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Preparation and Temperature Cycling Reliability of
Electroless Ni(P) Under Bump Metallization

Weimin Chen, Paul McCloskey. James F. Rohan, Patrick Byme, and Patrick 1. McNally, Senior Member, IEEE

Abstraci—The reliability of electroless Ni(P) ander-bump metal-
lization (UBM) was cvaluated via femperature cycling and solder
bump shear sirength tests. Commercisl diodes and dummy dies
fabricated in-house were used as substrates for the clectroless NiP)
UBM deposition. Solder bumps were formed after reflowing cu-
fectic 635a37Pb solder foils over the Ni{P} UBM. The solder bump
shear strength was measured befoce and sfier different temper-
ature cycling. The results from this study showed thai the UBM
thickness and dimension had important effeeis on the solder
shezr strength and reliablility. Both the larger UBM dimeasion and
larger UBM thickness tended to induce higher strexs in the UBM,
which resulicd in the lower solder bump shear sirength and lower
femperature eycling relishility. A betier UBM sirvcfure solution

for high current elecironic packaging application is indicaled in
this paper.

Index Terms—Electroless Ni(P) deposition, electromic pack-
aping, rcliability, shear siremgth fest, solder bump, thermal
cycling, ader-bump metalBzation (UBM).

. INTRODUCTION

ITH the trend towards higher power and Jower voltage,

the current levels passing through interconnections is ex-
pected to rise [1] and thermal dissipation of the device is ex-
pected to increase dramatically as a result of the high resistance
of wire-bonding interconnection. This will lower the power effi-
ciency of embedded devices, and increase the device operation
temperature, leading to a decrease in device reliability. Thus,
more efficient and expensive thermal management solutions will
be required. This will resvit in higher cost and lower packaging
density.

Unlike wire-bonding. solder bump inlerconnection has
shorter connections and much lower resistance and inductance,
and consequently the switching frequency of devices can be
improved. It is suvitable for 3-1) packaging, thus high-density
packaping is easily obtained, which opess up the possibility
of smaller and lighter devices. Some manufacturers have al-
ready adopled this technique for power packaging at lower

power levels (<10 W) {2]. Recenily, Tyndall has succeeded
in introducing solder bump interconnections for a2 4.2-kW
de—de converier for automotive applications with a much benier
thermal performance than the corresponding wire-bording
packaging [3].

As indicated above, the currenl carmying requirements for
solder inferconnects in the future are projecied to sipnificantly
increase, consequently electromigration may become a serious
reliability issue for the solder bump interconnections [4], [5].
Electromigration failure has been extensively studied for Al
and Cu based interconnections in integrated circyits, though
it is oply in the last few years that electromigration failure
in solder bump interconnection aitracted the attention of re-
searchers [4]. In the 2000 International Technology Roadmap
for Semiconductors (ITRS) the current depsity limilation
for electromigration failure is set to aboumt 2.6x 0¥ Alcm?
at 100 °C for 100000 MTTF (mean time to failure) for eu-
tectic SnPb solder. The operational current density is close lo
2.6% 10° Afcm” or higher for an ambieni temperature of 25° C
or & case temperatore of 70 °C for some power devices [6].

Current densily will decrease if one increases the overall
solder bump cross-sectional size, thus electromigration faitune
in solder bump interconnection can be mitigated. As the solder
bump provides an effective route for thermal dissipation, in-
creasing the solder bump cross-section size is also useful for
reducing the junction temperature. The overall solder bump
cross-section size increase can be achieved through using
either single larger or multiple smaller solder bumps. The first
solution is simpler in structure and easier ip achieve.

A UBM is usually necessary for achieving reliable solder
bump interconnection. There are quite a few metals and metal
sandwich combinations which can be used as the UBM [7].
Among them, the electroless nickel phosphorous [Ni(P)] UBM
is becoming popular. its effective and selective deposition fea-
tures render it an atiractive UBM preparation process [8]-[11].
Eleciroless Ni(P) plating plus solder paste printing and re-
flowing is the most economical solution for UBM and solder
bumging. This process and the corresponding reliability issues
have been the focus of recent research [7], [1214 14].

