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Abstract: A vacuum sputtering process comprises evaporation of the material and subsequent vapor
condensation on the substrates. Getting required and repeatable quality of coatings is challenging task. It
depends on capabilities of equipment, type of evaporator, interaction evaporator with the evaporating
substance and deposition process. Sputtering process parameters are determined by the ability evaporator to
maintain a certain temperature evaporated substance for a long time. Controlling operations sequence of
pumping and heating depends on achieving optimum vacuum conditions, in spite of used pumping method.
The control system must foresee and identify emerging cracks or damage of the system components. This paper
focuses on the development of intelligent control system vacuum process on the agent-based approach.
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INTRODUCTION development of intelligent multi-agent systems (MAS).

Vacuum equipments are used in the industry from the possible models of experts behavior at a certain point of
middle of the last century. Currently, vacuum systems are the process in real time using the procedures of inference
widely used in such industries as optics, electronics, and decision making.
engineering and aerospace. With the high coating speed, Proposed intelligent control system and methods for
lower energy sputtering in vacuum has  received its implementation have been applied in vacuum
intensive development in recent years. Existing automated sputtering equipment UVN-4M. It is intended to
system for monitoring vacuum process: UNIP- 900, magnetron metals sputtering on the surface of products
VACLEADER, Kremen-1, meet modern needs of efficient of various geometric shapes, open to a direct hit on it
production. But equipment, operator and information evaporated metal vapor. The principle of the device is
support of process in these systems are not considered as based on the sputtering material by ions of the working
interacting agents of unified system to achieve the gas. Is formed in an abnormal glow discharge plasma in
required indicators: the decline of reject, the availability of crossed electric and magnetic fields in working chamber.
all used information in the process in real time, the optimal To create the intellectual superstructure of the control
planning of production with higher accuracy, the system device structuring on agent-based modular
optimization of stocks of raw materials. representation as a set of agents that execute commands

At every stage software of control process system and act on inside chamber environment, such as an
must allow automatically make the optimal decisions pumping system, cooling system, etc. and agents that
based on information about the process. For this purpose receive data, redistribute, interpret (Figure 1).
modern control systems provide intellectual Proposed system is distributed. Each agent, manager
superstructure. The main trend in the development of of one of the parts of the device, has only information
intelligent systems is currently leads to creation and use about their condition and the options have to make
of artificial intelligence. Transition from individual decisions in a lack of information about the behavior of
systems to a distributed information processing and the net options.

Systems are used jointly with a knowledge bases as
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Table 1: Transfer function elements
Element Transfer function
Agent - water temperature at the inlet to the cooling system

Agent - water temperature at the outlet of the pump

Agent - water temperature at the outlet of the magnetron

Table 2:
Element Transfer function
Cooling agent

Fig. 1: Control structure based on multi-agent system

MATERIALS AND METHODS Fig. 2: Checking the stability of the system by criterion

In this system, intelligent agents are    able to  interact
 with each other to achieve common goals. Description of the subject area in the knowledge base

Use the following notation: Agent camera - A1, involves the development of methods of representation
Agent magnetron - A2, Agent line - A3, Agent pump - A4, and organization of knowledge, method formulation,
agent gas cylinder - A5, Agent cooling - A6, Agent off set reformation and problem solving. Domain concepts are
–VU, Agent electro flap - EF, Agent cooler -C. represented by symbols. Knowledge is presented in form

To verify the direct characteristics of the developed of rules of logic programming language Prolog. The
control system in Simulink environment the use of transfer knowledge base in the process can be adjusted: add facts,
functions is required. Which have been obtained from the delete and modify the facts that are no relevant.
system of differential equations using Laplace transform. Lower agent works with the data received from the
Elements and their corresponding transfer functions are sensors. Analyzing the principles of sensors found
shown in Table 1. dependence of the output signal from the failure of the

Transform  low-level  agents  in the top-level agent. measuring element. Thus, it became possible to predict
Its transfer function is shown in Table 2. failure  of  the  sensor and timely notificate operator

RESULTS

Tested the stability of the system by criterion of example:
Mikhailov by Mathcad 6.0. Lower-level agents are
combined into larger top-level agents: cooling agent, the If T6> 100 C, message "Check the sensor contacts."
agent camera line agent, the agent gas cylinder (Fig. 2). If 0 <T6 <25, then "Normal operation, otherwise zero
Cooling agent - stable. signal".

of  Mikhailov by Mathcad 6.0.

