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Basic Project Information 
The project will study and evaluate the impact of the use of mold compounds, with a lower 

Coefficient of Thermal Expansion (CTE) on the reliability of second level solder joints for 

common package types. A combination of a review of existing data, Finite Element Modeling 

(FEM) and experimental testing will be employed to determine if, in which cases and to what 

extent the use of low CTE mold compounds has a negative impact on second level interconnect 

reliability. Recommendations to ensure acceptable reliability performance for certain package 

types under certain operation conditions will be developed. 

 

This is the second phase of a proposed multi-phase project. Phase 1, now complete, focused on 

collecting data from the project team and industry regarding reliability issues associated with the 

transition to lower CTE mold materials. Based on Phase 1, an experimental design and FEM 

analysis approach has been proposed for Phase 2, which will examine the potential impact of the 

difference in CTE values. 

 

Background 
The electronics industry is constantly responding to new demands. In recent years there has been 

a transition to the use of lower CTE mold compounds in a wide variety of package types.  

Previously the CTE of the mold compound materials would have been in the range of 14ppm or 

greater. We are now seeing mold compounds of 6-10 ppm or less in various applications in the 

 



 

NOTE: All changes to SOW must be approved by the Technical Committee for version control Page 2 of 14 

industry. The lower CTE values are primarily being achieved by an increased fraction of SiO2 as 

filler and changes to the resin system in the mold compounds. These lower CTE materials are 

often known as Green Mold Compounds (GMC) since the elimination of halogen-containing 

flame retardants is one of the drivers for the change to the low CTE mold compounds. 

 

The move to lower CTE mold compounds has been driven by a number of factors: 

 

1. Environmental regulations:  The need to remove brominated flame retardants from all 

electronics materials has motivated the use of alternative flame retardants and filler 

solutions that have the required FR properties. The filler material now being employed to 

a very high level of filling (>85%) is silica. Changes in filler materials and the level of 

filling will impact the mechanical properties of the electronic molding component (EMC) 

(e.g., coefficient of thermal Expansion (CTE), elasticity modulus E (stiffness) as well as 

physico-chemical properties like moisture and solvent absorption). 

 

2. Lower stress on IC dielectrics:  Advanced semiconductor technologies make use of 

materials (e.g., porous low k dielectrics) and structures that are stress sensitive. Molding 

compounds that have a better CTE matching with silicon are required for the packing of 

these advanced semiconductor ICs. One tends to overlook the impact of the component-

to-PCB thermal mismatch on the IC stress. 

 

3. Moisture sensitivity:  The increased lead-free soldering temperatures make the plastic 

components more moisture sensitive (i.e., a lower moisture content is required to achieve 

the same soldering temperature robustness or Moisture Sensitivity Level (MSL) under 

lead-free conditions as for SnPb soldering conditions). Reducing the amount of 

hygroscopic resin by adding more filler material reduces the moisture sensitivity of the 

molded component in a straightforward manner. 

 

4. Cost considerations:  All this must be achieved in the most cost-effective way. Since 

having a large variety in mold compounds and component package variations leads to 

increased costs, the conversion to low CTE mold compounds that fulfill the above stated 

needs has been massive. Components with “conventional” mold companies are no longer 

available to the industry. 

 

It should be noted that this transition to lower CTE mold compound has been occurring in the 

industry since 2005 in parallel with the transition to lead-free soldering, primarily driven by the 

EU directive on RoHS. Thus, the historical interpretation of board level reliability test data is no 

longer applicable, as the thermo-mechanical properties of both the mold compound and the 

solder joint material have changed significantly. The introduction of low CTE mold compounds 

for IC packaging might be expected to lower the board level reliability (BLR) performance of 

various packages. The types of data required to assess this hypothesis are not available in the 

open literature. A focused analysis of industry experience and an experimental program 

identified as an industry need to develop the data required to test the hypothesis. 
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Purpose of Project 
• To increase the understanding of the relationship between the 2nd level solder joint 

reliability, the mold compound CTE and the component type, termination configuration 

and dimensions, based on industry feedback, available experimental findings, new 

reliability testing and FEM based simulations. 

• To study the reliability performance of different package types with mold compounds of 

different CTE values. 

• Anticipated results will include: 

– For component and package suppliers: recommendations for minimum mold 

compound CTE to achieve the application dependent required reliability under 

specified test/operating conditions. 

