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Abstract

Barium hexaferrite BaFe;,0,9 (BaF) thin films have been prepared by pulsed laser deposition.
The target was prepared by solid state reaction method and the films were depositied on c-plane
(0001) sapphire substrates with KrF excimer laser at wavelenght of 248 nm and with an energy density
of 2.16 J/cm?. During deposition the repetition rate, the temperature, and the time for deposition were
varied of: (2 Hz, 700°C, 15 minutes) or sample 5715, (5 Hz, 800°C, 15 minutes) or sample 5815, (5
Hz, 800°C, 30 minutes) or sample 5830, (2 Hz, 800°C, 30 minutes) or sample 2830 respectively. The
crystal structures were measured by high resolution X-ray diffracometer (HR-XRD) and the grain size
were calculated by Scherrer equation. The magnetic properties were measured using SQUID-vibrating
sample magnetometer (SQUID-VSM) at a maximum 5kOe, and an atomic force microscope (AFM)
was used to detected surface morfologi. The XRD measurement shows that the BHF phase was
observed in the sample grown at 800°C with the calculated grain size were 11.41 nm (2830) and 15.38
nm (5815). The VSM measurement shows that the: M;,M, and moment were increase in the series of
5715 to 5830 to 5815 and to 2830, however the H, maximum observe at series of 5715. An AFM
image shows that the roughness average were 59.6 nm (5715), 24.6 nm (5815) and 36.9 nm (2830).
After annealing at 1000°C for 2 h the magnetic properties was decrease. The effects of parameter
deposition and grain size and its development in the future will be discussed relation to the magnetic
characteristics.
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Introduction

Hexagonal ferrites are used widely as permanent magnets. This ferrites (ferrimagnetic transition-
metal oxides) are electrically insulating, and therefore they are widely used in high-frequency
applications, because an ac field does not induce undesirable eddy currents in an insulating material
[1]. Barium hexaferrite, BaO.6Fe;0;, is a known high performance permanent magnetic
material [2], has the magnetoplumbite structure (hexagonal, P6/mmc) with cell dimensions a
= 5.888 A and ¢ = 23.228 A, and is ferrimagnetic with Tc = 723 K (=450°C) [3]. Barium
ferrite thin films have a high Curie temperature, large magnetocrystalline anisotropy field
H,, large magneto-optic rotation [4-5] and large uniaxial anisotropy ~0.33 MJ.m™ parallel to
the c-axis [6]. Owing to a high characteristics, these ferrites are especially suitable for next
generation magneto-optical (MO) disk material [7], millimetre-wave filters, phase shifters and
non-reciprocal devices with frequency tuning provided by an external magnetic field [8-10],
Coplanar Waveguides (CPWs) in microwave integrated circuits (MICs) and in monolithic
microwave integrated circuits (MMICs) [11-14] due to lower level of media noise in
comparison with Co-based alloy [15]. The narrow transition width being required for high
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linear densities, which is proportional to M, t/H., where M, is the remanent magnetization, t is
the film thickness, and H. is the coercivity [16], and for microwave application, it is easy to
obtain the ferromagnetic resonance (FMR) frequencies in the range of 50-60 GHz with
application of reasonable values of external bias magnetic fields not exceeding 10 kOe [17-
23]. One superior property of barium hexaferrite is its excellent chemical stability, thermal
stability [24], and corrosion resistivity [25]. Ferrite magnets are still widely used and are
intensively researched to increase the saturation magnetisation as reported in [26] although
they have less magnetic strength than rare earth magnets [27] and relatively low
magnetisation (M; = 0.44 T). The interested things to explore for these materials are grain
size, and films thickness. The grain size ~ 50nm are desirable to realize reasonable signal-to-
noise ratio (SNR) in ultrahigh density recording [28] and in magnetic recording media the
thickness are usually thin (i.e. 30-300 nm). Deposition of barium hexaferrite on
semiconductor substrates are usually utilize a sputtering or laser ablation technique. Jinshan
Li at al. 1995, reported the deposition of barium hexaferrite on Si ans ZnO/Si substrate using
magnetron sputtering [29], Zailong Zhuang at al.1999, reported the deposition of barium
hexaferrite on Si/Si0,/Pt (interlayer) using rf diode sputtering [30], A.Lisfi at al, 1998,
repeorted the deposition BaFepOjp films on Al0; single crystal substrate with (001)
orientation with and without buffer layer ZnO using PLD [31], Young-Yeal Song, at al,2003,
deposited BaFe ;0,9 onto sapphire substrate onto sapphire subatrate using PLD 32], Zihui
Wang at al.2010, deposited of Barium Hexaferrite film onto sapphire substrate through PLD
techniques [33].

