METHOD AND APPARATUS OF PROVI DI NG PONER TO | GNI TE AND SUSTAIN A PLASMVA IN A
REACTI VE GAS GENERATOR FI ELD OF THE | NVENTI ON [ 0001] The invention rel ates
gener al | ywoaotonesfivel d of generating reactive gas cont aiPoirnu$2000/0303s5$ r ee

radi cal s, atonms and nol ecul es and to apparatuses for and net hods of

provi ding power for igniting and/or sustaining a plasma in a reactive gas
gener at or. BACKGROUND OF THE | NVENTI ON &0002 Pl asma di scharges can be used
to exciMETHEN:ANID APPARAEUP LHCPROYIGENGPEN TAdGNERE ANPSSTFTAINCAI s,
atons and nol ecul es. Reactive gases are used for nunmerous industrial and

scientific applicati dHAIMA DHAREMEEEER SAYCGENERARARer i al s such as

sem conduct or wafers, powders, and other gases. [0003] One exanple of a
reactive gas is atomc fluorine, which can be used to clean chem cal vapor
deposition (CVD) chanbers fBIEId2OFSTHEINVENTION filns onto substrate
surfaces. CVD chanbers need to be routinely cleaned to renove the deposits
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surfa ensl ve an aZ ous

wor kers, while cleaning the chamber with atom.c fluyorine generated by a

ol s riBdiealir s R RNGeHIes i Gushparerisen for ABh B HR T RSHOBBBM GO he Chanber
to atnosphere, inproving tool productivity and working conditions. Typical

sourcléntj’éilgégdfpbﬁusﬁtll@ﬁgéPllqsmﬁrlllﬁéeqcﬁw gefegeperatdruor oconpounds ( PFCs) such as
NF3, CF4, CHF3, C2F6, and CAF8. [0004] Another exanple of a reactive gas is
atom ¢ oxygen, which can be used for photoresist renoval in

m croel ectronics fabri C%#@RGR%I;HQD L[%ﬁ{mﬁﬁﬁﬁéﬁi on, photoresist is
waf er Ssurface to a

renoved byexposing the om ¢ oxygen generated by a plasma
source. Atom c oxygen reacts rapi d(l‘éig3 and sel ectively with photoresist,
al | ovi0882] Pasmy disehaggassap be seadda creite gasestopsedngayeactive gas containing ions,

free radicals, atoms and molecules. Reactive gases are used for numerous industrial and
scientific applications including processing solid materials such as semiconductor wafers,

powders, and other gases.

[0003] One example of a reactive gas is atomic fluorine, which can be used to clean chemical
vapor deposition (CVD) chambers for deposition of thin films onto substrate surfaces. CVD
chambers need to be routinely cleaned to remove the deposits that build up on the surfaces of
chamber parts other than the substrate surfaces. Wet cleaning of a chamber is labor intensive
and hazardous to workers, while cleaning the chamber with atomic fluorine generated by a
plasma source allows the depoéits to be removed without opening the chamber to atmosphere,
improving tool productivity and working conditions. Typical source gases for atomic fluorine

include perfluorocompounds (PFCsj such as NF3;, CF4, CHF3, C,F¢, and C4Fs.

[0004] Another example of a reactive gas is atomic oxygen, which can be used for photoresist

removal in microelectronics fabrication. After pattern generation, photoresist is removed by



and at relatively |ow tenperature. SUMVARY OF THE | NVENTI ON [ 0005] Pl asma
can be generated through inductive coupling of energy froma power supply
into a gasothmosgwocapabl e of being transforned into a pPCAATSR09MMBEN
techniques for igniting a plasma include applying a high voltage or current

to sp .q e L L PREsL QNI gas.
Known égg'%g%&#%c ni %ﬁg)sat{n%?c %@llg%ﬂ(l:?% nﬁggt%c?ég%%%is{)@gﬁ é'r?]oéh @E’g ? géi;lni ng the
pl asma i.ncl ude use.of. the .pl as current. as, the feedback signal. In
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use of one power train for controlling nultipower train systens. However,
such adahrRlively laPdemppBiue| v not reliable for the fol l owi ng reasons:
arcing outside of the ignition w ndow often occurs, punch through often
occurs due to high | oop and/or spark voltages, the operation is unreliable
due to the use of one po i r nonitoring, and |arge

m smat ches exi st bet menm?%%%r%%?? %%%gg?%ﬂgaﬁhnventi on features nethods
and power supplies that provide power to ignite and sustain a plasma in a
r eact OS] flasmaern be gsperajgdithrough pdughiye ¢aupling obshssd Hemagoyes surnbe e el ow
can realize one or nore of the follow ng advantages. Enbodi nents can

pr ovi algasfthat imcdpablgef beiggittansiormehint ¢ plagma. Knowo setbniquentps igifiting @plesme

and/ or gas flows capable of igniting) with | ess conplexity. In addition,
enbodintigé spptging phigh wdtage or eurkeng fespatkFas to pétieedie drrinitilal breakdowneoflthe ge
change of gas flow rate. Enbodi ments can elimnate or mnimze the risk of
anodi galibRRedi82KHewa f@é&ﬂ)a&&'fé@ﬁﬁ&ﬁ@s%ﬂ&d_btec%ﬁi@%sﬁﬁﬂﬁﬁti@ﬁtancp&l%‘t’diﬂﬁ% If}]gére n
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reliable ignition and operation. Enbodi nents can increase bl ock
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a reactive.gas ,generator.. The. nethod i ncl.udes provi.di.n ower from an
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power train systems. However, such techniques are generally not reliable for the following

In

reasons: arcing outside of the ignition window often occurs, punch through often occurs due to
high loop and/or spark voltages, the operation is unreliable due to the use of one power train for

control and monitoring, and large mismatches exist between impedances.

[0006] The invention features methods and power supplies that provide power to ignite and
sustain a plasma in a reactive gas generator. Any of the particular embodiments described below
can realize one or more of the following advantages. Embodiments can provide for a larger
ignition space (e.g., a broader range'of pressure and/or gas flows capable of igniting) with less
complexity. In addition, embodiments can provide for a higher dQ/dt, which can allow for a
large change of gas flow rate. Embodiments can eliminate or minimize the risk of anodization
breakdown and punch-through. Embodiments can provide for reliable ignition and operation.
Embodiments can increase block life. In addition, embodiments can provide for safe drop-out

under all gas conditions.



measuring a pre-ignition signal of the plasma ignition circuit, adjusting
the power provided to the plasma ignition circuit based on the neasured
pre-igni tworrosvysmEb and an adj ustabl e pre-ignition cont Polr/ts2guako3sand
adjusting the adjustable pre-ignition control signal after a period of tinme
has . 0 0, [ t | S t t+ol ling the
g ¢10BRG one Bpiec] e AMhiod 37 Bl d IRt oy ReE' T eBloniB [cs "
measur enment device coupled to a plasma ignition circuit and.configured to
Goncrafog gt Brovdabp&yeiiem oy duediiranady foe plivoe G OROR or - The
controller includes a conputing neans for adjusting an ignition power

supp| §reasgring a presiggiion s of e plasma pgrationeirquitopdjystingdhe poveranovdeditorthol e
pre-ignition control signal, an outputting nmeans for outputting the

i gni tplesmepiguittonirppit pased whrthd measynal pre-dgration sjghdliand ap adj@stableppe-jgnitiond a
conputing neans for adjusting the adjustable pre-ignition control signal

af t ercoatrpEsiged 4 alljudBndae afiRdRObreiSHHS cdﬂﬂro@&i?ﬁzﬂ AEPAHPEESd oftiiie Bs t he
aspects above can include one or nore of the followi ng features. The
ignit&@gamomer supply can include a switching power source. The ignition
power supply can include a half-bridge inverter or a full-bridge inverter.
The pre-ignition signal can include a voltage, current, or power of the

pl asn@008]nintanothecaspect] thereds aapstern@ioomeadllingthehignidod of  hlasmpa i a gractiveon

signal can include a current between the ignition power supply and the

pl asn@siggidrhtiof NThd §y&tsnt incMASS i ieASiréhent Rleict BAMPIED aSp18shA ighaidnl divehidde
nmeasuring a peak of the preignition signal during the period of tine.

[ 0010].. 4l A i . adi i O sna
B e N S T S S R R el i

val ue_o he i.gnition power supply.. Adjustingthe power provided tq the
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pre-ignition signal  and the adjqitable pre-jgnition conEroI si%pal.

Adj usl?qs%oq the DEgrigition signal and an adjustable pre-ignition control signal, an outputting

means for outputting the ignition power supply control signal to an ignition power supply, and a
computing means for adjusting the adjustable pre-ignition control signal after a period of time

has elapsed.

[0009] In other examples, any of the aspects above can include one or more of the following
features. The ignition power supply can include a switching power source. The ignition power
supply can include a half-bridge inverter or a full-bridge inverter. The pre-ignition signal can
include a voltage, current, or power of the plasma ignition circuit, or any combination thereof.
The pre-ignition signal can include a current between the ignition power supply and the plasma
ignition circuit. Measuring the pre-ignition signal can include measuring a peak of the pre-

ignition signal during the period of time.

