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B O, F TR 2.7 kW, IF7E 2004 ik
BT 30 kW, 2010 FREBF S L ER N 190
mm B AR TR R Nd : GGG &M, g
EHEANDIRARMNEHRET Nd : GGG Sk, Wl
REREW . R KBIRT LR T 0 1 858 g
S FALFH K 1 062 nm H1 808 nm 4b; 3% K & & i
N&* B9 Foro—" 110 i T B0, o538 F F#OE —#
BREE, AR BBEN 33.8%. Qin L. J. HF AN
R AR R AMIRSEAR T Nd : GGG Rkl
BB TERE, EE MM E R 121. 5 MHz, i ik ot
H17.5 ps. B RE AR E K 0.4 W. Xu B. & A
PR T Nd: GGG @ mimm R ML, KB T 1
054 nm A1 1 067 nm ZH K L. FRHEZE AR
Fi168 W LD M i ¥ , f# Nd * GGG & kit
1110 nm BA— K ELEOL, B1# KN 25.5 W;Chen
L. J. £ AP3k48 7 1 105.6 nm 1 1 110. 4 nm &
KB, FFHERBEARKBT 1.2 THz Bk
AR, R Nd : GGG BIEERBHEFEA EAE
.

1.2 YGG

Y,Ga; 0 (YGG) @A LEMERE FE &
BRE G B YAG Biah M AP, XFHBRA R
BEANREEEY X, AR F NS HBA 5
YAG BN, YGCGC R AR B MR EN &
B FEO W/ oK) HEEHSH,UREEER
+TEFRESESRE TBRAMNEM. B3 FNd -
YGG Gk aBm HAESLRERWEE, Bl
NEMHRS I AEFXEAEKKY N : YGG B &,

Nd: YGG @Bt e m S T 1964 £
Geusic J. E. ZABRUY. SHAM Nd B 2800 &%
M .Nd: YGG MK LRER'F. FaK . BFXK
REET 1M, WA 1.06 pm FHEME M EK A
FHEMESEE, 2 —MEENZERBOCHES
D7 Strohmaier 2 AU @ o Nd + YGG AR 7
935 nm FRAMW ZHEFZH RS . BRMBINEN
950 mW . Bk R K 14 M¥%, B/R T N&* 7' Fyp
' o, BEZL 2 18] B 8 OK 1% 1. Lohring J. % AU 3R
BT 935 nm AAMEHZHRERMEH Nd: YGG ¥
JEAFHIR Q BOLBEATIR O, 7 bk v 47 42 B Ja)
F 60 ns 9 4 m] fkrp, EHEIMHE K 100 Hz, b —ok
BEME KR 9%. Yu H. H. S AU B T 8OE %
BERBM 1%BEH Nd : YGG W BOEHRE, K

THEYE. TN BEMBIIE .15 WHES
BRI Bt ¥ M1 062.1 nm,1 060.3 nm
1058.9 nm, F| BI85 R0 L4 FEE 0.47 THz,
0.37 THz #10.85 THz I KAk ZEHH. Li Y. L. %
APT#E 808 nm AN —REFEM,.E Nd : YGG
faiEFR &S 1 110 nm B9¥0O%, IKAER LBO & & )57~
4 555 nm M E LB B, b — AFHE RN E LT
12.4%. Fat,Li Y. L. AP B —HRERR
Nd: YGG Sik= i 1.33 pm MES K HE, £
18.5 W B ASTZHER T F 1. 33 o Ab &9 3% L2 I 4 11
WEE A 3.09 W, M X FAFIEMH EKE
% 21.3%.

1.3 LuGG

Lu;Gas O, (LuGG) th R # B T A # A & 4.
Wu K. % AP2B%8 T Nd + LuGG Bk FLE 5158
W, He NETERENR 1%, B FERALEE
BRE EEREH.Nd: LuGG B EAE S Nd ¢
YAG BB AR E 5.2 W _RER
WIET,F 1062 nm AP HEREHINERNR
855 mW Mt BRI R BB M BUE L5 A
23. 4% 1 16. 4 %.

