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Abstract— Quantum dots (QDs) have broad applica-
tion prospects in displays such as full-color light-emitting
diodes (LEDs) and micro-LEDs. However, an ultrahigh con-
centration of QDs is required to eliminate the pumping
light for achieving high color purity, leading to significant
reduction in the photoluminescence (PL) intensity of the
QDs and the generation of much more heat. In this article,
the PL intensity, thermal performance, and color purity of
QD-LEDs were comprehensively improved by introducing a
pumping-light absorber (PLA). Results indicate that the PLA
packaging structure achieves a color purity that is similar
to that of a conventional structure with ultrahigh QD con-
centration; the radiant power of blue light was reduced by
81.6% and this leads to a large shift in the color coordinates
from (0.18, 0.26) to (0.20, 0.57). Moreover, the PLA packaging
structure results in higher electroluminescence (EL) inten-
sity and lower operating temperatures than the conventional
structure. This is because of the higher color-conversion
efficiency and partial transfer of thermal energy to the
PLA layer. In particular, the EL intensity of the QD-LEDs
increased by 25.1% and the steady-state temperature was
reduced to 58.9 ◦C, which is 19.75% lower than that of a con-
ventional structure (73.4 ◦C). In addition, the PLA packaging
structure works equally well with ultraviolet (UV) pumping
sources to achieve a higher color purity (enhancing the
color gamut by 50.1% when using a 405-nm source).

Index Terms— Color purity, light-emitting diodes (LEDs),
photoluminescence (PL) intensity, quantum dot (QD),
temperature.
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I. INTRODUCTION

QUANTUM dots (QDs) have several advantages for light-
ing applications, including high quantum yield (QY),

high color purity, and ease of manufacture [1]–[3]. They
are regarded as one of the most promising candidates for
replacing traditional rare-earth-based phosphor materials in
light-emitting diode (LED) packaging [4]–[6], especially
in full-color display applications requiring a wide color
gamut [7]. In addition, the color purity of QD color converter
is still better than that of pure color GaN-LED. For example,
the color gamut of the liquid crystal displays (LCDs) can
be improved to 140% of the National Television System
Committee 1976 (NTSC) standard by utilizing color-saturated
photoluminescence (PL) from QDs [8]. Significant efforts
have been directed at attempting to improve the QY of QDs
by optimizing the core/shell structures [9] and the surface
functional groups [10]. Moreover, various kinds of QDs have
been applied in LED packaging [11], [12]; among them,
only CdSe-based QDs have been realized commercially at
present [13]. Although QDs have a high QY of greater than
90% [14], the low conversion efficiency [15] and thermal
stability [16] of QDs in LEDs are great challenges that still
limit their development. Therefore, several researchers have
devoted significant efforts to improving the optical and thermal
performance of LEDs by optimizing the structures of QD
layers [16], [17].

Recently, QDs have been applied in full-color LEDs that
were developed as promising candidates for full-color display
and projection systems [18]–[21]. Generally, the three primary
colors of red, green, and blue are required in these devices
for wide color gamut displays [19]. Pumping sources, such
as ultraviolet (UV) or blue LEDs, are used to excite QDs
to obtain a different monochromatic output color, which is
treated as one of the three primary colors [20]. However,
it requires ultrahigh QD concentrations to adjust the color
coordinates by eliminating the redundant blue light or UV
light [21]. This gives rise to a new challenge: The reabsorption
of QDs is significant at high concentrations, which signifi-
cantly reduces the PL intensity of the QDs [22] and results
in a high thermal power generation [23]. There are some
strategies to solve this problem. Chen et al. [24] reduced
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blue pumping light by utilizing hybrid Bragg reflector and
distributed Bragg reflector structures to reflect the blue light
and excite the red and green QDs repeatedly. Similar to this
principle, Li et al. [25] introduced a blue antitransmission
film to improve the color-conversion efficiency (CCE) of QDs
and decrease the blue pumping light. Lee et al. [26] reported
that a lateral photonic crystal phosphor enhanced the CCE
and converted more blue pumping light to green or red light.
Yu et al. [27] proposed a novel double remote micropatterned
phosphor film to a remote phosphor downlight lamp and the
result indicated that the peak blue emissions were reduced
by 12.86% and 24.99%. All these studies which include
scattering materials [28] focused on enhancing the PL intensity
of QDs and reducing the blue light from the pumping source
by increasing the conversion events. However, when the PL
intensity is saturated, increasing the conversion of blue light
from the pumping source can not only significantly reduce
the conversion efficiency of the QDs, but can also generate
more thermal energy because of the reabsorption properties
of the QDs [12], [29]. In addition, although the commonly
filter approach is still an important method to control spectrum,
it has poor compatibility with conventional LED package and
cannot efficiently absorb UV light and blue light meantime
which are usually used as pumping source in micro-LED.

