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Guiding and far-field radiation characteristics of micro/nano optical fibers

ZHENG Zhi-wei ,REN Wei-hong ,ZHAO Chu-jun, WEN Shuang-chun , FAN Dian-yuan
(Key Laboratory of Micro/Nano Optoelectronic Devices of Ministry of Education,School of Computer and Communication, Hunan
University ,Changsha 410082 , China)

Abstract: In order to study guiding and far-field radiation characteristics of micro/nano optical [ibers,the relation between
core diameters and the mode field, z-direction Poynting vector, effective mode area and far-field intensily was simulated. Then
experimental demonstration was carried out by means ol tapered fibers. The results showed that the micro/nano fibers might have

a large mode area evanescent field larger than 1000um” for an appropriate design. Experimental results of tapered fibers verify that
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the micro/nano optical fiber can effectively guide the field and radiate it out.

Key words: laser technique ;micro/nano fiber;modal field theory ;far-field radiation

51

it

PRI O 88 5155 M BUE R EOGERAH
I, BA S HOERTE S Dt B RS LR
PR G BB HFaK SR EBREE
RN, SR O E Lol in 1% 5845
BYENH

B2, ERHE— L REZ BT INIEL M
N (TR A7 B 2 WY 3 A BN . A AR A
i) R BE R & . BRI RIS ARA] LA R
RLEEEAREH E P EFEMESR, Bk, IRREY
7] st S B ACASE [ AR R LA 5 B B B R, X R D O &
BARARBREAEREE X, MAEFEILT T ISR
21 40pwm FEI T AR B TR AL aT LUAE
A% 100pm BB T RIS RENT W 5 R
RF5| Y4 0] PAFE 42 100pum ~ 400pm 17 8L 1 5§
B (A TS Rtk 4 e, KA i B R

EER AN B2 (1984-) B LA, L EENH
FLEFEOE B KBS B R LA,

* A IBE & A o E-mail :scwen@ hnu. cn

iR H 3112008~ 11-08 ; Wi 31| & oic By F 34 .2008-12- 15

FER I — B HERT

ZRNRESGT O MR R MR IR T R
G HOR BB R T REOER M R K
RPN ET th G R B AR UL 55, TRl 4 S 12 WA B
SRS MR UL TR 1E9 77 A, 3
LA RE AR T MR BT R 2, A SO
VHE T AACE B S B B, SRS TE B A Bt 1
AN JEET Y R e

1 EipRA

1.1 #3538ie
RE LA THFE ORI FIa )2 M T 3
SR nyon, LTSRS A
n(r) = {n,,(O <r<a)
n,,(a<r < ®»)
K ,e HEFGPER, HEFTREBEZWEZTE:
{(vjmzkz—ﬂz)i’:o 2)
(VP +n’k -k =0
ALk N A B EEREEE=20/0,0 KB H
EREHE ¢ M A R RBITRE MBS RERE,

()



498 Wk ® A

2009 4 10 B

TEFRIEMT AL ES ¥, (r, ) 770

Y, (r,d,) = AJ,,(%r)cos(vd)o) ,(r < a)
(3)
U
Y, (r,p,) = Al'lvy(( W))K”(%r)cos(v(bo) ,(r >a)

AP ARTER, b0 BAFLA,L(U)FRRE 1L
IEAS DR B K, (W) KRR35 2 K788 I 2R ek L,
v RN ERAEMNE, U =a(kn -)"", W=
a(B —K2n)"?,

A CSERENAE LB R &S, TLEER
22 m PR (linear polarized , LP) #Z (451 2 R -

LU KW
0, (U) = WK,.,(W) (4)
AL LP,, B AAE R T A A0
In(U) _ Ky(W) )
I (U) T WK, (W)

F (5) ZURE AT LASK H B i 45 4% 3 5, AT 2 — 25K
LR B B A S 53 A
2.2 im3piRETIEIL

A Fraunhufer 17 1 $1 50 23 30, 7T UG 818 205k
T AL IR R T B AT W(r,0,¢) AT TRHDL :

SR IO
exp | ikrsinfcos( ¢ — ¢, ) | rdrde (6)
¥ (3) RRA L, AT A 5|

e J:ﬂJ:Ju(%r)cos(vqbo)' 4
exp | ikrsinfcos(¢d — ¢y ) | rdrdd +
ie™™ 2= J,(U)
A e J; J; KE(W)K"(%’-)COS(M%) .
exp | ikrsinfcos(p — ¢, ) | rdrde (7)

A0 R ER A B, HE Y E S a0 R M
IR

2 S5t

2.1 MXFHIHEFE

RGN BRE AT AR B 10, BB AL Tk e 47
HSERF . TBP, LS50 EMITHES A
n, =1.464 il n, =1.456, 8 I K B 1064nm, X} F
ARSI, HH— G B 1 i, X
LM E RN 1600nm B, Yo FBL5 AR LR B, 72 1)
J518] 20 um S # TR T 0, H 2 19 BRI 2% & 4341 4N
2a iR, FWEE LS HBEMSE/N, LA B ph 2 A8
1L 18 , ML H AR /NE) 800nm B, 135 0] LI R #L
F| 100pm LASh, @ik R AT AR B, AR N, AT

v(r,0,¢) =

Y(r,0,6) = A

o

core size

© o o ©
> o

ind

normalized modal field

o
(=

Fig. 1 Normalized modal field for micro/nano fibers in different core diame-
ters
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Fig.3 Effective mode area of micro/nano fibers in different core diameters
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Fig.4  Plot of far-field radiation patiern versus angle
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Fig. 5 Intensily distribution of the untapered fiber 6cm away from the [iber

end

Fig.6 a—electron micrographs of the tapered fiber bh—intensity distribu-

tion of thetapered fiber 6¢cm away from the fiber end
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Fig.5 a,b,c—microstructure and metallographic structure of laser texturing spot d—metallographic structure of substrate surface
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Table 1 The hardness of slight protuberance and the matrix

surface hardness ol protuberance/HV

laser
i first second third
textunng spot average
spot spot spot
a 463.6 366.3 541.3 457.07
b 566 482.7 559.8 536.17
¢ 487.7 487.7 612.5 529.3
d 463.3 541.8 547.7 517.6
e 463.6 428.6 513.7 468. 63
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