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Although the performance of quantum-dot-based light emitting diodes (QLEDs) has been significantly enhanced
over the past years, conventional full-color QLED displays still rely on the side-by-side pattern techniques of red
(R)/green (G)/blue (B) quantum dots (QDs). Such lateral integration of multi-color pixels imposes technological
difficulty in the development of high-resolution displays due to limited pixel density and fill factors. Herein,
we demonstrate the development of full-color QLEDs with bias-tunable emission spectra by engineering mixed
R/G/B QDs as light emitting layers. In Commission Internationale de l’Eclairage (CIE) chromaticity coordinates,
QLEDs with bias-tunable color exhibit wide color variation ranging from red (0.649, 0.330) to green
(0.283, 0.305) to blue (0.255, 0.264) upon increasing voltages and can be tuned to emit white light (0.316, 0.325).
More importantly, the fabricated multi-color QLEDs show high luminance approaching 103 cd m−2 and superior
external quantum efficiency of 13.3%. Benefitting from the wide spectral tunability and light emitting
efficiency, we believe the proposed multi-color QLEDs have great application prospects for both displays
and lighting. © 2022 Chinese Laser Press

https://doi.org/10.1364/PRJ.456043

1. INTRODUCTION

Colloidal quantum dots (QDs) have been extensively investi-
gated as promising alternative visible emitters to traditional in-
organic bulk phosphors and organic luminescent materials
owing to their tunable emission wavelengths, narrow spectral
bandwidths, excellent photoluminescent (PL) quantum yield,
and solution-process compatibility [1–4]. Since the first dem-
onstration of colloidal QD light emitting diodes (QLEDs) in
1994 [5], the performance of monochromatic QLEDs has been
significantly improved including luminance, external quantum
efficiency (EQE), and device stability by optimizing the device
structures and material properties [6–10]. Although monochro-
matic QLEDs show excellent performance such as maximum
luminance up to 23,040, 218,800, and 2250 cdm−2, and EQE
of 7.3%, 5.8%, and 1.7% for red (R), green (G), and blue (B)
QLEDs, respectively [8], it is still challenging to obtain high-
resolution full-color QLED displays [2,11,12].

Conventional full-color QLEDs are fabricated by side-
by-side patterning of R/G/B QDs through a photolithography
approach [13,14], ink-jets [15,16], or contact printing [17].
Besides reduced fill factors and pixel density resulting from
the lateral integration configuration, other key figures of merit
such as operation lifetime, film uniformity, and interfacial

charge transport efficiency can be deteriorated due to incom-
patibility with lithographical chemicals [12,18] or coffee ring
effects [14,16]. Instead of directly patterning light emitting
layers (EMLs), the combination of white QLEDs and color fil-
ters can also realize R/G/B side-by-side color pixels [4,19].
Despite large-area full-color QLED displays being accom-
plished [20–22], the luminance of QLEDs is markedly weak-
ened because over 2/3 of the emitted light is absorbed by color
filters [11].

To circumvent the limitation of R/G/B side-by-side color
pixels, there is a trend to develop color-tunable LEDs that
can emit full colors under different driving conditions. The
pixel density and fill factor of a display with color-tunable pixels
can be enhanced by three times over conventional displays with
R/G/B side-by-side pixels because full color is attained in a sin-
gle color-tunable pixel instead of three R/G/B pixels, which can
significantly enhance the resolution of full-color QLED dis-
plays, as shown in Fig. 1 [11]. Early attempts use vertical in-
tegration construction including the development of QLEDs
with layer-by-layer stacked R/G/B QD films [23,24] and
tandem-structure R/G/B QLEDs [25]. Full-color light emis-
sion was indeed achieved, but the alternatingly consecutive
solvent treatments inevitably damage the prior-deposited
QD films and degrade interfacial carrier transport efficiency.
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High-performance QLEDs with wide spectral tunability re-
main technological challenging.

