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

pl asma i nmp during. and .atter plas LRt i. on itors
S0a and Sob apaiet B asdviter N ol AR B E B SR AR B TR B
gener at or 4épeathbgity ef the ptrdsy anehothisty G dfeheptihdrydoRREE thatBh§ intrdfduc@nd a
refl ected power_ neasurenent i s provided as an input 70a to an” RF control

72. Based oprahiky iptethepioserspoiadated toghe plroma igtidorephseol | er 72 directs a
control output ﬁ%@erﬁgg Pnrlltei"alﬁzrto Iprior 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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8 Decenber 2004 nore notor drives 74 for adjusting the tunable capacitors
50a and 50b in order to mnimze reflected power fromthe load. It is
noted, that if the reflected power beconmes too high, trﬁ%éﬁenﬁ:%?% or 40
may fault. An external inductance 76 is depicted between the matching
network 50 and the plasma chanber 20 and represents stray inductances
assoct at ed HbkindtBPaRI 7Tl RijudERIhSuhible LBANLS0RIAS0d fHRFANGe var! es
significantly during the plasfa I'gnition phase versus e steady state
phase due tmnithectiiavidporan sedc fhy lddde Ipisasted, thatnifdittarfiectédpovie lebemes t he
pl asma i npe

d 0 b hl del | ed i allel network
cont ai ni ng t&&&ﬁa@ﬁ@ éﬂnefe?ﬁéo gﬁﬁyfﬂ‘;ﬁ %@ap?%%ggla%@ga%@aﬁﬁo#@mted(wwemb.
Dur i th Lanl L .|
2l ustent SO AR YRGB 1Rk LA 26 50 el S B dess ¢ e 1o

account f orastcmiayel wah Hessystem Yef | ect ed power due to changes in plasma N
I npedance 60 durjing ignition. Even though tunabjlity is achieved by
capacitors 50a cEdly; thepategaa 30 Brpsdlapesnearies sigpiicantly duringdhe plgsma fracti on
of the RF I Ll na, | n S | asma

i gnition i ggﬂggﬁ Q%Sgﬁgggggg%ea?ﬂg@ %adslﬁa%%d%eﬁgq}ber ((gahsalél ?ecaﬁ%%ﬁﬁfethgpﬁm sour ce

or chanber .impbéanpe 60.e4s shéwi,thé pashA npaldnstEEREY BB tdughlyadbddIRg apressur e,
in conjunction ~with varying the tuning capacitors 50a and 50b, nay require

more t han POradlsbes{Eerk eoniainAg PR (R2SHRNY SOMPARRTIE (X he04 ad ayfeak domponenyt (Bhabl e

subst anti al |_nd n.the.antenna 3Q. and nma
result in sélg) 5@%@?5‘?{9&9@@% ?Dlec ?‘“‘?1311%?9‘1 algﬁ ﬁiﬁg%ﬂg%tggdxgggggg&a@]uéﬁwﬁsg%f” ng
the devi ceshomningeapadiers 50atandS0bategknkRl refifiied t6 hoRhB®FRrgsSvagRidred
waf ers are exposed to the unshielded antenna fields. Furthernore, even

bef ore pul SPHiFteskPOveR duGi drangerdp plistiaompadapce 60 drring tmitisinn Fvan sumighce
concent at loiinilry AORAMveq 10 Uhaciy %gg%'l& 508 the adidrelt pdet 1N 1BARIS 2

pressures, tage transren _ resu N
| npl ant  chdraatitreof tht RFSgeneritdti40@utpug BipapilaptindGh heely caRe aliad iF;EJYion is
exceedingly difficult to achieve. Still further, if the control system 72,

and/ or any 2ghieysseonly By frceapsioi thapressusoin thoplasms seurgetor ciambet. he pl asma. wi | |
e Lo e T sl B i RS bl o 2
Anot her comdgniarging theapping @apacttBrsSa uha §0b,Bayreqbir&Moss thaml 6 Bidadddovar i abl e
| npedance plasma source to an RF generator, is by varying the frequency of
t he complete. This lengthy pericd of fime 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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generator to nmaintain a resonant condition. However, this approach al so
requires a 2 8 Decenber 2004 control |oop which varies generator frequency

to minimze reflected power. The control is generally '%%edzfe%terﬁgkwgh’
however, to prevent fault conditions during |arge and rapi | npedance

