WO 01/ 15200 PCT/ dB00/ 03001 | MPLANTI NG SYSTEM AND METHOD: : . Rel ated
Appl i cat iwo oThs2dgbol | owi ng U. S. patent application is incorp®CIIGEdole3001
reference herein as if it had been fully set forth: Application Seri al
Nunmber: 09/369528, filed on 6 August, 1999, entitled System and Method for
Providing Inplant Dose 5 Uniformty Across the Surface of a Substrate.
Field of the Invention The present invention relates generally to the field

of plasma inmmrersion ion ixmplanitad sy SheMerygpd nNore specifically to an
i nproved system 10 and nethod for naintaining 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 ri gbl in.dejni ng a particular inplant
- process (the other being ion ﬁ%h}fde%rﬁ mnes inplant depth). lon

Tl e of - sem condiesBTORELE S Patir; a%ﬁa"?%ﬁé‘w DR Bffhidhed ©
(gener al hyrefi aatiﬁf hédﬂﬁ@eﬁ funv ééﬂ foRR: (Applichion s%ﬁar RUumbeRrt09/369528 Fed Or

hi gh dose 1 nplants, while nmeédium 20 current inplanters (generally capabl e
of up tooabﬁ)lAugusﬂm1B€ame¢mtleénSYStan’e anskeMethod fooRrovidinge Implant Deseons. A

conv s, t e sections or subsystems: (i) an
i on ur@@%'&?&nﬁ?%ﬁﬁﬁ?‘ﬂ%q@# %géfpfpﬁeq ) a beamine including a nass
anal ysis magnet for nmass resolving the ion beam and (iii) a target chanber
whi ch 25 contains the sem co o) er substrate to be
inplanted by the ion -1 WO %ﬁéz@?)%ﬁ‘ﬁ&% 001 beam lon sources in
fon inplanters typiRal hisdRPShabiticH reRiteD GRS QB! HeGield 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 implants, 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:

(i) an ion source for outputting an ion beam, (i) a beamline including a mass

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

25 contains the semiconductor wafer or other substrate to be implanted by the ion
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Wi thin a source chanber a source gas, a conponent of which is a desired

dopant el weRifis20enNd extracting the ionized source gas in thecfiesswsboran
ion beam The ion beamis directed al ong an evacuated beam path provided

by the beamine. 5 Energetic ions within the beam stri ke the substrate

wi thin thbeams don ssnersein RdMRIARIETSPIPIFAIY SNGERYE #1191 bPEM R épNIZIRG i n
char ge oG SoueB R S8 Ueg,  Blng s bPRHRN 813 S8l e

charge th an-extent that cifrcul nponent s

on the wabpmett arftPeReRtng Tite nizednsowsue bad @t thenfomh aff anfiérebeam. GFhevieh er
charge accunul ation, beam neutralization nmechanisns are ogé‘en 10 .
i mpl ement belallnnISadll'WiﬂdiEﬂpmgtrﬁﬂaﬁyaﬁlﬂﬁﬁédb@a'ﬁnpaﬂ"h@mélﬁgdgpy e; heamligg-ant ed

i t _ be control Led . i '

aPorr i Bot Enpraap onwifin she HtEkubd MRSl WithiY'tib digel Shuikly BRET IV

or P13) i§r@ﬁn(ﬁ£ﬁt§8itﬁ?rﬁjﬁ.eﬁWi{lﬁfflﬁédﬁﬁiﬁsﬁémaﬁ implatatRinesysteh tensuraigr on a
W

platen is | mrerse in a pl asma in a chanber. Thus, the chanber
funct i ons thisinplahtedtiens docwtsiharge thersurface of theewpferdasush an exteny thatal | v,

| | ff ial i | odi cal | i sh | | f
e chanbefcul PriRegs pB A Welkara camagine 1o brraep SE Setineff Sfves ©
substrat e s Aysdl f LABa a¥Qlrhafiof! fti]éﬁrﬁnhé@ﬂralﬂaltibnr Aféi¢hhnisths? dtdl Bfeni on

i mpl antation "into tHe surface of the substrate. 20 As in conventional ion
i npl and at implementezhin,an ioniimplamterr iaaddition] thelenergy btthevmplantethiangimsti s

mnimzed. In a Pl-cubed system wafer chargin b b jth
(1) acentdaiolih merder inasnale AsrRrm Aeestsd sparay sistibtifar fos the o'
pl asma i nirhp hanber between inplant pulses. In addition, as in

conventi ona 'on inplantation systens, it is inportant to insure that only
ions within a speci Plasnbinemersion icemnigeplantatiomiiP acuhbeti on¥PB) isran emeeging o

1| e ol & S5 e A S oA T e bl
of & 1obs PRt nFiHehbdl hit Wp Rariier iionSLl bl rockashE HERRY Stem
and 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 either (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 accumulation of a substrate implanted by a plasma immersion ion

30 implantation system.



