Deformation of Stamp Features
with Slanted Walls
during Microcontact Printing
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Microcontact Printing
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Defect Modes
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Existing Studies: focus on Straight Walls
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Motivation: Features with Slanted Sidewalls

(a) Machined Centrifuge (b) Planarizing Photoresist (c) Patterned Photoresist
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Objectives

(a) Machined Centrifuge (b) Planarizing Photoresist

SLANTED
WALLS

PDMS STAMP-

50 um

How do slanted
walls behave?

- Roof collapse pressure?
- Effect of slant angle?
- Effect of feature spacing ?

Roof
collapse
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Simulation Setting
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Simulations in experimentally
achievable dimension range
Free triangular mesh enables better

convergence compared to other

structured mesh types
Rigid support is fixed constraint
PDMS stamp is hyperelastic material

Dimensions PDMS properties

h=10 um Density = 970kg/m3

w=20 um Lame parameter A = 6.93 GPa
t=2 mm Lame parameter u =0.77 GPa

100 wum <a <400 um

Poisson’s ratio = 0.43

90°< a <150°
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Simulation Setting

Domain, Boundary, Point Condition
1 - Hyperelastic material
2 - Fixed constraint
(10); (6,9, 7, 8) - Contact couple 1 (zero friction coefficient)
(8); (9, 7) - Contact couple 2 (zero friction coefficient)
3,4 - Symmetry
5 - Prescribed displacement
6,7,8,9, 10, 11 - Free
B - Fixed constraint
A - Prescribed displacement (d,=0, d,=unspecified)
Upper stamp boundary Two contact couples
- Displace with 1 micron increments - Support and stamp contact
until roof collapse occurs - Contacting stamp edges
Traction at the top boundary 3-micron fillet at stamp corner
- Convert displacement to load - Eliminate convergence issues
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Mesh Refinement
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Simulation Results
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- Collapse pressure increases by 50% with slant angle

- Slanted walls are beneficial for printing
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Simulation Results
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- Collapse pressure decreases with feature spacing for
all slant angles
- Collapse pressure not affected by spacing for
h>300um
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Conclusions and Future Work

- Design guidelines are established to prevent roof
collapse of stamps using slanted-walled features

- Simulations show that slanted walls help improve
stamp stability

- Future work is to examine other collapse modes and
include liquid ink in the simulations
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Thank you

Q&A
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Straight Walls

feature height=10 um
feature width=20 um
thickness of layer above
stamp feature=2 mm
¥ ) —— feature spacing=100 um




Slanted Walls

feature height=10 um

feature width=20 um

thickness of layer above
stamp feature=2 mm

feature spacing=100 um

wall slant angle=30°




