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CNST

A Provides the measurement and fabrication infrastructure to
support all phases of nanotechnology development from discovery to
production.

A Fee-for-use, state-of-the-commercial-art measurement and
fabrication capabilities are provided by developing and maintaining
a national shared resource, the NanoFab.

A Beyond state-of-the-commercial-art nanoscale measurement and
fabrication solutions are developed and provided using a
multidisciplinary approach that involves partnering with industry,
academia, and government.

A Serves as a hub to link the external nanotechnology community
to the vast measurement expertise that exists within the NIST

Laboratories.

A Helps to educate the next generation of nanotechnologist.
WWW. nist.gov/cnst
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Nanomanufacturing Today
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Nanomanufacturing Tomorrow
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Where do we need to go?

A 193 nm immersion lithography

A 40 nm pixels, 3 x 103 m2/s
A 6.25 x 104 pixels/m?2, 2 x 102 pixels/s

A Letterpress

A 40 nm pixels, 30 m?/s
A 5 x 108 pixels/m? , 1.5 x 1020 pixels/s

A 104 x areal throughput, 108 x feature density
U 2 x 101% 40 nm pixels/s or better
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How can measurement help?

A Measurements for fundamental understanding

A Measurements for process/quality control
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Metrology Requirements

Table MET2a  Metrology Technology Requirements—Near-term Years

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 2015 Driver
DRAM % Pitch (nm) (contacted) 63 57 50 45 40 36 32 28 25

:j; E’é‘iﬁiﬁcg:;” I .(M1) % Pitch 68 59 52 45 40 36 32 28 25

MPU Physical Gate Length {nm) 25 22 20 18 16 14 13 11 10

Microscopy

Inline, nondestructive microscopy
process resolution (nm) for P/T=0.1

Microscopy capable of
measurement of patterned wafers
having maximum aspect
ratio/diameter (nm) (DRAM
contacts) [A]

Materials and Conramination
Characterization

Real particle detection limit (nm)
[B]
Minimum particle size for

compositional analysis (dense lines 22 19 17 15 13 12 11 9 8 Di/2

on patterned wafers) (nm)

25 22 20 MPU

Specification limit of total surface

contamination for eritical GOI 5.00E+09 | 5.00E+09 | 5.00E+09 | 5.00E+09 | 5.00E+09 | 5.00E+09 | 5.00E+09 | 5.00E+09 | 5.00E+09
surface materials (atoms/cm?) [C]

MPU
Gate

Surface detection limits for
individual elements for eritical GOI
elements (atoms/em?) with signal- 5.00E+08 | 5.00E+08 | 5.00E+08 | 5.00E+08 | 5.00E+08 | 5.00E+08 | 5.00E+08 | 5.00E+08 | 5.00E+08
to-noise ratio of 3:1 for each
element

MPU
Gate
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The Cost of Complexity

Logic

Complexity/
Functionality Storage

Displays

Sensors

Lighting

Photovoltaics

Catalysts

Coatings  Filters

$1/m? Cost/area $106/m?
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What measurements are needed?

A Measurements for fundamental understanding

A Slow, expensive, infrequent

A New measurements needed for novel materials/devices
fabrication processes

A Measurements for process/quality control

A Fast, cheap, periodic or continuous
A Off-line
A Real-time
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Self-Assembly at All Scales, G.M. Whitesides and B. Grzybowski, Science (2002)
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Directed Self-Assembly
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Cui et al. Nanoletters (2004)
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Dense Self-Assembly on Sparse
Chemical Patterns: Rectifying and
Multiplying Lithographic Patterns
Using Block Copolymers, Joy Y.
Cheng, Charles T. Rettner, Daniel
P. Sanders, Ho-Cheol Kim, and
William D. Hinsberg, Advanced
Materials, (2008) - IBM

p:5.5 nm P=28.8nm
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Resonant X-ray Scattering

Are interfaces sharp, U X-ray scattering can measure interfacial width
chemically diffuse or rougl| or roughnessgo sub0.5 nm accuracy.

U Different chemistries have distinct resonance

U Resonant scattering enhances contrast from
different chemical domains

U C=(p* 285eV, C=p* 288¢eV, GOs* 293 eV
PMMA

Virgili et al. Macromolecules (2007) % \L5;Q

Gila Stein, CNST
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Random Diblock Diffraction
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Epitaxial Diblock Diffraction
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Interface Width from XRD
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Sidewall Angle
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RoII -to-Roll Imprint

Ahn & Guo, ACS Nano 2009
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Metrology Requirements for R2Riblocks

A Determine short range and long range orientation, order, defectivity,
t hickness, &

A Challenges:
A Feature sizes down to a few nm
ASubstrate (fiwebo) speeds up to r
A Cost
A Techniques:
A In-plane polarization analysis
A Scattered light surface roughness measurement

A Nano-plasmonic near-field sampling
A Normal incidence interferometry

A All techniques will require a high level of model development to
enable data extraction

A Low-cost/High-speed requirement C Measurement technique must
be specific to the type of pattern being measured
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High-Speed Near-field Measurement

A Metrology frame contains @Al aser g
A Know spacing between read heads to ~nm

A Read heads operate as in disk drive
Afifl yo above web surface: Height
A Move up and down: Track surface undulations

A Read heads are fAfunctionalizedo
specific to the pattern being measured

A éNSOM, gui ded mo drgesferomptlica smpmoharci zati on ¢é
A Near field sensors give local nm scale resolution
A Sense Local Order

r

A Laser gauges allow for correlation of signals from separate sensors
A Compute Long Range Order
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Each sensor head is

G[ F aSNJ DI dA3Sa¢ (N O |furctonalizggd to nfeasa@rs
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A Determine long range order. A De}érmine short range order
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Single-Molecule/Nanoparticle Behavior

A Brownian motion limits the dwell time of single molecules in a
diffraction-limited microscope observation volume

A Tracking-FCS uses feedback control to combine the spatial resolution
of single-particle tracking with the temporal resolution of fluorescence
correlation spectroscopy, all with a single molecule or nanoparticle

A The method is sensitive to rotational motion, conformational changes,
binding/unbinding T anything that affects fluorescence intensity
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Aln open-loop configuration, 60-nm diameter particles diffuse across the beam in 100 ms i 300 ms

Andrew J. Berglund, CNST
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Controlling Brownian Motion

Sample
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ATranslation of the sample locks a particle to the observation volume

Andrew J. Berglund, CNST



C N STCenter for Nanoscale NIST
Science & Technology National Institute of

Stondords and Technelogy

Controlling Brownian Motion
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Aln closed-loop mode, single-photon fluorescence signal (top) and
particle position (bottom) are collected simultaneously for a single particle

Andrew J. Berglund, CNST
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Morphological Diversity in CNTs

SWCNT

SWCNT

<4— DW-CNT

MWCNT

Growth at 500°C in 300 mTorr of C,H,

Renu Sharma, CNST Sharma and Igbal, Appl. Phys. Lett. 84 990 (2004)



