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OPTICAL DEFECT MODES AT AN ACTIVE DEFECT LAYERIN PHOTONIC LIQUID CRYSTALSV. A. Belyakov *, S. V. Semenov baLandau Institute for Theoreti
al Physi
s, Russian A
ademy of S
ien
es142432, Chernogolovka, Mos
ow Region, RussiabNational Investigation Centre �Kur
hatov Institute�123182, Mos
ow, RussiaRe
eived O
tober 10, 2013An analyti
 approa
h to the theory of the opti
al defe
t modes in photoni
 liquid 
rystals in the 
ase of an a
tivedefe
t layer is developed. The analyti
 study is fa
ilitated by the 
hoi
e of the problem parameters related to thediele
tri
 properties of the studied stru
tures. The 
hosen models allow eliminating polarization mixing at theexternal surfa
es of the studied stru
tures. The dispersion equations determining the relation of the defe
t mode(DM) frequen
y to the diele
tri
 
hara
teristi
s of an isotropi
, birefringent and absorbing (amplifying) defe
tlayer and its thi
kness are obtained. Analyti
 expressions for the transmission and re�e
tion 
oe�
ients of thedefe
t mode stru
ture (DMS) (photoni
 liquid 
rystal�a
tive defe
t layer�photoni
 liquid 
rystal) are presentedand analyzed. The e�e
t of anomalously strong light absorption at the defe
t mode frequen
y for an absorbingdefe
t layer is dis
ussed. It is shown that in a distributed feedba
k lasing at the DMS with an amplifying defe
tlayer, adjusting the lasing frequen
y to the DM frequen
y results in a signi�
ant de
rease in the lasing thresholdand the threshold gain de
reases as the defe
t layer thi
kness in
reases. It is found that generally speaking thelayer birefringen
e and diele
tri
 jumps at the interfa
es of the defe
t layer and photoni
 liquid 
rystal redu
ethe DM lifetime in 
omparison with the DMS with an isotropi
 defe
t layer without diele
tri
 jumps at theinterfa
es. Correspondingly, generally speaking, the e�e
t of anomalously strong light absorption at the defe
tmode frequen
y and the de
rease in the lasing threshold are not so pronoun
ed as in the 
ase of the DMS withan isotropi
 defe
t layer without diele
tri
 jumps at the interfa
es. The 
ase of a DMS with a low defe
t layerbirefringen
e and su�
iently large diele
tri
 jumps are studied in detail. The options of e�e
tively in�uen
ingthe DM parameters by 
hanging the defe
t layer diele
tri
 properties, and the birefringen
e in parti
ular, aredis
ussed.DOI: 10.7868/S00444510140501391. INTRODUCTIONThe �eld of mirrorless distributed feedba
k (DFB)lasing in photoni
 stru
tures 
onsisting of many layersof 
hiral liquid 
rystals was re
ently attra
ting mu
hattention, mainly due to the possibilities of rea
hing alow lasing threshold for DFB lasing [1�8℄. For de�nite-ness, we study photoni
 liquid 
rystals with the exam-ple of the best known type of photoni
 liquid 
rystals,
holesteri
 liquid 
rystals (CLC). The related theory ismostly based on numeri
al 
al
ulations [9℄, whose re-sults are not always interpreted in the framework ofa 
lear physi
al pi
ture. Several re
ent papers [10�15℄*E-mail: bel�landau.a
.ru

showed that an analyti
 theoreti
al approa
h to theproblem (sometimes limited by the introdu
ed appro-ximations) allows 
reating a 
lear physi
al pi
ture oflinear opti
s and lasing in the relevant stru
tures. Inparti
ular, the physi
s and the role of lo
alized opti
almodes (edge and defe
t modes) in the stru
tures un-der 
onsideration was 
learly demonstrated. The mostpromising results in DFB lasing relate to defe
t modes(DM) [12; 13℄. The defe
t modes existing at a stru
turedefe
t as a lo
alized ele
tromagneti
 eigenstate with itsfrequen
y in the forbidden band gap were investigatedinitially in the three-dimensionally periodi
 diele
tri
stru
tures [16℄. The 
orresponding defe
t modes in 
hi-ral liquid 
rystals and, more generally, in spiral mediaare very similar to the defe
t modes in one-dimensionals
alar periodi
 stru
tures. They reveal abnormal re-906
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tion and transmission inside the forbidden bandgap [1; 2℄ and allow DFB lasing at a low lasing thresh-old [3℄. The qualitative di�eren
e from s
alar periodi
media 
onsists in the polarization properties. The de-fe
t mode in 
hiral liquid 
rystals is asso
iated with a
ir
ular polarization of an ele
tromagneti
 �eld eigen-state with the 
hirality sense 
oin
iding with the oneof the 
hiral liquid 
rystal helix. There are two maintypes of defe
ts in 
hiral liquid 
rystals studied up tonow. One is a plane layer of some substan
e di�eringfrom the CLC, dividing a perfe
t 
holesteri
 stru
tureinto two parts, and being perpendi
ular to the heli
alaxis of the 
holesteri
 stru
ture [1℄. The other defe
ttype is a jump of the 
holesteri
 helix phase at someplane perpendi
ular to the heli
al axis (without inser-tion of any substan
e at the lo
ation of this plane) [2℄.Re
ently, many new types of defe
t layers were stud-ied [17�23℄, for example, a CLC layer with the pit
h dif-fering from the pit
h of two layers sandwi
hed betweenthese layers [8℄. It is evident that there are many ver-sions of the diele
tri
 properties of the defe
t layer, butthe 
onsideration below is limited by the �rst type ofdefe
t, a layer inserted into a 
hiral liquid 
rystal. Ourfo
us is on the a
tive defe
t layer (absorbing, amplify-ing or 
hanging light polarization). The reason for thatis 
onne
ted with both experimental resear
h on theDFB lasing in CLCs where dyes are pla
ed in a defe
tlayer [24℄ and the general idea that the unusual prop-erties of the DM manifest themselves most 
learly justat the middle of the defe
t stru
ture, i. e., at the defe
tlayer, where the DM �eld intensity rea
hes its maxi-mum. We therefore assume that there is no absorptionin the CLC layers of the DMS, and absorption, ampli�-
ation or 
hanges of light polarization o

ur only in thedefe
t layer. The analyti
 approa
h to studying a DMSwith an a
tive defe
t layer is very similar to the previ-ously performed DM studies [12; 13℄, and we thereforepresent the �nal results of the present investigation,referring the reader to [12; 13℄ for the investigation de-tails.In this paper, an analyti
 solution for the defe
tmode asso
iated with an insertion of an a
tive defe
tlayer into the perfe
t 
holesteri
 stru
ture is presentedfor light propagating along the heli
al axis and somelimit 
ases simplifying the problem are 
onsidered.2. DEFECT MODE AT AN AMPLIFYING(ABSORBING) DEFECT LAYERTo 
onsider the DM asso
iated with an insertion ofan isotropi
 layer into a perfe
t 
holesteri
 stru
ture,

d

L

L

CLC

CLC

Fig. 1. S
hemati
 of the CLC defe
t mode stru
turewith an isotropi
 a
tive defe
t layer of thi
kness dwe have to solve the Maxwell equations and a boundaryvalue problem for the ele
tromagneti
 wave propagat-ing along the 
holesteri
 helix for the layered stru
turedepi
ted in Fig. 1. This investigation was performedin [12; 13℄ under the assumption that the CLC layers
an be absorbing or amplifying in Fig. 1. It is possibleto use the results in [12; 13℄ in the present 
ase of anamplifying (absorbing) isotropi
 defe
t layer and non-absorbing CLC layers introdu
ing only some physi
ally
lear 
hanges in the formulas obtained in [12; 13℄. Theassumptions in [12; 13℄, that the average diele
tri
 
