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WO 01/ 15208, REsB00 03001 6 F E B 2004 | MPLANTI NG SYSTEM ARl D METHOD
Rel ated Application The following U S. patent application i gcirﬁ?ﬁp/ﬁéﬂ%t ed

by reference herein as if it had been fully set forth: Ap%s;g&cE%g ﬁgy al
Nunmber: 09/369528, filed on 6 August, 1999, entitled Syst 2 for
Providing Inplant Dose 5 Uniformty Across the Surface of a Substrate.
Field of the Invention Th&ﬁfﬁ%sent i nvention relates generally to the field
of . plasma imersion ion 1 np 5ﬁIfGatSF5?F”‘s§‘f§? &FBHCand nore specifically to an
~inmproved system 10 and nethod for maintaining uniforminplant energy
distribution and mnim zing charge accunul ation of a substrate inplanted
by such a system Background of the Invention lon inplantation has becone
.the technol ogy preferred by industry to dope sem conductors with
inmpurities in the | arge-scale manufacture of integrated 15 circuits. lon
dose is one of two inportant ReladbdeApplickfion ng a particular inplant

process (the other’ bei n&néon ener gy, which determ nes inplant depth). lon
dose relates to thee dovengridtS.opatenit epplicaticedisi ionsrrfonatea by vefererigea or

vol une o sen| duct or terial., Typically,_hi. current inplanters
(gener al ['§* %éﬁitﬂwqqﬁé?,eq%mqtﬁg% mﬁcqtgﬁ\ %%%%%WF’@F\%Q%@%%&?df or
hi gh doseni GTA@isE, 1968, | Enfiths US)<tOmC HRE SREHIWP AN PREAdinge pabl e
of up to about 1 mA beam curreﬁ?% are used for [ower %ogeng%%H E:Da{slgons. A
convént i BnproniprAcrops dme Surfacemfias@sbsthatee sections or subsystenms: (i) an
I on source for outputting an ion beam (ii) a beamine including a nmass
anal ysis magnet for mass resolving the ion beam and (iii) a target chanber
whi-ch 25 contains the seni coffdetd @f the énventinmer substrate to be
I npl anted by the i_lohn -1 FEB 200k
e present invention relates generally to the field of. plasma
immersion ion implantation systems, and more specifically to an improved system
10 and method for maintaining uniform implant energy distribution and minimizing

‘charge accumulation of a substrate implanted by such a system.

Background of the invention

lon implantation has become the technology preferred by industry to

dope semiconductors with impurities in the large-scale manufacture of integrated

15  circuits. lon dose is one of two important variables in defining a particular implant

process (the other being ion energy, which determines implant depth). lon dose

relates to the concentration of implanted ions for a given area or volume of

semiconductor material. Typically, high current implanters (generally greater than 1

milliamp (mA) ion beam current) are used for high dose impiants, while medium

20  current implanters (generally capable of up to about 1 mA beam current) are used
for lower dose applications. -

A conventional ion implanter comprises three sections or subsystems:

(1) an ion source for outputting an ion beam, (ii) a beamline inctuding a mass

analysis magnet for mass resolving the ion beam, and (iii) a target chamber which

25 contains the semiconductor wafer or other substrate to be implanted by the ion
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WO Oi/ 15200 'PCT/‘ GBOO 03001 beam 1lon sources in ion inpl ani-eBsFtE(Bi %g%'y

'gener ate @i 4198;43eam by ionizing wthin a source chanber a S, a
conponent of which is a desired dopant elenent, and extractpi%ﬁ.é"[l%qﬁ@g@%ni zed

source gas in the formof an ion beam The ion beamis directed along an
evacuat ellebesaniopatdurgein dedirbytanters bppickingensrdiaangieni teamrts, Wwinidrigy t he
beam stri ke the subscﬁéate W thin the tar‘gﬁt chanber and are. inplanted

ther ei n. W1 2 SPWGEAEMPSIP SULICHPS: HFARPARFONCIYRPR T BslqsigdidoPeRbt  t he
| mpl ant eddnQi}, A0 BRFactiRg e icf]rgfeégéﬂr%%egé%f'nttﬁ% f%}ﬁ‘f @‘2 arlg %nsbjéé?n.aﬁ'hg)%nent

that circuit conmponents~on t waf er are damaged. revent 'suc

det ri menbabmeisf dicected odionafar esvheugedibeanulpath arovibednbyneld radanaiel on
nechgé)i S are qoften_ 10 inplenmented in an ion inplanter. In addition, the
ener

oF MeRSTi RN HIER PEIRS AR Sk e SRS Wil eget eramaerandh
on i npl ant TTaneC AT SR Thok ot ek ¥ FltfanbliR ot KRG BHE o1

subst r at thesingflameddongbiernaircrarge ahe s urace rofehs evhfel thiticia ahSexpéMSABt i N a
chanber. Thus, the chanmber functions as both the processing chanmber and

the pl asRECHRATBRONEHPR ANE Yaley ars|daugaoen f @ PesuanapusR dpimetnlelfacs
Cone Pl UERe| BEcHR| o, AR IRUISI A S RLILAS BRAUALEC)

ions in t asima’ rowar € subsirtate. I ci en drenti al
wi | 110 esirhplementedinlaedn iippidnte antziditon, thenémerghef Hy hasienel ibhemust
substrate. 20 As in conventional ion inplantation systens, it is inportant
t 0 i nsur 8e qoREPligffreprasnde Fisayre 8 Ynilerm ard desired eperyudistiityyien dat theaf er
char gi ng; ¥m§)e caused by either (i) accunul ated charge fromthe inplant
pul ses Ol‘rﬂﬁll | exposure to the plasma in the chanber between inplant

pul ses. In additi Opjasafa inimeRiye A PRgikntdtien (PreLiBad at P iS Me te@idrgirgt | S
I nportant to insure that Onl{y lons wthin a specific 25 energy range are
@

i npl ant etpahRPPIYVeharaned stubsijalel such aniafwaler phpl Rletereisdrypersedswithipat i on.
Accorgli nBlamgih o hafbe?PhRES, b dHAEHY S hnk BEHH 12 SRcBESNS dfarfber
aﬁd the plasma source. Typically, a voltage differential is periodically established
between the walls of the chamber and the platen to attract ions in the plasma toward
the substrate. A sufficient voltage differential will result in a pulsed ion implantation
into the surface of the substrate.

