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Abstract. This study presents the utilization of
KBr phosphor powder and its simulation works
in conventional phosphor compound for improv-
ing the luminescence and color uniformity of
the white light-emitted diodes (WLED) light out-
put. The introduction of KBr powder with a ra-
dius of 4 microns may result in the scattering
of the phosphor compound, contributing to the
better wide-angle light dispersion performance.
The simulation of KBr is carried out with Mie-
Lorenz scattering practices and MATLAB pro-
grams. The concentration of KBr powder in the
phosphor compound is adjusted to gauge its in-
fluence on various optical attributes such as scat-
tering coefficient, YGA:Ce3+ phosphor dosage,
angular distribution of light, etc. Results demon-
strate that the increase of scattering strength and
variation color variation under larger KBr pow-
der concentration. The increase in lumen output
is noted under higher concentration of KBr in
the compound while the chromatic rendition per-
formance, expressed via CRI and CQS, is pre-
served. The findings show that there is potential
in using KBr powder for improving the perfor-
mance of phosphor compound under visible exci-
tation wavelengths.
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1. Introduction

White light-emitted diodes (WLEDs) represent
a transformative advancement in lighting tech-
nology, significantly enhancing human vision
and overall quality of life. This advancement is
driven by the efficiency, affordability, and practi-
cality of LEDs, coupled with their vast potential
for customization of spectral power distribution.
As such, WLEDs are employed for diverse light-
ing applications, from everyday household illu-
mination to sophisticated environments such as
museums and digital displays.

Regarding the development of WLEDs, the
phosphor conversion technique is favored over
the combination of multiple LEDs to achieve
the desired spectral power distribution [1, 2].
This approach typically involves using vari-
ous phosphors, such as the widely-used yellow
YAG:Ce3+, in conjunction with one or more blue
LED chips to generate white light. Despite the
tunability of emission and correlated color tem-
perature (CCT), phosphor-conversion WLEDs
face energy losses due to phosphor absorption,
which is converted to heat [3, 4]. This heat is
difficult to dissipate and negatively impacts the
reliability and performance of the LEDs [5, 6].

To address these challenges, recent advance-
ments have focused on enhancing the light per-
formance of phosphor-converted WLEDs [7, 8].
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One promising strategy involves modifying phos-
phor compounds by incorporating particles with
high transmittance indices, compatible refrac-
tive indices, or unique scattering properties [9,
10]. Commonly investigated particles include
SiO2, TiO2, and ZnO. Additionally, KBr has
emerged as a promising material for improving
light transmission efficiency in WLEDs. Known
for its high transparency across a wide range of
wavelengths, from the ultraviolet to the far in-
frared, KBr exhibits low absorption and a low
refractive index, ensuring high theoretical trans-
mission without requiring anti-reflective coat-
ings. Furthermore, KBr is cost-effective and
non-toxic, making it ideal for economical pro-
duction. However, in powder form, KBr’s trans-
mission efficiency is reduced due to absorption
and scattering at particle boundaries. Com-
pared to earlier studies by Thi et al. on Eu2+-
activated strontium-barium silicate, and That
and Anh on green Ca2La2BO6.5:Pb2+ phosphor,
the KBr phosphor in this study has a more con-
sistent effect on scattering coefficient and shows
a noticeably greater ability to maintain lumen
and color rendition.

This study investigates the incorporation of
KBr powder into YAG:Ce3+ phosphor com-
pounds. The Mie-Lorenz simulation is used to
demonstrate the effects of different KBr concen-
trations on the light performance of the phos-
phor compound. Mie-scattering-based software
and MATLAB programs, scattering simulations
are employed for analyzing these effects. Section
2. details the computational models used for
the simulations, followed by a discussion of the
results in Section 3. Finally, the paper con-
cludes with a summary in Section 4.

