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Abstract Based on light induced thermal effect, all-optical intensity modulation characteristics of optical microfiber
coupler (OMC) are studied. The theoretical analysis shows that, the modulation response efficiency of OMC is
proportional to the waist length, loss coefficient, and pump modulation intensity, and is inversely proportional to
the radius of the OMC waist coupling fiber. In the experiment research, the intensity modulated 980 nm pump light
is injected into the OMC to heat the waist region, and the all-optical control function of the 1550 nm working light
transmitted by OMC is obtained. The results show that, the OMC can realize intensity modulation with a whole
cycle and a large modulation depth under modulation pump power of hundreds of microwatts. In addition, the
amplitude of the modulation response signal has a linear response to the amplitude of intensity modulated 980 nm
pump light in a low power region. The threshold of the required modulated pump light power is as low as several
dozens of micro watts. The research has provide experimental data for the development of all-optical functional
devices, such as optical attenuation, optical switch, intensity modulator, and it also provides a reference scheme for
the control of the thermal stability of photonics integrated equipment and the security of quantum communication
system.

Key words fiber optics; optical microfiber coupler; all-optical modulation; light induced thermal effect;
photothermal effect; intensity modulation

OCIS codes 060.1810; 060.4080; 060.2370; 230.4000; 190.4870

Wi E. 2017-12-15; WEMEMABEE . 2018-01-15
HEEMB.: HEAKE ¥4 (61705262)
TEERN: T84, B A, Pl RN FH L LB N EEF % 7 A 5E . E-mail: yuyang08a@nudt.edu.cn

0606003-1



i ot

1 5 El

LR R R T RURR A 25 2 SE B2 R G AR A
a5 LAt T e 7Y O FE R R B R EE B R L B
YL R G 25 COMOME Ry — B A W6 F 28 4F, — O
T T 5 BUA 2 3R G0 4 i, S BAR a8k OB TR ik
ISR RE Y 5 O — Oy H A K R D R
R BV ELAG T8 6 25 1R 0 AH R AR L il OMC £
AN S 4B SRR BB 4 ' T T BE A8 1R T K N A
THEAEEE RBEZME . OMC R A IE X
BT LAGA 2 Ok B 9 mk g >k R g CHD O K B
KRED AT 2 iOFAT I e A 2 4 0%
o B R TR ) AR TR

o O R N & 4 = S AN D 8
BOAERE  OF B BRI R E BUAR L, il gt
AL e TSR, BLE B & R TR AR Y
SOCAHAL RIS X R E OMC 540 1) #E A T
DXt ] fil 25 A B0 10 O TR I BOI RO . 53 AL R
ESHCT I OMC HE4 T X % PR 55 36 -+ 0 U
O HFIREAL . 35 OMC =L 35 i N
O W WSS RRAENE O] el JCR A X T S 238 R
FEE R AR AR R AR A O AR R R
TAN AR ST SR 7R R B TR & (QKD)
Rgrh )z RS G A B R i 45 25 ) e
T s I 22 SR FH RO TR 500 (B 4 T B S o A
) A R S BOGR  L RE A aR JEE T Re T T
FE X P G T 4 B L B RDGRE S B A
1 PR e M 2 BB R P L E M E DR R AR
REPEREN , L X OMC 8 6 #4452 4 1k J T
5T . —J7 A T 3R 45 25 T OMC J6 s i 4
5555 R 1 D RE RS R L 53 — O T T Ok B A O 4R R
B PR M ) B R R B AR R G v PR
Al S RIS %

A SCLAROGEF HAERAR I OMC S B 58 X
G2, o Bea ol i B R s e HEAT R A T, O
A7 S50 M 5%

2 OMC SR 2 I B R R 20 B

2.1 OMC#B&HFH

XOGET i i L) OMC k£ 5% F SCik[20 19
A FRL S P AT ASE TR o TG B, R 2 A HEIE A
XA 1 A el 4 A0 B X 20 B, R AT 4 R,
A OMC ghth A 75 55 58 & BoFn o i & B, (B L4t
DX A Ak R A 2 45, AT SR AR AR =R A R

