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Raman Scattering from ZnSe Nanolayers
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A series of ZnSe single layers having thickness between 30 nm and 1 µm was deposited on c-Si and glass
substrates at room substrate temperature. Thermal evaporation of ZnSe powder in high vacuum has been applied.
Moreover, SiOx/ZnSe periodic multilayers prepared by the same deposition technique and having ZnSe layer
thickness of 2 and 4 nm have been studied. Raman spectra were measured at 295 K, using the 442 nm line of
a He–Cd laser as well as different lines of the Ar+ or Ar+/Kr+ lasers. The observed Raman features have been
related to multiple optical phonon (1LO to 4LO) light scattering and connected with the existence of randomly
oriented crystalline ZnSe grains in both ZnSe single layers and ZnSe layers of the multilayers. Relatively large
line width (≈ 15 cm−1) of the 1LO band has been observed and related to lattice distortion in the crystalline
grains and existence of amorphous phase in the layers thinner than 100 nm. The Raman spectra measured on
both ZnSe single layers and SiOx/ZnSe multilayers using the 488 nm line with a gradually increased laser beam
power indicate an increased crystallinity at high irradiation levels.

PACS numbers: 81.15.Ef, 81.05.Dz, 78.30.−j, 68.55.−a

1. Introduction

The interest in ZnSe low-dimensional structures is
caused by the possibility of creation of effective light-
-emitting devices with spontaneous or coherent radiation
in the green-blue part of the visible spectrum [1–3] or
white light emission [4]. Besides, thin nanostructured
semiconductor films, in particular II–VI ones, are promis-
ing materials for gas sensor applications ([5] and refer-
ences therein), since in such layers the sensing surface is
significantly larger than the geometric one. An in-depth
understanding of the phonon propagation is of great tech-
nological importance for possible applications, not only
in designing semiconductor light emitting and other op-
toelectronic devices but also in fast electronic devices.

In this study Raman scattering investigations are car-
ried out on a series of ZnSe single layers and two kinds
of periodic SiOx/ZnSe multilayers (MLs) deposited at
room substrate temperature by thermal evaporation of
ZnSe powder and glassy SiO in vacuum. It is shown that
as-deposited single layers contain two phases, amorphous
and crystalline. Increased film crystallinity is achieved by
high power laser irradiation.

2. Experimental details

Single layers of ZnSe having thickness of 30, 40, 50,
70, 100 nm and 1 µm were deposited on crystalline
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c-Si or Corning 7059 glass substrates held at 25◦C. The
layers were produced by physical evaporation of pow-
dered ZnSe (Merck, Suprapure) at a residual pressure
of ≈ 3× 10−4 Pa from a tantalum crucible located in the
bottom of a cylindrical screen (not intentionally heated).
The top of the screen is close to the substrates; thus evap-
oration in a quasi-closed volume is carried out. A prelim-
inarily calibrated quartz microbalance system was used
to control the nominal layer thickness and deposition rate
(Vd = 1.5 nm/s). Step-by-step deposition was carried out
during which the substrates were rotated at a rate of 8
turns/min spending only 1/12 part of the turn time over
the ZnSe source. Thus, more than 30 “sublayers”, with
a nominal thickness of ≈ 1.0 nm in each step, form the
respective layer.

Multilayers of ZnSe/SiOx (x ≈ 1.7 [6]) were pre-
pared by consecutive thermal evaporation of ZnSe
(Vd = 1.5 nm/s) and glassy SiO (Vd = 0.2 nm/s)
from two independent tantalum crucibles at a vacuum
of 10−3 Pa on Corning 7059 glass or crystalline p-Si sub-
strates maintained at room temperature. The step-by-
-step procedure was applied in the deposition of each
layer in the MLs, as well. The thickness of the ZnSe lay-
ers was 2.0 or 4.0 nm, whereas that of the SiOx layers
was 2.5 or 4.0 nm, respectively. This procedure allowed
the fabrication of nanocrystalline/amorphous MLs with
smooth interfaces and good periodicity [7].

