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Notes from the Vacuum Shack                                 No. 11 October 2020 

In this issue: 

 Gliding arc discharges 
 Final update on Chuck Sherwood’s Alphatron gauge 
 Stephen Stewart on SUNY’s VAPPOR vacuum and plasma training tool  

This has been another busy month for me so thanks to the individuals who contributed content 
for this issue.  

 
Gliding Arc Discharges 
 
In the June 2020 issue I described my initial atmospheric pressure plasma jet (APPJ) device. 
There was a follow-up in the July issue. This device was based on a dielectric barrier discharge. 
There is a related family of devices that use blown arcs. These are based on an arc discharge 
between two electrodes. This is turned into a cold plasma by blowing a gas through the arc with 
the result that the gas downstream of the arc takes the form of a cold plasma. 

 
A commercial device that is based on this 
principle is the Plasmatreat, manufactured by 
Plasmatreat GmbH of Germany. The 
illustration to the left depicts the configuration. 
The electrodes are coaxial. The gas flow is 
through a device that spins the gas in a vortex. 
This blows the arc toward the exit aperture. 
The plume coming from the nozzle is a cold 
non-equilibrium plasma.  
 
Shown in the figure is a port where a precursor 
mist can be introduced into the plume. In this 
case, a passivating agent such as phosphoric 
acid or chromic acid is used to produce a 
passivating layer on a metal substrate. 
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What seems to be a close relative to the blown arc is the gliding arc discharge or GAD. I’m sure 
everyone here is familiar with the Jacob’s ladder device where the spark is lifted between two 
diverging rods by the heated air of the discharge. A GAD makes use of a similar divergent 
electrode structure except that gas is forced through the arc to blow it toward the end. The figure 
below shows the principle. 
 

 
 
While searching for some references on GAD, I stumbled across an interesting site run by 
Michael Bretti. He runs Applied Ion Systems, LLC which he describes as a “for-profit open-
source R&D company advancing the field of electric propulsion through a unique approach 
towards design, engineering, and accessibility.” 
 
On the DIY part of his site [1] he has a nice GAD project showing the construction and use for 
surface treatment. There are other pages describing a higher power GAD device as well as a 
vortex (or tornado i.e. GAT) device. 
 
In the literature, it seems that there’s a big focus on GAD for the treatment of wastewater and 
other effluents. A 2017 paper by Dasan et al. [2] discusses the use of GAT for decontaminating 
surfaces that are in contact with food.  
 
References 
 
1. https://appliedionsystems.com/diy-handheld-gliding-arc-discharge-plasma-surface-treater 
2. Beyhan Gunaydin Dasan, Baran Onal-Ulusoy, Joanna Pawlat, Jaroslaw Diatczyk,Yasin Sen 

and Mehmet Mutlu, A New and Simple Approach for Decontamination of Food Contact 
Surfaces with Gliding Arc Discharge Atmospheric Non-Thermal Plasma, Food Bioprocess 
Technol (2017). 
https://www.academia.edu/40131346/A_New_and_Simple_Approach_for_Decontamination
_of_Food_Contact_Surfaces_with_Gliding_Arc_Discharge_Atmospheric_Non_Thermal_Pla
sma 
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Final Update on Chuck Sherwood’s Alphatron Vacuum Gauge 
 
Chuck Sherwood (chuck1024@wowway.com) has continued to work on his Alphatron vacuum 
gauge. The June issue described his initial results. The August article presented an update on the 
alpha gauge sensor and the electrometer. This installment presents Chuck’s final wrap up. 
Readers should feel free to contact Chuck regarding his work. 
 
In the previous articles we touched on some of the principles of the Alphatron gauge and outlined 
a sensor built using Americium sources. We also outlined some basic circuit building blocks to 
construct a readout. In this issue we will show a prototype readout based on those experiments. A 
basic current to voltage converter worked well but my major concern was leakage currents 
associated with switching the feedback resistor. Below are photographs of the preamp. 
 

 
 

The only idea that I had was to use glass reed switches. I tested a variety of surplus reed switches 
and most tested very high if cleaned well. One of the best was the Aleph HYR-2016 with a spec 
of 100 Gig open circuit resistance but measured at least 50 Teraohms. I made wire bobbins from 
1/2 inch Teflon rod and wound them with #36 wire. Teflon was used because of its very high 
resistance. I don't know the turns count but the coils measured 80 ohms and energized at 1.2 
volts making then suitable for operation on a single battery. This matched up well with the small 
positive voltage required for the op-amp. Four coils were pressed into a UHMW plastic body to 
make a switch matrix and the feedback resistors were tacked onto the end of each reed switch. 

 
I also incorporated a multiplier whose primary function is to get a 100 mTorr range derived from 
the 0-1 Torr range. I chose the 0.3 multiplier position to match up with my analog meters that 
have both a 0-10 and 0-3 scale. Note that the auxiliary output will output 0-1 volt for all ranges 
so I just leave the external meter set for 0-1 volts and use the appropriate scale. You can change 
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this position to match your implementation or leave it out all together. I incorporated a 
calibration for each range to compensate for the tolerance of the feedback resistors. The picture 
and schematic illustrate how it was made. Keep in mind this is the first prototype and 
improvements are always possible. 
 