[0010] In some embodiments, adjusting the power provided to the plasma ignition circuit can

include adjusting a duty cycle and/or a frequency value of the ignition power supply. Adjusting



provided to the plasma ignition circuit can include providing | ess power to
the plasma ignition circuit if the neasured pre-ignition signal is greater
t han t he woj208K@kt7@ pre-ignition control signal, and precirdisaeomw3es power
to the plasm ignition circuit if the nmeasured pre-ignition signal is |ess
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be increased linearly with respect to tinme. Increasing the_ adjustable
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control signal. The method can further include overriding the adjustnent of

t he poweit iﬁhemedmrtedl pretigeitiohatgmal is grdatdr dimnche adjistatle pedigniticarcootrel ri de

signal. The override signal can be based on a predeterm ned maxi num contro

si gnadigradint peovidiag wiceé power todhe plasifa Hindival circGit f the eieagurédreaighitioh ment  of

t he power provided to tﬁe plasma ignition circuit can include providing no

pomer At a second period of tine. [0012]
In so é%sggssﬁirlrent Saﬂﬁ?l{a%!;%%?%r%ﬁﬂéogﬂ%%éég&éd of time has el apsed, the

met hod can further include adjusting the adjustable pre-ignition control

si gnal001Y Ia yetsther embadimemnts; adjwsting thy adhestabtl pretigiitien pordral gignal can igdwder ol

signal at the reset value for a wait period of tinme, and adjusting the

ad] usinalehdngihe-atifiiableqite-4@iti60tontfol signdlhterdie pefed bOEmehad élapseiaThel apsed.
The plasna |gn| tion circuit can include a transforner and a resonant
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si gnal de a vo tage of the primary wnding. The resonant circuit
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plasma ignition circuit based on an override signal. The override signal can be based on a

predetermined maximum control signal and the measured pre-ignition signal. Overriding the

adjustment of the power provided to the plasma ignition circuit can include providing no power

to the plasma ignition circuit during a second period of time.

[0012] In some embodiments, after an ignition period of time has elapsed, the method can
further include adjusting the adjustable pre-ignition control signal to a reset value, maintaining
the adjustable pre-ignition control signal at the reset value for a wait period of time, and
adjusting the adjustable pre-ignition control after the wait period of time has elapsed. The
plasma ignition circuit can include a transformer and a resonant circuit coupled to a primary
winding of the traﬁsformer. The pre-ignition signal can include a voltage of the primary
winding. The resonant circuit can include one or more inductors and one or more capacitors.

The plasma ignition circuit can further include one or more ignition electrodes coupled to a



provi ding power to a plasma in the plasma chanber. [0013] In yet other
enbodi nents, the nethod can further include determ ning whether the plasm
i s presemnwoiniideg77pl asnma chamnber, using the plasma i gni PCOIUSCOI0OWIES t O
provi de power fromthe ignition power supply to the plasma in the plasma
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power supply. Adjusting the power provided to the plasma can be based on
t he d?TPYléH’ém@@Veb&@/\E‘éﬁnﬁﬁéthﬁ@é@W@ga@P@i gnition signal and the plasma
control signal. The method can further include neasuring a plasma signal,
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di ff ween ‘a neasure asne signa n control signal

The pl.asma signal. can .incluyde . a current of the. prinary w ndipg, a power
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I n some_enbodi nents, the system can further can include the ignition power
suppl the igngtianrowsr saprdy fejitieblasmadn thenlesmeaehember, ead.tif thei pianma is defgamiaed
supply. The neasurenent device can be further configured to generate the
pr e- i tgrbetprasantsn gheaplasdnas dhnter,adyustitgathe poeas progidedtto the pdasmasighitive@gowienent |
a power neasurenent, or any conbination thereof, of the plasma ignition

Ci I cUbdsed & plBiRS Y6:@r61 RigndE VA gjastiiithé powérgiroviaed to@s pRispaakn dRhriet i on uni t
for measuring a peak of the neasurenent during the period of tinme. The
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be configu ust the ignrtion power supply co | signal based on
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P wherein adjusting the power provided to the plasma is based on the difference between a

measured plasma signal and the plasma control signal. The plasma signal can include a current
of the primary winding, a power supply signal, a plasma chamber signal, or any combination

thereof.

[0014] In some embodiments, the system can further can include the ignition power supply and
the plasma ignition circuit coupled to the ignition power supply. The measurement device can be
further configured to generate the pre-ignition signal based on a voltage measurement, a current
measurement, a power measurement, or any combination thereof, of the plasma ignition circuit.
The measurement device can further includes a peak detection unit for measuring a peak of the
measurement during the period of time. The computing means for adjusting the ignition power
supply control signal can be conﬁgﬁred to adjust the ignition power supply control signal based

on the difference between the pre-ignition signal and the adjustable pre-ignition control signal.



[ 0015] In yet other enbodi nents, the systemcan further include a plasnma
detection unit for detecting the presence of the plasma in the plasm
chanber, woaow/qemwer controller having a conputing nmean®crars2@adjowsss ng, if
the plasnma is determined to be present in the plasnma chanber, power
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coupled to one or nore other plasma igni t| on circuits and can be configured

to geoe1sitia y"e’f‘@th&ré?nlb(ﬂﬂnéﬁt@ Nhé 5SRah cRPEeMHeCRBIUAE A pHisRIARRERibH it Fie one or
nore ot her plasna |gn|t|on circuits. The outputting neans for outputting
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out putti ng ower supply con o0 one or nore ot her

ignition power supplies. ass |aed\M t he on nor.e | .as
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relating to a nethod can be perf or nmed a system and/or a controller of
the SBAIYCERpyovadsdrtp ghe RlaspayigationpiicHig bﬁ@é@g afpdasmpsqongrohsignal: fbe plasmad. | n
addition, any of the features above relating to a nethod can be perforned
by a cmmtrpmigtal pamychade prpoeigtrmined| plasimagcontrel valux, h ongeftaifitige mpearybl e t o
cause a data processing apparatus to performthe nethod. BRI EF DESCRI PTI ON
OF THEn@REVE Eﬁﬁex{éﬁgﬁl?/] sighfa€ aqslasaid @gRbeddighdlCoriany ebinbinatioe frtdofeThabove,
together wt er advantages, will be better understood by referring to
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ther plasma ignition circuits. The outputting means for outputting the ignition power supply

control signal can further includes means for outputting the ignition power supply control signal
to one or more other ignition power supplies associated with the one or more other plasma

ignition circuits.

[0016] In other examples, any of the features above relating to a method can be performed by a
system, and/or a controller of the system, configured to or having means for performing the
method. In addition, any of the features above relating to a method can be performed by a
computer program product including instructions being operable to cause a data processing

apparatus to perform the method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The advantages of the invention described above, together with further advantages, will

be better understood by referring to the following description taken in conjunction with the



invention may be applied. [0019] Fig. 2 is a block diagramillustrating a
top-1level control systemfor a power train. [0020] Fig. 3 is a flowhart
depi ct i ngvoantwog770f a power supply systemto ignite an#CIust@oni@dspl asna
in a reactive gas generator. [0021] Figs. 4A-B are circuit diagrans
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tr.ol. t for [ tr.ai di t nmbodi t. [0023
Fi gs. g MR o R 3R I BBl B P iEh: ruer t or “and pri mary current
val ues according to different ignition scenarios. [0024] Fig. 7 is a block

di agr?ms]l Figst fsaatdi%aﬁa illﬁsﬁrdtiﬁﬁ Qlre ARt ?_94 gt TS WlicH MR JARNBts b fensS.
DETAI LED "DESCRI PTI [ 0025] The invention features nmethods and power

suppl i i power to ignite and sustain a plasma in a reactive
gas d@ﬁé?%@g%Qﬂ%hébggdthe particul ar enbodi nents descri bed bel ow can
realize one or nore of the foll ow ng advant ages. Enbodi nents can provide
for a[00a9]gEp. 2 Bra Blockdiapanreillgstrging astoplev@tieontiohsgeno for@r@ssu trainand/ or gas
flows capable of igniting) with | ess complexity. In addition, enbodinents
can provide for a_higher, dQ dt, which can allow for a | arge change of gas
T ow OB Figbis Mot RICEN fPRERL @?5 POV IIRPesyekan toiighilkand Sustain a

anodi zat i onbr eakdown and punch-through within the plasm chanber.
Enbodplasme i aogactiye@as denefater.rel i abl e i gniti on and operation. Enbodi ments
can increase block life. In addition, enbodinents can provide for safe

dr op- d I ditions. [0026] Fiq. [ di am il [
a o0 p UGS G e AP et e b aeReY B SRk EHOBhETHI can be-
applied. As iIL#strated,_the reacti ve gas generator 100 includes a power
suppl gecording to different embodiments.

[0022] Fig. 5 is a block diagram illustrating a control system for a single power train according

to one embodiment.

