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Dispersion and Loss Control of High Birefringence Photonic
Crystal Fiber with CdSe/ZnS Quantum Dots Film

GENG Yan,WANG He-lin, CHEN Zhong-shi
(Department o f Applied Physics,College of Science ,Zhejiang University of Technology, Hangzhou 310023 ,China)

Abstract; With finite element method, a hexagon High Birefringence Photonic Crystal Fiber ( HB-PCF)
with two zero-dispersion dots and CdSe/ZnS quantum dots film was designed. The dispersion and loss
characteristics of the designed HB-PCFs with the different thickness of CdSe/ZnS quantum dots films
were analyzed. The results show that HB-PCFs with CdSe/ZnS quantum dots films exist the fundamental
modes along the x- and y-axes of fibers. As pump wavelength increases, the birefringence of HB-PCFs
with the same thickness of CdSe/ZnS quantum dots films increases gradually. And their dispersions
increase first and then decrease along the x- and y-axes of fiber. The losses of HB-PCFs are close to zero
in the visible region while they increase gradually in the infrared region. For the different thickness of
CdSe/ZnS quantum dots films, the birefringence of HB-PCFs decreases gradually with the increase of
quantum dot film thickness for the same pump wavelength. Their dispersions decrease gradually along the
x- and y-axes of fiber,and their two zero-dispersion dots are close to each other,and their losses increase
gradually. These research results indicate that the dispersions and losses of the HB-PCFs can be
controlled effectively in experiment by depositing the different thickness of CdSe/ZnS quantum dots films
and choosing a suitable pump wavelength.

Key words: Photonic crystal fiber; CdSe/ZnS quantum dots; Film; Birefringence; Dispersion; Loss;
Control

EEWE WL H A AR 4 (No. LY12F05006) FI#F T4 # 7 /T # 4 (No. Y201121906) ¥F B
E—1EE TFRA989—) , B WL A58 A4, EBHFG 7 17 KL (L K. Email :380612771(@ qq. com
S CGERAMEE) : EWAR977—) 5 WS PRI, FZWFE 5 0] G AL 1B Bl {5 £ K . Email: wh1982032@163. com
W EHHEI.2014-05-16;5 A HHE.2014-07-21
http : J www . photon . ac . cn

0106006~ 1



ot T

EE ¢

OCIS Codes: 060. 23103 060.5295; 160.4236; 310. 6860

0 3|5

= A3 & 0% T & R 6 4 (High Birefringence
Photonic Crystal Fiber, HB-PCF) J& 48 7£ 5 5 I Bf P H
XA B = F 107 b 7 i iR ber. BB A B &1
XU SR B R A0 RE e 1 72 G 27 38 1 O 27 1% AL 2F
WG S A A R L R B N R R SR R
T TR SR RHE 9ok ROE B R F 4 1 i 4k
Bk B R A BT R BOR  H & R — T
FRUAE R 5 v, i DT A3 sk 3k 26 S () 174 35 OIS A Rt
o i FL AT O 2R M T AL S R A R BT AR E
B RRPE IS T 2 WG 1T DK SO i BB A IR &
(L & AR M A R R SO TR ) AR AR R
FEBR (90 25 M A5 B A A k2 oy T AR VA
W R R AR Y R Ry
MEAERSE B h A SR AR 2)E A A
e Fi R B DUBLE] HB-PCF Y648 i 22 <AL
T AR B B AT B WSS H 1) HB-PCF S 2F. B
AT S 2SR i) HB-PCF Y6 &7 78 6 A5 & ik
KT S BOL R T R AL GO TR B &
) — S B S A o AT 98 & F 9% 8 1) % .

IT4E3K . i T HB-PCF SG 7 5 B n] 38 19 45 #3831
AT DL S ERAL G2 6 2T BT R AR g B AT 1 45 Fh BRI 2 B
WFTAEE O a0 W 4 sl S ARtk k17 17 £
FTHIBEST. 2004 4F, 28 IZE 52 — P 2 R W
FitRF 23 L = M B 45 HB-PCF Je £, ek K
1 540 nm &b, SUHF S AT 34 3. 786 5X 10°; o Bt 2k 7
Sk BERE [T 7E 900 nm BT B3k A ECE S L S
FOVIH. 2010 4F, (g 5558 1 A2 27 5 5 AP N E R
FL LA B A J2 1 B — B R ) — A7 A% SR i T s Lok
18 BGRB8 X BR M, 3813 T HB-PCF Je 4.
2 AL G 7E P K 1600 nm &b BUHT 5 AT ik 107 & 4%
1 100~1 800 nm ¥k B v 3 15 4 5 48 68 Hi it 28, 2013
L, ZEEEFERB—FHR =M SBEARNELE NG
JZ A\ GHTE M2 1 WAL )2 HB-PCF J64F . i ad 14
HLEM) SR AE RO 1 550 nm &b BT B AT ik
1.599X 10 % st B th 6 76 1 530~1 565 nm & 1 570~
1620 nm ¥ Bt LA — & W o iR AR . Bk e ik
HB-PCF St £F i) 18 A 17 25 48 — H 8 2 5 e ST 4 L (0
5 06 P TG 7 AR B AR S B kB A T ) 5 o
FURE RS & AT Y D s 235 4 T A A B R A5 A Y
HB-PCF St 47 o, o] 3 i B AR & o5 3 S 465 4 1) J2
sz Xt HB-PCF St 21 il BT 5 L (B 5 30 46 45 v 1
i B — o f PR

