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Hard disks and next-generation computer memories
store data in tiny magnets that point in one of two
directions, perhaps “up” or “down.” Writing
information requires each magnet to be “flipped”
into the correct orientation. One limitation for high-
speed writing is that magnets do not flip
instantaneously or uniformly. They often flip in
patches that grow with time.

Scientists at Cornell University have invented a new
type of microscope that uses ultrafast pulses of heat
from a laser to image the high-speed magnetic
motion in a promising class of magnets that do not
conduct electricity. For example, the color in the
image at right represents a spatial map of the
magnetic field where the motion is the largest in one
of these new magnets.

Using this new microscope, scientists will be able to
develop new magnetic materials for faster magnetic
memory that consumes less power.
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(Top) The new magnet microscope and (bottom) an
image of the resonance magnetic field in non-
conducting Yttrium Iron Garnet (YIG) magnet.
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The Cornell Spin Manipulation Interdisciplinary Research Group demonstrated a new method for ultra-fast and sensitive magnetic imaging of ultra-thin, electrically-insulating magnetic layers. These thin magnetic insulators are promising for new science and technology applications, but they are difficult to characterize using previously-existing techniques. In their new method, the Cornell team places a non-magnetic metal (here platinum) on top of an ultra-thin magnetic insulator (here yttrium iron garnet). A laser pulse heats up a small spot of the metal on ultra-short timescales.  The team measures a resulting electrical voltage that depends on the magnetic orientation in the magnetic insulator, while the location of the hot spot is scanned to create an image. The Cornell team showed that this technique is ultrafast, so that it can be used to image dynamical magnetic processes on picosecond scales. This is allowing the Cornell team to watch in detail how thin magnetic insulators react within new prototype magnetic memory devices. 

The figure shows a ferromagnetic resonance image obtained by magneto-thermal microscopy of a 4 μm by 10 μm sample of ultrathin yttrium iron garnet capped with platinum.  Three regions of the sample with slightly different properties are revealed, providing new insights into material variations in ultrathin magnetic insulators.
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