To address these challenges, single QLEDs that can emit full
colors under different driving bias voltages are innovatively pro-
posed in this work by using mixed R/G/B QDs as light emit-
ting materials. Without patterning techniques or color filters,
the multi-color QLEDs exhibit color-saturated emission from
the Commission Internationale de l’Eclairage (CIE) chromatic-
ity coordinates of red (0.649, 0.330) to orange (0.453, 0.389)
to yellow (0.350, 0.347) to green (0.283, 0.305) to blue
(0.255, 0.264) upon increasing voltages with a high luminance
of about 103 cdm−2 and EQE over 13%. Besides full-color-
tunable displays, QLEDs can also emit pure white light with
CIE chromaticity coordinates of (0.316, 0.325), color render-
ing index (CRI) of 70, high EQE of around 5%, and correlated
color temperature (CCT) from 1500 to 10,000 K. The excel-
lent performance paves the way towards the unprecedented de-
velopment of a full-color display with higher pixel density by
using one type of emitting element.

2. MATERIALS AND METHODS

A. Materials
Cadmium selenide/zinc selenide (CdSe@ZnS) red, green, and
blue QDs, and zinc oxide (ZnO) nanoparticles were purchased
from Suzhou Xingshuo Nano Technology in China. Poly(eth-
ylenedioxythiophene): polystyrenesulfonate (PEDOT: PSS,
AI 4083) and poly(9,9-dioctylfluorene-co-N-(4-(3-methyl-
propyl))diphenylamine) (TFB) were purchased from Xi’an
Polymer Light Technology in China.

B. Device Fabrication
The QLEDs were fabricated on patterned indium tin oxide
(ITO) glass substrates, which were cleaned in deionized water,
acetone, ethanol, and isopropyl alcohol sequentially through an
ultrasound process and then treated by plasma for 15 min.
PEDOT: PSS solutions were spin-coated onto ITO-coated glass
substrates at 5000 r/min for 40 s and baked in air at 150°C for
15 min. After that, the PEDOT: PSS-coated substrates were
transferred into a nitrogen-filled glovebox. TFB dissolved in
chlorobenzene was deposited by spin-coating at 2000 r/min
for 40 s and baked at 130°C for 30 min. QD blended solutions

were prepared by mixing the red (20 mgmL−1, octane
solvent), green (13 mgmL−1, octane solvent), and blue QDs
(20 mgmL−1, octane solvent) solutions with different volume
ratios (shown in Table 1). Then the above mixed R/G/B QD
solutions were spin-coated at 3000 r/min for 40 s and baked
at 100°C for 5 min. ZnO nanoparticles dissolved in ethanol were
deposited by spin-coating at 3000 r/min for 40 s and baked at
80°C for 10 min. Finally, silver (Ag) electrode (100 nm) was
deposited through a shadow mask by thermal evaporation.
The device area defined by the overlapping of ITO and Ag is
0.25 cm−2. Devices were encapsulated by covering glass slides
using UV-curable resins (AA 3335).

C. Characterization
High-resolution transmission electron microscopy (HR-TEM)
images of QD materials were obtained using a JEM 2100F
TEM instrument. Room temperature UV-Vis absorption
spectra were measured using a V-770 UV–Vis–NIR spectro-
photometer (Jasco). PL spectra were collected on a spectral
luminance meter (OHSP-350L). Cross-sectional TEM images
and energy-dispersive x-ray spectroscopy (EDS) compositional
mapping images of the devices were achieved by a Thermo
Fisher Helios G4 UC using focused ion beam (FIB) milling
techniques. The electroluminescence (EL) spectra and CIE
chromaticity coordinates were recorded with a spectral lumi-
nance meter (OHSP-350L). The current versus voltage char-
acteristics were measured using a Keithley 2460B source meter.
The current density was calculated by the current value ob-
tained through the Keithley 2460B source meter divided by
the active area of QLED. The luminance of QLED was char-
acterized by a calibrated spectral luminance meter (OHSP-
350L). The EQE is calculated according to the formula

ηEQE � πLe
K mhcJ

R
I�λ�λdλ

R
I�λ�V �λ�dλ ,

where e is the electron charge, h is the Planck constant, c is the
velocity of light, K m � 683 lmW−1 is the maximum luminous
efficacy, J is the current density, L is the luminance, I�λ�
is the relative EL intensity at wavelength λ determined by
the EL spectra, and V �λ� is the normalized photonic spectral
response function.

