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Abstract Nd’" 900 nm laser can be used for pumping Yb*" laser materials and atmospheric detection. The deep blue
laser produced by its frequency doubling has important applications in underwater communications, atomic cooling,
biomedicine, laser storage, laser display, and laser processing. However, the realization of Nd** 900 nm laser must
overcome the problem of Nd** 1060 nm transition competition. This article introduces the development history of various
Nd*"-doped laser materials 900 nm laser, and briefly summarizes the methods to suppress 1060 nm laser. Combined with
the research work of our research group, this article proposes that the key to further increasing the output power of the
Nd** 900 nm laser is to ensure a lower quenching probability and increase the 900 nm fluorescence branching ratio of the
material. By incorporating non-oxygen anion groups into Nd”" silica glass to adjust the Nd*" micro-local environment, the
Nd*" 900 nm fluorescence branching ratio is greatly improved. Nd* -doped fiber with a core-to-clad ratio of 20/125 pm
was drawn from the preform with this silica glass as the core. Preliminary master oscillation power amplification results
showed that the fiber had a good inhibition effect on amplified spontaneous emission at 1060 nm. This provides a new
method for realizing Nd*" 900 nm high-power laser.
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Table 1 Research progress of Nd*" doped solid laser materials in 900 nm laser

Year Researcher Material Scheme Research level
. Nd:Ca¥Y,Mg,
1978  Birnbaum L 514.5nm Ar’ laser end pump 941 nm
Ge,0,,
. . 42 mW@946 nm, IGV N TEMUU mOde;
1987 Risk Nd: YAG 808 LLD pump, room temperature; LilO,
100 pW @473 nm
. . 5 946 nm,2.63 mJ, 10. 78 ns, 500 Hz,
2017 Sun Nd: YAG Double Q-switched, water cooled is 12 °C , )
M,”=3.85, M, =3.86.
. 868 nm LD pump, closed-cycle acoustic . .
2020 Shayeganrad Nd:YAG . ) 113 W@946 nm, efficiency is 80%
Stirling cryostat is 80 K
2011 Fix Nd: YGG 806 nm LD pump, MOPA 935nm,30 mJ, 100 Hz, M*=1.4
. 806 nm LD pump, thermal electronic cooled 1s ) ,
2011 Lv Nd:CNGG . . 490 mW@468 nm, M, =1.27, M~ =1.41
15°C, BiBO ’
806. 4 nm LD, thermoelectric cooled is 23 °C, 13.2 W@457 nm, efficiency is 34. 7%,
2009  Zheng Nd:YVO, ) )
LBO M, =2.13, M, =2.53
) 808 nm LD end-pumped, acousto-optical 1.47 W@916 nm, 100 kHz,
2014 Gao Nd:LuVO, .
Q-switched 144 mW @458 nm, 20 kHz
. 928 nm,13.5mJ, 100 Hz, M, =1.4,
2020 Yan Nd:GdTaO, 879 nm LD pump ,
M =1.8
. Nd: YAG
2005  Strohmaier . 808 nm LD pump 1. 35 W@946 nm
ceramic
Nd: YAG ) . ) .
2016 Chen ) Cr: YAG passively Q-switched 0.96 W@946 nm; 12. 4 kW, 13 ns, 8.2 kHz
ceramic
Nd:Y,0, L . .
2017 Sattayaporn ) 808 nm LD, water-cooled is 5 °C 1 W@946 nm, efficiency is 12. 4%
ceramic
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Fig. 10 TLarge mode field photonlc crystal fibers for Nd*™ 900 nm
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A AT OO IR S Ao U K R A T 910 nm Nd** 900 nm femtosecond fiber laser”™
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Nd** doped silica fiber
HR-FBG: high-reflection fiber Bragg grating;
LR-FBG low-reflection fiber Bragg grating;
PM-WDM: polarization-maintaining wavelength division multiplexer

Fl12  Nd* 900 nm £ ELF O
Fig. 12 Experimental setup of Nd** 900 nm all-fiber laser™

FEATIAL T2 A5 B B, B T T 3 A A B RO AR
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Nd*" 900 nm Yt £F 't #% T 5K A Wi #2358 900 nm
Nd* B 44 B A FOEER  # B M2 N 900 nm 64T 3
Seas AR AR RS TR 2,

F2 BN BOGEE 900 nm BOGHE 5T #E R
Table 2 Research progress of Nd*" doped optical fiber 900 nm laser

