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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -

Part 2-10: Digital systems —

Time-resolved chirp and alpha-factor measurement of laser transmitters

FOREWORD
The IEC (International Electrotechmcal Commlssmn) is a worIdW|de orgamzatlon for standardlzat|on comprising
ote
nternational co-operation on all questions concerning standardization in the electrical and electronic fields| To
this end and in addition to other activities, the IEC publishes International Standards. Their preparatiop is
entrusted to technical committees; any IEC National Committee interested in the /Subjegt dealt\with may
participate in this preparatory work. International, governmental and non-governmegntal organ izations I|a| bing
ith the IEC also participate in this preparation. The IEC collaborates clgSel nal
Organization for Standardization (ISO) in accordance with conditions determin€dN\by ag the
two organizations
[The formal decisions or agreements of the IEC on technical matters £ an
nternational consensus of opinion on the relevant subjects since each té t|on
from all interested National Committees.
The documents produced have the form of recommendations for internationa brm
of standards, technical specifications, technical reports or gdide ipnal
Committees in that sense.
In order to promote international unification, IEC National Co mttees ipnal
Standards transparently to the maximum extent pogsib p Any
arly
ndicated in the latter
[The IEC provides no marking procedure to indicate any
equipment declared to be in conformity with ghe of its
The International Electrotechnical Comm|S|on ntion to the fact that it is claimed fhat
compliance with this documef atemt concerning the double-pass monochromptor
described in clauses 2.4 aRd 4 cerning the evidence, validity and scope of |this
patent right. 2 he IEC that they are W||||ng to negotiate licerjses
under reasonable and conditions with applicants throughout the world. In fthis
Fespect, the statement g ight is registered with the IEC. Information may be obtained
from:
Agilent Technolog
Palo Alto
ade
and
The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document:

Draft PAS Report on voting

86C/475A/PAS 86C/496/RVD

Following publication of this PAS, the technical committee or subcommittee concerned will
investigate the possibility of transforming the PAS into an International Standard.

This PAS shall remain valid for an initial maximum period of 3 years starting from 2002-08.
The validity may be extended for a single 3-year period, following which it shall be revised to
become another type of normative document, or shall be withdrawn.
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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 on
laser transmitters. The calculation of alpha-factor, a measure of transient chirp, is derived
frof the measured TRC data. AISO covered Is a means to verily the TRC setups. and
calculations (Annex A) and a review of laser modulation methods and the relationship of TRC
to performance in a transmission system.

2 | Background

the

Unperstanding the effects of chirp on the transmission of S|gn
. rst

sygtem designer. Chirp can have two separate outcomes ji

is fhat the chirp can interact with the fibre dispersion to bros g the
fibge. This will cause a positive or negative path p€na which i or
increases the distance over which the signal can prgpag i y i ipn.
The sign of the penalty depends upon both the sig i v i ipre
dispersion. The second is that chirp~can brgade - imiti the
chfnnel spacing by interfering with &dj nt,
evegn at short-haul distances.

The ighal
wa an
ap penalty is manifested as a shift of fthe

SYS S = power levels. A positive chirp penalty is
defined as the additional sj i i NR) required at the receiver due to laser chirp
to intai ied\i ti i system with specified dispersion.

M i [ ifficitt because it requires a chirp-free transmitter with the

idefnti i i S DUT.) Because of this difficulty, chirp penalty is often inferfed
fro ty m path penalty measurement involves substituting a fipre

of y to the signal path and measuring the additional power (SNR)
requi : i pecifiegd BER. This measurement is tedious and time consuming and
asgsumes [ q ement is dominated by the chirp penalty term. This has led many
trapsmitte tem. designers and manufacturers to estimate the chirp (or dispersipn)

penalty using ' e resolved chirp data directly or with derived modeling parameters.

IEC technical report 61282-8 (to be published) describes the estimation of dispersion penalty
from measured time-resolved chirp data [8].

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 [7].

3 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. It is typically expressed as Af(z), the
difference from the average optical frequency. The instantaneous optical power, P(?), is used
in conjunction with Af(t) to completely describe the optical signal.
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Measurements are acquired in the time domain using a trigger that is synchronous with a
PRBS modulation pattern. As described above, there are two components of TRC
measurement. The optical waveform, P(t), 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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8 o is the alpha-factor and K; and K, are adiabatic terms.