2. Scatering Simulation

The mathematical models of scattering in the
simulation utilize the Mie-scattering hypothesis
and are demonstrated with MATLAB program.
The scattering coefficient µsca(λ) is the mean of
measuring the scattering factor of the phosphor
composite in this work. The following expres-
sions are employed to determine µsca(λ) [11,12]:

µsca(λ) =

∫
N(r)Csca(λ, r) dr (1)

Csca =
2π

k2

∞∑
n=0

(2n− 1)
(
|an|2+|bn|2

)
(2)

where N(r) and Csca indicate the particle’s dis-
tribution density and the scattering cross sec-
tion, respectively; λ and r signify the wavelength
and particle size, respectively. With the scatter-
ing cross-section, an and bn can be computed as
follows [13,14]:

an(x,m) =
ψ′
n(mx)ψn(x)−mψn(mx)ψ

′
n(x)

ψ′
n(mx)ξn(x)−mψn(mx)ξ′n(x)

(3)

bn(x,m) =
mψ′

n(mx)ψn(x)− ψn(mx)ψ
′
n(x)

mψ′
n(mx)ξn(x)− ψn(mx)ξ′n(x)

(4)
where k = 2π/λ and x = kr; m indicates the re-
fractive index; ψn(x) and ξn(x) are the Riccati-
Bessel functions. The particle distributing den-
sity N(r) is the sum of the densities of the KBr
and phosphor particles, signified by Ndif (r) and
Nphos(r), respectively, which are expressed as
follows [15,16]:

N(r) = Ndif (r) +Nphos(r) = KN [fdif (r) + fphos(r)]

(5)
where KN is the number of diffusor units or KBr
particles; fdif (r) and fphos(r) denote the size
distribution function data of the KBr and phos-
phor particles.

Using KN , the diffusor concentration can be
computed as [17,18]:

c = KN

∫
M(r) dr (6)

where M(r) is the mass distribution of the dif-
fusive unit, determined by the following equa-
tion [19,20]:

M(r) =
4

3
πr3 [ρdiffdif (r) + ρphosfphos(r)] (7)

where the diffusor and phosphor crystal densi-
ties are ρdif (r) and ρphos(r), respectively.
These mathematical models assess the scatter-
ing processes for different concentrations of KBr
while maintaining a constant particle size of 4
microns. The simulation is conducted with KBr
concentrations varying from 5 wt% to 9 wt%.
Theoretically, the increase in KBr amount will
improve the scattering coefficients owing to the
denser particle distribution [21,22]. The greater
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scattering will benefit the color distribution uni-
formity in general [23,24]. To validate these hy-
potheses, the simulation work and the results are
presented and discussed in the next section.

3. Result and Discussion

The scattering coefficients monitored under dif-
ferent KBr amounts are presented in Figure 1.
When heightening the doping concentration of
KBr, the scattering coefficients increase, regard-
less of the tested wavelengths. It is known that
greater phosphor concentrations can boost the
amount of scattering centers, thus increasing the
scattering coefficient. Regardless, if said concen-
tration becomes immoderate, granule consolida-
tion may occur, lessening the scattering profi-
ciency.

Fig. 1: The scattering coefficients with KBr at different
concentrations

On the other hand, the longer the wave-
length, the lower the scattering coefficients. Said
finding indicate better scattering for shorter
light, implying that the blue-pumped radia-
tion can be absorbed by the phosphor for bet-
ter light conversion. The lower scattering of
longer-wavelengths light implies the probability
of lower light trapping and better light extrac-
tion for lumen efficiency improvement. The in-
creasing light scattering under higher concentra-
tions of KBr can be contributed to the declin-
ing YAG:Ce3+ presence. As presented in Figure

Fig. 2: The dosage of YAG:Ce3+ phosphor with KBr at
different concentrations

2, the YAG:Ce3+ presence gradually decreases
under growing KBr presence. The lower con-
centration of yellow phosphor can reduce the re-
absorption by phosphor and the generation of
heat by lost energy. As a result, the lumen out-
put could be improved via increasing concentra-
tion of KBr.

