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DESIGN AND ANALYSIS
OF SINGLE-MODE PCF IN OPTICAL
COMMUNICATION COVERING E TO L BANDS
WITH ULTRA-HIGH NEGATIVE DISPERSIONUDC 539

A single-mode square photonic crystal fiber (S-PCF) for the wide-band dispersion compensation
at the wavelength interval 1340 to 1640 nm over the telecommunication windows is represented.
In the numerical analysis of several guiding properties of the photonic crystal fiber (PCF),
a finite-element method has been applied over the entire wavelength band. According to the
investigation, the proposed PCF is strongly single-mode, has an ultra-high negative dispersion
coefficient of about −1732.10 ps/(nm · km) at an operating wavelength of 1550 nm, and is
perfectly applicable to optical transmission systems. The single-mode behavior of the S-PCF
is examined by applying the 𝑉 parameter. By the exquisite dispersion analysis, this fiber is
more robust for obtaining the ultra-high negative dispersion, which gains more promiscuous as
compared to the prior best results. For high-speed transmission systems, such fibers are effective
as compensating the dispersion and maintaining a single polarization, as well as in fiber loop
mirrors and many other applications like the four-wave mixing.
K e yw o r d s: ultra-high negative dispersion, dispersion-compensating S-PCF, single-mode
fiber, optical communication.

1. Introduction

In recent years, the optical fiber is an extremely cru-
cial factor in the information superhighway [1]. The
invention of the fiber optics is the steadily remarkable
technological breakthrough in telecom systems be-
cause of its larger attractive features [2]. The fiber in
telecom systems permits the signal transmission over
longer distances at broader bandwidths than other
forms of communications. Moreover, these types of
fibers are widely used for both telecom applications
and in non-telecom systems. Their popularity is expo-
nentially increased for remote sensing, medical imag-
ing, machining, and welding applications because
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of the small size, lighter weight, higher bandwidth,
longer repeater span, electromagnetic immunity, and
many other challenging properties [3–5]. The waveg-
uide is typically made from two glasses, which are
a solid glass core with higher refractive index and
the other solid glass with lower refractive index
surrounding the core and making the homogeneous
cladding. Although the present state-of-art of such
fibers constitutes a far-flung usage in both telecom
and non-telecom applications, there is something that
these fibers simply cannot do. This difficulty of these
fibers has led to another potential breakthrough in
the fiber-optics technology, the invention of the pho-
tonic crystal fiber (PCF) which is also called the mi-
cro structured optical fiber (MOF) [6].

The PCFs or MOFs have contained a single ma-
terial optical fiber, which consists of microscopic air
holes in a silica background running down the en-
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tire length of the fiber that forms the silica-air mi-
crostructure and the periodic or aperiodic fashion
lower refractive index cladding [7]. In general, PCFs
can guide light by the two kinds of mechanisms:
one involves an index-guiding PCF with the total
internal reflection and another one does a photonic
band gap fiber [4], where the periodically dissemi-
nated air holes in the cladding develop a photonic
band gap, as well as a designed defect at the cen-
ter forms the fiber core. PCFs can easily exceed con-
ventional fibers in several scientific and technologi-
cal fields of applications [8–16] for their superior and
are easy to tailor their optical properties in the nu-
merous potential challenging applications. In order to
fully explore the advantages of the PCF technology
over conventional fibers, those specific design require-
ments must be met efficiently. Some basic concepts of
PCFs including the construction, light guiding mech-
anisms, types, fabrication techniques, and a number
of unusual and previously unimaginable properties in-
cluding, namely, endlessly single-mode operation [17],
super-high nonlinearities [18], high birefringence [19],
and ultra-low chromatic dispersion [19–21] had been
presented. Although PCFs offer a great design flexi-
bility, the design of PCFs with ultra-low negative dis-
persion, which is expected in almost all applications
is remaining a big challenge for the researchers. This
is due to the fact that, for most dispersion-managed
applications, a higher non-linearity is also required in
addition to dispersion characteristics.