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

(]

d¢
a=amp ' —opLdl o 2P (2)

D D p
where Af(t) = id%t

Equation (2) indicates that transient chirp produces a phase shift (A¢) proportional to the
normalized power change (AP/P) and a frequency transient that is directly proportional to the
rate at which the phase or power changes.


https://iecnorm.com/api/?name=24c4f96543b6936c006032c11ebc95e0

-6- Copyright © 2003, IEC
5 Overview of chirp measurement methods

Time-resolved chirp measurements require to be modulated with a bit stream to simulate the
way in which the device is used in a transmission system. Synchronization must be provided
to the measurement system in the form of a trigger signal. Three methods theoretically can
provide the same values of Af(t) and P(t). They are the frequency discriminator, frequency-
resolved- optical gating (FROG), and monochromator methods.

Optical Optical
input Z < Z oscilloscope
1 @ ]

/
Variable time

delay <
Trigger (\

input

Figure 2 — Simplified diagram for the fre riminator method

In the frequency discriminator method\] sh-Zeknder jinterferometer followed by|an
opfical oscilloscope are typically configu 5 T igure 10. An optical oscilloscope,
solnetimes called a digital communicatfons ana \) consists of a broadband opticalito-

electrical converter and a s i i peNTR ferential delay between the two pajths
creates sinusoidal amplit 3 ariatipn. The frequency spacing is called the
freg spectral range (FSR): i G intérferometer is used to convert frequency

deyiations into ampI|t de va 'atlo f i ¢ interferometer so that the nominal lager
freguency is positioned ature poiats of the sinusoidal function (Points A and B in
Figure 11) and ] afe measured on the optical oscilloscope. The
opfical signal pows

P(r) = %Vﬂ(f) (3)

The chirp taking the difference of the quadrature waveforms and correcting
for|the sinusoid éristic of the interferometer:

v(6)= W (@)

Af(t) = arcsm(V U )) (5)


https://iecnorm.com/api/?name=24c4f96543b6936c006032c11ebc95e0

Copyright © 2003, IEC -7-

1,00
S
o
% quadrature points
o
= 0504 &~ Sa
9 B A
3
o

0’00 ! 1

The frequency-resolved optical gating (FROG) method uses & ' an
opfical spectrum analyser (OSA) as shown in Figure 4. The lar
position in time, t;, and a spectrum is measured on the O ne,
Ta of-
ma

(6)

ection to calculate chirp

%, f, o Af(®
& \@ Pt t, | Pt | s
\>:(f2,f1) P(ty,f2) P(t2,fm) Af(ts)

t, | P(t.fi) P(tn,f2) P(ty,fm) Aft)

This optical gating method is somewhat impractical for TRC for two reasons:

(1) The extinction ratio of the optical gate needs to be in excess of the reciprocal of the duty
cycle. Measuring TRC over a long pattern length with good time resolution requires extinction
ratios in excess of 50 dB.

(2) It is necessary to take an OSA sweep for each time point, making the measurement very
time consuming for many time points.
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Optical input )
- ngh speed > OSA
Optical gate
A
Electrical pulse j\ Spectrum
(variable timing) measurement
(for each time
position)
Trigger input o
) Timing
control

Figure 4 - In the FROG method, the spectrum from an opticg
is measured on an OSA

The block diagram of the monochromator method [4], show

in
comcept to the FROG method. The difference is that ent
prgcedes the time-resolving element. For reasonable perf ery
low dispersion that is typically achieved with the doubl in

Figure 6 [5].

02

cilloscope

2

Optical ___| Monothro
input

S

d block diagram for the monochromator method

Aperture (slit)

Half-wave plate

Lens

4+
SYSTCTH

Output

Diffraction
grating

Figure 6 — To obtain low dispersion, a double-pass configuration is typically used
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In this method, Table 1 is completed on a column-by-column basis. The monochromator is
fixed tuned to f; and a time waveform, P(t,fi) .. P(t.fi) is measured on the optical
oscilloscope. P(t) is measured with the monochromator filter centred on the signal. Af(t) is
calculated from (7).

