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Oo0syuarejbHbIA KOMILIEKC «AJib(ar
JJISI IPOU3BOACTBA TPEKOBBIX MeMOpaH

B OObeanHEeHHOM HHCTUTYTE SIICPHBIX UCCIIEI0BAHUH
st 3AO «Tpekmop TeXHOMOMKNY pa3padoTaH U U3TOTO-
BJIEH OOJy4aTeabHBINH KOMILIEKC «AJb(ay, mpeJHa3HadCH-
HBIN JUT OOJTy9IEHUsSI TOJTMMEPHBIX TICHOK, UCTIONb3YEMBIX
B [IPOMU3BO/ICTBE TPEKOBBIX MEMOpaH, HEOOXOIUMBIX JUIS U3-
TOTOBJICHUS PA3fENAIOMMX U (HIBTPYIOIMX 3JIEMEHTOB
ME/IMIMHCKOTr0, MPOMBIIUICHHOTO W OBITOBOTO Ha3Ha4e-
Hust [1].

Kommreke «Anbday BKIIOYACT:

* MCTOYHUK TSIKENIBIX MOHOB HAa OCHOBE AJIEKTPOHHO-LIU-
KJI0TpoHHOTO pezonanca (D1[P-tuna), paspadoTanuslii n

nsrotoBiieHHeidi B HUMD®A wum. JI. B. Edpemona
(C.-Iletepbypr);
* M30XPOHHBIN IUKJIOTPOH C IEKTPOCTATHUECKON CHCTe-
MO BBIBOJIa YCKOPEHHBIX HOHOB;
* CHCTEMY TPAHCHOPTHPOBKH BBIBEIEHHOTO ITyYKa YCKO-
PEHHBIX HOHOB;
* 00JIyyaTelbHyI0 YCTaHOBKY.
Yekoputens LHUTPEK nmpencrasnser co6oit H30XpoH-
HBIH OUKJIOTPOH C a3UMYTaJbHOW BapHalyieid MarHUTHOTO
1103151 (UETBIPEXCEKTOPHAsI CTPYKTYpa), aKCHAIbHON MHKEK-
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Irradiation Complex ALFA
for Track Membrane Production

The film irradiation complex ALFA, intended to ex-
pose the polymer films used for the industry of membrane
products to be consumed in medicine, microelectronics and
technology applications, was designed and manufactured
by the Joint Institute for Nuclear Research for TRACK-
PORE TECHNOLOGY holding company [1].

The complex consists of external ECR ion source,
which was designed and manufactured by the Efremov

NIIEFA (St. Petersburg), isochronous cyclotron with elec-
trostatic extraction system, beam transport of the accelerat-
ed ions and film irradiation chamber.

CYTRACK is an isochronous cyclotron with az-
imuthally varying field (four pairs of sector shims), axial in-
jection, radiofrequency accelerating system and electrostat-
ic deflectors for extracting ions from the accelerator.
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LMENd MOHOB, BBICOKOYACTOTHOM YCKOPSIIOLIEH cucTteMoil VpoBeHb CpeHEro MarHuTHOTO moIst, Tit 1,48
AIEKTPOCTATUYECKOM cCCTEMOM BbIBOJA. OCHOBHBIE TEXHU- Pa6ounii TOK, amIep-BUTKH 92750
yeckue xapakrepuctuku nukiorpona LHUTPEK mpusene-
P p 1 P I PHBEIL [Motpebnsiemas MOIIHOCTD, KBT 25
HBI B TAOJIHIIE.
3a30p MEXIY MOTIOCAMU:
XapakTepUCTHKH HUKJIOTPOHA B XOJIM€, MM 40
VcKOpseMbIe HOHEI 405 .8+ B JIOJIMHE, MM 100
THI HOHHOTO UCTOYHUKA SLIP IMapamMeTpbl BICOKOYACTOTHOH CHCTEMBbI
Tun nHXeKnuu AxcuanpHas Komnuuectso ayanTos 2
PaGounii BakyyMm, TOpp 3.1077 A3uMyTasibHas IPOTSKEHHOCTb JyaHTOB, © 45
Hauasnbhas sneprus, MoB/uykion 0,003 AMIUTNTYa HaTIpsDKEHUS Ha TyaHTax, KB 40+50
Komeunas suepris, MoB/mykion 24 Pe3onancnas yacrora, MI'g 18,258
HauanbHblil pasuyc yCKOpEHUs, MM 53 Kpatrocts yekopenus 4
KOHEHHBII PAIHYC YCKOPEHHST, MM 730 J10OpOTHOCTH PE30HAHCHBIX CHCTEM 3500
VIHTEeHCUBHOCTD BBIBEICHHOTO ITy4Ka, HA 200
D dexrrBHOCTS BRIBOAA 50 % Ha puc. 1 mpezacraBieHa CTpykTypa LUKIOTPOHA B
TapaMeTpsl 21eKTPOMATHHTA IHKJIOTPOHA IUIaHE, HAa KOTOPOM BHJIHBI YETBIPE CEKTOpa Ha IIOJIIOCE
[aGapuTHBIE pasMephl MarkuTa, M 3,7%x2%1,65 QIIEKTPOMArHUTa S, Ba AyaHTa BEICOKOYACTOTHOH YCKOPSI-
Bec MarHuTa. T 83 torieit cucremsl D1 n D2, anexrpocraruueckue aediekro-
&
pet ESDI1, ESD2 u naccuBHBIM MarHUTHBIA (DOKYCHPYIO-
JuameTp moimoca, M 1,6

