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Design of Dual Core D-type Photonic Crystal Fiber Sensor with
High Sensitivity

WEI Fanghao, ZHANG Xiangjun

(School of Information and Control Engineering, China University of Mining and Technology, Xuzhou 221000, China)

Abstract; This paper proposes a dual-core D-type high-sensitivity SPR-PCF sensor. which uses the surface plas-
mon resonance (SPR) technology to measure the change of the resonance wavelength by the core loss spectrum to
achieve the purpose of measuring different refractive indices of the substance to be measured. By changing the
arrangement of the internal air holes, it achieves the effect of dual core transmission, and the D-type structure is
beneficial to speed up the surface plasmon reaction. Its working wavelength range can be adjusted, and its structure
is simple and easy to measure and operate. The experimental results show that the refractive index measurement

interval is 1. 35-1.40. The maximum spectral sensitivity is 15 000 nm/RIU, maximum amplitude sensitivity is

Vol. 42 No. 3

582.12 RIU™! ,and the refractive index accuracy of the probe is 1. 56 X107° RIU.

Key words: sensor; photonic crystal fiber; surface plasmon resonance; refractive index
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A Swept Light Source Based on Fiber Acousto-optical Tunable Filter

WU Zhongchao. SHEN Xiangwei, WANG Dagui, XIA Qian, WANG Xiaoxin, ZHANG Zehong., HE Xiaoliang
(The 26th Institute of China Electronics Technology Corporation, Chongging 400060, China)
Abstract : The swept light source is a key component of the swept source optic coherence tomography (SSOCT).
A high quality swept light source can improve the imaging speed, resolution and signal-to-noise ratio of the SSOCT.
In this work, a ring-cavity swept source was built by using fiber acousto-optical tunable filter (FAOTF), polariza-
tion-maintaining booster optical amplifier (PMBOA), fiber isolator and fiber coupler. The experimental results
show that an all-fiber swept light source with the sweep speed of 100 kHz, sweep range of 119 nm (from
1 550.146 2 nm to 1 619. 470 0 nm), single spectrum 3 dB bandwidth of 0. 096 6 nm and average optical output
power of 12 mW has been realized. The swept source has the advantages of wide sweep frequency range, fast speed,
and good coherence and so on. It has certain practical value as a light source in SSOCT system.

Key words: sweep laser; swept source optic coherence tomography; fiber acousto-optical tunable filter
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A Microwave Doppler Frequency Shift Technology Based on
Acousto-Optic Modulation

WU Pengsheng' , WU Ran’ , WEI Zhengwu' , WANG Kai'
(1. The 38th Institute of China Electronic Technology Group Corporation, Hefei 230088, China;
2. The 26th Institute of China Electronic Technology Group Corporation, Chongqing 400060, China)

Abstract; A Doppler frequency shift method based on acousto-optic modulation for microwave signals was intro-
duced in this paper. This technology is based on microwave photonics signal processing and acousto-optic frequency
shifting technology. The Doppler frequency shift of microwave signals in the optical domain has been realized and it
can be used for generating radar interference signals. The operating frequency range of the system is 2-20 GHz. The
test results show that the frequency shift range of the velocity deception interference signals is ==1 MHz and the

minimum frequency shift is == 10 Hz. The system realizes the Doppler frequency shift simulation test of radar pulse

Vol. 42 No. 3

signal when the target velocity reduced from 1 200 m/s to 1 000 m/s.

Key words:radar countermeasure; acousto-optic frequency shift; Doppler; microwave photonics
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Silicon-based Metamaterial Terahertz Wave Electro-optic Modulator

HU Guangyao, WEN Tianlong,ZHANG Huaiwu
(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and

Technology of China, Chengdu 610054, China)

Abstract; Based on the metamaterial structure, a terahertz electro-optic modulator operating at the frequency of

0. 34 THz is designed, manufactured and characterized in this paper. The modulator loads voltages through the

metamaterial structure and obtains a strong electric field at the opening of the metamaterial structure to transport the

photon-generated carrier generated by the silicon under constant laser irradiation. By modulating terahertz waves

with the voltage modulation signals, the modulation depth is increased from 9% to 50% , and the modulation speed

is up to 30 kHz.

Key words: terahertz; metamaterial; electro-optic modulator; modulation depth; modulation speed
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Preparation and Characterization of Bragg Reflective Wide-band Thin
Film Bulk Acoustic Filters

WANG Xiaoxue, SHUAI Yao, TIAN Benlang, BAI Xiaoyuan, LYU Lu, JIAN Ke,
LUO Wenbo, WU Chuangui, ZHANG Wanli

(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic
Science and Technology of China, Chengdu 610054, China)

Abstract; The design and fabrication of a novel Bragg reflection-type thin film bulk acoustic wave (BAW) filter
is investigated in this work. In BAW devices, Y43° lithium niobate single crystal thin film (Y43°-LN) with high
electromechanical coupling coefficient was selected as the piezoelectric material and the Benzocyclobutene (BCB) was
used as wafer bonding layer. The Y43°-LN monocrystalline thin film with submicron thickness was transferred to
the substrate with Bragg reflection layer by the crystal-ion-slicing method. As both the bonding layer and the first
low impedance layer of Bragg reflector, BCB is used to prepare the single crystal BAW filter. The third-order BAW
filter wwith the central frequency of 2. 93 GHz, absolute bandwidth and fractional bandwidth of 247 MHz and 8. 4%

Vol. 42 No. 3

respectively is designed and fabricated. The results indicate that the high electromechanical coupling coefficient LN single

crystal thin film prepared by film transfer technology can realize the preparation of large-bandwidth BAW filter.

