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Abstract. The paper presents the results of the development of the design of a directional coupler of
a fiber-optic transmission system of a new type, which provides spatial separation of optical signals with dif-
ferent working wavelengths or power separation of an optical signal of the same wavelength. The operation
of this device is based on the features of the electromagnetic coupling between anisotropic optical fiber and
isotropic stepped single-mode optical fiber. As an anisotropic optical fiber, a fiber with an ordered rotational
microstructure of glass was selected. In the article equations were used that relate the chemical composi-
tions of the cores and shells of the optical fiber, the parameters of the ordered rotational glass microstruc-
ture, the powers of the optical signals that pass from the anisotropic fiber to the isotropic optical fiber, and
the working wavelengths of optical signals. The lengths of fiber sections are also determined, where it is
necessary to arrange them in parallel, depending on the part of the power that needs to be transferred from
anisotropic to isotropic optical fiber. Since there is an equality of phase wave propagation coefficients
(achieved by selecting the required step of rotation of the microstructure of glass), the condition for the tran-
sition of an electromagnetic wave from an anisotropic fiber to an isotropic optical fiber one is satisfied. The
resulting spectral analysis proves the possibility of realizing devices that can be used on a passive optical
network to separate optical signals with different working wavelengths or to divide the power of an optical
signal of the same wavelength.
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AHoTauisa. Y cratTi HagaHi pesynbTaTy po3pobKM KOHCTPYKLUil HanpaBrieHoro BigranyxyBada
BOTOKOHHO-OMNTUYHOI CUCTEMU Mepeaadi HOBOro Tuny, siknii 3abesnevye NpoCTOPOBE PO3AINEHHS ONTUYHUX
CvrHanis 3 pisHMMM JOBXMHAMU pobounx XBUib abo PO34iNeHHS NOTYXXHOCTI CUrHany OgHiei JOBXUHW XBUI.
B ocHoBi po©oTn gaHoro NpuUCTpPol 3aknageHi 0CoBNMBOCTI eNEKTPOMAarHiTHOrO 3B'A3Ky MiXK aHi30TPOMHUM
ONTUYHMM BOJSIOKHOM Ta i30TPOMHUM CTyMiH4acTUM OOHOMOLOBUM OMTUYHUM BOFIOKHOM. B sAKoCTi
aHi30TPOMNHOro OMNTMYHOIO BOSIOKHA BUOpPaHO BOMOKHO 3 BMOPSAKOBAHO ODEpTanbHOK MIKPOCTPYKTYPOHO
ckna. B cTaTTi BMKOpUCTaHi pIBHSAHHSA, siKi MOB'A3YHOTb XiMidHI CKrnagu cepueBMH i OBOMOHOK OMTUYHOrO
BOIOKHA, MapameTpu BNopsgKoBaHOi 00epTarnbHOi MIKPOCTPYKTYPU CKNa, BEMUYUHU MOTY>KHOCTEN ONTUYHUX
cvrHanie, siki NepexofsaTb i3 aHi30TPOMHOro BOJSIOKHA B i30TPOMHE OMTUYHE BOSIOKHO, OOBXMHU POBOYMX
XBUIb ONTUYHUX CUTHanMiB. TakoX BU3HAYEHI JOBXWHM OiNSHOK BONTOKOH, HA SKUX HEOOXIQHO iX po3TawlyBaTu
napanenbHO B 3areXHOCTi Bif YaCTUHM MOTYXXHOCTI, Ky HeoDXiAHO nepedaTu 3 aHi30TPOMHOro BOSIOKHA B
i30TponHe onTudHe BOMOKHO. OCKiNbkM Mae Miclue piBHICTb pa3oBMX KoedilieHTIB MOLUMPEHHS XBWIb
(mocsiraeTbecs WNSAXom nigdopy HeobXiAHOro KpoKy obepTaHHA MIKPOCTPYKTYpWU CKrla), BUKOHYETBLCA YMOBaA
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nepexofy enekTpomarHiTHOI XBWMi i3 aHi30TPOMHOro BOSIOKHA B i30TPOMHE OMTUYHE BOSIOKHO. HagaHun B
pes3ynbTaTi JOCNiAXEHb CNEKTParnbHUIA aHani3 JOBOAWTL MOXIMBICTb pearnisaLii MpUCTpoto, AKMIA Moxe OyTu
BMKOPUCTAHUM Ha NACUBHIN OMNTUYHIN Mepexi, Ans po3AifeHHA ONTUYHMX CUrHaniB 3 Pi3HUMU JOBXMHAMMU
poboumnx xBunb abo po3aineHHs NOTY)KHOCTI ONTUYHOTO CUTHAaNYy OAHIET AOBXUHM XBUWSTi.

