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first STM built at LBL (Miquel Salmeron, Joe Katz, Dan Coulomb Greg Blackman)
- #$%/
Spin-offs from Quate group in Stanford (Park), Hansma group in UCSB (DI)
first computerized STM at LBL, maybe anywhere... (RHK/McAllister)

- HS%NS 4 =>1 44
Bill Kolbe
- HESH ? #6606 ! 2
- commercial instruments that work...
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Environmental control for sample
Ambient, UHV, controlled gas,
liquid, electrochemical...

T

Piezoelectric scanner
for sub-nm scanning

Range vs stiffness?\

Openlclosed loop?

Probe + transducer

Transfer, prep, sensor

alignment ?
Sample —
Transfer, heat,
cool?

mechanical vibration
isolation + damping,
acoustic control

sample positioning system for
larger scale alignment
Optical/electron imaging,
range, open/closed loop
Mechanical or piezo?

Intermediate Instrumentation Colloquium
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Large-scale sample
translation vs stability
» Thermal drift

» Stiffness/mechanical
resonance

Flexibility vs reliability
» Tip exchange
» In-situ sample control
» Open/closed loop
Dynamic range and
resolution

Weak/strong thermal
coupling




sub-pm resolution, but hysteresis, creep, etc

Sample transfer, mm motions with sub-micron precision

Mechanical building vibrations

Acoustic Noise, Air currents

Thermal drift (~ 10 ppm/K, so for 1 cm, 100 nm/K 1)

60 Hz induced by B-fields (flat screens are great!), ground loops
' D

sharp, stable, reproducible, clean, etc

controlled environment: UHV, electrochemical, etc

feedback detaills...
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STM study of Au(334) in air, Salmeron, Marchon, fléer Kaufman, Phys Rev B 1987.
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X electrodes

wall 0.5 mm

Y electrode
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2 Membrane specific mapping and colocalization of nialand host
2 skeletal proteins in the Plasmodium falciparum irddatrythrocyte by

dual-color near-field scanning optical microscopy.
T. Enderle, T. Ha, D. F. Ogletree, D. S. Chemla, Cgean and S.
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Nanometer scale mechanical properties of Au(11dm8&ron, Folch,
Neubauer, Tomitori, Ogletreeangmuir1992.

Viscoelastic and Electrical Properties of Alkylthidbnolayers on
Au(111) Films, Salmeron, Neubauer, Folch, TomitGgletree, Sautet,
Langmuir 9 3600 (1993).
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Atomic Force Microscopy Imaging of, Bacteriophages on Silicon
Substrates, Kolbe, Ogletree, Salmerdiiramicroscopyl992.

The relationship between friction and moleculanature: Alkylsilane
lubricant films under pressure, Barrena, Koptaefge, Charych and
SalmeronPhysical Review Lettefs999.
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A Variable Temperature Ultra-high Vacuum Atomic Eé@Microscope,
Dai, Vollmer, Carpick, Ogletree, Salmerdeview of Scientific
Instrumentsl 995.

Variation of the Interfacial Shear Strength and éslbn of a Nanometer-
sized Contact. Carpick, Agrait, Ogletree, Salmektamgmuir1996.

Calibration of frictional forces in atomic force embscopy
Ogletree, Carpick, SalmeroRgview of Scientific Instrumerit996.
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O Q. Dai, J. Hu, A. Freedman, G.N. Robinson and Mofeabn, J. Phys. Chem. 1996

/ De-wetting of lubricants on hard disks, Xu, Ogletr8almeron, Tang, Gui, Marchon.
Journal of Chemical Physi&000.
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60 Hz Noise turbo, 1.51 kHz
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35.2kHz
Q~40
air x5

AFM

cantilever
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laser
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reflected laser spot
moves when lever
bends or twists
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Quantum mechanical Fe atoms
electron “standing arranged by
waves” change the STM manipulation

STM Tunnel Current

. A node in the electron
Xe atoms on Ni(100) at 8 K assembled standing wave pattern

by tip manipulation to spell “IBM”. 1989 (not an atom)
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The dark spots are the
non-superconducting
vortex cores

The light areas have a
superconducting band-
gap in the electronic
density of states

N
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600 nm

A

NbSe, at 1.8 K
inalT (10 kGauss)
magnetic field

This image took many
hours to record

Harald Hess, Bell Labs



Apparatus for imaging liquid and dielectric matkriaith scanning
polarization force microscopy, Jun Hu, D. Frankédgle, Miquel
Salmeron and Xu-dong XiadJnited States Patent 5,704, 78iéd June 7,

10 mm X 10 mm 1995, issued April 28, 1998.

Imaging the Condensation and Evaporation of MoktylThin Films of Water with
Nanometer Resolution, Hu, Xiao, Ogletree, SalmeBaencel995.

The structure of molecularly thin films of water orica in humid environments, Hu,
Xiao, Ogletree, SalmeroBurface Sciencd995.

Intermediate Instrumentation COIIOqu'%tﬁng and capillary phenomena of water on miaa, IXo, Hu, Ogletree, Salmeron,
Frank Ogletree, September 2006 Journal of Physical Chemist998.
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