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chapter 1 introduction

§ 11 The reaction between copper and silicon

When we say that we understand a chemical reaction, we
usually mean to say, that we can predict the nature and the
amounts of compounds , that will be formed from the reac-
tants under certain circumstances. We need to Know, which
Products ‘are thermodynamically possible, and which phase
relations exist between the compounds. The mechanism which
1s followed gives a way to prredict the amount of products
formed in a certain time and the effect of a change in the
reaction conditions on this amount, Materials properties
determine the resulting appearance of the products. In
heterogeneous reactions also the state of the interface
plays an important role. When one of these aspects 1s not
kKnown, the reaction is poorly understood.

Solid state reactions 1in binary dlffusion couples are
widely studied and generally well understood. The reactions
proceed by diffusion of one or more components caused by a
gradient in chemical potential. The rhase diagram describing
the system shows, which compounds can be expected in a
diffusion couple. The parabolic growth law gives a way to
predict the amounts of products formed in a certain time.
Systems are normally considered to be purely bihary, if the
amount of 1impurities 1is 1less than, say, 0.1 atomic prercent.
Hardly any attention has been paid to the influence of a
third component present in much lower concentrations, al-
though 1t has already been demonstrated in oxydic systems,
that both the reaction Kinetics and the product morphology
may be influenced Dby such an impurity (1itl),

In this thesis we will describe the influence of phos-
phorus concentrations on a p.p.m. scale on the reaction
between copprer and silicon. In preliminary experiments it
was found that "pure" copper, obtained from one supplier,
already reacts with silicon to CuzSi at low
temperatures, while "pure" copper from another supplier



hardly reacted at all. The main difference Detween theé two
types of copper appeared to Dbe surface segregation of
phosphorus, which was found to occur in the reactive type of
copper. On the other hand, various investigators who have
studied the solid state reaction between copper and silicon
found widely scattering results.

One of the aims of this thesis 1s to explain why the
presence of phosphorus has such a large 1influence on the
reaction between copper and silicon. Furthermore we want to
find out whether different amounts of phosphorus present in
copper might be responsible for the conflicting resulfs
found by the former i1nvestigators on this reaction,

§ 1.2 Literature survey on the reaction between Cu and Si

In fig 1.1 the phase diagram of the copper-silicon
system is shown as given by Hulgren and Desai (lit,2). Based
on this phase dlagram we expect the formation of CusgSi,
CuygSiy and CuzSi in diffusion couples between copper and
silicon below 550°C.

Veer and Kolster (1lit.3) have studied the reaction
between copper and silicon in the temperature range between
350 and 550°C. The only product observed 1is CuzSi. The
reaction is a diffusion controlled process, but an
incubation time exists. ExXperiments with 1inert marKers show,
that copper 1is the only diffusing component. The activation
energy is 78 KJ/mol.

Onishi and Miura (lit.4#4) have studied the influence of
compressive stress on the thicKness of the reaction layer.
If this stress 1s larger than 8MPa, the amount of product 1is
independent of the applied stiress. Between 420 and 465°C at
i2gMPa the reaction 1s a diffusion limited process with an
activation energy of 150KJ/mol. The formation of Kirkendall
pores at the copper/silicide interface indicates, that cop-

per 1s the only diffusing component. Only CuszSi has Dbeen
observed,
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Fig.1.1 The copper-silicon phase diagram according to 1it.Z2.

Ward and Carroll (1it.5) have electroplated copper onto
silicon slices. At low temperatures (between 250 and 350°C)
and after short reaction times (#100s) only CuzSi has Deen
formed in a diffusion limited process. The activation energy
i1s 105KJ/mol.

Although we expect the formation of three compounds, in
all these investigations only CuzSi has been found. Further-
more the results on the reaction rate are cohflictlng.



§ 1.3 Contents of this thesis

After a brief outline of the theoretical bacKkground
(chapter 2) and the experimental techniques (chapter 3) the
reaction between copper and silicon is described in chapter
4, Attention 1s being p.aid to the compounds formed 1in alloys
and diffusion couples, The influence of phosphorus as an
impurity in .copper is demonstrated and the Kinétics of the
reation are determined. With these data it will be explained
why usually only CugzSi has been found and why "pur;e"
copper from different sources react at different rates.

