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Abstract — In recent years, converting environment-
al energy into electrical energy to meet the needs of mod-
ern society for clean and sustainable energy has become a
research hotspot. Electrostatic energy is a pollution-free
environmental energy source. The use of electrostatic con-
version devices to convert electrostatic energy into elec-
trical energy has been proven to be a feasible solution to
meet sustainable development.
light-controlled electrostatic conversion device (LCECD).
When static electricity comes, an avalanche breakdown

This paper proposes a

occurs inside the LCECD and a low resistance path is
generated to clamp the voltage, thereby outputting a
smooth square wave of voltage and current. Experiments
have proved that LCECD can convert 30kV electrostatic
pulses into usable electrical energy for the normal opera-
tion of the back-end light-emitting diode lights. In addi-
tion, the LCECD will change the parasitic capacitance
after being exposed to light. For different wavelengths of
light, the parasitic capacitance exhibited by the device
will also be different. The smaller the parasitic capacit-
ance of the LCECD, the higher the efficiency of its elec-
trostatic conversion. This is of great significance to the
design of electrostatic conversion devices in the future.
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I. Introduction

In recent years, with the continuous development
of various electronic devices, the global demand for
power supply has also increased. Modern society re-
quires clean energy to meet sustainable development.
Therefore, converting various environmental mechanic-
al energy into electrical energy is a feasible solution [1],
[2]. Due to the diversity and extensiveness of mechanic-

al energy in the environment, the collection of mechan-
ical energy has received widespread attention and
achieved good results. Various energy harvesting meth-
ods have been reported recently, such as solar energy
[3]-[5], piezoelectric nanogenerators [6]—[8] and tribo-
electric nanogenerators [9]-[11]. Among these methods,
the triboelectric nanogenerator has been proved to be a
clean and sustainable development strategy. It has the
characteristics of small size, high efficiency, and low
cost. Lei Zhai et al. proposed an energy harvester
coupled with a triboelectric mechanism and electrostat-
ic mechanism [12]. By exposing the electrodes of the
bracelet which is integrated onto the arm, the energy of
the swinging arm and the energy generated by the sep-
aration and contact between the foot and the ground
during movement can be obtained simultaneously. Ugur
Erturun et al. proposed an energy harvester that com-
bines a piezoelectric nanogenerator and an electret-
based electrostatic generator [13], [14]. By changing the
ratio between the monomer and the cross-linker of the
polymer matrix, the structure can easily change the
mechanical impedance of the device, making it suitable
for the development of energy collection devices for
various applications. Gang Cheng et al. proposed a tri-
boelectric nanogenerator that can simultaneously ob-
tain electrostatic energy and mechanical energy from
running water [15]. Flowing water carries two kinds of
energy. One is the mechanical energy of water move-
ment. The second type is electrostatic energy. This elec-
trostatic energy comes from the frictional charge gener-
ated by contact and electrification when water travels
in the pipe or in the air.
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The daily activities of human beings and natural
phenomena in nature will also produce a lot of static
electricity. When the human body is charged with a
certain amount of static electricity due to friction and
other reasons and then comes into contact with other
objects to discharge, the human body is equivalent to a
model with a resistance of 1.5 k{2 and a capacitance of
100 pF. This discharge mode is a human body model
(HBM). These electrostatic voltages are usually
between 3 kV and 30 kV. At the moment of electrostat-
ic discharge, hundreds of millions of joules of energy can
be released. Usually, people don’t think that static elec-
tricity is useful, and even want to avoid it, because the
instantaneous strong voltage can burn out electronic
products. However, if static electricity can be used, it
will ease the pressure on energy supply. At the same
time, electrostatic energy, as an environmental energy
source, also meets the requirements of clean energy and
sustainable development.

