Russian Technological Journal. 2022;10(2):7-13 ISSN 2500-316X (Online)

Modern radio engineering and telecommunication systems

COBpeMeHHbIe PaANOTEXHUYECCKUE U TCJICKOMMYHUKAIIMOHHBIC CUCTEMbI

UDC 681.7.068
https.//doi.org/10.32362/2500-316X-2022-10-2-7-13 (@)Y |

RESEARCH ARTICLE

Fiber optical WDM multiplexers/demultiplexers
with low bending losses

Dmitry A. Ivanov @

MIREA — Russian Technological University, Moscow, 119454 Russia
@ Corresponding author, e-mail: d.ivanov@tmvos.com

Abstract

Objectives. One of the topical tasks in the development of radio electronic systems for various purposes is a sharp
increase in the volume and data transfer rate between the elements of the system. This problem is most successfully
solved using fiber optic technology, which has no alternative to meet a number of indicators. The use of optical
fibers (OF) as a physical medium made it possible to transfer large information flows over considerable distances.
Increasing the capacity of communication systems is pushing manufacturers to develop new OF brands with
improved optical and operational characteristics, which makes it possible to improve various optical components
that use an OF as an active information transmission medium. The dual-channel single-mode wavelength division
multiplexing (WDM) multiplexers/demultiplexers, which are one of spectral selective splitters types, are most widely
used in fiber-optic communication systems. Among the advantages of WDM, it is worth to note the transmission of a
large amount of information over one OF by the arrangement of channels at different wavelengths and the ability to
transmit signals of several wavelengths simultaneously in both directions via one OF that do not interact with each
other (duplex communication). During operation, WDM multiplexers can be subjected to various external influences
that affect the operation and stability of the device parameters. Currently, there are no data on the effect of OF
bending on the optical characteristics of WDM multiplexers. In this regard, it is important to study this dependence,
which includes measuring the parameters of optical isolation and insertion loss. The purpose of the study is to work
out the manufacturing technology and investigate the manufactured WDM multiplexers based on certain types of
bend-resistant OF.

Methods. For the formation of two-channel WDM multiplexers, the technology of fused biconical tapering was
used, which makes it possible to achieve low insertion loss along with a high degree of channel isolation in the wide
temperature range.

Results. In the paper, the possibilities of manufacturing fiber multiplexers based on bend-resistant fiber Corning
SMF-28 Ultra were discussed. The results of manufacturing and studying the experimental samples of WDM
multiplexers optical characteristics were presented. It was established that the use of SMF-28 Ultra quartz fiber made
it possible to significantly reduce the deviation of the channel optical isolation in the event of mechanical stresses in
the multiplexers OF structure.

Conclusions. The possibility of creating two-channel multiplexers with low bending losses and optical isolation up
to 20-22 dB was experimentally shown. Possible mechanisms of the influence of the multiplexer fiber twisting on the
optical isolation of channels were considered. The results obtained showed that when mechanical stresses in the
fused structure of the multiplexer occur, the change in the optical isolation coefficient at two operating wavelengths
does not exceed 1 dB.

Keywords: fiber-optic communication systems, bend-resistant optical fiber, multiplexer, WDM multiplexer, fused
biconical taper technology, coupling region
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Pe3iome

