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enabling accurate color conversion. However, the poor stability of
quantum dots may result in the degradation of their optical and
chemical properties. The RGB combinationmethod, on the other
hand, involves transferring the Micro-LED chips of three colors
onto a driving substrate usingmass transfer technology to form a
full-color pixel array. Although this method has signi�cantly im-
proved the resolution, yield, and production volume, it is di�-
cult to achieve full-color Micro-LED displays with a pixel density
greater than ���� PPI.[��] Currently, full-color displays with pixel
densities exceeding ���� PPI are mostly realized through quan-
tum dot color conversion. As a result, some researchers have
turned to RGB chip stacking solutions. Compared to the color
conversion and RGB combination methods, vertical stacking can
reduce the area of a full-color pixel to at least one-third of that
of a horizontal layout, thereby signi�cantly increasing the pixel
density of the display. In 	�	�, Li et al. developed a design based
on stacked Micro-LED device arrays for full-color lighting and
displays.[��] In 	�	�, Shin et al. reported a vertically stacked full-
color Micro-LED using a 	D material layer transfer technique,
achieving a pixel density of 
��� PPI.[��] In 	�	�, Li et al. de-
veloped a process for fabricating sidewall-insulated/uninsulated
vias in the mesa gaps of Micro-LEDs.[�
] The insulated vias are
�lled with SiO	 to isolate di�erent functional layers and prevent
short circuits. The uninsulated vias are �lled with metal to di-
rectly connect the anode of the Micro-LED to the complemen-
tary metal-oxide-semiconductor (CMOS) driving substrate. The
R-G-B layers of the Micro-LED are electrically and mechanically
connected through metal-�lled vias by wafer bonding, enabling
individual pixel control.
However, the increase in pixel density also exacerbates optical

crosstalk between pixels. Simultaneously, as the size of Micro-
LEDs continues to shrink, the proportion of sidewall area in-
creases, leading to a higher proportion of sidewall emission.[��,	�]
Although sidewall emission enhances light extraction e�ciency
(LEE) to some extent, it exacerbates optical crosstalk and leads to
non-uniform light intensity distribution among the RGB Micro-
LEDs. This non-uniformity inevitably causes color shifts at dif-
ferent viewing angles when the Micro-LEDs are simultaneously
illuminated, signi�cantly degrading color consistency in high
PPI displays.[	�,		] To address the issues caused by sidewall emis-
sion, researchers have proposed various solutions, such as us-
ing photonic crystals,[	�] patterned substrates,[	�] and surface
roughening[	
] to disrupt total internal re�ection (TIR) within
Micro-LEDs and suppress sidewall emission. Alternatively, black
matrices made of photoresist have been used to isolate subpixels
and absorb sidewall emission.[	�,	�] However, there is limited re-
search on suppressing sidewall emission in stacked Micro-LEDs.
In addition, simply suppressing sidewall emission reduces the
overall LEE. Therefore, there is an urgent need for a suitable de-
sign to suppress sidewall emission in stacked Micro-LEDs while
maintaining high LEE.
Continuing the work of Li et al., who fabricated sidewall-

insulated/uninsulated vias in the mesa gaps of Micro-LEDs, this
study improves the design by replacing the metal pillars with
metal walls through simulation. The cross-section of the metal
wall is designed in an L-shape, with the vertical part embedded
into the sidewall of theMicro-LED. Compared tometal pillars, the
metal wall covers a larger sidewall area, providing better suppres-
sion of sidewall emission. The metal wall is made of Ag, a highly

re�ective metal, and the inclined sidewall and metal wall redi-
rect the otherwise escaped light toward the top emission direc-
tion. This design achieves good electrical andmechanical connec-
tions between the Micro-LED and the CMOS driving substrate.
More importantly, it signi�cantly reduces sidewall emission (with
a maximum reduction of �
.��%) while greatly enhancing top
LEE (with a maximum increase of ���.�
%). At the same time,
it is believed that this work will be of great reference value for
designing and fabricating vertically stacked RGB Micro-LEDs to-
ward ultimately high PPI displays.

