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Outline

e Strainin 2D crystals

 Formation, characteristics and control of artificial domes in exfoliable materials

Strain fields in curved membranes: optical, vibrational and
magneto-optical properties

* Applications for site-controlled quantum light sources



Two-dimensional crystals

;
LLL(
LLL
i
)
i}
/

i

M: Mo, W
TMDs
X: S, Se, Te



Why strain?

H. Shi et al., Phys. Rev. B 87, 155304 (2013)

WS, monolayer W U W @_f
2 , 4 | 4 E

[l

o =  DFT-PBE

£ « GOWO 41t 4

5 < SCGWO

S

— 0F

r M K ' T MoS, monolayer — I T MK 5
£=0% £=12%
exciton funnel

£ in-plane strain indenter

hy_?.\/

P. San-Jose, Phys. Rev. X 6, 031046 (2016)

funnel



Why strain?
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Straining methods

Indenting

WS, monolayer

E. Blundo et al.
Appl. Phys. Rev. 8, 021318 (2021)

AFM cantilever
Ramp

M. G. Harats et al.,

_ Nat. Photon. 14, 234 (2020)
Growth of superlattices
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Xie et al., Science 359, 1131 (2020)

Ryu et al., Nano Lett. 20, 5339 (2020)

Deposition on nanocones/pillars _
- Bending

Lietal., J. Am. Chem. Soc. 138, 5123 (2016) Wu et al., Nano Lett.18, 2351 (2018)

Ap = Pint ™ Pext

Lloyd et al., Nano Lett.16, 5836 (2016)

Bubbling

Blundo et al, Phys. Rev. Research 2, 012024 (2020)
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Hydrogen irradiation of bulk TMDs

D. Tedeschi, E. Blundo et al., Adv. Mater. 31, 1903795 (2019)
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Hydrogen irradiation of bulk TMDs

D. Tedeschi, E. Blundo et al., Adv. Mater. 31, 1903795 (2019)
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Domes in TMDs

A WS2 B MoS2
210 nm '
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D. Tedeschi. E. Blundo et al., Adv. Mat. 31, 1903795 (2019)



Domes in TMDs: Size
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Evidence of H, molecules within the domes

d,,=8x10%° protons/cm?
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Domes in TMDs: Main features

Jan 2020 hBN Dec 2021 ‘

Durability > 3 yrs ’

1 um

E. Blundo et al., Nano Lett. 22, 1525 (2022)



Domes in TMDs: Main features
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Domes in TMDs: Main features

Regular/
reproducible shape
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Strain field

FEM (Finite-Element Method) calculations, within the framework of nonlinear membrane theory E. Blundo et al, Phys. Rev. Lett. 127, 46101 (2021)
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Micro-Raman measurements — MoS ,

E. Blundo et al, Phys. Rev. Lett. 127, 46101 (2021)
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Micro-Raman measurements — MoS ,

E. Blundo et al, Phys. Rev. Lett. 127, 46101 (2021)
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Micro-PL mapping of WS, domes

482 nm
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Micro-PL mapping of WS, domes
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Micro-PL mapping of WS, domes
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Magneto-PL measurements of WS, domes
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Magneto-PL measurements of WS, monolayers

WS, monolayer
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M. Koperski et al., 2D Mater. 6, 015001 (2019)
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Magneto-PL measurements of WS, monolayers
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Magneto-PL measurements of WS, domes
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Magneto-PL measurements of WS, domes
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Magneto-PL measurements of WS, domes
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Magneto-PL measurements of WS, domes
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Magneto-PL measurements of WS, domes
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Controlled dome formation EBQMUISE i cuanTena

290 nm Random

AD W

Engineered
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E. Blundo et al., Adv. Mat. Interfaces 7, 2000621 (2020)



Space-controlled emitters?
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hBN heterostructuring

How to circumvent H,
liquefaction?




hBN heterostructuring EQUISE 1 cvantena

.........

UUUUUUU
........................

v 3
VLIV o % i
e v < v
BRSNS WRE _qht %% 0% g Nl
cv.vt"‘v\"t L“""‘ ¢ sy z I @ ¢ ;L _: lllll

...............................................
...............................................
-----------------------------------------------

333 nm
300

hBN-capped MoS, 250

.-‘-.‘. .'.".._‘

o * 0. |
r":.o ‘.’Z‘-?'-.-t? ﬁf&:“}..._' -
00000 e b I 8 0 4 YV 000
0000 P WHXANTC LB IR § L T, o e e ee
SRR R R g% % & 0% grikpeacsos _
oooooo N ~\_¢1'~L“\-vv % L.L z I"‘u @ ¢ QL \...... 150

-----------------------------------------------
-----------------------------------------------
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

100

hBN capped




hBN heterostructuring

hBN-capped MoS,
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hBN heterostructuring_

hBN-capped MoS,

e U

capped domes do not deflate

hBN-capped

ses
ooooo
. -

ves
ooooo




hBN heterostructuring
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Space-controlled quantum emitters EQURISE ¢ ouantens
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Space-controlled quantum emitters SONRISE :.: ouanrens
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Conclusions

* Durable, spatially controlled domes can be created in 290 nm )
TMDs and hBN

Engineered

 The domes host complex strain field
and act as efficient light emitters
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