on-stant of CLC "0 
oin
ides with the diele
tri
 
onstantof the defe
t layer and the external medium, and hen
epolarization 
onversion at the interfa
es is absent andonly light of di�ra
ting 
ir
ular polarization has to betaken into a

ount, are retained in this se
tion. Themain 
onventions and notation of papers [12; 13℄ arealso preserved in this se
tion. As is known [9℄, mu
hinformation on the DM is available from spe
tral prop-erties of the defe
t mode stru
ture (DMS) transmissionT (d; L) and re�e
tion R(d; L) 
oe�
ients.Formulas for the opti
al properties of the stru
-ture depi
ted at Fig. 1 
an be obtained using the ex-pressions for the amplitude transmission T (L) and re-�e
tion R(L) 
oe�
ient for a single 
holesteri
 layer(see also [25; 26℄). The transmission jT (d; L)j2 and re-�e
tion jR(d; L)j2 intensity 
oe�
ients (of light of thedi�ra
ting 
ir
ular polarization) for the whole stru
ture
an be presented in the formjT (d; L)j2 = ���� TeTd exp(ikd(1+ig))1� exp(2ikd(1+ig))RdRu ����2 ; (1)jR(d; L)j2 = ����Re + RuTeTu exp(2ikd(1+ig))1� exp(2ikd(1+ig))RdRu ����2 ; (2)where Re(Te), Ru(Tu), and Rd(Td) are the respe
tiveamplitude re�e
tion (transmission) 
oe�
ients of theindividual CLC layer (see Fig. 1) for light in
ident at907
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e, at the inner top CLC layersurfa
e from the inserted defe
t layer, and at the in-ner bottom CLC layer surfa
e from the inserted defe
tlayer. It is assumed in the deriving Eqs. (1) and (2) thatthe external beam is in
ident at the stru
ture (Fig. 1)from above only. The fa
tor 1 + ig is related to thedefe
t layer only and 
orresponds to the diele
tri
 
on-stant of the defe
t layer having the form "0(1 + 2ig)with a small g that is positive for an absorbing defe
tlayer and negative for an amplifying one.For 
ompleteness, we also present expressions forthe amplitude transmission T (L) and re�e
tion R(L)
oe�
ients for a single nonabsorbing 
holesteri
 layerof thi
kness L for light of di�ra
ting 
ir
ular polariza-tion [25; 26℄:R(L) = iÆ sin(qL)�q��2 
os(qL) ++ i �� �2��2 + � q��2 � 1� sin(qL)��1 ;T (L) = exp i�L2 q��2 �q��2 
os(qL) ++ i �� �2��2 + � q��2 � 1� sin(qL)��1 ; (3)
where � = !"1=20 =
, � = 4�=p, p is the 
holesteri
 pit
h,"0 = ("k+ "?)=2, Æ = ("k� "?)=("k+ "?) is the diele
-tri
 anisotropy, and "k and "? are the lo
al prin
ipalvalues of the liquid 
rystal diele
tri
 tensor [25�29℄,q = ��1 + (�=2�)2 � h(�=�)2 + Æ2i1=2�1=2 : (4)The defe
t mode frequen
y !D is determined by thedispersion equationexp (2ikd(1 + ig)) sin2(qL)� exp(�i�L)Æ2 �� ��q�2 
os(qL)+i�� �2��2+� q��2�1� sin(qL)�2 == 0: (5)For a �nite thi
kness L of CLC layers, the DM fre-quen
y !D is a 
omplex quantity, whi
h 
an be foundby solving Eq. (5) numeri
ally. For very small values ofthe parameter g, the re�e
tion and transmission spe
-tra of an DMS with an a
tive defe
t layer are simi-lar to the spe
tra studied in [12; 13℄ (see Fig. 2). Inparti
ular, positions of dips in re�e
tion and spikes intransmission inside the stop-band just 
orrespond toRe!D, and this observation is very useful for numeri-
ally solving the dispersion equation. The DM lifetimeis redu
ed for absorbing defe
t layers 
ompared to anonabsorbing defe
t layer [12; 13℄.
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Fig. 2. Re�e
tion jR(d; L)j2 versus the frequen
y for anonabsorbing defe
t and CLC layers (g = 0) at d=p == 0:1 (a), 0:25 (b); l = 200, l = L� = 2�N , whereN is the dire
tor half-turn number at the CLC layerthi
kness L. Here and on �gures below, Æ = 0:05, thedire
tor half-turn number at the CLC layer thi
kness isN = 33, frequen
y � = Æ[2(! � !B)=Æ!B � 1℄2.1. Absorbing defe
t layerAs in the 
ase of investigated DMS with absorbingCLC layers [12; 13℄, the e�e
t of anomalously strongabsorption also o

urs in DMS with absorbing de-fe
t layer. The e�e
t reveals itself at the DM fre-quen
y and rea
hes its maximum (the maximum of1 � jT (d; L)j2 � jR(d; L)j2) for 
ertain value of g that
an be found using expressions (1) and (2) for jT (d; L)j2and jR(d; L)j2. Figure 3 demonstrates the existen
e ofthe anomalously strong absorption e�e
t at the DMfrequen
y. As follows from Fig. 3, the maximum valuesof the anomalous absorption [25; 30℄ (the maximum of1�jT (d; L)j2�jR(d; L)j2) at two di�ering values of d=pare rea
hed for g = 0:04978 and g = 0:00008891 (takenwith the opposite sign, these are approximate values ofg for the lasing threshold gain for the same DMSs).In the 
ase of thi
k CLC layers (jqjL � 1) in theDMS, the g value ensuring absorption maximum 
anbe found analyti
ally:908
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Fig. 3. Total absorption 1 � jT (d;L)j2 � jR(d; L)j2 versus the frequen
y for an absorbing defe
t layer and nonabsorbingCLC layers at g = 0:04978 (a), 0:08 (b) for d=p = 0:1; at g = 0:00008891 (
), 0:0008891 (d) for d=p = 22:25gt = Ld �������� 2�2q2�L exp (�2jqjL) �� 8><>:1 + �2 �(�=�)2+Æ2�1=2��1�(�=2�)21� [(�=�)2 + Æ2℄1=2+(�=2�)2 9>=>;�1�������� : (6)For the defe
t mode frequen
y !D in the middle of thestop-band, the maximal absorption 
orresponds togt = 23� pd exp��2�ÆLp� : (7)As the 
al
ulations and formulas (6) and (7) show,the gain g 
orresponding to the maximal absorption isapproximately inversely proportional to the defe
t layerthi
kness d.2.2. Amplifying defe
t layerIn the 
ase of a DMS with an amplifying defe
t layer(g < 0), the re�e
tion and transmission 
oe�
ients di-verge at some value of jgj. The 
orresponding values

