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The idea to use the independent electron beam to increase the charge states of 
ions in MEVVA discharge plasma was suggested in ITEP several years ago. We 
present the construction of latest version of I\.fEVV A ion source with additional 
e-beam (e-MEVVA). The results obtained at this version of ion source dearly 
confirms the basic idea. 

CTATYC 3KCllEPHMEHTAJlbHhIX PAI>OT HA HCTOt{HHKE E
MEVV A B 2000 - 2001 rr. 
T.B. KYJIesoit, P.ll. Kyi6Hlla, B.A. EaTaJDIH, B.H. llepmHH, C.B. IIeTpcHKo, 
));.H. CeJle3HCB, A.A. Ko~,]oMHeu. 

It;J;eJl HCnOJTh.10B8HHSI ImCIUHcro 3J1ek-:rpoHHoro 1IY'lK3 NIB nOBldmellHH 

3apsmOBOf'O COCTOJlHHH HOHOB B lIJ133Me Bah-yyMHO-)lyf'oBoro p1l3pHlla 6WJI3 
npe,llJIo*eH3 B HTE<I> HCCKOJTI:.KO JIeT Ha3al(. IIPC.llCTaBJleU3 KOHcrpy~HH 
noc.J1e.llHeii OCPCHU Ba.KYYMHo-lQToBoro UCTOllUlIKa HOBOH C BHemHHM ny'llKOM 

(e-MEVVA). llOJIY'ICHHLle Ha .llaHHOH DepCRB BCTOqHHKS pe3YJ1hT3ThI 
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Introduction 
Metal Vapor Vacuum Arc (MEVV A) ion sources [1] are used to generate high 

current pulsed ion beams for both fUndamental [2] and applied [3] research. The 
MEVVA is a prolific generator of highly ionized metal plasma from which metallic 
ions are extracted. A genericMEVVA [1] consists of a series of electrodes (usually 
concentric) that are separated by ceramic insulators. The commonly used 
configuration is a solid electrode of the desired metal, followed by a trigger 
electrode. an anode, a suppressor, and a three-grid extractor. Triggering of the 
vacuum arc is accomplished by applying a short high voltage pulse between the 
trigger electrode and the cathode across an insulating surface. Discharge occurs due 
to fonnation of cathode spots, which are micron-sized spots on the cathode surface 
characterized by extremely high current densities. Cathode material is vaporized and 
ionized, producing a plasma plume, from which ions are extracted Although a 
MEVV A plasma is characterized by a high degree of ionization, only low ion charge 
states are typically produced. Depending on the cathode materia] used a 
conventional MEVVA ion beam has a mean charge state of about 2+. 

For many applications [2,3] it is highly desirable to enhance the MEV VA ion 
charge state so that the ion beam energy can be increased without applying higher 
extraction voltage. Previous efforts demonstrated that the mean ion charge state in 
vacuum arc plasmas could be increased in a strong magnetic field [4,5], with high 
arc current [5], or by applying an additional short current "spike" on top of the main 
arc current [6]. Most previous attempts to obtain higher charge states quickly 
reached saturation [7] at charge states only 1.5 to 2 times higher than the 
conventional MEVVA. However, one promising approach is to attempt ion charge 
state enhancement using an energetic electron beam. 

Over 30 years ago Donets invented the Electron Beam Ion Source (EBIS) [8], 
in which a high-energy, high-density electron beam produces multiple ionization of 
gaseous ions. Later, BataliTI; et aI. [9] combined an electron beam, a vacuum arc ion 
source, and a drift tube into a source called E-MEVVA, which produced 
encouraging indications of higher charge state production. Then, Hershcovitch, et al. 
[10] extended this concept using a Z-discharge plasma to generate an internal 
e]ectron bearn. With a gold cathode this Z-MEVVA gave results with some 
indication of charge states as high as Au 6+ . The E-MEVVA concept is obviously 
promising, but clear experimental proof of substantially increasing ion charge states 
remained elusive until the present study. 

The project reported was aimed to join efforts from three research groups 
having the most experience with conventional vacuum arc ion sources for heavy ion, 
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plasma cathode electron guns, E-MEVV A and Z·MEVV A ion sources. They are ion 
source group of Institute for Theoretical and Experimental Physics, Moscow, plasma 
sources group of High Current Electronics Institute, Tomsk, both Russian and 
research group under the leadership of Dr. A. Hershcovitch from Brookhaven 
National Laboratory. Here we present experimental results obtained jointly in 
Moscow and concerning influence of the electron beam on charge state distribution 
(CSD) for the E-MEVV A ion source. 

The e-gun investigation under operation with different type of cathode 
The key point of e-MEVVA ion source is a producing of e-beam with high 

current density and energy of 5 - 20 keY. The fiber, plasma and semiconductor 
cathodes installed in e-gun have been investigated. Layout of e-gun with fiber 
cathode is shown in Fig.! The distance of 2-3 mm between fiber cathode surface and 
opposite electrode (under 3 - 8 kV) has been chosen to provide the electric field at 
the cathode surface more than 20 kV/cm. This value 'has been used in experiments 
described in [ 11]. We did not obtain any e-beam cUrrent at the output of e-gun with 
fiber cathode. Moreover, the cathode has been destroyed after one hour of operation 
with repetition rate of 1 shot per 6 seconds. The discharge current and the voltage 
between cathode and opposite electrode have been measured. The typical results are 
shown in Fig.2 .. One can see that the voltage drop is about 30 V and current is about 
400 amperes. These values are typical for vacuum discharge between electrodes. To 
increase the lifetime of cathode, it is necessary to decrease the current through the 
cathode. Then we decreased the current in cathode circuit as down as possible (by 
installation of 2 kOm resistor). Anyway, if the breakdown is absent, the e-beam 
current is not detected at the e-gun output. For breakdown with the lowest discharge 
current of 1.5 ampere, the voltage drop is about 100 V. The result measured is 
shown in Fig.3. During this measurement, the cathode point was grounded and the 
voltage divider was reversed. 

