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Abstract
The effects of reflow time, high temperature aging, and
current-stress on interface reactions between Under Bump
Metallization (UBM) systems and electroplated bumps have
been studied. Each of TiW/Cu/electroplated Cu, Cr/CrCu/Cu,
NiV/Cu, and TiW/NiV UBMs was coupled with Pb/63Sn or
Sn/3.5Ag flip-chip solder bump. The Sn/3.5Ag and Pb/63Sn
flip-chip solder bumps were fabricated on the UBMs using
alloy plating. Plated Sn/Ag solder becomes Sn/Ag/Cu by
reflowing on the Cu containing UBMs. Intermetallic
Compounds (IMC) such as Cu-Sn and Ni-Sn spall-off from
UBM/solder interface as Cu or Ni, the solder wettable layer,
is consumed during liquid-state ‘reflow’ process. In thermoelectromigration test, metal atoms move in the same direction
as the electron current flows and the subsequent void
accumulation at cathode UBM induces failures.
I. Introduction
The demand for Pb-free and high density flip-chip
interconnection
technology
is
growing
rapidly.
Electroplating bumping method is a good approach to meet
fine pitch requirements. This plating method is accepted by
companies for high volume production and the market is
growing, as well. However, more than binary composition
control of solder plating is very difficult up to now. Recent
studies show that Cu is easily diffused into solder though it
makes Cu-Sn IMC at the interface [1,2]. It means solder
composition is changed depending on UBM metallurgy and
reflow condition. This composition change is of special
interest to electroplated Sn/Ag bump.
In the flip-chip interconnection, especially for highly
reactive Sn-rich solder and small size bump, a selection of a
proper UBM is very important because failures are mostly
reported at the UBM/solder interface.
In this study,
Sn/3.5Ag and Pb/63Sn solder
interface IMC growth
behavior, solder composition change, diffusion barrier
characteristics, and electromigration behaviors have been
investigated depending on UBM and solder material.
II. Experimental
II-1. Bumping process
Commonly used UBM systems for Pb/63Sn system were
selected and are shown in Table I. The UBM metallurgy was
deposited sequentially using the Batch Sputter System LLS
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(Unaxis) without breaking vacuum. Four 6-inch test pattern
wafers were prepared for each UBM, and half of them were
electroplated with Sn/3.5Ag and the others with Pb/63Sn.
For Sn/3.5Ag plating, the newly developed Sn/3.5Ag alloy
electroplating condition was used [3].
Table I. Selected UBM Systems
UBM
Thickness (µm)
TiW / Cu / electroplated Cu
0.2/ 0.3/ 5
Cr / Cr-Cu / Cu
0.15/ 0.3/ 0.8
NiV / Cu
0.2 / 0.8
TiW / NiV
0.2 / 0.8

