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INTRODUCTION

The 1rradiation facility will be used for Single Event Effect

testing of microchips by means of ion beams (1°0, ?°Ne, “Ar,
OFe, 8430Kr, 132Xe, 197Au and 2"”Bi) with energy of 4.5 MeV

per unit mass and having mass-to-charge ratio A/Z 1n the range
from 5.0 to 5.5. Besides the research works on radiation
physics, radiation resistance of materials and the production of
track membranes will be carrying out by using the 1on beams
with energy of about 2 MeV per unit mass and A/Z ratio in the
range from 7.58 to 8.0. The facility 1s based on DCI130
isochronous cyclotron. The working diagram of DCI130
cyclotron 1s shown 1n Fig.1.
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Generator Frequency 10.622 MHz
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Figure 1: Working diagram of DC130 cyclotron

The acceleration of 1on beam 1n the cyclotron will be performed
at constant frequency f = 10.622 MHz of the RF-accelerating
system for two different harmonic num-bers h. The harmonic
number h = 2 corresponds to the 1on beam energy W = 4.5
MeV/u and value h = 3 corresponds to W = 1.993 Mev/u. The
intensity of the accelerated 1ons will be about 1 puA for lighter
ions (A < 86) and about 0.1 puA for heavier ions (A> 132).

The design 1s based on existing systems of IC100 (Fig.2) and
U200 (Fi1g.3) cyclotrons [1].

The axial mjection system and beam line for track membranes
production will be adapted from the existing IC100 cyclotron
systems.

In the frame of reconstruction of U200 to DC130 1t 1s planned to
upgrade the cyclotron magnetic structure, replace the magnet
main coil and renovate RF system. Other systems: beam
extraction, vacuum, cooling, control electronics will be new.

The experience of working at U400, U400M cyclotrons [2] will
be used during developing the experimental channels for SEE
testing of microchips. The main parameters of DC130 cyclotron
are contained in Table. 1.

Figure 2: Layout of IC100 cyclotron

Figure 3: Layout of U200 cyclotron

Table 1: DC130 cyclotron main parameters

Pole (extraction) radius, m 1(0.88)
Magnetic field, T 1.729+1.902
Number of sectors 4

RF frequency, MHz 10.622
Harmonic number 2 3
Energy, MeV/u 4.5 1.993
A/Z range 5.0+5.5 7.577+8.0
RF voltage, kV 50

Number of Dees 2

Ion extraction method electrostatic deflector
Deflector voltage, kV 60

AXTAL INJECTION SYSTEM

The axial injection system of DC130 cyclotron will be adapted
from the existing ICI100 cyclotron one consisted of
superconducting ECR 1on source — DECRIS-SC [3] and
transport beam line [4].

DECRIS-S5C ion source

DECRIS-SC 1s 18 GHz superconducting 1on source designed in
Flerov Lab. It is able to produce the beams of ion from 2’Ne to
20°Bi. In adaptation, the distance between extraction hole of the
ion source and first focusing solenoid of transport beam line will
be significantly reduced to avoid the losses of the 10n beam.
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Axial injection beam line

The axial 1mjection system of DCI130 cyclotron allows
transporting with of 100% efficiency all declared 1on beams for
all working regimes of the facility. The detail information about
axial injection beam line contains in report WEP2POO027 [5] at
this conference.

DC130 MAGNETIC SYSTEM

The magnetic system of DC130 cyclotron will be based on the
existing U200 cyclotron one. The magnetic field distribution in
the median plane of the DC130 cyclotron magnet has been
found by means of computer simula-tion with 3D OPERA
program code [6]. The computer model of the magnet 1s shown
in Fi1g.6.
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Figure 5: Magnetic field radial
distributions

Figure 4. Computational model of
cyclotron magnet

The operation mode change will be implemented only by
variation the level of the magnetic field in the range from
1.729T to 1.902T and 1ts 1sochronous distribution will be
formed operationally by means of six radial correcting coils.
The real magnetic field and 1sochronous ones radial
distributions for three operation modes are shown 1n Fig.5. At
the middle level (red lines) the formation of the magnetic field
has been made by shaping of the sector height from the pole
side. In accordance with magnetic field distribution, each radial
coils should be capable to produce 600Gs of correction
magnetic field. The esti-mated current of the coil 1s equal to
15000 At. We con-sider the possibility of reducing the range of
the magnetic field of the cyclotron and, as a consequence, the
magni-tude of the coil current.