In chapter 5 the reaction between copper phosphide and
silicon 1s studied, 1n order to get more 1insight 1in the
phase relations in the ternary system Cu-Si-P. The large
influence of the atmosphere, in which the annealing of the
alloys and diffusion couples takes place, on the nature and
morphology of the reaction products will be described.

Chapter 6 deals with the reaction between copper and
germanium, both with and without' the presence of phosphorus.
Based on the resemblance of the phase relations in the Cu-Ge
and Cu-Ge-P systems, compared with the Cu-Si and Cu-Si-P
systems, it can be expected that the same type of reactions
takes place. As turned out from our experiments, this 1s not
the case. In chapter 7 the reasons for this difference are

explained.
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chapter 2 theoretical {framework

In this chapter the theoretical basis for the research
described in this thesis will be given. This comprises a
phenomenological description of diffusion and some solutions
of the differential equation describing diffusion. The con-
sequences for the reaction Kinetics are studied. The diffe-
rences between binary and ternary systems with respect to
the layer sequence and the thickness of the product layers
will Dbe discussed,

The next subjects are the various diffusion mechanisms
and the consequences for the temperature dependence of
diffusion.

A few words will be devoted to impurity segregation.

§ 21 Phenomenological description of diffusion

§ 2.1 Binary systems

§ Z2.1.11 Layer sequence 1in a binary diffusion couple

If we press two elements together in a diffusion couple
at elevated temperatures, a homogenization will occur. After
a while a concentration gradient will be observable, which
1s continuous 1if the two elements form a complete solid
solution in the whole concentration range, )

However, 1f the 1two elements react according to the
hypothetical phase diagram of £ig.2.4, reaction layers will
be formed, like schematically represented in the right hand
‘side of fig.2.1.

The discontinuity in the concentration gradient arises
from the fact that local chemical equilibrium is assumed. A
straight-lined interface Dbetween a and Yy develops,
which stems from the phase rule:
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Flg.2.1 Relation between a hypothetical phase diagram and
the product layers formed 1In a diffusion couple, after

annealing at temperatuur T;.

[2. 1]
F =C=-P + 2
where F is the number of degrees of freedom
C 1s the number of components
P 1is the number of phases allowed to be in
equilibrium with each other.

In a binary system, there are 2 components; in a diffusion
couple temperature and pressure are fixed. wWhen two phases
are 1in equilibrium, no degree of freedom 1is left for the
thermodynamic potential (or in a binary system the concen-
tration) to adapt itself. Since an adaptation of the thermo-
dynamic potential 1s essential for the diffusion process,
only single-phased regions can be formed. Only straight-
lined interfaces are allowed, under the c¢ondition that 1local
equilibrium exists, that is: nucleation is fast compared
with the diffusion process. If however nucleation is
hindered, phases may be absent and the phases that are
formed may show supersaturation.



2.1.1.2 Determination of diffusion coeffliclents,

We define the origin of the coordinate system applying
to a planar diffusion couple, x:0, fixed with i‘espect ‘to
the non-diffused left hand side of the diffusion couple, If
the total volume remains constant we can express the inter-
diffusion {flux 31 of component 1 across any Plane in a
diffusion couple, fixed with respect to the origin, by
Fick’s first law, eq.[2.2).

[(2.2)
8¢y
:'71 = - (—)
5x

where the gradient has been taken parallel to the xX-axis.

D 1s called the chemical or interdiffusion coefficient,
expressed in mé/s and ¢y 1is the concentration of
compound i in mole particles i/m3,

In a diffusion couple however a steady state will not
exist, that is, the concentration and 1its gradient are
changing with time. In that case Fick’s second law of
diffusion [2.3] is a more convenient form to determine D,
It has been derived from combining the {first law with the
law of mass conservation for constant partial molar volumes
of both components.

[2. 3]
5Cy 5 8¢y
: - (B —
&t 8X 85X

Various solutions to this differential equation -exist,
depending on the problem studied, The most. common case 1is
that the diffusion coefficient is a function of the
concentration. The differential equation [2.3)] becomes an
inhomogeneous one. It can be transformed into a homogeneous

eguation Dby the substitution originally made by Boltzmann
(11t.1), A : x/t0.%,



Matano (lit.2) has ‘applied this substitution to inter-
aiffusion pProblems, which allows ﬁ(cl) to Dbe calcu-
lated from an experimental c¢j(x) plot. The Dboundary
conditions for the differential equation for a semi-infinite
diffusion couple are, that the compositions at the ends of
the couple halves, this 1s c¢3j- and «c3t (see
fig.2.2) do not change during the reaction.