In addition 1o the intrinsic stress intredduced in the electroless
plating process [15], the thermal expansion coefficient {TEC)
mismatch belween Ni(P) UBM and the underlying materials in-
teovduces thermomechanical stress in the NifP} UBM. Excessive
stress will induce premature solder bump failure or long-term
imerconnection rehability issues. The bond pad dimension of
power chips such as the commercial IXYS diodes utilized in
thig study can be as larpe as 1.45 mm X 1.45 mm or even larger
[16]. Information aboul the feasibility of such UBM sivructures
on large bond pads is useful for the development of solder bump
intercannection for power packaging,
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In this study, the reliability of the Ni(P} UBM with 1wo dif-
ferent pad dimensions were assessed with air to air thermal cy-
cling and sokfer bump shear strength. Valuable information was
oblained for further solder bump structure oplimization.

I1. EXPERIMENTS

The aluminium bond pads wsed in this stedy were
1.45 mmx 1.45 mm (for A. B, and ) or 0.8 mm x 0.8 mm
(for [} in size. In-house dummy dies (&, and [}) and
commercial diode dies (IXYS Corporation, Santa Clara, USA)
(A1) were used for the electroless nickel UBM deposition. The
Ni(P) UBM of samples A, B, and [} were deposiled with the
conventional zincate process {71, {14], while the Ni(P) UBM
of sample ' was deposited with a simpler in-house developed
zincate-free process [17]. In this process, the wafer was eiched
in a 10% peroxide/ammonia solution prior to an isopropyl
alcohol rinse and then the substrate was immersed directly
in electroless nickel bath. The nickel bath used was a com-
mercial solution Nimax SB provided by Canning UX. (now
McDermid). The sample preparation conditions and related
information are summarized in Table I. The UBM deposition
time for samples #1, B, and (" was 30 min, and for sample [J
was 26 min.

The UBM surface morphology was analyzed using a Hitachi
S5-4000 scanning electron microscope (SEM), an antached
Princeton Gamma-Tech Energy dispersive x-ray (EDX) spec-
troscopy analysis system was used for the phosghorous confent
analysis in Ni(P') UBM.

The Ni{P} UBM thickness and surface roughness was mea-
sured with a Tencor Alphastep 200 surface profilometer. The
ihickness and roughness of each sample lisled in Table I is the
average value for more than 20 measuremenis across the wafer.

The interface structures befween different layers in the
sindied samples were analysed through cross-section prepara-
tion in epoxy molds or via the focused ion beam {FIB) efching
method. Cross-sectioning involved monnting the samples
in cold setiing clear epoxy; the cured assemblies were then
ground in a Metaserv 2000 grinder with sequeatially more
finely praded SiC papers, and finally polished with §-p.m and
0.5-jum alumina suspensions, respectively.

A Tei 200DE FIB apparatus was used for the focused ion beam
{FIR) etching of the Ni(P) UBM of sample /1 and B in a small
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Fig 1. Temperatuse profile for thermat cycfing.

recangular area for the observation of the Mi{Py UBM and the
Al metallization interface structure.

Solder bumps were prepared by reflowing entectic Sa37Pb
solder foils over the Ni(P) UBM. The reflow was achieved in a
programmable SRO-702 IR oven under Ny atmosphere with the
peak temperature of 210 ®C. The achieved height for the solkder
bumps was approximately 600 r«m (for samples A, B, and (7)
and 330 yum (for sample [7), respectively. No clean type Kester
RMA rosin flux was used during reflow for higher quality solder
bumps.

?Ife thermal cycling test was conducied according o the tem-
perature profile of Fig. 1 with the high and Jow lemperatures
being 125 ®C and —25 °C, respectively. The iransition lime be-
tween the two temperatures is around 8-10 s.

