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A Review of Retina OCT B-scan Image Segmentation Methods
YUAN Kun, HUO Li
(State Key Lab. on Integrated Optoelectron. , Dept. of Electron. Engin. , Tsinghua University, Beijing 100084, CHN)

Abstract; As an imaging technique, optical coherence tomography (OCT) is widely
adopted in the field of biomedicine. The clear structure of retina can be obtained by OCT, which
is important for the diagnosis of retinopathy. In this paper, reviewed are some excellent methods
to retina OCT B-scan image segmentation, The OCT segmentation approaches are classified into
two distinct groups according to the output-style of segmentation algorithm, which are layer-edge

method and layer-self method. The differences among methods are analyzed to provide references

to retinal diagnosis and algorithm researches.
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Abstract ;

The latest research progresses on the fabrication methods of microlens arrays are

reviewed, and the fabrication methods are compared and analyzed in detail by categorizing them

into direct and indirect ones. The research progresses of light field imaging based on microlens

are reviewed, and it is indicated that the research focus is still on the new design of light field

camera and corresponding model algorithms for improving the imaging resolution.
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Review on The Methods of Preventing Catastrophic Optical
Mirror Damage in High-power Diode Lasers
SONG Yue'?, NING Yongqgiang'?, QIN Li"*, CHEN Yongyi'*,
ZHANG Jinlong'®, ZHANG Jun'?, WANG Lijun'”*
(1. State Key Laboratory of Luminescence and Applications, Changchun Institute of Optics. Fine Mechanics and Physics,
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Abstract; The catastrophic optical mirror damage has a significantly negative effect on the
maximum output power and reliability of the high-power diode laser, which is the main
mechanism of its sudden failure. How to overcome the catastrophic optical mirror damage of the
cavity surface to obtain the high-performance diode lasers has become an important research topic
at home and abroad. Firstly, the research process of catastrophic optical mirror damage is briefly
introduced in this paper. Then the mechanisms and the thermal kinetics of the catastrophic
optical mirror damage are discussed. Finally, various surface passivation technologies are
summarized one by one from the perspectives of technical principles, methods, advantages and
disadvantages and the improved methods, research progress and application status.

Key words: high-power diode lasers; catastrophic optical mirror damage; output power;
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2.2.4 HRegMhE E A BT A

e L2 i B R BB A% A 0080/ i T AL 1 I 5
FEUE A B AR Ty vk FURE AT IS T B Ak B AR T
CHEAEL TR T T, HRS A S WE 5, T
COMERE AN B BT

L2 i PR IR R B B AE T A 7E R LA
IS R R T A AR R A AR B DL T
DL o K i BEAL R B A LS T AR N HEAT 4R AR, B
T 70 6 T B PR SR (B N B BREE R JEA7 i B, 2%
FE = B8 RS v 13k 20 bl L B R AL 2 B R A B
FEJ T A K — B R B E T 5 B
R/ 3375 R, DT 3 380 G AR IR 3 R AR LA 3] 1 AL
ROEROCA B,

2.2.5 ERHRFRZILK

1992 4F, By {1 B K24 /) BROOM 4§ & B T |
FHELZ8 TR50 PR A 1% B SOG4 78 028 o i LB JBE ok
B T T T8 A AR RS e

1996 4F, Syrbu %5 7 7 ¥ & 5/ 38 i35 155 wip A
FAFE A A K ZnSe 3 AR, % 980 nm InGaAs 1k
WO i T A o L SR A S DR R T 50 %,

1997 4F, Mawst % Fil FiT 340 4 Bl 1k 2 Al
BUBUATE InGaAs B T Bk 5 7R 300 48 16 1 Ak B
B ZnSe £k )2 K 25 F COD BIMEIRE T 50% .

1998 4F, Chand %57 & W T %2 4 J& #40 fik
A fif B B 2P T RO A% A o B 00 T A S
AR e G Rm kA,

2004 4F, Ressel 4577 H& i 58 oR FH & o I8 4
808 nm GaAsP H I I T2 T IR WO #% , H 76 I 1
AbANIEA: K — 2 ZnSe £l JZ L BOE 7% 58 5 0 Rk
500 mW B, A] ¥ 28 TAREC T /N,

2012 4F, K F BT R %102 W & %5 &
980 nm InGaAs/AlGaAs SR8 Al J5 18 10 2%
B¥ 20 nm Y ZnSe #lifk M5, JoH R DR 5758 Si Al
PR R R AS 25 B Ak IS 1 O B8 A B A SR T
110N 42 % o 2R R0 HL Ui EU AS 728 B 55 11 9ok 28 42 T
T 36%.,

2014 47 K 75 B TR A4 11 P IS A5 7E I TR A8 4%
TR i 3R Ty R [ AR O A, O 76 s T Ab B0 R
SIN, Ak, 5 o B Ak FE A 25 10 A L 0 o
IR T 65. 7%, COD B WA T W 8
s AR R R LS AR R BRI AL T
GaAs P RO EH, ik T HES sk T2
18 A MBS RE 3 5 H O BUR ORI £k (PL) M X 5
LT RETE (XPS) , & I H AR € 1 F vl SE 1k 5 R &
TS i R AR Y 28 1 A E A AR R ks

2015 4F b 5T Tk K 2 B e /NI 2 SR ROk
JUE S A | L A5 il BB B R OR 5 1 980 nm LUK S%
RIpFN FAR B S B TRk 12 W 31
B R R R T 40%.,

2.3 BTHBEEEAR
2.3.1 #ARRE

B B B R 4R A A SO R R R O &R
BRI BE B o 2 o i I, 2 B 1AL T A
F18y S b S AT R 6 1) 2% 5 L 4R 5 R S T il B 78 R
T S T SO R AU M T L ) o 4 3 N R A
SRR L g TR B AN R LA 57 AR MG 2R
(1 J A L 3 e A 00K 35 SO 2% 10 06 2 KL ACPE RE .
15 RS AT I 8 AT 18 b 9 T e 9 T DA o
JEAS I T ROR OB BOR FOR T R
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2.3.2 #ARF*

H I A0 28 A R W R R R R
T IRBIR S 3 U R ST T A B BB 2 R OE 2%
Jes T b ) SR AR B 2 5, H, AR R B AR ek
AT 486 0 1 2 B o 16 0O 8 e TR NS T F
B 0 Ar BT g XA R Sk iR 4B T
VeJa 75 B2 IR0 T DU BRI, U R L TR 7%
2 ) v ISR 3 R

AR A LR B B 1 vk A LA =
(DYHESAH OB (PVD) . MR 4% BB A RS AL 5 28
ANTR) S5 S S L B 4 IR Rk B B o B B R
Ko PVD BAR T B Al B 28 98 AL, AR 3¢ . L
IR iR R g JRE B TR W o L 2 H T ) Iz Y
T (O AL AU (CVD) . X R 7 vk 7 B
o R DURR L B T L A o AR b 2 AR B R T R A
BERE =Y s O FWAHVTAL(CLD) . XM 5k T
T B AR (R R A ARG i L 5 EE 22 MELLE
e

O TR S R Wk M B Ta, O,
Al O4,ZrO, 1 SiO, , = [ % FH i # kA Si0,/
TiO, .,

2.3.3 #ARuMLEE

5l B B R R 2 H R )T R
AT 5 T I RE AT RO A R R A 2
JEAS BT i T R0R OG0 80R DL D) R
X S KOG AR 1 A AT AR .

2.3.4 EZHRHREBRIK

1977 4£, Ladany %™ & M 1E AlGaAs 2 F ik
T 7 s T Ak B 2 K AL O 2 T B RE 0% B
b Js T 2 T AR AR 1 K R A R O AR Y
i o

1979 4F . Kerps %5 % BUAE B 2% 1 1 1 4% i
SiO, A AR5 158 . E % ok 36 OG 2% A0 4 T R

1997 4F, Tu %51 B 328 i T3 0% B % AR 1
870 nm GaAs I GAF I AL AMEA 4K 10 nm JE [ Si
BEAE 2 R B TEH B AL O, A B, 2R T O
22 COD [ 1Y,

2001 4F, Lorch %55 % FH B 7 SO S 0L 98 ) 1
JHF 43 51 2R 10 Y6 R 90 %6 B Jia TR, Bl 3t T2 4k
WO 1 RE

2006 4F, Gharache %% SR FH A s 17 9% B 1 R
i 1T 3% 2L T R % FE W] 5K 29.4 MW /em’,

2007 4F KB TR R AR B 74l
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I R AR R Y 850 nm w5 2% B 2 S AR IHOL 2%
BTl  RE REAS A L S T 215~311 %

2010 4F, H MRS K22 XN FE R E R B F
B TR ZEBE R R L AE 808 nm I R 2K TR
A e s AL OB ME B R AP IR RE B R HL, AT
JE, B3 T OG5 04 i REE . COD B (Bt A7 BT 42
[

2.4 FEREEOHFEAR
2.4.1 HARR=E

A WS HT 171 H AR 2 4 A SO 25 s T B 3T
TR Kb T o5 32 DX dnH T BIF A AT B G B R, DT R
S U K2 B 0 T AR P O R . AR WU B Y
Wil A PR L RSN E A K
R R R A S AR AR
2.4.2 BRI %

T PR TC T AR SR A R A KA R AN E e 1
HPBRRAHE AR S AT R Z 0 LAY R
A b - DR B A2 2 B A 4y DA R T B O T
BIF 1) 1 B0 0 B L T2 I X i o 3 B 7 T, LA Ds
T ALk P G TR WA

TUURAINIE AR R AR S O B T BRI 1 A
A A 22 b, A K — B AT BRI R R

PEREPEANE A KB B FESME A K rp, —
T 43 DX Sl Al 4 )22 98 W A DTS A e 2B KRR e 7
R 7 1) o ) I A KO [ A8 A1 38 43 7T LA
759 3] 2% [H] 356 5 BE Bt A5 Ak, 52 30 7E JC i B DX 3 (i
DO AE K T B R R,

T PR IR 2 R A LR LR ik

(DAY AT = THHEA .

FIHANTR 0 T2 F B AN F R ZE & 58 1K
2 SRR TR BRE 45 W I 55 L 76 21 AR SN E 3% 1
OB — J2 LU AME 23 30  ik 22 B00/0N 18 A JBREE 4% )5 &)
HMNIE R R A R DR GRS AN IE L 3 TR
JE 4 B 0TI v e AR AR B (AR 7E R TRR
KEIVERTT AR B ) i B O i S
BF /4 2 MF R ELR 2% A B K AR iR . BB
TR 2% AR 32 B 1 2 7 B by T 38 V%
JEF A A TR T A A B L R DL B A T T
55z fil J23 1D ) AR K R 25 5 IO L 3 5 AR TR
PSP IR TR

H Al B A BB 0 #h 28 %24 . SIN, , SrF, , P
B4 SiO, M TiO, %, Xt GaAs RGBT 5 . 2
HEIC T BFE A A A TR T SiO, , 30 R A it
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BF: RAFFFHRBLBRETRTRLFRGHEARZ L

PR B W] % SiNL, InP 22 51 b4 4 J0) 1 e A 2

TC44 23 0P B 2 8O0 5 A 2% 5, 38 A AR X
o7 2R, A 30 T3z R 9 R0 N, S {HL X A v
Ii) B TR o A8 [ o0 R el

QOB FEABTETINES .

