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Fundamental Mechanisms
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Dynamic recrystallization Long-range diffusion

Contributing factors

m Intermetallic layer growth Element structure
Corrosion and oxidation Electroplating (organic) stresses
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Introduction

TCG-XIV

¢ Dynamic recrystallization (DRX):

* New grain formation-plus-grain growth accelerated by the
additional driving force provided by the strain energy.

Initiation sites

Dislocations
Grain Grain DRX stops when the
initiation growth. strain energy is lost.
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Introduction
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¢ Diagram shows DRX applied to long whisker development:
Surface oxide DRX grain
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Creep Data of Sn: Hollow Cylinder

TCG - XIV &

Creep Strain energy Whiskers and
behavior » and DRX » hillock
4 The strain energy from creep relaxation
provides the driving force for DRX.

Compression [ 3
¢ Literature data and the present study, creep testing € I 8
indicate that long-range diffusionis 10—
generally not a controlling factor. ol B0
L3 5 o
¢ Critical finding: There are two v ~Frh-e5+6
creep deformation regimes in Sn: ¢ 4 -—
e de/dt<107s1... g 102 L.
AH =8 * 9 kJ/mol -
« de/dt>107s ... 10 L=

I]1I2I3I4I5IEI?IBI9I10I1‘1I‘12
AH =65 % 6 kdJ/mol Nominal Stress (MPa)
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Creep Data of Sn — Sn on Si Wafers
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¢ Evaporated Sn on Si wafer removes “contributing factors.”

¢ Test variables encourage to whisker growth: < Siwafer

¢ Computational modeling predicted the
anelastic strains and strain rates in the
Sn films caused by:

6/30/2016

Si wafers ... 2.54 mm diameter (Sn film)

... 0.275 mm thick
Adhesion layer ... 20 nm Cr

Sn thicknesses ... Test fixture
0.25, 0.50, 1.0, 2.0, and 4.9 ym (bottom portion, only)

Temperatures (nine days) ... 35, 60, 100,
Load ... 500g (C), 500 (T), and No Load

Applied load (500g): 104 —-10-3

 Mismatch of coefficient of thermal
expansion (CTE), Sn vs. Si: 103 - 10-2
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Thin Film Phenomena
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¢ Three phenomena were documented in these experiments:

¢ Required measurement granularity: m ] Not-present
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Sn Film Microstructures
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4 Certainly, the film microstructures affect DRX mechanism ...

\Sn grain

Si wafer

WD = 82mm Signal A = SE2

\Sn grain

Si wafer

EHT = 10,00 kv WD = 84dmm Signal A =5E2 Widsh = 22.87 um
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DRX Mechanism and Thin Films
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¢ More so, it is the synergy between the DRX mechanism and
thin film properties that determine whisker and hillock growth.

Long whiskers and hillocks

Long-range diffusion

Dynamic recrystallization Thin film (layer) effect
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Critical Strain versus Actual Strain
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¢ The critical strain contours, €, were calculated from AD_™Z",
based upon the the two AH values and strain rate, de/dt = 107 s-1,

. -2
¢ The computational WP g ' ' ' '
model predicted strain, : E;::;:‘éi i -
€, versus temperature g g
i B L S P
for all D, thicknesses*: ~ , | AH=0%kJmol oo Qi gl a
(L] 10‘3 '_:’1U?51'- i o
c i ¢’
The computed € was s : 4
partitioned into the strain ® £=0at25C ¢ 497 g
accumulated under: S paﬁ?—"—"'%E:.DS;
o o o 3
.. and the portion of € - AH = 8kJ/mol -
that accumulated under: i ® 025um MW 1.0pm |
de/dt < 107 s, [ {Dﬂﬁﬂpm O2.0pm
10-5....|....|....| L ‘49""‘

*It was assumed that the strain that grew in
the > 107 57! regime did so independently of

the strain that grew in the < 1077 s/ regime.
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Validation
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Film | Temperature (C) ¢ Validation compared
Thickness 35 60 100 120 150 the experimental data
e with the DRX model.
1.0
j‘g’ 80°C < T <125°C
10'2:....,.“:%._...,.-,,U-....,....: o de/dt>107s1...
: Rl R c £€>¢,0.25-1.0 ym
b SRR _ o
$liRel :;:-;,i-g_-f?-g,___y—-i Driving force for DRX.
" AH = et o BT g
wo g STk P e gl o « £<>¢g, for2.0 um
H-:‘ I — :"1‘:'?51-‘ .................... b= ] C ‘
= y e~ 0at25°C : DRX ... borderline
@ <107 s" | © £€<g;,4.9um
o~ ] o o
g o 2 T;—; = No driving force for DRX.
O 1 ]
gt +—= |+ de/dt<107 s ...
| simmomiem |+ £<g, for0.25-2.0 um)
goslo iy . AATEM Driving force for DRX.

