








Nuclear Weapons Science and Technology 

A New Capability for Using Orbital-Dependent Functionals in Density-
Functional-Theory Calculations 

by A. F. Wright, N. A. Modine, D. M. Day, L. Romero, and M. P. Desjarlais 

 
Motivation—Density-functional theory (DFT) 
is widely used at Sandia to obtain information 
about materials under extreme conditions and 
defects in semiconductors. The accuracy of this 
information depends on the functional used to 
describe quantum mechanical interactions 
between electrons. All functionals currently in use 
approximate these interactions and, in addition, all 
but the type noted below depend explicitly on the 
total electron density. As a result of this density-
dependence, each electron incorrectly interacts 
with itself, yielding non-negligible errors in DFT 
results. These self-interactions can be eliminated 
by defining the functional to be the Fock 
expression, which correctly describes electron 
exchange inter-actions. However, the Fock 
expression is challenging to evaluate since it 
depends on single-electron orbitals. Before the 
development of the iterative technique described 
below, finding DFT solutions for the Fock 
expression was so computationally demanding 
that less than 10 atoms could be treated when 
using the plane wave basis sets and periodic 
boundary conditions preferred by physicists. 
 
Accomplishment—We have developed a new 
iterative technique for obtaining DFT solutions 
when using orbital-dependent functionals such as 
the Fock expression, and have implemented this 
technique in Sandia’s Socorro code. This 
technique allows calculations to be performed for 
hundreds of atoms and thus is a significant 
improvement over prior techniques. Moreover, 
this technique can also be applied to density-
dependent orbitals, thereby making it possible to 
use hybrid (combined density- and orbital-
dependent) functionals, which have yielded 
highly accurate results in quantum chemistry 
studies. 
In developing this new technique, we addressed a 
difficult technical issue related to the use of 

periodic boundary conditions: When using the 
Fock expression, an integral divergence arises in 
the energy due to the long range of electrostatic 
interactions. We discovered that this divergence 
has significant, detrimental consequences for the 
convergence rate of the energy with respect to 
numerical sampling: When the divergent term is 
ignored, the convergence rate is 1/N where N is 
the number of sampling points (Fig. 1). This is 
much slower than the exponential convergence 
found using density-dependent functionals. Our 
analysis and tests showed that 1/N2 convergence 
can be achieved by using an analytic contin-
uation technique and exponential convergence can 
be achieved by utilizing an attenuated Coulomb 
kernel to restrict the range of the electrostatic 
interactions. Although calculations using the Fock 
expression and our new iterative technique are 
significantly faster than prior calculations, they 
are still roughly an order of magnitude slower 
than DFT calculations using density-dependent 
functionals. Compute times using the Fock 
expression are dominated by double-precision 
fast-Fourier transforms (FFT). Substantial 
reductions in these times may be possible in 
future computers via the use of threaded processes 
and/or dedicated FFT co-processors.  

Significance—To the best of our knowledge, the 
new capability described herein is available 
nowhere else in the world. When used with the 
Fock expression, this capability eliminates self-
interaction errors and also yields semiconductor 
band gaps in good agreement with measured 
values (Fig. 2). More importantly, this new 
capability allows hybrid functionals to be seam-
lessly used in calculations with a plane wave 
basis. This opens the possibility of obtaining 
significantly higher accuracy in results for solids 
and plasmas, akin to what has been found by the 
quantum chemistry community.

Sponsors for various phases of this work include:  Laboratory Directed Research & Development and 
Nuclear Weapons Program Dynamic Materials Campaign 

Contact: Alan F. Wright, Nanomaterials Sciences 
Phone:  (505) 845-0445, Fax:  (505) 844-5470, E-mail:  afwrigh@sandia.gov 
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Figure 1.  Convergence of the silicon total energy versus the number of sampling points (N) using: 
an orbital-dependent functional (ODF) with no correction for the integral divergence, analytic-
continuation correction, attenuated Coulomb kernel correction; and a density-dependent functional 
(DDF). 
 
 

 
 
Figure 2.  Measured and computed minimum energy gaps for silicon and germanium: Density-
Dependent Functional (DDF) and Orbital-Dependent Functional (ODF). 
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Evolution of Oxide Stability During Localized Corrosion of Model Al-Cu Alloys 

by N. Missert, R. G. Copeland, P. Kotula, J. J. Hren, and J. Rivera 

 
Motivation—Al-Cu alloys are important for the 
aerospace, automobile, and micro-electronics 
industries. Although localized corrosion of 
aluminum-copper alloys in halide electrolytes is 
known to occur in the vicinity of intermetallic 
Cu-rich particles, a detailed understanding of the 
evolution of attack, from the mechanisms 
responsible for breakdown, to the transition to 
stable pitting, is still lacking. Since corrosion is a 
redox reaction, where the anodic oxidation of the 
metal must be balanced by the cathodic reduction 
of oxygen from solution, the mechanisms 
governing both processes must be understood in 
order to provide a complete picture. High 
cathodic reaction rates can generate local 
alkalinity, altering the properties of the passive 
oxide layer. Understanding the stability and 
charge transfer properties of the passive film in 
alkaline environments is therefore critical. 
 
Accomplishment—We have used electron 
beam co-evaporated Al-3.5%Cu thin films as a 
model system for studying the effects of alkaline 
exposures on the loss of passivity in Al-Cu 
alloys.  After annealing, Al2Cu intermetallic 
particles form at grain boundaries in an Al-
0.5%Cu matrix, with nanometer scale surface 
roughness as measured by AFM. In-situ 
fluorescence microscopy shows that initially, 
high cathodic reaction rates (which significantly 
raise the pH) occur locally on the electrode 
surface in response to remote anodic attack. The 
area available for high cathodic reaction rates 
continues to expand with time of exposure to the 
high pH solution, suggesting that exposure to the 
high pH environment enables more facile 
electron transfer to support high oxygen 
reduction reaction rates.  
Areas exposed to the high pH environment 
(Figure 1) show localized attack adjacent to some 
particles, at grain boundaries and on grain faces, 

where an increase in attack site density is directly 
correlated to exposure time. Ex-situ AFM 
imaging shows no evidence for de-alloying of the 
particles or matrix even after a 30 minute 
exposure to pH 11.5, suggesting that on time 
scales important for corrosion initiation, an 
understanding of the evolution of oxide 
electronic conductivity as a function of pH is 
required. In order to evaluate the conductivity of 
the passive films, the current-voltage 
characteristics near the open circuit potential 
(OCP) were measured as a function of pH. The 
open circuit potential dropped as the pH 
increased, consistent with an increase in 
corrosion rate; that is an increase in both passive 
film oxidation rate and the balancing oxygen 
reduction rate. The slope of the cathodic branch, 
measured near the OCP, gives the polarization 
resistance, which decreased by over four orders 
of magnitude, as the pH increased from 6 to 11.5, 
demonstrating a huge activation of the surface for 
both the anodic and cathodic reactions. 
Electrochemical impedance spectroscopy (Figure 
2) also showed a dramatic drop in the oxide 
impedance as the pH increased. The specific 
mechanism responsible for this activation is 
postulated to be a thinning of the surface oxide or 
an increased electronic conductivity, since Cu 
surface enrichment was ruled out through x-ray 
absorption, ToF-SIMS imaging, and cross-
sectional TEM/EDS. 

Significance—These studies show that the 
charge transfer properties of the passive oxide on 
Al-Cu alloys are sensitively dependent upon the 
solution pH. In alkaline environments, the charge 
transfer rates can increase by several orders of 
magnitude. These results will be used to develop 
accurate, predictive models for component 
lifetime and reliability limitations due to 
localized corrosion. 

