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I. INTRODUCTION 
The PIG ion source with indirectly heated cathode is capable to produce the intense beams 

of multiply charged ions (z+<l 0) of gases and solids up to uranium. this ion source was 
developed for acceleration of multiply charged ions at cyclotrons and then at linear 
accelerators for the experiments in fundamental nuclear physics. It is also used at the high 
energy implanters. Owing to long-term study of this source in many centers the highly charge 
states of Xe up to 15 (50 mkA) and intense beams of low charge states ( ~100 mA) were 
achieved. In the present paper the results of investigations of the PIG source which could be 
useful for technology applications are presented. 

II. GENERAL ASPECTS 
The ion source described below is used for the production of accelerated multiply 

charged ions of gaseous and solid materials at the FLNR JlNR cyclotrons [I]. The 
schematic view of the ion source head is shown in Fig. I. The diagram of the power supply 
circuit is shown in Fig.2. The discharge chamber (3) of the source is placed in the gap 
of the electromagnet. The ions are extracted through the emission slit (5) across the 
magnetic field direction by applying the high voltage between the discharge chamber and 
the extractor electrode. For production of ions of solid materials the electrode (4) with the 
working material contained therein is used. This electrode is fastened on a movable 
insulated water-cooled holder. The position of the electrode and the potential applied to it are 
regulated for the optimal operating conditions to be established. For production of 
multiply-charged ions at cyclotrons the following modes of operation are frequently used: 
• the pulsed discharge current of 5 - 15 A 
• the pulsed discharge voltage of 400 - 1200 V 
• the cathode heating power of 0,5 - 1 kW 
• the pulse length of 1 - 3 ms 
• the repetition rate of 100 - 150 Hz. 

As a rule the cross-section of the discharge chamber is 8x8 mm2 
, and the dimension of the · 

emission slit is 2xl5 mm
2 

• The distance between the cathode and anticathode in the ion 
sources used at the cyclotrons is from 45 up to 220 mm. The consumption of gas depends 
on its mass and the discharge mode and typically ranges from 0,15 seem for Xe up to few 
seem for He. The consumption of solid materials and also the potential and current of the 
sputtering electrode greatly depend on the sputtering material properties (melting point, 
coefficient of sputtering, conductivity and so on). In routine operation the consumption of 
solid materials is about 10 - 20 mg/hour. 
Below, some results , obtained with such ion source at test bench operation are presented. 

The test bench represents the Dempster type mass-spectrometer. At test bench operation the 
ion source works in the magnetic field 0,3 - 0,4 T in pulsed mode with the pulse length of 
1 ms and repetition rate of 100 Hz. The extraction voltage equals 15 - 25 kV. The dimension 
of the emission slit is lxl5 mm2

• The total extracted currents are of the order of magnitude 
of 100 mA in pulse. In Table I the yield of different ions of solid materials are presented 
[2]. The currents of all charge states of solid ions and their percentage in the total extracted 
current are also indicated in the Table 1 The Table II represents the yield of ions of gases 
in test bench operation. 

In Fig.3 the yield of ions of different mass with a given mass (A) to charge (Z) ratios 
(NZ=l0 - 20) produced at test bench is given. 



III. EFFECT OF EMISSION SURFACE ENLARGEMENT 
The current density of extracted ions is proportional to the electron temperature and 

plasma density [3]. The increase of the total extracted current can be achieved by the 
enlargement of the plasma emission surface. 

The operation of the PIG ion source with various dimensions of the extraction slits was 
tested at the JINR FLNR cyclotrons [4]. In this experiments the available dimensions of 
the extraction slit were bounded by the configuration of the cyclotron accelerating system. 
It was shown, that the current of accelerated beam increases with the increase of the 
emission slit area. The increase of the slit length is more effective for production of more 

· intense accelerated ion beam that is probably dealed with the features of the cyclotron 
accelerating system. 