PLES F i AT 2 AME R b A 2% T, B 1
TEAKE S A= Az i 8 vh s L AR A RE JZE RO R R A
SRR DT T 3 FAGR KR B P R A T GE R

FEABETEAFEEAEBEERN ST . Zn',
Ge .ST.Ga JPTEIR MR HERE BT LFT LK
EREIaN

RN Ty A T MR A, HLAB A uk BE B R BE AT RS o
Pl AR S e A R TR DA SO AT i L R
s A% 1 A A

OBy kT2 FIHRS .

A R ek A B B A
T 2% e 2 (M0 SinZn, P, S %5, B8 H 3% K RE 2 K
R W B R R R A R 25 A A A BT
WA THHRA .

SR o 33X A J5 6 A7 AE BB A 2% 0T 1 36 AR T
WA JE

(D FEM s 5 5 T BHE A

A o 7 S H IO XA SE 2 kB X U IR L K
SEP SR AN AE 2 A B O/ Ok i B S IO Y Dk
K WOt R T S8 B T RE A58 AN AE R FA B R B
TR A W TR EE A A 3 5 A DR DX W 1 R A G

FH T A 2% 0T R B 1 51 SO A HL A4 T g
AN RKIIRAE . X B 5 38 A N FE AR o
X IARHMA 2l InGaAsP) i, {H 3 i 7 5 18 e
i TR A X
2.4.3 AR E A Kk

BT B AR ARAE AR T ] B AR R A
B0 F R 5 A S R T AT P ARk, —
PR TR R 3 R I A E A KR T BE X R
R . RAMNE A KA R T A A R M
e LPRAIE S5 A BT A A T i, SO = L R M
B2, WHRMAMEAERE R T AE 4, W2 H A
B BN E AR K R SR T T2 A,

R T AR e TR X 28R 1 453 BT DA AN AE
JEBETEIE 51— )2 5 B )2 . BB )2 Y i B 2 R K
F 1000 BB /cm® B 10° BREE/ cm® . FEAK &t F B IR

A b T BRI

2.4.4 T ERHRHEEZIK

1979 4F, Yonezu %7 R F 22 R 04 & & T
BIFJC A7 (FE M 1T Ak n $8 2% I o R A7 PR $4GR O
il T AlGaAs 525 HOEH . Bkbdh . &K
i R 5L G A M OG R A R e T 20— A5
TR S R T AR 1R A

1984 4F, Botez 45 | Fil 2 8 ¥ HM 4 A= K AR il
B AR AlGaAs KOG OG B8 ik b 1
(100 ns) B, WA Ty 2 F1 & A= COD 1 Ty R % B 43 51l hy
1~5 W F1(20~30) MW/em® , i i 2 2 Ji 3 3l 30Ot
iy 2~3 f%.

1999 4, Philippe 45" F| FH JC 2% ot 25 {7 4 8K
AR BOE B AL TE B 42 meV RS L i A
WA AEWRILE OB AlGaAs & TBFOLRS, 5 0%
FBOE 28 A L . 51 COMD fg 235 T 1.5 1%,

2000 4F, Yamamura "' 5% 2% 55 S & 1 BF
JCIF i (R TH AL A St B 5 P iR ko, AR B
XA EA H B 1) Hl & 17 BA 3w i e
B AL 980 nm GaAs F2f ARG Y KRR
HuREAR T 2840 0%

2002 4, Walker 2 F| FH K 5 — S AL 6k S
HPBHRAG R HI& T BHAIERIE A1 GaAs/
AlGaAs ¥ FBOLE . PL COD BH 5 %38 #O6 #
L ERTT 2.6 5.

2009 4F L H TR 2E MBS RH &R G
B2 S AIT AL (MOCVD) AR ZWAMNE KT
RIIE 657 nm L0062 TR BOL A 8 & i
Zn 1Y 75 1 A s T BRI VR T AR R L O g %
2 TAERY B Zh 2K T 100 mW L 5 % M E 1 1D
SERIBOE R R K T R A WA, OB I RERRL
REET 23%.

2011 4F, Tandoi % itk 7 A Wl % 0
FR Rl 13 Ik o SR GaAs/AlGaAs & F BB 28, B
A A W BE T OGRS K v AR A T 10%0. Bt
COD Re 14 T 10%.

2015 4F, Naito 45" | I JC 44 Joi 25 (i 7 80k
il £ T A B 224 100 meV B AEMILE 11,915 nm 1
Bt InGaAs %6 45 21 T R B0O62% 10 3% g2 i th DR R
20 W, B[ 5& TAERF [ AE 5 000 h DL b, Fe K IR 54 4
BORABIT 65% .

2016 4F, Yun %" B BULE IR TE AR R 1%
10" em ? F. £ 750 °C 10 min 3B X J5, ol {f
InGaAs/GaAs & FHF#5# 30 meV, i B i F R 45
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MRS S i 7 PO 7 2 A AR i B 1 s T 1,
2.5 EEMESIANEFANRERBREHERAR
2.5.1 #ARRE

Js T BEE 3T 5 1A A T A DX B HL 3 B 4 R A 2
SR OGS TS B TR O — B X (R 2090 BE
K&k, 51 AR AR d A X sl A 3 BH$ )2, BR i O
T T o L ysd /0 s T B 0 88 3k B9 R R 0 il A 5
SPP O A Ao R 0T 2R A U T B S /) S T R X
HEIM S W SCRE XoF U 2D, o AR s T AR 7 A B A, A
M 42 & #e 1F ) COMD [ {E T %,
2.5.2 BARF*%

FIAE A S i B 2 09 5 Al 7R
JEs T BT A Hes Ho O %585 1, 42 55 16 16 &b A BH
AR T 1A SIO, » SIN, %5 4 2% 1P fiE R 1T Y
I JBTEFEE  J B H O IR A X5 2 I T B Y e 4B
Z )25 R P HL B B Y A T2 e w2 g B
B R K GaAs o3 B2 2 45 4 5 i b
90 L ER N AE I T
2.5.3 FHARMMKEE R BTG kK

R AR A X 45 G A I BE P R AT DL $E
COD [ (A 2h &, 56 Jita 57 5, mf DL 5 HoA 77 X5 .
HRCRAIE . T AR E A XA —E 1Lk
W, 23526 A B L-T R R4 H 2 3R, S10, 7
ANRETEE SARBOG A W 3R 2 T 47 Ry P
T AR AT DL R 3 T A DX ] 3 Bl B ks T X, B
Hh.Si0, X E IR 5E& S A RKEN . 81T
2 A BTN G A% S5 I G ves 7 A % E R BEE
N 75 B A Y B GR KCRT DUAE — o B EE L R
ARy EREE . B R EOR 5 2% TR A S 0T
FORBEAH 7T LLS 2] 52 AL 2K
2.5.4 EZHRIEAIRK

1987 4E, Shibutani ZM #£ 780 nm AlGaAs 2F
SR VO I T A A H I BEL R DX, I e T Ak
B 7S 45 48, i T b oK O 2% COD Ty 28 %5
PTHT 145 RGO R 1 —2F

1992 4F, Sagawa 2517 £ 980 nm InGaAs/
InGaP/GaAs HEHEH B WO A i 10 AR TP A I R
A A 1Y) o K i o DR AR R ) 466 m W,

2003 4F, Rinner %[48] 7E 940 nm A &= F
InGaAs/AlGaAs 98 5% 5 R BO6 2% 1 i AL 51 A
—A> 30 pem K HL U BEL R 2 38 3R SN Y
B2 2 s, FAE K — 2 SIN, L TR T
T B0 30T P R VA 38 R R 2 O o B S T IR T L A 5l

* 624 -

BOLERFEAK T 3~4 . 41 COMD B {EBA — & 2

"] o

T A7, Rk 45 SR 5 T A B R, 7 I R i
JE T 25 pm B9 XS0E B U AR 3 A X, 8 980 nm
B FEOLHNFY COD MENRE ST
50 %6 s i T S1O, 78 Ji T BiE 3 B BRHs 3t E T A il
18 B34 COD [ {8 J 28 W] 5 FL T 200 L 42 &
T 27.5%.

2009 4, b [ L F BRI A A A 13 T Y K
AR 25, 58 o 8 h 4% GaAs H B2 )2 8 7 ik, 1E
808 nm Y FARWOLAR M I AL T A F IR AR A X,
Tl B O # B K P F85K 3.7 WL L L L2
VR A 25 R s TR AR T 20 %60

2013 4F, Rk 45 SR A A HGE &
AL PR 5 V5 AE 808 nm GaAs/AlGaAs BOG#E %
RS AR IS AL B 25 pm KB AEE A
X, 3 M S T AR COD [ {8 A AT S

2014 AF b mt Tolk K2 Y 5K A 45 58 40 5 b 4 3
JEAF 5 1B 4% WK 2 fal 2 5 9L #E 976 nm KT R
R Rk RO B M 5] A 25 pm B
WA A, 88519 COD [ {5 41 L £ G5 306 %5 32
BT 20%0,

3 REiHEY

COMD 2RI F 2P SR HOL 48 28 58 R & £
BEFA P E S T S R O A 0 ) R Rl
%A . AR COMD JE B HL ) A s 1 Ab 2 57 AR
HEAT TGN ags . 7ESE kR R R 2 4 T R A
Tl 77 7 Xof AN [R) 25 A2 235 1 L b RE R I S L 25 A LAY
R FH 2 Fh o AR 25 A 00 O 3K DAk 30 a0 s T R
I R AT A %% 400 A G R A s R R R AU B T AR A
HL P /I R DT 2 5 38 25 1 2 B R T S
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Low-Contrast Grating Induced Quasi Bound State in the Continuum of Laser Cavity
FAN Ce'?, WANG Yufei'?, QU Jinxian', ZHENG Wanhua'**"

(1. Laboratory of Solid-State Optoelectronics Information Technology. Institute of Semiconductors of the Chinese Academy of
Sciences, Beijing 100083, CHN; 2. College of Future Technology. University of Chinese Academy of Sciences, Beijing
101408, CHN; 3. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049, CHN; 4. State Key Laboratory on Integrated Optoelectronics, Institute of Semiconductors,

Chinese Academy of Sciences, Beijing 100083, CHN)

Abstract: The bound state in the continuum (BIC) found in artificial microstructures such
as photonic crystals is located above the light cone but not couples with the background leakage
modes, and therefore it has an infinite Q factor, making lasers working at BICs or quasi-BICs
have the advantage of low threshold. And low-contrast grating is often used in the mode
modulation and out coupling of low-cost lasers. For the simplified three-layer slab structure of
the lasers, it is proposed to induce a quasi-BIC with the Q factor of 9.2X10° by etching the low-
contrast grating (LCG) in the top cladding layer. Besides, it is found the thickness of active layer
is more sensitive to quasi-BIC lasers than the depth of etched LCG, and the Q factor can be
maximized periodically up to 9. 66 X 10° with the increase of the thickness of bottom cladding
layer. The results are instructive to the design of grating-based low threshold electrically injected
surface-emitting lasers.
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Long Period Fiber Grating Functionalized with Graphite Oxide
ZHAO Mingfu', WANG Xin', LUO Binbin', SHI Shenghui',
LIU Zhijiang', NIE Qinglin', WU Taojiang2
(1. Chongqing Key Laboratory Optical Fiber Sensor and Photoelectric Detection, Chongqing
University of Technology. Chongqing 400054;2. Chongqing Energy College, Chongqing 402247, CHN)

Abstract: The optical sensor based on dispersion-turning-point long period fiber grating
(DTP-LPFG) modified by graphene oxide (GO) was investigated, and its spectral characteristics
and sensitivity to external refractive index (RI) were analyzed. The DTP-LPFG with a period of
about 136 pm was fabricated by using a quasi-continuous KrF laser in a hydrogen loaded single-
mode fiber. GO was fixed on the grating surface by hydrogen bonding to form a GO
functionalized DTP-LPFG sensor. The experimental results show that there are a blue-shift and a
red-shift of the resonant bands at the lower and higher wavelengths, respectively, and the
wavelength separation between the dual peaks increases with the deposition of GO on the surface
of the DTP-LPFG. The sensitivity of the resonance bimodal spacing variation of the GO coated
DTP-LPFG sensor is about 831. 89 nm/RIU in the RI range of 1. 33~1. 38, which is 1. 05 times
higher than that of the uncoated one.

