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PHOTONIC CRYSTAL FIBERS TECHNOLOGIES AND OPPORTUNITIES OF
DEVELOPMENT IN TELECOMMUNICATIONS SYSTEMS
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Photonic crystal fibers compressors in fibre-laser systems allow the generation of output light pulses with a
pulse width on the order of 100 fs in the megawatt range of peak powers. Thus, Photonic crystal fibers play the
key role in the development of novel fibre-laser sources of ultrashort light pulses and creation of fibre-format
components for the control of such pulses. In this paper we will discuss the photonic crystal fibers technology
development opportunities in the field of communications systems
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DomoHHO-KpUCmaniiuiecKkue 80J10KHA 8 B0JIOKOHHO-A3EPHBIX CUCEMAX NO360JAI0M opMUPO8ams bixo0 cee-
TOBbIX UMNYIbCOG C WUPUHOU umnyavca nopsoka 100 ¢c mecasamm 6 ouanazone nukogvix mownocmeu. Takum
obpazom, (PomouHO-KpUCMAIULecKue B0J0KHA USPAIOM 2Id6HYI0 pPONb 8 paspabomKe HOB8bIX 60J0KOHHO-
JIA3EPHBIX UCMOYHUKOB CBEPXKOPOMKUX CEEMOBbIX UMNYIbCOE U CO30AHUSL KOMNOHEHMO8 80I0OKOHHO20 (hopmama
011 KOHMPOS. MAKUX UMNHYIbCo8. B amoii cmamve mbi 06cyoum 603MOACHOCHU ONsi pA3GUMUSL (POMOHHO-
KPUCMANIUYECKUX 80JIOKOH 8 MENeKOMMYHUKAYUOHHOU cucmeme

Kniouegvle cnosa: (pomonnvlii Kpucmani, KOMMYHUKAYUU, PACNPOCMPAHEHUs, OUCNepcuio, (POmOHHbII Kpu-

cmaiiyl 60JIOKOH

1. Introduction

In 1910 Hondros and Debye [1] conducted a theo-
retical study, and experimental work was reported by
Schriever in 1920 [2]. Before 1970, optical fibers were
used mainly for medical imaging over short distances [3].
Their use for communication purposes was considered
impractical because of high losses (1000 dB/km). How-
ever, the situation changed drastically in 1970 when,
following an earlier suggestion, the loss of optical fibers
was reduced to below 20 dB/km [4]. Further progress
resulted by 1979 in a loss of only 0.2 dB/km near the
1.55-pum spectral region [5]. The availability of low-loss
fibers led to a revolution in the field of light wave tech-
nology and started the era of fiber-optic communications.
Several books devoted entirely to optical fibers cover
numerous advances made in their design and understand-
ing [6]. In 1987, Yablonovitch and John — by using the
tools of classical electromagnetism and solid-state phys-
ics — introduced the concepts of omnidirectional photonic
band gaps in two and three dimensions [7]. From then,
the name "photonic crystal" was created and led to many
subsequent developments in their fabrication, theory, and
application. A few years later in 1991, Yablonovitch and
co-workers produced the first photonic crystal by me-
chanically drilling holes a millimeter in diameter into a
block of material with a refractive index of 3.6 [8]. Other

structures, which have band gaps at microwave and radio
frequencies, are being used to make e. g. antennas that
direct radiation away from the heads of mobile phone
users. There are typically three types of computational
methods: time-domain "numerical experiments” [9] that
model the time-evolution of the fields with arbitrary
starting conditions in a discredited system; definite-
frequency transfer matrices wherein the scattering matri-
ces are computed to extract transmission/reflection
through the structure; and frequency-domain methods
[10] to directly extract the Bloch fields and frequencies
by diagonalizing the eigenoperator.

2. Literature review

The development of optical fibers over the last
20 years has resulted in the production of optical fiber
cables which exhibit very low attenuation or transmis-
sion loss in comparison with the best copper conduc-
tors. Optical fibers which are fabricated from glass, or
sometimes a plastic polymer, are electrical insulators
and therefore, unlike their metallic counterparts, they do
not exhibit earth loop and interface problems. Further-
more, this property makes optical fiber transmission
ideally suited for communication in electrically hazard-
ous environments as the fibers create no arcing or spark
hazard at abrasions or short circuits.
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3. The objective of the paper

In communication the fibers could provide many
new solutions. The photonic crystal fibers offer the pos-
sibility of low losses and dispersion, a possible competi-
tor to conventional fibers . For photonic crystal fibers to
realize their potential and advantages over conventional
fibers in fiber optic communication. These fibers are
based on a new and very promising technology and could
provide solutions to many optical problems in communi-
cations, light source manufacturing and has already revo-
lutionized the field of frequency metrology.

