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1. Plastic packages: molding compound 

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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1. Plastic packages: molding compound 

Molding compound requirements: 

• Compatibility with silicon die & first level interconnect 
(wire bond, flip chip, die attach) 

 

• Thermal, mechanical, moisture robustness 

 

• Leadframe – substrate matching (warpage) 

 

• Electrical properties 

• Thermal conductivity 

• Flame retardant 

• Manufacturability 

• Cost 

• ... 
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2. Green molding compound 

Driven by: 

• Need for reduced moisture  
sensitivity (lead-free) 

• “Going Green” trend:  
Halogen-free plastics 

• Die stress: new IC-dielectrics 

• Cost 

 Electronic component manufacturers  
introduced highly SiO2 filled (85%) “Green mold compounds” 
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2. 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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3. Impact of Green molding compounds 

1. Better CTE match 
with silicon  lower 
stress in Si die  

2. Higher CTE 
mismatch with BT 
laminate                   
 more warpage of 
the package with 
temperature 
changes  

3. Higher CTE 
mismatch with PCB                                   
 higher stress in 
the solder 
connections  
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Overmold: CTE 15 ppm/°C  7 ppm/°C 

 

BT laminate: ~ 14 ppm/°C 

Si: 2.6 ppm/°C 

Printed Circuit Board 
17 ppm/°C 
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3. Impact of Green molding compounds 

• High SiO2 filling creates molding compound with very low 
thermal expansion: 6-10 ppm. 
For reference: CTE Al2O3 = 6.7ppm (ex. CBGA) 

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

• This creates an upto 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 
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Package 

Board 

3.1 Solder joint fatigue  

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

• Thermo-mechanical strain increases with: 

– increasing thermal mismatch  
(ceramic, bare silicon, GREEN MOLD COMPOUND≈ceramic) 

– increasing component size (large BGAs, large dies) 

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

– increasing thermal cycling (outdoor, high power dissipation) 

CTEc g 

CTEb 

L 

S 

Thermally induced stress-strain 
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3.1 Solder joint fatigue  

10 

500 m 

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 100˚C) 

corner 
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3.1 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 ceramics 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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3.2 What is required?  
Some figures for reference (IPC-9701) 
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3.2 What is required?  
Some figures for reference (IPC-9701) 

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

– N63%(0-100oC)  1250 cycles/5y 
Telecom: ∆T=35K, 1cpd, 7-20y, 0.01% 

– N63%(0-100oC)   

  >2000 cycles/7y...6000 cycles/20y 

Industrial/automotive: 
∆T=20K(50%)/40K(27%)/60K(16%)/80K(6%), 365cpy, 10-15y, 0.1% 

– N63%(0-100oC)  >3000 cycles/10y...4500 cycles/15y 
Commercial aircraft: ∆T=20K, 1cpd, 20y, 0.001% 

– N63%(0-100oC)   3500 cycles/20y 
Military: ∆T=40K(27%)/60K(73%), 365cpy, 10-20y, 0.1% 

– N63%(0-100oC)  5500 cycles/10y...11000 cycles/20y 

10 year lifetime requires 

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

Notes: 

• Acc. Factor: SnPb  

Norris-Landzberg eq.  

•Weibull slope=6 

• No power cycling 

• Tmax= max. operation 

13 
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3.3 Literature: QFN simulation 

T.Y. Tee et al., 2003 

QFN8x8: 

 -40/150C 

PCB: 1.6mm 
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–All simulations confirm reduction in lifetime with a factor 1 to 4. 

–Higher CTE and lower E is recommended: opposite to GMC 
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3.3 Literature: QFN simulation 
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X. Zhang et al., 2002 

QFN (BLP) 

 -55/125C 
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3.3 Literature: BGA simulation 
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T.Y. Tee et al., 2006 

BGA: 

 -40/125C 



© imec 2012 | www.edmp.be 

3.3 Literature: experimental QFN 

QFN7x7: 

 -55/125C 

PCB: 1.6mm 

T.Y. Tee et al., 2003 

QFN: 

 -40/125C 

PCB: 1.6mm 
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3.3 Literature: experimental BGA 

(1999) 
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3.3 A view from the ceramic packaging world 
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7 ppm 12 ppm 
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Solder joint failure: BGA and TSOP II 
 
Lead failure: TSOP I – Cu leadframe! 

