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Quantum dot-based white LEDs and their
applications of smart lighting

ZHAO Yue, GAO Xu-peng, LU Po, BAI Xue, ZHANG Tie-giang, ZHANG Yu"
(College of Electronic Science and Engineering » Jilin University , Changchun 130012, China)

Abstract: Quantum dots have a series of advantages of spectrum adjustable with size, high luminous
efficiency, good light, thermal and chemical stability, and good solution processability, making them
have a wide range of application prospects in lighting, display and other fields and they have become a
hot spot in recent years. This paper firstly introduces the types of quantum dot materials, then sum-
marizes the three structures and preparation methods of core-shell quantum dot materials, and sys-
tematically describes their three different core-shell structures, and then systematically describes and
compares the research progress of quantum dot white light-emitting diodes (QD-WLED) in recent
years, focusing on the analysis of white light produced by quantum dots. Finally, it summarizes the
application of QD-WLED in visible light communication, health lighting, plant lighting and photody-
namic therapy, and expounds the challenges and the future development prospects of this field.

Key words: quantum dots; light emitting diode; intelligent lighting; healthy lighting; visible light

communications.
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Fig.2 (a) Emission spectra of InGaN-based YAG
white LEDs and InGaN-based blends of YAG
and CdSe/ZnS QDs white LED; (b) Coordi-
nates of the white LED combining InGaN
chip (460nm) with the blends of (Y1, Ceyos
Gdos) Al; Oy, and CdSe/ZnS QDs under the
forward-bias current of 20 mA in the CIE
1931 chromaticity diagram. Inset shows CRI
versus the ratio of the QDs and the YAG,
Gd phosphor®(©2011 IEEE.
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Fig.3 (a) Polydimethylsiloxane (PDMS) polymeric lens; (b) Blue LED die on the board; (c¢) Schematic of
the fabrication process (The PDMS lens was placed on top of the chip and adhered via UV curable pol-

ymer with 365 nm UV irradiation. Afterward, red- and green-emitting QDs were injected into the
lens); (d) Photograph of liquid QD-LED under ambient light; (e) Photograph of liquid QD-LED
when it was turned on; (f) Spectrum of the white liquid QD-LED. (Inset: the black dashed triangle

shows the color gamut in CIE 1931 color coordinates); (g) Photograph taken from a display illumi-
nated by two white liquid QD-LEDs that were used as backlights in a 177.8 mm(7 in) LCD TVEF*(©

2018 Optical Society of America.
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il 7E = 80 QD-WLED 1y 5 %2 5¢ i 5. 2018 4%,
Yang 85 N8 FH 4V WAL B LA KL an A 4
(0),4(d), Bl /48 /1 QD-WLED, % # ¥ ZnO 44
KIURL 2% it 248 A SIS [R] 2068, 1Y) 5 050, L TEAS0OR
IKF] 15.9 cd/A. (B 53K 2 B 2l 42 B, WLED ()
KHEREAT T . LAk, Chen 88 N RHIH/#E
W SONZ R OG)E R A R B ZnO 40 K kL
YERZ W ZE . AL, R4 Mg 19 ZnO {2 3 2%
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WLED W#8 4540 ; () 5.7,9 V HLETF WLED
1A 3 %ﬂ?;z;'ﬁﬂé’v)#[ T (e) A4 ¥ QD-WLED
FYHR R AR PE 254 s (D 20405 45 # QD-WLED
HIREG ) 5 (2) ZnCulnS/ZnS &t T 45 A1 %-TPD
FIS 9 WLED B8535 454 ; (W AR HUE T WLED
B CIE (P9 #6824 ZnCulnS/ZnS & F 5 # & fif
TEM ED™,

