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ABSTRACT Based on blue LED chips to excite Ce-doped yttrium aluminum garnet (YAG: Ce3+) yellow
phosphors, InP/ZnS green-emitting quantum dots (QDs) and InP/ZnSe/ZnS red-emitting QDs are used as
light conversion materials for WLEDs to improve the color rendering index (CRI) of the device and improve
its color coordinates.We have proven this in previouswork. But in the previouswork, we only studied the CRI
of the driving current from 5mA to 100mA. The CRI and the Commission International de L’Eclairage (CIE)
chromaticity coordinates of theWLED device prepared before is not ideal under high current conditions. The
emission peak position of InP/ZnSe/ZnS red-emitting QDswe used in previous work is 605nm. In this article,
we adjusted the emission peak position of InP/ZnSe/ZnS red-emitting QDs to 611nm, and prepared WLED
in the same way, which improved the problem that the CRI of WLED devices decreases rapidly and the
chromaticity coordinates change greatly under high current conditions. The CRI of prepared WLED device
in this article was increased to 91.0, the CIE chromaticity coordinates is (0.3365, 0.3334), and the correlated
color temperature (CCT) is 5313K.We also tested the dependence of the electroluminescence (EL) spectrum,
CRI, CCT and chromaticity coordinates of the prepared WLED device on the current. Compared with the
prepared WLED device before, the CRI of the WLED device prepared in this article has always remained
above 90, hovering between 90 ∼ 91, very stable. The chromaticity coordinate distribution is also very
concentrated, the amplitude of the offset black body radiation is small, and it shows excellent color rendering
and stable working performance. A 30-day aging test was performed on the prepared WLED device.

INDEX TERMS WLED, InP/ZnS QDs, InP/ZnSe/ZnS QDs, photoluminescence.

I. INTRODUCTION
Light emitting diode (LED) is a solid-state semiconductor
device that is widely used in many areas of daily life such
as life lighting, traffic directions, display backlights, and so
on [1]. The white light spectrum produced by the commonly
used blue InGaN LED chip to excite the yttrium aluminum
garnet yellow phosphor (YAG: Ce3+), due to the lack of
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the red spectrum component, usually has a color render-
ing index (CRI) of less than 80 and does not have a good
Commission International de L’Eclairage (CIE) chromaticity
coordinate. Although we can now improve the CRI ofWLED
devices through the adjustment of green, yellow and red phos-
phors, the granularity of phosphors such as YAG is too large
to meet the trend of the LED industry toward micro LEDs.
The use of phosphors such as YAG should be minimized
in the experiment. Studies have found that semiconductor
quantum dots (QDs) have the advantages of high fluorescence
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spectrum quantum yield (QY), wide absorption spectrum,
adjustable size emission, high photo-oxidation resistance,
low scattering effect, and good color saturation [2]. They
are widely used in LEDs, solar cells, lasers, detectors, and
biomarkers [1]. Therefore, it is proposed that the quantum dot
material instead of the phosphor to generate white light is an
effective solution.

