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PRESSURE COVPENSATI ON FACTORS I N AN | ON | MPLANTER TECHNI CAL FIELD-5 The

present invention relates generally to batch ion inplantati @s%iﬁéem’ and
B 200

nore particularly to a nethod and system for determ ning pr 5
conpensation factors in an ion inplanter. BACKGROUND ART In the

manuf act ure of sgrﬁ@%ﬂ ﬁ%ﬁ Fdlgﬁ)qﬂé?mm@@’ﬂ]ﬁsm to dope '10
semconauetors w0 R VMR Ao i ¢ e

material doping or to form passivation |ayers during fabrication of an
integrated circuit. Wen used foT%EN&Agmé%ductOrs, the i on beam

i mpl anter injec ed | ' A ' exiqinsic
e | eChRe RGN lioh PUARRIEA ST B P QA GhIrar R M e il

naterial. Inplan g rons genera rom-source mate I's"su

anti nmony, afcseparticalarlp s pheiodsniesstbhSot AeteAnibitpeiresrd dimhgens@icay faddors
wafers, whereas if "p type" extrinsic material wafers are desired, ions
gener at ed W dhiosdmplaaterat eri al s such as boron, galliumor indium nay be

i npl anted. Typical ion beam i npl ant i ion source for generating
positively charged ions fromi 0#&@@3@%2@& erials. The generated
Ions are fo_r ”Edmﬂie%&um.ogge:ﬁﬁ@n&mmai@%@,! i@ﬁ@m@laﬁfaﬁdﬁﬁ@ﬁs’ﬂm@dob@am
path to an inplantation station. The ion beaminplanter may include beam

f otini ng andersisapdustprs wilicmpnstics xioarkgamgrimaniers are wed to reat silicos vadarst he
implantation,station The beam farmng and shapi ng_structur.es iptain the
o boam aNATBBIN DR O SRR REER C6P (YRS Py oy Bl ueg] of Bt BuBh wni cn
the beam Bés%ﬁﬁﬁoﬁﬁyﬁﬁlﬁuﬁn%gaﬁrnﬁﬁbﬂgk‘ antARbEaRd et OWhWRREd ﬁﬁ%ﬁiﬂgﬂg an
inplanter, "'this 25 passageway I1s typically evacuated to reduce the

pr obabi | i t yerofcondimsorbeha prdetinciotpdentér infacts heelqtation epedireid tredueeght h as a
result of collisions, wth gas rr%giglul.es. The maés of an ion.relative to the
char ge t hefledmd egmpsicapaerel: dew 2iiofs; gPperalgd B SOGE TALHAB Y JRhi ch it

i s,accel er Xi t ks » : ‘ :
rraéfﬁeti o fi%%tl%g?g%\a%re e _oo?éw%@ggﬁerg?nﬂ%h\{?cﬁ%eac gg{é}f %é%ﬁ%%géfggég&ogag%o
seni conduct'pypedkLtingic mdthedl wadegate éairebeiompgmevaed withrsowsk mexeri 2 suahf
undesi rabl e ol ecul ar weight will be deflected to positions away fromthe
beam and i #pbeagaldmer slEs FRayUTETE R RULE 26)

Typical ion beam implanters include an jon source for generating positively

charged ions from ionizable source materials. The generated ions are formed into a beam

20 and directed along a predetermined beam path to an implantation station. The ion beam

source and the implantation station. The beam forming and shaping structures maintain
the ion beam and bound an elongated interior cavity or passageway through which the
beam passes en route to the implantation station. When operating an implanter, this .

25 passageway is typically evacuated to reduce the probability of ions being deflected from
the predetennined'beam path as a result of collisions with gas moleculeé.

The mass of an ion relative to the charge thereon (e.g., charge-to-mass fatio)
affects the degree to which it is accelerated both axially and transversely by an
electrostatic or magnétic field. Therefore, the beam which reaches a desire.d area of a

30 semiconductor wafer or other target can be made very pure since ions of undesirable

molecular weight will be deflected to positions away from the beam and implantation of -
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implanter may include beam forming and shaping structures extending between theion
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desired materials can be avoided. The process of selectively separating
i ons of W858 and undesired charge-to-mass ratios i s KEQWMGBS /T8RS

anal ysis. Mass analyzers typically enploy a mass anal ysis nagnet _creating a
di pol e magnetic field to deflect various ions in an ion beagm&iBErBaaﬂ i C
deflection in an arcuate passageway which will effectively separate ions

of different charge-to--mass ratios. Dosinetry is the measurenent of ions

i mpl ant ed Of4§T Bhapgpgiredonatetinis cambe kypdidek Thelprowenof elldctivelytRpartiosanes of

I npl ant ed 4i ..closed Lo f eedback control systens typically are
utilized idﬁg%ra&gg “P§CSH§?‘| &ﬁ?@aﬁwaaamgﬁ 1§ %@thﬁ masanpbas: Messiahalyzers
uni f or m t ywyidalit el Aatesh | h St u %ﬂ ize

real -ti ney%purrsefnt‘édr%ini tori %ﬁ{@%@%ﬁ?gg?ﬁﬁﬁ% %I%g%v&é%i%cv%q%gﬁ .ec,ti Far aday
di sk or FARBHSYORNIP apdon bekm ald magreaduflesiontia ahasatUikeewan &iadj wigt s t he
slsow scaneﬁ,Fc%q_g tQ ensure c gftant dosi ng. Frequent neasurenent allows the,
dose contro sygftsgwt&l?’é%%ﬁﬂ TS tHF8e- 100 MasaRbes in  beam current. The
Faraday cup mapoBiendtyat inak el I ted.close to the
wafers, making it sensitive %égréeﬁééﬁ ngkr%gg%?ggtnetaq%&vgag%v i MY PHRE waf er s.
Far aday clpeonmelingtbe dodage ofienplaniet idms, closeclobp fadtbadlecdntN sysk@iieen the
ion beamand.gases.evolved during inpl.ant can cause the electric current,
a charge Eﬁ?ﬂgf’{? urihizp %Q@ﬁr(ﬂéﬁmﬂ‘ﬁﬁﬁé‘fiﬂséﬁél@mwmaa%p%t flux, is
const ant . yliforERRME 1Sy; o ef e controller reads the
beam current fromthe. é%%é%yat@ﬁecgh§ﬁ%go%gogs‘?g%r%s ugﬁ%ﬁ'ﬁeﬁlﬁ%?gﬁﬂt gauge

si0mul t anemgsityrind/vemnaojphe skuw sanasfeitg.ai Riad3atiad o M) cup Péri&lﬁ@ﬂl'yf i ed
i

for an inplantatjon recipe, the nmeasured beam current is nodified by soft
- Beaehe b

are to preSENTESdNe BrATLAEasn ang adist the daw ssiysnged toensues einstant dostgnt r of | i ng
t he' sl ow f Lpn (e.g., in.the conpensated beam
current siFlgﬁal tmwg#%gggltggggd& %@%%Ogvg{eg}#ﬁ?qnﬂﬁu 2% EBi®n of
bot h t he praesaurent.alite FAradsr @pSHEEbe GOMRERS adDhidla& ahd I%c\!&?e'a FERREfY

applied, pressure, conpensation inproves repeatability an
ga.t%rs_. mal%mg 1t sensitive to the beam cwrrent actually dosing the wafers.

15 Faraday cups measure only the electric current. Interactions between the jon
beam and gases evolved during implant can cause the electric current, a charge flux, to
vary even when the particle current, a dopant flux, is constant. To compensate for this

effect. the dose controller reads the beam current from the Faraday cup and the pressure

from a pressure gauge simultaneously. When a pressure compensation factor (PCOMP)

20 isl specified for an implantation recipe, the measured beam current is modified by

software to present a compensated beam current signal to the circuit controlling the slow
scan. The amount of compensation (e.g., in the compensated beam current signal) in
such a cloged loop system may thus be a function of both the pressure and the pressure

_compensation factor.

25 - When properly applied, pressure compensation improves repeatability and

| uniformity over a wide range of implant pressures. However, the vacuurm in an implanter
is never perfect. There is always some residual gas in the system. Usually the residual
gas poses 10 problemns (in fact, a small amount of residual gas is needed for good beam
transport and effective charge control). However, at high enough pressure, charge

30 : exchange between the ion beam and the residual gas can cause dosimétry errors. If the

2

SUBSTITUTE SHEET (RULE 26)



uni for m U QYE 575 wi de range of inplant pressures. However pATERYAR M in
“an i nplanter “Ts never perfect. There-is always sone residual gas 1n'the
system Usually the residual gas poses no problens (in. fac? aFﬁglé
anount of residual gas is needed for good beam transport an af i QO5
charge control). However, at high enough pressure, charge exchange between

the ion bea nd, the residual gas, can cause dasi ry.eryrors..lf th

SUBSTI TUTE S@fé&%"i t\é’e%)mﬂ%u ﬁ?&%&w%@/%@%ﬁf% OtPf@%c%@g(Pﬁﬁ—?i ft

" i'n-dose betygeid iRty TrSe, RRT LHARDAS i ARt T4 SRS adl th -
phot or esi st - coat ed ({I?Délg) %r/vaf%rs 'S unaccept ablt¥ Ialtrge, o@??grfa(ir\eg’dgxsle

uni f or mit y pressye gempénsation yayeyr apldyed ihender po esssur enifompensat i on may be
enpl oyed in ord to ensure uniformty. Charge exchange reactiops between

ion beams and r et} aﬁx"éﬁ?ecrﬁ?#@é}‘a%?% ﬂé‘ﬁ‘aﬁgﬁ%ta‘n Festyad zas FAbERd He i on,
changi ng { Nenk iSR! i theldh, LASTEC 1) bl Al dfta ML J020ak ity

reci pe. Wien the charge exchangé reaction is neutralrzation, a portion of

t he inci derbe recipa When the chrgt eathange readtive: is @sulrdlizaion, & pehtiohiod the incitiére
electrical ,current while the partjcle current (including neutrals) remains

[

: unchanged PHHEHSIRRTRlze g o heerthige requshien myiheiclecticd cREANSYRISBENg, a
portionofpraﬁﬁ' : , _ Uy, ' g.in the
el ectrical “cur }ée%?e% %lh‘?%g%ﬁglﬁ‘?@cfe%& fu:ﬁgﬁ%r{ég'na%ég Stpﬁgh%ﬂggm%ﬁﬁgfe typi cal
reci pes whetmtiohareietexchingeg, spation sSthe jod fiex hrantlvneeisy Ol wdhis afior e
neutralization than stripping. As a result, the beam current nmeasured by

th® Far addycredspindie elogiecs! graenivdiile thepatiglesugenigsmsinssbasamtncr eases.

lons in the bea . i L .ate not flected.or stopped by
oo dual | gas. - THE ahical PR ASEchR st Pk e bERN SRR i RREN Geo
by charge exsbangeliadti®f thahe 3285 2 FRANGhe bedRIAH S HAQWI ) e
contribute to the dose received by the wafer, but are not neasured by the
Far aday cuparadsy euprdestgases whenenaf the ond sigtion presaue ingredses tlops imdbeibeam are
conpensati on,, .char exchange utralizatiaon can limt .fhe dos niformty.
and T opeat B FHESE DAY BOCREENEG Py ERtua S o T St an ety
chey ge exchan@eer Beh WRFfinfe s rRBaRRABy N4k 824HAHBE afEShb Ankl i gﬁﬁt I@tgs

chanber has a significant effect oh dose. "The preéssure at
happens depeplisted neuthas centribateaiodhe Hesepeated dy the wafer, but are not measured by

the Faraday cup. As aresult, the wafer is overdosed. Without pressure compensation,

charge exchange neutralization can limit the dose uniformity and repeatability. .

Pressure Compensation may thus be employed whenever charge exchange |

20 between the ion beam and residual gas in the process chamber has a significaut effecton

dose. The pressure at which this happens depends on the recipe and the process
specification. For some recipes, compensation is required to meet implanter
specification when the pressure due to photoresist outgassing is 5% 107 torr as measured
on the pressure gange. For recipes where the pressure due to photoresist outgassing is
25 . 2x107 torr or higher, compensation is worth investigating. Such compensation may
include measuring the effeét of photoresist outgaésing by implanting monitor wafers
with and without photoresist, and comparing the measured variation to the process
specification. The ambﬂnt of compensation required dcpends on the pressure, which the
dose controller reads from the pressure gauge during the implant. It also dependsona

30 ' recipe-selectable parameter PCOMP that accounts for other factors.
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specification. For sone recipes, conpensation is required to neet inplanter
specification when the pressure due to photoresi st outgassing,li FS 5%@?151
torr as neasured on the pressure gauge. For recipes where t%j&reg I e
to photoresist outgassing is 25 2 x10-5 torr or higher, conpensation is

worth investigating. Such conpensation nay include neasuring the effect of

phot or esi st ou%g)asm nlgqs' y inmplanting nonitor wafers wth and w t hout
phot or esi st , erfgcipiserpadon K Rasdwaleiconiqusationd sige e gymber

'specificalof plmmpJ h&aﬁa@wurﬁés FRERAT\STISH %él.lde‘?%éﬁ&t@r@%ﬂé‘l% omtrchecipeessure,
whi ch the dose controller reads from't ressure % e during the

i mpl ant . 19" $RESESALEIRIAISnaRM Stproedhpder (&E‘F%Bf BC ?@TQPWkt'%at
account s s ra@h8 G ZKEYRS 00IKEVS FbW@m%dEEﬁdcﬁh#Eh&ﬁa bé détefmimeB1at005

Some of these tactors depend on the hardware configuration (size and nunber
of punps, SPERERARSANSTIMBlARSE. TheqREmeYRrsdieceatary Kl fEISS UGB WaPehsRiosevBepend

on the re@ﬁalfﬁonal!y%eﬁI@@fe‘rrﬁﬁned‘b?%ﬂgntﬁfgaé RatrXH afRAEGYur dStevAaRanAsmCe Of
PCOW on energy is weak the range from 20keV to 90keV. |n general,

however, P@G@ﬁds‘mﬂﬁttﬂ@ﬁ@”@!@?@ H'PWE‘CP"f Pt WaigEsare £Xpesven I addpicanter . The

par anet er %gﬁﬁ@ﬁé@ér}’d ﬁ@és@éﬁéﬁttﬁf@u&pn@aﬁn@eié r‘éaunFt.%V& m$d[a?ﬂ1§tbh%9ﬁbhﬁ’tobeen
det er m ned | anti ng a matri x of | east four test wafers at non-

st andard Gﬁé‘?"ﬁ’l Qﬁﬁ-'%ﬁ%ﬁwq'ﬁdg 'OSFEJ'\REV@'P“ and othepgpalesThisetherga ddegd fon n

addi tion, jhh@ved metiAt ahl @Vst@rﬂgfd?‘%@ﬁéﬁhﬁfmregéuré 'e!ﬁr'ﬂpéﬁb%iloﬁ\%fc&f@ ifi§[ui res an
I mpl antation systemto be taken off Line, resulting in |ost production and

ot her cosi®Plani8iks, there is a need for inproved methods and systens for
determ ni ng pressure conpensation factors in ion inplanters. DI SCLOSURE OF

| NVENTI ON According to one a[ﬁect of the pr esent invention, there is
provi ded a nethod of determ $ﬁb°§UB|EeQELN¥EUUﬂNansatlon factor for use in
an ion inplantation system conprising: providing a test workpiece in the

ion inplantation system the test workpiece having a band region;
providing an i r’l\|°9<i’r§|"gﬁ? £8¢ atrast ﬁfrtbgﬁ’(ﬁSé”E*BYﬁ%*ﬁ@aﬂ"'?@ds PrRVidse 2 m?tﬁﬁﬂ ghting

the band Héﬁ'rrﬁmuﬁgéBre@éhré%m?@ﬁd“é‘t@ﬁfd&ﬂ:rtf&%sb%‘ah"BH|ﬁ=ib§a?ﬁdtigﬁ sydtsfem and the
initial predict ressure conpensation factor while neasuri ng i on beam
W

current aR@MAnsipg: &%‘(ﬂ'@g Ariest merkpineeifiedpm HeRlaHaiy/sHSIAM. (ileS VagPEC8 heet
resi st anc@agag abanh ?éb.ém tpfﬂowénlib?aﬁ mﬁiaﬁﬁ%@fétéoeﬁbsé’ﬁ@é Kﬁhﬁ&%en&ﬂﬂacgﬁ't ermning a

pressure conpensation factor according to the initial predicted pressure
conpensat iMBpRIaRtNG the band eegipnauitiy aviog pggr[n using the ion lmplantatlon system and the

initial predicted pressure compensation factor while measuring ion beam current and a
pressure in the ion implantation system; measuring a sheet resistance associated with
the implanted test workpiece; and determining a pressuré compensation factor

~ according to the initial predicted pressure compensation factor, the measured sheet
resistance, the measured ion beam current, the measured pressure, and a desired
sheet resistance.

