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Abstract – In the work the description of vacuum 

setup of ion implantation of the cutting tool is 

given. The setup is created on the basis of vacuum 

chamber “World”. In the setup, the gas-discharge 

source of metal ions of modification “BION-2M” 

with a constant accelerating voltage up to 40 kV is 

used. Management of vacuum system and power 

supplies is made by the logic-programmed control-

ler. In order to increase the material ion treatment 

effectiveness RC-L-circuits are used. These circuits 

generate pulsation in ion beam with the pulse dura-

tion of 4 m, frequency of 100 Hz of positive and 

negative polarity with the amplitude which is 

2.5 times higher than the value of voltage and cur-

rent oscillogram in the ion source electric conduc-

tor circuit. The relation of pulse parameters and 

the ion implantation results are being discussed in 

the paper. 

1. Introduction 

Ion-beam treatment (IBT) of the surface by high-
energy beams is intended for the change of exploita-

tion properties of material because of alloying, forma-

tion of new chemical compounds [1–3] and structure-

phase transformation on the surface layers of material 

[4–6]. At the same time the formation of carbonaceous 

films, which have semi-conductors properties takes 
place during IBT process, as a result the reaction are 

stimulated by ion. The reason of their formation is the 

composition of residual gases and methods of pump-

ing in the chamber of implantation [7]. Working fluid 

is the main reason of hydrocarbon impurity of atmos-

phere in chamber in setups of ion implantation for in-
dustrial use; most of them use oil-diffusion pump. We 

have determined that the reason of the formation of 

semi-conductors films during IBT is diffusion of car-

bonaceous impurities from the volume of material [2]. 

Semi-conductor films create serious barrier for imbed-
ding of ions into the volume of matter, and it can be 

the reason of unstable results of IBT. Negative influ-

ence of semi-conductor films in some cases is reduced 

by using of high energy and intensive ions. However, 

this way is not always economically sufficient. We 

suppose that more expedient action is to use oscilla-
tory circuits in feed circuit of ion source, which con-

vert the chaotic fluctuations in ion beam, which appear 

in the form of breakdowns, in arranged pulsations of 

positive and negative polarities on the level of con-

stant supply voltage [7].  

In this work, the automatic setup for ion implanta-

tion of tool steels is described. In the installation, the 

devices of pulse generation in beam of ion source are 
applied. The association of pulse parameters with re-

sults of ion implantation is discussed, also the practi-

cal results of application of installation are presented. 
 

2. Arrangement of setup 

The installation of ion implantation is created on basis 

of vacuum chamber “World” (Fig. 1). 
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Fig. 1. The installation of vacuum implantation 

Vacuum chamber 1 represents a cylinder situated 

upright, possessing the following internal dimensions: 

diameter is 800 mm and height is 700 mm. The cham-

ber has flanges on the ends and lateral surface of cy- 

linder. On the cap of upper flange of chamber the vac-
uum sensor 8 and the source of gas-metal ions 9 

“BION-2М” similar of source [2] are installed, the 

bushing high-voltage insulator is positioned on the 

surface of lower flange. On the surface of lower 

flange, the table for manufactures is situated. On the 

lateral surface there are two doors 10 with diameter 
400 mm, one opposite to another, here is also the an-

gled jet 2 of vacuum valve 3 system of gas eviction. 

The doors intended for load-unload of treated parts 

have joints, locking elements and inspection windows 

11. Vacuum chamber stands on foundation 4, inside of 

which there are a power supply device 5 and control 
system 6. Electrical supply of ion source is installed in 

box 15, also box 15 is the work table of system unit 14 

and monitor 13 for computer. For vacuum pumping, 

the high-vacuum pump PVDO-400 and fore vacuum 

pump АVZ-20D are used. The pressure lock and clap-
pers with electrical management are used as stop 



Poster Session 
 

85 

valve. For pressure measurement, there are three sen-

sors of low vacuum DVT-3/0-006 and one sensor of 
high vacuum DVI-0/7-007. 

The management of vacuum system elements of 

chamber pumping as well as of electrical supply of ion 

source is realized by controller of system management 

through applicable entrance/outlet modules. Com-

mands for operation realization by vacuum system 
evacuation and assignment of technological parame-

ters IBT are realized by program logical controller 

(PLC). These commands are then transported to LCU 

control computer through the consistent port. Man-

agement by command can be carried out from key-

board of LCU control computer in automatic mode or 
manual (engineering) mode. 

Control system of setup monitors the following 

electrical equipment: 

– magnetic starters of elements of vacuum pump-

ing system; 

– limit stops of vacuum valves and high vacuum 
gate valve; 

– sensors of pressure low and high vacuum;  

– limit stops of door blockage of vacuum chamber; 

– sensors of water flux of cooling system of the 

oil-vapor pump and the ion source; 
– feedwater valve in cooling system of ion source; 

– injection valve of gas in puffing system;  

– power supply of ions; 

– inspection sensor of phase voltage and current of 

heater of high-vacuum pump. 

Control system is created in the form of individual 
block 6, built in foundation of work chamber. The 

principal units are: basket with entrance/outlet mod-

ules and PLC, panel of power commutator and panel 

of service source of supply. The electric control circuit 

of setup is shown in Fig. 2, there are A1 – the block of 

manual control by force supply of setup and work gas 
puffing into ion source, A2, A3, A5 – service control-

lable blocks of installation, A4 – programmed block 

of automatic management, NL1 and ND1 – low and 

high-vacuum pumps, VE1–VE6 – vacuum valves, 

VT1 – gate valve, VW1 – valve of gas puffing, DW1, 
DW2 – sensors of close door, PT1–PT3 – sensors  

of low vacuum, PA1 – sensor of high vacuum, 1–16 – 

entrance/outlet modules. The steering commands from 

block A4 through the port RS-232 pass on personal 

computer which process information from all control 

elements. It is possible to observe the changes of con-
trolled parameters of control elements at the monitor. 

