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New Progress of Smart Sensor Technology Based on MEMS (Continued)
Zhao Zhengping1,2
(1.China Electronics Technology Group Corporation, Beijing 100846, China;
2. Science and Technology of ASIC Laboratory, Shijiazhuang 050051, China)
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Development of the 6 500 V 4H J| SiC Junction Barrier Schottky
Diodes with the Field Limiting Rings Termination
Li Jialin1,2, Sang Ling1,2, Zheng Liul,2, Tian Lixin1,2, Zhang Wenting1,2
(1.Department of Power Semiconductors, Global Energy Internet Research Institute Ltd., Beijing
102209, China;
2.State Key Laboratory of Advanced Power Transmission Technology, Beijing 102209, China)
Abstract:The design, simulation and fabrication process of the 6 500 V 4H J| SiC junction barrier
Schottky (JBS) diodes were presented. The performances of the fabricated diodes were tested,
and the reasons of the difference between the test results and the simulation results were
analyzed. The effects of the drift region thickness, doping concentration, active region p+ region
and field limiting ring termination parameters on the electrical properties of the devices were
contrastively analyzed by the simulation. The structure parameters of the drift region, active
region and field limiting ring of the device cell and termination structure were optimized through
the numerical simulation. According to the simulation results, the 4H J| SiC drift region has a
doping concentration of 1 || 08X1015 cm-3 and a thickness of 60 1 m. Besides, by using the
optimized termination structure with 70 field limiting rings, the 6 500 V 4H J| SiC JBS was
fabricated through the complete process flow. The test results show that the forward voltage
drop is 4 V and the reverse breakdown voltage is about 8 000 V when the forward conducting
current density of the 6 500 V 4H J| SiCJBSis 3 I| 53 X105 A/m2 at room temperature.

Key words:4H J| SiC; field limiting ring termination; junction barrier Schottky (JBS) diode; power
device
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Field Passivation of the Front Surface of n JI Type Heterojunction
and Back Contact Solar Cells
Gao Jiaging, Song Zhicheng, Guo Yonggang, Qu Xiaoyong, Zhang Tianjie

(SPIC Xi'an Solar Power Co., Ltd., Shaanxi 710100, China)
Abstract:The simulation research of the front surface field (FSF) of n J| type heterojunction back
JI contact (HBC) monocrystalline silicon solar cells was carried out by using Silvaco J| TCAD
simulation software to establish a two J| dimensional model. By introducing a thin intrinsic
amorphous silicon layer and a n+ amorphous silicon layer on the front of the n J| type
monocrystalline silicon substrate, a high quality field passivation was carried out on the front
surface of the cell. The effects of the thickness and doping concentration of the n+ amorphous
silicon layer and the thickness and band gap width of the intrinsic amorphous silicon layer on the
electrical properties of the cell were analyzed. The simulation results show that when the
thickness of the n+ amorphous silicon layer is less than 6 nm, the doping concentration is 1 X
1019 cm-3, the thickness of the intrinsic amorphous silicon layer is 3 nm, and the width of band
gap is larger than 1 1| 5 eV, a good field passivation effect is achieved on the front surface of the
cell, and the conversion efficiency of the HBC solar cell is 24 1| 5%.
Key words:n J| type solar cell; heterojunction and back contact; front surface field(FSF); Silvaco JI
TCAD; conversion efficiency
DOI:10.13250/j.cnki.wndz.2019.02.003EEACC:8420
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Preparation and SERS Properties of Au Nano J| Particles
with Different Sizes
Jiang Hao, Zhang Xia, Li Lisong, Li Long, Yang Wensi
(College of Materials Engineering, Shanghai University of Engineering Science, Shanghai 201600,
China)
Abstract:In order to study the effects of Au nano JI particles of different sizes as surface JI
enhanced Raman scattering (SERS) active substrates on SERS, the Au nano J| particles of different
sizes were synthesized by using chloroauric acid as Au sources and sodium citrate as reductants
and protectants, and by controlling the added amounts of sodium citrate. The properties of the
Au nano J| particles were characterized by the scanning electron microscopy (SEM), ultraviolet J|
visible spectrophotometer (UV J| vis) and so on. With rhodamine B as the test probe, the Raman
enhancement effects of the Au nano J| particles with three different sizes(i || e. 20, 50 and 100
nm ) were studied by Raman spectroscopy. Through the Raman spectra, it is found that the Au
nano J| particles of 20 nm and 50 nm exhibit better SERS effects. Then the detection limit of
rhodamine B of SERS was studied with 20 nm Au nano J| particles as the SERS active substrate,
and the sensitivity of the detection limit of rhodamine B can reach 10-9 mol/L.
