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Abstract: Re:YAG-SiO, multicomponent glass fiber is fabricated by a molten core method, in which a Re:YAG
is used as the core material and a quartz tube is used as the cladding material. It has the advantages of high doping
concentration, high mechanical strength, and is easy to fuse with quartz fiber. Recently, the single-frequency fiber
laser has been studied extensively based on the Re:YAG-SiO, fiber. In this paper, the development of the
Re:YAG-SiO, fiber fabrication and the single-frequency laser technology based on Re:YAG-SiO, fiber in 1.0 um,
1.5 pm and 2.0 um were reviewed. The difficulties and challenges of Re:YAG-SiO, fiber fabrication and single-
frequency laser based on this type of fiber were also given.
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Fig.1 Schematic diagram of molten core method
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Fig.2 (a) Schematic diagram of twice drawing™; (b)-(g) Optical micrograph of the cross-section for YAG, Yb:YAG, Nd:YAG, Er:YAG, Er/Yb:YAG,

Tm:YAG-SiO, fiber
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Fig.4 (a) Schematic diagram of single-frequency laser; (b) Longitudinal

mode characteristics by F-P interferometer*’!
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Fig.5 (a) Schematic diagram of single-frequency laser; (b) Output power
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Tab.1 Research progress of single-frequency fiber laser based on Nd:YAG-SiO, fiber

Gain/dB-cm™

Core precursor Gain fiber length/cm Power/mW Slope efficiency Refs
Nd:YAG ceramic(5.0-at.%) 1.57@1 064 nm 1.8 6% [47]
Nd:YAG crystal(2.5-at.%) 1.49@1 064 nm 0.9 2.58 1.26% [48]
Nd:YAG crystal(2.5-at.%) 1.16@915 nm 0.6 0.1 0.11% [50]
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Fig.8 (a) Schematic diagram of experiment; (b) Internal structure; (c) Self-heterodyne signal with Lorentzian fitted linewidth; (d) Operation interface of

Labview; (e) Prototype; (f) Output power stability”™”!
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Fig.11 (a) Molten core method based on CO, laser-heated; (b) Output power with respect to pump power ™!
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Tab.2 Research progress of single-frequency fiber laser based on Yb:YAG-SiO, fiber
Gain fiber
Wavelength/ O“tp“; Slope  OSNR/ . Linewidth/ o -
Core Doping/ Gain/  Transmission loss/ nm power efficiency dB kHz o
o o NA mW
precursor  wt.% dB-cm dB-cm
Yb:YAG 3@ 0.03@ .
ceramic 26 1064 nm 1550 nm 047 1064 ) 38% ) ) ) (53]
Yb:YAG 1.7@ 0.005@ . 0.51%@
Crystal 4.8 1064 nm 1550 nm 0.42 1064 110 18.5% 80 Ih 93 [56]
Yb:YAG 2.7@ 105.6 17.1% 0.096% @
crystal ) 1064 nm ) ) 1064 MOPA Seed 63 48 h 3 (571
60.6
Yb:YAG 1.7@ 0.005@ . . . <2%@
crystal 4.2 1064 nm 1550 nm 0.42 1066 Lmearti;())(r)]larlza— 16.6% 80 6h 81 [58]
Yb:YAG 1.7@ 0.005@ 136
) 4.8 ) - 0.42 1064 Pulse - >60 - - [54]
crystal 1064 nm 1550 nm
peak
Yb:YAG 1.7@ 0.005@ . 0.36%@
crystal 4.8 1064 nm 1550 nm 0.42 1070 45 10.2% 60 05h <43 [59]
Yb:YAG 12.6@ 0.06@ .
crystal 5.25 976 nm 1550 nm 0.50 976 17.8 12.1% >45 - <41 [60]
<0.85%
Yb:YAG 5.66 44@ - 0.42 1030 258 34.9% 79 @ 171 [61]
crystal 1030 nm 13h
Yb:YAG 6.0@ 0.006@ . 0.65%@
crystal 6.57 1030 nm 1550 nm - 1030 103.5 18.3% >63 10h <7.5 [62]
_ 0.68%
Yb:YAG 53 - 0.054@ 0.26 1062 ~42 15.3% 60 @ 230 [63]
powder 1550 nm h
N . M2 1.5 pm B9BOGH 1 32 T8 BEr sl Er'/Yb™
2 1.5 pm K B Re:YAG-SIiO, S 4F B 375 4F H -

