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ABSTRACT

Luminescent nanomaterials, including quantum dots
and metal halide perovskite nanocrystals, have emerged
as key building blocks for various photonics and
optoelectronics applications. In this talk, | will present our
recent work on photoluminescent perovskite materials and
electroluminescent quantum dot devices, with focus on
their potential applications for novel display, lighting and
photomedicine (photodynamic therapy and
photobiomodulation).

1 INTRODUCTION

In 2016, a versatile swelling-deswelling
microencapsulation strategy was developed by the
authors’ team to achieve well dispersed, intimately
passivated, green emitting perovskite nanoparticles inside
polymer matrixes and led to perovskite-polymer composite
films with high photoluminescence efficiency, color purity
and ultrahigh stability against heat and water exposure [1].

Ever since then, we have further improved this strategy
through ligand assistance and processing optimization
(Figure 1) [2,3]. The optimized SDM-based perovskite
polymer composites have found potential applications in
LCD back light, transparent projection display,
anticounterfeiting and X-ray scintillation based medical
imaging.

While electroluminescent quantum dot (ELQD, also
known as QLEDs) was mainly touted as an ultimate
display technology in the long term, the relatively short
lifetime of QLEDs and the limited development of blue
devices have been formidable challenges for their entry
into the display market. My group has been exploring
QLEDs for high value-added photomedical light source
markets in the near term [4]. Widespread clinical adoption
of photodynamic therapy (PDT) and photobiomodulation
(PBM) has been limited due to the lack of a suitable
commercial light source.

QLED devices promise to be an ideal light source nicely
fitting into this niche, not only complying with desired form
factors - flexibility, lightweight, and uniform large area
illumination — but with narrow emission spectrum and high
power density at clinically relevant deep red wavelengths.
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2 EXPERIMENT

We envisioned QLED-based photomedical
light sources will present unique opportunities for
three research fields, i.e. flexible OLED lighting, ELQD
and photomedicine (Figure 2).

OLED communities have developed relatively
mature technologies for making solid state lighting
products with unique form factors as thin, flexible, light
weight and uniformly large area luminaire, but they
remain struggling in finding the right, cost insensitive
lighting application that can fully take advantage of these
features.

3 RESULTS AND DISCUSSION

As a result, most OLED lighting manufacturing
facilities have been idle. Their established knowledge
in flexible substrate, thin film encapsulation, barrier
films and adhesives will be important to enable
development of flexible QLEDs which, as an
emerging technology, have clear advantages in for
photomedicine.

The joint efforts of OLED and QLED communities
will enable thin, flexible, light weight, homogeneously
large area QLED devices that will gear up the
adoption of photomedicine in multiple hundred billion
dollar healthcare markets, helping manage cancer,
acute and chronic wounds, inflammation, and
antimicrobial resistance among others.

4 CONCLUSIONS

We propose in Figure 3 a set of basic requisites for
near future application of flexible QLEDs in PDT and
PBM. As depicted, a suitable and effective QLED should

be a disposable and bendable light source with
operating lifetime = 6 h (average in air), shelf-life > 1
month and minimum bending radius ~6.5-10 mm.
Simultaneously, the figure excludes some features such
as transferability, transparency, stretchability and
foldability, which could be usable but are not restrictive
for external treatment of the body’s skin and/or oral
cavity. The rationale of these requisites and how QLEDs
can meet them will be briefly discussed.

In addition, | will report our recent progress on flexible
QLED device development and related in-vitro medical
studies which promise to enable the widespread clinical
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acceptance of photomedical strategies for cancer
treatments, wound repair or aesthetics in the near future.

Acknowledgment

The authors appreciate Drs. Peter Palomaki, Raymond
Lanzafame, Istvan Stadler, Jonathan Celli, Michael
Hamblin, Yingying Huang, Tayyaba Hasan, Ho-Kyoon
Chung and Gal Shafirstein for their respective
contributions to our collaborative projects and thank the
American Society for Laser Medicine and Surgery, Inc.
(ASLMS) and Community Foundation of North Central
Wisconsin for A. Ward Ford Memorial Research Grant
support and National Science Foundation fora STTR
award.

REFERENCES

[11 Y.N.Wang, J. He, H. Chen, J. S. Chen, R. D. Zhu, P.
Ma, A. Towers, Y. Lin, A. J. Gesquiere, S. T. Wu, Y.
J. Dong, “Ultrastable, highly luminescent organic—
inorganic perovskite—polymer composite films”, Adv.
Mater., Vol. 28, pp. 10710-10717 (2016).

[2] J.He, Z. He, A. Towers, T. Zhan, H. Chen, L. Zhou,
C. Zhang, R. Chen, T. Sun, A. J Gesquiere, S.-T. Wu,
Y. J. Dong, “Ligand assisted swelling—deswelling
microencapsulation (LASDM) for stable, color tunable
perovskite—polymer composites”, Nanoscale
Advances, Vol. 2, pp. 2034-2043 (2020).

[31] Z. He, J. He, C. Zhang, S. T. Wu, Y. J. Dong,
“Swelling—deswelling  microencapsulation—enabled
ultrastable  perovskite—polymer composites for
photonic applications”, The Chemical Record, Vol. 7,
pp. 672-681 (2020).

[4] H.Chen, J. He, R. Lanzafame, |. Stadler, H. E. Hamidi,
H. Liu, J. Celli, M. Hamblin, Y. Y. Huang, E. Oakley,
G. Shafirstein, H.-K. Chung, S.-T. Wu, Y. J. Dong,
“Quantum dot light emitting devices (QLEDs) for
photomedical applications”, J. SID, Vol. 25, No. 3, pp.
177-184 (2017).

[5] H. Chen, Z. He, D. Zhang, C. Zhang, Y. Ding, L. Tetard,
S.-T. Wu, Y. J. Dong, “Bright quantum dot light-
emitting diodes enabled by imprinted speckle image
holography nanostructures”, J. Phys. Chem. Lett. Vol.
10, pp. 2196-2201 (2019).

[6] H. Chen, T.-H. Yeh, J. He, C. C. Zhang, R. Abbel, M.
Hamblin, Y. Y. Huang, R. Lanzafame, |. Stadler, J.
Celli, S. W. Liu, S.-T. Wu, Y. J. Dong, “Flexible
quantum dot light emitting devices for targeted
photomedical applications”, J. SID, Vol. 26, No. 5, pp.
296-303 (2018).

[7]1 M. A. Triana, A. Restrepo, R. Lanzafame, P. Palomaki,
Y. J. Dong, “Quantum dot light-emitting diodes as light
sources in photomedicine: photodynamic therapy and
photobiomodulation”, J. Phys. Mater., Vol. 3, No. 3,
032002 (2020).

IDW '20

[ LY .31090

599

Deswelling

Fre T it
PR S

Swelling

Fig. 1 Swelling-Deswelling Microencapsulation-
Enabled Ultrastable Perovskite-Polymer
Composites.
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Fig. 2 QLED Photomedicines represents unique
opportunities for OLED lighting, QLED and
photomedicine.
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Fig. 3 Perspective on near future introduction of
QLEDs in the photomedicine market.



