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The asymmetric dual-core fiber (ADCF) is proposed to obtain large group velocity dispersion (GVD) because of the 
coupling effects between the fundamental modes of the central core and high-order modes of the side core. The super-
modes of the ADCF can provide anomalous- and normal-GVD profiles with large peak values at the maximum disper-
sion wavelengths. The maximum dispersion wavelengths can be shifted in the wavelength window of 1 550 nm by 
properly tuning the refractive indexes and diameters of the cores or spacing between the two cores. Furthermore, the 
numerical results show that the ADCF with the normal-GVD supermode 1 can be employed in the pulse broadening, 
where the broadening factor can reach more than 30 without pulse distortion from nonlinear effects.  
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The transmission data rates of the long-haul optical com-
munication system are restricted seriously by the accumu-
lated dispersion in the optical links. Large dispersion fi-
bers with low insertion loss are strongly required for dis-
persion compensation in these systems. Several all-fiber 
solutions have been proposed to obtain large group veloc-
ity dispersion (GVD), such as chirped fiber Bragg grating 
(FBG), dispersion compensation fibers (DCFs) and pho-
tonic crystal fibers (PCFs). For example, it has been 
demonstrated experimentally that the chirped fiber Bragg 
grating (FBG) can be used for dispersion compensations 
due to its large dispersion and negligible nonlinear effects. 
However, an optical circulator or a fiber coupler is re-
quired as an additional component with associated inser-
tion loss because it operates in the reflection mode[1-3]. 
The DCFs consisting of two spatially separated asymmet-
ric concentric cores can achieve large GVD due to the 
coupling between the inner and outer cores and support 
single-mode operations with high refractive index cores 
and small core diameters[4-6]. Besides, the DCFs have low 
sensitivity to environmental influence such as temperature 
and vibration. The dual-concentric-core photonic crystal 
fibers (DCPCF) formed by raising the refractive index of 
one of the cladding’s rings can provide large GVD at the 
desired wavelength by properly tuning the geometrical pa-
rameters[7-11]. Moreover, a waveguide based on a structure 
of coupled asymmetric subwavelength-diameter wires, 
i.e., an optical nanofiber and a GaAs nanowire, has been 
proposed to realize a high negative dispersion up to 
−4.5×106 ps/(nm·km)[12]. Thus, there is a need in identify-
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ing a simple, compact, easily spliced with single-mode fi-
ber, highly efficient devices that exhibit tunable GVD and 
operate in transmission. Such a structure should find ap-
plications for ultrafast optical pulse processing. 

In this paper, a simple structure is proposed to obtain 
large GVD of the fiber based on an asymmetric dual-core 
fiber consisting of one core in the center and a neighbor-
ing core composed of silica with different refractive in-
dexes and core sizes, respectively. Meanwhile, the pro-
posed asymmetric dual-core fiber (ADCF) provides a 
freedom in designing the mode diameters of 8—9 μm for 
the FM in the center core, which is helpful in obtaining 
mode matching between the ADCF and other spliced 
SMF. The properties of the ADCF including the GVD, 
nonlinear parameter and confinement loss, are presented, 
where the influences of the refractive indexes of the two 
cores and geometric parameters including the core diam-
eters and the spacing between the two cores on the GVDs 
are analyzed. Furthermore, the applications of the pro-
posed ADCF are discussed by numerical simulations. 

Fig.1 shows the cross section of the ADCF, where the 
host material is pure silica represented by gray color, the 
spacing between the centers of the cores is S, the refractive 
indexes of the cores A (yellow) and B (blue), i.e., nA and 
nB, are dependent of the GeO2 concentration Xmol%, and 
dA and dB represent the diameters of the cores A and B. 
The refractive index of the core A is lower than that of the 
core B to ensure the single-mode and multimode opera-
tions in the core A and core B, respectively. According to 
the coupled mode theory[13], the ADCF can be divided into 



YANG et al.                                                                                                                              Optoelectron. Lett. Vol.17 No.2·0097· 

 

two waveguides, i.e., waveguide 1 (W1) with the core A 
and waveguide 2 (W2) with the core B, respectively. The 
mode coupling between the cores A and B in the ADCF 
can occur in the vicinity of index-matched wavelengths, 
where the propagation modes in two individual wave-
guides have the same effective refractive index[14]. This 
dual-core structure intrinsically propagate two super-
modes similar to a directional coupler[4,15]. Supermodes 
are eigenmodes of composite structures involving coupled 
constituent elements, each of which also supporting 
guided modes in isolation[16,17]. 

