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TECHNIQUE FOR IMPROVING UNIFORMITY OF A RIBBON BEAM

CROéS-REFERENCE TC RELATED APPLICATIONS .

Th;i.s patent application claims priority to U.S.. Pfrovisionall
Patent Application No. 60/760,837, £iled January ;’20, 2006, whiéh
is hereby incorporatéd by reference herein in its entirety.

This patent appliéation_ is related to U.S. . Patent
Application'mo. 10/619,’)02, filed July. 15, 2003, now U.S. Patent
No. 6,933,50;7, whicﬁ is hereby incérporated by .reference: h.erein

in its entirety.

FIELD OF THE DISCLOSURE
The present digclosure relates generally to ion-
implantation and, more particularly, - .to a ,téchnique’ for

improving uniformity of a ribbon beam.

BACK@ROUND-OF;THE DIéCLdsURE-

Ion .impl'anters are -widely used. in semicorlductor
'manﬁfacturing to sele‘ct.iveiy altex éonducti;\rity pf materials. -
In a typical ion implanter, ions .gene}:ated from an ion source.
'apg' directed through a .serie_'s of beam;line -comp.onents:‘ which’
include one or more analyzing magnets and a plurality .of
electrodes. . The analyzing magnets select desired ion species,

filter out contaminant species and ions having incorrect

energies, also -adjusting ion beam duality at a target wafer.
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Suitably shaped electrodes can be used' to modify the enérgy and
the shape of the iomn beam.

In production, semiconductor wafers are typically scanned
with an ion beam. As used hereinafter, “scanning” of an ion
beam refefs to the relative movement of an ion beam with respect
to a wafer or substrate surface.

The ion beam 1is tyéically, either' ‘a “spbt beam” having an
approximately circular or elliptical cross section or a “ribbon '
begm" having a re.ctangular cross section. 'For the purpoAse of
fhe present discioétire, a “ribbon beam” tﬁay refer to either a
static ribbon beam or a scanned ribbon beam. Tl";e ],attef type of
ribbon beam may bé created by .scanning a spot .beam'back and
fo.rth at a high frequency.

In ‘tj_he'ca.lse ‘of a spot beam, scanning of a wafer may be
achieved by sweepiné the spo‘t‘. beam back and .forth between two
endpoints to form '.a be.a.m; path and by simult;aneously moving the
wafer across the beé.m-path. Altgrnati\;e.aly,. the spot beém-may be
kept stationary, and the wafer may be tﬁoved in a two-dimensional
(2:D) pattern with respect tq thé spot beam. In the case of a
ribIt‘)o‘n.beam, 'scamiﬁg'of a w.afer,'may"be,. acﬁieved by keeping the
ribbon beam stationéry and by simultaneously moving the wafer:
across the ribbon beam. If ;:he ribbon beam is wider than the
wafer, the one-dimensional (1-D) movement of the wafer may cause

the ribbon beam to cover the entire wafer surface. The much
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simpler‘ 1-D scanning makes ribbon beam a desin%ed choice for
singie-wafer ion implantaAtion production:

However, just like spot beams, ribbon beams can suffer f?:om
intrinsic non-uniformity problems. A ribbon beam typical;y
<.:ons_i_sts‘ of a plurality.of beamlet_s', wﬁerein each bearplet ﬁay be
considered, conceptuai].ly, as one spot beam. Though ioeam'lets
within a. ribbbn.beam travei .in the same general direction, any
two beamlets may npt be péinting in exactly the same direction.
In :addition, each bear'nlet may have its intrinsic angle spread.
As a result, during ion implar.ltation with a ribbpn beam,
different locations on a target wafer may experience differeﬁt
dion in‘c'ident aﬁgleé. .Furtherrfloice, the Dbeamlets may not be
evenly spaced within the ribbon beam. One portion of the: ribbon
beam where beamlets are densely distributed may deliver a higher
ion dose Ehan another portion of the ribbon. beam where beamlets
are sparsely distributed. Tr;erefore,, a ribbon beam may lack
angle uniformity and/or dose uniférmity.

Although there have been attempts to iﬁérove either angle
uniformity or dose uniformity of a ribbon beam, an efficient
solutio‘n'. is not ' yet available .f.or i:roviding ribbon beams that
meet both dose aﬁd. angie 'uniformity requirements for ion
implantation :product:;.on. For eJ‘cam-ple, it is _typically required
that‘a ribbon beam should prodﬁce, in a wafer plane, a dose

uniformity with less than 1% variations together with an angle
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uwniformity with less than 0.5° variations. Such sgtringent
uniformity requirements are.diffiqu;t to meet since both types
pf uniformity may be elusive. |

In view of the foregoing, it wouldiﬁe desirable to provide
a teéhnique for'.improying uniformity of a ribbon beam which

overcomes the above-described inadequacies and shortcomings.

