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Amorphous Al2O3 is an attractive platform for integration of active and passive photonic 
functionalities. We developed an integration procedure to create active regions in a 
passive layer at the same level on one wafer using reactive co-sputtering of Al2O3, with 
and without shadow mask, and chemical mechanical planarization (CMP). We studied (i) 
the influence of the deposition height on the uniformity of a passive Al2O3 layer and (ii) 
the influence of the shadow mask on the deposition of active regions. Furthermore we 
investigate the optimal parameters for planarization.  

Introduction 
Amorphous Al2O3 is an attractive material for integration of active and passive 
functionalities on a photonic chip. A refractive index of ~1.65 and low propagation losses 
[1] makes Al2O3 a suitable material for devices with a small footprint. The material has 
the ability to host high concentrations of rare-earth ions with moderate quenching of 
luminescence [2]. This, in combination with a transparency window ranging from the UV 
to the mid-IR, makes amorphous Al2O3 suitable to dope with various rare-earth ions for 
on-chip active devices [3]. 
Amorphous rare-earth doped Al2O3 is used in many lasers and amplifiers as gain material 
[4] in the last few years and is already integrated with other passive photonic platforms 
like S3N4 [5]. Those integration schemes rely on multiple photolithography steps, which 
introduce losses due to misalignment [6].  
We have previously demonstrated the proof of principle of the integration of active, 
ytterbium doped Al2O3 regions in a passive Al2O3 surrounding by the luminescence of a 
ring resonator in the active region [7]. In this paper we show the optimization study 
including the uniformity of the deposited layer and the chemical mechanical polishing 
(CMP) parameters. 
 
Deposition of active and passive Al2O3 layers 
The process flow for the fabrication of active-passive Al2O3 layers is shown in figure 1. 
First ytterbium doped Al2O3 regions are deposited through a shadow mask. Those regions 
are then overgrown by thicker undoped Al2O3 to obtain a complete layer. Before 
patterning, the layer is planarized using CMP. Afterwards the devices can be patterned in 
a single lithography and etching step. A full description of the process can be found in 
[7].  

 
Figure 1: Schematic representation of the fabrication flow of one layer active-passive Al2O3. 
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The active Yb3+ doped Al2O3 regions are deposited through a shadow mask made out of 
200 μm thick molybdenum. The openings with a width of 650 μm and various lengths are 
made by laser cutting (Rofin MPS). The active regions turned out to be curved with a 
wider width at the bottom than the width of the shadow mask, as shown in figure 2(a). 
The areas did not reach a flat plateau at the target height of ~600 nm because the influence 
of the sidewall of the mask (200 μm) is too big compared to the width of the areas 
(650 μm).Therefore a new mask was made with minimal opening width of 2 mm, to 
ensure an uniform top height over at least 650 μm width (figure 2(a) blue line).  
The next step in the process is the deposition of an uniform undoped Al2O3 layer. The 
uniformity of the deposited Al2O3 layer was studied at different heights between the 
sputtering target and the wafer (deposition height). The deposition height in the AJA ATC 
1500 instrument can be adjusted from 1 to 7 inch in accurate steps of 0.25 inch. In 
previous studies, a deposition height of 6.75 inch was used. Here we deposited a thin layer 
of  ~50 nm on a silicon wafer at room temperature at 5.00, 6.00 and 6.75 inch. The results 
are shown in figure 2(b), where the curvatures are normalized by the value at the center 
of the wafer. The curvature of the wafer changes from convex to concave when the 
distance between the target and wafer becomes smaller. An additional deposition height 
of 5.75 inch was tested to see where the inflection point would occur, which happens 
between 5.75 and 6.00 inch. The change in curvature could be caused by the way the 
material is sputtered from the target and accelerated to the wafer. A deposition height of 
6.00 inch was finally chosen because it has the highest uniformity. 
The optical quality of the layer was checked by depositing a layer with the settings 
described in [7] and checked by prism coupling (Metricon 2010/M) light at a wavelength 
of 633 nm into the layer.  