−0.10 −0.08 −0.06 −0.04 −0.02 0

Frequency

−150

−125

−100

−75

−50

−25

0

d-mode absorption

Fig. 4. Total absorption 1 � jT (d; L)j2 � jR(d; L)j2versus the frequen
y for an amplifying defe
t layerand nonabsorbing CLC layers at g = �0:0065957 ford=p = 0:25of g are the gain lasing thresholds. They 
an be foundfrom dispersion equation (5) solved for g or numeri-
ally using expressions (1) and (2) for jT (d; L)j2 andjR(d; L)j2, or 
an be found approximately by plotting909
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Fig. 5. Transmission jT (d;L)j2 versus the frequen
yfor an amplifying defe
t layer and nonabsorbing CLClayers at g = �0:001000 for d=p = 2:25 (a) andg = �0:00008891 for d=p = 22:25 (b)
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Fig. 6. Re�e
tion jR(d; L)j2 versus the frequen
y foran amplifying defe
t layer and nonabsorbing CLC layersat g = �0:04978 for d=p = 0:1jT (d; L)j2 and jR(d; L)j2 as fun
tions of g. The thirdoption is illustrated by Figs. 4�6, where �almost diver-gent� values of jT (d; L)j2, jR(d; L)j2, or the absorption1� jT (d; L)j2 � jR(d; L)j2 are shown. The used values

of g in Figs. 4�6 are 
lose to the threshold ones en-suring a divergen
e of jT (d; L)j2 and jR(d; L)j2. The
al
ulation results show that the minimal threshold jgj
orresponds to the lo
ation of !D just in the middle ofthe stop-band and jgj is almost inversely proportionalto the defe
t layer thi
kness. Figures 4 and 5 a
tually
orrespond to the defe
t mode frequen
y !D lo
ated
lose to the middle point of the stop-band and demon-strate a de
rease in the lasing threshold gain with anin
rease in the defe
t layer thi
kness. Figure 6 
orre-sponds to the defe
t mode frequen
y !D lo
ated 
loseto the stop-band edge and demonstrates an in
rease inthe lasing threshold gain as the defe
t mode frequen
y!D approa
hes the stop band edge.The analyti
 approa
h for thi
k CLC layers (jqjL�� 1) results in similar predi
tions, namely, the gainthreshold value is given by (6) with the negative signof the right-hand side. For thi
k CLC layers with !Din the middle of the stop-band, the threshold gain isgiven by the expressiongt = � 23� pd exp��2�ÆLp� : (8)Hen
e, as formula (8) shows, the thinner the amplifyingdefe
t layer is, the higher threshold gain g.The same result, as was mentioned above, is alsovalid for the absorption enhan
ement (formulas (6) and(7)). The thinner the absorbing defe
t layer is, thehigher the g value ensuring maximal absorption.An important result relating to DFB lasing at theDMS with an amplifying (absorbing) defe
t layer 
anbe formulated as follows. The lasing threshold gain in adefe
t layer de
reases as the amplifying layer thi
knessin
reases, being almost inversely proportional to thethi
kness. A similar result holds for the anomalouslystrong absorption phenomenon, where the value of g inthe defe
t layer ensuring maximal absorption is almostinversely proportional to the defe
t layer thi
kness. Wenote that the revealed de
rease in the lasing thresholdgain with in
reasing the amplifying defe
t layer thi
k-ness 
annot be regarded dire
tly as the 
orrespondingredu
tion in the lasing energy threshold of a pumpingwave pulse. The situation depends on the spe
i�
s ofpumping arrangement. This question requires a morethorough separate 
onsideration. For example, if we as-sume that the pumping is arranged su
h that the gaing times the defe
t layer thi
kness d is proportional tothe pumping pulse energy, then the threshold pumpingpulse energy is almost independent of the defe
t layerthi
kness be
ause of the almost inverse proportionalityof the threshold gain to the defe
t layer thi
kness foundabove.910
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t modes : : :3. DEFECT MODE AT BIREFRINGENTDEFECT LAYERThe main attention in this se
tion is paid to a bire-fringent defe
t layer and, in parti
ular, to the 
ase oflow birefringen
e. As was already mentioned above, thereason for that is 
onne
ted with both the experimen-tal resear
hes of DFB lasing in CLCs where the defe
tlayer is birefringent [24℄ and the general idea that theunusual properties of the DM manifest themselves most
learly just at the middle of the defe
t stru
ture, i. e.,at the defe
t layer, where the DM �eld intensity rea
hesits maximum. We also assume from the beginning thatthere is no absorption in the CLC and the birefringentdefe
t layer. The analyti
 approa
h in studying of aDMS with a birefringent defe
t layer is very similar tothe previously performed DM studies for an isotropi
defe
t layer [12; 13℄, and we therefore present the �nalresults, referring the reader to [12; 13℄ for the details.3.1. Nonabsorbing CLC layersIn this se
tion, an analyti
 solution for the DM as-so
iated with an insertion of a birefringent defe
t layerin the perfe
t 
holesteri
 stru
ture is presented for lightpropagating along the heli
al axes and some limit 
asessimplifying the problem are 
onsidered. To 
onsider theDM asso
iated with the insertion of a birefringent layerin the perfe
t 
holesteri
 stru
ture, we have to solvethe Maxwell equations and a boundary value prob-lem for the ele
tromagneti
 wave propagating alongthe 
holesteri
 helix for the layered stru
ture with abirefringent defe
t layer depi
ted at Fig. 1. This in-vestigation was already performed in [12; 13℄ under theassumption that the defe
t layer in Fig. 1 is isotropi
.We 
an therefore use the results in [12; 13℄ for our 
aseof a birefringent defe
t layer and nonabsorbing and am-plifying (absorbing) CLC layers (keeping the notationof papers [12; 13℄ here), introdu
ing only some physi-
ally 
lear 
hanges in the formulas obtained in [12; 13℄.The assumption in [12; 13℄ that the polarization 
on-version is absent and only light of di�ra
ting 
ir
ularpolarization has to be taken into a

ount (due to theassumption that the average CLC diele
tri
 
onstant"0 
oin
ides with the diele
tri
 
onstant of the defe
tlayer and the external medium) is not valid here. Infa
t, due to the birefringen
e of the defe
t layer, lightpolarization 
hanges in the 
ourse of its propagation inthe defe
t layer from one of its surfa
es to the other,and hen
e, generally speaking, the polarization of lightafter 
rossing the defe
t layer di�ers from the polar-ization at the �rst defe
t layer surfa
e. This is why

