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Abstract
In this contribution, electric field has some effects to increase growth for specific time duration on zinc oxide (ZnO)

nanobars. First, the zinc (Zn) thin film has been prepared by 235,000 V/m electric field assisted physical vapor deposition

(PVD) at vacuum of 1.33 9 10-5 mbar. Second, strong electric field of 134,000 V/m has been used in ambient for growing

ZnO nanobars in term of the time include 2.5 and 10 h. The performances of the ZnO nanostructure in absence and

presence of electric field have been determined by scanning electron microscopy (SEM) and X-ray diffraction (XRD). The

results of XRD analysis showed that ZnO has a hexagonal bars structure and a strongly preferred (101) orientation which is

strongest than without applying electric field. SEM analysis revealed that physical vapored ZnO thin film in presence of

electric field are densely packed with uniform morphological, thinner and denser in distribution. Electric field effect for

ZnO growth in 2.5 h is better than it in the 2.5 h without electric field but by passing the time the media influence has good

power almost as same as electric field. Through this electric field in PVD, the compact and uniform Zn film has been

achieved which is less diameter than ordinary PVD method. Finally, we carry out a series of experiments to grow different-

orientation ZnO nanobars with less than 100 nm in diameter, which are the time saving process in base of PVD ever

reported. Therefore, the significant conclusion in usage electric field is reducing time of growth.
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Introduction and theoretical frame work

ZnO is a II–VI semiconductor compound that has been

studied due to its wide range of applications in nanosys-

tems. Most of this group semiconductors crystallize in

either cubic zinc blende or hexagonal wurtzite structure

where each anion is surrounded by four cations at the

corners of a tetrahedron, and vice versa [1].The morphol-

ogy of nanostructures is determined by the combination of

kinetic effects, the growth rates of different surfaces,

thermodynamic effects and the energetic stability of the

overall nanostructure [2, 3].

Metal-oxide thin films can be deposited using a variety

available growth techniques for ZnO which are practically

endless, including physical vapor deposition, thermal

evaporation, sputtering and so on. Recently, one-dimen-

sional oxide semiconductor materials have received great

attention because of their potential applications [3, 4].

In one research was used the thermal oxidation method

to synthesized Fe2O3 nanowires via resistive heating and a

transverse electric field which was applied perpendicularly

to the substrate during thermal oxidation, prepare copper

oxide nanowires and applied transverse electric field to the

substrates [5]. Numerous groups have modeled deposition

processes of thin films [6], but here we looked specifically

at ZnO and investigated, at the nanoscale level, the effect

of strong electric field on Zn condensation on substrate and

using normal electric field on the growth of ZnO in two

different time (2.5 and 10 h) of experiment. Ultimately we

focused on the difference between growth produced by

electric field and without it.& Fahime Taromian
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Methods

Actually, the growth process of our ZnO nanostructure was

likely to be divided into two sections. Zn granul had

deposited on the lam which had been placed at the bottom

of Substrate holder to produce only Zn nona sheet, in

another hand producing ZnO nano structure refer to the

next step (put the lam in the special temperature in ambient

and apply different electric field). In both section, voltage

of 4.7 kV was used which was terminated to electric field

of 235,000 V/m in first experiment and 134,000 V/m in

second experiment. In the first experiment, the PVD

method was applied in absence and presence of electric

field, similarly to that described in the schematic is shown

in Fig. 1 consisted of the boat, the mesh, the sample holder

and indicating the voltage is applied to boat’s Source.

In the PVD system, the pressure was about

1.33 9 10-5 mbar, the temperature of the source was

approximately equal to the Zn sublimation temperature.

This machine comprised of RZ2 rotary pump and HP40B2

diffusion model. The source material was Zn granul with

99.99% purity (merck) was placed in the molybdenum boat

onto deposition chamber in the weight of 0.45 g and

diameter of 7 mm. The substrates were soda-lime glass

plates cleaned using acetone and ultrasonically diluted with

ethanol and then rinsed in deionized water and then loading

into a vacuum chamber in top of the bell jar.

Initially, Zn metallic films deposited onto glass sub-

strates by thermal evaporation in vacuum, followed by

repeat experiment assisted by electric field. Electric field

was applied between the aluminum sheet and the mesh.

The as-obtained products collected, which were prepared

without electric field, were labeled as Sample 1 in first

experiment, and products collected under electric field

were labeled as Sample 2 in first experiment.

Deposition

In the first section of experiment, the Zn atoms on the

source were subsequently moved on the substrates which

were deposited for time of 20 min.

Parameters for coating deposition were listed in Table 1.