In this article, the PL intensity, thermal performance, and
color purity of QD LEDs were comprehensively improved by
using a pumping-light absorber (PLA) compared with tradi-
tional method. We select the PLA material due to its following
benefits: 1) highly efficient absorption for UV light and blue
light; 2) little effect for light emitted by green or red QDs due
to its low absorption for between 470 and 700 nm; 3) stable
chemical properties and temperature resistance; 4) good com-
patibility with silicones or epoxy resin and so on; and 5) low
cost. First, the spectra of QD-LED devices with different
QD concentrations were investigated to achieve the maximum
PL intensity. Then, the PLA packaging structure was used
for the QD-LEDs with an optimized QD concentration. The
device spectra, radiant power, color coordinates, and operating
temperature were measured and the results will be discussed
in detail. Finally, we show that our PLA packaging structure
is also equaled well to reduce UV pumping light for further
improving the color purity.

II. EXPERIMENTAL

Green CdSe/ZnS QDs (purchased from China BeiDa
JuBang Company, Ltd.) were adopted for use in the QD-LEDs
owing to their high color purity and QY [3]. For the prepara-
tion of the QD layer, the QDs were dissolved in 1 mL n-hexane
and then, mixed with 2 g silicone (Dow Corning, OE-6550).
Next, the mixture was injected into the LED device and cured
at 120 ◦C in the oven for 1 h. For the preparation of the
PLA layer, a triazine-based PLA powder (BL 1227, purchased
from Qingdao Jade New Material Technology Company, Ltd.,
temperature resistance range of 0–200 ◦C), which has been
widely adopted for UV blocking in plastic products, was used
to eliminate the pumping light. In this step, 6.25 mg of PLA
powder was dissolved in 0.5 mL toluene and then, mixed with
silicone through mechanical stirring. Finally, the mixture was

Fig. 1. Diagrams of QD-LEDs (a) without and (b) with the PLA packaging
structure.

Fig. 2. Characterization of QDs. (a) TEM image and particle size
distribution of the green-QDs. (b) Absorption spectrum and PL spectrum
of the QD solution.

injected into a specific mold and cured at 120 ◦C in the oven
for 2 h. The prepared PLA composites were cut into disks
with a diameter of 7 mm. The gap between the LED chip and
the PLA layer was filled with silicone to enhance the light
extraction as in previous studies [22]. The sample devices and
their structure diagrams are shown in Fig. 1(a) and (b). The
LED devices are used with blue light or UV light-emitting
chips as the pumping source. The crystal phase and surface
morphology of the samples were characterized by transmission
electron microscopy (TEM, JEM-2100F, JEOL, Japan) with an
accelerating voltage of 200 kV. The absorption and transmit-
tance spectra of the PLA film were measured with a UV–vis
spectrometer (UV-2700, Shimadzu, Japan). The electrolumi-
nescence (EL) spectra and luminous flux of the QD-LEDs
were measured by an integrating sphere system (Otsuka
LE-5400). The PL spectra of the products were recorded using
a fluorescence spectrophotometer (RF-6000, Shimadzu, Japan)
with a Xe lamp as an excitation source. Infrared thermal
images and surface temperatures were acquired by a thermal
infrared camera (FLIR Therma CAM SC300).