3.4. Experimental results (2) 
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3. Impact of Green molding compounds 

Package 

Type 

Mean life time 

with non-green 

compound 

(CTE ~ 15 - 18 

ppm/°C) 

Mean life time 

with green 

compound 

(CTE ~ 6-8 

ppm/°C) 

Life time reduction 

introducing green 

compounds 

BGA ~ 1100 cycles ~ 500 cycles ~55% 

QFN 5090 cycles 978 cycles ~80% 

21 

Most critical components: 
• Large TSOP 
• BGA 

• Partially populated 
• Small pitch 

• QFN 
TSOP 
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4. Basics of solder joint failure modeling 

Finite Element Model  
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CSP 

Printed Circuit Board 

Applied load: temperature cycle  
(= externally applied or through internal power dissipation) 
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4. Basics of solder joint failure modeling 
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start 

CSP16x6-case01_job1.mpeg


© imec 2012 | www.edmp.be 

4. Basics of solder joint failure modeling 
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start 

CSP16x6-case02_job1.mpeg
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4. Basics of solder joint failure modeling 
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MTTF = N50% = 1464 (ecreep in %)-1.45 

Empirical curve for Sn-Ag-Cu solder materials 
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5. Reliability of TSOPI & TSOPII 

TSOP I (56 pins) TSOP II (54 pins) 

  

 

Package size: ~ 20 X 14 mm2 

Solder fatigue Cu lead fatigue 
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5. Reliability of TSOPI 

TSOP I 

Tmin 

 

Tmax 

 

 

Plastic deformation in Cu leads 

B. Vandevelde, M. Lofrano, 
G. Willems: 
Green Mold Compounds:  
Impact on Second Level  
Interconnect Reliability 
EPTC, Singapore, 12/2011 
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5. Reliability of TSOPI 
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TSOP II 
Tmin 

 

Tmax 

 

 
Creep strain (-)

5. Reliability of TSOPII 

Bart Vandevelde et al. 
EPTC 2012 
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5. Reliability of TSOP with Cu leadframe 
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(Temperature cycles: 0 to 100˚C) Bart Vandevelde et al.  EPTC 2012 
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5. Reliability of TSOP with Cu leadframe 
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5. Reliability of TSOP with Alloy42 leadframe 
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6. Reliability of BGA  
0.5mm partially populated PBGA  

33 

Ball size 0.3 mm 

Ball pitch 0.5 mm 

Size 13x13 mm2 

Array size 24x24  
(4 rows – 320 balls) 

Overmould CTE 8 ppm/°C 

70ºC 

10ºC 

Ramp-time: 

15 min 

Dwell-time: 

45 min 

FR4 board: 2.1 mm, CTE=17.6 ppm/°C 
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6. Reliability of BGA  
Moulding compound CTE dependency 
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Non-Green MC 

Green MC 

Divided by 4! 

SAC solder joints 
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6. Reliability of BGA  
Impact of board thickness 
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Less flexible PCB 
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6. Reliability of BGA  
Impact of board thickness 
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(0 to 100˚C cycling) 

PBGA 27x27 area array 
1.27mm pitch 

EPTC 2012 
Bart Vandevelde et al. 
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SnPb SAC 

β=4 6 8 
β=4 6 8 

Divided 
by 2 

6. Reliability of BGA  
SnPb versus SAC 

SnPb is significantly worse than lead-free! 

37 

Corner 

Joint failure 
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6. Reliability of BGA  
SnPb versus SAC 

Why is SnPb version worse than SAC?  

Stress level 
dependency 
(J.-P. Clech) 

1.Under low stress 
conditions lifetime of  
SAC is higher than that  
of SnPb. 

 

2.Strain itself depends on 
the solder alloy.  
 
SAC is stronger than 
SnPb. Therefore SAC 
solder joints of flexible 
components on flexible 
PCBs will deform less than 
SnPb solder joints under 
the same conditions of 
thermal cycling. 

(1) 
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6. Reliability of BGA  
SAC 

 

Stronger connections: more bending of both board and package.  
Less strain/deformation of solder balls 
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6. Reliability of BGA  
SnPb 

 

Weaker connections: limited board bending because solder balls start to shear  
(more solder joint deformation) 
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6. Reliability of BGA  
SnPb versus SAC 

Why is SnPb version worse than SAC?  