variations as a result of plasma ignition. Thus, power nust still be

limted.  Adgltbi EJB?'\?JM@h Yeties g%ﬁﬁt@ﬁﬁ?@&ﬁ&?{o@ﬁﬂtmﬁ@lré(ﬂég?etd%%r.r ﬁfc: {:+n\f§oél oad

changes, and therefore a nechanica var i abl e capacitor nay s

required tosgenadly egifat enanghobavolearig psevetidbsle qoretitidns, duting e gé sndragid ong
need in the art for a system %g‘&/ r method to _provide repeatabl e and
reliable pl} ANCH YRR YIS aRB Plaspaignitien. o Thys; Beweraey stib be imitagy

syst em pr ov gi; j.al | re.e om.cal

o s 1 g fo ooy RS eper BERY ot R Bl 1o RS 4T JpcHeleRé
associ at ed avne¢hanwally narizbbatapativorsyst sifisbeangiind o idet®sistPreIchOMREOF

| NVENTI ON The present invention is directed to an integrated power
& i

oscillator in a PMmseauentlyheieds o pirengneed i thsesfpon sysjen end/opnetpd i ch
i ncor por at : in..1he n ikcui-t _of the wer
bcrl ot or ProAGERARABLRAMACEAI AN ol MAGH HE o Brodleel S

tracki ng ofPHihgstamtpeovidingiarsubstintialyaac repeaahle 6Y mofdédonbmadal fRsyhr tual Iy
instant ignition of the plasma at pressures to about 0.5 niorr. By
i nt egr at i ndSRHER PR 9 Epviaisdhe porsantignedpmmblems gaspsiatedowiih caysntional

conponent s 1§HGHst uni ng capacitors, coupling cables and power
f eedback neter Sgl?ltsaﬁlg@ﬁ@%gltog%. As a result, substantially higher

repeatability and perfornmance is achi eved over conventional systens.
Moreover, since the oscillator is integrated with the plasnma source

housing and requires only a D2ISGEASURK N INVENTRONjenerator), the present
vent o subst o L oS, e BB R RSB e

power system an S prov ower Ccos

convent i ondinnsyrsibe o Infdlaretatiar $yseouh ERTIY whidh@ndvrpsart aiphégiatsofite YhichhZ S
characteri zéi cs of the plasma source antenna (e.g., antenna inductance)
and associ dpelnk ygﬁémﬁﬁﬁ aAweRessiliaforg resuffingdmgensrathie aitometic exdnenetdisttesyst em

nductanc gl RRRARAL RIS SERAR Y. BP0
pl asma i npdgdtioe of thepismadih bashiragoaBber e n TRE IR Rk gratile tHed3Killglor Gt t and
associ at ed 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

3



power supply are designed to operate across the variable paranetric
conditions within the plasma chanber. By incorporating the oscillator with
t he plasna source housing, |oad 3 8 Decenber 2004 refle%t[ig %m%gpz{g@{ chi ng
probl ens associated with conventional systens are substantially

elimnated. According to a first aspect of the invention, there is provided
an RF plasnma generator system conprising: an oscillator resonant circuit

ol asma et ahachile, oty SRR i euRafh S8 Pes, € ShE Rl

osci | | atimirdaggonant circuit | oad, and wherein an oscillator operating
current, voltage and frequency automatically adapt to plasnma conditions.
According to a second aspect of the invention, there is provided a

processi ng syste COnpr,i Si ng: waf er. _handling sysie oy introducing
seni conduct o ﬂcagr?i}g}%to ia:ﬁ}g aﬁpeﬁ? Bj?ctgg gpggton, ﬂmgp?ov&%(qit a&#t%]go EL”FIF‘F‘ YT aPbsonant. .

Ci rcui t sydiph Wdhipgis@p: antenna for igniting and maintaining a plasma wthin
t he processi'ng chanber, wherein the plasma and antenna are part of the
osci |l | at or r esosalitoraiesamant Gircart dnohtengamantamadscighitiag and opétainingg Masnignt ,
vol tage and frequepcy automafically adapt to plasma conditions. According
to a third a?’%‘@%ﬁn @F Rlasna sRAAIPYIR are part ofjtae s%@qt@re@swmrwasm form an

gener at gk la?éflsxfefdﬂa.fl{c&fgﬁfti Sidgng @ pl asma chamber; an oscillator having first
onél‘ S; anél

