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Introduction Surface Layer Response Fiber Formation Mechanism
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of the fiber layer. Nanofiber formation mechanism for higher energy ions, with a 2-D GaSh cross-section shown under ion irradiation. a) Incoming ions cause the

formation of vacancies, and b) as vacancies agglomerate, voids form. c) As voids accumulate, the material becomes less dense, allowing further
penetration by the incoming ions, 50 much so that d) incoming ions are virtually unaffected by the void layer, and surface sputtering is all but
eliminated. Because sputtering effects are minimized by the high energy da ' embedded
fibers can be fabricated.

Embedded Fiber Layer Regimes Surface Layer Removal Mechanism

Embedded fiber layers were formed by imadiating a stationary GaSb sample with 1
MeV Au ions at perpendicular incidence to ion fluences of 1 x 101 ions cm to 6 x
1015 fons cm2. a) After ion irradiation to 1 x 101 ions cm, three distinct regimes.
were visible in the GaSb sample cross-section shown at the right. Insets show b) the
surface layer (tited to 10°0ff axis), c) the presence of fully formed fibers, and ) a
transition regime in which the fibers blend into the substrate. At the listed ion
fluence, the surface layer was ~20 nm in thickness, and voids in the transition
regime varied from about 50 nm to 10 nm in diameter.

Modern Applications of Embedded Nanofibers

% T, % T, Surface layer removal
mechanism for GaSbis
Shown in a top-down view,
with tensile force increasing
from T, 0 T,..a) Initally,
= litle swelling has occurred,
leaving the surface intact,
although very slight defects
can be seen at high
b) As the
underlying fiber layer swells,
the surface layer is placed in
tension, causing plastic
deformation and exposing
the fibers. ©) With
increased sweling, breaks
expand, unti ) high
fluence, massive sweling
fesults in uneven stress.
between the top and bottom
of the surface layer, causing

Many semiconductors,
including Gasb and Ge,
form porous structures
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Patterned porous
structures, easily
fabricated by focused ion
beam systems, exhibit
strong luminescence
after the structures are
annealed. By combining
the abilty of ion
imadiation to fabricate
embedded nanofiber
structures with traditional
material deposition
techniques, three-
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Another section of the GaSb sample is shown at an angled perspective, showing the semiconductor received attention for their use in hydrogen storage due to their
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Conclusions

®lon irradiation can be used to fabricate uniform nanofibers in GaSh
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®Fiber layer properties can be tailored by adjusting implantation parameters
© Fiber layer thickness is proportional to ion fluence
® Fiber formation depth is proportional to ion mass and energy

© Surface layer response is a function of sputtering yield and volume swelling of the fiber layer

*Embedded nanofibers can be produced, with applications in the fabrication of three-

formation. With low energy di ional optical microdevices and MEMS
GaSb fiber size and crystal structure is shown. ) GaSb fibers iradiated at 6 x 101 ions cm with 1 MeV Au* ions. SEM imaging shows that fiber diameter is fairly ol “'5""°“”":‘°“°"5 do i e i X X X
uniform (~20nm) and does not noticably change at increased on fluence. b) Cross-sectional TEM image of GaSb fibers irradiated at 6 x 1015 ions cm? with 150 e Funding for this project has been provided by the U.S. Energy. lon in the
KeV Kr* ions. Again, fiber diameter s fairly uniform and roughly the same ize as for fibers irtadiated with 1 MeV Au* ions. Fiber size also remains fairly constant at Sputtering effects have.

varying implantation energies and implantation ion masses. c) HRTEM of a single fiber reveals that multiple nanocrystals are present within the fiber, and diffraction caused the surface film to

Laboratory at Pacific Northwest National Laboratory and analyses were completed at the University of Michigan’s Electron Microbeam Analysis Laboratory using
of the fiber volume shows distinct halos and small dots, confirming the presence of nanocrystals in the bulk fiber mass. -
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