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35 The machine interface can generally be part of an advanced process control (APC) system. The APC system
initiates a control script based upon a manufacturing model, which can be a software program that automatically
refrieves the data needed to execute a manufacturing process. Often, semiconductor devices are staged through
multiple manufacturing tools for multiple processes, generating data relating to the quality of the processed
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In yet another illustrative embodiment, the method comprises performing a tuning process for an ion
implant tool, the tuning process resulting in at least one tool parameter for the ion implant tool, and determining
if the tool parameter resulting from the tuning process is acceptable based on historical metrology data for
implant regions formed in at least one substrate subjected to an ion implant process performed in the ion

40 implant tool.
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The present invention will now be described with reference to the attached figures. The words and
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phrases used herein should be understood and interpreted to have a meaning consistent with the understanding
30 of those words and phrases by those skilled in the relevant art. No special definition of a term or phrase, i.e., a
definition that is different from the ordinary and customary meaning as understood by those skilled in the art, is
intended to be implied by consistent usage of the term or phrase herein. To the extent that a term or phrase is
intended to have a special meaning, i.e., a meaning other than that understood by skilled artisans, such a special
definition will be expressly set forth in the specification in a definitional manner that directly and unequivocally
35 provides the special definition for the term or phrase.
In general, the present invention is directed to various systems and methods for fault detection and
control of ion implantation processes and tools. As will be readily apparent to those skilled in the art upon a
complete reading of the present application, the present method is applicable to the performance of ion
implantation processes using a variety of different types of ion implant tools, and to the implantation of a

40 variety of different dopant materials, e.g., N-type and P-type dopant materials. Moreover, the present invention
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invention may also be employed in the context of implanting dopant material into a previously formed layer of

material. Moreover, the present invention may be employed when implanting a variety of different types of
dopant materials, e.g., N-type dopant materials, such as phosphorous (P) or arsenic (As), or P-type dopant
35 materials, such as boron (B) or boron difluoride (BF,). Thus, the present invention should not be considered as
limited to the implantation of any particular type of dopant materials unless such limitations are clearly set forth
in the appended claims.
Portions of the invention and corresponding detailed description are presented in terms of software, or
algorithms and symbolic representations of operations on data bits within a computer memory. These

40 descriptions and representations are the ones by which those of ordinary skill in the art effectively convey the
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Generally, the success or failure of the ion implant process is not determined until well after the
implant process has been completed and the substrates have been removed from the ion implant tool. The
acceptability of the ion implant process may be determined by a variety of tests, e.g., electrical tests, visual
inspection, etc., some of which are destructive in nature. Unfortunately, such evaluation processes can take a

40 long time and involve consumption of scarce metrology resources and personnel. Thus, the feedback from such
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During the tuning process 20, the controller 18 may go through many possible tool parameter

35 combinations until it arrives at a combination of tool parameters that are believed to be sufficient to produce the
desired uniformity of beam densities. That is, the controller 18 will attempt to tune or adjust various tool
parameters associated with the ion implant process in an effort to insure that the ion beam is relatively stable
and capable of producing the desired results. There are many related tool parameters that impact the
performance of the jon implant tool 10. Such factors include, but are not limited to, the implant dose, the

40 implant energy level, beam current, tilt or twist angle, arc current, arc voltage, filament current, filament
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40 performed on one or more production or test substrates processed through the ion implant tool 10. For example,
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35 parameters. As another example, analysis of the metrology data and the tool parameters may result in a

correlation whereby as long as one or more tool parameters (or combinations thereof) are maintained within a
preselected range, then acceptable implant regions are likely to result. The present invention may be employed
in situations where the parameter(s) from the tuning process 20 may fall below a maximum value, above a

minimum value, within a range of values, or outside of a range of values. This methodology may also be
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35 21 from the tuning process 20 and corresponding parameters in each of the faunlt detection models 24. The fault
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35 or identified. In some cases, the fault may be indicated only if the measured parameter exceeds the value for the
parameter in the selected fault detection model by a preselected amount.

Once a fault condition is identified, various actions may be taken. Initially, the substrate processed in

the ion implant tool may be identified as being a suspect group of substrates, i.e., a group where the ion implant

process did not proceed in accordance with the values predicted by the selected fault detection model, e.g.,

40 model 24-2. In another embodiment, the processed substrates may be immediately identified as scrap. In yet
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nmodel 24T #ireel of fiepcolleetion efsseipgintrepdeje SPHD 30 atodes afcgptablesmsmis. Inf thatotaseaifithe todl t he
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process L@%\@l ndi ¢a t? m?%%{?ceishg erffyf: r émpgfpa‘i: ‘Wt?f%ewtl?ﬂ“qeﬁptp%?ﬂ‘p%ﬁ?de’is@o
shoul d Iyeay e Bsadys at least one factor in determining the acceptability of the tuning process 20. Of course, as

indicated in Figure 3, a variety of business rules 27 may also be employed in the decision-making process, as

described above. If the results are acceptable based upon the additional input provided by consideration of the

35 setpoint models (SPM) 30, then the jon implant process may be performed, and a fault detection model (FDM)
may be selected as described above.