 

 

Fig.1 Cross section of the ADCF, where the refractive 
indices of the cores and cladding are given below the 
structure diagram 
 

The material dispersions for the pure silica and Ge-
doped silica are taken into account in the simulations by 
using the full-vector finite element method (FVFEM) 
solver Comsol. The refractive indexes in the pure silica and 
Ge-doped silica, i.e., ncladding and nA, or B, are given by[18] 
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where the values of parameters SAi, SLi, GAi and GLi are 
Sellmeier coefficients[18]. The value of X is the GeO2 con-
centration in mol%. 

The GVD parameter D(λ) in the fiber is given by 

   2
ff

2

d Re
d

en
D

c



  ,                                           (3) 

where Re(neff) is the real part of the effective refractive 
index neff at the operating wavelength λ, c is the velocity 
of light in vacuum.  

Since the mode intensity distributes in the Ge-doped 
silica areas with the different nonlinearity refractive index 
(NRI) n2(x, y), the nonlinear parameter γ(λ) can be defined as  
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where F(x, y) is the modal intensity distribution of the fi-
ber mode, and the NRIs in the silica and Ge-doped silica 
part are 2.2 and (2.2+0.33X) with units of 10-20 m2/W[19]. 

The confinement loss LC(λ) of the modes in the ADCF 
can be defined by 
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where Im (neff) represents the imaginary part of neff. 
As shown in Fig.2, the waveguide W1 supports only a 

pair of orthogonally polarized FMs, i.e., x- and y-polar-
ized modes HE11

x and HE11
y, while the waveguide W2 can 

support the FMs (HE11
x and HE11

y) and HOMs, that are 
the modes TE01, TM01, HE21, EH11, HE31, HE12, EH21, 
HE41, HE22, TM02 and TE02 in the sequence.  The im-
portant point to note is that, three intersections of the neff 
curves between the FMs HE11 for the W1 and the higher-
order modes TE02, TM02 and HE22 for the W2 can be ob-
tained near the wavelength window of 1 550 nm by 
properly tuning the fiber parameters, that correspond to 
λ=1 550 nm for the mode HE22, 1 551.3 nm for TM02 and 
1 554.4 nm for TE02, respectively. As a result, the mode 
coupling between the cores A and B in the ADCF occurs 
in the vicinity of 1 550 nm. As shown in Fig.3(a), a note-
worthy feature is that when the wavelength is increased 
and close to 1 550 nm, the values of neff for the super-
modes 1 and 2 in the ADCF deviates from neff curves of 
higher-order modes (W2) and FMs (W1) due to the en-
hanced mode coupling effects between them, and then co-
incide with the neff curves of the FMs and higher-order 
modes asymptotically with a further increase in the wave-
lengths. Since the FMs HE11 are polarized in two orthog-
onal directions, the supermodes can be divided in two 
cases according to the mode fields with the x- and y-po-
larization in the core-A region. The former case corre-
sponds to the mode couplings occur between the modes 
HE11

x and TM02, and HE11
x and HE22, while the latter case 

corresponds to the couplings between the HE11
y and TE02, 

and HE11
y and HE22, which are expressed by the forms of 

‘HE11+TE02’ and ‘HE11+HE22’. Since the mode intensity 
distributions of the supermodes with the x-polarized HE11

x 
in the core A is similar to the case for the y-polarized 
HE11

y, only the latter case is shown in Fig.3(b), where the 
mode intensity profiles of the supermodes 1 and 2 are 
shown at 1 540 nm, 1 550 nm and 1 560 nm, respectively. 
Furthermore, as shown in Fig.3(c), the absolute values of 
the GVD for the supermodes 1 and 2 increase dramatically 
and symmetrically in the vicinity of 1 550 nm because of 
the mode-coupling-induced waveguide dispersion[15]. The 
supermodes 1 and 2 exhibit large dispersion characteris-
tics in the normal and anomalous GVD regimes, respec-
tively. A noteworthy feature is that the absolute values of 
GVD attain its maximum values at the index-matched 
wavelength, which can also be called the maximum dis-
persion wavelength (MDW). For example, the values of 
GVD at the MDW for the supermodes 1 and 2 are 
−3 942 ps/(nm·km) and 3 040 ps/(nm·km), which are 
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much larger than the GVD of the W1 at 1 550 nm, i.e., 
17 ps/(nm·km).  
 