According to another aspect of the present invention, there is provided a method
of determining a pressure compensation factor for use in an ion implantation system,
comprising: providing first and second test workpieces in the ion implantation system,
the first and second test workpieces each having a band region, wherein one of the first
and second test workpieces includes a photoresist film over the test workpiece, and the
other of the first and second test workpieces does not include a photoresist film;
providing an initial predicted pressure compensation factor; implanting the band regions
of the first and second test workpieces with an ion beam using the ion implantation
system and the initial predicted pressure compensation factor while measuring ion beam

current and a pressure in the ion implantation system; measuring first and second sheet



resi stance, the neasured ion beamcurrent, the neasured pressure, and a
desired sheet resistance. According to another aspect of t@g pgﬁfgné

i nvention, there is provided a nethod of determning a pre 3 005
conpensation factor for use in an ion inplantation system conprising:
providing first and second test workpieces in the ion inplantation system
the first and second test workpi eces each having a band regi on, wherein one

of the fire¥staners asseciagd Wil theippigntestlist ansgegaad test WarkpisEes resPeelivel over

“the test" \_aﬂalﬁ@teemm%@ere%&ﬂe c@h?éﬁsa‘ﬂf)n H&%rfabéc%m@"i’!éitr%%tﬁélcbrécﬁétbdWOV kpi eces
does not include a photoresist providing an init predi ct ed

pressure EHRSEIREAMRGNSElQRTBEtor, Fh?ﬁlrﬁtrﬁﬁdrﬁc?%mﬁﬁﬂﬂe‘? @@%I%S'Sti‘ﬁceﬁ HBefirst and
second t eslicat0rdaNbeBESM Wlilréntdhe infiasHRAPrésBURY) ah8 @ deSifed sHlcRRisRidrRB.  System
and the initial predicted pressure conpensation factor while neasuring ion
beam current and a pressure in the ion inplantation systenm neasuring

first and secongcslaffRito ansBEERHROIIRS bREARGRRNASS %r@isﬁﬂo%é@a Ts?ﬁem _

implanted first and second test workpi eces, respectivel ¥ determ ni ng
a pressur SOTASHPBIRYRY ﬁerﬁsrsaf@tc@mpga%&oa.f@@mtfer ‘E‘f’r?énlaﬁl“%fl P @t@@n@w M, pressur e

conpensat 'c@ﬁhpﬁﬁﬁ@%tesiﬁ&kﬁlbééﬁa\ﬁ@atﬂé‘és@ﬂﬁe BBISE HigRA; §H%ﬁtimb%ﬁta%ﬁmces the
nmeasured i on beam current, the neasured pressure, and desired sheet

r esi st anc &UPHHSIR aPergbledo KpriaH @rwarkpigeq Wih ap fop Rﬁagb'é‘iﬂg A ARSAYTEON, there is

provi ded @ofmpshsttion Fattordst %h@eﬁin%n%n%ﬁé&%@pe%ﬁ@?dﬁ@éé@é‘aﬁMﬁanf or use
in an ion inplantation system onprising: a test workpiece having at

| east one CHAR asegfiaiRd wit th%workﬁ'sp%rﬁ RepBiie delgploy sparablBleMEBrWe i npl ant a

wor kpi ece %&hr@éﬁsb&ﬁte@%ﬁ‘tﬁ@!uﬂ&p%c@Hﬁﬁﬁdifn?plarﬁ&meHé@Bﬂ 9MndtécddMrol an i on
beam current detector operable to neasure an ion beam current associ ated

with the RHRY; PeEablgtagoplel# scandated die Wpkpiges acress thedaubeara bagadsur e
associ at eghabreBsuird @oMBENIISS Racthr! Al al cgﬁﬁrﬁirﬁr?&r‘cﬂfﬁ'%taﬂﬁﬁtﬁﬁfto détefRh@a contr ol

system operable to control a scan rate of the worKkpi ece across the ion beam
based on PefsUs @EneNsationfpdasan a Bclierefdhe ”‘@ﬁ&lreﬁpt%ﬁwﬁradldlfbﬁ circuitry

adapt ed t grlgbRAToMBodn cBF & TESckOBPIRARILAD: haR I imJaits! UNCLT on of the
nmeasur ed pressure and t he nmeasured 1on beam current, respectl vel Y, usi ng

f ewer t har*4e8IHing W;ﬁf@meé aspget ot the peesent tamtlﬁertha@péetov@edtawsm@é nt

i nvent i on getch@iinthg §ptfé%§l)’ré@6ﬂp@ns%‘f 8h BBt drPér usdh 8h BrdRntatiBh S5stEe
conpensation factor for use In an ion I nplantation system conprising: a

test wor kFPERESIRGA 188! workRIReP haiicsh banfkiegion; Breansior ifrlanigoithe barthd  regi on
With an i egyidiPaih HS idhhdalPudiffitnk ToH RIPIATERA sH¥RhEAPIHFINRA! prBkikiedl Predi cted

pressure compensation factor; means for measuring ion beam current and a pressure in

the ion implantation system; means for measuring a sheet resistance associated with

factor according to the initial predicted pressure compensation factor, the measured
sheet resistance, the measured ion beam current, the measured pressure, and a

desired sheet resistance.

According to another aspect of the present invention, there is provided a system
for determining a pressure compensation factor for use in an ion implantation system,
comprising: first and second test workpieces each having a band region, wherein one of
the first and second test workpieces includes a photoresist, and the other of the first and
second test workpieces is bare; means for implanting the band region of the first and
second test workpieces with an ion beam using the ion implantation system and an
initial predicted pressure compensation factor; means for measuring ion beam current
and a pressure in the ion implantation system; means for measuring first and second

sheet resistances associated with the implanted first and second test workpieces,
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pressure conpensation factor; neans for neasuring ion beamcurrent and a
pressure in the ion inplantation system neans for nmeasurin Efgtz{]&

resi stance associated with the inplanted test workpiece; agdgahé 5
determ ning a pressure conpensation factor according to the initial

predi cted pressure conpensation factor, the neasured sheet resistance, the

nmeasured i on beamcurrent, the rreasured pressure, and a desired sheet
resi st ancEESPEEIEIVHARGMEBNSRb ARBFMIRNGRressure KRMpBeRSEA fackr @reqreRg 19 here i s

~provi ded geSkishIgRRdibRl pRrRGEBoMpRAsatioN RSB R MTERRNSBSNPMeAAFEPEhdedr USE
in an ion inplantation system conprising: first and second test

wor kpi ec e SiERNCeRADE Mpaglied ien beam SW'"GWXH@?@FQ@SB‘T?S PEgSSUEe, @nd adgpirethd second
t est wor kphé&s essidtiedeudes a photoresist, and the other of the first and
second test workpieces is bare; neans f or i mpl anting the band region of the
first and second test workpieces with an ion beamusing the ion

i npl ant ati on Slfﬁér%@rﬂﬂ&buﬂ@nt {nakd b%roﬁd&ﬂh%éﬂo@é&?@éf&n ?d?@@f%’ﬁ%ﬁlﬁdgoé‘ factor;
means for measuring ion beam cur r ent and a pressure in

i npl ant at PSR SOBIRENFARIRA daqter fonesesin @n ey F“R‘%ﬁtatmcﬁyg@%n&' hesm%tl@@d may

resi st ancesmpgsEOsbAalif a%étmdrmeéémItﬁ@bﬁ%bhﬁ@klo@@&teﬁﬁ%e@esrt FokkpIREKPI eces,
4a 23 FEB 2005 respectively; means for _determning a pressure

conpensat ha¥ing adeast cag barg rerggort @ssqrweg 2Riinitiad presiicied ereasirp ceppapwation
conpensat jZfbri B MEthol h%yffm&rffér c@ﬁfén%‘ﬁnﬁ%hti’ﬁﬁ%%éﬁgaé BREband Ry AMgES, the

neasured i on beam current, the neasure reSsure, and a desired sheet
r esi st anctest varkgigse é&‘?ﬁ@ﬂl'%h@am uRiBg dhe ign [ﬂ?’B’@F’GB@ BYStRIP RBY tAitialy st em f or

det er ni ni plbcRiodbiasins CoRPERANGAIAcRS s wasi.mg iR Bk @RehOdhddTP! ant at i on
system The met hod nmprise Emow a test workpiece in the ion

i mpl ant at P&§SWHdn 3\%'0@ W@P'Q@%"!or\/ﬁyﬁ é‘(ﬁé‘ee reoistrgcaassasiied wietheand r egi on,

assum ng akblated 3t whfkpRcs iCHeR hRISWA, m%%@&%%mpﬁﬁ%tﬂh facléygs Met hod may
further corrprl se inplanting the at | east one regi on he test
wor kpi ecedgipfinahapeiding hinadnita) Predicied praspyrsamaen Iogm@nihsnd t he

initial pﬁ]%ﬁélﬁ'b&@h@ét@ééétéﬁcec%ﬁ%ﬁké@l@mfb%‘éﬁpéun‘éfﬂt hi%s MBASIHEN PesbiatE, Deam
current and a pressure in the ion inplantation system A sheet resistance

associ at eanq/vﬁtdﬁS'qu’e%heﬁh@ﬁﬁmr@a Thesexampia pethed thus pravidese sampersatignd a

pressure RIPUMAULAG oh§Tn8ltedtvorkie & SRS, #8 G %Blgyhenttéi?néd%hﬁeba'
predi cted pressure conpénsation factor, the neasured sheet resistance, the

neasur ed PESSHEHHHPEAICBNt , t he measur ed pressure, and a desired sheet
resi stance. The exanple met hod t hus provi des a conpensati on

For example in order to further refine the compensation factor determination,

first and second test workpieces may be provided in the ion implantation system,

~ wherein the first and second test workpieces each have at least one band region, and

wherein one of the first and second test workpieces includes a photoresist, and the
other of the first and second test workpieces may be bare or a blarik wafer. The method
may further comprises assuming an initial predicted pressure compensation factor,
implanting the at least one band region of the first and second test workpieces with an
ion beam using the ion implantation system and the initial predicted pressure
compensation factor while measuring ion beam current and a pressure in the ion
implantation system. First and second sheet resistances associated with the implanted
first and second test workpieces are then measured, respectively, and a pressure
compensation factor is determined according to the initial predicted pressure
compensation factor, the first and second measured sheet resistances, the measured

ion beam current, the measured pressure and a desired sheet resistance.

In another example embodiment , there is provided a system for determining a
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factor while using only one test workpiece or wafer, via the enpl oynent of
measured pressure information. For exanple in order to furkhgr gﬁ%i
conpensation factor determ nation, first and second test F

provided in the ion inplantation system wherein the first and second test
wor kpi eces each have at | east one band region, and wherein one of the
first and second test workpieces includes a photoresist, and the other of
the first PEsEUesOBpENsaion fagiendpl ¢wsds amdgn ielaydationsysient wiNdhicomarises aThe

met hod st fpfdleRe naARR Gl BES: ARBAT RS drfl P

conpensati on fak?:)t or, ﬁ%’p anétl ng sbléh Q%, egstat%%éensggn@‘@éerﬁﬁ ?ﬁ%e first
and secon@né band tRgioRf éhﬁet@si/wc@rhplaﬁe withan mﬁmuﬂ@ thedon tmplamfpﬂlcaht at i on
system andy,&ifif dnH'a‘h'uﬁ ml@&ﬁﬁ'&t&& B sBIrR oMY, %nsﬁBWﬁ?&aﬁ‘hé)stft%ﬁ 3’

measuri ng |on beam current and a pressure in the ion 1nplant tlon systen1
Fi rst andce@pdseomsaedor megswingrinden heeyo cuaeeidngia pressuse impedan ed fir st and
second te ol L = r

compensat | e SR, A o B e g RS egiéfrite SRS BRAR Y ©
pressure ireplafiedh st workpiege: lastly tthe systens mapfdrtkercomprise asneang feheet
resi st ancQswerh Negs r cand a
desired shgg{ mﬁglstaﬁ%ggc ﬁsgﬁgﬁ Fﬁ§§§£ rdmgﬁgggﬁﬁ@ﬁﬁﬁgﬂﬁéazﬁ#%gprOV|ded
a syst em Foppersedemiagionghe megsared shegt rBSIEBOSG hessaswred inndwasneyrsnmt.f act or
foruse 1 eeddtied FRLARL OIS BHSbottBLEnGOMP! | Ses A Lest workpl ece
havi ng at | east one band Tregion means for inplanting the at |east
one band region of the test workpiece with an ion beamusing the ion

i npl antation s i tion factor.
The. ayst em may T (e h e Rbeidt bf R riieReh RS SEEARHAE RORRERDE. 0. et
and a pr esghpdimentst h@nprcﬁes therfﬂaameaher@maﬁgrsfuwesanblechampbmmoulaﬂy peddedir i ng a
sheet res ly, the
yat em g e peanee et RBwhG desitfon o WA AP e Blotls Bt BF n Bkl
conpensat Fejtain lysteativaespeadts efghe invehtion. Thesegspecisdire inditatives Sowewer, of but
conpensat i on beam
curront - 2. oFE Jariols Ve R MR BB 5! i ABnor MESEARHREL ", e
acconpl i s@tﬂt&ﬁtﬂsmctﬁ Iﬁdvaréaw(ﬂnﬁqmlﬁtfeﬁ@rﬁ @’dh@rmdsntlom‘veﬂ bﬁ@mm eppasefodi nent s
conpri ses I poi nt ed
R i e e L A S B S Rt i
forth in wahthedragisgsain illustrative aspects of the invention. These
aspects are indicative, however, of but




a few of the various ways in which the principles of the invention maybe
enpl oyed. COther aspects, advantages and novel features of?thd FR/&@a(5n
will becw®2gpparent fromthe foll owi ng detail ed descri pepcoicedinibe

i nvention when considered in conjunction wth the drawings. 2 3 FEB 2005 5
10 15 20 25 30 WD 02/ 25722 PCT/ GB01/ 04199 BRI EF DESCRI PTI ON OF DRAW NGS
FIG 1A is a schematic top plan view of an ion beaminplanter of the
present invention; FIG 1B is a schematic perspective view of selected
~conponent's of the i on beBRIEFMPESOREPTIONFO® DRAWTGs 2 is a graphical

Il lustration %fg a 8qron i on suffering charge exchange with neutral xenon
‘gas: Fig. 3A idGalgrapichematicitenplangiavnel aricn beansimplaitert oftha presgitant at i on
pressure ghgtiofaraday current over tine; Fig. 3B is an exenplary graph
illustrating beamcurrent versus pressure; Fig. 4 is an exenplary graph

i1l ustrating &FIGr 6Bss AgcieinatichRaspbRivaEww bt selted FhhHtknts tPlftﬁé i deam

conpensat.ion factor: Fig. 5is a top plan view of an exenplary wafer sheet
resi st ancEPHRRFTof 5 akAs | nmpl ant not enpl oyi ng pressure conpensation; Fig. 6

! RER SR, |l ant | ensat i on; Fig.
1S o b an N e el B RSl S St et o

syst em caleutraladehomgasti 9. 7B is a top plan view of an exenplary wafer sheet
resi stance ma%.afte_r systemcalibration; Fig. 8 is a table illustrating
test results FiHmlaistdgaphlugiatingihe pelationshimbetehéminplantation pressure and

Faraday current over time:
10 Fig. 3B is an exemplary graph illustrating beam current versus pressure;
Fig. 4 is an exemplary graph illustrating a crossing of lines method of
determining a pressure compensation factor; )
Fig. 5 is a top plan view of an exemplary wafer sheet resistance map from an
implant not employing pressure compensation;
15 Fig. 61is an exemplary graph illustrating pressure versus scan position;
Fig. 7A is a top plan view of an exemplary wafer sheet resistance map before

system calibration;

Fig. 7B is a top plan view of an exemplary wafer sheet resistance map after

system calibration:

20 Fig. 8 is a table illustrating test results from a two implant calibration matching
sheet resistance from a bai‘g monitor implant and a photoresist coated monitor implant;
Fig. 9 is a flow diagram illustrating an exemplary method in accordance with the
invention; and
Fig. 10 is a flow diagram illustrating another cxemplary method in accordance
25 with the invention.
MODE(S) FOR CARRYING OUT THE INVENTION
The present invention will now be described with reference to the drawings
wherein like refer;:ncé nurmerals are used to refer to like elements throughout. The - |
invention provides a method and system for detefmining a pressure -compensation.factor

30 ~foruseinan ion implanter.
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sheet” resi StalE2 % om a bare nonitor I npl ant and a phot or esiPSIT/GBEIEG LY

nonitor inplant; Fig. 9 is a flowdiagramillustrating an exenplary nethod
in accordance with the invention; and Fig. 10 is a flow di agr%%) FEyB 2005
il lustrating another exenplary nethod in accordance wth the invention. .
MODE(S) FOR CARRE:%IG .OUT THE | I\&{BEI\I'J'I ON_The present invention will now be
described with refEFEREEOF IO hedawingsnbies. WhandilB illitaty af endrer implenel S
are used tosuoaﬁﬁge ' e t.hr ut . T i nvention provides a
“method and system f or ydée%?g’r%e\?ﬁﬁ%ﬁﬁe ‘g’?@ﬁgu SO EHRIEE TS inveREPB Ay PSr use

in an ion i Fplemented. ThSURBENBITE L R0k EoR6) 12%@%%@4&93%69 FEB

2005 Referrgﬁgaﬁq eff‘?o the drawi ngs, Figs. 1A and 1B ustrate an ron beam
inpl anter S g EPLYvpding jons dhat ifermpan éon béam Vamihinhsraspes b eath paheio an
present i NVesYIARRISRYPSd d e e he inplanter 10 includes an ion -
source 12 rr%ﬁﬁnt dgg fto aﬁn "%@sﬂwﬁe ] nq?lﬁ%&@%%@%é%éﬁ%&ﬂ%ﬁ@ &kat form
an i on beanprodided fahmbrizortigsarl RnREARAES fod & s ation or. end '
station 16. Cantrol electronics (shown schemts?%aﬁcéllqgétlggéfi‘gﬁé °6rovi ded
for noni t or FRYCORYCtos AYaten wetkgiecese | @1Gd 6B gethireaeinvsishthororepl dar & chbyib of
sem conduct ar ymvat a'ce] 3 |G, 1B) within an inplantation region
or chanber 220%?t g%%aggfagit%fliﬁ‘ g{a[t%m%)ggto BFERTE clesheniss 2@isect r oni cs
20 is erf orendned atiza usecogRNSe@t e 67 10 The ion source housing 12
generates the iqp beam 14 Ich I npacts the wafer workpieces 21 di spose
nlg he i b whi ch | h f kpi 21 di d
on 4 rotating anth% oR$81Eee haysing $R getvapted tistiopdesmIQ vhich Bepactmak gt i on
chanber 22. | éé‘gﬂ . rotatin ransl ating support 24 is disclosed, it
shoul d al som@le{blggpr ecfﬁgﬁ%sﬁgtoﬁé&%%gﬁ{l%‘s"l'élﬁﬁlatupg,@ﬁkjsbqpeﬁ§um9m in tappl i cabl e
to a "seri dhnpldneiodeEnbePLANA 8L ond | | Lch e L.on beamis
directed to scan over the‘_surfac%u“’h?%toé tﬁlag’stailihg}%érﬁ?p%pgﬁ @E&.OSGF‘;‘} i ons
in the ion sBedfale heappraciatell thet the passent e cheaiTs chiANLSESHe B $1RRGP
bet ween thefor'ig&luiourlce 1%5%&(1 the inplantation station 16. The 1on source
12 i ncl udes & prade 2Bithibeis:28e de Mrghigedon beameis directeddp oran avien thetsueface
sous ce of a stationary workpiece. The ions in the ion beam 14 tend to diverge as the beam

Taverses a distance between the ion source 12 and the Implantation station 16. The ion

source 12 includes a plasma chamber 28 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

20 injected into the plasma chamber 28. Ifann type extrinsic wafer material is desired,

_source’ materials, while boron is injected into the plasma chamber 28 as a gas, typically
boron trifluoride (BF;) or diborare (B, He), because boron's vapor pressure is too low to
resuit in a usable pressure by simply heating solid boron. -
25 Ifap type gxtn’nsic mateﬁal is to be produced suitable source mateﬁals include -
source gases arsine (AsH,)and phosphine (H,;P) and vaporized solid antimony (Sb).
Energy is applied to the'source materials to generaté positively charged ions in the
plasma chamber 28. As can be seen in FIG. iB, the positively charged ions exit the _
plasma chamber 28 through an elliptical arc slit 29 in a cover plate 30 overlying an open
30 side of the plasma chamber 28,
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materials are injected. The source materials may include an ionizable gas
or vaporized source material. Source material in solid formis deposited
into a vayfdP¥a822 which is then 20 injected into the plasnmecarcei®uiess. | f
an n type extrinsic wafer material i's desired, boron (B), gallium (&) or
indium (In) will be used. Galliumand indiumare solid souﬁ@eﬁ@@eé[j@%s
while boron is injected into the plasma chanber 28 as a gas,tyically boron
trifluoride (BF3) or diborane (B2 H6), because boron's vapor pressure is
“too l'owto r efuring apradurstinb lren, phads wissnysnbdonghstoheatet Rébrgietdd D1ofON. 25
If ap ty%e. extrinsi.c material is to be produced suitable source materials
i ncl ude sCTFSSTRRESE URPR Py, the 19w beama A4 2pd dagsehsrheina implanted valhdens dee ool i d
anti nony Gek- LS ' 4 terials to generate

osi 1 vel ¢ ek coElditoheh SPRREC fab o MEEE IROEL Rofe bR BERROR F

- 1B, the pebamberel2y whivhrigelo kvmaardi Evhbeatiohas fR Weha el isddolie@ugh an

elJ]iptical are slit 29 in a cover plate 30 overlying an open 30 side of
the pl asnB CRAAHEFUEN syStemBmPTISNG At (aRUNE PREps WD @eppligation of

PCT/ GBO1/ ; Q Dur i a .prodyctign run, that
is, when gg}n&gsooﬁlé%cf%r% wa %?él\%éagﬁ%ri%%%ges%ﬁlaerpéesegggﬁantf) 'S#E,’;%‘ﬂqﬁﬁon by the
i on beam tdergminphetee byhd@inhgah il cfthBdyyd dfimpitter 4438 tb afFeaer ¢ travel s
t hr ough a% evacg]‘rafit-q%ﬂ1 path fromthe ion.source 12 to an inplantation

chanber 22%RRf chfssge applaniar 6@ harhemm desigoed tofhavh e reletinely dstior"path

~ provided Iy the@[)&l%;:lil?@o {h%%hﬁh{a%gn%ﬁgﬁggfpnpri sing a pair of vacuum punps

31. One application o an 1 on source constructed in accordance with the
preesent i nvent lam inshe giasota cHagWer 28 BAS GitrabMRIABHEN the FRESIHON HaATPL4LRT this
type of inplanter tends to diffuse over its beam path and hence the

i npl ant er AYPRASOBFRIEAR phare foonerhineo therion hedny &4 fhat ghoeses thatifstadce om t he
source 12b&t%’e%1§' fhe iR lsc?fﬂ%éaii oy tﬁg %Fa&ta%%h station 16 by a beam forming and

directing structure 50. The beam forming and directing structure 50 includes a mass
analyzing- or resolving magnet 32 and a set of electrbdes 34. The plasma chamber ions
15 are accelerated by the set of electrodes 34 adjacent the plasma chamber toward the mass
analyzing magnet 32 fixed to the support 24. The set of electrodes 34 extract the ions
from the plasma chamber interior and accelerate the ions into a region bounded by the

mass analyzing magnet 32. An ion beam path through the magnet region is bounded by a

beam guide 36. During production runs, an interior region 52 (FIG. 1A) defined by the

20 beam formmgand difécting étructure 50 is evacuated by the pumps 31.

lons that make up the ion beam 14 move from the ion source 12 into a magnetic
field set up by the mass analyzing magnet 32. The strength and orientation of the |
magnetic field produced by the analyzing magnet 32 is con&blle'd by the control

. electronics 20 coupled to a magnet connector 40 (FIG. 1A) for adjusting a current
25 through the magnet's field {vindings.

The mass analyzing rﬂagnet 32 causes only those ibns having an appropriate mass
to charge ratio to reach the ion implantation station 16. The iénization of source
materials in the plasma chamber 28 generates a species of positively charged jons hﬁvhg
a des:i_red afomic mass. However, in addition to the desired species of ions, the ionization

30 process will also generate a proportion of ions having othér than the proper atomic mass.
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lons in t%'@yﬁma chanber 28 are extracted through the are-shéio lf?gwgf the
pl asma chanber cover plate 30 and are formed into the ion beamf t hat
traverses the distance between the ion source 12 and the i ti .
station 16 by a beamformng and directing structure 50. Tﬁgﬁﬁgﬁﬁg}%ﬁ ng
and directing structure 50 includes a mass analyzing or resol ving nagnet

32 and.a_Sghns hvied 86 bi0Aehaddanolir RS Mhe AR Slorl e ed by
the set of el ectr%glgs ogg a j%%eont eq[rflﬁlg pl agﬁ C g%gg%?aoss\/gfredmﬁ%gﬁgn%ég&

“anal yzi ng magasttid? fixed to the support 24. The set of el ectrodes 34
extract the iong, fromthe plasma chanber interior and accelerate the ions

“into a region b@%@éan%v genppated by homassgual@Rsmagnet A cawnss Hisdanspiat h

t hrough t hg NEOH&L ' j £ i ring.. ucti on
runs, an iﬁlf erior rgggiorﬁ%%&(agﬁ%\og{%fﬁ %tgﬁ'n@?ﬁghy%geﬁ%@gﬁ%sﬁsﬁ%ﬂfgﬁ% _
di secting diercontralredecknics 20 vaqisatiRet dajy idhe hiviAPan Btoknikb fEs bhadl toaee up the
ion beam 14 npve fromthe ion source 12 into a magnetic field set up by the

mass anal y¥PREC Bassrithadesired iomssnesieg g versel thsrousied drepavpath ta the impiaptesione

field prod ] .anal vzin n 2 1s control,l ed .t he cont.r.al

el ect roni c%g%gl %&%}%ﬂa‘)ﬁ%@%ﬁﬁ%gﬁ g%agéndn%?:%sfm% cff’ilg.leﬂ&? mﬁ’éﬁr} 2il%g a
current tisolvii pldte SORBKRTAY. ThetddoWindhiag %0 i BempASK] MNBInekangdragnet 32
causes only those ions having an appropriate nass "to charge raftio to reach

the ion i nplgeisArrRittesnddebnes1ad elohgatedaerard brough veluoh the ionairethedds in t he

pl.asma chagber ., 28 gener,at es .a. speci f .positivyely charged ions.having a
dégi red a?%em I%r%%sg %&W&W%ﬁ%&%ﬁt t?‘81’1‘%’( %e%ésﬂéﬁopeﬁggﬁeﬁivﬂé BHns,
the i oni Zaloh®RamRhPEESS i¥t!ad mAiSANDRN BEGhLHS RQPOr tion of ions having

ot her .than the proper atom c nmass. SUBSTI TUTE SHEET (RULE 26) WO 02/ 25722
PCT/ GB01/ 04199 Bl2gPlaterd fiwzntiong meorgtmmtion Witsthe iy enalyzing|wagnthe
proper atomc ss are.not, suitable for inplantation.., The magnetic field
gener at ed ﬁytq%%‘?ﬁggngﬁgﬁ?}fil%sm Or@ﬁh%&ﬁgé%tﬂtlﬁé”@ﬁhélaY%m £1081¢ BlSheam
14 to novegyj I j @Qﬁﬁ b Gl : ol t abl i shed
by 5 the cg%tr@’otﬁﬂglﬁggte é%%?’?g&%%iogﬂgﬁlg h t a{: H%f?%%"&? alglk]%'gg%n atomc -
mass equal explaitddebavearthestrmgth afd sdientais sfahle mass SpECiRSMapeatemBameie

curved beagﬁ;?11 ath to the inplantation station inplantation chanber 22.
Locat ed doWr€ts eSianlieheshnt the canErlsleqtpniraghancintha; enly ionshaying ry2iomit e 60

FIG 1A).. T i : o Ay o | i
G aphi o andiiatethfolic Fefrflrlth SRERLsRRls S walbref R Belsmth b0}

i on desired beam path to the implantation station 16. Undesirable species of ions having an

. atomic mass much larger or much smaller than the desired ion atomic mass are sharply

20 deflected and impact the beam guide 36 or the slit boundary defined by the resolving

plate 60. .
The beam forming and directing structure 50 also includes a beam neutralizer 74,
commonly referred to in the art as an electron shower. The ions extracted from the
plasma chamber 28 are positively charged. If the positive charge on the ions is not
25 neutralized prior to implantation of the wafers, the doped wafers will exhibit a net
positive charge. Such a Iiet positive charge on a wafef workpiece has undesirable
_ charactenistics. | '
- A downstream end of the beam neutralizer 74 is adjacent the implantation
. chamber 22 where the semiconductor wafer workpieceé 21 are implanted with ions.

30 - Supported within the implantation chamber is a disk-shaped semiconductor wafer

S
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to beam 14 pass. At the resolving plate 60, the ion beam di spersion, that
Is, awdth of the ion beamenvelope, is at a m ninmum for production runs.
The resoW®P25H2at e 60 functions in conjunction with the ras&Banadiygi ng
magnet 32 to elimnate undesirable ion species fromthe io L ch
have an atom c mass close to, but not identical, to the at gnﬁ?%é%the
desired species of ions. As 15 expl ai ned above, the strength and
orientation of the nmass anal yzi ng nagnet's magnetic field is established
by the conveipiced 8ppeg fi0c SVARr wortpitdea ! enbeytretabarlPokiBnad ot Qidple, Wei ght
equal to t&gﬁ&t&gﬂc wei 9% of . the desired species wll traverse the

predet er m hag-: CHFSIEE 9T e rATHREURPeT 908d theTuaperis Iotated a4 rsiatively

Undesi r abl @nspeGin ' ' n 1.C nmuch, | er of ,nuch

Smal 1 et than T ho G fole ey SR 0 AT RB T i Sgon SpreteuBlee g

i npact t heSUbpariidicd sheft 96 tyra tdied6| The jonbegany stafss Beshy Bt Wiksiesohyinag
plgate 60. erage .beaméﬁ(a)r@ging_pand directing structure 50 al so includes a” beam .,
neutral i zeP 274 2 &8 FYCHUTRAN- oY SEpPST QeSO Galso devesn lehdstrewi¥odtoner . The

i ons ext r aginSaefhOH AR SINARY arged. |If the
positive char_gcf,3 on tpkgﬁiggl% 'S Kg?ﬁ%%%%?orvg[aﬁ%%g éri]%ﬁ(goﬁ%nﬂﬁl%t ation of
t he waf er Permitrendbbipérroneaiod semitohtiueehivibies 10 bb &hplaARE durihg AH8EH80n RUEN 2

net positiye,.charge .on fer workpi ece has undesirable” characteristics.
A downst r é[élf‘rf{%ﬁ%e %FeWﬁ%gﬁﬁﬁY Prkhtere 31 dstermungdsbysthp yelovity ol eraiskatloardf dié on

chanber 23uhersd blte: SETLAROMIHOLoNAN SLMRKKDIPOPR. 21 et esl Rl ant S vi th

I ons. orted wthin the rnplantation

sthi condugivtablawith r@pSiiBGSTH: Bdhin SdbElizd Rob&n263 b f@%ﬁﬁé%gﬁoﬁﬁgfo /04199
2 3 FEB 2 5 10 wor kpi ece support 90. Wafer workpieces 21 to be treated.

are positiored, for exanple, near an outer edge of the wafer support 90

motor 92, AN otrpir SR PR re s e S U ve

shaft 94 BR).alleddsa@bcontivgadsembbeerTiddtistsih ks ﬂ&a%szwgag%ra[%ﬁl \RCGGT 425 they
al'so

rotate in adgeneral l'y-circul ar _Eat_h. A stepper notor rives a |l ead
screw 99 PHRIYFLGITMEmOdehdn Sigmpbibration maslet ¢adiatdtipn cidooitry dyisatitiosd toabel ed " A"

15 FI G 1BhtainPWafibration constant value, called the K value, for a specific test gas. Different

-calibration K values may be calculated by the calibration circuitry 56 for different test
gases depending on the composition of the expected residual gas during a production run.