2 EHARARR

ERARARARKABGRETH —MHE
FpoC K g H b or F B A5 B B Sk, °T LUE R
EMHAMAOSENERE. BT AREEHNEEA
WMARREEGLHE Gd; (Ga,—  Al); O, (GGAG),
Gd; Sc, Ga; 01, (GSGG) ,Gd; -, La, Gas Oy, (LaGGG)
Gd;- . Lu, Ga; O, (LuGGG), Lu; Sc, Gas—, Oy
(LuSGG),Gd, Y;-,Sc,; Ga; 0, (GYSGG) %,

2.1 GGAG

GGAG Rk 2 A AP R GGG &k F 34
Ga " KRB —F REK. BB APV, LUK E
GGG A KSR PRLOEKMEKLSHETES
BRpg , 1H] et PR AR SRR R A, S — T E, @B
MR T BENBESREY, AN TBR RS
AR50 B 58, AT I T 48 B o B P AU

Zhang J. % A" 4RiE T Nd : GGAG kB4
KBS AN, FEBTREENR 2.4 W.8
RN 28. 8V KIELE WO 4. Zhi Y. C. FAPY
FIA Nd : GGAG KB TERBYERRS.TW,
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PR R 4. SUMESECE Y, XREESE Q
BHABEEN 112 W, Bk EER N 66.7 W], B
RT Nd: GGAG & 1K 7E B 2% 3 56 S8 49 17 FH B
. Agnesi A. FAPIBRT Nd : GGAG &k
BRI, K BT E N 65 mW, Bk R 3.7 ps.
Nd : GGAG @k EN —Fh 7 BB 35 A 5,
WALAFE 1.3 pm WELUYEBY F T HEN
e,

2.2 GSGG

Gd; Sc; Ga; O,; (GSGG) B &£ Sc*t Bt GGG
IR Ga® B B K & &, Nd : GSGG dk
mthEtE. D5 Nd : GGG Xl BERBXEZ LW
Nd : GSGG @tk G K, TG/ NEAEKTIEH
F R RS R EG; QNI B F 7 GSGG &k 4y
BERBCH0.75, 1k YAG Fh50.1~0.2 H, XHEFH
SREBEMBEREE MBBMTREBRKE
KR BOERE, ATRERICHE B RE, AR
TEWMAFRESE EHREMIEHF M ONI
GSGG Rk B H MKBEEE F b, /T LA
ATSRB¥MREOF ScHARAEAEREN
HRREMBEHYELERFE; ONd : GSGG &k
W EEEREE T Nd : GGG #l Nd : YAG &k,
ARTREF{MMETHEMER; ©Nd : GSGG &
57 1. 06 pm FHIL IR 1E & FF&EIIK T Nd : GGG
M Nd : YAG B4k, BH TR &Kt HE &
m$[10'27].

Nd : GSGG @M E IR A T4 K2 H Brandle
C.D. % AU AE 1973 4F L) £ 1 36 # 17 19, Caffey
DF A RETHE-HRERZBH N :
GSGG ik Bt o, A E R E X P 41.5%. &
BAEACHAT _REEROESKRETEE
FE Nd : GSGG @A B LA, 7E 2 355 mW MR E
ETFEH 345 mW BRI, o6 — R R AE AAL R
I Ay B K 14. 65% 1 16. 61%. Tian L. 2 AP
X% BEREAEK T Nd: GSGG 8 &, HTh R R
7.36 W I R BE R WA, 7 1 062 nm K AL
TR TESZBEHCE G RRAETIER0.792 W,
F—HEHRMER 11. 72% , £ EHE K 11. 89%.

WA — PR AR X GSGG & & # 4T Nd, Cr
HBEOTFRD?. EERAHE RO ARIEE M Sc
W T, R Nd : GSGG Sk 5E 2 & i
Wz,

2.3 LuGGG

LuGGG &1k f LI F M 2 GGG & & & 2
Gd** R AH/ME Lu* R MIREM. Jia Z. T. %
ABI R M R A K Nd : LuGGG ik, R BHE
%5 GGG BB EIEH KM M. Fu X W,
2 \BOR T Nd : LuGGG S A7E 1 062 nm £
b B BRSO M BB, LB K H B Ty ZR A AH S B A 3R
AR 9.73 W Hl 61.2%. Yang H. % AP #&
Nd : LuGGG @&k #ishiAl Q TRFHRBTREH
WIERN 121 W REERME 27. 1 kHz, Bk
5% 9.1 ns BIBOE. BT Nd * LuGGG &k F Tt
WHIEMLRE, A AEBREC T HKSRKEBE
ZHABIS.