– For electronics designers and manufacturing: recommendations for package type 

selection to achieve the required reliability. 

 

Scope of Work for Phase 2 
This phase of the project will focus on performing the necessary experimental and additional 

FEM work in the areas as identified by Phase 1. This will include: 

 Sourcing a number of key common package types of interest to the team and the industry 
at large; primarily large QFN and/or BGAs with fine pitch, partially populated ball 

configurations.  For example, assume three different component test vehicles: 1) 9 mm, 

0.5 mm pitch, single row QFN; 2) 192 I/O 0.8 mm pitch CABGA*; and 3) 84 I/O 0.5 mm 

pitch CTBGA*. 

o This task requires obtaining the mold compound materials and engineering the 

package design to provide stable components over the desired range of CTE 

(preferably 3 different CTE values). The same die size will be used in each 

package. The DPR should be in the range of 0.7 to 0.9. The estimated quantity of 

each package would be in the range of 200 pieces to allow sufficient samples for 

characterization, initial testing, and any contingency or follow-up tests. 

 Design and fabricate test vehicle for the selected components. These should ideally be 

daisy chained PCB test vehicle design to allow for in situ monitoring during testing. The 

team will be coordinating with iNEMI QFN reliability project. 

 Design test matrices for reliability testing.  Use selected package types where the CTE 
values of the mold compound are key variables. 

 Conduct Accelerated Thermal Cycling (ATC) testing. Testing should be done with two 
different profiles. Suggested profiles are 0/100°C and -40/125°C using single zone 

chambers with in situ resistance monitoring. 

 Collect and analyze test results. 

 Develop and quantify 2nd level interconnect life time for a given component CTE, 

substrate stiffness and operating conditions. 
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Project Is / Is Not Analysis 
 

This Project IS: This project IS NOT 

To perform reliability tests on selected 
package types with different mold compound 
CTE, to evaluate the effect on reliability and 
lifetime. 

To develop new mold compound 
materials or new package designs. 

To perform FEM based thermo-mechanical 
simulations to have full parameterized 
relationship between mold compounds CTE 
and solder joint life time. The FEM results 
have to be experimentally validated. 

A qualification effort for a specific IC 
component at a specific supplier. 

To create recommendations for minimum 
CTE depending on test/operating conditions 

() and required life time (N). 

Testing the impact of mold compound 
CTE on first level interconnects (wire 
bonds, flip chip joints) and BEOL. (CPI) 

To create awareness of the impact of low 
CTE mold compounds for telecom, 
automotive, avionics, industrial equipment 
and other high reliability product OEMs. 

 

 

 

Business Impact 
The use of lower CTE mold compound in electronics continues to grow without large-scale 

evaluations of the impact on long-term reliability of second level solder joint reliability.  Until 

this impact is better understood and quantified, there is a risk of reduced reliability and 

performance in certain applications in which the material systems are not optimal due to the use 

of lower CTE materials. The lack of knowledge on the long-term reliability of assemblies with 

these materials is a risk that could prove very costly.  Thus, the primary business benefit will be 

minimizing the risk of the use of low CTE mold compound. 

 

This project will potentially provide the following benefits to participating companies and the 

industry in general: 

 

1. Experimental evaluation and FEM modeling will provide the project member companies 

with firsthand knowledge on the reliability impact of the use of lower CTE mold 

compounds in selected packages types. 
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2. Firsthand quantitative information for failure risk assessment under operational condition 

of existing equipment (2005 and later) and products under development that use low CTE 

based components. This can provide a basis for failure prevention or mitigation actions. 

3. Sharing technical data among member companies and provide understanding of failure 

mechanisms for assemblies with low CTE mold compound packaged devices. 

4. Generating lifetime data from a select series of acceleration tests and perform failure 

analysis on components from select test methods. 

5. Establishing potential common requirements on key material properties for packaging 

materials so that all component suppliers and users have identical qualification 

requirements. 

6. Identifying the most risky component-board configurations and use profiles. 

 

Outcomes of Project 
The following are the anticipated outcomes of the project: 

 

1. Test results will be provided for all reliability tests, including electrical pass/fail data and 

all other failure analysis data. 

2. An assessment of the solder joint reliability as a result of using low CTE mold compound 

packages (as defined by this project) will be provided. 

