WO 02/ 25722 PCT/ GB01/ 04199 METHOD AND SYSTEM FOR DETERM NI NG PRESSURE
COVPENSATI ON FACTORS I N AN | ON | MPLANTER TECHNI CAL FI ELD 5 The present

i nventi owoed/at7’es generally to batch ion inplantation syspemsBorMI99 NDr e
particularly to a nethod and system for determ ning pressure conpensati on
factors in an ion inplanter. BACKGROUND ART In the manufacture of

sem conduct or devices, ion inplantation is used to dope 10 sem conductors
wWith inpurities. lon beaminplanters are used to treat silicon wafers wth

an ion beam in ONMIEIHOD ANDISESTEM FOR DFFERMINING PRESS®REI dopi ng or

to form passivati QOMPEYSATIONEAETORS BNV TON IVIPLANSCER €d Circuit.
When used for doping sem conductors, the ion beaminplanter injects a

sel ected ion species to produce Q rﬁ%s' trinsic material. |nplanting
i ons generated from source nat erf; ¢§I suc%ﬂggEﬁ antinony, arsenic or

phopsphor us r esuterésent ilvéntion relawet bhielly Wefathiiah im@thenton vReheasnd f " p
type" extrinsic material wafers are desired, ions generated with source
mat eri al s neere Rartigglapiyie A megd dandrsygemi farideieniains PECSE S ICamPerpatiqy FiCkds | on
beam i npl anters .include an ion source for generating positively charged

i ons fromnilSWO?alepga"ggUr ce materials. The generated ions are forned into a

beam 20 and directed al ong a pEpdekeROUMD AgRGM path to an i nplantation
station. The ion beaminplanter nmay include beam form ng and shapi ng

structures ext dndiagabdeciese s¢raicopdictersisyises, aprinpHeantpiinsl iansed iogiorst at i on.
The beam fornm n nd shapi ng..structures i ntain e .ion .beam and bound an
elbngat ed SFW%P?‘@)&O]@WF} %pg?itlgaslég Seﬁyﬂﬁ@g%ﬁ%}dﬁ%ﬁ tfeﬁgSlBg%rh a%és_sses en
route to tdig iRhdehdt inRdgtabiddice NBep éﬁwx@ﬁﬂsmat@rim_rﬂapa@ &fto féi S 25
passageway is typical Iy evacuated to reduce the probability of ions being
def | ect ed phssdvationHayepr dutaiggrbricatidn bamingegratedsirenit e¥hen usstl foddping ons wi t h
gas nol ecul es. The mass.of, an ion rel.ative tp the charge. thereo e.g.,
Char go- £ o SHEESnRPS) e igh WarSI A G gieGS A5 ARITIAR THECIoE [P UG Bt od bot h
axi al |y anpdsitddaRey Rl SRhdriby Iﬁfﬁbl&lﬁih§%rfs%f%héﬁéeﬁ fRm FRgeehh@riils8h&h asTher ef ore,
the beam which reaches a desired area of a 30 seni conductor wafer or other
t & get canmnbmongdesentror phosmhosisresilisomén tipell axieivsic adterial wafers, whereas if
“p type” extrinsic material wafers are desired, ions generated with source materials such
as boron, gallium or indium may be implanted.
Typical ion beam implanters include an ion 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
implanter may include beam forming and shaping structures extending between the ion
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 predetermined beam path as a result of collisions with gas molecules.
The mass of an ion relative to the charge thereon (e.g., charge-to-mass ratio)
affects the degree to which it is accelerated both axially and transversely by an
electrostatic or magnétic field. Therefore, the beam which reaches a desired 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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nol ecul ar weight will be deflected to positions away fromthe beam and
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ot her thamodysi7eerd materials can be avoi ded. The process PET/sBovetidVel y
separating ions of desired and undesired charge-to-mass ratios is known as
mass anal ysis. Mass analyzers typically enploy a nmass anal ysis nagnet
creating a dipole magnetic field to deflect various ions in an ion beam
via magnetic deflection in an arcuate passageway which will 5 effectively
separ at e icoins tloh disiréemettiathan §e-atddedaThe paddesssof sBXesiively kapatasing iens of
measurenent of ions inplanted in a wafer or other workpiece.

cont r ol | i H§STHerrdouAgRregchergsitampastration s M@M@s%dn‘!lséébalﬁéédw&;rgbﬁ?ﬁol
o ot (ARl B € b WART, e G8Eil O SYORTLEALLY sBf USbald® |

i npl antation t I'eve uni yin WOr Kpi ece.
control syatiewsiond inl drzienbeahvid Mgt defiéctibl ifrem afctite pgsdagevw Ny iich wilne sl ow
scan velocity. A Faraday di sk or Faraday cup periodically neasures the

beam cur r SHECHTY Hpptks ons Redidlernt chasge-YpBat reéeensure const ant dosi ng.
Frequent measuaReRl Akl NS g 036, RARLBhySSH ENLER LESRETAANLEK Y Lo

changes in beam curren e ay cup stationary, Shi el ded,

and | ocat dd cettaging thetdosagevafigp Bintetddsnelobdd 186 Sdetibdk doBtrblstegam cur r ent
actually dosing the wafers. 15 Faraday cups neasure only the electric

current. [MAUEHKET BiAkzeddn weden ta hmepindllysdms Badnphatsioalopdiaredur i ng ‘
i mplant ¢ if&%‘ﬁ?}ﬁintt 3 irlng)lg.g%g'r\]\foﬂ? lrejé)’?? Yuch %OI%IQ} rsgs?ergllﬁ.lgt)f%%et%%lﬁt\é@% ul?ey n when

the particle current, , I's consta this

eid ect, t heoresag cOEINOI ke sigeacts hrithe AFLadafeidk drramdafeufpéasdaalgup and
the pressure froma pressure gauge sinultaneously. Wen a pressure
conpensat MeFtsyatthsheapcoment and@djusisdheelpviseen $nsed imenshys constant dosingeci pe,

the measued, BEAILAHLLEN 8B DLEd I SOLLYBNE LR LERRNL B gompensal ed

beam curr ént™ si gna 0] Clrcul CcO t carr. I‘éI’T'OUI’l'[

of conpenseihetré®. The Fafhdal us AP 68 siatiSthrp &R 1061 and 1@ARH L1dsBto BHCh a
cl osed | oop systemmay thus be a tunction of both the pressure and the

pressure VEdHpandang snetsiidtae thobeamhanrept agvesllyydoamgl thedafapr.essur e
cqensation | FRLAUTRSRERL AR b PRl MBLIOTL L Qusho St g dnoe of
There is akwaysd SHE cvdIsedddingdahlind cihesy Se@leculésiiatdny, Adhsree TR Qual
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 is 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 closed 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 vacuum in an implanter
is never perfect. There is always some residual gas in the system. Usually the residual
gas poses no problems (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 dosimetry errors. If the
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gas poses no problens (in fact, a small anmount of residual gas is needed
for good beam transport and effective charge control). However, at high
enough pmve@sues?2 charge 30 exchange between the ion beam paUGBhe041e5i dual
gas can cause dosinetry errors. If the 2 SUBSTITUTE SHEET (RULE 26) WO
02/ 25722 PCT/ GB01/ 04199 shift in dose between inplants into bare wafers
and inplants into photoresist-coated (PR) wafers is unacceptably |arge, or
if the dose uniformity is significantly degraded, then pressure

conpensat i shift imedosbBetewph dyipldnisniniorbdes wifersena implaufi iher gActotesiaage (BRphange
reacti ons between ion beans and resi dual tgas can add or 5 subtract
]

el ect rons W#Bimis praceeniably kaagyion i thadoseomiferpitnisgisnsficanslyidesrrdedadhapal ue
stated in reci . t.he r hange reaction i s neutralization,
a portion pé%ggﬁrf?ecglﬁlhgﬁs gﬁ\{?%yol% ﬁ&uquggnﬁ%e%% ]?Oa SPELM I%P ﬁlgﬂy‘esul t is a

reduction in tGhaedeetichinmpRlregotions Bétwebh 108 ehifls aR@fdsidelPefaWah @8 of | Ncl udi ng
neutral s) remai ns unchanged. When the charge exchange reaction is electron

st¥i ppi ng,Sublirgss eleplgpnsorom fiiee joanclangiag tessien seharge stats fromibe veluebtateddn an 10
i ncrease i e rical current while the parti.cle current..remins the
same. - For g sEBsr VP e Bl PLhes e plin BBt Ao - PRt S PR
under goes ighi€ltix isTRugaledt Ieiréaild i98 rédt@fod inl the BleB@icaPSurfent §#8ML the t he beam
current neasured by the Faraday cup decreases whenever the end station

pressur e inEicER@EEt (ipelyding nehealprgmeins anciraged. alVihege the datgetdxelangee not

defl ected : by.resi dual gas...The se rat do 15 at ons per
area per tr:‘;'“)gr%tal,g}1 ?sgqucg% ST Gy pcoﬁtg?rb%f By b%gfﬁ’g(gf)ﬁq’steg‘wrtoﬁgagﬁ%feﬂlg}s Fagnet .
| ol ant ed inQudse & e @idtridab blerk vHiREhINIECIE 8GR 86nbins tkesawRf er, but are
not nmeasured by the Faraday cup. As a result, the wafer is overdosed.

W t hout pr essurfier bmgséresites ovhere dhaagegrchongh angeishiruthedicamatridergoesamuth i t
the dose uniformty and.repeatabiljty. Pressure Co nsati o t hus be
enpl oyed \m%rﬁél\?lré&atl%ﬁté?rb@agﬁmgﬁﬁe_%; Wé?lgﬂglé%betaﬁbc‘i‘%?ﬁj@aﬂ%rﬁ(ghyn%si dual gas
in the pragegiay 6HPIREEasEPThenctbORE EAC R0 E&GTe ABreadilSBns @ BEGSSH € at
whi ch this happens depends on the recipe and the process specification.
For some megirgesd, bos tpensanéticieilesicd equiopred byoesided gasrpliandee ratsplepinti cat i on

nfen U GRS 0 PICL S ah OULIPSThAR, B0 SO0 LS |
phot or esi SipQkicd3e&irald chftribute to the dose received by the wafer, but are not measured by
the Faraday cup. As a result, 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 significant effect on
dose. The pressure at which this happens depends on the recipe and the process
specification. For some fecipes, compensation is required to meet implanter
specification when the pressure due to photoresist outgassing is 5x10° torr as measured
on the pressure gauge. 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 effect of photoresist outgassing by implanting monitor wafers
with and without photoresist, and comparing the measured variation to the process
specification. The amount of compensation required depends on the pressure, which the
dose controller reads from the pressure gauge during the implant. It also depends on a

30 recipe-selectable parameter PCOMP that accounts for other factors.
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25 2x10-5 torr or higher, conpensation is worth investigating. Such
conpensation may include neasuring the effect of photoresist outgassing by
i npl anti O npzE7edr wafers wth and wit hout photoresist, paUGsonpasd ng the
nmeasured variation to the process specification. The anount of
conpensation required depends on the pressure, which the dose controller
reads fromthe pressure gauge during the inplant. It al so depends on a 30
reci pe-sel ectabl e paraneter PCOW that accounts for other factors. 3

SUBSTI TUTE SHEESord?bl thes26ihctdd Q2pendba2th e Reitiviatd ddihofion I00E af mirhigs @ f
factors depend on the hardware configuration (size and nunber of punps,

| ocati on dfUBRIMesatiqnRizIInaRs. ratiignofjen genge); othes fadtersdependdupbn tecing: idne

recipe: ion,. ' h sgat nd ener dependence of PCOVP on
energy is g\ﬂ’é%{%??ﬁérg ét?‘ger %ﬁ‘ggnef ?%rrﬁjfoc%geflfegc %@R&noﬁgwég\é}s,w%g\}\%?eer,

PCOWP s houlafigdofeorl @0RE Vrtd €0k V0 Tn Ser@ddl hhdvesie @ GO Pi shBh [d Me@icteriRd P& anet er s
necessary for pressure conpensation have traditionally been determ ned by

i mpl ant i neeagh Fesinei apdompliantire 35 phrsteter eracessaryelos presswo pompensaidtar ibveper at i ng
condi tions, i t waf grs. are expensi.ve. In di tiaon, .the

i mpl ant at i A ﬁ%ﬁ%ﬁﬁég%nﬁ%%ﬁnﬁ?e%y %nfé?‘{l_uflésa_tm%&?‘ of &t ]F%Sgg?lf’régs(%é{%ﬁfrﬁﬁﬁ Ut ati on
system t o dundaidadtRiuti@blcohliifi€ns. F EEwEtek Nestiwhfdr fe dXpesliied. i Rdamdnahber costs.
Thus, there is a need for 10 |rrprovecf nmet hods and systens for determ ning

pressure copprairieniaon nieastisment ¢f sugntest walkmme@tiss aDiiSCloQBLRE syFenh BVENT| ON
The present, invention i.s directed to a nethod and stemfor determning a
pr esg ure 38%%%0\@@??’6??‘4%& 18|JOSF8F°%§%°I} Wda%gﬁrﬁﬁgtf'ngﬁﬁﬁtﬂé?f’ bi? %i?gtf%rm I'n
aggor dancenijrdd rddhaRenasaehs &fr deheniiesfalsutd WA dnitiont HeofEh fad

conprises providing a test workpiece in the ion inplantation system the
t est wor kpipéatdisvi ng at | east one band region, assuming an initial

ipr edi ct ed pressure comensaté%ﬂggmomlgﬁggﬁ urther conprises
npl anting the at | east one f wor kpi ece with an ion
beam usi ng t he THeQfedeAPInYBL Rl i9BireH ST 8 ABHA BEd byihdrh #r RERREALH Pressure
conpensation factor while 20 measuring ion beam current and a pressure in
the ion i mptsweabinpansyiohdmrorAos heeh an i@singll ana®nasyseoi. dhedconidre whth
| qu ant ed gneeszigpe\é\?cgtl( tgle Ien(':eeé\elgltsmxgerr]l%ro]n, g rsnlégh%g’cogqggsgs rgsi%hsnugrf test workpiece in
the ion implantation system, the test workpiece having at least one band region, assuming
an initial predicted pressure compensation factor. The method further comprises
implanting the at least one band region of the test workpiece with an ion beam using the
ion implantation system and the initial predicted pressure compensation factor while
20 measuring ion beam current and a pressure in the ion implantation system. A sheet
resistance éssociated with the implanted test workpiece is then measured, and a pressure
compensation factor is determined 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. The method thus provides a
25 compensation factor while using only one test workpiece or wafer, via the employment
of measured pressure information.
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

