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ABSTRACT: A significant obstacle in the development of phosphor-converted white-laser diodes (pc-

wLDs) is associated with the laser-induced luminescence saturation of phosphors. YAG:Ce is a canonical 

yellow-emitting phosphor. However, there has been no few systematic research of measurement and 

understanding of the luminescence saturation in YAG:Ce yet. Here, we analyze the luminescence 

saturation of a single-crystal YAG:Ce with a unique phosphor geometry. A novel characterization method, 

which enables the optical signals to be fully collected and analyzed, is introduced. The effects of both 

laser power and laser power density on the luminescence properties and colorimetric properties of the 

YAG:Ce are studied systematically. The results show that a single-crystal YAG:Ce has a high saturation 

threshold (over 360 W/mm2) so that only a very slight saturation behavior can be observed at a high 

power density. Furthermore, a pc-wLDs light source based on the combination of a single laser diode 

and a YAG:Ce phosphor exhibits remarkable efficiency and stability. Under the excitation of a 3.38 W 

blue laser (~100 W/mm2), the white light emission with the luminous flux of 465 lm, the luminous 
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efficacy (LE) of 145 lm/W, and the correlated color temperature (CCT) of 4980 K can be achieved. 

 

KEYWORDS: luminescence saturation; laser lighting; high-luminance; reflection mode; YAG:Ce 

 

1. Introduction 

With the rapid development in the last two decades, the solid-state lighting (SSL) has become highly 

integrated into our daily lives [1-3]. Among all the SSL techniques, the most successful one is the 

phosphor-converted white-light-emitting diode (pc-wLED) technology, which is based on the integration 

of a blue LED with the phosphor(s) [4-7]. Lighting and imaging devices that are based on the pc-wLEDs 

have been applied in almost all industry domains such as transportation, medical care, agriculture, as 

well as general lighting [8-10]. However, in some particular market segments, the development of the 

pc-wLEDs has been facing some fundamental and engineering challenges such as the efficiency droop 

problem of LEDs, which limits the power conversion efficiency of high-power and high-brightness 

lighting devices [11-13]. Another disadvantage of the pc-wLEDs is their relatively large emission angles, 

which are unfavorable in low-étendue applications (i.e., projectors, auto high beams, and searchlights) 

[14-18]. 

Unlike the LEDs, the laser diodes (LDs) do not suffer from the efficiency droop, which enables 

them to maintain high power conversion efficiency when applied in high-power and high-brightness 

lighting devices [11, 17-20]. Therefore, a phosphor-converted white-laser diode (pc-wLD) based on 

pumping the phosphor by blue LDs is emerging to become an alternative solution to the above-mentioned 

fundamental and engineering limitations in the pc-wLEDs [21-23]. 

The SSL technological advancements witness the evolution of phosphor materials as well as the 
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packaging strategies [9, 22, 24]. As a new-generation SSL device, a pc-wLD requires phosphor(s) to be 

capable of handling a high laser flux as well as the corresponding heat accumulation [25-29]. 

Conventional packaging methods based on dispersing phosphor powders in silicone are not adequate for 

practical use in the pc-wLDs due to the reliability issues (caused by silicone aging) [30-34]. Several types 

of all-inorganic phosphor have been introduced in the pc-wLDs to solve the reliability problem. However, 

there is a new challenge when a phosphor is irradiated by a high-power laser, which is termed as 

“luminescence saturation.” This phenomenon was reported by Xie et al. and noticed in the β-SiAlON:Eu 

based phosphor-in-glass (PiG) whose luminescence intensity exhibited an apparent decline tendency 

when the incident laser power density (LPD) reached 1 W/mm2 [35]. Aiming to improve the phosphors’ 

saturation threshold an extensive research has been performed recently [15, 21, 36]. Zheng et al. reported 

a PiG film that could survive under the 11.2 W/mm2 blue laser excitation [37]. Moreover, Clayton et al. 

reported an Al2O3/YAG:Ce composite ceramic, which could effectively handle the thermal pressure 

caused by the laser irradiation [25]. However, the mentioned investigations on luminescence saturation 

were relatively sketchy or uncompleted. Firstly, the saturation threshold was defined by both of the laser 

power (LP) and LPD, simultaneously. However, these studies focused only on one of the indicators (LP 

or LPD). For instance, Thomas et al. measured the luminescence saturation in several different phosphors 

materials, and the excitation LPD reached 800 W/mm2, whereas the highest LP was only 200 mW [38]. 

