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Abstract ; The resonant transmission properties of a photonic quantum-well were studied by a spheric-wave expansion meth-
od in combination with multiple-scattering techniques. Similar to the electronic quantum wells the photonic quantum-well is
constructed by sandwiching a uniform medium between two photonic barriers. The calculated resonant transmission peaks
show that some photonic states exist in a quantized way, satisfying a quantized frequency relation. The finite photonic po-
tential barrier plays different confining roles on the different photonic levels, By appropriately choosing the parameters of the
well and barrier, a high-quality multichannel filtering can be achieved. The calculation in the coupled double photonic
quantum-wells shows that the coupling between the modes in the two wells weakens with the widening of the barrier thick-
ness, and the mode splitting becomes smaller.
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Fig. 1 The schematic structure of the photonic quantum
well structure in our calculation. (a) Geomatrical ar-
rangment of the photonic quantum well. The solid circles .
correspond to the spheres periodically arranged in x-y
plane. (b) Photonic band structure of the quantum well
as seen by the incident photons with the frequency within
the band gap of photonic barrier, where V; is the height
of photonic band gap.

N g =Vuew/c Bl c RESHHLE, e A
B IS Ey(9) =E,(¢)p, Hh E, #p 4
HRAEFHHBERNRIRAVRE. BT LUE
HY B B B B BE % 4 B $i TR Stefanous % A B 7
#:07, R (D) B MR E T LR RR T
G BT A BT 55 0 45+ T, BT E B R
AE AP R —. BERESLEAS BT
E' =E'u, 3% S BT 5E O Z S B B3 E A
SHAHE 2% .E =E - E' S5 R %5 5T R
#J Helmholtz ﬁ‘ﬁsz +E(M)E =0 18385580
Fik M s R — .
AERHEBE A EG SR E(r,t) =Re[E(r)
exp( —iwt) ], FH E(r) =E,(q) exp(ig. 1) , i 5>

ﬁﬂéﬂﬁ=-ﬁiﬂmea%m
Wity

S48 B NER BB, A ST PR BR T
BRI H

B0 =3, 5 (a0 @) 4l xi k(i)
XIS
E(r) =l§[m i_l( —é—a,;EV xh;* (@)X,,(F) +a,V Xht+(qr)Xl;n(f))
XHFji(gr) BIRIE Bessel %L, b/ (gr) RIRIE
Hankel BR S0, A2 o, = T5al 4036 7 S 68 p AR
FEH TS, (qr) b (qr) FU/NBRALE LA R
b SRR 5 5 1) B
ANBRIURA T O AT L, R AR
R ST BEERS. ASHHMBRE N Bl (1) = S
(B, exp(iK) + 1), S = + (=) A HIREASE
B ST 0, CF A2 + P00 - ).
WO BN 2 (1) = 3 S LE. Jyep(ik;

BIUONE, (1) =3 T1E, ) ewp(iK; )i,
He. [Etr]g-; = [Ein]g‘tiagg' +[E, ]; = ;M;:;'i'[Ein];i'
RSHHR:E; (1) = £ S LB, zen (K, - i,
XH, [El_'f]g_i =[E, ]g-i = ;Mg—i:;'i' [ Ei,.];'i' M JE4E
W, MR M REE ST M M R

'r.)l}‘i;

SRR, SRAEX SRR BT LS B TR TR

HE a1 nEENE2 R
MR NRARKFENEEZBZ G, Mk

RN

Qe =M viexp(i(K) + d, +K + d))

gi:g'



http://www.cqvip.com

1 B % SEHEEN T RER TS HL T 0B SR 5t 19

>98 ‘>Q€<

Ex M_“_M,_b

O

@

B2 FEERYPEENES (a) MZE)ZI/\ET
(b) WAAAS

Fig.2 Scattering of a plane of spheres on the plane EM
waves: Incidence from left (a) and right (b)
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Fig.3 Calculated transmission coefficient T as a func-

tion of the incident light frequency f with various well
widths: (a) 5a, (b) 10 a, (¢) 15 a.
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Fig.4 The quantized frequency f as a function of the
well width L, the solid lines with solid triangles corre-
sponding to the result of finite potential barrier-and the
dashed lines to the analytic relation f, = ne/w. .

BT RANRHERSS. BELTREZ N
{5 R b 7 S T B 4% 22 JF) 49 JR BE 3 8 58 A
4 B ER—MEE B RAM MR FRER &
GRE SRR T MERALFERRITHER
HETFAFIRATLRRS, = n/o.

HE— ST AR T TSR RN BT
BHEEMIIKBIC R, WL 3 el AR E IR T
A BB B0 S B B 5 A 18 00 T 4 0 9. AL b
HE T EE AL, TR 2 B 49 Bt B 4R
AT WA, B TEE LT UED, % R
H2W SHASH K BOAL AT AN AR, B
HEEXFER T R TFERAS LT ke
BRI AT LB, A ST R GE SR TR PR
TSR EME, RN E R, MEEER
B MRS R A ST B R S B TR &
FHRAEREMAHEFT F AR5 FHREX
BB T B b RE S ST IR R AL IRBR .

REAUL TS T AL T Rk B T B
FABRFINE. TR T K SRR TR, 4
AR T2 AL B, EFH I ] T
B2 EPEAETES B B A0 R TR 855, WALR AR
FHEKRZEFABES— SR HFA
TRERTHEE RN, SHEET2 R
W, 0 SBARB AT RS, ERXT R
IR FREGEH, 2RO RS B R AR R
—H, B2 R AR T BB TR E B S A R T

12 1.4 1.6 1.8 2.0
flwa/e

Bs StFRETRTHEMRENRE THITE W
TR NEBTE2FBREKCTFREESH A4 3
M2 ABRREH, B RE S AR NS
B RERE LY I3 REMARET RS

Fig. 5 The variation of the transmission coefficient T with
the incident light frequency f. From top to bottom: the barri-
er width between the two quantum wells is of 4, 3, 2, and 1
time of the single plate. Each single plate consists of uniform
medium filled with spheres. The upper 3 curves are vertical-
ly shifted for clearness.
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