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Dispersion Property Measurement of Photonic Crystal Fiber
by Using Spontaneous Four Wave Mixing
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College of Precision Instruments and Optoelectronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract The dispersion property of a 0.6 m-long photonic crystal fiber (PCF) is deduced by characterizing its
phase matching condition of spontaneous four wave mixing (SFWM) through pumping the PCF with a pulse train
having a pulse duration of 1.6 ps. When the central wavelength of the pump is varied from 1037 to 1047 nm with a
step of 1 nm, the spectra of signal and idler photons via SFWM are measured by using tunable filters and single-
photon detectors. Using the step effective index model, and fitting the 11 sets of experimentally obtained data of
SFWM phase matching, the effective core radius and air fraction of the PCF are found to be 0.949 pm and 29.52% ,
respectively. Accordingly, the dispersion property and the SFWM phase matching curve of the PCF in the whole
spectral range are then calculated. Experimental results show that the predicted wavelengths of phase matching agree
with the measured values, and the differences are less than 0.1% .

Key words nonlinear optics; photonic crystal fiber; spontaneous four wave mixing; dispersion measurement;
quantum optics

OCIS codes 190.4370; 190.4380; 060.2270

Vol. 32, No. 1
January, 2012

L5 5

e R AEEr (PCE) AR —Fh B BDOG L. i T
bRy A £ BICRE P B e 1 AR R AR R AR PR
FIF AR M 2 Bt Ol 2 G2 e o %
7 A LDl B AR A i L R T O 2 i DY 9 TR AR
PRI i DRI OE IR A0 o A8 b BT L O Bk b

RS EHA: 2011-06-24; Y EIMEM TR HHER: 2011-08-17

FRTE AL 278 1 B A AL DC e 2 4598 5 PCF iy (3
FRCRR I B R G BRI L o R 3K 0 T (A PCF 1 @
BUE B X e 1 — A E B4R, W WA PCF
— 8 F R B R Al AR AR A A S0 £ R LA TR
23 LGSR A 2 A B s LSS K 1 S B AL FR £
N N W W AN 10 1 S A el S g DR N

EEWH: HEHAREIS11074186) (FH K 973 1151 (2010CBI23101) FIZF #B £ 27 [ [¥ 3 4> (2009D4-0003) ¥ By i,
EEEN: B =983, B LM A . FENFET AT MU . Email: lcui@tju. edu. cn
SIME N BNFA968—) L YT, FENE R TS R FEEMARL e S T AT .

E-mail: xiaoyingli@tju. edu. ecn GA{EEE & )

0119002-1



2 i

XFFHRLE 4 PCE L AT AT RAGE i 9 4% H 458 (SEMD
ARG 2F 25 K 5500 98 )5 R — S 50 s, oy
B TCTL I A B 22 43 A5 T O O D 1 % B
L T AR B S50 rh T Y A G A B (.
B A 52 b B AP, BT PCF R 3 49 1 DL
SEM 7E 1 B . Lb ] 45 5 1 1 1 25, 158 ) B 1
SRz g —E 250",

kT v o IO RS B B SCHRC 10 1R A O i
AT PCF [ % Y TR 45 (SEWMD 3 72 19
4 25 % L BRATFB 4 AR 7 D e U B 5 28 IS FH B R
T BT XoF 33 S8 K0 4l A A7 805 o AT 4 5 1 il PCF
LRI AR o FIAL)ZZS S f WA B0 IF 19 80 1%
W PCF () 8. 1+ B BROG 2R BB %+ /(K
109 ~90 % i) PCF s HLA7 ¢ o5 WG 0 2L i L
JIT A 280 O A ok U5 T X S 6 DN AR 1Y
UG Al 2 5 45 20 U8 e 5 S 0 245 R
FEA B BRI Z T IR AT B A5 1R 2 SFEWM
(R4 25 AR 58 I T LLBI O 3% 20 A ASOWL I 21, e DA 32
i AN SR Al IS T ) 3w bk v S8 EE G L i L
ROLF KR . MR G A e sk iz e N IR
Ty 22 1) e 4 K o i |y T 4G 25 AR /N ) SEWM Y A5
TR T IR ARG A M A BN B BRI KTy
Ty 202 $ 2 3 25 W 1) — IR 42 AR e 1 K v i
W {1 Ty 28 4 3 BUH A28 D6 615 AE G £F A% i s AR PR e
B o AT 52 M) SEW M. AH A3 UG e 14 552 56 0]+ 45

