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Effect of lattice constants on transmission spectra of
photonic crystal quantum well
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Abstract: To design high -quality optical devices, such as filters and switches, the effect of lattice
constant on the transmission spectra of one-dimensional optical crystal quantum well (AB)s(CD),(BA)s was
studied with transfer matrix method. The result shows that when the lattice constants of layer A and layer
B separately increase with even times, the narrow transmission peaks at center frequency of band gap
turns into wide transmission band, both sides of which are symmetrically distributed with two narrow
transmission peaks of 100% transmittance; when lattice constants of layer A increases with odd times, a
single transmission peak of 100% transmittance appears at the center frequency; when the lattice constants
of layer B increases with odd times or that of layer D increases with integral multiple, three transmission
peaks of 100% transmittance constantly turn up at the center frequency of band gap, and the three ones
draw closer to the center of band gap as lattice constants of layer B and D are increasing; when lattice
constant of layer D increases with integral multiple, three transmission peaks of 100% transmittance
constantly present at the center frequency of band gap, besides, double-transmission-peak structure, which
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is closely related to the lattice constants,symmetrically appears on its two sides. Meanwhile, the

transmittances of each double-transmission-peak enlarge with the integral multiple of lattice constants

increasing. All these features can be applied to adjustable-channel optical filtering and switching, and can

offer theoretical direction for experiment preparation.
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Fig.1 Transmission spectrum for one-dimensional PCs
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Fig.2 Transmission spectrum for one-dimensional PQW
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Fig.3 Transmission spectrum versus lattice constant a, increase
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Fig.5 Transmission spectrum versus lattice constant ag

Transmission

increase with odd times

3.2 TR C.D B S@1& & H 3T & §HE H9 F Min

B — L WEE C D A T2 dh s AL ac ap 22k
X B B A G i A R )

HE, 4 C A )2 mn s W A LB G, Jp
ac=2a.4a,dc=2a 4a i}, S5 fh i i B A 3 Sk dn
Kl 6 s, 5B 2 ] W . 2 ac F A8 B 1S K,
O AR AT I O R R A S AR B 3 AR E ST RN
10096 14375 5 06 | 3 2H 375 Sk 06 114 7 A 3 000 D)% o 1 30
PIALR0E 5T 16 R | 24 ac=2a i EE 2 41, W&l 6(a)
7, ac=da B 4 2 &l 6(b) TR . FfiE ac 1)
HET, WU S 06 22 398 0 1 () B, 575 S 06 35 [ 25 Ay o
D FEHE, B 3 FEAb 1) 3 385 04 22 1] 7 B 5
Y, LGS B U 2 [ f) B S A 4 /0N TR) s 0L S

U ) 375 B R b 2 Tt i L & 5K #) 100% ., ] DL T
U, Y ac Ak S AR RS, Pt AR ol s 3
75 S S UM B £ | (AR 238 2 Aok /N B 2, |
sk R 235 A 194 A3 56 A 850 R b P

i —

11

i e
.4 .5

Pl 6 fbAR iR ac (VBT HE IR O B B3 5% 1 5 )
Fig.6 Transmission spectrum versus lattice constant ac

increase with even times

4 C A Bz i W R LA AT i g n, B ac=3a,
5a,dc=3a.5a I, Stdd 1 BFE5H A4 B3 an 18] 7 By
o BT A5 s ac $ AT AR I 7 S S BEAY
BG5S H A A R A BE G AR DL, AN TR PR 25 ac=3a
B, OB 3R 3 SR 2H X R 3 A B 4 2H X0 S
W 3, 24 ac=5a B, B 6 41, ik L6 0UF I W R 1) i
SFARIRBE A AR RO B T Tk, Tl i ) A%
G AR 57/ A8

T

LR 5 LN
Frequency{me'2xc)

an

=]

ih |

Transmission
[=

o
et

Vel 7 AR H R ac A3 BT HE IR O i B3 5% 1 5 )
Fig.7 Transmission spectrum versus lattice constant ac

increase with odd times

AL, AR R ac ANTE T B i 2 AT R
I, G T BRI 3 AR L R AL fR R =l
T (375 S W ) i e D REN R {ELIE B 2 I B AR 22 (3
S e 2 18] B 25 ) /D 5 B ac 39K, L RS FR P
1000 ) 308 1 5 i 2 A S o, TR R 3 3 2 [R]  AR
22t I ot A% A S8 s/, B i A A



