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The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization‘co
all national electrotechnical committees (IEC National Committees). The object of IEGN)is/ to
interhational co-operation on all questions concerning standardization in the electrical and eléctronic f
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promote
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this end and in addition to other activities, IEC publishes International Standards, Technical Specifjcations,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to

hs “IEC

Publ|cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in tHle subject dealt with may participate in this preparatory work. Internatiopaly’*governmental apd non-
govgrnmental organizations liaising with the IEC also participate in this preparation. IEC collaborateg closely
with [the International Organization for Standardization (ISO) in accordance!with conditions deternmjined by

agrepment between the two organizations.

The formal decisions or agreements of IEC on technical matters expressaasS/nearly as possible, an inte
conslensus of opinion on the relevant subjects since each technical*committee has representation
interpsted IEC National Committees.

IEC |Publications have the form of recommendations for international use and are accepted by IEC

national
from all

National

Compmittees in that sense. While all reasonable efforts are miade’ to ensure that the technical content of IEC

Publ|cations is accurate, IEC cannot be held responsible\for the way in which they are used or
misipterpretation by any end user.

for any

In ofder to promote international uniformity, IEC National Committees undertake to apply IEC Publications
trandparently to the maximum extent possible inytheir national and regional publications. Any dijergence

betwleen any IEC Publication and the corresponding rniational or regional publication shall be clearly ind
the Iatter.
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IEC |tself does not provide any attestation -ef conformity. Independent certification bodies provide cgnformity
assessment services and, in some areas{ access to IEC marks of conformity. IEC is not responsiblg for any
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members of its technical committees and IEC National Committees for any personal injury, property damage or
othef damage of any nature\whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expenses arising out of, the publication, use of, or reliance upon, this IEC Publication or any other IEC

Publ|cations.

Attention is drawnteythe Normative references cited in this publication. Use of the referenced public
indispensable forthe correct application of this publication.

Attenption is_drawn to the possibility that some of the elements of this IEC Publication may be the s
patept rightss IEC shall not be held responsible for identifying any or all such patent rights.

systems and active devices, of IEC technical committee 86: Fibre optics.
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This second edition cancels and replaces the first edition published in 2009. It constitutes a
technical revision. This edition includes the following significant technical changes with
respect to the previous edition:

a) change in the title

b) changes in performance parameter names.
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The text of this standard is based on the following documents:

CDV Report on voting
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Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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can be[found on the IEC website.
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3 Tdrms, definitions, abbreviations and response waveforms

3.1 FTerms and definitions

For the purposes of this document, the terms and definitions given in |IEC 6234
IEC 62343-1-3 and the following~apply.

3.1.1
TC
convergence time
time td converge~from the first hit at the target £Y % to the stay within the deviation 4

the opfical powerfrom the output port of DGTE at pre-determined wavelength

3.1.2
Ty
latency time

<direct and analogue control types> time between the application of control signal a

ain tilt

3 and

Y% in

nd the

change in output optical power by +X % of the initial power of DGTE at pre-determined

wavelength

3.1.3

TP

processing time

<digital control type> time between the application of control command and the cha

nge in

output optical power by +X % of the initial power of DGTE at pre-determined wavelength

3.1.4
gain tilt settling time
(TyorTp) + T + T
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3.1.5
TI’

rise time

time to change from the initial £X % to the target +Y % in the optical power from the output

port of DGTE at pre-determined wavelength

3.1.6

TS

settling time

time to be suppressed from the first hit at the target +Y % to the final stay at the target within
a required resolution of the optical power from the output port of DGTE at pre-determined
wavelength

3.2 Abbreviations

CPU central processing unit

DGTE dynamic gain tilt equalizer

DUT device under test

LCD liquid crystal display

O/E optical-to-electrical

PDL polarization dependent loss
TLS tuneable laser source

WDM wavelength division multiplexing

3.3 Response waveforms

The ddfinitions and symbols defined in 3.1 arecshown in Figure 1, Figure 2 and Figure 3

