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Polarization splitting of optical resonant modes ina-Si:H/a-SiO, :H microcavities
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We present experimental and theoretical results on polarization splitting of optical resonant modes in
a-Si:H/a-SiO, :H microcavities. It is shown experimentally that the splitting sign and value can be controlled
by varying the active layer thickness. The polarization splitting achieved in the microcavities is about 8 meV
owing to a large optical contrast, which is the ratio of film refractive indices in the distributed Bragg reflectors.
The experimental data and theoretical analysis show that the polarization splitting may be zero at a certain
angle of incidence of light determined by the microcavity parameters. The measured and calculated resonant
frequency values for TM and TE polarizations were used to find the optical thickness of the active layer and the
stop-band center frequency of the Bragg reflector. The account of the active layer thickness fluctuations along
the lateral direction provides a better fit between the experimental and theoretical spectra.
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I. INTRODUCTION Il. EXPERIMENT

Polarization splitting was studied in MCs grown by the

Microcavities (MCs) composed of distributed Bragg re- plasma-enhanced chemical vapor depositieRCVD) tech-
flectors(DBRS) and an active layer with a thickness of about nique. The cavities were planar structures, each consisting of
the resonant wavelength have lately attracted much attentioh half-wave active layer placed between two DBRs. Each
due to their unusual physical properties and promising applimicrocavity was grown in a single technological cycle with-
cations in microelectronidd]. In particular, MCs are widely ~Out exposure to the air during the pauses between successive
used in light-emitting diodes to reduce radiation losses and igtages of growth of individual layef§—9]. Thea-Si:H films
vertical cavity surface-emitting lasers to increase their effi:vere deposited from a 10% silane-argon mixture. Up to 10%
ciency and achieve a low threshold operatj@h We have Of 0xygen was added to the gas mixture to dep@siiG, :H
carried out a detailed study of the polarization characteristic§lms. The other PECVD parameters included the working
of the optical (resonant MC eigenmode. It is known that Pressure 0.1-0.2 Torr, RF power 0.03-0.1 Wicthe sub-

obligue light incidence produces a frequency difference irstrate temperature 200 °C, and the gas flow rate 5—10 SCCM
‘que fight incl produ guency diriere IéSCCM denotes cubic centimeter per minute at STihe

average growth rate was less than 0.2 nrim'ssitu interfer-
ometry was used to control directly the film thickness,
owth rate, and optical characteristics.

The film thicknesses were chosen such that the resonant

first observed in MCs based ok®B® semiconductors and
termed polarization splitting3]. The splitting in this MC ;
type was found to be very small, less than the resonance Iin%

width. A more recent stud] has shown that the polariza- 4 elength of the eigenmode was within the range of
tion splitting in PR Eu,Te/EuTe MCs with a high optical 1 3_7 5,,m, a standard value for optical telecommunication
contrastthis is the ratio of the DBR layer refractive indiges systems. All of the MCs were made symmetric, i.e., the num-
is much larger than that iM°B® MCs. This provides an per of layers in the top and bottom DBRs was the same. We
additional degree of freedom for the MC radiation controlmade MC structures with three and four layer pairs in DBRSs.
[5]. o o o One of the MC structures is shown schematically in Fig.
The present work is aimed at a detailed investigation ofl. The top(A) and bottom(B) DBRs consist of three pairs

polarization splitting in microcavities based on hydrogenatedperiods of quarter-wave a-Si:H and a-SiQ :H films
amorphous silicon &-Si:H) and hydrogenated amorphous \/4n,_g;.4 and\/4n, sig, -1 thick and a half-wave-Si:H ac-

silicon-oxygen alloy &-SiO,:H). These materials possess atjve layer of thicknesa./2n, s;. Here,\ is the light wave-
large ratio of refractive indicegthe optical contrast is |ength in vacuumn,.s.y=3.46, andn,sio -.n=1.46. The

