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PREFACE

The demand for Broad Band services for private elé as for commercial
users is expected to increase worldwide at an @@ted pace in the next future.
To allow the mass introduction of the broadbandesscservices, however, a
number of technological barriers still need to keroome. In particular, research
Is presently very active in the field of photoniegned at the development of a
new generation of photonic devices based on namotéagy. These should
allow to solve in a cost-effective way the so a@llmetro bottleneck”, that is the
congestion in the metropolitan access infrastractaxpected to arise from the
increased traffic flowing from the access netwooktlhe telecommunications
"backbone”, and viceversa, due to the increaseaphdty demand from the
customers.

In order to be successful, innovative photonicdpats must of course
satisfy a number of performance requirements, eieenomical and technical,
and in particular they must be designed and matwfed in such a way as to
guarantee that they will operate reliably for asgl@ period as possible.

The study reported in the present thesis consistthe full reliability
assessment of a new product designed and manwddchy Pirelli, that is a
tunable laser of new conception, based on photmmotechnologies.

In the first chapter of this work the current ofgpoities and ideas in
component reliability assurance are discussed rdliability proactive approach,
implementing reliability assurance at the front esfdthe production line, is
described. The next group of chapters introducesd#vice. In chapter 2, a
structural design overview of the device is given, point out contingent
problems in a reliability point of view. The stregssts appropriate in the

reliability assurance process for the optoelectral@vices are briefly described
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in chapter 3. Chapter 4 includes a comprehensiseudsion on the functional
aspects of the device, the identification of suégterformance parameters and
characterization procedure. The qualification esercwith its plan, the tests

carried out, and the results, are then detailathapter 5.



CHAPTER 1

RELIABILITY APPROACH & QUALIFICATION STANDARD

RELIABILITY APPROACH

Reliability has always been considered as an exdyermportant factor of
merit for any element of telecommunication networks

Today the demand for high reliability is becominggie more stringent as
long as more and more applications, beside thditadl voice communication,
depend upon it. Let us remind the definition, gh®nIEEE, for reliability as a
property of a product: "... the ability of a systemammponent to perform its
required functions under stated conditions forec#@d period of time".

You also define reliability in terms of the methémiyical tools that are
needed to assess such property, which means {fediility is also “a design
engineering discipline which applies scientific wiledge to assure a product
will perform its intended function for the requiretlration within a given
environment. This includes designing in the abildymaintain, test, and support
the product throughout its total life cycle. Relldy is best described as product
performance over time. This is accomplished comeuly with other design
disciplines by contributing to the selection of #ystem architecture, materials,
processes, and components - both software and hegdfwllowed by verifying
the selections made by thorough analysis and [tejst”

Reliability engineering is, in general, performédoughout the entire life
cycle of a product, including development, tesbduction and operation.

A sound reliability approach generally includes etr fundamental
activities: design for reliability, reliability vércation and analytical physics.

Design for reliability means applying reliabilityiteria at the early stage of the
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product: this starts with the idea phase of thelpco development cycle and is
necessary to affect the design for a positive prockliability improvement.

To this aim it is necessary to understand the ghysnechanisms involved
in working in the different conditions the produst specified for, so as to
anticipate potential problems.

Reliability verification ensures meeting customerdiability objectives.
This reliability engineering activity takes placé&her as process reliability
assessment or as design maturity testing. In tts¢ dase it focuses on the
development of a fundamental understanding of Hgpia's inherent reliability
and provides the basis to develop a realistic acatdd design maturity test.
Design maturity testing demonstrates that produstamer’s needs will be met
when it is exposed to demanding conditions.

Analytical physics is designed to collect knowledgigout a product’s
physics of failure, understanding how and why mufaimay occur.

If we analyse, more specifically, Historically, théevelopment of
electronic and optoelectronic producgsality and reliability assurance over the
last thirty years, we can observe that there haersla shift from end of life
testing to assurance techniques that move to tm &nd of the process, up to
the design itself. Steps in this direction werestakrom the end of the seventies
[2]. During the eighties the idea of "wafer leveliability" for microelectronic
devices was introduced.

In those years the reliability community startedléal with the limitations
of applying traditional accelerated product lifstteand the wafer level reliability
measurement techniques, to resolving very low failates [3]. It was clear that
the reliability engineering and manufacturing conmityi would have to take
over with the challenge of continuously decreasiaijure rate for complex
systems. In this direction, different contributiomere published, auspicating the
use of a new building-in approach to reliabilityo @chieve this objective it was

necessary to review the essential features oh#usapproach and contrast them
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with those of the traditional approaches, idemtifyiobstacles in accepting the
building in reliability approach and suggesting wdg overcome them, so as to
propose a way to facilitate the implementationhid ipproach [4].

Meanwhile, technological innovations were providintggrated circuits of
increased functionality and complexity. Design $oaided a new multiplicity of
products.

Traditional qualification procedures could not ke@ace with this
evolution with respect to requirements of prodediability, ability of qualifying
the multiplicity of future products, and market damds for saving cost and time.

Market and manufacturers were asking for the deweént of a new
reliability assurance concept. It had to take iatount design tools, basic
product elements, materials, manufacturing pro@ss$ controls, as a whole
system, to be qualified with respect to the coesisy and efficiency of all of the
implemented reliability assurance measures. Then ppart of this concept was
the qualification of the manufacturing technology. [

Terms as built-in reliability and proactive processitrol were coined at
that time.

The reliability assurance activities were movingredily into the
production lines and their inputs.

The term "proactive” was taken in its literal meapias “(of a policy or
person or action) controlling a situation by cagssomething to happen rather
than waiting to respond to it after it happens”, [& opposed to the traditional
approach, which was focussed on "reactive" polifiath reference to the literal
meaning of "reactive"”, “(of a policy or person astian) tending to react to a
stimulus”) [7].

The differences in the two approaches, for religbiassurance, are
relevant. The traditional, reactive approach, isfact essentially based on

measuring reliability of the ultimate product ingfimg, with lifetests, the values
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for mean time to failure (MTTF) or mean time betwdailures (MTBF), and
using burn-in techniques to screen production firmi@nt mortalities.

The high level of built-in reliability associateditiv the majority of the
electronic and optoelectronic devices, modules aygtems today make the
traditional reliability assurance techniques piadty unaffordable.

Demonstrating reliability levels of few FITs woulteed impracticably
large sample sizes and testing periods, contrastitig market demands for
saving costs and time.

The proactive approach to reliability assurancenedea new set of issues
to the manufacturing industry such as the idemtifon, control and elimination
of the causes for component failure. The idea isageess the reliability, in
general of a product, in the very product line, dgntrolling all the input
parameters implementing a proactive manufacturiftge approach is one of
“total" reliability management, in which the efferof devices manufacturers,
suppliers and customers are coordinated in antefégpartnership.

At the present time, as already anticipated dutivegylast decades of the
past century, the strength of the global competifar the development of new
products in a short time, the shortening of prosllié cycle, and customers that
are more and more demanding, have motivated leazbngpanies to renovate
their new product procedures in the form of a stgge new product process.
The aim is to obtain built-in reliable products abfe of meeting customer’s
expectations.

A stage gate system is a conceptual and operatioadlmap for moving a
new product project from idea to launch.

This method divides the effort into distinct stagesparated by
management decision gates.

Reliability, with all its three upper mentioned iatttes, fully supports a

stage gate product development cycle starting whe product conception,
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continuing trough final product obsolescence. Ithien essential in designing a
reliable product capable of meeting, when expressestomer’s expectations.

Understanding the requirements of new technologiesew products is a
very basic issue.

Different than in the past, today customers, in yneaises, no longer set
requirements in detail. They actually rely on mawctifirers to understand their
needs. Consequently, for leading companies tramisigrcustomers requests into
reliable products is a great challenge.

Customers’ expectations for reliability predictionan vary quite
significantly, especially when dealing with worldiei market and a wide range
of applications. This said, it's clear that customeequirements can be either
quantitative or qualitative.

Quantitative reliability requirements are the orwsarly expressed in
terms of device or system specifications, detemginiargets concerning the
function to be performed, the operating conditiansl the criteria for approval
testing.

Qualitative requirements are the ones expressestandards generally
dealing with quality and reliability assurance. Beging on the application field,
aerospace, defence, automotive, telecommunicagton,those requirements may
be more or less stringent.

The main objectives of standards are [8]:

— the standardization of configuration, operating dibons, test
procedures, selection and qualification of comptsiematerials and
production process, logistical support, etc.;

— the harmonization of quality and reliability asswe/management
systems;

— the agreement on terms and definitions.
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As written before, a company providing devices khalst of industry
standards specified and marketing specificatiomg well defined.

Previous to the release of a new device for massufaeturing, it must
undergo a full qualification exercise accordingte industrial standards that are

current in the market geographic area foreseethébusiness.

TELCORDIA TECHNOLOGIES GENERIC REQUIREMENTS

This work deals with the standard procedure for egen reliability
assurance of optoelectronic devices used in telewoncations equipments
expressed in Telcordia GR-468-CORE, Issue 2, 20p04.

This standard presents the Telcordia view of pregageneric reliability
assurance practices for most optoelectronic dewises in telecommunications
equipments. The expressed generic requirementslisbtauniform methods,
controls, and procedures for testing optoelectrdeidces.

The Telcordia standard process implements Telecarnatons Act 1996
directives relative to the development of industvide generic requirements
relating to communications equipments.

Generic requirements represent high-quality, vendeutral technical
specifications. These provide the Telcordia viewfposed generic criteria for
telecommunications equipment, systems, or sengoaesidering factors such as
interoperability, network integrity, funding-cliergxpressed needs, and other
inputs.

Telcordia General Requirements are widely utilizeeferenced, and
accepted worldwide especially in assuring religbibn optoelectronic devices
for telecommunication applications.

Telcordia Technologies is a leading global providetelecommunications

software and services for IP, wire lines, wireleasd cable networks. It
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represents the former research and developmertiativof the Bell telephone
companies. Telcordia Technologies changed its nfaome Bellcore in 1999 to

mark its new focus on combined voice and data nédsvand independence from
the Bells. In 1997 appeared the Bellcore Methodsbge the application of the
Military Standard Handbook was not satisfying ormmaeercial products. At

present, pursuant to the previously mentionedTadtordia invites all interested
parties to participate in the ongoing evolutionganeric requirements for the
telecom industry.

Open standards such as Telcordia General Requitembpenefit
consumers, enterprises, service and network pros/igguipment suppliers, and
even countries by promoting interoperability, ict@rnection, and innovation,
stimulating competition among service providers asdppliers. At the
conclusion of the generic requirements developmeel;ordia publishes them
and they are available for license.

The Telcordia standard GR-468-CORE calls for susfaésompletion of
stringent benchmark tests to demonstrate requibdbility for optoelectronic
devices used in telecommunications equipment.