Of the three methods described above, only the frequency discriminator and monochromator
methods are practical for TRC measurements. In the following sections, the apparatus and
procedures for their implementation are described.

6 Frequency discriminator method

6.1 Apparatus

The setup for the frequency discriminator method is shown in Figure 7.

Pattern
generator

Me\r
PRBS \ntgéevémp(er

modulation
signal

DUT N ; —Ix Optical

X oscilloscope
-\\<\an'e(6Ie delay

ehcy discriminator method

6.1.1

The pattern generater Supp e PRBS modulation signal to the DUT and the trigger to the
opfical ossilloscope- modulation rate and format are those required by the DUT. The
PRBS patternle 9 be 2°-1 or longer. Shorter pattern lengths may be used but may
no{ fully explore ter,dependent chirp effects. Longer patterns may be used but will
increase the & The trigger signal must be synchronous with the PRBS

6.1.2 EDFA

The erbium-doped fibre amplifier is optional. It is required only if the optical power from the
DUT is too low to provide sufficient signal level to the optical oscilloscope. For optical
frequencies other than the C or the L-bands, alternative amplifier technologies must be used.

6.1.3 Polarization controller

Because the interferometer is highly polarization sensitive, the state-of-polarization (SOP) at
the input to the interferometer must be optimised. The polarization state controller must have
the capability to transform any arbitrary SOP at its input to the required SOP at its output.
The three paddle or rotating waveplate designs can satisfy this requirement.
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6.1.4 Interferometer

This is a Mach-Zehnder type with FSR sufficiently wide to accommodate the peak chirp. The
variable delay shall have a range, At, in order to be able to set the DUT wavelength to points
A and B in Figure 3. The value of At is:

FSR ™ 2f,

where f, is the optical carrier frequency.

6.1.5 Optical oscilloscope

The optical oscilloscope consists of a DC-coupled broadband optical-to-electrical convefrter
angl a sampling oscilloscope. The combined frequency response of the opfisal-to-electrical

converter and oscilloscope must be at least twice the bit rate and fkg impulse respofse
should have no ringing, overshoot, or undershoot. It must accept gAK i e a
means to means to set the trigger and observable time range. Thebandwidthish gter

thgn twice the bit rate.
6.2 Procedure
1) Connect the equipment as shown in Figure 7. ver

from the DUT is insufficient to provide a sufficientl cal

?) Adjust the time range on the optical osci : ts.
3) Set the number of optical osci S me

4) Adjust the polarization controfler i cal
5) Adjust the variabl lre

6) Adjust theryarig

7) Compute:

Vi) + V()
2

P(ti):

Vi) V()

V(@)= B

Af(ti)zlzs—farcsin(l/})_(—(fti\)) 1<i<n (o)
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7 Monochromator method

71

Apparatus

The setup for the monochromator method is shown in Figure 8.

7.1.1

The pattern generator supplies the PR 3
opflical oscilloscope. The modulation\ratexang se required by the DUT. The

Pattern
generator
Pattern trigger
PRBS
modulation
signal A
9 \
/\N\Optica
DUT Monochromator o5cilloScone

t

Figure 8 — Setup for the monoch

Pattern generator

DUT and the trigger to the

PRBS pattern length should be 2°1 or lengths may be used but may

no{ fully explore pattern-dependent i ) onger patterns may be used but will
increase the measurement time. i D
paftern — not the clock.

7.1.2

The erbium-dop
DUT is too low top

frepuencies other th

The BS

EDFA

the
cal

7.1.3

The monoshro 3 ble
pas$s monoch Xt re.
In practice,~a_cht i dB

angl insertiono0

7.1.4

is less than 10 dB.

Optical oscilloscope

The “gptical oscilloscope consists of a DC-coupled broadband optical-to-electrical convefter

and a sampling oscilloscope. The combined frequency response of the optical-to-electrical
converter and oscilloscope must be at least twice the bit rate and the impulse response
should have no ringing, overshoot, or undershoot. It must accept a trigger input and have a
means to means to set the trigger and observable time range. The bandwidth shall be greater
than twice the bit rate.

