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Coupling of scattering light in space into single mode optical fiber
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Beijing Jiaotong University, Beijing 100044, China)

Abstract: Coupling of scattering light in space into fiber has also been used widely in many fields.
However, when the scattering objects is big, how to coupling of scattering light in space into fiber
efficiently is seldom studied. Considering that coupling efficiency and the field of view are important
parameters of a fiber optic based receiver, the coupling efficiency with different axial and racial offsetting
or different input angles was analyzed, then the coupling efficiency and field of view of the fiber optic
receiver was compared by theoretical analysis and emulation.
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Fig.1 Coupling system with single lens
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Ar, and the Airy disk at the fiber end surface Ar

F U5 0 D 8% I AN 2 3 WS B BREATT 5 O 5 4 A 1 AR
b, AR 4 A5 7 5B e ARG B AR A =X, ek T B
BiAh G A g0 3 BLBE O 0948 ) i B AT AR OR O
Ari=—Ar{l(li—f) 5)

Ao f G R GE M SRR  Ary G TR AR 18] B
it Ay B R i A G T LUE TR
EHEMBGRGT, LR SHE RGN B R EE
BF X T AR ) B GRS ) D B e, 2 R 3 A 11 A B
K, AT i T 3 FLBRE B s B 1 B, SR, O T ARAR R
U (R 80% 23 B3 e (W A FE AN W] BB AR /)N 5 TR IH PRL 35
BB RGEFR G RORR TGI8 2 IR AHURE

W SCHRF 9T B R W AR i B E B £ A 5
JIT LAAE #E AT 477 L0 I8 J2 B W 4K 43 iUVF 2 RO
53 590 25 A A OGRS R E O N T AR OB,
e A B R G R BCE T 24 SO TR 098 5 20 3 1 4R 4k
A, X AKX TR E, H T AR
FEWC AL AR 51 R 1 450 A8 R BRI 2F 19 RS 5 450 AR = 0 AR
FEAER EEORIE, F 2.5m BB LA A B EE
Mt 50 dB. OGN A B 5k A AR RN R LA
BEE)ELS BAE A AE 10dB LAY, — AT RLAE A 96 3
Bk A R, SCh i FE AR R R RSN
5 FE TN ARG A B R G IR, O B R B EOY
SRR BOCIRSEAT O L . T A S E AR AR K
PR, R 3R Wiom 23 R E R RO A T RE
WA RDGE b, AU R SOGIR & I 7 2 Wi 25 R
BEHENALRZNCH, 0 HAR & GE RS o
W, XhrypiEh  RERMSS RS ENEHE 1in
(1in=2.54 cm) M & R &5, H ik F 420 46.5 mm,
T A 05 L3 R HEUE AL 014 R ARG LR ) A
S A h 1550nm, IR SHEA RG0S B iR
&1, 2.5m,

MR P 2 v g 1 2% it e 0 SO HE 2 3, SO U
it 5 Gl | 2 2R B A T b Y S B 23 R R i
0t H 500U 12 i B & AR R & 5 A (5)
BT AR G o I HAE BRI E BE A O B8 i LK 1 i
RN T H R A e A A 3 G 3 R B 4 T in B
o PR R AR BR T 37 R AT DA T 3K T 3% 5 A 1 LR 2R £
F G5 i R Ak 22 o A R i T R SO R BR T R
B, AR 3K 1 37 BE AT DA A R BRI BR R 2%

e M AE 2 BB G AR B W IT, BT
it REG R CRAR /NI E BUMAR K, L&

0122005-3



L oh ok AR

% 14

www.irla.cn

% 45 %

R0 X G T S T F A% 1) R 1) o7 AR AR USRS
MR SE B s BLUEAT B0 . DB AT BRR A R 56 AT
TET A4 16 0 4l 1] it % A B OC R AN 3 R

Coupling efficiency/dB

() 0.02 0.04 0.06 0.08 0.10 0.12

Offset of fiber end in radial direction/mm
(a) 15 ELA53 B () 6 2F #8 & 208 56 40 42 m i % 1 19 6 &R
(a) Relationship between the coupling efficiency and the offset
in radial direction of fiber by simulation
0 -
_st
— 10 L
— 15 L
,20 -
,25 -
,30 -
,35 L
,40 -