SUMMARY OF THE Di‘SCLOST:IRE

A:technique fgr improviné‘uniforﬁity of a ribbon beam ié
disclosed. In one particular exemplary..embodiment,” the
tech;ique méy be realized as an épparétus for improving
~uniformity of a ribbon beam having a plurality of beamlets. The
apparatus may comprise a first .corrector-bar assembly having a
first set of magnetic core members. and a first vplurality of
coils aistributéd along;theAéirst set of magﬁetic core members;
The.apparatus may also comprise a second corrector-bar assembly
having a second set of magnetic core members and a .second
piuralitf of coils distributed .along the second set of magnetic
core - membersf wherein the second corrector—b&r assembly is
located.at a pfedeterﬁined distance.ftqm ghg‘géyg?“gpr;ector-bar
assembly. Each of" the ~Eirst plﬁraiity of. cdiis ma? be
"individually excited to deflect. at 1eaét one beamlet 1in the
ribbon beam,. thereby causing thé plurality of beamlets to arrive

at the second corrector-bar assembly in a desired spatial
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spread. In. addition, each of the second plurality of coils may
be individually excited to further deflect one or more beamlets
.in the ribbon beam, thereby causing the plu?ality of beamlets to
exit tﬁe second corrector-bar assembly at desired angleé. |

In accordance with other .aspects ‘of this particular
exemplary embodiment, the.:desired spétial spread of the
plurality of béamleté at- the second corrector-bar aségmbly‘may.
be achieved £o produce a .uniform ion dose associated with the
ribbon beam exiting the second ‘corrector-bar  assembly.
Alternatively, the desired spatial spread of the plurality of
beamlets at the second'cprréctor~bar assembly may be achieved to
produce a non-uniform ion dose associatea with the‘ribbqn beam
exiting the second corrector-bar assémbly.‘

In accordance with * further aspects of this particular
exehplary embodiment, the desired aﬁgles qf the plufality: bf.
beamlets may be achieved  for an angle uniformity associated Qith
the :ribbon beam exiting the second corrector-bar assemblyl
Alternatively, the desired angles of the plurality of beamlets
may be achieved to préduce a spatially varying angle
distribution éséociated Qi;ﬁ the ribbon beam exiting the second
corrector-bar assembly.

In accordance with additional aspects of this particular
exemplary embodiment, the deflections in£roduéed by each of the

first corrector-bar assembly and the second corrector-bar
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assémbly may be 1in¢ar:

In "accordance wi*(:h a further aspect of t'k.lis particular
exemplary embodiment, ‘;hé apparatus may further c.ompris.e a
controller that.con:trol‘s the individual excitations oﬁ the f;ir:st
pl'uraitj'.ty' of coils and. the second. plurality ‘of_ co_ils;; The
appé.ratus may also comprise one or more méasﬁrement devices that
measure the nq;i_bbon beam.. |

In .accordance with a vet furthef 'aspeét' of this particular
exemplary ‘embodin}ent; the céntrolier m;-:ty calibrate the £first
corrector-bar assembly and the second corrector-bar assembly by
separately perturbing one or more of the first plurality of
coils and the- second élurality of coils and by" agg:tjegating
correspoqding cl&anges in the ribbon beam..

In accordance Wjith a - st.i'll furtirler. éspect of this-
particular ekémplary embodimen.t, ‘the _coﬁtroller may cause ‘at
leaé_t, one coil to be excited at a sufficiently high frequency to
préducé a dithering mc;tion in at least one of . the piuralit‘y of

Beamlets. .

In another particular exemplary embodiment, the technique
may; be realiz.ed aé a -metho,d.for imp::ichavin‘g uniforrﬁity of a ribpén
beam. The method may comprise providing a first corrector-bar
asse@ly.héving a first set of magnetic core members and.a first

plurality of coils distributed along the first set of magnetic

core members. The method may also comprise providing a second
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corrector-batr assembly having a se.cond‘ set of ma,gnetic. core
members and a second p'lur.al.i'ty of coils distributed along the
second set' off magnetic core members,. wherein tk{e second
cofreétor—bar agsembly is located at a .predetermined distance
from the firét corrector-bar assembly. The method .may further -
comprise passing the ribb_on‘ beam throug}h the first cor;:ect:or—bar
assembly. The method may additionally c&mprise exciting one ‘or
more of the first pli.lral:i;ty of coils individually to deflect at
least one beamie_E in the- ribbon beam, thereby causing the
plurality of beamlets to arrive at the second corrector-bar
assembly in a desired spatial spread. The methed may also
corr;prise' exciting one or more.. of thé secona plurality of coils.
individually to further K deflect one or more beamléts in the
ribbon bearﬁ, thereby -causing the ‘plura;litfy of beamlets to exit
the second corrector-bar assembly at desired angles.