30 . and second test workpieces includes a photoresist, and the other of the first and second
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conpensation factor is determ ned according to the initial predicted
pressure conpensation factor, the neasured sheet resistance, the neasured
i on beamwaprziTe? the neasured pressure, and a desired sPREeRGBIESiI13Y ance.
The net hod thus provides a 25 conpensation factor while using only one test
wor kpi ece or wafer, via the enploynent of measured pressure information.
In order to further refine the conpensation factor determnation, first and
second test workpieces may be provided in the ion inplantation system
wher ei n t Hestfwarkpieeasds bare oo dlankstaferoThpineatlesd faibbr dvaveisat adsematg ane band
region, and.wherein one of the first 30 and second test workpieces includes
a ghot or eslflgl\tg?prﬁﬁﬁtetdk%re%??’ﬁiee?on"cﬂ@nﬁt}@n fatery mplanting B gt least ong jhav regipR OSHEET
(RULE 26) ¢ i ' : ank
waf er . The%%ﬁéﬁégﬁr%{l ﬁgfg {co re?g%\?g%gﬁs%{?\éﬁ@%eﬁl???ﬂaﬁnﬁg%%ég{sgg&@r essure
conpensat iavd thaigitel prédigedptessuge ¢dugpeatationdsttoowailbarasutiegionbain cirket f i r st
ang second 'Eiest vvorkBi eces . Wth an ion beamusing the ion inplantation
sydtem arfddeREessEien Aie 9P dep aptaon systatr Birgtowg arrondishert resistancenni | e
measuri ng JsQRiR&Am S8 he | i ion system
First and dggc&éa?d sﬁgg{igr s%?lg%cgﬁ%te%do%gsochttdé%ké\%}é?%éaggteﬂeg?rﬁpﬁ%g&r{?%’d first and
second t egespaoiighy,end s paessutclveompamsation &dior is éspadhed floyrdiatd the Piiggsur e
conpensation.factor is determ ned according to the initial predicted

pressur e (?6?96@!?@ RISS3HTC caiapensatiohgciorsthe firshand ercopdimeanisest Bgciapasiances,
resi stanc I I re and a
s red shiymetsifed ARG, BEHBGHER Bitkout A HRBMISA.BIERRILE, 00
i a¥ention, therle at®rpamwevdechnatlsy sipech dfolie indedtinnibetdig peovddRISSHERm for

conpensation factor for use in an ion inplantation system which conprises
a test wordKPFBRENSHAPIGIHIEFOMRHSAIGHEcR Y use bl Bhiondwalantalien s¥steray which

i nplantin t%?li: hegl t est, workpi-ece wit.h an ion
brergm usi n%o?ﬁ{g?@lsﬁ%}te% np aﬂ%g'feilon %/tsl‘fg%%g%nbga%gﬁ% %Iirl’talngla I%?aélgif%rtlglgw E8sure

conpensat ithwnatflest ofe babderesips bethe tdsh Wl S rwiBOADIonREMNBRRShE L Measuri ng
an ion beamcurrent and a _pressure in the ion inplantation system and a
means for 'RBREI#IPAgyHeRsad en fEloredieted presves aerapensption fapter. Thosysiened t est

et KDL ece s i K0 SESUM LU SATRELSSRER JEAGR LR AT LTS, °
conpensat iimplantation system, and a means for measuring a sheet resistance associated with the
implanted test workpiece. Lastly, the system further comprises a 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
20 pressure, and a desired sheet resistance.

To the accomplishment of the foregoing and related ends, the invention
comprises the features hereinafter fully described and particularly pointed out in the
claims. The following description and the armexed drawings set forth in detail certain
illustrative aspects of the invention. These aspects are indicative, however, of but a few

25 of the various ways in which the principles of the invéntioﬁ may be employed. Other
aspects, advantages and novel features of the invention will become apparent from the
following detailed description of the invention when considered in conjunction with the

drawings.

30
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factor, the neasured sheet resistance, the neasured ion beam current, the
measured 20 pressure, and a desired sheet resistance. To the acconpli shnent
of the fovego2itge and rel ated ends, the invention conpri SPET/AGBE1/6H ur es
herei nafter fully described and particularly pointed out in the clains.
The follow ng description and the annexed draw ngs set forth in detail
certain illustrative aspects of the invention. These aspects are

i ndi cative, however, of but a few 25 of the various ways in which the

principles of the invent BRIERDPHESCRIPIIONOF DRASVINGSPect s, advant ages and
novel features of the invention will becone apparent fromthe follow ng
det ai | ed descr PP bh 19 sehsmatia iaprilatoviewrnd andom sate eplanter fohg preserton wit h
t he dra\/\%ggﬁ- %(31 5 SUBSTI TUTE SHEET (RULE 26) WD 02/ 25722 PCT/ GBOLl/ 04199
BRI EF DESCRI ti'? OF DRAWNGS FIG 1A is a schematic top plan view of an

ion beam i npl afl@r 1®{s 4 HidiePaRS ptbpectity/€iBH dielctlecothBohchtfo RO RINBehf
perspective view of selected conponents of the ion beam 5 inplanter of

FIG 1A [olanter pEFKG.dfsiphi cal illustration of a boron ion suffering charge
exchange with t.r al nan: ikl G 3ATs a araph.illustrating.the
rel ati onship b ?i\gé%\gigr %éc(r‘)lip %ﬁsﬁgaﬁloﬁrogfé’ﬁf%n la?ﬁlcfugr?[ﬁta‘aﬁﬁgec%c\[lw "ggler time;

10 Fig. 3Beuttalan@xgdpl ary graph illustrating beam current versus pressure,
Fig. 4 is an exenplary graph illustrating a crossing of |ines method of
det er mi ni ng a PieSduis @ Empdnsimating theglationshipbgtwesn nsplantaten plesswre/arsly of an

exenpl ary sheet resistance map froman inplant not enploying
pressure ggﬁ%%{]%ug{eﬁ?oyerﬁgn% g. 6 is an exenplary graph illustrating

prEessure ver sugisGaas l@@%kéfn% ry drhth 114 Ardt g hRRuBkA VY8 Wraburgn exenpl ary
waf er sheet resistance map before
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. 6 is 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 bare 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 exemplary 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 reference numerals are used to refer to like elements throughout. The
invention provides a method and system for determining a pressure compensation factor

30 for use in an ion implanter.
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systemcalibration; Fig. 7Bis a top plan view of an exenplary wafer sheet
resi stance map after systemcalibration; 20 Fig. 8 is a table illustrating
test reswoe2t2370an a two i npl ant calibration nmatching sherCT/GBgi/et19Nnce from
a bare monitor inplant and a photoresist coated nonitor inplant; Fig. 9 is
a flowdiagramillustrating an exenplary nethod in accordance with the
invention; and Fig. 10 is a flow diagramillustrating another exenplary

met hod in accordance 25 with the invention. MODE(S) FOR CARRYI NG QUT THE

| NVENTI ON The Refbeiig iomwerhé drnwmgs| Figovi Aendl€B ¢ilushett aniibh beeh @nplagert o t he
dr awi ngs s:Q,herein | i ke reference nunerals are used to refer to I]ke

el ements tHPEHBEEBHRLY #hid: 1 whishihorarpus ¢srests of thapmssat mventigsmande or

6! SumsT TOFERRERE TR EMER T 00525080 sl RrtiBac Rl lbeProw o
t he draw rgpporFil§sor phéviding idm thit fush hATEh Beani DAWRRAMAVERESOD&IM SRS an

general ly at 10, in which the various aspects of the present invention
maybe i nplreeatioa ortRd sialiph Akt epniIg elesaonigs éshawniseheraicelir ati20) girunt ed t o
an "L" sh L 13 f Lding.ions that .fo an, | beam 14 which
traver sesapg %%ﬁbgg‘? %Iﬁﬁoélﬁéﬁ&gc@{rtr%;ﬁggﬁ tgg iléonn OF éeerr?aelg?%ﬁ %Hluf%&y nt r ol

el ect r oni csm{@hdustos ¥hRARokgAddeY 2 BIFIZ0) BRfLthiliPihsiadati f reBRAick ehifBerand
controlli n% he ion dosage received by a plurality of sem conductor wafer

t . ¢ . :
wor kpi ecesr22f therngplantaipyn siptian If. Apdratpr wprhtoi tbe condtnil eleciopniechdser 22 of
the inpla ' iat] erator input to the control electronics 20
i's perfo&%g%hg&a&tg%udssgﬂpcoég%lg%e 67. 10 The ion source housing 12 generates

the ion beam 14rhstbs BourbPRGistngt IPexenaia@ls thaVniRhRCESHIZdh thsResBE walkera
rotating and transl ating di sk-shaped support 90 in the inplantation

chanber ~ 22vorkpieeRsiidispased et k rajating anddraasianpg dislpbamed2appast 90 dxthosed, it
ts(f;o;l .(.jsglr ?%P%%t&%i%grc gr'n%«ter% t/('l’a;[outg g rgtlét&r?g Q;[an!slgt\llgé] ;[dpggrt hai§ lélglloée%, ﬁppl | cable
should also be appreciated that the present invention is equally applicable to a "serial"

ion beam implanter, that is, one in which the ion beam is directed to scan over the surface

15 of a stationary workpiece. The ions in the ion beam 14 tend to diverge as the beam
traverses 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. If an n type extrinsic wafer material is desired,
boron (B), gallium (Ga) or indium (In) will be used. Gallium and indium are solid
source materjals, while boron is injected into the plasma chamber 28 as a gas, typically
boron trifluoride (BF,) or diborane (B, Hy), because boron's vapor pressure is too low to
result in a usable pressure by simply heating solid boron. |

25 If a p type extrinsic material is to be produced suitable source materials include
source gases arsine (AsH,)and phosphine (H,P) and vaporized solid antimony (Sb).
Energy is applied to the source materials to generate positively charged ions in the
plasma chamber 28. As can be seen in FIG. 1B, 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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ion beaminplanter, that is, one in which the ion beamis directed to scan
over the surface 15 of a stationary workpiece. The ions in the ion beam 14
tend to daveergyw2as the beam traverses a di stance bet weenP€h/eéBooMISDUr ce 12
and the inplantation station 16. The ion source 12 includes a plasma
chanmber 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 formis deposited into a

vapori zer whi ctDusng hgrod2&ionnjeahaids,iwiien sehbcapliacopwefsamioeitpictBs 21 hrean n
type extrinsic wafer material is desired, horon (B), %alliun1(ca),or

i ndi um (| fPeG Impipged ywper by thia ipp Graradd and draushydesnssisinianteswith aenspiieden al s,
whi | e bor IS 4.0 et i S cally
boron 111 Tees R B B el Shal BRET R ATIEh 6ol T2 B SRRLHBEF L Y e

is too | owhb@ber 2% Which i8 alo dsadabedp Beasution bY tHzibEphpatieidtprevddsdby 4 bor on.
25 If a p type extrinsic material is to be produced suitable source
net eri al s AFASIEGdES Ul YSICHLOEP LY 1Ral{ ASYISYEA BUPIe SphOve applirtionnd

al s RGeSt exriing si( 2B VS amapmeSpn Ch -
! o gener aid RoS Ry LI ATeLn acERERR | MR ER MRk B M ol o e

seen in FldgergdBmpldherpUst idivebin CheftBRAypOSmPKdnter tdifls tPHERRB oGHARDEr 28
through an elliptical are slit 29 in a cover plate 30 overlyi\r;%an open 30

si de of t heap|raghendilivasp e imglanter 18beSTeendrs gapEohay Rereatielly Usbodt) path7 22

PCT/ GBO1/ [i roducti.on run t is, when sem conductor wafer
wor kpi ecegﬁﬁ%grggﬂ Cgﬂ%gtgit%plfnﬁgaen tl?ﬁlocﬁawe{ € ion beam 14 and thereby being

i npl anted wi t h [b@, thé Plasth@BhantRa e bfe &taveldsnbisoughraditevaguad gdshat h
fromthe ion source 12 to an i | antati on chanber 22, which is al so

evacuat ed.chEpagrvEnplalg Otand afsslommpdirtio the ipn bednaéd they trav@sesrtbs digtasce

| at | t i Si ir. of 31, _appl.i cati f
o on soeRbeha GRePHsE  2ded RS ppu BB e SR S BrERADEnt fon |'s
for a "I owirec@NELdtENNIrEPO aMhE€heard RRmiANakE@Bcldy Sfudilit Soti¥RedRfh iRl ant er

tends to diffuse over its beampath and hence the inplanter 10 has been
desi gned tapalyaipg oz reselvatd megnet 33 hud & Setpdiekectroédas vt Mde plasnmaecha@benionhe

E[ ﬂ?loﬁg:]at iﬁgen %c?cgf%g&?({ b}%é'e 8%:'too[f :qgegﬁpgegs%hfdj &leﬁstﬂgpﬁgﬂ%ggﬁa{mgg tg‘\;/'grdetﬁé E%gst ed
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 forming and directing structure 50 is evacuated by the pumps 31.