3. Develop reliability plots for selected packages (QFN initially BGA TSOP, etc.) 

4. Improving the availability of mid CTE mold compound based plastic packages for high 

reliability applications. Results will be transferred into recommendations for minimum 

mold compound CTE to achieve the requested reliability under specified test/operating 

conditions. 

5. A result summary should be available to all iNEMI members in reports from this project. 

6. It is hoped that the final results of the project will be presented to the industry to increase 

the knowledge base on the reliability performance of these new low CTE mold 

compound materials. 

7. Improving reliability of post-2005 electronics especially in professional and reliability 

critical applications: automotive, telecom, industrial, and avionics. 

Note:  The project team will determine what information will be shared outside of the team 

and when. 

 

Previous Related Work 
Existing literature publications and data will be reviewed and summarized as part of this project, 

including relevant papers from imec and Amkor. 
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Project Plan 
Phase 2: (anticipated 18-24 months as some tasks can overlap) 

 Task 1 – Establish a collaborative relationship with a packaging house or IC supplier that 
has direct access to the packaging expertise needed for custom design and fabrication of 

QFN and BGA test vehicle packages. The basic experimental requirement is to vary 

composite CTE of the package by varying the mold compound CTE, while keeping the 

package construction and die size constant. Ultimately the objective is to create daisy 

chained test vehicles that can be used to isolate the effect of mold compound CTE on 

board level solder attachment reliability. Establishing this collaborative packaging 

relationship will be the gating item for the project to proceed. (4 months) 

 Task 2 – Characterization of the package molding (part of package) (e.g., CTE, Young’s 
modulus).  This is anticipated to require partnering with research institutes with key 

expertise.  (2 months) 

 Task 3 – Conduct FEM based parameter study for linking mold compound CTE with 

solder joint life time for different package families.  (4 months) 

 Task 4 – Design and fabricate test vehicle for the selected components.  (4 months) 

 Task 5 – Execute test matrix for reliability testing. Thermal cycling and others defined in 
Phase 1.  (6 - 12 months) 

 Task 6 – Conduct analysis of reliability results.   (3 months) 

 Task 7 – Define recommendations/safety plots for minimum mold compound CTE with 
respect to package family and substrate rigidity.  (12 months) 

 Task 8 – Develop report and recommendations output.  (2 months) 

 Task 9 – Final report 

o Final report to iNEMI 

o Outside publication to be considered. 
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Schedule for Phase 2 
 

 2016 Q2   Q3   Q4  2017 Q1   Q2   Q3   Q4  2018 Q1  

Project Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21    

                         

Phase 2:                          

Task 1 - Source X X X                      

                         

Task 2 - Characterize  X X                      

                         

Task 3 - FEM    X X X X                  

                         

Task 4 – Design & Fab     X X X X                 

                         

Task 5 – Assy & Rel test       X X X X X X X X X X         

                         

Task 6 – Analysis                 X X X       

                         

Task 7 – 
Recommendations  

               
  X X X     

                         

Task 8  - Prepare report                    X X    

                         

Task 9 – Final report                         

                         

 

Expertise Required 
The following expertise is required in this project team: 

 Mold compound chemistry, packaging experience, FEM modeling, board assembly, 

reliability testing and failure analysis, solder joint fatigue physics-of-failure. 

 

Prospective Participants 
iNEMI encourages a diverse project team so as to leverage different disciplines.  The project team should 

include representatives from: 

 

Packaging houses 

OEMs 

EMS – large volume assemblers 

High reliability applications 

Suppliers: IC components 

Others: research institutes involved FEM modeling, evaluating package and board level reliability, and 

skilled in reliability testing, failure analysis and related physics-of-failure. 
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Resource Requirements from Participants 
The Project asks each participating company to commit to the following: 

1. Agree to commit appropriate resources to meet project timeline and target dates. In Phase 2 this 

will include attending regular team meetings, identifying the component and PCB requirements 

for the experimental plan, committing time to plan the experimental testing, and conducting 

analysis of test results. 

2. Agree to provide materials, components, test vehicles, design capability, component fabrication, 

assembly, test capability, failure analysis capability as negotiated and agreed, with other members 

of the projects, to fulfill the Statement of Work.  Note as associate members research institutes do 

not financially contribute to these shared costs, but can contribute engineering time and resources. 

