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GROWTH KINETICS OF THE INTERMETALLICS FORMED IN DIFFUSION SOLDERED INTERCONNECTIONS

KINETYKA WZROSTU FAZ MIEDZYMETALICZNYCH W SPOINIE UTWORZONE] W WYNIKU LUTOWANIA DYFUZYJNEGO

The expansion of microelectronics causes increased
demands for interconnections — their reliability and re-
sistance to the growing temperature and stress shocks.
The goal is to find an appropriate composition of both
technology and material to fulfil all the requirements.

NISKOTEMPERATUROWEGO

The In-48 at.% Sn eutectic alloy was used in order to make Cu/Cu interconnection in the joining process called diffusion
soldering. The sequence of intermetalic phases formation and their growth kinetics were determined by means of the light
microscopy and scanning electron microscopy. This allowed to calculate the growth rate constant ¥ and exponential factor
n in the equation: x = k - " as well as to draw the diffusion path on the appropriate isotherm of Cu-In-Sn system. It was
revealed that the 7 [Cug(Sn,In)s] phase appeared as the first one in the solid-liquid reaction between the Cu and In-Sn liquid
and possessed dual morphology of fine and coarse grains. The deep grooves separating particular scallops of the r phase were
considered to be “fast diffusion paths™ at the early stage of the process. The gradual disappearance of grooves during further
soldering makes the volume diffusion to be predominant way of mass transport.

The second intermetallic phase § [Cus (Sn,In)y;] was formed in the solid-solid reaction between the copper and 7 phase.
It was observed either at lower temperatures after longer annealing time (tens of hours) or after short time (minutes) at 300°C
and higher temperatures. This phase had rather regular interface and its growth was governed by the chemical reaction at the
interface. The growth rate constant grew with the temperature and it was even three times higher then that one for the n phase.
A short incubation time preceded the growth of this phase.

The fundamentals of mathematical model enabling the description of the growth of intermetallic phases in multi-component
systems were presented.

Stop eutektyczny In-48 at.% Sn zostal zastosowany do utworzenia spoiny Cu/Cu w procesie lutowania dyfuzyjnego-nisko-
temperaturowego. Sekwencja tworzacych si¢ faz migdzymetalicznych w spoinie oraz kinetyka ich wzrostu zostala opisana
przy pomocy mikroskopii optycznej i skaningowej mikroskopii elektronowej. Pozwolilo to wyznaczy¢ stata szybko$ci wzrostu
oraz wykfadnik potggowy w réwnaniu: x = k - " oraz wykre§li¢ tzw. §ciezke dyfuzji w oparciu o przekroje izotermiczne
ukfadu Cu-Sn-In. Jako pierwsza tworzy si¢ faza 1 [Cug(Sn,In)s] w reakcji miedzy Cu i cieklym stopem In-Sn. Posiada dwie
morfologie réznigce si¢ wielkoSciami ziaren. Faza n w kontakcie z lutowiem tworzy charakterystyczne skalopki oddzielone
od siebie waskimi kanatami, ktére identyfikowane sa jako §ciezki szybkiej dyfuzji w wczesnym stadium lutowania. Stopniowy
zanik kanal6éw prowadzi do zwigkszenia roli dyfuzji objgtosciowej jako czynnika kontrolujacego kinetyke wzrostu faz w spoinie.

Druga faza migdzymetaliczna 6 [Cus;(Sn,In); ] tworzy si¢ podczas reakcji w stanie statym migdzy Cu i faza . Jej wzrost
obserwowano w nizszych temperaturach po kilkudziesigciu godzinach wygrzewania lub po kilku minutach lutowania w tem-
peraturze 300°C i wyzszych. Tworzenie si¢ fazy § poprzedzone jest kr6tkim okresem inkubacyjnym a jej wzrost kontrolowany
jest reakcja na granicy faz. Stala szybkosci wzrostu fazy § wzrasta wraz ze wzrostem temperatury procesu i jest nawet trzy
razy wicksza od stalej wiasciwej dla wzrostu fazy 7. Przedstawiono podstawy modelu matematycznego dyfuzji w uktadach
wielosktadnikowych, ktéry moze byé wykorzystany do opisu wzrostu faz mi¢dzymetalicznych w spoinie.