AT AT &I T HA KR E CdSe/ZnS &
T 5 MR 9 HB-PCF Y6 £F . 40 4 73X fff HB-PCF

Fe £ By FEMBL I o0 A FEPE YT S R 6 O 2 R 4
FERRME L KB A5 B A WA B 0 AR A X B AT
M. 45 5 % B, & CdSe/ZnS H T 4 T i 45 M 19 HB-
PCF JGLFAE « il y J7 ) ¥ 47 76 FL B > 283 I K &
Wids e, 4 F 2 AT AR R B CdSe/ZnS &1 45 I AY
HB-PCF SGEF , ST 5 12 i 384 K. o F y 5 0] 19 6 {8
RS 1 K W/ B A PR A 22 6 B 400 RE 3 T 1 R
IEAE T WG Uk B #a i & s % T B A AR JRJE CdSe/
ZnS # 1 EH M E A HB-PCF Y64, jfi% CdSe/ZnS & T
R B L (1 8 o o R TR) 2R R O R A AT L
ORISR 8 P o A7 A AR PR R k. 38 DU RS ) R
) CdSe/ZnS 5 F 1, HE A58 8 538 B 28 /6K, T
A 3 i HB-PCF S 2F 1 €0 80 f b FE.

1 ARTEER

MR8 A2 e 37 =5 77 FE 4 n] LAAR 2 HB-PCF St 2 e
iy 0 8l J5 7

1 N (w\
VX(;XIL)—(T) 5 55

% HB-PCF Y& 4F o (14 v 3550 )3
E=E(x,y)exp (—jB* 2) 2)

I 5 2O AR E 20 CO Hp L F A BR T 7 6 19 722 73 i
HR] LAA B3 ) 07 i 12 e E 5K

e 1"TB. B.7(e
3o o) [ s l(C)
K (3) P& FRITHE N
[A“]:H[i{v‘xm}{v‘xw‘}T—

£
. +{e ) A (e} :| (3)

Fe (N} (N }d(),

05, 1= [N v Jao
7

(B.0= ][ tL) (9N Jao

[B“]:ﬂ—i{vtz\ﬁ ) {L}T}dﬂ

s

(B =[[ vy vy -

Fe (L) (L) Jda

13 (3) H, B & HB-PCF SB£F I S 455 00 15 3% W %0, E,
1 E. 43 302 W b B i R e Al In) Ar L e =8 - E,,
e,=R+ E,, {N ML} 75 &K hb 22 (H R U Y 15
JiE 25 (H PR B XT 2K (3) 2R FH R 25 748 43 2 ] 45 B A 4 5 7

DN e [

4

0106006~ 2



YRR . %5 . 5T CdSe/ZnS 17 s W N5 25 ) 1) 78 XUHT S D' T A A D6 21 1 £ 50 5 B R s

SRR AAE 7 2 (4) 7] 13 8] HB-PCF SG2F i iy = 5 1) Ml
v 7 PR R R SR, R AL il =
B./ ko sniy=B,/ke HETT LS ] HB-PCF YL 4F = Ml y )7
T b Y A A R B R

W ELAE Y L 7 A A BR g8k X HB-PCF St &F
HEAT 5 B R 30 5 45 A R B £F (1 T BR K
B by AE X B FH 1Y) i1 A 2% 1R S 56 55 DR L )22 (Perfectly
Matched Layer,PML). PML J& 48 ¥ B 78 X 5 i1 2§t
AT I 5 A AR A S5 Ik B S8 42 DT BC AY 4R R A IR 2. Xl
A0 002 R U A ) I 2 o o I E L PMIL BEOR 7
A G R g PML ) B 32— FlA #E A 52 . F A
PML {1375 5 I 4 SR 4 Tk 3 0 , 3 F gh ml DA 7 A FR IX
BRI LF 1 TEBR KA 3. i A PML i1 A 4% 1 I %
ARAE J5 A8 C4) 1 7 AE AR SR i mT A5 21 4 A 5 P 3% 22 X5
SR EIER N
2 # CdSe/ZnS £ F & H fE 9 HB-

