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1. Executive Summary 
The iNEMI New Packaging Technology Qualification Methodology project was initiated in response 

to several key insights highlighted during the 2016 iNEMI Substrate & Package Technology Workshop 
in Singapore.  The more significant insights included the following:  

• Development of integrated circuit (IC) packaging is shifting away from device 
manufacturers to OSATs, making the development of new package technology and 
materials further away from the end user whose PCB and system assembly processes and 
product application conditions may not be fully known to the OSAT 

• With this shift it is vital that qualification reports be more comprehensive in terms of the 
testing that was performed on new package technologies and materials to allow end users 
to more accurately assess the potential reliability of the new technology in their 
applications 

• Industry standards for device qualification are not generated/updated in a timely fashion 
to include new application spaces and the use conditions for the new application spaces, 
nor are the necessary test methods generated in a timely fashion to address new failure 
modes for new and existing application spaces 

• There is no industry document that outlines procedures for the development and 
assessment of new package technologies and materials nor the qualification of devices in 
which they are used. 

A discussion about, and a list of, existing industry qualification standards are presented in Chapter 
3.  Chapter 4 provides a summary of “lessons learned,” including information gathered by the team 
regarding past IC package quality issues that affect significant portions of the IC industry. In particular, 
the chapter examines those issues that could be attributed to qualification practices and procedures 
for new package technologies and/or materials that were not able to identify all potential end use 
conditions and applications.   

In the course of the project, two industry-wide surveys polled OSATs, design houses, device 
suppliers, CMs, OEMs, academia, and others to again a better understanding of the needs of the IC 
packaging industry with regards to developing, assessing, and eventually qualifying new package 
technology and materials for use in IC devices.  The results were analyzed, and the conclusions and 
recommendations were presented during an iNEMI webinar and at two separate IEEE conferences in 
2018 and 2019.  The key findings and recommendations of the surveys are presented in Chapter 5 of 
this report.  The recommendations included the development of new test methods and qualification 
standards for key aspects of advanced packages identified by respondents as not having sufficient 
coverage. The need for revision of temperatures ranges for current applications spaces was also 
identified. Another recommendation is for the relevant standard bodies to consider updating the 
qualification standards for specific new application spaces in wearables, automotive, space, oil and 
gas drilling and undersea applications.  

 The team generated an initial draft of a methodology that describes the techniques, tools, test 
methods, and best practices to be considered and used when assessing, developing, and qualifying 
new package technology and materials for use in IC devices.  A summary of the methodology is 
presented in Chapter 6 and the initial draft of the Methodology is presented in its entirety in Chapter 
10.  It is the project team’s goal for this document to become the basis of an industry standard and to 
be maintained by that standard body. 
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2. Terms and Definitions 
BGA - Ball Grid Array 
CAF – Conductive Anodic Filament 
CM - Contract Manufacturing 
CPI – Chip / Package Interaction 
CT - Computed Tomography 
EMS - Electronic Manufacturing Services 
IC – Integrated Circuit 
LGA – Land Grid Array 
MEMS – Micro-Electro-Mechanical Systems 
OEM - Original Equipment Manufacturer 
OSAT - Outsourced Semiconductor Assembly and Test 
PCBA – Printed circuit board assembly 
PGA – Pin Grid Array 
PWB - Printed Wiring Board 
QFN - Quad Flat Non-lead 
SMT - Surface Mount Technology 
SOIC - Small Outline Integrated Circuit 
SOT - Small Outline Transistor 
TSSOP - Thin Shrink SOP 

 

3. Review of Current Industry Standards 
Several industry standards commonly used to qualify packages for IC devices (qualification plans, 

tests methods, and pass/fail requirements) are shown in Table 1.  However, none of these standards 
address the entire process for qualifying a new package technology/material, nor do any of them 
recommend which industry best practices should be used (e.g., how to identify the best material set, 
implement Failure Mode and Effects Analysis (FMEA), and assess all possible customer assembly and 
field conditions). 

Each of the listed qualification standards is designed for a specific application space, such as 
consumer electronics, IT equipment, automotive, or military.  The types of test(s) to be performed, 
the stress conditions, stress durations, and sample sizes are all based on assumed use conditions for 
the application space(s) covered by the scope of the qualification standard.  When a device 
qualification standard documents the duration for a stress test, it makes assumptions that the 
expected (wear out) failure mechanisms are for the technology to be qualified.  These assumptions 
are mainly focused on the silicon die and much less so on the package.  With that said, the reliability 
aspects for the majority of IC package technology used today are well understood, especially for 
widely used wirebonded leadframe and substrate-based packages, as well as flip chip on substrate 
based packages, such as devices in SOT, SOIC, TSSOP, QFP, and BGA package styles.  The expected 
time to wear out for simple versions of these common package styles is much longer than the required 
product life requirements of application spaces covered by these standards (assuming that there are 
no manufacturing defects and the assembly processes do not overstress the packaged device).  
However, as newer and lower cost materials are implemented and new first-level interconnect 
techniques are used and multiple layers of integration are incorporated into the package design, the 
assumptions used to define the stress durations and conditions may no longer be valid.   None of these 
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standards provides guidance to users to help them identify when a new package design or material 
set may not be fully covered by the assumptions that were used to determine the stress conditions 
and durations.  

 

Table 1. List of commonly used industry standards 

Standard 
Number 

Standard Title Where to obtain a copy 

JESD47 
Stress-Test-Driven Qualification of Integrated 
Circuits 

https://www.jedec.org/ 

 

JESD94 
Application Specific Qualification Using 
Knowledge Based Test Methodology 

https://www.jedec.org/ 

 

JEP150 
Stress-Driven Qualification of & Failure 
Mechanisms Associated with Assembled Solid-
State Surface-Mount Components 

https://www.jedec.org/ 

AEC Q100 Stress Test Qualification for Integrated Circuits http://www.aecouncil.com/ 

IEC - 60749-43 Guidelines for IC reliability qualification plans https://www.iec.ch/ 

Mil-Std-883 Test Method Standard for Microcircuits 
https://www.dsp.dla.mil/Specs-
Standards/ 

Mil-Std-750 Test Methods for Semiconductor Devices 
https://www.dsp.dla.mil/Specs-
Standards/ 

Some military standards like MIL-PRF-38535 do have some basic guidance on how to characterize 
technology new to military application.  However, the standard mostly leaves it up to the 
manufacturer to determine how to characterize and qualify the new technology.   

 

4. Lessons Learned - Historical Issues with New Materials and 
Package Technologies  

The project team has generated these short summaries of past industry-wide package reliability 
issues to remind everyone of the need to question all assumptions made when assessing new package 
technology and materials and generating qualification plans that incorporate new package technology 
and materials.  The project team hopes that these summaries become part of the methodology as a 
constant reminder of the need for an assessment and qualification methodology for new package 
technologies and materials. 

4.1. Halogen-Free Mold Compound – Red Phosphorus   
In the late 1990s it was reported in Japan that dioxygen, which is harmful to human health, was 

detected in the exhaust of garbage incineration facilities due to incineration temperature that were 
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too low when burning electronic products.  Another report from Germany noted the detection of 
dioxygen in soil samples. These findings led to several more studies that were conducted worldwide 
in the early 2000s regarding the presence of certain hazardous substances in electric goods.  This led 
standards bodies in Europe, America and Japan to begin to set limits for bromine and chlorine in flame 
retardants and polyvinyl chloride (PVC) in electronic products (e.g., substrate standards IEC 61249-2, 
IPC-4101, and JPCA-ES-01; and a few years later the device standard ECIA/JEDEC JS709.) 

In the 1990s, the flame retardants used in organic materials for electronic products contained 
halogenated material. Due to worldwide industry regulations, the electronics industry started new 
material development with halogen-free/antimony-free flame retardant. With the requirement of 
halogen and antimony-free, the new compound formula had to replace the conventional, cheap, and 
effective antimony-bromide flame retardant system with a “green system,” free of these 
environmentally hazardous components. Among the alternatives used include silicone polymer, red 
phosphorous, metal hydrates (and oxides), and new resin systems with self-extinguishing features. 
Selection of the flame-retardant system is based on its effectiveness in meeting UL94-V0 
requirements, cost, and potential side effects on device reliability. 

The first widely used mold compounds to remove halogenated flame retardants contained red 
phosphorus (also called inorganic phosphorus).  These compounds were qualified by multiple 
companies and initially used in thin QFP and SO packages.   

The red phosphorus was hydrolyzed over time by exposure to high humidity, which allowed the 
copper (leadframe) to be easily corroded and facilitated the creation of copper dendrites when in the 
presence of a voltage potential.  If conditions were favorable between adjacent lead fingers within the 
device (high moisture, short distance, high electrical potential), field fails were observed, due to 
internal leakage or dendrites shorted adjacent lead fingers. Dendrites were commonly blown open 
when the leakage current between lead fingers increased, causing intermittent fails that could not be 
verified.  For some devices, fails were observed between other internal features that were at different 
electrical potentials; and besides copper, silver and other metals were corroded and created shorts.  

When red phosphorus containing compounds were first evaluated and qualified using standard 
qualification processes and stresses, none of the above failure mechanisms were detected.  The red 
phosphorus nodules were coated, and it was thought that this coating would prevent absorbed 
moisture from reacting with the red phosphorus.  In evaluations after temperature and humidity 
stress testing the coating appeared to remain intact and the absence of fails supported this 
assumption.  Unfortunately, the coating did break down over time, but temperature and humidity 
stress tests could not accelerate the breaking down of the coating. 

The only failure mechanism initially observed by stress testing was the occasional very large POx 
nodule physically bridging two internal leads and causing an electrical short under humidity stress. To 
prevent this failure mechanism the size of the phosphorus nodules was reduced so that no nodule 
could bridge any to internal lead fingers.   

4.2. Copper Bonding Wire 
 In the early 2000s the vast majority of thermosonically wire bonded devices used gold wire.  As the 

price of gold sky-rocketed from roughly $250/oz in late 2001 to over $1850/oz in 2011 the electronics 
industry scrambled for ways to reduce their exposure by finding alternative metals for gold.  Gold 
being a noble metal made it the ideal metal for the thermosonic bonding process which liquifies the 
end of the wire to allow the formation of the “ball.” Any oxidation at these high temperatures had no 
effect on the quality or integrity of the bond formed with the metallurgy of the bonding pad.  Copper 
and aluminum were the other types of metals commonly used along with gold for ultrasonic wedge 
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bonds; however, neither had been used for thermosonic bonded as both metals quickly form thick 
oxides at elevated temperatures which greatly hinder the formation of high quality, reliable ball bonds 
in standard air atmospheres.  However, as the price of gold began to rise, the cost of modifying the 
bonding process (equipment and forming gas) to generate an oxygen-free atmosphere around the 
formation of the ball became a viable option. 

Much of the initial qualification work for switching to copper wire for thermosonic ball bonds was 
in optimizing the bonding parameters to generate high quality, repeatable bonds.  One early failure 
mechanism that was observed in qualification testing was corrosion fails of the Cu wire.  This quickly 
led to the adoption of molding compounds with very low Cl and Br content, as well as Cu wire with a 
Pd (palladium) coating and more recently Cu wire with Au over Pd coatings.  Once implemented, these 
two changes removed much of the concern for corrosion fails; however, if the mold compound around 
the lead frame and more specifically around the stitch bonds is delaminated, then corrosion can still 
occur if the device is exposed to a humid environment and external contaminants containing relatively 
low concentrations of chlorine. 

Copper is a harder metal than gold and, during the qualification of some devices, cracks were 
noticed in the dielectric material underneath the bonding pad and “cratering” fails were observed in 
reliability stress tests.  Cratering fails had pretty much been removed from the industry with the use 
of barrier metals on bonding pads and the switch from AlSi metallurgy to AlCu.  The observation of 
these cracks led to the implementation of controls to look for excessive thinning of the Al metallurgy 
underneath the Cu ball bond which would likely produce excessive Al splash.  Visual inspection and 
periodic cross-sections are common controls to reduce this risk. 

Even with all of the above-mentioned controls, one variable that some suppliers missed was to 
qualify every type of bond pad structure used within their devices.  Suppliers did not optimize the 
bonding parameters for all of the bond pad structures used when they were qualifying a wafer process 
for Cu wire bonds and some fails were observed by customers. 

The traditional focus for evaluating Au wire thermosonically bonded was to look mainly at the ball 
bond, but for Cu wires, mechanical stitch bond failures are becoming more prevalent due to the 
interaction with the mold compound as well as from stresses due to the second-level interconnect 
with the printed wiring boards.  Due to observed fails, evaluation of the stitch bonds for Cu wire is 
required for some IC device qualification standards, such as AEC Q006.    