In contrast, Zheng et al. used very high LP (above 8 W), but the highest LPD was only about 11 W/mm2 

due to a large and nonadjustable spot area (the area diameter was 1 mm) [37]. Secondly, the reported 

phosphor materials were transparent or at least translucent. However, the most popular test method is 

based on gluing the phosphors on a substrate (or heat sink) and collecting the optical signals via a 

reflection mode, which can easily introduce a considerable amount of uncertainties [35, 39-41]. For 
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instance, the properties of the heat sinks and glues (i.e., thermal conductivity, specific heat, interfaces 

with phosphors, absorption or reflectivity of laser light as well as luminescence) can significantly affect 

the saturation behavior and threshold of phosphors. Furthermore, many of the reported characterization 

methods are not equipped with an integrating sphere, so they cannot measure the absolute luminous flux, 

color rendering index (CRI) and correlated color temperature (CCT) accurately, because these methods 

cannot fully collect the optical signals, as well as the apparent surface reflection preference of an incident 

laser. Thirdly, a few studies adopted the transmission mode to measure the saturation of phosphors, 

whereas the reflection losses were neglected which inevitably caused the errors in measurement of the 

luminescence and colorimetric properties [36, 42-44]. Thus, a new characterization method that is able 

to fully collect and analyze the optical signal from the LD and phosphors are is in great demand. 

Besides the saturation threshold, another concern about the pc-wLDs is the stability of colorimetric 

qualities. For instance, the lighting or imaging devices should have a stable CCT at a different operating 

power. Still, in the pc-wLEDs, this is not a significant problem because the LE of the phosphors remains 

relatively stable under the irradiation of blue LEDs. However, a high LP/LPD may induce a considerable 

LE reduction of phosphors in the pc-wLDs, causing a significant shift of Commission Internationale de 

l'Eclairage (CIE) coordinates as well as the CCTs. 

 

Figure 1. Schematic structure of the pc-wLD in: (a) transmission mode and (b) reflection mode. 

The actual applications of the pc-wLDs generally include two types of device architectures, namely 
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reflection mode and transmission mode [40, 44, 45]. As shown in Figure 1, the transmission mode 

architecture is simpler and more compact, but the reflection mode has a huge advantage that the 

phosphor(s) can be integrated with a heat sink, which enables the phosphor(s) to maintain a high LE in 

high-power and high-luminance devices. Luo et al. performed a comparative study, which indicated that 

the reflective pc-wLD has the superior luminous efficacy and color stability compared with the 

transmission control group [40]. 

Regarding the phosphor selection, the cerium-doped yttrium aluminum garnet (YAG:Ce), which 

can efficiently absorb and convert blue light to a longer wavelength with a wide emission band, is a 

commonly-used canonical yellow phosphor in the pc-wLEDs. Moreover, the Ce3+ ions in the YAG show 

very short luminescence lifetime (shorter than 70 ns), which suggests a high absorption saturation 

threshold for the incident blue laser [46]. The biggest drawback of using the YAG:Ce in the pc-wLDs is 

its relatively large thermal quenching because the conventional YAG:Ce powder shows the intensity 

droop of about 20% at 200 °C. Extensive efforts have been made to mitigate the thermal quenching. 

Hintzen et al. reduced the intensity droop (at 200 °C) to about 12% by coating an Al2O3 film on the 

YAG:Ce phosphor surface [47]. Moreover, Li et al. reduced the intensity droop (at 200 °C) to about 7 % 

by using an Al2O3/YAG:Ce composite ceramic [39]. An even smaller thermal quenching was found in a 

single-crystal (SC) YAG:Ce whose intensity droop (at 200 °C) was only about 3 % [48-50]. Under the 

irradiation with a high LP or a high LPD, a smaller thermal quenching will lead to a smaller conversion 

loss, indicating a higher luminescence saturation threshold. 

Besides the thermal quenching, the heat dissipation capability is another key property of phosphors 

in the pc-wLDs. The better the heat dissipation, the smaller the thermal accumulation will be, which will 

reduce the actual operating temperature, and thus mitigate the thermal runaway of phosphors [21, 25, 
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37]. There are generally three approaches to improve the phosphors’ heat dissipation capability: 1) to 

improve density; 2) to decrease the thickness; 3) to select a substrate or matrix materials with high 

conductivity. However, none of these three approaches provides a perfect solution, so there should be a 

trade-off between them. Namely, ceramics, glasses and single crystals with a high density have high 

brittleness, making the fabrication of the samples with the thickness of less than 150 μm challenging. 

