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Abstract: A series of (CexLu1 - x) 3Al5O12 (Ce∶ LuAG, x = 0. 0005, 0. 001, 0. 002, 0. 003, 0. 004) transparent
ceramics were prepared via high-temperature reactive sintering under vacuum. The in-line transmittances of these
transparent ceramics are higher than 75% at 500 - 800 nm with a thickness of 1. 0 mm. Absorption and emission
properties of ceramics with different Ce3 + concentrations excited by 454 nm blue LED were investigated. An adjusta-
ble correlated color temperature(CCT)(5 653 - 7 433 K) was obtained. The as-prepared ceramics show remarkably
superior thermal and luminescent properties: a low thermal quenching(7% drop at 225 ℃), and a high luminous ef-
ficacy of 179 lm / W were obtained in the 0. 1% Ce∶ LuAG ceramics(1. 0 mm thick) coupled with commercial blue In-
GaN LED chips, which also shows increasing emission intensity with increasing input power(up to 3. 6 W). A high
flux of 3 646 lm was obtained with robust Ce∶ LuAG ceramics irradiated with a high laser power density of 24. 6 W /
mm2 . Obviously, the fabricated transparent Ce∶ LuAG ceramics are quite prospective as a highly efficient and ther-
mally robust green-yellow color converter for high-power solid-state lighting(SSL) application.
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摘要: 通过固相反应结合真空烧结制备了(Cex Lu1 - x) 3Al5O12 (Ce∶ LuAG,x = 0. 0005,0. 001,0. 002,0. 003,
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0. 004)透明陶瓷。 厚度为 1. 0 mm 的 Ce∶ LuAG 陶瓷在500 ~ 800 nm 波长范围内的直线透过率大于 75% 。 研

究了不同浓度 Ce∶ LuAG 陶瓷在454 nm 蓝光 LED 激发下的吸收和发射特性,获得了可调的相关色温(5 653 ~
7 433 K)。 所制备的 Ce∶ LuAG 陶瓷具有优异的热性能和发光性能,在 225 ℃下的 PL 强度较室温仅下降 7% ,
0. 1% Ce∶ LuAG 陶瓷在蓝光 LED 激发下的发光效率达到179 lm / W。 进一步研究了不同厚度 Ce∶ LuAG 陶瓷的

发光饱和性能,1 mm 厚的 0. 1% Ce∶ LuAG 陶瓷在功率密度为24. 6 W / mm2 的蓝光 LD 激发下获得了 3 646 lm
的高光通量,同时没有出现发光饱和现象。 研究结果表明,Ce∶ LuAG 透明陶瓷具有高发光效率和热稳定性,
适合用于大功率固态照明。

关　 键　 词: 发光饱和; Ce∶ LuAG 陶瓷; 颜色转换器; 高亮度

1　 Introduction
In recent years, with the continuous develop-

ment of InGaN-based blue light-emitting diode
(LED) and laser diode ( LD), solid-state lighting
(SSL ) has attracted worldwide attentions in the
lighting market for its great prospects[1] . It replaces
the traditional incandescent lighting source due to its
advantages such as high integration, high energy ef-
ficiency, long lifetime, and environmental friendli-
ness. The most mature commercial structure for SSL
is the phosphor-converted white light-emitting diodes
(pc-WLEDs). However, LEDs are limited by the
well-known efficiency droop problem of the conver-
sion efficiency of the LED chip dropping sharply un-
der high input current. In contrast, the external
quantum efficiency of laser diodes( LDs) increases
linearly with the operating current, and the combina-
tion of color converter can achieve high-efficiency
white light output[2], which also makes laser diodes
attractive as excitation sources for high-brightness
white-light emission. As a result, SSL has broad ap-
plication prospects in backlight display, car head-
lights, projection, and long-distance lighting.

