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Microcontact	  Prin(ng	  
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Microcontact	  prin+ng	  

Etch	  resists	  for	  micromachining	  
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Protein	  pa5erns	  for	  biosensors	  
[2]	  
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Exis(ng	  Studies:	  focus	  on	  Straight	  Walls	  
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conven:onal	  
stamp	  fabrica:on	  

techniques	  

stamp	  features	  	  
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straight	  walls	  



Mo(va(on:	  Features	  with	  Slanted	  Sidewalls	  
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Objec(ves	  

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

Roof$
collapse$

SLANTED	  
WALLS	  

PDMS	  STAMP	  

How	  do	  slanted	  
walls	  behave?	  	  



Simula(on	  Se_ng	  
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h=10	  µm	  

w=20	  µm	  

t=2	  mm	  

100	  µm	  <	  a	  <	  400	  µm	  

90o<	  α <150o	  

-‐  Simula(ons	  in	  experimentally	  
achievable	  dimension	  range	  

-‐  Free	  triangular	  mesh	  enables	  beEer	  
convergence	  compared	  to	  other	  
structured	  mesh	  types	  

-‐  Rigid	  support	  is	  fixed	  constraint	  
-‐  PDMS	  stamp	  is	  hyperelas(c	  material	  

Dimensions	   PDMS	  proper:es	  
Density	  =	  970kg/m3	  

Lame	  parameter	  λ	  =	  6.93	  GPa	  

Lame	  parameter	  µ	  =	  0.77	  GPa	  

Poisson’s	  ra(o	  =	  0.43	  



Simula(on	  Se_ng	  

Domain,(Boundary,(Point( Condi1on(

1( 3(Hyperelas1c(material(

2( 3(Fixed(constraint(

(10);((6,(9,(7,(8)( 3(Contact(couple(1((zero(fric1on(coefficient)(

(8);((9,(7)( 3(Contact(couple(2((zero(fric1on(coefficient)(

3,(4( 3(Symmetry(

5( 3(Prescribed(displacement(

6,(7,(8,(9,(10,(11( 3(Free(

B( 3(Fixed(constraint(

A( 3(Prescribed(displacement((dx=0,(dy=unspecified)(

Upper	  stamp	  boundary	  
-‐	  Displace	  with	  1	  micron	  increments	  
un(l	  roof	  collapse	  occurs	  
Trac:on	  at	  the	  top	  boundary	  
-‐	  Convert	  displacement	  to	  load	  
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Two	  contact	  couples	  
-‐	  Support	  and	  stamp	  contact	  
-‐	  Contac(ng	  stamp	  edges	  	  
3-‐micron	  fillet	  at	  stamp	  corner	  
-‐	  Eliminate	  convergence	  issues	  	  



Mesh	  Refinement	  
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Simula(on	  Results	  
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-‐	  Collapse	  pressure	  increases	  by	  50%	  with	  slant	  angle	  
-‐	  Slanted	  walls	  are	  beneficial	  for	  prin:ng	  
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Simula(on	  Results	  
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-‐	  Collapse	  pressure	  decreases	  with	  feature	  spacing	  for	  
all	  slant	  angles	  
-‐	  Collapse	  pressure	  not	  affected	  by	  spacing	  for	  
h>300µm	  
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slant	  angle	  



Conclusions	  and	  Future	  Work	  

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

-‐  Simula(ons	  show	  that	  slanted	  walls	  help	  improve	  
stamp	  stability	  

-‐  Future	  work	  is	  to	  examine	  other	  collapse	  modes	  and	  
include	  liquid	  ink	  in	  the	  simula(ons	  



Thank	  you	  

Q&A	  



Straight	  Walls	  

1	   2	   3	  

4	   5	  Roof	  collapse	  
occurs	  

Displacement	  of	  upper	  	  
stamp	  surface=0.1µm	  

Displacement	  of	  upper	  	  
stamp	  surface=11µm	  

Displacement	  of	  upper	  	  
stamp	  surface=31µm	  

Displacement	  of	  upper	  	  
stamp	  surface=43µm	  

Displacement	  of	  upper	  	  
stamp	  surface=51µm	  

feature	  height=10	  µm	  

feature	  width=20	  µm	  

thickness	  of	  layer	  above	  
stamp	  feature=2	  mm	  

feature	  spacing=100	  µm	  



Slanted	  Walls	  

1	  

Displacement	  of	  upper	  	  
stamp	  surface=0.1µm	  

2	  

Displacement	  of	  upper	  	  
stamp	  surface=11µm	  

3	  

Displacement	  of	  upper	  	  
stamp	  surface=31µm	  

4	  

Displacement	  of	  upper	  	  
stamp	  surface=49µm	  

5	  

Displacement	  of	  upper	  	  
stamp	  surface=51µm	  

feature	  height=10	  µm	  

feature	  width=20	  µm	  

thickness	  of	  layer	  above	  
stamp	  feature=2	  mm	  

feature	  spacing=100	  µm	  

wall	  slant	  angle=30o	  

Roof	  collapse	  
occurs	  


