Available online at www.worldscientificnews.com

WSN 33 (2016) 67-78

EISSN 2392-2192

Synthesized and characterization of pure and Er+3
doped ZnO nanoparticles by using laser ablation
in ethanol
Raid A. Ismail1, Nadir F. Habubi2,*, Esraa H. Hadi2
1

Departement of Applied Sciences, The University of Technology, Baghdad, Iraq

2

Physics Department, Education Faculty, University of Mustansiriyah, Baghdad, Iraq

*E-mail address: nadirfadhil@uomustansiriyah.edu.iq

ABSTRACT
Pulsed laser ablation in ethanol at room temperature with laser fluence 4.62 J/cm2 was
employed to synthesize pure zinc oxide (ZnO) and Er- doped ZnO nanocolloidal suspension. The
structural properties were determined by using x-ray diffraction (XRD) method and was confirmed its
hexagonal wurtzite structure. The photoluminescence spectra (PL), AFM and FTIR measurement of
the synthesized pure and Er-doped ZnO is carried out. The photoluminescence spectra measurements
show that all the samples have ultraviolet emission and green emission and the surface granular
morphology. The FTIR spectra indicate the existence of Zn-O, Er-O-Er and Er-O stretching modes.
Al/ZnO/P-Si/Al and Al/Er-ZnO/P-Si/Al photodetectors hetrojunction has two peaks of response
located at 650 nm for and 790 nm and the first peak shifted to 550nm for the doped hetrojunction with
max sensitivity  0.7A/W. The maximum specific detectivity is 4.3×1012 W-1·cm·Hz-1 and 3×1012 W-1
·cm·Hz-1 for undoped and doped hetrojunctions respectively. The values of the built-in potentials 0.9
volt for Al/ZnO/P-Si/Al heterojunction and 0.6 volt for Al/Er-ZnO/P-Si/Al hetrojunction.
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1. INTRODUCTION
Zinc oxide, one of the most promising material, has been demonstrated to be applicable
in solar cells [1,2], light-emitting diodes [3,4], room temperature ultraviolet lasers [5], gas
sensor [6], field-effect transistors [7] and piezoelectric-gated diode [8]. It has attracted
increasing interest in fabricating ZnO structures with designed morphology and properties
while the desired optical and electrical properties could be achieved by doping ZnO with
various elements. Introduction of impurity atoms is the most widely adopted method to tune
the magnetic, electrical and optical properties of materials [9]. The Er-doped semiconductors
are the potential optoelectronic materials [10-13] due to the Er intra-4f shell transition with a
photoemission at a wavelength of 1.54 μm, which lies in the minimum loss region of silica
based optical fibers [10,14].
Zinc oxide is chosen to be the host semiconductor [15-17], not only due to the wide
band gap which can be applicable to the excitation of Er, but also the controllable electrical
conductivity [18]. Up to now, physical doping methods, such as ion implantation [19], laser
ablation [16], and high temperature calcinations [15,20], have mainly been used to introduce
Er into ZnO substrate. Recently, pure and Er3+ -doped ZnO have been fabricated using laser
ablation in liquid (ethanol). The structural, Atomic force microscopy (AFM), FTIR
measurements and Photoluminescence (PL) emission spectra of the pure ZnO and Er3+ -doped
ZnO was investigated.

2. EXPERIMENTAL
Laser ablation of a pure ZnO and Er-ZnO plates in ethanol at room temperature has
been conducted using the (1064 nm) Nd:YAG yttrium aluminum garnet laser (type HUAFEI),
operating with a pulse duration of 10 ns and a repetition rate of 10 Hz. The zinc target (purity
of 99.99% provided from Ludeco) and doping with Er2O3 taken from SPEX INDUSTRIES,
INC. METHUCHEN, NJ08840, USA) with high purity (99.999%) was fixed at bottom of
quartz vessel containing of 5 ml of ethanol. The laser power fluence 4.62 J/cm2 using focused
lens of 11cm and the beam spot size 2.37 mm and the ablation time has been maintained at 5
min. The crystal structure properties were examined by X-ray diffraction (XRD-6000,
Shimadzu X-ray diffractometer) using Cu Kα line. The surface roughness and topography
observed by Atomic Force Microscopy (AFM). The photoluminescence (PL) in the solution
was measured at room temperature with an excitation source of wavelength of (350 nm) and
The (SHIMADZU- 8400S) Scan of the FTIR measurements is performed over the range
between 400-4000 cm-1 for the prepared sample.

3. RESULTS AND DISCUSSION
The XRD pattern of the pure and Er-doped ZnO nanoparticles formed by laser ablation
in ethanol at room temperature displayed in Fig. 1 reveals that they are polycrystalline and
possess the hexagonal wurtzite structure and no impurity phase related to Er3+ could be found.
The diffraction peaks shift to lower angle slightly with the Er-ZnO. The crystallite size has
also been calculated using Scherrer’s formula [21,22].
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Fig. 1. XRD pattern for ZnO and Er-ZnO nanoparticles films ablated in ethanol at 4.62 J/cm2
laser fluence.

