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Motivation

• Compare the durability of capacitors 
attached with SnAgCu solder to those 
attached with SnPb solder during board 
flexure

• Determine possible factors that may 
influence the flexure limit of capacitors 
attached with SnAgCu solder



Standard Displacement Specification Test 



Deflection Specification Examples

XYageo

XXJohanson Dielectrics

XNippon Chemi-Con 

XXSyfer, Novacap

XMuRata

XEPCOS 

XTDK

XCal-Chip Electronics, Inc.

XXVishay

XXAVX

Other2 mm 1 mmManufacturer

Deflection Specification

AVX offers a soft-termination capacitor with a deflection limit of 5 mm
MuRata - GRM03, GRM15 capacitors, PWB thickness 0.8 mm
Nippon Chemi-Con - Printed wiring board thickness 1.0 mm (1.6 is the standard)
Syfer offers a polymer-termination capacitor with a deflection limit of 5 mm
Johanson - NPO class dielectrics – 1 mm, X7R – 0.5 mm



Sample Population

100SnPb0.51812 X7R

200SnAgCu0.51812 X7R

100SnAgCu0.70805 X7R

Samples 
Tested

Solder 
Composition

Capacitance 
(µF)

Capacitor 
Type

All capacitors are specified to an allowable deflection of 1 mm



Failure Monitoring
1812 with SnAgCu 1812 with SnPb

Visible flex crack
1812 Capacitor with 
SnAgCu solder



Failure Totals – 1812 Capacitor
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1812 - SnAgCu 1812 - SbPb

No Failures below 1 mm deflection



Weibull Analysis of Failures - 1812

No Failures below 1 mm deflection, failures that occurred about 4.5 mm excluded

Characteristic displacement 
(63% failure point) of the 
SnAgCu 1812 and the SnPb 
1812 was 2.36 mm, and 
1.70 mm respectively.



Failure Totals – SnAgCu, 0805 Capacitor
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Appears to be bimodal, two distinct populations 



Mounting Orientation 0805

Parallel to PWB
Perpendicular to PWB

Registered as a failure

Failure not detected



Weibull Analysis of Failures - 0805

No Failures below 1 mm deflection, suspended data excluded

Characteristic displacement 
(63% failure point) of the 
SnAgCu 0805 is 5.9 mm



Model Predictions

SnPb

SnAgCu

Previous FEA and simplified models predicted 
that capacitors with SAC would be less robust, 
what did they miss? 
Possible answer: Residual compressive stresses 
in the capacitor due to solder reflow 



Stress Relaxation of SnAgCu

Milos Dusek, Chris Hunt, “The Measurement of Creep Rates and Stress Relaxation for Micro-
sized Lead-free Solder Joints”, NPL Report DEPC MPR 021

Approximately 0.5 MPa drop per decade, drop to 10 MPa >100 years



Conclusion

• Capacitors solder with SnAgCu solder are 
more robust than those soldered with SnPb 
with regards to board flexure

• Capacitor is held in compressive state due 
to the slower creeping SnAgCu solder

• Good news for ceramic capacitors bad news 
for BGA components


