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Identification and dynamic characteristics of the defects responsible for the radistion
enhancement of atomic mobility in concentrated a-Ap» alloys
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Strain-relaxation measurements were conducted in order to follow directly under flux the enhanced rate of
the stress-induced ordering which occurs in a Ag-30-at. %-zn alloy, as a result of electron irradiation.
From the consideration of activation energies for the quasistationary and stationary states, the migration

energies for the two types of elementary defects involved in the observed. enhancements were measured to be
0.56+0.02 and 0.94+0.02 eV, respectively, for the faster- and the slower-moving species. Further, direct
comparison, for specimens in the well-annealed or prequenched condition, of the buildup profiles until a
stationary regime is reached, together with quench studies, enabled the unambiguous identification of the
faster-moving defect in the irradiated alloy as the single vacancy.

I. INTRODUCTION

Much experimental effort has been directed in
the past years towards the determination of the
radiation-enhanced ordering rate in binary sub-
stitutional alloys. This effort was motivated
both by obvious technical implications for the
behavior of reactor materials and by more funda-
mental. purposes. Although many data are avail-
able in the literature, ' ' mainly for Cu- and Ag-
base al.loys, the results obtained concerning the
properties of the elementary atomic defects and
the ordering mechanisms involved are not con-
clusive. With the exception of Lam and Roth-
man, ' all previous workers have assumed that the
defect mobilities are analogous to those in pure
metals and implicitly supposed that the migration
energy of the interstitial is smaller than that of
the vacancy. However, as was recently under-
lined, ' no calculations of the relative energies
of vacancy and interstitial migration in concen-
trated alloys exist at the present time. Further,
comparisons of the measured activation energies
with the vacancy migration energy were not direct
since they were generally referred to the migra-
tion energies in the solvant metal. s, due to the
lack of information about the binary alloys.

Most prior work was based on the use of
electrical-resistivity measurements to follow
the kinetics of the short-range ordering. For a
more selective and sensitive determination of
this parameter to be made, measurement of the
stress-induced (Zener) ordering rate has been
preferred in the present study. The corresponding
experiments were performed directly under flux
(i.e., continuously, at the temperature of the
irradiation) so that the ordering rate was obtained
at every instant of the irradiation. This type of

study is shown to bring out all of the necessary
information relevant to the nature and the mobility
of the defect species which contribute to the ra-
diation enhancement of atomic mobility and order-
ing rate. Application to a Ag-30-at. '%%ug-Zn alloy
irradiated with 2.5-MeV electrons is reported.
Ag-Zn was selected because the characteristics
of the Zener rel.axation and the thermal-vacancy
parameters are well known. ' In addition, radia-
tion-enhanced short-range ordering has been
studied by electrical-resistivity measurements
in Ag-9-at. /p-Zn, ~ and the self-interstitials were
shown to have strong binding with the undersized
Zn solute. " Finally, this same system was used
recently to model the segregation of Zn in Ag
under irradiation. ""

In this paper, the results for both the quasi-
stationary and the stationary enhanced-ordering
rates are given. The relative mobilities of self-
interstitial. s and vacancies together with their
respective migration energies are inferred.
Also, the specific role of the vacancies was de-
termined by means of combined quench and ir-
radiation experiments. A discussion of the proper-
ties of the self-interstitials is contained in the
fo1.lowing paper. "

II. METHOD AND MATERIAL

The physical parameter which is used to gain
the desired information is the rate at which di-
rectional order is established, as a result of an
applied stress. It can be shown that the rate of
this so-called Zener relaxation is related to the
instantaneous concentrations c& and mean rates
v&* at which atom-defect interchanges occur by"
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where the n's are efficiency factors and

vP = vf,. exp(-EP/kT) .
Effective jump rates v* are distinguished from
defect mobilities v to take into account the fact
that not all atom jumps are equally efficient in
producing directional order.