3. Collaborate on input to the final report. Document results and publish findings to iNEMI 

members and/or the public. 

4. Provide recommendations for changes to industry standards as necessary. Promote the adoption 

of any recommended standards, tools, or processes that are developed by this project internally 

within the participating company and its supply chain partners. 

 

Project Monitoring Plans 
 Ensure open lines of communication among participants. 

 Review all project requirements with participants before the project begins. 

 Project participants will meet weekly to review various aspects of the project and make plans for 

next phases of the project. 

 Meeting minutes provided through e-mail. 

 Follow-up with individuals on an as-needed basis. 

 Provide any project specific monitoring or communications plans (e.g., multiple project meetings to 

cover multiple regions (EMEA, Asia, Americas)). 

 Workshops and face-to-face meetings as determined by the project team. 

 Progress reports will be provided upon request for presentation at regularly scheduled iNEMI 

meetings (e.g., a short series of PowerPoint slides showing the work in progress at member council 

meetings). 

 Track and document approximate man-months per quarter per team member (this will require the 

active members of the team to provide estimates). 

 Track and document approximate number of people on the project per quarter (this can be tracked 

through iNEMI's WebEx account.). 

 

General and Administrative Guidelines 
General and Administrative Guidelines for this project and all other iNEMI Projects are 

documented at http://thor.inemi.org/webdownload/join/gen_guidelines.pdf. 

 

  

http://thor.inemi.org/webdownload/join/gen_guidelines.pdf
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Appendix 1: 
 

Details of Project Tasks – to be confirmed by team 
 

 

Detailed Information for Phase 2 
 

Task 1: Source a number of key common package types (e.g., large QFN, BGAs 

with fine pitch) 

 

Task objective: to make a selection of packages which are agreed on to be critical for high reliability 

applications when they have the low CTE mold compound. 

 

Method: Establish a collaborative relationship with a packaging house or IC supplier that has direct 

access to the packaging expertise needed for custom design and fabrication of QFN and/or BGA test 

vehicle packages. The basic experimental requirement is to vary composite CTE of the package by 

varying the mold compound CTE, while keeping the package construction and die size constant. 

Ultimately the objective is to create daisy chained test vehicles that can be used to isolate the effect of 

mold compound CTE on board level solder attachment reliability. Establishing this collaborative 

packaging relationship is the gating item for the project to proceed. 

 

Estimated required characteristics for the test packages: 

 Known material behavior of all parts of the packages (including substrate, die attach, under fill 

etc.). This is important input for the FE models. 

 Daisy chain connections inside the package (= daisy chains made at test die level or made 

between the leads allowing to use dummy silicon). 

 

Desired characteristics: 

 Assume three different component test vehicles: 1) 9 mm, 0.5 mm pitch, single row QFN; 2) 192 

I/O 0.8 mm pitch CABGA*; and 3) 84 I/O 0.5 mm pitch CTBGA*. 

 This task requires obtaining the mold compound materials and engineering the package design to 

provide stable components over the desired range of CTE (preferably 3 different CTE values). 

 

Task flow: 

 Finalize priority list of critical packages (input from all partners) 

 Set up an action plan for package design and processing by the partner(s). When specific 

packages are not available through the partners, the consortium has to look for available daisy 

chain packages on the market. Characterization of the mold material may be required. 

 

Task 2: Characterization of the package mold 

 

Task objective: to explore further measurement methodologies to have a simple and fast characterization 

technique, preferable non-destructive, measuring the CTE and Tg (glass transition temperature) of the 

mold material for incoming packages. 
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The most common way is to measure the average CTE of the complete package (TMA measurement). 

However, this measured CTE is also influenced by the die size and (unknown) substrate properties, and 

the package will also be prone to bending. Removing part of the mold compound is a second alternative, 

but this is destructive and also time consuming. 

 

A technique that is proposed in this project is to measure the CTE indirectly through a measurement of 

the Young’s modulus using nano-indentation. Assuming an existing relationship between the modulus 

and CTE, the latter one can be derived. An alternative and also non-destructive technique for measuring 

the modulus uses acoustic waves (performed with SAM equipment) [1]. The technique of extracting the 

CTE through the E-modulus was already successfully explored by imec; however, only on a limited 

number of packages. More statistics is needed. 