The experiments the other authors show practically the linear increase of the extracted 
current with the area of the emission slit [5,6]. 
On the FLNR JINR test bench the operation of the source with several slits was tested. In 
Fig.4 the scheme of experiment with two extraction slits situated on the opposite walls of 
discharge chamber is shown. The mode of source operation was chosen usual for cyclotron. 
The ions were extracted by d.c. voltage up to 20 kV. One of the slits could be open (or 
closed) to provide the simultaneous extraction from both or one of the slits. The 
investigation showed that the total extracted current and charge state distribution of the 
ion beam extracted from the one of the slits is not affected by · the simultaneous 
extraction of ions from the other slit. The additional emission slit requires insignificant 
increase (about 20%) of gas consumption to keep the other parameters of discharge. The 
intensities of the ion beams extracted in opposite directions are comparable. 

The ion source with several emission slits and extended cathode was also tested. The 
extended cathode has the dimensions 7x14 mm2

, the cross-section of the discharge chamber 
equals 8x16 mm2

. The scheme of the experiment is shown in Fig.5. The emission slits could 
be closed or open during the source operation realizing the one- two- or three-slits 
version. To provide the extra.ction and analysis of the ion beam from the different points of 
discharge in the median plane, the extraction elecrode could be moved parallel to the plate 
with emission slits. 

In case of the extended cathode the heating power of the cathode should be increased by 
factor 1,5. If the additional emission slits are open the gas consumption should be increased 
up to 30 %. The investigations showed that the intensities of the beams extracted from 
each of the emission slits are comparable. The extraction of the beam from the lateral 
slits does not affect the charged state distribution of ions extracted from the central slit. 

In Fig.6 the sketch of the discharge chamber with circular slit is shown. The circular slit 
(3mm in height) could be partly closed by the movable cylinder at ground potential, so the 
beam could be extracted from the slit 2,5x3 mm2 only, or from the circular slit by the 
circular extaction electrode with simulteneous analysis of the part of the extracted beam. The 
results are shown in Table III, where the charge state distributions of Xe ions for both 
cases are presented. 

The experiments were made with the discharge mode 11 A, 800 V in pulse, pulse 
duration 1 mS, repetition rate - 100 Hz. Working gas - Xe, magnetic field strength - 3,6 
kGs, extraction voltage - 17 kV. 

The above mentioned experiments show various ways of increasing the emission surface 
of the PIG source. The increase of the emission surface does not change the charge state 
distribution of ions extracted from the source. 
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IV. SPATIAL DISTRIBUTION OF MULTIPLY CHARGED IONS IN THE 
DISCHARGE COLUMN 

The spatial distributions of the multiply charged ions along the discharge column and in 
transverse direction are important from the point of view of possible emission surface 
enlargement. The spatial distribution of the multiply charged ions inside the source can be 
characterized by the data of spectrometric measurements. Fig. 7 [7] shows the distribution of 
the Ar spectral lines intensity along the discharge chamber. The decrease of the Ar lines 
intensity in the cathode and anticathode regions is caused by the influence of the sputtered 
atoms of the cathode and anticathode. The direct measurements of the charge state 
distribution of ions, extracted from the slits arranged at different positions along the 
discharge were fulfilled by Dr. B.N.Makov [8]. Fig.8 illustrates the scheme of the 
experiment and the charge state distribution of Xe ions. The results of this experiment accord 
with the data of spectrometric measurements. 
The spatial distribution of multiply charged ions in the ion source with Mo sputtering 
electrode and Xe as a support gas was measured by Dr. Yu.P.Tretyakov [9]. Fig.9 
shows the distribution of MoV(Mo4+) spectral line intensity along the discharge. The 
dashed lines indicate the dimensions of the sputtering electrode. It is seen that the intensity is 
nearly constant within the sputtering electrode boundaries and sharply decreases outside. It 
means that the sputtering electrode should be introduced into the discharge chamber on a 
level of emission slit and its height should corresponds to that of a slit. The transverse 
distribution of Mo and Xe spectral lines is shown in Fig.10. The spectral lines of neutral and 
singly charged Mo ions are seen near the sputtering electrode surface only. It means that 
for reducing the flux of neutrals from the source the sputtering electrode should be displaced 
relatively far from the emission surface, for example on the opposite wall of the discharge 
chamber. 

