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Characteristics of Nonlinear Spectrum in Quartz Single Mode Fiber
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Abstract An experiment system is set up for studying the characteristics of nonlinear spectrum in quartz single
mode fiber. The electro-optical Q-switched pulsed Nd*" : YAG solid laser, frequency-doubling by potassium
titanium oxide phosphate (KTP) crystal, with output pulse width of 10 ns, the maximum peak power of 50 MW,
and wavelength of 531.81 nm=0.26 nm, is used to pump the quartz single mode fibers with lengths of 250 m and
500 m. Based on the principle of Malus law, a polarizing plate is used to adjust the output power of the pumping
source. Under the stable operation condition, multi stage nonlinear spectra of 250 m and 500 m quartz single mode
fibers in the visible region are obtained, while the output powers of pumping sources are 220.6 kW and 170 kW.
Based on the principle of the third-order nonlinear effects in quartz single mode fiber, the characteristics of the
nonlinear spectra obtained in the experiment are analyzed. Both the theoretical analysis and experimental results
indicate that the longer the length of quartz single mode fiber, the larger the relative intensity of nonlinear spectrum
and the coupling gain coefficient, and the smaller the energy threshold; while the shorter the length of quartz single
mode fiber, the easier the broadening of nonlinear spectra and the generation of scattering additional peak.
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1. laser diode, 2. small aperture, 3. 1064 nm high reflecting mirror, 4. A/4 plate, 5. potassium dideuterium phosphate (KDP) crystal, 6.

Brewster plate, 7. pulse Xenon lamp, 8. Nd*™ : YAG crystal rod, 9. output mirror, 10. KTP crystal, 11. narrow band filter, 12. polaroid

plate, 13. focusing lens, 14. fiber {lange plate, 15. single mode fiber, 16. receiving f{iber, 17. spectrometer, 18. personal computer
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Fig. 1 Schematic diagram of the experiment of the SRS spectrum in quartz SMF
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Fig. 2 Stimulated nonlinear spectra of quartz SMF
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Fig. 3 Stimulated Raman scattering spectra of quartz SMF

0819001-5



ot % % i1

BRG0P BE L T AR AR AR AR TR, X T 500 mo A7 B BB £ 96 RS R U L ik
EEAR A AR LR R 2 SRS O, 6 IR 45 AT S SRS e . RV DL GRS 0 I A o8 B R LR
S 358 1 e A AFL SR O i 5 A RUATRS S PR 389 06 JE OB 2F SRS Y JEACREME L SR TMT250 mof7 35 BB 2F 1O i AR S
BARLEE S, PHOCTEBRE L5 LRE BT 7 R eI RS % E Bt SRS AN YL TEIX 7 40t
TR 3~ 7 GOLTE WAL i LT B 08 3% 2 AR L X i Ul W X 5 G 2Rk Al fE B T SPM I
XPM, £ 2 Al GE B FWM SEAR ARV 5 10 7 2 5 BOOCERS L Bk 1 AT 7 20T ) 3L AY AR 2 1 800 LA Ak
WRAEAF 5 23 BT BB AT T, 250 m 7 L B BL L7 ik 7= A T SPM A XPM AR 4 M 28 0, 335 114 728 4 b 9K filE
PRI AR A DT A A i ok b B D B 5 . b AT — b RT BE S T A S BRI £ v % A R O
X 2 AR A S [ VR S 2 T ORI RS T AN R R B A RSB R L L A AR S

5 4 1B

it 532 mm ORI 2 AR 7 K 1 47 9 0 B0 27 8 5 77 A S MO R P 6 55 0 4 BB 9E T Ok SF K
XS A 2P I R 8 5 08 35 2R R 72 S TR BB 0 0 8 1 B
UL B AR TSR 2 o 0 S A L 0 PR ATRR A5 42 28 ORI 4 03 00 92 0 45 2
O3 3 M 2T A K 32 DT e 5 8 S K B (6 0 500 i R MK T 2 P
TR AT 52 DT 4 24 0 1 6 7 A S D £ B IR 0 5 803 4307 40 45 A 0
o R At T AT SRR LT 1 £ 41 4 B 35 3R o 22 A R P A 0 B
552 nim [E1 Gk o SO 5 5 DO 4R 00 0 AR 8 T — 2 1O BB L 5% (A

& £ X

1 Stolen R H, Ippen E P, Tynes A R. Raman oscillation in glass optical waveguide[J]. Applied Physics Letters, 1972, 20
(2): 62-64.

