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- We are actively searching for other selective adsorption processes to

Precursor Selectivity broaden the range of applications of STM Lithography.

Long-term Vision

e Take dimensional precision to its limit:

the crystal structure of the material. Other resists?
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e Top Down Control to create designed
3D structures, atom by atom.

silicon oxide

e Atomic Precision (x 1 atom size) at
first, moving to Absolute Precision in
the future.

Weber et al. Science 335 64-67 (2012) PHs selectively adsorbed into
DOI: 10.1126/science.1214319 two patterns on Si(001):H

e Atomically-precise placement of P atoms deposited from PHs, has been used
to make P-based spin or charge qubit devices.
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area-selective ALD ﬂ area-selective ALD

e \Water, as shown here, and ammonia show strongly selective adsorption into the of HFO, on hydride of Pt on oxide
patterned areas. This prepares the surface for the metal precursor.
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Atomically-Precise Patterning

e Atomically-precise patterns are drawn on Si(001):H using STM-based o

. We aim to develop similar processes for acceptor dopant precursors, such as
H depassivation lithography.

diborane, or alanes.
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Metal Precursor Selectivity

e \We define patterns with respect to a pixel comprising 2 Si dimers on the same

dimer row, giving a pixel size of 0.768 nm x 0.768 nm. : : . TMAI TDMA-Hf TiCl4
| | , - From Chen and Bent, Adv. Mater. 18, 1086—1090 (2006
e With this pixel basis, we can define and draw arbitrary structures at the atomic Patterned AtOmIC Layer Epltaxy (P ALE+) Of SI o - . ( )
scale. Al,O; HfO, TiO, DOI: 10.1002/adma.200502470
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e During growth, the surface B 400} _ 1 2.0k} Si-Ox} , [ Tizp3iz . e Hydrocarbons have a strong physisorbing interaction with the H background.
temperature must be less than ‘ 2 _S!'H | _ Hf4f7i2 | | Si-H ” . By filling the pattern with OH or NH2 species, we may be able to use chemical
300°C, the onset of H atom HOLonSOODH - %’300 — Si-Ox e 3.5k Si-Ox ) contrast to transfer the STM pattern into more robust resist molecules.
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mobility. § Hf 47 5/2 o 5k e Stability of the the H and NH2 groups in air are an issue, however.

e Pattern the growth area. = | ]
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e EXpose to a saturation dose of o 500.0 | Au or Pt or other metal
| e disilane, which fills the area with 2 1 oo
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e Repeat HDL to remove H from the SizHe
disilane fragments, leaving the Si S 1 S
atoms behind, which form about e xponre R R Metal Barrier on Barrier on
73 ML ot islands. . Precursor  Si-OH Si-H RIE -CHFs
e After 3 cycles of disilane ' \ \ \ \ \ \ MAC Etching
' HF  H,0,
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exposure and tip-driven H
removal, a monolayer of Si will ALE: 3 cycles / ML
have been deposited.
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Conclusions and Further Work

Pattern Transfer by Selective Deposition TDMA-Hf
Patterned Atomic Layer DGpOSltlon of T|02 e STM Lithography is an attractive way to make atomically-precise patterns
HOW tO tranSfer theSHe atOmICa”y-pI’GCISG patternS IntO 2D or 3D SI’UC’[UI’eSr) ® |n AI_D experimen’[s, bOth T|C|4 aﬂd TMA have ShOWﬂ SeleCtiVity in differeﬂ’[ ° Broac“y app|icab|e pa’[’[ern ’[ransfer processes remain a Cha”enge.
e dose windows, while TDMA-Hf has not. N L o
a 9 9 9 9 D e Pattern the growth area using Atomic-scale Patterning R e Passivity of background H termination is limited by defects, and limited lifetime
| ~ ] HDL. ‘ in ambient conditions.
e Move surface to ALD chamber. P Defect Nucleation sites for Background Growth e Development of a methqd to trahsfer thg H resist into a more robust material
e Grow using standard ALD Silicon would be highly beneficial for this technique
process, with TiCls and water as Assembly of 2 nm TiO2 e Development of a method to pattern a noble metal such as Su, Pt etc. would
precursors. Ticl, H:0 e g R open a wide range of possible applications.
e Etch using Reactive lon Etching N Al ApARes e Encyclopedia of Interfacial Chemistry: Surface Science and Electrochemistry
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s T SR el o el s pattern into resist using . X
Rerence 0wk prmision o B e Nanolmprint Lithography. i-i ' iii i-i ' %
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