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Abdtract

Fillar bump is a novd interconnect ructure, including non-
reflowable base and a reflowable cap like a pillar shape. In
this sudy, pillar bump with copper base and Sn63/Pb37
eutectic solder cap is processed via dectrolytic plating. Based
on whether flat eutectic cap is reflowed prior to assembly,
pillar bump is further split into two categories, namey pre-
refloved and non-reflowed, respectively. Assembly feasibility
assessment as well as bump integrity evaluation are caried
out. Bump shear test is conducted for both before and after
religbility and falure mode is characterized via SEM and
EDX. Furthermore, a 10 mm x 10 mm test chip having 180
Cu/eutectic  solder pillar  bumps with 0.2 mm pitch is
asembled onto BT aubstrate via no dean flux and
subsequently underfilled. The results show that pillar shape is
dill maintained after assembly that can meet fine pitch
requirement. No shear drength deterioration after moisture
sensitivity preconditioning and 1000 thema cycle test (TCT,
-40°C ~ 125°C) has been observed. EDX spectra indicate
fracture has occurred in the interfacid region between Al and
dlicon, not arisng from bumping process. Furthermore, bump
integrity is intact after package leve rdiability tet under the
same conditions as above. Stress smulation results lead to
concluson tha maximum shear stress occurs in copper pillar
portion with average range of 40 ~ 50 MPa thet is much below
the shear strength of copper.

Introduction

Solder bump is the key component for flip-chip
interconnection. Starting with C4 process from IBM, severd
dternative  bumping methods have been  successfully
developed during the past decades. On the other hand, most of
current  bumping technologies is facing chdlenges in fine
pitch application that is being driven by high densty and
product miniaturization requirement.  PFillar bump is a nove
interconnect  dructure,  including  non-reflowable  base  and
reflowable cap like a pillar shape, & shown in Figure 1. Rllar
bump has a high aspect ratio that alows fine pitch bumping.
In addition, as the base maerid is non-reflowable, standoff
can be maintained, which will ddiver high rdigbility peckage
and facilitate underfill flow as well. More importantly, pillar
bump compostion is flexible such as copper base with
autectic solder cgp, high lead solder base with eutectic solder
cap as well as copper base with lead-free solder cap, just name
a few. Functiondly, larger gap between lead and chip active
aurface, which resulted from pillar bump with non-lead base,
enables to reduce a- emisson effect that can cause soft error
in certain devices, especially memory chips.

In this study, pillar bump with copper base and Sn63/Pb37
eutectic solder cep is processed via dectrolytic plating while
focus is on chip assembly assessment as wdl as bump
integrity evaluation via reliability test. In addition, Finite

Element Andyss (FEA) is used to smulae stress distribution
in pillar portion when cyclica forces are being applied.
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Figure 1 Imeges of Fillar Bump

Experimental

1. Bumping

The chip used in this study is a 10 x 10 mm peripherd
bumped daisy chain test die. Cu/eutectic solder (50mm/50mm)
pillar bump was edectrolyticaly plated with 1000A Ti as
Under Bump Metallurgy (UBM).

2. DieShear Test

According to the shape of eutectic solder cap, shear test was
conducted for both non-reflowed and prereflowed bumps via
Dage 2400. Shear blade height was st @ 30 nm and 70 mm,
respectively, in order to obtan shear drength vdues at
different interfaces, as schematicaly sketched in Figure 2.
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Figure 2. Schematic diagram for pillar bump shear test (@
Non-reflowed (b) Pre-reflowed

3. Chip Assmbly

Test vehicle detals are liged in Table 1. 32 units each for
both types of bump were assembled via conventiond underfill
process. Chip placement was carried out via Micron Il flip-
chip bonder. Heler 1800W was used for reflow. Standard
SMT reflow profile was adopted with peak temperaure &
220°C. Undefill dispensing was manualy conducted on hot
plate.



Table 1. Test vehicle details

Format Periphera
Die passivation SN
Diesize 10x10mm
Chip No. Of bumps 180
Pitch 200mm
Bump height 60 nm/60 nm
Bump materia Cu/Sh63/Ph37
Type BT laminate
No. Of die/ Sub. 36
Substrate Sub. Thickness 0.32Zmm
Surfacefinish Ni/Au
4. Reliability '
Moisture  sengtivity  preconditioning  (30°C/70%RH  for

120h) together with three times oven reflow with pesk
temperature of 240°C was conducted prior to therma cycling
test (40°C ~ 125°C). Dwel time a each end was 15 min. G
SAM was used to examine the voids as well as delamination,
and conducted for al the units both before and after reliability.