The shear strength of solder bumps as-preparad and after var-
ious iemperature cycling was measured and analysed. The mea-
surcment was performed using a Royce System 552 Universal
bond tesier at room temperalure with a shear rate of 500 +m/s.
The gap between silicon and the tip of the shear tool was abput
50 jum. For all the samples. 15 homps were sheared for each test
condition, and an average solder bump shear sirength was ob-
tained.

M. RESULTS AND DISCUSSION

A. Electroless NifP) UBM Preparation

The average UBM thicknaess and the phosphorous content of
the various samples are listed in Table II. It shows thal the phos-
phorous content for each of the samples is different. The phos-
phorus content for substrates plated from the same bath and at
the same pH and temperature differs as a result of the plating
rale experienced by each of the samples. Sample 1 deposits at
the lowest rate and has the highest P content. This is o be ex-
pected based on the information provided by the solulion sup-
plier {Nimax SB. Technical Data Sheet 2543, Wm Canning.
L., Binmingham, UK). The plating rat2 is influenced by the
substrate processing duning aluminium deposition, subseguent
diglectric deposition, hond pad chemical reaiment for cleans,
etchanis, zincate ireatment, and finally nickel deposition, etc.
The much thinner UBM of sample .1 may be due 1o the Al pad
surface comamingtion. A thin layer of orzanic contamination
often exists on the aluminium pad svriace Tor he as-received
commercial devices [18]. Such contamination was confirmed
by Fourier Transform Infrared Spectroscopy (FTIR) analysis
for sample #1. This organic conlamination hinders the zinc seed
deposition and growth, and consequently affects (reduces) the
nickel nucleation and deposition rate [19].

Fig. 2 shows examples of typical cross-sectional optical im-
ages for as-plated large pad samples. The roughness for sample
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Fig. 2. Typical cross-sectional oplical images for different sumples: {2l sample
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A is approximately 0.8 fam while that of sample 3 and O is
much lower, 0.3 pm and 0.4 um, respectively. Resulis in [20] in-
dicated that the surface roughness of the Ni(P} UBM increased
with decreased phosphorous contenat. The Ni(P) had o hyper-
euteclic composition and the surface image was unclear with
4 high phosphorous content (=11 wt.% P). The UBM suriace
image became clearer and the Ni(P) particle size increased with
g decrease of the phosphorous content. Such UBM surface mor-
phology is confirmed by samples 4, B, 7 (Fig. 3) and our recent
siudy [11]. However, the surface roughness measurement resufis
in this study do not show this trend. This is due to the different
surface conditions {commercial diode and dummy die) and dil-
ferent deposition methods {(zincate and zincate-freg) involved in
this stody.

For sample (. il can be observed that the UBM thickness
differs from one region to another as shown in Fig. 2(c). the
UBM being thicker in ihe lefi hand side. The Tencor thickness

(c)

Fig, 3. Surface morpholopy of the Ni(P) UBM for (a) sample .1, (b} sample
3, and {cj samphe . The surface image of sample . § is unclear, and the Ni(I")
partsche sime of samples §2 and ¢ incresses with decreasiop of the phosphorous
content

profile (Fig. 4) indicates an island UBM prowth feature for this
samgple. This suggests that the Ni(P) UBM has different deposi-
tion rates on different parts of the pad. The high UBM surface
roughness (~0.4 rzm) is partially due to this nonuniform Ni(P)
thickness. Unlike the other samples, €. was deposited with
the zincate-free process. This process can deposit upiform and
well adbered Ni(P) LIBMs on small Al pads (40 am % 40 )
[17]. The noneniform UBM deposition over the large pads,
L45 mm x 1.45 mm, of this process may be due w0 incomplete
protection of the siuminiom pad afler the peroxide etch and
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Fig. 5. Shear sirength for solder bumps as-prepared and afies various thesmad
cycles.

before the nickel deposition. The initiation of electroless nickel
deposition will be impeded on ceriain areas of these larpe
bond pads where a reoxidation of the aluminium takes place
given that the aluminium is not protected with zinc as in the
Zincate process. This resull suggesis that zincate-free process
which works well on small bond pads achieves less uniform
eleciroless nickel deposits on larper pads and less wniform
deposits than the alternative zincate process.