Coupling efficiency/dB

45 - . . - . : ,

-1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0

Offset of fiber end in axial direction/mm
(b) 7 ELA5 2 6 27 H5 75 20K 1506 27 il o) 4 B 1 69 ¢ R
(b) Relationship between the coupling efficiency and the offset
in axial direction of fiber by simulation

& 3 St 2F (AL G R0 5 010 2 S 16 A% 18] A Al 1) g A% A OC R

Fig.3 Relationship between the coupling efficiency and the offset

in radial and axial direction of fiber

ARAE SCHR B 0 A Al A 25 I D5 i 5 D' Bl i, D6 £F i
T B S R B SR 22 R FE AR Tl i A, 3l O A% 145 R ¢
FIR R 5 20 2 TR A DR B0 30, X T BR AT B, DI 2T
Tl A AR I, R GG HCR na 1T LA 00,

2
R,

172 J exp(—f)J, ( 2B

R, o

Ma=8p" (6)

F?II: ) rdr
1

@, /

A B=mR 0o (M) & R B R, LA 42
wy A RBOEEF B AR A W ASHER B, e
F s O i 5 T D' £ S 1T 23 SROL BE Y PO AR 18] (R B8 T
AR If, R GEHI MG B RT e M5 455 AKX G)AT
PLAF YOG IR AR 0 7 3l Ary I, 3R G2 RO R4 2008

2

ﬂArFSBZ 172 J exp(_BZ)JoéBﬁ{_—ﬂ)rdr @)

D5 BRI ANIE 2 R B 280, 4O IR A% ) % 5)

B, REMEGRCEME 4 iR, BTG LF o iR
/I Bl A S T S LB ) i RS AR /DN R D £F
MOLRE W 2 AR 2 |, 1 UM 5 AR I IR JEE A1
SO IR B OC RS, b T2 RS BE A 3HE BEW
SRS, DRI O 2T B G 2R A 23 B A X i
BT BB AR i TS B AL AR B AT AT e Ef
R 5 28R T A B R B

—o— Spherical lens
“10k & Even aspherical lens

Coupling efficiency of the
system #/dB

0 é ‘i I6 é 1I0 1I2 1I4 1I6
Radial offset of light sourceAr,/mm
B4 BB RSO W W An 5 REMABCE 1
SIPSEN
Fig.4 Relationship between the radial offset of light source Ar, and

the efficiency m of coupling system with single lens

Pl 4 Jir 7 W 4 2805 10 0 Bl 2 h g B FLAR O 7 1R
R AR 0 DG 7 g T S HLBE b PR OG IR T SRR

2J,(mtDsinf/\) (8)
mDsin6/A

Ao gy D KOGSR 5 0 O Pt s R AT A D Sl
75 BT B ALAR ELAS o X T RS 9 g, FE LA A T REAR
ZIN PRI IHG R 5 83 2 A X A 4 i 22 T AH IO Ml 38 3
LR R G REIA T riE GEBOLLARES
LA AT ) I, A SR A SO IR TE St i RS
2 6 BE L BN TEE R L, A R AT
/0N Pl A S THT Y2 RO B i B O i oA B 5 kR
SUR GRRCIRUR L =B o U E P A i REd DR S

Ip=IO

3 BIRABAERES

25 B 2 A 2R G0 K 1B Y A HIOE 26 4 4 3
BONMEE R, HAE S RER2RIDLL 30
JIe P B 1) 125 B8 2H A 5 AR G 0 th — > T 3 BE B
b BGRB8 IR P
b 1E B B0 T 3 B A R A B, AT LA
A B RS ROCR . B E RTS8 6 R ) B AT UK
M, AR T RS A ROCR X G IR A7 B 00 BB | fE %
BEHME RGOl i B B8 A S U
AN AT, 2 REBEZRAL K5 N

0122005-4



L oh ok AR

% 14

www.irla.cn

% 45 %

Telescope Convergent lens

5 3 B A4 2 5
Fig.5 Coupling system with lenses
P A ERARA RGE, YAFOLRM R
MES G RGBT K TG KRG IGE B &
FE, MR ¢ 250 ABCD /& ft il 15 A6 R 4 5
BRAR A R G ARG 10 2 BR8] R R,

= A 0

2

| Al
wm%— 1+ 2

] L,
Ao fy A 23 00l O B 5 AR G R e A B Y AR B
H () AT AR 7 A S8l & A1 &0 T, ] LU
1 o T B AR B OR A K DL B R Y AR
BER AR A Bl RN 2 OB