 

A second important parameter is the Tg of the mold compound. A possible technique is to do a DSC 

(Differential scanning calorimetry) test in order to measure the temperature at which the mold compound 

goes from glass to rubbery state.  However, this technique is destructive, and we have to assume that 

other materials do have a higher or no Tg. 

 
 

Task flow: 

 Selection of packages with known CTE and Tg for the mold materials. 

 Perform nano-indentation tests and/or SAM tests to measure Young’s modulus. 

 Perform DSC tests to measure Tg of the mold compound. 

 Compare the measured CTE (extracted through) and Tg values with the known values. 

 
References: 

1. Ivankovic, A.; Vanstreels, K.; Vanderstraeten, D.; Brizar, G.; Gillon, R.; Blansaer, E. and Vandevelde, B. 

Comparison of experimental methods for the extraction of the elastic modulus of molding compounds used in IC 

packaging.  Microelectronics Reliability.  Vol. 52: (11) 2677-2684; 2012. 

 

 

Task 3: Conduct FEM based parameter study for linking mold compound 
CTE with solder joint life time for different package families 
 

Task objective: to perform FEM based parameter study for a relevant range of packages in order to 

explore the 2nd level solder joint reliability sensitivity to the component’s mold CTE. 

 

The study will be done using available models and expertise in the consortium. These models should be 

parameterized such that both geometry and material characteristics can be easily varied. 
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Minimum requirements for these models are: 

 Three-dimensional: some packages have strong upward or downward bending at the corners, this 

effect is missing in a 2D model. 

 Temperature dependent creep (or at least plastic) behavior of the solder joints. 

 Temperature dependent properties of the materials, including Tg transition effects. 

 Optional: visco-elastic behavior of mold compound (only possible when it is available). 

 

The outputs from FEM are creep strains per cycle, and these values have to be translated into life time of 

the solder joint expressed into number of cycles to failure. This translation is done using a Whöler-like 

empirical formula established by the FEM performer (the empirical law may have some mesh 

dependency). 

 

 
 

In order to validate the FEM predictions, modeling will be also performed on packages for which existing 

life time data is available (Task 2) and for the newly generated life time data from Task 8 to verify or 

improve the empirical strain-lifetime relationships (empirical Wöhler curves have some solder joint 

dimensional dependency). This will further increase the confidence into the FEM prediction level. 

 

Task flow: 

 Explore the available models and modeling expertise in the consortium. 

 Adapt the FEM models to allow them to perform parameter studies. 

 FEM simulation for available test results collected in Task 2 as additional model validation. 

 Define for each package family a list of parameters to be incorporated in the parameter study. 

This requires input from all partners. 

 Perform the parameterized FEM simulations. 

 FEM simulations for new test results generated in Task 8 as additional model validation. 

 Provide input for Task 9 for the safety plots. 

 

Task 4: Design test matrix for reliability testing 
 

The goal is to evaluate experimentally the most critical parameters that affect the second level interconnect 

reliability when a large thermal mismatch exists between low CTE mold compound based electronic packages and 

the PCB. These parameters are: 

 PCB material and thickness 

 SnPb vs. leadfree solder 

 The type of package: leadframe (TSOP, QFN) vs. substrate based (BGA) 

 The terminal configuration: gull wing/no lead (leadframe package), partial population/pitch 

(substrate based) 
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 The dimensions of the package body 

 Dimensions of terminals and solder joints 

 Mitigation: underfilling, increased stand-off 
 

PCB properties 

 

To limit the test matrix size the PCB properties will not be varied. A stiff board will be taken in line with 

IPC-9701A reliability test requirements with a sufficiently high Tg well above the maximum temperature 

of the thermal cycling conditions. 

 

Proposal: 

PCB thickness: 2.4mm 

PCB laminate: FR4, IPC-4101/126, Tg=170oC 

Surface finish: ImAg (or alternative that allows soldering to copper) 

A finish that leads to a solder-to-copper joint is preferred over a solder-to-nickel joint as obtained with 

ENIG to avoid any issues with brittle fracture of the solder/Ni interface especially for lead-free solder 

joints. 

 

Solder 

 

The solder joint lifetime is strongly influenced by the solder joint alloy. The impact of the transition to 

low CTE mold compound is the largest for SnPb solder joint because of the lower strength compared to 

SnAgCu solder joints. The type of solder is a variable. 

