8 Decenber 2004 | NTEGRATED PONER OSCI LLATOR RF SOURCE FOR PLASMVA | MVERSI ON
| ON | MPLANTATI ON SYSTEM TECHNI CAL FI ELD The present invention rel ates
generally to Plasma Imersion lon Inplantation (PM sSygieieEmbansogior e
specifically to a systemand nethod for providing plasma ignition within a
pl asma chanber via an integrated power oscillator RF source. BACKGROUND ART
In a Plasma | MRCPEeRAPED PN Y@ I{ATbk RFEXFERCIPFOHPERRANK! OF vaf er
is placed in a plasna chanper (generatty oy a wal er tardt rmg-system, a
plasma is ignited, andiMMERSIONIONIMPIANTATION PYSFEMI ng the wafer at
a negative potential. This process is repeated for each wafer. A
significant challenge associated with PIIl is related to the repeatability
of the process, and notably, one Iyl sources that may introduce
variability into the process is r@g@%ﬂ%ﬁ& asma ignition phase.
Referring initi dheyprésentinveantionrtlafel genelallytto PoyeiTni@éslon Bk heyahEeHol0 1s
shown. An RF power plasma source (not shown) is generally inductively or
capaci t i vel§TIBsusiems apd more ppogiiipally Fmabustenp ead metwddor pravidingplasnachi eved
when suffi gj 11Serd: ] i h stem 10 vig.an RF antenna 30
(shown as g. ﬁé\%%p%{a)ﬁﬁi%%éﬁéb%gﬁg%ﬁ?m 3\?%dfﬁqu&ser OF?{ﬁ%tfg{gESPWS‘ the system
10 froma fixed frequency (13.56 MHz) RF generator 40 through a 50 ohm
coaxi al cable 42 via a matching network 50. The matching network 50 is
required to provide maxi mum poweBAGKGROUDNIHART nat chi ng t he 50 ohm out put

i mped f th . 4 d i nped .establ i shed.by th
bower ant enna b8 LRI Mot tul b A ARINR T SORSE A S dlo PaGs
chamber 20 pldtbéin aplasthi Biganitel (EnkraB9 b Gsbdi@ﬂ%nﬂﬁﬁ%@ﬁiéiﬂ', b plaéadalig ﬁedn,idgh

vol tage vacuum capacitors 50a and 50b. The tunable capacitors 50a and 50b
account f olnd Haferimplegtatian pprura by peinas thawelgn alcenegativepotbytial h Thigesodess

| ' dur.i t | o [s TN | t
Boa and o5 B crably Bt Al ARt SR AT Rl e
gener at or 4épeathbgity ef the ptrdsy anehothisty G dfeheptihdrydoRREE thatBh§ intrdfduc@nd a

refl ected power neasurenent is E)rovi ded as an input 70a to an” RF control
72. Based &gatiability into the process is related to the plasma ignition phase.

Referring initially to prior art Fig. 1, a conventional PIII system 10 is shown. An
RF power plasma source (not shown) is generally inductively or capacitively coupled to a
plasma chamber 20. Plasma ignition is achieved when sufficient power is injected into
the system 10 via an RF antenna 30 (shown as an inductor). Conventionally, power is
injected into the system 10 from a fixed frequency (13.56 MHz) RF generator 40 through
a 50 ohm coaxial cable 42 via a matching network 50. The matching network 50 is
réquired to provide maximum power to the load by matching the 50 ohm output
impedance of the RF generator 40 and a complex impedance established by the power
antenna 30 and resultant plasma impedance 60 within the plasma chamber 20. The
matching network 50 includes mechanically variable high voltage vacuum capacitors 50a
and 50b. The tunable capacitors 50a and 50b account for variations in the anterma |
mpedance caused by changes in plasma impedance 60 before, during and after plasma
ignition. Capacitors 50a and 50b are employed to minimize “reflected power” back to
the RF generator 40. The reflected power is monitored by a power meter 70, and a
reflected power measurement is provided as an input 70a to an RF control 72. Based on

the reflected power input 70a, the controller 72 directs a control output 72a to one or
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the reflected power input 70a, the controller 72 directs a control output
72a to one or | 8 Decenber 2004 nore notor drives 74 for adjusting the
tunabl e capacitors 50a and 50b in order to minimze refd elat-Pougs from
the load. It is noted, that if the reflected power becones too high, the
RF generator 40 may fault. An external inductance 76 is depicted between

the mat chi NgoREANBF vl 7316: M&]‘lﬁfxéﬂé%ﬂ%@ Citéd 5@?%& ?ﬁ% ﬁ:‘o%{férsto stray

i nduct ances associated with ystem 10. ner al enna 30
i npedance vamireie séfipuiedd poaer fpndielog. this nptedstnt ifilgnicfieaed pheadevensds t he
steady state phas to the changes caused by the plasma i npedance 60.
As shown, ttﬂ%ﬁ‘,@sa@ﬁgﬂ’le%%&éﬂc"é’ /ey %&5 B eupHimducianse 7@ & depicied bptwesn el
net wor k cont@jRidn T cTe R gﬁ"gﬂ;%(& real - component (R)
60b. During tﬁ}g cﬁlgﬁl{g]eesg%et mn%gﬁhﬁﬁgggrg I gni |8%8§ﬁ%?%te§t§3§%§n§%, 9%3r ge
adj ust nent saassfciatédheith e sygtemajaci t ors 50a and 50b are generally required to-
account for Iargh_? val refl ected power due to changes in plasm

r

f
i npedance 60 du ?ﬁﬁfqllgﬁﬁ“ﬁaa@nﬁ%ﬂw%mvmaﬁtamﬁcmtw Juingcthe plasma by
itors; ' oyer, i ften Limted,to, a fraction
o the. R A BofPhseBront 1R aly MEICHRRONR . Qb ol PR Plafina

i gni tion i dmpaddncededAsshywhythé plasma shidiahbesmas beicighly hb&IRhasga source
or chanber. The, process of increasing and subsequently reduci ng pressure,

i n conj uncthrEel REIVAK caniAinge en neginiy gomapadnt (3) €05oW acal GBwonawy(R) equi r e

nore than S - JJhi s | engt h i f ti enabl e
Subst antially Parne torrabRPehEl o st ol sRES e o b
result in shbshaptdaphcinteiladnd S0batdgenatallyhepiRiies acconnsiot ke wilsianger i ng
the devices on the wafer. It is noted that until the plasma Is ignited
waf ers are I%ﬁ‘?‘i&’?éﬁ"’%eé dpgfo ¢hangesdn plagmanmpedaice P dugng Ruitione fiven doughen

bef | s . : hEi occur produci ng a.surf.ace
concent & at FRSiLR) i A bR b Lan GBI 300 WP SOF M BN bre B 1R 1206 S
pressures, fewtonof ha®F gehansirel0tdgiiagaddith landin maay cades QNS ighod id ant

