Ideas for enhancement (Capstone Honors adjunct)
Kerr Effect Microscope can be combined with a magneto-optical hysteresis loop measurement tool to provide a combination of visual and quantitative data that can be used in characterization of materials. This involves the addition of a Photo-Elastic Modulator (PEM) on the incident light beam. The CCD camera is replaced with a very high sensitivity detector which monitors the changes in irradiance of the light reflected from the sample in varying magnetic field. This hysteresis loop tracer can coexist with the Kerr Effect Microscope in the same experimental setup. Mirrors can be used to guide the incident and reflected light to the corresponding optical components for each characterization method. The following diagram shows the light path of a PEM longitudinal hysteresis loop tracer:
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Figure 1 - PEM Longitudinal Hysteresis Loop Tracer
The following graphs show the in-plane and out-of-plane hysteresis loops of a material with high uniaxial anisotropy. In such materials a preferred magnetization direction exists due to various asymmetries in the lattice structures. Such materials are of great interest in millimeter and microwave applications.
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Figure 2 - Hysteresis loops of a thin magnetic film showing high uniaxial anisotropy

In this proposal we have mainly concentrated on designing a magneto-optical tool for the characterization of metallic magnetic films (such as Permalloy (Ni-Fe alloy). While some of these materials exhibit very small Kerr rotations they all posses relatively good reflective properties. As a result, the setup described in the previous sections is sufficient to detect and process a Kerr signal according to our theoretical analysis. There are many other types of magnetic materials, e.g. ferrites, the domain structure of which has been an active research area in the recent years. By extending the capabilities of the Kerr Effect Microscope to ferrites and other non-metallic magnetic materials we can greatly increase the range of possible applications of this tool. Unfortunately these materials typically have much lower reflective properties meaning that a large component of the incident light will be absorbed by the sample. As a result, the reflected Kerr component of the light will be significantly lower than that of metallic films.
In order to detect the low Kerr signal reflected from the surface of ferrites and other non-metallic magnetic materials more strict requirements need to be set on the optical components of the microscope. All sources of signal power fluctuations, unwanted background light, etc. will have to be reexamined. For example, the HeNe laser we plan to utilize in our current design is a non-stabilized light source with approximately 5% output fluctuations. This will cause a major problem for very low (<10-4) Kerr rotations. Also, oblique incidence at the sample surface can generate elliptical polarization in addition to the p and s polarizations of the normal reflected and Kerr light respectively. Elliptical polarization is not extinguished properly by the crossed polarizer pair, hence it will contribute to background (noise) light in the system. Utilized accurately tuned quarter wavelength retarder plates in the optical path may help address these issues which will become increasingly significant for decreasing Kerr rotations of non-metallic materials. Lower Kerr signal irradiance may also result in higher dynamic range images. According to our calculations an 8-bit camera may be sufficient to study metallic films while a 10-bit camera will most likely result in higher contrast images. A higher dynamic range camera (up to 16-bit) may be required to capture domain images of non-metallic films
The proposed Kerr Effect Microscope design will be a useful tool for the static characterization of the domain state of magnetic materials. However, the dynamic response of the materials to applied magnetic field is also of great importance in certain applications such as magnetic recording industry. Consequently, modifying the microscope design to allow high speed image capture will open new possibilities in material characterization. This will require a high speed digital camera and possibly a high performance frame grabber. The sample stage and magnetic field generating components will have to be upgraded to allow high rates of change in the applied field while maintaining high accuracy. Consequently, a precise power supply and faster control scheme may be needed. The digital imaging software will also need to be modified to allow efficient processing of the vast amount of data captured by the high speed camera. Domain wall motion and other dynamic phenomena in magnetic materials can be studied using such setup.

