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Fig.1 (a) Simulation model of blue microdisk laser diode; (b) Real part of the refractive index; (c) Imaginary part of the refractive index of a Lorentz

material
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Tab.1 Index and absorption coefficient of the material

Material Index Absorption/m ™!
n-GaN 2471 1.0964x10°*
n-Alg 05Gag 9oN 2.49 9.6687x107*
u-GaN 2471 3.65467x107
Ing gGag ggN 2.53 2.6548x107°
p-Aly2GaggN 2.44 1.0964x107
p-Alg,07Gag 93N 2.496 9.6687x107
P-GaN 2.471 3.6547x107°
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Fig.2 (a) Side view of QWs; (b) Top view for one QW (The Lorentz
gain material and no gain material are set in the red and blue

region in figure (b))
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Fig.3 (a) The FDTD simulation resonance of devices with different diameter for the inner circle (The inset figure: a schematic of the gain setting. The

Lorentz gain material and no gain material are set in the red and blue region in figure (a)); The XY-cross section electrical field intensity

distributions at (b) 404.871 nm, (c) 413.9 nm, (d) 424.468 nm, (e) 438.462 nm and (f) 448.315 nm
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Fig.4 The total output power as a function of diameter of inner circle
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Fig.5 The FDTD simulation resonances of devices with 0.4 um diameter
inner circle and different offset (The inset figure: a schematic of
the gain setting. The Lorentz gain material and no gain material

are set in the red and blue region)
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(The inset figure: a schematic diagram of the gain setting. The
Lorentz gain material and no gain material are set in the red and

blue region)

20230401-5



ISk A2

www.irla.cn

%14

LIRS AT EE

P 8 o 1AL 7 v A 1 0 i ) 25 i W
TEARIRIA—fE L. R LUA Y, Bl WAYHL
LR R, — A8 0y 25 W ) 2 L — B
Po X T — BT A A 2, IS
PG TG g DI A AR TR, DT 5 B — B X A 45
PRI I, DAY ab — B A 0 L ) By 3 2 1 R A4
B W NN A A AR 91 RN &R
BE B R B V52, LA v T O 7 A — B XA 3
S, AR X S I S0 nm, S R EEOE RO 3
ot B

2 1.0 ¢ —=—404.871 nm
g —e— 413.900 nm
S 08 —a— 424468 nm
s 7 —v—438.462 nm
.g —e— 448315 nm
8 06

E

5

204 |

[=9

e

[}

=04

s+

=

5

Z 0t

20 0 20 40 60 80 100 120 140 160
Winm
P 8 AR I E D) A B TCHE 2 S S8 AR AL A —Fl il 22
Fig.8 Normalized peak power of the five modes as a function of the
width of no-gain outer ring

3 & ¢

-~

SCH A FDTD M = A J5 1 9 A 38 45 70 A1 %o
JEMERROE R PERE AR, F HAT i RS 2 i
G SN %R 0.6 pm R EAFRY, TR R K
R, FCrp R AR LA S RS A48 45 00 B O L A8 9 2
FRBA TR [, QSRR R/, RS s ot
o R IR ST, AT 8 AT 2 B9 B L, el 2 O Y Zh
AR HW, IR T O 2 BOR R LR R RS
I, A OGS 9 I, I EOE SR SR, JUHR
X B A D AR A SR A 2R T2 ok
B 5 AL i % T8 4t DS i, FC Ky I S8 AR O 2
AR, H— BB W 2 25 L — B 5/ NS S
W o SCH TR R B — R AT A RN T oL

& BT E HENSHE L

S 3k

(1]

[10]

(1]

[12]

[13]

[14]

20230401-6

Alexander K, van Vaerenbergh T, Fiers M, et al. Excitability in
optically injected microdisk lasers with phase controlled
excitatory and inhibitory response [J]. Opt Express, 2013,
21(22): 26182-26191.

Peter E, Senellart P, Martrou D, et al. Exciton-photon strong-
coupling regime for a single quantum dot embedded in a
microcavity [J]. Phys Rev Lett, 2005, 95(6): 067401.

Gil-santos E, Baker C, Nguyen D T, et al. High-frequency nano-
optomechanical disk resonators in liquids [J]. Nat Nanotechnol,
2015, 10(9): 810-816.