Key words: BAW filter; crystal-ion-slicing method;

pling coefficient; benzocyclobutene
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Research Progress of Bulk Acoustic Wave Circulator

YUAN Jing'* ,GAO Yang'* ,REN Wanchun'*
(1. School of Information Engineering, Southwest University of Science and Technology, Mianyang 621010, China;
2. Microsystems Center, Southwest University of Science and Technology, Mianyang 621010, China)
Abstract: As a new type of acoustic circulator, the bulk acoustic wave(BAW) circulator has the advantages of
small volume, low cost and compatibility with CMOS technology, and does not need ferromagnetic materials and ex-
ternal bias magnetic field compared to the traditional ferrite circulator. It has a broad market prospect in modern
wireless communication system. This paper describes the basic principle and structure of BAW circulator,introduces
the research progress of BAW circulator at home and abroad, compares the performance of BAW circulator with dif-

ferent structure and modulation circuits, analyzes the PCB layout and test, and summarizes the characteristics and
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development direction of BAW circulator.

Key words: circulator; bulk acoustic wave(BAW) ; ferrite; modulation circuit; test
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Design of a Linear Piezoelectric Ceramic Drive Power

Supply with High-efficiency

WANG Lerong, HAN Sen

(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract; In order to improve the static power consumption and dynamic performance of piezoelectric ceramic

drive power supply, a high-voltage amplifier with variable static operating point and operating voltage is proposed.

First, an amplifier with a constant current source structure is used to construct a typical high-voltage amplifier.

Then, the working current of the amplifier is dynamically adjusted by a proportional differential circuit. Finally, the

multiple sets of tap power are used to supply power to the high-voltage amplifier in sections to further reduce system

power consumption. The experimental results show that the amplifier can dynamically output 400 mA at 10 mA qui-

escent current; the working voltage of the amplifier can be automatically switched among 50 V, 100 V, 150 V, and

210 V according to the output voltage. The amplifier can obtain excellent dynamic characteristics at a very low quies-

cent current, which can meet the design requirements.

Key words: piezoelectric ceramic; high-voltage amplifier; low power consumption; differential circuit; dynamic

constant current source; sectional power supply
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Research on Precision Positioning Stage Based on Dual Piezoceramics Driving Principle

HU Zhiping' ,GU Sen', TANG Feiyang' , SUN Haonan', ZHU Junhui’, WANG Yong’ . RU Changhai'***
(1. Robotics and Microsystems Center of Soochow University, Suzhou 215021, China;
2. Collaborative Innovation Center of Suzhou Nano Science and Technology, Suzhou 215021, Chinaj;
3. College of Mechanical and Electrical Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract; In order to solve the contradiction between the large motion range and the large scanning range of the
precision positioning platform and realize the cross-scale nano positioning of the large motion range, a precision posi-
tioning platform based on the driving principle of dual piezoelectric ceramics was proposed in this study. The device
combines the advantages of large motion range of the stick slip drive positioning platform, large scanning range of
the piezoelectric scanner and high resolution. The platform consists of a base, a driving module, a flexible hinge
mechanism and a guide rail. The driving module includes large and small piezoelectric ceramics, which drive the po-
sitioning platform in scanning mode and stepping mode respectively The experiment shows that the precision positio-
ning platform has a maximum motion range of 21 mm, a maximum scanning range of 4. 9 ym, a minimum resolution
of 16 nm, and a maximum horizontal stepping motion speed of 10 mm/s, which meets the compatible requirements
of large stroke and large scanning range.

Key words: stick slip; piezo scanner; scanning range; scanning mode; stepping mode; resolution
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Design and Experiment on Dual-mode Piezoelectric Stick-Slip Actuator

DUAN Tiequn' ,MA Yanlong' ,MENG Qingliang” , TIAN Yuanshi'
(1. School of Mechanical and Power Engineering, Harbin University of Science and Technology, Harbin 150080, China;
2. Beijing Institute of Space Mechanics and Electricity, Beijing 100094, China)

Abstract : In this paper. a dual-mode piezoelectric stick-slip actuator is proposed. The combination of a non-reso-
nant mode and a resonant mode is realized by an intermediately fixed piezoelectric unimorph and a flexible amplifying
mechanism, so that the actuator can achieve high motion accuracy and fast response. The appropriate flexible ampli-
fication mechanism parameters are obtained by the finite element method, and the feasibility of the dual-mode opera-
tion of the driver is analyzed and verified. The dynamic model of the actuator is established, and the test system is
set up. The experimental results show that the stick-slip actuator driven by an intermediately fixed piezoelectric uni-
morph can achieve dual-mode operation. In non-resonant mode, the prototype can achieve a minimum step of

0. 056 pm and a maximum output load of 1.2 N. In resonant mode, the maximum output speed of the prototype is
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12.56 mm/s and the maximum output load is 1.4 N.

