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Integrated Nitride optoelectronic chip for motion detection and

visible light communication
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Abstract: The movement of objects is everywhere in nature. With the rapid development of smart vehicle
and 6G mobile communications, the demand for highly Integrated Sensing and Communication (ISAC)
devices with communication and motion sensing is increasing. Based on the coexistence of luminescence and
detection characteristics of GaN multiple quantum wells, an integrated optoelectronic chip based on the epi-
taxial GaN multiple quantum wells material on sapphire substrate with sensitive motion detection and visible
light communication. The transmitter of the optoelectronic chip transmits a visible light signal in blue band to
the moving target object. The visible light signal modulated by the motion of the target object is reflected
back to the receiver of the chip to stimulate the changing photocurrent. By analyzing the changing photocur-
rent, the motion of the target object rotating at different speeds can be detected. The change period of the
photocurrent curve is consistent with the rotation period of the target object. We also study the optoelectron-
ic characteristics and the visible light communication performance of the optoelectronic chip. This chip can
be used as transceiver terminal of visible light communication system and can also process and transmit the
motion detection signals collected by the chip. The optoelectronic chip based on GaN multiple quantum wells

materials is a highly integrated ISAC terminal device with application value.
Key words: motion detection; multiple quantum wells; IlI-nitride; optoelectronic chips; visible light commu-
nication
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1 Introduction

Integrated Sensing and Communication (ISAC)
refers to the integration of communication techno-
logy and sensing technology, which realizes the per-
ception of the environment while communicating,
and uses a single terminal to provide complex func-
tions. Environmental perception technology is a
kind of essential technology for ISAC applications
such as autopilot driving, Internet of Things (IoT),
smart city and other adaptive intelligent systems!'-?.
For the perception technology, the non-contact en-
vironmental perception ability is of critical import-
ance. This technology has the characteristics of high
sensitivity, various application scenarios, and non-
destructive and non-interference detection™*. Non-
contact motion detection technology has great ap-
plication potential in security systems, loT health-
care, autopilot, and other fields® .

Traditional motion detection technology, in-
cluding radar™ and (Light Detection and Ranging,
LiDAR)P', is mainly used for motion tracking of

large moving objects in a large field of view. Radar

BT O SR EALY; R TG A TS
doi: 10.37188/C0.2023-0028

and LiDAR use the echo principle to analyze the
flight time of the pulse by transmitting microwave
or laser pulses and receiving echoes reflected from
the surface of the target object, thereby obtaining
the spatial position and motion of the object. It is
more difficult to achieve the real-time object track-
ing because radar takes longer time to track the tar-
get object due to the need for full field of view de-
tection scanning. LiDAR locates objects by laser
pulses and therefore has a faster response time.
However, both radar and LiDAR have high cost. In
contrast, moving object tracking based on imaging
technology has lower cost. Images of moving ob-
jects can be obtained by using imaging systems. The
spatial location and motion information of target ob-
jects can be extracted from the images by using im-
age processing and analysis algorithms. However,
due to the factors such as relative displacement and
motion blur, it is more difficult for imaging systems
to simultaneously achieve high spatial resolution,
high temporal resolution, and high signal-to-noise
ratiol"”). Each of the above motion detection tech-
niques has its own advantages and limitations, so it

is of application value and scientific significance to
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study new methods of accurate and reliable non-
contact environmental motion perception, such as
new techniques of environmental perception using
visible light signals.

Motion detection techniques using visible light
signals and LiDAR are based on similar physical
principles, both of which realize motion detection
by detecting the modulation of light signals by the
target object. The difference being that the medium
of the visible light signal is ordinary Gaussian light
rather than a laser, resulting in lower power con-
sumption, better environmental adaptability, smal-
ler size, and lower cost. Abuella H and Ekin S of
Oklahoma State University, USA, studied visible
light motion detection systems for vehicle speed
measurement and indoor localization by using Light
Emitting Diode (LED) headlights of automobiles
and interior lighting as light sources!'!**]. The mo-
tion detection systems in the above studies require a
separate light source and a network of photodetect-
ors, so there are still some challenges, such as sys-
tem size, high cost, and limited application scena-
rios.