(Table 1).

For cooling agent A6: {T6, P6, T6.1, T6.2} rules are, for
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Table 3: The signals agents to place the current process.

No Signal Symbol signal A  M

1. The water temperature at the inlet T6 Cooling agent A(6)
2. The water pressure in the tube in inlet P6
3. The water temperature at the outlet of the pump T6.1
4. The water temperature at the outlet of the magnetron T6.2

5. The line pressure 1 I3 Agent line (A 3)
6. The line pressure 2 I3.1
7. The line pressure 3 I3.2
8. The line pressure 4 I3.3
9. The line pressure 5 I3.4

10. The temperature in the camera T1 Agent camera (A 1)
11. The pressure in the camera I1
12. The voltage in the tens of the camera U1

13. The voltage in the tens of the pump U4 Agent pump (A4)

14. The pressure in the gas cylinder with argon P5 Agent gas cylinder A(5)
15. The pressure in the gas cylinder with oxygen P5.1

16. The voltage in the magnetron U2 Agent magnetron (A 2)
17. The amperage in the magnetron U2.1

If 0,5 <P6 <2atm, message "Check for deformation of
the Bourdon tube."
If P6 = ± 8 uA, message "Check the coil, which moves
the tip of the ferrite."

On the basis of knowledge acquired from the experts
about the known precedents rules were implemented in
Prolog, a fragment of the program listing is as follows:

implement main
open core, console
constants
className = "main".
classVersion = "$JustDate: $$Revision: $".
domains
boolean = [0..1]. % 0- Not failure; 1 - Failure
class predicates
a Sputtering condition: (integer T1, integer I1, integer U1, integer U2,
integer U2.1, integer I3, integer I3.1, integer I3.2, integer I3.3, integer I3.4,
integer U4, integer P5, integer P5.1, integer T6, integer P6, integer T6.1,
integer T6.2, string, boolean Failure) procedure
(i,i,i,i,i,i,i,i,i,i,i,i,i,i,i,i,I,o,o). % On the basis of these parameters define the
state of the deposition
clauses
classInfo(className, classVersion).
 a Sputtering condition: (T1, I1,U1, U2, U2.1, I3, I3.1, I3.2, I3.3, I3.4,
U4, P5, P5.1,T6, P6, T6.1, T6.2, Failure) :- T1=0, I1=0,U1=0, U2=0,
U2.1=0, I3=0, I3.1=0, I3.2=0, I3.3=0, I3.4=0, U4=0, P5=0,
P5.1=0,T6=0, P6=0, T6.1=0, T6.2=0, Failure =0,!.
a Sputtering condition (T1, I1,U1, U2, U2.1, I3, I3.1, I3.2, I3.3, I3.4, U4,
P5, P5.1,T6, P6, T6.1, T6.2, “High probability of no sputtering ”, Failure)
:- 100 >T1 >400, 10-3 < I1 < 10-9, -400 > U1 > 400, U2> 600, U2.1 >
20, I3 > 100, I3.1 > 100, I3.2 > 0,00001, I3.3 > 100, I3.4 > 100, U4=0,
P5 <= 1, P5.1 <= 1, 0 < T6 < 25, P6= 1, 0 < T6.1= 45, 0 < T6.2=95,
Failure =0,!.
a Sputtering condition (T1, I1,U1, U2, U2.1, I3, I3.1, I3.2, I3.3, I3.4, U4,
P5, P5.1,T6, P6, T6.1, T6.2, “The probability of uneven deposition”,
Failure) :- 100 <= T1 <= 400, 0< I1 < 10-3, 0 <= U1 <= 400, 0 <= U1 <=

