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Tunable polariton absorption of distributed feedback microcavities at room temperature
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We have demonstrated well-separated tunable polariton absorption for a semiconductor-cavity composite
system in transmission measurements at room temperature. A distributed feedback microcavity of the fourth
order is fabricated by spin coating a self-organized inorganic/organic multiple quantum wells,
(CgH5C,H4NH3),PbI,, on a corrugated quartz substrate with a period of aboutn?. By changing the
grating period or the incident angle, the absorption dips exhibit anticrossing behavior. Owing to the large
excitonic oscillator strength of the material, the polariton mode splitting is as large as 100 meV even at room
temperature. At the normal incidence, an exciton and a light form a strongly coupled standing wave, which
corresponds to a cavity polariton in Fabry-Perot semiconductor microcayfie$63-182@08)10719-1

I. INTRODUCTION In this paper, we will report on the DFB cavity polariton
absorption at room temperature for a semiconductor with
Owing to the recent development of crystal growth andlarge oscillator strength. The paper is organized as follows.
nanofabrication techniques, we are now beginning to controf\fter describing the sample structures in Sec. Il, we discuss
the spontaneous and stimulated emissions withvhat we expect in the experiments in Sec. Ill. Then we show
microcavitied? and/or photonic crysta&,the structure of transmission spectra under several conditions on the grating
which is characterized by the size of the light wavelengthpitch, incident angle, and polarization in Sec. IV, which sup-
Just as the exciton energy is controlled by the quantum-welport the existence of polaritons at room temperature. In Sec.
thickness, so too can the absorption energy and the coupling We analyze the origin of polariton splitting for DFB and
coefficient be tuned by the microcavity design. These techEP microcavities. Finally, in Sec. VI we summarize our re-
niques may be employed to understand fundamental physi@ilts and conclude. A preliminary result has been reported in
of photon-matter interaction, and may be applicable toRef. 10.
energy-effective, high-speed light emitters and nonlinear op-
tical switches. Il. SAMPLES
el ECETL, hoeyer, e of e feseach has been % The siucture of our DFE micocauty is sheraticaly
tion is treated as a perturbation to the uncoupled system. The ovn N FIG- L SIS cavity consists of quartz grating

strong-counling reaime was first reported by Weisbath Substrate, an active material, and an overcoating film. The
214 ir? 1992 fogr GgAs quantum welF@W’s) |)r/1 a Fabry- grating was fabricated on a quartz substrate by means of the

Perot (FP) microcavity: they observed two reflection dips electron-beam lithography and dry etching techniques. In or-

exhibiing anticrossing behavior as the cavity Iengthderto dissipate electric charge accumulation at exposure, we

changes, and interpreted it in terms of strongly coupled statetsspIn coated an electrically conducting film on a negative-

: . . ype resist film. Typical grating pitchX), depth f), line
of an exciton and a photon in the cavity, or upper and Iowerand space ratiol(-S ratio), and area are 0.m, 0.3 um.

cavity polaritons. So far the largest polariton splitting energy. . ! )
. : 5 1:4, and 1.5 mmx 1.5 mm, respectively. The active mate-
observed in such a system is 9 meV for lII2\d4nd 18 meV fial we used is (GHgC,HsNHs),Pbl, [bis{phenethyl-

for 11-VI compoundsS which seems to be too small to be . ; LU
applied for device operations at room temperature. Therefor: mmonium tetralodoplumbatQPEPb] which is one of the
bl,-based layered perovskite-type  semiconductors.

