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Design of Dispersion Flattened and Dispersion Decreasing Fiber in
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Abstract: A photonic crystal fiber with As, S, glass core and tellurite glass micro-cladding was designed.
This design is a perfect conbination of both traditional step index fiber and photonic crystal fiber and own
the characteristics of high dispersion adjustment flexibility and low confinement lose. Simulation results
show that, by carefully optimizing the characteristic structure parameters such as the fiber cladding air
holes diameter , air hole pitches and fiber core diameter of this fiber, and while letting the parameters
above meet linear relationship with fiber length, the dispersion profile of this fiber will be flattened and
decreasing with fiber length in mid-infrared region of 2~4.5 pm. In addition, we optimized the dispersion
of this fiber by filling the air holes of micro-cladding with oil which linear index is around 1. 6. Fiber with
such novel dispersion property is rare and will be of great importance in applications of laser pulse
compression and stretching, dispersive wave generation, soliton and mid-infrared super-continuum
generation.
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glass; Photonic crystal fiber
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Fig. 3 The schematic plot of pulse transmission in the

designed fiber

2 tAEHEEEST

MLF R PR OGF AR B RO R Z — TR
2L A1 S 7 AR R, BERAS e A Y rh 4L A
% S T TR SROG AT I B O KA T
K, 5 H BT B A0 OG0 K DR S H. 6 ot
2 e 5 SN A=W S el BB 2 i o s el 1 DAY
I S6 b 250N H A I3 A1 R AT 380 R RG Wt 1 7

AR As, S, J& H AT 00 R B HoAEAZ 1Y
PFGE PR PR A AR S FE AT A Lk I S 3 Hoi At
FF VR U 1 B B 20 53 2 — AEUFN A 20 43 B R B RS 2R AL
Horp 2L A BORE RO B R AN B 4, % A 1 K (Zero
Dispersion Wavelength, ZDW)4b7E ~4. 9 pm M1,
I RIT HE 50 A SOE A DR D B K R 20 A 122 pm
VAR iz 4 8k 19 52 Br b 21 Ak 3 42 4 R A ok B R
PRk

30

2425 [,

ZDW=4.904um
24204 " .....................

........ 0

24151 e 1730 _ij
_ 2410} gy {-60 Tg
2.405 . 2
90 &
2,400 Q
2.395 1
2.390 gl
2 3 4 5 6
AMum

B 4 As, Sy 303 B A BT ST RO R #
Fig.4 The refractive index and the calculated material
dispersion profile of As,S; glass

2.1 RABHIEITEMAEK
B WA~ 8 Bl B BB W B G 25 Pl 1 ik
MEFAEAR LML G 5 Ul A & AW E R AN (E L H
ELA X RR IR 0 0 M 9 6 £F £ 1R e LA 4. [ R
B O AR A R O Y, A A B R Y
T OHOR SE BB A ROE & L 2 AR L EfR S
LT S5 A G o PR 1t B SR O £ 245 4 Bl 1) A8 4k, X TG I8
X T OCEF BT I 2 il A A0 AR HE 55 B0, 4 1) 2 X T B Bk
YT G EF , FL A5 40 I8 5 A B AIS , i LA S B X 68 150 AR
PAH A R 1 B — b R T R O T 1R AE i 3 5
AR /I B B o] 5 R B8 R, ™ R M T O A A R 2k 4
MR . ZE T DL BRI AR SCE R A As, Sy MOBHME A
L0 R R AR B I N A A2 AT I G — S5 R
af S BRT EEUR R OGRS Y.

e RO 1 58 R A R IT L RAOL A A %L
PR LT[ Re(ng) ], L B OB A ES A LI 5

KRN D<A>:—§<%,ﬁqnfﬂzﬁ A
BN . AR BT G B S B 5 2 45 4 i
A0 5 6 B TR O A 45 A W L k£
AR D, = 0. 98A, . i 1L J52 25 L 74 5 7L 1] B 4
W e d, /A =0.233.d,, /A, = 0. 4670 (HH D, ,d,,