As a third-generation semiconductor, nitride
materials have excellent optical, electrical, mechan-
ical and piezoelectric properties. By varying the
content of In, Ga, and Al in the material system and
modulating the band gap of nitride materials, optic-
al signals covering the UV, visible, and near-in-
frared wavelength can be transmitted or detected* '),
Nitride multiple quantum wells materials have su-
perior optoelectronic properties compared to bulk
nitride materials and also have an integrated func-
tion of light-emitting and detection. Lin Chen of
Huazhong University of Science and Technology in-
tegrated light emitting diodes and photodetectors on
a single photonic chip based on multiple quantum
well materials, and developed a single integrated
LED and photodiode (PD) chip, which can be used
as both a light transmitter and a detector, and can
detect changes in the signal of cardiac pulses

without relying on external photodetectors!'®. Aihua

Zhong of Shenzhen University realized a capacitive
hydrogen gas sensor using GaN (gallium nitride)
material with honeycomb nanonetwork structure
epitaxially grown on silicon substrate, which has the
advantages of high safety and low energy consump-
tion and it is an ideal device for hydrogen gas detec-
tion""). Shuai Zhang of Nanjing University of Posts
and Telecommunications implemented sensors by
the piezoelectric effect of thin-film light-emitting di-
odes, these sensors were used for non-contact air
flow detection, including flow sensing, pressure
sensing, and environmental detection®. The above
study broadens the application scenario of IlI-ni-
tride photonic integrated chip for non-contact vis-
ible light sensing and detection. Qingxi Yin in our
group prepared multiple quantum wells diode
devices with the same structure on a single optoelec-
tronic chip as light-emitting and detecting devices,
respectively. They built a free-space reverse optical
communication system and explored the integrated
chip for visible light communication and sensing!'".
All these studies present that GaN optoelectronic
chips have superior performance and promising de-
velopment in ISAC and environmental detection.

In this paper, an optoelectronic integrated chip
with integrated transceiver function for visible light
signals in the blue band is developed by using the
co-existence of luminescence and detection charac-
teristics of Ill-nitride multiple quantum wells struc-
ture. The nondestructive motion detection and stable
visible light communication are realized using this
chip. The visible light signal from the transmitter of
this optoelectronic chip is modulated by the motion
of the target object and reflected back to the receiv-
er of the optoelectronic chip. By detecting the
change of photocurrent of the receiver, the motion
of the target object rotating at different speeds can
be detected. In addition, the optoelectronic charac-
teristics and visible light communication perform-
ance of the chip are also investigated. The study
provides a valuable method for the application of

optoelectronic integrated chips in the field of optic-
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al motion detection and communication with low
cost, low power consumption and high integration.
Finally, an integrated ISAC terminal device with ap-

plication value was developed.

2 Design and fabrication of optoelec-
tronic chips

2.1 Working principle and fabrication process of

optoelectronic chip

As shown in Figure 1(a) (color online), under
the forward bias, the nitride multiple quantum well
diode device excites photons and transmits visible
light signals, as a transmitter. When the diode
device of the same structure is applied with reverse
bias, the nitride multiple quantum wells transforms
into photoelectric detection mode and absorbs the
incident photons to excite electron-hole pairs and
works as a receiver. Thus the diode device realizes
the electro-optic/optical-electro bi-directional en-
ergy and information conversion in the homogen-
eous integrated system. The layered structure of the
[II-nitride multiple quantum wells material used in
this study is shown in Figure 1(b) (color online).
The nitride epitaxial layer, including buffer layer, n-
GaN layer, Multiple Quantum Wells (MQWs) layer
and p-GaN layer. The bottom substrate is a pat-
terned sapphire substrate. The patterned substrate
can compensate the material defects caused by the
different lattice constants and thermal expansion
coefficients of sapphire substrate and nitride epitaxi-
al layer, and improve the performance of optoelec-
tronic chips. As a high-reflectance mirror for a spe-
cific wavelength, the Distributed Bragg Reflection
(DBR) is formed by periodic alternating layers of
silicon dioxide (SiO,) and titanium dioxide (TiO,).
The thickness and period of the DBR are determ-
ined by the target wavelength, and the optical thick-
ness of each layer is 1/4 of the target wavelength,
which can reduce the leakage of optical signals and
improve the optical performance of optoelectronic
chips.

