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As noted previously (1), the investigation of single interphase boundari-
es in bicrystals permits data to be obtained about the dependence of different
properties of interphase boundaries on their crystallographic parameters. In
the preceding work (2) we studied the temperature dependence of indium diffu-
sion coefficients for tin-germanium interphase boundaries in the temperature
range 40-160°C at atmospheric pressure., High values of the activation energy
and preexponential factor show that the mechanism of diffusiorn along inter-
phase boundaries differs from that of bulk diffusion. Characteristics of an
elementary diffusion act (activation volume) can be obtained in studying dif-
fusion under pressure. The purpose of this work is to investigate the preassure
dependence of indium diffusion coefficients along the same boundaries as in
(2? at a constant temperature.

A set of 25 tin-germanium bicrystals with single interphase twist bounda-
ries (001) in the range of misorientation angles 0-45° was used in the measu-~
rements. An indium lasyer was deposited on sample surfaces by elegtroplating.
Diffusion annealing was conducted at a constant temperature: 161=2°C. The fur-
nace with samples was placed in the high-pressure chamber with variable ex-
ternal mechanical supply and liquid medium. Silicon oil was used as a liquid
medium for producing hydrostatic preasure. The distribution of indium concen-
tration over the sample transverse section was determined by the electron
microprobe analysis. The coefficients of bulk and boundary diffusion were
obtained from the concentration distribution (the latter with the aid of the
Fisher method (2)).

As it follows from le Clair's analysis (4), the PFisher formulae can be
used if (R/D )1, p=DS/QDVAEN> 4L , L 3Cs/Co2 05 , and (AP )=y//pbls
1,5, where ®' and » are boundary and bulk diffusion coefficients, & is
boundary width, t the annealing time, ¢s/Co the concentration interval (Ceo
the solubility of Inin Sn ), ¥y the boundiry diffu5109 depth, In theae expe-
riments the conditions are as follows: 10%<dY/2¢ 2.10/; 300< < 10 for spe-~
cial boundaries and 50>8> 1 for the misorientations lying far from spe-
cial angles; 13 ¢/ce>0,2; 0,1¢ (MAF)< 2. In our experiments another criterion
of the Fisher analysis was also used: the straightness of (&nco-(y) plots.
Thus the conclusion can be made that the Fisher approximation can be applied
to our case. In (5) the conditions of indium diffusion along the S$w-Ge bounda-
ries are considered in details.

Four diffusion annealings were performed at different pressures: atmo-
spheric and 3.9, 7.2, 11.5 kbar. The annealing time was 144, 36, 75, and 28
hours, respectively. The pressure in the chamber was held with an accuracy of
10,2 kbar. The coefficient of indium diffusion along interphase boundaries
was found to depend nonmonotonously on the misorientation angle (Fig.1). The
maximum values of the diffusion coefficient are observed on special boundaries
with the misorientation angle 1°, 31°, and 40° (the values of the reciprocal
density of coilncidence sites 3 being equal for these boundaries to 1, 17,
and 5, respectively).
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The coefficients of the bulk and boundar{ diffusion decrease with the
increasing pressure (Figs 2 and 3, respectively), and on special interphase
boundaries the diffusion coefficients drop more rapidly than on non-special
boundaries. The activation volume V* of diffusion along interphase boundaries
is obtained from the pressure dependence of the diffusion coefficients

Vi=-kT (26nD/3p) (1)
Our experiment shows that the activation volume VE is 4.0 cm3/mol for
bulk diffusion of indium in tin parallel to C axis.(At the temperature of
the experiment the diffusion flow of indium from the interface occurs only
into the tin bulk, the coefficient of bulk diffusion of indium into germanium
being negligible (2)., The ratio of the activation volume V* to the molar vo-
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The value of the activation volume of interface diffusion is different
for various boundaries and changes nonmonotonically with the misorientation
angle (Pig.4). The activation volume maxima correspond to special interphase
boundaries. The ratio of the interface diffusion activation volume to the
activation volume of bulk diffusion of indium in tin varies from 1.5 to 5.5.
This means that diffusion along interphase boundaries seems to be a collective
process,

The logarithm of the product of the diffusion coefficient along inter-
phase boundaries at zero pressure Dopand the diffusion boundary width & as a
function of the activation volume is shown in Pig.5 for the boundary set in-
vestigated, The linear relationship observed between these quantities may be

called the pressure campensation effect in analogy with the temperature com-
pensation effect (1). As it follows from the linear relationship between
b‘op-é and V*
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Qn(b‘op'é>=q+ﬁ\/* (2)
(where o and & are experimental coefficients) there is a certain "pressu-

re of compensation"” p. at which the diffusion coefficients along all the
boundaries are equal, i.e.

En (D'§) = Ln (b;p' é) —-PV*/H- (3)

Un (B0)= a+ BV*-pV*/AT = at pp. 6-p/kT (4)
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In our case . =8.3 kbar., This means physicelly that at pressures higher
than p. the coefficients of diffusion along special boundaries are higher
than along non-special boundaries (Fig.3).

In our case the driving force of boundary diffusion is a sum of entropy
term and boundary segregation term. So the measured values AQ'§ are the pro-
ducts of "true" boundary diffusivities end segregation ratios (g~ exp
(u/xT), where U is the heat of adsorption). These contributions cannot be
gseparated in our experiments.

In high pressure experiments we also measure the sum of the "true" acti-
vation volume of interphase diffusion and the adsorption volume V., . V&,
is the volume change in the transition of indium atom from lattice to the
boundary. In the same time one tin atom migrates to the lattice from the
boundary. We mean that volume change of this process is negligible:

* S T As S
Vaa = V"=V m V- VT (s)
where Vg DT and Vi™°~ are atomic volumes that correspond to the positions
of atoms in the boundary and lattice, respectively. Let us imagine that
indium atom migrates from the lattice site into the boundary interstitial.
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*
Even in this case the value of bha is probably less than atomic volume.

The values of & are proportional to cod (6), Co 1is the bulk solubi-
lity of . in Sw . The value of c, is relatively great: C,~ 6% at.
Thus we can say that in our case the adsorption contributions do not affect
significantly our basic results,.

Thus, we have shown that the activation volume of diffusion along inter-
phase boundaries is much higher than the activation volume typical of vacancy
single diffusion mechanism. This effect is most pronounced for special
boundaries, and with the increase in the interface perfection (with the
decreasing the reciprocal density of coincidence sites 2. ) the activation
volume (and the activation energy) rises (Fig.6).
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