The color converters are required to withstand
the heavy thermal load and high-power density radia-
tion from LEDs and LDs[3] . Therefore, they should
have high thermal conductivity for heat dissipation
and low thermal quenching under long-term irradia-
tion[4] . However, the general strategy for producing
phosphor-converted white light is to combine blue
InGaN-GaN LEDs or LDs with Ce ∶ YAG phosphor
powders dispersed in organic silicone(PiS) at pres-
ent[5-6] . Due to the low thermal conductivity (0. 1 -
0. 4 W / (m·K)) and poor heat resistance of sili-

cone resin, PiS cannot withstand the excitation of
high-power LDs / LEDs[7-10] . To solve this problem,
phosphor in glass( PiG) [11-16] and phosphor ceram-
ics[17-20] are widely studied. However, PiG shows
weak absorption, low heat resistance, and a lumi-
nescence saturation occurring at 1 W / mm2 [21],
which is not suitable as high-power density LD-
pumped phosphor. Phosphor ceramics are the most
promising color converters due to their high heat re-
sistance and high thermal conductivity. Ce ∶ YAG
based yellow emitting transparent ceramics have
been widely studied currently[22-24] . In contrast, Ce∶
LuAG has excellent thermal quenching perform-
ance[25], high quantum efficiency[26], and high lu-
minescence efficiency. In addition, Ce∶ LuAG has a
higher luminous saturation threshold under blue LD
excitation. Therefore, Ce∶ LuAG color converters are
well suited for high brightness SSL.

In particular, the ceramic thickness and the
Ce3 + concentration are considered to significantly af-
fect the optical properties of the white LED /
LD[27-29] . Thus, for high brightness SSL applica-
tions, it is necessary to carefully select the appropri-
ate Ce3 + doping concentration and thickness of ce-
ramic converters to achieve the high luminous flux
and conversion efficiency at high excitation power.
Moreover, the luminescence saturation under high
power density excitation is an important performance
index. Xu et al. reported that Ce∶ LuAG translucent
ceramics showed increasing luminous flux(238 - 472
lm) with increasing laser driving power[30] . Xu et
al. reported Ce ∶ LuAG phosphor ceramics with a
high luminous flux of 3 967. 3 lm at a super-high
power density of 49 W / mm2 [31] . Ding et al. repor-
ted that the luminous efficacy of Ce∶ LuAG ceramic
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was promoted to 216. 9 lm / W, and the lumines-
cence saturation was not observed at a laser power
density of 19. 75 W / mm2[32] . However, the influ-
ence of Ce∶ LuAG ceramics thickness on the lumines-
cence saturation properties is rarely studied. Also, the
effect of doping concentration on the luminescence
performance of Ce ∶ LuAG needs to be discussed in
detail.

In this work, a series of Ce∶ LuAG transparent
phosphor ceramics with different Ce3 + concentrations
and different thicknesses were prepared via the solid-
state reactive sintering method under vacuum. The
XRD patterns, surface morphologies, in-line trans-
mittance, absorption spectra, temperature-depend-
ent photoluminescence(PL) and photoluminescence
excitation( PLE) spectra of the obtained ceramics
were systematically investigated. Besides, the lumi-
nescence properties such as luminous flux, color co-
ordinates, CRI and CCT after combining the Ce∶ Lu-
AG ceramics with a 454 nm blue LED were meas-
ured. The luminescence saturation performance of
Ce ∶ LuAG ceramics with distinct thickness under
high power density laser driving was also evaluated.

2　 Experiment
Ceramic samples with the chemical formula

(CexLu1 - x) 3Al5O12( x = 0. 000 5, 0. 001, 0. 002,
0. 003, 0. 004) were prepared by solid-state reac-
tion at high temperature. High-purity powders of
Lu2O3 (99. 999% , Jining Zhongkai New Materials
Co. , Ltd, China), α-Al2O3 (99. 99% , Yangzhou
Zhongtianli Materchem Co. , Ltd, China) and CeO2