Sponsors for various phases of this work include:  DOE Office of Basic Energy Sciences and Nuclear 
Weapons Program 

Contact: Nancy Missert, Nanomaterials Sciences 
Phone:  (505) 844-2234, Fax:  (505) 844-1197, E-mail:  namisse@sandia.gov 
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Figure 1.  Early stages of localized attack on cathodic regions of the electrode occur on the grain 
faces, at grain boundaries, and at the interface between Al2Cu intermetallic particles and the 
surrounding matrix. 
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Figure 2.  Electrochemical impedance spectroscopy showing several order of magnitude decrease in 
impedance with increasing alkalinity. 
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Monolithically Integrated Solid-State Terahertz Transceivers 

Motivation—The “unconventional” terahertz 
(THz) frequency electromagnetic spectrum 
offers disruptive advantages for security, 
defense, scientific, and industrial missions.  
However, THz solid-state technology remains 
immature compared to microwave electronics 
and infrared photonics. A central component of 
THz technology, a heterodyne transceiver, has 
until now relied on large, high-maintenance gas- 
or vacuum-tube sources to supply coherent THz 
radiation of sufficient power and mechanically 
aligned optical coupling to deliver power to a 
THz receiver. Clearly any widely practical THz 
system requires an integrated semiconductor-
based technology. Only recently has this 
become realistic with the invention of high-
power microelectronic THz quantum cascade 
lasers (QCLs). This project’s goal was to 
integrate a QCL and diode mixer onto a single 
chip. The result is the first true THz integrated 
circuit (IC) that performs all the functions of 
existing THz transceivers but at a small fraction 
of the size and in a robust platform scalable to 
semiconductor fabrication production. 

by M. C. Wanke, E. W. Young, C. D. Nordquist, M. J. Cich, A. D. Grine, C. T. Fuller,  
J. L. Reno, and Mark Lee

Accomplishment—The starting point for this 
integrated transceiver exploits a structural 
advantage unique to QCLs.  In a THz QCL, at 
least one of the metal contacts is nearly in direct 
contact with the optically active region and hence 
has large overlap with the optical mode. Our 
transceiver capitalizes on this overlap to literally 
embed a small Schottky diode mixer into the 
ridge waveguide cavity of a QCL, as depicted in 
Fig. 1. Here the semiconductor cathode of the 
Schottky diode and the top bias contact of the 
QCL ridge waveguide share the same n+ doped 
GaAs layer. The QCL top (ground) contact is 
made using an ohmic metal while the diode is 
made using a Schottky metal. This integration 
strategy takes advantage of the fact that the QCL 

ridge waveguide cavity’s internal electric field is 
strongest near the metal-semiconductor interface 
and thus permeates the diode’s cathode.  The 
internal field modulates the width of the diode’s 
depletion region, leading to mixing of the THz 
signals.  An image of a completed transceiver is 
shown in Fig. 2. After processing, the lasing 
characteristics of the QCL showed no significant 
degradation in power or threshold bias 
conditions, thus confirming operation as a 
coherent transmitter. Operation of the THz IC as 
a heterodyne receiver was also explicitly 
demonstrated.  An external signal was supplied 
by a molecular gas laser, using the 2.841143 THz 
line of difluoromethane. Heterodyne reception of 
the external signal was clearly observed at the 
output of the Schottky diode, which generated 
down-converted microwave signals at difference 
frequencies between several of the QCL’s 
internal Fabry-Perot (F-P) modes and the external 
molecular gas line. The F-P difference frequency 
generated by the diode was also be used as an 
active feedback signal to phase lock the 
difference modes of the QCL to a microwave 
reference and hence maintain constant mode 
spacing to high precision. The THz IC 
significantly simplifies the ability to phase lock 
by eliminating optical coupling between 
physically separate components. 

Significance—Widespread use of the THz 
spectrum outside the laboratory has awaited a 
viable solid-state technology platform. The 
monolithically integrated solid-state THz 
transceiver developed here represents a broadly 
applicable answer to this technological challenge 
in the form of the first working THz IC. Such a 
transceiver IC is the initial step towards higher 
stages of chip-level integration of multiple THz 
functionalities in a miniature, reliable, and 
scalable platform. 

Sponsors for various phases of this work include:  Laboratory Directed Research & Development  
 

Contact: Mark Lee, Semiconductor Materials and Device Sciences 
Phone:  (505) 844-5462, Fax:  (505) 844-4045, E-mail:  mlee1@sandia.gov 
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Figure 1.  Design drawing showing the Schottky diode position atop a QCL ridge waveguide and 
ground-signal-ground co-planar waveguide (CPW) contacts to the diode mixer. Some of the 
insulating layer under the diode (green) and the photoresist (PR) bridge (light blue) have been cut-
away for clarity. 
 
 
 
 

 
 

Figure 2.  (top) Optical microscope plan view image of a complete THz transceiver IC with all 
electrical contacts, and (bottom) expanded focused ion-beam image showing the CPW contact 
configuration to the Schottky diode anode. 
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Longwave Infrared Optical Cross Sections for Biological Warfare Agents and 
Simulants 

 
Motivation—LIDAR (Light Detection and 
Ranging) systems are now a key component in 
the DoD strategy to protect troops from 
biological weapons on the battlefield.  These 
standoff detection systems can only be tested 
against aerosol clouds of simulants, not against 
the real threat agents.  In order to evaluate 
system performance against threat agents, we 
project the performance using field test data 
collected on simulant clouds using the lidar 
equation and knowledge of the optical cross 
section values for the simulants and threat 
agents.  For several years, we have been 
measuring the optical backscatter and laser 
induced fluorescence cross sections of 
biological simulants and threat agents for a DoD 
customer.  Recently, we have added 
measurement capability in the 9.3 to 10.7 µm 
region, a key wavelength region for a bio 
standoff system now under consideration. 

by R. L. Schmitt, S. M. Sickafoose, M. S. Johnson, M. V. Pack, J. W. Porter, C. F. Briner, and D. 
Castillo

 
Accomplishment—We modified the Sandia 
B70 LIDAR trailer, adding a tunable pulsed 
CO2 laser that was programmed to tune over 19 
discrete CO2 lines in the 9.3 to 10.7 µm region.  
One of the major challenges in making the 
longwave infrared (LWIR) cross section 
measurements was measuring cross sections at  
Nd:YAG wavelengths at the same time.  This 
required designing a beam combiner for the out-
going lasers that was able to transmit (coaxially) 
355 nm, 1064 nm, and 9.2-10.7 μm laser 
radiation and a receiving wavelength separator 
to send the returning signals to the wavelength 
appropriate detectors.  To combine the outgoing 
laser beams we used an optical-grade Si wafer 
to transmit the CO2 laser beam while reflecting 
the other wavelengths.  On the receiver, we 
were able to use a custom dielectric coating to 
separate the LWIR return from the other 
wavelengths.  In order to incorporate control of 

the new laser and detectors and streamline the 
data acquisition process, the entire software 
control program was re-written. 

To measure agent cross sections, we first collect 
standoff lidar data for aerosol clouds of 
simulants released in a controlled outdoor 
facility.  After calibration of our lidar system, 
we calculate the optical cross sections of these 
simulant aerosols.  Next, we measure the optical 
response at all of the wavelengths of the 
simulant materials and threat agents contained 
in specially designed cuvettes.  Finally, we 
compute the agent cross sections by comparing 
their optical signals relative to simulants using 
knowledge of the cross sections of the 
simulants. 

To enable in-trailer LWIR measurements, we 
designed and built new stainless steel cuvettes 
with a ZnSe window on one side for LWIR 
optical access and a fused silica window on the 
other side for UV – NIR optical access. 

A key capability of the B70 LIDAR trailer is its 
capability of propagating laser radiation for 
stand-off measurements and, after minimal 
reconfiguration, performing in-trailer 
measurements on the same materials contained 
in sample cuvettes, with the same laser sources 
and detectors.  

Significance—The elastic backscatter optical 
cross sections of 24 biological simulants and 8 
agents at 21 separate wavelengths and the 
fluorescence cross section at 355 nm will be 
computed from the data by early 2010.  These 
values, delivered to the DoD customer, will 
allow the Joint Biological Standoff Detection 
Systems program to evaluate performance of 
standoff systems.   

