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Research Progresses of Radiation Damage Experiments in Laser Diodes
WANG Zujun', NING Hao’, XUE Yuanyuan', XU Rui’, JIAO Qianli*,
LIU Minbo', YAO Zhibin', MA Wuying', SHENG Jiangkun', DONG Guantao'
(1. State Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Northwest Institute of Nuclear Technology,

Xi’an 710024, CHN; 2. School of Materials Science and Engineering. Xiangtan University, Xiangtan 411105, CHN)

Abstract: Laser diodes (LLDs) applied in the space or nuclear radiation environments will be
susceptible to the radiation damage, which induces the degradation of the LLD performances. In
this paper, the radiation experiment progresses of the .LDs manufactured at different periods such
as the GaAs LDs at forpart, the quantum well LLDs, and the quantum dot L.LDs are reviewed. The
degradations of the LD radiation parameters induced by different particles or rays such as
protons, neutrons, electrons, and gamma rays are briefly introduced. The key problems needing
to be further resolved in the future are analyzed. This paper will provide the basis of the theories
and experimental techniques for the investigations of radiation experiment methods, degradation,
damage mechanisms,and adiation hardening of the LDs.

Key words: laser diode; radiation damage; total ionizing dose effects; displacement effect;

threshold current; slope efficiency
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REEN 1 MeV, Z5H W, B 75 IEE, B E B iR

+ 154 -

Wi L R A A Y A, B KR AT — o R K
5 RERECR AT AR 5 TV R i 48 A8 AL R B

2008 4F, Boutilier % AJFJ£ T InAs/InP & +
dash LD(1 550 nm) 5 5 4% B8 &k BF 22200, 4 IR
B R 2> F AR AMNE (MBE) 4= K Si 84%/InP %] JiE
K GalnAsP & F dash B LD, T 58 B iE &4 5
8 X 10°, 6 X 10" Fl 5 X 10" p/em’, BE & N
31 MeV., SCEGZE BB, T 48 MRS . 1R 0 Al O Bl
JOT B PR A T 9 A, L R ML B O T R
R AR S E 6 o0 S BE T F Ao ; B R
BRI A AL, 38 25 ADOR R B A ARk,

2009 4, Boutilier % AN JF & T GalnAsP i
F-BE LD (852 nm) [ 5t F F1 HE - 5 FE 453 405 %007 5K
B DL RO R0 F 75 i R e A I B O I Y L e
HERE 5 R 42 T8 A AL A AR 2E (MOVPE) A K 9 n
B GaAs #F IE K B 7 B 45 (Separate Confinement
Heterostructure, SCH) GalnAsP = F Bt . 745
TR 1< 10,1 X 10" F1 12X 10" e/cm?, fiE
HON 1 MeV; i FHEIBAER A 55107 p/em’, fE &
31 MeV, SCE 25 SRR, BT A 7468 RS &
LD ¥ BB b5 & 1 Bk b i I 4 5 3 00 A5 A sl
ELHEAE G, 8 R TE B S50 I R R U A
AT DN A S R T A .

2011 4F, Troska JF B¢ T £ # ( Multimode)
VCSEL LD.i1% % %t (Edge-Emitting) LD, & ¥ 5
LD fop 7 ok 4 BN B g . bR e R T
HEREIAFE 5.2X10" n/em?®, HER N 20 MeV ;o ki
T BE RN 1 X 107 particles/em®, B8 & X
191 MeV, SEEZ5FEE B, = Fh LD i B {4 f i 34
B R R KL IR KR — E R
PRI S BHR AR I B b 7 IR R RN ©
K56 RS & LD P BB 1k i AR X 8 45 - L
W 2~3 1%,

S5EAMNF RSB LD 09 %8 B8R0 52 56 5T 58
AH . [ PN 7E A 56 T T R B AF 5 AR 2 L i AP
B, 2000 4F  MRERME A8 AT T HL - L 7 4 iR
£ AlGaAs/GaAs f B BN & 09 R 68 G 1Y
S R 5T R ERE S O SR S 48 MBE ik
TE GaAs #TIE F A K19 AlGaAs/GaAs & F BF#
b, H A IR I A TR TR R
TR R 1X10% ~1X 10" e/cm®, BE®R N 0. 4 ~
1.8 MeV HL ¥, Jit 4% MAE & R A5 4% LT &

s H

J5t
TR ER Y 110" ~1X10" p/em”, fiE &

’
1=
B
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FAAE F, FFREULBRBRHG AL ZRAAERE

1 20~130 MeV, SEBG IS5 SRR, 15 RiAE
RPEMBLA N E.=E,—0.22 eV; i FHBi%E L
PR E,=E,—0.67 eV,

2001 4F  PRBEME S AP T InGaAsP LD [
TR H A WA N T n B InP H
JIEH) 1.3 pm InGaAsP LD, Hy 748 M7 ¥ b ok
bR B FEBEREERRN 1 X10% ~2X
10" e/cm” B4 0.4~1.8 MeV H 7, SZH 4R
LY FRBERE/NT 1X107 ¢/cm® B4 LD
MPERE R A B M FRBERZ KT 1 X
10" e/cm® B, it T B 200 R B

2009 4F, # A Hi 5 NP T InGaAsP/InP £
BB LD K H 21 PR R 4 BE AN SE g B L 4R
HESZ B 78 Co AN 5 S £6 U5 b JF J&, 5 MR 5
InGaAsP # B R 1 £ & F B LD, WGk B P
(FP) i LD #1434 )2 55 53X (DFB) LD, 34 51 B A
2F OGT R 3 Fhi b A5 A TR 20 ek R i K AL S
1310 F1 1 550 nm P A, 405 % BEOE ) o f ik
5.5X10" Gy(SD, &2 0.5 Gy(SD /s, B & H
1.17 F1 1. 33 MeV., 5 B8 i & 45 1 53 ) A A 2 F
UL RT3 RIRAS . LIRS R R, 2 a B
LD Bt Hy 55 £ 8 BRAE T AR 58 5 10 4 't 1 i s A
iz 0 LD h TAMGPRELE MG
55 S NBOGER X S 5t 2% o 4 23 DA 5 46
R RN O35 1o 2R B DL KA i 53 FE 15 R, AT
1 LD i ' ) 23 B e R SR)  RG OR R REL E
G GETFRE T RER A0 2,5 F1 8 MeV 1 5 1 48 I
SCEy . ERTFARMTER N 1X10% ~1X 10" p/cm’
B it e I3 S 9 KL LD A B F O 0% T S KL O
Uiz, B 14HT 8 MeV it F4EIR)E . 6
i P WA T R A 1S R e/ 19 8 Ak G &
.

1800

—e— il 4

1 —e— il 3.92x10" plem?

1 4004 —* HETER: 7.68x10" p/em?
—v— JiFiEd: 1.14%10" p/em?

1 000+

PlpW

600+

200+

5 10 15 20 25

P18 MeV [ 140 RS » L A B B 4 1R T ek 9 A2 56
ELIE

2010 4F . # E R EATJF R T &7 BF LD fynth 48
TR S Ao . R RS 7E ) Co 5 S 2R 8 |
TFIE B8 R RE 5 InGaAsP R R B9 2578 LD.OG
B P A 1550 nm, D BRRR) 2 A ik 8 X
10" Gy(SD . FIEFHH 0.5 F1 1.0 Gy(SD /s, fig &
1,17 F1 1,33 MeV ., B8 8 % 14 A o i 5 fEL 9
R, ISR LD (Y 3 {4 A U Bl S 50 i 1
R S R R K B W B R K, =5.6X
1077 mA/Gy(SD ; T 2 Fifi 577 & 3 K 9/ G
ANHLHHN 22 mA)

2012 4, {5 AP T InGaAs/InGaAsP &
FBE LD Y 740 BN L B B 5 . R RS R
FE T2 T 0 g 1 JF R B IR S O BT n A
InP % i TE I 28 1Y InGaAsP 6 2% FR %2 & 7B
HIEIX B InGaAs/InGaAsP & T BF LD, JtH b ik
KR 1550 nm, HFHEIEREEN 5X10°~1X
10" e/em® AEH N 1 MeV, SZERMIREE R K, LD
F1R) FELRT 550 ] P A 722 A Bl R, - R G KT O D 2k
1 5 AP X A Ty R AR A B R T o R R KT
Sl (V= Y

2015 4F . K NP B T GaAsP/InP £ & T
BF LD A H - 100 5 5 26 A0 0 52 56 BF 52
EIBFESL O DFB 45 89 GaAsP/InP Z & 1B LD,
ek I K R 1550 nm, B R IR AE RN s AR L
R, HOEREFN 1 X107 ~1X10" e/cm®, i
AR H 1X 10" A 1X10" e/ (em? + ), BEHE 435
1 A2 MeV, S5 R RS AE™ Co Al Hy 3 2k
P EIF R, MR ILE A 2X10° ~5X 10" rad(Si),
FIEE RN 0.5 rad(SD /s, SLH IR 45 5 K0, Y
AL 528 Ry 5107 rad (SD I, LD A4 15 {1 H,
WA L RPRPCRA 24 11 % iRk LD A
- RS T F U 3 KL D6 T R A R R 3R AL
0N

