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Filter with One-Dimensional Photonic Crystal Quantum Well

Possessing High-Quality Filtering Functions
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The qualities of the filters with one-dimensional photonic crystal quantum well of single and double
barriers are studied by transmission matrix method. The results show that the quality of experimented filter has a
delicate response to the refractive index of barrier layer medium. The larger the refractive index of barrier layer

medium, or the larger the ratio between the refractive index sum of barrier layer medium and well layer medium, the

higher the quality of the filter with photonic crystal quantum well of single barrier is. The quality of the filter with

Key words

1

photonic crystal quantum well of double barrier is higher when the ratio between the refractive index sum of inner

5l

barrier medium and well layer medium, or the ratio between the refractive index sum of outer barrier medium and

well layer medium, especially the ratio of the summed refractive index of inner and outer barrier mediums to the
=]

summed refractive index of well layer medium. become larger. As the ratio between the refractive index sum of
barrier layer and well layer is increasing, the quality of filter with photonic crystal quantum well of double barrier
OCIS codes 160.5298; 160.4670; 160.4760; 160.2100

improves more quickly than the one of single barrier. These characteristics provide definite reference to theoretical
study of photonic crystal quantum well and the practical design of new quantum optical filter of high quality.
—> .
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Fig. 1 Band-gap structures of 1D photonic crystals. (a) Dispersion relationship; (b) band structure

B 1 AL, AE 834~879 nm PR IEHEI N, T
i M (DCD) 5k (DCD) 5 {4 w38 7 (BB ) 58 240 F
(CDYE{ (CD); (DC) s FI (AB) 5 (AB) s (BA) 5 iy H L
Ay 22, a0 R R R A R O T S R T BE S
(CD),,(DCDY, (DC),, #1(AB), (DCD), (BA),, [d

mt, 75 824 ~ 891 nm P £ i [l N, (CD) 5; (CD);
(DO 5 Y H 02547 X 5E 4 4bF (AB) 8 (AB) ;5 (BA);
O AR 2 RIS S R - BF(CD), (DCD),
(DC),, X544kt F (AB) (BA), fAE4 2z, fif A
(DCD),, 1) /0 BE 45 F1 (CD),, (DC),, K (AB),

1006001-2



E7S S et T D I8 2 R Y — 4B T A i T RIS A

DI

(BA), By AR = 35 S [m] 1565 A8 i — 4> AU EE 4
22T R T PSS # (AB), (CD), (DCD),
(DO, (BA) o W] WL, b 34 2 50T 44 5 1 O 7 & 14
IR P B 45 H RE A Bt 2 A PR A 2 XU A R0
RIS T
3.2 XFREEFHEMREIRESHE

b — 3 ARG T R R E T BE(CD);
(DCD), (DC);. (AB), (DCD), (BA); 1 (AB),
(CD), (DCD), (DC), (BA) 4 i 35 55 1% . a1 2 Fir s
OCTEOG T A AR i T BF AR R I BT Y
Foag TG 3O B R 68 i 5 A B
Qb T B JE AR LA YA 52 B 1 B Y BR AR R T
PAE L% IR R IR T REZ . SRR OLT OB R
il DAL i % 27 119 O X 2 6 T S A AR AR R
PR IEHR b% 28 1) AT S # AR 7 L B B Y 3R IR A
e A A o . EL A S e

1.0
(dD),(DCD), M), (a)’
0.5 ‘
. L
810
é AB),(DCD),(BA), )
= 0.5
:
£ o
10
[ @B (cD),mCDYM0),BA), (c)’
0.5 ‘
0

840 850 860 870 880
A /mm

B2 — 2 T i T B T
Fig. 2 Transmission spectra of 1D photonic
quantum wells
1M1 L ok 0 R 806 73487 AR 1 43 51 L R
SPGB B S AN [) G DL A A0l i A
T-BECAB), (CD), (DCD), (DC) 4 (BA) 4 1 35 5t I %
K 4n, M3 2 8 7 BF (AB), (DCD), (BA), K 2,
(CD); (DCD), (DO L 5 5 3 3 i S i 4 H 1 5
BEZ RS n A5 55 (et 1) 45, HLAG 51035 B R Y
Sk 100 %%, RIVgs S8 06 1 %50 B A0 R A B T DLl 2
PR S R T S B 2 B G IR D T RE s (n D) 4R
375 S W X R 43 A T 0 K (X =856 4 nm) B
B 22 S B BSOS o PR OB 300 Ab 1 7 s B335 i e
FE LA FE T IS B A A OB B &2 0 - AR i B 08
U sl JOT N S T[] — A1 238 Ak 37 S 0 R AT B AR L
B n A A BB 45 D6 AR S B b0 A AL 1 33 S
e Ay B FE X 52 ] $E e i) E

