2" For -hi gh«current ion inplanters (approximately 5 mlli-anperes beam |,
current); the wadféers at the inplantation station are nmounted on a suyf.ace
of a rotating support. As the support rotates, the wafers pass through the
ion beam lons traveling along the beampath collide with and are inplanted
in5 the rotating wafers. A robotic arm w t hdraws waﬁ'g' tg be
treated froma wafer cassette and positions the wafers on the r upport
surface. After treatnment, the robotic armrenoves the wafers fromthe wafer
support surface and redepoWS_ﬁQ&ae vvaf er cassette.

Eat on Corporation, aj}ONJBEA 2 ' A y sells high
current inplanters under the product deS| gnations NV 10, NV- GSD/ 200,

NV- GSD/ 160, and NV-GSD/ 80. Current versions of these nodel ion inplanters
include a sector magnet for the purpose of ion species selection. Different
speci es |0ﬂ£@§o_fdmu&_dgfromthe i on source. These speci es have the sane
charge but have fferent masses. Current se r

di pol e magnetic {16 BreSFat inypRiion coucesns g, m r%?’?ﬁ%%&%t ﬁg%ﬁtr%lﬂﬂrk
MmNt um t 06 Yedfh % étidrafion tn hﬁ%ﬁ%ahhﬁnfﬂfama%mt infreOpartioalagiysto ad i on
species. In additionh to the dipole field, i s necessary to produce’

quadr apol e fmethdd for tsing asnugnqagﬁetclstharmstqﬂmmm afithedenheam t t he
beamwi thin a ractlcal nvel u.s the beamlnto a waist at a

| ocation al SFEOY P%W%sal? resol vi ng

perture. Only |ons haV| ng the correct mass I’EITB.II’] W thin the beam
ownstream fromthe wai st.
k venti

Ion beam implanters are used to treat silicon wafers with an ion beam.
Such treatment can be used to produce n or p type extrinsic materials doping
or can be used to form passivation layers during fabrication of an integrated

15 circuit. _

When used for doping semiconductors, the ion beam implanter injects a
selected ion species to produce the desired extrinsic material. Implanting ions
generated from source materials such as antimony, arsenic or phosphorus
results in 'n type' extrinsic material wafers. If 'p type' extrinsic material wafers

20 are desired, ions generated with source materials such as boron, gallium or
indium are implanted. |

The ion beam implanter includes an ion source for generating p;)sitivcly
charged ions from ionizable source materials. The generated ions are formed
into a beam and accelerated along a predetermined beam path to an

25 implantation station. The ion beam implanter includes beam forming and
shaping structure extending between an ion source and the implantation
station. The beam forming and shaping structure maintains the ion beam and
bounds an elongated interior caviiy or region through which the beam passes
en route to the implantation station. When operating the implanter, this

30 interior region must be evacuated to reduce the probability of ions being
deflected from the predetermined beam path as a result of collisions with air

molecules. —
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A ‘correct' quadrapot-e—ragnetic field strength depends in part,. on the
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25 wel | a ,arret ers such as residual gas=¢onposition
i s
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range of paraneters, ideally requiring different anounts of focussing for
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an ion beam pgL o SOHE roldtic hrh Fémoves the wafers from the wafer support surface
and redeposits the treated wafers in the wafer cassette.

Eaton Corporation, assignee of the present invention, currently sells

10 - high current implanters under the product designations NV 10, NV-GSD/200,
NV-GSD/160, and NV-GSD/80. Current versions of these model ion
implanters include a sector magnet for the purpose of ion species selection.
Different species ions are emitted from the ion source. These species have the
same charge but have different masses. Current sector magnets produce a

15 dipole magnetic field that disperses particlés of different momentum-to-charge
ratios to isolate the trajectories of the desired ion species. In addition to the
dipole field, it is necessary to produce quadrapole fields within such magnets.
These quadrapole fields confine the beam within a practical envelop, and focus
the beam into a waist at a location along the beam line that includes a

20 resolving aperture. Only ions having the correct mass remain within the beam
downstream from the waist.

A 'correct’ quadrapole magnetic field strength depends in part, on the
tendency of the beam to diverge under the effect of its own space charge
density, which depends on parameters such as beam current, energy, mass, as

25 well as beamline parameters such as residual gas composition and pressure.

_ Existing high current implanters must operate with a wide range of parameters,
ideally requiring different amounts of focussing for optimal transmission of the
ion beam and optimal mass selectivity.

Current sector magnets found in ion implanters are designed with fixed

30 quadrapole focussing strength, selected for best operation with a nominal set of
beam parameters. Outside these nominal conditions, particularly at very low



move fromthe source to-theinplantation chanber. The i rrpl,'-'ar'.\tér'_i ncl udes a

magnet positioned al ong thbkg fitdaat h bet ween the source and the., _°
: mng ions through arcuate paths_to filter

i mpl ant ati on charripgs Shes§ 3t
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magneti c pol e pi ecediiRiE
that have inwardly facing pole surfaces ony opposite sides of a magnetic
field region through which the ion beam noves. The magnet further includes
one or nore pédé?&;ﬁ 1eS8' a0 £F01Es} 4t 1igh 'cRrrdRE) Lifoffh&R@ oF Greséri Ly to
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i n the magnetsystensels gigmificamlybemgremiséd: i nwar dly faci ng pol e surfaces of

t he 20 . first and second nagnetic pol e pieces that bends the
charged particles along arcuate paths through the magnetic field region.
Quadr apol e fi fola waormd by one or nore additional current
carrying coil electric currents that al so bound the arcuate

gﬁt.‘he f %Br ough whi ﬁlﬁl’lghpreisen?i_dvlenﬂqn vrsﬁimes] peignary foeusing-quadrapelefields that
peri nmposed on e di.po | ' b [

strength of b‘E?c‘hf’? Rea fYaﬁHﬁB&égghgditHg% E&k?g?%géﬁﬁg&&f#%&g&ﬁs I‘gﬁ fon 7"
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carrying coil sai d ‘magnet. A magnet construct ed in accordance with the
i nvention addforfémitting ionsyarkban implantation chamber spaiced feom thwiien sourge by ity

o e i Seale e gl ot 4l B oG whlc e o
10 move from the source to the implantation chamber.

The implanter includes a magnet positioned along the beam path
between the source and the implantation chamber for deflecting ions through
arcuate paths to filter unwanted particles from the ion beam. This magnet has
first and second magnetic pole pieces constructed from a ferromagnetic

15 material that have inwardly facing pole surfaces on opposite sides of a
magnetic field region through which the ion beam moves. The magnet further
includes one or more primary current carrying coils mounted in close proximity
to the pole pieces. These primary coils create a primary dipole magnetic field

| in the magnetic field region between the inwardly facirig pole surfaces of the

20 ~first and second magnetic pole pieces that bends the charged particles along
arcuate paths through the magnetic field region.

Quadrapole field focussing is performed by one or more additional
current carrying coils for providing electric currents that also bound the
arcuate paths through which the ions bend. These quadrapole fields are

25 superimposed on the dipole field in the region between the pole pieces.

The strength of both the quadrapole and dipole fields are adjusted by a
controller electrically coupled to the primary and additional current carrying
coils of said magnet.

