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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 mpl anted by the i'IOhn -1 FEB 200k WD 01/ 15200 PCT/ GBOQ 03001
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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bearr; lon sources in ion inplanters typically generate an i-aﬁ EEEBI %[}04

i oni zi ng w §1iisshe@ Ssource chanber a source gas, a conponent ich is a
desired dopant elenent, and extracting the ionized source Jgjg‘/#gyoﬁ}ﬁ%”form

of an ion beam The ion beamis directed al ong an evacuated beam path
provi dedbbgmt henbeanténe idh Bnagetrs dypioably gehbiate taineiocbebammsitisy keidide
substrate. WM thin the target chanber and are inplanted therein. It is
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conponents on t waf er are danmag revent suc trinmental
of waf er behar gedmectadidiang cam dveamatezlibeatr path enovidedanj she Hyenipfet en 10
din an ion jnplanter. In addition, the. ener of the inplanted
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| ons s Encristegns BT BUNE beATR ST i SUh e WP 1A ackerarTedr Siior v
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or Pl[err I's an energi ng technol ogy a substrate such a waf er

on a pl atrenimantensosedowdthinarge 1he pluaee dfnha wdiantesucH Bnssxtémethghanber
functions, as both the processing chanber and the plasma source. Typically,
a vol t agErelik asmrReiignis on shewaferreslanaged abp PsRedt sueh delimental sffdcts of

t he cha r I tr i | .

subst rargf %%ﬁf%@ggnggg%ﬁ%é@%dl ?‘?éemeﬁ%%?}gkﬁzvétﬁ% E‘é‘gﬁ%'%fﬁ@g%&né@ i on

i pl Mt atrmpiBmehtedintaheion ihbReterof Inteliton #id @tergy 20thisimglateavent masal ion
I mpl antation systens, it is inportant to insure that wafer charging is

ni ni mi ze8€ qoRtralied incomsied ta @selig avdT@Mcag geigedepersy distigigndor Biet her
() accum.ilé%h{ad charge fromthe inplant pulses or (ii) exposure to the

pl asma in e chanber between inplant pulses. In addition, as in :

conventional ion ppRhanhdhifdion Y& RBlantdtiohgPI-BNBEd aRPI1Y) Gs BATWdrgingat only
lons wthin a specific 25 energy range are inplanted into the wafer to

yi el d a tRfilnelogyiwisraina snbsiggte snah as Buvalen onacpeien isgnymersediwithin aobj ect
o PR NPT R Ui AR R B B 19, 2
gf a subgh# #iplalRlP8H R Ee DTyBiRIIASAROItATE HiFlepehtid s pSfodibRInASstablighedsyst em
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.



6 February 2004 Sunmary of the Invention According to a first aspect of the
present invention, there is provided a voltage nodul ator for eFreBHiasSR04

pl asma i mersion ion inplanter having a process chanber for inplanting
substrates positioned on a platten contained therein with 1ions present in
a plasma generated therein, the voltage nodul at or conprises: (i) a first

switch di sposed between a power.su | aten for nonentarily
establishing a connection ther %?\E\'%J}ﬁlogﬂbe &Wﬁﬂf‘% ng the pul sed voltage
signal to the platen; (ii) a second switch di sposed bet ween the platen and

ground tor 2t hEaSind R NRY Akt 5308 hRethr SRR R L U O
power suppbliiagenmodofater firen pluledyilaes; infistsidn ioh itnsiamter Plaviplg Marrocess

control ling sequent i al operation of the first and second sw tches,
char act er $ligrgb erhfqrﬁmplam\tm%ml@%tgﬁemlt@n@ﬂ qru et Platten aaptained therei vtid

power sup nher | Q ed
by said s@bg pov,\(gb r}jls ﬂ]é?&ﬁ({}%teﬁé‘q 2n t\é(ﬁtsaggl @b@@ra gcﬁj (té%qﬁr&ﬁé’s x%%s
The vol t afist rm\dtmhadtsposenh HHWeeadatpompbupﬁyp@h@&ﬂevmbt@g%ﬁ ngaéntadilya
pl at en |n%ata§@ cess chanber that contains ,a plasma, so that ions in the

