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Apodized Fiber Grating Based on Energy Adjustment of
Combined Wave Plate and Prism
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Abstract: In order to increase the side-mode suppression ratio of FBGs ( Fiber Bragg Gratings) with high
reflectivity and reduce the insertion loss caused by preparation of high reflectivity gratings using femtosecond
laser pulses we present a processing method based on a combination of a half-vave plate and a Glan prism an
apodized fiber grating with high reflectivity high side mode suppression ratio and low insertion loss.
By inputting the apodization function model to the host computer the stepper motor speed can be precisely
adjusted in real time and the half-wave plate position can be mechanically rotated to realize the laser energy
distribution along the fiber direction as an apodization function. Finally an apodized fiber grating with
adjustable parameters is obtained. The experiment shows that the apodized grating of this method can reach
70% reflectance at 1 550 nm the side-mode suppression ratio is 20 dB with a full width at half maximum of
0.35 nm. And the temperature and strain sensing characteristics is tested. The temperature sensitivity is
1.529 x 10 > nm/K and the strain sensitivity is 1. 61 nm/N. This high-reflectance apodized fiber gratings
can be expected to be applied in high-power narrowinewidth fiber lasers and high-speed accurate sensing
demodulation system.
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Fig.1 Schematic diagram of the device for preparing apodized fiber gratings by point-by—point inscription technology
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Fig.2  Micrograph of the prepared FBGs
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Fig.3 Transmission and reflection spectra of
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Fig.4 Temperature response characteristics of apodized FBGs
4a
FBG Ay 1.529 x 107> nm/K( R* =
0.999 7) . FBG 800 C

o

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



5 : 527

FBG 0.1 N 1.0 N 11
Ag 5 o
- A BCDEFGHIJK A oy
-10f %o.m 1551.0F
- £ 02N
S 5| E :
i £ osN £ 155057
=T %0.6N N
= Foiv & 15500}
X 25} L ooN ’
K JoN
—=— Measurement
30} 15495 Exp fiitting, R-square: 0.999 8
1549 1550 1551 1552 0 02 04 06 08 10
P /nm N /N
a b
5 FBG
Fig.5 Strain response characteristics of apodized FBGs
Sa FBG 1.61 nm/N
(R*=0.9998) . FBG FBG
3
FBG
70% 23 dB 0.35 nm 1 dB.
FBG 1.529 x 10> nm/K  1.61 nm/N.

1 MIHAILOV S J. Fiber Bragg Grating Sensors for Harsh Environments J . Sensors 2012 12(2): 1898-4918.
2 LIUB YUZH HILL C et al. Sapphire¥iber-Based Distributed High-Temperature Sensing System J . Optics Letters
2016 41( 18) : 4405-4408.
3 YANAD CHENRZ ZAGHLOUL M et al. Sapphire Fiber Optical Hydrogen Sensors for High-Temperature Environments
J . IEEE Photonics Technology Letters 2016 28( 1) : 47-50.
4 LIUZJ YUYS ZHANG X Y et al. An Optical Microfiber Taper Magnetic Field Sensor with Temperature Compensation
J . IEEE Sensors Journal 2015 15(9): 4853-4856.

2018 36(1): 340.
ZHANG Yehao YI Wensuo CUI Guanglei et al. Research on Modulation and Demodulation of Intrusion Signal Based on
Interferometric Optical-¥iber Early-Warning System J . Journal of Jilin University: Information Science Edition 2018
36(1): 340.

6 . I : 2018 36(5):
28-33.
GUO Jikun CHEN Sihan. Research on Location Accuracy and Sensing Distance of Distributed Optical Fiber under Mine J .
Journal of Jilin University: Information Science Edition 2018 36(5): 28-33.

7 GUOQ YUYS ZHENGZM et al. Femtosecond Laser Inscribed Sapphire Fiber Bragg Grating for High Temperature and
Strain Sensing J . IEEE Transactions on Nanotechnology 2019 18: 208-211.

