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Abstract – The laboratory installation of magne-

tron spattering deposition for producing nano- 

structured coatings has been developed. The instal-

lation provides oil-free high-vacuum pumping and 

automatic creation of gaseous environment 

through three channels. The deposition of coatings 

is carried out by a disk-shaped magnetron spatter-

ing system with an optimal configuration of mag-

netic field. The magnetron system produces an 

equal erosion of 200 mm cathode. An inverter 

source for discharge supply with the modulation of 

output voltage and assured nullification by fre-

quency equal to 10–60 kHz was produced. The mi-

crocontrolled management of a source makes it 

possible to do the deposition of reactive coatings by 

using the regime of the current stabilization or 

power discharge without the diode breakdown.  

A vacuum chamber includes 20 kV source of ions 

for the cyclical maintainability of process deposi-

tion during substrate rotation. The installation is 

applied for the production of biocompatible oxide-

nitride coatings for medical implants. 

1. Introduction 

The problem of medical implants biocompatibility is 

one of the actual problems of medical materials sci-

ence. About 10% of cardiovascular surgery patients in 

the first year suffer from restenosis in stent (RiS) after 

implantation in some cases as a cause of thrombosis. 

Thus the problem of material biocompatibility is very 
actual for cardiovascular surgery. Creating of hemo-

compatible coatings on the surface is resource for 

solving this problem. Ti–O/Ti–N films are one of the 

perspective types of the coronary stents coatings 

[1, 2]. The film must possess the following general 
properties: to be biocompatible, continuitibles, with-

out crack and defects with a thickness no more then 

1 µм. Also the films must have high density, high ad-

hesion and mechanical characteristics. Ion-plasma 

method (in particular the method of the magnetron 

sputtering deposition) is more effective method for 
this sort of coatings. 

The formation of charges on the evaporated sur-

face is main problem of the magnetron deposition 

method. There are two causes of these phenomena: on 

the one hand is using of the direct current during 

deposition or in the other hand is high rate of the sput-

tering in circumstances of the reactionary gases. The 
process of deposition becomes unstable as a cause of 

the charges formation on the substrate and the appear-

ance of thermoemission electrons. Side effects of this 

are in the first case we have microarc creation and 

finally the formation of defects and drops on the film. 
The “critical arc” can be cause of the film breaking. 

  Pulsed deposition today is very popular method of 

films deposition. This deposition creates continuous 

discharging of the substrate and prevents the break-

downs formation thus guarantee the safe of the film. 

As a result the pulsed magnetron deposition is stable, 
dirigible and repeatable with high accuracy process. 
 

2. Arrangement and assignment of the installation 

Assignment of installation is the deposition of complex 

Ti–O/Ti–N coatings on the materials of medical appli-

cation in particular for stents of cardiovascular medi-

cine. Block diagram of the installation of the pulsed 

magnetron deposition is represented in Fig. 1. It in-

cludes following general parts: vacuum chamber with 

magnetron, high-vacuum system on basis of the tur-
bomolecular pump, pulsed supply source of magne-

tron, three-channel gas feed system, control system of 

installation and personal computer.  

Vacuum chamber has the shape of the cylinder 

with the following inside dimensions: diameter is 

380 mm and length – 450 mm. The magnetron source 
and table for samples with rotary drive are situated 

inside the chamber. 

 The source of the magnetron supply PS MS1 pro-

vides constant or modulated magnetron supply. The 

source works in the regime of the current stabilization 

or in the regime of the power stabilization. 
The gas feed system VH1, VH2, VH3, on the basis 

of three adjuster of gas flow creates necessary gas 

environment. 
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Fig. 1. Block-diagram of installation 

 The installation manages by the programmable 

controller at the command of local control unit. 

3. The magnetron sputtering system (MSS) 

Construction of the MSS is shown in Fig. 2. Supply of 

orifice gas inside of the anodal block (magnetron dis-
charge zone) let doing efficiently reaction coatings 

depositions, i.e., generate oxides nitrides compounds 

during the sputtering process. 
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Fig. 2. Construction of magnetron deposition system 

The “Elcut 5” program is calculated the magnetic 

system construction. Configuration of optimized mag-
netic field is shown in Fig. 3. Correction of the field 

lines occurs with the help of annular corrective mag-

net 4 and shunt disk 3. Magnetic field of required in-

tensity creates by the central disk magnet Sm2Co17 (2), 

peripheric magnet Sm2Co17 and magnetic circuit. 
The amounts of magnetic induction at the plane of 

the cathode surface 1 with thickness 10 mm is shown 

in Fig. 4. On the distance 45 mm from the cathode 

center to 75 mm the field lines of magnetic field is 

parallel to cathode surface and have maximum of the 

radial component Br on this coordinates. This gives 
equal erosion zone on the all surface cathode surface 

with the exception of central zone with diameter 60 mm. 