 
 
The performance is quite good. The cheap 0-100 µA meter is not linear and I recommend some-
thing better.  I have found it quite accurate for 10 mTorr to 100 Torr. I have not tested outside that 
range. It does exhibit saturation somewhere above 300 Torr and will show less that 300 when 
exposed to ATM pressure.  As with all ionization gauges it is sensitive to gas type. When the 
chamber is exposed to fresh air and pumped down, the Alphatron will track the capacitance 
manometer with 2 digit accuracy. If the chamber is allowed to sit for long periods of time it will 
start to deviate as the gas mixture shifts to a higher percentage of water vapor. This is confirmed 
by untrapped McLeod gauges that show pressures 3-10 times lower than the actual pressure due 
to water vapor that condenses when compressed in the gauge. 
 
This is the final chapter and I have moved on to other things. 
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The VAPPOR  
 
Last month I made a casual reference to the SUNY VAPPOR (Vacuum and Plasma Process 
Operator) training system. Stephen Stewart, Instructor and Curriculum Developer for the 
program has offered some added details on the VAPPOR.  
 
A new modular and easily modifiable vacuum training system using off-the-shelf industry KF16 
flange parts has been developed and used by SUNY (State University of New York) Polytechnic 
Institute. This article discusses and describes the evolution of the VPAL to the VAPPOR (Vacu-
um and Plasma Process Operator) vacuum system. 
 
In 2016 Global Foundries (GF) began talks with SUNY Polytechnic Institute, under which 
NEATEC (Northeast Advanced Technical Training Center) operated, to provide training in 
vacuum technology for their new hire technicians, the majority who came from non-
semiconductor or vacuum backgrounds. 
 
FMCC (Fulton Montgomery Community College) trainer Robert Decker, working with 
NEATEC,  had experience with the VPAL. However due to the class size and no vacuum trainers 
in production with Stephen Hansen’s permission we at SUNY PI produced 6 slightly larger 
versions modified with a Nalgene bell jar, and a flat polycarbonate base replacing the as 
purchased bell jar to get the program started. 
 
The modifications allowed us to eliminate the glass tube plasma setup and incorporate two 
industry standard electrodes and a grounding pin for plasma operation. These were powered by a 
6000V output neon transformer controlled by an input Variac (see picture below). This was 
needed as the newer transformers act like a GFI when striking an arc in the vacuum region and 
would shut down.  The system allowed for plasma operation between 40 Torr and 30 mTorr.  
 

While the system worked, to achieve higher 
vacuums, lower leak rates, and to reduce the 
machining required I redesigned the base 
plate to require only two bulkhead KF16 
fittings. 
  
The system now is completely modular and, 
with the exception of the neon transformer 
box, fits in a small-tool box. The system is 
durable, and is very portable. For our 
purposes vacuum is provided by a small 
relatively quiet scroll pump eliminating the 
need for oil changes and oil vapor in the 
classroom. 

 
To further support GF training the system has additional components that allow for mass flow 
controller training and capacitive manometers. The basic course however begins with a Pirani 
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gauge for vacuum operation; changes in conductance, finding real and virtual leaks and for 
conducting Rate of Rise tests. 
 
The plasma operation is not limited to the ~20kHz produced by the switching neon transformer 
power supply but also at the RF frequency of 27 MHz when supplied by a 3W CB radio to allow 
for training with matching networks. This was added as a future course on GF’s wish list. A 
comparison of the 3 different configurations follows. 
  
The system as described, drawings, pictures, parts and cost list, and training material are free and 
can be obtained by contacting me, Stephen Stewart at sstewart@sunypoly.edu 
 

 
 

 
 

Complete VAPPOR System 
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Coaxial electrodes powered by a 27 MHz CB transmitter without matching network. Left: 
Prototype and screw-in assembly; Middle: 3 watts <200 mTorr; Right: Assembly prior to 
attachment of KF16 to HN connector.  

Left: Room air plasma, 30 Torr to 30 mTorr using variable switched neon transformer. 
Right: Neon gas <500 mTorr with applied magnetic field. 
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Articles of Possible Interest in Vacuum Technology & Coating Magazine 
 
September 2016 
Windows for Vacuum Apparatus 
This article discusses optical windows of various types. 
 
October 2016 
Windows for Vacuum Apparatus 
This article discusses windows for particle beams 
 
October 2020 
Electrons Through a Window: Electron Beam Processing 
This article builds on the October 2016 column with a focus on equipment and applications for 
low energy (mostly in the 100 keV range) electron beams. 
 
Articles may be accessed at http://vtcmag.com/. Scroll to the bottom of the page to the back issue 
selection box. Look for my columns and you can probably find other articles of interest in each 
issue.  
 
That’s it for this month. 
 
Steve 

Unit with parallel plate electrodes at 3 watts, 27 MHz, no matching network. 


