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� Reliability 
� Reliability definition
� IPC 9701A SMT Attachment Reliability
� Relative thermal cycle data Pb-free/SnPb

� Thermal Cycle Data for PBGA 676 I/O
� Celestica’s test data using RIA3
� Solectron/industry- effect of dwell time
� Xilinx

� Why different results using IPC 9701A?
� JPL preliminary data using RIA3 TVs & 

Future Joint Activities
� Other Current Activities
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“Reliability is the ability to function as expected
under the expected operating conditions

for an expected time period
without exceeding expected failure levels”
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InterconnectsDevices

Electronic System

Design for Reliability
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Quality Manufacture
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� IPC 9701, Released Jan 2002
� IPC SM785- Guideline

� No answer to the question of data for product application
� Data comparison

� IPC 9701
� Details on thermal cycle test and acceptance

� Key Controls
� Surface finish (OSP, HASL), thickness, 93 mil, NSMD, continuous 

monitoring, etc.  

� Five Cycle Conditions
� Preference 0/100°C

� Five number of thermal cycles
� Preference 6,000 cycles

IPC 9701- “Performance Test Methods and Qualification Requirements for

Surface Mount Solder Attachments”
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Table 1  Temperature cycling requirements specified in Table 4.1 of IPC 9701 

Test Condition Mandated Condition 

Temperature Cycle (TC) Condition: TC1 

 TC2 

 TC3 

 TC4 

                               TC 5 

0°C ↔ +100°C (Preferred Reference) 

−25°C ↔ +100°C 

−40°C ↔ +125°C 

−55°C ↔ +125°C 

-55 °C<-> 100°C 

Test Duration 

Number of Thermal Cycle (NTC) 
Requirement: NTC-A 
 NTC-B 

 NTC-C 
 NTC-D 

 NTC-E 

Whichever condition occurs FIRST: 50% (preferred 63.2%)  
cumulative failure (Preferred Reference Test Duration) or 

 
200 cycles 

500 cycles 
1,000 cycles (Preferred for TC2, TC3,and TC4) 

3,000 cycles 
6,000 cycles (Preferred Reference TC1 ) 

Low Temperature Dwell 
Temp. tolerance (preferred) 

10 minutes 

+0/−10°C (+0/ −5°C) [+0 /−18°F (+0/ −9°F)] 

High Temperature Dwell 
Temp. tolerance (preferred) 

10 minutes 

+10/−0°C (+5/−0°C) [+18/−0°F(+9/ −0°F)] 
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� IPC 9701A, Pb-free guideline- Released 2006
� Appendix B, “Guideline for Thermal Cycle Requirements for Lead-

free Solder Joints”
� Moisture sensitivity, use J-STD-020
� Reference to several models

� Details to be covered in IPC 9706

� Release delayed due to lack of data on dwell- 2 dwells
� D10 (10 minute dwell)

- Most  efficient
- Use as “stand-alone”, only when modeling understood could be theoretically 
compared to tin-lead

� D30+ (30 minutes or higher)- To experimentally induce damage somewhat 
comparable to tin-lead

� Surface finish
� Only OSP, IAg

� Requalification is required when
� Solder paste change
� Lead terminal change
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Ref: APEX 2006
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� Celestica International Inc, Toronto, Canada
� Solectron/Sun Microsystems
� Xilinx, Inc
� NASA-JPL
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0.6 +0.2
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� 405 balls/405 Paste, 305 balls/305 Paste
� Two thermal cycles
� 0-100C 60 min, 15 min dwells, 15 min ramp/cool
� -55 -100C, 60 min, 15 min dwells, 15 min ramp/cool

� Failure- 5 consecutive with  ≥ 20% relative to its 
hot as-built resistance
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SAC 305

SAC 405

0-100C, SAC 305, 7 failures <2,500, 5400, 5800 cycl es
0-100C, SAC 405, 7 failures <1,500, No failures to 6,000

Ref: Celestica SMTA 2006
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SnPb/SnPb
SAC/SAC

0-100C, 40 min (10 min dwells, 10 min ramp/cool)

Ref: Bath, et al SMTAi 2005
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Failure Definition:
Celestica :  20% increase and event detector
Solectron/Sun :  Event detector, not specified failure
Xilinx :  Event detector, >500 ohms 
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� JPL’s Preliminary TC  results using Celestica’s RIA3 
405/405.  No failures to:  
� ~ 200 cycle (-130/85°C), 4 parts
� ~ 200 cycles (-55°/125°C), 6 parts
� ~ 200 cycles (-55°/100°C), 8 parts

� Pb-free vs SnPb
� Mild (0°/100°C) – probably the same  Solectron, Xilinx/Celestica? 
� Harsh (-55°/125°C) – SnPb>Pb-free? Xilinx & Celestica?

� Remember- Electrical failure earlier than Dye & pry failure

� Future Activities 
� Rework PBGA 676 I/Os in 305/305
� Include 305/305 assemblies into test matrix
� Test more RIA3 in harsh environment
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Recolumn Six Sigma Column

CCGA- Package-Interposer

Interposer

Package

SEE: Microelectronics Quality and Reliability Workshop
MRQW – Dec 4-5, 2007
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ASME-InterPACK 2007
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Institute of Technology, under a contract with the National 
Aeronautics and Space Administration.

The author would like to acknowledge Celestica’s team 
especially I. Sterian and S. Bagheri for providing RIA3 test 
vehicles. The author extends his appreciation to program 
managers at NASA Electronic Parts and Packaging 
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Barnes, and P. Zulueta for their continuous support and 
encouragement.