The optical fiber dispersion plays a great role in-
fluenced by parameters of the silica-air microstruc-
ture, namely, the core diameter, air-hole diameter,
as well as the position, air-hole pitch, and elliptic-
ity. A number of rings also affect the dispersion pa-
rameter. A series of techniques signifying a modifi-
cation of some parameters of fibers have been pub-
lished in several papers so far [22–25]. In an optical
fiber transmission system, a great controllability over
the chromatic dispersion is a key quantity in various
analyses and design issues for practical applications
of PCFs. Therefore, our purpose was to design and
to study a novel dispersion-controlling PCF and its
optimum modal characteristics, which are presented
in what follows. A comparison of modal properties
of this fiber to some other PCFs in the references
has also been given. Our main goal is to achieve the
ultra-low dispersion over a broader wavelength inter-
val for the applications of broadband dense wave-

length division multiplexing (DWDM). This princi-
ple allows enhancing the negative dispersion in the
dispersion-compensating fiber (DCF) which is ex-
tensively used to compensate the chromatic disper-
sion. The DCFs are the coupling between two spa-
tially separated asymmetric concentric cores which
maintain two leaky modes such as the inner and
outer modes. However, some studies have concen-
trated on a few issues concerning thr ultra-high neg-
ative dispersion. As for broadband communication
systems, we mention several attempts taken by dis-
tinct groups to achieve a high negative dispersion, as
well as a desirable bandwidth for the dispersion com-
pensation. Birks et al. [26] had first proposed the
idea of using PCF for the dispersion compensation
(DC) where the design suffered from its low com-
pensation bandwidth. A similar approach was used
in [27], whereby the proposed PCF was considered
for a broadband DC with the lower dispersion coeffi-
cient of approximately −475 ps/(nm · km). In 2013,
a spiral microstructure optical fiber demonstrated
the dispersion coefficient of −327 ps/(nm · km) with
high birefringence of 1.79 × 10−2, using a defected
core in Ref. [28]. Again, an octagonal MOF structure
in [29] exhibited the negative dispersion coefficient
of −588 ps/(nm · km) with a high birefringence of
1.81× 10−2. In 2014, another DC-HyPCF design was
proposed in [30], which offered a negative dispersion
coefficient of −1054.4 ps/(nm · km) at 1550 nm. In
2016, the MOF design was proposed by Amit Halder
[31], which achieved an ultra-high negative dispersion
coefficient of −837.80 ps/(nm · km) with a high non-
linearity of 53.45 W−1km−1 over a wideband trans-
mission system. Additionally, the high nonlinearity
stays on one of the most promising applications of
photonic crystal fibers.

With this context, we propose a novel design ap-
proach for achieving the ultra-high negative disper-
sion coefficient over broader telecommunication wave-
lengths. This approach can be improved by a great
controllability over parameters for single-mode pho-
tonic crystal fibers (SMPCFs), while maintaining the
uniformity of the PCF air-hole size. The effects of
varying the diameters of air holes and varying the
pitch have been studied to find the trends of the
dispersion and the single-mode property and ana-
lyzed rigorously. The simulation effects show that
the dispersion coefficient varies from −424.40 to
−3000.60 ps/(nm · km) for wavelengths ranging from
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Fig. 1. Cross-sectional view of the proposed S-PCF

1340 to 1640 nm covering more than E + S + C +
+ L bands. Furthermore, the optimized parameters
of the structure have been numerically investigated
to analyze the results so that our proposed fiber for
the control over the dispersion in PCFs works sub-
stantially and is more crucial in 40 Gbps high bit
rate transmission systems.

2. Geometrical Structure
of the Proposed S-PCF

Figure 1 depicts the cross-sectional view of the pro-
posed square lattice PCF (S-PCF) with air hole dis-
tribution. Due to a lower refractive index and a higher
air-filling ratio around the core region, it offers the
strong confinement ability [32]. Adjacent air-holes in
the entire cladding are transformed to circular air
holes that will be effective to gain a large negative dis-
persion. It is determined that the dispersion property
is affected by the size of air holes near the core [33]. In
addition, by applying a traditional PCF topology, it
is hard to engineer a large negative dispersion and to
inspect the dispersion slope characteristics simulta-
neously. Consequently, it is essential to incorporate a
design with a larger degree of independence regarding
the entire geometrical structure parameters. Hence,
the proposed structural parameters are defined as the
pitch Λ and air-hole diameters 𝑑 and 𝑑3. The pro-
posed PCF contains six air hole layers, in which the
diameters of air holes of the 3rd layer are denoted

as 𝑑3 and the rest diameters of air holes are same,
which are denoted by 𝑑. In this case, in the square-
lattice geometry of the proposed S-PCF, the hole-to-
hole distance both in horizontal and vertical direc-
tions [34, 35] is denoted as Λ. For the design flexi-
bility, the air diameters are kept the same except for
the third layer. To construct the inner core, the cen-
tral air-holes are missed, which forces us to obtain
the high negative dispersion. Due to the influence on
dispersion properties, only a single material, usually
silica, is used for the proposed PCF. The refractive
index of silica has been evaluated through Sellmier’s
equation.