�. Design and Modeling
This device design includes Micro-LED models of three colors.
The detailed design process is illustrated in Figure 1a, which con-
sists of four simulation stages: parameter scanning, optimization
of sidewall inclination angle, metal wall integration, and verti-
cal stacking. First, parameter scanning is performed on Micro-
LEDs of di�erent sizes and epitaxial thicknesses to reveal the
impact of these parameters on the Micro-LEDs. Next, the side-
walls of the Micro-LEDs are inclined, and the incline angle is
optimized to improve the LEE and reshape the light distribu-
tion. Subsequently, an L-shaped metal wall is integrated into the
inclined sidewalls to suppress sidewall emission and enhance
top emission. Finally, the Micro-LEDs are vertically stacked, with
the n-GaN surface of the blue Micro-LED serving as the light-
emitting surface. The incline angle of the metal wall in each
layer of the Micro-LED is optimized to improve LEE and light
distribution. In the top view of Figure �a, the white dashed
line indicates the shape and position of the metal pillars. Com-
pared to the metal pillars, the metal walls cover a larger sidewall
area, thereby more e�ectively suppressing sidewall light emis-
sion. Figure �b shows a �D illustration of the electrode connec-
tions in the stacked Micro-LEDs, arranged from top to bottom
as the red, green, and blue Micro-LEDs and the CMOS driv-
ing substrate. There are two reasons for designing this stacking
method: �) Given that the extinction coe�cient of theMQW layer
in the red Micro-LED is signi�cantly large, the red Micro-LED
is positioned at the bottom layer to ensure higher LEE for the
green and blue Micro-LEDs. 	) Short wavelength light may excite
the MQW layer of the Micro-LED, inducing photoluminescence,
which could result in a color shift of the device. Consequently, the
blue Micro-LED with the shortest wavelength emission is placed
on the top layer, while the red Micro-LED with the longest wave-
length emission is situated at the bottom layer. The electrical con-
nection is established through the metal wall, which interfaces
with the CMOS anode via insulated vias, and connects to the
Micro-LED via bridge electrodes. The L-shaped metal wall also
can serve as a common cathode for the RGBMicro-LEDs and the
CMOS driving substrate. Figure �c shows the equivalent circuit
diagram.
Figure 2a shows the epitaxial structure of the GaN-based blue

and green Micro-LEDs, which consists of a �.� µm ITO layer, a
�.� µm p-GaN layer, a �.� µm multiple quantum well (MQW)
layer, and a ��� µm n-GaN layer. Figure 	b shows the epitax-
ial structure of the AlGaInP-based red Micro-LED, which con-
sists of a �.� µm ITO layer, a �.� µm p-AlGaInP layer, a �.� µm
MQW layer, and a ��� µm n-AlGaInP layer. Table 1 summarizes
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Figure �. a) Schematic diagram of the design process, and the white dashed line in the top view indicates the shape and position of the metal pillars.
b) �D illustration of the electrode connections in the stacked Micro-LEDs. c) Equivalent circuit diagram.

Figure �. a) Epitaxial layer structure of the blue/green Micro-LEDs used in the simulation. b) The epitaxial layer structure of the red Micro-LED used in
the simulation. c) Emission spectra of the Micro-LEDs used in the simulation. d) Receivers used in the simulation.
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Table �. Refractive indices and extinction coe�cients of the Micro-LED materials used in this study.