7.2
1)

2)

Procedure

Connect the equipment as shown in Figure 8. The EDFA is required only if the power
from the DUT is insufficient to provide a sufficiently high signal level to the optical
oscilloscope.

Adjust the time range on the optical oscilloscope to display the desired number of bits.
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3) Set the number of optical oscilloscope data points, n, to achieve the required time
resolution. A typical value of nis 1000.

4) Set the bandwidth of the monochromator to accommodate the spectral width of the
DUT. A typical value is 500 pm for a 10-Gb/s NRZ transmitter.

5) Centre the monochromator passband on the transmitter and measure P(t;) where
1<i<n.

6) Tune the monochromator centre frequency from f4 to fz in m equal steps where f, and
/s are the frequencies where the response is 10-dB below the peak. A typical value of
mis 10.

7) At each monochromator frequency, fx, measure P(t,fi) where 1 <i<n and 1 < k <m. Refer

to-Tabl 4
O Tavic 1.

8) Compute the absolute frequency for each time slot:

PSS

fey=> 11)
CUY P, fi)
k=1
9) Compute the time average frequency:
Jnean ([12)
10) Compute the chirp:
(113)

Frgm the power, veforms calculated in 3.2 or 4.2, alpha factor can|be
calculated. Three fQ 9 rare useful for transient chirp analysis:

8.1 Alphadfactor vs. time, a@)

Converting the continuous expression for «(t) given in (3) to discrete form in order to utilize
thg measured data gives:

47P(t)
[P(ti+n)—P(ti-n)]
ey ( )%(wrl)—t(il))

An example plot of [J(f) is shown in Figure 9 for an EML along with the plot of P(t). The time
range was chosen to show how a varies during the rise time of a single data bit. Alpha shows
a large variation over this time period. Typically «(t) is calculated only during transitions of
the power waveform, for example, between the 10 and 90 % points. This is because the
calculation uncertainties increase when AP/At is small.

a(t) =

Af (1)) 2<i<n-1 (14)
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a
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0.2

0.0 - A
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Time (seconds)

Figure 9 — An example plot of alpha vs. ti

8.2 Average alpha factor, a,,,

The average alpha factor is simply the average over

sis is a graph of alpha factor versus power [6].

15)

hg.
not

(1)

[ d as an x-y scatter chart with the corresponding value

for

1.80
35 | 1.60
’2\ 4o = 1.40
c 1.
Y § 1.20
° T 1.00
S0 £
© @ 080
£15 =
- S 0.60
<10 < w0
0.5 - 0.20 4
0.0 . ; ; i " 1 0.00 . : : : . . :
0E+00 5E04 1E03 2E03 2E03 3E03 3E03 4FE03 0.E+00 5.E-05 1.E-04 2E-04 2.E-04 3.E-04 3.E-04 4.E-04
Power (Watts) Power (Watts)
(a) (b)

Figure 10 — Alpha factor vs. power for (a) a DM laser and (b) an EML
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Note that for many data transitions, the alpha factor vs. power for the DM varies from about
0,2 to 3,5. For the EML, it is a linear function of power from 0,2 to 1,4. The particular
characteristics are dependent on drive level and bias.

9 Documentation

Report the following information for each test:

Test date
This document number
Procedure used: clause 6 or clause 7

P(t) and Af(1)

S

10| Abbreviations

BER Bit-error ratio

DCA Digital communications a

DFB Distributed feedback }a

Directly modulated\ |a

gpectral range

on-return-to-zero

Optical spectrum analyser
Polarisation maintaining fibre
Pseudo-random binary sequence

Single longitudinal mode

SNR Signal-to-naoise ratio

SOP State of polarisation
TRC Time-resolved chirp
WDM Wavelength-division multiplexing
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Annex A

Verification of TRC setup and calculations

The implementation of the TRC hardware and calculations can be verified by making an
independent with an alternative. While this is very difficult for signals that have a combination
of intensity and frequency modulation, a signal with only phase modulation can be used for
this purpose. A pure phase-modulated signal can be generated with a microwave signal
driving a Mach-Zehnder phase modulator. By comparing sideband level as measured on an
OSA with the amplitude of the frequency (phase) modulation obtained from the TRC

measurement setup, the validity of the TRC measurement can be established.