20 As in conventional ion implantation systems, it is important to insure
that wafer charging is minimized. In a Pl-cubed system, wafer charging may be
caused by eifher (i) accumulated charge from the implant pulses or (i) exposure to
the plasma in the chamber between implant pulses. In addition, as in conventional
ion implantation systems, it is important to insure that only ions within a specific

25 energy range are implanted into the wafer to yield a uniform implant energy
distribution.

Accordingly, it is an object of the present invention to provide a
system and method for maintaining a uniform implant energy distribution and for
minimizing charge accumuiation of a substrate implanted by a plasma immersipn ion

30 implantation system.



system and nethod for maintaining a uniforminplant energy distribution and
for mnimzing charge accumul ation of a substrate inplanted RyeBrpRh3RHOR
imMmersion ion 30 inplantation system 2 6 February 2004 Sunmmary of "t he

I nvention According to a first aspect of the present invention, there is
provided a voltage nodul ator for a pul sed plasnma i nmersion ign inplarter
havi ng a process chanber for igplanting,supstrates positioned on a platten
conta?nedptherein with ions prg@@HF“VHQQEbF ?Hﬁoﬁenerated therein, the

vol tage nodul ator conprises: (i) a first switch di sposed between a power

supply and the r ri | stablishing.a connection . _
t her ebet ween aﬁgé@{qﬁ-& Eﬁ’@gﬁf’%gﬁc&cﬁ 1ib%l P?&gng ) \fé‘tmpo?h?rﬁe[sppg&v(gqp’d Qi) a
second swidltayedimpriakeor RetavparethflaghatifinaRibroioRUiRthblamter Mavingas trocess
nonentarily closing to discharge residual voltage fromthe platen after the

first svPhaRbBpENSmpRNtNgGe SWasiries iRositoaeden at waﬂpemnt@sug@npemlwme
por at | onoF Aot A pleshla adharaid ferdh IR vt Ponl B [ e

vol t age niistisatiich Hispbbed l'miwpehsaspcmerseugpig @?)N\Hhesglatdry Ior\é\/ﬁﬁirﬁfeﬁtaﬁw dl
second swi tch. |ies a bj.as volfiage provided Dby said second power supply
to the p|%%t@H“§§'5)%P ANgcHion dherg no@iach supRiMieathetRittedhveltags signaki® be

| hj ! '
used to afpp Ma%nppg?engedﬂygt%ﬂgﬁﬁd@ﬁ@ée& Bet\%eegi tﬁé‘ﬂatlgrﬁ ﬁdﬁ@ﬁﬁé%rﬁg‘@gggt; d

that contains a p , lons 1 n the pl tracte
i npl ant edmomentariiyetlesingdei disalgarge tesidyzl atotiage Acerar itienplaten afteethadirsispect

X ' ' h i i d | : ) .
1ol ant ot SOTCIL GBPYR, 2ndhdhe rePBRe ke Herdr S S ndds Sioeliamt the giaten is
i npl ant i nigrokeAS Bhat @9 & VntloRBE foroBormrdllimy ts%ﬂuéﬁt’iﬁl%ﬁ&?tiéﬁ%feﬂh& firdk tdhg i ons

present in a plasna generated therein, a power supply for supplying a
pul sed veRqoRgeswitefing, charagigrisasl i that theveltage snediyatomfudher comasises at he

o ot PEonelARELt it ool Sl S o7Blad BN vt 1 ng
char ge aclysailiadeicond glowgr supply to the platen after said first switch opens.

The voltage modulator can be used to apply a pulsed voitage signal to a
platen in a process chamber that contains a plasma, so that ions in the plasma are
attracted by and implanted into a wafer residing on the platen.

According to a second aspect of the present invention, there is provided a
plasma immersion ion implantation system, the system comprising a process
chamber for implanting substrates positioned on a platten contained therein, with
ions present in a plasma generated therein, a power supply for supplying a pulsed
voltage signal to said platten; and a voltage modulator as in the first aspect.

According to a third aspect of the present invention, a method of enabling a
uniform implant energy distribution and of minimizing charge accumulation of a
substrate implanted by a plasma immersion ion implantation system is provided, the
method comprising the steps of: (i) instaling a wafer (W) on a platen in a process
chamber; (i) generating a plasma characterised by a floating potential in said process
chamber containing ions suitable for implantation into the wafer; (iii) closing a first
switch, disposed between said power supply and said platen, to momentarily apply a
pulsed voltage signal (-Vp) from the supply to the platen to attract said ions toward said



substrate inplanted by a plasma i mersion ion inplantation systemis

provi ded, the mnethod conprising the steps of: (i) installing eq:e%fa%"zobw
on a platen in a process chanber; (ii) generating a plasma characteéerised
by a floating potential in said process chanber containing ions suitable
for i npl apiaferifon implaatatioe e (i bpéning lsafi 8t Bwitth;Sénd W EBBingth SRESH

bet ween sai d power supply and said platéen, to nonentarily apply a pulsed
vol t age sPyiteh. dispaspdhaiweemsaisuplsten aod tehiesserpetential, de tat deastsmpthentarily

toward saj E r r Lapl ant at . herein. (ili)_openin
said 11 rofrglarBeirBREHEF Vo0 HUE A tlablR AN st diEh % sbued B Ll
pl at en andomndoties eetviassrethiiphwer sapply dndakié praem i vokér, chatsdtdriedan Hes tiskal
voltage (-Vr) fromthe platen after said first switch is opened and a

