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Abstract  

In this work, we investigated experimentally how annealing and/or chemical mechanical polishing (CMP) 

improve the quality of Al2O3 layers deposited by reactive sputter deposition. The propagation loss, the 

surface-roughness and the refractive index after every process are measured at several wavelengths, 

deposition temperatures, and locations in the wafer. A noticeable improvement was obtained in the RMS 

values of surface-roughness dropping from ~2.5 nm to ~0.3 nm. The variation in refractive index and 

propagation losses after the different processes for films deposited at different temperatures are presented. 

 
1. Introduction 

Low loss Al2O3 thin films are needed for integrated photonic devices to enable several functions such as 

filters, amplifiers, and lasers in the near-UV to mid-infrared window. Obtaining such low losses-layers is 

also a requirement to achieve the monolithic integration of active-passive devices in the Al2O3 platform. 

Slab Al2O3 waveguides for integrated photonic devices have been demonstrated to exhibit losses down 

to 2 dB/cm at 405 nm and less than 0.1 dB/cm at 1550 nm, such low losses are limited by surface scattering 

centers [1], which can be reduced by (1) reducing the surface roughness using chemical mechanical 

polishing CMP [2] and/or (2) releasing the stress that can create scattering centers in as-deposited films by 

means of annealing at elevated temperatures after Al2O3 deposition [3].  

The fabrication steps of Al2O3 deposition, annealing and polishing are explained. Then the 

characterization of Al2O3 layers is detailed. 

 

2. Methodology 

2.1 Proposed processes 

The effect of annealing and polishing on the Al2O3 layers is studied separately on 2 series of wafers. The 

first series has nine wafers where Al2O3 is deposited at deposition temperatures ranging between 680°C 

and 760°C. After deposition, the layers are annealed at 1100°C for 4 hours in N2 atmosphere and then 

chemical mechanically polished (CMP). The second series is composed of eight wafers where the 

deposition temperature varies between 680°C and 750°C. In the second series no annealing step is applied 

between deposition and polishing.  

The Al2O3 layers are deposited on 10 cm diameter silicon wafers with 8 µm thick thermal oxide using 

RF reactive sputter deposition (AJA ATC 15000 RF tool) [4]. This system can host three 2-inch RF guns, 

one of which was installed with an aluminum target (Al, 99.9995 % purity). 

The wafers are polished with a MECAPOL E460 tool. A silica-based slurry SS25 is used for the CMP 

process. After polishing, a cleaning process is applied on the wafers using a Mega-sonic tool and a 1:3 

solution of OPD 4262 diluted with DI water. 

2.2 Characterization 

Optical propagation losses, surface roughness and refractive index are measured after every process of 

deposition, annealing and polishing. Figure (1.a) shows how propagation losses values, measured by 

Metricon 2010/M prism coupler at a wavelength of 521 nm, increases after annealing at 1100 C when the 

deposition temperature is lower than 700°C, decreasing when the deposition temperature is higher than 

700°C. The propagation losses after polishing do not decrease as expected but are observed to slightly 

increase, which is currently under investigation.  



 

 

 
Figure (1). Propagation loss values of the Al2O3 layers vs deposition temperature at λ= 521 nm after: (a) deposition, 

annealing and polishing; (b) deposition and polishing. 

 

Figure (1.b) shows a slight increase in propagation losses after polishing. This decrease is again the opposite 

effect than expected and we believe it can be due to particles from the slurry remaining on the surface layer 

after polishing, despite the mega-sonic cleaning step performed. More investigation is underway to 

determine whether this is the reason why the losses do not decrease after polishing as expected. 

Figure (2) shows how the surface roughness values of the Al2O3 layers, measured with an atomic force 

microscope (AFM) drops remarkably below 0.5 nm RMS after polishing. The surface roughness of the as-

deposited layers is between (1-2.5) nm RMS. 

 
Figure (2). Roughness values vs deposition temperature of the Al2O3 layers after deposition, annealing and polishing 

for both series under study. 
 

The thickness and the refractive index of each Al2O3 layer is measured using an ellipsometer (Woollam 

M2000UI). Figure (3.a) shows an increase of refractive index after annealing, probably attributed to a 

densification process [3]. On the other hand, a reduction in the refractive index values happens after 

polishing as seen in figures (3.a) and (3.b). Further characterization is needed to fully understand the 

mechanisms involved in the variation of refractive index.  



 

 

 
Figure (3). Refractive index of the Al2O3 layers vs deposition temperature of the Al2O3 layers at λ= 1030 nm.   
 
4. Conclusion 

A series of annealing and/or polishing experiments on sputtered Al2O3 layers were conducted to set the 

base for a reproducible process of obtaining Al2O3 layers with low losses needed for different applications.  

Propagation loss, surface roughness, refractive index and thickness were measured for all the samples after 

every process of deposition, annealing and polishing. The results show an improvement in the surface 

roughness values after polishing dropping from ~2.5 nm to ~0.3 nm and a clear increase of refractive 

indices values after annealing. More improvements in losses are expected by improving the post CMP 

cleaning process. 
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