I mpl ant characteristics - nmaking tightly controlled repeatability
exceedi ngl FCRIFYed Quly by fnsrepsmB dhebressurg in theiplepap souree ethehagbat.r ol system 72,

andy or any. of 1 Ao ph S8l GlaeiSH) 4 S8seqlOnlf allind frobllt in bGuREAZ™ W !

with varying the tuning capacitors 50a and 50b, may require more than 10 seconds to
complete. This lengthy pericd of time may enable substantially large voltages to be
induced on the antenna 30 and may result in substantial electric fields at the wafer -
possibly endangering the devices on the wafer. It is noted that until the plasma is ignited
wafers are exposed to the unshielded antenna fields. Furthermore, even before pulsing of
the wafer, deposition may occur producing a surface concentration of dopant. Thus,
variability in ignition times, source pressures, and voltage transients may result in
variations in resultant implant characteristics - making tightly controlled repeatability
exceedingly difficult to achieve. Still further, if the control system 72, and/or any of the
related circuits 50, 70 and/or 74 fail, the plasma will be lost. Even if the control system
72 performs flawlessly, the system 20 is slow to react and move due to the tuning
requirements discussed above.

Another conventional approach to solving the problem of matching a variable
impedance plasma source to an RF generator, is by varying the frequency of the

generator to maintain a resonant condition. However, this approach also requires a
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72 perforns flaw essly, the system20 is slow to react and nove due to the
tuning requirenents discussed above. Another conventional approach to

sol ving the problemof matching a variable inpedance plggsim 12Hb6 t0 an
RF generator, is by varying the frequency of the generator to nmaintain a
resonant condition. However, this approach also requires a 2 8 Decenber
2004 cont r odontBPR oPRIHEEh Varfek %én@e?cﬂleﬁ@r#lﬁﬁc} foSAREY LB YWt EThE Ed gy ed
power. The control™ is generally not fast” enough, however, to prevent fault
condi ti ons idgenangly aotdest anchighabowever,tp poaantefawla comtifiamsiuaing darpe sntl taplf

pl asma ignition. Thus,.power nust still be limted. Additionally, this
appr oach géﬁﬁ’iﬂaﬂcﬁvﬁﬁf‘ n52F eRestitof plasmpdemibiony Chusnpever mpy stihbe dimited. o
mechani cal | | : j | Al tch.resistive
Toad changes HEER: BUCAPARIch Rendily Gl rlaichs FaBY S bR By (F8ERYG o7 erm
and/ or net howlettanicpilp varible eppecitalhay siticherreduiaddl t6 niphesiBisii @ Mohd Sfanges.

Moreover, there |s a strong need for a PH_ system providing a

substantial |y fdsespausndpdieisps & stEons nese én besrdaT 2 aystem andfer metailte on

process to ghi; ' I 0 ssoci-ated with

convent i onfl? b 1I%?n %{?gtta E%B%g%%;ag%%nﬁ%ggﬁtﬂ%ﬁl %@ﬁ?ﬁﬁ%% lgﬁ%ﬁ‘ﬁ R fare
present i nRHtsystemigodidingl sbsthwtially fhedéreppaitaile RAMRIorOSnbndaPplakmaa Pl asma
I mmersion lon |nplantatign System (PI11) which incorporates a plasma source

ant enna i n 1BHEOR BFeeRs tp @llptiarthe plergmsptipneskpipblems @ssociateskwith conrychtional
general ly 34fQ Eﬁga%o}%gggte passive tracking of the antenna circuit
resonant frequéency. I's enabl'es virtually instant ignition of the plasm
at pressures to about 0.5 mlorr. By integrating the oscillator and plasm
ant enna, conventional system conmponents such as controls, tuning
capacitors, coupling cabl es BRRCEORRE OGNYENHON s are elimnated. As a
result, substantsal i r: |l t. perfornmapce i s achieved
over conventionaTlﬁeleiss’tegprrltl?a S elggg‘?%t&pesoiaﬁlé}e{te%gedc%oaquoﬁ? oy Fated
with the pliasmasienlsrcknglatstioroSyatgh (RIO)ivhRh icrporatcPe plRAWRHuRE RRfednd RO RF
generator),_ the present invention substantially reduces the conplexity and
parts countthgink gEcybnkihe powerescaltrrtResleovisdeaallpamiometis or iamedjateat er

passive tracking of the antenna circuit resonant frequency. This enables virtually instant

ignition of the plasma at pressures to about 0.5 mTorr. By integrating the oscillator and
plasma antenna, conventional system components such as controls, tuning capacitors,
coupling cables and power feedback meters are eliminated. As a result, substantially
higher repeatability and performance is achieved over conventional systems. Moreover,
since the oscillator is integrated with the plasma source housing and requires only a DC
power supply (no RF generator), the present invention substantially reduces the
complexity and parts count of the power system and thus provides lower cost and greater
reliability over conventional systems. A

More particularly, the present invention utilizes characteristics of the plasma
source antenna (e.g., antenna inductance) and associated system parameters (e.g., plasma
impedance, external system inductance) and incorporates these factors within a power
oscillator tank circuit. Since plasma ignition causes significant parametric changes (e. g,
plasma impedance changes affecting antenna impedance), the tank circuit and associated
power supply are designed to operate across the variable parametric conditions within the

plasma chamber. By incorporating the oscillator with the plasma source housing, load
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reliability over conventional systens. Mre particularly, the present
invention utilizes characteristics of the plasma source antenna (e.g.,
ant enna i nductance) and associ ated system paraneters (e\8 ecemb%§5§04

i npedance, external systeminductance) and incorporates théese ctors
within a power oscillator tank circuit. Since plasm ignition causes
significant paranetric changes (e.g., plasma inpedance changes affecting