Knro4oBi cnoBa: onTuYHEe BOSIOKHO, aHi30TPOMHE cepefoBuLLe, NoABINHE NPOMEHe3anoMIItoBaHHS,
€MNEeKTPOMarHiTHMI 3B’A30K.

AHHOTaums. B ctaTtbe npeacTaBneHbl pe3ynbTaThl pa3paboTKM KOHCTPYKLUMKU HanpaBreHHoro oT-
BETBUTENS BONOKOHHO-OMTUYECKOA CUCTEMbI NMepeaaynm HOBOIO TWMa, KOTopbld obecneuymBaeT MpoCTpaH-
CTBEHHOE pasgerieHne ONTUYECKNX CUrHamnoB C pasHbiMU ANMHaAMK paboumx BOMH NGO pasgeneHue MoLl-
HOCTM OMTUYECKOrO CUrHana ofAHOW AnMHbI BOMNHbLL. B ocHoBe paboTbl JaHHOrO YCTPOMCTBA 3aroXeHbl 0Co-
GEHHOCTU 3MEKTPOMAarHUTHOW CBA3M MeXOy aHM3OTPOMHbLIM ONTUYECKMM BOJIOKHOM W M3OTPOMHbLIM CTYMEH-
YyaTblM OQHOMOZOBbLIM ONTUYECKMM BOJIOKHOM. B KauecTBe aHM30OTPOMHOIO OMTUYECKOro BOJIOKHA BblGpaHo
BOJIOKHO C YMNOpPSiAOYEHHON BpallaTernbHO MUKPOCTPYKTYPOW cTekna. B craTbe Mcnornb3oBaHbl YypaBHEHUS,
KOTOpblE CBSA3bIBAOT XMMUYECKNE COCTaBbl CepALEBUH M 0B0MOYEK ONTUYECKOro BOMOKHA, NapameTpbl yro-
pAOOYEeHHON BpallaTenbHO MUKPOCTPYKTYPbl CTEKNa, BENMUYNHBI MOLLHOCTER ONTUYECKMX CUrHaroB, KoTopble
nepexoaaT U3 aHNU3OTPOMHOrO BOMIOKHA B U3OTPOMHOE OMTUYECKOE BOJIOKHO, ANUHBLI paboumx BOMH ONTuYe-
CKMX curHanoB. Tak e onpegerneHbl ANvMHbl Y4acTKOB BOJTIOKOH, Ha KOTOPbIX HEOBXO0AMMO MX pacnonioXuTb
napanfienbHO B 3aBMCUMOCTM OT YacTy MOLLHOCTU, KOTOPY Heob6xoaMMo rnepeaaTtb U3 aHU30TPOMNHOMo BO-
NOKHa B U30TPOMHOE OMNTUYECcKoe BONOKHO. MOCKONMbKY MMEEeT MECTO paBHOCTb (pa3oBbIX KO3(DULIMEHTOB
pacnpocTpaHeHNsl BOMNH (docTuraeTcs nytem nogdopa Tpebyemoro Lara BpalleHUs MUKPOCTPYKTYpPbl CTEK-
na), BbINOJHAETCA YCMNoBUE Nnepexoaa 3NeKTPOMarHUTHON BOMHbI U3 aHM30TPOMHOIO BOMOKHA B M30TPOMHOE
onTuyeckoe BOMOKHO. MprBeaeHHbIN B pe3ynbTaTe UccrnenoBaHuii CriekTparbHbIi aHanu3 JokasbiBaeT BO3-
MOXHOCTb pearnuaauuM YCTPOMCTBa, KOTOPOe MOXET OblTb UCMNOMb30BaHO Ha MAaCCUBHOWM OMTUYECKON CETU
AN pasfeneHnst ONTUYECKUX CUTHamNoOB C pasHbiMU AnNUMHaMK pabounx BOMH NGO pasgeneHyst MOLLHOCTU
ONTUYECKOrO CUrHana Of4HOMN ANMHbI BOSHbI.

