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Kyittep B.6. 1.1 AP, E9-B9-491 
ABTOMaTl.131.1POBaHHaR Cl.1CTeMa ynpaaneHl.1R 
AYroBblM l.1CTO"IHl.1KOM MHoro3apRAHblX l.10HOB 1..11.1Knorpca1a Y-400 

On1.1caHa aBTOMaTl.131.1pOBaHHaR Cl.1CTeMa ynpaaneHl.1R AYrOBblM l.1CTO"IHl.1KOM MHoroJa
PRAHblX 1.10HOB 1..11.1KnorpoHa Y-400 Ha 6a3e annaparypbl KAMAK 1,1 Mi.1Kponpo1..1eccopHblX 
KOHTponnepoa. C1.1creMa n~3BOnReT B COOTBeTCTBl.11.1- C 3aAaHl.1eM oneparopa npoBOAl.1Tb 
aBTOMaTl.1"ieCKl.1H nporpaMMHblH BblBOA l.1CTO"IHl.1Ka Ha rpe6yeMblH pe~1.1M, BKn~"laR aaro
MaTl.1"ieCKOe 3a~1.1raH1.1e paJPRAa, nony"leH1.1e JaAaHHblX napaMerpoa pacnb1neHl.1R pa6o
"iero se~ecraa, aaroMaT1.1"lecK1.1H no1.1cK JaAaHHoro MaKCl.1ManbHoro roKa ny"IKa np1.1 
orpaHl.1"leHl.1RX Ha TOKl.1 1.1 HanpR~eHl.1R pa3PRAa 1.1 pacnb1neH1.1R. BbiBOA l.1CTO"IHl.1Ka 
Ha KBaJ1.1onT1.1ManbHblH pe~l.1M ocywecranReTCR Ja apeMR nopRAKa 10-15 Ml.1HYT c Hapy
weHl.1eM orpaH1.1"ieH1.1H He 6onee 5%. C1.1creMa cnoco6Ha a~ToMaT1.1"1ecK1.1 cra61.1n1,131,1po
aaTb TOK ny"IKa nocpeACTBOM KOppeKL.11.11.1 pe~1.1Ma l.1CTO"IHl.1Ka c norpeWHOCTb~ He 60-
nee 3%. ~ 

Pa6ora Bb1nonHeHa a na6oparop1.11.1 RAepHblX peaK1..11.1H 011fll1. 

npenpHHT 061,e.nHHeHHoro HHCTH'fYT& IIJlepHLlX HCcne.noaaHHA. ,lly6Ha 1989 

Kutner V.B. et al. 
Automatic Control System for the Pig Ion Source 
for the U-400 Cyclotron 

E9-89-491 

An automatic control system is described for the cyclotron U-400 multip
ly-charged ion source based on CAMAC apparatus and microprocessor control
lers. The system allows the automatic tuning of the ion source to the neces
sary regime, including.the automatic start-up of discharge, the obtaining 
of the necessary parameters of sputtering, the automatic search for a maxi
mum _beam current within the given discharge parameters. The system performs 
tuning the ion source to the quasioptimal regime for 10-15 minutes with up 
to 5% deviation from the preset parameters. It is possible to stabilize 
the beam current within 3% using the automatic correction of the discharge 
regime. 

The investigation has been_performed at the Laboratoty of Nuclear 
Reactions, JINR. 

Preprint of the Joint In~titute for Nu~lear Research. Dubna 1989 



Introduction 

The PIG ion sources with an indirectly heated cathode and 

cathode sputtering of solid working substance are used to produce 
multiply charged ions (MCI) 11•2/ at the U-400 cyclotron of the 
Laboratory of Nuclear Reactions (LNR) of the Joint Institute for 
Nuclear Research (JINR). 

The discharge regime of the ion source (MCIS) has a significant 
influence .on the MCI beam.intensity and determines the efficiency 
and characteristics of the irradiation of physical targets and 
technological samples. 

The control of the ion source mode causes some difficulties for 
the cyclotron operator. This is a consequence of that in terms of 
control the ion source is a nonlinear stochastic system characteriz
ed by many variable parameters. Therefore the regular tuning of the 
source parameters is needed. Sometimes the short-circuit of source 
electrodes can take place. In this case the rapid cut-off of the 
control influence is necessary to prevent the failure of the ion 
source. Because of ambiguous parameters of the arc discharge its 
recovery can be obtained only be using a special algorithm. The non
recurrence of the MCIS parameters after replacement or repair and 
also the necessity of taking into consideration the kinds of gas and 
solid working material used make it difficult for the operator to 
achieve the required mode and stability of ion source operation. 
An automatic CAMAC-based control system- and microprocessor crate
controllers have been designed jointly with Moscow Engineering 
Physical'Institute 13-5/ and put into operation for solving this 
problem in LNR, JINR. 

Design and operation of the ion source 

The ion source and the block-diagram of its power supply system 
are shown in Fig. 1. The discharge chamber of ion source (3) is 
situated in the center of the cyclotron electro-magnet. Cathode (2) 
is heated by the el~ctrons emitted from filament (1) 1 fed by power 
supply (9) 1 and accelerated by the potential difference supplied by 
power supply (10). The arc discharge occurs with gas feeding into 
the discharge chamber and on the switching-on of power supply (11). 
The gas consumption is controlled by a remote-controlled needle 



Fig. 1. Block-diagram of 
the multiply charged ion 
source with power supply 

valve. Antioathode (6) is electrically 
connected with the cathode. Sputtered 
electrode (4) with working material is 
located in the region of the extraction 
slit. The electrode is sputtered when 
the power supply (7) is switched on. 
The sputtered particles are ionized in 
the discharge. The consumption of work
ing material is regulated by tuning the 
voltage of power supply (7) and the 
electrode position. The triggering of 
the ion source is performed by key (8) 
and unit (12) synchronously with. the 
triggering of the cyclotron RF genera
tor. 

