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Outline 
 Reliability Approaches 

 Mission requirement/system level 
 2nd level, assembly/package  
 1st  level, part 

 CGA/LGA Reliability Test Results 
 LGA/CGA  
 Chip Cap., Optical/SEM characterization 
 LGA/CGA  assemblies 
 CGAs,  thermal cycles status 
 Chip Cap., SEM/X-section/elemental maps after TCs 

 Summary  
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Reliability  Levels  

Part - 1st level 
Die/interposer  PTH/HDI Flip-chip 

underfill 

Assembly - 2nd level  
Package Board Interconnects 

System/Box 
TC/ Mech Radiation 

Missions 
Benign- short/long Extreme- short/long 
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SMT Array Reliability -I 
SMT 
• Area Array (single/stack) 
• PCB, (PTH/HDI) 
• Interconnects (CBGA/CGA)      
• Stake/Coat/Underfill 

Advanced Arrays 
• Hermetic/Non-H 
• LGA 
• FCBGA/interposer 
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SMT Array Reliability- II 
SMT/Advanced Arrays 

Assembly, 2nd level 
• Class Y, >1000 I/Os 
• Hermetic, <1000 I/Os 
• Interconnects, Pb & Pb-free 

Part, 1st level 
• Chip cap 
• FC balls/underfill 
• Interposer 
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Reliability Testing of LGA/CGA 

FCBGA 

• Assembled Pb & Pb-free  
• Completed thermal cycles/Drop Test 
• X-ray & X-sectional evaluation 

LGA  

• Column attach/pull test/age-pull test 
• CGA  (4 package sizes) assembly onto PCB 
• LGA version  

CGA 

• Package/capacitors reliability evaluation 
• Successful Assembly CGA onto PCB 
• Environmental tests 
•  CGA Cap TC-  X-section/SEM/Map 
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CGA with 31 Chip Capacitors 
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CGA with 31 Chip Caps 
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Two CGA Assembly 
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CGA Solder Joint  Assembly 
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Solder Joints/Columns for 2 CGAs  
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LGA/CGA/Assembly 
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NASA Micro-Coil Spring 
License to STI Electronics Inc 
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Micro-Coil Spring Column 
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Micro-coil Spring- 200 TCs 
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Cap. Solder Joints  after TCs 
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BME History 
 BME Caps 

 Decoupler Caps on Power PC, BGA type 
 Advanced CGAs 
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Reliability of BME Caps 
  BME/PME (NASA: Liu/Sampson, 2011, NEPP) 

 Higher dielectric variations for same BME  
 Denser and uniform microstructures 

 0.3-0.5 microns 
 Thinner and more layers 
 PME random failures under HALT 

 

  HALT (25volt rated Caps, 155/165/175°C, 150/200/250Volts) 
 BME early failure/Avalanche break down 

 Fabrication defect 
 Critical : Number of stack grains 

 Longer- Wear out of dielectric  
 MTTF, 105  years at RT (excluding early failures) 

Recom. 
 Improve processing controls/defects 
 Use below extrinsic defect triggering 
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MLCC Capacitors 
 PME (precision Metal Electrode) 

 Reliability (bias/temp) well established  
 Mix of Palladium Silver Electrode 

 BME (Base Metal Electrode) 
 High density,  commercial/cost 
 Ni electrode 
 Barium Titanate- BaTiO3 

 Tetragonal (0/130C) on face centers, Barium at corners 
 Titanium, 1% nanometer offset, voltage/move/storage  

 Thinner dielectrics/more layers than PME 
 Increase in capacitance/volumetric efficiency    

 Reliability compromise? 
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Caps Removed for Eval 
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Caps on CGA after TCs 
  CGA  Thermal History 

 Package subjected to thermal shock (-55/130°C) 
 Reflow for Assembly ( 218°C) 
 Additional TCs  package on board 

 

  Characterize CGA assemblies 
  Caps Removal 

 Mechanical 
 Solder cut, then Caps pushed/removed 
 Shear off by twisting, concern, mechanical damage 

 De-soldering 
 High Temp Solder 
 Not tried yet, concern thermal shock 
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Cap after TC/Removal 
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X-sections of Caps  
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Elemental Map 
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Elemental Map 
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Summary-I 
Advanced LGA 
 Success on Cu wrap column attach 
 Column pull test as attached 
 Column pull tests at intervals of aging at 125°C/500 hrs   

 Success on Micro-coil spring column attach 
 No signs of damage after 200 thermal cycles 

 Advanced CGA 
  Caps on CGA  
 Inspected solder joint quality 
 CGA thermal shock cycles 

  No failures of  caps 
 One solder joint apparent separation 
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Summary- II 
  Success on LGA/CGA on PCB Assembly 

  Released interim report 
 

  Advanced LGA/CGA 
  Reliability testing of CGA assemblies 

 LGA/CGA & assembly on standard PCB 
 Daisy chain monitoring when applicable 
 Damage monitoring and NDE/SEM evaluation  

  Caps after TCs 
  Literature search understand reliability 
 X-sectioned 6 caps, SEM evaluation 
  Elemental Maps 
 Caps are BME with BaTiO3 cap/Ni electrodes/Cu terminals 

 
 Design boards with HDI (microvia) 

 Assemble onto HDI board/optimize process 
 Reliability testing 
 

   Active die, HDI, Reliability 
  Use lessons learned for efficient resource utilization 
  Release report 
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