These requirements must be passed prior to fieltallation by
telecommunication equipment suppliers to ensurg lkbevices lifetime even in
very harsh operating conditions.

The general requirements expressed in Telcordid8RCORE provide
the test programs, sequences and sample sizeshdogualification testing
exercise. Considering that those stated in thisuchent are just general
requirements, qualification programs may be accepte part or in whole
depending on the device or system design pecidisudnd on expressed requests
by customers.

This standard, with the purpose of qualificatioriodf cost reduction,
allows [9] the use of non conforming devices fonarireasons. This may be, for

example, the case of devices, outside a specdicdr optical wavelength,
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because of a different temperature setting invghim a peak frequency shift
respect to the ITU grid. In this case the choiceemiploying non conforming
devices in the qualification exercise should bartyedocumented by the device
manufacturer or supplier.

This work deals with the reliability assurance ttoe Pirelli Tunable Laser.
In particular it will be demonstrated how the Hirdynamically tunable laser has

successfully completed all Telcordia standard GR-@®RE testing.
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CHAPTER 2

DEVICE BRIEF DESCRIPTION

When dealing with the planning of the reliabilitgtiaities to perform on a
product, at any stage of its life cycle, an exhaasstructural and functional
knowledge is requested.

A detailed comprehension of the product is the sad in identifying its
critical states. When recognized, the reliabilitygmeers need to identify the
proper tests and loads as to stress the foresaidugir critical aspects in a
proactive logic aimed to define a built in reliapl@duct.

Scope of this chapter is to give a general ovenoéwstructural design of
the device and to point out contingent problems raliability point of view.

Functional aspects will be widely discussed in ¢diap when dealing with

optical and electrical characterization.

PIRELLI DTL C-13050

Dynamically Tunable Laser DTL C13 Series is a hpghver full C-Band
tunable laser source. It is a continuous wave pateravity laser for advanced
optical network systems.

DTL C13 has been designed to tune over the entibar@ on the ITU-T
50 GHz channel grid with high spectral purity arebuency stability. It has been
also designed to meet Telcordia GR-468-CORE quatibn requirements.

Externally appears as a hermetically sealed 2@®ypiterfly packaging.

Primary addressable application for Pirelli tundbakeer is its exploitations

in wavelength and dense wavelength division mkplg systems.
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Tunable lasers offer the potential to significantBduce the required
number of inventory lasers and costs. With fixed/&angth lasers, as a matter
of fact, service providers need great stocks idesafor each wavelength in
operation, entailing enormous costs.

Tunable lasers are the key in the evolution to mégarable networks in
wavelength division multiplexing systems. For thesasons it is necessary that
those sources should have the same characteonst#cshe whole tuning range.
Moreover the device should be only marginally expen than its fixed
counterpart.

All the previously mentioned information point dbat:

— the device is provided with an hermetic packagensequently
mechanical and environmental tests need to be noeefib to assess
reliability for sealed devices;

— the device addressable market is the one of the Wdbi DWDM
networks. Consequently tests must be carried outetnonstrate at

least a stable carrier optical power and chaneeuency.

WHY AN EXTERNAL CAVITY LASER

A Fabry-Perot laser comprises an active gain medamaeh two external
mirrors providing feedback for oscillation. All tHasing modes are determined
by the half-wave resonance condition, and the nemheing depends on the
cavity length. Cavity length and gain bandwidth smeh that many modes may
oscillate simultaneously. Multimode behaviour tetm$éimit the applications for
which Fabry-Perot devices are suitable. Such ahasted to the development of
more complex geometries providing single mode dpmrawith high spectral

purity. Most common among these are the distributeddback and the
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distributed Bragg reflector lasers, which both rely scattering from periodic
structures to provide frequency selective feedback.

Broadband tuning especially for distributed feedtblasers over ranges
comparable to external cavity lasers has beenrdig10], but line widths of
these lasers are two or three orders of magnitudader than that obtainable
with external cavity devices.

The easiest way to obtain a widely tunable lasty rmake a DFB array by
integrating great number of different single fregeye DFB lasers on a single
chip. DFB array imposes a trade-off between thentumange and the output
power [11] because of the increasing losses irttlpler as the number of DFB
lasers is improved.

Other monolithic solutions have been proposed afidoaind tuning has
been demonstrated, but they suffer from complicateding mechanisms
requiring the control of three or more currents|[123]. Moreover, they need an
additional optical amplifier to boost the outpuinzs.

Simple wavelength tuning can be achieved using stermal cavity
wavelength tunable laser, with a widely tunableefilin the free space part.
Different kind of external tunable cavity lasersvléabeen proposed with the
tuning mechanism based for example on micromechhbsigstems [14] or on
acousto-optic filters [15].

Simple scheme and tuning mechanism could be adhiewegrating a grid
generator into the laser cavity combined with aahle filter to select a specific
channel [16]. Compact configurations has been megaonsisting of a gain
chip, a phase section and a free space with ar@dlhg lens, a fixed etalon, used

as a grid generator and a liquid crystal basedolermairror [17].
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Figure 1: Layout of an external cavity wavelengthatble laser.

CAVITY

The DTL is an external cavity laser consisting offeav intra cavity

components with no moving parts needed to achiavaility.

Cavity incorporates:

a single angled facet high power gain chip withadiimand low modal
reflectance at the angled facet and an optimunectthce at the
normal facet;

a collimating cavity lens;

a phase controller avoiding the need for a mechaniming of the

cavity length;

an etalon providing a tight selectivity of a cavitypde aligned with the
ITU frequency comb;

a liquid crystal based mirror for which the tundpilis obtained by

means of the voltage applied to its two leads.
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The integration of the phase control avoids thedrfee mechanical tuning
of the cavity length.

Key element in reaching the full C band tunabiigya liquid crystal based
tunable mirror fully developed in Pirelli.

The frontal part of the device, included inside thatterfly package,
incorporates two collimating lenses, a beam spléatel a monitor photodiode.

The device requires two parameters to tune the leragth over the whole
band, namely the phase current and the voltagetbgdunable mirror.

Pirelli developed a proprietary assembling prodbas under the reduced
number of the constitutive elements reduces thenalsly time, increasing the
manufacturing yield thus minimizing the overall @=v cost. All the optical
components are mounted using an in house develapedwelding technique. A
full customized apparatus, integrating the previooesntioned laser welding
station, performs, with extremely high precision, fidly complex routine
controlled automatic alignment of the parts by nseairhigh automated stages.

The block descriptive provided explanation emplessiother critical
iIssues related to the device:

— all the parts included in the device must meet nikeds for Pirelli

DTL. A supplier approval procedure and its furnsheart
qualification are requested;

— optical alignment of the parts is a critical issneassuring the cavity

stability. Tests must be performed to ensure thé@yceobustness;

— gain chip, etalon and tunable mirror fine thernatlian is requested,;

— welding and fixing resins robustness must be enlsure
Telcordia reliability assurance criteria recognifee different levels of

optoelectronic devices assembly, that from the toteethe higher level of

complexity are: wafer level, diode level, sub madidvel, module level and
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integrated level. In particular, depending on thevel assembly testing
procedures may change.

Pirelli dynamically tunable laser, according to doetlia definition is
placed at a module level, in fact it is a relatyvaimall hermetically sealed
assembly containing a chip laser, a monitor photdeli an optical bed as carrier
structure mounted on a thermoelectric cooler, twider@nt thermistors as

temperature sensors, a package with leads anéraojihic pigtail.

TUNING MECHANISM

Pirelli dynamically tunable laser tuning action dogot include any
mechanical or thermal action. This peculiarity assia great repeatability of the
tuning action accomplishing excellent charactarsstif speed and reliability.

The etalon is suitably designed to ensure a tighgcsivity of a cavity
mode aligned with the ITU grid frequency comb. Tlaser can operate on a 100
or 50GHz spacing grid depending on the etalon spleatharacteristics.
Fundamental parameter for the alignment to the ¢jfid is a fine control of the
temperature of optical bed by means of thermoeatectoler.

The stability of the selected operating grid freggyeat the operating case
temperature is guaranteed by means of an activérotoalgorithm which
provides for an effective wavelength locking fupaility without the
introduction of an external or packaging integratedvelength locker device.

The tuning action, in general, is realized by apwydifferent driving
voltages to the Pirelli liquid crystal mirror seiieg only one peak from the
etalon comb. The mirror design includes a diffiaetioptical pattern that
provides for a wavelength independent reflectivihigdulating with the voltage

the refractive index of its whole structure.
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ACTIVE CONTROL ALGORITHM

A control algorithm ensures stability and repediigbiof Pirelli DTL,
allowing the laser to be effectively locked to Hatected ITU grid frequency.

The control loop adjusts both the current of thagghcontrol element and
the voltage over the tunable mirror to achieve outpower and frequency
stability. Furthermore setting the injection cutrehthe gain chip is possible to
fix the power at the desired level value.

Pirelli DTL is intrinsically stable; the role oféhcontrol algorithm is just to
prevent degradations of the cavity phase occurdog to aging or strong
temperature changes as will be extensively explainethe chapter relating to
the optical characterization, after the descriptiminthe power output and

frequency dynamics.

M ECHANICAL DIMENSIONS

Pirelli DTL mechanical is contained in a standamtnhetically sealed
butterfly package (30mm X 12.7mm X 10.5mm) with@es with a pin-distance

is1.27 mm.

PIN Function PIN Function

1 TEC Anode 26 TEC Cathode

2 Monitor PD Cathode 25 LD Cathode

3 Monitor PD Anode 24 LD Anode

4 Environmental Thermistor 23 NC

5 Environmental Thermistor 22 Phase element
6 Optical Bed Thermistor 21 Phase element
7 Optical Bed Thermistor 2(] NC

8 Tunable Mirror 19 Tunable Mirror
9 NC 18 NC

10 NC 17 NC

11 NC 16 NC
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12 NC 15 NC

13 GND 14 GND
Table 1: DTL C13 Pin-Out

ELECTRICAL AND OPTICAL SPECIFICATIONS

Qualitative reliability can be performed by a pseciknowledge of the
device in terms of materials, parts and assemldgqutures which directly point
at the final product.

Quantitative reliability instead, relates to theealy expressed
requirements in terms of device or system spetifing, determining targets
concerning the function to be performed, the ojggatonditions and the criteria
for approval testing. It is thus that, in assessjugntitative reliability, all the
product features must be clear in the mind of élialility engineer.

Some of the optical and electrical specificationdhe Pirelli DTL C13
050 are subsequently briefly summarized in theewldelow listed. All the
expressed parameters are specified over lifetintieirwa -5++70 ° C operating

environmental temperature ranges.

