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The particle size distribution is a fundamental parameter for describing the fabric and features of the
specimens. It is also important for a better understanding of their dynamic behavior. Segmentation of a
digital image is the method of dissection into various disjoint sections, so that pixels of each section have
alike visual features. This concept is used to determine particle size distribution through image analysis.
Watershed image processing analysis is one of the prevalent methods for image segmentation. In
accordance to this algorithm, a grayscale image is transformed into a topographic image that consists of
various diverse basins just like regions that are flooded with water, in which different watersheds lines are
apportioning similar particle size regions. In the present work, the watershed algorithm is developed using
MATLAB and applied to scanning electron microscopy (SEM) image to assess the nanoparticles
distribution of dilute magnetic semiconductor specimen of zinc oxide (ZnO) doped with Fe (at 3 % molar
concentration). The specimen is prepared through a solid-state reaction technique and then vacuum-
annealed at ~ 1000 °C approximately for 48 hours. The SEM image of Zno.97Fe0.030 directly reveals that
the grains of ZnO altered their floret-like shape into hexagonal prism-like shape upon Fe doping.
Watershed image processing analysis reveals that the blended particles of ZnO and Fe retain their
adequate nanosize and fine distribution for the studied specimen.
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1. INTRODUCTION

Diluted magnetic semiconductors (DMSs) based on
wide-gap oxide semiconductor systems, such as SnOs,
Zn0, TiO2, In20s3, etc. doped with transition metal (Cr,
Co, Mn, Fe, Co, Ni, etc.) have received a prodigious
attention in current technical communal for offering
room temperature ferromagnetism (RTFM) property [1-
6]. The oxide DMSs are sensitive towards limiting light
and offer dye potentiality with pigments. They exhibit
adequate transparency and high n-type carrier
concentration [7].

Sato and Katayama-Yoshida [10] are among the first
who theoretically investigated ferromagnetism (FM) in
TM-doped ZnO through local density approximation
(LDA) based on ab-initio calculations. Duan et al. [11]
revealed that the enrichment of both the magnetization
and the intensity of Raman scattering peak allied with
donor defects and carriers specifies that light Zni - +Cr:O
could be an effective way to attain noticeable RTFM.
They also suggested that FM is meticulously associated
to the dopant-donor hybridization besides the Cr—O—Cr
superexchange interactions. Kundaliya et al. [12]
observed RTFM for 2 wt. % Mn-ZnO bulk specimen, but
there is a little bit of confusion over the mechanism
behind the ferromagnetism, as it may be due to Mn20s3
phase or due to some other phase. To check the
reproducibility, Garcia et al. [13] also followed the same
preparation technique and observed that aggrandizing
the sintering temperature above 600 °C resulted in a
diminution of RTFM and its complete vanishing after
sintering at 800 °C. They concluded that the presence of
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PACS numbers: 85.75.d, 75.50.Pp, 75.50.Bb, 77.84.Bw

both Mn?* and Mn#** is accountable for FM through the
double-exchange mechanism. Liu et al. [14] showed that
FM of the Ni-doped ZnO nanoparticles is originated from
the presence of the Vo (oxygen vacancy). They also
depicted that the saturated magnetization (firstly
increases and then decreases with the increase of Ni
concentration, which results from the competition
between oxygen vacancies and antiferromagnetic
coupling between NiZ* in NiO. Wojnarowicz et al. [15]
blended ZnO-Co by the typical microwave solvothermal
synthesis route. They investigated a relationship
between local structures, valence of the Co atoms and
that in turn the valence stoutly clouts the prominent
carrier type with magnetism in the Zn-Co-O system. Yu
et al. [16] used homogeneous precipitation method to
prepare Fe-doped and Co-co-doped ZnO specimens. They
also found a hexagonal wurtzite structure and an
ancillary phase of spinel in doped ZnO. Wang et al. [17]
studied bulk specimens of ZnixFexO (x=0-3 %) series
prepared by a co-precipitation method. All the specimens
showed FM at room temperature. The results of XRD
showed that the specimens (x<2 %) were of single
phase, while a secondary phase ZnFe204 was observed in
x =3 % specimen. However, the formation of secondary
phase ZnFe204 did not result in a crucial effect on the
magnetic moment. Shukla et al. [18] studied the optical
and sensing properties of undoped and Zni.xFexO films
that had been successfully deposited by spray pyrolysis
method. They revealed that doping with Fe increased
the transmission of the films as the dopant
concentration steadily increased for both molarities.
Dinesha et al. [19] used solution combustion method to
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synthesize Zni-<Fe.O (where x =0.00, 0.005, 0.01, 0.02,
0.03, 0.04) and studied the dielectric and structural
behavior of specimens. They proposed the diminution in
dielectric parameters with increase of Fe doping. Saleh
et al. [20] depicted a diminution in the energy gap with
upsurge in Fe concentration whereas Mishra and Das
[21] also witnessed a decrease in particle size with
upsurge in the Fe contents.