SRR
1.5 pm B RO EA X AR 2 20, BAL
FE AR AL i 1, 2 B A OG L O 6
HATZ MRS, WA s mEE s m o B0t
e R BAE D, DA 2 T MOk B2 i B

TE5

LB L. EC B FRERSS R A&l 12 P,
BB T 0 SO B AT = A, 4 R 25 e 2
Tisp B 3E 2 iz, iy Fl Hop, 43 51 % B F 800 nm,
980 nm, 1480 nm = M F WK . ECE FIOTOEK
R B R A AE 3 55 Z ) T AT SRR TR B,
H ¥ B3R K A0, AR e S B B B e Wk B 2%,
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Y'E TR, 1E T EPTE AE Sio, R IE R, o
AT A B S 90 B A 3 £ ()
2021 4, S H AL R G S kil & TR A 1B 4t
Ve BE 1) ErYAG-SIiO, Y2, BF 58 7 HoE R, b U2 £
ZR W FE 5-at.% Er:YAG A Fi S8 A A4 L ] 5 06 25 1 :§ FWEM: ~78 e
fiefedE, HAF U EnO; BIME M 2.96 wt.%, 7 1550 nm Z
AL IR 35 RBOCR 146 dB/em, 76 976 nm FOWRILR R =
ik #~1.56 dB/em. TN 1.8 em %3 £5 L4F
Hill/E T DBR %I, SEEE T o K4 H TR 24.2 mW )

1550 nm [ 5 O Jik w54 550 9806 4 B, AH B R 2R AL
RN 15.1%, 18 3 h Wi KRINRT a5 54 0.23%,
Bk W RE i 32.7 nJ, Bk o RESE ]y 78 ns, T A AN
A 739 kHz, S {7 M R T 75 dBPY, &l 13 frs

(a) 976 nm LD
Er**-doped
TDSF WDM 1 550 nm laser
e o I  FO— —-
BB-FBG NB-FBG ISO

Temperature controller

25 ()

20

Slope efficiency: 15.1%

Output power/mW

0 50 100 150 200
Absored pump power/mW

-0.30 -0.15 0 0.15 0.30
Time/us

P 13 (a) SAIHOL HR EIEL (b) it D3 5 A O ) 3 B R
(¢) F-P TG RO YERFE; (d) Bk e

Fig.13 (a) Schematic diagram of single-frequency laser; (b) Output
power with respect to pump absorption power; (¢) Longitudinal
mode characteristics by F-P interferometer; (d) Typical trace of

single pulse™”

H T Er’ ' 7E 976 nm FEIHOGAR WIS R EA /D, T
Y TE 1% U B 5 A R R I W R B, A BRI
Y ] ) i B 5 A n B 6 SR ORISR .
VR ZH A P Rk 4 AR TR K ERYAG S Yb:
YAG @RI TR BDE , PRE7E — B A [F—f1 %
EHBOCL IURIRE, B S T4 EX YD B
YAG-SiO, J£F, HAE 1550 nm 4435 % 2.33 dB/em, 5
TF I T Er:YAG-Si0, Y6 £F 1) 1.46 dB/cm, Jf- | F + B
1.9 em FZOGETHIVE T DBR )88, 3N T 1570 nm
) BRSO A R B, &l 14 TR