-2 WO 01/15200 PCT/dB00/ 03001 Summery of the Invention A plasma i mmersion

I on i npl agdaiaee et hod and systemis pI’OVI ded for mint ap@t,agomb(;lor mty
in inplant energy distribution and for minimzing charge accunulation of

an inplanted substrate such as a wafer. An inproved voltage 5 nodul ator
applies a pul sed voltage signal to a platen in a process chanber that
contains a plasma, so thatSuomany ofmhallmlen’aom attracted by and
inplanted into a wafer residing on:the aten. The vol tage nodul at or
conprises: (i).a fA Pasmajmraersiaf iopdsplan &pﬂé’@ﬁth&d@ﬂﬂeﬁwsﬁmﬁ growdeldt he

Cupptyi oy THRRRONEL iorFity I8 oplanEBndrgy, iERRRAOA ARG BETBIARE AR cui  cn

di sposedadt@hmastion bEa@hmFmt@mdubﬁfawrsdcﬁ Qs atwéféﬁStAﬁThﬁPFﬁv@B'\)o}ta &l osing.
to di scharge resi dual e fromthe &p;ten after th i rst svm?ch opens.

and & heme lﬂiﬁthtﬁP@he%@th an;agmmsnals Metandntaqprqﬂeas Ghalrnbebthaken and
i) a ntroller for troII uent| ati I rst and
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reduced, thus inproving the inplant energy distribution.” Further, wafer
char gi ngﬂlsimseldcbathEara aowensnpplpmdtthe@latemfer imomentarilyl eﬁainilsbmgaa | owi ng

Uon. operigetaltitBrebeieet and SLAPE e ifsstbvpageianti © e BR@nedl t he.
f I oafg ng, Qé’éo%tévﬂ#ch%s%?ed%éﬁ%n tﬁé‘HEﬁéﬁ ahapzaum fb‘?'ai RARt ﬁfofﬁ’eﬁfﬁ%?’” 20

devices in the wafer rnati vel en may be positive iased to
the pl adosing toodischayge cesidual abltagarfrcm‘\ tlﬁb}ptaterpaﬁemhefﬁrsﬂswntﬁh apems;]md:i gure 1

Syst em (18 SOAAPENP beNRR s ROWRT SHEPE ABLHIRLAISteR = bidkes: 4 ”85%% ehi ng
rﬁ\sgﬁ? : ?hﬁ%@f?ﬁﬁ%ﬁ?@ﬂ?ﬁ@%ﬂﬁg? g%%rgﬁ?;gp fg@ ﬁ%gtégﬁgsgﬁage cont rol I er that
i ncl udes By closing second switch and grounding the piaten the number of ions .

15  with energy less than the applied pulse voltage are reduced, thus improving the

implant energy distribution. Further, wafer charging due to implantation of positive

ions is neutralized by allowing electrons in the plasma to flow toward the wafer

between implant pulses. Upon opening, second switch permits the platen to float

to achieve the floating potential of the plasma, thus minimizing voitage stresses on

20 devices in the wafer. Alternatively, the platen may be positively biased to the

plasma floating potential.

Brief Description of the Drawings
Figure 1 is a cross sectional plan view of a plasma immersion ion
25 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
30 Figure 3 is a graphical representation of the platen voltage as a
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the npdul ator sw tching mechani sm shown in Fi gure 1; and 30 Figure 3 is a
graphi cal wepi/eRemt ati on of the platen. voltage as a -3 | WBOFGEIRO8001
PCT/ GB00/ 03001 function of tine, shown both with and w t hout the nodul at or

swi tching, nechanism of th resent inventi.pn. ' . ri Pt f a
Preferr edf”EﬁB% PJF@HF' ghowp 59&1 W@ﬁ B Vf"gh?"hetﬂg %‘}r@é’ lr Eﬂ'ﬁéﬁ?’é r{i@%llag\&ngs es a
pl asnma i nﬂﬁhéiﬂ?gseﬂtqméﬂﬂ%hant ation system generally designated 10. The
system 10 i ncl'udes an evacuated process chanber .12 that is defined by an

el eclt ri tca! I yI ?ct i vat abl e vvafreﬂr) -support pl aten 14 nounted on insul ator 18,
an e r '
p ngoiflgf “Pl asma Sb%iieﬂaﬁgsfénm%ﬁb%% Hretairéd giingaiand™o =02
esire opant species (e.g.,.aLsenic) th |+ t | nt. .
substrate, such as Be %’g%a%f'l?rg'ﬁ)é’}‘lﬁs ﬁq"%%gtdé%g%%%ragﬁlﬁsh%ﬂ@ﬁﬁon