The experimental procedure is simple in con-
cept. At appropriate times in the irradiation
schedule, a change in the state of stress is ap-
pl. ied to the specimen which is initially in elastic
equilibrium and the resulting strain is measured
as a function of time. The anelastic strain re-
laxation is then analyzed by methods described
in the literature. ' Three cases can occur: First,
under equilibrium conditions, the anelastic re-
sponse curve is entirely defined by three parame-
ters, namely. , the relaxation strength, the average
relaxation rate, and the width of the distribution
spectrum of relaxation rates. This spectrum,
which arises from the dispersion in local en-
vironments and atom jump rates in the disordered
solid solution, has been shown to obey, in the
Ag-Zn alloys under consideration, a log-normal
distribution. ' The central quantity is the weighted
mean relaxation rate of the normal. ized distribu-
tion of relaxation rates. It can be derived easily,
together with the distribution width, from a single
rel.axation curve. " Second, in nonequilibrium
conditions, the relaxation rate is determined by
the delayed relaxational method. ' The chief con-
cern is to avoid ihe problem of a possible simul-
taneous variation of the mean relaxation rate and
the distribution width as the relaxation proceeds.
The solution consists to reestablish during every
successive measurement cycle the same initial
(fully relaxed) supersaturation state and to trigger
the relaxation after variable delayed times. Berry
and Orehotsky' have shown that the xn~tial slope
of a family of delayed relaxation curves is,
within a given constant, equal to the average re-
laxation rate at the very moment selected to
start the change of stress. Consequently, the
proper kinetics for the evolution of the relaxation
rate are derived from this procedure without any
restriction on the spatial homogeneity of defects
or on a possible variation of the distribution
width. Third, if the evolution satisfies the con-
ditions of an homogeneous defect distribution, as
was verified for the case of the very low defect
concentrations involved in the present experi-
ments, then the local, slope of any rel.axation
curve can be used to obtain the proper instan-
taneous ordering rate, paying due regard to the
predetermined values of the distribution width. '

The starting material was an Ag-30-at. %-Zn
alloy prepared by melting in a quartz tube under

III. PHENOMENOLOGICAL BACKGROUND

A. General balance equations

The following equations which express the
balance between the rate of production and the
rate of elimination of radiation-produced defects
are the equations most widely used to describe
the dynamic equilibrium which is established in
metals and all.oys exposed to a bombardment by
energetic particles"'":

dCy = oe p p„c„vu Zci (co +cth )(vi + vy) yl

dc& = veP —p;c, v; —Zc;(c„+c„)(v;+ v„) .
dt (4)

In these expressions, the production of freely
migrating defects is due to flux P, with efficiency
equal to the product of the displacement cross
section 0 and the number e of uncorrelated
Frenkel pairs emitted by primary knock-on.
Their annihilation is both by mutual recombination

vacuum the required amounts of 99.9999% pure
Cominco Ag and 99.99995%%uo pure Zn supplied by
the Laboratoire d'Electronique et de Traitement
de l'Information du Centre d'Etudes Nucleaires
de Grenoble. The specimens were strips 250 p.m
&&2 mm && 10 mm obtained by cold rolling. They
were given a 5-day anneal at 700 'C under vacuum,
followed by a slow cooling. This treatment pro-
duced a grain size larger than 0.2 mm and a low
disl. ocation density. Then the specimens were
mounted in an inverted torsion pendulum with
negligible inertia and alternately loaded and un-
loaded in torsion. The anelastic strain response
curve was followed by means of a photocell de-
tection system, with a sensitivity of about 10 4

angular degree; that is, one part in ten thousand
of the total anelastic displacement. Automatic
data acquisition allowed a displacement measure-
ment to be recorded every second.

The radiation study was done with the device
working in line with a Van de Graaff accelerator,
in a constant flux of 4 x 10'~ or 4 x 10"e /cm' sec.
The corresponding defect production rates are
extremely small [about 4 x 10 "and 4 x 10 "
(displacements per atom)/sec, respectively].
Irradiation temperatures were between -70 and
+140'C, that is 0.2 to 0.4 of the melting tempera-
ture in Kelvin. The induced defect concentrations
in dynamic equilibrium were of the order of 10"'
to 10 "atom '. For the quenching experiments,
the specimens were heated in situ and quenched
by raising a water bath precooled to 0 'C, until
immersion. The corresponding cooling was
roughly linear, at a rate of about 500 'C/sec.