and sec term na an oscillator resonant circuit conprising: an
ant enna | ocatwhereim ah heciflbtas perkiagivrrean doksgd ald ﬁ”eqmaﬁ%ﬁﬁnaﬂchmy %dﬁiytaﬁfm
in the resonant circuit for igniting and maintaining the plasm; and a
capaci t Bla¢Ba sendiletsed across the plasnma and the antenna; wherein the first
and second termnals of the oscillator are connected across the

capaci tance, and wherein the plasma and antenna form an oscillator resonant

circuit |oadAccording 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



4 8 Decenber 2004 wherein an operating current, voltage and frequency
associated with the oscillator automatically adapt to plasnma conditions.
To the acconplishnent of the foregoing and rel ated ends,8 [?gh%f’ib%}[g&é‘{ on
conprises the features hereinafter fully described. The Tol'T'ow fg
description and the annexed drawings set forth in detail certain
illustrative aspects of the invention. These aspects are indicative,

h : f . f. th [ n which th i nci f.th
vent i on meyfEeE Rk R iRel R iR et SaBl i b otk o
t he i nveifohfificily hde e@pRsARRBAGHbn.r om the following detailed description

of the invention whén considered in conjunction wth the draw ngs. BRI EF
DESCRI PTION OF DRAWNGS Fig. 1 is a schematic block diagramillustrating a

prior art pl ignition system and associ ated, co nents in a Pl]I
System  Fi . 13 g aasmtlRmEN COEIG CRIcgP A A IS HR T GRUTHoR Geprstsethe
pover osGhlbahelcimnst &y BescABER Fﬂé%ﬂo%ﬁ@d&&ﬁgﬁé@%ﬁ@'thé N FREH Wawined set
is a schematic diagram il lustrating an i ntegrat power oscillator system

i n acctortamodetail ¢dntaanillaxteatpeasyectsspicthe imfentiie Thees aspects aredndicative, howleerg.

4 is a systemdiagramijllustrating a structural rel atjonship between the
i nt egr aPé%“t agf]gm q? ‘fﬁﬂogwﬁwaﬁlagtpﬂ!&mwiﬁpé eheingention may bresplaxek Ohe h

. ' ' . i THE
T NVENT ERC i R E s Hnd K0l AR S o o MR b o AT IS

dr awi ngdetallat ddseriptidneof thehestivnoyivioonsitiered i cotf@tttion wigi the diavihgsk e
el enents throughout. The present invention substantially mtigates plasna
i gnition and operation prﬁmemmﬁ@EMMt i onal RF pl asma

power systens, nvent i onal tr.ol syst .. mat chi net wor ks quwer
retors.ar veig: Toa SLeRit hERR difeeRlh iR LPiG AR B Ph PRy
| ncor por@beiAd @¥inpbhdhes B NSy seMpar anet ers such as antenna and pl asma

i npedance within an oscillator circuit designed to acconmpdate such

par anet ers. Big. dtib hisghematicdpek fiagrapHillusiyatingnarpitegnased peswepossillatorsystemaine d

to 4a 8ac|::<):%(r:§arﬁ18§ {Nit%%(l)él 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

da



repeatability of plasma ignition, control systemreliability, ignition tine

performance and associ ated hi gher system costs are substantially inproved.

Referring initially to Fig. 2, a schematic bl ock di agra@déclg;ﬁ%glrfd(ﬁs an

integrated power oscillator system1 Oa for providing plasna rgnition in a

Plasma Imersion lon Inplantation (PH') systemin accordance with the

present in ol H ' %rp@o | F hat. the. fn‘?enﬁ |

associ at ed%\?\nﬁ%aha%gl%loﬁla?%t em (n nggﬁgﬁggﬂéﬁg %lﬁﬁﬁl'g%%ﬁ%%?ﬁ pr oé(’%’g@ Ffrllcae aélrdld

i npl ant i ng adgpatdhighersgsteinaoss ateonbyafiterlly ifnpedveghown) . Since the wafer
understood in relatign to PITT systens,

handl i ng and prqcessi ng .ar || .