Layer n [B/G/R] k [B/G/R] Layer n [B/G/R] k [B/G/R]

p/n-GaN �.��/�.�	/�.�� �e-�/�e-�/�e-� ITO �.�
/�.	
/�.	� �.����/�.����/�.����

MQW-B/G �.��/�.��/�.�� �.����
/�e-�/�e-� p/n-AlGaInP �.
�/�.��/�.�� �.����/�/�

MQW-R �.��/�.��/�.
� �.��/�.��/�.��
 SiO� �.��/�.��/�.�
 �/�/�

the refractive indices and extinction coe�cients of each epitax-
ial layer for the blue, green, and red wavelength bands. In this
study, �D ray-tracing method was employed for simulation to in-
vestigate the LEE and light distribution of the Micro-LEDs. The
light source was positioned on the surface of the MQW layer.
Figure 	c shows the emission spectra of the light sources used
in this study. The central wavelengths of the red, green, and blue
Micro-LEDs are �	� , 

� , and ��� nm, respectively, with a full
width at half maximum (FWHM) of 	� nm for all. The radi-
ant power of each light source was set to � watt. The detector
con�guration is shown in Figure 	d. Receiver � and Receiver 	
are planar detectors placed very close to the top and bottom sur-
faces of the Micro-LED, respectively, to collect light emitted from
these surfaces. Receiver � is a far-�eld spherical detector that cap-
tures the overall light emitted by the Micro-LED. Based on this
setup, the total LEE and sidewall emission LEE are de�ned as
follows:

LEETotal =
PReceiver �
PSource

(�)

LEESidewall =
PReceiver � − PReceiver 	 − PReceiver �

PSource
(	)


. Results and Discussion

.�. Impact of Size and Epitaxial Thickness

The size of the Micro-LED has a signi�cant impact on its LEE.
In this study, parameter scanning was performed for single pixel
RGB Micro-LEDs with sizes ranging from �� to �� µm in incre-
ments of �� µm, and for n-GaN and n-AlGaInP thicknesses rang-
ing from � to � µm in increments of � µm. Figure 3 compares the
LEE of Micro-LEDs with di�erent sizes and epitaxial layer thick-
nesses. First, by comparing the LEE of the RGBMicro-LEDs, it is
observed that the green Micro-LED exhibits the highest LEE, fol-
lowed by the blue Micro-LED, while the red Micro-LED has the
lowest LEE. This is due to the di�erences in the refractive indices
of their epitaxialmaterials at di�erentwavelengths. The refractive
indices of GaN for blue and green light are 	.�� and 	.�
, respec-
tively, resulting in TIR angles of 	�.��° and 	
.��° for the blue
and green Micro-LEDs. In contrast, AlGaInP has a refractive in-
dex of �.		 for red light, leading to a TIR angle of only �
.��° for
the red Micro-LED. Consequently, the green Micro-LED achieves
the highest LEE, while the red Micro-LED has the lowest.
As the size of the Micro-LED increases, the optical path length

for photons reaching the sidewalls increases, causing sidewall
emission to gradually weaken and the total LEE to decrease, as
shown in Figure �. The thickness of the epitaxial layer has the
most signi�cant impact on the red Micro-LED, followed by the

Figure 
. LEE variations of a) blue Micro-LEDs and b) green Micro-LEDs with di
erent sizes under varying n-GaN thicknesses. c) LEE variations of red
Micro-LEDs with di
erent sizes under varying n-AlGaInP thicknesses.
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Figure �. LEE diagrams of a) blue, b) green, and c) red Micro-LEDs at di
erent incline angles. Light distribution diagrams of d) blue, e) green, and
f) red Micro-LEDs at di
erent incline angles.

blue Micro-LED. Thicker epitaxial layers result in more sidewall
emission and an increase in total LEE, as shown in Figure �a,c.
However, the impact of epitaxial layer thickness on the green
Micro-LED is less pronounced compared to the red and blue
Micro-LEDs, and its e�ect on LEE is opposite to that observed for
the red and blue Micro-LEDs, as shown in Figure �b. To achieve
higher LEE and smaller device size, a Micro-LED with dimen-
sions of �� µm × �� µm and an epitaxial layer thickness of �.� µm
was selected. Subsequently, optimizations were performed se-
quentially, including sidewall incline angle optimization, metal
wall integration, and vertical stacking.