one needs to choose a material with large excitonic oscillato|5bI -based lavered perovskite-tvpe semiconductors have
strength, and then an appropriate microcavity for it. Al-" % y P yp

though FP microcavities have been commonly utilized, dis- polystyrene
tributed feedbackDFB) cavities may open new possibilities

for application. These two types of cavities can be related

thorough a Fourier transformation in space; still, it is intrigu- I
ing to investigate polaritons in a DFB cavity in its own right. L
There are few works for polaritons in DFB cavities; Kadl 4 I‘_’|A \ 1 / 1
al.” etched GaAs QW samples to form periodic structure in PEPI wires
ord(_ar to obse_rve photolummescer_]ce from the quantum-well- Quartz Substrate
exciton polaritons. From a theoretical point of view, Tassone

and Bassarfi,and Citrir? discussed théweak coupling be- x

tween the electromagnetic field and one-dimensional exciton
wires in the grating structures. FIG. 1. Structure of a DFB microcavitfnot to scalg

¥
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FIG. 2. Schematic dispersion relations of light propagating P E,
along a film on the periodic substraolid lineg and their replicas /' ‘\
(dashed lines The guided-wave dispersion is neglected in the fig- /
ure for simplicity.% w. , are themth-order cavity resonance ener-
gies. T () T (d)
0 ky 0 k,

self-organized multiple quantum-well structure with the

4- . .
[Pblg] _ layers as wells and organic alkylammor_wlum Iayerscrocavity(a) neark, —n* E, /#ic and neak,—0 for (b) AE<0. (¢)
as barriers. Electron-hole pairs in the well combine stronglyAE:o’ and(d) AE>0, respectively. The solid lines are polariton

owing to the_’ image charge effect by virtue of the large dif'dispersion curves, and the dashed and thin lines are the uncoupled
ference in dielectric constants between the wells and the ba{]‘uided-wave and exciton dispersion curves, respectively.

riers (for example, ey =6.1, epamie=3.22 in PEP). In

PEPI, therefore, exciton binding energy, oscillator strength, 20

andL-T splitting are enormous: 220 meV, 0.5 per formula Gnh,=—— m, wherem is an integer, (D)
unit, and 50 meV, respectively. Another benefit of these A

materials is that a high-quality polycrystalline film on a sub-he original dispersion curvesolid lines are folded to form
strate can be easily obtained by spin coating its organic sQgplicas(dashed lines An optical standing wave is formed
lution. Thec axes of polycrystallines in a film are aligned to at the photon energy that satisfies— (—k,)=G.,. Let us

be perpendicular to the substrate plane. In the present expefisfer this energy to thenth-order cavity resonance energy
ments, we formed 0.02&m-thick PEPI film in the grooves of pgreafter:

gratings by spin coating a solution of PEPI in dimethyl-

sulfoxicide, 80 mg/ml, at 6000 rpm. The sample thus pre- ahe
pared can be regarded as an array of semiconductor wires. hwem=—o0
Finally, we overcoat a 0.5m-thick polystyrene in xylene at oA
6000 rpm in order to keep the PEPI film away from oxygen . . o .
and moisture. The polystyrene film not only prevents PEpyvheren. =ck,/w is the effective index of refraction for the
from degradation but also plays as an important role as formvaveguide. o

ing a waveguide, as will be mentioned latesee Sec. VC When a thin P!EPI film is inserted be'twee.n the polystyrene
below). We formed six gratings on a quartz substrate withfilm and the grating subst_rate, an exciton in the PEPI I_ayer
grating pitchA ranging from 0.62um to 0.72 um every strongly couples to the guided-wave mode to form polaritons

20 nm, so that we can compare their transmission spect/@ 1S schematically shown in Fig(e8. WhenA~0.7 um,
under the same conditions. the fourth-order cavity resonance energy falls near the exci-

ton energyEg=2.4 eV, thenG. , brings the polariton anti-
crossing region into the light corn, which is accessible by the
light in the free space. In Figs(I3—-3(d), the polariton dis-
persions folded intdk,~0 are shown for(b) AE<O, (c)
Transmitted intensity of a light through the sample isAE=0, and(d) AE>0, respectively. The detuning energy is
measured as a function of the photon energy in our experidefined as\E=%w, 4,— Eo. When the incident beam is tilted
ments. Let us fix the Cartesian coordinate so that the diredo thex direction by an anglé, it excites the guided-wave
tion of the grating lines and the normal of the substrate arenode withk,=k sin 6, causing intensity loss in the transmis-
they andz axes, respectively. The axis is the direction of ~sion spectrum at the corresponding energy. Thus we can de-
the periodic modification. termine the dispersion curves experimentally.kit 0, the
Figure 2 represents schematic dispersion relations for thstrongly coupled states are formed between an optical stand-
polystyrene waveguide structure on a grating substrate. Bing wave and an exciton in the DFB microcavities. Since
virtue of the reciprocal lattice vector, these states are analogous to the cavity polaritons in FP mi-

