J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 34, No. 6, pp. 454-460 November 2021
DOI: https://doi.org/10.4313/JKEM.2021.34.6.9
ISSN 1226-7945(Print), 2288-3258(Online)

HI7ZIE& | INnZnP/ZnSe/ZnS 2 0{ &l &KX} H 9|

01 71"®), 0l 2142,

1 =
SEE RS

Regular Paper

1 E M
Eélu.l- E A
OI:C‘,IUP E“:“—;I ’ :|:I"'o I:II_I-

ARl 1 | 2 st

Z@mwaﬂ%@4¢

o AR B 225k}

d oﬂii*ﬂ_ A

ARl A 7] o
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Abstract: In this work, we synthesized alloy-core InZnP quantum dots, which are more efficient than single-core InP quantum
dots, using a solution process method. The effect of synthesis conditions of alloy core on optical properties was investigated. We
also investigated the conditions that make up the gradient shell to minimize defects caused by lattice mismatch between the

InZnP core and ZnS is 7.7%. The stable synthesis temperature of the InZnP alloy core was 200 C. Quantum dots consisting of

three layered ZnSe gradient shell and single layered ZnS exhibited the best optical property. The properties of quantum dots

synthesized in 100 ml and in 2,000 ml flasks were almost equal.
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Fig. 1. Absorption wavelengths of InZnP nanoparticles synthesized at
different core growth temperatures.

Fig. 2. TEM images of InZnP nanoparticles synthesized at different
core growth temperatures. (a) 160°C, (b) 180°C, (c) 200°C, and (d)
220°C.
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Table 1. Absorption wavelength, band gap energy, PL wavelength,
FWHM, and quantum yield of InZnP/ZnSe/ZnS QDs as a function of
core sizes.

Synthesis
160 180 200 220
temperature (°C)
Absorption
545 557 585 586
wavelength (nm)
Band gap (eV) 3.65 3.57 3.40 3.39
Core size (nm) 2.3 4.5 5.9 6.2
PL wavelength (nm) 592 605 623 636
FWHM (nm) 43 46 44 47
Quantum yield (%) 48 56 76 68
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Fig. 3. Optical properties of InZnP/ZnSe/ZnS QDs synthesized at different core growth temperatures. (a) Absorption spectra, (b) PL spectra,

(c) PL wavelength, and (d) PL-AQY and FWHM.
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Fig. 4. (a) Absorption spectra and (b) photoluminescence spectra of core/shell InZnP/ZnSe/ZnS QDs as a function of ZnSe layers.
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Table 2. Shell layer, PL wavelength, FWHM, absorption wavelength
and quantum yield of InZnP/ZnSe/ZnS QDs as a function of ZnSe
layers.

Synthesis temperature (°C) 200 200 200
Shell layer 2 3 4

PL wavelength (nm) 617 623 627
Relative PL intensity (%) 70 100 85
FWHM (nm) 43 44 48

Absorption wavelength (nm) 562 585 578
Quantum yield (%) 60 76 67
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Fig. 5. TEM images of core/shell InZnP/ZnSe/ZnS QDs synthesized
at (a) 160°C and (b) 200°C (ZnSe are 3 layers).

(b)

FWHM 45nm QY 74%

——2000ml
——100ml

FWHM 44nm QY 78%

Normalized PL {a.u.)

1 | |
500 550 600 650 700 750
Wavelength (nm)

Fig. 6. (a) Quantum dots synthesized in 2,000 ml flask and (b)
photoluminescence spectra of core/shell InZnP/ZnSe/ZnS QDs
synthesized in 100 ml and 2,000 ml flasks respectively.

Table 3. PL wavelength, FWHM and wavelength and quantum yield
of InZnP/ZnSe/ZnS QDs depending on the size of the flask.

Flask size (ml) 100 2,000
PL wavelength (nm) 623 624
FWHM (nm) 44 45
Quantum yield (%) 76 74
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Fig. 7. X-ray diffraction patterns of InZnP/ZnSe/ZnS quantum dots.
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