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APPLICATIONS OF TUNNELING

1) The scanning tunneling microscope

1

"Looking at individual atoms"

1981: Gerld Binnig, Heinrich Rohrer, Nobel Prize 1986 ,IBM - Zurich

The scanning tunneling microscope (STM) uses electron tunneling to create images of
surfaces down to the scale of individual atoms (ATOMIC RESOLUTION).

An extremely sharp conducting needle is brought very close to the surface, within 1 nm or so.
When the needle is at a positive potential with respect to the surface, electrons can tunnel
through the surface potential-energy barrier and reach the needle.
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Manipulating individual atoms,
quantum corrals

The tunneling probability and hence the tunneling current are very sensitive to changes in the
width of the barrier (the distance between the surface and the needle tip). In one mode of
operation the needle is scanned across the surface and at the same time is moved
perpendicular to the surface to maintain a constant tunneling current. The needle motion is
recorded, and after many parallel scans, an image of the surface can be reconstructed.
Extremely precise control of needle motion, including isolation from vibration, is essential.

The discovery of the STM represent a huge step in developing of the surface science.

2) Tunneling diodes (Esaki)

A tunnel diode is a semiconductor device in which electrons tunnel through a potential
barrier. The current can be switched on and off very quickly (within a few picoseconds) by
varying the height ofthe barrier (by biasing voltage).

IV curve similar to a tunnel diode
characteristic curve. It has negative resistance
in the shaded voltage region,
between vI and V2
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3) Josephsonjunctions

A Josephson junction consists of two superconductors separated by an oxide layer a few
atoms (1 to 2 nm) thick. Electron pairs in the superconductors can tunnel through the barrier
layer, giving such a device unusual circuit properties. Josephson junctions are useful for
establishing precise voltage standards and measuring tiny magnetic fields, and they play a
crucial role in the developing field of quantum computing.
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4) Magnetic tunnel junctions/ Data storage and sensors

A magnetic tunnel junctions consists in two ferromagnetic layers separated by a thin
insulating barrier. The tunnel transmission and the tunnel current depend on the relative
orientation of the magnetization of the junction's electrodes, defining the so-called spin valve
effect. This effect has huge application potential in sensors and non-volatile data-storage
technologies.
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The MT J devices are produced from multilayer thin film structures by clean micro-electronic
patteming technologies (UV lithography + Ion Beam Etching).
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MTJ represents the elementary brick of non-volatile Magnetic Random Access Memories
(MRAM).

Principle:
Store data by the direction
(parallel or antiparallel) of
magnetic layers in MTJ
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The advantages ofMRAMs:

• non volatile
• low power consumtion (no mechanical pieces), compared to hard-disk
• stable against radiation
• high speed (competitive with SRAM) and large density (competitive with DRAM)

MTJS represent the read-head sensor in the high-density hard disk drives

a Write head

Hard disk

From SoS, Parkin, S-H. Yang, Nature Nanotechn%gy, 10,195-198, (2015)



DW injectors
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Sensors

3D racetrack memory

Or 3D next generation of memories (RACE-TRACKS) ...
From S.S. Parkin, S-H. Yang, Nature Nenotecnnotoqy, 10,195-198, (2015)
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