Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

MBS AL B BOR = E R
AR RAE TEM Fawl e EKW Bk

Study of near-infrared dispersion wave generation for microstructured fiber
Chen Qi-Jie Zhou Gui-Yao Shi Fu-Kun LiDuan-Ming Yuan Jin-Hui Xia Chang-Ming Ge Shu
5| 15 & Citation: Acta Physica Sinica, 64, 034215 (2015) DOI: 10.7498/aps.64.034215

1E 25 1%)15 View online:  http://dx.doi.org/10.7498/aps.64.034215
23y 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/13

A RERR B A S &
Articles you may be interested in

B FEL & 1 S 16 SR v 2 TR A7 R AR AT 7
Theoretical investigation of spatial optical solitons in nematic liquid crystals with negative dielectric anisotropy
PP 224%.2014, 63(18): 184207  http://dx.doi.org/10.7498/aps.63.184207

Hirota 75 15 B8 Al S AR s R AT 5
Rogue solution of Hirota equation and its transmision
PP 22 H%.2014, 63(10): 104215  http://dx.doi.org/10.7498/aps.63.104215

AR JRy I I KT~ B H AR T 20 #r
Nonlocal surface dark solitons and their stability analysis
Y 24,2014, 63(2): 024204  http://dx.doi.org/10.7498/aps.63.024204

SRR SRR AR LA A 5T AR T A A5 IO 8 PR
Shape-variant astigmatic elliptical breathers in strongly nonlocal nonlinear medium
PP 22 H%. 2013, 62(14): 144209  http://dx.doi.org/10.7498/aps.62.144209

B N TN O % 75 0 R AR SR I AR 2R I e AR AR R AR Al

Influence of the longitudinal shift of the entrance plane on the propagation properties of beams in strongly
nonlocal nonlinear medium

YH % 4.2013, 62(12): 124205  http://dx.doi.org/10.7498/aps.62.124205


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.034215
http://dx.doi.org/10.7498/aps.64.034215
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I3
http://wulixb.iphy.ac.cn/CN/abstract/abstract60952.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60952.shtml
http://dx.doi.org/10.7498/aps.63.184207
http://wulixb.iphy.ac.cn/CN/abstract/abstract59351.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59351.shtml
http://dx.doi.org/10.7498/aps.63.104215
http://wulixb.iphy.ac.cn/CN/abstract/abstract57629.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57629.shtml
http://dx.doi.org/10.7498/aps.63.024204
http://wulixb.iphy.ac.cn/CN/abstract/abstract54505.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54505.shtml
http://dx.doi.org/10.7498/aps.62.144209
http://wulixb.iphy.ac.cn/CN/abstract/abstract54201.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54201.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54201.shtml
http://dx.doi.org/10.7498/aps.62.124205

38 % 4R Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034215

MR ATI LTS BUR =4 5T

PREA AR

HEM FwmBA e EKH BK

(HERIITERS:, T RA M T IR B SR HL A SLI =, )M 510006)

(20144 8 A 18 HU&F; 2014 4 9 A 18 HI R & tH )

KA BR i xS0 = A A AR e MR EE DG £ HEAT BB 3 HT, RITZOCET BA RAF AR e AN (st
PR AR DL RCRF . D SEBUR S MG 2T HE R 26 2T, AR SRS R AT 0 T 1032 nm DG ET WAV
JeAE NS YR, FRAF T 753789 nm WL LLAMA L. S b A IR P L RN Y B B IS Th AR
AR e R M AR, FE HAEA FDCEC LI, B RS AN R, Ikt Joe 56 Bt th 27 WY B AR 1. &
WA RS HAR T B XL LIPS LT AR 2R MR I AR ST L R A RIF IR AR R, BT B
PSR AR LA e B AUSAR AR BT LA G AT T 2.

