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Abstract—To address the challenges in conventional micro-
LED sources, such as large beam divergence, severe optical 
crosstalk, and limited bandwidth due to broad emission spectra, 
we have developed a heterogeneously integrated GaN-based 
resonant-cavity Micro-LED (Micro-RCLED) for optical 
interconnect applications. The device features two aperture 
sizes of 50 μm and 10 μm, and each single array comprises seven 
channels for convenient coupling to a seven‑core fiber. By 
incorporating top and bottom distributed Bragg reflectors 
(DBRs), a beam divergence angle below 90゜  is achieved, 
enabling parallel multi‑channel high‑speed interconnection. 
Simulation and preliminary experimental results show that the 
Micro‑RCLED array is expected to achieve a –3 dB bandwidth 
exceeding 1.5 GHz, offering a high‑performance, integrable 
visible‑light source solution for next‑generation co‑packaged 
optics and chip‑to‑chip optical interconnects. 
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I. INTRODUCTION 
To meet the demand for high-speed data interconnects, 

this research focuses on developing gallium nitride (GaN)-
based resonant-cavity micro light-emitting diode (Micro-
RCLED) array chip technology. The motivation arises from 
the surging computing power requirements driven by artificial 
intelligence, high-performance computing, and other 
emerging fields, which impose severe challenges on the 
interconnect bandwidth in data centers. Conventional 
electrical interconnects are approaching their physical limits 
in terms of bandwidth density and energy efficiency. Optical 
interconnect technology is regarded as a next-generation 
solution[1], and Micro-LEDs have emerged as a highly 
promising light source due to their small footprint, high 
modulation speed, capability to form high-density arrays, and 
compatibility with CMOS processes. However, conventional 
Micro-LED suffer from large beam divergence and broad 
emission spectra, which limit their performance in optical 
interconnects. Microsoft Research previously proposed the 
use of custom‑designed microlenses based on the principle of 

total internal reflection to regulate the optical path[2]. In 
contrast, this study introduces a resonant‑cavity structure to 
overcome these limitations, aiming to achieve high‑speed 
optical emission with narrow beam divergence, narrow 
spectrum, and high energy efficiency at the chip level.The 
main research activities include the design of Micro-RCLED 
arrays, breakthroughs in key fabrication processes, and the 
development of system integration technology. The expected 
outcome of this research is to deliver a high-performance, 
low-power-consumption visible-light source solution for 
next-generation short-reach optical interconnects, with 
significant scientific value and broad application prospects. 

II. EXPERIMENTAL SETUP 
This study utilized a 460 nm wavelength sapphire-based 

GaN blue light epitaxial wafer. Patterned indium tin oxide 
(ITO) transparent electrodes and high-reflectivity distributed 
Bragg reflectors (DBRs) were fabricated on the epitaxial layer 
via micro-nano processing techniques. Subsequently, the 
epitaxial structure was transferred to a silicon substrate 
through substrate removal and wafer bonding. On the silicon 
substrate, Micro-LED mesa structures were further fabricated, 
and a low-reflectivity DBR was deposited on top, ultimately 
forming a Micro-LED light source chip with double-sided 
DBRs. To match the parameters of existing optical fibers (core 
diameter: 200 μm, core pitch: 220 μm), the light source unit 
was designed with a 50 μm emission aperture and a 10 μm 
mesa size, with an array center-to-center spacing of 220 μm. 

III. EXPERIMENTAL RESULTS 
Conventional Micro-LEDs are Lambertian emitters, 

radiating light within a ±90゜ hemisphere, which results in 
an extremely large beam divergence angle. This characteristic 
makes it challenging to achieve efficient optical coupling into 
fibers. Moreover, in multi-channel arrays, the broad 
Lambertian beam profile of Micro-LEDs leads to severe inter-
channel crosstalk. By incorporating a resonant cavity structure, 
the beam can be effectively collimated and the divergence 
angle significantly reduced. This approach not only improves 
the coupling efficiency between the light source and optical 
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fibers but also minimizes the spread of light into adjacent 
channels, thereby effectively suppressing inter-channel 
crosstalk. 