pl asna ar TR BSPHPCHAR thershafvean and §UBPIW&‘9etherFé§$Qﬂ ¥eftage sigeabloat en.
Accor di noihleCpatehe AN SRRt diBBoSIFBENeeh e ét@ﬂ’antd bEnk JoP50%LEEd 2

pl asma i nmer'sion 1on inplantation system the system conptising a process
chanber fimomeantaipt ¢loging ubsdisalhargepresidiiad n@dtage feoml thiet Bllatem after rlee first

h ' ted th i n, |
For suppl SHleh £eB0F e W68 congeliudh, Heeds d6p Boier sapew aind S dietezel
nodul at orp@keh ahb e ésdonﬁ%ﬂéﬁ‘for %ﬁ%!m@%ebgeﬁtlél%ﬁ&aﬁéﬁ%tth%ff‘ fsb&nd

present i nvention, a nethod enabling a wuniforminplant energy
di st ri but$eHPNshewiighas, rﬂﬁﬁf@thgsetﬂm gwt dae elinge invedatos fughes compeses a

ot hod. coreuPr e kAl RN Sl il Al of ey iR BRSiast n a
process mhewﬁere,coﬁdup)omrsepw toghe plites after baidaRtieswis@topahs 1 oating
potential in ﬂlﬂ% ‘E)E{ocess chanber containing ions suitable for

i mpl ant ation i aoganedulatar ¢3n deouser ta anAls @ Pylaet cyrltagiespigsatito a
vol ogn RIS s Rt oSBT AR B AEaRar
t owar d sadttracted by and |mplanted 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



3 6 February 2004 wafer for inplantation therein; (iii) opening said first
switch; and (iv) closing a second swtch, disposed between sgmlpRlatB4and
a lesser potential, to at |least nonentarily discharge residual voltage
(-Vr) fromthe platen after said first swtch is opened and a connection

bet ween t fefdravr impldielion dsteinh ¢iipbpéring isaidofitk &Witcl AR GV PEILSRE. 4 Rebbiid
the nmethod further conprises the step of opening said second switch and
al | owi ng 8witeh, Jisppsedrpatyeen said platatnpadfa iessengofsntiahtte t lpastonomentarily

he pi at « SRcfiroR 2HERERRbe 24T Bom, e RBER B R frd Buyih R b RE o 1°
VO: tage tmmﬁwonsagvﬁ}erﬂhé%amsapplngmfnuit?ﬁbiatim {y‘br@kéBmhﬁﬁm&éﬁ_ seﬂthhﬂ%gthe
t - romthe su o the platen. cl osi ng secon
i o anEEYias i ah coMBnEes e SHR o GRBBITCHRIY GRG0 WAk D gIAvEES el
h L N , ) . .

i st 11 but P 5 Neich S48 Mbid BOUFER il 7 ATROMRRG bR a)dihith, G189,
i s neut r aloliage dignal (M\p)vrom theesupponte ihe ;:Mdahgpbakem;hg) thid e&cdrm/\anh itblht tlesauhf er
b I mpl | ses. U o] itch permits the platen to
e o TR APONE 5ot v 5ok Bl RS0 e o S v g

vol t age S{,@;@‘g@%fgr%p(_@@ frdi‘ﬁ’l’ﬂé:iﬁﬁmhgotﬂ??pl‘é@rﬁr- Al ternatively, the platen may

be positively bilased to the plas oating potential. The plasma

| mmer si on ion i npl aﬂg%idsmbgg@éfmfs@g& 2R8'ROLA@Rq e HHRER thE AU AiTlons.
uniformty in inplant energy distribution™nd mnimse charge accunulation
of an i nphithterbrgylisss than shetapptied puldevoltBye edreDesiticeq! it @hpidving the
Drawings Figure 1 is a C'E)afis sectjonal plan view of a plasm jmersion ion
i npl ant at 'ﬂﬂﬁa%@fﬂ@s\‘li ﬁ?fé' Pr-hFurhen wafsb chaiing sitiec i Baplasiatioss c>1“ar:'r|>s=tlvef
nmodul at or; LU GOl pg: i e c i L NG

he.pr ooagh b FRzER G SRS BRARFRCH 157 B0 40 T TaRald W i’
contr ol | ebetiveah imptantdrdsed. léporodpéring) sevsrid biviich eemis ithanptdionno iMalbitgur e

