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ÅPotential Next Steps 
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About iNEMI 

International Electronics Manufacturing Initiative (iNEMI) is an industry-led 

consortium of around 107 global manufacturers, suppliers, industry 

associations, government agencies and universities. A Non Profit Fully 

Funded by Member Dues; All Funding is Returned to the Members in High 

Value Programs and Services; In Operation Since 1994. 

Visit us at www.inemi.org 

5 Key Deliverables: 

Å Technology Roadmaps 

Å Collaborative Deployment 

Projects 

Å Research Priorities Documents 

Å Proactive Forums 

Å Position Papers 
 

3 Major Focus Areas: 

Å Miniaturization 

Å Environment  

Å Medical Electronics 
 

Mission: Forecast and Accelerate improvements in the Electronics        

  Manufacturing Industry for a Sustainable Future. 

http://www.inemi.org/
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International Membership  

Across The Total Supply Chain  

VTotal Global Supply Chain Integration 

V70% Growth in past 3 years 

The International Membership Incorporated Location; Number of Members 

INEMI Member Business Type 
North 

America 
Asia 

Region 
Europe Totals 

OEM 14 3 2 19 

ODM/EMS (inc. pkg. & test services) 5 6 1  11 

Suppliers (materials, software, services)  9 18 12 39 

Equipment  8 0 2  10 

Universities & Research Institutes 8 3 2 13 

Organizations 11  1 2 14 

Totals 55 31 21 107 
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PART I:  

IMPACT OF GREEN MOLDING COMPOUNDS 

ON SOLDER JOINT RELIABILITY 

GEERT WILLEMS  

BART VANDEVELDE,  STEVEN THIJS  

IMEC ð CENTER FOR ELECTRONICS DESIGN & MANUFACTURING  
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CONTENT  

1. Towards òGreenó, low CTE molding compounds 

2. The impact of green molding compounds 

1. Solder joint fatigue 

2. What lifetime is required? 

3. What does literature tell us? 

4. Failure experience 

3. FE study of TSOP, QFN and BGA with GMC 

4. Recent experimental results 

5. Impact on Assembly 

6. Conclusions 
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1. MOLDING COMPOUNDS  

Plastic molding compounds are used to encapsulate the 

IC/leadframe or IC/substrate assembly in  

plastic IC packaging: 

 Leaded packages: SOIC, QFP, TSOP,... 

 Leadless packages: QFN, MLF, LPP,... 

 Area array packages: PBGA 
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I. MOLDING COMPOUND  

Molding compound requirements: 

 Compatibility with silicon die & first level interconnect 

(wire bond, flip chip, die attach) 

 Thermal, mechanical, moisture robustness 

 Leadframe ð substrate matching (warpage) 

 Electrical properties 

 Thermal conductivity 

 Flame retardant 

 Manufacturability 

 Cost 

 ... 
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1. GREEN MOLDING COMPOUND  

Driven by: 

ỔNeed for reduced moisture  

sensitivity (lead-free) 

ỔòGoing Greenó trend:  

Halogen-free plastics 

ỔDie stress: new IC-dielectrics 

ỔCost 

Ą Electronic component manufacturers introduced highly SiO2 

filled (85%) òGreen mold compoundsó 

80% vol 

Greenpeace dashboard 

Example 
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1. GREEN MOLDING COMPOUNDS  

 The change-over took  

place between 2005-2010 
(from a leading semiconductor supplier) 

 

 

 High penetration level of highly filled GMC 

 All plastic components: SOIC, TSOP, QFN, BGA,... 

 Customer notification is MISLEADING! 

 2nd level interconnect reliability has not been considered!?  
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2. GREEN MOLD COMPOUNDS  

THE IMPACT  

 High SiO2 filling creates molding compound with very 

low thermal expansion: CTE=6-10 ppm. 
For reference: CTE Al2O3 = 6.7ppm (ex. CBGA) 

 In the past it matched the PCB CTE of 15-18ppm 

 This creates a nearly tenfold  increase in thermal 

mismatch between component and PCB. 

 Depending on component and PCB details: 

A major increase of thermo-mechanical strain  

of solder joints and component leads (TSOP). 