PCF 3¢ £ #33% it

BRI T —F#E 600~2 000 nm i B H A WE
(5 ) HB-PCF Je2F L m 45 an & 1. %64 40
R AR TR B AR 1 25 SFL AL B, IAEF S 1) A0 4% 2 ALY
HERMKK R d,=1.7 pm.d, =1 pm.d,=1.2 pm.d, =
0.8 pm. LI A=1.6 pm. f£i% HB-PCF Y647 1 41 )2
23S AL U BUE B 4> 5 8 QDh, = 40 nm., QDh, =
80 nm,QDh, =120 nm (% CdSe/ZnS & ¥ 55 & . fH 7]
Bt A A [A) i 7 0 S B (% HB-PCF S 4F. 28
AL RN 1,810, MR 23N 1. 44, B 508K
I 75 DLIE © B8 S LI B CdSe/ZnS 1 S 47 57 % Ny
152, b B3 ot £ i, B 7 ok A I B R R
152,508 rp, B 7 MBS A #l 2 2 A A 4
AR St s L 3 B R AR R S AR B2 HL AT I R i R
Z AW 51 J 78 BT 2 20 R 1 2 TR 1 48 oK 45 44 1)
HEIE 45 a0 6T ARG s AP FLEE L. e i R 2R

X]O]R

1.196
1.135
1.074
1.012
0.951
0.890
0.767
0.706
0.644
0.583
0.521
0.460
0.399
0.337
0.276
0.215
0.153
0.092
0.031

[T TTT1

[

(a) 0 nm, x direction

SR ] DL o i 2 57 BH R R0 BR T 0 L3 T A
T 9 oK RO 4 ol 98 M8 19 T2 88 610 40 14 3 19 25 < FL R
SRK/NAS — AH B AR BITEOR G] T # p 2 )2 F 4 3
BOAR AT K G 5 5 BOA T8 2R/ 5y <AL P DR
[Fi] J52 85 (7 i M AE I8 FO T AT Y. SE g b L S U
IEC B E A TR E T CdSe/ZnS & F &0H
I E A T PR AR E S e A Y
A1 R E R R B R A R G s i IR i T R
1A AEIE S ke S5 CdSe/ZnS BT 5 4135 78 HB-
PCF {2 S AL, e & F FOE C Be 19 & #5 & M A e
FIZH R H R AT & 1 md 35 50 i DURRAE AL N BE - 1
JE TR JEE R T o 4 R A ROk S T 2
HeEF MR EE AT LS5 SCk[25]. B R 2
T i U A A R S R 25 S ot T R AR IE T
T I ) 6 X 2 0 b (EL A B A A o B T LY A
AR 183 50 14 TR 0kt 0 A bof 0 15 9 RS B2 13 2] [T 2 25 s
THEZFROEI K N 1 550 nm B B A R [6] 8 7 55
JERE Y HB-PCF BRI 43 4. Hoh (a) L (o) (o) (@)
Sy ZF 8 B 0 nm .40 nm .80 nm,120 nm & 7 15 i &

BH1 HAEFAREESN HB-PCF &4 # ®@ikit
Fig.1 The cross sections of HB-PCF with quantum dots

film

X]OIR
1.163
1.103
1.044
0.984
0.924
0.865
0.805
0.745
0.686
0.626
0.567
0.507
0.447
0.388
0.328
0.268
0.209
0.149
0.089
0.030

[T 1111

LT T TTT]

(b) 0 nm, y direction

0106006~ 3



108 %1018
—2.982 3.910
- %,2%2 —13.699
2. —13.487
—2.523 —3.276
—12.370 —3.065
O O 2217 O o
O @) Stiel O O —12.853
o O O o i o O O o 2.642
o o 1758 o o 2219
O e 0O O 1.453 O O 0O O Ze
O O 1300 O O LS
O O 1.147 e O 1.585
1.374
O O Bl et © o 1162
O O —0.841 O O s
L 0.688 —0.951
—0.535 —0.740
—0.382 —0.528
- 8.229 —0.317
—0.076 —0.106
x10'8 x10'8
—1.396 —1.583
—1.324 —1.498
—1.252 —1.412
—1.181 —1.327
—i~(1)(3>g —1.241
0966 107
i 0.984
P 0.899
0.751 0.813
0.680 :
0.728
0.608
0.537 0.642
—0.322 —0.385
—0.250 10.300
—0.179 0.214
—0.107 —0.128
—0.036 —0.043
x1018 x10"7
—1.077 —9.374
—1.022 —8.893
0.967 —8.412
—0.912 7931
0.856 7451
-0.80 6.970
0.746 6.489
0.691 6.009
0.635 5.528
0.580 5.047
0.525 4.567
0.470 4.086
0.414 3.605
10.359 3.125
—0.304 —2.644
—0.249 —2.163
—0.193 —1.682
—0.138 —1.202
—0.083 —0.721
—0.280 —0.240
(g) 120 nm, x direction (h) 120 nm, y direction

B2 ZEbEKHN 1550 nm bf B TR &F 8 &KEEENW HB-PCF £ « fu y 7 i EE I o A
Fig. 2 The fundamental mode field distribution of HB-PCFs with different thickness quantum dots films in x and y directions
when pump wavelength is 1 550 nm
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Table 1 The fundamental mode light intensity of HB-PCFs with different thickness quantum
dots films when pump wavelength is 1 550 nm

QDh/nm 0 40 80 120
The maximum of light intensity in x direction( X 10" W/m?*) 1.217 3.001 1.417 1. 104
The maximum of light intensity in y direction( X 10" W/m*) 1.192 4,118 1. 667 0. 9581
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