Layout of the e-gun with semiconductor cathode is shown in Fig.4. 'Fhe 
polarity of electrical connection to· electrodes clamped semiconductor is determined 
by the mechanical construction of diode used for cathode fabrication. At the axis of 
semiconductor, the aperture throughout the semiconductor body has been prepared. 
The gap of 2-3 rom between semiconductor surface and anode was standard for all 
our previous experiments. Therefore, the same distance has been used in described 
experiments. The e-beam current pulse of several amperes and length of 10-15 
microseconds have been measured by beam transfonner (aT). Also the current in 
cathode circuit and anode-cathode voltage drop have been measured. The results are 
shown in Fig.S. Again the voltage drop of 100 V for cathode current of 250 A are 
measured. Therefore, one can suppose that the vacuum breakdown occurs and e· 
beam is extracted from discharge plasma boundary. 

Layout of e-gun with plasma cathode is shown in Fig.6. The construction of e
gun is the same as for the one with semiconductor cathode. The only one difference 
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is that the ceramic insulator is instaUed instead of semiconductor. The axial aperture 
with 1 mm diameter has been prepared in ceramic insulator. Such aperture diameter 
has been chosen to make the geometry of this e-gun similar to the one with 
semiconductor cathode. Therefore, the common MEVV A design is used as the e
gun, Below we will call such cathode as "ceramic cathode". The gap between anode 
and cathode of 2-3 mm has been used for this type of cathode as well as for other 
types. The anode-cathode voltage drop and cathode current have been measured. 
The typical results shown in Fig.7. The voltage drop of SO V with current of 400 A 
has been measured 

We can conclude that for every type of the cathodes the electrons are extracted 
from boundary of plasma generated in e-gun. According to this conc]usion, the 
ceramic cathode has been chosen for following measurements as the most reliable. 

Magnet analyzer for CSD measurements 
A new magnet analyzer was installed at the output of ion source, to provide the 

CSD measurements. Magnet analyzer photo is shown in Figure 8. Main parameters 
of it are given in Table 1. 

Table I"Parameters of m 
Bending angle 

0.1-1 T 

3 CM 

2 CM 

For ion beam collimation, two vertical slits of 2 mm width are installed at the 
input of the analyzer. The distance between tbem is 180 mm. As it will be shown 
forth, that system enabJes separate isotopes of copper ions - Cll63 and Cll65. In order 
to increase the sensitivity of measured system, the one of this slit was taken out. As 
result the resolution of system is reduced but for most important experiments it does 
not significant. Especially if ion beam of heavy and low charged ions is investigated. 
As it will be shown forth, ions of Pb2

+, Pb3 
+, Pb4 

+ can be easily identified in CSD 
measured with one slit. 

At the MA output, the plate located behind the 2 mm slit is used as detector. 
Between slit and p1ate, the eJectrical field accelerating secondary electrons from 
measuring plate is used. It is done to increase the sensitivity of the detector. The 
coefficient of secondary electron emission can be different for different kind of ions. 
Nevertheless, this effect is not principle because the main goal of experiments was 
to find changing ofpeak amplitude for defmite ·ions. 
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Measurements of ion'beam CSD generated by e-MEVVA basic version with 
short e-beam " . 

During all our previoOs~xperiments, the e-gun insertion leads to the 
appearance of "valley" in extracted ion beam. Therefore, the set of measurements 
with e-MEVV A has been started from tuning the ion sourc~ operation mode to have 
this "valley". The valley obtained for operation mode vsed during the measurements 
is shown in Fig.9. As it was described earlier [ 12]ihis effect indicates that some 
changes in CSD take place. These changes appear after the val1ey.Th~refore we 
have been measured separately two regions in ion beam pulse - 'one is a region 
before the beginning ofvalley and second includes the valley region and region after 
it. 

The main interest of measurements is to compare the CSD measured for e
MEVVA operated under two different modes - "with" and "without" e·beam. The 
magnet measurements for pulse ion beam especially with some instability in the 
charge states distribution require the long time. To provide the same operation 
condition during measurements for these two different modes, the following 
procedure has been chosen. For every magnetic field the signal from FC has been 
measured first for "with" operation mode and then for "without" one. As it was said 
previously for ''with'' mode two regions have been measured separately - one before 
the valley and second after it (see Fig.9). To increase the sensitivity of 
measurements, the dcnegative potential has been applied to the measuring Faraday 
Cap. The measured signal has been picked off through the capac,itors. Therefore the 
some amplification of detected signal (thanks to secondary electrons emission) has 
been obtained. In this'way the peaks from measured CSD indicate the presence of 
ions wjth corresponding specific mass only. To use them for quantity calculation of 
ions distribution into beam., it is necessary to take into' account the emission of 
secondary electrons for ions with different mass and energy. The results of 
measurements are shown in Fig. 1 O. It is necessary to note the high resolution of the 
spectrometer. The isotopes CJ(cupper C1l63 and C1l65 measured separately up to thrrd 
charge state. The magnet. measurements show the presence of U6+ ions into the 
beam. It is necessary to hote that such kind of ions previously have been detected 
only when both the strong magnetic field (about IT) and high discharge current have 
been used [ 13]. The magnetic field along plasma drift channel of e-MEVVA is 0.02 
T. Nevertheless these ions have been detected in beam independent of e-beam 
presence. It is necessary to note that to supply the potential at the drift channel, the 
capacitor with small inner induction (2J.LF charged up to 300V) .is used. It has been 
found that MEVVA discharge switch over to the drift channel wall and the 
discharge current rises to 300 A. Also this capacitor provides significantly 
in("Teasing of the output 'ion beam current. The high amplitude of peaks 
corresponding to oxygen, carbon and other "dirty" ions can be explained by the fact 
that some vacuwn accident happened and vapor of pumps oil is present in aria. It is 
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necessary to note, when the similar capacitors of 0.2 f.lF was used, the ions U6 
+ were 