2018 AE LISk, EAHZE S N ARG MIT R T FP
M DEB Z & 7 BF LD IR & 5T 19 850 & 8800 &
BT AR - RN HE R A RS KON B TR S
B, 45 BN AN ) 4 560 RE - BSR4 R IR 2 i 7 BF LD i
KBRS HORIER S A, B 2 45 T 2 & B
LD ) I-V ¢y 4 B2 700 d 48 R A8 fh i £k, 181 3
i T 28 BF LD WO D2 AE 1 4 BRI S Y A8
TR 2k . FRBFFE M HEST LD 48 B3 105 5850 0 52 56 5
PR T SRR S,
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107
o {4 A
4 —e— 100 krad(Si)
4 | —a— 250 krad(Si)
107 4 v 500 krad(Si)
]+ 850 krad(Si)
< 10°
—
1
10° { '..__,..-"'
1
10"

0 0.2 04 06 08 1.0

Viv
B2 ARESFETZETUELD W I-V FeE 2k
3 500
—a— AR R
1~ i 2¢10" nfem®
25004
ES
L
& 15004
5004
0 30

I/mA
K3 Z& B LD BT A b+ TS 09 28k th 2

3 T LD 5ROV SE 5 HE 5T 1

R B D R 2R =G B R R R
/NT 100 nm (9 5 B . BA LR 1R i
SR REbESY . 58 FHF LD ML, B F a8 LD
i F & T S R R A = A8 s b Az BB
il B TR E SRR ICR N & A, W2 A3
I 15 PR %85 3 R B g ) AR AR U R L RGBSR T
il e SR Rk g AE RO EE Rg b BB
(15 FH T §EEY . 1982 4F, Arakawa 25 7E BIF 5% £ 4k
HEFBE LD 9 A A U R I RE O AR L R T
SN IR e T B SR T
SLEE A B (E R LT ASBE IR B (—50~50 °C)H AR
B, 1994 4F, Hirayama %5 A 4% 7 38 T & F 4
LD Wil aTh > . 5 EFBF LD M, % & F 0% LD
%) BRAL N S 30 I 52 A /b R AL L B

2000 4F, Piva 8 AN JF & T A 4l % & F & LD
P AR RS T Y L R ISR AE Tandem il
Ay IR, IR EE N InAs/GaAs = F 4 LD,
P B TR RE Y 1X10° ~1 X 10" ions/
em”, BEHE N 8.56 MeV, LA KXW, &1 4 LD

* 156 -

A FBF LD #9680 C 3 BE B 1 4 R o 18 K
/N, i FBE LD 9 PLRAEFE B it 05 LD
PL WiBLEE A 1~2 MRS, BT A LD K
P4 55 68 77 A X 5 F & T B LD, IR T H R A
VA3 4/ e e e RS Y Gl R VR I N SN
(01 S N A A L E I PR =R i Rl 2 A

2002 4F,Leon AT HAHZEN-V G & F
MULD AR B sc oS . fR ISR AE Van De
Graff i #s b FF &, 58 AL 8 InGaAs/GaAs &
T LD, B BEREE Y 1.3 X 10" ~3.5X
10" p/em’ , JEEHLA N 6 X107 p/(em® « s), BB &
H 1.5 MeV, LI R R, Y B4 MIER N
3.5X10" p/em® B, BT 55 LD M98 650 A Y F
IR 50 %0 LA 11 BF LD A9 28 Ot a8 B (AR
MFARIRETAY 1/30 247 i F AL LD 800 T &
Z AR R N, 5E B LD AL,
B LD I AR B BT AR AT R

2008 4 ,Mares 22 AJFJE T InAs/InGaAs &= F
LD 2y 5 248 RS s mF g L AR RS #E Y Co
b S 25 T B BRAE i O InAs/InGaAs £
AULD, AR RS GN # i m ik 1.6 MGy (SD , fil &
YK 400 Gy(SD) /hr, g A 1. 17 Fl 1. 22 MeV,
S 2% B % B 1 P 9 LA ) R T K, bR
RESIB R ES RN T SE e NI %N
TSR 2y % BRS04 B (R E O L R R0 RO T R
(AR AR B EL in 9K 2 RS AR A0 AR T

2015 4F, Fauzi 55 A JF B T InAs/GaAs & F /5
LD #h RS i 58 . R IR 9L /E PUSPATI
TRIGA [ by HE I J 4@ BEFE i ohid ik MBE AE K
Si 7% GaAs #}JiK . InAs & F & i@ i SK =k K
) InAs/GaAs & F 11 LD, #7468 8 1 2 90 [ o
2R 310,610 19X 10" n/em”, FE & KA K
1X10"% n/(em’® « s), SEHE5 R, I ) L R 5
TE ) H R S Y I R U B4 B R R R ORI Y
RN 1) LR A U RO B R B R S
G, N IE ) RS R U FE A L IR 3G R — A B
o I HL I HG UE T rh L AR R A 5 K ) R
TR AR R S R A .

FE] N A - A50 LD R BRAL Y 52 90 BF 5 7 1 5
HPFR LE T J B AR X8 D R D e e . B AL %R
A RIFR T &5 LD R R F R
Th IR 28 11 i R S 0 E 5T

2012 4F, o N FF 8 T InAs/GaAs & F 5,
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FAAE F, FFREULBRBRHG AL ZRAAERE

LD 20 3 v 18 RS g0 i o 0 R S R RN
Herp U JF R 4R BRAE 5D InAs/GaAs & F 5
LD, FHEBEE N 5X10" n/em®, LR E
B, v 748 IS B 7 05 LD By IR0 B
H R 3 308 2 0] S 56 25 ST S 4 AT, Hh T R
P LD SRR R L B T B 0
K7 A B R B X SR R S Y AR R G A 0 B
R E G MR,

2013 4F, i S A JF )8 T InAs/GaAs & F 8
D 55 22 58 RS B AF 5 . R S B R Co il 2
SRR LT fE BRAE 5L o AOT 28/l A4E 72 1Y InAs/
GaAs & 1 & LD, I 5 45 B2 5 & v [l o 5 X
10°~1X10" rad(SD , fl HE 24 100 rad(Si) /min,
REHLZYM 1.0 MeV, S 25 SR, 5 (A H 37 Bl A
71 B8 K T 484 KL 0l By SR ARk R AR i 5 o K
T8/ 3 25 B 1 X 10° rad (S B, i 4 & 46 BR
() 5T a5 LD T BB 2R 20, 1 A e R IR A T
LD PEREIR 1L, H R BT BB 22K

2019 4F, FR % NJF R T InAs/GaAs HLZE &
Fu5 LD L R RS R D s
FERCH N 25 L TF R, 58 BRAE 5 oM 7E n A GaAs 4
e EAERKZEWE. BESZWZ Bl SKPLHAE K
P AJZMH A InAs/GaAs & F 45 LD, HF4H
FEVERE I 110" ~2X 10" e/cm® . AE & 43 5 0
1.0 Fl 2.0 MeV, Jii F4&BEFRWEN 1 X 10" ~
2X10" p/em’ ,BEEAF SN 1.0 F1 2 MeV, SLH 45
W] B A LD 76 A W] 3K 2l B 33 T (9 H R 4 Bl
R A2 b BT LD B {E T R
TR o R T4 K, 16 Ty 238 R AR 23 200 % I o s R
T R8N 5 24 H R T A R S A Ak A
Ay RS 1107 18X 10° rad (S Z )&, B HL Ui
PR N SR

4 W REE

MHT, A LD WF & B Al & T 28 AR KK
R JE LD B A0R S R E R B
AE B Hz 98 1 5 4R B, 1 75 4% Fh M R ST HE A T A LD
AN B, SR Al LD 76 A% v 5 5 PR B8 N 0 n) AR
T E TR LD i 8 MR 05 300 % % S . R, B
A N ANA B B T TR LD 4 BR KON % % 1Y)
SR WA A R R 2 O AR R R
CES SRV iR & ACEE DN I-§ O VA A B~ SN
RCHIHE A5 . AR SO A [l B[] BB Y LD 7 4

SR S 36 T T P AT S A0 R A I P AT O R AN )
FRSTRL T B (T T R T I B O R
LD 48 5 §UR S BOB L iy S50 ML, Sy 4 I IR A2
RGRATTIE LD 058 M0 52 96 75 i IR AL AL
05 BB L TR S [ AR B S B 3t T B 4 S A
LB HE