1i and F g(lzjhrigvé triesﬂgat r{gaggtiegﬁlai cr)fet%reeglggr%%t, iti%?s ?rIiniEnQZeinS lv%t]tggevs(t)rletsggse 0?182(()31 32
devices 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
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'6 FEB 2004 VIO 01/ 15200 PCT/ GBOQ 03001 function of time, shdWub JobB @00k and

‘W t hout tWwe egmsiwbat or switchi ng mechani sm of the present i pyreRidi88z001
Det ai |l ed Description of a Preferred Enbodi nent 5 Referring nowto the
drawi ngs, Figure 1 discloses a plasma imersion ion inplantation system
general | W'Hé‘g’ﬂg}ﬁélfr@d spownRth yidt & vEhpHEINGIB8dH BRIt Mt S Mephenises
chanber LSt ; | by an electrically activatable wafer support
pl at en 1%2%%%géﬁtolﬂ€%¢lsu'ator 18, an electrically grounded chamnber

housi ng 16 having walls 17, and a quartz w ndow 19. Pl asnma generated within
the 10 chanber contains ions of a desired dopant species (e.g., arsenic)
that are inpl ant edPatailech Degeripdien @fuarPa%f%rre&Em itoentaf er W

| ocated therein, when an negatively charged volt age is applied to the
plateh 14. As showrefSiTifg §AWEO the drwingiFdgurey discioseed RATMaIMMAESIYN at en

a1y foh MGRALAG sk, BSREER fhigmateli™d Nithe SRR AP0BAIERS ™ O
| oadl ock ezaseatbd prédedts chaoviser. 12Tihat [¥ defined by aenseeatiedlly Actiitaile QeRss

chanber 12 as follows. An ionizable dopant gas is introduced into the
process GHBRPEPIAtenpA faeudedfon inetatop&mn siestosallyearamssdachambanel 21A

(RP) gondrarng S ppEl?, BREa IR b0, P185RE aorerd s Bk Sher -
(MHz1Q wehambescersip ¢shst of Bdegiiegddpanhepasiek (4., afdehic) MRatCATe NapRatadr K

I ncl udes capacitors 26 that capacitively couple the RF signal to a
gener al | yip| asapstiatee sgh 2885 ahgemingridaatar waer ot kcated shergin, cehern anvj a

of rre 1 G33eF podfRe Ak e ShERELRIAR bk 4 AEISAT L Fioffe M bk
reflecti quai@fwibar& offig el pRterbBE binsTUDopHRUELBP At 88serfbiess2E hint thpe of

mat chi ng network 24 is known as an "inverted L" network wherein the
capaci t afeanner tbapuafier onay 26 seadipmrinsiglies) irter angueaioyed depranthienplaapen

0P 841l L alhE b B SERISL o0 YL D (e antonna 28
o Shonn by T TR prbkesscasmod s b
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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di rect i o ent through the antenna coil &m{h c field
‘penet r at Bﬁé %’(r}]%a%h WO 01/ 15200 20. PCT/ GBOO/ o%& process cRERGELVIZ01

through the quartz window 19 induces an electric field in the process

chanber, piddess @hafiter o 2f thedhhgreh i@t @RI abifMscesih eledtfc hdttn 'trﬂé" z€&
t he dopant gas, which is introduced into the chanber through annul ar

channel Ig%ess shambeat his eleasiedieldRecyewiemelestbugeshisbsitivebyize ter ged

