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THE SOURCE OF CHARGED PARTICLE BEAMS FOR IMPLEMENTA TION
OF THE COMBINED EFFECTS ON MATERIALS
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Presents some results of an experimental studgadization the combined ion-electron effects oa th
material surface using a single source.

Introduction. lon-plasma technologies are promising for the dietd modification of materials surface
properties [1]. Moreover, for mechanical and cdonsnodification of surface with ion beams are &iplons
with energy typically lower than 1 keV and a flugrsity of about 1 mA/cfn Since the electron beams with
power density up to £0A//m2 in addition to the heat, can have modifiear@ening) impact. The effectiveness
of ion impact is dependent on the temperature ®htbdified material support which is not advisadiieund the
product. The promising direction is submitted el@etbeam assisting ion influence by plasma electaurces
(PES) that can emit electrons and ions with thanitglof the accelerating voltage.

In this paper we present some results of an exgatith study of realization the combined ion-elettro
effects on the material surface using a single PES.

Results and discussionAs an experimental PES used the structure showigure 1. In this source the
main gas ionization processes take place in the laoended by external and internal cathodes 1 anubiZhe
anode 3. The magnetic field is generated by usargnpnent magnets 6 disposed between the cathobes. T
direction of the magnetic induction vector is aessary condition for the structure. It should haveerpen-
dicular direction relative to the working surfacktbe cathodes because this leads to restricticthefelec-
trons mobility from the plasma to anode, resulimghcreased plasma density in that area. Plasmetgzes the
expander 9 through the upper hole in expander.pld@ma-forming gas lets into the discharge strectrough
the channel 8 in the socket 5 and cathode 1. Thsteation of this gas-discharge structure provitiedocation
of workpieces and the feeding mechanism in theimel of plasma expander 9 within the vacuum chamber
which communicates with the discharge structurethabase flange 11. The use the additional eléetilo-
cated between the internal cathode and expandeidpsincreased extraction efficiency and stabitifythe
emission current [2].

Fig. 1. Plasma electron source with crossed E reldd
and the additional electrode: 1 — external cathode;
2 —internal cathode; 3 — anode; 4 — insulators;
5 — socket for inlet plasma-forming gas; 6 — perammagnets;
7 — additional electrode; 8 — gas outlet; 9 — exigan
10 — accelerating electrode; 11 — flange

Besides the application of additional electrodegdatrol the source extraction efficiency is poksitue
to the magnitude of the magnetic field [2]. Thegerece of a magnetic field in the gas-dischargeire is due
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to the conditions of the discharge formation areldhder of 0.1 Tesla. However, since source straalements
(expander and accelerating electrode) is also rohdemagnetic material (steel), the magnetic fgpbes from
gap between cathodes, which provides additionaham@ems to improve emission efficiency in the exjarby
increasing the plasma concentration and the creaficonditions for the movement of electrons ia glasma
along lines of the magnetic field in the area ofssions. Basic characteristics of the source actlifgs of elec-
tron and ion beam are shown in Figures 2-3.

60 1, mA

Fig. 2. Characteristics of electron extractigrand ion extraction b) for different expander paias:
Expander potential: 1, 2 — anode, 3, 4— cathodehdirge current: 250 mA

a b
Fig. 3. Appearance of electros) @nd ion (b) beams if charged particles

To determine the most promising modes of opergpimvided gas-discharge construction were carried
some experiments of the implementation of effecisttee samples steel in various modes: electroniug,i
combined. Research hardening process carried otihédyexample of tool steels (steel X12BM) used tfer
manufacture of die tooling. In this changed theentrdensity in discharge structure and the tentperaf the
samples heating. The measurement results of tlinéss (HV), and microhardnessy(ly after different elec-
tron-ion treatment conditions shown in Table 1.ddetination of HV is conducted on unimplanted thegie
surface, and characterized the change in the hssdifesteel during high temperature impact durimgimplan-
tation. Using the measuremeny kiis estimated hardening implanted surface layestesl.

Figure 4 is a graph of the distribution of micrate@ss depth of the modified layer. The implantatén
nitrogen ions at 670 K leads to an increase indigeth of the modified layer to ~ 10-15 microns. Thiero-
hardness of the layer significantly increases aadhes a level {H,= 16000 MPa.
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Table 1 — The hardness HV and microhardness M12BM treated steel before and after treatmenh \ait
electron-ion (5 2 mA-sn?) at different temperatures

X12BM steel
Processing mode
Measured characteristics The initial state The temperature of electron-ion influente,
620 670 720 770
Surface microhardnessg kb, MPa 6100 9600-10000 16000-16500 14000-15Q00 10500411100
Steel hardness H\WIPa 5950 5800 5700 5300 4900
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Fig. 4. Microhardness distribution in the deptmofiified layers of ste®l12BM

Conclusion. These results demonstrate the possibility of adtierelectron and ion extraction from the
gas discharge plasma and the combined implememtafithe ion-electron impact onto the material acef us-
ing a single PES with parameters sufficient fouaber of surface modification techniques.
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