Gos onotbeRih o melchil BRIEhS SRhdeiF AL YEb Pt o 8y BE: iy

pl asma ehaidagk. By i ncorporating the oscillator with the plasma source
housi ng, | oad 3 8 Decenber 2004 reflection and matchi ng probl ens associ at ed
wi th conventional systens are substantially elimnated. According to a

first aspect ,of the invention ece is provided an RF ma _gener at or

system conpfISPige s fﬁé}@ﬂi’%f’gﬁe I‘IE’%WH{:IthCE‘F P@ﬁ?ﬁld?% I@%Sﬁﬁmﬁ eogitehna for.
i gni ti ngyspdl doRippkabni Ng a plasma, wherein the plasma and antenna are part
of the oscillator résonant circuit and forman oscillator resonant circuit

| oad, and when esallaor resamiahi Gitcoit imyhediag amantenmarfenigniting lahd gaimaidinkrags asamg y
automatically,ada t | as conditions. According to a second aspect of
the inventi oﬁ',helieﬁgﬁ’é H(T%S“g"r GWAT%&W 3¢ pag ofjthg o lgﬁt‘érnﬁeso%hﬁ‘ﬁ:%ﬁ ridd TQTeme r
handl i nsélyaas%gn%tﬁ&{tqgﬁcw sem conductor wafers into a processing
chanber; "and an oscillator fesonant circuit including an antenna for

i gni ting andwiedet ah rustiffar pipasiting coret, Rolthe Mid Geqidnay AkwrRElly \Whgsteion
the plaspma and antenna are part of the oscillator resonant circuit, and
wher ei nPlagia §ardiiiong: or operating current, voltage and frequency

automatically adapt to plasnma conditions. According to a third aspect of
the invention, there is provided an RF plasna generator system

conprising: According to a second aspect of the invention, there is provided a processing system,
comprising:
a wafer handling system for introducing semiconductor wafers into a processing
chamber; and
an oscillator resonant circuit including an antenna for igniting and maintaining a plasma
within the processing chamber,
wherein the plasma and antenna are part of the oscillator resonant circuit, and wherein

an oscillator operating current, voltage and frequency automatically adapt to plasma conditions.

According to a third aspect of the invention, there is provided an RF plasma generator
system, comprising;
a plasma chamber; _
an oscillator having first and second terminals; and
an oscillator resonant circuit corprising:
an antenna located in the plasma chamber and serially connected with a plasma in
the resonant circuit for igniting and maintaining the plasma; and
a capacitance connected across the plasma and the antenna;
wherein the first and second terminals of the oscillator are connected across the
capacitance, and wherein the plasma and antenna form an oscillator resonant circuit load,
4



a plasma chanber; an oscillator having first and second terminals; and an
oscillator resonant circuit conprising: an antenna located in the plasm
chanber and serially connected with a plasma in the re ‘-r[ i jt for
igniting and nai ntaining the plasma; and a capacitance %ﬁ%&c b%&%@ 0ss the
pl asma and the antenna; wherein the first and second termnals of the
oscillator are connected across the capacitance, and wherein the plasm

d L ' it | oad
aher of n_anopSrRiT Ay o Slbfr RIBE <54 Fellrare st FER WF orttfitor
osci | | ah@fomatichiOf B4t 8 pms@daphditien®! asma condi tions. To the acconplishnent

of the foregoing and rel ated ends, the invention conprises the features
herei nafter fully described. The follow ng description and the annexed

drawi ngs set .. forth in detail rtain illustrative aspects of the

nvent on. - ThedBe adit SRRy offehidome dhelird Sndi B pvetion pogrisp the
vari ous : ;

G her S LB e oo dLRHBo, 0 Y TR s st
appar enforflr mndetdieceriaid bwstrajivedsparitd efthed asentipn. i Tiresoispette arenindiohtix@nhokerer,
considered in conjunctjon wth the draw ngs. BRI EF DESCRI PTI ON OF DRAW NGS
Fig. 1 pEbut adey § variguy Wrysinagnghihenrmeplesof thy mventiosrmay be gmploped. Other

i gnitiophsyst ' - n . . Fi | S
senermt 2 LT e itks BRSO Tt RRRREOL R ob ki e ok e e Pkt
i N accdetddetdesediftiontdfeheimesivn wiknerhbidered i gonjndtion avitiarhe dRiiagsdi agr am
illustrating an integrated power oscillator systemin accordance with an

exenpl ary aspect of the pPREEKDESGRHTION QGIhPRAWINGS s a system di agram
illustratin tructural .r I pnshi pshetween the integrat.ed. oscillato
syst em and o s s dotiRaric, BBk A AROUBRIARE S bt d kR ey Sipmcany
the pr asetihted QYRPbHRS in MIPE(RtemPR CARRYI NG QUT THE | NVENTI ON

Fig. 2 is a schematic block diagram illustrating an integrated power oscillator system in

accordance with the present invention;

Fig. 3 is a schematic diagram illustrating an integrated power oscillator system in
accordance with an exemplary aspect of the present invention; and

Fig. 4 is a system diagram illustrating a structural relationship between the integrated
oscillator system and plasma source chamber in accordance with an exemplary aspect of the
present invention.

MODE(S) FOR CARRYING OUT THE INVENTION

The present invention will now be described with reference to the drawings wherein like
reference numerals are used to refer to like elements throughout.

