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All-fiber cylindrical vector beam MOPA laser based on integrated
metasurface mode convertor
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Abstract: Driven by the unique polarization distribution characteristics, cylindrical vector beams play an
important role in optical tweezers, high resolution imaging, remote sensing, plasma focusing, and other related fields.
To realize all-fiber high-power cylindrical vector beams MOPA laser, a mode conversion fiber device based on
integrated metasurface is independently designed, whose feasibility is analyzed and verified in this demonstration. The
self-designed integrated metasurface mode conversion fiber device can act as a radially polarized vector beam seed
with several watts, and the mode purity is more than 95%. In the experiment, a radially polarized vector beam with an
output power of 52.2 W was achieved in the case of a single-stage amplifier by decreasing bending loss and
controlling the mode. Moreover, the mode field distribution was maintained well during the amplification. To further
analyze the obtained mode characteristics, a rotatable polarizer method was used to measure the polarization
characteristics and polarization purity, and the mode purity was measured by an incoherent mode superposition
method. The results show that the polarization purity of the radially polarized vector beam is approximately 95.2% and
the mode purity is about 94% with the maximum output power, which verify the feasibility of the all-fiber scheme.
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Table 1 Fiber parameters

fiber core diameter/um  cladding diameter/um  cladding refractive index numerical aperture  normalized frequency laser wavelength/nm

20 400 1.45 0.064 3.78 1064
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Fig.3  All fiber cylindrical vector beam MOPA laser system
B3 &LF Ak B MOPA BOGHR 451
S, P A BRSO R SRS AR 0.85 WA [ f AR AT 5% 1O, G IS A R A PR R G BE R
JE A1 5 38 1ok T E G G O 2 IS 4 DG BSR4 A ATl ik CCD WRER, 45 AN 4 R, K 4 T RLE Y A e R
653 83k 3 G A 00, 450, 90°FT 135° R A6 It s FF , S AR PR JE B G B4 43 B 1 P ARE, L TR HE 3 5 o) 5 G i
FA) 30 Gl T 1] — 3, X — G5 AR T A PR OGBS A A R A R O, i HL, 20 A i 5 IS AR B o3 T R
A A F A i AR S A B . 3B AT SR [15] AN SCHR [16] B ad 7 vk T, TS Hh AR 1) D 4 A 2R S A i ik 46

101003-3



CEN - G T K
ﬁ(PQ*ﬂ*ﬁfﬁ?@fg(Pm)ﬂﬁ{u%%ﬁjﬂ ......................................................................................
’ SHCNONS
ol T OdmeER
P, = m x 100% (5) ......................................................................................
m+n

X Py P BIK p 7 AN s T 1) B R AR AR E T 3R m n 4%
59 A A2 1 AR R O (TM,) FITIEAR (LPg,) AEAH T & 4l & J5 19
o7 Lo AR T i AR R R ' 1 D 3 A /N L AR IR O
B HP ) 0 3 R A S AR A5 ) T ) S BRE e 41 S T i
RLIA Ry S 2R Al 415 ), 1A Xl O 2 30 ok i 6 B 1 — A i
JE 3 A th R AT AR AR T E LA TS B . R, AT gk
A5 19 428 1) D % 1 < S 0' 1) D R 4005 Ol 96.4% . B = Al i O
95.8%.

SR ARA D RO G K AR DB OR d
HEAT DR, B S S5 At ) 23R I 2 T ) R AR 4k
KFR o HIELS AT, B O ) 3 B A ) A S A RS
FEfe KA D3RR 3545 52.2 WY 5 KB R 0O T R, it i
BRI S R A O R CR 2 58.7% . IS 3 1t M e 7 A i 7
TS 5 KA T 0 S BE S B A B 6 e, R 1 S
B 5 2, THRAS I A 0 5 1) i B A 2 R ' 1) i R 4
o 95.2%. B4y 94%.

Shy it — 25 43 A i AR ) Al 4R A R R O 1) AR iR 40 B AE T
R R o B R AR Ak, ) L T R ) i A 0 L Al i
JE, g5 A& 7 Frw, & 7(b) 0T LA H, Bl b DR 1
K, A% 1) et 41 2R 6 1 D 41 40 3 0 R 2 PR 5 R AR, (HAE D)
TR R I O A1 20 AT DR TE 95% LA b o B AR 1) i 4R
A 2R i i 2 A8 A Ay D PR S B A T R R o R ok
21 B IRBORAT S AN RO e sh & . X P s
SE 1 AT EG R TR, (ELRT LS e A A T sh s il AT — 2

Fig. 4 Beam intensity distribution before and after passing
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