Llenu. OgHOM 13 akTyanbHbIX 33424 Pa3BUTUS PAANOSNIEKTPOHHBIX CUCTEM PA3IMYHOIrO Ha3HAYEHUS SBNSIETCA pes-
Koe yBennyeHne obbema 1 CKopocTu nepenayn nHdopmaumum Mexay aemMeHTaMmm aTnux cuctem. Takas 3agada Haum-
60J1ee yCrneLHo PeLLaeTcs C UCMNOob30BaHNEM CPeACTB BOJIOKOHHO-OMNTUYECKOM TEXHUKU, HE MMEIOLLIMX anbTepHa-
TUBbI MO psay nokasartenen. MpumeHeHne ontTuyeckmx BonokoH (OB) B kavyecTBe pumamyeckon cpenbl No3Boamio
OCYLLLECTBUTb Nepeaady 60bLINX MOTOKOB MHPOPMALIMN HA 3HAYUTENIbHbIE PACCTOSAHNA. YBEMYEHNE NPOMYCKHOMN
CMOCOOHOCTM CUCTEM CBA3U NMOATANKMBAET NPOU3BOANTENEN K pa3dpaboTke HOBbIX Mapok OB ¢ ynyyLleHHbIMKY onTu-
YECKUMU 1 IKCMyaTauMOHHbIMU XapakTEPUCTUKAMU, YTO NO3BONSET YCOBEPLUEHCTBOBATbL Pa3/IMyHbIE ONTUYECKNE
KOMMOHEHTbI, KOTOPbIE MCMONb3YIOT BOJIOKOHHbIN CBETOBO/, B KAQ4ECTBE akTUBHOWM Ccpenbl nepenayn nHdopmaumn.
Haunbonee WmMpoko NCNonb3yeMbiMn B BOSTOKOHHO-0ONTUYeCknx cuctemax ceasu (BOCC) aenaoTca AByxKaHaslbHbIE
opgHomMmonoBble WDM-MynbTUNAEKCOPbI/AEMYNLTUMIEKCOPBI, NPeACcTaBnsiowmMe cobol BUA CnekTpasibHO-Cenek-
TUBHbIX padseTBuTenel. Cpean npenmylects WDM-MynbTUNNEKCUPOBAHUS CTOUT OTMETUTbL Nepeaady 60bLLoro
obbema nHpopmaummn no ogHoMmy OB 3a cHeT opraHM3aunmy KaHaioB Ha PasHbIX AJIMHAX BOSIH, BO3MOXHOCTb nepe-
nasatb No ogHomMy OB 0gHOBPEMEHHO B 060X HANPaB/IEHUAX CUTHAMbI HECKONbKMX AJINH BOJH, KOTOPbIE HE B3au-
MOOENCTBYIOT APYr C APYroMm (aynnekcHas cBa3b). B npouecce akcnnyataumn WDM-mMynbTrUnAekcopbl MOryT noa-
BEpPraTbCs PasfMyHbIM BHELLUHMM BO3OENCTBUSM, BUSIOLLMM HA paboTy U cTabubHOCTbL NapaMeTPOB YCTPONCTRA.
B HacTosLee BpeMsi OTCYTCTBYIOT AaHHbIE MO BANSIHUIO 13rn6os OB Ha onTuyeckune xapaktepuctukn WDM-mynb-
TUMIEKCOPOB. B CBA3KM C 9TUM aKkTyasibHbIM SBASETCH UCCNeLOBaHNe JaHHOW 3aBMCUMOCTU, KOTOPOE BKOYaeT B
cebs n3mepeHre napaMmeTpoB ONTUYECKON N30NALUM U BHOCUMbIX NOTEpPb. Llenb paboTel — oTpaboTka TEXHOOrMKn
M3roTOBJIEHUS U UCCNefOoBaHNE U3roToBneHHbIXx WDM-MynbTUNIEKCOpPOB Ha OCHOBE onpeneneHHbix Buaos OB,
YCTONYMBbIX K N3rnoy.

MeToabl. ns GopmmpoBaHus ABYXBOSTHOBbIX WDM-MynbTUMIEKCOPOB MCMNONb30BaHa TEXHONOMMS CriaBHOM Ou-
KOHM4eckom BbITXKK (FBT), no3BonsioLwen 4oCTUYb HU3KNUX BHOCUMBbIX MOTEPb OAHOBPEMEHHO C BbICOKOW CTene-
HbIO N30MSLMM KaHANOB B LUMPOKOM AMana3oHe Temneparyp.