S & k-
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B OE: LB ARMNOTDR) Z@AS4E R LA mnXe 5 AN E, FFARBLSE R
OTDR # 2480 B4, 3 b £ a9 4t A% vh OTDR 9 M XFE & M AMEESE, HiE B OTDR #
B E R BB FAE T — A AE AT AR A PR (SCHD 8 8 ,SCH £ M 7T A 32 3ok e s b
R EREE, AN, RARLTEZ2ETHEMERSIESHWREESFER, 469 1550 nm=*
20nm TR KB AR L EREFHBHERTHF T 60 mW(Z /BR300 mA,25 C). ik
ZEHA/FHERDT Ins, Z4 %2 OTDR K35 . S45 E 0 X618 A2 K,
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Study on 1 550 nm Semiconductor Lasers Used in OTDR
LIAO Ke, WANG Haoxuan, XIONG Wentao, CHEN Jian, ZHOU Yong, TIAN Kun
(Chongqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract: The optical time domain reflectometer (OTDR) is a special instrument in the test
of optical fiber communication link. As the key compoment of OTDR, the performance of
semiconductor laser directly influences the characteristics of OTDR, such as test distance, test
precision, etc. In order to meet the application requirements of OTDR, a kind of ridged
waveguide laser chip with separate confinement heterostructure (SCH)was proposed. The SCH
can improve the output power and slope efficiency of the lasers. Meanwhile, the quantum well
the For the

semiconductor lasers working at the wavelength of 1 550 nm =20 nm, the output efficiency of the

structure was adopted to improve temperature characteristic. developed

single mode fiber exceeds 60 mW at the working current of 300 mA under 25 °C, and the rise/fall

time is less than 1 ns, meeting the requirements of long-distence and high precision in OTDR

—F A F R R RS 1550 nm £ SRR
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applications.
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Wil 5 't 21 38 15 12 AR AE & A S Tz N A X
I8 5 HE B P OG A R A I A H i L G R
S COTDR) J2& —F & H16 2F MR A 2% B AL
AN O KRE  M RO A s S KA LW
EV A0 YT, BE RS B 0 1 Ot 2F 12 Sk o s Y
OTDR A1 A 32 2 B P T2 3 R JOG &8 19 5 i,

i HEI:2019—11—09.

laser diode; OTDR; working wavelength; output power; spectral width
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Self-powered Near-infrared Photodetector Based on Single-walled Carbon
Nanotube/Graphene/GaAs Double Heterojunctions
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(Key Laboratory of Thin Film and Microfabrication of the Ministry of Education, School of Electronics,

Information and Electrical Engineering, Shanghai Jiaotong University, Shanghai 200240, CHN)

Abstract: In this paper, a self-powered near-infrared photodetector was fabricated based on
a single-walled CNT (SWCNT) /graphene/GaAs double heterojunction structure. Due to the
excellent photoelectric properties of GaAs and high carrier mobility of graphene, the
photodetector exhibits a high photoresponsivity, detectivity and the on/off ratio of 393. 8 mA/W,
6. 48 X 10" Jones and 10°, respectively. More importantly, combing the near-infrared light
absorption of SWCNTs with the photo-generated carriers effectively separated by the SWCNT/
graphene heterojunction, the spectral response of the double heterojunction device is broadened to

1064 nm, breaking through the absorption limit of GaAs itself.
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 OE. ARy CMOS B4 & % (TDI-CIS) LA # R # bRl 4t A, T 2 A T
TR B TR AR, R NSRRGSR A, TDI-CIS & % # 3L % (Blooming) 3L % .
HomMM AR, BASHTAZSTANNE  REATHMERAGRELEMN . KT B —FALALE
Ao @A Ko Ak e TDI-CIS; @ R B K R AR @R EMM L E L REFHERA
A E(FWO Z R 2 fi 48k % & x5 il iF 52 3075 %) B ik i+ TDI-CIS 8 A 3 Z M AL 8 EAL A
2.1V,

EER . BHRZERELS s CMOS; st B Bt B2 =

FESES: TN386. 1 XEHS: 1001—5868(2020)02—0169—04

Relationship between Voltage of Lateral Anti-blooming Gate and
Full Well Capacity in TDI Image Sensor
QU Yang'?, WANG Xinyang'?, ZHOU Quan®, CHANG Yuchun'
(1. Changchun Institute of Optics, Fine Mechanics and Physics of the Chinese Academy of Sciences, Changchun 130033, CHN;
2. University of Chinese Academy of Sciences, Beijing 100049, CHN; 3. Gpixel. Incorporation, Changchun 130033, CHN;
4. School of Microelectronics, Dalian University of Technology, Dalian 116600, CHN)

Abstract: Due to its excellent detection ability under low light illumination, time delay
integration CMOS image sensor (TDI-CIS) can be applied in aviation detection and satellite
remote sensing. However, it is easy to appear blooming phenomenon to affect observation when
TDI-CIS is under higher intensity illumination. In this paper, the mechanism of blooming is
introduced firstly and a TDI-CIS with rectangle lateral anti-blooming gate which is arranged in
vertical direction based on two different anti-blooming structures is designed. Imaging tests

indicate that the voltage of anti-blooming gate (V ;) is negatively corrected with anti-blooming
and full well capacity (FWC). Finally, the optimal V ,; of 2.1 V is obtained.

Key words: TDI; CMOS; blooming; lateral anti-blooming gate; FWC
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Design and Experiment of Three-dimensional Gradient Fiber Optic Vector Hydrophone
ZHANG Tao', HU Binjie' , CHEN Chaoyu’, GUO Yundong®, DENG Zhiru*, SHI Tao’, XU Dong”
(1. School of Electronic and Information Engineering, South China University of Technology, Guangzhou 510000, CHN;
2. Changsha Sensintel Information Technology Co. Ltd. ; Changsha 410005. CHN)

Abstract: The basic principles of the gradient fiber optic vector hydrophone are elaborated,
and the effects of component sensitivity and distance impact on the acoustic pressure sensitivity
are analyzed. The structure design of the 3D gradient fiber vector hydrophone is completed.
Samples of two-dimensional gradient fiber optic vector hydrophones were manufactured and
technically tested. Test results indicate, in the frequency range of 20~1 000 Hz, the acoustic
pressure sensitivity of the gradient fiber vector hydrophone is basically consistent with the
theoretical value, and its presents good directivity at 500 Hz.

Key words: fiber optics; vector hydrophone; gradient
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Design and Fabrication of Structure-decoupled Quadruple Mass MEMS Gyroscope
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Abstract: A new structure design and preparation method of structure-decoupled quadruple
mass gyroscope are proposed. Design of comb electrode and push-pull method are used to
eliminate the second harmonic component of the electrostatic driving force, and the structure of
folding beam is simulated, analyzed and optimized to effectively realize the structural decoupling
of drive mode and sense mode. According to the structure of the gyroscope, a feasible process
plan was designed and the practical processing was carried out. Samples of the quadruple mass
gyroscope were finally made by using SOI and anode bonding process. Simulation results show
that the resonant frequency difference between drive mode and sense mode is 7 Hz, which means
the structure is highly symmetrical. Through the harmonic analysis, the maximum displacement
of gyroscope is 1 290 nm, the maximum displacement difference of driving frame is 60. 75 nm,
and the maximum displacement of detection frame is 305. 24 nm, which means that the ideal
decoupling effect is obtained.
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Simulation and Design of Low Voltage Driven F-P Cavity Tunable Filter
REN Haojie' , HOU Haigang®, ZHU Lihui', HUANG Qingwei’
(1. School of Materials Science and Engineering, Shanghai University, Shanghai 200433, CHN;
2. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, CHN)

Abstract: In order to select the optimal bridge deck structure, the voltage-displacement,
stress and mirror flatness of four new folded beam bridge deck structures of Fabry-Perot(F-P)
cavity tunable filters (with no holes, circular holes, square holes and diamond holes) were
simulated using the multi-physics finite element COMSOL software. The results show that the
displacement of the bridge deck with diamond holes is the largest under the same driving voltage.
Meanwhile, the required driving voltage of the bridge with diamond holes is the smallest under
the same displacement. The stress and flatness of the bridge with diamond holes can also meet
the design requirements of filters. Then the filtering performance of the optimized folded beam
bridge deck structure with diamond holes was analyzed by the Essential Macleod software. The
results show that its filtering is excellent in the optical spectrum of 3~5 pm tuning range, and
can meet the requirements of low driving voltage and wide tuning range.
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Study on Factors Influencing the Finesse of Resonator Fiber Optic Gyro
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Abstract: The influence of polarization fluctuation noise and backscattering noise on the
fineness of the resonant fiber optic gyro was analyzed. And an optical fiber ring resonance ring
test system was set up. The experimental results show that, by using a polarization controller
and a polarization maintaining light source to suppress polarization fluctuation noise, the fineness
and the resonance depth of the characteristic parameters of the fiber resonance ring can be
increased from 64, 67 to 101, and from 0. 503 3 to 0. 712, respectively. And the ratio of the
backscattered light to the main signal intensity in the fiber resonator was measured to be

0.026 7%. The research results can provide a theoretical reference for the miniaturization and
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high sensitivity of the resonant fiber optic gyroscope in the future.
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Optical Fiber Mach-Zehnder Refractive Index Sensor Based on Spindle Air Cavity
DAI Yang, WANG Tingting, SUN Jiacheng, WANG Fei, HUA Wendong
(School of Electronics and Information Engineering, Nanjing University of Information

Science and Technology, Nanjing 210044, CHN)