Nasit/Nasio, w24 In the 1.3—1.5umrange, which gives  tical characteristics were found directly from the interfer-
rise to a high splitting value. The MCs we studied wereence spectra during the growth. The characteristics of indi-
adjusted to the 1.3—1.am wavelength range because it is vidual layers were controlled by ellipsometry independently.
commonly used in optical telecommunication systems. W&The MC structures had different active layer thicknesses
will show that the splitting is closely related to the basic MC which permitted obtaining different polarization splitting val-
characteristics, providing additional information on the MCues. The quality factoréthe ratio of the eigenmode reso-
optical properties and design. nance frequency to the eigenmode widibr structures with
three periods(samples 222 and 3#0and four periods
(sample No. 34Rwere found to be 350, 470, and 950, re-
*Electronic address: dookin@gvg.ioffe.rssi.ru; URL: http:// spectively.
www.ioffe.ru/ The reflection spectra for oblique incidence were mea-
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with three-period DBRs, sample No. 340. The angle of incidence of
light is 30°, TM and TE denote the polarization of light. Dotted
DBR B < lines are experimental data, solid lines represent calculations.
eigenmode. Figure 2 shows the reflection spectra for TM and
TE polarizations in the region of resonance states of the MC
quartz eigenmodedqsample No. 22 The angle of incidence of
substrate light coming from the ambienair) is 30°. One can see that

the polarization splitting is larger than the total width of the

FIG. 1. Schematic diagram ofaSi:H/a-SiO, :H microcavity,  resonance lines and that the lines have close amplitudes.
consisting of a half-wave active layer placed between the(£op Figures 3 and 4 illustrate the spectra for samples 340 and
and bottom(B) three-period distributed Bragg reflectors. TM and 342 in the vicinity of the resonance lines of the eigenmodes.
TE denote the polarization of light; is the angle of incidence of |t s clearly seen that the polarization splitting value and sign
light, ki andk, are the wave vectors}, andn, are the refractive  yary with the sample due to the variation in the sample ge-
indices. ometry (Table ). There is practically no splitting in sample

No. 342(Fig. 4).
sured by a computer-controlled diffraction grating mono-
chromator equipped with a Hamamatsu InGaAs photodiode. IIl. THEORY
The measurements were made in a lock-in mode regime. The
surface area, which the reflected signal was detected from, The frequencyw, of the MC optical resonance mode can
was 100<100 um?. The angular aperture was less thanbe found from the relation
1.5°, allowing us to avoid the undesirable broadening of the
resonance lines because of the collection of rays that had acwr+ Pal(wp) + dg(w)=2mN, (1)
passed through the structure at different angles.

The DBRs produce almost a total reflection band—a stopvhere ¢ (w,) and ¢g(w,) are the phase shifts of the elec-
band. The MC reflectivity in the stop-band region is close totromagnetic wave reflected by the tép) and bottom(B)
unity, and it is only the resonance frequency that produces BBRs at the resonance frequency.(¢)=2L.Ren,/c,
sharp dip associated with the resonant excitation of the MG.(¢)w, is the phase increment on the doubled thickness

2L of the active layerN is the integer,nz=\/sc—nxz, Ny
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FIG. 2. Reflectance spectra of theSi:H/a-SiO, :H microcavity

with three-period DBRs, sample No. 222. The angle of incidence of FIG. 4. Reflectance spectra of theSi:H/a-SiO, :H microcavity
light is 30°, TM and TE denote the polarization of light. Dotted with four-period DBRs, sample No. 342. The angle of incidence of
lines are experimental data, solid and dashed lines are calculatéight is 30°, TM and TE denote the polarization of light. Dotted
with and without inhomogeneous broadening, respectively. lines are experimental data, solid lines represent calculations.
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TABLE I. Microcavity characteristics found from the spectral come different, producing the polarization splitting: the
analysis of polarization splitting and the resonance frequencies ghode resonance frequenci@%MUp) and erE(¢) differ. For

the angle of incidence of 30°. the definite polarizatiowr, we have
) Stop-band TM-mode  TE-mode 27N+ 2a%( (p);a( )
Fabry-Peot center  resonance resonance wl(@)= )
Sample frequency frequency frequency frequency ac(@)+2a(@)

