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A Study on the Deposition of Permalloy Nanostructured Thin Film Utilizing
Supersonic Deposition of Nanoparticles Formed
by Laser Ablation of Microparticles
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Abstract

In this paper, we synthesized 10 to 20 nm diameter NiFe nanoparticles and nanoparticle films

utilizing supersonic jet deposition of nanoparticle aerosols generated by laser ablation of 30 to 45 m

diameter permalloy (NigiFeio at %) microparticles. The component and composition of the nanoparticles
were characterized by an energy dispersive X-ray spectroscopy. The morphology of the nanoparticles
and nanoparticle films was analyzed by a high-resolution transmission electron microscopy and a
scanning electron microscopy, respectively. The experimental results showed that the nanoparticles and
nanoparticle films have remarkable properties with an excellent preservation of the composition of
feedstock permalloy microparticles. The purpose of the present work is to present details on the
composition and nanostructural characterizations for NiFe nanoparticles and nanoparticle films prepared

by laser ablation of microparticles (LAM).
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Fig. 1. Schematic diagram of LAM process

equipment used in this paper.
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Fig. 2. SEM micrographs of (a) permalloy
feedstock microparticles and (b) NiFe
nanoparticle films deposited by LAM.
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Fig. 3. X-ray plots of permalloy feedstock
microparticles to analyze their struc-

tures.
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Fig. 4. High resolution TEM micrographs of
representative  nanoparticles  produced
from the laser ablation of permalloy
microparticles.
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Fig. 5. The diameter distribution of NiFe
nanoparticles generated in this study
(Standard deviation=7 nm).
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Fig. 6. Typical EDS spectra for an individual
NiFe
composition.
composition are listed in Table 1.
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Table 1. Summary of statistical EDS results for
individual NiFe nanoparticles.
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Spectrum 7No. | Ni (atomic %) | Fe (atomic %)

1 80.2 19.8
2 80.04 19.96
3 80.27 19.73
4 79.06 20.94
5 73.77 26.23
6 85.47 1453
7 79.18 20.82
8 8291 17.81

Average 80.11 19.98
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Selected area diffraction (SAD) patterns
obtained from the collected NiFe nano-
particles shown in Fig. 4. The (hkl)
values of ring patterns identified are
listed in Table 2.
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Table 2. Summary of the identified (hkl) values
of SAD ring patterns for the collected

o o
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NiFe nanoparticles shown in Fig. 7.

(hkl) Omeasured ( A) deatculated (A ) Error (%)
(110} 2.58 2.51 2.8
(111) 2.15 2.05 49
(210) 1.56 159 19
(220) 1.30 1.26 3.2
(320) 0.98 0.99 1.0
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Table 3. Results of NiFe nanoparticles from this

experiment compared with results from

Ref. [11-13].
_ This
Parameter Ref. [11-13] experiment
Produced total
nanoparticle mass 0.56 11.43
per area (ug/mr)
Mean diameter of
nanoparticles (nm) 60 15
: LAM +
Pr;p;ﬁ%m LAM Supersonic
jet deposition
Composition data | Not shown Shown
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