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Folariton boval states in peridic Bragy moliple guantom well siroctiores
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Abstrart. Tacfzel pdeton crates in Renen mnltiple-qoanbimewedl snwmnes sve stdicrd nlor gwith
defeetanducsd elhanpes ir-fmAnemissian ard reflecrion opertta AnnlyHre! resclts fee mipen frequen-
cies af 1he ek sinles mme for respective | rinsmission coeMiEens are shlaingt. s shan tha the
lew 2l pedamicims reule im resenanecs Junneling of Lighl thniwgh dbe slasp bamd of MO siraclire, bl
inbice other Eypen Al lcal wdles. the ransmiskicm messdmaec meguencick 2o alwayes shiflod wAlh
respcl b eleen Drsguensics af U keal ouslcs, Esciow Inuoopcissaas boshaungs is abeu o
wrmd, plesiosiolagacally ad oconun:ndsnons cogardine il cipeeoial olseosesn of the
procacted cllesls ao pave,

Jokrudciion

Optical propemics of mubtipls grantam wels (MO haye actracted a greot deal of intersst
recently [| B]. Tle excionkt phooon coupling resudes in RIOW polar bons — coberently
coupicd quazi-etaticmary excitytions of quantum aell {O%W] excifons and icansvenis elec-
tramagneie Neld. 8o called Brage srectores, n whick islersel | spacing, a, is wned tothe
caciton resonance feequency L3 (g = Lgs T, where A is the waveleopth of ibe light et the
et frepuensy S ot specia lentaon [£ 5,7, 8] A welf proaeatnced (wilarnon
pap wras oheeryed in recent experimente 18] with Caln AsfGaAs Brazp sorsctires with the
number ol wells op e 1081 These axperinenls consineitply dentan-taced ihar despire b
mengencws and inhovangencouws broadening the coherent exciton—phatcn coapling inbong
BOW is eapecimendaly Tuwible. Polirdion efiecs asing s resuil of 1his eommling open
up now oppcrtunitics for manipulating optical properiies of quantene beicraeiciuees.

L al soch opporiunities is associmed wilh introglucing defesls in MOW sins:Lorgs.
Thess defecds can b catleer O ' of diffevcnt covnpositons veplacing s or several “lost™
wizlls, o hcally alveoen] spEecang Teiween clormeas ol the sosctore, This wess was lin
applied vo MOY bor Cirin [ 9], whers it was shown thor didferent defects con give rise o local
EKLifIMm -r.u!ﬂ:rihm misdies imcim linnie MO, §inlike n:B'uJurr inlerfacs: midizs in \‘II‘|K.'I'IHI.|i.IL‘I:\.
kocal modies in o defoet BMOW ctrecdnre exisis ot & = 0 aod con be excided at ooomn]
incidence. Tn this puper we present resuls oF detailed saodues af Tocal polnicon rodes
(LPME ) produccd by beo different bepes of individual defeets io Bregp MOW crseranes,
W consisler TPM s with zeenan plane wive vecwr onky. Bech niesdes ara seiied by lighn
iocident o the procth dicectiom of the strwetuce, and can reeobt in resomancs waNEmizsion
of Kpght thaomgh the polamitan g o the host sieochere. 1ang parameters: of o mealistic
InCraAsiGan s syerei stodicd cxporimcnally in Bef. |5], we grve recooumcodacion on the
::-:pl:r:rnmlul oibeervitsan el Thes FFPR '

L. LiFen frequencics of Locat polaritons i deforl MW s
Wi deaerabs oyiteeal Pl of WO s weing polarizacicds density of the forn: BVr, 2} =
itz — 2.0, whers ris an in-plang position vecksr, 7, cepresents o ooordinate af the

&
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H-th well, and P, iz a surfece parizalion demsicy of the rospoctive well. The Laner is
determined Iy the svcitoo dyndmics, described in s cunsidered il ion by the equaticon
{E'J:E - mz} M= %rl",., Fiz,1, where 5ty and ', are cacaton lrequency aod cacion-Light
coupling <f the r-lh W, regpeciively, In ab infinite pure gysten, afl |7, = Cp, O =
Ehie oo =g whore e - aqs2 s the Bragoe's interwel | separation,

The specrum of idenl poriodi: MO0W s has heca shigked in Macy papers |1 3, 16,
LL, 1Z]. In the specific case of Brapp streciones, the excibin rewonanoe froqueecy, 1y,
is at the cenoer af the bandpag deiermined by the ineeuality oy < wr oy, wheTe ay =
e[l — ._."ﬁ.l'qh"ifrm} and oy — §p (1 + ,,‘,-'._:il'uf:ltﬂ;:lln [10. Thus bapdegap iz e froguency
reyivn whors we will Inok for new bocal siates arnociansl with the defecls, e vpes of
it are ol the groatest inlemesr ODe s Baocisted with replacing an evigingd GW aith o
QW with diffarem escilen frequency {52-deteet]. and the  wher one regole, From penurtationt
o an nleraedl spacing beiween two wells. The dicpersion squatinn for Sedefecy has, in
the cBe 0f Les Brpge sisoctores, ewo soliions, one below $% nnd one abore. (e soliticn
desmicst gbes 1 Tudiatve shifl fom the defeel Freaquency £2),

