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Progress and Prospect of Fiber Lasers Operating at 1.7 pm Band
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Abstract The fiber lasers operating at 1.7 pm band have important applications in many fields, such as biological
imaging, gas detection, material processing, and generation of mid-infrared laser. Thus, it has received extensive
attention in recent years. In this paper, the progress of 1.7 pm fiber laser is reviewed in detail, and the characteristics of
different technical schemes are discussed comprehensively, including fiber gas Raman lasers based on hollow-core fibers.
Combined with application requirements, the development trend of fiber lasers in the 1. 7 um band is briefly prospected.
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Fig. 2 All-fiber structure CW Tm-doped fiber laser operating at 1.7 um band. (a) Tunable wavelength; (b) fixed wavelength™
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Table 1 Progress of CW fiber laser operating at 1.7 pm band based on rare-earth-doped fibers

Year Fiber Cavity Pump Output wavelength / Output power /W ‘ Slope Line width / Rel.
type scheme  wavelength /nm nm efficiency /% pm
2004 TDF Linear 790 1734-1736 <0.001 <0.2 =30 [14]
2006 TDF Linear 1565 1723-1973 2-8.4 <46 <500 [15]
2008 TDF Linear 790 1650-2100 <<0. 02 38 2.8X10° [16]
2013 TTDF Ring 1210 1635.6-1766 <1.6x107" <0.2 — [34]
2014  THDF Ring 1550 1727-2030 <.0.408 <42.6 — [35]
2014 BDF Linear 1568 1625-1775 <0.6 <20 — [36]
2015 TDF Linear 790, 1565 1740-2070 0.5 — — [17]
2015 TDF Linear 1565 1660-1720, 1726 0.065-1.5, 12.6 <46, 63 —, 70 [18]
2015 BDF Linear 1568 1700 1.05 33 A4 X 10° [37]
2015 TDF Linear 1550 1750 0.4 23.5 54 [20]
2016 TDF Linear 1550 1707 1.28 36.1 44 [21]
2017 TDF Linear 1550 1707 3.15 42.1 50 [22]
2019 TDF Linear 1580 1726 47 80 ~3X10° [19]
2020 TDF Linear 1550 1723 2X107" — 180 [23]
2020 TDF Ring 1570 1712-1720 0.1-0. 227 <10.3 23.7 [24]
2020 TDF Ring 1570 1720 2.36 50. 2 39 [25]
2021 TDF Linear 1610 1727 0.012 4.81 8.5x10° [29]
2021 TDF Ring 1570 1720 0.407 22.7 4.3xX107°  [26]
2021 TDF Ring 1570 1720 1.11 46.4 1.8X107°  [27]
2021 TDF Linear 1560 1720 1.13 68 75 [28]
T2 EFHEETBRRAMKM L7 pm JEBOGLF O3 AT 5 U e
Table 2 Progress of pulsed fiber laser operating at 1.7 pm band based on rare-earth-doped fibers
. . ] Power
Year Fiber Pulse generation Pump Output Output average Pl.llse conversion Ref.
type method wavelength /nm  wavelength/nm power /mW width efficiency /%

2016  BDF Mode-locked 1565 1730 10 1.65 ps 0.8 [38]
2016 THDF  Mode-locked 1556 1705-1805 2-12 630-950 fs 0.1-0.5 [39]
2017  TDF Mode-locked 1560 1785 264 445 fs 10 [30]
2018 THDF IM 1211 1781 3.4 1.4 us 1.4 [41]
2018 BDF Mode-locked 1570 1700 20.4 28 ps, 630 fs 4 [40]
2018 TDF Gain switch 1560 1690-1765 284-654 190 ns, 150 ns 10.7-24.8 (9]

2019 TDF Mode-locked 1650 1750 50-251 0.8-3.7ns 1-5 [31]
2020  TDF Gain switch 1560 1700,1725, 1750 582, 668, 753 16.7 ns <25.1 [10]
2020  TDF Mode-locked 1565 1740-1892 <180 2.76 ps <10 [33]
2021 TDF Mode-locked 1560 1746 3.55 230 fs 0.3 [32]

