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On-Chip Broadband Multiwavelength Microlaser Array in
Visible Region

Lilong Ma, Hongkun Zhong, Tao Yang, Leiying Ying, Jinhui Chen, Zhan Su,
Shaoqiang Chen, Guoen Weng,* Yang Mei,* and Baoping Zhang*

On-chip integrated microlaser sources are critical components in silicon (Si)
photonics, which has become one of the leading photonic integrated circuits
(PICs) technologies due to low cost, eco-friendly, large-scale integration and
inherent compatibility for complementary metal-oxide-semiconductor
(CMOS) manufacturing processes. Until now, however, it still remains a
significant challenge to achieve an active microlaser with a quality factor of up
to 104 and heterogeneous integration of multiple broadband
wavelength-tunable microlasers for Si-based PICs. Here, a scalable strategy is
reported to realize simultaneous integration of multiwavelength GaN-based
microdisk laser arrays on Si(100) substrates. The microlaser exhibits a
high-quality factor of 13 138 and a low threshold density of 57.85 µJ cm−2. By
precisely modulating the microdisk size and/or shape and thus the
corresponding cavity loss, the lasing wavelength can be dynamically tuned
over a large spectral range from 455 to 503 nm, which is physically unraveled
by the gain profile shifting for different threshold energy levels conditions.
This study opens a new path toward the realization of on-chip integrated
broadband multiwavelength laser sources for Si-PICs platform, where only an
epi-wafer and a single round of wafer bonding processes are needed.
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1. Introduction

With global data traffic boosting, the
electrical interconnects are no longer
sufficient to meet the demands of high-
speed, energy-efficient, and cost-effective
data transmission in present data cen-
ters and high-performance computing
systems. In recent years, silicon (Si)
photonics is emerged as a key technology
to mitigate the “inter-connect bottleneck”
in data processing and transmission.[1]

Building photonic integrated circuits
(PICs) on an industry-standard Si wafer
holds distinct advantages in high-speed
performance, high integration den-
sity, and low power consumption.[2] In
particular, Si photonics are inherently
compatible with complementary metal-
oxide-semiconductor (CMOS) manu-
facturing and packaging technologies,
which allows for scalable and low-cost
production of PICs on 200 or 300 mm
wafers. Nowadays, Si-based PICs
have also received increasing interest

in other various applications such as quantumcommunication,[3]

light detection and ranging,[4] microwave engineering,[5]

metrology,[6] and bio/chemical sensing,[7] etc. At the heart of
the Si-PIC platform is the on-chip laser source. However, due to
the intrinsic nature of indirect bandgap of Si material, realizing
a compact, energy-efficient, and robust on-chip laser source
on Si is the key challenge for Si photonics. Although group IV
material-based Ge and Ge-alloy (GeSi and GeSn) lasers on Si,[8]