the polarization 
omponent di�ering from the di�ra
t-ing polarization o

urs to be present in the DMS ingeneral and the 
orrespondingly polarized light leaksfrom the DMS. The evident 
onsequen
e of this leak-age is a redu
tion in the DM lifetime in the 
ase of abirefringent defe
t layer.Formulas for the opti
al properties of the stru
turewith a birefringent defe
t layer depi
ted at Fig. 1 
anbe obtained using the expressions for the amplitudetransmission T (L) and re�e
tion R(L) 
oe�
ient for asingle 
holesteri
 layer in the presen
e of diele
tri
 in-terfa
es (see [25; 26℄). If we negle
t multiple s
atteringof nondi�ra
ting polarization light, the transmissionjT (d; L)j2 and re�e
tion jR(d; L)j2 intensity 
oe�
ients(of light with the di�ra
ting 
ir
ular polarization) forthe whole stru
ture 
an be presented in the formjT (d; L)j2 == ���� TeTdM(k; d;�n)(�e � ��ed)1�M2(k; d;�n)(�r � ��ed)2RdRu ����2 ; (9)jR(d; L)j2 == ����Re + RdTeTuM2(k; d;�n)j(�e � ��ed)j21�M2(k; d;�n)(�r � ��ed)2RdRu ����2 ; (10)where the meaning of Re(Te), Ru(Tu), and Rd(Td) isthe same as in (1) and (2), and �e, �r, and �ed are thepolarization ve
tors of light exiting the CLC layer in-ner surfa
e, of light re�e
ted at the inner bottom CLClayer surfa
e at the in
iden
e from the inserted defe
tlayer, and of light whose some polarization ve
tor �edtransforms to the polarization ve
tor �e at 
rossing thebirefringent defe
t layer of thi
kness d; �n is the dif-feren
e of two refra
tive indi
es in the birefringent de-fe
t layer and M(k; d;�n) is the phase fa
tor relatedto the light single propagation in a birefringent defe
tlayer. It is assumed in deriving Eqs. (9) and (10) thatthe external beam is in
ident at the stru
ture (Fig. 1)from above only. In the presen
e of diele
tri
 inter-fa
es, there is light polarization 
onversion at the innersurfa
es of CLC layers in DMS at re�e
tion and trans-mission of light through a CLC layer and the light �eldinside CLC layers 
annot be presented as a superpo-sition of only two di�ra
ting eigenmodes of the CLC(generally speaking, two nondi�ra
ting eigenmodes arealso present). The 
orresponding polarization ve
torinside the defe
t layer (after light 
rosses the interfa
ebetween the CLC and defe
t layers), �e, 
an be found(see [25; 26℄), and the polarization ve
tor �ed 
an beeasily 
al
ulated if d and �n are known. The same 
anbe said about �nding the polarization of light ex
iting911
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ting eigenmodes in a CLC layer in its in
iden
eat the external CLC layer surfa
e in the DMS. The
orresponding polarization in the presen
e of diele
tri
interfa
es is 
alled a di�ra
ting polarization here. Po-larization orthogonal to the di�ra
ting polarization ishere 
alled the nondi�ra
ting polarization. Light of anondi�ra
ting polarization being in
ident at a DMS ex-
ites only nondifra
ting CLC eigenmodes in CLC layersof the DMS. The polarization ve
tors �e, �r, and �ed
an be presented in the form�i = (
os�iex + ei�i sin�iey); (11)where ex and ey are the unit ve
tors along the x andy axis, and �i and �i are the parameters determiningthe polarization. For example, �i = �=4 and �i == �=2(��=2) 
orresponds to right (left) 
ir
ular polar-ization.In the general 
ase for a DMS with a birefringentdefe
t layer, the transmitted and re�e
ted beams donot 
orrespond to the di�ra
ting 
ir
ular polarization,and therefore there is re�e
tion and transmission of thenondi�ra
ting polarization light even for in
ident lightof di�ra
ting polarization. Negle
ting multiple s
at-tering of nondi�ra
ting polarization light, we obtainthe re�e
tion R(d; L)� and transmission T (d; L)� 
o-e�
ients of light of nondi�ra
ting 
ir
ular polarization(for in
ident light of di�ra
ting 
ir
ular polarization),jT (d; L)�j2 = ���TeT�d fM(k; d;�n)(�e � �?�ed ) ++ (�r � ��ed)(�e � ��ed)(�r � �?�ed )M2(k; d;�n)�� �1�M2(k; d;�n)(�r � ��ed)2RdRu��1���2 ; (12)jR(d; L)�j2 == ��fR�e +RdTeT�u M2(k; d;�n)(�e � ��ed)(�r � �?�ed ) �� �1�M2(k; d;�n)(�r � ��ed)2RdRu��1g���2 ; (13)where R�e is the re�e
tion 
oe�
ients of the CLC layerfor light of nondi�ra
ting 
ir
ular polarization takingdiele
tri
 interfa
es at the in
iden
e of di�ra
ting po-larization light into a

ount and T� is the transmis-sion 
oe�
ient of the CLC layer for light of nondiffra
-ting 
ir
ular polarization taking diele
tri
 interfa
es atthe in
iden
e of nondi�ra
ting polarization light intoa

ount, and �?ed is the polarization ve
tor orthogo-nal to �ed. We note that the amplitude transmis-sion 
oe�
ients T�d and T�u are approximately equalto exp[ikLn�=n0℄, where n� is the refra
tive index oflight of the nondi�ra
ting 
ir
ular polarization in CLClayer.

Cal
ulations of the re�e
tion and transmission 
oef-�
ients a

ording to (9), (10), (12), and (13) 
an be per-formed analyti
ally in the general 
ase, but are rather
umbersome. This is why we study the 
ase of lowbirefringen
e in detail below and present expressionsfor jT (d; L)j2 and jR(d; L)j2 taking only the polariza-tion transformation in the defe
t layer into a

ount andnegle
ting transformations of polarizations at the inter-fa
es and small deviations of the di�ra
ting and non-di�ra
ting polarizations from the 
ir
ular ones, whi
hallows simple analyti
 
al
ulations.With these simpli�
ations and under the assump-tion that the refra
tive indi
es of the DMS external me-dia 
oin
ide with the average CLC refra
tive index, therefra
tive indi
es of the defe
t layer 
an be expressedby the formulasnmax = n0 +�n=2; nmin = n0 ��n=2; (14)where n0 
oin
ides with the average CLC refra
tive in-dex and �n is small. The phase fa
tor M(k; d;�n) isgiven by M(k; d;�n) = exp[ikd℄ 
os(�'=2); (15)where the phase di�eren
e of two beam 
omponentswith di�erent eigenpolarization at the defe
t layerthi
kness is �' = �nkd=n0, k = !n0=
 = !"1=20 =
.Finally, in the 
ase of low birefringen
e, inserting(15) into (9) and (10), we obtain expli
it expressionsfor the re�e
tion and transmission 
oe�
ients of lightwith a 
ir
ular di�ra
ting polarization for the in
identbeam with a 
ir
ular di�ra
ting polarization:jT (d; L)j2 = ���� TeTd exp[ikd℄ 
os(�'=2)1� exp[2ikd℄ 
os2(�'=2)RdRu ����2 ; (16)jR(d; L)j2 == ����Re + RdTeTu exp[2ikd℄ 
os2(�'=2)1� exp[2ikd℄ 
os2(�'=2)RdRu ����2 : (17)If �'=2� is an integer, Eqs. (16) and (17) are iden-ti
al to the 
orresponding equations for the DMS withan isotropi
 defe
t layer [12; 13℄ and there is no 
onver-sion of the di�ra
ting polarization into a nondi�ra
tingone, but if �'=2� is not an integer, this 
onversion o
-
urs and, 
onsequently, light leaks from the DMS and,in parti
ular, the DM lifetime is less than in the 
ase ofthe 
orresponding DMS with an isotropi
 defe
t layer.This dependen
e of the DM properties on the phaseshift between eigenwaves at their 
rossing the defe
tlayer opens up the way to 
ontrol the DM properties.912
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al defe
t modes : : :The simplest su
h possibility is related to variations ofthe defe
t layer thi
kness.The polarization 
onversion results in adding thenondi�ra
ting 
omponents to the transmitted and re-�e
ted beams. For low birefringen
e, whi
h 
orre-sponds to the 
ondition �n=n0 < Æ, the amplitudetransmission and re�e
tion 
oe�
ient for nondi�ra
t-ing polarization light (for the in
ident light of di�ra
t-ing polarization) are given byT (d; L)� = Te exp ikLn�n0 �� exp[ikd℄ sin(�'=2)1� exp[2ikd℄ 
os2(�'=2)RdRu ; (18)R(d; L)� = 12RuTe exp ikLn�n0 �� exp[2ikd℄ sin(�')1� exp[2ikd℄ 
os2(�nkd=2n0)RdRu ; (19)where n� is the refra
tive index of light of nondi�ra
t-ing 
ir
ular polarization in the CLC layer.The 
al
ulations results for the transmissionjT (d; L)j2 
oe�
ient of light of di�ra
ting polarizationin the 
ase of low birefringen
e are presented at Fig. 7for various values of the birefringent phase fa
tor �'related to the light single propagation in a birefringentdefe
t layer. Figure 7 shows that at low values of thephase shift between eigenwaves at their 
rossing thedefe
t layer (�' < �=2), the shape of the transmission
urve is very similar to that for a DMS with anisotropi
 defe
t layer (for �' equal to an integermultiple of 2� or zero, it 
oin
ides with the shape ofthe 
orresponding 
urve for an isotropi
 defe
t layer).But as �' approa
hes �=2 (see Fig. 7e�g), the in
reasein transmission at the defe
t mode frequen
y, typi
alfor an isotropi
 defe
t layer, gradually disappears anddoes not appear at all at �' = �=2 (Fig. 7g). Thismay be regarded, in parti
ular, as a hint that the DMlifetime de
reases with in
reasing the shift betweeneigenwaves at their 
rossing the defe
t layer and thatthe DM does not exist at all at some value of the shift.With the partial 
onversion of the 
ir
ular non-di�ra
ting in
ident polarization into the di�ra
ting onetaken into a