However, using the film architecture based on gluing the phosphor powders on a substrate can effectively 

reduce the thickness of phosphors (10-100 μm) theoretically improving the heat dissipation, but the 

thermal conductivity of adhesives (i.e., low melting glasses) will be still insufficient (~1 W/m·K) [29, 

33]. Furthermore, the interface between the phosphor particles and adhesives together with the inevitable 

micro pores can introduce a considerable number of thermal barriers, worsening the thermal dissipation 

capability. It is noteworthy that introducing the interfaces and pores can improve the blue light extraction 

through scattering and increasing the light path [37]. However, this improvement can increase the flux 

pressure on each Ce3+ ion because the frequency of each Ce3+ ion hit by a photon can be significantly 

increased due to a higher light extraction, which will ultimately result in a relatively low saturation 

threshold. Thus, using a thicker phosphor with higher thermal conductivity and a lower scattering 

coefficient is a feasible way to achieve a high luminescence saturation threshold of the pc-wLDs. 

The aim of this study is to investigate systematically, and in-depth understand the luminescence 

saturation behavior of YAG:Ce. A survey of materials and characterization methods conducted with the 

above features motivated us to focus on the YAG:Ce-SC (with the thickness of about 500 μm) and design 

a new phosphor geometry where a total reflecting layer (RL) is coated on the YAG:Ce-SC, which enables 

the YAG:Ce-SC-RL to be accurately measured and properly applied in the reflection mode. It is shown 

that a presented novel and well-calibrated characterization method enables the YAG:Ce-SC-RL to be 
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measured in very wide LP and LPD ranges. Due to the nearly perfect crystal structure as well as the 

crystal boundary-free nature, the flux pressure on each Ce3+ ion in the YAG:Ce-SC is significantly 

reduced, compared to the films. The excellent thermal conductivity (which is about 10 W/m·K) of the 

YAG:Ce-SC can counteract the drawback of the relatively larger thickness. Keeping the abovementioned 

features in mind, a pc-wLD light source based on pumping the YAG:Ce-SC-RL was designed and 

investigated. 

 

2. Experimental details 

 

Figure 2. (a) Scheme of the luminescence saturation measurement system. (b) The image of the luminescence saturation 

measurement system. 

The luminescence saturation behavior of the YAG:Ce-SC-RL was analyzed by using a custom-built 

characterization system employing a sphere-spectroradiometer. The scheme, as well as the image of the 

experimental system, are presented in Figure 2a and 2b, respectively. As presented in Figure 2b, the laser 

light from the LD (1, Nichia NDB7A75) was collimated with an f = 4 mm aspherical lens and shaped 

and focused by the lens system (laser lens system consisted of the parts 2 (cylindrical lens f = 10 mm), 4 

(cylindrical lens f = 150 mm), and 5 (achromatic lens f = 200 mm)). The LP was controlled by adjusting 

the current and measured continuously by using a photodiode (3) calibrated using a power meter (Ophir, 

30A-SH). The position of the lens (5) could be accurately controlled by a step motor (6), which enabled 
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adjusting the spot area on the sample. The inner surface of the sample holder (8) was coated with BaSO4 

with a high diffuse reflectance. The measurement was performed automatically by programming the 

current of the LD and the position of the lens (5) using the motor (6). Aiming to obtain the raw 

performance of the YAG:Ce-SC-RL, the back surface of the sample was exposed to the ambient without 

a heat sink. The optical signal was captured and measured by the sphere-spectroradiometer system (7), 

consisting of a 6 inch diameter integrating sphere (Labsphere, RT-060-SF) fiber-coupled to an array 

spectrometer (Instrument Systems, CAS-140-CT-151). The sphere-spectroradiometer was calibrated 

using a spectral irradiance standard (Optronic Laboratories, OL-FEL-C). The YAG:Ce-SC sample (with 

Ce concentration of 0.2 mol%, size of 10 mm × 10 mm × 0.5 mm, luminescence lifetime of 70 ns) was 

provided by the MTI (Hefei) Co., Ltd. The X-Ray Diffraction (XRD) pattern of the YAG:Ce sample and 

structural overview are shown in presented in Figure S1 (Supplementary material). The reflecting layer 

(SiO2-TiO2 system with a thickness of about 600 nm) was fabricated using a coating system (Optorun-

1300). The PLE/PL and the QE were measured by a custom-built sphere-spectroradiometer system 

(HORIBA, Fluorolog-3) equipped with a light source (a 60-W Xenon lamp) and an integrating sphere 

with the diameter of 30 cm. The in-line transmittance was measured by using a UV-VIS 

spectrophotometer (Shimadzu, UV-2550). The reflectivity was measured using a reflectivity tester 

(OLYMPUS, USPM-RUIII). 
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Figure 3. Measured laser beam cross sections along the fast axis (left) and the slow axis (right) in the focus of the laser diode at 

different power levels. 