as well as Si Raman lasers have been developed by strain and
band structure engineering,[9] the laser performances are still far
behind the requirements for practical applications. Alternatively,
integrating group III-V materials on Si substrates is widely
considered as the most promising pathway toward developing
on-chip lasers. III-V materials are direct bandgap semicon-
ductors with a substantially higher emission efficiency and
optical gain than indirect bandgap materials. Various integration
strategies have been developed for III–V/Si platform, including
hybrid integration,[10] heterogeneous integration based on wafer
bonding,[11] and monolithic integration based on direct epitaxial
growth.[12] Recently, highly reliable wafer scale lasers have been
demonstrated with a threshold of <2 mA and a lifetime of >100
years by using monolithic epitaxial grown GaAs-based quantum
dot on Si.[13]
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Among various kinds of on-chip light sources for Si-PICs,
broadband multi-wavelength laser array (MWLA) with multiple
wavelength channels integrated on a single chip are attracting
considerable attention because of their great potential for ap-
plications in multi-channel optical communication and comput-
ing networks,[14] spectroscopy, sensing of multiple biomarkers,
and wavelength selective optical switching.[15] For example, in co-
herent wavelength division multiplexing optical communication
networks,multi-channel laser sources with different wavelengths
are required for flexible wavelength allocation and extending
channel capacity.[16] In 2022, optical transceivers with a capac-
ity of 800 G are demonstrated by integrating an 8-channel trans-
mitter with 100 Gbps modulators and on-chip distributed feed-
back (DFB) MWLAs.[17] Different strategies have been explored
to achieve the photonic integrated MWLAs. Grating-based tun-
able MWLAs, including the DFB laser arrays and the distributed
Bragg reflector (DBR) type vertical-cavity surface-emitting laser
(VCSEL) arrays, are the most developed and commercially avail-
able. The lasing wavelengths can be allocated by varying the grat-
ing Bragg wavelength from laser to laser in the array. On the
other hand, whispering-gallery-mode (WGM)-based microlasers
with in-plane emission have also attracted considerable attention
for their potential as compact and low-threshold coherent light
sources for densely integrated photonic circuits.[18] According to
WGM resonant condition 2𝜋Rneff = m𝜆, where R is microdisk
radius, neff is the effective index, m is the longitudinal mode
number and 𝜆 is the resonant wavelength, an MWLA can be re-
alized by varying the microdisk radius. Over the past decades,
4-channel, 5-channel, and 16-channel WGM-based MWLA have
been realized by carefully controlling the cavity size.[19] However,
the spectral coverage of those MWLAs is usually in the order of
20–30 nm, limiting the possible channel number and bandwidth.
Different gainmaterials can be attached to the lasers to extend the
wavelength by using, for example, transfer printing techniques
or multi-turn wafer bonding.[20] Nevertheless, these approaches
will inevitably increase the complexity of material growth and
device fabrication processes. Furthermore, the reported on-chip
MWLAs are almost all based on InP and GaAsmaterials working
in original band and conventional band above the Si bandgap,
and the on-chip MWLA in visible region is still rare.
Extending Si photonics into the visible spectrum can in-

crease the integration density and bring Si-PICs to an even
wider range of emerging applications, including on-chip visible
light communication with huge bandwidth resources,[3a,21] spec-
troscopy and flow cytometry,[22] neurophotonics,[23] underwater
communication,[24] scanning displays,[25] and augmented/virtual
reality (AR/VR).[26] In the near ultraviolet to red spectral region,
III-nitride-based semiconductors including GaN, AlGaN, and In-
GaN are ideal choices to fabricate visible on-chip lasers due to
their wide direct bandgap and high luminescence efficiency.[27]

As a core unit of the visible Si-PICs, however, the research about
on-chip III-nitride-based visible lasers is still limited. In 2016,
Sun et al. reported the first continuous-wave (CW) electrically in-
jected GaN-based blue-violet laser directly grown on Si,[28] and
they later realized GaN-based DFB lasers monolithically grown
on Si in 2022.[29] However, high-quality GaN-based material can
only be epitaxially grown on Si(111) substrates, which is not com-
patible to the current CMOS process. To realize GaN-based vis-
ible lasers on CMOS-compatible Si(100), substrate peeling to-

gether with nitride film transfer and bonding techniques have
been developed, and a variety of nitride-based lasers have sub-
sequently been demonstrated on Si(100), including Fabry-Pérot
(FP) lasers,[30] VCSELs,[31] WGM lasers, [32] and photonic crystal
(PC) lasers.[33] However, the broadband visible on-chip MWLAs,
which are of great significance for real-world applications, have
rarely been reported.
In this study, we report a unique and efficient method for

the heterogeneous integration of GaN-based microdisk MWLAs
on Si(100) substrate covering a wide spectral range from 455 to
503 nm. The MWLA with different lasing wavelengths is based
on the same InGaN gain material, and the on-chip integration
of the laser array is realized by a single round of wafer bond-
ing, which is much simplified compared to the counterparts for
GaAs systems. The fabricated GaN-based microdisk lasers have
a “mushroom” configuration, showing low lasing threshold un-
der optical pumping and a high Q-factor of 13 138 for GaN-based
microcavity lasers. The utilized InGaN quantum well (QW) ac-
tive region presents an intrinsic tunable gain spectrum depend-
ing on pumping energy levels due to both the screening of the
quantum-confined Stark effect (QCSE) and the band-filling ef-
fect. By integrating cavities with different losses, multi-channel
of lasers with different thresholds can be easily fabricated on a
single chip through lithography and other conventional semicon-
ductor processes. The cavity loss for each device can be precisely
modulated by controlling the microdisk size and shape, result-
ing in a controllable lasing threshold for respective devices. The
dissimilarity in threshold pump levels denotes the different de-
grees of material gain shift among various devices, leading to the
distinct lasing wavelength for individual microdisks. Our results
provide a very promising approach to realize single-chip multi-
wavelength laser sources in visible region for Si-based PIC plat-
forms.