The average grain size D was found and listed in Table (1).
(1)
where the β is the full width at the half maximum of the characteristic spectrum in units of
radians and K is the Scherrer constant (1 > K > 0.89).
The average grain size of ZnO and Er-ZnO particles was found to be around 50.083 and
54.091 nm from XRD analysis. This difference in grain size can be ascribed to the difference
in the lattice constants obtain. The strain value δ and the dislocation density ɳ can be
evaluated by using the following relations [21, 22], see Table 1:
(2)
(3)
The results revealed that the strain and dislocation density are decreasing with the
increasing grain size.
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Table 1. Summary of X-ray characterization.

Laser
fluences
(J/cm2)

Samples

ZnO

2θ
(deg)

hkl
Plane

d
observe
(Ǻ)

FWHM
(deg)

D
(nm)

 × 1014
lines·m-2

η × 10-4
lines-2·m-4

36.3361

(101)

2.47045

0.1538

54.091

3.4178

6.4059

31.8511

(001)

2.80734

0.1574

52.217

3.66759

6.6359

34.504

(200)

2.59732

0.1593

51.955

3.70466

6.6693

36.556

(101)

2.4437

0.1659

50.178

3.9716

6.90540

32.08

(001)

2.7737

0.1642

50.083

3.9867

6.91849

34.733

(200)

2.5677

0.1559

53.121

3.5437

6.52281

4.62

Er-ZnO

Fig. 2. PL spectra of pure ZnO and Er-doped ZnO ablated in ethanol at
4.62 J/cm2 laser fluence.
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Fig. 3. The AFM images for (a) pure and (b) Er-doped ZnO nanoparticles ablated in ethanol at 4.62
J/cm2 laser fluence.
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PL spectra of the pure and Er-doped ZnO nanoparticles excited by 350 nm at room
temperature is shown in Fig. 2. The PL spectra of ZnO nanorods contain a strong UV
emission (NBE) peak at around 382 nm. Besides, a relatively weak and broad green band
occurred. The UV emission is originated from excitonic recombination [23,24] corresponding
to the nearest band-edge emission of ZnO. The green emission peak is commonly referred to
deep-level or trap-state emission [21,25]. Various mechanisms have been proposed for the
visible light emission of ZnO. Oxygen vacancies occur in three different charge states: the
neutral oxygen vacancy (VO), the singly ionized oxygen vacancy (VO*), and the doubly
ionized oxygen vacancy (VO**). The strong UV and weak green bands imply good crystal
surface [26]. The shift in peak position of PL may be due to different size of nanoparticles
produced and attributed to quantum-confinement induced energy gap enhancement.
The surface morphology of pure ZnO and Er-ZnO Nanparticles colloidal prepared by
pulse laser ablation in ethanol was obtained using atomic force microscopic images. Fig. 3
shows the particle size distribution and nanoparticles topography of dried colloids prepared at
4.62 J/cm2 laser fluence. The surface morphology, and hence particle size distribution also the
values of the root mean square and surface roughness are recognized and listed in Tables 2.
Figure (3a) exhibits granular morphology with a regular arrangement of aggregates of
nanocrystals for pure ZnO film. Fig. 4b, it is evident that Er-doped film is formed by large
clusters/grains due to the agglomeration.
The columnar arrangement of grains seen in 3D image Fig. 4a and b, shows the growth
along the c-axis direction perpendicular to the substrate surface and The grains are basically
round.
Table 2. Grain size, roughness average and Root mean square of pure and Er-doped ZnO
nanoparticles ablated in ethanol.

Laser Fluence
(J/cm2)

Samples

Grain size
(nm)

Roughness
average (nm)

Root Mean
square (nm)

ZnO

97.55

0.118

0.148

Er-ZnO

104.13

0.868

1.111

4.62

Figure (4) gives the FTIR result for Er-ZnO NPs prepared at 1.06 μm laser wavelength
with a constant laser fluence of (4.62 J/cm2).In this figure we could recognize the transition
peaks at (439.77,516.92, 594.08,408. 91,516.92) cm-1 wave number which relates to the
stretching vibrations mode of the Zn-O band [27]. The transition peaks at 415, 471 cm-1 and
(563, 670) cm-1 wave number is related to the stretching modes of the Er–O band and Er–O–
Er band respectively. Transition peaks at (3000, 3564.45, 3865.35, 1481.33) cm-1 are related
to the harmonics of H–OH stretching modes. Many other peaks appear at 717.52, 972.12,
825.53, 894.97, 856.39, 686.66, 624.94 cm-1 wave number is related to symmetrical stretching
mode and bending mode of the C-H-H bands respectively.
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Fig. 4. FTIR spectra of Er-doped ZnO nanoparticles ablated in ethanol at
4.62 J/cm2 laser fluence.