ASAEFE %R 1 mW, KT 1.6 ps 1 ik
IEHLZ KA 0.6 m MRFIN PCE, 24 {55 A1 R S
TR FEZA 1 nm B, PCF H SFWM 3 #F-1 BA
ik o BT 7 A B A5 R PRI G - X 52 BE /N 0. 1 %
i RS SO Y 52 A% 1 il s Ik b R A B
54 MHzEF , R 9 2) 2045 /N T — 90 dBm, i 5k
TEAHTAL — 60 dBm (0 5 R AR . R, AR Sl
B T D 25 R T RTS8 DB S 3 B S XoF ) AT
W I E MR LKL nm KT
1037~1047 nm [ B ] AS 4k NTTTAS 2] T 11 414
PLVCECECHE . SRS TR A B3R 7 LG S g K
133 Fll PCE By £F 842 Fl A )2 25 0L 0 A 2801
FAE LA Bt d PCF Y €0 B A M 42 45 33 7 [l
DAY 114 W0 388 YR A 7 DG T il £ . S 0 45 R B L T T
I HR Y SEW M AH AV DE E % 4 55 SEE 22 T8 1) 1% 25
AR IS o U5 Y T 4 D00 174 e, 30 LA o T A

2 SLEG R P
PCF i) SFWM & — ffi 3 F = [ 45 22 1 28

S T AL Z B BN S SRE. e
T T RN 7 A B AR R R A A L R R
PR R w, 1Y U5 T 58 41l 32 06 1Y 0 738 i v
IR AR S A0 [ B 10 B — X 350 43 2 i T
R ATOEF RS 561 . sl B RE R RSP IE Y,
B
2w, = wi T ws. (D
i . SEWM 3 B2 (19 1547 75 B2 1 2 A A7 D e 2% 14
ECw) + k(w) — 2k(w,) + 29P, = 0, (2)
o k(w,) (G = pains) R AH R K 6 B 0 1% & %
By MCLTALPERE P, Az G EH Y %, &
JG — AR/ s — ot B R g . N2 KXW LR
th  PCF (9 f545 5 0. B @ 5O Bk 7 SFWM
AR AV DE L 155 4
PCF (1) 4% 1% 5 B00] {1 I B BR 37 S5 256 55 204 75
133, TR PCF (9 27 385 47 5 230 U fl — 4 Ak ik
W4T 5 3 oy ne W] AH B Y Sellmeier 22 10 A &
AU A2 T S 0 B A R AL 45 R S 2 B G
By B naging = S+ A — PO Hdn, FORBRAES
S RPTEER, BUE RN 1. BT PCF HA JGRR f
R BIFE AT 00 38 21 40 38 5 5 B S RE SR BAL
IR AL 212 a F SR Ak B BR O 2F 4% i 1) A
I Jy AR 1A Y AL B R D Ry o6 Dk #E PCE
TR R . Z ) BT (1) R (2) 2B AT A
FEAHIE I K Tl SEWM 77 A i bR S R (S 5 5%
UK S i R N ) A A7 DC Bl 2K
H AT D o B BR AT 5 5 S AR R B S UM a
Wi e PCEF o SEWM A PE e 2. w]
DA 3 30— A2 Y P AS [ 4 32 6 D 4 T S R 4 1
5 R PRI AT F 1 PO K A3 B RE I PCF A — 38 43
HE AL DC BC B4 A5, A e S5 a R0 f L R4S 3
F14 57 DG TC 1 2 400 45 3 S 00 i, 0045 45 SR P 3
PSS A RBH . e T PCF A S50 A 5%
B Z 5 s H A IO ot DA B 56 1 A 57 C e ity £k 6k B
ZHE .