(99. 99% , Fujian Changting Golden Dragon Rare-
Earth Co. , Ltd, China) were used as raw materi-
als. The powders were ball milled for 12 h in etha-
nol, with 0. 5% TEOS( > 99. 999% , Alfa Aesar,
Tianjin, China) as sintering aids. Then the ethanol
slurries were dried in oven at 70 ℃ for 2 h and
sieved through a 200-mesh screen. The powder mix-
ture was calcined in air at 600 ℃ for 4 h to remove
the residual organics. Then, the calcined powders
were uniaxially pressed at 40 MPa and cold isostati-
cally pressed at 250 MPa into 20 mm disks to obtain
green bodies. In order to obtain ceramics with different

Ce3 + concentration with similar optical quality, the
green compacts with the designed composition of
0. 2% , 0. 3% , 0. 4% Ce ∶ LuAG were sintered at
1 750 ℃ and the green bodies with designed compo-
sition of 0. 05% , 0. 1% Ce∶ LuAG were sintered at
1 800 ℃ for 20 h under the vacuum of 5 × 10 - 3 Pa
to prepare transparent Ce∶ LuAG ceramics.

After annealing at 1 450 ℃ for 10 h in air, all
the ceramic samples were double-surface polished for
characterization and device packing.

The in-line transmittance curves and the ab-
sorption spectra were measured using a UV / VIS /
NIR spectrophotometer(Cary 5000, Varian Medical
System Inc. Palo Alto, USA). Microstructures of
the obtained ceramics were observed by a field emis-
sion scanning electron microscope ( FESEM, SU-
8220, Hitachi, Japan). And average grain sizes of
the sintered samples were calculated by the linear
intercept method from the SEM images of the ther-
mally etched ceramic surfaces. The phase informa-
tion of the ceramics was characterized by X-ray dif-
fraction ( XRD, D8 Advance, Bruker, Germany)
with nickel-filtered Cu Kα radiation(λ = 0. 154 056
nm) in the 2θ range of 10° - 80°. The temperature-
dependent photoluminescence ( PL) and photolumi-
nescence excitation(PLE) spectra were tested using
a fluorescence spectrophotometer(F-4600, Hitachi,
Japan) equipped with a xenon lamp as the excitation
source in the temperature ranges from 25 ℃ to 225
℃ with a step size of 50 ℃ . These transparent ce-
ramics were packaged with commercial 454 nm blue
chips into LED chip-on board (COB) modules. The
related room-temperature CCT, LE, CIE color coor-
dinate and electroluminescent properties were meas-
ured using a high accuracy array spectroradiometer
(HASS-2000, Hangzhou, China), with programma-
ble LED test power supply(LED 300E, Hangzhou,
China). The luminous flux of the phosphor ceramics
with increasing incident laser power density was
measured in a transmissive configuration by using a
home-made system which consists of an integrating
sphere (30 cm indiameter, Labsphere Inc. , USA),
a CCD spectrometer ( F-4600, Japan Electronics
Co. , Ltd, Japan), and a high power light source
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with a 450 nm blue laser ( LSR-PS-FA, Lasever,
China) and an incident power controller. The laser
spot area is adjusted to 0. 50 mm2 by a lens system.

3　 Results and Discussion
Fig. 1 shows the FESEM morphologies of the

raw powder and the powder mixutre after ball mill-
ing. There are severely agglomerated large particles
in α-Al2O3 and Lu2O3 powders, and they are not
sufficiently broken by the ball milling process.

Fig. 1 　 FESEM morphologies of the starting powders. ( a)
Lu2O3 . (b)α-Al2O3 . (c)Powder mixture after ball
milling.

Fig. 2 shows the photograph of transparent Ce∶
LuAG phosphor ceramics with different Ce3 + concen-
trations. The size of these ceramics is 15 mm in di-
ameter and 1 mm in thickness. The characters on
the paper can be clearly seen through these ceramic
samples, indicating that the ceramics have good opti-
cal quality. Besides, the color of ceramics gradually
changes from yellow-green to yellow with increasing
Ce3 + concentration. It can be seen that there are

opaque areas in the 0. 05% , 0. 1% , 0. 2% Ce∶ Lu-
AG ceramics. In this work, CeO2 plays the roles of
not only a dopant but also a sintering aid in the fab-
rication of Ce ∶ LuAG ceramics. When the doping
concentration of Ce∶ LuAG ceramics is low, the driv-
ing force of densification is relatively weak. At the
same time, due to the uneven dispersion of CeO2 in
the ball milled powder mixture, it is easy to cause
the difference of local microstructure in Ce ∶ LuAG
ceramics, which eventually leads to the phenomenon
of local opacity.