4.3. Pb-free Reflow Temperatures and IMC Formation 
When the electronics industry transitioned to Pb-free solders, the temperatures to which SMT 

devices were exposed increased by roughly 30°C.  Devices were subjected to this increase when they 
were soldered to the PWB, and if the board was doubled-sided some components would be exposed 
to two reflow passes.  J-STD-020 mentions that products should be evaluated for three reflow passes 
to simulate the situation when a neighboring device needs to be reworked or replaced and the device 
of concern would be subjected to an additional thermal excursion.  Lastly, if the device happened to 
be a BGA, a higher temperature reflow pass was used to attach the Pb-free solder balls to the package 
body.  

The industry understood this issue and qualified devices with higher reflow conditions as part of 
the preconditioning requirements stated in JESD22-A113.  However, what was missed by the 
qualification process of some suppliers was the effect of these four exposures to higher temperatures 
on the growth of Au-Al intermetallic formations for ball bonds for some devices in wirebonded BGAs 
packages.  This issue was first observed in devices with a specific type of halogen-free molding 
compound.  The higher temperatures in conjunction with a substance within the molding compound 
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accelerated the IMC growth of the gold ball bond on aluminum bond pads.   The devices in question 
had been previously qualified and manufactured with SnPb balls and attached with SnPb solder paste; 
and no IMC fails were ever observed in qualification testing nor in the field.  

This issue was not detected in qualification testing as qualification standards at the time did not 
require that preconditioning be performed on samples that were subjected to HTOL (High 
Temperature Operation Life) or HTS (High Temperature Storage) stress tests.  Preconditioning at Pb-
free temperatures were performed for T/C (Temperature Cycling) and THB (Temperature and 
Humidity Bias), but the overall thermal loading of the devices during those stresses are not as high as 
they are during HTOL and HTS tests which are typically performed at 125°C continuously for 1000 
hours; whereas THB is performed at 85°C and T/C which may have a peak temperature of 125°C or 
even 150°C, are only at those temperatures for roughly one-fourth of the stress duration.   It was not 
until after fields fails were observed that device suppliers were able to reproduce this failure 
mechanism by performing precondition at Pb-free reflow temperatures on HTS stress samples.   

It was this issue that prompted JEDEC to require that preconditioning be performed prior to HTS 
stress testing for wirebonded devices. 

4.4. Pb-free Solders 
Due to concerns with Pb leaching from waste electronics into water sources and the subsequent 

potential for human health effects, various national and international regulatory agencies, led by the 
European Union, started actions to limit Pb use in electronics in about 2000.  This action led to efforts 
to determine effective replacements for electronic assembly solders and finishes that primarily used 
SnPb alloys.  For solders, SnAgCu alloys provided an attractive option to provide reasonable reflow 
temperature and suitable viscoelastic properties. 

About 20 years of research and development of replacement alloys has provided significant insights 
into the behaviors of these new alloys to support successful use in most applications.  Research and 
development continues to identify potential new alloy candidates and application guidance for 
existing alloys to address some applications that require better performance.  Even with all of this 
development work Pb-free solder was substituted into a few applications, but not all issues were 
identified and corrected as part of the qualification process.    

4.4.1. Solder Pumping of Flip Chip Bumps (Secondary Reflow)  

When IBM first developed C4 (controlled collapse chip connection) it was used to attach ICs to 
ceramic substrates, after which the space between the die and substrate was filled with an 
encapsulating material.  The substrates had pins for the second-level connection to the printed wiring 
board (PWB) and were attached using either a solder wave or could be inserted into a socket.  The 
high melting point, high Pb content flip chip bump for C4 did not reflow when the package was 
soldered to the PWB as the melting point of the eutectic SnPb solder was lower than the temperature 
needed to reflow the flip chip bump solder, and only the pins were exposed to the molten eutectic 
SnPb solder of the solder wave.   

When the first ceramic ball grid array (BGA) and column grid array (CGA) packages were developed 
and the whole package, including the die, were exposed to the SMT reflow temperatures for eutectic 
SnPb solder, the temperatures were below the melting point of the high Pb content flip chip bumps.  
This also held true when the SnPb BGA balls were switched to Pb-free balls, the higher melting point 
of the SnAgCu (SAC) alloys was still below that of the high Pb content flip chip bumps.  For these 
surface mount packages underfill materials were used to protect the flip chip joints from external 
contaminants.   
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The temperature required to attach high Pb content flip chip bumps to ceramic substrates is too 
high to reliably attach such die to organic substrates.  To facilitate their use on organic substrates for 
BGAs, various methods were developed to use eutectic SnPb solder to attach high Pb content bumps, 
while other methods only used eutectic solder for the flip chip bumps.  When these SnPb ball “plastic” 
flip chip BGAs were soldered onto PWBs, the flip chip joints were now exposed to temperatures near 
to or even at their melting point.  The underfill materials expanded due to the reflow temperatures 
and put pressure on the flip chip joints, but this had little to no effect as the joints were still mostly 
solid.   

With the switch to Pb-free BGA balls, the higher reflow temperatures caused the underfill material 
to expand even more which put more pressure onto the flip chip bumps.  As long as the adhesion of 
the underfill was good to the substrate and the surface of the die or there were no large voids in the 
underfill that encompassed multiple flip chip joints, the increase pressure caused no issues.  
Unfortunately, ideal conditions were not always the case, and eventually fails were seen when 
underfill adhesion was not optimal.  The pressure of the expanding underfill can push (or pump) the 
molten solder through any delaminated interface and create a short between bumps. 

4.4.2. Solder Joint Fracture in Consumer Electronics (Switch to SAC105) 

When the electronics industry was looking to replace eutectic SnPb solder, SAC305 
(Sn/3%Ag/0.5%Cu) and SAC405 solders were chosen to be the standard Pb-free solders based on the 
consideration of their melting point and thermal fatigue response.  For the same reasons these solders 
were also chosen as the solder ball material for area array BGA packages.  However, these Pb-free 
solders are very weak in solder joint reliability within the IMC layer at the interface of the solder ball 
and Ni/Au layers on the copper lands.  

After the transition to the Pb-free solders, handheld electronic products began to see an increase 
in open solder joint fails due to products being dropped.  To assess their products, cellular phone 
manufacturers required board level drop testing be performed per JEDEC JESD22-B111, “Board Level 
Drop Test Method of Components for Handheld Electronic Products.”  This test method incorporates 
a standard test board and subjects the mounted devices to a “shock” force of up to 1500G for 0.5 
msec.  The use of this test method allowed for uniform comparison of different solder materials, which 
eventually led to the general adoption of SAC105 solder for BGA solder balls for BGA devices in cell 
phone applications, due to its higher ductility characteristics that were closer to that of eutectic SnPb.    

Further improvements were later made by adding Ni to the SAC alloy based on studies for better 
drop test performance, as it helps to control the IMC thickness and relieve the stress from intrinsic 
strain. 

4.5. ENIG (Black Pad) 
Many newer electronic package types require greater flatness of soldering pads than provided by 

hot air solder leveling and also require a different plated finish to address issues with Sn, Ag, and 
organic preservatives.  The development of electroless nickel immersion gold (ENIG) finishes provided 
an opportunity to address these concerns not only for PWBs, but also for IC package substrates.  The 
early qualification and uses of ENIG did not fully identify some of the plating process sensitivities that 
could lead to a corroded nickel layer (dubbed “black pad”), which in turn caused premature solder 
interconnect failures.   

Several items were necessary for the black pad issue to cause open solder joints, especially for 
larger BGA substrates for which the corner solder joints have the highest stresses during changes in 
temperature.  The variation of phosphorus content that was plated with the nickel was only part of 



   
 

 
 
 
iNEMI New Package/Material Qualification Methodology (June 2020) 11 
 

the issue.  A large stress was required to break the weaker solder joint and that was commonly caused 
by excessive handline during PWB assembly.  Lastly, the highest stress due to board bending was 
typically at the corners of the BGA package, but as most corner balls are redundant power and ground 
connections, or even “no connects” fails at the corner joints did not always cause the device to fail, 
and if it did, it was typically intermittent in nature.  These issues resulted in intensive industry effort 
to standardize requirements for ENIG finish (IPC-4552) and the development of less sensitive plating 
processes, such as ENEPIG (electroless nickel electroless palladium immersion gold). 

 

5. Industry Survey 

5.1. Background and Reasons for Survey 
This project was initiated based on a few initial concerns raised by industry, thus input from a much 

larger base of companies was necessary for the project group members to validate the need for a 
methodology.  It was hoped that the scope of respondents to the survey would cover multiple material 
suppliers, fab suppliers, OSATs, device suppliers, CMs, OEMs, and members of academia such that 
their wide range of experiences and perspectives would provide a firm foundation of topics and issues 
for this project to address. 

5.2. Survey Scope and Respondents 
Two industry surveys were conducted to identify and assess potential gaps in common qualification 

practices for new package technology and materials.  The first survey covered the qualification 
requirements and methodologies used to develop and qualify new package technologies and 
materials. The second survey focused on obtaining detailed information in a few key areas, specifically 
new package technologies and application spaces. Both were distributed to a focused distribution list 
spanning the entire electronic supply chain, from device users to device suppliers, fabless device 
suppliers, design houses, packaging suppliers (OSAT), and fab suppliers.  It was promoted through 
iNEMI communications and direct invitations to specific individuals to ensure input from people 
involved in the packaging supply chain. 

The first survey received a total of 62 responses of which the respondents identified themselves 
from the following organizations: 16% were from IC package assembly houses, 30% from OEM & EMS, 
and 36% from “Others” (including wafer fab foundries, fabless design houses, package material 
manufacturers, national institutions and universities). The second survey received 83 responses. The 
second survey had a larger proportion of respondents who identified themselves as being from 
“Other” organizations (which included device suppliers, package material manufacturers, fab 
suppliers, etc.), increasing from 36% up to 63%. The proportion of device users (both OEM and EMS) 
and package suppliers (OSAT) decreased from 64% down to 37%. Figure 1 shows the organization 
distribution from the first and second surveys. 
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5.3. Survey Summary 
The results of the two industry surveys highlighted that there is a discrepancy between supplier and 

customer knowledge regarding the use of new technologies and materials, as well as differences 
between field use conditions and the qualification stress conditions required to support the use 
conditions. This discrepancy highlights the need for greater sharing of information between 
companies, from end use conditions to qualification results. The awareness of what failure 
mechanisms could occur with new package technology and how best to test for those mechanisms 
can be improved and would greatly benefit from the generation of an industry guideline of best 
practices.  A large percentage of the respondents had knowledge of the six qualification methods, 
practices, and tools that our surveys mentioned, but the level of usage varied between users and 
suppliers. This difference in understanding and use confirms the need for an industry guideline of best 
practices.    

Respondents highlighted that application use temperatures are rising, with some going higher than 
the current 150°C upper limits; and a few going below the -65°C lower limits.  Similarly, the fact that 
some survey respondents, who are striving for zero defects, have extended their test durations 
indicates an awareness that improvements are needed in industry test methods and to the 
requirements within qualification standards.   

  Survey respondents’ organization distribution from first and second surveys 
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 Lastly, device users pointed out a large discrepancy between the type and amount of information 
needed from a qualification report to be able to assess whether a qualified device could be reliably 
used in their product versus the information that was typically provided by device suppliers in their 
qualification reports.  This last finding highlights the need for better communication across all 
members of the supply chain from end users back to package development teams. 

 

5.4. Survey Recommendations 

5.4.1. Test Methods and Qualification Standards 

Listed below are recommendations to industry standards organizations for future updates to 
existing qualification standards and test methods as well as possible new qualification standards and 
test methods. 

It is recommended that industry standards bodies work to develop new test methods for the 
following: 

• Assessing how absorbed moisture affects package warpage 

• The adhesion strength of stacked die 

• Effectiveness of radiation protection for ICs 

• Assessing intermetallic compound (IMC) formation for thermosonically bonded Cu wire on 
Al bond pads     

It is recommended that industry standards bodies work to develop new qualification standards for 
the following: 

• Package-on-package (PoP) technology  

• Products/packages susceptible to atmospheric sulfur  

• Open cavity packages for SMT sensors (pressure, humidity/moisture, open cavity MEMS, 
etc.)  