W7 B R 2020 — 02— 20. Key words: optical fiber sensing; dispersion-
EEWHE: TR A ZRii 5 &6l 5 B Ceste2019jeyj- turning-point long period fiber grating;
msxmX0093); T K T ¥ & B H E 48 W H (KJZD-
K201905601); & JK ™ # & B % % K #F 58 W H
(KJQN201801121) ; 8 IR 1 1. K % BF 5¢ 46 81 B £ 4 51 H
(ycx20192048,ycx20192046).
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A Dual-channel Optical Fiber Surface Plasmon Resonance Sensor Based on Composite Membrane
GU Qinshun', GE Yixian'?, ZHANG Peng'., SHEN Lingwen', GUO Zhiyong', LIU Chunchun'
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Abstract: Based on the principle of surface plasmon resonance (SPR), a dual-channel
optical fiber surface plasmon resonance sensor based on composite membrane was designed. The
simulation software of FDTD Solutions was used to simulate and analyze the electric field
transmission mode of the sensor, the performance of the single-layer metal Ag film and Ag-1TO
composite membrane was compared, and the structure of single channel and double channel was
analyzed comparatively. The results show that the sensitivity and quality factors of the dual-
channel structure with Ag-ITO and Au-TiO, composite membrane are obviously better than that
of the traditional single-layer metal film and single-channel structure. The designed sensor can
not only solve the crosstalk problem of resonance wavelength by the high differentiation of
resonance drift range of the two sensor channels, but also one of the sensor channels in the dual-
channel structure can be used as a reference channel to provide self-compensation capability for
the sensor.

Key words: optical fiber sensor; surface plasma resonance; dual-channel; composite

membrane; resonance wavelength crosstalk
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Effects of Organic Halide Salt on the Performance of Perovskite Solar Cells
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Abstract; Organic-inorganic hybrid perovskites have been proven to be a kind of excellent
light-absorbing materials for high-efficiency photovoltaic applications. At present, the ways to
improve the efficiency of solar cells mainly focus on optimizing the grain morphology and
interface modification of perovskite films. In this paper, a simple surface treatment technology is
reported to increase the photoelectric conversion efficiency of perovskite solar cells from 19. 46 %
to 21. 56%. The improvement in efficiency is the result of increasing the open circuit voltage

from 1. 04 to 1. 11 V without sacrificing short circuit current and filling factor. The method of

increasing the open-circuit voltage provides a new way to further improve the reliability of
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Design and Characteristics Analysis of Terahertz Ultra-narrow
Band Absorber Based on Metamaterial
SHEN Tao, PAN Wu, LI Yi, ZHANG Xuewen

(College of Photoelectronic Engineering, Chongqing University of Posts and Telecommunications, Chongqing 400065, CHN)

Abstract ; A terahertz ultra-narrow band absorber based on metal ring structure is
proposed. The unit cell of the absorber adopts typical metal-dielectric-metal structure, the top
metal pattern consists of closed metal ring and four-split metal ring, and the bottom layer is
continuous metal plate. The narrow band absorption principle of the absorber and the surface
current distribution of the absorber structure at the absorption peak frequency were studied. The
research shows that the absorber possesses a narrow absorption peak at 1.768 2 THz, the
absorption is 99. 8%, the full width at half maximum relative to the resonance frequency is

0.51% ., and it is polarization insensitive to the polarization of x and y incident waves. The

absorber characterized by simple structure and easy processing has potential application value in

bio-sensing, narrow band thermal radiation and photoelectric detection.
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High Sensitivity Multi-mode Interference Heterojunction
Coreless Optical Fiber Refractive Index Sensor
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(Guilin University of Electronic Science and Technology 1. School of Electronic Engineering and Automation;
2. Guangxi Key Laboratory of Automatic Testing Technology and Instrument;

3. Guangxi Key Laboratory of Precision Navigation Technology and Application, Guilin 541004, CHN)

Abstract: Based on the theory of multimode interference and self-imaging effect, a high
sensitivity multimode interference-heterocoreless (SNS) fiber optic refractive index sensor was
designed. The multimode interference is generated by the core mismatch between the cladding
excited high order mode and the fundamental mode coupling in the coreless fiber to realize the
sensing measurement of refractive index. The beam propagation method (BPM) was used to
simulate the transmission spectrum of the sensor under different refractive index conditions, and
the influence of the length of the coreless fiber and the refractive index of the external
environment on the performance of the sensor was discussed. The transmission spectra of sucrose
solution with different concentrations were measured by the preparation of a coreless fiber SNS

structure sensor, and the experimental results

e #E B #3:2020—04—19. were consistent with the numerical simulation
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results. The results show that, in the range of

e R4 T E (YQI8110, YQ20115) 5 17 7§ [ SR EH refractive index of 1. 330~1. 419, the wavelength
PRI H (2016 GXNSFAA380006,2017GXNSFAAL98 sensitivity ~of  transmission  valley  reaches
164).

189 nm/RIU, and its transmittance sensitivity
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A Low Power Multi-Function Readout Circuit for Large Format Focal Plane Array
SA Penghua'*?*, QIAO Hui'”?, MA Ding'”’, XIE Jing'?*, LI Xiangyang'”

(1. State Key Lab. of Transducer Technol. ;

2. Key Lab. of Infrared Imaging Materials and Detectors,

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

Abstract ;

Dynamic windowing readout and image transposition are significant functions of

large format focal plane imaging detector, and also it is necessary to realize low power

consumption. Based on the standard digital circuit design process, a new counter based on Gray

code was designed to access the row and column address.

The RTL simulation results show that

the proposed design can achieve the functions of dynamic windowing readout and dynamic image

transposition. A TSMC 90-nm process with 3.3 V supply voltage was used to implement a

1024 X1 024 design, and it concluded that the power consumption of the addressing counter is

only 19.56 puW and the overall design power is only 58. 75 uW. This design is suitable for the

design of readout circuit of large format focal plane system.
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{derived from V,C,T units)

Cell Internal Power = 4.5689 uW  (23%)
Net Switching Power = 15.8512 uW (77%)

Total Dynamic Power = 19.5600 uW (106%)

Cell Leakage Power = 750.1117 nW
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Abstract :
composed of a pair of integrated hybrid optical amplifiers (EDFA and SOA) and coexistence

Proposed is an enhanced fiber expander with active coexistence (ACEX-RE),

element (CEX) modules. The modules are installed on the central exchange (CO) together with
the OLT system as the intensifier of downstream/upstream optical signals and the preamplifier
respectively. Under the downstream and upstream wavelengths of 1577 and 1270 nm, the
performance of the XGS-PON system consisted of GPON and TWDM-PON was tested. The
results show that the proposed ACEX-RE can support multi-rate XGS-PON with a maximum
operating distance of 35 km, a beam splitting ratio of 1 ¢ 128, and a link loss of up to 44 dB.
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1% ;‘E- ZRXRA AT REFHRATORE . ARZEF ELLME (QLED) 8 5+%
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Influence of Charge Carrier Balance on Efficiency of QD-LED
YANG Mei', ZHENG Liwei1 , MENG Qi', WANG Xin', LIANG Pei', YUAN Xiaolin®,
TANG Ying'”’, Sergei I. Pavlov’, Pavel N. Brunkov’, LIU Zugang'
(1. College of Optical and Electronic Technology. China Jiliang University, Hangzhou 310018, CHN;
2. Ningbo Semiconductor International Corporation, Ningbo 315800, CHN;;
3. loffe Institute, 26 Politekhnicheskaya, St Petersburg 194021, Rus)

Abstract;  Three approaches were performed to achieve the charge balance in normal
structure QLEDs so as to improve their external quantum efficiency: by inserting an ultra-thin
PMMA electronic barrier layer between the lighting emitting layer and electron transport layer of
QLED with the structure of ITO/HIL/HTL/QD/ETL/EIL/metal cathode; by optimizing the
hole injection layer in the hole side to improve the probability of hole injection and transport;
replacing the long chain ligands of quantum dots with short chain ones to help the charge injection
and transport into the emitting layer, so as to improve the device performance. Another benefit
of the ligand exchange is the improved solubility of quantum dots in orthogonal solvents of charge
transport layers, which is essential for full-solution processed QLEDs.

Key words: QLED; electronic barrier layer; hole injection layer; charge balance

0 5lF T AT 0T A R 80 B O K D B

RE 19 HERSE 1 O AL D BE 2 C 5 17 AT s A9 A E 1k

BB — B (QLED) PUILBE RS 2008 g g 3 Sy 21 HE 4 10 P % 27 O 20

P— ) AR B TR T S U R I G 2 R R

= :2020—05—17. TN N - B A

EETE WL AR T, TR R A e o CTL RGBT 2 RO 5 5 5, QLED
(2018D0007). TFPEREERAT T B s i R

“EEMESE A E-mail: 2gliu78@cjlu. edu. cn QLED By s P+ 45# 54 HL &6 — % (OLED)

* 667 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 5

Oct. 2020

FEARL Sy = BHYA S5 44 . Fl & 26 P AS FLAR v ] 11 25 X
HEAJE(HIL) (5 7UE 5 2 (HTL) i F 8 kG2
(EML) . F &4 2 (ETL) Ml FiEAZ(ETL) 4
B PN HURR A — A O 3 WY 5 R R, G 4 R
A EY ATO), LA T & . IR
B P AR R R SE R W UL IE 2 QLED #3145
¥k ITO/HIL/HTL/QD/ETL/Metal, 3 %
) HIL J2& 8 O £, 3 — 5088 M-3R K 206 1 1R 8
(PEDOT ¢ PSS), HTL % N, N-X (4-7T 3 %
BN N-ZIR B AR (poly-TPD) 5t 5 £ 4 1
(PVK),ETL i il EHL ZnO 40K Pk, QLED #%
PF A T30 () — M (D IR
New =XE 19,7, (D
KL E bR R T S O BUR YRR H R
AL LA E] 90 %6 LA B sy, R AR & G ki 28R
ROCT LR, —RTE 25 % A2 47 s X S 25 70
BE R AESCH ) ARG = E SN FHS A, 5
SR 256K 100% 5 9, SR8 2 & LR FEH
F2S IR LA -7 B 38 B S5 A, AT A3 Ak o 4 3RO
TP, i A B E2 T 1000,
A = TR 55 R b R IR A 1 SR A 5 4 A
K TET AT 11 206 MRE RN 28 B A 5 4 14 15 10
TLEREE R . BT QLED & 44 Hh 80 T 1Y
-7 2 4 v e E R R BB 2, M QLED #% 1F
MR T 02 AN O . AE A X . B RO 2
(EML) 55 25 50 A2 (HIL) VA K 28 X % 6 )2
(HTL) Z 8] 47 78 58 K 1 RE 9 25 15 1 A7 76 48 K =5
FOFEA SR, MAE T A SR 5 . K
1 ZnO A58 iR R ECROE)ZE TR
FIEAAR M, AR T #5 0FaRY L — i, — i
A H Ao iz J2 1Y I s o5 AR 2 7L (HOMO) A
AR BE (LUMO) 19 AH X BB 24 & 2 £+
iz )2 (ETL) fzs 52 (HTL) L DUR S B3k i
TA . s, ® B9 HIL #oEF PEDOT : PSS
WG S5 ITO [N . 5304 8 5 F SN
Hy EC BT LA B R A G HL M R AR R
PEDOT : PSS A s 48 & e fFERES . 55— 5 1,
AR E T - 5 AR R R A R ORI A L AE
T A R B R g LA R AR R R KR B A
Yy, 0 = S 5L SR B (TOPO) 25, o 2 1 fdf o, fif 76
=P A2 B — e i mtY % TOPO X
JE G KM T AR A R ) T T AR AR ) B A
R P T G I e S MO T T L VA < Tk