further discus ?F”F‘gl%él @gy %E&s& spherpaficRleck diagramydugiratesandategratesy evity .
It is furt Cimt t. | ' o0 be
enpl oyed t Bvre%)\g? e t%t |eﬁlgi,(ﬁ‘af§ﬂ¥)rr?gmgaﬁg§ig${g§?{ ﬁérlnsaeﬁng%%dn%ﬁg%%nglr)%c esses
such as pl dspianuteadBHN)RYstah i8 sbwkdakce svith Theprepse demhtibmVR M foe may al so. be

enpl oyed with ujtra | ow energ\'{_@(_ULE) and/ or_ hi %2 energy (HE) ion
i npl ant er s.2PREsCBFGd the thesysical Fajis associptedievih p PLI system &pt sheswn)fenbandling,

oscillator j ' .6l wdi ng, Cr 90, Le
76 La a0drSatE ERERIRRL doblts MLl iBRDVated B ndiBy M6 % ot e
active powavafeichandifgind potbingaye Well Gaddrstosd i relafion YEPIUEYstehisbfurtherit put to
i nput feedback circuitry, DC power supplies and other support circuitry.

As with corﬂ%@ﬁﬁﬁl%@iat@%@@%ﬁs omitiedhfos dhrpurnesed ef bregity.nHligtethento hent enna 30a
whi ch can I I ] ' ' j ncl asmg, reactive
ot oct s AP LR A HAMELRAE % e ANEILA CRIEE hPE B
circuit di sstifabvikensenioondidionr@rdcasses bghi BiplasthalRbiessihg bhsubelrasgarhoad. Any
added i nductance external to the antenna is represented by Le 76. The

out put t ankPreSERidRVentionFaa alsmiceroployed with alttadewenstay(BILE) gnd/pr highsaerieyor s
and is sel he oscillation frequency to approximately 13.56
MHz. |t igﬁfigﬁ%tel fg%{rteer%:'i ated that a pl uraﬁi ty gf ot hgf sui t abl ey

frequenci es muy Rdfadinp@osab @t 2dnd6il, Siiblegraed pbwacillafr 6ORbAIBIaI B¢ as
falling within the scope of the present invention. According to the nodel

depi ct ed byisoytRuEFispnanh tank, isbiterer 9 diegibahe'Srpnd Rsrify andell dbereiruiierd by
Dot oo, 1805 REAINGD o0t SR A AETio AT, vilfich 80 be Pk €3 VARG ™

be det erm ned as: uat ezpo(vﬁ
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.



8 Decenber 2004 wherein Q = 2irf(La" + Le)/Rs. The effective resonant

resi stance Rp 78 depends on antenna design, neutral gas species and
pressure, and plasna conditions, and may be adjusted by 8C¢38&e e?% 8&<ternal

i nductance Le. G ven values for La' and Le, the approxi mal e ope Pl ng
frequency, f, is chosen by setting the value of C 90 as: Equation 2: C =
[(2itf)2 * (L&' = » ed that system 10a is substantially
non-|inear due t%éﬁgpbenggﬁ%%t ejlh'?% 94 on plasnma density. However, it is
sufficient to select system 1l Oa design paraneters based upon the highest

val ue of Its 94,@?6}% generally correlates to the highest plasma density.
The val ue of Rs CHEIEFRIARt redistansR R A8 dorends en gpennadastems neiet B¥ss, gas

pressure a i i Ly 1n t 0.5 to 2
i, The. hel e aae fi ARd SrdfGh actuly b AR Rlestadlontiy
The osci | | ahdictaBOe Be.cGivtnngluces farler’ anelip) the Ypaspietie Slerdthfy Pd@eRIN f, is o
i nvention i designed to gperate over the ranges of Rs 94 w t hout

adj ust nent cilﬁseflﬂi’é(tsetrtlé‘giﬂé‘?YaJ’éﬂ‘Pﬁﬁ‘cPO #¥hanges are accomodated nmerely by DC
power supply current (not shown in Fig. 2). The resistive |oad changes
caused by changes in plasma density occur automatically on a tinme scale of
| ess than &ymatioh 231 ||isecond. In addition, plasma reactive effects may
decrease the value of La' 30a by about 20% fromno | oad conditions to

maxi num power, which causes the tank resonant frequency to increase by at
nost about 10% ~[he k t 0, as will be described in nore detail

bel ow, is desi gr?l,;d g%@ifdkﬂhagﬁo%e)ﬁné exenpl ary aspect of the present
invention to operate within the frequency range caused by the plasm
reactive effects without adjustnent. Thus, reactive |oad changes are

accomodat ed by Iicih #atgd$hat sysiemilOp i wibstepieal tnondirereduiecthe dendndencesd Rsrd
aut omati cal .| . ek oseconds.  Und | asma _startup
conditi onsf)htyplllaes'ﬂﬁn Sgélbgﬁk\%g L?g’ lg SURE! j?ﬂl’ Ssel%cz%%ﬁ ﬁ{),a &eégé%] E%%rﬁg%ﬁe fifth

the fully besdagoy sheteighdst Pslee bNRs D£SihsdhaddaeralldcbiRelBeStdBE BIEIRE IR -
presented at nodes 80a and 80b varies inversel g(pWith Rs 94, the p(;:t)sci | I at or