As shown in Figure 2(a), we designed a III-ni-

(a) The motion of the object

to be measured (b)
z g 5 £
2 & = .20
e s2
P o S
2 9 S .2
S =l
o =)
P electrode
=Quantum=
S well £ N electrode

Fig. 1 (a) GaN materials with multiple quantum wells can
realize the bi-directional conversion of optoelectronic/
electro-optic signals; (b) layered structure of III-ni-

tride materials with multiple quantum wells
Bl 1 (a) ATSEBUGH/HOGE SR F i 28 T Bk
FAR GaN #1EL; (b) TR A ALY 2 87 BEM R 43
JZE5H

tride optoelectronic chip with a diode device in the
center being used as a visible light signal transmit-
ter. The surrounding diode devices in the chip were
used as visible light signal receivers to facilitate the
use of a larger number of receivers to collect the
modulated light signals in a composite manner, for a
larger photocurrent detection signal. However, when
the actual motion detection system was used, we
found that using four receivers at the same time
made it difficult to adjust the reflected light path and
thus result the uniform coverage of the modulated
light signal to the four receivers. In addition, the
photo currents between the four receivers connec-
ted in the peripheral circuit would cause crosstalk.
Finally, after considering the feasibility of the optic-
al path adjustment of the test system and the stabil-
ity of the test results, one transmitter and one receiv-
er were used for one-to-one testing in the experi-
ment. As shown in Figure 2(b), a positive bias is ap-
plied to the transmitter by the signal generator, and
the transmitter achieves electro-optical conversion
and transmits a visible light signal in blue band to
the surface of the target object, and the visible light
signal modulated by the motion of the target object
is reflected back to a receiver at the corners of the
chip. When the receiver is applied negative bias, the

modulated visible light signal will be output as a
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Fig.2 (a) Schematic diagram of Ill-nitride optoelectronic
chip and its (b) schematic diagram of motion detec-

tion system
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photocurrent signal by photoelectric conversion, and
the motion detection of the target object can be
achieved through the monitoring of photocurrent by
the optoelectronic chip.

The fabrication process of III-nitride optoelec-
tronic chips using standard semiconductor pro-
cesses is shown as Fig.3 (color online). (a) The pat-
terns of the transmitter's light-emitting region and
the receiver's detection region are defined on the
photoresist layer by photolithography, and the pat-
tern is transferred to the nitride epitaxial layer by
using Inductively Coupled Plasma (ICP) etching.
(b) The patterns of the transmitter and receiver is
defined on the photoresist layer using photolitho-
graphy, and the pattern is transferred to the nitride
epitaxial layer by using ICP etching. The overall
etch penetrates the nitride epitaxial layer to achieve
the electrical isolation of the transmitter and receiv-
er, thus preventing the crosstalk current. (c) Magnet-
ron sputter coating and etching of the Indium Tin

Oxide (ITO) layer is completed to form a current

spreading layer on the transmitter and receiver sur-
faces. (d) is the process for the preparation of
Ni/Al/Ti/Pt/Au positive and negative metal elec-
trodes of the transmitter and receiver by using elec-
tron-beam evaporation and lift-off techniques. (e) is
the process for the preparation of SiO, films to pro-
tect the transmitter and receiver surfaces using elec-
tron-beam evaporation. (f) is the process for the pre-
paration of Ni/Al/Ti/Pt/Au lead electrodes for the
transmitter and receiver using electron beam evapor-

ation and lift-off techniques.

® o

Fig.3 Fabrication process of IlI-nitride optoelectronic chip
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2.2 Morphological characterization of optoelec-
tronic chips
Figure 4(a) shows the overall optical micro-
scope image of the optoelectronic chip. The trans-
mitter and receiver are connected to the circuit
board with leads for the electrical connection of
the motion detection experiment, respectively.