%3 BEE TIAEEEET Re: YAG-SIO, G2 1.5 um
U B B A% B A ST G AL, T LA B, R Er:
Y AG-Si0, YA Er/Yb:Y AG-SiO, YA LISZHE 1.5 pm
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Fig.14 (a) Schematic of the co-melt in tube method; (b) Output spectrum; (c) Longitudinal mode characteristics by F-P interferometer™!
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B YAG-SIO, JLLF, W n] LI R0 s £ 3% 1 58
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& 3 1.5 um HE Re:YAG-SiO, TR BT B R B
Tab.3 Research progress of single-frequency fiber laser based on Re:YAG-SiO, fiber in 1.5 pm band

Core precursor Doping/wt.% Gain/dB-cm™ Power/mW Slope efticiency Refs
Er:YAG ceramic Er,05:2.96 1.46 @ 1550 nm 242 15.1% [39]
Er:YAG crystal + Yb:YAG crystal Er,0;: 2.51 Yb,0;:2.38 2.33@ 1550 nm - - [54]

3 2.0 um iE % Re:YAG-SiO, Jt 4T ST 4F

IR

2.0 um P BEAEOERA X IR 224 | KR E R
m . B ZR A S Y (H0. CO,. CH, 55) BRI
W W £ B G A, 2 B TRMIEA B I 0. B
H 2.0 pm BTG ZF EOG AR )T Iz 0 THOE IR
K PR DN RO B AR AU T B B
AIOGEF 252 B 2.0 pm i BOGLFBOGH 1 095 FH 3 25
B, Horp T 8 F I BEREE R &l 15 Fis, Tm™ 25
TR B A =AY, 430 i AR A AR YU, BRI
Z°H,, *Hs FIPFy, 233X F 793 nm, 1200 nm, 1650 nm
SAEMWE K . Tm™ BT 05 ki B R A TR
°Fy 5 Hq iEZLZ 18], A LA A 1700~2 100 nm {4
DS

2018 4%, fEp M TR 2% 19 Y. Zhang 55 F) H #5505

Pl % T Tm:YAG-SiO, Y6 5, JF Al H 13 em K
Tm:YAG-SiO0, Y62 F OGS 5 4 Fx, & H DBR &
SERY, 92T %L 1950 nm OGS Y, X R
RYCRN 12.8% 21, 2021 4F, 2E H A 3L T4 155k
T4 T Tm:YAG-SiO, Y6 £F, F K E R 2 cm AY Tm:

*H, A
780-810 nm pump
3H5 Y
1200 nm pump
3F, <
1 550-1 700 nm 1 700-2 100 nm
pump laser
3H6 v

& 15 Tm™ & FHed st

Fig.15 Energy level structure of Tm*"

20220133-10



s Gk A2

% 64

www.irla.cn % 51 %

YAG-SiO, J&£F#iI4E 7 DBR %55, 7 1580 nm G
T, S TIZZEOELT 1 1940 nm BT HOG
BT Tm* B F%F 1580 nm E I ER IR AR, A
JEE A 97 BB R, T B BRSO B T R R
1.8 mW, Jt AP0 75 AF X 5 B2 R P 7E 210 kHz A5 2R A4k,
i % 3% Wl o —75 dB/Hz, 1 3.5 MHz J5, RIN $4 58
TE-125 dB/Hz, ¥Ot%eE LSEE 16 i,

Tm:YAG-Si0, Y& £F il £ S AE S HOE 2% R,
BAIE T Re:YAG-SiO, F#FOGEF n] LU FH T 2.0 pm 3%
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Fig.16 (a) Schematic diagram of single-frequency laser; (b) Output
spectrum; (¢) Longitudinal mode characteristics by F-P inter-
ferometer; (d) Output power with respect to pump power and

pump absorption power
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TR BOERR

HTii, Re:YAG-SiO, JEEF ()il 45 K AE IR A7 3%
S 4 R o AR — S ) f, B HE LU LA
Tfl: 796, YAG 5 SiO, 5t 5 22 BRI i i 45 Ot
FIEEFLR IR, 5 B LTI B Ar AR B R 1A X
RBCAFE, 5 BT 9 55 ST L i I FE R A4
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