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Conclusions
•	EHT developed a unipolar tailored waveform generator that 

can output more than 15 kV at 400 kHz.
•	Developed IED calculator based on Diomede et al.
•	Qualitative agreement between simple calculator and 

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

IEDs with ions 4-5 kV.

For more info: https://ehtsemi.com/

Measured and Calculated IED with Tailored Waveforms
•	Plasma: 60 MHz CCP operating at 300 W with argon (5 mTorr)
•	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.

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

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 Spartan (unipolar)

Introduction
As the market demands solid-state non-volatile memory storage, 
plasma etching high-aspect-ratio (HAR) features is becoming 
increasingly important. To minimize feature defects like bowing and 
twisting defects, precision control of the ion energy distribution (IED) 
is required. EHT Semi has developed a unipolar wafer bias power 
system that can operate up to 15 kV at 400 kHz. In this work, EHT 
is using a retarding field energy analyzer (RFEA) to investigate IEDs 
with these high-voltage custom waveforms. A 60 MHz capacitively 
coupled plasma source with a pedestal that can be biased is being 
used to experimentally test IED control using these high voltage 
custom waveforms. 

Spartan - Unipolar Power System

Typical Specifications
•	Output voltage: 0-16 kVpk-pk
•	Peak output current: 175 A
•	Max average input power: 20 kW
•	Frequency: 80-600 kHz
•	Peak efficiency: > 80% (load dependent)
•	Controller: TCP/IP or EtherCAT

Benefits
•	Matching network not 

required – reduces 
complexity

•	Improved ion energy 
distribution control leads to 
improved etch quality

•	Fast pulse rise time 
optimizes wafer on-time 
(time wafer spends at 
nonzero voltages)

•	Can produce better CDs 
than traditional RF

Right: Voltage waveform measured on 
the target electrode.

Top: Spartan output waveform at 16 kV and 400 kHz into a plasma-sheath-like 
load. Bottom: Voltage measured on the wafer (-10 kV peak).

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 

High Voltage Ion Energy Data
•	When target electrode voltage exceeds RFEA safe limits, the 

calculator can be used.
•	Target electrode current measured at Spartan output.
•	Voltage on wafer: - 5 kV 

Top Left: Target electrode voltage (max: -5 kV). Bottom left: Target electrode 
current. Right: IED calculated from target electrode voltage. 
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