The present invention substantially mitigates plasma ignition and operation problems
associated with conventional RF plasma power systems. Conventional control systems,
matching networks, power meters, drives, cables and multiple RF amplifier stages are
eliminated by incorporating existing PIII system parameters such as antenna and plasma
impedance within an oscillator circuit designed to accommodate such parameters. By utilizing

existing PIII system parameters, problems related to
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The present invention will now be described with reference to the draw ngs
wherein like reference nunerals are used to refer to like elenents

t hroughout. The present invention substantially mtigat @ﬁ&bﬁ%@hd(ﬁm tion
and operation problenms associated with conventional RF plasna power
systens. Conventional control systens, matching networks, power neters,
drives, ca ig r é;l%‘&
|ncorporatPEg ggpgglngkhﬁh %ﬁ?%gkg %géga%ﬁ@ﬂﬁ gngﬁ%éﬁﬁ angmggégwg

i npedance vasisduahedalmgbercsyd;thmtoostsarersnbstb.ntubé&mme@heﬁo accommodat e such

par anet ers tilizing, existing PH system paraneters, problens related
to 4a 8 Decenbethef@’@&‘gﬂ%‘f:}@gx Elgl%gysskew&sbmﬁ ‘b‘ﬁgf@mdﬂus%aé?ﬁ%meﬁ&?&de

rellablllt r | t costs
are subst a %/&1?%%% R% fbpé ri ng @ggna y%t(holﬂ a‘é%agﬂlgrh ?118
bl ock di angmpﬂantdtmt(PHI)egstan in aécmgd@bewlthpba\pfes@ﬁmdehamrIt$syt®tb%m 1 Oa for -

providing plas n|t|on|naPIamaImrerS|onIon npl antation (PHI)
Systemin é@E’é?PH’a?‘i‘gEatvﬂl% Frcice 9% s gasmeiafavasie A SR Syoterm natahess) faphrding] ed
that th L{ for
haﬁdling,sxgéﬁg%é |ng %ﬁ§%%1§&§9n¥&%§8%% so%%%égé g%ﬁ&@ogﬁmﬁh 7 s (not

shown) . Si resfert hddlingirel progdising age welllupdRsessinglatbs thBHI sydrReiR fifrgedl 1 N
relation to PITT systems further discussion related thereto Is omtted

for the purdisyeioniel aiecbifprejo 1sjomifted fog theuEpesss BEbreaitpr lids Brder totteat t he
present | nvgﬁltézh dTHt ﬂll Zﬁ’esgt?t 13{333%8}{%%3} a?songeoé/rhyglggedtt% rcr)] Exgggdgpg%nd/ or

ot her semic F pr OCEsSes 's |asma’ pr S The

present i nwadior othenBsmiabisductye pestbsey ithvistplasttatfracdssing eﬂaib@ttat(eéJLﬂe and/ or
hi gh energy (HE) ion inplanters. Referri nig now to Fi 2 in detail, an

i nt egr at ed Pﬁ%ﬁ%trmb@monmaymﬂsq e eraplopbwite alimlow aneray ap@/ophighteneraik,
I ncl udi ng gh§§%ml La 30a and Rs 94, and all other circuitry 80.
I ncl uded i are et ve power device(s), which may be solid state or

vacuum tube, outemmng aowp Wig. Daaderikarcintepited YowEXosBIMRE 1§1tépwsé:ﬁ§d Bynd
ot her suppaort circuitry. As with conventional systens, the plasma chanber

20 i ncl udedtSMtmkFesARRIt Sk ihudingcaid0, Be Teobie] F0achng R, pudielt odearerauitry
whi ch i ncl yges, Qi AHTR 80%RE s agtn?ef ﬁco%:etr%iwme(%f Whlal may be solid state or vacuum

tube, output to input feedback circuitry, DC power supplies and other support circuitry.
As with conventional systems, the plasma chamber 20 includes an antenna 30a which can
be modelled as an inductance La’, which includes plasma reactive effects. A series
resistance model Rs 94 represents the output tank circuit dissipation, including the
resistive part of the plasma load. Any added inductance external to the antenna is
represented by Le 76. The output tank circuit capacitance 90 may include a plurality of
capacitors and is selected {o set the oscillation frequency to approximately 13.56 MHz. It
is to be appreciated that a plurality of other sumtable frequencies may also be selected and
such variations are contemplated as falling within the scope of the present invention.
According to the mode] depicted by system 10a, a resonant resistance Rp 78 may
be determined by analyzing the impedance as seen at nodes 80a and 80b. This resistance

may be determined as:

Equation 1:
Rp=(1+Q? *Rs.



resi stance nodel Rs 94 represents the output tank circuit dissipation,
I ncluding the resistive part of the plasma | oad. Any added i nductance

external to the antenna is represented by Le 76. The o jrcuit
capacitance 90 may include a plurality of capacitors a;gdﬁlgéserﬁs%qég%d to

set the oscillation frequency to approximately 13.56 MHz. It 1is to be

appreci ated t hatyia, 8l ¢y abity.0f 1 ofRer suitable frequencies may al so be
sel ected and Sln{:hrvarq at Jlﬂtgn% ar g)tﬂ?:ontenpl ated as falling within the scope

of the present invention. According to the nodel depicted by systeml|l Ca, a

resonant resi stgglce .78 may be determ_ned by anal yzing the inpedance as
seen at nodes 80ACEAECBHRIesopanirepigtanes B d@ depriyls p apfeney Fasigmaneral Rfuat i on

1. Rp= (1+(R)* cgmﬁg €] = 2] & ' ) The
effective ?é%s%ér?zar?fi %r]r %S{Bgi an egséao%gld%%é’n%@ @ﬁﬁaﬁﬁﬁsﬁéﬁgeéog%,df%ﬁwagI gas
speci es andnqucesstiLe., Gavewl values fex [0 asd Leahs apaodintaiy ofieati@ fusfuesyhy, iehoi ce -
of external , inductance Le. Gven values for La' and Le, the approxi mte
operating fCPR¥BONSSING thg alueofdsd 8y setting the value of O 90 as:
Equation 2: O = [(2itf)2 * (La" + Le)] -1. It is noted that system 10a is
substantially non-linear due the dependence of Its 94 on plasnma density.
However, itEquationf2ticient to select system 1l Oa design paraneters based
upon the highest value of Its 94 which generally correlates to the highest
pl asma density. The value of Rs 94 is dependant on antenna 30 design,

I npl ant speci es, £oSur d plasma density and is generally in the
range of about &rg@ﬁ%ﬁ@z oﬁLr%s.+eLfﬂg “unl oaded (no plasm) value of Rs 94 is

approximately 0.1 ohms. The oscillator 80 according to one exenplary aspect
of the present invention is designed to oPerate over the ranges of Rs 94

wi t hout adj ust méii nstedihaisysteilfe issubsteniipllyotearlieer drecthe depsmdontatod Rsifdr el y
by DC powe ron?)‘fe[%ﬂlaydeﬁﬁ[')[ e[%wé\}%?,tit ﬁ@gmlénrt] toFée‘i’ect g'}s‘tem 10a design parameters

based upon the highest value of Rs 94 which generally correlates to the highest plasma
density. The value of Rs 94 is dependant on antenna 30 design, implant species, gas
pressure and plasma density and is generally in the range of about 0.5 to 2 ohms. The
unloaded (no plasma) value of Rs 94 is approximately 0.1 ohms.