not detected in generated ion beam. 

Experiments with long e-beam 

All investigations described above have been carried out with e-beam pulse 
length shorter than the discharge pulse length. To investigate the opposite situation, 
when discharge pulse length is shorter than the e-beam one, the triggering pulse of 
MEVVA has been used only. Its' Jength is 10 f.lS and can be decreased to 5 f.ls. The 
e-beam pulse length is not longer than 15 f.lS. The main result of experiment is that 
the ion beam current extracted from ion source falls down so much that both TOF 
method and magnet analyzer could detect nothing. 

Assembling and tuning of new e-MEVVA design 

On the base of the experiments with basic version of e-MEVV A it was 
concluded that it was necessary to upgrade coil at plasma drift channel to provide 
higher magnetic field. Also the new construction of MEVVA plasma generation had 
to be constructed to minimize the length of e-beam drift gap between e-gun and 
MEVVA discharge aria. As well the additional coil for magnetic field in this gap 
had to be constructed. New magnetic coils and MEVV A design have been 
manufactured and been instailed instead the old ones. The magnetic field along 
plasma drift channel can be varied from 0.2 T to 1.5 T. That value is two orders 
more than field in old design. The coil for e-beam provides magnetic field up to 
0.3 T at the axis. The magnetic field is matched to transport the e-beam from Tomsk 
e-gun to plasma drift channel. The electrical layouts for both coils are shown in 
Appendix. 

On the base of experiments with basic version of e-MEVVA. it was concluded 
that it is necessary to design and manufacture the new version of MEVVA generator 
for this ion source. This design has to provide the shortest length of e-beam drift 
space between e-gun and plasma aria. Such new .MEVV A plasma generated was 
designed and manufactured. The design of new MEVVA plasma generator is shown 
in Fig.II. The main parts of ion source are cathode flange (pos. 3), cathode 
support (4) with cathode (10), insulator with conical hole (5), trigger (6), anode (7). 
The main aim of new design was to bring the MEVVA discharge aria close to input 
aperture for e-beam. In old design of MEVVA plasma generator the e-beam had to 
pass a drift space with length of 170 mm between input aperture and discharge aria 
Only the e-beam charge space compensation provided the transportation of e-beam. 
The length of e-beam drift space in new construction is less than 40 mm. In fmal 
design, it is 30 mm. To keep the distance between the MEVVA anode (7) and 
plasma drift channel (9) as it was in old design, the additional tube was installed (8). 
The initial geometric parameters - diameters of halls in all electrodes and distance 
between them were the same as in old MEVVA design. As it will be described 
force, the diameters ofhalls in cathode, insulator, anode and additional tube (9) were 
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increased. In fmal design the cathode hole diameter is 12 nun. It follows the 
changing of halls' diameters in insulator and in trigger electrode. Also in last design. 
the diameter of hall in the anode is 15 nun and in tube (9) - 18 mm. For 1 st version 
of Tomsk e-gun the insulator flange (I) with four electrical input (2) was 
constructed. For 2nd version the cathode support was reconstructed to provide quasi 
Piers surface, because it is used as the extractor electrode for e-beam. 

Installation of Tomsk e-guD 1st version at ITEP .e-MEVV A and experiments 
with it . 

The Tomsk e-gun consists of the plasma generator, extraction system and 
e-beam transport channel with two coils (transport and focusing) and two plasma 
generators. The layout of Tornsk e-gun is shown in Fig. 12. The length for e-bearn 
transport channel from e-gun to MEVV A discharge was about 230 mm. As distinct 
from old e-MEVV A design, the strong axial magnetic field provides the transport of 
high current density e-bearn along this channel. To insta11 this e-gun at the lTEP 
e-MEVV A, the insulator flange with four electrical inputs has been constructed and 
manufactured. Two inputs provide electrical feed for the focusing coil, one for 
extracting' electrode and one for pJasma generators in transport channel. During our 
experiments, the plasma generators for compensation of e-beamspacecharge (pos. 8 
in Fig.l2) were not used. Their output was electrically connected with e-beam 
extractor electrode to MEVVA cathode. To provide the e'Xperimental: works the 
following power supplies were constructed and manufacturea:" ' 

it Power supply for anode coil of e-gun (PSAC) 
• Power supply for transport coil (PSTC) 
• Power supply for focusing coil (PSFC) 
• Power supply (LC) for e-gun discharge 
Electrical layouts ofthese power supplies are shown in Appendix'. 
In addition, the separate e-gun High Voltage platfonn (eHVp) for PSAC and 

LC has been constructed. To provide the timing of this power supplies, this platfonn 
has been provided by the fiber optic system. 