X OMC BYHFE G 5 PE HE AT 22 Pk 40 B, BRAE OMC #5
G BN Sy B I Y, AR 2 AR kST kS O
2F) Z [E R A, HL R S 07 B AT T RE R A
&N, OMC BRI A & o I XCHE A Ty &) 2 X
R 10 2 in LR B i 1 AR 8 Y A O o O X
FIE X gl s B E OMC 5 5 45 A6 % Bk I6F 195 6 111
Ui (1) Ty R 1] R oAt

L

P,(l) =P,cos’ Uc<z>dz]
| : (D

P,(l) =P,sin® Uc‘(z)dz]
K. P, MEIAEIIR ] HFEXKE ;¢ (2) ik
WA E AR ENME R, c ()RR

%7[2]
3mA 1

= A UV @

V =krn, (2A)7 (3)

) . (nj—n?) v

A A XTI RE . A= e sk R HE 2
2

*%%ﬁm:%uﬁ%%%§%¥%mﬁ%ﬁ

Ko, Fl ooy 535086 EF 02 R 2 A2 (802 A
FOYG RV R IH— AR, H (D UR2)
LTI OMC HE & e i C 2 ANEN TR )Z .
TAEB K ARG XK AL E R 2L R e e , ol
AP AR OMC B OG5 7 A= 9 354
T T S TR A D A A T R

OMC 57 B DX CRID ) 46 n #4 1XD 1542\ A
I B BOK Bl A0 K B G, A iz A i AR v A A0 X 1Y
2N S RAIEHIS YK 5] — 2 B
2] LA R o 1E B AN AR L BN G AL
PERIHLL B OMC B X 6 LF B AR A I/ . PR & 1
YRCEF N BT AL B S 3 T e IX 43 4G K, T R 3
R A ZR B K R S R B0 K 23 B R R R AR R
BB A, e nT DL B, 6 OMC #5481
P N S QT OE R0 i SU N I R i e W2 N
WA 5245 U 5 W B A ) 1) T 5 X R . OMC
TS DX 4 3] — o R, L th R S L 5 A% O I KRN
AT 56 S 0 AR OGP K B 55 L B OMC R g 5 R
A KRR X AR R R I T R AR A ) AUk
FEREAR . R, 12258 OMC XF 3R 58 A 5088, A1
FAL R I, BT, OMC B 8T & % 58 1% o
B 3 AR

0606003-2



i ot

2.2 OMC H#H &Gl HF 1%
OCTHEAFEAR TR IR Z 2 — %A &
GRS S el kK R SR I B e N il K A e
TR R 7 A A X 7 1 R AN Bl S 0 A
T % 9080 ) T A i ) D) — B TARAR S e A AR AL
il FF O i R O ) S S MR S E R . OMC
SO TAE R Y — B R O s ok &
port2 ¥t 11 A OMC I, #4343z I 2 45 Y6 4 b1 k)

signal laser

laser

5 &

«<——couple region ——»
uniform

W 3 T OMC 58 40 I X7 A A T 5 1 ol 4
RN 22l OMC HE DX 547 58 23 & A= A8 4k, 0 1 fff
OMC #i & ZEUL AL I 2 X port] 3 H HE A
(1 TAE G = A v 7B F L AT OMIC 9 port3 Al
portd i 1[4 iy Hh A O ™ A 5 R R 4 T g
WE 1 R, XF OMC BOHLE HEE i 3 3, 9 2
7B AR RS R, A I ) B5CR BAIK L X OMC
55 JBE R 45 S R AT LA Z g A e

port4

- taper region » =< waist 5| ¢ taper region

region

K1 248 OMC g5t Lot i 5 s 3R Z K
Fig. 1 Schematic of the composite OMC and the photothermal all optical modulation theory of OMC