The spectrometric measurements show that the increase of the emission surface in 
longitudinal direction is bounded by the dimensions of the discharge zone free of 
ions of cathode and anticathode materials. On the other hand, the presence of ions of 
cathode and anticathode materials in the discharge can be used for production of plasma 
containing such ions. For this purpose the design of the source should be changed for proper 
disposition of anticathode and emission surface. 

V. PRODUCTION OF MULTIPLY CHARGED IONS OF REFRACTORY 
METALS 
Basing on the results of spectrometric measurements of Mo ions distribution as a function 

of the distance from the anticathode [1 0] and experiments on production of W ions in the 
gaseous ion source [11] the modified version of the source for production of multicharged 
ions of refractory metals was designed and tested 

The · schematic view of the source is shown on Fig. I 1. The anticathode is situated in 
the extraction slit region. The distance between the median plane and the working surface 
of the anticathode was determined as 15 mm for optimal yield of WI 0+ ions. The ion source 
was tested at the test bench and the charged state distributions of extracted ions were 
investigated. The ions were extracted from the emision slit lx20 mm

2 
. For production of 

Mo and W ions the ion source was ignated on Kr or Xe. The ion · currents produced in 
operation with Mo and W anticathodes are presented in Table IV. For comparison, the 
intensities of the beams produced in the ion source with sputtering electrode are also 
presented. It is seen that due to cathode sputtering of the anticahode more intense ion 
beams in comparison with the data presented in Table I are produced. The maximum in the 
charge state distribution is shifted towards the higher charges. 
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D 

Fig.I Schematic view of the ion source head: I-filament; 2-cathode; 3-ring insulator; 4-
cooling. of the discharge chamber; 5-sputtering electrode; 6-insert for collection of 
sputtered material; 7-discharge chamber; 8-anticathode; 9-cooling of the sputtering 
electrode; I 0-emission slit; I I-gas feed. 

Fig.2 The diagram of the power supply circuit of the ion source: I-filament; 2-cathode; 3-
discharge chamber; 4-sputtering electrode; 5-emission slit; 6-anticathode; 7-sputtering 
electrode power supply; 8 and I2-modulator; 9-filament power supply; IO-cathode heating 
power supply; I I -discharge power supply. 
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Fig.3 The yield of ions with mass to charge ratio A/Z= IO - 20 from the PIG source at test 
operation. 

Fig.4 The scheme of extraction and analysis of the ion beam from the source with two 
emission slits: I-plasma bulk; 2-discharge chamber; 3-emission slit; 4-movable plate with 
emission slit; 5-dee with extracting electrode; 6-extracting electrode-collector; 7-
movable collector; 8-high voltage power supplies, 
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Fig.5 The scheme of extraction and analysis of the ion beam from the source with extendec! 
cathode and several emission slits: I-movable plate with emission slits; 2-plasma 
bulk; 3-movable extracting electrode; 4-dee; 5-movable collector. 
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Fig.6 The scheme of extraction and analysis of the ion beam from the source with the 
circular emission slit: I-discharge chamber; 2-dee with extracting electrode; 3-circular 
extracting electrode; 4-movable cylinder with a slit 
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Fig.I I Schematic view of the ion source of intense ion beams of refractory metals. 1-
fiiament; 2-cathode; 3-emission slit; 4-anticathode; 5-anode .. 
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CONCLUSION 
The PIG ion source With indirectly heated cathode is rather universal source for production 

of multiply charged ions of gases and solids. The results of experiments indicate the 
posiibility of enlargement of the source emission surface with conservation of the charge 
state distribution of extracted ions. 

The optimal conditions for the extraction of intense beams should be determined with 
taking into account of spatial distribution of discharge plasma components. 

The design of the source for production of intense beams of multiply charged ions of 
refractory ions is proposed. The results of ion source tests indicate the higher yield of highly 
charged ions of Mo and Win comparison with the ion source with sputtering electrode. 
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