i kanai FD.

The main characteristics of CYTRACK are given in Mean magnetic field, T 1.48
table. Current, ampere-turns 92750
Power consumption, kW 25
Parameters of CYTRACK cyclotron Gap between poles:
Accelerated particle 405 8+ Hill, mm 40
Ton source type ECR Valley, mm 100
Type of injection Axial RF system parameters
Pressure, Torr 31077 Number of dees 2
Injection energy, MeV/nucleon 0.003 Azimuthal extension, ® 4
Final energy, MeV/nucleon 2.4 Voltage amplitude, kV 40+30
Injection radius, mm 53 Frequency, MHz 18.258
Extraction radius, mm 730 Harmonic number 4
Extracted beam intensity, nA 200 Quality factor 3500
Extraction efficiency 50%
Magnetic system parameters A general plan of the cyclotron with four sector shims
Overall dimensions of yoke, m 3.7%2x%1.65 S, two dees of RF system D1 and D2, electrostatic deflectors
Weight of iron, t 83 ESD1 and ESD2 followed by magnetic focusing channel
Diameter of poles, m 1.6

FD is shown in Fig. 1.

_____________________________J4pay _______________________________________________
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Benymiee u pokycupyromiee MarHuTHOE TOJIE CO3AeT-
cst ipu oMoty [1I-06pa3zHoro sneKTpoMaranuTa ¢ 4eThIpb-
MsI CEKTOPHBIMH IIMMMaMH Ha [IMIMHAPHYECKHUX MOITIOCaX.
Heob6xoanmblii pocT cpeHero MarHUTHOTO OIS BIOJb Pa-
Jyca 00eCHeuYnBAeTCsl YBEIWYEHHEM yIla CEKTOPHBIX
mumM ¢ 30 10 41,8°. Insa obecniedyeHuss HEOOXOTMMOM TOU-
HOCTH (POPMHUPOBAHHS H30XPOHHOTO TOJIST HCIIOJIB30BAINCH
TaKKe IMMMMBI B JOJTMHAX MAarHATA. BIM30CTh 9acTOTHI pa-
JMAIBbHBIX OETAaTPOHHBIX KOJICOAHNH K €TMHUIIE TPUBOANT K
KECTKUM JIOMyCKaM Ha aMILTUTY/Ty ITepBOH TapPMOHHUKH Mar-
HUTHOTO 1103151 [ToTOMY 1M0JIe ChOpPMHUPOBAHO TaK, UTO AM-
MJIMTYJA IEpBO rapMOHUKHU He npesbimaet 3 ['c.