Sponsors for various phases of this work include:  DOD Joint Biological Standoff Detection Systems 
Program 

Contact: Shane Sickafoose, Lasers, Optics, and Remote Sensing 
Phone:  (505) 845-8362, Fax:  (505) 844-5459, E-mail:  smsicka@sandia.gov 
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Figure 1.  Schematic diagram of the new multi-wavelength range-resolved setup in B70. 

 
 

 
 
Figure 2.  Specially designed stainless steel cuvette with ZnSe window for 9 – 11 um use and fused 
silica window for UV – NIR use 
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Nanoporous-Carbon Coated SAWs for ppb Detection of Trihalomethanes in 
Water 

by M. P. Siegal, C. D. Mowry, K. B. Pfeifer, and A. L. Robinson 

Motivation—The treatment of water results in 
many disinfection products; trihalomethanes 
(THMs) are among the most common and of 
greatest concern to regulatory bodies and the 
public due to their known adverse health effects, 
which include cancer and miscarriage.  The 
Environmental Protection Agency (EPA) 
regulatory limit for THMs (chloroform, 
bromodichloromethane, dibromochloromethane, 
and bromoform) is 80 parts-per-billion (ppb).  
Current detection methods involve retrieving 
water samples from reservoirs, wells, etc. and 
sending them to a chemical laboratory for 
analysis, often taking many months for results 
to be reported.  A need exists for a reliable, 
light-weight, low-cost, highly-sensitive, and 
easily deployable water sensor that performs 
THM analysis in just a few minutes. 

Accomplishment—We developed a portable 
system for THM detection in water using purge 
and trap, followed by isothermal gas 
chromatography and finally detection using a 
nanoporous-carbon (NPC) coated surface 
acoustic wave (SAW) sensor device.  The SAW 
sensor device is at the heart of this detection 
scheme.  SAWs respond to increased surface 
mass as a function of analyte concentration, 
which changes the acoustic propagation speed 
and can be measured as a phase shift in the 
wave over a fixed length.  Sorbent coatings on a 
SAW surface can increase device response.  We 
find that NPC coatings are reproducible, 
sensitive, and stable for long term use.  Fig. 1 
shows a 100 MHz SAW device coated with 1-
µm-thick NPC (mass density ~ 1 g/cm3), 
previously shown to be sufficient to achieve 
limits-of-detection (LOD) < 1 ppb for most 
volatile analytes studied.  Fig. 2 shows the 
detection of each THM from fixed mixtures that 
are separated via a gas chromatograph and 

directed over the NPC-coated SAW.  
Chloroform elutes first, followed in succession 
by each chemical in order of molecular weight, 
with bromoform appearing last.  Each response 
peak is integrated and plotted versus the known 
concentration for each THM in Fig. 3.  We find 
similar functional behavior at these near-ppb 
concentration levels as we did previously for 
other volatile analytes at higher concentration 
levels, i.e. power-law behavior that fits to a 
straight-line on a log-log graph.  These results 
demonstrate that 1 µm-thick NPC-coated SAW 
devices have LODs < 1 ppb for chloroform and 
~ 1 part-per-trillion for bromoform! 

Finally, we studied the relationship between the 
NPC coating thickness and the SAW response 
to controlled chloroform exposures, shown in 
Fig. 4, for thicknesses ranging from 0.25 to 2.5 
µm, this time using only the response peak 
height, or phase shift.  These results provide a 
defining property for NPC used for SAW device 
chemical detection.  The chloroform LODs 
decrease exponentially with increasing NPC 
thickness, not linearly, as expected.  Increasing 
NPC thickness from 1.1 to 2.5 µm, a factor of 
2.2, improves the LOD by 20-fold, nearly an 
order-of-magnitude greater than expected! 

Significance—Nanoporous-carbon coatings 
sorb volatile chemicals better than any other 
materials ever reported, improving SAW device 
microsensor LODs by multiple orders-of-
magnitude.  In particular, optimally NPC-coated 
SAW devices can detect THMs at part-per-
trillion levels.  This enables the development of 
portable chemical analysis systems for 
numerous field applications, including 
Homeland Defense, ES&H, Industry, and EPA 
regulations for our Nation’s clean (and safe) 
water supply. 

Sponsors for various phases of this work include:  Laboratory Directed Research & Development and 
Work for Others 

Contact: Michael P. Siegal, Nanomaterials Sciences 
Phone:  (505) 845-9453, Fax:  (505) 844-1197, E-mail:  mpsiega@sandia.gov 
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Figure 1.  Photo of an NPC-coated 100 MHz 
SAW device next to a penny.  Electrical contacts 
are made to the four large Au contact pads, and 
the Au transducer lines between them generate 
and detect the acoustic wave. 

Figure 2.  Phase-shift response from a 1 
µm thick NPC-coated SAW device for 
controlled exposures to various 
concentration THM mixtures. 
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Figure 3.  SAW response vs. analyte exposure 
for all four THMs, using the data shown in Fig. 
2.  (Note:  12 ng ~ 1 ppb.)  The dashed line is 
placed a factor of two times above the SAW 
device detection limits, due to signal-to-noise.  
Therefore, the LODs for chloroform, DCBM, 
DBCM and bromoform are 0.16, 0.026, 0.0088, 
and 0.0013 ppb, respectively. 

Figure 4.  SAW response for chloroform 
detection as a function of NPC coating 
thickness.  The LODs improve from 3.8 to 
0.008 ppb for thicknesses ranging from 0.27 to 
2.45 µm. 
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Trapping of Deuterium at Displacement Damage in Tungsten and the 
Implications for Tritium Retention in ITER 

by W.R. Wampler 

 
Motivation—The International Thermonuclear 
Experimental Reactor (ITER) is expected to 
produce enough fusion neutrons to cause atomic 
displacements approaching one displacement 
per atom (dpa) in plasma-facing materials. 
Tritium from the fusion plasma can diffuse into 
materials and become trapped at lattice defects, 
such as vacancies, produced by the neutron 
irradiation.  This possibility has raised a concern 
that neutron damage might increase tritium 
retention and hence the in-vessel tritium 
inventory to the 700 gram limit and thereby 
restrict further operation. Of particular concern 
is T retention in the proposed 220 m2 of 
tungsten which will receive high fluxes of 
energetic tritium ions from the plasma. To 
resolve this concern, experiments were 
conducted to determine the influence of 
displacement damage on the retention of 
deuterium in tungsten exposed to deuterium 
plasma. Retention of tritium is expected to be 
similar to that of deuterium. 

Accomplishment—Tungsten samples were 
irradiated with 12 MeV silicon ions at various 
doses to produce up to 0.6 dpa to depths up to 2 
microns, to simulate neutron damage.  Irradiated 
samples were exposed at various temperatures 
to deuterium plasma at the PISCES-A high-flux 
linear plasma device at UCSD to simulate 
tokamak divertor conditions.  Nuclear reaction 
analysis was then used to measure the 
concentration of retained deuterium versus 
depth.  Deuterium retention was much lower at 
500ºC than at 200ºC, due to the less effective 
binding to the traps, and annealing of damage at 
higher temperature.  Deuterium retention was 
observed to be increased by displacement 
damage to depths up to 2 µm (figure 1). 
However, damage 250 µm beneath the plasma-
exposed surface produced no increase in D 

retention.  In addition to trapping at damage, 
near-surface retention from internal 
precipitation was observed at lower 
temperatures in both damaged and undamaged 
tungsten.  These experiments determine the 
number of traps produced by displacement 
damage (figure 2) and the rate at which they are 
filled during exposure to plasma.  Since helium 
will be present in fusion plasmas, the effect of 
helium in the deuterium plasma was also 
examined.  Addition of 5% helium to the 
deuterium plasma greatly reduced D retention 
due to precipitation, but trapping at 
displacement damage still occurred.  
 
