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Potentiostatic electrodeposition methods have been used to grow polycrystalline ZnSe and ZnSe-Fe
granular thin films on stainless steel substrates from aqueous solutions. These films were character-
ized by x-ray diffraction, transmission electron microscopy, x-ray photoelectron spectroscopy and

Raman spectroscopy.

I Introduction

Hybrid semiconductor (SC)/ ferromagnetic (FM) struc-
tures have been investigated due to the possibility of
using not only the charge but also the spin of electrons
to conceive new electronic devices [1-3]. In particu-
lar, ZnSe has been pointed out as one attracting candi-
date to achieve such goal due to their favorable chem-
ical stability in the presence of Fe [4] and theoretical
calculations suggesting that large tunnel magnetoresis-
tance could be attained [5]. Currently, most of hybrid
SC/FM systems are fabricated using molecular beam
epitaxy (MBE) [6,7]. However, the simpler and inex-
pensive electrodeposition of II-VI semiconductor com-
pounds such as ZnSe has already been studied for ap-
plications in optoelectronics and solar cells [8-11]. In
this work we report for the first time on the fabrication
of the ZnSe-Fe granular thin films by electrodeposition
techniques.

II Sample preparation

ZnSe-Fe granular thin films were electrodeposited under
potentiostatic conditions onto mechanically and chem-
ically polished stainless steel substrates. All deposi-
tion experiments were performed using a EG&G PAR
273A galvanostat/potentiostat with a stationary paral-
lel plate electrode system consisting of a platinum disk
counter-electrode and a saturated Ag/AgCl reference
electrode. Plating solutions were prepared with reagent
grade chemicals (ZnSOy, SeO,, and Fe(NH4)2(S04)2)
immediately prior to each experiments by dissolving the
requisite amount of the metallic components in distilled
water. All samples were deposited at 65 °C under a ca-

thodic potentials with pH value adjusted between 2.0
and 2.5 by using sulfuric acid as additive. Pure ZnSe
thin films were deposited at -0.85 V from solutions con-
taining 200 mM Zn and 1 mM Se. As reported in the
literature [8-11], the ZnSe thin films obtained in these
conditions are metallic gray, crystallized with a dense
morphology. Incorporation of Fe in the solution (partial
concentration between 0.1 to 10 mM) does not signif-
icantly change, such physical and morphological, the
deposits according to optical and scanning electron mi-
croscopy analyses. All the films are micrometer thick.
A detailed investigation of the simultaneous electrode-
position of the Zn, Se and Fe ions will be presented
elsewhere [12].