A magnet constructed in accordance with the invention adds flexibility

30 to the implanter. This flexibility allows the implanter to be used with different

" species ions at low energy implant levels. These and other objects, advantages
and features of the invention will be understood by reference to the detailed

t



and features of the invention will be understood by reference to the

det ai | ed 4 descriptiop of a preferred enbodi ment of the |nven;kop when .
described in conjunction with the acconpanying draw ngs..-Bei-ef- DescEi: ption;
of the Drawi ngs 5 Figure 1 is a side elevation view, partly
I n section, showing an ion beaminplanter including an ion source, beam-
form ng and shaping structure and an inpl aatatlon chanber; Figure 2 is a
perspective view of a magnet used in controlling transm ssion of

appropri at e cfaes«gg;d&x ApreRled HAbbARIGR df' B8R WRAH BEGribRd!ie

I npl antation ch er; Figure 3 is a schematic depiction of the magnet
depicted in Ficgnjlmcﬁonmﬂutlm dcdompamyingndravimgssect i on vi ew of the nagnet
depicted in Figure 2; Figure 5 is a side elevation view on an enl arged
scal e of the magnet dep| cted in Figure 2 as seen froma magnetic field
regi on of the B OEsMIR: awingd N€ field is controlled; Figure 6 is
a top plan view o gen rating coi|l that fornms a part of the
magfet depicted i nﬂmbma sidegelmtibn view, partly inl sectioneshowing laa idifhelam

field generaty n%lan?er mcfudsmg an ion source, beam forming and shaping structure and an

implantation chamber;
Figure 2 is a perspective view of a magnet used in controlling
~ transmission of appropriate charge to mass ratio particles from the ion source
10 to the implantation chamber;
Figure 3 is a schematic depiction of the magnet depicted in Figure 2;
Figure 4 is an exploded section view of the magnet depicted in Figure 2;
Figure 5 is a side elevation view on an enlarged scale of the magnet
depicted in Figure 2 as seen from a magnetic field region of the magnet where
15 the field is controlled; |
Figure 6 is a top plan view of a dipole field generating coil that forms a
- part of the magnet depicted in Figure 2;
Figure 7 is a side plan view of the dipole field generating coil as seen
from the plane 7-7 of Figure 6; '
20 Figure 8 is plan view of the dipole field generating coil as seen from the
view 8-8 of Figure 6;
Figure 9 is a side plan view of a quadrapole field generating coil for use
- with the magnet shown in figure 2;
Figure 10 is a plan view of the quadrapole field generating coil as seen
25 from the view 10-10 in Figure 9;
Figure 11 is a plan view of the quadrapole field generating coil as seen
from the view 11-11 in Figure 9;
Figure 12 is a plan view of one of a number of pole pieces used to
construct the Figure 2 magnet;

- il



fromthe pl ane 7-7 of Figure 6; 20 Figure 8 is plan view of
the dipole flﬁd%%ne#%ﬁw—cWas seen fromthe view 8-8 of Fi gure .6;
Figure 9 is a side.plan_ vg ]gIe a quadrapole field gEneratl ng coi’'k #or use
wi th the magnet --«.a.. e 2; Figure 10 is a plan view of the
quadrapol e fi el di{sacEEsif as seen 25 fromthe view 10-10 in
Fi gure 9; Fi gur e il |ew of the quadrapole field generating coil
as seen fromthe view 11 11 in Figure 9; FBgure 12 is a plan vi ew of one of
a nunber of pole pieces used to construct the Figure 2 magnet;
Figure 13 is a Vi eﬁpﬁetmaspovlewmfébembepwn afsrsonntfmn;ihapiamlﬂhm
Figure 12; aﬂre 14 is a view of the pole piece as seen fromthe
t)lhane 14-34 Lﬁ@l‘ﬁ e 12; Figure 15 is a perspective view of a portion of

e nmagne sovmngp?,ﬁr | [ i thi hgth to the
guadr apol e coils an o' i@'&ﬁéxsﬁé&;\zﬁpﬁ’é&%@%‘?gﬁ@ the ot showinica

portion of the dipole coils posxtloned relative to the quadrapole coils and

5 magnet pole piece;

Figure 16 is a schematic depiction of pole pieces and field generating
coils showing the fields between the pole pieces created by controlled
energization of the coils; and

Figure 17 is a schematic depiction of ion trajectories through the three

10 . segments of a segmented magnet constructed in accordance with the present
invention.

Detailed Descrioti |
Turning now to the drawings, Fig. 1 depicts an ion beam implanter,

15 shown generally at 10, which includes an ion source 12 for providing ions that
form an ion beam 14 which traverses a beam path to an implantation station
16. Control electronics (not shown) are provided for monitoring and
controlling the ion dosage received by the wafers (not shown) within an
impiantation chamber 17 at the implantation station 16. The ions in the ion

20 beam follow a predetermined, desired beam path labeled "D" in Fig. 1. The
beam path D has varying amounts of divergence as the beam traverses the
distance between the ion source 12 and the implantation station 16. The
"limits" of the predetermined beam path D caused by beam divergence have
been labeled D' and D" respectively in Figure 1.

25 - The ion source 12 includes a plasma chamber 18 defining an interior
region into which source materials are injected. The source materials may
include an ionizable gas or vaporized source material. Source material in solid
form is deposited into a vaporizer which is then injected into the plasma
chamber 18. If an n type extrinsic wafer material is desired, boron, gallium or

30 - indium will be used. Gallium and indium are solid source materials, while

" boron is injected into the plasma chamber 18 as a gas, typically boron



Fi Qure 16 is a schematic depiction of pole pieces and field ‘g'e'né_r.at.,_i,‘r‘lé L
coi | s show ng t he thisghsicHda@bavdeplacedie pol e pi eces created by-controlled = "

energi zation of the gure 17 is a schematic depiction of ion
trajectories throug gnents of a segnmented magnet constructed
I n accordance with ' At invention. Detailed Descri ption Turning now

to the draw ngs, Fig. 1 depicts an ion beaminplanter, 15 shown
generally at 10, which includes an ion sourfce 12 for providing ions that
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control I'i ng t heablerpréssare by simply\lrdtihy it. he wafers (not shown) within an

i mpl antati on chanbef 17 at the I nplantation station 16. The ions [n the ion
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traverses theﬁgﬁgtancse 12?,%8&?%5%%29' on s%ﬁ@%@%ﬁéaﬁgﬁ?@lﬁnﬁg ig%lgb
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formis deposi8ed into a vaporizer which is then injected into the plasm
An ion source utilizing microwave energy to ionize source materials is
10 disclosed in U.S. Patent Application Serial No. 08/312,142, filed September 26,
1994, which is assigned to the assignee of the instant application. U.S. Patent
Application Serial No. 08/312,142 is incorporated herein in its entirety by
reference. The ion beam 14 travels through an evacuated path from the ion
source 12 to an implantation chamber 17, which is also evacuated. Evacuation
15 of the beam path is provided by vacuum pumps 21.
Tons in the plasma chamber 18 are extracted through the arc slit in the
plasma chamber cover plate and accelerated toward a mass analyzing magnet
22 by a set of electrodes 24 adjacent the plasma chamber. The set of
electrodes 24 extract the ions from the plasma chamber interior and accelerate
20 ~ the ions into a region bounded by the mass analyzing or resolving magnet 22.
An ion beam path through the magnet is bounded by an aluminum beam guide
26.
Ions that make up the ion beam 14 move from the ion source 12 into a
magnetic field set up by the mass analyzing magnet 22. The strength and
25 orientation of the magnetic field produced by the magnet 22 is controlled by
the control electronics 100 by adjusting a current through the magnet's field
windings.
The mass ahalyzing magnet 22 causes only those jons having an
appropriate mass to charge ratio to reach the ion implantation station 16. The
30 ionization of source materials in the plasma chamber 18 generates a species of
positively charged ions having a desired atomic mass. However, in addition to
the desired species of ions, the ionization process will also generate a



chanber 18. If an n type extrinsic wafer material is desired, -horon; -~~~
gal I tum or 30 This Sheet i ‘fY be used. Galliumand indiumare sotid
Source material s, ﬁ? injected into the plasna chanber 18- as a
gas, typically bor oride or diborane, because boron's vapor"
pressure is too lowto result in a usable pressure by sinply heating it. If
a ptype extrinsic material is to be produged, antinony, arsenic or
phosphorus will be chosen as the solid source nmaterial. Energy is applied
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provided by vagyiie AP eqedl to the atomic mass of the desired ion species traverse the
beam path to the implantation station chamber 17.

Located downstream from the magnet is a .resolving plate 40. The

10 resolving plate 40 is comprised of vitreous graphite and defines an elongated
aperture through which the ions in the ion beam 14 pass. At the resolving
plate 40 the ion beam dispersion, as defined by the width of the envelope D',
D", is at a minimum value.

The resolving plate 40 functions in conjunction with the mass analyzing

15 magnet 22 to eliminate undesirable ion species from the ion beam 14 which
have an atomic mass close to, but not identical, to the atomic mass of the
desired species of ions. As explained above, the strength and orientation of
the mass analy?ing magnet's magnetic field is established by the control

* circuitry such that only ions having an atomic weight equal to the atomic

20 weight of the desired species will traverse the predetermined, desired beam
path D to the implantation station 16. Undesirable species of ions h'aving an
atomic mass much larger or much smaller than the desired ion atomic mass
are sharply deflected and impact the beam guide 26 or the slit boundary
defined by the resolving plate 40.