In this paper, a light-controlled electrostatic con-
version device (LCECD) has been presented. The device
uses the positive feedback principle of two parasitic bi-
polar junction transistors (BJT) to form a low-resist-
ance path when static electricity comes, which can
clamp the voltage to below 10 V in tens of nanoseconds.
The stable voltage and current output after the static
electricity is clamped can be supplied to the back-end
load to work normally, so as to achieve the purpose of
using static electricity energy. Experimental results
show that LCECD can convert 30 kV electrostatic
pulses into wusable electrical energy. In addition,
LCECD can change its parasitic capacitance by apply-
ing different wavelengths of illumination. Experimental

Anode

results show that for LCECD, smaller parasitic capacit-
ance can achieve higher electrostatic conversion effi-
ciency. This provides a valuable reference for the design
of subsequent electrostatic conversion devices.

II. Device Working Principle and Capa-
citance Characteristic Analysis

The three-dimensional structure diagram of
LCECD is shown in Fig.1. The anode and cathode of
the device are both connected by highly doped P+, N+
and polysilicon gates. One side of the polysilicon gate is
N+, and the other side is shallow trench isolation
(STI). The material for making STI is SiO,. This can
prevent the gate-source breakdown or source-drain
breakdown of the device, and improve the stability of
the device. The floating P+ is surrounded by STI and
contained in P-Well. The N+ of the unconnected poten-
tial in the middle is also surrounded by STI. N-Well
and P-Well are not directly connected, but separated
by DN-Well. Here, the contact surface of P-Well and
DN-Well can be equivalent to two PN junctions. J1 and
J2 represent PN junctions formed on the side of P-Well
and DN-Well/N-Well. J3 and J4 respectively represent
the bottom PN junction. The N-Well and two P-Wells
constitute a parasitic PNP BJT. N-Well, cathode P-
Well and cathode N+ constitute a parasitic NPN1 BJT.
N-Well, anode P-Well and anode N+ constitute a para-
sitic NPN2 BJT. The key dimensions of LCECD are
shown in Table 1.

1. The working principle of LCECD

Light passes through the STI and is applied to the
J1 junction and the J2 junction to achieve light control
of the device. For the J2 junction, due to the excita-
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Fig. 1. Three-dimensional structure diagram and equivalent circuit of LCECD.
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Table 1. Partial dimensions of LCECD

Area label Width (pum)

D1 4.28

D2 4.28

D3 1

D4 1

D5 16.22
D6 3.2

D7 4

tion of photon energy, the N-well generates some minor-
ity carrier holes, and the P-well generates some minor-
ity carrier electrons. Under the action of the built-in
electric field, the excited holes move to the P-well, and
the electrons move to the N-well. This increases the po-
tential of the P region and decreases the potential of
the N region, and accumulates positive and negative
charges on both sides of the PN junction to form a
photovoltaic voltage. At the same time, the holes move
to the P-Well, forming the base current of the NPN
BJT, and the electrons move to the N-Well, forming
the base current of the parasitic PNP BJT. When stat-
ic electricity comes, a strong voltage will be applied to
the anode of the device. And due to the transistor ef-
fect, the photocurrent will be amplified, resulting in
avalanche breakdown of the reverse-biased J2 junction.
A large number of avalanche carriers flow through the
N-Well, causing a voltage drop on the N-Well and turn-
ing on the parasitic PNP BJT. At the same time, due
to the amplification of the parasitic PNP BJT, the in-
creasing current makes the voltage drop of the cathode
P-Well increase continuously, which leads to the con-
duction of the parasitic NPN1 BJT. The two parasitic
BJTs form a positive feedback loop, causing the device
to form a PNPN low resistance path from anode to
cathode. After the low-resistance path is formed, the
device can clamp a voltage of tens of thousands of volts
to about ten volts so that the back-end load can work
normally.