During a production run, dosage control circuitry 66 utilizes one or more of the K values

20”“: control cucmtrv 66.mal.céé use 6f the caltbration constants, that is, the X values to
compe.:nsate for the effe;t of the residual gases in the ion beam implanter interior region
52 on the implantation process during a production run. )
A test gas selected during the calibration mode is designed to replicate one or
more residual gases expected to be presexit during a production run. While the pumps 31
' 25 ' evacuate the beam forming and directing struc‘turef interior region 52 durjjlg a produc—tionr

run, residual gases remain. Each residual gas impacts workpiece ion implantation in a

 different way during a production run, Depending on the volume and characfeﬁstics ofa
residual gas in the interior region 52, its effect on implantation may oi maynotbe |

| significant. Ifthe expected volume and characteristics of residual gas make it desirable

30 to account for its effects during a production run, a K value corresponding to that gas will

10
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permts 1 rows of sem conductor wafers to be inplan I a
product i gw&rltzﬁs‘?zzl on dosage received by the workpi eces 21 gﬂé&ntl{%ogg’gby th

velocity of translation of the support 90 under the control 01‘3- E@Cﬁﬁééo
el ectronics 20. The inplantation station 16 is pivotable w t2hu‘r C
t he beam neutralizer housing 75 by a flexible bellows 100 (FIG 1A). The

i i | ant i . b t r ol nbl FI G
18y The adiys en AiEE ol AE AT S IRAHE A0 et BBSS R A iRat | on
- mode ‘and a valeoAUHeuR8d byl the'@idtse ddhtioSir&dirl B6 3 E@ﬂbﬂ%@lm?ﬁ&u@o@&é@”

circuitry 56 is utilized to 15 obtain a calibration constant value; called
-the K val uél,‘mﬂéltheeprgmohirén-t est gas. Different calibration K values may

“be cal cul ated byt calib ion cjrcuitry 56 for, different tes ases
dependi ng on théf’b@@%ﬁﬁ-cﬁ%ﬁf %ilserPﬁiéf @B@@W?’é’é’?@ﬁé@%%ﬁ}?ﬁe@' [,fne
progluct i on redtAction Witk MY iRl RN Ed 1PBd S¥h F%@Maglcﬁ‘ﬁﬁls ngt%vra%}g inY, f'mdgnglt

utilizes one or nore of the K values to accurately contr I on dosa

recei ved byfthrsiondeamilioedy adéverBssoenitly 48] Fhe réstricinmaiate 20, whivhrio praféerablyi t ry
66 makes use of the calibration copstants, at is, the Kvalues to
conpensat e f qfﬁﬂregw g{aﬂaing > apﬁéhq E%ﬁagﬁyaﬁagg& Sdhighyisy %?é CKBmP e BIRtA PSR er
interior reghPsapiite ' (Tl £ WaYeR i n. A
test gas Se ot o Qe T The e PEea e hEae s R R pR ZB B e

or nore rdsagdie. Fhossslelquantthelatt oviliecquigazeniat ditisr ognsaaryeriogtief then run.
Whi | e the purggs. 31 evacuate the glgrglm_ form ne and directing structure

2
nir i or - r CHTSTHORAiETP REF BOSBRIEIDeT B PEiRS Aedied aRicgiredey BHETA. Ofach
residual g i d | 8Ca: | il - i i di.ffe ring
" Br oduct | aRPp RS KOURACE B Gich el PR D Pufie P e SRl Y otith
resi dual gdiaeild. fWigsnimbwedd iato the Gean [, 14idusinglobeetion 8f tHEih@Mmtd [in@By or
‘may not be significant, -|f the expected volune and characteristics of a

resi dual g&3libralien mpdedle foadieanslyt 1solinseted wr resphieditirough fm openiug of Agerae
producti on val ) ndi n 0 1 hat s w.ll 10 SUBSTI TUTE
SHEET (RUL gl g’@@%ﬁﬁ%@gﬁ% eﬁ’%i}gﬁl dsiitiog Pé%}ﬁgbﬂa% l’&ﬁ“lﬁme
calxcul at ed [ane sésBictibn plite AbHE PBFORST &Y Bedth RriidOndBldcBh S kirdhutelsp and
that value will be used by the dosage control circuitry 66 to control

i npl ant at i 6priBE Hyesutdegiprygwithia the dxplenico mtenior reglor Sa¢EmyéA)cont r ol
assenbly 65 incluydes a nmovable restriction plate 70. The 5 restriction
plate 70 is attzﬁ’ﬁgas%% cﬁﬂg‘glrﬂfs?wgléf @fﬁ%?d&ﬁﬁfl?%@i%bgm GEreRbHIPSRTEENt 0 and

out  apparatus, for example, a Faraday cage or Faraday cup 110 and a pressure measurement

e
|

apparatus, for example, an jon gauge 114 (FIG. 1B) disposed in the implantation

20 chamber 22. The dosage control assembly 65 further includes a pair of gas flow pumps

120, 122 (FIG. 1A) which are also part of the pressure regulation system. The dosage
‘control assembly 65 also includes calibration circuitry 56, 2 memory 58, pressure
- compensating dosagé control circuitry 66, and 2 motor control system 68, all of which
are part of the control circuitry 20. |
25 The Faraday cup 110 is mounted behind the workpiece support 90 and is used to
- measure ion beam current, If, which passes through a slot 112 formed in the support 90.
' The slot 112 is also part of the dosage control assembly 65. The Fﬁraday cage 110
measures only a portion of an effective ion beam current,.IT, received by the

semiconductor wafer workpieces 21. The ion beam 14 is comprised primarily of positive

30 ions and has an incident ion current that will be designated I'. The ion beam current
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10 of the ion beamline by a |lever assenbly 78. The restriction plate 70,
which is preferably nade of vitreous graphite, and the Faraday flag 72,

whi ch i sWO®258Ranpl e, netal coated with graphite, are owtT@Boifges On beam
line. In FIG 1B, the restriction plate 70 is in the beamline. Those
skilled in the art will recognize that other constructionsfo

restriction plate 70 are possible other than being attacheg goFll% MQday
flag .72. O inportance is that the restriction plate 70 is selectively

‘novabl e i neeswmadbpibe Fafadapea@earo wili hedesibonaiigh Ak he .| ine 14
during operation of the inplanter 10 in t?gf?a T’Eé’@éihlsfb‘iﬁof‘ﬁgp

At e calibration node, e ion beam
14 is dir gesiéde on beaadldweith tdidudlBasiforOPRMAMInS hloRD Bhd b4 :
restricti %nfgg ate 70 an}d, further, when the rest roi gti on %F%’%%B%B?ge}nn the -
beam | i ne "C1BHYT ICEI0B 1 eHFGSQlecEons tubeadded os e away &oaf sduxeof@am f or i ng

and di r eChdighSiohiGtiHe ; i wWo_subregi ons within the ipplanter
interior ?egi on 52 ( ipggﬁ%&t'férsfﬁ]lgg%éeg 085&%?5@%§eﬂ%@ng51054%@qm| udes
an ion beady ErhLR MmRa A s, ALor._exanple, a Farfaday cage or
Faraday clp 110-and ;{ﬁ pf&g sat%gees' %géﬁi@n?éecgyygpgﬁagC%ﬂtéxaq%ﬁhee, an ion
gauge 114intdthitatickBurs RO, d My Ma10) ation 20. chanber 22: The dosage
control assﬂgnbl y 65 furtﬁ%r qfdnrg]nt&?ige‘ssjla%ﬁg?}rnp8?en&a q?ﬁbﬁ'ﬁrﬁg}fﬁgrggg 120, 122
(FIG 1A) which are also part of the pressure regul ation system The dosage
control agsegbly 65 also includes calibration circuitry 56, a nenory 58,
pressure Ic‘c"Jnﬁ'éynﬂaﬁ—I%g’r.dosage control circuitry 66, and a notor control
system 68, all of which are part of the control circuitry 20. The Faraday
cup 110 i ¥h§r8unt ed behi nd t he wor kpi ece support 90 and is used to neasure

ien beam g@uk t, 1f i ch passes through a slot 112 fornmed in the support
ég The lgr%cgneq ciuye#g%nﬁ%‘%ﬁl%?m?ﬁ%n%@wpﬁﬁbﬁol assenbly 65. The -
Faraday dagen bdLn PRASH L n,.effective i.on beam current,
I T, receiyed by the séﬁﬁggﬂﬁéwﬁﬁfﬁg\%ﬁ%ﬁ%& DSERUVEHRDS o peam 14 i s
conpri sed Bt g duyrent cqnnmnanveoragﬁtm@smgmﬁ:mmargéu hartifeRhs i On current
that wlls+he dgsi nated J. The ion beam current 11 'SUBSTI TUTE SHEET (RULE
26) WD 07/ 259 5°IBEGHEE $PHReDLN somprisiEg gopbiysharged Bositive ions DR

13 : Each of these ion beam components is effective for implantation of the
workpieces 21 but not all are measured equally by the Faraday cage 110. The Faraday
- cage ion beam current, If, includes all the positive ion beam cwrrent coniponents
~ including I, I'H., IH*, etc. as well as the negative ion beam current component I'. The
* Faraday cage ion beam current If, T A
20 ~ A major source of residual gas within the implanter interior region 52 during a
produgtion run is the beam neutralization gas pumped into the beam neutfaﬁzer housing
74. Typically, this is xenon or argon gas. The bear neutralization gas is used for
charging control of the ion beam 14. Depending on the implantation, other gases suitable

- for used as beam neuralization gas may be employed. As implanteré such as the

I~
L))

implanter 10 are utilized at lower beam energies to facilitate production of higher density
§emicond_uctor integrated circuirt chips, the beam néutralization gas will account for a

- maj ority o.f the residual gas present in the implﬁnter interior region 52 duﬁﬁg
"implantaﬁon. Accounting for the either the first or second greatest volume of residual

gas in the interior region of such lowenergy ion implanters as the implanter 10 during a
12
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20 2 5 ne,@% y the Faraday cage 110 will be designated h

col lision g‘#ﬁg primarily positive ion beam 14 with resi Ht&'i(;%ygﬂg?orm

remai ni ng al ong the evacuated beamline in the interior regien C s
e Foa8 2R

el ectrons to be added or taken away from sone of the posit

~probabilities which depend on the ion species, the ion velocity and the
gas through with the io asses.- T resul tj.ng. effective ion beam current,
J, at the Pﬁ%?%%%“&“ﬁ%ﬁ%@é@ﬂf&?egt%w@ ﬁglﬁﬁbﬁ%@&%f P%?Ltoﬁ%s‘-'@éﬁ%?fbﬁ%éﬁ%tgd @Rt h
different glaegesndhctorkAfef worlpiecks. W Sion tearm!i iﬂ%@%h(ﬁ['fé{v% ignponent”
conprising neutral particles 1-=Ion beam current corponent conprising

si ngul ar | yswirmesy €k progatsisemiierisl is velatiosnd dreaitlgaseed.ent conponent conpri si ng

singul arly charged Rosi thve i ons . r=ion beam current conponent conpri sing

doubl y char ged peh ralies seutes ofresiduahgasdn thsiop bswm dnierionasion Jxdwmeedct | ve
fors i mpl ' ' : Iy b
the Far aqop oulfbrt g Gt i BORESSus Ol beclly forh Y S BRRM AR 1os 21

t he posi ti vianiben2BeowecH ighssitareBigtsddntosthe plagnd dhBGber 28 driDare idriEed. ,THet C.
as well as th?iﬂgegai i ve jon beam current conponent r. The Faraday cage ion

beam cur r efft 0 s g tdirestpesgtyelochapgaddpey essening drongh theiplasma dramber t hi n

t he i npl an LNt @ | j L NG: tion r i.s the beam
neutral i za{:%ﬁhfgaégli %%hlﬁégqp%{bgsq%ﬁ%%%%%m%éd? %Iglg#%%}ouﬁgﬁs_ ﬁéourﬁ.gasTypi cally,
this i's xeeapenth@ugothexas sl deeamty o brlstallztieNo DM resdnss 08k ke ion
chargi ng-control of the ion beam 14. Dependi ng on the inplantation, other
gades sui t bgeimplanteystarigrsegennt meical eabingles od pouyas ganey itvduderapsioged. As

i npl anters s the _inmplanter.10 are utilized, at | ower amenergies to
oot it ar P EPERRE b ftesd AsREhS fibnorp, bobh RA SR taro R rd e Tameel F oo
chips, thevhpdRdBdidn@l i zation gas will account for a nmjority of the
“residual gas present in the inplanter interior region 52 during
~inplantation. Abssalbeegplaareditelo veithhempdsiidn ofsesidual ges expectpdahmiagta vol ume
of residual_qgas.in the jnterior regiqn of such | ow. energy.ion inplanters
as the in’pP@ﬁF@‘ronfﬁnﬁﬁﬁLﬁ&%@@%@%@%l%ﬁ%ﬁ%#%ﬁa Hop§2ap 9o R Sbe
PGH/ GB0 1/ 0k %Ram neutralization process; b) knowing whether the workpieces 21 are coated with a

photoresist material; and c) knowing what source gas or gases are being used.
Calibration may be done using test workpieces instead of actual semiconductor wafer
workpieces 21 to avoid the cost associated with improperly implanted workpieces which

must be scrapped.

20 . . A different X value will be determined for each test gas. The composition of the =
residual gases expected during a production run is estimated and for each residual gas, a
determination must be made as to each residual gas component as to whether or not the
expected volume and characteristics of that gas component render it hl;portant enough to
be accounted for or corhpensated for during the production run. That is, as to each |

25 residual gas component, it must be determined if that gas component will significantly

 affect implantation dosage of the workpieces 21 and, therefore, make it desirable to
include the gas component in the compensation process uﬁdertaken by the dosage control
circuitry 66. 7 | | '
Once the K value for an expected, significant residual gas component is

30 calculated by the calibration circuitry 56, it is stored in the memory 58 and is utilized by

13
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2 3 FEB 20055 10 15 20 25 30 production run may be gas generated from
vol atilization of photoresist material coated on the sem conductor wafer
wor kpi ecW€.0285722he i on beam i npi nges on the workpi ece surpegeBo1odee
photoresi st material is volatized or outgassed. A much smaller source of
residual gas in the ion beaminterior region 52 during a %gdﬁggozgqgn
results from source gas which escapes fromthe ion source as C er
28. Source gases are injected into the plasm chanber 28 and are ionized.
 The = set e debmgetcomteiscidditt} 666 dpapid 8 bieahRNE8 e i SresC fPiAg t hrough
the pl as chamber cover arg slit 29 along the.ion beam beamline. A snall
anount  of S4B VE MileamyasTend de ais salculated byithe fesage comttoltciranitryeiscowed n f or a

I i i dual in the.ion i ter interi
oot on b aibaficed AR ER BB LDl S nnBer LS G tedag agsoane |
vapor i zeduaeht, Tbdmy is dhéliﬁ)ﬂﬂhé,do%@_ﬂnﬁﬂlicfﬂclﬁﬂfyj @ﬁ aﬁé@ﬁ%{aé& et iy and

vaporized indium As will be expl ai ned bel ow, e conposition of residual
gds expecheddh dnsagargcalved by thacplimhity afseminontactdewefoninuekipibesad. Gshoald

know ng t 3 | i as used in the -jon beam neutralizatiaon
process; _%)%pgﬁ%\%&rr %Ig éﬁ%%ﬁg’ﬂ?‘ﬁf’eﬂ%? R?}ir‘éaé’é’éedztjﬂr%ﬂc PEQHEQn AR progided that

phot or esi it apEbeidte i vane o} M%@Qte&*ﬁéniﬁ@%t?@sim %es%§§]§r Hos19C! N9
used. Caljibration nay be done using test workpieces ﬁnstead Y act val

seni condRSEBFofRefia the wsmopy 88 dy Uxlcalibrativnicitetiny S60st associ ated with

| nproperly i ant ed_wor kpi eces i.ch nust. be scrapped. A different K

val ue wili bemﬂﬂé“ gé’rr Ceed“ﬁb?ﬂ 3‘?8‘\#{1 PrESELt INiSRUQR, Ie§SHFF @MpeRgation

nesi dual acsraxRRGsH: th bl QAHELhORA( 4D LAcRSY ] | each
residual gas, a determ n_ationlp%ust e rradesgdgglt%a%gac . eé?%’ﬁ%pgﬁigﬁ _
conponentcOaslating Weesthhetregistanots ftome barexpd phewresizt vomedifplRhnd ackesi Fhé cs of
t hat gas i(():og?one_nt repder. it inportant enough to_ be accounted for or
conpensat ed a(WI’dﬁPFﬁEZ% lgquggl@p?}yﬁhmﬁ\gaspﬁ%lpcqlgs, pegsentdn &wamosassi dual gas
corrponent~haﬁagerrat§ﬁp%fg%1 N j ent.wll significantly
af f ect ir;pl_ant ation dosagée gﬂfn’t eﬁ%ﬁ@%ﬁgg@@%@g@% o‘ﬁtﬂ?‘asr%efugﬂéz,gmﬁﬁﬁ%it
desi r abl glesizble to deliver ths proper dose. The parameters necessary for pressure '