Key words:Au nano J| particle; surface J| enhanced raman scattering (SERS); rhodamine B;
detection limit; SERS substrate
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Preparation and Properties of the Sn J| Doped ZnO
Nanostructure Humidity Sensor
Kuang Xuliang, Ye Zi, Sun Ning, Song Xiaojun, Liu Weijing
(College of Electronical and Information Engineering, Shanghai University of Electric Power,
Shanghai 200090, China)
Abstract: Four kinds of one J| dimensional Zn1-xSnxO nano J| structure materials doped with
different amounts of Sn were firstly prepared with the hydrothermal method. Then four nano JI
structures were arranged between the previously designed Ti/Au electrodes by using
dielectrophoresis nano JI manipulation technology. Subsequently, four kinds of humidity sensors
were constructed, and the sensing characteristics were tested. By analyzing the test results of the
four kinds of sensing structures, it is found that the sensor constructed with the ZnO nano JI
material doped with Sn atom fraction of 3% has excellent sensing properties, such as the
maximum sensitivity of 7 397% and response/recovery time of 2 s/2 s for the relative humidity
range of 11 1| 3%-97 || 3%. Based on the humidity multi J| layer adsorption mechanism, the
influence of the doping on the humidity sensing properties was studied in depth. The results
show that the conductivity and surface pro J| perties of the materials can be effectively improved
by the regulation of the doping amount of Sn to the carrier concentration and lattice strain of the
nano J| structure. Therefore, the sensitivity, response time, recovery time, hysteresis and other
sensing properties of the Zn1-xSnxO nano humidity sensors were improved.
Key words:humidity sensor; ZnO nanostructure; hydrothermal method; carrier concentration;
sensing property
DOI:10.13250/j.cnki.wndz.2019.02.005EEACC:7230M; 0500
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Multi JI Parameter Micro/Nano Integrated Sensor
Song Jinlong, He Changde, Wang Renxin, Xue Chenyang, Zhang Wendong

(Key Laboratory of Instrumentation Science & Dynamic Measurement of the Ministry of
Education,
North University of China, Taiyuan 030051, China)
Abstract: A multi J| parameter micro/nano sensor integrating the piezo J| resistive vibration
sensor with the platinum resistance temperature sensor was designed to satisfy the demand of
the miniaturization and integration of the micro/nano sensor system for the on J| line monitoring
and analysis system of the working state of the mining machinery. The vibration sensor consists
of a proof J| mass, eight beams and a frame. The proof J| mass was suspended on the frame
through eight beams. For the sake of reducing the area of the integrated sensor, the shape of the
platinum resistance temperature sensor was designed as a "snake". The designed multi JI
parameter micro/nano sensor was fabricated, and the performances of the sensor were tested.
The sensitivity of the platinum resistance temperature sensor is 1 || 04 mV/°C in the test range
of -20-80 °C. The sensitivity, sensitivity amplitude linearity and test range of the vibration sensor
are 49 I| 89 mV/g, -0 I| 33% and 50g, respectively. The test results show that the developed
multi J| parameter micro/nano integrated sensor can meet the demand of the vibration and
temperature signal test.
Key words:multi JI parameter micro/nano integrated sensor; on J| line monitoring and analysis
system; miniaturization and integration; piezo J| resistive vibration sensor; platinum resistance
temperature sensor
DOI:10.13250/j.cnki.wndz.2019.02.006 EEACC:7230M
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Research Progress on the Flow Boiling Heat Transfer
Enhancement in the Microchannel
Wu Zhiyul, Zhang Weil,2,Sun Yuanzhil,liang Jiazongl

(1.School of Energy, Power and Mechanical Engineering, North China Electric Power University,
Beijing 102206, China; 2.Beijing Key Laboratory of Low Grade Energy Multiphase Flow and Heat
Transfer, Beijing 102206, China)
Abstract:For the flow boiling heat transfer of microchannels, the latest research progresses of the
enhancement on heat transfer of microchannels with wettability and micro J| structure are
reviewed. The surface preparation techniques used for the metal and silicon surfaces in recent
years are concluded, including the change of the surface wettability of the microchannels, the
fabrication of the microchannels surfaces with heterogeneous wettability, the variation of the
microchannels with different shapes and sizes and the fabrication of the porous coating. Through
the link of the material sciences and flow boiling heat transfer, the suitable microchannel surface
for the phase J| change heat transfer is selected by comparison. The problems of the research of
predecessors are pointed out, providing the reference theoretical basis for the fabrication and
design of microchannels. Besides, the enhancement of the flow boiling heat transfer in the future
is proposed.
