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A Space-borne X-band Carrier Source with Configurable Output Frequency

CHEN Dejun'? ,SONG Song’ , LIANG Xianfeng'
(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100190, China; 3. Synopsys Inc. Beijing Office, Beijing 100086, China)

Abstract; Aiming at the problem that the domestic space-borne data transmitter cannot achieve flexible and vari-
able carrier frequency, a scheme of carrier source with configurable output frequency was proposed. The highly ac-
curate and variable reference frequency and flexible configuration of the phase detection frequency in the phase detec-
tor in the phase-locked loop (PLL) were realized to make the output frequency of the carrier source programmable
configuration by combining the field programmable gate array (FPGA) and digital-to-analog converter (DAC). The
measured results from the carrier source with programmed output frequency were shown that the function for arbi-
trarily configuring output center frequency points in the X-band frequency range of 8. 025~8. 4 GHz could be real-
ized, and the phase noise were less than — 66 dBc/Hz@ 100 Hz, — 75 dBc/Hz@ 1 kHz, — 80 dBc/Hz@ 10 kHz,
—95 dBc/Hz@100 kHz,—120 dBc/Hz@1 MHz, the spurious suppression was below —74 dBc, the frequency res-
olution was less than 10 Hz. The related circuit can replace the function of the dedicated direct digital frequency syn-
thesis (DDS) chip and can be adapted to the space applications environment.

Key words: space-borne data transmitter; carrier source; phase-locked loop(PLL); X-band; direct digital fre-

quency synthesis(DDS) ; space application environment
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Magnetic Surface Acoustic Wave Resonator Based on Flexible Substrate

LIU Wan, LU Yawei, HU Wenbin, BAI Feiming
(State Key Laboratory of Electronic Thin Films and Integrated Devices, University of Electronic Science and
Technology of China,Chengdu 610054 ,China )

Abstract: In this paper,a magnetic acoustic surface wave(MSAW) resonator based on flexible polyimide (PI)
substrate is studied and fabricated by solving the technique problem of preparing amorphous soft magnetic thin films
on flexible substrates. By sputtering and depositing amorphous FeCoSiB magnetostrictive film and ScAIN piezoelec-
tric film on flexible polyimide (PI) substrate, the interdigital electrode was fabricated by photolithography and the
layered structure of IDT/ScAIN/FeCoSiB/PI was formed, the flexible MSAW resonator was fabricated successful-
ly. The structure and surface morphology of the films were analyzed by X-ray diffraction(XRD) and atomic force
microscopy (AFM). The static and high frequency magnetic properties of FeCoSiB films were measured by VSM
and short-circuit microstrip method. Finally, the device is tested on the probe platform by vector network analyzer
and compared with the simulation results of COMSOL. The experimental results showed that the MSAW device had
two resonance peaks,of which the Rayleigh wave appears at 28. 32 MHz and LLamb wave appears at 93. 69 MHz.

Key words: flexible electronics;acoustic surface wave;magnetoelectric composite film;magnetic field sensor
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Two Calculation Methods for Group Delay Ripple of Bulk Acoustic
Wave Filter

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; In order to conveniently calculate the group delay ripple of the bulk acoustic wave (BAW) filter by the
S parameters measured by the vector network analyzer, two methods of calculating the group delay ripple of BAW
filter in ADS and MATLAB are put forward. In this paper, the calculation and the calculating process of group de-
lay ripple by the MATLAB programming and ADS are introduced, and the two methods are compared. Then, the
difference between using “delay (S,,)” and “group_delay” to calculate the group delay ripple in ADS is pointed out.
The results show that the calculation in MATLAB is basically consistent with the group delay ripple calculated in
ADS using “group_delay” and both can accurately calculate the group delay ripple of the BAW filter.

Key words: BAW filter; phase-frequency characteristic; group delay ripple; S parameters;calculation method
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1 MATLAB # it & ¥ %
1.1 S2P iR

e LA m SO m SO R A R
B —FEAR R “readS2P” s 8% )5 & X function pREFN
B\ oRE; 1 G R B S2P ST BN T IR A A Y
11 s deJa B S2P AP Y B AR AL RO LR S 28
MY IEAE FAARAL . S2P SCHF e B 7 B P 4T

function [ freq,S,magZ,angZ | =
readS2P(m,a,bH)

fid = fopen(m);

tline = fgetl(fid) ;

i=03;j1=0;

while ischar(tline) %

if tline(1H)=="1'

=i+1;

Jl1=1;

elseif tline(1)=="4#"

i=it1;

else

break;

end

tline = fgetl(fid);

end

data=textread(m,”, headerlines’,1) ;

freq=data([1: 1 22000],1);
1.2 HENEZEEHITE

IS A 382 2l 353 WA LSS 8 m SCfF m S
2 T N bR B4, — FE AR O U Filter_Measure”; 88 )5
AE X function pRE AN A BREL #2558 “read S2P”
SO FE AR HE I A 69 5 S 9 5 AR I SE i Bl i TR
FEFF . AR REFFANT -

function [ Daiwaiyizhil ]=Filter_Measurel (m)

[freq,S,Mag, Ang]=readS2P(m,2,1);

warning('off")

Ang=(Ang<{0). * (Ang+360)+ (Ang>0).
* Ang;

AngPi=Ang/180 % pi;

AngPi = AngPi (((freq << (2094 + 3. 1) =x
1000000) & (freq™>(2094—3. 1) * 1000000)))

oumiga=2 % pi * freq;

oumiga = oumiga (((freq<C (2094 + 3. 1) =
lOOOOOO)&(freq>(2094*3. 1) % 1000000))) ;