Abstract: A sandwich-structured all-fiber Mach-Zehnder refractive index sensor based on a
spindle-type air cavity was designed. The spindle-type air cavity was manufactured by splicing
and taper acommon single-mode optical fiber and a photonic crystal fiber. The spindle-type air
cavity and cladding in the taper area serve as the referring and sensing arms respectively, then the
Mach-Zehnder interference is established. The interference fringes of the sensor and the electric
field distribution in the taper area were simulated respectively based on FDTD Solutions and
COMSOL.
environmental refractive index, the effective refractive index and the environment refractive index
The sensitivity is 1 377. 6 and 1 436 nm/RIU when the refractive

index is 1. 36~1. 37 and 1. 37~1. 38 respectively. The extremely short interference arm is used to

The relationship between the trough wavelength of the index sensor and the

are obtained by simulations.

reduce the loss and the sensor has higher refractive index sensitivity.
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Research on Special Modal Vibration Characteristics of Piezoelectric Resonators
LIANG Tianchen, WU Xiaosheng, LI Zhichao
(National Key Laboratory of Science and Technology on Micro/Nano Fabrication Laboratory,

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

Abstract;: A miniaturized and low-cost vector analysis system is proposed to analyze the
vibration characteristics of piezoelectric resonators. The system uses STM32 to control 4 DDS
chips to generate the driving signals and the vector analytical orthogonal signals. By writing
frequency control words to the DDS module, the signals with sweeping frequencies are generated
to excite the piezoelectric resonator. Vector analytical technology is used to obtain the amplitude
and phase of the output at each sweeping frequency. The resonance frequency, quality factor (Q
value) and phase parameters under the two special vibration modes of the piezoelectric resonator
are extracted. The influence of driving signals on vibration characteristics of piezoelectric
resonator are analyzed systematically.

Key words:

piezoelectric resonator; vibration mode; quality factor; resonance frequency;

vector analysis
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W OE: RET—FEAT CMOS B E R SR FRCRAFEIHERE (ADC) M T HAZHE &
HRKB(PGA) BF, @ik ARHE LS, REPCGA BB R LRI NG LALE, £ PGA

BB KA AR R KRR, B HFREHE ADC R HBANE G4 L EE
P, AR T E EILT PGA B IIANMBE ZEXRE, KA 0.18 um CMOS B## 4 & 5+
AIELHATH A EREAR  EHALRALIE—30~30mV TILEK H, 3% 8 PCA o4 %A%
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A PGA Circuit on Digital Double Sampling ADC of CMOS Image Sensor
WU Zhijun, LI Yigiang, PENG Song, LI Mengtao
(Chongqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract: A PGA circuit on digital double sampling ADC of CMOS image sensor is
proposed. The offset voltage introduced by mis-matching of amplifier and capacitance of PGA is
collected by increasing the offset sampling capacitance CC. The relative double sampling and
amplification is performed in the reset sampling and PGA amplification stage, the digital double
sampling ADC will quantify the two-stage storage voltage and make the difference in the digital
domain, so the fixed mode noise introduced by the circuit of PGA is eliminated. Simulations were
performed on 0. 18 pm special process of CMOS image sensor. The results show that, the output
offset voltage of PGA can be reduced to less than 1 mV in the range of input offset voltage of
—30~30 mV, which greatly reduces the column FPN compared with traditional PGA with single
linear relationship between output offset voltage and input offset voltage.

Key words: CMOS image sensor; digital double sampling ADC; PGA circuit
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Surface Plasmon Resonance Fiber Refractive Index Sensor Based on MSM Structure
GUO Zhiyong', GE Yixian'?, SHEN Lingwen', ZHANG Peng', GU Qinshun'
(1. School of Electronics & Information Engineering, Nanjing University of Information Science & Technology , Nanjing 210044,

CHN; 2. Jiangsu Collaborative Innovation Center of Atmospheric Environment and Equipment Technology , Nanjing 210044, CHN)

Abstract: Based on the surface plasmon resonance (SPR) effect, a fiber-optic refractive
index sensor based on a multimode-singlemode-multimode (MSM) structure was designed. The
structure of the MSM is constructed by optical fiber fusion, and the surface of the single-mode
optical fiber is coated with a titanium dioxide/silver (TiO,/Ag) composite film to form a sensing
unit. The effects of single-mode fiber length and metal film thickness on sensor performance were
analyzed using FDTD Solutions. The results show that the longer the single-mode fiber length,
the deeper the resonance depth; when the thickness of the Ag film is 50 nm, and the thickness of
the TiO, film is 20 nm, the sensor can obtain the best performance. In the range of 1.33~1. 41
ambient refractive index, the sensor has a sensitivity of approximately 6 875 nm/RIU.
Experimental results show that the optical fiber refractive index sensor has a simple
manufacturing process and high sensitivity.

Key words: optical fiber sensor; SPR; MSM structure; refractive index; composite membrane
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Eabsat, FEEET, AR, B, FIR, £EF, OB

(1. FEXE HRBMZETRZR, Kb 410083;2. T HFELXSEFWRARTFRE, I M 510650)

B OE., ATHFFARHNZIZ.HET AT H 50 um X80 um #9 3 & R AL (GaN) & Micro-
LED %K, SAMERFBBEAL2.55V AL:;MXT I0BMLED S A E 1 mA EALATHE
/i{%i FRAMRRMAFR DAL MNA 3.24 3. 12 Vo kS ELE AW AA, £ 1 mA 038R

MK R 6 EL RS KA S0 A A 453 o 14,4 nm, S K T F R E T
12.38/,M}%$Jbiﬁfjﬂ AR, MR 4R AP &6 Micro-LED % 5 B A 4k 5% 69 5% b bk
A, AP, AT AR BB AR, FHT MicroLED B A 848, TR THAFHF L £ 2 Micro-
LED % h b ety % A ARG T EFH T H AR ET LA AL HELTF LY A,
X R BTN BEHMR T LED S H M5 A2 FH KGR,

X : Micro-LED i s BOLRIE; SR, JetEae

PESES: TN312.8 XEHS: 1001 —5868(2020002—0211—06

Preparation of Blue Light GaN-based Micro-LED Chips and Study on Laser Lift-off Process
WANG Xianchi', PAN Zhangxu®, LIU Jiucheng’, GUQO Chan®,
LI Zhicheng', GONG Yanfen®, GONG Zheng’
(1. School of Materials Science and Engineering, Central South University, Changsha 410083, CHN;
2. Guangdong Institute of Semiconductor Industrial Technology, Guangzhou 510650, CHN)

Abstract: Based on semiconductor manufacturing process, blue light GaN-based Micro-
LED chips with a size of 50 pm X80 um were prepared. The forward voltage of the chips is about
2.55 V. The voltage of ten LED chips under the injection current of 1 mA were tested, and the
maximum value of 3. 24 V and minimum value of 3. 12 V were obtained with a fluctuation
amplitude within 4%. At the test current of 1 mA, the peak wavelength and FWHM of the EL
spectrum of the test chips are 453 nm and 14. 4 nm, respectively. The external quantum efficiency
of the chip can reach up to 12. 38%, and the chip emits very uniform light and presents a high
brightness. The test results show that the prepared Micro-LLED chips have excellent photoelectric
performance. In addition, Micro-LED chips transfer was achieved through laser lift-off
technology. and the influence of laser lift-off process on the photoelectric performance of Micro-
LED chips was studied. It is found that the laser lift-off process almost has no effect on the
photoelectric performance of the chips under optimized process conditions.

Key words: Micro-LED chips; laser lift-off; chips transfer; photoelectric performance
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Study of Defect Perturbation in Reflective Field of EUV Mask Multilayer
LI Guannan'?, LIU Lituo', ZHOU Weihu'?, SHI Junkai' s, CHEN Xiaomei'
(1. R & D Center of Optoelectronic Technology. Institute of Microelectronics of the Chinese Academy of Sciences,

Beijing 100029, CHN; 2. University of Chinese Academy of Sciences, Beijing 100049, CHN)

Abstract: Extreme ultraviolet (EUV) lithography system uses a reflective mask structure
with multilayers of Mo/Si, but defects can easily occur in the surface of substrate or in the
process of depositing multilayer. Even a small defect can cause a large disturbance to the reflected
field of mask. Manufacture of defect-free EUV mask is one of the most critical challenges for
EUYV lithography. In this paper, a multilayer structure model of ultra-ultraviolet mask with
defects was established, and the influence of defect size and location on the reflection field
distribution of mask multilayer structure was analyzed by finite difference time domain (FDTD)
method. The results show that the interference degree of the reflection field of the multilayer
structure is the result of the combination of the height and width of the defects, and is related to
the smoothness of the defect structure. The interference degree of the reflection field is also
related to the height of the defects in the multilayer structure. The defects that cause the
multilayer structure to be deformed near the bottom have little influence on the reflection field,
while the defects that cause the multilayer structure to be deformed near the top have obvious
interference on the reflection field.

