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Abstract: Problem statement: Solder joints are responsible for both electrical anechanical
connections. Solder does not have adequate dudtliensure the repeated relative displacements due
to the mismatch between expansion coefficientshef ¢hip carrier and the circuit board. Solder
material plays a crucial role to provide the neagse&lectrical and mechanical interconnectionsnn a
electronic assembly. Finding a technique to in@dhs service life of future connections is not the
total solution. A method must be developed for péth the remaining service life of many joints
already in useApproach: The effect of High Temperature Storage (HTS) ord Irae solder joint
material for ball grid array application using ptdst method is studied in this study. Some sieaist
analysis base on the pull test data also discuSdm@e samples of different lead free solder joint
material were selected in this experiment namel8.&g0.7Cu (SAC387), Sn2.3Ag0.08Ni0.01Co
(SANC) and Sn3.5Ag. After the thermal conditionttedl the lead free solder joint material samples
were tested using Dage 4000 pull test machine. patthtest will be 5 units and each unit contains 8
balls.Results: The mean pull strength for high temperature s®iad®847.66, 2628.20 and 2613.79 g
for Sn3.5Ag, SANC and SAC387, respectively. Thus3.SAg shows a significantly better solder joint
performance in terms of joint strength compare #8NE and SAC387. Hence, Intermetallic
Compound (IMC) thicknesses were measured afteisesestioning. Sample size for cross-sectioning
was 3 units per read point, 2 balls per unit andaXimum IMC peaks per ball and the measurement
using high power scope of 100x and Image Analynémsre to measure the IMC thickness. For high
temperature storage, result show that the mean thitRnesses for SAC387, SANC and Sn3.5Ag are
3.9139, 2.3111 and 2.3931 p@onclusion/Recommendations. It was found that IMC thickness for
SANC and Sn3.5Ag does not show significant growftlerahigh temperature storage but SAC387
demonstrated significant growth Lower intermetatiiickness implies less brittle joint effect, thus
from this part of study, better joint reliability expected for the Sn3.5Ag solder system.
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INTRODUCTION making it a poor material for mechanical connecion
Finding a technique to increase the service lifeuafre
Surface Mount Technology (SMT) is enabling connections is not the total solution. A method e
microelectronic packaging densities and lighterghiei  developed for predicting the remaining service bfe
These stringent constraints and demands have rais@dhny joints already in use. The major concern & th
great concern and importance on the reliabilityuLa structural integrity of the solder interconnectsewh
and Pao, 1997). Solder joints are responsible &h b subjected to thermal cycling loading (Patgl., 2001).
electrical and mechanical connections. Solder ames Solder joint strength is used as a quantitative
have adequate ductility to ensure the repeatedivela measure of robustness to interconnect between the
displacements due to the mismatch between expansi@older balls and substrate pad. The pads, which are
coefficients of the chip carrier and the circuitabd. ~ copper and easily oxidized, need to have a pretcti
Solder behavior involves a creep-fatigue interaxtio surface finish ensuring solder ability during askbm
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(Erich and Coyle, 1999). The ball shear test in@ei In this study, the lead-free solder balls with
widely used as a test method for accessing thgritfje composition of SAC387, SANC and Sn3.5Ag were
of the solder ball attachment on area array packdge reflowed on solder pads with Ni/Au surface finiging
some of the studies, this method has also beentosedthe lead free standard reflow profiles. For eacdt te
compare the effect of aging on shear strength focondition, 40 solder spheres were pulled testeDdye
various lead free alloys (Santes al., 2002). It is 4000 series. Ball pull test is a new destructivehoe
desirable that there is a good metallurgical bamchéd to determine the ability of BGA solder balls to
between the solder and the substrate. Howevertalue withstand mechanical strength. Ball pull test mdtho
the brittle nature of the intermetallic layer arfiet using a jaw to clamp or pull off the solder batrr the
mismatch of physical properties (such as the coefit  pad substrate. The Dage 4000 series pull test has a
of thermal expansion and the modulus of elasticity)Junique jaw that also was specifically designed tfa
between the IMC and the solder matrix, excessivesize of the ball to be tested.

intermetallic growth often degrades the interfacial The processes for the pull test are as shown in
integrity. This might result in deleterious effemt the  Fig. 2. To initiate the test: (a) changing the bupol
reliability of the solder joint. With increasing jaw correctly. (b) Position the test piece undee th
miniaturization and more input/output terminals in microscope; make sure the jaw opening width should
packaging, Integrated Circuit (IC) devices with thig be set to be suit the ball size. (c) Bring jae
density substrates generate more heat during servicdown to the part and test the action with spesifieed.
The heat is dissipated through the solder jointstais

could result in temperature increase in the joimtss ‘ Fluxing apply flux on solder pad ‘
higher temperature has the capability to acceletase ¥

diffusivity of elements in the solder joints anchdead ‘ Solder ball placement |

to IMC layer growth at the interface (Alamt al.,

2009). The strength of the solder ball attachment i Reflow process
influenced by many factors including pad finishldeo
alloy, properties of intermetallic compound formeud
assembly processing parameters. For higher retigbil
it is important to analyze the lead free BGA solgbént
for the effects of the factors just mentioned. Heribe Solder ball pull test
main factor of this study is the time parameters of
temperature storage which is 24, 48, 96 and 168 h.