Symbol [ Spec)] Unit | | Symbol| Spec/ Unit
Arance | >35 | nm| | SMSR| >45| dB
VsTEP 50 | GHz AFg +1 | GHz
Pourt 13 | dBm| | Tyam wl 20 S

APour eoL| <t1 | dB Porr | <-35/dBm
Table 2: Pirelli DTL C13 Optical Specifications

Symbol [ Spec] Unit
ILD | <400 mA

Perase_eL| <5001 mW
P 3 W
Table 3: Pirelli DTL C13 Electrical Specifications
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CHAPTER 3

RELIABILITY ASSESSMENT

Reliability assurance main issue is to verify théability of a given item,
whether it is a material, or a component, or aerasdy, or a system, for a stated
application and amount of time. The reliability @ssment process involves
many actors and the product itself in differentggsof its lifecycle. It includes
the prior qualification and lot to lot controls tife parts, implicating a supplier
effort, commonly known as supplier or vendor appitpwn as suring that the
specific supplied devices meet the needs of theufaaturer, feedback and
corrective action procedures and device final dggation.

Typically final qualification is the last effort im built in reliability
approach, ahead of the release of a product, gricom the design assessment to
the production phase, passing through a transijpimase by means of
prequalification exercises directed to define theppr screening to prevent
infant mortality failures from escaping to the @mser.

The prequalification process is characterized gy l#tk of a universally
accepted system [18]. This has led to the develapwiea number of proprietary
prequalification systems together with an overarate on human judgment for
assessment in practice. To improve the reliabéitg objectiveness of decisions
being made, prequalification needs to be carrigdow more rational basis.

In general a good prequalification exercise dirctiey means of test
vehicles and subassemblies, to assure the proeddbhea product choices moves

from a reliable admission of the critical states.
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QUALIFICATION

This activity, actually completely supported byemtational standards,
needs a careful planning, in particular it is intpot to allocate the correct
number of devices to the selected tests amongriée iequired to assure that the
product is able to successfully satisfy the reqnéerts expressed in the reference
standard.

Devices qualification has two primary segments [19]

— characterization of the qualification process idth to confirm the
ability of the device to meet the equipment mantufisr’'s
performance requirements;

— the mechanical and environmental stress testinth@fqualification
process intended to verify that the basic devicgieand fabrication
materials and processes are sound, and can betexpecprovide
adequate long term reliability.

Below are listed the different pass/fail mechanaa environmental tests,
requested by Telcordia GR-468-CORE Issue2, Sept.200 qualification of
optoelectronic devices.

After each test is requested an exhaustive opteadl electrical
characterization to establish the pass/fail resfiithe performed test on the
selected number of devices.

Next chapters provide a detailed description of élextro/optical device

characterization procedure, the qualification ptgh and pass/fail criteria.

ACCELERATED TESTS

The reliability tests employed are chosen basetherfailure mechanisms
of interest to the reliability engineers, as di#ier stress tests accelerate different

failure mechanisms.
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Reliability tests in general utilize temperaturepisture or humidity,
current, voltage, and pressure as stress fact@asctlerate failure.

Performing reliability under normal operating cdi@hs requires a very
long time and the use of an extensive number dsumder test, so it is usually
costly and impractical. This has led to the develept of accelerated life testing,
where the devices under test are subjected to nsekere environment
conditions, increased or decreased stress leviets) the normal operating
environment so that failures can be induced incatgseriod of test time.

Information obtained under accelerated conditioss then used in
conjunction with a reliability prediction in assegsthe reliability of components
and products under normal operating conditions.

The idea of accelerated testing is then to redune, taccelerating the
failure mechanism in a compressed testing peridd. perform this activity is
necessary an extensive capability to simulatehallégnvironmental life hazards
conditions placed on product in a reasonable stwowt period. Accelerated
testing, means aging by stressing the failure maagsoving the chances for
failure occurring in a reasonable short time.

Accelerated testing must be carefully designedddoean not exceed the
product design capability, avoiding the occurrermfe inconsistent testing
failures.

The stress tests suitable for optoelectronic dsyiogdules and systems
include mechanical integrity tests and both poweradd non-powered

environmental stress tests.
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MECHANICAL TESTS

These tests are planned to demonstrate the capatilithe device to
endure to mechanical shocks and vibration as magicur due to roughly
handling, transportatidror operation in the field. Thus all the deviceslemtest
are not working during the tests but each of theumstrbe appropriately measured

before and after each test.

VIBRATION
In vibration test, the devices under test, secareé proper bearing with

leads and fiber adequately protected are fixed alyreamic shaker bench and
subject along a direction to a previous selectdatation profile. This can be
either sinusoidal or random. Telcordia GR-468-COREue2 refers to the
procedure appearing in MIL-STD-883E, Method 200A/ration Variable
Frequency. This is a destructive test and is peréor for the purpose of
determining the effect on component parts of vibrain the specified frequency
range.

This method requires the devices under test toibeated with simple
harmonic motion having either peak to peak ampditati0.15cm+10% or a peak
acceleration of the specified test condition A,0B,C. The vibration frequency
shall be varied approximately logarithmically beéne20 and 2,000Hz and must
return to 20Hz in not less than 4 minutes. Thidewbhall be performed 4 times
in each of the orientations X, Y, and Z, for a tathtwelve times. This method

specifies the different test condition peak acegiens
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Condition Peak acceleration
A 20g
B 509
C 709

Table 4: MIL-STD-883E, Method 2007.3, test conditions

In particular for all the devices covered in GR-4B@RE the applicable
condition is A. After completion of the test, antexal visual examination of
package, boot and leads is performed. At conclusidhe whole sequence each
device is subject to electro optical characteraratiFailure of any specified
measurement or examination evidence of defectse@ackage, boot and leads

or illegible markings, not caused by fixturing, Ble considered a failure.

MECHANICAL SHOCK
In mechanical shock test, the devices under testired on a proper

bearing, are fixed on a dynamic shaker bench amesiin each of the six
spatial orientations, for a fixed number of timés, an acceleration pulse.
Telcordia GR-468-CORE Issue? refers to the proeedppearing in MIL-STD-
883E, Method 2002.4, Mechanical Shock. This testtsnded to determine the
suitability of the devices when subjected to faislvere shocks as a result of
suddenly applied stresses or abrupt changes inomgiroduced by rough
handling, transportation, or field operation. Thesting equipment shall be
capable of providing shock pulses of 500 to 30,@0@vith pulse duration
between 0.1 and 1.0ms to the body of the device.adeeleration pulse shall be

a half-sine waveform with an allowable distortiast greater than £20 percent of

! Transportation is defined as when the product tsainsit from the warehouse to the customer.
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the specified peak acceleration, and shall be nmedsas clearly expressed in the
method, by a proper accelerometer [20]. UnlessroiBe specified, the device
shall be subjected to five repetitions of a shoals@ of the peak acceleration
level specified in the selected test condition fomdhe duration specified in each
of the orientations +X, +Y and +Z. This method dfies the different test
conditions

Condition Peak acceleration Pulse Duration
A 500g 1.0ms
B 15009 0.5ms
C 3000g 0.3ms
D 50009 0.3ms
E 10000g 0.2ms
F 20000g 0.2ms
G 300009 0.12ms

Table 5:MIL-STD-883E, Method 2002.4, test conditions

In particular for all the devices covered in GR-4B@RE the applicable
condition is A for components and modules. In theecof integrated modules,
the applicable test conditions depend strictly ba mass of the device. In
particular GR-486-CORE identifies two different veg@ments in terms of peak

acceleration and pulse duration depending on trss m&the device.

Mass Peak acceleration Pulse Duration
<0.255Kg 300g 3.0ms
>0.255Kg &<1.0Kg 509 11.0ms

Table 6: Test conditions depending on the mass dddhiece

After completion of the test, an external visuahmnation of package,
boot and leads is performed. At conclusion of ttmle sequence each device is
subject to electro optical characterization. Failaf any specified measurement
or examination evidence of defects to the packbget and leads or illegible

markings, not caused by fixturing, shall be consdea failure.
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THERMAL SHOCKS
Thermal shocks are planned to test the packageetierimtegrity of a

module. Telcordia Gr-468-CORE Issue?2 refers to ¢mmlA of the procedure
appearing in MIL-STD-883E, Method 1011.9, Thermab&k. Thermal Shock is
performed to determine the resistance of the partsudden changes in
temperature. The parts undergo a specified numbaydes, which start at
ambient temperature. The parts are then exposedntoextremely low
temperature and, within a short period of time,asqal to an extremely high
temperature, before going back to ambient temperallhe procedure lists three
sets of test conditions, for example using hot emid bath temperatures. In the
actual case of this qualification exercise, speosrere tested by means of a two
zone vertical shock chamber, capable to completes¢thected number of cycles
moving from the cold to the hot chamber.

Mil-Std-883, Method 1011 specifies:

— total transfer time lower than 10 seconds;

— total dwell time greater than two 2 minutes;

— specified temperature reached in lower than 5 rasjut

— a minimum of 15 cycles.

The test conditions are below listed

Condition | Low Temp.(°C) | High Temp.(°C)
A -0 (+2/-10) 100 (+10,-2)
B -55 (+0/-10) 125 (+10,-0)
C -65 (+0/-10) 150 (+10,-0)

Table 7: Mil-Std-883E, Method 1011, Thermal Shock tesditions

In particular Telcordia GR-468-CORE suggests fol &kermetic

optoelectronic devices condition A.
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Failures due to thermal shock depend on:

— the difference between the high and low temperatused;

— the transfer time between the two temperatures;

— the dwell times at the extreme temperatures.

After completion of the test, an external visuahmnation of package,
boot and leads is performed. At conclusion of thml sequence each device is
subject to electro optical characterization. Failaf any specified measurement
or examination evidence of defects to the packbgef and leads or illegible

markings, not caused by fixturing, shall be consdea failure.

NON POWERED ENVIRONMENTAL STRESSTESTS

These tests are planned to demonstrate the capatilithe device to
withstand the high and low temperatures encountetedng storagé and
transportation. All the tested devices are not pedeluring the tests but each of

them must be appropriately measured before andesdth test.

HIGH TEMPERATURE STORAGE
The high temperature storage test is performecdeterchine the effect on

devices of long-term storage at elevated tempaatwithout any electrical
stresses applied. High temperature storage cersigtoring the devices under
test at the specified ambient temperature for @ispe amount of time. Long
term high temperature storage tests are requiredTélgordia reliability

assurance test procedures [21]. High temperaturagst is effective for the

% Storage is defined as any time the product is gogett but not in transit, such as sitting on a dwdk a
warehouse.
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reliability testing and literature is reach of ex#es showing that this test
stimulate failure modes as oxidation, bond and fe@sgh intermetallic growths,

etc., in much the same manner as high temperapgeting tests. Any oven or
thermal chamber capable of providing controlledvaled temperature may be
used for this environmental test. After completadrthe test, an external visual
examination of package, boot and leads is perforiAedonclusion of the whole

sequence each device is subject to electro omtieaiacterization. Failure of any
specified measurement or examination evidence feictieto the package, boot
and leads or illegible markings, not caused byufixig, shall be considered a

failure.