In one illustrative embodiment, the method comprises performing a tuning process for an ion implant

tool, the tuning process resulting in at least one tool parameter for the ion implant tool, selecting a fault

detection model for an ion implant process to be performed in the ion implant tool based upon the tool
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5 O course, the output fromthe tuning process 20 could be, as stated
before, a range of values or an average value for the paraneters. Based
upon t he wahoos/a$s79. 5 mA for the beam current, the ion pophaBiosPEEl 22 may
then select one of the fault detection nodels 24 that closely approxi mat es

or mat Chﬁﬁan{em‘ sest @R dnf thggYuYrﬁl H@cegsoind r#; flglggml&lui fixﬁtproc d"%l %e%éﬁn in Elﬁtlg“ean q

ranges for beam current v et ect
24-3 nay“’l?@ntéO%“%‘i&thTB‘e"’leﬂfﬂﬁ&dﬁﬁ&m&’&o% m\, respecti veI y. Based on the beam
current val ueInoa‘nothrEillumatﬂzQ eﬁﬂddmhtethebyetﬁoh&oﬁlpmésl’i@rf&mmg Qstﬁniag ,pché'é@ de‘QiH 1on

I
i mpl ant 'ﬂmtrm Qllxe ce% ?Jsﬁ u} Q%a&t ogg }o letalla?cl)e er c{r e 1% 12aht tpéle%?amagfa f@ul{s mA

faul t det ection no osest va
sefect ed W%ﬂﬁéodeluﬁt Aty lop risiplany sprocess (i b pesfoisnadpn itfei iexd n@)@aWOé baseth ugonathe tony| e

vari abl epdiamte @it XesH e GunidepritbBClod q&)mt&ﬁg & tdnBplkkd HroR¥Ar RBbInRE 6o ih@%rt
detecti o ggtq olusgnégll\é%creaﬂgqueéenﬁlog&\é eilrgdgr tr-variant analysis. As set forth

above, e.g., 24-2, is then used to
moni t or t he pkldefe@sfhftr iflustiabive ¢pgbofliment, thmtlnethrtd coopises prfausing & ningngo@odessriored iatsi ng
t he tool mﬁﬁ@mtﬂﬁ"uﬁm%}ard&&ﬂéklﬁﬁn%% & femﬁe%l f)d:’é}ﬂetgtgfoptﬁé)ﬁ?%%b%@toognd dg'tgxld{uﬁr?g

tgﬁbfaul %q?ct on rmd1 4-n may be segrega ased

i nat T8I 1BY PEaBter pp &ﬁ?ef‘?é? e t““éngg}’m"etﬁé%t?ﬁ"tPE?PIF pied on hitprigy] Htewgﬁy ct&ﬁgfpre

fi | ament impiantrregiens ferned inTdt deastomie subRihtd dubjectdaiets tan fidnt @ptaxhq)rdcml pefoiRa®] Gk Son? 1
resul tinghpfare@gmrt he tuning process 20 may be deternmined by a variety of
known statl stl cal techni interpolation, etc. In sone cases, the
model s 24-1 -2t eﬁ&vsﬁé?‘?oef@ﬁ%%ég%mm ABPISEs REFTPREYDSIAEAINE Pesicess dor an ion

par anet einplautsed temuning @roc@siresuleily ik lefit Q@S pardBler FOXEPA ﬂxpldnh@om}ﬂ%lat&nﬁﬁngl -
24sn mayir Qik Y1 ﬂaﬂﬁl&t&qugsulﬁné/ ) ﬁp&ﬁnﬁﬂw’egﬁ a%gptralge l;ase% 0? ! ﬁc;[m% OfontoiLJ ﬁ Eool parametér

such as the nunb processi ng

mai nt ena‘i‘?{f’é“‘ﬁlﬂe&‘f@d’ﬁ?’%‘gg ffwpiat models- per f or rred on t he t ool 10. I n t h| s manner,
better cont r othepaticfiaenbodtheshe aistiosed Etﬁpab’e lillubttate dﬁﬁYashﬁ‘e Mi‘@flti'oi %ﬁly Wé tBdified
respect n sel e t

faul t deétng g{alag%d iﬁ@ﬁ‘feﬁy bﬁp% gfvalg glann% ngaﬁtgr tg:r(])fs‘:)etsg ilg:sdl B ihe a %mPAB% tbF:%Bt ({}Iﬂ&m

t he t uni'fR§HpEJERDSs  For iexgapier ﬁ’ﬁﬂ’ﬁ@@% §t312,90€m foth abray mge beyptifoaved! in Fddferentsorddraul t

deot ect i d]’ilrtmhhadﬁhﬂghtﬁﬁs ﬂ&)&atéﬁ@ed&&'ﬂl'e Qyt@icé o@@&ﬁﬁhc&mﬁl ddsBH |hEreﬂ{3§h€ﬁ£ 'o%r {K%ji%: S
actual |y