Key words: piezoelectric unimorph; stick-slip actuator; finite element; dual-mode; load
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Investigation of Sub-palm-scale Double Piezoelectric Driving Flapping Wing

Micro-aircraft Based on Smart Composite Microstructures

WEI Mingchen, ZHANG Weiping. WANG Chenyang. ZHAO Jiaxin. MENG Ran

(National Key Laboratory of Science and Technology on Micro/Nano Fabrication, Department of Micro/Nano Electronics, School of

Electronic Information and Electrical Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract; In this paper, a flapping wing micro-aircraft with double-drive was designed, fabricated and investiga-

ted. This aircraft was mainly fabricated by smart composite microstructures(SCM). The total quality of the proto-

type was 244 mg, and the wingspan was 61 mm. The performance of the prototype piezoelectric driver was tested.

The results showed that the no-load resonance frequency of the piezoelectric actuator was 1 100 Hz and the load

resonance frequency was 28 Hz. The lift test of the prototype was carried out, and the lift of the prototype was

0. 689 mN.

Key words: flapping wing micro-aircraft; smart composite microstructures; transmission mechanism; laser cut-

ting; double piezoelectric actuator
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Researchon Vibration Suppression of Model Based on Neural Network
Model of Piezoelectric Ceramic

YAO Zhuang, ZHOU Mengde, WEN Zhengquan, TANG Linlin, WANG Qinqin, LIU Wei
(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract; In order to achieve the purpose of suppressing the vibration of wind tunnel model under pulsating air-
flow excitation, an active vibration control method of the wind tunnel model based on neural network model of piezo-
electric ceramic actuator is proposed, and the experiment study was carried out in this work. Firstly, the vibration
characteristics of the wind tunnel model system were analyzed, and the active vibration control system of the embed-
ded piezoelectric ceramic actuator was set up. Secondly, a neural network model of piezoelectric ceramic actuator’s
expected output damping force and excitation voltage was established, and a real-time control method was designed
based on the neural network model to calculate the acceleration as excitation voltage. Finally, the effectiveness of the
control method was verified by ground test. The experimental results showed that the control method had good real-
time performance and robustness. In the hammer test, the decay time of vibration acceleration is reduced by 54. 46 %
compared with the piezoelectric equation linear control, the system damping ratio is increased by 1. 58 times, and a
good control effect is obtained.

Key words: wind tunnel model system; active vibration control; piezoelectric ceramic actuator; hysteresis char-

acteristic; neural network model
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AR I 1T X SMR B 2215 BE B 52 M

TR,k R.¥EHm. KM . xET.4 2.8 F
CHL PR R o TR S 4 R K R Se g =, DU 1| AR 610054)

& OF Oy TR A O 0 R T R RN B YRR R % SR A R IT 43 i #fF COMSOL Mul-
tiphysics BT — A W 4R 90 % 2 3. 455 GHaz 11 2% [ 22 %€ B3 Pk 4 (SMR) Z 4E A AU, B 58 T A [6) # A% 77 7
(200 pm® (150 pm® 100 pm® .50 pm® 25 pm® ) X i 4R 45 4 1) 2 A2 1 4R A 52 I, X5 Lt T s AR AR AR AT LT H AR [
A A P o) 25 7 B8 1) 27 2R I IR PR T IR . S5 SRR W] A% R TE I IR AL (3. 455 GHz) B I i B 1] 23 A5 38 4 B P A3 i AR
U/ IN T30 2 A AR RN RR O 25 po® ) o 38 0 PO B8 1) 2 A 90 i I 5 e 0 385 5 224 R AR TR BR A 8 b o — o 1 [ I gl
b T R AR TR A 1] A AR K T R AR A A TR AR R e A AR R

KR o [ BT IR s A BT s BRI A 1) A 1 4R s COMSOL

B4y S . TN64; TN385 XERFRIZAD : A DOI:10. 11977/j. issn. 1004-2474. 2020. 03. 012

Effect of Electrode Design on Electrical Performance of SMR

WANG Shiyuan, ZHANG Gen, PENG Chunrui, ZHANG Xiaode, QIN Kangning, ZHONG Hui, SHI Yu

(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic
Science and Technology of China, Chengdu 610054, China)

Abstract ; In order to meet the requirements of high frequency, high power, and miniaturization of RF devices, a
two-dimensional model of a solidly mounted resonator (SMR) with a resonance frequency of 3. 455 GHz was de-
signed using the finite element analysis software COMSOL Multiphysics. The effects of different electrode area
(200 pm*, 150 pm®, 100 pm*, 50 um’, 25 pm”) on the lateral parasitic resonance of the resonator are investigated,
and the influences of changes in the top electrode and simultaneous changes in the top and bottom electrodes on the
lateral parasitic resonance of the device are compared. The lateral parasitic resonance of the device near the reso-
nance point (3. 455 GHz) increases with the reduction of the electrode area. The lateral parasitic resonance of the
device is most significant when the electrode area is 25 ym’. When the amount of change in the electrode area is con-
stant, the lateral parasitic resonance caused by simultaneously changing the areas of the top and bottom electrodes is
greater than that caused by only changing the top electrode area.