Prior to the measurements on the YAG:Ce-SC-RL, the laser beam was characterized under all used 

operating conditions using a scanning slit beam profiler (Photon Beamscan 2180). The laser diode was a 

broad area laser diode, and the beam properties for such a laser changed with the drive current as more 

spatial modes appeared in the beam profile. Furthermore, the beam properties were different along the 

fast and slow axes of the laser diode. Along the fast axis, the beam profile was a nearly Gaussian while 

and along the slow axis the profile consisted of several spatial modes, see Figure 3a and 3b. In Figure 3a 

and 93b, it is evident that more spatial modes appeared at higher output power and increased the beam 

width on the slow axis, while in the fast axis direction, the beam properties remained almost constant. 

When the focusing lens was translated, the focus position changed and thus the spot size on the YAG:Ce-

SC-RL changed. The variation in the 1/e2 beam diameter as a function of the distance (from the sample 

surface to the focus) is presented in Figure S2 (Supplementary material). The spot area was calculated as 

an ellipse with the measured diameters along the fast and slow axes. The variation in the laser beam 

profile along the slow axis increased the uncertainty of the spot area and thus the laser power density on 

the phosphor sample. Using the above relation between the current, position, and spot size, the LPD and 

LPDDP can be fully determined, which enables automation of the measurement. 

 

3. Results and discussion 

The fundamental optical properties of the YAG:Ce-SC as well as of the YAG:Ce-SC-RL were 

measured and analyzed. The measured photoluminescence excitation spectrum (PLE) and 

photoluminescence (PL) spectrum of the YAG:Ce-SC are shown in Figure 4a. When monitored at 550 
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nm, the PLE contained two excitation bands at around 340 nm and 460 nm, respectively, which originated 

from the 4f-5d transition of Ce3+ ions (from the electric-dipole) [46]. Under the excitation at 455 nm, the 

YAG:Ce-SC showed a wide emission band (460-700 nm) with the peak wavelength at 544 nm which 

was the result of the 5d-4f transition of Ce3+ ions (from the excited 5d1 to the two-spin-orbit split of 4f1 

into 2F7/2 and 2F5/2).  

Figure 4 (a) PLE and PL spectra of the YAG:Ce-SC; (b) The in-line transmittance of the pristine YAG:Ce-SC and the reflective 

spectrum of the reflecting layer; the inset photographs of the pristine YAG:Ce-SC and the YAG:Ce-SC-RL. 

The quantum efficiency (QE) of the YAG:Ce-SC was measured, and the results are shown in Figure 

S3 (Supplementary material). It is noteworthy to mention that the YAG:Ce-SC achieved the internal QE 

(IQE) of about 90.6%, which was significantly higher than that in the previous study (which was about 

60 %) [48, 49]. This was mainly because the synthesis method in the previous study introduced a 

considerable number of intrinsic defects (i.e., charged vacancies and cation antisite defects); these defects 

could broaden the PLE spectrum increasing the reabsorption rate of the yellow emission lights, and thus 

quenching the IQE. In this study, the obviously narrower PLE enabled the YAG:Ce-SC to achieve a high 

IQE by reducing the reabsorption. The in-line optical transmission spectrum of the pristine YAG:Ce-SC 

and the reflective spectrum of the reflecting layer (RL) are shown in Figure 4b. The pristine YAG:Ce-SC 
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showed a high in-line transmittance of over 80% in the range 550-750 nm which implied its high density 

and uniform microstructure. The intense absorption band at about 455 nm was caused by typical 4f-5d1 

electron transitions of Ce3+ ions. As the inset photograph of the pristine YAG:Ce-SC placed on the text 

paper presented in Figure 4b shows, the pristine YAG:Ce-SC had the yellowish shine and uniform optical 

quality. The inset photograph of the YAG:Ce-SC-RL shows a mirror-like luster with high reflectivity of 

98-99% at 400-750 nm. 

 

Figure 5. Typical electroluminescence (EL) spectrum of the pc-wLD Inset is the corresponding zoomed spectrum. 

The pc-wLD light source was constructed by combining the YAG:Ce-SC-RL with a single blue LD. 

