ot 5 e s
LASER & INFRARED

Vol. 41,No. 8
August,2011

Al H8
2011 4E 8 J

COEFMOR G B

Bo GO PR ES 1 — 4 & 1 PR AL S e ik

o VERE L HER
(LT BRI H TR 1P I 54630012 Ay MU bt 15 TR, 11 5 530004)

XE4S:1001-5078(2011)08-0889-05

 EAEEMEEEHEAREN —%LETH (AB),(ABCBA), (BA), W04 &rds ik,
ERRI W n ¥, B FBF(AB);(ABCBA), (BA) s B35 435 3 (2n — 1) & 3biRE 41
B EFMRNAR; EFHASHARENFRE: Yn=18,LEFH(AB), (AB-
CBA) (BA), W RmB BB LA m 8%, MY m=5, LEFH(AB), (AB-
CBA),(BA); W R BEA M n WEMTRE, BERHEET k. X&LFEaalE,
AXTF BERATH AL FEFRER T

KPR TFRE,ETFH &G w00

i E 4 £S5 :0431 XZEkERIRAE: A DOI:10.3969/j. issn. 1001-5078.2011.08. 014

Transmission properties of one-dimension photonic crystal quantum
well with mirror symmetry structure

SU An',QIN Zong-ding' ,GAO Ying-jun’
(1. Department of Physics and Electronic Engineering, Hechi University, Yizhou 546300, China;
2. Department of Physical Science and Engineering, Guangxi University , Nanning 530004 , China )

Abstract: Using the transfer matrix method, the transmission properties of one-dimension photonic quantum well
(AB), (ABCBA),(BA),, with mirror symmetric structure is studied. Results show that with the increase of n, (2n -
1) resonance transmission peaks appear in the transmission spectra of photonic quantum well (AB) ( ABCBA),
(BA), ,and quantization effect is obvious. Strong electric field appear in the internal field quantum well. When n =1,
the intensity of internal electric field of light quantum-well (AB), (ABCBA),(BA),, increases with m,while m =5,
intensity of internal electric field light quantum well (AB)(ABCBA),(BA); don't change with the change of n,but
local area expands. These optical transmission properties provide guidance for the design of new optical device of pho-
tonic crystal.
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Fig. 1 transmission spectrum for one-dimensional

photonic crystals

3.2 LETHOEETE

B 2 J&—4Et 7 dh iR & T BE S5 (AB) 5 (AB-
CBA), (BA) s BJG+3% 59 B 15 (SRR m =5,
n=1~5) T % &7 BF45 8 065 9 Rtk
M 2 Haf .

(1) 7£ 0. 80 ~ 1. 20 w/w, 257 75 W, LA
1.0 w/wy HAIFRH L, o3 A 4 — B3 i r £ H
PLEFE n AR EHE , B SR H N (20 - 1) 2%,
BFEAR A 33 B R 55 5] 100% . BL T BFSS
PR SRR, T R e R i o R Y o
R RPAVE 235358 1 o Ny AN A O) IS I s v Ll

(a) & 1 WAL, 7E0.80 ~1.20 w/w, SEIX
WAk, BFZJG T iR (ABCBA), HREHF 78 240 T 22
AT AR (AB), (BA) , 25 4 it i 7 Bif
S A8y A 1 B3 90 L  () D6TE D 7
TR LIRS B & 7 DE 0 22 )2 T B 1 25 1 1%
R AEPHZ T, IUB S AT LT S A
Srigm i 020 11 R e B v g 02 B9y IS O IR A
AR T, T DA RS 28 ) 7 B