Key words: solidly mounted resonator; finite element; 2D model; lateral parasitic resonance; COMSOL
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Preparation and Dielectric Properties of Barium Strontium Titanate(BST)

Ferroelectric Thin Films

HUANG Xin' ,FAN Qingqing’®, ZHAI Yuguang”’ ,HUANG Wei', LI Junhong’, WANG Chenghao’
(1. Beijing Zhongke Feihong Science & Technology Co. ,LTD, Beijing 100095,China; 2. Institute of Acoustic,

Chinese Academy of Sciences,Beijing 100190, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; The BST thin f{ilms were prepared by RF magnetron sputtering with two different processes of high-
temperature sputtering or low-temperature sputtering followed by high-temperature annealing processes. The effects
of the two sputtering processes on the structure, micromorphology and dielectric properties were studied. The crys-
tal structures of BST thin films were characterized by X-ray diffraction (XRD). The micromorphology and surface
profileof samples were analyzed by scanning electron microscopy (SEM) and surface profilometer. The uniformity of
component distribution was showed by energy dispersive spectroscopy (EDS) analysis. Finally, the dielectric con-
stant bias characteristic of the BST film was obtained bymeasuring the capacitance-voltage (C-V) curve. The results
show that, compared with the BST thin film prepared by the low temperature sputtering and high temperature an-
nealing process, the BST thin film prepared by the high temperature sputtering has better crystallinity, higher den-
sity» smoother surface, and uniform film composition distribution. Therefore, the BST thin filmsprepared by the-
high-temperature sputtering process have better properties. At a frequency of 300 kHz, the dielectric constant of the
BST film prepared by high-temperature sputtering is 127. 5-82. 0, and the tunability is 23. 86 %-27. 9%.

Key words: magnetron sputtering; BST thin film; high-temperature sputtering;low-temperature sputtering fol-

lowed by high-temperature annealing; dielectric property
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Effect of Nitrogen-Argon Flow Ratio on ErAIN Film and SAW Filter

SUN Xian, XIE Yiwei, XU Shaojun, YANG Chengtao
(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science
and Technology of China, Chengdu 611731, China)

Abstract ; In this study, the ErAIN films under different nitrogen-argon flow ratios were deposited on a sapphire
(0001) substrate by RF reactive magnetron sputtering, and surface acoustic wave (SAW) filters were fabricated
based on the ErAIN films. The results show that as the nitrogen-argon flow ratio increases, the crystalline quality
and c-axis orientation of the film become better first and then worse, and the surface roughness decreases first and
then increases. When the N,/Ar ratio is 12 ¢ 17, the ErAIN thin films own best crystal quality and minimal surface
roughness. The SAW filter based on ErAIN film has a resonance effect between 273 MHz and 288 MHz, and when
the N, /Ar ratio is 12 : 17, the SAW filter has the smallest insertion loss and the largest transmission coefficient.

Key words: magnetron sputtering; N,/Ar ratio; Er-doped AIN film; c-axis preferred orientation; SAW filter
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Study on Properties of Nano ZnO Films Grown by Bi-Doped ZnO Seed Layer

HOU Bingyang, LI Lihua, WANG Hang., HUANG Jinliang

(School of Materials Science and Engineering, Henan University of Science and Technology, Luoyang 471000, China)

Abstract: The ZnO seed layers with different Bi*" -doping concentrations were prepared by Sol-Gel method, and
wurtzite structured ZnO nanorods were synthesized by hydrothermal method. The X-ray diffraction (XRD) . Field
Emission Scanning Electron Microscopy (FESEM) and photoluminescence (PL) spectrum were used to measure and
characterize the structure, morphology and optical properties of the samples. The results show that the nano ZnO
films grown on the Bi-doped ZnO seed layer with different concentrations has no change in the crystal structure of
7Zn0O, which is hexagonal wurtzite structure, and the peak intensity of (002) crystal surface is significantly higher
than that of other crystal surfaces. It was found by FESEM that the hydrothermal growth of nano ZnO films on the
seed layer of Bi-doped ZnO with different doping concentration is in the shape of nanorods. The PL spectrum shows
that the peak values of near ultraviolet (UV) emission and lattice defect increase obviously with increase of the
amount of the Bi-doping, and the red shift phenomenon occurs. The band gap width decreases with the increase of
the amount of Bi-doping, which indicates that Bi*" can effectively adjust the band gap width of ZnO.