[0023] Figs. 6A-6C are timing diagrams illustrating inverter and primary current values

according to different ignition scenarios.

[0024] Fig. 7 is a block diagram illustrating a top-level control system for two power trains.

DETAILED DESCRIPTION

[0025] The invention features methods and power supplies that provide power to ignite and
sustain a plasma in a reactive gas generator. Any of the particular embodiments described below
can realize one or more of the following advantages. Embodiments can provide for a larger
ignition space (e.g., a broader range of pressure and/or gas flows capable of igniting) with less
complexity. In addition, embodiments can provide for a higher dQ/dt, which can allow for a

large change of gas flow rate. Embodiments can eliminate or minimize the risk of anodization



110 and a pl asma chanber 120. The plasma chanber 120 includes an inlet 140
for receiving a gas (e.g., Argon) for transformation into a plasma (e.qg.,
Ar+). Oncwogervemst’ed, a pl asna may be used directly, or PCIruSh@9owsmsds t o
excite one or nore other source gases into correspondi ng reactive gases
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fromthe power supply 110 is inductively coupled via the transfornmner
pri W?PFQYIQ%@TﬁgdePaQ‘EIW@%hg%&Qﬁ difip@s. chamber 120 to ignite, generate,
and/ or sustain the plasna. The ignited plasma within the plasm chanber 120
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appl XCIt n voltage~o rtude across t nary mnndlng

132 af thetra sfor high excitation volt es hi rrent
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t hrough the magnetic_core 134 across a _path of the gas. a result, an
el ectﬁ«ﬂcanfluaéﬂ%fmaschméve%w W ltemlaﬁmar@agﬂvﬁr 120:igsludes an iglet gfw faraeceivingaa

pl asma and/or providing current to sustain the plasma. Once the plasma is
genergas €elg., Angorp farsremsfommatien intea plasmexecgs Arok Hncepoueraedgaplaspa odydeng a
desired reactive gas for specific applications. The inner surface of the

pl asnied BiredigT orlcd leaRed B Rt 6fe aNEORI othdiGbukde gades aito dbedpoAding aduetivd €. g
a dielectric material), for electrically isolating the plasma gas fromthe

Pl as g ChRRRH tﬂfged&a%&l dt 0[199(21&12 afill $hto 2ot éxa?nﬂfré %gﬂfo@eséeﬁﬁﬂaér hygstrating a

t op- Ievel control “system 200 for a power train. The system 200 can include
a DC supply 210, a bridge inverter 220, a resonant tank 230, a frequency
and d0027]dyolder ¢@ignite landrfoi sustda phsmh&herpoﬁet supplyaid 0dn¢lud®5d1ramfuﬂ1/ner a
safety and nonitoring unit 260. The DC supply 210 can provide a DC power to
t he br3oddmeitasfoitér ptidhary Ti@udes aGeiendr weridigy 18P @rappd bbb a peatfoniufavi de

power to the resonant tank 230. The bridge 1 nverter
magnetic core 134. Energy from the power supply 110 is inductively coupled via the
transformer primary to the gas traveling through the chamber 120 to ignite, generate, and/or
sustain the plasma. The ignited plasma within the plasma chamber 120 serves as the transformer
secondary. Specifically, the power supply 110 applies an excitation voltage of high magnitude
across the primary winding 132 of the transformer. This high excitation voltage induces high
current in the winding 132, thereby generating an alternating magnetic field through the
magnetic core 134 across a path of the gas. As aresult, an electric field is induced within the
gas, causing its ignition into a plasma and/or providing current to sustain the plasma. Once the
plasma is generated, the plasma can be used to excite other source gas, producing a desired
reactive gas for specific applications. The inner surface of the plasma chamber 120 can be

coated and/or include an anodization layer (e.g., a dielectric material), for electrically isolating

the plasma gas from the plasma chamber 120 itself.



220 can be a half bridge or a full bridge power converter as known in the
art. Alternatively, any adjustable source of alternating current or voltage
can be usw0d2mn/qimee of the DC supply 210 and the bri dgecirrsesmano3z20. The
bridge inverter 220 can provide an alternating source signal having a

freq U@g%ﬁj I\E}ﬁ Pls 210 cﬁ%é - lthStPattln% E%anc%%rof §)$%HFW ok to&%r frgnonant

t ank can I n circult resona t Clfcuit can

i ncl ude one nore in nore, c citors sonant tank
50 ol SH ﬁn%’a 1\%9 b iEacty 0, e‘?fﬂiﬁ?g?m?&iﬁeﬁ%laa B2 0ad (ot
shown) and/or to an Eﬁasna |gn|t|on unit_ (nat shown ﬁ& The frequency and
duty PREYCAREdUBY cygl sontraburih 240, gplasgia defrstion vpit 3@ yandiyayaleRcand ~ and/ or
anplitude of the source signal provided by the bridge inverter 220 and DC
supplmot@ing Goitt260] Toeé Dithsupphe2ilferanypravidd @ DCpriwer ¢y tedbrislge titmertan220. 240 can
be based on one or nore signals neasured fromor provided by the DC supply

210, Theebridgh tg@rtend20; irefurd 280 ptdvide e ddthetrésdliadIbhk 230 THedg1tRe dleftSt | ON
unit 250, predetern ned set pol nt(s) 242, and/or any conbi nation thereof.

The plrssaR be ﬁthﬁﬁ"tbh‘age 6t 4 Gl BridzeBosRP c&ﬁ‘kﬁ&t astl&%wﬁﬁﬁﬁf‘e'l&? Rlterfatilchs ARy Pased

on one or nore signals fromthe resonant tank 230 (e.g., inverter current

and/ Ozfd L%Eabmo\(n(@%%rf aﬁ%%tlfggfrpent 81“\%1%%6 B & Qe85H pI% ﬁﬁ:h% ]ﬁr(% %{B{pw %s yni t's

in the urrent or a power*signa uppl y

210) . e safe r i.t 260 can proyi de .one or safety and
ront 1167 PRGSTceraat: 1B e i 220 an Wé’VliiﬁlaPsaYtS’Fna{lﬂ%s‘&F‘é"g%’i‘ﬁ? BABNE For
exanple |n one enbodi nent, the safety and nonitoring unit260 can provide
an o@ﬁ@qua@cssat@ﬁaubsmnﬁﬂ]é abfihe mryenani fisauancy 2f thetresqpeaiianie 230 aviich saaup of
addi tional energy in the resonant tank 230. [0029] Fig. 3 is a flowhart
300 dagud¢ a regorzmn tiralit. cFheareggmant cisujiphy irchsleome pomoghintlectarscindwat ar n a
plasma in a reactive gas generator. The elenents of flowchart 300 are

descrinbeea ?la&ﬁtaﬁ e resonam tadly230 Qalbedhdgtioeny 266led vialdGrandforfen 3l 20f t he

power supply system 210 includes nmeasuring a pre-ignition signal by the

frequgneys RAF Y sNov) Gh/of R Ahsti ghiti it Th sho@l). Uehd R8quency and duty
cycle control unit 240 can control the frequency, duty cycle, and/or amplitude of the source
signal provided by the bridge inverter 220 and DC supply 210. Control of the frequency and/or
duty cycle by the unit 240 can be based on one or more signals measured from or provided by
the DC supply 210, the bridge inverter 220, the resonant tank 230, the plasma detection unit 250,
predetermined setpoint(s) 242, and/or any combination thereof. The plasma detection circuit 250
can detect the presence of a plasma based on one or more signals from the resonant tank 230
(e.g., inverter current and/or primary current) and/or one or more other signals from other units
in the system (e.g., a plasma current or a power signal from the DC supply 210). The safety and
monitoring unit 260 can provide one or more safety and monitoring functions to one or more of

the units of the diagram 200. For example, in one embodiment, the safety and monitoring unit



by the frequency and duty cycle control unit 240, a pre-ignition control
signal (320), adjusting, by the bridge inverter 220, power provided to the
resonant warkioa®8770330), and/ or determ ni ng t he presencecofusacmploassa by t he
detection unit 250 (340). [0030] The pre-ignition signal can include, for
exa a?pi’oq'k& Coveltidd §&hal t@fﬂg/bﬁpg@ﬁ%rtercifmtt@?r&gﬁﬂﬂég %&@%‘f aaanone!lln one
ment; t pre-1gnitron si IS a curr

current% Ween th tﬁgkh?!ﬂe inverter 220 and the resonant tank 230. In an
aIteFWSgﬁdglﬁﬂﬁﬁﬁﬁ e pre-ignition signal is a voltage (e.g., the

vol tage of the transforner’s prinmary w nding). Measuring the pre-ignition

si gngp029i Y. AR AdWhdAS00 %ﬁi”cﬁh@bdlﬁro@of’@?& wéfsubpl§ sREEMAB igdiRMndis@Rah
during a period of tine (e.g., for every tine period based on the tine