13 compensation have trzditionally been determined by implanting a matrix of four monitor
wafers with various recipe parameters. The present invention provides a new method for
accurately determining these factors with one or a small number of implants. The new
method is faster, less expensive and is more immune to systematic errors in the implantér

. and P:°St processing. This procedure may be employed to generate tables of pressure

(S
<o

compensation factors ror ion implanters, and offers improvements to SPC coilection at
customer sites. ' - | |
‘ The dosimetry systems of most modem implanrers use a Faraday cup (e.g.,
. Faraday cup 110 of Fig. 1B) to estimate the beam flux striking the wafers. During
nqnnal operation, the ion implantefs are filled with a variety of different gasses at- -
23 pressures lhigh enough fo caﬁse significant neutralization of the beam. The resulting
. beam neutrzlization complicates the interpretation of dosimetry measurements made by
the Faraday cup. Sources of gas include argon or xenon from the charge neutralization
control systems, stray source gasses, water bleed to control beam stability, and °
E outgassing of the photoresist as it is struck by the ion beam. Often the most significant

300 gas results fom outgassing of the photoresist as it is swuck by the ion beam. As

14
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i.ncl ude t gy gass;epnponent in the conpensation process unde ﬁ'%bl 1dohe
dosage control circuitry 66. Once the K value for an expecrl;)tbg : s%n%gficant

resi dual gas conponent is calculated by the calibration ci rg&%&(@&@&
is stored in the menory 58 and is utilized by 13 SUBSTI TUTE 6)
WO 02/ 25722 PCT/ GBOL/ 04199 2 3 FEB 2005 to 1= 20 2: 3a the dosage control
circuitry g LN ] L M€, L current : e, effective
ion beam.cursrctgﬁfc &Igllt’c?'\; 'S %%F@ﬁ%%@%fegyh%vhgﬂégggé%o %C_rtftoflg?r té'}sr%%cE WWhes
‘based on " pheasure asuupenkafite sebihique, vherdiprelifaré FaABIYs Fdro theGltoPdas Ehadrberanyl t he

Faraday cage ion current, | and is used by the dosage control circuitry 66
to accur at 8F3jctne Fempensation factos ef heat seiralizaten teebrapt thed apdday a¢adingsof

i cond ' 1. 1t _shoul.d. b i at.ed that
ol brart ond P s Rl Al et o T T BT G U GOt B ¢ e
appy opr i at éori<lwakitebtihed didiey Mt fdicvel HREf ISR miLAT tHY absedRRs have

previously been stored in the menory 58 by the calibration circuitry 56.
| n accor daBsdugh wafesh aspect of the present invention, The pressure

Gasbes my be darerias SN T b bR ol it e b et o o
and phot or 9ﬁdp%ﬂy@@@?eﬁlsama!reeén@ﬁedt?mét%n. This db@RAmBRATH ks H&Uﬁgﬁ%gr <BY

interactions with the gas nolecules present in the process c uring
waf er i npl &etimpdardationed meskunfet kostfenrdastiwafersfat nbnstandariraainongirodietios

desj.rable to deliver the.proper dose. Th araneters necessary for pressure
com:)ensat’ i %*WW&%‘PE&&P@P@%F@WW&M%&é‘fﬂg‘?r%%%r’sysli‘fﬁp 895G B matri x of
four nonit gan1aWak | ' | | i on
Pr ovi dos. o e e T P R ARl AR P REEL o MHERL, 0,
a smal | nunffdmephichpadtssn 1dehprodestionat akkricdstt aThe presk@siavetRansbvideand
IS nore inmune to systematic errors in the inplanter and post processing.

Thi s pr oce&ird® AieiFatrerrastpieoirRrrensriia desten deterapnatioronsipg eay gne ot bRt at i on
factors f Otakhfimb ik thePliths PV h HedrdvIR OMETP Al Pt RE dERIGRERL O &1

15 pressure compensation factors in ion implanters. The invention provides a technique that

allows the beam neutralization pressure compensation factors to be estimated with a
single monitor wafer during production running. The method of the present invention
further provides more accurate measurements of the compensation factors using two

monitor implants under standard operating conditions, whereas the prior techniques

20 implanted a series of four test wafers with non-standard, non-production presswee

compensation settings (e.g., zero compensation and max compensation).

Referring now to Figs. 1A, 1B, and 2, as charged ions pass through the beam
guide (e.g., beam guide 36 of Fig. 1A) they suffer charge exchange collisions with stray
gas molecules as illustrated in Fig. 2. Some fraction of the ions are neuntralized and are

25 not counted by the Faraday éup 110. Therefore, the measufed ion beam current does not
accurately reflect the actual dopant flxx at the wafer. In general one charge exchange
reaction dominates all the othér effects, so the population of charged ions will
exponentially decay with increasiﬁg gas load. The following.equation 1) prédicts the

actual dopant flux at the disk I, as 2 function of the measured electrical current (Igg),

15
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customer sites. The dosinetry systens of npst nodeminplanters use a
Faraday cup (e.g., Faraday cup 110 of Fig. 13) to estimate the beam fl ux
stri ki ngwone/28mbers. During nornmal operation, the ion i mptagisgeisses e
filled wwth a variety of different gasses at pressures high enough to
cause significant neutralization of the beam The resulting
neutralization conplicates the interpretation of dosinetry 29"2?3%@5
made by the Faraday cup. Sources of gas include argon or xenon fromthe
~char ge  netemdak@ll ippfsure §B% siQne b5 &Ry Bahi 93558, 4 86 L,yb) eed to
control beam st abi Ip?ty, g?\%l 03 gassi ng;3 0 gsé%#%ﬁg?glgﬁ%gﬁgﬁag%truck
by the ioficise®n Oten the nost significant as results from outgassing of
~ the photoresist as it is struck by the ion beam As 14 SUBSTI TUTE SHEET
(RULE 26) WD 02/25722 PCT/ GB01/ 04199 23 FEB 2005 descri bed above, many
batch i npl ante haye an actiye ection for this effect using, a
pressure corrpeqzatix‘h’sét ecﬁhk&@fé?(mére pressure readi ngs fromthe process
chanber are scaled by a conpensation factor of beam neutralization to
correct the Faraday readings and provide an accurate dosinetry
measur enewhere Rhissha Mk usiof N 8nd Pt ARtREssh LIREH Rl at all timnes
during. an inplant to achieve bettelp‘?usrs{i forn?t‘%}i%l?%}%g%gg%ingﬁéet he product
waf ers. /A¥eEAsareametre (i pardnsterdf Wil bemefatredld zethe BRfactorp ahs &-fatoriegt or i s

desired t r rl sate for peam neutralization. This determ nation
has her etbg rg%gﬁggaﬁ¥Fe§O@T"£f iaﬁ%ﬂoﬁ?ﬂ TS eGP IReRsRliPEXfasiorafig dase four test
waf ers at S tangakgen 8 At L9810 I FtLons.
Fovever - e o O e e SR B M R g

fBasur emeg#s 162, wharebnwahegativelypharged ekotrbmbafoat the ResitSiRM D Qchgaliaken of f
i ne, whitﬁh results in st _production and other costs. The present .

0
i nvent i ot PP HE% chgg?d la?foae%f © rds ageeTd depariontls8a f act or |
det er m nat i on giriafien eNn 4. L.| ants. angd thus provides
an i nproved met hoc %gfc} ssﬂ/dgl?lg%eé ggréﬁ(c}ﬁer%cglrs%ﬁﬁﬁ% g%‘!h%%%?ﬁ?%o%% &fsati on
factors igkectron to thel eatieions. Firesiinplieing, Henfolloewiglaampldsepdiaigur that  all ows
t he beam neutral.i za 'ogogressure conpensation factors to be estimated with

a singl S&°HBRHIZEP REFES ofasingls 3750 lettaven lrwikrierpprerintediiiahthd inventine _
ps esent i i ' [ , curate.measurenents af the
conpens atp?%ﬁaésafg? 8?%13'%&58?%2}1 ?%Aro%ﬁ% g ??%%‘%eﬂ%gﬁ%’rﬁ LSS i g FREht i ng
condi ti oriss pratence af multtép]p phes. t RS UREAIPES equation (1) may be modified to include

the effects of multiple gasses.

As illustrated in Fig. 3A, the pressure and Faraday cup current measurements

~-{e.g:, made via Faraday cup 110 of Fig. 1B) vary with time during implantation. Fig:34

20  illustrates that pressure in the chamber is related to the beam current measured by the
Faraday cup. As illustrated and described in greater detail hereinafter with_respect to Fig.
5, the result of the variance in Faraday cup current measurement and the pressure in the .
process chamber or end station (e.g:, end station 16') may result in spatial sheet resistance
variations in implanted workpieces absent pressure compensation. Referring also to Fig.
25 _-SB, a graph 170 illustrates an example of pressure and current data from a high current
~ implanter end station. The data in graph 170 is fit using equation (1), thus verifying the
- pressure compensation model. | The illustrated data in Fig. 3B is overlaid by an :
exponential fit according to equation (1). The exemplary data in graph 170 is fit by the
o function I=6.7 exp(-2827P). Henc¢ the K-factor is 2827 and the Pcomp =32.7% in the
0 illustrated example. |

16
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20 i npl an&‘g a series of four test wafers with non-standard, non-production
pressure cfgrﬁzé’r? lon settings (e.qg., zero conpensation and GRxB01/04139
conpensation). Referring nowto Figs. 1A 1B, and 2, as char eg,' n Ss
t hrough the beam guide (e.g., beam guide 36 of Fig. 1A) taeg &éeﬁﬂ@garge
exchange collisions with stray gas nolecules as illustrated in Fig. 2.
Sone fraction of the ions are neutralized and are 25 not counted by the
Faraday cup 110.Refeeingmemeto Riged, K cfpetar vssd ineauntionr(l bist detrmdne e actual

accurately ect C d t flux at the water..ln gener one’
char ge exck‘%ﬁ%@d"s éggﬁ feg’?\&%g}n]? er?glt%g%I i eﬁtﬁgg&%eqo%ﬁ%ﬁlges%@%ﬁ?f. As

popul at i on itiistekwirigek HRPE 180, dvoaxone HnpRhisy 326y 180H brel Jiefogasd (19% g@s

| oad. The fol| ow ng equation (ﬂ% predicts the actual dopant flux a t he

di sk ' dose,thpndepmrizmianterci0 afffigsd dsandel®)evigrbare dammyitesewsfet diigiiects

SUBSTI TUTE ,SHEET.. (RULE 26 02/.25722 PCT/ GBO /04199 2 3 FEB 20 h
me?? ur ed pr(lg(?ssg%vgﬁ 5%1 S é}%ﬁ%?nﬁt?? CPWptsﬁgg‘éErﬁ‘i Qéﬂ‘iﬁ‘& r&?PeﬁHYWZS)r ‘f"it’ zgd
cal i brati ofnodife implalits 184h an@ 084 aredhsKoRoPmid %&%&%@Qs&?kggo%&ﬁﬁnﬁf S.

the "K-factor"”, and P is the pressure recorded on’an ion gauge in the
process charadens and diffgyentBromprseiiogs! It widl beelotadriedhis oegsd thee cémbpanhtion The

K-f act b - | ed f t P ..
conpensat | AR 860 G SR ripressal X fput B el Prrsd eract BH1ORHeoRBEN | on
150 suff er ifRgesChafda dexrh8agReNtidh ﬁaﬂ%&a@ﬁreﬁ%ﬂﬂf‘aﬂ%gﬁ ﬁgﬁﬁw b ¥rls

negatively charged el ectron 154 fromthe xenon gas utralizes™ the
po#i ti vel y ixtharegematearidine Pam S@titgthat gixesetha sae thast rdsistareiindeptidat of

Equation (1 I ma used when. the charge exchange reaction, adds an
eﬂect ron E ($)a¥ ﬁ’@agégm%'iz%?@: From tais Ropmg; W,K‘%%@ffl%%f W?\ﬂﬁ@f@%%ﬁm%%sqdﬁ%l ude

th t ' ' .S, of gl : | ]
appr o0 at cd W RRE (RS RoEEs Shse” ST g St BByl bt G e

det er m nat iimplenenggisoci ation with inplantation in

-

It will be appreciated that the crossing of lines method graphically illustrated in
15 Fig. 4 requires the implantation and measurement of four test wafers, each.of which is'
relatively expensive. In addition, the time to implant four such test wafers may have an
associated cost, such as down time for the implantation system. Thus, although the
crossing of lines method may yield a determination of the desired pressure compensation

factor or factors, it is desirable to reduce the cost in achieving such a determination. In

20 .addition, the crossing of lines method does not contemplate or.otherwise utilize the ... - ...

pressure readings recorded during the implant (e.g., by dosage control circuitry 66 in
control electronics 20 via the jon or pressure gauge 114). It has been appreciated by the

~ inventor of the present invention that these pressure readings may be advantageously
employed to determine the Pcomp factor (and the K-factor) with fewer implants, in

25 accordance with the present invention.
Fig. 5 shows a typical 81 point sheet resistance (Rs) map 190 of an anneaied

wafer implanted without the use of pressure compensation. As can be seen in Fig. 5, .
without any compensation, the sheet resistance spatial uniformity is poor. The method of
the present invention may be advantageously employed in order to predict changes to the

30 resistance map of the wafer that would occur if the pressure compensation system were -

17
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the presence of multiple gasses. For exanple, equation (1) may be nodifi-ed
to include the effects of nmultiple gasses. As illustrated in Fig. 3A, the
pressur e Ve 02/35322aday cup current neasurenments (e.g., mdect/epfiaaggay cup
110 off Fig.1B)vary with time during inplantation. Fig. 3A illustrates
that pressure in the chamber is related to the beam current] JefuRe@(8% the
Faraday cup. As illustrated and described in greater detail hereinafter
with respect to Fig. 5, the result of the variance in Faraday cup current

“nmeasur emerddednet if e @rgsasation fictbhwere chRh @KL IS a68RARRE v Erf‘%p%&ta&f'
(e.g., end station 16) may result in spatlal sheet resistance” variations

in inpl anP{eeae%‘“i?BP@Eé@Sa%@é?ﬁ acgpraplished byommiesng ravordddefressuiagadinge t o
Fig, 3B, f d t d t
0SBt b 0 e NPT 6 gL iz CULEN ot

usi ng equati on (1), thus verifying the pressure conpensation nodel. The
i I lustrat

equati on g%fﬂ efhia eguation gay'{hagﬁphd%tlh-}slm‘aﬂ_e%@‘ccmpfantpﬂayswheeadin@%ﬂ Hn | =
6.7 282 P 32. 7% th
i | ust par SR BotgfeSSE P R] St Hibtrin e epler DR sy ovibigB 20

PCT/ GBOL/ 04199n23c 6138 208h Re heebi ShHBMsER 1E+e9moﬂ, &Qﬁ ofulApLar used in
equati on é}l) to determ ne the actual dose (Idose) E;has previ ous y been
det er mi nedVifed igo t‘fﬁﬁﬁca&b%@éi Fer estch bends cmtttgﬁSheeﬂEmstalnbelRTsrlﬁlbledmtdm t he
graph 180 ants 182a and 182b are perfornmed (e.g., in the
i on beam ?Srlriﬁy\@ﬁ?@w%= s. 1A and IB) with bare dummy test vvafer
wor kpi eces 5 (not shown), each using different Pconp settings (e.g., 0 and
80, respectively). Two nonitor inplants 184a and 184b are then perforned
wi th photoresist (PR) coated dunmy wafers and different Pconp setti ngs It
wll be noted inthis regard th g{orrpensatl‘gﬂ val ﬁbs of gﬁand SOIP_)
represent _extrenes and typicall f-qfd tK@,g;d empi nks
are then Bréﬂmdlbté#)/ve'eleiamSlpatﬂ)r of u%g%gj?cncm a..u t-he pu?%??ﬂ?v.(.{.t hey
cross 10 is the estimate of thg Pconp setting t m?d t he sane shept
resi stance i ndependent of gas load (e.g., 42.79%. om.this Pconp, t K
-éactor may be determ ned and used in equation (1) to determ' ne | dose. Wth
ose determ ned, dosinmetry changes nay be inplenented. It will be

appr ec atuagrd Bt e 0% cinBlackdl 1 SadtPLDGdFARNI 02l 1V i 11 Ustrated in

- Kused is the K-factor used for implanting,

Kpredicted is the X-factor that we would like to try,

ﬁmplanted is the corrected Faraday cup current,

(isa dose sensmwry factor related to the non-lmeanry of the sheet resistance with dose,

- Rs(predicted) is a desired sheet resistance for implanzed wafers, and

. Rs(measured) is the measured sheet resistance of the test wafer.

