Introduction
In order to gain insight into the properties of magnetic materials and performance of devices it is important to be able to study the magnetic domain structure of the material or device under investigation. Magnetic domains are regions of unidirectional magnetization which are governed by one of the fundamental laws of nature – minimization of energy in the system. The understanding of the structure and dynamics of magnetic domains is becoming increasingly important in various applications of magnetic materials, such as thin-film recording heads in the magnetic recording industry, spin-electronic devices in information technology and RFID tags in radio based identification systems, just to name a few.
A number of different techniques to study the domain structure of magnetic materials exist today. One such technique is the magneto-optical imaging technique which has significant advantages of being relatively inexpensive, non-invasive and applicable to a broad range of magnetic samples. Imaging in reflective mode takes advantage of the Magneto-Optical Kerr Effect (MOKE). Secondary amplitudes are generated in the linearly polarized light reflected from a magnetized surface as a result of the Lorentz force acting on moving charges. This interaction results in a change in the polarization state of the reflected light which can be detected by a well adjusted polarizing microscope. 
Our Capstone Design project, sponsored by the Center of Microwave Magnetic Materials and Integrated Circuits (CM3IC), involves the design and construction of a high resolution Magneto-Optical Kerr Effect Microscope.  The microscope will be used as an advanced magnetic characterization tool to help guide research and development efforts in the area of microwave and magnetic devices. Key design criteria include high MOKE sensitivity, sub-micron resolution as well as robustness, versatility and ease of operation.
Design Approach

The design of the Magneto-Optical Kerr Effect Microscope can be divided into several sub-systems, each with its own unique design challenges:

· A high efficiency optical system consisting of beam conditioning optics, polarization optics, band-pass filter and micro-positioning stages.
· A custom computer-controlled electromagnet integrated into the sample translation stage to provide biasing magnetic fields to the sample under investigation.
· A Fiber Optic Beam Delivery (FOBD) system to deliver intense, incoherent, and highly stable light to the optical system.
· A high resolution, wide dynamic range digital camera suitable for low light applications.
· A computer interface and control system to facilitate communications between various microscope components as well as perform Digital Signal Processing operations on the captured images.
During the initial analysis stage we decided to utilize an existing Mitutoyo FS-110 Materials Inspection Microscope as the backbone of the Magneto-Optical Kerr Effect Microscope. The infinity space of the Mitutoyo microscope was significantly extended to allow the introduction of new high efficiency optical components. Custom microscope parts were designed and built in the CM3IC machine shop. 
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A stable, high intensity light source is necessary in MOKE microscopy. Hence, a polarized red HeNe laser was utilized in our design. Since the laser was used in a wide-field observation mode the speckle resulting from the coherent nature of the light presented a major problem. To address this issue a mechanical dithering system involving a fiber optic cable, audio speakers, and plastic sheets spinning in the light path was designed. An image of a HDD magnetic recording head captured with the modified microscope, where the recording tip and driving coils are clearly visible, is shown below.  
Alongside the development of the optical path, we designed and fabricated a custom electromagnet to fit on the biasing sample stage of the microscope.  The magnet is controlled by a special bi-polar power supply with feedback provided by a digital gaussmeter.  The magnet is capable of producing magnetic fields of over 1kG which is sufficient for the analysis of a broad range of magnetic materials. 
Since the images produced in MOKE microscopy are typically very weak Digital Image Processing techniques were applied in our design. A combination of LabView and MatLab modules and toolboxes was utilized to capture images, perform image averaging, subtraction, filtering, and dynamic range adjustment. 
Results and Discussion

Following MOKE images were obtained using our microscope for sputtered Nickel Cobalt thin films on glass substrate. The samples were prepared using a photolithographic process in CM3IC labs. In the following figure the first image on the left is the raw image captured by the microscope, second image was obtained by magnetic field manipulation and background subtraction, and finally third image is the result of various DSP optimization techniques. Magnetic domain structure of the sample is clearly seen in that image. It is important to note that the information in the rightmost image cannot be deduced directly from a regular microscopy image on the left. All the information about the magnetic domain structure of the sample is revealed only as a result of the application of the Magneto-Optical Kerr Effect Microscope. 
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We find this project to be a very interesting blend of Electrical and Computer Engineering disciplines to which we were exposed during our studies at Northeastern University. We were able to apply ideas from Electromagnetics, Optics, Control Systems, Circuit Design and Software Engineering to come up with a solution to this complicated Engineering problem. The Magneto-Optical Kerr Effect Microscope is an important addition to the facilities at CM3IC and we hope that it will promote the advancement of science and technology there.