'For frrst experiments, the lead cathode with axial hole of 4 mm was used. The 
dimension of catlfodehas been taken from previous experience. However it was 
found that the h01e has to be enlarged at least up to 11 mm. Such dimension has the 
melted spot on the surface of the MEVV A cathode support flange. See Fig.l3. With 
hole of 4 mm it has been possible to operate with e-gun only without any magnetic 
field along e-beam. Under this condition, the density of e-beam at that flange has 
been low enough not to provide breakdown at the e-beam accelerating region, 
However the presence of magnetic field results in the increase of e-beam density and 
initiates the breakdown. 
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Taking into account this experimental fact:, the new lVfEVVA cathode support 
flange for cathode with ] 2 mrn hole has been constructed. Also several electrodes of 
MEVVA were modernized. 

The best vacuum in experimental tank, which e-MEVVA is connected to, that 
could be obtained, when this version of e-gun has been installed, is 1*I0-6 mBarr. 
The stable operation of the e-gun could be provided when vacuum in the 
experimental tank is better than 1.6*10.6 mBarr. The long drift tube (-600 rrun) with 
small diameter (36 rom) reduces the vacuum condition and pumping possibility of 
the e-gun region. As a result, it was possible to provide the operation mode of e-gun 
(recommended by Tomsk) only for 2-3 hours, During this time the conditioning of 
the e-gun took at least one hour. The highest emission e-beam current was 10 A. 

Disassembling of e-gun showed that e-beam still touches the MEVVA cathode 
support flange. The melting spot was moved a little (-1 mm) from axis (Fig. 14). It is 
necessary to note that it moved exactly to the direction where the one of input wire 
for the focusing coil was located. It was observed twice with different alignment of 
focusing coiL It could be, that high current (100 A), flowing in this cable, 
interferences with e-beam along the short way, where they are parallel (1-2 mm), 
and bends it. 

As it was written above, it was possible to provide stable operation of the e
MEVV A with the e-gun only for 2-3 hours. It is not enough for complete CSD 
measurement of ion beam generated by e-MEVVA with analyzing magnet. 
Nevertheless, it was possible to check the feature of separate peaks of interest. Such 
experiments have been done. It was found that amplitudes of following peaks - W, 
0+, Pb2 

+, Pb3 
+, Pb4 

+ - didn't change their value for both mode (with/without e w 

beam). It was concluded that this version of e-gWl didn't provide the e-beam with 
high enough density for increasing the charge states of ion beam generated by 
e·MEVVA ion source. 

Installation of Tomsk e-gun 2Dd version at ITEP e-MEVV A and experiments 
with it 

The results obtained on Tomsk e-gun 1st version allow conclude that it is 
desirable to have MEVVA discharge aria as near as possible to e·beam extraction 
gap. For this goal, the Tomsk team sent us the new plasma flange for e-gun and we 
constructed the new insulator flange to adjust this new construction to our MEVVA 
part of e-MEVVA. The lTEP e-MEVV A with Tomsk e-gun 2nd t version is shown in 
Fig.IS and FigJ6. The electrical layout oflTEP e-MEVVA is shown in Fig.l7. To 
feed the additional coil over the new insulator flange, the power supply for focusing 
coil can be used The gap between the e-beam extracting electrode and MEVVA 
discharge atria in new assembling is 30 mm instead of 230 nun in Tomsk e-gun 1 st 

version. The photo of experimental test-bench with new version of e-MEVVA is 
shown in Fig. 18. 
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The new assembling immediately results improving of the vacuum. The 
vacuum of 5*10-7 mBarr in experimental tank has been obtained after two days of 
pumping. During experiments, the vacuum in experimental tank always was better 
than 8*10-7 mBarr. Also the conditioning of e~gW1 takes only a half of hour. As a 
res tilt, the stable operation of e-gun can be supported for any desirable time. The 
maximum emission current of 2S A under 18 k V of e-beam accelerating voltage has 
been reached. The emission current is shown in Fig.19. 

It is a place to note some difference of lTEP e-MEVVA from the HCEI Tomsk 
one. The main is a design of the plasma drift channel (PDC). The ITEP's one (pos. 8 
Fig.lS} mechanically and electrically separated from MEVVA anode (pos. 7) 
meanwhile in Tomsk version the MEVVA long anode used as PDC [4]. The metal 
pipe of PDC in ITEP e-MEVVA can be connected electrically to anode of MEVVA 
part, but for most experiments, it was fed by separate power supply. The total length 
oflTEP PDC is about 70 cm and diameter is 3.6 cm instead of 40 cm length and 
4 em diameter for the Tomsk's one. Therefore, to provide the same vacuum 
condition into e-gun region, more power pumping should be provided for ITEP 
e-MEVVA compare to Tomsk's one. From other hand, the longer PDC is Used, the 
larger the time of interaction between plasma ions and e-beam. Therefore, to obtain 
the same j-r coefficient for increasing of ion charge states in TTEP e-MEVV A, the e
beam density can be smaller than in the Tomsk e-MEVV A. 

The maximum emission current and the most stable operation condition has 
been obtained under following parameters of e-MEVV A. 