Wt 5 40 4h No.8 2011 o

LA GBI FRES ) — AT B RO R 891

BETHET S T R 2 R 9 6 R 5 5
(EAR T R 76 I 5 TR S P R Tl A5 4
B it TR B i S0 B i B R B O 100% . T
A LA A R I (ABCBA) , 1 7 42 JH 16 n
A 75 3ot UG £ 50 RN o, S BB T 2 0B U
(b) # U (ABCBA), A2 A (AB);(BA);
T AR 9 7 — BT S A U n = 1 B, Sk
TFBE(AB); (ABCBA), (BA), il %R (AB),
(BA) ¢, BIJE AL C Bk o ) — 4 06 T 5 M 4
19,C AT AT U AE A 1 — 2 B , T A
FFUIIR 1.0 w/w, 8B — KB SF R 1 584
BT (BB, I 2 (a) BT R, X4 n =2 0,
(AB);(ABCBA),(BA), AT LI HUJE 7E6S 120 Rt
T (AB) [C] BAAB [C] (BA), % #y, 45 ¥ HE 3
3 B R R P B T B B , T S 3 o
PR 10 = 2B 0 . n =34, Al fRUCKHED

(a)n=1

1

0.5 j\
0

5
(byn=2
A 1
=
7]
£ 0.5
B
0 /N
(e)n=3
1
0.5
0
(d)n=4
1
0.5

0

0.8 0.9 1 1.1 1.2
(e)n=5

w/w
K2 —4tT ks TPF(AB) s (ABCBA), (BA)s 1y
BRI
Fig.2 tranmission spectrum for (AB)s(ABCBA) ,(BA);

photonic quantum well
(2)BEH n B98I, O 1. 0 w/w, AEHTIE
SFie o OR B B RS BOBOR B R 1B 3 e =1,
2,5 IF AR BA Abo S e JRE AR AR P o U AT LA
Ao E A SRR n SEBPR R O AR AL 1 S 0 i
R H
(3)BEH n BRI, Jote T BE45H (AB) 5 (AB-

CBA), (BA) s RYZEAHF (BF) B8 58 , A5 BT (L A
JEEM n =18/ 0.80 ~1.20 w/w, < Aw =0.40 w/
wo >IN E n =5 51 0.69 ~1. 31 w/w, <Aw =
0. 62 w/w, > , T 0] LUE T3 fin Bk 267 Al AR 1 J5
FE LIRS S TE0G A8 o [, BEE n 093500, i
SPF U8 5 LA H U 58 420 Sy o o) A A= 4 1EL 9 )
4% 355 S U 2 [E] B G B A8 /N . BB E n 30,
PR A R AR [ R A

1

0.8

0.6

0.4

transmission

0.2

0k - =
0. 998 0.999 1 1.001  1.002

w/w,
B3 LA 3 i 5t TR n 110725 1
Fig.3 quality of transmission peak in the center
frequency change with n

4 REFHHONTEZSH

Y ST A0S Wi 5B (AB),, (ABCBA ), (BA),
Sttt FBIF LS 37 S (T8 B3, FRATT i — 25 %
BN A G L T T
4.1 FE m xR I

HASHORA Bn=1,m=1~5 [}, o] {54 &
4 fli7n 1) (AB), (ABCBA), (BA), N HL Y
I3 AT

NI 4 AT U Jrydal a8 (57 SpF U ) Xof Iy A1 3 b 1 B
RBRAY SR 7 R R, 7RG T
SEFA P AL AR B Y, BT 22 20T A ARG AR B
J2 HALAE 0 R D 1 7 A s BRI VR 6 T S e BIE
RN dn AR T B 1 s 20 R R PR 1, B 1t
RIS o, NE i F 2, s 2 Rk T Bk 2
HFEiAR b B, 754 BT C )23 Bl B K
1B, TAE C 251 Bl H 37 4 A7 0] [ 79 320 78 555
IH HEE m 3K, B 422 (AB) , (BA), R
PRGN, FEBF 2T db AR SR 3 ) e s, A m =
VIVE/Ey | =2. 10 ¥ 5] m =5 B | E/E, | =
17. 65, i Fhifk i 37 Ry S G 0 S B0Z 07 B B k5
I S RGO B X S Ry S Ak i A S AR LR
2, B % o e R bR g ) Oy 8B ok



892 Wt 5 4 sh

415

SO R 9 2 A 3 R 1 Y T L
TG AR A B DA S S TR 1 A

PR, T e B 22 SR T AR AR JREE , AR
R AT SRy 356 R, e 280K B Y 3Lk g o
BRERFIE A F A, X0 — 4Bt T B ot B B2 4R
THA BRI S5 TR EL