KRR PAESMDLET, ol ARtk Jersh
PACS: 42.65.Tg, 42.81.Dp, 42.81.-1

H A2 T 45 4 6 £ B 7 @ AR O 2T (pho-
tonic crystal fiber, PCF) [12] [{JR £ M 6 241 Fe 4
il R FL A A o A B o3 ) R A K e AR SR TN
TTEIR R D% B4 PCF B4 1 R 3% 12 1 1 il
HHE G MR PR AE 2 1 g i) 2% W U B s D TR
f16y B R P 7O 9 T A 160 R e i ipd 70 7 o
e R, W] DA iz D) R AT R e e B H bR A
(X8 B A 3 2 T DL B 1) 4 RS
5, R TR 2T Z b (sl 0 2L, 723 2
FAAE UG BE 2% R B = 25 1 1910 H {36 F PCF [
B R CEH TR A RE. Liu Al
Laegsgaard 51 T2 02013 5] 17 0] WX I ©Rb
Bk L BNH SRR E A B BOE R #hiE PCF
A2 X AR AT L B 4 A 12 Yuan 25
A A S ) PCF AR 9 28 3 45045 31 K nJ
TR R AR L AN P SR, PR AR LF R
POt s s BA — N FOEUSH PCF, g4

DOI: 10.7498/aps.64.034215

R T LA IR B ST AR /b

AN ¥R A R G B Y o TR AR
U L B R At ey = 4R E] R > T A MAE
B ARG B AR R (nonlinear light mi-
croscopy, NLM), GL4% £ 5t 7 %0t (MPF) Al — Ik
W (SHG) A UG B AR U617 4y NLM 1) i
HHEIR DO BB R A WP OB B R A &
R B W Y B T L O L A VL AR R A A
YieE i e 10.7—1.3 pm IR, SR S8 5 %
FRIHHIE )78 A TS R G AR 1] 1 AEARSR A=)
Byy bR U7 AR SR 0 K 1032 nm
FIOGET REPEOE A 1E BRI, L5 % H Hil i F 0
BB 1013 nm KIS KOG EF AR P e e, 7
A OB AR I 2L AIOGUR, A Hh AR B 5 (3 55 22
.

2 FEip A

IR AR IR 17 B b i AR S DL PR S 1 e, B
LR C O LA 55 I A T PR T A 02 AR

* B 5 g AT LR BRI (HES: 2010CB327604) E X B AR5 4 (HHES: 61377100) FlA R i K2 2 AL IR A RHE 2

B (LS 13GDKBO1) % BhRM.
T BfE/EE. E-mail: zguiyao@163.com
© 2015 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

034215-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.034215
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034215

JEAF R B e, O KT A BL N AR AL LS Ty
FEgksg 17
o ey =228 )
m>2
Hrbwer Mwp 78 AR Tt BB A Al ik i)
HUOIER. B, AL BAERE AR AL ) m B 5.
v A Pp W53 45 T ARG SR EOR kg T 2.
ASLIGAE T RAT S8 = W vE R ) PCF,
BINKZ 120 cm. MH AL E LD, = 4.65 pm,
P AL B LAt d = 4.6 pm, fLIATER
A =518 pm. JEZAEAH AL VLD 5% A4 Bl iz AR
PR £ (Tl 1), e rbeihiaz Jok o i)~ 2 )y
9300 mW.

800 [

A(1032, 758)

750 F 1
700 |

650 [ |
1

PERC A Aor/nm

1
600 [ !
1

1
550 F !

1000 1100 1200 1300 1400 1500
K Ap/nm

BI1 ARSI AH AL DT E 55 11 B il 32 38 A8 A R L0 il 2
(KT R % T 5 253 I 82 758 nm 1 1032 nm)

M1 AT O ) O YK B A s
ARG KT E WD, I HAE 1032 nm Ak ek
HLG R AE 758 nm BT, S5 T ) S5 45 R 5 AL
2R3

A MR ey g A w LTSRS A R
RABERE AR B2 /B350 TORaaE R
B AR Ao FHAEZME R Ky Bl AL S K AR AL
AP HEE T et 28, B3 46 B DA S5 PCF 1Y
BImAi K. Hrp

+oo +oo 2
[/ / |E(:1:,y)|2 dxdy
Aeff = 73_000 73_000 ) (2)
/ / |E (x,y)|4 dxdy
v = 21ng /A Aett, 3)
D = — (2me)/ (32)0*8 (@) 0w, e

E AR W% 50 A0, no NTEHE AR 20 E R4, HUHE
2.2 x 10720 m?2 /W, B (w) NEAES 5. BErLs

K oA (A AR T AR B B R e T R A T E
AL RE. M his kb TAETE AT IR i X I8
11 1013 nm FEHE I, 0] DL AR o] WL B BT 21
Hb 2 8] R B .