4 R BT ST R B O R AR
i B U8 T o O 1 5
A i A Q=2 / ax FTIE 2(a) (D) Huls
WK Ak 7 S5t 06 1y FWHML 173155 % - 8 0k BT B
(CD); (DCD), (DO, A (AB), (DCD), (BA) 4 fi4 118 %
T 4000 Q =1. 3769 X10° ,Q, =1. 7840 X 10",
AR B iR R T BF(AB), (DCD), (BA), 1)
P T (CD) 5 (DCD), (DO, B NE I T i s . A2
¥ A W T BIE A R 2 465 A A [R] 22 )2 P IR 5 &
AR S A A [F] L fH (AB), (DCD), (BA), £ 2
A A BT 5 % (ny = 4. 10) K F (CD); (DCD),
(DO s 22 AT C T (ne = 2. 60) , F W H At
SHGHFTE BT 6T a7 BE 222 & 31 3 4
JBT AT 50 38 DU i B 2 7 A 114 1 S 37 S 0 s
REAn, BIGF S 1 BIF 0 g ok it s . R &2 )2
TR BT ABOR O T s R T R R
T S DG AR B ) 5 3 Jmy B8 BR A A i L
ES QiR R U i e TR N ) o e g
AL RIS T A JB T A 0 R A B L P
AN TC PR T b8 o 34 K 42 2 B A B2 A I ROk R
1R T R A B et B AR A B R A Y
23 [A], W2 3-SR HA T v
Xof 5 3 25 K 10 R A Y ST BT R
22 5 CHOAED 80K, HE 75 559 08 g 188 7 B0 0 8 i JoT
U EAHL X TR iR R FBE DL S ny = (na
ny) Xk B (ne +np) Xy (np+ny) Xkb+ (ne +np) X
m 5 F R B A OBUE Ok - AR T RS
22 2 13T 5 e 0 (22 )2 20 M s A 45 A 5T 2 Y AT 5
K2, LA Sno=(np+nc +np) X n TG ik
ﬁ%@*%*@%}%%ﬁﬁi%iﬁn,R:znb/znl TR 2

VN
—— (CD),(DCD),(DO), § }
(e (AB),(DCD),(BA), {
m=k=1~ !
8 /
i !
2 6 /
= /
1
4 /
/
2 A
0 i mmmmnfe” )

&3 g fe YT i AR R T B L R
Bl R 722 Ak i il 2
Fig. 3 Curves of filter quality factor of 1D photonic

crystal of single-barrier quantum well versus R

1006001-3



i

# ot

2 BFZPT SRR . A R T R T
B (CD); (DCD), (DC), H1(AB), (DCD), (BA);
REA MM R, =1.1045.R, =1.5136, 454K 3 A
UL, B RO S R i BE G 22 L BFE A ST S R A
4 B R D 0 ot Tt Ry . RO i 22 )2
JEF R R A LR K R, BRI 4R % R
TR UE A
=B k=m=1~5,5 58 BT MR T
BF(CD),, (DCD), (DC),, #1(AB), (DCD), (BA),
R ABCFIXE B O R AL 35 04 1 Q L T /E QR A
LA 3 iR, WEE & BEZE N TSR Al
R MR B3 &0l il A 7 BiF A B BT QLT
P T H 22 2 R AT S R A AT S A BO, IR
SR AR A, W E=m =1 BT SR B
(CD), (DCD), (DC), # (AB), (DCD), (BA), B R
B 43504 0. 36825 0. 5045, X%f i (9 Q {8 4 71 4 F
0.0083X10" 5 0.0003X10°; 4 k=m=5 K}, T
f R T-BE (CD); (DCD), (DC); #l (AB); (DCD),
(BA); B9 RAEA 917 1. 8409 5 2. 5227, % #) Q
Mk 42 & %) 1. 4515 X 10" 5 1. 1388 X 10°, {1 & 3

H 1 S 2R [R] B 28 TR

5 AJZA A SR AR B Aot
b A% 1 B 28 I8 it T R R
Oy i 22 S5 T A AR T 4 420 T 1
T B 0 B W KU T RO T P T
PSSR IR m =1~ 5. 3 k=1~5. 5 k.m=
VSIS P X B R R Q ML IR AE QR