III. RESULTS AND DISCUSSION

Fig. 2(a) shows the high-resolution TEM images of the
CdSe QDs, which have an average diameter of 10.5 nm and a
very uniform size distribution. The absorption and PL spectra
of the green-QDs are shown in Fig. 2(b). It is noted that the
green QDs have an extremely wide absorption range varying
from 380 to 500 nm. Because the LED chip used in this
work has peak emission wavelengths at 385, 395, 405, and
455 nm, the green QDs can be easily excited to generate green
emission. The PL image of the QD solution under 365 nm
UV light is also shown. The PL spectrum of the QDs peaks
at 528 nm and has a narrow full-width at half-maximum
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Fig. 3. (a) Transmittance reflectivity and (b) absorption of PLA layers
with different concentrations.

(FWHM) of 30 nm, which demonstrates its high color purity
and applicability to full-color displays.

Fig. 3 shows the transmittance, reflectivity, and absorption
of PLA layers with different concentrations and the inset
images in Fig. 3(b) show the PLA powder and PLA layer.
It indicates that the transmittance of PLA layers decreases
from 93% to almost zero when the wavelength of light is
shorter than 470 nm, while that of the PLA layers reaches 93%
for the wavelengths of light longer than 470 nm from Fig. 3(a).
And the reflectivity of the layers is about 8%. From Fig. 3(b),
the PLA layer shows almost 100% absorbance when the
wavelength of light is less than 430 nm. These dates indicate
that the PLA layers can efficiently prevent the escape of
UV-blue pumping light from the LED while have high trans-
mittance for the light emitted from green QDs. In addition,
the absorption of the PLA layers quickly becomes saturated
above 0.2 at all concentrations. It is because the PLA can
be dissolved in organic solvent and evenly dispersed into
silicon, the absorption saturation can be achieved even when
the concentration of PLA is very low.

Blue light LEDs have the advantages of low-cost, high
efficiency, and mature technology. Hence, in our case, the
blue light LEDs were initially selected as the excitation source
for the QDs. Fig. 4(a) shows the International Commission
on Illumination (CIE) 1931 color coordinates of QD-LEDs
with different concentrations of QDs. As the QD concentra-
tion increases from 0.05 to 1.5 wt%, the color coordinates
shift from the blue region (0.16, 0.06) to the green region
(0.24, 0.56). This means that the color coordinates can be
adjusted by concentration engineering. The spectra and radiant
power of QD-LEDs with different concentrations of QDs are
given in Fig. 4(b) and (c), respectively. Fig. 4(b) shows that
the spectrum of QD-LEDs has two obvious emission peaks:
one derived from the chip at 455 nm and the other from the
QDs in the range of 525–535 nm. As the concentration was
adjusted from 0.05 to 1.5 wt%, the intensity of the emission
peaks at 455 nm decreased, because of the increasing optical
density. However, the green emission peaks of the spectrum
show an obvious red shift. The phenomenon of red shift in
the emission spectra is attributed to the reabsorption of QDs,
which results in converting more radiant power to thermal
and decreases the stability of the QDs [29]. In other words,
the radiant power emitted from the QDs does not increase;
on the contrary, it decreases even if the concentration of QDs
increased from 0.5% to 1.5%. To further study the effect of the
increased concentration on the emission of QD-LEDs, the blue
and green radiant power of QD-LEDs which represents the

Fig. 4. (a) CIE 1931 color coordinates, (b) EL spectra, and (c) radiant
power of QD-LEDs with different concentration of QDs at a typical
injection current of 100 mA.

PL intensity of emission from chip and QDs, respectively, are
calculated as follows:

PB_rad =
∫ λ2

λ1

Srad(λ)dλ (1)

PG_rad =
∫ λ4

λ3

Srad(λ)dλ (2)

where PB_rad and PG_rad are the radiant power of blue light and
green light, respectively, escaping from the conversion layer
and Srad(λ) corresponds to the radiant spectra, including the
conversion light and the escaping blue light. In the case of
PB_rad, λ1 and λ2 are 400 and 480 nm, respectively; whereas
for PG_rad, λ3 and λ4 are 500 and 600 nm, respectively.