Fig. 2 　 Photograph of transparent Ce ∶ LuAG ceramics with
the thickness of 1. 0 mm

The XRD patterns of Ce∶ LuAG transparent ce-
ramics with various Ce3 + concentrations are showed
in Fig. 3(a). It can be seen that all the diffraction
peaks of the ceramic samples perfectly match with
the standard LuAG(PDF#73-1368), and no second-
ary phase is detected. Fig. 3 ( b) shows the XRD
patterns with expanded view of the 2θ diffraction
peaks between 33° and 34°. It can be seen clearly
that the diffraction peaks shift towards to lower angle
with the increase of Ce3 + concentration due to lattice
expansion. The extended lattice can be explained by

Fig. 3　 (a)XRD patterns of Ce∶ LuAG ceramics with differ-
ent Ce3 + doping concentrations. ( b) Expanded view
of the 2θ diffraction peaks between 33° and 34°.
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the fact that the ionic radius of Ce3 + ( r = 0. 114 3
nm, CN =8) is bigger than that of Lu3 + (r =0. 097 7
nm, CN =8), as shown in Tab. 1.
Tab. 1 　 Calculated cell parameters of Ce ∶ LuAG with

different Ce3 + doping concentrations

Ce concentration / % Calculated cell parameter / nm

0. 05 1. 191 256

0. 1 1. 191 312

0. 2 1. 191 348

0. 3 1. 191 399

0. 4 1. 191 468

LuAG standard cell parameter 1. 190 6

Fig. 4 shows the in-line transmittance curves
and the absorption spectra of Ce ∶ LuAG ceramics
with various Ce3 + concentrations. It can be noted
that the in-line transmittance of the ceramics with a
thickness of 1. 0 mm is more than 75% at 500 - 800
nm, which indicates that there is some light scatter-
ing caused by pores in the ceramics. Moreover, mi-
cro-sized pores inside the ceramics can improve the
light extraction efficiency[33] . Fig. 4 ( a) shows the
broad absorption bands centered at 345 nm and 445
nm, corresponding to the 4f-5d2 and 4f-5d1 transitions

Fig. 4　 In-line transmittance(a) and absorption spectra(b)
of Ce∶ LuAG ceramics with various Ce3 + contents

of Ce3 + , respectively, indicating that the ceramics
can be effectively excited by ultraviolet or blue light,
which is better visually presented in the absorption
spectra(Fig. 4(b)). The absorption peak intensity
was enhanced with the increase of Ce content. An
absorption saturation was found at 445 nm in 0. 3%
and 0. 4% Ce∶ LuAG ceramics, which is an instru-
mental artifact due to perturbing effect of Ce3 + lumi-
nescence[34] . The intensity of the absorption band
around 300 nm increases linearly with the increase of
Ce doping concentration, which may correspond to
the f-f transitions of Gd3 + [35], while Gd3 + may be
derived from CeO2 raw material.

The microstructures of thermally-etched Ce∶ Lu-
AG transparent ceramics with different Ce3 + contents
are displayed in Fig. 5. Average grain sizes of Ce∶
LuAG ceramics with different Ce3 + contents(0. 05%,
0. 1% , 0. 2% , 0. 3% , 0. 4% ) are measured to be
131. 5, 111. 7, 58. 3, 59. 3, 58. 5 μm, respective-
ly. It can be seen from Fig. 5 ( a) - ( e) that the
bulges appear at the trigeminal grain boundaries in
the Ce∶ LuAG ceramics. EDS analysis in Fig. 5( f)
shows that the element content of the protruding
part at the trigeminal grain boundary is basically in
line with the Lu3Al5O12 stoichiometric ratio, which
may be caused by different surface heights resulting
in different contrasts under FESEM, showing brigh-
ter white spots. Moreover, a small number of intra-
granular pores are found in Fig. 5 ( a) and 5(b),
which are attributed to the rapid growth of grains
caused by the high sintering temperature of
1 800 ℃ .

