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ABSTRACT
The goal of this paper is to study the Nd:YAG laser interaction with the ZnO nanomaterial by
etching the ZnO nanodisc surface. The preparation of ZnO nanodisc is studied also and the setup
which we use in previous experiment published in the (IJRRR, Vol. X, Issue 1, March 2017) is used
also. The interaction is done under vacuum conditions with high pressure in the range of (10 -3) Tor.
The main target of the paper is to study the plasma generated from the etching of the ZnO nanodisc by
Nd:YAG laser.
Keywords: ZnO nanomaterial, Nd:YAG laser etching, Plasma generation, electron temperature,
electron density, Langmuir probe

1. INTRODUCTION
Metal nanoparticles have been intensively studied within the past decades [1].
Nanosized materials have been a vital subject in essential and connected sciences [2]. Zinc
oxide nanoparticles have gotten impressive consideration because of their one of a kind
antibacterial, antifungal, and UV separating properties, high synergist and photochemical
movement [3]. Zinc oxide is a semiconductor with a wide band gap of 3.37 eV at room
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temperature. It has been thoroughly investigated because of its unique physical and chemical
properties which make it an excellent material for electronic, piezoelectric, and optical
devices, as well as gas sensors [4,5]. The raw material can be converted into the nanomaterial
either by soft chemical method, the sol-gel method vapor phase growth process, or the vapor –
liquid – solid phase process [6-8].

2. PREPARATION OF THE ZNO NANOMATERIAL
Zinc oxide is a semiconductor with a wide band gap of 3.37 eV at room temperature. It
has been thoroughly investigated because of its unique physical and chemical properties
which make it an excellent material for electronic, piezoelectric, and optical devices, as well
as gas sensors.
The raw material can be converted into the nanomaterial either by soft chemical
method, the sol-gel method vapor phase growth process, or the vapor – liquid – solid phase
process [9].

Fig. 1. The SEM image of the ZnO nanopowder after preparation in the lab.

The preparation of ZnO nanomaterial in this work is the soft chemical process. Where
the natural sepiolite, a product of Vicalvaro-Vallecas (TOLSA, PangelS9, Spain) was mixed
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in distilled water to reach 10 mass % concentrations. Then, the suspension was progressively
acidified at a room temperature with 38 % HCl at pH = 0 for 2 h. The dispersion obtained was
vacuum filtered and subsequently washed with distilled water (2 - 5 times). After that, the
sample was mixed with 1.0 L of an aqueous solution of ZnSO4·H2O and the pH of the
dispersion was adjusted with sodium hydroxide to (pH = 9) to ensure the precipitation of all
zinc ion species. Finally, the dispersion obtained was dried over day at 150 °C and
subsequently calcinated at 550 °C for 1 h at a heating rate of 2 °C/min.
The particle size distribution was determined after powders calcination followed by
dispersion in ethanol and sonication for 10 min. The X-ray diffraction patterns of calcined
powder samples were collected by X’Pert High Score Philips Analytical Diffractometer
equipped with a Cu anticathode (λ Cu Kα anticathode = 0.154056 nm).The surface
morphology is studied using the SEM at the Kufa University, collage of sciences, Biology
department. Finally, the ZnO is doped after 2h of acid leaching and using furnace for heating
the sample at 550 °C for 1 h.
Figures (1, 2, 3 and 4) shows the Scanning Electron Microscope (SEM) images taken at
the Kufa University, Collage of Sciences, Biology Department, SEM – Lab under our
supervised.

Fig. 2. The ZnO nano-disc prepared after pressing the ZnO nanopowder under 1-1.5 Ton. The
resulted disc have a diameter of 1.5 cm, this diameter can be changed according to the templet
in use.
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2. 1. Plasma formation and measurements
Figure (3) shows the I-V characteristics of the Langmuir probe used in the experiment.
This curve is obtained from the electrons current collected by the probe which gives a signal
to the trigger and this converts the signal to the ammeter connected in the circuit. The
ammeter also gives a signal to the storage oscilloscope to draw the obtained signal during the
laser pulse. This signal is simultaneous depending on the Nd:YAG laser pulse duration.
Since the probe is submerged in an unforgiving situation, exceptional procedures are
utilized to shield it from the plasma and the other way around, and to guarantee that the
circuity gives the right (I–V) values. The test tip is made of a high-temperature material, as a
rule a tungsten bar or wire 0.1-1 mm in breadth. The bar is strung into a thin fired tube,
normally alumina, to protect it from the plasma aside from a short length of uncovered tip,
around 2-10 mm long.
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Fig. 3. The Langmuir probe I-V characteristics obtained after the ZnO nano disc irradiated by
laser radiation with one pulse of 1064 nm, 200 mJ.