II-2. Sample preparation for interface analysis
Before starting interface reaction study, Energy
Dispersive X-ray Analysis (EDX) and Differential Scanning
Calorimetry (DSC) analysis was carried out for each wafer to
confirm their composition. The compositions were in the
range of (3.5 +/-1) wt.% Ag for Sn/3.5Ag and (63 +/-6) wt.%
Sn content for Pb/63Sn. The samples were reflowed in an
organic medium at (210 +/- 5) oC for Pb/63Sn and at (250 +/5) oC for Sn/3.5Ag for 1, 5, 10, and 20 min. A convection
oven was used for solid-state aging treatment.
II-3. Assembly and thermo-electromigration test
Test pattern chips were assembled on 0.25 mm thick BT
resin substrate. The substrate line metallurgy is electroplated
Cu 27 µm/ electroless Ni 3 µm/ immersion Au 800 Å.
Typical solder reflow condition was applied with peak
temperature of 260 oC for SnAg and 220 oC for PbSn. Hysol
FP4549 was used for underfilling. 1 cm × 1 cm size chips
having 184 pheripheral bumps of 100 µm diameter, 80 µm
pad opening, and 200 µm pitch were used. The test chip and
substrate have Daisy chain and four point Kelvin measurent
test structure [4].
Thermo-electromigration induced resistance change was
in-situ monitored using control unit and power supply [5].
The initial current was controlled to be 1.8 A that caused the
current density of 3.58 × 105 A/cm2 for 80 µm diameter pad
opening. Then, the constant voltage was applied to keep the
same current density regardless of electromigration induced
solder contact area change. The test samples were placed on
120 oC hot plate in atomospheric ambient and the top side
chip temperature was monitored using a thermocouple.
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III. Results
III-1. Interface Intermetallic Growth Behavior
A. TiW/Cu/ep. Cu UBM
The TiW/Cu/electroplated Cu UBM is one of the most
commonly used metallurgical structures for the electroplated
bumping process. The TiW (10 Ti - 90 wt.% W) layer is
known to be a better diffusion barrier than Ti or Cr.
Normally more than 5 µm thick Cu is needed to avoid total
Cu consumption, which may cause solder bump detachment
by IMC growth during the process or usage.
Fig.1 shows the cross-sectional images of Pb/63Sn and
Sn/3.5Ag in different heat treatment condition.
The
Sn/3.5Ag solders show a thicker IMC layer than Pb/63Sn.
The remaining Cu thickness after 20 min reflow for
Sn/3.5Ag solder bump was about 1.27 µm . In the IMC
morphology, the Cu-Sn IMC grows as scallop-like shape in
liquid-state reflow but becomes layered structure in solidstate aging. The Cu-Sn IMC cracks were observed when the
IMC thickness is greater than 2 µm after 20 min reflow,
shown in Fig1.(c) and (d). The Cu-Sn IMC is known as very
hard material (Vickers hardness: 378 +/- 55, Young’s
Modulus: 85.56 +/- 1.65) [6]. Therefore, excessive stress
formation during IMC growth can be expected and
presumably causes the IMC cracks. Very fine Ag3Sn IMC
were observed after 1000 hours aging. One interesting point
is that the Sn/3.5Ag solder bumps contain enough Cu after 1
min reflow at 250 oC as indicated in Table II (in section IV).
Although the EDX area analysis cannot tell the exact
quantity, the ternary eutectic Sn/Ag/Cu solder contains only
0.7 wt.% Cu.
B. Cr/CrCu/Cu UBM
The Cr-Cu layer in this study was sputter deposited using
a Cr 50 wt % - Cu 50 wt. % compound target. In our recent
study, three different modified Cr-Cu layers were compared
using various sputtering techniques, and the compound layer
was chosen for this Pb-free UBM study [7].
In Fig.2 (a) and (c), the Cu-Sn IMC was formed at the
solder/UBM interface after 1 min reflow, and the large and
few in number Cu-Sn IMC grains spalled from the interface
after 20 min reflow at 210 oC with Pb/63Sn solder. In the
case of Sn/3.5Ag solder, the Cu-Sn IMC spalling appeared
after 1 min reflow at 250 oC and moved into solder inside
after 20 min reflow, as shown in Fig.2 (b) and (d). The CuSn IMC is heavier than solder; the density of Cu6Sn5 IMC
was reported as about 8.28 g/cm3; and the calculated density
of Sn/3.5Ag solder is 7.08 g/cm3 at 250 oC reflow
temperature [8-10]. Therefore, the driving force to lift the
spalled Cu-Sn IMC is not the density difference. It is
presumably due to the liquid solder fluidity. In the previous
study, the remaining UBM layer after IMC spalling was
found to have very little Cu content through the AES depth
analysis. This means the Cu in the Cr-Cu compound layer
was also consumed by IMC growth [7].
After 1000 hours solid-state aging at 125 oC with
Pb/63Sn solder, shown in Fig. 2 (e), the Cu-Sn IMC spalling