Fig. 6( a) presents the room-temperature exci-
tation and emission spectra of transparent Ce∶ LuAG
ceramics. The broad green-yellow emission bands
from 475 nm to 700 nm are ascribed to the electron
transitions from the lowest crystal-field splitting com-
ponent of the 5d1 excited levels ( 2D) to the 4f
ground state of Ce3 + ( 2F5 / 2, 2F7 / 2 ). The emission
intensity of Ce∶ LuAG ceramics increases firstly when
the Ce3 + doping concentration increases from 0. 05%
to 0. 2% , and then decreases with further increased
Ce3 + concentration because of the concentration
quenching effect[36] . It can be observed that the
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Fig. 5　 FESEM photographs of double polished and thermally etched surfaces of Ce∶ LuAG transparent ceramics with 0. 05%
(a), 0. 1% (b), 0. 2% (c), 0. 3% (d) and 0. 4% (e) Ce3 + doping concentrations. ( f)EDS analysis of the bulges at
the trigeminal grain boundaries.

emission peak shifts from 507 nm for 0. 05%Ce∶ Lu-
AG to 515 nm for 0. 4% Ce∶ LuAG. This is mainly
due to the enhanced reabsorption of the short wave-
length side of the Ce3 + emission and energy transfer
between neighboring Ce3 + ions as the Ce3 + concen-
tration increases[37] .

Temperature stability of Ce∶ LuAG ceramics was
evaluated to verify whether it is suitable for SSL ap-
plications. Fig. 6 ( b) shows the temperature-de-
pendent PL spectra of 0. 2% Ce∶ LuAG ceramics. As
the temperature increases from 25 ℃ to 225 ℃, the
PL intensity decreases monotonically. From the inte-
grated intensity and normalized intensity shown in
Fig. 6(c), it can be seen that the relative PL inten-
sity at 225 ℃ is only reduced by 7% compared to
the room temperature PL intensity. As the tempera-
ture increases, a significant thermal red shift is
caused by thermal excitation due to the stiff structure
of Ce∶ LuAG[38] .

The luminescence properties of Ce ∶ LuAG ce-
ramics(1. 0 mm thick) with different Ce3 + concen-
trations under excitation of 454 nm blue light LED
with 0. 6 W pump power were further studied, as
shown in Tab. 2. All the ceramic samples show high
luminous efficacy( LE), and the LE of Ce ∶ LuAG
ceramics increases firstly and then decreases with
further increasing Ce3 + concentration. 0. 1%Ce∶ LuAG
ceramic sample obtains the highest LE of 179 lm / W.

Fig. 6　 (a)Room-temperature PL and PLE spectra of Ce∶ Lu-
AG ceramics with various Ce3 + contents. ( b) PL
spectra of 0. 2% Ce∶ LuAG ceramics measured at dif-
ferent temperatures. (c)Normalized PL intensity.
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The decreased correlated color temperature(CCT) of
ceramic samples(within the range of 7 433 - 5 653
K) indicates that the blue component in the spectra
is decreasing. With the increase of Ce3 + concentra-

tion, the color coordinate also moves to the position
with more green light components(change from (0. 27,
0. 43) to (0. 32, 0. 51)), indicating the decreasing
blue / green ratio of the luminescence spectra.

