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Basic Project Information 

Background/Context 

The packaging workshop held in Japan in 2009 clearly identified problems with the existing warpage evaluation 

criteria for organic package assembly to printed circuit boards. The inadequacy of currently used evaluation criteria 

constitutes one of the risks to volume manufacturing and field reliability. Many organizations have experienced 

improperly formed solder joints due to warpage issues. Package component and system board manufacturers are 

working diligently to establish warpage characteristics using existing methods; however, current methods do not 

adequately prevent SMT yield issues. The iNEMI Warpage Characteristics of Organic Packages Project Team has 

proposed a broad experimental program to characterize ball grid array (BGA) package warpage using thermal moire 

in Phase 1 and 2. The output of the work can be found at the project webpage. And the team has published the work 

at ICEP 2015 conference in Japan with a paper “Recent Trends of Package Warpage Characteristic”. The earlier 

work covered a very broad dynamic warpage characteristic of POP, POP memory, FCBGA and PBGA packages. 

Impact of As Is, Bake and MET (Manufacturing Exposure Time) were quantified and requires more consistent 

characterization across component suppliers to establish the sensitivity to the precondition environment, in order to 

mimic potential component board assembly condition. The sample size needed to establish a representation of 

warpage and the use of statistical tool in package warpage reporting requires more focus if the attempt is to correlate 

with component board assembly yield. This is because most of the yield lost may be due to extreme warpage 

characteristics that may not have been captured just using a few samples. As the project has gained significant 

interest from industry, the project team has decided to continue with this effort to develop a better understanding of 

the current trends of warpage behavior for different package constructions. 

 

http://www.inemi.org/content.asp?contentid=432
http://thor.inemi.org/webdownload/2015/ICEP_2015/Package_Warpage_paper.pdf
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Scope and Purpose of Project 

As part of the continuation from earlier phases, the scope of the project is as listed below. The project team has 

gained significant learning about different package technology dynamic warpage behavior and its comparison to 

existing Industry standards and it gives different perspective of how packages can react differently to temperature 

and moisture level. As the project team believes that the variety of package considered earlier has not encompassed 

what is available in the market and hence the team decided to continue with the effort. Furthermore, since there is 

various types of warpage measurement metrologies identified in the JEDEC standard (JESD22-B108A), the team 

would like to evaluate these metrologies to establish key learnings for the electronic industry. If resources permit, 

the project team would like to extend the evaluation of package warpage measurement in order to look at different 

aspects of design and material selection. This assumes the industry would like to engage us for doing so. 

o Benchmark or fingerprint package warpage characteristics to develop a better understanding of the current 

trends of warpage behavior for different package constructions.  

o Small BGA Packages: 

 Interposer, 2.5D, 3D stack packages, through via silicon (TSV); Memory technology 

(High Band Width Memory, DDR) 

o Large BGA Packages 

 Package stiffeners – picture frame stiffener, different stiffener attachment method, shapes 

and sizes 

 Either organic substrate or ceramic substrate 

o System In Package/Multi Chip Package (BGA) 

 Stack Die or multiple die 

 Die on interposer and/or with asymmetrical layout. 

o Embedded Package (embedded silicon, actives and passives) 

o The measurement will be done at respective tool manufacturer. 

o Identify measurement methods and protocols based on the different measurement techniques and 

technology such as below: 

o Confocal techniques 

o Projection moiré techniques 

o Thermo moiré techniques with or without convective reflow 

o 3D Digital Image Correlations (DIC) 

o Other packaging materials and design evaluation if provided. 

IS / IS NOT Analysis 

This Project IS: This Project IS NOT: 

Warpage Characteristics of Organic Packages 

Investigation of organic substrate based packages Not the development of a specific standard(s) 

Establish warpage measurement technique that 

currently available in industry 

Not an evaluation of first level interconnects (C4 joints) 

Compare to existing standards on measurement 

techniques (Pro and Cons) 

Not a repeat of prior or existing work 

Enticing participation by offering real evaluations 

through anonymous reporting 

Not a Package reliability study 

"Fingerprint" the existing package Warpage 

behavior and compare to the 2011 iNEMI Warpage 

Allowable roadmap (i.e., the complete mapping of 

components over a complete temperature range) 

Not biased towards specific suppliers, geographies, or 

market segments (impartial) 

Provide data, input, and make recommendations to 

identified standards for modifications / improvements 

to the standards 
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Business Impact 

 Establish current state of package warpage behavior in industry and project the future roadmap of 

allowable package warpage 

 Evaluate warpage measurement metrology available in the market for industry consideration. 

 Based on above, it can lead to refinement of electronic industry standards. 

Outcome of Project 

 Establish and quantify warpage measurement metrology capabilities for electronic industry 

 "Fingerprint" the existing package warpage behavior and compare to existing known allowable standards. 

 Provide data, input, and make recommendations to identified standards bodies for modifications / 

improvements to the standards 

 Project report and sharing Project Results: it is expected that a detailed summary of the evaluations will be 

provided to the full iNEMI membership at the conclusion of the project 

Previous Related Work 

2013 Warpage Characteristics of Organic Packages, Phase 2 

2012 Warpage Characteristics of Organic Packages, Phase 1 

2011 iNEMI Roadmap 

 iNEMI 2011 Packaging Roadmap Chapter will be used as a baseline in the assessment. 