In case of auto-control the computer program track the 

work of setup in the range of threshold amounts of 

parameters of control elements and save in temporary 

file the information on all events switching on/off, 

time of work and amount of parameter of each ele-
ment. At manual control it is possible to do the ad-

justment of threshold amounts of parameters of ele-

ments and switching on/off of setup in the course 

without using program but necessary in cases of ad-

justment and making good. 

 

Fig. 2. Electrical circuit of automatic control of setup 

Force power supply A5 is for supply of the ion 

source and supply of the accelerating potential for the 
table with patterns by work voltage. The unit consists 

of three independent adjustable sources, which pro-

vide generation of following voltages: “+” – before 

1 kV, “–” – before 2.5 kV, “–” – before 40 kV. Volt-

age sources are collected on three-phase transformer 
scheme with Larionov’s rectifiers. The control of 

three-phase resistor regulators is realized on the chain 

of primary power supply. The primary power supply 

means are controlled by program controller. At the 

entrance of each source, the automatic switching off 

and magnetic contactors with adjustable controllers 
are installed. Outputs of voltage sources are loaded on 

the ballasts and measurement modules with current 

shunt. The negative accelerating voltage is supplied  

to the table, the ions source is under ground potential. 

  The test of tool steels strengthening shows that 

during the process of IBT on the surface the films of 
chemical compounds of volumetric admixtures are 

formed [2]. Presence of semi-conductors film is the 

reason of unstable results of ion strengthening. In ad-

dition to basic circuits of supply voltage the oscilla-

tory circuit is used, which generate pulsations in ion 

beam for effectiveness increase of ion beam machin-
ing of material surface in the setup. Contours are situ-

ated at the output of discharge supply voltages and 

ions acceleration (Fig. 3). The aim of circuit is ar-

ranged increase of plasma self-oscillation of ion beam, 

which is always present in ion sources [9]. They are 
determined by constantly changing electrical charac-

teristics of work surface and plasma of ion beams dur-

ing the process IBT. 

The voltage pulse with duration of 4 ms and fre-

quency of 100 Hz of positive and negative polarity 

with amplitude which exceeds amounts of constant 
current components and voltage in chain of ion accel-

eration obtained as the result of experimental nominal 

choice of the capacitors, resistors and chokes. 
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Fig. 3. Oscillatory circuits in chain: а – discharge; b – ace- 

  leration voltage 

3. Experimental results and discussion 

The current and voltage oscillograms in chains of dis-

charge supply and accelerating voltage are shown in 

Figs. 4 and 5. 
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Fig. 4. Voltage and discharge rate. Channel 1 is voltage 

  (200 V/div.). Channel 2 is current (1 А/div.) 

Oscillograms were measured by the oscillograph 

TDS-3052 on the output of corresponding oscillatory 

circuits. The potential divider with dividing factor 

1000 and shunt with resistance 51 Ω were used at 
measuring. 

As we can see from oscillograms during the work 

of ions source, the pulsations are generated at the 

background of voltage discharge and acceleration with 

frequency of 100 Hz and duration about 5 ms. The 
amount of voltage pulses can be 2.5 times more then 

amount of output voltage supply and ions acceleration. 

The studies showed that intensity of pulses depends on 

the amount of throttle inductance in oscillatory cir-

cuits. Increase number of throttle coils in chain of ion 

acceleration for 10% causes the increase of pulse in-
tensity for 50%. However, this way of pulse intensity 

change must be used carefully, because this way can 

be the reason of ion source overload. 
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Fig. 5. Voltage and current in chain of ion acceleration. 

Channel 1 is discharge current of capacitor K75-74-40-kV- 

  22 nF (100 mА/div.). Channel 2 is voltage (10 kV/div.) 

On the other hand, the availability of short-time 
pulse with intensity more than amount of constant 

component of accelerating voltage let us increase 

length of ions projective ranges in work material and 

produce the modification of material surface layer to 

the bigger depth in comparison to the mode of station-
ary acceleration of ions. 

As the evidence of this fact the measurements by 

SIMS methods of the depth of alloy addition of alu-

minum inside the surface layer of T15K6 alloy subject 

to ion implantation direct voltage or without and with 

oscillatory circuit have been performed [8]. When 
comparing the amounts of direct accelerating voltage 

for supply mode with and without oscillatory circuit 

the depth of alloy addition is about 4 times more and 

is 0.4–0.5 µm. The influence amount of current den-

sity of beam on work material becomes 2.5 times 

higher, simultaneously the time of dose collection 

5 ⋅ 1017 cm–2 decreases and equals about 17 min. It is 
very important to know that availability of pulsations 

in ion beam causes the increase of the uniform distri-

bution of ion current flux and alloying atoms on the 

product surface. 

This effect is positive because ion source should 

generate quasi-tube ion flow as following from struc-
tural feature of ion source. The change of ions energy 

due to pulses causes misfocusing of ion beam. 

As a result, there is track of beam with equal ap-

portionment of ion density on the surface of load table. 
 

4. Conclusion 

The application of gas and metal ion source of con-
tinuous action in the system of electric supply which 
has additional RC-L circuits, allows reducing energy 

consumption for ions acceleration, and increasing ef-
fectiveness and productivity of ion implantation of me-
tallic structural materials and bring the level up to setups 

with impact ion sources on basis of vacuum arc [10]. 
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