(FDVM t flec neters

be enpl %gecd@erdqn d oF rgnekh {‘ etﬁﬁreg" © "FV pt ﬁ#thj&p e“i‘bﬁd‘fnﬁ‘és 3’(5?4 fphoRRa% Ro
10.  Usi#fged b @oﬁcﬁqdh@d@ﬂlosgsh variing ere qynmpeagsmmmnhef edoparand ts;entacmthe\mdntiby
enpl oyi ngecbraibgly, tdefoRelidnQbughiREkeh S ab Leforth oY dHinfs@eibipe al | owabl e magni t ude of
variations in one or nore paranmeters. 30 As the inplant process is being
performed, or after it is conpleted, trace data may be collected with
respect to values, or range of values, for various tool paraneters. This
obtained trace data may then be conpared to the values for correspondi ng
paranmeters in the selected fault detection nodel 24, e.g., 24-2. If there
is a variance between a neasured value of a paranmeter, e.g., beamcurrent,
tw st angle, and a value (or range of values) for that paraneter in the
selected fault detection nodel 24-2, a fault condition may be indicated 35
or identified. In sone cases, the fault may be indicated only if the
measur ed paraneter exceeds the value for the paraneter in the selected
fault detection nodel by a preselected anount. Once a fault condition is
identified, various actions may be taken. Initially, the substrate
processed in the ion inplant tool may be identified as being a suspect
group of substrates, i.e., a group where the ion inplant process did not
proceed in accordance with the values predicted by the selected fault
detection nodel, e.g.
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40 nmodel 24-2. In another enbodi nent, the processed substrates nmay be
imediately identified as scrap. In yet -11 WO 2005/ 045875

PCT/ US2004/ 017617 anot her aspect, the identification of a fault may | ead
one to stop using the particular ion inplant tool 10 until such tine as
mai nt enance personnel may inspect the tool. As another exanple, the
identific&lAMSDf a fault may notify the mai ntenance departnent that the
particular ion inplant tool should be serviced as soon as possible. In
anot her aspect of the present invention, the system may enpl oy a generic,
regener at abl e fAambthod oftgirigitigt on nodel 25 (see Figure 2) that nmay be
regenerated in lieu of or in addition to the plurality of fault detection
nodel s 24-1 - Paforminga typine proces dprean iop uapbaf toph said tining progessgewiltinghe i on
i mplant r . I ault detection nodel 25 for

t he tool gg?tgpﬁ%?é?%%g rae%lgtlgﬁaozégu r‘gnmwg‘“ﬁﬁ‘%lr ng process 20. That 1is, the
ion inplant rusclexhgla fadlt detgctiom medel foe aw icreitrgplant paresrtabe perfomediihi ¢ faul t
detection del. t hat is1 ta'Iored,(go t he collfction of tqol parﬁgters 21
resul t i ngS3if &R mplant feq n‘&Sﬁ#WI ¥ leagt optogh parametepresylfing from it hni que,
fault det gehdOfrop&ENaMol ogies for the ion inplant tool 10 may be inproved
due to the use of the regenerated fault detection nodel that is

speci fical |y t aidnigprug amionhimplandprasessgeefosmed mbxaid ioh amplaniteof osingdaiidn t he
ion inplant to .. Fl.qure depicts alternative methodol ogi es that may be
enpl oyed F‘?}e‘ﬁ%{@ég’ﬁ@g{l d‘lglhe present invention. In this enbodinent, a
plurality of inplant tuning setpoint nodels (SPM 30 (1-n) may be used as
15 part of the gr ocess of determning the acceptability of the tuning
process 20. Fofhemethagfoficidiml ewbereinssaidiuning preaged s pedPiedinsaiddon

i ndi vi duall{lm?%r}géﬁr collectively referenced by the nunber 30. In this
enbodi menf, e ool setpoint paraneters and/or trace data, as indicated
at block 21, may be provided to an inplant tuning setpoint nodel 32. In
turn, the_inplant tuni n% setpoint nodel 32 may try to match the tool

