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Abstract: The integration of light source and detector can effectively promote the development of lightweight and
miniaturized photoelectricity systems. The coexistence of emission and detection in InGaN/GaN multi-quantum well
(MQW) light emitting diode devices provides a possibility for the design of transceiver integrated devices. In this pa-
per, InGaN/GaN MQW microdisk array integrated on silicon wafers were fabricated using standard semiconductor
processes, and their emission, detection, and basic communication characteristics were studied. The resonance
mode in the microdisk device helps to improve its detection characteristics, while the isotropic radiation characteris-
tics help the device as a light source and the detector in space coupling. As a light source, the device operates at 2. 5
V with an emission wavelength at 455 nm and a -3dB bandwidth reaching 5.4 MHz. As a detector, the device is re-
sponsive to light in the ultraviolet to blue band, and the detection performance decreases with increasing wavelength
with a cutoff wavelength of 450 nm. Under excitation at 365 nm, the device exhibits a switch ratio of 7. 2x10* with a

fall time as short as 0.41 ms. Additionally, we constructed and demonstrated a half-duplex communication system
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based on a single device that achieved data transmission in different frequency bands. This research is of great signifi-

cance for the preparation of electrically driven light source and the optical communication of transceiver integration.

Key words: silicon-based InGaN/GaN; multiple quantum well devices; luminescence and detection; half-duplex

communication
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Fig. 1 Fabrication diagram of Si-based GaN microdisk
MQW device: (a) The basic material of GaN epitaxi-

al wafer; (b) p-GaN structures were obtained by
photolithography and ICP; (c¢) The pn junction
structure was obtained by photolithography and 1CP;
(d) Gold electrode was prepared by photolithography

and electron beam evaporation
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Fig. 2 (a)-(c) Top view SEM image of Si-based GaN micro-
disk MQW device; (d) Raman spectroscopy and (e)
photoluminescence spectra of Si-based GaN micro-

disk multi-quantum well device

B 2(d) 7R T 2 4 Hhots 47 i (p 28 DX 38k ) 114
65 . R DO £ 520 em™ 7 B A9 Si 4 FE
TEWE 76 567 em™ {7 B LI F] GaN Y E," 45 %t Ry
B R AIE I % R AE BN T Rk 3 GaN A1 BE . %A
B AE 355 nm GAEPEOGIE I T A GIE an & 2(e) i
IR YRR #E B8 T ARAE GaN B,
P TE 365 nm. RIIET |, 28 2 3 400-
500 nm [l N 1Y 9835 KOG, 8 T i TR RO
&l 2(e) H Y4 F B2 L 7E 400-500 nm 3 18] 35 [ 4
0B G g 0 Ak R AR X, B R 2 O 6 nm
% IR B s RF FAME | 254, 2 9 155 X0k Ak
GE R bR T 09 A -3 R (F-P) SRR

W 3Ca) Fios , a0 0 AR 2 e il 42 LA
WA R E PR B RAE 2.3 Vo g F R EL
i



4 -

¥R

(a) (b)
10
_
<?® 2
Es <
= =
= ES
@y 2]
E g
3 =
o2 (0.1499, 0.0522) =
0
4 2 0 2 4 400 425 450 475 500 525
Voltage (V) ‘Wavelength (nm)
(©) 520 (d)
500 »_'J'/‘,‘\A i \\
E -~ Sooq
E 480 =
=
£ <
2460 =
2 'z
o]
£ 440 £
E =
=
420
400 — .
0 200 400 600 0 100 200 300 400 500 600

Position (Y driection) Position (pm)

B3 SiZk GaN 2 it 1 B GRCEE 2 £F 19 2GRS 1E : () I-V 4
P 2 R € B2 AT 5 (b) AN TR 3R 3l HL U R 9 EL 3 5 (o)
AL AR G R OGP 5 (d) 7 B AR DG Y 08 (B0 3% o 2

eIt 4 A RE B RO B
Fig. 3 Light emission properties of Si-based GaN microdisk
MQW device: (a) I-V characteristic curve and chro-
maticity chart; (b) EL spectra at different driving
currents; (c) Position-related EL spectra; (d) Posi-
tion-related peak intensity summary, the inset shows

the CCD images
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Fig. 4 Detection characteristics of Si-based GaN microdisk
MQW device: (a) Responsiveness curve; (bh) 1-V
curves under different pumping wavelength in log-
scale; (c¢) I-V curves of sample under 365 nm light
source with different driving currents in log-scale;

(d) Transient photoelectric response curve
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Fig.5 Optical communication properties of Si-based GaN

microdisk MQW device: (a) -3dB bandwidth at dif-
ferent bias voltages; (b) the received waveform and
the reference waveform of the device as receiver,
(¢) the send waveform and the reference waveform of

the device as emitter
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Fig.6 The half duplex communication system based on Si-based GaN MQW microdisk device: (a) Half duplex communication

system schematic;

(b) Real-time waveform diagram of the communication between the emitter and the receiver; (c)

Waveform information received by GaN device and decoding content; (d) Waveform information received by PMT and de-

coding content
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