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Abstract Solution-processed optical gain materials hold considerable promise for next-generation, low-cost, highly-flexible
laser devices. Examples of such materials are colloidal zero-dimensional (OD) quantum dots, quasi-1D nanorods, and qua-
si-2D semiconductor nanoplatelets or colloidal quantum wells. Following the first successful demonstration of a lasing re-
gime in colloidal semiconductor nanostructures, this field has experienced tremendous growth motivated by unique features
of these materials beneficial to lasing applications. Despite considerable progress over the past decade, colloidal nanocrystal
lasing is still not a commercial technology. With few yet-to-be confirmed exceptions, the realization of the nanocrystal lasing
regime requires excitation with short and intense pump pulses (typically produced by complex femtosecond laser amplifiers),
which greatly diminishes the practical value of this technology. Gain thresholds in colloidal nanostructures, however, are
typically high due to the requirement of creating multiple excitons for population inversion. Additional complications arise
from a quick depletion of optical gain due to nonradiative Auger recombination of gain-active multi-carrier species. Here, we
propose an integrated approach to achieving low-threshold lasing using colloidal nanostructures. We plan to combine previ-
ous approaches such as interface engineering and type-1l hetero-structuring with single-exciton optical gain for achieving
record low lasing thresholds and potentially demonstrating lasing action with continuous wave pumping. Atomically-thin
CdSe/CdTe Type-11 heteronanoplatelets (NPLs) were synthesized by lateral epitaxial growth. We have conducted evaluation
of optical properties of the CdSe/CdTe type-11 NPLs with focus on their potential applications in lasing technologies. The
studies of CdSe/CdTe type-11 NPLs indicate that they have the spectral and dynamical properties desired for single-exciton
optical gain and continuous wavelength (cw)-pumped lasing. Specifically, due to the effective separation of electrons and
holes into different domains in the type-1l NPLs, they exhibit large Stokes shift (4s=100 meV) and strong exciton-exciton
repulsion (4xx=50 meV) for the realization. The sum of these two factors shifts the single-exciton emission energy from the
exciton-to-biexciton absorption energy by about 150 meV, strongly suppressing absorption loss and facilitating single-exciton
optical gain. Based on the single-exciton optical gain mechanism, the long single-exciton lifetime (zy=394 ns) of CdSe/CdTe
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NPLs enables a cw-pump power intensity threshold as low as about 12 W/cm?, which offers the possibility to develop more

practical cw-pumped lasers with very low lasing thresholds.

Keywords lasing threshold; type-11 CdSe/CdTe nanoplatelets; exciton-exciton repulsion; single-exciton optical gain
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Bl 2 4 ML CdSe NPLs (a)fil 4 ML CdSe/CdTe NPLs (b) TEM
Figure 2 TEM of the 4 ML CdSe NPLs (a) and 4 ML CdSe/CdTe NPLs
(b)
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Figure 3 Absorption and PL spectra of the CdSe/CdTe NPLs. The
green solid and the purple dotted lines are the steady state absorption and
PL spectra, respectively; Blue dotted line is the transient absorption spec-
trum (TAs) pumped by 400 nm excitation; The right insert shows the
lowest energy charge transfer transition (CT) in the CdSe/CdTe NPLs
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Figure 4 The transient PL spectra of the CdSe/CdTe NPLs probed at t
=0.2 ns (green triangle) and t=20 ns (brown circle), the difference be-
tween which are the bi-exciton PL (BX spectra, blue solid). The upper left
insert shows the fluorescence mechanism of the NPLs
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Figure 5 The single-exciton gain mechanism of the Il-type CdSe/CdTe
NPLs. The blue and purple dashed lines are the absorption and PL of the
single-exciton and the green solid line is the bi-exciton absorption spec-
trum, respectively. In the right insert, the brown down arrow and and the
blue upper arrow represent the single-exciton PL and the bi-exciton ab-
sorption, respectively.
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1] 23 ¢ 6 e it A AE. Edinburgh FSP980 i
X _F33#47, % H Edinburgh EPLA405 — & HOE 23 N5
YR, HORBTUE(E LE 405 nm, ik %5 7E 50 ns~5's P A,
BRI 28~ Edinburgh S900MCP, H: ik 3 i 137 p&y #i (6 N
IRF=150 ps.
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