No. (meV) (meV) (meV) (meV)
where ac(@)=27N/wep(@), wrp(P)

222 958 733 834 842 =wrp(0)ReVe /Ren,, andwgp(0)=mcN/L,Re/e, is the

340 891 898 921 920 MC eigenmode frequency at normal incidence if there are no

342 803 788 824 824 phase shifts of the waves reflected by DBR® Fabry-Peot
frequency{10]).

Using Eq.(2), one can show that the polarization splitting
=Je,sing; ¢ is the light incidence angle;. is the dielectric  is proportional to the difference in the frequenciesp(0)
constant of the active layer; andg is the dielectric constant 5n4,(0):
of the ambient air. For simplicity, we will assume the ampli-
tude (complex-valued reflectivitiesr of both DBRs to be o™(¢)— 0 (@) =A(@)[ wep(0)— w(0)]+B(¢), (3)
identical on the active layer side. ' '

The energy reflectivityR=|r|? for the DBR in the stop- where
band region is practically frequency independent but the

phase changes nearly linearly:”=+ \R7expia’(¢)[w o) 2a(@)[a™(p)— a5 (¢)]ReVe,
—w’(¢)]} [10], whereo is the TM or TE polarizationg“(¢) (@)= [a(@)+2a™(o)][au(¢)+2a (@) ]ReN,’
is the pﬂ)portionality factor relating the phase to the fre- %)
quency,w’(¢) is the frequency at the stop-band “center” o o

(the phases 0 o#r of the amplitude reflectivity[11]. The 2aq(@) a™(¢)—a"(¢)]w(0) o™(p)

phase shift of the wave reflected by DBR corresponds to theB(¢)= ™ — =
effective increase of the active layer thickness by the pen- [ac(@)+2a () [ac(¢)+2aH(@)] | @(0)
etration depth,AL=«a(¢)c/2Ren,, of the field into the 24TE “T™M( .y TE

DBR. The coefficientr is inversely proporti_onal to the dif- - wep(¢) a {e)lo(¢) -0 ((P)]_

ference in the refractive indicesx(0)=A\n.n,/[2c(n,

—n;) V], wheren; andn, are the refractive indices of the Equation(3) holds on the assumption of a linear frequency

DBR films (n;>n,), A=2mc/w(0), and w(0)=w™(0)  dependence of the reflectivity phase. The polarization split-

=w'5(0) [12]. The phase of the amplitude reflectivity at the ting is primarily due to the difference in the’(¢) coeffi-

frequencyw”(¢) is zero, if the active layer has a high re- Clents for H:]e TM and TE polarizations. The difference

fractive indexys.=ny, like in our case, or it is equal ta, @ (®) —a'~(¢) enters into expressio@) and into the first

if the active layer has a lower refractive inde/ze_c= Ny. terr_n_ of Eq.(5). Besides, contantlons to t_he polarization
The phase dependences of the amplitude reflectivities forP!Itting are also made by the difference in the stop-band

the top and bottom DBRs may differ. In that case, one shoul@enter ffequenCiesaTM(&D)—aTE(@) [the second term in
expressa”( o) andg"(cp) as Eqg. (5)], and by the different angular dependences of the
Fabry-Peot frequencywgp(¢) and the stop-band center fre-

wep(0) ac(@)+2a"™( o) ©®

a’(o)=[al(¢)+al(e)]/2 quencyw’(¢) [the first term in Eq(5)].

