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Application of Gain Guiding and Index Guiding for Designing
Large-Mode-Area Single-Mode Fiber

Wang Weineng Zhang Tieli Tan Xiaoling Yao Jianquan
(Institute of Laser and Opto-Electronics, College of Precision-Instrument and Opto-Electronics Engineering ,
Key Laboratory of Opto-Electronics In formation Science and Technology .

Ministry of Education, Tianjin University, Tianjin 300072, China)

Abstract The large mode area in conventional fiber is achieved generally by design fiber structure, which leads to
limited mode area about several hundreds square microns. Gain guiding plus index guiding is a new method to
realize single mode fiber with large mode area. By analyzing the effect of gain coefficient on refractive index
and the complex-valued normalized frequency, the relationship between index-difference, gain-coefficient and cutoff
conditions of different modes is obtained. Finally taking a Nd doped phosphate fiber with a 100 pm diameter
core for an example, where the refractive index of 10% (atomic fraction) Nd-doped core is 1.5689 and 1.5734
in the cladding, through simulation computation, the mode-diameter is lager than 90 pm at 1. 064 pm. To achieve
large-mode-area single-mode fiber, it is a good method of applying gain guiding and index guiding for conventional
fiber.

Key words fiber optics; fiber laser; larger-mode-area single-mode fiber; gain guiding; index guiding

1 5 7 ) BAAOG 2F #2577 A R ™ A AR LM R0
IR A O SR O T E S s g M T B R A R R R S AT
Py DY R R LT B R E T R R L 1 48 52 B K 6 4 32 2R sl /N Bl LA

W #s B #A:2007-08-16; W2 & 2507 B #3:2007-11-05
EESWA EHE AR ¥4 (60637010,1047107TDEBITH .
EE BN EAERR1983—), I i1 mg A AL R 58 A= 32 B\ 35 4 8] 25 S0 R0 AR 4 M 401 B A0 480 BfF 5
E-mail: w_wein@ yahoo. com. cn
SR Wb e (1939—) 5, Big A, i ERFE BB L 208 LA R0, B AT AR OGE A KRS

E-mail:jqyao@tju. edu. cn



34 EABRE 5. W an T 5INPT R T 515 KA B e 21 B AP 9 BT 427

BOCE I R ET k. BT L2 TER
JCROV AL ARFEHE N . B A IT kA e R 2
BEAR v [, 3 AR 7 A A a5 B T B T ) 2544
SR ARAF A AR . H AT AT LSS B A A 37 T AR R RE
REULE P ok . =SB HAR 100 pm LA
b TR P R BB i 2% 1 AR G BT R AT S 1 T
EMELLEBE . AR SCR 2R S8 20 8 1. 51 A
B4 A8 2R AT S 3R 5 51 R 4 T 51k 98 BL LR
PIRAPN 578

2 s g XTI SR R

Y = (AR OGRS R A 3R, %
SRR R R IR A Aexp{ — i[2x(n +
An) /A ]z} RN G A R 25 5 . H T IR R Y &R
AR Ry Aexp{—il2n(n+An) /A ]z} + Agz) Hirn
NELZ AT R An BB SRR ERZE AN
BRI Ag ML B ARG IR T

XoF L A8 AR S5 5 AR ) R R I 0L W7 LA

27r(nj—An) Ting :27t[n—|—An-|;i(A/2n)Ag:| _

2n(n+ A7)
A

I R n A3 hn AT P AT = An
+iA/2m)Ag.

