
Fig. 6: The log plot emphasizes how much faster 
the matchless system can increase the electron 

density compared to a traditional matching 
system. Taken at 40 mTorr of argon with a 1 kHz 

burst frequency. [2]
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● Traditional Impedance Matching Network: Causes a delay in 
electron density rate of rise time because of the single match 
point. Much slower than theoretical limit.

● Matchless RF Advantage: Enables power deposition with 
significantly less reflected power, thus expanding the operating 
space for plasma reactors.

● Achievements: Enables duty cycles below 0.5% and very high 
peak powers. Peak power densities of 25 W/cm3 have been 
reached (5X larger than usual).

ABSTRACT RESULTS & DISCUSSION

EXPERIMENTAL SETUP

● Explore electronegative gasses to see if instabilities can be 
mitigated

● Determine the sheath voltage and time-resolved electron 
temperature using spectroscopic techniques

● Use the matchless pulser as a bias source and etch wafers
● Compare plasma parameters with modeling results
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Fig. 4:  Shows both the predicted and the 
measured ne with a matchless network and with 

the matchless pulser at 20 mTorr of argon at 7 W. 
The duty cycle is 50% and the burst frequency is 

1 kHz. [2]
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Fig. 5: Lowering the duty cycle allows for higher 
peak powers, enabling faster rise times to a given 

electron density. The plasma is at 40 mTorr of 
argon with a burst frequency of 1 kHz.

Fig. 2: A diagram of the equipment used to get 
data with the microwave resonator “hairpin” 

probe. [1]

Results
● The time-resolved electron density data has 

good agreement with the model, which 
assumes that power is delivered instantly

● The rate of rise is slower with a matching 
network because it only has one match point, 
so there is significant reflected power on the 
ramp up to steady state

● The EHT matchless pulser allows for operating 
at extremely low duty cycles while still 
maintaining good square waves

Fig. 1: The left side is a basic circuit model with the traditional matching network. The right 
side shows what circuit elements are eliminated.

Fig. 3: The Inductively-Coupled Argon Oxygen Source 
(ICAROS) operating with the matchless pulser.

Takeaways
● Much faster electron rate of rise

○ ~ 3X faster
● Super low duty cycles

○ < 0.5% (so far…)
● Much higher powers

○ 25 W/cm3 (~25 kW in ICAROS)
○ B/c of low duty cycle & less 

circuit elements to fail
● Could enable new operating regimes 

and plasma conditions for advanced 
manufacturing processes


