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INVESTIGATION OF THE STRAINS AT ZnSe/GaAs
INTERFACES BY RAMAN SCATTERING *
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Investigations of the strains at the n-ZnSe epilayers grown on GaAs sub-
strate using polarized Raman spectra are presented. It has been shown that
Raman scattering experiment can be used as a method for investigation of
the splitting between the heavy- and light-hole bands in n-ZnSe thin films.

PACS numbers: 78.30. Hv, 61.70. Wp

1. Introduction

There is a renewed interest in the basic properties and potential appli-
cations of semiconductor heterostructures made of I1I-V and II-VI compound
semiconductor materials [1-3]. This interest stems, in part, from the advances
in epitaxial-growth techniques, which have yielded the -capability of obtaining
high-quality II-VI layers on III-V substrates with abrupt interfaces on atomic
scales. The ZnSe/GaAs system is one of such II-VI/III-V systems that have re-
cently attracted considerable attention [1-20]. GaAs is extensively used as a sub-
strate material, because it crystalizes in the same crystal structure as ZnSe and
high-quality and large-area wafers are available. However, there are misfits in lat-
tice constants and thermal expansion coefficients between these two materials. The
misfits cause the introduction of elastic strain and/or misfit dislocations in ZnSe
epitaxial layers and have considerable effects on the band-structural, electrical and
optical properties of ZnSe epitaxial layers [21-23]. The quite small lattice mismatch
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of only 0.27% at room temperature when ZnSe is grown on a GaAs substrate is
attractive for making use of ZnSe/GaAs structure and quantum wells.

In this paper we present investigations of the strains at ZnSe/GaAs interface
by Raman scattering method. The results of these investigations bring new exper-
imental elements to the active field of interfaces and heteroepitaxy between II-VI
and III-V compound semiconductors. For many of such systems one has to deal
with lattice mismatch between the constituent materials which immediately raises
the question about the role of internal strains versus epilayer thickness in the de-
termination of heterojunction properties. This paper shows that Raman scattering
can be a valuable tool in addressing this issue and can complement very effectively
conventional techniques for interface characterization.

2. Description of the strains at the ZnSe-substrate interface

Figure 1 shows band structures of ZnSe at I" point under unstrained and
strained conditions. The valence band at the I" point of the unstrained ZnSe layer
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Fig. 1. Schematic representation of ZnSe (a) unstrained band structure in Ty symmetry
and (b) strained due to biaxial compressive stress band structure in D24 symmetry [8].

consists of a fourfold degenerate Ps/; valence band (J = 3/2, m; = £3/2, £1/2),
separated by an energy Ao from the twofold degenerate Pyjp (J = 1/2, my =
+1/2) lower-lying valence band as a result of spin-orbit splitting. Under biaxial
compressive stress, the uppermost valence band is split into a light-hole Uy branch
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(J = 3/2, my = £1/2) and a heavy-hole U, branch (J = 3/2, my; = £3/2) [5,
24, 25]. In addition, the hydrostatic component of the stress shifts the center of
gravity of this pair and the spin-orbit split-off band Us, relative to the conduction
band. For k = 0 the energy shifts of the three bands with respect to the conduction
band can be calculated [4, 26, 27] as:

AE, 3 = Ey + Ey, (1)
AE3 = —Ey, 2)
By = [2a(C11 — C12)/Cuile, (3a)
By = [-b(C11 + 2C15)/Cii]e. (3b)

Here C;; are the elastic stiffness coefficients, a is the hydrostatic deformation poten-
tial, b is the shear deformation potential and ¢ is the magnitude of the strain tensor
components. The ¢ is defined to be positive for compressive strain. The equations
above show features in band gap shifts. The hydrostatic part of in-plane compres-
sive strain increases the energy distance of all three bands to the conduction band
(for a being negative), whereas the shear deformation part pushes, for negative
b, the light-hole band (mj; = £1/2) towards lower energies and heavy-hole band
(my = £3/2) towards higher energies with respect to the center of gravity of the
J = 3/2 valence bands levels. For the biaxial stress parallel to the heterointerface,
non-zero components of strain tensor are [24, 28]:

€= —Egp = —€yy = (C11/2C12)€:2, 4)
€2z = (a.L - aZnSe)/aZnSe; (5)
al = agaas + (aznse — ¢Gaas)(C11 + 2C12)/Chu, (6)

where a, is the lattice constant of thin ZnSe layer on the GaAs substrate, agaas
and aznge are the bulk unstrained lattice constants of GaAs and ZnSe, respectively,
and Cj; are the elastic constants.

3. Determination of the strains at the ZnSe-substrate interface by
luminescence and Raman scattering

Figure 2 shows the dependence of the A E values, obtained from Egs. (1)-(3),
for increasing ¢. The experimental data points were obtained from the energy po-
sitions of the free exciton luminescence E; and the most prominent bound-exciton
line I, (called I, therein) in ZnSe films of different thicknesses [4, 9].