B. Larger Boad Pad Solder Bumps Thermal Cvcling Reliability
and Failure Mechanisms

Solder bump shear strength of samples 4. B, and (© after var-
ious thermal cycles (0, 100, 150, 300, and 500 cycles) is shown
in Fig. 3. The highest average solder bump shear strength before
temperature cycling of these samples was 2.24 kgf for sample
B.

After thermal cycling, the shear strength for all samples
imitially decreased dramatically then pradvally. There were
three solder bump failure modes for these samples, i.e., solder
Tailure, cratering in the silicon and interface delamination be-
iween Nith) UBM and the undeslying aluminivm metallization,
Tabie 111 fists the prevalence of the solder hump failure modes.

During shear tesls, if the shear force is higher than the solder
strength while the interfoce adhesion is higher than the net

interface strength, solder bumps will fail inside the solder;
however if the nel inlerface stress is higher than the inlerface
adhesion, interface delamination will become a failure mode.
The nei interface stress is the sum of the intemal inferface
stress and shear tool induced force during tesis. The internal
inlerface stress includes the intrinsic and extrinsic stress [14],
[21]. Intrinsic stress is due lo plating defects, such as, hy-
drogen, vacancies and micro-voids, efc. The defect reduction
induced in Ni(P} UBM densification introduces the imtrinsic
tensile stress [15], [21], [22). Extrinsic siress is caused by
thermo-mechanical stress due to temperature changes and the
TEC mismatch between the different layers [21], [23]. A two
dimensional ABACUS finite element analysis indicated that the
extrinsic stress in the studied samples was tensile under room
temperalure.

Fig. 2{c) shows 3 Lypical cross-sectional oplical image of
sample (7, the Ni{P} UBM delamination occurred in the thicker
part, but it was absent in the thinner repion. The as-plated Ni(P)
U!BM delamination occurred as the result of higher interface
stress thaa the interface adhesion force. The above phenomenon
indicates that the interface siress increases with the UBM thick-
ness. Many faclors may affect the siress in the film, such as the
surface cleaning, subsirate surface rouphness, additives in the
plating solution and the film thickness, etc. [22], {24}, [25]. &t
is shown in the literature that the relation between stress and
thickness of the deposited thin film is complicated. The stress
reporied may either decrease or increase with the thin fitm thick-
ness, or the trend may change after reaching a certain deposit
thickness [22], [24], [26].

A Ni{Pj UBM thickness »5.8 jam resulted in delamination
from the underlying Al melallizalion for sample 7. This
implies that the UBM thickness plays an important role in
the solder bump reliability and must be tightly conirofled. For
sample (', 30% of the as-prepared solder bump samples failed
via the interface delamination mode, and it became a main
failure mode after 100 thermal cycles and finglly hecame the
only mode after 500 thermal cyeles. In the reflowing process
for solder bump formation and the subsequent thermal aging
during thermal cycling, intermetallic compounds (IMCs) are
formed between the solder and NiP) UBM [71. which will
introduce lensile stress in the Ni(P) UBM [20]. In addition,
ihe repested TEC mismaich induced thermomechanical siress
during thermal cycling also promoies the interface delamination,
thus it gradually becomes a main failore mode for this sample
after thermal cycling.