Note that the crystallinity of the fabricated nanostructures

was dependent on some parameters such as substrate dis-

tance from the Zn source [7], The specimen holder was

connected to positive electrode of the power supply and

electrically isolated from the environment.

This experiment repeated by applying normal electric

field of 235,000 V/m on Zn particles. To supply strong

electric field, a polyamide stand was used to hold a sub-

strate holder made of aluminum sheet as positive (anode)

and aluminum mesh as negative (cathode) electrodes,

respectively, inside the bell jar of the vacuum coating

system. The detail of experiment was provided in the

schematic diagram of Fig. 2.

After the preparation of the Zn thin films in absence and

presence of electric field, only the samples which were in

the presence of electric field were oxidated.

Growth

In the second section of experiment, film samples which

were in presence of electric field were annealed at a high

temperature of 550 �C in ambient, out of the PVD system,

and Zn film could react with oxygen to form a thin oxide

layer during the heat without applying electric field.

Nanobars grew on a substrate which was connected to

1. Rotary pump 
2. Diffusion pump 
3. Mesh 
4. Substrate holder (aluminum sheet) 
5. Substrate 
6. boat’s Source  
7. Vacuum chamber 
8. GND 
9. Power supplies is applied to boat’s Source

Fig. 1 Schematic showing the

PVD system
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heater consists nickel–chromium wire. Hitter connected to

AC power supply. This treatment of the ZnO nanobars thin

films occurred in 2.5 and 10 h.

This experiment repeated by applying uniform electric

field of 134,000 V/m. Positive and negative poles of alu-

minum plates connected to DC power supply, also we

could change orientation and intensity of the electric field

by changing the poles and applied different potential, so

deduced the fast growth of the nanobars which is shown in

SEM images Fig. 4. The condition for second experiment

mentioned in Table 2. This treatment of the ZnO nanobars

thin films occurred in 2.5 and 10 h too. The ZnO nanobars

in the second experiment, which were prepared without

electric field, were labeled as Sample 1 in second experi-

ment, and products under electric field were labeled as

Sample 2 in second experiment.

Results and discussion

SEM

Deposition

Referring to Fig. 3a, b in Sample 1 of first experiment, the

given Zn granul was decomposed into smaller particles that

migrate to the substrate. When this particle reached the

substrate, it lacked surface energy to be deposited firmly

and had a different orientation with no ordering. In Sample

2 of first experiment, when the surface energy was acti-

vated from an external source (strong electric field), it gave

the system a rapid reorganization and coarsening, which

permitted the different formation of the direction and

diameter of the nanostructured thin films in presence of

electric field of 235,000 V/m which could be the cause of

the increasing densely of the thin films in comparison with

Sample 1 (Fig. 3c, d).

In a growth mechanism, the condensation created on a

substrate by attachment of the vaporized atoms and by

atom’s migration from a source and the nuclei growth was

closely dependent on the change in Gibbs free energy.

Electric field in PVD method decreased the diameter of

particle which was also deduced from formula in the

absence of electric field (1) and in presence of electric field

(2) [8]. In Sample 1 of first experiment, the average size of

Zn particles was 683 nm in diameter which was more than

Sample 2. In Sample 2 of first experiment, the Zn particles

had a good arrangement and packed to each other. The

average size of this sample was 617 nm.

DG ¼ 4=3pr3DGV þ 4 pr3cvf ;

dDG=dr ¼ 0;

r� ¼ �2cvf=DGv;

ð1Þ

where DG change of Gibbs free energy for Zn, DGv

change of Gibbs free energy when vapor transform into

Fig. 2 Schematic showing the PVD system with applying electric

field

Table 2 The distribution of condition for second experiment

Dimension of AL plates (cm) Distance between two plates (cm) Applied V (kV) Calculated E (V/m)

20 9 7 3.5 4.7 134,000

Table 1 The distribution of condition for first experiment

Distance between two electrode

(aluminum sheet and mesh) (cm)

Distance between substrate and

evaporation source (cm)

Applied

V (kv)

Basket and

substrate (cm)

Basket and

mesh (cm)

Calculated

E (v/m)

Time for

deposition

(min)

2 4.5 4.7 3.5 1 235,000 20
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Fig. 3 First experiment: Zn

deposition in PVD method.

a scheme of Sample 1 without

applying electric field. b Sample

1 without applying electric field.

c scheme of Sample 2 with

electric field. d Sample 2 with

electric field
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solid, r radius of created embryo, r* critical radius, cvf
surface energy between solid and vapor.

