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Abstract—To address the limitations of traditional neural
stimulation, we developed a Si-integrated linear array of flip-
chipped green resonant-cavity LEDs (RCLEDs) for high-
resolution optogenetics. These devices feature a S0pm
aperture and a constrained emission angle (<90 o ) enabled by
Distributed Bragg Reflectors, effectively reducing crosstalk
and tissue damage. Experimental results show that these
RCLED probes effectively stimulate Mac-mCherry proteins,

I. EXPERIMENT AND RESULTS
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Fig. 1(a) The stimulated effective reflectivity of the different pairs of
Ti;05/Si0, DBR.(b) The sectional schematic picture of the Micro-
RCLED. The (c) stimulated and (d) tested results of the optical field
distribution. (¢) Diagram of green Micro-RCLED probe

Resonant cavity light-emitting diodes (RCLEDs) differ
from traditional LEDs by leveraging the microcavity effect.
This effect increases the photon mode density for those
satisfying the resonance condition while suppressing other
modes, thereby enhancing spontaneous emission at the
resonant wavelength. Consequently, light is primarily
emitted perpendicular to the cavity surface and the EQE is
increased, and the former can enhance the temporal and
spatial accuracy of biological experiments, while the latter
reduces the heat accumulation in the experiments, thereby
minimizing the inflammatory response. The effective cavity
length of an RCLED comprises the thickness of the active
region and the penetration depth into the upper and lower
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achieving analgesia through the inhibition of GABAergic
neurons in the medial prefrontal cortex. This integrated
microscale light source provides a scalable and precise tool for
advanced neurofunctional research.
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reflective layers. These reflective layers typically consist of
Distributed Bragg Reflectors (DBRs), which are formed by
alternating layers of two materials with different refractive
indices, each with an optical thickness of a quarter-
wavelength (A/4). The reflectivity of Ti3Os/SiO, DBRs with
varying numbers of pairs was simulated using the Finite-
Difference Time-Domain (FDTD) method. As illustrated in
Fig. 1(a), the reflectivity increases consistently with the
number of DBR periods; specifically, the peak reflectivity
reaches 99.4% and 99.9% for 13.5 and 15.5 pairs,
respectively. The green micro-RCLED is designed
according to the FDTD results with an active region
diameter of 100 pm, and the structure is shown in Fig.1 (b).
The stimulated optical field distribution of the micro-
RCLED and micro-LED are shown in Fig. 1(c) and it can
be observed that the intensity at the center is the highest, and
the light intensity spreads outward from the center, which is
consistent with the actual far-field test results in Fig.1 (c).
For the green light RCLED,the optical crosstalk between
different light emission points is significantly reduced
compared to the green light LED, and its radiation intensity
is more concentrated compared to the green light LED. The
traditional micro-LED device does not have a top DBR
deposited, so its light emission still follows Lambertian
distribution. According to results above, the emission angle
is approximately 125°. Besides,the micro-RCLED, due to
the resonant cavity structure formed by the upper and lower
DBR layers and the active region, the emitted light from the
active region continuously oscillates in the resonant cavity,
increasing the probability of light emission in the vertical



cavity plane direction. Therefore, the emission angle is
approximately 90°.

Fig. 2 (a) shows a device threshold voltage of 2.7 V. At
a current density of 500 A/cm?, the optical power density
reaches 200 mW/mm? (Fig. 2(b)). At 4 mA, the power
density is 100 mW/mm?, well above the ~1 mW/mm?
stimulation threshold for opsins, confirming its suitability
for optical regulation. EL spectra in Figs. 2(c)-(e) reveal
that the green micro-RCLED possesses a much narrower
FWHM than the standard micro-LED, a result of enhanced
photon mode density from constructive interference.
Distinct, current-independent resonance peaks appear at
469.41, 480.73, 491.14, 502.82, and 516.20 nm. These
results indicate that the micro-RCLED offers improved
spectral narrowing and stability over conventional LEDs
due to effective cavity confinement.

Based on the experimental results, optical field
simulations were performed for both micro-LEDs and
micro-RCLEDs at various spacings (0.1, 0.2, and 0.3 mm)
within a physiological saline environment, with the model
structure depicted in Fig. 3(a). As illustrated in Figs. 3(c)—
(e), the micro-RCLED exhibits significantly lower optical
crosstalk compared to the micro-LED across all tested
spacings. This suppression of crosstalk is primarily
attributed to the incorporation of the top and bottom DBR
structures, which simultaneously enhance the external
quantum efficiency (EQE) and narrow the emission angle
(divergence angle).

At the same time, the functional verification of this bio-
probe for nerve tissues was carried out, mainly including its
inhibitory effect on neurons, shown in Fig.4 (a) and (b). By
using optogenetic methods, it was found that the neural
electrical activity in the medial prefrontal cortex (mPFC)
was inhibited by the green light micro-RCLED probe, as
Fig. 4(c) shows. Moreover, the results of behavioral
experiments depicted in Fig.4 (d) demonstrated that this
probe could effectively suppress the mechanical and
thermal pain perception of mice.
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Fig. 2. (a) The I-V curve of the Micro-RCLED. (b) Optical power
density and EQE as function of current density for micro-RCLED. The
EL spectrum for (¢) micro-LED and (d) micro-RCLED at different
injected current densities. The (e) peak wavelength and (f) full width at
half-maximum(FWHM) of micro-LED and micro-RCLED
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Fig. 3. (a) The crosstalk model of the Micro-LED/RCLED. (b) The top
view and side view of the optical field distribution of Micro-LED and
Micro-RCLED at a 1 mm cycle (receiver height is 0.1 mm). The optical
field distribution of Micro-LED and Micro-RCLED at a (¢) 1 mm cycle
;(d) 2 mm cycle; (3) mm cycle(receiver height is 0.1/0.2/0.3 mm).

Fig. 4. (a) Photos of a behaving mouse after intracranial implantation of
a probe .(b) The schematic diagram of the implanted process of the green
micro-RCLED bio-probe. (¢) Changes in nerve potentials. (d) Pain
threshold in mice under von Frey test and Hargreaves test.