Key words: Bi*" doping; ZnO nanorods; Sol-Gel method; hydrothermal method; optical property
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Effect of La,O; Doping on Electrical Properties of ZnO Varistor Ceramics

WAN Shuai''?, XU Heng"'?, CAO Wei"?, GU Shanqiang''’, ZHANG Rui'”?, LI Guifang’
(1. State Grid Electric Powder Research Institute, Nanjing 211106, China;
2. Wuhan NARI Limited Company, State Grid Electric Power Research Institute, Wuhan 430074, China;
3. School of Advanced Materials and Nano Technology, Xidian University, Xi’an 710071, China)

Abstract; The ZnO varistor ceramics with rare earth oxide La, O; doping were prepared by conventional solid
state reaction method. The phase compositions, microstructure and electrical properties of the as-prepared samples
were investigated by X-Ray diffraction (XRD), scanning electron microscope (SEM) and varistor DC parameter
tester. The results show that with the increase of La, O; doping content, the potential gradient of ZnO varistor ce-
ramics increases monotonically, the nonlinear coefficient initially increases and then decreases, while the leakage cur-
rent first decreases and then increases. According to the comprehensive evaluation of the specifications of ZnO varis-
tor, when the doping content of Gd,O; is 0. 25% (mass fraction) at the sintering temperature of 1 000 C, the com-
prehensive performance of the ZnO varistor is the best, and the potential gradient, the nonlinear coefficient and the
leakage current are 532.2 V/mm, 41. 6 and 3.3 pA, respectively.

Key words: ZnO varistor ceramics; rare earth oxide La, O;; potential gradient; electric property
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Simulation of Eddy Current Loss Suppression in FeGaB Magnetic Thin Films

CHEN Si', GAO Yang’, REN Wanchun', PENG Chunrui’, WANG Heng'
(1. School of Information Engineering, Southwest University of Science and Technology, Mianyang 621010, China;
2. Microsystems Center, Southwest University of Science and Technology, Mianyang 621010, China;
3. School of Electronic Science and Engineering, University of Electronic Science and Technology of China, Chengdu 610054, China)
Abstract: In the structure of bulk acoustic wave (BAW) magnetoelectric antenna., the induced current generated
by the magnetic film in the magnetostrictive layer in the high frequency magnetic field will cause eddy current loss,
which in turn affects the radiation performance of the antenna. To analyze and suppress the eddy current loss of
magnetic thin films, the eddy current loss model of FeGaB magnetic thin film is established by using the finite ele-
ment simulation method. According to the skin effect of eddy current, the surface eddy current and internal eddy
current are discussed. And eddy current suppression is carried out by inserting Al, O, thin film to isolate the cur-
rent. Through the comparative analysis of three kinds of Al,O; film separation methods, the optimal separation
methods for the surface eddy current suppression and the internal eddy current suppression are obtained. Consider-
ing the influence of the total eddy current, a cross separation method is proposed as the optimal separation method to
suppress the eddy current loss. The simulation results show that the total eddy current loss can be suppressed more
than 65% by using the proposed method to insert 10 nm Al, O;thin film into the FeGaB magnetic thin film.

Key words: bulk acoustic magnetoelectric antenna; magnetostrictive film; FeGaB; eddy current loss; Al, O,
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Study on Wafer Bonding Technology of SAW Devices

LU Dandan, MI Jia, PENG Xingwen, TAN Xinyi, JIN Zhong
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)
Abstract; The fabrication of composite single crystal film and the use of wafer-level packaging are needed with
the development of surface acoustic wave devices toward miniaturization, integration and higher performance. In this
paper, the key process of wafer bonding is studied, and the process requirements are proposed. The key process re-
quirements and equipment characteristics are briefly described, and the metal bonding process is verified. The exper-

iment shows that both the equipment and process can meet the product packaging requirements.

Key words: surface acoustic wave device; wafer level packaging; composite single crystal film; wafer bonding;
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Study on Output Open-circuit Voltage Amplitude of MFC Under
Bending and Swinging

CHEN Pengyu'? , CHANG Zongxu'’,YUAN Xiang''? ,GAO Fei''’ ,LIAN Zisheng'*
(1. College of Mechanical Engineering, Taiyuan University of Technology, Taiyuan 030024, China;
2. Shanxi Key Laboratory of Fully Mechanized Coal Mining Equipment, Taiyuan 030024, China)

Abstract: In order to provide technical support for the design and optimization of the fluid-induced vibration en-
ergy harvesting device based on the flexible piezoelectric materials, the piezoelectric properties of the MFC (Macro-
Fiber Composite) under the action of bending and swinging was studied. Firstly, the piezoelectric output mechanism
of MFC piezoelectric fiber sheet was analyzed theoretically, the piezoelectric model of MFC piezoelectric fiber sheet
was established, and various factors affecting the magnitude of the open circuit voltage output of the MFC piezoelec-
tric fiber sheet are obtained. Then a MFC piezoelectric fiber sheet reciprocating bending and swinging test bench
based on stepper motor is designed and built, the piezoelectric properties of MFC piezoelectric fiber under different
bending angles, bending and swinging speeds, substrates, surface areas and other factors were studied by using the
test bench. The results show that the output open-circuit voltage amplitude of MFC piezoelectric fiber increases with
the increase of bending angle. When the output voltage amplitude reaches the maximum and the bending angle con-
tinues to increase, the output open-circuit voltage amplitude will not change significantly. The output open-circuit
voltage amplitude will increase as the surface area of the piezoelectric sheet increase, and the bending swing speed
and substrate have no obvious influence on the output open-circuit voltage amplitude.

