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Nanofabrication through plasma route has been used for fabrication of Nanoparticles and Nanostructured

materials as it is indicated that plasma route is superior to other physical and chemical techniques. Srivastava has

established, the deposition of nanoparticles through plasma route on different substrates using Dense Plasma Focus
device (DPF). DPF is a source of hot (1-2 keV) and dense (10 ** m ) plasma. The hot and dense argon plasma
formed during focus phase causes the ablation of the cobalt disc placed at the top of the anode. Brass holder is

inserted from the top of the plasma chamber and is placed above the anode. The cobalt ions along with the argon

ions move upwards in a fountain like structure and get deposited with three focused DPF shots on the silicon

substrates placed at a distance of 5.0 cm above the anode. The structural properties have been studied using X-ray

diffractometer. The surface morphology of the deposited cobalt has been investigated using Atomic Force

Microscope (AFM). The nanoparticles have dimensions in the range of 40-80 nm. Magnetic Force Microscope

(MFM) studies show that the nanoparticles are magnetic in nature.
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1. Introduction

exhibit and chemical

properties which can be tailored and are extremely

Nanomaterials physical
different from the properties of bulk materials. Magnetic
properties also change in the nanoparticles of magnetic
materials. This paves the way to the search of magnetic
materials that could be applied to nanospintronics and
ultra  high-density = memory  storage  devices.
Ferromagnetic nanoparticles are considered to be the key
material from a viewpoint of the application for ultra high
density magnetic storage media [1].

Nanofabrication of materials in laboratory through
plasma route is established [2-4] to be one of the best
routes. In chemical route, one follows the top down
approach whereas the biological processes in nature
follow the bottom up approach. In laboratory it is possible
to adopt the bottom up approach for nanofabrication
through plasma route. Plasma sources fall in different
categories such as low density low temperature, moderate
density moderate temperature, high density high
temperature, equilibrium and strongly non-equilibrium,
pulsed and steady state plasmas. Ion sources produced

through plasmas are widely used for material processing.
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Many methods such as glow discharge, rf sputtering,
magnetron sputtering, ionized physical vapor deposition
(IPVD) etc. to produce ions having either low density low
temperature or moderate density moderate temperature
plasmas. The ions under such plasma conditions produce
films and nanoparticles which in many cases require
substrate biasing, substrate heating or annealing of the
films. Recently, it has been established that ions produced
in fusion plasmas under extreme conditions of density,
temperature and in strongly non-equilibrium state are
very much suited for the preparation of nanoparticles [2-
4] as they don’t require substrate heating or biasing or
annealing of nanoparticles deposited. One such device
used is Dense Plasma Focus (DPF) device.

Dense plasma focus device is a source of ions and
electrons [5, 6]. High energy and high fluence argon ions
produced in DPF device have been used for the
of
Srivastava [2,3] has discussed extensively the deposition

deposition nanostructures and  nanoparticles.
technique and characterization of Nanoparticles. Earlier
DPF device have also been successfully used for initiating
phase changes [7-11] as well as the deposition of thin

films [12-17] , nanoparticles [2-4] and more recently for
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FePt [18].

In the present work, we have reported the use of high
temperature (1-2 KeV) and highly dense argon plasma
(10 m™) in Dense Plasma Focus device to produce fully
ionized cobalt ions using cobalt on the top of the
detachable anode. These fully ionized cobalt ions are
deposited on the silicon substrates which are placed at a
distance of 5.0 cm above the anode. These deposited
cobalt nanoparticles are characterized structurally with
X-ray diffractometer (XRD) and surface morphologically
by atomic force microscope (AFM). The magnetic
properties of nanoparticles have been investigated using
Magnetic Force Microscope (MFM).

2. EXPERIMENTAL SET-UP

The Dense Plasma Focus (DPF) Device produces
high temperature (1-2 KeV) high-density plasma (10°° m’
3) for duration of about hundred nanoseconds [2, 3, and
6]. The DPF is a coaxial gun accelerator consisting of two
coaxial electrodes separated by an insulator sleeve. We
have used in the present work a DPF device of Mather
type [5, 6]. The schematic of DPF Device showing
various subsystems is shown in Fig.1.
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Fig.1. Dense Plasma Focus device with its
modifications

The various subsystems of DPF are (i) focus
chamber made of chromed mild steel. It is a cylindrical
chamber consisting of coaxial assembly of electrodes
with one anode surrounded by six symmetrically placed
cathodes around it, (ii) the anode is made up of copper
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with a cobalt disc inserted in it, (iii) High voltage power
supply to charge the capacitors, (iv) the spark gap as fast
switching device to transmit the high voltage from
capacitor to the electrodes inside the focus chamber, (v)
the triggering electronics to activate the spark gap
switches and (vi) focus diagnostic data acquisition
system. The DPF Device is having energy of 3.3 kJ that is
obtained by discharging a 30 UF capacitor charged tol5
kV. This device is used for obtaining nanoparticles of
magnetic material Viz. Cobalt.