600, 0 <= U2.1 <= 20, 0 < I3 <= 100, 0 < I3.1 <= 100, 0,01 < I
3.2=0,00001, 0 < I3.3 <= 100, 0 < I3.4 <= 100, U4=0, 1 < P5< 2, 1 <
P5.1<2, 0 < T6 < 25, P6 <= 1, 0 < T6.1 <= 45, 0 < T6.2 <= 95, Failure
=0,!.
a Sputtering condition (T1, I1,U1, U2, U2.1, I3, I3.1, I3.2, I3.3, I3.4, U4,
P5, P5.1,T6, P6, T6.1, T6.2, “The probability of a thin layer deposition
”, Failure) :- 100 >T1 >400, 10-3 < I1 < 10-9, -400 > U1 > 400, U2> 600,
U2.1 > 20, I3 > 100, I3.1 > 100, I3.2 > 0,00001, I3.3 > 100, I3.4 > 100,
U4=0, P5 <= 1, P5.1 <= 1, 0 < T6 < 25, P6 <= 1, 0 < T6.1 <= 45, 0 <
T6.2 <= 95, Failure =0,!.
a Sputtering condition (T1, I1,U1, U2, U2.1, I3, I3.1, I3.2, I3.3, I3.4, U4,
P5, P5.1,T6, P6, T6.1, T6.2, “The probability of a thin layer deposition”,
Failure) :- 100 >T1 >400, 10-3 < I1 < 10-9, -400 > U1 > 400, 0 <= U2 <=
600, 0 <= U2.1 <= 20, I3 > 100, I3.1 > 100, I3.2 > 0,00001, I3.3 > 100,
I3.4 > 100, U4=1, P5 <= 1, P5.1 <= 1, 0 < T6 < 25, P6 <= 1, 0 < T6.1
<= 45, 0 < T6.2 <= 95, Failure =0,!.
a Sputtering condition (T1, I1,U1, U2, U2.1, I3, I3.1, I3.2, I3.3, I3.4, U4,
P5, P5.1,T6, P6, T6.1, T6.2, “The probability the presence of points on
the sprayed surface”, Failure) :- 100 <= T1 <= 400, 0< I1 < 10-3, 0 <= U1
<= 400, 0 <= U1 <= 600, 0 <= U2.1 <= 20, I3 > 100, I3.1 > 100, I3.2 >
0,00001, I3.3 > 100, I3.4 > 100, U4=1, P5 <= 1, P5.1 <= 1, T6 > 100,
P6= 101000, T6.1 > 45, T6.2 > 95, Failure =0,!.
a Sputtering condition (T1, I1,U1, U2, U2.1, I3, I3.1, I3.2, I3.3, I3.4, U4,
P5, P5.1,T6, P6, T6.1, T6.2, “The process is correct”, Failure) :- 100 <=
T1 <= 400, 0<I1 < 10-3, 0 <= U1 <= 400, 0 <= U1 <= 600, 0 <= U2.1
= 20, I3 > 100, I3.1 > 100, I3.2 > 0,00001, I3.3 > 100, I3.4 > 100, U4=1,
P5 <= 1, P5.1 <= 1, 0 < T6 < 25, P6 <= 1, 0 < T6.1 <= 45, 0 < T6.2 <=
95, Failure =1,!.
a Sputtering condition (_,_,_,_,"Input is wrong", Failure):- Failure =0.
end implement main

Interface operator developed on the basis of the
system and ergonomic analysis, all of the objects on the
screen as close to real.

The screen displays all the information about the
process, the system provides intelligent support the
sputtering process, maintains an archive. The work
program has been debugged in emulation mode.
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Fig. 6. The operator interface in TraceMode programming language Visual Prolog. Textbook for

CONCLUSION 5. Nikolaev, V.G., O.N. Evseeva and N.G. Yarushkina,

The key of determining choice of multi-agent Tutorial. - Ulyanovsk: Ulyanovsk State Technical
technology to create an intelligent system is the need for University, pp: 64.
monitoring of the process automatically. Furthermore, 6. Ohorzin, V.A., 2006. Computer modeling in the
changes in structure, addition or deletion of any agent, Mathcad. Izdat.: Finance and Statistics, pp: 144.
using multi-agent technology allows to take into account 7. Morozov, V.K. and G.N. Rogochev, 2011. Modeling
these changes. It also improves the efficiency of the of information and dynamic systems. Izdat.:
operator. Academy, pp: 384.

The systems are used in conjunction with knowledge 8. Makarov,   I.M.,  V.M.  Lokhin,  S.V.  Manko  and
bases as possible models for the behavior of experts at a M.P. Romanov, 2006. Intelligence and Intelligent
certain point of the process in real time using the Control Systems. Publisher: Nauka, pp: 333.
procedures of inference and decision making. Design and 9. Devyatkov, V.V. 2001. Intelligence systems. Studies
implementation of intelligent systems provide access manual for high schools. - Moscow: Publishing
control information used in the entire process in real time, House of the MSTU. N.E. Baumana, pp: 352.
will reduce flaw, allow production schedule with a high 10. Saaty, T.L., 2008. Decision-making at the
accuracy, improves raw material stocks. dependencies and feedbacks. Analytic Network. M.:
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