connect i off ef reMphses the sign ohrrening saidiiserond switskemd alinying tsaid sed
cone _ _ ! t ' . )
wi t o anfEplTSS AGs tobSad HophTBLIRAS, BRE © P aBpIcafT of & SHLadEHseg |

to aln apchbltheisTignabf(-\@) é’ubstm_um.rpip]yﬁtml thedolatter bage?lpﬂlhglwtm géed/ﬂésvi/itdhlm;lpémj
su to_the platten or keepjing. second switch close nd applying a
o1 a6 ol ¢ AR apBYERiGD R Yo Lemerior i PSP P FPLATFIRAISP of 2 BURSEQUBR SRt oo
vol tage sygitge signdPd-ViyiRim iHesuppRRbXnd Blatdie Pl aten. By closing second

|
swi tch and groundi ng ?)he pl aten t'he nuﬁber of ions wth energy |ess than

the applied pul se vl ARG AEEdRALGRH ahgﬁghuﬁ%g‘a{lh?g)létéﬁ th{erﬂgjlgis?:lﬁgr.o%ﬂ%é’y

di stribution. Furthe er chargl ng tron o I've Tons

i S neut r awita ezhdrgy déd= thary tied expiplied spulse tvoitapt asreardductt pthuwapebvirte thhaf er
bet ween i npl.ant pul sgds_. Upagn o'geni ng, second switch Ea:rrn'ts the platen to
float to MRIAMGRcraNistripitiongrudnenwaler hatgiag slussteaimplantationneinpositive

Ot Lo . . . . .
be poo; t; Sory oozl i AIGRhd BIdcBrttihtine Bidshid T Ay XoubRE the e ™
| nrer si onbetarennpiparitaiulsss. raitdrodpamidgs get@id eaiich @ermite dhé @latehnd dioat to

uniformty in i nrgeluﬁnt .energy distribution and m nimse charge accunulation
of an i npfEifeWRIthauiesting roleptnl @lsthe plaswr, thys arinipigingivpitres stlespee on 20

Drawi ngs gevices in the wafer. Alternatively, the platen may be positively biased to the plasma
floating potential.

The plasma immersion ion implantation method and system can be

used to maintain uniformity in implant energy distribution and minimise charge

accumulation of an implanted substrate such as a wafer.

Brief Description of the Drawings
Figure 1 is a cross sectional plan view of a plasma immersion ion
implantation system into which is incorporated one embodiment of a modulator
switching mechanism constructed according to the principles of the present
invention;
Figure 2 is a block diagram of a platen voltage controller that includes
the modulator switching mechanism shown in Figure 1; and

Figure 3 is a graphical representation of the platen voltage as a

3a



Figure 1 is a cross sectional plan view of a plasm i rrrrersiL‘b’rﬁ iE)EB 2004
‘i mpl ant atworpigygbem i nto which is incorporated one enbodi mepETRBoB0z001
nodul at or swi tching mechani sm constructed according to the principles of
the present invention; Figure 2 is a bl ock di a%ram of a platen voltage

cont r ol | HNRIRAET IS, §G_YN BHB WitrmawshoshinecRPHE teicsiteing sirshanism Fi gur e
1; and Fi LSt ; i cal representation of the platen voltage as a 3a
6 FEB ZOSgH%Orgfﬁg%gﬁt@u / GBOO 03001 function of tine, shown both with and
wi t hout the nodul ator switching nechanism of the present invention.
Detailed Description of a Preferred Enbodiment 5 Referring nowto the

drawi ngs, Figure 1DRetatlest&escppiion ofadreiarrecbEmbgdimenton system

generally designated_ 10. The system 10 incl udes an evacuat ed_process
chanbeér 12 that i sREETREAOHOANE Eraxings. Fagyre hdisrivaeaBIniasma snmesigpor t

platen 1 :{TEH an d a : rical h er

housi ng lib a@%ﬁ%t@vgl%gs&l ) bgﬁapaqucﬁéz}rt zE?(\(e%\ABn1 ow 'Ili%e 9{5&%@1 ngggg]ﬁ@ggfe@ W thin
the 10 claasbested pndcisschapmtserol2 iat esdefribdlopantelapeichipsaésdable =HEAI C)
that are inplanted into a substrate, such as a sem conductor wafer W

| ocat ed CHEPRT PlatgRett ancuniedRn rduatenaryean wirdtagaly srapmsiedeeharsbene

| i i : ' i ff. af 1he.pl
by pins 55-8Rar BN ndwal£? Card ol finBbu Y Pbbin el Wi i 2.
readiQy ichatndkl eshtaing Qoranst 4 ¢eaneadidpaattpésied | g arsehic)ehatieimplantey

| oadl ock _assenbly (not shown). The plasma is generated in the process
chanber IHoa% subfiraigs SUBR as @nfemisicadyeipinvaigas™ Poatrd dariesd wWhen arhe

Dot s oo FRBEREDY APt ERMSe U abBicE] 1o b ABLPPAL MRS ERREe STBIS o1
(RF) geneyason i2 Bita® BEontes phferRby pirgrzd oﬁ%té&iy%_?_‘nhgééiﬁﬁbl@s 48. f #Rgahertz

(MHz)) which is coupled to a matching network 24.
manner the wafer may be readily installed into and removed from the plasma

15 chamber via a loadlock assembily (not shown).

