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silica fiber [6,7]. This fiber is proposed for SMF application

telecommunication technologies with many benefits, i.g. high
speed transmission, non-electromagnetic interference and low
energy consumption. An excellent single mode fiber (SMF)
must provide a low attenuation and dispersion which occurs at
same wavelength, i.e. 1550 nm. But, in silica based SMF, this
property cannot be achieved in a bulk form. Meanwhile, the
direct experiment is really not the best choice. Therefore, a
simulation fiber design take a crucial role into account for
obtaining zero dispersion shift. We design SMF geometry with
zero dispersion by resizing the width of core and cladding. This
design consists of inner and outer core-clad profile. We also
provide several width boundaries for matching the lowest
dispersion to the lowest attenuation in silica fiber-based.
Moreover, the results shows that dispersion property of the
design is suitable for long-haul optical communication systems.

Keywords—Optical design, Single mode fiber, Zero
dispersion shift

I. INTRODUCTION

Telecommunication system development has grown in
impressive way, transmitting any information from long
distance in a second by utilizing fiber optic network.
Recently, fiber optics (FO) is boosted to transmit a huge
byte of information to approach the fundamental limit about
100-200 Tbit/s using single mode fiber (SMF) [1,2]. FO
network is high speed transfer, immunity to electromagnetic
interference, and non corrosive materials [3-5]. Meanwhile,
power losses and dispersion are still problematic issue in
developing SMF for higher frequencies [6,7]. Optimization
of design is a better step and important part in fiber
manufacturing in order to suppress the cost of fabrication
and its maintenances [4,8-12].

This study provides a simulation to obtain a better design

of dispersion-shifted fiber (DSF). The design consists of

double core-clad layer, i.e. inner and outer core, and inner
and outer cladding. We investigate a role of width of inner
and outer core in order zero dispersion width (ZDW) occurs
around 1.55 pm, wavelength of the lowest attenuation in
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in long distance fiber communication.

II. DESIGN AND OPERATION
We use Optifiber® for designing the fibers. A cross
section of the fiber is given in Fig. 1. The fiber consist of
four regions, ie. inner core (region 1), inner cladding
(region 2), outer core (region 3), and outer cladding (region
4). The refractive index of each region is provided in Tabel
1.

TABLE 1. REFRACTIVE INDEX OF EACH REGION

Region Refractive index
Inner core 1.4615-1.44692
Quter core 1.44692

Inner cladding 1.45
Outer cladding 1.44692

Fig. 1. Proposed design of the fiber. The number indicate the region: 1
is inner core, 2 is inner cladding, 3 is outer core and 4 is outer
cladding. Red line depicts refractive index distribution.
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The terms of inner and outer represent radial sequence of
core or cladding from the center of fiber. Higher refractive
index is denoted as core, and the lower as cladding. The
regional section of the proposed design following these
boundaries.

Region 1:
) n(wy) —ny a
n(r)=n1+(T)r L 0sr=sw, (1)

1

Region 2:
naE)=n, . Wy <r<sw, (2)

Region 3:
nE)=ng . Wy ST SWs (3)

Region 4:

naE)=ny, . W31 =W, (4)
with 7 1s radii, w; and n; indicate refractive index of each
region, respectively. For region 1 (inner core), refractive
index will be graded in 100 steps as indicated by linear
gradient in equation (1). Width of inner core are varied for
1.0, 2.0, and 3.0 um. While the outer core are 0.5, 1.0, 1.5,
and 2.0um. The size of inner cladding is set constant at
1.5um and over all radii of the fiber are also set constant for
65um. This means that the size of outer cladding depends
upon size of inner and outer core.

In order to comprehend the waves behavior and their
interaction with the waveguide so that a group delay,
dispersion, and effective refractive index of the design will
be analyzed. Zero dispersion analysis is obtained by tracing
the dispersion line over wavelength. The initial value of the
lowest dispersion of silcon fiber is 1.3pum [6,7]. Wavelength
range is from 1.3pm until 1.7um in 5000 steps. This
dispersion represents the sum of dispersion of waveguide
and material.

