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Organic materials: Frenkel exciton Inorganic materials: Wannier-Mott exciton

SEMICONDUCTOR PICTURE
2 D b9 @ [ | " 'F --- 2 @ 9 2 D @ ConEuCTCK
2 o @ o 2 @ !@/ 2 B @ ——
So |t .. e |
4T sskes -
@ @ @ @ 'a - ;ﬁ%NCE
GROUND STATE FREMKEL EXCITON @ @ @ @ @ @ l ‘

MOLECULAR PICTURE GROUND STATE  WANNIER EXCITON

binding enersy -leV binding energy -10meV
radius ~10A

radius ~100A
3k\‘ [hQg = 04eV| (e)

Strqng , 26 Upper X-LSP =3 Moderate
Oscillation & = L
°22f o — g Oscillation
Strength g L & N
18 m; Strengt

80 100 120 140 160 180 200
= -50 0] 50
Diameter (nm) ) Detuning (meV)

Easy to achieve ultrastrong coupling Hard to achieve ultrastrong coupling



>l NANYANG
TECHNOLOGICAL

Colloidal Nanoplatelets Nz UNIVERSITY

SINGAPORE

. 'j.‘h
) B, Gas Flow

Precursor ‘¥ Thermocouple

& =
Colloidal
1 Nanoparticles /




@ NANYANG
TECHNOLOGICAL

Colloidal Nanoplatelets UNIVERSITY

SINGAPORE

High Aspect Ratio Low Aspect Ratio

* They are colloidal quantum wells (Quasi-2D semiconductor):

thickness: 1.2nm 10|

e Controllable aspect ratio o
 Well-resolved excitonic feature: emission linewidth ~40 55 6 65 7 15 8
meV Size (nm)

6
J. Yu, et.al., Matter 2 (6), 1550-1563
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J. Yu, et.al., Matter 2 (6), 1550-1563
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Nano Lett. 2016, 16, 11, 7137-7141
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J. Yu, et.al., Matter 2 (6), 1550-1563
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» Tune the plasmon energy via varying cube size
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High aspect ratio Medium aspect ratio Low aspect ratio
Adv. Optical Mater.2022,10,2101756.



o
Y
)
+ A
> -
LLz
CB 2
S k """ "z """""""""""""" » krrer
= COW % .cum-="" =
o —é- krr(:p

kFRET e kn'ap = k('{) W

Adv. Optical Mater.2022,10,2101756.

| TECHNOLOGICAL
UNIVERSITY

NPL stacking: homo-FRET
SINGAPORE

[m—
]
|

s
==
L

BE lifetime (ns)

0 4 8 12 16
Stack length (pm)

Homo FRET: Not preferable for strong coupling



24 TECHNOLOGICAL
Non-stacking: suppressed homo-FRET UNIVERSITY

SINGAPORE

HARCQW (solution)
O LARCQW (solution)

Intensity (a.u.)
=

O HARCQW (film)
O LARCQW (film)

1072 €

10 20 30 40
Time (ns)

A\

Similar lifetime in solution: ~3.2 ns

A\

Life time of low aspect ratio CQWs 1in film: ~1.4 ns (FRET efficiency: ~57%)
» Life time of high aspect ratio CQWs in film: ~2.5 ns (FRET efficiency: ~22%)
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Nanoplatelets: Face-down geometry R
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» Almost all high aspect ratio CQWs are lying down in the film
» The fraction of in-plane dipoles is ~95%

» Dipoles are in the same plane with enhances plasmonic E field of nanocube

J. Yu, et.al., Matter 2 (6), 1550-1563
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J. Yu, et.al., Matter 2 (6), 1550-1563
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(a)
* Strong light-matter coupling between

CQW'’s excitons and the plasmonic
nanocavity

* Super large Rabi energy and Cooperativity

Scattering (a.u.)

* Small mode volume of a plasmonic
nanocavity and preferable orientation of
strong dipole moments are the key to
achieve high performance.
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J. Yu, et.al., Matter 2 (6), 1550-1563
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