As we noted above, the lattice constants of ZnSe (0.5669 nm) [29] is slightly
larger than that of GaAs (0.5654 nm) [30]. Hence the epitaxial growth of ZnSe on
GaAs surface will produce a biaxial compression of the unit cell of ZnSe in the
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Fig. 2. Variation of the conduction band to valence band transition energies as a func-
tion of the biaxial compressive strain. Data points are the shifts in the photolumines-
cence peak energies observed in the experiment [4, 9]. The insert defines the transitions
discussed in the text.

grown surface. Under these conditions the LO phonon frequency w depends on ¢
according to the following expression [7, 31-33]:

Awro = w —wp = 24024 — (2/3)AL2, (7)

- where wq is the zero strain frequency of LO phonon and Af2y and Af2 are given
respectively by

Ay = [(p+ 29)/6w3}[(S11 + 2512)/(S11 + Siz)lwo, ®)
AR = [(p - q)/2w5][S11 — S12)/(S11 + S12)woe (9)
with p and ¢ being the splitting parameters, S;; — the elastic compliance con-

stants. Quantitative estimates of the elastic strains ¢ in ZnSe layers of ZnSe/GaAs
. heterostructures as a function of layer thickness obtained by Olego et al. [7] from
Raman scattering measurements are plotted in Fig. 3. Similar results obtained
from photoluminescence (PL), X-ray diffraction (XRD), and transmission electron
microscopy (TEM) are also included for comparison [36].
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Fig. 3. Dependence of the elastic strains in the ZnSe layers of ZnSe/GaAs heterostruc-
tures as a function of layer thickness obtained by different methods [7].

Kumazaki et al. [2] estimated a term of native lattice deffects by measuring
the full width at half maximum I (FWHM) of Raman spectra. According to this
model the variation of LO phonon on the surface reflects a variation of the strain
and a number of hillocks of a few um diameter on surface [22, 23]. Considering
the effects of imperfections due to native defects and of elastic and thermal strains
in the FWHM they propose a new definition of FWHM as a characterization of
crystallinity as follows:

I’ = hIy + Aexp(—hwo/kT) (10)

where A is a constant, wg — the LO phonon frequency, and & — the Boltzmann
constant. The first term corresponds to FWHM due to imperfections including
both strains without temperature dependence and the second is the phonon one
with temperature dependence to the population number of phonons. Fig. 4 shows
the FWHM of MBE-ZnSe for two different thicknesses as a function of temperature
obtained from Raman scattering measurements [2].

4. Determination of the strains at the ZnSe-substrate interface using
the Raman resonant profiles

ZnSe epilayers used in experiment were deposited on (001) GaAs substrates
by MBE method [34, 35]. The Raman scattering spectra of ZnSe epilayer were
measured in the temperature range between 300 K and 500 K using the exper-
imental technique described elsewhere [17-19]. At room temperature the energy
band gap Eg for ZnSe is larger than energy of incident photon. With increasing:
temperature Eg decreases, and the intensity of the L.Oznse phonon line increases.
When energy of the excitation line Ex is equal to Eg resonance occurs and we
observe the maximum of the Raman resonant profile for LOzpge line. For the ZnSe
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Fig. 4. Full width at half maximum (FWHM) of ZnSe epilayer on GaAs with 0.45 pm
(open circles) and 1.2 ym (full circles) as a function of temperature [2].
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Fig. 5. Dependance of the elastic strain in ZnSe epilayers on GaAs as a function of
layer thickness obtained by Raman profiles method [18,19].

epilayers with different thickness the maximum of the Raman resonant profile

occurs at different temperatures. When the thickness of the layer, d, increases the

maximum of Raman resonant profile shifts to lower temperature [19]. From the

difference between the excitation energy and the energy band gap (Eex— Eg = Evu),
“one can calculate the internal strain using Eq. (3b).
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Fig. 6. The energy shifts of the band gaps between conduction and two strain-split
valence bands of ZnSe epilayer on GaAs as a function of layer thickness.

Fig. 5 shows the elastic strain €, as a function of ZnSe epilayer thickness.
As it is seen from Fig. 5 the value of the elastic strain decreases when the thickness
of the epilayer increases. However, the values of ¢;; obtained by Raman resonant
profiles are larger than these estimated by another methods (see Fig. 3).

From the known values of € one can also estimate the energy shifts AE 5
using Egs. (1)-(3). The variation in the energy gaps with increasing strain for
ZnSe epilayers on GaAs, obtained from Raman resonant profiles are plotted in
Fig. 6. As it can be seen from Fig. 6, the values obtained by this method are in

- good agreement with the data obtained from photoluminescence measurements
(see Fig. 2).
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