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Part I

ÅTrends in 40/100 GbE

Å Introduction to Advanced Optical 

Modulation

ï IQ Modulation 

ï Polarization Division Multiplexing

ï Orthogonal Frequency Domain Multiplexing

ÅReceiver Technologies

ï Measurement Principles

ï Frequency or Time Domain

ï Delay Line Interferometer or Coherent Receiver

ï Real Time or Equivalent Time Sampling

Part II

Å Signal Processing for Coherent 

Receivers

ï Carrier Phase Recovery

ï Polarization Demultiplexing

Å Quality Rating

ï Error Vector Magnitude, Phase Error, Magnitude 

Error, Quadrature Error, Gain Imbalance

ï Bit Error Rate and Error Vector Magnitude

Å Conclusion
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4 Fibers, 1 wavelength

with 10, 20 or 25Gbit/s, 

on-off modulation

50 GHz 50 GHz

1 Fiber, 192 wavelength with 

40/100Gbit/s in each ITU-T channel,

advanced modulation

1 Fiber 4 wavelength

with 10, 20 or 25Gbit/s, 

on-off modulation

Focus of this
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Å Keep existing 50GHz spacing to improve return on investment

Å Maximize ROI by increasing the capacity of todayós 10G systems by 4x, 

i.e. from 80x10G to 80x40G and 80x100G in the C-band

Å Necessitates positioning 40G/100G channels on 50GHz frequency grid 

while also allowing mixing with 10G

Å Transparent reach of at least 1,000km

Å System design

Å No change in line system design with the introduction of 40G and 100G 

on a 10G system

Å High tolerance to in-line optical filtering (ROADMs)

Å High tolerance to chromatic dispersion

Å High tolerance to polarization-mode dispersion (PMD)
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Transmission of 100-Gb/s binary (duo binary) optical signals is 

extremely challenging
Å Modulator bandwidth not wide enough / drive voltage too high

Å Electrical amplifier bandwidth and output voltage not sufficient

Å High-performance integrated photo-receivers not available

Å Bandwidth not compatible with 100-GHz (50-GHz) channel spacing

Å Large transmission penalties expected from CD and PMD

New modulation formats for 100G long haul transmission
Å Multi-level coding: QPSK, QAM, M-ary ASK, é

Å Relaxed bandwidth/voltage requirements for modulator

Å Compatible with 100-GHz (50-GHz) channel spacing

Å Polarization multiplexing instead of single polarization 

Å Compatible with 50-GHz channel spacing

Å Coherent instead of direct detection

Å Electronic dispersion mitigation (PMD and CD)
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1. Standardize 100G Short-Range/ Client Interfaces

2. Develop T&M Equipment for Short-Range Transmission

3. Identify (Standardize?) Modulation Format(s) for Long-Haul

4. T&M Equipment for Long-Haul Transmission

Constellation analyzers for advanced M-ary formats, etc.

5. T&M Equipment for Long-Haul Transport

In-band OSNR, CD and PMD monitoring

6.Enhanced PMD and CD Compensation Techniques

February 2010
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Every carrier signal can be described with two parameters

ÅAmplitude and Phase or 

ÅIn-phase and Quadrature

Both parameters can be modulated to carry information

I (in-phase or real part)

Q (quadrature, imaginary part)

Phase ű

(I,Q)

Q value

I value

ĄThe position of the vector end point is called a constellation point and 

therefore the diagram is called a constellation diagram
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Ą Vectors defined by amplitude and phase are separated 

by the transition of the transmission clock 

I (in-phase or real part)

Q (quadrature, imaginary part)

I

Q

Transmitted signal

Data clock

Sample points

Transition between 

sampling points

Switch to 

next vector

10

11
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