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Abstract The terbium iron garnet (TbIG) nanoparticle thin films have been
prepared by a sol-gel method for potential use as a magnetic sensor. The films were
deposited onto clean quartz substrate using a spin coating technique, followed by
annealing at different temperature of 700, 800, 900 °C in air for 2 h. As prepare film
has been also executed. Microstructural and magnetic properties of the films were
measured using an X-ray diffraction (XRD), a Field Emission Scanning Electron
Microscope and a Vibrating Sample Magnetometer. The XRD results revealed that
the pure phase of garnet structure has been formed at 900 °C. The lattice parameter
decreased initially from 11.6 to 11.4 Å when annealing temperature increased from
700 to 800 °C, and then it is increased to 12.36 Å when annealing temperature
increased to 900 °C. The grain sizes increased from 12 to 18 nm with increasing of
annealing temperature from 700 to 900 °C, while the thickness of the films
decreased to the smallest value of 312 nm at 900 °C. The saturation magnetization
increased with increasing of annealing temperature due to increasing of grain sizes.
The coercivity of films exhibited a highest value of 102 kA/m at 900 °C.

1 Introduction

Terbium iron garnets (Tb3Fe5O12) are an indispensible class in garnet ferrite group
due to their potential in applications such as, storage, communications and magnetic
sensors [1, 2]. The crystal structure of TbIG is a cubic and belongs to Ia 3d–(Oh

10)
group; the Tb3+ ions are occupied the dodecahedral sites {24c}(222) while the two
Fe3+ ions are distributed in the octahedral [16a](3) and tetrahedral (24d)(4) sites,
hence the magnetic formula of TbIG can be written as {Tb3

+3}[Fe3
+2](Fe3

+3)O12 [3].
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Terbium iron garnets have attracted more attention because it exhibited a
ferrimagnetic ordering of the Tb and iron moments along the [111] direction at
room temperature, whereas noncollinear magnetic structures are observed at low
temperatures [4–6]. Few Authors have reported that terbium iron garnet thin films
prepared by pulsed laser deposition technique showed anomalously large coercivity
and in–plane easy axis of magnetization. In addition, the M-H loop measured at
20 K, exhibited about an order of magnitude enhancement in the coercivity value
(Hc) than the single crystal. In addition, easy axis of the magnetization lies within
film’s plane [2, 7]. No report so far for TbIG thin films prepared by simple steps for
sol gel technique. This work reports the effect of annealing temperature on the
structural and magnetic properties of TbIG. The sol-gel method is preferable in this
work to produce thin films because it offers considerable advantages, like better
homogeneity, capability to produce nanoparticles samples, simple preparation
method and low preparation temperature [8, 9]. It is a wet chemical method when
the solid precursor is dissolved into a solvent.

2 Method

2.1 Samples Preparation

The terbium solution was prepared by dissolving terbium (III) acetatehydrate
(Tb(COOCH3)3.H2O, Alfa Aesan, 99.9 % purity) in 2 mL of acetic acid, 1 mL of
distilled water and 5 μL of nitric acid and iron (III) nitrate nonahydrate
(Fe(NO3)3·9H2O, 98.0 % purity) was dissolved separately in 2 mL of 2-metha-
oxythanol. The Tb–Fe solution refluxed at (80� 1) °C for 3 h. The precursor
solution was maintained at pH 3 by adjusting the amount of diethylamine around
0.2 mL [10, 11]. The resulting solution was refluxed again for 3 h at (80� 1) °C
followed by stirring for 48 h to obtain the homogenous gel. To prepare the film, 25
µL of the gel was dropped onto a clean quartz substrate (1.45 mm thickness). The
substrate was spin coated first at 500 rpm for 15 s and then at 3500 rpm for 30 s.
The film was heated at 90 °C to remove the residual solvent and at 350 °C for
15 min to burn-off the organic compounds. Then, the annealing process was carried
out at 700, 800 and 900 °C in air for 2 h.

2.2 Characterization Techniques

The films nanostructures were characterized using an X-ray diffractometry (XRD,
D8 Advance Bruker) with CuKα radiation (λ = 0.15406 nm) in a 2θ range of
20°–60°. The surface morphology of the films was examined using a field emission
scanning microscope (FE-SEM, ZEISS Supra 55VP) operating in vacuum at 15 kV
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using backscatter detection. The films were coated with gold to prevent the
accumulation of electrostatic charges at the surface to obtain a good image. Carbon
tape was used to stick the film onto the sample holder in FE-SEM. In-plane
magnetic measurements at room temperature (25 °C) were carried out using a
vibrating sample magnetometer (VSM, Lake Shore 7404) with a maximum mag-
netic field value of 16,000 kA/m. The films were cut into small pieces of 4 × 4 mm2.
The magnetization loops detected by VSM represented the magnetization of film
and the substrate. No net ferrimagnetic sign was observed from the raw data,
because of the diamagnetic effect from the quartz substrate. Hence, the diamagnetic
contribution has been corrected for all of the hysteresis loops of the films. This
correction eliminated the contribution of the substrate.