Silvaco software is used to simulate the device in
two dimensions to verify the working process of the
LCECD. In this section, the DC simulation of the
device is performed using Silvaco’s Atlas. The initial
voltage step is 0.05 V, and when the current reaches 1
nA, the voltage step becomes 1.5 V. When the current
reaches 3 mA, the sweep ends. A Gaussian distribution
light with a wavelength of 600 nm is added, and the
light intensity is 10 W/cm? The illumination angle is
set to 90 degrees, which means that the illumination is
perpendicular to the surface from the top of the device.
The applied illumination covers the entire J2 junction,
as indicated by the yellow circle in Fig.2. Fig.2(a)
shows the doping concentration distribution inside the
device and the photon absorption rate. It can be seen
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Fig. 2. Simulation results of LCECD. (a) Doping concentra-
tion distribution; (b) Electric field distribution at
initial turn-on; (c) Current density at initial turn-on;
(d) Current density at full turn-on.

from the figure that the photons are mainly absorbed
by the reverse-biased PN junction J2 formed by N-Well
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and P-Well. In the definition of the LCECD structure,
the doping concentration of the N+ region is set to 9x 10
em >, and the doping concentration of the P+ region is
set to 5x10'Y em™3 . The doping concentration of P-
Well and N-Well is set to 9x10'6 ecm™3, and the doping
concentration of DN-Well is set to 2x10'® cm™. The
above regions are all Gaussian distributions. The P-
Substrate is uniformly distributed at a concentration of
1x10" cm™ (because the foundry cannot provide the
exact doping concentration, junction depth and other
specific process parameters of the device. Therefore, us-
ing Atlas device-level simulations can only qualitat-
ively verify the working principle of LCECD, but can-
not quantitatively characterize its actual electrical per-
formance). Fig.2(b) shows the electric field distribution
of LCECD when static electricity comes. It can be seen
from the figure that the highest electric field distribu-
tion is the contact surface between N-Well and cathode
P-Well. This is due to the avalanche breakdown occur-
ring here and a large number of carriers are generated.
Similarly, the current density distribution of the device
can be seen from the simulation results, as shown in
Fig.2(c). When the device is initially turned on, the cur-
rent density distribution shows an obvious current
path. The current path is made up of DN-Well and two
P-Wells. This is a parasitic PNP BJT. At this time,
there is no current density distribution under N+ of the
cathode, indicating that the parasitic NPN transistor
has not been turned on. Fig.2 (d) shows the current
density distribution after the device is fully turned on.
At this time, the device has formed a PNPN low-resist-
ance path from the anode P-Well to the cathode N+,
and the current density distribution below N+ is ex-
tremely high. These simulation results verify the work-
ing principle of LCECD.

2. Analysis of the
characteristics of LCECD

PN junction capacitance includes diffusion capacit-

parasitic capacitance

ance and barrier capacitance. The main PN junction
distribution of LCECD is shown as in Fig.1. Cjy, Cjyo,
Cj3, and C'j4 represent the parasitic capacitance of the
J1, J2, J3, and J4 junctions, respectively. The parasitic
capacitance of LCECD can be represented as:

(Cy1 + Cj3) (Cy2 + Ca)
Cii+Cio+Cys+Cy

Crcecp = (1)

When the J2 is irradiated by light, some electrons
in the depletion layer absorb photon energy and then
jump from the valence band to the conduction band,
resulting in unbalanced carriers forming current in the
J2. The electric field generated by the photon cancels
the electric field a fraction of the depletion region of the
J2. Therefore, the depletion region of J2 becomes thin-

ner and the barrier capacitance increases. Since the
photon energy of different light wavelengths is different,
the capacitance of LCECD varies with the wavelength
reaction of the depletion region of J2. After the bias
voltage is applied to the anode of the LCECD, the
parasitic capacitance of the device is related to the ac-
cumulation of photons generated by the voltage change
on the device. As the anode voltage increases, current
injection recombines electrons and holes in J1 and J2.
When the bias voltage is small, there are barrier capa-
citance and diffusion capacitance in PN junction. The
diffusion capacitance is:

Cp = (A¢*pL/kT) exp (q¢Vr /KT) (2)

Here, q is the electron charge and p is the minority
carrier concentration. Therefore, when p increases, Ci;
and Cj3 also increase. For the J2 and J4 junctions,
since the DN-Well/P-Well junction is in the reverse bi-
as state, the diffusion capacitance can be ignored. Due
to the existence of external voltage, the depletion re-
gion becomes wider and the barrier capacitance de-
creases. But, the carrier generated by J2 absorbing
photon energy offsets a fraction of the depletion region,
preventing the values of Cjs and Cj4 from decreasing
due to the applied electric field. As the current in-
creases, the amount of carriers keeps increasing. In view
of the capacitance is the number of carriers relative
that to differential of voltage, the capacitance of the
LCECD increases with the increase of voltage. When
the voltage applied to LCECD go rises a certain value,
the applied voltage broadens the depletion region, and
the speed of carrier consumption keeps up with that
produced by J2 under light. At this time, the capacit-
ance value of LCECD reaches the maximum.