80 ef f ect i dengjty. Jhegyaleps Ry Hds derendant ongnteanal 39 derjers implanpspecies, 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



Now referring to Fig. 3 in detail, a schematic diagram depicts an exenplary
oscillator circuit 14b for providing plasma ignition and production in
accordance with the present invention. Reference nunergkkggnmbp t%ghts an
oscillator circuit including a vacuum tube 100, power suppllé€s a and
100b, a bias network 80a and various filters which are described in nore

_ us fi | inn
Ciroui t capeh Bb gy SP AL e e by HERR S e Bple SRR Bl i e

resonat or cgagm{,é@mge&@isiag@@@%tsegﬁpo provi de sustained oscillation with
the oscillator 80, an external inductance Le 76, a plasnma excitation

antenna 30 and thev pifersing t¢ At 3 is Hetwih)a scswpti¢ dingrem ddpidthen exesdanyl Ob i s
achi eved by ovidin sitive.f.eedback.fromthe utput circuit 90a to the
grid el errenc}sglil@@(‘i C%?‘g'i ﬁg’ ﬁoﬁB@Vi%@g. g@ﬁ?? {gnyeeTy %@E;“PB ) ﬁ@ogﬁ%e with dhent
100C pr ovi qfssed iiPatton! ReferdHiceldifcta1R0 nifioRtRscifi - eby -
sust ai ns gjgciel Ilat lon. It irs Cte(;] bg appri@@gggéﬂt h(z;ilt %Egﬁﬁlﬁglupggﬂ t may be
achi eved byaprusy bubierl§0, powdrtsipmick d 8%bankl G0, abme nkiveink 804 aid weioue lteigch as
to 'the gaéggq{ a NCS%E&.and/q&g.fﬁger é{ nsi stor for _exanple. DC bias of
the grid 109uch &edgsaribad in poredatall blovn egﬁr?@ewr 7P depicksrtBeptriiaieough a
| ow pass fidutik tankQikehit Eagagit@ce bk ﬁf& KSR - 0. 2A)
and C116 (e. Eg@, i e Cagh 5lkv§3;ml‘ 1 fobrcfented ] %&%@‘@@mﬁ?ﬁ%ﬁﬁﬁ% By

i ncor por at iresypnatoe cagmatidancea 98 (s sehabtaiste peovadeshsplimalnacil lapedwith ehandsciliaroran
oscillatoréﬁircuit 80, .signi ficgnt advantages are achi eved over

convent i ondl> #t gdtgalipgyst CSJ‘G???S?B ma gxgitation qatenna aand the plasmar(pet

associ at ed gghypgyre | oad are part of the oscillator output circuit,

transm ssion |li'nes and adjustable | oad matching networks associated with
conventional powvesciltatian sfiitesysemdPbtieahiced bglprovidiat @dsitifd figdbaek deomthe

caused by BITE AR B0 Recer slpthens LOBG oL EdMOIA dtpoBiyeithabBdihaERY 50
and resul t indneegRagkyidbs QHiohﬂﬁtibﬁ’Bflth%Q@%e iﬁ{%ﬁ%‘g{%ﬁ%ﬁ%& sﬁ:is(ﬁ&st | e

I's substantially 1 nproved since tuning I'ng ne 'S no
| onger r equwisciblatiorStli {slto banpireciated yistt amimidatresudi iay Belathisled dpgreyging m

bover et ePEa B AR PG RS SHth P GEnia st o bIGRE aad/er

conventi o.n Bther BUSLEBBfor Ex&nfiEC BFVKGs 6882 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.