2.4 LaGGG

LaGGG RiE R GGG Ri&kFhE4H Gd** 4 La**
BAMKBH. 5 Nd : GGG Bk H L%, Nd :
LaGGG gk La*" B Gd*" 7T IR 3 5 R 38 )6
AR TEREOEN =4 A, LT R KT
Gd® B JE AT LA S & 1k 48 % 80, AL 7 Nd +
LaGGG G 45 5 B FRARDS,

Yang H. Z APIBFSE T Nd ¢ LaGGG Sk @y
EEELER. 1.06 ym EKAKERINER
9.9 W, AR AR K 19. 6 % ; ZE W B BOL .,
BEYIHE N 2.83 W,k 7.4 ns, BEHHEK 13. 87
kHz. THARUIRAREELEOMK S LD B EHK
1.3 pum ZbSEBT Nd : LaGGG Bk m#shiE Q ia
BORBEUERE RS B GER BRI MIE{E T R 2 5]
A 1.0mJ.8.1ns# 10.2 kW; KK 1.0 pm £b5E
BT Nd: LaGGG Sk % S i BB 7%, RIB I
N ERWE I EMBERES N 3.2 W
17. 25 ps.

2.5 LuSGG

B2 ST Nd + LuSGG G RAE R K
WOF & SHE LR /N R ST KK 5Ok, B F
T R WO 7 | P R AL Kaminskii AL A.
7 1994 ET BRI R E WA K H Nd = Lu, Sc; Ga; O,
R EZETRHEE - HREBEM Xe ANTEH
¥k H1062.2nnm ¥ KMEE RE MA
Nd : Lu;ScisGass O, 3k 18 TR EK RN 335 .8
FHRH IR 6. 96 W A% 42 ¥ A B 25 B Bk ob
FHERS. 1 ns. BRHIPKHEERSN 62.5 M] . IRB M
W EINRA N 12 kW B3 Q Bk b0k, B Fiz
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AR KRS T R X B, AR RER S, K
BOEEREZ BIR W,

2.6 GYSGG

Nd : GYSGG B—Ffu R/ W &&Ek, AAWN
FEEEFE. 5 Nd: YAG M H,Nd : GYSGG &
GEARFNEHEMER I MBERN, EXSE
T EEWER A EHK 1.06 pm HHEA KK
FHEFEE R 4.95 nm, ;EKXTF Nd: YAG # 0.8
nm, 7 F| F 7= 4 48 55 a8 R okt

I 4 BI% Nd + GYSGG & {k7E 1 058. 4
nm 1 061.5 nm bW WE R ERE E 1.3 um
&tﬂg4F3/2_’4I|3/2§§g&ﬁﬁﬁﬂ'ﬁi§%$ﬂE 937 nm 4k
BERKEEEREETTHR,H X N GYSGG &
FEARFERDENARBETAR=Z4EBE N
SR AT T L. Zhong K. % AU F A Nd -
GYSGG BB THME 42. 2%  BBH LXK
LIUTWHESRHE. I BE QAT E, KBT
1053 nm M 1058. 4 nm XN ERKE L BEAK
PhEE R FIE(ET R4 510 172 pJ 0 26. 1 kW, IEBH
Nd : GYSGG Sk 2 —Fh ¥ 76 0938 1T 2 S0 K 1%
1.53 THz B X 893 35 A+ Ji. Song Q. % A 3¢
Nd : GYSGG &4 m#3hiA Q SISOtk 1T
Tk, 2878 T 1 057. 28 nm 1 1 060. 23 nm K) T
BRBX BEEmBHEIIER 0.189 W kRN 441
ps. Wang B. L. A RANERREAKHET
Nd: LuYSGG & &, FE K 1.06 pm AR T %
SRt A, EA RN 48. 0%, WEAT
BB Q Bt L OB AR Bk b B BE L B K Bk b R
BB EEETI RS MR 4.1 ns,157. 1 1] #0138.3
kW, R Nd : LuYSGG & #iE Tk mh 848 . fE
BB KBk b LR .