25 As can be seen in Fig. 1, a Faraday flag 42 is located between the
resolving aperture 40 and an ion beam neutralizer 44. The Faraday flag is
pivotably coupled to a housing 50 so that it can be pivoted into position to
intersect the ion beam 14 to measure beam characteristics and, when the
measurements are satisfactory, swung out of the beam line so as to not

30 | interfere with wafer implantation at the implantation chamber 17.

The beam forming structure 13 also includes the ion beam
neutralization apparatus 44, commonly referred to as an electron shower. U.S.



lons in the pl asna—chanber 18 are extracted through the arc sl¥t=FAa~the  ~ 3

pl asma chanber co%g e an &&plerated toward a mass analy2|ng magnet--- -
22 by a set of eIe cent the plasma chanber. The set df“5 ;_“"_j
el ectrodes 24 extr ﬁen1the pl asma chanber intérior and T T
accel erate 20 nto a region bounded by the mass anal yzi ng

or resolving nmagnet 22. An I on beam path through the magnet i s bounded by
an al um num beam gui de 26. lons that make @p the ion beam 14 nove fromthe

The strengt - EReSsRo"SIBESHS b rieniredifls, iSued Novembee d7c 1942 disctheghidton by
the magnet 22 eléctﬁsm&ﬁ&béne&bsﬁaxaﬁmn %ﬁrigh%aﬁl iﬁ@%ﬂ%&%ﬂ%@@y@fﬁaﬁw&“ no 2

current through the nagnet mass anal g magnet
causes only t thesein; ipnits hm%gbnmeﬁ;mnmprm tonseextractedciremotherpiasmat o reach

materials | n CRETBREIRAE R AGReR, I the nosithschstdt pR a8 ioR0k 45t

chasged ions hevtratized @eﬁrrtedm@lmmodraﬁ the WaRy, She ddibea%f&ts%ﬂ exHibR a
desired species of ionS, the ionization process ‘W Il al so generate a 7

proportion of Nebpositiveichgrge:. hAs deseribedhia thed5 patenty suchwsaet pasitivencvirgg an

on a wafer has undesirable characteristics.

A downstream end of the neutralizer's extension tube 52 is adjacent the
implantation chamber 17 where the wafers are implanted with ions. Rotatably
10 supported within the implantation chamber is a disk shaped wafer support (not
. shown). Wafers to be treated are positioned near a peripheral edge of the
wafer support and the support is rotated by a motor (not shown) at about 1200
RPM. The ion beam 14 impinges and treats the wafers as they rotate in a
circular path. The implantation station 16 is pivotable with respect to the
15 housing 50 and is connected to the housing 50 by a flexible bellows 60 (Figure
1). The ability to pivot the implantation station 16 permits adjustments to the
angle of incidence of the ion beam 14 on the wafers.

Sector Magnet 22
20 - Referring to Figures 2-15, the magnet 22 deflects ions through arcuate
paths to filter particles having an incorrect charge to mass ratio from the ion
beam. The magnet includes first and second multi-segment magnetic pole
pieces 110, 112 (Figs 2 and 3) constructed from a ferromagnetic material. The
pole pieces have inwardly facing pole surfaces 114, 116 spaced apart by a four
25 sided magnetic field region 120 (Figure 3) through which the ion beam 14
moves. The pole pieces are outside the beam guide 26 that defines the
vacuum region through which the ions move on their way to the ion
implantation chamber. Since the beam guide is constructed from a
magnetically permeable material, i.e. aluminum the presence of the guide does
30 not adversely affect the magnetic field in the region 120.
The ions exiting the ion source 12 experience a strong electric field set
up by the extraction electrodes 24 that accelerates ions into the magnet 22.
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10 bends the charged particles along arcuate paths through the magnetic field
region 120 between the vertically oriented pole piece surfaces 114, 116.

Six additional current carrying coils 130-135 (Figure 2) provide electric
currents through a planar region that extends along one side of the arcuate
path followed by the ion beam. Six additional coils are positioned on an

15 ' opposite side of the beam centerplane 125 in planar symmetric positions and
orientations to the six coils 130-135 shown in figure 2. Two of these additional
six coils 136, 137 are shown in Figures 3 and 5. The currents in these coils
establish a quadrapole field component in addition to the dipole field B0 in
the region 120 between the pole pieces. .

20 The control electronics 100 is electrically coupled to the two primary
122, 123 and the twelve additional current carrying coils of the magnet 22.
Appropriate energization of the coils creates a magnetic field having both
dipole and quadrapole components in the magnetic field region 120 between
the pole piece surfaces 114, 116.

25 As seen in Figure 5, the magnet 22 extends along an arcuate sector of
approximately 135 degrees from an entrance side 150 of the magnet to an exit
side 152 of the magnet 22, The magnet 22 is described as being segmented
since the pole pieces are made up of multiple parts or segments that are

~ separated by current carrying coils spaced along the arcuate path of the beam.

30 The pole piece 110 is made up of three intermediate magnet segments 110A,

110B, 110C, an entrance segment 110D and an exit segment 110E.
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i nplantation at the inplantation chanber 130 The beam f or ni ng structure 13
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I npl ant ati on gf“?‘ﬁg Qrgﬁhgrxg’igqeﬁ.e doped wafers will exhibit a net positive
chargie. As descri belhe fiveljole phiteneimehts F1020180B andRBEico n\ée%@xhﬂﬁgﬁven a
waf er has undesirabl e characteristics. A downstream end of the

neutral i zer's segmenty ohthepeleqieces 1 2iprecsupported bynp itwa tpicceohub;h Ikedwor 7
where the waf g3, ﬁfe%eé 'i?*,aﬁtses%pvp%}tha ir&cﬂ&siﬂy ﬁl%ezritp%%gn of the two magnet pole
~ pieces and a two piece yoke containing two yoke pieces 156, 157 support
radially outer portions of the magnet pole pieces.
10 Both the hub and the yoke are electrically coupled to the grounded
housing 32 that supports the magnet 22 and ion source. Since the magnet has

pole pieces on opposite sides of the magnet centerplane, with the magnet
vertically oriented, it is convenient to refer to magnet portions on the right and
the left of the magnetic field region 120. For a magnet that is oriented

15 horizontally it would be equally convenient to refer to top and bottom magnet
portions.

" Figures 6-8 depict the coil 122 on the right side of the centerplane 125
as seen from the entrance 150 to the magnet 22, The coil 122 is generally
saddleshaped and includes radially inner and outer segments 214, 216 that

20 extend through the complete 135 degree arc of the sector magnet 22. At an
entrance 150 to the magnet, the coil 122 has a end segment 218 that bends
away from the magnetic field region 120 to define an entryway 212 through
which ions enter the magnet field region 120. This coil segment 218 connects
together the two radially extending inner and outer coil segments 214, 216 that

25 generally bend along the same arc through which the ion beam bends due to
the presence of the magnetic field in the region 120. A coil segment 220 at an
exit end of the coil connects together the inner and outer coil segments 214,
216.

The exit segment 220 supports two connectors 222, 224 that are

30 electrically coupled to the electronic control 100 for controlling current flow.
Between the connections the coil 122 is made up of multiple layers 230 (eight
layers in a preferred embodiment of the invention) of copper tubing that is



supported wi thimm the inplantation chanber is a disk shaped wafer support
(not shown). VafgEsyloOn eg,{_lg@;ageq are positioned neay a peripheral edge of
t he wafer support N [[EUR t is rotated by a notor (not shown) at
about 1200 RPM T*E“&ﬂ (ﬂmm[l npi nges and treats the wafers as they
rotate in a circul : npl antation station 16 is pivotable with
respect to the 15 housing 50 and is connected to the housing 50 by
a flexible bellows 60 (Figure 1). The abiluy to pivot the inplantation
station 16 permts._adjustnents to the l.e of ,incjdence qf the jon be 14
on the wafer S_gegglal@ rgmm CEPSS-5RftION. “Within 2 given lqyee multiple; G’rFfe l¥§%5n
2-15, the mag f ] %@Q f Lihcl es
havi ng an i ncgﬁeegf sﬁadrrggit?okﬁg%g&%?@gaf%ﬁ% ﬁqgtr?lg e md %Iréf%egﬁ’fetfhp

i ncl udes firstofdhel magnetd nul ti-segnment magnetic pole pieces 110, 112 (Figs

2 and 3) construct froma ferrogmagnetic material. The pol e pi eges have
i nvar d 3/ faci ngupol %ﬁ??%éggﬁzl?ésgﬁﬁeéﬁé%ﬁa&%i?fpugg “élﬂFlbﬂrlfclﬁ’:'S coolant
si dgd magneti GahitRd £but6d dafing Yperatich bE ) iangWQJ&eMb ¢Bmiol€ Heal fx%%mem

nmoves. The pol e pieces are outside the beam gui'de 26 that defines the
vacuum r egi on coitri22ghinsipeeferted ¢mbediment of the insientionythe covlant iivwater and

I npl ant ati on ¢hanber,.. nce t. beam qui I S _construycte s a
monet | cal |y o rorenint fHeceoll oroRE ol i ih b ERBNEHELC% 208 Pruagtedie
does 30 out thfughdy SécvrldYcomnkeer. t he magnetic field in the region 120.
The ions exiting the 1on source 12 experience a strong electric field set

up by the extracti cbhereil 123 ds comstructed franraisingle ceppesrtube et to fomm dhet
22.