• Devices in application spaces that require sequential package stress testing  

• Substrate-based packages with imbedded ICs and passives 

It is recommended that industry standards bodies reassess the temperatures that define current 
application spaces for the following: 

• Maximum use temperatures above 150oC for applications such as down hole drilling (e.g., 
oil wells), automotive underhood (e.g., gearbox, tire control) 

• Junction temperatures above 150oC for some RF power amplifiers 

• Minimum use temperatures below minus 65oC, for deep space, Antarctica, and computers 
at cryogenic temperatures (e.g., quantum computers)  

It is recommended that industry standards bodies assess whether their existing qualification 
standards should be updated to add the following new application spaces which require unique 
conditions and/or temperatures: 

• Wearable electronics (skin contact, oils, flexibility) 
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• Automotive – immersed in engine fluids (e.g., antifreeze, oil) 

• Space – beyond earth orbit (radiation, extreme cold) 

• Oil and gas well drilling bit (heat, pressure) 

• Undersea applications (corrosion, pressure) 

5.4.2. Qualification Reports 

The lack of detail in many device qualification reports makes it hard for customers with high 
reliability requirements or more demanding application spaces to assess the suitability of new 
technology for their applications.  Industry standards for detailed and comprehensive qualification 
reports have existed for many years, but the results from the surveys indicate that few companies are 
following these standards for device qualifications reports.  For users to obtain the necessary detail to 
assess the qualification performed on new packaging technology and materials, the user community 
will need to engage/communicate with their suppliers to identify ways to obtain this necessary 
information, but still allow suppliers to control that information which they feel is proprietary.    

To address this issue, industry organizations may need to establish working groups to identify the 
issues of concerns of suppliers and users and provide viable solutions. 
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6. Draft Methodology for the Development/Certification of New 
Packaging Technologies/Materials 

6.1. Background 
 At one time, electronic packages (and the ICs they contained) were developed and qualified by the 

company that would use the devices in electronic products.  These companies had a thorough 
understanding of the end use applications to which the package would be subjected, and thus 
developed qualification tests, evaluation techniques, and other best practices to ensure that the IC 
within the package would function properly and reliably throughout its intended life.  Over time, 
companies specialized in designing and manufacturing ICs and took over the development of the 
packaging technology. As they knew how their customers would use their devices, they too, adopted 
and improved upon those tests, techniques, and best practices.   

As the electronics industry continued to evolve, many IC manufacturers outsourced their package 
assembly to subcontract assembly houses and thus much of the development of new packaging 
technology and materials shifted to the subcontract assembly houses.  In addition, this evolution 
within the electronics industry led to the rise of fabless companies that subcontracted both the IC fab 
and package assembly processes.  To take this one step further, some fabless companies evolved to 
become only design houses as they contracted out the management of overseeing all interaction with 
their subcontract fabs and assemblers.  As design and production became more distributed, so did the 
responsibility for qualifying new technologies, making it very hard to ensure that all of the proper 
qualification tests, evaluation techniques, and best practices were used to qualify the new package 
technology and/or material with each device and end use application for which it may be used. 

With this evolution, there may now be two or three additional companies between the company 
that is developing new package technologies and materials and the company that designs and sells 
the system that will use the new package technology or material.  With this many parties involved; it 
is very hard for the package developer to ensure that they have gathered all possible end use 
application conditions to which the new package technology may realistically be exposed.  Similarly, 
it is very hard for the company in whose electronic product this new package technology and/or 
material will be used to assess whether the qualification procedure used fully supports the application 
conditions of their system.   

The majority of today’s electronic devices, including those devices that incorporate new package 
technologies and materials, were originally designed and qualified for consumer electronics.  The high-
volume and low-cost focus of the consumer electronics industry pushes package technology to be 
qualified and brought to market quickly.  The application requirements for consumer electronics are 
typically many off/on cycles, significant power on hours per year, some external environmental 
thermal cycling, and the potential for significant mechanical shock; however, the expected life is 
typically not more than a few years.  If a new package technology or material was developed to be 
used with a device for a consumer electronics application, the qualification plan and subsequent 
execution would have been designed to ensure reliable use in the intended application space.  Once 
qualified and in use, the new package technology and/or material would be available for use by other 
devices and in whatever final application space that device was intended.  The big concern for 
companies that manufacture systems that require high reliability, very long life, and/or the ability to 
withstand harsh environments is that the original qualification may not have covered all of the 
requirements of their application. 
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Device reliability is a concern for all product manufacturers, but as the use conditions for most 
consumer electronic products are well documented, the qualification requirements are met by most 
standard qualification standards and, thus, a simple qualification report from the device supplier 
stating  that a device is qualified is sufficient for many manufacturers of consumer electronic products.  
Today’s standard qualification reports provide data showing successful results of tests, and stresses 
that the requirements have been fulfilled for qualification standards for consumer electronics 
applications.   

Rarely do today’s device qualification reports show the complete history and/or learning that went 
into the qualification of the new package technology and/or materials that were incorporated into a 
packaged device.  These reports do not contain all of the insight regarding the techniques used, 
lessons learned, initial fails, and additional stress data that was generated to qualify the new 
technology.  This additional data is what manufacturers of high-reliability products require to ensure 
that the new package technology and/or material will meet the application requirements of their 
products.       

Multiple qualification standards exist today for qualifying package technology to be used in various 
application spaces.  Books and many more papers exist that describe package technology and the 
techniques, tools, and best practices used to qualify it.  Unfortunately, what is lacking is a document 
that addresses the qualification process itself for new package technology. While such a document 
exists for qualifying new IC fabrication processes (i.e., JEP001, “Foundry Process Qualification 
Guidelines”) there is no standard for qualifying new technologies at the package and/or materials 
level.      

The project team is recommending a new qualification methodology that:  

• Creates a repository for all of the best practices used today   

• Provides background about why and when to use a specific stress or test  

• Outlines what to consider when developing a qualification plan and many aspects required 
for evaluating and assessing new package technology 

6.2. Methodology Summary 
The draft methodology identifies methods and practices that can characterize new package 

technologies and material performance under various stress conditions.  Comparison of this 
performance with particular use application life stress conditions can indicate whether a specific 
package technology can be certified or qualified to meet a particular application.   

6.3.  Methodology Recommendation 
The draft methodology included in the annex of this report is a “first draft” of a document that the 

project team plans to recommend to an industry standards body, with the intent that industry experts 
will make it a living document that is reviewed and updated on a regular basis.  At this time the intent 
is to initially offer the draft to JEDEC to publish and maintain, but in no means does the project team 
intend to prevent any other industry organization from participating in its development and future 
growth.  
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7. Project Summary 
iNEMI’s New Packaging Technology Qualification Methodology project was initiated in response to 

identified gaps. A key area of concern was that the assessment and development of new package 
technologies and materials that had typically been performed by device suppliers was now moving to 
subcontracted packaging houses which further removed it from potential end users. As a result, 
qualification plans would most likely only focus on the requirements of the initial customers and not 
on all potential application spaces.  The project team also noted several past examples where the 
assessment of new package technology and materials and eventual qualification for finished devices 
missed some aspect of the application conditions that created significant problems for all parties 
involved.  Lastly, it was noted that even though there are several qualification standards for packaged 
ICs, there was no industry document that described the assessment, development, and qualification 
process of new package technology and materials for IC devices.  

To address the above concerns this project team took part in three separate tasks.  The first was to 
document some of the more notable “lessons learned” in the IC packaging world.  By documenting 
the general details of some of the more widely known lapses in assessment and qualification of new 
IC package technology and materials, it is hoped that the industry as a whole will be more diligent in 
its development of assessment and qualification plans.  Secondly, the project team generated and 
conducted two industry-wide surveys to get a broader understanding of significant needs as well as 
best practices for assessing and qualifying new package technology and materials.  Lastly, the project 
team generated an initial draft of an industry methodology for the assessment and qualification of 
new package technology and materials.        

  

8. Recommendations from Project Team to Industry 
Several recommendations were made based on the findings of the two surveys (see section 5.4).  

The project team requests that standards body that generates IC device qualification standards and 
test methods review and prioritize the recommendations. The standard bodies can more accurately 
prioritize them, as the project team was not diverse enough to accurately describe the prioritization 
of industry needs. Where appropriate, relevant standards bodies should work together to generate 
joint documents based on the project’s recommendations for future updates to existing qualification 
standards and test methods as well as development of new qualification standards and test methods.  

The project has generated an initial draft of a methodology for assessing new package technology 
and materials and qualifying IC devices that incorporate them.  The project team’s recommendation 
is that JEDEC complete the methodology and publish it as a companion document to JEP001, “Foundry 
Process Qualification Guidelines.”   

Addressing the stated need for the availability of detailed qualification reports will lie mainly with 
manufacturers of products with high reliability requirements and those with demanding application 
conditions.  Without this detailed information, these manufacturers cannot fully assess the potential 
reliability of new package technology and materials for their products. 

The old adage, "Those who cannot remember the past are condemned to repeat it,” aptly applies 
to IC packaging.  Many test methods and qualification standards are developed to address past quality 
and reliability issues; though rarely are those issues documented in detail as companies do not 
typically want to share the details of their past failures.  Therefore, the project team recommends 
that, at a minimum, some form of the Lessons Learned be included with the Methodology. 
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10. Annex – “Methodology” Initial Draft 

10.1. Understanding and Identifying all Use Conditions 
When first assessing how to qualify a new package technology or new material, a complete 

understanding of all the stresses to which it will be exposed is required.  The gathering of this 
information needs to consider all possible future uses, not just the first one or two intended 
applications and/or users.  A new packaging technology may initially be designed for one customer for 
a specific device, with very specific use conditions; however, over time that package technology may 
be offered to other customers for products that may have very different end use applications, thus 
the assembly conditions, system use conditions, and life expectancies may be very different.  If the 
initial use conditions were more benign than those of later applications, the initial qualification may 
not cover the later ones, and thus expose those users to higher fallout rates than those projected. 

The reliability of a part depends on the use conditions (i.e., stress) and the durability of the design 
and construction (i.e., strength).  Characterizing part reliability usually involves extrapolation of 
accelerated stress test data to the stress under use conditions, so understanding and characterizing 
the assumed use conditions becomes a critical step in any reliability assessment. 

10.1.1 Manufacturing (Device Assembly to Board, Board into System) 

Manufacturing of assemblies can induce many significant stresses on parts for the necessary 
assembly processes.  These stresses often include large thermal excursions for soldering the 
semiconductor packages to the printed circuit board/module substrate, along with exposure to fluxing 
agents to enable the soldering process, and possible bake times for cure of adhesives on the PCBA and 
at higher assembly levels.  Prior to assembly to a printed circuit board, parts will likely experience 
stresses from handling in reels or trays and pick-and-place machines.  Some assembly requirements 
may include cleaning processes typically aided by water and solvents applied to the devices once 
assembled to the PCB.  Mechanical fastening of circuit cards in higher assemblies may induce board 
warpage which may be transmitted to the parts.  Handling of parts and assemblies can also include 
vibration and mechanical shock of the parts.  

10.1.2 Shipping (Device, System) 

Parts may be stored before and after assembly, prior to final customer delivery, that will include 
exposure to temperature and/or humidity.  In addition, transportation modes can impose handling 
shock and vibration effects, as well as elevated temperatures in various carriers.  Once in assemblies, 
the vibration and shock effects can be amplified depending on the structural transmission 
characteristics. 

10.1.3 Field  

Field use will potentially include a wide range of many simultaneous and sequential environmental 
and operating stresses due to mechanical and/or thermal influences.  Some applications may 
essentially require 100% duty cycle, while others may be near 0% with very long storage periods.  For 
other applications, power cycling may represent the primary stress.  Environmental conditions can 
include wide ranges of temperatures and humidity levels, temperature cycling (including cycling not 
due to power cycling), chemicals, vibration, mechanical shock, as well as acceleration and gravity 
impact.  Atmospheric radiation poses another significant stress, particularly at high altitudes (such as 
commercial aircraft), but even at sea level thermal neutrons can cause device upset. 
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Common use conditions can require a significant range of qualification stress times per commonly 
used device qualification standards. For instance, use conditions around 5 years can be satisfied with 
highly accelerated stress test (HAST) times around 96 hours, but applications requiring consistent 
performance over 10 years will typically require at least 192 hours of HAST exposure to verify 
capability. 

Reliability expectations over time also significantly impact the qualification stress levels, sample lot 
sizes, and test time required to meet the application requirements. 

10.2. Tools and Best Practices 

10.2.1. 3 Step Qualification Process 

A technique used by some companies when qualifying new packaging technologies is to break up 
the qualification process into three separate steps.   The first is to perform a “Technology Assessment” 
in which studies are performed on multiple variations of the design and/or materials to determine 
which offers the best results.  These studies may include mechanical tests which assess how different 
material choices or package designs affect a mechanical response, such as adhesion strength; or an 
electrical response, such as impedance.  Variations of the manufacturing processes may also be 
assessed, such as varying molding parameters to determine how they affect package warpage.  Highly 
accelerated reliability stress tests may also be performed to compare different materials or package 
designs.  The intent of the technology assessment is to finalize the package design, material choices, 
and manufacturing process or at least limit the number of variables for the second step, “Technology 
Qualification.”   