The results of these calculations are shown in Fig. 4(c).
When the QD concentration increases from 0.05 to 1.5 wt%,
the blue radiant power decreases significantly. However,
the radiant power of the light emitted from the QD layer
increases at first to reach a maximum at a concentration
of 0.5 wt% and then decreases by 18.1% as the QD con-
centration increases from 0.5 to 1.5 wt%. This phenom-
enon is mainly caused by the reabsorption behavior of the
QDs [29], [30]. In addition, the inset images demonstrate that
the color of the emission from the QD-LEDs turns from blue to
green as the QD concentration increases, corresponding to its
color coordinates. The above data indicate that there is serious
reabsorption when we attempt to adjust color coordinates
by increasing the concentration of QDs; this will result in
decreased radiant power of the light emitted from the QDs
and more conversion of pumping light to thermal energy.
As a result, this method for adjusting the color coordinates of
QD-LEDs is hard to be applied in illumination and full-color
display applications. It is necessary to develop another method
to adjust the color coordinates and eliminate the pumping light.
For this reason, the PLA packaging structure was introduced
in this study.
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Fig. 5. (a) CIE 1931 color coordinates, (b) EL spectra, and (c)
radiant power of QD-LEDs with a PLA layer at a typical injection current
of 100 mA.

Based on the above considerations, the color coordinates
were adjusted at the green area by increasing the concentration
of QDs, which simultaneously leads to a decreased green
radiant power because of the reabsorption. However, when
considering the requirements of display applications, it is
essential to reduce the radiant power of the pumping light
while maintaining the high radiant power of the QD light.
Therefore, we selected the device with the highest green
radiant power at a concentration of 0.5 wt% and the PLA
packaging structure was applied to adjust the color coordinates
by reducing the blue light while maintaining high green radiant
power. Fig. 5 shows the color coordinates of QD-LEDs with
the PLA packaging structure at an injection current of 100 mA
when the concentration of PLA is between 0 and 0.3 wt%. It is
easy to see that the color coordinates shift from (0.18, 0.26)
to (0.20, 0.57). Moreover, the emission light from the
QD-LEDs with the PLA packaging structure changes from
blue to green as the concentration of PLA increases, as shown
in the upper inset. Additionally, the color coordinates are
almost dropped at one line, which indicates that it is possible
to achieve linear control of color coordinates. To explain this
phenomenon, the spectra of QD-LEDs devices with the PLA
packaging structure were measured as shown in Fig. 5(b),
where can be seen that the emission spectra of green light
always peak at 529 nm, without any red-shift, as the con-
centration increases from 0 to 0.3 wt%. Additionally, it can
be seen that the QD-LEDs with the PLA package structure
show a significant decline in the EL intensity of the blue
spectrum while its peaks shift from 450 to 465 nm. This can
be explained by the difference of absorption for blue light
with increasing concentration of PLA when the wavelength
varies from 470 to 430 nm, as shown in Fig. 3(b). Fig. 5(c)
shows the radiant power of emission from QD-LEDs with
the PLA packaging structure, which is calculated according
to (1) and (2). As shown in Fig. 5(c), the radiant power of blue
light from the QD-LEDs decreases by 81.6%, which confirms
that the PLA packaging structure has an excellent ability to

Fig. 6. (a) CIE 1931 color coordinates, (b) EL spectra, and (c) radiant
power of blue emission of green QD-LEDs at a typical injection current
of 100 mA. The green point is sample A; the red point is sample B; and
the black point is sample C.

reduce the blue light. Moreover, it is noteworthy that the
radiant power of green emission from the QD-LEDs decreases
by 10.1% with the PLA packaging structure, whereas there is
little reduction as the concentration of PLA increases from
0.05% to 0.3%. This is because the reduction is caused by
the backscattering loss of the PLA packaging structure [22].
Therefore, this reduction can be eliminated in the future by
further optimizing the PLA packaging structure.