PeaynbTaTtbl. B paboTte paccMoTpeHbl BO3MOXHOCTU U3rOTOBJIEHNS BOJIOKOHHbBIX MYJIbTUMIEKCOPOB HA OCHO-
BE M3rnboycrtomnumeoro BosnokHa Corning SMF-28 Ultra. NMpeacTtaBneHbl pe3ynbTaTbl U3rOTOBAEHUS U UCCe-
[0BaHNS ONTUYECKUX XapakTePUCTUK IKCNEepUMeEHTasNbHbiXx 06pa3u,oB WDM-MynbTMNNEKCOPOB. YCTaHOBMEHO,
4TO NPUMEHEHME KBapL,EeBOro BosokHa SMF-28 Ultra no3BonN0 CyLeCcTBEHHO CHU3UTb AeBMaLLNI0 ONTUYECKOM
M305LNM KaHaN0B NPU BO3HUKHOBEHUN MEXAHNYECKNX HAMNPSXXEHUN B CBETOBOLHOMN CTPYKTYpPE MyNbTUMEK-
COpOB.
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BbiBOAbI. OKCMEPUMMEHTAIbHO NOKa3aHa BO3SMOXHOCTb CO34aHUS ABYXBOSIHOBbIX MY/IbTUM1IEKCOPOB C MasbiMU
M3rnbHbIMK NOTEPSAMU U oNTU4eckon nsonaumvein no 20-22 ob. PaccMoTpeHbl BO3MOXHbIE MEXAHU3Mbl BJM-
SAHUSA CKPYYMBAHUS BOJIOKOHHbIX BbIBOAOB MYJbTUMANEKCOPA HA ONTUYECKYIO U30ASUMI0 KaHanoB. [ony4yeHHble
pe3ynbTaThl MOKAa3bIBAKOT, YTO MNPU BO3HUKHOBEHUN MEXAHWYECKUX HAMPSXEHWUN B CMNNABIEHHOW CTPYKType
MynbTUMIEKCOPA N3MEHEHME KO3DPULMEHTA ONTUYECKOM N30NSLUM Ha ABYX PaB0oynX ANIMHAX BOJSIH HE NPeBbI-

wano 1 ab.

KnioueBble cnoBa: BOJIOKOHHO-OMNTUYECKNE CUCTEMbI CBSI3WN, M3rMOOYCTONYMBOE ONMTMYECKOE BOSIOKHO, MY/bTU-
nnekcop, WDM-mynbTunnekcop, FBT-TexHonorus, o6nactb cBa3un

e Moctynuna: 18.06.2021 » flopa6oTaHa: 19.10.2021 ¢ MpuHaTa kK ony6nukoBaHuio: 23.02.2022

Ans untnposanua: VeaHos [.A. BonokoHHO-onTudeckme WDM-MynbTUNAEKCOPbI/AEMYNLTUNNEKCOPLI C MaNbIMU U3-
rmbHbIMK NnoTepsamu. Russ. Technol. J. 2022;10(2):7—13. https://doi.org/10.32362/2500-316X-2022-10-2-7-13

Mpo3payHocTb PUHAHCOBOW AeATeNbHOCTU: ABTOP HE UMeeT GMHAHCOBOM 3aMHTEPECOBAHHOCTM B NPEACTaBNEH-

HbIX MaTepunanax nin metogax.

ABTOp 3asB155€T 06 OTCYTCTBUM KOHGDINKTA UHTEPECOB.

INTRODUCTION

Modern fiber-optic communication systems
(FOCS) are characterized by a constant increase in
throughput, improvement in the optical components
performance, and the ever-increasing introduction
of fiber-optic devices into special equipment. This
imposes increased requirements on the reliability,
miniaturization, and performance of FOCS
components [1].

In the recent years, FOCS with wavelength
division multiplexing have been actively used in
various telecommunication systems. To implement
such systems, special passive optical devices are often
used, such as fused wavelength division multiplexing
(WDM) multiplexers/demultiplexers, designed to
combine and separate several information signals with
wavelengths of 1.31 ym and 1.55 um and transmit
them over a single optical fiber (OF) [2]. Such devices
have been used in the market for a long time and
have proven themselves due to a fairly high level of
performance and low cost. Multiplexers currently
produced by a number of leading companies and
enterprises are usually made from standard Corning
SMF-28e+ category G.652.D fiber, which is actively
used in urban and access networks. However, such a
fiber has one significant drawback. This is an increase
in losses caused by macrobends, which degrade the data
transmission and reception quality [3—5]. Therefore,
multiplexers based on this fiber are also affected by the
fiber bending and, as a result, the deterioration of their
optical characteristics.