0 25 50 75 100 125 150 175
* EREL49pum

No driving force for DRX.
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Validation

80°C < T <125°C

¢ The analysis, ¢, = A D™ Z", predicted that there was
a nominal driving force for DRX in 2.0 pm films.

TCG-XIV &

¢ But, only short-stubby whiskers were observed, indicating that
DRX was limited to the continuous variant rather than cyclic DRX.

Dynamic recrystallization

 Long-whisker had diameters of 1.0 — 1.5 ym.
« 2D, = 2.0-3.0 ym
« D, < 20-3.0um

* Therefore, the 2.0 um films have too large of a
grain size to experience the degree of cyclic
DRX required to produce long whiskers.

* Rather, under the driving force, the 2.0 ym
films exhibit the limited, continuous DRX
that leads to short, stubby whiskers.

¢ The 4.9 uym films are predicted to not show DRX. The presence of
a few, isolate, short, stubby whiskers indicates a small degree of

continuous DRX — and the relative sensitivity of this analysis.
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Validation

80°C < T <125°C

¢ Hillocks were not observed on 2.0 pm films.

TCG - XIV R

Dynamic recrystallization

* Hillocks had diameters of 7.0 — 10 pm.
« 2D, = 14 -20 pm
« D, < 14-20 pm

 The 2.0 ym films have a D, <14 — 20 ym so
hillocks would be expected on the surface.

Why aren’t there any hillocks ?

 Thin film effect:

e 2.0 pm ... versus ... <1t03—-4 pm

|—'—I
D

- D, =or<d, grain boundaries
are more likely to be pinned.

d

(o]

* Grain boundary pinning discourages hillocks.
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Validation
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Temperature (C)

¢ Thin film properties

Film .
Thickness 35 60 100 120
0.25
0.5
1.0
2.0
4.9
-2
10 EI"“=1I .,‘,‘
0. A
- "--\.D_\_ . J—
o -l et
_ S e
AH = 65kJ/mol #0108 £
& 107 L e Bopeanly
'S pe= 0 at 25°C
@ <107 s"
S
— ——oflh,
= L —
§ Mt
[ L —il— Hﬂ.
r AH = 8kJ/mol
| ®025um B 1.0pm
O 050pum O 20um |
10'5....|....|....|....|..,,| ld;g“m
0 25 50 75 100 125 150 175
Temperature (°C)
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150 had a greater role in
the formation of
whiskers or hillocks.

T >125°C

« de/dt>107s1 ...

c £€<Eg,0.25-4.9mm
Driving force for DRX.

« de/dt<107 s ...

« £<g,for0.25-1.0 ym
Driving force for DRX.

« g<>¢g, for2.0 um
DRX ... borderline

c €<Eg,49pum
No driving force for DRX.




Validation
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o
T >125°C Dynamic recrystallization

¢ The analysis, e, = A D ™ Z", predicted a driving
force for DRX in 4.9 pym films (due to > 107 s-1). |

« D, < 2.0 -3.0 uym for long whiskers

* Therefore, the 4.9 ym grain size was too large
to support the cyclic DRX required for long
whiskers. (There were a few, short, stubby
whiskers formed by continuous DRX.)

« D, < 14 -20 pm for hillocks

* Therefore, the 4.9 pym films can o
potentially experience hillock growth. Thin film (layer) effect

 Thin film effect:

* 49 pm ... versus ... 1 —5 um
|—'—l |_'_l
D d

(o]

« D, =or>d, grain boundary pinning is less likely.

* Reduced grain boundary pinning
encourages the formation of hillocks.
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Summary

TCG - XIV 8 p
. 7985 MOV

¢ This study validated cyclic dynamic recrystallization (DRX) as
the controlling mechanism responsible for the development of
long whiskers and hillocks.

¢ Continuous DRX appeared in the
form of short, stubby whiskers.

¢ The supporting mechanism
is long-range diffusion.

¢ The thin film nature of the layer has a vital role in
whisker development — the specimen thickness effect.

¢ Although depleted zones do not require DRX, the trends
provided insight into the film stress state and diffusion kinetics.

¢ The particular susceptibility of Sn to long whiskers and hillocks is
because there are two creep mechanisms supporting the DRX

mechanism over the relevant stress and temperature conditions.
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