ount, the pi
ture of transmission spe
tradoes not 
hange radi
ally. In Fig. 8, the transmissionspe
tra for the total light intensity 
rossing the DMS(for the sum of intensities for both 
ir
ular polariza-tions) 
al
ulated using Eqs. (18) and (19) show a gen-eral de
rease in transmission at the DM frequen
y !Das �' in
reases, but it is mu
h more slow than for thedi�ra
ting polarization and only at �' 
lose to �=2

does the transmission pra
ti
ally vanish (whi
h demon-strates the 
onversion of polarizations at the birefrin-gent layer).It is well known [9℄ that the position of the edgemode frequen
y in the stop-band is determined bythe frequen
y of the transmission (re�e
tion) 
oe�-
ient maximum (minimum), and therefore the per-formed 
al
ulation of the transmission spe
tra (Figs. 7and 8) determine the real 
omponent of the DM fre-quen
y. But be
ause the DM is a quasistationarymode, the imaginary 
omponent of the DM frequen
yis not zero [12; 13℄. A dire
t way to �nd the imaginary
omponent of the DM frequen
y is to solve the disper-sion equation. The dispersion equation in the 
ase of abirefringent defe
t layer 
an be found similarly to the
ase of an isotropi
 defe
t layer [12; 13℄ and if multi-ple s
attering of light of nondi�ra
ting polarization isnegle
ted, it 
an be represented asM2(k; d;�n) sin2(qL)�exp(�i�L)Æ2 ��q�2 
os(qL) ++ i�� �2��2 + � q��2 � 1� sin(qL)�2 = 0: (20)In the general 
ase, the solution of Eq. (20) has tobe found numeri
ally, and a detailed dis
ussion of thisin the 
ase of an isotropi
 defe
t layer 
an be foundin [12; 13℄. Some simpli�
ation of (20) o

urs in the
ase of low birefringen
e, when the phase fa
tor in (20)is given by (15).3.2. Amplifying and absorbing CLC layersAs the experiment [3℄ and the theory [12; 13℄ show,unusual opti
al properties of the DMS at the DM fre-quen
y !D (abnormally strong absorption for an ab-sorbing CLC and abnormally strong ampli�
ation foran amplifying CLC [12; 13; 25; 30℄) 
an be e�e
tivelyused for enhan
ing DFB lasing. It is quite natural tostudy how the birefringent defe
t layer in�uen
es theabnormally strong ampli�
ation and abnormally strongabsorption e�e
ts. For studying this, we assume, as wasdone in [12; 13℄, that the average diele
tri
 
onstant ofthe CLC has an imaginary addition, i. e., " = "0(1+i
),where positive 
 
orresponds to absorbing and negative
 to amplifying media. (We note that in real situa-tions, j
j � 1.) As was mentioned above, the valueof 
 
an be found from solution of dispersion equation(20). Another option (see [12; 13℄) is to study re�e
-tion and transmission 
oe�
ients (9), (10), (16), (17)as fun
tions of 
 
lose to R(d; L) and T (d; L) at theDM frequen
y.10 ÆÝÒÔ, âûï. 5 913
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Fig. 7. The 
al
ulated di�ra
ting polarization intensity transmission 
oe�
ient jT (d; L)j2 for a low-birefringent defe
t layerversus the frequen
y for a di�ra
ting in
ident polarization at the birefringent phase shift at the defe
t layer thi
kness�' = �=20 (a), �=16 (b), �=12 (
), �=8 (d), �=6 (e), �=4 (f), �=2 (g), and �' = 0 (h) (Fig. 7h 
orresponds to theisotropi
 defe
t layer) for a nonabsorbing CLC at d=p = 0:25For an amplifying CLC, the value of 
 
orrespond-ing to a divergen
e of the DMS re�e
tion and transmis-sion 
oe�
ients just determines the solution of disper-sion equation (20) and also determines the thresholdDFB lasing gain in the DMS (see [12; 13℄). Thereforethe threshold value of 
 
an be found by 
al
ulating theDMS re�e
tion and transmission 
oe�
ients at various

 and �nding its value at the points where the DMSre�e
tion and transmission 
oe�
ients diverge.This pro
edure, performed here for a birefringentdefe
t layer at various values of the birefringent phasefa
tor �' related to the light single propagation in abirefringent defe
t layer, allows tra
ing the thresholdlasing gain (
) dependen
e on the birefringent phase914
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al
ulated total intensity transmission 
o-e�
ient for a low-birefringent defe
t layer versus thefrequen
y for di�ra
ting in
ident polarization at thebirefringent phase shift at the defe
t layer thi
kness�' = �=20 (a), �=16 (b), �=12 (
), �=8 (d), �=6(e), �=4 (f), and �=2 (g), for a nonabsorbing CLC atd=p = 0:25
fa
tor �'. Figure 9, presenting the values of the DMStransmission 
oe�
ient 
lose to their divergen
e points,demonstrates in
rease in the threshold DFB lasing gain(j
j) with an in
rease in the birefringent phase fa
tor�' and even the disappearan
e of the divergen
e at theDM frequen
y at �' = �=2. This is in good agreementwith the transmission spe
tra 
al
ulated in Figs. 7 and8. In parti
ular, at �' = �=2, there are no tra
es ofthe typi
al DM pe
uliarities in transmission spe
tra.

For absorbing CLC layers in the DMS, the abnor-mally strong absorption e�e
t reveals itself at the valueof 
 ensuring a maximum of the total absorption in theDMS (see [12; 13℄). For a �nite thi
kness L of CLC lay-ers, the DM frequen
y !D is a 
omplex quantity, whi
h
an be found by a numeri
al solution of Eq. (20). Asin the 
ase of absorbing and amplifying defe
t layers,the positions of dips in re�e
tion and spikes in trans-mission inside the stop-band just 
orrespond to Re!D,915 10*
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�0:10Fig. 9. The 
al
ulated intensity transmission 
oe�
ients of a low-birefringent defe
t layer for an amplifying CLC layersversus the frequen
y 
lose to their divergen
e points as a fun
tion of 
 for di�ra
ting in
ident polarization at the bire-fringent phase shift at the defe
t layer thi
kness �' = �=20 (a), �=16 (b), �=12 (
), �=8 (d), �=6 (e), �=4 (f), and�=2 (g); 
 = �0:00075 (a), �0:00085 (b), �0:00100 (
), �0:00150 (d), �0:002355 (e), �0:003555 (f), �0:004500 (g),and �' = 0, 
 = �0:000675 (h) 
orresponding to an isotropi
 defe
t layer; d=p = 2:25and this observation turns out to be useful for numeri-
ally solving the dispersion equation for a birefringentdefe
t layer and absorbing CLC layers.We note that the results obtained here for the DMSwith a birefringent defe
t layer open up new optionsfor varying the DM 
hara
teristi
s. An important re-
sult related to DFB lasing at the DMS with a bire-fringent defe
t layer 
an be formulated as follows. Thelasing threshold gain in
reases with an in
rease in theopti
al path di�eren
e of two eigenwaves at the defe
tlayer thi
kness. A similar result relates to the e�e
tof anomalously strong absorption, where the value of916
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al defe
t modes : : :maximal absorption is dependent on the opti
al pathdi�eren
e at the defe
t layer thi
kness.4. DEFECT STRUCTURE WITH A DIELECRICJUMPAn isotropi
 defe
t layer with the diele
tri
 