During “Technology Qualification,” samples of the new package or with the new material(s) are 
manufactured with the intent of performing a reliability assessment.  For this assessment a specially 
designed “test chip” is often used which allows for taking detailed electrical measurements that might 
detect minute changes in the electrical characteristics of the package.  An example of this would be 
the use of a “daisy chain” test chip that allows for measuring slight increases in electrical resistance of 
flip chip joints due to fatigue.  At the end of this step the package design, material set, and 
manufacturing parameters are finalized.    

The last step is to perform “Device Qualification,” during which the final product is assembled and 
put through the full battery of reliability stress tests and tested to the full functional requirements of 
the product.   

10.2.2. Simulation 

Simulation methods provide efficient techniques to characterize the multi-physics behavior of 
complex, heterogeneous packaging structures.  These methods generate effective testing criteria to 
help understand the effects of different stresses that various applications may impose on an electronic 
device package to determine specific stress acceleration factors.  In addition, simulations can perform 
efficient trade-off studies by varying material properties which help to determine the ability of a 
package to meet different application criteria.  

 FEA Modeling 

FEA (Finite Element Analysis) (also called Finite Element Modeling - FEM) is a method which allows 
calculation of non-analytical systems (designs, problems). The system under consideration is modeled 
on a computer in the form of small, discrete elements (the so-called finite elements). Solutions to a 
given load will be calculated by solving the equations of the node points (additional points are 
possible) and are ascribed to that element. Typical types of analysis include: 
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• Thermal, where heat capacity and thermal conductivity are simulated to assess the 
temperature distribution in the system. Heat can be introduced by given boundary condition, 
but can also be dissipated, e.g., by conversion of electrical energy.  

• Mechanical, where an external load on the system is applied and the stress and strain 
distribution are calculated based on Young’s modulus, Poisson’s ration and possible work 
hardening of the system. 

• Thermo-mechanical, which is a combination of both loads mentioned before. Usually, the 
temperature distribution is calculated first and then applied to the system. The mechanical 
stress results from CTE (coefficient of thermal expansion) mismatches of the different materials 
and their mechanical properties. 

• Electrical simulation may cover just the reaction and interaction of resistance, capacitance, 
inductance, voltage and current on events like switching. More sophisticated software is also 
capable of calculating dissipated energy out of the electrical simulation and pass it to a thermo-
mechanical model. 

• Fluids (incl. air) are simulated to get information about pressure loss in pipes and cavities. 
Furthermore, the knowledge of streaming velocity and directions in heating or cooling devices 
are important to predict their efficiency. Additionally, the fluid simulation can be coupled to 
thermal simulation to predict with higher accuracy the heat transport or predict even complex 
phenomena like natural convection. 

Those types of simulation are typical for semiconductor packages to understand reliability aspects 
of the package. The impact and interaction of different assembly materials can be assessed by 
numerical simulation.  

• Used for 
o Material selection 
o Identifying CPI and 2nd level interaction 

10.2.3. FMEA  

FMEA (Failure Mode and Effect Analysis) is a powerful tool for analysis, documenting risks, and 
working on counter measures.  In its forms of Product (Design) and Process FMEAs; a linkage between 
different levels in product development and daily production work can be established.  Especially in 
large teams or complex development tasks, it is a well-established method to hand over requirements 
and work effectively toward zero defects. A weighting system based on the severity and potential 
occurrence of an issue allows the reviewer to focus on implementing corrective actions on the most 
relevant tasks first.  FMEA is a living document that requires regular reviews to be performed to ensure 
that engineering changes and past learning are incorporated.  

12.2.4. Test Chips vs. Functional Devices 

Specially designed test chips can allow for a more complete evaluation of new package technologies 
or to compare different materials.  The test chip can be designed to contain cells that are very sensitive 
to mechanical stress from the encapsulation or underfill material during thermal cycling or during 
reflow.  Cells may also be incorporated to assess moisture-induced failure mechanisms.  The test chip 
may also include a daisy chain to assess the stress in flip chip bumps to determine their fatigue life.    

Data from stressing test chips can provide critical, generic information to characterize stress effects 
on functional devices to allow compensation for these effects in various functional devices.    
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10.2.5. Electrical Characteristics 

Package construction affects electrical characteristics critical for many applications, so new package 
technologies need to consider these properties.  For high frequencies, complex impedance must be 
characterized, while at lower frequencies resistance can have significant effects for power 
applications.  Thermal management requirements may often be in conflict with meeting goals of low 
inductance difference for the package and chip grounds, as well as for impedance matching, indicating 
for some applications that multi-physics simulation is required to assess package construction trade-
offs and constraints.  Characterization of new packaging technologies requires testing and simulation 
of the complex impedance characteristics of the circuit elements (packaging, interconnects, active and 
passive devices) in the intended applications. 

10.2.6. Detailed Construction Analysis  

 Performing a detailed construction analysis on a new packaging technology or new material can 
provide great insight into its potential quality and reliability.  It can be used to provide a comparative 
analysis when evaluating multiple materials or processes prior to performing costly reliability stress 
testing.  It can also be used to identify where tighter process controls may need to be implemented. 

Both non-destructive and destructive techniques are incorporated in the analysis.  Non-destructive 
techniques such as x-ray and acoustic microscopy can be used to perform a first pass analysis of 
samples to identify which samples should receive destructive analysis and where within the samples 
the analysis should be focused.  Destructive techniques can be used to evaluate general workmanship, 
intermetallic formation, and make measurements to confirm compliance to specifications. 

10.2.6.1. Tools and Techniques 

2D and 3D x-ray 

X-ray imaging is based on the principle that materials absorb and scatter photons from an x-ray 
beam when passing through a specimen, the attenuation of the photons will be detected by image 
detectors and then convert to digital images. The resulting images are a two-dimensional (2D) 
projection of the specimen that reveals the internal structural attributes of the package. 

3D x-ray is a non-destructive technique that can find and image defects, such as voids, 
misalignments, and non-contact opens within a package. It can provide virtual cross sections that 
reveal the detailed structure within a packaged IC and visualize any defects and their locations without 
destroying the sample.  A typical x-ray inspection system consists of three components: x-ray source, 
x-ray detector and a fixture for holding the sample. Differ from conventional x-ray which is to acquire 
data from top-down view of the sample, 3D x-ray is collecting 2D projection images from an oblique 
view by tilting and rotating the sample between the x-ray source and a detector.  

Acoustic microscopy 

Acoustic microscopy (AM) is a non-destructive technique that can detect and image voids, cracks 
and delaminated interfaces within a package, as well as provide a general understanding of the 
internal construction of a packaged IC.  Using a through transmission mode scan can provide a quick 
image denoting any defect or separation within the bulk of the package and a reflective mode scan 
can be used to determine the depth within the package of any specific defect or delamination.  

AM requires a medium through which the acoustic signal can travel from the transducer to the 
receiver.  Water is typically used to allow the acoustic signal to reach the sample and then the 
materials within the sample itself is the medium that carries the signal.  For through transmission 
mode the transducer is above the sample and the receiver is below the sample, all within the water 
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bath.  For reflective mode the transducer and receiver are both above the sample.  As voids, 
delaminated interfaces, and even cracks in bulk materials are filled with air and as the speed of sound 
in air is much lower than that of water, metal, and even plastics; the acoustic microscope is able to 
easily detect these defects. 

For reflective mode the frequency of the transducer is chosen based on the desired depth within 
the package to be scanned.  Higher frequency transducers can provide a sharper image but are less 
capable in penetrating deeply into the package. 

AM works best when the structures being scanned are perpendicular to the direction of the AM 
signal.  Curved and non-perpendicular structures scatter the acoustic signal such that some or all of 
the signal may not be picked up the by receiver, and thus some other technique may be required to 
better understand the area of interest.    

Dye penetration with cross-section analysis 

This technique is capable of identifying package cracks and delaminated interfaces that exit in the 
package.  It can be used on unstressed devices to assess initial package integrity.  It can also be used 
on devices that have been preconditioned and those subjected to reliability stress testing to assess 
how the package has been affected by those stresses.  

There are two general techniques in which the dye penetration test may be performed.  The first 
technique utilizes a low-viscosity, anaerobic liquid penetrant (crack filler) mixed with a fluorescent 
powder and an anaerobic accelerator which enters cracks and delaminated interfaces within a device 
and is then hardened.  The sample is then potted and evaluated.  (MIL-STD-883 Method 1034 is one 
example of this technique.)  The second technique utilizes a potting material to which a fluorescent 
dye is mixed, and the dye and potting material enter cracks and delaminated interfaces within the 
device and the potting material is then cured and the device is evaluated.  For both techniques a 
vacuum is used to assist the crack filler or potting material to enter cracks and delaminated interfaces. 

The depth to which the penetrating dye has reached within the samples can be assessed by the use 
of standard cross-sectioning techniques of cutting and polishing the potted device.  The location and 
direction of the sectioning is chosen based on suspected locations of cracks and delaminated 
interfaces as shown on acoustic microscopy scans taken prior to potting the device and with the 
location verified within the potted device by performing x-ray on the device before it is potted.   

Passivation integrity test  

This technique is used to evaluate the integrity of the passivation layers that protect the wiring of 
the IC.  The top layer of passivation (glassification) material is typically SiN, though some devices may 
also have a SiO2 layer.  Today, many devices, but not all, also incorporate a polyimide wafer coat on 
top of the passivation. Damage to or defects in the passivation layers can allow moisture to enter the 
active regions of the IC and potentially lead to reliability fails.  The passivation integrity test is a 
destructive test typically performed on a device that has completed all of its manufacturing steps and 
sometimes performed on preconditioned samples to ensure that the device is equivalent to product 
in the field.  The device is “opened” to expose the top surface of the die and an etchant is applied to 
the surface of the die to identify any cracks in the passivation layer(s) that might allow moisture to 
attack any underlying circuits.  

Bond pad cratering test 

The technique is used to determine if the force from the thermosonic ball bonding operation has 
generated any stress fractures in the dielectric layers underneath the bonding pad on the IC.  An 
etchant is used to remove all of the metallization on the bonding pad and expose the glass material 
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underneath.  If any damage has been induced in the dielectric layer it will be visible as an arc shaped 
defect, as the bonding capillary is circular.  A light source is commonly used when viewing the area to 
better highlight any defects. 

Bond pad cratering is most prevalent today when copper alloy bonding wire is used.  In the past 
bond pad cratering was seen on ICs that were manufactured using a very old fab technology in which 
the bond pad metallurgy used a silicon doped aluminum and/or without an underlaying titanium (TiN, 
TiW, etc.) barrier metal.  Devices with cratering damage may not initially fail at outgoing electrical but 
fail in the user’s application due to the stress caused by SMT reflow or thermal cycling in the field.  
Cratering fails also tend to be intermittent in nature.     

10.2.6.2 Inspection of decapsulated packages 

To perform visual inspections and mechanical testing to assess the structural integrity 
characteristics of the internal elements within the package, the device must be “opened up.”  For 
plastic encapsulated devices this requires a decapsulation technique or techniques to remove the 
encapsulation material and for cavity packages (hermetic and nonhermetic, it requires removal of a 
lid or other sealing structure. 

Wire bonds 

Decapsulation of wire bonded plastic encapsulated devices allows mechanical joint integrity testing 
of wire bonds.  These tests may include ball shear tests of thermo-compression ball bond joints and 
pull tests at various locations along the wire span to assess the strength of both joints and extent of 
joint formation.  Visual inspection for wire sweep, bond placement, and bonding defects is also 
performed.  

Die attach and underfill integrity 

The integrity of solder die attach joints can be assessed in decapsulated plastic packages, and both 
organic and solder die attach joints can be assessed in “de-lidded” hermetic packages.  For both 
adhesive and solder die attach some of the characteristics that will be assessed include fillet height, 
extent of die attach coverage on the chip periphery, and any evidence of die attach material on the 
surface of the die. 

Devices with flip chip attached die on substrates with or without a lid can be visually inspected for 
the integrity of the underfill material.  Characteristics that will be assessed include fillet height and 
confirmation that the material fully encompasses the whole periphery of the die.   

Silicon die 

After decapsulation the die is visually inspected to look for any evidence of die cracking or chipping 
due to the dicing operation or stress from the encapsulation process.  For wirebonded die the bond 
and bond pad metallization may be etched to perform visual inspection of the underlying silicon 
structure for evidence of cracks or cratering due to excessive bonding force.  A passivation integrity 
test may also be performed on wirebonded die to assess the initial integrity of the passivation layer 
or determine if the encapsulation process caused any damage.    