.�. Inclined Sidewall Optimization

Inclined sidewalls are a highly e�ective method for improving
LEE, and they also facilitate the re�ection of sidewall-emitted
light back to the top emission direction by the metal wall. To vali-
date the positive e�ects of themetal wall on the LEE and light dis-
tribution of Micro-LEDs, this study sampled the incline angles of
the Micro-LED sidewalls for subsequent comparison. Consider-
ing the feasibility in practical fabrication, the incline angle 𝛼 was
varied from �° to ��° in increments of 
° for simulation.
Figure 4a shows that the total LEE and the sidewall LEE of the

blueMicro-LED gradually increase with the incline angle, but the
rate of improvement slows down, reaching a maximum at 	
°

with a total LEE improvement of ���.��% compared to the ver-
tical sidewall. The LEE within ±��° on the n-GaN side is higher
than that on the p-GaN side at 𝛼 = �°, but it becomes lower than
the p-GaN side after sidewall inclination. At 𝛼 = 	
°, the n-GaN
side achieves the maximum LEE within ±��°, which is �	�.��%
higher than that of the vertical sidewall. The p-GaN side LEE
within ±��° reaches its maximum at ��°, showing a ��
% im-

provement compared to the vertical sidewall. Figure �d shows
the light distribution of the blue Micro-LED. When 𝛼 = �°, the
light intensity in the lower half of the polar coordinate is signi�-
cantly higher than that in the upper half. As the angle increases,
the light intensity in the upper half steadily increases, while the
increase in the lower half is less pronounced, consistent with the
LEE trends.
Figure �b shows that the LEE trends of the green Micro-LED

are similar to those of the blue Micro-LED. The total LEE reaches
its maximum at 𝛼 = 	
°, with an improvement of �

.��% com-
pared to the vertical sidewall. At 𝛼 = 	
°, the n-GaN side achieves
the maximum LEE within ±��°, which is ���.��% higher than
that of the vertical sidewall. The p-GaN side LEE within ±��°

reaches its maximum at 𝛼 = ��°, showing a ��
.�
% improve-
ment compared to the vertical sidewall. The light distribution of
the green Micro-LED also follows a similar trend to that of the
blue Micro-LED, as shown in Figure �e.
Figure �c shows that the total LEE, the sidewall LEE, and

p-AlGaInP side LEE within ±��° of the red Micro-LED all in-
crease with 𝛼. However, the n-AlGaInP side LEE within ±��°

slightly decreases at 𝛼 = 
° before gradually increasing. The to-
tal LEE, p-AlGaInP side LEE within ±��°, and n-AlGaInP side
LEE within ±��° all reach their maximum values at 𝛼 = ��°,
with improvements of �	.�
%, ��.�	%, and 	�.
�%, respec-
tively, compared to the vertical sidewall. The light distribution
of the red Micro-LED exhibits a Lambertian-like distribution
at all incline angles, and the trends in light distribution align
with the LEE trends, as shown in Figure �f. The impact of in-
clined sidewalls on the red Micro-LED is signi�cantly smaller
than that on the blue and green Micro-LEDs. This is due to
the high extinction coe�cient of the MQW layer, which pre-
vents most light from escaping through the sidewalls or top. Ad-
ditionally, the large refractive index di�erence between the red
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Figure 	. Structural diagrams of a) blue, green, and b) red Micro-LEDs with metal walls. c) Top view of a Micro-LED with a metal wall. Comparison of
LEE for d) blue, e) green, and f) red Micro-LEDs with and without metal walls.

Micro-LED chip and air results in a very small TIR angle, which
is another critical factor. Furthermore, the epitaxial wafers of
blue and green Micro-LEDs are composed of InGaN/GaNMQW,
while the epitaxial wafers of red Micro-LEDs are composed of
GaInP/AlGaInP MQW. These di�erences further exacerbate the
situation where the emission patterns of RGB Micro-LEDs vary
considerably.


