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Roots in the Manhattan Project ) .

THE WHITE HOUSE
WA G TN

May 15, 1543

Doax Er. Wilssn:

I am informed that the Stomic Energy Commission intends
to msk that thoe Ball Telephore Laboratoriss accept under contract
the direction of tho Sandia Laboratory st Albuquerque, Bew Mexico.

This eparation, which is a vital segeest of the atomlas
waapors progras, is of axtress {spactames amd urgeney In the ne=
tional defense, and should have the best possible technical diree

tion.
I hope that after you have heard more in detall from the
Atomic Energy Coomission, your organization will find it poasible
ts undortak® this task, In &7 oplalsm you lave here an eppartumity
to render an exceptlonal service in toe patlonal interest.
I a= writing a simflar mote direct to Dr. 0. E. Baeckley.
Vory sincerely yours,

it Sandia
rosaa, "0 National
o e o an Telagraoh Cospars, Laboratories

Hew York 7, . T,




Our Workforce )

= On-site workforce: 11,711 R&D staff (4,799) by discipline

= Regular employees: 9,494
= Gross payroll: ~$1.046 billion Mathematics

/ 2%

Data as of April 12, 2013
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Microsystems Science, Technology, and ) i,
Components Center

We are a research, development and production capability
that converts concepts into working hardware.

 We steward key infrastructure

« We conduct leading edge research

« We design, develop, fabricate, and qualify

* We partner with industry, universities, and government

laboratories to rapidly convert the most advanced concepts
into hardware.

285 Patents - 42 R&D 100 Awards




MESA’s Trusted Foundry: Supplying Hi—Rel Rad Hard (d) &

Laboratories

Microelectronics while supporting the Research Community

MESA Silicon Fab
« Radiation Hardened CMOS Process
« 350nm, 3.3V, Radiation Hardened, Silicon on
Insulator Digital and Mixed Signal Technology
_i * 5-Level MEMS Technology
&+ Custom Technologies
' lon Traps
Chem/Bio Detection Technologies
Si Photonics
* GaN Resonators
3-D Integration
* Part of the US Govt Trusted Supplier Network DoD
Category 1A Trusted Supplier Certification

MESA Micro Fab
[11-V Compound Semiconductor Fabrication
Compound Semiconductor Epitaxial Growth

Compound Semiconductor Discretes, IC’s and
Optoelectronics

125 Light Laboratories Support and Extract Value from the
MESA Fabs




H Sandia
NW Production ) i,
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Develop, qualify, produce, survey and assess radiation hardened -
electronic and microelectronic nuclear weapon components. B T

= Lifecycle Responsibility for NW Electronic ; -
Components il

= COTS cables/connectors, passive electronics and
discrete semiconductors

= Sandia External Production of specialty
components

=  MESA production of ASICs and HBTs
=  Fundamental Understanding from Underlying
Physics through Packaged Devices
= Electronic, optical, and mechanical properties
= Failure mechanisms
= Normal/abnormal/hostile performance
= Radiation hardening
=  Draws Upon All Division & Many Other SNL
Capabilities
= Nuclear Enterprise Assurance



Nanodevices and Microsystems RF Focus
Creating Enabling Opportunities for all of Sandia’s SMUs
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Trusted Radiation-Hardened Microelectronics:

The development of concepts, devices and tools that enable the $
understanding and creation of fielded radiation-hardened '
microelectronics which are impervious to subversion.

Beyond Moore Technologies:

g e

|
= The development of nanoscale and microscale concepts, devices,

tools and systems that continue performance improvements beyond
Moore’s Law.

-
Optoelectronics of the Future:

The discovery and creation of advanced optoelectronics, at the . : § ‘
& 71 JC
nanoscale and microscale, which provide new functionality.

Ultraportable Multi-function Sensor Systems:

The development of nanoscale and microscale concepts, devices and o

systems that enable portable physical, chemical, biological, radiation,

. . . \
nuclear materials, and explosives detection that exceed current i&
limitations in selectivity, sensitivity, and robustness.

Nanoscale and Microscale Enabled Performance:

Discover and exploit new functionality that results from phenomena
that are unique to the nanoscale and microscale.




° ege ° Sandia
A Unique Capability: SUMMIT V™ ) e
Sandia Ultraplanar, Multilevel MEMS Technology with 5 polysilicon layers

LPCVD | 2.25pm MMpoly4
PECVD - 2 Dpm SacOxd (CMP)

0.2pm Dimpled gap
2. 25pm MMpoly3

0. 4pm Dimpled gap

0.3 pm
SacOx?

= == | PCVD

0.3pm Mipolyl 0.80pm Silicon Nitricd ™%,

D.63pm Thermal Sigh
** All Poly5i is
doped with
Phosphorus **

Subs=strate
& inch wafer, <100>, niype-

0.5pm Dimpled gap




PASCAL Details )

Bias reduction and scale factor calibration achieved by “carouselling” of rotating stage.
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PASCAL Details ()

Bidirectional motion of rotating stage driven by thermal actuators and gears.