3. RESULTS AND DISCUSSION

A. Device Architecture and Physics
Our devices consist of ITO as the anode, PEDOT: PSS as the
hole injection layer (HIL), TFB as the hole transport layer
(HTL), mixed R/G/B QDs as EML, ZnO as the electron in-
jection layer (EIL) and electron transport layer (ETL), and Ag
as the cathode, as shown in Fig. 2(a). All functional layers were
deposited through solution-processed methods except for the
Ag electrode deposited by vacuum thermal evaporation.
Combining the cross-sectional TEM images [Fig. 2(b) panel
I] and EDS compositional mapping images [Fig. 2(b) panels
II to V], the multilayered structure can be observed, and boun-
daries of different layers in QLEDs are distinguished clearly.

The energy band diagram of QLEDs is illustrated in
Fig. 2(c). Because QDs inherently possess lower valence bands
of −7.2 to −6.8 eV and conduction bands of about −4.8 to

Fig. 1. Pixel arrangement of the conventional display with R/G/B
side-by-side pixels and display in this work with color-tunable pixels.
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−4.4 eV energy levels as compared with the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular
orbital (LUMO) energy levels of organic TFB (−5.3 and
−2.3 eV, respectively), there is a large energy barrier (more than
1 eV) for the injection of holes from the neighbor organic layers
into QDs, whereas electrons can readily migrate into QDs
[4,6,8]. The injected electrons and holes prefer to recombine
in QDs with smaller energy gaps due to the relatively smaller
energy barrier to hole injection for smaller-bandgap QDs (en-
ergy barriers of 1.5, 1.7, and 1.9 eV for R, G, and B QDs,
respectively) at low bias voltages [11,20,22]. Upon increasing
the electric field, a smaller-bandgap QD as a hole transport par-
ticle likely promotes holes to further migrate into a neighboring
larger-bandgap QD, weakening the problem of carrier injection
imbalance in larger-bandgap QDs [4,20]. As a result, the ex-
citon recombination zone is gradually migrated from smaller-
bandgap red QDs to larger-bandgap green and blue QDs when
the driving voltage is increased, and thus the emission color of
QLEDs can be tuned by bias voltages [11].

The mean diameters of R/G/B CdSe–ZnS QD materials are
measured to be around 10 nm, as shown in the HR-TEM im-
ages of QD materials in Fig. 2(d). All R/G/B QDs show a
homogeneous size distribution. PL peak emission wavelengths
of R, G, and B QDs are 623, 526, and 463 nm, respectively,
with a Stokes shift between the absorption spectra and PL spec-
tra [Figs. 2(e)–2(g)]. R/G/B CdSe–ZnS QD materials display
outstanding optical performance with full widths at half-
maximum of 22, 24, and 24 nm, respectively.

B. Monochromatic R/G/B QLEDs
As a first step, the performance of individual monochromatic
R/G/B QLEDs is characterized. The CIE color coordinates of
each color are (0.689, 0.311), (0.149, 0.787), and (0.136,
0.050), respectively, which are almost located at the spectral
locus, indicating the pure color of the emitted light [Fig. 3(a)].
R/G/B QLEDs can cover a large color triangle over 100%more
than National Television Systems Committee (NTSC) color
space, exhibiting a superior color gamut.

Figure 3(b) presents normalized EL spectra of monochro-
matic R/G/B QLEDs operated at different voltages. Uniform,
pure, and bright emission of red, green, and blue colors can be
observed from the photographs of R/G/B QLEDs at the ap-
plied voltage shown in Fig. 3(c). The current density versus
voltage curves for R/G/B QLEDs are depicted in Fig. 3(d),
exhibiting typical rectification characteristics. The turn-on volt-
ages (required driving voltage for obtaining luminance of
1 cdm−2) of R, G, and B QLEDs are low, approximately
1.9, 2.2, and 5.8 V, respectively [Fig. 3(e)]. The luminance
of all R/G/B QLEDs increases rapidly after the operation volt-
age is above the turn-on voltage, yielding maximum luminance
of over 4580, 3870, and 10.6 cdm−2 for R, G, and B QLEDs,
respectively [Fig. 3(e)]. The EQE as a function of current den-
sity of R/G/B QLEDs is indicated in Fig. 3(f ). The maximum
values of EQE reach 16.2%, 15.7%, and 14.1% in R, G, and B
emitting devices, respectively, and high EQE can be sustained
during a wide range of current densities. All the monochro-
matic R/G/B QLEDs own color-saturated emission, low
turn-on voltage, high luminance, and superior EQE, which
can be compared with state-of-the-art monochromatic
QLEDs [3,6,8,26,27]. The remarkable performance of mono-
chromatic R/G/B QLEDs builds a solid foundation for realiz-
ing full-color-tunable QLEDs having exceptional properties.