Y e Qherb 1 ARG D PAYE TR AGE P ow YD R0 h@gzﬁ%%l&gcme

rve measur prergnirtion signa an incl ude

taki ng an. av Si iltering the sure si gnal ,

and/ SFeBPRLY g@agﬁ%gra&l g@%&% &?&rgggfllsthe POUS1YPR jsé’gtﬁnn‘ g ¥e-i gni tion
control signal (320) can be based on a predeterm ned prei n|t|on cont rol

si gnaneasHing @ ere-lgmt@ﬁélg@ﬁb'adthﬁémuencwwé datyeyelesontal wit240y3i0). adjusting r ol
signal profile can include a ranp-up portion followed by a clanped portion.
The rtantpe fpqumcy roddeticyble chatseldmitr240f @precignitioh epntzelysigneh(GRBhiadnisting,

i ncreasing function of tine F(t) (e.g., F(t) = at, where a >0 is a sel ected
s| opepbyviat bedge infertdi220, e paskidt tonke tebenapt Bnk @80 (3380, andrvr delermining
signalincludes evaluating the function F at a given tine. In a suppl enental
erTbOOtggsfeEencUa?agla@Hﬁtb%rtﬁe B8RS miP30(34v). control signal profile can

i nclude”a del ay period”foll owm ng the clanped portion. [0032] Adjusting the
power provided to the resonant tank 230 (330) can be based on the neasured
pr e- i [§034]i The me-ggratiorasignal lven autjudst fod exareple gnvaliage, cvonent;, end/er ppvedr of the one
enbodi ment, the frequency and duty cycle control unit 240 can control the
freq L&@ﬁlﬁl‘ﬁnﬁﬁﬁﬂ 230. tIaend @inbodinedn®, thé pre-ignition signal is a current (e.g., the inverter

current) between the bridge inverter 220 and the resonant tank 230. In an alternative
embodiment, the pre-ignition signal is a voltage (e.g., the voltage of the transformer’s primary
winding). Measuring the pre-ignition signal (310) can include determining a peak of the pre-
ignition signal during a period of time (e.g., for every time period based on the time cycle of the
alternating power source 220). In a supplemental or alternative embodiment, measuring the pre-
ignition signal (310) can include taking an average of the measured signal, filtering the measured

signal, and/or other signal processing functions.

[0031] Adjusting the pre-ignition control signal (320) can be based on a predetermined pre-
ignition control signal profile. In one embodiment, the predetermined pre-ignition control signal
profile can include a ramp-up portion followed by a clamped portion. The ramp-up portion can
be based on, for example, any monotonically increasing function of time F(t) (e.g., F(t) = at,

where a > 0 is a selected slope value), in which case adjusting the pre-ignition control signal
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the alternating source signal supplied by the bridge inverter 220. In a
suppl enental or alternative enbodi nent, the control unit 240 can al so
control tweamplogt7ade of the power signal using, for exaomplus0hersB supply
210. In another emnbodinent, adjusting the power (330) can be based on the

di 1T §fa06& Rak %ﬁﬁ‘ ?ﬁn&ﬁﬁ?ﬂét%‘rjgl% S”Inte{ Q%gi%h&ﬂ?él e gdlthfﬁt géeUSt abl e

pre-ignition c | ess wer can be provided if the

Cont iBree i kool %ﬁtﬁiﬁlg&%tﬂorreé%?ﬁlaiﬁéﬁ@at PRl Fe i 1 on

signal is Iess than the adjustable pre-ignition control signal. [0033]
Det er OfN- pr esence of a plasma by the detection unit 250 (340) can be
based on, for exanple, the primary current supplied to the transforner by

the rgses g?&_]uétﬁ@gg%@weﬂ ﬁg@lﬁ%@i@t tﬁé RAbhM e 234 Rﬁ@%ﬁ?%@ lbas%%ﬂ%% the

presence ased on a pomer S|gn rontthe supply 210
or an_RF si nal ftromt fg cg@)g ntttank 2 a]dso '39; ted

t hen PHASUSH RReleR o sigrsl gnd, g adiusted prpignt ‘o"fcf)o YRS EE>0 " °‘F‘re“é ‘8
detected then the control unit 240 can enter [nto a plas ustalna |I|ty
st at ghe fraaugrry And s cyele cprifRlrun 290 icar gonteo! %ﬁ%auﬁntwdmrng Uty sclp e

adjusted to neet certain operating standards. |In one enbodi nent, one or
nor e the eltermatingsbutsk signabisupgliedhby @ bridge sverern20uded supplopentak e aétnmapve)w de
power to the plasma chanber when a plasma is present.[0034] Fig. 4Ais a
Ci r c ugnibodliragt ative 46irdl lunit2u0 @hn Algo aontlMitic anplithde afittle pbweksigighusingfori r cui t
according to one enbodinent in which ignition occurs via ignition

el ec téx@ﬁ't% ¢ Subpte 280." Brdotttd 28H8AMARD alFSHMIRE pbWer (330} be A& on

trains, her configurations with any nunber of modul ar power trains are

PSStk ffe@l Qg&%%% 8 é%rte@ﬁﬂ R S R S i b
420b b t I f 4 422b
(e.q. s?é"‘r%ée@ HIE roner bt %!Fégttam%e%xrg‘tﬁrgdz@?ﬁ%%@?%a el "ana

430b i ncl ude three |nductors (L1, L and L3)
adjustable pre-ignition control signal and more power can be provided if the measured pre-

ignition signal is less than the adjustable pre-ignition control signal.

[0033] Determining the presence of a plasma by the detection unit 250 (340) can be based on,
for example, the primary current supplied to the transformer by the resonant tank 230. In an
alternative or supplemental embodiment, the presence of a plasma can be based on a power
signal from the DC supply 210 or an RF signal from the resonant tank 230. If a plasma is not
detected, then the process can loop back to steps (310) and (320). If a plasma is detected, then
the control unit 240 can enter into a plasma sustainability state, in which case the power provided
to sustain the plasma can be adjusted to meet certain operating standards. In one embodiment,
one or more elements of block diagram 200 can also be used to operate and provide power to the

plasma chamber when a plasma is present.
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and two capacitors (Ca and Cb), however other resonant configurations can
al so be used. In one enbodi nent, the values of the inductors L1, L2 and L
can be, rwepemviss®by, 1.7uH, 1.7uH and 1.05uH, and the walrasgo009f04i3ke

capacitors C and Cb can be, respectively, 55.6nF and 37. 6uF. The resonant

e IR0 AR AU S O S O
A RS R B s RS0 B o o

voltgge across the primary winding, a current is induced within {he w nding
432 #Hewrmi408 mludesityp mOC#\{%aripewe aingother genizeyations Withanygwmpeg ght r al
ground tap, which results in the | eads that extend fromthe w ndi ng being
bi polmeduardomtentrains atsl possiblee Kpch eowei wain afclydss atpower smucaddPatandd20lyni t i on
el ectrodes. The | eads of the winding 432 are switchably connected to one or
mor e (e@iahitbridége) ahd adesdndtQavcdid AB0Dnll 4890 Ahé Pobvey bdurcaser2pa ahd Y20ty can

swi tches 435a and 435b. In addition, one or nore capacitors C7 can be

Pl acegh DefweRlly ol Bdine and | §2aldn@28h RE L ! Of hdOb_and
450a/450%% fﬁgyagggcitbrs ééﬁggh %gsg%ggvaﬁjg?qfok%ggégggzPégfﬁggg pF

CGener i f } C o} it
curre%‘:h%fgla?elagn%‘%i ?gersl()ﬁe g%@@%&?*’ﬁﬁ%‘%ﬁ%’o@%ﬁ%@&%ﬁ ﬁ%%% ds‘ti?ﬁ ang*t% char ge
bui | dup ,on the.dielectrjcs,is kept, bel ow predeterm ned | evels.[,0036] The
one. ISP SARRGHDE bl ok hONEST RUNSERAREY GBS S6b 50 e Bistialh hyed
about or within the plasma chanber 120. By placing the positive and
negatdmykodimgents the yalapeet the inductorchi, L and Lhedn bgpprspectiyely, gﬂaﬂh &7ubrpngdhe

pl asma chanmber 120, an increase in the anbunt of electric flux can be

r eal i zeéihHhend ¢w vahes pif denapaditnb€; arCyodaarbestespettivaly cmonteand 37.6ufF. | Bes

vol tage to ground being required to generate the requisite anmount of

el ectresdhaht divcuft943@Ninidet30berdEAHIT t6 ASnaghbtiOfe apPodi ment, the el ectrodes

can be configured such that the electric field is generated across a

channel of the plasma chanber 120. Wen the sw tches 435a and 435b are
connd®93]] Ths magnetic core 425 is coupled to a secondary plasma (not shown) and to a winding