Figure 4(b) shows the optical microscope image of

Fig. 4 Morphological images of optoelectronic chip. (a)
Overall optical microscope image of optoelectronic
chip; (b) optical microscope image of transmitting/
receiving region; (¢) SEM image of DBR layer;
(d) enlarged optical microscope image of a single
transmitter/receiver

K4 St ERIESE. (a) el 75 Ao EE IR ;

(b) & 5T ARWCIX B0 58 K5 (c) DBR J2 HL T 1 (Bt
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the transmitting/receiving region, which is a square
structure with a side length of 240 um. Figure 4(c)
shows the SEM image of the DBR layer with a mi-
crostructure of a hemispherical structure with a peri-
od of 2 pm hexagonal arrangement. The DBR layer
at the bottom of the sapphire substrate can reduce
the visible light signal leakage at the bottom of the
chip, enhance the absorption of photons inside the
chip, and improve the photoelectric conversion effi-
ciency of the optoelectronic chip. Figure 4(d) shows
the enlarged optical microscope image of a single
transmitter/receiver, which can clearly show the

good fabrication quality of the device.

3 Characterization of optoelectronic
performance of optoelectronic ch-

1ps

3.1 Electrical characteristics test

Electrical characterization of optoelectronic
chips is tested by an Agilent B1SO0A semiconduct-
or device analyzer. The transmitter operates at posit-
ive bias and the receiver at negative bias. Therefore,
the voltage is ranged from —5 V to 5 V. Due to
equipment safety restrictions, the measured satura-
tion current is 100 mA. Figure 5(a) shows the cur-
rent-voltage characteristics of the transmitter/receiv-
er, where the transmitter turns on at 2.5 V and
reaches a saturation current of 100 mA at 4.0 V. The
differential resistance of the transmitter is calcu-
lated from the linear region of the current-voltage (I-
V) curve to be about 15 Q. The negatively biased re-
gion generates almost no current, indicating that the
receiver has no significant leakage current phe-
nomenon and good performance. The carrier com-
pounding process occurs inside the multiple qu-
antum wells and the transmitter emits visible light
signal that is linearly modulated by the bias voltage.
The receiver absorbs the visible light signal, then re-
leases electron-hole pairs and generates photocur-
rent. The good electrical properties guarantee the

operational stability of the optoelectronic chip. The

capacitance-voltage curve in Figure 5(b) (color on-
line) shows that the transmitter has a negative capa-
citance behavior in the positive bias voltage interval
under AC signals with different frequencies. As the
positive bias voltage increases, the capacitance de-
creases and drops to negative values after the trans-
mitter reaches the turn-on voltage. Reducing the
Resistance-Capacitance (RC) time constant (a con-
stant indicating the transition response time, which
in the resistor-capacitance circuit of the transmitter
is the product of the resistance and the capacitance)
can improve the response speed of the transmitter,
and the smaller the absolute value of the negative
junction capacitance, the smaller the RC time con-
stant. The lower the frequency of the AC signal, the
higher the positive bias voltage, and the larger the
absolute value of the negative junction capacitance.
The absolute value of the negative capacitance of

the capacitance-voltage curve is in the pF mag-

0.12 (a)
0.10 +
0.08 +
0.06

0.04

Current/A

0.02
0

002}, . .

—4 -2 0 2 4
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1000 - — | MHz
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250 "J
0F
—250

=500 f
3
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7750 1 1 1 1 L L L
-5 4 -3 2 -1 0 1 2
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4

Fig. 5 Electrical characteristics test results. (a) Current-
voltage curve of transmitter/receiver; (b) capacit-
ance-voltage curve of transmitter/receiver
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nitude, and the absolute value is very small, indicat-
ing that the transmitter has a good response speed
and is suitable as a fast-response integrated sensing
and communication device.
3.2 Optical characteristic test

Figure 6 (color online) shows the electrolumin-
escence spectra and spectral responsivity of the op-
toelectronic chip measured at different injection cur-
rents. The visible light signal was collected at 5 mm
from the upper surface of the transmitter using a
200 pm diameter multimode fiber in dark and cou-
pled to an Ocean Optics USB4000 spectrometer for
characterization. The five Gaussian distribution
curves with different colors in Figure 6 are the elec-
troluminescence spectra of the transmitter with dif-
ferent drive currents, and the peak wavelength is at
461.61 nm, which is the visible signal in the blue
band. The luminescence intensity of the transmit-
ter gradually increases for currents from 20 pA to
100 pA. The pink curve of the connecting point cor-
responding to the right axis in Figure 6 is the spec-
tral responsivity of the receiver, which is measured
by the IQE-200B quantum efficiency measurement
system. The light blue region indicated by the ar-
row is the spectral overlap region between the elec-
troluminescence spectrum and the spectral respons-
ivity. The visible light signal transmitted from the
photoelectric chip transmitter can be detected by the