Ions that make up the ion beam 14 move from the ion source 12 into a magnetic
field set up by the mass analyzing magnet 32. The strength and orientation of the
magnetic field produced by the analyzing magnet 32 is controlled 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 magnet 32 causes only those ions having an appropriate mass
to charge ratio to reach the ion implantation station 16. The ionization of source
materials in the plasma chamber 28 generates a species of positively charged ions having
a de;ired atomic mass. However, in addition to the desired species of ions, the ionization

30 process will also generate a proportion of ions having other than the proper atomic mass.
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chanmber cover plate 30 and are forned into the ion beam 14 that traverses
the di stance between the ion source 12 and the inplantation station 16 by
a beam f ovoomgs7and directing structure 50. The beam f or nP@yGBado4ddy ect i ng
structure 50 includes a mass anal yzing or resolving magnet 32 and a set of
el ectrodes 34. The plasnma chanber ions 15 are accel erated by the set of

el ectrodes 34 adjacent the plasma chanber toward the mass anal yzi ng nmagnet
32 fixed to the support 24. The set of electrodes 34 extract the ions from
t he pl asndorsHanhgrani atdmeicinass abaveamdeler dieerofee atodiis mads areaot egiadble fapunded

by the nass analgzing magnet 32. An ion beam path through the nagnet

regi on i s 'HBlFAEES by a beam guide 36. During production runs, an interior

region 52 (Fl Gyl : | j j ing.structure
5071 5 evacuat od By Hhe b s U SR RAR b AR SR O e
from the itenioadesad 412 mave tn acomgdebjectory.i Bhadmagietio fichythhiie epm@blsshadalyzi ng
n&gnet 32. The strength and orientation of the nagnetic field produced by
t he

anal y 23 ePnirabriestragpese0ds sughdhpieanlyipns havies Ak pismic Blastequehiacise 20 coupl ed
to a magn |£Oe g %v%l%% gf){heﬁgsiéfﬁg na%e?)esit\ﬁl(feﬁglh"éscﬁl% b%m%g)ra het%tthcg?m 1?1;1;(3{# h the

magnet ' s I NQS. anal yzi ng nmagnet cause se

i ons havi ngitian implanafion ei@ntergs. LbeatedasWssticahi fiont thel RaBAingBadren32 is a
i nplantation_station 16. The ionization of source naterials in the plasm

chanber 28°96ies RlateO0(FiG ekt e SThofesplydng ples|6p ie pempresediobnfer pxammle a desired

atom c ma I il e si.red eci es.of .ions, the
i oni zati o%ﬁ%e(g t%pg%g{st%a%ﬁqﬂg% é%&glé%%?%?peer%?ep{rhﬁoggpt%ﬁl 6‘%\ %‘F 1?1%%2%?1%\%1@ ot her
ttan the pegpan pasHd M CtheBsslvingdlatSdBShk Toi beadt EikdertiBltFatd6)a WRLIDSS A8 722

PCT/ GB01/ 04199 lons having an atom c nass above or bel ow the proper atomc
mass are HYtbaan enyslopesisat a migimam Eripsructererumdgnetic fiel d generated by

the mass anal yzi e uses the i.ons. in..the ion beam 14 to nove in
a curved traj eéihg ?%%%ﬁ@?@l%ﬂféﬁl %qjﬁ%ct%lopév lgl_st %B}aisss?{éagyz&g Masi e
control eBees elphinate wWetifbilioh shdtads fdth Yhe i9A HediA Y i Rehi@hAle ¥ foriRBasgqual

to the atom c mass of the desired ion species traverse the curved beam path

to the i nplosntoabiioret idantiedlole theploane arsoef thirderined spieslafdensedddownst r eam
f fsomt he @Qﬁlaﬁ%a ng’ovrerzw,El @%Erer?g%h iar?d Srientation of the mass analyzing magnet's magnetic
field is established by the control electronics 20 such that only ions having an atomic
weight equal to the atomic weight of the desired Sﬁecies will traverse the predetermined,
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 net positive charge on a wafer workpiece has undesirable
characteristics.
A downstream end of the beam neutralizer 74 is adjacent the implantation
. chamber 22 where the semiconductor wafer workpieces 21 are implanted with ions.

30 Supported within the implantation chamber is a disk-shaped semiconductor wafer
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resolving plate 60 (FIG IA). The resolving plate 60 is conprised of, for
exanpl e, vitreous graphite and defines an el ongated aperture through which
t he i ons weo02/e%922 on 10 beam 14 pass. At the resol ving pl aP€T/6B)1/04189 | on
beam di spersion, that is, a wdth of the ion beamenvelope, is at a

m ni nrum for production runs. The resolving plate 60 functions in
conjunction with the mass anal yzi ng magnet 32 to elim nate undesirable ion
species fromthe ion beam 14 which have an atom c mass close to, but not

i denti cal , wotkpidee sajport 0. MWafer Slorkjleccd@sits B8 teNEChepoditiohN For AsmbR,
expl ai ned above, the strength and orientation of thé mass anal yzi ng
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much | arger or nuch snaller than the desired ion atomc nmass are sharply 20

defl ect ed B¥aic imparnerallisingelanpahi destepgerononnes slsé trivesmidad yerdefPried by t he

resol vi ng |.at e.60. The,beam form n nd directing,st ture 50 al so
i ncl udes a- nesgattrﬁ & skrnert 9z(g¥er{;]9ﬁ18' @%%%bﬁy W?‘E?%Ff’egd ot H:ét ﬁ@ Sas an
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positively charged. If the positive charge on the ions IS not
neut r al i zelngiesage recsiviefblydhe aeikpieces 21 Hetemeined by thehveladvped taadlaios ofithd
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sem conduct or waf er workpieces 21 are inplanted with 1 ons. 0 Supported
wi t hi n thel&hpl antation chanber is a disk-shaped seni conductor wafer 9
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relatively constant” angular velocity by a nmotor 92. An out put shaft” of the
mot or 92 imodwtipheeh moda Insthp paditiratibm meds kalitirati@dciteyitey H®istutBiGed he i on
b?? m 14 Storbitglg 3 c% ierat\{\olar}c ggns)t/a\g{ \i/< lilee:%gﬁecf‘ t%etlg]%ﬁue, 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
to accurately control ion dosage received by the workpieces 21. Essentially, the dosage
20 control circuitry 66 makes use of the calibration constants, that is, the K values to
compensate for the effect 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 present during a production run. While the pumps 31
25 evacuate the beam forming and directing structure interior region 52 during a production
run, residual gases remain. Each residual gas impacts workpiece ion implantation in a
different way during a production run. Depending on the volume and characteristics of a
residual gas in the interior region 52, its effect on implantation may or may not be

significant. If the expected volume and characteristics of a 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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5 rotate in a generally circular path. A stepper notor 98 also drives a

| ead screw 99 to translate the support 90 vertically (shown by arrow

| abel ed WOoes7B4 G 1B). This permts nultiple rows of seal/ceBoduabor
wafers to be inplanted during a production run. 1|on dosage received by the
wor kpi eces 21 determ ned by the velocity of translation of the support 90
under the control of the control electronics 20. The inplantation station
16 is 10 pivotable with respect to the beam neutralizer housing 75 by a

fl exi bl e bedvedasn d0I{tEd &ad stdA)f.in Eheenan S8 riptiag b efiodéalibigidndas aad Evel ion
beam dosage _control assenbly 65 (FIG . 1B). The dosage control assenbly 65
functi ons Y%u?%{%‘&?éé:%’yéhec%?s%er %\Qﬂt’iﬁ’hC]ﬁ‘i}H%Y ahtp eonirel Baplertiaben dessseode. | n

the cali brati @, Suctht@l L, pration circuitry 56 is utilized to 15 obtain a
calibration constant value, called the K value, for a specific test gas.

Different cal i Diteddsage dénvral aeembBY6DaciRatscithalfle Rytrichien palié by.arhon
circuitry 56 for different test gases depending on the conposition of the
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and directing structure interior region 52 during a production run,
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10, SUBSTI,T,

1 T R S o b B0 T BB RO T e
t hat forming two subregions within the implanter interior region 52 (Fig. 1A).

The dosage control assembly 65 also includes an ion beam current measuring
apparatus, for example, a Faraday cage or Faraday cup 110 and a pressure measurement
apparatus, for example, an ion 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, a memory 58, pressure
compensating dosage control circuitry 66, and a 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 Faraday 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 1. Theion beam current

11
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value will be used by the dosage control circuitry 66 to control

i npl antati on dosage during the production run. The dosage. control

assenbl y véd 02/ervbudes a novable restriction plate 70. The BCT/€B01/0499 on
plate 70 is attached to an end of a Faraday flag 72 and is novable into and
out 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,
which is, for exanple, netal coated wth graphite, are out of the ion beam

line. |In Rh&sudBbytherdiasd dagt il oM will 8t Bes{hakedl IF. NThEo11:BBATLF § ;@@ mﬁﬁgse
skilled in the art will réecognize that other constructions o ﬁ

restricti qm@ﬂvali(ﬁl beAnAl £wRDF64illa¢ o8 i6hs kiainke aGighd 8eRRBted Bednh Gné Ay aday
flag 72. i nportance is that the restriction plate 70 is selectively

nmovabl e mtl%méwr&ambﬁ? @%e%@aqeﬁonsmbe addedw exkemewey fiont somdef theam | i ne 14
on beam

14 1 < ar aere Ry babiFobfPl %‘%‘ﬁé‘ﬁﬁﬁﬁpe&s@rﬁhﬁ%ﬁﬁ'ﬁh%ﬁ Hiigh Setpbisy oS h
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d di I
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an ion beam current measuring apparatus, for exarrpl e, a Faraday cage or
Faraday cu %} and a pressure measurenent apparatus, for exanple, an ion
gauge 114 I( H Iié’)—ldl sposed in the inplantation 20 chanber 22. The dosage
control assenbly 65 further includes a pair of gas flow punps 120, 122
(FIG |A) whiereh are al so part of the pressure regul ation system The dosage
control aﬁ(s é% 65 al so includes caljbration ci rcwtry 56, a nmenory 58,

ptessure ?afﬁﬁsnww@e%t&ﬁmpﬂw.mémw , and a notor control
system 68, —%rlbéafn éﬂ?ﬂeﬁpcongﬁcgneﬁ%ognﬁ nliohsqn eri &as‘%e'd n%g%ﬁ\%o 0 25 The

Faraday cup 110 i's nount In e%r and is used to
nmeasur e |dnxdmé&ammuneﬂﬂﬁomﬁdnpnmmm@&s@mmcﬁu@bd@oﬁtloé ich2 formed in the
support 9 The slot 112 is also part of the dosage control assenbly 65.
The Farad y?%@@l@%é%?@@%ﬁ?%@%ﬂﬁ@ql@w @rrged pesitizeionse i on beam
current, IT, received by the sem conductor wafer workpieces 21. The ion
beam 14 is conprised primarily of positive 30 ions and has an incident ion
current that wHath bfthdesbgbaimdomponctheisietfactbeatt Gula@ationlds 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 current components
including I, IH, I++*, etc. as well as the negative ion beam current component I'. The
Faraday cage ion beam current, If, does not include I°,

20 A major source of residual gas within the implanter interior region 52 during a
production run is the beam neutralization gas pumped into the beam neutralizer housing
74. Typically, this is xenon or argon gas. The beam neutralization gas is used for
charging control of the ion beam 14. Depending on the implantation, other gases suitable

for used as beam neutralization gas may be employed. As implanters such as the

3%
ts

implanter 10 are utilized at lower beam energies to facilitate production of higher density
semiconductor integrated circuit chips, the beam neutralization gas will account for a
majority of the residual gas present in the implanter interior region 52 during
implantation. Accounting for the either the first or second greatest volume of residual

