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Figure S1.  (A) An optical microscopy image of 20-µm tall rectangles sheared onto one 

side.  The microdominos, supported on a PDMS slab, were patterned over ~1 cm2.  (B) 

Optical microscopy images of 15-µm tall rectangular microdominos collapsed by shear 

with a PDMS slab showing a defect caused by a fiber contaminant.  The inset shows a 

detail of the sheared rectangles.   
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Figure S2.  Rectangles (20-µm tall) sheared onto a narrow edge (5-µm wide) created 

unstable arrays of isolated microdominos.  A second shear force, perpendicular to the 

original horizontal translation, tipped the structures into their final position.  During this 

second stage of collapse the microdominos could fall in two directions, both 

perpendicular to the direction of stage translation.  Defects in these patterns often resulted 

from imprecise control over this second step.     
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Figure S3.  SEM images showing a collapsed microdomino (15-µm tall) capped with a 

thin film of Pd.  The rectangle has been etched by reactive ion etching to reveal the width 

of the exposed Pd film.  A magnified view of the edge (B) shows a ~15-nm wide edge.  
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Experimental Procedures 

Materials.  Photoresists (SU-8 5, 10, 25 and PMMA-A4) purchased from 

MicroChem Corp. (Newton, MA) were used as received.  Silicon (100) wafers 

(N/phosphorus, 1-10 Ω-cm) covered by a native oxide were obtained from Silicon Sense 

(Nashua, NH).  We purchased patterned photolithography masks of chrome/quartz from 

Photronics, Inc.  Solvents and reagents were purchased from Aldrich Chemicals 

(Milwaukee, WI), and Fischer Scientific (Fair Lawn, NJ).  For grafting polyaniline onto 

PDMS, we purchased N-[3-(trimethoxysilyl)-propyl]aniline, iron chloride hexahydrate, 

and aniline from Aldrich.  Poly(dimethyl siloxane), or PDMS, was obtained from Dow 

Corning (Sylgard 184).   

Preparation of Microdomino Structures.  We coated silicon wafers with SU-8 

photoresist and defined different features in this resin by conventional photolithographic 

techniques.  Prior to use, silicon substrates were cleaned with oxygen plasma (250 mTorr, 

100 W) for 5 min, subsequently baked at 120 °C for 10 min, and cooled to room 

temperature.  We tuned the aspect ratio of the photoresist features by controlling the film 

thickness (e.g., spin coating SU-8 10 photoresist at 500 rpm/5 s, and 1440 rpm/30 s 

produced 20-µm tall structures), which was measured using an Alpha Step Profilometer.  

A 20-µm thick film was typically heated at 65 °C for 3 min, ramped to 95 °C at 5 °C/min 

and heated for another 3 min.  All substrates were cooled to 30 °C at 2 °C/min before 

removal from the hotplate.  These substrates were exposed to UV light (350-450 nm, 

filtered spectrum) using a Karl Suss Contact Aligner; we used chrome/quartz masks with 

transparent patterns of rectangles, triangles or circles (5 to 15-µm dimensions) arranged 

in a square lattice.  The post exposure bake was identical to the pre-exposure bake.  After 
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cooling the substrate to room temperature, the unexposed regions were dissolved in 

propylene glycol monomethyl ether acetate (PGMEA).  We isolated fields of micron-

scale pillars of SU-8 by exchanging the PGMEA for methanol and drying the substrates 

from methanol.   

Shearing of Microdominos.  The shearing of microdominos was performed on a 

laboratory bench outside of a cleanroom environment.  Sheets of PDMS (Sylgard 184, 

catalyst to prepolymer ratio = 1:10) were cured for 24 h at 22 °C in a level polystyrene 

Petri dish.  Arrays of SU-8 structures, or “microdominos”, were sheared with a 

horizontally applied forced using a PDMS substrate.  A flat block of PDMS (~3-mm 

thick) was supported on a 2-mm thick glass slide parallel to and above the silicon 

substrates with arrays of SU-8.  A translation stage (UMR8.25 from Newport Optics, 

Nashua, NH) was used to bring the two substrates into contact and then apply a 

horizontal shear between the PDMS and SU-8.  We controlled the angle between the 

direction of horizontal shear and the orientation of the dominos using a rotational stage.  

The PDMS slab, with the transferred SU-8, was separated from the silicon substrate by 

reversing the vertical translation of the top substrate.    

Grafting Polyaniline onto PDMS.  PDMS prepared in a 1:10 ratio (catalyst to 

prepolymer) was exposed to an 250 mTorr air plasma (100 W, Plasma Etcher II, SPI 

Supplies) for 60 s, placed in a solution of N-[3-(trimethoxysilyl)-propyl]aniline in ethanol 

(250 µL in 25 mL) and heated to 60 °C for 1 h.  We rinsed this PDMS substrate with 

ethanol and sonicated the substrate in ethanol for 60 s to remove physically adsorbed 

silane.  The silanized substrates were immersed in 1 M HCl solution containing 0.1 M 
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aniline and 0.2 M FeCl3�6 H2O for 2 h at 22 °C.  After polymerization, the transparent 

polyaniline films were rinsed with 1 M HCl and dried under vacuum for ~12 h.   

Patterning of Electrets.  A 100-nm thick film of PMMA was prepared on silicon 

(100) wafers (Silicon Sense; Nashua, NH) by spin-casting a 4% solution (w/v) of PMMA 

in anisole (PMMA-A4, MicroChem Corp.).  These substrates were heated at 180 °C for 3 

min to evaporate remaining solvent.  The PMMA coated substrate was positioned by 

hand onto the array of electrodes and a potential applied for 30 s between the electrodes 

and the silicon (+50 V and 1-2 µA for a ~1 cm2 array of 15-µm tall sheared rectangles).  

We used scanning probe microscopy to image the topography and surface potential 

across this printed surface.  

Reactive Ion Etching of Microdominos.  An array of 15-µm rectangles, capped 

with a thin Pd film, was repositioned by shear using a slab of PDMS with PANI grafted 

onto the surface.  This resulting array of narrow, Pd electrodes was used for printing 

charge in electrets (see the main text).  We imaged the metal edge by scanning electron 

microscopy (SEM) after etching the SU-8 with reactive ion etching.  We initially exposed 

the sheared array to a oxygen plasma (50 sccm, 100 mTorr, 100 W) for 30 s, followed by 

a 5 min etching with a mixed gas (50 sccm O2 : 50 sccm SF6, 1:1 ratio; 100 mTorr, 50 W) 

using a PE-2000 plasma etcher (South Bay Technology; San Clemente, CA).   

Imaging.  We observed the final topography after shearing by SEM 

measurements using a LEO 982 SEM operating at 1 kV, and by optical microscopic 

imaging using a Leica DMRX upright optical microscope.  We imaged the PMMA 

surface by atomic force microscopy (AFM) or Kelvin probe force microscopy (KFM) in 
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tapping mode (D3100, NSIV, Digital Instruments, Santa Barbara, CA).  The scanning 

probe tips were obtained from Veeco Nanoprobes (#SCM-PIT; Santa Barbara, CA). 

 

 
 