FIG. 3. Schematic polariton dispersion relations in a DFB mi-

m, (2

lll. PRELIMINARY DISCUSSION
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m'\/'”"‘m Detuning Energy AE (eV)
“;;;W«N FIG. 5. Transmissif)n dip positions in normal-incidence trans-
mission spectra foEL x as a function of cavity detuning energy.
(b) Dips due to the higher-order transverse modes are omitted for sim-
L L. | ! L plicity. Closed circles and diamonds correspond to the upper and

lower branches of a DFB cavity polariton, respectively. Closed
squares correspond to the absorption of the upper branch polaritons

FIG. 4. Transmission spectra of samples at 300 K for normaf1©t affected by the reciprocal lattice vectors.
incidence. The polarization of the incident light(&® EL x and(b)
EL Y. The topmost spectra are for PEPI on a quartz substrate witc@Vitylike modes. These are ascribed to the lowest and next-
out grating structure. The lower spectra are for PEPI film on ahigher order transverse modes in the waveguste Sec.

grating with pitches of\ =0.62, 0.64, 0.66, 0.68, 0.70, and 0.72 V C below). N S
um, respectively. Figure 5 reproduces the positions of the dips in Fig) 4

as a function ofAE. Dips due to the higher-order transverse
crocavities, we may call them “DFB cavity polaritons.” The modes are omitted for simplicity. In Fig. 5, we see that these

coupling is the strongest when the cavity resonance ener 'pg exhibit the ?”tiqos.s"?g behavior b.etween .excitc.)n and
coincides with the exciton absorption energy as shown i avity modes, V.Vh'Ch IS S|m|_lar to th_e cavity polarlt_on disper-

Fig. 3c). In the DFB microcavities, we can observe the sion observed in the FP microcavity. This behavior demon-
states with finitek, (i.e., the states propagating along theStrates that a guided-wave mode couples to an exciton so

cavity axig, to which there are no correspondences in the F|§trongly 'ghat they form new eigenstates, which we fe.fef to as
microcavities. DFB cavity polaritons. Closed circles and lozenges in Fig. 5

correspond to the upper and lower branch of the DFB cavity
polaritons, respectively. The mode splitting at resonance is
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IV. RESULTS 100 meV, which is much larger than 9 meV observed in
o the GaAs system’s. This is ascribed to the large excitonic
A. Normal incidence oscillator strength of PEPI. The polariton splitting could be

Figure 4 shows the transmission spectra for normal incilarger than the one observed here, because the electric-field
dence of the DFB cavities witth=0.62, 0.64, 0.66, 0.68, confinement factor was not optimized in the present experi-
0.70, and 0.72um, respectively. The polarization of the in- Ments. .
cident light isEL X andELY in Figs. 4a) and 4b), respec- The small dips between the upper and the lower branches

: e _are plotted as closed squares in Fig. 5. They may be ascribed
tively. On the top in Fig. (&) and 4b), we also show trans to the transition to the bottom of the “original” upper

mission spectra of a PEPI film on a quartz substrate Withoub h polarit hich t affected by th ' |
cavity as a reference. First, we look at the spectrumAor ranch polaritons, which were not atected by the reciproca

=0.72 um; the broad absorption band near 2.4 eV is aslattice vectors. For polarizatioE Ly, we did not find the
cribed to the lowest exciton of PEPI, and is mairigbout ~mode splitting between the upper and lower polariton modes
3:1) polarized to the grating grooves. Since it is also observin this particular sample. Therefore we will show the results
able for the film on a plain substrate, we call this dip theonly for the polarization oEL x hereafter.

