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Abstract. The dependences of the specific chromatic dispersion of the signal on the working
wavelength of the optical signal were analyzed for stepped optical fibers of cores and shells of various
chemical compositions. For the study, the selected wavelength range of the optical signal is 1,300 ... 1.595
pMm, which are widely used at the present stage in fiber optic transmission systems. The influence of dopants
(germanium oxide, boron oxide, phosphorus oxide) in the composition of the core and cladding of the optical
fiber on the value of the specific chromatic signal dispersion has been established. The spectral
dependences of the chromatic dispersion of the optical signal at different dopants concentrations were also
obtained. Based on the obtained spectral dependences, the chemical composition of optical fibers was
determined, which, by their value of the specific chromatic dispersion of the signal, satisfy the
recommendations of ITU G.652, which corresponds to a standard single - mode optical fiber (SF). Based on
the obtained research results, a method is presented for optimizing the dispersion characteristics of a
stepped optical fiber by introducing dopants of a prescribed type and concentration into the composition of its
core and shell. The results of the research are presented in tabular and graphical form.

Key words: chromatic dispersion, dopants, fiber optic transmission systems, specific chromatic
dispersion, specific material dispersion, specific waveguide dispersion, wavelength.

AHoTauis. [MpoBeaeHo aHani3 3anexHocTen NMTOMOI XpOMaTUYHOI Aucnepcii curHany BiJ JOBXUMHU
pobo4y0i XBWMi ONTUYHOTO CUrHamy ANna CTyniH4acTUX OMTMYHMX BOJIOKOH Pi3HUX 3a XiMiYHMM CKMagom
CepUEeBMHN Ta 060MOHKU. [Ns AocnimpkeHHss BUOpaHO Adiana3oH JOBXMH pob0oYMX XBWUIb ONTUYHOrO curHamny
1,300 ... 1,595 MKM, IO LLUMPOKO BUKOPUCTOBYETLCHA Ha Cy4aCcHOMY eTarli y BONOKOHHO-ONTUYHUX CUCTEMAX
nepeaaBaHHs. BctaHoBNeHO BNAMB neryoumx OMILLOK (OK1C repmaHis, okuc 6opy, okuc pocdopy) y cknagi
CEpPLEBMHN Ta 0OOMOHKN ONTUYHOIO BOSIOKHA Ha 3HAYEHHSA MUTOMOI XpOMaTUYHOI Ancnepcii curHany. Takox
OTPUMaHO CreKkTpanbHi 3anexHoOCTi XpoOMaTU4YHOI AMChepcii ONTUYHOrO CurHany 3a pi3HOI KOHUeHTpauil
3a3HavyeHuX OOMILLOK. BusHayeHo JOBXWHWU XBUMb HYNbOBOI NMUMTOMOI XpOMaTUYHOI AUCNepCii ANa KOXHOro
ONTUYHOrO BOMOKHA, WO [OChigKyBanocCb, MNOKasaHO MOXNUBICTb 3MILLEHHS AOBXMHU XBUI HYNbOBOI
XpOMaTU4HOI gucnepcii WnsaxoMm 36inblUeHHs KOHUeHTpalil gomiwok. Ha 6asi oTpymaHux crnekTpanbHMX
3aneXHOCTEN BU3HAYEHO XiMiYHMIA CKNag ONTUYHMX BOSTOKOH, WO 3@ CBOIM 3HAYE€HHAM NUTOMOI XPOMaTUYHOI
avicnepcii  curHany 3agoBOfbHAKTL pekoMeHgauii ITU G. 652, ska Bignosigosigae craHgapTHOMY
0QHOMOJOBOMY ONMTUYHOMY BOMOKHY (SF). Ha 6asi umx pe3synbTatiB OCNiOXEHHsT OTpMMaB PO3BUTOK CMOCiO
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onTuMisadii AMcnepcCiiHMX XxapakTepUCTUK CTYMIHYACTOro ONTUYHOrO BOMOKHA LUMNAXOM BHECEHHS OO cknagy
Moro cepueBMHM Ta OOOMOHKM NErytynx AOMILLIOK BCTAHOBMEHOrO TWMy Ta KOHUEHTpauii. Pesynbtatu
NpoBeAEHUX JOCHiAKeHb NpeAcTaBreHi B TabnuyHin Ta rpadivHin dhopmax.