3 SH kR ANSS

S B3R Ty ik i T — 4R 0. 6 m Ky PCF
(NL-1050-ZERO-2, Crystal Fibre) fy {2 i , 52 I8 2
BWE 1) R, Sl il — e T38E
PCF 1 CAMIRHOG AR L 4 0 2% O 41 Bk ool
SRR 54. 4 MHz, 2 P30y 500 mW, HoO 3%
B P N 1042 nm, 2f i 4 95 (FWHM) 2 8 nm,
Yt GCVPH Grating.600 line/mm) 194 FH J& 45 il

0119002-2



=
SEA

bis

FT A 2 1Y 38 TR A3 O T dh (O 27 (K

kA PCF 1 4l iz 6 1 v 9K B 5 2B i R
HWP1 DL B R 3% 43 oK 2% PBS 19 4 2 8 15 432 1)
F, PR HWP2 B 1F A2 ¥ il 2 b i A PCF
1) Qi B 5 i) o (5 LV 25 6 2 1 B X 12 . DA TT
LA 43 ) 006 A R Al A i E AN b 0
J5 I TCASIR] o R I 7E AR S0 v [ 2 il S ) i Bk
W& R PCF fyMfh, 1 #E PCE 4 %t o o (5 8
BBt P AR B 7 A M5 5 6 7 IR AIOE T DL &%
Tl 4 1 Ah iz e B F

T 55 MIRAEOE T2 EB -6 T
EF IR S A T T InGaAs i 45 1)
G F- BRI A% (SPDD 50 {5 50k 7, H 3.4 MHz
14 il A5 5 R R T X O B RS 5 1/16 43
A BRI SR 2 Ry 15 %0 o 1 FH T PRISTE G F- 4 0 1) 2

— BT SUE B A I BOE TR #8 (SPD2)
TAET EZ MBI R AR N 50% . H
B MR NGS5 A B TR R G474k 2
LR o A5 5 G PR A Y 38 T8 i A B AT 8 2 7 108 D
i (NBE) (84 FH S % AR 0 8¢ Be 19 516 7 30 33 320 17K 41
AR m st FkEEE. WAEEDY
NBF £ iy 8% Hi 44 i, H FWHM 4351 2 0. 8 A0
0.4 nm, IWRENES (WP ETFHEHRY
J25%(20%)

g FF I PCF i) R T 4n B 1(b) B 7R, A
PRHCR| LR k42 a A3 f 3051290 1 pm A
28%0 o FIFHIX T AN FOME A 5 2 ahs o b i K
Ay 41038 nm I} G EF P AR B AE 5 O 1 F RO
L B (A R AD 23 2 1483 il 798 nm,

@
PCF
laser

signal
photons SPD 1
NBF
PBS P ) -
Y N residual counting
rl-E-'-) A pump system
G PCF
HWP1 HWP2 idler NBF
photons SPD 2

1 (a) 525038 & ; (b) PCF # 1 &
Fig. 1 (a) Experimental setup; (b) cross section photograph of the PCF

SR T I UE A 5 SR 0 o B L B A PCE il
B R 1038 nm, P 3 3 5 DL K ik FE
-5 1 mW 1.6 ps. SEEGIN & R 2850 Yt
UE VR I A2 Bk b ' AR AR e A IR . XL Y 3 B
FWHM #j°4 1 nm, i 28 {5 5 (PR B0 i 38
NBF ) H0#K Ae (Ae) - 74l PCF A i+ SFWM
PR S R B A L AR B IS A
Q)RR ERWE 2 iR, FBATEZ R E AR
LTI ECRIE 15 506 T8GR B T3 aL
R 220, FL R Rt F IR AE S OL BRI g

10 o
@ g 04

= L =

) 3

B’ i (5]
@ 5 § 0.2

%] Q

2 £

2

O 1 1 1 bso

1036 1038 1040 @

Wavelength /nm

K2 iz ik

HA R TAERE 2 W ATk 15 5 S 0 25 1 fik
KNG R WO A T AR 1/16, R AE A 5 TR K
RGN T L 6T BOR W AU N BOE IR
DESH 1/16, SR A% 5250 56 1 19 02 {5 5 )6 R PR A5
TG Hh 0 K TR I 2 01 5 AN 52 g A ] v 2 R
FHOCAF B VL 2 AT DA 22 2 A, = 1038 nm B, AH
BLE) A.=1397 nm LA} 2, =826 nm., @K, SCH
AR E ORI ] PCE i & b £2 B0 2 8097 1
RS R Z AR A 2250 R 2 KT 5%, %W
A T [ Hp B B 2 80T T A s 1) PCF € B0 A