The plasma is generated in the process chamber 12 as follows. An
ionizable dopant gas is introduced into the process chamber 12 by means of inlet
21 and perforated annular channe! 21A that resides about the upper periphery of the
chamber. A radio frequency (RF) generator 22 generates an RF signal (on the
20  order of 13.5 megahertz (MHz)) which is coupled to a matching network 24. The
matching network includes capacitors 26 that capacitively couple the RF signal to
a generally planar antenna 28, having inner and outer circular coils, via leads 30 and
32. Matching the impedance of the RF generator 22 with that of the load insures
maximum power out of the antenna 28 by minimizing reflection of the RF signal
25 back into the generator. One such type of matching netwark 24 is known as an.
‘inverted L" network wherein the capacitance of capacitors 26 is varied by

servomotors, depending upon operating conditions.
~ The RF current generated within the antenna 28 creates a magnetic
field that passes thfough the quartz window 19 into the process chamber 12. The
30 magnetic field lines are oriented in the direction shown by arrows B, based on the

direction of current through the antenna coils. The magnetic field penetrating the
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'mat.crl\i ng ‘Qsto'\mg%oi ncl udes capacitors 26 that i gaﬁEBvW’cou | e the RF

'signal to ~a génerally planar antenna 28, hav i'nner and BGEEHBORPIVLI ar
coils, via leads 30 and 32. Matching the inpedance of the RF generator 22

Wi th t habrodesk keahnre 1neHERsh tHERYLARMWRI 10Uhd Wes 2 cRIUEOAAGAS Y
mnimzing reflection of the RF signal 25 back into the generator. One such

type of REQGESPEHamdenor kisxteckick cegletes elegtrens esdhich indvmdokizetrer ei n
th ' ' 26. i ied b { .. d ' '
oper ot ngoRBRGas WiAPETht e k] e g T d AR e cartase Aol P
creates ard®aaldsina.l TR Bidshid inRRERAHIsINENUMaFRRT BHEOF i BSIRY ﬁigﬂt o the

process chanber 12. The 30 magnetic field'lines are oriented in
di r ec® i othalleeawaapgbla ot bamgBmiiented into wafer W whetizosuitable oppesing vvhitanegh t he

ils. Th ic fi i ng, the -4 WD 01/ 15200 20.
PCT! G300/ 0HIVE P QLIRS iR OEsod AP o EReHe R PR 2 R HP9SRS Frdlses. an

el ectri cif 4 hlurh, hB®roddQC@ssnisdabgovaditited %&%ﬁﬁnﬁ;},scgdt %hewﬂfg%{?gg@t ief] o

el ectrons, which in turn ionize the dopant gas, which is int
t he chanb@nifold 28gh annul ar channel 21A, to create a plasma. The plasma

i ncl udes positively charged ions of_th esired dopapt 5 that are_capable
of being inplant ed%ﬁ?ﬁ@r@%&f@ﬂc\ﬁ%&f{-ﬁ%%ﬁ 3B é‘ooﬁ%ogicﬁéeé/(?f-'f of the

appl yed gy 1ol : t M¥ase] ' SS
o R R A RS T
shown) vitfee puepss chambel 4228 effectvdly vamgihet plasmaidiBusddn ra3fe, wificravahied0 ar e

| ocated qutside of the 10 process chanber 12. The purpose, of the coils is
to vary MR TR P SH TR denSin 2CioRs 4% SURRGRBENSTales, oinube Pyel y

vary the uli@@inslahl 45b80 AL SriadlbeMeNREPS In %At cHisRHihOM! fan of

pl asma density across the surface of the wafer, "to I nsuré
i mpl ant  atEctemaghetis golisivelude twrelangdranainl coilk13e e de bispbsaatapdveemd, t he
ng\c/ig gggg[c}ﬂ iré:sp%gii:i\!resly,it&glslr!:gael[etr \{\r?m lcgiqsgf;e’é agg isré, v%ggclhsregiée%rllgse??n grioifr)r(r)it?(ed
| to the process chamber 12. In addition, the wafer platen 14 includes a dosimetry
detector such as a plurality of Faraday current collectors or cups 42 that are used
to measure plasma current density and thereby provide an indication of implant
dose.
20 The present invention is impiemented in the form of an improved
. medulater 27 that includes a mechanism for controlling the voltage applied to the
wafer platen 14. As shown in Figure 2, the platen vottage—cbntrolling mechanism
includes the modulator 27 and a high voltage pbwer supply 48. Switch 50 is used
to periodically apply or pulse'a high voltage to the platen 14 to enable implantation
25  of positively charged ions in the plasma into a wafer W residing on the platen.
Capacitor 52 installed between earth ground and the power supply 48 serves as a
buffer to suppress power supply voltage spikes.
Switch 54 is connected between the platen 14 and a lesser potential
(in this case earth ground) and used to limit the voltage applied to the platen 14 after
30  switch 50 opens. In this embodiment of the invention, platen bias voltage supply

58, the purpose of which will be disclosed later, is not used and the switch 54 is

-5.



15 bel ow, respectively, two smaller trimcoils 36 and 38, which reside
cl oser i nypro@)sty to the process chanber m%aJIEEmI Onpc’i‘/&%Ow‘]@E
pl aten 14 includes a dosinetry detector such ality of Faraday
current collectors or cups 42 that are used to neasure plasnma current

density &@@nedied 8B§ctht betivgenagatmdicsad i bre Plﬁfﬁfhnﬁwﬂab%Sozmlo“ﬁféar@r esent

el udes S AR Beec B o s @hel tapl Bh SRR by St b,
pl aten 1¢onfsllsBvwiay alsoiEUisedto ctdamptr@t\mna\gel cm;g@t mw@ sup pgvgwm@ani sm

I ncl udes the nodul ator 27 and a hlogh vol t age power sup Wi tch 50 is

used towikpe @ml@aewumlbﬁlw Pt esdafunpg@ns/(ﬂne@@eaﬂdoci@w)m aﬁérefulkv to

enable i npla tion 2 Slt v cha .0 to a
oarorSw PRtfdledtssahe it b bo . BRRS LolihhR rhPebh EpBicf i,

ground a@ﬂdt hﬁﬂmﬂ/&b tﬁla'l%lﬁlay A8cERRVBE0AD & sinthiRE lmFlaﬁltERij?fﬁﬁe Beem supply
vol t age spi kes Switch 54 |s connected between the platen 14 and a | esser

potentiallQ.(in this case earth ground) and used to |limt the voltage

lied to th I 14 aft tch 50 o tf
e e, ohe B Sk B e dRratif: SRRt bR AR
di scl ose dl@tlﬁfesb'aﬁd thﬂﬁ%ﬁhéﬁt@n{ St GWikh 55 infaid flinOrRuftér FEB
2004 PCT/ GBOO 01 connected directly between earth ground and t he pl aten.

