6 July 2004 MAGNET FOR GENERATING A MAGNETIC -. FIELD IN AN | @\

Rel ated Application The following U S. patent application is incorporated
by -reference herein as if it had been fully set forth: Application Seri al
Nunmber: 633,322, filed on 7August 2000, entitled lon Source Having

Rept aceabl e and Sputterable Solid Source Material, a copy of which is

filed with this h O . i t eRt i , ent invention
rel at es general |@’P@bﬁ%ﬁ’&9§§@ﬁwwﬁrﬁ M%Q&%sttems such as
ion inplanters, and nore FiELD INAVAN ION SQURCEr 10 generating a
magnetic field in an ion source for use in such an ion inplanter.
Background of the Invention In the | arge-scale manufacture of integrated
circuits, ion inplantation hiRelatednApplication d accepted technol ogy of

i ndustry to dope 15 workpi eces _such as silicon wafers with i gurities.
Conventional ion i rpedatewingd).SspstesteppiedtipteisdRcerppraied Mydefe1gnCe oni zes a

O e 8RaN s 3t REApey [l bt rolReABEGR 44l NiStnbBE Badag Tyfpam of 2

prescrib amis ed a he surface

wor kpi ecentALGRStET0n, ketited kv Soercei Having Refacadble ehd8mitterdble Solif geti ¢
ions of the ion beam penetrate the surface of the 20 workpi ece so that they

are dmbeSource Materialea eppy chwhighds filed Witk this anlicak?kpi ece material to

forma region of desired conductivity. The inplantation process is

typically perfornmed in a high-.vaguu r qcess_,chanmber which prevents
di spersion of the ion beam Di/'eiélq’%%ﬂgv\ﬁqtﬁopesi dual gas nol ecul es and

which mnimzes t ri : ) | | | ne
particul ates. 25 | %e&)@ée%a&%ﬁ@?f@%é%{éﬁléﬁlb@s%@gﬁ@ﬁngg%rﬁﬁpﬁggaﬁgbl es
used to pesdegathgrsystemkanth sisdon implantaseand natresspecifidatly toagnagnet foon of

I npl anted ions, for a given sem conductor materjal. Typjcally, .high current
i pl Ht eﬂ@ne@ém%m%gne@agalﬂ B a8y iogsnures fordisednsush %p jon; ! €M) of ion

beam current are used for

Background of the Invention

In the large-scale manufacture of integrated circuits, ion
implantation has become a standard accepted technology of industry to dope

15  workpieces such as silicon wafers with impurities. Conventional ion implantation
systems include an ion source that ionizes a desired dopant element which is
then accelerated o form an ion beam of a prescribed energy. The ion beam is
directed at the surface of the workpiece to implant the workpiece with the dopant
element. The energetic ions of the ion beam penetrate the surface of the

20  workpiece so that they are embedded into the crystalline lattice of the workpiece
‘material to form a region of desired conductivity. The implantation process is
typically performed in a high vacuum process chamber which prevents dispersion
of the ion beam by collisions with residual gas molecules and which minimizes
the risk of contamination of the workpiece by airborne particulates.

25 lon dose and energy are the two most important variables used to
define an implant step. lon dose relates to the concentration of implanted ions
for a given semiconductor material. Typically, high current implanters (generally
capable of generating tens of milliamps (mA) of ion béam current are used for
high dose implants, while medium current implanters (generally capable upto

30 about 1 mA beam current) are used for lower dose applications. lon energy is
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hi gh dose inplants, while nmediumcurrent inplanters (generally eqrpeddoa up
to 30 about I mA beamcurrent) are used for |ower dose applications. |on

energy is 1 6 July 2004 used to control junction depth in sem conduct or

devices. The energy levels of the ions that conprise the ion beam

determ ne the degree of depth of the inplanted ions. H gh energy processes
such as tsgddogeBtrot wnetivmerthy ipgeieondietosdeyices st he aRcEphieveBHRf devi ces
require i : 1L I V. whi |l e

shal | ow jtﬁ%iﬁ%ﬁgpé%@%g%fwed% @#g?%ﬁn@g@é@%@%ﬁﬁbe &h%@é%\%? ectron volts
(keV). Comphlmtedicals. High epergyqaooesddszaichnas thoisealsed tddpantregagratibat i s

