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Abstract

The aim of this article is study the influence ofoB the microstructure evolution of
lead-free solder joints in microelectronics. They kiactors affecting the reliability of
electronic products are the interfacial reactioms golder joints, the secondary products of
which are brittle intermetallic compounds. Formatiand growth of intermetallic compounds
are dependent from the chemical composition ofesodshd base material, from the effects
time of the moltent solder on the base material fnach the operating temperature. It is very
important to mention that these reactions occurardy near the contact of the base material
and molten solder in the process of melting andicgdhe soldered joint, but they continue
even after the solder solidifies.
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Introduction

The unhealthy effect of lead to the environment Andhan health has accelerated the
research and development of solder in directiom abmplete elimination of lead. Besides
higher melting temperature and worse wettabilityor(f different temperature profile,
different flux...), the lead-free solders diffeoifn the lead containing solders also by different
electrical and mechanical properties.

The most of lead-free solder alloys are setup mdamithe addition of a small amount of
the third and fourth alloys to the binary alloydrder to enhance their properties. Bismuth is
added to the solder alloys in order to decreasentieiing point, improve mechanical
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properties and increase of creep resistance. Bisalso enhances the wettability, what can
play the role in the use of lower soldering temper([1, 4].

The alloy systems with the Bi addition are usedhsyJapanese producers of electronics.
They use the alloys with high amount of Sn, ma#hAgBi and SnAgCuBi.

The typical compositions were tested by the Jamapesject NEDO (New Energy and
Industrial Technology Development Organization) ABEB.0Ag2.0Cu0.5, and later by IMS
(Intelligent Manufacturing Systems) project — SnAF#2.0Cu0.5. Only a low amount of
bismuth content is necessary to reduce melting ¢eatpre and achieve better wettability.
The addition of higher amount, approximately 5-2B%decreases the melting point to the
temperature of eutectic SnPb solders, but goodeptieg of SnAgCu alloy system disappear

[6].

The influence of intermetallic compounds on thejoint reliability

The most widespread questions regarding lead-BEeisreliability is the growth of the
intermetallic compounds which are localized on theerface between the solder and
substrate. All the known base materials and coatingelectronic together with the active
element (Sn) the molten solder form the intermietaibmpounds (IMC) on the solder —
substrate interface. Their occurrence on the conéaea indicates that a good-quality
metallurgical joint [2].

Unwanted is mainly the excessive IMC growth, indlbg the joint heating in working
process (changes of atmosphere temperature or tatupe changes due to heat abstraction
from the cover) and leading to the growth of IMCtlte heavy thickness, and thus the solder
— IMC interface becomes a source of cracks formaditd spreading.

The growth begins at the room temperature and moes$i to the area of working
temperature of electronics. The growth of layerd aracks brings about the degradation of
mechanical and electrical properties which is nemtdd by the decrease of electrical
conductivity of joint. The more cracks in the laydre higher the transfer resistance, which
causes higher heat strain of the joint and furdsdension of the layer and cracks. This
process leads to the joint degradation and gragtathe non-functional joint [3, 7].

The excessive growth also consumes the basic raeththereby gradually reduces the
soldered joint. This may result into the adhesmsslto the substrate which is not wetted by
the solder, or into the formation of cracks du¢hi® strain in the intermetallic layer owing to
its excessive thickness [3, 5].

Experiments

A four-element alloy SnAgCuBi with a small amou®5 and 1.0%) of bismuth was
chosen for the experiment. The basic material wsedCu with 99.995 % purity, a frequently
used material in electronics. The joints Cu - SnBGlL0.5BI0.5 and Cu -
SnAgl1.0Cu0.5Bil1.0 were formed by hot plate soldgrimhe soldering temperature was
255 °C through 5 s.
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The samples produced were subsequently annealédCaf C for 15 days and were
collected from the vacuum furnace at intervals of 3, 7, 11 and 15 days.
For observations of IMC (shape and size) presenthén structure of solders and at the
interface of soldered joints, light optical micropy was used. To assess the representation of
different phases present, the line EDX microanalys&s carried out.

Results

The microstructure of the interface of solderedij@u - SnAgl.0Cu0.5Bi0.after the
process of soldering followed by heat treatment a&town in Figs. l1la, b, c.
After soldering (Fig. 1a), the structure of sold&sAgCuBI0.5 consists predominantly of
fine-grained structure. The phases®&u and AgSn which change their shape and size after
the heat affecting are dispersed in the volumelofes. These phases are formed from Ag and
Cu, which are contained in the composition of sade

Since the use of soldering materials based on @wBanformation of IMC CgBus can be
observed at the interface of Cu-substrate/soldes.size of IMC layer does not get oveni
After annealing, another reaction layer is formetha interface of substrate and¢Suphase
documented as G8n (Fig. 1b).From Fig. 1b, 1c it is evident that with increasamgnealing
time the thickness of the IMC at the interface afgb increasing while causing significant
thickening of solder’s structure.