10.2.6.3. Inspection of cross-sections 

IMC formation (flip chip bumps, wire bonds) 

Contiguous intermetallic compound (IMC) formation in wire bonds and solder (flip chip) joints 
provides some assurance of bond integrity and should be characterized by cross-sections of the joints.  
Incomplete IMC formation will likely lead to premature bond failure.  Cross-sections of such joints with 
optical (enhanced by suitable etching of the cross-section surface) and scanning electron microscopy 
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(enhanced with elemental mapping, such as energy dispersive x-ray analysis and electron backscatter, 
as well as Auger and secondary electrons) provide detailed characterization of the bond characteristics 
that determine the bond strength.  

While intermetallic formation provides the first order indication of bond integrity, the IMC formed 
in the bonding process typically represents the most brittle, and hence the most likely failure location 
for the formed bond, so excessive IMC formation should be avoided.  The IMCs will typically increase 
with time and elevated temperatures, so IMC growth also needs to be characterized as a function of 
application lifetime to assess potential reliability impacts.  IMC growth has also been documented to 
be accelerated in the presence of some halogen substances. 

Flip chip bump formation/integrity 

In addition to IMC formation, the general shape of the formed flip chip joint can provide useful 
insights into the attach process and highlight any potential reliability concerns. A visual inspection will 
assess any irregularities in bump shape, size, and grain structure if polarized light is used. 

Underfill integrity 

Cross-section inspection with optical or scanning electron microscopy can indicate the 
completeness of underfill for flip chip and similar constructions, and the adhesion to the chip and 
substrate, as well as the distribution of filler.  These factors contribute to the underfill effectiveness in 
providing strain relief for the flip chip joints. 

Whereas perpendicular sections are used for evaluating flip chip bump formation, parallel sections 
are most commonly used for evaluating underfill integrity as it allows for a complete view of how well 
the underfill fills that space between all bumps with just one section.  A perpendicular section may 
still be required to assess any delamination between the underfill and die or substrate.  An area of 
concern for die attached with flip chip bumps is with solders that have melting points similar to that 
of the solder type used to attach the packaged device to a PWB is that the internal solder will likely 
become liquid during the SMT soldering process.  If there are any voids or delaminate interfaces 
between two adjacent bumps the expansion of the underfill material due to the reflow temperatures 
is likely to compress the now liquid solder bump so that it may fill in the void or delaminated interface 
and thus create a short.  It is for this reason that underfill integrity is so important. 

Silicon die and silicon interposer integrity 

Cross-section inspection with optical or scanning electron microscopy can provide insight to the 
dicing operation.  The inspection should check for any cracks that may reside between structures on 
the top of the die or interposer or on bottom edges.  For laser operations the inspection should ensure 
that the heat affected zone does not encompass any active circuitry.  

Care must be taken during the polishing operation to ensure that the polishing operation itself does 
not initiate any cracks in the die as silicon and other chip materials are harder than the surrounding 
encapsulation materials and excessive force near the edges can initiate cracks.   

Organic substrate 

Cross-section inspection with optical or scanning electron microscopy can indicate construction of 
the organic substrate and its process quality, as well as the reliability after packaging.  Cross-sections 
can be performed on bare substrates to assess initial quality, after package assembly to assess how 
the package assembly process affects the substrate, after reflow attach or reflow simulation to assess 
how attaching the packaged device affects the substrate, and after reliability stress testing to assess 
the long term reliability of the substrate.  The inspection should check for the following:  
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• Cu wiring and land plating issues: peel off, voids, ionic contamination, Cu/Ni exposed  
• Via and microvia issues: microvia stack misregistration, delamination of microvia, hole 

misregistration, hole wall roughness, burr, solder in hole, thinning of knee wall, plating cracks 
and voids, contaminant, linking between the wall cladding and inner copper layer 

• Solder mask issues: peeling, bubbles, uniform thickness, coverage, contamination under solder 
mask 

• Core material and glass fiber issues: voids, cracks, delamination, evidence of CAF 
• Build-up layer issues: misregistration, delamination, flatness (warp or twist) of the substrate 

 10.2.7 Test to Failure 

Characterizing electronics package technology through test-to-failure (TTF) approaches provides 
critical knowledge on failure distributions and stress acceleration factors necessary to determine how 
a package technology will perform under actual use conditions. The TTF approach also provides the 
most likely method for identifying new failure mechanisms and modes in new package technologies. 

10.2.7.1. Identify new failure modes 

The test-to-failure results will identify potential new relevant failure modes for particular 
applications, based on root cause analysis under the accelerated stress test conditions, which will 
typically require multiple stress test levels.  Since most acceleration models depend on nonlinear 
stress dependencies, at least three stress levels should be used in the absence of known stress 
acceleration factors. 

10.2.7.2. Wire pull and bond shear after stressing  

After stress exposure the wire bond strength should still provide interconnect integrity to assure 
performance in applications with requirements that correspond to that stress level, test time, sample 
size, and reliability requirement.  For typical plastic encapsulated construction, assessing the bond 
integrity will require decapsulation that does not degrade the interconnect and subsequent strength 
testing.  Statistical analysis of the strengths after the stress exposure characterizes the capability to 
meet the application requirements. 

10.2.8. Sequential Stress Testing 

In many cases, the different life cycle stresses experienced by electronic parts act in synergistic ways 
to cause degradation of the packaging structure.  One prime example of this situation includes the 
surface mount reflow stress in concert with subsequent life humidity and temperature stress, which 
prompted a change in the JESD47 requirements to include reflow soldering preconditioning stress 
prior to the temperature cycling and highly accelerated stress test (humidity) exposures.  This testing 
approach addresses the potential for interfacial delamination during solder reflow stress that will 
accentuate the effects of humidity exposure (moisture accumulation at interfaces) and temperature 
cycling (allowing thermal expansion mismatch to create greater stress effects at the interface).  In the 
case of plastic encapsulated devices, a repeated sequence of humidity and temperature cycling allows 
assessment of the synergistic effects of delamination (caused by initial humidity exposure) and 
subsequent relative motion this delamination allows due to thermal expansion mismatch of the lead-
frame, die, and epoxy (caused by temperature cycling).  In turn, the larger delamination gaps then 
allow enhanced moisture accumulation at the delaminated interfaces, and then larger stress effects 
from subsequent temperature cycling. These impacts on the package structural integrity can result in 
wire bond failure and die functional failure from excess condensed moisture and passivation cracking.  



   
 

 
 
 
iNEMI New Package/Material Qualification Methodology (June 2020) 27 
 

For new packaging technologies the stress effects and stress acceleration relative to actual life cycle 
stress should consider packaging degradation effects of multiple stress types to best represent 
reliability in use conditions with various life cycle stresses. Coupled with test-to-failure under single 
environments will provide significant insight into expected performance in typical life cycle 
environmental and operating stress profiles. 

10.2.9. Safe Launch 

After qualification has been completed and manufacturing moves from tight engineering oversight 
to a production environment, a best practice is to implement a “safe launch.”  During the safe launch 
period additional inspections and/or tests are implemented to ensure that there are no deviations 
from the expected quality and production yield as production volumes increase.  The decision of which 
areas receive increased inspection may be based on issues found during qualification, issues found 
during past ramp-ups, processes new to the manufacturing team, processes that typically have higher 
rates of issues, processes identified by FMEA with high scores, etc.    

10.2.10. Failure Analysis 

Most failures do not occur instantaneously but are a gradual degradation of system performance 
or microscopical development. It is, therefore, highly recommended to check not only when failure 
occurred, but also in between cycles or exposure time. 

Usually, not a full new design, system or package is being qualified, but single materials or features 
have to be qualified in a technical project. The main focus is on failures related to the new technology; 
however, interactions with existing materials, processes, and design layouts have to be considered, as 
well. The methods for failure analysis are partially the same as in chapter 12.2.6, “Detailed 
construction analysis” and thus will not be mentioned in detail.  Table 2 below lists tools and 
techniques commonly used for failure analysis and describes for which types of fails they may be used. 

Table 2. Description of Failure Analysis Tools and Techniques 

Failure analysis Destructive? Typical use for failure Typical result 

Optical 
Microscopy 

No Surface defects, like cracks or 
lift offs. Contamination and 
oxidation can be seen by 
discoloration.  Also used on 
cross-sections and 
decapsulation devices 

Colored image of the surface 
or area of interest. 

X-ray Analysis 

(incl. 3D and CT) 

No Detection of voids in solders 
and die attach, broken bond 
wires, lifted bonds, wire 
sweep, deformed/cracked 
internal solder joints and flip 
chip joints, and damaged 
traces and vias in substrates 

2D (grey scale) images of all 
internal structures within the 
area of interest.  3D (colored) 
images of internal features 
localized for the area of 
interest 

Acoustic 
Microscopy (AM), 

No* Detection and evaluation of 
voids and delaminated 
interfaces inside the package, 

Greyscale image of the 
analyzed volume with 
possibility of parallel and 
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both scanning and 
through scan 

can also detect cracks.  Two 
types of modes are used, 
through scan and reflective.  

vertical cuts with respect to 
the surface. Contrast due to 
density (speed of sound) 
differences at material 
interfaces (or material and air 
gap) 

Transmission 
Electron 
Microscopy (TEM) 

Yes Surface defects, fracture 
modes and contamination 
can be observed with 
different imaging modes. 

In Secondary Electron mode 
roughness of the surface can 
be observed (e.g., brittle vs 
ductile fracture) 

In Backscatter Electron mode 
contrast due to atomic 
number (the higher the 
brighter) can be observed. 

Secondary Ion 
Mass 
Spectroscopy 
(SIMS) 

No* Composition of the surface 
can be analyzed by sputtering 
of and analyzing ions. Small 
amounts of elements (sub % 
region) can be observed. 
Contaminations can be found 
and element distribution can 
be compared with pure, 
known substance to check for 
their presence. 

Graph for positive and 
negative ions with count over 
energy which allows 
correlation of energy to 
elements/groups and counts 
to amount. By sputtering into 
the surface, a distribution of 
elements of sputter 
time/depth can be obtained. 

Energy Dispersive 
X-ray Analysis 
(EDX) 

No* Issues with intermetallic 
compound formation or 
diffusion of materials can be 
assessed. Detection for 
fracture layer can be checked 

Composition of materials in 
surface near areas, resolution 
in 1% region can be expected. 

Cross-Section Yes Assessment of damage to 
and interaction with below 
surface areas. IMC formation 
into the substrate can be 
overserved or depth of 
cracks. Check for 
cracks/voids/inclusions  are 
possible.  

Depending on imaging 
method, colored optical 
images or greyscale SEM 
images can be obtained.  Can 
also be paired with dye 
penetrant for detecting 
cracks and delaminated 
interfaces. 

Wire Pull/Shear Yes Check for adhesion strength 
and weak points of a wire 
bond. Shear strength gives a 
measure for adhesion 
between bonded wire and 

Pull and shear strength will 
be measured quantitatively. 
Failure mode can be analyzed 
with microscope or SEM. 
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die/substrate which can be 
weakened by bonding 
process or surface 
contamination. 

Die Shear Yes Determine strength of die 
attach and failure mode. For 
diffusion solder test can be 
done at elevated 
temperature to get a 
measure of how much solder 
is remaining. 

Shear strength, possibly at 
elevated temperature 

 Fracture mode 
(adhesive/cohesive) 

Focused Ion Beam 
(FIB) 

Yes Allows localized cuts into the 
material (order 100s µm) 
without mechanical damage. 
Focus ion beam imaging 
shows contrast due to crystal 
orientation. Appears as add-
on to SEM and therefore has 
same capabilities. 

Grey image on flat surfaces 
similar to SEM and possibility 
of contrast due grain 
orientation. 

Vertical cut into the surface 
with SEM/ion beam imaging 
possible.  

No contamination risk 
between sputtering and 
imaging. 

Infra-Red Imaging No Detection of local heat 
generation. Hot spots on a 
die in operation can be 
observed. 

An image is obtained with 
color coding of temperature 
distribution on the die. 

Often, a simple image is not 
sufficient, but so-called lock-
in imaging is needed (i.e., 
several pulses of current will 
be applied and an image 
taken). The images are then 
superimposed to improve 
signal to noise ratio. 

Liquid Crystal  Yes Detection of local heat 
generation. Hot spots on a 
die in operation can be 
observed. 

An image is obtained by 
spinning temperature 
sensitive liquid crystal on the 
die and observing circularly 
polarized light through a 
circularly polarized 
microscope eyepiece as with 
bias applied near the liquid 
crystal transition 
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temperature.  Spatial 
resolution near 10 microns 
can indicate hot spot regions 
that result from defects such 
as metal-metal shorts. 