X FOGER U S A R Ok R EGE KT U K R
B (SIO, L RIZIK RECH 5.5 X107 7/°C, #0l
ZBON 1.1X107°/°CH I, AR 308 H R % R 5L
RAONE 5 | R Y i S AT S AR X OMC 1Y 1 455 4
. OMC RYIE X B4 dn, nl gl 2 Mgy ot
R R A S X 0 A RE B,
T DX A B R 4R SR e O L SRR L OMC
P 5 JBE X A i bR E AR O A B AT )
2 TR 5 T X W W SO O R G s
B OMC #84 XAID'G ) Be it 40 A 35 5 B
T P37 23 A Ry B e L U] S SO KN, AR 1 B S
KA A R . BT LU BSR4 A A T A
R SR E An, (2)=2An,, AEZELRS
SR B P 22w A 5[] 5D, OMC I X190
Q =CmAT =Cpnr’ LAT =yall,, €Y
L .Q Jy OMC X R E T AT il ik sm
OMC ¥ 5] JE X N &F i &5 C W IS5 M k) H 3 2R
[SiO, 8RN 741 ]/ (kg="C)Js 0 035 41 RL 55 2
(SiO, £ BN 2320 kg/m®) 50 Rz Y E OMC JE
DX A A FE 2R 855 R oW A A o A B e Ak R A
I, Jpihiz P86 a5k L 3 5 XK B, iy (4)
] A5 B R 51 A OMC I IX 3 5 R 28 1k
)
nal,

An, =yAT =7y W’ (5)

Kby AL B R B, I TR R OMC
B XE S AL 121, a8 B R 5] R

OMC BER 4 R B0 A5 6 1 48 Ac = 0 A,

In
5 W2 R R SO IR N, W) A 5 B A 1 iz Ot fE
Tt 51 A 1 OMC % o 5 56 oh
i)

P P
AP =+ —sin(2L Ac) = 4+ —"sin(2LM An) =

2 2
P 2LMynal,
+ Osin(ymjlj (6)
2 Conr®

K. P, HEA OMC 5560 %, + 5l %
OMC HY port3 Hl portd #y ¥ 0, M RGBT 5§
FRAAGEAR OMC B X G 2B ER, HE X
W)

TR I .
S dn | AEVYE A+FV)?
3xAV?

32nirt(1+V)2° e

e RS T, BN T, (6) 0]
RKikH
Yyal,

APy =—P,ML Ssin(mf1)
Conr®
I (8)
AP, =P,ML (yf’“ Y sinCrft)
e

H ) FTLLF 1, OMC 4% 8 B 8 45 28 1k 1y
PR RR S OMC EX K E L filliz 57 OMC

0606003-3



th i

i ot

JHEE DX B 3 FE R o Mo Az PRI GE 1, BCIE He L S
OMC BEIXHE GG By 248 r Wi . B, 23k
P e R RCR B OMC 2l i J 3 45 25 . 75 R
PR XA B 5 RN I IX 8 4 1) OMC #¢ & . FIH
(6) X OMC Y o't 4 38 J32 98 42 0 7 R & i A7 47 2L
TR AR 2 B, 05 B 6RO ko #o
MEEAL R B B8 0.1, 4hiz YarE OMC X 1 2 FE
Z¥ o %M 0.1 dB/mm, TYEP K& K 1550 nm,
F 05 B 25 B n] A0, SR IR I DR 258 0.5 mW i 4l
iz PG, OMC BV A] 52 3508 S 1 98 61, I8 il %
A3k 100% . AN EFRE BoR , OMC X HE G 6
RPN, OMC 8§ R B ., (A5 T R,
OMC JE X g it OMC ¥ 2 iR &« T " fe bk,
Ny TR o (A ES B A TR G R 2 L
RN A G5 JH B A TE B9 OMC 58 B 8 45 88 1, T 0
OMC g5tk 1t — 2 it 5 (DR m 5,
FERIN Al 2 6 R G VE R, OMC 8 il w5 i
JE S EFDE R EIEL LR, Wi, Tk
PRAK 38 a2 il I O Y R R A SR
Al SEHL OMC i A5 5 AR TR E 2 3 R 4

0.5
0.4
0.3
0.2
0.1
0
-0.1
-0.2
-0.3
-0.4
-0.5

Modulation response

0 0.2 04 06 08 1.0
Pump light intensity /mW

Pl 2 OMC Sl #A8 hil ma 1z 45 #1485
Fig. 2 Simulation results of the modulation

response of the OMC

T OMC B4 #8 4 I X, 4 1) RO~F 2038 31 3
KA, AT 2 ARG e & . X
RE OMC DX 1 $A W e B #A A S R 1 5 1l e &7
COMD AL, 7R 2 OMC 1 5% I8 61 551 g 45 % 5
OM A A V8] 1) 255 149 A5 0 5 A K 0, BID 98] i) g 97 26 R
5 A R R L

