
the
united nations

educational, scientific
and cultural
organization

international atomic
energy agency

abdus salam
international
centre
for theoretical
physics

XA9848696

CATASTROPHIC DECHANNELING RESONANCE STUDY
OF In^GacgAs/GaAs MULTILAYERS

Azher M. Siddiqui

and

Anand P. Pathak

2 9 - 5



Available at: http://ww. ictp.trieste. it/"pub_of f IC/98/168

United Nations Educational Scientific and Cultural Organization
and

International Atomic Energy Agency

THE ABDUS SALAM INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

CATASTROPHIC DECHANNELING RESONANCE STUDY
OF Jno.1Gao.9As/GaAs MULTILAYERS

Azher M. Siddiqui
School of Physics, University of Hyderabad,

Central University P.O., Hyderabad - 500 046, India

and

Anand P. Pathak1

The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy.

Abstract

Catastrophic Dechanneling Resonance (CDR) has been used for probing important

properties of Strained Layer Superlattices (SLS). We have undertaken a systematic

study on strain and strain relieving mechanisms in technologically important SLS using

ion channeling methods. Here we present the theoretical calculations on CDR for a 4He

ion beam along the (110) plane in 7no.iGao.gAs/GaAs superlattice using Moliere potential.

CDR is found to have occurred at 1.2 MeV. Also the most regular feature of CDR, the

Incident Angle Asymmetry has been observed.
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1 Introduction

Strained-Layer Superlattices are structures which consist of alternating layers of two ma-

terials of similar crystal structures with a mismatch between the lattice constants of ~ 1%.

Such strained layer structures offer two main advantages over conventional lattice matched

systems: first, different band-gap ranges are achievable through the freedom in choosing

the composition and the second, the strain in the layers. Very recently, ion channeling

technique(l) has emerged as a sensitive tool to measure the strains in SLS. Catastrophic

Dechanneling Resonance(l-4) is the most sensitive of ion channeling techniques for this.

CDR occurs when half wavelength A/2 of oscillatory motion of a planar channeled ion

beam matches the path length per layer (s) of SLS which leads to sudden increase in

the dechanneling after a certain depth. Study of this resonance gives the information on

the strain present in SLS. We have undertaken systematic experimental(5) and theoret-

ical study on strain and strain relieving mechanisms in technologically important SLS.

Harikumar et al(2) have studied the parameter dependence of CDR (i.e energy, incident

angle, tilt angle etc) in GaAsxPl — x/GaP using Thomas Fermi type potentials and a

realistic Shell model potential and their calculations(2-3) were in good agreement with

experimental results(l). They had also carried out CDR study on GaAso.09Po.91/GaP

using various potentials(4). Here we report, to the best of our knowledge, for the first

time, the calculations of the parameter dependence of CDR for 4He ion beam along (110)

plane in 7no.1Gao.9As/GaAs superlattices using Moliere potential.

2 Dechanneling in SLS

A large fraction of planar channeled particles is simultaneously focussed onto the channel

wall as a consequence of resonance.The minimum impact parameter rc defines the cut-off

distance for a channeled trajectory, and if a particle approaches a plane within a distance

rc of that plane, it is considered to be dechanneled. The equation of motion for the planar

channeled particle in an SLS is given by(l-3)

d " ' * ^ ' -**•' • " -js) (1)

where x and z are the transverse and longitudinal displacements of the channeled

particle respectively and x is measured from the midpoint between the planes. Ez is the



longitudinal energy and almost equals the incident energy E, n is the number of layers and

tilt Aw is a result of the elastic accommodation of the strain and is a direct measure of

strain in SLS. ^ ( z ) is the averaged continuum model planar potential due to two planes

surrounding the particle trajectory. The well known Moliere potential can be written as

(2) and further references therein

Y(y) = 2nNdpZlZ2e
2^ai^- (2)

Here Z\ and Z2 are the atomic numbers of the projectile and the target atoms (SLS)

respectively, e is the electronic charge, N is the bulk density of atoms in the crystal, dp

is the interplanar distance, y is the distance measured from the plane and a$ and bi are

fitting constants. For each incident angle (tpo), the trajectory calculations are carried

out for 200 incident particles spaced uniformly between the planes. The trajectory is

traced by numerically integrating Eq. 1 for a given initial ip(= ipo), z(= x0) and z(— zo).

A particle is said to be dechanneled if it penetrates with a minimum impact parameter

rc = 1.25ar of that atomic plane. Distribution of x0 and ipo are tabulated and sorted to

give the depth profile of dechanneling. Total distribution of incident particle is normalized

to unity which implies that total dechanneling corresponds to a situation where yield \

becomes unity. All numerical calculations were carried out on a MicroVax II system with

the help of IMSL Math I Lib™.

3 Results and Discussions

We have studied CDR in the energy range of 0.5 to 2.0 MeV to follow up the experiments

at the low energy accelerators available in India. We can still go further down in the

energy range but then one has to consider the electronic energy loss of the probe beam

in SLS. As mentioned earlier, CDR technique can be effectively used to determine the

strains in SLS; its sensitivity is due to the fact that the tilt angle A?p is of the order of

critical angle for channeling ^(1) . This calculation is done for Ino.iGao.gAs/GaAs, six

layered, 300 AA each (5 = 424.26 AA) which is within the critical layer thickness of the

sample such that misfit dislocations are not generated. The probe is He4 and we find the

CDR energy to be 1.2 MeV by varying the energy over a considerable range. Incident

Angle Asymmetry (IAA) is observed wherein the particles that are incident at an angle

in positive direction are dechanneled between the 2nd and 3rd layer whereas those with



0" incidence and negative angle incidence go quite deep inside. The average dechanneling

fraction chi in the second layer is taken as the criterion for fixing CDR energy. A similar

such study on Ino^Ga^^As / GaAs superlattice indicates that this sample is not suitable

for CDR studies(6).

The figure shows the depth Vs dechanneling fraction for (i) +0.15° (ii) 0° and (iii)

—0.15° incident angles. We have assumed here a tilt of 0.2° at each interface which we

had experimentally determined in an earlier study(5).

In conclusion, we have evaluated the CDR dependence on various parameters using the

Moliere potential. We wish to carry out the experiments on CDR treating this calculation

as the prelude to the proposed experimental work.
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FIGURE 1. Dechanneling Fraction x ^ s CDR depth calculated using Moliere

planar potential for three angles of incidence.