was not observed. The Cu-Sn IMC morphology after 1 min
reflow in Fig.2 (a) does not develop to the scalloped shape
with channels, as the channels are disappearing and growing
as a layered structure with increasing aging time. The
spalled IMC morphology of aged Sn/3.5Ag bump is still
similar to that of 1 min reflow and stayed near the interface
as shown in Fig.2 (f). This means the Cu-Sn IMC grain
interface cannot have enough freedom to change its surface
morphology in a solid-state solder surrounding. It can be corelated to the layer shaped IMC growth rather than channel
development in solid-state aging.
C. NiV/Cu UBM
The Al/NiV/Cu UBM system was introduced by Delco
Electronics and is used for stencil printed solder bumps [11].
The basic idea of the Ni containing metallurgy in UBM
structure is that Ni forms IMC with Sn, but the IMC growth
rate is slower than that of Cu. There was no Cu-Sn IMC
spalling even after 20 min reflow with high Sn content
Sn/3.5Ag solder as shown in Fig.3 (d). However, if the
reflow time increased to over 20 min, many Sn/3.5Ag solder
bumps were lost and the remaining layer was detected as Al.
Liu et al. reported a small reaction of NiV with Sn on
Al/NiV/Cu UBM with Pb/63Sn solder after 10 min reflow at
200 oC [12]. Therefore, further reaction of NiV, underneath
the Cu, with Sn is reasonable when higher Sn-content solder
and higher reflow temperatures are used. However, the CuSn or Cu-Ni-Sn IMC spalling phenomena were not detected
among the 1, 10, 20, 30, 40, and 60 min reflowed samples.
Over 20 min reflowed samples have few remained bumps and
the total consumption of Cu and Ni causes to the dewetting of
solder. This is quite different from the IMC spalling
behavior of Cr/Cr-Cu/Cu UBM. In the Cr/CrCu/Cu UBM,
the bumps are still remained on the pad site even after the
total IMC spalling in 20 and 40 min reflowed samples. It
means there is no strong adhesion between the UBM and
solder after total NiV/Cu consumption by IMC growth.
D. TiW/NiV UBM
Fig.4 shows the cross-sectional images of NiV/TiW UBM.
With Pb/63Sn solder bump, the Ni-Sn IMC does not show
any IMC spalling or detachment from the interface after 20
min reflow and 1000 hours aging. But, with Sn/3.5Ag solder,
the Ni-Sn IMC spalling was observed after 20 min reflow.
The Ni-Sn IMC morphology is normally not the smooth
scallop-like shape but rather faceted. Our previous study
revealed that the Ni-Sn IMC grains do not have smooth
surface morphology like Cu-Sn IMC because their atoms
have a relatively lower thermal movement energy compared
to their high formation energy in normal reflow
temperature.[13] When the Ni-Sn IMC consumed all Ni
from the UBM, the IMC meets the TiW layer which can not
form strong chemical bonds with Sn and Ni in a normal
reflow condition. In the liquid-state reflowing process, it is
believed that the molten solder fluids can detach the Ni-Sn
IMC that does not have strong chemical bonding with the
TiW layer.

2002 Electronic Components and Technology Conference

Pb/63Sn

Sn/3.5Ag

Pb/63Sn

Sn/3.5Ag

1 min reflowed

1 min reflow

20 min reflowed

20 min reflow
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1000 hours aging
Fig.3 Cross-sectional SEM images of eutectic PbSn and
SnAg solder bumps on NiV/Cu UBM.

Fig.1 Cross-sectional SEM images of eutectic PbSn and SnAg
solder bumps on TiW/Cu/ep.Cu UBM.

Pb/63Sn

Sn/3.5Ag

Pb/63Sn

Sn/3.5Ag

1 min reflowed

1 min reflow

20 min reflowed

20 min reflow

1000 hours aging
Fig.2 Cross-sectional SEM images of eutectic PbSn and
SnAg solder bumps on Cr/CrCu/Cu UBM .

1000 hours aging
Fig.4 Cross-sectional SEM images of eutectic PbSn and
SnAg solder bumps on TiW/NiV UBM.
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III-2. Diffusion Barrier Characteristics
The Cr, NiV, and TiW layers were used as direct contact
layer to the Al pad in the studied UBMs. One of the main
role of the UBM is to serve as an effective diffusion barrier
between solder and chip pad. We investigated this diffusion
barrier behavior with Sn/3.5Ag after 1000 hours aged
samples at 150 oC. In a normal process, the reflow time
should be controlled very strictly because the interface
reaction develops dynamically in liquid-state solder as
discussed before. But the interconnection can be exposed to
high temperature below the solder melting point during
process and usage. Therefore, high temperature aged sample
of highly reactive Sn/3.5Ag solder was chosen for diffusion
barrier investigation.
Fig.5 represents the Auger depth analysis profile of three
UBM systems. The analysis time scale is different on each
condition because the goal was to evaluate the barrier layer

diffusions. The Cr/Cr-Cu/Cu UBM profile in Fig.5(a) shows
the Sn diffusion into Cu depleted Cr-Cu layer and only
intermixed Cr-Sn layer is remained after Cu-Sn IMC spalling.
The NiV/Cu UBM profile in Fig.5(b) indicates that the NiV
layer remains between IMC and Al layer without severe
change. The Ni is also detected in IMC region. There have
been some reports of ternary (Cu, Ni)6Sn5 IMC presence in
the system containing these three components, and it is
believed that the mixture of Cu-Sn and Ni-Sn bonds lowers
the Gibbs free energy [14,15]. In the profile of TiW/NiV
UBM, in Fig.5(c), Ni-Sn IMC and V-Sn mixed layers are
separated. This shows that the Ni is consumed from NiV
layer by IMC growth, but V remained its original position
though Sn atoms reach the V rich interface. In summary,
there was no extensive Sn or Cu diffusion into Al side
through the all three barrier layers after 1000 hours aging at
150 oC.