onstantdi�ering from the average diele
tri
 
onstant "0 of CLClayers 
an also be e�e
tively related to the 
ase of ana
tive defe
t layer. The reason for this is the polar-ization 
onversion at the defe
t layer surfa
es, whi
hmakes this 
ase similar to the 
ase of a birefringentdefe
t layer. If the diele
tri
 
onstant of the mediumexternal to the DMS is di�erent from the average di-ele
tri
 
onstant "0 of CLC layers, polarization 
onver-sion also o

urs at the external DMS surfa
es, but, aswe see below, the polarization 
onversion at the exter-nal DMS surfa
es does not a�e
t the DM properties sostrong as the polarization 
onversion at the defe
t layersurfa
es does. There are no prin
ipal di�
ulties in ob-taining the DM dispersion equation from the boundary
onditions in the general 
ase of diele
tri
 jumps at allinterfa
es of the DMS. But the DM dispersion equationis rather 
ompli
ated in the general 
ase (a system of12 linear equations). Therefore, we �rst demonstratethe role of diele
tri
 jumps for a lo
alized mode in thesimplest 
ase of an edge mode (EM), whi
h is relatedto a CLC layer with diele
tri
 jumps at its surfa
es.4.1. Diele
tri
 jumps at a single CLC layerIn a

ordan
e with the foregoing, we study thetransmission and re�e
tion of light by a CLC layersurrounded by a medium with the diele
tri
 
onstantdi�ering from the average CLC diele
tri
 
onstant "0for light propagation along the heli
al axis (see thes
hemati
 of the boundary value problem in Fig. 10).Following the approa
h in [25; 26; 31℄, from the bound-ary 
onditions, we obtain the system of equations forEeEr EtE�"L"1 "2
Fig. 10. S
hemati
 of the CLC edge mode stru
turewith diele
tri
 jumps at the interfa
es

the amplitudes E+j of eigenwaves in the layer ex
itedby an external wave in
ident at the layer:4Xj=1 1 + K+j�e;1!E+j = 2E+e ;4Xj=1 exp(iK+j L) 1� K+j�e;2!E+j = 0;4Xj=1 �j  1 + K�j�e;1!E+j = 2E�e ;4Xj=1 �j exp(iK�j L) 1� K�j�e;2!E+j = 0; (21)
where the in
ident, re�e
ted, and transmitted wavesand the wave inside the CLC are written as follows:Ee = exp [i(�e;1z � !t)℄ �E+e n+ +E�e n�� ;Er = exp [�i(�e;1z � !t)℄ �E+r n� +E�r n+� ;Et = exp [i(�e;2z � !t)℄ �E+t n+ +E�t n�� ;E = exp(�i!t)�� 4Xj=1E+j �exp(iK+j z)n+ + �j exp(iK�j z)n�� ;with n� being the left and right 
ir
ular polarizationve
tors (see Eq. (11)); we here use the labeling of CLCeigenwaves proposed in [25; 26; 31℄ (the subs
ripts �1�and �4� 
orrespond to nondi�ra
ting eigenwaves prop-agating in the opposite dire
tions and the subs
ripts�2� and �3� 
orrespond to di�ra
ting eigenwaves).The wave ve
tors inside the CLC layer areK+1 = �=2 + q+; K+4 = �=2� q+;q+ = �n1 + (�=2�)2 + �(�=�)2 + Æ2�1=2o1=2 ;K+2 = �=2 + q; K+3 = �=2� q;and q is determined by Eq. (4),K�j = K+j � �; �e;1 = !p"1
 ; � = !"1=20
 ;�e;2 = !p"2
 ; �i = Æ(K+j =�� �=�)2 � 1 :The amplitudes of re�e
ted and transmitted waves areexpressed in terms of E�j :917



V. A. Belyakov, S. V. Semenov ÆÝÒÔ, òîì 145, âûï. 5, 2014E+r = 12 4Xj=1 �j  1� K�j�e;1!E+j ;E+t = 12 4Xj=1 exp �i(K+j � �e;2)L��� 1 + K+j�e;2!E+j ;E�r = 12 4Xj=1 1� K+j�e;1!E+j ;E�t = 12 4Xj=1 �j exp �i(K�j � �e;2)L��� 1 + K�j�e;2!E+j :
(22)

It is 
onvenient to introdu
e the parameters r1 == "1=20 ="1=21 = k=ke;1 and r2 = "1=20 ="1=22 = k=ke;2,redu
ing the ratios K�j =ke;i in Eqs. (21) and (22) tothe riK�j =k. For the sake of generality, the 
ase ofdi�erent diele
tri
 
onstants of the media surroundingthe CLC layer is shown in Fig. 10 and, a

ordingly,Eqs. (21) and (22) relate to the 
ase of di�erent mediaat the sides of the CLC layer.Examples of 
al
ulations performed with (21) and(22), whi
h demonstrate the in�uen
e of diele
tri
jumps at the layer surfa
es on the transmission andre�e
tion 
oe�
ients, are presented in [32℄. Here, wedo not dis
uss the transmission and re�e
tion of lightby a layer but 
on
entrate on the in�uen
e of diele
-tri
 jumps at the layer surfa
es on the EM properties.The EMs are determined by the homogeneous system
orresponding to system (21) and the EM dispersionequation for the EM frequen
y follows from the solv-ability 
ondition for this homogeneous system [33℄. Itis known [33℄ that the real part of the EM frequen
yapproximately 
oin
ides with the frequen
y positionsof re�e
tion 
oe�
ient minima, and hen
e the solutionof the homogeneous system at the frequen
y of the re-�e
tion 
oe�
ient minimum gives the amplitudes of allfour eigenwaves in the layer 
omposing the EM in the
ase where the diele
tri
 
onstants of the media sur-rounding the CLC layer are di�erent from "0. We re
allthat the EM in the absen
e of diele
tri
 
onstant jumpsat the interfa
es is 
omposed only from two di�ra
tingeigenwaves [33℄. Be
ause of a su�
iently 
umbersomeform of the homogeneous system solution, we �rst usethe 
onse
utive approximation approa
h in solving thesystem. If the layer thi
kness is su�
iently large, theknown solution [33℄ in the absen
e of diele
tri
 
onstantjumps 
an be used as the zeroth approximation. In this

approximation, the homogeneous system under 
onsid-eration redu
es to a system of two equations for the am-plitudes of two nondi�ra
ting eigenwaves E+1 and E+4 .The solution of the homogeneous system thus foundat the EM frequen
y shows that the amplitude of twonondi�ra
ting eigenwaves in the solution for the EMde
rease inversely proportionally to the layer thi
knessL. This result shows that if the CLC layer thi
knessis large enough, the in�uen
e of the diele
tri
 