In 2008, Wang et al. used blue InGaN chips to excite three
different sizes of CdSe/ZnS QDs to make white LEDs, with a
maximum CRI of 76 [3]. In 2009, Changyu Shen et al. used
blue LEDs in combination with CdS/ZnS QD and YAG: Ce
phosphors emitting red-orange light to increase the CRI value
of mixed white LEDs to 86 [4]. In 2010, Chung, Shu-Ru
and others used thermal deposition to synthesize core/shell
CdSe-ZnS QDs with a peak/emission wavelength of 618 nm.
The CRI value of a white LED that combines a blue LED
with a 1: 1 weight ratio of phosphor and QD is increased by
90 [5]. In 2011, S Chandramohan et al. used core-type CdSe
and core/shell-type CdSe/ZnS NC integrated on InGaN/GaN
LEDs to prepare hybrid white light-emitting diodes with CIE
chromaticity coordinates (0.356, 0.330) and CRI of 87.4 [6].
In the same year, XBWang et al. synthesized CdSe/CdS/ZnS
core/multi-shell QDs, combined green, yellow, and red emit-
ting QDs and epoxy composite materials with blue InGaN
LEDs tomanufactureWLEDs. Its color coordinates are (0.35,
0.37) and CRI is 88 [2]. In 2015, Peng et al. produced
warm white LEDs based on CdSe/ZnS colloidal QDs with
CCT= 3778K, CIE color coordinates (0.36, 0.28) and CRI=
80.8 [7]. However, Cd is a heavy metal element and does not
meet the requirements of non-toxic green and environmental
protection. It is not environmentally friendly in the field of
lighting, so it is necessary to find non-toxic and environmen-
tally friendly QDs that replace Cd [8], [9]. In 2014, Chuang
and Po-Hsiang et al. used CIS/ZnS QDs as a color con-
verter, combining green emitting Ba2SiO4: Eu 2+ phosphors
and blue light emitting diodes, a highly efficient white light
emitting diode with a high color rendering index of 90 was
manufactured [10].

In 2015, X. T. Feng et al. used CQD as a single white
light converter and used UV-LED chips as excitation light
sources. The prepared WLED shows the corresponding color
temperature (CCT) is 5227 K, and the color coordinate is
(0.34, 0.38) [11]. In 2016, Park, Joong Pill, et al. used
InP-based QDs and combined a very small amount of Mg
cations as surface stabilizers to prepare WLED devices with
Ra of 84.4 and CCT of 3799 K [12]. In 2017, ChihChun
Hsiao and others mixed the green-emitting Lu3Al5O12: Ce3+

(LuAG) phosphor with CIS/ZnS QDs-resin, and dropped the
QDs-phosphorus-resin mixture on top of the blue LED chip
(InGaN) with 400W ultraviolet light cures the device to form
a WLED. The CRI, CCT and CIE chromaticity coordinates
are 89, 5661K and (0.33, 0.29), respectively [13]. In the same
year, Feng Li et al. prepared white LEDs (WLED) based
on Cd0.1Zn0.9S/ZnS and Cd0.1Zn0.9S/ZnSe QDs. It has
been concluded that the four-peak quantum dot light-emitting

diode (QLED) is superior to the two-peak quantum dot in
terms of luminescence and visual characteristics [14].

In 2019, Dongyu Li and others used TBS-PBO as the
electron blocking layer to manufacture blue QLED, which
improved the charge transfer balance of the device. The
device showed a significant brightness of 4635cd/m2, and
the maximum EQE was 17.4%, much higher than the most
advanced blue QLED. Provides a potential method for
achieving high-brightness blue QLEDs [15]. In the same
year, Ting Yuan et al. manufactured WLEDs by integrating
W-CNQD phosphors into UV-LED chips, which have white
light characteristics with CIE chromaticity coordinate and
CRI of (0.35, 0.39) and 85, respectively [16].

In this article, based on the previously mentioned blue
LED chip excited YAG: Ce3+ yellow phosphor, superim-
posed InP/ZnS green-emitting quantum dots (QDs) and
InP/ZnSe/ZnS red-emitting QDs. On the basis of WLED
made of light conversion material, by adjusting the emission
peak position of InP/ZnSe/ZnS red-emitting QDs, a WLED
device was prepared in the same way, which improved its
CRI decreases rapidly under high current conditions, and
the problem of large color coordinate changes, at the same
time, the CRI of the prepared WLED device was increased to
91.0, the CIE chromaticity coordinate was (0.3365, 0.3334),
and the CCT was 5313 K. Compared with other articles,
the first advantage is the use of environmentally friendly
and non-toxic cadmium-free quantum dots, and the second
advantage is the high CRI. By comparing the EL spectrum,
CRI, and CCT with a driving current of 5 mA∼ 350 mA, the
improved WLED device shows high-quality color rendering
performance and very stable working performance.