204 sk A2

% 42 %

SR X SRR T S AT 22l DGR R B L Tt
KENRA —ESHER,

2 PLBEBRT T A D JZ A A S A H R, B
ap=2a.3a.4a,dp,=2a 3a . 4a i}, &7 Wik E T B4
14 (AB)s(CD).(BA)s 1432 i 3 4n &l 8(a)~(c) izn . M
K8 UL, 4 D 4 2 dh Ak i AL ap TR EAT 1S R
I 2t B A S 0 25 4 5 R AR AR B L
BT 0 ) i 2 DL O AR AR Sy X RR O B 3 4%
B A 100% 10375 5 e (HBE A ap AR BAE 1S N,
= HZ R B AR /N B AR b SRR, Rl AR
32 4 1] T SR

& 1.0 - —

z ta) |

=

E [

|

= |

- ] e |

E 1.0 (bt |

E 0.5

%

R ~
1] ]

E I (e}

=

B

E 0.5 { ﬁ

B A !

[ o | fk!
0.4 .5 0.6

Freguency|ma/2mc)
8 i AL ap B ERCAT I I X O o B 3 S 15 e
Fig.8 Transmission spectrum versus lattice constant ap

increase with integer times

BB R, Y D AR S R LR
AR By s K, B ap=1.5a.2.5a.3.5a,dp=1.5a,
2.5a,3.5a B}, 't F b 4 it 7 BiF 25 44 (AB)s(CD).(BA)s
AR AN H B 24 28 hun i B 3 AN g, |
TR AR A 114 375 ST U8 375 S 3 S 100%, T A X6 R 17
W 5% 325 PP VAR 11 38 S SR B L ARG, PR ap A 5 4K
AT BT H G, WA XS R 1) 385 S U 1) 335 B R 25 12 12
Hawm . JAh B ap SN E] — 2 FUE B 0
Gy S4BT E 0, FLZ SR ap MBS N AR 48

K, 8 1 R ST C D 2 A FZ i i 8
ac.ap MR /IN, AT LS 3R 1 3 18 8 % | v] U4 £ 3
UE I KT R RE S

4 4 i

FHA% i 0 B BIE TS AR 5 RO — ZE6 1

{1 T B (AB)s(CD)(BA)s I FZ A, 45 i 2 4 T fh A%
RS I B T PR Y A AR R 2 e,
B A i R 375 S 110 4 ST 3 S 0 1 e A

(1) #£ 0.41~0.59 wa/2mc ZEHFHRIL B N, H B
X FR 43 A T P AR 0.50 wal2mwe b FNN Y 3 4% %
5 i, L 5 5 5 R A 100%

(2) 34 A B 41 J5 2 19 5% F AL aa.as 20 0 LA
Bfm et | ro AR I B 2L dub R A Y A
SR AR B A B, G AR A A 2 Ak
SEER 100% 7% B G0, HorHIBEE a5 a I3
T, 375 St R 37 G 06 [ P AR AR RS B il b 3
WA

(3) 24 A AT 1Y RS H I an LA EURE RS e
HOL AR IR 4324, DA 3 Ak H BB 4% 0 R
100% F4 7 375 5 0, PR 32 5 ¢ 3038 S0 AR A

(4) 4 B A1 )2 14 A U as LLATERS XS 0,
ol D A2 0 S AL ap USRI, S T
BIF A Bl S5 R FRE RS b AR R B 3 4% iE
1N 100% 1935 JH06, H = F Z Mk a 5X
ap M3 T % A [ 2y G SE 3 (R ap 1938 RAE I
1) L AR Y R AT e I L R RGP, AR
B AR AH N $2 TE

(5) AN C A T )2 fb A% B B F % e 2 Ay
BRGNSk BB S b0 B R A 1 E R
3 SR 3% I A4 100% B 7% A7 37 S 04 000 U] X6 AR
B XL S5 0 65 A 1) 22 A3 B, NGB B I 41 Bl
ac i B AR RO £, HRGE S0 FE R
Bl 2z 3 3F G 2 1) PE B s B 2 a0 T () A A
L FER

I AR A JBTZ b A RO /N A X o i B
B S5 A A AR, X TR s s T
BATEE | 220 A R A AR IR AR BUR T AR A —
SE TR FMAE, FEXEE TR ELS B — 1
e =308

S

SE

[1] Yablonovitch E. Inhibited spontaneous emission in solid state
physics and electronics [J]. Phys Rev Lett, 1987, 58 (20):
2059-2062.

