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Table 1.  QCW laser research and industry status.
. o WEED)R PRI ST o ;
\ ) Vzs iﬂ =] EXS LFC . 15 %

a0 BHF AL 4k /AL W W ey Jik 9L /ms i [kHaz

h R B AL 25 AIMOP A%y 4
2013 RFF R (Nd-Y AGTHIHACES) 0.564 0.0423 1.56 0.075 1

op = B2 B AR 25 [AIMOP A5 . ‘
2015 REFIE R (NA-YAGFHIHACES) 102.5 8.2 >3.5 0.2 0.4

BB R AL % MIMOP A%y "
2020 REFFOH (NA-Y AGFEARHO ) 2.2 0.0861 1.37 0.1 0.4
2022 =] B 2Dl NI 9.7 0.898 ~2.4 0.1 1
2022 = B KA DCEIRG# 6.5 0.501 1.38 0.1 1
2022 [ B Rk () ENEIRG AR 7.3 0.5689 1.43 0.1 1
2023 I B RH KA LIRS A 10.75 0.973 ~1.61 0.09 1
2015 PG YLM-150/1500-QCW 1.5 0.150 1.05 0.05—50 0—50
2015 PG YLM-250,/2500-QCW 2.5 0.250 1.05 0.05—50 0—50
2015 PGH2 YLS-2000/20000-QCW 20 2 12.33%#, 44# 0.2—10 2
2016 PGH YLS-2300/23000-QCW 23 2.3 12.33%, 44# 0.2—10 2
2018 EIRH RFL-QCW450/1500FS 1.5 0.450  <1.45# <582%  0.1—75 0.050—5
2018 RDLGERH) RFL-QCW150,/1500 1.5 0.150  <1.45% <5.82#  0.05—50 0—5
2021 DGR RFL-QCW1500,/15000 15 1.5 <11.64# 0.05—50 0—5
2019 (o nid MFSQ-150/1500W 1.5 0.150 1.3,28 0.1—50 0.001—5
2019 BIEHOL MFSQ-500/2500W 2.5 0.500 2.5 0.1—50 0.001—5

Vs BRAE SR AR O S S5

HoOtER (YLM-250/2500-QCW) 65 i & K 1 M2
A[3A 1.05, XRIEEDIZN 2.5 kW SHPR QCW
HWOEE (YLS-2300/23000-QCW) I {H Iy 5 EL ik 5]
23 kW, FIIRiAF] 2.3 kW, R H 100 pm
()% BB, JEHR S5 (beam-parameter prod-
uct, BPP) A 4.2 mm x mrad (M? = 12.33#)113], [&]
PIXTF QCW G #S 1 s AL R LS T —
AR B0 MFSQ-150/1500W 180G #8552
T OEHR RN T M2 = 1.3 [ QCW otk
o (R S DI, XTIy 1.5 kW,
RIELRHY RFL-QCW1500/15000 306 #8 2P T
WE(E )% 15 kW [, (RO HOG O 2,
X BPP g 4 mm x mrad (M2 = 11.64#)16, &
SR, BRETEVA 1 QCW JGEFotds ™ i Joie 7Eg (A
DI SYS S o il 3 Y K PN OE o) eI

H i+ QCW SEEFHOL#R T 55 #F R
T B AR, TS RO IR G AR AL
T — MR SRR SC I OB S5 5 AH )
DRI i tHOCLF O IR 25 AH L, R b
FHOCIRG AR T 25O0EF | ettt &