• Discharge current at e-gun - 100 A 
• Discharge current in MEVVA 100 A 
• Magnetic field in e-beam extraction gap 0.5 kG 
• Magnetic field in plasma drift channel- 0.5 kG 
It is necessary to note that increasing of magnetic field either in plasma drift 

channel orin e~beam accelerating gap Or in both coils together immediately brings 
to breakdown. It is necessary to note that such low magnetic field along ion source 
results low ion beam extracted from ion source.· It provides. some hardships for 
experiments that will be described below. 

The accelerated ewbeam has been detected at the output of ion source when the 
ion beam optic bas been off. The Faraday cup is placed at the distance of about 
I meter besides the last grid electrode of ion beam optic. Nevertheless, the e-beam 
current of 20 rnA has been detected. If the MEVVA discharge has been on, the 
e~beam current has been 120 rnA (Fig.20). The several possible explanation of such 
e-beam current increasing at the Fe can be suggested. First, the plasma of MEVVA 
discharge moves to the ewgun and provides the "flat" accelerating e-beam electrode, 
meanwhile without this plasma the e-beam extraction electrode has a large hole and 
a large radial component of extraction field. Second, the plasma of MEVVA works 
as the plasma lens for e-beam. Third, the plasma of MEV V A compensates the 
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charge of e-beam. It looks like all of them take place and improve transmission of e
beam throughout of ion source. 

The ion beams without e-beam and with e-beam are shown in Fig.21. When the 
e-beam is on, it is easy to see influence of it on the ion beam. The ion beam has 
some vaHey during e-beam and an increase of amplitude after e-beam. Exactly this 
part of ion beam contains the ions with increased charge states. 

The 2nd version of T omsk e-gun provides the e-beam current density high 
enough to use it for experiments with e-I\1EVV A. 

CSD measurements for Pb ion beam 

The measured charge state distributions of lead ion beam generated bye
MEVV A with/without e-beam are shown in Fig.22. For "without e-beam" mode the 
maximum amplitude of signal was measured independently of it's time position 
along measured pulse. For "with e-beamn mode, the maximum amplitude of signal 
during and after e-beam injection time was measured only. Such method explains 
the large difference in amplitude of peaks corresponding to residual gas ions (like 
H\ C+, 0;. The main part of them is at the beginning of the ion current pulse and 
for "without e-beam" mode provides large amplitude of signal. The middle and end 
of beam pulse usually contain significantly less such kind of ions. 

The one can see that e-beam significantly decreases the amplitude of Pb2 
+ peak 

(about five times). From other side, the e-beam increases the amplitude ofPb4+ peak. 
The amplitude of this peak increases about in one order. The peak ofPb3 

+ ions keep 
the same amplitude both for with e-bearn and without e·beam mode. Therefore we 
can assert that e-beam increase the average charge of ion beam generated by ion 
source. It is impossible to say something definitive about generation ofPb5 

+ ions. As 
it was mentioned above, to transport e-beam to MEVV A and plasma drift tube 
region, we had to use the relatively low magnetic field along these regions. As result 
the generated ion beam has amplitude too low to provide measurements at the 
magnet analyzer. To increase the sensitivity of magnet analyzer, we had to reduce 
the resolution of measuring system. The identification of Pb2 

+ - Pb4 
+ ions did not 

make problem, but Pb5 
+ ions peak could not be separated from next ones. Also small 

sensitivity ofMA explains the absence of charge-exchange peaks in CSD. Such kind 
of peaks usually has amplitude one order less than the "original" ones. 

The presence of Fe+ and Zn + ions in eSD for "with e-beam" mode indicates 
that e-beam touches somewhere the surface of ion source. 
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Conclusion 
For e-MEVVA ion source. in frame of the contract. the e-guns with different 

kind of cathodes (fiber, "semiconductor" and "ceraInicH
) were investigated, It was 

found· that for every type of the cathodes the electrons are extracted from boundary 
of plasma generated in e-gun. The e-gun with "ceramic" cathode was chosen for all 
experiments with e-beam thanks the best stability of e-beam parameters and the 
longest lifetime. 

The experiments with basic version of e-MEVVA with "short" e-beam (when 
length of e-beam pulse is shorter than the length of discharge pulse) and "long" 
e-beam (when length of e-beam pulse is longer than the length of discharge pulse) 
were carried on. On the base of these experiments it was concluded that it is 
necessary to design the new version of MEVVA generator for e-MEVV A. This 
design has to provide the length of e-beam drift space between e-gun and plasma 
aria as short as possible. Such new MEVVA plasma generator was designed and 
manufactured. Also the new magnetic coils for plasma drift channel and e-beam 
drift channel were constructed and installed at the new version of e-MEVVA ion 
source. 

The new e-MEVV A ion source were investigated with two version of Tomsk 
e.-gun, designed and manufactured specially for these experiments. The main result 
of these experiments is a conformation of the e-:MEVV A idea. The 20 kV e-beam 
with beam current of 25 A increases the mean charge state of lead ion beam. The 
e-beam significantly decreases the amplitude of Pb2 

+ Reak(about five times). From 
other side, the e-beam increases the amplitude of Pb + peak. The amplitude of this 
peak increases about iii one order. The peak of Pb3 

+ ions keeps the same amplitude 
both for with e-beam and without e-beam mode. . 

The obtained results stimulate us to plan the further investigations on 
optimization both e-MEVVA design and its' parameters for advance the e-MEVVA 
concept to increase the charge states of heavy ion beams. Particularly it is interesting 
for beam of tJri3ilium ions. 



