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Abstract

Diffraction

Conclusion

Using femtosecond electron pulses as an imaging tool, we can probe ultrafast dynamics by
taking snapshots at different time delays. By using femtosecond electron diffraction (FED),
we can examine structural dynamics at the atomic level in real time, and study the structurefunction correlation. Additionally, ultrafast electron shadow imaging (UESI) can explore the
dynamics of laser induced plasmas of the surfaces of conductors, semiconductors, and
insulators.

Electron diffraction is used to examine the structural dynamics of materials. Electron beams
are projected at samples, through which the beams are scattered due to crystal structure of the
sample. The IR pump is used to excite the sample, and the electron beam measures the
effects. In this particular case of FED, the pump lasts less than 100fs and probe lasts less than
500fs, which allows for accurate temporal resolution. Using FED, various processes can be
explored, such as phonon evolution and ultrafast demagnetization.

Femtosecond electron imaging enables researchers to investigate questions
concerning the structure and dynamics of various materials. FED makes it possible to
record the structural dynamics of the sample at the atomic level in real time. UESI
enables exploration of surface plasmas generated by IR beams.

Introduction

From this line of research, one particular application lies in the field of electronics. Hard
disc drives store information by manipulating the alignment of segments in magnetic
films. Using lasers to perform this manipulation, as explored by FED to study ultrafast
demagnetization, hard drive efficiency and operation could possibly be improved.

Imagine a drop of water falling into a pool of water. Such a simple event in nature is perhaps
one of the most difficult events to capture on tape because it happens so quickly. In
photography, to capture a fast event, one generally needs a shutter speed an order of
magnitude faster. On the scale of the atom, movements and interactions occur on the order
of picoseconds. Thus in order to capture such movements and interactions, one needs a
“camera” with a “shutter speed” on the order of sub-picoseconds.
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The femtosecond “camera” mentioned above is comprised of an amplified femtosecond
pulsed laser unit, a multiphase optical array, a 100kV electron gun, and a CCD camera
system. The laser unit produces a laser signal of duration less than 50fs at a wavelength of
about 800nm. This signal enters the optical array, where it is split into two beams. One
beam, ninety percent of the original IR signal, is used to pump the sample. The remaining
ten percent is converted into an electron beam which functions to probe the sample after, or
during, the pump cycle. The probe beam is diffracted in the case of FED, or deflected in the
case of UESI, and recorded by the CCD camera.
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Another use of the femtosecond electron system is to examine the interaction of the IR pump
with the surfaces of specific materials, such as conductors, semiconductors, and insulators.
The sample surface is placed parallel to the direction of the electron beam, and the IR pump
is perpendicular to the surface. The pump ejects electrons from the surface, which interacts
with the electron beam as it passes over the surface, resulting in shadow images. This
method has already been used to study silicon wafers, as a semiconductor, and copper strips,
as a conductor.
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