Key words: piezoelectric fiber composites; piezoelectric model; test bench; piezoelectric property; experimental

study
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Research on Calibration Method of Simulation Loading Based on
Piezoelectric Dynamometer

ZHANG Jun, WANG Xinlei,REN Zongjin
(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024 ,China)

Abstract; In the field of aerospace and high-end equipment manufacturing, it is often accompanied by the occur-
rence of a large value ratio load. In order to monitor its working status, it is necessary to accurately measure the size
and direction of large ratio load. In this paper, a piezoelectric force test system is taken as the research object, and
a method of rotating simulation loading for dynamometer calibration is proposed. First, based on the principle of
force decomposition, combing the principle of deviation between the actual axis and the theoretical axis of the cali-
bration device, the geometric distribution law of lateral combined force with loading azimuth was obtained during the
simulated loading process. Aiming at the characteristics of the lateral force fluctuation, a new simulation loading
method-rotation simulation loading method was proposed. Finally, a vector force simulation loading experiment was
designed. The experiments of non-rotation simulation loading method and the rotation on the test system was carried
out and compared. The results show that the rotation load calibration method reduced the lateral total force output
error by 18. 7%F. S. , which verified the feasibility and rationality of the rotation simulation loading method.

Key words: rotational simulation loading method; piezoelectric; sensor; dynamometer; calibration
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Real-time Monitoring of Silo Demolition Based on Long-gauge FBG Strain Sensor

ZHANG Chaorong' , REN Liang' , ZHANG Qing', LIU Yuexin®, LI Bingyong’

(1. Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, China;
2. Dalian Construction Engineering Group Co. , Ltd, Dalian 116000, China;
3. Dalian Port Asset Management Company, Dalian 116001, China)

Abstract; In order to ensure the safety of constructors and construction machinery in the process of physical ex-
cavation and demolition of Dalian Huaneng concrete silo. a long-gauge fiber Bragg grating (FBG) strain sensor was
designed to monitor the whole process in real time. Through the static and dynamic analysis of the strain data col-
lected by sensors, the variation of the surface strain and natural frequency of the silo structure with the opening rate
was obtained, and then the structural damage was identified. During the monitoring of the concrete silo, the sensor
operated steadily, the structural strain response data during the whole demolition process was obtained, and an early
warning of structural collapse was given. The concrete silo collapsed successfully according to the predetermined di-
rection. The research results have solved the problems of blindness and passive delay of safety measures in tradition-
al demolition work and provided an important technical reference for similar concrete demolition work.

Key words: long-gauge FBG strain sensor; strain monitoring; natural frequency; degree of damage; reinforced
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Test and Evaluation of Temperature Response of High-temperature
Piezoelectric Acceleration Sensor

DU Xiaohui' , LIU Shuai' , ZHU Minjie' , LU Tielin' , ZHANG Zuwei’, YUAN Yupeng’
(1. Instrumentation Technology and Economy Institute, Beijing 100055, China;
2. Chongqing Acoustic-Optic-Electronic Co. Ltd. , China Electronics Technology Group, Chongging 401332, China)
Abstract:In view of the development demand that the existing high-temperature acceleration sensor needs to
quantify the temperature response gap with similar imported products, a synchronous high-temperature vibration
comparative test method of high-temperature acceleration sensor is proposed, and a special test system is developed.
The test and evaluation of the temperature response and high-temperature stability of a certain type of high-tempera-
ture piezoelectric acceleration sensor and the same kind of imported products are carried out by comparison. The
sensitivity of the piezoelectric acceleration sensor increases with the increase of temperature in the temperature range
of 23-400 C. The maximum sensitivity temperature drift of the piezoelectric accelerometer is 6. 17 % , which is about
2. 53 times of the Kistler accelerometer. In terms of high-temperature stability, the average high-temperature sensi-
tivity stability of the piezoelectric accelerometer is about twice that of the Kistler accelerometer.

Key words: piezoelectric accelerometer; high temperature; temperature response; stability; contrast test
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Silicon-based Terahertz Optical Modulator with Enhanced
2D Material Heterostructure

WANG Zhuoran, WEN Tianlong, ZHANG Huaiwu
(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of
Electronic Science and Technology of China, Chengdu 610054, China)

Abstract; An optical terahertz modulator based on graphene/boron nitride 2D heterostructure coated silicon was
studied in this paper. The static and dynamic modulation of THz wave were tested respectively with a 808 nm laser
by using the terahertz time-domain spectrum system and a terahertz wave dynamic test system independently built by
the laboratory. When the laser power is increased from 0 to 500 mW, the average transmittance through the tera-
hertz modulator decreased from 58% to 13% with maximum modulation depth of 76% (500 mW). The maximum
modulation speed obtained by the dynamic modulation test is 15 kHz (100 mW). The experimental results show that
the modulation depth and speed can be obviously enhanced by graphene/boron nitride 2D hetrostructure in contrast
to the single-layer graphene coated silicon.