SnAgCuBi0,5 SnAgCuBIi0,5

\ CUesns Cu3$n
s 10 pm Oum
Cu — Cu |1_|
SnAgCuBi0,5
Ag3Sn
CUesns
Cu CusSn / 10 pm

Fig. 1 Microstructure of the interfacial area of Cu-SriA@Cu0.5Bi0.5 soldered joint
a) after soldering T=255°C,t=5+s
b) aged at 160 °C for 24 h
c) aged at 160 °C for 360 h
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Growth of CySn phase can be explained by the fact that thehiigness of Cgbns
phase leads to Cu diffusion at the interface, aou@, to the lack of Sn, a phase rich in Cu
(CusSn) appears at the interface of the soldered jgint vice-versa, if Sn phase is located
close to the interface, the growth of phaseStwis faster and reaches greater thickness due
to the reaction of Sn with Cu.

Morphology of the IMC is significantly differentMC CusSry is initially characterized by
its high inequalities in comparison with laminatedSn phase. Over time, however, serrated
shape of Cgbns phase takes laminated shape with a unique layscatlop. During the
longest time of annealing 360 hrs (Fig. 1c), atieddy continuous layer of the two phases of
average thickness of 2im was formed. The thickness of the IMC in view leé imnechanical
properties of the phases can be considered laggarfor the joint to be reliable.

In Figs. 2 and 3 of the line EDX microanalysis, 8teucture of heat affected soldered
joint together with the individual increased phas@sm be observed. The line analysis
confirms the presence of A§n and CgSns phases near the interface. Generally, however,
larger particles tend to G8ns phase and smaller particles tos89 phase.

¢ SnAgCuBi05
: O\

A\

T T T T —
8um /DIV 20pm /DIV
Fig. 2 Linear EDX microanalysis of Fig. 3 Linear EDX microanalysis of
Cu — SnAg1.0Cu0.5Bi0.5 solder joint interface ~ Cu — SnAg1.0Cu0.5Bi0.5 solder joint interface
aged at 160 °C for 24 h aged at 160 °C for 360 h

Structure of soldeSnAg1.0Cu0.5Bil.@fter soldering shows granular structure. Apart
from scattered A¢pn phase of various shapes and dimensions, thafiomof CySrg in the
form of the letter "F" was observed in the voluniesolder. During the annealing of solder
joints, there is a change in the growth and shapG.
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The sequence of formation at the IMC is the samia &1AnCuBi0.5 solder, i.e. as the
first is the formation of C4brs phase, and up to the heat affected is the formatfotine
second phase of @dn (Fig. 4b, c). Similarly, during the annealingg tsurface of IMC
CusSns also smoothens, but more intensively. It changes fserrated shape to scallop one.
"Smoothing" is the most intensive after the londese of annealing (Fig. 4c).

SnAgCuBi1,0 ‘ ~ SnAgCuBi1,0
CugSns * ?
CuzSn CueSn 10 um
10 pm 3 6N15 M

Cu |_ll| Cu =%

SnAgCuBi1,0

AgsSn
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Fig. 4 Microstructure of the interfacial area of Cu-SrAQCu0.5Bi1.0 solder joint
a) after soldering T=255°C,t=5s
b) aged at 160 °C for 24 h
c) aged at 160 °C for 360 h

When compared with the solder containing lesshg,thickness of IMC decreased at the
interface. SNAgCuBI1.0 solder also varies in thiekiess of phases (A§n and CgSrg)
located in the volume and quantity of solders potipg long-scallop skewer (G8ns phase)
of the interface to solders. These changes, mitrdsire refinement, can be attributed to
greater number of particles Bi contained in Sn-acas.

The line EDX-microanalysis (Figs. 5 and 6) of CBnAgCuBil.0 joint confirms the close
interface, which is made of @dn and CgSrs phases. This was confirmed by the unique
occurrence of Agsn phases in gross IMC Cu6Sn5. As in the solderg®ui0.5, the
presence of Bi precipitates in Sn-rich areas oBB& microanalysis failed.
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8um /DIV 20um /DIV
Fig. 5 Linear EDX microanalysis of Fig. 6 Linear EDX microanalysis of
Cu — SnAg1.0Cu0.5Bil1.0 solder joint interface  Cu — SnAg1.0Cu0.5Bi1.0 solder joint interface
aged at 160 °C for 24 h aged at 160 °C for 360 h
Conclusion

From the results of the study of interface the sid) lead-free joints it is clear that,
during the annealing (aging) services, there ageifstant structural changes. Adding 1% Bi
to system of SnAgCu alloy leads to refinement aimgrsize of intermetallic phases in the
volume of solders and suppressing the growth layenrstermetallic phases at the interface in
soldering joints and thus to the improvement of tbl@bility of joints. The presence of Bi
precipitates owing to the low content (0.5 and 1.0¥%Bi alloys in the systems of SnAgCuBI
was confirmed.
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