Tab. 2　 Luminescence properties of Ce∶ LuAG ceramics with various Ce3 + contents under 454 nm blue light excitation
and 0. 6 W pump power

Doping concentration / % Luminous flux / lm Luminous efficacy / ( lm·W - 1) CRI CCT / K Color coordinates

0. 05 100 171 50 7 433 (0. 27, 0. 43)

0. 1 105 179 47 6 527 (0. 29, 0. 48)

0. 2 101 173 46 6 049 (0. 30, 0. 50)

0. 3 99 170 47 5 792 (0. 31, 0. 50)

0. 4 96 165 47 5 653 (0. 32, 0. 51)

The electroluminescent(EL) spectra of Ce∶ Lu-
AG ceramics are shown in Fig. 7. It reveals two
peaks, one of which is centered at about 450 nm
corresponding to the emission of the blue LED
source, and the other wide band in the range of 475
nm to 750 nm is related to the emission of the ce-
ramics. The blue emission intensity near 454 nm de-
creases with increasing Ce3 + concentration, which is
attributed to the stronger absorption of the pumping
blue light by increasing Ce3 + concentration. It is
consistent with the change of CCT and color coordi-
nates. However, similar or even lower luminous flux
and luminous efficacy are obtained under different
blue light absorptions, while yellow green light con-
tributes to much more luminous flux than blue light,
which indicates that Ce ∶ LuAG ceramics with high
doping concentration have a relatively low conversion
efficiency(CE)(ηCE). ηCE is defined as the ratio of
the converted green / yellow light to the absorbed blue
light, which can be calculated using the following
Eq. (1):

ηCE =
P2

P0 - P1
, (1)

where P0 is the power of the incident blue LED, P1,
P2 are the 400 - 480 nm and 480 - 800 nm integral
intensity corresponding to the EL spectra, respec-
tively.

The conversion efficiencies of 0. 05% , 0. 1% ,
0. 2% , 0. 3% and 0. 4% Ce ∶ LuAG ceramics are
calculated to be 38. 2%, 38. 0%, 36. 4%, 34. 4%,
and 33. 8% , respectively. This is because that the

increase of Ce3 + concentration leads to more heat
generation, and then the quantum efficiency of ce-
ramics declines[31] . So when the concentration of
Ce3 + exceeds 0. 1% , the luminous efficacy does not
increase linearly with increasing Ce3 + concentration
and even decreases slightly.

Fig. 7　 Spectral performance of Ce∶ LuAG transparent ceram-
ics with various Ce3 + contents under 454 nm blue
light excitation and 0. 6 W pump power with the
thickness of 1. 0 mm

Fig. 8( a) demonstrates the luminous illumina-
tion of white LED package using the 0. 1% Ce∶ LuAG
ceramics under blue light excitation with different in-
cident pump powers ranging from 0. 6 W to 3. 6 W.
With incident pump power increasing, the EL-inten-
sity of the 0. 1% Ce∶ LuAG ceramics increases with-
out luminescence saturation. The luminous flux in-
creases linearly and reaches 467 lm at 3. 6 W, while
the luminous efficacy of 0. 1% Ce ∶ LuAG ceramics
decreases from 179 lm / W to 127 lm / W ( Fig.
8(b)). This phenomenon can be explained by the
effect of thermal quenching. With the increase of
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input pump power, more energy will be dissipated in
the form of heat through the non-radiative process,
indicating that the luminous flux is not proportional
to the input pump power. Therefore, the luminous
efficacy obtained by the ratio of luminous flux / input
power declines[39] .

Fig. 8　 (a)Driving-power-dependent electroluminescent(EL)
spectra of the 0. 1%Ce∶ LuAG ceramics. ( b) Lumi-
nous flux and luminous efficacy as a function of inci-
dent pump power.

In order to verify the feasibility of color converter
in high power laser lighting applications, we evalua-
ted the lighting characteristics of phosphor ceramics,
which were measured in the transmission mode and
pumped by 450 nm blue LD. The relationship be-
tween luminous flux and pump power density of the
0. 1% Ce ∶ LuAG ceramics is shown in Fig. 9. The
luminous flux of all the ceramics with different
thicknesses linearly increases with the increase of

