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1. INTRODUCTION

Researchers have conducted intensive studies focusing on methods to increase the lighting
performance of white light-emitting diode (WLED) packages without any disadvantage, and there are many
positive results regarding the efforts in fulfilling this purpose. Specifically, many previous research papers
mentioned that lumen output and color homogeneity are properties that need improvement [1]-[5]. After
doing various experiments, Anh and his colleagues have finally found out that the combination of YAG:Ce>**
phosphor compounding with SiO, particles can be the solution to the concerning issue [6]. Moreover, with
this mixture, the quality of multi-chip WLED packages can be enhanced considerably. Besides, mixing the
yellow YAG:Ce*" phosphor with the silicone glue is an important step, as the attained mixture can absorb the
chromatic radiations from blue source and yellow source [7]-[13]. Specifically, emitted blue rays from the
lighting LED chips would disintegrate in phosphorus compounds and then pass through phosphorus particles
consecutively. In addition, the blue light will be metabolized by yellow YAG:Ce>* phosphor particles during
this process and simultaneously become weaker [14]-[16]. Nevertheless, the yellow light emitted tends to be
stronger after each scattering event inside the LED packages. Therefore, the light output becomes more
bluish when reaching the LED’s surface, meanwhile, if the emitted light is not directly in front of LED chips,
it will be more yellowish [17]-[19]. Thus, because of the differences in light intensity distribution, the yellow
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ring damaging the light quality of WLEDs is created.

However, if there is any solution that can perfect the materials used in WLEDs or impact the optical
properties, better white light quality and lumen efficacy can be accomplished. Previously, Won and his
partners worked together to prove that suitable phosphor geometry improves the amount of light extracted
from WLEDs and results in a higher color quality scale (CQS). They combined the blue LED chips with
various geometries of diffusor particles such as (Ba,Sr)»SiOs:Eu?" and CaAlSiN;:Eu?" to get the optimal
efficiency [20]. Meanwhile, the proposed work of Oh’s group prioritized the development of lumen output
and CRI by using triple-layer WLEDs configuration with each layer is a distinct color of green, yellow, or red
[21]. Additionally, Zhang’s team used multi-chromatic phosphor to accomplish the goal of bettering the CRI
index of the LEDs [22]. Obviously, enhancing CRI and optical output are the targets of research, but color
uniformity seems to be neglected. In addition, the scope of these researches solely covers WLEDs with one
lighting chip, which is not practical considering how the multi-chip devices with high average correlated
color temperatures (ACCTs) are often applied in current lighting applications.

This research uses the green YF3:Er**,Yb3* phosphor as supporting material for luminous flux and
chromatic quality in the encapsulation layer of lighting configuration to achieve the highest index during the
scattering process. Besides, the concentration of YF3:Er’*,Yb*" phosphor is a factor that determines the
lighting of WLEDs; thus if an appropriate concentration of this phosphor is selected, it will benefit the
lighting performance and chromatic consistency of the device. The research process mentioned in this article
includes 3 stages: i) Setting up the model of MCW-LEDs; ii) Integrating YF3:Er*",Yb** and other materials
into an encapsulation layer in the lighting configuration; iii) Computing the optical properties including the
emitting wavelength range and the scattering intensity at different YF5:Er**,Yb*" concentrations. In short, if
the mixture of YF3:Er*',Yb*" and YAG:Ce*" phosphors is applied to the LED’s structure, the color
homogeneity and lumen output can reach the highest values.

2. PREPARATION AND SIMULATION
2.1. Preparation of green YF3:Er*",Yb3* phosphor

Ingredients of YF3:Er’',Yb** composition include YF3;, YbFs;, ErF;, and ZnF, with the mole
percentage of 78, 20, 2, and 10, respectively. To prepare a complete YFs:Er®*,Yb®* compound for the
research, a 3-main-stage process needs to be carried out in a strict order. Firstly, the chemical materials are
mixed thoroughly in ethanol. Secondly, fire the compound in capped alumina crucible at temperature above
1100 °C. However, there is a note that the firing process must be carried out in an inert or flourizing
atmosphere. Thirdly, collect the products from the previous step, let it cool, and then wash them with water to
remove flux. After that, we will get the final product having a green emission color and a 550 nm emission
peak.