Significance—Deuterium or He injected into 
tungsten by a plasma precipitates into bubbles 
near the surface. These bubbles act as sinks for 
diffusing D or T which lower its chemical 
potential and permeation to greater depths.  This 
limits the depth to which T retention extends 
into the material and therefore the quantity 
retained.  Based on trap production rates and 
kinetics of trap filling during exposure to 
plasma determined in this investigation, the 
inventory of tritium retained in tungsten in the 
ITER divertor due to trapping at displacement 
damage is predicted to be less than 10 g. This 
amount of tritium is much less than the 700 g 
in-vessel inventory limit, and also less than the 
quantity of tritium (50 g) to be injected per 
discharge. The low retention in tungsten is due 
to the shallow depth of penetration of tritium to 
traps at lower temperatures and the annealing of 
displacement damage and less effective binding 
to traps at higher temperatures.  The conclusion 
is that neutron damage in tungsten should not 
increase tritium inventory enough to impact 
operation of ITER. 

Sponsors for this work include:  DOE Office of Science Fusion Energy Sciences Program 
 

Contact: William R. Wampler, Radiation-Solid Interactions 
Phone:  (505) 844-4114, Fax:  (505) 844-7775, E-mail:  wrwampl@sandia.gov 
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Figure 1.  Deuterium content in tungsten exposed to deuterium plasma is increased by displacement 
damage and reduced by addition of helium to the plasma. The dashed curve shows the damage vs 
depth corresponding to a peak damage level of 0.6 dpa.  The symbols show measured D profiles 
after exposure to D (open symbols) or D+5% He (solid symbols) plasma for various peak damage 
levels (black circle=undamaged, blue square=0.06dpa, red diamond=0.6 dpa). 
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Figure 2.  Increase in D concentration versus displacement damage for tungsten exposed to plasma 
at various temperatures.   
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Recent Awards & Prizes 
 

National and International Awards 
 
2009 — Hispanic Engineer National Achievement Awards Corporation (HENAAC):  “For 

professional achievement.”  (Carlos Gutierrez) 
 
2008 — National Academy of Engineering (NAE):  “For development of large-scale simulations 

for improved understanding of metals, polymers, and particulate matter.”  (Gary Grest) 
 
2005 — American Academy of Arts and Sciences Fellow:  "For outstanding contributions in her 

profession."  (Julia Phillips)  
— R&D100 Award:  "For the development of Ion Photon Emission Microscope (IPEM)."  

(Barney L. Doyle, Michael Mellon, Floyd D. McDaniel, and Paolo Rossi)  
 
 
Other Awards 
 
2009 — American Physical Society Award: “For outstanding referee.”  (Gary L. Kellogg) 
 — Lockheed-Martin Award for Excellence in Research: “For excellence in research 

regarding the Lockheed-Martin Shared Vision project on CNT photodectors.”  (Normand 
Modine and Alan Wright) 

 
2008 — American Physical Society Aneeesur Rahman Prize in computational physics: “For 

ground-breaking development of computational methods and their application to the study 
of soft materials, including polymers, colloids, and granular systems.”  (Gary Grest) 

 — American Physical Society George E. Pake Prize:  “For her leadership and pioneering 
research in materials physics for industrial and national security applications.”  (Julia 
Phillips) 

 — Presidential Early Career Award for Scientists and Engineers (PECASE):  “For the 
combination of innovative research at the frontiers of science and technology and 
community service demonstrated through scientific leadership and community outreach.”  
(Wei Pan) 

 — Fellow, American Physical Society:  “For his pioneering experiments on metal-on-metal 
epitaxy leading to fundamental advances in understanding the structure of thin metal films, 
and for his exceptional service in the advocacy of nanoscience in the United States.“  
(Robert Q. Hwang) 

 — Fellow, American Association for the Advancement of Science:  “For outstanding 
accomplishments in chemically reacting flows and chemical vapor deposition modeling.”  
(Michael E. Coltrin) 

 — Fellow, American Association for the Advancement of Science:  “For outstanding 
accomplishments in semiconductor science and technology through personal research and 
leadership of group efforts, particularly in low dimensional physics and solid state 
lighting.”  (Jerry A. Simmons) 

 — Fellow, American Association for the Advancement of Science:  “For outstanding 
contributions to compound semiconductor research through personal research, research 
management, and service to the research community.”  (Jeffrey Y. Tsao) 
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2006 —  Fellow, American Physical Society:  "For investigations of, and contributions to, the 
science of atomic and molecular processes in plasmas through development of innovative 
optical, microwave, and rf diagnostics.”  (Greg Hebner) 

 
2005 —  Fellow, American Physical Society:  "For experiments advancing the understanding of 

electron correlation and electrodynamic response in oxide superconductors, ferromagnets, 
Coulomb glasses and nonlinear optical polymers.”  (Mark Lee) 

—  Materials Research Society (MRS) “Science as Art” Competition First Prize Award:  
"For Garden of ZnO Nano-Yuccas."  (Julia Hsu, Tom Sounart, Neil Simmons, Jim Voigt, 
and Jun Liu)  

 
 

Sandia National Laboratories Awards 
 
2009 —  Laboratory Directed Research & Development Award for Excellence:  “Exploiting 

Interfacial Water Properties for Desalination and Purification Applications”.  (Dale 
Huber) 

 
2008 —  Laboratory Directed Research & Development Award for Excellence:  “For Ion-

Neutron Simulation (INSIM)”.  (Gyorgy Vizkelethy) 
 
2007 —  Laboratory Directed Research & Development Award for Excellence:  “For 

Nanolithography Directed Materials Growth and Self-Assembly.”  (Julia Hsu) 
—  Laboratory Directed Research & Development Award for Excellence:  “For             

Microwave to Millimeter Wave Electrodynamic Response and RF Applications of 
Semiconductor Quantum Nanostructures.”  (Mark Lee) 

 
2006 —  Laboratory Directed Research & Development Award for Excellence:  “Elucidating 

the Mysteries of Wetting.”  (Gary Grest) 
 
2006 —  Laboratory Directed Research & Development Award for Excellence:  “For an 

efficient implementation of finite-temperature, exact-exchange density-functional theory for 
Sandia’s Socorro code, providing a breakthrough capability for condensed matter and 
high energy density sciences.”  (Normand Modine and Alan Wright) 

 
 
Patents Awarded 
 
2009 
— Patent 7,435,297  
Title:  Molten-Salt-Based Growth of Group III Nitrides 
Originators:  Karen E. Waldrip, Jeffrey Y. Tsao, Thomas M. Kerley 
— Patent 7,449,404  
Title:  Method for Improving Mg Doping during Group-III Nitride MOCVD 
Originators:  Randall J. Creighton, George T. Wang 
— Patent 7,491,423  
Title:  Directed Spatial Organization of Zinc Oxide Nanostructures 
Originators:  Julia Hsu, Jun Liu 
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— Patent 7,550,734   
Title:  Integrated Heterodyne Terahertz Transceiver 
Originators:  Mark Lee, Michael C. Wanke 
— Patent 7,566,429  
Title:  Catalytic Reactive Separation System for Energy-Efficient Production Cumene 
Originators:  Genoveva Buelna, Tina M. Nenoff 
 
2008 
— Patent 7,338,590  
Title:  Water-Splitting using Photocatalytic Porphyrin-Nanotube Composite Devices 
Originators:  John A. Shelnutt, James E. Miller, Craig Medforth, Zhongchun Wang 
— Patent 7,374,599  
Title:  Dendritic Metal Nanostructures 
Originators:  John Shelnutt, Yujiang Song, Eulalia Pereira, Craig Medforth 
— Patent 7,376,403  
Title:  Terahertz Radiation Mixer 
Originators:  Michael C. Wanke, S. James Allen, Mark Lee 
— Patent 7,420,225    
Title: Direct Detector for Terahertz Radiation 
Originators:  Michael C. Wanke, Mark Lee, Eric A. Shaner, S. James Allen 
— Patent 7,422,724   
Title:  Biological Preconcentrator 
Originators:  Ronald P. Manginell, Bruce C. Bunker, Dale L. Huber 
 
2007 
— Patent 7,223,474   
Title:  Heteroporphyrin Nanotubes and Composites 
Originators:  John A. Shelnutt, Craig J. Medforth, and Z. Wang 
— Patent 7,248,397   
Title:  Wavelength-Doubling Optical Prametric Oscillator 
Originators:  Darrell J. Armstrong and Arlee v. Smith 
 
