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Pin Tip Contamination

* Devices tested at higher power (current) have worse solder
transfer when compared with low current.

« High temperature testing increase solder transfer as well.
« Melt, Cold Welding, Intermetallic, Electromigration, etc

TestConX Workshop www.testconx.org March 3-6, 2019




Session 6A Presentation 4

TeStCO nX 2019 Connecting - Contact Technology

Background

« Conductive metals under high current density, atoms will diffuse
from the one to another. Voids and cracks are formed in the
anode, and mounds, extrusions. And whiskers are formed in the
anode. Void formation will lead to contact resistance increase,
eventually leading to contact contamination or contact fail.

With continuous improvement, the volume of interconnection
solder joints is shrinking and the current density is increasing.

The average current density of pin to solder is increasing over
2X1074 A/lcm2, migration failures becomes more severe.
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Electromigration (EM) Fundamental

« Electromigration (EM) is a phenomenon of material transport
caused by a gradual movement of ions in a conductor due to
momentum transfer between conducting electrons and diffusing
metal.

— Current Density

— Temperature Gradient
— Mechanical Stress

— Chemical Potential

— Etc.

. I e St ' 0 nX Reduction of solder contamination to probe tip by study of electromigration effect

TestConX Workshop www.testconx.org March 3-6, 2019




Session 6A Presentation 4

TeStCO nX 2019 Connecting - Contact Technology

Mechanism force of Electromigration

 Electronic — Wind — Force

— The Force of Momentum Exchange in Metal Atoms Collided by Electrons under
Electric Field. The direction is the same as the electron.

— Coulomb force is the direct force produced by electric field on metal atoms.
C

.. —E
dew = €4 JPDoeXp(ﬁ)

kgT

c=C /Cy, C-Atomic density, C,-Initial atomic density without stress field ;
kyp —Boltzmann constant ; T- Absolute temperature ; e —Electronic charge ;
Z* —Number of effective charges ; j-Current density vector ; p-Temperature-
dependent resistivity ; D, —Self-diffusion Coefficient of Conductor Materials ;
E,-Activation Energy of Materials
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Mechanism force of Electromigration

* Temperature gradient
— There is a tendency for atoms to move from high temperature region to low temperature

region. c L VT —Ey4
= — Dyexp(—2
dTh kBTQ - Yo p(kBT)

» Stress gradient
— Non-uniform stress distribution.

—E
ds = — 77 Vo, Doexp(;—2)

« Atomic density gradient

— With the progress of electromigration, the atomic density gradient becomes larger and its effect is increasing.
When the critical point is exceeded, the electromigration will be inhibited to some extent.

Q*- Mohr heat flux, Q- Atomic volume, o5- Hydrostatic Stress
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Model Setup

Solder Bump SAC305

Reduce-Crown-Pd Alloy
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Mechanical Solder Penetration

e Contact Surface e

8.8115e7
« Mechanical Stress Gradient

* Penetration Depth (30gf~20um) §efe=—

9.9047e7 Max
8.8115e7
7.7183e7
6.6251e7
5.5319e7
4.4387e7
3.3455e7
2.2523e7
1.1591e7
6.5923e5 Min

« Stress Average: 5.5E07Pa

* Mechanical stress migration divergence
- div(Qms)=4.5E-07 atoms/m3.s
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Electron Migration Divergence

 Current 200mA- Electric — Thermal - Stress

76226 Max 51.203 Max
67757 R ax ) 25517
59289 e 39.83

50820 ‘ 26.859 | 34,144
42351 26,853 | 2457
33882 26,858 B 20771
o 25,852 | 17.084
e o ' | 11308
8475.7 Sl c7112
g:20aMin 26358 Min 0.024672 Min

Current Density Temperature Stress
Max: 7.63E07 A/m? Max: 26.9C0 Max: 5.12E07Pa

Min: 8.5E06 A/m? Min: 26.85C0 Min: 5.71EO6Pafm\
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Electron Migration Divergence Discussion

Current 200mA 500mA 800mA 1000mA
Current Density 5.08E+07 1.06E+08 1.70E+08 2.10E+08
Tempearture 25.2 43 74 104
Thermal Stress 1.53E+07 1.78E+08 2.44E+08 3.81E+08
Mechanical Stress 5.50E+07 5.50E+07 5.50E+07 5.50E+07

Atom Divergence
divQew 7.4891E-08 1.56269E-07 2.50619E-07 3.09589E-07
divQt 1.14E-08 3.9422E-08 2.53133E-07 1.14069E-06
divQts 1.24734E-07 1.45115E-06 1.98922E-06 3.10612E-06
diVQms 4.4839E-07 4.4839E-07 4.4839E-07 4.4839E-07
Total 6.59401E-07 2.09523E-06 2.94136E-06 5.00478E-06
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Contamination Prevention

Solder

e OO0 @@ @ 000000 VOO0

Layer
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Solder Contact Test

« Select same spring pin design with different top plunger surface
finishes.
— Gold plating
— H3C- 330Pd Alloy
— Nano Coating- 330Pd Mirror Finishes
— C3 Coating- 330C

 Pump current 3A/2.5s and evaluate the solder contamination

330Pd Alloy 330Pd Nano Coating 330C 330 Gold Plating
Mirror Finish Non Mirror Finish DLC Finishes

-
B TestConX
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Contact Resistance Bench Mark - Fresh Pin

Contact Resistance Bench Mark 330Pd Nano 330-Pd 330 Gold
Coating  330C Alloy Plating
55.2 2729 53.2 51.9

——330Pd Nano Coating ——330C ——330-Pd Alloy ——330 Gold Plating

14000hm

12000hm

. DLC coating contact

10000hm resistance have very wide
range.

. Nano coating and Pd alloy
06000hm tip have very similar result.
Gold plating pin has the
lowers contact resistance.

0800ohm

04000hm

02000hm

P — T P,

00000hm

1 23456 7 8 91011121314151617 181920 21 2223 24 2526 27 28 29 30 31 32
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Tip Contamination Bench Mark
° Test ConditionS 1. 330Pd Alloy mirror finishes > Gold Plating >

Nano Coated probe which is similar to DLC
— 2.5 s each insertions finished

— Current 3A 2. DLC pin burned after continue with more
. Tetel 500 lnesiiers touch down experiment.

330Pd Alloy 330Pd Nano Coating  330C
Mirror Finish Non Mirror Finish DLC Finishes

330 Gold Plating
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Summary

Discussed basic of electron migration

Introduce an method to quantity the transfer rate of atoms base
on mechanical stress and current.

Evaluate different coating technologies effect of anti-
contamination.
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