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Research Group/ Exposure

Self-Cleaning Surface
» Bioinspired Nanostructures oM of Setac for adhesion |
for unique:
Wetting,
Optical,

and Adhesion properties.

beetle fly | pider gecko
E. Arzt et al. PNAS (2003)

Wetting of Butterfly Wing

K.-C. Park et al., ACS Nano
(2012)

4 Andrew Tunell et al. Z. Han et al, Colloids and Surfaces (2001) 2
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Process

* Design
— COMSOL
— Analytical modeling
* Lithography
— EUV
— 325 nm HeCD
* Etching
— ICP/RIE
* Deposition _ . .
— PVD/ ALD/ Sputtering — |!Clght
e Characterization 3 ‘ Map
— AFM/ SEM/ Confocal

Lithography and Etching

PR : Exposure
ARC (Lloyd’s Mirror) ARC Development ARC

Silicon Wafer = Silicon Wafer

HBr ICP-RIE
O:ICP-RIF at low RFpower‘ | | | | | ‘ \

Confocal/ Software Characterlzatlon

Simulation Guided Design

Silicon Wafer

Andrew Tunell et al. 3
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Wetting Re S e arCh VlVetting Region V;/icking Region

Large Particle, D,

* Fabricated super-hydrophilic structures. _
Small Particle, D,

* Characterize diffusion and wicking rates

* Investigate particle interactions during
wicking

300 nm period wicking structures

t=20s t=40s 4
4 Andrew Tunell et al. A. Tunell, et al., EIPBN (2022)
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Filtration by
Wetting i

* Demonstrated filtering by
particle diameter

 CMEmISTRY

* Continued work: A. Tunell et al., RSC Applied
Nanoplastic filter for Interfaces (2025), 2(5)
Austin, TX river water.
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Andrew Tunell et al.



Main Focus: Adhesion

Application driven investigation of
environmental factors for the design of low-
adhesion/ dust mitigating nanostructures

Study Van der Waals, Capillary, and Electrostatic

forces 1n detail

Foan = Foaw +F§ap +

Andrew Tunell et al.

Felec

I— Electrostatic Force

Capillary Forces
— van der Waal Forces

WHAT STARTS HERE CHANGES THE WORLD

High Humidity Environment

Dust Particles

Capillary

Coating

N

Low Humidity Environment

Electrostatic

Van der Waals

Nanostructures
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Dust Mitigating Performance

* 500 nm periodic nanostructure on 0% Reduction = ~smooth ~ Asoonm _ o444,
1 Asmooth
polycarbonate
[J [J ° 50
* 93.1% Reduction in dust at ambient 45 | [wBefore Spiming v
conditions (50% RH/ 20°C) §40 rABRRer g 5 B8 g0
35 ¢
y 24.9
Planar 500 nm 8 30 r 22.3
EErgasl SEwmedsy — — 525 " 212
20 124
S 98! |
<§1o -
5 E
0

500nm  1um 2 ym 3um  Smooth
Samples

Andrew Tunell et al. 7
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Dust Mitigating Video Demonstration

[THAPPLIED MATERIALS =

INTERFACES
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EAPPL'ED&MATERIALS

INTERFACES

Snapshots from Video Demonstration

« Applied dust heavily in ambient conditions
* Rotate stage to allow removal by gravity.

Before After
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Roughness
Eftects (F ;)

e  Work of Adhesion

measured by AFM pull-off
force

* Roughness changes from
Metal Oxides

e Reduced contact areca =
reduced adhesion

3

. 1 1
Faan = 7 R (ydust + ysurface)

+
2R*. " "RMS.,
1+ (RMS) ( H, )

¥ Andrew Tunell et al.

Nanotextured Planar

A 0.2 l A. TEHGH, EIPBN 2024
3_% B AL O, Planar

gfg 0.15 . JALO; Nano

Lfgj __JITO Planar

= ~ JITO Nano

~— 0.1

o I Polycarbonate Planar
E:‘f " |Polycarbonate Nano
< 0.057 B Pt Planar

.g _ 4 . |Pt Nano

d: 0 || T HeeEs. o

0 10 20 30

Work of Adhesion (m.J/m?)

b Dust particle c

Nanostructured
5 I' 3
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Humidity Effects (£,,)

* Dust coated at 10-90% relative humidity

* High surface conductivity (Pt) greatly decreases
adhesion at low humidity — dissipates charges

H
)]

-4 Pt structured —o— Pt planar

W H
(32 I =)

-, Al,O; structured -e- Al,O; planar

N W
ol O

-
(4]

Dust Area Coverage (%)
N
o

-
o U1 ©

0 10 20 30 40 50 60 70 80 90 100
Relative Humidity (%)

AN Andrew Tunell et al.

10%

50%

90%

Pt Planar

WHAT STARTS HERE CHANGES THE WORLD

Coverage
2.5% | .