The relationship between OSA spectrum and the chirp is given by:

A
e
Pcarrier _ ﬁ‘t
sideban a A
Pisideband le l
fo

Figure A-1 shows meagsu 1 a
TRIC setup. Not the
TRIC graph indic t i Using (17), the correspondence

be{fween the two me

4.E+09

0
< \ ;\ 7\ \ P carrier
5 3.E+09 - A A A A T Y
\ H 3.E-03
04 2.E+09 -
—_
N F2.E-03
£ Is1 t 1.E+09
g Pideband z
T 10 = 0.E+00 2.E-03
] Qo
5 15 = 1.E+09
[ C < - )
o 1.E-03
204 -2.E+09 -
sEo
25 — —— BEw09 ) |V | V
-30 T T T T T 1 -4.E+09 . - - T T T T 0.E+00
1549.7 1549.8 1549.9 1550 1550.1 1550.2 1550.3 0.E+00 2.E-10 4.E-10 6.E-10 8.E-10 1.E-09 1.E-09 1.E-09
Wavelength (nm) Time (seconds)
(a) (b)

Figure A-1 — Pure phase modulation observed on (a) an OSA and
(b) a TRC measurement setup

Power (Watts)
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Annex B

Optical transmitter modulation methods

B.1 Directly modulated laser

Directly modulated (DM) lasers are the most common, particularly for short-reach systems.
They are the lowest cost and generally have the highest value of chirp. In a DM laser, shown
schematically in Figure B-1, the diode current will be the sum of two terms. Idc sets the
operating point (average power) of the laser, while Idata determines the modulation level.
The two terms are adjusted to achieve the desired average power and extinction ratio. DM
Iastlers generally produce more chirp for higher extinction ratios, leading to a trade-off betwegen
extinction ratio and chirp penalty.

Laser diode

In g DM laser, the presenege 0
reffaction in the er
trahsitions as weN 38

Figure B-2 sho for & directly modulated DFB laser. There is significant
trapsient and adi ! € transitions excite the relaxation oscillations within the
deyice causifg ri e instantaneous optical power and frequency.

» phase shifts (transient chirp) during the d
laser frequency (adiabatic chirp).

T 5.E-04

- 4.E-04

3.E409 | 1 4p0a

2.E+09 -
T 3.E-04

1.E+09

3504

0.E+00 -
T 2.E-04
-1.E+09 -
2 E+09 ‘ T 2.E-04
280 T A
-3.E+09 - T 1.E-04
- 5.E-05

-4.E+09 -

Chirp (Hertz)
Power (Watts)

-5.E+09 T T T T 0.E+00
0.E+00 5.E-10 1.E-09 2.E-09 2.E-09 3.E-09

Time (seconds)

Figure B-2 — A directly modulated laser has significant transient and adiabatic chirp
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B.2 Electro-absorption modulator

Electro-absorption modulated lasers consist of a SLM laser, typically a DFB, and an
integrated electro-absorptive modulator (EAM) section usually on the same chip. This is cost
effective compared to externally packaged modulators and is a step above DM lasers in terms
of chirp performance.

In theory, when the modulation element is separated from the laser cavity there is no
adiabatic chirp. The constant frequency generated by the laser is modified only in magnitude
and phase as the light travels through the modulation section. In practice, other effects such
as package electrical parasitics, optical reflections, and thermal interactions can cause

adi

abatic characteristics.

Figure B-3 shows an EML schematically. The current applied to the laser—dc, is strictly
so [that the frequency of the laser is constant. The EAM is driven with a(separate sighal t

do
the
tra
dp,
the
dug

makes the waveguide more or less absorptive. With EML designs, {fansient chigp’ tends

inate the performance. The ringing from the laser relaxation o

dt as predicted in (4). EMLs may also exhibit an additional
rising edge as shown in Figure B-5. It is believed to
e to the E-field applied to the device before the absorpti

DC
hat
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