At normal incidence, the polarization splitting is zero,
and A(0)=0 andB(0)=0, since the waves with different polar-
- - - izations are then reflected similarly;™(0)=a"5(0) and
w’(@)=[ap(@)wa(e)+ag(@)wi(@)[af(e)+ag(e)],  »™(0)=w'§(0). As theincidence angle becomes larger,

" " ] ) the polarization splitting rises superlinearly because of the
where ax(¢) and ag(¢) are the proportionality factors for nonlinear growth of the difference™(¢) — a™ ().

the A and B reflectors, respectivelw_)g(np) and Eg(go) are The polarization splitting equaB(¢) in “optimal” MC
the stop-band center frequencies for thandB DBRs, re-  structures whemgp(0)=w(0). Thecalculated value of the
spectively. relative splitting

With increasing incidence, the coefficiemt becomes
larger for the TM polarization but it is smaller for the TE ~ Aqyre=2[o; " (¢)— o; (@) /[ of™(¢)+ o H(¢)]
polarization; the position of the stop-band center also varies
with the polarization. According to the Fresnel formulas, thisin the a-Si:H/a-SiO, :H structures is 10° at the incidence
is due to the respective changes in the TM and TE reflectiviof 30°. This is in good agreement with the theoretical reso-
ties at the layer interfaces in the DBR. As a result, the resonance line width in structures of the three-period DBRS, in-
nance conditiong1) for the TM and TE polarizations be- dicating the possibility of experimental observation of the
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splitting. The splitting value can be increased manifold ow-certain angle of incidence. The angular dependence of the
ing to the mismatch between the frequencigs-(0) and  polarization splitting will then become nonmonotonous. The
(0). Thepolarization splitting sign is governed by the sign reason for zero splitting at oblique incidence is that the phase
of the differencew,:p(O)—Z(O). shift of the light wave reflected by the DBR is the same for

It follows directly from Eg.(3) that we can select such both polarizations at the resonance frequeftey. (1)]. The
values ofwgp(0) andw(0) that the splitting will vanish at a  condition for zero splitting then takes the form

| _La™(e)—a™()2aN+ 2a™(0)a ™ (@)[0 ™ (9)-0™(¢)] ¢
. ™(0)o™(0)—a (g0 H(¢) 2 Ren,’

In this case, the phase difference between the TM and TE The values ofvrp(0) andw(0) were found by fitting the

waves reflected by the MC structure is nonzero, in contrast tgheoretical TM and TE resonance frequendigable ).

the normal incidence. Therefore, the linearly polarized light  The polarization splitting is practically independent on the
containing the TM and TE components becomes ellipticalljnumber of layers in the DBR but it increases with larger
polarized. The parameters of the polarization ellipse vVaryiterence wFP(O)—Z(O) or higher optical contrast. The

greatly within the resonant contour. overlap of the resonance lines can be reduced by making the

Note that the value of\ry e for conventional GaAs/ jines narrower by increasing the number of layers in the
AlAs structures is less than 0.1% at 60° incident8] be- DBRS.

cause of the low optical contrast iB® DBRs [2]. The Figure 5 shows the calculated polarization splitting

polarization splitting can be increased by using high mdexATNI L& at the light incidence of 30° as a function of the
trast DBR$4]. | ticular, th litti b d ' . — —

contras $4. In particular, the splitting can be made an {elatlve mismatchAgp=[ wgp(0)— w(0)]/w(0) between

order of magnitude larger by using higher optic contrast: a -
low contragt o™ argga y whe?easg at r?igh contrast the Fabry-Peot and stop-band center frequendisslid line).
L] c

a™. aTE~ o [see Eqs(4) and (5)]. The splitﬂng varies nearly Iine{?\rly with the differe_nce
wrp(0)— w(0). Sample No. 340 is closest to the optimal
MC structure. The comparison of the spectra for samples 340
IV. RESULTS AND DISCUSSION and 222 shows that the splitting can be increased by an order
of magnitude by changing the value af, from O to 0.3.
Sample No. 342 shows no splitting at the light incidence of

The MC reflection spectra were calculated using Airy’'s30° (Fig. 5. The inset in Fig. 5 gives the theoretical values
formulas[13]. The theoretical resonance frequencies wereof the relative polarization splitting 1y, t¢ for this sample as
fitted to the experimental ones by varying two parameters—a function of the angle of incidenee. One can see that this
the active layer thickness, and the frequencw(0)—and
taking the above values of the MC refractive indices. The 4x10™
theoretical spectra were computed taking into account the
inhomogeneous broadening of the resonant contees be-
low).