18 IDENTIFICATION AND DYNAMIC CHARACTERISTICS OF THE. . . 4929

0

CJ

10
I

-IQ
10

IO

IO

10

I

10

t,„(sec.)

IO

continues until a quasistationary level is reached,
for which the concentrations of the two species
are still equal. Progressively, the amount of
faster-moving species being eliminated on dis-
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FIG. 1. Estimated buildup profiles expected for the
defect concentrations and associated atomic mobility
during an irradiation with a constant flux. Numerical
values of v& = v& =2.5x10 exp (-0.55 [eV] /kT), Z= 18 and

vs =v, =3.9x10~9 exp (-0.94 [eV] /kT), o'& —-&s=1 were
anticipated. Calculation was done for a temperature of
313 K and a defect production rate of 3.2x10 ~~(displace-
ments per atom) sec-', corresponding to a flux of roughly
4x10~ e /cm sec. The sink density was 10 '0 at ~. It
was assumed that freely migrating defects of either type,
vacancy or self-interstitial, were produced in equal
numbers, which is the case for electron irradiation.

characterized by a recombination factor Z, and
by elimination at fixed sinks having a density p.
In fact, p includes the efficiency of the sinks,
which has to be distinguished for the two types
of point defects; cth is the thermal concentration
of vacancies.

The numerical solution of these equations leads
to the evolution of the defect concentrations
versus time-of-irradiation profiles shown in
Fig. 1(a). The newly introduced subscripts f and
s in the figure denote, respectively, the faster-
and the slower-moving species in the matrix,
whichever they are. The physical meaning of the
transient shape until a steady state is reached is
as foll.ows: During the first moments of the ir-
radiation, the created defects are simply stored
in the lattice, and-this leads to a linear increase
in their concentration. Then, due to the increased
concentration levels, recombination events become
significant, resulting in a curvature which is
controlled by the recombination factor Z. This

Transposition of this scheme into mobility
curves results in the pattern given in Fig. 1(b).
The atomic mobility associated with the faster-
moving species goes through a characteristic
maximum before the curves for th6 two species
join to satisfy the steady-state condition. Finally,
the mean atom-jump frequency under irradiation
is the sum of c&v& and c,v„and the measured
Zener relaxation rate v' ' is the weighted sum of
these quantities, as indicated by expression (1).

Two cases are of special interest, for which
the balance equations can be solved analytically.
First, the mathematical treatment for the steady-
state condition (sc„/et = &c;/&t =0) leads to sta-
tionary values for the defect concentration, which
are

cv 2 Z
+ cth

—(,-)'
40'cQ p] v]

Z p„v„(v; + v„)

2 (Z(~&+~,} P;~i
2

povv Avv c
g(v, +u„) p;v, '")

4(Tef p„v„
ps va (vt + va)-

Hence, in the limiting conditions of low sink
densities (p=0) and low temperatures (v, « vz),
neglecting thermal vacancies against the radia-
tion-produced vacancy concentration, the station-
ary rate can be written

Tst = Qsvs+ + Af

or, alternately, if one assumes v*= v,



4930 M. HALBWACHS A WD J. HILLAIRET 18

dc—= &eQ —Zc'(vT + v, ), (10)

whose integration leads to

c„=c, = [(Tap /Z(VT+ v, )]~'tanh(«(I)Z(VT + v, ))~'t .