Wang D, Zhu T, Oliver R A, et al. Ultra-low-threshold
InGaN/GaN quantum dot micro-ring lasers [J]. Opt Lett, 2018,
43(4): 799-802.

Xu X, Chen W, Zhao G, et al. Wireless whispering-gallery-mode
sensor for thermal sensing and aerial mapping [J]. Light Sci
Appl, 2018, 7(1): 62.

Mccall S L, Levi A F J, Slusher R E, et al. Whispering-gallery
mode microdisk lasers [J]. Applied Physics Letters, 1992, 60(3):
289-291.

Feng M, He J, Sun Q, et al. Room-temperature electrically
pumped InGaN-based microdisk laser grown on Si [J]. Opt
Express, 2018, 26(4): 5043-5051.

Wang J, Feng M, Zhou R, et al. GaN-based ultraviolet microdisk
laser diode grown on Si [J]. Photonics Research, 2019, 7(6):
B32-B35.

Wang J, Feng M, Zhou R, et al. Continuous-wave electrically
injected GaN-on-Si microdisk laser diodes [J]. Opt Express,
2020, 28(8): 12201-12208.

Wang J, Feng M, Zhou R, et al. Thermal characterization of
electrically injected GaN-based microdisk lasers on Si [J].
Applied Physics Express, 2020, 13(7): 074002.

Tang Y, Feng M, Zhao H, et al. Electrically injected GaN-on-Si
blue microdisk laser diodes [J]. Opt Express, 2022, 30(8):
13039-13046.

Feng M, Zhao H, Zhou R, et al. Continuous-wave current
injected InGaN/GaN microdisk laser on Si (100) [J]. ACS
Photonics, 2022, 28(8): 2208-2215.

Zhao H, Feng M, Liu J, et al. Performance improvement of
GaN-based microdisk lasers by using a PEALD-SiO, passivation
layer [J]. Optics Express, 2023, 31(12): 20212-20220.

Kuramoto M, Sasaoka C, Futagawa N, et al. Reduction of


https://doi.org/10.1364/OE.21.026182
https://doi.org/10.1103/PhysRevLett.95.067401
https://doi.org/10.1038/nnano.2015.160
https://doi.org/10.1364/OL.43.000799
https://doi.org/10.1038/s41377-018-0063-4
https://doi.org/10.1038/s41377-018-0063-4
https://doi.org/10.1063/1.106688
https://doi.org/10.1364/OE.26.005043
https://doi.org/10.1364/OE.26.005043
https://doi.org/10.1364/PRJ.7.000B32
https://doi.org/10.1364/OE.391851
https://doi.org/10.35848/1882-0786/ab95f0
https://doi.org/10.1364/OE.455620
https://doi.org/10.1364/OE.493849

% 14

s Gk A2

www.irla.cn

% 53 %

[15]

[16]

Internal loss and threshold current in a laser diode with a ridge
by selective re-growth (RiS-LD) [J]. Phys Status Solidi, 2002,
192(2): 329-334.

Efremov A A, Tarkhin D V, Bochkareva N I, et al.
Determination of the coefficient of light attenuation in thin
layers of light-emitting diodes [J]. Semiconductors, 2006, 40(3):
375-378.

Wang Jin. Design and fabrication of GaN-based microdisk lasers

on Si substrate [D]. Beijing: University of Science and

Technology Beijing, 2020. (in Chinese)

[17]

(18]

[19]

Zhu G, Li J, Li J, et al. Single-mode ultraviolet whispering
gallery mode lasing from a floating GaN microdisk [J]. Opt Lett,
2018, 43(4): 647-650.

Zhang Y, Li H, Li P, et al. Optically-pumped single-mode deep-
ultraviolet microdisk lasers with algan-based multiple quantum
wells on Si substrate [J]. IEEE Photonics Journal, 2017, 9(5):
1-8.

Tamboli A C, Haberer E D, Sharma R, et al. Room-temperature
continuous-wave lasing in GaN/InGaN microdisks [J]. Nature

Photonics, 20006, 1(1): 61-64.