Knro4oBi cnoBa: xpoMaTuiHa ANCNepCisi, BONOKOHHO-ONTUYHI cCUCTEMU Nepeaadi, Neryodi JOMILLKK,
nuMToMa XpomaTu4dHa gucnepcia, nnToMa MaTtepianbHa gucnepcis, NMToMa XBUreBogHa gncnepcis, 4oBXNHa
XBUITI.

AHHoOTauus. NpoBeaeH aHanu3 3aBUCUMOCTEN YAEMbHON XpPOMAaTUYECKOW AUCNepcun curHana ot
ONMHbI pabo4vert BOSHbI OMNTMYECKOrO CuUrHana Anst CTyrneHYaTbiX OMTUYECKUX BOJIOKOH Pa3fIMYHbIX MO
XUMUYECKMM cOCTaBaM cepaueBuHbl 1 obornodki. [ns uccnegoBaHusi BbibpaH gvanas3oH OnvH pabdoumnx
BOnH ontuyeckoro curHana 1,300 ... 1,595 MKM, KOTOpPbIA LLIMPOKO UCNONb3YeTCA Ha COBPEMEHHOM 3Tare B
BOTOKOHHO-OMNTUYECKMX CUCTEMAxX nepefadn. YCTAHOBIEHO BMWSHWE NErMpylowmx npuMmecein (OKUCb
repMaHus, okucb 6opa, okucb hocdopa) B cocTaBe cepALeBUHbl U 0DOMOYKM ONTUYECKOTrO BOMOKHA Ha
3HayeHVe yaenbHOW XpoMaTUYecKon AMcrnepcun curHana. Tak ke norlyyeHbl crnekTparnbHble 3aBUCUMOCTU
XpPOMaTUYECKON OUCNEPCUM OMTUYECKOro CUrHama npu pasHbIX 3HAYEHUSIX KOHLEHTpauuu npumecen. Ha
0a3e Momny4YeHHbIX CreKTpanbHbIX 3aBUCUMOCTEN onpedeneHbl XMMUYECKUME COCTaBbl OMTUYECKNX BOJIOKOH,
KOTOpble MO CBOEMY 3Ha4YeHW YyAenbHOW XpoMaTU4ecKorW [uchepcuM curHana yaoBneTBOpPSoT
pekomeHgaumm ITU G.652, koTopasi COOTBETCTBYET CTaHO4APTHOMY OOHOMOLOBOMY OMTUYECKOMY BOJIOKHY
(SF). Ha b6a3e atux pesynbTaTtoB MCCNEAOBaHWI NOMy4Ynn pa3BuTUsa cnocob onTMMmnsaLmmn GUCNepPCUOHHbIX
XapaKTEPUCTUK CTYNEeH4YaToro oNTUYECKOro BOJIOKHA MyTEM BHECEHUS B COCTaB €ro cepaueBuHbl U 000104KM
nernpyroLwmx NnpMMecein yCTaHOBMEHHOMO TUMa U KOHUEHTpaunn. PesynbTaTbl NPoOBEAEHHbIX UCCcnegoBaHUm
npegcTaBneHbl B TabnnyHom u rpaguydeckon hopme.

KnioueBble cnosa: XpomMmatnyeckada aucnepcud, BOJIOKOHHO-OMTUYECKNE CUCTEMbLI nNepeaayu,
nermpywuwme npuMmecun, yaeribHad XpomMmaTudecKkasa Oucnepcud, yaernbHad MmatepuarnbHaa aOucrnepcud,
yaenbHaaA BONIHOBOAHAA Ancnepcusa, annmHa BOJIHbI.

Issues of optimization of the dispersion characteristics of optical fiber (OF) play an
important role in the development of components of high - speed fiber - optic transmission systems
(FOTS). In the process of manufacturing OF, the introduction of dopants into the composition of
the glass core and the shell affects the value of the specific chromatic dispersion (CD). Minimizing
the effect of signal dispersion in FOTS is one of the main tasks of OF manufacturers. The aim of the
work is to determine chemical compositions of the OF that meet the international recommendations
such as G.652. The recipes for the OF for which the calculations were carried out are given in
Table 1. For the research selected wavelength range of 1300 ... 1595 nm.