Sample [ failed inside the solder before thermal cycling.
However cratering in the underlying silicon became a main
failure mode after thermal cycling tests (see Table 111). The alu-
ininium metallization of this sample was severely etched by the
agpressive plaling solution during the zincate process Fig. 6(a).
This rough interface promoled good adhesion between the
Ni(P) UBM and the underying alominivm through mechanical
interlocking. There were numerous cracks in theas-plated
Ni{P) UBM of this sample, Fig. 3(b) shows such cracks in this
sample. No cracks were observed in the other samples. These
cracks were formed as the resull of two factors, namely high
internal steess in the Ni(P} UBM and the excellent adhesion
beiween the Ni{F) UBM and Al metallization. The Ni(PY¥Al
interface adhesion. iLe., higher adhesion sirength resulting
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TABLE Il

Temperature | As-prepared 100 150 300 500
Cycles
A 10095 salder 100% solder | 5% interface | [5% interface | 20% intesface
fail fail fail; fail; fail;
95% solder §5% solder 80% solder fail
fail fail
B 100%4 solder 70% cratering | 80% cratering | 95% 95% cratering
fail i Si; in Si; ceatering in | in Si;
30%. eolder 20% polder Si; 5% solder faif
fail fatl 5% solder
) I R R .
C 30% interface | 0% interface | 6004 inferface | D09 interface | 100% interface
fail; il fail; faaf; il
0% solder fail | 40% solder 4955 solder 1% solder
fail fail fait
o 100% sol der Mainly Guted | Mainly failed | Mindy failed | Mainly fusled in
failed in solder, but | in soldes; e | in solder; but | solder; but 91%
70% bumps 83% bumps S1% bumps | bumps failed
fuiled partiafly | failed partislly | failed partiaily st
o intesface. at imerface fpartigtly at inlerlace, 4%
inerface. butnps fuiled
partially with
silicon
B cfatering.

from the severely eiching of the alominivm surface during the
zincate process prevented the interface delamination of sample
. Consequently solder bumps of sample B did not fail via
the delamination mode. During thermal cycling, the high TEC
mismatch induced stress was repeatedly imposed on silicon
under the UBM and micro-cracks develop in the silicon as
shown ia Fig. 7.

This image shows a cross-section of sample I after different
thermal cycles. After 100 thermal cycles, cracks had developed
in the 51 under the Ni(P) UBM around their edpes. While after
500 thermal cycles, cracks even became continuous in some re-
gions of the underlying Si, such as shown in Fig. 7(b). Therefore
maost of the bumps failed via a Si cratering mode under the shear
force during test (Table [1).

Among the larger bond pad samples, ie., samples A, 0,
and ', sample A displayed the highest shear strenpih after
thermal cycling and it changed least after different numbers of
thermal cycles. Solder bumps of this sample failed only in the
solder before and at the early stage of thermal cycling. But afier
150 thermal cycles, interface delamination similar to sample
¢! started to become a failure mode, and its occumence mtio
increased wilh increasing of the thermal cycles. This interface
delamination was again caused by the repeated TEC mismatch
induced thermal stress during thermal cycling. The phase
transformation induced stress due io the Ni(P) UBM/salder
IMCs formation [7), [20] would also increase the inferface de-
lamination. These stresses promoted the expansion and merger
of micro-cracks along the interface, and reduced the interface
adhesion strenpth, which increased the tendency of interface
delamination during shear (ests. As 2 result, some samples
failed through the interface delamination mode.

Due to the larger aluminium crystal size (~400 nm) for
the commercial dinde wafer pads of sample 4 than thal of
sample ¥ {~B0 nm) [27], the aluminium surface of sample
A was nol eiched as severely as that of sample B during the
zincate Ni{Py UBM deposition process [as shown in Fig. 6(b)].

The mechanical interlocking effect, which provided the high
interface adhesion, in the UBM/AI interface of sample 4 was
not as sirong as that of sample 5. For sample (7, where the
Zincate-free process was less severe by comparison with the
zincate process, the Ni{P) UBM/AI interface of this samples
was also relatively smooth. Therefore the Ni(P) UBM/AD in-
terface adhesion for these Iwo samples were lower than that of
sample B, Consequently eracks would nol develop in the Ni(P)
UBM even if there was high internal stress in it (for example, in
sample (') and cratering in silicon similar to samle B was not
a failure mode for these two samples. Interface delamination
instead became a failure mode.