Fig. 3: The angular CCT with KBr at different concen-
trations

It is possible to notice the better color dis-
tribution across different angles with the scat-
tering improvement. However, according to the
data presented in Figure 3, a KBr concentra-
tion of 5 wt% exhibits a more uniform distribu-
tion in the tested angular range of ±60◦. The
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Fig. 4: The deviated angular CCT with KBr at different
concentrations

higher concentration leads to the variations be-
tween different viewing angles. The fluctuation
likely signifies higher CCT deviation. Figure
4 demonstrates the data of deviated CCT (D-
CCT) with KBr concentrations of 5 wt%, 7 wt%,
and 9 wt% in the phosphor film. An increase of
125 K in deviated CCT can be seen when the
amount of KBr rises from 5 wt% to 9 wt%. In
other words, concerning the testing scope of this
simulation work, increasing KBr concentration
does not benefit the uniformity of angular CCT.

Fig. 5: The lumen output with KBr at different concen-
trations

In Figure 5, the lumen output is depicted with
different doping amount of KBr. At 7 wt%

KBr, the lumen output is the highest. Mean-
while, with KBr amount increasing to 9 wt%,
the lumen declines and becomes even lower than
the counterpart with 5 wt% KBr. The data
shows that the fluctuation between lumen lev-
els at three KBr concentrations is minor, result-
ing from the consistent luminescent properties
of KBr. The thermal consistency of KBr can
sustain proficiency under various temperature,
lessening variance for illumination output. KBr
is also proficient at energy transmutation when
turning excitation power to form observable il-
lumination [25, 26]. Notably, the increase of lu-
men strength with KBr positively suggest the
potential of the material for improving the per-
formance of WLED lumen efficiency.

(a) CRI

(b) CQS

Fig. 6: The rendering efficiency with KBr at different
concentrations: (a) CRI and (b) CQS.
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The color rendition of the WLED is presented
in Figure 6. The concentration increase of KBr
does not result in significant fluctuation in both
color rendering index (CRI in Figure 6a) and
color quality scale (CQS in Figure 6b). As seen
in Figure 6a, CRI only shows consistent, but
very negligible decreases as the KBr concentra-
tion increases. Concerning the data of KBr pres-
ence in the phosphor layer in Figure 6b, the
CQS, unlike its counterpart CRI, is initially pre-
served when KBr amount increases to 7 wt%. A
slight decline is only observed with higher KBr
concentration of 9 wt%. Similar to the case of
lumen mentioned above, such minor changes in
CRI and CQS also results from the consistent lu-
minescent properties of KBr, including thermal
consistency as well as proficient energy trans-
mutation. Therefore, in this simulation work,
5–7 wt% KBr is the optimal concentration for
improvement in lumen output and color quality
preservation.

The intention of CRI assessment is to vali-
date the fidelity of a light source. However, in
certain cases, a high-fidelity light source may
not be optimal. For instance, in museum dis-
plays, some artworks have significantly faded
over time. A high-fidelity source would accu-
rately reproduce these faded colors without en-
hancement or restoration. Consequently, the
values of these works of art would be underesti-
mated. Therefore, more factors should be con-
sidered when reproducing color performance of
a light source. Specifically, more color samples,
including vivid colors, color saturation, color co-
ordination, and user’s preferences, need to be
taken into consideration. In this situation, the
CQS can be used as it is developed based on
such factors.

4. Conclusion

In this study, simulations were conducted to ex-
plore the impact of incorporating KBr powder
on conventional phosphor compounds, aiming
to enhance the luminescence and color unifor-
mity of white light-emitting diodes (WLEDs).
The introduction of KBr powder, with an av-
erage radius of approximately 4 microns, is an-
ticipated to induce scattering within the phos-

phor compound, thereby improving wide-angle
light dispersion. Using Mie-Lorenz scattering
theory and MATLAB® simulations, we varied
the concentration of KBr powder in the phos-
phor mixture. The results indicate that in-
creased concentrations of KBr powder lead to
enhanced scattering strength; however, this also
results in greater color deviation. A notable
increase in lumen output was observed with
KBr concentrations up to 7 wt%. Additionally,
chromatic rendition performance remained rela-
tively stable across different KBr concentrations.
These findings suggest that KBr powder has the
potential to improve the performance of phos-
phor compounds under visible excitation wave-
lengths, presenting a viable approach for opti-
mizing WLED light output.
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