The purpose of this study is to discuss a new IMC thicknesses
method to discover the effects of mechanical prigeer
for HTS on lead free solder joint material strendth
the past, lead free solder joint material on BalldG
Array (BGA) have been extensively studied usingashe
strength method. In this study, Dage 4000 serids pu
test machine has been used on this study.

i

High temperature storage (24, 48, 96 and168 h)

Fig. 1: Experimental flow diagram

MATERIALSAND METHODS

The preparation of the test samples was initibted
applying flux on the solder pads through pin transf
mechanism. The solder balls were placed on theesold
pads by ball bump tool. The flux holds the soldalis
in place until they are reflowed. The test samplsw
then reflowed where upon the solder balls formed
bumps. During reflow, the ball self centered on the
substrate pad (Sykes, 2005). Figure 1 shows the [Test complere]
experiment procedure flow diagram for the experitmen
and Table 1 shows the package information useldisn t
study. Fig. 2: The process for the bump pull test method
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Table 1: Package information

Package type Package size

Solder ball composition

0.76 mm ball diameter
(30 mils), 1.27 mm pitch,
37.5¢37.5 package size

Tape Ball Grid Arrays (TBGA)

Sn: 95.5%, Ag: 3.8%, Cu: 0.7%

Sn: 97.6%, Ag: 2.3%, 0l08%, Co: 0.01%

Sn: 96.5%, Ag: 3.5%

In this study, the highest speed was used, 5008adh

Table 2: Main factors for the pull test method

respectively. However, always take care to aliga th.Factors  Type Levels Values
jaw to the ball. Lastly all the data have beeneméd j\-/:glgrim ';'i’:(zg ‘é zstégégesamcmg:s 5Ag
and analyzed using general factorial design of : —

experiment analysis.
For IMC thickness measurement, the specimens

were cross-sectioned including mounting, grinding a 2900 1

polishing for better observation and examinatiodam

Interaction plot (data means) for strength .
prtt ) g Material

—a— SAC3R7
—=- SANC
Sn3.SAg

high power 100x scope and Image Analyzer software t 2800 1
measure the thicknesses. Sample size for cross

sectioning is 3 units per read point, 2 balls p&t and . 2100 N
3 maximum IMC peaks per ball. < . *\¢———:\'
RESULTS
2300 N
The results for the general factorial design of "
experiment analysis were carried out using the % *—i ; : .
statistical software, MINITAB™. This analysis “ 48Time (h) " “

identifies which factors and interactions are digant.
Factors noted as “significant” represent the indejat
process variables that have the greatest influeoces
particular treatment response (Sareiod ., 2002).

Fig. 3: Interaction plot of strength for three mias at
150°C

Interval plot of IMC thickness (um) Vs material for HTS

95% CI for the mean
4.0+

DISCUSSION

In addition, ball pull method is widely
acknowledged by the industry in the recent years to
fully determine the weak interface and the joint
strength. Ball pull is found to be more stringenart
ball shear because of the pulling mechanism that =
minimizes ball deformation above the bond siteywal '

as causes the bond not to be supported by thergmdde 1 K3 KX

cavity wall, thus exposes the true bond strendththe 5

case of ball shear, higher ball deformation abdwe t SAC387 SANC Sn3.5Ag
Material

bond site is found at the peak of shear force whith
result in smaller test area and support from sopcet
cavity wall could substantially shield a bad bonanf
failing (Sykes, 2005). Many of the physical failure modes was caused ley th

Table 2 show the summary of the main factorshigh thermal mechanic stress which is weigh with
which is significant influenced the mean pull sggn  chemical reaction that can be weakened the bond
Also, the common unit of strength is gram (g). structures (Tummala, 2001).

