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Overview

integration

NanoscopePlasmonic Metamaterials

Hsu, Fang et al, Nano Letters , 2007; 
Chatuverdi et al, MRS Bulletin 2008

Fang et al, Science,
2005 
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Outline

• Solid State Superionic Stamping
– Basic Principles
– Process Characterization
– Tool Development

• Process Capabilities

• Printable Photonic Sensors by S4

• Summary 
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State of The Art

+

Solid Ionic Stamping

Nanoimprint
Electrochemical

Machining

Hsu, Fang et al, Nano 
Letters , 2007
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What are Solid Electrolytes ?

• Solid compounds in which 
mobile ions carry charge 

• Mechanically formable 
and electrochemically 
reactive

• Coupled Mass transport-
electrical conduction

• E.G: Ag2S, Nafion, � -Al2O3
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Our Approach: Solid State Ionic Stamping

• Contact dependant electrode 
reaction

• Patterning transfer fidelity
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20nm gap

Examples of Nanopatterns 

A)

D

3um

70nm (W) x 1.3mm (L)
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Process Characterization

Patterning Rate: 4 nm/s

Coupled with optical monitoring and electrochemical  
impedance spectroscopy

Cu2S/Cu 

K. H. Hsu, et al, "Electrochemical Nanoimprinting of  Silver and Copper with the Solid-State 
Superionic Stamping (S4) Process" in Soft Lithography, 2008
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Etching Process Modeling

- Continuum Nernst-
Planck Equations applied 
to mixed (ion/electron) 
conductor
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Parametric Study of S4 Process
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System Development

Schultz et al, J. Vac. Sci. Technol. 
B 25(6)2419, 2007

Upgraded capabilities:

-Positioning stages with <10nm precision

-Heating stage and inert gas chamber 
(for Cu2S and hydration for Nafion)

- Embossing capabilities for stamp 
making

- In contact with EVG and 
Nanolithosolutions for partnership in 
Technology transfer
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Three Dimensional Patterning

• Multiple embossing
– Approach – Embossing Ag2S stamps for this technique

– Specifications
• Stamp: 1-D array of triangular steps 

• Substrate: ~800nm amorphous Ag on 0.2nm-Cr
• Rotations: 90 degrees
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Three Dimensional Profile by Stamping
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Large Area Stamping

By embossing/depositing 
solid electrolyte into 
silicon mold, large area 
(>12mm side) stamps are 
produced and transferred

Embossed stamp

S4 printed lines (3um pitch)Large area stamp specimens
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Material Selection

Ag AuCr

Cu
Ti

5um 5um5um

5um

A set of alloys 
also being 
explored
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Optical Sensor Applications

Programmable plasmonic resonance 
tags at optical wavelength

10um

Plasmonic Rainbow: 
Broadband Absorbers

Plasmonic Enhanced Si NW

IR Metamaterial
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Enhanced Raman/Fluorescence Sensing

2 µm
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3um Hsu et al, J. Raman 
Spec., 2010, in press
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Raman enhancement > 10 7

Can be performed with 
~10uW illumination and 1-2s 
integration time
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Summary

• We have demonstrated a high throughput 
electrochemical stamping process to directly form 
metal patterns with 15 nm resolution

• It is performed at room temperature, ambient 
pressure and requires no liquid chemicals

• Potential applications include plasmonic 
structures, nano-wire sensors, antennae, and 
electronic devices 
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