 A major threat to solder joint  

and interconnect reliability  

12 
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2. IMPACT OF LOW CTE MOLDING COMPOUNDS  

1. Better CTE match with 

silicon Ą lower stress in 

Si die J 

2. Higher CTE mismatch 

with BT laminate                   

Ą more warpage of the 

package with 

temperature changes L 

3. Higher CTE mismatch 

with PCB                                   

Ą higher loading of the 

2nd level solder 

connections L 

 

Mold: CTE 15 ppm/°C Ą 7 ppm/°C 

 

BT laminate: ~ 14 ppm/°C 

Si: 2.6 ppm/°C 

Printed Circuit Board 

17 ppm/°C 
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Package 

Board 

2.1. SOLDER JOINT FATIGUE  

 Joint strain ~ g ~ DL/S ~L(CTEc - CTEb)DT/2S 

 Thermo-mechanical strain increases with: 

Ổ increasing thermal mismatch  
(ceramic, bare silicon, GREEN MOLD COMPOUND åceramic) 

Ổ increasing component size (large BGAs , large dies) 

Ổdecreasing stand-off (small ball sizes, leadless packages!) 

Ổ increasing thermal cycling (outdoor, high power dissipation ) 

CTEc g 

CTEb 

L 

S 

Thermally induced stress-strain 

14 



© imec 2013 

2.1 SOLDER JOINT FATIGUE  

500 mm 

Micro-crack initation Crack propagation Fracture 

SILICON: 2.6 ppm/ºC 

PCB: : 17 ppm/ºC 

centre 

 Example: 10x10 mm2 CSP soldered on FR4 PCB after 

500 temperature cycles (0 to 100ĚC) 

corner 
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2.1 SOLDER JOINT FATIGUE  

GMC  VS. CERAMIC  

 CTE GMC (6-10ppm) comparable to ceramic (Al2O3=6.7ppm) CTE 

 But elasticity of GMC (E-modulus) is an order of magnitude 

smaller than that of ceramicsĄ ten times more flexible. 

Consequences 

 Package flexibility becomes a dominating factor in the solder 

joint reliability. 

 The simple Engelmaier approach to solder joint reliability of 

IPC-D-279, cannot be applied to plastic packages. 
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2.2. WHAT IS REQUIRED?  
SOME FIGURES FOR REFERENCE (IPC -9701) 
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2.2.  WHAT IS REQUIRED?  
SOME FIGURES FOR REFERENCE (IPC -9701) 

Computer and peripherals: æT=20K, 4cpd, 5y, 0.1% 

ỔN63%(0-100oC) Ą 1250 cycles/5y 

Telecom: æT=35K, 1cpd, 7-20y, 0.01% 

ỔN63%(0-100oC) Ą >2000 cycles/7y...6000 cycles/20y 

Industrial/automotive: 

æT=20K(50%)/40K(27%)/60K(16%)/80K(6%), 365cpy, 10-15y, 0.1% 

ỔN63%(0-100oC) Ą >3000 cycles/10y...4500 cycles/15y 

Commercial aircraft: æT=20K, 1cpd, 20y, 0.001% 

ỔN63%(0-100oC)  Ą 3500 cycles/20y 

Military:  æT=40K(27%)/60K(73%), 365cpy, 10-20y, 0.1% 

ỔN63%(0-100oC) Ą 5500 cycles/10y...11000 cycles/20y 

10 year lifetime requires 

N63%(0-100oC) >3000 cycles   (N63%(-40-125oC)>1500 cycles) 

Notes: 

Å Acc. Factor: SnPb  

Norris-Landzberg eq.  

ÅWeibull slope=6 

Å No power cycling 

Å Tmax= max. operation 
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2.3. LITERATURE: QFN SIMULATION  

T.Y. Tee et al. 

2003 

QFN8x8: 

 -40/150C 

PCB: 1.6mm 

ỔAll simulations confirm reduction in lifetime with factor 1 to 4. 

ỔHigher CTE and lower E is recommended: opposite to GMC 
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2.3. LITERATURE: QFN SIMULATION  

X. Zhang et al., 2002 
QFN (BLP) 

 -55/125C 
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2.3. LITERATURE: BGA SIMULATION  

T.Y. Tee et al. 

2006 

BGA: 

 -40/125C 

Lifetime Warpage 
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