As shown in Fig. 3, the vacuumtube 100 is enployed to provided the
oscillator «circuit 10b output. Preferably, the vacuumtube 100, such as an

air-cooled Eimac YC245 style, is selected to provide faqr
i mpl enentation of the present invention. The YC245 pr ogilj@%s?hlg’%%lg{’l?%ut

power rating of about 4 kWand maxi mum pl ate di ssi pation of about 1.5 kW
It is to be apprgci,ated tha

t, gt her tubes y be chosen. It is further to be
appr eci at ed t hat"S3107& 8 ég-éaﬁg@s‘fia@wgnﬁtﬁgﬁ @%@PB@Q’%‘@K{H‘)Y‘%@ gﬁéﬁ’ﬁﬂlﬂﬁ’é
present i nvgmitQ0b oﬁi!t;bﬁh BrsfcatiIP RS vAGRRETLA TG, @ﬁclpés{hgfaixg&wéd Eqma%%ﬂ%

designs. The oscillator circuit" 10b represents a Colpitt's style
i mpl ement atstyde.is filedted toprovide fat apobudt implefrestibian kf the pieserd iapadichhMhagh

it C101- C105 . g., | mtel vy 25 pF, 15 kvdc) and
Cioo- G110 (oS PRPEPAT RUPE SPrisseBiE Hokotch W eapmirpyss despabpe of s
111 and 112568 05 KVAPREON HEEBloLialtnBod ueV iy WY AULAE i rufifltRb bEo Tor -
the oscillator tube 100 outp and feedback. It 1's noted that e

capaci t or s appreciataddhattsolid Ehtcadesigne hewthedelastes taind ; erflentlthe\preesi in\ifeh?é@d- val ue
RF transm tting capacitaor h ver, any type. of capacitance may be
utilized aﬁﬂchgs%ﬁ W@:M&é?@& @gﬂﬁ&mer REW R %"‘chﬁmgtqﬁ’él%%ope of the preient76
invention. It i i ) . Le

and antenna i ndﬁlél{e?ﬁ%‘?gg’é egélgfjlqﬂ(;%breeé%{r‘%%ﬁgohg%6%@?@%?5&%5é8ﬁ3%.tg uH)

and (0.4 -gid.psitivg feadbsagieis dbvebped thropghespasitpiankd 00a101108igs heat er
power for the vacuu | apent and receives a 120 VAC i nput (not

r

shown) . Thé‘pB’i?ﬁfBPVef;é%;’ fégggf!dléiﬁ@ocl%'ﬁé}o feo-» amp.@%y HpFoidkdedl y 6.3
r is

sel ected fopealvel CilaciaRin shd X1z (e RpbdhRRREAIAR, 3hvat) Bravkis a0,

power suppbypligior firrmstitlewr pibet @Opaymt ahdfectibrky &Gk velet wine tlié)&facﬂd)rs_ in
receives a 208 ;( C, tpreg-phase I, nput (nat showné.l: The supply 100b is
sel ected, fHFUE Q?rfj‘l?’éfa epigd B8 stapgasd dR e ffixed: vripe RE-ransmifting camsiteist put

capability. W, ' o [ 1 P 114 (-, Q.0

appr oxi mat 4Py Y2y eRESPq by ARAEE KD HEREARAR L Cbdoddrtea i bl B fimin, .
100b out putthd scopéef thelpeestfiinpdmion. I is ditied hotkd Bhdt Salued REee@ral aiducaxa! e,
as a quarter ve choke, 1kV pk and | A, and inductor 124 is selected, for
exanpl e, adedogra i inuSaRbe LT fof KEIPlecAPRTRKmatelA O <Ry feH ang (0.4
structural _@igﬁ\%)ﬁl%sgga'i‘%h; an integrated power oscillator I Cc and plasma
chanber 20 in acéordance "With one aspect of the present invention. The

vacuum t ube 100 A powéranpplgn@na piovides hesteppesertior thbeaqheribe 180 filahént

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 is 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



8 8 Decenber 2004 antenna 30 then couples energy via a quartz plate 138 to
the plasnma chanber 20 (a bottom portion which contains the wafer to be
processed is not shown). A fan 140 provides cooling fogdhendPsodfL0. As
di scussed above, by integrally nmounting the oscillator, and providing
circuit elenments adaptable to changing plasma i npedance conditions, the

resent iny ' rovides substantial .inpro s _over prior art systens
P not abl v, ar?lggf)ﬁe%? 9hieR cBF@S?’rﬁnelr@ﬁWiao%?ﬂ?g%éer Y%Bfleﬂliagﬂ%fiﬁm% i®ity” and
faster i grjcttorpdriiefe®hichlcbRQUEThS Wefet Wﬁé‘ﬁﬂo@cfbfélgﬁ nBESHbWHIOWRANdg descr i bed