XTI BAM ARG, L MR E R 5Ot
£F vy 11 3E LB A A 6] D B8 B OGRS B B S &R
gEms A A

Ar=Ar, S B (10)

Li=fi=Af T As=frofi" 1 Az

A A=f di/ A p+dot i o' Ao+ fy 9 YR TE 455 25 4k R 5%
52 BE B W) B8 fo=f =fify/ A N BLIE BT AR
G ERERE  Ap=d—f, +f, WEIEBRRE BB
S AF 8] B 5y Sk B I A T O A 2 B 1 RS s d, i
LG ERESSREEZ M AL 55k
B B AR G R O B AR O BRI BRI Y ' U5 e
Bul, EEAM G REAE R A A (6) M
ARQ0)VIHT ., EFEFEARE G RGN O Foh {55 R
85 B HT S B B4 B8 Lin A 2in, il 3R 2B AR 51 N
27 mm Ml 120 mm, 23 % 5 0 9 5 F i R R R R
90 mm ; IF ¥ Y2 78 58 (Y /i f5 & 55 0 %0 1in A1 0.51n,
iR 2 42 43 90 R 130 mm Al 33.5 mm, &R BN
0.5in, MR 42K 24 mm,

A XTI 6 A& T LA, SRR
BT R G0 6H L, BN T IE B B
BHRARGE LB ENBARESRL, A TH

b B BT A S8 AR ROR AR T R G R R AR 1 i
¥, 1A )BT 5 i B O 5 A9 o7 BT 4 A ORI 3
WO /N TIEE R, JF Hih & m e R LB R 5
FRRVEZ o NI, £ A6 IR RS 85 Rk el 2 722 2l i
BORBYNEOL T, a1 {8 5 4 Bt B 1) 05 B 2
A G0 B HE TR A DO S AOLET

Coupling efficiency of the
system n/dB
A
>

-60 [ —o—Inverted kepler telescope
-70 - Kepler telescope
_800 2 4 6 8§ 10 12 14 16 18 20

Radial offset of light sourceAr,/mm
Kl 6 BEBALMN A R GOCIAR 1 0 B i Ary 5 R EROR ¢
PN
Fig.6 Relationship between radial offset of light source Ar, and the

efficiency m of coupling system with lenses

Xt 4 A 6 (4475 E b T A R 2R AT 20 A L8R
AHER B, ARG RCR T B F-40 dB Za A7 W, PRl AR
7 BE 2 G0 G IR IR K A F% B 12 mm, X T P AR A
Al B B4 B BE A R G0, M 6 nl LI A i
3 010 O A B B 4 M R 5 R FE 40 dB 2 4
B, S TR Y fe K IR B% i 30 mm, BA 45 O B A5 R 1Y
1.2mm, AR AT DA B 89015 5 ROR & R ROt
TN R 2 W[5 5, AB4 % 5 G0 T H I 2
Mgz B, AR B R BERE A AR G AN ) T
i R 5 1) O B A S AR SRR Gl TR = 18] AR
B CHE & 2E ABOL 2

4 £ I

T EE LSO A, RAEE 1 E S i ai
B THERARG, Hh RBERRARNSREERH
()2 1in M AEER T 8%, FE 2920 80 mm , 41 Wi 5] ¥ 2
T B B AT S P A B ELAR YO Lin, £2BE 43 5120 35 mm
F1 100 mm ; 2H 5 GF B 500 58 1Y AT S A O R ELAR 4
SR 2in A 1in, £EEE 43 5] 24 200 mm F 70 mm ; B
Be T B B W mE ER I B B . SLRCR B EOLEA R
H R FRSHEE A EIRE L AR, 6T 7dBm,
JEPE AR LT 1 mm 6 BE R HEOS TG 0RO
PRI 2% A P 05 e v 22 0 AR /D BIOE AS B 5 — A0
B BE B 290 2.5 m I & 1Y R B —70 dBm,

0122005-5



L oh ok AR

% 14

www.irla.cn

% 45 %

RN T5 i) 5 S TAT AR T L, SCE A A O
BEE T 00 2 9 WO e T AR Py 23 iR 6 U R G F)
ik T 28K TR R R 3R T R A TS 6 IO 7 A B AR
MR AR — K A4 ARIEAT RS SE R B
TAGCH R, ok AN [RGB X R 45 45
FERY LA, N T RS A BTG ET i EAR e R i
M, B IR B A ST IR I . A S M 10°~30°
AR, OB E I RSB RO R K 7
B o

