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Executive Summary 
SAC105 was shown to have better drop shock reliability than SAC305; however SAC105 
thermal cycle performance was not necessarily as good at SAC305.  Small quantities (0.1% or 
so) of some elements appear to improve both drop shock and thermal cycle reliability of 
SAC105.  This paper will be an overview of work performed to demonstrate this phenomenon. 
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RoHS: True of False 

1. You are safer because of RoHS 



• But they are! 

False 
 



Burning Insulation  
From  Wires 



              RoHS was established to… 
• The purpose of this Directive is to approximate 

the laws of the Member States on the 
restrictions of the use of hazardous substances in 
electrical and electronic equipment and to 
contribute to the protection of human health 
and the environmentally sound recovery and 
disposal of waste electrical and electronic 
equipment 



Hopefully done 
like this! 



True or False #2 

• Lead-Free has no process or performance 
benefits. 



        False: LF: The Good News: 
       Coalescent Performance Comparison 

Pb Before Reflow 
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         Lead-Free Reliability Thought 

• “Everyone knows there is no data on LF reliability 
right?” 

• Wrong 
– >$3,000 B of products made, some since 2001 

• No major reliability issues 

– >$100M of R&D 

• Long term (>5 years) data still sketchy 
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A Brief History of SAC Alloys 

• Circa 1999: Near Eutectic SAC387 is initial LF Alloy of Choice 
– Eutectic is alloy of choice as it is replacing eutectic SnPb 
– 100s millions of mobile phones assembled with this alloy to date 

• SAC305 becomes IPC’s SVPC Alloy of Choice Circa 2006 
– Exhibits less tombstoning than SAC387 
– Uses less silver 

• SAC105 has wide acceptance in 2007-2008 to now 
– Less silver 
– Performs better in drop shock than SAC305, but worse in Thermal Cycle (TC) 
– Disadvantage: Tm is 225C vs. SAC305 217C 

• Is there an alloy that is better in both drop shock and TC? 
 



Older Work: 
NEMI Test Plan 

Ref: Bradley; Summary of Pb-Free Solder Reliability; Motorola Quick 
Start Seminar-; Ft. Lauderdale, FL; February 2005 



Summary of NEMI Results 

Ref: Bradley; Summary of Pb-Free Solder Reliability; Motorola Quick 
Start Seminar-; Ft. Lauderdale, FL; February 2005 



169 CSP Results 

Ref: Bradley; Summary of Pb-Free Solder Reliability; Motorola Quick Start Seminar-; Ft. 
Lauderdale, FL; February 2005 



High Stress vs.  
Low Stress Reliability 

Ref: Clech, JP; Lead-Free and Mixed Assembly Solder Joint Reliability Trends; APEX, S28-; 
Anaheim, CA; Feb. 2004 

0 to 80 C TC 
Short Dwells -55 to +150 C TC 

Long Dwells 



SAC Tombstoning 



Henshall: 
 Low Silver Investigation 

• Compared SAC305, low 
silver and Pb BGA solder 
balls 

• SAC305 paste 
• OSP, NSMD pads 
• Tg=170o C PWB 
• 1.27 to 0.5 mm pitch 
• 0.32-0.62 mm ball dia 
• Pack Size: 8-45 mm 
• 0-100 and -40-125 CTC 

 



Henshall’ s Weibull Plot 

SAC 305>SAC105>Pb 
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Cycles to Failure 
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0 to 100 C 
1.0 mm pitch 
All Data 

Sn-Pb 
SAC305 

SAC205 

SAC105 

SACX 

• Most data sets “clean” 
• Common anomaly was 
   “late” failures 
• Investigating cause 

-40-125C 
results were 
mixed! 
 
Dopants they 
studied do 
not affect TC 



Henshall’ s Effect of Silver Plot 



Coyle Etal 

• 0-100C 
• Dwell from 10, 30, 60 min 

 



Coyle’s ATC Weibull Plot for 
 10 Minute Dwell Time 



Work Performed by Lee etal  
on SACM and SACC 

• SACM 
– 98.5Sn1Ag0.5Cu0.05Mn 

• SACC 
– 98.5Sn1Ag0.5Cu0.02Ce 

• Two Tests: 
– JEDEC Drop Test (JDT) 

• 0-250 hours for aging at 150C or 250 TCT 

– Thermal Cycle (-40 to 125C) 
• 0-250 hours aging at 150C 



The Effect of Dopants: Ni 



Ge 



Older Work: 
Doped SAC105 Alloys 



Drop Test 



• SACC>SACM>SnPb>SAC105>SAC305 
– TFBGA (NiAu leads) on OSP PWB pads 
– Aging: TCT 250 cycles  
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Thermal Cycle Test 

• SACC>SACM>SAC305>SAC105>SnPb 
– TFBGA (NiAu leads) on OSP PWB pads aged 250 hrs 150C 
– Unaged samples SnPb is best in TC first fail  
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The Effect of Aging 

Sn: 
TMelt =505o K 
TRoom Temp = 300o K 



    Aging and IMC Thickness 



Other Observations 

• Many claim harsh environment studies 
show lead-free not as robust as SnPb 



Conclusions 
• For 0-100C type TC SAC305>SAC105>SnPb 
• DS: SAC105 ≈ SnPb > SAC305 
• For -40-125C TC the results are mixed 

– LF reliability for this condition is still “unproven” 
• Adding dopants can improve results in DS and TC 

– Both SACM and SACC have better drop shock performance than SAC105 and much 
better drop shock performance than SAC305 

– Both SACM and SACC match SAC305 in  thermal cycle performance (-40-125C) and 
are better than SnPb Re characteristic life 

• Unaged SnPb is better than all SACs Re first failure 

– Hence, SACM and SACC are a better choice than SAC105 or SAC305 
– The mechanism for the improved performance is attributed to a stabilized 

microstructure with a uniform distribution of IMC particles 



Conclusions Con’t 

• Aging has a dramatic effect on both drop shock and thermal 
cycle life 

• Low Silver SAC has Tm > 217o C 
– More Stress on PWB 

• SAC has other process challenges: Graping, HIP: 
– Modern solder pastes can minimize these defects 

Ronald C. Lasky, PhD, PE  
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