It is found that sample No. 222 has a higher resonance
frequency for the TE polarization than for the TM polariza-
tion (Fig. 2), whereas the optimal MC structure shows the
contrary result. The latter is due to the fact that the Fabry-

A. Polarization splitting of the optical resonant mode

No.342

Paot frequencywgp(0) for sample No. 222 is higher than . . aSiHiasioH
its stop-band center frequenay(0). -0.2 0.0 0.2 04
Figure 3 illustrates the polarization splitting for sample [0,(0)-®(0)] / ©(0)

No. 340 at the same incidence of 30°, which shows the ) o - )
reverse sequence of the TM and TE components, as com- ' 'C- - Relative polarization splittingny,re., as a function of
pared with sample No. 222. The lower value of polarizationrélative mismatch,[wep(0)— @(0))/w(0), between the Fabry-
splitting results from the smaller difference between the freP&0t frequency and the stop-band center frequency of DBRs. The

. 0 do(0 ith th it litti . solid line is calculated foa-Si:H/a-SiO, :H microcavities, squares
quencieswep(0) andw(0), wi € Opposite Spiting SIgN - e the experimental data farSi:H/a-SiO, :H microcavities, and

being due to the conditiomrp(0)<w(0). the dashed line represents calculation for GaAs/AlAs microcavities.

Therefore, the polarization splitting can be controlled byinset: calculated angular dependence of the relative polarization
varying the active layer thickness, and zero splitting can beplitting for the a-Si:H/a-SiO, :H microcavity, sample No. 342.
achieved by selecting the proper angle of incidetiig. 4). Indicated by open circles are zeros of the splitting.
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splitting vanishes and reverses its sign at the 30° incidencevidth in the reflection or transmission spectrum at normal
So, Aty 1e equals zero at two angles of incidenge=0° incidence. The quality factor increases by a factor of 1
and ¢=30°, that are pointed in the inset by open circles.+2a(0)/a.(0) because of the phase shift in the DBR re-
Unfortunately, our samples under study do not permit meaflection. With the spectral dependence of the phase, the the-
suring the nonmonotonic part of the curgy, te(¢) due to  oretical value of this parameter appears to be 1.7 times
the experimental error in determining difference in spectrahigher ina-Si:H/a-SiO, :H structures.

positions of reflectivity minima. Only at the angle af The detuning betweengp(0) andw(0) leads not only to
=40° and higher, the polarization splitting becomes measura larger polarization splitting but to a smaller quality factor.
able for the sample No. 342. Figure 7 presents the quality factor calculations for

Figure 5 also presents the theoretical dependence &f-Si:H/a-SiO,:H MC structures with three-period DBRs as
Aty e On Agp for GaAs/AlAs MC structures of low optical @ function of the detuning\gp (solid ling). The inhomoge-
contrast (igaas= 3.55 andnyas=3.01 at the wavelength neous broadening was ignored. It is seen that the quality
=886 nm[14]). It is evident that the value ofry ¢ for  factor decreases with increasing the absolute valutef.
a-Si:H/a-SiO, :H structures is nearly an order of magnitude This is due to the fact that the reflectivity reaches a maxi-
larger than that for GaAs/AlAs structures. mum in the vicinity of the stop-band center and then