obt ai ned ei ther direct|l roma source of a conpressed gas or indirectly
froma glisdnmeshspmie ‘;Hﬁor %C%Eﬁﬂ“i’r?éﬂ’.p?ﬂ'}l”giogéfpt@(ﬁjle&‘émél'%'?rents are

bor ong( B)ele&%@htﬂ@o@@]’ée\g’}g%Sljﬁ)lgasggﬂée\*vgﬂjﬁﬁﬂ&%ay bRR dEMhaA LneRftbs BRI 4 SO)
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fo! obtalning. at om B RAAN Soteasiize 8 OBEAbIeAoRAREERI R 15 <hown
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functi ons as an anode, . a filament F contained”™ therei ich functions

as a cat Isotie frommwhich bas been xaparized: ol ypigal saureg pleneentsiase wecon (Bl fi | anent
F ang.the wal | s of e arc anher. AC.. The .energjzed filanen
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opposite | tme v A ceram c insulator Cinsulates both the fil anent
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the filanment-emtted ?I ectrons E
15  solid or gaseous

orm is shown in Figure 1. This type of ion source comprises an
arc chamber AC, which functions as an anode,.and a filament F contained
therein which functions as a cathode. In operation, an arc voltage is applied
between the filament F and the walls of the arc chamber AC. The energized
filament thermionically emits high-energy electrons E that are accelerated toward

20 the electrically grounded (i.e., relatively positively biased) chamber wall. A gas
containing boron or phosphorous is fed into the arc chamber AC via an inlet 1.

A repeller R is positioned within the arc chamber AC opposite the
filament F. A ceramic insulator C insulates both the filament and the repeller
from the walls of the arc chamber, which are typically maintained at ground

25 potential. The repeller electrostatically repels the filament-emitted electrons E
to confine these electrons to a path P1 within an ionization region between the
filament and the repeller.

The electrons E collide with and dissociate and/or ionize the gas
molecules in the ionization region, where the number of collisions with ionizable

30 gas molecules is maximized. Positive ions are created when an electron is
removed from the outer shell of these gas molecules by the filament-emitted

electrons E. In this manner, a plasma is created comprised at least partially of



to confine these electrons to a path P1 w thin an ionization regluyn20iet ween
the filanment and the repeller. The electrons E collide wth and di ssoci ate
and/or ionize the gas nolecules in the ionization region, where the nunber
of collisions with ionizable 30 gas nolecules is maxi mzed. Positive ions
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therefore be desirable to induce strong nagnetic fields In an ion source

i oni zat i #ie bighnerergy Kisemns emitledingihetfilamentF do within theeionizatioomegiani on
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increasing electron temperature. It can therefore be desirable to induce strong

magnetic fields in an ion source ionization chamber. However, the magnetic field

outside the ionization chamber, and in particular within the ion beam path, should

be kept low so that the ion implanter optics are not adversely affected. Finally, a

20 homogeneous field in the centre of the ionization chamber is desirable because
low field gradients provide better confinement and more stable plasmas.

The use of a source magnet SM in such close proximity to the
ionization chamber, however, introduces stray fields which adversely affect beam
guality. Specifically, stray magnetic fields outside of the ionization chamber

25 interfere with the emittance characteristics, because they are parallel to the ion
beam path, extending into the area of the extraction electrode. Further,
traditional source magnets provide non-homogeneous magnetic fields within the
ionization chamber which leads to instabilities in ionization and electromagnetic
noise.

30

Accordingly, it is an object of the present invention to provide a

mechanism for creating and sustaining a strong and uniform magnetic field within



| ow field gradients provide better confinenent and nore stabl e Glus?@®. The
use of a source nmagnet SMin such close proximty to the ionization
chanber, however, introduces stray fields which adversely affect beam
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rates. resen vention to provide such a
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the ionization chanber. $s stl I | a furt her ohject of the invention to
generate such a magnetic 5 f Hmm@ fithe lﬁ‘é@ﬂtjoﬂray magnetic fields

outside of the jonization_chanber ¥er ﬁ n&aﬁ)w ng 1 Qn am emt%ance
charact eri sti c£\" BIRFRYUTGE £ o] m%'ﬁf’e(')' VIR, CAIPRIESTRG i é‘H ipgization
i mpl ant er chénWe@\dbﬁﬁéh atlRaBf Mmam/ 169 éhé\ﬂbé%&aﬁ@éh@ Ravifh 2mieripé tiI8dgiRt
| east 8art|ally by chanber walls "and having an aperture through 10 Which