When the applied voltage keeps increasing, since J1
and J3 are forward biased, Cj; and Cj3 are mainly de-
termined by the size of the diffusion capacitance. J2
and J4 are in reverse biased state, and the depletion re-
gion widens as the bias voltage increases, which in-
creases the carrier consumption. Under illumination, the
correlation between the reversed-biased voltage and the
barrier capacitance is as follows:

1/C% = (2/A%qNeeo) (Ve + Vi) (3)

Here, areas of J2 and J4 are A, and N denotes the
doping concentration of DN-Well. Vyp is an applied
voltage, and contact potential difference expressed by
Vp. Obviously, the capacitance values of Cjy and Clyy
decrease non-linearly with the increase of Vx. Under
high voltage, the reduced value of barrier capacitance is
greater than the rising value of diffusion capacitance
and the velocity of carriers consumed in the depletion
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region is greater than that excited by photons. In this
case, the capacitance of the LCECD shows a down-
ward trend.

In summary, the C(V) characteristics of LCECD
can be summarized as follows: with the applied voltage
continuously increasing, the capacitance of LCECD in-
creases first, and then decreases after reaching the peak.

III. Experimental Result

In this work, the LCECD was manufactured to
verify its electrostatic conversion capability and its
C (V) characteristics. The LCECD was manufactured
by 180 nm BCD process without any process modifica-
tion. Therefore, LCECD is compatible with standard
CMOS processes. The layout of the LCECD is shown in
Fig.3(a). The device structure layout is eight fingers
with a finger length of 80 pm. Fig.3(b) and (c) are the
microscope image and package diagram of the LCECD,

Fig. 3. The layout (a), the microscope image (b), and the
package diagram (c) of LCECD.

respectively.

1. Electrostatic conversion experiment

In order to verify the voltage clamping capability
of the LCECD, a transmission line pulse (TLP) test
was performed on the device. A TLP measurement sys-
tem with a rising edge of 10 ns and a pulse width of 100
ns is used to obtain the voltage and current curves of
the device with respect to time. When the LCECD is
subjected to an electrostatic pulse, the strong voltage
causes an avalanche breakdown on the trigger surface of
the device, and the device can form a low resistance
path in a short time to clamp the voltage. Fig.4 shows
the voltage trend of the LCECD measured under 25 V,
35V, and 45 V square wave pulses. It can be seen from
the test results that after receiving a square wave pulse
higher than 25 V, the device can clamp the voltage to a
lower value within 25 ns, and clamp the voltage to be-
low 10 V within 50 ns. Obviously, the device has con-
verted the electrostatic pulse into a smooth square wave
pulse output after 50 ns, so it can provide a stable
power supply for the back-end load.

45
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Fig. 4. V-T curve across LCECD under TLP test.

Fig.5 shows the current change trend under the
same pulse measured at both ends of the LCECD. Sim-
ilarly, after the device receives an electrostatic pulse for
50 ns, it can stably output a steady current square
wave. The stronger the applied voltage pulse, the high-
er the output current.
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Fig. 5. [-T curve across LCECD under TLP test.
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The experimental platform shown in Fig.6 is built
to further verify the feasibility of the electrostatic en-
ergy conversion of LCECD. An electrostatic gun is used
here to simulate a real electrostatic pulse. Two experi-
ments were carried out, the electrostatic gun was set to
15 kV and 30 kV HBM static electricity respectively,
and the discharge method was contact discharge. The
electrostatic gun is in contact with the anode of the
LCECD, and the cathode of the device is connected in
series with one (or five) light-emitting diode (LED)
lights, and then grounded. In two experiments, five con-
tact discharges were performed on LCECD using an
electrostatic gun respectively. The experimental results
are shown in Fig.7(a) and (b). The LED lights up at

Fig. 6. Experimental platform for electrostatic conversion
experiment.