Table 1 — Chemical compositions of the OF that are selected for the study

Ne Designation | Composition of the core of the OF Composition of the core of the OF
p/p OF

1 OF-1 9,1% P»0s, 90,9% SiO» 7 % F, 93 % SiO»

0,1% GeOa, 3,5% B203, 94,5%
2 OF-2 SiO» 3.5% B»03, 96,5% SiO,
4,03% P20s, 9,7% B»03, 86,27%

3 OF-3 SiO» 100% SiO»

4 OF-4 7,9% GeO2, 92,1% SiO» 5,8% BeO», 94,2% Si0,

5 OF-5 4,1% GeO», 95,9 SiO» 4,03% B203, 9,7% B203, 86,5%S10>

The specific chromatic dispersion is defined as the algebraic sum of the specific material
and chromatic dispersion [1]:

D) =M@)+W(h), (D
where M (M) and W (M) are the specific material and waveguide dispersions of the signal,
respectively, ps/(km-nm).

As a result, the forms of the dependences of specific CD on the wavelength are obtained,
shown in Fig. 1. The results of the calculations are given in Table 2.
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Figure 1 — Spectral dependences of specific CD of the OF of different chemical composition

Table 2 — The obtained values of specific CD and the wavelength of zero CD for OF, that were
studied

No | Number Specific CD Specific CD Specific CD
P/i) OF at A=1300...1326 nm, at A=1329...1356 nm, at A=1359...1386 nm,
ps/(km-nm) ps/(km-nm) ps/(km-nm)

1 OF-1 1,479 ... 3,815 4,066 ... 6,25 6,48 ... 8,549

2 OF-2 -2,062 ... 0,267 0,518 ... 2,713 2,950 ... 5,027

3 OF-3 2,337 ...4,751 5,011 ... 7,030 7,520 ... 9,657

4 OF-4 -3,041 ... -0,657 -0,401 ... 1,835 2,076 ... 4,185

5 OF-5 13,20 ... 13,54 13,58 ... 13,91 13,95 ... 14,29
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Continuation of Table 2

Ne | Number Specific CD Specific CD Specific CD
P/b OF at A=1389...1416 nm, at A =1419...1446 nm, at A= 1448...1475 nm,
ps/(km-nm) ps/(km-nm) ps/(km-nm)
1 OF-1 8,772 ... 10,725 10,937 ... 12,80 13,00 ... 14,79
2 OF-2 5,252 ... 7,226 7,440 ... 9,324 9,529 ... 11,33
3 OF-3 9,888 ... 11,914 12,134 ... 14,06 14,277 ... 16,12
4 OF-4 4413 ... 6,410 6,626 ... 8,526 8,732 ... 10,54
5 OF-5 14,33 ... 14,66 14,70 ... 15,033 15,06 ... 15,39
Continuation of Table 2
Specific CD Specific CD Specific CD
Mo | NUIDEr | g0~ 1478...1505 nm, | atA=1508...1535 nm, | ath=1538...1565 nm,
p’p ps/(km-nm) ps/(km-nm) ps/(km-nm)
1 OF-1 14,98 ... 16,71 16,90 ... 18,57 18,762 ... 20,39
2 OF-2 11,53 ... 13,265 13,454 ... 15,129 15,312 ... 16,934
3 OF-3 16,33 ... 18,11 18,31 ... 20,03 20,22 ... 21,90
4 OF-4 10,744 ... 12,484 12,67 ... 14,34 14,53 ... 16,15
5 OF-5 15,43 ... 15,76 15,79 ... 16,12 16,16 ... 16,48
Continuation of Table 2
Specific CD
| NUmOCr | a3~ 1568...1595 nm,
p’p ps/(km-nm)
1 OF-1 20,57 ...22,18
2 OF-2 17,111 ... 18,68
3 OF-3 22,08 ... 23,72
4 OF-4 16,32 ... 17,89
5 OF-5 16,51 ... 16,83

OF-5.

According to the recommendation G.652 in the wavelength range of 1300 ... 1595 nm, the
specific CD value ranges from -2,27 ... 0,0 ps/(km-nm) to 19,27 ... 22,50 ps/(km-nm).

The results of the research indicate the following:
1. The recommendations of G.652 satisfy the following OF that were studied: OF-2, OF-4,

2. Established wavelengths of zero CD for the studied OFs. By adding germanium oxide,
boron oxide to the composition of the core and the shell of the oxide, it is possible to change Ao in
the range from 1,275 pm to 1,334 um.

The work material can be used for the development of the OF.

other ITU recommendations: G653.

1.
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