~

gas in the interior region of such low energy ion implanters as the implanter 10 during a
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SUBSTI TUTE SHEET (RULE 26) WO 02/ 25722 PCT/ GBOLl/ 04199 neasured by the
Faraday cage 110 wll be designated It. The collisions of the primarily
positi ve wonzpwam 14 with residual gas atons renai ni ng al payGBagodYacuat ed
beamline in the interior region 52 causes electrons to be added or taken
away from sone of the positive ions with probabilities which depend on the
ion species, the ion velocity and the gas through wth the ion passes. The
resulting effective ion beamcurrent, IT, at the inplantation surface of

t he wor kpipgodstidd rivasag bepangsietitst fdn dofatitizaivh cipab@essist mbteHalcddted i - | ++
+.. . where: 10 10 =ion beam current conponent conprising neutral

particles _the sempigendye i el ERTkpisetip aYrehe 10adepiy isipirges iondld wetkpicshar ged
negative i affces) the bRBIPEATLEHLL PN FATRONCAL AQUPT I Si ng singularly char ged
positive ions 1++=10n beam current conponént conprising doubly charged

positive ions 1A kach sofallth@sece @hedBANGAAHNISA beak SntefibLebN S 2fdEing a
irrgl antation of the workpieces 21 but not all are neasured equally by the
Far aday cayeduction nyhespiy Herpourcages Vhigh beansscliiomehg ion|spuicaplagges al |t he

positive ign. p& Cé‘bruﬁrc,eeﬂéasgsogp %ggc%c? intqi[ t%%&)?a%%n%g:hhlﬁggr;#a%dcdé%ggrlg%ﬂ? g\gﬁl | as

t he negative 1on beam curren nponen am
current. skt oftbdRsroded 34 aigtdd @6sitlvel ChAodtBiofs e ABINE Brrbligh @Sipthdala Uasb¥ t hin

the inplanter interior rec};)ileon 52 during a production runis the beam
neut r al i z&PVErgslE 29 the perpbaarebissuiing ety small amwunhefiibe pyirce7gas Typi cal |y,

this is x S.:.. The beam neutral.i zation.gas i sed_f.or.

char gi ng, %(QJ%BF o‘lrhI%J;g% 3 ﬁ%gllacosﬁlt %%‘g?ﬁCEEE? S %éﬁesﬁﬁ’iuﬁ’é)r%%n ?%tge f?f'bcfuﬁﬁgaﬁtlflgﬁ, 198t her
gases sui thabhemplter oo eidaamypPREL dxahipld o 9burd@ SastBihchRlcarhOyed. As

i npl anters such as the 25 inplanter 10 are utili zed at |ower beam ener gi es

to facili tApephyreoderarized apfimhny eroraenboroy trifemideomahocized gilhtmgndt ed
circuit cQ,ia S the .beam neutralization gas will account for a majority of
t he residua %gg ]b(ihgglent in the inplanter interior region 52 during

inplantation. AGeRUNEd Hg14iRsd Bdlew aht Behpdshitor diirelid@l c8€6qReagaLest Vol une
of residual gas in the interior region of such |ow energy ion inplanters
as the i rrmrqghlp’é@n o @Garberdgteamined based on: a) knowing the neutralization gas used in the

15 ion beam 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 K 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 in’llportant enough to
be accounted for or compensated 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 undertaken by the dosage control
circuitry 66.

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
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12 SUBSTI TUTE SHEET (RULE 26) WO 02/ 25722 PCT/ GBOLl/ 04199 production run
may be gas generated fromvolatilization of photoresist material coated on
t he sem ovooduzi’er waf er workpi eces. As the ion beam i npi nBEFGBN1/04109

wor kpi ece surfaces, the photoresist material is volatized or outgassed. A
much smal |l er source of residual gas in the ion beaminterior region 52
during a 5 production run results from source gas which escapes fromthe
ion source plasma chanber 28. Source gases are injected into the plasm

chanber 28hadubags @nib@Niczadiry 6& daeimin theleertiades badmeurest ['Po™iet i vel y
charged ions escaping through the plasma chanber cover arc slit 29 along
the i on beHgEsHEAAT beara cumeninhl, is caleplated Wf the Hesage gprteolgarsuityhédpeed ethr ough
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i ncl ude arsirag, I’ aph SRl BFIheV@d%@ié TR0 PaEuiBNYG toldR Rt corR) 812 ion

triflouride, vaporized galliumand vaporized indium As wll be explained
bef ow, t h@c¥B s reesivasfoyrths pHirlity ghsrasqreluciod watarivigkeiecqs2d d dicthionld r un

be d i d ap; knowi ng_th tralizati. inth
75" on bedurnelr it B4 SbrPbe SOON kel ot Soahurrh @i B oo iracd 21°
are coat echsMpphopRiaR RIS S thEBdtRiaMd, sighdicadt KON Rshale SRVIESyJas or

gases are being used. Calibration nmay be done using test workpieces
i nst ead ofoegrstore ik B wemeycISoly thataibratigordipsuige®.21 to avoid the cost

associated wth_inproperly.inplanted.workpieces which nust be scrapped. 20
A different K Sﬁﬁﬁgré)ﬁonlc? W%tg a&eat’%elp%r?‘.ﬂtgﬁ pfeégnté]é‘éeﬁn_f)g’s edggfsuﬁ%@%ﬂf?&ggti on
ofo the regidtyal Koanes BxBe ahBtpded §iB8fdaR TOIME] bRed My b d8sthined ¢ and
for each residual gas, a determ natron nust be nmade as” to each residual

gas conponemelating he shersrisetanyes from Yaheandphpburesst coated mepantdotudgracThe i stics
of that gas corﬁponent ren or.ta@t enou?h %0 be accounted for or
60}1

conpensat & §6, ﬁﬁ??tﬁﬁllzteﬂg}e'é?%%lﬁ%‘?mdwﬂ} fi S22 S PLESERtIn BEdHOPSS  esi dual
gas ConNpORRiHberlduriAl MafRemPenel il BRY prdssiB3bmPBTa66BLRE eutlidation is
significantly affect inplantation dgsage of ?he wor kpl eces 21 ana,
t her ef or e desiabkle t deliesithaplopet dose.i Mb¢ patemttees mpassseynfpoopesdure n t he
com ensat icgr?lp Nsagon Savlé 9& {t}OaﬁEﬁ{] b§e¥1 c{etc]eef\m(ljn%%% Eim(f) arrllttirrlg Ia 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 implanter
and post processing. This procedure may be employed to generate tables of pressure
20 compensation factors ror ion implanters, and offers improvements to SPC collection at
customer sites.
The dosimetry systems of most modern implanters use a Faraday cup (e.g.,
Faraday cup 110 of Fig. 1B) to estimate the beam flux striking the wafers. During
normal operation, the ion implanters are filled with a variety of different gasses at
23 pressures high enough to cause 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 -

outgassing of the photoresist as it is struck by the ion beam. Often the most significant

30 gas results rom outgassing of the photoresist as it is struck by the ion beam. As
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circuitry 66. Once the K value for an expected, significant residual gas
conponent is 30 calculated by the calibration circuitry 56, it is stored in
the menorwo88231e2] is utilized by 13 SUBSTI TUTE SHEET ( RRCEGB6)/0MD

02/ 25722 PCT/ GBOLl/ 04199 the dosage control circuitry 66 to determ ne the
effective ion beamcurrent, IT. The effective ion beamcurrent, IT, is

cal cul ated by the dosage control circuitry 66 based on the neasured
pressure. P, in the inplantation chanber 22 and the Faraday cage ion

current, |desaib@diabous athnippatchémghamgehaveat motiveddrediidn forG8is bfe@asingat el y
control the ion beam dosage received by the plurality of sem conductor
waf er wor WpFSEBESOMPenafion feelinigue.yeheap piesei afcadingp Somuthe aracssseahpmner 48 i s

val ues o R OhacrEPpReadt Sl b bt RO AR ek s ORI bR

been st or edd ipfovideanastnraye Skt Measuednhdht aThRA1IG IS it fniplarké to kidciagfeor dance
with an aspect of the present invention, The pressure conpensation 10

fattors oromilipapiadktimes demrs amimpdansde edissiedsiter wafrmits of theadosger s naybe
det er m ned by, . ggfer;%el ating the sheet resistances from bare and phot oresi st
coated inplanted Waters. The ion beamis neutralized by interactions with

the gas nol eculgsupiiesasiminitidnne (R AEBSEzathaFhpenshibh TatWaE Qésifeind ant, and
t hus pressure conpensation of this neutralization is desirable to deliver

t he prope®IeRSElY commpenssis rbeen seyfeadigaticn: yI i detpmeisstionchds hepatofprarsauirash have

traditiong]]:? . det er m ned [ anti.n trix of four nonitaor

waf ers wi '? ﬂﬁé %f/“a‘;ri i%gg%&r %%l %I%tn%aolfé%?gﬁlgm%ﬁ%éggﬂ?n"%(tﬁ’i’léaﬁ% PORCHPIOIHED 2 new
meg hod f orypeasgietitiageodieishe Hb W g, ttemeert ard bendd vioRevar @ snal | nunber
of inplants. The new nethod is faster, |ess expensive and IS nore inmune

t o syst emi@plentstippesd measwempnipit sost wefersareduisessm ipypdude Binraystefitd e paksoedur e
ey e TR R SENTE od ARG rEE SERER R TR
sites. Th Q‘oi@ﬁda@ﬁﬂafé/pr@%%ie%ﬁinﬁﬁsd’tfi‘éﬁtfadi‘&%?@_r}dﬁ%{tﬁﬂttﬁﬁ% HBPore drafBday cup
(e.g., Faraday cup 110 of Filg. 1B) to estinmate the beam flux striking the
waf ers. Duafergmphsitsyand 8pe paaviides antimerdved matpdamdeystemrfer @é¢tednedingi t h a
vl lety Ofpre%is&rfe %E)r%rf)tens%gcs)g ?ascto% 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 pressure
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 neutralized and are
25 not counted by the Faraday cup 110. Therefore, the measured ion beam current does not
accurately reflect the actual dopant flux at the wafer. In general one charge exchange
reaction dominates all the other effects, so the population of charged ions will

exponentially decay with increasing gas load. The following equation (1) predicts the

actual dopant flux at the disk I3, as a function of the measured electrical current (I3,
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2= pressures high enough to cause significant neutralization of the beam
The resulting beamneutralization conplicates the interpretation of

dosi et r woeasireenment s nade by the Faraday cup. Sources PET/GB81/0418% ude
argon or xenon fromthe charge neutralization control systens, stray
source gasses, water bleed to control beamstability, and outgassing of the
photoresist as it is struck by the ion beam Oten the nost significant 30
gas results from outgassing of the photoresist as it is struck by the ion

beam As lfe mehiedd frdIfurshBETodddik i3 Ble MRnARE2Rd 2% uﬁgﬁ%ge/dgﬁﬂ’&?tion

descri bed above, many batch inplanters have an active correction tor this
ef fect usifagfomK: pressure conpensation techni que, where pressure readings
fromthe process chanber are scaled by a conpensation factor of beam
neutralization to correct the Faraday readings and provide an accurate

dosi netry rreasx )erren];. 'l_l_l'gs a#ﬁmhe inplanter to track the 5 ion flux at
all times duri EJ an Tdpspl andiskt 'e.)ve better uniformty of the dose on the
product wafers. Accurate determination of the neutralization conpensation
factor is desired to properly conpensate for beam neutralization. This

det er m natwiese Kds tHee Rt il ®0d iHeastessuierebdRLAHE 8 {RAaRke f ABL I X of at
| east four test wafers at non-standard or non-production 10 type operating

condi t i onProgesvhpatber.t Ehe pyamheles Kayid hexptmsil veas thbKetaetor, Thh&-factophaayt at i on
and neasur, ) fers requires an inplantatjon systemto be taken
of f Iine, b\%hq?’g%alér)c{e%% rtegerrie ' 8%5¢ b B&%%@F?SBFF Cé’ﬁg’eﬁi 8?5 %8@%1? ITRES $r esent

i nvent i on gpipdiWaliBRistrh@dn &k BEGHOANISORNESENS EhabQiBR H&%E'vﬂ{hiﬁﬁft&g]xenon .
determ nation_using only one or two test Wwafer inplants, and thus provides
al’ i npr ov&as hat dwrehyd: nogeti ey slorgadedentmoinrisA drobbihpressugas S@mpetslides on
factors in ion.inplanters. The inyention provides a technique that allows
the beam n%eeu?ofgivi%‘gya%faﬁ%?d Oé%nslﬁpégg Wgﬁ@&f}%ﬁa& CRbie8 1$ga'be estimated with
a single moni BauatG @) alUmidGeREOWELL B iR kG IRaBRIIAM; ah L he

present invention further provides nore accurate asurenents of the
conpensat elsatremis e deusiions. thaosimpdinity,dhe ifotiolvamg sxanpderinsludater d oper ati ng

vafers w DRHRESTL AT hTE ROUU it BULEF GPeoHpLREhIE R BEOR T ngs
(8 9., ZepRiRREENSHH) RS RMbaBYtGUTRERS AN association with implantation in
the presence of multiple gasses. For example, 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. 3A
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 3B, 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
function I= 6.7 exp(-2827P). Hence the K-factor is 2827 and the Pcomp =32.7% in the

30 illustrated example.
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Referring nowto Figs. IA [IB, and 2, as charged ions pass through the beam
guide (e.g., beamguide 36 of Fig. 1A) they suffer charge exchange

col | i si omeOWe/2d125tray gas nolecules as illustrated in Fi BCT/&B0Boteo
fraction of the ions are neutralized and are 25 not counted by the Faraday
cup 110. Therefore, the neasured ion beamcurrent does not accurately
reflect the actual dopant flux at the wafer. In general one charge exchange
reaction dom nates all the other effects, so the popul ation of charged ions
will  exponentiRéfeptirgaeaytoWis n, K agbingeddbedu@dtn (1h16 dbRhhrWitRgag@at i on
(1) predicts the actual dopant flux at the disk Idose' as a function of

t he measurdege Euqekiias @advianghiriean detethinkyl using theSiorsFingUf EngHEEMO(RURE 26) WO

