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A B S T R A C T

Resonant cavity LEDs (RCLEDs) exhibit excellent temporal and spatial coherence with narrow spectral linewidth 
and small divergence angle, which is of great importance for micro-displays. In this paper, we demonstrate a 
novel method to create GaN-based RCLEDs by using photo-electrochemical etching and micro-transfer printing 
(MTP) technology. Through systematic optimizing of the etching conditions, highly selective etching of an InGaN 
multiple quantum well sacrificial layer is achieved with parasitic etching of adjacent layers being completely 
suppressed. The roughness of the underside of the exfoliated GaN film is only 3.3 nm. Raman spectroscopy shows 
that the residual stress in the released material is reduced from 0.74 GPa for the as-grown sample to − 0.15 GPa. 
Using the MTP method, GaN coupons with a deposited upper dielectric mirror were transferred onto target 
substrates covered with either an Al mirror or dielectric distributed Bragg reflector to form two types of blue 
RCLEDs. The electroluminescence spectra of the two RCLEDs show a much narrower linewidth, reduced from 32 
nm in the conventional LED to ~5 nm, together with stable peak wavelength with increasing current density, 
with the shift reduced from 9.3 nm to less than 1 nm. The far-field pattern is influenced by the bottom mirror, 
and the far-field divergence angle can be decreased to only 52◦ by matching the cavity and the quantum well 
exciton modes. This scalable approach is highly promising for the realization of compact resonant cavity devices 
and their use in displays and in communications.

1. Introduction

As their size shrinks to the micrometer scale, micro-LEDs exhibit 
many remarkable characteristics, such as higher pixel density, extremely 
low capacitance, and shorter carrier lifetime [1–3]. Not only are they 
suitable for high-speed optical communications, but more importantly, 
they are also considered the ultimate solution for augmented reality and 
virtual reality (AR/VR) in the display field [4–6]. However, there are 
still some technical problems for micro-LED displays that should be 
addressed [7]. First, conventional LEDs typically exhibit a standard 
Lambertian emission pattern with an emission angle of around 120◦. 
When the size is reduced to a micron scale, the proportion of light 
emitted from the sidewall increases, and the optical crosstalk problem 
between pixels becomes more serious [8]. For AR/VR applications, 
where the light needs to be coupled with optical components such as 
lenses or waveguides, directional light emission (within ±30◦) would be 

preferred [9–11]. The second drawback is related to the LED spectrum, 
which has a broad linewidth and shifting peak wavelength when the 
injection current changes [12]. A wide spectrum also results in lower 
color purity, and the dispersion of LED light diffracted by gratings or 
lenses could lead to a rainbow phenomenon [13]. In addition, for a large 
number of micro-LED pixels, the fluctuation of the intrinsic lumines
cence and driving current of each chip will also bring considerable 
wavelength shift [14,15].

The spatial and temporal coherence of LEDs can be improved by 
making a short vertical Fabry-Perot cavity with mirrors on each side to 
form a resonant-cavity LED (RCLED) [16]. This approach reduces the 
divergence angle and spectral linewidth of the emitted light, thus 
achieving directional light emission with higher color purity. Further
more, wavelength stability is improved since the electroluminescence 
(EL) wavelength is determined by the cavity mode [17,18]. These ad
vantages make RCLEDs promising light sources for next-generation 
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displays especially in AR/VR applications. One key challenge for GaN- 
based RCLEDs lies in the mirror fabrication, which is typically ach
ieved using epitaxial growth or by deposition of dielectrics. The first 
substrate emitting GaN RCLED used an epitaxial distributed Bragg 
reflector (DBR) of Al0.08Ga0.92N/GaN together with a silver top mirror 
[19]. The AlInN/GaN DBR stack also allows for a highly reflective bot
tom mirror due to its lattice matching and high refractive index contrast 
properties, though requiring challenging growth control [20,21]. On the 
other hand, a dielectric bottom DBRs would solve part of the growth 
problem but poses a significant process difficulty. Currently, the wafer 
bonding, substrate removal, and polishing process flow is usually used to 
expose the atomically flat GaN bottom surface [22,23]. One of the most 
common substrate removal method is laser lift-off (LLO), on which 
Zhang et al. has realized green RCLEDs, and even vertical-cavity surface- 
emitting lasers (VCSELs) [24–26]. Alternatively, electrochemical or 
photo-electrochemical (PEC) etching is also an interesting approaches to 
remove the substrate that eliminates the cavity length error caused by 
grinding and polishing process [27]. Torres et al. have successfully 
realized UV-B RCLEDs and optically pumped VCSELs by etching the 
AlGaN superlattice sacrificial layer [28]. Holder et al. have demon
strated electrically pumped VCSELs in blue band by removing the sub
strate through PEC etching [29]. Overall, most of the above device 
processes involve wafer bonding to support the epitaxial films with 
thicknesses of a few micrometers. Recently, the micro-transfer printing 
(MTP) has been widely used in micro-LED processes and is considered a 
simple and effective solution for mass transfer of microchips [30,31].