3 FET AR AY 1.7 pm % BOE 2T

Ot AR I 5 0k

FRTAE S 2P th 3 I LR LA ARk e iz
A 1.7 um BEEEHOE , B WO B U (SRS) TR
F AR (SSFS) BRI (FWM) , Ll K % fidE 2
SRR PR IR P S 3 (SC) o JEef, SRS th
(X H ARG, 2 BT 7 A P 1. 7 pum D B
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Fig. 4 Raman fiber laser operating at 1. 7 um band based on the stimulated Raman scattering "
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SRy O, MEJE AT 1 pm U B ASE JETEAE A
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AT T R N AE E L (CCF)FE 1721 nm 3845 7 5281

T %N 2.16 W i 22 )% fr 2 3ot b, i 1 CCF 1k
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1.8 pm 1y & By 2 e e, 76 1692 nm SEPL T T2 & ik
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Fe Tk 1.7 pm P BERLEOG LR Ot w8 1 4R IE H
b X e A SRS B A B 5 R 1 3 R B EE
ST AR B2 6 AR OB AR AR AR AR K e RO
21 DL A A A P 1 25 . (RE R R R Y 2 oA HLUH
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Fig. 5 Raman soliton fiber laser operating at 1. 7 um band based on the soliton self-frequency shift™”
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Fig. 6 Fiber optical parametric oscillator operating at 1. 7 um band based on the four-wave mixing"”
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AR 1.7 pm I B CRP SCORIR . SR
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YR W EAFHE R SCo RAR, 75 B K 2E
) Chung 2 4RGE T — A m DM 1.7 pm P B R
SC G . 528 ff FH 1550 nm &R G 2F 806 %5 5 0l —
ROIE & 3 LMAF, i i 8 U 8% 98 17 3% 0% )5, £
1350~1700 nm i Bl P 5280 1 9% K o] 98 5 RD ik o i
Je i B TR 330 mW ., 2019 4F, 3
PR A Zeng ' HRGE T — A F5E M 1.7 pm B
BB SC IR . L5 ffi B — MY i B0(E FL A2 BB G 2F
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LD

040

B7 1.7 pm B % S 6
Fig. 7 Super-continuum spectrum light source operating at 1. 7 um band
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T 02 I R LR SO A% 10 B H ) 3 0K o 7 1 A7 3]
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Table 3 Progress of CW fiber laser operating at 1.7 pm band based on nonlinear effects

Year Fiber type Nonlinear Pump Output Output Efficiency /% Line width / Rel.
effects  wavelength /nm wavelength /nm power /W pm
2011 SMF SRS 1542 1708 4 — <1000 [2]
2012 PMRF SRS 1564 1679 0.275 67 (slope) 27 [42]
2013 PMRF SRS 1564 1680 0.514 67 (slope) 24 [43]
2014 MMF SRS 1545 1638-1675 3.6 27.7 (power conversion) <300 [44]
2017 HNLF SRS 1539-1563 1652-1680 6.3X107° — 23.2 [45]
2018 RF SRS 1064 1676 66.9 42. 4 (power conversion) 7670 [46]
2018 RF SRS 1062 1691 6.9 21 (power conversion) 4700 [47]
2019  PMSMF SRS 1550 1655, 1679 6.2,5 79, 64 (power conversion) 5000, 1600 [48]
2019 RF SRS 1055-1072 1695-1725 10-14. 4 25.6 (power conversion) <1x10' [49]
2020 RF SRS 1117 1692 104 37 (power conversion) 2000 [51]
2020 CCF SRS 1066 1721 2.16 6 (power conversion) 4240 [50]