3 OMC Y4t I8 358 45 Pk 3k,

3.1 OMC £XiAEMXEEHE
PR 40 B AT DL, OMC 28 52 B % 404 O 9 JiF
PR TIRE , AR A N 5 TAE I K R i 4T R
MR DG PR, RO AR & T R . %
LA SCHR BT 8 (1 15 BT OMC 2548 25005, AR 3

Jef OMC (9 B8 Hr 1 2 805 € S - OMC A i I X
AL PR r=1 pm, A X K L =10 mm, H
FL A P A W 5 AN R 3 s . OMC R S il i
T BV LR 5 A T kO DXV X A0 3 K i AR . T
P (DA (2) AT, B 5 XA 0 CRD - ) L Jm)
TG R c () S BWH K, B ARG KR
T, B e E AR A R i A AR A sS BT TR ER A K
JFEAS Ak i S B AR /N L S A A A4 1 B 3 A 4 35 T U
AN ARIESE S D V5T S O s

S N AU 1 7 o TS T ST
OMC il i B P A7 — SR e i B Y T 15 5
(LT RAE Bk e /N . Z TRk Ew
IREHE A LT WAL 0] (4« F 95 7 {5 5, i HoAth B i
BEES B T 8005 55 R £ 6 U2 Sl 4 s i A X T
B ] 9 1 (RO £F AT 5 R 22 K Tk EF
Pr i % 2% WO & SR T 22 18] Y BE R A K T AR
i v B A X BE R A . OMC FE & Bl 58
B CRE G S R [R] 2 562 ) o HURR A i A AR A
STV S WIS B A3 AT 2 R L R
(P A ELA RS T 00 7 AR I S WO R S TR B
2 PO R T e Y BE A

N 40

. S / st :
100 200 300 400 500
Time /s

7600

®)

S = DNN

Port3 intensity /V
oMo o wm

(=)

100 400 600
Time /s

B3 (a) OMC FE dh i il i B 7 2 i 0 5
(b) port3 i I E 4 I 45 7 #r 45 5 5]
Fig. 3 (a) Transmission intensity of the OMC sample
during the fabrication process;

(b) time-frequency analysis results of port3

KA LA AR OMC FES B T —E 4Ok
JERA A R G S5 AN 4 i, RGRHZ
58 BE PR 19 980 nm iz Y Jin#A OMC JE X, /] At W
M OMC f& %519 1550 nm TAE 628 4k A% &, 25 1
W OMC By 6 # Hl Fe . R b fF 5% 6l
(1550 nm2 SR PO R RIO A Al 4 7=, 2 kHz £k
F5) GBS e SRR 9 port] S E1AH I B 5
I port3 £ 980/1550 nm 7 53 &2 & #% (WDM) 55
HLER N 28 D1 A% . i o 11 portd BLE2 5 480 4%

0606003-4



2l 5] % St
D2 A6 %, 43 50 8 3 B AL R £ E St fhiz . port2 ¥ O & a4 % 2k (FC) 5 VL BL g VL
(1550 nm) AY3Z P& Hl 1% & . 980 nm iz Y64 3 dB Fic , F R BIR B 3 B ot 1 ) 99 . 980 nm iz G #% H

A A% (980 nm) £ 3 J5, — 5 980/1550 nm
WDM 1 980 nm ¥ I AH 3% B $l132 8] i 6 B 1l 7 A
TR 5 DX, 55 — % 5 6 B I 2% (New Focus,
Model 1623)D3 A% . >k 980/1550 nm WDM 1y
H &5 % 980 nm iz Yt # A OMC, I 43 &

OMC i i 1550 nm {556 Al iBIR A 19980 nm

high
coherence
laser source

isolator

matching
fluid

signal generator

[

Bl 4 OMC S5 B 1= il R 52 24

Fig. 4 Schematic diagram for the construction of OMC optical intensity modulation system