2006 
— Patent 7,148.974 
Title:  Method for Tracking the Location of Mobile Agents Using Stand-off Detection Technique 
Originators:  Susan F.A. Bender, Philip J. Jargis, Jr., Mark S. Johnson, Philip J. Rodacy, and Randal 
L. Schmitt 
— Patent 7,132,163 
Title:  Hereroporphyrin Nanotubes and Composites 
Originators:  Jahn A. Shelnutt, Craig J. Medforth, and Z. Wang 
— Patent 7,122,164 
Title:  Niobate-Based Octahedral Molecular Sieves 
Originators:  Tina M. Nenoff and May D. Nyman 
— Patent 7,119,245 
Title:  Synthesis of an Un-supported, High-Flow ZSM-22 Zeolite Membrane 
Originators:  Steven G. Thoma and Tina M. Nenoff 
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— Patent 7,064,817 
Title:  A Method to Determine and Adjust the Alignment of the Transmitter and Receiver Fields of 
View of a LIDAR 
Originators:  Philip J. Hargis, Jr., Tammy D. Henson, Leslie J. Krumel, and Randal L. Schmitt 
— Patent 7,041,616 
Title:  Enhanced Selectivity of Zeolites by Controlled Carbon Deposition  
Originator:  Mutlu Kartin, Tina M. Nenoff, and Steven G. Thoma 
 
2005 
— Patent 6,980,354 
Title:  A Self-Seeding Ring Optical Parametric Oscillator 
Originator:  Darrell J. Armstrong and Arlee V. Smith 
— Patent 6,964,936 
Title:  Method of Making Maximally Dispersed Heterogeneous Catalysts 
Originator:  Dwight R. Jennison 
— Patent 6,866,560 
Title:  Method for Thinning Specimen  
Originator:  David M. Follstaedt and Michael P. Moran 
 — Patent 6,844,378 
Title:  Method of Using Triaxial Magnetic Fields for Making Particle Structures 
Originator:  James E. Martin, Robert Anderson, and Rodney Williamson 
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Government & National Advisory Boards 
 
Argonne National Laboratories 
— Review Panel, Electron Microscopy Center for Materials Research (EMC) Operations Review:  

Jianyu Huang, 2009 
 
Department of Energy, Office of Basic Energy Sciences 
— Idaho State DOE ESPCoR program, Princeton Center for Complex Materials (MRSEC) and 

UMass EFRC. External Review Committee, Julia Hsu, 2009 
— BES Advisory committee on Facing Our Energy Challenges in a New Era of Science;  Julia 

Phillips, member; 2008 
— Council of the BES Division of Materials Sciences & Engineering; Julia Phillips, member; 2006-

2008 
— BES Advisory Committee Subcommittee on Grand Challenges in BES; Julia Phillips, member; 

2006-2007 
— Workshop on Basic Research Needs for Solid State Lighting:  Julia Phillips, Workshop Chair; 

Jerry Simmons, Panel Chair; Mary Crawford, Panel Member; 2006 
 
Department of Defense / Central Intelligence Agency 
— Advisory Committee for the Modeling and Simulation component of the Energetic Materials Net 

Assessment;  Alan Wright, member; 2009 
 
Los Alamos National Laboratory 
— Materials Capability Site Review; Julia Phillips, participant; 2008-2009 
— Materials Capability Site Review; Tina Nenoff, participant; 2007 
 
The National Academies 
— Panel Member;  Nuclear Waste Form Development, Tina Nenoff, 2009 
 
National Academy of Engineering 
— Council; Julia Phillips, member:  2008-2011 
— Peer Committee, Materials Section:  Julia Phillips, member, 2007-2009, Chair, 2009 
— U. S. Frontiers of Engineering Program:  Julia Phillips, Chair, 2005-2008; Mary Crawford, 

participant, 2005; George Bachand, participant 2007, Greg Hebner, Session Organizer, 2008 
— Draper Prize Committee; Julia Phillips, member; 2005-2007 
 
National Research Council 
— Committee on Nanophotonics Assessability and Applicability; Jerry Simmons, member;  2006-

2007 
— Review Panel, National Research Council Associateship Program:  Diane Peebles, Neal Shinn, 

and Greg Hebner, members;  2006-2009 
— Committee on Benchmarking the Research Competitiveness of US Chemical Engineering; Julia 

Phillips, member; 2006 
— Committee to Assess the Impact of the MRSEC Program; Julia Phillips, BPA liaison; 2005-2006 
— Board on Chemical Sciences & Technology; Bob Hwang, member; 2004-2007 
— Board on Physics and Astronomy; Julia Phillips, member; 2000-2006 
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New Mexico State University 
— New Mexico Nanoscience Education Initiative, Advisory Board; Neal Shinn, member; 2007 
— Physics Advisory Board:  Neal Shinn, member, 2004-2007;  Alan Wright, member 2002-2004, 

2006-2008 
 
Oak Ridge National Laboratory 
— BES Chemical Sciences Site Review; Tina Nenoff, participant; 2007 
— BES Site Review; Gary Kellogg, participant; 2006 
 
Texas State University 
— Materials Science & Engineering Advisory Board; Carlos Gutierrez, member; 2006-2008 
 
Wessex Institute of technology (UK) 
— Scientific Committee; Frank Van Swol, member, 2006-present 

 
 

Professional Societies/International Committees/Journals 
 

American Association for Crystal Growth  
— 20th American Conference on Crystal Growth and Epitaxy; Sean Hearne, Symposium Chair; 

2006, Symposium Organizer, 2009, West Program Chair 2010 
— American Conference on Crystal Growth and Epitaxy; Robert Biefeld, Conference Organizer; 

2009 
— Executive Committee; Bob Biefeld, member; 2005-present 
 
American Association for the Advancement of Science (AAAS) 
— Board of Directors; Julia Phillips, member; 2003-2005 
— Physics Section; Julia Phillips:  Chair-elect, Chair, Past Chair; 2003-2005 
— Physics Section Nominating Committee:  Julia Phillips, member, 2003-2004; Chair, 2005 
 
American Chemical Society (ACS) 
— Committee on Science; Tina Nenoff, associate; 2007 
— COLL Division; Tina Nenoff, councilor; 2006-2010 
 
American Physical Society (APS) 
— March Meeting Program Committee, Invited Session; Program Organizer; Robert Biefeld; 2010 
— March Meeting Focused Session; Robert Biefeld, organizer; 2010 
— Topical Group on Energy Research and Applications (GERA); Robert Biefeld; Executive 

Committee member  
— March Meeting Program Committee, Workshop on Energy for Young Physicists; Julia Hsu, 

member; 2008-2010 
— Aneesur Rahman Prize Committee; Gary Grest, member; 2008 
— George E. Pake Prize Committee; Julia Phillips, member; 2008 
— McGroddy Prize Committee; Julia Hsu, member; 2007-2008 
— March Meeting Focused Session; Julia Hsu, organizer; 2007 
— Division of Condensed Matter Physics (DCMP):  Julia Phillips, Vice-Chair, 2005; Chair-Elect, 

2006; Chair, 2007; Past Chair, 2008 
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— Forum on Industrial & Applied Physics (FIAP):  Mark Lee, Vice-Chair, 2005; Chair-Elect, 2006; 
Chair, 2007 

— Committee on Minorities; Carlos Gutierrez, Chair; 2006 
— Bouchet Prize Committee; Carlos Gutierrez, member; 2005-2006 
— Division of Materials Physics (DMP) Executive Committee; Julia Hsu, member-at-large; 2004-

2006 
— Committee on Meetings; Mark Lee, member; 2003-2006 
 
American Vacuum Society (AVS) 
— Neal Shinn, President; 2007 
— 53rd International Symposium 
— Neal Shinn, Vice Chair; 2006 
— Distinguished Lecture Series Committee; Neal Shinn, Chair; 2004-2006 
— Board of Directors; Neal Shinn, member; 2003-2006 
 