HURVEAR B, T2 T RGNA, 547 T REEH
PRFRRI BT, I HLREAS ) B 58 BUP 15 B t 06
PG e TAERL, IR T TARRICR. Ak, W
vt QCW DGEF O A B3 i X i 5 oK
SEHLE m RO 1020 PR, FEAR IR &
R B H SO GO G (21.201821644646.3)
Ll b RU AR SO R BB 25 4 SE B QCW
Jtdwkan i, JFE O R T ACEIS FSL R AT
ARSCE SRS T HOR R T R0 QCW
CEFHOCIR Gr s BRI AL, BF5E T A4 T HI )
XoF SRR ISR, L K RS 45 A f 32 A 2 HUT
B (stimulated Raman scattering, SRS) FY52.
SRIG, AT T AU QCOW JELF O IR 7% 1 5L
o, ST AR/ NEE EAEA 20/400 pm R
FJEBEOCET, IR T X QCW UG (H T
R 3 kW TR . BEHE T T S i QCW
JCEFHOCIR G 1 SEBHIESE , X LB IR T X4 14
XF SRS MHIVER. AF5E4 R, Bmau ot
I T) AT LAY M s R 9k i, Rl A4 n] LAAT Rk
ANGEF AR AR RAR, AT SRS.
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Table 2. Simulation parameter.
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AR B0 5 P S TE AT e A R A i
TURRAIRR i i (2%, BRI Lok (R 2], B )
QCW SELLFBOGAS DR AT, B SR 3R W,
PA I 2SI LD, AR S il iz o 2 m] DU ) 3 &%
(continuous wave, CW) RIS T ZGEFHOGAR At
PN 201 SR /NS bR QCW i H 38O 1 5t
BRI, JT L IRBRI R QCW Yotk
DA TEUA T B
AR HEH O K 981 nm, XN
(R AT / % ST N 8.57% 10 25/1.07 % 10 24 m?, it
BRI 965985 nm, EFTH TR 0.0025, A, B
WA S5t SR R - I TR 4k 200 W, EARCA 1 kHz, 4
2R 10%; 7560 B 1080 nm, X 1)
WL/ & AT N 2.29% 107 27/2.82% 10 25 m?, {55
JE A 10501150 nm, HLFEH TR 1. B 140
T 800—1150 nm MU /% S il 2. WA =
BEOCEFER / WALZ HAZ R 20/400 pm, KJEH
25 m, YCEFRZRILRECH 0.61 dB/m(@981 nm),
N FLAE R 0.065, £F 05 /002 F N 9.3/
2.4 dB/km; A H1 B Wi st oA G DG EF A 1A% Ot
W (output coupler fiber Bragg grating, OC FBG)
ZECHF, PO PK N 1080 nm, 2 HE K 10%,
WEREL 3 dB 9~ 1 nm; BIE TR 6.56 %
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Fig. 1. Absorption/emission cross sections of ytterbium-
doped fibers.
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Fig. 2. Time domain diagram: (a) Rising edge of pump
pulse; (b) output pulses at different rise times.
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B Ry v RS AR A RiAS M (high reflectivity
fiber Bragg grating, HR FBG), B & %5 &N
99.9%, HAR i ESHAE.
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Fig. 3. Simulation output spectra under different structure.
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Fig. 4. Accumulation of nonlinear effects in gain fibers:
(a) Power distribution; (b) B integral.
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Fig. 5. Experimental structure of double-ended output QCW fiber laser.
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combiner, PSC) G HFIHFEAM L. 556 OC
FBG #ith 5, A JEGIERR % (cladding light
stripper, CLS) JE BRI 0915 = Y6 A% 43 09 32
I, B MIEEFERDE (quartz block head, QBH) %
. H ) W EBEOLLA AL/ NEZ ER R 20/
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H %M 0.98 nm.
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Fig. 6. Integrated test platform.
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Fig. 7. Experimental results of double-ended output QCW fiber laser: (a) Curves of output laser power and efficiency; (b) spectra of

output laser; (c) beam quality at end A; (d) beam quality at end B .
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Fig. 8. Pulse morphology.
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Fig. 9. Experimental structure of single-ended output QCW fiber laser.

