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History of the STM

Developed by Gerd Binnig and
Heinrich Rohrer at IBM in Zurich

United Stntes Patent o
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STh patant filed in 1980
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Mobel Prize awardaed to
Binnig and RBohrer in 12886




New class of Instrument

Cevelopment of STM opened
door to development of “local
probe” class of instruments, in a
field collectively known as
*Scanning Probe Microscopy”.

Probes that are small enough to
interact with material directhy.

ST was the first in a large

development effort that brought
about AFM, MFM, SPSM, and

many others...

Physics of the STM

= [he probe size, distance from oect under study, and the decay rate of
interachon between probe and matenal determine the resolution of a local
probe.

Al =hort [~1 .._'l.':';'.] sample-probe distances, the interactionas strongly
repulsive.

At long (~1 Dfﬁ;l sample-probe distances, the mteraction 1s attractive.

Al =ome equelibrium position, the net force between the sample and tip 1s
2ern.

At this eguiibriom position the resclubon of the probe interacting with the
sample in an exponentially decaying manner 15 found;

resolution o< J{ size of probe+ dist from surface)(decay length)

»  For atormic scale resolution, all of these quantities are of atomic size.




Physics of the STM

In STM, the interaction is the
wave function overlap of emnpty
and filed electronic states
between sample and tip.

0N overlap

electrans to move from one
state to the other.

overlap.

Applying a ; r |8

the tip anc } ; i Jpw E{V:IHH-HF”E}; A= VB

thie tunneling cumant. W = hedght of potential barrier (2V)
5= width of potential barrier (nm)
g[l-"}lden:h}‘q’ siaies




Operation of the STM

Sawtooth woltage i applied along
the x direction, and a voltage ramp
along the v direction, o generate a
acan of the xy plane.

Piazo drive in the 2 direction
responds o voltage feedback 1o
raposition the tip as tha scan goes
o, autormatically adiesting the haight
of the tip above the sample:

Tha feadback fromthis'z piezois the
recorded mformaton of the
D:,;I:-jr |‘|'||:\-"|1 J §a wmaad i iy Tikrorar liag

Bl raasoips (5 TH)

Experiment feedback = associated with
materal properties, often the loca
density of states, or surface
topography.

With propery tuned equipmant, both
plots are gathered at the same time.

Tirmea resalved studies can captura
changes in surface avar time.

=T s blind to matenal that has no
electronic density of 2tates at the'Farm
lensgl = Bindg to inswEtors.
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Laboratory Construction

= Because of the
importance of the high
vacuum environment,
complementary devices
requiring UHV are
commaonly found
together.

Can find MBE, LEED,
Xray, ABPES equipment

along with STM setup. There are at least 4 diffarant ™
systams in thes ane UHY
unit im the Weitering Lab.

Experimental Considerations

B Surface and vacuum armadnmant mis! be at clean as poesible
B Avaid contamination af Bmages.
m Aol Surfscs mpuriices.
Tha high vacudm armnvironmant & crocial (o order 1071 Y tarr)
Vibrationad isalation escantal.
Scan timas dapard an resolufion of dasired imagsa.
= Hough scans can ba complated ina few minulas
B [etaled scans taka many hours, and ag done Ifim many perspacives,
Loy lesmperaturas availabla, Bul pedwade unidus onsams 1or vaouum Syslems.

ST Hp must ba onby 2 few atcens wida for best resclution (deally only a single atom
acrassl), and long narmoe s ara aasily axclad hermaly.
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Applications of STM

Nanofabrication

s The tip of the STM exerts a finite
force on an atorn on a surface.

* Force recently measured with
AFM and STM as dependent
on the surface and atom, but
in the range of 10 to 100% of
picoMewtons.

By tweaking this force, it 1S
possibie o move lpushang ar
pulling) an atorm along a surface
to a different location with atomic
scale precision.

Opens huge avenues into
nanatabrcation and device
rriratunzation.
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Modern Experiments -
Pairing Pockets in Superconductors

» Modified STM equipment

= In addition to STM capabilities,
beam is capable of breaking
apart electron pairs if it is
aenergetic anough.

By varying the energy of the
electron beam, able to determine

whether Cooper pairs had
formed in a given spot within the
material.

Visualizing pair formation on the atomic scale in the
high=-T, sipéroanductor Ba, 5 Calia Dy . .

Modern Experiments -
Pairing Pockets in Superconductors

» Found that pockets of h =
Sh

superconductivity exist §
well above the
superconducting

critical temperature.

Potential avenue to
improve High-Tc
materials.

Visualizing pair formation on the atomic scale in the
high=T, supércanductor Ba,5e, Caliu, 0y .




Modern Experiments -
Quasiparticles in Superconductors

- = L
Local Density of States

measurements Fourier  BES5S
transformed to produce [Eek=s
dispersion maps. '

shows evolution of
scattering vectors as a
function of energy, and
that dispersion of
quasiparticles is faster
along one direction in k-
space than the other. BB

Imaging Quasiparticle
Imterference im N LaCa DN,

STM availablity near UTK
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= | aboratory of Dr.
Weitering has STM setup
as seen before.

» Also has AFM, MBE,
LEED, X-ray, and ABPES
(in collaboration with Dr.
Mannella).

Hard supercanductiily af & Soft metal in b guardum regirme. Mature Prigsics, 203), 173 (2008




STM availablity near UTK

o Center for Nanophase Materials Sciences OAK
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CGMNMS at Oak Ridge
Mational Labcratory

Full Suite of SPS
instruments, including STM,
AFM, 5TS5, MBE, and more.

hMost equipment operates
at variable conditions.

Operates on peer-reviewad
proposal system.

Change-arder Auciustions inona-dmensonal slicides. Mahure Materiaks, T, 539 [H004)
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