From the (1), an initial nucleus, so called an embryo,

would be appeared when the r is larger than r*, where DG
becomes negative and then the embryo grows into the

nuclei with decreasing the surface energy. Otherwise, the

embryo would be re-evaporated into vacuum or migrated to

the neighbor nuclei to reduce the surface energy. As shown

in formula in (2), r* decreased when electric field had

significant value in comparison with DG,

r� ¼ 2rV2=ðDG�bE2Þ: ð2Þ

So according to the first experiment condensation on

substrate at the initial stage had an important role in in-

plane alignment of the nanobars [9]. The temperature of the

substrate and the pressure were the parameters having

primary influence on the coating structure [10]. SEM

images revealed that the as-deposited gray–black Zn pre-

cursors consisted of a large quantity of Zn (Fig. 3d)

exhibited very densely packed particles with smooth sur-

face morphology.

Growth

The mobility of an atom on a surface will depend on the

energy of the atom, atom-surface interactions (chemical

bonding), and the temperature of the surface. The mobility

on a surface can vary due to changes in chemistry or

crystallography. The different crystallographic planes of a

surface had different surface free energies which affect the

surface diffusion [11].

Figure 4c–f shows typical SEM micrographs of ZnO

thin films deposited in ambient with and without applying

electric field in different time of 2.5 and 10 h. From

Fig. 4c, namely Sample 1, we can see that there were two

kinds of nanostructures, one was nanobars with several

hundred nanometers in length and several tens in width, the

other was large quantity of agglomerations in time of 2.5 h

in diameter. In another hand by passing time to 10 h uni-

form nanobars were seen (Fig. 4d).

Figure 4e, f presented the general morphology of quasi-

one-dimensional nanostructures prepared under electric

field in 2.5 and 10 h, respectively, namely Sample 2. A

mass of ZnO nanobars with significant different growth

length were clearly observed in Fig. 4e, among them, a few

group of ZnO nanobares were also found which were

denser than another area. No agglomerations were

observed on films deposited on the surface of glass whereas

slight agglomerations were visible on Sample 1 without

using electric field in 2.5 h. From Fig. 4f, we can clearly

see there were highly homogenous and uniform ZnO

nanobars which were free from pin holes, cracks or voids.

These surface properties had strong effect on the optical

properties such as transmittance, absorbance and reflection.

Finally the average length of these nanobars was measured

(only hint in this letter) about 320 nm for Sample 1 without

electric field in 10 h and 448 nm for Sample 2 with electric

field in 10 h, which are shown in Fig. 4a, b as a schematic

and SEM images can be seen in Fig. 4d, f. Electric field

effect on the oxidation rate indicated that oxygen ions were

the predominant species diffusing in the growing oxide

film and excludes oxygen atoms and oxygen molecules and

process occurred when the potential of the oxide was

equivalent to the change in free energy of the oxidation

reaction.

A Zn atom on the surface is often bound by a O or O

dimer to form a ZnO or ZnO cluster, both of which are

illustrated here (Fig. 5) [12].

Table 3: showed the growth of ZnO nanowires with

average diameters in the range of less than 100 nm

(Fig. 4). The observed variation in the shape and diameter

of the fabricated nanowires could be due to the presence of

electric field. Note that a main goal was decrease in

preparation time of nanostructures.

X-ray

XRD studies of ZnO thin films have been carried out using

D8-Advance X-ray diffractometer made in Bruker AXS

company. Surface morphology of the films is studied using

field emission scanning electron microscope (VEGA2,

Tescan).

Figure 4g, h shows the XRD patterns of Sample 1 and 2

of second experiment in 10 h. The diffraction peaks at

about 31.4(h), 34.08(h), 35.90(h) were ascribable to the

ð10�10Þ, (0002) and ð10�11Þ planes, respectively, in good

agreement with JCPDS card no. 79-0208, (a = 2.207 nm

and c = 3.379 nm) with no trace of other phases. Note that

the c/a ratio for the prepared samples was 1.53, which is

very close to the standard ratio reported for pure ZnO in the

literature [7].

The XRD suggested that both of the films were crys-

talline with a hexagonal structure, In the preparation of

ZnO nanobars, the ZnO phase may grow in three charac-

teristic diffraction peaks in the initial stage; however, fur-

ther growth only occurred in the [101] crystallographic

direction, as this direction is energetically most favorable

and involves easier diffusion and favorable stacking. It was

obvious that the (101) plane is the preferred orientation in

the both samples, as the peak intensity in Sample 2 of

second experiment was much higher (about twice) than that

of the other peaks. What’s more, after applying electric

field (101) plane diffraction peak intensity of this film was

obviously higher than that of the film without applying

electric field, because the crystallinity of the film had been

Journal of Theoretical and Applied Physics (2017) 11:291–299 295

123



improved through this process [13], and the weakness of

the peaks was related to the thickness of the thin films [14].