Qunyanshi=-diff (AngPi(1:1:end)). /diff(ou-
miga(1l:1:end)) % 10°9;

Qunyanshil = max (Qunyanshi)-min ( Qunyan-
shi);

str=1["....5. BB 4L P 3 = num2str (Qun-
yanshil)'ns. ... ];

disp(str) ;

end
1.3 HiEmY

T IO X B AR SO e TR B A A Y
BAW JE i & 1) S2P 3L 5 4K J5 8 A i 4 1 3 55
FEFp “Filter_Measure” U #6 WK ML1HIE BAW J§
W 25 0 BE B ZE 38 By 5 B JE DA excel JE 2 I F 54
o BoH s A R AR

cle

clear

maindir = 'F.\data\ 5K iR 586 50

subdir =dir(maindir) ;

for bianhao=[123457 8]

Wendu=[ ]; Qunyanshiall=[ J;

for i = 1:length(subdir)

filename=subdir(i). name;

flg= strfind (subdir (i). name, ['du_"num2str
(bianhao)' # ') ;

if(length(flg) ~=0)

Wendu= [ Wendu str2num ( filename (1 flg-
IR

[ Qunyanshil |=Filter_Measurel (filename) ;

Qunyanshiall=[ Qunyanshiall Qunyanshil ];

end
2 ADS it & ¥ &%
2.1 S2P 3 {FiEEX

12 ADS B AF it 5 BAW 38 3 #5% 10 7F i 2 9%
3l B e ADS B A5 ) BAW 8 4 1Y
S2P 3. BT Bidg 7 ADS B B 5K
B SRS TCE S2P STl FARRL (19 S 2 80+ 1
JCHY R P I L TR . 7R S2P ST b S A A
1 BAW 8 as S2P 303 S 2 8Dy H B B 1 49 4
0 AP KT 2 R R 2% g B AT S I OR R
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Study on Frequency and Temperature Characteristics of Single Crystal

Thin Film Bulk Acoustic Resonators

JIAN Ke, SHUAI Yao, TIAN Benlang. BAI Xiaoyuan, 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 43°Y-cut lithium niobate single crystal piezoelectric thin film was prepared by ion implantation

transferring method, and the solid-state acoustic reflective thin film bulk acoustic device was prepared with SiO, /Mo

as the acoustic reflection structure. The operating frequency of the resonator is at 3 GHz, and the equivalent electro-

mechanical coupling coefficient of LN film is 14. 15%. The frequency and temperature characteristic of the resonator

is characterized. The results show that although the frequency temperature coefficient of LN single crystal is be-

tween (—70~—90) X10 °/C, the frequency temperature coefficient of the resonator is reduced to —18X10 °/C

because the acoustic reflection structure contains a SiQ, layer with positive temperature coefficient, which shows

that the solid acoustic reflection structure can effectively suppress the temperature drift of LN single crystal thin film

and obtain a resonator with low frequency temperature coefficient.

Key words: bulk acoustic resonator; ion implantation stripping method; lithium niobate single crystal film; solid

state acoustic reflection structure; electromechanical coupling coefficient; frequency temperature coefficient
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A SAW Filter with Low Insertion Loss and High Suppression

CHEN Yanguang' ,DONG Jiahe' ,CHEN Qinghua® ,JIANG Shiyi' , CHEN Huazhi' ,
LI Hualin', CHEN Shangquan' ,LU Chuan' ,ZHAO Xuemei'

(1. The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China;

2. Military Representative Office of Equipment Department in Chongqing, Chongging 400060, China)
Abstract; In this paper, a low loss and high suppression surface acoustic wave filter is developed by the methods
of pitch-modulated IDT and two acoustic channel designs. The filter uses 64°Y-X LiNbQO; as the substrate material,
its center {requency is about 475 MHz, the insertion loss is less than 2 dB, the stop band rejection is better than

60 dB and the relative bandwidth of 1 dB is about 5%. The developed filter has the characteristics of low insertion

loss and high stop band rejection. The results show that the design method has good practicability.

Key words: surface acoustic wave filter; pitch-modulated; three-IDT
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Study on Gas-phase BYD Model of QCM Absorbed by Viscoelastic Film

GE Ciyu, LIAO Shuang,TANG lJinfei,ZHANG Xinyu,TAN Feng

(School of Automation Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China)

Abstract; QCM is a kind of high-sensitivity sensor that can be quantitatively analyzed and characterized by estab-
lishing the relationship between QCM parameters changes and the measured viscoelastic films. In this paper, based
on the constitutive equation of quartz crystal, the QCM equivalent BVD model of the adsorption of viscoelastic film
without considering the capacitance effect under gas-phase conditions is derived. An explicit expression of the QCM
equivalent parameters and frequency changes regarding the physical properties of the viscoelastic film is given, re-
vealing the physical phenomena of “extra mass effect” in the gas phase caused by the loss modulus and storage mod-
ulus of the viscoelastic film. The BVD model derived in this paper has higher accuracy than that of the EBVD model

given by Arnau. The results show that the model can be applied to analyze the characteristics of gas phase viscoelas-

tic films.