C. QLEDs with Bias-Tunable Color
To obtain full-color-tunable QLEDs, an R/G/B QD blended
solution is prepared for three proportions (Table 1), whose PL
spectra are depicted in Figs. 4(a)–4(c). By using these mixed
R/G/B QDs as a single EML, the light color emitted by
QLEDs can be tuned through bias voltages. As shown in
Fig. 4(a), the PL contribution of the red component is dom-
inant for mixed R/G/B QDs with the formulation A ratio. As a
result, the corresponding QLEDs exhibit a very small color
change, mainly red color, when bias voltage changes [Fig. 4(d)].
Through increasing the proportions of green and blue QDs in
mixed R/G/B QDs, as shown in the formulation B ratio, the

Fig. 2. Architecture and physics of QLEDs with bias-tunable color.
(a) Schematic of the device architecture. (b) Cross-sectional TEM im-
age (I) and EDS compositional mapping images (II–V) of the fabri-
cated QLEDs. (c) Energy band diagram of QLEDs. (d) HR-TEM
images of R/G/B QD materials. Absorption spectra and normalized
PL spectra of (e) R, (f ) G, and (g) B QDs.

Fig. 3. Performance of monochromatic R/G/B QLEDs. (a) CIE
1931 color coordinates of monochromatic R/G/B QLEDs.
(b) Voltage-dependent normalized EL spectral evolutions of mono-
chromatic R/G/B QLEDs. (c) Photographs of monochromatic
R/G/B QLEDs (emitting area of 0.5 cm × 0.5 cm ) at applied voltage.
(d) Current density versus voltage, (e) luminance versus voltage, and
(f ) EQE versus current density for monochromatic R/G/B QLEDs.
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predominant green and blue PL components over red are ob-
served [Fig. 4(b)]. Accordingly, the color variation emitted by for-
mulation B-based QLEDs becomes relatively pronounced as the
bias voltage increases, from yellow with CIE 1931 of (0.462,
0.505) at 6 V to green with (0.375, 0.524) at 10 V [Fig. 4(d)].

For the purpose of more obvious color difference tuned by
bias, formulation C-based mixed R/G/B QDs whose PL spectra
display three peaks of R/G/B components with closer intensity
than formulations A and B [Fig. 4(c)] were used for the fab-
rication of full-color-tunable QLEDs. As a result, the CIE 1931
color coordinates can successively move with voltages from
(0.649, 0.330) for red, to (0.453, 0.389) for orange, to
(0.350, 0.347) for yellow, to (0.283, 0.305) for green, and

to (0.255, 0.264) for blue [Fig. 4(e)]. The evolution of corre-
sponding CIE 1976 color coordinates for full-color-tunable
QLEDs with increasing bias voltages is shown in Fig. 4(f ). The
color variation of formulation C-based QLEDs with voltages is
much more remarkable than that of QLEDs with formulations
A and B. To the best of our knowledge, rare studies have been
able to achieve such an extensive region of color regulation in
CIE color coordinates of QLEDs without R/G/B three primary
color combination patterns, as shown in Table 2.

The trajectory of the color change in the CIE is closely re-
lated to the relative EL intensity variation of R/G/B individual
color with bias voltages [Figs. 4(g) and 4(h)]. A strong bias volt-
age dependence of EL spectral evolutions of full-color-tunable
QLEDs with formulation C is shown in Fig. 4(g). The corre-
sponding EL contribution of R/G/B individual color to the en-
tire EL spectra of full-color-tunable QLEDs at different bias
voltages is presented in Fig. 4(h). The red EL dominates at
a low bias voltage of 2 V, and the green and blue EL compo-
nents gradually appear with higher bias voltages. When the bias
voltage is increased, red EL components decrease, while the
blue one becomes more intense, and the green one basically
remains unchanged. A predominance of the blue EL compo-
nent over red and green ones can be observed at a bias voltage
reaching 9 V. The reasons for raising the EL contribution of the
larger-bandgap QD to the entire EL spectra compared with the
smaller-bandgap one with an increasing bias voltage are related
to the electric-field-assisted inter-QD charge migration [4].
Because red QDs possess the smallest band offset at the
QD/HTL interface among the three QDs [Fig. 2(c)], the main
red EL component is observed at a low bias voltage. Upon in-
creasing voltages, red QDs with the smallest bandgaps serve as
hole transport particles whose leaky holes are transferred to the
adjacent green and blue QDs, leading to the gradual quenching
of the red EL [4].