With a specific end goal to quantify the test current then the voltage crosswise over
resistance R is shown utilizing the oscilloscope. This plan has favorable position that the
measuring resistor is associated with the oscilloscope ground and therefore to spurious
pickup. The variable resistor which is being used doesn't exceed 100KΩ, this value is not the
problem any way. The serious problem or the disadvantage of this case is that the bias supply
is floating. To ensure that the supplied voltage is not to be floated, then a capacitance should
be used. The capacitance of the capacitor it has expansive esteem so that the ac signals will be
short – circuited to ground and the test can't be relied upon to have the required recurrence.
The bias supply can also act as an antenna to pick up spurious signals. To prevent this it
is possible to connect the final or the hot side of the resistor to the AVO and the other side to
the ground. Another way to measure the plasma potential can be abstracted by the following:
high impedance of 1MΩ feed oscilloscope resistance can be utilized this is known as the
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drifting capability of the test. The estimation of R can be shifted from 100 KΩ to 1 MΩ as it
is conceivable and every one of these qualities gives the required results.
The lowest value of R can be determined by using Ohm’s law where this value should
satisfy high enough of IR drop through it does change the measured value of voltage. In our
research the value of R is selected to be 100 KΩ. More than this value is not important and
doesn’t have any side effect on the circuit but it has a disadvantage in the work. A-D
convertor is used to convert the output signal to a digital signal where it is important to record
the voltage across the resistance R. Here the measured voltage is not the plasma potential but
the floating potential.
2. 2. Setup of Work
The setup which is shown in our previous work especially the work published before in
the (IJRRR, ISSN: 2277-8322 (Online)), which explain in details the design and implantation
of the system beside the setup which is used also.
The material was changed here, to understand the difference between the probe
behavior, the generated plasma, and as a result the plasma parameters which are studied
before.
According to F.F. Chen [ref. 9] the previous probe I-V characteristics shown in figure
(3) is more identical with the reference above. This result well helps us to complete the
required results that we want.

3. RESULTS AND DISCUSSION
(𝑉𝑓 ) which it was the floating potential is defined by the (𝐼𝑖 = 𝐼𝑒 ) if the electrons are in
Maxwellian distribution, this current is caused by the electric field of the sheath, which
accelerated the electrons to velocity of (𝑣𝑠 ) where this velocity is the minimum required
velocity to form a sheath, which lies in the region where the ions are repelled. The electron
temperature (Te) then can be calculated according to:

𝑉𝑓 = −
1⁄2

𝑚

For (𝑙𝑛 (4𝜋𝑚𝑖 )
𝑒

𝑘𝑇𝑒
𝑒

𝑙𝑛 (

𝑚𝑖

4𝜋𝑚𝑒

1⁄2

)

… (1)

≤ 1) then the equation can be reduced to:

𝑉𝑓 = −

𝑘𝑇𝑒
𝑒

… (2)

Then by substituting the values of the (floating potential, Plank’s constant, and the
electron charge quantities) it is possible to obtain the electron temperature to be (5.9705 eV),
where the floating potential is about (5.9 volt).
Since the probe has a circular external shape, then the area of the probe can easily
computed to be: (𝐴 = 𝜋𝑟 2 = 1.767 × 10−6 𝑚2 ), also from fig. (3) above, the (Ies) can easily
concluded according to F.F. Chen, to be: (0.9 × 10−3 𝐴𝑚𝑝), then the plasma density is:
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⁄2

𝐼𝑒𝑠 𝑘𝑇𝑒 −1
𝑛=− (
)
𝑒𝐴 2𝜋𝑚𝑒

= 1.28 × 1027 𝑚−3

Also the other important plasma parameter is the plasma oscillation which can be easily
computed according to F.F. Chen as:

𝜔𝑝𝑒

𝑒 2 𝑛𝑜 1⁄2
=(
)
= 5.04 × 1025 𝑟𝑎𝑑/𝑠𝑒𝑐
𝜖𝑜 𝑚

The plasma frequency also easily computed using (𝑓𝑝 = 9√𝑛 = 9√1.28 × 1027 =
3.2 × 1014 𝐻𝑧).
From the results above one can easily show that the plasma generated from the etching
of the ZnO nano-surface is denser, more oscillates and also the electron temperature is higher
than the other plasmas generated from the raw ZnO material. Thus the plasma generated it has
energy (thermal energy).
The ZnO nano-disc when it was etched by Nd:YAG laser, then its surface morphology
will be changed in comparing the SEM image shown in figure (2) above and SEM image
showing in Figure (4) bellow.

Fig. 4. The SEM image of ZnO nano-disc after etched by Nd:YAG laser.
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Fig. 5. The SEM image showing that the laser incident directly on the ZnO-nano disc was
etched the surface with non-homogeneous etching this is because the laser – matters
interaction depends directly on the material properties such as the absorption coefficient,
and the internal molecule and atomic structure.

4. CONCLUSIONS
When using the nano technology to study any physical or chemical changes caused
using near-field electromagnetic radiation then many properties of the material will changed
according to the changes occurring in the material atomic structure. Thus the produced plasma
as a result will also change to be denser, and has a frequency higher than this of the general
plasma (the plasma generated from etching of raw materials). The vacuum condition is also
one of the most important conditions to study the plasma generation this is because the
Langmuir probe may be damaged under the atmosphere pressure. The resulted nano-material
has an electron affinity more than this of raw material, thus the probe measuring current
higher.
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