The origin of the x-axis 1is defined Dby:

(2. 4]

The plane where x = 0 is called the Matano plane.
wWith this definition the interdiffusion coefficient
B(cy») can bpe obtained with equation [2.5], which can

be solved graphically from the measured penetration curve as
is shown 1in fig.2.2.

Fig.2.2. Solution of [2.5}] by graphical means. Both dashed
areas have equal size, They determine the position of the
Matano plane, x:=0, The shaded area glves the value for the
integral In [2.5] at x*,



[2.5]
Ci¥

D(c x)
1
2t dc
1
Cy=Cy¥

Ci

The diffusion coefficient D(cy) describes the
overall process. '

KirKendall and Smigelskas (1it.3) have marked the
original contact 1interface in a copper-brass diffusion
couple with molybdenum wires. After an anneallng treatment
the markers have moved with respect to the Matano Pplane
towards the krass side. This effect, called the KirKendall
effect, ca.n only be explained 1f we assume that the
components, copper and zinc, have unequal diffusion
coefficients, a concept introduced by Darken (lit.4).

Then the interdiffusion flux of component 1 has 1two
components: firstly there exists an intrinsic flux of atoms
which 1s determined by the concentration gradient of
component 1; secondly, since the intrinsic diffusion coeffi-
cients differ contraction occurs at the side of the fastest
moving component, expansion at the other side, resulting in
a net displacement of lattice planes, shown by the marker
displacement. The expression for the interdiffusion coeffi-
cilent can now be generalised to (1it.5)

[2.6]
Dz ca7aDy + ¢1%D,

where ¥, denotes the partial molar volume of component 1.
The 1intrinsic diffusion coefficients Dy can Dbe deter-
mined from the marKer displacement Xn @and the
concentration profile. '

If at least one of the starting materials 1is a pure
component, e.q. cl' = 0, a simple expression for the
intrinsic diffusion coefficient exists, as 1s shown by van
Loo (11t.5):

10



[2. 7}

D (X=X ) = — (—) c dx
i m i
2t dc1 X=X

More general expressions have been derived by van Loo
(11t.5) and Bastin (11t.6). Application of the various equa-
tions depends on the characteristics of the system studied.

Sauer and Freise (1i1t.7) have derived an expression for
the interdiffusion coeffient in case of a Dbinary system in
which the partial molar volumes V, are concentration
dependent [2.8):

[2. 8]

dax

-00 x

and N; denotes the mole fraction of component 1.

All previous given solutions for the determination of
diffusion coefficilents are dependent on the existence of a
concentration gradient in the phase studied. If however the
homogeneity range 1s very 'small the gradient becomes
virtually =zerc and dx/dc; becomes infinite, leading 1o
infinite diffusion coefficients when determined with the
previous equations. To escape this problem Wwagner (11t.8)
has defined a new variable, called an integrated diffusion
coefficient:

1



Ny (v*)

where

fractions of component i in compound y.

dy and

Yy with a layer thicKness
Ny (") Ny (Y)EN, (Y7 ?)

wagner derives from (2. 8]

N;(y’’) and N;(y’) are

the

-unknown-

l1imiting

(N (v)-N;7) (N, *-Ny (v)) a2
Dint * (=) ¢
Nyt - Ny T at
x(y-1,Y) +oo
a _N*-N (v) PV (v) N (y)-N ~ PV (v)
Y i i m i i m
_— (N -N T)dx +
i i + _
2tL N *-N " v N *-N v
i i m 1 1 m
—oo K(Y, Y+1)

where x(y-1,Y)

[2.9]

mole

For a line compound

f2.10]

(N *-N ) ax
1 1

and x(y,y+1) are respectively the positions

of the left-hand and right-hand boundaries of the y-layer.

If no gradient

eXists

outside

the vy

between the square brackets becomes 2zero.

§ 2.1.1.3 Layer

thickness

layer

the

term

Within a binary d4iffusion couple the thickness of the
product layers will be adjusted in such a way, that a
!

reaction

diffusion coefficient,

will

layer where the diffusing
be thin

where the diffusion coefficient is high.

component has

compared with a

a 1low

layer

Changing the reaction conditions will be a solution if

12



one decides to study a layer with a low diffusion coeffi-
clent. The most frequently applied method is to change the
composition of the starting materials, Instead of pure ele-
ments, compounds are used. wWith the aid of egquation ([2.10]
and using the fact that the integrated diffusion coefficient
is a material constant for each phase, it can be shown that
in this case a thicker layer will develop.