In accordance with othef éspects of. this particular
‘exemplary embodiment, the method may furthér comprise exciting
at least one coil with a sufficiently high freguency to produce
a dithering" motion in at least one beamlet.

Ir} accordance . Wi't.h further aspects ‘c;f .th'is particular
exemplaﬁ embodiment,- a current frequency .in at least one of the
first plurality of coils and the second plurality of coils may
be adjusted to control a local beamlet angle distribution.

In accordance with additional aspects of this particular
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exemplary eu%bodiment, the method may further comprise the steps
of: introducing a plurality of perturbations A in " one oOr more
coils; measuring changes in the ribbon beam in response to the
pluralipy of perturbations, .each change corresponding -to one
'perturbétic;n; eéﬁablishing a c.omputation model by aggregating
the measured changes; ap.d .s.electing s.ettings for the first
plurality .of c.‘oils and the second plurality of coils by
.evaluating one or more merit functions calculated based on the -
computation model.
In vet another particular exemplary embodiment, ﬁhe
technique may be realized as at least one signal embodied in at
e
least one carrie:: wave for transmitting a comput;e_r program o.f:
instructions configured to be readable by at le;ast one proééssor
for instructing the at least one processor to execute a computer
process for performing the method as recited above.

In still another particular exemplafy embodiment, the

-technique may be realized as at least 'one_processor readable

oLl .

carrier for storing - a computer  program of instructions.
configured . to be readable by at least ™ omne processoﬁ:‘.for
instructing ‘the at leést o..ne ‘procéssor to executé a compﬁter_
process for performing the method as' recited above. |
In a further particular exemplary embodiment, the technique
may be realized as a method for improving uniformity of a ribbon

beam. The method may comprise providing one or more tuning
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elements near a path of a ribbon beam. The method may also
comprise introducing a plurality of perturbations in the one or
more tuning elements. The method may further comprise measuring
changes in the .ribbon- beam in response té the plurality of
perturbations, each change correSpbnding to one perturbation.
The method may additionally comprise establishing a computation
model by aggregating the measured changes- The method may also
comprise selecting settings for the one or more tuning elements.
by evalgating one or more merit functions calculatéd based on
the computation model.

In accordance with othexr éspects 6f Ehis particular
exemplgry embodiment, the settings for the one or more tuning
eleménts may be selected.to préduce a.desired ion dose or angle
distribution. .

In accordance with.'fﬁrther .aspects of this parﬁicular
exempléry émbodiment, the aesired~ion dose or angle distribution
may be selected from ba group copsisting of: a'ﬁﬁﬁiform
distributién pattern, a non-uniform distribution pattern, and a
configurable digtribution pattern.

In accordance with additional aspects of ‘fhis particular
exemplary: embodiment, the one or more tuning elements may'IBe
selected'from a group consisting of: correcﬁor-bar assemblies,
multipolgs, dipoles, coilé, and magnetic rods.

The present disclosure will now be described in more detail
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with reference to exemplary embodiments thereof as shown in the
accompanying drawings. While the pfesent disclosure is
described below with reference to exemplary embodiments, it
should be understood that -the presenf disclosure . is not limited
theretof. Those of ordinary skill in'the’art having access to
the teachings herein will recognize additional implémentations,
modifications, and embodimeﬁts,~as well as Other‘fields of use,'
whicﬁ are.nwibhin thg scope of the pfesent disclosure as
described Therein, and with respect to which the éresent

digclosure may be of significant utility.

BRIEF, DESCRJ?PTION OF THE DRAWINGS

In orde; to facilitate ‘a fuller understanding of the
present discloéure, 'refeience is now'dnade to the accompanying
‘d;awings, cin whiéh‘ like elements are referénced‘ with like
numerals. ' These drawings should not be construed as limiting
the present.disclosure, but are inﬁended to be exemplary only.

Figure 1 shows an exemplary cprrector-bar assembly in
.accordance with an embodiment of a prior disclosure.’

Figﬁre 2'sh6ws another exemplary corrector—baf assembly in
accordance with an embodiment of a p#ior disclosure.

Figure .3 shows a .diagram; illustrating an exemplar?
apparatus for improving uniformity of a ribbon beém in

accordance with an embodiment of the present disclosure.

10
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Figure 4 iliustrates an exemplary method for configuring a
magnetic field in' accordance with an embodiment of the present
disclosure.

Figure 5 i;lustrates another exemplary method for
cohfiguring a magnetic fiela in accordance with an embodiment of
the present disciosﬁre.

Figure 6 siac;ws é diégram illustratihg an exemplaz.:y setup
for improving ﬁniformity‘of a ribbon beam in accordance with an
'embo.dim‘ent of the pJ.:'es.ent disclosure.