Key words: extreme ultraviolet mask; phase defect; FDTD method; perturbation analysis
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Design of Nonlinearity Correction of Platinum Resistance Temperature
Sensor Based on Voltage-controlled Current Source
XU Ziying"**, DONG Feng'®, FU Yutian'*®
(1. Shanghai Institute of Technical Physics of the Chinese Academy of Sciences, Shanghai 200083, CHN;
2. University of Chinese Academy of Sciences, Beijing 100049, CHN; 3. CAS Key Laboratory of Infrared
System Detection and Imaging Technology. Shanghai 200083, CHN)

Abstract: As a kind of temperature sensor, the platinum resistance has a wide application
in many industrial sectors and fields of aerospace due to its advantage of high accuracy, long-term
stability, repeatability and interchangeability. In this paper, a method of nonlinearity correction
of platinum resistance is presented based on a voltage-controlled current source. The method is
featured in easy circuit design and parameter calculation. It was applied to an onboard radiometric
calibration system, and both the corresponding circuit design and laboratory data were presented.
It is shown that, the measuring error caused by the nonlinearity is reduced to 0. 016 ‘C, within a
measuring range of —40~70 °C.

Key words: platinum resistance; temperature measurement; nonlinearity correction;

current source; onboard radiometric calibration
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Study on The Performance of Vapor Chamber for Near Infrared Single Photon Detector
YAO Youdan'?, HONG Zhanyong'?, LUO Chenggang®
(1. Institute of Industrial & Equipment Technology, Hefei 230009, CHN;
2. Anhui Province Key Laboratory of Aerospace Structural Parts Forming Technology and Equipment, Hefei 230009, CHN;
3. QuantumCTek Corporation Limited, Hefei 230031, CHN)

Abstract; Near infrared single photon detector is an important part of quantum secure
communication, and reducing its operating temperature is the key to improve the detection
efficiency. In this paper, the characteristics of temperature difference of aluminum alloy radiator
and vapor chamber were discussed, the relationship between the starting speed and the change of
heat flux was studied, the influence of heat flow density on the thermal resistance value of the
cooling device was analyzed, and a system for experimental verification was build. The results
show that the cooling performance of the vapor chamber is better than that of the aluminum alloy
radiator, the temperature difference can be controlled within 2 °C, and the starting speed of the
vapor chamber is faster. In addition, the size of the radiator has a great influence on the heat
dissipation performance. When the same heat flux is loaded, the large-size vapor chamber can
dissipate more heat. Therefore, the use of a larger vapor chamber will be conducive to improve
the detection efficiency.

Key words: single photon detector; vapor chamber; thermal resistance; heat flow density
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Numerical Analysis on Heat Transfer and Flow Characteristics of Grooved Microchannel
FAN Xianguang, HUANG Jiangyao, XU Yingjie
(School of Aerospace Engineering, Xiamen University, Xiamen 361005, CHN)

Abstract Four microchannel models with symmetrical and equidistant grooves are
proposed for the heat dissipation of electronic devices. The effects of groove shape and layout on
microchannel flow and heat transfer performance under different Reynolds numbers (R,) were
studied by three-dimensional numerical simulation. The results show heat transfer performance
of circular groove is only inferior to that of the triangular groove, while trapezoid and rectangular
grooves are poor. The pressure drop of triangular groove is the largest, followed by circular
groove, and the pressure loss difference between trapezoid and rectangular groove is small, but
the pressure drop is almost the same for the grooves with the same shape and different layout,
which indicates that changing the groove layout to improve performance will not produce
additional pressure loss. Combining with the characteristics of heat transfer and pressure drop,
the thermal performance coefficient (TPC) of microchannel increases first and then decreases, so
the optimal TPC is obtained with the triangular groove at R. = 600, while the TPC of the

equidistant circular groove exceeds that of the triangular groove at R, =900.

Key words: microchannel; groove; heat transfer and flow characteristic; numerical
simulation
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Optimization and Design of Omnidirectional and Broadband
Antireflection Layer Based on Moth-eye Array

LIU Xiaoguang, WANG Yuefeng
(Department of Electronic and Optical Engineering, Army Engineering University. Shijiazhuang 050003, CHN)

Abstract: In order to reduce the reflectivity of solar cell PET packaging materials, the
rigorous coupled wave analysis (RCWA) method is used to optimize the anti-reflection layer
based on moth-eye array of PET film. Firstly, the solar light transmission characteristics of
conical, parabolic and sinusoidal moth-eye structures are compared. It is shown that the conical
moth-eye structure has the best omnidirectional and broadband anti-reflection performance.
Meanwhile, effects of geometry parameters on moth-eye array with conical structure are
analyzed, which helps to select optimal parameters. On this basis, a moth-eye array based on
composite structures composed of cylindrical and conicalstructure is proposed. By optimized
geometry parameters, the transmittance of sunlight under large angle incident conditions is
further improved. The PET film having moth-eye array with optimized composite structures has
a normalized transmittance of 0.966 4 for a solar wavelength with a wavelength range of 0. 3~
1.1 pm under the incident angle of 0°~90°, which is 12. 77% higher than that without taking
countermeasures.

Key words: moth-eye array; anti-reflection layer; shape optimization; rigorous coupled

wave analysis method
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Study on Thermal Stability of Ohmic Contact of Pd/NiQ/Al/Ni Reflective Electrode on p-GaN

ZUO Bingxin'*, ZENG Zhaohui®, LI Qixin®, LI Yelin®,
LIU Ningyang”, ZHAO Wei’, CHEN Zhitao®, LI Yunping®
(1. School of Materials Science and Engineering, Central South University, Changsha 410083, CHN;;
2. Guangdong Semiconductor Industry Technology Research Institute, Guangzhou 510650, CHN;
3. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, CHN)

Abstract: The specific contact resistance, thermal stability and optical reflectivity of the

ohmic contact on p-GaN of Pd/NiO/Al/Ni reflective electrode were investigated. Compared with

the traditional Pd/Al/Ni electrode, the ohmic contact of Pd/NiO/Al/Ni electrode keeps

low

specific contact resistance (<5 X 10" Q « em®) and high reflectivity (=>80% @ 365 nm) after

annealing at 300 °C for 10 minutes in nitrogen environment. The optimized Pd/NiO layer

thickness is 1 nm/2 nm. Under such conditions, the Pd/NiO/Al/Ni reflective electrode can not

only form good ohmic contact, but also have low specific contact resistance, reduce

the

absorption of UV light and maintain high reflectivity. The results show that the appropriate

thickness of NiO layer can effectively prevent the infiltration of the upper layer of Al metal

into

the surface layer of p-GaN during annealing, which is very important for the preparation of high-

quality Al-based reflective electrode.

Key words: GaN; electrode materials; ohmic contact; thermal stability; flip-

ultraviolet light-emitting diodes
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(EBZXEBRFE 1. MK/ RAEANIHARESALEE;
2. BEFEEE5BRRIBERMABETER, ki 200240)

W E: ZARAMAGACHBATERZMANEHAT AN, EAFRRXER K
HAFXE. L AHEAN-NEREFHME LM A/ AEEEALT mN/(uN s m)Z L, BA A
BERELERNE D FAR AL HAGARITEN R TR T R—FWEE, LFRET
—HEEGRAITECTENNEAN-NEERBZ CTAEAZYREFEMTEARAITEZMAE
B F AT A G AN E, IR AT RIS A A ) SEGARAT RIBM ER S B, A
BBRMNAHRX S EBHRFMAMEI N/ DB H BT TS G E .S E L 540
FEE. TARESZRKRDEHTORANIA/ N4, ATRERRTTHERENFZALR.FL46
HIAAT ABIET RE G TAT R, s ZHAGANE AR EZNZTAMEEFTRLEMN
512 . FREREIF.ZERBZENIANZTEAA —10~10 mN, AN L E H —20~
20 uN « m, HAESRF A 1 kHz, ft A Ae A 4209 ZHE 4 % A 0. 01 mN F2 0. 01 pN » m, B4k, & 5
MEE L 80~250 mg, THEMEL 1~200 Hz B E 9 A I Z /7B LA KRG E A M,

KW FE AT AL LR TS5

PESES: TP212 XEHS: 1001—5868(2020)02—0247—05

Lift-Torque Sensor Applied for Insect-Inspired Flapping-Wing Micro Air Vehicle
MENG Ran'?, ZHANG Weiping' s« WANG Chenyang'®, ZHOU Sui'”?, WEI Mingchen'"’
(1. National Key Laboratory of Science and Technology on Micro/Nano Fabrication;

2. Department of Micro/Nano Electronics, Shanghai Jiaotong University, Shanghai 200240, CHN)

Abstract: Due to high-frequency flapping motion, the insect-inspired flapping-wing micro
air vehicles (FMAV) present the characteristics of flexible and large deformation, nonlinearity
vibration, force-torque coupling, etc. The lift force and torque generated by IFMAYV is about mN
and pN « m respectively, but it is difficult to accurately test small force and torque, which brings
challenges for the structure design and control of the FMAV. In this paper, a novel force-torque
sensor for the IFMAYV is presented, which can measure the high-frequency lift force and torque
generated by the IFMAV under fixed constraints. The lift-torque senor is designed to use a
symmetrical multi-cantilever compliant mechanism to convert lift force/torque into a small
deformation. Combined with a high-bandwidth, high-precision capacitive displacement measuring
device, it can collect data of lift force/torque under high-frequency vibration conditions. In this
paper, the sensor mechanics modeling is based on the beam theory, and it is verified by finite

element simulation. The structure is designed and processed based on the main parameters of the

W HE:2019—10—29. IFMAV. Experimental test indicate that such
BEWHE: LHIAZIH (19511104202,19DZ2291103) s features as the lift measurement range of — 10~
HH R4 T H (6141A02022607,6141A02022627)
A3 4 75 H (1816311Z2T005020,301020803,17070
107).