Opticgl power (W) 4 Suppressed withip
required resolutign
100+ Y % A\ P
Target|power 100 % / \\ A\ /N o ¢
100 - ¥ % N P,
Parameters
T\ : Latency time
T: : Rise time
T. : Convergence tine
Gain tilt settling time: T\+7T,+T, Ts : Settling time
I / P, : Overshoot
< > P, : Undershoot
1004\ X' % _ Ts _
Initial gower 100 % _ _
100 - X % I T Te
_ - _ T
A "
Control signal
-

v

IEC

Figure 1 — Response waveforms for direct control DGTEs
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Optical power (W) 4 Suppressed within
100 + Y % A~ £ P, * required resolution
Target power 100 % / \\ AV"\\
100 - Y % P, A
Parameters
T, : Processing time
T: : Rise time
T. : Convergence time
Gain tilt settling time: Tp+T+T¢ Ts : Settling time
] / P, : Overshoot
< 7 > P.- Undershoat
100 + X % _ 1s =
Initial power 100 %
100 - X % :Tp=‘ Tr:: Te >
»/Time
A
Command
> IEC
Figure 2 — Response waveforms for digital control DGTEs
Opticaf power (W) 4 Suppressed within
ired resolutfon
100 + Y % P P {' require
Targef power 100 % / \\ Va U o 0
100 - ¥ % A Py 4
Parameters
T, : Latency time
T: : Rise time
T. : Convergence fime
Gain tilt settling time: T\+7T:+T¢ Ts : Settling time
/ P, : Overshoot
100 + X % T, R P, : Undershoot
Initial power 100 % —
100 - X % AT T
» Time
A
Cpntrol signal
. e—
" IEC
Figure 3 — Response waveforms for analogue control DGTEs

4 General information

The DGTE is categorized into three control methods as shown in Table 1. The direct control
type is driven directly by voltage or current; the digital control type is operated by digital
control system with digital signals; and the analogue control type is operated by analogue
signals. The definition and the measurement method of gain tilt settling time for DGTE are
different for the three control types. Table 1 also shows the configuration of operating systems
and the correction for temperature dependency for three control types of DGTE. When the
gain tilt settling time for the DGTE has temperature dependency, users may need to calibrate
the temperature effect. The bottom row in Table 1 indicates the typical methods of the
correction for temperature dependency (refer to Annex D).
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Table 1 — Categorization of DGTE by the control method

Direct control Digital control Analogue control
Control By voltage or current By command through digital By voltage or current
directly circuit through analogue circuit
Configurations
DGTE DGTE DGTE
w/digital circuit w/analogue circuit
V/| applied Command V/I contro
(Rs232c, 12C, etc.) (ex.0~+5V)
Control system Control system Control system
Correctipn for By control system By digital circuit or control By analogue circuit or
temperajure system control system

dependgncy

5 Apparatus

5.1 | ight source

A tunepble wavelength device is used as the light sourCe."A tuneable laser source (TLE) or a
combination of a broadband light source and tuneable filter is the typical equipment of
tuneablle wavelength light source. The tuning range.of the tuneable wavelength light source
shall bp enough to cover the operating wavelength~of DGTE to be measured.

In ordgr to minimise the measurement uncettainty caused by the linewidth of the light gource,
the lingwidth multiplied by the maximum.\alue of the gain tilt slope of DGTE shall be gmaller
than ome tenth of the dynamic gain tilt range. Typical value of operating wavelength range and
dynamjc gain tilt range of DGTE are*35 nm and +4 dB respectively. For example, the efror for
the lingwidth of 1 nm is calculated-as:

4/35 .
Rl R v

The output power)of the light source shall remain stable during the measurement. The stability
of the putput power during the gain tilt settling time of DGTE to be measured shall be $maller
than ome tenthof dynamic gain tilt range of DGTE.

If the paldrization dependent loss (PDI) of DGTE to bhe measured is larger than 0.5 dB, a
depolarized light source shall be used.

5.2 Pulse generator

A pulse generator is used to drive DGTE to be measured. The shape of the pulse shall be
rectangular to change the gain tilt. The intensity and width of the pulse shall be such to make
the maximum tilt change defined as the specification of DGTE. The rise time/fall time of the
rectangular pulse shall be shorter than 10 ns or one tenth of the rise time/fall time to be
measured.

