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STATISTICS OF KINK FORMATION ON DISSOCIATED DISLOCATIONS

H.J. M6ller

Institut fir Metallphysik, Hospitalstr. 12, Universitdt 3400 Gdttiwngen, F.R.G.

Résumé.- En se fondant sur le concept de double décrochement, on a développé un modéle prédisant la
vitesse des dislocations en fonction de la contrainte et de la température. Ce modéle rend compte de
la dissociation des dislocations dans les cristaux semiconducteurs et de 1'existence de constrictions

(comme obstacles au mouvement latéral des doubles crans).

le Ge, Si et GaAs.

On le compare & des mesures de v(t) dans

Abstract.- A model for the dislocation velocity depending on stress and temperature is developed ba-
sed on the concept of the double kink mechanism. It takes into account the dissociation of disloca-
tions in semiconductor crystals and the existence of constrictions (as obstacles for the lateral kink

motion).

1. Introduction.- There is now good experimental evi-
dence that dislocations in many semiconductor mate-
rials /1/ are dissociated and are 1ikely to move in
the dissociated state /2/. A systematic weak-beam
TEM investigation on deformed germanium crystals
additionally showed that the stacking fault ribbon
between the partial dislocations is interrupted by
constrictions at a mean (temperature dependent)

0.1 - 0.3 um /3/. In the following a
‘mode] for the dislocation velocity is developed
which takes into account the dissociation of dislo-
cations and the constrictions.

2. Double kink nucleation rates.- Because of the
covalent bond structure of semiconductor crystals
one can assume a Peierls potential to exist for the
partial dislocations. A dislocation can move by nu-
cleating double kinks on each partial. The nuclea-
tion‘rate‘(per unit length) at which kink pairs are
created on a dislocation segment may be given by
/8/.
J=4d

distance £ =

e /KT (14 ifg)e‘“/T (1)

if one takes into account the existence of a perio-
dic obstacle potential (Ed) a]bng the dislocation
line. (z, = Ed/abpz, bp the partial Burgersvector,
a=period of the Peierls potential, % mean distance
of obstacles). The nucleation energy E of a kink
pair on a partial has shown to be stress dependent
according to /5/.

[

)%

E (1) = EBK - a* (r-1 (2)

with T, = pabps/4wd2, d equilibrium distance of the

o

moving partials, p shear modulus, B orientation
factor, EBK self energy of the kink pair, and

a* = EDK/Tp Y%, where 1. is the Peierls stress for

p

It is compared with v(t)-measurements in Ge, Si and GaAs.

the partial. The elastic interaction of the two par-
tials reduces the external stress t acting on the
single kinks by Te- From equation (2) one can conclu=
de that the nucleation of a stable double kink is
only possible if 7 > Ter It has been proposed, howe-
ver, that for stresses 1 < T the nucleation of a
kink pair becomes possible if a second kink pair on
the other partial is built up simultaneously. Then
one has to supply the energy of the correlatedly
nucleated double kinks :

Y
E (1) = EgK - 2a%¢ 72 (3)

Inserting equations (2) and (3) into (1) obtain the
double kink nucleation rates in the 1imiting cases
and T < Ter

3. Statistical treatment of the dislocation veloci-
ty.~ During the stationary motion of a straight

dissociated dislocation segment of length L both

T>T
Cc

partials remain straight on average and move with
the same velocity. Therefore one can reso]vevthe
motion into identical steps of distance é. If we
start the time t = 0 when one step has just been
finished the probability P(t) that during the time
interval (0,t) the dislocation has moved one elemen-
tary step is equal to the probability that a kink
pair has been created (in the direction of motion)
at an arbitrary point of a partial (and on the other
as well because of the same velocity). Then the
velocity v of the dislocation is given by

(4)

Calculating the probability P(t) that a kink pair
appears at a certain point on a partial (for sim-
plicity at the center) one has to consider that a
second kink pair on the other partial already exists

_ %, 6P
v=a/ ét 3T dt

9
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and the nucleation probability in face of this kink
pair is enhanced (see figure 1, region I}. The mean
Tength s{t) of a kink pair created with the probabi-

Tity P is given by

t t
- AN 5P
5 = 2vy(t-f tﬁdv/é F at) (5)

with v = kink migration velocity.

s= 2yt .
.- g >

T partial 2

I I I

; - partial 1

-— segment lenght L —

Fig. 1 : Dissociated dislocation segment containing
a kink pair on one partial.

