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ABTOMaTU3UpOBAHHAA CMCTEMAa ynpasneHwa
AYrOBbiM MCTOMHUKOM MHOFO03apAAHBIX WOHOB UWKNOTPOHA y 400 4

OnvcaHa ‘aBTOMAaTM3MPOBAHHAA CUCTEMa YNpaBneHvWA AYroBbM WCTOMHWKOM MHOr03a-
PAAHBIX WOHOB UMKNOTpoHa Y-400 Ha 6Ga3se annapaTypsl KAMAK v MUKpONpOLECCOPHbIX -
KOHTponnepos, CucTeMa No3sonseT B COOTBETCTBUWA. C 3ajaHUEM oOMNepaTopa NpoBOAWTL

| aBTOMATW4ECKUA NPOrpaMMHbIA BHIBOA UCTOYHMKA Ha TpebyeMuii pemum, BKWuYas aBTo-
- MaTUYeCKOoe 3amvraHve paspaga, NonydYeHve 3ajaHHbX NapaMmeTpoB pacrsineHus pabo-

Yero BewecTsa, aBTOMAaTUYMECKUN MOMCK 3aAAHHOr0 MAaKCWManbHOro TOoKa Nyyka npu
OTpaHN4eHMAX Ha TOKM W HaNpAkeHUA Pa3pAfa ¥ pacnbineHvs. BuBOA MCTOUHMKA

Ha KBa3WONTUManbHbIA pewnM ocywecTenaeTcs 3a Bpema nopsaka 10- 15 MUHYT c Hapy-
weHneM orpaHuqenvid He Gonee 5%.. CucTema cnocolHa asToMaTuyeckn crabunuaupo-
BaTb TOK My4Ka MOCPEACTBOM Koppexuwm pemMMa UCTOMHUKA C NOrpewHoCTbr He Bo-

‘nee 3%.

PaboTa BbnonHeHa B flabopaTopun apepHbix peaxuwid OWAW.

Ipenpinit O6benieHHoro HHCTUTYTA AllePHEIX Hecnenoraxmit. [lyGHa 1989

Kutner V.B., et al. £9-89~-491
Automatic Control System for the Pig lon Source
for the U-400 Cyclotron :

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 fon 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% u51ng the automatic correction of the discharge
regime.

The investigation has been_ performed at the Laboratoty of Nuclear
Reactions, JINR.
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Introduction

The PIG ion sources with en indirectly heated cathode and
cathode sputtering of solid working substance are used to produce
multiply oharged ions (MCI) /1.2/ at the U-400 cyclotron of the
Laboratory of Nuclear Reactions (INR) 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 cyclotroﬁ operator. This is a conseQuence of that in terms of
control the ion source is & nonlinear stochastic gystem 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 fallure of the ion
source. Because of ambiguous parsmeters 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
s01id 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 micrdpfocessor crate-
controllers have been designed jolntly with Moscow Engineering
Physical Institute /3-5/ and put into operation for solving this
problem in INR, JINR. -

Design and operation of the ion source

The lon gource and the block~diagram of its power supply system
are shown in Fig. 1. The discharge chember of ion source (3) is
situated in the center of the cyclotron electro-magnet. Cathode (2)
is heated by the electrons emitted from filament (1), fed by power
supply (9), 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




valve. Anticathode (6) is electrically

, Jov //i " connected with the cathode. Sputtered
N electrode (4) with working material is
AF —— 0 located in the region of the extraction
N 24 8lit. The electrode is sputtered when

the power supply (7) is switched on.
1 e L The sputtered particles are ionized in
£ + the discharge. The consumption of work-
- ing material is regulated by tuning the
" e voltage of power supply (7) and the

o

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 by variation of the
six parameters: the voltages of power supplies;the filement, heated
cathode, arc, sputtered electrode, and also of the positions of the
gas feed needle valve and of the sputtered electrode.

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

Functions of the system

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

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 (meximum) 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.

T. Automatic switch-~off of the technological subsystems of the
ion source.

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

-

The gystem structure

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

The MCS uses two CAMAC crates, namely & resident crate and a
MCIS including CAMAC microcomputers KM-001 on the bases of INTEL
8080, 16 KB RAM and 32 KB EPROM /®/, The resident crate is used for
interactive mode, for command communication with control and check

‘crates, 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 gource.
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 paresmeters being quasiconstant
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MICROPROCESSOR USER
PRINTER TERMINAL TERMINAL
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[
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' Pig. 2. Structure of the automatic control system
for the U-400 cyclotron
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for power supply regulation. The transition from automatic control

o sean [TTETRT r;1-4cwéguER—A~*W“M”““" to menusl one is provided without failure of the MCIS mode. The
e ] vouTmETER rERraCE[~—~ | — ’::z:: information about the MCIS parameters is shown on a graphic display
. - LF::AW— R szmgs -—] through a program-controlled controller \(TVC). The table of the MCIS
> L VIF |, ) -
g ERTERS counTers] o . parameters and the mnemonic diagram of the MCIS with power supply
F_— . E Lc&&g&s 4 8216 ; [ controL ; systems are presented in fig. 4. The basic parameters of the MCIS
: 3 &JEZ/TFERSQQ‘—L%MM "". DESK ’:\ are digplayed as 7 horizontal linear scales with the help of a DSU
Y as | | .
5 CO;VE:/:ERS el of 0 S ——7714J : unit .
4_ " REFERENCE voLTAGES - The data link between the control and resident crates is realiz-
i ed by means of serial intercrate link units (SIO) providing 1.2 Mbod
7 > .
. I ] T s Ram L-f— bit-transfer. . ,
o A e i The system sgoftware is executed in Assembler and has 12 KB
o 0_ALARM ALARM s, EPROM L.k;' EPROM in the resident crate and 28 KB EPROM in the control crate.
v j—-— COMPARATORS CONTROL fo— ; o . : -
4 73
sla voutAces f,T e COZ‘::D‘EER ..I s Bunch current control
-3 i } ’ < ’ - . < ’
o b . X .
& : 1 The problem of the automatic control of the cyclotron beam .
2 ! 1 current is formulated as follows: to get and stabilize the presget or
= 2 | To MICROPROCESSOR : maximum beam current in the limited range of the.ion source parame-
TERMINAL
' ters.

The ion beam current is measured by a digital #oltmeter (Dv),
which is connected to a microcomputer through a CAMAC module. The
range of the current measurement is 0.001~100 mcA.

Fig. 3. Schematic of the ion source microprocessor
control system

or pulse signals. The measuring channel consists of the unit of
buffer amplifiers, 16 voltage-frequency convertors 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 conirol 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 situstion (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 i
with the indication of the direction and working time of the motor. []
The operator can give commands for the transition from auto- ‘ . :
. ) Fig. 4. The display of the MCIS parameters

métic to manual control through interface of a control desk (CD) and
vice versa. In the manusl control regime the operator uses helipots
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The algorithm for current beam control with the help of KN-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
i1s the followling one: ’

1. Interactive getting 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 hounded range with the control of the arc failure
and short-circult on the sputiered elecirode.

Conclugion

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 stabllization can be provided within a 3% error
with 5% deviations of the discharge parameters from the preset
limits.
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