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Wafer Exposure
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Physical Mask

Self Assembled 
Monolayer 
(SAM) - 

nonanethiol or 
dodecanethiol

Gold Layer ~ 200Å

Ti adhesion layer ~ 20Å

Silicon Wafer

Collimated He* beam
peak flux ~3*109 

atoms/mm2s

Wafer Processing
~7min

Standard Gold Etchant:
1M KOH

0.1M K2S2O3

0.01M K3Fe(CN)6 
0.001M K4Fe(CN)6 3H20

Atomic Lithography with a Mechanical Mask

He* has 20eV of internal energy which destroys the thiol 
molecules of the SAM on impact.

Place a fine Copper mesh (2000 mesh -- 12µm periodicity) over 
the coated wafer.  The uncovered parts are exposed to the He* 
beam.

Damaged SAM molecules leave underlying gold layer 
susceptible to a standard wet chemical etch3:

1M KOH
0.1M K2S2O3
0.01M K3Fe(CN)6 
0.001M K4Fe(CN)6 3H20

Electrochemical Etch Process:
Metal Oxidation
Au0+2S2O32-=Au(S2O3)23-+e-
Reduction of oxidizer
Fe(CN)63-+e-=Fe(CN)64- 
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Future Plans

389nm laser light

Optical Mask:
Light Intensity
I(x)~sin2(kx)

Permanent Address:1 Department of Physics, University 
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of Hannover, Hannover, Germany 

He inHe out

TPH 330

TPH 330

to Sorption pumps

Collimation Area

Lithography Chamber

SSD detection

MCP - Phosphor Screen
ARP beam slit

MCP - Phosphor Screen

Experimental Setup

Results

Edge resolution of 63nm.

Dosage at beam peak: 2.8*1012 atoms/mm2.

Assuming ~10ao2 effective area of alkanethiol 
molecule on surface, we have an exposure dose of 
0.59He* atoms per resist molecule.

AFM Scan of Exposed Wafer

Atomic Beam Profiles
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Bright He* Beam

Use a reverse flow He discharge source1 to create metastables.

The source produces He* atoms with vl=1000 m/s and a flux of  
~0.5*1014 atoms/sr s.

The beam is  collimated sequentially by the bichromatic force 
and optical molasses.  The collimation stages use only 10 cm of 
the atomic beamline. 

The detected signal corresponds to a peak current of 3*108 atoms/s 
through and aperature of area of 0.1 mm2.  The collimated beam 
has a full width half max of 3.5 mm at 33 cm from the source; and 
was measured to have a divergence angle of 7.5 mrad.2