In this paper, we realise short cavity RCLEDs by releasing the thin 
LED structures (with a deposited top dielectric DBR) from the sapphire 
growth substrate by using photo-electrochemical (PEC) etching, fol
lowed by micro-transfer printing the 50 × 50 μm2 devices onto a new 
substrate coated with either aluminum (Al) or dielectric DBR as the 

bottom mirror. The resulting two types of RCLEDs showed distinct 
cavity mode peaks in the electroluminescence (EL) spectrum with 
wavelengths of 449.3 nm and 445.7 nm and linewidths of 5.6 nm and 
5.1 nm, respectively. Thanks to the resonant cavity, the blue shift of the 
peak wavelength with increasing current densities is significantly 
reduced from 9.3 nm to less than 1 nm. The evolution of the RCLED far 
field patterns is studied for different detuning states, and the far-field 
divergence angle of matched RCLEDs is reduced to only ±26◦. To our 
best knowledge, this is the first demonstration of RCLEDs achieved by 
micro-transfer printing technology. Compared to the existing tech
niques, this technology provides a simplified and controlled approach to 
fabricate RCLEDs and VCSELs.

2. Experiment

The cavity element for the GaN-based RCLED was grown on a c-plane 
sapphire substrate using metal–organic chemical vapor deposition 
(MOCVD). The epitaxial structure is shown in Fig. 1(a), where following 
growth of a GaN buffer layer and including a 500-nm-thick n-GaN as the 
electron transport layer for the PEC reaction, 3 pairs of n-doped InGaN/ 
GaN quantum wells (QWs) were grown as the sacrificial layer (doping 
concentration = 2 × 1018 cm− 3). Its thickness was ~20 nm with a 
photoluminescence (PL) wavelength of ~415 nm designed to partially 
absorb the 405 nm light from the illumination source during the PEC 
etching. In order to inhibit the upward diffusion of the photo-generated 
carriers into the functional layer of the LED, an additional 50 nm of 
unintentionally doped (UID) GaN was grown on top of the sacrificial 
layer. The structure of the LED functional layer consists of a Si-doped n- 
GaN layer, 2 pairs of InGaN/GaN QWs with an emission wavelength of 
~450 nm, a 10-nm-thick Al0.25Ga0.75N electron blocking layer, a Mg- 
doped p-GaN, and a thin layer of heavily-doped p + GaN as a contact 

Fig. 1. (a) Schematic of as-grown LED epitaxial layer for PEC etching. (b) The detailed fabrication process flow for the GaN-based RCLED. (c) − (f) Optical mi
croscopy images of LED structure during PEC etching. (g) SEM image of RCLED after transfer printing to new target with DBRs. The hole is due to the FIB cut. (h) 
Cross-sectional SEM image of the RCLED.

H. Chen et al.                                                                                                                                                                                                                                    Optics and Laser Technology 202 (2026) 115297 

2 



layer (doping concentration = 1 × 1020 cm− 3). The thickness of n-GaN 
and p-GaN layer is 820 nm and 210 nm, respectively.