Swi t thes cheuibnths doliage \graﬁ;éuedtibyhdﬂ lp@’iemﬂ padee GBET-afy-dekilavolts {eé) tohat ar e

Vol t age. oA BE prssert SisteityAnsss sacieqfy et A PadbeHERow,
swi-t ch 54rof1\'f‘%'t°rbstuﬁw‘ép§ﬂfoda?ﬂa r%?(ﬁﬁételyntl%i%%s%fcﬁhhé( (RsEQNHOheSstive

sequenti al nennef’ to Insure a uni form i npl ant energy distributi.on
and (i) voltagerepmicdhte tbbaaiajenaad:tca,nmpasxrtme iafs mosubetplagreaiimfiieachambdry t he
systemlO Flgur 3 hovvst e that js applLed to th Iat n 14 both
with (sdfidPqimp wte Wa%%?@m’%ﬁ’m% #e%‘y'?&héggﬁf?% ﬁ”gﬁ I%Qlel ed in
t he duI ' |t pkj 4@ the pl aten is on'the
or derof S g %"5@5%8?%‘*’%%@5?5“ ey poRBPSLSHly

If the switch 54 is not implemented in the modulator 27 (such asin a

priér art system), the negative residual voltage -V, gradually dissipates until the next

implant cycle is reached at time t;, at which time the high voltage -V, is again

applied to the platen by switch 50. During the interval between times t, and t,, the

20 residual negative voltage -V, will continue to attract and implant positive ions into

the wafer, although at gradually lesser energies (and hence depths) than are applied

at voltage -V,. The fesidual negative voltage —V, is represented in Figure 3 as a

dotted line. The rate at which this negative residual voltage dissipates depends on

plasma density. Thus to insﬁre consistent implant energy distributions, consistently

25 equal plasma densities would be required for each implant. It would be

advantageous to remove this dependency, so that the plasma density could be

adjusted (e.g., to achieve different dose rates) without affecting the implant energy
distribution.

A residual voltage having a long fall time causes an energy spread in

30 the ions that are implanted in the wafer. Immediately after switch 50 opens, the

* voltage on the platen begins to fall, eventually collapsing the plasma sheath in the
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-10. kV | @@hﬁlg%@sent systemand is applied tp th
During the time fromt, tot2, a time period’o S Eﬁm ?{/bggm&mm
m croseconds (psec), t he negative voltage applied to the platen attracts

posi ti ve:hamtzerf‘r'fothattmeowﬁesmsi gaphbiec hhibséng imTlanted impltaateafehemornt o t he
wafer W_ At witch 50 opens anpd volta 15 i s no | onger
activel y§ ?ggr? BIalsﬂ"@ NAVIRGAN 6‘5" aﬁw& ftggll 483”%@ 5tH§§°é’\Wﬁ¥Qﬂ1P®§e| s not

i mpl erremve@f Ly kvhmermq%aﬁprmyfoé§Hé9tha@onara;s@ is Brisc, 85%m ﬂ?% mg\?
negative fesidual voltage -V, gradually di ssipates until e next npl ant
cycle i @qcaaﬁdfe@ ot 6tsee afer the swiikch 50|aq:|3ertshelf hihgal dhieage theViesiduzagai n

appl i.ed tqg the platen Wtc the interval between tines t2
and b5, dflebgov e et Bot s o st Sergy shider o rReqEAY Ract and
I mpl ant to_ I b
ener gi es@?ﬁnﬁgﬁﬁgﬂﬁéﬁ}rﬁf%@\mﬁ 55‘5'8 d q%a% Bf/% age‘ -r{%’aﬂ@'ﬁsg /(Q:‘SI dual

negat i ve:f\tm ramentey, lomsaneem;mmmiem mﬁaﬁegﬂﬁpeﬂa asesllt afthisedtdrided.faffhe rate

at whic | tlve resi dual voltage dissipat es depends on plasna
density.t Jéetr%sq'l P @S@Br%‘?esrﬁérﬁ’t’ﬂf'ﬁgﬂ’%!s BRIEHPYOm st r i but i ons,

consistently 25 equpal fliRAEy defsl ;Br'e%%n{"ﬁ{#eﬂtlgr‘? id f?ﬁ'tﬂl]reﬁq ﬂ% rﬁnﬂdm%tpppl ant.

It would be advantageous to renove ependency asna

denddty ﬁomOWelver iadj cist¢etlaf €ne t,, hppm&dﬂme@y di ;ﬁé@f eﬂér d@ﬁ@h 5at@senswi t hOUt
affectin distribution. A residual voltage having

ﬁ g | ant ener%I agte
| ong f allNeEPHdn lasésraah'l fa mf%ﬁlﬂ%a@t@g\e palserMe irBmediately tesswiigh ant ed

bogi ns (o [orT Boanerar Yot SRtk Banch 1P BBndeiand i THREHERGR 7 "

01/ 1520Qr6cdssRBitdps, B@é@@me}aﬂag .@h@maﬁgy éﬂrebba'ﬁ the ievpldets FoRBegagrabl e of
[ I npl anted into the wafer. For exanple, for a plasma having an ion

3:Ingigt Iyng? erSr®r cpread wilk pe laﬁapan@erpis@f: p@ﬁﬂ%g@ngumé, sugl a5f plaseia Vv, the
m nLIgumc}éngﬁy_f or sheath collapse is 6 psec, so inplantation may
in addition to improving the implant energy distribution, the switch 54
is also used to reduce wafer charging that might otherwise damage circuitry thereon.
Wafer charging occurs by two mechanisms. If there are insulated structures on the
wafer substrate, the ions in the plasma that are implanted into the insulated layer of
20  the wafer, which are positively charged, positively charge this layer. If this charged
insulated layer is not neutralized, the charge could eventually accumulate to such
an extent that wafer circuitry is damaged by the potential difference between the
. insulated wafer and the substrate.
The grounding of the platen by switch 54 Lipon conclusion of implant
25 pulse -V, neutralizes the wafer substrate. When switch 54 is closed to ground the
platen, efectrons in the plasma are attracted to and neutralize the positively charged
insulated layer of the wafer. In this manner, between each implantatioh pulse, wafer
charging from the pulse is neutralized. If the switch 54 were not present, as in the
prior art, the residual negative voltage -V, would repel the plasma electrons, thereby
30 . preventing wafer surface charge neutralization.

