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Fig. 1. (color online) The cross-section of MOF used
in the experiment with parameters A = 2.5 ym and

r = 1.03 um.

2.2 AR

£ LR 27 8 B A 56 R
BT B, ZERY 258 T A
SRR LG, 43 BERORERHT A % B Sellmeier 24
eGP

K1, n(\) R LEB KN AL RS 2%, By =
0.6961663, By, = 0.4079426, Bs = 0.8974794,
A1 = 0.0684043 pum, Ao = 0.1162414 pm, A3 =
9.896161 pm. (1) 2 X HLAA pm.

MOF i &5 D (it 14

_é d?Re(nefr)

P=—"ae @

X, e AT P R HE L, A K, ne N
BRI A RT3 3, Re D,
LTI g B e T S A 2O

443
B = (dwq) )

(q:0a172)"')7 (3)

A, BRI AL, ¢ MO, w AP, w
R A A PR A (1 L A

LT IAR L R By 2 L 10Ty

= ()

A, no A BEI AR 2R TR BT A R R AL HL3.2 x
10720 m?/W 6l N K, Ao T N6 35 1)
A R AR

I b3 AT KA 2D 27 A8 R B
AN 1) B R B D A1 I (i 25 B (B 2) B
FARLNE BBy MU B (B 28 By (B 3) Bl K
ARl oG R 2. B2 RO G AW R BN
A —NFEHUEK A, HR/AME Ap =0.85 pm fff
. B3 RREALE R, 750.85 um MtUrdEZtE R4
EE]T 0.053 m™L W FE K 0.80 pum T AEZR
PERBGER T 0.057 m— LWL AT LA S2IG I B
JCLF AR RECHR &, JeeF Bt I T U E
P B3 AR K AE 0.80—1.4 um X [A]_E PURRY
I By BEE K ARG TBOR I, 7T DUE 1%
KGN, DR SN T2 S DY B € ek o
e A A TE H 0 BRIX 1 FWIML (A 437 UG S 4% £ 356 2
HA SRR 08000,

300 T T T T T T T 400

200 |

100 |-

0

—100

Dispersion D/ps:nm~t-km~1!

Ap = 0.85 pm

| | | |

S R )
S o © o
S & & oS

OI‘G OI.8. ll.O 1I.2 1I.4 1I.6 1I.8 2.0
Wavelength /pm

M2 (MFIRE) GERE D R G5, Bk KT

A

Fig. 2. (color online) Dispersion parameter D and

second-order dispersion B(2) as a function of wave-

length.
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Fig. 3.

fourth-order dispersion SB(4) as a function of wave-

(color online) Nonlinear coefficient vy and

length. The illustration is local magnification of the

fourth-order dispersion curve.
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Fig. 4. The experimental schematic diagram.
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Fig. 5. (color online) The experimental output spec-

tra with the pump laser operating of 0.800 um and an
average input power of 0.68, 0.66, 0.64, and 0.63 W,

respectively.
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Fig. 6. (color online) The experimental output spec-

tra with the pump laser operating of 0.810 um and an

average input power of 0.63 and 0.60 W, respectively.
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graph.
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Abstract

A highly nonlinear microstructured fiber with single-zero-dispersion wavelength is designed and drawn by reducing
the core area in order to observe two groups of four-wave mixing processes by a single pump. The foundational material
of the fiber is silica and its cladding is comprised of seven-layer air holes. The air holes are arranged in a hexagonal
lattice and the lattice pitch is A = 2.5 um. The radius of each of the air holes is » = 1.03 pym. There is just one
zero-dispersion wavelength in our considerable wavelength range for the microstructured fiber and the corresponding
wavelength Ap is nearly 0.85 pm (Ap =0.85 pm). The basic properties of the fiber including effective refractive index,
dispersion coefficient, and nonlinear coefficient are calculated by the finite element method. The effective mode area is
4.4 me and the nonlinear coefficient is 0.057 m~'-W™" for the foundation mode near the wavelength of 0.8 pym, and the
nonlinear coefficient reaches 0.053 m~'-W ™! near the zero dispersion wavelength of 0.85 pm. In short, the optical fiber
has a stable and high nonlinear coefficient in the whole experimental band (0.80-0.83 pm), which provides an important
guarantee for the occurrence of four-wave mixing double parameter gain process. In addition, the phase mismatch curve
is simulated by using the four-wave mixing phase mismatch formulation. Numerical simulation shows that two sets of
four-wave mixing processes can occur in the designed fiber. At the normal dispersion wavelengths of 0.800, 0.810 and
0.820 pm with different powers, the experimental result shows a significant feature of four gain wavebands located at both
sides of the pump wavelength. By comparing experimental data with the phase mismatch curve, we find that the band
generation meets four-wave mixing phase matching condition, thus, the simultaneous occurrence of two groups of four-
wave mixing processes observed in the experiment is explained in theory. The experimental results are consistent well
with the theoretical predictions. This also proves the theoretical predictions that two sets of parametric gain processes
and two pairs of signal and idle frequency waves can be generated in PCF. The four-wave mixing effect occurring in the
normal dispersion region can be attributed to the contribution of negative fourth-order dispersion to the phase matching
process. The present work can provide valuable reference to designing the microstructure fibers and developing the
multi-wavelength conversion technology based on four-wave mixing effect. At the same time, this work can also supply

guidance for developing the uncommon waveband lasers and broadband light sources.
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