As atoms had relatively high activity which promoted the

diffusion of atoms and resulted in preferred orientation

along given lattice planes. The intensity different of the

(002) diffraction between samples, indicating Sample 2 had

a better oriented growth along only the (101) and c-axis

orientation condoned in comparison to Sample 1 [15].

Fig. 4 Schematic of ZnO growth in Second experiment, a Sample 2

without applying electric field in 10 h, b Sample 2 with applying

electric field in 10 h. SEM pictures, c Sample 1 without applying

electric field in 2.5 h, d Sample 2 without applying electric field in

10 h, e Sample 1 with electric field in 2.5 h, f Sample 2 with electric

field in 10 h. XRD patterns, g Sample 2 without electric field of

second experiment in 10 h, h Sample 2 with electric field
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It is well accepted that phase transformations, including

deposition and crystal growth were governed by thermo-

dynamics and kinetics of the process. Studying the ther-

modynamics of the problem, one can judge whether a

particular transformation can take place or not. Kinetics

deals with the speed with which the transformation occurs.

According to thermodynamics, the phase having minimum

free energy would be the stable one out of the different

possibilities [16]. In case, when the electric field is small

and the Gibbs energy is of a significant value, the influence

of the electric field at the crystal growth is negligible [17],

(see Sect. 3.1.1). As illustrated in pervious sections electric

field was in order of Gibbs energy. Structurally, growth

orientation has some deviation from c-axis as it is shown in

Fig. 4 continued

Fig. 5 ð10�11Þ; growth orientation in ZnO structure in this experiment,

white spheres represent O, whilst larger, black spheres represent Zn

Table 3 The distribution of condition for second experiment

Time (hours) 2.5 10

D in first experiment (nm) 77/71 60/58

D in second experiment (nm) 68/78 46/43

Journal of Theoretical and Applied Physics (2017) 11:291–299 297

123



Fig. 5. As it is shown in (3), surface energy related to

Gibbs free energy, these dependencies have been stated

explicitly surface energy related to applying electric field

[see (2)] in experiment too,

c ¼ dG2=dA: ð3Þ

Conclusion

Compared with the other methods of preparation [1, 3], the

current approach is much faster and more convenient. This

finding further confirm rapid growth due to the use of

electric field based-up deposition for growth mechanism to

explain PVD in preparing metal oxide nanobars.

The result of the first experiment is that condensation

and nucleation at the Sample 2 has a crucial role in in-plane

alignment of the nanobars. Orientation of the nanobars has

not massive effect in second experiment even in the pres-

ence of electric field but the fast growth is occurred due to

electric field in second experiment. The overview mor-

phology of the as-prepared products is observed by SEM.

The Zn particles in presence of electric field had a good

arrangement and packed to each other with average size of

617 nm which is decreased in compare to Sample 1

(683 nm).

The result of the second experiment is that highly [101]-

oriented ZnO nanobars were grown on Zn/glass substrates

via simple PVD process using electric field in ambiance at

temperature of 550 �C. The crystal structures of the prod-

ucts are investigated by XRD. This result is very different

from most of the ZnO nanostructures synthesized using

other methods, in which ZnO often grow along the [0001]

direction. The nanobars are characterized in detail in terms

of their structural properties. The detailed structural

investigations reveal that the as-synthesized ZnO nanobars

are well-crystalline, possessing a perfect hexagonal ideal

growth habits of wurtzite ZnO and grow along the [101]

direction in preference.

Due to Sect. 3.2 despite strong electric field on sample,

the orientation has not any noticeable change but by

applying it, the crystallography is more better and the other

orientation was ignored in comparison to [101]. However,

as it was shown in Fig. 4, electric field apply their effect on

growth in the second experiment for Sample 2 during the

time of 2.5 h and their effect approximately stops for 10 h

as the Sample 1 of the second experiment in 10 h without

applying electric field had some resemblance to Sample 2

at time of 10 h.

Finally, ZnO nanobars with a width of 40–80 nm, an

average length of 300–500 nm and an aspect ratio of 4–9

are successfully grown and aligned on a [101] direction by

applying an electric field perpendicular to the surface of a

thin film during its heat treatment at 550 �C. This study

discloses a facile approach to access preferred ð10�11Þ plane
with the assistance of external-field effect in PVD method.

Limitation and suggestion

Many strategies can be used to alter conditions in experi-

ment, such as changing the growth time, adjusting initial,

and including additives with the experiment. As a result of

these modifications, it has become possible to control the

structural, optical, and electrical properties of ZnO for use

in a range of advanced device applications such as solar

cells as we hinted that this method is good for Schottky

contacts or surgical instruments. Recent studies on ZnO

compounds raise new questions which will undoubtedly be

scrutinized in the near future.
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