LOw TEMPERATURE STORAGE
Low temperature storage test consists of storiegdivices under test at

the specified ambient temperature for a specifradunt of time.

Long term low temperature storage tests pointed josit few failure
mechanisms [22] and therefore according to TeleodR-63-CORE, a three
days low temperature storage test is required abikty assurance test
procedures. Any freezer or thermal chamber capaipeoviding controlled low
temperature may be used for this environmental Adstr completion of the test,
an external visual examination of package, boot kadls is performed. At
conclusion of the whole sequence each device igesulto electro optical
characterization. Failure of any specified measergnor examination evidence
of defects to the package, boot and leads or ldlegnarkings, not caused by

fixturing, shall be considered a failure.

TEMPERATURE CYCLING
Temperature cycle testing, or simply temperaturding, determines the

ability of devices under test to resist extremebyv|and extremely high

temperatures, as well as their ability to withstaydlical exposures to these
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temperature extremes. This test accelerates fatajluees and is preformed by
means of a thermal chamber according to the regeinés test conditions.

The purpose of this test depends on the level efotitoelectronic device
being tested. In the case of a module the intertb i€nsure the long term
mechanical stability of the optical alignment withihe module package. In
particular the failure mechanisms that are acceldrdy thermal cycling are
those related to mechanical stresses caused byfeaedce in the thermal
coefficients of expansion in the used materialécdrdia GR-486-CORE, Issue2
refers to the procedure appearing in MIL-STD-883Method 1010.7,

Temperature Cycling. This method specifies thead#iiit test conditions

Condition | Low Temp.(°C) | High Temp.(°C)
A -55 85
B -55 125
C -65 150
D -65 200
E -65 300
F -65 175

Table 8: Mil-Std-883E, Method 1010.7, Thermal Cycltegt conditions

with a total transfer time from hot to cold or frarold to hot not greater
than one minute, a dwell time shall greater thannnutes with load reaching
the specified temperature within fifteen minutesheT Telcordia general
requirements arrange, for optoelectronic devicess Iharsh test conditions in
terms of low and high temperatures, dwell time eardp rate. Dwell time in this
test is particularly important issue. It must bege@nough for the device, module
or subsystem to reach dwell temperatures. After pdetion of the test, an
external visual examination of package, boot anaddeis performed. At
conclusion of the whole sequence each device igesulto electro optical

characterization. Failure of any specified measergnor examination evidence
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of defects to the package, boot and leads or ldlegnarkings, not caused by

fixturing, shall be considered a failure.

DAMP HEAT
The simultaneous application of temperature andidityris an extremely

important test to assess reliability of hermeticalhd non hermetically sealed
devices. Telcordia GR-486-CORE, Issue?2 refers ¢optocedure appearing in
MIL-STD-202G, Method 103B, and IEC 60068-2-3 Tengtere Cycling. This
method specifies the different test conditions. Alle procedure can be
performed in any climatic chamber avoiding cond&osadripping upon the
devices under test. At conclusion of the whole sega each device is subject to
electro optical characterization. Failure of anyeafied measurement or
examination evidence of defects to the packaget bod leads or illegible

markings, not caused by fixturing, shall be consdea failure.

FIBER INTEGRITY TESTING

With the issuance of Telcordia GR-468-CORE, Issue rdiability
assurance for optoelectronics devices qualificatiboptoelectronic devices, in
September 2004, the requirement to perform fibsting has been expanded to
beyond what had been previously known as fibertesling.

The listing of Mechanical Integrity Tests in Taldk3 of Issue 2 references
three tests which are required for all optoeledtramodules and integrated
modules with fiber pigtails. While the test conalits vary in consideration of the
fiber pigtails being coated, tight-buffered versusse-buffered or reinforced, the
modules are to be subjected to the following:

— fiber integrity cable retention test;

— fiber integrity side pull test.
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CABLE RETENTION TEST
The intent of this test is to mechanically stréss interconnecting device

to fiber optic cable joint in tension.

The results of this test provide an indication @shie relative strength of
the cable to interconnecting device joint and itynadso indicate degradation
resulting from prior environmental exposure. Thegedure for this test appears
in TIA3, TIA-455-6-B, FOTP-6, Cable Retention Té&sbcedure for Fiber Optic
Cable Interconnecting Devices.

For the pigtails covered in this document a wemfhd.5Kg, is applied to
the secured cable at a minimum of ten centimetr@® fthe loose end of the
fiber, and is maintained for one minute.

At conclusion of the whole sequence each devicilgect to an optical

characterization in determining whether the depiasses or fails the test.

SIDE PULL TEST
The intent of this test is to mechanically stréss interconnecting device

to fiber optic cable joint in tension.

The results of this test provide an indication @shie relative strength of
the cable to interconnecting device joint and itynadso indicate degradation
resulting from prior environmental exposure. Thegedure for this test appears
in Telcordia GR-326-CORE, Transmission with Applieehsile Load.

% Telecommunication Industry Association (TIA) is mmtited by the American National Standards
Institute (ANSI) to develop voluntary industry stiands for a wide variety of telecommunications
products. TIA's Standards and Technology Departisesamposed of five divisions which sponsor more
than 70 standards formulating groups. The comnsitse®l subcommittees sponsored by the five divisions
(fiber optics, user premises equipment, wirelesaroanications, communications research and satellite
communications) formulate standards to serve ttesiny and.
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For the pigtails covered in this document a wefifd.25Kg, is applied to
the secured cable at a distance between twentyahddwenty eight centimetres
from the device housing at an angle of ninety degjre

At conclusion of the whole sequence each devicilgect to an optical

characterization in determining whether the depiasses or fails the test.

OPERATING LIFE TEST

In addiction to the accelerated above explainedatimg life test could be
performed for the purpose of demonstrating theiyuahd reliability of devices
subjected to the specified conditions over an elddriime period.

Either a static or a dynamic condition may be usdhending on the
device type.

The devices in use for this test are supplieda@tbhximum rated injection
current, phase element current and voltage valxgsessed in the product
specifications sheet. Moreover they are maintaiaédthe highest working
environmental temperature. The devices are consdguained on highest
channel at their higher optical power out value.

Sometimes this testing method is addressed ascafeaated testing under
worst case operating conditions for a given device.

The extrapolation of data for FIT rate does nolude any electrical or
thermal acceleration.

Life test studies, collecting lifetime data undearefully controlled
operating conditions can help a manufacturer toelbgv statistical models to
predict devices lifetime under intended operatiogditions.

To obtain statistically meaningful data, life tetiidies normally involve a

great number of devices examined for long periodst least 5000 hours and
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often extending beyond a year. This methodologyphsiously cost effective
owing to the cost of the devices and for the ressaimvolved.
A detailed description of the life test bench andvide operation

conditions are given in appendix A and in chapter 5
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CHAPTER 4

CHARACTERIZATION PROCEDURE

All the mechanical and environmental tests requebte Telcordia GR-
468-CORE Issue2, Sept.2004 for reliability assueammd qualification of
optoelectronic devices are pass/fail tests. Bedmi@ after each test is necessary
an exhaustive focused characterization to estaltishperformed pass/fail test
result.

In chapter 2, a subset of the device optical aadtetal features has been
considered as relevant in driving the identificataf the pass/fail criteria. The

tests’ outcomes depend, at each characterizateckgtoint, on those criteria.

The mentioned reasons call for a careful desigmeldement with final
characterization/evaluation for the suitable benudwks. Measurement bench
must be also time invariant and repeatability nib@ésénsured.

Characterization process must perform the appr@prizeasurements to
highlight the proper parameter deviations withineith boundary ranges.
Boundary ranges generally depend on the quangtagiguirements expressed in
terms of device specifications.

The measurement type and the observed paramatetty stepend on the
functional features of the device under test. thexefore needed an appropriate
understanding of the device functional mechanispnanieans of an intensive

measurement campaign fully supported with scienlitérature.
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How DOES IT WORK ?

The main issue, dealing with this work, was the arathnding of the
Pirelli DTL wavelength selection due to the intd¢iac of all the intra cavity
parts.

An intensive measurement campaign was carried ot different tunable
lasers, involving all the electrical “adjustablearpmeters. Temperature too,
either internal, or external (environmental or ceseperature), played a key role
in this learning process. In particular the inténesperature can be varied by
changing the packaged thermo electric cooler seit,pthe external one, by
conditioning the device under test in a thermahubar or on a proper mount.

To give an idea on the complexity of the problenfew graphs of the
performed measurements on a device are listed bélbey refer to a subset of
measurements performed at a set 25°C value fof Bt and the environmental

temperatures.

ILD PIRELLI IMONITOR
™ DTL C13050 POPT
PPHASE —> FREQ
TENV

Figure 2: DTL Black Box Learning Process Approach

The idea was to approach the device as a blacknyitbxa series of input
and output parameters. On one side, gain chip mrtenable mirror voltage,

phase current and the two temperatures, on the pltimeodiode monitor current,
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optical power output and frequency respectivelyresenting the inputs and the
outputs.

As a consequence clearly results:
— the tuning action is principally realized by applyidifferent driving
voltages to the liquid crystal mirror, see figuBeand 10.

— Central part of the tuning range is critical regptx the channel
selection. Figures 3 and 10 clearly demonstratéhia range, the
greater density of channels per unitary voltageatian.
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Figure 3: Frequency Map with Pphase=0mwW
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— The tuning action is secondly realized, as depiatefthure 4 and 11,
respectively either by applying a different drivimgection current for
a fixed phase controller current, or by applyingdifferent phase
current for a fixed gain chip. This effect, progeknown as mode

hopping, in both cases is the result of the indubednal effects.
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Figure 4: Frequency Map with Pphase=0mW Detail

Figures 5, 6, 8 and 9 describe the amplitude phadedcurrent and optical
power output variations versus two simultaneousepsdor chip injected current
and tunable mirror applied voltage at a fixed phaseent.

Figures 12 and 13 illustrate the optical power out@riation versus two
simultaneous sweeps for phase current and tunaibiernapplied voltage at a

fixed chip injected current.
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IPD=f(ILD,VTM)

i
i tﬁnmlld

v
BT s
2 e
R
4l I
7 e

1200

00 IPDHuAy

O
% S
265 S5 Sk 5 "“‘t‘
A SR P L ot
'ft‘?%it‘?:%‘?&\'%J“"
S R, 5
S
“":3 " 7

Sty
o
el

ILD{mA)

0

T

MR
el M
32

28,35 VTM{VRMS)

Figure 6: Monitor Current Map with Pphase=0 Detail

-43 -



IPD=f(ILD.VTM)
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Figure 7: Monitor Current Map with Pphase=0 De2ail

From a careful analysis of the surfaces illustratefigures 5, 6, 7, 8, 9, 12

and 13 it results:

— the structure is discrete in amplitude, eithertfer photodiode current
or the optical power out. This effect is inducedtbg etalon action on
the gain chip mode hopping. In both the measuremsetulps, indeed,
an increase of the temperature is achieved inecrga$ie gain chip
injection current in a case, or the phase currenthe other. Both
refractive index and band gap temperature deperedengly cavity
modes pattern and gain curve variatibh [The gain chip curve shifts
to higher wavelengths modes or conversely to lofneguencies, as
clearly illustrated in figures 4 and 11. Becausé,ofhen a mode does
not exhibit sufficient gain, the lasing wavelengimps to another one

with sufficient gain for lasing.
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— Optical power output and photodiode current levats,both the
measurement conditions, are not constant overalltéiming range.
Figure 7 clearly depicts this effect. It is the alative consequence of
the gain chip variation in band and the dependesfcéhe mirror
reflectance on the applied voltage.