Vel . : . . .
1o ehe W ErERRIGRAGER Sy, Gerdtally Besighate 10 SIH8 Siterio HRiitesnarr ur e

assenbldi feevaﬁ.uaﬁédlpltddas ciramber 12ttbatiafdefinegdybyban eleclrically iactvatabledwafer o and
remove romthe as 15 chanber vi.a | oadl pck. assenbl o] h .
The ol asrauRROT ed: U meunted o BeulBE gl olSticdny TBiied RhambgrT s b
opant gagal Sl r,.%q,ﬁw ' Gk il t 21
and perfoﬁgpgiabgﬁnu a cﬁ!'!?n?lg'lérgﬁiap Egtf%?ggé\gg?e gtgé()bﬁ?é)?ﬁgagg%de‘?{tgg?’:‘%hery

of th0 cbhamber cohtaingionsfofeciesirest dopaht speviesafeqy., aBegichthabarsimplarted si gnal
(on the 20 order of 13.5 negahertz, gNHZé)Q which is coupled t.o a, matching
net wor k 2into @ subsiatenisHgh A% Acotemicrpdueior wafgr Y tlBFéteQGt?‘Fﬁ%ff" WhERAR | vel y

couple th . S| : I tenn [ N and
outer cir @ﬁ&‘gﬁl@é‘gpﬁé{g&givgﬂﬁggg%é%le\gn tﬂ%%la%&t%i ﬁ‘é%f' ﬁ‘gp’?ir‘rpe arkr?ge’%?) t he
RF gener aiyafferd® igviftéd bifaf the platen by pitisi2Eoperatedioy pimasspmbdies @5t Imthis he
antenna 28 by mnimzing reflection_of the RF siqgnal ack jnto the

gener at or manner she twafgpay bawreadin installedinto2n §e’Rﬂ%%591 roen fhe plasma
15 chamber via a loadlock assembly (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 iniet

21 and perforated annular channel 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 network 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 through 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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"inverted L" network wherein the capacitance of capacitors 26 is var| ed by
ser vonot Gy g1/4€96Nndi ng upon operating conditions. The RF cy &? rat ed
within the antenna 28 creates a magnetic field that passes hrou

quartz window 19 into the process chanber 12. The 30 magnetic flel d Ilnes
are ori eprosess nhatmbed‘IZélmugh tbeawartzyviadm\u\ﬂg iBducessan eIBctnimﬁeldimthet i on of

current thro E ngg%?& ﬁ% The flelﬁ atl the -4
WO 01/ 15BB SRR aTESD 7 ecttis 4 acCEIRTaER FleLyong, W igh d%{?- 1€ ndow
19 i nducgg aﬂg%heﬁhrchqsimﬁio%éa intBehe eaaﬁaéstrﬁbagmhnuﬁhbﬁaﬁ% mﬁw fo ! field

accelerates electrons, which in turn ionize the - dopant

i nt r oduceréatena plasima. cﬂm:ﬂasmamahldﬁs mmvblyrchangedmhs:btme deslredrdeﬂant a
pl as as Iudes i ons, of the desired dopant 5
Phae % et phn fapabie BEecis nBRRindit %?%f&m\e Sitable, oBBes A Vatagenosi ng
vol t age idl mygéla ?ﬁ@ﬂ ntatlon
procegs 'gc urgo?Ité E%ztaér\g/)‘lagll?gtrﬁadlﬁémg?gcess g%@ pl sug\%%%z}?é%%y punps '
(not shoing vacuany ting procass thandben12 Elemabuateﬂgryepumps:mdtshmm\&@puma and 40

are |ocated, outside of the 10 process chamber 12. The purpose of the coils
Is to vaﬂanffﬂ 2r?agnetic field wthin the process chanber 12 to effectively

vary the plasm digiblighdioheiceold'sE sy 4 8ia dd'rd Ridafla Husldd frihbon o

plasna density across the¥surtace o I nsure a unifor

i npl tht  process charaber12.aTke urpdse okthercoil$ is toarpitied ma*gnét:erfbm»vmﬁt t he
el ectronpagnetic coils include two | arger naln coils 34 and 40 di sposed