10 mN, torque measurement range of — 20 ~
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20 uN * m, characteristic {requency of 1 kHz, and the sensitivity of lift and torque of 0. 01 mN

and 0. 01 uN * m respectively, were obtained. This sensor meets the test requirements of IFMAV

which weights between 80~250 mg and works in the range of 1~200 Hz frequency.
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IFMAYV; torque sensor; force sensor; deformable structures
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Preparation and Characterization of Graphene-Molybdenum Disulfide Vertical Heterojunction

GU Jie, YAN Yuankai, WAN Xi

(Department of Electronic Engineering, Internet of Things Engineering Institute, Jiangnan University, Wuxi 214122, CHN)

Abstract: By using the monolayer graphene grown by chemical vapor deposition (CVD) as
the conductive electrode and ammonium tetrathiomolybdate aqueous solution as the electrolyte,
the wvertical heterojunctions of molybdenum disulfide-graphene ( MoS,/graphene ) were
synthesized by electrochemical deposition method. The synthesized MoS,/graphene vertical
heterojunction was annealed by chemical vapor deposition(CVD) system under the hydrogen and
argon atmosphere. The Raman spectroscopy (Raman), X-ray diffraction (XRD), scanning
electron microscope (SEM), and atomic force microscope (AFM) were used to systematically
analyze the material composition, surface morphology, and thickness of the resulting MoS,/
graphene vertical heterojunctions. This simple, environment-friendly, and low-cost method for

synthesizing large-area MoS/graphene vertical heterojunctions has universal applicability, which

opens a new way for the synthesis of other vertical heterojunctions.

Key words: Van der Waals force;

ammonium tetrathiomolybdate; electrochemical

deposition; Raman spectroscopy; atomic force microscopy
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Research on Distributed Holographic Aperture Digital Imaging Technology Based on GPU
HUANG Jiaying, YANG Feng, ZHU Lei, RAO Changhui
(Institute of Optoelectronic Technology of the Chinese Academy of Sciences, Chengdu 610200, CHN)

Abstract: Distributed holographic aperture digital imaging technology is an active imaging
technology that uses digital holography to record the complex amplitude information of each sub-
aperture, and realizes comprehensive imaging through phase stitching between apertures. In
long-distance imaging, the high-order phase error in the subaperture introduced by atmospheric
turbulence, the low-order phase error between the subapertures, and the position mismatch error
between the apertures will affect the imaging quality. Stochastic parallel gradient descent
(SPGD) is an optimal control algorithm without wavefront detection. With the advantages of
parallelism, fast convergence, high efficiency and reliability, it can be used to correct high-order
and low-cost phase errors within the aperture of the system. However, the SPGD algorithm
requires multiple iterations and a huge amount of calculations, which is difficult to meet the real-
time requirements. In this paper, parallel acceleration processing was performed based on the
GPU platform for both high and low-order phase error correction, and the operation speed is
26.42 and 36. 47 times higher than the CPU platform, respectively. In addition, the AKZAE
algorithm was used to correct the position mismatch error between the sub-apertures and
complete the splicing of the complex amplitudes of the sub-apertures, Finally, distributed four-
aperture comprehensive imaging was realized.

Key words:  distributed aperture; digital holography; random parallel gradient descent

algorithm; GPU parallel acceleration
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W OE: sAREARASREANEA AN SRR EER S LEREN. x5 KFEFK
Wty Hra A RAH T EERNERBARLE S B AL T REFERILS, BT =44
B RTHRERERHFIEH B (SIFT) B Ef iy Kb R R Toy % b B a2k,
ZHEAAZHREEARGSIFT A TR GEEHE RN ERDLBEFEY R TRRA N5
HREERZARHERELTARREOREHE, FREREN. AR ZFTEN2NY 5k
EARMBIE AT TR O B A E AR KRR e, & R B R S 4F BB
BHREWTRE,

KEIR: HUGIEOCH AL 26 AANL; SIFT 8+ 20615 K& flAb 11

FESES: TP391 XEHS: 1001 —5868(2020)02—0264—04

Multispectral Image Preprocessing Based on Elevation and Surface Feature Spectrum Constraints
FANG Xiuxiu'?y, HUANG Min'?, WANG Dezhi’, ZHANG Guifeng', ZHAO Baowei'
(1. Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, CHN; 2. University of Chinese
Academy of Sciences, Beijing 100049, CHN; 3. Beijing Aerospace Machinery Corporation Limited, Beijing 100076, CHN)

Abstract: When multispectral images are generated by mosaicking and registration, they
are prone to strip noise and mismatch due to the effects of clouds and water. In the paper, a
combined method of images registration based on SIFT algorithm constraints to 3D information
and multispectral images preprocessing algorithm under the restriction of ground spectral
characteristics is proposed. In this algorithm, SIFT operator constraints to 3D information are
used to improve the registration accuracy. At the same time, effective radiation calibration points
are selected under the ground spectral characteristics constraints to improve the gray-scale
correction accuracy of each band image when stitching. The experimental results show that,
when the method is used to preprocess the multispectral camera data, even if there are special
areas such as clouds and water on the image, the images can own high registration accuracy
without strip noise, and the spectral consistency is high.

Key words:  split-field filter type; multispectral camera; SIFT operator; multispectral

image preprocessing

0 B R4 W T I I A B R T S ] e U K B
HEUORH . DRI 5 3 R 3R A B 1% 7 2 1] 1 B
PR UETC I SR Z TN IR R g oty A X B L LA DX Bk 97 [ 0 B £ .

ST S AT 22 A AR BT RO R R g g e T LA LR DX T A 0 B

e B #2019 — 12— 10. B ZOGIEARPLIR B Jalih B R 280 PR B L
ESWHE PABE S U H (XDA13030402). VA R A AP S L T R A 2 T R

. 264



CEFREH 2020 4 4 A4 41 %555 2 )

FEFEF. ATERAMHAEY RN S L ERGALE L &

ZOLE ML R AR LR AR E & bR E
VR FE RS BRI B A AL B R G
(Position and Orientation System, POS) ¥ B JC i
PRAETE—MEIT LN . BRI, 200638 St 1Y §f 4 F0
5 VA A0 SR MM T v G BE S AR LB R . H AT
F18) P A T 9 B30 ok 5 4 R T DXl 1 T o A T
fIE Y TiE i o 2 08 B R A R R AE B 4 (Scale-
Invariant Feature Transform. SIFT) & + %} ff J& .
6 BB A AN HURR 125 TE 20615 S AR DL E v ] LA
WA BIF A . AHR AR EAAAE R AR = Bl
) STET 5T 22 K 080k ik R T 56 69 25 1 45 4
FU IR AR VT IE ] BEAR A2 = b, 5 B0 i 14
QUL B HEAAFERE 12

JyAN AN IR AR B O R AR IR R R A A
M o AN [ i B SRR 1Y 22 0 1 52 AR L 58 FE AR TE A — 8K
PG DRI 7 AL B A 5 X R [ 52 ARG AT A1 oAb
B, MR SRR AL AN [, ) 6B AL R
e — g kT A (A B A O B EE L N U7 1 DR D
WL Wallis JE I BED 5 TR T B AR
2.0 Mask 2106365 (RIS JE D | Retinex 2]k
LA R Y EMR B R B = K F AR,
XSRS

ASCER R T = 4 F SRR SIFT B3
TC T 0 R TG T A L 24 TR A IR B — M AR I 1 4 A
kot i B 200 i B s b B k. G IE R
A 2 FE AR DX o 5 B STFT 557 DC g i
FEHEAT 295 A AR VE BC s Ak T3 T . UK 7EXT 2
AR BEAT 2100 AL BN 38 g VR B S 1Y i v R R LA
FF) A —4k 7K 78 % (Normalized Difference Water
Index, NDWD . JEHUE & X B9 E =5 .5 LK SRR IX
Sl 18 ) 44 1 ST A R S AR 22 18] B IR R A8 45 R R X AN
[ AR EAT 210 Ak B . B8k AT LB G v N 2 3
XF 22 0615 B s BEAT DF 4 CBCHEAL R, AT S0 R A%
R
1 T =45 B Y G R 2R
() 22 06 15 0 Pf 4 5 B HE S 1k

2 615 B A TAL B, S B R TR 4 ST
T 77 ¥ BRI K B AR AR 7 90 Y T R | =R S Y
[F] 44 4 2 45 ) H 0 SCAR A& -1 % JR §F (Levenberg-