2. Results and Discussion

In this work, GaN microlaser arrays were fabricated using a sin-
gle transfer technique, as depicted in Figure 1a (The Experimen-
tal Section). Figure 1b shows the top-view scanning electron mi-
croscope (SEM) images of the preparedmicrodisk arrays with dif-
ferent shapes, and Figure 1c shows part of the enlarged inclined-
view SEM image near the peripheral area of the circular mi-
crodisk. The air gap under the microdisk can be clearly observed.
The atomic force microscope (AFM) image of the microdisk sur-
face is shown in Figure 1d with a root-mean-square (RMS) rough-
ness of ≈0.29 nm on a 10 × 10 μm2 area. The microdisk was
thinned and polished by chemical mechanical polishing(CMP),
so that the GaN defect-rich layer was removed and a flat mi-
crodisk surface was obtained. The optimized substrate transfer
technique plays an important role in reducing the scattering loss
during light oscillations.[32a]

The optical properties of the InGaN MQW wafer with
high Indium content were first probed by using a micro-
photoluminescence (𝜇-PL) and time-resolved PL (TRPL) mea-
surement system at room temperature. Detailed information of
the measurement system is given in Section S1 (Supporting In-
formation). Figure 2a shows the excitation-energy-dependent PL
spectra of the InGaN MQW wafer. With increasing excitation
energy, the light output exhibits a single peak at ≈526 nm at
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Figure 1. a) Fabrication processes of GaN-based microdisk MWLAs on Si(100). b) Top-view SEM images of microdisk arrays with different shapes. c)
Enlarged inclined-view SEM image near the edge area of the circular microdisk. d) AFM image of the GaN-based microdisk surfaces.

Figure 2. a) PL spectra of the InGaN MQW wafer. b) Streak-camera images of epitaxial wafer at various excitation energy. In the vertical dimension, a
time range of 2 ns for each slice is shown. c) TRPL curves and fitting results at 465 and 520 nm wavelengths. d) Temporally resolved PL spectra with
varying time delays for epitaxial wafer at 630 μJ cm−2.
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Figure 3. a) Schematic diagram of a microdisk under optical pumping. b) Normalized PL spectra at different pump energies. The illustration in (b)
shows PL test system schematic and the luminescence diagram of the microdisk below and above the threshold. c) The emission intensity as well as the
linewidth as a function of excitation energy. d) TRPL curves and fitting results below and above the threshold. e) The reflection spectrum of the microdisk
with a diameter of 20 μm. The inset shows a microscopy image of the microdisk and the tapered fiber. f) Diagram of the Q factor, implying a high Q
factor of 13 138 according to the Lorentz fitting curve.

first and then undergoes a large blueshift with a new emerging
high-energy peak at 473 nm. The full width at half maximum
(FWHM) of the spectra also increased from 40 to 104 nm. The
large blueshift and spectral broadening under high injection level
is peculiar to InGaN QWs with high Indium content, which is
caused by both the screening of the quantum confined Stark ef-
fect (QCSE) and the band filling effect.[34] The new emerging
peak at high energy is a sign of transition from the excited states
in the QWs, and it can be further declared by the TRPL results
shown in Figure 2b. With the increase of pump energy from 50
to 630 μJ cm−2, the emission peak of the TRPL image at the ini-
tial stage just after the transient excitation shifted from 515 to
465 nm. From a fitting analysis, the decay time of the high en-
ergy peak at 465 nm is 0.34 ns, much shorter than the 1.21 ns
for the low energy peak at 515 nm, as shown in Figure 2c. Note
that the TRPL curve of the peak at 465 nm was extracted from
the data under high excitation energy of 630 μJ cm−2, since the
signal at 465 nm is nearly undetectable under low excitation en-
ergy (50 μJ cm−2). The short lifetime of the high-energy emis-
sion is evidence of the transition from the excited states, which
can be explained by the larger overlap between electron and hole
wavefunctions and the fast carrier relaxation from excited states
to ground states. Figure 2d shows the spectral evolutions of the
InGaNMQWwafer with a different time delay after the transient
excitation at 630 μJ cm−2. As the decay time increases, the carriers
at high energy levels drastically decrease due to the rapid radiative
and non-radiative recombination as well as the carrier relaxation
from the excited state to the ground state, resulting in continuous
redshifts of the center wavelength. The broad and tunable mate-
rial gain of InGaN-based MQWs can support lasing at different