T.&' = (~.+ ~T)[(«4/Z)v. l '. (9)

Second, with the above assumption of a low
sink density the transient, until the quasistationary
maximum corresponds, as a first approximation,
to pure recombination (p, = p„=0). Since c„=c„the
general balance equations condense into one single
expression

species in the alloy. The maximum relaxation
rate 7,,'t is directly related to the mobility of the
fast defect by

14()t —(c[Tvt + Qzvz+)[«Q/Z(v/ + vz)]

that is, with the same assumptions as in (9),
T-1 Q [((Tep/Z)v ]1/ 2

(14)

(ii) More generally, the mobility of the faster-
moving species in the alloy, whether or not it
participates in directional ordering, is provided
by the characteristic time t*, since this time does
not depend on the efficiency factors n~ and n, .

d7 = ( O)T Vt}(' + O(z Vz+)«Q —QT(TeQ VT*
4

0
(13)

is a measure of the mobility of the faster-moving

From this expression, it can be seen that c in-
creases initially according to dc/dt =«Q and that
it tends towards a quasistationary level c„&
=[«((()/Z(VT+ v, )]'" for long times. Also, a
characteristic time I;* can be defined, which
corresponds to a fraction (e-1)/(e+ 1)=0.462 of
the asymptotic concentration. It is equal to

t *= I/[4«ys(VT + v,)]"=.I/[4(Te(l)Z v/]" . (12)

Transposition of these results to the rate curves
leads to the foll.owing conclusions:

(i) If a maximum exists in the relaxation-rate
versus time-of-irradiation curve, it demonstrates
that the faster-moving species in the alloy brings
a significant contribution to directional order.
Since n& is nonzero, the initial slope, as given by

Qc—=(Tap —Zc(c+cp)(v, + VT), (16)

where c~ is the concentration of preinjected de-
fects. Integration of this expression leads readily
to

B. Predoping effects

This part is devoted to the special case when
point defects, vacancies, or self-interstitials,
have been selectively introduced into the crystal
lattice prior to irradiation. The modifications to
the radiation build-up profiles by the presence of
these supplementary defects have to be analyzed.
It is assumed that the preinjected defects have a
low mobility at the temperature under considera-
tion and are eliminated on dislocation sinks at a
negligible rate. The irradiation condition is again
one for which both species, vacancies and self-
interstitials, are created and eliminated at
parity. Their excess concentration, at every
instant, is such that

-cp + [cpz + 4«Q/Z(v +v/)z] z[cp + [cp + 4«Q/2(vz+ v/)] + c]' z 4(T&f

VV [00+40'04/Z(V VV)}
—[-00+[00+40'04/Z(V VV)} -0} . ' Z(V +VV) )

(18)

and

It can be inferred that the transient curves upon
irradiation should exhibit the same initial slope
as in the undoped specimens, but different build-
up times and modified quasistationary levels.
More precisely, the characteristic times and
quasistationary defect concentrations in excess
of c~ for a predoped specimen, relate. ve to the
corresponding values in a nondoped condition,
can be written, from expression (17),

tp+ 2[(TC(t)Z (vz + v/)]
tp+o Z(vz+ vT)[cp+4(Teg/Z(vz+ v/)]

c...)p -c, + [cp+ 4(Tep/Z(vz+ VT) J
'

c,.4lp=. 2[«0 /Z(v. + VT))
' (19)

(It is to be noted that, in the predoped condition,
t* corresponds to a fraction (e-1)/(e —a) of the
asymptotic level, where a is between 0 and 1
according to the concentration of preinjected de-
fects. ) Two experimentally attainable cases are
of great interest; they deal with the predoping
defects of the slower-moving species and the
faster-moving species, respectively.

The predoping with the slower-moving defects
can be achieved by suppression of the flux once
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FIG. 4. Temperature dependence of the slope of the
initial linear buildup of the rate curve, on application
of a constant electron flux of 4 X10u e /cm2 sec.