N-type Silicon substrate with orientation (111) is
cleaned and mounted on the brass substrate holder and is
placed inside the vacuum chamber. The axial movement
of substrate holder and its distance from anode is
controlled by a brass rod from the outside. The focus
chamber is evacuated and filled with argon gas. The
argon pressure inside the chamber is maintained in the
range of 80-100 Pa for getting good focusing. The
capacitor bank is charged to 15 KV by high voltage
charger and then discharged through the -electrode
assembly by triggering the spark gap arrangement. The
plasma is formed on the top of the anode during radial
pinch phase. After a few unfocused shots, a good focus is
obtained which is evident from the sharp peak in the
Voltage probe signal that is displayed on the oscilloscope
(Tektronix TDS 784). A shutter, placed in between the top
of the anode and the substrate, prevents ions from
reaching the substrates when a good focusing signature
on the storage oscilloscope is not obtained. The shutter is
removed after the device gives good focusing. Each
focused shot in this device is of ~ 1us duration and the
Cobalt ions are produced subsequently. The argon ions
along with cobalt ions move upward in a fountain shape
and cobalt ions get deposited on the silicon substrate. It
was observed that silicon substrates get damaged when
the distance between anode and substrates is less than 5.0
cm. Thus, the results of nanoparticles deposited at a
distance of 5.0 cm from the top of the anode with three
focused DPF shots are reported in this paper.

3. RESULTS AND DISCUSSION

X-ray diffraction was carried out using CuKa
radiation. The X-ray spectrum of deposited cobalt
nanoparticles on silicon substrates for three DPF shots is
shown in Fig.2. It shows a peak at 20 value of 61.87°
corresponding to [hkl] plane of [102] with d-spacing of
1498 A [19]. Since the nanoparticles have short range
order their d spacing may be at variance with the d spacing
of bulk crystal lattice having long range order. The 20
value from X-ray diffraction pattern when compared with
JCPDS file database matches with the a-Co having (hcp)
structure [19].
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Fig.2. X-ray Diffraction pattern of deposited
nanoparticles of Cobalt

2 Theta

Atomic force microscopy images have been taken
CP-1I
instrument. In this work the mode of measurement is non

using Scanning probe Microscope digital
contact mode. The AFM images of deposited Cobalt on
n-type silicon (111) substrate placed at a distance of 5 cm
above the anode is shown in Fig. 3. The area scanned is
5pum x5 um and 1 um x 1 pm shown respectively in Fig.
3(a) and Fig. 3(b). Fig.3(a). show the tubular structures
which on observing at higher resolution of atomic force
microscope, scanning an area of lum x lum show the
presence of nanoparticles. (b) of Fig. 3 shows cobalt
nanoparticles of different sizes arranged inside the
tubular structures. The diameter of the particles in (b) of
Fig.3 is found to be in the range of 40nm — 80 nm. The
AFM pictures were analyzed by SPM lab analysis
software. The arrow 1 on (b) of Fig.3 indicates a typical
nanoparticles whose radius is found to be 20 nm. A
standard roughness measurement was done for Z-line

(indicated by arrow 2). The parameter Ra gives the

roughness average along Z-line to be 4.40 nm. The
maximum height of deposit above the mean line drawn on

the surface is given by parameter Rp

Rp=Zmin-Z

Where Z is scaling line on the image. The value of
Rp is 22.47 nm as evident from data points. The mean of
maximum height above mean line is given by
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Fig. 3: AFM images of cobalt nanoparticles with
scanned area of ()5 pym x5 um and (b) 1 ym x1um.

Where Y=20. In Veeco algorithm for line profile
measurement of this type, 20 highest features in profile are
considered. The value of Rpm is estimated to be 10nm. Let
Zmax be the point where the height of nanoparticles is
maximum and Zmin be the point where the height of
nanoparticles is the minimum i.e. valley, then maximum
peak to valley height is given by

Rt = Z max— Z min

The value of R: is estimated to be 4.49 nm which
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indicates fairly uniform deposition. The mean of peak to
valley for the entire profile is given by

Y

Rtm =— S{Rt)i

Y i<

and Rtm was estimated to be 10.57nm.

1

MEM images the spatial variation of magnetic force
on the sample surface. Magnetic Force microscopy is
performed with a vibrating cantilever whose tip is coated
with thin
measurement, the tip of the cantilever is magnetized and

ferromagnetic films. For magnetic
held at 15 nm to 20 nm above the sample so that the force
of interaction is dominated by the magnetic force.
Magnetic domains exert either attractive or repulsive
force on the tip of the cantilever which causes the change

in phase and amplitude.
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Fig.4 The magnetic phase Image of Cobalt nanoparticles.

Fig. 4 gives the magnetic phase image of
nanoparticles deposited on Silicon substrate with three
focused shots. The darker region show the region of
attractive force and lighter region represent repulsive
force of attraction between the tip and the sample surface.
The typical size of magnetic domains (shown by
arrowhead) is about 10 nm.

4. CONCLUSION

Nanoparticles of dimensions in the range 40 nm —
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80 nm of Cobalt have been obtained on silicon (111)
substrate by plasma-assisted nanofabrication method
using Dense Plasma Focus Device. XRD establishes that
a--Co nanoparticles, having hcp structure are deposited.
MEM studies further establish that they are magnetic in
nature with a typical dimension of a magnetic domain of
10 nm.
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