1. Introduction One of the problems encountered in the solder joints is
unpredictable growth of the intermetallic phases (IPs).
The irregular morphology of these phases, like long
whiskers can be a reason of failures occurring during
the service. The solution of these problems offers the
diffusion-soldering technology. This process leads to the
formation of the joint consisted solely of one or more
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intermetallic phases, which can be easily predicted from
the respective equilibrium phase diagram. The growth
of such phase must be described in details to allow for
designing soldering production line. The diffusion sol-
dering process has already been studied by many au-
thors [1-5]. In general, the process can be divided into
four stages: heating, dissolution, isothermal solidification
and the last one that governs the whole phenomenon —
growth of the IPs. The IPs in the joint reveal high ther-
mal stability, because the melting temperatures of the
phases are higher than the applied solder. Several sys-
tems substrate/solder/substrate were investigated, among
them detailed studies were performed on joining copper
with either indium [6] or tin as interlayer [7] as well
as nickel using tin [7] or aluminium interlayer [8]. All
those studies reported on the binary component phases
created in the interconnection area.

The present study concerns joining copper substrates
using indium-tin eutectic alloy as a solder. This can lead
to the formation of more complex intermetallic com-
pounds. The In-48 at.%Sn solder could possibly stand
for the banned conventional Pb-Sn solders in accordance
with the European Directive. It reveals better wetability,
higher ductility and longer fatigue life than the Pb-Sn
alloy. Moreover, its relatively low melting temperature
(118°C) allows joining substrates at the temperature
slightly above it. The process is dedicated mainly to the
electronic industry where the low temperature of produc-
tion must be guaranteed. Therefore, gathering precise in-
formation about the growth kinetics of the intermetallics
is crucial for designing and modelling all the phenomena
occurring during manufacturing of the diffusion soldered
joints.

2. Experimental procedure

Indium-tin eutectic alloy (48 at.% Sn) was prepared
from the pure elements and melted in the high frequency
furnace under protective atmosphere of argon. Then the
alloy was cold-rolled to obtain a foil of 100 um thick,
which was subsequently kept in the furnace at 80°C for
1 month.

In order to obtain the diffusion soldered joints two
copper (99.99% purity) slices were grinded on papers
and cleaned in ultrasonic cleaner for 30 minutes. Then
the In-48Sn foil was clamped between two Cu bars and
hold at an appropriate temperature for different periods
of time (Table 1).

The samples used for the microstructure observa-
tions, chemical analysis and kinetics determination were
grinded using series of papers (600-2500), and then pol-
ished with the diamond paste (1-0.25 pm).

TABLE 1
Details of interconnection manufacturing

Temperature [°C] | Time of annealing [h}
180 1,3,4,5
200 05,1,2,3,4,5
220 051,2,3,4
250 0.25,0.5,1,2,4,5
300 0.17, 0.33, 0.5, 0.83, 1
325 0.17, 0.33, 0.5, 0.83, 1
350 0.17, 0.33, 0.5, 0.83, 1

The observations of the microstructure were per-
formed on a Scanning Electron Microscope (SEM)
Philips XL30 in secondary and backscattered electron
regime with 20 kV accelerating voltage. Chemical analy-
ses were carried out using an Energy Dispersive X-ray
Spectrometer (EDX) Link ISIS. Quantitative analysis
with ZAF correction method was performed with result-
ing relative error of 4%. The thickness measurements of
IPs layer were accomplished with an optical microscope
Leica. Because of the irregular character of the interface
the mean value of about 100 measurements was taken
to determine the thickness of each layer. The present
study was performed with relatively large amount of the
solder and the growing layer of intermetallic phase (IP)
was several to dozen micrometers thick. This facilitated
better accuracy of the measurements and the reduction
of standard deviation. However, for application purposes
the thickness of IPs has to be thinner to avoid brittle
behaviour of the joint.