(b)

Fig. 7. Electrostatic gun discharge lights up the LED light.
(a) With a 15 kV HBM electrostatic; (b) With a 30
kV HBM electrostatic.

the moment of electrostatic discharge and can work
normally. The experimental results of five contact dis-
charges are the same. The repeatability of the experi-
ment shows that the LCECD and the LED lamp are
not burned out by 15 kV and 30 kV static electricity,
and further shows that the LCECD can convert high-
voltage static electricity into usable electrical energy
output for the back-end load to work.

2. The relationship between the parasitic
capacitance of LCECD and the electrostatic con-
version efficiency

In order to study the influence of the parasitic ca-
pacitance of the LCECD on the electrostatic conver-
sion efficiency, the light control characteristics of the
device must first be verified. Here, the parasitic capacit-
ance under different illuminations is tested. The bias
voltage range set here is from —2.5 V to 2.5 V, and the
test frequency is 1 MHz. In order to ensure the consist-
ency of the light intensity, the light source is illumin-
ated from the same position and the same angle, and
the power of the light source is the same. The C(V) test
results of LCECD under different light are shown in
Fig.8. The test result shows that when the bias voltage
slowly increases from 0, the parasitic capacitance will
increase first. After reaching the maximum value, the
parasitic capacitance of LCECD shows a nonlinear
downward trend. This verifies the parasitic capacitance
characteristics of the LCECD in Section II. Further-
more, the capacitance of the LCECD changes with the
change of light wavelength due to the different photon
energies at different light wavelengths. The results of
the test indicate that the capacitance of the LCECD is
the largest under red light (wavelength 740 nm), fol-
lowed by blue light (wavelength 450 nm), green light
(wavelength 550 nm), and the smallest under orange
light (wavelength 580 nm).

71 ~o Blue light
Orange light
=~ Green light
o —— Red light
E6f
g
g
3 5L
g
O
41
3 L
-3 -2 -1 0 1 2 3

VBias (V)
Fig. 8. The total capacitance of LCECD under different il-

lumination.

For the electrostatic conversion characteristics of
LCECD, as shown in Fig.4 and Fig.5. For this TLP
test, the entire electrostatic conversion process is 110
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ns, of which a stable voltage and current can be output
within 50-100 ns. The time of steady output of electric
energy is determined by the time of clamping static
electricity. The shorter the clamping time, the longer
the device can output stable voltage and current. This
clamping time reflects the response speed of the device
to static electricity. The response speed is faster, the
electrostatic conversion efficiency of LCECD is higher.
In order to verify the relationship between the parasitic
capacitance of the device and the electrostatic conver-
sion efficiency, the device was connected in series with a
0.1 pF capacitor, and a 25 V voltage pulse was input to
simulate the electrostatic pulse. Similarly, different
wavelengths of light are applied to the device at the
same position, and then measure the voltage wave-
forms of the capacitors connected in series. The test res-
ults in Fig.9 show that the charging time of the capacit-
or is different under different wavelengths of light.
Among them, the charging speed of capacitor under or-
ange light (wavelength 580 nm) is the fastest, followed
by green light (wavelength 550 nm) and blue light
(wavelength 450 nm), and the charging speed of capa-
citor under red light (wavelength 740 nm) is the slow-
est. The faster charging of the back-end capacitor
means that the LCECD can respond faster. This corres-
ponds to the parasitic capacitance of LCECD under dif-
ferent wavelengths of light, as shown in Fig.8. The
parasitic capacitance of LCECD is the smallest under
orange light (wavelength 580 nm), and the charging
speed of back-end capacitance is the fastest. The para-
of the device light
(wavelength 740 nm) is the largest, and the charging
speed of the back-end capacitance is the slowest. In
when LCECD is light
(wavelength 580 nm), the parasitic capacitance is the
smallest and the electrostatic conversion efficiency is
the highest. When LCECD is light
(wavelength 740 nm), the parasitic capacitance is the

sitic capacitance under red

summary, under orange

under red

3.0+

L i
(=] w
T

Voltage (V)
o
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Fig. 9. The waveform of charging the back-end capacitor
after the LCECD converts static electricity under
different illumination.

largest and the electrostatic conversion efficiency is the
lowest.