Magnetic Field 
Imaging (MFI) 

Yes, for 
most types 
of analysis 

Detects magnetic flux from 
low current paths (shorts, 
leakages, and high resistive 
opens) within a packaged 
device or on the surface of 
the die. 

 

Magnetic field imaging uses a 
high-temperature (77oK) 
superconducting quantum 
interference device (SQUID) 
to measure the vertical 
components of the magnetic 
fields surrounding a current 
within a packaged device.  
Produces an image that is 
compared to the internal 
construction of the device to 
provide a 3D location of the 
current.  

More advanced systems are 
also able to detect opens and 
perform 3D Fault Isolation. 

Auger Electron 
Spectroscopy 
(AES) 

No Elemental analysis at or very 
near the surface (< 50 nm). 
Quantitative analysis with 
better resolution than EDX. 

Point analysis with removing 
layers by ion sputtering yield 
a depth profile of present 
elements. 

Dye Penetration Yes Evaluate potential 
penetration path of liquid 
contaminants into 
delaminated interfaces or 
cracks within encapsulated 
packages.  

After penetration with 
fluorescent dye the package 
is cross-sectioned and the 
surface is observed under UV 
light. Regions where the dye 
penetrated the package 
fluoresce. 

X-ray 
Photoelectron 
Spectroscopy 
(XPS) also known 
as Electron  

Spectroscopy for 
Chemical Analysis 
(ESCA) 

No* Used to analyze surfaces for 
contamination.  Is capable of 
identifying molecules, not 
just chemicals.  Is mainly 
used when organic 
contaminants are expected. 

From a spectrum where 
counts over energy are 
obtained the present 
molecules are obtained from 
a table. When layers are 
removed by ion sputtering 
the thickness of the 
contamination layer can be 
obtained. 

 * The analysis itself is non-destructive, but normally the sample needs to be prepared to fit into 
the chamber and will be destroyed along the way. 

 



   
 

 
 
 
iNEMI New Package/Material Qualification Methodology (June 2020) 31 
 

10.3. Assessments Prior to Reliability Testing (Usability, not Reliability)    

10.3.1. Moisture/Reflow Sensitivity 

Moisture/reflow sensitivity testing evaluates devices in non-hermetic, surface mount packages 
(which include plastic encapsulated packages and partially encapsulated die “packages”) with respect 
to how absorbed moisture affects the packaged device during SMT reflow soldering processes, both 
initial attach and hot-air rework.  Organic materials (such as molding compounds, die attach adhesives, 
die coatings, and substrates) absorb moisture and during reflow soldering the absorbed moisture 
turns to steam and creates pressure within the package.  As the pressure increases material interfaces 
may delaminate, especially if one of the materials is metallic; and if the pressure continues to increase 
cracks may be generated in bulk materials (popcorn cracking).  Absorbed moisture may also cause the 
rate at which some large, organic packages warp during reflow soldering to increase; which may cause 
(2nd level) solder joint opens, shorts, or “head-in-pillow” defects (intermittent) fails.  Any delaminated 
interfaces and cracks may not initially cause fails, but may degrade the packaged device, such that its 
long-term reliability is diminished, when subjected to thermal cycling and/or humidity.  Some possible 
failure modes include opens due to lifted wirebonds or fractured flip chip joints and electrical 
leakage/shorts due to external contaminants being able to enter the package. 

IPC/JEDEC J-STD-020, “Moisture/Reflow Sensitivity Classification for Nonhermetic Surface Mount 
Devices” describes how to identify the classification level of nonhermetic surface mount devices that 
are sensitive to moisture/reflow induced stress so that they can be properly packaged, stored, and 
handled to avoid damage during assembly solder reflow attachment and/or repair operations.   The 
standard covers all devices that are attached using hot air convection reflow ovens and can also be 
used for devices assembled using vapor phase soldering processes, though if the device is susceptible 
to the faster ramp-up rates of vapor phase reflow, then it may be worth considering using the vapor 
phase reflow oven for the MSL classification testing as well as the reflow simulation for 
preconditioning per JESD22-A113, “Preconditioning of Nonhermetic Surface Mount Devices Prior to 
Reliability Testing.”   

10.3.2. MSL Classification vs. Preconditioning      

It is very important to understand that passing the criteria in J-STD-020 is not sufficient by itself to 
provide assurance of long-term reliability.  The MSL (moisture sensitivity level) ratings obtained when 
evaluating a device to J-STD-020 are used to determine the soak conditions for preconditioning per 
JESD22-A113, “Preconditioning of non-hermetic Surface Mount Devices Prior to Reliability Testing.”  
Be aware that even though the moisture soak and reflow conditions are the same for J-STD-020 and 
JESD22-A113, the process steps of the two documents are not the same, as JESD22-A113 has 
additional steps and requirements, such as flux simulation, so that it fully simulates all processes to 
which SMT devices could likely be exposed during PWB assembly operations.      

10.3.3. Reflow Profile for Making Good Solder Joints vs. J-STD-020 Evaluation Profile 

J-STD-020 states that the temperature limits are to be verified by placing a thermal couple at the 
center of the top surface of the device.  A term used to describe this location is “top dead center.”  
The reason that this location was chosen, besides the fact that it is probably the easiest location for 
placing a thermocouple on any device, is that this location is quite close to the top of the die in most 
packaged devices, and thus provides a fairly accurate representation of the temperature at the top of 
the die, which is one of the first interfaces within a packaged device to become delaminated due to 
moisture/reflow stresses.   



   
 

 
 
 
iNEMI New Package/Material Qualification Methodology (June 2020) 32 
 

This location for measuring device body temperature and the peak temperatures stated in J-STD-
020 should never be construed in any way as being a recommended profile for soldering SMT devices 
for any PWB assembly.  An SMT soldering profile should be generated by using the recommended 
conditions (temperatures and durations) provided by the solder paste manufacturer for ensuring that 
reliable, metallurgical connections are formed for all solder joints on the assembly. 

When an SMT soldering profile is being developed for a new PWB assembly, thermocouples are 
placed at several locations on the PWB to ensure that all dispensed solder paste reaches an optimal 
temperature for an optimal duration to ensure that good metallurgical joints are formed over the 
whole card.  To ensure this, thermocouples are placed in what are expected to be the “coldest” solder 
joints on the PWB assembly.  These “coldest joints” are typically found on the devices with the largest 
thermal on the assembly, and for large BGA packages are found at the solder joints closest to the 
center of the package and are typically reached by drilling a hole through the bottom of the PWB.  The 
temperature is then recorded as the card progresses through the reflow oven measuring the 
temperature as a function of time. 

10.3.4. Moisture Sensitivity vs. Process Sensitivity    

J-STD-020 assumes that the temperature profile defined for a device based on its volume and height 
does not, by itself, adversely affect the quality or long-term reliability of the device.  However, that is 
not the case for some package constructions.  J-STD-075, “Classification of Passive and Solid-State 
Devices for Assembly Processes,” accesses and classifies devices that cannot be exposed to the full 
thermal profile defined in J-STD-020, by requiring devices to be evaluated against the extremes of the 
J-STD-020 reflow profile.   

The peak Pb-free temperature values in J-STD-020 were defined based on studies which gathered 
the package body temperatures for multiple package sizes from a range of PWB assemblies, including 
a hard disk drive (HDD), laptop motherboard, and several PWB assemblies from servers.  The peak 
temperatures chosen for the standard are a few degrees higher than the maximum temperatures that 
were observed on some of the large server boards and a few more degrees higher on the simpler PWB 
assemblies such as the HDD.  Be aware that the peak temperature values chosen by the standard 
cannot cover some of the more exotic PWB assemblies and assembly processes but do cover the vast 
majority.  In the above noted studies, variations in temperature for devices of similar volume and size 
were seen across different PWB assemblies, and this was due to the variation in thermal mass of the 
PWB assemblies.  This variation in PWB assembly complexity affects other aspects of the thermal 
profile as well, and it is for this reason that three requirements of the thermal profile in J-STD-020 
(time above the liquidous temperature of Pb-free solder (217°C), time within 5°C of peak, and preheat 
duration) are given as minimum and maximum durations.  A device on a smaller PWB assembly, like 
the HDD, will see shorter durations above the liquidous temperature and within 5°C of peak as it would 
if that same device were on a motherboard for a server.  Similarly, the thermal mass of the PWB and 
the samples used during the thermal reflow simulation for determining the MSL classification for a 
device can also vary, thus the profile in J-STD-020 allows for a range of durations so that all aspects of 
the profile can meet the requirements of the standard.   

Do note that it is not possible to generate a reflow profile that incorporates all of the “worst case” 
conditions of the J-STD-020 reflow profile; that is, ensuring the ramp-up of 3°C/sec. and ramp-down 
of 6°C/sec., ensuring the full 150 seconds above 217°C and 30 seconds within 5°C of peak, as well as 
meeting the preheat temperatures and durations.  More realistically, the commonly used profile 
meets the required temperature values, but the durations fall within the specified ranges defined by 
the standard; thus, most suppliers of ICs do not evaluate their devices to the full 150 seconds above 
217°C, but this has not been an issue for the implementation of J-STD-020 over the years as IC 
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packages in general are very robust, and if evaluated to the full 150 seconds above 217°C would not 
have any issues.  This, however, is not true for all devices, specifically some passive devices and a 
handful of ICs. 

10.3.5. Process Sensitivity    

As the electronics industry prepared for the conversion to Pb-free solder around 2005 for consumer 
electronics, several device suppliers realized that some of their products could not reliably pass 
qualification testing after being subjected to the Pb-free thermal profiles being proposed by their 
customers and by the recently updated J-STD-020.  The most severely affected products were 
electrolytic capacitors, but other product types were affected including SMT LEDs.  Different aspects 
of the reflow profile can affect a device, from the peak temperature, the time within 5°C of the peak 
temperature, the time above the liquidous temperature, and the ramp-up and ramp-down rates.   
Besides thermal limitations, some device or package types may also be susceptible to other aspects 
of the assembly process such as flux exposure, water washing/immersion, and x-rays to name a few. 

J-STD-075 provides a means to classify a device based on any process limitations it may have by the 
use of the three-character code plus additional information to describe the specifics of those 
limitations.  The first character states whether the restriction is for reflow soldering (R) or for wave 
soldering (W).  The second character is a number that corresponds to the peak temperature for the 
soldering process.  The last character is a letter that corresponds to one or more process limitations. 

10.3.6. Package Warpage During Reflow    

Electronic package technology is relentlessly changing and pushing the design boundaries, in some 
cases beyond the scope of existing standard design guides.  Advancements in materials science and 
assembly processes, as well as the strong demand for ultra-thin, 2.5D and 3D package integration are 
the drivers for more heterogeneous package technology, which in turn drives more demanding device 
board assembly challenges. Understanding and dealing with package warpage characteristics during 
reflow is an industry-wide challenge for these advanced, substrate-based packages.  

The data in Figure 2 displays the high temperature warpage response for substrate-based packages 
allowed for a range of ball pitches and diameters (see Table 3), which are then compared with the 
allowable warpage value as a function of ball pitch and ball diameter for the respective JEITA, iNEMI 
and JEDEC documents.  For all three documents, as the ball pitch and diameter reduces, the allowable 
warpage reduces. Room temperature coplanarity has limited correlation to high temperature 
warpage behavior for PBGA and FCBGA packages.  Good joint formation depends on the gap formed 
between the BGA ball and board pads. Even with a normalization of warpage understanding, the 
inadequacy of currently used evaluation criteria constitutes one of the risks to high yield volume 
manufacturing and assembly yield. BGA device and system board manufacturers are working diligently 
to establish warpage characteristics using existing methods; however, current methods do not 
adequately prevent SMT yield issues for the defect modes shown in Figure 3.   
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Table 3. Packaging Technology used in Figure 17 

Package Type Design 
Schematic drawing of 
package construction 

POP 

Overmold TMV®  

Expose Die TMV®  

Bare Die POP  

Interposer POP  

Pre-stack POP 
package  

MCeP®  

POP Memories  

FCBGA 17x17-35x35mm  
FCBGA with 

Lid 
Organic and 

ceramic substrate  

PBGA Ranges  
 

 

 High temperature package warapge allowable for BGA package stated in respective bodies 
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Package warpage behavior is a function of its construction (materials and assembly process), and 
that, along with absorbed moisture and SMT reflow soldering conditions, affect the yield of BGA 
ball/solder joint connections.  For this reason, new package technology must be carefully evaluated 
to determine its package warpage response.  Some of the factors that may affect a package’s 
propensity for warpage include: symmetry, die/dice geometry (symmetrically vs. asymmetrical 
arrangements), substrate material, encapsulation method (underfill only, metal lid, overmold, etc.), 
flip chip bump materials, and several others.   

