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Problem Description:Problem Description: Nanostructure fabricationNanostructure fabrication

Proposed Solution:Proposed Solution: ComparisonComparison between Ebetween E--beam lithography, beam lithography, Nanostamping Nanostamping and and NanoimprintingNanoimprinting

This poster focuses on the comparison of fabrication techniques for the periodic nanostructures necessary to the 
implementation of the Surface Plasmon Band Gap molecular sensor. Having a typical size of 100 nm, these structures need to
be laid on top of a thin metallic layer. Because this needs to be done regularly on a large area, it is a major challenge. Three 
techniques have been tried: one constructive, e-beam lithography an two reproductives, Nano-stamping and Nano-imprinting. 
The Nano-imprinting technique seems to be the most promising.

Surface Plasmon Band Gap Sensor for robust, Surface Plasmon Band Gap Sensor for robust, 
labellabel--free, onfree, on--field biological detectionfield biological detection

Arnaud J. Benahmed, Branden Brough and Chih-Ming Ho
UCLA MEMS - ho.seas.ucla.edu

Introduction:Introduction: Using Using Plasmonic Plasmonic Band Gap for surface plasmon molecular sensingBand Gap for surface plasmon molecular sensing

Principle
• Surface plasmons (SP)  are electromagnetic waves 

propagating on the surface of a metallic interface.
• Their wavelength is strongly dependant of 

molecular binding on the surface.
• We showed that it is possible to use nanostructures

to measure SP wavelengths using the plasmonic 
band gap phenomenon: when molecular binding 
occurs, the propagation of surface plasmon through
the nanostructures is forbidden.

Motivation
• Sensor Networks need to use miniature-sized sensors for realistic 

large-scale deployment.
• Surface Plasmon (SP) based sensors can detect a wide range of

molecules with slight variations, making them attractive for an 
adaptive sensor network.

– Within CENS, nitrate and algae detection are two examples of applications 
of SP sensing under development.

• We invented a new sensor, the Surface Plasmon Band Gap 
Sensor (SPBG) that can be miniaturizable and detect a wide 
range of molecules.

E-beam lithography
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Pros
• Ab-initio fabrication
• Well established technique

Cons
• Cost ($600/ cm2)

Nano-Stamping

Nano-Imprinting
Principle:

A mold is firmly pressed against a layer of photoresist 
while UV light is shone for curing.

Pros
• Low cost 
• Bench-top
• Periodicity control

Pros
• Well established
• Low cost

Principle:
A polymer stamp is cast from a mold and used to transfer 

a chemical onto the surface of the glass slide.

Principle:
An electron beam is used to sequentially expose a 
photoresist layer to create a nano-sized pattern.

Achievements: 100 nm 
PMMA nanostructures have 
been produced on a small area 
(50 x 50 microns).

Achievements: a 267 nm grating has been 
reproduced on a metallic layer. However, 
the results were not repeatable.

Cons
• Poor repeatability

AFM picture of the surface of a PDMS stamp with 267 nm 
features exhibiting a 15 nm height 

AFM analysis of the surface of the inked substrate. The peak in the 
spectrum (bottom right, red arrow) corresponds to a period of 267 nm. 
Note that the lines are not as continuous as for the other techniques

Achievements: a 267 nm grating has been 
successfully reproduced in a repeatable 
manner. This is likely to be the technique 
used for the fabrication of the final device.

Cons
• Fixed period
• Pattern transfer

AFM picture of the surface of the substrate on which a 267 
nm grating has been transferred by nano-imprinting.

AFM analysis of the nano-imprinted substrate. The 267 nm 
peak stands out even more than for the nano-stamping 
technique.

Scanning electon microscope image of the 100 nm structures 
made with e-beam lithography
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