12.5 0.05
o ok J0.04 !
5 12.0 =
= 7
< 115k 0.03 <
Ee( '
Z 110 10.02
& =
& o
o
10.5F 3 0.01
0.4 0.8 1.2 1.6
PR A /um

2 PCF WA BARIAR Acge MAFLETE R E

6 D/psnm—tkm !
|
o
1=
IS5

—800 V
—1000 1013 nm
1 1 1 1 1 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6
WK A /um

3 (MTIR) PCF ML TE (Al D Bt
WA BIAR A it 28 (U8 L R o & O K 1013 nm,
PRI o S R i B POF B 45 44 14)

3 ERE5ERAN

S A B 0 B 4 B, IS koeh o2 0 K
1032 nm, k% 140 fs, B E A% 50 MHz [F) 85O0
L RADEOLES. BT 20 1535 B B AR SR AR A it
NAELENE PCF, #56 20R vk 55%. 18 B0
A G b2 8] ) A B8 AR B AR AR . ot Bk
M PIE L B — B HEN CCD, 8 W 52 4
B, 75— o i3k N6 4 B4 (Maya 2000PRO
A NIRQUEST256) i#F 47 Wl 12, 6 1A 1 0 = ¥
435174 2001100 nm, 900—2500 nm.

FH A0 9 K 1032 nm A KRD Bk v ik 2 120
em K [ PCF, S8 #E N 647 1-F 35 2h %, M 150
mW 0 £ 450 mW, 13 21| B Th 2 A4k (1 4 H 3 a0
Kl 5 Bs.

034215-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034215

GO oD
)
2015 RS POF
\46—:»— e
RS Ik

e

K4 SEa s RSk B I

3.0F — 150 mW

@ — 250 mW
2 25F — 350 mW
= — 450 mW
= 20}
-
[==)
J15F
=
s1 1.0
=
€ o5¢

0 1 1 1

600 800 1000 1200 1400

P A /nm
5 (MFIRE) FOBK N 1032 nm {1 CE Bz
120 cm ¥ PCF £ 600—1500 nm 2 [ (¥4 H AR 4k, 3
BRI M 150 mW BN E] 450 mW

BT PCF i) % 80k K £ 1013 nm, G4 T
PEAE IR E B IX, 78 B AR AL P HAE R T TR 2k BY
7 12, MhiE ThR AE 150450 mW ARk I, ik
A iz 2 U RN O 3 [F) 4R F G KT B RS
PG, ASZE R AT I 1178 nm Z0% 5] 1237 nm.
Horpfihiz oh 8 0 £ 250 mW B H B8 2 K 1100
nm MRS E NS R, BTMEAST
AR N N R R A 5 A 7| G R
BRI 2 18] (R ST AR DT E 19100 AT 72 BE A% e B Ik T
789 nm, 771 nm, 765 nm F 753 nm ML LA
U H Ho4hiz e & A1 AT e ) B8 O e .
Bl 6 2 T B RO ) HR e Y K AN A i B A s T
MR AY. iz Th 2 3G ORI, Aok oo Co R K AT R
%, e WA 46 nm N3] 52 nm.

S E KRR E N OEK N
753789 nm ) 8 E i 111781237 nm K F
Jok 35 A A AR P R T ATE T 0.7—1.3 pm A %
5 I, AEAR YR T S AT . A AE NLM (1) 30 2141
VR, T Bk TR VR A NLM (6 3h v o % =5 2 1 IR
FZ—, M T IEF A HUX I E 0 /£ PCF
FE A R 2 20 I3 7 B kv e B, R I 3k A T
G LT K BE e AE T B 6 B0 S 2D Tk v P8 5 A i

EHUFE. X TR A T2 U8 7E A Y
Fott A0 1 B AT 75 ZEE A AR 2 PCF, R
E AT 3 ke 140 R LR 98 A R ) e 8K

820 152

800 f 150
O

780 aa]
12

48 4o

760 1 \

— 146

HOE K A\cr/nm

740 L
100 200

300 200 500
HMNR P, /mW
6 (ML) REHNEIhE N st OoE & A\cr
M Ber

12 — 150 mW
2 — 250 mW
E10r  — 350 mW
e} — 450 mW
o
s 8r
>
= 6t
N
o4
=
g,
0 1 1
600 800 1000 1200 1400

W A /nm
7 (MTFEMA) OB 1032 nm # CFP K2
50 cm K PCF 7£ 600—1500 nm 2 [ {4 i HH 4% 45 1k (3
BRI IHFM 150 mW 02 450 mW)