receiver on the same chip in the blue light band

18 000 8
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Fig. 6 Electroluminescence (EL) spectrum of transmitter
and spectral responsivity of receiver
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from 431 nm to 461 nm, which realizes the single
integrated electro-optical/optical-electro conversion
of the visible light signal and verifies the feasibility
of using a single photoelectric chip to realize the
sensing and communication function in principle.
Figure 7 shows the luminescence photographs
for transmitter under currents of 10 pA, 50 pA, and
100 pA. Different currents were applied through the
probe stage by using an Agilent B1500A semicon-
ductor device analyzer in dark. It can be clearly ob-
served that the intensity of the visible light signal in
the blue band transmitted by the transmitter intensi-
fies with increasing current. The experimental res-
ults show that when the optoelectronic chip is ap-
plied to motion detection, increasing the injected
current can enhance the intensity of the receiver
photocurrent converted by the visible light signal
modulated by the object motion to be measured. It
indicates that the non-destructive photodetection
signal intensity of the optoelectronic chip can be

freely and flexibly modulated by the driving current.

(€))

Fig. 7 Luminescence photographs of transmitter with dif-
ferent injected currents

K7 EARR R & S 2O

4 Motion detection of optoelectronic
chips

The motion detection system of this optoelec-
tronic chip is shown in Figure 8, and the main part
of the system is the reflective optical path. The re-
flector is used as the measurement object to per-
form rotational motion driven by a rotation table.
The reflector is a GMH-11-K9 reinforced alumin-
um standard precision planar reflector with 25.4 mm
diameter and 4 mm thickness produced by United
Optical Technology, and the base material is finely
annealed H-K9L optical glass with a protective UV-

reflective aluminum film coating. The reflector has
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a reflectivity of approximately 90% in visible range. %2 (a) 100 rpm

A DC power supply is used to drive the transmitter 1(5)

in positive bias mode to transmit visible light sig- 0 0 I 2 3 2 5 & 7 8 9 10

nals in the blue band. A semiconductor parameter %2 [(6) 200 rpm

. . . . . <

analyzer is used to drive the receiver with zero-bias & 1(5) M“M AM A”M M HMM MHMM MM

voltage for detecting the visible light signal modu- T S 3 4 s e o s o 10

lated by the rotational motion of the reflector and %(5) ©) 319 pm

converting it into photocurrent for motion detection. 10 MKMMMMMMJMMMMMM
5

A convex lens is set in the middle of reflective op- ]

tical path to converge the visible light signal. The
distance from the optoelectronic chip to the lens is
10 cm, and the distance from the lens to the reflect-
or is 5 cm. The visible light signal transmitted by
the calibrated transmitter is focused on the reflector,
and the visible light signal modulated by the reflect-
or is focused by the convex lens again after passing
through the reflected optical path, and is returned to

the receiver.

DC power supply
|

Reflector Lens
7 (((((( Transmitter

e MHRecelver i

Semiconductor
parameter analyzer

Rotary table

Fig. 8 Schematic diagram of motion detection system of

optoelectronic chip
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4.1 Motion detection with variable speed

In this experiment, we apply the same positive
bias voltage on the transmitter, change the rotation
speed of the mirror, and study the effect of the vari-
able rotation speed on the test results. As shown in
Figure 9, the transmitter positive bias voltage was
set to 2.9 V, and the reflector rotational speed was
set to 100 rpm, 200 rpm and 319 rpm, as shown in
Figure 9 for a test duration of 10 seconds. The vis-
ible light signal is modulated by a rotating mirror, so
that the receiver photocurrent changes. The change
period of the photocurrent curve is consistent with
the rotation period of the mirror.