0 SE(W4/10/2013 08:48

$4800 1.0kV 45.0mm x350 SE(M) 4/10/2013 09:02° 100um




Quantum Information Processing
Over $S30M of investments at Sandia

LDRD Grand Challenge: Quantum Information e
Science and Technology (FY08-10; ~ $13.4M)

* Long-term problem:
= Quantum computing can in principle provide exponential speed-up
over classical computing, but to date the hardware components of such
3 systemdo not exst,

*  Approach =
= Develg Th
logicalimmy & 3 mAQUARIUS Dir. Acdro= [, Landdi]l » Prizsial Dtvestipesse
* Demor (s Wil R S e D Siervmn AL Finali = Proyest Manisge
measu Aabafuate qpuasLer s fuews o ot dpers
= Develo ~
= Fabrici Quantum computing 101
= Tested Dt cogesm e e conpsag 5
" mpli i quamtmesdh o T e minedd &

Eghe sl spesion i So e
= Design ecdicinc, md o gl o e diady brere. The
sensiti e rmadliosk o dev sl 2 epem mean
P T e —

* Follow-or T e
Architect 7 = &t ==
sy cefpmms Lhdmsndag whois
sy e o usin enie: 2= e qusitEn.

Praject of = k"
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Quantum Information
Processing at Sandia
enabled by 2 GC LDRDs

F

-
“wu’ Beyond Moore Computing

Doraze=c 1 -
e o e = : Aleizobm & Caroll = Priseinal Tradl

_ - ot i S A i f Thomms T Termian + Frajes Mas

= Do J&r,||||4|~lnln|.p;l|u|l Wl

1. Az the precms:
sompussy.
Recentac

Duoniwm Tincdoit

= Dewsloped fabrication and measurement -
technigques for silicon quantum bit {gubit) using | |

double guantuny dots g B @

- Developed end-to-end design {gubits to quantum F—{x——E _
circuit) for error corrected logical qubit with 5i double R
quantum dot hardware Physical Qubit

oo R Cevsloped medeling tools to guide the fabrication,

o:-n--u-u- measurement, and assessment of Sigubit and
circuits,

More than 24

scientific articles, S0

invited talks, and

COVErage in mass: - H

nﬂi&. =3 AR | & 1 ]

e fim gl RESTIT e aranyg
B ShACE e

Experimental workstarted under QIST R
GCLDRD is continuing under external funding i

Project Accomplisfiiments 9 & Cleesiead inter,

ez R

. obeave: RLT Research Challenge

— Versatile, scalable, energy efficient HPC
— Mew devices, architecture, algorithms
— Existing software; scientific computing

through "big data” ¥
P frr)
= Application Focus: O born
— Embedded toautonomous systems Ta (8058 nen vacancies
— MNational Security through cormmercial AT Leviv
applications T e el
s Challenges: +
— Devices, logic circuits, interconneds, | —_=]
memory, software, architecdure, enengy : w«l -

efficiency

— Leverage material Science, device
physics, heterogeneous integration,
computer architedures, algorithms._.




@ Sandia Quantum technologies and
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Quantum Information Advanced surface ion = Accurate time-keeping

Processing trap concepts with ions

The world’s most

« 2008: Sandia’s 1st advanced Y-junction trap: o mih e
“workhorse” trap . * "Railroad switch” for ions Tiny trapped-ion clock:
« Used worldwide » Designed for reordering of - Small size (5 cc) and low
« Quantum operations ions with minimal power (50 mW)
« 2013 Sandia’s latest disturbance « Excellent long term stability
surface ion trap  Made for David Wineland (loses 32 ns in 1 month)
at NIST/Boulder

» Clock prototype passed

» Bowtie shape enables , ,
improved control of ions & demanding testing at NIST
quantum operations for 49 days




ional
Laboratories

Sandia
Nat

Q.
(4°)
L S
[
c
o
d
Q
afd
(g0]
I
-
o
(4°)
[ # it
@)
L
B
c
O
ad
&
c
-
0
S




Microsystems Enabled Photovoltaic @z
Cells

Laboratories




New Manufacturing Paradim ) 5.

Reassemble cells using standard electronics manufacturing tooling.




Flexible and Lightweight Arrays =~ @

These cells are wired in series and parallel on a flexible substrate.
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Concentrated PV with Micro-Optics &

Concentrating optics scale down with size of PV cell making them smaller and lighter.
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Multi-Junction Cell Stacks

Multi-junction cells can manufactured separately and independently wired.