The literature reveals that most of the studies of TM-
doped ZnO are focused on the findings of structural and
RTFM properties. In view of analysis of structural
properties, scanning electron microscopy (SEM) is
among the very frequently used techniques, but it is not
so much discussed in detail anywhere in the available
literature. The present paper is focused on SEM image
analysis of Znog7Feo03O through MATLAB based
watershed image processing technique. The study
reveals that the blended particles of ZnO and Fe retain
their adequate nano-dimension and fine distribution for
the studied specimen.

2. MATERIALS AND METHODS
2.1 Specimen Preparation

The Zno.97Fe0030 DMS specimen is prepared by doping
Fe at 3 % molar concentration into ZnO matrix through
solid-state reaction technique [22-24] and vacuum anne-
aled at ~ 1000 °C for approximately 48 h. SEM observa-
tion is taken through NOVA NANO FE-SEM 450 (FEI)
SEM model. MATLAB-based simulation is carried out to
investigate the homogeneity in particle distribution
within Zno.97Fe0.030 through SEM micrograph.

2.2 Watershed Algorithm

As known, particle size distribution is a fundamental
parameter for describing the fabric and features of the
specimens. MATLAB based image processing analysis
based on the watershed algorithm is used to evaluate
the homogeneity particle distribution through SEM
images of DMSs specimens. The algorithm is developed
by Luc Vincent and Pierre Soille [25]. According to the
algorithm, every local minimum of a greyscale image
can be observed as a surface has a hole and the surface
is submerged into water. Subsequently, beginning from
the minima of lowermost intensity value, the water will
gradually fill up diverse catchment basins of image. The
method is also important for a better understanding of
their dynamic behavior.

3. IMAGE ANALYSIS

The SEM image of ZnoorFeoo0sO (Fig. 1) directly
reveals that the grains of ZnO altered their floret-like
shape into hexagonal prism-like shape upon Fe doping.
MATLAB based watershed segmentation algorithm
[25, 26], which is a more intuitive image processing
analysis tool, is used to evaluate the analogousness
particle distribution through SEM image. In this
algorithm, firstly distance transform tool is applied on
the binary SEM micrograph image that engenders a
distance map in terms of variation in pixel brightness.

After that, topological surface image is created
through this distance map in a successive step. In the
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Fig. 1 — SEM image of Zno.o7Feo.0s0
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Fig. 3 — Particle size distribution curve of Zno.97Fe0.030

final image, bright pixels correspond to profound parts of
the constitute ZnO and Fe of Zno.g7Fe0.0s0 DMS specimen.
In this image, a basin is formed for each blended ZnO and
Fe segment irrespective of their type, tagged with random
color for distinct vision. The final image is governed with a
particle size distribution curve with respect to their
relative intensity that also shows that the specimen bears
nanocharacteristic structurally. The segmented map and
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particle size distribution curve of Znog97FeoosO DMS
specimen are as shown in Fig. 2 and Fig. 3. The result
also shows that the average particle size is 37.5627 nm of
constituting ZnO and Fe ions in the studied sample.