10
s [(ISERERERREEREEY - .. VR
E -10+ o
o o A=240um &
£ 20 o /A=2.45um
2 30k e /(=2.50pum
=1 = /=2.55pm
2 H40r o A=2.60um
5 A /[=2.65pm
g Sor d,/4=0233
Q2 60 d,/4=0.350

D=0.984
770 1 1 1 L
2.0 25 3.0 35 4.0 45
Wavelength/um
(a) The optimized dispersion profile

g
=
<

0 4 8 12 16 20
Propagation length/mm

(b) The contour map of dispersion distribution
(the solid line is the distribution of ZDW)

Hs @EZRASEME LT EHL A

Fig. 5 Dispersion distribution of the microstructured fiber

0919002~ 4



B e . 45 . h 2050 @ O 3 B BOG 27 B i

do A, 53 5 R 7R 6 2F A8 AN 6] A0 5 B 6 N Y 45 ke 2
), A A B e ny o A i 5Ca) . fE2~4.5 pm
0 B A T A 1 2k 5 OF- 3 G LA P R T IR 4y
i A= 2.65 pm X N % 1A 6 B & K, W E AT
~3.2 pmib , EEHEAHL~8.0 ps » nm '« km ', A
FAES 0 4 A F 2. 65 pm M 3. 75 pm b, B G
ZF 5540 728 A A A T 0 1 L R RS T R K Ak
T8 B LT A B 285 4 A8 Ak S A (B A L s /). 7
A 2.50 pm Ab £ 5 2R 0 (E 3T T R /N E LY
ARk F 58 A BLIK 5 A<<2. 50 pom X IO € b 28 2 4k 7
EIEFEEBIX. EHUT R NN, A £2.40 pm
USRS N (=B a0 N < K (NP DI i (RS |
—4.0 psenm '« km™ ',

MRIECEF 454 5 HE XA B 22 0] 1 ¢ &, 15 21 {6 1
B 4 8 78 Al R AN [] I8 A €5 18040 A AR 5 () BT s
2 F 7R AN [ i DX BE X 0 Y £F 28 A IS A B A, T
HRTE K B A AR SR T A=3. 1 pm 525
iR
2.2 BREERAEREARRAXABEY

DL 2SRRI, 5 K (<030 1 pum) Ab (Bl 28
HHHA B (301 pm) A (Y (B 28 R R /N L 5
W T R AR R T R A R B TS B AF
R HE— 20 DR Ak o S0 20 AR I8 19 o't 2F 25 A0 AR E P A
IR S A= I N KT TR P S AV i W
I A 2 3T S 3R AR A R S B £F (6 H00E I e A Bk ik
A —ARGERR. B ER SR F eyl B A R
WAIRTCBE oy T 52 B HL ) PR BB R . 3l 3 K A A
SO J P AR TGS A SO 45 UYL B O E A T A R
~1. 6 WhAE R B 5E A BT, BRI AR S5 R I E 6. 51
b2 B A LA A 2~4. 5 pom K5 PR ARG 0 it 2
A X R e B, LS TR) A X ) 2 (L I A /)
i 5Ca) 5 E 6Ca) Wi Bl A i EE 2 X i (o il b gL AR
25 5y B AN TR 25 0 % 17 A 8, 0t 2 R A 34 A s B
R, A=2.40 pm &b X5 I 68 B 4R R R 6 BO(E AR
E —5psenm ' +km ',A=2.50 pm &b Xt B & K

10
B ey .~ R
E 10}
= o A=2.40um
E 20 e A=245um
é -30 } — /1=250pm
= o A=2.55um
2 40 *  A=2.60um
8 50k —4A— 4=2.65pum
2 d,/1=0.233