+ 668

T 0 K G R JF v AR 32 e 2 o T B U T T
A SCULE I QLED & 4 v far -y 0 5% H A5
5P = Fh 5 2R R 98 AT #0  F i Y ek
QLED g8 F 1y &G RE A 52 M0 . (1D 5] AR JE 1Y
B LY R B I (PMMA) 7 B 2, L 20 i,
TIEA (O NiO 1 NiO : Mg 4 HIL #1%F, LA
PR A U T AKCR ;s (3) I 3-8 5L 4 R 45 24 1k
X)) e AR 1t 5 AT 3R et LR R
KGR SR A5 kg .

S T
1 3L

1.1 SSIeHR

ST B PEDOT + PSS, Poly-TPD,PMMA
VR 7 74 42 ROGRE A BR 2 A s F AL B (NiO,
0.05 mL/mD .NiO : Mg(15 mg/ml,15%) . & fbL5¢
(Zn0, 50 mg/ml) Fl CdSe/CdS/ZnS #% 5¢ & T 1
(QD,10 mg/mD ¥ i1 )7 7 3% fin fa BB A IR A A 42
b TG Sl VTR L R D B I B B UM A A
WA RA A 11-Fi A+ — R (MUA) | — H TR
(DMSO) , fLK & Z A H B e (TMAH) | #i A N
R (MPA) | IE B S50 H BT,

1.2 BEHE
1.2.1 ARFE%

W ITO BB H M AE L B K L & 1 N T R
PR YRR AT 15 min A58 75 I 375 0% 6 4l i
EAARER I T3 15 min,

1.2.2 4 PMMA & F [ &6 QLED 4 &

a5, L4 000 r/min BY 33 8 78V Yead /Y
ITO B3 KMz | iE i PEDOT : PSS % W, iiE 14 I
]840 s, 8 J5 7E 150 C @i T T4 18 K 20 min,
PR BN AEAN TEM DL 2000 r/min /Y
HEZZJZ VR poly-TPD(10 mg/ml SR HE R | it
F (10 mg/ml HIREE ) . PMMA (TN % 0D %6
A EEAN K AR (30 mg/ml ZBEVE WD L 4% J2 5 A e 7
I 29 9 40 s, 43 BI7E 120,150,110 1 90 °C FiB
20,5,10 F1 10 min, fJ57E 5X10 ' Pa A& %5
T SRR AR R RS TP UIBUR A .
A A PMMA HLF P2 QLED & 1 45 14
J9: ITO/PEDOT : PSS/Poly-TPD/QD/Zn0O/Ag.
TE AR T-E58 1 58 S [ A0 ) i o i 4 df

eI GRS



CESROEHE 2020 4F 10 H 4 41 556 5 W

o W F

BATFH A ERGETEALMREAFHHR

—_

.2.3  »A NiO,NiO : Mg % HIL ### QLED
BAH &

4 BT R IS A 1TO B8 5 B LRIk
JEWE 30 nm K NiO (8 NiO : Mg) 2,30 nm fy
poly-TPD JZ .18 nm #J QD JZ#1 30 nm #J ZnO 2.
Iy BIAE 270,120,150 F1 90 °C F iRk 30,20,10 A
5 min, R4 )R B zE LA TP TR L dk
& 45 ¥ A ITO/NIO/poly-TPD/QD/Zn0O/Ag HY
a k. FREAE A AR T B/ A A R E AR
JE K 2 A A
1.2.4  vA 3-3 & @ B8 (MPA) #= 11-5% Bt X Wy 8%
(MUA) # Btk 49 2 F .5 QLED & 44 &

(D FECARSE 6 100 mg LKA %0 F AL Ak i
(TMAH) 5 50 pl $i N B (MPA) 5 20 mg #i &
F—R(MUATE 1 ml IE kPR RE.
J&i s FETESEBE N 7 8 B TC €335 WK U2 5 % TR A 7 )
iR HAMRA . HE 1 h, B L2E&A MPA
(MUA) 1A HLAH W% 7% 30058 b o AR RS AR
TOPO FIHER B CdSe/CdS/ZnS & T 5 1 W, 1 FF
Th A ERE PR MA 1 ml i) DMSO % #, 78
DMSO H S8 1 45 1) MPA(MUA) B iR 52 4,

(2)QLED g 4 il #% . it FHBC 1A 22 # J5 19 QD
fie ik gy il %5 QLED gt

2 1HE 5T

2.1 PMMA BFMHEEHEX QLED sS4 =M

T PMMA LA PMMA 1 QLED
R IEETE | - R (T -V 2R 5 - R
(L-V) it & Foh i 7208 (0 I 4 A an il 1 Ca)
(b), () A (D Prox. M 1C) AT LLE H, PMMA
1 51 A A U B o BUR 66 . R I
AL T 628 nm, 25 58 (FWHM) 4 30 nm., 4
PMMA ZJEEEM 0 #n %] 4 nm B, J5 52 K% 4
W17V BETINE] 1.9 Vi HL I B 5 A BRI CAn [
1(b)) s ARS8 BE B A BEAR AN 1Ce)) o AH 5. W]
A E CnE 1(d) . & 2 nm PMMA 28 F 1
BAAFTHCREHT 12.4%, AW, A 2 nm
PMMA J2 1) g 0 BA i i KOt vk fe .

— Ny it A SR QLED H i
B fop 47 BRI 2R R PR BB . AT PMMA 2
Pasth A REMHEFERFREM ZnO 2 E&
L E BT 2 3 QLED #t8UL Ot =

15 min

o, ARWEFEFRRIESE T 51 A PMMA JZA 204 L 1-
THFHEAR T RZE 8D T BRI 1k
CdSe/CdS/ZnS &5 A fF B KOG PERE .

1.0f

400 600 800
A/nm

() 2.5V FHRBU GG

2L
10 —a— 0 nm
~—o—— 2 nm
'_—ﬁ—Anm

10° L
0
\%
(b) AR
104 —=&— 0 nm
~—o— 2 nm Gl
3—.-—4nm
10
%10
<
S 0f
10°F
107 1 4
(o) SEPE- R
121
10 : <
8] 1
°\\° ]
£ 6
4 —&— 0 nm
+— 2nm
2- —&— 4nm

100 10° 100 100 10° 10
L/(cd/m?)

() SERE-Ahit TR 2
1 A[E PMMA B BE £ )2 J5 B2 A8 18 19 s BUROEOL i
=R



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 5

Oct. 2020

2.2 NiO,NiO : Mg {£24 HIL # # 3¢ QLED 2§ %
% i

# NiO iy QLED #F R 4544 L i 30k 6ok
WL J-V-L I gL HEZWmE 2 fraa, WE 2
() "] LA th, 72 H NiO fE 8 HIL 9 QLED #% 4
LA R E AR R, S NEESEAT, F2
(b) AT HIL # 8H QLED #34F i BUR G
ATLLVE I SO HIL B B8 RO 3 & 6
F O ERA. T 628 nm, 1 T8 30 nm., PG FRAS 1
F1R) FEL Y BB R BE QIR 2 (o) B s, AT DL MY L il )
NiO Z S mEMN 2.2 VIR E 1.8 V. &
N ERRKRMES. B 2() HF QLED #{F

“1.13eV
23eV
_3.9¢V
NiO —4.0eV__43ev
poly-TPD)| Ag
_48eV] QD
o 5.13eV Zn0
Y TSy
-6.0eV
-7.3eV

| —— PEDOT:PSS

Y
’% 0.8
S
R 0.6+
2

0.4f
3
FLT 02k
- \

0 L
200 600 800
A/nm

(b BRI

1 000F —— NiO
—e— PEDOT:PSS
—e— NiO
100F —*— PEDOTPSS 11 000
g g
< 0 3
= 110 2
[
Lf
0.1 L 0.1
0 1 2 3 4
\7A%
(o) J-V il

* 670 -

10 -
== NiO
@@= PEDOT:PSS

0.1

1 10 100 1000
L/(cd/m?)

(D gL gk

2 % NiOJ2 QLED 3 4F MRE R 4540 . f 3R ek . T -
V-L MM g, -L Mk

AME TR SRR AT LVE R NiO
HIL /48 28 1 5 R AR i F RN 2% H 2 7
2.81% ., XIEWRESMMEGHERT . NIO 2K
AE Y BE EML 2 G808 1B KR
N, [AE,NIO-HIL BH1E T ITO R 5 PEDOT :
PSS w2 7 A2 2 ik R

M T HIL #EHH NiO 1384 Mg B, QLED
R M RE AT B aE — 2P kg, AN T R0CR R HL I
HORME 3 i, &REW.RH Mg B4419 NiO
(NiO = Mg) fik HIL # &% 7F 19 4h i+ 3508 52 5 3
7.1 IR (O WAR E F] 5.5 od/A L HE N R
Mg B4 & T 2 7UNEARE R &,

10 10
—a— NiO
—o— Mg 7% NiO
18
< 16
B 1.0 g
= 14 =
{2
015 2 4 6 g

A\
K3 NiO B A Mg B NiO 1F 5 HIL B 88 5 9 HLR R0
St TR 5 ISl HLUE YOG &R

2.3 EFEAMBKMEMITZIR FEBINRE A
14 %5

Pl 4 7R H i 500 C AR A2 4 S I (IR OR FA 4% T
B A 365 nm MIEAMDET) . AT 7R A KOG
TEOLT o 12 0 IE 2F B v W LT J2& 35 B 1 L 6 BH &
JE N IE B 5 R 5] DMSO g, 33 ¢ B IC 4K 52 46
A LUK it S AR B S R A R T e Wk




CESROEHE 2020 4F 10 H 4 41 556 5 W

I

#45 QLED #844.