The oscillator 80 according to one exemplary aspect of the present invention is
designed to operate over the ranges of Rs 94 without adjustment so that resistive load
changes are accommodated merely by DC power supply current (not shown in Fig. 2).
The resistive load changes caused by changes in plasma density occur automatically on a
time scale of less than about 1 millisecond. In addition, plasma reactive effects may
decrease the value of La’ 30a by about 20% from no load conditions to maximum power,
which causes the tank resonant frequen_cy to increase by at most about 10%. The
oscillator 80, as will be described in more detail below, is designed according to one
exemplary aspect of the present invention to operate within the frequency range caused
by the plasma reactive effects without adjustment. Thus, reactive load changes are
accommodated by changes in oscillator operating frequency which occurs automatically
on a time scale of microseconds. Under plasma startup conditions, the unloaded value of

Rs 94 1s generally less than one fifth the fully loaded value. Since the resistance value



The resistive | oad changes caused by changes in plasma density occur
automatically on a tinme scale of less than about 1 mllisecond. In

addition, plasna reactive effects nay decrease the val ' by
about 20% fromno | oad conditions to maxi mum power, \Ahlgae%fggtlﬁ)g"e%@@[ﬁe t ank

resonant frequency to increase by at nost about 10% The oscillator 80, as

wll be de I b LN Le detall below s desi d.accarding.to one
exenpl ary }g%see%{%g 5‘\k n?c%g Sg? 3l§&eg¢b G m‘fieﬁsﬁﬁ‘t %E%Bg ?gt the \Rn“flﬁ?tﬂr 991 Eg?ctt’é(ﬁ]de ncy
range causgees&byerymg@}eaﬁfgﬁcémﬁ{g'g(&@tfects wi t hout adjustment. Thus,
reactive | oad changes are accomodated by changes in oscillator operating

frequency whi ch N meierringtio Fig. B dadétyil, pwhambficdiageal depidts an excngdagnds.
Under pl asnma rtu Ltions, t unl oaded val ue of Rs 94 is generally

St . d
Cess than_ GReTREr EHEE RS bt DA e o o rbon s pecoiisoee VARG 6 3
December 2Qféehr ias&iHoad ReferdRdesnfiia 28 ts‘éﬁrds&ﬁafo?}fﬁ&ﬁﬁnglum% thsa?fup '

the oscillator 80 effectively sees a very large resistance durl
Now r ef er r ivaguume tubied 003pawerdaprlick |1 06a sshHifibt 2 biadinaigreaakBtemdtsioan figssnpl ary

oscillator ci.rcuit, 14h for proyidin | as i gni tion _and production in
accor dance “(‘;&“?lharﬂ‘ilgsc edLmery #@L‘Pﬁq%‘ﬁ iﬁg%ﬁ@@emﬁ@ﬂﬁplcwhﬁpwﬂqt%t s an
osci | | at or gk tink chifogk el pnare alﬂﬂdfﬁ 4npl 185741004, .and
100b, a bi ggﬁlefﬂmn})(rc&eg%ggd;gga@gﬂ{%us ieFt ersgjpapn Cc a%%&ggfsgcfr(ﬁble%)' ic')lﬁwnore

det ai | bel gesonief eapanitanca Gfesy slect td ppovidessustitnedsseilleidDwith Qe @dillat@nk
circuit ca§§citance @ng IS represenfed by a bank of capacitors 101-110. The
resonat or CHpdEFAEREEnEErtinced 70 7 RIS Chritlion @antenat 39 ardithsplasmadneton wi t h
t he oscill g8y 80, an external inductance Le 76, a plasnma excitation
antenna 30 and the plasma (not shown). Gscillation of the system!| Ob is
achi eved by pr oQsdillagopofiteisysehd @t aadhidved by phevidiag ppsitive foedback R@atHeo t he
grid elenment 100c of the tube Positive feedback to the grid _el ement

100c provi QHPULHFHLT WP 8 Bid ¢ %gé’% Be p5BeduRHIN0- Enstiisdeadhack wdhe gd
Sustal s SRk 1ok | O PR R e Bt ey b
to 'the gatoeciléticn. NIDSFE be apgitcinted thadt asirhilansiudt may boichiswadbl @roviinpi as of
the grid 1%ggitiivg feoeglg:f}:ikqg (g. sgglicggagcitgrgdegrihcee stgur,ﬂ gs to the gate of a MOSFET and/or
other transistor for example. DC bias of the grid 100c is obtained by passing the grid
| current to ground through a low pass filter, consisting of L125 {e.g., quarter wave choke,
2kV, 0.2A) and C116 (e.g., 1000pF, 7.5kVdc) and resister R117 {e.g.,2kohm, 200W).
By incorporating the antenna 30 and associated plasma impedance within an
oscillator circuit 80, significant advantages are achieved over conventional plasma
ignition systems. Since the antenna 30 and the associated plasma load are part of the
oscillator output circuit, transmission lines and adjustable load matching networks
associated with conventional power transmission systems are eliminated. Thus, plasma
ignition and proper repeatability is substantially improved since changes caused by
plasma impedance effects are accommodated by the oscillator 80 and resultant feedback
from the load 90a. Moreover, system ignition time is substantially improved since tuning
of a load matching network is no longer required. Still further, system costs are reduced
and system reliability improved by eliminating power components such as controls,

power meters, cables, matching networks, and drives associated with conventional

systems.



current to ground through a | ow pass filter, consisting of L125 (e.qg.,
quarter wave choke, 2kV, 0.2A) and Cl116 (e.g., 1000pF, 7.5kVdc) andd
resister R117 (e.g.,2kohm 200W. By incorporating the e g (
associ ated plasma i npedance within an oscillator ci rcu?[ﬁeé’g&%se? Rﬁ]l cant
advant ages are achi eved over conventional plasma ignition systens. Since

th t 30 d.the. i ated pl as | gad ar rt of. . th oscill ator
ST el b e s B e A AN A
associ at ed gichi 109 BUQHL | BRAkHIOEE vidBRSThS PO® @uay&ta%%.@ao?eﬁwcir\ﬁépggve g