There are currently a number of commercially available tools based on the targeted metrologies 
capable of quantifying and plotting the dynamic contour changes of packages as a function of 
temperature as stipulated in JESD22-B112A.  They employ metrologies based on thermal/shadow 
moiré, digital image correlation (DIC), digital fringe projection (DFP) and more recently a confocal 
technique with high temperature measurement capability as shown in Figure 4. Thermal shadow 
moiré utilizes light interferometry techniques to quantify the elevation of a given surface. DFP uses 
phase shifting line pattern projection to process the topography.  Confocal uses a pinhole-array and Z 
scanning mechanism to quantify the elevation of a given surface as an array of focus points. 3D DIC 
utilizes a pair of calibrated cameras to track the speckled surface of interest using triangulation 
techniques.  

(a) (b)   

(c)    (d)  

 Typical defect modes for BGA solder ball joints due to excess package warpage 

 Dynamic warpage measurement metrologies. (a) thermal/shadow moiré; (b) digital fringe projection 
(DFP); (c) confocal technique (d) 3D digital image correlation (DIC); 
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10.4. Qualification Standards and Test Methods 
Various industry standards bodies provide test methods and protocols to assess electronic 

packaging performance for one or more application spaces.  With that in mind, the stated sample 
sizes, stress durations, and stress conditions in these qualification standards were derived to ensure 
that if the product passes the qualification requirements, it can be expected to meet the generally 
accepted reliability requirements for the target application space.   

Example #1:  A qualification plan for a new package technology is based on the requirements of 
JEDEC JESD47.  Successfully passing the qualification plan would mean that the package technology 
should perform well in IT equipment.  However, if the new package technology will also be used for 
devices that will likely be used in automotive applications that are “under the hood,” then the 
qualification testing may not be sufficient for automotive customers.   

Example #2:  A qualification plan for a new package technology was based on JESD94 and had 
considered all of its potential application spaces (e.g., IT, commercial, telecom, and automotive) and 
thus choose stress conditions and durations that addressed the worst case use conditions for all of 
the target applications spaces.  Successful passage of this qualification testing would mean that any 
device using this new package technology would be expected to meet the reliability expectations for 
all of the target application spaces.    

10.4.1. JEDEC 

JEDEC qualification standards are mainly targeted for IT and commercial applications. 

JESD47, “Stress Test Driven Qualification of Integrated Circuits” defines various stresses relevant to 
characterize the ability of microcircuit packages to meet typical application requirements for IT and 
commercial applications. 

JESD94, “Application Specific Qualification. Using Knowledge Based Test. Methodology” defines 
methods to generalize the application of typical stresses relevant for microcircuit packages (such as 
those in JESD47) to establish stress criteria for specific application requirements.  Annex A lists typical 
use conditions for other application spaces which would allow for the generation of qualification plans 
that would cover the use of microcircuit packages in diverse conditions typically found in uncontrolled 
environments, automotive, and avionics applications.   

10.4.2. Automotive Electronics Council (AEC) 

Q100, “Failure Mechanism Based Stress Test Qualification for Integrated Circuits” tailors and 
specifies various stresses specified in JESD47 to provide assurance of microcircuit performance in 
automotive applications, typically supported by International Automotive Task Force IATF 16949 
quality management systems and related requirements, such as AIAG (Automotive Industry Action 
Group) Production Part Approval Process. 

10.4.3. IEC 

IEC has technical committees (TC-xxx) that address all application spaces. IEC standards can be 
original or be derived from existing standards and tests methods from  JEDEC, JEITA, AEC, EIA, SAE, 
and other industry standards bodies.   

From TC-107, which covers avionics, qualification standards include IEC TS 62686-1 and IEC TS 
62564-1 for integrated circuits that reference JESD47 and AEC Q100.  For new technologies, IEC TS 
62686-1 suggests addressing physics of failure concerns in JEP148. IEC - 60749-43 is maintained by TC-
47 and covers the qualification requirements for semiconductors.  
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10.4.4. JEITA 

JEITA released EDR-4708 (Guideline for LSI Reliability Qualification Plan) in April 2011, and JEITA 
proposed this revised guideline (EDR-4708B in 2017) to IEC and was documented as IEC60749-43 
international guideline.  

EDR-4708B guideline gives some examples of creating qualification test plans to determine the 
appropriate reliability test conditions based on the quality standards demanded by the use conditions 
for the application.  Requirements were set for two classified grades of automotive applications and 
for general application. The guideline has defined annual operating hours and product lifetime for 
each grade.  It defines the verification methods for early failure and wear-out failure mechanisms and 
proposes the appropriate reliability tests that should be performed.  It also presents concepts to 
properly ensure the reliability of the IC using screening techniques which are designed to reduce the 
early failure rate. 

10.4.5. SAE 

SAE ARP6379 (Processes for Application-Specific Qualification of Electrical, Electronic, and 
Electromechanical Parts and Sub-Assemblies for Use in Aerospace, Defense, and High-Performance 
Systems) provides a generic qualification outline to address specific applications for particular parts.  
It specifies the documentation of the application requirements and comparison with the part 
capabilities with focus on the part failure mechanisms relevant to the application, as well as 
understanding the stress acceleration factors to support qualification testing that generally relies on 
accelerated stress testing. 

The SAE AS6294 series specifies requirements for plastic encapsulated devices that generally 
leverages JESD47, JESD94, AEC Q100, and AEC Q101, with specific additional criteria to target space 
and military applications, such as Highly Accelerated Stress Test times beyond those specified in 
JESD22-A110 to correspond to some military requirements (e.g., 192 hours at 130°C/85% RH instead 
of 96 hours). 

10.5. Reliability Test Methods 

10.5.1. Thermal Cycling, Thermal Shock 

These tests are performed for determining the capability of devices to withstand system and 
environmental temperature extremes that could manifest into three distinct failures modes:  

1. Fatigue failures:  Temperature cycling and thermal shock stress testing can induce a cyclical 
stress that tends to weaken materials and may cause a number of different types of fatigue 
failures including dielectric/thin-film cracking, lifted bonds, fractured/broken bond wires, 
solder fatigue (joint/bump/ball), cracked die or molding compound, delaminated die, and 
lifted die. 

2. Interfacial failures:  Common failure locations include: 
a) Delamination of the metal/dielectric stack on the Si chip or inside a substrate, e.g., a 

printed circuit board used for flip chip products or for grid array products (BGA, PGA, LGA).  
b) Film crazing which occurs in brittle dielectric films, especially when a brittle film is under 

hydrostatic tensile stress.  
c) Wire bonds can be “lifted” (wire and intermetallic compound disconnected from the 

bonding pad) if temperature cycling produces progressive delamination of the molding 
compound from the Si chip surface. Wire bonds can also break above the ball in “bamboo” 
fashion under temperature cycle if the wire grain size is too large.  
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d) Silicon chip fracture under temperature cycling can occur if insufficiently slotted Al lines 
exist at the edge of large chips and the fracture propagates through the metal/dielectric 
stack into bulk silicon.  

e) “Popcorn” cracking which is defined as an audible fracture of the interface between 
molding compound and a Si chip or its leadframe or substrate, is commonly due to 
insufficient interfacial adhesion, and occurs during preconditioning prior to temperature 
cycling or thermal shock testing when moisture is present and the device is subjected to 
temperatures above 180C.   
 

3. Excessive intermetallic growth:  Intermetallic compounds are formed and increase due to 
exposure to high temperatures during baking operations or the high temperature end of 
temperature cycling or thermal shock. Excessive intermetallic growth can impair solderability 
and contact resistance.  In its most severe cases excessive intermetallic formation may create 
voids in wire bond joints which can lead to lifted bonds. Lead finish oxidation which is also due 
to exposure to elevated temperatures can impair contact resistance. JESD22-A104 - 
Temperature Cycling (JEDEC) 

This test is conducted to determine the resistance of a part to extremes of high and low 
temperatures, and to alternate exposures to these extremes. The specimen is heated and 
cooled by air flow.  The test method has 13 distinct test conditions with corresponding Ts 
(min) and Ts (max) ranging from -65°C to +150°C and 4 soak durations (1, 5, 10, 15 
minutes). 

JESD22-A106 - Thermal Shock (JEDEC) 
This test is conducted to determine the resistance of a part to sudden exposure to 
extreme changes in temperature and to the effect of alternate exposures to these 
extremes. The specimens are placed in a bath such that they can be heated and cooled by 
the flow of a liquid across and around them. This test contains of 4 distinct temperature 
conditions with corresponding Ts (min) and Ts (max) ranging from -65°C to +150°C and 
corresponding recommended fluids (water or perfluorocarbon). 

10.5.2. Biased Temperature and Humidity Life 

JESD22-A101 - Steady State Temperature Humidity Bias Life Test, JESD22-A110 - Highly Accelerated 
Temperature and Humidity Stress Test (HAST), and JESD22-A100 - Cycled Temperature Humidity Bias 
Life Test (JEDEC) 

These tests are performed for the purpose of evaluating the reliability of non-hermetic solid-state 
devices in humid environments. It employs conditions of temperature, humidity, and bias that 
accelerate the penetration of moisture through the external protective material (encapsulant or seal) 
or along the interface between the external protective material and the metallic conductors that pass 
through it. 

IEC 60068-2-30 - Damp heat, cyclic    
This test is conducted to determines the suitability of components, equipment or other 
articles for use, transportation and storage under conditions of high humidity - combined 
with cyclic temperature changes and, in general, producing condensation on the surface 
of the specimen. If the test is being used to verify the performance of a specimen whilst 
it is being transported or stored in packaging, then the packaging will normally be fitted 
when the test conditions are being applied. For small, low mass specimens, it may be 
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difficult to produce condensation on the surface of the specimen using this procedure; 
users should consider the use of an alternative procedure such as that given to IEC 60068-
2-38. 

IEC 60068-2-38 - Composite temperature/humidity cyclic test   
This standard provides a composite test procedure, primarily intended for component 
type specimens, to determine, in an accelerated manner, the resistance of specimens to 
the deteriorative effects of high temperature/humidity and cold conditions. 

MIL-STD-202, Method 103 - Humidity (steady state) and Method 106 - Moisture Resistance 
This test is performed to evaluate the properties of materials used in components as they 
are influenced by the absorption and diffusion of moisture and moisture vapor. This is an 
accelerated environmental test, accomplished by the continuous exposure of the 
specimen to high relative humidity at an elevated temperature. These conditions impose 
a vapor pressure on the material under test which constitutes the force behind the 
moisture migration and penetration.  

MIL-STD-883, Method 1004 - Moisture Resistance 
This test is performed for the purpose of evaluating, in an accelerated manner, the 
resistance of component parts and constituent materials to the deteriorative effects of 
the high-humidity and heat conditions typical of tropical environments. 

SAE J1455 Humidity 

10.5.3. High Temperature Storage Life 

JESD22-A103 - High Temperature Storage Life 
This standard establishes the requirements for testing solid state devices to determine 
their susceptibility to unbiased storage at high temperature. The purpose of this revision 
is to: change the test length and its tolerance; make interim read points optional rather 
than mandatory; eliminate the prohibition on reheating the devices prior to completion 
of electrical testing; and add an option to change time and temperature conditions. 

10.5.4. Power Cycling 

JESD22-A122 - Power Cycling and JESD22-A105 - Power and Temperature Cycling 
This test is performed to determine the ability of a solid-state device to withstand 
alternate exposures at high and low temperature extremes with operating biases 
periodically applied and removed. It is intended to simulate worst-case conditions 
encountered in typical applications. This test method is considered destructive and is only 
intended for device qualification. 

10.5.5. Unbiased, Accelerated Temperature and Humidity (HAST, Autoclave)   

JESD22-A118 - Accelerated Moisture Resistance - Unbiased HAST and JESD22-A102 - 
Accelerated Moisture Resistance - Unbiased Autoclave 

These tests are performed for the purpose of evaluating the moisture resistance of non-
hermetic solid-state devices. It employs severe conditions of pressure, humidity and 
temperature that accelerate the penetration of moisture through the external protective 
material (encapsulant or seal) or along the interface between the external protective 
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material and the metallic conductors that pass through it. Bias is not applied in this test 
to ensure that the failure mechanisms potentially overshadowed by bias can be 
uncovered (e.g., galvanic corrosion). This test is destructive; it may be used for 
qualification, lot acceptance and as a product monitor. 

10.5.6. 1st Level Electromigration (Flip Chip Bump, Solder Joint, and UBM)   

JEP154 - Guideline for Characterizing Solder Bump Electromigration Under Constant Current 
and Temperature Stress 

This document describes a method to test the electromigration (EM) susceptibility of 
solder bumps, including other types of bumps, such as solder capped copper pillars, used 
in flip chip packages. The method is valid for Sn/Pb eutectic, high Pb, and Pb-free solder 
bumps. The document discusses the advantages and concerns associated with EM testing, 
as well as options for data analysis. 