(a) Cr/CrCu/Cu UBM with Sn/3.5Ag

(b) NiV/Cu UBM with Sn/3.5Ag

Al

(c) TiW/NiV UBM with Sn/3.5Ag
Fig.5 AES Depth Profiles of SnAg bumps after 1 min reflow followed by 1000 hours aging at 150 oC
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A. Pb/63Sn solder bumps
The monitored resistance changes of Pb/63Sn solder
bumps on three UBMs are shown in Fig.6.
The
TiW/Cu/ep.Cu UBM has the longest lifetime, and NiV/Cu
and Cr/Cr-Cu/Cu UBMs are following. From the crosssectional images after failure, shown in Fig.7, only the
NiV/Cu UBM shows UBM/solder interface failure. So, the
other two UBMs failure times are not related to UBM but to
Pb/63Sn solder. In these two UBMs, solder loss and the
crack-like void accumulation at cathode and are the main
failure cause. In most cases, the metallic ion motion is in the
same direction with the elctron current flow [16,17]. Pb has
been reported as a main electromigration species [18,19].
Neighboring bump

Obviously, Pb is accumulated at anode and Sn is at cathode
in return.
In the case of upward electron flow, substrate to chip, the
large darker regions are observed inside solder as shown in
Fig. (e) and (h). It was detected as Ni-Sn phase that contains
6 ~16 at. % Ni in Sn. This result delineates that Ni is
diffused from electroless Ni in substrate metallurgy.
5

Pb/63Sn Solder
4

Resistance (Ω)

III-3. Thermo-Electromigration Behavior
After flip-chip bonding and underfilling, the initial bump
resistacne of interconnect measured by 4-point Kelvin
method was about 1 ~ 3 mΩ. The TiW/NiV UBM shows
higher resistance than other three UBMs repeatedly and the
reason is not cleared at this point. Therefore, the thermoelectromigration test results of other three UBMs are shown
in this paper. The accerlerated DC current stressing was
performed on 120 oC hot plate. The topside chip temperature
was increased rapidly upto 145 oC within 60 sec after test
starting and maintained between 135 oC and 145 oC.
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Fig.6 The resistance change vs time for Pb/63Sn solder
bumps on three different UBMs.
(J = 3.58 × 104 A/cm2, T ≈ 140 oC)

Upward e- flow

Downward e- flow

TiW/Cu/ep.Cu

Cr/CrCu/Cu

NiV/Cu
Fig.7 Cross-sectional images of Pb/63Sn bumps after thermo-electromigration failure. The neighboring bumps

experienced the same heat profile of tested bumps but with no current stressing. ( 200 ~ 400µm distance from
tested bumps)
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Neighboring bump

electroless Ni is the only source to supply Ni atoms to solder
in the Cr/CrCu/Cu and the TiW/Cu/ep.Cu UBMs.
5

Sn/3.5Ag Solder
4

Cr/CrCu/Cu
Resistance (Ω)

The IMC layer is thicker at anode and thinner at cathod.
Chen et al [19] also reported the same issue and the
enhanced atomic movement due to electron flow can explain
this IMC thickness dissimilarity at both electrodes.
B. Sn/Ag(/Cu) solder bumps
Lee et al. reported Sn/3.8Ag/0.7Cu Sn-rich solder is less
influenced by electromigration than PbSn solder [18]. In this
study, Sn/Ag(/Cu) Sn-rich Pb-free solder shows longer life
time than Pb/63Sn solder except the Cr/CrCu/Cu UBM.
From the cross-sectional images of failed bumps in Fig. 9, it
is found that the failure is always originated from cathode
UBM area. The failure is induced by solder depletion and
void accumulation at cathode side. When electrons flow
from substrate to chip, the Ni from electroless Ni layer is
dissolved into solder and forms very large Ni-Cu-Sn phase,
5~11 at.% Cu and 30~36 at.% Ni, in the middle of solder
bumps. The Ni-Sn phase that contains 9~16 at.% Ni was
also observed inside the bumps. It is very interesting that Ni
has been detected in the middle and even at the top side of
the Sn/3.5Ag solder bump, because the substrate side
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Fig.8 The resistance change vs time for Sn/3.5Ag solder
bumps on three different UBMs.
( J = 3.58 × 104 A/cm2, T ≈ 140 oC)