IV. Conclusions

In this paper, an LCECD is designed and manufac-
tured based on the 180 nm BCD process. In addition to
converting electrostatic energy into electrical energy,
the device can also change the parasitic capacitance of
the device by changing the wavelength of incident light.
Based on the TLP test system, the voltage clamping
characteristics of the device were verified, and the feas-
ibility of electrostatic conversion was verified by simu-
lating static electricity with an electrostatic gun. Under
illumination of different light wavelengths, the C(V)
characteristic of the device was measured, and then the
charging waveform of the back-end capacitor was meas-
ured under different illumination wavelengths to study
the influence of the LCECD capacitor on the electro-
static conversion efficiency. It is worth noting that the
smaller the parasitic capacitance of the LCECD, the
higher the efficiency of electrostatic conversion. This
trend provides a valuable reference for the design of
electrostatic conversion devices in the future.

References

[1] Chu S and Majumdar A, “Opportunities and challenges for
a sustainable energy future,” Nature , vol.488, no.7411,
pp-294-303, 2012.

[2] Debe M K, “Electrocatalyst approaches and challenges for
automotive fuel cells,” Nature, vol.486, no.7401, pp.43-51,
2012.

[3] Guney M S, “Solar power and application methods,” Re-
newable and Sustainable Energy Reviews, vol.57, pp.776—
785, 2016.

[4] Morisson V, Rady M, Palomo E, et al, “ Thermal energy
storage systems for electricity production using solar energy
direct steam generation technology,” Chemical Engineering
and Processing: Process Intensification, vol.47,no.3, pp.499—
507, 2008.

[5] Kumar M S, Charanadhar N, Srikanth V V S S, et al., “Ma-
terials in harnessing solar power,” Bulletin of Materials Sci-
ence, vol.41, no.2, pp.1-19, 2018.

[6] Siddiqui S, Kim D I, Roh E, et al, “A durable and stable
piezoelectric nanogenerator with nanocomposite nanofibers
embedded in an elastomer under high loading for a self-
powered sensor system,” Nano Energy, vol.30, pp.434-442,
2016.

[7] Deng W, Jin L, Chen Y, et al, “ An enhanced low-fre-
quency vibration ZnO nanorod-based tuning fork piezoelec-
tric nanogenerator,” Nanoscale , vol.10, no.2, pp.843—-847,
2018.

[8] Rafique S, Kasi A K, Kasi J K, et al., “Fabrication of Br
doped ZnO nanosheets piezoelectric nanogenerator for pres-
sure and position sensing applications,” Current Applied
Physics, vol.21, pp.72-79, 2021.

[9] Liu D, Yin X, Guo H, et al., “A constant current triboelec-
tric nanogenerator arising from electrostatic breakdown,”
Science advances, vol.5, no.4, article no.aav6437, 2019.



396 Chinese Journal of Electronics

2023

[10] Moon H, Chung J, Kim B, et al., “Stack/flutter-driven self-
retracting triboelectric nanogenerator for portable electron-
ics,” Nano Energy, vol.31, pp.525-532, 2017.

[11] Han J M, Wang M, Tong Z M, et al., “Triboelectric nano-
generator based on graphene forest of electrodes,” Journal
of Inorganic Materials, vol.34, no.8, article no.22, 2019.

[12] Zhai L, Gao L, Wang Z, et al, “ An energy harvester
coupled with a triboelectric mechanism and electrostatic
mechanism for biomechanical energy harvesting,” Nanoma-
terials, vol.12, no.6, article no.933, 2022.