2.2. Construction of MC-WLEDs

The structure simulation of a real MCW-LED is built based on the application of the optical
engineering software LightTools 8.1.0 and Monte Carlo. The simulating procedure consists of two main
stages with flat silicone layer: first, constructing and fabricating the framework and the lighting
characteristics of a WLEDs configuration; second, monitoring the impacts of YF3:Er®*,Yb% concentrations
on the lighting efficiency and comparing with other WLEDs structures such as the conformal or in-cup
structures at 5600 K and 7000 K CCT. Figure 1(a) demonstrates the details of conformal coating MCW-
LEDs with the CCT of 5600 K and 7000 K. In addition to that description, a simulation of a MCW-LED
without the YF3:Er®*,Yb®" phosphor is also included. The size of reflector is 8 mm at base, 2.07 mm on the
side, and 9.85 mm upper part. The conformal material layer covering the lighting chips has a pre-determined
density of 0.08 mm. The chips are 1.14 mm? in size, 0.15 mm in height, and bounded to the gap in the
reflector cup. Every lighting chip emits 1.16 W of energy at 453 nm. Figure 1(c) illustrates the dual-remote
phosphor geometry in which the LED chips are coated with the two phosphor layers. Additionally, the Mie
scattering is the main method to calculate the phosphor diffusion in this geometry. Besides, the phosphor
particles used in this research has an average diameter of 14.5 pm, similar to the actual one. The phosphor
compounding used for the simulation is comprised of the phosphor particles of YF3:Er®* Yb%, YAG:Ce®
that are well mixed with the silicone gel. The refractive indexes of these phosphor particles are 1.85, and
1.83, respectively, while that of the silicone glue is 1.52. After determining the refractive indices and sizes of
material particles, it is possible to measure the emitting wavelength regions of that lighting device. The
emission spectra of the phosphor compound are presented in Figure 2, these emission spectra will
demonstrate the radiation emitted from the phosphor compound. In Figure 2, MCW-WLEDs with 10%
YF3:Er¥*,Yb®* at 5700 K and 7000 K CCTs clearly have a light discharging improvement, which confirms
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that the participation of YFs:Er®*,Yb® particles in the phosphor compound benefits the luminous flux of
LEDs configuration.

Lead frame: 4.7 mm Jentech Size-S
LED chip: V45H

Die attach: Sumitomo 1295SA
Gold Wire: 1.0 mil

Phosphor: ITC NYAG4_EL

(b)

Figure 1. Illustration of phosphor-converted MCW-LEDs as doping YFs:Er®*,Yb%; (a) the actual
MCW-LEDs and (b) its parameters; and (c) dual-remote phosphor geometry
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Figure 2. Emission spectra of MCW-LEDs

3. COMPUTATION AND DISCUSSION

To get the optical properties of phosphor compounding verified, the scattering coefficient usca is
calculated by applying the Mie-theory [23]-[25]. The (1)-(4) demonstrate the connection of the three different

elements, including the scattering coefficient (SC), the wavelength, and the particle size of YF3:Er®*,Yb%*
phosphor.
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In which, f{D) indicates the distribution of particles size, ¢ stands for the amount of phosphor
(g/cm3), Csap is the scattering cross-section of the molecule with the length of D, P, (1) presents the
scattered power by phosphor particles, and ;,,. (1) is known as the irradiance intensity. In addition, C,., (1) is
the scattering cross-section, and m is the phosphor particle mass being used in f{D), respectively.

Figure 3 demonstrates the scattering coefficient (SC) of WLED if YF3:Er®*,Yb%* phosphor is added
to the configuration. The scattering coefficient evaluate the scattering capacity of the particles to create light.
The YF3:Er®*,Yb% is probably the cause for considerable changes in SC of the phosphorus mixture.
Furthermore, this verified that concentration and pre-stimulus of YF3:Er¥*,Yb%" can be used to tune color
quality of CPG and IPG structures. Specifically, the SC tends to rise when the concentration of YF3:Er®*, Yb®*
at all particle measurements rises. If the particle size of the phosphor is approximately 1 um, the SC gets the
optimal value, without any consideration for its larger size. As a result, color uniformity is enhanced
significantly. Meanwhile, when the particle size increases to approximately 7 um, the SC becomes more
stable regardless of the growth of YF3:Er*,Yb3* concentration, which will benefit the color quality scale
(CQS) of the LEDs. Therefore, if the goal is the enhancement of CQS, the size of YF3:Er®*,Yb** phosphor
particle can be approximately 1 pm or 7 pm. Besides, the SC connection with YF3:Er®*Yb®* concentration
and particle size allows this material to effectively strengthen the lumen output and chromatic performance of
lighting packages.