wavelengths throughmodulating the gain profile, and have great
potential in fabricating the MWLAs with a wide spectral range.
Figure 3a depicts the schematic diagram of a microdisk un-

der optical pumping. Figure 3b shows the normalized PL spec-
tra of an individual circular microdisk with a diameter of 20 μm
at different pumping levels. At low pumping energy, the mi-
crodisk exhibits a broad spontaneous emission spectrum. When
the pump energy reaches the threshold, a sharp laser emission
at ≈503 nm is clearly observed. As the pump energy further
increases, multiple-order WGM lasing occurs due to the mode
competition within the microcavity.[35] The insets of Figure 3b
display the fluorescence microscopy images of the circular mi-
crodisk below and above the threshold, respectively. Figure 3c
shows the emission intensity and the linewidth as a function
of excitation energy. The typical “S” shape output behavior and
abrupt reduction of the linewidth prove unambiguously the las-
ing action. The threshold energy density and the correspond-
ing transient threshold power density are 57.85 μJ cm−2 and
57.85 kW cm−2, respectively. To get additional insights into the
lasing dynamics, we performed TRPL measurements of the mi-
crodisk at different pumping energies, as shown in Figure 3d.
The fitting result reveals a fast decay time of 173 ps and a slow
decay time of 848 ps at low pump energy below the threshold.
When the pump energy exceeds the threshold, the carrier life-
time sharply decreases to less than 10 ps (resolution limit) due to
the ultrafast transition of stimulated emission, further confirm-
ing the lasing behaviors. The Q factor of the microdisk was also
measured under a “cold cavity” condition by coupling a super-
luminescent diode (SLD) source to the cavity through tapered
fiber and collecting the reflection spectrum. Detailed informa-
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Figure 4. a) Normalized PL spectra for circular microdisks with a diameter of 12 μm. b) Luminescence diagram of the circular microdisk under the
corresponding pumping conditions. c) Physical model for cavity-loss-related lasing mode variation. d) Q factor and 𝛼 of microdisks with diameters of
20, 18, 15, and 12 μm, respectively.

tion of the measurement system is given in Section S2 (Support-
ing Information). The normalized reflection spectrum is shown
in Figure 3e. The Lorentzian fitting of the reflection spectrum
shows a linewidth of 0.117 nm at a wavelength of 1537.2 nm, cor-
responding to a Q factor as high as 13 138, as shown in Figure 3f.
Such a highQ factor for thewidely-reportedGaN-basedmicrocav-
ity lasers should benefit from the high-quality GaN film and the
smooth microdisk morphology, as shown in Figure 2. The cavity
Q factor evaluation was conducted in the 1.55 μm band instead
of the green lasing band, which is determined by the emission
wavelength of the SLD for Q measurement setup. This can ex-
clude the light absorption by the active region, thereby enabling
the evaluation of cavity loss under a “cold cavity” condition. TheQ
factor of the microdisk at the visible region was also measured by
directly fitting the PL spectra below lasing threshold and turned
out to be 10 263. Detailed information is given in the Section S3
(Supporting Information).
The microdisk with a diameter of 20 μm shows lasing action

in the green spectral region, however, it is found that a cavity
with a smaller diameter can lase at a much shorter wavelength
by using the same InGaN MQWs with broad tunable gain spec-
trum. Figure 4a displays the variation of PL spectra with a di-
ameter of 12 μm under progressively higher excitation fluences,
and Figure 4b shows the corresponding luminescence micro-
scopic image. Below lasing threshold, only featureless sponta-
neous emission in the green region was obtained, while the
spectral center gradually shifts toward shorter wavelength from
green at 525–475 nm which locates at blue region with the in-
crease of pumping energy, being in consistent with the lumines-
cencemicroscopic images.When the pump fluence increases be-
yond the threshold, a distinct lasing peak at 473 nm appears. We
can clearly observe the WGM modes at the periphery of the mi-