3. Synopsis of the Numerical Method

The FEM including a circular perfectly matched layer
boundary condition is used to carry out the numer-
ical simulation for investigating the guiding charac-
teristics of the proposed structure for the dispersion
compensation. By applying FEM, Maxwell’s vecto-
rial equation [36] is solved to approximate the value
of modal effective refractive indices 𝑛eff in the best
way. The modal effective indices (𝑛eff) are obtained
from Eq. (2). Moreover, the dispersion coefficient
𝐷(𝜆), effective area (𝐴eff), and effective 𝑉 parameter
(𝑉eff) can be determined, by using Eqs. (3)–(5). To
investigate the modal characteristics of the proposed
S-PCF, commercial full vector finite-element software
(COMSOL 4.2) is used. The background of the pro-
posed square-lattice fiber usually is taken to be silica,
whose refractive index has been obtained through the
following Sellmier’s equation [8]:

𝑛(𝜆) =

√︃
1 +

𝐵1𝜆2

𝜆2 − 𝐶1
+

𝐵2𝜆2

𝜆2 − 𝐶2
+

𝐵3𝜆2

𝜆2 − 𝐶3
, (1)

where 𝐵1, 𝐵2, 𝐵3, 𝐶1, 𝐶2, 𝐶3 are called Sellmier’s co-
efficients.

The modal effective refractive index (𝑛eff) is gained
as a function of the wavelength and the material dis-
persion (𝑛𝑚(𝜆)). So that [37], we have

neff = 𝛽(𝜆, 𝑛𝑚(𝜆))/𝑘0, (2)

where 𝛽 is the propagation constant, 𝑘0 = 2𝜋 𝜆 is
the wave number of the free space, and 𝑛𝑚(𝜆) can be
estimated, by using the Sellemeier’s formula.

The dispersion characteristics can be easily con-
trolled by changing the shape, size, and pitch of air

816 ISSN 0372-400X. Укр. фiз. журн. 2017. Т. 62, № 9



Design and Analysis of Single-Mode PCF

holes. The dispersion coefficient 𝐷(𝜆) is calculated
from the effective index of the fundamental mode 𝑛eff

versus the wavelength, by using the equation [30]

D(𝜆) = −𝜆

𝑐

𝑑2Re[𝑛eff ]

𝑑𝜆2
ps/(nm · km), (3)

where 𝜆 is the wavelength, 𝑐 is the velocity of light
in vacuum, Re[𝑛eff ] is the real part of the effective
indices obtained from simulations; 𝐴eff is the effective
area which can be determined as [31]

Aeff =
(
∫︀ ∫︀

|𝐸|2𝑑𝑥𝑑𝑦)2∫︀ ∫︀
|𝐸|4𝑑𝑥𝑑𝑦

. (4)

Now, we will consciously investigate the mode prop-
erty of the proposed PCF. According to the effective
𝑉 parameter, it is seen that the single modeness of a
fiber is changed inside the telecom band. 𝑉eff param-
eter for the PCF can be calculated by applying the
equation [30]

Veff =
2𝜋Λ

𝜆

√︁
𝑛2
co − 𝑛2

cl. (5)

This equation can be applied to verify the single-mode
behavior of the proposed design, where 2𝜋Λ/𝜆 de-
notes the wave number in the free space, Λ is the
pitch, and 𝑛cl and 𝑛co represent the effective index
and refractive index of the cladding and the core, re-
spectively.

4. Results and Discussions

Figure 2 exhibits the fundamental mode field pro-
file of the proposed design at 1550 nm for both 𝑥-
and 𝑦-polarization modes. From this figure, it is seen
that the air-holes positions are evident, as well as
the mode field is well absorbed in the core. The op-
tical field is closely confined to the core region due
to the high-index contrast at the center than in the
cladding. The proposed PCF represents the increased
design pliability in tailoring the dispersion and the
nonlinear coefficient in a hasty manner as compared
to the standard SMF.