wWith respect to a certain enbodinents, It w e appreciated that

equi val ent PapYidessacobng faarle tabdil 09.c As idasssed Bbovepby integrallyombentimgské | | ed in
the art upan :lilhtseo r eadi nvg and. ungelrstandi %ﬂ !ﬁf this specification and the
annexed dr aRPHGST 4 PRAHINg girant Plegary adeptatle tq changing Plasmainpadanser  or med

by the abuadifess; idIHEschPIROMRH SolRAsS &IHhES infleWGfRits oQ/'gf @g&é@scsy“ ens,

etc.), the terns (including a reference to a ans use ribe
such conporsgsiems anetablyt epeaiable plasme igmsagidwerunkie hzhet fetinbilisearidfditeat ed, to
any conponent. .wh{.ch performs the specified function of the described
cormponent (PUHOMUPRS s functional |y equivalent), even though not

structurally eauiiheindiftvéinths 6 ASEBwALRY AbBea Wi GBS b Q'R bne

function in the herein illustrated exenplary e I ments~o he 1'nventi on.
In this regambddinmentsyit willtlesppheeiatedethaigpuiettnt hisdrativie andweodificationsigiludes a
conput er - r eadahl e nedi havi ng conput er -  execut abl e i nstructions_for
per f or mi ng °Pﬁ‘8’%f’ﬂ"ﬁ§ %:'ﬂ?%dﬂg t%&f&%“#@ﬁ?@&@@ﬁ@ﬁ@@ﬁ@@ﬂ@&% speciicatien t i on,
whil e a panhiigid el @ad R8T 1 Rl i | .t h
respect to only ong of sev raﬁ%ﬁ%ﬂ%&é{:@&%&@%ﬁﬁ?@&g&!ﬁ%ﬁﬁ%@ wged
wi th one orbovmdescriiedaronfpeatnts ssaniblichpdavidesrciengdistemns, sta) thivghes desired
and advant %&ﬁ@gs for . any gi yen or particul ar application. Furthernore, to
t he extent Mg Arefese 10 p niegiipelused to desephe pyrhrecompenents areiptendgstto and
vari ants t Rer8Qondrdiidés fhelwisE iddiGkedt a]ﬂg%c ' Lt [

cl ai ns, thesegs?e?ms are ﬁlg@ﬁggﬁqt&%dbg}el c E}go@gmivﬂlﬁgﬁ%lﬁ&n%@qg?s efL'%t}ﬁr%dto

the term " fompion of Hy'desdiBStRpAhenARRL ) tEARE EInEY o1l djuivalint), ave thysghem of
t he present inventig? may be used. in the field of sem conductor processing
such as i of°} SICHERR: fRvalet i tgidinelosed stmctimgnvhich 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.



9 8 Decenber 2004 CLAIMS 1. An RF plasnma generator system conprising: an
oscillator resonant circuit (1 Oa) including an antenna (30a) for igniting
and maintaining a plasma (94), wherein the plasma (94) gghd-Ake (30a)
are part of the oscillator resonant circuit (10a) and forman oscillator
resonant circuit |oad, and wherein an oscillator operating current; voltage
and frequency automatically adapt to plasma conditions. 2. The system of
claim1l1, wherein an allowabl e range %L&iﬁgl | at or operating current,

vol tage and frequency covers a desir e of plasma conditions. 3. The
systemof claiml1l or 2, wherein an active device within the oscillator
conpri ses one or nore vacuum tubes (100). 4. The systemof claiml, 2 or 3,
wherein an acti Ve dewncR¥ plastha gerichator systeitl, camprisioginpri ses one or nore

sem conduct or devices. 5. The syst f._any one of t recedjng cl ains,
wherei n the oscPPERUGTT FRUBRLH C“Ei?Mi“i‘C?‘t%%?‘? %E‘m&r}gﬁﬁﬁ?’f‘tg‘”émg@ﬂe

osci | | at or mabhtaifinR 30899 0d),System conprising: a wafer handling system for
i ntroduci ng sem conductor wafers into a processing chanber (20); and an
osci |l | at or r esomknteircthe plasma(29cndianthoz(30g) ae partiof threas¢iBi@or fepnangni t i ng

and maintaj ni.n l.asma within the processing chanber (20), wherein the

pl asma andcﬁ?ﬂlﬁﬁﬂé %W%oﬁﬂqmﬁﬁem{%t gl 6‘?‘?r esonant circuit (10c),
and wherein an Qaeid & QciIRRG Phiaffly EMkdfE: #h) it

automatically adapt to rﬁ asrraoacong%%ns’. O}tsgéégdl%e %‘%ﬁ&?@ﬁ%{'he system
of cl ai m 6adaphér glasmacomgditiomeabl e range of oscillator operating current,

vol tage and frequency covers a desired range of plasma conditions. 8. The
systemof claim6 or 7, wherein the system conprises an ion