Fig. 5. Dark Current-Voltage for ZnO/Si and Er-ZnO/Si heterojunctions at 4.62 J/cm2
laser fluence.

The electrical behavior of Al/ZnO/p-Si/Al and Al/Er-ZnO/p-Si/Al such as Schottky or
heterojunction is determined generally by depending on the characteristics of current-voltage
characteristics. Figure 5, shows the dark I-V characteristics in forward and reverse directions
of Al/ZnO/p-Si/Al and Al/Er-ZnO/p-Si/Al sandwich structure prepared at 4.62 J/cm2 laser
fluence measurements carried out by applying voltage supplied to the sample from ˗5+5 V.
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Under the forward bias for the voltage great than 1V it shows the exponential increase in
current due to decrease in the depletion layer width at ZnO/p-Si and Er-ZnO/p-Si interfaces
and slightly increase for the voltage less than 1V also the figure shows that the current
increases reaching to 86 μA for doped sample. Under reverse bias, reverse current very small
less than 6.5 μA produce from high resistance in the reverse bias.
Capacitance-voltage measurement is one of the most important methods for obtaining
information about the built-in potential, depletion width, and junction type. Figure 6, shows
C-2 –V of ZnO/p-Si and Er-ZnO/p-Si heterojunctions in dark at room temperature and at the
increment voltage of frequency 100 kHz. This plot shows a linear relationship of C2 with bias
voltage indicating that these junctions are an abrupt type, and also shows that the junction
capacitance is inversely proportional to the bias voltage for Al/ZnO/p-Si/Al and Al/Er-ZnO/pSi/Al. Built in potential (Vbi) can also calculate by extrapolating (1/C2-V), plot to (I/C2 = 0).
The values of the built-in potentials for heterojunctions decrease with the dopant. The value
(0.6 volt and 0.9 volt) for doped and undoped junctions respectively.. There is a decrease in
the capacitance at strong bias and this reduction in the capacitance may be attributed to the
increased conductivity at strong dc bias. The reduction in the junction capacitance with
increasing the bias voltage results from the expansion of the depletion layer with the built-in
potential.

Fig. 6. 1/C2-V plot for ZnO/Si and Er-ZnO/Si heterojunctions at 4.62 J/cm2 laser fluence.

The responsivity is an important parameter that is usually specified by the manufacturer
knowledge of the responsivity allows the user to determine how mach detector signal will be
available for a specific application. The responsivity is given by [28]:
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(A/W)

(4)

where: Iph is the photocurrent and
is the input power.
The spectral responsivity of structures is investigated in the wavelength range of (400900) nm with 5V as shown in Figure 7. Figure 7, shows that the spectral responsivity curve of
ZnO/p-Si and Er-ZnO/p-Si consists of two peaks of response, the first peak is located at 650
nm due to the absorption edge of ZnO nanoparticles, while the second region is located at 790
nm due to absorption edge of silicon for ZnO/p-Si. The first peak is shifted to the 550 nm for
the Er-ZnO/p-Si due to the Er doped ZnO, while the second region remains at the same (790
nm) due to this region relate to absorption edge of silicon.

Fig. 7. Responsivity for ZnO/Si and Er-ZnO/Si heterojunctions at 4.62 J/cm2 laser fluence.

Specific detectivity (D*) is the importance parameters for photodetector which
represented a minimum detectable power, therefore; the performance of the detector is linked
with this parameter and given by [29,30]:

where In: is noise current
Figure 8, shows that the specific detectivity as a function of wavelength for ZnO/p-Si
and Er-ZnO/p-Si Photodetectors. This figure shows that the detectivity depend directly on
responsivity.
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Fig. 8. Detectivity for ZnO/Si and Er-ZnO/Si heterojunctions at 4.62 J/cm2 laser fluence.

4. CONCLUSION
The structural, morphological, and the photoluminescence spectra properties of pure
ZnO and Er-doped ZnO NPs colloid at room temperature prepared by Nd:YAG laser ablation
in ethanol method is investigated. XRD spectra indicate that all the films exhibit wurtzite
hexagonal crystal structure. The photoluminescence spectra measurements show that all the
samples have ultraviolet emission centered at 382 nm and green emission. The surface
morphology is investigated by atomic force microscopic. The results show that the surface
granular morphology with a regular arrangement of aggregates of nanocrystals. The FTIR
spectra indicate the existence of the distinct characteristics transition peak for Zn-O stretching
modes and Er-O-Er, Er-O stretching modes. The current increases with doped ZnO reaching
to 86 μA. Under reverse bias, reverse current very small less than 6.5 μA produce from high
resistance in the reverse bias. The reduction in the junction capacitance with increasing the
bias voltage. The spectral responsivity curve of ZnO/p-Si and Er- ZnO/p-Si consists of two
peaks of response the first peak related with ZnO and the second peak related with the silicon
and that the detectivity depend directly on responsivity.
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