crodisk, with blue edge emission dominating the overall output.
Note that the mechanism of the large blueshift in a smaller cavity
is very different from the commonly reported size-induced reso-
nant wavelength shift due to the quantum confinement or strain
relaxation effect.[36] In our scenarios, however, it is the carrier-
density-related band-filling effect and the screening of the QCSE
that play dominant roles in determining the optical gain profile
and thus the lasing wavelength. The free spectral range (FSR) of a
12 μmGaN-basedmicrodisk here is≈1.2 nm,much smaller than
the linewidth of the gain profile. In principle,multiplemodes in a
resonant cavity are competitive with each other, and the one with
the highest gain will dominate.[37] Therefore, the lasing wave-
length of the microdisk is determined by the maximum point of
the gain profile when pumping reaches a threshold, which can be
clearly revealed by the proposed physicalmodel in Figure 4c. Note
that the lasing threshold of the 12-μmmicrodisk is 145 μJ cm−2,
≈2.5 times higher than that of the 20-μm one. This can be at-
tributed to the larger cavity loss in a smaller cavity due to its
higher sensitivity on cavity sidewall defects and the larger mode
leakage.[11a] The gain spectrum shows a large blueshift with in-
creasing pumping energy, and finally lasing was realized at a
much shorter wavelength. In other words, bymodulating the cav-
ity losses to variate the lasing threshold, different lasing wave-
lengths can be obtained from the microdisks with broad tunable
optical gain.
By controlling lasing wavelength through cavity loss modula-

tion for respective microdisks, it has great potential to realize the
on-chip MWLA. The concept and corresponding physical model
are schematically shown in Figure 4c. Cavities with different
losses have different threshold gain Gth. As the microdisk losses
increase, Gth is increased accordingly, and then higher pump en-
ergy is required to achieve lasing action. Since the higher carrier
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injection level will lead to a blueshift of gain spectrum of InGaN
MQWs with high indium content, when the maximum material
gain equals to Gth, lasing is consequently realized at a shorter
wavelength for the cavity with higher-level loss. It is important
to highlight that the significant blue shift in the gain spectrum
as excitation intensity increases occurs only under pumping con-
ditions below the lasing threshold. It should be noted that the
large spectral blueshift of gain spectrum with increasing exci-
tation intensity occurs only under the pumping conditions be-
low lasing threshold. Once lasing takes over, the rapid consump-
tion of carriers through stimulated emission leads to an almost
constant carrier density in active regions with increasing excita-
tion energy. This stabilization of carrier density prevents further
band filling. Therefore, heterogeneous integration of MWLA on
Si(100) substrate can be realized by fabricatingmulti-cavities with
different losses. The most direct method to modulate microdisk
cavity losses is to change the cavity size.We fabricated the circular
GaN-based microdisk MWLA with various diameters on Si(100)
substrate using the same InGaNMQWwafer and carried out the
Q factors by the tapered fiber reflectance measurement system.
Q factor can reflect the oscillation loss within the cavity according
to the relationship:[38]

Q−1 = 𝛼𝜆

2𝜋neff
(1)

where the loss coefficient 𝛼 is the total loss, neff is the effective
refractive index of the medium, and 𝜆 is the mode wavelength.
The loss of each part is refined into the following relationship:

1
Q

= 1
Qrad

+ 1
Qabs

+ 1
Qscats

(2)

where the 1
Qrad

is themicrocavity radiation loss, 1
Qabs

is the internal

absorption loss and 1
Qscats

is the scattering loss. For microcavities

larger than a few microns, low radiation losses can usually be
achieved. The absorption loss is given as:[39]

1
Qabs

≅ 2𝜆𝛾𝜔

𝜋c
(
1 − 1

n2
eff

)
D

(3)

where 𝛾 is the absorption rate of a material consisting entirely
of that at the microdisk edge surface, 𝜔 is the width of the sur-
face absorbing layer, D is the diameter of the microdisk, c is the
velocity of light. The material scattering loss is given as:[39–40]

