ISSN 1001-5868
CODEN BAGUE5

LI i

3

SEMICONDUCTOR OPTOELECTRONICS
2020

A3z ER T RCCSE FE#ZOFAEAT (A) FRE RSO AT % 41 %
INSPEC #iEEkiE ATl Scopus HIBEEREHTI (CAN (AJ) IFHAT

JCTOR OPTOELECTRONICS

ISSN 1001-58638

H ‘“ “H il
97771001'586206 “HHl



M2 B S sl
FEMKSLE S T+ 1976 AE01T) » [ P AMA T %47

BANDAOTI GUANGDIAN 2020 4F 6 H 55 41 555 3 WICREE 209 D

x%
&
g

N
Sk
i
*

R B K

%)Kmmgﬁg1ﬁﬂqq2§'ﬂgﬁﬁgfgﬁﬁﬁ
%th{ﬂjﬁ,i@mq:&{lﬂiuﬂ_ji&q‘lﬂggﬁﬁﬁﬁ*ﬁ

P B 45 AT A 3K 3l i g A 5T

e TR 3 3 T Y DR T 8] 4 JE Y 2 T FEE SRR e eee eee e eee et et e et e e s e s e e e e e

MKHMBLEHMETITZE X

He TR 25 15 37 51 TR AR B MR B T2 BB IT G wovvvvveeeen eremeeseneretesset ste en st et en et e et eae e et et e s s eae e sen s
R[] T M BB B 200 K 45 43 B T B 0 T S AR P BETIFGT v vov vev v ven sreseeeensre e et sve e et et e snnne enene

AR Olver-Gaussian JEHUE b HL G i P 1 6 388 53 77 R
— = Al ST AR i 1 B BT O TR

— i UUHT SR BURE K S O T R O £ 1 B

SnSe IR 9 P 25 1% il % 5 O i Ak BERT 5T

InP (5 5 35 T U8 T2 b Sl B ] G B IE wvvvvevenverveeeenerennesetereveeeet ete e st v e een e en san e ven e
R 2 B R IR B LB A PR BEIIETT  wevvveverorrnreeeserenesensore e set sre es st et et sat e et ettt et et e et et e s s

KL AR R M A X

BT I 25 5 M 4% 1 b T U
Z Ak EMCCD ML F7 2 6 B 2005 9 AR

S A2 AT (] HE T 2 5 12 22 U ST IQTIE ST wovvevvvevesoreneeeesonesesset ete e set et es st saeen sae e et sae e st eae e sen ervs
T 3 AR BL U AL T (1 5 B FE BRI A TETF ST wov vev veveveovesee e ses sunsrete e e set sat ereae e e st easene
T O 3 £ b — A e K T M T 2R D 9 QU-LDPC AL 75 71 wovvevveeernsresnssnssnesenssssue e assnne on snens
22 BRI 20 PO B BT B0 528 B B HL R TJF 5 +v ovvee eeneneven ene e sen eue e et ere e et et e et ehe e sn e en s s
T3 B0 58 T T T 3 (0 B L BT ZE AS H vev eevovevon emene et ere e et et e et et e et et e st eae e e en e

oo $HE 2 (301)

ERH, FEKR, £ B, F(306)

R, § A, Fh& FOGLD
o HR, . BOF, FGI18)

S EEA. FRAE. ERREG2D
BAME, ¥ A, & F, FG2D

B Rk, RI#E, WG, FG33D

GIRT, *Fi#H(336)
AW, FEHE, B &, FOG4D
AR, AL, & 35D

e 3 A, EEER(357)

ceeenn RORME RN, B R(362)
ceeeene RTAR, RBIE, B E41(368)

COER, A, FRE, F7H

RERE, AF B, B4, FGTD

EET, K5 E(384)

B

Ei&, wmAR, ME4H, $(389)

B B, FAH, PR, F395)
feMe, B &, N R, F(400)
rEsm, B A, RWAR, F(106)

¥ n.F F KR BRUID

- xHE, ZWE, W& HU20)
¥ W, T #426)
BRA, TR, BA L, FU2)
FIER, KA, EWB, FU3D
ok, REF, ZF A, F43)

EAA, N W, FRFE, FUIS



SEMICONDUCTOR OPTOELECTRONICS

Vol. 41 No.3 June 2020(Bimonthly) (Total No.209) (Started in 1976)