—45r

|
w
=3

T

—-10°
—-20°
—A—30°
—X—40°
—¥—50°

fiber Pi/dBm
&
W

|
(=)
(=3
T

Optical power input into the

65 ; - ; : '
-1.6 -1.0 -04 0.2 038 1.4
Radial offset of light source Ar,/mm
P 7 A TR iy B2 IR 5 200 45 b i Ot D) R
Fig.7 Optical power into the fiber with different angle of the

input beam

N BT 7, B 6 B B R R S e AT B
BB by T IS T T TR RS X RO Y A AR
A RARBORR T H, T AN OL BERE A G A 3
R, AT H A A 1 B Bl 9 3 LA Bl B8

I 7 S ' I BN 7 TR 29 0 30° M50 A S AN
AR PR T 1] 5 S T AR T L R O T S T A A% 18]
A7 E A 1) 7 B AR B RO RN 8 s, 5 1A 3
s LA 45 SRS AS PR — B, B BURE X' £ diw 1T
F8 A2 1 o7 R A UK

fiber Pi/dBm
P
wn (=] wn

|
=N
=3

Optical power input into the

65 L 1 L I 1 L
-0.06 -0.04 -0.02 0 0.02 0.04 0.06
Offset of the fiber end in radial direction/mm
() S5 86 7% B 1 O 21 18 & 208 5 O 27 12 i 5% 5 79 ¢ R
(a) Relationship between the coupling efficiency and the offset

in radial direction of the fiber end tested by experiment

fiber Pi/dBm
oo A
N (=] N

|
=
=3

Optical power input into the

~65 . . . L .
-1.1  -0.7 -03 0.1 0.5 0.9
Offset of the fiber end in radial direction/mm

(b) 5 5615 3 Y 6 27 8 7 20K 156 27 Bl i) 4 B Bk B9 € R
(b) Relationship between the coupling efficiency and the offset
in axial direction of the fiber end tested by experiment
T 8 S92 48 15 2 14 06 27 58 5 20 5 0 27 4% 1 il 1 g B ik A O R
Fig.8 Relationship between the coupling efficiency and the offset

in axial direction of the fiber end

ANRE A A L m s R WE o iR, WRAELA
K (D) IHE 25 M FE A 46 dB, B % B 09 /N Bl &
FEZ1h 10dB, i8] & w55 i # G I FEZY 2 20 dB .,
T B Y O B RSP A, O HL 52 300 & 8 B2 )RR
Tl , 325 55 FL AR B AT SR 2800 I A WL 1) . 1 hn T 4]
IR GZ G, A URE 1 W (A A B B K (HE 7R W
B ER AN AT M AERT T
I B0 B 1 AR 0 M 5 0 R 10 U {5 R0 B AE LAY
AR, XATRRJE T R B R G A G S T
TR G BE R ST L T fe AR i AR (2T
T T RIE BN RS, R WA R 3
NRGEH RN SRS RIS

-o- Single lens system

_45 = Lenses system with inverted Kepler telescope
-o- Lenses system with kepler telescope

Light power coupled into the
fiber Pi/dBm

-2 -1 0 1 2
Radial offset of light source Ar,/mm
(€1 O AN ] 55 36 4% 5 114 5% 90 45 2R

Fig.9 Experimental results with different setups

5 4% i

K 25 1] v B O R & 2 RO 2R I, SR R
75 5 7 3O 375 B8 1A AR TR R AR G Y 7 2 R AR
F AL BB AL R 22 M BOR Bt
R AR AR TR, 8 o Hr 0y EC i 2