an i ohObeavhighpnoendaan coay bel xtpcied alang amath) and dlthagna@n@tmemt;ly

entirely nher risin cl ose ure
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toroi dal histhEpgoamd af lgakhene ealpri ses a pair of opposing poles, wherein
a substantial_portion of pagnetic flux generated by the coils 15 | eaves a

first of the dpy8kads ﬁﬂ?ﬁ%’ab&ya@g@@a{ iR Glhghet Aad |f§HhQ&thmﬂft§l¢§n%d?alf ahd
opposing poles, wherein a substantial portion of magnetic flux generated by the coils

156 leaves a first of the opposing poles, passes through the ionization chamber, and
enters a second of the opposing poles during operation of the ion source. Stray
magnetic fields generated by the magnet assembly may be oriented in a direction
perpendicular to and kept low within the path of an ion beam extracted from the
aperture. The primary magnetic field output by the magnetic assembly may be

20  relatively homogeneous within the ionization chamber. The efficiency of the magnet
assembly may thereby be enhanced.

Brief Description of the Drawings
The invention will now be further described, by way of non-limitative
example, with reference to the accompanying drawings, in which:-
25 Figure 1 is a sectional view of a conventional ion source;
Figure 2 is a sectional view of an ion source constructed according to the
principles of the present invention;
Figure 3 is a front view of the ion source of Figure 2, taken along the lines 3-
3; and
30 Figures 4 through 6 show various views of the magnetic field strength

generated by the magnet assembly of the ion source, taken in three mutually



enters a second of the opposing poles during operation of the ifdulsaeice.
Stray magnetic fields generated by the magnet assenbly nmay be oriented in
a direction perpendicular to and kept low within the path of an ion beam
extracted fromthe aperture. The primary magnetic field output by the
magnetic a senbl)( may be 20 relatively honogeneous within the ionization
chamber . qor@l plaie8y of the nmmgnet assenbly may thereby be enhanced.
Brief Description of the Drawings The invention will now be further

descri bed, by way of nondnmitative exanple, with reference to the

acconpanyi ng dr aw nDetailed'\Dedcripbion of £ Preferred Btibodimemy of a

conventional ion source; Figure 2°is a sectional view of an ion source
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guide the ion beam B through graphite inserts 32 in the source housing 34.

15 An ion source assembly support tube 36 surrounds and supports the
ionization chamber and abuts a mounting flange 38. An insulator 40 éiectrica]ly
isolates the mounting flange 38 and a flange 42 on the source housing 34. The
insulator 40 isolates the source housing 34 from the energization voltages required
to generate ions in and accelerate ions away from the arc chamber 14.

20 Within the chamber walls 12 of the ionization chamber 14 resides a
filament (not shown) at least partially contained within an indirectly heated cathode
44, at one end of the chamber, and the repeller 100, located at the other end,
opposite the cathode. A gas such as argon (Ar) is injected into the ionization
chamber 14 via inlet 45 and the filament is energized to thermionically emit

25 electrons. These filament-emitted electrons accelerate toward and contact the
indirectly heated cathode 44, which in turn emits electrons into the arc chamber 14.
The repeller (or anticathode) 100, which resides at a negative electrical potential,
as further explained below, repels the electrons back toward the indirectly heated
cathode 44. The repeller 100 thereby functions to centrally confine these cathode-

30 emitted electrons within the chamber, where they have the greatest number of
collisions with and subsequent ionization of the gas molecules.

Circumferentially and entirely surrounding the ionization chamber is



Al umi num support |egs 24 and 26 support half rings 28 and 30, Bekipezaddvely,
whi ch guide the ion beam B through graphite inserts 32 in the source

housi ng 34. 15 An ion source assenbly support tube 36 surrounds and
supports the ionization chanber and abuts a mounting flange 38. An
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wi thin the ionizatigacpibardiffentds pROVIAEPRFBISEART and 51 in a manner well
known in the art, enabling magnets fo generate a magnetic flux through the closed
loop structure of the annular yoke. Figure 3 shows the directions of the magnetic
flux lines F generated by each of the coils. The coils 49 and 51 induce flux lines F

20 in opposite directions with respect to the circumference of the annular yoke. The
majority of the flux is guided by the toroidal yoke. Flux lines induced by the coils and
leaving the pole 48b have a common return path through the ionization chamber 14
to the opposite pole 48a through the ionization chamber 14. A small fraction of the
magnetic flux F returns outside of the toroid.