11



Electrostatic force with respect to

EIGCtI'O Statlc Analytical MOdeling radius, height, and contact area, £,

“I think dust is probably one of our greatest inhibitors to a

nominal operation on the moon”
- Gene Cernan, Commander Apollo 17

Electrostatic Dust Lofting

X. Wang et al., Geophy. Lett. (2016)

Andrew Tunell et al.

F —
elec 2¢,

f1=0.1

Electrostatic Two-Plane
Approximation

__0qp (f1 1-f1 )
r2 t (r+h)?

o
o

Diagram of two-plane
approximation

=
o

L=
=

—"—‘—."—r-—'—?'
(=3
@

(=]
~

Electrostatic Force

-
R - RROBON
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Electrostatic COMSOL Simulations  surface Geometry

* Many limitations of 2-plane approx.

« COMSOL utilized to model full geometry & surface
conductivity

Electrostatic Simulations of Various Surface Charges

Qsurf= 0 Qsurf = qpart Asurf ~ qpart
Perfect Moderately Very
Conductor ' insulating ' insulating

Andrew Tunell et al. 13
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Simulation Results (F,;..)

e Two distinct responses Geometric Effects on Electrostatic Force B
° 100000 revwtel e Siares & S W RS SRR 1§ | Mot Dewwar O3
to nanostructuring ~—q_surf>> '
g_part
e 2-plane approx. models 10000

conductive surface well, —-q_surf>q_p

L 1000 art
decrease F, o =
O
e Insulating substrate S 100 "‘3—22:‘;‘
o L _
increase F,,. e
- pe 5 10 —e—(_surf=0
c‘r 'r:‘.ﬁ"‘.\ :.f'\" .')ﬁ‘:- e
J® .&gcp ® . % 1
o O o z A. Tunell et al., JVST-B
@ ©¢g® ® o (2025), 43(6)

Two-Plane Approx. +
Conductive

Planar Nanostructured 0 0.25 0.5 0.75

Feature Height (um)
% Andrew Tunell et al. 14
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Residual dust

SEM nanotextured Sapphire
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Structured

Before and After Dusting

95.9% reduction in
residual dust coverage!
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Optical Transmittance

Sa hlre Pro ertles 100 100 f—t—p—t—+t
0L -
. . . . = ~ 60 +
* High Optical Transmission materlals \, " N
orizon :
( 9.9% enhancement) i B 4t
YYIVVI NS & 0 F——————+—
* Anti-Fogging (Wicking/ DOAAY jy ¥y € i ey
Hydrophilic) TIPNITIIINY A Nano | v fPlanar [
' AW W o Y, 1stin TTTY
) - 1 1 ih A . ] e Single-sided (exp.) uT : UT Austin UTA
Self-Cleaning (Hydrophobic) jg’f LLLH N s awinan | |0 s U Ausin
ay. ) W Y ‘,'a . Double-sided (model) 1 UT Austin
. . _— L ~——Planar (exp.) I8 UT Ausun Ul Ausui
Ant1 Fogging - N voetivivicoe IO UMusfh  UTAustin__ UTA
Natice o Planar | (a) 200 900 1600 2300  300¢ Astin UT Austin 20 mm
= Wavelength (nm) V11T Anctin 1T Austin UT A

Self-Cleaning

Andrew Tunell et al.
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MISSE-23 /24 - MISSE-8 Images

 (MISSE 23) Sapphire selected for ISS flight
* Study resilience to space conditions

 (MISSE-24) ITO and Pt coatings added to
reduce damage via local charge buildup

Residual Dust 3D Mapping

WEE (s
» Nanotextured Sapphire | Planar Sapphire
d e |
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Brlef RGV]CW Of ACtlve Research Polarization of thin metal hemisphere

(b) 1 t
* Design Surface geometry to have repulsive image charging

* Thin metal hemisphere polarizes with net negative force on
a point charge.

* Currently: Fabricating, AFM Probe Testing, Simulation of

Repulsive Region

Parabolic/ periodic geometry. 0 f—‘ H: U(z)
. 8 \ OSSR OEm Jmmmr e Emrr e —T : F(Z) - = d
6.8 um (Cyl_2in_Cu_TM_L4) £l ¥ 4 s -0.005 I z
6 R = BE :
f o = § - N\ o 1
4 R R W BV IR t -0.01 :
. ~w N} f o Z -
E 2 1 E. — :
£ vt os "y % -0.015 |
5 o PR - 2 =
E S 3 : t/R =
8 3 nyg -0.02 I —0.01
> g - —0.05
-4 @ -0.025 I —o.1
|
. I}
-0.03 ll
-8 1 3 5 7
~-75 =50 =25 0.0 2.5 5.0 7.5
Andrew Tunell et al. Bt I3
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