3. Results and discussion
3.1. Microstructure and chemical composition

The SEM observations revealed the formation of
two IPs depending on the temperature of annealing. At
temperatures below 250°C only one phase occurred. At
higher temperatures (above 300°C) second IP was also
present. The same behaviour was observed for longer
time of annealing (more than 20 hours) at 200°C. In
order to identify these phases, appropriate isothermal
cross-sections of the ternary Cu-In-Sn phase diagram
were calculated using PANDAT (ver. 5) software (Fig.
1). In the present work the self-consistent thermody-
namic model assessed by the CALPHAD approach for
Cu-In-Sn system by Liu et al. [9] was adopted. Binary
interaction parameters were obtained from experimen-
tal data in previous works by least-squares minimization
module PARROT (ThermoCalc Software) and collect-
ed in the COST 531 ver.2 (Lead free solder materials)
database. For ternary system, a reliable thermodynam-



ic model was obtained using the information available
from the binary systems plus any published ternary ex-
perimental data [9]. Liu et al. [9] described the Gibbs
energies of the liquid, fcc and bee phases by the subreg-
ular solution model and binary and ternary compounds
are represented by the sublattice model.

The morphology of the first phase possessed dual
character. A fine-grained thin layer was detected next to
the copper substrate and a coarse-grained layer closer to
the unreacted solder (Fig. 2a). The EDX microanalysis
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provided information that it was 1 phase. This phase is

a high melting one and it is observed in the isother-

mal cross-section (Fig. 1) as the field between two

sides of the Gibb s triangles Cu-In (Cu;In) and Cu-Sn

(CugSns). Two mechanisms of the 7 phase creation are

possible:

1. Copper atoms diffuse through the m phase and react
with the liquid at the solid/liquid interface and/or

2. Indium and tin atoms diffuse through the 7 phase
and react at the Cu/n interface.
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4 Cu,Sn+Cu, Sn,, /
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Fig. 1. Isothermal cross-sections of Cu-In-Sn phase diagram at 200°C (a) and 300°C (b) calculated from self-consistent thermodynamic
model assessed by Liu et al. [9] using PANDAT software

Unreacted In-Sn solder

Cu
fiet W ——{ 20um

f35F 99 Cufin 4350,Cu 2000 10,

AceV Spot Magn
2000V 50 10002

Fig. 2. SEM micrographs of diffusion-soldered interconnections: (a) dual morphology of 1 phase obtained at 200°C after 10 h of annealing.
Unreacted solder is still visible in the central part of the joint, (b) n and & phases in the interconnection area annealed for 24 hours at
200°C
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Longer time of annealing even at 200°C resulted in
the growth of second IP which is §, based on the com-
position of Cuy4)(Sn,In);;. Its morphology was rather
regular and it formed due to a solid state reaction be-
tween copper and 1 phase. At higher temperatures con-
tinous Cu diffusion to phase results in nucleation and
precipitation of S phase at the Culn interface.

A chemical analysis carried out across such a joint
(Fig. 4) allowed for drawing the diffusion path in the
isothermal cross-section of the ternary Cu-In-Sn dia-
gram (Fig. 3). Two single phase fields were crossed by
the diffusion path: n [Cug(Sn,In)s] and § [Cus;(Sn,In)y;]