The effect of the transmitter bias voltage on the

magnitude of the receiver photocurrent change is

o 1 2 3 4 5 6 7 8 9 10
Time/s

Fig. 9 Detected photocurrent of the receiver from the re-
flector moving at different rotating speeds when the

transmitter is applied 2.9 V bias voltage

F 9 KETERIE R 2.9 V iF, ANEEE 5 558 5h T 4%
Z AR PIERI G R

also investigated for a constant rotation speed. The
same test duration of 10 seconds was set at the re-
flector speed of 200 rpm. The transmitter bias
voltage is 2.7 V~2.9 V (Figure 10). The change
period of the photocurrent curves at different bias
voltages all correspond to the rotation speed of the
reflector, and the change of the receiver photocur-
rent increases from 6 nA to 10 nA. It indicates that
within the linear bias dynamic operating range of
the transmitter, the larger the bias voltage, i.e., the

greater the intensity of the transmitted visible light

%iiﬁif UML)

Time/s

Fig. 10 Detected photocurrent of the receiver under
200 rpm, rotating speed of mirror when the bias
voltages applied to the transmitter are set as 2.7 V,
28V,29V

Fl 10 S8R0 ia 353 A 200 rpm, & 548w R4 5%
BN 2.7V, 2.8V, 2.9V BB ERINEHL TR
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signal, the greater change in the excited receiver
photocurrent pulse, and the better the corresponding
motion detection effect. The above experiments
show that the optoelectronic integrated chip can
achieve non-contact and highly sensitive motion de-
tection of the target object.
4.2 Variable speed motion detection

Considering that most of the objects in nature
move at variable speeds, a speed-adjustable rotating
motor with a speed range of 0 to 100 rpm as shown
in Figure 11(a) is used to control the target object
with variable speed motion to test the detection per-
formance of objects with variable speed by the opto-
electronic chip. As shown in Figure 11(b), the test
was performed with the bias voltage of the optoelec-
tronic chip transmitter at 3 V and the bias voltage of
the receiver at 0 V. The initial rotation speed of the
target object is 30 rpm, and the rotation speed in-
creases by 30 rpm every 10 seconds, and finally the
rotation speed reaches 90 rpm, and the current
change period of each time period is consistent with
the rotation period of the target object, then good

and stable motion detection of the variable speed

(@

Controller

\

Power cord

30 rpm 60 rpm 90 rpm

15}

I

< 10t | i
~

5 .

0 5 10 15 20 25 30
Time/s

Fig. 11 (a) Variable speed motor and (b) photocurrent

curve of variable speed motion detection

BT (a) ZZ R HUBLAN (b) 380 SR IN 01 i I i 26

object is achieved. It shows that the optoelectronic
chip can not only detect objects with stable motion
in real time, but its effect of detecting objects with

variable speed motion is still very good.

5 Visible light communication test-
ing of optoelectronic chips

5.1 Single-emission visible light communication

test

A free-space visible light communication test
was performed to investigate the communication
performance of the optoelectronic chip. As shown in
Figure 12(a), digital signals were loaded by a signal
generator (Keysight, 81160A) to a transmitter. A
commercial avalanche photodiode (Hamamatsu,
C12702-12) is used as the receiver to convert the re-
ceived optical signal into an electrical signal. The
transceiver signal is characterized by an Agilent
DS09254A digital storage oscilloscope. As shown
in Figure 12(b), the transceiver signal waveforms
are well maintained during transmission at a trans-
mission rate of 25 Mbps. Figure 12(c) shows the eye
diagram at the corresponding transmission rate with
acceptable overshoot amplitude, clear open eye,
small signal amplitude distortion, and clear rising
and falling edges, indicating that the signal noise is
small and the visible light communication transmis-
sion performance of the optoelectronic chip as a
transmitter is good. Figure 12(d) (color online)
shows the 3 dB bandwidth of the optoelectronic chip
as a transmitter tested with the Keysight ESOS80A
vector network analyzer, which characterizes the
visible light communication response characterist-
ics of the optoelectronic chip. At 2V, 2.2V, and
24V bias voltages, the 3 dB band width are
10.1 MHz, 16.7 MHz, and 23.1 MHz, respectively.
It can be seen that as the bias voltage increases, the
3 dB bandwidth becomes progressively larger and
the communication response speed of the optoelec-
tronic chip increases. The above experiments show