Thus, an initial K-factor may be assumed (e.g., Kused), a.nd used in implanting -

one or more test wafers. The ion beam cwrrent and process chamber pressure are then

| 20 measured during the nnplantanon of the test wafer, atter which the sheest resistance of the
test wafer or wafers is measured. The K-factor to be subsequently used (e.g.,

 Kpredicted) may be determined by correlating the assumed K-factor with the measured

- values as well as a desired sheet resistance: For example, the Kpredlcted value may be

| obtamned by solving equation (2) for Kpredicted, using the measured pressure (P), current

(limplanted), and sheet resistance (Rs(measured)) values, together with the initially

i~
wn
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taln Fig. 3Bis overlaid by an exponential fit according to .



15 Fig. 4 | I t he i nplantation and neasurenent of four fers,
each. of %(f@#sﬂgzs relatively expensive. In addition, the tl'l(#zé%%}y@ | ant
four such test wafers may have an associated cost, such as d V\ﬁéti me for
the inplantation system Thus; although the crossing of |ineg feklidd 2605

yield a determ nation of the desired pressure conpensation factor or
factors, it is desiyrable to reduce the cost in achieving such a

det er ni nat P&FRadKSactondhsedand a drsired shest rryistimce (Reprodiated) Abematiwely,

~contenpl at g, 9k, . bl ' . sur.e readi recor.ded dur| ‘the
Cnplant (e 2 “ﬁ&yiﬁd?%%f@f%@%%@?ﬂa | ?ecs&u%t?‘é%gég?neaﬁg%‘?}? PYCER LA

via the i onntil therdesised shegrregietaddedRs(predided))de ebtanidr eci ated by the inventor

of the present invention that these pressure readi ngs naybe advant ageously

enpl oyed to det i sqaatione(Zpaayperrgeans four asicisteps KThe slatebresistinct (Rewest

[ ts, i .d ith th t o ti, Fi 5 sf

Ly onl 1 ook Bl BR SBRERG I demloR oY RS bR Wimeloriuosd Wl

i mpl ant ed whplilduridpehe $BpRGt. PIIRHSHE BFEQ PP ERSiRta0 fial AS AR (ﬁ%—iﬁ?&rhrpgﬁecfi g.

5, . wthout any. conpensation, the sheet resistance spatial unifo ty is
poor. The rBepsser readingsy(Pd serweighied by itombeaay cigeerd gueaemtageeasklryading| oyed

i d t Q. di h to t . i f..t.h f t.hat. | d
occur i 1 ¢ (RRREEY, BRI coliob i i Rl R RS e BT Suthloy UL E
26) WO 02/ 3&atd ﬁﬁﬂe@a@éf&ﬁﬁ@%xﬁﬁﬁe& r&pdR& 0 lfledtIedfard® '@ﬁgg%ﬁeg][ddts%et he

conpensation factor were changed. In accordance with an asp

pr¥sent inventi die bekiS-fastyr tvarse Coroppiniad ipechsiny complensating nayterdiestnyingissur e
r eadi ngs romthe inopl er shown in t ra 192 of Fig. 6 in ) ,
conbi nat i oﬁy\ﬂﬂlﬁ eﬂH%un(ﬁ‘o@g}O Ratg B‘@E]Jciteﬁlrﬁﬁ%é?ggﬁ“@lﬁm#%ﬂgl?eaﬁﬂef%m a

I I'lustrate sy dl , ' : I st (PR

i npl ant , mk%lear%)g?%ﬁgx%g]ter (E)%s %ﬁ%”%?ﬁa?%é’ta%%g]eﬁnﬁeeﬁn gsg%:ngfédance with

an aspect 8b(zrbdiciedhs @or exauplinf dreitargdt ¢RXprio mayRmpliterthitshe fhedicaliRé fHap

vertical bands. For each band_a corrected sheet resistance Rs is predicted
usi ng the PHAF Bwfwgl BLREMEIDSH: When using this criteria, only a single monitor or test wafer

15 needs to be implanted and processed, thus significantly reducing the cost and time
associated with the crossing of lines and other prior techniques.
Figs. 7A and 7B illustrate the use of this technique. A wafer 200 in Fig. 7A was
implanted (e.g., in the ion implantation system 10 of Figs. 1A and 1B) using a large error

in the pressure compensation factor with 30 KeV boron and 12 photoresist coated

.20 ... . dummies. Equation (2) was used to predict the value of Kirial predicted to give the most........... ...

uniform sheet resistance. Fig. 7B shows the sheet resistance map with this prediction.
Thus, the use of one test wafer 200 yields significant improvement in the sheet resistance
uniformity in the subsequently implanted wafer 202. The invention thus provides . -
significant advantages over previous techniques, wherein four test wafers were required
25 | to determine one or more pressure compensation factors. It will be appreciated that the
method of the present invention may be iterated one or more times, in order to further
lmprove the resultant pressure compensation factor.
While the results in Fig. 7B are a significant improvement over prior pressure
compensation factor determination techni'ques, the single implant method may be-

- 30 supplemented to account for non-uniformities in the sheet resistance wafer maps that are

15
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Rc(predieted) = RC(neasured) | linplanu-d where P is the pressure in the
i mpl anter at each recorded tinme, Kused is the K-factor used for

i mpl ant iwg.o2kpnedi cted is the K-factor that we woul d |i kepdBchidvesioo
linplanted is the corrected Faraday cup current, is a dose sensitivity
factor related to the non-linearity of the sheet resistanc i th-do
Rs(predicted) is a desired sheet resistance for inplanted %geﬁg 2@85
Rs(nmeasured) is the nmeasured sheet resistance of the test wafer. Thus, an

Jinitial” Kpdagh e ﬁﬂrggg B eedUsed) and used in inplanting one
or nore test \A@ferig .egﬁrg%?p e%&nﬁtﬁ’”}&.Pgh%fleﬁgg%%@ngh%@ggp‘?ressure are
then meashanaelimyirTnagedrienc Mithanbeid: espedf of the itveition\dhemettihaybs ch the
sheet resistance of the test wafer or wafers is neasured. The 'K=factor to _

be subseq T RIS KR Yia thy. corpfptigniof parg)testeyafrdmpdants withéuplanteafia el at i ng
th _f. . | . _desired sheet
Fosi ot anceoteRCiAtedtdr DAL TARK RS e BPHE R, S BoerfReigiohy “Sol vi ng

eduation (2) fas pimteriueabsve, higdoa] Mpgemwn%%n%&i%weﬁﬁ}e tHat!fe€ Nt
(I'i npl ant ea(%%édand sheet resistance ( nmeasured)) val ues, together with the

initiallyS Gshp FrleedindgpardericpiRps boad( Kpmett obust et SUBSTAYMMETE SHEET

(RULE 26) v 199.2 3. F.E B 2005.assuned K-factor
(Kused) a%’gﬂggﬁééﬁ%ﬁ%ggﬁ%ﬁé%ﬁ ‘%R‘%?‘E‘HP GBHPT O 1St WA 1008 v,
various twithlphtoteait Qﬁc‘ﬁor(el@l_iiicms)bdﬁ.YEQ@atﬁﬁt{? by tiRd JeNlsad esIEat IR Ak
(e.qg., for Kpredi ctgadzJ until the desired sheet resistance (Rs(predicted))

i s obt ai nbtfacton@akyihbssbmatchythaieet epistasen bf the Gwo huwiitor stadys. The sheet

resi stance (Rs . 5 eac a i.s first r ed to renpve th ressure
clgrrect ion K -1 %p{r_glrg Wugsg’elﬁfnfﬁaé’?esv\% aaﬁ%glpggilﬁg'?‘ier?&fe?’@% fte&Then the
ef f ect ofmedsurddihedtabsidtical RKof el ke (i} lah@dnll thSpRRRebBcoatdd EndlhGF SUT €
readings (P) are wei ghted by the beam current present for each “readi ng

(1i npl ant &S this methpg, wheee dorsrasing Brlators @, udeyl) whe idomeosahsititevid v
factor, ich is used to c nsat e r, the non-linear respaonse of
sheet r esc,él3 fg\tgéﬁ%tge%e?ﬂecé%ﬂ]aﬁ%eé ‘%& ﬁ’l%Fn?F?g thejagthogceuiersgn the best &fastor

=y

opti mal pREeSHdEyC TR B LR ERRE Et%sﬁéﬂﬂ ;ﬁ/%%ées\%clag%ﬁgﬁg%gs% 2(2) to

eval uate predicted Rs maps. Thus, Ktrial m
i3 , ction of beam species and energy that are installed on high current and/or other types
of ion implanters.

. The implant results after a first calibration run (210b) illustrate a general

reduction in the dose shift between a bare wafer and a wafer having a photoresist coating,

. In accordance with the invention, where the dose shift is an indication of the uniformity

20 in sheet resistance between the bare and photoresist test wafers. Thus, a large dose shift
indicates a lack of uniformity and a small dose shift indicates good or improved
uniformity. As can be seen from the results in Fig. 8. the dose shift is .generally reduced,

- thus indicating the same or similar dose applied to each test wafer independént of gas
loading. It will be appreciated that additional iterations may be performed, whereby
further refinement of the K-factor detenninétion méy be accomplished, in order to
improve the uniformity of the implanted wafer sheet resistance.

~ Referring now to Fig. 9. an exemplary method 300 is illustrated for determining
'pressure compensation factors for use in an ion implantation system. Method 300 begins
at step 302, wherein an initial predicted pressure compensation factor is assumed (e.g.,

30 - Kused in equation (2)). It will be appreciated that initial Kused values typically may be
20
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(rap IS .i d@%tdéé%ﬁg which neets a target criteria (e.g., a di,;ir@ﬂwlggt

resi st ance fedicted)). For exanple, one target criteri sinply be
that the predicted Rs map be as uniform as possible. Wen using this
criteria, only a single. monitor or test wafer 15 needs to (®Ji %Enﬂ@@ﬁand
processed, thus significantly reducing the cost and tine associated with
the crossing of Iines and other -prior techniques. Figs. 7A and 7B '

i 1 ust r at eSEfRIed Rased pn pigtosicebemsTignes ofiymisrlds-fagorsi far fegartigulsedgplantpl ant ed

To(ergs,in - ' -af | t f . Fl aSn1A, and, 1B) ‘usin l,arge
error in %é%lég(ragds g%gr?%’ co%é%g }31031%§h 513:38%% %s{eﬂ%&&, RES WSF@*%%?HH milga%ed
phot or esi sin awiah édpRftatomsystsn (£gUalited 102 PGS 1 USed 119) wiedinebrddi@ey al ue

of Ktrial predicted to give the nost uniformsheet resistance. Fig. 7B
shows the BIeB¥e suBpasaivadaciap uringiths snplantation, ithmion beausqurtenbandsthe of one
tegt wafer j Lani:-fi cant, i nprovenent in t heet. resj st ance

un?f or mi typﬁ%g&{%{életgggg@%{)? @?‘ﬁ%?ra ?gg%?cé?t %zg.}%r%e%’-i Wéﬁ‘? #% Y8
provi des . 11Gaghioh ipgasire TAgSFi@VE8). previ ous techni ques, wherein four
test wafers were require 2°5_to determne one or nore pressure conpensation
factors- It wi | Migethapist werkatieat hasdicen bnaplanted rosheof resistanpe essentatddrwignt i on
may be ite one .or nore.tines,.Ln,order,_to further inpraqve_the

resul t ant %r%é]gogﬁlgcec%ﬁﬁéﬂgg? F{b%gl? 38%‘0 ?SW?’II A PIESTES HPPReRSFIRR fetor e gre a
si gni fi cankpieaieMeR 4t RVEY) 1B HRimMASSr8ing ' I

determ nat i gn t echni ques, V(tg?ual single inpl anltngﬁret ho angjygﬁlegsg‘%ﬁ%%ﬁsgﬁ%nt ed
t d0account conepensaiionfaitonrseil in e implairde.gh &atsed)e thesheasoesdiaéteworkpiase $Heat ar e
19 SUBSTI TUTE, SHEET RULE 26) WO 02/ 25722 PCT/,CEOl/ 04199 2 3 FEB 2005 not

" caused by WPEREH ’(féﬁfﬂ@ ST DY {7 8- SRR viafiaraday sumdAP). agd thehar gi ng,
or channebief@re (¥ 385QHE Mt . ' ' t he

met hod maylb be feudre {k h’gg irrpﬁig\%gl& ???lé’e? Ege))t’ ?ﬁ”ﬁ’ g?g? ?%%@{)d’fsthrbégtrltaeg%g%% g%?eer

i mpl ants vfetgh, Rafprledictes))ofFoa exmhplep thesirsdsuconhgény@iodr factas mdyl bedeteing@dand
described in greater detail hereinafter. As_pointed out above, the goal of
pressure ‘Cﬁﬁ%ﬁ%ieﬂﬁm% (EbaeHigirated sad deseaibed abavedose is i npl ant ed

i Rlependent of ohus, st. _that, .may be |.oyed to
dgtgler m ne the b%gdtém%{aigﬁ g%oghéroﬁﬁ%logﬁ:}e ik thrBthteo eaﬁ}'uetdgsﬁet\fgﬁlg‘?‘%ﬁesone
wi th phot osfasiostst aekpines whiyde tkBedii@accbibtthideRriding®e plesrde used to

calculate a new K-factor that will best match the sheet Tresistance of the
two noni t ofopeReaten factor. Referring now to Fig. 10, another exemplary method 400 of

determining a pressure compensation factor is illustrated. Beginning at step 402, an

initial predicted pressure compensation factor is assumed. Thereafter at step 404, first

20 and second test workpieces are implanted in an ion implantation system (e.g., Figs. 1A .. .. ...

and 1B) using the predicted pressure compensation factor. One of the first and second |
workpieces may be bare, while the other workpiece comprises a photoresist coating. |
During the implantation, the ion beam current and the pressure in the
implantation chamber are measured at siep 406. After the first and second test
25 workpieces have been implanted, first and second sheet resistances respectively

associated with the first and second test workpieces are measured at step 408. At step
41_0, a pressure compensation factor is determined according to the pred_icfed pressure
compensation factor, the measured first and second test workpiece sheet resistances, ion

beam current, and pressure, and a desired sheet resistance value, For example, the

21
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10 Referring nowto Fig. 8. tables 210a and 210b illustrate exenplary
results (e.g., neasured sheet resistances Rs of the bare inplant and the
phot or esw0252ed i npl ant) using this nmethod, where thepgivsoi/idoe
K-factors (e.g., Kused) were intentionally quite far off fromtheir
expected val ues (210a). In general the nethod centers on the%%e? é &gﬁhor
quite readily. These inplants were used to establish tables £ brgtbon
factors as a 15 function of beam species and energy that are installed on

“hi gh curr pdssigd ebrBperRbhié fdcYRGSay ¥ derddfhid c@:%PdﬁJ id anb resuyrts: -«
after a first caII?%rati on run (aglOb% ?ﬁ%ésatqra e Sé%gg% n%&%@&"f?%ﬁ in the
dose shi f fugdesgplesd abovar e wafer and a wafer having a photoresist coating,
in accordance with the inventjon, where the dose shift is an indication of

the uniformi ty “20" M REFEBFHULTSt B ke iedie sisature Kofactorafer honargeisst test
Rl B St AL PR S ackdGaLES il AGK ShoUnlfRLTbLY, 8002

smal | dose shift indicates good or 1nprove ani

f fom t he [‘ewesingofilines] gett®d didetitopeioshildiqis, BRRRE! ihé hAHNESThhoidTHS

- indicating_the. §%Frrefor sim. | ar dose applied to each test wafer independent
~of-gas | SEATHES e FagEorY cafibrapon @hles fargueh iinplagars: ieanethod mayifatisriay be
per f or med emphgEERYhe fFeldtiR loRerm E K:factor .determ nation may be
acconpl i sheg,[b?i n or?jer toeisfércgirdg\ge t %?3&9%%?’&1?@%‘?“?% Pﬁ%fgﬁrﬂ%gd waf er

sheet respatpinciom Rev@zlrdfithe tmle foandirga fdricatbnepsempy. aThe ARERRS 8RR S
illustrated for dei ermning pressure conglensati on factors for use in an

i on i npl ahtEPTGHSUVELE RFONELh G Bich aoplsagnide 2bgvesdespriBaimetihds.ei n an initi al

di cted A |.S.. .0., .0 Kused .
Bouat i on (2)) e Al e b Mok R R Wil e 082508, cat1y
nay be 20aBlISSTIS L BHELELE 26l MOBMRRILBaBod v RGN SBAKOAIDD 23 FEB
2005 sel ect based on historical experiénce of typical K-factors for the
parti cul a?lc’g-}%ﬁﬁ%ﬂﬁ’ﬁ will peeraio qthers élﬁﬁﬁgl}ﬂ the arigpempieoyeting Thé neddrdtandiag St ep.