N
" (b) = 20F(0)
[ 3 =
J e 2 .
[ :
- ° g 10 -
2 °
/ 2 /
[} [ ]
./ 1 \A %;0 0 1 ./1 \. 1
1395 1400 n 822 825 828
A /mm Ap/mm

(DF 506 T 1B 5 U8 A 0 R Ar BISE R (O INBIDE T 1T 85 848 PO 3K A G R

Fig. 2 (a) Intensity spectrum of the pump; (b) signal photon counts as a function of the central wavelength of the

NBF A3 (b) idler photon counts as a function of the central wavelength of the NBF A

0119002-3



2 i

JEBAR.

Sy TS R A R PCF A 0,850 4 ] 52 36
Ji S 4 BT 4 38 1) T R FL AT TN A, i fi
FHOE % (0 i 3 4503 7E 1037 ~1047 nm 2 [i] £ £
T ARz h oK (AR 1 om) . 7R
BATOBK T EE IR XS R OG54
(43 1000 £ L i iz O 1 P 38 ) 58 LR K S 4 0l 1R e
1 mW Hl 1.6 ps, BZARM TR0 PCF ) 11 41
SEWM A A7 D e BCHE o o 21 5080 7 A 465 il ol bl
B A, DA BCRH R A9 3 45 06 T K AL R AL SR A
3 LRGSR . RIS o F
2 AR AT AR AR I R X PN TR
AHI ) SEWM AH AL DG L i 28 45 i 20y 11 41
s . B3 i SRk RIS AR LA A R N
(4 a A f 4353128 0,949 pm M 29.52% . X B AME
BP0 PCF Pl i A 8 4 s F i A kb,
TR AN . R BT s P K TR
1000~1075 nm Z [a] B9 4%

—

S

=3

S
T

1350 1

850

Phase matching wavelength /nm

800 [

1000 1020 1040 1060 1080
Pump wavelength /nm
[& 3 SZill SEWM A 37 UG e % 4 (750 FSE 0 8D
DYSEEEgiiE
Fig. 3 Measured SFWM phase matching wavelengths

(hollow and solid points) and the fitting curve

R T UE PR S 25 R 2 EO0 SO R ERR BE L X A
BN AR VE FCph Ze AT T SRR g . E B O
R L DY AE 28 3k M B B 2 R el i — B 60 em
() ARG 2F o O % 9 B R 28 70 nm, 3K FE RIS K
TS O K B . AR T T s e
WK A, 245 1014, 5 nm F1 1070 nm B {5 5 F1 A
WG T B K 25 R AL 3 v A S0 B0 T
e Fe 1 AT S BRI R 5 R Ao D T T 4R )
DU, D SI2 56 285 T LA B & A7 B AR A7, iR 22/
FHRKMEARGH 0. 1%, R T 5 M SEM [ o B %
P SO Lo R T E 3R 5 2 B A S B A
A R

F 1 ARAL DT P i 0 00 5 52 D0 A
Table 1 Predicted and measured values of the phase

matching wavelengths

A, =1014.5 nm
A./nm Ai/nm
1364.0 807.5
1364. 3 807.5

A, =1070 nm
A./nm Ai/nm
1410.5 862.0
1411.6 861.5

Measured

Predicted

4 45 i

R P AT R OB 4 R B TR #8020, 6 m
PCF 1 SEWM i 8 (1) 3 5 3% . % 45 &6 20 46 7 DT fic
W KB 5 AR5 15 FH B IR 6 £ 455 280 X X 26 B 3 0E A7
LA N 2 f5 I PCF R85 242 o M E s R
o f WA SUE I B FF I PCF Mk, 5250
BB PR AR YL 530 1 mW Fl 1.6 ps, {55
R AT 13 S8 208 1 nm [, PCF ot SEWM )
T T 77 A B4 5 R0 DR D' 1 o 14 5 BB /N1 4 ik e
0. 1 X%F 38 i F 615 43 B A0 n] I Bt a0k, S50 2%
R EIR, 5 M PCE # 1 v 42 B 4519 2 800 L
i A 5025 #2505 1 627 G L B 47 D i
SR ELAT T TR R . S b R R D A A N
o 7592 0 0 YR 2T €5 B Oy vA A SEWM 3 35 0% 7 )
ol s st 58 D T R Y L

