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Introduction

Optical fiber access to the user, the so-called Fiber-to-
the-Home (FTTH), is becoming a mature concept and a
reality in many regions of the globe, with more than 4
millions homes already connected only in Europe [1]. The
number of connected users is growing exponentially. It is
widely accepted, FTTH is the only future proof technology
that will be able to support the upcoming interactive
multimedia services.

Traditional optical solutions based on point-to-point
architectures are expensive for access configurations. To
achieve the aim of cheap access networks the passive
point-to-multipoint topology has been developed. Passive
Optical Network (PON) has more advances because the
number of active equipment is relatively low, that can
increase cost-efficiency and decrease complicity in
maintenance compared with traditional solutions [7].
Current PON systems are generally based on Time Division
Multiplexing (TDM-PON) and have bandwidth limitations
due to fundamentals of time division. The main way of
increasing the bit rate is the use of Wavelength Division
Multiplexing (WDM-PON) [6]. In WDM-PON systems, it is
advantageous to deploy wavelength-agnostic (‘colorless”)
Optical Network Units (ONUs) and Optical Line Terminals
(OLTs), in order to avoid wavelength-specific equipment at
each end user. This allows having a universal ONU at each
user, and thus reduces costs by economy-of-scale and less
stock diversity. Spectral slicing is an attractive approach
for acolorless OLT [2, 3, 4, 5, 6].

In this paper we demonstrate 4, 8 and 16 channel
WDM-PON  system using broadband Amplified-
Spontaneous Emission (ASE) source with optical slicing
technique. The ASE source was chosen due to its power
characteristics for bit rate increasing. The lack of power of
LED sources doesn’t allow to use the external modulation
[8].

We used two fibers for full-duplex transmission of
information. The system is not symmetrical. The
simulation consists of only the OLT's downlink part. The
uplink part could be done using Ethernet PON or Gigabit
PON for asymmetrical data transfer using another fiber or
the entire fiber with the wavelength of 1310 nm. Another
solution could be Spectral Sliced WDM system [8].

43

Spectral slicing was made with the Arrayed
Waveguide Grating (AWG) and thin film filters with
optical splitters.

The analytical part of our investigation was done
using a software simulator. All the system components
were simulated using OptSim software.

System Design and Simulation

Fig. 1 shows the schematic of proposed system with a
EDFA generating broadband ASE (ASE-source). On the
transmission side of the system we have the ASE-source
with o power of 8.1 dBm.
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Fig. 1. A schematic diagram of N-channel system

Spectral slices are made with a help of AWG
multiplexer or less complex construction which consists of
splitters and thin-film filters. The spectrum of the ASE-
source is shown in Fig.2.
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All the slices are made in the region of 1540-1565
nm. 1530-1540 nm region in future can be used for
broadcast video transmission. Each slice has the width of 1
nm for 4 and 8 channel systems and 0.6 nm for 16 channel
system. The slice is modulated using Mazh-Zehnder
modulator and pseudorandom bit sequence. NRZ (Non-
Return to Zero) format was chosen for coding due to its
simplicity. Due to nonflatness of the spectrum, the level of
slices is different on side channels.
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Fig. 3. Spectrum of: a — 8 channel; b — 16 channel systems

As we can see in Fig.3 the level of side channels can
differ by 4 dB in 16 channel system that is why all the
BER values are calculated for the worst case. The step
between channels is the compromise between the slicing
power penalty and SNR with dispersion. The configuration
of multiplexer and demultiplexer is the same.

Table 1. System design

Systems capacity Channel width Step between
(channels) (nm) channels (nm)
4 1 3.5
8 1 3
16 0.6 1.2

We used 10 km of SSMF (standard single mode fiber)
for transmission because this type of fiber is the most
popular among already installed infrastructure of optical
distribution networks. On the receiver side of the system
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we have avalanche photodiodes (APDs) to detect signals
with 4-order electrical Bessel filtering, BER (Bit Error
Rate) meters and eye-diagram analyzers to evaluate
performance of each channel. Avalanche photodiodes were
chosen because they have higher sensitivity than PIN
photodiodes which is essential, because of high slicing
losses. The sensitivity of APD in this simulation is -32
dBm for 1 Gbit/s and -29 dBm for 2.4 Gbit/s. The
sensitivity doesn't take into account the affect of dispersion
and ASE-noise. One of the main limiting factors of the
system is the noise of spontaneous emission, which can
decrease the sensitivity of the receiver at least for 3 dB.
There are 2 cases in Fig. 4: a) 1 Gbit/s 8 channel system b)
2.4 Gbit/s 8-channel system with excess amplifying which
adds the decrease of SNR (Signal-to-Noise ratio).