Thus, plasma ignition and proper repeatability 1s substanti

si nce changéde.dasalededip provids fa ai oped amplemehfation sf thepraentinvadianedhby t he
osci |l | at or d resultant feedback fromthe | oad 90a. Mreover, system
ani t ot 1 Pe2POPIoHIET HhoREN BT SR PO W R Gl s lFe iR R PG
network 1S 0ul DRGW. 1t & Heefbpreetatdd mbitithdines NS HRBAEOR S AifuhGyped  and
systemreliability inproved 9 el 'm nating power “conponent’s 'such as

control s, appwentaigharsslid sl designrataytbenglened wwinksdemamndhelpicvas iidea0e at ed

wth conventional syst 7 Decenber 2004 As shown in Fig. 3, the
vacuum t ub&UFpE EfEO‘@@@ET@@%@GWGBBBWFWI%&Qqeéitgﬁﬁ- circuit 10b out IOUt .
Preferably, the 3 j - ' Y . Style,
is selected to ;}\r}%\(ﬁé lg‘gh %g?&%&?&bu%k! @%ﬁ%@?@%ﬁi%ﬁ%’?ﬂ?ﬁ%ﬁ%ﬁ%‘éﬁﬁ to

i nvent i on. gideosi¥iG24&dpackvis desciapedatitongh caeiokor aaks 00D 18bQelE., 4 kW and

maxi mum pl ate dissipatiqQn of ~about 1.5 kW It is to be appreciated that
other 1 ubedPRGFBREBIIRN L5 KV dekand CTHEE 1 (cm. avppprseiels A0DFhK\Gls)i d
poner MOSFETPE o CARCRSS 161 BAL 1 PPIERTorb B PP RN, 13U B 7
10b r epr esentyslirg fOpthpidstillatos tyHeel O0roptemend fetierk. B iahetell Ghat 18 dagladi@sd in Ve

f eedback is.devel oped thrqugh capacitor banks Cl101-C105 (e.g.,
appr oxi mat é?rfgiméibfp < sgiscieddt slapdrd devetosh tyedwalye REimpseniting canapitosopF,

15kvdc), & ' -1 . apnr i el.y. 750 pF,
T Wvde) provede REPYEe cErRAGIAEE Sy bt B10dde s SoflemoBRR' SR Sty
f eedback. Ithe scopeof the prdsaht ihbentioap &dk fiatieer nbted Chat Oblluks for SRtea irab@sted as

standard, | ow cost, fixed-value RF transmtting capacitors,
Le 76 and antenna inductance 30 are, for example, ap%roxngately (0.2 -0.6uH) and (0.4

- 0.8 uH), respectively.

A power supply 100a provides heater power for the vacuum tube 100 filament
and receives a 120 VAC input (not shown). The supply 100a is selected to be, for
example, approximately 6.3 Vdc at about 25A output capability. An RF bypass capacitor
115 1s selected, for example, as approximately 1000 pF, 7.5 kVdc. An oscillator power
supply 100b provides plate power for the vacuum tube 100 and receives a 208 VAC,
three-phase input (not shown). The supply 100b is selected, for example, to be
approximately 5 kVdc at about 0.8A output capability. A low pass filter including
capacitors 113, 114 (e.g., approximately 750 pF, 15 kVdc) and inductors 123, 124
couples the supply 100b output to the tube 100 plate. Inductor 123 is selected, for
example, as a quarter wave choke, 1kV pkand 1A, and inductor 124 is selected, for
example, as approximately 3u.

Turning now to Fig. 4, a fragmentary structural diagram depicts an integrated
power oscillator 10c and plasma chamber 20 in accordance with one aspect of the present

invention. The vacuum tube 100 is shown operatively coupled to the antenna 30. The

8



however, any type of capacitance nay be utilized and is contenplated as
falling within the scope of the present invention. It is further noted
that values for external inductance Le 76 and antenna giKUICERRBFSo@EP are,
for exanple, approximately (0.2 - 0.6 uH) and (0.4 - 0.8 uH),

respectively. A power supply 100a provides heater power for the vacuum tube

[ [ 120 VAC i . The supply 100a is
el ect eq t Aisafe 30 RAGOUHES ek g0 wanale e Ef¥soTbe Mt 665 3R ot put
capability .bo&arlngplaéwpaﬁ&h%aﬂ@ﬁistt@é waft & bSproedstsd 8ot Eifw Xmla%g 40 as

approxi mately 0 F, 7.5 kvdc. An oscillator power supply provi des
pl ate powe rPf@‘dﬁeﬂtqmﬁv&&mm tubb d00.08 s disdussed ebmsbﬁirﬁ@alwfipumtdgrtge- phase

i nput (not sh . The s ly 100b is selected, for, exanple, to be

:alggr oxi( mat €% (ﬂgpoi'@t‘}g pé?“@ﬁé ﬁi;mﬂ?%ﬁmﬁﬁtts ﬁa?Pt%%lB&b?haingﬂ}lg Pi@SPH\MSQ@CPi I) ter ;

I ncl udin ' ; : ; i > c) and.- -
I nduct org fgg&ﬁ%%%z%{%ﬁ Ealsn;li% ﬁté&lg%rg?ﬁ@%@ﬁ%%?p '%&{t%é 'g hse VF{J%IZO% pl at e.

| nduct or 123stems sedteblyetpedtahle plsmapgrdtion dowerqual, hshemeliabitihoded, fastle pk and
| A, and induct.or.124 is selected, for exanple, as approximately 3uH.