 
Fig.2 The curves of the effective refractive index neff 
for the modes in the W1 and W2 
 

Furthermore, as shown in Fig.3(d), the values of the 
nonlinear parameter γ(λ) are less than 0.001 5 W-1/m in the 
wavelength range of 1 500—1 600 nm, and reduced to be-
low 0.000 6 W-1/m at the MDW. Such low nonlinear pa-
rameter ensures that the evolutions of pulse along the fiber 
are less affected by the nonlinear effects. Additionally, as 
shown in Fig.3(e), the confinement loss LC(λ) of super-
mode 1 remains below 1.8×10-7 dB/m. The supermode 2 
tends to cut off when the wavelength is more than 
1 572 nm, where the loss of higher-order modes increases 
to 0.002 dB/m. 

 

 
  

         

 

 
 

Fig.3 (a) The curves of the neff of the FMs HE11
 in the 

W1, modes HE22, TM02 and TE02
 in the W2, and the su-

permodes 1 and 2 for the ADCF versus wavelengths λ, 
where S=12 μm, dA=9 μm, dB=8 μm, nA=1.447 4 and 
nB=1.486 6 (when λ=1 550 nm); (b) The mode intensity 
distributions of the supermodes 1 and 2 at wave-
lengths of 1 540 nm, 1 550 nm and 1 560 nm; (c) The 
GVD D(λ), (d) nonlinear parameters γ(λ) and (e) con-
finement losses LC(λ) for the FMs HE11 in the W1, su-
permodes 1 and 2 in the ADCF, respectively 
 

For the large GVD ADCF, it is important to shift the 
MDW by tuning the fiber parameters. It can be seen from 
Fig.4(a) that when the values of dB increase from 7.9 μm 
to 8.1 μm and the other parameters remain unchanged, the 
MDWs shift from 1 530 nm to 1 572 nm. As shown in 
Fig.4(b), when the values of S increase from 11 μm to 
13 μm, the GVD curves for both the supermodes 1 and 2 
exhibit an increase in the absolute values of GVD at the 
MDW accompanied with a narrowing of the GVD profile, 
and the values of the maximum normal and anomalous 
dispersion increase from −2 889 ps/(nm·km) and 
2 085 ps/(nm·km) to −5 352 ps/(nm·km) and 
4 292 ps/(nm·km). Except for the diameters and spacing 
of two cores, the influence of refractive indexes in the 
cores A and B on the GVDs of the supermodes 1 and 2 are 
shown in Fig.4(c) and (d). When the GeO2 concentrations 
increase in the cores A and B, the curves of D(λ) for the 
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supermodes have blue and red shifts in the wavelength re-
gions, respectively. Therefore, the ADCF with the large 
GVD and a desired MDW can be obtained by properly 
tuning geometric parameters and GeO2 concentrations in 
the cores A or B. 

The designed ADCFs have large values of the GVD and 
such low nonlinear parameters and confinement losses in 
1 550 nm window, especially for the supermode 1 operat-
ing in the normal dispersion regime. The result implies an 
application of the ADCF, i.e., pulse broadening with dis-
persion compensations. The pulse evolutions along the fi-
ber can be described through solving the generalized non-
linear Schrödinger equation (GNLSE)[19]: 
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where A(z, T) is the slowly varying amplitude of the pulse 
envelope in the time domain, T is the retarded time for a 
comoving frame at the envelope group velocity 1/β1, α is 
the linear loss, βk are the dispersion coefficients associated 
with the Taylor series expansion of the propagation con-
stant β(ω) around the center frequency ω0. In the process 
of solving GNLSE, the dispersion operator in the fre-
quency domain is applied through multiplication of the 
complex spectral    envelope Ã(z, ω) by the operator 
β(ω)−(ω−ω0)β1−β0. The nonlinear response function 
R(T)=(1−fR)δ(T)+fRhR(T) includes both instantaneous and 
delayed Raman contributions. The fractional contribution  
 

 

 

 

 

Fig.4 The curves of GVD D(λ) for different values of (a) 
dB, (b) S, (c) ΔnA and (d)ΔnB, where ΔnA=nA−nsilica and 
ΔnB=nB−nsilica represent the index differences between 
the cores A, B and pure silica, and the curves of GVD 
D(λ) for supermodes 1 and 2 are represented by 
dashed and solid lines 

 
of the delayed Raman response to nonlinear polarization 
fR is taken to be 0.18. In the following simulations, the 
initial pulse is set to be a linearly chirped Gaussian pulse

    2 2
0 0exp 1 i 2A T P C T T   ,where 0 FWHMT T

2 2ln 2 , and TFWHM is the full width at half maximum 
(FWHM) pulse duration, C is a chirp parameters, and C=0 
for an initially unchirped Gaussian pulse. The peak power 
P0 can be obtained by P0=0.94E0/TFWHM, where E0 is the 
pulse energy. The dispersion length LD and the nonlinear 
length LNL are given as 
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where β2 is the second-order dispersion. Depending on the 
relative magnitudes of LD, LNL, and the fiber length L, ei-
ther dispersive or nonlinear effects may dominate along 
the fiber. 