— The optical power output and photodiode currenkdesels are not
constant overall the gain chip current variationffddently, the same
parameters are uniformly aligned to the same valuerall the
dissipated power phase element variation.

This functional difference is the key element ire thvaluation of the
parameters for the tuning action. Appropriatelyuating both the current of the
phase control element and the voltage over theébtamairror, good output power
and frequency stability is achieved. Moreover tagghip injection current can
be set to fix the output power level at the deswatlie. It is than possible to
obtain isofrequential LI curves no more discontusion amplitude, where the

output power depend quasi linearly on the gain aijgrted current.
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Pfiber=f(ILD,VTM)
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FREQ=f(Pphase,ILD,VTM)
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Figure 16: Figures 11 and 13 Merged Cross SectivTm=27.84VRMS

Figures 14 and 15 are two bi-dimensional crossiw®it views of the
previously described 3D maps. They describe thenl#gnces of the photodiode
monitor current, the optical power out and freqyemersus an injection gain
chip current variation in a range from 50mA to 4@QmTunable mirror voltage
Is set to a fixed value and no power is dissipatdtie phase element.

Figure 16 illustrates the dependences of the dptcaver out and
frequency versus a phase element power variatioa mnge from OmW to
400mW. Chip laser injected current and tunable anivoltage are set to a fixed
value.

These two groups of images enclose all the destobservable evidences

obvious in the three dimensional maps.
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CHARACTERIZATION PROCEDURE

The Telcordia standard GR-468-CORE calls for susfaésompletion of
stringent benchmark tests to demonstrate requebdability for optoelectronic
devices used in telecommunications equipment. Ah &heck point the devices
shall then be tested for performance and physitaacteristics, as appropriate.

Telcordia requirement R4-5 recommends for tunadderss to measure the
performance parameters with the wavelength seth& rinimum specified
operating wavelength, the maximum specified opegativavelength, and a
wavelength near the middle of the specified tumargpe.

The device characterization programmes two diffesegps.

The first step, according to Telcordia R4-5, schesiuhree different
channel measurements: the first, the last, andhanatear the middle of the
tuning range. This “middle channel” is chosen ablage value within the range
where the voltage/frequency curve slope is gre#@er.the assumptions at the
previous paragraph, set the channel by optimizivegapplied voltage over the
mirror, the device under test is then characteri@edlving with two consecutive
sweeps in laser diode chip current and phase elecuerent. The first current
sweep is particularly important to state, among ttieer effects, the cavity
stability. Pirelli DTL is intrinsically stable. Theole of the second sweep is to
verify the capability of a control algorithm to pent cavity phase variations
may occur, for instance, at strong temperature gagiinis characterization is
assisted by means of a properly designed and dmelbenchmark monitoring
the gain chip current, the tunable mirror voltatie phase element power, the
optical bed temperature, the case temperaturephbediode monitor current,
the optical power output and the peak frequency dimaracterization bench is
described in the appendix at this chapter.

The second check point characterization step sdbedihe electrical

characterization of all the parts embedded withi@ device. For example, by
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means of a semiconductor parameter analyzer, |#Vesuare acquired for the
gain chip, the photodiode, the phase element, tmermistors and the
thermoelectric cooler. All these analyses are cotatlitaking into account the
boundary ranges expressed in the devices’ speinsa

The output for each device under test optoeled¢tabaracterization is a
formatted file text set ready to be processed.

All the devices involved in the qualification effolare then fully
characterized at their incoming and at each sulesgqurogrammed check point.
Quialification plan, carried forward to the next pte, in fact schedules a test
point characterization set. The interval betweesratterizations depends strictly
on the test, in the case of thermal cycle enviranaidest, for instance, check
points are fixed after 20, 50, 100, 500 cycles.

After each test check point, all the files relattoghe involved devices are
processed and a report comes out. This report fisteach test and for each
characterization point, the DUTs parameters vamatireferred to their incoming
values. All the changes in the parameters accobat lhench introduced
measurement errors. These values are then plattetharts reporting along the
horizontal axis the characterization test time ahwhg the vertical axis the

specific performance value variation.
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Figure 17: Output Frequency Variation Chart

An example for such outputs returned by the dataseluation
application is showed in figure 19.

This chart reports for each device involved in ttemp heat test the
frequency variations referred to the incoming valelated to the middle tuning
band channel. Each device under test is identifrethe legend, by means of its

serial number. The two horizontal red lines repnediee pass fail criteria.
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APPENDIX TO CHAPTER 4

CHARACTERIZATION BENCH

Opt i cal
Characteri za _ -
ti on Bl ock Thernmal i zati on

Bl ock

Figure 18: Optical Characterization Bench Scheme

The optical characterization bench setup can bealigded in three
different functional blocks. The first performs #ile optical measurements. The
second drives the device under test and the lastpoovides the internal and
external thermalization of the device.

The optical measurement block consists of a powa&temand a
wavelength meter, connected to the optical fibemnector of the device by

means of a beam splitter.
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Figure 19: Wavelength Meter

Lasing peak frequency is monitored with an Agileéd6122A Multi-
Wavelength Meter capable to measure the waveleargitoptical power of laser
light in the 12761650 nm wavelength range with an absolute wavetengt
accuracy of £0.3 pm at 1550nm.

The maximum displayed power level is 10 dBm; fas tleason a fixed 5
dBm optical attenuator is used to reduce the pdesel of the input optical
signal. Because the 86122A simultaneously measuudtsple laser lines, it is a
suitable instrument in characterizing dense wawglerdivision multiplexed

systems and the multiple lines of Fabry-Perot Rser

Figure 20: Power Meter and Optical Head

Tunable laser optical power output, reduced byirikertion loss of a beam
splitter, is measured by means of an Agilent Tetdges 81622B optical head
connected to an Agilent Technologies 81618A intaxfanodule placed inside an
Agilent 8163A mainframe. This optical head is desdg for low polarization

dependant loss, low spectral ripple and high reloss. It is provided of a large
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area Germanium sensor for power measurements iogteal range of 850 to
1650 nm suitable for a power range of +27 dBm ©dBm.

The driving function of the DUT is implemented catling the injection
current of the chip laser, the voltage over theabl@ mirror and the current of

the phase element.

Figure 21: Laser Driver and Internal TEC Temperatuwatller

The injection current of the chip laser is providegd means of an ILX
Lightwave LDC-3724B Laser Diode Controller. This ashigh performance,
microprocessor based instruments that offer a bigbility, low noise current
source with an integrated 32W temperature contralpecifically designed for
controlling the current and temperature of lasexdds. These controllers are
known throughout the industry for their reliabilifyrecision, and ease-of-use.

Independent power supplies for laser and TEC curpeavide clean,
isolated power for laser protection and stabiliygreover is provides laser diode
protection including slow start, adjustable currlemit and compliance voltage,
intermittent contact protection, and output shgrtielays are incorporated into
each model.

This controller is used in delivering bipolar currdo the thermoelectric
cooler assuring a steady optical bed temperatuth witypical temperature
stability of 0.01°C.
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Figure 22: Arbitrary Waveform Generator

Voltage generation for the tunable mirror is suggbliby an Agilent
Technologies 33220A Function Arbitrary Waveform @extor.

It uses direct digital synthesis techniques toteraastable, accurate output
signal for clean, low distortion sine waves. ltoatfves square waves with fast
rise and fall times up to 20 MHz and linear rampvesup to 200 kHz. The
33220A can also be used to generate complex custaveforms with 14-bit
resolution, and a sampling rate of 50 MSa/s peimgitthe storage up to four
waveforms in non-volatile memory.

In particular during the characterization proceditrgprovides a sine
waveform with a frequency of 100 kHz, with VRMS tage amplitude
depending on the selected characterization channel.

! z I Volage Ampifior
e

Figure 23: 10X Voltage Amplifier
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The output waveform is then driven through a FL@dibnics AB F10A
Voltage Amplifier. It is a general purpose lineammifier designed for
laboratory use. It is based on a fast high-voltagerational amplifier with a
feedback network chosen to give a voltage amptiicaof 10 times. Any
function or arbitrary waveform generator with lowtput impedance and output
voltage up to £10 V can be used as an input deVice.input protection network
cuts accidental spikes and overshoots. Its outpuéslthe mirror allowing the

full range device tuning and is also monitored veithoscilloscope.

!!!2@5;5 H"‘*"“g 2

Figure 24: Phase Element Controller

A fine phase control is reached with an Agilent BBA& precision DC
power module providing precise control and measerégmin the microampere

region with low output noise and fast output speed.

Figure 25: Case Temperature Controller

The case temperature is set by means of an ILXtwigve LDT-5412 4W

thermoelectric temperature controller optimized dontrolling the temperature
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of laser diodes and photo detectors. The instrunoemtrols and displays
thermistor resistance while delivering bipolar emtrto a thermoelectric module.
The unit’s hybrid proportional-integral control lpoffers fast settling times with
a typical temperature stability of 0.01°C. This mleqg allowing temperature
values overall the entire operative range of theage offers the possibility to

perform temperature device characterizations.

Figure 26: Laser Diode Mount

The device under test is placed on the ILX Lightevd\DM-4980 Single
channel Telecom Laser Diode Mount providing a cochpaasy-to-use solution
for laser diode fixturing. These mount is availatde butterfly 26-pin packages.
This series of mounts accommodates most telecoen lasdule types including
CW, direct modulated (Bias-T), 2.5Gbits/s, 10Ghitsdnd tunable DFB laser
modules. This mount features ILX Lightwave’s stad®-pin D-sub input
connectors with configurable pin designations teoatmodate virtually any
laser diode pin configuration. Zero insertion for@F) sockets and spring-
loaded clamps facilitate ease of mounting.

All the described instruments are remote controleith a dedicated
Labview 7.1 programmed virtual instrument.

This virtual instrument by means of a user friendiyd easy to use

interface, implements all the requested functi@mgtie instruments connected to
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the computer by means of 488.1-1987 IEEE StandagitdD Interface for
Programmable Instrumentation.