The second mechanism by which wafer charging occurs is by .the
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'occur for up'to 6 psec after the switch 50 opens. - If the fall time of the
Tesidual @ouhtAge -V, is nore than 6 }sec, substantial ener spr ead
occurs. Spec(lﬁflgcal ly, it has been found thanTIc)FEaB 260k pﬂ&é@Bﬂ%{%OHb a

| ant

fall time of 20 }sec, only about 25% of the i ed ions are inplanted
at vol t apfesmephatAsirmunds the wafertWiirs tex tieadedr fia) Whichiiggenéhay F@§itﬂrél§ ng
p

plasma e ergg gnjciéstri bution is non-uniform If the switch 54 of the present
i nvent i SHIAEST R ERPIBHNRRM HE0 fe diCardlis (kngwsvas Hewelrsma potantiall Bhed at

_ 3 . i her eby. i '
{1 3 pASRROKITBIALE hePesahbet, BN S8 I8 BARISy RIS BBl "

cl oses, pdtenta@sirdiiathevubteage: @nditherafb@lthe wafegsaitees) eRthitdgroLRBEANt ati on
process stops qrifgereby m ni_m zing _ion energy spread in the inplant. ,

Fur t Rer nidf SWICh 8 petegijaldifersaceiis Fraséed ha thetinatilapihadayer aoddig i ons,

such as | di.Li | npr.ovin he.i npl ant ener gy

di'stri pubLaTat, ToRERR i Als AL R ORI S SarE MR AT he

m ght otdvetoh S islapaged et timd t,1ty 416V &0 piatdafterfioan b Ghd GiRGEA HSatiyy t WO

nmechani sns. tgléf here are insulated structures on the wafer substrate, the
$

i ons i n RN (APPrematahs Ojtap28ntadie) i atvehiem §mentbel plesrdaidsten vokagz0 t he
fer, whi itively ch this | . If thi

Char ged ienflie BRI oRYBAEEABRTS b Rt MG ChBIdbSantal iy

accugul ainee perisdigiringanhiel tenéwitdib4 wodiggedit] C w;? i Apprexif@gado by dehe

potential difference between the insulated wafer and the Substrate. The
groundi ng of the pgiigrestively, doipreverg4hispmcondnueakaniamodf plapmarindu@s pul se

-V ' naf trate. W ] 54,1 I d dth
ol ot on, e ERATE 1MREE o RMAES e e Thiq Bodhie R pire Boude™ ™ 1
posi ti velotersthittg®tiopémay bréwrtt 59 qhe QbitddeofREiateh Tdy e AR BEsitRET Ween
each inplantation pul se, wafer charging fromthe pulse i1s neutralized. If

the swi ttefhsal griingmadential 0 tasr2thveits). e switelr 54 anbidhe gidtdualasnegat i ve
asma, el ect,ron t her eby revent i ng wafer

\s{(tjlrﬁggg V@Ké?%gbgﬁi{ﬁ?z&?lez@gﬁ ) TPR% D 5T E‘n%WP%ﬁ-b?y\%%ﬁ He‘i':‘v;faémgchargi ng
occurs ithe PlatémBy closing switch 54 at time t,, after switch 50 has been opened at time
t,, wafer charging d_ue'to the plasma potential may be minimized. In this case, the
switch 54 will remain closed for more than the momentary (t, - t,) grounding
application described immediately above. Preferably, the switch 54 will re:ﬁain
20  closed, thereby biasing the platen 14 to the plasma voltage, until just prior to the
next implant pulse beginning at time t..

The present invention thereby serves two purposes in a puised
piasma immersion fon implantation system. First, by grounding the wafer platen
after the implant puise, the residual voltage tail -Vr is clipped, thereby insuring that

25 most of the ions implanted are at energy level corresponding to the implant voltage
pulse —V,. In this manner, the energy purity of the implant is significantly improved.
Second, by only temporarily grounding the wafer platen, followed by either allowing
the platen to float to the plasma floating potential or by forcing'the platen to the
plasma floating potentiai, wafer charging due to both implanted ions and the plasma

30 potential is minimized.

Accordingly,‘ a preferred embodiment has been described for a
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VO 01/15200 PCT/GBCIYOSOOl -- 6 FEB 2004 plasma that surrounds the wafer W
cin the cHEABYIS28%  which is generally positively $ﬁg %ﬁﬂ BBPYYIPHRL el v
+10 to +20 volts (known as the plasma potentla’TB plasma wi || charge
the ins t and
if - the gfg?gﬁgﬁﬁq%gn Jﬁeré¥§$@%b aKMf%fﬁgﬁE%ﬁ?%p%%ﬂ?%%ﬁ?ﬁ%ﬁé;%ﬁ%%ed 5 by
swi t ch Sdinimizingtoeatgeasdccdinfulaticancea ssbsiraiaurepliabmdvmea ptdsena ingukaiomignl ayer

and the Pbstrate To prﬁéﬁpt gf |nduced voltﬁgﬁpstress on the

i nsul at | gAEFEN SYSRM-ch 98 n%l ?39%9“?@ o Mup pExep| Atien to
float t t I e olts),
at ahi on "B B iz B85 ARorPRlARke By by RE RS haging rvErliah?