KnioueBble crioBa: ONTMYECKOE BOMOKHO, aHM3OTpOMNHas cpeda, OBOWHOE IydenpenomrieHue,
3NeKTpoMarHuTHasi CBA3b.

Today, there is a significant increase in requirements for fiber-optic transmission systems
(FOTS): the amount of information transmitted by fiber - optic transmission lines (FOL), transmis-
sion speed is growing. Under conditions of a gradual increase in the length of the FOL, there arises
a need to optimize FOTS: it is necessary to make scientific decisions both on improving optical de-
vices and minimizing the influence of negative phenomena in FOL that are the main limiting factors
at high transmission speeds. Such factors are dispersion, attenuation, nonlinear effects.

The introduction of anisotropic components in optical FOTS devices is a promising method
for improving the quality of operation of these elements. Such devices are OF, directional couplers,
polaroid’s, light modulators, prisms, etc.

Objectives of the study:

1. Analysis of the features of the electromagnetic coupling between an anisotropic optical
fiber with an ordered rotational microstructure of glass (ORMG) and an isotropic optical fiber
(IOF).

2. Determination of specific parameters under which the implementation of a new type of
FOTS directional coupler is achieved.

The optical fiber (OF) accepted for the study of OF a and b are single-mode with the same
values of the shell radii, the agent is anisotropic and homogeneous in the chemical composition of
glass, and agent b is isotropic and stepped. At the input of the anisotropic OF with the ORMG re-
ceives a continuous signal of wavelength A. The propagation of an electromagnetic wave in an OF
with ORMG occurs along a spiral trajectory of a certain pitch and radius, which follows the law of
the spiral line along which the axes of the molecules and glass microcrystals are oriented [1, 2, 3,
4]. To achieve a transmission of 100% of the optical signal power from the OF to the OF b, it is
necessary to fulfill the condition [4]:

2.7, . (1)
BZ :Bb’
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where Ca, — is the coefficient of electromagnetic coupling between OF a and b; Z., — the length of
the area in which there is an electromagnetic connection between OF a and b; ! — phase propaga-

tion coefficient of the unusual ORMG wave; 3, — phase distribution coefficient in the IOF b.

The final condition for the transfer of all the power of an unusual wave from an anisotropic
OF to an isotropic OF b on the section Z.; takes the form [4]:

T B 2ky2 q, e v
2 Ckom-(g2+ k2
(41{2 + pj (2R-d, —d?) | )
4 : W P ; )
e ‘sin| arctg)

eo(r.0)=¢,(r)
where R is the rotational speed of the ORMG, pm; p is the radius of rotation of the ORMG, pum;

-l

2.

ky— wave number along the y axis, rad/um; k_ — wave number along the z axis, rad/um; ¢, — ex-
ponential decay of the field outside the core along the y axis; m is the channel width, um; / is the
distance between the channels, um; €, (r, (p) and €, (I’) is the total profile of the dielectric constant
in the OF with the ORMG and the dielectric constant in the IOF, respectively, ds is the depth of
drawing the sheath of the OF, pm.

