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1. Introduction into low-pressure plasma technology

1.1. How does a low-pressure plasma system work?

The most important components of a system are the vacuum chamber, the vacuum pump
and a high-frequency generator for plasma creation.  

The principle process of a low-pressure system can be most simply explained by figure 1 
and 2.

     fig. 1: schematic of kHz and MHz plasma systems 

    fig. 2: schematic of a microwave plasma system (2,45 GHz) with metal chamber
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 fig. 140: TETRA-30, multi level electrode  fig. 141: TETRA-30, electrode for leadframes

Electrodes for wage labour:

fig. 142: TETRA-100, multi level electrode fig. 143: TETRA-150, special electrode for pcb

fig. 144: TETRA-5600, multi level electrode
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Carriers:

Carriers are always adapted to customer requirements. In general a carrier is represented by 
a simple stainless steel sheet but customised versions of carriers can also be produced.

 fig. 145: Standard carrier

fig. 146: carrier for Leadframes         fig. 147: carrier for catheter

fig. 148: carrier for PCB
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2.7.14. RIE electrode

Difference between PE (Plasma Etch) operation and RIE (Reactive Ion Etching) operation:

2.7.14.1. PE operation

fig. 149: PE operation

The etching process is isotropic, this means plasma strikes from all directions onto the work 
piece. Etching is non-directional.

2.7.14.2. RIE operation

fig. 150: RIE operation

The etching process is anisotropic; this means the directed plasma hits the work piece 
almost vertically. This method is used in semiconductor technology / microsystem 
technology; i.e. structure creation of silicon wafers. 
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fig. 151: view to a plasma chamber      fig. 152: plasma system „TETRA-30-RF“ with 
              with a basic RIE electrode                   RIE electrode and dark room shielding

Following is applicable to both operations:

To receive consistent results in etching temperature of the system can be optionally 
controlled. An increase in temperature of merely 10° C could double etching rate.

2.7.15. Ion flow measuring sensor

This is measuring flow from an electrode to mass. It hence serves process control.

2.7.16. Test inks

In our company Fischer test inks are used to measure surface energy. By means of test 
inks wetting (surface energy) on a substrate can be tested prior to plasma treatment and 
after. A brush integrated into the lid is used to apply liquid onto the substrate. If ink is 
retracting wetting of the substrate is lower than that of the test ink. If original ink brush 
remains, surface energy of substrate is equal or greater than that of the ink.  

Special care must be taken with test inks due to their toxic substances.

Test inks can be ordered from www.fischertesttinten.de

Test kits with following inks are recommended: 28 mN/m, 34 mN/m, 41 mN/m, 44 mN/m, 48 
mN/m, 56 mN/m, 72 mN/m and 105 mN/m.
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It is also possible to order other values of test inks (18, 31, 64 mN/m..).

  fig. 153: test inks

2.7.17. Butterfly valve

For treatment of semiconductors and maybe plasma polymerization the application of a 
butterfly valve is of interest. This can reduce suction. At constant pressure mass flow is 
constant. However, this component is quite expensive.

    fig. 154: Butterfly valve

2.7.18. Active carbon filter

All production devices, which work with CF4, C2F6, SF6, require active carbon filters. The 
pump associated must be of the dry running type otherwise oil is contaminating the filter 
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(see chapter I, 6.2., “Dry running vacuum pumps”). The active carbon filter is filled with basic 
activated carbon and neutralised; e.g. HF acid.

   

                 fig. 155: active carbon filter

2.7.19. Label Printer

Within the scope of process documentation it is possible to print customer related data 
to a standard printer. Important data could be, e.g. date of treatment, batch number and 
maximum storage time. 

   

    fig. 156:  label

2.7.20. Suction filter for vacuum

Suction filters are important for all processes in a rotary drum.

 fig. 157: suction filter         fig. 158: suction filter (interior view)

Plasmatreated on:

Don‘t touch the parts with your hands!
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2.7.21. Barcode Reader

Should you wish to have treated parts coded or documented for security reasons, there is 
the opportunity to connect a barcode reader.

2.7.22. Temperature measurement with thermocouples

We usually use thermocouples to measure process control. Processes are therefore 
reproducible as etching rate is heavily depending on temperature.

   fig. 159: thermocouples

2.7.23. Quartz glass chamber

Ordinary chambers of stainless steel can sputter to a small extent (vapourise metal).
Quartz glass can only sputter SiO2 .
Borosilicate glass can sputter SiO2, Na2O, K2O, Al2O3 and B2O3.

