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Abstract; Cu-doped quantum dots (QDs) were used as color converting materials for preparing effi-
cient white light-emitting diodes ( LEDs). The Cu-doped QDs synthesized by chemical method
showed composition-tunable emission from green to deep red and large Stokes shifts. By using the
combination of green light-emitting ZnInS: Cu QDs and red emitting ZnCdS: Cu QDs with blue GaN
chips, a high color rendering white LED was fabricated. The resulting three-band RGB QD-white
LED exhibits high performance with luminous efficacy of 71 Im/W , color rendering index up to 94,
CIE-coordinates of (0.352 4, 0.365 1), and color temperature of 4 788 K. Based on the changes
in the photoluminescence lifetimes of Cu-doped QDs, it is found that the energy transfer process from
green ZnInS: Cu QDs to red ZnCdS: Cu QDs can be negligible, because the red QDs had no absorp-
tion at green band. These results suggest that Cu-doped QDs are promising for solid state lighting.
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Fig.1 Absorption spectra (a) and PL spectra (A, =450 nm)
(b) of ZnInS: Cu/ZnS QDs and ZnCdS: Cu/ZnS QDs
dispersed in chloroform. The corresponding emission
peak positions at 515 nm (black lines, G-ZnInS: Cu,
In/Zn molar ratio is 1/1), 550 nm (red lines, YG-
ZnInS: Cu, In/Zn molar ratio is 2/1), 585 nm (green
lines, Y-ZnCdS: Cu, Cd/Zn molar ratio is 2/1), 615
nm (blue lines, R-ZnCdS: Cu, Cd/Zn molar ratio is 4/
1), 637 nm (cyan lines, DR-ZnCdS: Cu,Cd/Zn molar

ratio is 8/1), respectively.
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Fig.2 Transmission electron microscopy images of G-ZnlnS:

Cu/ZnS (a) and R-ZnCdS: Cu/ZnS (b) QDs, and
XRD patterns of ZnInS: Cu/ZnS (¢) and ZnCdS: Cu/
ZnS (d), repectively.
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Tablel ~ Color rending index ( CRI), luminous efficacy (LE), correlated color temperature (CCT), and CIE color coordinates
of QDs LEDs
Samples CRI LE/(Im - W™") CCT/K CIE(x, y)
G-ZnInS: Cu 58 79.3 12 306 (0.227 3, 0.3399)
YG-ZnInS: Cu 57 83.4 6 262 (0.3125,0.3730)
Y-ZnCdS: Cu 81 62.1 3 885 (0.3745,0.342 3)
R-ZnCdS: Cu 72 38.5 2 506 (0.400 6, 0.288 7)
DR-ZnCdS: Cu 51 18.9 1 859 (0.407 3, 0.240 4)
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Fig.4 (a) PL spectra of G-ZnInS: Cu/ZnS QDs dispersed in chloroform solution and close-packed film. (b) PL spectra of R-

ZnCdS: Cu/ZnS QDs dispersed in chloroform solution and close-packed film. (c¢) PL decay curves of G-ZnInS: Cu/ZnS
QDs dispersed in chloroform solution, close-packed film, and G-ZnInS: Cu/ZnS and R-ZnCdS: Cu/ZnS QD blend film,
respectively. The solid red line represents fitting curve. (d) PL decay curves of R-ZnCdS: Cu/ZnS QDs dispersed in

chloroform solution and close-packed film. The solid red line represents fitting curve.
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Fig.5 (a) EL spectra of white LEDs (fabricated by coating G-ZnInS: Cu and R-ZnCdS: Cu QDs onto blue LED) as a function

of forward current from 20 to 100 mA. Photograph of QD-based LEDs with an applied current of 20 mA is shown in the

inset. (b) CIE color coordinates of QD-white LEDs under forward bias currents from 20 to 100 mA.
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