——— (AB),(CD), (DCD),(DC), (BA), #
........... (AB),(CD),(DCD),(DC),(BA), !
g === (AB),(CD), (DCD),DC), (BA), {
m=k=1~

—]
[~
-~
'~
-~
~
~._~.
'~
'~
~
'~
'~

10 15 20 25 30 35 40 45
R

4 XU YT AR B IR
Bl I R A2 fb i h £k
Fig. 4 Curves of filter quality factor of 1D photonic

crystal of double-barrier quantum well versus R

MR AT IR Al 4 Fir 7 43 0l 2 XUE 34 22 0 F i
& FBE(AB), (CD),, (DCD), (DO),, (BA); . (AB),
(CD)Y4 (DCD), (DC)Y4 (BA), #1(AB),(CD),,(DCD),
(DO, (BA), By U8 3 & BT H F Q B R A 1948 1k ith
25 R R A4 L Sk R R A R U
B & 4 AT 0L BEE N 22 )2 A B 5 S A sAh 22
JEAY AT S 3 A5 BE 2R A B A S R A HE R Y
R BUEE 3 &2 0 R it B %) 208 OB B TR Q i)
AR L RIS N A 2 2 BT R SR S B2 A
JOT AT S S A L AR K B BUEE &2 ok iR T
IFF 08 e 4 ) U0 D ot T PR R AR SR AN 2 om=
1.5, k=1.5,m=k=1.5 i}, & WEH L F ML E
FBER R {54 3K R,. = 1. 8818, R,,; = 3. 3545,
Ry =1.6091,R;; =3. 6273, R,y1 = 0. 8727, R, ys =
4.3636 % 1 Hr o I K Ak 37 ST 04 ) I 9B BT TR O3
B F Q. = 0.0656X10°, Qs = 7. 4470 X 10°,
Qu=0.0011X10",Q;; = 4. 5675 X 10", Qu =
1.0016X10° ,Q,us = 4. 7315 X 10%, f |&] 4 rh jy 52
LB AEW L TR . HE— i AT A
BB R 1 Q 13 KASE 3 WA : R /R, =
1.7826 %, Q.5 /Q. = 1. 1352 X 10* £, Ry /R =
2.2542 £, Qs /Qu = 1. 4152 X 10" 4%, Rous /Rou1 =
5.0001 £ Quus / Qs = 4. 7239 X 10° f%, AT £
e dm A BE A YL Ah 22 2 A BT R RN B
20 BT S 3 A EUAE R, 38 K A o B fe B, X
JOE P I8 TBE o BT ) Qe R R Y T BE A AR P AR &2 )R
A BT S A B2 A BT R A O R R Q.
WORHPBEWR Z N 22 BT 38 2 A0 5 Bk )2 A s 4
SPRMBYHAE R, M Q. 3G H FE A X 800
AL 25 2 R A AT S R A0 5 B R A B 4 5
ST LA AR DU XCEE #4522 0 - o A o 1 B B OB
(14 08 U o SRR R . R L, T ST W E R 2T
A VA B B A 0B OB T — TR A O T R R
TFBE U T,
Bom=1~5.k=1~5 I} .43 BIME 3 2250 1 5
K& 1B (CD),, (DCD), (DC),, 1 (AB), (DCD),
(BA),, BUHE #2208 + @ K & + BF (AB), (CD),,
(DCD), (DC),, (BA); FI(AB),(CD), (DCD), (DC),
(BA), i QR gk, & 5 Fr . I w0 48 o il
LR BB d B 5 ] L, 78 BIF )2 A 53T 5
FRFAHSEREOCT L 24 22 20 5T iy 47 5 2 Ao, )
2 BFZA AT SR A e AE R R R I 408 T
i VA T B I U A O B A BT Q BBk R . T
ARG T R E PR A DR S 28540, e

1006001-4



S g A

DI S o

S et T D I8 2 R Y — 4B T A i T RIS A

22 2 ST I 23R 0 Ll B A T A R T BE I AT
RFKRAFZ AR R At b B3 2 % 7 b R o
BIF AR 2, BRI B0 34 22 0 1 ot MR o DI O D R 1Y
U Iz it JO I R T B A A 0 T A i R D IR 1 U
0 5L AR 5 R A SR L R 2R L T R N [ 1T £k T
TNe XFECE 4 A S AT, XUE AR O T SR R T
BE(AB), (CD),, (DCD), (DC),, (BA), 18 i it L
BB A N AR T B O O BT L QR i
FEEL S o B AT o] — 4% it 2 AT BE U

