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ABSTRACT. The Electron Beam Induced Current (EBIC) technique has been
widely used 1o imapc the recombination activity of vanous extcnded defects
including dislocations and grain bonndarics in seiniconductors. In this paper, we
deseribc a Moule Carlo algorithin thal we have developed to simulate the EBIC
eonlrast at a defect of arbitrary shape loeated undcrneath the Schottky contact.
Then we discuss the results that we have obtained for a disloeation perpendieular
to the surface.
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1. Introduction

Extended defects such as dislocations, grain boundaries and preeipitates affect to a large
extent the electrical properties of semiconductors. In general, they contribute to the carrier
seattering and recombination. They reduce the mobility and the lifetime of the majority and
minority carriers respectively. As a result, the performance of semieconduetor devices such
as solar cells, photodetectors and bipolar transistors are drastically affected by the presence
of these defects. Electron Beam Induced Current (EBIC) technique has been extensively
nsed to observe the recombination activity of various defects (Holt, 1989), and (Tabet
1991). The recombination of the carriers at the defects leads to a current loss and the
formation of a dark contrast. Fig. 1 gives an example of EBIC image obtained on a Aw/'Ge
Schottky contact. The dark lines are active defects..
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The first comprehensive modcl of the EBIC contrast of
defects has been published by Donolato (Donolato, 1978).
Analytical solutions have been obtained by considering a
simplified description of the defects. For instance,
dislocations and grain boundarics have becen considered as
lincar and planar defects respectively, Donolato (1978a, b),
Pascmann (1982) and Marck {1983).

Monte Carlo simulation is an alternative wncthod that
can provide a more realistic analysis of the recombination
contrast of extended defects Akamatsu (1981) and Joy
{1986). We present in this paper the algonthm that we bave
developed to siinulate the clectrons trajectories in the solid
target, the energy dissipation and the distribution of point-
like carrier generation sources. The EBIC contrast of the dislocation is obtained by
sitnulating the random diffusion and recombination of the

generated carriers. fig. 1. SEM image {a) and
EBIC image of active defects
{dark Jines) in Ge (b).

2. Monte Carlo algorithm

2.1 Electron trajectories and energy dissipation:

First, the electron trajectorics arc simulated using an approach similar to that developed
by Murata ef al. (1971) and Murata, (1974). Figure 2, shows the two scattering anglcs, 0 and §,
of an clectron. The angle ¢ can be selccted randomly between 0
and 2w as follows:

¢ = P] * 2

where Ry is a random number uniformely distributed between 0
and 1.

Assuming that significant angular deviations result only from
elastic scattering events, the scattering angle 0 is calculated
using the following formula: ( Newbury, 1986)

2aR,

l+a—~R,

cosf =1-

Scallering angles

where R, is a random number between 0 and 1, and a s the

screening parameter given by : Fig.2. Scatfering angles
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The step length is delermined [rom the total scattering mean free path 2 by means of the
following equation: Adesida er al. (1980}, Kang-Yoon et al. (1990),

S=-4, InR,

where R 15 a random nurnber between O and 1.

The total scattering mean {ree path 4, is given by

I |
A’fu.' /11-.1’ /1.-.”
A, is the elastic mean free path given by (Newbury, 1986):
A
A, =——— (cfevents)
- o.,N.p

Where N, is the Avogadro’s number. p Is the density and A is the atomic weight of the

target. and G 18 the elastic cross section given by :

A,, 18 the inelastic mean free path given by

P A
Coag,Np

Where ¢, is the otal inclastic scattering cross section given by: (Fonlaine, 1978)

Figure 3 shows the electron trajectories ol 100 electrons ol 20keV encrgy incident on 2
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Fig. 3. Electron trajcclories in Ge, E0=20keV.

The energy dissipation is simulated by

assuming that the electron loses energy Skev
continuously. Thc expression of Bethe _ [

Y (Bishop,l £ .
iE_=_7.35x104 _'O_Z_ In 2_E (Bishop S A 10kev
as AE) (g ) 965) g N

;'? : ‘i 20keV
(keV/cm) S L
. ‘;I.i“ '-..»,._,_'Mh

Where E is the eleetron energy, Z is the atomic Vo T
number, A is the atomie weight of the target, S T e
is the distance along the trajectory, p is the Depth (nm)

density and I is the mean ionization potential
given by: (Newbury,1986):

J=(9.76Z +58.5Z “°}x10” (keV)
The energy loss AE along a scgment of path of length S is approximated as :

Fig. 4. Encrgy dissipation versus depth at
E,H, - Ep ldE’ different incident beam energics in Ge.