set poi nt dat a 2he methagdmticlamtly Mhetpinsaid Bxingprpcess ispestosmed when a ngw ign
collectio i I T : 81: N dels (SPM 20 30-1, 30-2,
30-3, ... gﬂﬁfﬁnﬂ%‘ﬁéé &@%ipﬁﬁg%%eﬁgggééﬁrﬁ rrtg§Pbe establ i shed based upon
hi storical netrology data and/or confidence |levels that are based upon
hi storical performance data. For exanple, .in one exanple, the tool

set poi nt far an&géfr?g'é’ﬂ ‘&é 11> pherein, sald REing propess prsylie s W%@?‘@Pl mat ch
any of thgax%ﬁfefé?éﬂrsﬁﬁq Sarifht togihat situation may be indicative of an
abnormal Situation in that e tuning process 20 is suggesting tool

paranmeters 21 that do not match any of the tool setpoint nodels (SPM 30,
even t hough su nodel s e 25 base on reat .deal .qf, historical
dat a. Sucﬁ' a S&BE.&}@%M ‘?ﬁ;@}{‘iﬂgaHV%FE?I%SW‘gf‘gg"(t?%ﬁ’“gfie{eﬁqu B‘Bpgplérsﬁ fedrs 21
from the hhi DBIURIRE 85Fre4RiARE FlFCddidioh BiddelsS Of the tuning process 20
vary greatly from previously éestablished norns. In another exanple, the

product that is to be manufactured may be a high perfornmance integrated

circuit evic e. q. I. rformnc i croprocessor. .l.n. t hat

situati on,g' t heeth gleg?qdcoglc%lgna%&?ﬁff"? ﬁ’d‘?éej?“gé‘ﬁ?gﬁ dgf?f:ém{ fRgdelyis Srf]ﬁf’tgg of the
col | ecti ofrofif a flRkMey B falR detettidroRMiels Based @%uﬁs cBmPANoARIf 8aitl @6 Ialtone! N t hat
case, if the tool 30 setpoint paraneters 21 fromthe tuning process 20 do

not mat chtaghparemeten sesultingdram saif tuning progesisiand aserespondigpigol peramatesint he
tuning prgges Sa@@%g%%ﬁhgg%a%n I%l{)(rf;[ilsy put, in this enbodi ment, the

set poi nt nodel’s as at l'east one factor in determning the
acceptability of the tuning process 20. O course, as

7. The method of claim 1, wherein said at least one tool parameter is comprised of

at least one of an implant dose, an implant energy level, a beam current, a twist angle, an

arc current, an arc voltage, a filament current, a filament voltage, a gas flow rate, a

magnet current, an extraction current, an extraction voltage, a suppression current and a

suppression voltage.
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indicated in Figure 3, a variety of business rules 27 may al so be enpl oyed
in the decision-nmaking process, as described above. If the results are
accept abl e based upon the additional input provided by consideration of the
35 setpoint nodels (SPM 30, then the ion inplant process nmay be perforned,
and a fault detection nodel (FDM nmay be sel ected as descri bed above. In
one illustrative enbodi nent, the nethod conprises performng a tuning
process fe@r anmj LWnl . 10 uni.ng process resulting in at |east
one t ool gérang §QEPQP‘?EQH?5h9#ﬁg%§§?$#§%$; selecting a fault detection
nodel for an i oonitofihgatlesst onet®] paraimetep dufigy sdlionimphdt pdedsp@idant t ool
based upon the tool -12 VI)%%QS/ 45875 PCT/ US2004/ 017617 paraneter

resul ting f ronfi?"r(ﬂ%'mcgtﬁn agly copdytien avhen spid mamiiorsd; ah fragtpriedeol napAmagter doescess
per f or medybitafl Qﬁﬂﬁ@?resélé@é@ﬁio&%ﬁiﬁ%ﬁk Bdabififie 6y ?aﬁ% ?%eét@d’%ablt%%e@ﬁ&ﬂ on
nodel . In another 11lustrative enbodi nent, the et No conprises performng
a tuni ng pwodeless for an ion inplant tool, the tuning process resulting in
at | east one tool paraneter for the ion inplant tool, creating a fault 5
detection nodel for an ion inplant process to be perfornmed in the ion

i mpl ant t 9ol basgethbPWnipiRingP0! paraneter resulting fromthe tuning
process, and nonitoring an ion inplant process perfornmed in the ion

i mpl ant tool uBériyyminga dunérg procéss dor amdien dvplavttonk daitl turling pecessmesulting