300°C

L#q#Cu,‘In,o‘B

(Cu)+Cu,,Sn,,
+Cu,4nSn,,

which clearly confirmed the existence of these phases
in the diffusion soldered area. The shape of the diffu-
sion path in the L+7 field: cutting the tie-lines indicated
“wavy” character of the n phase interface. Moreover, the
diffusion path gets closer into the indium corner direc-
tion. This suggests that the diffusion coefficient of tin
in copper is higher than that of indium. The diffusion
path cuts also 6 Cuy(In,Sn) — £ Cu3(Sn,In) double phase
field, however the ¢ phase was not observed. It can be
explained by the fact that this phase is quickly consumed
by the growth of § phase or its amount was too small to
be detected by the EDX analysis.
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Cu,Sn+Cu, Sn,
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Fig. 3. Diffusion path for the Cw/In-Sn/Cu interconnection obtained at 300°C drawn on the isothermal cross-section of Cu-In-Sn
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Fig. 4. Microstructure of Cuw/In-48Sn/Cu joint obtained after 6 hours of annealing at 300°C (a) together with composition changes of Cu,
In, Sn across the joint (b)



As the EDX analysis revealed chemical composi-
tion across the layer of IP to be constant (Fig. 4), there-
fore, determining diffusion coefficient using conventional
Matano-Boltzmann analysis is no longer possi-
ble (when the concentration gradient approaches zero the
diffusion coefficient approaches infinity). This problem
will be considered in details in the Section 3.3.

3.2. The growth kinetics

Main information about the intermetallic growth ki-
netics is falling under the simple relation between the
intermetallic phase thickness, x and time of annealing, ¢
at appropriate temperature:

x=k-1t" 0y

where k is the growth rate constant and n — the expo-
nential factor.

The value of the exponent, n in the Eq. (1) equals
to 0.5 indicates that the growth rate of the phase is con-
trolled by volume diffusion. In this case Eq. (1) can be
rewritten as:

x2 = 2kyt, 2

where the subscript p was introduced in order to empha-
size the parabolic character of Eq. (2).

Also the choice of the proper formula: x = f('/2)
or x2 = f(#) must be carefully considered. Piera ggi
[10] showed that x = f(z'/?) matches in the situation
when the IP formed in the beginning of the growth pro-
cess (transition period of faster kinetics) does not in-
fluence the course of the next parabolic growth of this
phase. In this case the following formula is valid:

2= (-x) =2k ~1), ?3)

where x is the total thickness of the intermetallic lay-
er after time ¢, x; is the thickness of the layer after a
preliminary period finished after time, #; (after which
the stabilized growth has begun), x, is the width of the
layer formed as a result of the parabolic growth started
after time, 1; and corresponding to time ¢ — ¢;.

In this case the parabolic rate constants k; resulting
from the transformation of the Eq. (3) can be effectively
calculated

x=x+ (2t - 1)) @

A second case may occur when the layer of thick-
ness, x; after a preliminary period has a significant in-
fluence on the stabilized parabolic growth period. Then
the kinetic equation takes the following form:

x* = x} =2k (t — 1;) &)
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and the dependence x*> = f(¢) allows to calculate the

parabolic rate constant k,. A similar situation occurs
when stationary growth starts after an incubation period
and there is no substantial transient period. In such a
case x; = 0 and the dependence x> = f(¢) gives the
correct k, values.

In our studies, the growth kinetics of both phas-
es 1 and O was investigated in the temperature range
(180-250°C) and (300-350°C), respectively. Values of
exponent factor, n together with the growth rate constant,
k are collected in Table 2. They can be easily found
when plotting logx versus logt. The equation describing
the straight line fitted to the data points:

logx =nlogt +logk ©6)

gave direct information about n and k.
TABLE 2

Values of exponential factor, n and growth rate constant,
k for n and & phasees at different temperatures

1 phase | exponential factor n | growth rate constant k
180°C 0.26 + 0.04 11.11 £ 047
200°C 0.29 + 0.04 10.43 + 0.49
220°C 0.31 £ (0.09) 11.27 + 0.9
250°C 0.24 £ (0.02) 12.56 + 0.27