Key words: quartz crystal microbalance; equivalent BVD model; viscoelastic film; storage modulus; loss modu-
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Optimization Design of 2.4 GHz VCO for Microwave Communication

DUAN Wenjuan, LIU Bo, WANG Jinchan,ZHANG Jincan,LIU Min, MENG Qingduan
(Electrical Engineering College, Henan University of Science and Technology, Luoyang 471023, China)

Abstract: An improved LC voltage-controlled oscillator (LC-VCO) with low power consumption and low phase
noise at 2. 4 GHz oscillation frequency is proposed in this paper. As an optimization scheme, the active MOS tran-
sistor devices are employed to replace the passive resistors and capacitors in order to reduce the layout area and pow-
er consumption, as well as improve the comprehensive performance of VCO. Based on TSMC 65 nm/ 1.8 V CMOS
process, a VCO circuit is designed and simulations are performed for performance analysis. By combining theoretical
modeling with small signal equivalence circuit, appropriate parameter tuning is realized for the replacement of key
passive devices. The simulation results show that the improved VCO has a tuning range from 2. 365 GHz to
2.506 GHz and the tuning bandwidth of 141 MHz, phase noise of —127. 272 dBc/Hz@ 1 MHz, and as low as

1. 323 mW power consumption at 1. 8 V power supply voltage. Furthermore, the value of figure of metrics(FoM) is

up to —193. 84 dBc » Hz ', which is better than most of other same LC-VCOs at the same {requency range.

Key words: LC-VCO; low power; low phase noise; LS frequency band; optimization design
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Design of a 3-D Nanowire SAW Gas Sensor and Alarm Detector

REN Yanyu', WANG Lu’, WANG Yinxin®, YANG Jing’
(1. Computer Science and Engineering College,Southeast University of China, Nanjing 211189, China;
2. Chongging Acoustic-Optic-Electronic Co. Ltd, China Electronics Technology Group,Chongqing 401332, China)

Abstract; In this paper, a new SAW gas sensor with three-dimensional nanowire structure is presented. The
preparation and modification of nanowire on SAW resonator, the design of sensor signal extraction circuit and the
design of alarm detector are described in detail. In the end, a gas alarm detector sample is developed, and the per-
formance index of the sensor is tested with GB simulator, the response threshold of the sensor is 2 mg/m®, and the
corresponding time is only 20 s. The results show that the three-dimensional nanowire SAW gas sensor has a signifi-
cant improvement both in response threshold and in corresponding time compared with the conventional two-dimen-
sional SAW gas sensor.

Key words: gas sensor; alarm detector; SAW; nanowire
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mperature Measurement Method of Wireless Sensor Network Based on

SAW Anti-interference Transmission

LI Chundong'*, BIAN Zhenyu”’ ,GAO Yuan®’,ZHENG Hua’
(1. School of Electrical and Automation, Wuhan University, Wuhan 430072, China;
2. State Grid Liaoning Electric Power Co. , Ltd. Tieling Power Supply Company, Tieling 112000, China;
3. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206 ,China)

Abstract: In order to quickly and accurately predict the health status of the system. a temperature measurement

method based on SAW technology in wireless sensor network is proposed. The detection method uses the unidirec-
tional radar pulse triggered by the switch to provide the transmission and reception channels through the radio mo-
dem. According to the structure of the sensor, the cross-section characteristics of the cooperative target are charac-
terized to restore the physical quantity that defines the material characteristics of the transducer. At the same time,
the anti-interference processing methods in the communication from interrogator to interrogator and from sensor to
interrogator are given. The effectiveness of the proposed method has been verified by the indoor and outdoor temper-
ature measurement experiments lasting for one and a half years, which can support industrial system monitoring and
health status assessment.

Key words: surface acoustic wave technology; wireless sensor network; anti-interference; temperature measure-

ment; modem
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A Large Aperture Medium-wave Acousto-optic Tunable Filter

ZHANG Zehong, WANG Zhilin, LIU Ling,CHEN Yongfeng
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract: In this paper, a large aperture medium-wave (3~4.5 um) acousto-optic tunable filter using tellurium
oxide crystal as acousto-optic medium material is introduced in this paper. Through optimizing the design,its clear
aperture has reached 20 mm X 20 mm,and its luminous flux has increased by 3 times compared with the commonly
used acousto-optic tunable filters (optical aperture 10 mm>< 10 mm). This acousto-optic tunable filter is designed for
the incident o-light, which adopts a single-chip transducer structure. The results show that through design optimiza-
tion, the filter achieves a filter range of 3.0~4.5 ym,a separation angle of 5. 25°,a diffraction efficiency of greater

than 60% ,and a spectral resolution of less than 45 nm.
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Research on Micro-Thrust Measurement Based on Torsional
Effect of Quartz Wafer

REN Zongjin, ZHU Xiaoyu, ZHANG Jun
(School of Mechanical Engineering, Dalian University of Technology. Dalian 116024, China)
Abstract: In order to solve the problem of dynamic measurement of mN-level thrust output by electric thruster,
a micro force measurement device based on piezoelectric torque sensor is developed in this paper. By converting the
“little force-large force arm” of the thruster into the “little force arm-large force” of the measuring end, the tiny force out-
put from the thruster is converted into torque measurement, and the measurement of the mN-level tiny force is realized.
The measuring device is statically calibrated by applying a standard tiny force with electromagnetic force; the nonlinear error
and repeatability error are 1. 26 % and 1. 43% respectively. The natural frequency of the measuring device in the thrust
measurement direction is 35 Hz by the pulse excitation response experiment method. The test result shows that the pro-
posed device is feasible to measure the micro output force of mN-level electric thrusters.
Key words: micro-thrust; piezoelectric quartz; micro-thrust measurement; mN level force; electromagnetic force
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Design and Preparation of Bonding Membrane System of Optical Fiber
Coupling Acousto-optic Modulator

LIU Baojian, CHEN Huazhi, CAO Jiaqiang, LIU Ling
(The 26th Institute of China Electronic Technology Group Corporation, Chongqing 400060, China)

Abstract; In order to realize ultra-high speed acousto-optic modulation, a method of designing and simulating the
bonding membrane system of a fiber optic coupling acousto-optic modulator is presented in this paper. An optical fi-
ber coupled acousto-optic modulator with a working frequency of 200 MHz and a rise time of 10 ns was designed and
manufactured by this method, The device uses Te(Q, as the acousto-optic medium, 36 ° Y-cut LiNbO; as the piezoe-
lectric transducer wafer, the substrate layer uses high-purity Cr, the bonding layer is high-purity Au, and the re-
sults show that the device performance test is good.