Fd BETHELMERON MK ph 1.7 pwm SGEF RO AR 1 B 5T 2

Table 4 Progress of pulsed fiber laser operating at 1.7 um band based on nonlinear effects

- . Pump Output Output Power
Year Fiber Nonlinear wavelength /  wavelength / average Pl_llse conversion Ref.
ype effects nm nm power /mW widh efficiency /%
2011 HNLF SC 1560 1350-2000 30 122 fs — [7]
2011 LMAF SSFS 1544 1560-1700 87-277 200 fs 8-27 [55]
2011 LMAF SSES 1550 1580-2130 20-284 >70 fs — [56]
2013 LMAPCF SSFS 1560 1600-1780 126-546 80-95 fs 28-44 [57]
2014 HNLF SC 1671 1400-1900 60 <137 fs 50 [8]
2015 HNLF SRS 1539 1651 110 890 ps 11.5 [52]
2015 CCF SRS 1565 1686 4400 128 ns 27.2 [53]
2016 HNPCF SC 1564 1600-2180 1000 15 ps 37 [63]
2017 LMAF SC 1550 1350-1700 230-330 50 fs 10-20 [64]
2017 DSF SSFS 1600 1700-1740 <26.8 196 fs <80 [58]
2018 DSF FWM 1546-1568 1617-1876 <14.3 >14 ps <20 [60]
2018 DSF FWM 1560 1620-1870 <204 14.5 ps <20 [61]
2019 PMVMAF SSFS 1480 1620-1990 <1500 >120 fs <3 [59]
2019 HNASMF SC 1914 1700-2330 92 865 fs 32 [65]
2020 RF SRS 1117 1693 23X 10° 100 ps—100 ms 8 [51]
2020 HGDF SRS 1541 1652-1654 98.5 31ns <3.2 [54]
2020 DSF FWM 1550 1700 1420 450 fs 20 [62]

WK K TR K)o fE FOPA/FOPO i Ij &
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[%]ﬁﬁli&lhc Z:ﬁ FOPA/FOPO q:‘)lﬁfl:%%iﬁﬁlﬁﬂ/ﬂiﬁ 1"5%[3’\] 1 7 pm Yﬁfﬁ%??ﬁﬁ'ﬁg§£f%%?§gfﬁ
- o 2T 7 A D B BORZF O . ARk L B 25 T
W BT AR R IR . e R, T i
- “ " = (o B R R B R O R T

LR AR U7/ HOE S A TR M B OEHE o ot o ot R 2 (PGRL) ™ 51 H1 i
JEGE . WA ST BUAR ATEMOBH T M g s k2 FGRL B 2050 50 T M\ 4 1 o
BEARIEAT L AN IR B PR RROCI. oy g i B v WO B B B TSRO 28 (0
U] 7 322 %68 S £ A G RN AR b dn 35 7 2 Ak R R A 17 pm U B AR ORI T — R
SRR 25 A 1 722 SCOL TR B977 % . FGRL B0 W FF R 28 5O £F  JL2F iy
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Fig. 8 Quast-all-fiber single-pass structure pulsed fiber hydrogen

Raman laser operating at 1. 7 pm band (insert: schematic

diagram of cross section of used hollow-core fibers)"”

PR BT 3.3 W, BL B B A< AT R i R 1693~
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M T RGN E B, R R RS ST
ECLF AR 1.7 pm P BE FGRLY™ . S 56 4 FH 7
HL S FEL A B2 AL s A0 S0 25 S0 S 2 1 o sy 5 508
LR e N 1 D A N 3 = R W W N o e 1]
BN SR K B R I8 50 m, B2 BAE A B A 2L
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F B R, 7E 1693 nm 3R 15 3 22 % OG 1 e R
2,15 W, B LR 3R R 31 %0 o Bl e AT
eI T QUIDISEA R iR 1 B o A W N7 s A
JEEFZE R ik o 1. 7 pm P BOGEF SR P2 BOERE
HE—2 7 2O SR I Wi 5 | A B2 K A FBG
AT DL R R s 2 b . AR B W ST T OB AR UK
FI 2 AR5 o A B AR IF X B2k 1. 7 pm P BOGET
SARPL 2 PR G IEAT T LR oT , LR 25/ an ik 9
. S5EAFRAEHI I FGRL A LG, 35 48 5 45 4 ] LI AT
25 b DR AR 7 2 A, 2 B R R L B, FRATT 0T
8 T kb 1. 7 pm 3 BOG L KRB 2 35 5 25 1045 vE .
gh IR W], FUA Y A Ik o 5 B OR 0 IR B AR
R — B, VR I A B A B [ AR 7 2 R A AR .

