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Metal Ion Implantation in Modern Industry !
 Surface Engineering Technologies LLC leads the field in a type of surface 
treatment known as Heavy Metal Ion Implantation which significantly increases fatigue 
life, hardness, toughness, and tensile strength of most materials. This process improves 
parts by taking individual metal ions and accelerating them to approximately 1/500 the 
speed of light (over 600 km/s).  Once the metal ions are fully accelerated, they collide 
with the parts at the end of chamber.  The collision is powerful enough to not only 
implant the ion into the material, but alter the very properties of the parts crystal structure 
and create compressive stress which improves hardness, toughness, fatigue life and 
tensile strength. It also lowers friction coefficients, and greatly increases corrosion 
resistance.  These improvements can be applied to any metal, ceramic, or plastic part or 
substrate. !

Heavy Metal Ion Implantation (HMII) affects a large number of different material 
properties in metals, ceramics and plastics. !

!  
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These improvements in the properties of materials have allowed parts treated by Heavy 
Metal Implantation to have many beneficial results over our Ion Implanter’s history, 
including: 
• Hardness of steels and plastics 3x 
• Fracture toughness of ceramics 10x 
• Tool life of carbide 200% to 900%  
• Tool life of HSS 375% -1,125% 
• Hobs life increased 300% then out lasted the customers job 
• Huge part life increases in a reverse idler gear under various stress levels !!!

!  !!!
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!

!  !
Heavy Metal Ion Implantation clearly represents a huge leap in surface engineering 

and manufacturing.  The ability to alter the characteristics of materials to enhance both 
their lifetime and performance allows for both new and improved products, ideas and 
designs to become possible.  In time, we imagine HMII treatments to be as common as 
processes such as heat treating, power coating, and shot peening. !
 Until now, there has never been a production capable HMII machine in operation.  
Many gas ion implanters exist for use in semi-conductor doping and a few nitriding 
applications, but due to the smaller size of the gas atoms and the properties they impart 
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during implantation, the effects of gas ion implantation is far less effective than that of 
metal ion implantation.  Attempts to use gases containing metals has proven somewhat 
successful, but such gases are usually incredibly corrosive, toxic, and, most importantly, 
expensive.  Gas implanters also tend to have much smaller beam areas compared to metal 
implanters.  These considerations made it necessary to create an implanter with the 
capability to implant pure metals of many different types on a production scale. 

We at Surface Engineering Technologies have overseen the design and development 
of the AVIS Implanter, a full production and high throughput Metal Ion Implanter based 
on our original MeVVA patents (Metal Vapor Vacuum Arc).  AVIS (Arc Vacuum Ion 
Source) was implemented to enlarge beam width, increase beam current, and increase 
acceleration voltage resulting in faster implant times of larger part batches, while also 
increasing the positive effects of implantation. !

MeVVA I-VI systems have been used in research applications for decades, but despite 
the positive results, there were limits to its commercial use.  The largest, MeVVA VI, has 
a beam width of 50 cm in diameter (2.11 square feet) and uses over 18 cathodes to create 
its beam.  Parts had to be passed through this small area and the total time and cost to 
process even small parts was too high for it to reach any but the most specialized and 
expensive markets.  !

To address these issues, the AVIS system was developed.  AVIS features 6 cathodes 
with a beam width of 30 inches by 40 inches (8.3 square feet).  This gave AVIS the 
capability not only to ion implant larger pieces, but also increases the production rate per 
run by nearly 4 times.  The second advantage of AVIS over its predecessors is that it can 
maintain a properly dense plasma at high implantation energies.  Where MEVVA can 
produce a beam current of a few mA, AVIS can produce beam currents up to 5 A.  AVIS 
also can accelerate ions with over 100 kV of extraction voltage for deeper implantation 
and greater results.  By increasing the beam current, AVIS increases the number of ions 
which are implanted tremendously, and by increasing the voltage we greatly increase the 
effects of the implantation itself.  This allows us even faster processing times which result 
in even greater results.  With these considerations, AVIS is truly the first production scale 
metal ion implanter in the world. !

Based on our knowledge and experience with AVIS, Surface Engineering 
Technologies LLC is proud to announce our new MAXIS Ion Implanter (Maximized Ion 
Source).  The new MAXIS system uses new electronics and software to further 
automation, repeatability, and process control.  It also allows maximized usage of the 
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power systems allowing for higher beam currents at higher voltages.  MAXIS will also 
allow us to scale our implantation processes by increasing the number of sources on a 
single machine, allowing us to create beam areas of 78” x 51” and beyond in the future. !

!!
 It is clear that the major hurdles of production viability and cost have been 
overcome.  Surface Engineering Technologies LLC is now ready to process large 
quantities of parts and as needed expand the number of in house MAXIS systems.  This 
offers customers huge opportunities for their businesses.  HMII can allow your product to 
last longer and perform better under high stress and wear, increasing the quality and the 
design options for your product.  By using HMII on your in-house tooling and equipment 
you can lower production costs associated with part failures and replacement.  You also 
save money on the downtime and labor required making repairs and exchanging spare or 
worn parts.  HMII can allow your product to have unique capabilities not otherwise on 
the market, such as adding corrosion resistance, surface conductivity and catalytic 
surfaces.  It allows for the replacement of inferior surface treatments or allows for 
inexpensive materials to withstand the same design parameters as much more expensive 
materials.  Rather than use expensive steels to have a strong corrosion resistant part, you 
can use HMII on certain less expensive steels allowing for huge savings with same 
performance or better.  Because HMII is done at a low temperature and causes no 
dimensional changes, it can easily be added to a production chain with no other 
considerations.  The amounts of possibilities are staggering and the level of opportunity 
tremendous for this technology. !

MeVVA VI AVIS MAXIS 4x

Beam Width 2.11 sq ft 8.3 sq ft 27.6 sq ft

# of Cathodes 18 cathodes 6 cathodes 24 cathodes

Beam Current 1-25 ma 1-3 A 6-20 A

Production/
Run 1x(base) 120x 500x
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If you aren’t looking at Metal Ion Implantation, you aren’t looking at what’s 
occurring in the world of manufacturing today. -Robert H. Beckett, C.E.O 
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