Since the supermode 1 of the ADCF can provide large 
normal GVD, the fiber can offer a potential application in 
the pulse stretcher. A selective excitation of the super-
mode 1 can be realized by tapering the ADCF at both ends 
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so that at the splice between the SMF and ADCF, the 
ADCF supports only the supermode 1[4,20]. The super-
mode 1 can also be excited by use of optical sources with 
short temporal coherence lengths[21]. And the supermode 
2 appears to suffer a high transmission loss with propaga-
tion and virtually becomes cutoff as the wavelength in-
creases. If the fiber length is short enough, the excited su-
permode 1 can propagate over long lengths with negligi-
ble mode coupling[21,22]. As shown in Fig.5, when the un-
chirped Gaussian pulses input the ADCF and propagate as 
the supermode 1, the pulse can be broadened by the effects 
of large normal GVD. For example, the output pulse can 

be temporally broaden monotonically when the pulse 
width TFWHM of the 1-nJ input pulse are 0.5 ps and 1 ps. In 
the case of TFWHM=0.5 ps, the nonlinear length LNL is 
0.89 m, the dispersion length LD is 0.036 m. When L in-
creases from 10LD to 30LD, L is much shorter than LNL. 
Thus the GVD-induced pulse broadening dominates the 
process of the pulse evolution. The 0.5- and 1-ps pulse can 
be broaden to 15.5 ps and 30.5 ps when L=30LD. For the 
0.1-ps input pulse with LD=0.001 4 m and LNL=0.18 m, the 
intensity profile of the output pulse has a nearly square 
shape mainly because of the combined effects of the nor-
mal GVD and self-phase modulation (SPM). 

 

Fig.5 The intensity and chirp profiles of the input and output pulses at the end of the ADCF with different lengths 
L when initial pulse width TFWHM=0.1, 0.5 and 1 ps, for the initial pulse, λ0=1 550 nm and E0=1 nJ 

 
For the purpose of estimating the efficiency of pulse 

broadening, the broadening factor Fb can be defined as 
b

FWHM
b

FWHM


TF
T

,                                                               (9) 

where Tb
FWHM is the FWHM pulse duration of the broad-

ened pulse. 
As shown in Fig.6(a), with the increase of the fiber 

length L, the values of Fb increase linearly and can reach 
31.5 when L=30LD. Moreover, the values of Fb remain 
nearly unchanged when the pulse energy increases from 
1 nJ to 1 000 nJ mainly because the fiber with a low non-
linear parameter is so short that the nonlinear effects are 
negligible. For this reason, the broadened pulse has a lin- 

 

 

Fig.6 (a) Variation of pulse broadening factor Fb for dif-
ferent values of pulse energy E0 and TFWHM as a func-
tion of L/LD; (b)The intensity and chirp profiles of the 
output pulse for the 1-ps pulse with pulse energy 
E0=1 000 nJ when L/LD=30 

 

early chirp across the entire pulse even when the pulse en-
ergy E0 reaches 1 000 nJ shown in Fig.6(b). 

An approach based on the ADCF is proposed to obtain 
the large GVD in the fiber. The supermodes in the ADCFs 
with appropriate parameters can exhibit concave disper-
sion profiles with large normal and anomalous GVD in 
the wavelength window of 1 550 nm, where the values of 
GVD at the MDW are −3 942 ps/(nm·km) and 
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3 040 ps/(nm·km) in the normal and anomalous disper-
sion regimes, respectively. At the same time, the values of 
the nonlinear parameter γ(λ) can be reduced below 
0.001 5 W-1/m in the wavelength range of 1 500—
1 600 nm, especially 0.000 6 W-1/m near the MDW. 
Moreover, the MDW can be shifted over a wide wave-
length range by properly tuning the diameter and spacing 
of the cores and GeO2 concentrations in the cores A or B. 
Furthermore, the applications of the ADCF are discussed 
in the normal GVD regimes by numerically solving the 
GNLSE. The output pulse can be temporally broaden 
monotonically as the fiber length increases, and the broad-
ened pulses remain nearly undistorted with increasing 
pulse energies due to the low nonlinearities and short fiber 
lengths for the ADCFs. 
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