Tur ni ng noAt! OI#P’&GSA_, a fragmentary structural diagram depicts an _
ntegrated  powetiuRagh tHedhRnton Bhs B bt ABARBEA vil rhbeAGEAHARGS W L
one aspect of the present 1nvention. e vacuum tube 100H°s SRown

oper at i vel embodphents, itovillHe appteeiatal tBEX eqlihaldht Bitddatarsa | dnﬂﬂﬁ’ﬂch %ﬂheg’ga( 30

th oupl es _ener Vi quartz plate 138 to the plasma chanber 20 (a

bot t om Bgr ORGH WATER SHrod je %rhggwa'ﬁﬂ@ readingandgindeseadimeiod g spesifisarion A
fan 140 LAY Hesn | 4 @ : L

i ntegrall Saggtnti ng}g:{ahdéﬁl‘ggl g'i H%?%%Mggﬁ%é} g?‘%@%&%‘gﬁ%ﬁ‘?‘gﬁ?@%@%ﬁ%@’ the_
adapt abl e tbohdesgibeg gohmements (qssmabrics, davived) diﬂcﬁh&,systtélﬁs,rﬁt(ﬁ)sﬂmteigiliwent I on
rovides suybstantial .inprovepgents, over prior_art systens - notably,

Pepeat abl e%ﬁfﬁgﬁqrﬁfﬁr%ﬁﬁ?a{%ﬁ@?s bietl 1o desgrbe Sl}f%l|q0gm0pmt§/alg§:ﬁgte_fz ter )
ignition ti Lol | aleitra) | t
rgspect tocgﬁisgpﬁgi n gﬁ%htggflrsréeglt\a?wld?%w I Oggj%gf)%r ecl a?%gprﬂﬁzﬁésé%gﬁ? | ent
al t er at i onduretidn wb thicfdesaitiedwompbhdnt (i.e., that is fanctionally equivalent), even though

not structurally equivalent to the disclosed structure, which performs the function in the
herein illustrated exemplary embodiments of the invention. In this regard, it will also be
recognized that the invention includes a computer-readable medium having computer-
executable instructions for performing the steps of the various methods of the invention.
In addition, while a particular feature of the invention may have been disclosed with
respect to only one of several embodiments, such feature may be combined with one or
more other features of the other embodiments as may be desired and advantageous for
any given or particular application. Furthermore, to the extent that the terms “includes”,
"including", "has", "having", and variants thereof are used in either the detailed

description or the claims, these terms are intended to be inclusive in a manner similar to

the term "comprising”.

INDUSTRIAL APPLICABILITY
The circuit and system of the present invention may be used in the field of

semiconductor processing such as ion implantation to provide plasma ignition.



occur to others skilled in the art upon the reading and understandi ng of
this specification and the annexed drawings. In particular regard to the
various functions performed by the above described conpqngBh$et d5eenblies,
devices, circuits, systens, etc.), the terms (including a reference to a
"means") used to describe such conmponents are intended to correspond,

unl ess otherw se indicated, to any conponent which perforns the specified
function of the described conponent (J «othat is functionally

equi val ent), even though not struct ugj—@é@equi valent to the disclosed
structure, which perforns the function in the herein illustrated exenplary
enbodi nents of the invention. In this regard, it will also be recognized
that the inventilon i AglRidplksma gorepaiorsystesndapesingdi um havi ng conput er -
execut abl e |nstruct| ns for erfor e.steps of the varjous nethods of
the invention. 2fRSARPTEEN: WTCPQQL&’SEFE‘F@W a‘?t‘é‘H{atfl?’ga)gf’“tgH’émgﬁ(} ntion -
may have befhisthielQngehayfok)) respect to only one of several enbodinments,
such feature may De “conbi ned with one or nore other features of the other
enbodi nents as mym the plased (2)chnd cduenba(fda)are fpart ofﬂra:)osgﬁllumm resongmar t i cul ar
appl ication. Fu er to the extent that the t "includes",

"i ncl udi ng® rc“"hébman%Wﬁ'@‘i’sm oF FesaraRtfiecuytieads g are used in either the
detailed descr ﬁrﬂ%ﬁ

inclusive in a @Eﬁeﬁ‘a@?ﬁlﬁ?&kz@faﬁﬁ%g ter Oth%%érr%}dla% uleﬂéﬁ%%ﬁ%}f%i

APPLI| CABI Lhdapt Tdplagma canditieasd system of the present invention nmay be used
inthe field of sem conductor processing such as ion inplantation to
provide plasma ignition. 9 8 Decenber 2004 CLAIMS 1. An RF plasma generator
system conprishng

antenna (30a) f%r |g%rlﬂ‘t3 ?y%gé”léh?ﬁ#a? ﬁf%?ﬁ?tﬁa%g&% rénjgf %))Sdﬂ\?\ﬁ&%

pl asma ( 94¢umend, ailtagnaal fRPajcyaroeepardesiodd tahge oﬁﬂadmmomﬂltroasonant CI rcui t
(10a) and forman oscillator resonant circuit | oad, and wherein an
oscillator operating current, voltage and frequency autonmatically

3. The system of claim 1 or 2, wherein an active device within the oscillator

comprises one or more vacuum tubes (100).

4. The system of claim 1, 2 or 3, wherein an active device within the

oscillator comprises one or more semiconductor devices.

5. The system of any one of the preceding claims, wherein the oscillator

resonant circuit comprises a Colpitt's style oscillator.

6. A processing system, comprising:

a wafer handling system for intrbducing semiconductor wafers into a processing
chamber (20); and

an oscillator resonant circuit (10c) including an antenna (30) for igniting and
maintaining a plasma within the processing chamber (20),

wherein the plasma and antenna (30) are part of the oscillator resonant circuit
(10c), and wherein an oscillator operating current, voltage and frequency automatically

adapt to plasma conditions.