432 wrapped about a portion of the magnetic core 425 of the transformer. When the power
supplies 420a and 420b provide an excitation voltage across the primary winding, a current is
induced within the winding 432 according to a turns ratio. The winding 432 can include a
central ground tap, which results in the leads that extend from the winding being bipolar and thus
enables the generation of positive and negative ignition electrodes. The leads of the winding 432
are switchably connected to one or more ignition electrodes 440a/440b and 450a/450b via,
respectively, switches 435a and 435b. In addition, one or more capacitors C; can be placed
between the winding 432 and the ignition electrodes 440a/440b and 450a/450b. The capacitors
C; can have a value, for example, of 200 pF. Generally, the value of the capacitors C; can be
chosen to limit the current to the ignition electrodes 440a/440b and 450a/450b such that charge

buildup on the dielectrics is kept below predetermined levels.
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the ignition el ectrodes 440a/440b and 450a/450b, an electric field is
generated between the ignition el ectrodes 440a/ 440b, 450a/450b and/ or
ground elwotznodms77460a and 460b, which can initiate breakiasromniisse gases
present in the chanber to thereby-ignite a plasma. [0037] During plasm

i gni ty e _qr . 0f . th I o) t he
vor t 4985 R Enor PSRl e BBy PP e 450 GuftRBRepP it br
el ectrades 440a/ 440b .and_450a/ 450b. Once.the plasma.ignites, the relays
435a YD asg?aegf@ﬁ@ﬁé ,O-ﬁ%alslﬂnﬁéh% PRSI ARdineRRY e dpiEAn FIgErogs YT cal
arrangenent of ignition electrodes can be such that they are positioned
aboutthgt theyorpposeend angther inythg plasma chambercl20oan greasein the empwntiod eleghienber .
Specifically, ignition el ectrodes 440a/440b and 450a/ 450b can be positioned
on opfwsiange sealized adrosstbe plaamaeharhberioe chanl. dftds earereswit indhssbitojtagotonect ed t o
the | eads of the winding 432, resulting in both el ectrodes having the sane

pol ardrbind KAt REuiesEBidensiat HERAURRS ahdMt dFalecatcslub® ipaitd the PEFHaQas.

opposi ng sides of the plasma chanber or channel at an offset between the

i gni tyl : 4 , of
o CnRe SrEEAERGE Tnd AAAGHED PPV AR LeA R PRI A (HERIRA 0

enbodi nent , . t he, bl ocks of the pl ch er.. 120 n_s as the nition
and giBna charbEt ohBE STt shiRpR g0 AVAE SeR S aff L aBE ekl | ng
an alternative configuratjon for c ling the [gnition el ectrodes 440a/440b
and 9@&%?%6&03%%@2‘{%’%@#%35@,&9flecvw fltf‘gﬁl {5 getiprafed hefweandhie ¢ i on

vol tages are alternatively ap)ol ied along a plasma channel in the circuit

di agrignitian ¢lect@edes 4402/440h, 4500/¢Ah paiongrpraddectendgds 460aprsiA@bewbichicales can
be applied in any configuration to one or nore ignition electrodes along a
pl asrinitiatechreakldowBds @ gased presenvinf the tliemtbed to theteby vgditeraplasmd.he pl asma
chanber that is covered by the applied electric field can be maxi m zed

0 el 00D ubep BTt Agnis it Ao £k e R A Bied s fFElent oa as
one O\Eoltage from the leads can be applied to the one or more ignition electrodes 440a/440b and

450a/450b. Once the plasma ignites, the relays 435a and 435b are opened, disabling the

capacitive discharge. A typical arrangement of ignition electrodes can be such that they are

positioned about a cross section of a plasma chamber or channel within the chamber.

Specifically, ignition electrodes 440a/440b and 450a/450b can be positioned on opposing sides

of the plasma chamber 120 and are switchably connected to the leads of the winding 432,

resulting in both electrodes having the same polarity. Ground electrodes 460a and 460b can also

be positioned on opposing sides of the plasma chamber or channel at an offset between the

ignition electrodes 440a/440b and 450a/450b. Generally, any number of ignition electrodes can

be placed throughout a plasma chamber. In one embodiment, the blocks of the plasma chamber

120 can serve as the ignition and gréund electrodes.
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nore capacitors Cdieiec 465. The voltage (denoted as spark) at one of the
| eads of winding 432 can be related to the voltage (denoted as dieiec) at
one of thwoigrvwsTn el ectrodes as follows: y _ elec y elret/usgomg4spar k D
ekc + Z 7 [0040] where Z7 = - j | (wC h) and Zdieiec = - j | { CLekc ) .
1[h0§g \%8155413 B, a%&hﬁ%l‘faﬁéxﬁ%i"ﬂﬂdshb afditehtiFe %ﬁl%%l.?.ldtl(ﬁlyﬁ} ‘é‘%q&l@g i

single p train according to one ernbodi nent. e enent s e control

syst em.500 n be nt f X | e i t.h.th i fcui 00,of FIG 4.
The. SBLPaReERBodRS An0R 40 R as0n Mop WG it Fo bipiofaruy ™ &
hal f or, full_ bridge), a resonant circuit 530, and control conponents. The

r esori@Ritiop vpltages ernatively 3pRlied 2long #plgsras Fhansglip theeircujfliggtamd0doyupl ed to
a gas or plasma 533. The nagnetic core 532 can also be coupled to a circuit
of orféensrallypthe ignjtion voltages and/progrevnd elsctrisles eanchf applied in any, confighmation tv ot her
ignition circuits. The system al so includes detection units 540a and 540b.
Det eadne®n moné ignftitdecl o deaisnig & plama phatnel. 'Baed on tieldonighiratidhahansusen
perform additi onal signal processing (e.g., filtering, averagi ng, and/or

snmootifitROpladnha ARGRRE BlaYis J996RE by A %ﬁbli_&d SHOBic TR FRARUhSiIRIRARIE Primary
current 535 and can al so perforim additional signal processing if necessary.

The C%feﬁ'ﬂgtﬁé&dﬂag%@ﬁ%ﬂt%ﬁeﬁ?@%ﬂt@%ﬁﬁﬂprOVi ded to plasnma detection unit

545. I"'asma can determ ne whether a plasm 533 has
been ignited based on whether, for exanple, the neasured primary current is

gr eat[0039] ke diclpetric eéprrkationddtwdeheatiobtihy alevitodds @A B¢ rephsseed asandl@t ect i on
unit 545 controls switch 550.  In the absence of a plasma (e.g., during

pr e- i fddelchPdtitorstdlR . S465. CiheSRM heted hOVL NG aPbis bfARE [da@Slo LRI 43gNi T 555.
The oper atl?ioénogsf Jtehe pre-igni talé@(;ér?%cont r ol ptl}giat 555 is cailes%ri bedr@bel ow Wi th

ref erenes rdifeItPe V@ﬁégeci'delllcpte& he Viielec) at one of the ignition electrodes as follows:

Z

dielec

Vdielec = Z + Z7 spark ?

dielec
[0040] where Z; = — j /(@C, ) and Zgeec= — j /(@C,. ).

[0041] Fig. 5 is a block diagram illustrating a control system 500 for a single power train
according to one embodiment. The elements of the control system 500 can be implemented, for
example, with the circuit 400 of FIG. 4. The system 500 includes a DC supply 510, a bridge'
inverter 520 (e.g., a half or full bridge), a resonant circuit 530, and control components. The
resonant circuit 530 is coupled to a magnetic core 532, which is coupled to a gas or plasma 533.
The magnetic core 532 can also be coupled to a circuit of one or more ignition electrodes, as
depicted in Fig. 4, and/or to other ighition circuits. The system also includes detection units
540a and 540b. Detection unit 540a can measure the peak inverter current 535a and can
perform additional signal processing (e.g., filtering, averaging, and/or smoothing) if necessary.

Detection unit 540b can measure the peak primary current 535 and can also perform additional
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presence of a plasma, the switch 550 | atches to the post-ignition control
unit 560. The operation of system500 will first be described when the
syst em i sworeotommsIpe-i gnition state (i.e., switch 550 i eCratsedom4i3sst he
control unit 555). [0043] The outputs fromdetection unit 540a and the

