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‘ Designer single-acceptor arrays
2

What we would like

A controllable array of single
acceptors

Potential applications
Ruskov et al, Phys. Rev. B, 88, 064308 (2013).
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Accurately placed single hole qubits
Salfi et al, Nat. Comm., 7, 11342 (2016).
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3 ‘ Atomic Precision Advanced Manufacturing
(APAM)

APAM allows us to control, within =1 lattice site, where a dopant is placed in
silicon

Schofield et al., Phys. Rev. Lett., 91, 13 (2003). Ward et al, Electron. Device Fail. Anal., 22, 4 (2020).
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Skeren et al., Nat. Electron., 3, 524 (2020).

APAM ftor Acceptors

Diborane

-
[¢)]
1

[y
(=]
L

0.5+

(Default)
s1,'"'B
- 51,8

(Locking)
s2,''B
\ S2,'%8

Distance from s-layer (nm)

ye 04

Boron and Aluminum Trichloride

1021 ,_Deposited Si | Si Substrate

-ME -

‘uE“- 10 4 -

o peak = 2.8 x 10 em~

8 40" dose = 9.0 x 104 o

S FWHM = 2.7 nm |

E 10™ 4 1

E ]

5 10" 4 iayer 3

0

E 1‘1

£ 10

=i

L S
0 10 20 30 40 S50 60 70 BO 90

Depth (nm)

Dwyer et al., ACS Appl. Mater. Interfaces, 13, 41275 (2021)
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Radue et al., J. Phys. Chem. C, 125, 11336 (2021).
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Several acceptor precursors have been proven to create delta layers.
Single acceptors have not been experimentally tested yet.



Impact of stochasticity in single donors

P(N) = (Z Py (w)Pr(n = 1|w)>
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Given a perfect 3 dimer window, we find Forab

site array this gives only a

Ivie, Campbell, and Koepke et al., (2021) https://arxiv.org/abs/2105.12074
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For donors, we were able to create a kinetic model achieving reasonable
agreement with experiment and suggesting routes toward determinism
based on dosing conditions. Can we do the same for acceptors?

Ivie, Campbell, and Koepke et al., (2021) https://arxiv.org/abs/2105.12074



7 ‘ Creating a chemical model for
Incorporation

Density Functional Theory Kinetic Monte Carlo

Reaction Pathways of Geometry and Probability of
Precursor Gases Incorporation



8 Diborane (B,H,) pathway
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Assuming that a bridging BH will incorporate, but BH on the same dimer
row will lead to dimerized boron which will be electrically inactive

Campbell et al., J. Phys. Chem. C, 125, 481 (2021).



; Diborane (B,H,) kinetics
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Getting to likely incorporation requires overcoming high (> 1.3 eV) barriers,
which means high anneal temperatures are going to be needed

Campbell et al., J. Phys. Chem. C, 125, 481 (2021).



L Diborane Single-Acceptor Results
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Diborane is a poor single-acceptor precursor, even at elevated temperatures.

Campbell et al., (2021) hitps://arxiv.org/abs/2108.10805



I Boron Trichloride (BCl;) Pathway
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BCl; pathway requires only 3 steps, low barriers. Much simpler in comparison to

diborane.
Campbell and Dwyer et al., In Preparation (2021).



2 BCl; results
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BCls is an excellent single-acceptor precursor with only moderate heating necessary

Campbell et al., (2021) https://arxiv.org/abs/2108.10805



3 Aluminum Trichloride (AICI;) pathway |
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Radue et al., J. Phys. Chem. C, 125, 11336 (2021).



4 AlCl; Results
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AlCl3 is an excellent single-acceptor precursor at room temperature as both a

Campbell et al., (2021) hitps://arxiv.org/abs/2108.10805
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Summary
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Salfi et al, Nat. Comm., 7, 11342 (2016).
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Kinetic models allow us to predict precursors for atomic-precision
deterministic single-acceptor incorporation. Enables qubits, analog simulation
based on large arrays of single holes.

Full paper on arxiv! https://arxiv.org/abs/2108.10805
KMC code posted at: https://github.com/quantumquinn/apam-kmc

Thanks for your attention! Questions in the slack chat!
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