3 ZHRULTFEEABARHE

ZPLEFERAMOBAREHREE G
ENRFFHERFEAUEEFLUMERSHHEX S8
MR R EA AL, F et HES B R EE SRS
RSB S MR, KES T ¥ RBE
6 3E 2 570 BT A0 R K B R 8 R M PL AR A
BE. WREFEMREATHETFBR EIHAEZ
RERBEERRAAFERNBRUMEH EHE, B
EE R BEKPBOCH R D REOCET A &,

3.1 CNGG,CLNGG 1 CTGG

R A A [Ca, (Nb, Ga) Ga; Oy, ]
(CNGG) éa ke ,Nb** 1 Ga** T JF i o5 $5 R — A
HEBAL SHABRNEFHAXIRE.HLEF
NE* B Ga** BFE .NE REBMLEF,.FBR
i N b2 B TE 1. 710~1. 665 2 fa] 3
), Ga** 7 3. 150~3. 22 Z (8], Bl CNGG A&
ﬁﬂggﬁﬁiﬂ Ca, Nb1.7|oG33.1500125 Ca, Nbl.sssGaa.zz
O 2z 8| zh. FIat, 78 Nd : CNGG §4& Py #8697
EEAYE, FHHEBEEMER, ¥ Li 53| A CNGG
BEFEERT Nd: CLNGG &k, 2 (1858 —
BB XM HEES Nd: YAG BiEHELAERE
BERBIS . OFEBEEE 1450 CEATTUA
ReEHREZSPEEAK BUTKBSEER:OQ
N " BREEER:QREAKBERF NS B4 &
e EErEREITILEK EA-ABEBR
Bk,

OABEZEANIRETEEEERE _RERET
FEHM Nd: CNGG E¥ S MBROLR, TART
1061.3,1059.1 11 065.6 nm =3 F6TEEH
H.kEEZEACIWMET Nd : CNGG SBiEH i
HaE, FMABE R ERBERK 1.062 pm &K
BTHEREN22.3% . WFEH 123.1 mW HEL
¥t % 4. Mukhopadhyay P.K. % AUY S T
Nd : CNGG SISOt vERE, DL Z IR B WOC 5
TMERME.EEK 1.06 um BB TRKRIIE N
1.63 W RIELEBOLHE. Li Y. L. £ AFYH A 885
nm ¥E ZHRE(LD) HEFE W Nd : CNGG B,
B EWII®E N 13.5 WBF7E 1 061 nm 1 1 329
nm MR KRBENRSFIN 4.5 W M 2.9 W, H
BIKESBN 32.2% M 22.1%. EEBZE A A
A 885 nm BN R/ EF(LD)HIERE W Nd : CNGG
FoEes, L F 808 nm B A, £ 935 nm &K
BIEBEM 4. 6% INBY 6.6%, BEM 3.31 W B
B 3.05 W,

LY.L £APIRH KR EZF MW Nd : CLNGG
i, E 28 nm A=A TINEN 1.3 W M HSEH
Wi, MugzhFER 17.8 W, X R R F L
11. 2% ’Edﬂ‘th/z""Is/zﬁgg&&ﬁﬁﬁFﬂi- Yu H. H.
A\ 34T T Nd : CNGG #1 Nd : CLNGG B8
A QHMMELR, XM Nd : CNGG # )t 2%
Nd : CLNGG #0625 4 5 LU B3 & 8 ik K i i
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S HESNEBRERNEE RS EED
EEBAKHEERR 12.9 ns,173.16 pJ,12.3 kW
A112.3 15,199, 1 uJ,16 kW BBk mhdd . 7 B 45"
BE5E T Nd : CNGG #1 Nd : CLNGG B8 sh i %
FeERE, LB Nd : CNGG #0628 09 Wik K 7 4 48
Wz, AT BB TER S ps MKk op; X Nd :
CLNGG B2 i IT L a5, n B R FHE R
900 fs B Bk M. Xie G.Q. % AU F A Nd :
CLNGG-CNGG @k 3k78 T 534 fs B BUOL, &
pt N&* B2 kb R 1B M & Bk rh. CLNGG
CNGG X # s B A Z A LU= 4 K
RO NS BB & &, REMITEBER
RBOCTHFEELFRAE .

CTGG k0T LLE R CNGG &k F ) Nb**
TR Ta® B, Guo S. Y. FAPIRET
BAEEEKR CTGG &k, AWK 1. 06 pm 415 3]
Bt . Xie G. Q. Z A BFFT Nd : CTGG &
RSB ROL TR HRE KR RE R 4. 3 ps.
% T Nd : CNGG #1475 8 48 48 TR 80O O T 2% H #Y
R, HNDAEEITLLEE.