3.2 OMC £ A=K

T OMC 1Y ' BRI 45 e 17 R M >R FH
F A7 MR A X% 980 nm Hh32 14 i 5 2
R JEX HH A 1550 nm T AE(S 5 6 A 8 517 i
HEAT WE I AE HE AT 6 I ] SE 58 Z HT . XF 980 nm
Ot B At I AR R R AT A I O A Y LA
KN BIE LR 40 mA, Z )5 #OG 3 DR S WA
9K By F UL 4R B T 4

A 980 nm O & AR oE Y B R R ) AE
5 AEAIZ IR B R PO AN R B 9 A5 S e T T
P 3R] 5 5K By g & AL P DA ORI il s i RE 9 R AE 5 A
HIREM==1, 980 nm Hill iz OG5 4t i B2 AT R
BT Ry, HAE AR IE 5415 5 . BEEE 980 nm
OGS fhz P8 AE S 0 R R 8 % I R
M==1) , ot dv i i) ~F- X506 D e 5 2 M3 ok,
REE R WA 5 FrR .,

SCEG I, 7E 980 nm iz G A8 IR B TR i
PR Y = A R R 980 nm iz O A%
A O Ty e SR 0 P b 2 48 B K S/, BT 6 R
980 nmiftiz YUK S PR £ =0.01 Hz, Wl 6D
P ogyum =300 pW~27 mW 50 T, OMC #5451
(A8 AL 4B B (LR 980 nm 42 6 6 # B s A ot
B A G S 2455, 4R 2R, OMC #4

detector3

— )

BOGIK B YR (ILX Light wave LDC-37488B) #5413
HHE 5 R AR AE OB IR B R bt A [\ A5 5, PSS
IXF 980 nm iz S Ay 5 B . 38 A I OMC
P H 3 1T (port3/portd) BIAE C TN R, 314565 —
BUETHE , T 5 #2980 nm iz /ﬁfﬁga,lﬁﬁ'ﬁj
SEEL OMC e il o g

3dB coupler 980 nm pump laser

HH R

% data
—— fitting

980 nm laser intensity /mW
O = DN W o N W ©

0 200 400 600 800
Driver modulation amplitude /mV

Pl 5 TR 3R 3l PR 0 2T 980 nm B 2%
il A O D 0 I 4G
Fig. 5 Output power of 980 nm laser with different
modulation amplitudes
FEe sl A3 5 980 nm Hil1 3z J't i 4 JE 39 7™ A — B,
HAEI80 nmiiliiz Je—A~ 8l Ji I 9 OMC & L
S Eh A TA M. ZEB/ 980 nm Hilis A DG AR
IR - OMC 84 LR D A 08 R 5 2 v A2 4k, i
TEHR 980 nm iz FHDOEAE T . OMC FE & L b
piYI S N b i | S8 i F S RN S R Y T
iz W HEAE T . OMC #84& be B AT 52 30 8 J 9] A2
X 5 IR BEE 2 M — 2
o T4 OMC 8 il &% 04 F /)N Fi e 2 0 452 2 %
T AR Az 9 1 06 Zh Z A5 80T L X OMC 4 il 1)
R OLREFT I, & 7 O 980 nm iz 6 IK Bl E 5

0606003-5



h = 7 b/
‘z% 1.0 @ & 3 (@)
= B2 2
5 £
= 0.5 S 3
_-‘_1 Ay 1] 1
5 g
2 0 0
S 0 100 200 300 50 100 150 200 250
Time /s Time /s
4
g O g ®)
3 g
E D)
EZ B2
SE o BE o
(e 3 =
0 100 200 300 Z7 50 100 150 200 250
Time /s

K6 980 nm iz W H LT OMC # & LA F B .
() OMC #5455 (b) 980 nm fl iz S 5if i 1 K 4
Fig. 6 Change of the coupling ratio of OMC while
the intensity modulated 980 nm pump light is injected
into the OMC. (a) Test data of OMC coupling ratio;

(b) test data of 980 nm pump light intensity

WA £=0.001 Hz, W HDCIRN Pogo =10 p W~
14 mWIEH T, OMC B port3 i K45 R QL
WEI 980 nm Fz S M4 I 28 D) K 10 £i5) .
MR 5 AT, 24 980 nm fhiz e 2k E] 30 W A,
OMC ¥ & iy th % 5 B AT 7= Az 3 L 2 M 9 I8 4%
B