The approximate dependence of polarization splitting orsmoothly decreases towards the stop-band edges. Owing to
wep(0)— w(0) was pointed out earligil0]. As compared the increase il\gp from 0 to 0.3, the splitting grows by an
with the corresponding formulas of RdfL0], our formula ~ Order of magnitudésample No. 222 in Fig. )sbut quality
(3) contains an additional terf, besides the analytical ex- factor drops 1.6 times. A comparison with the experimental
pression for the termA is different from that for analogous duality factors fora-Si:H/a-SiO,:H samples of three-period
term in Ref.[10]. Therefore our formula is valid for both DBRs and different values akrp and w(0) (indicated by
high and low optical contrasts, whereas the formulas of Refcircles shows that they depend akep to a lesser degree.
[10] are limited only by the case of low optical contrast.  Besides, the experimental values are smaller than the theo-

In the case of low optical contragand a reasonable dif- retical ones, which we attribute to the inhomogeneous broad-

ference wgp(0)— w(0)], we have |B(¢)|<|A(¢)[wep(0)  €NiNg of the resonance lines.
—(0)]|. Then the polarization splitting is close to zero at
any angle of incidence whemwgp(0)=w(0). At wgp(0)

#5(0), however, the splitting may be appreciable as its ab- Thg above approach to the calculation of r_eflection spec-
solute value increases monotonically with the incidencd™@ f‘;’”'ls dtot pro_l\_/rl]de alco:’ntplgte aé;reement V(;”th the experfl—
angle. At high contrast, thBB(e)|/|A(e)[ @rp(0)— (0)]] mental data. The calculated and measured resonance fre

> . uencies coincide, but the theoretical resonance line widths
ratio becomes an order O.f magnitude larger, such that th ppear to be smaller and the amplitudes larger than the ex-
B() factor should ”9‘ be ignored anymore. T_he latter Iead?Jerimental values. A possible reason for this discrepancy is
to the splitting that will occur even abrp(0)=w(0). Zero  the inhomogeneous broadening of the reflection line, associ-
splitting can be achieved by the proper selection of the valyteq with active layer thickness fluctuations within the
ueswrp(0)# w(0) and the angle of incidenag. Then the  sample lateral area which makes a contribution to the regis-
splitting angular dependence becomes nonmonotofious tered signal. Another possible mechanism of the broadening
the calculations, see the inset in Fig. 5 could occur, in principle, due to fluctuations of the suscepti-

The angular dependences of the resonance frequencies foitity (see, for example, Refl16]). However, in the micro-
the TM- and TE-polarizations are presented in Fig. 6 forcavities investigated, the layer susceptibilities have no reso-
sample No. 222 having a large value &%y, . The split-  nant peculiarities. Therefore such kind of a broadening
ting grows nonlinearly as the angle of incidence becomesnechanism seems unlikely in our case. On the other hand,
larger. The inset shows the MC reflectivities for the TM andrather small random deviationsl( .~0.2—0.4 nm) of the
TE polarizations, calculated taking into account the inhomo-active layer thicknessL(;~200 nm) bring about a remark-
geneous broadening, as a function of the angle of incidenceble shift (=0.6—1.2 nm) of the eigenmode wavelength,
at the fixed light wavelength of 1.44m. The angles, at which allows one to give a simple explanation for the ob-
which resonant modes are excited at this wavelength, diffeserved broadening of the reflection lines.
by a few degrees. The experimental points and theoretical Figure 2 shows the resonance lines of the reflection spec-
curves in Fig. 6 demonstrate mode states of different enetra for sample No. 222; solid and dashed lines are calculated
gies, wave vectors, and polarizations. Some of the states avgith and without the inhomogenous broadening, respec-
energy degenerate but have different wave vectors and polatively, assuming the Gaussian distribution of the active layer
izations. This is illustrated in the inset of Fig. 6 for two thicknesses and performing an averaging of the reflectivity.
degenerate states. The broadening decreases the amplitude of the TE line as

It is noteworthy that the calculation of the MC quality compared with the TM line, increasing the widths of both
factor must consider the spectral variation of the DBRIines. However, the position of the minimum and the contour
reflectivity phase. For this case, the theoretical qualityarea remain the same. Therefore, the inhomogeneous broad-
factor is defined as[15] Q= w,(0)/T'=R[a.(0) ening does not affect the polarization splitting but makes the
+2a(0)]w,(0)/2(1-R), whereI' is the resonance line spectral line overlap larger.