3.2 YGaO;

YGaO; @& Nd : Y;(Y,Ga)Ga; 0,15 YAG
mERLL BEA LT B REW. YGaO, &k Y' R
T TR Y R A R R AN TR R A
M, N B Y AR AL, B BB NI B F AL
REE, RIS Nd** J& B 5+ T F . W E 5ok
# Kaminskii A. A. A FELEBFTLH
T Nd: YGaO; MPE K ELEWM N a7, B FEA K
5%, mARB M FEA R 55 mW, BOL KK o £
1 059. 3nm #1 1 062 nm, BiR T B 5F R XU K 1 25
I BT R
3.3 CGGG

% Nd** # A 3 Ca;Ga,Ge; O, P /5, Nd*+ ¥ &
BRAE FEZHER Ca2™ , AT 2B B i /\ m &
MUBEEEAL EH Ga®" 5 Ge'" U BEH, &4
Ga’" 5§ Ge'" A BRFG, # BL Nd** J& B & 4% K7 HE
3, AT B BE HOE 0. AT Nd * YAG &
#,Nd : CGGG @A EFAERPWASFREMEMME
A Eskov NLA. 2 APYRHHERARKT Nd:
CGGG #fk. Jaque D. HF AR TH A KR
Nd** ¥ B CGGG il FObERE, IRE R 0.1%
BPFE 1 060 nm Fl 1 065 nm Bt i & 5 &6, ik F

7E 2% DL B B R B K. Montes M. % A% i
1T Nd: CGGG Lt Mk B siE Q &
ERIWELL, KA B Bk rb 68 B 0 Bk o g [ T RILF
RAATZEMEMNLEZMHTEREN Nd: YAG &
1R 3R 15 B Bk vh 88 B B9 = £5. Belovolov M. 1. 4§ A7
HRT_HRERBEH Nd: CGGG REEHK 1.06
pm AbEOEERE L E 2.7 W IR R WD R T KB
T 700 mW ByELEFOLH L.

4 % iE

EROMOBUERAERIL T AN KB
AL FRA R IIR GEL Z K GEEBRREOE
S m. Bl FEN S RO O REFRMHE—F
WA LCTERBHZEROL B3R Q Wt B3 BURBOE
Fe WO I A % 75 T B LR LR BB B ST AR AL

SE W
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[(D]. B#& . ERBIKR%, 2017.

(2] BRI, E 28, £RN,. 5.8 NET BAHROTRHTR
(3] #8548 ,2009,23(11) . 40-44.

[3]J CHEN L J, WANG Z P,DONG C M, et al. LD end-
pumped 1. 11 pm laser of Nd : GGG crystal [J]. Laser
Physics Letters, 2012, 9(9):721-725.

(4] SUGAK D, MATKOVSKII A, DURYGIN A, et al
Influence of color centers on optical and lasing properties
of the gadolinium gallium garnet single crystals doped
with Nd** ions[J]. Journal of Luminescence, 1999, 82
(1):9-15.

(5] 3kKAL BB HE . EE4E ., % . GGG RIIBLRIERH
RIJ]. BFHETF¥H,2002,19(6): 481-484.

(6] #h&R XIS AN, X2, % . Nd: Gd;Ga; 0, ZHREH A
BEBESERFRLI] BRI ¥R, 2004,32(5):
585-589.

[7] ZIMIK K, CHAUHAN R R, KUMAR R, et al. Study
on the growth of Nd®* : Gd; Gas O, (Nd : GGG) crystal
by the czochralski technique under different gas flow
rates and using different crucible sizes for flat interface
growth[J]. Journal of Crystal Growth, 2013, 363(3):
76-79.

[8] OKUDA T, ANDO K, KOSHIZUKA N. Preparation
of Nd** doped Gd; Ga; Oy; films by liquid-phase epitaxy
[J]. Japanese Journal of Applied Physics, 2015, 21
(S1).409.



®lzH Ha4W

Xizi&E, % HBREROBARENFRHRE 241

[9] ROTTER M D, DANE C B, FOCHS S, et al. Solid-
state heat-capacity lasers: good candidates for the
marketplace [ J]. Photonics Spectra, 2004, 38 (8),
44-52.

[10] fit%F4 . Nd @ Re,Gds., Gas Oy, (Re=Lu** ,La*" ) 5%

R A KR RERAE[D]. ¥/ Il AR K%, 2013.
[11] B&W, h&, B, F. BHABARA RIEHEOE
HRE(T]. BEMEERAEIR, 2005, 33(11):1339-1343.