excitonlike mode. On the other hand, the sharp dip at
2.24 eV is observable only with the DFB cavity. We refer
this sharp dip to a cavitylike mode. A& decreases, the
cavitylike mode shifts to the higher energies, broadens, and Next, we show thef dependence of the transmission
eventually connects to the broad dip at 2.4 eV fér spectra, with which we can investigate the coupling states
=0.62 um. Simultaneously, a broad dip at 2.4 eV far  with finite k, (i.e., the polariton propagating along to the
=0.72 pm shifts to the higher energies, and connects to theavity axig. Figure 6 shows the transmission spectrafor
sharp dip at 2.58 eV foA=0.62 um. For shorterA’s (A =0.72 um for several§'s ranging from 0° to 15°. The
=0.66, 0.64, and 0.6Z2um) in Fig. 4a), we can see two polarization of the incident light is parallel to the grating

B. k, dependence
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FIG. 6. Transmission spectra\&0.72 um) for severald's, £ 2%, 0 .(?). e ]
ranging from 0° to 15°. The polarization of the incident light is 0.4 -0.2 0.0 0.2 0.4
ELx. k, (10°cm™)

line, EL X. For §=0° (k,=0), we observe only one cavity FIG. 7. Transmission dip energy as a functionkgffor (a) A

dip. As the anglef increases, we observe that the dip splits~ /2 #™: (®) A=0.68 um, and(c) A=0.62 um.

into two; one shifts to the higher energies and the other shifts

to the lower energies. We call these modes the guided-wave=(0, k sina). Because the wave thus excited is always a

like modes. When the blueshifting mode approaches thetanding wave in th& direction, it is equivalent to tilting an

PEPI's exciton absorption band at aroufie5°, the shift  incident-angle in a FP microcavity.Neglecting the polar-

saturates and approaches the exciton absorption peak asynign and the waveguide effects, the angular frequency of the

totically. Simultaneously, a small dip marked by an arrow incavity-resonance mode is given by

Fig. 6 shifts to higher energies asincreases. This dip is

attributed to the upper branch polariton mode. All dips on the c ( o
= m —
n* A

2
spectra are plotted in Fig.(& as a function ofk,. Also +(k sin a)?,
shown in Fig. 7 are the results fdb) A=0.68 and(c)
0.62 um. These are the experimental results that should be
compared to Figs. (®)—3(d); we conclude that the dips we wherec is the light velocity in vacuum. When that cavity
observed are readily ascribed to the well-defined polariton anode approaches the exciton band, the dispersion curves are
room temperature. expected to exhibit an anticrossing behavitite polariton
In our measurements, the transmission dips tend to sme&plitting). Figure 8 shows the: dependence of the transmis-
at 2.4-2.5 eV. This may be ascribed to the fact that thesion spectra foA =0.7 wm. The polarization of the incident
effective grating area is small because of the large absorgight is againEL x. We find that a cavitylike mode located at
tion. In Fig. 7@, it is clearly seen that the exciton and the 2.3 eV atd=a=0° shifts to the higher-energy side as in-
guided-wave-like modes anticross neak,=*0.15 creasing the angler. The dip seen for 192 «<30° at
X 10° cm™! (see the region marked by circle¥his guided- 2.4 eV may be ascribed to the absorption of the upper
wave polariton splitting is again 100 meV. branch polariton, which is not affected by the reciprocal lat-
Although two dispersion curves cross k=0 in the tice vectors as mentioned earlier. The dips are reproduced in
schematic figure, Fig. 3, the experimental data exhibit a gagig. 9@ as a function ok, . The results forA=0.72 um
of about 50 meV below exciton absorption. This gap corre-are shown in Fig. @). They demonstrate clearly that the
sponds to the so-called photonic band gaBG) and will be  dispersion curves exhibit the polariton splitting. In both
discussed in Sec. V B. cases, the mode splittings are again about 100 meV. Thus
we observed a nearly equal amount of splitting in thethe
ky, andk, dependences of the absorption dip energy. This is
reasonable, because in these experiments we are observing
the “replica” of the guided-wave polaritons via the recipro-
cal lattice vectors.