Key words:microchannel; wettability; micro J| structure; flow boiling; heat transfer enhancement
DOI:10.13250/j.cnki.wndz.2019.02.007EEACC:2575
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A High J| Accuracy Micro J|I Flow Cytometer for Low
Concentration Applications
Wang Lipingl, Hong Lingchengl,2, Guo Tianyi2
(1.School of Environment, Hohai University, Nanjing 210098, China;
2.Jiangsu Delin Environmental Protection Technologies Co., Ltd., Nanjing 211101, China)
Abstract:The micro J| flow cytometer, which combines the advantages of the flow cytometry and
microfluidic, becomes the low J| cost detection and analysis method of the biomedicine and
clinic application fields. A newly developing application of the micro JI flow cytometer is the fast
detection of the cells or particles with the low concentration. The micro J| flow cytometer was
self J| designed and built based on a micro J| fabricated chip that integrated on J| chip beam JI
shaping and microfluidic channels. The experiment of counting micro beads in real time was
carried out with the micro JI flow cytometer. And the experiment results show that the linearity
correlation coefficients of the micro beads flux against the volume flow and concentration of the
sample are over 0 || 99. The high linearity results prove the high accuracy counting function of
the micro JI flow cytometer, thus making it a promising candidate for low concentration
applications, such as the detection of pathogens in food or water.
Key words:micro J| flow cytometer; microfluidic; photonic J| microfluidic integrated device; 1D
hydrodynamic focusing; micro beads counting
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Effects of the Deposition Temperature and Heat Treatment on
Properties of AZO Nano Laminated Films
Ding Zheng, GuanJun, Duanmu Qingduo
(School of Science, Changchun University of Science and Technology, Changchun 130022, China)
Abstract:The high J| resistance aluminum zinc oxide (AZO) nano laminated films deposited on the
quartz and n J| type (100) Si by atomic layer deposition (ALD) technology. The surface
morphology, crystal structure and electrical properties of the films were characterized and
analyzed by the scanning electron microscopy (SEM), atomic force microscope (AFM), X JI ray
diffraction (XRD) and volumetric surface resistivity tester. The effects of  different deposition
temperatures and annealing temperatures on the structure and properties of films were
researched, respectively. The results show that the optimal growth temperature window of the
films is from 170 ‘C to 200 °C. In the meantime, it is found that the resistivity of the annealed
films significantly increases, and the appropriate annealing is helpful to optimize the structure of
the thin films. The resistance of the films tends to be stable after annealing at 400 ‘C for 4 h.
The film can be used as the dynode high J| resistance conductive layer material for the
microchannel plate (MCP).
Key words:microchannel plate(MCP); aluminum zinc oxide(AZO) nano J| film; atomic layer
deposition(ALD); heat treatment; electrical property
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Preparation of the Spacer Film Piezoelectric Actuator and
Its Application in the Micro JI Pump
Zhang Chenggong, LiYigui, Wang Huan

(College of Science, Shanghai Institute of Technology, Shanghai 201418, China)
Abstract:A piezoelectric actuator that can be used for micro J| pump driving was designed and
fabricated by the inverse piezoelectric effect of the bulk zirconate titanate (PZT) material. The spa
JI cer film structure of the piezoelectric actuator was determined by the simulation analysis of
five kinds of structural models. While obtaining a large center displacement, the structural
strength was effectively improved, and the applicability of the actuator was increased. The
actuator was fabricated by bonding, thinning, laser ablation and silicon wet etching process. The
alternating signals with the frequency of 10 Hz and 100 Hz were applied to measure the
relationship between the displacement of the central diaphragm and the corresponding voltage.