Years Researcher Affiliation Type of NDF

Scheme Research level

University of

1986 Alcock Monomode fiber
Southampton
University of 9/100 pm, W-type,
2004  Nilsson nversiy o /100 pm. W-type
Southampton double-clad
. University of Depressed clad hollow
2006 Nilsson ) )
Southampton optical fiber
2010 Laroche Université de 5/125 pm, W-type,
Caen double-clad
Normandie
2018  Laroche ) ] 20/60 pm, double-clad
Université
Normandie
2021  Laroche o 20/60 pm and 30/130 pm
Université
2015 Pax LLNL’ Photonic crystal fiber
2006  Knight  University of Bath Photonic bandgap fiber
) ) ) 5 pm core diameter,
2016  Wang A Peking University
W-type
) ) ) Polarization-maintaining
2021  Wang A Peking University .
fiber
10/125 pm, Y-Al-Si @
2019  Wang Y SCUT™ bpm, Y-ALSI@
silica fiber
Polarization-maintaining
2020  Wang Y SCUT .
fiber
2071 FuS Unive‘rsity of 4.4/125 pr-n , phosphate
Arizona fiber

590 nm dye laser pump 900-945 nm tunable

808 nm LD pump at both fiber

ends

2.4 W, 922-942 nm
tunable, 41%

LD pump, water cooling 4.6 W@927 nm, M°=1.08

2.08 W@928 nm,
308 mW @464 nm
7.5 W@452 nm,
M?=1.0,M}=1.5
24 W@905nm,
510 mW@226 nm
11.5 W, efficiency is 55%,
M*=1.35

MOPA, two-stage amplifier,
PPLN(1-2C)

Bow-tie cavity
Amplified Q-switched oscillator
808/880 nm LD pump

) . 250 mW , Slop efficiency is
808 nm Ti:sapphire laser pump

32%
Pre-chirp, 808 nm LD pump at 220 mW@920 nm, 18%,
both fiber ends 114 {s, 4.4 nJ

400 mW@920 nm,

Nonlinea lifying | i
onlinear amplifying loop mirror 95 9 nm 109 fs

915 nm, signal-to-noise

All-fiber, 808 nm LD pump 0 is 50 dB
ratio is

All-fiber, 808 nm LD pump 915 nm, gainis 1.0 dB/cm

13.5 mW@915 nm,

All-fiber, 808 nm LD pump efficiency is 7. 9%

(note: LLNL means Lawrence Livermore National Laboratory, "SCUT means South China University of Technology)

WHT BT A, T 2 N & E PR b, 3 AT NdT
900 nm Y EFHOL 4R HF 5T B T N B2 1 5OL LT
TR, T At 2H 73 Bl 58 ' 25 (0l R 6 3 35 D6 7 A7 i 4
I A5 S AT A T AR K P (mW B )

Nd* 45 2% 1 JEOL LR 1E T 3845% 900 nm 0L, X F 27
PR o HAS B 00 R A R AL BT BE A M T S A, R
A PR H A 3 T b B /9 900 nm 264 3L L . T
(4 IF 7 3 B N BOEHOR Bove B0 AR 507 A T %
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HLAE 1997 4F |, Dragic 28 kXt L T LB RS I AL
P.Ge 48 N 1 92 37 35 (1) 26 63, JF 48 s LB 7]
A BT 4 i Nd* 938 4R B L {0 & 38U Stark RE BT
U BE A, 8 Nd® A9 900 nm &G K % R, HAH ok 4L
ST 8, N 1) b7 50 7 5230 900 nm O HY
SR Z M 58 A 45 H LA G 21 04 8 ) 40 A, A 42
WE BB 12 1 Nd™ 18 220k 8 PR IE 4258 Stark 70 2410 90 1%
A E R 20 4E RS T PR BN 2K H e T
Nd* 900 nm #6 BBOGHEE A 10X A REAR B o A ik
AW . (HX —RMLE HFTA AL, 2019 4F , Wang
SN B B R R T N & G T B O & F kAT
TR, IR 1 Ge & 82 S A F] T Nd* 900 nm &,
{H.900 nm %5t 43 3 AT IR T 50 % -