02/ 25722 PR 199 neasur.ed. pressur P, one point,,in the
beani i ne alir:lfg té@lﬁ%{ﬁﬁﬁ% Pitlg(géwcgé’??rﬁ‘i%éfr%’) ms#ég‘f %J‘?C? R&H’(aﬁ pe dLe.g o eXp(
") 5 wheriBe oo teahignpl4ftdra®t FF1gs. 2B 1B WilleoaPS @SR Qedt S5 ARG KPRAN | 0N
gauge in the process chanber. e paraneter Kwll bé referred to as the

K-fact or. (Whteshewndcaeoh usrey diffseent Beorop sestingn(@. g, ¥ andr& raspeaisely) PEwop
(pressure conpensati fac Fig. 2is a r ical.illustration of a
bor on i on 1¥Y'% W&P&%‘lﬁ ﬁ’%\‘i 8%4%%{8%2%’ rﬁﬂ‘ﬁi ‘gltﬁgg?troraqsm ° %dé]é‘gmi%z,
wher eby a gt @iffereRacoRd sehiBss.r BRyill B4 nbiedTh (HIreseRORad@Snptadation
neutralizes the positively charged boron ion 150 t6 create a neutral boron
i on 150a. ‘Eipeawof 6rand BY refressniayrehiss usé typwhady do et eiilactgetuk chsiitgesr eact i on
adds an I.ectror‘l}to t he. hbeam i oBs. Far sinplicity, }tlhe fol] ow ng exanpl es

i nclude t HEISSTBRLIR A%t POt Fasepain _Haea%‘ffn’GF%tS’g%é.t HUBVERCTCRESGSS be
appr eci at qglHRtimhReo iRV BN PR 1k tBEP%Wé’secﬁe Efhe Q&@ﬂ%ﬁ%ﬁé@iﬂdﬁ&ﬁ@@f?%@ _
determnation in association with inplfantation 1n the presence of nultiple
gasses. F@as bedr(ple 426¢t)atFirom tifis Pcomyp, the Knfadiol g bealetenminedend ubed iaf f ect s

of multiple gasses, As illustra in Eig. 3A, the pressure and Faraday cup
current nﬁ&g%ﬂ%}@if"sdet?@”@? l,sdoserag@ﬂ{/*daselga %@ﬁa’d{?ﬁnﬁ’@’ ‘%ﬁnﬁsd?ayl@ vary with
time duringpidmdgntation. Fig. 3A 20 illustrates that pressure in the

chamber is related to the beam current neasured by the
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 ion 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 annealed
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
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Faraday cup. As illustrated and described in greater detail hereinafter
wWth respect to Fig. 5, the result of the variance in Faraday cup current
measur enavid 0aexd2t he pressure in the process chanber or erpdr/sBat/iam (e.q.,
end station 16) may result in spatial sheet resistance variations in

i npl ant ed wor k- pi eces absent pressure conpensation. Referring also to Fig.
25 3B, a graph 170 illustrates an exanple of pressure and current data from
a high current inplanter end station. The data in graph 170 is fit using
equati on (@dded, bhifshe esthetisagort factor WeRSHHA A TTRENS@InLO Witheskpecl BEthe
illustrated data in Fig, 3B is overlaid by an exponenti al fili) according to
equati on GRE)S?HVFH@W@n%FS&???Y bacaomplighed Bty epmdoyisg fdcordey prdseure freadatgson | =

O, X0 BBRT R inlioRes e S 26kt od BB b RS TR Bl "
PCT/ GBOL1/ 04199 Referring now to Fig. 4, the K-factor used in equation (1)

to determ ne the actual dose (ldose) has previously been determ ned using
t he "cros&psfgibed i ¢avegontlDhdde srapd 192 illustatestenemplant pressgreagehdiiSOfor fwo

noni tor inplan 2 .182b ar.e per.forned . Q... 1N i on beam

i npl ant er %%6&5%3?5%1863& ngiga %Bfé)w%ﬁr%{ﬂ t}bea‘fegl?eﬂﬁﬁﬁl?%éefgrtls\%%gfm%r kpi eces 5
(not shown), eaghcossdnge Hithfaprnamntt Eﬁtﬁggre%@ﬁttih\l%lﬁoﬁ,ea Bap oPiRRhEs ,
respectively). Two nonitor inplants 184a and 184b are then perfornmed with
phot or esi §tV1%€FdR)ﬂ0cmtl@dl begsmyor eashdragd andrditéd greetitesiPeonpRs stiredigsd 1t wi | |
be noted m gmesfofle?,arcd tQat .conpensation values of 0 and 80 represent
extrenes an8°typ| ca We@é} A reflect actual conditions. Lines are then
drawn between each pair of neasurenents, and the point where they cross 10
is the estimate of the Pconp setting that gives the sanme sheet resistance

i ndependent of gas load (e.g., 42.7%. Fromthis Pconp, the K-factor pay

be determ ned and used in equatg (1) to deternine |dose Wth Idose=
det ermi ned, dosinetry changes 11)1amde&7ﬁ?{t1§qsedlﬂ)@M)I(K)ﬁ.e@ig‘ga@c) ted
that the d&tdesidmgedof=|Rpeseaeri ‘ ‘ i g |4
requires the inplantation and asurenent of fo Bslant@f ers, each of

which is relatively expensive. In addition, the time to inplant four “such
test wafers may have an associated cost, such as down tine for the
i npl antati on system Thus, although the

where P is the pressure in the implanter at each recorded time,
Kused is the K-factor used for implanting,
Kpredicted is the K-factor that we would like to try,
limplanted is the corrected Faraday cup current,

15 ¢ is a dose sensitivity factor related to the non-linearity 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), and used in implanting -

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

20 measured during the implantation of the test wafer, aiter which the sheet 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 Kpredicted value may be
obtained by solving equation (2) for Kpredicted, using the measured pressure (P), current

25 (limplanted), and sheet resistance (Rs(measured)) values, together with the initially
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crossing of lines method nmay yield a determ nation of the desired pressure
conpensation factor or factors, it is desirable to reduce the cost in
achi evi ngv@owts722 det ermi nation. In 20 addition, the crossPayGsh/hiines

met hod does not contenplate or otherwi se utilize the pressure readings
recorded during the inplant (e.g., by dosage control circuitry 66 in
control electronics 20 via the ion or pressure gauge 114). It has been
appreciated by the inventor of the present invention that these pressure

readi ngs nByurbel Y0 GORCUSINd 2 REREONRE! Ite@isﬁﬁéeemtﬁ}edﬂ:ﬂéa%)EngéPne&i%eltypr (and

the K-factor) with fewer inplants, in 25 accordance with presen
i nvent i on.vappys Bl Ehisakora(Ktyiph) owly b8 subsituied dite equationi(3) (@rec,cfof Rpyeditgl) 190 of

| ed.. fer.imlanted wt t t.h f. e conpensation. As
can b seditil fRhrt SR A et ARl Saont the sheot T oo ot ance
spati al uni f or nffeYequsti @) mayReprBRLNRAr Bhsic Et@}%‘s. PRRSGBL rEﬂééc%i (R3) JBy be

advant ageouslg enpl oyed In order to predict changes to t r esi st ance
map of t heaglaband i Hiast capattad treremove thetgresspree®siectorcknpens@isod) thyiswam wer e

>CT/ dded, or if th
e R W e A B PGB .
present | MRHréRAre rkitiSed(RY a8y ACROIHY Hr%hﬁgmbﬁﬁﬁ%gigézr %e%nf'gxlr'sg&féfelgﬁiﬂgpr essure

readings fromthe inplanter shown in the grap
conbi nat i dFmpilanted) hEinablgtdhe GrdeSar isbeded by dgulaté smsitib)ty fadwe, §raipbh 192

illustrates enpl ar ressure readings for., a typical photoresist (PR

i npl ant , \Hﬁ%‘f |9%H‘Fé‘¥%gmréﬁe W'{‘?F@r\ﬁﬁ gpsejof shget ?Fﬁgt%‘ﬁ? With agpligst desice with
amg aspect of thgeye8seHicti [ ; ' A jnto
vertical bands. Igore thc th%Ig}ng@éafdggP ngcat S%Tﬁeege{}ﬁ?ég{g%tgnaﬂr}g}éb%g&%%ﬁg?%di cted
usi ng t he biyoisingwignatieq@atd onluatd prpdiaret &b rxys( Rimed{iriR) maz bé vigideaitilat ed P )

Rs(predicted). == RCneasured) |inplanted 10 where P is the pressure in the
i mpl ant er n?ﬁl)léé‘éﬁ’i‘tl%lgggfm?qt%f‘argq{ﬁgl?ﬂwi(§gta Reélerrqdahessresistareef or

i mpl anti N@s(predicted)). For example, one target criteria may simply be that the predicted Rs map
be as uniform as possible. 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 Ktrial 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
improve the resultant pressure compensation factor.

While the results in Fig. 7B are a significant improvement over prior pressure
compensation factor determination techniques, the single implant method may be-

30 supplemented to account for non-uniformities in the sheet resistance wafer maps that are
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Kpredicted is the K-factor that we would like to try, |linplanted is the
corrected Faraday cup current, 15 Cis a dose sensitivity factor related to
t he non- W@ezei7ey of the sheet resistance with dose, Rs(pcEdBot/edy?is a
desired sheet resistance for inplanted wafers, and Rs(neasured) is the
measured sheet resistance of the test wafer. Thus, an initial K-factor may
be assuned (e.g., Kused), and used in inplanting one or nore test wafers.
The ion beam current and process chanber pressure are then 20 neasured

duri Nt hendGBALILAReokBEntes], MPEBEpIALel Mhbahd bRusfigely T esi stance

of the test wafer or wafers is neasured. The K-factor equent |y
used (e. g.chankgingdile rendydanes witk avether aspea e inventiehathi meethdemag seimed

K-fact or V%{'tﬁ t.he megsurﬁd va]: ues wel | ais a desi regbisheet resi st ance.
For exanpl 8 PHEPRRIEHIL e FOUSRURR RRYATB St FBteaRRIaNS WIdHImAlaYS ebtiat i on (2)
for Kpr edigHofstesistTbRBd WAk "RATHG R PLRSRNES 7 Oreﬁf& heah #%érgﬂ!em)l ant ed) ,
and sheet resistance (Rs(measured)) values, tog&ther wt ttl'ue Initially 18

SUBSTI TUTE SHEEAXs pdRuek 0263bone 02 £B& 7T Drd3€iTt CRODEDAA0is tasasire thaKilfeact or
(Kused) and a desir.ed,sheet .resistance (predicted)). Alternatively,
vari ous t rifgl° C%-S‘? Sdplant KP??Péﬂée“ﬁﬁ g@;elggzbgtmqratr@als? '??Etdh%tcfﬂ@f’i"bn (2)
(e.g., for i ; | € (g p (x@ﬁgﬁr icted))
i s obtai neeélf&n bl'ﬁéea tggﬁg%?gﬁm%ézg’e%? a?f;og;setgg%? ngﬁvrorrggglfégaoggg%s. eo‘ﬁgheet
resi st ancevigiRshotofesist galcinelydrich is bafd. rEquation (Batadhéwbe ensdve chloglaprassur e

correctio -factor (Kused at was .applied during the inplant. Then the
ef fect of %E%Ct?rﬁgl’l‘ti‘ﬁ]i lﬁeﬁrﬁ tC]E{?lFa?@P?frreilﬁﬁlﬁqeaqf)thq ogpppifagvafershe pressure
readi ngs (P) arg i th : i ng
(1l ant e . Py g oo He. S BpREIDE hd 31t RLAREDb IS AENE 128, 1)
factor, ~ medsinel sheet resssenhctORe ofthe bastigplon ahdithe photorésite abate@fpsiasg of -
sheet resistance with applied dose. 10 The best K-factor to use for optinal

pressure CBHSSHS ARG Feyrepbe gertmieiriadorsigsu&usey) srpuainteniionglly agtefanl uat e
o _ i . O vE) e
501 ot RS S 0 st o Oy  eALL

Rs( pr edi ctomity yeadtpr Taenipbiantonge iasdwtestbliflenb@s oRyalbraidnyatierstdiat t he
predicted Rs map . be as uniform as possible. Wien using this criteria, only
alsingl e. faptiongf bgamspecies o epergy 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 independent of gas
loading. It will be appreciated that additional iterations may be performed, whereby

23 further refinement of the K-factor determination may 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.,