w=

(€©)

C. k, dependence

When the incident beam is tilted to tlyedirection by an
angle «a, it excites the guided-wave mode withk,(, ki)
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L L B pected from the large oscillator strength of the exciton in
PEPI. Here, we will consider the reason. The polariton split-
ting, which is often referred to vacuum Rabi splittihig the
energy difference between two eigenmodes that occur under
the strong coupling between an oscillatexciton or atom
state and a photon state. In bulk semiconductor crystals, the
polariton splitting energy is defined for each wave vector.
For the resonant wave vector,

hwps=V2 hwg A, (4)

whereA | 1 is the longitudinal-transverse splitting energy in a
bulk crystal, which is proportional to the excitonic oscillator
30° strength per unit volume, arflw, is the transverse exciton
energy. As the crystal thickness becomes shorter, the photon
mode in the crystal becomes more discrete. But since this is
nothing more than selecting a wave vector from the continu-
ous dispersion in bulk, the magnitude of the polariton split-
ting in thin crystals is identical to the one in bulk. When the
thickness is comparable to the wavelength, it is analogous to
T . A a semiconductor FP microcavity. In reality, the active mate-
20 22 24 26 28 30 rial does not fill the cavity, and the magnitude of the splitting
depends on the thickness and the location of the active ma-
terial. Now, it is clear that the splitting never exceeds the one
FIG. 8. Transmission spectra\&0.70 um) for severale’s,  in bulk, except for the enhancement of the oscillator strength
ranging from 0° to 50°. The polarization of the incident light is owing to the quantum size effect. In other words, we must
ELX. use a material with a large excitonic oscillator strength per
unit volume in order to realize a large polariton splitting.
V. DISCUSSION Actually, by substituting appropriate parameters in the GaAs
) ) _ o systems into Eq4), we can obtain the cavity polariton split-
In this section, we first compare the polariton in our DFB ting observed experimentally. A similar discussion has been
microcavities with the one in FP microcavities, then we dls—gi\,en by Andreaniet al'® The same is true in the DFB

cuss the polarization dependence. Finally we give some compjicrocavity, which can be seen as a periodically filled bulk

25°

Transmissivity (arb. units)

35°

Photon Energy (eV)

ments on the DFB cavity structure. crystal; the splitting energy is determined by an overlapping
integral of PEPI wires and the optical field, which depends
A. Polariton splitting in DFB and FP microcavities on a width of the grating and a thickness of PEPI film, and is

. : -~ . never larger than the one in bulk. The splitting energy is
in cf‘usr gle:gtlggfi? ?Sbg\éi'utthleogoﬁgt\?n Aslﬁ:gﬂn% (t)r]:isp\s;hgl?; estimated from Eq4) to be 500 meV for a PEPI bulk crys-
y : 9 tal, and the observed one in our DFB cavity is only 20% of

much Iarger_ than 9 mev °bsef"ed. In GaAs quantum We||S|t. It means that the confinement factor of the wave guide is
embedded in the FP microcavity, it is not as large as ex