c
~

Signal

o8 1 1.z 1.3 1.6
Time (ns)

a)

Time (ns)
b)
Fig. 4. Eye diagram of the received signal for: a — 1 Gbit/s; b —
2.4 Gbit/s
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During the simulation we inserted attenuation of
signal to have margin for power loss in connectors, aging
of fiber and equipment, and installation induced power
losses — the factors OptSim doesn't take account of. The
goal was to find the maximum margin for the BER < 107
performance.

The first configuration of the system with for
channels uses AWG MUX/DEMUX. It is seen that 2.4
Gbit/s modification can work only with excess amplifying.
AWG MUX/DEMUX can be used for 1 Gbit/s realization
with the margin reserve of 8 dB.

The configuration with splitters and thin-film filters is
less complex, but the losses are higher. 1 Gbit/s realization



has the reserve of only 3 dB. Losses due to incorrect
installation can exceed this value. 1 and 2.4 Gbit/s systems
with excess amplifying have the reserves of at least 8-10
dB. The disadvantage of the excess EDFA is the need of
more bandpass and gain flattering filters to decrease the
ASE noise and the channel power level differences.
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Fig. 5. BER dependence of inserted attenuation for 4-ch system: a
— AWG; b — thin-film filters

All this actions can decrease the cost-efficiency of the
proposed system. The main difference between 4 and 8,16
channel system realization is the 3 dB inserted excess
power margin. 16 channel realization has more powerful
ASE-source with a power level of 15 dBm to compensate
extra attenuation in AWG MUX and splitters. 8-ch system
can “comfortably” work at a bit rate of 1 Gbit/s, but
achieving 2.4 Gbit/s need extra amplifying.
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Fig. 6. BER dependence of inserted attenuation for 8-channel
system

Fig.7. shows us that 16-ch system's stable work can
be achieved only with AWG MUX. Splitter and thin-film
filter configuration doesn't have enough margin reserve.
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Fig. 7. BER dependence of inserted attenuation for 16-channel
system

16 channel 2.4 Gbit/s system also is not reachable due to
big slicing losses that is why all the BER measurements were
made at a bitrate of 1 Gbit/s.

Conclusions

The main advantage of the 4 channel systems is the
ability to use the configuration with cheap thin-film filters
and splitters for 1 Gbit/s instead of expensive and
temperature-sensitive AWG without amplifying. The use of
AWG can enlarge the distance of the system by 10 km.
Due to excess margin cheapest PIN photodiodes with
worse sensitivity can be chosen. If there is a lack of “dark”
fiber, 4 channel system is not cost-effective for optical
distribution networks.

The eight channel configuration was chosen
balancing between “dark” fiber utilization and bit rate.
Modifications with external amplifying can also use PIN
photodiodes instead of expensive APD.

Optimal utilization of the ASE-source bandwidth has
the sixteen channel configuration, but it can be achieved
only with AWG multiplexer that has high installation
complicity and sensitivity to environment obstacles. This
configuration has the bit rate limitation of 1 Gbit/s. To
increase the channel number and bit rate, more powerful
source must be used.

The simulation showed wus the effect of the
spontaneous emission noise on receiver sensitivity. The
degradation can achieve the level of 5 dB using excess
amplifying. Another main conclusion is the level difference
between channels that can achieve 4 dB in the sixteen
channel realization. The use of extra bandpass and gain
flattering filters can solve this problem, but the payback is
the increase of attenuation.

One of the disadvantages of the system is the inability
to add new channels in the C and L-bands because of the
full utilization of the ASE-source spectrum. As it was
mentioned above 1530-1540 nm region can be used for
extra video applications. The only way how channels can
be added is the O-band using lasers or light emitting
diodes, but it is impossible to use EDFA in this region.
Another way of uplink realization using the same fiber is
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The use of fiber optic solutions increases every year in access networks to enlarge the bandwidth for each user. However, FTTH
(fiber-to-the-home) networks and time division access that they use have technological limitations. WDM-PON technology is the best
solution to satisfy future demand for the increasing of bandwidth. This paper contains an overview of investigation of 4,8 and 16-
channel system based on the use of the spectrally-sliced ASE-source and an external modulation. The realizations with AWG-
multiplexer and thin-film filters at different bit rates are also considered in this paper. The investigation of the system characteristics and
their conformance to the requirements of standards and real networks is executed using OptSim simulation software. As a result of the
investigation, several potential physical issues that can arise during maintenance of a real system are defined, recommendations are
given to solve these issues. I1l. 7, bibl. § (in English; summaries in English, Russian and Lithuanian).