Key words: fiber coupled acousto-optic modulator; bonding membrane system; simulation; substrate layer;
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# E:L Mg(OH), NH,H,PO, . ZrCL, O » 8H,O Jy J5U e}, 76 A5 [7] 1 #440 #LIR B (800 'C,900 'C .1 000 C,
1100 "C)T N FH [ AH S RE 6 B R 8% 4% (MgZr, . PO, ) (MZP) M B 52 T H A E /R 25 H # #4 (TG/DSCO)
T DAL OO SR S R R AR . A5 SR, 000 CALBETR AT LA LA MZP KA, oM R RE R EAFAE . B
BHHRTRER TR I T Ze, OPOLD, 5 A Y, K g S IR E M TS g £ . & MZP B K
HA 2~5 pm KNS RIURLAR 22 DHDRE , IF A T /N ORE 38 48 B2 AN 00 7 7 IR L 38 A AR 0 R AR R AR
RMEEH KT RN 2 pm WRAIEE . BEE IR AT . MZP iy 356 55 738 18 9 H0RE 7 i 19 I, 10k o v 5 2
=Em T3 RE.

K47 : MaZr, (PO, 5 B AR K s IE-7R Z HF TG/ DSO) 3% 5 WM TE 57 5 25 18 i v RE

hE 425 TN384; TM28 XHRR SRS A DOI:10. 11977/j. issn. 1004-2474. 2020. 04. 013

Study on MgZr, (PO, )¢ Reaction and High Temperature Electrical Properties

HU Sheng' , XIONG Houbo' , LI Xiangcheng®
(1. College of Electrical and Electronic Engineering, Hubei University of Technology, Wuhan 430068, China;
2. State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract; Using Mg(OH), , NH, H, PO, , ZrCl,O « 8H,0O as raw materials, MgZr, (PO,); (MZP) powder was
synthesized by solid phase reaction method at four different heat treatment temperatures of 800 C, 900 C,
1000 C,1 100 C. The TG/DSC atlas, phase composition, micro-morphology, high temperature electrical proper-
ties of the synthesized MZP powder were investigated. The results show that pure phase MZP powder can be syn-
thesized at 900 C, and the powder can exist stably. With the increase of the heat treatment temperature, the second
phase product of Zr,O (PO,), appeared in the synthesis product, and its amount increased with the increase of the
heat treatment temperature. The synthetic MZP powder has two forms, one is a granular shape with a size ranging
from 2 pm to 5 pm, the surface is rough, and smaller particles are aggregated; the other is an irregular cube shape,
and a very small amount of shape is rod-shaped with a smooth surface and a size of 2 um. As the temperature increa-
ses. the conductivity of the MZP sample increases by three orders of magnitude due to the increased diffusion capaci-
ty of the magnesium ion channel.

Key words: MgZr, (PO, ) ; solid phase reaction; TG/DSC atlas; micro morphology; high temperature electrical

property
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Effect of Ba>** Doping on Structure and Electric Properties of
CaCu;Ti,O,, Ceramics

ZHONG Xin, WU Yang. TANG Zhuming., ZHOU Zixin, ZHANG Chen

(School of Material Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract; The Ca,—,Ba,Cu; Ti, O, (x=0, 0.005, 0. 010, 0.020, 0.030, 0.040, 0.050, 0.100) ceramics have
been prepared by the traditional solid state reaction method. The effects of the changes of Ba*" doping contents on
the phase structure, surface morphology and electric properties of Ca,—,Ba,Cu; Ti, O,, have been investigated by the
X-ray diffraction, scanning electron microscopy, and dielectric temperature relationship measurement system and
impedance tester. The results show that the second phase CuO is produced in ceramic samples with the increase of
Ba’" doping content, and the Ba’" doping increases the lattice constant of CaCu; Ti, Oy, at the same time. The grain
size of Ca;—, Ba,Cu; Ti, Oy, decreases with the increase of the doping amount of Ba’" and the porosity decreases ac-
cordingly. The dielectric loss of CaCu; Ti, O;; ceramics and the change rate of relative dielectric constant with tem-
perature can be reduced effectively by doping appropriate Ba*". A certain amount of Ba®" doping can also increase
the grain boundary resistance of CaCu; Ti,Oy;.