DHeprus HOHOB, N3BJIEKAEMBIX U3 BHemrHero DI[P-uc-
TOYHHKA, COCTABISIET 3 K9B/HYKIIOH, HHTEHCHBHOCTB ITy4YKa
4OAr8t pa munHape Papajest, pacronokeHHOM B OJIOKe
JUAarHOCTUKU B Hadaje JIMHUM UHXEKIHUU, COCTABISIET M0-
psnka 3 + 5 MrA. CucteMa HHKEKIIUHN BKJIFOYAeT B ceOsl HOo-
HOIIPOBO/I, AaHAIM3UPYIOIIUI ¥ TOBOPOTHBIN JABYXCEKIIMOH-
HBII MarHuT, 3JIEMEHTHI (POKYCHPOBKH M FOCTHPOBKH ITy4Ka,
CHHYCOM/IQJIbHBIA OaHuep 1 OJIOK INarHOCTHKH.

Jliist ToBOpOTA IyYKa HOHOB M3 BEPTHKAIBHON B TOPHU-
30HTaJIbHYI0 MmIockocTh nukiorpona LIMTPEK npumens-
eTcsl CIUPANBHBIN AMeKTpocTatnaeckuii nadexrop. Ipe-
JYCMOTPEH MEXaHU3M, O00eCHeYHBaIOIINil [TOBOPOT WH-

The leading and focusing magnetic field is created by
E-shaped electromagnet with four pairs of sector shims lo-
cated on cylindrical poles. The appropriate average magnet-
ic field increase along radius is provided by rising of the an-
gular extension of the sector shims from 30 to 41.8°. To
guarantee high accuracy of isochronous field shaping, the
valley shims were also used. The radial betatron oscillation
frequency is close to unity. That is why the strict tolerance to
the first harmonic field is required. The first harmonic am-
plitude of the magnetic field was found to be less than 3 Gs
in the accelerating area.

The energy of ions from the external ECR ion source is
equal to 3 keV/nucleon, the current of the proton beam mea-
sured by a Faraday cup placed at the beginning of the injec-
tion line is about 3 + 5 uA. The axial injection line contains
ion guide, bending and analyzing magnet, focusing and ad-
justment elements, diagnostic devices and a sinusoidal
buncher.

The spiral inflector for ion bending from axial to medi-
an plane is used. There is a possibility of inflector rotation
by =8° to assure the fitting of ion trajectories from the in-
flector to the central region trajectories in radius and
azimuth.

(rexTopa BOKpYT ocH (+ 8°), ISl TIOACTPOHKH TPACKTOPHH
MOHOB ITOJ] CTAPTOBBIH PaJNyC U CTAPTOBBIN YT OJI AJIsl ONTH-
MH3aIMH HAYAIBHBIX YCIOBUH YCKOPEHUS! HOHOB B IIMKJIO-
TpOHE.

Ji1st ycKOpeHHst FOHOB B MArHUTHOM I10JI€ INKJIOTPOHA
HUTPEK wucnonb3yercs BBICOKOYACTOTHAs YCKOPSIOLLAsS
cucTeMa, HacTpaWBaeMass Ha (UKCHPOBAHHYIO YacTOTY.
BY-cucrema cocTonT U3 ABYyX YETBEPTHBOIHOBBIX PE30HA-
TOPOB C YCKOPSIOIIMMHU 3JIEKTPOJaMH B BHJE TyaHTOB.
BY-pe3onaropsl 00ecneunBarOT MOITyYEHHE YaCTOTHOTO
nuanazona 18,25 + 18,60 MI'u. [Ipa ayanTa yckopsouei
CHCTEMbI MMEIOT a3MMYTAJIbHYIO MPOTSHKEHHOCTh 45° Ka-
JKIBIA ¥ pa3MeIleHb! B MPOTHBOIOIOKHBIX JOJMHAX Mar-
HUTHOH cHCTeMEI. ATiepTypa xyaHToB paBHa 24 mMm. C o0e-
WX CTOPOH JyaHTOB pPAaCHOJIATalOTCS MPOTHBOIYaHTHBIC
pamku. Ha puc. 2 moka3aHo JBMKEHHE HOHOB aproHa B LICH-
Tpe yckopuTelnsi (KOMIIBIOTEPHOE MOICIMPOBAHNUE), Hpe-

