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subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
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by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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M. Maye, K. Mulige, D. Nykypanchuk, W. Sherman, and O. Gang; Nature Nanotechnology 6, 116, (2010)

Idea: Nanocrystal superlattice solid with adjustable lattice constant
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Self-assembled block copolymer films °®

T.P. Russell, M. T. Tuominen (UMass Amherst), C.J. Hawker (IBM) Adv. Mat., 12, 787 (2000).
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owire array field-effect transistor
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(2005),

Appl. P L 8, 3 16
Idea: Use block copolymer self assembly to substitute for high-resolution
lithography
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Good
Lithography by self assembly:

Use self-assembled material to
template the final active structure

Better?

Self assembly of the active structure itself
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Block copolymer micelle lithography (A

J. Spatz et al., Adv. Mat. 11, 149 (1999).
Idea: Localize inorganic precursors within block copolymer micelles

ADVANCED
MATERIALS

Micellar Inorganic-Polymer Hylnid Syste
A Tool for Nanolithography** i

By Joachim P. Spatz, Thomas Herzog, Stef:
Paul Ziemann, and Martin Méller* 1

Loaded block copolymer
micelles in solution
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Catalyst desngn | o8

CFN Users Prof Mlchael Whlte Robert Palomlno (SUNY Stonybrook)

Idea: Use block copolymer micelle approach to design catalysts,
heterogeneous catalysts for solar water splitting, liquid fuel synthesis

e.g., Rhodium; Rhodium-iron; Copper oxide (Cu,0)

Goals: Control size, shape, heterogeneous composition, core-shell vs. alloy, ....

precursor-loaded micelles
metal catalysts (~*10nm diam.)
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Selective precursor deposition »®

CFN User Dr. K. Bosworth (Cornell Univ.)

Idea: Load inorganic precursor after self-assembled pattern formation

Goals: Different pattern geometries, improved pattern order

Load inorganic
precursor from
solution

GeOx dot array

Self-assembled PS-P2VP polymer film
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Block copolymer/nanocrystal composites I.;.'
Idea: Control surfactant/polymer block Ic":i:if 27'5|.'.“?fé'éﬁ32?,55%§%035065).
interactions to localize solution-phase materials ~ ° 50" © @ JACS 125, 6368 (2003).
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Control of Nanoparticle Location in Block Copolymers
| Julia J. Chiu,' Bumjoon J. Kim,! Edward J, Kramer," " and David J. Ping® 14
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' Directed Self-Assembly of Two Kinds of Nanoparticies Utilizing Monolayer
Flims of Diblock Copolymer Micelles

Byeong-Hyeok Sohn,*! Jeong-Min Choi,' Seong Il Yoo,” Sang-Hyun Yun,! Wang-Cheol Zin,!
Jin Chul Jung,' Masayuki Kanehara,! Takuji Hirata,* and Toshiharu Teranishit4
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Block copolymer/nanocrystal composites o8

Daniel Jacobsen (Harvard College) (undergraduate summer intern), Kevin Yager (CFN)

Idea: Understand influence of nanocrystals on self assembly process
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Nanoscopic Patterned Materials with Tunable Dimensions
via Atomic Layer Deposition on Block Copolymers

By Qing Peng, Yu-Chih Tseng, Seth B. Darling* and Jeffrey W. Elam*

ofentmad domairs

Figure 1. Schematic diagram for self-assembled PS-6-PMMA thin film templated synthesis of
nancscopic inorganic materials by ALD. a) Self-assembled PS-b-PMMA films b) Self-organized
copalymer films are dried and then treated using ALD. Two key steps involved in the process,
| 1) Selective and selfdimited coordination reaction between metal precursors and carbonyl
| @roups in PMMA. 2) Selective and self-limited growth of materials by ALD with coordinated
| metal precursor as the nucieation site. ¢) Patterned inorganic material after the copolymer

temnplate is removed by thermal annealing or plasma treatment.

load precursor from vapor phase
e.g., Al(CH,), TiCl, ...

n PVMA gomaine
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Selective atomic-layer deposition o8
M
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Message
“A

The Center for Functional Nanomaterials:

* Is one of five NSRCs funded/overseen by DOE
Office of Science
Is a User-oriented research center
* Has internal research programs in nanoscience
Makes all facilities/expertise available to
external research community
(Come visit!)

Polymer self assembly:
* Provides access to sub-lithographic scales
* Can be a lithography substitute for device
fabrication

* Provides a means to direct assembly of electrically-active materials,
without need for traditional thin-film fabrication approaches
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