To further compare the performance differences of the
QD-LEDs manufactured by the two methods, the optical
characteristics and thermal distribution of the devices were
investigated. In this case, the selected object was a QD-LED
in which the concentration of QDs is 0.5 wt% (marked as
sample A); its color coordinates are adjusted by adopting
the PLA packaging structure (marked as sample B) or by
increasing the concentration of QDs to 1.5 wt% (marked as
sample C). As shown in Fig. 6(a), the three points in the
CIE diagram correspond to the color coordinates of the three
devices; the green point, red point, and black point correspond
to sample A, sample B, and sample C, respectively. It can
be seen that the color coordinates of sample B and sample
C are close whereas there is a corresponding emission color
change in the image on the right side. In addition, color gamut
was used as an evaluation metric and was determined by the
maximum colors in the display [7]. Fig. 6(b) and (c) shows
the relative EL spectra, radiant power of blue emission, and
color gamut of all three devices. It can be seen that the peak
emission of sample A is 455 and 530 nm, corresponding to
the blue light of the LED and the emission from the QD,
respectively. The radiant power of blue light was higher than
that of green light as shown in Fig. 6(c), which makes its color
coordinate be close to the blue region.

When green QD-LEDs were fabricated with the PLA
packaging structure (sample B) or with a high concentration
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Fig. 7. (a) Time-dependent surface temperatures of sample B and
sample C at an injection current of 100 mA. (b) CCE and thermal power
of the QD layer and the PLA layer in sample B and sample C.

of QDs (sample C), the radiant power was decreased. However,
it is worth noting that the radiant power of green light output
from sample B was still higher than that of sample C. This
proves that the PLA packaging structure allowed the QD-LEDs
to emit more green light. According to the calculations as
shown in Table I, the relative EL intensity of emission from
QDs (90.8%) in sample B was increased by 25.1% compared
with that of sample C (72.6%). Herein, in order to characterize
the color purity of QD-LEDs for full-color displays, the color
gamut is calculated according to the NTSC standard. In our
case, the color coordinate of blue light is fixed at (0.15, 0.04)
which is according to the blue light LED; and the color coordi-
nate of red light is fixed at (0.67, 0.33) which is same as that in
NTSC. Finally, the color gamut of QD-LEDs is calculated
in Fig. 6(c). The results indicate that the achievable color
gamut of sample B (82.1% NTSC) is larger than that of
sample C by 6.8% (76.9%). This result proves that the PLA
packaging structure improves the luminous performance
and enhances the color purity. Please note that the color
gamut for blue pumping light can be further improved by
increasing the absorption range of the PLA materials in
future, or just changing the pumping source, which will be
discussed at subsequence. Nevertheless, employing the PLA
packaging structure is more advantageous than increasing the
concentration of QDs for full-color displays.

An additional advantage can be found in the thermal
performance of these devices. Fig. 7 shows the steady-state
temperature of the surface of sample B and sample C measured
at 100 mA of injection current. From Fig. 7, the steady-state
temperature of sample B is 58.9 ◦C, which is lower than that
of sample C (73.4 ◦C) by 19.75%. The insets in Fig. 7(a) of
infrared images show the thermal distributions of QD-LEDs
with and without the PLA packaging structure, respectively.
To better understand the improvement of the thermal perfor-
mance with PLA packaging structure, the CCE, thermal power,
and thermal simulation are studied. In this regard, the CCE
is defined as the ratio of the radiant power from the QD
conversion layer PG_rad to the absorption power of incident
blue light PB_inc; it is calculated with the following formula
that was presented in previous report [30]. The thermal power
of the layer is calculated as follows:

CCE = PG_rad

(PB_inc − PB_rad)
(3)

QG = PB_abs(1 − CCE) = PC_rad

CCE
(1 − CCE) (4)

QPLA = α(PB1_abs − PB2_abs) (5)

Fig. 8. Simulated temperature fields at the cross sections of the
QD-LEDs based on (a) sample B and (b) sample C at an injection current
of 100 mA.