10 plural layers and multiple arcuate segments of the coil. The copper tubing is
constructed by an extrusion process to include a center passageway and is
provided in elongated segments. An insulating tape is wrapped around the
length of the tubing to insulate the tubing. The insulated tubing is then bent
to form the multiple insulated windings of the coil 122,

15 A direct current bias is applied to the electric connections 222, 224.
Current flows down one of the arcuate segments 214, 216 crosses the beam
centerline through the segment 218 and returns back to the exit end of the
magnet through another of the segments 214, 216. Since the coil 122 is made
up of one continuous copper tube, current flows in the same sense from one

20 connector to the other.

A second primary coil 123 is constructed similarly to the coil 122,
Electrical connectors coupled to the coil 123 are connected to the control
electronics 100 so that a controlled current can be routed through the coil 123.
The position of the two coils 122, 123 with respect to the magnetic region 120

25 at a point along the arc of the magnet is depicted in Figure 16.

One of the additional current carrying coils 133 is depicted in greater
detail in Figures 9-11. This coil 133 bounds the magnet pole piece 110B. The
coil 133 is also shaped in the form of a saddle. Two arcuately extending
segments 250, 252 are attached by a suitable adhesive to an inwardly facing

30 surface of the pole piece 110B. Semicircular segments 260, 262 connect the
arcuately extending segments 250, 252,



Two primary current s 122, 123 bound the arcuate ion beam path
on opposite sides terplane 125 that bisects the magnetic 5
field region 120. In this discussion, points on the y = 0 co-ordinate are

| ocated on this centerplane 125. The ferro-gagnetic pole pieces 110, 112
and current through the coils 122, 123 setlgE a primary di pole magnetic

vertically orient eatperactbrf o coBtuidionipg 1 ¢B e if sbliiothiend magnet i c
pol e pieces. TdynitrhtRdd t&hniqiifortthe fﬁ%@%im | AhGSoRgA8d taBE KAySuid! NS

through the magnetic field region 120 between the vertically oriented pole
pi ece surf acesoriwrappedewitisian insulataraleng itsdength andrthen bgnt to form sie ¢aib

Fi 2 iderel i C.curt t h h | ion that extend
S ong. one st dath THe S deRide i Rty SRR VR WL SHPve teusia 1 onal
coi I$ are posisectioneitifi extentbside by side aloRpXheé sarfatsiof fife poIe plesen 10B to

centerplane 125 in {)I anar symmetric positions and orientations to the six
coi | s 130- 135 bgunghthenmpgaeticzone 120 Othem of dhe gecanidanaroily srecennstrueted in137

oo L1 5 ST e ot 2 R Bl Bl BBl B e
pieces 110A, 110B, and 110C,
The coil 133 has input connectors 264, 266 that are electrically
10 energized by the control electronics 100 to control the current through the coil.
Additionally, the use of tubing to construct the coils allows coolant to be
pumped through the center of the tubing that makes up the coils to transmit
heat generated by ions striking the coils away from the coils.

9 The pol e pieces are oriente Widsh the inwardly facing pole sur f acgs. 314,
116 in spaced apaTtis “\ i

Figure 16 depicts a view of the primary coils 122, 123 and the secondary
15 - coils 132, 133 in the region of the pole piece 110B. The direction of currents
flowing through these coils (into and out of the plane of the section through
the pole piece 110B) is depicted in this Figure. This current arrangement is
controlled by the control electronics 100 which dictates the magnitude and the
direction of the current. ' |
20 The disclosed current arrangement, achieved through controlled coil
energization by the control circuit 100, provides a primary magnetic field BO in
the region 120. Four field lines Q1-Q4 representing the quadrapole field are
also shown in Figure 16. )
Ions passing through the magnetic field region 120 experience a force.
25 The magnitude of the force on the particle is directly proportional to the
velocity and charge of the particle and is in a direction perpendicular to the
magnetic field and velocity vectors. (qV X B) In the situation depicted in
Figure 16 a positively charged particle moving into the plane depicted in the
Figure will be deflected to the right by the dipole field B0 to follow the arc of
30 the magnet.
The magnetic field vector quantity that the moving charged particle
experiences is a superposition of the dipole and the quadrapole fields. To

es wWith respect to an ion implanter. base:: .



t he regi on 120 between t enl @plggdaces. 20 _ The'con't_rol ,
el ectronics 100 i gh oupled to the two primary 122, 123:.and,the
‘twel ve additional c %E Bg coils of the magnet 22. Appropriate -

energi zati on of the a magnetic field having both dipole and
quadrapol e conponents in the magnetic field region 120 between the pole
pi ece surfaces 114, 116. 25 As seen in Figure 5, the magnet
22 extends al ong an arcuate sector of approxi mtely 135 degrees from an

entrance si dedétefinffe {HaoveBRSH Rlrcd en%nm%a{g sﬁir‘ﬁ@lelﬁﬁzth%];ﬁieghglt PR -rtrgggeup

magnet 22 is described as being segnente nce the _ :
of multiple peravsbeth theyckarge andathe aetocitypaf thequhirtivlec Ut ienot eaough, fgr coi | s

d al t f.&h 3 e pole piece 110
e nde up oA ki d HHef bk i 158 Eheie pesternlsne 23t whiekta “on
entrance segrparticleli8Dosdtddan kawow theci®s) it expeFences. 1Ond HBudt HISS KAGWRBE C

pole -pieces 110A . 110B, 110C are segmented. into multiple pole piece
segfrent s t hatdifgction in which thepasticleds mayingin a radial |y i nner portion of

e mmonet 22 0 ol dhL SR oo RuOeh ST A B,
corr espondi nfotusses particles in one plane and defocusses particles in a perpendicular
plane. Through used of a segmented magnet having multiple segments of
individually controllable magnet coils, a zoom lens effect is possible. This

10 ~ produces a greater percentage of usable ions passing through the beam waist
at the region of the aperture 40.

_ Figure 17 illustrates the zoom lens aspect of the segmented magnet.
Three magnet segments designated A, B, and C are labeled at the top of the
Figure. These three segments correspond to the field set up in the region of

15 the pole piece segments 110A, 110B, 110C shown in Figure 2. Figure 17
depicts two different controlled deflections for particles offset from the center
of the source arc slit. In this representation the x plane corresponds to the
plane of the magnet centerplane 125. The y "plane” is actually curved along
the central ray trajectory that passes through the magnet.

20 In the deflection path depicted at the top of Figure 17 shows two
charged ions leaving the source displaced 25mm from the magnet center plane
and having different velocity vectors. These velocity vectors cause the ions to
enter the magnet moving in 'acceptable’ trajectories T1, T2 that cause them to
pass through the beam waist and strike a target in the implantation chamber.

25 High energy prior art implanters, as noted above had fixed mechanical
quadrapole focusing but could not adjust for lower energies, nor could they be
readily tuned to enhance dose delivered by the source.

In the Figure 17 depiction sections A, B, and C alternate in their
focussing. A zoom lens effect is achieved by reversing the direction of coil

30 currents in adjacent sections. As seen in Figure 16 the current for the coils

132, 133, 136, 137 is into the plane of the figure adjacent the magnetic field
region 120. These coils help define the quadrapole magnetic field in the ‘B’
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radi ally outer port| gnet pole pieces. Both the fuband the

yoke are electrically coupled to the grounded housing 32 that supports the
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plane, and show the reverse effect of focusing, defocusing, and focusing in the
zones A, B, and C respectively. The rays furthest from the axis are shown to
be closely bounded by a dotted line 270 to indicate the bounds of the beam
envelope.