4. Photonic crystal fibres

Photonic crystals are periodic structures of dielec-
tric materials and can today be produced with almost any
imaginable structure. It is only a decade ago that Bose-
Einstein condensation was first achieved in alkali gases
[11] and it has certainly turned into a very rich field since
the condensates are very flexible model systems for solid
state physics and statistical physics in general. Photonic-
crystal fibres (PCFs) [12], also referred to as microstruc-
ture, or holey, fibres, are optical waveguides of a new
type. In PCFs, radiation can be transmitted through hol-
low core (Fig.1), surrounded with a microstructured
cladding, consisting of an array of cylindrical air holes
running along the fibre axis. Such a microstructure is
usually fabricated by drawing a perform composed of
capillary tubes and solid silica rods.

Along with conventional waveguide regimes,
provided by total internal reflection, PCFs under certain
conditions can support guided modes of electromagnetic
radiation due to the high reflectivity of their cladding
within photonic band-gaps (PBGs) or regions of low
densities of photonic states [13], as well as by the anti-
resonance mechanism of waveguiding [14]. Such re-
gimes can be supported by fibres with a hollow [15] core
and a two-dimensionally periodic (photonic crystal)
cladding. A high reflectivity provided by the PBGs in the
transmission of such a cladding confines radiation in a
hollow core, substantially reducing the loss, which is
typical of hollow-core-guided modes in conventional,
capillary-type hollow waveguides and which rapidly

grows with a decrease in the diameter of the hollow core
[16]. Unique properties of PCFs open up new routes for a
long-distance transmission of electromagnetic radiation
[12], as well as for nonlinear-optical transformation of
laser pulses [17]. Photonic-crystal fibres offer new solu-
tions for laser physics, nonlinear optics, and optical tech-
nologies, as they combine dispersion tuneability and a
high degree of light-field confinement in the fibre core.
The maximum laser fluence in an optical system is lim-
ited by the laser damage of material of optical compo-
nents. An increase in a fibre cross section is a standard
strategy for increasing the energy of laser pulses deliv-
ered by fibre lasers. Standard large-core-area fibres are,
however, multimode, making it difficult to achieve a
high quality of the transverse beam profile. This difficul-
ty can be resolved by using PCFs with small-diameter air
holes in the cladding, which filter out high-order wave-
guide modes [18].

Fig. 1. Cross-section of photonic-crystal fibres

5. The photonic crystal fibers and conventional
optical fibers technology

There is a difference between the conventional
optical fibers and photonic crystal fibres technology ,we
can be captured by a set of more specific performance
parameters as described below in Table 1.

Table 1

Comparison of the performance parameters for photonic crystal fibres and conventional optical fibers

Feature

Conventional fiber

Hollow core fiber

Fiber diameter

Typ. 80 um clad,

Development fibers 125 pum clad,

170 pm coating 240 pm clad
Fiber bend diameter Typ. 2-3 inch <linch
Thermal stability Shupe effect limits Est.>7x better
Loss (PM fiber) 1550 nm <3 dB/km <15 dB/km
Loss (PM fiber) 1550 nm <3 dB/km <2 dB/km

Nonlinearities

Kerr effect limits

Est.>100x better

Polarization maintenance thermal
stability

Poor if using stress parts for
polarization maintenance

Better than stress part designs

Radiation sensitivity

Poor if using co-doped silica

Est. 50x better

Magnetic sensitivity

Faraday effect limits (less in a PM fiber)

Est. >100x better

6. Optical fiber communication system

An optical fiber communication system is similar
in basic concept to any type of communication system. A
block schematic of a general communication system is

shown in Fig. 2, the function of which is to convey the
signal from the information over the transmission medi-
um (photonic crystal fiber) to the destination. The com-
munication system is consists of a transmission medium,
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and a receiver or demodulator at the destination point.
The optical source which provides the electrical-optical
conversion may be either a semiconductor IR. The
transmission medium consists of photonic crystal fiber
and the receiver consists of an optical detector (photodi-
ode) which drives a further electrical stage and hence
provides demodulation of the optical carrier. Photodiodes
are utilized for the detection of the optical signal and the
optical-electrical conversion. Thus there is a requirement
for electrical interfacing at either end of the optical link
and at present the signal processing is usually performed
electrically.