Figure 7 shows a flowchart illustrating an exemplary meti'lod
for improving uniformity of a ribbon beém in accordance wigh an

embodiment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The related U.S. Patept Application No. 10/619,702,
entitle& “.Controll'ing- the Characteristics of Implanter Ion-
Beams,” discloses a cori‘ector—bar .technique fof ;pro;\riding active
correction across a ribbon be.am‘. The active .correction ‘isl
achieved; by passing the ribbon beam through a corrector-bar
assembly. |

One exemplary corrector-barassembiy 100 i1s shown in Figure
1. 'fhe cofrector—bar 'aésembly 100 comprises a rectangular steel
Window frame 102 with an aperture to allow a ribbon ]oeam~ 10 to

pass .through. The window frame- 102 may comprise horizontal

11
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magnetic core members: 104 and vertical magnetic core mgmbgrs
106 . The wiﬁdow frame 102 provides a magnetic' supporting
- structure needed foi’ producing desired deflection fields. A
plurality of coils 108 may be wouné _along the . horizontal
magnetic core members 104. Each coil 108 may be individuall?
and/or indepéndently excitéd with a-current, so as to generate
high;order multiéble‘ componehts withdut deéicated. windings.
Individual excitation of each céil 108, or each miltipole, may
deflect one or more beamlets within ;he-ribbonAbeam 10. . That
is, local variations in ion density or shape df_the ribbon beam
: 10'.may be corrected by modifying the magnetic fields locally.
These cxn%ections may be made under computer control and on a.
time séale Ehat is only limited by a decay rate of edd& currents
in the horiéontal magnetic core members 104. |

Additional coils '1ip may be .wound4 arouﬁd the verticalh
magnetic core members 106 to eiiminate magnetic short circuits.
when multipole compbnenté are being generated. The coils 110
may also be excited independently to produce a pure -dipole fiela
in the Y direction between the horizontal magnetic core members
104. When the coils.llo are switchea off, dipole fields may be
generated in the X direction along the. horizontal-  magnetic core
‘members 104. These X- or Y-diregtion dipole fields may also be
used to manipulate the ribbon beam 10 or beamiet(s)'therein.

Figure 2 shows another exemplary corrector-bar assembly

12
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200. Compared to the corrector-bar assembly 100 shown in Figure
1, the ‘corrector-bar assembly 200 does not have the. vertical
.magn‘etic core members 106 or the coils 110. Apart from this
difference, the corrector-bar assembly 200 may opératé unaer
substantially the sa&e érinciples as the corrector-bar assembly
100. |

Embodimeﬁts of the present disclésure build ﬁpon.ﬁhe above-
described corrector-bar technique | to . improve both dose
uniformity and angle uniformity in a ribbon beam. With
capability of fine—;uning individual beamlets, at. least two
corrector-bar assemblies may be employed to provide independent
and/é; coordinated control over beémlet concentratiog and
beamlet angles in a ribbon beam. |

Referring to Figure 3, there 1is shown a diagram
illustrating.%h sgémplary apparatus 300 fdr improving uniformity
‘of a ribbon beam in accordance with én.embodiment of the present
disciosure. The apparatus 300 may comprise a first corrector-
bar assembly 302 and a. second corrector-bar assembly 304 which
are positioned substantially in parallel with each  other and
se@argted by a distancé D. Each corrector-bar assembly (302.or
304) may have a structure that is the same as or similar to the
exemplary corrector-bar assemblies .100 and 200 shown in.Figures
1 and 2 respectively. Alternatively, each corrector-bar

assembly (302 or 304) may be the same as or similar to the

13
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exemplary corrector-bar assemblies (or variants thereof) as
described in the related U.S. Patent Application No. 10/619,702.

For clarity, é top wview of .the apparatus 300 is shéwn in
Figure 3, wherein a ribbon beam 30 séqt;entialiy passes through
the first corrector-bar assembly 302 and the second corrector-
bar assembly 304. The ribbon beam 30 may comprise a plurality
of beamlets (é.g-, 31-37) . As they ente;: the first corrector-
bar assembly 302, fhé beamlets may iack uhifomity in terms of
both incident angles aﬁd ion doses. TFor example, the béamlet 34
has a small incident angle v;rith respect to the Z direction,
while the beamlets 31 and 33 have much larger incidenf angles.
Also, the beamlets 31° and'32 are spaced further apart than the
beamléts‘ 32 and 33. | ‘