Stress level 
dependency 
(J.-P. Clech) 

1.Under low stress 
conditions lifetime of SAC 
is higher than that of 
SnPb. 

 

2.Strain itself depends on 
the solder alloy.  
 
SAC is stronger than 
SnPb. Therefore SAC 
solder joints of flexible 
components on flexible 
PCBs will deform less than 
SnPb solder joints under 
the same conditions of 
thermal cycling. 

SAC BGA SnPb BGA 

(1) 

(2) 

(2) 
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6. Reliability of BGA 
No PCB bending 

No PCB bending yields even more strain 

 

42 

SnPb 

No bending 

SnPb 

bending 

Divided by 
6 
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6. Reliability of BGA 
Increasing strain: no PCB bending 

• Board bending allowed 

43 

• No board bending allowed  

Deformation 50x 

Deformation 50x 

• PCB stiffners on backside 
• Components on backside 
• BGA back-to-back mounting 
• PCB mounting on backplate/casing 
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6. Reliability of BGA  
Impact package type 

44 

Partly populated 

area array 

0.5mm pitch 

Ball size 0.3mm 

Fully populated 

area array 

0.8mm pitch 

Ball size 0.5mm 

Approximately same ball count and size 
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6. Reliability of BGA  
Impact package type 

Changing package type can improve lifetime up to 4x 
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Reliability improves: 

• Higher CTE of 
  molding compound 

• SAC i.s.o. SnPb 

• Larger balls/pitch 

• Fully populated 
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7. There is more: Head-in-Pillow 

What: 

 

 

 

 

 

 

• Associated to lead-free soldering?  

• But: 
– Became more and more prevalent 1-2 years after 1/7/2006 

– Occurs recently also 
with SnPb soldering. 

– HiP unheard of in SnPb 
soldering prior to 2008?!   

46 
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7. There is more: Head-in-Pillow 

• Major root cause of Head-in-Pillow is component warpage. 

• More warpage when temperature is higher  lead-free 

• But: 
– Is now also being reported for SnPb soldering of BGA 

– Seems to have become an issue well after the introduction of lead-
free soldering. 

• Lower mold compound CTE will increase/alter the warpage 
behaviour of PBGA. 

• Look at the GMC introduction 

 

Conclusion seems to be: 

GMC most likely root cause  

of “HiP-epidemic”. 

47 

50% 
mid 2007 

RoHS 
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7. There is more: wire bond fatigue 

Low cost trends: 

• Green Molding Comp. 
Reduction in CTE 

• Au  Cu wire 
Increase in CTE 

Larger CTE mismatch 

 Increased risk of wire 
bond fatigue! 
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8. Conclusions 

Green, low CTE molding compounds increase the thermal 
mismatch between “plastic” packages and the PCB upto tenfold! 

This creates major issues: 

• Reduction in lifetime below acceptable level due to solder 
joint failure of “plastic” packages especially TSOP, BGA, 
QFN. Complex dependency on package and PCB flexibility. 

• Reduction in lifetime below acceptable level due to Cu lead 
failure of TSOP type I components. 

• Assembly yield reduction due to Head-in-Pillow of BGA 
solder joints. 

• Increased risk of “Early Failure” due to electrically 
undetected HiP BGA solder joints. 

• Increased risk of wire bond failure. 

• Very limited (and costly) workarounds: underfill (?) 
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8. Electronics reliability 

 Green molding compounds constitute a 
bigger threath to electronics reliability than 
the switch to lead-free solder ever was! 

 

• “Is SAC more or less (10%...x2) reliable than SnPb” 
vs. increasing solder joint strain upto ten times. 

• Introduced into (qualified!) products without 
OEM’s being aware of it! 

• Especially dangerous for products using SnPb 
solder, i.e., high reliability products like telecom, 
automotive, avionics, industrial, safety, medical... 

50 



© imec 2012 | www.edmp.be 

Dank U voor uw aandacht 
Vragen? 

Geert.Willems@imec.be

++32-498-919464 

www.edmp.be 

51 

Met steun van het 