Pake TR hﬁf?%r &Eg‘l"’ﬁ%&eﬁﬁ?%‘?ﬁﬁfg&“%%f‘?%&f%i‘éﬁ‘ﬁ?$ PleRfoedi0 pldtic s, in
pover B 5 542, ThE ke BBiah SR R ian Bl et s R P 3G o8 ot 1 o

chip., The power supply control unit 570 can determ ne adjustnents to the

f r eqUgRKSH baﬁ%mawﬁ?%e& doreexampple the measuied PHEMAY eWFend {S greater thama a4 t er nati ng
signal supplied by the bridge inverter 520. For exanple, if the conparator
565 deedaterimiessl thtesholdivelugeasured pre-ignition signal is greater than the
pre-ignition control signal fromunit 555, then the duty cycle can be

decr nd/.or t frequ shi f.t ed. from the resonant frequency of
he. rDUEH-FIE e fecth WY Pl FiefSh, Jhik bpeeiia Hbta Gitros. t ha

t he asured, pre-ignition signal is |ess than the pre-ignition control

si gnafurmgpRs-iggitionShe Sw%si(ﬁ@t@e% 1 the presigaidign lsemfrﬂd}néta%éd The gperatipmet
frequency shifted towards fromthe resonant frequency of the resonant

ci r cuthe pB3i@nition cantgelpmiteyddris deéscahtsblbkilens with referensome Figs. @hioC. nthean be
coupled to, or include, a hardware soft-start source 580.[0044] The control

si gnagredencdof islasog)tihoswiteh 35054Q@hesa0 thepsseignitish dodtrohenib560dJEhd opeeitioar 520
via a programrmabl e | ogi ¢ device 485. The progranmabl e | ogi c device 485 can

be prgayaemER0tAlRRS Dl dAEQIN VIRE (ROHsed is$h Mreﬁéhiﬁ&?st@t@gﬁé‘.,cﬁviﬁih 550y
overridée signal fromthe conparator 590. The conparator 590 can issue an

overri i I £ m nes that a neasurenent signal 595 based on the
inverlfgaﬁc%gg‘?glﬁtdo%gb%?gﬁ@' than a predeterm ned threshold val ue 596. The

override mechani smthus established can advant ageously provide a protection
schen@o43)r Theheutputs frem dedddtibo inf 5¢0£aid the preaigafitdneoatrelunieSss fe providedus | di ng

up within the resonant circuit 530.
comparator 565, which can take the difference between the two applied signals. The difference
is, in turn, provided to a power supply control unit 570. In one embodiment, the power supply
control unit 570 can include a PID control unit and a control chip. The power supply control unit
570 can determine adjustments to tﬁe frequency, the duty cycle, and/or other characteristics of
the alternating signal supplied by the bridge inverter 520. For example, if the comparator 565
determines that the measured pre-ignition signal is greater than the pre-ignition control signal
from unit 555, then the duty cycle can be decreased and/or the frequency shifted away from the
resonant frequency of the resonant circuit 530. Likewise, if the comparator 565 determines that
the measured pre-ignition signal is less than the pre-ignition control signal from unit 555, then
the duty cycle can be increased and/or the frequency shifted towards from the resonant frequency

of the resonant circuit 530. In a supplemental embodiment, the control unit 570 can be coupled

to, or include, a hardware soft-start source 580.
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[ 0045] As described above, if a plasma is detected, the switch 550 | atches
to the post-ignition control unit 560. In one enbodi nent, the post-ignition
control uwDt0BEOs8TZAN provi de a predeterm ned inverter ceRcrarstooomss®l val ue
based on the desired operating conditions of the plasma system In this

enboﬂ:opg g etéaﬁHSftja?&r Faq’t ol ¥hk c§1¥t90131§5lﬁ 1icHs be EOHIRCHGhe Blgil(éekﬁ?ﬁ%r?e? }B§ota

circ suc nat € neasure nverter current tra
)

predet er mi ned.contr val ovided by the.unit. 5 | n_anot her

b ot POREHHITES [eiedevisdi488 o Mg BHEraPmtbie (o8 8o e AP o RAPTREBI e Rt o
that outputs_a signal based on the difference between the neasured primary
cur r s E@%hathﬁcqltw sigagldp theabgenseiokany ovarridesignal dram die coamatatyr¥8d on t he
desired operating conditions of the plasma system In yet another
enbodlreesempatdter 0staniisyné an overddesigodl ifinidetetoides that 2 mehuiglementRIgDakcR r ol
that outputs a signal based on the difference between a neasured power

Si gnabasédéent the dseiter eurebn® igrestert inh pRdefemidied casdhotd valad 5%6. DRisashefridet he
desired operating conditions .of the plasma system The neasured power

si gnghed@nisRGhud &Eabﬁ%ﬁéﬂaﬁad%r?)é(l%e@ﬁﬁy E_Yovtid'éea ceHOW Eéheﬁlje_(fop!hefsﬂléiéﬂigbﬁ ot her
conponents of the system 500. [0046]  Figs. 6A-6C are timng diagrans

T usdf ﬁ{ebélﬁid RS %ﬁergg‘ﬂev%isixf%%uﬁ&ihg %QRvi e TeNGit cﬁﬂcﬁ}? s3gcording to
differe |gnrgt|on Scemari os Tor a parttcular pre-ignition-control signal
generated by unit 555. In particular, the predeterm ned pre-ignition

cont r[ob45i Anddsciibdf dboegdne prkmd iddetetidd, tHeSwitch S50 datclassro thrrposi-igaiticnA- 6C and

corresponds to the signal 610 as described below. Fig. 6A illustrates an
I gni tdapfof @if 4602 15 ©RE 2fnbBdinidnt, W Fddt- i ABrol @t 56Pcanr8vid6B i1l ustrates
plasma ignition after a clanp threshold is reached. Fig. 6Cillustrates

pl as i ] | or I | I rated in
El o s A s b o PRI S R e pERENE Rondiohs S4B 1 0 °0
r anp- eriod of tine 614, whjch can be,_in one enbodi nent, about 20 ms.
e LBy ste i ghis SrbRfihegh oS uai 57 Porgionst TR B FORRA o) anpec)
at a threshold value 612. The threshold value 612 can be chosen to be

bel ovgirchis530 such that the measured inverter current tracks the predetermined control value

provided by the unit 560. In another embodiment, the post-ignition control unit 560 can include
a PID control that outputs a signal based on the difference between the measured primary current
535b and a predetermined primary current control value based on the desired operating
conditions of the plasma system. In yet another embodiment, the post-ignition control unit 560
can include a PID control that outputs a signal based on the difference between a measured
power signal (not shown) and a predetermined power control value based on the desired
operating conditions of the plasma system. The measured power signal can be, for example,

provided by the DC supply 510 or from the other components of the system S00.

[0046] Figs. 6A-6C are timing diagrams illustrating inverter and primary current values over
time according to different ignition scenarios for a particular pre-ignition control signal

generated by unit 555. In particular, the predetermined pre-ignition control signal profile
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exanpl e, any value in which punch through is likely wthin the plasm
chanber. Punch through can be dependent on choice of dielectric material,

t hi cknesswof2otomestbel ectric material, geonetry of the plrasns2aoandsss

and/ or other characteristics.of the plasma chanber and/or ignition circuit.
Setti l; hj r .
anodig%ﬂtf-fa%ﬁ b%ﬁ%??*?a%fﬂ %ﬁ%“f& gt Rl an W pER 1 RN 330l BRcrbed
pre-i ? &g %a unit 5 i nt ai ns. the gnal 610 .at..t he.t hreshol d

val ue S ‘B‘FS 5 SP A 8“ CR% f"n’éf 155 80 Rigyma{enitss i 9By one
enbodlnent about, 100 ns. If no Iasna is detected prior to_ tine 616, the
si gnailugtatesiplasgiadenigion after aslampiareshaldisrpachedc Bigs 06 ilystiates plgsmayignitipne
enbodi ments, a delay period can be inserted after tinme 616 before the ranp
up protessa slampttbrealgaldﬂveingne@hed.eﬁbﬂhismd in Fige6Acthayrepignitonh aatrobe 400 ns.
The follow ng control values can be variably set and adjusted by the

cont reignab §H0 @ictedstsilingardpdiiriid Dranipaee ferivd sfeing 614, dishadang, damei ti ons
(e.qg., based on different gas flow rates and/or types of gases): the

thr es&ﬁ’édﬂluﬁﬁh%oﬁ@@@ nfsh%t'iﬁ{%ﬂ-?tﬂe ﬁ@léﬂtﬁm ddhrol ﬁgfi‘él 610 o&ikied @Rd/ or the
del ay period.” [0047] The S|gnal n Fig. 6A 0 can represent 'the

ir om D AL IFELEREER o el Oﬁﬁﬁﬂfﬂyg A SR E&t?’rb%uﬂoﬂ%%fﬂms'tﬁ?”
oo P rRvTalR A R %ﬁvc'?%?ﬂfmtgfﬂés 7Bl Gealaag chemprec 1ot B

control unit 555. During preignition, the primary current 535b is
substegnbe depsndoriran cheiretol dicksciiemptsriab thicknessefithe diglachiimateriglagequug] The
signal s 620a/ 620b and 640a/640b in Figs. 6B-6C can represent the neasured

i nverdfahe plasmechanigbanfar otteh eharectenisticp ofidhe ptpsprachamhert dndforsgrgtien Jircuither eas
the signals 630a/630b and 650a/ 650b can represent the neasured primry

cur r egutifpothl thrE¥hoR intsdch g fishicdrvan tieefprd prBfeyt thel biclizAiod IDrr anileGhda are
substantially zero. In Fig. 6B, ignition occurs after tine 614, whereas in

Fi 9. Sfmd GaldbbPRoAGRIMER tREUGH. TR drb-Thifdiicontrol unit 555 maintains the signal 610

at the threshold value 612 for a predetermined amount of time 616, which can be, in one
embodiment, about 100 ms. If no plasma is detected prior to time 616, the signal 610 resets to
zero and the ramp up process starts over. In some embodiments, a delay period can be inserted
after time 616 before the ramp up process starts again. In one embodiment, the delay period can
be 400 ms. The following control values can be variably set and adjusted by the control system
during operation based on desired operating conditions (e.g., based on different gas flow rates
and/or types of gases): the threshold value 612, the ramp-up time 614, the reset time 616, and/or

the delay period.