Key words: terahertz modulator; boron nitride; graphene; optically-control; silicon
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A Pre-bandpass Filter for Photoacoustic Detection of Quartz Tuning Fork

GUO Zeyan, GUO Feng, MENG Xianghan, WANG Rundong,TONG Ziyang

(School of Information Engineering, Southwest University of Science and Technology, Mianyang 621010, China)
Abstract ; A sixth-order Chebyshev active analog bandpass filter is designed for the characteristics and extraction
requirements of the quartz tuning fork resonance signal in the quartz enhanced photoacoustic detection system. The
actual circuit design is completed according to the Chebyshev filter theory and the Sallen-Key topology structure
model, and the performance of the filter is verified through a quartz tuning fork resonance characteristic test experi-
ment. The experimental results show that this filter can filter and de-noise the quartz tuning fork photoacoustic sig-
nal without distortion amplification. The specifications of the filter are that the passband is 935 Hz, ripple is
0. 8 dB, out-of-band attenuation is 51 dB, and Q value is 35. 09, which can effectively suppress ambient noise and can be

used for processing photoacoustic front-end signals in the field of quartz enhanced photoacoustic spectrum detection.

Key words: photoacoustic detection; quartz tuning fork; bandpass filter; resonance characteristic; out-of-
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Failure Modes and Research Progress of MEMS Gyroscope in High Overload
Attitude Measurement

QING Ze, MU Dong, LIAN Pu, LI Dongjie
(Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract; The attitude measurement under the conditions of high overload is a recognized problem, mainly be-
cause the angular velocity sensor is difficult to withstand the impact of high overload. The gyroscope based on micro
electro mechanical system (MEMS) technology is the core device to solve the problem of attitude measurement of
high overload. Its ability to resist high overload directly restricts the application of inertial navigation system in high
overload environment. First, the characteristics of two typical high-overload environments for ammunition launch
and penetration are introduced, and the response types of MEMS gyroscope in high-overload environments are sum-
marized. Secondly, the failure modes of MEMS gyroscope under the conditions of high overload are summarized, in-
cluding complete failure and functional failure. Then, the research progress of MEMS gyroscope with high overload
resistance at home and abroad is introduced. Finally, from the perspective of device design and engineering applica-
tions, the design method and application ideas of MEMS gyroscope with high overload resistance are proposed.

Key words: inertial sensor; high overload; attitude measurement; MEMS gyroscope; failure mode
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Study on Whole Angle Technology of Hemispherical Resonator Gyroscope
Based on Surface Electrodes

JIANG Chungiao, JIANG Li, TAN Pinheng, FANG Haibin, BU Jijun
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract; The hemispherical resonant gyro in the whole angle mode is a rate integrating gyro, which has the
characteristics of wide measurement range, high bandwidth and high accuracy. In this paper. the whole angle mode
of a two-piece hemispherical resonator gyro composed of resonators and surface electrodes is studied. The pattern
control and the single solution method are introduced and implemented through the FPGA and DSP architecture and
the standing wave azimuth is resolved. The experimental data show that the developed two-piece hemispherical reso-
nance gyro prototype can realize the function of rate integrating gyro, with the measurement range of £ 400 (°)/s
and the maximum system drift of 20 (°)/h. Compared with the hemispherical resonant gyro in the force balance
mode, it broadens the measuring range of the hemispherical resonant gyro, and lays a foundation for further impro-
ving the accuracy of the full-angle hemispherical resonant gyro

Key words: surface electrode; hemispherical resonator gyroscope; whole angle technology; pattern control;
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Zero Bias Compensation Technology of MEMS Gyroscope Based on
MAA Full Temperature Hysteresis Model

WU Ying', JIANG Bo’, DI Ke*, ZOU Xinhai*, LIU Yu’
(1. School of Intelligent Technology and Engineering, Chongqing University of Science and Technology., Chongqing 401331, China;
2. Chongging Engineering Research Center of Intelligent Sensing Technology and Microsystem,
Chongqing University of Post and Telecommunications, Chongqing 400065, China)

Abstract; The micro electro mechanical system (MEMS) gyroscope has the advantages of small size, high accu-
racy and broad application prospect. Due to the different thermal stress and thermal resistance of inertial compo-
nents, the output of the corresponding sensor will produce temperature hysteresis effect, which seriously affects the
zero bias stability of gyroscope. In view of the poor adaptability of the traditional gyroscope temperature error com-
pensation method, this paper proposes a temperature hysteresis zero bias compensation model by using the moving
average algorithm (MAA) to compensate the zero deviation of MEMS gyroscope in the full temperature range. The
experimental results show that when the working temperature of the gyroscope changes in the range of —30 C to
+90 C after compensation, the absolute error of the corresponding zero bias decreases from 0. 21 (°)/s to 0. 02
(°)/s, and the stability of the zero deviation increases by nearly one order of magnitude.