" Assume that two layers develop, both without a
concentration gradient, as 1s experimentally often the case
and that the molar volume is constant throughout the whole
couple, '

Hy is the mole fraction of component B in compound y which
forms a very thin layer (dyI) in a couple between the pure
elements (situation I, see fig.2.3), Nz is the mole fraction
of B in the main product 5§ in that same diffusion couple,
with thickness dSI. We get the following equation:
[2.11a]
(N -N )(N -N) (¢ He a1 -
DY = v 4 B v % Y + Y ¥ r;z——ﬁxd I*(N -N )
int & B &
(Ng-N,) atl at! [ Np-N, J

In a diffusion couple between A and & (situation 1II) only
y develops, with a layer thickness d,'l.
The following equation applies:
[2. 11D}
(Ny-Np) (Ng-H,) (a,11)2
DYiny = *
(Ng-N,) a1l

Since DY, ., 1s a material constant, (2.11a] equals ([2.11Db].
we take tl-2tII, ,
Furthermore NA:O ahd NBzi, since pure elements are used.
We can deduce a relation between dg, dyI and dyII:
[2.12]
(1—Ny)xH6 (1-N5)xN5
(a, 112 : — ——w(a, 112 + ——xa Txa,!
Ng-N, Ns-N,
It can be shown that dyII ) 5‘/1 (appendix A).

13



The practical application of this technique will  Dbe
discussed in § 4.65.2.

i

1
1
1
1
1
1
I
]
1)
[}
i ..
:
|
1
]
)
1
1
.
]
1
)
|
)

I II

Fig.2.3 Penetration curve for two hypothetlical diffusion
couples; I - a couple between the pure elements A and B,
IX - a couple between a compound § and the pure element B.

§ 2.1.1.4 Reaction Kinetlics

The Boltzmann substitution A = x/to's has physical mea
ning, since A 1is only a function of the concentration c.
Therefore all concentrations, including the phase boundary
concentrations, move proportionally with the square root of
‘time, This is the well Known parabolic growth law :

[2.13]
a® - k.t

with K 1s the reaction rate constant.

14



Although sofar nothing has been sald about the
diffusion mechanism, an exception has to be made here,
Formally the parabolic growth law only applies for a volume
diffusion limited process. When the reaction layer grows by
grain boundary diffusion the situation 1s different, since
only a small part of the interface area 1s involved in the
supply of reactants. StarkK (11t.9) has demonstrated that, in
case of grain boundary diffusion through the reaction layer
and infinitely fast lateral diffusion at the reaction inter-
face, dlnd/dilnt = 11/20 which 1is experimentally indistingui-
shable from dlnd/dlnt = 1i/2.

It has to be stressed that equation [2.13] i1s valid for
a diffusion 1limited process. In practice several deviations
can occur. If the reaction layer 1s porous, as for instance
in oxidation reactions may happen, direct contact between
the reactants 1s maintained and no limitation by diffusion
through the reaction layer occurs. The layer thickness 1s a
linear function of time.

Another situation appears when a reaction barrier
exists. We can thinK of non-porous oxidation layers or
deformed layers at the reaction interface. The reaction rate
then is determined by the transport of the components across
the interface. The diffusion in the reaction layer is again
not rate determing.

Often the reaction barrier will be removed, after an
incubation time t5 and the reaction rate of the process
will be 1limited by the diffusion through the reaction layer.
From that point of time the thicKness of the reaction layer
follows a modified parabolic growth law:

[2. 14]
4% : k (t-tg)

In equation [2.14) it 1is assumed, that no product layer has
been formed duriné the incubation time.

A consequence of the presence of an incubation time is,
that a plot of the layer thicKkness as a function of the
square root of time gives a false impression of the reaction
Kinetics. This can be demonstrated with f1g.2.4. Here the

15



layer thicKness, for a diffusion 1limited process calculated
from ([2.14) with K = 10“’ and to = 5, 1s plotted as a
function of ti/a.
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Fig.2.4 A plot of d as a functlon of t1/2; d calculated
from d° = k(t-ty), witn k = 10%, t, = 5.