[0047] The signal 610 in Fig. 6A also can represent the measured inverter current 535a (or other
corresponding pre-ignition signal) from the system, because the control unit 570 uses the

feedback from the comparator 565 in order to have the inverter current 535a track the desired
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[0049] As illustrated in Figs. 6B-6C, when plasma ignition occurs, the
inverters currents 620a and 640a initially drop in value and the primry
currents wBQaleme77650a shoot up. I n one enbodi nent, pl apow/u$et0oi365 occurs
after the primary currents 630a and 650a have exceeded a detection

th L d.. i i . . det ecti on,
o P PhrBIOBHU Rkt b R, AR RIF R0y R8E BlAGIRCE! oot o0
05 bk BonE P HS el e B8 Bt Gl PO MUEARL RS, o
before the inverter currents 620b and 640b stabilize at this value. [0050]
{:' 0. [0048) BheRigdals 62089200 ahd b4GH/640p i!ﬁlgl?i?shBBQSﬂd EMElepfeQ&Ht: R mexsatsam 700 for

wo power trains that inplenent any o e above-nentioned features for a

si ngl; i el {wo. rtral . ] in
Fi g v Bkl 336 R SR cont b RaiBble-pHRioR AN, MARE B Sehls SSOURAF
The syst i ncl udes two DC supplies 711 712, two .hridge i.nverters
757 200 60630k, phtretincin e muoR i oo 335 Prorfeduondte ity ey ol o
control unit 740, one plasnma detection unit 750, and/or _a safeRY and

moni tCoFieRly 6308 and 60 ase suhsiantigthezerenin Big. 6l ignitign oceurg after time 614,

mul tipl e-i nput-single-output (MSO control unit. For exanple, the output
cont rwersdsgm &igs 6Coigoiticgrecins\peiot trtgmy814.and 722 are the sane. In one

enbodi ment, the output control signals provide frequency and/or duty cycle
val u r.the bri dnverters 721 and 722. The ipputsprovide t he

cont rBpAdlras M5sereecl Ting EBHAC. Fhsh Wadtriediion s e RO MySRF S Surels 6 "V s
of the inverter currents (or other pre-ignition signals) fromthe resonant
t ank g 409 indtigiydrop i valueianst the pemesteursRts A30a asdégﬂa: shoopup-pli ong
pre-ignition control signal to conparator 565 that represents one or nore

i nverenshodtmentgpissnd daention@cours afierche primaryt quaiients.63Pa aud G50mhaveidx8@dedat r ol
unit can advant ageously decrease the conplexity of the control circuitry

I equi de@stib® thrésibld il fPeWEridd of thns ¥$8:£4¥Rl 61185, AHdntplama deteevibali thgswitch ngl e
out put control can advantageously provide for greater control and stability
of  t hgyoq¥ehdd!on 8 ¥IRE SI8t-{fRtion control unit 560 which, in these illustrations, provides a

control signal for the current higher than 612 in order to sustain the plasma. The system takes

some amount of time before the inverter currents 620b and 640b stabilize at this value.

[0050] Fig. 7 is a block diagram illustrating a top-level control system 700 for two power trains
that implement any of the above-mentioned features for a single power train system. While only
two power trains are illustrated in Fig. 7, other configurations are possible for any number of
power trains. The system 700 includes two DC supplies 711 and 712, two bridge inverters 721
and 722, two resonant tanks 731 and 732, one frequency and duty cycle control unit 740, one
plasma detection unit 750, and/or a safety and monitoring unit (not shown). The control unit 740
is a multiple-input-single-output (MISO) control unit. For example, the output control signals to
bridge inverters 721 and 722 are the' same. In one embodiment, the output control signals

provide frequency and/or duty cycle values for the bridge inverters 721 and 722. The inputs
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[ 0051] The above-descri bed techni ques can be inplenented in digital and/or
anal og electronic circuitry, or in conputer hardware, firmvare, software,
or in comvpnratvsmof them The inplenentation can be a®Ca/USRINVOBEES pr ogr am

product, i.e., a conmputer programtangibly enbodied in a nmachine-readabl e
St or ag6yid&VioGhe cdiftfol G4 946 b inBMide For & O thOhedd? %v&ggé,%tr R0 vBlfies ¢ data
processi ng apparatus, e.g., a progranmmabl’e’processor, conput er, and/ or

mul tiple conputers. A _conputer..praogr an.be witten i an r m of

corpu R P ERREERS o B o SEET G Rostie’ EBa M B P oL o e,
interpreted_code and/or machi ne code, and the conputer program_can be

depl dyraaplendetesfionding S408 capavtayt aRreguitign gonfre) ﬁ@n&t@(ﬁoﬁ}?@@%’raﬁ@ ghat
subroutine, elenment, or other unit suitable for use in a conputing

envi repnesamts, ong of omye insiertpr ayreats foem ohe odmptegyoretr trainse Pexvdding adMISO one
conputer or on nultiple conputers at one or nore sites. [0052] Method steps
can hwnpelriniamadihtageusly degresse phioamsslenisy GXRE tontivd cRcwionpetuired fsrogr am t o
perform functions of the invention by operating on input data and/or

generailipe RwePthindgbtems Vit Bk, BRViGiAR 2 AIngR RRpRRLARGSIRH alVantARGusH

apparatus can be inplenmented as, Special purpose logic circuitry, e.g., a

FPGA (fi. I ar ) F (Halwe! dpr ogr ammabl e anal og

arr a)}{r {)%gé %S%E)&?éggﬁp @xﬁsg%%?ggﬁg%gv F%gisgégfgvﬁog'e) , a PSoC(Progranmabl e
System on-Chi p), ASIP (application-specific instruction-set processor), or
an AJ0051] afhel abowd-deribgbeihniGudsithr ge ahpldmented in dipitalSind/c@whalogsleconicef er to
portions of the conputer program and/or the processor/special circuitry

that dilmiuSB0ih SRPuRE hifdvward, Wifmia) SeftlA8 R in RoRGARESASofSHEhAThe for the
execution of a computer programinclude, by way of exanple, both general

2 S ARG S L FEARAGER SR Y, Pl RSB GBS0 = o

. ( ana ner , a pro erves
Lgf Lre%%g)lg? zlggnmga[c a&e%p%{?gm sit‘orragg gevgnl ggggué%g%rg, (%tgacggt?o e ggesrgtioqleorﬁ)r y or

a data processing apparatus, e.g., a programmable processor, a computer, and/or multiple

computers. A computer program can be written in any form of computer or programming
language, including source code, compiled code, interpreted code and/or machine code, and the
computer program can be deployed in any form, including as a stand-alone program or as a
subroutine, element, or other unit suitable for use in a computing environment. A computer
program can be deployed to be execﬁted on one computer or on multiple computers at one or

more sites.

[0052] Method steps can be performed by one or more processors executing a computer program
to perform functions of the invention by operating on input data and/or generating output data.
Method steps can also be performed by, and an apparatus can be implemented as, special
purpose logic circuitry, e.g., a FPGA (field programmable gate array), a FPAA (field-

programmable analog array), a CPLD (complex programmable logic device), a PSoC
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processor for executing instructions and one or nore nenory devices for
storing instructions and/or data. Menory devices, such as a cache, can be
used to twoporeavgl7?y store data. Menory devi ces can al soPbg/uss@d/ofss

| ong-term data storage. Generally, a conputer also includes, or is

oper abpj tQ i LM OF - T - I r th, one
o © o EFarkn R By O LR ASTR T i Ad IR on S8 fobdizoryor

magnet Q--optical. disks, or optical .disks. A conputer can.al sq_.be operatively
ConpracrBhaf Blnvisecitn PlaedRhd ftt Dibtanthed b HeE 0 HDRi SR MGoRBIT ana) of
data fromthe network and/or. tQ transfer instructions and/or data to the
net watrReramandioghe RIpcesaerfspesial digniteyihat implenasnb 8BS PIHGOCIHBLHS: pr ogr am
instructions and data include all fornms of volatile and non-volatile

Da PO LR ML e UGS BOBROPHE Rl TRTRI B ERAL Ol

internal hard disks.or renovabl e di sks; net o-opti cal disks:. and i cal
o sk otuecgetel e il BBt st ang 0 ket Biis Hpead i aShiind Rl
nenn&¥_can be suppl enent ed bY and/ or incorporated in special purpose |ogic
ci r cufigita) or prpdemgommptesy SYangeally op PoSEsSPLICESiNeP ipptrustiany s data fampygads

descri bed techni ques can be inplenented on a conputer in conmunication with
a di spllyamenieny ores randem aceesCREMocpohode. Thy esseitis) clepleatsnada compu@barte 4 qui d
crystal display) nonitor, for displaying information to the user anda

k ey bgibebs@ dorcexpOititig ingniteivnCand dhe®r mote MRHREy dévitesdokiratihg instrbc@ioabpad, or
a notion sensor, by which the user can provide input to the conputer (e.g.,

i nt era@lor Whih N Ment$t§ deliRES SHALE £LBHERE be (3185 tdehptRi9 stdiEUbGE MenRdty be used
to provide for intéraction wth a user as well; for exanple, feedback

PO G 0 45 S A EOEL SERTEL ST oL

f eedba ory ; i nput Tromthe user
can be received in any form _includin coustic, .speech, and/or tactile
| nputCPeHuSIEIoTpled s Vel dale SR er FRLTR Agade: o BRty 8¢ ApmeRRFEdIHES

di stributed conputing system . o oo
devices for storing data, e.g., magnetic, magneto-optical disks, or optical disks. A computer can

also be operatively coupled to a communications network in order to receive instructions and/or
data from the network and/or to transfer instructions and/or data to the network. Information
carriers suitable for embodying computer program instructions and data include all forms of
volatile and non-volatile memory, including by way of example semiconductor memory devices,
e.g., DRAM, SRAM, EPROM, EEPROM, and flash memory devices; magnetic disks, e.g.,
internal hard disks or removable disks; magneto-optical disks; and optical disks, e.g., CD, DVD,
HD-DVD, and Blu-ray disks. The processor and the memory can be supplemented by and/or

incorporated in special purpose logic circuitry.