DA 4 1 8 2 6 8 ) S 50 ) 28 56 IE T OMC 1)
JEHIE AR RE , BDAEAS R D) 22 09 980 nm il iz S AE
AT ,OMC BHE A 2= M N 22 1. 75 A
FLEG G 2 AE TR, OMC (9 #5 & Hin  F
T I BCRAIONE B o 07 R L B AT AR Ol A 4 Ol i
JEE R ) 7 5 T S AR S B A R o) R B ) 5
Hil . FEF OMC JE B L b6 #0807 i 2 5k L &2
it A A R G BT, OMC T AT LA S2 B T 4%

ml"llI
1l
”V””‘ ‘

@

4.5+ 1|!"
& 4.0- Al

Il

”)H
= 250"
£ 20 .W';

. 1|||ll'ﬁf | ”J”' ! 3000

4 ,W‘
15 g )
Lol LK L 2000

Time /s
Pl 7 980 nm #iliZ JHDOEE T, OMC (¥ port3 i H
it 19 1550 nm TAECM S5 R R ERBARE . () OMC Ry
port3 i 0 I EE s (b) 980 nm #1328 e Y 5 I3 K 3
Fig. 7 Local amplification of 1550 nm optical measurement
results from the output of OMC port3 under the action
of the 980 nm pump light. (a) Port3 test data of OMC;
(b) test data of 980 nm pump light intensity
S G OGO K i B A W SF EhRE . 53 A,
OMC 7EJL - BC At 2 i 18 1 Ol S 56 4E TR 277 A=
G 4 LG Xt 78 73 UL WA 7R BN O 1 4R OGBS
mh X TR T S A A 1 A SR AL T RE AR L
S 1R] B OGAR A FAS 1 B BAAR R PR 4 ] 2 T 25 IR
figp D (¥ B A [ R
PR OMC 56 B2 I, 18 X6 Wi J3E w137 R 1 B T A
SR PEAT T SRS . 7 [ € iliz Gk 2 8 il
&SN 500 Hz 1§40 T . B WiHE K 980 nm filiz
JCIRHIME 5 R BE Chlt iz 3K 2l 98 45 5 R BE Ol 30 ~
800 mV) , JFORFF I TR B D M~ 1 (il iz )lg 5 &2 94
A 5 B br - 1 He A R G8)  OMC 3 il g i i)
AR ANE 8 iR

8
S ®
9
E y
gﬁ

5
§4 —a&— port3
= —@— port4d
=
© 3
g2 ’
= 1

0 200 400 600 800
Pump driver modulation amplitude /mV

B8 ZriE K 980 nm il St fY I8 il 0 B2 I, OMC i i A9 8 1 15 5 5 00 &5
Ca) IR} S 0 5 5 5 (o) I 2 72 OMIC Han = B it 127728 AL 1 00

Fig. 8 OMC output monitoring results with the modulation amplitude of the 980 nm pump light gradually increasing.

(a) Time domain monitoring signal; (b) "direct current" variation of the OMC output in the modulation process

K8 Cad BT 7R . il 33 Ot I A5 5 0 B TR
250 mV LA i B2 98 i 45 5 iR B B 94 Ok 3 1

W Aw 5 i B CHD T AR G5 5 3 IR R ) AN L 2R P4
FHaF X S5 a5 R B i — 3. WE 8(b) Fias,

0606003-6



th i

i ot

FEBR Sl A5 5 0RO, OMC fig i TAE B (S
5B R CRE 57 #0063 &2 W 2L 58 % 3l
(B OMC # A &A1) . X2 i T 7E W & E
MR RGO AR, Ho A OGRS T SOt T Rl
RS MR AR T OMC TAEEHEA L Bk 4>
WL 3 A, FRE IR B R e 2 (R ) AR AR A LR A
EMG ., I, AE OMC 8l 45 19 52 br 98 i v H s
7 UEAT A P 2 b BURD B 8