BHENTGHE AN EESRH—HE V. EH
IUAE K /N5 62 i A7 78 1 B X 880 o6

Zma
A

, @)

2

(zkﬂ)zmnmn, 2

A o = CLE G+ A — R ] w' = ¥ (7 —
Kn®) ke HESEHPP R a WL FERE.LNIE W
T4 1B ARG A 25 5 09 06 2F 27 208 55 508 5 R AR
A(2) 2, A] LA 2

V= (Zaﬂ)zﬂ<n+gmz —n']
(iﬂ)ZZ;v(Arl—O—i%tAg)’ 3

LA G AR VAU ELR 2 AR a
R AL AT SR n - An L ZITHF R n A K
AN T Ag AR

3 JEET A B L Y V) R T
FE DR A 4 R o 6 2F W AL 1 2% 8 78 9% O R
ﬂyB:

I
a2’
rog.z HEFEA KR R P = A bR 25, v ] DLE
RN oyl n] DU G e o i 78 BT F 5
102 o SR DS RONE /TR N g A NS LR SR S
L&A S SCET H 10 2% b A8 5 TRT 5 R DG 2T H S A7
FERI LA IR (LR O 1 S BUR AR B B 21 K
8 LPy fEH LPy f,

HT (O 15 3] LPo LA LPy #2130 9 a1 37 7

i

1 *w
=

r (7902

+ + T =0, (4

Lo,

r dr ar

B @ r<a
’ 1. (D /Ko @)X Ky (@r/a) r=da
(5)

L) — ﬂl(ﬁr/a) r<<a
10 GO/ GO X K (Gr/a) r=a

6)

X 7 = a[Kin+ A7) — @ = a(f* —
Kin®)'* B IGEF 1 52 A6 6 % K. ) o — % L
HoRE, K 55 270 0196 R

Hy T AR LR 5 402 4 S b 200 2 i U ) 4y
SR AR A A (5) L6 2L AL AT A
LPo, BEFT LPyy B AAE 7 72

u], (w) _ wK,(w)

J()(fLT) o K()('II)J) (LPOl)a 7
ul (w)  wK,(w)
L.() K (@D (LPy), (8)

Aorfrw Fw KB SE A T O e A 2R O B I
i AEALJZ v o 5 A BT LA E (5) R (6) AT LA
@ M LR R TR M E AT LT
B, O, ATRAFH LP BEAT LPy, A
() W EYE L, B 1 iR . LPo SR LPy B o
B B 43 ) hy S92 0 0 2 T8 1 X3

LP -y
0.8 LP . .

: o K
0.0 . — .

1 2] 3 14 5
~041 "‘ ; Real(u)

Imag(u)

—-0.84

1w PR Y LPoy BT LPy i HRH 7
Fig. 1 Interval of the LPy and LP;; modes in
the @ plane
T LPo BEF LPy B N 1w Fl @ {E /N,
X T FK (@) w1 RABEATIE 5. (7D F1(8) 5K



428 H i ot 35 %
Jﬂ:gifg‘/ﬂ:/%l‘ Imag(Vz)
@ = {(2/[lg2 — s —lg(@)"” (P, (®» P 2
1/2
ZJFuvzlg(%) LP(J] 41
T |l (LP,), (10) 2
i+gkt3) D
2 8 ST -8 -6 -4 -2 § 2 4 6 8

sy = 1g(s) = 0. 577216, s HJ R % 50, 8% (9) F
(10) KA HIRA ) K, g5 AR B & Bt w (4
JE R AT L LP AN LP X B V2 B X
] 25 AN B 2 fros . B sk Fon LPo B 8k
B RN LP A5 1 R AR, LP BEAT LPy,
XS RE g VIR DX 8] 4 591 Ay 552 28 0 A5 2% i 43 F- T
(1 A7 2320 o F R T 23 AT TR, VO S S A R
% An AR a X, VIR S5 Ag &
PR o 50 EBE A IE MY 35 22 Ag T 4 2
Any BT URAIE AL i 1 60 R - SE 100 pm ) |
MR HAR

8 6 -4 2 _§) 2 476 8
=2 Real (V?)