Key words: solid state method; CaCu; Ti, O;, ceramics; phase structure; microstructure; electric property
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Damage Detection for Timber Beams Based on Piezoelectric Impedance Technology

HAN Fang''?, WANG Chengfeng' ,ZHANG Quanjing'
(1. College of Science, Wuhan University of Science and Technology, Wuhan 430081, China;2. Hubei Province

Key Laboratory of Systems Science in Metallurgical Process(Wuhan University of Science and Technology) , Wuhan 430081, China)

Abstract: The numerical simulation and experimental study on the non-destructive and destructive timber beams
with piezoelectric ceramic (PZT) sensors are carried out based on the piezoelectric impedance technology, and the
damage index, that is the root mean square deviation (RMSD), is used to quantitatively evaluate the relationship be-
tween the impedance value of the timber beams as a function of the damage degree and the damage location. The re-
sults indicated that the piezoelectric impedance method could efficiently estimate the local damage. The RMSD value
increased with the increase of the damage degree when the distance between the PZT transducer and damage location
was fixed, while the RMSD decreased with the increase of the distance between the PZT transducer and damage lo-
cation when the damage degree was fixed. The numerical results are consistent with the existing experimental re-
sults. Both of the numerical results and the experimental results indicate that the piezoelectric impedance method can
efficiently detect the local damage of the timber beams, which can provide a reference for engineering practice.

Key words: piezoelectric impedance method; damage detection; numerical simulation; root mean square devia-

tion; lead zirconate titanate (PZT) transducer
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Multi-information Tactile Detection System Based on Piezoelectric Film

HUI Qianxin,GAO Xinyu,CUI Meng,XIN Yi

(College of Instrument Science and Electrical Engineering, Jilin University, Changchun 130026 ,China)

Abstract; In order to simulate human tactile sensation and realize intelligent tactile sensation, a multi-informa-

tion tactile detection system based on polyvinylidene fluoride (PVDF) piezoelectric film was developed, which ini-

tially realized the detection and recognition of the five dimensional information of the surface softness. viscosity,

texture roughness, texture regularity and heat of an object. The tactile signal detection system uses a bump-type pi-

ezoelectric thin film sensor to obtain object surface information, and the host computer performs digital filtering,

feature extraction, and feature classification on the sampled signal, and finally obtains the surface characteristic in-

formation of the object, and draws a five-sensing map of the surface characteristics of the object. Among them, the

texture roughness adopts the main frequency recognition method, and uses the Fourier transform (FFT) to perform

feature extraction. The experimental results show that the system can effectively distinguish the surface information

of the measured object.

Key words: tactile intelligence; PVDF piezoelectric film; multi-information tactile signal detection; five-sense

map; main {requency recognition; FFT
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Influence of Azimuth Installation Error on Leveling Performance and

Countermeasures

ZHANG Tao' , WEI Guilingl ,FENG Bo*, YANG Hongl , WEI Xuyangl ,CHEN Chao’ , WANG Bin'
(1. The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China;
2. Sichuan Vocational and Technical College of Communications ,Chengdu 611130, China;

3. Chongging Acoustic-Optic-Electronic Co, LTD, China Electronic Technology Group Corporation, Chongqing 401332, China)
Abstract; In view of the problem that the large azimuth installation error angle of the horizontal sensor will lead
to the extension of the leveling time, this paper briefly describes the four-point leveling strategy and the working
principle of the dynamic horizontal sensor, and establishes the coordinate matrix and matrix conversion relationship,
and discusses the influence of the azimuth installation error of the dynamic horizontal sensor on the leveling system.

The test results show that the method of making the shafting of the dynamic level sensor parallel to the shafting of

Vol. 42 No. 4

the mounting base can reduce the azimuth mounting error angle and improve the system performance.

Key words: dynamic horizontal sensor; leveling system; installation error
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The Forward and Backward Processes Algorithm for Identifying Parameter in
Single-axis Rotation Inertial Navigation System

WANG Lingcao, YANG Hong. HU Xiaobing. ZHANG Yu
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)

Abstract : In single-axis rotation inertial navigation system (SRINS), the z-axis gyro drift (e.) dramatically lim-
its its navigation precision because it cannot be modulated by rotation. In addition, in the process of alignment, in
order to alleviate the contradiction between the alignment accuracy and the alignment time, and guarantee the align-
ment accuracy to the greatest extent and identify the z-axis gyro drift within a limited alignment time, a fast align-
ment method based on the time forward and reverse algorithm in stationary base is proposed, which can identify the
parameters by using the least square method by adding the azimuth angle into the measurement in this study. This
algorithm can not only reduce the alignment time, but also quickly estimate the z-axis gyro drift and improve the
navigation accuracy. The experiment on a SRINS with FOGs is carried out. The results show that after the error
compensation, the positioning accuracy of the SRINS is improved by about 24 % and the positioning error is less than
2 n mile/12 h.

Key words: alignment;rotation INS;forward and backward processes algorithm;rotation-axis gyro drift
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Non-contact Human Physiological Signal Monitoring Chair Based on
Piezoelectric Film

ZHANG Qi' , WANG Taihong” ,DUAN Xiaochuan®

(1. School of Aerospace Engineering, Xiamen University, Xiamen 361102, China;
2. Dept. of Electrical and Electronic Engineering, South University of Science and Technology,Shenzhen 518055, China;
3. Pen-Tung Sah Institute of Micro-Nano Science and Technology,Xiamen University, Xiamen 361102, China)

Abstract; The daily monitoring of the human heart rate and respiratory signals is helpful for the healthy human
life management. A non-contact physiological signal monitoring system is designed in this paper. A new chair struc-
ture with polyvinylidene fluoride(PVDF) piezoelectric film sensor senses the tiny pressure generated by human vi-
bration, and transmits the vibration signals to the host computer software; then the cardiac shock signal and the
breathing signal from the vibration signal are extracted; and display the waveform change is displayed through Lab-
VIEW, thus the real-time monitoring of heart rate and breathing can be carried out. The results show that the heart
rate value monitored by the device has an average error of 2. 013% and an average respiratory rate error of 4. 88%
compared with that of the pulse oximeter, which has better practicability.