Marquardt, LMD 8L #4722, DR BGE AR )T 51 2
(] £ v B LA DG R o AR T A S AR Z ] JL AT OG &

IFXF b AR AT A 6 AL LS S 8k AT DK B A 52 1R
S B WERZAR L, 52 2O R A P 2 R0 I o
AR, UL E L BRTT DLF Y, B O SR B A R 24
AR SAR AT 21 00 Ak B2 22 35 IR i Ak 2 A
K
1.1 ETFZ#FEEHRMKESIFT BT EHIEH
& T AL
SIFT &8 o 4 gt NRE 28 A] | K I A6 A {E
RUAP OB T A Sk 128 EFRAEH R F 4 A
A BRARBUREAE T4 . RO Ik AR Y SIFT 5
Tl m LUR 5 G B s A e e L st (1) .
Md =./(Z, —p)'C ' (Z, —w) (D
A, Z, AMASEIZ={(z,,v) s (x,sy,) s,
(x,sy )" AR —FEAR S =, o D" HEEAR
BIE.C ' R T R C B,
M D T L& B, SIFT 58 UG i i 9 K %
JE IR 24 R R ARAT R . I 220 i AR ATL AR B B A
AIREFFTE R &, iX S AR DL L i, SIFT 55+ 48
By E A SR T = B AT AR = B FH
JE T 5 7T DL BRI g 5K 52 4004 R R REDRS B2 i Ah
A v (NS T P = P e | ) R B Y R
LRSI AT 7 32 2 5 Hh TR 4% s 7, =X (2)
a (X —X)O+b, Y=Y ) +c, (Y=Y
a; (X —X)+b6,(Y—=Y) +c;(Y—Y))

t X = XD 6, YY) e, (YY)
Y X =X 40, (Y=Y + e, (Y=Y
(2)

Ao,y UM F RO R BT AL b f iR
REBR.XY,Z B SR, XY Z AT
LILE a0, .0, (i =1,2,3) FH 5 A o0 41K
4 77 1) 4% 5%

TR R A fUE RS R R S RS H AR
DX B o R 2 2 e I 0 DU R % A 2 TR 44
PRI

h; —hy, > Ah (3)
A h, T R A SR R A S E AR X
I ARAE, Ah R BEE B H CAT LUAR A8 B bR X5 — i
REEEHTRE

i L E AR B AT LA A BR SIFT 5142 1
Mz b6 44 5, 2R 5 SR A& B 9 Bl BIL il R — 2
(Random Sample Consensus, RANSAC) % ¥ J B&
FH 22, BRASHKG ff VT B R AR [7] 44 4

e 122 1 TG R R 0t Bl e 310 A il e ¢

* 265 ¢



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 2

Apr. 2020

FSEAG s BRI AR A DA R B DG JE 7 125 3R U 9 5
G P B E S N — B o S (W) 44 AT, X R A o R
T4 DX I 5 A5 0 5 B L ART 24 5 I O 52 B 9 5 14
R AR E . B 2RI T LM Bk 158 P 91 S AR
FA X T L v AR =2 1) A RS B LT 6 R L AT 45 .
EWM) = > ((a,, —a,)" 4 (o — v =

e(M)'e(M) <e 4)
M =M" + AM 5
AM =(J" " (MDJ (M) + D' J " (M)e(M) (6)
MR B 5 3 L e 5 AR B LA AR B 2 500
MRE . j W2 XTS5 om n R4 05 5 KN A
B IT T e BRI Z M GRZE RIFED £
FERRE T (M)l e (M) I Jacobian 4[5, 1 R
BN e MR . ST A . 25 BE AR
22 PREL E (MO REAR, I o BEAR, 5 000, 0 38000
1.2 HYXEEEARTHXREEBRHEILE
&
R TR IE A — 7R TRl AR L R B 25 5
SR e ) ) e DX 1Y (] 4 DX s B AH G 1 L A
P53 AH S 52 AR Z 1] 3 AR $ 1) 42 1 AR R 3K ) 2 1 K
JEAR—S0 B, 7E DAl AR v, KR R R AR
F18 356 BRI R 5 X [) 44 et 1 R RO DG B
1.2.1 A THBAFEREORERER KL
308
SEAR AR A 25 B e T 52 AROK BE 1Y) 3l 28 728 4
BBl o A THE O 22 B K, — 5 P B B 52 AR X HE J3E B
WE 1T, a A b 435 S X B R TR ) T 5K AH 45 5
1% HARMER 2243 1 0. 1325 1 0. 142 1, ¢ WA
SR BEROE R DFE AR A WK BE 22 5% . 43 3| LA
a FE b Ry 56 FEAR T ) — i 52 A8 AT IR AR
E.SEPEEGRE d B e, B dFE e 1157155
FRUEDR2£ 4350 0. 126 9 Fi1 0. 134 5., [a] it A H £ 5%
REZERE e X HERTE d.
P o N NS

a b c d 3

F1 X b BE A [ B AR A O R i 1R

* 266

e AT B B B AL A I 308 5 o o Al 25 K B9
SARNE SRS 8, IR )i ) A 338 5 28 0 ) — e BL
P SEARIEAT AR O — B R IE . W 2 B

B2 [Al— i BOR AR K BE AL IE 7R T A

1.2.2 NDWIHHHRTHEREXBAEKER
2 BGRRB R A OE

ST S AH SR 52 AR T R [ D B PG =2 T 1
AR A AR B, S R G O 1R & X 2 R 4
SR 44 DX, g N7 R 9 R AR R AR R AR
J5 ) L 8103 5 3 i B0 10 R PR R A S 4, I 3
J7R

fiff S5t AH S PR TR S AR Z R A K BE AR R R R
AT DA B8 P 9 S AR =2 ] 1 K B A 48 0 2

yi:axg_'_b 7
nzl‘zyi - in Zyi
v — (8)
an? — (in)2
b=y —ax (9

Kby, WEMERBRA DR A R KEA .« R
T AL IE R AR DL [ 44 kK BE AR 5y 53 0] O 2 ofe
SR TN B IE AR [R] 43 mi KB R P 2494

JF SIS AG A AR 0 K BE AR 4 45X F

n—1 n—2
vy, =x, X Hai +b,, X Hai —+
i—1 i—1

n—3
by X |la;+ - +ba, +6, (10
(=1

Xy, WEMERAR LR KA o, R 2R e
HAR— M n KB EWIKEE a0, 9 TH— M
551 TR AR X B R AR B K L AR SR

K JBE A TE 1 TR 44 A 358 BT A R A TR A . — 2
SRE IR K50 A A A A 2 D 22 R s S U
FEAE R B R A B3R 22 5 R AN SR U A5 7E 5 7K A



CEFREH 2020 4 4 A4 41 %555 2 )

FHEFF. ATaRPUHLEH RGOS AEBRALE L &

I A X, S A5 T A5 R AR K 22

R T iR DR — A IR] L SR 3 R R AR LT
G5 DX 38 0 IR B S IE (1 TR) 45 X3 Pl T i 1 DX 08 PN 4%
18 25 (10 TR JE (R A 22 A K, BIVAE AR J3E A6 0 A7 A — A
BEMmAL ARSI ARG E W,
TR IN R G O A 1R 25 B A s 1 A5 S AR
385 PN A ST R (AR O ORI (L LA 858 0 B vk 1 5
P

X F 200k G AT LLTE S 1 NDWI 45 %4, 1 X
—FRHORT L4 R R o K ORI AR R R X
B M NDWT 48 #8516 44 X 8k 358 B
PRI, B 2 115 i R ) NDW ICR] i i — 75
ARBCY RS B ILAT 280 TR AR F

R, —Ru
R+ Ry

K R F Ry 43 0 hy 456 BRI 3 21 4056 8 B 1
JA

T NDWI J5 % T %7 38 (9 [7) 2 DX 88, 1)
Z XY NDWI X i 4] 1y 2 75 O 5 ok DI | 1Y)
J i Bl AR S RS N NN SR
A5 OR REBR X 3 Y L SRR TR R A 0 S
B, ans(12) .

Jz:h1 < NDWI < th, /K
Sthy << NDWI < th,, 3} 12
HAth

Hor, K NDWI FE%0h 0. 09~0. 19, = B NDWI
8% —0.04~—0.09,
1.3 EFTKRENENSHIZEGRER

B 1.1 A R AT Ak B N A R 1% 0
R RE JLAR DG R 38 b 32 LT OC 3R %4100 5 1 AR i
FTEp e Be R . b O B[] 1 S AR BC o el T LA
A SRR B T 7 AR AR 223 AR B,
IS A5 0 BE [B) 1 JLAAT 56 28 1T LA g T o ) 7 B A

NDWI = QD)

¥y

&'

x 0
Bl 4 2SR PR RS R B

e HIZ LA - B 5 R 58 B2 1R (8] 22 I B E v
Z TG AR PR IO LS R om B ENE 4 Fros .

2 5

S il R 1Y) 22 6T B ok 1 R LA S B Ok
F R 22 5 R DL A S o 1 B B30 0B o v
ALK, BT LR R AR A L HA B Y 2200 1 R %
DT

B 5 25 T A SO R SE B 2otk h & @
(R:650 mm;G:540 mm;B:480 mm) 14 .