2
I
0
(a)ym=1
4
ol
0
(bym=2
£ 5
=
(c)m=3
10
5 J
0 wﬂ(\/\/\[\f\/\,v
(d)ym=4
20
10
o_’\/\ﬂ/\/\/\/\[\m
2000 4000 6000
(e)ym=5
z/nm

4 —46T sk TP (AB),, (ABCBA),
(BA),, WRHL M1
Fig.4 electric field distributions of (AB),, (ABCBA),
(BA) ,,photonic quantum well

4.2 BEXTREEEX BB AT NE

HAZHOAL , B m =5, n =1 ~5 i}, w73 1Al
5 BREI(AB) s(ABCBA), (BA) 5 By NHEHL I 73 o
MIELS AT

(1) B n 893K, BHZ 6T A (ABCBA),
JEEREREIN, W BR T B b 9 SRy B 5 AR, 34908
|E/E| =17.65 L2 R AFE R K T o

(2) JRiH ek B 2 C 7 B K B AR R AE, I
MR BB H S C 2B 0 =1 0, e
B — AR R, n =2 I, B R
KR, n =3, 37T 17. 65, i HA#R
JEXNL CRPTERIALE . RS IR R 204 - AR
JeRE TP BEZ IR RN, (2 2R RO R AL,
—H R (AB) s (BA) s, WX BIFJZ P06 1 o 4% 9 BR il
5 K ANAE DRI R el i AN

if%ﬂﬁim,/\%%?Tf;F%?aaﬁi& CIZH
FEFRE AR, AR A C 2 3T 5 R0 2 B, B
WNRE G AL . AL C R oL R

I, R i e 2 7= A AR o RS MO T B R
G, Al ARG SE PR s 28, A8 IR 4 il
— B Y N B SR B 3 , e 3k B R 5 35 S 1 I
9 H B XA BT A —E B (.

20
10
0 MG/MM\AOAU
(a)n=1
20
10
0 _ff[ﬂﬂmwmwhw
(b)n=2
= 20
— 10}
0
(c)n=3
20
0
(d)n=4
20
10
Lot MVWWYMMM
0 5000 10000
(e)n=5
z/nm

K5 —4otT Sk 7B (AB)s (ABCBA),
(BA) s N ERHL I A1
Fig.5 electric field distributions of the defect states for
photonic crystals( AB) s (ABCBA) , (BA)

5 B 4

(1) BE n B30, —4E 68 T B (AB) 5 (AB-
CBA),(BA) s HESHE B (2n - 1) &% LR 1B
Sibie , L BT F) i ARORE, i) SE B2 E U Y
it

(2) Bl n B3I, FroC B3R A 1 375 S5 06 i Jog i
A o

(3) i & &2 )2 5 B i 3, — 4t 1 B
(AB), (ABCBA), (BA),, PR )= 17756 5 3
HAE CJZEA A Ik 2 54 o

(4) B BFZ LR3I, — 4t 7B (AB) 5
(ABCBA), (BA); PN Rtk i 3775 AN, {HRE JR)
BIEEY K 4 C RN FBDE RS R Ot
T B R s B A A AR

WG T A A B R (0 A e e B P R
HL Y SRy O, YOG iR BT B R e g
HA—2EMS%E L

S 3k

[1] E Yablonovitch. Inhibited spontaneous emission in solid-



O RS AN )

No.8 2011 pil

>

LA GBI FRES ) — AT B RO R

893

[2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

state physics and electronics|[ J ]. Phys. Rev. Lett. ,1987,
58(20) :2059 -2061.

S John. Strong localization of photons in certain disordered
dielectric superlattices [ J ]. Phys. Rev. Lett. , 1987, 58
(23) .2486 -2489.

Su An, Gao Yingjun. Filter characteristics of one-dimen-
sional photonic crystal with complex dielectric constant
[J]. Chinese J. Lasers,2009,36 (6) ;1535 - 1538. (in
Chinese)

I, IR T B A B R — 4 T SRR U
PELT]. PP EE0O,2009,36(6) 11535 - 1538.