This work analyzed the issues of manufacturing
technology and the possibility of forming fused
multiplexers based on bend-resistant single-mode
Corning SMF-28 Ultra! fiber and presents the

I SMF-28® Ultra Optical Fibers. URL: https://www.corning.
com/ru/ru/products/communication-networks/products/fiber/smf-
28-ultra.html. Accessed June 7, 2021 (in Russ.).

results of manufacturing and studying the optical
characteristics of WDM multiplexers experimental
samples.

CORNING SMF-28 ULTRA
QUARTZ BEND-RESISTANT FIBER

Corning SMF-28 Ultra single-mode fiber with
improved optical attenuation and bending loss
resistance exceeding the requirements of ITU-T
G.657.A1 makes it possible to upgrade existing fiber
optic telecommunications devices, in particular,
two-channel WDM multiplexers, whose light
guide structure is sensitive to various influencing
factors.

Figure 1 shows bend attenuation for standard
G.652.D fiber and bend-resistant SMF-28 Ultra
fiber [6].
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diameter.

Fig. 1. Bend attenuation gain
in standard G.652.D fiber
and bend-resistant SMF-28 Ultra fiber

Figure 1 shows that at longer wavelengths, when
the optical signal is less dependent on the core of a
single-mode OF, the bending losses in the G.652.D fiber
increase significantly compared to the bend-resistant
SMF-28 Ultra fiber.
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CORNING SMF-28 ULTRA
WDM MULTIPLEXER
MANUFACTURING TECHNOLOGY

The manufacturing technology of fiber optic
two-channel WDM multiplexers with low bending
losses is based on the fusion of two bend-resistant
SMF-28 Ultra fibers with simultaneous stretching of
the branching section to obtain a smooth biconical
taper necessary for effective waveguide coupling
between the fibers (fused biconical taper (FBT)
technology) [7].

The method of creating a single-mode WDM
multiplexer is illustrated in Fig. 2 [8].

=K

Fig. 2. Structural diagram of the device for the
manufacture of fused WDM multiplexers:
(1) SMF-28 Ultra OFs,

(2) high-temperature heater,

(3) fiber clamping units,

(4) movable carriages,

(5) heater power supply,

(6) electric drive unit,

(7) place for fusing the pigtail with SMF-28 Ultra fiber,
(8) light source,

(9) photodetector,

(10) control unit,
and (11) personal computer

Sections of SMF-28 Ultra fibers prepared in advance
and cleaned at a length of =35 mm from the protective
outer coating were interconnected by twisting around
the longitudinal axis for one full turn (Fig. 3), forming
a branching section for forming a multiplexer, fixed on
carriages and placed into the heater.

Py g )
Stretching‘ > — Stretching
= D P
Heatingm .

Fig. 3. Branching section of two twisted fibers

During the manufacture of the multiplexers,
the current values of the radiation power P, and
P, coming fromthe output channels of the multiplexer
to the photodetectors of the computerized measuring
system were monitored [9]. The process was
terminated when a certain length of the coupling
region (z) was reached, which is necessary for the

spectral selection of two wavelengths (Fig. 4)
[10, 11].

OF core

P)\1:P)\2<=\’> =>PA1

:>PA2
OF cladding

Fig. 4. Schematic representation of the FBT multiplexer

One of the main characteristics of fused WDM
multiplexers is the insertion loss 4.  and the isolation
coefficient K, which determines the level of signal
attenuation in those channels, in which this signal is not
the main one. For this device, the above parameters are

defined by the following expressions:

5 L. ...
A =IOIgF; K, =101g;;] #i=1,2, (1)
i J

where P, is the optical power in the input channel at
wavelength A; P, is the optical power at the output
of the ith (main) channel at wavelength A; P, is the
optical power in the jth (non-fundamental) channel at
wavelength ..