above anth O%Wam@p‘lﬂ?&q ef&q%vebw@%m plasmaditfysien rategwhighyvasigs whi ch
reside C{r@ Hlfi Els{?f élaa éﬁ%tg a%ﬁﬁ? QﬁﬁQ@é F‘l%e Wk qg 'lrf§ the

e
waf er pla |nc or suc- as a p 'ural ity of

Far aday onifovnantlaeadssrtae @Urfaw of the wafet. b theysreferrddoemibodiment,thesma
current denS|ty and thereby provide an indication of inplant dose. 20 The

present € ﬁ?’@‘m‘?g"r‘ﬁtlcscqﬂﬁﬂl“éﬂ%m larger mains ils 39 andh49 ﬁiﬁpé’v"éﬁ abpygiandt or. 27
thatygd nChigGSreIpdBiBR wd &hafier G171 ol 56 BHd B3 wHRh-8%8e Rkt fibrbdmit) €

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 implemented in the form of an improved
modulator 27 that includes a mechanism for controlling thé voitage applied to the
wafer platen 14. As shown in Figure 2, the platen voltage-controlling mechanism
includes the modulator 27 and a high voltage power 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 ihto 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 invehtion, platen bias voltage supply

58, the purpose of which will be disclosed later, is not used and the switch 54 is
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waf er platen 14. As shown in Figure 2, t he pl aten vol tage-controlling
mechani smweé orts20€s t he nodul ator 27 and a hi'gh vol tage powPCTAGEN0/030048.
Switch 50 is used to periodically apply or pulse a high voltage to the

| at 14 t bl e inplantati 25 of ifivel ged i ig,th
ol asma | rRasmecia UreaH kaveEnGath arRUnGRRRChe Pepn S Brossy ad B pER
bet .
Suppr oss BSTEPo E de Aet  Pe el o be kot he

pl at en 14Ceniolier 563nay alsotbenisedito controktheyvoltage outpit by gowensypplyd8uA%d t o
limt the voltage applied

Lhi's. onbowihReXRAINGREISy bRtoW WhEh SEQHNEHaRS (GBPeS Rl EaskryRaxclietly '

ur po o) ' | ' | &t [ ' 54 |
P b or refiiEH skl eotdf giaypiph 866t §/ifiSure Pufifim ifla¥hergpaiibiich 54 | ©
the pl at eand ﬁwmiﬁhﬁi&eiﬁe ghdrgedacouenulatior of alsupstratghimplanted oyl tB Bysteme

swtches that are operated by controller 56. Controller 56 may al so be
used to cd*trol the voltage output by power supply 48. As wll be

expl ai ned further bgl ] 4 | ﬂ,{édp i
carefully 5 control F@g&g%ﬁg&’%ﬁﬁVﬁg%ﬁ%?ﬁ#gégé?ﬁg?% | nslétéglsgég?ltlh%@‘m

i npl ant  engyligYindsp Ahd WitHout (piditori lineslitihe SwitehtSxeinstalleddn dhe madulatorn of a
substrate inplanted by the system 10. Figure 3 shows the voltage that is

appl i 1 t circuie Thewveltager-\h@pplies tothe plateniis omthe orded ofr-prdavoltsikiitem

Vb abpl i S0 RY 1§ e presPah Syetsit anf i ABp Bt b Blater 3t vy Dudg elihg 507,
in the pr%ﬁi‘ﬂttﬂs,taet%é%rio‘a Srappredniztelyhe niit@seconds (jisee), tthe n@gative t he

time fromt, to 12, atime period of agprpxi rratel%/ 4 m croseconds (psec),
t he negat veitageappliegdodhe platen atiractepesitive ionstfraradhe pasea inbe cBARPEF om t he

i Toh 5018 FORITRIARE thent o thewrel .o AL BT S ditch 30 5 anlpevoled® | 0
pl-at eqs by gy Ringer BBlivelyt 8pplidd fohtfie Plitea bydowsr suiply #8) enented in the
nodul at or 27 (stch as in a prior art system, the ne?at lve reshl dual
vol tage -V, gradual fghelswitcip54dsnatimplemeptestinithe modulator 27 (such asin a
’ prior 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 residual 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 insure 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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I npl ant cycle is reached at time t5, at which tine the high voltage Vp is
again awboris2em the platen by swtch 50. During the intepepcBésdzeecn ~
times t2 and t5, the 20 residual negative voltage V, will continue to

attract and . npl-apt ,posi.tive ions into,.the wafer .t hough at gradually
essor | dRBMASET, Hiat ravEes Je Rpatihchf beido JRpiarted 1P Y8 walee 75 The
resi dual exapgd, ifea ?Bbﬁﬁ%v}ﬁg A% idnedirRag oF 80" ich’Fasya S ;?seé%&%geéiﬂalééd line.
The rate at which this negatlive residual voltage dissipates pends on