FIG. 5. Temperature dependence of the quasistationary
relaxation rate, at a constant flux of 4x 10' e /cm2 sec.

relaxation rate with time of irradiation which was
observed on application of an electron flux. The
rate curve at the measuring temperature of + 60'C
exhibits an initial fast transient up to about 200
sec, followed by a slow decrease which extends
over several hours, until a steady level. is
reached. Thus, its general shape is in agreement
with the predictions of the models presented above.
Further, a detailed comparison has shown that
the transient up to the maximum obeys the analy-
tical. form given by expression (11) for the pure
recombination case. '

The variations with temperature of the two
parameters which define this part of the build-up
curve, i.e., the initial slope and the quasistation-
ary rate, have been studied in a constant flux of
4x10"e /cm'sec. In Fig. 4 the measured initial
slopes are shown in an Arrhenius plot. They
have been determined over almost six orders of
magnitude. Over the broad temperature range
studied (i.e. , -70-+ 70 C) the data points are well
represented by a straight line. An activation
energy of 0.56+ 0.02 eV is derived, which is the
ordering energy EP' associated with the faster-
moving species in the alloy. The same type of
information was obtained independently by mea-
surement of the temperature dependence of the
quasistationary rate. This was done for tempera-
tures ranging between -10 and +70'C (Fig. 5).
Again an activation energy of 0.56+ 0.02 was
found.

Turning to the stationary condition, Fig. 6 is
an Arrhenius plot to show the variation of the
stationary relaxation rate with temperature. A

good linear fit was observed over the whole
temperature range studied, between + 40 and
+140'C, indicating a single activation energy of
0.4V eV. A value of 0.94+0.02 eV is inferred for

140 120 'l00 80 60
e('c)

40

~
f =4x10 e /cm sec.

E=0.47 eV

=0
E=1.37 eV

15
2.4 2,6 2,8

I I I

30 3.2
'llT (10 K )

FIG. 6. Temperature dependence of the stationary re-
laxation rate, at the same flux of 4 x10'~ e /cm2 sec.
To show the radiation-. induced enhancement factor, data
points obtained in conditions of zero flux have been re-
ported also.
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the effective migration energy of the slower-
moving species. Finally, it is to be noted that,
using (8) and (12), comparison of the stationary
and quasistationary enhancement levels leads to
preexponential factors v,& and v„which differ
by five orders of magnitude. This result has
been discussed in soine detail elsewhere. "

V. QUENCH RESULTS

One of the specimens used in the present radia-
tion woek was given successive quenches from
temperatures ranging between 145 and 210'C,
for which the equilibrium vacancy concentrations
are 7.6 && 10 "and 1.8 x 10 ' at. fractions, re-
spectively. ' After every quench, the tempera-
ture was rapidly raised up to the appropriate
anneal. temperature, i.e., between 80 and 120'C.

The ratio of the relaxation rate after a quench
and a further annealing treatment to the one at
thermodynamical equilibrium at the same temper-
ature is a direct measure of the vacancy super-
saturation, as given by

(r 7th )/Tth ——(Cy —Cy, th )/Cy, th ACy/Cy, th ~

(22)

The kinetics for the elimination of this super-
saturation are easily derived from the decrease
of the relaxation rate during isothermal anneals,
as measured by the initial slope method. Figure
7 is a semilog plot of the evolution with annealing
time of this parameter. It can be seen that the
kinetics are first order for all annealing tempera-
tures, as expected for an elimination of single
defects on fixed sinks. More precisely, the
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(Fig. 2), this result is a clear-cut demonstration
that vacancy-type defects are responsible for
the initial part of the buiM-up curve, the one
controlled by the faster-moving species in the
alloy.

VII. DISCUSSION

Complementary information about the properties
of the faster-moving radiation defect —the vacan-
cy—can be inferred from the consideration of
the various parameters which characterize the
irradiation curves.

(i) The characteristic time of about 100 sec at
60'C which is found in Fig. 3 corresponds to a
defect jump frequency of 10' sec ', as is readily
derived from the analytical expression for t*.
In this calculation, the displacement cross section
was taken equal to 100 b,"e =0.8 and Z = 18."
Assuming the attempt frequency v, ~ to be of the
order of 10'~ as is usual, an activation energy of
roughly 0.5-0.6 eV is inferred, This supports
identification of the vacancy as the faster-moving
species, since the vacancy migration energy as
measured after quenching is in this range.