[13] Erturun U, Eisape A, and West J E, “Design and analysis
of a vibration energy harvester using push-pull electrostatic
conversion,” Smart Materials and Structures, vol.29, no.10,
article no.105018, 2020.

[14] Erturun U, Eisape A A, Kang S H, et al, “ Energy har-
vester using piezoelectric nanogenerator and electrostatic
generator,” Applied Physics Letters , vol.118, no.6, article
no0.063902, 2021.

[15] Cheng G, Lin Z H, Du Z, et al., “Simultaneously harvesting
electrostatic and mechanical energies from flowing water by
a hybridized triboelectric nanogenerator,” ACS Nano, vol.8,
no.2, pp.1932-1939, 2014.

LIU Yujie received the B.E. de-
gree in School of Information Engineer-
ing from Shaoyang University. He is now
an M.S. candidate in the School of Phys-
ics and Electronic Science of Hunan Nor-
mal University. His research interest is
new semiconductor power device design.
(Email: 727805321@qq.com)

WANG Yang received the
Ph.D. degree in the School of Physics
and Electronic Science, Hunan Normal
University, Changsha, China. His re-
search interests include high-voltage on-
chip electrostatic
design.

discharge protection

JIN Xiangliang (corresponding
author) received the M.S. degree in mi-
crotechnology with emphasis in electric
circuits from Hunan University, Chang-
sha, China, in 2000, and the Ph.D. de-
gree in microelectronics and solid-state
circuits with emphasis in CMOS image
sensor design from the Institute of Micro-
electronics, Chinese Academy of Sciences,

Beijing, China, in 2004. After graduation. He sets up Superpix
Micro Technology Ltd. as one co-founder. From 2010 to 2017. He
is a Full Professor in Xiangtan University. Now, he is a Full Pro-
fessor in Hunan Normal University. (Email: jinxl@hunnu.edu.cn)

PENG Yan received the Ph.D.
degree in pattern recognition and intelli-
gent systems from the Shenyang Insti-
tute of Automation, Chinese Academy of
Sciences, Shenyang, China, in 2009. She
is currently a Professor with Shanghai
University, Shanghai, China, where she is
also the Dean of the Research Institute of
USV Engineering. She led the team to
develop eight series of unmanned surface vessel, which were de-
livered to the State Oceanic Administration, Ministry of Trans-
port, and other departments, and carried out missions in the East
China Sea, Yellow Sea, and Antarctic. Her current research in-
terests include ocean detection sensor modeling and control of un-

manned surface vehicles, field robotics, and locomotion systems.

LUO Jun is currently a Profess-
or with the Shanghai University, Shang-
hai, China, where he is also the Discip-
line Leader of mechanical engineering of
Shanghai Plateau Disciplines, the holder
S of the National Science Fund for Distin-

@ guished Young Scholars, one of the Lead-
\\\ ing Talents of Shanghai, the Shanghai
N\ WA Subject Chief Scientist, the Shuguang
Scholar, the holder of Shanghai Rising-Star Program (Follow-up),
and the Vice Dean of the School of Mechatronic Engineering and

Automation. He mainly works on the structure, sensing, and con-
trol technique of advanced robots.

YANG Jun received the B.S.
and M.S. degrees from the Beijing Insti-
tute of Technology, Beijing, China, in 1998
and 2001, respectively, and the Ph.D. de-
gree from University of Alberta, Edmon-
ton, AB, Canada, in 2004. He is cur-
rently a Full-time Professor at the Insti-
tute for Advanced Study of the Uni-
versity of Electronic Science and Techno-
logy of China (Shenzhen), and the Center Director of Canada’s
First Industry 4.0 R&D Center (WIN 4.0-Western’s Industry 4.0
Network). He has published more than 150 journal articles. His

research interests include additive manufacturing/3-D printing,
micro/nanofabrication, Al-based and Internet-based intelligent
manufacturing, BioMEMS/RF-MEMS, metamaterials, printed
electronics, sensors, flexible/wearable electronics, and THz tech-
nology.