' ______________________ i ———

:1]1 HR@IGB:inmg g E 5 ! 0C@1693am !
I

K9 2Bk ESSHRYELE R 1. 7 pm P BOLA AL &
oty
Fig. 9 All-fiber resonant cavity structure CW fiber hydrogen

Raman laser operating at 1. 7 yum band"”
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4.3 INT

FGRL 774 1.7 pm I BOGEF BOGHHE T8 1
TR, RO REE T HTENEAH 1.7 pm P B FGRL
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oo H AT e 20l ol il £ 2R SRS B T R
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AL, T BB T BL SR 22 i RN K b RO
A KEE R T 1.7 pm % Bt FGRL 1) 52 1 F ks e 14
Fp AT R TR SR A . AL 1.7 pm P B
FGRL ¥ 234k 2 ] & T & 280% 0 D) R A i3 AR
PERY 7 ) & i o 3l AR 2 8O 5 SO AR R e
PFE (/N 2SSO OG AT A P A A T B, T DA — 2P R
2F 55 SO AR I AN A 3k 20 45 05 A 2 )
ST S L (0 U S | T R U ) RS =) )
1.5 pm G LR HOG IR AE MW I, A Bk — D
L7 pmiEBA2EOGME R, REHMC &
i il 2 RARE LI T 2 M 2R T A
SEIAW BN & 52, 0] DL % 25 0O 2R 1Y
A e REg . AU SR FGRL MERE MY K s e
PR, @ B — B WS i e, —Fh el A7 0 5 2 X s ot
AR, B2 X 1.7 pm 3 B FGRL B
G AR I B AR K & gz 1a]

5 HETAEEOLI R 1.7 pm G LR R 2 RO S R DSk

Table 5 Progress of fiber gas Raman laser operating at 1.7 pm band based on hollow-core fibers
R Pump Output Output Pulse Optical Line
aman
Year System structure ‘ wavelength /  wavelength /  average width /  conversion — width / Ref.
gas -
nm nm power /W ns efficiency /%  pm
2019 Quasi-all-fiber Deuterium 1535-1565 1640-1674 0.8 12 60 5.2 [99]
2020 Quasi-all-fiber Deuterium 1540-1550 1645-1656 2.9 12 58 <2200 [100]
2020 Quasi-all-fiber Hydrogen 1550 1705 0.5 12 32 <200  [90]
2020 Quasi-all-fiber Hydrogen 1535-1565 1687-1723 0.8 10 60 <200 [91]
2020 Quasi-all-fiber Hydrogen 1540-1550 1693-1705 3.3 13 60 <200 [93]
All-fiber
2021 . Hydrogen 1540 1693 2.15 CW 31 <200 [94]
(single-pass)
All-fiber
2021 ) Hydrogen 1540-1550 1693-1705 1.63 10 58 <200 [95]
(single-pass)
All-fiber . .
2021 i Deuterium 1538-1550 1643-1656 1.2 20 46 <200 [96]
(single-pass)
2021 All-fiber (oscillator) Hydrogen 1540 1693 1.8 CW 62 <200 [97]
2021  All-fiber (oscillator) Hydrogen 1540 1693 1.5 30 54 <200 [98]

(note: CW means that output laser is continuous-wave laser)
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