B 74 7 Rk KEL = 50 cm 1
PCF fEANF] D21 (0 f . 25z Th 3 4E 150
mW I, AR BE & ™4k, Horpai 820
nm. BEE D)F 4RGN F] 450 mW, R 00
K5 B8 789 nm, 777 nm, 768 nm. LK
120 cm I (D0 6), AH XTI 3 8 508 Hh 0 3K 20 5l
N789 nm, 771 nm, 765 nm A 753 nm. A T ibEXf
EEEE B, B8 2t 1 AR B A — 1 i i
A LA B s Th 3 USROG B RGBT
B2 i Re B B OHOK, JF B B W Ign, X
Fe T HH T TRE P 107 Pk e 6 A i oo 5 v 1) 208 25
W IF HEOBHK AR R 50 cm AL B AT IE F
TRI R, G s & 38 1%, DALtk SR 82
F NLM Al & BN T 50 cm () PCF, 76 H Al A4k

034215-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 3 (2015) 034215

¥ N FH AT SRR ST VR DL T BV PCF H i3
K.

1.0
(a) —— 150 mW
08l — 250 mW
—— 350 mW
— 450 mW
0.6 |
;,ﬁ
=
m 0.4
0.2 |
0 . . .
700 800 900 1000 1100
K A/nm
1.0
(b)
—— 150 mW
0.8 — 250 mW
—— 350 mW
o o06| — 450 mW
ELi{h
=
o 0.4t
0.2
0

700 800 900 1000 1100
K A/nm

K8 (MTIRE) (a) L =50 cm; (b) L =120 cm KJE
FRIELFAEA [z e i UH — 46
TP ARSI AR — MR T ik 9 2 U {E T

DR BLEOBEF AR S S AL, SR IE R R
{1 RT AE T s B LT ARG B T R
TG KA BOL S iz PCF 45 2R € 3 K AL 2041
G, N T IR AR, AR A LT 2
ORI T2, DAROG RS & 1.

4 % @

FI 0% K 9 1032 nm, ik 58 A 140 fs #9 K
PPk e ia S50 = H Hl s G ET, /15 TR
Ak B B 76 150 mW 3 450 mW 38 Bl N 2k
A TR, T Rk R 2 sk 1 v 3 K2 i AE
11781237 nm A1 753—789 nm 6 H 5, L5
S M4 B2 3@ R R LK 50 em
120 cm B R MESLES, 15 2 7 ik KA F%
B2 27K B 3G I S 0 R, R T A EDRAF

PR Ik Jo T8 RS AR AL AR . SRS TR AR 1
IELLAM B AL T A BT 2 1, R AR
T R SR AR A T R AT S BOR B 2041
JEURNL AT AR A 5

S0k

[1] Russell P ST J 2003 Science 299 5605

[2] Knight J C 2003 Nature 424 01940

[3] Yuan J H, Sang X Z, Wu Q, Yu C X, Farrell G 2013
Laser Phys. Lett. 10 045405

[4] Yuan J H, Sang X Z, Wu Q, Yu C X, Shen X W, Wang
K R, Yan B B, Han Y, Zhou G Y, Semenova Y, Farrell
G, Hou L T 2013 Opt. Commun. 291 317

[5] Shen X W, Yu C X, Sang X Z, Yuan J H, Han Y, Xia C
M, Hou LL T, Rao L, Xia M, Yin X L 2012 Acta Phys.
Sin. 61 044203 (in Chinese) [HFfh, KREF, FHH:, 5
SR, EBEL, B, R, R, IR, FEW 2012 WR
23R 61 044203)

[6] Liu X X, Wang S T, Zhao X T, Chen S, Zhou G Y, Wu
X J,Li S G, Hou L T 2014 Spectrosc. Spectral Analy. 34
1460 (in Chinese) [XIBEE, £ 1%, ¥, BRK, FHEHRE,
REE, FE, B 2014 JeiE 55604 34 1460]

[7] Pureur V, Dudley J M 2011 Opt. Commun. 284 1661

[8] Wang W B, Yang H, Tang P H, Han F 2013 Acta Phys.
Sin. 62 184202 (in Chinese) [LEM, ¥k, BT, #55
2013 WHEAR 62 184202]