CONTENTS

Exploration on Basic Capacity Building of Optoelectronics Industry Based on the Context of “New Infrastructure” =+ HAN Guozhong(301)
Recent Progresses of Silicon-based High-speed Detectors with Micro-/Nanostructures
- WANG Haoxuan, GUO Anran, JIN Hui, et al. (306)
Study on Isolation of Bidirectional Electro-optic Intensity Modulator «+«s+esseseeeeeeeees ZHANG Hongbo, FU Song, LI Miaomiao, et al. (314)
Pre-analysis of The Force During The Manufacture of All-fiber Mach-Zehnder Interferometer
- HUA Wendong, WANG Tingting, DAI Yang. et al. (318)
Research on Dual Closed-Loop Driving Circuit of Piezoelectric Resonator «++++=++=++=seeeee T Zhichao, WU Xiaosheng, LIANG Tianchen(322)
Low-Cost Transmission Spectral Intensity Modulation Fiber Temperature Sensor ++++++++=+=+ GU Yongjun, SHA Chun, GAO Jie, et al. (327)
Study on Radiation-harden Technologies for CMOS Image Sensors — «s+esseseeeeeeeeeeees LV Yubing, WU Qiongyao, LIU Changju, et al. (331)
Study on Balancing Gain and Refractive Index Change of Quantum Dot with Low Polarization Dependence
- MIAO Qingyuan, WU Zihan(336)
Research on Separation of Different Chiral Single-walled Carbon Nanotube and The Performance of Field Effect Transistors
- ZHENG Miaomiao, LI Yahui, YAO Jian, et al. (344)
Influence of Nitrogen Flow Rate on the Optical Properties of C-Doped TiO, Thin Films Deposited by RF Magnetron Sputtering
+eeeeeeees JIANG Yaohua, SHEN Honglie, GAO Kai(351)
Intensity Distribution of Finite Olver-Gaussian Through Electro-optical Crystal sesseseeeeeseeceeceeceaeeceeceeeees JIN Long, WANG Qinglan(357)
Segmented Design Method for Three-Dimensional Interconnection se+essesseseeseeseeseeceeeeaeeeeeeeees LT Chenye, LI Zhensong, MIAO Min(362)
Design of Photonic Crystal Fiber with High Birefringence. Low Confinement Loss and Large Negative Dispersion
- ZHAO Lijuan, ZHAO Haiying, XU Zhiniu(368)
Preparation and Photoelectric Performance of SnSe Films Based on Two-step Process
- CUI Shusong, SHEN Honglie, LI Shubing, et al. (374)
Warpage Control and Correction of InP Wafer in Back-thinning Process +++++++=+ ZHANG Yuanyuan, LIU Cong, ZHAO Wenbo, et al. (379)
Study on Thermoelectric Coupling Characteristics of A Piezoelectric Semiconductor Nanofiber «++++e++e+eeees LI Xinfei, ZHANG Qiaoyun(384)
Study on PCM Parameters Test in CCD Process «ssseeeeeeeeeesasesenseieecaccnneaeees YUE Zhigiang, QU Pengcheng, YANG Xiuwei, et al. (389)
Design of Homogenizing Optical System for Testing CMOS Image Sensor in Deep Ultraviolet Region
- LI Qi QI Yuejing, LU Zengxiong, et al. (395)
De-Noising Method of @-OTDR Signal Based on Improved Variational Mode Decomposition
- XIONG Xinglong, FENG Lei, LIU Jia, et al. (400)
Application of the Quadratic Polynomial Fitting in Distributed Optical Fiber Sensor
+ XU Zhiniu, FAN Mingyue, ZHAO Lijuan, et al. (406)
Chinese Sign Language Recognition Based on Spatial-Temporal Attention Network — «esseeseeeseeesceesss LUQO Yuan, LI Dan, ZHANG Yi(414)
Timing Control and Pixel Merger Technology of Multi-tap EMCCD Camera +++++++«ssseeveeeee LIU Lingyu, WANG Mingfu, LIU Enhai(420)
Error Analysis of Large Aperture and Thin Beam Auto-collimating Measurement System «++esseeeseeesseeseecsees YAQO Ming, WANG Jie(426)
Research on Aero-optic Effect Correction Based on Light-field Camera Wavefront Sensor
- SHENG Liangrui, MA Xiaoyu, YANG Qilong, et al. (432)
Construction of QC-LDPC Code with Large Girth and Fast Encoding in Visible Light Communications
- YUAN Jianguo, ZHANG Xirui, YUAN Caizheng, et al. (437)
Research on Frequency Tracking Circuit of Multi-ring Resonant Micromachined Gyro
- XUE Bing., ZHANG Weiping, WANG Zijie, et al. (443)

Super-resolution Planar Array 3D Imaging for Dynamic Objects Pose Estimation =+ «e+ - WANG Shengjie, LIU Bo, LI Heping, et al. (448)



CEFREH 2020 4E 6 A4 41 %555 3 M

HEE, “HEAAEHE TS T S At A ERGIRE

DOI: 10. 16818/j. issn1001—5868. 2020. 03. 001

“TEZIME TR FmUEMENBIEHNERE

# B &

(EXFHXBEERAT, EKX 401332)

m =

CHERETAEF R SR RRETERONB, T LA SRR

BRI AT R A R, XFRRTREHFFhRE L TR E AR ERRER LA,
HEFILILMBOFE M TRET b il HFHPE oRAHE ZEHEF

A A,
KA
2SN B

AR e T HOR L SMIEAE A OB B RET I s BTl s ool il

hESES: TN2 XEHS: 1001—5868(2020)03—0301—05

Exploration on Basic Capacity Building of Optoelectronics

Industry Based on the Context of “New Infrastructure”

HAN Guozhong
(Chonggqing Acoustic-Optic-Electronic Co. LTD, Chongqing 401332, CHN)

Abstract :

“New infrastructure” provides more valuable opportunities for the further

development of optoelectronic industry, thus the development of optoelectronic industry should

strengthen the capability of basic research and development first. In this article, it focuses on the

characteristics of the processes such as epitaxial growing, filming deposition, lithography,

bonding, and etc., applied in the fabrication of compound semiconductor photo-electronic

devices. And also analyzed are the capacity building trends of optoelectronics industry such as

intelligent manufacturing,
manufacturing.
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Recent Progresses of Silicon-based High-speed Detectors with Micro-/Nanostructures

WANG Haoxuan, GUO Anran, JIN Hui, HUANG Feilin
(Chongqing Optoelectronics Technology Research Institute, Chongqing 400060, CHN)