Information
signal

P
TN Transmitter | e ‘ Receiver Destination
1 (modulator) (demndulatnr)_' cstinatl
IR APD

Fig. 2. General communication system

7. The results and calculation of the propaga-
tion

The spacing between the air holes in a photonic
crystal structure with air holes embedded in dielectric
material is given roughly by the wavelength of the light
divided by the refractive index of the dielectric material.
The problem in making these small structures is en-
hanced because it is more favorable for a photonic band
gap to form in dielectrics with a high refractive index,
which reduces the size of the lattice spacing even further.
The linear part is

g . < 0® x®
FG(z,a>)+,b’(a>) G(Z,w)=—c—z A, (@) Pz, @), (1)
%G(z,w) = — ()’ G(z, ). (2)

Decoupling Maxwells equations with no free
charges and currents, assuming linear response of the
medium and no losses leads to a wave equation for the
He(r) field

2
Vx|V H () =(2) H.(r), )
&(r) c
where ¢ is the dielectric function.
H, (1) =Y a,h, (x,y)e ", 4

where m denotes the mth eigenmode with transverse part
hm(x, y) and propagation constant 5™ ().

And Eg. (3) both originate from Maxwell’s linear
equations. By considering the magnetic field Hew(r) as
given by Eg. (4) and taking the second derivative with
respect to z the following equation arises

2

7D =—B@)H, (). ©)
The magnetic and electric fields are related by

E, (1) =—w€i—°w H, (1), (6)

(% Y)

where with translational symmetry (x, y) is independent
of z. Consequently, Ew(r) also fulfills Eq. (2). The emit-
ting power of the light (IR) from the transmitter may take
many reflected and refracted paths before arriving at the
receiver. The receiver in a optical communication system
is the light detector (photodiode). The large size of the
photodiode with respect to the wavelength of the light
provides a degree of inherent spatial diversity in the re-
ceiver which mitigates the impact of multipath fading.
Multipath fading is not a major impediment to optical
communication, temporal dispersion of the received sig-
nal due to multipath propagation remains a problem. This
dispersion is often modeled as a linear time invariant
system since the channel properties change slowly over
many symbol periods [19].
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Fig. 3. Distribution and attenuation of the output power
with a hollow core photonic crystal fibers

The impact of multipath dispersion is most no-
ticeable in diffuse infrared communication systems. Un-
like conventional fiber optical systems, multipath fading
is not a major impairment in photonic crystal fiber
transmission. The multipath propagation of light produc-
es fades in the amplitude of the received electromagnetic
signal at spacing on the order of half a wavelength apart.
The fig. 3 illustrates the distribution and attenuation pho-
tonic crystal fibers with diameter 10 pm.

8. Conclusion

The transverse micro-structuring makes the dis-
persion of the fibers highly tunable and together with the
high index contrast it leads to the small effective area,
cade of nonlinear effects can take place in the fibers. The
interplay between the special dispersion of the fibers and
these nonlinear effects makes the phenomenon of super-
continuum generation possible. The full frequency de-



TexHiuHI HayKH

Scientific Journal «ScienceRise» Ne1/2(18)2016

pendency of the propagation constant as well as the ef-
fective transverse area serve as input for the model and
these parameters can either be calculated as measured.
Low loss per unit length, to satisfy the optical power
budget allocation for fiber loss and low backscatter, to
prevent noise and associated measurement error. The low
nonlinearities, such as the Kerr effect, whereby refractive
index dependencies in the light-guiding material due to
electric field can cause a non-reciprocal effect in the fiber
loop leading to measurement error.
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PABMEPHAS TOYHOCTDH CIIEYEHHBIX 3AI'OTOBOK

© Y. A. AiueB

B cmamwe npusedenvt pesyromamul OYeHKu 6IUsHUS CMAOUILHOCMU NOBEOEHUsI KOMINOHEHMO8, 8X00SUUX 8 CO-
cmag KOMRO3Uyull U MeXHOIOSUYECKUX NAPAMEmpPOs8 UX NOIYYEHUs, HA PA3MEPHYIO MOYHOCHb 3020MOBOK.
Yemanogneno, umo npu yseruuenuu Koauwecmea oKCuoa 8 COCMase KOMROUYUU NPOUCX00unm 6oavbuiee YHion-
HeHue CHeuyeHHOUl 3a20MOo6KU 8 npoyecce mepmuyeckoi oopabomxu. Ilpu smom maxoice npoucxooum ygeiuye-
HUe NJIOMHOCIU 6CeX COCMAGISIIOUUX KOMNOZUYUU

Kniouegvle cnosa: pasmepHnas mouHOCMb, CHEYeHHAs! 3A20MO6KA, NIOMHOCMb, AHAIUMUYECKOE BbIPAdCEHUE,
OKCUO, sapuayus