-60 d,/1=0.350

D=0.981
,70 1 1 ] 1
2.0 25 3.0 35 4.0 45

Wavelength/um
(a) The further optimized dispersion profile

45 -80
l -70
4.
0 - 60
_ 35 -50
-40
=
= =
3.0 -30
-20
2l -10
S — — - 0
2.0 e N M IR pe s s s I
0 4 8 12 16 20 10

Propagation length/mm

(b) The contour map of dispersion distribution
(the solid line is the distribution of ZDW)

K6 aEzAImETEMNTE LA
Fig. 6 Dispersion distribution of microstructured fiber

with oil filled micro-cladding

BOEMFE R 0 ps » nm '« km "7 B A (O 2k 8
T 301 pm PR AL B XSRS A1 . Ho A CELT 2450 45
Vi) o A2 A 2 B 2 1) 110 €2 (A 3 ) 22 45 1) B A2 b
KRR B O s R . A 5(b) 51 6(b)
O £ (T Al ) o3 A L BOR T LAk S 6 i 0%
BIPRS00 A A i R R L T S
A TE W G TR T 2D A E R L T S T Y
7 AR Ty AT AR W A v A .

3 &g

TEAL G 7 A AL 21 B S il L Beit 7 —FhREAE b
ZLAh 2~4.5 pm 52 LA BT $H W 080K 1R 1) AR L BR0BE
RS INCRE R AP A L AR AR (I B SN DRV
TR B (O Y S R R 406 3 Y FR A e
i i AL AT R B Ot S R E R Z A S HAR DL
JRAERALRGE d Be a3 TalBE A A 52 W 2R, 25 4% AL a] BE
ABEYG AT K B ARk e e &L R L d /A =
0.233, d,/A=0.350, D=0.98A B}, {4 W & % 1&
2~4.5 pmth ZL AN BE 5 T L ) 4ok o3 A EL 6 it
LR IR BT R R B 0 (0 O SH 0RO 4T 1Y SR A AR
fIE L AEAS A T i 2 S AR R P R 22 o L AR A 4 S8 5
SURG BRANIUEA B iR LR RS-0 R/ =R
BE— A 5 A B+ o e 3 P T S R D I I A (T R
1.6 B D U200 T RO R PR R A
BT A8 T 52 B B Ol £ €6 O 2 0 B A 3
P B R AZ I AR B SE TR ~3. 1 pm
21 Il L0 FR P B L 3ROSR S5 . SR 2
HiT 412 T8 (9 G EF 245 K A L% 2F 45 0 5 oL R 5
S = N T K 4

T BT BT A A A O £F fL IR, AR R JZ AL
NP B ROK 8 . BOGEF (0 BUN 25 250 2 5 i 28 4L
Wi 17 U 5 R & S 52 o D1 2T ) i ) 9 A R 4% ) Al O Y

0919002-5



P/ R S 4

FOR A 5 208 BE— 0 SRR IZOL £ B9 W % S 3% w5
(NI AR OE (2 36 5 g T

e
[1] DAI Shi-xun, YU Xin-yan, ZHANG Wei, et al. Research

[2]

[3]

(4]

[5]

[6]

(7]

[8]

(9]

progress of Chalcogenide glass photonic crystal fibers [ ]].
Laser & Optoelectronics Progress, 2011, 48(9): 1-10.
SR AT, TRBE, L R BEROE T AIROCE T R
(1. #ob5 e FaEu g, 2011, 48(9): 1-10.

ARAI T, KIKUCHI M, SAITO M, etal. Power transmission
capacity of As-S glass fiber on CO laser delivery[J]. Journal
of Applied Physics, 1988, 63(9); 4359-4364.

HOUIZOT P, BOUSSARD-PLuDEL C, FABER A, et al.
Infrared single mode chalcogenide glass fiber for space[]].
Optics Express, 2007, 15(19) . 12529-12538.
CHARPENTIER F, NAZABAL V, TROLES ],
Infrared optical sensor for CO2 detection[ C]. SPIE, 2009,
7356 2838-2847.