Resultsand Discussion

1. Assembly Feasibility

Pillar bump structure was studied for both nonreflowed and
pre-reflowed bumps. Figure 3 shows cross section view of
both types and the corresponding dimenson was lisged in
Table 2. As dealy shown in Figure 3(b) and 3(d), eutectic
solder cap that was origindly in column shape has formed into
a sphere after one time reflow prior to assembly. In addition,
the eutectic solder cep just reformed its shape rather than
wrapping upward dong Cu base, which is desired in order to
keep the merit of pillar bump. Table 2 indicated that actud
bump height was condgstent with specification of 60mM/60Mm,
which shows good plaing process control. Vaious
dimensions between both types fal into the same range except
that prereflowed bumps demonstrated a higher overdl bump
height that could facilitate undexfilling process.
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Figure 3. Cross section view of pillar bump sructure for (8)
and (c) Non-reflowed (b) and (d) Pre-reflowed

Table 2. Fillar bump dimensions

Non-reflowed Pre-reflowed

bump bump
() (nm)

a | Bump Pitch 200 200

b Rillar dia (Cu) 115t0 120 11510 120

c Rillar dia (Solder) 128 123

d | Allar height (Cu) 58 58

e | Ovedl heght 105 115

f Bump gap 75 75

Figure 4 shows the cross section photos of both pre-
refloved  and nonreflowed pillar  bumps  after  flip  chip
assembly. In the former case, it can be observed that pillar
shape is gill maintaned after assembly to meet fine pitch
requirement. More importantly, the resultant large gap
between solder and chip active surface can reduce a-emisson
impact on certain functiona chips. But for the latter one,
solder cap has wrapped upward and covered Cu base, which to
a cetain extent log the merits of pillar bump. Furthermore,
sphericd  solder cap is prefered from assembly process
standpoaint, for example, it is eader to form contact with bond
pad in substrate especidly when solder mask opening is
smdler.
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Figure 4. Cross section for pillar bumps after assembly. (a)
and (b) No-reflowed (c) and (d) Pre-reflowed

2. Bump Integrity

Five chips each for both pre-reflowed and non-reflowed
pillar bumps were used for bump shear test. The results were
tabulated in Table 3. Each vaue shown in Table 3 is the
average of 100 readings. As shown cdearly in Table 3, no
bump shear dtrength deterioration has been observed after
therma cyding for 1000 cycles. In generd, interface between
Cu and solder expresses lower  adheson  drength  in
comparison with that between Cu and chip surface. Figure 5
and Figure 6 shows SEM images and EDX spectra of
fractured intefacid region after bump shear ( heght=30 nm)
for both before and after stress test. It was found that only Al
and S sgnds were detected for both cases, which implied that



fracture has occurred in the interfacia region between Al and
S. This obsarvatiion suggests that adhesion drength between
Ti UBM and Cu is superior and able to keep bump integrity
throughout the stresstest.

Table 3. Shear drength for pillar bump before and after

reliability
Non-reflowed Prereflowed
Reliahility
Shear Strength (Q) Shear Strength (g)
30 mMm 70mm 30mm 70nMm
(Height) | (Height) | (Height) | (Height)
Pristine 137 35 123 45
After Pre 129 55 129 52
conditioning
125 cydes 133 46 126 45
520 cydes 136 46 130 45
1000 cycles 131 45 129 43
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Figure 5. Images of fractured interfacid region before stress
tes. (b) SEM image (@) EDX spectra of bright
portion (c) EDX spectra of dark portion.
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Figure 6. Images of fractured interfacid region after stress
tet. (b)) SEM image (8) EDX spectra of bright

portion (c) EDX spectra of dark portion.