The most important requirements for optical
splitters for WDM systems are to provide a given
splitting ratio between channels with minimal
deviations from the given value and the minimum
value of insertion attenuation over the entire operating

spectral range [12, 13].

MANUFACTURING AND RESEARCH
OF WDM MULTIPLEXERS

In the present work, FBT multiplexers were
fabricated using a Japanese FCI-0201 facility from NTT
AT with a ceramic microheater [14—16].

The method for forming light guide biconical
structures is schematically shown in Fig. 5 [17].

Fig. 5. Multiplexer manufacturing method:
(1) SMF-28 Ultra OFs and (2) ceramic microheater

For the successful manufacture of WDM multiplexers
based on SMF-28 Ultra fiber, a technology with optimal

Russian Technological Journal. 2022;10(2):7-13
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Fig. 6. The result of manufacturing the WDM multiplexer:
(1) radiation power P, at the output of channel Ch1,
(2) radiation power P, at the output of channel Ch2,
(3) heating temperature of the fiber fusion zone, and (4) insertion loss

temperature and time parameters of the process was
developed. The heating temperature of the fiber fusion
zone was 1500-1550°C, and the pulling speed decreased
from 60 um/s at the beginning of the process to 10 pm/s
at the end.

In the process of stretching and formation of a
biconical waist, the change in the radiation power
P, and P, in the fiber outputs of the multiplexer was
displayed, and the insertion loss for a wavelength of
1550 nm was monitored (Fig. 6). The pulling time of the
sample during fusion was about 431 s. The pull length
after fusion was 17.26 mm, and the total length of the
multiplexer fiber structure was 53 mm. The insertion
loss of the fabricated sample did not exceed 0.1 dB.
The optical isolation factor of the WDM multiplexer
channels was 20-22 dB.

The performance stability of WDM multiplexers
under operating conditions greatly depends on their
light guide structure. Various mechanical influences
that a multiplexer may be subjected to during operation
can lead to deformation of its biconical structure and,
as a result, to a decrease in the isolation coefficient and
disruption of the transmission line [18].

One of possible mechanical influences is due to
the twisting of the light guide structure of the formed
multiplexers that may cause the redistribution of
optical power in the channels and the change in the
optical isolation value. Such an effect was observed in
the study of multiplexers based on the standard fiber
SMF-28e+ [19].

The experiment was conducted with multiplexers
manufactured based on SMF-28 Ultra bend-resistant
fibers to study the effect of twisting of the fused
structure on the optical isolation of channels. For this,
one section (1) of the fiber leads (2) of the multiplexer
on the side of the optical light source rotated around
the optical axis of the biconical structure, and the other

section (3) on the side of the optical power meter was
fixed (Fig. 7). The distance / between sections 1 and 2 of
fibers was 200 mm. During the experiment, the isolation
factors were continuously measured at two operating
wavelengths A, = 1310 nm and }, = 1550 nm.

Po— (=

) I Y \—

—P
_,P2

Fig. 7. Schematic representation of the twisting of the
fiber structure of WDM multiplexer

As a result of the study, it was found that when
mechanical stresses occurred in the fused structure of
the multiplexer, the change in the optical isolation factor
at two operating wavelengths did not exceed 1 dB. The
use of SMF-28 Ultra quartz fibers made it possible to
significantly reduce the optical isolation deviation of the
channels in the event of mechanical stresses in the OF
structure of the multiplexers.

CONCLUSIONS

A method for manufacturing the fused single-mode
multiplexers from Corning SMF-28 Ultra fiber was
presented. The optical characteristics of the fabricated
samples were studied. Possible mechanisms of the
influence of the multiplexer fiber leads twisting on
the channels optical isolation were considered. The
possibility of creating two-channel multiplexers with
low bending losses and optical isolation up to 20-22 dB
was experimentally shown.
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