Raman measurements were performed in the quasi-
-backscattering geometry using the 457.9 nm (2.71 eV),
488 nm (2.54 eV) or 514.5 nm (2.41 eV) line of an Ar+
laser or the 442 nm (2.8 eV) line of a He–Cd laser as an
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excitation source, a Jobin-Yvon U1000 monochromator
and a photomultiplier as a detector. Micro-Raman mea-
surements were performed using a Jobin-Yvon T64000
triple spectrometer system, equipped with confocal mi-
croscope and a nitrogen-cooled CCD detector. The
488 nm line of a mixed Ar+/Kr+ laser with spot diame-
ter at the sample surface of about 50 µm was used. All
measurements were performed at room temperature in
air. All spectra plotted on a same graph are scaled iden-
tically.

3. Results and discussion

Figure 1a shows three Raman spectra of a ZnSe layer
with the thickness of 1 µm deposited on a Corning 7059
glass substrate. We interpret the series of up to 4 peaks
(at ≈ 250, 500, 750, 1000 cm−1) as being due to the so-
-called longitudinal optical LO-phonon replicas in ZnSe,
well known in polar semiconductors [8]. The replicas
are better resolved at excitation conditions close to res-
onance Raman scattering conditions. The strongest en-
hancement of the Raman signal is observed when the
exciting light approaches the optical band gap E0

g of the
material. As the 1LO band is the most intensive in the
Raman spectrum excited by the 457.9 nm line, the en-
ergy of this line should be close to the optical band gap,
although 4 replicas exist also in the spectrum obtained
with 488 nm. This is in agreement with previous results
which have shown [9] that optical absorption obeys the
law for direct allowed electronic transitions in crystalline
semiconductors with a value of E0

g = 2.67 eV for the
optical band gap of 1 µm thick ZnSe layer.

Fig. 1. Raman spectra of ZnSe single layers hav-
ing thicknesses 1 µm (a) and 30 nm (b), and a
SiOx(4 nm)/ZnSe(4 nm) multilayer (c), measured under
excitation with three laser lines denoted in the figures
(in nm).

The selection rule for zinc-blende crystal structures
shows [10] that only LO modes are allowed when the
incident laser beam is perpendicular to the (100) planes
of a single crystal and only transverse optical TO modes
are allowed when the incident laser beam is parallel to
the (110) planes. Appearance of a weak TO band in the
Raman spectra indicates that most likely crystal grains
in the 1 µm thick film are randomly oriented.

Figures 1b and 1c show Raman spectra of a ZnSe layer
with a thickness of 30 nm and a SiOx(4 nm)/ZnSe(4 nm)
multilayer, respectively. Both samples were deposited
on c-Si substrate and the observed strong narrow band
peaked at 521 cm−1 is due to scattering from the sub-
strate. The 1LO ZnSe band intensity increases with de-
creasing excitation wavelength and series of 4 peaks are
seen only in the spectra excited by 457.9 nm line. Such
behaviour of Raman spectra allows assumption that the
bandgap energy of the 30 nm layer and the ZnSe layers
in ML is higher than the energy of the 457.9 nm line, as
expected due to the low ZnSe film thickness. Indeed, the
characterization of SiOx/ZnSe MLs (with various thick-
nesses between 2 and 10 nm) by Raman spectroscopy us-
ing the 442 nm line has shown [6] resonant behaviour in
the Raman spectra. It has been related to size-induced
change of the bandgap energy with the layer thickness
and indicated that optical band gap of the layers thinner
than 7 nm is ≥ 2.8 eV.

Fig. 2. Raman spectra of a series of ZnSe single layers
with four different thicknesses (denoted in the figure)
measured using the 442 nm laser line.

