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Conclusions
•	EHT developed a bipolar tailored waveform generator with 

active droop compensation.
•	Measured IEDs with bipolar tailored waveform generator.
•	Qualitative agreement between simple calculator and 

measured IEDs.
•	Measured target electrode voltages 4-5 kV and calculated 

IEDs with ions 4-5 kV.
•	IED can be varied with RF power with bias conditions fixed. 

Future Work
•	Continue to higher voltage
•	Investigate electron effects (EED and secondary electrons)
•	Investigate electronegative gases

For more info: http://www.eagleharbortech.com/

Measured and Calculated IED with Tailored Waveforms
•	Plasma source: 60 MHz CCP operating at 300 W
•	Tailored waveform bias: EHT Perseus (0-15 kV, 400 kHz, active droop compensation) 
•	Gas: Argon (5 mTorr)
•	Impedans 3 kV Semion RFEA 

•	Settings: DVD = 10 eV. Each point averages ±5 points
•	IED calculated from a curve fit (high degree polynomial) of the ion current data 

•	IED calculated from measured voltage waveform: 
P. Diomede, M. Nikolaou, & D. J. Economou, “Voltage waveform to achieve a desired ion energy 
distribution on a substrate in contact with plasma” Plasma Sources Sci. Technol. 20 (2011) 045011.

Schematic of EHT CCP.

Left: IED measured with the RFEA (top row), Ion current measured with the RFEA (middle row), IED calculated from 
voltage on the target electrode (bottom row). 

High Voltage IEDs
•	Plasma source: 60 MHz CCP 
•	Gas: Argon (5 mTorr)
•	Bipolar generator output voltage was 

held fixed as RF power was varied.

Left: Target electrode voltages (top) and currents (bottom) for three top-side RF 
power levels. Right: IEDs calculated from the target electrode voltage. 

RFEA schematic
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Background
Wang & Wendt applied a non-sinusoidal, periodic, bias waveform 
to the wafer electrode to produce a flat voltage on the wafer. 
This waveform produced a narrow IED. For industrially-relevant 
processing, higher voltage and average power is required.

Top Left: Schematic of Wang and Wendt experiment. Right: Measured voltages: 
power amplifier output (top), voltage on surface of substrate (bottom). Bottom 
Left: IED resulting from three different voltage bias waveforms.

EHT Plasma Chamber
•	Plasma source: 60 MHz CCP
•	Base pressure: 7 x 10-8 Torr (dual turbo pumps)
•	Multiple mass flow controllers for gas handling
•	Tailored waveforms: EHT Perseus (bipolar)
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Right: Voltage waveform measured on the target 
electrode.

Introduction
In plasma processing applications, like etching, the ion energy and 
flux can be independently controlled with the use of multiple power 
systems. Typically, a high-frequency RF generator is used for plasma 
production, and a low-frequency RF generator is used to bias the 
wafer. Using RF for the wafer bias power system produces a very 
broad ion energy distribution (IED) at the wafer surface. EHT Semi 
has developed a high-voltage bipolar waveform generator that can be 
used to provide precision control of the ion energy distribution at the 
wafer surface. This power system is being tested in an experimental 
plasma chamber with a 60 MHz capacitively coupled plasma source 
and a pedestal that can be biased. 