N. Jsamyk. HccnenoBanue ''oe3userHoii’’ WDM-PON cucteMsl ¢ HCNO0Jb30BaAHMEM HIHPOKONOJOCHOI0 HCTOYHHKA YCUJIEHHOM
CIIOHTAHHOM IMHUcCHH // DIIEKTPOHUKA U YieKTpoTexHuka. — Kaynac: Texnosnorus, 2009. — Ne 6(94). — C. 43—46.

OnNTOBOJIOKOHHBIE YCTPOWCTBA C KaXKIBIM T'OZOM BCE Oojiee IMMPOKO HMPUMEHSIOTCS B CETAX JOCTyIa Ul YBEJIMUYECHUS IIOJIOCH B
pacuere Ha oxgHoro abonenta. Onnako ceti FTTH (BoJOKHO B JI0OM) M TEXHOJOTHsI BPEMEHHOI'O YILIOTHEHUs, HUCIIONb3yeMasi B HHX,
HUMEIOT CBOM TEXHOJOTMYeCKHe orpaHudeHus. [t ynoBieTBopeHHs OymyliuMX MOTPEOHOCTEH B yBENMYEHHH CKOPOCTH HAWIyYLIHM
pewerueM spnsercs Texuonorus WDM-PON. Pabora comepxut onucanue uccienosanus 4,8 u 16-Tu kaHaJIbHOM CUCTEMBI HA OCHOBE
HCTOYHHUKA YCHJICHHOI CIIOHTAHHOW 3MHCCHH C PHMEHEHHEM BHELIHEH MOIYJISLMH M TEXHHKU CIICKTPAJIBLHOIO Hape3aHUs KaHaJOB.
B pabote paccMoTpeHs! ciyyau ¢ npuMeHeHrneM AWG-MyIBTHINIEKCEPOB M (GHIBTPOB Ha TOHKUX IUIEHKAX IMPH PA3IMYHBIX CKOPOCTSX.
COO0TBETCTBHE XapAKTEPUCTHK CHCTEMBI TPeOOBAaHMAM CTaHAAPTOB M MOTPEOHOCTSIM PEasbHBIX CeTell Mmepefaddl JaHHBIX HCCIEeIYyeTCs
IpU TIOMOIIX HporpaMMHOro cumyinsropa OptSim. B pesynsrare mccnenmoBaHus onpesneseHbl MpobieMbl (U3HYECKOTO XapakTepa,
KOTOpBIE MOTYT BO3HHKHYThH B HPOLECCE IKCIUTyaTallM JAHHOW CHCTEMBI, JaHbl PEKOMEHJAlMK Mo uX perieHuto. M. 7, 6ubn. 8 (na
AQHIIMICKOM s13bIKe; pedeparsl Ha aHIIMHCKOM, PYCCKOM U JIATOBCKOM $13.).

I. LaSuks. Bespalvés pasyvaus optinio tinklo spektrinio multipleksavimo technologijos tyrimas taikant placiajuostj ASE Saltinj //
Elektronika ir elektrotechnika. — Kaunas: Technologija, 2009. — Nr. 6(94). — P. 43—46.

Prieigos tinkluose naudojant optinj pluosta, didéja galimybés kasmet kiekvienam vartotojui pasiusti vis daugiau duomeny. Taciau
taikant optinio tinklo ir namy technologija, iSkyla tinkly ir laiko padalijimo technologiniy problemy. Joms pasalinti sitloma taikyti
pasyvaus optinio tinklo spektrinio multipleksavimo technologija. Taikant spektrini ASE Saltinj ir iSorini moduliavima istirta 4,8 ir 16
kanaly sistema. Taip pat istirta AWG multiplekserio ir plonasluoksniy filtry realizacija esant skirtingiems duomeny srautams. Sistemos
charakteristikos ir ju atitiktis standarty ir realiy tinkly reikalavimams iStirta naudojant modeliavimo programa ,,OptSim*. Nustatytos
kelios potencialios problemos, galincios pasireiksti eksploatuojant realia sistema. Pateikta rekomendacijy, kaip sprgsti Sias problemas. I1.
7, bibl. 8 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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