The schematic of the device process flow is shown in Fig. 1 (b). A 
standard LED process, comprising of p-contact deposition, mesa etch 
and n-contact deposition, was first carried out. Then a top DBR coating 
consisting of 3 pairs of SiNx/SiO2 (total thickness ~450 nm with nom
inal peak reflectivity of 60%) was deposited by plasma enhanced 
chemical vapor deposition (PECVD). The thick DBR layers not only 
provide ~60% reflectivity for the resonance cavity, but also encapsulate 
the sidewalls of all the functional layers, especially the QWs, which is 
important for avoiding their damage during the PEC etching process. To 
prepare the devices for PEC etching, the top DBR was first patterned, 
followed by the second mesa etch (slightly wider than the first one) into 
the bottom n-GaN (~450 nm deep) to expose the sidewalls of the 
sacrificial MQWs. A 800-nm-thick SiNx layer was then deposited by 
PECVD as the anchor/tether material to avoid damage from the corro
sion of PEC solution. After PEC etching of the sacrificial MQWs, a 100 
nm thick polymer (Intervia) was coated on the new substrates as the 
adhesive layer. The released LEDs were then picked up by a poly
dimethylsiloxane (PDMS) stamp and printed on a Silicon target coated 
with either a nominal 99% reflective DBR (15 pairs of Ta2O5/SiO2) or Al 
film. Finally, two openings above the p and n metal contacts were 
formed by etching away the DBR layers above them, making the printed 
RCLED devices ready for testing. Detailed data on DBR and Al films can 
be found in the Supporting Materials.

Fig. 1 (c)–(f) are optical microscope (OM) images of LED-on-sapphire 
during the PEC process, where the etching front of the sacrificial layer 
moves from the square boundary to the interior with essentially the 
same rate in all directions. When the sacrificial layer is completely 
etched, the OM image [see Fig. 1 (e)] of LED coupons becomes brighter 
accompanied by Newton's rings from interference. Fig. 1 (d) shows the 
SEM image of the LED chip after being transfer printed to DBR substrate 
where it can be seen that the LED chip is intact with flat and undamaged 
surface. A focused ion beam (FIB) cut was used to clarify the cross- 
section of the RCLED. Fig. 1(f) shows the bottom DBR, the 100-nm- 
thick bonding layer, the GaN epitaxial layers, the indium tin oxide 
(ITO) layer, the Ni/Au electrode, the upper DBR, and the SiNx tether. It is 
worth noting that the bonding interface between GaN and DBR is 

uniform and free of any holes, which proves the integrity and reliability 
of the RCLED device.

3. Result and discussion

3.1. PEC etching of GaN on sapphire

A major advantage of PEC etching is its selectivity to the energy 
band, with the photo-generated carriers generated in the sacrificial layer 
resulting in the etching reaction [32]. However, the etching conditions 
in practical experiments still need to be finely chosen to ensure a suffi
ciently large etch selectivity ratio and avoid parasitic etching effects in 
the GaN layers. Here the irradiation density of an external LED source 
with emission centered at 405 nm is fixed to 105 mW cm− 2, a 0.5 mol/L 
HNO3 solution was used as the electrolyte while different bias voltages 
were applied on the GaN anode.

It can be seen in Fig. 2 (a) that when the applied bias voltage is in the 
range of 3–6 V, not only is the sacrificial layer etched, but also the 
sidewalls of the n-GaN layer above it show a large number of pores (20 
~ 30 nm in diameter), which are believed to extend to the inside of the 
n-GaN [33]. Since this work does not aim to realize DBRs through 
alternating porous structures, the unintended porous n-GaN within the 
optical cavity may introduce scattering losses in the optical field 
[34,35]. The parasitic etching is due to the excessive tilting of the n-type 
GaN energy bands by the applied bias, resulting in an increase in the 
hole concentration by tunneling effect [36,37]. Therefore, a lower 
applied bias is required to eliminate this effect. As shown in Fig. 2 (b), 
when the voltage is reduced to 2.5 V, the diameter of pores in the 
sidewall become significantly smaller. Furthermore, when the voltage is 
lowered to 1 V, the sidewalls are smooth as originally etched with no 
pores. Fig. 2 (d) shows the photocurrent versus time profile throughout 
the PEC etching process. It can be seen that for both 4 V and 2.5 V the 
photocurrent gradually decays exponentially as the reaction proceeds, 
and a non-zero photocurrent still exists after the etching is completed. 
On the other hand, for an applied bias voltage of 1 V the photocurrent 
first increases and then decays during the undercutting. We believe that 
when a small bias voltage is applied, the reaction needs to overcome 
some initial barrier such as the oxide layer on the surface and thus the 

Fig. 2. (a) Typical SEM images of the n-GaN sidewall parasitically etched under applied voltages of 4 V, (b) 2.5 V, and (c) 1 V. (d) Photocurrent versus. time for 
samples etched under different applied bias voltages. The insets show a schematic of the experiment and a photo during the PEC etching.
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current gradually increases. Then when the sacrificial layer is undercut 
further, the conducting cross-sectional area becomes smaller and the 
current decays [37]. The etching rate for the three voltages was approx. 
16 μm/min, 11 μm/min, and 3 μm/min, respectively. We also reduced 
the concentration of the electrolyte, but it had little effect on inhibiting 
the formation of pores in n-GaN (not shown here). Therefore, the opti
mum PEC etching voltage and electrolyte concentration were deter
mined to be 1 V and 0.5 mol/L, respectively.