1
Qscat

≅
16𝜋

5
2
(
n2eff − 1

)
hLC𝜎

2
R

3𝜆3D
(4)

where h is the thickness of the microdisk, LC is the length related
to the roughness of the side wall of themicrocavity, 𝜎R is the stan-
dard deviation of the roughness amplitude. It can be seen that the
decrease of the microcavity diameter will lead to a decrease of the
Q value and an increase of the loss. Figure 4d shows the Q factor
and losses of microdisks with diameters of 20, 18, 15, and 12 μm,
respectively. The detailed reflection spectra are given in the sup-
plementary information Figure S1 (Supporting Information). It
is seen that the Q factor decreased from 13 138 to 2180 when

the diameter of the microdisks decreased from 20 to 12 μm. The
loss is approximately inversely proportional to the diameter of
the microdisk, which is consistent with the above theory. Partic-
ularly, small cavities are more sensitive to cavity sidewall defects
and exhibit larger mode leakage. This suggests the larger losses
and threshold energies in smaller microdisks, as well as the fea-
sibility of loss modulation through cavity-size control.
In order tomore directly show theMWLAs fabricated by diam-

eter modulation, the fluorescence microscopic images below and
above the threshold of microdisks with diameters ranging from
8 to 20 μm are shown in Figure 5a, and the corresponding nor-
malized lasing spectra of microdisks are shown in Figure 5b. The
laser emission from different channels of the MWLA can be dy-
namically tuned over a large spectral range from 455 to 503 nm.
The spectral coverage is ≈48 nm, equivalent to ≈63 THz in fre-
quency, which is intrinsically limited by the gain bandwidth of the
InGaN MQWs. As the fluorescence images displayed, the emis-
sion color of the microdisk above the threshold gradually trans-
forms from green to blue with decreasing diametric dimensions.
The detailed lasing wavelength and threshold energy density for
different channels of the MWLA are summarized in Figure 5c,
exhibiting a negative correlation between them. The MWLA in
this study can be realized through only one epitaxial wafer and a
single round of wafer bonding, which avoids the growth of multi-
ple gain materials with different gain profiles as well as complex
fabrication processes.
The strategy of fabricating MWLA through loss modulation is

universal when microcavity with a broadband tunable material
gain. We also realized MWLA on Si(100) by fabricating the mi-
crodisks with various cavity shapes. The theoretical Q factor of
a polygonal microdisk with m-sides has been studied in previ-
ous studies.[41] With the same circumscribed circle diameter, in-
creasing the number of sides m of a polygonal microdisk will
increase the Q factor. Increasing m makes the shape of the mi-
crodisk closer to that of a circle, reducing the possibility of light
scattering and leakage, and thus reducing energy loss. To ver-
ify the feasibility of this scheme, the microdisks with circular
(m = ∞), orthohexagonal (m = 6), and quadrate (m = 4) mor-
phologies were fabricated with the same outer tangent circle of
20 μm. The normalized lasing spectra and luminescence im-
ages of the respective cavities are shown in Figure 6a. The las-
ing wavelengths of the quadrate, orthohexagonal, and circular
cavities are 459, 482, and 503 nm, respectively, and the corre-
sponding color extends from blue to green. Such phenomena
can be well elucidated by the proposed theoretical model involv-
ing the material gain shift and cavity loss modulation. Figure 6b
shows the output intensity as a function of pumping energy for
microdisks with different shapes. The spontaneous coupling fac-
tors 𝛽 of the three microdisks were estimated to be 0.007, 0.008,
and 0.018, respectively. A larger 𝛽 indicates that more sponta-
neous photons can be incorporated into the lasing mode, thus
reducing the threshold energy.[42] The statistical lasing thresh-
olds and peak wavelengths for the respective cavity shapes are
shown in Figure 6c,d, respectively. The thresholds of the cir-
cular microdisks are significantly lower and the lasing wave-
lengths are longer compared to those of the orthohexagonal and
quadrate microdisks, with much more uniform intensity distri-
bution. The significant data fluctuations observed in the ortho-
hexagonal and quadrate microdisks can be attributed to fabrica-
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Figure 5. a) Microscopic images before (top) and after (bottom) lasing for circular microdisks with a diameter of 8–20 μm. b) Normalized PL spectra
after lasing for circular microdisks of different sizes. c) Summary of lasing thresholds and lasing wavelengths for GaN-based circular microdisks with
different diameters.