& phase | exponential factor n | growth rate constant k
300°C 1.12 £ 0.03 15.59 + 045
325°C 1.10 + 0.1 23.09 + 2.27
350°C 0.93 + 0.06 29.21 + 1.63

When 7 equals to 0.5 the volume diffusion predom-
inates as the growth controlling factor. Here, for the 1
phase, all the exponential factors were below 0.5 which
means that volume diffusion together with other mech-
anism of diffusion occurred. As the n phase grew in
the shape of hemispheres, deep grooves were present
between them. They can work as paths for the fast diffu-
sion in addition to the bulk diffusion through the 1 phase.
Their further growth results in the gradual disappearance
of these grooves.

The x%(t) dependence presented in Fig. 5 gave ad-
ditional information about the growth of the h phase.
The curve shape exhibits the important contribution of
the fine grain structure in the beginning of the process,
which brings about quicker growth of the phase dur-
ing first few minutes. The curve attains characteristic
shape for the volume diffusion growth after 2 hours of
annealing. This corresponds to the dual microstructure
observed with SEM (Fig. 2a).

As the n hemispheres grow with the temperature, the
number of fast diffusion paths decreases which explains
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Fig. 5. Growth behaviour of 7 phase at 200°C (a) and 220°C (b)

the increasing value of n parameter. The n parameter
becomes (.24 at 250°C which is attributed to the pres-
ence of the thin layer of the 6 phase. This phase was
not detected during thickness measurements on the light
microscopy. However, application of the higher magni-
fication on the SEM clearly confirmed the presence of
this phase.

A completely different behaviour was observed for
the second intermetallic phase, 6. The process was gov-
erned by chemical reaction at the 7/§ interface because
the n factor was close to 1. The logx(logt) dependence
is plotted in Fig. 6 with the data points and straight
line fitted to them in order to find n and k values. The
growth stage of the § phase is also preceded by the short
incubation period.

3.3. Mathematical model of the growth of
intermediate phases in multi-component system

The diffusion soldering results in a number of in-
termediate phases, for which the ranges of composition
have been observed to be very narrow. This makes seri-
ous difficulties when calculating the diffusion coefficient
from the concentration profile because when the con-
centration gradient approaches zero then the diffusion
coefficient approaches infinity.

Solution of the problem was given by Wagner [11],
who derived the expression enabling to calculate chem-
ical interdiffusion coefficient from the diffusion couple
experiment. For any phase and composition N* (assum-
ing that the molar volume is constant, i.e., does not de-
pend on the composition) the chemical interdiffusion co-
efficient can be calculated based on Sauer-Freise
[12] and Boltzmann-Matano [13, 14] analysis
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Fig. 6. Growth kinetics of the & phase at 300°C, 325°C and 350°C

The growth of IP governed by chemical reaction
(linear growth) shows important advantages. First of all,
there is faster formation of the IP — here, within 2 hours
the entire interconnection zone becomes occupied only
by the é phase, while in the case of n phase, the process
required about 24 hours. Therefore, another advantage
can be obtained — shorter time of production.

tion) for the position x* for which D(N™) is calculated,
N~ = N(-oc0) and N* = N(+00) are terminal compo-
sitions of the diffusion couple. The values of N in the
brackets change from N~ to N* for the first integral and
from N* to N* for the second one.

For intermediate phases having narrow homogene-
ity range one can assume linear concentration profiles,
which allows integration of Eq. (7) and obtain the aver-
age interdiffusion coefficient for a phase, D,,(N). Wagner
[11] introduced a so-called integral diffusion coefficient,
which is very useful for phases with very narrow homo-
geneity range



N,
Di = f DAN = B (N)- AN, )

N

where N; and N, are homogeneity limits of the consid-
ered phase, AN = N, — N,.