Abstract; Due to the low near-infrared absorption coefficient of silicon, there is a conflict
between response speed and detection efficiency for conventional surface-illuminated silicon
detectors. Thus they are thought to be not suitable for short-range optical fiber communication.
Micro-/nanostructures have been widely used in solar cells, near-infrared enhanced detectors and
other fields for their abilities to improve the absorption of incident light in absorption layers and
the quantum efficiency of optoelectronic devices by multiplying optical path efficiently. Recently,
CMOS compatible high-speed silicon detectors with a data transmission rate of higher than
20 Gb/s have been achieved by applying photon-trapping microstructure. In this paper. the

optimal design and preparation methods of micro-nano structures and high-speed silicon detectors

June 2020

DOI: 10. 16818/j. issn1001—5868. 2020. 03. 002

based on micro-nano structure are reviewed and analyzed.

Key words: micro-/nanostructures;

preparation methods
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high-speed silicon detectors;

optimal design;
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Study on Isolation of Bidirectional Electro-optic Intensity Modulator
ZHANG Hongbo, FU Song, LI Miaomiao, HUA Yong
(Chonggqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract: In this paper., a kind of bidirectional electro-optic Mach-Zehnder intensity
modulator was designed for microwave full-duplex transceiver system. According to the principle
of modulation and superposition of electric signals to optical signals in the electro-optic
modulator, analyzed is the deterioration of isolation caused by the distribution difference between
the designed electric field and the actual electric field of the modulated electrode. By comparing
the analysis, design and simulation results of different modulation electrode structures, it is

concluded that the bidirectional electro-optic intensity modulator with the isolation better than

—30 dB above 3.5 GHz is fabricated successfully, achieving an isolation better than —30 dB in
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the range of 5~17 GHz.
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Pre-analysis of The Force During The Manufacture of All-fiber Mach-Zehnder Interferometer
HUA Wendong, WANG Tingting, DAI Yang, SUN Jiacheng

(College of Electronics and Information Engineering, Nanjing University of

Information Science & Technology, Nanjing 210044, CHN)

Abstract ;

In the manufacturing process of all-fiber Mach-Zehnder interferometer, it needs

to cut, weld and taper the photonic crystal fiber and single-mode fiber. First, by using the theory

of contact mechanics, the internal stress of the photonic crystal fiber in the V-groove was

analyzed, and the maximum stress point inside the photonic crystal fiber was deduced at the

outermost air hole parallel to the contact surface. In conclusion, the stress distribution diagram

and strain distribution diagram of the photonic crystal fiber were given, and the maximum load

when the photonic crystal fiber is cut, fused and fixed was calculated. Then, the stress analysis

of the fiber with air ball inside was carried out, and the maximum stress point inside the fiber was

deduced from the edge of the air ball closest to the surface of the fiber.

Finite element analysis

was used to verify this conclusion, and the internal tension and stress distribution diagrams were

given, providing a theoretical basis for the taper of the air ball in the optical fiber to the spindle

shape.
Key words:

stress; strain
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Research on Dual Closed-Loop Driving Circuit of Piezoelectric Resonator
LI Zhichao, WU Xiaosheng, LIANG Tianchen

(National Key Laboratory of Science and Technology on Micro/Nano Fabrication. Department of

Micro/Nano Electronics, Shanghai Jiaotong University, Shanghai 200240, CHN)

Abstract :

amplitude, are the core components of resonant sensors and actuators. As an approach to

Piezoelectric resonators, usually working at a resonant state with stable

research the piezoelectric resonator driving circuit, a dual closed-loop control circuit is used to
realize the resonant frequency tracking and the amplitude stabilizing through phase-locked loop
(PLL) and automatic gain control (AGC). By optimizing the parameters of each component in
the dual closed loop circuit, the piezoelectric resonator can work stably at the resonant frequency.
The results of the open-loop experiment and the closed-loop experiment show that the dual
closed-loop circuit can lock the resonator phase at 59°, and the error is less than 3°. The
amplitude of output signal is controlled at 12. 8 V, and the error is less than 0. 2 V. The

experimental results show that the circuit is capable of stabilizing the amplitude of the resonator

June 2020

output signal and tracking the resonant frequency of the resonator.
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Low-Cost Transmission Spectral Intensity Modulation Fiber Temperature Sensor
GU Yongjun', SHA Chun’, GAO Jic', GU Yan®
(1. School of Electrical and Energy Engineering; 2. School of Mechanical Engineering,

Nantong Institute of Technology, Nantong 226002, CHN)

Abstract: In order to realize the design of temperature sensor with lower cost, a new type
of intensity modulated optical fiber temperature sensor is proposed. It mainly consists of light
source with band-width spectrum, 3-port circulator, fiber coupler, polarization controller,
polarization maintaining fiber (PMF), photodetector and signal processing unit. Under the
condition of short PMF fiber, the temperature change will have a direct impact on the
birefringence of PMF fiber, resulting in a certain phase shift change of the two coherent beams,
thus they will have different transmission spectra after Sagnac interferometer, that is,
wavelength drift occurs. By using photoelectric conversion and signal processing, the detected
light signal is converted into a voltage signal, which is solved to complete the temperature
detection. Therefore, without the need for a spectrum analyzer, the measured temperature can be
calculated according to the temperature-dependent change function by measuring the transmission
spectrum of the Sagnac interferometer. Experiments were carried out in the temperature range of
25~50 ‘C. The test results show that the sensitivity of the optical fiber temperature sensor is
0.066 mW/°C, and the resolution is 0.34 °C. It has good application value for constructing
temperature monitoring optical fiber sensor network.