Chen Xianfeng, Jiang Meiping, Shen Xiaoming, et al. The
defect modes in one-dimensional photonic crystal with
multiple defects[ J]. Acta Physica Sinica,2008,57(9) .
5709 —5712. (in Chinese)

WRIEHE VLR PE, Th/N I, 2. — 42 BRI D 1 R R iY
BRFERELT]. P34, 2008 ,57(9) :5709 - 5712.

L Esaki,R Tus. Superlattiee and negative ditferential con-
duetivity semiconduetors[ J]. IBMJ. Res. De. v,1970,14;
61 -65.

E E Mendez, K von Klitzing. Physies and applieations of
quantum wells and spuerlatitiees [ J |. Natoasi, NewYork,
1987.

Su An, Gao Yingjun, Jiao Meina, et al. Transmission spec-
trum of photonic crystal quantum-well structure for realiz-
able odd-passage filter[ J]. Chinese Journal of Lumines-
cence ,2009,30(3) ;394 —398. (in Chinese)

TREE e R IR, 4. T S B Ay HOE T IR I RE Y
Sl HRERRET]. At R, 2009,30(3) :394 - 398.

Qiao Feng,Zhang Chun, Wang Jun, et al. Photonic quan-
tum-well structures ; Multiple channeled filtering phenome-
na[ J]. Appl. Phys. Lett. ,2000,77(23) :3698 - 3700.

S Yano,Y Segwa,] S Bae,et al. Quantized state in a sin-
gle quantum well structure of photonic crystals[ J]. Phys
Rev:B,2001,63(15 ) :1 -4.

V G Veselago. Theelectrod ynamics of substances with
simultaneously negativevalues of & and w[J]. Sov. Phys.

Usp. ,1968,10 (4) :509 —514.

Dong Haixia, Jiang Haitao, Yang Chengquan, et al. Theo-

[12]

[13]

[14]

[15]

[16]

retical simulation and transmission properties of 1-D pho-
tonic QW structure containing defect layers with negative
refractive index [ J]. Acta Optica Sinica,2007,27 (12) .
2245 —2249. (in Chinese)

IR VLIV, 4, 4. & ST O SR B O B
TBFRE SR R AR L) ). St or 274k, 2007, 27
(12) :2245 -2249.

Chen Yihang, Xu Qingzhen. Twin defect modes in one-di-
mensional photonic crystals with defect layers of multiple
single-negative-materials [ J ]. Acta Optica Sinica, 2007,
27(8) :1498 — 1502. (in Chinese)

MR e, IR 4R 221 B b b e b — 4 D' T B 1A B0
AR RFAREL T ] OB # 4R, 2007,27(8) 11498 — 1502.
Wang Hui, Li Yongping. An eigen matrix method for ob-
taining the band structure of photonic crystals[ J]. Acta
Physica,2001,50(11) :2172 —=2174. (in Chinese)

M AP FRR AR A 35 T B30 1 W AR A B 4G
[ T]. 34,2001 ,50(11) ;2172 —2174.

Su An,Gao Yingjun, Jiao Meina, et al. Study on odd-pas-
sage filter photonic crystal quantum-well structure [ J].
Laser & Infrared,2009,39(3) :311 —314. (in Chinese)
TR IR, FR R, A HA A K T8 U8 I RE Y
JeT R R T RRE BT[] WOt 5 205h,2009,39
(3):311 -314.

Wang Tongbiao, Liu Nianhua. Band structures and electric
fields of one-dimensional photonicerystals composed of al-
ternate layers of left-handed and right-handed materials
[J]. Acta Physica,2007,56 (10) ;5878 —5882. (in Chi-
nese )

FFAR, XA IE T R AR A — 4B T i
PREGRET Lo [ V], Wy B2 4% ,2007,56 (10) - 5878 —
5882.

Zhou Jingou, Du Guigiang, Zhang Yawen, et al. Electro-
magnetic modes of thickness-modulated dual-periodic one-
dimensional photonic crystals[ J]. Acta Physica,2005,54
(8):3703 —=3706. (in Chinese)

JEl G, AR SR, BRI 3C, A5 FRR AR B 325 1T 50 1
mmARIAT R At [ )] P34 4k, 2005,54 (8) : 3703 -
3706.