Equation (8) is valid for binary systems only and can
not be used for multi-component ones. In this paper we
consider the ternary system, Cu-In-Sn, and consequently
different model, which takes into account ternary inter-
actions, has to be applied. Such a model is being devel-
oped. Its new, original idea (apart from multi-component
system) is the introduction of the flux constraint, which
allows avoiding the non-physical, very high (if not in-
finite) fluxes at the very beginning of the process. The
most important result of this concept is that it allows to
estimate a delay of the formation of the slowly growing
phases [15].

Modelling of the complex diffusion mass-transport
process in multi-component systems requires: 1) kinetic
data (mobilities/tracer diffusivities), 2) thermodynamic
data (activities of the components) and 3) it has to in-
clude the drift velocity generated at the phase boundaries
(interfaces). The intrinsic diffusion coefficients can be
calculated as a product of thermodynamic factor and the
mobilities/tracer diffusion coefficients of the elemental
species in the phases of interest — Eq. (17). The ther-
modynamic factor is obtained from the phase equilibri-
um calculations using CALPHAD method [16, 17]. The
mobilities/tracer diffusivities can be obtained e.g., from
radiotracer diffusion measurements [18]. It is also possi-
ble to calculate mobilities from measured concentration
profiles and solving a suitable inverse problem [19]. The
model allows quantitative description of the growth of
the flat intermediate layers under isothermal conditions
formed by unlimited number of compounds. In the Fig-
ure 7, the formation of a single intermediate layer (8)
between two primary phases (@ and ) is illustrated.

The evolution of concentration profiles of the ele-
ments in each phase is described by the law of mass
conservation of an i-th component:

®

Following Darken drift flow idea we postulate that
the flux of an i-th element is a sum of the diffusion flux,
Jf , and drift flux:

Ji=J+cu. (10)

The effective solution of this model will be obtained
using Nernst-Planck diffusion flux formula [20]:
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Fig. 7. Schematic presentation of growth of the intermediate phase
S from the two primary phases o and y

J'=Bci ) F, (11)
j

where B; is the mobility of an i-th component and 3 i Fj
— the sum of the local driving forces. It is generally ac-
cepted, that in metallic systems (e.g. alloys) the diffusion
force in Eq. (11) can be described as the spatial gradient
of the chemical potential, y;, and the corresponding flux
can be expressed by the following expression

Su:
d Hi
Ji = —B,'C,‘a. (12)
The chemical potential is expressed by

Hict,....c)) = pl + kT In a; (cy, ..., cp), (13)

where k —the Boltzmann’s constant, T — an ab-
solute temperature and u¢ is the standard-state chemical
potential usually referred to unit thermodynamic activity
(a; = 1). The gradient of the chemical potential can be
calculated as follows

(14)

0 ou e
ox i oc; dx’

Using Eqgs. (12-14) and substituting the
NernstEinstein relation (D} = BAT) the dif-
fusion flux can be expressed as follows:

r

Jld 1 —D;C,' Z

/=1

61na,~ aCj
dcj 0x’

15)

Above diffusion flux formula can be rearranged to a form
used in calculations

r a K
Jé =~ E Dijg, (16)
=
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where the partial intrinsic diffusivities, D;;, are defined
as follows

61na,-
ac; ’

Initial and boundary conditions. In the model we
allow arbitrary initial concentration profiles of the com-
ponents in the system c¢;(0, x) = c{(x). In diffusion sol-
dering the initial compositions are usually much simpler,
i.e., uniform concentrations in the substrate and in the
solder c%* and ¢” respectively (Fig. 7).

The flux balance equations at the interfaces can be
formulated as follows:

D,‘j = D;C,' (17)

(58— tr) 2o = e

(18)
Bly
(=) B -y

, ; i=1,...,r
where A%, APlY are positions of the /B and B/y inter-
faces and dA/dt — are their velocities; c{k and Jl.’k — are
the concentrations and fluxes of the i-th component in
the j- phase at the interface j/k. In the case when a few
intermediate phases are formed the boundary conditions
(18) can be written for each interface.

