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Fig. 1. (a) Four electrodes arc discharge OAH-LPFG processing device in large constant temperature region; (b) OAH-LPFG

structure; (c) a cross section of OAH-LPFG; (d) structure of the four-electrode machining device; (e) structure of the two-electrode

machining device.
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Fig. 2. (a) Temperature map taken by infrared thermal imager when arc discharge is not carried out on four electrodes; (b) four-

electrode arc discharge heating fiber diagram; (c) temperature map taken by infrared thermal imager when the optical fiber is

heated by four-electrode arc discharge; (d) fluctuation of the maximum temperature in the optical fiber heating region during the

four-electrode arc discharge.
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Fig. 3. (a) Pattern effective refractive index changes with wavelength in fiber. Transmission spectrum with different grating period
and coupling length: (b) A = 900 um, L, = 50 mm; (¢) A = 700 pm, L, = 29 mm; (d) A = 600 pm, L, = 17.1 mm.
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Fig. 4. Comparison diagram of mode coupling processes for different off-axis quantities: (a) 0.12 pm off-axis quantity; (b) 0.24 pm

off-axis quantity.
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Table 1.  Calculation parameter.
AR LS R RIS L EAR )2 AR [
L/um A/um oo n .o/ pm d/pm d/um
18995—17245 870 1.461 1.457 8.7 125 0.3
15495 820—890 1.461 1.457 8.7 125 0.3
18495 870 1.4606—1.4613 1.457 8.7 125 0.3
18195 870 1.461 1.4566—1.4573 8.7 125 0.3
17745 870 1.461 1.457 8.6—9.3 125 0.3
18995 870 1.461 1.457 8.7 124.6—125.3 0.3
19495, 1232:;’ ;;)5;5558;5’ 7095, 870 1.461 1.457 8.7 125 0.30—1.35
9095, 7798, 6745, 5543, 5545, 680 1.461 1.457 8.7 125 0.30—0.65
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Fig. 5. Relation between OAH-LPFG parameters and transmission spectrum: (a) Coupling length L (b) pitch A; (c) core refract-

ive index ny; (d) cladding refractive index ng; (e) core diameter d; (f) cladding diameter d. Relationship between transmission
spectrum and off-axis quantity d: (g) OAH-LPFG OAM,, mode; (h) OAH-LPFG OAM, 4 mode.
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Fig. 7. OAH-LPFG transmission spectrum obtained based on four-electrode arc: (a) 870 pm; (b) 750 pm; (c) 645 pm. (d) Insertion

loss and fluctuation of transmission spectrum in the range of wavelength 1.21-1.30 pm.
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Fig. 9. Matched transmission spectra: (a) Period of 870 pm;
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Fig. 10. (a) A microscopic image of a cross section of Corn-
ing single mode fiber; (b) 3D refractive index profile of
corning single-mode fiber measured at optical wavelength
532 nm; (c) transmission spectra of 10 samples of off-axis
helical long-period grating.
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Fig. 11. (a) Change of coupling peak wavelength of grating

samples in repeated experiment; (b) change of coupling

peak loss of grating samples in repeated experiments.
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Fig. 12. (a) Cross section of single-mode fiber; (b) longitud-

inal cross-section of single-mode fiber after torsion; (c) cr-
oss-sectional diagram of eccentric fiber; (d) longitudinal

cross-section of the eccentric fiber after torsion.
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(a) —0° 80° — 160°
5l — 40° — 120°
m
e
~
g
S —15¢
1}
2
g
172}
=]
I}
& —25}
1420 1460 1500 1540 1580
Wavelength/pm
(c) —0° —80° — —160°
sl — 40° — —120°
m
o
~
=}
S —15p
12}
R
g
w
=l
@
B —25f
1420 1460 1500 1540 1580
Wavelength /pm

E 14
FA I Y 35 B 6T () 336 I 4T e 30 4 5 1 3R B 8 06 &R

1578.0
=
A
~
=
2 15775
)
i)
]
E

1577.0

0 5 10 15 20 25
Torsion/(rad-m~1)
(d)

1576.5
£ K =0.092
= R? =0.9998
= 1576.0 |
o
)
-
% 1575.5 |
E

1575.0

0 5 10 15 20 25

Torsion/(rad-m~—1)

(a) T IR] - I A ] 40 26 7 JBE B0 R 45 D ) B0 38 3 DI 5 (D) IBUERE I 90 4 55 4 il 3R O AROEOC 3R 5 () 308 ) B I A [ 40 5% 1 B2

Fig. 14. (a) Transmission spectra of coupling peaks with different torsion angles in clockwise direction; (b) dependence of clockwise

wavelength on the distortion rate; (c) transmission spectra of coupling peaks with different torsion angles in counterclockwise direc-
tion; (d) dependence of counterclockwise wavelength on the distortion rate.

KRN 14(b), (A)FiR, HxH R LM R 5
4350 0.9995 50.9998. 15 H S 52U 535
49 0.086 5 0.092. 53CHk [16, 17] £ 89 # B A
WL CmAE b, RAEEERS . (05 3k [27) SR
18 — R 4519 OAH-LPFG A, REBUEERYL.
4.4 FEHIEHFES% OAH-LPFG tbE&

ik — 2L P R Y A R DX R D R R

HL I OAH-LPFG Jil T-%¢ & i £ OAH-LPFG
MPERE, % 2 5 HAbH & 7215 281 OAH-LPFG
HEAT B g 8:19.25.27.33.34] - G bk 5 H Aty i A L
A SCHE Y DY A R IR I 45 OAH-LPFG
1 5 B AN B G i e /N AE /D T 1 dB, T
HL ] B R0 | E R XK il A EE . H O SE
Jo e 1) MR E S SO B B T — A A A

130701-11



#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 13 (2023)

130701

%2 RFEHIFTERS OAH-LPFG Hjs [18.19.25.27,33.34]

Table 2.  Comparison of OAH-LPFG prepared by different preparation methods!!3:19:23:27:33,34],
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Abstract

In this paper, a new four-electrode arc discharge device with large constant temperature region is designed,
which is used to prepared high-quality off-axis helical long-period fiber grating. The larger constant temperature
heating area is more conducive to releasing the stress of optical fiber, so that the prepared device is less off-axis.
In order to show that low off-axis is a key parameter of high-quality off-axis helical long-period fiber grating,
the effects of single mode fiber on transmission spectrum of off-axis helical long-period fiber grating under
different coupling lengths, pitches, core refractive indexes, cladding refractive indexes, core diameters, cladding
diameters and off-axis quantity are simulated by using beam propagation method. Since traditional methods are
difficult to measure the off-axis helical long-period fiber grating with small off-axis quantity, the off-axis
quantity of the prepared device is estimated by using the method of spectral comparison and back-thrust off-
axis quantity in this work. The off-axis helical long-period fiber grating is prepared by using the established
processing device. The off-axis quantities of the prepared devices are about 0.12, 0.13 and 0.16 um, respectively,
according to the comparison between the simulated transmission spectrum and the actual spectrum. Finally,
experiments on the torsional resistance and repeatability of the off-axis helical long-period fiber grating prepared
by the device are carried out. The experimental results show that the prepared grating has certain torsional

resistance and good spectral repeatability.

Keywords: off-axis helical long period fiber grating, four-electrode arc method, large constant temperature

field, off-axis value
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