about 20%, which is reasonable if the ratio of the dielectric

07 constant in the waveguide and the thickness of the film are

< L L L taken into account. Generally speakifigypscan be reduced
% 26 e by the exciton damping enerdy:
(=2 r « ® 1
o 25| . -
L?Cj L . ® hd ] h(l)’pszhﬁ)ps\ l_(rlﬁ(l)ps) . (5)
c 241 o ¢ ¢ INN. . cee . e s -
g : s o T . EstimatingI" from the absorption width, we find that this
£ 0 (al) y correction is negligible in the present case.
00 02 04 06 08 1.0
g e TTTTTTTITTTITTTAT T B. Polarization dependence
e r o. 1 . N n N
> 25 . - Now we discuss some polarization dependences in our
D .® X L .
g r L v 1 experimental results. Note that the electromagnetic field
w 2'4__ : * “w"”..’.‘.‘-‘ et ] propagating along the direction is modified by the periodic
é 231 . " . structure. Therefore, we observe a transverse eleCTi}
£ ool | . | o fbl) a mode for theELX polarization of the incident light and
00 02 04 06 08 10 transverse magneticTM) mode for ELy in the normal-
k, (10°cm™) incidence and the finit@ measurements. In the case of finite
Y a, TE and TM modes are mixed.
FIG. 9. Transmission dip energy as a functionkgffor (a) A We first give our attention to the depth of the transmission

=0.70 um and(b) A=0.72 um. dips. The dip due to TE mode is more than twice as deep as
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LN B L B L L S B mode than for the TM mode, which at first glance contradicts
(a) our argument. We can understand this puzzle by inspecting
the transmission spectra for finite As clearly seen in Fig.
10, there is PBG at=0 (k,=0); the higher-energy mode
(the bottom of the conduction band of PBGuples only to
a photon withEL X, while the lower modgthe top of the
valence bandcouples to a photon witEL)A/. We have con-
firmed this selection rule by solving the wave equation for
the fourth-order cavity resonance and considering the sym-
metry of the mode, which can couple to photons for two
polarizations.

C. Structure dependence

Transmissivity (arb. units)

Finally, we give some comments on the cavity structure
dependence of the polariton absorption. Our DFB cavity con-
sists of a quartz grating substrate, a PEPI film as an active
material and a polystyrene film. The polystyrene film does
not only prevent PEPI from degradation but also plays such

T P I an important role as forming a waveguide. Actually, if we do
20 22 24 26 28 30 not have the polystyrene film, we do not observe a well-
Photon Energy (eV) defined cavity mode as is observed above. Since the polysty-

rene film has a refractive index of 1.59, which is larger than

FIG. 10. Transmission spectrd &0.72 um) at smallg's for  those of air and quartz, it serves as a core layer of a slab

(@) ELx and(b) ELy polarization. waveguide with a PEPI film. The thicker the core layer is,
the more the electromagnetic field is confined in the core

the one due to TM mode. We have confirmed that the excii.e., the confinement factor becomes laygare can control
ton absorption does not depend on the polarization for &he interaction between PEPI's exciton and optical field. In
PEPI film on the substrate without grating structures. Theorder to confirm the formation of a waveguide, we have car-
exciton wave function is hardly modified by the confinementried out the mode calculation for an asymmetric slab wave-
effect due to the grating grooves, because its widthguide. The refractive index of the clad and the core layer are
~500 nm, is much larger than the exciton Bohr radius,assumed to bag,=1 (air) and 1.46(quartz substrajeand
1.7 nm. Then let us consider an anisotropic local field in-Ncore=1.59 (neglecting the thin PEPI layeand a thickness
duced by the grating structures. When the polarization i®f the core layer is measured by a profile meter to be
perpendicular to the grating lineELy, it is expected that 0-50 um. For simplicity, we neglected a dispersion of the
the local electric field becomes much weaker in the groovegwaterlal and fixed the refractive indices as constants. As a
on account of the polarization charges, which results in théesult, we have found that the lowest TE and TM modes
smaller absorption. This phenomena has been reported Fiist above 0.71 eV and 0.91 eV, respectively. The cutoff
photoluminescence of an isolated GaAs quantum-well wirén€rgy for the second-lowest modes is 2.68 eV and
and explained by this mechanigfh. 2.89 eV, respectively. Thus, in the exciton resonance energy

Next, we consider the energy position of the transmissiorfit 2.4 €V, there is only one guided-wave mode for a given
dips, when the cavity resonance locates at lower energy thaPlarization. In order to prepare a sample without higher-
the exciton absorption. Figure 10 shows the transmissiof'der fransverse modes in the whole spectral range we mea-

speca for sl for (@ ELX ant) L7 polarzation 2010, 1€ SO0 e used s e patyrene i, e
for A=0.72 um. The excitonlike dip locates lower in en- ' P