By selective control over both the magnitude and direction of current
flow in the coils, it is possible to focus the beam leaving the source so that a
maximum throughput of suitable ion species reaches the target. This will most
typically be accomplished by empirical monitoring of the beam current and
adjusting the coil currents to maximize that current.

The Figure 17 depiction shows the ions traversing the two trajectores as
being reflected at the x = 0 or centerplane co-ordinate at points P1, P2.
Because of the symmetry about the 'x' and 'y’ planes, it is customary to show
the trajectories in one half plane but the ions actually cross the beam
centerplane. For example, particles following the trajectory T2 cross the
centerplane just after exiting the magnet at the point P1. Two other
trajectories T3, T4 are depicted in Figure 17. These two trajectories
correspond to ions displace from the 'y'. center of the source by 25 mm moving
with different velocities.

While the present invention has been described with a degree of
particularity, it is to be understood that those of ordinary skill in the art may
make certain modifications to the presently described embodiment of the
invention without departing from the spirit or scope of the invention, as set
forth in the appended claims.

ially inner portion of the two .magnet poI e
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216. The exit segnent 220 ports-two connectors 222, 224 that are 30
el ectrically coupled to the el ectronic control 100 for controlling current
fl ow. Between t heTiishee ag ByafuK F coil 122 is made up of . nultipl'e 4ayers

d

230 (eight layers i _ nﬁ enbodi nent of the inventi.on)- of copper-.
tubing that is | e in cross-section. Wthin a given |ayer
mul tiple (preferably side by side arcuate Mm‘lﬂ"‘wn Mﬁ\;ent radi us
are arranged al ong the extent of the mag%et. Tﬂm as a center
passage through which a Iiquid cool ant * dan‘be"routed duri ng
operation, of the ianjisplanter to.r ve heat f,rom ol 122 1n a.
preferred- enb i%ﬁ@ﬁﬁ%@ﬁ\@%??@%%@dS?&ﬁM% g SOBHRg
into the tﬁ@iste}{Sprugh one of the two connectors 222, 224 and routed out

through a second connector. The coil 122 is constructed froma single
copper tube bett tompwing thadopbeam thraygh a magneticificldregion 420k segnents of

the coil. The ,goppe | onst e V. I USH pr. s to
i nclude a center paésnseg-%tal%g&i @p@@\%edg%ﬁi W%e@f'%%e%@gg %g%f . An
i nsgul ati %nbmedéipﬂﬁmgﬂeﬁéﬁ cin! the ghigretictfivdd regiofg to insulate the
t ubi ng. e insul ated tubi ngt Is then bent to formthe multiple insul ated
wi ndi ngs of tH3 cojgnergizing at least one quadrupole field generating coil (130, 131, 132,
133, 134, 135, 136, 137) to generate a quadrupole magnetic field (Q1, Q2, Q3, Q4)
superimposed on the dipole magnetic field in the magnetic field region; and
d)  controlling the energization of the at least one dipole field generating
10 coil and the at least one quadrupole field generating coil to filter particles from the

jon beam as the ion beam moves through the magnetic field region.

2. The method of claim 1, wherein the moving step (a) comprises the step of
moving the ion beam through a magnetically permeable beam guide (26) traversing
the magneﬁc field region.

3. The method of claim 1, wherein the energizing step (b) comprises the steps of:
i)  energizing a first dipole field generating coil (122) positioned on a first
side of a plane (125) bisecting the magnetic field region, and
ii)  energizing a second dipole field generating coil (123) positioned on a
5 second side of the bisecting plane opposite the first side.

4, The method of claim 1, wherein the energizing step (c) comprises the steps of:
i) energizing a first pair of quadrupole field generating coils (130, 131)
positioned on a first side of a plane (125) bisecting the magnetic field region, and
i) energizing a second pair of quadrupole field generating coils (136, 137)
5 positioned on a second side of the bisecting plane opposite the first side.

5. The method of claim 1, comprising the step of routing coolant through the at
least one dipole field generating coil and the at least one quadrupole field generating

coil.



15 A direct current bias is applied to the electrigc
connections 222, 224. Current flows down one of the arcuate: seggents 214,
216 crosses the beam-centerline through the segment 2 ¥g=amd-returns-back. t 0
the exit end of r{@ net through another of the segments 214, 216. Since

the coil 122 is m /’ nti nuous copper tube, current flows in the
/’W”Eonnector to the other. A second primary
I*

same sense from
coil 123 is construct ed sfmda to thggcoil 122. El ectrical connectors

coupled to the coil 123 are connected to the control electronics 100 so

that a cgntro [Tiom Beamh t 1 on
of the t§vo Coﬁﬁq&%%%clﬁﬁ? resgectgttf(l)@tﬁgg%f netlctéeeg?gﬂedl% 25

at a poi tHroagloag dpestuze of af resoleingeplate: (403 andytreating a targetywith the filwredof the
additional current carrying coils 133 is depicted in greater detail in

Fi gures mBeantis coi| 133 bounds the magnet pol e piece 110B. The coil 133
Is also shaped in the formof a saddle. Two arcuately extendi ng segnents
250, 252 are attached by a suitable adhesive to an inwardly facing 30
surface Bf thThpahethodeafcldinn B, wherein the mayingstgpda) compuisesy@e step@éct t he

arcuat el ext&e di ’nﬂ‘q%?n ﬁgopnt 2 Qleas?%wo sequleznuw%oﬁrgst {K),dBob) GLtRL rxﬁ'acgtn Y for

t he coil
field region; and

wherein the energizing step (c) comprises the steps of
5 i) energizing a first set of at least one quadrupole field (130, 131,
136, 137) generating coil to generate a quadrupole magnetic field in one of the zones
(A) of the magnetic field region, and
ii)  energizing a second set of at least one quadrupole field
generating coil (132, 133) to generate a quadrupole magnetic field in another one of
10 the zones (B) of the magnetic field region.

8. The method of claim 7, wherein the controlling step (d) comprises the step of
selectively controlling the energization of the first set of at least one quadrupole field
generating coil and the energization of the second set of at least one quadrupole field

generating coil.

9. The method of claim 8, wherein the energizing step (c) comprises the step of
energizing a third set of at least one quadrupole field generating coil (134, 135) to
generate a quadrupole magnetic field in another one of the zones (C) of the magnetic
field region; and

5 wherein the controlling step (d) comprises the step of selectively controlling
the energization of the third set of at least one quadrupole field generating coil.

10. The method of claim 1, comprising the steps of:
emitting ions from an ion source (12) and accelerating the ions away from the

ion source to form the ion beam; T

i



construction technique for the primary coil 122. An elongated tube is wound
or wapped with anr-insul ator along its length and then. bent -t'o-ifsermthe -
coil 133. The coil depicted—in-Figures 9-11 has two | ayers—wi-ti-twetve™ -
arcuate 5 Th’ssfaemagg&s that extend side by side al ong thé surface of
t he pol e piece llgﬂ R dragneti c zone 120. f ndary
coils are constru ar manner and are at 'ETME“ITH"IHM?E@

faci ng surfaces of the ces 110A44110B, and 110€C. cThe coils has

I nput connectors 264, 266 that are elecfrically energized by the control

el ectronics 100 ¢t nt t { COJ | g1 AP A t he
use of tubing p?%“@%ﬁg{lr{?@lt sef’ﬁlgd égﬁagaglnrx 0 --9“%8{)1(2&18&8 (blé@’pgirrjaggp tirlé(;rugh
theg cent gide0df dihardudbe Bavélngdthrofithe iow behm swoihas il_i\ﬂaxﬂl}amm;ft poleaurfyeeer at ed
by ions striki g)q the coils_ away fromthe coils. Figure 16

0, om | i eFict gg)viewof
the pri m§tiAd, ddp) are positioned onORPesite sides of 4 magnetic field cengeyp z’s!flt’fl(si 9)i133 in
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pol e pi eegtehdfiip) pole pleessdfor dreatingthe dipelemagnkiticfield thatnéxtemdsongossethie i s
controlled by the control, el ectraoni Cf 100 I ch dict atés t he agnit ude and
the di r cStagagtisield zegion fegm ongpf said first and secondrgeeuately extend ?PEnt
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RS es 5 MBURH df R e S iy REGHARERICDiSest B O
field l'ines Qinte¥posing & phmalityyof the atiedstognel quadrepoledfiald geseratingveoil n
Flgure 1%'etwv;aen inwardly facing surfaces of the first and second arcuate pole pieces and the

magnetic field region;
wherein the controlling step (d) comprises the step of selectively energizing the
15 at least one dipole field generating coil and the quadrupole field generating coils to
provide a controlled quadrupole magnetic field in the region between the pole pieces;
and
wherein the magnetic field in the magnetic field region intercepts the ions in
the ion beam exiting the source to selectively filter ions having other than a specified
20 mass to charge ratio from the ion beam.