When a O8RS SENREE o durthinis R SEBER e St P BT B SR bt or
27. Becadg@td BPIdgim. anﬁétgla@maarn@ﬁ@%@ RREVES chizPyed KAS ¢ Re Bgﬁregf&t@%ﬁﬁ

chanber 12 is evacuated punps (not shown) via punp nani
El ect? ontlipiers capable of angsmplaaeamrdtomfar ¥/ Wheateeshitals odposifg thitagel 0

h Th | i th t field
o Chin (APIEg E SLatn dael PRstiedor s o EEfouss Wbt Riatio Fasesh 44:uS on'
rate, WﬂirPQvﬁé!drﬁsthet;ﬁ@cécs%@r@mﬂgrﬁtﬁlbtél\!r"ab@ﬂeefbyﬁﬁpﬁ? AR RBb{M) GBS ?ﬁ@et he

surface of the wafer, to insure a uniforminplant ‘across t e Sur
t he waf emarnifald 2@ pr eferred enbodiment, the el ect romagnet i c coils incl ude

two |arger main copls, 34 -and 40 dj spos 0 nd 15 bel respectively,
t Wo smalgl er trim cg}qcyogba%}?&m@”sv#c%d ﬁ? 6’?9 CRtP PH?ﬁ’q'ﬁ‘ BQ thet o t%e
procegs %P@d@é@%hé&be‘rﬁﬁ egg;%os%a c%ﬂs@t%t ni‘%% Ridld dRRInTeL Y

detector such as -a pluralit raday curre rs or cups 42 that
are usedtha prcneas ahampbaSﬂao caﬂﬁecevmydramsihteyplasrdatmﬁma‘abg rateywiieh @dries

I ndi catign 0S 20 The present invention is inplenmented in the

f.orm of ghe %&”tW@onIé@%T’aﬁnﬁﬁ‘éﬁcrﬁélt%ég %C%EW&nWQIfﬁrﬂ‘@r'”%ﬁtar oI ling
h I

the volt g ﬁﬁorﬁp%blﬁﬁté %?Ehe ¥‘@rff e Bt ﬁite%féf Jﬁ@ fﬂ'@ﬂ}réddqieﬂ rrgeﬁt

o _
pl aten vol t age- controHTq- an| sm 1nc a hi gh

vol t age p@mhnnmglmphg céfs mSWdE’.CﬂWcﬁﬁrga' roaiacoils @4pend 90idispdsedagiove aod pul se
a hi g vg t%lge to the pI aten 14 to enable mgl antation 25 of positively
char bed PERW 19sPEREVEY. AWRETAIES THn RRIS A0 ang 68 WiH raFdEIossr it Rieximity

Capaci t oo frip hBsL& L%Bs} 5 SABHRNIHRAR R HtbRS LRI RUPBLYinEdySer ves

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
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'buf‘fér to suppress power supply voltage spikes. Switch 54 is connected

‘bet ween t\he gph&hen 14 and a | esser potential{:gi i asepeaiigieMHagynd)
and used to limt the voltage applied to the J’?Eﬁp@%ter 30 switch 50

opens. In this enbodi rent of the invention, platen bias voltage supply 58,
t he pur pesenesteqddiredtinpeivesa eprfrliesed angd die piatemobwilsbes aH@Ndn 8% t ch 54

ear L or BUERNA Niohe ERE R B G TR ralchn® Ha¢ 5 REPAER, Dy BplerBe e
hi gh- vol CaggolldeBh hipalsttd Ghsbiot datroptre \aneigatdplivbyceswsddpety &6 As

Controller 56 may al so be used to control the voltage output by power
suppl y 4%ill e expigingd ferthst Petawaivitchrihibinciens (eresgi anchelewes) imacatsfylly opens

Mhsure. acanroBerseRRERelmahnd 30 SRSl A ARG R PRI Bherel S8 0B ha ge
accumul abh@ﬂii%inﬁn&@ﬁﬁbrﬁbﬂ%& BBt AL REoR b Bheutsatshe pRintdd E?ﬂti@e 3@8@% the

voltage that is applied to the platen 14 both wwth (solid lines) and
wi t hout (Phantom |ines) the switch 54 installed in the nodul ator 10

i it. Th | t - V.., | i ed t | at en. i th f -.5
P ovol s (rv) o Py DR 8 YsiBgh =L Hriienia e Plkiah ot Wik,
pl at en afsdiidMek) ,an@‘%i'tiﬂﬂltggﬁ?ﬁtbﬁcﬁlinésf)(%ﬁbtswiidh 52 inRalled®h PR hRduRtor

approximately 4 m crosecon psec), the negative voltage applied to the
pl at 80 atirceitt Theusitage 6/, appdietirtontng péateh és o the order & olts Tk\énfd

