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Abstract

The heavily Ge-doped silica fiber with the elliptical air hole in the core can offer high birefringence
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for the two orthogonal polarized fundamental modes. The nonlinear parameter up to 0.01 W-1/m
can be obtained by optimizing the structure parameters, while the birefringence value can reach
up to the order of 10-3. The numerical results indicate that when the 1920 nm 0.1 ps pump pulse
with the 150 kW peak power is coupled into the 0.5 m fiber and polarized along the slow- and fast
axes, the output spectra can cover over one octave in the wavelength range of around 900~2500
nm at —20 dB. At the same time, the output pulse has excellent coherence in the whole wavelength
range.
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1. 3l

R T 5256 1% (Supercontinuum generation, SC) 77 A8 & F8 A B £F A i kb e, 78 U1 JE 2R 1 2L
REFEEVE A R OGIE IR AR KR S .t T HE SO T ET R[] AW [2]. AVt T
S BIFSEIE S A1 BT Z RN &2 0 . 5 RE RO ML, BT 2R GEUC A A ol iE 80
BAGAHERERRR . HTAEEESGEN 2 IEE GO FEA TR - AT R[5 &
[ 25 BB G R AARCLT[6]. MR ERBFEC T AR E[7] BB B DL T RAOLA[8]. HAaEIE
AL AR 2862 [9] [10] [11] [12]ME B8 A S £F[13] [14] [15] [16] [1715F. Bb4h, Oy 7t —540
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BOGL T LU 77 48 A R m IR M B a2 e i . i, fEREPSIAN DX AES - A3OLT
mn PR OG4F[18] [19] [201H0 4 [ AR SR B3 T i i G £ [21],  BA K BA AXEFRHRF IR 2 B30t 1 f iAo
£f[22].
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Figure 1. The curves of material dispersions (a) and refractive indices (b) for
pure silica and GeO,-doped silica with different germanium concentrations
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Figure 2. The cross-section of the polarization-maintaining (PM) fiber. The
cladding is pure quartz (gray), the core (yellow) area with a diameter of d. is
doped with germanium dioxide (GeO,), the doping concentration is set to X,
the short axis is dy, and the elliptical air hole with the long axis d; is located in

the center core
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Figure 3. The profiles of the group velocity dispersion (GVD) (a) and group

velocity (GV) (b) for the x- and y-polarized fundamental modes in the PM fi-

ber, where d; = 0.2 pum, d; = 0.4 pm, d= 2.8 um, X = 60 mol%. The black

curve represents the GVD and GV curve of the fiber without air holes in the

core, where d, = 2.8 um
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Figure 4. The profiles of the group velocity dispersion with
the wavelength of the fundamental mode when thed; and d,
values of the elliptical air hole change, where d. = 2.8 pm, X =
60 mol%
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Figure 5. The profiles of the group velocity dispersion for the x- and
y-polarized fundamental modes in the PM fiber: (a) GeO, concentration X
changes, but other parameters remain unchanged, where d; = 0.2 pm, d, =
0.4 um, d. = 2.8 um; (b) The d. value of the core diameter changes, but other
parameters remain unchanged, whered; = 0.2 pm, d, = 0.4 um, X = 60 mol%

B 5. RIMAAEARNELHRE B HBRZLE: (a) GeO, BAIRE X BT,
HihSHAE, Hp, d;=02pum, dy=04pm, d.=2.8 um; (b) LFFSis
2 d BT, HtSHAE, Hi, d; = 0.2 um, d, = 0.4 um, X = 60 mol%

DOI: 10.12677/0e.2021.112010 83 HEHT


https://doi.org/10.12677/oe.2021.112010

W 6()FTa, SRR, R CE i e LA A R 2 S FL A, x dR T i (i) fro A
Wy 2 Ay A AE 2 SALAMI, Ty e O 7] (12 ) (A3 o A e e SAL A, BT S g n . K
keI, B CE R e AL, PMRIRTT 19 (A AT S A 2 BN . DR, E
1000 nm | 3000 nm PPEATEFE P, PR G 2F BT S S 38 I 5 gk, 7E 1900 nm BT ik B i K ME,
BEI XU T 1.4 x 1073, @& 6(d) iz, 7E M 1000 nm F| 3000 nm [ EEAN K TE R N, SRR R
SMPFEIZMET 0.01 dB/em. US4, Wil 6(b) TR, FEAEBIEKIEEN, P IR RIS ARG LT
R AR L M S 3O o A A6, 1920 nm K AL AE = T 0.00 W Hm, XA B T4 17~
A4 SC AR .

x10° 0.03 21
13 —— fastaxis //”/
— 0p4 —_
14 E 0.02 \= slow axis ;:f"’ 14
S 3 g
S 12 = =
xQ = bet
rﬁ o
1 < =<
. (a)
1%00 1500 2000 2500 3000 1800 1500 2000 2500 3080
‘Wavelength [nm] ‘Wavelength [nm]
0 (1]
10 10
S 10° §
e ==
[=a] =
2 =
<10 3
= = Y
107 () 10° L (d)
1000 1500 2000 2500 3000 qOOO 1500 2000 2500 3000
‘Wavelength [nm] ‘Wavelength [nm]

Figure 6. The curves of birefringence B() (a), the nonlinear parameter y(1)
(left) with effective mode area A (right) (b), the confinement loss L¢ (c) and
total 10ss Ly (d) Of the fundamental modes in the PM fiber, where d; = 0.2
um, d, = 0.4 um, d. = 2.8 pm, X = 60 mol%

6. RIMLLAEREININES B() (), EEMEHAN) (A)SHEHURK
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Figure 7. The output pulses polarized along the slow (a) (b) and fast (c) (d)
axes temporally (a) (c) and spectrally (b) (d) at the 0.3-m PM fiber end for the
input pulses with different Py, where 1o = 1920 nm, Trypym = 0.1 ps, d; = 0.1
pum, d; =0.2 um, d, =2.8 um
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Figure 8. The evolution of the spectrum of Tryyy pump pulses with different pulse widths with the
propagation distance Z: (a) Trwnm = 0.1 ps; (b) Tewnm = 0.4 ps; (€) Tewnm = 0.7 ps; (d) Trwnm = 1 ps

El 8. EBRREIRKTE Tewnmv RiBAOPEISTIEREEBEER Z HURZEE: (a) Tewnm = 0.1ps; (b)
Trwrm = 0.4 ps; (C) Trwrm = 0.7 ps; (d) Tewrm = 1 ps
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Figure 9. The spectral (Left) and temporal (right) evolution with (a) the propagation distance and (b) the degree of coherence
|g:1.™| of the pulse at the propagation distance of 0.3 m, where 4o = 1920 nm, Py = 150 kW and Teym = 0.1 ps
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Figure 10. The calculated spectrogram of the pulse at the
propagation distance of 0.3 m. The other parameters are iden-
tical to those of Figure 9
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