11. The method of claim 10, wherein each of the first and second pole pieces are
arranged in multiple arcuate pole segments (110A, 110B, 110C);

wherein each pole segment of a pole piece supports one of the at least one
quadrupole field generating coil for setting up a current along a face of the pole

5 segment; and

wherein the energizing step (c) comprises the step of energizing the
quadrupole field generating coils attached to opposite pole .segments to cause a
focusing or defocusing of ions moving through sequentially encountered magnetic
field regions (A, B, C) between the first and second pole pieces.

12.  The method of claim 11, wherein the controlling step (d) comprises the step of
controlling the energization of the quadrupole field generating coils attached to the

first and second pairs of pole pieces to focus ions toward a particular plane within a



| ons passing through the magnetic field region 120 experience a force. 25
The magni t ude_of the force on the particle is directly proporttonal to'the
vel ocity and charge 0 i-cle and is in a direction, perpendiéufar to .
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in Figure 16a particle noving into the ane depi ct
in the Figurevm em”ﬁ dtotherrght bythjmll (mlﬂ!f eﬂl‘ Mﬂf
t he magn?é The mag
e

follow the arc o
guantity that the nnvr ng charged partic Xperiences is a super posrtron of

t he di polge and t d f 13.det

ona movitty agiciia BEAFeERD Pounded By » Eiw pait Be eRE R ASIY BEet SPhEERD: oo
and the wghqsi defodls foli§ ak@y Hdth the phrticaldioplafé Wittfin af setomdk atagnetic fieldknow

whi ch side of the magyet centerpl ane 125 on which a_particle is located to

know t he régiondounded Hyra md painef magneti¢ polexpisoes; that the ions enter (i r ectj on

wh
| n i gur SRRt I . it okl S0 RPN e bl ane and def ocusses

Earticl es in a perpendicular plane. Through used of a segnented magnet
aving multiple segnents of individually controllable et coil s a zoom
| ens ef f d3t | Amappanstus for(filtering particles from an ion beam (14 sg e apparatus

comprising:
a) structure (26, 110, 112) for defining a magnetic field region (120)
through which the ion beam moves;

S b) a plurality of conductive coils (122, 123, 130, 131, 132, 133, 134, 135,
136, 137) configured with the structure in relation to the magnetic field region for
generating both a dipole magnetic field (B0) and a quadrupole magnetic field (Q1,
Q2, Q3, Q4) in the magnetic field region to filter particles from the ion beam as the

ion beam moves through the magnetic field region; and

10 c) a controller (100) for energizing the plurality of conductive coils to
generate the dipole magnetic field and the quadrupole magnetic field superimposed
on the dipole magnetic field.

14.  The apparatus of claim 13, wherein the structure comprises at least two
magnetic pole pieces (110, 112) configured in relation to one another to define the
magnetic field region.

15. The apparatus of claim 13, wherein the structure comprises a2 magnetically
permeable beam guide (26) positioned to traverse the magnetic field region and
wherein the ion beam moves through the beam guide.

16.  The apparatus of claim 15, wherein the beam guide bounds an enclosed
volume for maintaining a low pressure region through which the ion beam moves.

17.  The apparatus of claim 13, wherein the plurality of conductive coils comprise a
first dipole field generating coil (122) positioned on a first side of a plane (125)



produces a greater pereentage of usable ions passing through_the beam. wai.st
at the region of Eﬂ;‘ erture 40. Figure 17 illustrates .the zoomlens..

aspect of the seg el%lafee magnet segments desi gnated A s B, and
C are | abel ed at |gure These three segirents corresporE=te:

EL?SBf | illgcsghoymg : n Fi gure 2 gure 17 depi cttsh'?mgﬂmm)wﬁmlﬂsmmlsl ééOA

defl ections for particles offset fromtgﬁ center of the®sourde &arc*slit. In
this representation the x plane correspdnds to the pI ane of the magnet

o oo eckng St UG S o5 BF hnthink T )
def | ecti ﬁﬂ;ﬂédctﬁph%&h@&m&fmheme %gwn% ‘he it sidar ged i ons
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different velocity vectors. These vel ocity vectors cause the ions to enter
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coi4 30 the first side.currents in adjacent sections. As seen in Figure 16 the

current for the coils 132, 133, 136, 137 is into the plane of the figure
adj acent the magnetic field

19.  The apparatus of claim 13, wherein one of the plurality of conductive coils
comprises a first radial segment (214, 252) and a second radial segment (216, 250)
each extending along an arcuate travel path of the ion beam.

20. The apparatus of claim 13, wherein one of the plurality of conductive coils
comprises conductive tubing configured in a plurality of layers (230), each layer
comprising a plurality of arcuate segments having different radii.

21.  The apparatus of claim 13, wherein each of the plurality of conductive coils
comprises tubing having a passageway for routing coolant.

22.  The apparatus of claim 13, in combination with an ion source (12) for
generating ions to create the jon beam, a resolving plate (40) having an aperture
through which the filtered ion beam passes, and an ion implantation station (16) for
treating a target with the filtered ion beam.

23.  The apparatus of claim 13, wherein the structure configured with the plurality
of conductive coils defines at least two sequential zones (A, B, C) of the magnetic
field region through which the ion beam moves, and
wherein the plurality of conductive coils comprise a first set of at least one
S quadrupole field generating coil (130, 131, 136, 137) to generate a quadrupole
magnetic field in a first one of the zones (A) of the magnetic field region and a



reg| on 120 These coils hel p_define the quadrapol e magnetic field in the
"B 14 zone. In the "A zone the coils 130, 131 that bound_.the region
120 wil | have cHiis @it HaeRee: R&ptheslo t hat a depiction simlar to t-hg 5Ei,gure 16
depiction for th d show current i"r‘rto ther—pl ane of--the-fi-gure

' Hm}r air of
trajectories or| romthe source at X = HH ﬂ)ml@!ﬁ anot her

for the two coil
pair originating at y = 25nm and x = 0. 2phe "x" t*ra,cec oMM es the top of
the Figure remain in the y = 0 plane and show the effects of defocusi ng,

focusin ' '
usi ng sestifdoset ot least @@?aﬁmﬁ)leqm'd ggﬁ@ﬁﬁﬁg tcbﬂe(lm ﬁbg t03generate a

trajectories at the bottom Figure 17 mai n plane, and show
t he revequadaipole magnetio figld ugan@lbﬁoonsuquheannes&pefﬂg mageétic figkdes A, B,
and Cre e§}1| vely. The rays furthest fromthe axis are shown to be closely
bounded dotted line 270 to indicate the bounds of the beam envel ope.
By selective control over both the magnitude and direction of current 15
flowin the coils, it is p055|ble to focus the beam | eaving the source so

t hat a m@4i murRhenappagamsof slaim 23, whereinthesimoture compriises & pair toénng@netwm s
Wl go!fyﬂie%@i kﬁob ﬁlf)c &%{H%ur&i] %{irelﬂtlglwo ro'ngaalno%) ML 'tﬁ'g ﬁ?slct ste of at o

current
least one quadrupole field generating coil to define the first zone of the magnetic

field region.

25.  The apparatus of claim 23, wherein the controller selectively controls the
energization of the first set of at least one quadrupole field generating coil and the
energization of the second set of at least one quadrupole field generating coil.

26.  The apparatus of claim 25, wherein the plurality of conductive coils comprise a
third set of at least one quadrupole field generating coil (134, 135) to generate a
quadrupole magnetic field in another one of the zones (C) of the magnetic field
region; and

5 wherein the controller selectively controls the energization of the third set of at
least one quadrupole field generating coil.