I mpl ants t into the wafer W At ti 2, switch 50 opens and. the voltage
1571 o noT1Dyen Y present Sestemiand ' aoplie s toeletsl it e S s B 1 he
swi-tch 54, t iaf"ﬁlln%”ﬁ'é} ' i ; H | th [ art
systen), ﬁoﬁzt‘ﬁgéﬁt lve r es%gg Q%r:&? %ge}gfyftrg@ 5%E§Fﬁyggkl§éﬁ)patfge%{vi%{ t he
next i npbiage eymlled tosthe etatbe dittadcts positivs jorz fromm thle pidsmatimthehthpgmber t age

-Vp is again ,.applied to.the platen by .switch 50. ring the. nterval
borwoen (1R BTG hest it Su Rl o MM Gor D Yo PPage NG yhe Vifate
cont kgaue; ; ' b | ' he wafer, although at
gradngl I ;/é ﬁ%gi@%?%%%‘?% SEH?%&;Q:F w%?@%fe'ge tfﬁ@?@{ F\gé\agtr‘%' applied at vol tgage

-VP' The residual Hdbhatsiwiteh ddl it ageimplemiented pr eeentddator i Guck a3 ina a
| Ssi pat es

depends SHO! B SESiBTGheregRivE s ! FRGaRe Dorer b IRpP AR dherag

di stributigps: 605 SEEMd at time t,, at which time the high voitage -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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25 equal v%@gfgmplensmles woul d be required fer d be
advant ageous to renove this dependency, so th&l Bt ﬁ& M%ﬁéﬁ?@&g | d be
adjusted (e.g., to achieve different dose rates) w thout affecting the

i mpl ant Céwmby 17dthst mrpvide s mon capshbituafl beosia mahm mgo ahé ovegfef.alFort | me

30 th t hat,, lanted in the wafer.
e ar e o £ BRIt b RES ol oGhS e searehegmgiiAg 1o
fall | FEB 1.
pCT) GB%\S’QBESSSI s ;*‘r?b@?ﬁ?‘%“?tﬁﬁ?qsféﬁ?gﬁ“ﬁ‘%%@éiga%% S0 HbtaiRay £

i nt o t heoosuf &r. UFFEIS ;@earﬁﬂeé theswitctpbasopersavifige dall tiove dettss tesidifal

10 / - | -VP of --5 kV, th
Ui et orvRga Y i anagsan 5%6%2%@389@3%%%53% SRIEGH SRS oSReRTa. b 10 6
psec af tipfs Hdag roihd H'P:at 20 aoﬂfﬂ‘ﬁ’ pu[gséuhahﬂ d I! ltindd HP2(§’ 56 Jﬂ\?gﬂagﬂaéﬂs

voltage -V, is nore than 6 }sec sta ener gy Spréad occurs
Speci fi stfltkhey;mplantetiamdomennfmmrntddtatamltége—3/ &ska\/remmlltsﬁ thig\extghadffalll time

of 20 }sec, ,onl out 25% of the inplant ed ions are i npl anted at vol tage
“Vp. As Ung.d8gr S@fnﬁw?éméﬁf@raédﬂstapworﬂ i$BON-HREOF@sul ti ng pl asma ener gy

di stribution is n‘Pf”( HRfiRR By {31‘ g{#}ﬁre%\%{ ﬁﬂeﬁﬂ?r‘? h@ﬁal]@ﬁﬁﬁ%ﬁé rﬂxm%\gl'on s

installed in the.no uI at or however ose

approxi ram, élowelepses @bset asmrte:t] appapémately thesebyftemswittinGoaogerigl d fal |
time for the voltage pulse -Vp. Imrediately after switch 54 closes, the