.
. L-Shaped Metal Wall Integration

Although the inclined sidewall method can signi�cantly improve
the LEE of Micro-LEDs, most of the LEE improvement comes
from the sidewalls. To suppress sidewall emission and reuse

the light, we designed an L-shaped metal wall structure on the
sidewalls, as shown in Figure 5a�c. The metal wall is made of
Ag.
From Figure 
d, which compares the LEE of the blue Micro-

LED with and without the metal wall, it is evident that the metal
wall has a signi�cant impact on LEE. The metal wall e�ectively
suppresses sidewall emission, and at 𝛼 = �° and 𝛼 = 
°, not only
is sidewall emission reduced, but the total LEE is also enhanced.
At 𝛼 = 	
°, the reduction in sidewall emission reaches its max-
imum of �
.��%, while the total LEE only decreases by ��.��%.
Although the total LEE decreases after 𝛼 = 
°, analyzing the LEE
on the n-GaN and p-GaN sides separately reveals that the metal
wall redirects light originally emitted through the sidewalls on
the p-GaN side back to the n-GaN side. This results in an increase
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Figure �. Comparison of light distribution for a) blue, b) green, and c) red Micro-LEDs with and without metal walls at inclined sidewall angles of �°���°.
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Figure �. a) Structure diagram of vertically stacked Micro-LEDs with L-shaped metal walls. b) LEE and c) light distribution diagrams of blue Micro-LEDs
at di
erent incline angles after vertical stacking. d) LEE and e) light distribution diagrams of green Micro-LEDs at di
erent incline angles after vertical
stacking. f) LEE and g) light distribution diagrams of red Micro-LEDs at di
erent incline angles after vertical stacking.
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Figure �. Comparison of light distribution between vertically stacked Micro-LEDs with and without L-shaped metal walls for a) blue, b) green, and
c) red light.

in the LEE within ±��° on the n-GaN side and a decrease on the
p-GaN side. At 𝛼 = ��°, the LEE within ±��° on the n-GaN side
reaches its maximum, showing a ��.
�% increase compared to
the case without the metal wall. The increase in light emission
from the n-GaN side and the decrease from the p-GaN side are
bene�cial for subsequent �ip-chip bonding.
From Figure 
e, which compares the LEE of the green Micro-

LED with and without the metal wall, the trends are consistent
with those of the blue Micro-LED. The metal wall suppresses
sidewall emission and even increases the total LEE at 𝛼 = �° and
𝛼 = 
°. At 𝛼 = 	
°, the reduction in sidewall emission reaches
its maximum of �
.��%, while the total LEE only decreases by
��%. As the incline angle 𝛼 increases, the light emission from
the p-GaN side decreases compared to the case without the metal
wall, while the light emission from the n-GaN side increases. The
magnitude of these changes grows with the inclined angle. At 𝛼 =
��°, the LEE within±��° on the n-GaN side achieves amaximum
increase of �	.�%.
From Figure 
f, which compares the LEE of the red Micro-

LED with and without the metal wall, the metal wall also sup-
presses sidewall emission in the red Micro-LED. At 𝛼 = ��°, the
reduction in sidewall emission reaches its maximum of 
�.��%,
while the total LEE only decreases by ��.�	%. Although the to-
tal LEE decreases after 𝛼 = 
°, analyzing the LEE within ±��°

on the n-AlGaInP and p-AlGaInP sides separately reveals that,
similar to the blue and green Micro-LEDs, the metal wall redi-
rects light originally emitted through the sidewalls on the p-
AlGaInP side back to the n-AlGaInP side. This results in an
increase in the LEE within ±��° on the n-AlGaInP side and a
decrease on the p-AlGaInP side. At 𝛼 = ��°, the LEE within
±��° on the n-AlGaInP side achieves a maximum increase
of �.��%.
Figure 6a shows the comparison of light distribution for the