ASM International – The Materials Information Society 
— Events Committee; Dan Barton, member; 2003-present 
— Electronic Device Failure Analysis Society (EDFAS):  Dan Barton, Board of Directors member, 

1998-present; Vice-President, 2005 
 
Chemistry of Materials 
— Editorial Board; Tina Nenoff, member; 2006-2010 
 
Conference on Magnetism and Magnetic Materials 
— Scientific Advisory Board; Carlos Gutierrez, member; 2005-2007 
 
Electrochemical Society 
— Symposium;  Nancy Missert, organizer; 2006, 2007 
— Corrosion Division, Nancy Missert:  Student Travel Grant Coordinator, 2005-2008; executive 

committee member, 2006-present 
— Nash Miller Award Committee; Nancy Missert, member; 2005 
— Individual Membership Committee; Nancy Missert, member; 2003-2006 
 
Electronic Materials Conference 
— Organizing Committee, Julia Hsu; 2009 
 
Fifteenth International Conference on Crystal Growth 
— Bob Biefeld, Program Co-Chair; 2006-2007 
 
Gaseous Electronics Conference (GEC) 
— 56th Annual Meeting; Greg Hebner:  Chair-elect, Chair, Past Chair; 2003-2006 
 
Gordon Conference 
— Nanoporous Materials Gordon Conference; Tina Nenoff, Chair-elect, 2011 
— Zeolite Gordon Conference; Tina Nenoff, Vice-Chair; 2008 
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Institute of Electrical and Electronics Engineers (IEEE) 
— Transactions on Plasma Science, 4th issue on Images in Plasma Science; Greg Hebner, guest 

editor; 2004-2005 
— Transactions on Device and Materials Reliability (TDMR); Dan Barton, guest editor; 2002-

present 
— International Reliability Physics Symposium, Management Committee; Dan Barton, member; 

2001-present 
 
International Conference on Applications of Accelerators in Research and Industry 
— Barney L. Doyle, Chairman; 2004, 2006, 2008 
 
International Conference on Defects in Semiconductors 
— International Advisory Board, Alan Wright,:  Co-organizer, 2005-2007, Co-Chair, 2007 
 
International Conference on Electrorheological Fluids and Magnetorheological Suspentions 
— James E. Martin, program committee; 2001-2009 
 
International Conference on Ion Beam Analysis 
— Barney Doyle, Gyorgy Vizkelethy;  International Committee, 2008 
 
International Conference on Low Energy Electron Microscopy/Photoemission Electron 
Microscopy (LEEM/PEEM) 
— International Steering Committee, Gary L. Kellogg, member 2009 
— International Advisory Committee; Gary L. Kellogg, member; 2000-present 
 
International Conference on Metal Organic Chemical Vapor Deposition-15 (ICMOVPE-15) 
— Conference Organizer; Robert Biefeld; 2009-2010, Andrew Allerman, Conference Committee – 

2009-2010 
 
International Conference on Modern Materials and Technology 
— Advisory Board; Julia Hsu; 2009 
 
International Conference on Nitride Semiconductors - 7th 
— Americas Program Chair; Andrew Allerman 2007 
 
International Conference on Nuclear Microprobe Technology and Applications 
— International Committee; Gyorgy Vizkelethy; International Committee, 2008 
 
International Conference on Particle-Induced X-Ray Emission and its Analytical Applications 
— International Committee; Barney L. Doyle, member; 2005 
 
International Conference (4th) on Porphyrins and Phthalocyanines 
— Symposium; John Shelnutt, Organizer and Chair; 2004, 2006, 2008 
 
International Electron Devices Meeting 
— Session; Tom Friedmann, organizer; 2007 
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International Journal of PIXE (IJPIXE) 
— Editorial Board, Barney Doyle; 1996-present 
 
International Symposium on Semiconductor Light Emitting Devices - 7th 
— Program Co-Chair; Andrew Allerman, 2008 
 
International Thin Film Conference 
— Advisory Board; Julia Hsu; 2009 
 
International Union for Vacuum Science, Technique, and Applications (IUVSTA)  
— 17th International Vacuum Congress; Neal Shinn, Program Committee member; 2007 
— Surface Science Electoral College, Neal Shinn, United States Representative; 2001-2007 
— Surface Science Division: Neal Shinn, Chair, 2004-2007; Secretary, 2001-2004 
 
International Zeolite Association (IZA) 
— Commission on Synthesis Committee; Tina Nenoff, member; 2004-2007 
 
Journal of Chemical Physics 
— Editorial Board; Jim Martin, member; 2003-2006 
 
Journal of Crystal Growth 
— Journal of Crystal Growth for subject areas:  "Epitaxial Growth and Nanostructures"; Bob 

Biefeld, Associate Editor; 2004-present 
 
Journal of Materials Research 
— Editorial Advisory Board; Julia Phillips, member; 2004-present; chair; 2008-present 
 
Journal of Scanning Probe Microscopy 
— Editorial Board; Brian Swartzentruber, member; 2009 
 
Lawrence Berkeley National Laboratory 
— Accelerator Fusion Research Department Review; Barney Doyle, 2006-2007  
— National Center for Electron Microscopy Operations Review, Jianyu Huang, 2009 
 
Lawrence Livermore National Laboratory 
— Panel member; Transformational Materials Initiative, Tina Nenoff, 2009  
 
Materials Research Society (MRS) 
— Surface Electron Microscopy Symposium; Gary Kellogg, lead organizer; Spring 2008 
— Operational Oversight Committee; Julia Hsu, Treasurer and member; 2006-2007 
— MRS Bulletin: H2 Production; Tina Nenoff, co-editor; October 2006 
— Symposium Organizers:  Neal Shinn and John Sullivan, organizers; Spring 2006; Barney Doyle, 

organizer, Fall 2005  
— Meeting Chair:  Julia Hsu, Fall 2007 
— Board of Directors:  Julia Hsu, member, 2005-2007 
— Technical Program Committee; Julia Phillips, Chair; 2005-2008 
— Web Advisory Sub-Committee:  Sean Hearne, member, 2005-2006; Chair, 2006 
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— Electronic Services Task Force: Sean Hearne, member; 2005 
— Membership Committee:  Sean Hearne, member, 2004-2008 
— Information Services Committee:  Sean Hearne, Chair 2006-2009 
— JMR Editor-in-Chief Search Committee:  Sean Hearne, Chair, 2008 
 
Microelectronics Reliability (Elsevier Journal) 
— Editorial Advisory Board; Dan Barton, member; 2000-present 
 
National Association of Corrosion Engineers 
— H.H. Uhlig Educator Award Committee; Nancy Missert, 2006-2008 
 
Nuclear Instruments and Methods in Physics Research, Section B: Beam Interactions with 
Materials and Atoms 
— Editorial Board; Barney Doyle, member; 2003-2006 
 
Pacifichem (Honolulu) 
— Symposium; John Shelnutt, organizer and Chair; 2005 
 
Physical Review E  
— Gary Grest, Senior Editor; 2002-present 
 
Solid State Communications 
— Julia Hsu, Editorial Board; 2005-present 
 
The Minerals, Metals, and Materials Society (TMS) 
— Electronic Materials Conference:  Nanoscale Characterization, Zinc Oxide, and Organic/Hybrid 

Photovoltaics Symposium; Julia Hsu, organizer; 2007 
— Electronic Materials Committee:  Bob Biefeld, member, 2002-present; secretary, 2002-2004; 

Vice Chair, 2005-2007; Chair, 2007-2009; Past Chair, 2009-2011; Julia Hsu, member, 2000-
2006 

— Electronic Materials Conference: Group III-Nitrides: Growth, Processing, Characterization, 
Theory and Devices; Andrew Allerman, organizer; 2005-present 

— Symposium; Sean Hearne, organizer; March 2004 
 
US Organometallic Vapor Phase Epitaxy Workshop 
— Organizing Committee; Bob Biefeld, member; 1991-present 
 