The quality factor of the resonant cavity is greatly affected by the 
scattering loss due to the roughness of the interfaces [38]. To charac
terize the morphology of the LED backside, the LED coupon was flipped 
using a PDMS stamp for evaluation by secondary electron microscopy 
(SEM) and atomic force microscopy (AFM). It can be clearly seen in 
Fig. 3 (a) that the surface after PEC etching is flat and smooth on a large 
scale. The higher magnification inset shows the presence of a mesh 
structure on the backside, which might originates from the current path 
during the PEC etching process. The AFM image in Fig. 3 (b) shows that 
the backside mesh structure consists of clustered small particles with 
diameters of 50 ~ 100 nm. These particles are likely to be a residual 
intermediate product such as Ga2O3 [39]. Nevertheless, the root mean 
square (RMS) roughness of the backside is still as low as 3.3 nm, and 
there is no parasitic etching effect on the backside of n-GaN. Compared 
to wet etching method for GaN-on-Si or LLO method for GaN-on- 
Sapphire to remove the substrate, a much smoother surface can be ob
tained using PEC etching because of the better quality and the sharper 
interface of the grown InGaN MQW sacrificial layer [40,41]. We believe 
that the RMS roughness of the etched surface can be improved further by 
optimizing other PEC etch conditions (such as the excitation light 

intensities) and/or performing post-treatment [42].
For heterogeneous epitaxy of GaN, heavy internal stresses from lat

tice mismatch and thermal mismatch are a major problem. As a typical 
example, GaN grown on sapphire substrate is usually subjected to 
compressive stresses, which lead to strong piezoelectric polarization and 
severe quantum confined Stark effect (QCSE) effects on the output light 
[43]. To verify the effect of stress release, micro-Raman and photo
luminescence (PL) was performed on the same LED chip before and after 
PEC etching. As shown in Fig. 3 (c), the average E2 (high) mode fre
quency moves from ~569.5 cm− 1 (before lift-off) to ~567.2 cm− 1 after 
complete release, which is very close to the stress-free state of bulk GaN 
[44]. This result is confirmed by measuring a large number of samples. 
The residual stresses in the LED epitaxial layer before and after releasing 
were calculated as 0.74 GPa and − 0.15 GPa, respectively. The results 
show that the PEC etching method has a significant effect on the 
compressive stress release in the GaN layer due to the complete elimi
nation of the connection and lattice mismatch between the substrate and 
the epitaxial layer. Meanwhile, the PL spectra of two samples also imply 
similar conclusions. As shown in Fig. 3(d), multiple Fabry-Perot peaks 
appeared in the PL spectrum of the exfoliated sample, which resulted 
from interference at the upper and lower interfaces of the thin sample. 
Additionally, the luminescence peaks associated with the sacrificial 
layer around 420 nm and the GaN yellow band emission at ~550 nm 
also disappear, indicating that the substrate and the GaN buffer layer 
were completely removed [45,46].

Fig. 3. (a) SEM image of the backside of the released LED coupon. (b) AFM image of the released N-face GaN. (c) Raman spectra and (d) PL spectra of the samples 
before and after fully PEC etching. The inset is a box plot of the E2 (high) mode peak.
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3.2. The optoelectronic performance of RCLEDs