pl asma d¥pof +§ kVthesminimunsiime fevsheath sollapsepisHHpsan, so gyplintationimay ons,

ool R BB S R SR8 TF iR 5 oh e ke e
densist y mugé Vés mdheUhaR'S lisec subgﬁnﬁsmn%fgx\%biéﬁ ﬁgﬁurgo t?%%@aﬁg)it wi t hout

affecting the inplant energy distrribution. resid Vi ng a
| ong f alhastbeen foundsthat for acriek'd pulserhaving a falbiime loé 20 pisec,tdndy alout 2501 ant ed -

ool he 05 mATERark el o Wt S bR S v "
01/ 15202?@'{“@,&% smg% di%?ritﬁ{?i%h i€hgm,_q.m.3"hpns capabl e of being

I mpl ant I'nt 0. er. exanple, tor-a plasm having an ion density
of 1010/ cnB, and ¥ the switch\6dl afhe preserd invéntioh is installedtih¢hemudulatot | ne f or

sheat.h | apse is 6 psec, sO inplantation may occyur for up.to 6 Nsec
STe ", 2, baieusr. 308 alesad af fmeito aRRrPXimAR o) HeRs aheLPale B8 QPensage. -V,
I's nore ' C : kil Go: , it

has beergﬁ%ggxg s![ﬂ ﬁ§§ af%yﬂgé?gﬁbﬁk(ﬁigﬁf@égﬁgﬁ%g-\% '?g@d{ifgng%g& %@*Aé‘g ec, only
about 2% clo$es, lthe iresitiaal wsltagensn ahe platehastgrdunded aht abe iviBlantstion resul t

of this extended fall tine, the resulting plasnma energy distribution is
non- uni PEPGRSSStORSy thesahy pynimizing 'Wﬁfglﬁgfﬂadi 'ﬁ%ﬁk]ﬂ‘% sFurthermareed in the

nodul at 7 i lidh 4l - ' . .ap i 1 Nsec
after S\?\’IB ? (ﬁbgg% 8%%%§?Wﬁt %%rlé%%rﬁseﬁ?ﬁgﬁ%ségpr?o J{dﬁ g:ln?, tg P‘?r’}'(e #‘g@ﬁ%ﬁig vol t age
pul 45 Vidensigredi ately after switch 54 closes, the residual voltage on the.

pl aten is grounded and the inplantation rocess stops, thereby m nimzing
i on energy spr ead/n #aditign WOHWP&?IY'GQ%WRJ? nergy distribition, the switéh 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 accumuiate 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 upon conclusion of implant
25 pulse -V, neutralizes the wafer substrate. When switch 54 is closed to ground the
platen, electrons in the plasma are attracted to and neutralize the positively charged
insulated layer of the wafer. In this manner, between each implantation 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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the energy spread wll be ihdependent of ".pt- asma conditions, such as plasnma

15 densi t Yo bi)ifae¢li tion to i mprovi ng the.inplant energy di seetirfadobosvort he
switch 54 is also used to reduce wafer charging that m ght otherw se.

damage circuitry thereon. Wafer charging occursg\w two nechanisps.. |f
there ar ®lasmathat sureundsthemafenWV indbe chgmberdlfhWhich is gengeally positivelyt ne

pl asnma t | LNt hend t‘%gemgﬁ?e whi ch
are posi '?:lﬂ %Eﬂaé;"eté’h%)‘gg@giﬁ%'&?@v{éﬁ %%gg%g*ﬁ?é%&gﬁgﬁma%ﬁat IS C aﬁrBSd

I nsul at egldsmi® 'will chapge kel lingdlatiray sutface cofatipe watet tb ¢herplasthé yloatingnul at e
to such an extent that wafer circuitry i s dapaged by the potenti al

di f f er encotentiehand it the platea (¢ {ardthesetore theywafes sggﬁfégtp)if@a“l'ﬁ grepngeddi ng of

h 1 i £ . i
he DAL B0 AR B PR il nd R e TSR 2o
el ect r ongubstratee TBIprevEnt3ueh Pldsnia-iriiliced viNdgaaitiess drzihetinsulansg layer! v
charged insulated |ayer of the wafer. In this nmanner, between each

i mpl ant atswiich g iscopengdeat timed; &0 aljowrtbe platerpta Beati to thewrlrsmafleatingf t he