25 The coils also generate a leakage field from the coils through the
vacuum in which the ion source and magnet assembly are located. Thus, the net
magnetic field in the ionization chamber is the superposition of the return field from
the yoke through the pole pieces and the leakage field from the coils through the
vacuum,

30 Figures 4 through 6 show various views of the magnetic field strength
generated by the magnet assembly of the ion source, taken in three mutually

orthogonal planes. Figure 4 shows the magnetic field strength in the plane of the



i oni zation rates. The magnet assenbly 45 is shown in greater d &ty 2004
Figure 3. The 10 annular (or toroidal) yoke is conprised of two iron

pi eces, 46a and 46b, attached together to formthe ring about which coils
49 and 51 are wound. Pole 48a is fornmed as a portion of yoke hal f 46a, and
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el ay Sveléﬁam% % raifel'fo gp?errtuarle 18. The strong magnetic field gradients indicate, again,
that the magnetic field is of lower strength in the path of the ion beam, which passes
through the centre of the toroidal yoke.

Thus, by using the inventive magnet assembly 45 of the present
invention, including the closed loop yoke 46 and coils 49 and 51, a strong and

20 homogeneous magnetic field is created within the ionization chamber of the ion
source, enhancing ionization rates and plasma stability, without adversely affecting
beam emittance characteristics. Moreover, the stray magnetic fields generated by
the coils 49 and 51 remain oriented in a direction perpendicular to and low within the
beam path P2 and do not extend into the area occupied by the extraction electrode

25 16. In this manner, the beamline optics are not disturbed.

Accordingly, a preferred embodiment of an inventive magnet assembly
for an ion source has been described. With the foregoing description in mind,
however, it is understood that this description is made only by way of example, that
the invention is not limited to the particular embodiments described herein, and that

30  various rearrangements, modifications, and substitutions may be implemented with
respect to the foregoing description without departing from the scope of the
invention as defined by the following claims and their equivalents.



significant central portion 60 of the plane wherein the ionizath &y 2Wdnber
resides. The strength of the nagnetic field in this central portion area
60 is for the coils on 5 the order of 500 gauss for a magnetornotive force
of 25 anps X 225 turns. The strength of the nmagnetic field is maxi m zed by
| ocating the coils 49 and 51 and the ChAIMS46 in close proximty to the

i oni zation chanber 14. Figure 5 shows the magnetic field strength in the
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created within the ionization chanber of the ion source, enhancing
ionization rates and plasma stability, w thout adversely affecting beam
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the coils 49 an remain oritented in a direction perpen and | ow
wi thin the beaifcpis, arPwhectin saidotokex fugtikricontprises sapaiaobopppsiag by t he
extraction electrode, 25 16. In this nner, the beanline optjcs are not

di st ur bed. AcchL%Mf{fe'& %F%'P%?PQ?J P_ﬁmgnsﬁf_: 5K ornare efeb¥radHet
assenbly  for apjls RaVESW et BRSaIBRMPod dl@@,dpdas\éé%*%hw‘uﬁhftﬁém%‘tﬂan .
description in mnd, however, it is understood that thi's description is
made only by wehastbesxamngesiers agecondefisaidcoppaesing polest duiing pedrationtdfe

particul ar enbgdi scribed herein, and that 30 various
rearrangenents?ﬁérﬁ{]#cf%ggi ons, and substitutions may be inplenented with

respect to the foregoing description w thout departing fromthe scope of

t he
3. The ion source of claim 2, further comprising heat shields attached,

respectively, to said opposing poles.

4. The ion source of any one of the preceding claims, wherein said yoke is
generally toroidal in shape, said toroidal yoke circumferentially
surrounding said ionization chamber.

5. The ion source of any one of the preceding claims, further comprising a
non-magnetic shield surrounding said magnet assembly to shield the
assembly from backstreaming electrons.