In this paper we report deposition, magnetic properties, texture, and microstructure of
highly c-axis barium hexaferrite thin films deposited by pulsed laser deposition method.

Experimental Technique
A block diagram outlining the target and thin films preparation process are shown in fig.
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Figure 1. Shematic diagram of preparation process for target (left) and thin films (right)

The target was prepared by solid state reaction method from precursor BaCO3 (99.997%) and
Fe,O; (99.999%) as shown in figure 1. All the films were depositied on c-plane (0001) sapphire
substrates with KrF excimer laser at wavelenght of 248 nm and with an energy density of 2.16 J/cm?.
Prior to each grow the vacuum system was evacuated down to base pressure 10° Torr with a
turbomolecular pump. During deposition the repetition rate, the temperature, and the time for
deposition were varied of: (2 Hz, 700°C, 15 minutes) or sample 5715, (5 Hz, 800°C, 15 minutes) or
sample 5815, (5 Hz, 800°C, 30 minutes) or sample 5830, (2 Hz, 800°C, 30 minutes) or sample 2830
respectively. The crystal structures were measured by high resolution X-ray diffracometer (HR-XRD)
and the grain size were calculated by Scherrer equation. The magnetic properties were measured using
SQUID-vibrating sample magnetometer (SQUID-VSM) at a maximum 5kOe, and an atomic force
microscope (AFM) was used to detected surface morfologi.

Result and Discussion

The density of the target before and after sintering are 2.7745 gr/cm’and 3.1618 gr/cm’
respectively. From XRD measurement shows that the target is polycrystalline as shown in
figure 2.
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Figure 2. The XRD measurement (a) and magnetization measurement (b) of barium
hexaferrite target
The remnant moment, saturation moment and coercive field are shown in table 1
Tablel. The remnant moment, saturation monent and coercive field

BHF TARGET M, (emu) H. (Oe) M; (emu)
10K 2.69 1931.73 5.79
50 K 2.66 1855.77 5.77
100 K 2.61 1926.88 5.62
200 K 2.41 2439.11 4.95
250 K 2.25 2855.01 4.55
300 K 2.07 3292.02 4.14

From magnetization measurement shows that at low T saturation magnetization is higher than
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at high T, however, the coercive field is lower. It is indicated that the samples displays a weak
ferromagnetism, which may result from remnants of hexaferrite platelets or/and magnetic
clusters [27].

From XRD measurement of thin films shows that the crystallization films performed at
800°C as shown in figure 3.
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Figure 3. The XRD measurement of barium hexaferrite thin films

The particle size is determined from the diffraction peak broadening with the use of the
Scherrer equation [34]. The particle size are 11.41 nm (sample of 2830) and 15.38 nm
(sample of 5815).

From AFM masurement shows that particles is nearly spherical shape without porous.
With the increase in the deposition temperature the surface has a melting partial. The
roughness average of the samples are 43.4 nm (sample of 5715), 24.6 nm (sample of 5815)
and 36.9 nm (sample of 2830).

Figure 4. The AFM measurement of sample 5715
Magnetization measurement was done in the plane direction of the films. All samples
shows the normal ferromagnetic and has been saturated at less than 5 kOe as shown in figure
5. The saturation moment, remnant moment were increase in the series of 5715 to 5830 to 5815 and to
2830, however the H, maximum observe at series of 5715.
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Figure 5. Magnetization measurement at 10 K (left) and 300 K (right)
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Figure 6. Magnetization measurement at different temperature: (a) moment, (b) saturation
moment, (c) coercive field and (d) remnant moment

After annealing the magnetic properties were decreased as shown in figure 7. It is indicated
that the particles size were increased and formed a multidomain or vortex state [35].
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Figure 7. Magnetization measurement at different temperature before and after annealing: (a)
sample of 5815 at 10K, (b) sample of 5815 at 300K, (c) sample of 2830 at 10K and
(d) sample of 2830 at 30K
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