illustrative, enpodi t. the thqd conpri.ses performng a tuning process
for an ioﬁla%il??ﬁnF%lhept%a}m%}ﬁreH‘?ﬁﬁﬁﬁ%nWr@@ggg‘ﬁr esulting in at |east one tool
paraneter for bﬂ&@tiﬁ@@fduﬁt&ew&tioﬁ ﬁﬁ;ldel fBPgn ﬁﬁﬁﬁ{pﬂﬁnﬂ pftidesskd be fpeifbﬁnéd‘lﬁ'
paraneter resulting fromthe tuning process is acceptabl e based on

hi st ori cafaigrianigipiang tepd paser gipon ppid s teasterge dond phegmetat resulting fremsaidone
Substrate ' an ion inplant process perfornmed in the ion inplant
tool. In gﬁ#@r@ﬁ&sgtiaﬁ@ust rati ve enbodi nent, the nmethod conprises performng
a tuni ng procesmnitofingiim joarimplanpprctsstpeeformédia shidribn §mplapciosbusingesaid ting in
at | east one tqol paranmeter for the ion inplant tool, and determning 15
if the to@eaﬁﬁgﬁljr'e‘f%tmﬁﬂﬂqel-ng fromthe tuning process is acceptable based
on a conparison of the tool paraneter wth a collection of tuning setpoint
nodel s. The particul ar enbodi nents di scl osed above are illustrative only,
as the inv@nti dhe methodefciailnf, edereimshig tuming precks is phirfohmed i sabdiionequi val ent
manner s agﬁérent 1to those skilled in the art having the benefit of the

t eachi ngs ARt tRoL For exanpl e, the process steps set forth above nay be
performed in a different order. 20 Furthernore, no limtations are intended
to the details of construction or design herein shown, other than as

descri bedll.n t hbke glethodwfickliroW, whereirssaidemafgprecesy isdenformbdwheme npwrion cul ar
enbodi nent s _.di scl.ose bove. may,.be . altered or nodified and all such

vari at i onSPRIpY rS%H%}Sggﬁgé?e&i’%%/drfntSWél lg%%éa%{‘ﬁﬂ(’lspi rit of the invention.
Accordi ngly, the protection sought herein is as set forth in the clains

below. -13 CLAIM5 1. A nethod, conprising:
12 The method of claim 9, wherein said tuning process results in a plurality of tool

parameters for said ion implant tool.

13. The method of claim 9, wherein said at least one tool parameter is comprised of
at least one of an implant dose, an implant energy level, a beam current, a twist angle, an
arc current, an arc voltage, a filament current, a filament voltage, a gas flow rate, a
magnet current, an extraction current, an extraction voltage, a suppression current and a

suppression voltage.

14.  The method of claim 9, further comprising:

monitoring at least one tool parameter during said ion implant process; and
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performng a tuning process for an ion inplant tool, said tuning process
resulting in at |east one tool paraneter for said ion inplant tool;
selecting a fault detection nodel for an ion inplant process to be
performed in said ion i npl ant tool based upon said at |east one t ool

par amet er resul tin sai n rocess;. and nonitaorin n

i npl ant pr oces4eq} lr 9%13 eagmﬁm%nfedtaa&asmeﬁeolﬁr = éios%t ed
fault det ggf faﬂ%ﬂﬂﬂg}eselgcte&_ Q&W@Hﬁlt@%ﬁ%]ﬁhﬁ bylsalél"@f‘eﬁféﬂrfalﬁaﬂéie&féﬂ' ng
process is perfornmed in said ion inplant to he nmethod of claim1,

wher ei n saiadek uni ng process is perfornmed when a new ion inplant recipe is
to be perfornmed in said ion inplant tool. 4. The nethod of claim 1, wherein
said tuning process results in a plurality of tool paraneters for said ion
inplant tqsl. A méihed @it claim1l, wherein said selected fault
detection nodel is selected froma pl ural i ty of pre-existing fault

det ecti on nodeperforming péunieg progessffovamiomimplaphtopk spidSening processtresiltingul t

det ecti onlmcig,‘{st LSe t%gi)ﬁzﬁ&r‘flgter }Oégg]lfle}?‘g §1§Jgt§¥1 fd fault detection nodels

based upon a conparis sal ol parameter resulting from

sai d tuni ng prdeessinaipdif said af legstRAs ol Patadieter PEURITR BIm isdid t@ifg pocessi d
plurality, of fault detection npdels. 7. The method of claim]l, wherein said

at | east #rrscenighle based opthistorical mstrelagy datadpr implantaagipnyiosmed ineat l¢ash| ant
dose, an APLHYra @ﬂrggé&eé ?o"@ E@ﬁf’h&u&fs am?eqtlwsﬁﬁ 1&9%@anﬁ801 arc

current, an arc volt rren ament age, a gas flow
rate, a rragnet current an extractr on current an extraction voltage, a

