Apllication Example

n'TE SCAN FIB in Spintronics

PERFORMANCE IN NANOSPACE

Spintronics (or Magnetoelectronics) is a branch of electronics which uses the spin of the electron in addition to its charge
and has a huge application potential in sensors, non-volatile high-density data storage and magnetic-logic circuits.
Spintronic nanodevices like e.g. MRAMSs and racetrack memories are new kind of chips under development with high data
density that would also be simpler, smaller, more reliable, faster and less energy-consuming. Here, the focused ion beam
(FIB) milling and focused ion beam induced deposition (FIB-CVD, FIBID) has been used to fabricate a prototype magnetic
nanostructures from sputter deposited magnetic layers and multilayers (thicknesses 5-50 nm) on a silicon substrate.

Preface

Nanopatterning of magnetic thin films is
becoming increasingly important due to
the recent developments in
nanoelectronics, particularly spintronics.
Most of the patterning is done by the
electron beam lithography, while the
patterning by the focused ion beam (FIB)
is much less frequent.

Spintronic  structures  are  typically
prepared by sputter deposition of layered
structures, consisting of magnetic and
non-magnetic metallic or dielectric thin
films with thicknesses typically in the
range of 5-50nm. They are  usually
patterned into wires, disks, rectangles or
pillars with lateral dimensions varying from
tens of nanometres to several microns.
The structures are then used for studies of
domain  wall motion in  magnetic

nanowlres, Spln-transfer-torque Stuq'es_ in Fig. 1: The Lyra FEG is a favorable combination of SEM and FIB for de-
nanopillars and nanowires, magnetization manding users. It is based on a high resolution Schottky FEG-SEM col-
dynamics studies of magnetic vortices umn and a high performance FIB column.

and in other applications.

Experimental Conditions

LYRA FEG XMU (Fig.1) equipped by gas
injection system has been used to
fabricate  magnetic nanostructures. FIB
milling has been used to completely
remove sputter deposited magnetic layers
(Permalloy/Cu/Co, thicknesses 5-50 nm)
up to the silicon substrate and FIB induced
deposition of platinum has been used to
deposit electric contacts (Fig. 2, 3). Milled
surfaces of metallic thin films typically
exhibit residual roughness, which is also

transferred onto the edges of the milled Fig. 2: SEM image (left) and magnetic force microscopy image (right) of
patterns. This can lead to domain wall FIB milled permalloy structure showing a vortex magnetization configu-
pinning and influence the magnetization ration in the squares. Sizes of the largest and of the smallest squares are
behavior of the nanostructures. 131 um? and 80x80 nm?, respectively.
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The milling process has been investigated
and it has been found that the main
reasons  for increased roughness are
different  sputter yields for various
crystallographic orientations of the grains
in polycrystalline magnetic thin films. The
FIB parameters like beam current, overlap
or angle of incidence have been optimised
in order to reduce this intrinsic roughness
of the milled areas . It allowed us the
fabrication of fine (sub 100-nm resolution)
nanostructures with minimum colateral Ga
implantation and average roughness in the
range of 7-12 nm for 30 nm deep
structures [1].

Fig. 4 : FIB milled (Permalloy/Cu/Co) nanowire of 200 nm width and
16 um length with FIB-deposited platinum electric contacts used for
the study of domain-wall motion (top image).

Conclusion

The perfomance of modern FIB setups allows to mill the nanostructures with the ultimate resolution of
approximately 10 nm at a reasonable speed: a 30 nm thick Permalloy thin film can be removed at a rate of
10 um?min at the highest resolution. This fact, together with the FIB ability to fabricate electric contacts directly
by FIB-induced deposition and/or to provide electrical measurements by nanomanipulators in situ (an optional
equipment) makes FIB technology a promising candidate for fast, one-step-process fabrication and immediate
analysis of spintronic nanostructures. This is particularly advantageous in research and rapid prototyping
applications.
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