4. CONCLUSIONS

The SEM image of Zno.9o7Feo.030 clearly reveals that
the grains of ZnO transform their floret-like shape into
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CermeHTHHI aHAJIi3 O0OPOOKHU 300paskeHb 3a MOPQOJIOTiYHNMEU BOOOOiIaMU
PO30aBJIE€HOr0 MAarHiTHOro HamiBnposiguuka Zno.g7Feo.030

Vishal Mathur!, Rana Mukher;ji2

L Sur University College, Sur, Oman
2 The ICFAI University, Jaipur, India

Pozmominn wactmHOK 3a poamipom € QyHIAMEHTAJIBHMM IIapaMeTpoM JUIs OICY MarepiaiB 1
ocobsmBocTeM 3paskiB. lle Takosk BaskIMBO I KPAIIOrO PO3YMIHHSA IX JUHAMIYHOI IIOBEIIHKH.
Cermenrartist 1rppoBOro 300pAKEHHS € METOOM POIMIAPYBAHHS B PI3HI PO3MUIBHI JIJISHKHU TaK, IO
MKCe KOMKHOI CEKITl MAlOTh OTHAKOBI BidyasibHI 0co0JMBOCTI. 1l KOHIIEIIIA BUKOPHUCTOBYETHCA IJIS
BU3HAYEHHS POSIIONLILY YACTMHOK 34 PO3MIPOM 3a [IOIOMOIOI AHAJN3y 300paskeHb. AHAJN3 00OpOoOKH
BOIOMUILHIX 300paskeHb € OOHNM 3 IIOIIMPEHNX METOMIB CerMEHTAIN] 300paskeHb. BIMIOBIMHO 10 IIHOTO
AJITOPUTMY, 300PAKEHHSA y TPafallisix CIporo IIePeTBOPIOETHCA Ha TormorpadiuHe 300paskeHH:, AKe
CKJIAIAETHCS 3 PISHOMAHITHUX 0aCelHIB, MOMIOHO [0 PerioHiB, AKI 3aTOIUICH] BOIOI, B AKMX PI3HI JHHII
BOJOILTB PO3HOOUISAIOTE OOJIACTI YACTHHOK IMOMIOHHMX PO3MipiB. Y maHiii pobOTi aJrOPHUTM BOMOILILY
poapobienmnii 3 BuropucranuasM MATLAB i 3acrocoBanmii /10 300paseHb CKAHYIOYOI eJIEKTPOHHOL

mikpockormii  (SEM) s omiHEH

PO3IIOJILITY

HAHOYACTUHOK p036aBJIeHOI‘O MAarHITHOTO

HAINBIIPOBITHUKOBOIO 3paska okcuay muHKy (Zn0), smerosanoro Fe (py 3 % MOJISpHIN KOHIEHTPAITIT).
3pasok TOTYIOTH METOIOM TBepAodasdHOl peakIll 1 MOTIM BaKyyMHO Bigmaymonorh mpu ~ 1000 °C
mpubsmano nporsirom 48 roguH. SEM 300paenss ZnogrFeoosO GeamocepenHbo CBIAYNTE MPO Te, IO
3epHa ZnO 3MIHIOBAIN CBOIO TIOMIOHY J0 KBITKMA ()OPMY HA T€KCATOHAJIBHY ITPHU3MOIIOMOHY dopMy eI
neryBauHs Fe. Anasis o0poOKHM BOMOMUILHMX 300paskeHb IOKa3dye, mo amimani vactuuku ZnO i Fe
30epiraloTh CBil aIeKBATHII HAHOPO3MIP 1 TOYHMI POSIIONLI IJIA JOCIIIKYBAHOIO 3pa3Ka.

Kimouosi cnosa: MATLAB, Anropurm Bomomimie, Ckamyioua ejeKTpoHHA MIKpockoris, Po3basieni

MATHITHI HamBIpoBigauKy, ZnO.
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