Fig.2.4 shows that the layer thicKness is not. a linear
function of t!/2, Furthermore the reaction rate constant
derived from the beginning of such a plot is too high: 1if
only data up to t95:4 are measured, an apparant rate
constant (x')eznooo is +{found, which is 10X too high.
In fig.2.4 it is obvious that an incubation time exists, but
for smaller t, the scatter in the experimental data will
obscure its presence. This may be the reason why incubation
times are hardly found when the thicKness 1s plotted against
t1/2,  And IF an incubation time 1is found it can not be
accompanied with a 1linear relationship (11t.10), because
this would imply that (t-ty!/2 = /2 4+ g,
Therefore plotting the squared thickness as - a function of

the reaction time is the best way to determine the reaction
Kinetics.

16



2.1.1.5 Thin fllms

In the previous sections semi-infinite diffusion cou-
ples are discussed. The semi-infinity 1is essential, because
then the condition is fulfilled that the composition at the
end of the diffusion couple does not change during the
annealing treatment. Since the 1970’s , however, thin layer
diffusion couples have Dbecome of great interest, especially
in micro electronic device industry, where contacts are
constructed on silicon wafers, So the reactions between
metal films and Dbulk silicon slices are intensively studied.
The remarkable finding in these studies is, that inter-
diffusion and reactions in thin films can be observed at a
much lower temperature than in bulk couples. This is due to
the purity of the interface between thin films, highly
defective microstructures and Dbetter detection sensitivity
in thin {film analytical techniques (1it.11). In compound
formation, the stable compounds tend to form sequentially,
il.e. they grow one Dby one in thin film bilayers, instead of
growing together as in Dbulk cases. One essential difference
between a thin layer and a bulk specimen is the influence of
the surface in the thin {film case: about 10Z of the atoms in
a film of 20 nm thick have to be considered to be surface
aioms, with possible differences in bonding, mobility and
lattice positions. These aspects have not be considered in
the previous discussion, and will not Dbe discussed here.

Gosele et al (1it.12) have shown that in diffusion
couples a layer has to exceed a critical thickness before a
second phase can develop, In the nickel-silicon system the
critical thickness for the Ni,Si layer 1is estimated to
be 2 pym, a value that will not be reached in structures with
layers of about 100 nm. Therefore no other compounds are
expected in these thin film couples for Kirnetic reasons.

The reactions in thin film couples are often terminated
because one of the reactants is depleted. The continuation
of the reaction depends on the reactant left, as is shown
in {fig.2.5.,, where the reactions in the nickel-silicon
system are summarized. The first layer is Ni,Si. 1t

17



silicon 1is. depleted the formation of NigSi, starts,
until all Nip,Si 1is consumed. Then the formation of
NizSi Dbegins. On the other hand, if nickel 1is depleted
NipSi is <converted 1into NiSi and the reaction 1s
concluded with NiSi,.

It cannot be predicted which compound appears first,
although it is sometimes suggested that it is that compound
which has the highest melting point, i.e. the most stable
compound (1it.13).

In conclusion : the results found in thin layer coup;es
can not be translated to bulK diffusion couples and vice-
versa. The concept of critical thickness however may be
useful in DbulK diffusion couples although the layer thick-

nesses usually will exceed these critical values.
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§ 212 Ternary systems

In a binary, isobaric and isothermic system we have one
degree of {freedom, a concentration N, defining the
acticity of the components, In a ternary, 1sobaric and
isothermic system we have an additional degree of freedom. A
system 1s defined by two concentrations Nz and Np.
The chemical potential of a component 1s dependent on  the
concentrations of both other components. The definition of
diffusion coefficients in a ternary system is a complicated
matter, since not a single diffusion coefficient Dbut a
complex system of coefficients exists. Because this thesis
will not deal with diffusion coefficients 1n ternary
systems, we will not go further into the diffusion equations
for ternary systems. .Although in Dbinary systems the concen-
tration gradient may be taken as the driving force for
diffusion, 1n ternary systems it 1s clear that the driving
force 1s a gradient 1in chemical potential, This 1is demon-
strated with an experiment conducted by Darken (1it.i4),
where a diffusion couple 1is made from a Fe-C and a Fe-C-S1
-alloy, both with the same c¢arbon content, In £fi1g.26 the
results are shown, It is clear that a redistribution of
carbon has occurred. If the chemical potential of carbon 1is
piotted (see £1g.2.6) as a function of distance 1t becomes
clear the carbon diffusion 1s not in conflict with
thermodynamic rules.