27.  The apparatus of claim 13, in combination with an ion source (12) for emitting
ions to create the ion beam and an implantation chamber (17) mounted in spaced
relation to the ion source such that the apparatus defines an ion beam path through
which ions move from the ion source to the implantation chamber;

5 wherein the structure and the plurality of conductive coils form a magnet (22)

" positioned along the ion beam path between the ion sourc'e and the implantation
chamber for deflecting ions through arcuate paths to filter unwanted particles from
the ion beam;

the structure comprising first and second magnetic pole pieces (110, 112)
10 constructed from a ferromagnetic material, said pole pieces having inwardly facing



adjusting the coil currents to maxi m ze that current. The Figure 17
depi ction shows the _i.ons—-traversing the two traject ores:_'eﬁé.;_b'(_a*i ng reflected
at the x = 0 or centerpla Reppedi nat e at points_Pl, P2. 'Because af the

symetry about t hepis Steet & anes, it is customary to show the
trajectories in one\ém\ m t the ions actual mummmnﬁmgﬂr
centerpl ane. For ex cles follow ng the o ss the
centerplane just after exiting the mag at the poi*ntcPl'T Two ‘ot her 25
trajectories T3, T4 are depicted in Fi e 17. These two trajectories

correspond, to _jons di ce fromt ‘v center @f (the.source by,2

movi o wPos ShrFes Ghe APE Spackd Brafihy the Faenin el egisd tirster wai e
descri beghnbédin In6R@y aed of particularity, it is to be understood that those
of ordinary skill in the art may 30 make certain nodifications to

t he present| ythecplurality dfoopductivercoilsrcomprisingient i on wi t hout departing from
the spirit or scopg of i | ' | ai ns.
1% "R method for Bt it oPt TeaSCERE sk SRR pbherafibg Soll TR BY BRSO
CAFpri si niéart the Magisticopole pieces foPvieating lthe idipolé drapnietic diedd i the gigaeticf i el d
region (120); b) energi zing at | east one dipole field generating coil
(122, 12fisldiregion between the inwardly facing pole surfaces of the first and second
magnetic pole pieces to bend charged particles that make up the ion beam along
arcuate paths through the magnetic field region, and
ii) at least one quadrupol_e field generating coil (130, 131, 132, 133,
20 134, 135, 136, 137) for providing electric currents which extend along the arcuate path
followed by the ion beam for superimposing the quadrupole magnetic field on the

dipole magnetic field in the magnetic field region between the pole pieces.

28.  The apparatus of claim 27, wherein the at least one quadrupole field
generating coil is attached to the pole pieces and is located between the inwardly
facing pole surfaces of the magnetic pole pieces and the magnetic field region.

29.  The apparatus of claim 27, wherein the inwardly facing pole surfaces are
generally planar and are spaced on opposite sides of a magnetic field centerplane
(125) of the magnet; and _
wherein two of the at least one dipole field generating coil (122, 123) abut
5 each other on opposite sides of the magnetic field centerplane to define a generally
enclosed magnetic field region.

30. The apparatus of claim 27, wherein the first and the second magnetic pole

pieces are segmented into multiple pole piece segments (110A, 110B, 110C) and the

at least one quadrupole field generating coil is attached to a particular magnetic pole

piece segment that sets up the quadrupole magnetic field in a region bounded by the
5 pole piece segment.



5 generate a dipole nmagnetic field (BO) in the magnetic -field region;
C) energi zing at | east one quadrupole field generating coil (130, 131,
132, 133, 134, 135, 136, 137) to generate a quadrtupole nagnetic fieid (QL,

@ Q. ) superimosed on the dipole maanet | AUIIBIBITRS oot o' ¢

field generating 10 coil and the at |east one quadrupwl es fi*eld
generating coil to filter particles fro he ion beam as the ion beam noves
t hrough the magnetic field region. 2. he nmet hod of claim 1, wherein the

Tmonet cabhy' p %%%Fbﬁﬁiaﬁp%fﬁ@? ST P chl-ihe At st RGPS B4
neLes . . fren
region genera S{i{gé‘ﬁw Is?ﬂdlﬁ sﬁhgédl coild iaf 'e?tle?ng'alﬁl?% gllﬂgi P? gré hfthatdixtent

conprises t he energizing a d ‘generati ng
coi | (122f thesioni eami tramebpdthrthroughdtheahagnes| amdcbembaway froex thientravelepath

ti igld ' deii) . dipaol e field
gener at i g o o VaRuet 854 s GRSt (1502 1320 aien oot e ng
pl age oppﬂi'gﬁ&_the first side. 4. The nmethod of claim1, wherein the
t

ener gi zi ng ep (c) conprises the steps of: i) energizing a first pair
of quadrupole field generating coils (130, 131) positioned on a first side

of a pla (1 bi secti ng, t.he netic fiel eqgi.on. .and i.i ergi zi ng
o second T Dhe dnRampn L A 2 Hhksin R St oHE P sy 3RE dipde eldr o' 2
posi ti onegkreta 66iP fsims afhaté shdjdiciPpértioas Fhat et AfongSiddicof thest si de.
5. The nmethod of claim1, conprising the step of routing coolant through
the at | carcuatorextentyofl thefion beagutrevelipath thrsugh:the magnetandast one
quadrupole T elf. AalGtaatd Portions (214, 216) of the two coils abut each other along a

5 beam centerplane (125) that bisects the magnetic field region.

33.  The apparatus of claim 27, wherein the first and the second magnetic pole
pieces are segmented into multiple pole piece segments (110A, 110B, 110C) that
widen from a narrow portion on a radially inner portion of the magnet to a relatively
wider portion on a radially outer portion of the magnet.
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coil . 16 6. The nmethod of claim1, conprising the steps of passing.
the filtered ion beamthrough an aperture of a resol vijng- pl-ate. (40) and, .
treating a target with the filtered ion beam 7. The wethoq f’C|aIW11
wherein the nmoving step (a) conprises the step of novijpg the |on beam.--
through-at least two sequential zones (A B, C of the magnetic field

regi on; and wherein the energizing step (c) conprises the steps of: 5

i) energi zing a first set of at |east one quadrupole field (130, 131,
136, 137) generating coil to generate zm quadrupol e magnetic field in one of
the zones (A) of the magnetic field region, and ii) energi zing a second

set of a m?ﬁ?p h@ﬁip&;& TE¢ MR LPORIARRN ¢ k210N I8PLANTERENET at €
a quadrutgg magnet | c W I n anot her one of 10 the zones (B) of the

magnetic field region. 8. The nethod of claim 7, wherein the controlling

step (d) conprises the step of sel emmrol | ng the energization of
the first set of at |east one quadr d generating coil and the :

ener gi zation af 1dhensfyI6H infplamtbr ¢10) RAHg &R forl Yestcs (PR fdr émhiltiggrienat i ng
(14) and an implantation chamber (17) spaced from the ion source by an ion beam
path through which ions move from the source to the implantation chamber. A mass
analyzing magnet (22) positioned along the beam path between the source and the

5 implantation chamber deflects jons through controlled arcuate paths to filter ions
from the beam while allowing certain other ions to enter the ion implantation
.chamber. The magnet includes multiple magnet pole pieces (110, 112) constructed
from a ferromagnetic material and having inwardly facing pole surfaces (114, 116)
that bound at least a portion of an jon deflection region (120). One or more current

10  carrying coils (122, 123) set up dipole magnetic ficlds (BO) in the deflection region
near the pole pieces. Additional coils (130, 131, 132, 133, 134, 135, 136, 137) help set
" up a quadrapole field (Q1, Q2, Q3, Q4) in deflection region. A controller (100)
electrically coupled to the one or more coils of said magnet controls current through
the one or more current carrying coils to create the magnetic field in the deflection