onstantjumps at the layer surfa
es is small and in the limitof an in�nitely thi
k CLC layer, the EM propertiesare the same as in the absen
e of diele
tri
 
onstantjumps. In Fig. 11a, the 
al
ulated variations of theEM lifetime versus the layer thi
kness L are presentedin the 
ase where diele
tri
 jumps are absent and fortwo values of the diele
tri
 jump (in Fig. 11b, a smallpart of the 
urve in Fig. 11a is presented in an enlargeds
ale). The 
al
ulations of the EM lifetime versus thelayer thi
kness L presented in Fig. 11 
on�rm the abovestatement showing that as L in
reases, the EM lifetime(Im!), with de
aying os
illations, approa
hes the value
orresponding to the absen
e of diele
tri
 jumps.4.2. Diele
tri
 jumps at the defe
t layerWe return to the 
ase of a DMS with an isotropi
defe
t layer and with the diele
tri
 
onstant di�eringfrom the average diele
tri
 
onstant "0 of CLC layers.In the general 
ase of diele
tri
 jumps at all interfa
esin the DMS (see Fig. 1), we have to determine 12 am-plitudes of eigenwaves propagating in the DMS (fouramplitudes in ea
h CLC layer and four amplitudes forwaves propagating in the isotropi
 defe
t layer in bothdire
tions for the opposite 
ir
ular polarizations). Tosimplify the problem, we assume that there are no di-ele
tri
 jumps at the external DMS surfa
es. As wehave seen, the diele
tri
 jumps at external DMS sur-fa
es for thi
k CLC layers do not signi�
antly a�e
tthe polarization 
onversion. We therefore take the di-ele
tri
 jumps into a

ount only at the interfa
es withdefe
t layer. Taking the form of the DM solution inthe absen
e of diele
tri
 jumps into a

ount [12; 13℄,we have to determine only eight amplitudes of eigen-waves propagating in the DMS (two amplitudes in ea
hCLC layer and four amplitudes for waves propagatingin the isotropi
 defe
t layer).If we a

ept the labeling of eigenwaves in the CLCproposed in [25; 26; 31℄ and spe
ify them by super-s
ripts �u� and �d� for the upper and bottom CLC lay-ers in Fig. 1, then the 
orresponding system in
ludesEu2 , Eu4 , Ed1 , and Ed2 , the amplitudes of eigenwaves inthe CLC, and C�R and C�L , the amplitudes of right (left)918
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Fig. 11. a) The 
al
ulated EM lifetime versus the CLClayer thi
kness normalized by the CLC layer �ight time"1=20 L=
 for several values of the diele
tri
 jump at theCLC layer surfa
e, b ) magni�ed part of Fig. 11apolarized waves in the defe
t layer with two (�) possi-ble propagation dire
tions. We assume for de�nitenessthat the di�ra
ting 
ir
ular polarization is the right-hand one. If we a

ept the following ordering Eu2 , Eu4 ,C+R , C�R , C+L , C�L , Ed1 , Ed2 of the amplitudes in theequations obtained from the boundary 
onditions, thenthe elements of the matrix aik of the 
orresponding sys-tem of equations are as follows:aik = 0 for i = 5; 6; 7; 8 and k = 1; 2;aik = 0 for i = 1; 2; 3; 4 and k = 7; 8;a11 = exp(iK+2 L�)� exp(iK+3 L�);a12 = exp(iK+4 L�); a13 = exp(ikdL�);a1k = 0 for k = 4; 5; a16 = exp(�ikdL�);

a21 = �2 exp(iK�2 L�)� �3 exp(iK�3 L�);a22 = �4 exp(�iK�4 L�); a2k = 0 for k = 3; 6;a24 = exp(�ikdL�); a25 = exp(ikdL�);a31 = �K+2 exp(iK+2 L�)�K+3 exp(iK+3 L�);a32 = �K+4 exp(iK+4 L�); a33 = �kd exp(ikdL�);a3k = 0 for k = 4; 5; a35 = kd exp(�ikdL�);a41 = K�2 �2 exp(iK�2 L�)� �3K�3 exp(iK�3 L�);a42 = ��4K�4 exp(�iK�4 L�);a4k = 0 for k = 3; 6;a44 = �kd exp(�ikdL�); a45 = kd exp(ikdL�);a53 = exp(ikdL+); a5k = 0 for k = 4; 5;a56 = exp(�ikdL+); a57 = exp(iK+1 L+);a58 = exp(iK+2 L+)� r32 exp(iK+3 L+);a6k = 0 for k = 3; 6;a64 = exp(�ikdL+); a67 = �1 exp(ikdL+);a68 = �2 exp(iK�2 L+)� r32�3 exp(iK�3 L+);a74 = �kd exp(ikdL+); a7k = 0 for k = 4; 5;a77 = K+1 exp(iK+1 L+);a78 = �K+2 exp(iK+2 L+) + r32K+3 exp(iK+3 L+);a8k = 0 for k = 3; 6; a84 = �kd exp(�ikdL+);a85 = kd exp(ikdL+); a87 = �1K�1 exp(�iK�1 L+);a88 = K�2 �2 exp(iK�2 L+)� r32�3K�3 exp(iK�3 L+);where r32 = (�2=�3) exp(4iqL).The dispersion equation for the DM frequen
y !Dand, in parti
ular, the DM lifetime (Im!D) for a DMSwith diele
tri
 jumps only at the interfa
es with thedefe
t layer is determined by the equation followingfrom the zero value 
ondition for the determinant of theabove matrix. The 
orresponding equation requires anumeri
al approa
h for its solution. However, a simpleestimate of the DM lifetime 
an be obtained.As is known, the DM lifetime for a DMS withno diele
tri
 jumps at the interfa
es is determined bythe leakage of energy through the external DMS sur-fa
es [13℄ and the lifetime in
reases with the CLC layerthi
kness in
rease, being in�nite for an in�nite CLClayer thi
kness. The 
hanges in the DM lifetime for aDMS with diele
tri
 jumps at the interfa
es 
omparedto the 
ase without jumps are mainly 
onne
ted withthe 
onversion of the di�ra
ting polarization into thenondi�ra
ting one and free es
aping of light with non-di�ra
ting polarization from the DMS. If the CLC layer919
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kness is large enough, this me
hanism is prevailingover the leakage of light with the di�ra
ting polariza-tion through the external DMS surfa
es. This is whyif the CLC layer thi
kness in the DMS is su�
ientlylarge, the DM lifetime is mainly determined by thepolarization 
onversion at the interfa
es with the de-fe
t layer. Hen
e, for estimating the DM lifetime fora DMS with diele
tri
 jumps at the interfa
es, we 
anuse the formula for the DM lifetime due to the leak-age of energy through the external DMS surfa
es inthe 
ase of no diele
tri
 jumps at the interfa
es (for-mula (22) in [13℄), with the amplitude of the wave with
onverted polarization at the defe
t layer surfa
e in-serted into it instead of the di�ra
ting wave amplitudeleaking through the DMS external surfa
e. The ampli-tude of the wave with the 
onverted polarization 
anbe approximately found if, in the solving the homo-geneous system, we assume that the �eld in the CLClayers is the same as for the DMS without diele
tri
jumps. This means that the amplitudes Eu2 , C+R , C�R ,and Ed2 are the same as for the EM in a DMS withoutdiele
tri
 jumps and Ed1 = Eu4 = 0; however, C+L andC�L have to be found. We easily �nd the values of C+Land C�L using expressions for the EM �eld from [13℄.The next step is to express the nonzero Ed1 and Eu4 ,whi
h determine the �eld of nondi�ra
ting 
ir
ular po-larization es
aping from the DMS through the externalsurfa
es, in terms of the known Eu2 , C+R , C�R , Ed2 andthe found C+L and C�L . A rather 
rude estimate 
anbe obtained without �nding Ed1 and Eu4 , by 
al
ulat-ing the dire
t polarization 
onversion at the interfa
ewith the defe
t layer for light of di�ra
ting polariza-tion (for the DM �eld at the DMS without diele
tri
jumps). For su
h an estimate of polarization 
onver-sion, we 
an apply the formulas for polarization 
on-version at the interfa
e of the CLC and an isotropi
medium presented in [25; 26; 31℄. The re�e
tion 
oef-�
ient of light of di�ra
ting 
ir
ular polarization intolight of nondi�ra
ting 
ir
ular polarization at a semi-in�nite CLC layer R+� and the transmission 
oe�
ientof light of nondi�ra
ting 
ir
ular polarization for an in-
ident light of di�ra
ting 
ir
ular polarization T+� inthe zeroth order in Æ are given byR+� = (1� r)2(1 + r)2 ; T+� = 4r(1� r)2(1 + r)4 ; (23)where r = ("d="0)1=2 and "d is the defe
t layer diele
-tri
 
