Microsensors with Nanostructured
Surfaces Fabricated by 3D Lithography
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(Bio)Chemical Sensing System
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Current Mass-Sensitive Sensor

"Hammerhead” resonator with uniformly coated polymer sensing film

Resonance frequency decreases as analyte is absorbed into the polymer
sensing film

polymer film

px

uncoated silicon

15.0k% 12.3mm x320 BSE3D 30Pa 15.0kV 12 4mm x300 BSE3D 30Pa




Transducer Design & Packaging




Sensor Sensitivity vs. Reponse Time

Sensor Sensitivity o« Volume of Sensing Film
Sensor Response Time « (Thickness of Film)?

Goal: High sensitivity (large volume) AND
Fast/short response time (thin sensing film)

Approach:
providing large volume
via large surface area combined with thin sensing film
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Nanoscribe — 3D Laser Lithography System

* Nanoscribe Photonic Professional GT, a commercial 3D lithography
system with sub-micrometer resolution based on 2-photon

polymerization.
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Designing and Testing Procedures

Variables Range
Diameter 100 — 5000 nm
Height 800 — 10000 nm
Pitch 1600 — 2500 nm
Power 20% - 100%
Speed 2000 — 10000 um/s



Designing and Testing Procedures




Testing Results & Classification
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Testing Results - Comparison

Height (nm)

Diameter (nm)

100 | 200 /300 (400 |800 |1000 2000 5000
soo NI
1200 [N
1600 | O O
2000 N I O
s000 | I I I O O
6000 _ S A A
soo0 R
e | | |

Height {nm})

Diameter (nm)

100 | 200 1300 1400 800 1000 2000 5000
comll | | [ [ [ | | |
1200 A I/ I N
1600 | I I O
2000
4000
6000
8000

i
oo [ [ | [ [ [ [ |

Height {nm)

Diameter (nm)
100 | 200 1300 (400 (800 [1000)2000 (5000

so0 [ O O A I R
1200 | I I I O
1600 | I |
o ), =" T
uwew | | | I 1 1 1 |
eoco | O I
zoc0 [ O L
ERE = =l El==]




Testing Results

20.0kV 28.8mm x249 SE




Testing Results — Process Window
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Effect of Capillary Forces on Pillar Array

« Pillar arrays suffer from insufficient mechanical stability against capillary
forces



Effect of Capillary Forces on Pillar Array
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» Adding stiffening bars across the top of pillar arrays provided additional
stabilization



Print Best Structures on Fabricated
Hammerhead Resonators




Future Work

Test the silicon-based hammerhead
resonators with 3D sensing films

Print pillar arrays with different material
which can absorb the target gas

Design different structures with better aspect
ratio to increase the sensitivity




Questions?
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