LEDs with top DBRs were then transferred onto two high reflective 
targets covered with either an Al film or DBR coating to form RCLEDAl 
and RCLEDDBR respectively. The optoelectronic properties of normal 
LEDs (no transfer), RCLEDDBR, and RCLEDAl were performed under 
room temperature (RT) and continuous wave (CW) operation. Fig. 4 (a) 
shows the I-V curves of the three LEDs. It can be seen that the forward 
voltage of RCLEDDBR at the injected current of 20 mA is reduced by 0.07 
V compared to RCLEDAl (from 4.57 V to 4.50 V), which is mainly 
brought by the reduction in series resistance. We attribute this difference 
in turn-on voltage to the disparity in thermal resistance between the two 
devices, since DBR material is a poor thermal conductor, it significantly 
hinders heat transfer to the bottom substrate, causing the device tem
perature to rise and the voltage to drop. On the other hand, the voltage 
of control LED is ~4.20 V at 20 mA, which is slightly lower than that of 
RCLEDAl. As shown in the inset of Fig. 4 (a), the reverse leakage of both 
RCLEDs is greatly reduced from 3 μA to around 0.6 μA at − 5 V. The 
decrease in the forward voltage and the increase in reverse leakage 
current may stem from the same cause. First and foremost, the PEC 
etching process cut off the connection between the GaN LED layer and 
the bottom GaN buffer layer which contains a large number of threading 
dislocations [41]. These dislocations introduce parallel resistance in the 
PN junction in the form of leakage channels, leading to a decrease in the 
forward voltage [47,48]. Second, the sidewall passivation material may 
also account for the forward voltage difference between two devices. 
The interface passivation layers of control LEDs and RCLEDs are SiO2 
and SiNx, respectively (see Supporting Materials). Research has shown 
that SiNx introduces more hydrogen atoms into the p-GaN region, 
thereby reducing the hole concentration and leading to an increase in 
the forward voltage [49,50].

The light output power (LOP) of the three samples as a function of 

injected current are shown in Fig. 4 (b). The two RCLEDs exhibit almost 
the same output power at 20 mA, however, their light output power is 
0.6 times smaller than that of normal LEDs. However, there is better 
spectral coherence in the RCLEDs [51]. The inclusion of a resonant 
cavity tighten the selection conditions for photons emitted from the 
active region, only photons near the resonant mode are allowed to exit 
outwards. Although the integral LOP of both RCLEDs is smaller 
compared to control LEDs, the EL images [see Fig. 4(c) and (d)] show 
that the RCLEDs emit a much brighter and more concentrated light from 
the topside. This confirms that RCLEDs with cavity effect performs a 
smaller far-field divergence angle and better directionality of light 
emission, which is very beneficial in applications like AR/VR display 
and visible light communication (VLC).

Another signature feature of RCLEDs associated with the Fab
ry–Pérot cavity is the width narrowing of emission spectrum. Fig. 4 (g) 
shows the EL spectra of the three LEDs at different injection currents, it 
can be seen that the normal LED has a broad peak of spontaneous 
emission. A blue shift of the peak wavelength as well as the peak 
broadening with increasing injection current can be clearly observed. 
The total peak blue shift of is ~5.8 nm from 448.9 nm to 443.1 nm with 
full width at half maxima (FWHM) increases from 32 nm to 39 nm when 
the injection current is increased from 2 mA to 15 mA. A well-recognized 
reason for the blueshift of MQWs as current increasing is considered to 
be the screening effect of injected carriers on the polarization electric 
field, which compensates for the QCSE effect and flattens the energy 
band [52]. The wavelength shift of LEDs can bring about color deviation 
and unevenness, which is very detrimental to the display. In contrast, 
multiple sharp and stable mode peaks are clearly observed in both 
RCLEDs, the main peak FWHM of RCLEDDBR and RCLEDAl are reduced to 
5.1 nm and 5.6 nm, respectively, demonstrating the wavelength selec
tion effect of the resonant cavity structure. Meanwhile, the main peak 
wavelength of the RCLEDDBR is near 449.3 nm with a mode spacing of 

Fig. 4. (a) Forward I-V and reverse I-V (inset) characteristics curves of RCLEDs and normal LED. (b) L-I characteristics of RCLEDs and normal LED. (c) Near-field EL 
emission images of RCLED and (d) normal LED. (e) OM images of RCLED and (f) normal LED. (g) EL emission spectra of RCLEDs and normal LED. (h) EL peak shift of 
RCLEDs and normal LED as a function of injection current.
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about 22.9 nm, whereas the main peak wavelength of the RCLEDAl is 
shorter at 445.7 nm and the mode spacing is smaller at 24.2 nm. The 
difference in mode spacing of the two RCLEDs is most likely due to the 
greater depth of penetration of the DBR as compared to that of the Al. In 
addition, it can be seen from Fig. 4 (h) that the EL spectra of RCLEDs 
have strong current stability. The variation of half-width and wave
length of the main peak remain almost within 1 nm when the current is 
increased from 2 mA to 15 mA. The presence of the resonant cavity not 
only allows LEDs to have higher color purity, but also substantially re
laxes manufacturing tolerances brought about by uniformity of epitaxy 
and working environment.