2. The system of claim 1, wherein an allowable range of oscillator operating

current, voltage and frequency covers a desired range of plasma conditions.

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



i npl antation system 9. The systemof claim6 or 7, wherein the system
conpri ses an etching system 10. The system of any one of clains 6 to 9,
wherein the systemconprises an ashing system 11. ThegpsbgBePbo@ny one
of claims 6 to 10, wherein an active device within the osmﬁ‘?gtor
conprises one or nore vacuumtubes (100). 12. The system of any one of
clains 6 to 11, wherein an active device within the oscillator conprises

one or nore senjcondyctor devjices. 13. The syst of any one of clains 6 to
12, wherein thel-osci | heysten ekl Wherets an ﬁﬂ%%qe?g%ra&é%ofﬁoseﬂla&rrtope@ﬂgsy| e
osci |l l at or I . ‘i’%’ﬁ{i Lea . a plasm
chanber (2‘(:)'3r1;:leﬂtér¥é g%%rﬁaﬁ?@?%%?e rg%?%%&%ﬁ?%‘gégoﬁ saec?g{ri:i O?Sér m nal s (80a,
80b); and an oscillator resonant circuit conprising: an antenna (30a)

| ocated in the plasma chanber_ (20) and serially connected with a plasna
(94) in the resgnantﬂ&fffryé{?ﬂ’coﬁ 1t Qo 1 whgTeam el arOmDEses #elonpl asma; and-
a capacit ected across the plasma (94) and the antenna (30a);
11 8 Dece?v%@rhrg%gﬁ‘%@éi n the first and second termnals (80a, 80b) of the
oscillator (80) are connected across the capacitance (90), and wherein the
pl asma (94) and_antenna (30a)_ .forman oscillator resonant circuit | oad,
wherei n an oper&t i ngThasyetent of claim G/, avherain tioRysien caEpBSeAncdchiRg h t he
oscil | at or%@ﬁ) automatically adapt to plasnma conditions. 15. The system of
cl aim 14, erein an allowabl e range of oscillator operating current,

vol tage, and frequency covers a desired range of plasma conditions. 16. The
system of claim 14 or 15, wherein the capacitance (90) conprises a
plurality of cabhci tbassysteanefpnypne ohelamnstitofd Whsean thesystpigpomprigessac ond

termnal s z(sﬁﬂ%’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



80b) of the oscillator. 17. The system of any one of clains 14 to 16,
wherein the first and second 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 systemof any one of clainms 14 to
17, wherein the oscillator (80) conprises a vacuum tube (1(%CBecvmﬁltrl]280£gri d
el ement (10Cc) electrically connected to the second term nal of ]i’ehe
oscillator (80), and wherein the resonant circuit (90a) provides positive

feedback to th nd tecmnal of t 1] 80 ndul atjon of
the ouci| Lat or BiRa: gt rdreconbierngals (s 5obhokibs oschaicn HY fe
| at ' -
LA | R Bt AE R e CYSAR E Bt G Sup P

provi ded. Tensyssahatonckudetciecwitdéal, handling system for introducing

oper attvel y. coupt BEEApeR P OLGHY R Gea e Sapciatdy BHAEE ne

processi ng RAMRG (80T ARoRlaasiR At ﬁf‘ﬁlﬁﬁﬁ@cf)ﬂdiﬁbﬁ’s.resonant circuit with
the oscillator, and the oscillator varies an output characteristic

associ ated therewith based on a | oad change in the resonant circuit during

plasma igniti N5, F'ﬂl%r %ys%em of claim 14, wherein an allowable range of oscillator

operating current, voltage, and frequency covers a desired range of plasma conditions.

16.  Thesystem of claim 14 or 15, wherein the capacitance (90) comprises a
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.
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