 
Figure 2: (a) Profile scan of the deposited Yb3+:Al2O3 areas for a mask width of 650 µm (red) and 2000 µm 
(blue), vertical dashed lines represent the position of the sidewalls of the shadow mask. (b) Normalized line 
layer thickness of Al2O3 layer at different deposition heights. 
 
Planarization efficiency 
After the double deposition described above, there is an topology on the layer with 
approximately the same dimensions as the deposited regions (Figure 1). This topology 
has to be removed before devices can be patterned, which will be done using chemical 
mechanical planarization (CMP). 
For this application, it is very important to achieve a very high planarization efficiency 
(PE). During the CMP process, material will be removed from the top of the bump regions 
and from the complete surface of the wafer with different removal rates. The planarization 
efficiency is given by: 
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𝑃𝑃𝑃𝑃 = �1 − Δ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
Δ𝑢𝑢𝑢𝑢

� ∙ 100%       (1) 
Where, ∆up is the material removed at the top of the bumps, ∆down is the material 
removed at the surface of the wafer at any instant during the planarization process [8]. In 
a good planarization process, PE should be close to one, which means that the height of 
the bumps is removed much faster than the surface of the wafer. The step height of the 
bumps is measured before and after the process with a line scan (Veeco Dektak 8) and 
the wafer region is measured with ellipsometry (Woollam M-200UI). 
The available slurry is Carbot Semi Sperse 25 (SS25), which consist of fumed SiO2 
particles. This slurry has a pH of 12 when diluted 1:2 with DI water. Al2O3 or better 
Al(OH)3 dissolves in alkaline solutions [9], which enhance the chemical removal rate of 
the material. For our application, we target a more mechanical driven removal and 
therefore the slurry was adjusted to a pH of 7 by adding 2% HCl solution.  
The CMP procedure is done with Mecapol E460 in combination with a DOW-IC1000 
grooved SUBA pad. The slurry flow is kept constant at 240 ml/min during the whole 
procedure. At the start of every run the polishing pad is conditioned with 2 sweeps with 
a diamond disk to establish the same roughness of the pad. A back pressure of 0.2 bar 
holds the wafer onto the head. The CMP procedure takes 30 seconds where the rotation 
speed of the head is 1 rpm less than that of the platen.   
For the first experiment, the PE was studied as function of the velocity of the platen. 
During the process the pressure was set to 0.75 bar. From the results shown in figure 3(a) 
can be seen that the PE decreases linearly with rotation speed. For the second experiment, 
the PE was studied as function of the pressure on the wafer. During the process the 
rotation speed of the platen was set to 50 rpm. Also here the PE decreases linearly with 
higher pressure on the wafer, as shown in figure 3(b). The data point at 0.5 bar did not 
follow the trend and no clear explanation could be found to explain this point. 
The experiments made at a rotation speed of 50 rpm and a pressure of 0.75 bar are slightly 
different (fig 3(a) PE = 48% , fig 3(b) PE= 76%). This difference can be caused by the 
fact that the mechanical properties of both wafers are slightly different. In a multi-user 
cleanroom it could also be that the condition of the deposition and CMP machines change 
due to different processes which also influence the process. Therefore the presented 
results can only be used as guideline. 
The PE does not say anything about the removal rate during the process. For an high 
removal rate of the upper part (~80 nm in 30 sec) a pressure of 0.75 bar with an rotation 
speed between 30-50 rpm is optimal. While for the final smoothening and high precision 
removal a low pressure or rotation speeds is beneficial. 

 
Figure 3: (a) Planarization efficiency as function of the rotation velocity of the platen. (b) Planarization 
efficiency as function of the pressure on the wafer. 
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Conclusion 
For the integration of active Yb3+:Al2O3 areas in a passive Al2O3 layer, it is important that 
the openings in a shadow mask are large enough to obtain a plateau region for the targeted 
layer thickness. For our application this means that at least 2 mm wide regions are needed 
to obtain a flat layer for a thickness of roughly 600 nm. Further an optimal deposition 
height of 6 inch was found for the most uniform layer. The influence of the rotation speed 
of the platen and the pressure on the wafer on the planarization efficiency have been 
investigated. 
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