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4.15 MOTION OF DOMAIN WALLS AND HYSTERESIS LOOPS
When an external magnetic field is applied to a ferromagnetic or ferrimagnetic material the domain boundaries begin to move. They move in such a way that domains in which the magnetization direction is aligned with H grow at the expense of the unaligned domains. The change in B with H is shown in Figure 4.13. Initially the movement of the domain walls is reversible and B increases only slightly with increasing H. As the field increases the favorably oriented domains grow more easily and μ increases. At very large H the unaligned domains will rotate and saturation will be reached in which all the domains are aligned in the same direction.

[image: image2.emf][image: image3.emf]   When the field is removed, there is a resistance to domain wall motion preventing reorientation of the domains. As a result there is a residual magnetization, known as remanence (Br), and the material acts as a permanent magnet. If H is then applied in a direction opposite to what was originally used then domains grows with an alignment in the new direction. A certain field, called the coercive field, Hc, is needed to completely randomize the domains. Further increases in H eventually align the domains to saturation in the new direction. The behavior of a ferromagnetic or a ferrimagnetic material in an alternating magnetic field is shown in Figure 4.14. The size of the hysteresis loop, i.e., the values of Br and Hc, vary from material to material.

- When Hc is small (typically <103A/m) the material is a soft magnet.

- When Hc is large (typically >>103A/m) the material is a hard magnet.

   Hard and soft do not have any connection to the mechanical properties of the material. There are examples of metals and ceramics that exhibit hard and soft behavior.
4.16 HARD AND SOFT FERRITES

The important ferrimagnetic ceramics form three groups depending on their crystal structures as summarized in Table 4.3. When we are considering possible applications it is more useful, at least to the engineers who are designing and building magnetic components, to specify the materials as hard or soft. These designations, as mentioned in Section 4.15, are based on the size of the B–H hysteresis loop, i.e., on the difficulty in reversing the direction of magnetization for the material. Hysteresis loops for hard and soft magnetic materials are compared schematically in Figure 4.15. Convention: magnetic oxides that contain Fe3+ ions are called ferrites. This terminology does not distinguish between the crystal structures; do not confuse it with the chemical name. We often say that ferrites contain Fe2O3 as a principal component.
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Hard Ferrites

Hard ferrites, which are used to fabricate permanent magnets, must have large

- Hc

- Br

   To satisfy these requirements, it is necessary to use materials with crystal structures that exhibit a large magnetic anisotropy and to prevent the growth and rotation of magnetic domains (by, for example, controlling the grain size so that each grain becomes a single domain). Barium ferrite and oxides with a magnetoplumbite structure are the preferred choice. Philips introduced ferrite magnets commercially in

1952 under the trade name “Ferroxdure.” About 550,000 t of hard ferrites are produced annually (>95% of the hard magnet market). This is more than metallic magnets. There are a number of reasons why ferrite magnets are commercially so important, not least of which is that the raw materials are relatively cheap and widely available and the manufacturing processes are simple. Hard ferrite magnets are found in the following:

- Starter motors in automobiles

- Loudspeakers

- Rotors for cycle dynamos

- Windscreen wiper motors

- Mixed with a flexible polymer in door-catches and decorative magnets for refrigerators
- DC motors in fuel pumps

- Household appliances such as electric shavers, food mixers, and coffee grinders

- Magnetic strips on credit cards, ATM cards, etc.


Soft Ferrites

The prime requirement for a soft ferrite is that a high M can be produced using a small H. This means that soft ferrites should have
- High μ

- Low Hc

Soft ferrites therefore have narrow hysteresis loops. During changes in field direction the domains are rapidly and easily realigned with the changing magnetic field. Consequently, domain wall motion and/or magnetization rotation must be easy. Domain wall motion is particularly sensitive to the microstructure of the material and characteristics such as grain size and grain-boundary structure, the presence of inclusions or pores within the grains, impurity levels, and stresses all reduce domain wall motion. Porosity is particularly common in many sintered ceramics and ferrites are certainly no exception. As a result magnetization rotation plays an important role in reaching Bs. Soft ferrites should also have high electrical resistivities (not a problem for most ceramics!) because this limits eddy current losses.

   Soft ferrites are generally used in applications in which the direction of H is frequently changing such as highfrequency inductors and transformers and magnetic elements in microwave components. There are plenty of household examples in which soft ferrites are used:

- Magnetic recording and data storage media

- Transformer cores in telephones

- Numerous applications in radios and televisions, such as line transformers, deflection coils, tuners, and rod antennas. 
   Spinel ferrites based upon the (Mn,Zn,Fe)O4 system are examples of commercially important soft magnets. These are usually marketed under the trade name Ferroxcube. Garnets also tend to be soft magnets but are not as widely used as the cubic ferrites: they are more expensive.

   There was a great deal of interest in the late 1960s and 1970s in magnetic garnets for use in bubble memory. A magnetic bubble is a small (from about 0.05μm up to10μm) cylindrical region, which has M in the opposite direction to H. A bubble memory is nonvolatile, which means that once information is stored it remains even when the power is removed (just like current hard drives). Bubble memories used a thin layer (usually about 4μm) of a magnetic garnet (a typical formulation being Y2.6Sm0.4Ga1.2Fe3.8O12) deposited by liquid phase epitaxy onto a substrate of gadolinium gallium garnet (GGG). The strain induced by the lattice misfit and differences in the coefficient of thermal expansion between the two garnets resulted in an anisotropic axis normal to the film. 


























































































































































FIGURE 4.15 Comparison of the size and shape of hysteresis loops for hard and soft magnets.





FIGURE 4.13 the effect of H on B. The ratio is μ.





FIGURE 4.14 the variation of B as H alternates. The insets illustrate the domain structure at various points along the hysteresis curve.





















































PAGE  
1