switch 54 re resen L R~ th lor . art resi | .n five

vol t age m}“gmpgfapﬁmm?{gg @?%’s’ Vgﬁi)c%f Wﬁéc,h rng!ﬂi%@aS%-@?&pe\fﬁt%ﬁg waf er
surface fifdrgftidl %'elirinafed toliteveritdl £ tHEBASRRA CFENIY. I Moningd -
charging occurs is by the -7 | W 01/715200 PCT/ GBOO 03001 | asma 1 hat

sur r 80nddimenhgericaf during/which the switehiSdris tiosedt(f,cht,) is agproximately Btﬁ!sZ usea| y
charged to approximately +10,to +20 yalts (known as.the asna. potential).
The gpI asma \F/)\API I c@?ﬂ@‘f’ﬁ&' 19 prayent Y"Hﬁ segPRd meghansm ; [/ dlC")'ﬁﬁ‘?pl as?m
fl oating | ; h f - t i

Subt r af SYRE ERdrg, IRad of it piert A0t St ROae [ TioRting

creat ed Ipetemtiahupdreopering of switph| Sy the woitigeraf the platen snay beTforgedppsitive such

D e oS el b ST T Al vl e P
Vi (8P Qitage SlpphP58 Gse2flgiird! 3)Thay 5 udbd &t this'Barpdie. ByPessiivlyBissiny Ol t age
the platen by closing switch 54 at time t,, after switch 50 has been opened at time
t,, wafer charging due 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 remain
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
plasma immersion ion implantation system. First, by grounding the wafer platen
after the implant pulse, 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 piaten to the
plasma floating potential, wafer charging due to both implanted ions and the plasma
30 potential is minimized.

Accordingly, a preferred embodiment has been described for a

-8-



differential is elimnated to prevent damage to the wafer circuitry. The
monent ar ¥y @i/hs6® Period during which the switch 54 is cl opegcghiniond 3)7is
approximately 1 to 2 psec. Alternatively, to prevent this second nechani sm
of plasma-induced wafer charging, instead of allowing the platen 14 to
f1oat tonethed@ndssyster dat madntajning: atuniformpmplantenengy distriwitionhartdifort he

vol t age Oi];f tit}e pl at en na u .forcg%gﬁ?s til vga éfgbt he, pl asma fl oatjng

pot ent i AMNEIEIRG EBRIaE AcCURUlation of & substrate implanted. by, Hasma, immersion ignt age
supply S@planestion’ System?) VWK e WSreBolny deStrptidn” RO Fiind BhoWevet, Gk
bi asi ng Phe pl at e%g by closing swt ghrgl at 'fﬁ?rre t3, after? SW t'c?ﬁlqéo has
been opamddrsivod thatthis desaription is madgi only byavayoftexamplen ¢hat thetimventioh may be

m-ni gi zed., . Ln.this case, .the switch 54 will remain. clos for nore than
The. Bomanngh jmited 15 168 sarienlar sRpodimenis. desbed e Bin, e MRS Hasbur y above.
Prefera i t : k| 10 TQY . imBRhEMed Witk e platen
14 to tﬁgaﬁmﬁ\%lrﬁ%ﬁét@r# i ?ﬁfﬁgt{’&g%&g‘r‘é @gﬁg ﬁéﬁjanext ?‘r’;p%gr{ta g‘E)éucltﬂse

begi nni rig the fdregeing desthptiqn withaut depvarting drom the stopesef thesinventigniaposes in
a pul sed, _pl i pmersion jon inplantatjon system First, by grounding the
waf er pmﬂgﬁgﬁgﬁmﬂlpwm ﬂﬁl%?“gﬁ‘l‘%‘é?qw@%ﬂé{i dual voltage tail -Vr is .
clipped, thereby insuring that 25 nost of the ions inplanted are at energy
| evel corresponding to the inplant voltage pulse Vp. In this manner, the
energy purity of the inplant is significantly inproved. Second, by only
tenporarily grounding the wafer platen, followed by either allowing the
platen to float to the plasma floating potential or by forcing the platen
to the plasnma floating potential, wafer charging due to both inplanted
ions and the plasma 30 potential is mnimzed. Accordingly, a preferred
enbodi nent has been described for a -8 WO 01/15200 PCT/ GBOO 03001 net hod
and systemfor maintaining a uniforminplant energy distribution and for

m ni m zi ng charge accunul ati on of a substrate inplanted by a plasm
imrersion ion inplantation system Wth the foregoing description in mnd,
however, it is understood that this description is made only by way of
exanpl e, that the invention



Sisnot limted to the particular enbodi ments described herein, and that
various re&poopmgenents, nodificati ons.—and—substituti ons nﬁrclmznoo/osool

i npl emented with respect to the foreg “&‘\‘E‘“V\n thout departing
fromthe scope of the.invention as cﬂ’@g m wi ng clains and
their equiCdaAiM®is. -9 i WO 01945200 P 0/03001 IN'CLAIMS. I*illli L Ms