4 AFE A B N BRI S A
900 nm JHOGH 5T 2t Jig

HE N B 2 A e 3 EAT L N B 4R
J6 A B & 1) 900 nm #E G 4r L H L JE — R AR 4F
Nd*™ 900 nm #OGH B . (H Nd* £ 92 35 3 b 77 78 ™ &
B Ve BEFE O, — il i B A ALLP ST R 2 M Nd™
IR AR BE . AR BT , 1) NdY 7 S B B v 5] A SR B 5
Bf, 25 45 5 Nd* 25 Ja Bl C A7 240 58 19 X FR M, B AR
Nd* BB B S22, 1 5 JL 25 i, AR T L 25 mE 4 HE
2% T HE LL 52 B Nd®T 900 nm = HE 2% 8K 3 06 .
e N 18 2% £ 9 35 35 v 42 55 900 nm %€ )% 5 1 il ik

3 104 (@)
s
2
(7]
2 084 —— I-AI-Nd £ S
h= —— AN SRR
c
2 06 %, =808 nm
£ 2,,=1064 nm
ﬂ)
T 0.4
I
©
E
o 024
z
0.0 T T T T T T
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Wavelength (nm)

150C

FERRK 2 [ A7 70 & 1, 5 e dk ALLP 2L 38 550§ L 61 Fn
Nd* B e BE 78 08 UE Nd* e B 43 R0y %58 /0N 1 1 Bl
TR AR A N Y48 4% Mk B AT 900 nm #E G 4 K
Foo 59— i, B AT b i peax — o9 i, 5 51 AR
43 SF HEE P AR N B A B L E NdY B = B
R BETR B BE A TE A0 A% N 9 J 95 KK F g Rk
$2 15 Nd** 900 nm % 643 32 b, X & Nd*' 900 nm G £F
WOLHE— 2 K i gk

J B # N 900 nm & G HL ] 3R B 4318
TR N 1B 2% 47 BBl 38, AU ) A58 % i 1) i
JUZ v 4 e A KR IR B A R 45 ST T Br % 4E
A BB TR SR 0 AN A e 3 B, R %O ik, 3
I8 & X ZFh e + 48 22 A B8 SOC A T HRIRA W)
F 75, A SC P RS B i S Al A 4. Hr gk
ITE g b3z 07 ¥ il 4 7 B2 i 19 T-AL-Nd 3k
A PPk I KoOBer K’ 13 AN 248 1 1-AL-Nd 3
B0 BB 1 PO RO S . WKL SIAT
AT R R A S B 38 4 K 09 2 5 A 1) [R] ), B 35 4 v
900 nm % I A X 5 BE , 3% A 5 S AT R A9 AR AL T IH R
R E T AP M S5 )5 5 Nd B 7 |
e, FEN BB kAEmEH. Wik, 51 A
I 2 — B A FE NI e B2 8 KK F [ B+ 42 15 900 nm
9N AT 5 T BE, XTI 81 900 nm 24 57 H A Nd**
% 22 g 3 b4 R DL 92 B Nd® 900 nm & M) ok oA &
B, MM, 1) AN B A A ST
Br 254k A BB 7 AL At 2 R R kA Nd*JE Bl
S AEE A Nd™ B R B 22 W BT, BE g O UE 3 AR 1Y
Nd* " #e B AR R IK S R K 7 Nd® 900nm % 5t i
BE L, J-O R TR DL L ik # 0.4 DL B o S FHE
S B TR N Gl ok R BE O 45 4 K ' 1 M BE Y 5
Wi LB, FR AT A SR e R A4

e

(b) —— |-AI-Nd# JE3 3, 1=468us
—— AI-Nd £ Y343, 1=466us

o, = 808NM, A, = 1064nm

o,

Normalized intensity (a.u.)

T T T T T T T T T
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K13 AN B T-ATN 20 3R (a) 10— 981 ; (b) 9t i ™

Fig. 13 AI-Nd co-doped and I-Al-Nd co-doped silica glass. (a) Normalized fluorescence spectrum; (b) fluorescence decay spectrum

1% A T B ) AES A R 20/125 pm B A P
LR, JCEF 25 F an P 14(h) v A da BT o SRR 14(a)
i 32 4R 3% B il K (MOPA ) 45 44 3 17 %) 46 0% ik

[66]

K. LA 808 nm LD AERZETE,0. 72 W ) 915 nm
T WOCHE IR IR K E S T m, 8 14(b) K%
L e o 6 A -y 2R, S B T Rk F) 28. 7T W
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Fig. 14 MOPA amplifier based on I-Al-Nd co-doped silica fiber. (a) Optical path diagram; (b) input-output curve; (c) laser spectrum

(inset: micrograph of the I-A1-Nd co-doped silica fiber cross section)
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