To maintain the dispersion coefficient, there are
three degrees of independence in the proposed struc-
ture denoted as Λ, 𝑑, and 𝑑3. The dispersion coef-
ficient of the proposed S-PCF as a function of the
wavelength with the considered design parameters of
Λ = 0.80 𝜇m, 𝑑 = 0.76 𝜇m, and 𝑑3 = 0.55 𝜇m is

Fig. 2. Field distributions of fundamental modes at the 1550-
nm wavelength for the 𝑥- and 𝑦-polarizations

Fig. 3. Dispersion coefficient versus wavelength for the
proposed S-PCF for the optimum design parameters: Λ =

= 0.80 𝜇m; 𝑑 = 0.76 𝜇m, and 𝑑3 = 0.55 𝜇m

shown in Fig. 3 for 𝑥-polarization modes. From this
figure, it can be observed that the dispersion val-
ues vary from −424.40 to −3000.60 ps/(nm · km) for
the 𝑥-polarization around the spectral interval 1340
to 1640 nm. It is figured out the 𝑥-polarized mode
to obtain optimum results like large negative dis-
persion, which overcome the limitations of [30] that
contained a low dispersion coefficient (approximately
−1054.40 ps/(nm · km)).

Figure 4 shows the effect of the air hole diame-
ter (𝑑1) located at 1st layer on the dispersion be-
havior, when the other parameters (Λ = 0.80 𝜇m,
𝑑 = 0.76 𝜇m, and 𝑑3 = 0.55 𝜇m) are kept
constant. According to the variations of 𝑑1 andΛ
equal to 0.94, 0.95, and 0.96, the evaluated dis-
persion coefficients at a wavelength of 1550 nm are
−1281.00, −1732.10, and −2663.00 ps/(nm · km), re-
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Fig. 4. Dispersion coefficient versus the wavelength for the
proposed S-PCF for the optimum design parameters: Λ =

= 0.80 𝜇m; 𝑑 = 0.76 𝜇m; 𝑑1/Λ = 0.94, 0.95, 0.96, and
𝑑3 = 0.55 𝜇m

Fig. 5. Dispersion coefficient versus the wavelength for the
proposed S-PCF for the optimum design parameters: Λ =

= 0.80 𝜇m; 𝑑 = 0.76 𝜇m; 𝑑3/Λ = 0.70, 0.69, and 0.68

spectively. From the above investigation, it is de-
termined that the dispersion coefficient negatively
promotes by increasing the value of 𝑑1 Λ. Due to
this, the optical field is strongly confined to the
core region, which allows one to achieve a higher
negative dispersion coefficient than (approximately
−790.12 ps/(nm · km)) [38].

The dispersion coefficient versus the wavelength
curve is illustrated in Fig. 5 according to the varia-
tion of 𝑑3 Λ by keeping the other parameters (Λ =
= 0.80 𝜇m; 𝑑 = 0.76 𝜇m) to be constant. According

Fig. 6. Dispersion coefficient versus the wavelength for the
proposed S-PCF for the optimum design parameters: Λ =

= 0.80 𝜇m; 𝑑3 = 0.55 𝜇m; 𝑑/Λ = 0.94, 0.95, and 0.96

to the variations of d3/Λ as 0.70, 0.69, and 0.68,
the evaluated dispersion coefficients at a wave-
length of 1550 nm are about −2324.40, −1732.10,
and −1400.60 ps/(nm · km), respectively. The vari-
ation of 𝑑3 Λ has a great effect on the disper-
sion coefficient demonstrated in Fig. 5. From the
above investigation, it is determined that the dis-
persion coefficient negatively promotes by decreas-
ing the air holes diameter d3. As a result, the op-
tical field is strongly confined to the core region,
which governs to achieve a highly negative dis-
persion than (approximately −555.93 ps/(nm · km))
in [39].

Figure 6 exhibits the influence of 𝑑 on the disper-
sion coefficient. From this figure, it is clearly seen
that the dispersion coefficient negatively enhances by
increasing the value of 𝑑/Λ. At the operating wave-
length 1550 nm for the variations of 𝑑Λ as 0.94, 0.95,
and 0.96, the considered dispersion coefficients are
−1557.50, −1732.10, and −1977.00 ps/(nm · km), re-
spectively. There is an advantage of the high negative
dispersion, specifically in optical amplification appli-
cations. Typical long traditional optical fiber links
do not control the linear polarization; the Raman
gain defines an average value, which is to be about
half the corresponding polarized gain. Thus, by main-
taining the linear polarization, the gain efficiency
may be developed by approximately a factor of 2
[40]. The proposed PCF is such that it exhibits a
large negative dispersion, which governs to a rela-
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Fig. 7. Dispersion coefficient versus the wavelength for the
proposed S-PCF for the optimum design parameters: Λ = 0.79,
0.80, and 0.81 𝜇m; 𝑑3 = 0.55 𝜇m; 𝑑 = 0.76 𝜇m

tively small fiber length required to acquire the dis-
persion compensation.