304, a tegg | i,S:4pl an in an_ion. nplantation system(e.g.,
system 10 o%_ I%Féé)gﬁ&%ingﬁg tif%f'&ﬁ%?%&mwsp}%amw re&?"%[s@t}g%v ensati on
factor. Dimnctignspbeoimngl Bnttrtdbete désbibdddnRRABNE gggsgfﬁgﬁgsg detibg iPJu'?_é sure in
t he inplantati on chanber are nmeasured at step 306 (e.g., via f%e ar aday
Up systems, etc.), the terms (including a reference to a ‘means”) used to describe such '

components are intended to correspond, unless otherwise indicated, to any component

which performs the specified function of the described component (i.e., that is

functionally equivalent), even though not structurally equivalent to the disclosed

__ Structure, which performs the function in the herein illustrated exemplary

20 -implementations of the invention.

In addition, while a particular feﬁture of the invention may have been disciosed
with respect to only one of several implementations. such feature may be combined with
one or more other features of the other implementations as may be desired and

‘advantageous for any given or particular application. Furthetmore, to the extent that the |
terms "includes”, "including”, "has", "having", and variants thereof are used in either the
detailed desén'ption or the claims, these terms are intended to be inclusive in a manner

 similar to the term “comprising”.

22
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110 and |on(§ressure gauge 114 of Fig. 1B). After the test mo(a@;ece has
been |nplﬁ’ 23 sheet resistance associated with the woFkplERA/0FL?
measured at step 308. At step 310, a pressure conpensati on factor
Kpredicted of equation (2)) is determined according to the pp el E%}Q%GS
assumed pressure conpensation factor used in the inplant (e.g., Kused)

the nmeasured test workpiece sheet resistance Rs, the ion bean1current
(e.g., measured via Faraday MH&'DBIAJamPRMABIbEEﬁre (e.g., nmeasured.

- 114 Il' as a t o
Re(predt cted)) . TeAuEnrE «fnE i ateho R e Shebt R Bello b pigae
det er mi ned r@@ﬁﬁfg@b%%@e ARk QB gaasaﬁén Edcldt$ Edrio8hn AR ARRE i Qﬂénabove

15 In accordance wi th ano her aspect the invention, the nmeasured sheet
resi st ancesgmplafitet.wo t est wor kpi eces may be taken into account in

~determ ning the pressure conpensation factor. Referring nowto Fig. 10,
anot her exenplary nethod 400 of determ ning a pressure conpensation factor
is illustrated. Beginning at step 402, an initial predicted pressure
conpensation factor is assuned. Thereafter at step 404, first 20 and second
test workpieces are-inplanted in an ion inplantation system(e.g., Figs. I'A
and 1B) using the predicted pressure conpensation factor. One of the first
and second workpi eces may be bare, whil'e the other workpiece conprises a
phot oresi st coating. During the inplantation, the ion beamcurrent and the
pressure in the inplantation chanber are neasured at step 406. After the
first and second test 25 workpi eces have been inplanted, first and second
sheet resistances respectively associated with the first and second test
wor kpi eces are nmeasured at step 40$. At step 410, a pressure conpensation
factor is determned according to the predicted pressure conpensation
factor, the neasured first and second test workpi ece sheet resi'stances, ion
bean1current, and pressure, and a desired sheet resistance val ue. For
exanpl e, the 21 SUBSTI TUTE SHEET (RULE 26) WO 02/ 25722 PCT/ GB01/04199 2 3 F
E B 2005 10 20 pressure conpensation factor may be determ ned according to
equation (2) as illustrated -and described above. The inventive nethod may
t hus be used to neasure’ K—factors for use on vari ous
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ion inplanters. The nethod gives accurate results wth fewer inplants than
the previous "crossing of lines" nethod and other prior techni ques, _nmakin
it the method of choice for generating the factory callbratlo $¢ gﬁﬂﬂﬂ%
such inplanters. The method may further be enployed in the fleld in
association wth the collection and processing of |arge data sanples from
"several of the tools found in a fabrication facility. The invention further
conprises software products which inplenent the above descri bed net hods.
" Al'though the invention has been shown and described with respect to a -
certai n 2t ischdimgaés:and i npl enentations, it will be appreciated that
equi valent alterations and nodifications will occur to others skilled in
the art upon the reading and understanding of this specification and the
annexedy dr avwh Rethod &Y R&kifNE @bre”sﬁﬁl@&&nb&s&t'ﬁﬁl 480} R} $ise inUAGHA Ons  per f or med
by the above descri bed conponents (assenblies, devices, circuits, systens,
etc.), lnnéﬂﬁdnm§ygﬂNCQMUMM@ma reference to a "neans") used to describe such

component - P eSS Mrarke R BTRE R gt PROR SHEBr It R HBkeREh Bvet mponent

(i1.e 4$@&h¢gonfunct|onally equi val ent), even though not structurally
eqU|vaIent to the disclosed structure, which performs the function in the
herein ill ustP‘é‘Eié?fE aél)ééﬁbﬁ] BFFQICteﬂmmSéWWPWP@ﬁ@!;O@faCMﬁe i nventi on. I n

addi ti on, Wi farfinf @&Iyogé mmn% &M&@&%ﬂ&@ﬂ gq%xt{onasvgte

one SEever such

- f eat urthe irmyal tpeedmad)pmy\mdapen@m)mcmmﬂehiee:runhg dribeam @frrdnbgénddd her
i npl enent ati ons, as may, be desired and advantageous for any given or

partlcJF%ﬁwgﬁﬁﬂﬁﬁﬁﬂﬁ@thﬁ@PPﬁﬁ*%%we to the extent that the terms
"includes”, éa@ﬁ}l{l%h et res fhce assgaweﬁgm tﬂ?ﬁn‘;ﬁﬂ@l‘i’t daﬂ:gtswﬁ fe@@f gre used in

either the Igetal escriptron or t ese ter gre’intended to
be i ncl usi veletarmininga pegssurs comparsatian fabtaraenomdii’lgmqhe irgtialgpredi@ad SUBSTI TUTE
SHEET RULE Z%V\D 02/ %5722 PCT/ GB01/04199.2 0 B 2005 | NDUSTRI AL

APPL| N5 BR Fa s g Arpagued shegt BrdisHae o REYUE 108 BERD AUTHE: fi el d

of ion tﬁ@ﬁféhs&é §od)and le?srlfé\d'sﬂget%s?s%ﬁiéée conpensation factors for
dosinmetry control in an ion inplanter.
2. The method of claim 1, wherein providing an initial predicted pressure compensation
factor comprises estimating the compensation factor based upon an implant species used for

‘implanting the test workpiece.

3. Themethod of claim 1, wherein implanting the band region using the ion
implantation system and the initial predicted pressure compensation factor comprises:
calculating a predicted actual dopant flux at the test workpiece using the initial
predicted pressure compensation factor, the measured ion beam current and the pressure;
and

varying an ion dose at the test workpiece based on the predicted actual dopant flux.
4. The method of claim 3, wherein varying the ion dose comprises varying a slow scan

rate of the ion implantation system, thereby varying a rate at which the test workpiece scans

across the ion beam.

24



SUBSTI TUTE SHEET (RULE 26) 23FEB2005 What is clained is: 1. A nmethod of
determ ning a pressure conpensation factor for use in an ion inplantation
system conprising: providing a test workpiece in the ion inp agt?EgrzUUB
system the test workpiece having a band region; providing aég ¥ni t4
predi cted pressure conpensation factor; inplanting the band region with an
ion beamusing the ion inplantation systemand the initial predicted
pressure conpensation factor while nmeasuring ion beamcurrent and a
‘pressure in the jon_ inplantation syste measuri ng sheef resistance =
associ aféfdle\mﬁtthpi?fgkﬂﬂlpma&%ﬂﬁ %‘Elamgﬁil’é‘ifﬁ?te fefoal dopat Wi PedHr essur e
CO”penS%ﬂkg{kcéé&ﬁgﬁseéﬁﬁﬂiiﬁ%ﬁﬂaﬁ)ﬁo% dqlihfid! predicted pressure
conpensation factor, the asured s egt resi stance, the neasured ion beam
current, the neasured pressure, and a desired sheet resistance. 2. The
met hod of Qj?in11n%érerein providing an initial predicted pressure
conpensatieon i’ conprises estinmating the conpensation factor based
upon an inplant species used for inplanting the test workpiece. 3. The
met hod of claim11, wherein inplanting the band region using the ion
i npl antehérom leysooprisgsdhe heedioted dciial gopant Svedagrcespuises thompeswead icon f act or
conpri ses.. cal culating a predicted act ual ant flux at.the test, workpiece
isihg Them Gtk UoplaR RE AT L8 pRE I R Phateet Taelbie Bl Shdaatr 6 1 on
beam cusreg&ite ithehfigioprRssUr e; and varying an ion dose at the test
wor kpi ece based on the predicted actual dopant flux. 4. The nethod of claim
3, wherein varying the ion dose conprises varying a slow scan rate of the

cans er oot CReRHEe dhnt LR Rl s Bl e iR i 1T 57 o

wher ei ncongirized:at i ng the predicted actual dopant flux at the test workpiece
conprises utjljzing the follow ng equation: | dqose = 1| di skexp(KP) wherein
| dose conpr i @WPERIBE 3idglirressuresompsnsaigp daitos Mg nitigh RedichiESRE t he

measur %Iﬂﬁ%ﬁsation factor, the measured sheet resistance, the measured ion beam current and the

measured pressure into a dosimetry algorithm and generating a sheet resistance resulting
therefrom;

(b) comparing the generated sheet resistance to the desired sheet resistance;

{c) modifying the trial pressure compensation factor based on the comparison if the
generated sheet resistance differs from the desired sheet resistance more than a
predetermined amount;
~ (d) repeating steps (a)-(c) until the generated sheet resistance is withina
predetermined amount of the desired sheet resistance; and

(e) using the modified trial pressure compensation factor of step (d) as the pressure

compensation factor for use in the ion implantation systern.

7. The method of claim 6, wherein the dosimetry algorithm comprises:

£

121 expfK. ..Plex .
_Rs{predicted) = Rs(measured):__ nxlplantgd P( used L p(KdelCtedP)

2 Iimplantec_l
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beam current, P conprises the neasured pressure, and K conprises the
initial predicted pressure conpensation factor. 6. The net hﬁépf Ega?ﬁbé
wherein determ ning the pressure conpensation factor conpri 4 E
inputting a trial pressure conpensation factor, the initial predicted
pressure conpensation factor, the measured sheet resistance, the neasured

ion beamcurrent and the measured pressure into a dosinetry algorithm and
generating a sheet resistance resulting therefrom (b) conparing the

“'generated sheet resistance to the desired sheet resistance; (c¢) nodifying

t he triwherpindsenmprisenthgancaauied presaeredn thsder inplantetien ssitgyark serconiprisere
generattﬁg.sgelte% r(%ssi st.ance diatciferac frr t_heisdtssi ro%z;li shee re%i stance nore
than a DpPaderEP R G OBt STatel AU Bt ST B %3-‘(‘8&1:"8?& {7 the

gener at @ingdnefionfRabS 1 APRGEs Isth¥ideiiutedbedpl QFRING T BAdsEsBLiAkitpTacidte desired
sheet resistance; and (e) using the nodified trial pressure conpensation
fact or 'Gtated tep nomlingariyd thy thestsicaistapesyyyith date BnnbastspPrpssestie in the ion

i mpl ant at.| : . | M6, wherejn. I

ol gor | (s RdShSe SRctynct DR el ihpRbiofe BhTR ey SRPAHO ISR | o
P) ezp(iépistadtected P | "inplanted 25 2 3 FEB 2005 wherein P conprises the
nmeasured pressure in the ion inplantation system K used conprises the
initial trial pressure conpensation factor, K predicted is the nodified
trial ess i j ; beam
current o | oSO B At iR B ol ol e TRRR A P70 the
sheet resimisance with dose, R s(neasured) conprises the neasured sheet

resistance of the test workpiece, and R s(predi¢cted) canprises the desired
Cheet resi dpmiias s Ful pSsHECRBR-pRtes S R A GEBI TR ARG ¢ he
pressure Cong@na@iteUsihelyd dgorﬁﬁﬁli%f fR PressitiWhinpBikafioh FAcdr 1BF £ 888
conpensation factor into & dosinetry algorithm "an solving the dosinetry

al gor i tdheetiresistalns. pr essure conpensation factor for a desired sheet
resi stance.

9. The method of claim 8§, wherein the dosimetry algorithm comprises:

v
S

2 Linplanted €DK sea P ) EXP(K predictea )

R (predicted) = R (measured) : _
| | - 2 Iimplantcd

wherein P comprises the measured pressure in the ion implantation system, K ys.q comprises
the initial trial pressure compensation factor, X predicted is the modified trial pressure
compensation factor, 1 imgiantea i the measured beam current, £ is a dose sensitivity factor
related to a non-linearity of the sheet resistance with dose, Ry(measuredy cOmprises the
measured sheet resistance of the test workpiece, and R(pradictedy comprises the desired sheet

resistance.