[12] QIN L J, TANG D Y, XIE G Q, et al. Diode-end-

pumped passively mode-locked Nd ¢ GGG laser with a
L1l
Communications, 2008, 281(18):4762-4764.
(131 XU B, XUH Y, CAI Z P, et al. Efficient laser-diode
end-pumped Nd * GGG lasers at 1054 and 1067nm[]].
Applied Optics, 2014,53(29): 6812-6815.
[14] FR %, HHE, 2= H. 1110nm Nd : GGG WA B 5
555nm A A B e AR (V). A 58k T#, 2015(3):

semiconductor  saturable  mirror Optics

867-871.
[15] VERMA A, MALHAN N, GANGULI A K.
Preparation, structure and characterization  of

nanocrystalline-Nd * Y; Gas Oy, [J]. Materials Letters,
2012,81(3) :242-244,

[16] GEUSIC J E,MARCOS H M, UITERT L G V. Laser
oscillations in Nd-doped yttrium aluminum, yttrium
gallium and gadolinium garnets [ J]. Applied Physics
Letters,1964,4(10) .182-184.

(17] YU H H,WU K, YAO B,et al. Efficient triwavelength
laser with a Nd : YGG garnet crystal [ J]. Optics
Letters, 2010,35(11):1801-1803.

[18] STROHMAIER S G P, EICHLER H J, CZERANO-
WSKY C, et al. Diode pumped Nd : GSAG and Nd :
YGG laser at 942 and 935 nm [ J .
Communications, 2007, 275(1):170-172.

[19] LOHRING J, NICKLAUS K, HOFFMANN D. Diode
pumped Nd : YGG laser for direct generation of pulsed

Optics

935 nm radiation for water vapour measurements[ ] ].
Proceedings of SPIE,2007,6451:1-8.

[20]JLIYL, LIJ H, LIU X H, et al. 555 nm laser sources
based on intracavity frequency doubling of Nd : YGG
laser[J]. Laser Physics, 2012, 22(3):527-530.

[21JLIYL, LI]J H, LIU X H, et al. Diode-pumped Nd :
YGG continuous-wave Jaser at 1.33 pm[]]. Laser
Physics, 2012, 22(3);531-534.

[22] WU K, YAO B, ZHANG H J, et al. Growth and
properties of Nd # Lu; Gas Oy, laser crystal by floating-
zone method [J]. ] Cryst Growth, 2010, 312 (24);
3631-3636.

[23] ZHANG J, TAO X T, DONG C M, et al. Crystal
growth, optical properties, and CW laser operation at
1.06 pm of Nd : GAGG crystals[J]. Laser Physics
Letters, 2010,6(5): 355-358.

[24] ZHI Y C, DONG C M, ZHANG ], et al. Continuous-
wave and passively Q-switched laser performance of
LD-end-pumped 1062 nm Nd : GAGG laser[J]. Optics
Express, 2010, 18(8):7584-7589.

[25] AGNESI A, PIRZIO F, REALI G, et al. Multi-
wavelength Nd : GAGG picosecond laser[J]. Optical
Materials, 2010, 32(9).:1130-1133.

[26] L1IYB, JIAZT, YANG Y, et al. Diode-end-pumped
passively mode-locked Nd : GAGG laser at 1.3 pm
with SESAM[]J]. Laser Physics Letters, 2012, 9(8):
557-560.

(27] PGBt TR IRAL, EH S, % . Nd * GSGG #t Rk r
RS R[T] B F @ F ¥ HR, 2005, 22 (4):
570-573.

[28] BRANDLE C D, BARNS R L. Crystal stoichiometry
and growth of rare-earth garnets containing scandium
[J]. Journal of Crystal Growth, 1973, 20(1).1-5.

[29] CAFFEY D P, UTANO R A. Diode array side-pumped
neodymium-doped gadolinium scandium gallium garnet
rod and slab lasers[J]. Applied Physics Letters, 1990,
56(9): 808-810.

[30] &S . 2E . SRS . BOEZHREH 1 #E Nd
+ GSGG £ BB %8 % b A LT, P E Bk, 2007
(2):191-194.

[31] TIAN L, WANG S X, WU K, et al. Thermal,
spectroscopic and laser properties of Nd** in
gadolinium scandium gallium garnet crystal produced
by optical floating zone method[J]. Optical Materials,
2013, 36(2).521-528.

