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Fig. 1. Flat normal dispersion high nonlinear fiber: (a) Stru-
cture; (b) refractive index distribution.
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Fig. 2. Effect of relative refractive index change of each cladding on fiber dispersion characteristics: (a) Changing Ang; (b) chan-

ging Any; (c) changing Ang; (d) changing Any.
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Fig. 3. Effect of relative width variation of each cladding on fiber dispersion characteristics: (a) Changing Ary; (b) changing Ary;
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Fig. 4. High-order mode field excited in the fiber: (a) When Ang is too large; (b) when the absolute value of Ang is too small;

(c) when Ars is too large; (d) when Ary is too small.
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Table 1. The parameters used in the simulation.
Parameter Ba/ (ps*km™) B3/ (ps®km ™) B4/ (pstkm™) 7/(Wtm™) P/W  Ty/ps a/(dB-km™)
Value 0.66 -0.0062 0 0.0128 30 1 0.8
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Fig. 9. Spectrograms of the non-chirped Gaussian pulse (m = 1) at various propagation fiber lengths: (a) 0 m; (b) 100 m; (c) 200 m;

(d) 400 m.

234209-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 23 (2022) 234209

iz ] SEESEHEEE R 2 dB, 7 FE29°h 92 nm 1EH
R

T RS e bk o, R K i LB O
A R G AT A S RS O Y LI R X-
FROG £ A& X & 8 bk vb (m = 1), 8 &5 B ik o
(m = 5) 7€ =y AR LM BT v A% 10 s A5 Akt
P L. PARR K e IE F AR et A o2 it
7y 0, 100, 200, 400 m HIAF3% S a0E 9, € 10
B RIAL S koA S AR T I T A A
PRS2t A, B E] 400 m KR, K
RIS T R AR A I AR AR 4tk AH R 1 1 ik
R AL Ik A 2 B A A A R K 1) SF T ik
FEAE—E AR LM DRIk o o T oo 30T ik b A A% 4
AR LTI R A 24500, &5 F] 400 m
BB, kv 52 B kg o £ P W K 14 30T 4R 0 9 ' ok
. FRATTIA R S A S Bl 11 3 D R S
e B Pk A H s T i e AOU R L B bR b, A bR
TS FE /N A 1 BORE 5 3T ik o A AU
PR DR A5 30 M 5 A A DA TT LACR
Rk TE S (40 Finisar 23 Al WaveShaper
40008 /X) X AWk i EAT R | S BB =

Jok i (190 BT 52 BV 2R 5 LA 5 o A S Ol
=SS TES N

4 %

AR SO — R LR ST 4T 2650 5 = R 1Y DU
JE SR O HCT R AR L A OB LT AT TR
BT WHFE T OCEF AR S8 B AT S 2R/ NRHE
LR EBURAE | BB RSS2 R BT H G IR R ik e
S IE W OO m AR A SOBET, FE T
WRRLT R, WF9E VO K e, =@
HICL IR gR A DR SR | Tk A A L ik o
HEREF SO A Az B RE . T 00 T
Jok i kg S K b A T S B3B3 dB, Al B
2978 40 nm WOEIRRAE. BT S bk b A ]
TP 2 dB, A FEZ0H 92 nm BOEHTRAL.
CRE T AR SCH Y IE W UGS SRR B AT SOt
AT, AL AR 10 GHz LA b, 2
SEPIAPE 3 dB LAWY, M 9840 4090 nm [
BRI, D5 LA R TR I s ARt A
FLCET A0 [ A S HAE DI A I H]