(ii) Prom the temperature variation of the
initial. slope of the build-up radiation curve, as
shown in Fig. 4, an activation energy of 0.56 eV
is derived, that is the same as for vacancy mi-
gration. This means that the faster-moving
species does contribute to the ordering process,
which is consistent with the presence of a max-
imum. It is to be noted that the determination of
this slope requires only a short measuring
period, that is a very low number of defect jumps.
Typically, at 20'C, in a flux of 4 && 10" e /cm' sec,
only some 10 sec are needed, which means a
number of defect jumps of the order of 10'. The
maximum defect concentration at the end of this
period is a'eQt =3 && 10 ". This shows that defect
interactions with formation of dimers are highly
improbable. Simultaneously, the observed good
linearity for the build-up curve is a further indica-
tion that vacancy-interstitial interactions, which
are equally probable, are insignificant. On the
other hand, it is realized that most defects
originally produced by the impinging 2.5-MeV
electrons are single Frenkel pairs. Thus, it is
clear that the measured activation energy of
0.56 eV for the initial slope refers to single
vacancies.

(iii) A perturbation of the results by divacan-
cies can be disregarded, for both quenching ex-
periments and radiation work. After Berry and
Orehotsky, the sum of formation and migration
enthalpies for quenched-in thermal vacancies, as
measured in a Ag-30-at. %-Zn alloy, is just the

self-diffusion energy. The numerical values were,
respectively, 0.84+ 0.02 eV, 0.54+ 0.02 eV, and
1.38+ 0.02 eV. All. three energies were obtained
entirely by anelastic methods, which makes their
comparison direct. Moreover, the mean number
of elimination jumps was constant in the whole
concentration range studied, that is 10 "to
5 & 10"9atom '. Further, in the present study,
no curvature could be detected in the Arrhenius
plot of the quasistationary rate under flux, al-
though the vacancy concentrations varied between
10 ' and 2x10 atom '.

Now the relation between the vacancy jump
frequency and the ordering rate has to be con-
sidered. The mobility of vacancies influences the
ordering rate in two ways. First, it controls
the lifetime of vacancies and hence their concen-
tration under flux. In this respect, although the
vacancy interchanges alternately with atoms of
either type A or S of the constituant elements,
the two types of jumps cannot be distinguished in
the definition of the average migration rate of
vacancies to sinks and the associated lifetime.
The vacancy mobility v„ is simply the sum v„+ va
of its interchange frequencies with atoms of type
A. and B. Hence, the vacancy migration energy is

9

&(1/kT) v~+ vs )
'ln (25)

On the other hand, the relation between these
jump frequencies v„and v~ and the resulting
ordering rate is more complex. Cl.early, not
every atom jump does participate in the ordering.
To evaluate the ordering rate, only A-B or B-A.
jumps are to be taken into account. A weighted
frequency v* must be used, as defined by

2/v* =Z(1/v„+ 1/vs), (26)

where E is a constant. "'" Then the activation
energy E* associated with v* is

1 1)(ln —+ —~.
&(1/kT) v„vs &I

' (2V)

As a consequence, while the vacancy lifetime as
measured in quenching experiments is determined
by the faster jump, the ordering rate is controlled
mainly by the slower jump.

Attention has been given to this problem in the
alloy system under consideration. The frequen-
cies v„and v~ are related to the diffusion coef-
ficients for the corresponding radioactive tracers
by

DA c vA@/ A Ds vB /~B (28)

where Cz and C& are the atomic concentrations of
constituants A. and B. For the Ag-30-at. /0-Zn
sol.id solution, diffusion measurements between
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500 and 700'C lead to"

Ds,, = 0.29 exp[-1.56 (eV)/kT],

Dz, = 0.46 exp[-1.53 (eV)/kT J .
(29)

(30)

Zn appears to diffuse faster than Ag, but the
activation energies are very close, which indicates
that E„*and E„"should not differ markedly. The
discrepancy between the absolute values as de-
termined by classical diffusion techniques and
anelastic Zener measurements has been dis-
cussed in the literature. "

Along the same line, in a Ag-24-at. '%%uo-Zn alloy,
Berry and Orehotsky' have measured E„*=0.56
+ 0.02 eV and E„"=0.51 eV, with a lower accuracy.
In the Ag-30-at. %-Zn, their result is E„*=0.54
+ 0.02 eV, while in the present work (i) from
quenching experiments, E„" = .025+ 0.04 eV, (ii)
from initial build-up rate, E„*=0.56+ 0.02 eV,
(iii) from quasistationary ordering rate, 2E„*—E„
=0.56+ 0.02 eV. All these variations are not sig-
nificant. At any rate, it can be said that the
difference between E„and E„, if it exists, is
very small.