Key words: heart rate monitoring; respiratory monitoring; ballistocardiogram; peak detection; piezoelectric film
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Design of IEPE Circuit for Shock Wave Overpressure Sensor

LIU Donglai, WANG Weikui, PENG Yongqing., JIN Xiaofeng
(Beijing Research Institute of Telemetry,Beijing 100076, China)

Abstract: The advantages, principle and structure of the IEPE circuit of piezoelectric shock wave overpressure
sensor are analyzed and discussed, and the IEPE signal conditioning circuit based on discrete devices is designed.
The circuit is simulated and verified by experiments, and the amplification factor, amplitude-frequency characteris-
tic, linearity and temperature characteristic of the circuit are obtained. The test results show that the frequency re-
sponse bandwidth of the circuit is greater than 600 kHz, the linearity is about 0. 4% , and the fluctuation of frequen-
cy response at full-temperature is less than 4. 3% . which can meet the requirements of the IEPE circuit of the shock
wave overpressure sensor. The influence of electromagnetic interference and other factors on the shock wave pres-
sure test system is avoided, the circuit miniaturization is realized, and the test system is simplified. It has practical
significance for the realization of IEPE piezoelectric overpressure sensor.

Key words: shock wave overpressure; piezoelectric pressure sensor; IEPE circuit; amplitude-frequency charac-
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Hysteresis Modelling and Adaptive Control of Piezoelectric Actuators

WANG Zhou,CHEN Yuansheng, WANG Hao, HUANG Qinbin
(School of Energy and Power Engineering, Nanjing University of Science and Technology,Nanjing 210094 , China)

Abstract ; An improved Maxwell-slip model with adaptive control is proposed to reduce the hysteresis nonlineari-
ty of the piezoelectric ceramic actuator, so that it has good hysteresis compensation in a wide frequency band. In
classic Maxwell-slip model, the relationship between output force and input displacement will exhibit hysteresis, ap-
pearing as a parallelogram, which is close to the hysteresis characteristics of piezoelectric actuators. Since the maxi-
mum friction force of each unit slider is proportional to the spring elastic coefficient, if the spring coefficient is a
fixed value, then the maximum friction force of each unit is constant in the system real-time control, the output val-
ue can be updated by using the adaptive control algorithm,and the input voltage of the piezoelectric actuator can be
compensated. To validate the proposed model, a piezoelectric experimental platform was built, and the hysteresis
model was used for hysteresis compensation control. The experimental results show that, for the adaptive control of
Maxwell-slip model, the root mean square error and mean absolute deviation error in the 0. 1~20 Hz wide frequency
band are reduced. The displacement error is 0. 037 5 pm without control at 0. 1 Hz, and the adaptive control method
can reduce the positioning error of the piezoelectric micro-positioning platform within 0. 012 4 pm. Compared with
the classic methods, the proposed adaptive control has the advantages of precision positioning in wide frequency
band.

Key words: piczoelectric actuator; Maxwell-slip model;adaptive control;hysteresis compensation
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Wearable Physiological Signal Monitoring System Based on PVDF
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(College of Instrument Science and Electrical Engineering, Jilin University, Changchun 130026, China)

Abstract; Breathing, heart rate and snoring can reflect a lot of information of human body during sleep. In this

paper, the polyvinylidene fluoride (PVDF) is used as a sensitive unit to monitor the signals of respiration, pulse and

snoring. According to the characteristics of the sensor, the charge amplifier circuit, the notch circuit and the voltage

amplifier circuit are designed. The hardware circuit is powered by the polymer lithium battery. According to the

characteristics of polymer battery, charging circuit. protection circuit and discharge circuit are designed for the bat-

tery. The whole hardware circuit is integrated on a PCB. At the same time, the APP based on Android device is de-

signed to display the physiological signal data in real time in the form of visualization, and to store the signal data for

a long time, so as to facilitate the analysis and diagnosis of sleep breathing diseases by doctors in the later stage.

The purpose of this study is to monitor sleep physiological parameters accurately and improve the comfort of sub-

jects.

Key words: polyvinylidene fluoride(PVDF) ; wearable; physiological signal monitoring; respiration; pulse; sno-
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Research on Driving Circuit of Vibrating-string Gyro Based on
Phase Negative Feedback

CHEN Zhilong' , HUANG Ming’, LIU Peng’, SHU Kai’
(1. College of Electronics and Information, Nanchang Institute of Technology, Nanchang 330044, China;
2. School of Mechatronics & Vehicle Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: It introduces a vibrating-string gyro with electromagnetic driving frequency detection. In order to real-
ize the amplitude stabilizing resonance of the vibrating-string gyro, the dynamic and electrical characteristics of the
vibrating-string gyro driving mode are analyzed. The closed-loop drive system based on the phase negative feedback
was designed according to the characteristics, and its Simulink system model was established, the frequency-locked
amplitude stabilization performance of the drive system was analyzed when the natural frequency of the drive mode
was deviated. The device-level circuit implementation and simulation of the closed-loop drive system were carried
out. The results show that the gyro’s stable amplitude start-up time is about 1.5 s, and the frequency jitter after
stabilization is less than 0. 020 6 Hz. Finally, the closed-loop drive circuit was fabricated and the drive test was car-
ried out, the test results were consistent with the simulation results, which verified that the closed-loop drive circuit
was able to achieve the control requirements of gyro frequency tracking and stable amplitude.