According to embodiments of the present disclosure, a “two-
stage” correction méy- improve dose uniformity and angle
uniformity of the ribbon beam 30 The first corrector-bar
assembly - 302 may be primarily responsible for the dose

uniformity 'improve,ment. That ‘is, coils in the first corrector-

bar assembly 302 may be individually excited to produce -local-

variations in a magriétic field so as to deflect indi\{idual
beamléts. The deflection of individual beamlets, coupled with
the distance D that the beamlets have to traverse before
reaching the second cor‘rector-bar assembly 304, may cause the

beamlets to be spatially rearranged in the X direction. For

14
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example, the beamlet 32, which is spaced far apartiﬁﬁrom the
beam;et'31, may be déflectéd by the first corrector45ar~asseﬁbly.
302 to the -X direction by a small angle ©. After the beamlet
32 has traveled the distance D in‘the‘Z direction to reach tﬁe
second corrector-bar assembly 304,. it wﬁll'also have traveled
laterally in the -X direction to become closer to the beamlet
31. Note that the beamlet 31 i;self.may or may not have been
deflected in the meantimel Therefoge, with proper éettings for
the coils in - the fifst corrector-bar assembly 302, the beamlets
in the ribbon beam 30 may be spatially redistributed by the time
they reach the second. corrector-bar assembly: 304. The first
co;rector—bar assembly . 302 ma? be referred to aé a “dose
uniformity corrector.” |

The second corrector-bar éssembly 304 may . be primarily
responsiblé for the angle:uniformity improvement .- ‘Each coil in
the second cor?egtor—bar assembly ‘304 may be individually
excited to introduce degired deflections for individqal beamigts
in the ribbon beam 30. As a result, the beamlets-may exit the
secon& corrector-baxr asgembly 304: at desired angles (e.g.,
substantially the.same'anglef. As shown here in figure 3, the
ribbon beam 30 exiting the second correct;r—b;;#;SSEmbly~304 may
be substantiglly uniform in‘terms of both incident angle and ion
dose. Thé second corrector-bar assembly 304 may be referred to

as an ‘“angle uniformity corrector.”

15
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According to some embodiments, it may be desirable that
' corrections made by one correétpr—bar. assembly operate
.orthogonally with respect ﬁo corrections introduced by the other.
correctér;bar assembly such that changes at the two corrector-’
bar assemﬁlieé do nét affect one another. Accordingly, it way
be beneficial to backtrac#: beamlet trajectoriés from a wafer’
plane back to the beamlet coordinates at the secona corrector-
bar assembly 304, for example. There are methods fqr tracing
ioﬁs or ion beams that are well known to those skilled in the
art.

The . above-described “two-stage” ' correction methodology
opens up numerous options to ‘manipul'ate a' ribbon beam. For
exanmple, 'indepenéent coﬁtrol over dose uniformity and angle

uniformity of the ribbon beam 30 may be possible by varying one

or more parameters (e.g., distance D and coil settings in either
or both corrector-bar assemblies) in the apparatus 300. ., The
“two-stage” setup may be extended to a “multi-step” setup

wherein three or more cofrector~bar assembiies may be emploved
to sequentially manipulate the fibbon beam 30. Some exemplary
implementation’ options . are described below in connection with
Figures 4-7.

Figure 4 illustrates an exeﬁplary‘method for configuring a
magnetic field in accordance with an embodiment of the present

disclosure. A pair of magnetic core members (e.g., steel bars)

16
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462 may be.pfovided- A pair of coils 406 may be symmetrically
wound around the magnetic core members 402, one coil 406 fox
each'magnetic core member 402. The coils 406 may have opposite
windings, one right-handed and the other left-handed. An end.

bar 404 may be optionally provided to connect the magnetic core

members 402. By exciting the coils 406. with currents of the
same 'magnitude,' a magnetostatic potential profile 44 may be
introduced. As shown, in a region between vertical lines 41 and

42;?£he magnetic field between the magnetic core members 402 may
increase linearly.--.To the right of the region, a uniform
magnetic f£ield may be created. To the left of the region, there
may bgAno magnetic field. As a ribbon beam 40 passes between
~ the magnetic cofé members 402, Loréntz forces may cause ions or
beamlets to the-ri'ght'. of t.h:e ‘vertical line 42 to be uniformly
deflééged. Ions. or beamlets in ;he region between ;he vertical
lines 41 and 42 may diverge due to the.magnetostatic potential
gradient. To the,ieft of the wvertical line 42, there may be no
deflection of the ions or beamlets in the ribbon beam 40.

ﬁigure 5 'illustrates anothei exemplary method for
'configuring a magnetic field in .accordance with an embodiment of
the present disclosure. Based on the same structure as shown in
Figure. 4, an additional pair of coils 408 may be added and
excited to introduce a section of . negative gradient in the

magentostatic potential. The individually driven coils 406 and
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408 may together create a magnetostatic potential- pfofile 52
which may be a linear combination of the magnetostatic potential

profile 44 (shown in Figure 4) and a new magnetostatic potential

profile (not shown) caused by the coils 408. The magnetostatic

potential profile 52 shows that the magnetic fields in two
regions (i.e., between vertical lines 41 and 42. and between
vertical. lines 45 and 46) may  cause non-uniform or .aivergent
deflections of beamlets in the ribbon beam 40.. The magnetic
fields in the other twé-regions (i.e., between vertical lines 42
and 45 and to the right of wvertical line 46) may caﬁse.uniform
defléctions of beamlets in the ribbon beam 40.