Figure 2 depicts Raman spectra of a series of ZnSe sin-
gle layer having thickness between 30 and 100 nm mea-
sured using the 442 nm laser line. The intensity of the
1LO band of the 30 nm layer is significantly higher than
those of the other samples which can be related to the
existence of crystal grains with E0

g ≈ 2.8 eV, in which
carrier confinement takes place. The size of such grains
should be ≤ 10 nm. Therefore, the apparent grain size of
the nanocrystals resolved by the atomic force microscopy
(AFM) [11], which is in the range from 25 to 30 nm, is
considerably larger than the real one. The Raman result
implies that ZnSe layers thinner than 50 nm could show
a good chemical sensitivity due to the small grain size.

The AFM results obtained on the studied ZnSe have
shown [11] that as-deposited films having thickness in the
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range 30–100 nm are homogeneous and possess smooth
surface. However, after 60 days relaxation in air at room
temperature they showed pits on the surface and a rel-
ative high root mean square (rms) surface roughness of
2–4 nm for a length scale of 500 nm. Therefore it has
been assumed that as-deposited films are highly strained
and the strain relaxation with time creates pits and in-
creases the surface roughness. Besides, optical transmis-
sion measurements on relaxed films have revealed an en-
ergy dependence of the absorption coefficient typical for
amorphous materials. Since both the AFM and the Ra-
man scattering data have shown presence of nanocrystals,
it can be concluded that the layers contain two phases,
amorphous and crystalline and the amount of the crys-
talline phase decreases with decreasing thickness. More-
over, the line width of the 1LO band of ≈ 14–15 cm−1

is much greater than the one determined for ZnSe sin-
gle crystal which amounts ≈ 6 cm−1. It was shown [10]
that strain in ZnSe thin films does not appreciably affect
their Raman spectra. Hence the significantly larger line
width observed in this study is most likely due to both
existence of amorphous phase and some lattice distortion
in the crystalline grains due to their random orientation.

Fig. 3. Micro-Raman spectra of a 30 nm thick ZnSe
single layer (a) and a SiOx(4 nm)/ZnSe(4 nm) ML (b)
measured with various output laser powers.

Figures 3a and 3b show micro-Raman spectra of both
ZnSe single layers and ZnSe layers in MLs measured with
increased laser power density of the 488 nm line and long
accumulation time (60 min). The right dashed vertical
lines in both figures mark the position of the 2LO band
whose intensity should increase with increasing the vol-
ume of the crystalline phase. Indeed, the asymmetric
shape of the Raman feature at 521 cm−1 assigned to TO
band from c-Si for high output beam power (≈ 300 mW)
can be related to the appearance of the 2LO band of
ZnSe. This observation indicates that sample exposure
to laser beam irradiation increases the crystalline por-
tion in both kinds of samples. However, further studies
on large sample area are necessary to make quantitative
estimation of this effect.

4. Conclusions

Raman scattering has been applied in order to make
structural characterization of thin and ultra thin ZnSe

layers deposited at room substrate temperature using
step-by-step thermal vacuum evaporation. The measure-
ments performed under excitation with three different
Ar+ laser lines have shown that independently on the
layer thickness the 1LO band intensity shows a maximum
value when excited with the 457.9 nm line. The energy
of this line is very close to the optical band gap of the
1 µm layer and for this particular layer thickness resonant
Raman scattering has been gained. The measurements
carried out with the 442 nm line have indicated that its
energy is closer to the optical band gap of the crystalline
grains in the thinnest single layers and the ZnSe layers in
MLs than the energy of the 457.9 nm line. This observa-
tion has indicated carrier confinement and implies that
the grain size in these layers is ≈ 10 nm. Large line width
(≈ 15 cm−1) of the 1LO band observed in the spectra
of all samples has been related to the existence of amor-
phous phase and some lattice distortion in the crystalline
grains in the layers thinner than 100 nm. The ZnSe film
crystallinity has been improved with irradiation of the
samples by high laser beam power (≥ 300 mW).
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