The left part of the first equation (2) determines the value of the coefficient C» at which the
transfer of all the power of an unusual wave from the OF a to the OF b in the section Z.; occurs, the
right part - the real value of the Cy at the selected parameters of the OF, the ORMG twist pitch and
the depth of the compression dy;.

An expression for calculating the power transmission coefficient was obtained:

(41{2 +1’2) (2R-d, -d?)

4
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The physical essence of this quantity lies in the fraction of power that flows due to the elec-
tromagnetic coupling with the OF a in the OF b over the length Z,, with the phase propagation fac-

tor of the isotropic OF equal to the phase propagation coefficient of the unusual wave of the aniso-
tropic OF.

K, =

ab

3)

The possibility of implementing frequency separation of optical signals based on three opti-
cal fibers is analyzed: the optical signal of the working wavelength A is fed to the input of an aniso-
tropic optical fiber from a ORMG. The length of thisOF is _® T (Cu1is the electromagnetic

2.C, 2-C,
coupling coefficient between the OF a and b; C, is the electromagnetic coupling coefficient be-
tween the OF a and ¢, 1/um).

Parallel to the OF a and along the distance _ ™ | _ ™ there are two isotropic OFs b and ¢
2-Cc, 2-C,

(Fig. 1). The direction of further transmission of the optical signal depends on its wavelength: at
A = A1, the signal propagates only through the OF a, when A = A2, the informative unusual wave is
transferred due to electromagnetic coupling with the OF a into the OF b and the optical signal is
recorded at the output of an isotropic OF (IOF) b , at A = A3, the informative unusual wave is trans-
ferred due to the electromagnetic coupling with the OF a to the OF c and the optical signal is rec-
orded at the output of the IOF c.

The chemical composition of glass for the manufacture of OF a was selected for the study:
OF with ORMG — 100% SiOz, isotropic OF b — 13,5% GeO: core, 86,5% SiOz, shell — 13,3% B>0s,
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86,7% Si0s, isotropic OF ¢ with core — 5,8% GeO», 94,2% SiO», shell — 1% F, 99% SiO,.

The results of the study of power transfer coefficients and phase distribution factors are pre-
sented in Table 1 and 2 respectively.

According to the results of calculations, the graphs of the rotational step of the ORMG and
the rotational step of the ORMG are plotted against the depth of cutting, shown in Fig. 2. Based on
the results of the calculations, the dependence of the power transmission coefficients in the area on
the depth of OF cutting is built. These dependences are shown in Fig. 3. From the presented graphs
it can be seen that with an increase in the depth of cutting of the OF, the ORMG rotation step neces-
sary for transmitting the unusual wave from the anisotropic to the isotropic OF is increasing.

At the same time, as shown by the dependences in Fig. 3, the power transmission coefficient
increases, as a result of which the magnitude of the power of the optical signal transmitted from the
OF a to OF b and c increases. The graphs of the dependence of the phase propagation coefficients
OF a and b and ¢ on the wavelength, illustrating the fulfillment of conditions (1) and (2), are con-
structed. These graphs are shown in Fig. 4.

Y.

ac

Figure 1 — The system of connected electromagnetic field OF

Based on the calculation method presented above, the computation of geometric parameters
and electromagnetic coupling parameters of a new type of FOTS directional coupler. Drawings of
this device are shown in Fig. 5. The function of the device is the spatial separation of signals 1300
nm, 1550 nm and 1625 nm. The signal of a working wavelength of 1300 nm is taken off of the
wobble of an OF, and from the output of an OF, b — 1550 nm, and from an output of an OF with a
wavelength of 1525 pm. The parameters of the coupler are given in Table 3.
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Table 1 — Electromagnetic coupling parameters calculations results between anisotropic OB (a) and two isotropic OB (b and c)