The typical electroluminescence (EL) spectrum of the pc-wLD is presented in Figure 5. The sharp 

emitting peak at 445 nm was derived from the blue LD. The broadband emission in the range 470-750 

nm corresponded to the photoluminescence (5d-4f electron transition of Ce3+ ions) of the YAG:Ce-SC-

RL. Under the irradiation of a 1.13 W laser (with the spot area of 0.008 mm2), the pc-wLD light source 

showed a high luminous flux of 161 lm at the CCT of 4971 K. The luminous flux was calculated by: 

𝜃 = 683 
lm

W
∫ 𝑆(𝜆)

830 nm

440 nm
V(𝜆)d𝜆,                         (1) 

where S(λ) denoted the power distribution of the EL spectrum, V(λ) denoted the eye sensitivity function, 

and λ denoted the wavelength of the EL spectrum. 
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When irradiated by a focused laser, the phosphor was under tremendous flux and thermal pressure 

so that the LE would inevitably decline, more or less. Aiming to clarify the impact of the LP/LPD on the 

conversion efficiency of the YAG:Ce-SC-RL, the variation of the luminous flux of the pc-wLD with 

elevated LP and LPD was systematically investigated. As shown in Figure 6a, there was no appreciable 

loss in the luminous flux with the elevated LPD at a low LP range (below 1.5 W), whereas a slight 

luminous flux decline was observed at a high LP range (above 2 W). The variation of the LE in Figure 

6b shows a consistent trend of a slight decline with elevated LPD. The largest decline of the LE was only 

10 lm/W (145 lm/W → 135 lm/W), indicating a robust conversion efficiency of the YAG:Ce-SC even at 

high LPD. At the same LPD level, the elevated LD could also cause a slight decline of the LE. 

 

Figure 6. Effects of the LP and LPD on the luminous flux (a) and the LE (b) of the pc-wLD. 

The above results can be attributed to the following two facts. The first one is the thermal quenching. 

Namely, with the elevated LP, the conversion loss of the absorbed energy increased synchronously. This 

part of energy was ultimately converted to heat, which induced thermal quenching of the YAG:Ce. 

Considering that the YAG:Ce-SC had excellent thermal stability, the corresponding flux loss caused by 

thermal quenching was not significant. The other fact was related to the absorption saturation. Namely, 

under a high LPD, there were not enough Ce3+ ions that could be pumped into the excited state, which 

means that the absorption rate of blue light would decrease with the elevated LPD. 

Commented [OBJ1]: In figure 6b, the vertical axis label 

should be  
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As already mentioned, the Ce3+ ions in the YAG:Ce had very short luminescence lifetime (shorter 

than 70 ns). Additionally, the luminescence lifetime decreased with the increase in temperature.46 Thus, 

the saturation threshold of the Ce3+ absorption was expected to be very high. Aiming to explain the extent 

of the absorption saturation, the reflected blue light was measured and analyzed. Generally, more 

reflected blue light means that less blue light was absorbed. As shown in Figure 7, no appreciable change 

of the amount of reflected blue light can be found at a high LPD range (over 100 W/mm2). Very slight 

increase can be observed form initial LDP to 100 W/mm2. However, considering that the effect was 

relatively low (within 0.3%) which was close to the range of the empirical error and systemic 

uncertainties (around 0.2%), the non-thermal absorption saturation in the YAG:Ce-SC was considered as 

insignificant. 

 

Figure 7. Effects of the LP and LPD on the reflected blue light power of the pc-wLD. 
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Figure 8. The shift of the CCT value of the pc-wLD with elevated LP and LPD. 

The CCT is one of the key colorimetric properties of a light source. Thus, the CCT of the pc-wLD, 

as well as the CCT shift with the elevated LP/LPD, were measured and obtained results are presented in 

Figure 8. The pc-wLD showed a very stable CCT and the maximum shift of the CCT value was within 

101 K (4984-4883 K) at all LP and LPD levels. A general, increasing trend was observed which could 

be mainly ascribed to the LE decline. Since a lower LE caused a higher blue/yellow ratio, that led to the 

increase in the CCT. Surprisingly, the CCT growth at a high LPD range (above 100 W/mm2) showed a 

decelerating trend, and even a slight decrease could be found. At first glance, such a result seemed to be 

abnormal because the LE decline of the pc-wLD (Figure 6b) was sustained with the elevated LP/LPD 

and there were no signs of a slowdown trend. Thus, the blue/yellow ratio was expected to sustainably 

increase which would ultimately result in a continuous increase in the CCT. 
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Figure 9. (a) Effect of the LP/LPD on the wavelength of the YAG:Ce-SC-RL. (b) Effect of the drive current on the peak 

wavelength of the LD. 