Key words: fiber-optic temperature sensor; intensity modulation; direct power measurement
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Study on Radiation-harden Technologies for CMOS Image Sensors
LV Yubing, WU Qiongyao, LIU Changju, LI Ming, ZHOU Yajun, LIU Geyang
(Chonggqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract: The radiation in the space environment will degrade the performance of CMOS
image sensors, even result in permanent damage. In this paper, the radiation harden techniques
are proposed from the aspects of layout and circuit designs, and experiments of total-dose and
signal-event were carried out on the samples. Experimental results show the CMOS image
sensors fabricated with radiation-harden technology realize total-dose resilience up to 100 krad(Si)
and single-event effect resilience up to 1 X 10" p/em’, meeting the requirement on radiation

hardened design.

Key words: CMOS image sensor; radiation-hardening; total dose effect; single event
effects
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Study on Balancing Gain and Refractive Index Change of Quantum Dot with Low Polarization Dependence
MIAO Qingyuan, WU Zihan
(School of Electronic Information, Wuhan University, Wuhan 430072, CHN)

Abstract: The spectrum characteristics of gain and refractive index change of TE mode and
TM mode of InGaAs/InGaAsP columnar quantum dot versus dot material components, barrier
material components and aspect ratio are contrastively analyzed, and the physical mechanism are
dissected. The effects of changes of dot components and barrier components on balancing gain
and refractive index change and polarization are further jointly investigated, then a multi-
parameter adjustment method is proposed, and the In, ; Ga, o; As/In, +sGay o Asy 5, Py 15 quantum
dot with low-polarization that balances gain and refractive index change within 1 550 nm
communication band(1 540~1 560 nm) is designed. Finally, the appropriate carrier concentration
is selected through analysis. When the carrier concentration is 0. 6 X10™ m™*, the overlap region
area of 3 dB spectrum width of TE mode and TM mode is 8. 66 X 10° nm/cm and 7. 55 X
10® nm/cm respectively, and the polarization dependence of gain and refractive index change is
smaller than 3% and 10% , respectively. The research result is helpful for the optimization design
of some key devices in the future all-optical network.

Key words: quantum dot; gain; refractive index change; overlap region area of 3 dB

spectrum width; low polarization dependence
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AEFHERERAKRETER
HIZ N m i e R

AMEEt, ERE, o #E, B R, AT, RRA, XA, FE
(1. EERFEXE YRMZEEEAZER, £iF 201210;
2. FEMZFRTMAKBARSWHKFEFRE LSHMH BRI, TR FRM 215123)

 OE: GUENEFTHERBAREN T T REBEASFEMHWARALAETEZEL, A
AELO,9-=FA%-2,7-= A% J(PFO-BPy) . B (9,9 —=F 4% —2,7— = %) (PFO)
F (9,9 = F K Y — HKHFE =) (PFO-BT) =4 B A MR AT 5 5 5 ik ik (6,5),(7,5)
Fo(10,5) =R FHERBEHAT AARBZLENRRE, FFHTREIIUHERE KA., 1
ALRERBREAHH AR ST EORARE G, AAEA B/ AEMF R ET F LA
BAKEGKEHRERES, ERET.XRAEGA0.)FRBEHARETRAETEHLARTN S
FHE,EFHEZTHE 16em” Vo5 L FFEE 107,

KW PBERRAUKA ; TUEE s BRAUKAE W 800 S A AR

FESES: TN321.5 XEHS: 1001—5868(2020003—0344—07

Research on Separation of Different Chiral Single-walled Carbon Nanotube and

The Performance of Field Effect Transistors
ZHENG Miaomiao'”, LI Yahui’s YAO Jian®, QIU Song”,
JIN Hehua®, WU Kunjiez , LIU Dandan®, LI Qingwenl'2
(1. School of Physical Science and Technology, Shanghai Tech University, Shanghai 201210, CHN; 2. Division of Advanced

Nano-materials, Suzhou Institute of Nano-Tech and Nano-Bionics, Chinese Academy of Sciences, Suzhou 215123, CHN)

Abstract: High-purity chiral single-walled carbon nanotubes are of great significance for the
development of next generation of carbon-based electronic devices. In this paper, PFO-BPy,
PFO, and PFO-BT polymers were used to separate the (6,5), (7,5), (10,5) chiral single-walled
carbon nanotubes (s-SWCNTs) with high purity and high concentration of dispersant and more
than 99% of the residue was removed. High-density and high-uniformity carbon thin films were
obtained by using the above deposition liquid. And then chiral s-SWCNTs field effect transistor
(FET) arrays were fabricated. Experimental results indicate chiral ssSWCNTs FETs with large diameter

(10,5) have better clectrical properties, the mobility is up to 16 em® « V- ! « g7

and the I,/ ratio
can reach 107,
Key words: single-walled carbon nanotubes; chiral separation; carbon nanotube films; field

effect transistor

75 B #9:2020—02—28.
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Influence of Nitrogen Flow Rate on the Optical Properties of
C-Doped TiO, Thin Films Deposited by RF Magnetron Sputtering
JIANG Yaohua', SHEN Honglie'*, GAO Kai'

(1. College of Science; 2. Jiangsu Key Laboratory of Materials and Technology for Energy Conversion, College of Materials

Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, CHN)

Abstract: C-doped TiO, thin films were prepared by magnetron sputtering and the influence
of nitrogen on the films during the sputtering process was studied. The microstructure,
composition, optical properties and morphology of TiO, thin films prepared under different
nitrogen flow rates were investigated by X-ray diffraction, Raman spectrometer, X-ray
photoelectron spectroscopy, spectrophotometer and atomic force microscopy. The results showed
that all the deposited films were mainly amorphous and some weak anatase phase was found in
Raman spectra. Moreover, with the increase of nitrogen flow rate, the characteristic peak
intensity of anatase decreased, which meant grain refinement. When the nitrogen flow rate was
up to 4 em®/min, the N content in the C-doped TiO, films was 3. 54 % with its optical band gap
changing from 3. 29 to 3. 55 eV. At the same time, the transmittance of C-doped TiO, films
increased obviously. It can be concluded that nitrogen flow rate can control the optical band gap
and optical absorption properties of the C-doped TiO, films effectively.

Key words: C-doped TiO,; N, flow rate; RF magnetron sputtering; transmittance; optical

band gap
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Intensity Distribution of Finite Olver-Gaussian Through Electro-optical Crystal
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Abstract: Paraxial transmission characteristic of a finite Olver-Gaussian beam (FOGB) in a
LiNbQO, electro-optical crystal is investigated based on the generalized Huygens-Fresnel integral
equation. The exact expression for the first-order FOGB passing through this electro-optical
crystal orthogonal to the optical axis is derived. The contour graph of the FOGB intensity
distribution on some transversal cross sections of the crystal, and the side view of this beam
propagating evolution are discussed, respectively. The relation between external electric field and
the central beam location, central relative beam intensity are also explored when wave
propagating in the electro-optic crystal. Furthermore, the transmission characteristics of the

FOGRB in three kinds of traditional uniaxial crystal orthogonal to the optical axis are discussed as
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Segmented Design Method for Three-Dimensional Interconnection
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Abstract: With the continuous increase of signal frequency and device integration density in
electronic system, serious coupling noise problem in three-dimensional integration system
becomes the bottleneck of system performance. Aiming at the three-dimensional interconnection
widely used in integrated technology, which is composed of trough silicone via (TSV) and
redistribution layer (RDL), an optimized design scheme for three-dimensional interconnection is
proposed based on segmental transmission line (STL). In this scheme, the three-dimensional
interconnection is divided into several segments under the STL requirement, and the genetic
algorithm (GA) is used to screen the segments’ transmission characteristics to optimize
superposition effect of reflected waves, which can compensate the signal loss in the transmission
process. The simulation results show that the scheme proposed in this paper reduce the coupling
noise caused by wave reflection, and effectively improve the transmission performance in the
three-dimensional interconnect system.

Key words: TSV; RDL; STL; GA ; three-dimensional integration technology
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Design of Photonic Crystal Fiber with High Birefringence., Low
Confinement Loss and Large Negative Dispersion

ZHAOQO Lijuan, ZHAO Haiying, XU Zhiniu
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, CHN)

Abstract: A new type of photonic crystal fiber structure is designed in this paper. The fiber
cladding contains six axisymmetric triangular lattices composed of air holes with different shapes.,
and a row of elliptical air holes with different sizes were introduced along the x-axis in the middle
to achieve high birefringence, ultra-low confinement loss and large negative dispersion. The
model of the photonic crystal fiber was constructed by the finite element method, based on
which, the effects of the rotation angle of the two central air holes on the mode field distribution,
birefringence coefficient, confinement loss and dispersion coefficient of the LP,, mode and LP,
mode were studied. The results show that the fiber has the optimal performance when the
rotation angle « = 90°, that is, at the wavelength of 1 550 nm, the LP,, mode can obtain the
birefringence, confinement loss and dispersion as 3. 618 X 1077, 1. 999 X 10~"" dB/m and
—764 ps/(nm * km), respectively.

Key words: photonic crystal fiber; structure optimization; birefringence; confinement loss;

dispersion; finite element method
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Preparation and Photoelectric Performance of SnSe Films Based on Two-step Process
CUI Shusong, SHEN Honglie, LI Shubing. JIANG Yaohua, LLIU Rui, SUN Luanhong

(Jiangsu Key Laboratory of Materials and Technology for Energy Conversion, College of Materials Science and Technology,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, CHN)

Abstract: The Sn prefabricated layer was evaporated by electron beam and then selenized
by Se powder, then SnSe films were successfully prepared on the glass substrate by adjusting the
selenation temperature and annealing time. The phase, microstructure and optical properties of
SnSe films were studied by X-ray diffraction, Raman spectroscopy, scanning electron microscopy
and UV-Vis-NIR spectrophotometer. The results show that the pure phase polycrystalline SnSe
films with a band gap of 0. 93 eV can be prepared by annealing selenide for 60 min at 450 °C.
Under the irradiation of a 980 nm laser with a power of 200 mW/cm”, the photoelectric response

characteristics of SnSe film were tested, and the response time and recovery time of the prepared
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film were 62 ms and 80 ms, respectively, obtaining through curve simulation.
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Warpage Control and Correction of InP Wafer in Back-thinning Process
ZHANG Yuanyuan, LIU Cong, ZHAO Wenbo, MO Caiping, DONG Xufeng,

