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Engineering hlgh resolution down
converters using dense QD films




Technology - photodegradable ligands
no resin matrix required
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Wang, Y., Fedin, I., Zhang, H., & Talapin, D. V. (2017). Science, 357(6349), 385-388&.
Wang, Y., Pan, J. A., Wu, H., & Talapin, D. V. (2019). ACS nano, 13(12), 13917-13931.
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NanoPattern can photopattern dense QD films

70%* 40%

Solid Volume Solid Volume

. NanoPattern Conventional Approach:
TECHNOLOBIES Nanocrystals in organic resin

*Volume fraction for NanoPattern based o Qigii
packing limitation of spheres ~74%.



INP/ZnS

NanoPattern is CdSe/znS
the technology can work
with anyone’s QD

(and other nanoparticles) Perovskites

Wang, Y., Fedin, 1., Zhang, H., & Talapin, D. V. (2017). Science, 357(6349), 385-388.



Micro displays

Unmet needs

<O um

Lateral resolution

High QY

At 50-150 °C temperatures
And high brightness
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S UM X 5 um squares

5 um lateral resolution Multi patterning
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Preserving QY in dense films



Before chlorination b After chlorination

Currently, we can preserve

60%

Of solution QY in film
But we have a plan
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Bulk

Films still emit

[ — NCs Before LE h —NCs ' i —NCs
100 — After LE Py o — Self-healing pattern
g | s .
= 05 @ : 8
E S — Self-healing pattern | =
] - ©
: - | :
= 9 ) z . :
2800 2900 3000 10 20 30 40 50450 500 550 600
Wavenumber (cm™) 2 Theta (degree) Wavelength (nm)
.3 NanoPattern Xing, D., Lin, C. C., Ho, Y. L., Kamal, A. S. A., Wang, |. T., Chen, C. &
5% TeounoLosies ing, D., Lin, C. C., Ho, Y. L., Kamal, A. S. A., Wang, I. T., Chen, C.&., .

& Delaunay, J. J. (2020). Advanced Functional Materials, 2006283.



@ CdSe (4.1nm)

- E 0.4F . > 04y ; EE% (Z_5 nm))
s | . S 7.5
S 502 m * . £~ a3l® PE 7.5 nim) + +
= < 50 1 . 2L V2| AFe;0,(8.0nm)
g 04r 100 10" 102 ST * Pb oleate
@ Ko Of core (W mk™) e O E 02}
: i‘ o o il
. . 5 ! o L
Thermal conductivity & : g o1y 8
_ ~ 03f S jo
can be increased by ) = 0 50 100 150 200 250 300 350 400
= S Temperature (K)
S e d ..
g 021 + ‘_E - :
5 * # = = > 1071
S 3 & =
Through ligand and ', ..
2 ® 0.6
rougd Igana an = ® CdSe ¢ PbSe — ME —— Minnich £ S A
< B PbS & Au . EMT  seeesms HJ-ME S} 0.4} €\ IIM
VO I U m e C O n t r O I . A Fes0;4 Y% MD simulation » Hashin LB B Expt-PbS = } ; Ei Sléa(tio nm
28 1 3 5 7 9 o0 1 3 5 i 9 O'20 50 100 150 200 250 300 350 400
Core diameter (nm) Core diameter (nm) Temperature (K)

(a.u. for simulation)

Ong, W.-L., Rupich, S. M., Talapin, D. V., McGaughey, A. J. H. & Malen, J. A. Nat.
..... : NanoPattern Mater. 12, 410 (2013).

‘ Liu M, Ma Y, Wang RY. ACS Nano. 22;9(12):12079-87 (2015).



-:I:;I:- NanoPattern

TECHNOLOGIES

Optical Density
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Summary

5 pum resolutions demonstrated at OD=2

* Perovskites can reach OD=2 by 1.2 um

 High QY can be preserved at high
packing densities with the right
engineering controls
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Thank you!

yukambe@NanoPatternTechnologies.com