B 2 SLeFh LPy BRI LP, B R V2 X (]
Fig. 2 Mode regions for the LLP;; and LLP;; modes in
the V? plane

4 PRS RS A5 R 0t

— B E BT L 3G g5 g R 0 6 £ B S R
Fe AT S R S /NS £ I DA 55 5 5 1800 R A B
2. BRS¢ =1.2 em ' 5 I 5
R AR/ANE A 10 HEH ., (HEXF &R
S 2% Mg HR RE 8 5L IR O A

5 10% (st F 800 50 FH 1B 2 5 7 1 o
AR R M. X F L. 064 pm K )Z YT
SN 5734 BB G WA ST 2 1. 5689, H
T3 25 N R/ Al iz AR A L R TSR (L R
g =0.6 cm "L AFEREE N a =50 pm fEA(3)
X8 V2 =—1234.54+2. 09, 2K 3 AT LRI
X DL L TPy #5577 75 07 HAth & B 5 XA £ 7
IS5 BB AR i . THEE T LPo #5514 W 3 5 B 43
A A 4 firs B HAR K T90 pm.,

—<] Real (V?)

3 Vi LPy B P, %0 17 i b
Fig. 3 Upside bounds of the LP,; and LP;; modes in
the V?* plane

0.0

Normalization electric field intensity

1000 =50 0 50 100
Off-axis distance /um

P 4 LD B H HL 3 23 Al

Fig. 4 Distribution of the electric field intensity

e b B A B3 5 AR 2 I g 25 L 0l
ZIEAE VOV LPo AR LPy BEIY 43 8 K380, 3 g
B EROELT R . BT E K BLAE 27 S A
JEIT R AL GO 3 g IR R AR O
B AR S KA.

5 45 1

LT LR U R T %25 I 25 25— 1k
WAV SRR ST A TR R A R Ik
SIF ST RS R A E I R IFB I T
10 % ST 8050 B 5 B R 6 21 . FUBE b B 72
KTF90 pum i T3 578 6 £F o B2 AE 52 B0 7 20 41
By B 25 5 BRI I 3 T B AR SS A 00 Oy 1k R AR
RSP

2 % x #

1 Shang Liang, Song Zhigiang, Mao Qinghe. Experimental-
research on output characteristics of high power Yb*'-doped
double clad fiber laser [ J]. Chinese J. Lasers, 2007, 34(6) ;755
~758
WS RER . B, mRB OO S Ry 5
BAFSEI]). v E Bk, 2007, 34(6):755~758

2 Libo Li, Qihong Lou, Jun Zhou et al.. High power low-order



3 1

FABRE 5. 345 T 5 MITH R T 5 18 KA ARG LT BT AP 9 BT 429

(21

modes operation of a multimode fiber laser [ J]. Chin. Opt.
Lett. , 2007, 5(4).221~222

Daru Chen, Shan Qin. Injection-switchable erbium-doped fiber
laser with two output ports [J]. Chin. Opt. Lett., 2007, 5
(2):96~98

Gong Yandong,Jian Shuisheng. Research on large effective area
fiber [J]. J. Optoelectronics « Laser, 1999, 10(3) :278~281
A FKA. REMMPOCA P E# R Ae T - 3o,
1999, 10(3):278~281

Se Shouxian. The Physical Foundation of Waveguide Optics
[M]. Beijing: The Press of Northern Jiaotong University,
2002. 304~318

AR, FUOLFEW IR LM, Jb ot dbJ7 3858 R AL

2002. 304~318

Ding Meming, Song Lixin. Yu Huaqing et al.. The Foundation
of Optical Waveguides and Fiber Communication [M]. Beijing:
Higher Education Press, 2005. 18~41

T AW RSB R . SRl S 5ot at (M. b
s HE AL . 2005, 18~41

A. E. Siegman. Propagating modes in gain-guided optical fibers
[J1. J. Opt. Soc. Am. A, 2003, 20(8):1617~1628

A. E. Siegman, Ying Chen, Vikas Sudesh e al.. Confined
propagation and near single-mode laser oscillation in a gain-
guided, index antiguided optical fiber [J]. Appl. Phys. Lett. ,
2006, 89.251101-1~251101-3