20 Kused in equation (2)). It will be appreciated that initial Kused values typically may be

20
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15 needs to be inplanted and processed, thus significantly reducing the
cost and tine associated with the crossing of |ines and other prior
techni quawo 0F23J22 7A and 7B illustrate the use of this teranGROE04199 waf er
200 in Fig. 7Awas inplanted (e.g., in the ion inplantation system 10 of
Figs. 1A and 1B) using a large error in the pressure conpensation factor
with 30 KeV boron and 12 photoresist coated 20 dumm es. Equation (2) was
used to predict the value of Ktrial predicted to give the nost wuniform

sheet resislan@®asdd dh hifiBriseWert i8e SHEBLcal RFHSLA %Pﬁhgz;&t}’é:‘ula? 'thgl‘a
0 yie fi

prediction. Thus, the use of one test "wafer 20 signi ant

i mpr ovenmeriPe¢ips anskensraydeingessird oyt €lhermaiitboatrsiep)B 0dna tdaewstkipieee ieindglahted

i npl anted .\wafer 202. . The invention thus prqvid . ..signjficant advantages
over - pr eviibab KLEHHEE ke G poar 1EF ot srivd B Soinaqts mediors o
det er mi ne RERURTcOMPeRsABbE BHHES IRMAYANS fhbDhaf i | reciated
that the lﬁet hod g?e_tshé presgnt i nvent i 015n ﬁéﬁ%éﬁ%l@g?%%ng‘é“uig%@%@?%ﬁegre
tihes, in Rsesgere in thef impldntationiclipmberart eeaswesd httstapt 3061 (@S, Wi e BaRLIAS 3) ONn
factor. V\hli be hhe results in rzgg 78@56 a significant inprovenent over
prior preseurBdIGRESHESaugh L {4BE Bie 48t er mi nati on techni ques, the single

i npl ant et hod At thered0vSUpREEARIES | 2005 Jal figratkhes in
the sheet resistance v?/afer ﬁlaps thatgé%@a%g’%%gﬁ%lﬁ%ﬁ%%%E%E 26) WO
02/ 25722 PETWCBDIdcodsligeasuredtat sapSOd. By siep &6 Ressarpanssinsaion fhebr @np! e,
due to anngal én% ﬁhal{?ﬁi n%d or, channeling, In accordance with another
aspect of YHEUFHTEAETBHOD {HL S st HrBunstAroRraingsto thawievipniy assenodipsesstre

cey rel ati QBmpEndABsR g us B Ghe | S WhisBay AR f resi st
coated '.vi I—?%f%r. as 111 ust rat%d@hﬁ'@é’\g{r%%@d@r&&%@rg éers%/gggﬁ%& shieet

her ei naf t gesistancaRsphienerebeanuturadmyeg., toeesugablia Ghragiessil K)Ca@ppasat i on is

to ensure that the sane (gose i s inplanted_independent of gas |oad. A nore
robust t eSFSSEHEL(e FaifchBrekigngsagetld et welina desiredshest resistancegelties t o

i mpl ant  t W0 o MRRILLQictOd)) t | toresi st and.one .which is
bar e. Equ\é\t?‘igon QPZ) M )tﬁenexggﬁ)ﬁgézhof é}cg)%gfflv@co‘t}ﬁ’g %%gﬁrg C\?vor RaY g%fleg?m%lﬂ% will
best mat chctdrding heeduations (Htaaditetafedtadng deswpibedmbdver waf ers. 10 Referring now

to Fig. S tablhi?s 210a and 210b illustrate exenplary results (e.g.,
nBasur ed sheet 1} 8&PERAR WD pROtET qspectiol the Inyqmtiant tha mpasured phrst tssistinsts

coated i makaRS Jest workpieces may be taken into account in determining the pressure

compensation 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 step 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
410, a pressure compensation factor is determined according to the predicted 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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using this nmethod, --here the starting K-factors (e.g.. Kused) were
intentionally quite far off fromtheir expected values (210a). In general
the net hodoomei’ez s on the best K-factor quite readily. ThemeBOnpiants were
used to establish tables of calibration factors as a 15 function of beam
species and energy that are installed on high current and/or other types

of ion inplanters. The inplant results after a first calibration run (210b)
iIIustrate a general reduction in the dose shift between a bare wafer and

a waf er heptesifiretoplHRh&Hies ifBdtoCAR b&GetermiRePASOIEIANG&qNEGdh (he ﬂttmtt&a on,
wher e the dose shlﬁ?jé is an indi ?gtlo?teofl ?he uni f ormqty 0 Mllsn sh

resi st ancealdedepisibad ehevebar e and photoresi st test wafers. Thus, a Iarge dose

shift indicat a Iak of for and, a snal | ift |nd| cates good
or inproved eﬁ?edp‘ﬁ‘? e %H%Aa g@é@?fsq‘@@ﬁt}?&ﬁg@r‘ggﬂ?@s PrrSEPY Vagoust heg
dose shi fthh%ﬁl@ﬂt@fsaWtﬁé i &HYE 88 es adchikfe FelflhCRtH FEQvetr Bﬁgﬁtﬁf@chﬁf tPé 'pE@ Vs dose

applied to each test wafer independent of gas [oadin
appr eci at e¢rassiag oAtoes inpatladd irtdesther wivs teviyiqoes, peidngritie, meathed efghos four t her

f t of t {. | t
| r Ove. & HSOERHR S  S el R S R o P Gl B T AGuP B4 Hisk FORSF OF 1 | ng
now t o Fi Gmfeycdiin exEnad &l XssH@EtﬁE}fjw?tQ%e' éoubéddﬂ%hﬁ%pféésilﬁ oflﬁt rdi ng

pressure conpensation factors for use in an ion i ntation system Met hod
300 begi nssampiestogpse3BR] Oﬁ\ﬂertewlmﬁamdnmlatfatatcamreﬂnﬂiuedTm evstticn fucth@ensat i on
factor is assuned equation (2 wi | | be appreciated
that initi© 8@%?&8%&?%@83‘&% z%ﬂqt 1911391%9’3115@6 ?-?8$e &B@%W@O%EET (RULE 26)
W 02/ 25722 PCTQ%Q%%%%@emﬁﬁ'h%%@& éﬁév‘x@%@ﬁeééh%@%tﬁ%s %&%ra'c%ﬂg% of
typical K-factors for the particular 1 speci es and ener gy

enpl oyed. aﬁphc@aﬁs and atplehega3fg, 1ta1ﬂestappvemkqedelwe eqwvalem Artadns hid an i on
inplantatio stem ilg ten;}cé{o of Figs. and _1B) using the

predi ct ed m?)cp %@P%W ﬁ%@ﬁé%\?‘il kdap the[ﬂﬁtr‘ipﬁﬁ tlﬁ%@aiilﬂﬁlaaﬁﬂlaﬁrﬁiﬁndm&e i on
beam cur r gty 208 ISt measur ed at
step 306 (e. g1 E‘;Qa\?l a tlhe%cgﬁggyegggﬁi% Z’B}t%tr‘\ﬂag? gﬁ%ﬁ%g%ﬁmlm of Fig.
1B). Aft erfundimns psformed boyithe ebdvasiebeidad mmpmh&dassarr&he@'rdeme&d sirafige

associated with the workpjece is neasured at step 308. At step 310, a
pPessur e égﬁﬁlgﬁsegﬂ s teuRs épo (u@n%areterence 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 (.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 feature of the invention may have been disclosed
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. Furthermore, to the extent that the
terms "includes", "including"”, "has", "having", and variants thereof are used in either the
detailed description or the claims, these terms are intended to be inclusive in a manner

similar to the term "comprising”.

22
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Kpredi cted of equation (2)) is determ ned according to the previously
assuned pressure 10 conpensation factor used in the inplant (e.g., Kused),
t he neaswed2/23931 wor kpi ece sheet resistance Rs, the ionPOw&BODMIPENL
(e.g., neasured via Faraday cup 110), and the pressure (e.g., neasured
usi ng gauge 114), as well as a desired sheet resistance value (e.g.,
Rs(predicted)). For exanple, the pressure conpensation factor may be
determ ned according to equation (2) as illustrated and descri bed above.
15 I'n accordance w th anot hgNIRS®ERIA PIARREIC ABANHYN. the nmeasured sheet
resi stances of two test workpieces may be taken into account in

det er m ni ng t hellisrappanatus and epsveinscat method aey be usdanehe finlg afgom beanti g. 10,

anot her exenpl ary, net had 400 of deter.nni pressure conpensation factor
o 1 11 st AP RRICR £V E CapPRE OB oIt e R MR BT P U e
conpensat ijgpidndgt or is assumed. Thereafter at step 404, first 20 and second
test workpieces are inplanted in an ion inplantation system(e.qg., Figs. IA
and 1B) using the predicted pressure conpensation factor. One of the first
and second workpieces nay be bare, while the other workpi ece 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 neasured at step 408. At step 410, a pressure conpensation
factor is determ ned according to the predicted pressure conpensation
factor, the neasured first and second test workpi ece sheet resistances, ion
beam current, 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
pressure conpensation factor may be determ ned according to equation (2) as
illustrated and described above. The inventive method may thus be used to
nmeasure K-factors for use on various ion inplanters. The nethod gives
accurate results with fewer inplants than the previous 5 "crossing of

| i nes” nmethod and other prior techniques, naking it the nmethod of choice
for generating the factory calibration tables for such inplanters. The

met hod may further be
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enployed in the field in association with the collection and processi ng of

| arge data sanples fromseveral of the tools found in a fabrication
facilitywOhe2i7eventi on further conprises software produRCEHGENi/E4199

i npl enent the above described nethods. 10 Although the invention has been
shown and described with respect to a certain applications and

i npl ementations, it will be appreciated that equivalent alterations and
nodi fications will occur to others skilled in the art upon the readi ng and
under st andiMigt is@fairhbd $: speci fi cati on and the annexed draw ngs. In
particular regard to the various functions perforned by the above descri bed
conmponent s (assenbl ifegiethgg\giddssrmiging ypiessure a@npspseiegnsfacter for)use irhan iver ns

(i ncludin . to .means”) used to describe such conponents are
i nt ended ?rgﬁ%a%?a&@é%%&%%n THTEE ot herwi se i ndicated, to any conponent which

performs the spegidingd ;ésuwrk}qecmuiﬁah@lmqmpm@htféar@?gaﬁrmox kheQest that is
functionally equivalent), even though not structurally equivalent to the

di 5cl osed Wagkpiges: (4# Bhavakg eiHepst phobarns! regiens unction in the herein illustrated
exenplary 20 inpl ementatjons of the jnvention. |n addition, while a
particul ar featpuorvéﬂgg (fa(?ﬂg aPﬁ{}@ﬁWTSfﬁ“’ﬁﬁyfm\lfs CB@BFPS&g%%aSgOééKuW h respect
to only one of iggMafial (J0aptie R Mast dRband $éb5éh of Batdf RofBYecR@2 0GR A£d Wi th
one or nore other features of the other inplenentations as may be desired

and advantmbesusd4) vsing e ighvanplasiatipasystenn | HY aap e ivtital predickdrirbssnreor e, to
the extent_that the er "jncludes”, . "i udi ng”", "has",. "haying", and
vari ant s cREPERES ok WREred B SR wiring QEPLPH B cutPR rmslied e

chai ms, t heseut ePNE tBé B i'ﬂltpemﬁl@fg,t ba (igel usive in a manner simlar to
the term '}pcorrpr ?F;)i né 321 SUBSTIn'I%%'tE éH(@CET (RULE 26) WD 02/ 25722

PCT/ GB01/ 04199 mehNDUSTRIN & srrticcaBhtd (Re(Mtasumgpassicisehwih dssioplatted -

nmet hod ma e uysed in.the field of ion beam processing to provide pressure
conpensat ¥?§EWP§@f68F§E})OP‘n%OSi nmetry control in an ion inplanter. 23

SUBSTI TUTE SHEEIIGI(IHTE{% (%q’b) a pressure compensation factor (Kpredicted) according to the
initial predicted pressure compensation factor (Kused), the measured sheet resistance
13 (Rs(measured)), the measured ion beam current (limplanted), the measured pressure (P),

and a desired sheet resistance.

2. The method of claim 1, wherein providing (302) an initial predicted
pressure compensation factor (Kused) comprises estimating the compensation factor

20 based upon an implant species used for implanting the test workpiece (21).

3. The method of claim 1, wherein implanting (304) the at least one band
region of the test workpiece (21) using the ion implantation system (10) and the initial
predicted pressure compensation factor (Kused) comprises:

23 calculating a predicted actual dopant flux at the test workpiece (21) using the
initial predicted pressure compensation factor (Kused), the measured ion beam current
(limplanted) and the pressure (P); and

varying an ion dose at the test workpiece (21) based on the calculated predicted

actual dopant flux (Idose).