Effect of gain distribution on mode distribution and luminescence

power of GaN-based blue microdisk lasers

1,23

Xu Xiangyu'*?, Liu Zhaogiang'**, Jia Tong"**, Chu Chunshuang'*?, Zhang Yonghui'**, Zhang Zihui'***

(1. School of Electronic and Information Engineering, Hebei University of Technology, Tianjin 300401, China;
2. Tianjin Key Laboratory of Electronic Materials and Devices, Hebei University of Technology, Tianjin 300401, China;
3. Hebei Key Laboratory of Advanced Laser Technology and Equipment, Hebei University of Technology, Tianjin 300401, China)

Abstract:
Objective The GaN-based microdisk laser based on whispering-gallery modes (WGMs) has the characteristics
of high power, low threshold and small size. It has a wide-ranging application prospects and is needed in many
fields such as optoelectronic integration, biomedicine and data transmission. However, due to the lack of
conductive substrates and poor material grown quality, GaN-based microdisk lasers have long been dominated by
light-injected microdisk devices. To achieve an electrically-driven GaN-based microdisk laser, a current block
layer is typically introduced in the central region of the microdisk laser. This allows for injection of current only
at the edge of the microdisk, resulting in that the low threshold laser output can be achieved, and the heat
generation in the central region can be well suppressed. Although the effect of the central current block layer has
been reported, there is a lack of sufficient reports on the effect of current block layer size on the microdisk laser
and its design guidelines. In this paper, the effect of the gain distribution affected by the current block layer design

on the performance of blue laser is systematically investigated.

Methods

designed (Fig.1(a)). The gain material in the active region is set as the Lorentz gain material, the real and

According to the structure of the reported blue microdisk laser, the device structure of this study is

imaginary part curves of the refractive index are obtained by setting the material parameters (Fig.1(b)-(c)). The
Finite-Difference Time-Domain simulation (FDTD) is used to analyze the effect of the gain distribution on the
performance of the blue laser. The no-gain circle region represents the area where current is unable to inject due

to the presence of current block layer

Results and Discussions  Firstly, the performance of the microdisk laser is studied by changing the diameter of
no-gain circle region, and the resonance of the device is simulated by FDTD (Fig.3). The results show that there
are five distinct modes, all of which exhibit a gradually decrease in power as the diameter of the no-gain circle

increases. In addition, the total power output exhibits a decreasing trend with the increase of the diameter of the
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no-gain circle region. Specifically, the total power first decreases slowly from 0 um to 0.4 pum, followed by a
sharp decrease beyond 0.4 pm (Fig.4). Therefore, when the diameter of no-gain circle is less than 0.4 pm, it will
not significantly affect the output power and threshold gain of the laser. Secondly, by adjusting the offset of no-
gain circle to align with device edge, the effect of space between no-gain circle and device edge on the
performance of the microdisk laser is analyzed. The analysis results show that the powers of the five modes
decrease as the no-gain circle gradually approaches to the edge of the device (Fig.5). And compared with the first-
order mode, the peak power of the second-order mode decreases faster (Fig.6). Finally, the effect of edge defects
on the performance of GaN-based micro laser is analyzed. The peripheral no-gain ring region represents the
device sidewall defect area from the dry-etched process. The results show that the peak power of the five modes
decreases rapidly with the increase of no-gain ring width (Fig.7). Moreover, when the no-gain ring width
increases, the power of the first-order mode decreases faster than that of the second-order mode (Fig.8). This is

due to the fact that the distribution range of the first-order mode is closer to the edge of the microdisk.

Conclusions In this paper, FDTD is employed to investigate the effect of different gain distributions on the
performance of blue microdisk lasers. The optimal distance between the edge of the current block layer and the
edge of the microdisk is determined to be 0.6 um. Too large distance will make some current injected in the
middle not contribute to the power of the laser, resulting in increased threshold current and heat effects.
Conversely, if it is too small, it will increase the absorption of the microdisk laser, thereby reducing the power of
the laser. Moreover, if the current block layer is offset due to lithography, it will result in an increase in absorption
in device and a reduction in the laser power, especially for the second-order mode. If the edge no-gain region
expands due to the increased sidewall defects, the laser power will be significantly reduced, and the power of the
first-order mode decreases more rapidly than that of the second-order mode. The results in this paper have

significant reference value for the fabrication and design of microdisk lasers.
Key words: laser; microdisk; gain; FDTD
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