From the two examples shown in Figures 4 and 5, it ﬁay be
appreciated that a series of  field gradienf changes may be’
introduced in a corrector-bar assembly to seiectively-.deflect
beamlets or ions within a ribbon béqm."The gradieﬁt changes may
connect smo&thly with one another dpe to the mwmagnetic core
members connecting adjacent coils. In addition, the effect from
individual coils or pairs of colils may be aggregated.

Figure 6 shows a diagram illustrating ’an exemplary setup
for improving uniformity of a ribbon‘beam in:accordance with an
embodiment of the présent disclosure. In an ion implanter, a
first corrector-bar assembly 602 {(i.e., dose uniformity
corrector) may.be pogifioned at or near an entrance of a 50°

collimator 606, while a second corrector-bar assembly 604 (i.é.,
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angle uniformity corrector) may be positioned at or near an exit
of the 70° collimator 606. An' ion beam 60 exit.ing a mass
selec{:ion slit 601 may first pass through the first corrector-
bar assembly 602, where lateral de]‘:’lgactions (in thé X direction)
may be introduced, for example, to expand the beam width and/or
to correct dose uniformity. After the ion beam 60 passes
"through the 70° collimator 606, angle errors within the ion beam
60 may be corrected by the second corrector-bar .assembly 604 to
improve' angle uniformity.. Then, the ion beam 60, with impro;v'.ed
dcse'. uniformity and angle uniformity, may be directed at a
target wafer 608. Pilthough the corrector~ba4;: assemblies (602
and. 604) here are not in parallel with each other, they still .
facilitate the “two-stage” correction as described above.
According' to embodiments of the present disclosqre, a
difchering motion may be: introduced to a ribbon beam to further
smooth out small-scale ﬁon—uniformity in the ribbon beam. For
gxample, in a two-stage correctiom 'setu;;,l. a high-frequency
current component may bé superimposed 6n excitation currents of
individual coiis in the .second corrector-bar assembly (i.e.,
angle uniformity  corrector). Tl;lé high-freguency currént
component may cause an entire ribbon beam (or portions thereof)
to be displaced across a target wafer in a reciprocai:ing mannexr.
If the target wafer is exposed to a sufficient number of such

displacement reversals, local or small-scale dose and/or angle
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variations on the target wafer may be .averaged out. Since the
inductance of each. individual coil in the angle ‘unifofmity
corrector. is .low, moderatelyl high frequencies may be easy to
;chieve._ The dithering motion méy be computer—controlled, and
the high—frequendchurrént componént may bécome ;nother pfocess
knob for improving beam uniformity.

Figure 7 shows .a fiowchart illustrating an exemplary method.
for improving unifdrmity of a ribbon béam.in accordance with an
embodimen£~of the present disclosure.

In step 702, éﬁ ion beam.may be generated and sét up in an
ion implanter. The ion beam may be a ribbon beam and may pass
- through two'.stéges of cgfreé;or—bgr‘ assemblies each.>having'
" individual deflection.coi}s.(i.e-, multipoles) .

In step 704, the mult;poles may be perturbed and changes in -
the angle and/or dose of the- ion 'beam iﬁ respénée to the
perturbations may be measured .and recorded.: | For example, a
small—scale. perturbation ' may be introduced in an .excitation
current'of a deflection coil, and such a perturbation may cause
. a corregponding small change (e.g., angle or doée variation) in
the. ion bean. The perturbation may be repeated, With the same
.or different magnitudes, on differeﬁt déflection coilg, either
one at a time or in combinations. As a result, déta reflecting
the effect of.indi%idual coils (multipoleg) on the.ion beam may

be accumulated. According to embodiments of the present
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disclosure, the effect in response to the perturbations may be

either locked up from a statistical database or calculated by

theoretical simglation basedion physical models.

in .atep 706, a computatién :%odel may bé‘ éstablished by
aggrégating- ﬁhe effect of the individﬁal coils. . The data
asséciated with the effect of the individual coils may be
interpolated_dr extrapolated,'

In step 708, one or more merit functions may be.calculated,
based . on the computation model, for potential multipole
settings. The merit functions may serve to quéntify the effect
of potential multipole séttings on the ion beam angle and/or
dose’ distributions. According to soﬁe embodiments, 6ne or more
of the folloWing"ékémplg??”méfitﬁfunctions may be employed. One
exemplary merit ‘function may be defined as:

MeritFuncﬁion;“= wXAngleSpread+(l—w)XProfileSigma
wherein AngleSp;ga@'denotes a range of beam aﬁgles in the ion
beam, ProfileSigma denotes a sténdard deviation in beam current
(or dose) distribution, and w is a configurable'weighting factor
that defines relative - weights of angle uniformity and dose

uniformity.' Another merit function may be defined as:

— . Angles 4  profiless
MeritFunction2 = wx glesprea F(1—w)x Profi eslgmé
' TargetaAngleSpread TargetProfileSigma

wherein the AngleSpread and ProfileSigma parameters are

normalized to their respective target wvalues, such that the
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relative importance of angle uniformity versus dose uniformity
is scaled to desired parameters that may be recipe configurable.
A _third alternative merit function may be defined as:

ProfileSigma

AngleSpread .+(1—w)x

MeritFunction3 = wX . . .
StartAngleSpread ‘StartProfileSigma

wherein the aAngleSpread . and ProfileSigma parameters are
normalized to their respective ‘starting wvalues obtained for. a’
ﬁase beém profile, such that the relative impqrﬁance of angle
uniformity versus dose uniformity’ is scaléd through iterations.

In step .710,' desired hultipole settings mayf'bé’ selécted
based on the one or more merit functions calculated in step 708.

It should be rllo_ted that the method described above in
‘connection with Figure‘7 is not limited to the use of. corrector-
bar technique but may be imﬁlemented with any beam tuning
element where individual perturbations of‘ an ion..beanl may be
aggregated to establish a cémputation ﬁodel‘that is useful for
sélecting desired settings £for' the beam tuning element.

At this point it shoula be noted that the technique for
improving uniformity of- a. ribbon beam in accordance with the
present disclosure as described 'above typically involves- - the
procéssing c>f‘t input data an;i thé generation of output data-to
some extent. This input data p;ocessing and output data
generation may be implemented in hardware . or softwa#e. For

example, specific electronic components may.be employed in an
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ion implanter or similar or related circuitry for implementing
the functions associated witﬁ ribbon beam uniformity control in
accordance witﬁ the present disclosure as described above.’
Aiternatively-, one or' more processors operating in accordghce
with storéd. instructions may implement the functions associated
with ribbon béam unifo;mity control in accordapce with the
present disclosuré as described above. Ifzsuqh ié the case, it
_is within the scope of the present Qisclosure ‘that such
iﬁsfructiogs .may' be stored on oné or ﬁore processor readable
carriers (e.g., a r.nagnetic disk), or traﬁsmitted to one or more
processors via one or more signals.

The present disclqsure is nhot to be 1imited in- scope by the
specific embodiments described herein. Indeed/ other warious
embodiments of and modifications to the present ‘disclosure, in
addition to those described herein, will be apparent to thoée of
ordinary skill in ‘the art from the foregoing description and
accompanying drawings. Thus; sucb othér embodiments and
modifications. are intended to fall within the scope of the
present disclosgre. Furthéf, although. the present disclosure
has Dbeen described herein ‘in the context of .a particular
implementation iﬁ a particular environment for a particular:
purpose, those of ordinary skill in the art will recoghize that
its wusefulnegs is mnot limited thereto and tha£ tﬂe. present

disclosure may be beneficially implemented in any number of
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environments for any number of purposes. Accordingly, the
claims set forth below should be construed in view of the full
[

breadth and spirit of the present disclosure as described

herein.
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CLAIMS
1. An apparatus for improving uniformity of a- ribbon beam
having a plurality of beamlets, the apparatus comprising:

a first corrector-bar ‘assembly; ha&ing a . first set_ of
magnetic core members and a.first plurality'gf coils distributed
along fhe Eirst set.of magnetic core members; and

a second cérrectér—bar assembly having .a sécond. set of
magnetic core members and a second plurality of coils
distributed. along the second seﬁ ‘gf magnetic.'core, members,
wheréin the second corrector-bar assembly is located at a
predetermined distance from the first c&rrecﬁor—bar assembly;

wherein each | of the first plurality of <coils is
ihdividually‘ excited to deflect at least one. beamiet in ‘the
ribbon beam, thereby causing the plurality of beémlets to arrive
.at "the second ;orrecto?-bar' assembly in’ a desired spatial
spréad, and - < . C

wherein each of the second pluraligy’ of coils . is
individually excited to further deflect one or more beamlets in
the ribbon 5§;m, thereby causing the plurality of beamlets to

exit the second corrector-bar assembly at desired angles.

2. The apparatus according to claim 1, wherein the _desired
spatial spread of the plurality of beamlets at the second

corrector-bar asgembly is achieved to produce a uniform ion dose

25 '



WO 2007/084628 PCT/US2007/001356

associated with the ribbon beam exiting the second corrector-bar

assembly.

3. The apparatus according to claim 1, ‘wherein the dééired .
angles of the plurality of beamlets are achieved for an' angle
uniformity associated with the ribbon beam exiting the second

cqrrector—bar assembly.