HUANG Yulan, LIANG Xingyu, DUAN Lihua, TIAN Kun, ZHANG Hongbo
(Chongqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract ; Back thinning is an important process for the fabrication of InP-based
optoelectronic chips. When the wafer loses the structural support after thinning, its warping
degree will increase due to the severe deformation caused by stress. Serious warping will reduce
the chip reliability or even make it invalid, thus the warpage of the wafer should be controlled and
corrected. In this paper, based on the theory of ‘damage layer-warping degree’, the influences of
wafer thickness, adhesive mode, grinding pressure, grinding speed and abrasive particle size on
warping degree were analyzed. And the process parameters were optimized according to the test
results, and the warping degree of the wafer was reduced by about 20% after optimization. Then
wet corrosion was used to remove the damaged layer and correct the warping, which reduced the
warping degree of the wafer by about 90%. Using the optimized thinning process to reduce the
damage stress and wet-corrosion to remove the damage layer are the applicable methods for
controlling and correcting the warping degree of the wafer, which can reduce the warping degree
to be less than 10% of that before the back-thinning process.

Key words: InP chip wafers; back-thinning; lapping; warpage; wet corrosion
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Study on Thermoelectric Coupling Characteristics of A Piezoelectric Semiconductor Nanofiber

LI Xinfei, ZHANG Qiaoyun
(School of Mechanics and Safety Engineering, Zhengzhou University, Zhengzhou 450001, CHN)

Abstract;  The thermoelectric coupling characteristics of a kind of n-type piezoelectric
semiconductor nanowire (ZnQ) were studied with finite element method. The effects of external
temperature on internal distribution of mechanical, electric and current fields of the ZnO
nanowire were analyzed. And effects of the linearization of the constitutive equation on electric
parameters were discussed. The results show that the external temperature greatly affects the
electric field, carrier concentration and electric current density. The electric field, carrier
concentration and current density derived from linear and nonlinear constitutive relation differ

greatly, the maximum difference are 24% , 32% and 68% , respectively. A large error will appear

when one adopts linear constitutive relation to analyze electric properties in piezoelectric

semiconductors.

Key words:

piezoelectric semiconductor; finite element method; thermoelectric coupling
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Study on PCM Parameters Test in CCD Process
YUE Zhigiang, QU Pengcheng, YANG Xiuwei, XIANG Huabing, LIAO Naiman
(Chongqing Optoelectronics Technology Research Institute, Chongqing 400060, CHN)

Abstract ;

Process control monitor (PCM) is a key quality monitoring technique reflecting

the process status of the production line. In this paper, it focuses on the factors affecting the test

results of PCM in the fabrication process of charge coupled device (CCD), and the test results of

PCM is statistically analyzed. The results show that, the sheet resistance is 18 Q/[] when the

deposition temperature of LPCVD is 700 ‘C and the film thickness is 580 nm. The contact

resistance is 7  when the hole process adopts dry etching with CF, flow rate of 15 cm®/min and

CHF, flow rate of 45 cm®/min. The threshold voltage of the MOS transistor is —8. 5V when the

energy and dose of phosphorus ion implanted into the buried channel under the gate are 250 keV

and 2. 5X 10" atoms/cm”, respectively. It can effectively avoid the metal leakage caused by

residues when the secondary aluminum etching adopts Cl, flow rate of 90 em®/min, BCl, flow

rate of 45 cm®/min and N, flow rate of 30 cm®/min.

Key words: PCM; CCD;

aluminum etching
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Design of Homogenizing Optical System for Testing CMOS
Image Sensor in Deep Ultraviolet Region
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MA Jing's, YANG Guanghua'®, SU Jiani'
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2. University of Chinese Academy of Sciences, Beijing 100049, CHN)

Abstract: The uniformity of the uniform light system is the key for the parameter test of
deep ultraviolet CMOS image sensors. Based on the Fourier optics theory and combining the
characteristics of the ArF excimer laser output spot, the initial structure of the compound-eye
array uniform light system was designed, and a uniform light system model was established in
ZEMAX non-sequential mode. According to the characteristics of the randomness of the light
sampling in the ZEMAX light source and the uniformity requirements of the uniform light
system, the number of tracking rays and the number of lens elements in the compound eye array
were optimized. By setting the lens element size of 1 mm, applying 100 million rays and being
averaged for 30 times, a uniform illumination spot with a uniformity of 0. 986 is obtained in the

12 mm X 12 mm spot range, which is better than the requirement on the spot uniformity of 0. 97

for CMOS image sensors.
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De-Noising Method of @-OTDR Signal Based on Improved Variational Mode Decomposition
XIONG Xinglong, FENG Lei, LIU Jia, MA Yuzhao
(College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, CHN)

Abstract :

reflectometer ( @-OTDR ), a de-noising method based on improved variational mode

Aiming at the problem of low SNR of phase-sensitive optical time domain

decomposition (VMD) and independent component analysis (ICA) is proposed. First, the
simulated annealing method (SA) was used to optimize the VMD. Then, SA-VMD was used to
decompose the pre-processed @-OTDR signal into a series of intrinsic mode function (IMF)
components, and IMF components were selected for virtual noise reconstruction according to
relevant criteria. Finally, the original signal and virtual noise were used as the input of ICA to
remove noise and improve the SNR of the signal. Experiments were carried out to verify the
proposed method on self-designed coherent ®-OTDR system, and the results show that the
method can effectively remove noise. Compared with the SA-VMD and EMD-ICA methods, the
SNR is improved by 4 dB, which is of great significance to the practical application of the system.
®-OTDR; simulated annealing algorithm; variational mode decomposition;