[32] 33, k%, £8 . Nd,Cr+ GSGG BOGHER A
T A aT L) ], e EAR ,2006,32(S1) : 146-147.

[33] JIAZ T, TAOX T, YU H H, et al. Growth and
properties of Nd ¢ (Lu,Gd, ,);Gas O, laser crystal by
czochralski method [J]. Optical Materials, 2008, 31
(2):346-349.

[34]FUX W, JIAZT, YANG H, et al. Continuous wave
and passively Q-switched laser performance of Nd :
LuxGd;. , Gas Oy, crystal at 1062 nm[J]. Laser Physics
Letters, 2012, 9(10):704-708.

[35] YANG H, JIA Z T, ZHANG B T, et al. Diode
pumped CW and passively Q-switched Nd : LGGG
laser at 1062nm[J]. Laser Physics, 2012. 22(5): 1-5.

[36] FUX W, JIAZT, LIY B, et al. Crystal growth and



242 o B

P

H

5 A 2018

A

characterization of Nd*' . (La, Gd,.;); Ga; O,, laser
crystal[J]. Optical Materials Express, 2012, 2(9):
1242-1253.

YANG H, FUX W, JIAZT, et al. Continuous-wave
and passively Q-switched laser performance of Nd :
(La, Gdi.,)s Gas Oy, crystal at 1062nm [J]. Laser
Physics Letters, 2012, 9(10): 704-708.

IR . LDEBARA AEERPRFEFRLD.
B « L AR I IE K2, 2015,

KAMINSKII A A, BOULON G, BUONCRISTIANI
M, et al. Spectroscopy of a new laser garnet Lu; Sc,
Ga; Oy Nd** [J 1.

characteristics, stimulated emission, and full set of

[37]

[38]

[39]

Intensity luminescence
squared reduced-matrix elements |[< || U(t) || >|? for
Nd** ions[J]. Physica Status Solidi: A, 1994, 141(2):
471-494.

RE. AMA ABGO: R REERKREERTR
(D]. ¥ : iR K, 2013.

GAOJ Y, ZHANG Q L, SUN D L, et al

levels fitting and crystal-field calculations of Nd**

[40]

[41] Energy
doped in GYSGG crystal[J]. Optics Communications,
2012, 285(21-22) :4420-4426.

(42] R, £4L. %44 ,% . LD HE#HIE Nd : GYSGG
BERERKEMTSERMRU] #obHAR,2014,38
(1). 83-86.

[43] 7h43% . Nd : GYSGG Rk BOLR MBI [D]. X
B REKE, 2012,

{44] ZHONG K, SUN C L, YAO ] Q, et al. Efficient
continucus-wave 1053 nm Nd : GYSGG laser with
passively Q-switched dual-wavelength operation for
terahertz generation [ J]. IEEE Journal of Quantum
Electronics, 2013.49(3) . 375-379.

[45] SONG Q, WANG G J, ZHANG B Y, et al. Diode-

pumped passively dual-wavelength Q-switched Nd :

GYSGG laser using graphene oxide as the saturable

absorber [ J . 2015, 54 (10):

2688-2692.

WANG B L, TIAN L, YU HH, et al

Lu¥YSGG crystal

passively Q-switched lasers [J]. Optics Letters, 2015,

40(13).:3213-3216.

LUPEI A,

Applied Optics,
[46] Energy

enhancement of mixed Nd in

{47] LUPEI V. Spectroscopy and energy
of Nd** in CNGG []1].
Proceedings of SPIE - the International Society for
Optical Engineering, 2001, 4430:62-70.

VORONKO Y K, SOBOL A A, KARASIK A Y, et

al. Calcium niobium gallium and calcium

transfer characteristics

[48]

lithium

niobium gallium garnets doped with rare earth ions-
effective laser media[J]. Optical Materials, 2002, 20
(3):197-209.

[49] B/ EHT.RKIIEB. . BAZREMZBES
BEAMABERMRI] EEER, 20031
50-52.

[50] TMEsR, B, 256 . Nd : CNGG Bk AEK R H
PREBISTL)]. BOLBA, 2005, 29(6):599-600.

[51] MUKHOPADHYAY P K, RANGANATHAN K,
GEORGE J, et al. 1.6 W of TEM,, CW output at
1. 06pm from Nd : CNGG laser end-pumped by a fiber-
coupled diode laser array[J]. Opt Laser Technol,
2003. 235(3): 173-180.