To derive simple equations we first restrict oursel-
ves to the limiting cases 1 < e and T > Ter P(t)

may be derived from the follgwing equations.

§P

—S—t=JuS]:1—P:l T > T, (6)
SP -

—(St:Jcs]___l—P:[ T < T, (7

At high stresses the double kink nucleation on cne
partial is not affected by the presence of kink
pairs on the other,.whereas at low stresses the nu-
cleation is only possible with the help of a second
of length s. Furthermore the equations include that
the double kinks are nucleated before an expanding
kink pair would have reached the segment ends (that
means 2L2J/vK >>1). The solution of equation (6) has
been given elsewhere /5/; equation (7) can be solved
numerically. Inserting P(t) into equation (4) yields

2 1

ve=ioa (VKJU)/2 T (8)
2

veos e Wk T (9)

In the stress range =T, both the calculation of the
nucleation rate and the probability P becomes very

complicated. Therefore an interpolation formula may
be tried_/5/ y
v = 2a [yK(Ju+JCZI 2

which approximately contains equations (8) and (9)

(10)

as 1imiting cases. The final equation for the dis-
Tocation velocity is obtained if one inserts JC and
Ju and the earlier derived equation for the kink
migration velocity Vg /4/ (v03101”s‘1)

_ -(E +£)/KT
Vg = Voloe d (11)
Here it is assumed that the mean distance of obsta-
cles the kinks have to overcome is temperature de-

pendent according to ¢ = Qoe'e/KT (11a).
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4. Comparison with experimental results.- It is
possible to fit equation (10) to velocity measure-
ments in Ge, Si and GaAs /5/. A typical result is gi-
ven in figures 2a,b. 5 free parameters were used :

u c _ pu 0 _
Epk + Eq° EDK Epke €» v and Ty Ed/abpﬁo.
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Fig. 2 : Simultaneously fitted v (1) - curves to

dislocation velocity measurements in germanium (a)
and silicon (b).

N

The equation was fitted simultaneously for all tem-
peratures to v(t)-measurements. T, was calculated
from measured dissociation widths d of dislocations.
Values of some derived parameters are given'in table
I. The mean distance of obstacles % (at 0.6 Tme]ting)
2 0.2 - 10 um agrees within the error limits with
the experimentally observed density of constrictions
in deformed Ge /3/ : 4x0.1 - 0.3 um. Additionally a
temperature dependence of £ was observed according
to equation (1lla). Eq could not be determined sepa-
rately from the fit, but is expected to be high

(> leV) because of the large values of DBK + Ed'

The increase of the nucleation energy ESK - EBK at
lTow stresses is rather small which is not really
understood. The prefactor Vo = Jobp is of the order
of 10° s7! as expected. At high stresses equation
(10) may be approximated by the well established

equation /6/
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Q =% (EN, + Eq + €)/KT (13) Phys. Status Solidi (a) 45 (1978) 207.
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cles on the dislocation velocity. /3/
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Table I : EBK’»EB double kink nucleation energy ( . ) .
(at higﬁ and low stresses, respectively), /4/ Rybin, V.V. and Orlov, A.N., Sov. Phys. Solid
Eq obstacle potential, € binding energy State 11 (1970) 2635.
of the ohstacles to dislocations, v, fre- MG11 H.. J. Acta Metall. 26 (1978) 963
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Ge(60%) Ge(0% $1(609) $1¢00} Grfs @y Gabs{BY
D, * Ep 2.5 2.4 3.5 3.5 1.3 2.3 eV
ESy ~ Ebg 0.5 0.2 0.3 0.3 0.1 0.15 &

€ 0.6 0.6 0.9 0.8 0.1 0.2 &V
Yo 1086 108-8 1096 1093 1087 1084
140.6T,) 0.2-1.3 0.3-20 0.5-40 04480 0.7-20 1.8-16 pm
T 4.3 6.7 4.7 5.3 6.2 3.7 N/sm2

d 45 2% b4 [74 - . - L