SANGHERA J S, BRANDON S L, AGGARWAL I D.
Chalcogenide glass-fiber-based mid-IR sources and applications
[J]. Selected Topics in Quantum Electronics, 2009, 15(1);
114-119.

BORA U, MAKSIM S. Chalcogenide microporous fibers for
linear and nonlinear applications in the mid-infrared[J]. Optics
Express, 2010, 18(8): 8647-8659.

DAI Neng-li, LI Yang-peng, JING Gang, et al. Development
of dispersion flattened photonic crystal fibers[J]. Laser &
Optoelectronics Progress, 2011, 48(1) . 1-8

HREAR), 2V, WA, AR CECE IO AR RO 2R G B T i
J& (1], #otSth T2£uE R, 2011,48(1): 1-8..

YAN X, CHAUDHARI C, QIN G, et. al. Ultraflat

supercontinuum generation in an As2S3based chalcogenide core

et al.

microstructured fiber[ C]. International Society for Optics and

Photonics. Moscone: SPIE service center, 2010; 75981M-
75981 M-75988.

DIANOV E M, MAMYSHEV P V, PROKHOROV A M, et
al. Generation of a train of fundamental solitons at a high
repetition rate in optical fibers[J]. Optics Letters, 1989, 14

(18): 1008-1010.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

MORIOKA T, KAWANISHI S, MORI K, et al.

penalty-free, less than 4 ps supercontinuum Gbit/s pulse

Nearly

generation over 1535-1560 nm[ J]. Electronics Letters ., 1994,
30(10): 790-791.
MORI K, TAKARA H, KAWANISHI S, Flatly

broadened supercontinuum spectrum generated in a dispersion

et al.

decreasing  fibre with convex dispersion profile[J].
Electronics Letters, 1997, 33(21) . 1806-1808.
TOSHIHIKO H, MASATAKA N. Parabolic pulse

generation by use of a dispersion-decreasing fiber with normal
grouplJ]. Optics Letters , 2004, 29(5): 498-500.
CHRISTOPHE F, BENO B, GUY M, et al. Parabolic pulse
generation with active or passive dispersion decreasing optical
fibers[J]. Optics Express, 2007, 15(24): 15824-15835 .
PAKARZADEH H. Parametric amplification in

photonic crystal fibers with longitudinally decreasing zero-

tapered

dispersion wavelength[[J]. Optik-International Journal for
Light and Electron Optics, 2015, 126(24) . 5509-5512.

XU Yong-zhao, YE Hai, LI Hong-tao, et al.
optimum supercontinuum spectrum generation in a dispersion
decreasing fiber[ J] . Optoelectronics Letters, 2015, 11(3);
217-221.

YANG Pei-long, ZHANG Pei-qing, DAI Shi-xun, et al.

Tapered chalcogenide-tellurite hybrid microstructured fiber

Design of

for mid-infrared supercontinuum generation[ J]. Jowrnal of
Modern Optics, 2015, 62(9) . 1-9.
CHAUDHARI C, LIAO M, SUZUKI T, etal. Chalcogenide

core tellurite cladding composite microstructured fiber for

nonlinear  applications[]]. Journal  of  Lightwave
Technology, 2012, 30(13): 2069-2076.
KAWASHIMA H, KOHOUTEK T, YAN X, er al.

Chalcogenide/tellurite hybrid microstructured optical fiber
with high nonlinearity and flattened dispersion[J]. Physica
Status Solidic, 2012, 9(9): 2621-2624.

GUNDU K M, KOLESIK M, MOLONEY J V, etal. Ultra-
flattened-dispersion selectively liquid-filled photonic crystal
fibers[J]. Optics Express, 2006, 14(15); 6870-6878.

Foundation item: The National Natural Science Foundation of China(No. 61435009)

0919002- 6