This virtual instrument needs a few functional itgun its “main” folder
such as the extremes for a laser diode injectiorrenti sweep and the
correspondent step, the case temperature workirlge,vahe optical bed

temperature the channel of interest and the cutoethtive the phase element.
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Figure 27: Main Folder of the DTL Characterizatioh V

When the device is provided of a fiber optic pigtaith an optical
connector, the optical attenuation due to the trmedoss of the beam splitter

must be expressed in the dedicated field.
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Some parameters regarding the serial number odie¢kize under test, the
saving path folder and the testing time must atséubnished.

When running the program outputs a set of opticatl alectrical
parameters of interest. For each testing run thali instrument outputs a
formatted file. This file reports a matrix contaigj for each step of the laser

diode current sweep, all the monitored parameteaisies.

Main Graph |Instr. Conf. | Vectors |
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Figure 28: Graph Folder of the DTL Characterizattn
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CHAPTER b5

TEST PLAN & RESULTS

Scope of this chapter is to give, starting with thalification plan, the
results of the tests performed on 85 devices beignm the Pirelli Dynamically
Tunable laser family DTL C13 050.

It will be demonstrated how the Pirelli DTL has sessfully completed all
Telcordia GR-468-CORE Issue2, Sept. 2004 testegylting fully compliant to
the requirements requested for reliability asswrarand qualification of

optoelectronic devices for telecommunication aions.

TEST PLAN

All the qualification exercise has been fully desd according to
Telcordia GR-468-CORE, Issue 2, Sept. 2004. Irtdabée below are listed all the

scheduled tests.

Samplin
Tests Reference [LTPD | SS Fail |Status
Thermal Shock 3.3.1.2 20 11 0| Passed
= Vibration - Seq. A 33111 Passed
= 20 11 0
_‘g Mechanical Shock - Seq. A| 3.3.1.1.2 Passed
(&)
= Vibration - Seq. B 33111 Passed
20 11 0
Mechanical Shock - Seq. B 3.3.1.1.2 Passed
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Low Temperature Storage 3.3.2.1 20 1 Pa;seo(l@Shrs); on
going for info
<
@ |High Temperature Storage 3.3.2.1 20 1 Pa_ssecle_OOhrs), on
= going for info
=
O .
S | Temperature Cycling 3.3.2.2 20 11 0 Passe_cleOcycIes),
= on going for info
w
Damp Heat 3.3.2.3 20| 11|  ofPasse®00nhrs); on
going for info
. 2 | Cable Retention 3.3.1.3.3 Passed
= 20 11
2.
£ | Side Pull 3.3.1.3.2 Passed
Accelerated Aging 3.3.3.1 - 8 0 Pa_ssecle_OOhrs); of
going for info

Table 9: Qualification Test Plan

For each scheduled test is provided the name,témelard reference, the

lot tolerance percent defective value, the samizie, she maximum number of

failures allowed and the status of the test. Sarsigls LTPD and the acceptance

number of rejects are correlated according to tHe-$19500 and MIL-M-

38510.

PAsSYFAIL CRITERIA

Prior to any other consideration pass/fail criteoa the performance
parameters. In general they depend on the spemiptication the device is

provided to. In particular for this qualificatiorxercise these limits are imposed

to optical power out and frequency. Optical powed &requency stability are,
for the DTL, the two preliminary features to itsdagissable market of WDM and

DWDM application.
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Test Pass/fail criteria

Mechanical o
Integrity APout<+/-0.5 dB (@ 25°C)

Endurance [Af<+/-1 GHz (@ 25°C)
APout EOL <+/-1 dB
Afeor<+/- 1.5 GHz

Reliability

Table 10: Pass/Fail Criteria

TEST RESULTS

All the planned tests had been fully describedhapter 3, with details on
the purpose they are planned to, the descriptioth@fapparatus requirements
they are performed with and the procedures.

Along this chapter, test objectives and test resulil be listed. For each
scheduled test is reported the sample size an®lthies serial number, the test
conditions and duration, the scheduled charactaizacheck points. Graphs
representing the results, according to the prelWodsscribed characterization

procedure and pass fail criteria, will also be show

HIGH TEMPERATURE STORAGE

The high temperature storage test is performed @émomstrate the
capability of the devices under test to withstand éffects of long-term high
temperature storage.
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APopt [dB]

Sample size

11

Serial number

SK0022, SK0033, SK0044, SK0074,
SK0079, SK0122, SK0147, SK0178,
SK0211, SK0250, SK0285

Test conditions

(+85% 2)°C

Test duration

1000hrs for qualification; 5000hrsifdo

Monitoring schedule

check points at t=0, 168hrs, 504hrs and
1004hrs ; other check points at t=2000 an
5000hrs

Table 11: High Temperature Storage Test Conditions

STRORAGE 85T
APout @ Ch_Int

1
0,75
—o— SK0022
0,5 —6— SK0033
SK0044
0,25 | —6— SK0074
—e— SK0079
0 = ¢ —=—SK0122
M —e— SK0147
025 | —— SK0178
SK0211
05 —@— SK0250
o SK0285
-0,75 |
-1 L L L L L L
0 168 336 504 672 840 1008

Hours

Figure 29: Storage +85°C Optical Power Variations
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STRORAGE -40T

Af @ Ch_In
1,5
1,0
—e— SK0285
05 | SK0022
_ SK0033
T _ —e—SK0044
o, P —e—SK0074
> 00 | . - —e— SK0079
g \8/\ —e—SK0122
b hS o SK0147
8 & SK0178
05 F Lod
, & SK0211
& SK0250
-1,0
-1,5
0 168 504 1008

Hours

Figure 30: Storage +85°C Frequency Variations

Figure 29 and 30 show the output power and frequeadation overall
the test duration, for the 11 devices involvedhia test. Pass criteria are satisfied,

therefore the test is passed. Actually it is omgdo get reliability information.

Low TEMPERATURE STORAGE

The low temperature storage test is performed tmostrate the
capability of the devices under test to withstahe éffects of long-term high

temperature storage.
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Popt [dB]

Sample size 11
SK0063, SK0154, SK0731, SK0787,

Serial numbers SK0803, SK0807, SK0880, SK0891,
SK0899, SK0915, SK0937

Test conditions -40°C+ 2°C;

Test duration 168hrs for qualification; 2009For info

check points at t=0, 168hrs, 504hrs and
Monitoring schedule 1008hrs; other check points after every other
1000hrs

Table 12: Low Temperature Storage Test Conditions

STRORAGE -40C
APout @ Ch_Int

1
0,75 -

05 —e— SK0063

—6— SK0154

0,25 - SK0731

—o— SK0787

—e— SK0803

0 s = SN —e— SK0807

< —o— SK0880

—e— SK0891

0,25 1 SK0899

° —e— SK0915

05 & SK0937
-0,75 |

'1 T T T
0 168 336 504

Hours

Figure 31: Storage -40°C Optical Power Variations
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STRORAGE -40C
Af @ Ch_Int

15

—e— SK0937
—=— SK0063
SK0154

- SK0731
—e—5K0787
—e—5K0803
—e— SK0807
—e—SK0880
SK0891
057 & SK0899
& SK0915

o
&)

AFreq [GHZz]
o
il

'115 T T T
0 168 336 504
Hours

Figure 32: Storage -40°C Frequency Variations

Figure 31 and 32 show the output power and frequeacdation overall
the test duration, for the 11 devices involvedhia test. Pass criteria are satisfied,

therefore the test is passed. Actually it is omgdb get reliability information.

THERMAL CYCLES

Temperature cycle testing, states the ability oficks under test to resist
extremely low and extremely high temperatures, &bl w&s their ability to
withstand cyclical exposures to these temperatdirermes. The purpose of this
test is to ensure the long term mechanical stglwfithe optical alignment within

the module package.
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APout [dB]

Sample size 11

SK0039, SK0087, SK0088, SK0142,
Serial numbers SK0222, SK0231, SK0238, SK0241,
SK0276, SK0263, SK0284

(-40/85°)C+ 2°C; 30min dwell, 90min

Test conditions "
transition

100cycles for qualification; 500cycles for

Test duration ;
info

check points at 20, 50 and 100 cycles; other

Monitoring schedule check points after 200 and 500 cycles

Table 13: Temperature Cycling Test Conditions

THERMAL CYCLES (-407+859C
APout @ Ch_lInt

0,5

—e— SK0039
—— SK0087
SK0088
—6—SK0142
—&— SK0222
—6— SK0231
—e— SK0238
—o— SK0241
< SK0276
©— SK0284
—— SK0263

0 20 40 60 80 100 120
# Cycles

Figure 33: Thermal Cycling -40/+85°C Optical Poweritions

- 69 -



THERMAL CYCLES (-407+859C
APout @ Ch_Int

15

I —e— SK0284
05 —e— SK0039
3 SK0087
_— SK0088

¢ —— — % —6—SK0142

—&— SK0222

) & & ——5K0231
M —e—SK0238
SK0239

¢ SK0241
¢ SK0276
¢ SKO0263

Freq [GHz]
(=)

05 |

-1,5

0 20 50 100
# Cycles

Figure 34: Thermal Cycling -40/+85°C Frequency Viwies

Figure 33 and 34 show the output power and frequeadation overall
the test duration, for the 11 devices involvedhia test. Pass criteria are satisfied,

therefore the test is passed. Actually it is omgdo get reliability information.

DAMP HEAT TEST

The simultaneous application of temperature andidityris an extremely
important test to assess the hermeticity of thacgeliermetic package and the
humidity resistance of the pigtail performances.teNthat the pigtail is not

hermetic itself and non-hermetically welded to de®ices package.
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APout [dB]

Sample size

11

Serial number

SK0278, SK0922, SK0898, SK0734,
SK0230, SK0284, SK0901, SK0140,
SK0925, SK07460, SK0123

Test conditions

+85°C/+85%RH

Test duration

500hrs for qualification; 1000hrs ifdo

Monitoring schedule

check points at t=0, 168hrs, 504hrs and
1008hrs.

Table 14: Damp Heat Test Conditions

DAMP HEAT +85T/85%RH
APout @ Ch_Int

0,5

0,25 A

-0,25

-0,5

——SK0123
—e— SKO0140
SK0230

—6—SK0278
<

-0,75

—_ ——SKO0734
- —— SK0746
© —e—SK0898
SK0901
» $ —— SK0922
& SK0925
0 168 336 504

Hours

Figure 35: Damp Heat +85°C/85%RH Optical Power &tions
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DAMP HEAT +85C/85%RH
Af@ Ch_Int

15

—+—50123
© S0140
0,5 1 $0230
—— 50278
—e— 50284
——S0734
—e—S0746
50898

© S0901
© S0922
© 50925

AFreq [GHz]

-1,5 T T T
0 168 336 504
Hours

Figure 36: Damp Heat +85°C/85%RH Frequency Vanietio

Figure 35 and 36 show the output power and frequeadation overall
the test duration, for the 11 devices involvedhia test. Pass criteria are satisfied,

therefore the test is passed. Actually it is omgdo get reliability information.

