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Design and Fabrication of Chirped Fiber Bragg Grating Stretchers

Wang Mingxiao, Li Pingxue , Xu Yangtao, Li Shun, Yao Chuanfei
Institute of Ultrashort Pulsed Laser and Application, Faculty of Materials and Manufacturing,
Beijing University of Technology, Beijing 100124, China

Abstract To obtain fiber devices with large stretched amount, we designed and fabricated two kinds of chirped fiber
Bragg grating (CFBG) stretchers with the phase mask inscription technology. According to the theories of the phase
mask inscription technology and dispersion compensation with CFBGs, the fabrication methods for the two
stretchers were proposed and the optical paths were optimized to obtain CFBGs with high reflectivity and wide
reflection bandwidth. The reflective resonance wavelength of CFBG was controlled by the tension sensor, and the
inscription method was improved. A cascaded CFBG stretcher with large dispersion and a series CFBG stretcher
with large reflection bandwidth were fabricated. Fiber sources were then built to test the two kinds of stretchers.
The stretched amount provided by the cascaded CFBG stretcher was directly measured to be 345 ps, which was
consistent with the theoretical result. The stretched amount provided by the series CFBG stretcher was indirectly
calculated through direct and reverse connections. The calculated result, being about 278.7 ps, was smaller than the
theoretical result.

Key words fiber optics; phase mask inscription technique; dispersion management of chirped fiber Bragg grating;

cascaded fiber Bragg grating stretcher; series {iber Bragg grating stretcher
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Fig. 1 Schematic of light with different wavelengths reflected in CFBG
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Fig. 3 Schematics of cascaded CFBG stretcher and series CFBG stretcher. (a) Cascaded CFBG stretcher;
(b) series CFBG stretcher
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Fig. 5 Schematic diagram of inscription of optical path
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Fig. 7 Reflection spectra and broadband pulse structure of series CFBG stretcher before and after structure optimization

(insets are schematic diagrams of CFBG arrangement in series CFBG stretcher). (a) Reflective spectra and

(b) stretched pulses before structural optimization of series CFBG stretcher; (c¢) stretched pulses and (d) reflective

spectra after structural optimization of series CFBG stretcher
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Fig. 8 Spectra and pulse of fiber source, and pulse after cascaded CFBG stretcher. (a) Output spectra and

(b) pulse of fiber source; (c) pulse after cascaded CFBG stretcher (inset: pulse sequence)
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Fig. 9 Spectra of fiber laser and spectra and pulses after connection with series CFBG stretcher. (a) Spectrum of source and

spectra after direct connection and reverse connection with series CFBG stretcher; (b) pulses after connection with

two series extenders (inset is pulse train); pulses of reverse connection with series CFBG stretcher (¢) before and

(d) after exposure optimization
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Table 1 Performance comparison among different types of CFBG stretchers based on phase mask with fixed parameters

Dispersion D / Bandwidth
Stretcher type

Stretching

accumulation

Advantage Disadvantage

(psenm ') Ax /nm DAL /ps
Cascaded CFBGs neD’ vy n+AX D’ Adjustable stretching accumulation Large loss
Series CFBGs D’ neA n+Ax"+D’"  Adjustable stretching accumulation Complex fabrication
Single CFBG D’ A AV D' Low loss Unadjustable stretching
accumulation
5 4k W H 0 K v s B L A5 3 SOEK R B a T 4 A Y R 9

il A R B F 119 G £F Ji G 45 4 %o 8 ok o o 41
WOLRGEM K REAGEFHEENE X, 454 CFBG
O HL BE A JEL B A CFBG Y AH A2 38 455 MR 2 5 F AR,
I T W T CFBG R4 . X CFBG 1Y
B 61 HEAT e LAY B Al | 3@ i f b CFBG
1205 G, LB T e RT3 L R Al 8 1 CFBG
215 I i IR T B R 2 S B B R R 7R W —
G AR I S o I (R S N - )
CFBG 0Bk /& 58 i F1 0T 58 S St 96 () CFBG 5 3K e
FEw o BT PR ST AR o B T A A IO
P, 38 Gk A DGR AE A CFBG K Jie 58 4%

2y 345 ps, TR EECH 101, 5 ps/nm, X 5HiE
SERMSY . TR ST A ) SR R T A i IR LN
7.2 dB, IFAF AR A R 25 4 AT DL 42 Y B R R B
WHECR 5 G, EILIE R A B R TE1 T
TE IR SEIE T B 8 I e e T AR I B b JE k[ R] 4%
B AR R T A R B TE AR AT AR L Y
Fi A 4y A 223. 7 ps Hl 278, 7 ps. {4 B4 0 K
31.1 ps/nm M 37. 7 ps/nm, X /N T3S 55 5,
SR FH— AN 63 1 S YR I T B Ak S 1 R R
Ters A RE L N 3.7 dB. T R R U % 4 A 2h 52 B
THRT R Z S 1 CFBG ' 58 # ' 58
YA OGN, Sy 52 R A HUR B 2 280 CFBG
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