blue Micro-LED with inclined sidewalls at 𝛼 = �°���°. At 𝛼 =

�°, the light re�ected by the metal wall is emitted from both
the top and bottom surfaces of the Micro-LED, slightly increas-
ing the light intensity. As the angle 𝛼 increases, the metal
wall, which is inclined downward, re�ects more light from the
sidewalls to the n-GaN side, thereby reducing light emission
from the p-GaN side and enhancing emission from the n-GaN
side. The larger the incline angle, the more pronounced the
enhancement of light emission from the n-GaN side. This is
consistent with the LEE analysis in Figure 
d. The angle 𝛼

also a�ects the FWHM of the light pattern. As 𝛼 increases,
the FWHM on the n-GaN side initially increases and then
decreases.
The changes in light distribution for the greenMicro-LEDwith

inclined sidewalls at 𝛼 = �°���° are consistent with those of the
blue Micro-LED. At 𝛼 = �°, the metal wall enhances light emis-
sion from both the top and bottom sides of the Micro-LED. As
the angle 𝛼 increases, light emission from the p-GaN side de-
creases, while emission from the n-GaN side increases, as shown
in Figure �b.
The light distribution of the redMicro-LED di�ers from that of

the blue and green Micro-LEDs. After adding the metal wall, the
light distribution of the red Micro-LED remains Lambertian-like,
as shown in Figure �c. At 𝛼 = 
°��
°, the metal wall enhances
light emission from both the top and bottom sides of the red
Micro-LED, but the degree of enhancement gradually decreases.
At 𝛼 = �
°���°, the metal wall reduces light emission from the p-
AlGaInP side and enhances emission from the n-AlGaInP side.
This observation is inconsistent with the LEE analysis of the red
Micro-LED in Figure 
f. The discrepancy arises because the light
distribution diagram represents optical data from a 	D cross-
section within a �D space, whereas LEE is calculated based on
the entire �D space. Therefore, even if a structure has a higher
LEE value, it does not necessarily mean that its light distribution
is superior in every cross-section.

Table �. Performance comparison between vertically stacked Micro-LEDs with and without L-shaped metal walls.

Type LEE of sidewall emission [%] Decrease LEE within ±��° [%] Increase

Blue in RGB w/o metal wall 	.
� ��.��% ��.�	 ��
.�	%

Blue in RGB w/ metal wall 
.�� �	.��

Green in RGB w/o metal wall ��.�� �
.��% ��.�� ��.
�%

Green in RGB w/ metal wall �.	� ��.��

Red in RGB w/o metal wall �.�
 
	.��% �.�� �.��%

Red in RGB w/ metal wall �.�� �.��
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.�. Vertical Stacking Performance

Next, we discuss the e�ects of the vertically stacked RGB Micro-
LEDs with L-shaped metal walls. Figure 7a shows the structure
of the vertically stacked Micro-LEDs with L-shaped metal walls,
where the pixel pitch d is �.
 µm, and the light-emitting surface
is the n-GaN side of the blue Micro-LED. Figure �b illustrates the
variation in the LEE of the blueMicro-LED at di�erent incline an-
gles after vertical stacking. The LEE trend of the vertically stacked
blue Micro-LED is consistent with that of the single pixel case,
increasing as the angle 𝛼 increases. Due to the re�ection from
the metal walls of the green and red Micro-LEDs, the LEE within
±��° on the light-emitting surface is slightly higher than that of
the single pixel case. Additionally, because light also escapes from
the gaps between pixels, the sidewall LEE is slightly higher com-
pared to the single pixel case. However, since the blueMicro-LED
is located at the top of the stacked structure, its light distribution
is less a�ected by the underlying layers. The light distribution di-
agram provides a more intuitive view of the changes in light in-
tensity with angle and before/after vertical stacking. At 𝛼 = ��°,
the light intensity reaches its maximum, with a �.��% increase
compared to the single pixel case, as shown in Figure �c.
Figure �d shows the variation in the LEE of the green Micro-