II. EXPERIMENT
A. MATERIALS AND EQUIPMENT USED IN THE
EXPERIMENT
In the experiment, blue LED chips for packaging, YAG:
Ce3+, silicone (6550A and 6550B), and UV glue (U-613)
were purchased from the market. A field emission transmis-
sion electron microscope (JEM-2100F) was used to measure
the size and morphology of the QDs. A fluorescence spec-
trophotometer (HITACHI 4500) and a UV-vis spectropho-
tometer (U-3900H) were used to measure the absorption
characteristics and photoluminescence (PL) characteristics
of QDs, respectively. The electroluminescence (EL) perfor-
mance of the device was measured by an integrating sphere
test system (HAAS-2000). Use the constant temperature and
humidity box (GPS-3) for the aging test of the device.

B. SYNTHESIS OF QDs
1) SYNTHESIS OF InP/ZnS GREEN-EMITTING QDs
Reagents for the synthesis of InP/ZnS green-emitting quan-
tum dots include: zinc (II) chloride (≥98%), tris (diethy-
lamino) phosphine (97%), indium (III) chloride (99.999%).
Zinc stearate (industrial grade, 65%) was purchased from
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Sigma-Aldrich and Olelamine (80 ∼ 90%) was purchased
from Acros Organics. Octadecene (90% technical content)
was purchased from Alfa Aesar, and sulfur powder was pur-
chased from Strem Chemicals.

Reference synthesis scheme based on indium halide and
aminophosphine precursors: First, 160 mg (0.45 mmol) of
indium (III) bromide and 300 mg (2.2 mmol) of chlorinated
chloride were firstly used in 5.0 mL (15 mmol) of industrial
oleylamine. Zinc (II) was mixed. The mixture was stirred
and degassed at 120 ◦C for 1 hour, and when heated to
180 ◦C under an inert atmosphere, 0.45 mL (1.6 mmol) of
tris (diethylamino) phosphine (phosphorus: indium) Ratio =
3.6: 1) quickly inject into the above mixture. At 20 minutes,
1mL of saturated TOP-S (2.2 M) was injected. The temper-
ature rose to 200 ◦C at 60 minutes. At 120 minutes, 1g of
Zn(stearate)2 was injected into 4mL of octadecene (ODE).
The temperature rose to 220 ◦C. After 150 minutes, 0.7 mL
of stoichiometric TOP-S (2.2M)was injected and the temper-
ature rose to 240 ◦C. At 180 minutes, 0.5 g of Zn(stearate)2
was slowly poured into 2 mL of ODE. The temperature rose
to 260 ◦C. At 210 minutes, the reaction was complete and
the temperature was cooled. The InP/ZnS nanocrystals were
then precipitated in ethanol and suspended in chloroform. The
emission line width (fwhm) of InP/ZnS green-emitting QDs
is 46 nm-63 nm, and PLQY is 60% [17], [18].

2) SYNTHESIS OF InP/ZnSe/ZnS RED-EMITTING QDs
The InP/ZnSe/ZnS QDs were synthesized by a previously
reported potentially effective method, with an emission peak
of 611nm, which was 5nm red-shifted compared to previous
work. PLQY shows up to 73% and narrow emission line
width (up to 40 nm). In the field of photoluminescence,
organic long-chain ligands have little effect on photolumi-
nescence efficiency, and the oleic acid ligands used in our
word are generally 0.8nm long, and our InP core-shell quan-
tum dots have 9.3nm. The effect of the spacing between
the devices on the light emission is negligible. Long-chain
ligands improve the stability of QD and will not cause QY to
decrease [18], [19].

