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Abstract

Spinning performance

Figure 2. Feedback and feedforward control loops have been utilized to fine tune the speed profile during the spinning [2]. Applying the
proper values for proportional, integral, and feedforward terms, has lead to the speed profile with better than 1% error on the setpoint during the spinning of PMMA on top of the 6’’ silicon wafer. (a) an example of the speed profile of the designed spinner with multiple ramps
using PI and feedfroward controllers, (b) speed profile of the designed spinner while spinning a 6’’ silicon wafer with PMMA as the resist.
The inset shows the less than 1% error on the setpoint during the spinning.

Figure 1. Here, we present a spinner design with full PID and feed-forward speed control and vacuum chuck wafer holding, based on 3D
printed parts, repurposed commercially available bearings from a washing machine and driven by widely available brushless motors from
remote control cars and aeroplanes ; thanks to developments in drone technologies, the cost of such motors is dropping while the quality,
availability and options are increasing. This spinner is capable of spinning 6” wafers from 1000 rpm up to 10000 rpm with better than 1%
error on the set point. We have benchmarked the resist thickness and uniformity obtained with this design against a commercial cleanroom
based spinner using ellipsometry and a novel optical microscopic colorimetric technique [1].
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Uniformity and thickness messurement
It is required to measure the uniformity and thickness of the spin coated resist on the silicon wafers, as another key parameter to test the performance of the spinners. Here, gigapixel optical mapping techniques are combined with ellipsometric measurements to show the spun film uniformities down to a
few nanometers. As the spinning with the designed spinner is performed while the lid have been taken off, this has led to an increase in the evaporation rate. An increase in the evaporation rate has caused into more solvent evaporation, which has resulted to more resist concentration; the evaporation of
solvent only increases the concentration and thus the viscosity of the polymer solution, thus thicker thin film layers are formed [3].

Figure 3. Gigapixel optical microscope maps and the corresponding RGB values as a function of distance from the center; Pixel
intensities vary between 0 and 255: (a,b) Designed spinner with the lid off. (c,d) Commercial spinner inside the cleanroom.

Figure 4. Ellipsometry measurement maps and the corresponding resist average thickness (nm) as a function of distance from the
center: (a,b) Designed spinner with the lid off. (c,d) Commercial spinner inside the cleanroom.

Conclusion

The performance assessments of the low cost spinner designed have shown that the spinner is capable of providing a uniform PMMA resist layer on a 6” silicon wafer. This is a rather desired outcome as the main motivation behind this study has been to compare the designed spinner with the expensive
commercialized spinners used inside the cleanroom environment. Tests for the resist uniformity on the silicon wafer, conducted with an ellipsometer and an optical microscope map, have shown a consistency in resist uniformity. In addition to the effectiveness of thedesigned spinner in providing resist
uniformity during spin coating, optimization in the PI and feedfor-ward controllers has lead to observing the least amount of variations in error compared to the set pointduring spinning; it is tried to avoid any unwanted wobbling during spinning at high spinning speeds, i.e. the speeds corresponding to the
resonance frequencies. This design would enable application of thin resist layers for microfabrication prototyping in the academic, educational and hobbyist communities, with a low-cost barrier for entry.
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