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@ Vision for Nano-CEMMS

Vision: Manufacturing at the nanoscale:
— Is routine and practical,
— Resides on well-developed scientific knowledge
— Supported by a diverse, educated workforce

Core Activities of Center Research:
— Nanofluidic and ionic transport
— Practical and efficient fluidic-based’ nhanomanufacturing
— Miniaturization and heterogeneous integration




@ Research Motivation

Emerging Paradigm in New Product Development

— Direct, heterogeneous integration of functions into
products rather than by assembly Printed Electronics
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Flexible Lighting Systems
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@ Research Accomplishments for Last Year
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* By the numbers......

— Publications
» 128 Journal papers
» 38 Conference papers

» 63 with multiple NSEC
authors

— Patents
* 5 Invention disclosures
» 13 Patent applications
« 3 Patents allowed
» 5 License

— Graduate Students
« 7 PhD graduates
« 5 MS graduates
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*For Printed Electronics
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*(Sharp, 2006)

-Science, 290, 2123 (2000), APL, 85, 3304 (2004)

. @
NA/protein microarray

*Nature Biotech., 18, 438 (2000)




@ Limits on Conventional Inkjet Technology

«Current inkjet techniques: thermal or piezoelectric types
«: to push an ink through the nozzle by AP (AP is generated by thermal or vibrational pulses).

‘ membrane -
*nozzle

. Dr%plet placement errors caused b¥ statistical deviation of jet trajectory
= Coarse printing resolution : ~1 pL in droplet volume (dot diameter: ~ 10 um)

inlet
deformable
piezoelectric
*heater crystal
«: Limitation to reduce nozzle sizes (min.: ~ 3 um) i vV <
. . . *thermal inkjet DI i inki
»: Droplet diameters bigger than the nozzle sizes th piezoelectric inkjet

*Inkjet printed DNA microarray
e & & B @&

*MRS bulletin, 28, 830 (2003) +Nature Mater., 3, 171 (2004)  +Nature Biotech., 18, 438 (2000) «Appl. Optics 38, 1481 (1999)



[ example of positive ion mode ]

spositively biased nozzle
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-Appl Phys Lett 92, 123109 (2008)

*metal-coated nozzle
*( voltage is applied )

*substrate (V=0)
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*Nature Mater., 6, 782 (2007)
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High Resolution E-Jet Printing
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*Nature Mater., 6, 782 (2007)
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@ Printed Patterns

m— 10 M

*Nature Mater., 6, 782 (2007)




Diversity of Materials
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*Various papers (2007-2010) 15
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* High Throughput
— 25Kk drops/sec

e Size control
— On the fly

* Drop on demand
— Overlay control

-JMM (2010)
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Manufacturing Capabillities

* Desktop E-jet system « Multi-nozzle print head

«IFAC CEP (2010) & Unpublished & Youngkwan Kim

E-jet printer that can be
used for research,
testing, development

Designs available

Installations at 2 larger
industry sites to date

Multiple university
disseminations

Silver interconnects Rhodamine & FITC
drop-on-demand

(8 micron drops, limited

w/ Kayuzo Shigeti by FL detection) 17