1. In a pulsed plasma i mmersion ion inplanter (10) having a process
chanber (17) for inplanting substrates (W positioned on a platen (14)

contained therein with i ghs pﬁ%‘éﬁnplasmaanrﬁﬂmangmmtamert ehdving a
voltage nodulator (27) conprising: 5 (i) a first switch (50) disposed

bet vvte;fan ﬁ prooRss chaipber (Waajfoamlanhm pubstsatemww pesitigRgtk anaR platen (14)(]I
uppl yi ng SHANSLIRTEn St HinBresent i Y Sasttl eherhRd el 2 E0MARG ¢ on

(54) dlquﬁg&ﬁﬁ* ,Qh ten (14) and a Iesser potential for at least
nmonentarily closing to scharge residual voltage (-Vr) 10 fromthe platen

aft elr §ai d I |h rst I switch ((Eaﬁsiwﬂchdﬁﬂ)_ ql;_apolseﬂinetwelnl@rpw\ggp?lyt(h&) andower
control 11 rthe Bl 4 o Bemebiart e Sblsting b Prigtiqnbetieeh e npdiemonhso
potential g Et grounw '"4%6@ UIﬂ%d %Iﬁédr%%g?mﬁ SufephateRos™ |

potential 1s eart t age ator 27) of cl'aim1,
further conprising a sec(u)rwqumdnsmtulp[ﬂ@dim)sedbeeBMhe@ialesé‘bt)addawi tch

54) applies a bia provi ded, by sa second powe I t he
bl at en ( LAsssr poterail foriatpsast Sementariy nsiRado debalad ferualyaiede b 27)
of cl @igm Qfﬁ% t Eién f t he
pl asrrzllb 5?fr e vg Eéargéh%o ?2%%%%@%6(50 ép énﬁdigg?h%rnge n sapg{vtl as voI t age
power supply and the platen is broken; and
(iii) a controller (56) for controlling sequential operation of said

first and second switches (50, 54).

2. The voltage modulator (27) of claim 1, wherein said lesser

potential is earth ground.

3. The voltage modulator (27) of claim 1, further comprising a
second power supply (568), wherein said second switch (54) applies a bias volitage
provided by said second power supply to the platen (14) after said first switch
opens.

4, The voltage modulator (27) of claim 3, wherein said bias voltage

is approximately the voitage of the plasma.

5. The voltage modulator (27) of claim 4, wherein said bias voltage

is between 0 volts and +20 volts.

This Sheet Has Been Replaced
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IS between 0 volts and +20 volts. This Sheet Has Been Replaced I11D111111
ff1 111 IWOWB1/15200 WO 01/ 15200 H“I Htm&ﬂmjm 1111111 || pelicSRm30e001 C

L' Ms 6. A plasma inmrersion i I i ystem (10), conprising: (i)
a process chanber (17) for inplanting subst’r at es (W positioned on a
platen (14) contained therein, with ions present in a plasm generated

‘therein, 5 (ii) agoower, iok " .Si gnal
(-Vp) to said pl atagn (ﬁ?’ﬁ&?k?’il a %oﬁﬁg?ﬁga?bﬁla(% fﬁ'ﬁf @S@'f@‘%et sen said-
power syppli/) (48) aRd(&aiadpmcassnrlzf(ambztf ()LT)rrblnﬁnlpﬁn_ iting ssbs?ntdte’s_(%\l)g ? |
connection.bet ween t ower. su the platen to sup sai d pul sed.
vol t age pbqsgf%e\g?gﬂ/% pf%g‘? \f,@“lﬂc&f'%"gqgn?rle\'/}' ‘HEE éEG?](P"%%QtC‘B % 5igsma@ sposed
bet ween ' H{14) and a |lesser potential for at |east nonmentarily
cl osi ng q%giég?tgéﬁg%'e&resi dual voltage (-W) fromthe platen after said

firsd® switch (50) opengi)aagponerdupply@s) farmrsupplyinea pulsed voltage sighap! y and
t he pl ate\7 s broken; ?T (v) a controller (56) for controlling sequential
oper at i dnVdfo saidplates (14X si and second switches (50, 54). 7. The system

(10) of claim®6, wher ei(iﬁ) éﬁlisgs‘kﬁﬁ%?)%%gé& Bbiwesn po&@?’g%@% The

system (10) of claim6, further co I'stng a secon 58),

’

wher ei n i shid praterd (B)féranofmehtariy psiablishing aaonnetlicrobetweeni the gower sai d
second power supply to the platen (14) after said first switch opens. 9.

