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@ Evolution of optical fiber

@ Standards type and proprietary type
® Shannon limit and fiber capacity
® Optical Transmission evolution

e OFDM

e OTDM

@ Spatial division multiplexing

https://tnc2011.terena.org/web/media/archive/6D
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ITU-T standars

® (G.650.1: Definitions and test methods for linear, deterministic attributes of single-mode fibre
and cable

® G.650.2: Definitions and test methods for statistical and non-linear related attributes of
single-mode fibre and cable

® G.650.3: Test methods for installed single-mode optical fibre cable links

® \Withdrawn: G.651 - Characteristics of a 50/125 um multimode graded index optical fibre
cable

G.651.1: Characteristics of a 50/125 um multimode graded index optical fibre cable for the
optical access network

G.652: Characteristics of a single-mode optical fibre and cable

G.653: Characteristics of a dispersion-shifted, single-mode optical fibre and cable

G.654: Characteristics of a cut-off shifted, single-mode optical fibre and cable

G.655: Characteristics of a non-zero dispersion-shifted single-mode optical fibre and cable

G.656: Characteristics of a fibre and cable with non-zero dispersion for wideband optical
transport

G.657: Characteristics of a bending-loss insensitive single-mode optical fibre and cable for
the access network
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® G652A B, CandD

Fiber type (Manufacturer)* | Fiber loss @ | CD @ 1550 nm Effective
1550 nm area
Legacy SSMF 0.2 dB/km 16.5 ps/nm/km 83 um?2
ULAF (OFS) 0.185 dB/km 20 ps/nm/km 120 pm?2
Z-PLUS (Sumitomo) 0.168 dB/km 20.5 ps/nm/km 110 pm2
Vascade EX2000 (Corning) | 0.161 dB/km 20.5 ps/nm/km 112 pm2
LongLine (Draka) 0.185 dB/km 22 ps/nm/km 120 pm2
08 - * Al specifications based on information extracted from scientific publications
] Leads to 40% - 70% enhancement of maximum reach ! -
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G.657
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G.657 Minimum bending radius
Low-bending-loss optical fiber for access networks 10 mm 7 5mm 5 mm
Category A A1 A2 A3
Fully compatible with G.652 Specified Specified | Under discussion
Category B B1 B2 B3
Partially compatible with G.652 No standard product | Specified Specified

Bend performance comparison
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New and non-standrad fibers
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® Multi Core Fiber (MCF)
® Few Mode Fiber (FMF)

® Photonic Crystal Fiber (PCF)
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Overall terms:

Photonic-crystal
fiber (PCF)

Microstructured
fiber (MSF)

Microstructured
optical fiber
(MOF)
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Shannon limit and fiber capacity
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4 Atét, NEC, and Corning, ECOC 2008 (106-Gb/s PDM-RZ-8PSK, distance = 662 km)
Y KDDI, ECOC 2008 (50.5-Gb/s PDM-OFDM-16QAM, distance = 640 km)
&  Alcatel-Lucent, ECOC 2008 (104-Gb/s PDM-16QAM, distance = 315 km)
<> KDDI, OFC 2009 (56-Gb/s PDM-OFDM-32QAM, distance = 240 km)

[R.-J. Essiambre et al., JLT 28(4), 662-701 (2010)]

Alcatel-Lucent @ g

Alcatel-Lucent, OFC 2009 (104-Gb/s PDM-16QAM, distance = 630 km)

14 | Short Course 105, OFC/NFOEC 200% | March 2009
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Three Breakthrough Technologies
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® Ultramulti-level coherent transmission (Multilevel
modulation)

® New optical fibre technologies (Multi-core fibres)

@® Mode division multiplexing (Multi-mode control with
MIMO)
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Possibilities

Modulation and multiplexino

Modes
Multi Corefibers

. . Memory-less =~ With memory
Pol multiplexing If FSK ] MSK '
PolSK Pol interleaving ! :
Modulation \

Polarization Frequency

Signal orthogonality for modulation and multiplexing

PPM Modulation

Code (multiplexing@

OCDMA

Phase )

Quadrature (modulation only)

Intensity
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DST ACRZ ('DCSY)

ESINEECT Fiber Telecommunication, Academic Press, 2008
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69.1Tbit/s QAM transmission
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69.1 Thit/s (432x171 Gbit/s), PDM-16QAM transmission over 240 km A. Sano et al.,
OFC2010, PDPB7
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101.7-Th/s (370%x294-Gb/s) PDM-

SR SN
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® 370x294-Gb/s WDM transmission

® ecach 25-GHz channel with 4x73.5 Gb/s OFDM subbands where PDM-
128QAM was used at each modulated subcarrier

® We further partition the 25 GHz usable bandwidth per channel into four
equal subbands, each of which carries an OFDM signal with 6 GHz
bandwidth.

DayouQianet al., OFC2011, PDPB5
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Beyond 100G bitrates per wavelength _ .

® To different method which are used to achieve higher bitrates per
single channel

® Orthogonal frequency division multiplexing
® Optical time division multiplexing

TDM

Figures:D.Hillerkusset al. 26Tbit s21 linerate supechannel transmission
utilizing all-optical fast Fourier transform processing, nature photonics, DOI:1(
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Superchannel
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Ref. Format Superchannel Compaosition Intrachannel SE Reach ISEDFP
data rate (Gb/s) (bis/Hz) (km) {(kmxb/s/Hz)
7 NRZ-O0K (DD) 288 7 x 41.3-Gh/s 0.93 1200 1116
4 DQPSK (DD) 100 2 x 25-Gb/s 1.87 1300 2431
8 Duobinary (DD) 100 4 x 25-Gb/s 0.93 100 93
9 NGI-CO-OFDM 112 2 x 56-Gb/s 374 10093 37748
PDM-QPSK
6 NGI-CO-OFDM 1200 24 x 50-Gb/s 374 7200 26928
PDM-QPSK
12 GI-CO-OFDM 1080 36 x 30-Gb/s 315 600 1890
PDM-QPSK
13 GI-CO-OFDM 1210 50 x 24.2-Ghis 3.33 400 1332
PDM-QPSK
14 RGI-CO-OFDM 448 10 x 45-Gb/s 7.00 2000 14000
PDM-16QAM

Recent experimental demonstrationswperchanne)source: ECOC2010, Tu.3.C.
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vs OTDM

® 11.2 Thit/s High capacity per channel by using 112 optical
sub-carriers with subcarrier spacing of 25GHz
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® D. Hillerkuss et al., 26Thit/s line-rate super-channel transmission utilizing
all-optical fast Fourier transform processing, Published 22 May 2011,
nature photonics
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Single source Optical OFDM (superchannel) .
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@ High capacity per channel by using OTDM: 40 Gbit/s base channel rate
and Optical time-division multiplexing by a factor of 128 using passive
fiber delay multiplexers. (10.2 Tbit/s). 30nm

OFC2011, PDPA9
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