pump power, and there is no luminous saturation
until the Ce∶ LuAG ceramics are broken under ther-
mal shock without heat sink. As summarized in
Tab. 3, for the thinner samples(0. 3 mm and 0. 6
mm), the increase of thickness can significantly im-
prove the heat dissipation capacity, and the thicker
ceramics have better mechanical properties, resul-
ting in higher maximum power density (23. 4 W /
mm2 for 0. 6 mm thick sample and only 19. 2 W /
mm2 for 0. 3 mm thick sample). Moreover, the in-
creasing thickness of the Ce∶ LuAG ceramics extends
the light transmission path, and the blue light can be
effectively absorbed by more emission centers, resul-
ting in higher luminous flux(1 916 lm to 3 096 lm)
and lower CCT(25 000 K to 12 897 K). Fig. 10
demonstrates the EL spectra of 0. 1% Ce∶ LuAG ce-
ramics with different thicknesses under 450 nm laser
excitation with a laser power density of 19. 2 W /
mm2 . As the thickness of the ceramics increases,
the intensity of blue light emission transmitted the
ceramics decreases significantly, while the intensity
of the converted yellow-green light emission increa-
ses. However, it also brings more heat generation,
and there is a competitive effect between heat genera-
tion and heat dissipation when the thickness increases.

Fig. 9 　 Output luminous flux of 0. 1% Ce∶ LuAG ceramics
with different thicknesses as a function of incident
laser power density

Tab. 3　 Luminescence properties of 0. 1% Ce∶LuAG ceramics with different thicknesses under 450 nm blue LD excitation

Thickness / mm Laser power density / (W·mm - 2) Luminous flux / lm CRI CCT / K Color coordinates

0. 3 19. 2 1 916 63 25 000 (0. 21, 0. 19)

0. 6 23. 4 3 096 65 12 897 (0. 25, 0. 30)

1. 0 24. 6 3 646 56 6 475 (0. 30, 0. 43)
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For the further increasing thickness of ceramics(0. 6
mm to 1. 0 mm), the maximum power density and
luminous flux no longer increase significantly. En-
hanced blue light absorption results in lower CCT
(6 475 K), and a high luminous flux of 3 646 lm is
obtained at a laser power density of 24. 6 W / mm2 .

Fig. 10　 EL spectra of 0. 1% Ce∶ LuAG ceramics with differ-
ent thicknesses under 450 nm laser excitation with a
laser power density of 19. 2 W / mm2

4　 Conclusion
In summary, Ce ∶ LuAG ceramics with various

Ce3 + contents have been prepared by the solid-state
reaction method. The 0. 2% Ce∶ LuAG ceramic sam-
ple shows an excellent PL intensity and a low ther-
mal quenching(7% drop at 225 ℃). All the ce-
ramics show an in-line transmittance of more than
75% at 800 nm with 1. 0 mm thickness, which are
suitable for SSL in the transmission mode. Absorption

and emission properties of Ce ∶ LuAG ceramics with
different doping concentrations excited by 454 nm
blue LED were investigated. An adjustable CCT
(5 653 - 7 433 K) was obtained. The 0. 1% Ce ∶
LuAG ceramics combined with blue LED exhibit an
excellent luminous efficiency of 179 lm / W, and
show an increasing emission intensity with increasing
the input power(up to 3. 6 W). The 0. 1%Ce∶ LuAG
ceramics with the thicknesses of 0. 3, 0. 6, 1. 0 mm
show increasing out luminous flux with the increase
of input laser power density, and no luminescence
saturation occurs at a laser power density of 19. 2 -
24. 6 W / mm2 . Under the excitation of blue LD in a
transmission mode, the thicker Ce ∶ LuAG ceramics
have better heat dissipation capacity. A high flux of
3 646 lm was obtained at the laser power density of
24. 6 W / mm2 for the ceramic sample with the thick-
ness of 1. 0 mm. From these results, it is considered
that Ce ∶ LuAG transparent ceramics are quite pro-
spective for a highly efficient and thermally robust
green-yellow color converter for high-power SSL ap-
plication.

Response Letter is available for this paper at: http:/ /
cjl. lightpublishing. cn / thesisDetails # 10. 37188 / CJL.
20210116. 　
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