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|ntroduction

Proposed EU' legislation would ban |ead in electronics in 2006
= >| eading Ph-free solder research

m Electronics infrastructure is built around Ph-Sn solders
m Pb-Sn solders have been well characterized
m Pb-free solder mechanical properties are in early stage of

characterization.

New failure modes may occur due to the difference in mechanical
properties of Pb-free soldersvs. Pb-Sn solder.

Eutectic Sn-Ag-Cu solder generally chosen general use solder for
SMT

Most |ead free solders have higher melting point and require
higher process temperatures & times

Creep iscritical to solder joint reliability (T/Tmet>0.5)
— |s creep impacted by cooling rate?



Testing Matrix

m Alloys studied:Sn-3.5Ag, Sn-0.7Cu, Sn-3.0Ag-
0.5Cu;, Sn-10In-3.1AQg

m Soldering surface: Cu/immersion Au on electro-less
plated Ni

m All solder joints reflowed in N2 atomsphere with
peak temperature 30 degrees above liguidus and
aged at 160 °C for 4 hours after reflow

m Two cooling rates. 3.5°C/min. and 2.7 °C/s.
m Creep testing conducted at 60 °C, 95 °C and 130 °C



IHomoeloegous Triemp. for Testing
T(K)/Tmelt(K)

Solders 60C
Sn-37Pb 0.730
Sn-3.5Ag 0.674

Sn-0.7Cu 0.666
Sn-3.0Ag-0.5Cu 0.680
Sn-10In-3.1Ag 0.698




Samples and Creep M easurements
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Creep Curve

|-Primary creep:
Steady State Creep Rate de/dt JERSSleZe e TaR{elfagr= ilelaEs
creep rate slows down;

|1-Steady state creep:

Stable substructure —
dynamic balance of

strain harding and softening

[11-Tertiary creep:
Softening dominated by
micro-voiding, necking....
mechanisms




|- 0ad controlled creeptesting @ 130C

Time(hrs) Stress. 5.44M Pa
@130C, cooled at

e Sn-0.7Cu ) . 27C/S

¢ Sn-3.5Ag

= Sn-10In-3.1Ag
o v Sn-3Ag-0.5Cu Sn-0.7Cu has shortest
< rupture time; and
&« 10 31g , Sn-3Ag-0.5Cu has
8 | longest rupture time
n

N
o

Do not observe primary
creep range!

o

1x10* 2x10*
Time(sec)




Shear strain(%)

|- 0ad controlled creep testing @60C

Time(hrs)

12 /MPa
Rupture time:

Sn-0.7Cu, stress<9.9/MPa
Sn-Cu<Sn-Ag-Cu<Sn-Ag<Sn-In-Ag Cooled at 2.7C/s



Creep Stress vs, Strain rate @130C

Joints cooled at 2.7C/s

e Sn-0.7Cu N=5.7

® S-35Ag n=54

= S1-10In-3.1Ag nN=6.9
v $-3Ag-05Cu n=6.6
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Creep ratevs. Stress @ 95C

Joints cooled at 2.7C/s

e Sn-0.7Cu N=6.6
& S-35Ag Nn=6.2
m $-10In-3.1Ag N=/.4
v S$-3Ag05Cu n=7.8
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Creep Rate vs. Stress @ 60C

Joints cooled at 2.7C/s

e Sn-0.7Cu

® Sn-3.5Ag

= SnN-10in-3.1Ag
v S-3Ag-0.5Cu
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Creep activation enerqy.

Dorn’s equation:

*The datafits Dorn’s equation.
Tin self diffusion (Q is about 107K Jmol) dominates these
aloys
If nisfrom 3-6, the creep is matrix cregp dominated
«Self diffusion limited
*For nissmaller than 2, the creep i1s grain boundary controlled
*60C data shows clear two different cregp mechanisms.
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Creep at 60C

Joints cooled at 2.7C/s

Linear Fit for Datal_B on linearized scales.
yscale(Y) = A + B * xscale(X)
where scale() is the current axis scale function.

Parameter  Value Error

A -7.65711746
B 406174239 -

A =41

Linear Fit for Data2_B on linearized scales.
yscale(Y) = A + B * xscale(X)
where scale() is the current axis scale function.

Parameter  Value Error

A -12.21802032 0.64032966
10.19859218  0.71639283

R sD N P

0.99510196  0.14521737 4 0.00489804

\\\\\‘
4 5 6 78910

Shear Stress(MPa)

20 30
1060n-value

B
o

Strain rate

Linear Fit for Datal_B on linearized scales.
yscale(Y) = A + B * xscale(X)

where scale() is the current axis scale function.

Parameter Value Error

A -8.91230076 -~
B 4.07674028

P

<0.0001

Linear Fit for Data2_B on linearized scales.
yscale(Y) = A+ B * xscale(X)
where scale() is the current axis scale function.

Parameter

Value Error

A -18.35552129 1.3865377
B 13.16427038  1.22635919

R sD

N P

0.99143292

0.16103712

4 0.00856708
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Creep at 60C

Joints cooled at 2.7C/s

Linear Fit for Datal_B on linearized scales.
yscale(Y) = A+ B * xscale(X)
where scale() is the current axis scale function.