15 region near the pole pieces.
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9. The nethod of claim8, wherein the energizing step (c) conprises the
step of energizing a third set of at |east one quadrupole field generating
coil (134, 135) to generate a quadrupole magnetic field in another one of
the zones (C) of the nagnetic field region; and 5 wherein the
controlling step (d) conprises the step of selectively controlling the
energi zation of the third set of at |east one quadrupole field generating
coil. 10. The nmethod of claim1, coppyising the steps of: emtting ions
froman ion source (12) and accelerating the ions away fromthe ion source
to formthe ion beam 17 placing first and second arcuately extending
pol e pieces (110, 112) on either 5 side of an arcuate travel path of
the ion beamso that inwardly facing pole surfaces (114, 116) are

positi oned on opposite sides of a magnetic field centerplane (125);
positioning the at | east one dipole field generating coil along the
arcuately extending pole pieces for creating the dipole magnetic field that
extends across the Mfynetic field region fromone of said fi second
arcuately extendi ng pple 10 pi eces to another of said fi second
arcuately e ' e pi eces; and Qﬁterposing a plurp*ity at

| east one quaqgONPRELf'I Bl d generating/coil between inwardl i urfaces
of the firslElaCTRENIESI} ar cuat: peces and the N
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magnetic field region; wherein the controlling step (d) conprises the step
of selectively energizing the 15 at |l east one dipole field generating
coil and the quadrupole field generating coils to provide a controlled
guadrupol e magnetic field in the region between the pol e pieces; and
wherein the magnetic field in the magnetic field region intercepts the ions
in the ion beamexiting the source to24®lectively filter ions having other

than a specified 20 mass to charge ratio fromthe ion beam 11. The
met hod of claim 10, wherein each of the first and second pole pieces are
arranged in nmultiple arcuate S ; 0B, 110C); wherein each
pol e segnent of a polegﬁ' ce/sufports onaypf the at I&gst one quadrupol e
field generating coil for s ¥ng up a cufyent along a ™\gce of the pole 5
segnent; and wherein the epfer | ng step conpri sesot hg step of
energi zi ng the quadrupol e /f] gener a4 t acfled Yo opposite pole

segnents to cause a focu g def oc /i afﬁéé 7 I ng f\hr ough
' (A VP O Dbetween the first

sequential ly encountered gnetyc fiel 6¢

and second pol e pi eces. . hg net ho 67 cl ai m ¥\ wherei § the
controlling step (d) c \ seg tire=ste f \contr ihg th ner gi zati on of
the quadrupole field ggngrQN | t Aced to #h nd second

pairs of pole pieces t oc ofs—towand a WarA i cfil ar pl mﬁthi@ﬂa
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first magnetic field region bounded by a first pair of magnetic pole piece

segnents 5

and to defocus ions away fromthe particul ar

pl ane within a

second magnetic field region bounded by a second pair of magnetic pole
pi eces that the ions enter subsequent to the first nmagnetic field region.

13.

a)

thao _ct ruec

ro.

123, 130, 131 132

5

An apparatus for filtering partljygas froman ion beam (14),
appar atus conpri si ng:

t he

structure (26, 110, 112) for defining a magnetic
field region (120) through which the ion beam noves;
plurality of conductive coils (122,
137) configured with

b) a

133 134, 135, 136,

field region
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wherein the i on beam noves through the beam guide. 16. The apparatus of
claim 15, wherein the beam gui de bounds an encl osed volune for maintining a
| ow pressure region through which the | gn beam noves. 17. The apparatus of
claim13, wherein the plenality of conéuctlve coils co ise a first dipole
field generating coil (1) positioned on a first side a plane (125)
19 bisecting the magneti g |field regionend a second dipole field generating
coil (123) positioned onla second sideQf the bisectin plane opposite the
first side. 18. The apphjatus of claimi13, wherein the plurallty of -

[ [ ispta first pair ¢f quadrupole figel d generating coils

(130, 131) positioned onpp fi 125):'|secting t he
magnetic field region ang’a N, el d generating
coils (136, 137) positi NEN ARENMNNSBEEHHNg pl ane
opposite 5 the, firsifis QI Hifm[13, wherein one
of the plurality of con-q Flagijal segment (214,
252) and a second radi ali . 16, 250), edd ii al ong an arcuate
travel path of the 'ﬁi N al: i At SRk erein one of
the plurality of congnqct i cofrpri ses cor ub|71cx)ﬂﬂgured I n
a plurality of |ayers (23 | ayer compri I!ur]aliti 3
segnents having diffg enq.radii.. ! | i
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21. The apparatus of claim 13, wherein each of the plurality of conductive
coils conprises tubing having a passageway for routing coolant. 22. The
apparatus of claim 13, in conbination with an ion source (12) for
generating ions to create the ion beam a resolving plate (40) having an
aperture through which the filtered i on beam passes, and an ion

i nplantation station (16) for treating a target wwth the filtered i on beam
23. The apparatus of claim 13, whereb@9t he structure configured with the
plurality of conductive coils defines at |east two sequential zones (A B,
C) of the magnetic field region through which the ion beam noves, and
wherein the plurality of conductive coils conprise a first set of at | east
one 5 guadrupol e field generating coil (130, 131, 136, 137) to generate
a quadrupol e magnetic field in a first one of the zones (A) of the nagnetic
field region and a 20 second set of atSleast one quadrupole field
generating coil (132, 133) to generate a-guasdyupol e magnetic field im

anot her one of the zones (B) of the magnetic Neld regremr—247] The ©
apparatus of claim 23, wherein the structure_ceXprises a pair |of ;ﬁﬁFEtiC

pol e pieces (110, 112) configyred in relg on¥ another with tHAe first

set of at |east one quadrupol®e field ge g ¥ def@d the/first
zone of the magnetic 0w 4 = ///
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fi'eld region. 25. The apparatus of claim 23, wherein the controller
sel ectively controls the energization of the first set of at |east one
guadrupol e field generating coil and the energization of the second set of

at | east one quadrupole field generating coil. 26. The apparatus of claim
25, wherein the plurality of conductive coils conprise a third set of at

| east one quadrupole field generating ? il (134, 135) to generate a
guadrupol e magnetic field in another 8t of the zones (C© of the nmagnetic
field region; and 5 wherein the controller selectively controls
the energization of the thirg set of at |east one quadrupole field
generating coil. 27. The apg?ratus of claim 13, in conbination with an ion

B

source (12) for emtting iong to create thefion I

chanber (17) nounted in spa
appar atus defi nes ;

source to the i mp
the plurality of
i on beam pat h

am and an inplantation
source such that the
a4l ons nove fromthe ion
aherein the structure and

defl ecting iong E i unwanted particles fromthe
i on beam the ptlructufe co i i and/segond magnetic pol e pieces
(110, 112)] FTTUCY § g ghel i cOQat erial, said pole
pi eces hav ' ' | (o))
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21 pol e surfaces (114, 116) spaced apart by the magnetic field region

t hrough which the ion beam noves; and the plurality of conductive coils
conprising: i) at | east one dipole field generating coil (122, 123)
positioned 15 near the nagnetic pole pieces for creating the dipole
magnetic field in the magnetic field region between the inwardly facing
pol e surfaces of the first and second magnetic pole pieces to bend charged
particles that make up the ion beam al ong arcuate paths through the
magnetic field region, and ii) at |d4%t one quadrupole field generating
coil (130, 131, 132, 133, 20 134, 135, 136, 137) for providing electric
currents which extend along the arcuate path followed by the ion beam for
superi nposi ng t he quadrupol e nmagnetic field on the dipole nagnetic field in
the magnetic field region between the pole pieces. 28. The apparatus of
claim 27, wherein the at | east one quadrupole field generating coil is
attached to the pole pieces and is |ocated between the inwardly facing pole
surfaces ol the nagnetic pole pieces aﬁagbge magnetic field region. 29.

The apparq s of claim27, wherein the i rdly facing pole surfaces are
general ly ﬁfanar and are spaced on opposﬂ@e sides of a magnetic field
centerplane (125) of the nmagnet, and whepgedss, two of the at | east one dipole
field generating coil (12 1 123) {@but 5 kach ot her on oppoﬂTte f]des of
the magnetic f26Mq centerpllane tdidefine a general | 133 : :
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encl osed magnetic field region. 30. The apparatus of claim 27, wherein the
first and the second magnetic pole pieces are segnented into nultiple pole
pi ece segnents (110A, 110B, 110C) and the at |east one quadrupole field
generating coil is attached to a particul ar nmagnetic pol e piece segnent
that sets up the quadrupol e nagnetic B/21d in a regi on bounded by the 5
pol e pi ece segnent 22 31. The apparatus of claim wherein two of the
at | east one dioc.f field generating coil form saddl e shaped coils that
extend al ong NLhe arcuate extent of the ion beamtravel path

t hrough the 1608t he travel path to forman entrance
and an exit rough which ions enter the 5 magnet .
\perein two of the at | east one dipole
te~shaped coil portions that extend al ong
he ion~hgam travel path through the nagnet;
%g“ziﬁl .

Q he two coils abut each ot her
along a 5 beam cent er pl ank i),tha #-pects the magnetic field
region. 3 The apparatus @f. clgim 27, wherei The<tirst and the second
magneti c gle pi eces are s i into nultip poﬂelgljce segnents (110A,
110B, 110@) that __} 14
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wi den froma narrow portion on a radially inner portion of the magnet to a
relatively wder portion on a radially outer portion of the nagnet
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