Key words: MEMS gyro; moving average algorithm (MAA); full temperature hysteresis model; zero bias com-

pensation
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Design of an Airborne Ultrasonic Liquid Level Monitoring Sensor

TAN Xinyi, ZENG Xiangbao, WANG Dengpan, ZHANG Yi
(Chongqing Acoustic-Optic-Electronic Co. , Ltd. of China Electronics Technology Group Corporation, Chongqing 400060, China)
Abstract; In this paper, an ultrasonic fixed-point liquid level monitoring sensor for airborne wastewater storage
tanks is designed. The sensor adopts a fully enclosed structure, which effectively eliminates the adverse effect of the
environment on the monitoring process. At the same time, a dual decision algorithm is proposed to improve the ac-
curacy and reliability of the monitoring. The effectiveness of the sensor is verified. The theoretical and practical a-
nalysis shows that the sensor can monitor and alarm the fixed-point liquid level more accurately and stably.

Key words: airborne wastewater storage tank; ultrasound; fixed-point liquid level monitoring; fully enclosed

structure; dual decision algorithm
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Design of Miniaturizedand Low-profile UHF RFID
Metal-mountable Tag Antenna

TANG Xuyang'®, ZHANG Bohan’*®, ZHANG Jingwei'’, HE Daping'®, WU Zhipeng’®, LIU Chengguo' "’
(1. School of Science, Wuhan University of Technology, Wuhan 430070, China;
2. School of Information Engineering, Wuhan University of Technology, Wuhan 430070, China;
3. Hubei Engineering Research Center of RF-Microwave Technology and Application, Wuhan 430070, China)

Abstract; Aiming at the requirements of miniaturization and low profile of UHF RFID metal-mountable tag, this

paper proposes a metal-mountable UHF RFID tag antenna with a size of 50 mm X 20 mmX0. 9 mm. The design uses

CST MWS software for modeling and simulation. The effects of the changes of the size of the inset-feed structure

and the size of the rectangular slot on the input impedance of the tag antenna are analyzed, and the corresponding pa-

rameters are adjusted to realize conjugate impedance matching between tag antenna and microchip. The measured re-

sults show that the input impedance of the tag antenna and the chip impedance are well matched. The tag antenna

has a maximum measured read range of 4. 3 m at 910 MHz, and has a small size and low profile. It can be applied to
metal scenes in various fields such as logistics, medical treatment and retail.

Key words: RFID; tag antenna; metal-mountable; miniaturization; UHF
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Design and Research of a Band-Notch Reconfigurable UWB Antenna

LIANG Qing' , WANG Chao' ,SU Zhengdong' . XIONG Wei’
(1. School of Electronic Engineering, Xi’an University of Posts and Telecommunications, Xi’an 710121, China;
2. School of Science, Xijing University, Xi’an 710199, China)

Abstract; An ultra-wideband antenna with four band-notched and reconfigurable characteristics is designed in
this paper. The four notch characteristics of the antenna are realized by etching a U-shaped slot slit on the antenna
radiation patch and the microstrip feed line, and adding an annular opening parasitic element on the modified floor.
The trapping reconfigurable characteristic is realized by adding a PIN diode switch in the band-notch structure, and
the three band-notch and four band-notch characteristics are respectively realized by the opening and closing of the
switch, thereby the utilization ratio of the ultra-wideband frequency band are further improved. The principle of an-
tenna band-notch generation is analyzed. and the influence of antenna size parameters on the notch is studied. The
comparison between the simulation and measurement results shows that the antenna can effectively suppress the in-
terference of narrow-band systems in the 3-11. 74 GHz. The size of the antenna is 24 mm X 16 mm X 0. 8 mm, and
the structure is compact. It can be widely used in various UWB communication systems.

Key words: four band-notch; U-shaped slot; parasitic unit; PIN diode;reconfigurable characteristic
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Near-field Broadband Beamforming Based on Uniform Concentric
Circular Array
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(1. College of Electronic Information and Optical Engineering, Nankai University, Tianjin 300350, China;
2. Tianjin Key Laboratory of Optoelectronic Sensor and Sensing Network Technology. Tianjin 300350, China)
Abstract: A method of frequency invariant near-field broadband beamforming is proposed in this paper. The out-
put signals of a uniform concentric circular array (UCCA) are converted into phase mode signals by using inverse
discrete Fourier transform (IDFT), and a far-field array with frequency invariant response is then approximately a-
chieved by using the near-field correction and frequency compensation network. Therefore, the traditional far-field
narrow-band beamforming methods can be extended to the proposed near-field broadband array. The simulation re-
sults show that the array response of the near-field broadband array is approximately frequency invariant, and its
beam pattern is also similar to that of the far-field narrow-band array. In addition, compared with other beamform-

ing methods, the performance of the proposed frequency invariant near-field broadband array is significantly im-
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proved with even lower computational complexity.
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