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 Quantum tunneling and
tunneling spectroscopy

* STM

e Spectroscopy of
superconducting devices
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Quantum tunneling and tunneling spectroscopy

Local density of states p(r,E)

Energy distribution function f(r,E)
Work function W
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Quantum Tunneling

Van Vleck, 1979

Metal W (eV)
Li 2.38
Cu 4.4

Au 4.3

Hg 4.52
Al 4.25
W 4.5
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|. Giaever, Phys. Rev. Lett. 5, 147 (1960)
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Experimental Data
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Spectroscopies : examples

Semiconductor
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Landau levels in graphene
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Probing the local energy distribution
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Quantronics group,
CEA Saclay, 2000.
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The invention of STM

and other near field microscopies

“Tunneling through a controllable vacuum gap’, G. Binnig, H.
Réhrer, Ch. Gerber and E. Weibel, Appl. Phys. Lett. 40, 178 (1982).

“Surface studies by scanning
tunneling microscopy”, G. Binnig, H.
Réhrer, Ch. Gerber and E. Weibel,
. Phys. Rev. Lett. 49, 57 (1982).
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FIG. 2. Tunnel resistance and current vs displacement of Pt plate for differ-
ent surface conditions as described in the text. The displacement origin is
arbitrary for each curve (except for curves B and C with the same origin).
The sweep rate was approximately 1 A/s. Work functions ¢ = 0.6 eV and
0.7 eV are derjved from curves A, B, and C, respectively. The instability
which occurred while scanning B and resulted in a jump from point I to ITis
attributed to the release of thermal stress in the unit. After this, the tunnel
unit remained stable within 0.2 A as shown by curve C. After repeated
cleaning and in slightly better vacuum, the steepness of curves D and E
resulted in ¢ = 3.2 eV.
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A benchmark in surface science :
the 7x7 surface reconstruction
of silicon (111)

“TX7 reconstruction on Si

(111) resolved in real
space”, G. Binnig, H.
Réhrer, Ch. Gerber and
E. Weibel, Phys. Rev.
Lett. 50, 120 (1983). Omicron and Specs websites




Why low temperatures for scanning tunneling
microscopy ?
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- Drift due to thermal fluctuations
- Increased mechanical rigidity
- Less piezoelectrical hysteresis

But :

- lower piezoelectric response (factor 5-10),

- thermal anchoring of mechanically mobile parts,
- heat-load and electronic filtering in wiring,

- current amplifier far from sample

- vibrations induced by pumps and helium bath




Vibration isolation

With a 100 nm vibration source at 1
kHz, a 10 transfer amplitude gives
here a 1 pm vibration on the
microscope. 1073 gives 100 pm =1 A.

Driven
harmonic
oscillator.

Mechanical noise in tunneling current
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Scanning Probe Microscopy at 50 mK

SPM electronics (Specs
Sand box for Scanning Probe Microscope (Specs)
vibration isolation

50 mK stage

Inverted dilution
cryostat (sionludi):
T .=90mK

ba

Fully automized

Anti-vibration operation

table ==

+ 1.6 T Magnetic field




Ge:Ga, an
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* Superconductivity in heaviliy Ga doped Ge
Herrmannsdorfer et al., 2009

» Superconducting signature in transport up to
< 300mK.

* Tunnel spectroscopy as a function of current bias
and temperature : Tc ~ 6 K.

Inhomogeneous superconductor, with
Josephson-coupled grains ?
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Spatially resolved spectroscopy .
in nanodevices L]

>
/
Supra

massif Conducteur nano- <9
structuré normal

Senzier et al.,
2007

Jonction

Q(ambient) ~ 10*
Q(LT) ~ 5-10.10°

Tuning fork or length extension resonators :

- no optics

- fast response

- high stiffness

- non-contact mode
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Local spectroscopy in superconducting devices
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» Spatial dependence of proximity superconducting gap.

* Simultaneous transport measurement on S-N-S

junction.

» Superconductivity lost simultaneously in normal island
and aluminum leads : heating avalanche.



didv (:S)

Local spectroscopy in superconducting devices
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» Spatial dependence of proximity superconducting gap.

* Simultaneous transport measurement on S-N-S
junction.

» Superconductivity lost simultaneously in normal island
and aluminum leads : heating avalanche.



Local spectroscopy in superconducting devices

Aluminum, T=160 mK

Copper, T=160 mK
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Conclusions

* STM sensitive to both topography and density of states.

* Extremely fine and constraining measurements :
0z < 10pm, Al < 100pA

challenging to combine with low temperatures

* A door to the nanoworld : access to local properties,
local manipulation, study of mesoscopic devices.
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