Figure 3 shows the interaction plot of strength fo Figure 4 shows the mean of strength for three
the three different materials that have been used f different lead free materials that are used in this
this study. All the materials were kept in the High experiment. Result show that the mean pull streigyth
Temperature Storage (HTS) condition at 150°C.2847.66, 2628.20 and 2613.79 g for Sn3.5Ag, SANC
Result shows that all the three material give theand SAC387 respectively. Thus Sn3.5Ag shows a
significant result. The strength for the pull tektarly  significantly better solder joint performancetearms
decreases when the materials were baked untih168 of joint strength compare than SANC and S8T3
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Fig. 4: Mean of strength for three material samples
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Main effect plot (data means) for strength Interval plot of IMC thickness (um) Vs material Time (h)
2830 93% CI for the mean
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Fig. 5: Main effect interval plot of IMC thicknesse Time (h)

Material
This is because, solder joint strength is dependhen
Cu ingredient changes in the solder ball matevitdlen ~ Fig. 6: IMC thicknesses plot for HTS condition
high temperature storage, Cu will absorb from the

solder to Ni bond pad for IMC process. This is will  Otherwise the reaction between copper and solder
change the Ni bond pad structure suddenly spurteghaterial SAC will be formed the intermediate
beyond affected kinetic growth for the IMC. In atifth  compounds called Kirkendall void on §£3n/Cu surface
of 3.5Ag wt% ability content is closely to eutectic layer and on Ci6n itself. This Kirkendall void will
solution reaction and small scale eutectic strectuas |ead to the phenomenon of brittleness materiatfate
pliable (Liet al., 2005). Intermetallic Compound (IMC) and thus affect the reliability connection (Chéual.,
thickness is one of the major concerns to prediet t 2004). Therefore, it can be observed SAC387 solder
solder joint reliability. It is reported that highIMC  material thickness provides a high compared torothe
thickness will cause the joint to be more suscéptib  copper materials. Dual layer structure (bi-laysrormed
brittle failure. The thicker the IMC layer at the due to chemical reaction between materials in GLNin
interface, the lower the shear strength of the tjoinon Ni/Au bond pad are also evidence of the formatiba
(Jeonget al., 2004). Part of this study was focused onthick layer of IMC for SAC387 (Zengt al., 2005). This
IMC cross-sectioning measurement using high powesituation does not occur in the IMC layer of matkri
scope of 100x and Image Analyzer to measure the IMGANC and Sn3.5Ag which there is no material thak wi
thickness. react with Cu and Ni on Ni/Au layer to form a bisa.
Figure 6 also shows for each thermal aging timelt is clearly shown that the interfacial IMC layer
SANC and Sn3.5Ag don't show much significant thicknesses increased with aging time. This can be
growth IMC compare to SAC387. Lower intermetallic attributed to the diffusion of Cu with time thatijed to
thickness for Sn3.5Ag implies less brittle joinfeet.  increase the IMC layer growth (Alaehal., 2009).
Therefore from this part of study, better jointiabllity ~ |n Fig. 5 and 6 it shows that SANC solder material
is expected for the Sn3.5Ag solder system. This ignd thicknesses of IMC Sn3.5Ag have a fairly simila
because Cu and Sn factor structure of the metathis is due to the solder material which has SANC
provides a relatively fast reaction compared toaNd ercentage of Ni and Co is relatively small, namess
Sn time changes in high-temperature storage tesfﬁan 0.1% weight. In this case, Ni and Co cannot be
(Kang et al., 2005). As the rate of reaction for Ni and gaiq to contribute any direct impact on changeayer
Sn are very slow compared with Cu and Sn, the firsfhickness of IMC (Harper, 2005). Thus the nature of

layer is formed IMC, the phase of (Cuddljs and  physical materials SANC seems similar to the natdire
secondary IMC layer formed next p.hase (NifSum). physics Sn3.5Ag solder materials.
Although there are many sources of Ni and Sn comgou

layer on the interface, once an initially Cu-Sn IN&@er
is formed, probably due to the phase of (Cu3h
have a more stable thermodynamic properties of (Ni,
Cu)Sn,. Hence, the existence of low-energy interface  Lower intermetallic thickness implies less brittle
between CgSn; and Ni and high Cu concentrations joint effect. Thus from this part of study, betjeint
(0.2-0.6 wt%), so that N®n, precipitation will be reliability is expected for the Sn3.5Ag solder systin
stunted (Pailet al., 2004; Jeost al., 2003). terms of mechanical properties and solder joint
952

CONCLUSION



Am. J. Applied Sci., 7 (7): 949-953, 2010

strength. In summary, the joint strength for alleth Kang, S.K., D.

lead free material decrease when the increasinggso
time from 24-168 h at 150°C. Pull test method is oh

the good techniques to characterize the soldert join

strength for all condition. This technique can als®
good recommendations for electronic

Somehow a new technique can be used for charazteriz

the lead free solder joint in the future research.
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