1. Layout of power supply and measurement equipments for e-gun with fiber cathode 
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Fig. L1. Design of new l\1EVVA plasma generator for e-:MEVV A ion source. 

Adjusting insulator flange, 2 electrical input, 3 cathode tlange, 4 cathode support, 5 ceramic insulator, 

6 - trigger, 7 - anode, 8 - tube enlarging PDC, 9 PDC, 10 cathode. 
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Fig. 12. First version of T omsk e·gun (with long e-beam transport channel). 


1 - cathode, 2 - trigger, 3,4 - anode, 5 anode coil, 6 plasma grid electrode, 7 e-beam accelerating electrode, 8 - plasma generator, 


9 transport coil, 10 - focusing coil. 
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Fig. 13. Photo of MEVVA cathode support for cathode with 4 rom axial hole. Diameter of 

melting spot - 11 mm. 
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,Fig. 14. Photo of MEVVA cathode support for cathode with 12 mm axial hole. 
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15. ITEP e-:tvf£VV A with Tomsk e-gun. 

1 -	 e-gun cathode, 2 e-gun trigger, 3 - e-gun anode, 4 e~beam extracting electrode, 5 - ?t.ffiVVA cathode, 6 -.rv1EVVA trigger, 

7 -- MEVVA anode, 8 - Plasma Drift Channe~ 9 - e-gun anode coil, 10 transport coil, 11- MEVV A coil, 12 - PDC coil. 
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Fig. 18. Photo of experimental test-bench with new version of e-M£VVA and 2nd version of 

Tomsk e-gun .. 
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Fig. 19. E-beam emission current. 10Ndev. 20 J.LS. 



31 

Fig. 20. a) E-beam current at the ions source output (MEVVA on), 10 mNdev, 20J.lS.ldev. 


New version ofe-MEVVA with Tomsk e-gun 2nd version. 


Fig. 20. b) E-beam current at the ions source output (MEVVA on), 40 rnA/dey, 20J.1s1dev. 

New version of e-MEVVA with Tornsk e-gun 2nd version. 

____________________~----------------~I 



32 

l . ",I ......~~ ........... . 

I 

Fig. 21. a) Ion beam at the output of e~MEVVA without e-beam. 10 rnA/dey. 50 JlS/dev. 


New versjon of e-MEVVA with Tomsk e-gun 2nd version . 
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Fig. 21. b) Ion beam at the output ofe-MEVV A with e-beam. JO rnA/dev. 50 J.l.s/dev. 


New version of e-MEVVA with Tomsk e-gun 2nd version. 
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Appendix 

Layouts for power supplies constructed for support experiments with e
MEVVA during 2000 - 2001 

The analyzing magnet power system 
The principled scheme of analyzing magnet (AM) power system is shown in 

Fig.Z3. The magnet is the load of the powerful 3-phase controlled rectifier, which 
consists of the Tl, T2 transformers and 2 diode bridges connected in series. The 
pulsations of the rectifier output are limited by the LC futer (L1, L2, C1, C31). The 
regulation of the magnet current is carried out by the phase control of the supply line 
voltage at the rectifier output. The thyristor-diode modules are tapped in series with 
each pair of the same-phase supply line windings of the T 1, TZ transformers. Each 
of these thyristors is initiated by the palces formed in one of the 3 identifical A, B.C 
channels of the control scheme. Each channel consists (A for example) of a T5 
phase transformer, notched voltage generator, a pulse with modulation modulator, 
a Q6 power amplifier and an output isolated T6 pulse transformer. The R36 resistor 
controls the phase angle of thyristor "turn on" state. The voltage tapped off the R36 
resistor is used to control the stage assembled at the U2 opamp. 

The voltage from the water-cooling oil shunt proportional to the magnet 
current is applied to the other amplified input. The operation amplifier output signal 
controls the work of the amplifying stage, utilizes the Q8, Q9 transistors. The signal 
from the output of the amplifying stage is applied to the pulse with modulation 
modulator of the thyristor channels start-up. 

The current in the winding of the AM can change is value from 1.5 to 
2ZA.The minimum current step is 4mA. The pulsation rate in the upper 1evel of the 
magnet current range isn't in excess ofO.OZ%. 

The maximum dissipation power in the magnet winding 3kW. 

Power supply for PDC coil 
The power system consists of 3 separate blocks: a power block, a control 

block and a block with the capacitor bank. The total capacity of the capacitor bank is 
1200mkF (lOOmkF/2000Y, 12). It is not necessary to take into consideration the 
power polarity of the capacitor bank. The coil consists of 190 turns and its 
inductance is 280 JlG. 

The power block scheme is shown in Fig.24. The regulation of the voltage in 
capacitor bank is carried. out by the phase control of the supply line voltage at the 
rectifier output. The thyristor module is tapped in series with the primary winding of 
the T3 power transformer. According to the scheme the C 16 capacitor bank take a 
charge through the Q8, Q9 thyristors, T3 power transformer and the R74, R77, R81, 
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R82, R85, R90 limited resistors. The capacitor bank discharge takes place through 
the Q7 thyristor activated by the timer signaL 

The D27, D28 diodes are designed for preservation of energy accumulated 
in the coil. 

The current wavefonn in the transport coil is shown in Fig.2S. The 
waveform is tapped from the RI07 viewing current resistor (75mB/50A) at 300 V 
(30marks) in the capacitor bank. Attenuator reduces the signal in 10 steps. 