[9] Zhao X T, Zheng Y, LiuZ L, Li S G, Hou L T 2012 Acta
Phys. Sin. 61 194210 (in Chinese) [, ¥ X, XIHAH,
XIJR1E, ZEBESE, TR 2012 B 2ER 61 194210)

[10] Shen X W, Yuan J H, Sang X Z, Yu C X, Rao L, Xia
M, Han Y, Xia C M, Hou L T 2012 Chin. Phys. B 21
114102

[11] Liu X M, Leegsgaard J, Mgller U, Tu H H, Boppart S A,
Turchinovich D 2012 Opt. Lett. 37 2769

[12] Zhao X T, Zheng Y, Han Y, Zhou G Y, Hou Z Y, Shen
J P, Wang C, Hou L T 2013 Acta Phys. Sin. 62 064215
(in Chinese) (B3¢9, %5, 51, JiLEEHR, (el =, VLART,
FA, B H 2013 YR 62 064215)

[13] Horton N G, Wang K, Kobat D, Clark C G, Wise F W,
Schaffer C B, Xu C 2013 Nat. Photonics 7 205

[14] Wang M, Li C Y, Sun Y F, Li M, Zhai X M, Wu D M
2013 Acta. Opt. Sin. 33 0617003 (in Chinese) [, 2=
FR, IhEK, B, BB, RARIK 2013 J6i R 33
0617003]

[15] ChenY P, Li C B, Wang X L, Chu Q W, Long Z D 2014
J. Optoelectronics * Laser 25 1023 (in Chinese) [,
ZAlMy, EIRES, M, JBARH 2014 JLHLT 25 1023

[16] Chen C B, Zhao M 2012 Organ Tran. 3 283 (in Chinese)
[t E, B 2012 #4EfH 3 283

[17] Chan M C, Lien C H, Lu J Y, Lyu B H 2014 Opt. Ex-
press 22 9498

(18] Tsai M T, Chan M C 2014 Opt. Lett. 39 865

034215-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://www.ncbi.nlm.nih.gov/pubmed/12917699
http://dx.doi.org/10.1088/1612-2011/10/4/045405
http://dx.doi.org/10.1088/1612-2011/10/4/045405
http://dx.doi.org/10.1016/j.optcom.2012.10.084
http://wulixb.iphy.ac.cn/CN/abstract/abstract45419.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract45419.shtml
http://dx.doi.org/10.1016/j.optcom.2010.11.037
http://wulixb.iphy.ac.cn/CN/abstract/abstract55525.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract55525.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract50085.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract50085.shtml
http://118.145.16.217/magsci/article/article?id=17374093
http://118.145.16.217/magsci/article/article?id=17374093
http://dx.doi.org/10.1364/OL.37.002769
http://wulixb.iphy.ac.cn/CN/abstract/abstract52719.shtml
http://dx.doi.org/10.1038/nphoton.2012.336
http://dx.doi.org/10.1364/OE.22.009498
http://dx.doi.org/10.1364/OE.22.009498
http://dx.doi.org/10.1364/OL.39.000865

32 % R Acta Phys. Sin. Vol. 64, No. 3 (2015) 034215

Study of near-infrared dispersion wave generation for
microstructured fiber”

Chen Qi-Jie Zhou Gui-Yao' Shi Fu-Kun Li Duan-Ming Yuan Jin-Hui
Xia Chang-Ming Ge Shu

(South China Normal University, GuangDong Laboratory of Nanophotonic Functional Materials and Devices, Guangzhou
510006, China)

( Received 18 August 2014; revised manuscript received 18 September 2014 )

Abstract

Properties of nonlinear microstructured fiber fabricated in our laboratory are theoretically analyzed using the finite
element method. This fiber has a high nonlinearity and phase matching for the dispersion wave generation. To achieve
all-fiber nonlinearity in microstructured fiber, the dependence of dispersion wave on the pump power is investigated.
When changing the pump power at 1032 nm with a femtosecond fiber laser, the near-infrared dispersion waves cover
a region from 753 to 789 nm. The central wavelength and bandwidths alter obviously, and the fiber length has a
remarkable impact on pulse broadening and frequency spectrum. Results coincide with the analyses. These results
could be a reference for all-fiber nonlinearity of microstructured fiber, and lay a foundation for biological and medical

applications, especially some researches on the near-infrared source for nonlinear light microscopy.

Keywords: microstructure fiber, dispersion wave, nonlinearity, near-infrared
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