The. oysIPIE Be RIEEN 1P SuPRNEEH RuiskR yolage SESR LY tPIhe RPbKI mat el y ¢ he
xg: i‘lggg |Ofs the plasma. b0 oddimawich T54) didpdibd %'e@béangsaia"ﬁﬁieq{ Aapand Dl as
a lesser potential for at least momentarily closing to discharge residual voltage (-V,)
from the platen after said first switch (60) opens and said connection between the
power supply and the p_Iaién is broken; and.
(v) a controller (56) for controlling sequential operation of said

15 first and second switches (50, 54).

7. The system (10) of claim 6, wherein said lesser potential is

earth ground.

8. The system (10) of claim 6, further comprising a second power
supply (68), wherein said second switch (54) applies a bias voltage provided by said
second power supply to the platen (14) after said first switch opens.

9. The system (10) of claim 8, wherein said bias voltage is

approximately the voltage of the plasma.

10. The system (10) of claim 9, wherein said bias voltage is

between 0 volts and +20 volts.

This Sheet Has Been Replaced

(R
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between 0 volts and +20 volts. Repl aced 11111111 111111

1111 111 oWo01/ 15200 | 1] I Il 11 ddidBooosoen
PCT/ GBOO O‘g%gi #’M s 11. A net ho mmHmamﬁﬂLIa“ |“|»| form i npl ant energy
distribution and of mnimzing charge accunusatton of a substrate

I npl anted by a plasma imMmersion ion inplantation system conprising the

t f i) instal) nmb

I e s
t tch

S5 o gt sttt g

monent ar i iop impfdryationsyisterd, cmhpagegsthgrstepS(Oﬁ/P) 10 fromthe suppl y to the
rein;

platen to attract saidl nst vvards fer | ant ation

(iii) openi ng said fi ‘st @Hgadﬁ °E|ao%'1’=‘%é‘ QHE&%HW&%FFEW“ 8%) ,
di spoge ﬁ%ween said pl aten (14) and a |lesser potential, to at |east
rmrrent ari 'di scharge residual voltage (-V.) 15 fromthe platen after said
first sw tch (50) is opgiipdenetating cnnplasiman irbesaid epracess pbambes (1B} y and
the platen is broken. 12. The net hod of cl a| m 11, wherein said | esser

pot ent i al cordaiginia iAns guitablg for implaniatiaintgdhewadeni m 11, wherein said plasm

Secnaracterized b % G pARo R G0 UiSlos B SRARA Bt EP O

floati ng {4gpang fslamplhténa(ﬂ4ﬁptd mofientarily applg aspmsedqwltﬁgam@@@wpl tage
5|gnal - fromthe supply to the {)I at en.
from the supply to the platen to attract said ions toward said wafer for implantation

therein,
(ili) opening said first switch; and
(iv) closing a second switch (54), disposed between said platen
(14) and a lesser potential, to at least momentarily discharge residual voltage (-V,)
15 from the platen after said first switch (50) is opened and a connection between the

power supply and the platen is broken.

12. The method of claim 11, wherein said lesser potential is earth

ground.

13. The method of claim 11, wherein said plasma is characterized
by a floating potential, further comprising the step of opening said second switch
(54) and allowing said platen to float to said floating potential prior to an application

of a subsequent pulsed voltage signal (-V,) from the supply to the platen.

14. The method of claim 11, wherein said plasma is characterized
by a floating potential, further comprising the step of opening said second switch
(54) 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.

_—

This Sheet Hag Been Replaced
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5 14. The nmethod of claim 11, wherein said plasma is characterized by _a

floatin @2 fedobal , further co r| sing the st e of openi ngesipdo/ssepnd
switch g?, ? and appl yi ng a b| !u I"[I | ym pI aten prior to an
application of a subsequent p al (-VP) fromthe supply to
the platen. -12- This Sheet Has Been p aced (¢rererrr 11112111 111111

rethod of ol aim 1 wiBPerEEar qob i, T4 gbefeh’ sl BaS iokee & 0 2o

appr ox1 mat said plasma

floati g idiSlasrhBSicash téﬁtnaﬂ.' aim 15, wherein said bias voltage
i s bet éﬁ&'g‘% tgl ;é\id +20 vol P% Thi s Sheet Has Been Replaced 11111

1111211171 121121 21112 1 -13 i
16. The method of claim 15, wherein said bias voltage is between

0 volts and +20 volts.

dededededrdede e

is Sheet Has Been Replaced
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