FE I 5E 980 nm 32 6 A 1 R A O, 2R
iz % B W B, OMC M A e &R 4 & 4 H
AR A I B CAE G A HE S A g CHD A
TR E AR . X £ W OMC i i T4 6%
IR O IVE B oS Rl= I o E R (1M (=5 Y (R &7
ST N A IS G 2g i R . R, S R AR R
(R R B fE OMC 5 J3 98 1 45 I b 75 A 3 ik
BE 0 I2 IR M5 5 U O R R B O 6 O
TR A LU HEAT W RN S 5 ] DA OMC 5 2 A
A TR e i TAE R, S8k B 8% OMCH
7 R A L R E AE L LR T 38 3 s 1 3
fF5 22 7 W B, v LU OMC 5 B 9 1 % i5 )
100 Yo i I i R BE

404 ik

PIERFR 2 e OMC 1Y 15 W T AR SCHE
X OMC S W SR 5 | R Y 4 0 56 B2 I8 428 4 Pk R AT
HOE o A A SR 5T . BB T 45 2R s OMC
AR JRE IR 4 A A 9 ) o R %R OMC B IX
JE iz e OMC JE X R 151 ¥ 2 8 K il iz 4 il D't
SRAIE . 5 OMC DR & O 25 19 42 U T s
OMC 19 6 38 il 450 45 4 55 A 4 D' 28 A 30 31 8 119
WM R A T 9 AR 2% R R R R L
S Hrak A OMC 1 S ol I8 2 a8 1 i 454 2 54
e AR — iR KL B PR DX A R B A ) OMC A
sty A" BE AR AT 50 e 8] 28 3 1 Ol s ol 4 o FLREE XA T
A, SR WS R . OMC 420l s B2 I 4% 4% 1 16
R A IR O D R AT L TS B R R
8] ) A% JRE DG B A Ol SR B R 45 D RE L L 9 7w R
5 W L R ] 45 5 e R SRR AR S 2 e Y SC AL O B
E LA BT 4 9 1 9 11O D A TR, OMC 227
ARG . AR SCEXT OMC #4717 2065
I 1 D RE a0 S 56 L 25 2R R L OMC™ B3 7 i i
G LE I8 8 A 1 e 1R, 38 o il o 9 2 8 i £ 45 52
U R AT LA OMC 53 B2 38 il 5% 15 1) 100 20 79 94
WL . BEFEEE R —TJ7 1 R IT K FE T OMC L EU

RO Y D' FE IR O T 5 K iR B ] ) A5 4 Ot Dy E 4 1F
Pt TR T LA O3 — 7 T 4 1 B O VAR
SE VRS 1 MO B R R G2 A PR S AR A T A
HEHBFTETT S

2 % X #

[1] Jung Y, Brambilla G, Richardson D J. Optical

microfiber coupler for broadband single-mode
operation[J]. Optics Express, 2009, 17(7): 5273-
5278.

[2] Ahmad H, Jasim A A. Fabrication and

characterization of 2 X 2 microfiber coupler for
generating two output stable multiwavelength fiber
lasers[J]. Journal of Lightwave Technology, 2017,
35(19): 4227-4233.

[3] Hernandez-Arriaga M V, Bello-Jimenez M A,
Rodriguez-Cobos A, et al. High sensitivity refractive
index sensor based on highly overcoupled tapered
fiber-optic couplers[J]. IEEE Sensors Journal, 2017,
17(2): 333-339.

[4] Sun L, Semenova Y, Wu Q, et al/. High sensitivity
ammonia gas sensor based on a silica-gel-coated
microfiber coupler [ J]. Journal of Lightwave
Technology, 2017, 35(14): 2864-2870.

[5] PuS L, Mao L M, Yao T J, et al. Microfiber
coupling structures for magnetic field sensing with
enhanced sensitivity [J]. IEEE Sensors Journal,
2017, 17(18): 5857-5861.

[6] Yan S C, Liu Z Y, Li C, et al. " Hot-wire"
microfluidic flowmeter based on a microfiber coupler
[J]. Optics Letters, 2016, 41(24): 5680-5683.

[7] Wei FF, Mallik A K, Liu D J, et al. Magnetic field
sensor based on a combination of a microfiber coupler
covered with magnetic fluid and a Sagnac loop[]].
Scientific Reports, 2017, 7(1): 4725.

[8] Chen Y, Semenova Y, Farrell G, et al. A compact
Sagnac loop based on a microfiber coupler for twist
sensing [ J]. IEEE Photonics Technology Letters,
2015, 27(24): 2579-2582.

