


Area-Selective Deposition and APAM
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APAM/UHV STM ALD

UHV Chamber (10-11 Torr)

Optimized for atom-scale 
imaging and patterning

Clean and H-terminated 
Si(100) 2×1

Sub-atmospheric (mTorr)

Optimized for deposition

Wide range of substrates, 
resists, and deposited 
materials

Expanded material range
Air-stability for transfer

G.N. Parsons and R.D. Clark, Chem. Mater. 32, 4920 (2020)

APAM - Doping

Area-Selective Deposition



Thinking at the atomic scale
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• Atomic scale defects influence atomic scale chemistry

• APAM controls + resists these defects

Standard Si(100) 2×1:H surface

Terrace

Dangling
Bond

10 nm

Rough Si(100) 2×1 surface

Metal

10 nm

• Processes can be 
made resistant to 
common defects

No Incorporation

Incorporation



4

STM
 Tip

• Scanning tunneling microscopy provides atomic 

resolution

• Chemically insert hydrogen resist (1000:1 selectivity 

for PH3)

• Electron stimulated desorption exposes reactive bonds

• Multimode lithography  High resolution, low 

throughput vs. high throughput, low resolution

• Patterning of numerous processes via surface chemistry:            

e.g. oxidation, metallization, doping

Fuechsle, et al., Nat. Nanotechnol. 5, 502-505 (2010)

10 nm

Lyding, et al., APL 64, 2010-2012 (1994)

20 nm

Ye, et al., ACS Nano 4, 6818-6824 (2010)

20 40 60 80

5 V, 1 nA, 2×10-9 torr

20 nm

What is hydrogen depassivation lithography?

Si(100) 2×1:H



What is APAM?  Doping via area-selective surface 
chemistry5

• Precision to the atom scale 
when necessary

Si
H
P

Patterned Dopant Chemisorption
and Incorporation

Sandia National Labs



What does APAM enable us to do today?
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Ultradoping of Silicon Electronic Structure Modulation

• Electronic structure of Si:P 
delta layer is distinct from 
silicon

• Ultradoped layers in silicon
• High current capacity

Lithography at the Atomic Scale

D.R. Ward, S.W. Schmucker, et al. arXiv:2002.11003

• HDL  atomic scale 
lithography

• Surface Chemistry  single 
atom control of incorporation 
chemistry

M. Fuechsle et al., Nat. Nanotechnol. 7, 242 (2012)
J. Wyrick et al., Adv. Funct. Mater. 29, 1903475 (2019)



How do we expand the pallet?
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1.Select resist that is compatible with 
chemistry of interest

2.Expand range of viable precursors
3.Enhanced resist stability

Chlorine: K.J. Dwyer et al., J. Phys. Chem. A 123, 50 (2019)

Hydrogen: Sandia National Labs
Resist Dopant Substrate
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