IIT Results and Discussion

X-ray Photoemission Spectroscopy (XPS) analyses
show that the ZnSe thin films are free of contaminants
within chemical sensibility (about 1 at. %) of our exper-
iments performed in an ESCA3000 VG system. From
XPS profile analyses performed by Art ion bombard-
ment at 3 keV, an excess of Se is observed near the
surface of the deposits. Since the Art ion bombard-
ment of the ZnSe is congruent [13]; i.e., the stoiquiom-
etry of the ZnSe compound is maintained, we conclude
that the excess of Se is related to the electrochemical
kinetics. XPS analyses reveals that ZnSe films prepared
from solutions containing low Fe concentration exhibits
similar Se excess at the surface. After surface etching
with ArT ions, an oxygen-free surface is obtained and
the Zn2p and Se2p core-level signals tend to ZnSe sto-
ichiometry. Fig. 1 shows a characteristic x-ray diffrac-
tion pattern of a sample with 100 mM Fe in the plating
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solution. Together with the intense diffraction peaks of
the substrate, three diffraction peaks observed at 31.7°,
53.20, and 63° are associated with cubic ZnSe with a
zincblende structure [14]. The diffraction peaks around
27.20 and 66.4° were identified as Se with an hexag-
onal structure whereas another peak around 34.6° re-
veals the presence of the SeO, [14]. The trigonal Se
formation cannot be ruled out [15]. Thus, the sam-
ple is polycrystalline with a predominant ZnSe (111)-
texture along the growth direction. The absence of the
Fe diffraction peaks are probably due to small particle
size and their intrinsic structural disorder since some Fe
diffraction rings are visible in the Transmission Electron
Microscopy (TEM) analyses. TEM analyses were per-
formed using a JEOL JEM 1200II electron microscope
operating at 120 kV. For TEM analyses the stainless
steel substrate were removed from the backside of the
samples by controlled electrochemical etching using a
diluted nitric acid solution. In Fig. 2(a) is shown a
bright field image of a pure ZnSe deposit. Selected Area
electron Diffraction (SAED) pattern of this same region
is shown in Fig. 2(b). Some electron diffraction rings of
the ZnSe are identified. Fig. 2(c) shows a bright field
image of a deposit prepared with 1 mM Fe. According
to the electronic density contrast, the Fe-rich regions
(dark zones) are dispersed in a ZnSe template. Fe-rich
particles having average diameters varying from 20 nm
to 100 nm are observed. The network of the Fe-rich
particles exhibits a broad size distribution. The same
electrodeposit exhibit percolating regions (not shown)
with Fe-rich clusters having an average diameter size
as large as 950 nm. Fig. 2(d) showns the SAED pat-
tern of the same region of the sample shown in the Fig.
2(c). Some diffraction rings associated with ZnSe and
Fe are identified. Therefore, a network of Fe-rich gran-
ules almost physically uncoupled between them can be
obtained by electrochemical process from aqueous solu-
tions with concentration smaller than 1 mM Fe. Using
a Jobin-Yvon T64000 micro-Raman system, the Raman
scattering measurements were performed at room tem-
perature in the backscattering configuration from the
sample growth surface. After dispersed by the spec-
trometer the scattered light was detected by a liquid
nitrogen cooled charge coupled device. The Raman
spectra were excited by the 514.5 nm line of a Ar™
laser. The laser was focused to a spot size of about 2
pum and the power density was kept under 104 W/cm?,
in order to avoid damage to the samples. No polariza-
tion analyzer was used in order to select the scattered
light coming from the sample. The spectral resolution
was 4 cm~!. Fig. 3 depicts the Raman spectra of four
samples grown under different conditions specified in
its caption. The spectra were shifted vertically for the
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Figure 1. X-ray diffraction pattern in the Bragg-Brentano
geometry performed with Co K, radiation for a ZnSe-Fe
electrodeposit with 100 mM Fe in the solution.
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Figure 2. (a) and (c) Bright field micrographs of pure ZnSe
and ZnSe-Fe prepared from solutions containing 1 mM Fe,
respectively. (b) and (d) Selected-area electron diffraction
pattern of the same regions reported in (a) and (c), respec-
tively. Some diffraction rings are identified.

sake of clarity. We expect an increasing of Fe incorpo-
ration in the samples from (a) to (d), with pure ZnSe
being labeled as (a). The spectrum of pure ZnSe con-
sists of a longitudinal optical (LO) phonon at 252 cm™*
and the transverse mode (TO) at about 205 cm™' [16].
For all the spectra showed in Fig. 3 we observe one
structure at 252 cm~! and a weak leakage from the TO
at 205 cm~!. The pronounced peak at about 235 cm ™!
can be attributed to a trigonal Se phase [17], since an
excess of Se on top of a stoichiometric ZnSe template
was observed by XPS and x-ray diffraction analyses.
The Raman spectrum taken from the substrate showed
no modes in this region. ZnSe TO-LO peak positions
remains unchanged for all the samples, therefore no
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formation of intermediary compounds is expected [16].
The second order zone-boundary 2TA (X) mode can be
observed at about 140 cm~!. With the increase of Fe
content the range under 150 cm ™! becomes more pro-
nounced indicating an increase of disorder in the sam-
ples. With increase of Fe content one observes also an
increase in the scattered intensity for the ZnSe LO and
the TO phonons, in comparison with the mode at 235
em~!. As the Raman measurements, SAED pattern
and X-ray diffraction analyses showed no evidence of
intermediary compounds of the type Zn;_,Fe,Se, we
do not expect change in the gap of the material and
consequently resonance effects. We attribute this effect
as coming from surface enhanced Raman scattering due
to the formation of Fe granules inside the sample [18].
In conclusion, we demonstrate that is possible the fab-
rication of granular ZnSe-Fe thin films with a polycrys-
talline structure using electrochemical processes.

T T T T T T T

ZnSe-Fe l Lo

Intensity

Il 1 i 1 I

100 150 200 250 300 350 400
Raman shift (cm™)

Figure 3. Raman spectra of (a) pure ZnSe deposited at -0.85
V; ZnSe-Fe deposited under periodically pulsed potentials
between -0.85 V and -1.1 V for times (b) 1s and 0.1s from
solution containing 1 mM Fe; (c) 1s and 0.1s from solution
containing 100 mM Fe and (d) 1s and 1s from solution con-
taining 100 mM Fe.
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