LED at di�erent incline angles after vertical stacking. The LEE
trend of the vertically stacked greenMicro-LED is consistent with
that of the single pixel case. Unlike the blue Micro-LED, the
green Micro-LED experiences a signi�cant reduction in the LEE
within ±��° on the light-emitting surface after vertical stacking
due to the TIR re�ection from both the green and blue Micro-
LED layers. The sidewall LEE also increases compared to the sin-
gle pixel case because light escapes from the gaps between pixels.
The light distribution diagram in Figure �e visually re�ects the
LEE trends shown in Figure �d. At 𝛼 = 
°, the vertically stacked
green Micro-LED achieves its maximum light intensity, which
is �
.��% lower than that of the single pixel green Micro-LED
at 𝛼 = 
°.
Figure �f shows the variation in the LEE of the red Micro-

LED at di�erent incline angles after vertical stacking. After verti-
cal stacking, the LEE within ±��° on the light-emitting surface
of the red Micro-LED is less a�ected by the angle, showing a
trend of initially increasing and then decreasing with angle. The
larger the angle, the greater the reduction compared to the single
pixel case. The sidewall LEE increases with the angle, and due
to light escaping from the gaps between pixels, it is also higher
than that of the single pixel case. Figure �g shows the light dis-
tribution of the vertically stacked red Micro-LED at di�erent in-
cline angles. The light intensity reaches its maximum at 𝛼 = ��°,
which is ��.��% lower than that of the single pixel redMicro-LED
at 𝛼 = ��°.
To validate the performance improvement of vertically stacked

Micro-LEDs with L-shaped metal walls, a simulation comparison
was conducted between vertically stacked Micro-LEDs with and
without L-shaped metal walls. Based on the analysis of Figure �,
the incline angles for the red, green, and blue Micro-LEDs in
the L-shaped metal wall structure were selected as ��°, 
°, and
��°, respectively, to ensure the highest LEE, while the vertically
stacked Micro LED without metal walls has vertical sidewalls. By
combining Figure 8 and Table 2, we can clearly observe the op-
timization e�ect of the L-shaped metal wall on the performance

of vertically stacked Micro-LEDs. For the blue Micro-LED with L-
shaped metal walls, the LEE within ±��° on the light-emitting
surface increased by ���.�
%, while the sidewall LEE decreased
by 	�.��% compared to the structure without metal walls. For
the green Micro-LED, the LEE within ±��° on the light-emitting
surface increased by 
�.��%, and the sidewall LEE decreased by
��.
�%. For the redMicro-LED, the LEE within±��° on the light-
emitting surface increased by �.�
%, and the sidewall LEE de-
creased by �
.��%.

�. Conclusion
In this study, by introducing an L-shaped metal wall structure
and inclined sidewall design, we suppressed sidewall emission
and signi�cantly improved the LEE of vertically stacked Micro-
LEDs while achieving electrical and mechanical connections be-
tween the vertically stacked Micro-LEDs and the CMOS driving
substrate. The L-shaped metal wall e�ectively reduces sidewall
emission by re�ecting sidewall light toward the top emission di-
rection (the sidewall LEE of the red Micro-LED is reduced by
�
.��% compared to conventional vertical stacking). It also signif-
icantly enhances top light intensity (the LEE within ±��° for blue
and green Micro-LEDs is increased by ���.�
% and 
�.��%, re-
spectively, compared to conventional vertical stacking), while the
red Micro-LED maintains its Lambertian-like distribution char-
acteristics. This study provides a theoretical foundation and tech-
nical pathway for the industrialization of full-color Micro-LED
displays. However, the research is based on idealized simulation
conditions. Future work should include experimental validation
of the process compatibility of the metal wall structure and fur-
ther performance improvements through optimization of metal
wall materials and stacking processes, thereby advancing the de-
velopment of high-resolution display technologies.
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