[II. RESULT AND DISCUSSION

A. Group delay profile

Group delay property is another important parameter in
fiber technology, specially for modulation signal [13]. Group
delay depends upon frequency, waveguide structure and the
material property [3-3]. As shown figures from Fig. 2, the
delays can be decreased or increased over width of inner and
outer core changes. When the core width is constant at 1.0
pum, increasing the outer size can raise the lowest point of
group delay. But, at 3.0um inner core, the lowest group delay
decreases by increasing size of outer core. Meanwhile, for
2.0pm inner core, the lowest group delay is fluctuative.
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Fig. 2. Group delay profile for inner core of 1.0 pm (solid line), 2.0 pm
(long dash line) and 3.0 pm (dash line).

B. Dispersion profile
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Fig. 3. Dispersion profile for inner core of 1.0 pm (solid line), 2.0 pm
(long dash line) and 3.0 pm (dash line).

Dispersion in optical waveguide is caused by different
velocity of light which produce dilation of signal frequency.
Dispersion results light pulses to be wider and overlap with
each other, so the information carried by these pulses are to
be damage [5]. In zero dispersion condition, the pulses will
be transmitted safely and easy to demodulation by the
receiver [9,13].

TABLE 2. ZERO DISPERSION SHIFT

Width of core (pm) ZDW, Iy
ihner outer {p In)
0.3 13919
1.0 1.3584
1.0
1.5 1.3360
20 13222
0.5 1.4478
1.0 1.4393
20
1.5 1.4368
2.0 1.4379
0.5 1.5062
1.0 1.5316
30
1.5 1.5556
2.0 1.5780

Our proposed fibers are shown a single ZDW for interval
1.3-1.7um. As depicted in Fig. 3 and Table 2, there is trend
of dispersion shift by increasing size of inner and outer core.
If the inner core is set to 1.0um and outer core width is
varied from 0.5 to 2.0pm, the ZDW decreases to be lower
than 1.37 shift, which the natural ZDW of bulk silica glass.
Meanwhile, if width inner core is 3.0pm, the ZDW will shift
to higher wavelength. At this inner core size, there is found
that the ZDW may obtain in outer core range of 1.0-1.5 um
which deals with lowest attenuation window for silica fiber
around 1.55pum [6,7]. For inner core 2.0um, the ZDW is
only slight changes arround 144pm. These results also
proof that size and kind of structures are straight forward to
optical properties of waveguide as found in photonic crytal
[14-17] and metamaterial [18-20].
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C. Optimized Design

Finally, we have designed and operated the optimized
fiber to obtain ZDW about 1.55um for mgRphing with the
lowest attenuation of silica fiber. The refractive index
distribution is shown in Fig 9. The designed fiber is similar
to refractive index profile, but we choose the width of inner
and outer core around 3.0pm and 2.0um, respectively, as
suggested in preceding section. Optimized fiber design has
inner core of 3.0 pm, inner cladding of 1.4pm, outer core of
1.55 pm and outer cladding of 59.1 pm.
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Fig. 4. Refractive index profile of optimized design.
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Fig. 5. ZDW of optimized design
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Fig. 6. MFD and effective area of optimized design.

The optimized design describes that ZDW can occur at
wavelength of 1.5505um as depicted in Fig 5. It is less of
0.5 % from 1.55 pm. Moreover, mode field diameter (MFD)
indicates that the design is reliable for single mode
waveguide both for near or ffffifiield scheme with high
effective MFD about 45um’® at wavelength of 1.55 pm as
depicted in Fig. 6. The large MFD is required for
transmitting high power signal without any nonlinearity
effects for long transmission distance [21,22].

III. CONCLUSION

The optimized design of fiber optics with ZDW around
1.550um has been simulated by arranging size of core-clad,
where core-clad size is much dependent. The better design
zero dispersion shift is obtained at 1.5505um by
configuration of 3.0pm inner core, 1.4pm inner cladding,
1.55pm outer core and 59.1um outer cladding. MFD and
effective area of the design are sufficiently high and suitable
for high performance of SMF.
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