Besides, a resonant frequency of 70 kHz was measured by applying a signal with a peak JI to JI
peak value of 1 V. Based on the prepared piezoelectric actuator, a mechanical micro J| pump with
a check valve was designed and fabricated, and the pumping function of the micro J| pump was
tested normally. When a driving voltage signal with a peak J| to JI peak value of 30 V and a
frequency of 500 Hz was applied to the micro J| pump, the flow of the liquid that could be driven
per minute was 55 U L. The actuator has a good driving effect, and can be combined with
different micro J| valve designs to prepare a micro JI pump with better performances.
Key words:bulk zirconate titanate (PZT); piezoelectric actuator; micro JI pump; micromachining
technology; micro J| electromechanical system (MEMS)
DOI:10.13250/j.cnki.wndz.2019.02.010EEACC:2575
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Influence of the Surfactant Compounding on the Sapphire
Cleaning Effect after the CMP
Wei Jiahuil,2, Zhou Hai2, Gao Han2, Liang Zhigiang3
(1.School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;
2.School of Mechanical Engineering, Yancheng Institute of Technology, Yancheng 224051, China;
3.School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)
Abstract:In order to remove the residual polishing solution on the surface of sapphire after the
chemical mechanical polishing (CMP), a nonionic surfactant fatty alcohol polyoxyethylene ether
(9) (AEQ9) and an anionic surfactant fatty alcohol polyoxyethylene ether sulfate (AES) were
used in different mass ratios, and the surfactant compound cleaning method was compared with
the acid J| base cleaning method. Ultrasonic J| assisted cleaning tests were carried out for
sapphire after the CMP. The effects of different compounding ratios on the surface contact angle,
surface morpho J| logy and particle removal rate of sapphire wafers after cleaning were analyzed.
The results show that the cleaning effect of the surfactant compound cleaning method is better
than that of the traditional acid )| base cleaning method. The particle removal rate of the optimal
ratio of the surfactant compound cleaning method is 31 || 17% higher than that of the acid JI
base cleaning me J| thod. When the compounding ratio of AEO9 and AES is 1 : 1 for the
surfactant compound cleaning method, the contact angle of the sapphire surface after cleaning is
the smallest, i I| e. 21 I| 6° . Besides, the surface morphology is optimal, the particle removal
rate is 99 I| 65%, and the clea J| ning effect is the best.
Key words:sapphire; chemical mechanical polishing (CMP); cleaning; surfactant compounding;
ultrasonic wave
DOI:10.13250/j.cnki.wndz.2019.02.011EEACC:2550E
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Optimization of the Cu/Ta/TEQS Alkaline Slurry
Based on Orthogonal Experiment
Xu Yil,2, Liu Yulingl,2, Wang Chenweil,2, Ma Tengdal,2

(1.School of Electronic and Information Engineering, Hebei University of Technology, Tianjin
300130, China;
2. Tianjin Key Laboratory of Electronic Materials and Devices, Tianjin 300130, China)
Abstract:The effects of the components of alkaline barrier slurry on the removal rates of Cu, Ta
and tetraethoxysilane (TEOS) were researched. The effects of the abrasive mass fraction, FA/O II
chelating agent mass fraction, H202 volume fraction, KNO3 mass fraction and FA/O Il surfactant
mass fraction on the removal rates of Cu, Ta and TEOS were investigated with the single J| factor
experiment, respectively. The alkaline slurry with the abrasive mass fraction of 20%, FA/O I
chelating agent mass fraction of 2%, H202 volume fraction of 0 I| 1%, KNO3 mass fraction of 1 ||
5%, FA/O II surfactant mass fraction of 2% was developed by combining orthogonal
experiment. The selectivity of removal rate ratio of Cu, Taand TEOSis1 : 1 I| 47 : 1 I| 65. The
M4 layers of the four 12 inches (1 inch=2 || 54 cm) pattern wafers with 65 nm technology node
and copper interconnect were subjected to barrier polishing. The results show that the residual
copper film thickness in the copper trench is about 300 nm (target), the number of the pattern
surface defects are about 10, the depths of dishing pit and erosion pit decrease from 52 1| 3 nm
to 19 I| 9 nmand from 40 nm to 18 1| 4 nm, and the surface roughness of copper reduce from 4
| 4nmtol | 9nm.
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