World Scientific Publishing Company (WSPC) 
— Editorial Board, “Reviews of Accelerator Science and Technology”; Barney Doyle, 2007-2008 
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— Diagnostics and Characterization — 
 
Atomic-Level Imaging and Spectroscopy 
We have developed technical capabilities in the following areas: 
• Scanning Tunneling Microscopy (STM) with the ability to track the diffusion of single atoms on 

surfaces 
• Low Energy Electron Microscopy (LEEM) with nanometer spatial resolution and real-time 

spectroscopic imaging capability at sample temperatures from 300K to over 1000K 
• Field Ion Microscopy (FIM) with single atom resolution and accurate temperature control to 1 

Kelvin, 
• Atom Probe Microscopy (APM) with pulsed laser desorption capability 
• Interfacial Force Microscopy (IFM), with feedback for accurate, simultaneous normal and 

frictional force profile measurements for the quantitative study of adhesion, tribology, 
nanomechanics, and the mechanical assessment of microsystem components 

• Atomic Force Microscopy (AFM) for imaging, force profiling, and manipulation of individual 
biomolecules in fulid environments with simultaneous fluorescence detection 

• Piezo Force Microscopy (PFM) for measuring piezoelectric coefficient, imaging ferroelectric 
domains, and spatial variation in piezoelectric properties, and input 

 
Chemical Vapor Deposition (CVD) 
Sandia provides experimental tools for investigating CVD which include optical probes (such as 
reflectance-difference spectroscopy) for gas phase and surface processes, a range of surface analytic 
techniques, molecular beam methods for gas/surface kinetics, and flow visualization techniques.  
These tools are also integrated in a unique manner with research CVD reactors and with advanced 
chemistry and fluid models. 
 
Electrochemical Scanning Probe Microscopy 
We have developed the ability to study nanoscale changes at surfaces during oxidation and 
dissolution of metal surfaces under electrochemical control using scanning tunneling microscopy.  
These studies can be performed in a variety of electrolytes in order to determine the mechanisms 
governing passive film growth. 
 
Growth Science Laboratory 
Sandia has capabilities for in-situ characterization of materials during thin film deposition, molecular 
beam epitaxial growth, and low energy ion beam simulated growth, using intensity profile sensitive 
reflection high energy electron diffraction (RHEED) for surface structure, x-ray reflectometry for in-
situ surface and interface structure, multibeam wafer curvature for strain (Patent #5,912, 738), and 
Auger electron spectroscopy for surface composition. 
 
Ion Accelerator Nuclear Microprobe 
Sandia provides energy >4 MeV, nuclear microscopy and radiation effects microscopy.  This 6 MV 
tandem accelerator generates ion species from hydrogen to gold for both radiation effects research 
and quantitative ion beam analysis of materials containing light elements (hydrogen to fluorine) 
using heavy ion elastic recoil detection (ERD) and heavy elements using high-energy back scattering 
spectrometry.  An external Micro Ion Beam Analysis (X-MIBA) capability enables multi-elemental 
analysis and ion irradiation of samples, which are vacuum incompatible or extraordinarily large.  
The Sandia Nuclear Microprobe with submicrometer size high-energy ion beams is used to study 
materials and devices.  Special emphasis is given to the evaluation of the radiation hardness of 
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microelectronic devices using three new advanced diagnostic techniques invented at Sandia:  Single-
Event-Upset Imaging, Ion-Beamed-Induced-Charge Collection Imaging (IBICC), and time-resolved 
IBICC.  We have also developed the Ion Electron Emission Microscope (U. S. Patent No. 6,291,823 
and 2001 R&D-100 Award winner), which can perform radiation microscopy using very highly 
ionizing particles without focusing the ion beam.  A recent extension of this microscope is a desktop 
version that uses an alpha radiation source, called the Ion Photon Emission Microscope (which also 
received an R&D 100 Award in 2005). 
 
KMAP X-ray Diffractometer 
Based on double crystal x-ray diffractometry in combination with position sensitive x-ray detection, 
our KMAP x-ray diffraction analysis is used to determine the lattice constant, strain relaxation, 
composition, layer orientation, and mosaic spread for a large variety of advanced epitaxial 
semiconductor materials. 
 
Lasers and Optical Spectroscopies 
Sandia has capabilities in characterizing semiconductor materials by photoluminescence and 
magnetoluminescence down to low temperatures by optical laser imaging and laser microscopy, by 
laser excitation spectroscopy, and by the time-resolved measurements of optical emission.  We also 
have developed a high lateral resolution, near-field scanning optical microscopy (NSOM) capability 
with time and frequency resolution.  Sandia also has capabilities in gas phase spectroscopy using 
pulsed and CW laser sources covering the range from microwave frequencies, THz and thorough the 
deep UV.   

 
Lasers and Optics 
We provide characterization and advanced understanding in the area of solid-state lasers and non-
linear optics, especially as coherent sources of broadly tunable light in rugged, compact geometries.  
We also have established expertise in long-term and transient radiation effects characterization of 
optical materials.  Capabilities include the widely used (approximately 2000 users worldwide) 
SNLO (Sandia Non-Linear Optics) code, which is a lab-tested code for predicting the performance 
of non-linear optical components.  In the area of integrated optical materials, our laboratories 
produce new types of photosensitive materials (processing patent applied for) for directly-writeable 
waveguides and reconfigurable optical interconnects.  
 
Low-Temperature Plasma Analysis 
We have state-of-the-art capabilities for the analysis of low-temperature plasmas as found in 
commercial processing reactors.  These include emission spectroscopy, electrical characterization, 
laser and microwave-based measurements of species concentrations, in situ electric field 
measurements, and others.  Sandia is the only lab that combines new diagnostics, relevant process 
chemistries (complex mixtures), and massively parallel (MP) computer models for simulation of 
continuous and transient plasmas.  We also have strengths in plasma – surface interactions, plasma 
enhanced catalisis and plasma surface modification using plasma sources. 
 
Quantum optics and cold matter physics 
Sandia has capabilities in quantum optics and cold matter physics.  This includes Bose Einstein 
condensates, trapped ion for applications to quantum computing and entangled state photon systems 
for improved remote sensing systems.    
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Remote Sensing 
Sandia has extensive capabilities related to laser based remote detection of materials.  We have 
established and field tested systems that are mounted in trailers, vans and flexible air craft platforms.  
These systems are flexible and portable spectroscopy systems that find a wide range of applications 
including WMD detection and topology characterization.   
 
Materials Microcharacterization 
Our capabilities in this area include optical microscopy, scanning, electron microscopy, analytical 
transmission electron microscopy, double crystal x-ray diffraction, ion beam analysis of materials 
(RBS, channeling, ERD, PIXE, NRA), Hall measurements, microcalorimetry, photoluminescence, 
light scattering, electronic transport, deep level spectroscopy, magnetization, and dielectric and 
magnetic susceptibilities. 
  
MEMS-based Tensile Testing 
We have developed the capability to perform pure uni-axial loading of metal MEMBS test structure 
in situ and ex situ of a TEM.  The technique has been demonstrated using Al, Ni and Cu, but is 
applicable to a wide range of other materials. 
 
Nanoelectronics Laboratory 
Sandia has capabilities for fabrication of nanoscale quantum device structures together with 
capabilities for ultra-low noise measurement of transport form 0.3 Kelvin to ambient at high 
magnetic fields. 
 
Scanning Cathodoluminescence Microscopy 
We have developed the ability to measure and image cathodoluminescence from insulators and 
semiconductors on the submicron scale in order to understand how defects influence the emission of 
light from the ultraviolet to the visible.  Individual spectra are also obtained at controlled locations in 
order to identify heterogeneities. 
Scanning Probe Metrology 
We have developed a unique wide-field scanning Interfacial Force Microscope with calibrated force 
detection for the dynamic measurement of normal and lateral forces of micro-electrical-mechanical 
system components in operation. 
 