Fulfilling the specifications of a LED device is one of the most important goals to accomplish in this
research paper. Additionally, the MCW-LED will have the best performance in the scope of the average
CCTs. Hence, when the YF3:Er®*,Yb% phosphor concentration increases, the yellow phosphor YAG:Ce®*
proportion must decrease to maintain color temperature at a constant value. The following expression
demonstrates how the materials proportions add up in the encapsulation layer:

ZWpl = Wyellowphosphor + Wsilicone + Wyellow—greenphosphor = 100% (5)

where, Wsiiicone, Wyetiowphospror @ Wyeniow—greenprospnor are proportions of weight in the phosphor layer
of the silicone glue, the yellow YAG:Ce®* phosphor, and the green YF3:Er®*,Yb3* phosphor, respectively.

In Figure 4, the chromatic variation fluctuates when there is YF3:Er¥*,Yb®* in the phosphor
compounding. These deviation results demonstrate how much the expressed color from WLEDs fluctuate
according to the added amount of YF3:Er®*,Yb3* concentration. Obviously, the CCT peak-valley deviation
shows a downward trend in accordance with the increase of YF3:Er®*,Yb3* concentration, which means the
spatial color distribution is benefited by YF3:Er®*,Yb3* phosphor in the lighting configuration.
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Figure 3. The computed values of scattering coefficients (right) and scattering cross-section (left) of
phosphor compounding
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Figure 4. The CCT peak-valley deviation as a function of the concentration of YF3:Er*,Yb®*

However, it is important to give optical properties of LEDs an equal focus because if we just
concentrate on optimizing a factor, the other aspects of the optical systems will be weak. As a result, both
CQS and lighting efficiency of WLED cannot reach highest values. Therefore, in case the priority is CRI,
wide emission spectrum and the single color light obtained at 555 nm wavelength are the aspects for
improvement. In our research, we consider the connection between CQS, lumen output, and CCT.

Figures 5 and 6 show the impacts of YF3:Er’*',Yb*' concentration on the WLEDs lighting
enhancement, especially at high color temperature of 7000 K. The luminous efficacy in Figure 5 show how
much radiation the WLED light source can provide in proportion to the power source, while the color quality
scale in Figure 6 is a quality indicator that can access the rendering index, viewer preference and color
coordinate of light source. As can be seen, the increasing amount of YF3:Er’*,Yb*" is followed by the rise in
luminous efficiency. Meanwhile, the CQS tends to decline gradually if the concentration of YF3:Er’",Yb**
exceeds a certain amount, specifically 8% wt. in our experiments. Thus, it can be concluded that if the
YF;:Er’*Yb*" concentration is set to a suitable amount, proposed amount from 8%-10% wt., it can support
the process of bettering the color uniformity and the lumen output.
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Figure 5. Luminous efficacy as a function of the concentration of YF3:Er*,Yb®*
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Figure 6. Color quality scale as a function of the concentration of YF3:Er¥*,Yb%*
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4. CONCLUSION

In conclusion, from the findings demonstrated in this research paper, the green YFs:Er* Yh%*
phosphor is useful for WLEDs enhancement regarding the chromatic quality and luminous flux. Specifically,
after using the Mie-scattering theory to examine the scattering results, the color homogeneity shows different
results as emitted light reflected back to the lighting configuration decreased regardless of the ACCT values.
Moreover, the application of Monte Carlo simulation proves that the variation of lumen output is in
connection with the YF3:Er®*,Yb® concentration. In other words, the luminous efficiency increases along
with the change of YF3:Er®*,Yb% concentration. Thus, YF3:Er¥*,Yb%* phosphor is a suitable development
phosphorus material to serve the WLEDs’ production.

ACKNOWLEDGEMENTS
This research is supported by Industrial University of Ho Chi Minh City (IUH) under grant number
112/HD-DHCN.

REFERENCES

[1] L. Wang et al., "Highly efficient narrow-band green and red phosphors enabling wider color-gamut LED backlight
for more brilliant displays," Optics Express, vol. 23, pp. 28707-28717, 2015, doi: 10.1364/0OE.23.028707.