10.5.7. Shock and Vibration   

JESD22-B103 - Vibration, Variable Frequency 
This standard is established to determine the effect of vibration, within the specified 
frequency range, on the internal structural elements. This is a destructive test, intended 
for device qualification. It is normally applicable to cavity-type packages. 

JESD22-B110B - Mechanical Shock – Component and Subassembly 
Component and Subassembly Mechanical Shock Test Method is intended to evaluate 
components in the free state and assembled to printed wiring boards for use in electrical 
equipment. The method is intended to determine the compatibility of components and 
subassemblies to withstand moderately severe shocks. 

10.5.8. Hermeticity 

JESD22-A109 - Hermeticity 
The purpose of this test method is to determine the effectiveness of the seal of 
hermetically sealed solid-state devices. The seal tests are considered nondestructive. 
They are intended to be used for 100% screen, lot acceptance, product monitoring or for 
qualification testing as applicable. The seal tests may also be employed as end points for 
other environmental durability tests. It was also developed to maintain continuity with 
other recognized industry standards. (Method 1014 of MIL-STD-883) 

10.5.9. Salt Spray  

JESD22-A107 - Salt Atmosphere 
The salt atmosphere test is conducted to determine the resistance of solid-state devices 
to corrosion. It is an accelerated test that simulates the effects of a severe seacoast 
atmosphere on all exposed surfaces. The salt atmosphere test is considered destructive. 
It is intended for lot acceptance, process monitor, and qualification testing. 

10.5.10.  Corrosive Gases (including Sulfur)   

There are three well-known environmental chambers that can be used for corrosion and creep 
corrosion studies: (1) mixed flowing gas (MFG), (2) Chavant-clay, and (3) flowers-of-sulfur (FoS). 



   
 

 
 
 
iNEMI New Package/Material Qualification Methodology (June 2020) 41 
 

Mixed flowing gas test  

The MFG test is a laboratory accelerated test intended to simulate contaminated industrial 
environments.  As shown in Figure 5, the device under test is placed in a chamber with controlled 
temperature, relative humidity and predetermined concentrations (at ppb levels) of the following 
gaseous pollutants: H2S, Cl2, NO2 and SO2.  MFG test standards were developed in the 1980s by various 
organizations, including Battelle Labs (Columbus, OH), American Society for Testing and Material 
(ASTM), Electronic Industries Association (EIA), International Electrotechnical Commission (IEC), 
Telcordia (previously Bellcore) and IBM. In general, the MFG test has better control over the gas 
concentrations than the FoS and Chavant clay tests. However, the MFG test equipment and test cost 
is expensive and occupies a big space.  

 

Chavant-clay test 

Chavant clay (type J-525), a sulfur-bearing clay, was used as the source of sulfur gas. The 
wetted clay releases sulfur gas when heated to 45-55oC.  The test PCBs and the wetted clay are sealed 
in a plastic container, as shown in Figure 6, and heated in a microwave oven until the clay reaches 
50oC.  The clay is reheated every 12 hours to release more sulfur gas.  In 2007 Schueller explored clay 
test in early creep corrosion studies. Since then, there is no known additional published work on 
optimizing the technique partly because the test conditions, such as the relative humidity and the 
sulfur content, cannot be readily controlled. 

  

 Commercial mixed flowing gas (MFG) chamber and flowchart 
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 Typical chavant-clay chamber 

 
 
Flowers-of-sulfur test   

This test method defines options for testing electronic components for susceptibility to the effects 
of environmental sulfur.  Such susceptibility results in the corrosion of elemental metals, such as silver, 
in the presence of sulfur compounds in a liquid or gaseous state, leading to component failure. 

 The ASTM flowers-of-sulfur (FoS) chamber, shown in Figure 7, consists of a desiccator at 50°C 
containing a dish half full of flowers of sulfur and a saturated solution containing 200 g KNO3 in the 
bottom of the vessel. The chamber has sulfur as the only corrosive gas. It does not have any means to 
stir the air in the chamber or to conveniently support the test specimens.  The iNEMI FoS test is based 
on the ASTM B809 - 95(2013) Standard Test Method for Porosity in Metallic Coatings by Humid Sulfur 
Vapor (“Flowers-of-Sulfur”) which was originally intended for the detection of porosity in gold plating 
over copper substrates. The iNEMI FoS test method overcomes many of the shortcomings of the MFG 
and the Chavant-clay tests.  The iNEMI FoS test is relatively inexpensive and the test conditions are 
quite easy to control.  The iNEMI FoS chamber, shown in Figure 8, is a 300mm cube acrylic sealed box 
which is different in many ways and has many advantages over the ASTM chamber. In the iNEMI 

 

  

 Typical ASTM flowers-of-sulfur (FoS) chamber 
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chamber (a) sulfur concentration is controlled by placing the chamber in an oven maintained at a 
constant 50°C; (b) provides a paddle wheel to house eight test specimens that also stirs the air in the 
chamber in a somewhat repeatable manner; (c) a saturated salt solution is used to control the relative 
humidity in the chamber at various incremental values in the 11 to 90% range, depending on the 
solution chosen; (d) household bleach, i.e., Clorox® containing 8.25% sodium hypochlorite is used to 
introduce chlorine gas that would work in synergy with sulfur; (e) has a very convenient means of 
loading and unloading the test specimens and for the insertion of sulfur, saturated salt and Clorox at 
the start of every test.    

 

 

Table 4 is a comparison of the benefits of the flowers-of-sulfur test versus the mixed flowing gas 
test.  Table 5 provides a comparison of the conditions and substances used for the three corrosion 
tests described above. 

 

 

 

 

   

(a) (b) (c) 

 

(d) 

  (a) iNEMI FoS test chamber loaded with test PCBs. (b) The tray-like Clorox set-up below the test PCBs 
provides the sulfur and chlorine gases and maintains the relative humidity in the chamber at the deliquescence 
relative humidity of the saturated salt solution in the setup. (c) Copper and silver foils on a board. (d) Schematic 

of the Clorox setup.   
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Table 4. Comparison of the test methods 

  MFG FoS 

Corrosive Agents Used H
2
S, NO

x
, SO

2
, Cl

2
 S (and Cl

2
 in iNEMI FoS) 

Test parameter monitoring H
2
S, NO

x
, SO

2
, Cl

2
, RH, T, air flow rate RH, T 

Test parameter control all parameter can be independently 
controlled and adjusted 

T, RH, S concentration can be 
controlled 

Corrosion products sulfide, sulfate, chloride, oxide, nitrate sulfide, oxide (and chloride in 
iNEMI FoS) 

Equipment and maintenance cost high low 
Equipment setup complex simple 
Test chamber size large moderate 

Air flow laminar and uniform non-laminar 
MFG: Most realistic and controlled simulation of real world environments. 
iNEMI FoS: Inexpensive and easy to maintain. 
MFG and iNEMI FoS are complementary.  
 
 

Table 5. There are several industry standards using FoS method as below: 

Standard ASTM B809 EIA-977 iNEMI FoS 

Temperature 50°C 60°C/105°C 50°C 

Humidity 85%  － 11%-90% 

Corrosive Gas S
8
 S

8
 S

8
 + Cl

2
 

Air Flowing Factor No No Yes 

Major Mode Cu
2
S, … Ag

2
S, … Cu

2
S, Ag

2
S, AgCl, … 

Corrosion Mode Pore/Pitting Corrosion Sulfur Corrosion Creep/General 
Corrosion 

Note: EIA-977 - Electronic Passive Components Exposure to Atmospheric Sulfur 

10.6. Qualification Report 
The intent of a qualification report is to provide the customer with the necessary information to be 

able to determine the suitability of the package technology to be used in their application.  There are 
several industry standards that define requirements for qualification reports for electronic devices.  
Though the scope of these standards are qualification reports for devices, the requirements are fully 
applicable when qualifying new package technologies and materials.  

10.6.1. Requirements of a Qualification Report 

JEDEC JESD69, “Information Requirements for the Qualification of Silicon Devices,” defines the 
minimum requirements for the device qualification package which the supplier makes available to its 
customers.  The document defines six general categories of information to be included in the report: 
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device identification, general information, die fabrication, package assembly, electrical test, and 
supporting data; and the data elements for each.        

AEC-Q100, “Failure Mechanism Based Stress Test Qualification for Integrated Circuits” contains a 
reporting template that states what information should be included in the qualification report and the 
general format of the report. 

10.6.2. Reasons Why Device Suppliers May Not Provide Device Qualification Reports 
that Comply with JESD69 or AEC-Q100 

A qualification report that meets the reporting requirements of JESD69 or similar standard allows 
a customer to assess the technology that was qualified and determine the expected functionality and 
reliability in their application.  Customers who manufacture high reliability products or products with 
long life cycles or are used in harsh environments rely heavily on being able to evaluate supplier 
qualification data to ensure the quality and reliability of their products.  Fully meeting the reporting 
requirements requires a significant amount of detail about the construction of the technology being 
qualified.   

Customers who manufacture high-volume consumer electronics, especially those with short life 
cycles, typically do not request detailed qualification reports from their device suppliers.  Therefore, 
suppliers who mainly supply to manufacturers of consumer electronics have realized that these 
customers do not request detailed reports, and thus have reduced the amount of information they 
put into their standard qualification report.    

Besides the increase of components used mainly for consumer electronics, another reason that 
suppliers are not providing detailed qualification reports is their lack of willingness to share 
information that they consider to be proprietary, especially for new technology.  The supplier may 
consider the materials used, the assembly process, and even the assembly locations to be proprietary.  
The lack of information regarding the material set used and manufacturing locations for samples 
subjected to reliability stress tests is a major concern for customers of high reliability products.  The 
lack of detailed information raises their concerns on whether the same material set and/or 
manufacturing sites were used for all samples stressed as part of the initial qualification and later, as 
part of a long-term reliability monitoring program.  This also makes it harder for customers who 
manufacture high reliability products to manage the life cycle of their products, as it makes it harder 
to review Product Change Notifications from the supplier to ensure that changes have not been made 
that could affect their use of the supplier’s technology.  

10.6.3. How to Interpret and Use the information in a Qualification Report  

A qualification report that follows the reporting requirements in an industry standard such as  
JESD69 or AEC-Q100 provides all of the necessary information for a customer to assess whether the 
qualified technology can safely withstand the expected use and environmental conditions throughout 
the life of the intended application.  Such a detailed report provides the necessary information (stress 
conditions, sample size, read point, passing & failing devices at each read point, failure mechanism of 
each fail, etc.) for the customer to perform the necessary reliability (failure rate) calculations and 
assess which fails apply to their use applications and thus be included. 

A qualification report for a new package technology may include reliability stress data that is a 
combination of testing performed on packages containing different devices, assembled with multiple 
suppliers for one or more materials, assembled on multiple assembly lines and/or facilities, and other 
possible variations.  The supplier may have good reasons to assume that such combinations are 
acceptable when qualifying the new package technology; however, the supplier still needs to provide 
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this detail to allow the customer to confirm whether all of the assumptions are appropriate for their 
application. 

For example, the supplier may have included reliability stress results for the new package 
technology that encompasses three different devices, each with a slightly different passivation 
material.  The supplier would have done this to ensure that the package technology was robust for 
multiple die surface materials and, thus, used one device with a polyimide wafer coating, one with a 
top layer of nitride passivation, and one older device with a top layer of oxide passivation.  The 
customer on the other hand may be looking to use the new package technology only for devices with 
oxide passivation, and thus may be concerned that the report did not include enough biased humidity 
stress data to support the required failure rate for their application which was in a humid 
environment.      

10.6.4. Qualification by Similarity 

Qualification by similarity is a practice commonly used when qualifying new devices but can also be 
used for qualifying new packaging materials.  When qualifying new devices, a supplier will have used 
one or more stress cells for their reliability stress testing that included the device (die and package) 
being qualified, using all of the materials that will be used in manufacturing the new device, and 
assembled at the facility or facilities that will be used to assemble the device.  However, the same die 
or package may already be qualified, but in a different package or with another die, respectively.  
Similarly, either the die or package may have been qualified at another facility or with slightly different 
materials.  Therefore, the supplier may use this existing qualification data to increase reliability stress 
data for the new device to be able to generate the necessary reliability failure rates for the targeted 
application spaces for the device.  The supplier should state in the qualification report which data is 
for the device being qualified, and which data is not; and ideally include information justifying how 
they are “similar” and thus can be combined.  The report should state the specific difference, so that 
the customer can review the differences and determine if any of the “similar” devices are not 
appropriate to be included based on their application use requirements.  


