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CNST
Á Provides the measurement and fabrication infrastructure to 

support all phases of nanotechnology development from discovery to 
production.

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

ÁBeyond 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. 

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

Á Helps to educate the next generation of nanotechnologist.

www.nist.gov/cnst

http://www.nist.gov/cnst


Nanomanufacturing Today
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Nanomanufacturing Tomorrow

Some assembly required!
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Where do we need to go?

Á193 nm immersion lithography

Á40 nm pixels, 3 x 10-3 m2/s

Á6.25 x 1014 pixels/m2, 2 x 1010 pixels/s

ÁLetterpress

Á40 mm pixels, 30 m2/s

Á5 x 108 pixels/m2 , 1.5 x 1010 pixels/s

Á104 x areal throughput, 106 x feature density

ü2 x 1016 40 nm pixels/s or better



How can measurement help?

ÁMeasurements for fundamental understanding

ÁMeasurements for process/quality control



Metrology Requirements
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What measurements are needed?

ÁMeasurements for fundamental understanding

ÁSlow, expensive, infrequent

ÁNew measurements needed for novel materials/devices 

fabrication processes

ÁMeasurements for process/quality control

ÁFast, cheap, periodic or continuous

ÁOff-line

ÁReal-time





Self Assembly Everywhere

Self-Assembly at All Scales, G.M. Whitesides and B. Grzybowski, Science (2002) 



Directed Self-Assembly

200nm

Cui et al. Nanoletters (2004)

Rothemund, Nature (2006)

100 nm

Gracias et al. Science (2000)

Park et al., Science (2004)

Woesz, J. Mat. Res. (2006)



Sub-Lithographic Patterns

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

Lithographic Pattern Diblock

Lithographic Pattern Diblock

P = 57.5 nm P = 28.8 nm



LER from SEM

ZEP

PS/PMMA

J.A. Liddle, Gila Stein, CNST



Resonant X-ray Scattering

Are interfaces sharp, 
chemically diffuse or rough?

üX-ray scattering can measure interfacial width
or roughnessto sub-0.5 nm accuracy.

üDifferent chemistries have distinct resonances

üResonant scattering enhances contrast from 
different chemical domains

üC=C p* 285 eV, C=O p* 288 eV, C-O s* 293 eV

O O

Cl

O O

PS PMMA ZEP

Virgili et al. Macromolecules (2007)

Gila Stein, CNST



Random Diblock Diffraction

Gila Stein, CNST



Epitaxial Diblock Diffraction

200 nm

Gila Stein, CNST



Interface Width from XRD

Gila Stein, CNST



Sidewall Angle

Gila Stein, CNST
G.E. Stein et al. Macromolecules, 43 433 (2010) 



Roll-to-Roll Imprint

Ahn & Guo, ACS Nano 2009



Metrology Requirements for R2R Diblocks
Á Determine short range and long range orientation, order, defectivity, 

thickness, é

Á Challenges:

ÁFeature sizes down to a few nm

ÁSubstrate (ñwebò) speeds up to meters/second 

ÁCost

Á Techniques:

Á In-plane polarization analysis

Á Scattered light surface roughness measurement

Á Nano-plasmonic near-field sampling

Á Normal incidence interferometry

Á All techniques will require a high level of model development to 

enable data extraction

Á Low-cost/High-speed requirement Č Measurement technique must 

be specific to the type of pattern being measured



High-Speed Near-field Measurement
Á Metrology frame contains ñlaser gaugesò 

ÁKnow spacing between read heads to ~nm

Á Read heads operate as in disk drive 

Áñflyò above web surface: Height ~ several nm

ÁMove up and down: Track surface undulations

Á Read heads are ñfunctionalizedò with a near field imaging system 

specific to the pattern being measured 

Á éNSOM, guided modes, plasmonic, interferometric, polarization é

Á Near field sensors give local nm scale resolution

ÁSense Local Order

Á Laser gauges allow for correlation of signals from separate sensors 

ÁCompute Long Range Order
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position of each sensor arm to nm 
precision
ĄDetermine long range order. 

Each sensor head is 
functionalized to measure 
precisely the type of pattern(s) 
ōŜƛƴƎ ƎŜƴŜǊŀǘŜŘ ƻƴ ǘƘŜ άǿŜōέ
ĄDetermine short range order





ÁIn open-loop configuration, 60-nm diameter particles diffuse across the beam in 100 ms ï300 ms

Andrew J. Berglund, CNST

Single-Molecule/Nanoparticle Behavior

Á Brownian motion limits the dwell time of single molecules in a 

diffraction-limited microscope observation volume

Á 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

Á The method is sensitive to rotational motion, conformational changes, 

binding/unbinding ïanything that affects fluorescence intensity



ÁRotating the laser focus encodes a single particleôs position

ÁTranslation of the sample locks a particle to the observation volume

Controlling Brownian Motion

Andrew J. Berglund, CNST

A. J. Berglund and H. Mabuchi, ñTracking-FCS: Fluorescence correlation spectroscopy of individual particle,ò Optics Express 13, 8069-8082 (2005)

A. J. Berglund, K. McHale and H. Mabuchi, ñFluctuations in closed-loop fluorescent particle tracking,ò Optics Express 15, 7752-7773 (2007)

K. McHale, A. J. Berglund, and H. Mabuchi, ñQuantum dot photon statistics measured by three-dimensional particle tracking,ò Nano Letters 7, 3535-3539 (2007)



ÁIn closed-loop mode, single-photon fluorescence signal (top) and 

particle position (bottom) are collected simultaneously for a single particle

Freely-diffusing particle in focus for ~50 s!

Andrew J. Berglund, CNST

Controlling Brownian Motion



Growth at 500oC in 300 mTorr of C2H2

SWCNT

DW-CNT

MWCNT

SWCNT

4 nm

Sharma and Iqbal, Appl. Phys. Lett. 84 990 (2004)

Morphological Diversity in CNTs

Renu Sharma, CNST