Each of these thyristors is initiated by the pulses formed in one of the 2 
similar A, B channels of the control scheme (Fig3). Each channel (for example A 
channel) consists of a TS phase winding of T4 transfonner (Fig.4), notched voltage 
generator, a U6 pulse with modulation modulator, a Q3 power amplifier and an 
output isolated T2 pulse transformer. 

Digital to analog converter (SWl, SW2, SW3, VI, U3, U4, US) controls the 
phase angle of thyristor "tum on" state. The voltage tapped off the converter is used 
to control the stage assembled at the U2 opamp. 

The voltage from the RI04, RI06 resistors of measuring divider is 
proportional to the capacitor banc voltage is applied to the other amplified input. 

The operation amplifier output signal controls the work of the amplifying 
stage, utilizes the Q5, Q6 transistors. 

The signal from the output of the amplifying stage is applied to the pulse 
with modulation modulator of the thyristor channels start-up. 

The current in the winding of the coil can change its value from lOO to 
3800A. The minimum current step is 4A. 

Power supply for MEVVA coil 
The power system consists of 2 separate blocks: a power block and a block 

with the capacitor bank. The total capacity of the capacitor bank is 1600mkF 
(200mkFIlOOOV, 4 ). It is not necessary to take into consideration the power polarity 
of the capacitor banco The coil consists of 115 tums and its inductance is 2.2 mG. 

The power block scheme is shown in Fig.26. According to the scheme the 
C2-C4 power block capacitors and capacitor bank take a charge through the Q1 
thyristor and the R3 limited resistor till the voltage tapped off from the R8 divider 
resistor isn't on target wjth the voltage specified by the R22 resistor. At this moment 
the signal on Ql thyristor control electrode equals to zero and the thyristor goes to 
the OFF state. The capacitors discharge takes place through the Q2 thyristor 
activated by the timer signal. 

The D4, D5 diodes are designed for preservation of energy accumu.lated in 
the coil 

The current waveform in the transport coil is shown in Fig.27. The 
waveform is tapped from the RI6 viewing current resistor (75rnB/30A) at 290 V 
(29marks) in the capacitor banco Attenuator reduces the signal in 10 steps. 
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The R22 capacitor voltage control handle, the load current controJ connector 
(WI), the capacitor voltage indicator are on the front panel of the block . The 220 V 
power and the timer's cable are joined up with XI connector. The capacitor bank: is 
joined up with the Xc connector. The load is joined up with the XL connector. The 
X I, Xc, XL connectors are on the back panel of the block. 

Coil current varies from 30 to 280A. 

The power system for the anode magnet 

The power system consists of 2 separate blocks: a power block and a block 
with the capacitor bank. The total capacity of the capacitor bank is 800mkF 
(200mkF/IOOOV, 4). The neon lamp, which indicates that voltage exists in the 
capacitors, is brought to the front panel of the block. The Xc power block connector 
is placed on the back paneL It is not necessary to take into consideration the power 
polarity of the capacitor bank. 

The power block scheme is shown in Fig.28. According to the scheme the 
C l-C4 capacitors take a charge through the Q1 thyristor and the R2 limited resistor 
till the voltage tapped off from the R4, R5 dividers isn't on target with the voltage 
specified by the R22 resistor. At this moment the signal on thyristor control 
electrode equals to zero and the thyristor goes to the OFF state. The capacitor bank 
discharge takes place through the Q2 thyristor activated by the timer signal. 

1he D 14 diode is designed for the current stretching. The current waveform 
in the load is shown in Fig.29. The wavefonn is tapped of I at 0.2 Om in the R8 
resistor and at 200 V (2Omarks) in the capacitor bank. 

The R22 capacitor voltage control handle, the load current control connector 
(WI), the capacitor voltage indicator are on the front panel of the block . The 220 V 
power, the timer's cable and the load are joined up with Xl connector, The capacitor 
bank is joined up with the Xc connector. Both X.I, Xc connectors are on the back 
panel of the block. 

The capacitor bank voltage varies from 80 to 470 V. The peak current in the 
load plotted against the number of marks on the capacitor bank voltage indicator is 
shown in Table AI. 

Table Al. The number ofmarks on the capacitor bank voltage indicator .

Power supply for e-beam transport coil 

The power system consists of 2 separate blocks: a power block and a block 
with the capacitor banco The total capacity of the capacitor bank is 800mkF 
(200mkFIlOOOV, 4). The neon lamp, which indicates that voltage exists in the 
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capacitors, is brought to the front panel of the block. The Xc power block connector 
is placed on the back panel. It is not necessary to take into consideration the power 
polarity of the capacitor banco 

The power block scheme is shown in Fig.30, According to the sch~me the 
CI-C4 capacitors take a charge through the Ql thyristor and the R2 liinited resistor 
till the voltage tapped off from the R4, RS dividers isn't on target with the voltage 
specified by the R22 resistor. At this moment the signal on thyristor control 
electrode equals to zero and the thyristor goes to the OFF state. The capacitor bank 
discharge takes place through the Q2 thyristor activated by the timer signal. 

• . : The D14, 015 diodes are designed for preservation of energy accumulated 
in the transport coil. 

The current waveform in the transport coil is shown in Fig.3l. The current 
waveform is tapped from the R8 viewing current resistor (75mB/SA) at 200 V 
(20marks) in the capacitor bank. 

