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Crystal growth of quantum dot phosphors and their application to photoelectric
conversion device
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*1 Future Technology Research Laboratory, ULVAC, Inc., 5-9-6 Tohkohdai, Tsukuba, Ibaraki, 300-2635, Japan

In order to obtain semiconductor quantum dots with superior opto-electronic performance, several technologies are

required including epitaxial growth, fine particle size control, and ligand control. We have synthesized quantum dot

phosphors via these technologies. The quantum dot phosphors showed better color purity (full width at half maximum:
45.0 nm, chromaticity coordinates: 0.177, 0.688) than conventional phosphors such as 3-SiAION. A photoelectric converter

using these quantum dots has been fabricated, which shows 16.7% of external quantum efficiency at 850 nm of infrared

light. The result indicates a possibility of developing superior infrared image sensor than conventional organic CMOS image

Sensors.
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Figure 1 Normalized emission spectra of blue CdS/ZnS

quantum dots, green InP/GaP/ZnS quantum dots
and red InP/ZnS quantum dots.
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Figure 2 CIE chromaticity coordinates of phosphors and
quantum dots.
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Table 1 PL properties of quantum dots made by ULVAC.
Color Compound PL peak (nm) FWHM (nm) CIE (x,y)
Blue CdS/ZnS 453.2 284 (0.160, 0.013)
InP/GaP/ZnS 519.1 45.0 (0.177, 0.688)
Green InP/ZnS 530.4 60.0 (0.274, 0.649)
InP/ZnS* 521.1 51.3 (0.231, 0.655)
Red InP/ZnS 640.0 64.1 (0.655, 0.342)

*Synthesis using microreactor
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Figure 3 Schematic diagram of the microreactor.
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Figure 4 Fluorescence spectra of InP/ZnS quantum dots
prepared at different apparatus.
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Figure 5 TEM image of Cu-In-Se quantum dots.
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Figure 6 XRD pattern of Cu-In-Se quantum dots.
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Figure 7 Mechanism of adsorption on TiO, film by ligand
exchange of quantum dots.
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Anode : Brass film
Electrolyte : 2 M Na,S/ 2 M S; methanol solution
Cathode : Cu-In-Se QD+TiO, porous film
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(a) IPCE spectra for the QDSSCs based on the quantum dots. (b) /-V curve of the QDSSCs.

Table 2 Properties of the QDSSCs using ligand-exchanged quantum dots.

Livand IPCE (%) T Vo FF SCE

g at 850 nm (mA/cm?) W) 0 %)
OLA 7.2 6.7 0.52 0.49 17
TGA 16.7 17.3 0.56 0.40 3.9
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