r esi dualth&/Epy é[bsé'”Bﬁ atfﬁé'dpflaﬁt“é?? fos the U@H@&%IPHHG Ve Mimgdiatelatienswitelbcess
t t.h
P hoPS s BEEERYs B BLELA0VELE Y e BRESAT Poddifed BRGARE infl BRI o

tthe energy spré endent SR Eond I ons, pl asma

15 densuiryceslsrst@ﬁh;iitﬁérebyhﬁmhﬂﬂhg\lon@nél‘g&y sprekant tenefganidi Fbl‘th@#rﬁd:r@n the
switch 54 is also used to reduce wafer charging that m ght otherw se
damage dN® QRergy, serpadewil. beviptepepdantyph glasses conBilionao skl ramplasma | f
theng arcﬁ_, Fméul ated structures on the wafer substrate, the ions in the
pl asma tha re inplanted into the insulated | ayer of

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 conciusion 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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20 the wafer, which are positively charged, positively charge this layer.
1f this c@,@r(gﬁgm I nsul ated |layer is not neutrali zed, th«jmchar e could
eventual |y accumul ate to such an extent tha,t_ﬁc/ivé'f rrB i t FGTC80¢e08ed by
the potential difference between the insulat wafer and the substrate.
The gr owpldsmg thdt suneuptistrenwhsersiiit the 6¥amben 12 onkictss ganefally @Eb:ﬁmly 25

pul se -Vp neutralizes.the wafer substrate. Wien switch 54 is closed

ground tHErIRY 12 BRPrAXfBRIENHLC itey *’%Qe%ﬂ%@ﬁﬁ*ﬁ“ﬁ? s éh!Q PSRl petendat). 'ﬁfeeut raI i ze
t he pos'ﬁiégr%laywmh@ﬁé}gg thbnﬁgl.ll%thﬂg Layele OF thhey etro tl{ehg ap?um%gaﬁﬁng

bet ween each i tion se, “wa chargi n rom

neutral i mﬁdntlalfartd“uétim/\mlateh w(amertaem&reﬂh@m”fér s@ﬁstﬁdﬂe)ﬁ’@%anﬁ% bRtndéd . the
the plasma el ectronS, thereby 30

remgual %lge vol tage -Vr woul d repel

pr event .Wg fep4. S pPpigatial difiergaca du ciestes heiween thednseleting layes haditisen by
whi ch 520 001 --
o pech BT 8B 3 fcad RIS R TR BIRGTRE -

gener al | switnbs54 llwebened: hatgrdt,tte £oRY ed BRiteh Yo fbat kO tHe Giadhd Sobipwn as
t he pl asna gotenflal .. The plasma will charge the insulating surface of

t he vvaf otetidl e %%@Wa’ﬁﬂibgtm g0 ysdtsarativehich dme the lenpipdaten viadeand

her ef d b h 54 |
i1t or oot Slmitied [ApelehE R hate 36 M Wele e | B8 SolbefeRie. To
previent tisue pertdcaduring WhiLIS Gtk HKOkEHRSL iSSP (A0 t3 hseapﬁp?éiéh?attéls?g tb YR, SW tch

54 is opened at tine t4 to allowthe platen to float to the plasna floating
potential V, (appretermaitvely to W@Veﬂmhiﬁcﬁ@@ﬁd rmechanism of pﬁesmlaenduced

Pator o asr Brdfdd\Reiotl rBWS the Diah I K TPat b Hie B RomEch 54 | s
cl osed (gofential Gport Sp&iiRg BKEWRIHESY, the UBItZgdPE0Re pldikh PhaAbd Yd?ls:%’depa ds‘?n revent

this second nechani smof pl asma-induced ™ wafer charging, in
al | owi ndothe pbﬁmaefrlpamgmtemmho toor2theolfs) adie $witelt Phgnditbe @htembiaspon

| f th f
Ohes g BliagaSiiffl 88 redd ol 21518, 8o 4520 s e DBl oBy bReEscuRF e ol at on
bi as 15 theblAGe b§ RRiNG é:*ﬁltél'ﬁ%a’t:hﬂiérte a?fler@\)ftcl?x olﬁséibéeﬁ o?'%hégavf@gse By

positively biasing the platen by cl osmg swtch 54 at
switch %9 wafer Qi'@é@lngmedd thé€ pldsmea 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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t2, mafer char ng due to the plasma potential may be minimzed. In this