Bl 4 7% 4h 8 (365 nm) T ML F] ) MPA (£) fl MUA
CH ) P8 TS A4 58 3 S5 g

AIE B 7 A (QD), MPA g & =2 #: & 7 5
(MPA-QD) fl MUA it 44 5¢ 4 1t ¥ 55 (MUA-QD)
fR 2 v S A TR 5 Ca) BT AT LA M L 3 T R 5
AR R EGE T AR SO B R B ROk
RORA FTREAR, AMFE QD, MPA-QD Hil MUA-QD
() % B K43 9 522,523 A1 525 nm, TEE R T .
MPA-QD #1 MUA-QD (1% 8 & ot & 7 7= % 7 5
T AL & W 7020 F 54 %

SO T 5 () iR, L
KK MPA 7R 38 # d - 5 \MUA it {7 32 48
O SRUARAE /TR R B A I AR T
R FHF A

Attt + A
AL A

HE S 2 BE AR 22 e 5 MPA & M B 1 1 5 F
Y19 e At E R (9 17 ns 48 48 ns, MUA &1
i T 58 O6 A i JE R 19 17 ns B
17. 8 ns, X W] BB S T AL 1A 38 4 )5, 2% T e Bl 1Y
2 AR A A B, 5 BOF 90O A5 a3, &
7R,

(2

A(a.un.)

SCBURGIRE

200 500 600 700
(a) ZAA4E QD.MPA-QD Hl MUA-QD 7E % 18 T i W% it f1 &
P

BATFTIFHFTERGETEAA MREXFHAR
3 —— Z1E QD
—— MPA-QD
—— MUA-QD
L
&
Q
(5]
(o]

Ll

0 0.5 1.0
t/us
(b)  WORWEAK S 265 nm By AL I T 550 A1 M 38 4 ik 7 45
1998 D't 1 W L 30

B 5 Z=AhET =R MR & BT O R R
A 265 nm N BY 5 T I BT

WL B AIE T B sS # J5 QLED 14 88 40 R 1,
Bl 6 i, mARELIASS )G & 7S e B L Ok R 7
72 RAT T REAR  AH PR Sk el % A Bl 38 T 2R T AR
AR BE R 0 LB B R OGS RS T OR AR
AR . B 6Ca), (b) A] LA HY L B K32 5 Y
i S A A A AR R ORI L A B A R TS A Y
HE A, B 6 (o) XYY B EER
25.363 mA/cm” B, ARSI 5 25 14 1 B KA 1
RORIRE 2. 7% R B T A8 e wi . e AR 5 4 1 £ Ak
LRSS 5 2 A TAR R fE gk st v .

10*

—a— CdSe( E¥4%)
—A— IR B

L/(cd/m?)

10°F

10"
0

VIV
(a) L-V ik

—s— CdSe( E¥%t)
—A— SRR K

10°

J/(mA/cm?)
S

._.
<
%

(b J-V gk

. 671 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 5

Oct. 2020

10}
Jd
g
<& L
—a— CdSe( IE¥%t)
—— CdSe % BRMLH
01 1 10 100
J/(mA/cm?)

(C) 77@(1’] Hﬂgjé
K6 WAAZZHAT G QLED By & 45

3 Z5ip

A & T B AR EE PMMA H B
P2 NiO A1 NiO = Mg 18 # PEDOT : PSS
£ HIL # 8% QLED #4430t T B &
JerEfE. SCEAE R LI  PMMA i FRHPZE T
IR T 0F 1, NiO-HIL # 4 7 PEDOT : PSS #i
ITO Z [8] 7 A 20 bl S50y o B2 1 a1 1 & R0
oAb 4 2 2 )5 B FAEAE S HIL 19 NiO $14#8 2% Mg
WA DL — A QLED #8400 59 RO kR, R,
MR SUMORE A 2R TE RO AT BT Y 2,
FEH LR T BERCAR MPA, MUA 14 Tt 44 52 46 52 56 1§
Ty 1 K o 0 R E 2 A, MPA - SR
MUA #F fiCBUR G BT 7 5 89R 45 50 B 1K 2]
ARAE T A 70 % A 54 %0, B BT N R3S e
QLED 5 i) L 3t %5 B L & O 52 B2 RN A f 7 80R 3
AT . SAERCARE QD REFE IE 38 7 P i
i 41 W2 £ QLED #8148 i Al BE
SE K
[1] Yang Zhengyu. Voznyy O. Liu Mengxia, et al. All-quantum-

dot infrared light-emitting diodes[J]. ACS Nano. 2015, 9

(12): 12327-12333.

[2] Colvin V L, Schlamp M C, Alivisatos A P. Light-emitting
diodes made from cadmium selenide nanocrystals and a
semiconducting polymer[J]. Nature, 1994, 370(6488): 354-
357.

[3] Cao Fan, Wang Haoran, Shen Piaoyang, et al. High-
efficiency and stable quantum dot light-emitting diodes enabled
by a solution-processed metal-doped nickel oxide hole injection
interfacial layer [J]. Adv. Functional Materials, 2017, 27

(42): 104-122.
[4] Yang Yixing. Zheng Ying, Cao Weira. et al. High-efficiency

. 672 -

light-emitting devices based on quantum dots with tailored
nanostructures[ J |. Nature Photon. , 2015, 9(4): 259-266.

[5] Hermann S, Shallcross R C, Meerholz K. Simple fabrication
of an organic laser by microcontact molding of a distributed
feedback grating[JJ. Adv. Mater. , 2014, 26 (34): 6019-
6024.

[6] Zhou Xiang, Blochwitz J. Pfeiffer M, et al. Enhanced hole
injection into amorphous hole-transport layers of organic light-
emitting diodes using controlled p-type doping [J]. Adv.
Functional Materials, 2001, 11(4). 310-314.

[7] Mashford B'S, Stevenson M, Popovic Z, et al. High-
efficiency quantum-dot light-emitting devices with enhanced
charge injection[ J]. Nature Photon. , 2013, 7(5): 407-412.

[8] Jin Xiao, Chang Chun, Zhao Weifeng, et al. Balancing the
electron and hole transfer for efficient quantum dot light-
emitting diodes by employing a versatile organic electron
blocking layer[JJ]. ACS Appl. Materials & Interfaces, 2018,
10(18): 15803-15811.

[9] Heon Lee. Hoon K., Lee J, et al. Highly efficient, color-
pure, color-stable blue quantum dot light-emitting device[ J ].
ACS Nano, 2013, 7(8): 295-302.

[10] Scholz S, Kondakov D, Lussem B, et al. Degradation
mechanisms and reactions in organic light-emitting devices
[J]. Chemical Rev. , 2015, 115(16) ; 8449-8503.

[11] Prachi R, Francisco P, MlIrko P, et al. Enhancing the
performance of CdSe/CdS dot-in-rod light-emitting diodes via
surface ligand modification [ J]. ACS Appl. Materials &.
Interfaces, 2018, 10: 5665-5672.

[12] Zhang Pengfei, Liu Shuhui, Gao Duyang, et al. Click-
functionalized compact quantum dots protected by
multidentate-imidazole ligands: Conjugation-ready nanotags
for living-virus labeling and imaging[J]. J. of the American
Chemical Society, 2012, 134(20): 8388-8391.

[13] Javaux C. Thermal activation of non-radiative auger
recombination in charged colloidal nanocrystals[ J]. Nature
Nanotechnol. , 2013, 8(3): 206-212.

[14] Bae W K. Controlling the influence of auger recombination
on the performance of quantum-dot light-emitting diodes[ ] ].
Nature, 2013, 4. 2661.

[15] Manfredi G, Lova P, Krahne R, et al. Directional

fluorescence spectral narrowing in all-polymer microcavities

doped with CdSe/CdS dot-in-rod nanocrystals [ J ]. ACS
Photon. , 2017, 4(7). 1761-1769.

fEE R

¥ H8(1994—), k. wWNEMEA, ML, T2
I A BB B TR

XRENI (1961 —), B, W £, 348, £ Z A F 9 R
Kl F AL BHGAR,



CESROEHE 2020 4F 10 H 4 41 556 5 W

EXE

F 3 H

—MATHSHAFIBNEN S AT EERL TR

ZHHT. 2 K, BRE, KAH,. KR E,E B

(FEIUWXF(LUFRERZR) LFREHZRHLHTRA, 58 250000)

H OE: ASBAFTHAKRZAMAGFALENZ,RITTRT — A& T EEGRFIRE.
HHBBRREARNEVEZLEM EZoHBARIEIRET AEAIRETESRPEFTRAHRAL
ARHFEZRHR, NG EFRARFTT T ERER A K HAFLEMNX, EREN ., Z
KHEATAARZ HBRA50°C) . HE(00 MPORE, A A S THER, CHENG B KZMA
EREABD BFARN AN, ZHRBIET RFRALERA THAFFALEMNZO TR, A B4
WMIIfEm A RET EARERLRE S,

KW OLBE FEAOR; M AR

FESES: TP212.14 XE4HS: 1001—5868(2020)05—0673—03

A High-reliability Optical Fiber Probe for Void Fraction Measurement of Qil and Gas Wells

JIANG Shaodong, WANG Meng., ZHAO Qingchao, ZHANG Faxiang, CHEN Yu, WANG Chang
(Laser Institute, Qilu University of Technology (Shandong Academy of Sciences) , Jinan 250000, CHN)

Abstract; A high-reliability optical fiber probe was designed and developed for the void
fraction measurement of the oil-gas-water three-phase flow in oil and gas wells, for which, a
conical sapphire structure was used as the sensitive tip of the probe. The gold-based solder was
exploited in order to seal the sensitive tip and the transition tube, as well as the transition tube
and the protective tube. Experiments were carried out to test the reliability and void fraction, and
the results show that the designed optical fiber probe is able to withstand high temperature
(150 ‘C) and high pressure (100 MPa) with a high reliability. In the pipe string, the void fraction
of the three-phase slug flow is 46%. The research results not only verify the feasibility of using

optical fiber probes to measure void fraction of oil and gas wells, but also provide theoretical basis
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and practical guidance for the follow-up engineering application.
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Structural Design and Pressure Sensitivity of Graphene Pressure Sensors
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Abstract; Taking graphene as the sensitive material of the pressure sensor, Si as the base
material, PN as the graphene protection material and Wheatstone bridge as the force-electric
transformation measurement circuit, a new structure of silicon-based graphene pressure sensor
was constructed. Based on the established theoretical model of the sensor with the foam
experimental method, the relationship between the pressure of the sensor and the central change
displacement was analyzed. And by combining with the ANSYS software static nonlinear analysis
unit, the value analysis and finite element simulation were carried out to analyze the

characteristics of deflection deformation of the graphene film. The results show that the

theoretical analysis results of graphene film pressure and deflection deformation are consistent

with the simulation ones.
Key words:

pressure-sensitive resistors
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Analysis and Improvement of the Graphic Distortion in Mask Copying Process

SHU Mingyang, ZHOU Wen, CHEN Donghao
(The 55th Research Institute of China Electronics Technology Group Corporation, Nanjing 211100, CHN)

Abstract ;

Mask copying process is often used in the LED industry since it can be produced

in large quantities with low cost. Influenced by the flatness of the glass substrate, the optical

diffraction effect will cause the distortion of the micron-level graphics in the mask copying

process. Aiming at eliminating the graphic distortion in the mask copying process, a method was

proposed by adjusting the lithography process and resist thickness. The experiment realized the

mask copying process for circular graph with the size of 4 pm. The experimental result shows

that this method can improve the process of mask copying for micron-level graphics and reduce

the cost significantly.
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Enhanced Power Conversion Performance of Multi-crystalline
Silicon Solar Cells with PERC Structure
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3. Department of Applied Physics, Huzhou Normal University, Huzhou 313000, CHN)

Abstract: Multi-crystalline silicon (mc-Si) solar cells with passivated emitter and rear cell
(PERC) structure were successfully fabricated on an industrial production line, and the effects of
PERC structure on the power conversion performance of the solar cells were studied. The results
indicate that, the PERC mc-Si solar cells exhibit an enhanced short-circuit current and open-
circuit voltage, resulting in high power conversion efficiency of up to 20. 14%. The enhanced
optoelectronic conversion can be attributed to the reduced parasitic absorption loss of long
wavelength photons and reduced recombination of charge carriers on the rear surface of PERC
mc-Si solar cells. The PERC structure can improve the conversion efficiency of mc-Si solar cells,
and can be compatible with traditional process, thus it can be regarded as an optimal cell
structure.