& F X M

1J. M. Dudley, J. R. Taylor. Ten years of nonlinear optics in
photonic crystal fibre [J]. Nature Photon. . 2009, 3(2): 85~90

2 Wang Qingyue, Hu Minglie, Chai Lu. Progress in nonlinear
optics with photonic crystal fibers[J]. Chinese J. Lasers, 2006,
33(1): 57~66
FIWEH B, 4 B ST RIRG AR AR LM e A B SR i R
[J]. P E#k. 2006, 33(1): 57~66

3 A. Y. H. Chen., G. K. L. Wong, S. G. Murdoch e al..
Widely tunable optical parametric generation in a photonic crystal
fiber [J]. Opt. Lett., 2005, 30(7); 762~764

4 Zhang Jun, Wei Zhiyi, Wang Zhaohua et al.. Supercontinuum
generation in photonic crystal fiber by femtosecond pulses laser
[J]. Acta Optica Sinica » 2003, 23(4); 511~512
ik, BESC, EIRAE S R ADET RAOLL A SR
WL [I]. KM, 2003, 23(4): 511~512

5 Jay Sharping, Jun Chen, Xiaoying Liet al.. Quantum-correlated
twin photons from microstructure fiber[J]. Opt. Express, 2004,
12(14): 3086~3094

6 Cui Liang, Li Xiaoying, Fan Haiyang et al.. Photonic crystal
fiber source of quantum correlated photon pairs in the 1550 nm
telecom band [J]. Chin. Phys. Lett. , 2009, 26(4): 044209

7 A. Cucinotta, S. Selleri, L. Vincettiet al.. Holey fiber analysis
through the finite element method [J]. IEEE Photon. Technol.
Lett. , 2002, 14(11): 1530~1532

8 M. Qiu. Analysis of guided modes in photonic crystal fibers using
the finite-difference time-domain method [ J]. Microwave and
Opt. Technol. Lett., 2001, 30(5) . 327~330

9 Wang Zefeng, Jin Aijjun, Liu Xiaoming. Numerical and

0119002-4



BOEAE . R A A YRR AR O T R AL AT B

experimental investigations on dispersion properties of photonic pair generation in optical fibers[J]. Phys. Rev. Lett., 2009,
crystal fibers[J]. Acta Optica Sinica, 2010, 30(s1): 100216 102(12): 123603
FRRE, WEE XN C TR ET A U P E R BB R S 13 G. P. Agrawal. Nonlinear Fiber Optics (3rd ed.) [ M]. San
SLIWEIEL]]. kS SI, 2010, 30(s1): 100216 Diego: Academic Press, 2001. 7~9, 392~399
10 G. K. Wong, A. Y. Chen, S. Ha et al.. Characterization of 14 A. Yariv, P. Yeh. Photonics: Optical Electronics in Modern
chromatic dispersion in photonic crystal fibers using scalar Communications (6th ed.) [M]. New York: Oxford University
modulation instability [J 1. Opt. Express, 2005, 13 (21): Press, 2007. 802~811
8662~8670 15 Song Youjian, Hu Minglie, Zhang Chi et al.. Stretched-pulse
11 O. Alibart, J. Fulconis, G. K. L. Wong et al.. Photon pair femtosecond photonic crystal fiber laser [J]. Chinese J. Lasers.
generation using four-wave mixing in a microstructured fibre: 2008, 35(6): 830~834
theory versus experiment [J]. New J. Phys. . 2006, 8:67 KA., WA, 5k o S PRI Bk eh ST RSO TR IR G AT AR
12 O. Cohen, J. S. Lundeen, B. J. Smith es al.. Tailored photon- BoOGes[)]. P E R, 2008, 35(6): 830~834

EERE:FLE

0119002-5