Figure 4 shows the profiles of the energy loss per unit depth, —AT", in a germanium target,

as a functiou of depth z for several incident energies E, .

3. Simulation of the dislocation contrast

The generation function g (rj was obtamed in the form of a threc dimensional
distribution of pointlikc sources $; whose coordinates (x;,v,,zi) were taken as the middle of
the path between the successive collisions. The number of carrier geuerated at S; was taken
proportional to the energy loss during the step i. The dislocatiou was considered as a
cylinder of radius rp perpendicular to the surface.

The depletion region of the Sehottky contact was neglected. The carricr lifctime
within the dislocation (tp) is smaller than in its surrounding bulk (tg). The random
diffusion/rceombination of the carriers emitted from each pointlike source was simulated
by considering successive small steps of At duration. The timc interval At was taken as a
small fraction of the carrier lifetime in the bulk or in the defect dependiug on the location
of the carrier. The carrier diffuses along a distance AS = ( DAt)'’? wherc D is the diffusion
constant of the camicr. The coustant D was given the same value in the bulk and inside the
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defect as it is usually done in the analytical models. We have considered values of At that
give a step length AS much smaller than the radius of the dislocation.

A carrier was considered as collected if it reaches the surtace (taken as the edge of
the Schottky contact. The collection probability of the carrier generated at a pointlike
source S; was calculated as the ratio of the collected carriers to the number of carriers
gencrated at S;. The programs was run for two positions of the incident electron beam. The
first position, far away from the dislocation, gives the current in abscnce of defect (Iy). The
second position gives the current I collected when the incident electron beam is on the top
of the dislocation . The maximum contrast was obtained as the ratio:

P N S

max ! o ]O

We have also computed the current collected far away from the dislocation (I,) by
multiplying the number of carriers generated at the depth z, by the colleetion probability
exp(-z/Lp) and summing over all sources S;. The comparison of the two values of
allowed us to test the reliability of our algorithm in simulating the collected current as the
theoretical model provides the exact value of the current in absence of dcfect. The results
show a difference less than 5% between simulated and theoretical values ( Table 1).

Table 1. Comparison of theoretical and simulated current in absence of defect, Lg=1pm.

Eo(keV) 7 10 15 20
| To- Theory 0.914 0.8518 0.7215 0.5758
lo-Simulations | 0.9136 08317 0.7247 0.5576

We have carried out computations to establish the variation of the contrast upon differcnt
parameters such as the primary beam energy, Eq , the dislocation radius, rp, the minority
camrier diffusion length within the dislocation cylinder, LD:(DTD)I"'Z and within the bulk ,
Le=(Dt5)"? . The activity of dislocation is usually described by the parameter v called the
recombination strecngth and given by :

ro (1 l
y= Tl o~ 7
D 7, 1, :
:E [ K] r, =0. Danolale 1891 (UGS}
o

Figure 5 shows the variation of the 5 | \/
maximum contrast upon th¢ incident beam g 5r \ - 0o
cnergy for a dislocation of recombination 5 ) L
strength equal y = 0.1x, LE) / r, = 400nm
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Figures 5 shows also the variation of the contrast versus the clectron range for a
dislocation considcred as a lincar defect (zero radius) and having the same rccombination
strength v — 0.1m. This curve was obtained by Fig. S. Variation of the EBIC versus the
Donolato  (1991) wusing a first  order primary electron vange. The dows are the
approximation for a uniform Generation — sinulated valucs.

Spherc (UGS). Onc can observe a good

agreement between the theoretical curves and the sunulated one for a non zero-radius
dislocation. The conlrast vanishes at low cnergy beam as predicted by both Pasmann
(1991) and Donolato (1991). Notice that Pasmann used a uniform generation sphere while
Donolato used a spherical symmetrical Gaussian Generation. The difference between the
simulated values of the contrast and those obtained with Donolato’s model ranges from 5%
and 28%. 1t should be pointed out that the values of the contrast obtained by Donolato
using the first order approxinmation are 20-30% higher than those obtained by the
Pasmann. This observation points out clearly the scnsitivity of the EBIC contrast to the
generatiop function and shows that our algorithm provides valucs of the contrast that are in
excellent agreement with the theoretical computations.

4, Conclusion

We have developed a Monte Carlo algorithm that simulates the incident clectron
trajectories and the three dimensional gencration of carriers in solids. We have used the
algonthm Lo simulate the diffusion-recombination process of carriers in scmiconductors
and to calculate the EBIC contrast of a surface-perpendicular dislocation. The contrast
dependence upon the energy of the incident beam was found in excellent agreement with
that given by theoretical models.
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