In Fig. 7, we represent the effect of a pitch (Λ)
variation on the dispersion behavior when the other
parameters 𝑑 = 0.76 𝜇m, 𝑑3 = 0.55 𝜇m are kept con-
stant. Now, the pitch (Λ) variations are considered
as 0.79, 0.80, and 0.81 𝜇m. The calculated disper-
sion coefficients at 1550 nm are −1960.20, −1732.10,
and −1541.00 ps/(nm · km), respectively. From the
above investigations, it is clear that the large neg-
ative dispersion can be obtained by alleviating a
pitch for broadband dispersion compensation. It is
also regarded that our proposed PCF can compen-
sate the dispersion coefficient about 3 times more
than in [41], which is compatible in the optical com-
munication.

The single-mode operation of the proposed PCF
can be determined using 𝑉 effective (𝑉eff) parame-
ter. Figure 8 illustrates the 𝑉eff parameter as a func-
tion of the wavelength with optimized design param-
eters, namely, Λ = 0.80 𝜇m, 𝑑 = 0.76 𝜇m, and
𝑑3 = 0.55 𝜇m. The 𝑉eff parameter can be obtained
from expression (5). With an approximate perfect
electric and magnetic conductor boundary condition,
we used FEM at the outer enclosure to obtain the
index of space-filling mode [42]. 𝑉eff parameter for a
single-mode fiber (SMF) is 𝑉eff ≤ 2.405 formulated in
[30]. From Fig. 8, it can be noticed that the gained
𝑉eff value is about 1.30 at the wavelength 1550 nm,
which is less than 2.405. According to the simulation,

Fig. 8. 𝑉 parameter of the proposed S-PCF as a function
of the wavelength for Λ = 0.80 𝜇m, 𝑑 = 0.76 𝜇m, and 𝑑3 =

= 0.55 𝜇m

Fig. 9. Effective area for the 𝑥-polarization mode of the pro-
posed PCF as a function of the wavelength for Λ = 0.80 𝜇m,
𝑑 = 0.76 𝜇m, and 𝑑3 = 0.55 𝜇m

it is clearly reported that the proposed PCF acts as
an SMF over the whole bands. So the proposed S-
PCF will be highly applicable in long-distance optical
communications.

Figure 9 illustrates the effective mode area of the
proposed PCF as a function of the wavelength for the
optimized parameters, Λ = 0.80 𝜇m, 𝑑 = 0.76 𝜇m,
and 𝑑3 = 0.55 𝜇m. The figure also shows that
the effective area increases with the wavelength. The
mode power is closely absorbed in the core region at
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Fig. 10. Dispersion versus the wavelength curve of the S-PCF:
optimum design parameters and variations of fiber’s global pa-
rameters of order ±1% and ±2% around the optimum value

the longer wavelength, so the guiding waves diverse
largely. The effective area of our offered structure is
found about 1.40 𝜇m2 at 1550 nm. Our proposed PCF
is desired to be hard to be bent due to the small ef-
fective area [43]. It is also regarded that the small
effective mode area has a crucial effect on bending
loss [37].

The dispersion coefficient of −1732.10 ps/(nm · km)
at an operating wavelength of 1550 nm, which is def-
initely higher than [39]. After plotting the dispersion
curve to the desired level (Fig. 3), it has been ob-
served the dispersion validity of the proposed de-
sign PCF. During the fabrication, ±1% variations
of global parameters may occur in a standard fiber
draw [29]. To ensure the dispersion tolerance, an ac-
curacy of ±2% may be required. In our proposed
PCF, the global parameters are varied up to 2%

Comparison between properties
of the proposed PCF and prior PCFs
at 1550 nm wavelength

Ref. 𝐷, ps/(nm · km) 𝐴eff , 𝜇m2

[29] –588.00 3.43
[30] –1054.40 –
[31] –837.80 2.275
[38] –790.12 1.64
[41] –578.50 1.92

Proposed PCF –1723.10 1.40

to gain a better dispersion accuracy. Figure 10 ex-
hibits the corresponding dispersion curve with vari-
ations of global parameters ±1% and ±2%. At the
wavelength 1550 nm, the dispersion coefficient can
be gained −1498.30, −1301.80 ps/(nm · km) and
−2006.90, −2301.60 ps/(nm · km) by increasing and
decreasing the global parameters order of 1% and 2%,
respectively. In addition, it is evident that the disper-
sion curve provides a negative dispersion, which is a
precondition for the wide-band dispersion compensa-
tion of a traditional single mode fiber.