24
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WO 02/ 25722 PCT/ GB01/04199 What is clainmed is: 1. A nethod of determ ning
a pressure conpensation factor for use in an ion inplantation system
conpri si mgo 0Pl di ng a test workpiece (21) in the ion i npCHGBa/M4AM syst em
(10), the test workpiece (21) having at |east one band region; providing
(302) an initial predicted pressure conpensation factor (Kused);
inplanting (304) the at | east one band region of the test workpiece (21)
with an ion beam (14) using the ion inplantation system (10) and the

initial predict&d presstietiod@BRENSHheBIN AEHiRE tHSBE 86l WaldrRedBaFiMEND
(306) ion beamcurrent (linplanted) and a 10 pressure (P) in the ion

i npl ant at i YW s¢astTatn L1y ionrawiantdtion sy2@8)1Q), Hlmby vensist mice wiksl theasur ed) )
associ at e i he jyplanted  test rkpi.ece (21): and determ ning (310) a
pressure gS%@%%%F?%W%%%F‘Cf(’?ép‘fe‘smﬂ\éﬁ)eé (Jlgi:cor ding to the initial

predi cted pressure conpensation factor (Kused), the neasured sheet

resi stance 15 (Rs(nmeasured)), the nmeasured ion beamcurrent (linplanted),

t hé measured pressur&hqmythodgfidiaim dewhereint lvabitingdlsd redicted. ac@al ddpantret hod

Compensat | SR HREEL FrBELHp iR rnd eBPpttisfirnly Erb oo Fdionn  act or

, 0 based upon qfrll S!}Hgéiq(@k &sci es used for inplanting the test workpiece
(21). 3. The ne Rod Of (':ﬁ’ai m 1, wherein inplanting (304) the at |east one
band r egiWieren Iijgecarepisentrekppedicted 61yl depamidluxh g j oompripdsadint mtasoredsyst em
(10) and t.he,initial redicte ressure conpensation factor (Kused)

conpr i ses:lo%g?%f“é‘??q{gp goxapgaqsglg%&eggfqgﬁresa a?'ﬁ&lcﬂﬁlpéltsestt gt wor kpi ece

(23) usingrédigted biisbirdloRbesiagbLthoR) B8 84HE conmpensation factor (Kused), the
measured ion beamcurrent” (linplanted) and the pressure (P); and varying

an ion dose at the test workpiece (21) based on the cal cul ated predicted
actual dopant fé. ux (f{“}geonsag od %P clezliérln 1, wherein determining (310) the pressure
compensation factor comprises:
(a) inputting a trial pressure compensation factor (Ktrial), the initial predicted
15 pressure compensation factor (Kused), the measured sheet resistance (Rs(measured)), the
measured ion beam current (limplanted) and the measured pressure (P) 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 (Ktrial) based on the
20 comparison if the generated sheet resistance (Rs(measured)) differs from the desired
sheet resistance more than a predetermined amount;
(d) repeating steps (a)-(c) until the generated sheet resistance (Rs(measured)) is
within a predetermined amount of the desired sheet resistance; and

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

25 pressure compensation factor for use in the ion implantation system.

25
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SUBSTI TUTE SHEET (RULE 26) WO 02/ 25722 PCT/ GBOL/ 04199 4. The nethod of
claim 3, wherein varying the ion dose conprises varying a slow scan rate of
the ion iw@bzaet7ati on system (10), thereby varying a rate BCT/GBODIMMIDNOE test
wor kpi ece (21) scans across the ion beam (14). 5 5. The method of claim 3,
wherein cal cul ating the predicted actual dopant flux (ldose) at the test
wor kpi ece (21) conprises utilizing the follow ng equation: |dose =

| di skeXp(KP), wherein |dose conprises the predicted act ual dopant fl ux,

| di sk compr i sesy the RAsUmEHor i BEPRENhERsimElr? ﬁfhi%éoﬁé@?s geasur ed
pressure, and K conprises the initrial { pre |cte essure npensati on
factor (Kused). 6. The nethod of claim1, wherein determ ning (310) the
pressure conpensation factor conprises: (a) inputting a trial pressure
conpensation factor (Ktrial), the initial predicted 15 pressure
conpensation factor (Kused), the nmeasured sheet resistance (Rs(neasured)),
the nmeasured ion beamcurrent (R | ant ed) and t he asured pressure;XP)
intoadosinetry al gorithm and nra r% %Kﬂ r 3

t her ef rom Q%%(EQ[ ari he rat 84 ﬂ§%a resp%eflancﬁ% ‘E%E ife
sheet reS|Rt, Lie (U)R&‘FHH g the trial pres conpensation factpr
(Ktrial) based on the 20 conparigson if the genergﬁ)ﬁﬁﬁgt resi st ance
(Rs(measured)) differs fromthe desired sheet reS|s ance nore than a
predeterm ned amount; (d) repeating steps (a)- (c) until the generated sheet
resi stance (Rs(rreasured)) is wthin a predeterm ned anount of the desired
sheet resistance; and (e) using the nodified trial pressure conpensation

Pt he 1 on it cofiofRd € ARk oS R AR ke ) 957
PCT/ GBOL/ @é&@ﬁses?the Thealrahhoeessofe c@h@bﬂ@aﬁon\f&t@d’reKF Q% iflei ABdifiyd adgori t hm

conprises: 'inplanted exp (Kuse(l P) ezp(K1M ecl
pressure compensation factor, Limplanted 18 the measured beam current C 1s a dose

sensitivity factor related to a non-linearity of the sheet resistance with dose, Rs(measured)

comprises the measured sheet resistance of the test workpiece, and Ry(predicted) COMprises

the desired sheet resistance.

8. The method of claim 1, wherein determining (310) the pressure

compensation factor comprises:

inputting a trial pressure compensation factor (Ktrial) into a dosimetry algorithm;

and

solving the dosimetry algorithm for the pressure compensation factor for a

desired sheet resistance (Rs(predicted)).

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

[T

Z Iimplanted €Xp (‘Kused P ) €xp ( K predicted P )
Z Iimplanteql

R (predicted) = R (measured)
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Rs (predicted) = R (nmeasured) linmiplanted wherein P conprises the
nmeasured pressure in the ion inplantation system Kused conprises the
initial twoat2yerssure conpensation factor, Kpredicted isP¢hveBnpailhe ed
trial pressure conpensation factor, Inplanted is the neasured beam
current, ( is a dose sensitivity factor related to a non-linearity of the
sheet resistance with dose, Rs(neasured) conprises the neasured sheet
resi stance of the test workpiece, and Rs(predicted) conprises the desired

sheet resi,SHRAGEP Bmphies thetitastred pebairdinlthe WIS shraeIredyBieh, B% £310) the
pressure conpensation factor conprises: inputting a trial pre Eire
conpensat icomPrisesttbe iiikelrtrial Dressuteccompgossition faojoraKg it himthe mndifisdndlng t he
dosinmetry algorithmfor. the pressure.c ensation factor for desired
Sheet r sy e Rk Hliah P Bl yans ISHE THATACUORET BN &5 AR5 oi 1 | he

dosi met ry sh@evityt fABRoE BIREL &S norRlihedvity o BBLRA: %&(éﬁ@@%@th@os@’fp&g%%{e icted p
) 4(predicted) = R (neasured) L Iinplanted 26 SUBSTI TUTE $ *ORULE
26) SWO 02/cRBIpRigespinT iiEBeXrtd dliegDresistantresidhetet workpidcs amdihig, Apasumprisepr essur e
in the ioq igg)la tatiton. g%llstem Kused conprises the initial trial pressure
conpensat i ShIFHEY et SRSt ed 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(neasurl@d) Sheongthodefcleinel nedbarcethpshimgtthe gspséfance of the test

wor kol soe, and FolReg SO0 CoMRC pes o heydost od shech repl st ance. 10
P! B (1 el BRSO AR Uyt 40 oo (10
compensation factor (Kused) while measuring ion beam current (Ilimplanted) and a
pressure (P) in the ion implantation system (10);
measuring (308) a sheet resistance (Rs(measured)) associated with the implanted
test workpiece (21) for each of the band regions; and
15 determining (310) a pressure compensation factor (Kpredicted) collectively for all
the band regions based upon a predetermined target criteria using the initial predicted
pressure compensation factor (Kused), the measured sheet resistance (Rs(measured)), the
measured ion beam current (Iimplanted), the measured pressure (P), and a desired sheet
resistance.
20

11.  The method of claim 10, wherein the predetermined target criteria

comprises a maximization of sheet resistance uniformity across the band regions.

12. A method of determining a pressure compensation factor for use in an ion
25 “implantation system, comprising:
providing first and second test workpieces (21) in the ion implantation system
(10), the first and second test workpieces (21) each having at least one band region,
wherein one of the first and second test workpieces (21) includes a photoresist film over
the test workpiece (21), and the other of the first and second test workpieces (21) does

30 not include a photoresist film;
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conpensation factor (Kused) while neasuring ion beamcurrent (Iinplanted)
and a pressure (P) in the ion inplantation system (10); neasuring (308) a
sheet reawa@baere2 (Rs(neasured)) associated with the inpl arCEGBI/@ED9

wor kpi ece (21) for each of the band regions; and 15 determining (310) a
pressure conpensation factor (Kpredicted) collectively for all the band
regi ons based upon a predeterm ned target criteria using the initial
predicted pressure conpensation factor (Kused), the neasured sheet

resi stance ( RS(p?B@&H{ge(dM) ari iRia] pRAJIGHedsOR J%ﬁ@%@aﬁBﬁ%Htor((Kum anted), the

measured pressure (P), and a desired sheet resistance. 20 11. e met hod
of claim 10, mhélpé&rﬁlmghiéoﬁrtb@@ﬂ@shvmfe@nﬂaﬁgen ofthetfizstiaad scomdrtésses a

t f t t the band 12. A
mot hodof "akBiRRRRL R 3 st ChRR U3hdhe e oh iralaiaon it a0 AGRS on
i npl ant at iigRiabysdiRBd SreRmrd csﬂnrpgnsaﬂbﬁ\fdc%rrmufséd) SyhdsheSREAD @4662% YLK ec es

(21) in the ion inplantation system (10 thé first and Second test
wor Rpi ecesugren)(lggdmtedvindg m@ssmreeﬂE) mdhelctmmplmlomrsystemw)el n one of the

first and second test %}@%yﬁ ? % i ncl udes a t or es t filmover the
test wor kpi ece {ZT1G LSt B opt shegbrepisiaagesd n%e@é‘brﬁ ta%%’?l%r kpi eces
(21) does wightha %&a’ﬁ@édﬂ@t eﬁld@@@btnﬁrt@sﬁ 'W%trkﬁlbéem 7§7res§é§§g_l:y-r E SHEET (RULE

26) WD 02/ 25722 PCT/ GBOLl/ 04199 provi di ng an init predi ct ed
pressure corrperdsmmmni 0o r p(d{us’edgimpensapd)mfattomngxtéGﬁ:)edD hecoading eatht one

band region .0 e first and second st rkpi eces (21) with an ion beam
(14) usi ng™f 1ﬁLPre‘§ﬁteidrPﬁ?S§'fﬁe§1°F’8ﬁn5§§}§’E‘ fg;d eéﬁvo‘ﬁ‘? ﬁéﬂ gP Picraf mspsdett ed
pregsure GRENQASHMLHHpmt K agd). peam 5
current (1inplanted) an%ﬁag%rridssure (éé’me:dﬁoﬁ%%#l%@n%ﬁgﬁ%g{teggn system
(10); rreasmﬁa;smgdpmfs@ref(P)r ghd adebirsd cbeutl reshet@tcer esi st ances (Rs(neasured))

associated wth the inplanted first and second test workpieces (21),
respectively; and determ ning (410) a pressure conpensation factor

(Kpredicted) aqgor difig hQhbf8f claim 12, wherein the other of the first and second test
workpieces (21) not including a photoresist film comprises a bare test workpiece.
15
14. The method of claim 12, wherein providing (402) an initial predicted
pressure compensation factor (Kused) comprises estimating the compensation factor

based upon an implant species used for implanting the first and second test workpieces

21).

13. The method of claim 12, wherein implanting (404) the at least one band
region of the first and second test workpieces (21) using the ion implantation system (10)
and the initial predicted pressufe compensation factor (Kused) comprises:

calculating a predicted actual dopant flux at the first and second test workpieces
(21) using the initial predicted pressure compensation factor (Kused), the measured ion
beam current (Timplanted) and the pressure (P), respectively; and

varying an ion dose at the first and second test workpieces (21) based on the

calculated predicted actual dopant flux, respectively.
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initial predicted pressure conpensation factor (Kused), the first and
second neasured 10 sheet resistances (Rs(neasured)), the neasured ion beam
current Wonptzimt ed), the neasured pressure (P), and a deBCT/€Boshaed

resi stance. 13. The nethod of claim12. wherein the other of the first and
second test workpieces (21) not including a photoresist filmconprises a
bare test workpiece. 15 14. The nethod of claim 12, wherein providing (402)
an initial predicted pressure conpensation factor (Kused) conprises

estimating the 16onpeTteEahé@nd baakiat 15, bamesn YRGMARe iTHRBLomPRSs8arsed for
inplanting the first and second test workpieces (21). 15. The nethod of

clai m 12. 2y &¢an igmidhg iongmpkomyion Kystem (1 ®ateredreatyingh rateegjivdnclothet he
first and C t est._wor kpi.ece 21) using, the.ion inplantation system
(10) andf? ea%?%f;“?cfn Rips ?%?%ea%%é)ég Céoséglﬂﬁplé’HQS?’?“cngact or (Kused)
conprises: calculating a predicted actual dopant flux at the first and

second test workpieces' (21) using the initial predicted pressure
conpensation fddt or Theusettyd of Heinmb stheesin calnulatienitie puedicged athalmpbanit ed)

and the prges e (P espectively; and varying an ion dose at the first
and seconéﬁlf(zgc{os%artﬁ%‘? %@ggm(%ﬁ?ndotégtevﬁorgweﬁ?ébBccéﬁnaﬂsﬁst‘é 14 ecf?lg‘ﬂ”’élgt ual
dopant fl wguatiogspectively. 28 SUBSTI TUTE SHEET (RULE 26) WO 02/ 25722
PCT/ GBOL1/ 04199 16. The nethod of claim 15, wherein varying the ion dose
conpri ses varyilgg alsow(®8hn rate of the ion inplantation system (10),

t hereby varying.a rate at ich.the first d cond test workpieces (21)
scan acr oé’@éﬁ Iciomfoggjéﬁ?s(%}’?e%ﬁ?fwl F}@P?ngluﬁ’fsﬁck SArpRTIES gqae P‘i’?%

cal cul ati fgh bae) BERHH &nAedesBle HORARE prdskiht, ddddossn ﬁesttﬁl;'einitiarlSt and
second test workpieces (21) conprises utpl l'i zing the fg OW ng equation:
, dose = | drsshassppicRure odrepaisatidndaster.conpri ses t he predicted actual dopant
flux, ldisk conprises the neasured ion beamcurrent, P conprises the
measured pressure, and K conprises the initial