B. Inhomogeneous broadening of resonance lines
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I_ZIG. 6. _Angular_ depen_denqes of the resonance frequencies for FIG. 7. Quality factor,Q=w,(0)/T’, as a function of relative
a-Si:H/a-SiO, :H microcavity with three-period DBRs, sample No. mismatch, [ wep(0)— w(0)]/w(0), between the Fabry-Pet and
222. TM and TE denote the polarization of light. Solid and dasheqy,o stop-band center frequencies #Si:H/a-SiO, :H microcavi-

lines—calculation, circles—the experimental data. Inset: thejes with three-period DBRs. Solid line—calculation, circles—the
a-Si:H/a-SiO, :H microcavity (sample No. 22Preflectance as a experimental data.

function of the angle of incidence at the fixed wavelength of
1.44 um. and theoretical investigation of optical resonant modes in
these structures has shown that their polarization splitting is

. . . 5 .
The account of thickness fluctuations provides a bettefn Order of magnitude larger than in conventioA8B® mi-

fitting of the theoretical spectra. The mean square deviatiofémcavItles owing 1o 4 large interface optical contrast in the

; ) : istributed Bragg reflectors. The focus was on the variation
of the active layer thickness is found to be 0.4 nm for sampleof the polarization splitting of resonant lines in the light re-

X . . flection spectra with the microcavity parameters and the
(Fig. 4). It is the resonance character of this effect that allow ngle of light incidence. It is shown experimentally that the

a spectroscopic registratioirom the line amplitude and  gjon of splitting and its value essentially depend on the active
width) of the thickness fluctuations, which are as small as gayer thickness. The high optical contrast provides about 1%
few angstroms.Ahlgh sensitivity to_such minute flyctuatlonsre|ative splitting at the incidence of 30°. We have studied
was reported earlier in the analysis of the elastic resonantyerimentally and theoretically the conditions under which
Ilght scattering on the_ mterface_ roughness in a MC Strucwr%nergy-degenerate TE- and TM-mode states can be excited at
with a quantum well in the active laygt7]. zero splitting. The active layer thickness and the stop-band
The theoretical line widths for sample No. 2&g. 2) are  cener frequency in distributed Bragg reflectors were found

close to the experimental width values but the amplitudes,y fitiing the calculated resonance frequencies for the TM
appear to be somewhat lower. The latter may be due t0 3,4 TE modes to their experimental values.

lower DBR reflectivity because of the thickness deviation e getailed analysis of the resonant reflection lines indi-
from the quarter-wave value5]. , cates the presence of statistical roughnesses at the film inter-
Thus, the suggested mechanism of inhomogeneous broagice which produce fluctuations in the active layer thick-
ening of the resonance lines provides a better agreement bgass  The account of such fluctuations in the model
tween theoretical and experimental reflection spectra. Theg culations allowed the evaluation of the mean square de-
discrepancy between the model calculations and experimeRjation of the thickness, which was found to be only a few
tal data for sample No. 342 seems to be due to a smaller lingngsiroms. It is the resonant character of the light reflection

width in this sample (with four-period DBR$ than in  gfact in the region of eigenmode states that makes possible a
samples 222 and 34Qwith three-period DBRs A smaller  gpactroscopic registration of such minute thickness fluctua-
width makes the line more sensitive to additional broadeningisns from the resonant line amplitude and width.

factors that were not included in the model.

No. 222(Fig. 2) and 0.2 nm for samples 34Big. 3) and 342
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