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Characterizing nanostructure properties is critical for detailed understanding,

B il =rd control Scanning tunneling microscope (STM) probes atomic-scale motion directly.
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direction and time correlations, yield the
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« Electronic properties

Bulk and interface transport

Electronic structure

Surface effects
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Temperature dependence
yields the activation barrier.

« Mechanical properties

Elastic and plastic deformation
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Fracture and failure mechanisms
« Kinetic properties

Processes underlying formation, organization, stability, and decay
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Si atoms atop the Au/Si(111) surface diffuse along the 1-d surface rows.

Diffusivity and diffusion mechanisms

AFM provides rapid characterization of surface nanostructures.

Interfacial force microscope (IFM) has a non-compliant force sensor that allows topography

current
complete measurement of attractive and repulsive force profiles.

) xyz Piezo A complete force profile — approach and retract —
Tip Controller for a diamond tip on a NaCl crystal. The tip =
- jatiachcsfiolticsalialpdanciupenistzcion) Conducting-tip AFM (CAFM) enables correlation between topography and
pulls out a nanowire that breaks at Dg. duct
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sal scgaration. [ Piezoelectric force microscopy (PFM) relates mechanical and electrical state of

materials

Zinc oxide nanorods imaged with PFM.

The piezoelectric
response
correlates directly
with the resistivity
of the nanorods.
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Nanomanipulator in an SEM allows electrical characterization and direct
manipulation of nanostructures.
Rods of various lengths and shapes can be measured

Pulling a nanowire from the NaCl substrate in real time shows the and compared.
fast diffusion kinetics, defect density, and recrystallization.

Magnetic nano-particles
can be synthesized and
imaged in an air-free
environment before
transfer for magnetic
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* Measuring nanostructure properties in their
as-grown configuration eliminates
uncertainties due to ex-situ processing.

* Nanorods can be individually addressed.

* Etched tungsten probe can be coated with a

Au/GaN contact forms a Schottky barrier. Current is
interface limited. High current changes contact allowing
measurement of GaN bulk properties. Conduction is

space-charge limited. variety of metals.
Designing micro-scale platforms for testing mechanical and thermal properties.
Mechanical Properties Thermal Properties Electrochemical Properties ) N .
CINT Cantilever Array Pulsed field gradient nuclear magnetic resonance (PFG-NMR) measures the
Discovery Platform™ « Thermal & electrical properties of « Real-time imaging of electrochemical A a a q A
nanoscale materials processes with nanoscale resolution diffusion of nanoparticles in solution. Organically Capped Nanaparicles

« Electrochemical cell that operates inside a
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Self diffusion and molecular motion of liquids in nano-materials can be measured.
Details about the impact of morphology on transport properties within nano-
composites and the assembly of nanoparticles and dendrimers are determined.

electrolyte channel

Present Sandia investigations include:

« Diffusion measurements of H,O within fuel cell membranes. How do changes in
membrane nano-morphology (domain size, pore size and surface modification) control the
transport rates?

+ Measurement of transport in porous materials, and impact of nanostructure on transport of
different molecular species

. of the i ion and ion between surface modified nanoparticles
and the impact of diffusion of these assemblies.

electrode 1 window  electrode 2
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Decay of NMR signal as a
function of field gradient
yields particle diffusivity.

Low-energy electron microscope (LEEM) can image real-time surface nano-
structure formation and self-assembly processes. LEEM images show p-n conrast

on device test structures.

Microsystems reliability and failure analysis is pushing to the nanoscale.

The advances in ntegrated circui technology has made failure site
Ch:

Spatial resolution: 7-8 nm «Expertise in Si CMOS, 1lI-V, MEMS, and

mely duced Voltage Alteration :
(CIVA), Low Energy CIVA (LECIVA), Light-Induced Voltage Alteration Optoelectronics
Time resolution: video rates (LIVA), Seebeck Effect Imaging (SEI) and Thermally-Induced Voltage *Support throughout the product life cycle
Alteration (TIVA) are five failure analysis techniques that meet the «Extensive reliability & failure analysis
Sample temperature: 150 K -1800 K challenge by rapidly and n localizing i i tools &
defects on ICs. The techniques take advantage of voltage techniques

fluctuations in a constant current power supply as an electron or
photon beam is scanned across an IC.

J \ .i Soft Defect Localization (SDL)
SN T
FIB for Imaging and Circuit Editing

TIVA and STEM for Oploe\ecvonlc Failure Analysis

Background pressure: UHV

Contrast mechanisms: work function
differences (surface chemistry,
doping differences), electron

Highly-B-doped sili 001 interference (surface steps),

Yot Slulmn (000) electron diffraction (surface
forming steps with . efc. p-type . S —
dependent width and period. n-type lines
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