The R22 capacitor voltage control handle, the load current control connector 
(WI), the capacitor voltage indicator are on the front panel of the block.The 220 V 
power and the timer's cable are joined up with Xl connector. The capacitor bank is 
joined up with the Xc connector. The load is joined up with the Xl connector. The 
Xl, Xc, Xl connectors are on the back panel of the block. 

The capacitor bank voltage varies from 80 to 470 V. The peak. current in the 
load plotted against the number of marks on the capacitor bank voltage indicator is 
shown in Table A2. 

Table A2. The number of marks on the capacitor bank voltage indicator 

.. i~ I 
Power supply for tbe e-beam fotusing toil 
The power system consists of 2 separate blocks: a power block and a block 

with the capacitor banco The total capacity of the capacitor bank is 800mkF 
(200mkFIlOOOV, 4). The neon lamp, which indicates that voltage exists in the 
capacitors, is brought to the front panel of the ·block .. The Xc power block connector 
is placed on the back panel. It is not necessary to take into consideration the power 
polarity of the capacitor banco 

The power block scheme is shown in Fig.32. According to the scheme the 
Cl-C4 capacitors take a charge through the Ql thyristor and the R2 limited resjstor 
till the voltage tapped off from the R4, R5 dividers isn't on target with the voltage 
specified by the R22 resistor. At this moment the signal on thyristor control 
electrode equals to zero and the thyristor goes to the OFF state. The capacitor bank 
discharge takes place through the Q2 thyristor activated by the timer signal. 

The Q3 thyristor is designed for regeneration mode. 
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The current waveform in the transport coil is showri in Fig.33. The 
waveform is tapped off at 0.12 Om in the R8 resistor and at IOO V (I Omarks) in the 
capacitor bank. 

The R22 capacitor voltage control handle, the load current control connector 
(WI), the capacitor voltage indicator are on the front panel of the block .The 220 V 
power, the timer's cable and the load are joined up with Xl connector, The capacitor 
bank is joined up with the Xc connector. Both Xl, Xc connectors are on the back 
panel of the block. 

The capacitor bank voltage varies from 80 to 470 V. The peak current in the 
load plotted against the nwnber of marks on the capacitor bank voltage' indicator is ,,
shown in Table A3. 

Table A3. The number ofmarks on the c acitor bank volt 
Marks 20 30 
Current (A 89.6 128 

Tbe power system for tbe electron plasma emitter discharge 
The system consists of a LC-line, which takes a charge from the BP-140 

pomp power block and throws of the charge into the load through the SCR valve. 
The principal electric circuit is shown in Fig.34. 

The K75-15 capacitors are used to assemble the LC-line. The inductance of 
the LC-line is reeled up on the unified former. There are t 1 cells in the LC-line. The 
LC-line wave resistance (p) is 12 Om. 

The TB 200-9 thyristors are used to assemble the SCR valve. The neon 
lamps indicating serviceability and equalizing circuits ofMLT-2 resistors are placed 
parallel to the thyristors. 

The actuation pulses come to the thyristors through the isolating 
transformers. The prime winding of the transformers is the loop of the RC- cable 
without braid. The loop is connected with the actuation block. According to the 
passport the cable insulation is worked out for 10kV of the direct voltage min. 

To coordinate the LC·line resistance and the load resistance, the load circuit 
incorporates an additional resistance without inductance (R5, R6). The R7 
resistance is used for LC-line discharge in case the break-through in the e-gun does 
not take place. The C12 capacitor is used to generate the anod-katod break-through 
voltage. At the first moment after the actuation the Cl2 capacitor can take a double 
voltage charge of the LC-line. 

The starting block is a standard scheme of the capacitor discharge into the 
load (in our case it is a loop) through the inductance. 

The "Power" handle and the lamp indicating the thyristor serviceability is on 
the front panel of the block. The loop is joined up to the Xl connector (AO, A9-A3; 
CO, C9-C3). The supply line and the timer's cable are joined up to the X2 connector 
(A9, C9; A2, C2). Both connectors are on the back panel of the block. 
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The current wavefonn tapped off the measuring resistor (CHC 75-50-0.5) in 
the real load at 6 kV in the capacitors is shown in Fig.35. The flat pulse peak 
current is 213 A. The pulse duration (on the base) is 130 !lC. 

Shot pulse generator 
The high-voltage shot pulse generator is used to force initiating strike in e

goo with plasma cathode and forming start-up pulse for arc current modulator. The 
modulator maintains an arc discharge during the time, which is, defined the value of 
LC-line. 

The usage of the generator allows expand appreciably the range of 
amplitude of current pulse modulator in the direction of smaller values. 

The principal electric circuit is shown in Fig.36. The C2, C3 capacitors 
discharge takes place through the Q 1 thyristor activated by the timer signal to the 
prime winding of T1 transformer. The pulse in the secondary winding has negative 
polarity and its peak value is 10 kV. The T3 transfonner is used for the resistive 
decoupling of the light receiver block and the Q1 thyristor. 

The Tl pulse transformer consists of eight stand-alone windings. Each 
winding contains 30 turns. Ibe method of windings connection allows getting the 
coefficient of transforrn ati on equal to eight 

The load circuit contains the R 1, R2 resistors to limit discharge current. R 7 
resistor and T5 transformer are used to form and transmit signal for actuation of the 
SCR commutator ofthe arc current modulator. 

The hlgh voltage pulse wave- fonn is shown in Fig.37. The viewing divider 
with the total resistance 100 kOrn was connected to the output of the block. The 
divider gives a 1000:lcoutdown. 




