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Influence of near-surface inhomogeneity on the
optical properties of II-VI compounds and their
solid solutions

Solid solutions (compositional disorder)

» Peculiarities of II-VI compounds (structural disorder)

Optical properties of CdS,_Se .

 Self-assembled near-surface potential well in CdS,_Se ..



Solid solutions (general properties)

Lattice constant versus concentration x Energy gap versus concentration x
(Vegard law) E (x)=E A(1-x)+E Fx-bx(1-x)
4,15 4,15 " | | 1is

T T T T
0.0 0.2 04 0.6 0.8 1.0
X

X

Compositional disorder:
the density of the states photoluminescence

0.9

000 D04 008 012

Luminescence intensity (a.u.)
=]
®

oty of slabes, a.u.

03
_\\J\- —.
1 .Ilr"'ll. o | 0.0 .
0.00 0.04 0.08 a.12
—_‘-ﬁ-\x\_ .Illh"l._ e Relative energy , eV
T | — | T I T I T
- . 213 40 = &0

Locakzation enargy. meav Permogorov S., et al , Phys. Stat. Sol. (b) 113 (1982) 589



ARTIRAORT

Peculiarities of II-VI compounds

Two basic crystal structures

(sequences of close packed planes (111) along [111]-direction)
zinc-blende

wurzite.
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Peculiarities of II-VI compounds

Phase transitions from zinc-blende to wurzite in dependence of
concentration x

Transformation of electron structure near I'-point

zinc-blende structures with stacking faults wurzite
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Fedorov D.L., J. Luminescence 52 (1992) 233.
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(220) reflection profeles obtained
with CuK , radiation on CdS

CdS,_Se, crystals

0.5).

Structural peculiarities of the CdS,  Se, crystal

Experimental HRTEM lattice image
viewed from the [110] direction showing
an intrinsic stacking fault of type I, within

the hexagonal CdS,_Se_(x
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Optical spectra of CdS,_Se_ crystals
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CdS,_Se, crystals

Areas with different spectral structure of luminescence

CL- and SE-images and CL and reflection spectra obtained from CdS ;Se, ; crystal:

a — CL-scanning at E = 2073 meV;

b — CL-scanning at E = 2063 meV;

¢ — SE-image;

d — CL- and reflection spectra: 1 — from bright micro-areas (micro-hills); 2 — from light zone; 3 — from darker
zone; 4 — reflection spectrum.
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B. V. Novikov et all, Phys.stat.sol. (b) 229 (2002) 69



CdS,_Se, crystals with low Se concentration
self-assembled quantum well 1n the near surface region

Reflection spectra of CdS, ,Se, crystals with
normal (dispersion) and anomaly shape of
exciton line. T =2 K, p-polarization E 1 C.
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CdS,_Se, crystals with low Se concentration
self-assembled quantum well 1n the near surface region

Reflection spectra of CdS, ,Se, crystals (x=0.008)
at oblique incidence of light. T =2 K,
p-polarization E L C.
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CdS,_Se_ crystals with low Se concentration
self-assembled quantum well 1n the near surface region

Multistep model for near-surface potential well

V(2)

meident

The relationship between the excitonic polarization P
and electric field E at light frequency @ near bulk
resonant frequency o;:

Bj’ Vi—0; +@" —io T, + ?V*(z)}P(R, w) = B,0;E(R, ®)
V*=V’+iV’’ - exciton potential.

The real part describes the coordinate dependence of local
resonant energy.

The imaginary part describes a z- dependence of the
damping parameter ['(z) = 2V’’(z)/h.

Used potential:

V(Z) — Ule—(z—zl)/Ll . Uze—(z—zz)/Lz + l-U3e—(z—Z3)/L3

1. H. Azucena-Coyotecatl, N.R. Grigorieva, F. Perez-Rodriguez, A.V. Sel’kin, et all, Thin solid films 373 (2000) 227
2. H. Azucena-Coyotecatl, N.R. Grigorieva, F. Perez-Rodriguez, A.V. Sel’kin, et all, Superficies y Vacio 9 (1999) 313



CdS,_Se, crystals with low Se concentration
self-assembled quantum well 1n the near surface region

The experimental reflection spectra of CdS,_Se, (x=0.008) obtained at T = 2 K, p-polarization E L C
in comparison with theoretical ones.

The best fit parameter values corresponding to the
theoretical reflectance curve (b) and potential curve (a)
are as follows:

1| U, =U, =0.903 meV, U, =0.53 meV,

[ L,=129nm,L,=41.8 nm, L ,=99.3 nm,

" Z,= 88.9nm,Z, = 19.6 nm, Z , = 42.5 nm;
hop=2543.7meV, B,=1.173+10 3, Ail'; =0.105 meV.

0.0 : The background dielectric constant g, =9.4 was taken to
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CdS,_Se, crystals with low Se concentration
self-assembled quantum well 1n the near surface region

Generalized Morse near-surface excitonic potential:
—(z—z)/L -2(z-z,)/L
U:{Ule v+ U,e Ytz >z,

o0 z < Z
The model Morse near-surface excitonic potential

close to the used potential

25501 The parameter values of this
= 2545 | = potential are:
£ Jeaol | U,=2U,, U, =14.6 meV,
£ - L,=2L,, L, =25 nm,
£ 2535{ | - Z =Z ,=60 nm.
5530 - Longitudinal exciton quantized energy levels are
marked (1 to 29) by lines.
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CdS,_Se, crystals with low Se concentration
self-assembled quantum well 1n the near-surface region

The model Morse near-surface excitonic potential (a) close to the used potential and the corresponding
theoretical reflectance spectra for p-polarization at =45 degrees: b -- low damping, ¢ -- high damping.
Longitudinal exciton quantized energy levels are marked and numbered.
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