-« ~ _ . deep fundamental dips and no higher modes.
ergy forELx thanELy, which has not been observed in the | this paper, we have shown the results in the DFB mi-

isolated GaAs quantum-well wire system mentioned above,cavities whosd.-S ratio and a depth of the grating’s

Then it is necessary to bear in mind that we do not observg,,ove are 1:4 and 0.4%.m, respectively. In this cavity, we
an exciton itself but a guided-wave polariton. Irrespective ofgiq not observe the anticrossing between the exciton and the
the grating presence, excitons couple to the guided-wave_ .

mode and form the TE or TM guided-wave polaritons. SincecavIty mode clearly fOB9 polarization as was mentioned

the refractive index is larger in the TE mode than the TMabove. But we have observed the polariton splitting even for

: ; - : t polarization when we used the DFB microcavity, in

one, the dispersion of the guided-wave mode is less steep f6|9a. . 2
the former. By introducing the periodic structures, the dis—WhICh case thel-S ratio and the de_pth of the grating's
roove are 1:2 and 0.1mm, respectively. This polariton

persion curves are folded; the crossing point of the uppeg A o
branch dispersion curves lat=0 should locate at lower en- Sp"“‘”g is about 40 meV, which is smaller than 95 meV
ergy for the TE mode than the TM one. When we comparéor ELx poIarizAation in the same cavity. Although the mode
0#=0° spectra for two polarizations, we find that the cavity- splitting for EL x polarization in this 0.15:m-deep cavity is
like mode, which is originated from the crossing point of thenearly equal to that in 0.4p-m-deep cavity, the transmission
lower branch dispersion, locates at higher energy for the THips due to the DFB cavity polaritons are seen much less
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clearly as shown in Fig. 4. Thus, the coupling states changeather than the microcavity effect, except for the quantum

remarkably due to the structure of the DFB cavity. On thesize effect. The large polariton splitting we observed reflects
other hand, we may utilize this sensitivity to control the cou-a large excitonic oscillator strength of PEPI. The DFB sys-

pling strength of an exciton and a photon in a waveguide, atems can be viewed as a periodic array of resonant emitters.
well as that of a polariton and a photon outside. The systemActually, we have observed a directional emission in space-
atic study of the system will help us to understand theresolved photoluminescence measureménts.

exciton-photon interaction. We have developed a versatile method for preparing a
periodic structure of optical materials. We expect that it can
VI. CONCLUSION be utilized not only for the fundamental research but also for

. . " . the new photonic devices.
Both in DFB and FP microcavities, we can modify the

cavity resonant energy and the exciton-photon coupling
strength by controlling a cavity length. In other words, a
polariton can be controlled by modifying boundary condi-
tions of light by these microcavities, just as the electron We are grateful to Professor M. Yamanishi for valuable
wave function can be controlled by a potential profile in adiscussions, and to Y. Sayama and Y. Hamamoto for techni-
semiconductor quantum well. In this paper, we have fabri-cal support. The electron-beam lithography and dry etching
cated the DFB microcavities with semiconductor film, which processes in this experiment were carried out at the Research
has a large excitonic oscillator strength. We have observe@enter for Nanodevices and Systems, Hiroshima University.
the strongly coupled exciton-photon states, DFB cavity po-This work has been supported by a Grant-in-Aid for Scien-
laritons, in transmission measurements at room temperatutéic Research on the Priority Area “Mutual Quantum Ma-
for the first time, to our knowledge. The polariton mode nipulation on Radiation Field and Matter” from the Ministry
splitting energy at resonance amounts to 100 meV even aif Education, Science and Culture of Japan, and CREST,
room temperature. The maximum of the polariton splitting isCore Research for Evolutional Science and Technology, of
restricted by an excitonic oscillator strength of a materialdST, Japan Science and Technology Corporation.
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