that the optoelectronic chip as a transmitter can real-
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Fig. 12 (a) Visible light communication test system of op-

toelectronic chip as a transmitter. Signal wavefo-
rms (b) and eye diagram (c) of optoelectronic chip
as a transmitter at 25 Mbps. (d) 3 dB bandwidth of
optoelectronic chip as a transmitter at different bi-
as voltages
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ize high-speed visible light communication trans-
mission.
5.2 Transceiver-integrated visible light communic-
ation test
In the transceiver-integrated visible light com-

munication test, the optoelectronic chip works as

both transmitter and receiver, as shown in Figure 13
(a). The visible light signal loaded with digital sig-
nals transmitted by the transmitter is reflected back
to the same optoelectronic chip through the reflec-
ted light path of the reflector and then received by
the receiver. Figure 13(b) shows the visible light
communication transceiver signal at 5 Kbps speed
with the optoelectronic chip acting as transmitter/re-
ceiver at the same time. The random digital signal
transmitted by the optoelectronic chip as a transmit-
ter is well retained at the receiver end, realizing the
visible light communication with integrated trans-
ceiver. The up and down overshoot amplitude of the
eye diagram in Figure 13(c) is small, the open eye is
clear, the signal amplitude distortion is not large,
and the rising and falling edges are clear although

Signal generator Reflector
Visible light signal <

3

~ Group I nitride optoelectronic

Oscilloscope chip (transmitter/receiver)
®) 301 Input signall
1.5}
ot
z
& —15p . . . . . .
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Fig. 13 (a) Visible light communication test system of the
optoelectronic chip as a transceiver. (b) Signal
waveform and (¢) eye diagram at 5 Kbps transmis-
sion rate
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there is a certain degree of zero-crossing distortion.
It indicates that the signal noise is small and the op-
toelectronic chip can be used as the transceiver ter-
minal of the visible light communication system

with good transmission performance.

6 Conclusion

Based on the co-existence of luminescence and
detection characteristics of Group III nitride multi-
quantum wells structure, an integrated optoelectron-
ic chip based on epitaxially grown multi-quantum
wells GaN material on sapphire substrate is pro-
posed. As an ISAC terminal device, this optoelec-
tronic chip has motion detection and visible light
communication functions. The diode on the opto-
electronic chip works in transmitter mode when a
forward bias voltage is applied, transmitting a vis-
ible light signal in the blue band with a central
wavelength of 462 nm. The diode on the optoelec-
tronic chip works in receiver mode when a negative
bias voltage is applied, detecting visible light sig-
nals in the same band. The electroluminescence
spectrum of the transmitter has a spectral overlap of

about 30 nm with the spectral responsivity of the re-

—— 3Ok il ——

e

1 3l

0 8 — A A A T 15 A 5 R A A
A, FEIE {5 B [ I S BT Jo] FRI B 4 S, 1) 2
— R fe UG IR . BRI EANE A 3h2
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HAT R UL | 15 Y5 2 B e+ ok
A RE A AR i iz SR AR L B R G
Wi | BT R 1 22 B A U A R
LT 157

e gt ia gh R 75 3, A4 Tk MoL &

ceiver, enabling integrated communication and sens-
ing applications for transceiver in this band.

The transmitter of this optoelectronic chip
sends visible light signals to the target object, and
enables motion detection of the target object at a
maximum speed of 319 rpm by monitoring the pho-
tocurrent converted from the modulated light sig-
nals received by the receiver in a non-contact detec-
tion mode. The bias voltage of the transmitter in-
creases from 2.7 V to 2.9 V when the target object
moves at 200 rpm, and the corresponding photocur-
rent variation of the receiver increases from 6 nA to
10 nA. This paper also investigates the visible light
communication performance of the optoelectronic
chip, which can achieve 25 Mbps digital signal
communication as a transmitter and 5 Kbps digital
signal communication as a transceiver terminal un-
der reflected light path. The optoelectronic chip as
an ISAC terminal device can process and transmit
the signals collected by motion detection, and is
suitable for application scenarios such as Internet of
Things, autopilot, and smart cities. This study
provides a promising way to implement nitride op-
toelectronic chips in low-cost, low-power, and

highly integrated ISAC terminal devices.
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