[2] H.Chen, R. Zhu, Y. H. Lee, and S. T. Wu, "Correlated color temperature tunable white LED with a dynamic color
filter," Optics Express, vol. 24, no. 6, pp. A731-A73, 2016, doi: 10.1364/OE.24.00A731.

[3] L.S. Rao et al., "Effect of ZnO nanostructures on the optical properties of white light-emitting diodes," Optics
Express, vol. 25, pp. A432-A443, 2017, doi: 10.1364/0E.25.00A432.

[4] R.Maetal., "Energy transfer properties and enhanced color rendering index of chromaticity tunable green-yellow-
red-emitting YsAlsO12: Ce?*, Cr¥* phosphors for white light-emitting diodes,” Opt. Mater. Express, vol. 7, no. 2,
pp. 454-467, 2017, doi: 10.1364/OME.7.000454.

[5] P. C. Shen, K. Y. Chen, and C. F. Lin, "Eco-Friendly Fluorescent Nanomaterials for Efficient Lighting," in 2015
European Conference on Lasers and Electro-Optics - European Quantum Electronics Conference, 2015,
pp. CE_6_1.

[6] X. Yang, C. Chai, J. Chen, S. Zheng and C. Chen, "Single 395 nm excitation warm WLED with a luminous
efficiency of 104.86 Im/W and a color rendering index of 90.7," Opt. Mater. Express, vol. 9, no. 11, pp. 4273-4286,
2019, doi: 10.1364/0OME.9.004273.

[71 W.J. Kim et al., "Improved angular color uniformity and hydrothermal reliability of phosphor-converted white
light-emitting diodes by using phosphor sedimentation," Optics Express, vol. 26, no. 22, pp. 28634-28640, 2018,
doi: 10.1364/0OE.26.028634.

[8] J. Cheng et al., "Luminescence and energy transfer properties of color-tunable SrsLa(PO4)30:Ce®*, Th3*,Mn2*
phosphors for WLEDs," Opt. Mater. Express ,vol. 8, no. 7, pp. 1850-1862, 2018, doi: 10.1364/OME.8.001850.

[9] X.Y.Liu, H. Guo, S. X. Dai, M. Y. Peng and Q. Y. Zhang, "Energy transfer and thermal stability in Bi3*/Eu®* co-
doped germanium-borate glasses for organic-resin-free UV LEDs,” Opt. Mater. Express, vol. 6, no. 11,
pp. 3574-3585, 2016, doi: 10.1364/OME.6.003574.

[10] M. Jiao, C. Yang, M. Liu, Q. Xu, Y. Yu and H. You, "Mo6+ substitution induced band structure regulation and
efficient near-UV-excited red emission in NaLaMg(W,Mo)Os:Eu phosphor,” Opt. Mater. Express, vol. 7, no. 7,
pp. 2660-2671, 2017, doi: 10.1364/OME.7.002660.

[11] J. Ryckaert et al., "Selecting the optimal synthesis parameters of InP/ CdxZn1xSe quantum dots for a hybrid remote
phosphor white LED for general lighting applications,”" Optics Express, vol. 25, no. 24, pp. A1009-A1022, 2017,
doi: 10.1364/0OE.25.0A1009.

[12] O. H. Kwon, J. S. Kim, J. W. Jang, and Y. S. Cho, "Simple prismatic patterning approach for nearly room-
temperature processed planar remote phosphor layers for enhanced white luminescence efficiency,” Opt. Mater.
Express, vol. 8, no. 10, pp. 3230-3237, 2018, doi: 10.1364/OME.8.003230.

[13] J. R. D. Retamal et al., "4-Gbit/s visible light communication link based on 16-QAM OFDM transmission over
remote phosphor-film converted white light by using blue laser diode,” Optics Express, vol. 23, no. 26,
pp. 33656-33666, 2015, doi: 10.1364/0OE.23.033656.

[14] P. Siffalovic et al., "Evaluation of low-cadmium ZnCdSeS alloyed quantum dots for remote phosphor solid-state
lighting technology," Appl. Opt., vol. 54, no. 23, pp. 7094-7098, 2015, doi: 10.1364/A0.54.007094.