8 ZHENGZM YUYS ZHANG XY et al. Femtosecond Laser Inscribed Small-Period Long—Period Fiber Gratings with Dual-
Parameter Sensing J . IEEE Sensors Journal 2018 18(3): 1100-1103.



528 ( ) 38

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

WILLIAMS R J VOIGTLANDER C MARSHALL G D et al. Point-by-Point Inscription of Apodized Fiber Bragg Gratings
J . Optics Letters 2011 36( 15) : 2988-2990.
ZHAOYS CHE NN GONG JH etal. Distributed Measurement of Regeneration Ratios of an Apodized Type I Fiber Bragg
Grating J . Journal of Lightwave Technology 2019 37(24): 6127-6132.
MOHAMMED N A EL SERAFY H O. Ultra-Sensitive Quasi-Distributed Temperature Sensor Based on an Apodized Fiber
Bragg Grating J . Applied Optics 2018 57(2): 273-282.
KUMARI C R U SAMIAPPAN D KUMAR R et al. Development of a Highly Accurate and Fast Responsive Salinity Sensor
Based on Nuttall Apodized Fiber Bragg Grating Coated with Hygroscopic Polymer for Ocean Observation J . Optical Fiber
Technology 2019 53(1): 1-8.
J. 2018 38(8): 292-299.
WANG Di LI Xuan Pl Haoyang et al. Interference Field Behind Phase Mask and Its Influence on the Loss Characteristic in
Fiber Bragg Gratings J . Acta Optica Sinica 2018 38(8): 292-299.
. J. 2009(8) : 21-22.
TANG Xiaohui ZHANG Wen MO Hesheng. Based on Repeated Exposure Study of Chirped Fiber Grating J . Optical
Communication Technology 2009( 8) : 21-22.
. J. 2001 22(1): 1547.

LI Xuhui XIA Li LIU Jingwen et al. A Novel Method for Fabricating Adjustable Apodized and Chirped Gratings by UV
Light Scanning Writting Technology J . Semiconductor Optoelectronics 2001 22(1): 1547.

Bragg I 2004 28(1): 62-65.
RAO Minghui HE Zhenjiang YANG Guanling et al. The Advance of Polarization Control Method to Ultraviolet Written
Bragg Gratings J . Laser Technology 2004 28(1): 62-65.
XU X Z HE ]J LIAO C R et al. Multidayer Offset-Coupled Sapphire Fiber Bragg Gratings for High-Temperature
Measurements J . Optics Letters 2019 44(17) : 4211-4214.
XU XZ HE]J LIAO CR et al. Sapphire Fiber Bragg Gratings Inscribed with a Femtosecond Laser Line-by-Line Scanning
Technique J . Optics Letters 2018 43( 19) : 4562-4565.
YANG S HOMA D PICKRELL G et al. Fiber Bragg Grating Fabricated in Micro-Single-Crystal Sapphire Fiber J . Optics
Letters 2018 43(1): 62-65.
CHEN C ZHANG XY YUY S etal. Femtosecond Laserdnscribed High-Order Bragg Gratings in Large-Diameter Sapphire
Fibers for High-Temperature and Strain Sensing J . Journal of Lightwave Technology 2018 36( 16) : 3302-3308.
CHEN C ZHANG XY WEI W H et al. Multi-Resonance Peaks Fiber Bragg Gratings Based on Largely-Chirped Structure

J . Optics Communications 2018 412( 1) : 150454.
THOMAS J VOIGTLANDER C BECKER R G et al. Femtosecond Pulse Written Fiber Gratings: A New Avenue to
Integrated Fiber Technology J . Laser & Photonics Reviews 2012 6(6): 709-5723.
. J. 2002 15(3): 1-6.

HONG Congsheng XU Xinhua LU Changgui et al. Technologies and New Progress of Apodized Fiber Grating J .
Optoclectronic Technology and Information 2002 15(3): 1-6.