[2] John S. Strong localization of photons in certain disordered

dielectric super-lattices [J]. Phys Rev Lett, 1987, 58 (23):



%1

o AW T T SRR T BB A 6 Y

205

[3]

[4]

[5]

(6]

[71

2486-2489.

Su An. Transmission spectrum of one-dimensional photonic
crystal for realizing high-performance optical transmission
function [J]. Infrared and Laser Engineering, 2011, 40(6):
1101-1105. (in Chinese)

IREE . LB RO A D R 1 — D A AT S [0]. £
S50 TR, 2011, 40(6): 1101-1105.

Li Wensheng, Huang Haiming, Fu Yanhua, et al. Properties
of onedimensional photonic crystal tunneling mode containing
single-negative materials with symmetrical structure [J]. Infrared
and Laser Engineering, 2012, 41(1): 69-72. (inChinese)
ZEICHE, W, AR, SF AR AU R R — 4
A RE B RRE[]. 05N SHOL TR, 2012, 41(1): 69-72.
Wu Rina, Yan Bin, Wang Yanhua, et al. Photonic band gap
in one-dimensional SiO,/TiO, multilayer photonic crystal [J].
Infrared and Laser Engineering, 2011, 40(5): 872-875. (in
Chinese)

L HWE, =E, TEE. SIOJTIO, £ )2 B4 — 4t F &
MOLTFEHIIF ] 2055 WOE TR, 2011, 40(5): 872-875.
Tian Yi, Li Qi, Zhang Li, et al. One-dimensional photonic

crystal infrared space light modulator imagination [J].
Infrared and Laser Engineering, 2012, 41(9): 2333-2338.
(in Chinese)

8L, 2247, 3KIAh, 55, —4LF i R oh s R 1 #5% 1 4
LA S5O TR, 2012, 41(9): 2333-2338. (in Chinese)
Su An, Gao Yingjun. The multi-channel filtering for three-
quantum-well structure of the one-dimensional photonic
crystal [J]. Journal of Wuhan University (Natural Science
Edition), 2011, 57(3): 191-195. (in Chinese)

L, AR LI W E R AR — 4t R =
FBFES R[] ROURF2A 4 (B 22 AR), 2011, 57(3): 191-195.

(8]

(9]

[10]

[11]

[12]

[13]

Su An, Gao Yingjun. Light propagation characteristics of one-
dimensional photonic crystal with double-barrier quantum well
[J]. Acta Physica Sinica, 2012, 61(23): 4208-4217. (in Chinese)
I, IR X B — AT S B S R A
[J]. ¥yEfi~A4, 2012, 61(23): 4208-4217.

Su An, Gao Yingjun. One dimensional photonic crystal
quantum well structure containing complex dielectric constant
[J]. Acta Photonica Sinica, 2010, 39(5): 842-846. (in Chinese)
I, IR . B A WU R — G R T B R A
FE[J]. JeF2#4, 2010, 39(5): 842-846.

Su An, Gao Yingjun. Transmission spectra of one-dimensional
photonic crystal quantum well with double negative medium
[J]. Chinese Journal of Quntum Electronics, 2010, 27 (5):
596-601. (in Chinese)

I, W B AT — Y AT B0
5T [I]. = FHF2# 4], 2010, 27(5): 596-601.

Qiao Feng, Zhang Chun, Wan Jun, et al. Photonic quantnm-
well structures: multiple channeled filtering phenomena [J].
Appl Phys Lett, 2000, 77(23): 3698-3700.

Ge Xiangyou, Li Ping, Wang Xiaojie, et al. Resonant modes
in quantum well structure composed of photonic crystals with
different lattice constants [J]. Journal of Applied Optics,
2006, 27(5): 376-379. (in Chinese)

B, B, ERR, F. ORI SRS T BOL T & s
St F B R IER B3], R AR %, 2006, 27(5): 376-379.
Zhang Zhengren, et al.

Long Zhengwen, Yuan Yuqun,

Optical transmission spectra of one-dimensional photonic
crystals with a mirror symmetry [J]. Acta Physica Sinica,
2010, 59(1): 587-591. (in Chinese)

SRIEAT, BEIESC, RERE, 5. XFRE AR SH 4075

W RET 45 [J]. 3% 42, 2010, 59(1): 587-591.