0122005-6



L oh ok AR

www.irla.cn

% 45 %

AL, 2 30 B R S RO iy —40 dB I B3 B R
ARG T B TR BB R 0.275°, BN
IE B ISR B B B A RS 0.028°, 8] BT
RN B R GS RSN 0.688°; LIRS
() 25 S 5 405 B S B AR AT AN HE 2 B, T R PRLE B R A
R G R A 805 DA B 0 R R AR AR T i RS B ) R D
T R R 2 N K T 3 BB X ) £ O A ) R G g, ]
DAL OR R b 98 /0N S U8 B X 3R G A S ROR A SR I
U, 33X (A5 A6 A Ry 18 G O s O 5 O il ALt B
BHREAMASRFEEESCANME, BETERR
GEib AT LI, I A R 5O H A R EANT A E%m
BIEK, R GE VR R ARE B I | SR FH 8] 2R e
%b%ﬁﬂmkmﬁwm%%oﬁﬁKﬁA%%%
A FELEAT T O, Bl 5 A S AR B B K B
FEAT T 1 AF PR 1 55 T 4 00 18 R G, XA SR Y
1 B AR AL AN SR AR BUR . BURHOG B G £F 09 RS G 5 RE X
S £T Sty THI (19 425 ) 01 %y 1] o7 5 00 LU A B, T X OB £
Uity 1] B4 AR 1) 57 B A Ry LK

5% 30k

[1] Ding Peng, Dong Xiaopeng. Theoretical and experimental
research on fiber-optic microphone using multimode fiber
lens [J]. Laser & Optoelectronics Progress, 2012, 49 (6):

060603—-1-060603-5. (in Chinese)

T, NS, SR ZOL LT B Bt e A v KUHg 5 5

B BE S (0], WOt 506l 7R ik

060603-5.

, 2012, 49(6): 060603—1-

[2] Liao Tianjun, Lin Bihong, Yang Zhimin. Temperature

monitoring for concentrated photovoltaic power system based

on optical fiber temperature sensor [J]. Laser &
Optoelectronics Progress, 2014, 51(5): 050602 -1-050602—
5. (in Chinese)
BRI 2R, b B B T OL 2R IR A AR I 2R
OB AR ARG [J]. WOt S5otm TR, 2014, 51(5):
050602-1-050602-5.

[3]  Grulkowski I, Liu J J, Potsaid B, et al. High-precision, high-
accuracy ultralong-range coherence

swept-source  optical

[4]

[6]

[7]

[8]

[9]

[10]

[11]

0122005-7

tomography using vertical cavity surface emitting laser light
source[J]. Optics Letters, 2013, 38(5): 673-675.
Bland-Hawthorn J, Ellis S C, Leon-Saval S. G, et al. A
complex multi-notch astronomical filter to suppress the bright
infrared sky[J]. Nat Communication, 2011, 2: 581.
Jiang Keli. The designing of optical receiving system in
monostatic and bistatic lidar [D]. Xi’an: Xidian University,
2008: 1—4. (in Chinese)

T eI B XNUEE L HOL R RO R IR Gl
VU2 T R R, 2008 1-4.
Vornehm J E, Schweinsberg A, Shi Z, et al. Phase locking

£l [D]. P %

of multiple optical fiber channels for a slow-light-enabled
laser radar system[J]. Optics Express, 2013, 21(11): 13094—
13104.

Zhang R, Wang J, Zhao G, et al. Fiber-based free-space
optical coherent receiver with vibration compensation
mechanism[J]. Opt Express, 2013, 21(15): 18434-18441.
Deng Ke, Wang Bingzhong, Wang Xu, et al. Technolology
of coupling beam into single-mode fiber in free space optical
communication system [J]. Journal of University of
Electronics Science and Technology of China, 2007, 36(5):
889-891. (in Chinese)

AR, EFrh, B0, 5. S RDL- BB RS MR R R
IEBTN]. T RHECR 2 2 4, 2007, 36(5): 889-891.

Zhou Cheng. Focusing properties of Gaussian beams through
a telescope-lens compound system [J]. Optics and Precision
Engineering, 2007, 15(8): 1203—-1207. (in Chinese)

JEL 3. v Ol B 40 B B R OB B A S R A Y R R AR
[J]. Je2 K5 % TR, 2007, 15(8): 1203-1207.

Chen Haitao, Yang Huajun, Li Tuohui, et al. Influence of the
fiber displacement on coupling light beam into single-mode
fiber[J]. Laser & Infrared, 2011, 41(1): 75-78. (in Chinese)
Wit i, MR %, 240, 2. L2 fa 8% X) =5 u) Ot — LB
PR A BRI R IR [T]. WOt S 2056, 2011, 41(1): 75-78.
Chen Zhiyuan,

Xiong Aihua. The cardinal point of tri-

combination thin lens system in the air [J]. Journal of
Xianning Teachers College, 2000, 20(6): 32—34. (in Chinese)
MRk, fEte. & h = HiERA G REMEEL [J]. K

TR 22 4], 2000, 20(6): 32-34.