18. The method of claim 12, wherein determining (410) the pressure
compensation factor comprises:

(2) inputting a trial pressure compensation factor (Ktrial), the initial predicted
pressure compensation factor (Kused), the measured sheet resistance (Rs(measured)), the
measured ion beam current (Timplanted), and the measured pressure (P) into a dbsimetry
algorithm and generating a sheet resistance resulting therefrom for both the first and
second test workpieces (21);

(b) determining a dose shift between the first and second test workpieces (21),
wherein the dose shift indicates an amount of dose uniformity therebetween;

(c) modifying the trial pressure compensation factor (Ktrial) based on the
determined dose shift if the dose shift exceeds a predetermined amount;

(d) repeating steps (a)-(c) until the determined dose shift is within the
predetermined amount; and

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

pressure compensation factor for use in the ion implantation system (10).
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predi cted pressure conpensation factor. 18. The nethod of claim 12, wherein
determ ning (410) the pressure conpensation factor conprises: (a)

i nputtingv@aoz/ed7at pressure conpensation factor (Ktrial), POERGB0i/04199

predi cted pressure conpensation factor (Kused), the neasured sheet

resi stance (Rs(neasured)), the neasured ion beamcurrent (linplanted), and
the nmeasured pressure (P) into a dosinetry algorithmand generating a
sheet resistance resulting therefromfor both the first and second test
wor kpi eces (21)19. ( b)THdetethdd o ddgmal SleaRraih et dobiotangdritBml dorgirisand second
test workpieces (21), wherein the dose shift indicates an amobunt of dose
uniformty therebetween; (c) nodifying the trial pressure conpensation
factor (Ktrial) based on the determ ned dose shift if the dose shift
exceeds a predeterm ned anount; (d) repeating steps (a)-(c) until the
determ ned dose shift is within the predeterm ned anount; and (e) usging

the nodified trial pressure co m tion fact(g[ré (ﬁlaa{é( step Egﬂ) as the
ukdip! L 1d$6t§ct

pressure conpensation factor for ; 10).
29  SUBSTI RUlfEBHERT=( RUE26}d \O 02 PCTHEBOH 041 9

of claim18° wherein thé dosi met ry algorithm coljin Flﬁied?’? I inplantecl
ezp(Kused P) exp(KJ)redlcted P R8(predicted) = Rs' ﬁ)rfeasured) | uupl ant ed
wherein P conprises the neasured pressure in the ion inplantation system
Kused conprises the initial trial pressure conpensation factor, Kpredicted
is the nodified trial pressure conpensation factor, linplanted is the
nmeasured beamcurrent, ( is a dose sensitivity factor related to a

non- 1 i near ishiredf P tH@pHQehe eshidaReRuil thhindRs SmpRalABASINIGH) K CoNpri ses
t he nmeasured sheet resistance of the test workpiece, and Rs(plé€Uicted)

conpr i sescomhuseddlag méienl Sied pressurs icemaerssetioR GictoTHE bt ocithe fmadi iedrirbR.

wher ei n determ ni 11£410r} tpe pressure, = conpe ation factar conprises:
pressure comge saffort factor, [iojanceq 15 the measured beam current, ¢ 1s a dos
sensitivity factor related to a non-linearity of the sheet resistance with dose, Rs(measured)
comprises the measured sheet resistance of the test workpiece, and Rs(predicted) COMPTises

the desired sheet resistance.

20. The method of claim 12. wherein determining (410) the pressure
compensation factor comprises:

inputting a trial pressure compensation factor (Ktrial) into a dosimetry algorithm;

and
solving the dosimetry algorithm for the pressure compensation factor for a

desired sheet resistance (Rs(predicted)).
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inputting a trial pressure conpensation factor (Ktrial) into a dosinetry
algorithm and solving the dosinetry algorithmfor the pressure
conpensatwon2/tzer or for a desired sheet resistance (Rs(preticaoed)ye 30
SUBSTI TUTE SHEET (RULE 26) WO 02/ 25722 PCT/ GBOL/ 04199 21. The net hod of
claim 20, wherein the dosinetry algorithmconprises: 'unplantec( eXP(Kused
P) exp(Kpredicted P R5 (predicted) = R8(neasured) 'inplanted wherein P
conprises the neasured pressure in the ion inplantation system Kused
conprises the ipjtia g r i Lo Kpredi.cted is the
nodified tri al @%reszﬁé%kggﬁggﬁggﬁth&§§§?Q§?h+?ﬁ%ﬁgﬁ@§8ﬂF%e?ﬁ%“%%asured
beam current, ~ is a dose sensitivity factor related to a non-linearity of
the sheet resistance with dose, Rs(neasured) 5 conprises the neasured sheet
resi stance of the test workpiece, and Rs(predicted) conprises the desired
sheet resistance. 22. The net hod claim 12, further conprising the;steps
of. inplanting (404) miltiple ba Iﬁ ' §€§p0¥h¢ fPéﬁﬁqﬁd@)§ AN Wt st

wor kpi eces fR‘J(Preﬂféﬂe)l‘) w Th (@afasued) _ system
(10) and thedinitial predicted pressure conpenggqto factor (Kused) [while
measuring ion beamcurrent (linplanted) and a e§%£h@FQF§ in the ion

i npl antation system (10); neasuring (408) a sheet resistance associ ated
with the first and second inplanted test workpieces (21) for each of the
band regions, respectively; and 15 determ ning (410) a pressure
conpensation factor (Kpredicted) collectively for all the band regions
based upon “5¢EdoaHsALde maagaed prassue imthgsomignnlerdation syistem, fedi ct ed

' fac t d sh '
(Re( moasur oy ReCite S Ak Ot S A e B RR0 Ktewpran ity 0 Hilasur e
pressure (f}ssuidnipeesionh €ebtGhee e51he S @ed Béant 8@erRf C’Qisrhedd(sia rst and

get. . r
second test workpieces (21). dea_?.tedfl'he met hod of claim?2 wherein the
pr edet er miSsBYYiEY @é@r &¢late@ g gnon-linearity of the sheet resistance with dose, Rs(measured)

5 comprises the measured sheet resistance of the test workpiece, and Rs(predicted) comprises

the desired sheet resistance.

22.  The method of claim 12, further comprising the steps of:
implanting (404) multiple band regions of the first and second test workpieces
10 (21) with an ion beam (14) using the ion implantation system (10) and the initial
predicted pressure compensation factor (Kused) while measuring ion beam current
(limplanted) and a pressure (P) in the ion implantation system (10);
measuring (408) a sheet resistance associated with the first and second implanted
test workpieces (21) for each of the band regions, respectively; and
15 determining (410) a pressure compensation factor (Kpredicted) collectively for all
the band regions based upon a predetermined target criteria using the iniﬁal predicted
pressure compensation factor (Kused), the measured sheet resistance (Rs(measured)), the
measured 1on beam current (Iimplanted), the measured pressure (P), and a desired sheet
resistance for each of the first and second test workpieces (21). |
20
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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conprises a nmaxi m zation of sheet resistance uniformty across the band
regions. 31 SUBSTI TUTE SHEET (RULE 26) WD 02/ 25722 PCT/ GBOLl/ 04199 24. A
system f wvOodB2®eM ni Nng a pressure conpensation factor forPOBEBOINOAM | ON

i npl antation system conprising: a test workpiece (21) having at |east one
band region; an ion inplantation subsystem (10) operable :o0 inplant a

wor kpi ece (21) with an 5 ion beam (14) using a pressure conpensation
factor: an ion beam current detector (110) operable to neasure an ion beam

current associzted Misidlerh Tor MkRhiBE @ prddlre cBmBEREENH EaHRIBLLR in bd 1)
operable to nmeasure a pressure assoclated wth the workpiece (21) during

i npl ant at i Bwlukdoasstemnepmprisingiot or control system (68) operable to

control a scan artatte of 1 heb%ﬁ“kpi ece, é‘?ﬁl?ﬂ across the ion beam (14) based
on the pressurée ConpEiEStS AP AL G PR PHYTREOBr essure  conpensati on

factor is a fungti r : { am
NtibR ﬁ}nﬁlfaal_t%ﬁg% g@@zyﬁéﬁq 10 Sperdbieodd latéi?lg \i@ﬁ?ﬁl%ee@l} Qfth B&:

current, respectively. e syst'em of cl ai her” conprising a
r esiPst anc donwazuf hwsing apyeisern opgreatitiontfactoreasur e one or nore sheet

resi stance characteristics assocj at with a workpiece, wherein the
pressure conperf&att éﬁar? 8'&?%‘% dise@té’r{ﬁﬂ%f’??fﬁb%fm RaSUERH AN Bt MRS ISRk et

resi st anceysshad@ch/h tifd wékpicdd (29, The system of claim 25, wherein the
pressure conmpensation factor 1S also a function of a desired sheet

resi stance charauesnisdatastord7]4)Apsyabteammesurd etpeessimgi asgpciatpd with dire
conpensati_on fact@ for use .in an ion _25 inplantation system conprising:

a test workPrBEE (2] furng mpjaniptiondierofd8dband regi on: nmeans for inplanting
(13) the at | eashoRpeoRANGvidi(ef) PrabifolBito YkPERE 61 {18 Warkh i on
beam (14) using the ion inpl ant(gépic%ﬁrasysfecm 16) " an anf§hni tolrk (E’)e:‘k%?l cted
pressur e conmpefisaon bearf flck) drased3d the pressure compensation factor, wherein the pressure -
compensation factor is a function of the measured pressure and the measured ion beam

current, respectively.

15 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.

20 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
25 implantation system, comprising:
a test workpiece (21) having at least one band region;
means for implanting (12) the at least one band region of the test workpiece (21)
with an ion beam (14) using the ion implantation system (10) and an initial prédicted

pressure compensation factor;
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SUBSTI TUTE SHEET (RULE 26) WO 02/ 25722 PCT/ GB01/04199 30 neans for
nmeasuring ion beamcurrent (110) and a pressure (114) in the ion

i npl ant atwoen2/33781 em (10); means for neasuring a sheet resPeT/aBOBIHASSOCI at ed
with the inplanted test workpiece (21); and nmeans for determ ning (56, 57)
a pressure conpensation factor according to the 35 initial predicted
pressure conpensation factor, the neasured sheet resistance, the neasured
ion beam current, the nmeasured pressure, and a desired sheet resistance.

28.30A syst em f anedgifer mtadufiflg orbRESWIRNEQIDLARES prefsuka th% if @ igsse in an
ion inplantation system conprising: first and second test workpieces (21)
each havi ngrhntatoasystemd18knd regi on, wherein one of the first and second

test workpiece i hot oresist, .and t.pe, 5 of her, of the first

and second test%n %lr% )Ig%%rggiesggﬁgﬁh%éreﬁgga&ce ARaHE egwtﬁtﬁﬁﬂ%{ﬂf‘??& 12) the at

| east one wefigicte@1drundf the first and second test workpieces (21) with an
@19 ne

ion beam (14) using the ion inplantation system (10) and an initial
predi cted pressUeds fyrsiaEaRing 156, 4¢) opresmeaeanpa@satieaior acpording toethen

curyzent (11Q. . I ure (114). i he,ion 10.inplantation system (10);
rrea%?s f or jlglrglglsﬁyrg ?lﬁ%df |r$s§ reé:ﬁﬂrfpfg%%lﬁﬁ?%Cﬁwoée@epéefflérfg\ﬁﬂ%ére&éséaé’ﬁ?’af}f“’ed with the
i npl ant ed rhédseled aidb&ACORELNEQEE MR REQErd 20d 2 d6ERAGRL V&liNancand means
for determning (56, 57) a pressure conpensation factor according to the

initial predicted pressure conpensation factor, the first and second
neasur ed sheet 2385 re&i S t he .measured i on beam c%%re t, the npasured
N . S T

ances
pressure, and & desi‘t %ﬂg%rtdet?r@éliu% & RErasUrg Sompensateny BET I RUCE 26)

implantation system, comprising:
first and second test workpieces (21) each having at least one band region,
wherein one of the first and second test workpieces (21) includes a photoresist, and the
5 other of the first and second test workpieces (21) is bare;
means for implanting (12) the at least one band region of the first and second test
workpieces (21) with an ion beam (14) using the ion implantation system (10) and an
initial predicted pressure compensation factor;
means for measuring ion beam current (110) and a pressure (114) in the ion
10 implantation system (10);
means for measuring first and second sheet resistances associated with the
implanted first and second test workpieces (21), respectively; and
means for determining (56, 57) a pressﬁre compensation factor according to the
initial predicted pressure compensation factor, the first and second measured shest
15 resistances, the measured ion beam current, the measured pressure, and a desired sheet

resistance.
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