Simultaneous Measurement of H, D, and T in Materials 
We have designed and implemented a new ion beam analysis (IBA) system to simultaneously 
measure the absolute quantities of H, D, and T in materials using an elastic recoil detection (ERD) 
technique.  The technique uses an E-dE detector arrangement, or particle telescope, to provide for 
accurate separation of the H, D, and T signals.  The system can also simultaneously acquire 
information about medium and high Z elements in the sample using Rutherford backscattering 
spectrometry (RBS).  Measurement of other light elements is possible using the nuclear reaction 
analysis (NRA) technique, which is isotope specific.  The system will have an accuracy of  < 2% for 
measuring the composition of solids. 
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Zeolite and Nanomaterials Analytical Lab 
The Zeolite and Nanomaterials Analytical Lab has a suite of instrumentation relevant for the 
characterization or analysis of a wide array of novel zeolite, complex oxide or nanoparticulate 
materials for project research applications.  The lab houses characterization equipment including a 
Siemens x-ray diffractometer (XRD), a Fourier transform infrared spectroscopy (FTIR) system, a 
Temperature Programmed Desorption (TPD) system, a Brunauer, Emmett and Teller (BET) system, 
and Thermogravimetric Analysis (TGA) instruments. 
 
 

— Synthesis and Processing — 
 

We apply our facilities and personnel expertise for synthesis and processing of novel materials 
requiring higher accuracies, or greater understanding of the link between process and performance, 
than normal.  These facilities and expertise range from chemical processes such as chemical vapor 
deposition to physical processes such as pulsed laser deposition to complex multi-phenomena 
processes such as ECR plasma deposition and etching.  Our technical capabilities include:  
 
400 keV and 180 keV Ion Implanters 
These systems are equipped with a variety of sources (gas, sputter, and metal vapor).  This facility 
provides ion species from hydrogen to bismuth that can be used for studying fundamental irradiation 
mechanisms and selective chemical doping in semiconductors, metals, ferroelectrics and 
superconductors.  The 180 keV Implanter is capable of both ambient and high temperature implants 
up to 600°C and ion currents up to 50 micro-A.  
 
Crystal and Thin Film Growth 
Capabilities in this area include a pulsed laser deposition chamber, a thin film oxide deposition 
chamber, a diamond-like carbon deposition chamber, a hot filament, chemical vapor deposition 
chamber, and various apparatus for single crystal growth.  Our capabilities for stress relief of 
diamond-like carbon films and structures produced by pulsed laser deposition are not available 
elsewhere. 
 
Glancing Angle Deposition System 
This system is designed to grow nanowires by depositing on a substrate that is oriented at a high 
angle (~85°) to the deposition flux.  Nanowires naturally form due to shadowing effects that occur as 
the deposition proceeds.  In addition, rotations about the substrate normal during deposition result in 
helical structures.  Currently, the deposition source is configured with an e-beam evaporation source 
such that most materials that can be evaporated can be deposited as nanowires. 
 
Metal-Organic Chemical Vapor Deposition (MOCVD) 
We maintain research facilities with capabilities in MOCVD of compound semiconductor materials.  
These capabilities include research reactors designed specifically for studies of CVD chemistry, 
fluid dynamics, the development of advanced in-situ diagnostics, and the development of advanced 
semiconductor heterostructures and devices.  We also investigate the synthesis and properties of a 
variety of nanostructures including quantum dots and nanowires using MOCVD.  
 
Molecular Beam Epitaxy (MBE) 
We have research semiconductor growth laboratories for ultra-pure and ultra-flexible MBE growth 
of III-V materials 
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Monolayer Deposition of Organic Films 
We have a Langmuir-Blodgett facility for controlled deposition of mono- and multi-layer organic 
films.  The facility includes two computer-controlled troughs, in situ fluorescence microscopy, 
vibration isolation, and a dust-free down flow work area.  These combined capabilities are not 
available in the private sector.  
 
Nanocluster Laboratory 
We have developed numerous processes for the synthesis of large quantities of monodisperse 
particles and clusters of metals, semiconductors, and oxides. 
 
Soft Nanolithography 
Soft nanolithography refers to patterning techniques that complement UV and electron beam 
lithography.  These approaches avoid the chemical and radiation exposure often used in conventional 
lithography processing, making soft nanolithography particularly useful for bio, organic, and 
molecular materials. Current capabilities include micro-contact printing, nano-transfer printing, and 
dip-pen nanolithography. 
 
Stress Evolution During Electrodeposition 
We have developed the capability to measure stress evolution during thin film electrodeposition and 
have used it to measure stress during patterned and unpatterned film growth.  Our studies range from 
fundamental mechanisms that create stress during island coalescence to materials-specific systems, 
such as electrodeposited Ni, Cu, Sn, Ag and their alloys. 
 
Synthetic Organic Laboratory 
Novel lipids, surfactants, and other small molecules are prepared in this laboratory via synthetic 
organic techniques.  The laboratory is also capable of forming and characterizing self-organized 
structures (e.g., liposomes, micelles, self-assembled monolayers, LB films) generated with the newly 
synthesized molecules in pure or mixed molecular systems. 
 
Zeolite and Nanomaterials Chemical Synthesis Laboratory 
The primary work in this lab involves the production and synthesis of novel materials via standard 
chemical processing for research applications for relevant projects.  In addition to needed chemical 
materials stock, the lab includes standard laboratory equipment including fume hoods, pH meters, 
filtration devices, small tube furnaces, synthetic glassware, ovens, and stir plates. 
 
 

— Theory and Simulation — 
 

Our capabilities in theory and simulation can be applied toward understanding of the synthesis and 
properties of new materials and/or structures.  They are particularly valuable for understanding how 
to tailor or tune properties for specific applications.  The technical capabilities include: 
 
Chemical Processes 
We have extensive capabilities, including massively parallel computation, to model complex 
chemically reacting flows that occur in chemical vapor deposition manufacturing processes.  Our 
numerical simulations can include the coupled gas-phase and gas-surface chemistry, fluid dynamics, 
heat, and mass transfer to provide predictive models of a chemical process. 
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Complex System Analysis 
We have developed a suite of tools to manage complex data collections and process them to produce 
user defined information.  One key advantage of our approach is that the user employs high-level 
interactions to process the data and is freed from traditional programming language constructs. 
 
Electronic Structure and Linear Scaling 
We have developed state-of-the-art massively parallel electronic structure algorithms, based on ab 
initio pseudopotentials and plane-wave/Gaussian basis functions.  These codes are used to develop a 
fundamental understanding of physical phenomena and materials, including compound 
semiconductor band structure, diffusion of point defects, dopants and impurities, optoelectronic 
properties of extended defects, adsorbate interactions on surfaces, bonding at metal-oxide interfaces, 
and enhanced reactivity of nanoparticles.  To allow the investigation of more complex systems and 
phenomena, we have developed new computationally efficient algorithms, e.g., self-consistent linear 
scaling density functional theory, and variable and real-space gridding. 
 
Low-Temperature Plasmas 
We have extensive capabilities in massively parallel codes to simulate the time and space evolution 
of low-temperature plasmas, focusing on new theoretical techniques for achieving rapid convergence 
and on direct comparisons with experimental results. 
 
Molecular Dynamics Simulation 
Large scale, classical molecular dynamics simulations using the massively-parallel code LAMMPS 
(Large-scale Atomic/Molecular Massively Parallel Simulator) are being used to model a wide 
variety of systems. These classical simulations cover the length and time scale intermediate between 
quantum and continuum calculations. Systems of current interest include adhesion and friction in 
self-assembled monolayers, degradation of polymer adhesives, wetting and spreading of multi-
component fluids and transport in polymer membranes for fuel cells. Modifications of the algorithm 
to include particle rotation and friction have been implemented to study granular materials. 
 
Optical and Wave Propagation 
We have developed advanced simulation codes for understanding wave propagation in optical 
parametric oscillators and amplifiers for the purpose of designing highly efficient, tunable laser 
sources.  We also have capabilities in novel optical designs, including resonators for compact laser 
geometries.  These capabilities are coupled to in-house micro-optics construction facilities and state-
of-the-art optics testing. 
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