6. The ion source of any one of the preceding claims, wherein a stray
magnetic field output by said magnet assembly is orientated in a direction

perpendicular to the path of an ion beam extracted from said aperture.



invention as defined by the follow ng clainms and their equival énlusy.20046
July 2004 CLAIMS 1. An ion source for an ion inplanter, conprising: (i) an
i oni zati on chanber defined at |east partially by chanmber walls and having
an aperture through which an ion beam nay be extracted along a path; and
(i1) a magnet assenbly entirely surrounding said ionization chanber,

conprising, a clgsed figure yoke about, which i.s und at | east one <coil. 2.
The i on sdur ce T PRATIES QRN Shg Pieceding Saime. Woereia dipmacnets. pai

of coils, and Vaed 8L ' t AR | | '

pol es, wherein a subg¥gg ?g?ﬂ§g¥%¥géﬂg$ nagneP?§§$?%§aggﬁ@&g?ggQ@yngaid
coi | s | eaves a theienizatiorsehamb@posi ng pol es, passes through the ionization
chanber, and enters a second of said opposing poles during operation of
the ion source. 3. The ion source of claim2, further conprising heat
shields attached, respectively, to said opposing poles. 4. The ion source
of any one of the preceding clains, wherein said yoke is generally
toroidal in shape, said toroidal yoke circunferentially surrounding said
i oni zation chanber. 5. The ion source of any one of the preceding clains,
further conprising a non-magnetic shield surrounding said magnet assenbly
to shield the assenbly from backstream ng el ectrons. 6. The ion source of
any one of the preceding clains, wherein a stray magnetic field output by
said nmagnet assenbly is orientated in a direction perpendicular to the
path of an ion beamextracted from said aperture. 8



6°July 2004 7. The ion source of any one of the preceding clai resjulyg@g4ei n
the magnetic field output by the magnetic assenbly is relatively
hormogeneous within the ionization chanber. 9 6 July 2004 ABSTRACT MAGNET
FOR GENERATI NG A MAGNETI C FIELD IN AN | ON SOURCE An ion source (10) for an
lon inplanter is provided, conprising (i) 5 an ionization chanber (14)
defined at |east partially by chanber walls (12) and having an aperture
(18) through which an ion beam (B) ABSTRACIXtracted along a path (P2); and
(ii) a magnet assenbly (45) entirely surrounding the ionization chanber

(14), conprising a closed figure yoke (46) about which is wound a pair of
coils (49, MAGRIEieFQ&GEMATb\IGrkMGNE;TIGcFrIELBdIN AN IONSOUREE urt her
10 conprises a pair of opposing poles (48a, 48b), wherein a substanti al

portion of magnet lfmfdnJgol(rEé (m@mrahqdnwptaln@erqeldréwa@@vmpném?ﬂ of the
opposi_ng pol es passes thro he 1 0oni zati on cha

enter? a %@BF@“SF OFHETb%p(E)ﬂ))sﬁj‘hf@%@fe'@a?M%'}mUMPY ﬁ@%\@@rmllgr{ga} alﬂﬂhe | on
Sovcre AL ERBPSIHLR I8 theul S et 19 FB9TEl o0RRE bt ) 1
gener at egodily (PBE amlg(n)aa mmrdsbpnﬂ)ﬁbﬁar@tmly sntredndimgathéltdiﬁzéﬂldm
per pendi cyl ar, to d kept .lowwthin the path of an ion beam extracted
fromthe t?eﬂ'r(«ﬁ? o fﬁ"?%?’fw gure yPkﬁ?‘%ﬂG) BRRYWhigh) is weund grRair
?iz)e_rrblzg F.”%?}? (&9 "ot ok QB REPRALZLY foRbiBal HhdpRUrfdfrirchamber
10 comprises a pair of opposing poles (48a, 48b), wherein a substantial portion of
magnetic flux (F) generated by the coils leaves a first of the opposing poles
(48a), passes through the ionization chamber (14), and enters a second of the
opposing poles {48b) during operation of the ion source. A non-magnetic shield
(52) surrounds the magnet assembly (45) to shield the assembly from
15  backstreaming electrons. Stray magnetic fields generated by the magnet
assembly (45) are oriented in a direction perpendicular to and kept jow within the
path of an ion beam extracted from the aperture. The primary magnetic field
output by the magnetic assembly (45) is relatively homogeneous within the
jonization chamber (14).
20 |

Figure 3
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