Simulation results (as shown in Figure 1) indicate that for 
a conventional Micro-LED, the optical radiation intensity at a 
distance of 0.12 mm from the light source is 0.579 W/mm2, 
and it approaches zero at a distance of 0.36 mm. In contrast, 
the Micro-RCLED exhibits an optical radiation intensity of 
0.954 W/mm2 at 0.12 mm and still maintains a clearly 
discernible radiation distribution at 0.36 mm. This 
demonstrates that incorporating a resonant cavity structure 
into the Micro-LED can significantly enhance the source 
brightness and effectively extend the propagation distance of 
the light beam in free space. 

Figure 2 compares the far-field radiation patterns and 
lateral crosstalk under different structural configurations. As 
shown in Figure 2(a4), the conventional Micro-LED exhibits 
a wide divergence angle and significant crosstalk. In contrast, 
Figure 2(b4) reveals that the Micro-RCLED demonstrates a 

noticeably narrowed divergence angle, with crosstalk 
effectively suppressed; the onset distance of crosstalk is 
delayed to approximately 0.15 mm. Figures 2(c4) and (d4) 
further compare the crosstalk performance with and without a 
DBR structure for a 10 μm emission aperture. The 
conventional Micro-LED shows crosstalk onset at about 0.04 
mm, whereas the Micro-RCLED delays the onset to about 0.2 
mm. This indicates that while reducing the emission aperture 
helps mitigate crosstalk, it does not improve the beam 
divergence characteristics. The introduction of the DBR 
structure, however, simultaneously optimizes both the 
divergence angle and crosstalk performance. 

In summary, the implementation of a double-sided DBR 
structure in the Micro-RCLED significantly improves the 
beam divergence angle, suppresses optical crosstalk between 
adjacent units, and provides a superior light source solution 
for high-density optical interconnect applications. 

Figure 1. (a1–a4) Optical radiation distribution of a 50 μm conventional micro‑LED at distances of 0.12 mm, 0.24 mm, and 
0.36 mm, along with the corresponding variation curve of optical radiation versus distance; (b1–b4) Optical radiation 

distribution of a 50 μm micro‑RCLED at distances of 0.12 mm, 0.24 mm, and 0.36 mm, together with the corresponding 
variation curve of optical radiation versus distance.



Figure 2. Top-view optical radiation distribution of a 50 μm conventional micro‑LED: (a1) 2D and (a2) 3D plots, together with 
(a3) the corresponding light intensity profile and (a4) a schematic of the side-view optical crosstalk; top‑view optical radiation 
distribution of a 50 μm micro‑RCLED: (b1) 2D and (b2) 3D plots, together with (b3) the corresponding light intensity profile 

and (b4) a schematic of the side-view optical crosstalk; top‑view optical radiation distribution of a 10 μm conventional 
micro‑LED: (c1) 2D and (c2) 3D plots, together with (c3) the corresponding light intensity profile and (c4) a schematic of the 

side-view optical crosstalk; top‑view optical radiation distribution of a 10 μm micro‑RCLED: (d1) 2D and (d2) 3D plots, 
together with (d3) the corresponding light intensity profile and (d4) a schematic of the side-view optical crosstalk. 

IV. CONCLUSIONS 

This study aims to address the significant challenges in 
conventional Micro‑LEDs for optical interconnect 
applications, namely large beam divergence, broad emission 
spectrum, and severe inter‑channel crosstalk. A gallium 
nitride GaN‑based resonant‑cavity Micro‑LED 
(Micro‑RCLED) is proposed and fabricated. By incorporating 
a double‑sided distributed Bragg reflector (DBR) structure, 
the device successfully reduces the beam divergence angle to 
less than 90° and enhances the coupling efficiency with 
optical fibers. Simulation and experimental results 
demonstrate that, compared with conventional Micro‑LEDs, 
the Micro‑RCLED achieves notably higher optical radiation 
intensity at the same distance, effectively extends the 

propagation distance of the light beam, and significantly 
suppresses optical crosstalk in multi‑channel arrays. This 
work provides a high‑performance, integrable visible‑light 
source solution for next‑generation high‑density, high‑speed 
chip‑to‑chip optical interconnects. 
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