The additional degree of freedom alsoc has a consequence
for the layer formation, Two phased regions are allowed,
Whether they occur, depends on the thermodynamics and the
relative diffusion coefficients in the system. Consider a
diffusion couple between B and AX, where BX and A are for-
med. Rapp (1it.15) has extensively studied the stability of
an original planar interface between BX and A in case of an
accidental perturbation, in oxidic systems, l.e. X = oxygen.
Whether this perturbation Erows or vanishes depends on the
element diffusing in the rate limiting sStep. If the BX layer
1s locally thinner and the diffusion of B through BX 1is rate
limiting, the growth of the BX phase at this particular

19



place will Dbe faster than in the surroundings until a
uniform -thickKness has been reached, so the perturbation
vanishes, see fig.2.7.1.a. If the diffusion of X through A
1s rate limiting however, in this area where BX 1s thinner (
and so the A layer 1is thicker) the supply of X will be
retarded compared with the surroundings. Tnerefo}‘e a per-
turbation will be retained and develops into a two phased
region (ﬁg.a.'TTI.b). Rapp’s model only applies for systems
with the layer sequence B/BX/A/AX. However 1in sulphidic
systems also the layer sequence B/A/BX/AX has been observed
(11t.16), (Fig.2.7.1I). '

Van Loo (1it.17) has developed a model, which enables
us to predict whether layer sequence I or II will 6ccur. It
states that the layer sequence depends on the slope of the
tie lines between the metal phase(s) and the phases AX and
BX. If this sign 1is the same throughout the whole phase
diagram (fig.2.8.a) the segquence AX/A/BX/B 1s found. If the
sign of -the slopes changes (f1g.2.86.b) the sequence
AX/BX/AE/B 1s the only one thermodynamically: allowed.
Component X endures a rise in chemical potential and 1is
therefore stationary. For details of this model one 1is

referred to the original literature.
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F1g.2.6 The carbon penetration curve and the carbon activity
for a diffusion couple, annealed for 13 days at 1050°C,
after DarkKen (lit.14).
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Fl1g.2.8 Schematic phase dlagrams and the layer sequences
that are vrelated with them, after van Loo (1it.17).
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Besides thermodynamic and Kinetic considerations, in a
ternary system always the mass balance has to Dbe obeyed,
which states that in a reaction between AX and B the same
number of moles of BX and A have to be formed. If the phases
A and BX are formed in parallel layers, this resﬁlts in a
fixed ratio of the layer thicknesses for A and BX, depending
on the molar volumes, The total thickness will be determined
by the slowes_t diffusion in one of the layer. If the
reaction layer is built up as a two-phased mixture of A and
BX the total thickness will depend on the diffusion
characteristics of the matrix phase. '

§ 2.2 Diffusion mechanisms

So far nothing has been said about diffusion on micro-
scopic scale. We have to distinguish two groups of
mechanisms: diffusion through the bulk of a phase and short
circuit diffusion. Both types will be discussed briefly.

§ 2.21 Volume diffusion

In volume diffusion the motion of a diffusing atom
takes place through the lattice, In c¢rystalline solids the
atoms occupy well defined equilibrium positions; they move
by Jjumping succesively from one equilibrium site to another.
Several mechanisms are possible:
a4l exXchange mechanisms.

In the direct exchange mechanism two neighbouring atoms
exchange their positions (£ig.2.9.a). In dense structures
this mechanism would 1involve large distortions and hence
large activation energies, A c¢yclic eXchange mechanism
(£fig.2.9.b) would 1involve less energy; but this mechanism
remains unlikely, because of the constraint imposed by the
collective motion. There is no experimental support for this
mechanism in crystalline solids, although in metallic
liguids and in amorphous alloys cooperative motions are more
likely operating (11t.18).
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Pl mechanisms 1nvolving point defects

A solid in thermal equilibrium always c0ntain_s . point
defects 1liKe interstitials and vacanciles. These defects
offer the possibility for atoms to move without too large
lattice distortions, Small interstitial atoms, 1liKe hydrogen
and carbon in metals, diffuse through the lattice by motion
from one interstitial site to another interstltlal site,
obviously called interstitial mechanism (fig.2.9.¢). A se-
cond mechanism in