Key words: vibrating-string gyro; phase negative feedback; natural frequency tracking; steady amplitude vibra-

tion
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Radiation Shielding Design of Piezoelectric Accelerometer for Nuclear Power

QIAN Junjiang'?, YUAN Yupeng''* ,CHEN Qinghua’ ,ZHOU Rui‘ ,ZHANG Ping’ ,
ZHANG Zuwei'? ,MU Jiangdong'*

(1. Chongqging Acoustic-Optic-Electronic Co. Ltd, China Electronics Technology Group, Chongging 401332, China;
2. The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China;

3. Military Representative Office of Military Representative Bureau in Chongqing Military Commission Equipment
Development Department, Chongging 400060, China;4. Military Representative Office of Chemical Defense in Chongqing,
Chongging 400060, China; 5. Yunnan Radio Co. Ltd. , Kunming 650223, China)

Abstract; In order to study the radiation shielding design of piezoelectric acceleration sensor for nuclear power,
the Monte Carlo N-Particle Transport Code (MCNP) software is used in this paper. aiming at the fission neutron
spectrum and gamma spectrum released during the operation of the reactor. Two shielding modes are proposed,
which are lead polyethylene lead multilayer combination and Fe+ W+ B, C composite, while considering the service
temperature, radiation resistance, cost, shielding effect and other factors. The results show that the combination of
Pb (10 cm) +PE (15 cm) +Pb (5 cm) can be used when the service time is relatively short, the radiation dose of the
shield is not strong, and the service temperature is less than the service temperature of PE. The combination of
60 % Fe+30% W-+10%B,C can be considered when both of the radiation dose to the shield and the service tempera-
ture are very high.

Key words:accelerometer; nuclear radiation; vibration measurement; y-rays; MCNP software
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Analysis of Anti-overload Capability of the Stator Support
Structure of Ultrasonic Motor

ZENG Jinsong, ZHANG Xiping, SHENG Lianwu, LIU Guoning
(School of Machinery and Power Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: To improve the anti-overload capability of the ultrasonic motor used for the control of guided-ammuni-
tion steering gear, by selecting the stator support of the weakest part of the ultrasonic motor as the research object,
and taking its thickness, position and width as the design variables, using the finite element method to simulate the
high overload environment of 10 000 g(g=9. 8 m/s*) produced when firing artilleries, studying the anti-overload
capability supported by different stator parameters, so as to a reasonable structure of the ultrasonic motor stator was
designed in this paper. The high overload impact deformation of the stator before and after the optimization was ob-
tained through the Machete hammer test, and the output performance of the ultrasonic motor with two stators after
the impact deformation was tested by the hysteresis dynamometer. The test results showed that the ultrasonic motor
with optimized stator structure had better output performance after large overload impact.

Key words: ultrasonic motor; stator support structure; high overload; finite element analysis; impact test
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Research on Shape Compound Control Method of Piezoelectric Flexible Structure

ZHANG Zongyu', ZHOU Wenya' ,LYU Weiliang' , WANG Xiaoming® , MA Ruixin'
(1. School of Aeronautics and Astronautics, Dalian University of Technology, Dalian 116024, China;
2. School of Aeronautics and Astronautics,Sun Yat-Sen University, Guangzhou 510006, China)

Abstract; This paper focuses on the dynamic shape control theory of the flexible cantilever structure driven by
the macro fiber composite actuator (MFC). Based on the finite element method, homogenization theory and load a-
nalogy method, the mechanical-electrical coupling dynamic equation of the piezoelectric driven laminated structure is
established, and the state space control model is obtained by combining the modal reduction method. At the same
time, in view of the serious influence of the nonlinear characteristics of the hysteresis creep of the piezoelectric actua-
tors on the control accuracy, the research on the hysteresis-creep modeling and the feedforward inverse compensa-
tion control method based on the experimental data was carried out. Furthermore, the composite control system of
the hysteresis-creep feedforward compensation and the active disturbance rejection feedback control for the dynamic
shape control of the piezoelectric driven flexible structure is constructed. The calculated example shows that the
composite control method can effectively improve the accuracy of dynamic shape control of the system on the premise
of ensuring the stability of the system.

Key words: shape control; macro fiber composite; active disturbance rejection control; hysteresis creep nonlin-

earity; feedforward compensation
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Nonsingular Terminal Sliding Mode Control for Trajectory
Tracking of Piezoelectric Ceramics

SU Ziye' , YU Shengdong”*
(1. National Instruments, Inc, Shanghai 200000, China; 2. College of Electrical and Mechanical, Nanjing University of Aeronautics and
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Abstract; A novel nonlinear robust controller is proposed in view of uncertain nonlinear factors that commonly
exist in achieving the micro/nano motion of piezoelectric ceramics. The controller can achieve robustness by control-
ling non-singular terminal sliding mode, and achieve real-time compensation and model-free control of unknown
terms by delay estimation technology, which is beneficial to achieving the estimation of the full status by robust ex-
act differentiator in engineering applications. The closed-loop stability of the system is proved by Lyapunov criteri-
on. The results of the semi-physical simulation experiment show that the proposed controller can control piezoelec-
tric ceramics to achieve sub-micron precision motion control. Theoretical analysis and practice prove that the pro-
posed control strategy can achieve model-free, energy-saving, highly precise and robust-controlling effects. It has
strong engineering application and can be effectively applied to micro/nano operations driven by piezoelectric ceram-
ics.