L) = 30 by Z 15
a
(2) = 20 (®) = 10
[} [}
£ 10 £ 5
oo o 0
~20—-15—10—-5 0 5 10 15 20 ~20-15—10—-5 0 5 10 15 20
1650 1650 1650 1650
g g
£ 1600 1600 Z 1600 1600\
% E
2 1550 1550? 2 1550 1550
E E
% 1500 1500 % 1500 1500
2 E
1450 1450 1450 1450
—20—-15—-10-5 0 5 10 15 20 —40 —20 0 Z20—-15-10-5 0 5 10 15 20 —40 —20 0
Time/ps Spectral intensity/ Time/ps Spectral intensity/
(10 dB-div-1) (10 dB-div-1)
4
© Z s @ 2 j—
=4 N 2 e
“a’ 2 § / \
o o /
o] ~ 0
~20—-15—10—-5 0 5 10 15 20 ~20-15—10—-5 0 5 10 15 20
1650 1650 1650 1650
g g
£ 1600 1600 £ 1600 1600
2 £ \
:gf 1550 1550 %‘3 1550 1550 /\
° 5
.é 1500 1500_/ é 1500 s00f A
1450 1450 1450 1450
~20—-15—-10—-5 0 5 10 15 20 —40 —20 0 ~20-15—-10—-5 0 5 10 15 20 —40 —20 0
Time/ps Spectral intensity/ Time/ps Spectral intensity/
(10 dB-div-1) (10 dB-div-1)

[ 10 JCWHRKHEE LK (m = 5) B ARG A K B P A R R BT E 1 (a) 0 m; (b) 100 m; (c) 200 m; (d) 400 m

Fig. 10. Spectrograms of the non-chirped super Gaussian pulse (m = 5) at various propagation fiber lengths: (a) 0 m; (b) 100 m;

(c) 200 m; (d) 400 m.
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Design of normal dispersion high nonlinear silica fiber and
generation of flat optical frequency comb”
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(Key Laboratory of All Optical Network and Advanced Telecommunication Network, Ministry of

Education, Institute of Lightwave Technology, Beijing Jiaotong University, Beijing 100044, China)
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Abstract

The scheme of generating optical frequency comb mainly includes mode-locked laser, electro-optic
modulation comb, nonlinear Kerr micro-resonator comb, and nonlinear supercontinuum comb. For the nonlinear
supercontinuum comb scheme, the silica-based high nonlinear fiber with near-zero flattened normal dispersion is
required. However the fiber dispersion varies along the fiber due to the fabrication inaccuracy. Furthermore,
nonlinear supercontinuum comb generation based on the nonlinear fiber has not been systematically studied. In
this paper, an optimal design of four-clad flat normal dispersion high nonlinear silica fiber with a triangular core
refractive index distribution for the flat optical frequency comb generation is carried out. The effects of the fiber
cladding width and refractive index on the fiber dispersion characteristics and cut-off wavelength are studied
through using the finite element method mode solver. The optimally designed fiber can obtain relatively flat
near-zero normal dispersion in a wavelength range of 1400-1700 nm, the dispersion range is —-3-0 ps/(km - nm),
and the dispersion slope is close to 0 at nearly 1550 nm. The effective mode field area of the nonlinear silica
fiber is about 11 um?, and the nonlinear coefficient can reach 12.8 W~'-km™".

Based on the electro-optic modulation pulse pumping the flat normal dispersion high nonlinear silica fiber,
the flat optical frequency comb generation is systematically simulated with the generalized nonlinear
Schrodinger equation. The time-frequency evolutions of a hyperbolic secant pulse, a Gaussian pulse and a super
Gaussian pulse are simulated by using the X-Frog technology. The time-frequency spectrograms connect the
time domain and the frequency domain of the pulse, clearly showing the change of pulse chirp during the
propagation. The effects of various parameters on the optical frequency comb are studied, such as the fiber
length, second-order dispersion, third-order dispersion, pulse peak power, pulse half width, pulse initial chirp,
and pulse shape. An optical frequency comb with 3-dB flatness and about 40-nm bandwidth can be achieved
based on hyperbolic secant pulse or Gaussian pulse pumping. Compared with the hyperbolic secant pulse and
Gaussian pulse, the super Gaussian pulse can produce a flatter optical frequency comb. An optical frequency
comb with 2-dB flatness and about 92-nm bandwidth can be achieved based on the super Gaussian pulse
pumping. Therefore, based on the proposed high nonlinear fiber with normal dispersion , it is possible to realize
an optical frequency comb with a repetition rate above 10 GHz, power flatness within 3 dB, and spectral
bandwidth of about 40-90 nm. The simulation results are beneficial to promoting the localization of normal

dispersion high nonlinear silica fiber and its application in flat optical frequency comb.
Keywords: high nonlinear fiber, optical frequency comb, normal dispersion, self-phase modulation
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