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Abstract <Qop> 0 Log(Bna) and P* O (P nV)/(A 1), where '\

A cusp magnetic field (CMF) configuration is robirst is the plasma volume,;Aandt; are the ion mass number
achieving more plasma confinement than a traditionand the ion confinement time at the extractionaegirhe
minimum-B field. The classical CMF ECR ion sourceparameter has value close to 1.

(ECRIS) [1] had a little success because of huge tuf

plasma at the cusp (mainly ring cusp) positionsngwo CUSPFIELD FOR 18 GHz USING PM
insufficient and asymmetric magnetic field. The Chiks A cusp is defined as a point of intersection of t@vos
been reconfigured here adopting a simple, novelcastt o curves at which either the tangents on the curve
effective technique to shrink the loss area [2] dad coincide or are parallel. The FL, PC and RC arédfie
achieve dense plasma to initiate the confinement Wyes point cusp and ring cusp respectively in RigThe

quasi-gas-dynamic process. variation of B and B along z-axis and R (z=0 radius) are
depicted by dashed and dotted curves respectiVélg.
INTRODUCTION vector potential generated in the CMF configuratien

Geller's group pioneered constructing ECRIS likegiven by Ay(r,z)=(By/22) rz, whereB, is the magnetic
MAFIOS and its variants in 1970’'s and later [3,5}, field atz on the z-axis. The radial and axial components
Traditional ECRIS have some problems like i) thespta of the CMF are given by B-(By/2z)r and B=2(By/2z)z
generated is not axially symmetric, ii) the magsystem respectively. It constitutes a zero-B field configiipn.
is complicated for generating axial and radialdjeiii)  The plasma pressurBpy = NksTe, is created mainly by
plasma volume is small, iv) injection and extragtio hot electrons, wherég is the Boltzmann constant. The
regions are congested and v) vulnerable magnedrayst gravitation-like inward force because of the natofe
has been attempted to alleviate the problems BGRIS convex MLF's in the CMF produce a MHD-stable
by employing CMF configuration which is herein degh configuration.
by permanent magnet (PM). The plasma densityis The plasma density at 18 GHz or higher frequencies
deduced from (& ggmwi/€® and given in per cc by.n may exceeds 1x1®/cn?, so the plasma enters into a
< 1.11x18%# in practical notation, where the equalityhighly collisional regime. The quasi-gas-dynamic
sign corresponds to the critical plasma density thed confinement of plasma takes place [7] because ef th
microwave frequencygf in GHz. The critical densitys.  collisions of the electrons with slow ions on theaurse
frequency plot is depicted in Fig. 1 of being lost. Then the non-adiabatic motion otc&lens

at the magnetic centre is insignificant [8].
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Figure 1: Critical plasma density vs. RF frequency Optimization of the PM geometry and position anagpl

It is essential to meet the following criteria certing P (Fig. 3) was done to achieve the maximum fielthat
the magnetic field achieved in the chamber [6},8 CUSP Ppositions. Length and diameter of the plasma
2Becr Bma= B2 Buan, and By<<Bi;, where Bcg = ghamber is 12 cm containing total plasma vqumé.Qﬂ
(fre/2.8) KG; Byay is the maximum magnetic field at thelltrg. E_ach of the rectangular blocks representig in ’
injection end and & is the magnetic field at the cyllndrlcal ggometry. The numbered areas have PM's
extraction end. From empirical scaling laws of ESR4]  With magnetization angle 20N degree with respedhéo



radius, where N is the number in the interested.afée The mirror ratio , R, with respect to the B, on |z&|r|
CMF so generated is shown in the 3D field plotig.B. conical plane increases as one goes towards thee agn
The contribution of the E and P is important andtsar  the field, so the loss cone angle.f= arcsin(1¥/Ry))
placement is very crucial. The plug on the extmac8ide narrows down also. The electrons follow the FL'&jah
(say at the RHS in Fig. 3) can be manipulated thuce form a PC-RC mirror configuration. The electrong ge
the field at the extraction end to widen and opprthe  bounced back and crisscross the ECR surface maeg ti
loss cone for facilitating extraction of the HCheECR to be heated by the microwave to high energy
surface of 18 GHz (6.43 kG) in the designed CMF isuccessively. The confinement of these heatedrefets
depicted by the dashed ellipse (oblate sphero®Dhin  further increased because of the larger perperaticul
Fig. 3. The ECR surface spheroid (semi-axes a=12=3.§elocity component W) than the parallel velocity
cm and c=2.23 along x, y and z axes) are largotple  component \y) with respect to the FL followed. These
more energy to the electrons crisscrossing thaserf electrons come out of the loss cone area in thecitgl
Nowadays, Nd-Fe-B magnets are used in acceleratfsace because of the anisotropic velocity compsnent
and ion sources because of their high remanend fiethey interact with the atoms and ions and boost the
(Brem), coercive force (k) and energy product, (Bid.  charge state in stepwise manner. Since the conéineof
Table 1: The available Nd-Fe-B strong PM parameters electrons becomes superb, so the confinement eftom
This process helps to achieve very high density of
contained plasma consisting of the HCI's in the lgho

Material strength (MGO€) Biem (KG)  Heor (KO€)

VACODYM 745HR (50) 14.4 14.0 large volume of the plasma chamber. It is posgibl to
extract intense beam of HCI's of desired species
NEOMAX 5563 (55) 15.0 13.5 according to the current scaling laws. This mayuheq

some ingenious design of the extraction system thiéh
combination of additional small PM or coil solendil
reduce adequately by the reverse magnetic fieldymed

at the position of extraction hole and to focus iedilately
the extracted beam also. It is also seen that;tire the

" improved CMF ECRIS is more than in a TMF ECRIS [9]
having similar magnetic field.

CONCLUSION

The designed CMF can be operated and used for
advanced applications by small laboratories as ¢hieap.
It has inherent property of MHD stability, so gggent
o plasma is contained in such field. Since it doesnesd
G . = . = z R any sextupole for radial confinement of plasma, the
Figure 3: Field structure of 18 GHz cusp ECRIS. Volume of the plasma chamber increases, whichheilp
in extraction of the intense beam of HCI's. It che
designed for lower RF frequency also. The EM energy
can be injected to boost the source operation &rake
lower RF frequencies simultaneously. Plasma
confinement can further be boosted by placing rnegigt
(<-1.0 kV) biased disk and ring at PC and RC posgi
respectively. A metal-dielectric-disk at PC andyrat RC
can act well too

Magnetic field (T)
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