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The field of passive integrated optics can be considered as mature and well-developed with proven 
success of many types of devices in various material systems, some of which have already been 
commercialized. Active integrated optical devices, on the other hand, still require considerable 
improvement. For large-scale realization of such active devices, the development of a stable, 
reproducible layer deposition method and a suitable method for micro-structuring with smooth side 
walls and low optical losses is a prerequisite. Being Si-technology compatible, rare-earth-ion-doped 
aluminum oxide layers are promising for active integrated optical applications, such as waveguide 
amplifiers and lasers [1]. In this work we report on the fabrication of high-optical-quality rare-earth-
ion-doped Al2O3 layers by reactive co-sputtering, defining low-loss rib waveguide structures by 
reactive ion etching, and high-quality nano-structuring of on-chip resonator structures by focused 
ion beam etching. 

The Al2O3 layer deposition was optimized by applying a reactive co-sputtering system [2]. 
Doped and undoped Al2O3 layers with ±0.8% thickness non-uniformity over 50x50 mm2 were 
grown from high-purity Al and Er targets on 8-µm thermally oxidized 100-mm Si substrates. The 
optical loss of the layers, ranging in thickness from approximately 500 nm to 800 nm, decreased 
with increasing deposition temperature to a value as low as 0.11 dB/cm at a wavelength of 1523 
nm. The erbium concentration of the Al2O3:Er layers was analyzed using Rutherford backscattering 
spectroscopy, showing that the Er-doping profile is uniform throughout the thickness of the film. 
Variation of the sputtering power on the Er target of up to 25 W resulted in incorporation of Er in 
the layers with concentrations of up to 4.5×1020 cm-3 (see Fig. 1). The refractive index of the films 
was found to steadily increase from 1.659 to 1.673 at 633 nm, as the Er target power was varied 
from 0 to 25 W. 
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Fig. 1. Er concentration as a function of the sputtering power on the Er target. 
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The absorption spectrum of the doped layers showed the typical absorption bands of Er3+, with 
peaks at 1529 nm (4I13/2), 977 nm (4I11/2), 797 nm (4I9/2), 652 nm (4F9/2), and 522 nm (2H11/2). For 
concentrations of ~1×1020 cm-3 the measured 4I13/2 lifetime is ~7 ms, but significant lifetime 
quenching is observed at higher concentrations. Losses in the Er-doped layers remained low and 
waveguide propagation of 633-nm light over 9 cm was easily achieved. 

The Al2O3 films were patterned by use of an inductively-coupled plasma reactive ion etch 
system. The optimized etch recipe used a BCl3-HBr chemistry, which resulted in good selectivity (> 
0.5) with standard resist as an etch mask and smooth, steep channel sidewalls with channel widths 
down to 1 µm. The optical loss at 1523 nm increased by about 0.4 dB/cm in 1.5 and 2.0-µm-wide 
rib waveguides, which were designed to be single-mode guiding at 1550 nm [3, 4]. 

 
 

 
 

Fig. 2. A reflection grating on Al2O3 channel waveguide realized by FIB milling. 
 

 
Finally, in order to enable full integration of such a technology, high quality nano-structuring 

aiming at the development of on-chip resonator structures was investigated. We report on the 
development and realization of sub-μm-period surface-relief reflection gratings on Al2O3 channel 
waveguides by using focused ion beam (FIB) patterning. By optimizing FIB milling parameters 
such as ion current, dwell time, loop repetitions, scanning strategy, and applying a top metal layer 
for reducing charging effects and improving sidewall definition, reflection gratings on Al2O3 
channel waveguides with smooth and uniform sidewalls were fabricated. A successful realization of 
a reflection grating is depicted in Fig. 2. A transmission spectrum of a grating device with a stop 
band with an on-off ratio of ~14 dB was measured. Optimization of the grating parameters is in 
progress. 

We are currently investigating channel-waveguide optical-gain structures and relevant 
parameters in the Er-doped Al2O3 layers. 
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