Neutral Atom Lithography Using a Bright Metastable Helium Beam
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Atomic Beam Profiles

Mo Collimation

Bright He* Beam

Use a reverse flow He discharge sourcel to create metastables.

Atomic Lithography with a Mechanical Mask

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

The source produces He* atoms with v,=1000 m/g and a flux of

~0.5%1014 atoms/g. . He* has 20eV of internal energy which destroys the thiol

molecules of the SAM on impact.

The beam 1s collimated sequentially by the bichromatic force
and optical molasses. The collimation stages use only 10 cm of
the atomic beamline.

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

The detected signal corresponds to a peak current of 3108 atoms/g

KOH Electrochemical Etch Process:
K»2S>03 Metal Oxidation

K3Fe(CN)g Au0425-2032-=Au(S203)73- 4e-

Reduction of oxidizer _
K4Fe(CN)g 3H20 g |
( Fe(CN)63'+e'=Fe(CN)64' =

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
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Intuitive Approach:
Pi-Pulse Model of the Bichromatic Force
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Shifting the Center Velocity of the Force

pi-pulse condition: Qp = dE /A = nd/4 and s ~ 2(8/Y)?
pi-pulse train: E(z,t) = E,cos[(k+ Ak)z - (mat )]

Dosage at beam peak: 2.8+1012 atoms/;,,,2,

For moving atoms the coun-
terpropagating pi-pulse trains

Vv, =
W\MNVW_’ @%@ ‘_“’\MNW\“ need to be detuned by kv to

compensate Doppler-shift:

Assuming ~10ay2 effective area of alkanethiol

molecule on surface, we have an exposure dose of
0.59He* atoms per resist molecule.

Basic ideas:
- controlling the momentum exchange between light field and atom
by timing of counter-propagating pi-pulses (phase condition)
- de-excitation process is stimulated not spontaneous emission
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== force profile F(v) )
== initial p(v) distribution

Magnitude of the Bichromatic Force final p(v) distribution -
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Instantaneous value —>» F = 2P 2Zrk (not limited by y !)
At Tt/0

_ 7kd hky  (huge compared to

oW >? 2 scattering force)
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Optical Mask:
Light Intensity

I(x)~sin2(kx)

F(v) and p(v) [a.u.]
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The force profile
F(v) 1s calculated
exactly by
numerical
evaluation of the
Optical Bloch
Equations
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Above: Shifted force profile F(v) and simulated transverse velocity
distribution p(v) of He* beam before and after one interaction region
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