TABLE I
CIE CHROMATICITY COORDINATE (x, y), DOMINANT WAVELENGTH λ,

FWHM OF GREEN EMISSION, RELATIVE EL INTENSITY OF GREEN

EMISSION EL, AND COLOR GAMUT OF QD-LEDS WITH UV PUMPING

SOURCES AND EMPLOYING THE PLA PACKAGING STRUCTURE

where PB_rad is the radiant power of blue light escaping from
the QD-LEDs, which can be calculated by (1). Then the
thermal power of the QD layer QG can be calculated by (4).
The thermal power of the PLA layer QPLA can be calculated
by (5). Herein, the PB1_rad is the radiant power of blue light
escaping from sample A and PB2_rad is that from sample C.
According to previous studies, the absorbed pumping light is
converted into molecular potential energy and thermal energy
in the PLA due to excited state intramolecular proton transfer
(ESIPT) mechanism [31]. Hence, α is as the conversion
coefficient of thermal energy which should be less than 100%.
In our case we ensured that the calculation and finite-element
(FE) simulation are close to boundary situation, so α is
assumed as 100%. Finally, the CCE, the thermal power of the
QD layer, and that of the PLA layer are given in Fig. 7(b).
From Fig. 7(b), the CCE of sample B is 44.5%, which is
higher than that of sample C (28.6%) by 55.6%. This means
that the QD layer of sample B can convert pumping light into
more green emission and less thermal energy than sample C,
which is proven by the result of the calculations as shown
in Fig. 7(b). The result shows that the thermal power of the
QD layer in sample B is 42.7 mW whereas that of sample C
is 96.3 mW, which is still higher than the total thermal power
(86.1 mW) of sample B. We believe that this is one of the
reasons for the improved thermal performance of sample B.
In addition, the PLA layer converted the redundant pumping
light into heat in sample B but not in sample C. This ensures
the redundant pumping light transferred to the upper PLA layer
of sample B, which should be converted into heat in the QD
layer in sample C. This is another reason for the better thermal
performance of sample B.

Furthermore, a FE simulation was performed to investigate
the inner temperature distributions of the QD layers as shown
in Fig. 8; the setup is based on the parameters in Table II
that have been given in the previous study [32] and the
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TABLE II
THICKNESS AND THERMAL CONDUCTIVITY OF THE PACKAGING

MATERIALS USED IN THE THERMAL SIMULATION

Fig. 9. PL spectra of a QD-LED with the PLA packaging structure at
different concentrations of PLA, while employing UV light of different
wavelengths at (a) 385, (b) 395, and (c) 405 nm as pumping sources.

inner thermal power of QD layer and PLA layer is shown
in Fig. 7(b). As shown in Fig. 8(a) and (b), the surface
temperatures of sample B and sample C are 64.6 and 72.4 ◦C,
respectively, which are similar to the time-dependent surface
temperatures. This indicates that the maximum temperature
occurs in the PLA layer of sample B and the QD layer of
sample C, which proves that the PLA packaging structure
can successfully transfer the heat converted by the redundant
pumping light to the upper PLA layer and better thermal
performance is achieved with the PLA packaging structure in
sample B. In future, the thermal performance of PLA devices
can be further improved by reducing the silicone volume with
poor heat dissipation ability.

To verify the utility of the PLA packaging structure for the
other widely used UV pumping source, UV LED chips with
different wavelengths were used in QD-LEDs. The spectra
of the QD-LED are shown in Fig. 9. From Fig. 9(a) to (c),
the peaks of the QD-LEDs spectrum appear at 385, 395,
and 405 nm, respectively, which come from the pumping
sources. Although the UV pumping light has less influence on
the color gamut compared with the blue pumping light, it is
very harmful to the human eyes [33]. It is worth noting that
when the PLA concentration of the QD-LED device increases
from 0 to 0.3%, the energy of the UV pumping light source

Fig. 10. Color coordinates of QD-LEDs with the PLA packaging structure
at different concentrations of PLA, while employing UV light with different
wavelengths at (a) 385, (b) 395, and (c) 405 nm as the excitation source.

