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National foreword

This British Standard is the official English language version of
EN 61280-2-10:2005. It is identical with IEC 61280-2-10:2005.

The UK participation in its preparation was entrusted by Technical Committee
GEL/86, Fibre optics, to Subcommittee GEL/86/3, Fibre optic systems and
active devices, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this subcommittee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of British
Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 22, an inside back cover and a back cover.

The BSI copyright notice displayed in this document indicates when the
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Foreword
The text of document 86C/663/FDIS, future edition 1 of IEC 61280-2-1d, prepared by SC 86C, Fibre
optic systems and active devices, of IEC TC 86, Fibre optics, was submitted to the IEC-CENELEC
parallel vote and was approved by CENELEC as EN 61280-2-1F on 2005-08-01.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2006-05-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2008-08-01

The International Electrotechnical Commission (IEC) and CENELEC draw attention to the fact that it is
claimed that compliance with this document may involve the use of a patent concerning the double-
pass monochromator described in Subclauses 2.4 and 4.1.

The IEC and CENELEC take no position concerning the evidence, validity and scope of this patent
right.

The holder of this patent right has assured the IEC that he is willing to negotiate licences under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this
respect, the statement of the holder of this patent right is registered with the IEC. Information may be
obtained from:

Agilent Technologies
Palo Alto, CA
USA

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights other than those identified above. IEC and CENELEC shall not be held responsible for
identifying any or all such patent rights.

Endorsement notice

The text of the International Standard IEC 61280-2-10:2005 was approved by CENELEC as a
European Standard without any modification.
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FIBRE OPTIC COMMUNICATION SUBSYSTEM
TEST PROCEDURES -

Part 2-10: Digital systems —
Time-resolved chirp and alpha-factor measurement
of laser transmitters

1 Scope

This part of IEC 61280 sets forth standard procedures for measuring time-resolved chirp
(TRC) on laser transmitters. The calculation of alpha-factor, a measure of transient chirp, is
derived from the measured TRC data. Also covered is a means to verify the TRC set-ups and
calculations (Annex A) and a review of laser modulation methods and the relationship of TRC
to performance in a transmission system.

2 Background

Understanding the effects of chirp on the transmission of signals is of great importance to the
system designer. Chirp can have two separate outcomes in transmission systems. The first is
that the chirp can interact with the fibre dispersion to broaden or narrow the pulse along the
fibre. This will cause a positive or negative path penalty, which ultimately decreases or
increases the distance over which the signal can propagate in a system without regeneration.
The sign of the penalty depends upon both the sign of the chirp and the sign of the fibre
dispersion. The second is that chirp can broaden the transmitted spectrum limiting the
channel spacing by interfering with adjacent channels in an ultra-dense WDM environment,
even at short-haul distances.

The path penalty is the apparent reduction of receiver sensitivity due to distortion of the signal
waveform during its transmission over the path. A negative path penalty corresponds to an
apparent increase of receiver sensitivity. The path penalty is manifested as a shift of the
system's bit error ratio (BER) curves toward higher or lower input power levels. A positive
chirp penalty is defined as the additional signal-to-noise ratio (SNR) required at the receiver
due to laser chirp to maintain a BER in a system with specified dispersion.

Measuring chirp penalty directly is difficult because it requires a chirp-free transmitter with the
identical intensity pattern as the device under test (DUT). Because of this difficulty, chirp
penalty is often inferred from a path penalty measurement. A path penalty measurement
involves substituting a fibre of known chromatic dispersion into the signal path and measuring
the additional power (SNR) required to achieve the specified BER. This measurement is
tedious and time consuming and assumes that the measurement is dominated by the chirp
penalty term. This has led many transmitter and system designers and manufacturers to
estimate the chirp (or dispersion) penalty using time-resolved chirp data directly or with
derived chirp parameters that are either modelled or measured.
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In order to bring the cost of DWDM transmission systems down, lower cost transmitters are
being designed and deployed. Controlling the amount of chirp present in these lower cost

transmitters is key to their success in the network. [1]1

3 Abbreviations

BER
DCA
DFB
DM
DUT
DWDM
EAM
EDFA
EML
FFT
FROG
FSR
NRZ
OSA
PMF
PRBS
SLM
SNR
SOP
TRC
WDM

Bit-error ratio

Digital communications analyser
Distributed feedback laser

Directly modulated laser

Device under test

Dense wavelength-division multiplexing
Electro-absorption modulator
Erbium-doped fibre amplifier
Electro-absorption modulated laser
Fast Fourier transform
Frequency-resolved optical gating
Free spectral range
Non-return-to-zero

Optical spectrum analyser
Polarisation maintaining fibre
Pseudo-random binary sequence
Single longitudinal mode
Signal-to-noise ratio

State of polarisation

Time-resolved chirp

Wavelength-division multiplexing

4 Definition of time-resolved chirp

Time-resolved chirp (also referred to as dynamic chirp) is the time variation of the
instantaneous optical frequency of a transmitter. Chirp is also expressed in the literature by
temporal rate of change of the phase of the propagating electromagnetic wave; as such it is a time

derivative and bares units of inverse of time (Hz).

[2] It is typically expressed as Af(t), the

difference from the average optical frequency. The instantaneous optical power, P(?), is used

in conjunction with Af(?) to completely describe the optical signal.

1) Figures in square brackets refer to the bibliography.
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Measurements are acquired in the time domain using a trigger that is synchronous with a
pseudo-random binary sequence (PRBS) modulation pattern. As described above, there are
two components of TRC measurement. The optical waveform, P(z), is that which would be
displayed with a wide-band optical receiver and oscilloscope. The chirp or frequency
waveform, Af(t), indicates that the frequency of the laser is also varying as the laser is
modulated with the data. Figure 1 shows a typical TRC result.
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Figure 1 — A typical TRC measurement

5 Modelling transmitter behaviour

In a modulated signal, the frequency variation can be modelled as the sum of phase shift term
and frequency shift term. An abrupt shift in phase becomes a transient in frequency. The two
terms are generally referred to as transient and adiabatic respectively. A general equation for
chirp is given by [2]:

dP ]
_a ) dr _Ka 1
Af(2) L +K4P - (1)

where Af(t) is the difference from the average optical frequency, a is the alpha-factor, P is the
instantaneous optical power, and K, and K, are adiabatic terms.

Considering only transient chirp, and solving for alpha-factor:

dg
4 YO _opdt 5 AS (2)
0{—47rP£ —2P£—2£
dr dt P

where Ar () = ZL%
T
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