The distinct color change in QLED photographs in Fig. 4(i)
further demonstrates that QLEDs can be tuned through bias
voltages to emit arbitrary colors inside the wide range shown in
the black trajectory of CIE color coordinates [Figs. 4(e) and
4(f )]. QLEDs with bias-tunable color can significantly enhance
the pixel density and fill factor of the display without traditional
R, G, and B sub-pixels, achieving high-resolution full-color
QLED displays. Furthermore, the emitting area of QLEDs
in our work (0.25 cm2) is much larger than that in most
QLED studies (4 mm2) [3,6,11,22,25,27,29] due to the facile
scale-up capability to large areas of an all-solution-processed
method without complicated fabrication processes.

The current density of full-color-tunable QLEDs as a func-
tion of applied voltage is shown in Fig. 5(a). Figure 5(a) shows
luminance versus bias voltage for full-color-tunable QLEDs;
the luminance increases with the driving voltage, reaching a
peak of luminance approaching 103 cdm−2, and then slowly
drops. The obtained luminance of QLEDs could meet the re-
quirement of the display application. QLEDs with bias-tunable
color exhibit a turn-on voltage of 2.3 V. The maximum EQE of
QLEDs is 13.3% [Fig. 5(b)], which can be compared with the
best performance of 10.9% for R/G/B QD-mixed full-color
devices [4] [Fig. 5(c) and Table 2]. Compared with other
full-color QLEDs, the full-color-tunable QLEDs in our work

Fig. 4. Demonstration of QLEDs with bias-tunable color.
Normalized PL spectra of mixed R/G/B QDs used for the fabrication
of full-color-tunable QLEDs with (a) formulation A, (b) formulation
B, and (c) formulation C. Evolution of CIE 1931 color coordinates of
(d) formulation A, B, and (e) formulation C-based full-color-tunable
QLEDs with increasing bias voltages. Inset of (e): CCT can be ad-
justed from 1500 to 10,000 K, which well traces the blackbody tra-
jectory. (f ) Evolution of CIE 1976 color coordinates of formulation
C-based full-color-tunable QLEDs with increasing bias voltages. The
asterisk represents the white QLEDs in (e) and (f ). (g) Evolution of as-
recorded EL spectra of formulation C-based full-color-tunable QLEDs
with increasing bias voltages. (h) EL contribution of R/G/B individual
color to the entire EL spectra of formulation C-based full-color-
tunable QLEDs at different bias voltages. (i) Photographs of formulation
C-based full-color-tunable QLEDs (emitting area of 0.5 cm × 0.5 cm)
at different bias voltages.

Table 1. Volume Ratios of Mixed R/G/B QDs Used for
Fabrication of Full-Color-Tunable QLEDs

Proportion in Mixed R/G/B QDs

Formulation
Red QDs

(20 mgmL−1)
Green QDs
(13 mg mL−1)

Blue QDs
(20 mg mL−1)

Formulation A 1 0.4 0.6
Formulation B 1 7.1 6.7
Formulation C 1 3 55
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have simple device architecture, a wide spectral regulation
range, and superior light emitting efficiency, holding great
promise for application in next-generation full-color displays
with high pixel densities and fill factors (Table 2).

D. White QLEDs
Combining white QLEDs with color filters is also an efficient
strategy to realize high-resolution full-color displays, as previ-
ously mentioned. Interestingly, full-color-tunable QLEDs can
emit pure white light with CIE 1931 chromaticity coordinates
of (0.316, 0.325) at the bias voltage of 6.4 V, as exhibited
by the asterisks in Figs. 4(e) and 4(f ). In addition, the CIE
color coordinates of white QLEDs can be tuned to trace the

Fig. 5. Performance of QLEDs with bias-tunable color.
(a) Luminance and current density versus bias voltage for full-
color-tunable QLEDs. (b) EQE versus bias voltage for full-color-
tunable QLEDs. (c) Performance comparison of R/G/B QDs-mixed
full-color QLEDs [1,2,4,20,20,28].