. case, the¥o QW%@?} 54 will remain closed for nore tmg BO ABaY30pt 4. -
t3) groundlng application described |nned|ate’?E5 Preferably, the
switch . Wbla!ndr 1 £8P nfdiRekdn tﬁ%hﬁ@h‘n‘% F%'n'f‘%lnte@ @llsf’rftﬁﬂloﬁ‘laﬁcprotrhe

pl asma vo t age, til just prior o t he nex ant pul se begi nning at
time t5. mfﬁlnmz;mg&ﬁenge acouentlation OMBeb:ytreﬂeﬁmpisnteubbypa:ptasmummemmubsed

pl asma i, rsion ion inplantation system  First, i ng the wafer
pl at en 'g‘wpfaéﬁatﬂ%sl/%ﬂ‘ant th e ToR ?‘Bgl%‘iﬁﬂrlpyept gg‘”ﬂ |?‘°W§Nefsltdﬁ| pped,

th b I
(nereby eBiul 0 gl 8 Rnlepk hhee o B SRbile i somihgvel
_purigy d$ rtoltlmmmmltanﬁhei paﬁmngfem&Dﬁlr&emtﬁdeed tHegeion candothaevayious

tenporarily grounding the wafer platen, followed by either allow ng the
pl at en thaFF'a&?m?féstfﬁéd@Pé@% fartsiasﬁtﬂtﬁgt’ttﬁ@néﬁmsabe HPP'SWQ‘FS?@WQ refpRES| at en

to the I t ted

i ons andtB tﬁ% pleébﬁg d%%”gﬂ{’ [i@mldﬁﬁ% zed Acg%b d(itnﬂt Imehm rred
enbodi rraﬁfnbd&)yhﬁelfb!mmﬁglclmﬁxsfﬁd thefir #2i0d1646200 WO 01/ 15200 6 FEB 2004
PCT/ GB00/ 03001 net hod and system for naintaining a uniforminplant energy
distribution and for mnimzing charge accunul ati on of a substrate

i nplanted by a plasma imrersion ion inplantation system Wth the

foregoi ng description in mnd, however, it is wunderstood that this
description is made only by way of exanple, that the invention 5 is not
limted to the particular enbodi ments described herein, and that various
rearrangenents, nodifications, and substitutions may be i npl emented with
respect to the f or egoi ng descrl ption wi thout departing fromthe scope of
the invention as defined by the followng clains and their equivalents. 9
6 February 2004 CLAIMS: 1. A voltage nodul ator for a pul sed pl asna
imrersion ion inplanter having a process chanber for inplanting substrates

(W



positioned on a platen contained therein with ions present in a plasm
generated therein, the voltage nodul ator conprising: (i) a fggeptuaidobgh

di sposed between a power supply and the platen for nonentarily
establishing a connection between the power supply and the platen and
suppl ying aChAIMS] vol tage signal (-Vp) to the platen; (ii) a second swtch
di sposed between the platen and a | esser potential for at |east
nonentarily closing to discharge residual voltage (-Vr) fromthe platen
after said first switch opens and said connection between the power supply

and the plagen i X | 1. ontrokler for controlling sequenti al
operation o?' sai% ngéqe&%napggé@ﬂh g%_ct thlIS,e@hB?%%lfnéi'%@qrﬁpqu']aﬂ)q he
vol tage nodul ator further conprises second power supply , wherein said
second Swi tWﬁQB{ﬁri ed18Ying,; asp qs§gé7ﬁﬁp'§lﬂrde58'by'"§ﬂ$@'%mtmr(Wﬂjppl y
to the platen after said first switch opens. 2. The voltage nodul ator of
claim 1, wheesifignedien |aeplaienpot@iaingd thereimamith ipnsupdesart e Beplasang 2004
3. The voltage nodul ator of claiml, wherein said bias voltage is

appr oxi nat eggnetated thereire thé vollege nacduatot. crhprisiogt age nmodul ator of claim
3, wherein said bias voltage is between 0 volts and +20 volts. 5. A plasm

i ner si on i on i nfi) arfiret sveitchs WiduBedCioaiVeeH ABowerisupplyprteRthe SRR by f or
i npl anting substrates (W positioned on a platen contained therein, wth