onstant.Be
ause 
ir
ular polarization 
onversion at the in-terfa
e of CLC and the isotropi
 medium is propor-tional to the square of the small parameter Æ evenin the absen
e of diele
tri
 jumps [25; 26; 31℄, polar-

ization 
onversion at the interfa
es should be takeninto a

ount if the diele
tri
 jump is su�
iently large(jr � 1j > Æ). Therefore, the a

ura
y of expressions(23) under these 
onditions is su�
ient for estimatingthe in�uen
e of diele
tri
 jumps on the DM lifetime inthis 
ase. The results of the 
orresponding analysis areas follows. The DM lifetime for a DMS with diele
-tri
 jumps at the interfa
es in
reases with an in
reasein the CLC layer thi
kness to the value for whi
h theleakage of energy through the external surfa
es and theleakage due to the 
onversion of di�ra
ting polarizationlight into light of nondi�ra
ting polarization be
omeapproximately equal. At a further in
rease in the CLClayer thi
kness, the DM lifetime is determined almostex
lusively by the polarization 
onversion at the defe
tlayer surfa
es and be
omes pra
ti
ally independent ofthe CLC layer thi
kness L or, more 
orre
tly, be
omes avery slowly in
reasing fun
tion of L. If, following [13℄,we represent the DM lifetime for the DMS with di-ele
tri
 jumps at the interfa
es �dr as the ratio of theopti
al �eld energy in the DMS to the energy �ow oflight of 
onverted polarization through the defe
t layersurfa
es, then the relation of �dr to the DM lifetime �dfor a DMS without diele
tri
 jumps at the interfa
es
an be estimated as�dr = "1=20
 Z jE(!D ; z; t)j2dz2r(1� r)2jEdrj2=(1 + r)4 == �djEoutj22r(1� r)2jEudrj2=(1 + r)4 ; (24)where r is de�ned in (23) and all other quantities in(24) are related to the DM at the DMS without di-ele
tri
 jumps: E(!D; z; t) is the EM �eld in the CLClayer, Edr is the DM �eld at the defe
t layer surfa
eof light propagating toward the CLC layer as a fun
-tion of the 
oordinate z along the layer normal and thetime t, Eout is the EM �eld of light propagating out-ward the CLC layer at the external CLC layer surfa
e,!D is the DM frequen
y, and the integration over z is
arried out over the thi
kness L of CLC layer. Equa-tion (24) shows that the DM lifetime for a DMS withthi
k CLC layers and diele
tri
 jumps at the interfa
es�dr, in 
ontrast to the lifetime �d of a DM in the DMSwithout diele
tri
 jumps at the interfa
es, does not in-
rease exponentially with L. The exponential in
reaseof �d is 
ompensated in Eq. (24) by the exponentialin
rease of |Eudrj2 (see [13℄). For the restoration of the�dr exponential in
rease with L, the sharp jumps of thediele
tri
 
onstant should be substituted by a smoothvariation of the diele
tri
 
onstant at defe
t layer sur-fa
es. We note that sharp jumps at the interfa
es have920
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t modes : : :a negative e�e
t on the possibility of lowering the las-ing threshold, and therefore smoothing the diele
tri
jumps opens up options for lowering the lasing thresh-old 
ompared with the 
ase of the DMS with jump-likevariations of the diele
tri
 parameters.In general, the lo
alized opti
al modes in 
hiral liq-uid 
rystals theoreti
ally studied in this se
tion for astru
ture with jumps of the diele
tri
 properties at theirinterfa
es reveal a signi�
ant in�uen
e of the diele
tri
jumps on the EM and espe
ially DM properties, in par-ti
ular, its lifetime. The studied e�e
ts pave the wayto optimizing the DM parameters by means of a proper
hoi
e of the defe
t layer diele
tri
 properties.5. CONCLUSIONAs we have seen, isotropi
 defe
t layers with diele
-tri
 properties di�ering from those of the CLC layersin the DMS 
an be e�e
tively regarded as a
tive defe
tlayers. Our analyti
 des
ription of the defe
t modes ata
tive defe
t layers (amplifying (absorbing), birefrin-gent, and with diele
tri
 jumps) allows revealing a 
learphysi
al pi
ture of these modes, whi
h is appli
able tothe defe
t modes in general (see [34℄). For example,a lower lasing threshold and stronger absorption (un-der the 
onditions of the anomalously strong absorp-tion e�e
t) at the defe
t mode frequen
y at the middleof stop-band, 
ompared to the defe
t mode frequen
y
lose to the stop-band edge, are the features of anyperiodi
 media. The obtained results demonstrate nu-merous possibilities to in�uen
e the DM properties byvarying the defe
t layer diele
tri
 
hara
teristi
s. Fora spe
ial 
hoi
e of the parameters in the experiment,the obtained formulas 
an be dire
tly applied to theexperiment. Some results allow obtaining a qualita-tive explanation of the observed e�e
ts. This relates,for example, to the experimentally observed [3℄ 
ir
ularpolarization sense of the wave emitted from the defe
tstru
ture above the lasing threshold, whi
h is oppo-site to the polarization sense responsible for the defe
tmode existen
e. An obvious explanation of the �las-ing� at the opposite (nondi�ra
ting) 
ir
ular polariza-tion is as follows. Due to the polarization 
onversionof the generated wave into a wave of the opposite 
ir-
ular polarization, the 
onverted wave of a nondi�ra
t-ing polarization freely es
apes from the stru
ture. Aswas mentioned above, this polarization 
onversion phe-nomenon due to both birefringen
e and diele
tri
 jumpsalso makes a 
ontribution to the frequen
y width of thedefe
t mode. However, in the general 
ase, a quanti-tative des
ription of the measurements reqiures taking

all possible �a
tive properties� of the defe
t layer intoa

ount using the above formulas.We note that the obtained results for the DM atthe DMS 
onsisting of CLC layers are qualitatively ap-pli
able to the 
orresponding lo
alized ele
tromagneti
modes in any periodi
 media and 
an be regarded as auseful guide in the studies of lo
alized modes with ana
tive defe
t layer in general.The work was supported by the RFBR(grants �� 12-02-01016-a, 14-02-92601-RS-a, and14-02-90008-Bel-a).REFERENCES1. Y.-C. Yang, C.-S. Kee, J.-E. Kim et al., Phys. Rev.E 60, 6852 (1999).2. V. I. Kopp and A. Z. Gena
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