A comparison among characteristics of the pro-
posed PCF and some other conventional designs for
dispersion compensation applications is shown. Table
illustrates the comparison with account for the dis-
persion (𝐷) and the effective area (𝐴eff). From Ta-
ble, it is clearly visualized that our proposed PCF
offers the superior result for the dispersion coefficient
than prior PCFs. Our proposed PCF gains about
2.94, 1.64, 2.07, 2.19, and 3 times higher negative dis-
persion than in [29, 30, 31, 38, 41], respectively. So,
this demonstrates definitelythat the proposed PCF
is better for the dispersion compensation than prior
PCFs. Our proposed PCF also exhibits the simplic-
ity in design compare with prior PCFs [30, 39]. Hence,
the fundamental tasks like the fabrication process be-
come comparatively easier.

With this context, the fabrication flexibility of the
proposed structure has been investigated. In Fig. 1,
we represent that it forms a square lattice in the
cladding, which offers an additional efficiency dur-
ing the fabrication. The conventional stack and draw
technique is perfect for the fabrication of the PCF,
because this method gives a good degree of exact-
ness for the closed packed geometry like a triangu-
lar or honeycomb lattice [38]. Another technique, the
drilling method offers the adjustment of both size and
spacing of holes, as well as it can procreate circular
shapes perfectly. However, by the currently advanced
technology, the proposed structure can ensure the
technological advancement in the fabrication of PCFs.
The sol-gel technique provided by Bise et al. [44] is
used to fabricate the PCFs with all structures, and
they also offer the freedom to adjust the air-hole size,
shape, and spacing. Additionally, the sol-gel cast-
ing method allows the design flexibility, which will
be perfect for the proposed PCF. So, our proposed
S-PCF can easily be fabricated by the sol-gel casting
method.
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5. Conclusions

In conclusion, a single-mode wideband dispersion
compensating fiber including the large negative dis-
persion coefficient has been offered and is based on
the square-lattice geometry of PCFs. The numerical
investigations represent that the proposed design of-
fers a highly negative dispersion coefficient ranging
from about −424.40 to −3000.60 ps/(nm · km) over
the operating wavelengths from 1340 to 1640 nm.
From above simulations, it can be reported on that
the dispersion property does not vary much even, if
there are several variations of the design parameters.
Due to the luscious index-guiding behavior, the pro-
posed design will be compatible for the broadband
dispersion compensation in high-speed transmission
systems, as well as for sensing applications.

There was no funding for this research. The au-
thors are grateful to those, who participated in this
research work.
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РОЗРОБКА ТА АНАЛIЗ ОДНОМОДОВОГО
НИТКОПОДIБНОГО ФОТОННОГО КРИСТАЛА
ДЛЯ ОПТИЧНОГО ЗВ’ЯЗКУ ВIД E ДО L СМУГАХ
З УЛЬТРАВИСОКОЮ НЕГАТИВНОЮ ДИСПЕРСIЄЮ

Р е з ю м е

Представлено одномодовий квадратного перетину нитко-
подiбний фотонний кристал (О–НФК) з широкосмуговою
компенсацiєю дисперсiї на довжинах хвиль вiд 1340 до
1640 нм у вiкнi телекомунiкацiї. У всiй смузi частот засто-
сований метод кiнцевих елементiв для чисельного аналiзу
деяких основних властивостей НФК. Пропонований НФК
строго одномодовий, має дуже високий негативний коефi-
цiєнт дисперсiї близько –1732,10 пс/(нм · км) на робочiй дов-
жинi хвилi 1550 нм i добре застосовується в оптичних пе-
редавальних системах. В дослiдженнi О–НФК використа-
ний 𝑉 параметр. Ретельний дисперсiйний аналiз показав,
що цей НФК надiйнiший при отриманнi високого негатив-
ного коефiцiєнта дисперсiї i бiльш рiзнобiчний порiвняно з
вiдомими ранiше. У швидких передавальних системах та-
кi НФК ефективнi завдяки компенсацiї дисперсiї i збере-
женню однiєї поляризацiї. Вони можуть бути застосованi в
ниткоподiбних петльових дзеркалах, при 4-хвильовому змi-
шуваннi i в iнших випадках.
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