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Single-polarization single-mode anti-resonant fiber based
on a dual-tube structure with nested tubes
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Abstract: A novel hollow-core anti-resonant fiber based on a dual-tube structure with nested tubes was proposed and nu-
merically studied for near-infrared single-polarization single-mode operation. Unlike conventional anti-resonant structures
with polygonal cladding tubes ,the proposed fiber consists of two identical thin-walled tubes symmetrically positioned within
the outer cladding,each internally nested with a slightly smaller radius tube. The introduction of the nested tubes enhances
the confinement loss of higher-order modes, thereby enabling the fiber to achieve single-polarization single-mode opera-
tion. Simulation results demonstrate that the fiber exhibits single-polarization characteristics across the wavelength range of
1450 nm to 1700 nm,and single-polarization single-mode operation within the range of 1639 nm to 1672 nm,with a band-
width of 33 nm. This fiber design holds significant potential for the development of high-performance single-polarization sin-
gle-mode fiber devices.
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Fig. 1 Cross-section of the proposed HC-ARF and electric field

distribution of different modes

B, -\ B,-A B\

NYoc o T
(1)

XL AR AR RER IS 0 02 S0, WIS
B, =0.69616300, B, =0.4079426, B, =0.897479%,C, =
0.00467914826 pm’, C, = 0.0135120631 pm’, C, =
97. 9340025 pm’,

AR ARG Ao a3l 3z e A BR Gk
XPCEF AT TR AT . o T ORIED B4 R
P TEOGET XA E TR B R 10 um 1Y 58 56 D8
B2 (B 1 Ca) R B ) o TEIHEAT M R 43 5, 1
FEEAS TR 30 T AR IX 81 I A R 3 RO B BN T
0.1 pm, B S XK ERN/NF 2 pm, 2 R, =
19 wm,R, =10 pum, ¢ =0.84 pm Bf, B[4 54 B 4%
JUHEIGRF] 471092 , 15548 1) A& AL XA 8003 5 2 1
AL %, B 1(b) ~(d) 43518 R, =19 pum,
R, =10 pm, ¢t =0.84 wm B, 62T x (PR JEA Ly i
PR FEBFN AR AE = BB (LP11 Sy S AR 40 46 5 Bt
B 7E 1645 nm P AL R 44 o 7T DL E AR
B,y I P BB 2 A B A ST SR (E
1.01) , AT DAAR B HORE S 2 SR AE S8 R G 25 o
EREZ (AL, FILZ T, o RIREA A BRI,
HAHHA 1.0033 x frfR B4 5 0 288z 0] k4
TIEMEG, BRI R RO R 22 G RE

n(A) =1+

DRl h SR 27 A v BRI ARG o X T s AR 35, e
TEBERME, KRHIS TR BRI 2R Ge ST, H it
AE RN S ik 2 (028 DXl BRI (E P e T
At

_ 20 2w
cL = 2T In(n) (2)

Hor, A g AR  Tm (n g ) A RS 3R RETT
TG y IR A | o PR IEASTAN TP ) FR il 43
FEA A 5k 7.12 x 107" dB/m., 67.20 dB/m.
1.95 dB/m, JGEF A f 4 ek i O A1 3 O LE R il
B ARIRIFEGEEE SO 2y P D A B FR A 453 46 119
AR . Y HUAER T 100 B, WU BH 2 6 4F B A i
PRAFFME . DCEF I BBTREME By BRI O LR A A
1o BRSSO Bl e SR /I Al e SRS RIS T 450 R 5 e
N T AR BR SRR A LU AEL, Y FE (R T 100 B, B
VEHZOGE HAT BB o AR R S, TR
ST G LB R 94374, BB G LU Ry 2737,
SRR, B iR S 1Y s A TR o8 AT DADRUERY , B
AT A By RIS i
3 HMEERRIREESESHT
N TIEESHISHER, R, Tt XG4 FE R

IEEN L BEIE T x IR IR RN y IR PR FEAETE 1450 nm
1700 nm AT B RRFIHAFE. 556, BAREBUE S
1550 nm, ZE[EE R, =19 wm,R, =10 pm B&MHT
WS AL RS ¢ RS2, 45 SR AN 2 R oo T i
FEASE PRI BAFERE ¢ A3 T S8 K oy IR BEAL
PR FERE ¢ 1Y 3G 0SS im0/NFE3E K. R oh ML E 48
R x IR S A 2 52 ARG iE =it
WA ) A, A y w407 1], >4 A2 4 R
B, R4 RO RO, £F 8 %) 5 5 B e B i A R
KU NEEE )RR R —E iy, FFE R, 25
T3y iR B RE R U A RE R B B A X
B, P AR K.

PR BEFE T I E R, =10 pm, ¢ =0.84 pm
B2 EAR R, RS2, Kl 3 fiR . S50 3R
B R, 7€ 18 pm F| 21 pm FEUETE B A, X« f i
FEREAN y IR IEA R I AFE L A K . B Ja, BF5E
TIEE R, =19 wm, ¢ =0. 84 um B AR EE IPF42
R, (52, N 4 s 4585 R, R F—2 IR,
XF oo A FEASFN y i Hi AL IR A 53 AR 52 it AN
FIE S S BOR v PR A AT B R 40 AR HUE
A I 7 ' B AR Y A e BT =2 1] ) 47 22 o PRt , 45
R, =19 pm,R, =10 pm Flt =0. 84 wm {F Ay MK
SEHBE



464

5 RS AN

55 %

Fig.

mode, y -polarization fundamental mode, polarization extinction

f=1
©

—_

(=}
=

ol

E 104

PER

— x polarization
—— y polarization
——PER

-------- \\ N |
]

\-—-»——\\.\.\/

T T T T T T T
076 0.78 0.80 0.82 0.84 0.86 0.88
t/um

2wy DRSS B R A 45 G A AR AR O L
B P9 2 JEL L o AR AR It 2%

ud
-

Confinement Loss/(dB-m™)
ud,

—_

f=1
53

ul

ud

—_
(=4
FS

10°

y -polarization fundamental mode , polarization extinction ratio

versus tube thickness ¢ with fixed R; =19 pum and

R, =10 pm at wavelengths of 1550 nm

10° —F 10*
x polarizatio
1 e
— -y polarizatio
= 107 4 — ——PER
: N P F107
g 10? :: /ﬁ\/
& A
— o~
= 10° £10° &1
o
£ 1
3 1 W\vv 3
O -
107 4
1
1076 T T T T T T T 104
180 185 19.0 195 200 20.5 21.0

R /um
B3y i R AR o BR A B ARE R AR AR
FERENELZ AR Ry B 2k

Fig. 3 The confinement loss of the x -polarization fundamental

ratio versus cladding tube radius R, with fixed

R, =10 pm and ¢ =0. 84 wm at wavelengths of 1550 nm
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