Key words: multi-crystalline silicon solar cells; PERC structure; power conversion

efficiency
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Abstract: With the characteristics of high sensitivity and small volume, photon counting
radar represents the future development trend of long-range detection radar. But photon counting
radar in the detection will produce range walk error, thus affecting the ranging accuracy of the
system. In this paper, the relationship between the range walk error and the detector’s timing
jitter is theoretically analyzed and experimentally verified. First, based on the lidar equation,
timing jitter of single-photon detector and probabilistic statistical properties of photon counting
detection, a mathematical model of the echo signal and detector timing jitter was established.
Then the model was used to further derive the detector’s timing jitter and range walk error.
Computational analysis and simulation experiments show that the range walk error of the system
is positively correlated with the timing jitter of the detector. Finally, experiments were conducted
using single-photon detectors with different timing jitter, and the results show that when the
standard deviation of the detector time jitter is 15, 350 and 1 152 ps, the walk error is 0. 88, 2. 55
and 12. 56 cm, respectively.

Key words: photon counting radar; timing jitter; range walk error; poisson distribution

Y75 B H#3:2020—07—07.
ESTH:EXARBEIELTH (61805249) 5 i [ Bl 2 B
HAEAH fE F & 5L 4 T H (2019369).

CEEEE N E-mail: boliu@ioe. ac. cn



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 5

Oct. 2020

0 5l&

BWOGHIBAE Ry —Fh E 3 XM A, Re g P |
TERA M AR I H bR 925 8] =48 (5 5 . 72 B o 28 3 %5 8]
2E R L H AR A R 0 A AR DA R A ek
HHETZHENY . R R O R 3
A AN T4 R 5 AT X0 80T B s R 1 B e R B
SR X A A T RS IR AR 55 15 S 1Ok
THEOHOE T IR . DI BUBOE T IR R SR D R A% 1
HPMT) , TAEFE G E AT 0 F G d
(Geiger-mode Avalanche Photodiode, GM-APD) %
B B0 R MR E A R B S O &
N AR R B S WOt TR Ik = 2~ 3 AR
= N SN O R 5 N e | DIV 15 S =
WOL T B WAL O DIRE o T AR U I i BRI FE S, R
5538 % K F AT AL (Timing of Flight, TOF) Jf:
i F GM-APD 5 &5 547 00 50, 3 2 A St
WL IO B R G, CATE E] 3% B ik of
% 38 2 5 50 A S Wk o 22 TRD A R ) 22 0 AR
HAn 5 RG22 B MRS . 546 45 U 2 55 il —
e P it 1 O PR R e T L SR L, TAEAE UL
RETH APD HEZE R — T3t & kB S
PG R 3 A B B R e T BOROE A
YA WS R . AR R T IHEOEOEF R R
Jre L 58 [ E A0S AR R (NASA) T 2018 & 5
() ICESat-2 TR H 7Ot it 8ot B s fE R
e L R S 0.1 m

XTI EOBOE T IR R Gk UL DN B R
Ml i VR RE A T SAR AR, AR AL TAE S8 R AP AR
i M TRAT I DS B I B0 TR A AR RE IS
SROE W AR L i BRI BAE S R A TG, BE ]
SR SITHR I 1) 67 25 1 1 B R AR 25 i o A A R R
TR E PR I 05 =, T S B S Tk A
7O I R AN TR (= S N I B - e N 1
JFE AR 5 B 18] BL 3 48 Z B R B 52, 2003 4F,
Fouche"™ 43 T 8L Jik b 48 00 5 F 11 B30 75 35 19
PRMAMER , Bk BB BT T O F I 8080 5 B %
MPERE . 2010 4F, Oh 252 ffi F 6 F 11 B4 i 4 7
S8 T Ui E 1% 22 (Range Walk Error, RWE) 5 [0 %
kB SE 2, 2018 4F, Ye &1 M T e iR 2 5
]9 Wk vp 2Z () ) DG FR o AR SO BRL Y RN % 14 B i)
PRI T I L T BOG R AE S 5 R0
(] 4} 2l Y B T, HE I A T B B U A R 22 R

* 696

LR iR BETE S ) bl 1 RO S R 7= Nt D B~ 2 7 e -
A AT A Ta] B ] 42 5l A9 B4 7 24 D00 48 o T e 5 14 A6 7
HEAT TSI

1 PS5 AR

J6F I EOHOE TR A BB AR L O &
SR Wk s T = A — gt R R 2P AR 5 3R WOLE S
ZERL A B R AE B AR B TR [, 2K 5 B0 BRI 2%
FE WSRO RT3 7 A 09 o) By A 5, B e 3E 2 B ()
AT S5 BRI 25 e 1A 5 A I R] 2% S 4R O BE 45
o B, BREHAL S T A b R SO b i 4R
S A2 1 2o R R0 BRI R I 4 O - B o AR
1.1 RETEBIEE
O ok o %) % S A2 4 AT LA AR O R AT A
WYL GRS R P (0 OGBS E R G A
A4 H A bR 81 D) ]38 ok i mT R oy
Prowmn =@ ¢ P (8 — Tiaped) (D
Tiarger = 2R /¢ (2
o R R A Z B R G0 i
JCHY KA L B AR SRR O & S I7 10 5 B AR
e S L FR G0 R A R T R RT R SAE i B RS 2 T
RIZR M 3 7 e WIS RSP BOGAE R I [H] 0 28O0
., FIRPIER I TR S AR U K S
S AN ] R RER L FE R EE b AR S R S
55 B — 0,
MARGAIWCE AR 5 Z )5 . GM-APD 7 4: 1
MR 5 ] RR R TR

:ljx
Spe () [

J(t —o)de (3)
Ly AR 8 A BT ROR b R
FIEEIIAR T gy N FRGEH B E IRV AER L T (2) 2
GM-APD I [] £} 2l A8 %< %5 B s %5 T () T IH — 14k
fRMIIME R 0. 72K o° IIES S B ] ~ N (0,
o’y s Horh o SRl A BRE 25 AR SCT H 1 B[]
PLE BRI MEZE . LR ORI AR 35 Dk ik b 22
GM-APD i [ J 7= Az B 4900 By HL 7 25000 MR 43 A
T GM-APD % H 7 8, B R L X H 52 o~
AT 20 ABE MR R R S A0 0 N
Npg =N e + f dank 4)
X Ny REBEHESEH LWL T, fom N
GM-APD H &G iHE0CE.,

P oo (T — Tdeh\y) X

delay



CESROEHE 2020 4F 10 H 4 41 556 5 W

FAK F. AFHHPCLFRHEARZE LN RHF AL

1.2 GM-APD Rl T 78

6T T BOHOE B IS AT B A, W E S R
e 55, B ko 8 B AR AR R LSS T IS 2, LR
BT Z MR TR R Gatt 5
TR N 11 505 o o = Al W s 2 RS B VN s e FRE D =
I ML A GM-APD B4R 3 72 . A6 AT BRI A9 3
i, GM-APD X fig Wi W '+ 19 4 G , 28 5 B (8] AR
KBTI B R 88 (TCSPC) A fE 7= Az 45 A7 I 8] A5
25 1) OG- S5 4 DR G B[R] 38 45 B TCSPC 1l 43k
BF TRD A%, B A B[R] A% 19 K /N B 20 B oy, TRE
BRLG L 26 A BURIAE R Py GO

Ty Gi—

1
Py (i) = exp [— Nopptyn (0 — 1) fJ sl,};mdz} X
0

o ()
{1*6Xp |:* “‘\[1’1—37Jhm< I)S[’E(f)df} } (5)
Thin' '

Thin ¢

b
K, exp[*]\]m‘:fhm(ifl)*J Spe()de ] 3R
0

JNTIT T @ — 1 A% B BRI ) F MR 5 T — 3 5
W R RAESS @ A B F R AER , B GM-APD 7£
2T I 220 ik i P AR 23 S5 T TR I ) B oA AT L A
S B RE A8 55 Y I ) B M A B R R Y SR AL X R
HF I EOHOL T B AR 2 —.
1.3 FERE

WeE 1R 2% & 1 GM-APD X 1] 3 bk i o 37 (14 HE
B FE S AT P i L . ICURE R 2E N AR

AR:% ¢ (Tmcan_frof) (6)
2 Py (D ()
Tmean — Toreet bin ( 7 )
20 Py (D
Target bin

Horbr,z 0 R 0 CATE R, o ROR
SEPRAYRATRTE], Mt D ~ (D AT RUE LG ER
53 A0S pre (2 ) 2 3 B0 85 90 A 15R 22 1) T R 1AL T
Spe () EH GM-APD By i ] £} 3 s A 4R L 0
ik b B B e S 1 o AR SR AE G R R AR O K b FE
I —E B LT B GM-APD i 8] B 3 5 FE B
EREZHM LR,

2 gE R Koo b

2.1 EREBFESN

PAFK (1)~ (7) g BRI FE Al . 18 K S HOL K 58
2 ns FBIPOE TN 5.7 BYTE BT L 0 FLAS [R] I ] 4
Bl o i Y R I L R 2E

[1] 39 s FEL 5l £ 15 0 ABE 4 ot 2k 22 1 ) i 7

B B B U A 1 22, R 1 S MO P s B =
AR B 5] 24 8l 55 )5 SCSE 8 i SR ) = 4
GM-APD —&(., MEHha] LIE i, B i a4 3 1
/1N T 2% 1 2 22 1) ) i B L 7 /) o BRIV 9 R
ZEAE AN Wil /1N 8 I 0 B 3 o o T 5 22 2 05 LA
T IR e R 2 AR WA 2,
25—

o TR

- - ﬁ']l)-\lUM$_ 03
2.0
15 Q. 3
M o X 02 @-
B A =
R 1.0 /s 3 3
A AN =
L A \ 10.1
osl S NN
. J \ %
Wt \ Y
0 C;"? . R . T\‘ LYo 2"'9 0
51 53 55 57 59
t/ns
(a) o=1550ps
2.5
—e-- TR
K] - ¢ —RIMEE 10 3
2.0 ¢" ‘\Q
o
B P (R 02 %
o) Do ‘\ \ %
” i e i =
R 1.0 P \ <3
' L
,’ I@ \‘ Q\‘ 0.1
0.5 / ; 4
L AR Y
. \ Y
0 -_‘éﬁ "0-. .._2\0-..--- 0
51 53 55 57 59
t/ns
(b) =350 ps
2.5
] —e-- LM FH
/ ‘\ - o - MR 0.3
2.0 /1‘ ? ‘?‘
Y0
& 1.5 A 5
o -X ) 0.2 s
e i
# P \ =
£ 1.0 2 %
e L \
1 1 1
1 ¢ \ Q_ 0.1
g \ \
0.5f i . \
4 R
1 4 » N
-‘&4 e e aBaaaa
O3 53 55 57 5 0
t/ns
(¢c) o6=15ps

Bl1 AN (Rl Bsf n ek 2l 9 T 96 S ri 4505 R0 A
ML 2 R Al LUE B o B9AS W R, R s i
A 158 25 L 22 39 s 76 06 bk T A 1O - B0 R



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 5

Oct. 2020

AR oc ¢ (8)
12
—o— GHIH LR
8
§
2
<
4
0 400 800 1200
olps

P2 TR [ 30 T B B i A R 22

2.2 EINIGE

FrE M S RGN 3 R . REGERH
e ) e S P LR S B A S i Rl s
(8 2 33 /42 ST O[] Fsf R FH XUl 41 41 40 5 LA 52 B 491

FIRE . JCH IR RS T R G A e A I
F 8] LA i O 4 e ok 4 O I e
RABRS AR R
m”m Fl B
ki e % —
Cy |
A | | mass %\§>::
[ — —
@hE WF|  [MmaExy
| |mwm| TR

l [
K3 SL8 R G IR

POEAS A i Bk ot 20 SRR R R G s i i
BS 730t B, — &8 4 A5 5 Ot F A RE O H AT Y A
(SiPMD HE SR B [ ] 2045 5, O — &840 (% 5 ot i
—fy LSS R G AE A R B b S OGRS
3 o AT A IR S R LSS B A SO R
AR o TCSPC 2 RS .