Linear Fit for A1_B on linearized scales.
yscale(Y) = A+ B * xscale(X)
where scale() is the current axis scale function.

Parameter ~ Value Error Parameter ~ Value Error

A -0.63947029 -
B 442443528

A 175232174 --
B 2.87836366

Linear Fit for A2_B on linearized scales.
yscale(Y) = A+ B * xscale(X)
where scale() is the current axis scale function.

Linear Fit for Data2_B on linearized scales.
yscale(Y) = A+ B * xscale(X)
where scale() is the current axis scale function.
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Strain rate
Ll

Parameter ~ Value Error Parameter ~ Value Error

A -15.43838487 2.09088497
B 10.04962841 1.76354776

A -17.74284426 157965942
B 126973248 143841506

R sD N P R D N 3

0.97055859  0.20357779 4 0.02944141 09812884 029005633 5 0.00306392

T T T T T ‘ ‘
4 5 678910 20 30 40 4 5 6 780910 0 30
3060n-value -

Shear Stress(MPa) Shear Stress(MPa) 4060n-value

N
o




& 130°C
e 95°C n—76 n—89
B 60°C
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Optical Images or Sn-Cu Jornts
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2.7Cls 3.5C/min.

* Smaller Sn grain for faster cooled joints




Creep of Sn-Cu at different cooling rates
lestediat 130C

NEW DATA

Linear Fit for new_B on linearized scales.
yscale(Y) = A + B * xscale(X)

where scale() is the current axis scale function.

Parameter Value Error

A -5.24255254  0.26981167
B 4.69027974  0.49210003

R SD N P

0.97868533  0.18578072 6 0.00067663

= 3.5C/min.

OLD DATA

Linear Fit for old_B on linearized scales.
yscale(Y) = A + B * xscale(X)

where scale() is the current axis scale function.
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Parameter Value Error

A -5.65314991  0.52542145
B 4.44385355  0.73841199

R SD N P

0.97348259  0.16260736 4 0.02651741
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Optiicall Images o Sn-Ag-Cu Joints
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2.7Cls 3.5C/min.
* Smaller Sn grain and finer precipitations for faster cooled joints



Creep of Sn-Ag-Cu at different cooling rates
tested at 130C

T T
NEW DATA

Linear Fit for new_B on linearized scales.
yscale(Y) = A + B * xscale(X)

where scale() is the current axis scale function.

Parameter Value Error

A -8.62803626  0.33239122
B 6.63437285  0.40623926

R SD N P

0.99258447  0.16599617 6 <0.0001

3.5C/min.

OLD DATA

Linear Fit for old_B on linearized scales.
yscale(Y) = A + B * xscale(X)

where scale() is the current axis scale function.
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Parameter Value Error

A -8.41253272  0.27213621
B 5.86398512  0.29445171

R SD N P

0.99748809  0.07935632 4 0.00251191

20
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Optical Images or sn-In-Ag Joints

2.7Cls 3.5C/min.
* Smaller Sn grain and finer precipitations for faster cooled joints




Creep of Sn-In-Ag at different cooling rates
tested at 130C

T
NEW DATA

Linear Fit for new_B on linearized scales.
yscale(Y) = A + B * xscale(X)

where scale() is the current axis scale function.

Parameter Value Error

A -8.13162296 0.12066536
B 6.98160174  0.1623577

R SD N P

0.99892015  0.04035181 6 <0.0001

3.5C/min.

OLD DATA

Linear Fit for old_B on linearized scales.
yscale(Y) = A + B * xscale(X)

where scale() is the current axis scale function.
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Parameter Value Error

A -7.32710305 0.14650062
B 5.1988005 0.19394548

R SD N P

0.99930486  0.02823758 3 0.02373861

5 6 7 8 9 10 20

3130(old-new)n-value
Shear Stress(M Pa) 7/10/01 16:10:32




Summary

m Sn-0.7Cu has the lowest creep resistance
B [[he average activation energy. for creep agrees well with
Sn self-diffusion activation energy.

— Matrix creep dominated creep mechanism in the stress range
tested for all the solders.

m All the Pb-free solders show clear two creep
mechanisms at |low temperature, 60C
— More study required

m [aster cooling rate decreased creep resistance
— Finer and uniformly distributed precipitates
— Smaller grain in Sn matrix






¢ 130°C
e 95°C
m 60°C
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¢ 130°C
e 95°C
m 60°C
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¢ 130°C

e 95°C
m 60°C

A n=4.7

_ n=51
‘ n~3.0
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SN-Ag-Cu

0
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10 Cooling r AS2NEAS :
Linear Fit for new_B on linearized scales. SESOAGOBCL, tested at130C
yscale(Y) = A + B * xscale(X) !
where scale() is the current axis scale function.
10'1 Parameter  Value Error

A -8.62803626  0.33239122
B 6.63437285  0.40623926

3.5C/min.




SN=1N-AQ

Linear Fit for new_B on linearized scales.
yscale(Y) = A + B * xscale(X)

where scale() is the current axis scale function.

Parameter Value Error

A -8.13162296 0.12066536
B 6.98160174  0.1623577

Sn-10In-3.1Ag . 130C

3.5C/min.