[15] Y. Tang, Z. Li, G. Liang, Z. Li, J. Li, and B. Yu, "Enhancement of luminous efficacy for LED lamps by introducing
polyacrylonitrile electrospinning nanofiber film," Optics Express, vol. 26, no. 21, pp. 27716-27725, 2018,
doi: 10.1364/0OE.26.027716.

[16] S. Yu, Z. Li, G. Liang, Y. Tang, B. Yu, and K. Chen, "Angular color uniformity enhancement of white light-
emitting diodes by remote micro-patterned phosphor film," Photon. Res., vol. 4, no. 4, pp. 140-145, 2016,
doi: 10.1364/PRJ.4.000140.

[17] S.P.Ying, and J. Y. Shen, "Concentric ring phosphor geometry on the luminous efficiency of white-light-emitting
diodes with excellent color rendering property,” Opt. Lett., vol. 41, no. 9, pp. 1989-1992, 2016,
doi: 10.1364/0L.41.001989.

The effect green YF3:ER3+,YB3+ phosphor on luminous flux and... (My Hanh Nguyen Thi)


https://scholar.google.com/citations?user=BZPxQHUAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=NSFpB6gAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=TxYfhQkAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=xpjItEgAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=-_kPRM8AAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=S9X-ueIAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=fhpPEb0AAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=IOruflwAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=fhpPEb0AAAAJ&hl=id&oi=sra

4816 O ISSN: 2088-8708

[18] H. Yuce, T. Guner, S. Balci, M. M. Demir "Phosphor-based white LED by various glassy particles: control over
luminous efficiency,” Opt. Lett., vol. 44, no. 3, pp. 479-482, 2019, doi: 10.1364/0L.44.000479.

[19] L. Yang, Q. Zhang, F. Li, A. Xie, L. Mao, and J. Ma., "Thermally stable lead-free phosphor in glass enhancement
performance of light emitting diodes application,” Appl. Opt., vol. 58, no. 15, pp. 4099-4104, 2019,
doi: 10.1364/A0.58.004099.

[20] E. Kim, S. Unithrattil, I. S. Sohn, and S. J. Kim., "Facile one-step fabrication of 2-layered and 4-quadrant type
phosphor-in-glass plates for white LEDs: an insight into angle dependent luminescence," Opt. Mater. Express,
vol. 6, no. 3, pp. 804-814, 2016, doi: 10.1364/OME.6.000804.

[21] J. Kaur, D. Singh, N. S. Suryanarayana and V. Dubey, "UV Induced Thermoluminescence and Photoluminescence
Studies of Sm® Doped LaAlOs Phosphor," Journal of Display Technology., vol. 12, no. 9, pp. 928-932, 2016,
doi: 10.1109/JDT.2016.2546059.

[22] J. G. Kaur et al., "Photoluminescence Characteristics of Dysprosium Doped CeO2 Phosphor for White Light
Emission," Journal of Display Technology, vol. 12, no. 5, pp. 506-512, 2016.

[23] P. T. Tin, N. K. Nguyen, M. Q. Tran, and H. Y. Lee., "Red-emitting a-SrO3B203:Sm?* Phosphor for WLED
Lamps: Novel Lighting Properties with Two-layer Remote Phosphor Package,” Curr. Opt. Photon., vol. 1,
pp. 389-395, 2017.

[24] 1. P. Sahu, D. P. Bisen, and R. K. Tamrakar, "Dysprosium-Doped Strontium Magnesium Silicate White Light
Emitting Phosphor Prepared by Solid State Reaction Method," Journal of Display Technology, vol. 12, no. 11,
pp. 1478-1487, 2016, doi: 10.1109/JDT.2016.2608382.

[25] M. T.Wang and J. M. Huang, "Accurate control of chromaticity and spectra by feedback phosphor-coating,” Optics
Express, vol. 23, no. 9, pp. 11576-11585, 2015, doi: 10.1364/OE.23.011576.

Int J Elec & Comp Eng, Vol. 11, No. 6, December 2021 : 4810 - 4816


https://scholar.google.com/citations?user=RznlT4AAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=iAXBSwsAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=OX8Cq2wAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=NSFCsfkAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=aYF7p8YAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=4DBKKZIAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=_VktQbcAAAAJ&hl=id&oi=sra
https://scholar.google.com/citations?user=ODNCO5cAAAAJ&hl=id&oi=sra