Puc. 1. Bua nuknorpona [IUTPEK B muiane

Fig. 1. Median plan view of the CYTRACK cyclotron

The fixed frequency RF accelerating system is used for
ion acceleration in the CYTRACK cyclotron. The RF sys-
tem consists of two quarter-wave cavities with dee elec-
trodes. The available frequency can be varied from 18.25 to
18.6 MHz. The two 45° dees of the accelerating system are
located in the opposite valleys of the magnetic system. The
dee aperture is equal to 24 mm. Antidees are placed on each
side of the dees. Figure 2 shows the ion motion at the centre
of the cyclotron (computer modelling). Location and struc-
ture of the dees (D1, D2) and antidees (F) are presented.
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CTaBIICHO PACIHOJIOKEHNE U CTpyKTypa myanTos (D1, D2) u
MIPOTUBOYaHTHBIX paMok (F), cxemarnueckn n300pakeHsl:
xopmyc nHpekropa (I), cexropa marauTa (S). Bo3oyxme-
Hue BU-pe3zonaropos ocyuiecTBisiercs ot AByxX BU-renepa-
TOPOB MOILIHOCTBIO 15 KBT KaxbIil.

Cucrema BBIBOIA BKIJIIOYACT B ceOS1 IBE CEKIIMHU K-
TpocTaTudeckoro jfeduexropa (cM. puc. 1) ¢ yrimoBoi mpo-
TshkeHHOCTRIO 21° (ESD1) u 28° (ESD2), Tpu H3MepHUTEIh-
HBIX NMPOOHHMKA TOKA IydKa (BXOTHOH, MPOMEXYTOUHBIH,
BBIXOIHOH) M TTACCUBHBIN MarHUTHBIN kKaHan FD c yroBoit
MPOTSHKEHHOCTHIO 17°, pelHa3HaYeHHbIH AJ1s1 paAualbHON
(hOKyCHPOBKH ITydKa B 30HE BbIBOAA. PasnanbHas aneprypa
nediexropos 7,5 mm. Hanpsbxenue Ha geduiekTopax MOXeT
perynuposarbcst ot 0 1o 53 kB.

Puc. 2. TpaeKTOpI/II/I HOHOB aproHa B HEHTPEC LHUKJIOTPOHA

0 10 cm

Fig. 2. The paths of argon ions at the centre of the
cyclotron

Also inflector (I) and magnet sectors (S) are pointed. Two
RF generators can deliver 15 kW each.

The extraction system consists of an electrostatic de-
flector with two sections ESD1 and ESD2 (angular length
21 and 28° correspondingly), three probes (at the entrance,
in the middle and at the exit of the deflector) and passive
magnetic channel FD with azimuth extension 17° for beam
radial focusing in the extraction region. The radial deflector
aperture is equal to 7.5 mm. The deflector voltage can be
varied from 0 to 53 kV.

ABTOMaTH3aIMs YIPaBICHUS TapaMeTPaMH OCHOBHBIX
CHCTEM IUKJIOTPOHA OPraHM30BaHa Ha 0a3e MepCOHAIBEHOTO
KoMIlbloTEpa € omnepauuoHHol cucremor WINDOWS
2000, ympapnsromeii HabopoMm OJTOKOB B CTaHOApTe
KAMAK. Bce koHTponupyeMble napaMeTpbl TEXHOIOTHYE-
CKHX CHCTEM OOJydaTeJbHOTO KOMIUTIEKca «Alb(a» BBIBO-
JITCSL Ha HKPAHbI IByX MOHUTOPOB CO CMEHHBIMH «IIaHEJIsI-
Mu». Ha prc. 3 mokasan mopTper my4ka Ha MOHUTOpE yIIpa-
BIISTIOLIIETO KOMIIbIOTEpa c npoduIoMeTpa,
PAcIIOIOKEHHOTO B JIMHUH MHKEKIHH, PACCTOSHUE MEXIY
TIPOBOJIOKAMH 5 MM.

[Tocie BbIBOIA M3 KaMepBI IIUKJIOTPOHA ITyYOK TPAHC-
MOPTUPYETCS TI0 BAaKYyMHOMY TpPAaKTy, B KOTOPOM TIpey-
CMOTPEHBI: TIOBOPOTHBII MAarHUT, JIBE KBaIPYTIOIbHBIC JIMH-

Puc. 3. IIpoduns mydka Ha mpodUIIOMETpe B INHUU HHXKESKIMH

[ NN T - ]

Fig. 3. The beam portrait on the monitor from the injection line
profilometer

The cyclotron and related equipment are controlled by
a personal computer with the operating system Windows
2000. The electronics of data acquisition is based on the
CAMAC standard. All the irradiation complex parameters
under control can be seen on the monitors with alternative
interfaces. Figure 3 shows the beam portrait on the monitor
from the injection line profilometer (distances between
wires are equal to 5 mm).