RGO R Crystal Laser 24 A 24 77 1Y
Nd = YAG #Ot 4%, & th 3 KO8 532 nm, 5N
10 kHz, ik 58 R 1 ns, B VAR G BUCR G 2
L EFY FT1020, 730 BESE T 1E 64 ps 55 33 pus Z ]
P . AN [ ] B gl i ok B i E R 2%
T =3 GM-APD #E475256, dn & 4 iR,
MZE R A AR IR K - #8 E Laser Components 23 A 4 7%
) COUNT-500N-FC, H:BE B} 8] 24 43 ns, B} 8] £}
SR E2E N 1 152 ps; N5 K Excelitas Technologies

* 698

A=) SPCM CD3565H , HAEF [ 2524 25 ns . i i)
Bl briE 2% K 350 ps; 2 KM Micro Photon Devices
A AP MPD R 91, HBEES (R 24 77 ns, B[R] 4}
ShbRifE2E N 15 ps.

B4 525 T H P =3 GM-APD

HEAT S 56 1, 4 FH 3R g8 % 6] — A7 1 A TR B AR
PEATIN A I EL3d i 6 R B R SR ) L SO (S
5 SR BE L O 5 9 B 55 N B R UL A4 B GM-
APD TEA [ e B 56 1 K0T X 107 84 808 Bk b AT B
] I 5 SCIREEOG %R 0. 1 B 2 X 1 RAT B[] (Y
R O T RO R AR 0.1~5. 7, 1
PEATZ AN, T — 4RI g 2 LR
R R = 2 R 2 2 A [R] — PR AR R AT S 5

oo
FEAC SN = R g8 BT X R Y AT B A] £ s
Jei o A FH BT O B8 T A R 2 i X AR AT B[R] S
A I 55 X B A AT B ] B v (B 6 AT L, AT
RN ETRE, SR RINE 1 R,
K1 =ZHGM-APDNELER

CATHIRIF | €47

B 45 44 B iF 152/ cm
M /ns WEH /ns
MPD 41.847 41.906 0. 88
SPCM CD3565H 46.513 46.683 2.55
COUNT-500N-FC 50.109 50. 946 12.56

i g S A AT LA L B B s /N ) MPD
Foufe A 15 22 e/ s W ] 1 3 B K i) COUNT-500N-
FC HE 12 22 B K 0 = 3R DU 2% S 50 1T 545 1 1)
Y 15 22 5 05 B A AR R 22 B AT X b, A&l 5 T
RN o

M S AT LLE h, L8015 45 R 5 05 B R4S
SR R B FE— B R 1R 22 5 GM-APD i} [a] £}
ShbrEZE R IEACOCER . = 3R I 25 0 8] B 3l A5
2253 15,350 A1 1 152 ps B, 3% 3 152 22 43 51k
0.88,2.55 Fl 12.56 cm; 4 b #f 25 #H 25 335 HI
802 ps B, e 152 25 {6 430 24 1. 67 F 10. 01 cm,
TERRUE 2 T R A 2% 1137 ps MYIE B0 L i 152 25 22



CESROEHE 2020 4F 10 H 4 41 556 5 W

FAK F. AFHHPCLFRHEARZE LN RHF AL

{H>M 11. 68 cm,

14

—e— IR Al
—Ae- R HER i

200 600 1000
alps
5 SEESER S 05 AR BT L

3 Zhie

A ST TG BOBOL TR R iR R 2 5 RO
TR i BF ] 4 B r) B2 AR A L AR R ] DA kg
F T 6 F I B0 5 R BRI 28 197 15 B4 Ui 28 12 25 1
TEAR . A 7 3R ik 1R 2 St ] Bl sh A B G
E%,%IJF?MTJ L7 1 0P AR R SR AT 40 BT 45 3 R L Wi B

w2 SRR S R IEAHEOCR ., AN A
ANEEE B GM-APD #E4T 7 SC &, S0
S5 55 B M B B — B0hE R0 25 e [E]
PIEhFREZE 20 91k 15,350 F1 1 152 ps B, e iR 25
A3 50K 0. 88,2.55 1 12. 56 cm; 24 8 I &5 ik ] 4} 5
FRufEZE A2 335 1 802 ps W, 152 22 (4> 5 K
1. 67 F1 10. 01 cm, 7EFR#E 25 Fe KAHZE 1 137 ps W91H
LR L EIR 22 2200 M 11, 68 cm, fifi J B4 &/ it
Vi) B} 20 o 25 1) 46 00 4% B 108 3¢ K M R T Ol T B0
TR TR B I B ORS B

S & Lk

[1] Schwarz B. Lidar: Mapping the world in 3D[]J].
Photon. , 2010, 4(7) . 429-430.

Nature

[2] Repasi E, Lutzmann P, Steinvall O, et al. Advanced short-

wavelength infrared range-gated imaging for ground
applications in monostatic and bistatic configurations [ ] ].
Appl. Opt. » 2009, 48(31): 5956-5969.

[3] Albota M A, Aull BF, Fouche D G, et al. Three-dimensional
imaging laser radars with Geiger-mode avalanche photodiode
arrays[J]. Lincoln Laboratory J. , 2002, 13(2): 351-370.

[4] Nobili S, Dominguez-Quijada S, Garcia G, et al. 16 channels

velodyne versus planar LiDARs based perception system for

large scale 2D-SLAM[C]// Proc. 7th Workshop on Planning,
Perception and Navigation for Intelligent Vehicles, 2015: 131-
136.

[5] Cho P, Anderson H, Hatch R, et al. Real-time 3D ladar
imaging[ C]// Proc. 35th IEEE Applied Imagery and Pattern
Recognition Workshop (AIPR’06), 2006 5-5.

[6] 3¢, ¥4l skl g, & BETPEEET el 0
SOMTBR S, AL, 2019, 40(4): 571-574, 580.

Yin Wen, Xu Jintong, Zhang Huiying, et al. Ultraviolet
counting system based on avalanche photodiode in Geiger mode
[J]. Semiconductor Optoelectronics, 2019, 40(4): 571-574,
580.

[7] Neuenschwander A, Pitts K. The ATLO08 land and vegetation
product for the ICESat-2 mission [ ] ]. Remote Sensing of
Environment, 2019, 221. 247-259.

[8] Fouche D G. Detection and false-alarm probabilities for laser
radars that use Geiger-mode detectors[]J]. Appl. Opt. , 2003,
42(27): 5388-5398.

[9] OhMS, Kong HJ, Kim T H, et al. Reduction of range walk
error in direct detection laser radar using a Geiger mode
avalanche photodiode[ J]. Opt. Commun., 2010, 283(2):
304-308.

[10] YeL, GuG, He W, et al. A real-time restraint method for

range walk error in 3-D imaging lidar via dual detection[]].
IEEE Photonics J. . 2018, 10(2): 1-9

110 x M, 7w, 2 W WORE R B = 4k s it 5Tt
JELI]. Jem T/, 2019, 46(7) . 190167,

Liu B, Yu Y, Jiang S. Review of advances in LiDAR detection
and 3D imaging[]J]. Opto-Electronic Engineering. 2019. 46
(7). 190167.

[12] Gatt P, Johnson S, Nichols T. Geiger-mode avalanche
photodiode ladar receiver performance characteristics and
detection statistics[ J]. Appl. Opt., 2009, 48(17). 3261-
3276.

[13] Xu L, Zhang Y. Zhang Y, et al. Restraint of range walk
error in a Geiger-mode avalanche photodiode lidar to acquire
high-precision depth and intensity information[]]. Appl.
Opt. , 2016, 55(7): 1683-1687.

[14] Hua K, Liu B, Fang L., et al. Detection efficiency for
underwater coaxial photon-counting lidar[J]. Appl. Opt. ,
2020, 59(9): 2797-2809.

EEE AN
FUER(1995—), F , wl AR A4, &
B3 7 v Ay R F R AR
XN B, F . HE AR AT
)aﬁ FAECT AR W T AR S
RoEBFR T oA E LR G gk d 12,

* 699 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 41 No. 5

Je AR B I A

T St 47 R U8 1 5 52 B T F B B 4 AT 5

WA, EoLH, AW, F &, HEXT

(KNEIXZ XAXBEHEAEBRIEIKRE, KX 430070)

H OE, AFmBEABLEMNEZAAL —FNZTROEBEHEOEN T X, 25T RELEY
ol R BE R TR IRAR AT — R TR R e % R AR R R, %
o Oy M7 F B R 45 RAR B, BTG M Bt AL P BT R R R R L IR AR R AT R £ 5 & T
B RATHRRA KB, B AR BOR A R A AR R AL ) B ARATE £, T @ PR R,
AT i T B 8 8 K UL A KR B A A 64T S AT, O BT IR R R e T K
BEARMNE, LA T RSEERGR SRR LA ML,

KB OGLFPRIR; RLIE; MR, M- mRiRE2E ;s PR TR

RESES: TN25 XE4HS: 1001—5868(2020)05—0700—05

Detection of Bridge Pavement Evenness Based on Fiber Optic Gyro
YANG Dandan, WANG Lixin, HU Wenbin, LI Sheng, GAN Weibing

(National Engineering Laboratory for Fiber Optic Sensing Technology, Wuhan University of Technology, Wuhan 430070, CHN)

Abstract; Fiber optic gyro curve mode detection system is a method for measuring the
pavement curve mode. By combining the detection principle of fiber optic gyro and the pavement
evenness index, a method for obtaining pavement evenness is proposed. The experimental
analysis and application results show that the probability distribution and standard deviation of
the angular velocity collected by FOG in the process of curve measurement have a strong
relevance with the pavement evenness. By extracting the bridge curve height standard deviation
detected by FOG, the pavement evenness coefficient can be obtained. This method can reflect the
macro evenness of the pavement surface and the driving comfort transferred from the pavement to
the vehicle. It also can realize the simultaneous measurement of the bridge curve and evenness,
which presents the advantages of convenient, efficient and accurate, and great application and
promotion value.

