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The authors report on one-dimensional dielectric photonic crystals activated by Er3+ ion and
fabricated by rf-sputtering deposition. The cavity was constituted by an Er3+-doped SiO2 active
layer inserted between two Bragg reflectors consisting of six pairs of SiO2/TiO2 layers. Near
infrared transmittance spectra evidence the presence of a stop band from 1350 to 1850 nm and a
cavity resonance centered at 1537 nm. Intensity enhancement and narrowing of the 4I13/2→ 4I15/2
emission band of Er3+ ion, due to the cavity effect, were observed. A cavity quality factor of 171 was
achieved. © 2006 American Institute of Physics. �DOI: 10.1063/1.2364841�

The recent developments of optically confined structures
have opened new possibilities in the field of both basic and
applied physics, in a large area covering information com-
munication technologies, health and biology, structural engi-
neering, and environment monitoring systems. As far as tele-
communications are concerned, Er3+-activated glasses have
become one of the key materials in photonic systems because
of their relevance for the development of optical amplifiers.
The short-term goal is to develop appropriate material sys-
tems and devices to exploit at the best the luminescence
properties of erbium. Er3+-activated confined structures at
different scales thus offer interesting solutions. The last de-
cade has seen a remarkable increase in the experimental ef-
forts to control and enhance emission properties of emitters
by tailoring the dielectric surrounding of the source. With
this aim, several approaches, using nanocomposite materials1

or specific geometries, such as planar interfaces,2 photonic
crystals,3 solid state planar microcavities,4,5 dielectric
nanospheres,6 and spherical microresonators,7 have been pro-
posed. Among these systems, planar microcavity resonators,
also called one-dimensional �1D� photonic crystals, are the
simplest photonic band-gap device exploitable to manage the

spontaneous emission rate of an excited atom in the weak-
coupling regime where the cavity decay time is much shorter
than the atom-cavity mode interaction time.4,5,8,9 As far as
Er3+ ions are concerned, Vradenberg et al.4 reported on an
Er3+-doped SiO2 active region sandwiched between two dis-
tributed Bragg reflectors �DBRs� composed of Si/SiO2
quarter-wave layers. Upon 980 nm excitation, the peak inten-
sity at 1535 nm was enhanced by nearly 60, compared to the
no-cavity yield at the corresponding wavelength, and the full
width at half maximum �FWHM� was about 10 nm.

Fabrication of planar microcavities using oxide-based di-
electric materials is of particular interest because it is pos-
sible to obtain devices transparent in the UV-visible-near in-
frared region and suitable for application in environments
that see elevated temperature, corrosion, and radiation.10,11

Several techniques have been employed to fabricate Fabry-
Pérot dielectric microcavities where deposition of thin and
smooth dielectric layers that constitute DBRs is mandatory
to achieve a high quality factor �Q�. Literature presents re-
sults obtained by using electron-beam evaporation,12

sol-gel,5,10 ion plating,9 and sputtering11,13 processes.
In this letter we report on an Er3+-codoped all-dielectric

microcavity fabricated by rf sputtering �RFS� and operating
at 1544 nm. The microcavity consists of a SiO2 half-wavea�Electronic mail: achiaser@science.unitn.it
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layer inserted between two Bragg reflectors constituted by a
stack of six pairs of alternated SiO2 and TiO2 quarter-wave
layers. Each SiO2 layer is activated with 0.3 at. % of Er3+

ions, as measured by energy dispersive spectroscopy using a
Noran Instruments mod. Voyager apparatus. The refractive
indices at 1542 nm of the silica and titania layers, measured
by m-line spectroscopy on the single films, were
1.444±0.002 and 2.30±0.02, respectively. To increase the
reflection coefficient of the DBRs, the index contrast be-
tween the two materials has to be as large as possible, and
TiO2 and SiO2 have been chosen.5,10 The samples were de-
posited on silicon and silica substrates. The sample deposited
on silicon was employed for scanning electron microscopy
�SEM� measurements. The sample deposited on silica sub-
strate was employed for transmittance and photolumines-
cence �PL� measurements. In order to improve the adhesion
of the films, the substrates were cleaned inside the RFS
deposition chamber by removing some atomic layers just
before the deposition procedure: in this presputtering stage
the face of the substrates is exposed to the plasma for
10 min. Sputtering deposition of the films was performed by
sputtering alternatively a 4 in. titania target and a 4 in. silica
target on which metallic erbium pieces were placed. The
deposition time necessary to reach the appropriate thick-
nesses of the Bragg grating layers was 14 min 15 s for the
titania target and was 11 min 15 s for the silica target. The
deposition time necessary to reach the appropriate thickness
of the silica defect layer, to obtain a cavity resonance cen-
tered at 1.5 �m, was 25 min. The residual pressure, before
deposition, was about 2�10−7 mbar. During the deposition
process the substrates were not heated. The sputtering oc-
curred with an Ar pressure of 5�10−3 mbar; the applied rf
power was 150 W, with reflected powers of 16 and 0 W for
silica and titania targets, respectively.