Depth of injection of OF, pm Length of area Length of area The turn of the ORMG, MkM Coefficient | Coefficient
on the area on the area Zzp Zzp on the area on the area Kab Kac
T T a-b, ym a-c,pum T T on the area | on the area
2C, 2C,, 2C, 2C,, T LU
2C, 2C,.
60 60 260,32 625,82 521,06 1252,65 60 60
60,25 60,25 233,7 561,83 467,71 1124,38 60,25 60,25
60,5 60,5 207,9 499,8 416,02 1000,12 60,5 60,5
60,75 60,75 182,09 437,75 364,33 875,85 60,75 60,75
61 61 156,27 375,69 312,64 751,59 61 61
61,25 61,25 129,61 311,6 259,28 623,32 61,25 61,25
61,5 61,5 103,78 247,5 207,59 499,05 61,5 61,5
61,75 61,75 77,95 187,38 155,9 374,79 61,75 61,75
62 62 52,1 125,26 104,21 250,53 62 62
62,25 62,25 25,43 61,13 50,85 122,26 62,25 62,25

Table 2 — Phase distribution coefficients calcualations results a, b and ¢

Optical fiber The value of dielectric permeability g(A) at The value of the spread ratio B(A), rad/um at
A =13 um A= 1,55 um A3 = 1,625 um A =13 um A= 1,55 um A3 = 1,625 um
a 2,119265 2,149096 2,108268 7,032486 5,9389 5,6113
b 2,156180 2,149096 2,146948 6,147674 5,9389 5,6626
2,119354 2,110913 2,108268 7,0327 5,8865 5,6113

4!
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Figure 2 — Dependency of FOTS rotation step from OF's cutting depth
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Figure 3 — Dependence of the coefficients of K. and K. from the depth of propagation OF
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Figure 4 — Dependences of the phase distribution coefficients OF a, b and ¢ on the wavelength of
the optical signal
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Figure 5 — The design of a directional coupler FOTS with spatial breeding of signals of wavelengths
1300 nm, 1550 nm, 1625 nm
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Table 3 — Constructive dimensions of a directed coupler on the basis of electromagnetic coupling
between anisotropic and isotropic OF

Diameter of core Size Size z;, mm Size z, mm
OF at transmission at transmission
a b o, | b | h | 25% | 50% | 100% | 25% | 50% | 100%
(size | (sizedz), | um | pum pum
d), pm
um
9 9 5 | 5 | 135 |8135]162,70| 325,40 | 53,95 | 107,90 | 215,80
9 9 45 | 45 | 134 53 11| 10623 | 21245 | 36,01 | 72,03 | 144,06
9 9 414 | 133 13057 61,15 | 122,29 | 24,50 | 49,00 | 98,00
9 9 35 135 1 132 1ygo1| 3640 | 7284 | 1633 ] 32,67 | 6534
9 9 3 31 B ose| 2112 | 4224 | 1067 2135 | 42,69
9 9 25 | 25| 1301600 | 1200 | 2400 | 7,08 | 1416 | 2833
9 9 2 2 129 3,24 6,49 12,97 4,13 8,25 16,50
9 9 IS 1 LS 1128 1497 | 354 | 700 | 247 | 493 | 986
9 9 ! Dol 127 1os1 | 163 | 326 | 125 | 2,51 | 5.01
9 9 0.5 105 ) 126 ) o6 | 053 | 1,06 | 048 | 096 | 191

As a result of this work, a design of a directional coupler of a new type has been developed,
which provides for the separation of optical signals with different working wavelengths. This effect
is achieved by performing an equality between the phase distribution coefficient of an isotropic OF
and anisotropic OF with ORMG. Setting the required value of the phase transfer coefficient is per-
formed by selecting the required step of rotation of the glass microstructure (molecules, microcrys-
tal’s).

The results of this work are as follows:

1. The lengths of the segments on which it is necessary to arrange parallel OF are deter-

mined, depending on how much of the energy must be transferred from the anisotropic OF to the
isotropic one.

2. Based on the performed calculations, the possibility of realizing the proposed device is
proved, since the equality of the phase distribution coefficients of wavelengths, which are trans-

ferred due to the electromagnetic coupling from anisotropic optical fiber to isotropic one, is ob-
served.
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