From the above considerations, one is led to
conclude that the single vacancy has a higher
mobility than the self-interstitial. . In fact, the
migration energy of the self-interstitial is 0.94
+0.02 eV, as is derived from the activation
energy characteristic of the stationary regime
(Fig. 6). On the other hand, comparison of the
quasistationary and stationary enhancement levels,
using (9) and (15), leads to a preexponential
factor v„. which is five orders of magnitude larger
than v,„. However, it is noted that this latter
result was obtained assuming that p; equaled p„.
This point together with the other parameters,
such as n; and n„, which define the relative con-
tributions of the self-interstitials and the vacan-
cies to short-range ordering, will be discussed
in more detail in the following paper.

VIII. SUMMARY

Experimental evidence has been presented that
the single vacancy is the faster-moving species,
in a Ag-30-at. '%%uo-Zn alloy exposed to electron
irradiation. This defect was shown to control
the initial transient of the enhanced ordering rate
on application of an electron flux. Further analy-
sis is needed to understand the physical reasons
why the self-interstitial is slowed down. Much
technological and theoretical interes. t is attached
to this phenomenon. Of particular interest would
be the study of the extent to which the observed
inversion of defect mobil. ities extrapolates to
lower concentrations in the Ag-Zn system and
whether it applies as well to other alloy systems.

APPENDIX

!
1 p~ «Ql" (py «Q 4«P I

ps Zvs j k ps Z'vs Zvf ]

Hence, assuming p, v, to be smaller than pfvf
leads to

cy, ps~
= [(Ps/Pf)(«kvsl+~f)J'

(A2)

(A3)

that is, the quasistationary concentration for the
fast species is equal, in the predoped specimen,
to the stationary concentration. As a result, with
the assumption that vg'= vf and v,*=v„ the ratio
of the quasistationary and stationary rates is

~i[(p./px)(«g/&) v ]"
~ t. Ip"-o [+ + +f(P /pf)J[(py/P. )(«y/&)v. 1"'

(A4)

Assuming n,p~&& nqp, (Ref. 14) gives
-j. I "xI

rest lP ~St 1P=P ~

The characteristic time t~* can be written

2

[(ivy/p. v.)+4J" ' '
(A5)

(A6)

It is shorter than in the undoped condition.
The resulting profile is given in Fig. 2. The

most striking modification of the radiation curve
due to the predoping is the suppression of the
quas istationary maximum.

The purpose of this Appendix is to evaluate the
influence of a selective predoping with the slower-
moving species on the build-up profile of an ir-
radiation curve. As was explained in the text,
this treatment can be achieved by suppression of
the flux once a stationary regime has been ob-
tained, followed by a controlled anneal to eliminate
the faster-moving defects. Since the stationary
concentration of these fast defects is much lower
than that of the slow defects (Fig. 1), only the
latter defects- remain and in an almost unaffected
number. Their concentration c~ is given by

c~ = c, „=[(py/ps)(«y /Z vs) J
' . (A1)

The irradiation profile for a predoped specimen
is defined by the characteristic time of the initial
build-up rise, the quasistationary level, and the
final stationary l.evel. . Obviously, the final. sta-
tionary concentration is not influenced by the
predoping, since the preinjected defects are
annealed out at sinks after a finite period of time
and consequently their contribution vanishes.

The quasistationary concentration in the pre-
doped condition is obtained by introducing ex-
pression (Al) in expression (16). One obtains
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