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Quantum Sensing
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Quantum Sensing
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Quantum Sensing
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High-confidence detection of individual protein and
reveal information about their chemical composition.




Quantum Sensing

To maximum the sensibility, NV
sensor should be placed as close as
possible to the surface; the surface
morphology becomes critical!
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Four important issues

Crystal
Alignment

NV preferential orientation.

Appropriate surface orientation can
maximum the photon collection efficiency.
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Four important issues

Crystal
Alignment

Electron
Affinity

NV preferential orientation.

Maintain the negatively charged state of NV.



Four important issues

Crystal
Alignment

Electron
Affinity

NV preferential orientation.

Maintain the negatively charged state of NV.

Surface Avoid the unwanted surface spin noise.
roughness surface spins
A e - Q
‘ It is regardless to surface species; the origin
ﬂ of surface spin noise is still a mystery!

PRL 114, 017601 (2015)




Four important issues
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Minimize the intrusion into the bulk bandgap.



Crystal facets
of diamond




Crystal facets
of diamond
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Challenges

* Underestimated bandgap of diamond:
PBE: 4.2 eV - HSE: 5.2 eV

 Excitation: Constrained DFT
[Chem. Rev. 112 (2012) 321-370]
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Challenges — charged system
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Spurious long-range Coulomb
interactions between the localized
charge and its periodic images.




Challenges

Point charge correction: the interaction energy can be
estimated from the Madelung energy of an array of point

charges with neutralizing background
X + X X i X X + X VPC (q) = —a—q corr 1
+ O + + Q + + Q + el Erc (9) =§I(—Vpc)q5(r)dr
% % N 7 x a: Madelung constant Q
; g: dielectric constant 2
* + ‘ * q: defect charge _ _ﬂ _aq
] L: dimension of supercell o 2 PC 2¢L
X X X4 v ‘X X X .
Correction schemes
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+ + +
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- Phys. Rev. Lett. 102, 016402 (2009)
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charge and its periodic images.
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Electron affinity
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DO

O and F show PEA,

H and OH show NEA.

Oxidation surface is very easy,
however, the oxygen induced strain
will rough the surface.

Fluorination might form Teflon layer.
O/H/OH mixed surface is an
alternative way.

Nitrogen terminated diamond surface
is possible.

*
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Nano Letters 14, 4772 (2014).

Advanced Materials Interfaces 2, 1500079, 1500079 (2015).
Nano Letters 17, 2294 (2017).

MRS Communications 7, 551 (2017).

) )
AX IR X )

7
‘0

*,



Energy levels

B
-~
3
o
=
-3

Z
S
j

Ns(+)

Energy (eV)

o =N W A WU

terminator

Energy (eV)
S =W A WU

Energy (eV)
S =N WA WU

H@C(111)

= | e )
— T T T
®»> — | -+ -2
:- s || ] — —
O@C(100) mix@C(100) N/CH@C(100)
—E B A3
= 7= L
E S = ﬁ o
| — | - ==
OH@C(100) F@C(100) N@C(100)
— | —— |
gr | T T
£ — || 4+
N
OH@C(111) F@C(111) N@C(111)

O Surface state intrusion occurs in H, O
and OH termination cases.

O F does not show unwanted state in the
bandgap.

d O/H/OH mixed surface is still pretty
good.

d Nitrogen terminated diamond surface
is nice.

/7
0‘0

Nano Letters 14, 4772 (2014).

Advanced Materials Interfaces 2, 1500079, 1500079 (2015).
Nano Letters 17, 2294 (2017).

MRS Communications 7, 551 (2017).

Carbon 145, 273 (2019)

53

%

R/
0‘0

X3

%

/7
0‘0



Crystal facets
of diamond

M. Lesik et al. / Diamond
& Related Materials 56
(2015) 47-53
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113

Four orientations of NV. SEM image of a 460 um thick CVD film grown on a
Blue: N, Grey: C, White: vacancy circular (113) diamond substrate.
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(113) diamond:
surface morphology
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(113) diamond:
surface morphology

PHYSICAL REVIEW B 67, 195332 (2003)
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(113) diamond:
Terminators, top view
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(113) diamond
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(113) diamond:
Electron affinity
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(113) diamond:
Band structure
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Chemical stability

The -C-O-C- epoxide-like
configuration formed on
the diamond surface is
stable or unstable?
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Chemical stability

Path-1 Path-2
/_\1.0' a6 ,_\I.OI T T
% 0.5 -\ Barrier % 0.5 Barrier
= R 099ev | S , % 0.88 eV
Eﬁ 0.0 @ 0.0 ............
% -0.5 % -0.5
g -1.0 | g -1.0
S -1.5 = -1.5
3 -2.0 3 -2.0
2 16 oz 16
-2.5 —— e | 2.5 e T
0 2 4 6 8 O 2 4 6 8

Coordinate (f&) Coordinate (5&)



H/O/OH termination
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Energy (eV)




Summary

d A painless way to simulate charged system:
NV(-) in diamond surface = NV + Nis.

d F, mixed O/H/OH, and N would be good surface
termination for NV quantum sensing applications.

d Complete oxygen termination of (113) diamond
creates positive electron atfinity with neither strain on
the surface nor in-gap levels which is supposed to be
the most prospective host for NV quantum sensors.
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Conclusion

d In general, the physical and chemical properties of (113)
are better than other facets.
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