Package Qualification Criteria and Primary Factors in Warpage Projects 

 The iNEMI Package Qualification Criteria Project team collected and analyzed a number of the 

existing warpage/co-planarity test specifications and will share the information gathered and the 

subsequent analyses with this project team. 

 The information gathered in Phase 1 of the Warpage Qualification Criteria and Primary Factors in 

Warpage projects will be available to the project team. 

Printed Circuit Board Co-Planarity Project 

 The current project will build on the foundation identified through the efforts of the iNEMI PCB Co-

Planarity project. The PCB co-planarity group included participation from multiple labs with years of 

experience in the characterization of PCBs and component substrate surface changes across a dynamic 

temperature profile using ShadowMoiré techniques. Participants included Intel (OCM), Flextronics 

(EMS), Cisco (OEM) and AkroMetrix (Equipment Supplier). 

 The iNEMI PCB Co-Planarity end-of-project presentation is available for distribution to the iNEMI 

membership and a copy of the information presentation will be provided to this project team. 

The PCB project evaluated and established a metrology using ShadowMoiré techniques. 

 A test procedure was developed that included a variety of TherMoiré systems and was hosted at 

multiple locations and geographies. 

 The project demonstrated a good correlation of results across the spectrum of hardware, geographies, 

and software. 

 Where commonality could be established, commonalities of sample prep, surface finish, thermocouple 

placement, data content, and data format were developed. 

 Variations of temperature ramp rates were shown to induce minimal or no variation in warpage 

measurements across a given temperature range. 
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 In addition, it was observed that occasionally PCB characterizations were susceptible to some data loss 

due to out-gassing. Consequently, the team worked to characterize the net effect of subjecting samples 

to multiple reflow cycles. While IC packages may not be as susceptible to data loss due to out-gassing, 

a similar analysis could prove applicable in establishing the characteristics of IC packages for multiple 

temperature cycling. 

 Much of the foundational work of the PCB co-planarity team is directly applicable to and can be 

leveraged by this IC package warpage workgroup activity. 

Prospective Participants 

 iNEMI member companies 

 Industry as a whole 

 Strive to include representatives of all facets of the industry, including customers, suppliers, and 

manufacturers. 

Project Plan 
The completion of this project will require the execution of the tasks listed below. 

Schedule with Milestones 

Evaluation of Package 
Warpage Characteristics 

Q1 Q2 Q3 Q4 

Task 1: Review package 
warpage measurement metrology 
available in the market and invite 
supplier for sharing 

    

                  

  

Task 2: Identification of targeted 
package types 

                        

Task 3: Carried out a package 
measurement using different 
metrology for the same package.     

                    

Task 4: Solicitation and 
acquisition of candidate 
packages 

                        

Task 5: Measuring candidate 
packages donated using 
identified metrology 

                        

Task 6: Analyze data, compare to 
warpage measurement against 
different packaging attributes 

                        

Task 7: Prepare final report and 
recommendations 

                        

             

Detailed Task Information: 

Task 1: Continuously monitor related research or development within the industry and academic 
communities 

The team will continuously monitor the industry activities and will identify any related work for discussion 

and assessment of its applicability to the project tasks. Concurrently, the team will invite warpage 

measurement suppliers to participate in this project. 

Task 2: Identification of targeted package types 

Establish scope and types of package warpage for measurements. 
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Task 3: Carried out a package measurement using different metrology for the same package 

Focus on executing a round robin like measurement across different site and metrology. A sets of 9-18 

units will be send to each measurement facilities for measurement. Once done, the warpage data will be 

reviewed. 

Task 4: Solicitation and acquisition of candidate packages 

The goal here is to gather as many different sizes and types of package for fingerprinting (characterization) 

and looking at similarities and differences in the warpage behavior. Can packages be categorized or 

cataloged. All packages submitted for testing will be done anonymously, i.e., the package origin will not be 

shared with the project team unless the contributing organization agrees. iNEMI staff will provide the 

cataloging of the packages.  

Task 5: Measuring candidate packages donated using identified metrology 

Once gotten the packages from industry, the donated packages will be subjected to measurement. 

Depending on the size of the sample, we can allocated equally divided samples to suppliers for 

measurement. 

Task 6 and 7: Analyze measured data and prepare final report and recommendations 

The full project team will be provided with the results of the testing for discussion and analysis. All data 

distributed will be scrubbed by iNEMI staff to maintain anonymity.  

Companies providing sample packages for evaluation will be informed about the warpage characteristic in 

a 1:1 environment and individual report will be provided. A solicited key learning of the activities will be 

established and report out using webinars and conferences. 

Project Monitoring Plans 

 Ensure open lines of communication among participants. 

 Review all project requirements with participants before the project begins. 

 Project participants will meet bi-weekly, as a minimum, to review various aspects of the project 

 Meeting summaries will be provided through e-mail. 

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

multiple regions (EMEA, Asia, Americas). 

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

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

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

members of the team to provide estimates). 

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

iNEMI's WebEx account). 

General and Administrative 

Guidelines for this project and all other iNEMI Projects are documented at 
http://thor.inemi.org/webdownload/join/gen_guidelines.pdf. 

 

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

