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2 Au-Embrittlement I\/Iechamsms

m Au layer is essential to preserve solderable surface
during storage, prior to soldering. However, Au can
be detrimental to the reliability of solder joints

m AuSn, AuSn,, and AuSn, intermetallics (IMCs) are
brittle, therefore undesirable, BUT if distributed
evenly throughout bulk solder, their presence is
generally not a huge concern to joint reliability.

(Sn-Pb) mpAuSn, AuSn,, and AuSn, intermetallics (IMCs)
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Ideal Scenario: -

-Ni-Sn IMC will form metallurgical bond between solder and solderable surface
-All Au is dissolved into molten solder and a small fraction of dispersed AuSn IMCs form in the bulk solder
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m Retained Au diffuse into the solder joint
over time (solid-state), leaving voids

m The voids link up, causing interfacial
failure Ideal:

(Sn-Pb) AuSn, AuSn,, and AuSn, intermetallics (IMCs)
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Crack formation occurs along the Au/AuSn,
interface created by solid-state reaction when the
Sn-Pb soldering process failed to dissolve away all
of the Au protective layers from the base materials.
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Materials Properties

m Accurate materials

Solder Interconnection Reliability

propertles are Historically | < ’
required to produce - ]

Build a Statistically Materials Properties
accurate Significant Number of —l_l

. Test Solder Joints per Computational

Computatlonal models Each Materials Set and
- Thl S StU dy aim S t o) Solder Joint Geometry
generate properties off  perform Extensive ‘
. Accelerated Aging

Au-contaminated Experiments to Experiments
SAC3906 for Accumulate Failure Data for validation, only
futureTMF model l—»‘ Statistical Analysis |

development
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Scope of Study

m Long-term:

O A high level overview of mechanical behavior trends
which accompany Au-content increases

O Apply mechanical behavior data to current LCF models
and develop initial HCF predictive model

O Validation study to compare the model with experimental,
HCF failures in solder joints of electronic assemblies

O Advance modeling capability to couple the initial HCF
model with Au diffusion data to account for Au diffusion in
solder joints.



Elasticity and Plasticity
m Elastic (time-independent and plastic (time-dependent
deformation will both influence thermomechanical fatigue

behavior
m Modeling approach is based on the development of a unified
creep-plasticity equation

Independent
Deformation

UCP
constitutive
equation

dyldt = f(c, T, E)
Dependent + o, stress matrix
Deformation - T, temperature

+ Elastic and
physical properties




SIVITA

International

B
Test Set -up

h.s — »

‘ E\Vianuallys F|IIed
Bullet mold immediately after molten solder

was poured (left) and after rotating the mold
top (right).

20fmm
Test frame set-up for stress-strain and creep
compression tests and schematic of cylindrical
solder sample with nominal dimensions. -

MTS]loadiFrame

Solder Sample



Stress-Strain Testing
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Composition Condition
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Stress-Strain Testing

Yield 5tress (Mpa)

Yield Stress {Mpa} vs. Test Temp. {°C}
Sityodn Rate: “FAST®

90 s OAu
Aging Condition: AS-CAST
80 0580
70 W LAu
60 W 2Am
50 W 4Au
40
30
20
- |
0
25 25 75 125 160
90 Yield Stress (Mpa} ws. Test Temp. {°C)
80 Stroin Rate: “SLOW™ M
70 0,58
60 I 18u
50 B 2Aun
a0 =% | B
30 IL ' g
e BAu
BE
10
. |||ii i
25 25 75 125 160

Test Temperature {C)

Yield Straln (%)

EF O §F BB

.

:

25
n
5

Yield Strain (%] vs. Test Temp. (°C)
Stroin Rote: “FASTY
Aging Condition: AS-CAST

25 75 125 160
Yield Strain (%) vs. Test Temgp. {°C)

Strain Rate: “SLOW™

Aging Condition: AS-CAST

iz I ] _I
hlll il A s

Test Temperature (°C)

Modulus {Mpa)

EEEEEEEE BEEREEEE

-25

-25

SIVITA

International

Modulus {MPa) vs. Test Temp. {°C}
Stroin Rate: “FAST”
Aging Condition: AS-CAST
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Stress-Strain Testing
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Stress-Strain Testing
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Creep Testing
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Metallography
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‘Metalloaraphv (Untested)

Aged 24 hrs, 150°C
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Conclusions

m Stress-strain compression testing is complete

1 Test temperature and Au content indirectly relate to
Y.S.

m Stress-strain creep testing is in progress

1 Creep rates are directly related to test temperature,
Au content, and applied load

m More results will be available at the time of the
conference
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Future Outlook

m High cycle fatigue studies
[0 Sample prep is completed

m Advanced characterization
m Creep, creep, creep...
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Thank You!

Rebecca Wheeling
rwheeli@sandia.gov
505-845-7621
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