The article presents the results of assessing the impact of the behaviour stability of the components included in
the compositions and process parameters of their production, on the dimensional accuracy of workpieces. It was
found that by increasing the amount of oxide in the composition is greater compaction of the sintered billet in the

process of heat treatment. This also increases the density of all components of the composition
Keywords: dimensional accuracy, sintered billet, density, analytical expression, oxide, variation

1. BBeaenmne

[Momyuenne  KOMIO3HMIMH  THMNA  «METAJIIBI-
okcunsI-(eHo-popManpae-rugHas cmona (OPDC)» sB-
JISIeTCSl IPUOPUTETHBIM HAIIPaBICHHEM Ha MYyTH PacCIIu-
pEeHUs] HOMEHKIIATYPhl 3arOTOBOK CJIOXKHO# (hopmbl. O-
HaKO JUIsi M3TOTOBJICHHUS KOMIIO3UIIMK 3arOTOBOK ITyTEM
cBOOOHON 3aMMBKH B (OPMY CMECH KOMIIOHEHTOB C
MOCJIEAYIONIMM CHEKaHUEeM HEeo0XOIMMO YMEJO YIpaB-
JSITh U3MEHEHHEM (OPMBI U Pa3MEPOM KOHEYHBIX 3aro-
ToBOK [1-3].

[pu BBIOOpE TOW MM MHOHM TEXHOJOTHH U3TOTOB-
JICHUSI 3arOTOBOK BOIIPOCHI Pa3MEpPHOM TOYHOCTH SIBIISI-
I0TCS OTIPEAEISIONMMH. B 0COOEHHOCTH 3TO OTHOCSTCS K
CITy4aro MOJy4eHHs 3aT0TOBOK CIIOXKHOM (POPMBI, TaK KaKk
00paboTka BCceX TMOBEPXHOCTEH TaKMX 3arOTOBOK COIO-
CTaBHMa C UX IOJIydeHHEM MEXaHOOOpabOTKOW M3 OTIIH-
BOK, IOKOBOK, LIITAMITOBOK H T. .

2. IlocTaHoBKa NMpPOGJeMBbl H aHAJIU3 JUTepa-
TYPHBIX AaHHBIX

C ToYKM 3peHHsI pa3MEpHOW TOYHOCTH, paccMmart-
puBaemas B pabOTe TEXHOJOTHS HOIYyYCHHS MOPOILIKO-

10

BBIX 3arOTOBOK MPHUHIMITHATIBHO OTJIMYACTCS OT MPHHS-
THIX. DTa Pa3HUIA COCTOUT B TOM, YTO B TPAUIIUOHHBIX
TEXHOJIOTHSIX B Mpolecce MexoOpaboTKU UIOTHOCTD 3a-
TOTOBKH OCTACTCA NPAKTHUYCCKN HEUZMEHHO U B TO BPEMA
KaK ycaJika COCTaBJsIeT HECKOJbKO HpoleHTOB. B pac-
CMaTpUBaeMOl TEXHOJIOTHMH IUIOTHOCTh Marepualia 3aro-
TOBOK MOXET HECKOJIbKO pa3 M3MEHSCTCS TOTaa, Kak
ycaaka Moxer coctaBisaTh 20-30 % OT HOMUHAIBHON
BCJIMYUHBI.

B 10 ke BpeMmsi, UCMOINB3ysl MaTepHabl, 00aaa-
OIIHE BBICOKMMU CTA0MIBHBIMU (DU3UUECKUMHU U TEXHO-
JIOTHYECKUMH CBOWCTBAMH, a TAKXKE BBICOKOTOYHBIC pe-
JKUMBI 00pa0OTKH, MOXHO JOCTHYh Pa3MEpPHON TOYHO-
CTH, COIOCTaBUMOW WJIHM MPEBOCXOMAANICH STOT MOKa3a-
TCJIb Y 3aroToBOK, HM3rOTaBJIMBACMbIX IMPUHATBIMH CIIO-
cobamu [4-6].

3. IIpoBeaeHnsi TeOPeTUYECKOH OIEHKH HM3ro-
TOBJICHUSI CTIEYeHHBIX 3ar0TOBOK

C 1menpi0 NPOBEACHUS TEOPETHYECKOH OIEHKH
BIIMSIHASL CTAaOMIBHOCTH HapaMEeTPOB KOMIIOHEHTOB, BXO-
JISIIAX B COCTaB KOMITO3UIIMIA, U OCHOBHBIX TEXHOJOT'H-
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