3 Results

3.1 Structural Analysis

Figure 1 shows the XRD patterns of Tb3Fe5O12 films as prepared and annealed at
700, 800 and 900 °C. The results were compared with the Joint Committee on
Powder Diffraction Standard (JCPDS-ICDD; number 01-071-0697) for pure TbIG.
The films before annealing demonstrate an amorphous structural behavior. At 700
and 800 °C, the films show some of garnet peaks mixed with the minute quantity of
Fe2O3 and Fe3O4, because of those annealing temperature were inadequate to
complete the crystallization [12]. At 900 °C, the film shows a pure phase of garnet
structure resulted a shifting of diffraction angle to the lower 2θ angle.

20 30 40 50 60 70

In
te

ns
iti

es
 (

a.
u.

)

θ ( ο )

(4
00

) (4
20

)

(4
22

)

(5
21

)

(5
23

)

(4
44

)

(6
40

)

(6
42

)

+

*

As prepared

700 oC

900 oC

800 oC

*   Fe
2
O

3

+  Magnetite

*

Fig. 1 The XRD patterns of
TbIG films
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The lattice parameter a of the films at different annealing temperatures values of
700, 800 and 900 °C was calculated from the XRD patterns by using Bragg’s law.
Bradley and Jay’s extrapolation against cos2θ [13] was used to calculate the lattice
parameter of phase present at different content. The lattice parameters values of
films at annealing temperatures between 700 and 900 °C are illustrated in Fig. 2. It
can be seen that the lattice parameter of the films is responded to increment of
annealing temperature. The films show a highest lattice parameter value of 12.36 Å
at 900 °C which is close to 12.4 Å for TbIG bulk [3], but it is lower than 12.59 Å
for the film which was prepared by pulsed laser deposition technique [7]. Increasing
of the lattice parameter initiated the shifting of the diffraction peaks to the lower 2θ
angle [14].

3.2 Morphological Characteristic

The FE-SEM images the TbIG films are shown in Fig. 3. The films exhibited
agglomerate grains form with voids. The grains size of films has observed to be
increased as annealing temperature is increased. The bigger grain size value for film
was recorded to be 18 nm at 900 °C due to increase of surface energy [15].
However, increasing the grains size of films with annealing temperature could affect
the magnetic properties. The thickness of films was measured from the film’s cross
section backscattered FE-SEM micrograph. Figure 4 shows the thickness images of
TbIG films. The average thickness values of TbIG films are found to be decreased
as 456, 344 and 312 nm at annealing temperature of 700, 800 and 900 °C,
respectively. It can be observed that the film with bigger grain size exhibited
reduction in the thickness due to the agglomeration.
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3.3 Magnetic Properties

In plan hysteresis loops of TbIG films at different annealing temperatures of 700,
800 and 900 °C are shown in Fig. 5. It can be observed that all films were saturated
and the hysteresis loops shapes indicate the soft ferrimagnetic nature of films. The
Ms and Hc at room temperature (25 °C) were obtained from the hysteresis loop of
each film. Figure 6 shows variations of Ms and Hc of TbIG films with annealing
temperature. From the Figure it can be seen that at 700 and 800 °C the films have
same Ms value (3 kA/m); low Ms could be related to existence of Fe2O3 and Fe3O4

in the films. Increasing of annealing temperature up to 900 °C led to increase Ms to
13 kA/m which is smaller than 23 kA/m for TbIG powder prepared by sol-gel
method [16]. Additionally, evolution of the grain size with annealing temperature
causes to increase the Ms [17]. The Hc of films has observed initially decreases from
135 to 67 kA/m as annealing temperature increases from 700 to 800 °C, but it is
increased markedly at 900 °C with value of 102 kA/m, the increasing of Hc can be

Fig. 3 The FE-SEM images of films a as prepared and annealing at b 700 °C, c 800 °C and
d 900 °C
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Fig. 4 The cross sectional images of films annealed at a 700 °C, b 800 °C and c 900 °C
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stated to the coercivity of nanoparticles that is governed by permanent domain
rotation [18]. Although the Hc of films shows a highest value at 900 °C, but still has
a soft magnetic feature because of it is less than 1000 kA/m.

4 Conclusions

Effect of annealing temperature on the structural and magnetic properties of TbIG
sol-gel films has been studied. The results indicated that best annealing temperature
to crystalline the films is 900 °C. The Ms and Hc of films are also responded to
increment of annealing temperature. The films have potential in magnetic sensor
and microwave applications due to low Hc. However, the films showed an inter-
esting result at different annealing temperature values which is need more study in
further work.
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