C. PRODUCTION OF WLED
Similar to the method mentioned in the previous work,
the packaging of white LEDs is divided into three layers, and
a blue light chip with a peak wavelength of 450 nm is used
for excitation. The blue LED chip generates blue light with
a peak of about 450 nm under electrical excitation, and the
yellow phosphor coated on the upper part of the LED chip is
excited by part of the blue light to produce yellow light with a
peak of about 570 nm. Mixed with the blue light transmitted
through the phosphor to generate white light; the light formed
after combining with InP/ZnS green-emitting QDs lacks the
red factor, and the CRI value of the device is low; Finally,
the InP/ZnSe/ZnS red-emitting QDs are coated on InP/ZnS
green-emitting QDs surface, thereby generating white light,
by controlling the concentration and amount of quantum dots

to prepare WLED devices with excellent color coordinates
and high CRI.

The specific preparation steps are as follows: first layer:
Weigh 0.5 g 6550A, 0.5 g 6550B and 0.2 g YAG: Ce3+ for
mixing, stir using a blender until the mixture is uniform, and
the bubbles therein are removed. The obtained YAG: Ce3+

colloid was applied to the LED device in a spot coating
manner, and cured in an oven at 150 ◦C for 5 minutes. Second
layer: Centrifugally stir 500 µl of InP/ZnS green-emitting
QDs solution with a concentration of 70 mg/ml and 2 g of UV
gel to mix well to form a QDs colloid. Add a small amount
of InP/ZnS green-emitting QDs colloid to the cured yellow
phosphor in the spot coating method, and then irradiate it
under the ultraviolet lamp for curing. The third layer: 400 µl
of InP/ZnSe/ZnS red-emitting QDs (the emission peak is
606 nm) solution having a concentration of 30 mg/ml and 2 g
ofUVgluewere centrifugally stirred until uniformlymixed to
form an InP/ZnSe/ZnS red-emitting QDs colloid. An appro-
priate amount of InP/ZnSe/ZnS red-emitting QDs colloid was
applied over the InP/ZnS green-emitting QDs colloid by spot
coating and cured by irradiation under an ultraviolet lamp.
This completes the packaging of the WLED I.

The method of preparing WLED II is similar to that
of WLED I but the 400 µl of InP/ZnSe/ZnS red-emitting
QDs (the emission peak is 606 nm) solution is replaced by
InP/ZnSe/ZnS red-emitting QDs solution with a peak wave-
length of 611 nm.

III. RESULTS AND DISCUSSION
A. MORPHOLOGY AND SIZE CHARACTERIZATION OF QDs
Figure 1 (a) shows a picture of InP/ZnS green-emitting QDs
under a transmission electron microscope (TEM). It can be
seen that QDs are multi-layered plate-like particle structures
with uniform dispersion. Randomly selected 100 QDs for
size measurement. The particle size distribution of InP/ZnS
green-emitting QDs is shown in figure 1 (b). It can be seen

FIGURE 1. (a) TEM image of InP/ZnS green-emitting QDs, inset is HRTEM
image (b) Size distribution of InP/ZnS green-emitting QDs (c) TEM image
of InP/ZnSe/ZnS red-emitting QDs, inset is HRTEM image (d) Size
distribution of InP/ZnSe/ZnS red-emitting QDs.
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that the particle size distribution of InP/ZnS green-emitting
QDs is between 4.1 nm to 8.2 nm. The average size is 5.54nm.
The inset of figure 1 (a) is a high-resolution transmission elec-
tron microscope (HRTEM) image of InP/ZnS green-emitting
QDs, after measurement, the interplanar spacing of lattice
fringes of InP/ZnS green-emitting QDs was 0.380 nm. The
lattice structure of the QDs can be clearly seen.