Besides the blue/yellow ratio, the shift of the EL spectrum with the elevated LP/LPD also 

contributed to the CCT variation. Therefore, the shifts of the peak wavelength of the LD and the YAG:Ce-

SC were measured. Considering the YAG:Ce had a very wide and asymmetric emission band, the 

centroid wavelength of the spectrum was used to reduce the uncertainties caused by the noise and 

resolution of the spectrometer. The shift of the centroid wavelength of the YAG:Ce-SC-RL with the 

elevated LP is shown in Figure 9a, where a clear redshift can be observed. At the same LP level, the 

elevated LPD could cause further redshift. Furthermore, the peak wavelength of the LD showed a clear 

redshift with increasing drive current, as shown in Figure 9b. Thus, the reduction of the LE and the 

redshift of the EL spectrum jointly affected the CCT, and ultimately achieved a favorable balance that 

enabled the CCT of the pc-wLD to be stable in very wide LP and LPD ranges. Furthermore, the shifts of 

the CIE coordinates are shown in Figure 4 (Supplementary material) where it can be seen that the 

maximum Δx and Δy (CIE coordinates shift) were only about 0.004 (0.351 → 0.355) and 0.015 (0.400 

→ 0.415), respectively. The presented results indicate that the pc-wLD architecture could be used as a 

white light source in a wide power range. 
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By combining the above results with the previous analyses of ceramics and films, the understanding 

of the origin of the luminescence saturation in the YAG:Ce based-phosphors was clear. Firstly, when the 

LDP was below 400 W/mm2, the non-thermal absorption saturation was virtually nonexistent in the 

YAG:Ce based-phosphors. Secondly, the obtained experimental results demonstrated that the 

luminescence saturation could be seen as a vicious circle between the thermal escape and thermal 

quenching. The vicious circle was considered to be triggered by the self-heating of phosphors. Apart 

from the intrinsic energy loss from the Stokes shift (during the light conversion), the primary energy 

source of the self-heating was derived from the conversion loss (100% − IQE). As the LP increased, the 

absolute amount of the conversion loss also increased, which resulted in considerable heat accumulation, 

and led to thermal quenching. The thermal quenching could further increase the conversion loss by 

reducing the IQE. A better heat dissipation capacity (i.e., high thermal conductivity, high density), could 

help mitigate the thermal accumulation, so the occurrence of thermal escape could be delayed. Thus, a 

higher saturation threshold could be attained. Accordingly, phosphors in the high-power pc-wLDs should 

have both high IQE and good heat dissipation capability, simultaneously. 

The results presented in this work denote a baseline analysis of the pc-wLD architecture. In practical 

applications, the brightness and power efficiency can be further improved by integrating the phosphors 

with active or passive heat dissipation (i.e., cooling fan and heat sink). However, such a pc-wLD 

architecture has a disadvantage: namely, due to the surface reflection, in the process of color mixing of 

blue and yellow lights, the blue light shows a clear preference at particular directions. However, this 

disadvantage can be solved by surface roughing or using a color diffuser in practical application. 

 

4. Conclusion 
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In summary, by employing a novel YAG-SC-RL phosphor architecture, the luminescence saturation 

of the YAG-SC can be accurately and systematically measured and analyzed by using a reflection mode 

setup. The obtained results confirmed that the YAG-SC has a remarkably high saturation threshold so 

that no obvious luminescence saturation can be observed under the LPD of ~360 W/mm2 (at 3.38 W). 

The pc-wLD light source based on pumping the YAG-SC-RL by a single LD exhibit outstanding energy 

efficiency, achieving a white light emission with the luminous flux of 465 lm, the LE of 145 lm/W, and 

the CCT of 4984 K. Furthermore, the pc-wLD shows both highly-robust luminescence and colorimetric 

properties. By increasing the LP/LPD, the decline in the LE and shift of the CCT of the pc-wLD are very 

slight, with the maximum variations of only 10 lm/W and 101 K, respectively. By analyzing the amount 

of the reflected blue light, it is proven that the non-thermal absorption saturation in the YAG-SC is 

insignificant. The above results suggests that the pc-wLD light source is a strong candidate for the design 

of vehicle headlights, search lights, projectors, and other high-brightness illumination devices.  
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