THERMAL SHOCK TEST

Thermal shocks are planned to assess the packagetl@eintegrity of the
module. Moreover it is performed to determine tlsistance of the part to

sudden changes in temperature.
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APout[dB]

Sample size 11

SK0199, SK0254, SK0714, SK07234,
Serial number SK0808, SK0811, SK0834, SK0846,
SK0889, SK0890, SK0904

AT=120°C -40 °C + +85°C

Test conditions ) .
30min dwell, <10sec transition

Test duration 20 shocks for qualification, 1day

Monitoring schedule check before and after test

Table 15: Thermal Shock Test Conditions

THERMAL SHOCK
APout @ Ch_Int

0,75 4

0,5 —&— SK0199
—&— SK0254
<& SK0714

< SK0723

>4 —&— SK0808
= 3
<

0,25 A

o
L

o= —e—SKO0811

—— SK0834
—— SK0846
SK0889

< SKO0890
< SK0904

-0,25 4

-0,5

-0,75 4

Incoming Thermal Shocks

Figure 37: Thermal Shock Test Optical Power Variation
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THERMAL SHOCK

Af @ Ch_Int
15 @ Ch_
1,25 -
l |
0,75 o —e— SK0199
05 | —o— SK0254
' & SK0714
~ 0,25 <& SK0723
é 2 —e— SK0808
= 07 —e— SK0811
5 025 1 —— SK0834
—e— SK0846
-0,5 SK0889
075 | © SK0890
-0, © SK0904
-1 4
-1,25
15
Incoming Thermal Shocks

Figure 38: Thermal Shock Test Frequency Variations

Figure 37 and 38 show, for the 11 devices, thewyipwer and frequency
variation between before and after the test. Patia are satisfied, therefore

the test is passed.

VIBRATION AND MECHANICAL SHOCK

Two different sequences where applied to two grafdsl devices.

The first scheduled, for the planned DUTSs, a seceia@f vibrations and
mechanical shocks at 300G.

The second scheduled, for the planned DUTSs, a sequef vibration and

mechanical shocks at 500G.

SEQUENCE A
In this case the DTL was approached as and intdynaodule thus the

mechanical shock test conditions depend on the ofake module.
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The objective of this sequence was to assure thgapents robustness
towards shocks as might occur due to roughly hagdlitransportation or

operation in the field.

Sample size 11
SK0199, SK0254, SK0714, SK07234,
Serial number SK0808, SK0811, SK0834, SK0846,

SK0889, SK0890, SK0904

Vibration: 20G, 20-2000Hz 4min/cy,
4cylaxis

Test conditions
Mechanical shock: 5 times/axis 300G,

3.0ms
Test duration 1 day
Monitoring schedule check before and after test

Table 16: Sequence A Test Conditions

VIBRATIONS
APout @ Ch_Int

0,75

05 —e—SK0199
—o— SK0254
& SK0714
& SK0723
/§ —e— SK0808
o= ——SK0811
—o— SKO0834
-0,25 - —&— SK0846
SK0889

< SK0890
< SK0904

0,25 ~

APout[dB]
o

-0,5

-0,75 4

Thermal Shocks Vibrations

Figure 39: Vibrations Optical Power Variations
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AFreq[GHz]

APout[dB]

VIBRATIONS
Af @ Ch_Int

15

1,25 4

0,75
0,5

0,25 4

—— SK0199
—o— SK0254
& SKO0714
< SK0723
—— SK0808
—— SK0811
—— SK0834
—— SK0846
—&— SK0889
< SK0890
< SK0904

Thermal Shocks

Figure 40: Vibrations Frequency Variations

Vibrations

300G MECHANICAL SHOCK

APout @ Ch_lInt

0,75 A

0,5

0,25

o
L

o
3

b’
———3%
o

—&— SK0199
—&— SK0254
<& SK0714
¢ SK0723
—&— SK0808
——SK0811
—o— SK0834
—&— SK0846
—4— SK0889
< SK0890
< SK0904

Vibrations

300G

-76 -

Figure 41: 300G Mechanical Shocks Optical Poweiafians



300G MECHANICAL SHOCK

Af @ Ch_Int
15 @ Ch_
1,25
1 |
0,75 - —e—SK0199
05 4 —o— SK0254
' & SK0714
~ 0,25 - < SK0723
5 ——SK0808
g 07 \ﬁ; —&—5K0811
% 025 —— SK0834
—e—SK0846
-0,5 4 SK0889
075 & SK0890
e & SK0904
-1
-1,25
-1,5
Vibrations 300G

Figure 42: 300G Mechanical Shocks Frequency Variati

The group of the last three figures, from 39 to glyw the output power
and frequency variation, between before and after gerformed tests. Pass
criteria are satisfied, therefore the test is passe

The 11 devices involved in sequence A had beenqusly scheduled for
thermal shocks.

It's interesting to observe, as showed in figurdsadd 44, how the device
results extremely robust to the performed sequehoeechanical tests. The sum
of the total effects, in terms of the optical poweitput variation and frequency
variation, is still within the range expected ta&essfully pass a qualification

test.

-77 -



THERMAL SHOCK+VIBRATION+300G MECH. SHOCK
APout @ Ch_Int

1
0,75 -|
0,5 —e—SK0199
—o— SK0254
o
0.25 - © SK0714
— - SK0723
3, o—é —e—SK0808
2 01 _— 3 —e—SK0811
4 \ —o— SK0834
-0,25 A —o—SK0846
o SK0889
05 © SK0890
e © SK0904
0,75
-1
Incoming Thermal Shocks+Vibration+300G
Figure 43: Thermal Shocks + Sequence A Total Povesiations
THERMAL SHOCK+VIBRATION+300G MECH. SHOCK
Af @ Ch_Int
15 @cCh_
1,25 |
1
0,75 - —e—SK0199
—o— SK0254
0,5 -

<& SK0714
0,25 < SK0723
_— < S

)
T

9, —

3 04 0\7'\* —e—SK0811

3 0,25 1 —+— SK0834

—e— SK0846

0,5 - SK0889

075 & SK0890

- & SK0904

-1,25 4

-1,5
Incoming Thermal Shocks+Vibration+300G

Figure 44: Thermal Shocks + Sequence A Total Frezyu¥ariation

SEQUENCE B
In this case the DTL was approached as a devidbeatiode level or

module level, thus the mechanical shock test agipliéccondition is Condition A.
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APout[dB]

Sample size 11

SK0490, SK0710, SK0755, SK01008,
Serial number SK1018, SK1040, SK1467, SK1475,
SK1035, SK1041, SK1461

Vibration: 20G, 20-2000Hz 4min/cy,

Test conditions 4cylaxis

Mechanical shock: 5 times/axis 500G, 3.dms
Test duration 1 day
Monitoring schedule check before and after test

Table 17: Sequence B Test Conditions

VIBRATION+500G THERMAL SHOCK
APout @ Ch_lInt

1
0,75
0,5 % —e— SK0490
—e— SK0710
0.5 | & SKO755
' & SK1008
/; —e—SK1018
01 = 4 —e— SK1035
—+— SK1040
-0,25 - —e— SK1041
SK1461
& SK1467
0,5
& SK1475
-0,75
1

Incoming Vibrations+500G

Figure 45: Sequence B Optical Power Variations
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VIBRATION+500G THERMAL SHOCK
Af @ Ch_Int

1,5

1,25 4

—— SK0490
—— SKO0710

0,5 1 & SK0755
0.25 & SK1008
—e—SK1018

0 5 —e— SK1035

o 4+ SK1040
-0,25 1 —e—SK1041

SK1461
o SK1467
-0,75 | & SK1475

0,75

AFreq[GHz]

-0,5 1

-1,25 4

-1,5
Incoming Vibrations+500G

Figure 46: Sequence B Frequency Variations

Figures 45 and 46 show the output power and fregyueariation between
before and after the tests scheduled for sequendea8s criteria are satisfied,

therefore the test is passed.

CABLE RETENTION AND SIDE PULL TESTS
The objective of this test is to mechanically stréise interconnecting

device to fiber optic cable joint in tension. Théa® tests were scheduled upon

the same set of devices.

Sample size 11
SK0278, SK0922, SK0898, SK0734,
Serial number SK0230, SK0284, SK0901, SK0140,
SK0925, SK07460, SK0123
Test conditions 0.5 Kg 1min
Test duration 1/2 day
Monitoring schedule check before and after test

Table 18: Cable Retention Test Conditions
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Sample size

11

Serial number

SK0278, SK0922, SK0898, SK0734,
SK0230, SK0284, SK0901, SK0140,
SK0925, SK07460, SK0123

Test conditions

0.25 Kg 90 degrees,
22-28cm from device housing

Test duration

1/ 2day

Monitoring schedule

check before and after test

Table 19: Side Pull Test Conditions

After each performed test, any difference was olegkiso the tests were

successfully passed.

OPERATING LIFE TEST

Operating life test is performed for the purposedemonstrating the

guality and reliability of devices subjected to thigecified conditions over an

extended time period.

Sample size

8

Serial number

SK0023, SK0017, SK0042, SK0109,
SK0220, SK0252, SK0277, SK0281

Test conditions

MAX ILD

MAX VTM

MAX Pphase

70°C Tcase

Continuous Monitoring

Test duration

1000hrs for qualification; other 4000hrs fq
info

Monitoring schedule

Check before and after test

Table 20:

Operating Life Test Conditions

=

The devices in use for this test are suppliedatbximum rated injection

current, phase element current and voltage valxgsessed in the product
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specifications sheet. Moreover they are maintaiaédthe highest working
environmental temperature. The devices are consdguauned on highest
channel at their higher optical power out value.

Devices are continuously monitored, with a samptinge of five minutes.
This is an accelerated test under worst case apgrednditions for the devices
under test.

The devices under test, as detailed in appendarddriven by means of a
hybrid algorithm which implements a dynamic controterms of optimizing the
lasing point, suitably adjusting the voltage over tunable mirror and the current
injected in the gain chip. The phase element powdixed at its maximum
power rating value.

This condition was intentionally conceived to asstlire cavity stability in
time during operation to demonstrate no degradatcmurring.

The extrapolation of data for FIT rate will not inde any acceleration
factor, hence greater is the aging test devicedhdatter will be the calculations

of the wear out and random failure rates.

RELIABILITY CALCULATIONS AND RESULTS

Reliability tests are designed to stress the prapechanisms forcing
devices failures. Typically reliability acceleratéests use stressful conditions
than the ones used during the device qualificgtiacess.

Telcordia Technologies recognizes as desirabléngat as an objective,
to include to the tests performed for qualificafian set of reliability tests
depending upon the device typology. According tat.ttall the environmental
tests are actually running for reliability inforraat, at least for 5000 hours or

500 cycles as requested for central office apptinat Telcordia stated in GR-
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468-CORE, Issue 1, that those tests are usefulstariag point for a reliability
program.