_ prevent iganmdienited tbhmevxaémbutarrembbﬁyneﬁhejemnbeﬁafe;re[bo atndnma@exan@dsdurl ng
which the switch 54 is closed (t4 - t3) is approximately 1 to 2 psec.

Alter nat@@@ﬁwerﬂ@“tﬁr@%ﬁ@ﬂ@ﬂ% asr&%i-l'ﬁf“ @ﬁér‘iﬂ%&h’i’%fm@?m&ﬁ’ Hﬂiﬁd’éﬁlpe‘?\haf er

chargin f I | oating
oot ent i o 8 35EBHg; adkerPUb iR lRthg fobPul! e & KRR =5
forced poinetvs thé@ol[d&ﬂn@b@ﬂm didtidingquiedlentsi al 0 to +20 volts). The
switch 54 and the platen bias 15 voltage supply 58 (see Figure 2) may be
used for this purpose. By positively biasing the platen by closing switch
54 at tinme t3, after switch 50 has been opened at tine t2, wafer charging
due to the plasma potential may be mninmzed. In this case, the switch 54
will remain closed for nore than the nonmentary (t4. - t3) grounding
application described i mediately above. Preferably, the switch .54 will
remain 20 cl osed, thereby biasing the platen 14 to the plasna voltage

until just prior to the next inplant pulse beginning at tine t5. The
present invention thereby serves two purposes in a pulsed plasma inmrersion
ion inplantation system First, by grounding the wafer platen after the

i npl ant pul se, the residual voltage tail -Vr is clipped, thereby insuring
that 25 nost of the ions inplanted are at energy | evel corresponding to the
i npl ant voltage pulse -V2. In this manner, the energy purity of the
inplant is significantly inproved. Second, by only tenporarily grounding
the wafer platen, followed by either allow ng



the platen to float to the plasma floating potential or by forcing the
platen to the plasma floating potential, wafer charging due gepraRtdbos

i npl anted ions and the plasna 30 potential is mnimzed. Accordingly, a
preferred enbodi nent has been described for a 8 WO 01/15200 WD 01/ 15200~6
FEB 2004 PCTLAMNSB:03001 net hod and system for maintaining a uniforminplant
energy distribution and for mnimzing charge accunul ation of a substrate
inplanted by a plasma imrersion ion inplantation system Wth the
foregoing description in mnd, however, it is wunderstood that this

descriptiongis d b f. e e hat the invention 5 is.not
limted to ihe ggr Sllog%i? W‘a&@ﬁt g&ggécppﬁv%%é hEIZSMa JRMAISIoN 2iqMus
rearrangemantlﬁ, di fications, and suRsti tuti (%ns ma)i be inplenmented with
respect t olMpiENtEs; e IAVING R sBIAGeSSofhaMbesut ek JEHIMENG r Hhsiidies cONe of
the invention as defined by the follow ng clains and their equivalents. 9
6 February pogifiongdans:a platany otentginesbthgreinowitvions poesaent inl asptasma
imrersion ion inplanter having a process chanber for inplanting substrates
(W posi tigererated thereit, éne voltage nextiulbter ecomprisingt ons present in a plasna
generated therein, the voltage nodul ator conprising: (i) a first switch

di sposed bet ween(ipafipsteswitsho Rlispcted bétvarpa %vxfe?rsudpmﬂﬁe' Maten for

establishing a connection between the power supply an platen and

suppl yi ng %%éﬁgﬁy%f)ﬁ%ﬁsﬁihggég:&h\@ioﬁCbétﬂ‘éeﬂ! ﬁbeﬁbw%iritéqu:i{%\?ﬂq%éw teh

di sposed between t aten a l'esser  potential for a
et 21 | SpBhdToE B PR AL B TR SR D2l e
and the platen iai)béosls(eecn ind" régaitch disposed bhetween the platen and a lesser
potential for at least momentarily closing to discharge residual voltage (-V,)
from the platen after said first switch opens and said connection between the
power supply and the platen is broken; and
(iii} a controller for controlling sequential operation of said first and
second switches , characterised in that the voltage modulator further
comprises a second power supply , wherein said second switch applies a

bias voltage provided by said second power supply to the platen after said

first switch opens.

2. The voltage modulator of claim 1, wherein said lesser potential is

earth ground.

10



(tii1) a controller for controlling sequential operation of said first and
second switches , characterised in that the voltage nodul at ayrdbkiaki®04
conprises a second power supply , wherein said second switch applies a

bi as vol tage provi ded by said second power supply to the platen after said
first swtch opens. 2. The voltage nodul ator of claim1l1, wherein said

| esser potedtial The valtagermgdulater. of claénFewharein 24idbids voltage ol t age

nodul ator of claim 1, wherein said bias voltage is approximately the

vol tage of istapprorismatelyithe Nottageldf #ge pagiyd.at or of claim 3, wherein said
bi as voltage is between O volts and +EO volts. 5. A plasma i nmersion ion

i npl antation system conprising: (i) a process chanber for inplanting
substrates (W positioned on a platen contained therein, with ions present

in a plasm, gen ' j . r L for s | yi ng a pul sed
vol t age si g?\'al (?{}gg‘ﬁ’tﬂé‘bgi}t@aﬂ'ﬁ%’f‘éﬁ éﬁcﬁ"ﬁ%\%%gﬁ)%%g bﬁ%%lﬁ#@é)%% as clainmed
in any precedi clalm, 6. A nethod of enabling a uniforminplant energy
di stributi o'ﬁ‘cl%ﬁ?g’eﬁnad ¥eolts Wﬂqu-ré@ ‘@%§r ge accumul ation of a substrate
i npl anted by a plasma imersion ion inplantation system conprising the
steps of: (i) installing a wafer (W on a platen in a process chanber ;
(ii1) generating a plasnma characterised by a floating potential in said
process chab@ber Agiasingiimersicn o ingilaetation systerantcammprisingtt o t he waf er;
11 6 February 2004 (iii) closing a first swtch , disposed between said
power supply and(i) a process chamber for implanting substrates (W)

positioned on a platen contained therein, with ions present in a plasma

generated therein,

(ii) a power supply for supplying a pulsed voltage signal (-V,,) to said
platen ; and

a voltage modulator as claimed in any preceding claim.