12
(CD),,(DCD),(DC),,
............ (AB),(DCD),(BA),
10| =ememems (AB),(CD), (DCD),(DO), (BA),
----- (AB)k(CD)g(DCD)z(DC)a(BA)k
m=k=1~5
8
w
. T /
= 6l 10 2 v
<) - ,/ / 0!
g ¢ /i /!
<5 // 1!
4 @) // / ,I' "’
Otppa==a =% ";".
7
2 15 2.0 25 17
R O A
0 | e iinne e

05 10 15 20 25 30
R

5 BadheAn 0T B — A0 A B B B O R
B 7 BE R 72k i h 48
Fig. 5 Curves of filter quality factor with 1D photonic

crystal of single-barrier and double-barrier

quantum well versus R

R WEFE A5 BTN BT B B OG- A R B
UEPE AR EAA T O ) UB U S TR 6 TR
200 F & UK 5 BB A Y UR A BT L Y
m = k=5, L A A 3 S 0 ) BT R Q i ik
4.7315X10" , FWHM Ly AA=1.8100>X10 ° nm,
Bt fR & Sf o s W AE R 2 W B KWW
(856.40031819~856. 40031638 nm) , 75 §i & ¢ 15
RS A (KR 78 1 b 1A it 1 B DB O 4% LT g S5 R
H— B A ) AT IR IOBOR 5 20 B A o B
AR Y R AR AR R L R 5 4 gk T 5 25 A8 O A
AR e 45 i v U0 U0 JB 36 B ) A BT A S R L BR TR
LI e R TIE N el Ui /8 S PO N QALY =D e Al LR 2N
A E A i 22 2 L BFJE A BT AT SR AR A LU AR, BT S
PR 15 0 I A 8 U o T A R O AU 220
T h AR G B UE AR L RT DLGE R N &2 )2 54 &
JZEL A 22T AR R BRI R 2 )2 BEZ A
JT AT S5 R LU AR, DA AR i IR 5 T, R0 T AT R
VEVESE SR . HAS 52 A 5t 41 569 3 b FR n) 780 1) 52 o
PRI 2R AR A B ey ot Jo R0 B R A M 1 Ol o

P T b A 1 BIE A 1) U A 220l 1 A A
T PFUE AR B B A B R —

6 4t ©

TR PR S 0 TS A s 5T T Bt A
T T O TR T 0 O 28 1 0 D 5 R X 42 2 4
R AT S 3 A 0 L L 75 T 4596

1) &2 A0 R T 5 30K 5 £ L EJE A BT 4 %
T G L B9 42 06 T 5 VA O 0 D 28 fr 0
W R

2) 1% R A SRS AR L B Oh £ IR A R AT Y 2
15 Bk J22 A T4 5 56 9 L R 00T 44 42 96 T
B R T 0 8 0 D R A B Y LA 2
JEA AT 50 5 22 A R 4 S 3 R 1 B
WUEE 3 & 96 T 5t U0 T W O O B 10 U 0 R
W

3) MU 426 T 5 1 i T I 20 1 U
TR 185 T34 201 & 1 0 0 0 28 1 0 R
FLBEE % B2 A B 57 5 36000 L A8 K L U 42
T 5 A T 00 D 5 1 3 R 1 T B
PTG AR T B BRI

TG T 5 VA 2 1 e 3 o 4 7
2 HIZ A AT S 3R (9 L R B 3 7 6 - 1A
BT 0 B 10 0 TR TR 5 5 T kT B
R FCH T U 2 PR A S

5 £ X

1 E Yablonovitch. Inhibited spontaneous emission in solid-state
physics and electronics [J]. Phys Rev Lett, 1987, 58 (20):
2059—2061.

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

3 Li Lei, Liu Guigiang, Chen Yuanhao. An optical switch based on
coupled heterostructure photonic-crystal waveguides [ J]. Acta
Optica Sinica, 2013, 33(1): 0123002.

BOF. XVEESR . BRICHS. JCT SRR A HE A T OE I R [T
FerE2E R, 2013, 33(1): 0123002,

4 Chen Heming, Wang Guodong. Design of new photonic crystal
all-optical switching based on dynamical shift of defect mode[J].
Acta Optica Sinica, 2011, 31(3): 0323006.