[52] LI Y L, JIANG H L, NITY, etal Efficient 1061
and 1329 nm laser emission of Nd : CNGG lasers under
885 nm diode pumping into the emitting level[J]. Laser
Physics, 2011, 21(3):485-488.

(53] MEE B, A 8kAK, B4, % . 885 nm 1 808 nm LD #
iE Nd + CNGG 935 nm #y6 S A MM R[I]. HEHH
*,2012,39(11).17-21.

[54JLIYL, JJIANGHL, NITY, et al. Diode-pumped
quasi-three-level Nd : CLNGG laser at 928 nm[]].
Laser Physics, 2011, 21(4) :648-651.

[55] YU H H, ZHANG H J, WANG Z P,

and passively Q-switched

et al

Continuous-wave laser
performance with a disordered Nd : CLNGG crystal
[J]. Optics Express, 2009, 17(21):19015-19020.

[56] YUH H, ZHANG H J, WANG Z P, et al. High-
power dual-wavelength laser with disordered Nd :
CNGG crystals [J]. Optics Letters, 2009, 34 (2);
151-153.

(57] GA#K . EF#ESEE Nd: CNGG Hl Nd : CLNGG
B KR R REBT (D). 578« I & K%, 2009,

[58] XIE G Q, QIAN L J, YUAN P, et al. Generation of
534 fs pulses from a passively mode-locked Nd :
CLNGG-CNGG disordered crystal hybrid laser [ J 1.
Laser Physics Letters, 2010,7(7) . 483-486.

[59] GUO S Y, YUAN DR, ZHANG X Q, et al. Growth
and characterizations of calcium tantalum gallium
garnet single crystal[J]. Journal of Crystal Growth,
2008.311(1) . 214-217.

[60] XIE G Q, TANG D Y, TAN W D, et al. Diode-
pumped passively mode-locked Nd : CTGG disordered

crystal laser{]]. Applied Physics B, 2009. 95(4): 691-

695.
[61] KAMINSKII A A, UEDA K, TEMPLE D, et al
Spectroscopy and continuous wave near-infrared



B2 FAW

XE &, 5 HRREEORA RO R SR 243

stimulated emission of new yttrium gallium garnet
Y;(Y,Ga) Gay Oz : Nd** (YGaO, : Nd&** ) [J]. Optical
Review, 2000,7(2): 101-111.

[62] PADLYAK B, RYBAROMANOWSKI W, LISIECKI
R. Optical spectroscopy and local structure of the Nd**
luminescence centres in glasses of the CaO-Ga, O;-GeO,
system[J]. Optica Applicata, 2008, 38(1):189-202.

[63] SHCHERBA 1D, KOSTYK L V, NOGA H, etal. X-
ray spectra and electronic structure of the Ca; Ga; Ge; Oy
compound[J]. Solid State Sciences, 2017, 71 1-2.

[64] ESSKOV N A, OSIKO V V, SOBOL' A A, etal. A
new laser garnet Ca; Ga, Ge; O),-Nd** [J]. Inorganic
Materials. 1978,14(12); 1764-1765.

[65] JAQUE D, CALDINO U, ROMERO J J, et al

Influence of neodymium concentration on the CW laser
properties of Nd doped Ca; Ga, Ge; Oy, laser garnet
crystal{J]. Journal of Applied Physics, 1999, 86(12);
6627-6633.

[66] MONTES M, HERASC D L, JAQUE D. Passive Q-
switching of a diode pumped Nd** : CGGG crystal:
Benefits of inhomogeneous line broadening and short
pulse generation[J]. Optical Materials, 2006, 28(4);
408-414.

[(67] BELOVOLOV M 1, SHATALOV A F. Lasing from a
solid-state Ca; Ga; Ge; Oy; @ Nd®* laser at a high power
of diode pumping[]J]. Technical Physics, 2008, 53
(11): 1513-1514.

Research progress on Nd-doped gallium-containing garnet crystals

L1U Yunlian, DI Juging, ZHU Liu, WANG Chunquan, TENG Fei
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Abstract: Nd-doped gallium-containing garnet crystals have been widely used in ultra-short, ultra-fast,

high power,. continuous wave, multi-wavelength lasers, and more research attention has recently been

received. In this paper, the research progress of Nd-doped gallium-containing garnet crystals is reviewed,

including conventional gallium-containing garnet crystals, gallium-containing garnet mixed crystals and

multi-center disordered gallium-containing garnet crystals.
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