4. The apparétus .acco£ding to claim 1, wherein the desired
spatial spread - of the plurality of beamlets at the second
corrector-bar assembly is.achieved to produce a non-uniform ion
~dose associated with the 'ribbon beam exiting 'the‘-secpnd'

corrector-bar assembly.

5. The apparatus according to claim 1, wherein the desired
angles of the plurality of beamlets are achieved to produce a ’
spatially varying angle distribution associated with the ribbon

beam exiting the second corrector-bar assembly.

6. The apparatus according to claim 1, wherein the deflections
introduced by each of the first corrector-bar assembly and the

‘second corrector-bar assembly are linear.

5l

7. The apparatus according to claim 1, further comprising:
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a controller that controls the individual excitations of

the first plurality of coils and the second plurality of coils.

8. The apparatus according to claim 7, further comprising:
one or more measurement devices that measure the ribbon

beam.

9. The épparatus'accofding to claim 8, wherein the controller
caiibragés the first correétor—bar assembly and the second
correétor—bar assembly by separately perturbing one or more of
the first plurality of coils and the second plurality of coils

and by aggregating cofresponding changes in the ribbon beam.

10. The apparatus -according to claim 7, wherein the ‘controller
causes at least one coil to be excited at a sufficiently high
frequency to produce a dithering motion in at least one of the

plurality of beamlets.

11. A method for improving uniformity of a ribbon beam, the
method comprising the steps of:

providing a first corrector-bar assembl? having a first set
of magnetic core wmembers and a fi?st piurality of coils
distributed along the first set of magnetic core members;

providing a second corrector-bar assembly having a sé&cond
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set of magnetic core members and a 'isecond plurality of  coils
digtributed along the second set of magnétic: ‘core members,
wherein the second corrector-bar assembly 1is located at a
predetermined distance from the first corrector-bar assembly;
'_””p‘a‘gssing the ribbon beam .thrqugh the. first cérrector—ﬁar
) assémbly;
exciting one or more of the firét plux:alit;lf of coils
individually to deflec.t at least one beamlet in the ribbon beam,
thereby causing the plurali-tyl of - beamlets to arrive a1; the
second corrector-bar assembly in a desired spatial spread;.’and
exc:.iting one or more of" the second plurality of coils
individually to fgrthe? defieqt one oY Wmore..beamlets in the
‘ribbon beam, thereby causing the plura.lj‘.ty of beamlets .to exit

the second corrector-bar assembly at desired angles.

12. The method according to claim 11, further comprising:
exciting at least one coil with a sufficiently high

frequency to produce a dithering motion in at least one beamlet.

13. The method according _to' claim 11, -“wherein a current
frequency in at least one of the first plurality of coils and
the second plurality of coils is adjusted to control a local

beamlet angle distribution.

28



WO 2007/084628 PCT/US2007/001356

14. The method according to claim 11, fu?ther comprising:

in;roducing' a plurality of perturbations in one or more
co;ls;

measuring changes in the ribbon beam in response to the
plurality of perturbations, each- change corresponding to- one
perturbation;

eétablishing a computation model by aggregating the
measured changes; and

selecting settings -for the first plurality of cqils-ana the
second plu?éiity of coils by evaluating one or more merit

functions calculated based on the computation model.

15. At least one signal embodied in at least one carrier wave
for transmitting a computer piogrant of instructions';onfigured
to be Feadable by at least one prdcessor for instructing éﬁe at
least one processor to execute a computer process for performing

the method as recited in claim 11.

16: At least one .processof readable carrier for storing 'a
computér prograﬁ of inéﬁructions confiéured to. be réadable by at
least one processor for inétructing the at least one proceséor
to execute a computer process for performing the ﬁéthod as

recited in claim 11.
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17. A method for improving uniformity of é ribbon geam, the
method comprising the steps of: .

providing'.one or  more tuning elements near a path 6f é
ribbon beam;

intréducing a plurality of perturbations in the one or mdré
tuning elements; .

measuriné changes in the ribbon beam in response to the
plurality of~ perturbations, each changé cprresponding to one
perturbation; |

establishing a computation médel by aggregating the
measured éhanges;'aqd

selecting settings for the omne or more tuning elements by
evaluating one or more merit functions- calculated based on the

computation model.

18. The method according to claim 17, wherein the settings for
the one or more tuning elements are selected to produce a

desired ion dose or angle distribution.

19. The method according to claim 18, wherein the desired ion
dose or angle distribution is selected from a group consisting
of: a uniform distribution pattern, a non-uniform distribution

pattern, and a configurable distribution pattern. .
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20. The method aécording to claim 17, wherein the one or more
tuning elements are selected £from a group consisting of:
corrector-bar assemblies, multipoles, dipoles, coils, and

magnetic rods.
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