Key words:

independent component analysis; SNR
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Application of the Quadratic Polynomial Fitting in Distributed Optical Fiber Sensor
XU Zhiniu, FAN Mingyue, ZHAO Lijuan, HU Yuhang
(School of Electrical and Electronic Engineering. North China Electric Power University, Baoding 071003, CHN)

Abstract:  In distributed optical fiber sensing based on Brillouin scattering, Brillouin
frequency shift (BFS) is linear to temperature and stain in the optical fiber. In order to improve
the measurement accuracy of temperature and strain, an improved quadratic polynomial fitting
algorithm is proposed. In the algorithm, the median filtering algorithm was proposed to
preprocess the noisy Brillouin spectra, so as to improve the accuracy of gain peak location; then
spectra within one linewidth and symmetrical about the peak gain were intercepted to extract the
BFS precisely using the quadratic polynomial fitting algorithm. Firstly, after systematic
comparison according to BFS error and error in frequency corresponding to peak value gain, the
Brillouin gain of the same frequency corresponding to all spatial points was selected as the input
signal. Subsequently, the effect of the proposed algorithm under different frequency intervals,
signal to noise ratios (SNRs) and different filter window sizes was studied, meanwhile the
optimal window size selection problem was investigated. The results show that the BFS error
decreases first and then increases as the window size increases, and the general optimal window
size ranges from 53 to 163.

Key words: distributed optical fiber sensing; Brillouin frequency shift; quadratic

polynomial fitting; median filtering; denoise
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B OE: FERANSRZERATETALERAZM IR T, 42 FE RIS TR
MERBR R F AR FRGMRET A AGETHEREZANFERAANER, G4
BETHETHEEZ 3D EM%(Residual 3D Convolutional Neural Network, Res3DCNN) #9 % 8] &
BEARE,ARAFH R ETATHREFERBRERET AT ERKLENITICH % (Convolutional
Long Short-Term Memory,ConvLSTM) ¢ BF 18 12 & H A3, A R EM M £2 0, PR L%
HABETAZRAPREZRFRR.FLEMNRA LA FEXMEM, &G, £ CSL FEHELE L
IGE T Hk ey A AU,

KR THW; WETET s 582 3D M4, B LSTM M4

RESES: TP391 XEHS: 1001—5868(2020)03—0414—06

Chinese Sign Language Recognition Based on Spatial-Temporal Attention Network
LUO Yuan', LI Dan', ZHANG Yi’
(1. Institute of Photoelectric Engin. ; 2. Engin. Research Center for Information Accessibility and

Service Robots, Chongqing University of Posts and Telecommunications, Chongqing 400065, CHN)

Abstract: Sign language recognition is widely used in communication between deal-mute
and ordinary people. In adequate extraction of spatial-temporal features in sign language
recognition task is likely to result in low recognition rate. In this paper, proposed is a novel sign
language recognition model based on spatial-temporal attention which can learn more
discriminative spatial-temporal features. Specially, a new spatial attention module based on
residual 3D convolutional neural network (Res3DCNN) is proposed, which automatically focus
on the salient areas in the spatial region. Then, to measure the importance of video frames, a
new temporal attention module based on convolutional long short-term memory (ConvL.STM) is
introduced. The crucial purpose of the proposed model is to focus on the salient areas spatially
and pay attention to the key video frames temporally. Lastly, experimental results demonstrate
the efficiency of the proposed method on the Chinese sign language (CSL) dataset.

Key words: sign language recognition; spatial-temporal attention; Res3DCNN; ConvL.STM
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W OE: a5 BARNAE BE R R F RGP TSR AT 2 2 347 £ 2, 4 KB
KRR AR AL m%ﬁ&f‘?«%ﬂh@% Lk d TR E A/ B4 (EMCCD)AAMA B i 5
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B A AR e AR e 7k E CCD B4 LRI T AL LAt —F AR &
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Timing Control and Pixel Merger Technology of Multi-tap EMCCD Camera
LIU Lingyu"**, WANG Mingfu'’, LIU Enhai'
(1. Institute of Optics and Electronics of the Chinese Academy of Sciences, Chengdu 610209, CHN;
2. University of Chinese Academy of Sciences, Beijing 100049, CHN; 3. Key Laboratory of Science and Technology on
Space Optoelectronic Precision Measurement, Chinese Academy of Sciences, Chengdu 610209, CHN)

Abstract: The adaptive optical system of a large ground-based telescope needs to use a high-
speed and high-sensitivity camera to measure the wavefront error in real time to obtain a target
image close to the diffraction limit. The multi-tap electron-multiplying charge coupled device
(EMCCD) camera is one of the best choices for adaptive optical wavefront detection. Based on
the 8-tap CCD220, a high-speed (2 000 {/s), high-precision and multi-channel synchronous timing
generator is designed. A variety of pixel combinations have been implemented on the device, thus
the camera frame rate is increased to 3 500 /s (2X2 merge) and 5700 f/s (4 X4 merge), and the
area of interest of the camera can be controlled. The stepping accuracy of the timing generator
can reach 2.5 ns, and the phase jitter of each driving signal output can reach below 200 ps.
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Abstract: Commercial autocollimators cannot meet the requirements on measuring thin
beam of nanometer optical component measuring machine (NOM), thus various errors exist in
large aperture and thin beam auto-collimating system. In order to meet the high-precision
requirement of auto-collimating system, based on the principles of auto-collimating, the errors
caused by the misalignment between CCD detection surface and f-theta lens focal plane in large
aperture and thin beam auto-collimating system were analyzed and experimentally studied. The