Figure 1 (c) shows a TEM picture of InP/ZnSe/ZnS
red-emitting QDs. It can be seen that the InP/ZnSe/ZnS
red-emitting QDs are multi-layered plate-like particle struc-
tures. Randomly selected 100QDs for sizemeasurement. The
particle size distribution of InP/ZnSe/ZnS red-emitting QDs
is shown in figure 1 (d). It can be seen that the particle size
distribution of InP/ZnSe/ZnS red-emitting QDs ranges from
7.13 nm to 14.22 nm. The average size was 9.30 nm. The
inset of figure 1 (c) is a HRTEM picture of InP/ZnSe/ZnS
red-emitting QDs, after measurement, the interplanar spacing
of lattice fringes of InP/ZnSe/ZnS red-emitting QDs was
0.335 nm. Figure 2 is the X-ray diffraction (XRD) pattern
of InP/ZnSe/ZnS red-emitting QDs. It can be seen that the
XRD of the InP core before the ZnS shell is the phase of InP,
and the XRD after the ZnS shell is only the ZnS phase, ZnS
is coated on InP. It is proved that In/ZnSe/ZnS red-emitting
QDs are core-shell structures.

FIGURE 2. XRD Characterization of InP/ZnSe/ZnS red-emitting QDs.

B. PHOTOLUMINESCENCE PROPERTIES OF QDs
We used fluorescence spectrometer and UV-vis spectropho-
tometer to test the PL spectrum and ultraviolet-visible
absorption spectrum of InP/ZnS green-emitting QDs and
InP/ZnSe/ZnS red-emitting QDs respectively. We have tested
the UV-visible absorption spectrum and PL spectrum of
the InP/ZnS green-emitting QDs/toluene solution, as shown
in figure 3 (a), we can see that the InP/ZnS green-emitting
QDs has an absorption peak at 433 nm and the emis-
sion peak is 472 nm, the illustration shows InP/ZnS
green-emitting QDs/toluene solution under UV irradiation.
Figures 3 (b) and 3 (c) are the UV-visible absorption spec-
trum and PL spectrum of the InP/ZnSe/ZnS red-emitting
QDs/octane solution before and after the emission peak posi-
tion changes, respectively. It can be seen that before changing
the emission peak position, the InP/ZnSe/ZnS red-emitting
QDs has an absorption peak at 576 nm and the emission
peak is 606 nm; after changing the position of the emission

FIGURE 3. (a) UV-visible absorption / PL spectrum of InP/ZnS
green-emitting QDs / toluene solution. The illustration shows InP/ZnS
green-emitting QDs / toluene solution under UV irradiation. (b) UV-visible
absorption / PL spectrum of InP/ZnSe/ZnS red-emitting QDs / octane
solution before peak position change (c) UV-visible absorption / PL
spectrum of the InP/ZnSe/ZnS red-emitting QDs / octane solution after
the peak position is changed. The illustration shows InP/ZnSe/ZnS
red-emitting QDs/octane solution under UV irradiation.

peak, the InP/ZnSe/ZnS red-emitting has an emission peak at
611 nm and a red shift of 5 nm occurs. The illustration shows
InP/ZnSe/ZnS red-emitting QDs/octane solution under UV
irradiation. The red shift is similar to the red shift observed
in semiconductors, which can be attributed to the changes in
conduction band and valence band depending on the temper-
ature expansion of the crystal lattice [18], [20].

C. ELECTROLUMINESCENT PROPERTIES OF QDs
As shown in figure 4, in the previous work, we prepared
WLED I using InP/ZnSe/ZnS red-emiting QDs with an

FIGURE 4. (a) EL spectrum of WLED I, the illustration shows the state of
WLED I under natural light and the state of light emission in the dark
(b) shows the color coordinates of WLED I (c) EL spectrum of WLED II
prepared, the illustration is The state of WLED II in natural light and the
state of emitting light in the dark (d) shows the color coordinates of
WLED II.
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emission peak of 606nm according to the method described
above. Under the drive current of 5mA, we obtained the best
electroluminescence performance. The relevant parameters
are as follows: CRI is 90.3 (figure 4 (a)), chromaticity coor-
dinates are (x = 0.3393, y = 0.3342) (figure 4 (b)), the light
effect is 15.56 lm/W and the CCT is 5186K. The illustration
shows the light emission of the WLED I device under 5mA
driving current.