Leadframe packages, LGA: Sn63Pb37 versus SnAg3Cu0.5 (SAC305) 

BGA: Sn63Pb37 versus SAC305 

 

Leadframe packages: TSOP 

 

The largest TSOPs create the highest stress on the solder joints and the leads. In case of Cu-leadframes, 

the leads themselves may fail prior to the solder joints. 

 

Proposal: 

TSOP I-56 leads (leads on short side – 0.5mm pitch): Alloy 42 & Cu leadframe 

TSOP II-86 leads (leads on long side – 0.5mm pitch): Alloy 42 & Cu leadframe 

Lead finish: Sn 

Mold compound: conventional CTE≥14ppm/oC vs. low CTE: 6-10 ppm/oC 

 

Leadframe packages: QFN 

 

The largest QFN (leadless) create the highest stress on the solder joints 

 

Proposal: 

2 – 4 QFN package types with sizes in the range of 6 to 10mm. 

Lead finish: Sn 

Mold compound: conventional CTE≥14ppm/oC vs. low CTE: 6-10 ppm/oC  vs. CTE=12ppm/oC  

 

Substrate based packages: BGA 

 

The larger the BGA, the lower the ball population and the smaller the balls, i.e., the lower stand-off, the 

higher the stress on the outer balls. 

Proposal 



 

NOTE: All changes to SOW must be approved by the Technical Committee for version control Page 13 of 14 

Testing of BGA packages with the following properties. 

 

Pitch (mm) Size (mm x mm) Ball configuration (1) Ball size (mm) 

1.27 35 x 35 Full vs. 3-4 outer rows 0.75 

1 35 x 35 Full vs. 3-4 outer rows 0.6  

0.8 35 x 35 Full vs. 3-4 outer rows 0.5  

0.5 30 x 30 Full vs. 3-4 outer rows 0.3  

 

(1): Partially populated BGA shall have no center balls. 

Balls: Sn63Pb37, SAC305 

Mold compound: conventional CTE≥14ppm/oC vs. low CTE: 6-10 ppm/oC  vs. CTE=12ppm/oC 

BGA need to have dummy IC of  >5mm x 5mm. 

 

An evaluation of the impact of die size on the solder joint reliability of the 0.8mm and 0.5mm BGA 

packages would be interesting. Variation in the range of 6 to 15mm side length. 

 

Testing 

 

Thermal cycling 

 

The difference in CTE between package and PCB is the major concern. Therefore, thermal cycling testing 

is the primary accelerated test to be executed in this project. 

 

Proposal 

Thermal cycling according to IPC-9701 TC1 (0-100oC) and testing to 63% failure. 

Low temperature dwell time: min. 10min preferably 20min (guarantee low T is reached) 

High temperature dwell time: min. 20min 

Max. temperature ramp rate: 10oC/min 

To be considered: increase the maximum temperature of the cycling to accelerate the test. Mandatory is 

that one stays at least 25oC below the Tg of the PCB, the mold compound and the substrate of the BGA 

and LGA packages. 

In-situ measurement of interconnection failure of daisy-chained components. Failure analysis to confirm 

solder joint fatigue as the failure cause. 

 

Thermal shock testing is considered not to provide added value to the above proposed thermal cycling 

test. The interpretation and simulation of thermal shock is also more difficult than that of conventional 

thermal cycling. 

 

Bending test 

 

A lower CTE is accompanied by a higher elasticity modulus E which leads to high solder joint stresses 

when the PBA is bent (e.g., during handling). If the test capability is available in the consortium a 

bending test is worthwhile to consider to quantify the impact of low CTE mold compounds on the 

susceptibility of failure during handling. 

 

Vibration test 

 

Since vibration is actually a high frequency bending test it may be used as an alternative test for the 

bending test to evaluate the impact of the increased package stiffness. Note, however, that the actual 
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mechanical loading strongly depends on the details of the test sample (vibration response) making the 

interpretation of the vibration test and the linking to simulation harder than for the bending test. 

 

Drop test 

 

A drop test is another alternative to evaluate the increased stiffness impact. This test is even harder to 

interpret and simulate than the vibration test but may provide test results simple and fast. 

 

Bending, vibration and/or drop testing will be performed if test equipment is available in the project 

consortium. 
 

 