Lone, b e rtaflZSTBOIBER &\ St 1B BONEF SRR e
R YA A
of a substrate iﬁﬁlgnéeegonw s@vit%hasg]%posed between 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.
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imersion ion inplantation system conprising the steps of: (i) installing
a wafer (W on a platen in a process chanber ; (ii) generatiggsbriabl 2888
characterised by a floating potential in said process chanber containing
ions suitable for inplantation into the wafer; 11 6 February 2004 (iii)
closing a first switch , disposed between said power supply and said

pl aten , to3noredhendliiageppodulaterubielaimd, wahgrei smidlbigs Vpltage om t he
supply to the platen to attract said ions toward said wafer for

i npl ant at i oig apgrexienately(theivoltagerofiige p@'gﬂné,i rst switch; and (iv) closing a
second switch , disposed between said platen and a |esser potential, to at
| east nonentarily discharge residual voltage (-Vr) from the platen after

said first switch is opened and a connecti on between the power supply and

the platen s br r risede . . . further conprises
the step of hbpen?héwgggggsr@@@at@wg[%I%"égg%qr}gwrg%gg’iﬁ%lvglﬁ%ﬁten to float
to said floati otential pri.ar to an application of a subsequent pul sed
vol tage si gﬁe{?qu’-egﬂ)(fwlkﬁ@'ﬂ‘ﬁéﬂ@ y to the platten or keeping the second
switch closed and applying a bias voltage to said platen prior to an
application of a subsequent pul sed voltage signal (-Vp) fromthe supply to
the platen. 7. The nethod of claim6, wherein said | esser potential is

earth ground. 12AGlasmalimmpeiadion inplantativheystémg lcamprisingvher ei n sai d
bias voltage is approximately said plasnma floating potential. 9. The

\r/rgltthgd ig claim@) aipeoeess sehamibers fooinpianting seb¥gated(Wol ts and +20
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



Abstract: A plasma imersion ion inplantation method and systemis
provided for maintaining uniformty in inplant energy di st rgpyhiRibeand 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 are afii} ekisiry byfirshawiichy! dispesed hietweenadaid posserdsumply nande
pl aten. The voltage nodul ator (27) conprises: (i) a first switch (50)
said platen , to momentarily apply a pulsed voltage signal (-V,) from the
supply to the platen to attract said ions toward said wafer for implantation
therein;
(iii) opening said first switch; and
(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.
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di sposed between a power supply (48) and the platen for nonentarily
establ i shing a connection therebetween and supplying the pylresday@obpge
signal to the platen; (ii) a second switch (54) disposed between the
platen (14) and ground for at |east nonentarily closing to discharge
residual voltage (-V[err]) fromthe platen after the first swwtch (50)
opens and t8®e colhectmethaget ofeatiainme 6powhersimppsaid dids t oltageat ¢ i s
broken; and (iii) a controller (56) for controlling sequential operation
of the swi tapmexibitely Sl pl#smaliloating poéedtial. switch (54) and grounding the
platen, (a) only ions within a certain energy |evel range are inplanted
into the water, inproving the inplant energy distribution, and (b) wafer
charging due to inplantation of positive ions is neutralized by all ow ng

Upon openi i, sedBRATEMRAS (aff's, BHRrer' oie nSloliod RPetdiR Y 21 ve
the floati W@O%\idlg_?alvo the plasma thus mnimzing voltage stresses on
devices in ef. ternatively, the platen may be positively biased

to the plasma floating potential.
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