For comparison, according to the preparation method
described above, we prepared WLED II using InP/ZnSe/ZnS
red-emiting QDs with an emission peak of 611nm. Under the
drive current of 20mA, we obtained the best electrolumines-
cence performance. The relevant parameters are shown in fig-
ure 4 (c), the CRI is 91.0 (Figure 4 (c)), and the chromaticity
coordinate is (x = 0.3365, y = 0.3334) (Figure 4 (d)) the
light effect is 35.99 lm/W and the CCT is 5313k. The light
emission of WLED II at 20mA can be seen in the illustration.
By comparing the best electroluminescence performance of
the WLED I device and the WLED II device, it can be
seen that after the InP/ZnSe/ZnS red-emitting QDs emis-
sion peak is red-shifted by 5 nm, the maximum CRI of the
WLED device increases by 0.7, the light effect is increased
by 20.43 lm/w, and maintains a good color coordinate close
to standard white light. At the same time, CCT can be seen
closer to sunlight. According to the experimental data, this is
because the average value of the color rendering indexes R1 to
R8 of the WLED II device is larger than that of the WLED I
device. And the R9 of the prepared WLED I device is 62, and
after improving the emission peak position of InP/ZnSe/ZnS
red-emitting QDs to 611nm, the R9 of the prepared WLED II
device is 72, which has higher red color rendering.

As shown in figure 5, the EL spectra of the WLED I and
WLED II devices as a function of drive current were also
measured. It was found that the blue light emission peaks of
WLED I and WLED II devices did not shift with the increase
of the driving current. The emission peaks of green light and
red light have only slightly red shifted.

FIGURE 5. (a) EL spectrum of WLED I with increasing drive current (b) EL
spectrum of WLED II device with increasing drive current.

At the same time, we also conducted a study on the depen-
dence of CRI on current. As shown in figure 6, it can be found
that the CRI of the WLED II device is higher than that of the
WLED I device. For WLED I devices, as the drive current
increases to 350 mA, the CRI decreases to 89; For WLED
II devices, as the drive current increases to 350mA, CRI has

FIGURE 6. Comparison of CRI of WLED I and WLED II devices with driving
current.

been maintained above 90, and the maximum value is 91,
which is higher than that of WLED I devices. This shows that
improving the peak position of InP/ZnSe/ZnS red-emitting
QDs on the one hand enhances the color rendering of WLED
devices and better restores the true color of objects; on the
other hand, it improves the photoluminescence performance
of the WLED device under high current and the situation
where the electroluminescence performance is weakened.
It has the potential to develop stable high-power devices.

The color coordinate distribution of the device is shown
in figure 7. It was found that the CIE color coordinate distri-
bution of the WLED I device along the black body radiation
line continuously moved from the lower correlated color
temperature to the higher correlated color temperature with
the driving current from 5 mA to 350 mA (Figure 7 (a)),
and the distribution of color coordinates of WLED I is very
concentrated under the driving current of 5 mA ∼ 350 mA
(Figure 7 (b)), only a slight movement occurs, and it is always
located in the natural white light area, which is very suitable
for daily lighting. It shows that after 5 nm red shift of the peak
position of InP/ZnSe/ZnS red-emitting QDs, the red spectral
component increases, which improves the stability of the
color coordinates of the device under high current operation.

FIGURE 7. (a) Color coordinate distribution of WLED I device as a
function of driving current (b) Color coordinate distribution of WLED II
device as a function of driving current.

In summary, it can be found that improving the peak
position of the InP/ZnSe/ZnS red-emitting QDs can produce
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WLEDs with higher color rendering index and better color
coordinates. And it still maintains excellent luminous perfor-
mance under high current, which proves its potential in the
development of stable high-power device applications.

D. AGEING TEST OF WLED
In order to further verify the practical application of the
prepared WLED device, we also performed a 30-day aging
test on it [21], [22]. We prepared multiple devices and
placed them in the test conditions: a constant temperature and
humidity box with 25 ◦C, 85 % RH and a natural environ-
ment. Take out the samples every 24 hours. The length of the
sample removal test should not exceed 30 minutes, to avoid
the influence of temperature and humidity in the environment.