Upward flow

Downward flow

TiW/Cu/ep.Cu

Cr/CrCu/Cu

NiV/Cu
Fig.9 Cross-sectional images of Sn/3.5Ag bumps after thermo-electromigration failure
IV. Discussion
IV-1. Cu dissolution into Sn/Ag solder bump
Cu addition to Sn-rich Pb-free solder has been reported to
improve resistance to creep and fatigue, and increase
interfacial stability [21,22]. Sn/Ag/Cu ternary alloy is,
therefore, well accepted as a Pb-free bumping material. On

the same ground, there have been several attempts to realize
similar ternary composition in bumping process applying
electroplating method. But, some problems have yet to be
solved, for example, alloy composition control of both 1 wt%
Cu and 3.5 wt % Ag, strict bath control, and long term bath
stability.
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We have found that Sn/Ag alloy electroplating on the Cu
containing UBM is an effective way to achieve Sn/Ag/Cu
alloy composition for fine pitch application.
During
assembly process, small sized solder bumps absorb Cu from
UBM and compose Sn/Ag/Cu alloys. As shown in Table II,
Cu composition in top side of Sn/Ag bumps was about 2 ~ 3
wt. % after reflow on the Cu containing UBMs.
It is remarkable that composition of bumps can be
determined only after the whole assembly process – bumping
reflow, flip-chip bonding reflow, underfill process, and
following assemblies - has been finished. That’s because the
elements, used in chip side UBM or board finish material
such as Au, Cu, Ni or Ag, easily diffuse into the solder and
then change the composition during the assembly process. In
order to secure good solder property, we need to adjust a
reflow condition properly so that we can control the amount
of Cu consumption from UBM and then Cu content in the
solder. It should be noticed that extreme Cu depletion causes
interface weakness and reliability troubles.
Table. II EDX analysis result of Cu or Ni contents in topside Sn/Ag bumps ( unit: wt. %, 25 X 25 µm area analysis,
5 analyses per each condition)
1 min reflow
1 min
20 min
+1000 hours
reflow
reflow
aging
TiW/Cu/ep.Cu
Cu 2.19
Cu 2.60
Cu 1.45
Cr/Cr-Cu/Cu
Cu 2.10
Cu 2.96
Cu 1.72
NiV/Cu
Cu 1.74
Cu 2.29
Cu 1.51
TiW/NiV
Ni 1.26
Ni 3.71
Ni 0.87

IV-2. No large Ag3Sn IMC
Jang et al.[21,23] reported large rod shaped Ag3Sn IMC
is precipitated in Sn/Ag and Sn/Ag/Cu solder bumps on
electroplated Cu and electroless Ni UBMs. However, in this
study nothing but fine Ag3Sn IMC particles were observed in
aged samples. Similarly, other intensive interfacial studies
on Sn/Ag solder and Cu couples did not report the growth of
large rod shape Ag3Sn IMC [2,24,25].
We propose that this controversy should be related to the
composition of the solders and the cooling rate. The
equilibrium Sn-Ag binary diagram represents that Ag3Sn
IMC phase would be stable with liquid-state solder only in
case of off-composition toward Ag. Large Ag3Sn IMCs
might be formed only in liquid-state solder environment
because it is very difficult for such a big rod shape phase to
grow in solid-state. In ternary case, according to Zeng’s
thermodynamic assessment mehtod [26], Sn/3.5Ag liquid
solder is stable only with Cu6Sn5 IMC and not with Ag3Sn on
Cu or Ni UBM at the reflow temperature, 250 oC as
delineated in Fig10(a) and(c). Fig.10 (b) and (d) represents
that solid Sn/3.5Ag solder is stable with both Cu6Sn5 and
Ag3Sn at 150 oC, where means only fine Ag3Sn IMCs may
form because they would grow very slowly in the solid-state
solders. The experimental result from Suganuma et al.,
which compared the microstructures of Sn/Ag solders with
1.0, 2.0, 3.5, and 4.0 wt.%Ag composition [27], also shows
that large Ag3Sn phase formed only in the 4.0 wt. % Ag

composition that is off-eutectic composition toward Ag.
Even for the solders with excess Ag, Ag3Sn IMCs might not
grow into the large under fast cooling condition [28].
Because under fast cooling condition, solders go through 2phase region of Ag3Sn and liquid solder shortly. Therefore,
in order to utilize Sn/Ag or Sn/Ag/Cu system, it is very
critical to keep Ag content in the solder low and the cooling
rate high enough.