With regard to package level rdiability, about 30% units
have  dectricdly  faled  after moisture  sengtivity
preconditioning due to ddamination between undefill and
chip passivetion, as shown in Figure 7. As the failure did not
result from bump, the survived units gtill proceed with thermal
cycle test (TCT) and no further failure was detected up to
1000 cycles. Figure 8 shows the cross section images of both
pre-refloved and non-reflowed pillar bumps after TCT 1000
cycles. As shown in Figure 8, bump ill maintain pillar shape,
in paticular no bump crack has been observed. On the other
hand, compared to Figure 4 solder has wrapped upwerd dong
the Cu base even for prereflowed pillar bump. This probably
has occurred during three times reflow after moisture
sengtivity preconditioning, in which solder repeatedly melt
and wet the Cu portion. Although fine pitch requirement still
can be n&t in the present case, effect of a-emisson reduction
will be weakened. Thus, pre-treetment of Cu base prior to
reflow is needed to prevent solder from wrapping up during
subsequent assembly process. M eanwhile, the amount of flux
and method to apply it play an important role aso.



Underfill
delamination

Fgure 7. C-SAM images dftr moisture senstivity
conditioning

Figure 8. Cross-section images of pillar bump after TCT 1000
cycles (a) pre- reflow (b) non-reflow

3 Pillar Bump StressAnalysis
To underdand the dtress digtribution during stress test of
pillar bumped flip chip package, and thus optimize bump
design for improved reiability, pillar bump sress andysis was
genenczily performed. The assumptions are listed as:
Die is fully populated array, which is different from the
test die used in the present study
Array issymmetrical around its center
Stresses arise due to  thermo-mechanicd mismatch in
CTE that results from temperature |oading.
Model assumes constant values for young's modulus
and CTE
No void or delamination is present in materials

The bump geometry considered are schematicaly shown in
Figure 9 and tabulated in table 4.

Table4. Bump geometry considered

DieSize | Bump Pitch | Bump Height Bump Diameter
(mm) P (mm) H (mm) D (rm)

15x 15 100 100 60
120 100 60

20x20 100 100 60
120 100 60
160 100 100
225 100 100
100 125 100
120 125 100
160 125 100
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Figure9. Schematic drawing of bump geometry considered.

Typical shear dress plot and shear stress distribution in
various cases listed in Table 4 were shown in Figures 10 — 13,

respectively.
Typical Shear Stressplot

igure 10.Typicd shear stressplot

It was obsarved that maximum shear stress occurs & bumps
nearest to die corner. It is in te range of 40 55 MPa. This
stress is much lower than the shear dtress of Cu, which is more
than 100 MPa This fact means tha pillar bump with above
dimension can withstand current stress level without failure. It
was aso noticed that as the pitch increases, die stresses and
shear dresses come down.  This is because of additiona
cushioning effect of the underfill, as such, recommended pitch
should be around 175 times bump diameter. Smilaly, the
shear dreses decrease with decressng bump diameter  but



increesng bump height. The latter observation resulted from
fact that CTE mismatch between substrate and die gets spread
over increased gap.
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Figure 11. Effect of bump pitch on shear stress
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Figure 12. Effect of bump pitch and diameter on shear stress
for 20 mm die with 200 nm bump height

Shear Stress Distribution
(20mm die, bump ht=125)
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Figure 13. Effect of bump pitch and diameter on shear dress
for 20 mm die with 125 nm bump height

Sress smulation for Sn-Pob eutectic solder bump was dso
caried out. The maximum shear sress in the corner reduces
from 52 to 45 MPa in the solder column when the copper
pillar is replaced completely by Pb-Sn eutectic. Although the

shear dress is reduced, the new maximum shear dress levd is
still above the shear strength of Pb-Sn eutectic that is about 24
MPa, and so the solder joint will be more prone to fatigue
failure compared to the pillar bump with copper. It can be aso
observed from Figure 10 that dtress generated in  eutectic
solder portion as well as Cu-eutedic solder interface are
negligible under current assumption (H1:H2=3:1). This
observation suggests that larger height ratio of Cu to solder is
preferred from standpoint of reducing the probability that
falure occurs in solder portion. Although there is a deviation
between the assumption in dress dmulation and package
conditions used in present rdiability study, the current
smulation gill serves as a guiddine to design pillar bump
structure.

Conclusion

Chip with pillar bump consising of Cu base and eutectic
solder cap has been successfully assembled onto BT subdtrate.
Both nonreflowed and prerefloved bumps have been
evaduated. No bump related failure has been found after TCT
1000 cycles Stress smulaion suggests that maximum shear
sress fal into the range of 40-55M Pa and occurs at upper
portion of Cu base whose shear strength is more than 100
MPa PRillar bump with Cu base and eutectic solder cap has
higher resgtance to fatigue falure in comparison with pure
eutectic solder bump.