5.3 O/E converter

An O/E converter is used to convert the optical output power of DGTE to be measured to the
electrical power to be observed by an oscilloscope. The bandwidth of O/E converter shall be
from DC to greater than 10(1/7,) Hz, where 7, is the rise time to be measured.


https://iecnorm.com/api/?name=e24a27891ee1b440fc453f501becdba1

-10 - IEC 62343-5-1:2014 © IEC 2014

The maximum power input to the O/E converter before compression shall be 10 times more
than the optical power to be measured.

5.4 Temperature and humidity chamber

The test setup shall include an environmental chamber capable of producing and maintaining
the specified temperature and/or humidity.

5.5 Oscilloscope

The oscilloscope shall have a storage function and sufficient bandwidth and accuracy. It shall

have a

5.6

This is
reprod

t least two traces.

FTemporary joints

a method, device, or mechanical fixture for temporarily aligning two fibre ends
icible, low loss joint. It may be, for example, a precision V-groove) vacuum

micronpanipulator or a fusion or mechanical splice. The stability of the temporary joint s

compa

5.7

fible with the measurement precision required.

Control system

For the digital and the analogue control types, the control system is used to drive the
The splecification is defined individually.

5.8

The m
Figure

Measurement setup

leasurement setups for the three types of'DGTE in Table 1 are shown in Fi
5 and Figure 6, respectively. For each.type of control, a correction signal from t

converger output is applied to the DGTE.

Chamber Oscilloscope

O/E
Light source DGTE converter [T

Pulse generator

Signal pulse

IEC

into a
chuck,
hall be

DGTE.

jure 4,
he O/E

Figure 4 — Measurement setup for direct control
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Oscilloscope

Chamber
O/E
Light source DGTE I
9 w/digital circuit converter
|
Command complete flag
Command |
RS232c I
GP-IB .
12C I
Dual port RAM |
etc.
|
Command sending flag I
Control system N
IEC
NOTE Either command complete flag or command sending flag can be used
Figure 5 — Measurement setup for digital ‘control
Oscilloscope
Chamber
Light source DGTE O/E L
w/analogue circuit converter
Voltage
or
current
Command complete flag
Control system
IEC
NOTE [The control system provides a step signal to the DGTE.
Figure 6 — Measurement setup for analogue control
6 Prpcedure

6.1 Direct control type
6.1.1 Setup

The measurement setup is shown in Figure 4. The temperature after setting shall be kept
stabilized and uniform in the chamber for the stable measurement. The light source, the pulse
generator, the O/E converter and the oscilloscope shall be turned on for the measurement.

6.1.2 Preparation

Before starting the measurement, the setup shall be held constant for more than 1 h for
stabilization.
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6.1.3 Wavelength setting

The wavelength of the light source shall be set at the measuring wavelength. The
measurement shall take place at three wavelengths: shortest, centre and longest wavelengths
in the operating wavelength range. An alternative method is to measure at the wavelength at
the maximum deviation in insertion loss.

6.1.4 Pulse generator setting

The voltage or current to drive from the minimum (maximum) tilt to maximum (minimum) shall
be set. The minimum and the maximum states of tilt occur when the deviation in insertion loss
takes the maximum value at the shortest or the longest wavelength within the operating
wavelgngin.

6.1.5 Applying the driving pulse

The drfving pulse shall be applied to the DGTE to be measured by the pulse{generator.

6.1.6 Monitoring and recording the output signal from DGTE under test (DUT)

The oytput signal from the O/E converter shall be monitored by the ‘escilloscope and tHe data
shall ble recorded. In addition, the signal pulse from the pulse’generator shall be mohitored
and re¢orded.

6.1.7 Calculation of the gain tilt settling time

After the measurement at three wavelengths, thesgain tilt settling time shall be calg¢ulated
accordjng to Figure 1. Generally, the gain tilt settling time is defined as the maximum value
among| the three gain tilt settling times.

6.2 Digital control type
6.2.1 Setup

The measurement setup is shown' in Figure 5. The temperature after setting shall e kept
stabiliged and uniform in the ¢hamber for the stable measurement. The light sourge, the
digital |control system, the O/E converter and the oscilloscope shall be turned on for the
measufement.