Yo IR ) 321 W, R IE(E I3 K 3438 W,
Horp A sl fE T8 N 1218 W, B il {H IR R
2220 W, 5 i s 471 0 AR 1) 22 S R 2 B RE 1Y
AFGER T A F1 B Wi DR 22 5. ok
DI, S 7(b) B, Bl A 31 dB,
A I B v OGRS 3 dB AT 58 40 B 2.91F0
4.01 nm. WE 7(c) A 7(d) B, A 6o i
M? =134, Bt it M2 = 1.27, B9
RO R YRR IR fE /N T 0.04.

XUt i QCW SO 14 ik b IR (B RS, A il
H B i (1) 5 1 B P AR 5 B 8 . Bl TR [ e
PN, >R ETHEFEL R O ps B BK# 6T LD B
PA e, SEBRA S K e T 2928 31 ps.
XAE— R LA T o s () 7= A i R IR
Vi SR UG 1 DIy AN T Ik o A 2 e S 0 1 ) RS 1Y
1.9 f%.
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vy BV Ay B 25 44 S 1) i S i, o3 — s DDA 7.9°,
TH 5% s TR0 B2 15 B OGN RRUOE W m 45 18
A% OC FBG ® iy HR FBG, HH LKA
1080.06 nm, 255N 99.9%, 3 dB 475k 1.99 nm.

XF He A 6 (8 10), Bam s R TR
1904 W i, SRS #l il [k Ry 26 dB, X454 T
B i Ik 2129 W I, SRS #ll#1 k 32 dB,
BRI 25 A 1) SRS I L 1 6 dB; 1 B4 #4)
S PR R 1950 W, & HU B SRS, 1 B XU
i QCW HOLERHAT 471 SRS il AE .
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Fig. 10. Output spectra under different structures.
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Xy i1 QCW JCEF O AR Y D R $2 7t 2 AZ IR
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A2 W AT 3R R R 3 i DR 2T, DA o SRR R,
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Abstract

Quasi-continuous fiber lasers have a broad application prospect in the industrial field. However, in the
current research on quasi-continuous wave (QCW) fiber lasers only the single-ended output structure is used. A
double-ended output fiber laser oscillator needs only one resonator to realize two laser outputs. Compared with
single-ended output laser, it has a low cost, small volume and high work efficiency. It is expected to achieve
higher power laser output through double-ended output beam combining. Therefore, the double-ended output
QCW fiber laser is proposed and studied in this paper. The steady-state rate equation establishes a theoretical
model of a QCW fiber laser oscillator with two ends, considering the stimulated Raman scattering (SRS) and
amplified spontaneous emission (ASE). The output power, time domain and nonlinear effects of this type of
laser are simulated. The results show that the overshoot effect caused by relaxation oscillation will produce a
large amount of thermal deposition and ultra-high peak power in the fiber. It will reduce the nonlinear threshold
and limit the increase of power of the QCW fiber laser. Prolonging the rise time of the pump can effectively
suppress the relaxation oscillation and obtain a stable pulse output during the pulse duration. In addition,
compared with the single-ended QCW laser, the double-ended output structure changes the energy distribution
in the fiber and reduces the accumulation of nonlinear effects in the gain fiber, thus inhibiting SRS. Then, the
ytterbium-doped fiber with a core/cladding diameter of 20/400 pum is used to achieve the first double-ended
QCW laser output with a peak power of 3 kW. The peak power values at both ends are 1218 and 2220 W,
respectively. The values of corresponding beam quality factor M? are 1.34 and 1.27. The optical-to-optical
conversion efficiency is about 60%. The pulse width is 100 ps, and the repetition frequency is 1 kHz. This
research verifies the feasibility of high power and high beam quality output by double-ended output QCW fiber
laser, which provides support for small volume, low cost, high power and high brightness QCW fiber laser.
Further breakthroughs in the research and application of high-power fiber lasers are expected to be made by
continually optimizing experiments, increasing pump power, and improving the laser’s output power and

conversion efficiency.
Keywords: fiber laser, quasi-continuous wave, double-ended output, near-single-mode
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