tion non-uniformities and variations in lithography precision at
the sidewall intersections during the device manufacturing pro-
cess. To investigate the mode leakage of microdisks with differ-
ent shapes, the finite element method (FEM) was used to sim-
ulate the electric field of distributions |E| of optical modes in-
side the three cavities. Considering the limitations in lithogra-
phy conditions, the actual fabricated devices exhibit boundary
rounding effects at the intersections between sidewalls.[43] The
simulated shapes were designed to match the rounding condi-
tions of the fabricated devices, and the ideal mode field distribu-
tions for different cavity shapes are shown in Figure 6e. The Q
factors of the circular, orthohexagonal, and quadrate microdisks
were derived from the simulations as 4.9 × 104, 4 × 104, and
2.9 × 104, respectively. Since the simulation is an ideal case that
does not consider the imperfect device shape and the sidewall
roughness that is inevitable during the actual device manufactur-
ing process,[44] the estimated Q factors are much larger than the
actual value. However the variation tendency of the Q factor con-
sists well with the experimental lasing characteristics of the three
kinds of devices. Square and hexagonal-type microcavities with
different sizes were also fabricated to study the size-dependent
lasing tunability of a polygonal microcavity (Section S3, Support-
ing Information). However, due to the significantly higher optical
losses in square and regular hexagonal cavities compared to cir-
cular devices, lasing is difficult when the cavity size is reduced be-
low 20 μm. In future work, cavities with increased side numbers,
approaching a circular geometry can be fabricated. Such resonant
cavities exhibit lower losses and could facilitate the investigation
of size-dependent lasing characteristics in polygonal microcavi-
ties.

3. Conclusion

In summary, a new theoretic model and fabrication method are
proposed in this study to realize on-chip broadband GaN-based
microdisk MWLAs on Si(100). High-quality green microdisk
lasers with Q up to 13 138 and threshold as low as 57.85 μJ cm−2

at room temperature were demonstrated. The influence of the
size and/or shape of the microdisk on the lasing wavelength was
systematically investigated. By adjusting the cavity loss, we re-
alized heterogeneous integration of MWLAs in a large spectral
range from 456 to 503 nm. The fabrication method in this study
avoids the complexity and high cost of existing technology and
offers new possibilities and directions for ultra-high bandwidth
integrated optics.

4. Experimental Section
The epitaxial wafer used in this work was grown on (0001)-oriented sap-

phire substrate by metal–organic chemical vapor deposition (MOCVD).
First, a 2-μm thick unintentionally doped GaN layer and a 2-μm thick
n-GaN were grown on a sapphire substrate, followed by 300-nm thick
superlattice layers (SLs) and active region containing eight pairs of
In0.28GaN/GaN (3 nm/15 nm) multi-quantum wells (MQWs). A 10 nm
AlGaN electron-blocking layer (EBL) and a 100 nm thick p-GaN were se-
quentially grown. The fabrication process of the microdisk laser array is
illustrated in Figure 1a. A SiO2 layer was first deposited on the surface of
the epi-wafer, and holes were opened in the SiO2 (Step 1). Then the wafer
was transferred to Si(100) substrate by flip-chip adhesive bonding (Step
2). In this step, the circular holes would be filled with the bonding mate-
rial, which will act as the supporting pillar of the microdisks after device
fabrication. The sapphire substrate was removed by laser lift-off (LLO) and

Laser Photonics Rev. 2025, 2500151 © 2025 Wiley-VCH GmbH2500151 (7 of 10)
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Figure 6. a) Normalized lasing spectra of microdisks with different geometric shapes. The inserts show the luminescence of each microdisk before and
after lasing. b) Double-logarithmic integrated emission intensities versus pump energy for the microdisks with different geometries. c) Statistical box
diagram of lasing threshold energies for microdisks with different geometric shapes. (The red horizontal line in the middle represents the data median
line, and the semi-solid circle represents the average value.) d) Statistical box plots of lasing wavelengths of microdisks with different geometric shapes.
e) Electric field distribution of the quadrate, orthohexagonal and circular microdisks, respectively, simulated by FEM.

the epitaxial film was thinned to 680 nm by CMP (Step 3). The microdisk
arrays with different shapes and sizes were subsequently formed by in-
ductively coupled plasma (ICP) etching, and the SiO2 was exposed (Step
4). Finally, the SiO2 sacrificial layer was removed by wet etching in HF so-
lution, and the microdisk was supported by the photosensitive adhesive
bonding material to form an air gap structure (Step 5).
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Supporting Information is available from the Wiley Online Library or from
the author.
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