PRES NG, F AR —Fhor 2 B a8 T A% 0% T A 26T ek
[J]. Je224R. 2011, 31(3): 0323006,

5 Li Xin, Yang Ming, Guo Shiliang, e al.. Characteristics of
photonic-crystal waveguides with random media[ J]. Chinese J
Lasers, 2012, 39(10): 1006001.

4 k.8 WL S, S S RENLA BTG TR AR I T e
[J]. HEBOE. 2012, 39(10): 1006001,

6 Dong Haixia, Dong Lijuan, Yang Chengquan, et al.. Optical
properties of one-dimensional photonic crystal containing a single
defect layer with negative refractive index[J]. Chinese J Lasers,
2011, 38(10): 1006002.

1006001-5



H |

# ot

10 Jiang Junzhen, Qiang Zexuan, Xu Xiaofu, e al..

1

WG, EWIR . BRA. S SRR TR B 0O T A
BOEEELT]. P EBOE, 2011, 38(10): 1006002,

7 Su An, Gao Yingjun.
photonic crystal with complex dielectric constant[J]. Chinese J
Lasers, 2009, 36(6): 1535—1538.

T, WAR. FEAN W R U R AT
W EBOG . 2009, 36(6): 1535—1538.

8 Liu Qineng. Filtering feature of 1D rectangle doping photonic
crystal[J]. Chinese J Lasers, 2010, 37(8): 2041—2044.
XUsfe. —4EAIE B 400 T MR s s AR v L0, b E Ok,
2010, 37(8): 2041—2044.

9 Feng Chen, Feng Guoying, Zhou Hao, et al.. Characteristic

Filter characteristics of one-dimensional

analysis on photonic crystal laser cavity with one-dimensional
photonic bandgap[J]. Chinese ] Lasers, 2012, 39(8): 0802009,
oo, WEY, AR, & Pl BOb T IR EOEIE W
Rtk A1), E#OE. 2012, 39(8) . 0802009,

Air-hole type
photonic crystal add-drop filters based on total-internal-reflection
ring resonators[J]. Chinese ] Lasers, 2012, 39(5): 0505001.
WU, SR E, VPR, SF. LT A R MOR s AL DT
s ROL M IE B L], T EEOL, 2012, 39(5): 0505001,

Deng Xinhua,

—

Liu Nianhua, An Liping. Tunable multiple-
channel filters based on photonic heterostructures using single-
negative materials[J]. Chinese Science Bulletin, 2009, 54(10):
1405—1409.

ABHRAE, XEAE, CATHE. H T RGBT AR S s A B T

2@ g WA ]. Blegi ik, 2009, 54(10): 1405—1409.
12 Yu Jianli, Shen Hongjun, Ye Song, e al.. Design of novel

highly efficient photonic crystal multi-channel drop filter[J]. Acta

Optica Sinica, 2012, 32(11): 1106003.

WA, WEE . W R, MR EROt TR ZEE T

R P as BT e, 2012, 3211 1106003,

13 Su An, Meng Chengju, Gao Yingjun. Effect of structure period
number on the transmission quality of photonic quantum well[ ] ].
Laser & Optoelectronics Progress, 2013, 50(1): 012302.
A, GERE, RS, S R EO O R B A BT
mawEFEI]. BOLS e TEBERE . 2013, 50(1) . 012302,

14 Su An, Gao Yingjun. Light propagation characteristics of one-
dimensional photonic crystal with double-barrier quantum well
[J]. Acta Physica Sinica, 2012, 61(23): 234208.

T, mIR. WEE 26T SRR PR 6L R
[J]. ¥ B4, 2012, 61(23): 234208.

15 Su An. The effect of lattice constants on transmission spectra of
photonic crystal quantum well [ J ]. Infrared and Laser
Engineering, 2013, 42(1). 200—206.

. RO T R R R TR E S m )] a5 s
WOt TR, 2013, 42(1): 200—206.

16 Su An, Gao Yingjun. One-dimensional photonic crystal quantum-
well structure containing complex dielectric constant[]J]. Acta
Photonica Sinica, 2010, 39(5) . 842—846.

HE, mER. HENEE R —AO6 T SR E T BEES A P
[J]. JeT241, 2010, 39(5) . 842—846.
=EHRE % 4

1006001-6