Being extracted from the cyclotron, the beam is trans-
ported along the vacuum tract with bending magnets, two
quadrupole lenses focusing the beam in horizontal and verti-
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361, (DOKYCHpPYIOIIME ITy4OK MOHOB B TOPH30HTAIBHOM H
BEPTHKAJIBHOM HAIPABICHUAX, KOPPEKTHPYIOIINH B BEPTH-
KaJbHOM HAaIlpaBICHUH MAarHUT W CKaHHPYIOIIEe YCTpPOH-
CTBO, pacrpe/ersioniee YCKOPEHHbIE HOHBI M0 IIPHHE 00-
JTy4aeMOM IIEHKN.

OOmnyuaresbHOE YCTPOHCTBO COCTOMT M3 BaKyyMHOM
KaMephl CO CHEIHATBHBIM JICHTONIPOTSKHBIM MEXaHU3MOM,
00€eCIIeUNBAIOIINM ITOCTOSHHYIO CKOPOCTB IIPOTSIKKH TIJICH-

Puc. 4. O6uwmii Bua yCKOpHUTENS U KaHaIa TPAHCTIOPTHUPOBKHU BBI-
BEJICHHOTO ITy4YKa YCKOPEHHBIX HOHOB

Fig. 4. A general view of the cyclotron and extracted beam trans-
port

cal directions, a vertical correcting magnet, and a scanning
magnet that distributes the accelerated ions with the width
of the film under irradiation.

KM B BEPTHKAIGHOM HAIMPABICHUU B HHTEPBAJIE CKOPOCTEH
2+ 80 cm/c.

[Tyck oOirygaTenbHOTO KOMIUIEKCA «AJb(a» COCTOSII-
cs B aBrycre 2002 . Bpumn ycKOpeHBI BOCBMM3ApPSIHbIC
MOHBI aproHa /10 sHeprun 2,4 MsB/HYKIIOH ¢ HHTCHCHBHO-
CTBIO BBIBeJIeHHOTO Tyuka 200 HA. Benmunna ko3 punn-
eHTa BbIBofa cocTasisieT ~ 50 %. B kauecTBe mpoBepkH
COOTBETCTBHSI OOJydYaTeJbHOTO KOMIUIEKCA MOCTaBIICH-
HBIM 33j1a4aM ObUT0 00mydeHo okoio 5000 M moaumMepHoit
TUTEHKH MupuHOH 32 cM u TommuHoi 12 Mkm. dupmoit
«Tpeknop TEeXHONOMKM» YK€ MPOU3BOIITCS YCTAHOBKH
Jutst MeMOpaHHOTO T1a3Modepesa, odecreunBaromye jJede-
HHUE Pa3IUYHBIX 3a00JI€BaHUN M TIOMydYEHHE JTOHOPCKOMH
TUTa3MBlI.

CrnHcok TuTepaTypbl

1. Anenuyxuii FO. I u Op. Pa3paboTka u co3manue oOmyda-
TEIBHOTO KOMIUIEKCa « AJb(ay 1711 IPOM3BOACTBA TPEKOBBIX MEM-
Opan. [Ipenpuat OUSIU P9-2004-5. [IyoHa, 2004.

The irradiation device consists of a vacuum chamber
with a tape drive ensuring constant velocity of the film verti-
cal motion (in the range from 2 to 80 cm/s).

The film irradiation complex ALFA started working in
August 2002. Argon ions were accelerated to the project en-
ergy of 2.4 MeV/nucleon, the extracted beam intensity was
about 200 nA, the extraction efficiency totalled ~ 50%. As a
test, the ALFA complex has produced 5000 m polyethylene
terephthalate track membranes 12 um in thickness and
32 c¢cm in width. TRACKPORE TECHNOLOGY company
now produces plasmapheresis apparatus for medical treat-
ment and donor plasma separation.
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