6. A method of enabling a uniform implant energy distribution and of
minimizing charge accumulation of a substrate implanted by a plasma
immersion ion implantation system, comprising the steps of: |

(i) installing a wafer (W) on a platen in a process chamber ;

(i) generating a plasma characterised by a floating potential in said

process chamber containing ions suitable for implantation into the wafer;

11



said platen , to nonentarily apply a pul sed voltage signal (-Vp) fromthe
supply to the platen to attract said ions toward said wafer gmbmuary 2004

i nplantation therein; (iii) opening said first switch; and (iv) closing a
second switch , disposed between said platen and a |esser potential, to at
| east momentarily discharge residual voltage (-Vr) from the platen after
said first switckii) slosirgedirshdwitchgrdisposed betweenrsdid powsveuppiypahd and
the platen is broken, characterised in that the nmethod further conprises

the step of sgigepiatén S aodnRsemaritapely ansliséd Q)_Mltége?ﬁgﬁglu Kls\g, ot thé | oat

to said floating potential prior“to an application o uent pul sed

Lot aRe o Sgaboly {9 A 6, SRRt Sl ide 1datd 8B ek B ArldifgictoOn

switch cl ose I'ng a bras vo ge 10 said en’ prior

applicati OnthOf a_subsequent pul sed voltage signal (-Vp) fromthe supply to
the platen: Sf€Mrhe method of claim 6, wherein said |esser potential is
earth ground. 12,6 February, 2004 8, The nethod of claim®6, wherein said
bias voltage is (BHPPRINesRid fjrst swifch) akéa 71 oating potential . 9. The

met hod of claim9, wherein said bias voltage is between 0 volts and +20
volts. 13 (iv} closing a second switch , disposed between said platen and a

lesser potential, to at least momentarily discharge residual voltage (-V,) from
the platen after said first switch is opened and a connection between the
power supply and the platen is broken, characterised in that the method
further comprises the step of opening said second switch and allowing said
platten to float to said floating potential prior to an application of a subsequent
pulsed voltage signal (-V,) from the supply to the plaiten or keeping the
second switch closed and applying a bias voltage to said platen prior to an
application of a subsequent pulsed voltage signal (-V,,) from the supply to the

platen.

7. The method of claim 6, wherein said lesser potential is earth

ground.

12



Abstract: A plasma imersion ion inplantation method and systemis
provided for maintaining uniformty in inplant energy di st sifayfigpoand for
m nim zing charge accurul ation of an inplanted substrate such as a wafer.
A vol tage nodul ator (27) applies a pul sed voltage signal (-V[err]) to a
platen (14) in a process chanber (17) containing a plasma, so that ions in
the plasma @re aﬂ'geadtlethdﬁiy ofarelaimpBanwderein osaidwdiias wolkagénds on t he

pl aten. The voltage nodul ator (27) conprises: (i) a first switch (50)

di sposed beappeximatebysaid plaghy flo48hg podentis. pl aten for nonentarily
establishing a connection therebetween and supplying the pul sed voltage
signal to the platen; (ii)

9. The method of claim 9, wherein said bias voltage is between 0

volts and +20 volts.

13



i -
a second switch (54) disposed between the platen (14) and ground for at

| east nmonment ari | % closing to discharge residual vql tage (-Vierr]) fromthe
pl aten af'tdrTHHEHNAtARHGPEHON PERHIS RSP EMTHR MEEED ANRTRAONOHERENTE IPAThH e
power supply and the platen is broken; and (iii) a controller (56) for
cont rgl{%ﬂr&?oéﬁ?qglenttuig? oo%gbgéﬂln%gﬁg{] tjggsi t ches (50. 54). By closing
secon ' _ e (5 lBEEN,

certain energy?hftgg%'f’“ ég@‘é‘ are i npl 3gPMdiHnt o|H'W’M’W@mmm'ﬂlmmmmwmuw

i mpl ant_energy distribution, and (b) e Charallng due to '],”p| ant agl on

" of positi V&) tﬁglaﬁl’#m\t'%%wl?%?%é& by al | owi ng el edPrlBysgnational Rghlicgsloadimbero

f1 ow t owar d tABTRY B98P i npi ant BGiKes. UpoNV&pdhl Ah268c dadl swi t ch
(54) permtsthe ptaten—to—ftoat—to—achteve—the—fH-eathrg—potential—of-the
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(57) Abstract: A plasma immersion ion implantation
method and system is provided for maintaining uniformicy
in implant energy distribution and for minimizing charge
accumulation of an implanted substrate such as a wafer.
A voltage modulator (27) applies a pulsed voltage signal
(-Vp) to a platen (14) in a process chamber {17) containing
a plasma, so that ions in the plasma are atracted by
and implanted into a wafer residing on the platen. The
voltage modulator (27} comprises: (i) a first switch (50)
disposed between a power supply (48) and the platen
for momentarily establishing a connection therebetween
and supplying the pulsed voltage signal 1o the platen: (ii)
a second switch (54) disposed between the platen (14)
and ground for at least momentarily closing to discharge
residual voltage (-V,) from the platen after the frst switch
(50} opens and the connection between the power supply
and the platen is broken; and (iii} a contoller (56) for
controlling sequential operation of the switches (50,
54). By closing second switch (54) and grounding the.
platen. () only ions within a certain energy level range are
implanted into the wafer, improving the implant energy

distribution. and (b) wafer charging due to implantation

of positve ions is neurralized by aliowing electrons in the

plasma o flow toward the wafer berween implant pulses,

Upon opening, second switch (54) permits the plaren to

float to achieve the floaring potential of the plasma thus

minimizing voltage swesses on devices in the wafer.

Alernatively, the platen may be positively biased to the

plasma floating potential.