suppressr ent suppre sion vaol, tage 14 8. The thod of ,claim
1, furthe m[’F fstaimolo, fyther corapdsing paforgpng %wgﬁeggntmww said

ion inpl a@&d r&ro%aa% sala%rea@k%%%a%a@neft&%{egm bihisQid t&qﬁﬁg lp?%k: at or ed

at | east one tool paraneter does "not fal I n prese owabl e
limts esa‘e]bastshetbobparsmettrmadmnnnbdﬁatuetaccb@taém| on nodel. 9. A nmet hod,
conprising: performng a tuning process for an ion inplant tool, said
tuning process resulting in at |east one tool paranmeter for said ion

inplant tool; Theaictid oF dam 1s, ﬁﬁ&ep&érﬁﬁnﬂpgﬁérf&ﬁﬁng%&m hiiRg Brdkesdr 0CESS
to be perforned in saidion inplant tool based upon said at Teast one tool

par amet er foresaid| ipn ngp}an'rd:nplslﬁsaid at least one tool parameter is determined to be

unacceptable.

18.  The method of claim 15, wherein said step of determining if said at least one tool
parameter is acceptable is based upon a confidence value associated with said at least

one tool parameter.

19.  The method of claim 15, wherein said step of determining if said at least one tool
parameter is acceptable is based upon a comparison of said at least one tool parameter
resulting from said tuning process and a corresponding tool parameter associated with

said historical metrology data.

20. The method of claim 15, wherein said metrology data comprises at least one of a

dopant concentration, a depth of a doped region and a dopant concentration profile.

21.  The method of claim 15, wherein said at least one tool parameter is comprised of

at least one of an implant dose, an implant energy level, a beam current, a twist angle, an
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tuni ng process; and nonitoring an ion inplant process perfornmed in said ion
i nplant tool using said created fault detection nodel. 10. The nethod of
claim9, wherein said tuning process is perfornmed in said ion inplant

tool. 11. The nmethod of claim?9, wherein said tuning process is perforned
when a newion inplant recipe is to be perfornmed in said ion inplant tool.
12. The mBtcHadrest, ag e valoge, a{dament autedt, adament yoliegss 8 gasllowrateim a

C1 i m o, ” epstRent B8 SRR pltbns" | hoeRk IRR o ABRlsmier et pREL 7 ooy

one of ansupppéssioh vdltage. an i npl ant energy level, a beamcurrent, a tw st
angle, an arc current, an arc voltage, a fil arrent current, a fi | ament
voltage, a gas flowrate, a magnet current, an extraction current, an

extracti ompyvol ge. 14.
The net ho of (E:Flﬁal m‘S"dSM ﬁlsl%l éwgrr%rl éﬁ%g@%%ﬁfeg%ﬁ%ﬁﬁﬁ%eas\éﬁgﬁg t ool

par anet er imdplanttgokai d i on i npl ant process; and 15 declaring a fault
condition when said nonitored at | east one tool paraneter does not fall
within preselected allowable Iimts established by said created fault

det ecti on3 M dghe msthod o BREROG, WHEFS §a3d Hﬂnn@fiﬁé&ﬁ mﬂégfoﬁn&f%&ga pewcess for
an ion inplant tool, said tunihg process res ng 1n at [east one tool
par arreterldmmlﬂmtdemmsnw’peb perfortnedlin said dordimtpdantitoning i f said at | east one
tool paraneter resulting fromsaid tuning process is acceptable based on
hi storical netrology data for inplant regions formed in at |east one
substrat e28Ubj qhE afbthdd FEldiMn 5, WAk sdid AmRESproedst AsiRHin! a"plﬁﬁh%r &faBol MPI ant
tool. 16. The method of claim 15, further conprising performng an ion

i mpl ant pp@r@@@@rsfvrsgldu@nmdantamlng said at |east one tool paraneter
resulting fromsaid tuning process if said at |east one tool paranmeter is
determ ned to be acceptable. 17. The nmethod of claim 15, further conprising

per f or m n@5.anotThe method oT@ 140G fifithef e6mpradiflg, iiPéhid Mka0bnd ©6] pirhmset # at
| east one tool, K paraneter is determ ned to be unacceptable. 18. The nethod

of claim éstenvmﬁl & be acgreRiablecsslestingia faptdatectign modshiog ap fon implant prreessool
parameter | g ﬁ&?&&%@ f‘al% gorr@%@faglrt '_rB%? BaRd BB SH8 I Radf Bl BooP BEQGB €D W th

said at |éast’ one
resulting from said tuning process.

26.  The method of claim 15, further comprising monitoring an ion implant process

performed in said ion implant tool using said selected fault detection model.

27.  The method of claim 15, further comprising, if said at least one tool parameter is
determined to be acceptable, creating a fault detection model for an ion implant process
to be performed in said ion implant tool based upon said at least one tool parameter

resulting from said tuning process.