The relative higher solder bump shear strength and better
thermal cycling reliabilily for sample 4 are most likely due
to its thinner UBM and thicker aluminium pad. As mentioned
previously, a thinner UBM introdoces lower interface siress.
The thicker aluminium pads of the commercial wafer substrates
used in this study refieves part of the stress built in the Ni(™)
UBM. Consequently higher solder bump shear strenpth aid
temperature cycling reliability were achieved for this sample.
However, thethin UBM (~ 1 Bpomjwould induce other reliability
problems. Experimental results have indicated that the Ni(P)
UBM wouid be consumed by solder during reflow and high
temperature operalion [7]. After thermal apiap at 150 °C for
1500 h, a Ni(P) UBM with a thickness of about 4.5 pum
ss-plated thinned to about 3.2 om in the ewlectic Pb-free
Sn3.5Ag solder bump, and the remaining NPy UBM turned
into a cracked P-rich NitPj-compound layer. This P-rich layer
woold continue 10 be consumed by the solder under high
temperature operation [7]. In other words, the Ni(P) UBM
will thin and finally be consumed completely, leading to the
solder and aluminium having diract contact, at which point the
splder bumps will lose adhesion to the underlying alominiom
and cause open cirwit failore for the device. Thus 3 thin
Ni(Fy UBM. like that of sample 4, may induce reliability
problems for devices used at high operation lempersture, This
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is especiaily true for power devices. An appropriate Ni(F)
UBM thickness should be maintained.

C. Smafler Bond Pad Solder Bumps Thermal Cycling
Reliabifity

The cross-sectional optical image of the smaller pad sample,
D, showed that its Ni(P) UBM adhered well fo the uaderlying
afuminium, i.e., no Ni(PYAI interface delamination. Actually
cross-sectional optical imapes showed that, even when the Ni(P)
UBM ihickness was about 9 pm, it still adhered well to the
underlying alvminiom for a pad size of 0.8 mm x 0.8 mm. A
thicker Ni(Py UBM (13 pm or thicker) lified off from the un-
derlying aluminium. These results confirm the earlier contention
that the interface stress between the Ni{P') UBM/AI interface in-
creases with UBM thickness.

As indicated earlier, the Ni(P) UBM for larger bond pads
{1.45 mm ¥ 1L.45 mm} either lifted off from the underlying alu-
minium when ils thickness was around 5.8 jum (sample (7, with
low adhesion strengih), or cracked when its thickness is around
4.8 jom {sample 2, with high adhesion sirength). Each situation
resulied in a lower thermal cycling reliability for solder bumgps.

SU0pm

(b}

Fig 7. Cross-sectional opiical image of sample 1 alier various thermal cyclos:
{2} After 100 cacles—lose to the edge of solder bump and (b) Afwes 500 cy-
cles—loser to the contre of solder bump 3 compared to (2), Sections o car
fied oui at the same location relabive o tha ceatre of the bemp. Henoe height of
bump on sections appears different

But for smaller bonrd pads (0.8 mm x 0.8 mm), a thicker Ni(P)
UBM {before reaching 2 pym) did not Iifi off from the underlying
aluminium, nor were cracks observed in such UBM. Therefore
smaller pad appeared to induce lower stress in the Ni(P) UBM.