The output parameter of the MCIS 
(multiply charged ion current) is determined by the source regime. 
The control of the source regime.is fulfilled ~Y variation of the 
six parameters: the voltages of power supplies.the filament, heated 
cathode, arc, sputtered electrode, and also of·the positions of the 
gas feed needle valve and of the sputtered electrode. 

Functions of the ~stem 

An automatic control system (ACS) is intended to· fulfil the 
following functions: 

1. Measurement and displaying of the source parameters. 
2. Checking and prevention of alarm situations. 
3. Automatic program tuning of source to a temporary mode, 

including the following operations: 
- the control of the indirectly heated cathode parameters; 
- the gas feed control; 
- the automatic switching-on of arc discharge and setting the 

parameters of discharge preset by operator; 
- the control of the sputtered working substance consumption. 
4. The obtaining of preset (maximum) beam current by tuning 

the ion source mode. 
5. The memorization of the current-mode ion source parameters 

and their stabilization. 
6·. Memorization and stabilization of the beam current. 
7. Automatic switch-off of the technological subsystems of the 

ion source. 
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8. Aquisition of data on the ion source mode and their print
out in tabular· form. 

9. Interactive mode. 

The s~stem structure 

The ion source microprocessor control system (MCS) is included 
into the U-400 cyclotron control system (Fig. 2 ). 

The MCS uses two CAMAC orates, namely a resident crate and a 
MCIS including CAMAC microcomputers KM:-001 on the bases of rnTEL 
8080, 16 KB RAM and 32 KB EPR0M 161. The resident orate is used for 
interactive mode, for command communication with control and check 
orates, for listing and also for coupling with a minicomputer TPA 
1140 which provides for.program debugging and will be used for data 
base control. 

The MCIS control crate of which the block diagram is shown in 
fig. 3 is used to control function elaboration of the ion source. 
The crate consists of three subsystems designed for MCIS parameter 
measurements, for control response delivery and for data representa
tion. 

The algorithm of MCIS mode control is based on the measurement 
of 16 parameters during 80 ms, these parameters being quasioonstant 
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Fig. 2. Structure of the automatic control system 
for the U-400 cyclotron 
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Fig. J. Schematic of the ion source microprocessor 
control system 

or pulse signals. The measuring channel consists of the unit of 
buffer amplifiers, 16 voltage-frequency oonvertors providing the 
necessary measuring precision in electro-magnetic noise conditions, 
two binary counters 8x16 bits and a timer. Data are brought into 
RAM using CAMAC dataway. The measuring accuracy is not higher than 
0.1 per cent. 

• The MCIS mode control is performed by tuning the reference 
voltage thyristor regulators of networks and also by varying the 
position of the needle valve and of the sputtered electrode. 

The reference voltage is generated by the 10-bit DAC and suppli
ed to the regulators through an alarm control guard unit (AC). In 
the case of an alarm situation (a bad vacuum, short-circuit, etc.) 
the AC blocks the corresponding reference voltage. 

The motor control (MC) of the gas feed valve and of the sputter
ed electrode is carried out by means of microcomputer instructions 
with the indication of the direction and working time of the motor. 

The operator can give commands for the transition from auto
matic to manual control through interface of a control desk (CD) and 
vice versa. In the manual control regime the operator uses helipots 
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for power supply regulation. The transition from automatic control 
to manual one is provided without failure of the MCIS mode. The 
information about the MCIS parameters is shown on a graphic display 
through a program-controlled controller 1TVC). The table of the MCIS 
parameters and the mnemonic diagram of the MCIS with power supply 
systems are presented in fig. 4. The basic parameters of the MCIS 
are displayed as 7 horizontal linear scales with the help of a DSU 
unit. 

The data link between.the control and resident orates is realiz
ed by means of serial interorate link units (SI0) providing 1.2 Mbod 
bit-transfer. 

The system software is executed in Assembler and has.12 KB 
EPR0M in the resident orate and 28 KB EPR0M in the control orate. 

~unoh oJµTent control 

The problem of the automatic control of the cyclotron beam 
current is formulated as follows: to get and stabilize the preset or 
maximum beam current in the limited range of the ion source parame~ 
ters. 

The ion beam current is measured by a digital voltmeter (DV), 
which is connected to a microcomputer through a CAMAC module. The 
range of the current measurement is 0.001-100 moA. 

Fig. 4. The display of the MCIS parameters 
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The algorithm for current· beam contro_l with the help of KM-001 
was implemented using the extremum coordinate search method with the 
check of limits execution and with the correction of the permissible 
range of input variables. 

The beam current is considered as the nonlinear function of 
five independent input parameters of the ion source discharge at 
fixed cyclotron control parameters. 

The procedure of obtaining the preset or maximum beam current 
is the following one: 

1. Interactive setting of ·_the beam current value and its 
accuracy, initial MCIS parameters, the limitations on the MCIS 
parameters and the range.of input values. 

2. The automatic switching-on of the arc discharge and produc
tion of the initial values of the discharge and sputtering parame -
ters. 

3. Automatic coordinate search of the preset or maximum beam 
current in the bounded range with the control of the arc failure 
and short-circuit on the sputtered electrode. 

Conclusion 

The first experience of operating the system described has 
given the following results: 

- the system allows one to automatically switch on/off the MCIS 
in the quasioptimal mode during a 10-15 min time interval; 

- beam current stabilization can be provided within a 3% error 
with 5% deviations of the discharge parameters from the preset 
limits. 
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