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Two-Dimensional Electron—Hole Plasma in
Colloidal Quantum Shells Enables Integrated
Lasing Continuously Tunable in the Red

Spectrum

Ivo Tanghe,* Komeel Molkens, Tom Vandekerckhove, Dobromil Respd:ta Amelia Waters,
Jiamin Huang, Jacob Beavon, Dulanjan Harankahage, Chao Yang Lin, Kai Chen, Dries Van Thourhout,
Mikhail Zamkov, and Pieter Geiregat

Cm This: https:daiorg’10.1021/250an 04002907 B Read Online

ACCESS| Wl Metrica & More | [ Article Recommendations | © Supporting Information

ABSTRACT: Combini d optical plath with sal-
Ibmpm:—:bkumrnkd’u-adurpﬂhhmnimﬂl
:ndmlmtlﬂt includi I:sen..l" i :lpedﬁ:rrul—
d.mﬂydl:ln-m—niﬁahm pathways, such as Auger
mbﬂmﬂﬂthﬂqhmhueﬂmlﬂzmﬂznﬂlmmn
I]dnracﬂmﬂl,lﬂmlqlmuabcﬂlﬂ:urnhmahguhn
m]hew:ﬂmwﬂﬂoﬂ.ndalqwﬂnll[q_&

wiable solution for a2 | pltform to circumvent
ﬂuem“eiﬂd:uuﬂﬂwh:lpnnﬂ_&-mﬂnﬂha
2D plasma state of unbound electron—hole pairs, opposed to
bound excitons, which gives rise to broad-band and sizable gain By ek

across the full red spectrum with record gain lifetimes and 2 low

hreshold. M athh i dﬂmﬁ[hmﬁmynfthphﬂnalﬂzbﬂnﬂtm,afulmm
ing, and TE-polarized lasers with ce across the entire red spectrum
Euna-n:llh'ﬁmuu.ﬂnrmllh di q_ﬂ dals are an 1, P]nﬁmhmlmeldi,ruﬁrmm
KEYWORDS: quantum shell, nanocrystal, optical gain, lasing, integrated photonics, photonic crystal

INTRODUCTION of a diverse [nge of nanocrystals with varying elemental
With the advent of hser projection, augmented or virtual (AR/ compositicns* and structural configarations, =g by incorpo-
VE) reality headsets, and quantum communication, an rating semiconductor mﬂqu‘“'w”lﬂﬂ“m or
increased demand for small footprint, bright, and highly by changing the geometry from 0D to 2D, leading to different
collimated wisible light soorces is emerging. Moreover, such photophysical mechanisms for light amplification.™” Ta
m'huuhm_ﬂdm'ﬂflpﬂdﬁtﬁ“_‘]bmd‘-g understand what is lacking today, we can categocize these
620-640 nm to obtain pure red Combining soluion  ;uperiah based on three nonlinear aptical material parameters:
A bl 18 miisar ?“dﬁm_ with the diversity . ioverted-state (or gain — ) lifetime, v the threshold carrier
ilable today p i muteﬁ:mnl i
In particular, the use of collaidal eanmaterial has pioneered Etm‘;& ::d:lmim
this hybrid approach, ﬂlnwmgo]rhuﬂrpmped |:r|:|-rJ:|||'.-|.1m§I R o
bath with in and out-of-plane emission, Accepted:  May 10, 2024
demonstrations of electrically driven lmpll.ﬁnhm SnrJ:
mﬂbmp’uﬁfufamumnnipmmnfmeﬂ-m
optical gain metrics and materials, resulting in the development

< pr ACS Publications i Y = A pniad

- o) R\