Glass chambers find interest in analysis technology, semiconductors and other highly 
sensitive parts to be treated.

  
fig. 160: glas chamber    fig. 161: stainless steel chamber
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2.7.24. Quartz glass boat

A “quartz glass boat” serves as a carrier of silicon wafer. This particular supporting carrier is 
enabling a multi-directional treatment of the wafer.

fig. 162: quartz glass boat with wafer             fig. 163: quartz glass boat

2.7.25. Generators of LF, RF, MW

We use standard generators with following frequencies:

LF Low frequency 40 kHz 100 W; 200 W; 300 W; 1000 W; 1500 W;     
2500 W

RF Radio frequency 13.56 MHz 100 W; 300 W; 600 W; 1000 W; …
MW Microwave 2.45 GHz 300 W; 850 W; 1.2 kW; …

2.7.26. Accessories for operation of special gases

Gas warning sensors are recommended for the following process gases:

     • H2

     • C2H2

     • CO

     • NH3

Gas warning sensors are able to report already small concentrations and prevent explosions 
or intoxications. 
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3. Process technology at atmospheric pressure in plasma
3.1.   Applications

Atmospheric plasma technology is resulting into an increase of quality in production by 
surface area activation and/or cleaning.

Following applications can be carried out by the atmospheric plasma system “Plasma 
Beam”:

1. Precision cleaning and activation by reactive particles contained in the activated gas 
beam. (Radicals, see chapter 2.1.1., 2.1.2.)

2. In addition loose attached particles on the surface area are removed by the accelerated 
activated gas beam driven by air-compression.

The plasma beam is suited for following processes as a pre-treatment system:

• Gluing
• Bonding
• Printing
• Laminating
• Soldering
• Welding

Following surfaces 
can be treated:

• Plastic
• Metal
• Glass
• Ceramics    fig. 164: two plasmabeams in operation

• Hybrid material

The active gas beam coming from the plasma jet is always free from voltage potential. 
Voltage is so minimal, it is hardly measurable. Therefore the device can be used for different 
processes in the electronic industry, e.g.:

• Bond pads cleaning prior to wire bonding
• Cleaning and activation of LCD contacts prior to heat seal bonding
• Activation of microchip surfaces prior to printing
• Activation of housings in which electronic components are fitted
• Plasma treatment of electric, voltage sensitive component groups prior to  

  casting
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fig. 165: difference: plastics with and without plasma treatment

The following points are important to achieve a good surface treatment by plasma beam:

1. Treatment should always take place in motion. 
2. Speed (v) of treatment and distance between plasma jet and surface (d) to be treated 

are the most important parameters for achieving a desired surface property.   
Changing parameters can have a drastic effect on pre-treatment. 

fig. 166: method of function

supply unit
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workpiece
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3.2. Principle of construction and function

The plasma system consists of three units:

Supply unit 

• Electrical mains connection
• Process- and cooling gas connection
• High voltage generator 
• Plasma current control block 
• Gas control block 
• Front panel with operation controls

Gas and power conductors in a flexible tube

Plasma Torch 

The central electrode, outer electrode and insulator form a discharge zone.

• The high voltage generator creates a voltage of up to 10kV, which is necessary 
  for the formation of the electrical discharge.

• A flexible conductor feeds supplied voltage and process gas. 

• Airflow is carrying activated particles (ions, electrons, excited gas atoms and 
  gas molecules) produced in the electrical arc away from the discharge zone. 

• Flow of active gas is focused onto the part to be treated by the special plasma 
  orifice.

fig. 167: plasmaBeam

3. plasma device 2. gas- and power conductor 
    in flexible tube

1. supply unit
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     fig. 168: functional principle of a atmospheric plasma system

Atmospheric pressure plasma system
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fig. 169: plasma stream

Control and process safety

Plasma flow and gas pressure are measured internally. In case of deviations in flow- and/or 
gas pressure, plasma is switching itself off. Error signals can optionally be transferred to the 
SUB-D connection (e.g. at SPS control) in semiautomatic operation mode.
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3.3. Partial description of an atmospheric plasma system

3.3.1. Front view

fig. 170: identification of parts (front)
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3.3.2. Rear view:

fig. 171: identification of parts (back)

3.3. Plasma Torch

fig. 172: plasma device
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3.4. Process Gas

Compressed air is usually used as a standard gas. Humid and oily compressed air can 
strongly influence process results and life expectancy of equipment.

Other gases, e.g. O2 or N2 can be used on agreement with Diener electronic. A forming gas 
can be used to reduce oxides, e.g. N2H2 compounds. No fluorine gases must be allowed or 
used!

3.5. Emissions

Nitrogen oxides ( NO2) are formed during the use of plasma beam with compressed air. For 
health reasons the system must be operated with sufficient suction (suction power 200 m³/
h). Moreover metal surrounding the plasma beam is prevented from corroding. 

3.6. Technical data of a standard system

1.
Measurements 
Supply unit

L: 562 mm
B: 211 mm
D: 420 mm

2.
Weight
Supply unit

approx. 20 kg

3. Connections

Process gas: Quick-fit Schott 
connection, 6 mm

Kühlgas: Quick-fit Schott 
connection, 6 mm

Voltage supply: 230 V / 6 A / 50-60 Hz
PE (protective earth)
wire: min. 1,5 mm²

4. Plasma torch

Diameter: max. 32 mm
Lenght: 210 mm
Weight: approx. 0.5 kg
Breadth of treatment: max. 12 mm

5. Flexible tube

PVC-protected tube
Bending radius ± 10 %: 60 mm
Length: 3 m
Diameter: 19 mm

6. Generator
Type: switching power 

supply
Power: approx. 300 W

Technical modifications are subject to change
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