The detail information about magnetic system of DCI130

cyclotron contains in report THPWWCO03 [7] at this conference.
RF SYSTEM

The working frequency of RF system 1s constant and equal to
10.622 MHz. The scheme of RF-resonator 1s shown in Fig.6.

r

I'he dashed line designates the placement of the ground plate.

Two=~generators. are--used:ter, independent feed of two RF
—~ I AL =2 230 mm E
r@sona rs.\I'he=izedback syciom ensures precise tuning of RF
; \ . .
pha nd amplitude at both dées independently. The evaluated
power.of each RF generator.is-equal to 11.5 kW.
TP
§ ~ : 05 [|@=185° . >,
5 10 / : LR =180cm ’ oee|
B / : N /\ /”\
0.0 : —g°
E‘ 1

Figure 6: Scheme of RF resonator 05 |

EXTRACTION SYSTEM ,,|

The  scheme  of
extraction system of DCI130
cyclotron 1s shown in Fig. 7.
The dashed line is the cyclotron orbit corresponding to average
radius of 88 cm. The red line i1s extraction orbit ending 1n the
object point of the experimental beam Ilines. The beam
extraction system includes the electrostatic deflector ESD and
two magnetostatic channel MC1,2. In accordance with results
of simulation, the maximum voltage at the deflector ESD 1s
equal to 60 kV. The magnetic field gradients in MC1,2 channels
are equals to 20 T/m and 9 T/m correspondingly.

VACUUM AND OTHER SYSTEMS

In the axial injection beam line, the allowable average pressure
of the residual gas is 1.5-10°7 Torr. Such pressure can be provided
using two turbomolecular and two cryopumps with a total
pumping speed of 1600 1/s. The 10n losses due to charge exchange
process 1n the beam line 1s less than 15%.

The vacuum system of the DC130 cyclotron should provide the
average residual gas pressure 1n the vacuum chamber at the level
7-10-8 Torr. This level of pressure will be achieved with the help
of turbomolecular and cryopumps with a total pumping speed of

15000 1/s.
The water-cooling and control systems will be upgraded.

EXPERIMENTAL BEAM LINES

The set of the experimental beam lines includes Track Membrane
line, SEE testing line and Radiation Physics line. The scheme of
the experimental beam lines 1s shown 1n Fig.8. The common part
of the channel consists of extraction bending magnet, the
quadrupole lens triplet and commutating magnet. The center of the
extraction bending magnet 1s an object point for all beam line.
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Figure 7: DC130 extraction system
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Figure 8: Scheme of experimental beam lines. .y . .
From left to right: RP line; SEE testing line; faC1htY° This beam line

TM line

contains: 1on beam transport
system, beam monitoring system, energy measurement system

and user vacuum test chamber with a mounting and positioning
assembly to hold the sample 1n the irradiation field. The layout

of the experimentalrigtohBnisogiohPRaikiges on Usoom R

Bending magnet

TOF measurement

Faraday cup ‘

X-Y correction magnets Vacuum gate valve

Luminophore drive

Ta foils (5-27 um) drive

X-Y scanning system (50 Hz) Turbo molecular pumps
v Dedicated beam-line for low energy (3 ~ 6 MeV/nucleon)
ions (usually Ne, Ar, Kr, Xe, Fe or Bi)
v" TIrradiation area — 200x200 mm?,
v Beam uniformity better then 30%
v' Beam flux 1 +~ 105 cm?s’!

Figure 9: Layout of U400M SEE testing set up [2]

Track Membrane beam line

The beam line for track membranes production will be adapted
from the existing IC100 cyclotron one [4]. The experience of
creating TM beam line for DC110 cyclotron [8] will be used
also. The TM beam line of IC100 and DCI110 cyclotrons are
shown 1n Fi1g.10,11. The optical system of the channel consists
of a triplet of quadrupole lenses, correcting magnets, and a
scanning system for the 1on beam.

Figure 11:TM channel of DC1 10 cyclotron [4]

Figure 10:TM channel of IC100 cyclotron [4]

Radiation Physics beam line

RP line has a focusing quadrupole triplet and electro-magnetic
two-coordinate beam  scanning system  provides the
homogeneous 1on distribution at the irradiated surface.
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