A SEM image of the cross section of the cavity is shown
in Fig. 1. The dark regions correspond to the SiO2 layers and
the bright ones to the TiO2 layers. It is possible to identify
the defect layer and the two Bragg reflectors. The SEM im-
age allowed us to measure thicknesses of 210±5 and
195±5 nm for the silica and titania layers, respectively, of
the Bragg mirrors, and a thickness of 490±5 nm for the SiO2
defect layer.

The transmittance spectrum of the cavity, obtained by
using a Varian-Carry spectrophotometer, is shown in Fig. 2.
The spectral reflection range, i.e., the stop band, lies from

1350 to 1850 nm. A sharp peak in the transmittance spec-
trum appears at 1544 nm �see the arrow in Fig. 2�. It corre-
sponds to the cavity resonance wavelength related to the
half-wave layer inserted between the Bragg mirrors.

Figure 3 compares the 4I13/2→ 4I15/2 PL spectrum of the
cavity activated by Er3+ ions and the PL spectrum of the
single Er3+-doped SiO2 active layer, without Bragg mirrors.
Both the cavity and no-cavity structures were excited with
the 514 nm line of an Ar+ion laser with an excitation power
of 100 mW. The luminescence was dispersed by a 320 mm
single-grating monochromator with a resolution of 1 nm.
The light was detected using a Hamamatsu photomultiplier
tube and standard lock-in technique. The details about the
experimental setup were reported in a previous paper.14 For
this analysis, the samples are fixed on a rotating holder. The
PL from the cavity and from the Er3+-doped single SiO2
layer was detected at 5° from the normal on the samples,
with a solid angle of 10−1 s. The erbium emission from the
no-cavity single SiO2 active layer is centered at 1538 nm
with a FWHM of 28 nm and exhibits the characteristic shape
of erbium ion emission in silica glass.15 The cavity resonance
is strongly dependent on the detection angle;10 for a detec-
tion angle of 5°, the cavity resonance corresponds to the
maximum of the erbium PL of the no-cavity SiO2 active
layer. The peak luminescence intensity of Er3+ ions is en-
hanced by a factor of 90, compared to the no-cavity yield at

FIG. 1. Cross section image of the sample performed with the scanning
electron microscopy. The bright and the dark areas are TiO2 and SiO2 layers,
respectively.

FIG. 2. Transmittance spectrum of the cavity with six doublet Bragg mirror.
The stop band lies from 1350 to 1850 nm. The cavity resonance corre-
sponds to the sharp maximum at the center of the transmission window. The
incident light is not polarized.

FIG. 3. 4I13/2→ 4I15/2 photoluminescence spectra of the cavity activated by
Er3+ ion �1D photonic crystal� and of the single Er3+-doped SiO2 active layer
without Bragg mirrors �defect�. The light is recorded at 5° from the normal
on the samples upon excitation at 514.5 nm.
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the corresponding wavelength. The Er3+ 4I13/2→ 4I15/2 PL
line shape is strongly modified by the cavity, and the Er3+

emission is enhanced when the wavelength corresponds to
the cavity resonant mode and weakened for the other emis-
sion wavelengths. A sharp line is observed for PL spectrum
from the cavity, as shown in Fig. 3. The FWHM is 9 nm,
corresponding to a quality factor of the cavity, Q, equal to
171, assuming that no photon reabsorption occurs.5,9

In summary, we fabricated via the rf-sputtering tech-
nique an Er3+-activated microcavity with a quality factor of
171 using Er3+-doped SiO2 and TiO2 thin films. The trans-
mittance spectrum shows a cavity resonance centered at
1538 nm with a stop band from 1350 to 1850 nm. Er3+ lu-
minescence enhancement of 90 times, due to the cavity ef-
fect, was observed. We can affirm that rf sputtering is a suit-
able technique to fabricate all-dielectric erbium-activated
microcavities operating at 1.5 �m.
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