solid-state lasers due to their excellent thermal conductivity,
mechanical properties, and favorable spectroscopic characteristics. In this work,
a high-quality Nd single crystal was successfully grown by the Czochralski
method, and its structural, spectroscopic, thermal, and laser properties were
systematically investigated. The actual composition of the crystal was determined
by inductively coupled plasma analysis, revealing an Nd** doping concentration
of 0.85 at.%. X-ray diffraction combined with Rietveld refinement confirmed that
the crystal maintains a cubic garnet structure with a lattice constant of 11.911381
A, a unit-cell volume of 1689.985 A3, and a calculated density of 6.870 g/cm?.
The optical transmission, absorption, emission spectra, and fluorescence decay
characteristics were measured to evaluate the potential for laser applications. The
absorption cross section at 808 nm was calculated to be 2.0 x 102 cm? with a full
width at half maximum of 8.02 nm, indicating efficient absorption of diode-laser
pumping. The strongest emission peak was located at 1064 nm with an emission
cross section of 1.85 x 107" cm?, and the fluorescence lifetime was determined to
be 266 ps. Furthermore, the Judd-Ofelt theory was employed to analyze the

radiative properties of Nd, and the calculated intensity parameters Q., Qa, and Qs



were 0.26, 3.49, and 3.95, respectively, demonstrating good agreement between
the theoretical and experimental results. The thermal distribution and thermal
stress evolution under laser pumping were further investigated using COMSOL
simulation, revealing a maximum temperature of 364.42 K and a maximum
thermal stress of 65.86 MPa. Finally, continuous-wave laser experiments at 1064
nm were performed, and a maximum output power of 8.10 W with a slope
efficiency of 40.03% was achieved using a 40% output coupler. These results
demonstrate that the Nd crystal possesses excellent optical quality, favorable
thermal stability, and high laser output capability, making it a promising gain

material for high-power solid-state laser applications.
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    X Nd  ( 4   F  3 / 2 ) =  Ω 4 /  Ω 6 = 0 . 88


  Δ T = T −   T 0