28.  The method of claim 27, further comprising monitoring an ion implant process

performed in said ion implant tool using said created fault detection model.
29.  The method of claim 15, further comprising determining if said at least one tool

parameter resulting from said tuning process is acceptable based upon at least one

business rule.
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19. The method of claim 15, wherein said step of determning if said at

| east one tool paraneter is acceptable is based upon a conparison of said
at | east one tool paraneter resulting fromsaid tuning process and a
correspondi ng tool paraneter associated with said historical netrol ogy
data. 20. The nethod of claim 15, wherein said netrol ogy data conprises at
| east one3®f aA mietheditconwpnisimgt rati on, a depth of a doped region and a
dopant concentration profi.le. 21. -The .neth of claim 15 wherejn,said at
enat one s ool PREPERREE R prgfis ity B ngini ool Mty pAURES AR Goce,
an i npl anin fn&s0ond tevlglararietbefoms4it ideitplard tooM &id angl e, an 16 arc current,
an arc voltage, a filanent current, a filanment voltage, a gas flowrate, a
magnet cur r ent detepnipingifsaid ahleass ope frol parameter resulting drop Fﬁlég&mw@ﬁﬁﬁr essi on
current a ' |.i.aqe . t ' ein
cai d tun; ReCep OBEE Sh Aol et Hor it of 105 SR O baRim LA JRondfIBA T 1
of cl ai m ébtunidgesepoint amiddlst uni ng process is perfornmed when a new ion
inplant recipe is to be perfornmed in said ion inplant tool. 24. The nethod
of claim 15, wherein said tuning process results in a plurality of tool

par anet ergq for o Y i \ i ﬂ&dwq =l t her
conpri si ngl i nggl tﬂggﬁfgg%?%@hgk@gtfoﬁé?séréﬁér i'S ezogﬁérl?lrﬁlgldﬂ!t%gesgg{
accept abl sgid sl esihg sajd at feastlone dext] patanmier mexbétingf foom aaiditaming ppicesstif midcess

to be perfarnmed ipn said ion.ipplant tool based upon said at | east one tool
par anet er 3 f BP‘EWHSI’?@‘B‘H‘%&?‘{;’?W °§F8€‘i§§? les6. The method of claim 15,
further conprising nonitoring an ion inplant process perfornmed in said ion
i mpl ant tool using said selected fault detection nodel. 27. The nethod of
cl ai m 15, 32.ur t e methedrof slaiy,30; furthei compridiegparfooming anothep &mamgprocess s

determ ned to. .be acceptabl.e, .creatin ault detection del for an ion
i npl ant pfocfc,sglgswn{%p ttB r"?%arlgrﬁﬁl%?% Og%ﬁ)cﬁ’ P eg?f)fsa er{rg%quDtBE)ged upon said
at | east gngcémgleparanmeter resulting fromsaid tuning process. 28. The

met hod of claim 27, further conprising nonitoring an ion inplant process
performed in said ion inplant tool using said created fault detection

nodel . 293 ThereLigdaQle LM ABeecl Ml ST SOTEI Sl TG HSIL ALY 11 sai d
at | east One tool " paraneter resulting from sai uni ng process i s
accept abl gestiting dronpeiid AinigoRotess cacceptable esmprises detedniindily iffaidet ast,
conpri si ng:
P gne tool parameter matches one of a selected group of said collection of tuning setpoint

models.

34.  The method of claim 30, wherein determining if said at least one parameter
resulting from said tuning process is acceptable comprises determining if said at least
one tool parameter does not match any of said models in said collection of setpoint

models.

35.  The method of claim 30, wherein said step of determining if said at least one tool
parameter is acceptable is based upon a confidence value associated with a setpoint
model from said collection of setpoint models that matches said at least one tool

parameter.

36.  The method of claim 30, wherein said step of determining if said at least one tool
parameter is acceptable further comprises comparing said at least one tool parameter

resulting from said tuning process and a corresponding tool parameter associated
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performng a tuning process for an ion inplant tool, said tuning process
resulting in at |east one tool paraneter for said ion inplant tool; and
determining if said at | east one tool parameter resulting fromsaid tuning
process is acceptable based on a conparison of said at |east one tool

paranmeter wth col.lection .of tunin t poj .nt del s. .. The. nethod of
E s m 30, HRRCACREROREY faeR Ror Hunvind Feeiohs TBrBe R o Farone sypratecuBieea 8,

t ool usi ngn $oi ithpkint bRRSEs RARIIE@In AT RNBMPlant R/ ting from said tuning
process if said at |east one tool paranmeter is determined to be
acceptable. 32. The nethod of claim 30, further conprising performng