If reactions at the interface are fast, compared to ve-
locities of the phase interfaces, then local thermodynam-
ic equilibrium can be assumed to hold at the interfaces.
This hypothesis allows the boundary conditions to be
determined — concentrations of the elements at the inter-
faces. Subsequently the diffusion problem given by Egs.
(9), (16) and (17) can be solved for each single-phase
region. Finally, the velocities and positions of the inter-
faces are determined by solving the flux-balance Egs.
(18).

The intermediate phases formed during diffusion
soldering can have very narrow ranges of homogeneity.
In so-called-line compounds it is reasonable to assume
average components’ diffusivities and linear concentra-
tion profiles within such phase. These assumptions yield
zero at second derivative of composition vs distance.
Consequently, Eq. (9) can be ignored for the growth de-
scription of these intermediate phases and a time evolu-
tion of the boundary positions can be calculated much
simpler, i.e., solving Eqgs. (18) only.

Diffusion controlled delay of phase formation. It has
been found that not all the intermediate phases present
at the phase diagram are observed experimentally e.g.,
for Ni-Al system [21]. Here we postulate the constraints
for fluxes. For every phase there exists maximum value
of the diffusion flux:

J¢(max) = Dici/4;, (19)

where A; denotes the characteristic distance for the dif-
fusion (jump distance of defect). The phase exists if and
only if the diffusion flux in this phase does not ex-
ceed J,fi (max). Thus, this condition can be written as
J¢ < J4(max).

Solution of the model. Equations describing growth
of multi-component layers form system of nonlinear par-
tial differential equations. Moreover, situation is even
more complex because the position of interfaces changes
with time, giving rise to the Stefan-like problems. Hence,
we will look for a numerical solution using finite differ-
ence method. The details on the model and its numerical
solution will be published [22].

4. Conclusions

The application of diffusion-soldering technology
allowed for describing the growth kinetics of intermetal-
lic phases which can form during joining of copper sub-
strates with indium-tin foil. The n [Cug(Sn,In)s] phase
appeared as the first one in the solid-liquid reaction be-
tween the Cu and In-Sn liquid and possessed dual mor-
phology of fine and coarse grains. The interface of 7
phase had “wavy” character which was also confirmed
by the shape of the diffusion path. The deep grooves
separating particular scallops entered the copper sub-
strate. They were thought to be a “fast diffusion paths”.
Therefore, volume diffusion became the growth control-
ling factor after a certain time of reaction, while in the
beginning the grain boundary diffusion played the im-
portant role.

With rising temperature the number of these grooves
became smaller and this resulted in the increase of n pa-
rameter for the 77 phase. At 250°C the thin layer of new
¢ phase appeared which leads to the decrease of the n
parameter to 0.24.

The second intermetallic phase: 6 [Cug;(Sn,In)]
was formed in the solid-solid reaction between the cop-
per and 1 phase. It was observed either at lower temper-
atures after longer annealing time (tens of hours) or after
short time (minutes) at 300°C and higher temperatures.
This phase had rather regular interface and its growth
was governed by the chemical reaction at the interface.
The growth rate constant grew with the temperature and
it was even three times higher then that one for the
phase. A short incubation time preceded the growth of
this phase.

The fundamentals of mathematical model enabling
the description of the growth of intermetallic phases in
multi-component systems were presented. The concept
of flux constraint allows to estimate a delay of the for-
mation of the slowly growing phases. In the present form



the model assumes that the process of growth of interme-
diate phases is controlled by diffusion of regents through
the layers. Model is developed to allow both chemical re-
actions at the boundary and diffusion through the layers
as the factors limiting the growth of phases. An impor-
tant extension of the model is to consider non planar
geometry of the interfaces. This involves description of
the process in at least two dimension geometry as well as
incorporation of the momentum equation to the model.
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