
Applications of Ferromagnetic materials 

In recent years, ferroelectric materials and thin films have attracted much attention and exhibited 

potential in many important applications such as  

• dynamic random access memories (DRAMS),  

• non-volatile ferroelectric random access memories micro-armours and  

• infrared sensors.  

At present, the ferroelectric materials suitable for these devices are Pb(Zr,Ti)O3 (PZT) systems, 

SrBi2Ta2O9 (SBT) systems, Bi4Ti3O12 (BIT) systems and BaTiO3 (BT) systems that are studied 

with a great deal of interest. In these ferroelectric materials, BaTi0.91(Hf0.5,Zr0.5)0.09O3 (BTHZ-9), 

one of the BT systems, which has several advantages such as  

• an extremely low coercive field,  

• a high remnant polarization,  

• better mechanical strength and  

• small deviation in composition, could have a strong potential application for 

ferroelectric thin film devices.  

In addition, the BTHZ systems, lead and/or bismuth-free material, present a great interest both 

for applications in the field of environmental protection and for fundamental studies. Therefore, 

the BTHZ system is expected to be one of the attractive materials suitable for ferroelectric thin 

film devices. 

Barium Titanate, BaTiO3 

The chemical formula for Barium Titanate is BaTiO3. As a powder it is white to grey in colour 

and has a perovskite structure. In the pure form it is an electrical insulator. However, when 

doped with small amounts of metals, most notably scandium, yttrium, neodymium, samarium etc 

it becomes semiconducting. 

As a semiconductor it exhibits positive temperature of co-efficient of resistivity (PTCR) 

properties in the polycrystalline form. This means at a certain temperature, called the Curie 



temperature, the material will exhibit an increase in resistivity, the increase typically being 

several orders of magnitude. The Curie temperature can to some extent be controlled by the 

dopant. At the Curie temperature, barium titanate undergoes a phase change from tetrahedral to 

cubic. It has also been reported that single crystals of barium titanate exhibit negative 

temperature co-efficient of resistivity (NTCR) properties. 

Barium titanate also exhibits ferroelectric properties and is an excellent photorefractive material. 

 

 

 

Figure 1. Shows the (a) tetragonal perovskite structure below the Curie temperature and the (b) 

cubic structure above the Curie temperature.  

Simply stated, it is a piezoelectric material which produces a voltage in response to an applied 

force, usually a uniaxial compressive force. Similarly, a change in dimensions can be induced by 

the application of a voltage. In this way they are very similar to electro-strictive materials. 

• The ability to produce a voltage output in response to an applied stress  

• The ability to produce a strain output (or deformation) in response to an applied 

voltage.  

These materials are usually ceramics with a perovskite structure (see figure 1). The perovskite 

structure exists in two crystallographic forms. Below the Curie temperature they have a 

tetragonal structure and above the Curie temperature they transform into a cubic structure. In the 



tetragonal state, each unit cell has an electric dipole, i.e. there is a small charge differential 

between each end of the unit cell. A mechanical deformation (such as a compressive force) can 

decrease the separation between the cations and anions which produces an internal field or 

voltage. 

 

 