MHMACRE , PR 45 R IU 0 S IE 6, ) 6
AL T B aB S, R T R IE R R
JUAnT D405 1 ARl SClR (11 48 1 M58 i 33
SPOREURPHEL Z AR A4 IR d, (=1,2,+,
W B TR R 2 SR 6, = ((d +di + - +
d.)/n)"*=0.79, [P, N T E & EM IR R K
VRS IE RS BE L R 44 X K254 b, G =1, 2,
e ) I T HRIR 2 T B AR 0, = (AT +h)+ +
R/ =251, WEUEXRE ZF IR LI L
ST UG B TR RG B B 22 L DR TE PR RS B A — % G
P9 I ELPFEE AL 1] 44 05 K FE(E TC 58728 , A AR bR T 4%
O S

Kl 5 BfEE 2 i ok
3 gEdiE

AR SR —Fh A A LR B A 2ok RR
WAL H A R AW R T A E B AR
SIFT B M LM - 22 5k 8 1 T BUR PF 3 1R
UE T PR ZAR RS BE 5 6 3 T Hh W o0 3 s 1k 24 S 1Y
ST 2 R IR 206 1% e K R AR OE L RIE T
PR ERY S, ¥izB ks T gk
R 23S AR ) P AL B 45 3 e LA A P
B2 IEBH IO MR 15218 . S5 AR WY O Tk TRl R
EHT AR LAATE S KIS,

(FT#% 272 7)

* 267



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 2

B B A A

—fEFETINLIEF FP BE B CO, il & %

ﬁ\z %1,2,3’ %1,2, %%4%1.2.3
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2. MEIRZRLEHEAMEBHRE, £iF 200083; 3. dERZRAZE, JLHE 100049)

W OE. ABT—HAATRERELRAEHR Z-38 ¥ ¥ kI (Fabry-Perot, FP) %4 # 49 CO, %
MELK, ZBRAAAZTHIALFZA.EHRE AAERLG., KESRMHATERE R L, HE
TZFROARTAFRE A HITRAN HEEBEM K AARR, RITZ2AELH AL Z% TR
FcA 1,57 pm, BB A Lok B 24 LED R (Super LED,SLED) , 48 3% 3/ 14 Rip 4 50 dB. #r
A FE A 24,51 MW, K HBAEBALFFPEEAZS. TP SH KA 155 pum. FEH
60 nm, i@ 14 [% 4 50 GHz, %t A &IE MR £ 4 2X10 °,

KEiE: CO, HEWE; SLe FP I JEBOGIR: SLED; £3ot2

FESEKS: TNISS.98 XEHS: 1001—5868(2020)02—0268—05

A CO, Detection System Based on Broadband Light Source and FP Cavity Filtering
CHENG Long"*, DING Lei'”, ZHANG Ziru'*"

(1. Key Laboratory of Infrared Detection and Imaging Technology of the Chinese Academy of Sciences, Shanghai 200083, CHN;

2. Shanghai Institute of Technical Physics of the Chinese Academy of Sciences, Shanghai 200083, CHN;
3. University of Chinese Academy of Sciences. Beijing 100049, CHN)

Abstract: A system based on wide-band light source and Fabry-Perot (FP) structure is
introduced for the detection of CO,. The system is an active optical system with simple structure
and high signal noise ratio (SNR). Based on the principles of traditional differential absorption
lidar, the basic working principles of the detection system are described, and the system
parameters are designed by using the HITRAN database to simulate the atmospheric
environment. Thus the working band of the system is determined to be 1. 57 um, the light source
is a L-band super-luminescent LED (SLED), and the energy fluctuation value Rip is 50 dB. The
system output power is 24. 51 mW, and the filter at the receiving end is a fiber-optic FP cavity

filter with the center wavelength of 1. 55 pm, the bandwidth of 60 nm, and the channel interval of

Apr. 2020

DOI: 10. 16818/j. issn1001—5868. 2020. 02. 024

50 GHz. The error of the designed system is only 2X10°

Key words:

active optics
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Research on Feature Detection Algorithm of Fatigue Driving Face Image Based on SVM

LIU Mengjia, ZHAO Jianguo
(College of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450052, CHN)

Abstract: Aiming at the defects of the traditional image recognition algorithm, which has
poor precision and low accuracy in fatigue driving detection, an effective evaluation method of
fatigue driving detection using face image data is proposed. Through real-time acquisition of the
vehicle driver’s face image, the face image was preprocessed first, the face area in the image was
detected with the help of Dlib and the feature points of the face image were marked, then the eye-
aspect-ratio (EAR)-based method was used to recognize the fatigue feature of the human eyes in
the image, the mouth-aspect-ratio ( MAR )-based method was used to recognize the fatigue
feature of the mouth in the image, and finally the support vector machine (SVM) was applied to
combine the two features for fatigue driving detection. Experimental results show that the
method can locate the feature points accurately, and the recognition rate of fatigue detection
reaches 84.29% , which can effectively identify the fatigue state.

Key words: fatigue driving; face images detection; face feature points location; EAR; SVM
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Infrared and Visible Image Fusion Based on Two-Level Decision Rules
WANG Fanglian', LI Xiyan®

Abstract; Aiming at the problem that the traditional visible and infrared image fusion
methods usually present missing directional and anisotropic information in the fusion image, a
two-level decision rule based infrared and visible image fusion method is proposed. This method

fuses anisotropic diffusion (AD) and extreme value rules. Firstly, an AD filter is used to

decompose each input source image into an approximation layer and a detail layer. Then, the
two-level fusion decision rules are applied to the detail layer and the approximation layer,
respectively, to preserve the spectral information and structural information. Finally, the

structural similarity index (SSIM), average gradient (AG), and information entropy (IE) can be
used to evaluate the image quality of the fused image. Experimental results show that compared
with other existing image fusion methods, the fusion image of the proposed method in this paper
can obtain more information and effectively reduce the artifacts, which verifies the effectiveness

of the proposed method.

Key words: image fusion; infrared image; visible image; information entropy; anisotropic
diffusion
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Design of Automated Test System for Leakage

Current between Electrodes of CCD Image Sensor
GUO Li, ZHOU Jianyong, HE Da, HE Changhai, YIN Jun, TANG Zunlie, YUAN Shishun
(Chongqing Optoelectronics Research Institute, Chongqing 400060, CHN)

Abstract: Leakage current between electrodes of charge coupled device (CCD) image
sensors is a key parameter affecting the reliability of CCD, thus the measurement of leakage
current is very important for the detection and screening in the production process of CCD image
sensors. In this paper, based on an automatic test method of leakage current, an automated test
system for leakage current between CCD electrodes is designed. The signal name, test channel
address and the test criterion can be customized according to different types of CCDs, and
automated cycle scanning operations are controlled by computer software to collect leakage
current data to form a standard test report automatically, This automated test system presents
the advantages of flexible setting, convenient operation and automated testing, which can
effectively improve the testing efficiency and equipment versatility in the production and screening
processes of CCDs.

Key words: CCD image sensor; leakage current between electrodes; automated test
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Optical Ciphertext-only Attack System for Joint Transform Correlator Encryption System
PENG Kaifei, SHEN Xueju, HUANG Fuyu
(Department of Opto-Electronics Engineering, Campus of Shijiazhuang, Army Engineering University, Shijiazhuang 050003, CHN)

Abstract ;

Aiming at the problem that the numerical attack algorithms such as hybrid input-

output (HIO) algorithm attack the JTC encryption system with long running time and low attack

efficiency, an optical ciphertext-only attack system based on optical path iteration is designed.

The system utilizes the characteristics of high-speed parallel processing of optical system, and

replaces the digital Fourier transform by optical Fourier transform, which significantly reduces

the running time of the algorithm and effectively improves the attack efficiency. The simulation

results show that compared with the HIO algorithm, the optical ciphertext-only attack system

effectively reduces the running time of the algorithm and significantly improves the attack

efficiency of the JTC encryption system under the same number of iterations.
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modulator
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Real-time Lightweight UAV Detection Method Based on SSD Algorithm

WANG Ruoxiao'*, XU Zhiyong', ZHANG Jianlin'
(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)

Abstract :
(UAV) can not detect UAV quickly and accurately, an improved real-time lightweight UAV

In order to solve the problem that detection algorithm of unmanned aerial vehicle

detection algorithm based on SSD is proposed, which is called TSSD. Firstly, a lightweight
backbone network is improved to solve the problem of large amount of weights parameters in the
backbone network of SSD algorithm. Secondly, SSD only uses multi-layer feature map for multi-
scale prediction, but the relationship between features is not well utilized, and a feature
enhancement module is added to improve the detection ability. The experimental results of the
self-built UAV dataset show that the detection speed of the proposed algorithm is 125 /s, which
is much higher than that of the original SSD, and the accuracy of the proposed algorithm is also
higher than that of the latter.

Key words: deep learning; SSD algorithm; UAV detection; feature enhancement; real time
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