2 Chen Xiaogang, Huang Dexiu, Yuan Xiuhua, et al. Wavelength division multiplexing/optical code division multiplexing
system based on supercontinuum and supersturctured fiber Bragg grating[J]. Chinese J Lasers, 2008, 35(1): 77-81.
Mr/ANWI, s, JoFR, . BT RIESGE Bt m i o Z /O a2 AR g ], T EEOE, 2008, 35
(1): 77-81.

3 Xu Gang. Application and nonlinear effects in optical fiber [J]. Journal of Xi’ an University of Post and
Telecommunications, 2006, 11(5): 52-25.

Vi WL GEF AR et RO B LT . 74 22 R 27 B 4 3, 2006, 11(5): 52-55.

4 Tan Yong, Huang Qiushi, Song Xuedi, et al. Study of simulated Raman scattering and four wave mixing in an optical
fiber combination[]J]. Spectroscopy and Spectral Analysis, 2013, 33(6): 1451-1455.
woOB, MBS, R, %GOG i A2 ek S B R R ST (1] . Otk 2 5Ot ak 43, 2013, 33(6): 1451-
1455.

al

Li Yabin, Jia Dongfang, Pang Songtao, et al. Stimulated Raman scattering and its suppression in a single-mode fiber
induced by high-power nanosecond optical pulse[J]. Acta Photonica Sinica, 2009, 38(12): 3198-3202.
ZEE, BIARTy, DERAUE, 5. W HIBRANAD G Bk A SR A v 9 32 B Bl M iR A SR D] T A, 2009, 38
(12): 3198-3202.
6 Yang Yuanhong, Yang Wei, Jiang Ting, et al. Investigation on characteristics of simulated Raman threshold in a single
mode fiber[J]. Acta Optica Sinica, 2014, 34(1): 0129001.
Bk, o B, W% 8, &L BBUGL 2D 2 BUR R BE R BT . O aE i, 2014, 34(1): 0129001.
7 Liu Chu, Eric Rees, Toni Laurila, et al. Experimental research on supercontinuum generation from nanosecond pulse and
conventional single mode fiber[J]. Chinese J Lasers, 2011, 38(7): 0705003.
X #, Eric Rees, Toni Laurila, 5. Z48b ik oh 7535 @ 5800 2F o ™= 45 8 % 8l iy Se s k5 [ . P E 0, 2011, 38
(7): 0705003.
8 Men Zhiwei, Sun Xiuping, Gao Shuqin, et al. Temperature dependence of additional peaks characteristics of single mode
silica fiber stimulated Raman scattering[J]. Spectroscopy and Spectral Analysis, 2009, 29(6): 1566-1569.
FIaEAR, PNEF, @SR, A IR AR AL X B 90O £F 2 iy S U Mg g sZ ma [T . Oe i 2= 5oL 4, 2009, 29
(6): 1566-1569.

0819001-6



ot % % i1

10

11

12

Zhang Long, Han Hainian, Hou Lei, et al/. Supercontinuum generation in photonic crystal fiber and tapered single-mode
fiber[J]. Acta Physica Sinica, 2014, 63(19): 194208.

ik e, ERIEAE, B &, . R TOUT RGBSR RO 2F i Ot P AR R SR BT T (U] W BAR AR,
2014, 63(19): 194208.

Gao Juanjuan, Li Xia, Gao Song, et al. High power mid-infrared supercontinuum generation in silica photonic crystal
fiber[J]. Chinese ] Luminescence, 2015, 36(2): 225-230.

EIRIE, & B, & M, . AdOb T RO b U R b AN E LR A A [T] . ROBF R, 2015, 36(2): 225-
230.

Sun Xiuping, Feng Kecheng, Zhang Xihe, et a/. Study on temperature character of stimulated Raman scattering spectrum
in silica fiber[J]. Spectroscopy and Spectral Analysis, 2007, 27(10): 2049-2052.

NG, W, REM, . AR SRS R & BOMIR B AR ERT ST (T St 5 i M, 2007, 27(10): 2049-
2052.

Sun Xiuping, Feng Kecheng, Zhang Xihe, et al. Study of polarized characters of stimulated Raman scattering spectrum in
single mode circlar fiber[J]. Acta Photonica Sinica, 2005, 34(8): 1169-1171.

NG, e, KB, SR BRI DG A b 2 S WO DG e IR R M B B ST [T DT oE ik, 2005, 34(8): 1169-
1171.

0819001-7