Fig.10 Calculated isothermal sections (a) Sn-Ag-Cu
equilibrium ternary diagram at 250 oC, (b) Sn-Ag-Cu at 150
o
C, (c) Sn-Ag-Ni at 250 oC, (d) Sn-Ag-Ni at 150 oC
IV-3. Thermo-electromigration Behavior
The electromigration, current-induced atomic diffusion,
in solder is more complicate and hazardous than in Al or Cu
line in VLSI application that have been long studied, because
solders are mainly composed of multi-phase regions and have
higher atomic diffusivity due to their relativelty low melting
points. In this study, the failures were always observed in
solder or at solder/UBM interface even though the current
density of substrate Cu/Ni line and chip side Al is 1 and 2
order higher than that of solder, respectively. We have found
the atoms, exactly metallic ions, move in the same direction
as the electron current flow. It means the momentum
transfer, so-called wind force, is more important than the
direct force, the result of a net charge of the ion. This atomic
movement in one direction causes solder depletion and void
formation at cathode.
The atomic movement of Pb/63Sn due to electromigration
is found to be faster than that of Sn/Ag(/Cu) as reported
elsewhere [18]. In eutectic Pb/63Sn solder, it is still in a
debate, Pb is considered to be a dominant diffusing species
under current stressing, because Pb is accumulated at cathode
and the calculated effective charge number of eutectic Pb/Sn
solder is similar to that of pure Pb rather than Sn [19]. PbFree Sn/Ag(/Cu) solder showed longer lifetime than Pb/63Sn
solder except the Cr/CrCu/Cu UBM. The accumulation of
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voids at the interface between UBM and solder is the origin
of the failure and it appeared earlier in thinner UBMs. One
plausible explanation is that the atomic flux from cathode
UBM is limited, which may accelerate the void accumulation
at cathode. In the IMC growth study of Cr/Cr-Cu/Cu UBM,
we have ovserved that the Cu-Sn IMC is spalled from the
interface just after 1 min reflow with Sn/3.5Ag and only thin
Cr-Sn mixed layer is remained. So, the remained Cr-Sn
layer can be diffused into solder without IMC layer presence
and this may cause early stage failure.
From the electromigration resistance viewpoint, Sn-rich
Pb-free solder is favorable than Pb/63Sn, but it consumes
more UBM layer during processing. A further study on the
effect of different metal layers on solder electromigration is
needed. One noticeable thing is that the electroless Ni layer
showed very high diffusivity.
V. Summary and Conclusion
Pb-free Sn/3.5Ag alloy electroplating was successfully
adapted to flip-chip bumping process using 4 different
UBM systems on 6-inch wafer. The plated Sn/Ag binary
alloy becomes Sn/Ag/Cu after reflow process on Cu
containing UBM.
In UBM structures, if the final solder wettable Cu or Ni
layer is thin (about 8000 Å), and its underneath layer is
non solder wettable layer such as Cr or TiW, the Cu-Sn or
Ni-Sn IMCs spalls-off from the interface after long reflow
times. This IMC spalling occurs in an earlier stage of
reflow in Sn/3.5Ag than it does in Pb/63Sn solder bump.
Large rod-shaped Ag3Sn IMC phases were not observed
in the Sn/3.5Ag bumps. Large Ag3Sn IMC formation is
observed only in solder that has excessive Ag and slow
cooling rate. The Ag composition control is very
important for Ag containing Pb-free solder interconnects.
TiW, Cr and NiV layer in 4 UBMs successfully serve as
diffusion barriers even after 1000 hours aging at 150 oC
with Sn/3.5Ag.
In thermo-electromigration test, metal atoms move in the
same direction as the electron current flows and the
subsequent void accumulation at cathode UBM induces
failures. Electromigration is faster in eutectic Pb/63Sn
than in Sn/Ag(/Cu).
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