Key words: fiber optic gyro; bridge curve; probability density; pavement evenness;

standard deviation; international roughness index
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Object Tracking with Kernel Cross-correlator Based on Temporal Consistent Constraint
CUI Xiongwen, LIU Chuanyin, ZHOU Yang, HUANG Yong, FENG Dongyang, LI Jianpeng, WAN Xiao, PENG Jing
(Technology Center. Sichuan Changhong Electric Co. Ltd. . Chengdu 610041, CHN)

Abstract: For the problems of tracking drift or loss in the tracking algorithms of correlation
filter, which is caused by fast motion, occlusion and appearance variation of objects, an object
tracking algorithm with kernel cross-correlator based on temporal consistent constraint is
proposed. A kernel cross-correlator vector, which is more robust to image noise and clutters, is
introduced to predict affine transformation of object more precisely. Meanwhile, to solve the
problem of tracking drift caused by temporal degradation of kernel cross-correlator, temporal
consistent constraint is introduced during learning process. Finally, MGC ( major gray
component) anti-projection is utilized to improve the ability of the tracker to deal with occlusion
of object. The proposed algorithm is compared with provided benchmark algorithms and other
more advanced correlation filter based algorithms on public OTB100 standard object tracking
datasets. The tracking speed of proposed algorithm precision reaches 41 f/s, and compared with
fDSST and SAMF algorithm, its tracking precision is increased by 15. 6% and 6. 4%, and the
success rate is increased by 33. 3% and 6. 1% , respectively. The experimental results
demonstrate that the proposed algorithm is able to track objects precisely under the condition of
fast motion, occlusion and appearance variation.

Key words: object tracking; kernel cross-correlator; temporal consistent constraint; MGC

anti-projection
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Design of All Digital Drive Circuit of Semiconductor Lasers for
Fiber Optical Current Transformer

WANG Shuo, WANG Guochen, GAO Wei
(School of Instrumentation Science and Engineering., Harbin Institute of Technology. Harbin 150001, CHN)

Abstract . The output performance of semiconductor laser directly determines the
measurement accuracy and long-term operation stability of the optical fiber current transformer.
Thus in order to improve its measurement accuracy and stability, a high-precision digital driver
circuit of semiconductor laser was designed. STM32 microcontroller was used as the main control
chip, high-precision current source chip ADN8810 was used to control the driving current
precisely. And integrated temperature control chip MAX1978 was adopted to control the working
current of semiconductor coolers to realize the precise temperature control. The experimental
results prove that the output current stability is 0. 028 % and the stability of temperature control
is 0. 18%. The optical power stability reaches 0. 06% , and the wavelength stability reaches
0.05 pm. The design can meet the output performance requirements of light source of the optical
fiber current transformer.

Key words: semiconductor laser; STM32; constant current driving; temperature control

circuit; optical fiber current transformer
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Study on Short-to-Medium-Term Photovoltaic Power Generation Forecasting

Model Based on Improved Deep Deterministic Policy Gradient
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(College of Electrical Engineering, Sichuan University, Chengdu 610065, CHN)

Abstract: Aiming at the congenital shortcomings of traditional multi-resistance intelligent
algorithms to deal with the problems of accurate modeling of heterogeneous photovoltaic power
forecasting, such as the line’s multi-impedance parameter constraints, lower fluctuations, and
line loss analysis easily falling into local extremes, a prediction model for short-to-medium-term
photovoltaic power generation is proposed based on improved depth deterministic policy gradient
(DDPG). Firstly, by introducing multi-agent mechanism and considering the parameters
involved in the power generation system as independent active agents, constructed is a global
optimal collaborative control system oriented to power generation process parameter information
sharing with social attributes. Then, the battery energy storage power can be adjusted
independently and accurately and the power grid output power can be automatically and optimally
predicted by using the improved DDPG algorithm. Finally, based on the Tensorflow open source
framework, the model efficiency was simulated under the Gym torcs environment, and a model
heterogeneous photovoltaic power generation network was used as the performance evaluation
carrier to verify the rationality the model.
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Test Methods of CCD Cameras’ Electronic Gain Based on Arbitrary Scene

HU Mingpeng' ., CHENG Junzhou'?, REN Wangtao'*, XIONG Rui'”*
(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; Based on analyzing the noise properties of CCD camera, a new method was
proposed for testing its electronic gain. Applying arbitrary scene, the linear relationship between
the image signal Sy and the image noise opy was deduced with an improved algorithm, and the
electronic gain of the CCD camera was calculated. Different from the traditional methods which
apply integrating sphere or uniform light source required by EMVA 1288 standard, the new
method presents the characteristics of simple operation and high economy. Comparison
experiments were performed between the traditional and the proposed methods, and the results

indicate that, the new method can test the electronic gain of CCD cameras precisely and

effectively with a high repeatability.
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B OE., HATHAEEEEZTAKESEATUEH AL PHREZBEL TG R,

EAB G ARG TSN T 2 MR E T SMEERETOREERF, HALREAN I TALYF
GER ARG I ARG T ERTAMES AP M A KA T £, EEWES A 32-GBaud
# QPSK M ##EH A 330 km ARG RHEEEA 0.SWHHEAT . ST REH 0.4,0.6 AR
0.8 W Bt 484 T2kt mis 5 44813509 BER Mt T4 & 2dB A L, sbsh, 4ot T
FARIRAZT T AL AT T M IE B 4RI 10%.
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Study on the Performance of Phase-conjugated Signal for Unrepeatered Transmission System
CHEN Fang, LIU Jun, LI Bozhong, ZHOU Hongxi, DUAN Mingxiong, LI Zifan
(Information and Telecommunication Branch of State Grid, Beijing 100761, CHN)

Abstract ;

In order to mitigate the problem of strong nonlinear effect in the long-distance

unrepeatered transmission system, the performance of phase conjugated signals was studied. The

performance difference between single polarization and phase conjugated system was analyzed by

simulations. Simulation results show that the dispersion pre-compensation of the phase conjugate

signals is different from that of the relay transmission system. Compared with the single

polarization signal, when the transmission distance is 330 km and the backward pump is set to be

0.8 W, the BER performance of the conjugated signal can be improved by more than 2 dB for 32-
GBaud QPSK when the forward pump is 0.4, 0.6 and 0.8 W, respectively. Meanwhile, the

transmission distance of the phase conjugated signal is increased by about 10%.

Key words:

amplifier; single mode fiber
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Noninvasive Detection of Blood Glucose Based on Conservation of

Energy Metabolism and Spectroscopy
CHEN Jian', WANG Taihong®, DUAN Xiaochuan®
(1. School of Aerospace Engineering, Xiamen University, Xiamen 361102, CHN;
2. Department of Electrical and Electronic Engineering, South University of Science and Technology, Shenzhen 518055, CHN;
3. Pen-Tung Sah Institute of Micro-Nano Science and Technology, Xiamen University, Xiamen 361102, CHN)

Abstract; Traditional human blood glucose testing methods are invasive and have certain
limitations. In this paper, a new technique is proposed by combining energy conservation method
and spectroscopy to realize non-invasive, real-time and accurate detection of human blood
glucose. Firstly, a body sign data collection device was designed to collect blood glucose-related
data in real time and upload it to the upper computer. Then the data were analyzed and evaluated
with such three different machine learning algorithms as multiple linear regressions, k-nearest
neighbor regression and support vector regression, thus the optimal algorithm for non-invasive
blood glucose detection could be confirmed by comparisons. Experimental results show that, the
proposed technique for noninvasive blood glucose detection realizes high feasibility, accuracy and
robustness, the measurement accuracy based on the support vector regression algorithm is the
best, and the correlation coefficient reached as high as 0. 862.

Key words: non-invasive detection of blood glucose; conservation of energy metabolism;

spectroscopy; support vector machines
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Vein Image Enhancement Based on CLAHE and Multi-scale Detail Fusion
MA Jingyun., YE Bing, WANG Shiming
(School of Electronic Science and Applied Physics, Hefei University of Technology. Hefei 230009, CHN)

Abstract; The vein images collected by using the principle of vein recognition are usually
blurred and difficult to distinguish. The traditional CLAHE algorithm can improve the contrast
of vein images, but will lose some details of the image. Therefore, a vein enhancement algorithm
based on CLAHE and multi-scale detail fusion is proposed. Firstly, the ROI of the vein image is
extracted, and the CLAHE algorithm is used to enhance the contrast between the vein and the
back of the hand. Then, the multi-scale detail fusion algorithm is used to obtain the detailed
image of the vein image, and then the high-frequency noise is filtered out in the detail layer
through the average filter. Finally, the images obtained by the two methods are weighted and
superimposed to obtain vein images with enhanced details. Experimental results show that this
method not only improves the contrast of the vein images, but also retains the details of the
original images.

Key words: vein image; CLAHE algorithm; multi-scale detail fusion; weighted overlay
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A Binary Weighted Orthogonal Iterative Camera Pose Estimation Algorithm
CHEN Ziqgiang, ZHOU Bingyi, LIU Qinghua, XIE Zhenxin

(Key Laboratory of Cognitive Radio and Information Processing of the Ministry of

Education, Guilin University of Electronic Technology, Guilin 541004, CHN)

Abstract ;

matching error, the reference points often contain outliers. In view of the weak ability of existing

In the practical application of camera pose estimation algorithm, affected by the

algorithms to resist the outliers, a binary weighted algorithm based on orthogonal iteration is
proposed. Based on the orthogonal iterative algorithm, a weighted system with two thresholds is
introduced to measure the reliability of the reference point. The maximum value of the quartile of
the reprojection error is selected as one of the thresholds. In addition, a threshold related to the
reprojection error and focal length is introduced to accelerate the convergence speed when the
proportion of outliers is low. Finally, the maximum value of two thresholds is selected to weight
the objective function, which reduces the influence of outliers on the estimation. The
experimental results show that the method improves the anti-outlier ability of the orthogonal
iterative algorithm and performs better in robustness.

Key words: camera pose estimation; orthogonal iterative algorithm; weighted optimization
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Point Cloud Segmentation Method Based on Planar Array 3D Imaging Lidar System
WANG Shengjie'**, LIU Bo'*, LI Heping”, CHEN Zhen'?, LV Shenglin'

(1. Key Laboratory of Science and Technology on Space Optoelectronic Precision Measurement of the Chinese Academy of Sciences,
Chengdu 610209, CHN; 2. School of Optoelectronic Science and Engineering, University of Electronic Science and Technology of
China, Chengdu 611731, CHN; 3. Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu 610209, CHN;
4. The Fifth Military Representative Room of the Air Force Equipment Department in Chengdu, Chengdu 610000, CHN)

Abstract; Aiming at the problem of efficient target 3D point cloud segmentation in
polarization-modulated 3D imaging system, an efficient segmentation concept of multi-
dimensional information fusion is proposed. The system uses a high-resolution EMCCD camera as
a planar array detector, during an imaging cycle, the gray image in the field-of-view and the 3D
point cloud data can be obtained simultaneously. According to the imaging characteristics, the
point-to-point mapping relationship between pixel coordinates of gray image and pixel coordinates
of point cloud data is established. Combining with the image edge segmentation method by using
particle swarm optimization algorithm, the coordinate information of the target after
segmentation is mapped to the 3D point cloud data, so its 3D point cloud data is obtained. In this
method, 3D point cloud data processing is reduced to 2D image processing, which significantly
reduces the computational complexity and avoids the influence of distance noise on segmentation
accuracy. The effectiveness of the method is verified by experiments.

Key words: planar lidar; polarization-modulation; data fusion; particle swarm optimization

algorithm; point cloud segmentation
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