linear relationship of errors was verified by experiments, and it is indicated that the theoretical
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calculation has a good consistency with the experimental results.
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Research on Aero-optic Effect Correction Based on Light-field Camera Wavefront Sensor
SHENG Liangrui'**, MA Xiaoyu'*’, YANG Qilong', WANG Tao'"*?*
(1. Key Laboratory on Adaptive Optics of the Chinese Academy of Sciences, Chengdu 610209, CHN;
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3. University of Chinese Academy of Sciences. Beijing 100049, CHN;
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Abstract: Affected by the aero-optical effect, the wavefront of the light wave from the
target will cause dynamic disturbance, which will cause blurring in imaging. A common
correction method is to perform deconvolution processing based on measuring the wavefront so as
to restore the image. The traditional wavefront sensor can only measure the central field of view,
thus the image area that can be restored is too small due to non-equal halo problems. As a new
type of wavefront sensor, the light field camera wavefront sensor has the advantages of large field
of view and large dynamic range. It can simultaneously detect the point spread functions of
different areas of a blurred image. so as to restore the full image at one time. The large-field
wavefront detection characteristics of the light-field camera were numerically simulated by using
MATILAB software, and the blurred images caused by aero-optical effects were clearly processed,
and compared with the simulation results of the Shack-Hartman sensor. The results show that
the wavefront sensor of the light field camera can detect the wavefront disturbance caused by the
pneumatic optical effect effectively and the image of the whole field of view can be clearly detected
at one time, and the field of view is several times of that of the traditional wavefront sensor.

Key words: image blur; deconvolution; wavefront measurement; light field camera; image

sharpening; aero-optical effect
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Construction of QC-LDPC Code with Large Girth and Fast
Encoding in Visible Light Communications
YUAN Jianguo, ZHANG Xirui, YUAN Caizheng, ZHANG Zugiang, WU Junnan

(Chongqing Key Laboratory of Photoelectronic Information Sensing and Transmitting Technology ,

Chongqing University of Posts and Telecommunications, Chongqing 400065, CHN)

Abstract; In order to improve the performance of visible light communication (VLC)
systems, a novel construction method of quasi-cyclic low-density parity-check (QC-LDPC) codes
is proposed to solve the problem that the minimum distance between code words of QC-LDPC
codes is not large enough, which leads to the degradation of the error correction performance. In
the proposed construction method, the information bit of QC-LDPC codes is constructed by
combining the greatest common divisor (GCD) algorithm with Lucas sequence. At the same
time, in order to reduce the encoding complexity, the check bit is designed in the form of the
quasi-double diagonal, which can ensure the large girth length and realize the fast encoding of
QC-LDPC codes. Then the GL-QC-LDPC (2650, 1325) code with a code rate of 0. 5 is
constructed with the proposed construction method, and the simulation performance is analyzed
in the established VLC system simulation model. Simulation results show that at the bit error
rate(BER) of 10 °, the net coding gain(NCG) of the GL-QC-LDPC(2650,1325) code constructed
by this method is respectively 0. 10, 0. 14 and 0. 25 dB more than those of AC-QC-LDPC(2652,
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technology and GDD-QC-LDPC (2652, 1326) code based on group divisible designs (GDD),
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Research on Frequency Tracking Circuit of Multi-ring Resonant Micromachined Gyro
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Abstract: Due to the high resonance frequency of the multi-ring resonant micro-mechanical
gyro, the traditional digital control circuit can not accurately balance the accuracy and tracking
speed of the gyro amplitude signal. Based on the traditional hemispherical gyro digital control
loop, a frequency tracking circuit is proposed for multi-ring resonant micro-mechanical
gyroscopes, and it is applied to multi-ring resonant micro-mechanical gyros for the first time.
The circuit is based on a high-speed A/D conversion circuit. The frequency and phase information
is calculated by high-speed sampling of the amplitude signal, and the output signal is generated
by the CORDIC algorithm. Test results show that the circuit makes the frequency tracking
accuracy of the multi-ring resonant micro-mechanical gyro amplitude signal reach 0. 78 Hz, and
the frequency tracking time is less than 40 ps, which greatly improves the performance of the
control circuit.

Key words: mult-ring resonant micromechanical gyroscope; frequency tracing circuit;
control circuit; A/D convert; CORDIC
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Super-resolution Planar Array 3D Imaging for Dynamic Objects Pose Estimation
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Abstract; In this paper, demonstrated is a super-resolution polarization-modulated 3D
imaging framework based on electron multiplying charge coupled device (EMCCD). Due to its
low bandwidth characteristics, the electro-optic modulatoris applied as a fast shutter with sub-
nanosecond-level to implement temporal and range resolution of 3D imaging system
simultaneously. The depth information can be reconstructed from the gray image with only a
frame of raw data, so as to achieve dynamic imaging performance. Based on the system
structure, a method of multi-dimensional data fusion is proposed to calculate target position and
attitude. The feasibility of the method is verified by experiments. Experimental results show
thatfor the target 1 km away from the lidar system, the displacement measurement accuracy is
less than 3 cm and the pose angle error is less than 3°.

Key words: lidar; time resolved imaging; polarization modulation; multidimensional data

fusion; pose estimation
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