Key words: piezoelectric ceramics; sliding mode control; trajectory tracking; time delay estimation; robust exact
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M C RS ECH 127 8, BTO/PDMS/C ¥ &2 6 i B 4y e RE St B B B R P36 11 14 VL i B A
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Preparation and Piezoelectric Properties of BTO/PDMS/C Flexible
Composite Film

SU Xiaoxiao, LI Yinhui, LI Tingyu., LI Pengwei
(Micro-Nano System Rescarch Center, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; In this paper, the polydimethylsiloxane (PDMS), carbon black (C), and barium titanate (BTO) nan-
oparticles prepared by the hydrothermal method were composited and spin-coated to obtain a BTO/PDMS/C flexible
piezoelectric composite film. The results show that the prepared BTO nanoparticles have a uniform size with diame-
ter of about & (584+10) nm. When the content of C is 12% , the BTO/PDMS/C flexible composite film has the best
output performance, and the output voltage and current are 11. 14 V and 6. 23 A, respectively, and the output
power of 8.45 uW can be obtained at a load resistance of 5 MQ. After 4 000 cycles of testing, the prepared BTO/

PDMS/C flexible piezoelectric composite film has a stable piezoelectric output, which is a good choice for manufac-

turing wearable electronic devices and monitoring components.

Key words: piezoelectric composite film; flexible; BaTiO;; PDMS; output characteristic
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A Multi-mode Autonomous Positioning Method for Pedestrians
Based on Multi-sensor Fusion

QI Lin', LIU Yu', GOU Zhiping’, YANG Yong*, LU Yongle', ZOU Xinhai'
(1. Chongqging Engineering Research Center of Intelligent Sensing Technology and Microsystem,Chongqing
University of Post and Telecommunications, Chongqing 400065, China;

2. The 26th Research institute of China Electronic Technology Group Corporation, Chongqing 400060, China)
Abstract; It is difficult to obtain the navigation information in the case of GNSS rejection, while the methods
based on infrared. ultrasonic, radio, Wi-Fi, ultra-wide-band need the assist of electronic label, and the traditional
dead reckoning algorithm is to draw the trajectory of a pedestrian on the condition of walking forward. It may be op-
posite or perpendicular to the actual trajectory if the pedestrian takes backward and lateral walking. To solve the a-
bove-mentioned problems, the inertial measurement unit embedded in mobile terminal is used to realize the short-
time multi-mode pedestrian tracking based on multi-sensor without relying on any electronic label. The results of re-
peated tests show that the detected accuracy of walking mode is higher than or equal to 92%. Taking the actual gar-
age scene as the experimental background, this method can obtain autonomous path tracking in full walking mode,

and the path tracking error is less than 3 m.

Key words: dead reckoning; IMU; multi-mode of walking; autonomous positioning; multi-sensor fusion
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T s LR JEVRE P SEL AT A2 A 5 U0 480 9 SR e 0 — 2 ik e 1 3 A 000 X0 A5 5 D30 8 5 Wi ) [ 85T 7 1) 2 S b K 3 2
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Design and Study on Power Supply of Four-Legged Piezoelectric Actuators

JIA Danping', HAN Shuo'. YANG Xiaofeng’ , WANG Zhenhua®
(1. Photoelectric Testing Laboratory , School of Shenyang University of Technology, Shenyang 110870, China;
2. State Key Laboratory of ASIC and System, School of Fudan University, Shanghai 200433, China;
3. Ultra Precision Motion Control and Testing Laboratory, School of Fudan University, Shanghai 200433 ,China)
Abstract ; The piezoelectric actuators have the characteristics of nanometer/micrometer positioning and are wide-
ly used in precision control motion platforms. Therefore, the requirements for the speed and accuracy of piezoelec-
tric actuators are becoming higher and higher. According to the driving principle of stepping piezoelectric motor and
the dynamic model of quadruped piezoelectric actuator, a driving power supply for the quadruped piezoelectric actua-
tor with new stacked structure is designed in this paper. The power supply is linear with a high voltage of =250 V
and a high frequency of 1. 5 kHz. Two strategies of hardware impedance compensation and signal switching are
adopted to further eliminate the influence of capacitive load on signal bandwidth, so that the quadruped piezoelectric actuator
can output at high precision and constant speed. Meanwhile, the hardware in-loop simulation and testing methods are used
to set up an experimental platform. The results show that in the laser interferometer acquisition equipment with a
resolution of 1 nm, the motion test of the point-to-point 50. 7 nm four-legged piezoelectric actuator was realized.

Key words: power supply for piezoelectric actuator; impedance compensation; signal switching; dynamic model
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A SAW Filter Based on Wafer Level Packaging

CHEN Shangquan,LYU Yi, ZHAO Xuemei, DONG Jiahe, MI Jia, CHEN Yanguang, WU Ping
(The 26th Institute of China Electronics Technology Group Corporation, Chongqing 400060, China)
Abstract; Using 41°Y-X LiNbO; as substrate material, selecting the double T-type impedance element struc-
ture, and adopting the water level packaging technology, a miniaturized WLP packaged SAW filter with relative
bandwidth of 5. 8% , minimum insertion loss of —2. 8 dB and volume of 1.1 mmX0.9 mm><0.5 mm is fabricated.

A special probe card is developed to complete the test of the packaged wafer on-line. The test results show that the

test results of the probe card are in good agreement with that of the wafer assembled into the actual circuit, which

solves the test problem of WLP packaged SAW filter.

Key words: wafer level packaging(WLP); SAW filter; probe card
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