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Abstract
In this paper, we present the details of our work on the deposition and characterization of
NdFeB thin films. These films were prepared using facing target sputtering technique. The
silicon(lOO) substrates were maintained at a substrate temperature of 400 to 600°C during
deposition. Film structure, composition and magnetic properties are analyzed using
Rutherford Backscattering Spectroscopy (RBS) and X-ray Diffraction (XRD) techniques.
Films deposited below 400°C were x-ray amorphous, while the onset of crystallinity was
observed with the films deposited at 500°C. Typical film composition was Nd : Fe : B = 2.2 :
12.5 : 2. Film composition appear to be a function of deposition conditions. Oxygen has
been found to be the main impurity in the films. Oxygen content in the film reduced as the
substrate temperature is increased.

Introduction
NdFeB and SmCo are the commonly used permanent magnetic materials for a wide variety
of applications. Since the discovery of Nd2Fe]4B in 1984 [1], numerous studies in Nd2Fei4B
based materials have been conducted to obtain a better understanding of their excellent
intrinsic properties and develop better fabrication process for permanent magnets. With the
rapid development of micromechanical systems, microelectronics and integrated
electromagnetic devices, applications of permanent magnetic films are becoming more
significant [2]. Miniaturised magnetic sensors, actuators and motors are some of the areas that
can benefit from the development of film type magnets [3].

Nd2Fei4B films have been prepared by thin film processes such as magnetron sputtering [4],
molecular beam epitaxy and pulsed laser deposition [5-6]. The magnetic properties of these
films depend mainly on growth technologies, texture control and microstructure. To the
author's knowledge, there has been no report on the growth of NdFeB thin films using facing
target sputtering (FTS) till now. Films prepared using FTS have got many advantages
namely uniform films over large areas [7] with smooth dense and columnless microstructure
[8], properties which are highly desirable in the magnetic films. Hence, an attempt has been
made in this work to deposit these films using FTS technique and study their structural and
compositional properties. Films have been prepared at different substrate temperatures in the
temperature range 400 to 625°C and the film properties were investigated.

Experimental
The schematic of the FTS system is shown in figure 1. It consists of a vacuum pumping
assembly, a control panel for the pumping system, a vacuum chamber designed to
accommodate two sets of facing targets and a substrate holder with heater assembly
(described in detail in ref.9).
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Figure 1 : Schematic of the Facing target sputtering system chamber

The pumping module consists of a conventional 4.5" diffstack diffusion pump having a
pumping speed of 230 1/sec backed by a direct drive rotary pump. The ultimate vacuum that
has been achieved with liquid nitrogen trap is 2 x 10"6 mbar.

The inter target distance was maintained at 65 mm and the target to substrate distance was
kept at 60 mm throughout these investigations. Prior to deposition, substrates were heated to
the deposition temperature and kept at that value for a few hours to ensure a uniform and
equilibrium temperature over the entire substrate surface. Films were deposited on to silicon
(100) and copper substrates in pure argon atmosphere at pressures 0.04 mbar for discharge
current of 50 mA. Deposition was carried out by maintaining the substrate temperature at
ambient and at 500 to 625°C. The substrate heater was fabricated in the laboratory using
suitable kanthal wire. The whole heater assembly is enclosed in a stainless steel holder with
suitable insulator. The maximum temperature obtained in the heater is 650°C.

The composition and structure of the films were analysed using Rutherford back-scattering
spectroscopy (RBS) and X-ray diffraction technique. The composition of the film was
determined by using standard simulation methods and comparing it with the experimental
Rutherford back-scattering spectrum using a RUMP program.

Results and Discussion
Figure 2 shows the x-ray diffraction pattern of Nd2Fei4B films deposited at 550, 570, 600
and 625°C at 50 mA discharge currents. The peak representing the (331) plane is more intense
for the films deposited at 550 and 570°C substrate temperature. The intensity of this peak
gradually reduces as the substrate temperature is increased to 600 and 625°C. Further study
of XRD pattern for different discharge currents and pressure are still under progress. Films
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prepared at substrate temperature less than 500°C are found to be amorphous in nature.

Tsai et al [10] deposited Nd2Fei4B films by dc magnetron sputtering on Si(l l l) wafer. Films
were deposited at ambient temperature and postannealed in a high vacuum with a temperature
between 480—600°C. They observed the peaks representing planes (204) and (410) from
XRD analysis. Kanekjyo et al [11] prepared Nd2Fei4B films by single role melt-spinning
technique under an argon pressure. The XRD analysis revealed the Nd2Fei4B formation of
(331), (204), (214), (313), (224), (410), and (314) planes.
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films were prepared by Yu et al [12] by magnetron sputtering technique. The
asdeposited films were annealed at 500°C. The XRD analysis showed Nd2Fei4B crystallites
isotropically oriented in the annealed film.
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Figure 3 shows the typical RBS spectrum of the film deposited at 570°C. Figure compares
the simulated and experimental spectrum. Nominal film compositional ratio equals Nd:Fe:B =
2.2:12.5:2. However, oxygen has been found to be the major impurity in the films. Though
the film composition is similar at all substrate temperatures, oxygen impurity content has
reduced at higher substrate temperatures. Further, at higher substrate temperatures, there has
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been some evidence of significant interdiffusion between the film and substrate. Further
studies are in progress to optimize the deposition conditions.

Summary
NdFeB thin films were deposited by facing target sputtering technique. Films were deposited
at different substrate temperatures in the range 400 to 625°C. These films were analysed for
the structure and composition using the XRD and RBS techniques. These films showed a
nominal composition of Nd:Fe:B - 2:12:1 and have indicated the formation of crystalline
stoichiometric phase above 500°C. Further studies are in progress to understand the growth
kinetics of these films.
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