Fig. 5 (a) and (b) show the angle-resolved PL (ARPL) spectra of 
RCLEDDBR and RCLEDAl under 355 nm laser pumping. Parabolic 
dispersion curves are clearly observed in both RCLEDs, with the peaks of 
the resonant modes shifting to higher energies as the angle increases, 
which indicates the coupling of the MQW emission into the resonant 
cavity mode [53]. The two RCLED samples show different far-field 
distributions. For RCLEDDBR, the intensity maximum in ARPL is 
located at both sides of the parabola, whereas in the RCLED sample with 
the Al mirror, the intensity maxima appear at the bottom of the 
parabola, i.e., at θ = 0◦. This is due to the fact that aluminum and 
dielectric DBR have different phase conditions for reflection, leading to a 
difference in the detuning between their cavity wavelength and MQW 
emission wavelength (Δλ = λcav – λqw) [54]. As shown in Fig. 5 (c), the Al 
mirror interface in the resonant cavity is always located at the antinode 
of the optical field. However, for the RCLEDDBR, the antinode of the 
wave intensity is located at the interface from SiO2 to Ta2O5. Therefore, 
the consequent phase difference results in a shift of the resonant 
wavelength of RCLEDDBR to a longer region. Fig. 5 (b) shows the far-field 
divergence angle fitted to the ARPL data. Since the cavity mode wave
length of RCLEDDBR exceeds the active region's emission wavelength 
(Δλ > 0), the far-field radiation pattern of RCLEDDBR shows an emission 
peak at an angle of ± 25.3◦ to the normal, with a slight depression of the 
intensity at the center, forming a double-lobed distribution [55–57]. 
While for RCLEDAl with negative or zero detuning, the far-field pattern 
of RCLEDAl shows a maximum emission in the normal direction. The 
divergence angle is drastically decreased to about 52◦, which is signif
icantly smaller than the half-angle of 120◦ from the conventional Lam
bertian light sources. Further reduction in divergent angle can be 
obtained by increasing the pairs of the top DBR or increasing the cavity 
length [58–60].

4. Conclusion

In summary, we have proposed a new approach for the fabrication of 
GaN-based RCLEDs by PEC etching and MTP technology. The devices 
leverage the high selectivity of PEC etching, which greatly reduces GaN 

surface roughness and effectively address the challenge of controlling 
cavity length with traditional RCLED fabrication approaches. Mean
while, the MTP process not only allows for more flexible integration of 
the lower DBR, but also provides finer control of device arrays. Two 
types of RCLEDs with the size of 50 × 50 mm2 were prepared with 
different bottom mirrors, and their optoelectronic properties were 
investigated in detail. The EL spectra of RCLEDAl and RCLEDDBR showed 
significant mode peaks at 445.7 nm and 449.3 nm, with linewidths 
reduced to 5.6 nm and 5.1 nm. The blue shift of the peak wavelength is 
significantly reduced from 9.3 nm for normal LED to less than 1 nm for 
both RCLEDs. Moreover, the reflection phase difference between Al and 
DBR mirrors leads to cavity mismatch phenomenon. RCLEDAl exhibits a 
highly directional emission with the divergence angle of only 52◦, while 
RCLEDDBR shows a heart shape in far field pattern due to the negative 
detuning. The achievements have significantly reduced the difficulty 
and complexity of RCLED preparation, and we believe that this tech
nology will provide a stable solution for large-scale production of GaN- 
based RCLEDs and VCSELs.

5. Supporting information

The detailed structure of RCLED's top DBR and bottom DBR coatings, 
the reflectance spectra of top DBR and bottom DBR/Al mirrors for 
RCLEDs, the optical microscope images of substrate transfer process by 
PEC etching and MTP, as well as the demonstration of RCLED arrays by 
MTP.
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Fig. 5. (a) Angle-resolved PL spectra of RCLEDDBR, and (b) RCLEDAl. (c) Electric field phase distribution at the interface in the resonant cavity with Al and BDR 
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