Actually, the upper mentioned tests are running,nbarket and marketing
issues call for a reliability quantitative evalaatiin despite of the reliability
longer times. For this reason and according togérerally accepted statement
that the basic reliability of optoelectronic systemwan be no better than the
reliability of the components contained in the eguent, a first evaluation on
DTL reliability has been completed according tocbetlia SR-332, “Reliability
Prediction Procedure for Electronic Equipment”.

Telcordia SR-332 documents the recommended metfardpredicting
devices and units hardware reliability and defifms different device quality
levels. As an agreement on terms, device refes lbasic component or part,
and unit to an assembly.

The procedures related in the selected referenceundent are
recommended for prediction serial system hardwalrehility.

The Pirelli Dynamically Tunable Laser can be asited to a system for
which the failure of a single part could causeilfe for the whole system.

According to the tuning operation device criticargmeters and to the
control algorithm, the parts involved in the eqlévd serial system can be
recognized.

Thermo electric cooler and the related thermisterthe fundamental parts
assuring the device thermalization and the consegcignment to the ITU grid.
The liquid crystal mirror is critically associatéal the tuning mechanism. Gain
chip may affect the overall performances and thetgatiode monitor is vital for
the control algorithm.

Such a quantification process has been approadwding to the part
count method with the following combination for hun treatment and device

application conditions expressed in:
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— no device burn-in;
— device operating condition at 40°C and 50% ratedtatal stress.
With this parameter combination, selecting a qualével I, the part

steady state failure rate is given by

As = oA

where A, is the steady state failure rate for tepart andrn,its quality

factor.

All the failure rates for the parts within the DThackage are fully
identified by mean of the supplier approval process

The assembly steady state failure rate is then otedpas the sum of the
failure rate prediction for all the parts in thatumultiplied by an environmental

factor

A = ﬂEZm: N, A

i=1

wheremis the number of different parts in the assemi¥y,the quantity

of the I" part andn, the environmental factor.

According to table H, in the Telcordia SR-332 doewmtn the
environmental factor is unitary for central offigpplications.

Quiality level Il matches the DTL parts specificasatherefore the quality
factor is unitary.

Any part within the dynamically tunable laser igter in number than
one. The steady state failure rate of its assemsliyerefore equal to the sum of

the steady state failure rates of its parts.

-84 -



According to the provided parts failure rates tbialt steady state failure
rate for the Pirelli DTL actually is less than 1600. An intense activity with the
suppliers is actually on going relatively to lomgrh parts reliability calculations.
According to this the suggested value for the Dailufe rate must be considered

as an upper value doomed to be reduced in the imabtecfdture.
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CONCLUSIONS

In order to be successful, innovative photonic patsl must a number of
performance requirements, either economical antinteal, and in particular
they must be designed and manufactured in suchyaw/éo guarantee that they
will operate reliably for as long a period as pbksiAccording to this statement,
this work dealt with the full reliability assuranoé a new product designed and
manufactured by Pirelli: the Pirelli Dynamically fable Laser DTL C13 Series.

It is a high power full C-Band tunable laser soumnsisting in a
continuous wave external cavity laser for advanoptcal network systems
designed to tune over the entire C-band on the TTR0 GHz channel grid with
high spectral purity and frequency stability.

A proper design and a set of reliability involvifgedback and corrective
actions, accomplishing all the product lifecyclenr it's conceived to its
qualification, achieved a built in reliable prodwath high power and frequency
stability. In particular it has been demonstratenvhthe Pirelli dynamically
tunable laser has successfully completed all Tdlaostandard GR-468-CORE
testing required for the reliability assurance pss for the optoelectronic
devices used in telecommunication systems.

Actually long term reliability tests are still rummg for information. These
activities involve directly the DTL but also soméits internal parts, with the

aim of improve the indications on the device faluate.
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APPENDIX A

LIFE TESTBENCH

This bench mark is designed to manage the operifietest, planned for
the Pirelli Dynamically Tunable Laser qualification
Scope of this appendix is to describe the buildtarks constituting the

life test bench, their implemented functionaliteesl specific features.

BENCH BLOCK DESCRIPTION

Opt i cal
Char acteri za . _
tion Bl ock Thermal i zati on

Bl ock

Figure 47: Lifetest Bench Block Scheme

The lifetest bench setup can be subdivided in tldiéferent functional
blocks. The first performs all the optical measugats. The second drives the
devices under test and the last one provides tterrat thermalization of the

devices.
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The optical measurement block consists of a powetema wavelength
meter, a tunable laser source, an optical switchaameam splitter.

All the output fibers of the devices under test phegged in an equal
number of inputs of an optical switch. A referenarable laser output is also
plugged in to a port of the same switch.

The output of the optical switch is connected ® itiput of a 50/50 beam
splitter. The beam splitter outputs are then coteteto a power meter and a
wavelength meter.

The driving function of the DUTs is committed toethPirelli DTL
Evaluation boards connected to each device under te

Each of the evaluation boards, implements the DuWVind) function by
means of a firmware running in its onboard logiaider expressed request for
the lifetest planned objectives, this logic implertsea control algorithm, setting
the best lasing point, controlling the gain chipeated current and the voltage
over the mirror.

The phase element is set to a working point equéaktmaximum power
rating value.

The thermalization block provides the case tempesator the devices

under test.
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EXPLOITED INSTRUMENTATION

The wavelength meter is a Burleigh WA 1100, capableneasure laser
light in the 700+1650 nm wavelength range with amsadute wavelength
absolute accuracy of £1.5 pm at 1550nm.

The optical switch is a JDS Uniphase 1x16 switdkabie for remote fiber
optic component testing and measurement systemis. dtepper motor-based

with queriable switch position. Its typical inseriiloss is 0.5 dBm.

Figure 48: Tunable Laser Reference

The bench reference Agilent Technologies 8168Etimable laser source
with a wavelength range of 1475 to 1575nm withsolaion of 0.001nm. It has
a Fabry Perot-Laser InGaAsP, a permissible outputep in continuous wave

<1.6mW and a beam diameter of Qum.

Figure 49: Power Meter Sensor
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Tunable lasers and reference optical power oulpwered by the insertion
loss of the cascaded optical switch and beamaplit measured by means of an
Agilent Technologies 8163B power sensor inside gileit 8163B mainframe.
This optical sensor is designed for low polarizatiependant loss, low spectral
ripple and high return loss. It is provided of eglaarea Germanium sensor for
power measurements in the optical range of 800@® hm suitable for a power
range of +10 dBm to -110 dBm an is thermally staéd.

The phase power supply is provided by a DC poweduig with low

output noise and fast output speed, for each dewider test.

T

Figure 50: Case Temperature Controller

The case temperature is set by means of an ILXtwiaée LDC-3916 16-
Channel Laser Diode Controller. It is designeddionultaneous control of both
laser current and temperature in a single mainfraim&®&D or production test
of optical devices. It is geared with eight 3916%@&dules. The module contains
a single three ampere independent temperature oflentrthat drives a
thermoelectric cooler (TEC). The temperature cdiarofeatures a bi-polar
current driver that works with TEC modules to defivprecise temperature
control over a wide range of temperatures. Eachubeooffers fast settling times

with a typical temperature stability of 0.01°C.
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Figure 51: Laser Diode Mount

The device under test are placed on the ILX LightvBDM-4980 Single
channel Telecom Laser Diode Mount providing a corhpaasy-to-use solution
for laser diode fixturing. These mount is availatae butterfly 26-pin packages.
This series of mounts accommodates most telecoen tasdule types including
CW, direct modulated (Bias-T), 2.5Gbits/s, 10Ghitsind tunable DFB laser
modules. This mount features ILX Lightwave’'s stad®-pin D-sub input
connectors with configurable pin designations teoatmodate virtually any
laser diode pin configuration. Zero insertion for@F) sockets and spring-

loaded clamps facilitate ease of mounting.

-
¥

- N

Figure 52: Thermocouple Module

Laboratory temperature is monitored by means of lakeF digital
multimeter connected to a Fluke 80TK thermocouptedute standard banana
plugs. It uses Type-K thermocouple probe. It's aacy in the range -20°C to
350°C is 0.5% =+ 2°C.
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DTL LIFETEST VI

All the described instruments and functionaliteeg® remote controlled

with a dedicated Labview 7.1 programmed virtuatrunsient.

This virtual instrument by means of a user friendiyd easy to use
interface, implements all the requested functi@mgte instruments connected to
the computer by means of 488.1-1987 IEEE StandagitdD Interface for

Programmable Instrumentation.

This virtual instrument needs a few inputs in Boards & DUTSs” folder

such as the serial numbers of the devices undératesd the working case

temperature.

Before starting switcht on the PODs at 25°C and the DUTs at the proper output value

SYSTEM MESSAGE

MEASURING

GET DATA
SET GPIB ADDRESSES | SET TIME & DATE BOARDS & DUTS
BOARDs & DUTs

Iskl]l]lT

wirite the serial number of the devices under
|5k0023 test in the proper and then switch an the led
IW on the left of the written number.
Iskl]ll]9 MNOTE:

Iskl]252 proper serial number written on its write side
will be considered an ERROR by the program.

Iskl]ZTf In this case it woulkd not work.

Iskl]ZBl

2 3 R R R

IMPORTANTI
Set the POD ternperature before
starting the life test exercise.

POD TEMPERATURE

J o

I— Having a serial number without proper led ligh_
sk0220 _tened OM, or a led lightened OM without the

EMERGENCY EXIT

PRESS TO STOP

[

: RUNNING
RED: STOP

Figure 53: “Boards & DUTs” Folder of the DTL Lifetegt

The test endurance, expressed in hours must betedsm the proper

control in the “Set Time and Date” Folder.
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Before starting switcht on the PODs at 25°C and the DUTs at the proper output value

SYSTEM MESSAGE

MEASURING

GET DATA
SET GPIB ADDRESSES

TOT. HOURS yunite the total number
10000 hours test in the text
r) box an the left,

SET TIME 8 DATE | BOARDS & DUTS

CURRENT TIME
18/02/2007 18:36:48
FINISH TIME

REM. HOURS

7167

14/12/2007 10:22:13
INIT TIME
23/10/2006 18:22:13

IMPORTAMTIN
Set the POD temperature before
starting the life test exercise.

POD TEMPERATURE
g o

EMERGENCY EXIT

PRESS TO STOP

_—

= RUNNING
RED: STOP

Figure 54 “Set Time & Date” Folder of the DTL Lifetast

When running, this virtual instrument after enadlithe output of the

devices under test at the highest channel, prowddmsmtinuous monitoring of the

devices under test with a user defined sampling.tim

The output, for each device under test, is a faedatext file ready to be
processed. Per each row it contains a tab spaded steporting all the DUT
electro-optical parameters’ values, the referen@avep output, the case

temperature and laboratory temperature, in ordgretanformation on possible

test bench drifts and the sampling time.
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