10.  The method of claim 1, further comprising the steps of:
implanting multiple band regions of the test workpiece with an ion beam using the

ion implantation system and the initial predicted pressure compensation factor while

26



9. The nethod of claim8, wherein the dosinetry al gorithm conprises:

R (predicted) = R neasured) r rr 11 7 11 il ~nplanted exp(K-u egpg

- exp(Kpredicted P) inplanted wherein P conprises the neasured S &EB 2905
the ion inplantation system K used conprises the initial trial pressure-
conpensation factor, K predicted is the nodified trial pressure
conpensation factor, | inplanted is the neasured beamcurrent, ~ is a dose

sensitivity factor related to a non-linearity of the sheet resistance with

- dose, Rs(nmeasured) conprises the nmneasured sheet resistance of the test-
wor kpi ece, and Rs(predicted) conprises the desired sheet resistance. 10.
The net o =¥ | S| t. of.. 1 nting nmultiple
pand 1 et amanggorf b et AP pERRE P S HBEHERR Bl MR D

i mpl ant slteenmRsisyatensadisied héthithe Inkhnted @66 wokPiept £ ShtteofbEPaSaLI0A8 f act or
whi | e Zggﬁ 0O F E B 2005 neasuring ion beamcurrent and a pressure in the
ion inp tation system neasuring a sheet resistance associated with the
inplanted te i i F Lermning a
pressure con%%ﬁ?g§#lﬁﬁ$§%§§$m§g% %@%?$£ﬁ§q%ggj§%ﬁH?ﬂ§jg§n ?gg#%%s based
upon a lsediepar apredctetmingé targatictigriaaisingithginithud predidtiedpreguadionipedsatioassur e
conpensPt%ﬁgh factor, .the measured sheet resjstance, the nmeasured ion beam
cur r ent #¢ fisatredshspesistagce, cagurgd 401 bepmy purEant tRemepsFRdprespyre, The
met hod &{d £43irBa et WRRIBLE the predeterm ned target criteria conprises a
maxi m zation of sheet resistance uniformty across the band regions. 12. A
nmet hod of determi ning a pressure conpensation factor for use in an ion

i nplantatio St onpri.sing: providi fir and .second t.est workpi eces
i the [bn t FRVRREGY oE R dPefereRafd piefierminte? Lol FRERESPORETR S oces each
havi ng mabigfightioB@if GReet YdRRERICH upifenify dchds tdhd a8oiecond  test workpi eces
i ncl udes a photoresist filmover the test workpi ece, and the other of the

first and second test workpieces does not include a photoresist film

12. A method of determining a pressure compensation factor for use in an ion
implantation system, comprising:

providing first and second test workpieces in the ion implantation system, the first
and second test workpieces each having a band region, wherein one of the first and second
test workpieces includes a photoresist film over the test workpiece, and the other of the first
and second test workpieces does not include a photoresist film;

providing an initial predicted pressure compensation factor;

 implanting the band regions of the first and second test workpicces with an ion beam

using the ion implantation system and the initial predicted pressure compensation factor
while measuring ion beam current and a pressure in the ion implantation system;

measuring first and second sheet resistances associated with the implanted first and
second test workpieces, respectively; and

determining a pressure compensation factor according to the initial predicted
pressure compensation factor, the first and second measured sheet resistances, the measured

ton beam current, the measured pressure, and a desired sheet resistance.

13.  The method of claim 12, wherein the other of the first and second test workpieces

not including a photoresist film comprises a bare test workpiece.
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providing an initial predicted pressure conpensation factor; inplanting the
band regions of the first and second test workpieces with an 'ggéggzyl
using the ion inplantation systemand the initial predicted 52 u 2005
conpensation factor while neasuring ion beamcurrent and a pressure in the
ion inmplantation system neasuring first and second sheet resistances
associated with the inplanted first and second test workpieces,
respectively; and determ ning a pressure conpensation factor according to
theinitial predicted pressure conpensation factor, the first and second
measured sheet resistances, the neasured ion beamcurrent, the measured

pressur a b t I e claim12,
mhereinﬁ%heng?ﬁ%gﬁﬁ?Ofﬁgapﬁggﬁkgﬁgiégﬁgﬁﬁaﬁggpaugggg%ggggaﬂﬁot i ncluding a
phot or esingtenfdtiomfacoprangeiteaedtiatating elsd congenpithdactdrbadeBugonanBnd0dd 14. The
met hod of claim12, wherei roviding an initial predicted pressure
conpen§§??8ﬁu$§h?b¥mﬂﬁﬁﬁ%ﬂ@% SIEQIKAEEPShg t he conpensation factor based upon
an inplant species used for inplanting the test workpi eces. 15. The net hod
of claim 12, wherein inplanting the band regions of the first and second

t est workpi eElesmetbod gf claen il 2rwherphamphiniiop tteytsnd regord dftlee finst aridadecqprdedi ct ed
pressure  coppensation, fact.or. c ri ses: calcul ating.a, predicted actual
dopant FHICTERIPHRAS e Wé‘r‘ﬁ’@aaé@’é 0 FEHY apﬁéhq i la;l Bf%dl ‘%éﬁ?sél"@d pressure
conpens@ipgefsdtaatior dongpriveasured ion beam current and the pressure; and
varying an ion dose at the test workpi eces based on the cal cul ated

predi ct ed actalrulatinggraedictel astuali®pamdunaithoigstiororspigien usBig thiimiédln var yi ng

the ion _dose.conprises varyin slow scan,.rate of the i i.npl antation
syst emPEREFAB VP oo mpeRaay ol MR MAS TR e ety e BERRTE S oo
the i omnpgeam 17. The nethod of claim 15, wherein calculating the predicted
actual dopant flux at the test workpieces conprises utilizing the

fol | owi ng ed(@Yipgan iqn ¢nss at the tesgveorknaoqss kmed ot ealeplatedipredi flakes t he
pr edi Ct&%@%&?' dopant flux, | disk conprises the neasured ion beam
current, conprises the nmeasured pressure, and K conprises the initial
predi cted pressure conpensation factor.

16.  The method of claim 15, wherein varying the ion dose comprises varying a slow scan
rate of the ion implantation system, thereby varying a rate at which the test workpieces scan

across the ion beam.

17.  The method of claim 15, wherein calculating the predicted actual dopant flux at the

o~ workp1eces compnses ut1llz1ng thefollowmgequatlon e
Idc:os.e =1 disk GXP(KP),
wherein I 405 comprises the predicted actual dopant flux, I 4 comprises the measured ion
beamn current, P comprises the measured pressure, and K comprises the initial predicted

pressure compensation factor.

18.  The method of claim 12, wherein determining the pressure compensation factor

comprises:
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18. The nmethod of claim 12, wherein determ ning the pressure conpensation
factor conprises: 28 23 F E B 2005 (a) inputting a trial prgs u iEB 2005
conpensation factor, the initial predicted pressure conpensation factor,
t he measured sheet resistance, the neasured ion beamcurrent, and the
measured pressure into a dosinetry algorithmand generating a sheet
resistance resulting therefromfor both the first and second test

wor kpi eces; (b) determ ning a dose shift between the first and second test
‘wor kpi eces, wherein the dose shift indicates an ampunt_ of dose uniformty -
t her ebet weent®) (RRttHEH gl prgsupRcamregrationdadior. dheigiisbpedicicdpressiicor  based on

t he det ] . i 1-fat i e ]

amount : (R isafion Y nbadped e dR Rl bk SRESHER bR OERRL IIER, |

wi t hi n mkasupedegtetseranintveddosamettynilgortheh {1l gemsranigg b skearbdistdneel rdsultimly pressur e
conpensati gn factor of ste d) as the pressure conpensation factor for
use in %ﬁ@%ﬁoghg}r&?ﬁp’afﬁ?gﬁt_ dé%f@?‘gwt‘fgfk%ﬁ%s?net hod of claim 18, wherein the
dosi netry al Qﬁﬂbﬁeﬂﬂinﬁr%@&és%%ﬁfﬂ ﬂ%‘é&;lé’érﬁﬂb 8 Ghd Sod3Rd MRAR UG ees, WIRIAA! ed

exp(KiisedP) éxpl pr cted P ituplantzd wherein p conprises the nmeasured

pr essurdeidose $haft ishcatesznaamaonni ofdesy snfoqmiky thesbdweempri ses the initi al
trial pressu C ensatjon factor, K predigcted,is.th ified, trial

bt eosure. - colDBROIbEIRT I Bieosk PoppparPd f6oF Rehan Suf Sepi A ent, -
i's a dogffi $ERE dbsedhify eXRedsOd prefi&bmtiBed hlo@nthon-1inearity of the sheet
resistance with dose, R s(neasured) conprises the neasured sheet

resi stance ofd) r¢psatingstcnsdpk{s) sobl the detemnined dest shife ts)widonphe ryedeterminedlesi r ed
sheet &{rﬁg&ﬁi%ﬁce. 20. The nmethod of claim 12, wherein determning the
pressure conpensation factor conprises: inputting a trial pressure

conpensat i on(e) asih@the mbddifiad H3$ bresiury cohp@ishtidiTacpdf A6 & ak BR40&uR0! Vi ng
the dosinetry al gfori thm for the pressure conpensation factor for a desired
sheet r&8pRanaaiion tactor for use in the ion implantation system.

19.  The method of claim 18, wherein the dosimetry algorithm comprises:

[

Z IimP[ﬂﬂted Cxp ('KusedP ) SAYY ( Kpredicted P) |

:Rs(predicted) = Rs(measured) Z T
waplanted

wherein P comprises the measured pressure in the ion implantation system, K ;5 comprises
the initial trial pressure compensation factor, K predicted is the modified trial pressure
compensation factor, Iinpianted 1S the measured beam current, { is a dose sensitivity factor
related to a non-linearity of the sheet resistance with dose, R ymeasureqy cCOmprises the
measured sheet resistance of the test workpiece, and R gpredicteqy comprises the desired sheet

resistance,

20. The method of claim 12, wherein determining the pressure compensation factor
comprises:

inputting a trial pressure compensation factor into a dosimetry algorithm; and
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21. The nethod of claim 20, wherein the dosinmetry al gorithm conprises:

i npl anted ezp(Kused P) ezp(Kpredicted P) R (predieted) = ‘

i ni planted wherein P conprises the nmeasured pressure in thg'z ﬁ%ijBeQUU5

i npl antation system K, used conprises the initial trial pressure
conpensation factor, K predicted is the nodified trial pressure
conpensation factor, | inplanted is the neasured beamcurrent, ~ is a dose
sensitivity factor related to a non-linearity of the sheet resistance with

dose, R s(neasured) conprises the neasured sheet resistance of the test

wor kpi ece, apefviRedhpdasitetnedgodtbnpior epredseredonipentitioh dactor foesdetigdce. 22.
The net Qﬁ’e%t?gsisfaln?%m 12, further conprising the steps of inplanting nmultiple
band regions”o ie test workpieces with an ion beamusing the ion

i npl antation systemand the initial predicted pressure conpensation factor
whil e neasuring ion beamcurrent_ and a pressure in the ion inplantation
syst em 2teas &b Apthedod elagm 285 whergincibe desimeiry elearitiion pomp@sesnpl ant ed t est

wor kpi eces for each of the band regions; and determ ning a pressure
conpensation factor collectively for all the band regions based upen a
predeterm ned target criteria ing the inifjal di ct pressi{)e ¥
conpehsation factor, the nea Hﬁg&eﬁpéﬁg@% et gigdd/ ijon beam
current ,}%g(p@d'fma}sw & (presmed)g; i i . . The
met hod of®cl ai m 22, "wherein the predetermni nedZir (it Ct’i teria conprjises a
maxi m zation of sheet resistance uniformty acroérgpi‘qji‘é(- band regions. 30 2 3
FEB 2005 24. A systemfor determning a pressure conpensation factor for
use in an ion inplantation system conprising: a test workpiece having at

| east one band region; an ion inplantation subsystem operable to inplant a
wor kpi eGReid P cafiphiRR tREARsukkAl préksrelh BRSiHA Bnf1IAAREHS &Y<t K 8GIdpridds | on
beam current detector operable to neasure an 1on beam current associ ated

wi t h t hthevaitirbinat pressarqrosspensationdaeser. & reape isthe eadifiedetsiglpressargr essur e

assocl aE(?rgpé’fnlsgtri] nt tggtom Emkpﬁ,,'wde 1Csethe g‘lue.r':léurr]gd f)e%ll &r}}e%%, ICC{sn a.tdgseer seeggii.:ivity factor

related to a non-linearity of the sheet resistance with dose, R ymeasured) COmptises the

measured sheet resistance of the test workpiece, and R gpredgictedy cOmprises the desired sheet

resistance.

22.  The method of claim 12, further comprising the steps of:

implanting multiple band regions of the test workpieces with an ion beam using the

ion implantation system and the initial predicted pressure compensation factor while
measuring ion beam current and a pressure in the ion implantation system;
measuring a sheet resistance associated with the implanted test workpieces for each
of the band regions; and
determining a pressure compensation factor collectively for all the band regions
based upon a predetermined target criteria using the initial predicted pressure compensation
factor, the measured sheet resistance, the measured ion beam current, the measured pressure,

and a desired sheet resistance.

23.  The method of claim 22, wherein the predetermined target criteria comprises a

maximization of sheet resistance uniformity across the band regions.
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a notor control system operable to control a scan rate of the workpiece
across the ion beam based on the pressure conpensation fact(?rg E@% ?@[]5
calibration circuitry adapted to determ ne a pressure conpensation fac

as a function of the nmeasured pressure and the neasured ion beam current,
respectively, using fewer than four inplants. 25. The system of claim 24,
further conprising a resistance neasurenent system operable to neasure one
or nore sheet resistance characteristics associated with a workpiece,

‘wherei'n the pressure conpensation factor is a function of the one or nore

sheet resistance characteristics. 26. The systemof claim25 wherein the
Pressurg,sco %3: _ 'deétéﬁiﬁf?g'aﬁa'&égsﬁl% c%rrfpgﬂé?a"tigﬂ?act&f foPulSRlah§sh Sheet

resi stance characteristic. : systemtor determning a pressure

conpens atplemafi@ctystenf, compsgingn an ion inplantation system conprising: a
test workpiece having a band region; neans. for inplanting the band region
with an ion Bﬁwm%epﬁ‘é‘“gﬁﬂe frore hengh 8o system and an initi al

predicted pr@x?ﬁ)ﬂriﬁxp%%ﬁ%ﬁl’ﬁy%nﬂc SHetddis to %tﬁ%orl@ﬁ@&%iﬂ@%i&rbe%am
current and a pressure in thé ion'inplantation system 31 23 F E B 2005
means f bsingre asusure goapgisei®dn faeloi;st ance associated with the inplanted test
wor kpi ece; and. neans for td &ern‘i ni ng.a Eiiessure.c ensation fac{t r
accordi ng t o™ 18 A A EE ‘%eé:&iré’f’gﬁ 5rie SUErEe @B gk B 4BPEFCY he
nmeasur egihheekolkpricst ance, the neasured ion beamcurrent, the neasured
pressure, and a desired sheet resistance. 28. A systemfor determning a
pressure conpeiesaxre defegtacenpsratioto measuran prassuohasseqipicd mittthe workpiecem
conpri sizng: i nd test workpieces each having a band region,
wher ei nh'(g)}%iég%tpﬁﬁaet%ﬁﬁ?%ggfand second test workpieces includes a
phot or esi st , a #tbrichatroit yetemadpetddie ol doftroladtas €46 BetHeGedrkpiets kRdRERSiohS
bare; means for inplanting the band region of the first and second test
wor kpi eB@n hsed on Hhe RTesusmNgasalign d#on a#i npl ant ati on system and an
initial predj thg;gati?)rneﬁéﬂfnﬁr a‘iﬁﬁ&%&'ﬂ&&étéﬁ{lnefa?i?és%é_c BORafiON fATRASYEI NG 10N
beam current and a pressure 1h the ion I nplantation system

function of the measured pressure and the measured ion beam current, respectively, using

fewer than four implants.

25.  The system of claim 24, further comprising a resistance measurement system
operable to measure one or more sheet resistance characteristics associated with a

workpiece, wherein the pressure compensation factor is a function of the one or more sheet

resistance characteristics.

26.  The system of claim 25, wherein the pressure compensation factor is also a function

of a desired sheet resistance characteristic.

27. A system for determining a pressure compensation factor for use in an ion
implantation system, comprising:

a test workpiece having a band region;

means for implanting the band region with an ion beam using the ion implantation
system and an initial predicted pressure compensation factor;

means for measuring ion beam current and a pressure in the ion implantation system;
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means for measuring first and second sheet resistances associated with the

i nplanted first and second test workpieces, respectively; $
determ ning a pressure conpensation factor according to the%f gﬁgE$2Uﬂ5

predi cted pressure conpensation factor, the first and second neasured sheet
resi stances, the neasured ion beamcurrent, the neasured pressure, and a
desired sheet resistance. .32

means for measuring a sheet resistance associated with the implanted test workpiece;
and

means for determining a pressure compensation factor according to the initial
predicted pressure compensation factor, the measured sheet resistance, the measured ion

beam current, the measured pressure, and a desired sheet resistance.

28. A system for determining a pressure compensation factor for use in an ion
implantation system, comprising;

first and second test workpieces each having a band region, wherein one of the first
and second test workpieces includes a photoresist, and the other of the first and second test
workpieces is bare;

means for implanting the band region of the first and second test workpieces with an
ion beam using the ion implantation system and an initial predicted pressure compensation
factor;

means for measuring ion beam current and a pressure in the ion implantation system;

means for measuring first and second sheet resistances associated with the implanted
first and second test workpieces, respectively; and

means for determining a pressure compensation factor according to the initial

predicted pressure compensation factor, the first and second measured sheet resistances, the

measured ion beam current, the measured pressure, and a desired sheet resistance.

.32