6.2.2 Preparation

Before| starting~the measurement, the setup shall be turned on for more than 1 h for
stabilization:

6.2.3 | ‘Wavelength setting

The wavelength of the light source shall be set at the measuring wavelength. The
measurement shall take place at three wavelengths: shortest, centre and longest in the
operating wavelength range. An alternative method is to measure at the wavelength at the
maximum deviation in insertion loss.

6.2.4 Sending command

The command to operate from the minimum (maximum) tilt to maximum (minimum) shall be
set. The minimum and the maximum states of tilt are given when the deviation in insertion
loss takes the maximum value at the shortest or the longest wavelength within the operating
wavelength. After the setting, the command shall be sent from the control system.
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6.2.5 Monitoring and recording the command complete flag

The output signal from the O/E converter and the command complete flag from the DUT shall
be monitored by the oscilloscope and the data shall be recorded. The command sending flag
from the control system, which may be substituted for the command complete flag from DUT if
not available, shall also be monitored and recorded.

6.2.6 Calculation of the gain tilt settling time

After the measurement at three wavelengths, the gain tilt settling time is calculated according
to Figure 2. Generally, the gain tilt settling time is defined as the maximum value among the
three gain tilt settling times.

6.3 Analogue control type
6.3.1 Setup

The me¢asurement setup is as shown in Figure 5. The temperature shall bg kept stabilized and
constapt in the chamber for the measurement. The light source, the analegue control slystem,
O/E converter and oscilloscope shall be turned on for the measurement;

6.3.2 Preparation

Before| starting the measurement, the setup shall be turned on for more than 1 h for
stabilization.

6.3.3 Wavelength setting

The wavelength of the light source shall be set at the measuring wavelength. The
measufement shall take place at three wavelengths: shortest, centre and longest wavelengths
in the pperating wavelength range. An alternative method is to measure at the wavelenpgth at
the maximum deviation in insertion loss;

6.3.4 Applying the control signal

The cqntrol signal to operate from the minimum (maximum) tilt to maximum (minimdm) filt
shall Re set. The minimum ,and the maximum states of tilt occur when the devia1:ion in
insertign loss takes the_maximum value at the shortest or the longest wavelength within the
operating wavelength -After the setting, the signal shall be sent from the control system

6.3.5 Monitoring and recording the command complete flag

The oytput signal from the O/E converter shall be monitored by the oscilloscope and the data
recorded,, Also, the command complete flag from the control system shall be monitorgéd and
recorded.:

6.3.6 Calculation of the gain tilt settling time
The gain tilt settling time is calculated according to Figure 3. After the measurement at three

wavelengths, the gain tilt settling time is calculated. Generally, the gain tilt settling time is
defined as the maximum value among the three gain tilt settling times.

7 Details to be specified

7.1 Apparatus
711 Light source

These characteristics of the light source shall be specified:
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— spectral width

— state of polarization

— out
7.1.2

These

put power

Pulse generator

IEC 62343-5-1:2014 © IEC 2014

characteristics of the pulse generator shall be specified:

— rising time

— pulse width

— pulse intensity

7.1.3
These
- res
— dyn
71.4
These
- typ
- typ
7.2
These

- wa
— dey
— ins
— ten

— tole

O/E converter

characteristics of the O/E convertor shall be specified:
ponse frequency
amic range
Control system
characteristics of the control system shall be specified;

e of control system
e of interface

Measurement conditions
measurement conditions shall be specified:

elength

iation of tilt

brtion loss deviation at the measuring wavelength
perature of chamber

rance of target insertion loss deviation
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Annex A
(informative)

Convergence criterion

A DGTE used in an optical amplifier converts input signals with time-varying gain tilt into
output signals in which gain tilt is nominally flat. A required flatness for multichannel EDFAs

for WDM systems is typically £0,5 dB for each spectral band. Therefore, the gain tilt settling
time of the DGTE is recommended to be defined as the convergence to 0,5 dB [=(£10 %)]
from target attenuation.
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