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Substrate (Clil’ gap) [ (Clil’ gdp) | [ (ﬁ”ed gap])
Initial film thickness (4,) 55-103 nm 93-740 nm 140-740 nm
Surface tension () 33 mN/m 30-39 mN/m 1.2-6.1 mN/m
Gap dielectric constant (&°) 1.00 1.00 2.46-5.24
Contact potential (V,)* ~1V
Polymer conductivity (0)* 10-10-1 C?s/kg/m?
Diameter (D)* 0.6-5 um 2.2-23 um 1.7-14 um
Time to formation (¢)* 5-80 min 1-120 h 1-24 h

* _imited information



Broad applicability of linear analysis suggests that pattern selection
should be predictable from nonlinear interactions.

Simulations based on lubrication approximation should be able to
follow the process to completion to determine whether patterns are
kinetically or thermodynamically controlled.

Best route to submicron (nano?) structures 1s to decrease the interfacial
tension with a polymer/polymer bilayer and make one component
conducting.

Subtle conformal features on the mask might align large domains and
suppress “polycrystallinity”.
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growth exponent (m)
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L.F. Pease III and W.B. Russel, JNNFM 2002



Comparison of Fasted Growing Wavelength

Ag with Pillar-to-Pillar Spacing
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initial height ratio (4,)

Polymer Gap Symbol 2 ,(nmm) H (mm) vy (mN/m) V (V) ¢g/¢€? H/L
PS 108K Air 120 600-1730 30 50 2.5 0.67-1.13
PS 108K Air <& 120 450-1010 30 30 25  0.53-0.79
PS 580 Air <> 140 1080 27.8 50 2.5 0.88
PMMA 98.5K  Air A 100 235-380 29.7 30 3.6  0.88-1.10
PMMA 98.5K  Air A 100 235-360 29.7 37 3.6 1.10-1.35
PSBr 127K Air [ ] 125 390-620 30 30-40 5.5 0.68-1.13
PI 40K Air () 140 1080 32 20 2.4 0.34

data from T.P. Russell ef al. for air-filled gaps L.F. Pease III and W.B. Russel Langmuir 2004
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Comparison of Fasted Growing Wavelength with Spacing
for Fluid-Filled Gaps
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initial height ratio (k,)

Polymer Gap Symbol /2 ,(nmm) H (mm) vy (mN/m) V (V) e€e/&e? H/L

PS 580 Air < 140 1080 27.8 50 2.5 0.88
PS580 ODMS @ 140 1080 0.64 50 0.85  9.87
PI 40K Air > 140 1080 32 20 2.4 0.34
PI40K ODMS @ 140 1080 1.4 20 0.81 2.75

data from T.P. Russell ez al. L.F. Pease III and W.B. Russel Langmuir 2004



Stages of Ring Growth P. Deshpande, L.F. Pease III, L. Chen, S.Y.
Chou, W.B. Russel, Phys. Rev. E 70 041601
Spacer Polymer Film
/ Contact

(2004)
t =0 min 7 min 28 min 31 min
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P. Deshpande, L.F. Pease III, L.
Chen, S.Y. Chou, W.B. Russel,
Phys. Rev. E, 70 041601 (2004)
figures adapted from: Chou, MRS
Bulletin, 26 512 (2001).

¢ Fig 14b PMMA/MAA (Chou, MRS Bulletin)
B Fig 14a Alkyl Ammonium Chloride (Chou, MRS Bulletin)
— Prediction of Fig 14b
— Prediction of Fig 14a
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Advanced Patterning

observations  Chou, etal., J. Vac. Sci. Tech. B 17 3197 (1999); Schaffer, et al.,
Nature 403 874 (2000); Zhuang, PhD Dissertation (2002)
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calculations
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h=h+h’% e®ve] (kr) h=h_+h’Z eVo (kr) T h=h_+h’[J (kr/2)+ 28] ,(kr)]

h=h+h'S e (kr) h=h+h'[J (3kr/Sy+ €19, kr)]

Unstable normal modes exist for all the patterns observed!



Superimpose fastest growing linear O(oh) modes
with different orientations and account for
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N. Wu, L. F. Pease III, and W. B. Russel, Langmuir 21, 12290 (2005)
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Numerical simulation
- pattern formation under a featureless mask

period | diameter | time
(um) | (Wm) | (min)
Exp. 3.4 22T ~5

Simu. 3.44 2.79 3.10

hy,=95 nm H =260 nm
£=54 x =10V (fitted)

Wu & Russel, Appl. Phys. Lett. 86, 241912, (2005) Chou & Zhuang, (1999)
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1-dimensional growth under unpatterned mask

evolution of height /(x,?)

initial perturbation =~ weakly nonlinear
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electrostatic + surface
Wu & Russel, Ind. Eng. Chem. Res. (2006) + van der Waals
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Coarsening — PDMS 2500k cst, fill ratio ~ 0.57,V ~ 50V

T=160s T=1000s
T=3840s T=36720s

20 um



Numerical simulation

- pattern formation under a patterned mask

simulation

mask pattern

optical imag

Deshpande & Chou, (2001)
Wu et. al., Langmuir 21, (2005)



Comparison of Simulations and Observations

simulations observations simulations observations

=> faithful description of experiments



Design of masks to guide formation

e Novel hierarchical patterns possibilities
pillars and ridges
e Pillars in registry over large areas issues
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The formation of the hierarchical microstructures
by an integ ratlono self-assembly and lithography
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Time Evolution

square ridges L=8 um
h=45nm V=10V

annealed at 130 °C
T = 6 hours
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Triangular arrays of ridges h,=45nm ¢ =3 hours

continuous ridge
one pillar in cell
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The formation of the hierarchical microstructures in

polymer1/polymer2/air system
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