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INTRODUCTION EXPERIMENTAL

Ferroelectrics
= Multiferroic BiFeO, (BFO) materials exhibit (piezoelectrics)
simultaneous presence of ferroelectricity (T, ~
1100 K), antiferromagnetism (T, ~ 640 °C) and
,];engl)ii;atsigﬁ:y 'I: Or;z:;ruztg:jgﬂ]asseﬁintronic and Thz c.h(?mici;s using: Bi(NO;); 5H,0, Fe(NO,);.9H,0, Gd(NO,);.6H,0, ethylene glycol,
microelectronic  device, and possibility of and citric acid.
controlling magnetic order by electrical field or
vice verse through magnetoelectric coupling.
= Qur report shows that Gd-doped BiFeO, affect on
structure, optical, ferroelectric, and ferromagnetic
properties.

Bi, ,Gd,FeO; (x = 0.00 = 0.15) materials in our investigation were prepared by a sol-gel
method

Ferroelasticity Antiferronmagnetics The obtained samples were characterized by using different techniques: X-ray
diffraction, Raman scattering, EDX spectra, absorption spectroscopy, SEM images,
magnetization hysteresis loops, polarization electric hysteresis loops.

Optical properties
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Fig. 6. (a) Magnetic hysteresis loops of the Bi, ,Gd,FeO, powder at room temperature;
(b) Dependent of magnetization of Bi, ,Gd,FeO, on concentration of Gd

= The enhancement of magnetization of the doped BiFeO, materials may be ascribe to
three aspects: (i) the increase of the spin canting angle resulting in the net macroscopic
magnetization; (ii) the suppressionn of spiral structure; (iii) the increase in spin canting
due to the change in bond ange of Fe-O-Fe

Ferroelectric properties

= The ferroelectric are clearly improved in 6-
Gd-doped samples with concentration —~ 3t
of Gd x = 0.05 and 0.10 compare to that E 5
of BFO samples. When concentration of o |
Gd increases up to x = 0.15, the f Sr
ferroelectric property is reduced 6l
campare to that of BFO sample. |
= Gd-doped BFO with concentration of Gd 6 4 2 o0 2 4 s
x = 0.10 shows the P, and P, values, E (kVicm)
indicating the best improvement of  Fjg. 7. Ferroelectric hysteresis loops of
ferroecletric properties. Bi, ,Gd,FeO, powder.
Fig. 4. SEM images of Bi, ,Gd,FeO, powder (a) x = 0.00; (b) x = 0.025; (c) x = 0.05; (d) x = 0.075;
(e) x=0.10; (f) x=0.15
* Gd-doped BiFeO; sample with x = 0.00, the grains are homogeneous with the size
average of 2 um, as shown in Fig. 4a. = Bi,,Gd FeO; materials were synthesized using sol-gel method. The crystalline structure,
= Gd-doped BiFeO, sample with x = 0.025, the grains become inhomogeneous, where optical, ferromagnetic, and ferroelectric properties of B, ,Gd,FeO; materials were investigated
many smaller grains are appeared alternating the 2 um size grains. * The concentration of Gd increases from x = 0.00 to x = 0.125, all these samples possessed a
= The increase of concentration of Gd3* ions in the samples, the grains become more rhombohedral structure phase. While concentration of Gd increases up to x = 0.15, this
homogeneous with smaller size, below 1 um. sample possessed both rhombohedral and orthorhombic structure phases.
= The Gd-doping has made the disortion of structure, decreased lattice parameters, grain size,
Acknowledgments: This research is funded by Ministry of Education and Training of Vietnam and optical band gap. We found that Gd-doping with concentration of Gd increases from x =

grant number B2018-MDA-02-CtrVL. 0.10 to x = 0.125 can improve both ferromagnetism and ferroelectricity of BiFeO5; materials.
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