TABLE III
CIE CHROMATICITY COORDINATES (x, y), DOMINANT WAVELENGTH λ,

AND COLOR GAMUT OF QD-LEDS WITH UV PUMPING SOURCES

BASED ON PLA PACKAGING STRUCTURE

decreases almost to zero, which causes the color coordinates
of the QD-LEDs shift to the color gamut boundary and also
ensures a healthy light source. Moreover, because of the higher
absorption of the PLA at the shorter wavelengths, the radiant
power of the pumping light source is reduced to almost zero
when the concentration of PLA only increases to 0.05%. At the
same time, we can observe that all the emission peaks of
green light are located at ∼529 nm, which proves that different
pumping sources do not affect the emission peaks of the QDs.

Fig. 10 shows the color coordinates of these devices
at different concentrations of PLA. Comparing this with
Fig. 9(a)–(c), it can be concluded that the color coordinates
can be adjusted to the boundary of CIE when the concentration
of PLA changes from 0 to 0.3%. However, the range of
adjustment is different. For instance, when the wavelength
of pumping light is 385 nm, the color coordinate shifts from
(0.20, 0.69) to (0.20, 0.72), but the color coordinate can shift
from (0.20, 0.50) to (0.20, 0.72) when the wavelength of the
pumping light is 405 nm as the PLA concentration increases.
This can be attributed to the different effect of pumping light
on the color coordinates. It is worth noting that the color
coordinates shift closer to the color boundary at high PLA
concentration when the wavelength of the pumping light is
385, 395, and 405 nm, which means that the color purity is
largely enhanced using the proposed structure. Furthermore,
the color gamut achieved by QD-LEDs with UV pumping
sources based on the PLA packaging structure is calculated
in Table III, which shows that the color gamut can be as large
as 107.2% NTSC. There is a remarkable increase of 50.1%
compared with that of QD-LEDs applying 405 nm UV pump-
ing sources without PLA packaging structure (70.6% NTSC).
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These results confirm that the PLA packaging structure also
works for UV pumping sources and not only for blue light
pumping sources. Consequently, the strategy of introducing
the PLA has great potential in the application of QD-LEDs
for full-color displays in the future.

IV. CONCLUSION

In this article, we introduced a PLA packaging structure for
QD-LED devices to eliminate the pumping light component
while comprehensively achieving high optical and thermal
performances. The maximum PL intensity of QD-LEDs is
achieved at the optimized QD concentration of 0.5 wt%;
however, the color coordinate is in the blue region with low
color purity. When the PLA packaging structure is applied in
this QD-LED the blue light energy decreases by 81.6% and
the color coordinates shift from (0.18, 0.26) to (0.20, 0.57).
It is remarkable that the PLA packaging structure can increase
the relative EL intensity of emission from QDs by 25.1%
compared to the increase in EL that results from increasing
the concentration of QDs, while the steady-state temperature
is 58.9 ◦C which is lower than that of reference by 19.75%
(73.4◦C). These results are attributed to the higher CCE and to
the partial transfer of thermal energy by converting redundant
pumping light. Finally, it was demonstrated that the radiant
power of UV excitation sources can also be reduced to almost
zero with the PLA packaging structure, while the color coordi-
nates of QD-LED shift close to the color boundary. In addition,
the color gamut achieved is as large as 107% NTSC, which
is 50.1% larger than that of QD-LEDs employing 405-nm
UV excitation sources without the PLA packaging structure
(70.6% NTSC). In the future, PLA can also be well applied
in LED package with different packaging structure due to good
compatibility with silicones. Therefore, the proposed method
has excellent potential in the future applications of QD-LEDs
in full-color displays, such as full-color micro-LEDs.
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