anot her tyai ng for i d,1 i.plant, toal if said | east .one t ool
par amet er g?’s dgp éeg%lﬂ?@c? ftcggugz%l’ g’rlllgl%%p}le%)at@gﬁegfﬂog%%at?ﬁgn%??foagtle@?t O@Ieé’lfﬁ] 30,
wher ei n ddbganbtericegratfons aidepthiof b @apéd RERNRAL ANRPEIt cohémttatibmprofileom sai d
tuning process is acceptable conprises determning if said at |east one
tool paraneter matches one of a selected group of said collection of tuning
set poi nt  sgodelrge n?eﬁxodT&%ldiﬁtibOthQ{eirFéa?d E‘Elg&% oﬁ@l%'é?%ﬂaﬂ@tteﬂsmoﬂl Pided %f sai d
at least one paraneter resulting from sai uni Nng process 1 s zgccep abl e
conpr i ses atleastone of arginflarg aliose, ah ilnplat eneemeletelpd bexmi aurednga gt anglef anmat ch
any of said nodels in zﬁi d cgllecti on of %ﬁ?t poi nt. nodels, 35. The net hod
of clai m 3% CURRL an Arcgltaes adpanent surreniya filament yoltageqa gas flewsdte.che t ool

par anet er pjagnACHRBAAM ExttRtiBASELert PO exdral A VHIRRES SUPpHEsiGiP SRdnR b th a
setpoint nodel fromsaid collection of setpolnl no s that matches said
at | east ounpressioh vopjageanet er. 36. The net hod of claim 30, wherein said step
of determning if said at |east one tool paranmeter is acceptable further
conprises conparing said at |east one tool paraneter resulting fromsaid
tuni ng prggessTAS thethodUFicRIRBVIRrelPRlid RAIRPRb&Kks ReeelRtE shffi iBhst ori cal
metrol ogy data for inplant regions formed in at | east one substrate

subj ect edimplantdpoli on i npl ant process perforned in said ion inplant tool.
37. The nethod of claim 36, wherein said netrology data conprises at | east
one of a dopant concentration, a depth of a doped region and a dopant

concent radp.on Fhehiettdd oF@lairht3®, Whtdeitsaid il procds isWeefofhéd whéla Aéw! east
one tool paraneter is conprised of at |east one of an inplant dose, an

i mpl ant  eifEyigiplang{esipe iy thbepsriqrmed in saidianimplangtegle, an arc current, an
arc voltage, a filanent current, a filanment voltage, a gas flowrate, a
magnet current, an extraction current, an extraction voltage, a suppression
current adtl a The method of claim 30, wherein said tuning process results in a plurality of tool

parameters for said ion implant tool.

42.  The method of claim 30, further comprising, if said at least one tool parameter is
determined to be acceptable, selecting a fault detection model for an ion implant process
to be performed in said ion implant tool based upon said at least one tool parameter

resulting from said tuning process.

43.  The method of claim 42, further comprising monitoring an ion implant process

performed in said ion implant tool using said selected fault detection model.

44.  The method of claim 30, further comprising, if said at least one tool parameter is
determined to be acceptable, creating a fault detection model for an ion implant process
to be performed in said ion implant tool based upon said at least one tool parameter

resulting from said tuning process.
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suppression voltage. 39. The nmethod of claim30, wherein said tuning
process is perfornmed in said ion inplant tool. 40. The nethod of clai m 30,
wherein said tuning process is perforned when a new ion inplant recipe is
to be perfornmed in said ion inplant tool. 41. The nethod of claim 30,
wherein said tuning process results in a plurality of tool paraneters for
said ion inplant tool. 42. The nethod of claim 30, further conprising, if
said at |gast qpg rﬁéﬁ%d FRIARPAL TurkiRer c&’ﬁ ﬁélH%Hﬁ)%t&‘?né)&‘n f%%(iﬁlglaﬁ?%t%ceéel ecting
a fault detection nodel for an’ion I npl rocess to ertorned in said
i on i npl aperformadd ihasiddowjpuplanttpol using ssakereasedkfanlicleteptiommetels resul ting
fromsaid tuning process. 43. The nethod of claim42, further conprising
nonitoring an ion inplant process performed in said ion inplant tool using
said selected fault detection nodel. 44. The nethod of claim 30, further
conprising, if said at |east one tool paraneter is determned to be
acceptable, creating a fault detection nodel for an ion inplant process to
be perforned in said ion inplant tool based upon said at | east one tool
paranmeter resulting fromsaid tuning process. 19 45. The nethod of claim
44, further conprising nonitoring an ion inplant process perforned in said
ion inplant tool using said created fault detection nodel. 20
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