The solder bump shear strength of sample [ after various
thermal cycles is alsp shown in Fig. 5. The corresponding solder
bump failure modes are Jisted in Table HI. Similar to samples
A and B, the as-prepared solder bumps failed only inside the
solder, and the shear strenpth was 2.53 kegf, which was higher
than any of the corresponding values for the larger pad samples
A.B. or C. Examples of more strongly adhered deposifs on
smaller bond pads have been given in the literature. In [8], Hult
ef al. achieved 5.8 kgi#fmm?® for 580-psm octagonal bond pads.
In {23] a value of 13 kgf/mm? was achieved for 100-um square
pads.
’ After thermal cycling tests, the failure location of sampie [
was still mainly inside the solder. For some bumps partial Ni{F)
UBM/AL interface delamination was observed during shear
tests, i.e., part of the UBM broke and delaminated from the
underlying aluminium. These occurred mainly around bump
edges. As shown in Table 1L, the prevalence of this failure mode
increased with thermal cycling. This partial Ni(P) UBM/AL
interfacial delamination was again due to the interface stress
related te the solder bump structure, solder bump fabrication
process and IMCs formation inducad phase change, as well
as the high simin caused by the shear tool during shear test
[14]. Furthenmore, the repeated high thermo-mechanical stress



daring thenmal cycling would introduce some micro-cracks
(micro-delamination) in the Ni(F) UBM/AI interface of this
sample. Such micro-cracks increased with the thermal cycling.
Consaquently, this partial Ni(P) UBM/A] interface delamina-
tion occurred more easily during shear strenpth measurement
after high numbers of thermal cycles.

As shown in Table I, sample ) and F were prepared with
the same conditions. Like sample 2, the Ni(P) UBM/AI inter-
fare adhesion sirengih for sample IJ is high. The partial silicon
cratering afler 500 cycles was also the result of micro-crack for-
mation in silicon during cycling because of the high thermo-me-
chagical stress and good inferface adhesion.

Although partial interface delamination, or partial silicon cra-
tering, occumed for sample [ during shear tests, no complete
interface delamination or cratering was observed. Fig. 5 indi-
cates that the solder bumg shear strengih of this sample is higher
thae that of other samples after different thermal cyclas. There-
fore sample 12, with smaller bond pads, is more reliable than
larger bond pad samples. Additionally, the UBM of sample [
was as thick as 5.3 jum, which could survive more than 1500-h
thermal aging at 150 *C for both the eutectic Sn37Pb solder and
Ph-free eutectic Sn3.5Ag solder [7]. Given the increased adhe-
sion strength with decreasing pad arca listed above it may be
expected that smaller bond pads with a constant Ni(P) UBM
thickness {for example, 5-r:m) will result in higher solder bump
reliability.

The resulls presented above indicate that multiple smaller
pads, rather than one larger pad, will be a more reliable solu-
tien for solder bump inlerconnections used for power electronic
packaging under high current applications. A detailed finite el-
ement modelling analysis for the interface stress with varying
UBM dimension and lhickness may give useful information for
further solder bump structure optimization.

1V. CONCLUSION

Elecwroless nickel deposition on aluminium bond pads de-
pends not only on the zincate and electroless nickel plating con-
ditions bui also on the aluminium substrate type and preireat-
ment. The depasition rafe is sensilive o many parameters in the
overall process. This work has confirmed that decreased deposi-
tion rate from a nickel bath operated at the constani pH and tem-
perature will result in higher phosphorus content in the UBM
deposit.

The Al pad dimension and Ni{P) UBM thickness affect the
iaterface stress in the Ni(P) UBM, which consaquently affects
the solder bump shear strength and reliability, as well as the
solder bump failure modes during shear test. The UBM thick-
ness plays an imporiant role in the solder bump reliability and
must be tightly controlied.

Stress in the electroless Ni(P) UBM increases with its thick-
ness znd dimension. A ihicker UBM increases the likelihood
of interface delamination or silicon cratering, and reduces the
solder bump shear sireagth. Upon reaching a cerain UBM
thickoess value, Ni(P)} UBM/AI delamination or silicon cra-
tering will become the main failure mode afler thermal cycling.

A smaller (0.8 mm x 0.8 mm) bond pad resels in better
solder bumg shear sirengths and higher thermal cycling reli-
ability. Multiple smaller bond pads are a beiter solution for
reliable solder bump interonnection in electronic packaging

for high curreat applications. UBM structure optimization is
necessary to satisfy refiable solder bump interconnection.
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