Energy (eV)

Photon Flux

Small dimensions allow high-
quality, molded refractive

optics

PV junctions created from ideal
materials at ideal thicknesses

and electrically independent \\. +

\\‘ EJE

on arder of 1 mm

Material Bandgap
InGaN 2.5
InGaP 1.85
GaAs 1.4

Si 1.1
InGaAsP | 0.9
InGaAs 0.6

Triple junction Si/GaAs/InGaP cell
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SH-SAW Biosensor Array T

= Microfabricated acoustic delay line detector sensitive to
small mass changes on surface

=  Specific and sensitive identification of bioagents in
environment — protein toxins, bacterial spores, and viruses

=  Phase detection monitors 4 channels simultaneously
= Demonstrated detection in real-world samples

=  Funding from NIH for biomedical applications

= Developed in collaboration with UNM Med School

= Technology licensed to commercialization partner

=  Winner of 2010 R&D 100 Award

Virus Detection In Complex Samples
10:

Multiplex Virus Detection

B. thuringiensis with B. subtilis Background

. . *r N Channel 1: Anti-HSV-1 antibody

* 4 L 0.45
& 1.81 x10% Sin Nombre Virus/ul 3 Channel 2: Anti-SNV antibody 1.81 x 10# viral particles/ml *Each data point obtained ~
< * 59 Channel 3: SNV peptide B 0.4 T less than 15 minutes. 4
= . 0.35 o
= .
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0.2
0.45 //A' Signal due to 10* cell/ml
' % e B. Subtlis spores

Dc::); “/ L Buffer (noise).
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ElectroNeedle Medical Diagnostic i)
Sensor Array

= Tailor ElectroNeedle height to
| access various analytes

Epidermis: glucose,
ionic conductivity

Dermis: antibodies,
proteins, enzymes

Cross section of skin - y e ——:
h i i il
ElectroNeedle™ Sensor Array: (A) a 1 cm?, 10 x 10 array of . S
individually addressable ElectroNeedles; (B) the backside In Vitro Glucose Ny ayeEs -
electrical contacts; and (C) a single Electro-Needle, showing the D_etect!on through well £
protective dielectric sheath, leaving the electrode exposed only Pig Skin J.mﬂL\/m/ L

E V] vs AgiagCl

at the very tip.

» Microfabricated array of biosensors for real-time,
point-of-care medical diagnostics.

* Novel electrochemical assays and surface
chemistry provide reagentless and label-free
detection.

» Sensor patch, pressed against skin, provides

- . : . » Impacts emergency and third-world healthcare.
minimally invasive biomarker measurement.

, , N . » Technology initially developed through Bio Micro
Elecj[rochemlcal deteghon minimizes system size Fuel Cell Project.

%



Sandia
m National

Laboratories

Acc. V
15.00 kv

On-chip microneedle sensor: SEM of single hollow Electrochemically deposited
microneedle (A), assembled on-chip. nanoparticles for peroxide and
glucose detection

Multiplexed detection of pH, Lactate, Ammonia, Hydrogen Peroxide, Ascorbic Acid, & Glucose

[
>

aaaaaa

pH Lactate Glucose

—

[
=

nnnnnn

3.50£.07
= PHES
Cso0e07{ % | e
< =
- —B—pH 7.0 S
=.s0607 Seeo
O S
(s}
pHEO
2000071 e e
PH50

aaaaaa

Potential (V)
¥ 4
")
\\ *
FEE

'

o
-

s
S
S
&
o
o
&
B
o
&
~
o
&
-
S

2 B
=3
13

1actafe m Mu

*Glucose Concentrafion (mM)m

Anodic peak potential to phosphate buffer (A) and chronoamperometric response to
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Retinal Implant

« Electrical stimulation of retinal neurons after light
sensitive cells (photoreceptors) are lost.

» Micromachined conformal electrode
array provides positive controlled contact
with tissue (retina), accommodating
overall and local curvature.

* Integrated electronics essential for high
electrode count system (on-chip
mux/demux for 100+).

* Mechanical test modules in animal tests.

flexible frame ) ) surface
for attachment microelectronics micromachined : a ;

posts for
assembly &
electrical
interconnect |

antenna

inner-eye
electronics

(polymer)

W

s

micromachined
electrode array
(silicon substrate)

EsSa Weszt

retina



http://www.activespectrum.com/graphics/RDlogo_100s_4C.jpg

Micromachined Neural Probes ) &=,

Plastic Housing

= First off-chip coupling to the
external world (4mm extension)

= Testing under way at Arizona State
University

= New designs have higher force,
longer throw and better functionality
with ratcheting thermal actuators

EihhonEannectan PC Board with Actuators

el Foam
Craniotomy Site

sloull
CSF, Arvachnoid Space

Current design
using thermal

actuation
First probe

design using
electrostatic
actuation




Sandia
m National
Laboratories

Engineered Neural Circuits

Provides a sensitive platform to test the efficacy of vaccines and
countermeasures against chemical and biological agents
Model biological system to study circuitry for advanced computing architectures

Topographical pattern

Chemical pattern