(a) Device structure; (b) Cross-sectional TEM mi-
crograph of all-solution-processed, multilayered full-
color QLED'(©2015 American Chemical Society;
(¢) Device structure of the B/G/R-quantum dot-
layered WLEDs; (d) Voltage-dependent EL spec-
trum and representative EL images obtained at 5, 7
V and 9 V of B/G/R layer-stacked multilayered
QD-WLED";
level diagram of the R/G/B-quantum dot tandem
WLED" © 2018 Wiley-VCH Verlag GmbH &.
Co. KGaA, Weinheim; (g) Structure of the Zn-
CulnS/ZnS quantum dot /poly-TPD bilayer; (h)
CIE chromaticity diagram of LEDs of 2 ML-thick
QD layer and 45 nm poly-TPD for different bias
voltages (the insets show LED High-resolution
TEM image of ZnCulnS/ZnS QDs)'™ ©2011 A-

merican Chemical Society.

(e) Device structure; (f) Energy

3.2.3 B LM QD-WLED

e ZILHAER, BRRREMZ )R KO6ZE W
WLED (¥ 1 8 2 7 42 & . {H 2 4 45 1 WLED 4k
TR R A 10%  Jm K F I AE B8R0
(£520%) . 53— J7 T, BE A& 9K 3h i s 1 0, R
JE B AR L 3 S B R R AN RI . e Ah X T
HEWARN 7R 7 WLED 9 T4 22 B i R 1 000~
10 000 cd/m’ HFEF AL E T, #5 i 1 s e
PER 2%  WLED 075 fir 6 AL, 53 TR 45 1 2 ik o
P AR B 258 2 — . Chen % AV R H
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14 28 v 8B T2 L R T AR T RIOR S 23001
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Fik 25% . Yang % AU STEL T 4 ¥ AL B Y
OL/ % /¥ = AT SR G IT R B B WLED,
mEl 4Ce). 4D,k T HA PVK/PEDOT :
PSS/ZnO/PEIE £ #4 11y [# ¥ 4b P H. 3% 2, Hrp 7E
PEDOT : PSS/ZnO 9 1 &b 7= A T HL faf 2 9
T ZER R AR TR R 28% .

B T % F CdSe # F i 8 WLED 4b, ffi &
PLQY 3% , I 8 5 7 a5 AR 5 T ok ik
L e7E, 2011 4FE, Zhang % A% CRI Wy 92
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I E H (TPD) BE W4 &, A H K 4 ()
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Fig.5 (a) Experimental setup of the VLC link; (b)
Photograph and the corresponding spectrum
of the VLC generated white light using a 405
nm laser diode, CD-based phosphor, and a
cut-off 420 nm filter; (¢) Frequency response
of the —3 dB modulation bandwidth of the
output white light cut off by a 420 nm filter;
(d) BER at different data rates of the white-

light*,
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Fig.6 (a~c) Photoluminescence spectra of single em-

issive LED coating B-CQDs@PSI, (Y-CulnS, @
ZnS) @PSI, (R-CulnS, @ZnS) @ PSI powders,
respectively, and their photographs inset of fig-
ures; (d) CIE 1931 chromaticity coordinates di-
agram of B-CQDs@ PSI, (Y-CulnS, @ ZnS) @
PSI,and (R-CulnS, @ZnS) @PSI powders; (e)
Photoluminescence spectrum of white LED
coating tricolor QDs(@PSI; (f) Fruit color under
the commercial WLED and the tricolor QDs @
PSI-based WLEDM* ; (g)Schematic plot of LED
device with MoS, QDs imbedded in PMMA ma-
trix with adjustable thickness; (h) Emission
spectra of MoS,-LED with varied thickness of
active layer; (i) Emission photographs of five
different MoS,-LLEDs affected by the thickness
of MoS, QDs' active layer’™. © 2018 Wiley-
VCH Verlag GmbH &. Co. KGaA, Weinheim.
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Fig.8 Fluorescent vital-dye labeled 3D cultures 24 h

post photodynamic therapy (PDT) treatment.

Calcein labels live cells green while ethidium

bromide labels dead cells red. (a) Control cells

without light treatment; (b) LED-based PDT;

(¢) QLED-based PDT""!(©2017 Society for In-

formation Display.
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