Table 2. Comparison of Full-Color QLEDs

Type

Pixel Density and
Fill Factor of Full-
Color Display

Manufacturing
Process References

Tunable Spectral Range
(Expressed

by CIE 1931)
External Quantum

Efficiency

Lateral integration
configuration with
side-by-side
patterning
of R/G/B QDs

Low Photolithography
approach

2020, Nano
Res. [13]

R (0.69, 0.31);
G (0.16, 0.77);
B (0.15, 0.07)

–

2021, ACS
Appl. Mater.
Interfaces [14]

– R 4.5%; G 5.4%;
B 4.7%

Ink-jet 2017, Sci.
China

Chem [15]

R (0.68, 0.31);
G (0.20, 0.74);
B (0.14, 0.05)

R 2.24%; G 3.31%;
B 0.60%

Contact printing 2008, Nano
Lett. [17]

R (0.66, 0.34);
G (0.21, 0.70);
B (0.18, 0.13)

R 1.0%; G 0.5%;
B 0.2%

Vertical integration
configuration

High Layer-by-layer
stacked R/G/B
QDs films

2019, Adv.
Funct.

Mater. [23]

From (0.1174,
0.7679) to

(0.1454, 0.0464)

–

2010, Nano
Lett. [24]

Red, orange,
yellow-green,
and green

0.3%

Tandem-structure
R/G/B QLEDs

2017, J. SID
[25]

White (0.30, 0.44) 2.04%

Mixed R, G, and B
QDs as light
emitting layers

High Combination of
white QLEDs and

color filters

2017, ACS
Appl. Mater.
Interfaces [1]

– 0.37%

2015,
Nanoscale [2]

(0.504, 0.449) at
6.5 V; (0.482,
0.438) at 9 V or

(0.330, 0.253) at 7 V;
(0.405, 0.348)

at 9.5 V

0.3%–0.6%

2015, ACS
Nano [4]

(0.310, 0.229) at 5 V;
(0.195, 0.172) at 9 V

10.9%

2014, Adv.
Mater. [20]

(0.33, 0.35) 1%

2018, Nano
Res. [28]

– 0.65%

2011, Nano
Lett. [20]

(0.336, 0.339) 0.033%

Full-color-tunable
QLEDs

This work From red (0.649,
0.330) to orange
(0.453, 0.389) to

yellow (0.350,0.347)
to green (0.283, 0.305)
to blue (0.255,0.264)

13.3%
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blackbody locus, and the CCT can be adjusted for a wide
range from 1500 to 10,000 K, as presented in the inset of
Fig. 4(e). The CRI and EQE of white QLEDs are 70 and 5.3%
[Fig. 5(b)], respectively, which are much higher than those of
other representative white QLEDs [2,11,20,21,29]. Although
the luminance of the present white QLEDs has room to be
improved, the tunable wide range of CCT, the high CRI, and
the outstanding EQE of white QLEDs enable them to provide
a possibility for high-efficiency lighting applications.

4. CONCLUSION

In summary, we successfully achieve full-color QLEDs with
bias-tunable emission spectra by engineering mixed R/G/B QDs
as EMLs prepared through a simple yet effective all-solution-
processed method. First, monochromatic R/G/B QLEDs having
high luminance of 4580, 3870, and 10.6 cdm−2 and superior
EQE of 16.2%, 15.7%, and 14.1%, respectively, are fabricated
to build a solid foundation for realizing full-color-tunable QLEDs
having exceptional properties. Full-color-tunable QLEDs exhibit
color-saturated emission from the CIE chromaticity coordinates
of red (0.649, 0.330) to orange (0.453, 0.389) to yellow
(0.350, 0.347) to green (0.283, 0.305) to blue (0.255, 0.264)
upon increasing voltages from 2 V to 9 V. With no traditional
low pixel density of EML patterning or intricate manufacturing
process of a stacked R/G/B configuration, multi-color QLEDs
with simple device architecture, wide color regulation range,
high luminance approaching 103 cdm−2, and superior EQE
of 13.3% make it possible to realize next-generation high-
resolution full-color displays. Additionally, QLEDs can also
emit pure white light with CIE chromaticity coordinates of
(0.316, 0.325), CRI of 70, high EQE of 5.3%, and tunable wide
range of CCT from 1500 to 10,000 K. Benefitting from the
wide spectral tunability and light emitting efficiency, we believe
the proposed multi-color QLEDs have great application prospects
for both displays and lighting.
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