10



adapt to plasma conditions. 2. The systemof claiml1l, wherein an all owable
range of oscillator operating current, voltage and frequency covers a
desired range of plasma conditions. 3. The system of cl gigg.diBEr Zogavher ei n
an active device within the oscillator conprises one or nore vacuum tubes
(100). 4. The systemof claim1, 2 or 3, wherein an active device within
the oscillator conprises one or nore sem conductor devices. 5. The system

of any one of the precedi ng cl ai.ns erein the qscillafor . resonant
circuit corprisés a iyﬁieg’%fl@%lm% &5 pr pllpwa .W%Pé%%&@%@pgsﬁefi%m

| SI NGeyrfkn)) dq ired ha 3R EBAC Y
conpris ”gcrﬂ:i"@f:-ﬁ&%a gk% g Yol &8h gk gL B SoplggRgduct or wafers

into a processi'ng C ; and an osc resonant circuit (10c)
i ncluding an antenna (30) for igniting and namintaining a plasma within the
processi ng changer (20), wherein the plasma and antenna (30) are part of
the oscillator $-esonhiSysieprefqlaimyq ey, wherrn ficspelem compsises 4118or oper at i ng

current, valh ﬂ]né;'lf equency automatically adapt to plasma conditions.
10 8 Decen@l‘e&rﬁg%b e system of claim®6, wherein an all owabl e range of

oscill-ator operating current, voltage and frequency covers a desired range
of plasma conditions. 8. The s¥sten1of claim6 or 7, wherein the system
conprises an ioh i nphesysiem offlamng end, vderepp thesysiempopirisesansiehing ~ 7,
wherein th%sﬁxlstem conprises an etching system 10. The system of any one
of cl ains 0 9, wherein the systemconprises an ashing system 11. The
system of any one of clains 6 to 10, wherein an active device within the
oscillator conprises one or nore vacuum tubes (100).

1 The system of any one of claims 6 to 9, wherein the system comprises an

ashing system.

1l1. The system of any one of claims 6 to 10, wherein an active device within

the oscillator comprises one or more vacuum tubes (100).

12.  The system of any one of claims 6 to 11, wherein an active device within

the oscillator comprises one or more semiconductor devices.

13.  The system of any one of claims 6 to 12, wherein the oscillator resonant

circuit comprises a Colpitt's style oscillator.

14, An RF plasma generator system, comprising:
a plasma chamber (20); |
an oscillator (80) having first aﬁd second terminals {80a, 80b); and
an oscillator resonant circuit comprising:
an antenna (30a) located in the plasma chamber (20) and serially
connected with a plasma (94) in the resonant circuit for igniting and maintaining the
plasma; and
a capacitance {(90) connected across the plasma (94) and the antenna

(30a);

11



12. The system of any one of clains 6 to 11, wherein an active device
within the oscillator conprises one or nore sem conductor devices. 13. The
system of any one of clains 6 to 12, wherein the oscillator resonant
circuit conprises a Colpitt's style oscillator. 14. An RF plasma generat or
system conprising: a plasma chanmber (20); an oscillator (%%ech"érBﬁoJ‘ rst
an d second termnals (80a, 80b); and an oscillator resonant Crrcui

conprising: an antenna (30a) |ocated in the plasma chanber (20) and

seriall connected with | asma (94) in th e an ircuit for ignitin

and mai %t ai ni ng WH&eIy sﬁ‘ép aﬁaéeﬁ‘gr@a#é@i‘qazkg@a( %@;b @gﬁﬁ%ﬁ%@a@ér@@s %he ’
| asma (94 t ; i f i and

P ( )c&iﬁgctéd(ﬁscrags 8 apdciife (9b] AdRGEERYN %ﬁl@ﬁhav@@f Ehdalbihel (303f

second termnals (80a, 80Db) (8% are ~ connecte ros
t he capaci tﬁ)nnen(osmlatommdonmgciﬁiuitloﬁcb pl asma (94) and antenna (30a) form

an oscillator respnant circuit |oad erein.an operating curr , Vol tage
and”Trequency acUBUFRBPRRIRg HETbATRES pE EPRGTCK dr M Py i dapt &
pl asma condidcilpmsr (8 Pautdhatiens &dhpPio hahicdAditiphier €i n an al | owabl e range
of oscillator operating curréent, voltage, and frequency covers a desired

range of plasma conditions. 16. The system of claim 14 or 15, wherein the
capaci tance (90),.co i ses.a ural i of. capacitgrs (,101-110). co cted
borween the 11120 anansosuvn: B Hetm ¥, Stk o, ylaRabcple igg Raon 7
The syst em(%ﬁzraﬁﬂ ciét, Aoltb bid frddhch®y dfvers RisREdrahBSof lispla RREiti®AEONd
termnals (80a, 80b) of the oscillator (80) are AC coupl ed connected across

the capacitance (90) via first and second coupling capacitors (111,112).
18. The system ofy anyyONGadh oFefil 4t 150w heein S L aliAlE (5 Soinpalda (80
plurality of capacitors (101-110) connected between the first and second terminals (80a,
80b) of the oscillator.

17.  The system of any one of claims 14 to 16, wherein the first and second
terminals (80a, 80b) of the oscillator (80) are AC coupled connected across the

capacitance (90) via first and second coupling capacitors (111,112).

18.  The system of any one of claims 14 to 17, wherein the oscillator (80)
comprises a vacuum tube (100) with a grid element (100c) electrically connected to the
second terminal of the oscillator (80), and wherein the resonant circuit (90a) provides
positive feedback to the second terminal of the oscillator (80) for modulation of the

oscillator operating current, voltage, and frequency according to plasma conditions.

12



conprises a vacuum tube (100) with a grid elenent (10Cc) electrically
connected to the second termnal of the oscillator (80), and wherein the
resonant circuit (90a) provides positive feedback to t r m nal

of the oscillator (80) for nodul ation of the oscilIato?%%%éﬁggfﬁ%ﬁ%urrent,
vol tage, and frequency according to plasma conditions. 12 ABSTRACT

| NTEGRATED PONER OSClI LLATOR RF SQU PLLASVA | MVERSI ON | ON | MPLANTATI ON
SYSTEM A waf er processing system i SR%EEM The systemincl udes a wafer
handling system for introducing sem conductor wafers into a processing
chanber. An oscillator is operatively coupled to an antenna for igniting a
plasma  wi t hi NINBEGRAEEPHOWER OSEHLLATORRESOURGCE EORRAhASMAM a

Characteristic. assoct apMNIERSIENIEN p@hRa o sv8ifhge ™l nThe r esonant
circuit during plasma ignition. Figure 2 AR
A wafer processing system is provided. The system includes a wafer handling
system for introducing semiconductor wafers into a processing chamber (20). An
oscillator (80) is operatively coupled to an antenna (30a) for igniting a plasma (94)
within the processing chamber (20). The plasma {(94) and antenna (30a) form a resonant
circuit (90a) with the oscillator (80), and the oscillator (80) varies an output characteristic
associated therewith based on a load change in the resonant circuit during plasma

ignition. .

Figure 2
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