[9] PuSL, Luo L F, Tang J L, et al. Ultrasensitive
refractive-index sensors based on tapered fiber coupler
with Sagnac loop [J]. IEEE Photonics Technology
Letters, 2016, 28(10): 1073-1076.

[10] Wang S S, Yang H J, Liao Y P, et al. High-
sensitivity ~salinity and temperature sensing in
seawater based on a microfiber directional coupler
[J]. IEEE Photonics Journal, 2016, 8(4): 6804209.

[11] Sun L, Semenova Y, Wu Q, et al. Investigation of
humidity and temperature response of a silica gel

coated microfiber coupler [J]. IEEE Photonics

0606003-7



M

ot

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Journal, 2016, 8(6): 6805407.

Ding M, Wang P F, Brambilla G. A microfiber
coupler tip thermometer[]J]. Opitcs Express, 2012,
20(5): 5402-5408.

Wang P F, Madugani R, Zhao H Y, ez al. Packaged
optical add-drop filter based on an optical microfiber
coupler and a microsphere [J]. IEEE Photonics
Technology Letters, 2016, 28(20): 2277-2280.
Chen ] H, Deng G Q, Yan S C, et al. Microfiber-
coupler-assisted control of wavelength tuning for Q-
switched fiber laser with few-layer molybdenum
disulfide nanoplates [J]. Optics Letters, 2015, 40
(15): 3576-3579.

Tong L M, Lou J, Mazur E. Single-mode guiding
properties of subwavelength-diameter = silica and
silicon wire waveguides [J]. Optics Express, 2004,
12(6): 1025-1035.

Song Z Q, Yu Y, Zhang X L,
microfiber phase modulator directly driven with low-
power light [J]. Chinese Optics Letters, 2014, 12
(9): 090606.

Ma C X, Sacher W D, Tang Z Y, et al. Silicon

et al. Optical

photonic  transmitter  for polarization-encoded
quantum key distribution[J]. Optica, 2016, 3(11):
1274-1278.

Sibson P, Erven C, Godfrey M, et al. Chip-based
quantum key distribution [ J J. Nature
Communications, 2017, 8: 13984.

Sibson P, Kennard J E, Stanisic S, et al. Integrated
silicon photonics for high-speed quantum key
distribution[J]. Optica, 2017, 4(2): 172-177.

Birks T A, Li Y W. The shape of fiber tapers[J].
Journal of Lightwave Technology, 1992, 10(4): 432-

438.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

0606003-8

Payne F P, Hussey C D, Yataki M S. Polarisation
analysis of strongly fused and weakly fused tapered
couplers [J]. Electronics Letters, 1985, 21 (13):
561-563.

Ankiewicz A, Snyder A W, Zheng X H. Coupling
fiber
examination[]]. Journal of Lightwave Technology,
1986, 4(9): 1317-1323.

Yu Y, Zhang X L, Xie J] H, et al. Investigation on

between  parallel  optical cores-critical

fabrication and characteristics of four ports optical
microfiber[J]. Chinese Journal of Lasers, 2015, 42
(1): 0105002.

T, TRASE, WIANHE, AL M H R G AR &
Rtk o (1] . i EOE, 2015, 42(1): 0105002.
Davis M K, Digonnet M ] F, Pantell R H. Thermal
effects in doped fibers [J]. Journal of Lightwave
Technology, 1998, 16(6): 1013-1023.

Digonnet M ] F, Sadowski R W, Shaw H ], et al.
Resonantly enhanced nonlinearity in doped fibers for
low-power all-optical switching: a review[J]. Optical
Fiber Technology, 1997, 3(1): 44-64.

Yu Y, Qiang B, Zhang X L, et al. Investigation on
an all-optical intensity modulator based on an optical
microfiber coupler[J]. Chinese Optics Letters, 2018,
16(4): 040605.

Yu Y, Zhang X L, Song Z Q, et al. Precise control
of the optical microfiber tapering process based on
monitoring of intermodal interference [J]. Applied
Optics, 2014, 53(35): 8222-8228.

Ravets S, Hoffman ] E, Kordell P R,

Intermodal energy transfer in a tapered optical fiber:

et al.

optimizing transmission [J]. Journal of the Optical
Society of America A, 2013, 30(11): 2361-2371.