Figure 8 shows changes in EL spectrum, CRI, and
light conversion efficiency of the prepared WLED device
within 30 days, and the test current was 20 mA. As shown
in figure 8 (a), over time, the spectral area of WLED devices
in the natural environment decreases sharply on the first
day of aging, and then decreases steadily, as shown in fig-
ures 8 (c) and (d). The CRI and light conversion efficiency
of WLED devices in the natural environment also decrease
sharply on the first day of aging, and then slowly decrease;
as shown in figure 8 (b), WLED devices placed in a con-
stant temperature and humidity box at 25 ◦C and 85% RH,
at the beginning, the spectral area of the device slowly rises,
and then the spectral area gradually decreases. As shown
in figures 8 (c) and (d), WLED devices placed in a constant
temperature and humidity box at 25 ◦C and 85% RH initially
increased of the light conversion efficiency and CRI, and then
slowly decrease. The reason why the WLED device placed
in a constant temperature and humidity box at 25 ◦C and
85% RH at first started to increase the spectral area and light
conversion efficiency is that the QDs were eroded by water
and oxygen, the QDs were destroyed, the emission intensity
decreased, and the absorption is also reduced to a certain
extent, and the reabsorption of the emitted light is reduced,

FIGURE 8. (a) EL spectrum of WLED device within 30 days under natural
environment (b) EL spectrum of WLED device within 30 days under 25 ◦C
and 85 %RH environment (c) comparison of the CRI of the device under
natural environment and 25 ◦C, 85 %RH environment within 30 days
(d) comparison of light conversion efficiency of the device under natural
environment and 25 ◦C, 85 %RH environment within 30 days.

so that more light of other colors is transmitted out [23]–[27],
the spectral area and the light conversion efficiency increased
due to the increase in transmittance.

According to the comparison between the WLED device
at the beginning and 30 days after aging at 25 ◦C, 85%
RH and the natural environment, respectively. It can be seen
from the EL spectrum of the device that under the conditions
of 25 ◦C and 85% RH, after a 30-day aging test,
the green-emiting QDs have basically failed, and the
red-emitting QDs have not completely failed due to the reab-
sorption of the yellow phosphor. After 30 days of aging
experiments, the CRI has only decreased by 0.5 and the light
conversion efficiency has decreased by 5.81 lm/w; In the
WLED device quantum dots under natural conditions, it can
be seen that both the red-emiting QDs and green-emiting QDs
have failed, and their CRI has decreased by 5.4, and the light
conversion efficiency has decreased by 15.19 lm/w.

In summary, it can be concluded that the WLED device
prepared after improving the emission peak position of
red-emitting QDs to 611 nm not only has high CRI and
good color coordinates, but also maintains stability in color
rendering performance in high humidity environments.

IV. CONCLUSION
In this paper, we fabricated InP/ZnS green-emitting QDs and
InP/ZnSe/ZnS red-emitting QDs with an emission peak at
611 nm, and combined with YAG: Ce3+ phosphor to produce
WLED II device with high CRI. Compared withWLED I (the
difference between WLED I and WLED II lies in the use
of InP/ZnSe/ZnS red-emitting QDs with an emission peak
position of 606 nm), WLED II shows high color rendering
performance and stable working performance. The CRI of the
WLED device was increased to 91.0, the CIE chromaticity
coordinates were (0.3365, 0.3334), and the CCT was 5313 K.
The effect of driving current on WLED I and WLED II
devices in the range of 5 mA ∼ 350 mA was studied, and
the results showed that after improving the peak position
of InP/ZnSe/ZnS red-emitting QDs, the problems of rapid
decline of CRI and large change of color coordinates under
high current were improved. It can also be seen from the
aging test that the prepared WLED device has potential for
development in high humidity environments.
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