  Disk magnetron sputtering system (MSS) with dia- 

meter 200 mm is creates in the form of monoblock 

(Fig. 3) includes box-anode and cathode assembly inside.  
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Fig. 3. Configuration of optimized magnetic field 

Allocation of the magnetron inside the vacuum 

chamber realized using branch pipe from the back 

panel of MSS. Inside of branch pipe the cooling chan-
nels situated. The cathode assembly has non-corrosive 

frame with flange mounting of the target and magnetic 

system situated inside. Corrected magnetic field has 

magnetron which realized equal erosion and equal 

flow of sputtered atoms. 
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Fig. 4. Magnetic field intensity on the surface of cathode 

4. Magnetron power source 

The modification of the plasma power source Se-

ries 08, produced by LTD SPP “VIP-technology”, IP-

MS08/06 is applied at installation. 

Power source (PS) Fig. 5 series 08 intends for sup-

ply by constant and bumping amount of current the 
vacuum ion-plasma devices. PS can realize the stabili-

zation of voltage, current and power in demand, with 

parameters assign by external interface. 

Basis technical characteristics of IP-MS08/60 are 

shown on the Table. 

Primary power supply of PS is three-phase net-
work of alternating current with frequency 50–60 Hz 

and  voltage  380–54

+38V. 
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Table. Parameters of the magnetron power source 

Denomination of parameter Source parameters 

Outline dimension, mm 185×300×550 

Mass of PS, kg 17 

Cooling air-cooling 

Output current (max), А 18 

Output voltage (max), V 900–50

+50 

Output power (max.), kWatt 8 

Current regulation, ±% 0.5 

Power regulation, ±% 1.5 

Modulation frequency  

of output signal, kHz 0–60 

 
PS represents pulse stabilizer of the current of 

compensatory type, which made on the basis of high-

voltage controllable changer operated by programma-

ble controller. 

Supply voltage (3 phase, 380 V) yields through the 
protective automate on the block of supply-line filter 

A1. There are three schemes inside the block: the 

scheme of phase availability, the scheme of line volt-

age decrease and the scheme of power contactor con-

trol (KM1, KM2). From the block of supply-line filter 

the single-phase circuit voltage (220 V, 50 Hz) fol-
lowing on the order supply source A1, which provide 

voltage supply to control protective schemes of PS, 

also produce the associating signal to network phases. 

  Involving of the control signal the line voltage 

yield through the contacts of starting box to the net 

rectifier with capacitive storage – A2 and supply power 
inverter A3. 

The controller A8 realizes the control of inverter 

keys through the half-bridge drives, on basis which 

PID- regulator, output current and voltage meter and 

protection circuits are realized. Temperature detector 

controls the temperature of the force elements PS. 
Inverter into alternating voltage with frequency 

20 kHz and then through the step-up transformer A4 

carrying on the rectifier with LC filter A5 converts 

Fig. 5. Block diagram of the magnetron power source. 
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Fig. 5 

And then direct voltage brings up on the key mod-

ule A6. The controller through the driver realizes keys 

control. Thus there are can be direct or pulsating cur-

rent on the out of PS. 

Force elements of PS are situated on the air radia-
tor. The cooling of force elements, transformer and 
throttle is realized through the fan. 

Connection with external supply net is realized 
through the connector, which situated in the back part of 
the block. Also there are circuit breaker, clamps of bur-
den connection and ground bus situated. On the front 
panel there are connector of external control and indi-
cation light diodes of protection switching on situated. 
  PS was created using of inverter scheme with step-
up transformer, rectifier and outside key. Controller 
intends for control of the inverter function and outside 
key, also for protection force elements and creation of 
the PS regimes. 

Protection is realized on the external low-level ac-
tivity regarding to controller. All others functions real-
ized programmatically-hardwarily on the level of the 

controller. 
Control of the inverter function is control of the 

power control, stabilization of the selected parameter 
(current, voltage, power) and procedures of break-
down evaluation (K3 in burden) and arc. 

Protection of the force elements bases on prohibi-
tion of the inverter drivers work and key in case of 
emergency situation, for example: current increase in 
power circuit or increase of the voltrop on the opened 
force elements. For key the emergency situation is 
more priority then for inverter that is in case of key 
emergency the inverter is blocking but in case of in-
verter the key continuing his functions. Unblocking 
realizes during the process of exit procedure adjust-
ment from the emergency situation. 

Control of the PS is realized through the interface 
“current loop”. 

5. Conclusion 

Investigations of hardware complex show that the 
deposition of defect-free coatings in case of oxidant 
concentration equal 50% is realized in case of dis-
charge supply frequency more then 10 kHz. Following 
increase of the frequency right up to maximal 
(60 kHz) is cause of decrease of particle size of depos-
ited films. The pressure of stable formation of the 
charge increases lightly with supply frequency. How-
ever in all instances with grounded anode the pressure 
is not more then 0.1 Pa, and in case of supply of nega-

tive deflection on the anode block ∼60 V the pressure 
decrease to 0.025 Pa. 

Analysis show that described complex with such 
magnetron construction and power supply allows pro-
ducing controlled coatings deposition in the environ-
ment of reactionary gases with high stability of results. 
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