-

r.-.l::-l.l_':- - ﬂ| - rﬂ_—l E-a:l=. l:|._|
Wl — S FTEE and

while the soeend solnbon splits off the wpper of lower Taindary depending up:n the sign

of 1) — £

. | ma =yt
ol = s g, - m(i - ”) : 2)
u

whers oo clkwses oy, and <= fon 1) = Do, and sy awd ™| 7 in b appesle case. It con
b socn that 1he shift of “'-';1:-Ir (rum the defect exciton ivequency 0 i- rmegidive tor 83 =~ O
iind positive for L, = 53

The o deledt is actually a casity, whith QW5 pludne the rale of the mimoors. Tnlike
senilnr cavitics, Jiunsever, the “mirrors" in T cose Bre themselves optically wclewe, Ml
this TCr 1% rregomaibie for signaficant peculiarices of the enee wnder considendion, Eizcn
frimpmenicies for this gilusiien cun be fornd usng toneter nabis approsach Sohutione ol 1l
reRpoctive disperann cquation can be approxinated -

oy an, iy = ][E-;l sinfrd 2y
akt = iy — 7w o i
L+ T g 1w ]-:'-:-5 BN
. _ 1 P
o = Gy . e (IR 7 Towstrl /Ty . i41

2 ]_{-.:-u—r_-lll

{1-z
T =1t T lsinime /2
where £ = b and f..] dentes on intsger Ft Therefoce. oo Ty o 52y ond not very
large £, £~ 42y, 1y -~ 1, Dol clutions are dloses pemicxlic. Funsrionss of #a wilh the
el of 1 These solutkns gscillar: betwesn respeetive bowikanes: of the 2ap fuy < o]
end the cicinm | rmguency Sy,
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L Thelfied loval palaribm awales ol nsanitbioge and refleclanee eapaeringengy
Besoounce ransmission in e cuse ol f3-delect is desomibed by

d'}_rfir' {ra oy | (A9F

T . A Z
07 (o0 - el o
wlee ) = wp — 0, and paraneetes yp s givea Iy
— g z .
¥o — mily (T"!Iﬂiﬂﬂ—zn) e [

The fansomission speoioum bg- (5 hns o shepe kroman as Lano resonamee sehers ar i5 the
Ieronanee fecqucncy. 45 which ransimiesrn aons unily, parametere po ard Q@ describe the
wickh amcl Lthe axsyrmetry oof the resimance respechvely. The resmance tram-mnssicm an the
case ot -defect is deseribed by the standacd Brei—"Wigoer shaps with the balf-aidth, 3.,
'|'.rr|1[|ru1nu| tex T “Elue_"‘w".

In zenecal, the. trawsmission resonanes roquency io both cages iz chitted oicth mespeci
ic Pheiz freepeney of the loca: wmnde. "The shofi, thanp cxponeidially small far long 2ysems
cansidered here is of the same vrder of memdtude a< tbe width of the cespoones. ond is,
Mezre:fowee , & grhifiean.
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Fir 1- Mememicaly genemiied ormsmission speoimm of CalnAs raks MO s with S5 [dacbed
finc) awl o—sodid Uoe) dedecas. Lo peuamedss wele el bom Bzt B ] S = 1.0491 ey,

Mo A7 e, and excilin relacilion QuRamERET P .25 metl The lemgih o the e iy
|"|II = 2IMk

Keaetuinaf the ITimsmuezann resananue 41 The reeerce o A homegemenus hnosebning in
ibe case of L—deferd = determined by ineerplay between the width of tbe resanance and the
asnyrmeny pacankerer £ Tle Laer s rtleer seoall, aned, therafore, em pnacica by anpoctanl
canss, is responsible for the surrival of the reremamce. For TriaadsGans WO s of Hef. [8]
Tinicepeleons banademing iz noler Lange, Amd instead of o Tl fedped Jaog réewmnance: ong
wili obseree in such systems only & small spike fs=c Fig. 1. It does ot precluds. howenver.
an ppgha Ly Lo hseres such o nesondnes 0 cdher swvstems with an inercissd saciion-
photon coupling. For a-defect the sitation is completely differen (Figo 1. The largs
prret Facdur dan the, resymnce wicih parameler 3 makes dhis defeol quile stible wilk respec
to sbhsocption. The resonance rraiemission with two ouoe DLEXorLmns can, tecefooe. be

abeerwed in the systems wath lengins mnsop between L0 and 4450 wells in che case of
TraAsiFans sysiems.
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