[0054] To provide for interaction with a user, the above described techniques can be
implemented on a computer in communication with a display device, e.g., a CRT (cathode ray

tube), plasma, or LCD (liquid crystal display) monitor, for displaying information to the user and
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t hat includes a back-end conponent. The conponents of the conputing system
can be interconnected by a transm ssion nedium which can include any form
or nmedi unwofodvagst7al or anal og data conmuni cation (e.g. PCR/USQINOMI3SEAL i ON
networ k). The transnission nmedi um can include one or nore packet-based

net "‘Dahl‘egrbé'z{} af gir%t@ dev § egéd; hsé’ﬁ%ﬁ%ﬂ%ﬂté{‘w ald”ofaQ}ho‘ﬁ R AYE g}r' on.

Packet - base net’vvor S can |n udle w re I ne an

wirel tvvorks skil | nthea ze the invention
DRI R PR e FReb B Femp P e buinRpa Wi pase RETERCHFRRRD 11
or essential characteristics thereof, The foregqing enbodj nents are

t her €PBpEkinds ofdevisss capbeeser fo aww14eégb@£qr%ct50p|vu§t%&er%wreax Iee exaneple,
limting of the invention described herein. Scope of the invention is thus
i ndi daedbdclhprovived 4p fengencan beiany fomaofwensary feedbgcks ., vasualyfsedhpckescri pti on,
and all changes that come wthin the neaning and range of equival ency of

t he cduditomy fagdbati @ edctitccfebdiacktmd ihgut fi®netbruaeadn bbesived\ M aiy fdme! ai med:

1. A nethod of igniting a plasma in a reactive gas generator, conprising:

pr oviidkinginD Q¥Kstit, PERANah DY théiflB iger supply to a plasma ignition circuit;
measuring a pre-ignition signal of the plasma ignition circuit; adjusting

the power provided to the plasma ignition circuit based on the neasured

pr ei giP33]chhesibgradesaribecateckrdfusstcab be implemienpad in adistrdmtedadongiuging systemd
adjusting the adjustable pre-ignition control signal after a period of tinme
has ehayiaclddes? bathendebmponent. Thacomponehis o the dohputiggkistan caober supply
conprises a sw tching power source. 3. The method of claim1 wherein the

i gni tl?féf’coﬂﬁéf&’éd BHPRhYsnGNIPH 28Rin? wIAH caRihdE® dryUBFh OF nRMiven S£dibitdlidk dge
i nverter
analog data communication (e.g., a communication network). The transmission medium can
include one or more packet-based networks and/or one or more circuit-based networks in any

configuration. Packet-based and/or circuit-based networks can include wireline and/or wireless

networks.

[0056] One skilled in the art will realize the invention may be embodied in other specific forms
without departing from the spirit or essential characteristics thereof. The foregoing embodiments
are therefore to be considered in all respects illustrative rather than limiting of the invention
described herein. Scope of the invention is thus indicated by the appended claims, rather than by
the foregoing description, and all cﬁanges that come within the meaning and range of

equivalency of the claims are therefore intended to be embraced therein.
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4. The nmethod of claim 1l wherein the pre-ignition signal conprises a

vol tage, current, or power of the plasma ignition circuit, or any

conbi nat iwo 20tveweh. 5. The nmet hod of claim 1 wherein tReTAISRO00HMI3EE ON
signal conprises a current between the ignition power supply and the plasna
i gni tywphk iSklafHed.- 6 The method of claim 1l wherein nmeasuring the
pre-ignition signal conprises neasuring a peak of the pre-ignition signal
during the period of tine. 7. The nethod of claim 1l wherein adjusting the
powerl.pr ovA dethddoftifisiting a pimmiadna ké¢ative gasgentrato/ qumEdingad) usting a duty
cycle and/or a frequency value of the ignition power supply. 8. The nethod
of claim JprMGﬁ%wa“%ﬂﬁ'éﬁf_ nitioR pRAWESupplyodl 498snhLighfRnRiRaAR | gni tion
circuit is based on the difference between the measured pre-ignition signal

and the a&k%@%gpﬁéﬁghggisg 'ngpoﬁgghfa?%a?é%@%i ciduitt Ne nmethod of claim8

wher ei n adj us owWer Provi asnma’ignition circuit

cqnprises: praviding |ess r to the plasma.ignitiqgn cjrcuit if the

Tour ea i e el Bimafeda dhwati Rl i begedemdby Sepusd it 1 on
control signal; and providing nore power to the plasma ignition circuit if
t he rigBigR sgnplrandiagsriustablespremgnition conirol sigpalhandhe adj ust abl e pre-ignition
control signal. 10. The nethod of claim 1l wherein adjusting the adjustable
pre-i gni t i ajustiog thecldjustapleapreagmition sergral signalzafieng petied affime hadé¢lapsed.
pre-ignition control signal after the period of tinme has el apsed. 11. The
net hazl of THeahethddofdleimel RvHehin td)ipisitian pewar wpplgriokippiBeconviteingsporal | s
increased linearly with respect to tine. 12. The nethod of claim 10 wherein
i ncregsiddg the adjustable pre-ignition control signal is

10 3. The method of claim 1 wherein the ignition power supply comprises a half-bridge
inverter or a full-bridge inverter.
4. The method of claim 1 wherein the pre-ignition signal comprises a voltage, current, or
power of the plasma ignition circuit; or any combination thereof.
5. The method of claim 1 wherein the pre-ignition signal comprises a current between the
15  ignition power supply and the plasma ignition circuit.
6. The method of claim 1 wherein measuring the pre-ignition signal comprises measuring a
peak of the pre-ignition signal duriné the period of time.
7. The method of claim 1 wherein adjusting the power provided to the plasma ignition
circuit comprises adjusting a duty cycle and/or a frequency value of the ignition power supply.
20 8. The method of claim 1 wherein adjusting the power provided to the plasma ignition
circuit is based on the difference between the measured pre-ignition signal and the adjustable

pre-ignition control signal.
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bounded by a predeterm ned maxi num control signal. 13. The method of claim
1 further conprising overriding the adjustnent of the power provided to the
pl asma i gNORpomw9givcuit based on an override signal. 14PCThis2emthsds of
claim 13 wherein the override signal is based on a predeterm ned nmaxi num
contrgpl si -1 gl L1 j et hod of
ol ai ror13 b s A0S of (ol AHetE ol el b0t B8 o heplad B8 ARAEC P
plasnma ignition circuit conprises providing no power to the plasma ignition
circd??uﬂﬁ?mﬂﬂﬁﬁ'second period of tinme. 16. The method of claim!| 5 after
an ignition period of tinme has el apsed, further conprising: adjusting the
adj ust abl erpyidingdessponist tohe plasmaiigniten eircuit if theaneaguted @rortgniftos sgnad1st he
adj ustabl e pre-ignition control signal at the reset value for a wait period
of t igregterathah thdjadpisiably prévégratprusdnditol sigpalgaridgni ti on control after the wait
period of tinme has el apsed. 17. The nethod of claim1 wherein the plasma
i gni tion cirbwlding MEERPOWRED the plasina iGN citvudt iftheesaB@el ped-ighitidn sigiapised to
a primary winding of the transfornmer. 18. The method of claim 17 wherein
t he - QML | i ;gﬂ%ﬁH' | tage of the primary wi nding. 19. The
nEthg%ﬁgkﬁg%gF%?%%bE eréln tﬁgﬁggé%%%ﬂi circuit conprises one or nore
i nduc{prs and e.Q Lt . . . 1im: 17 wherei n
the. ol o arTegT o BT SFRL EihRRA ke 0 s LABIERA Bl BB ighfl
el ectrodes coupled to a.secondary w nding.of the transf.orner. 21. The
et h O SES BPRPSPE RO GBI kBRI gtet RO OT Hinedhi or 't ap
coupl ed to ground.

clapsed.

10 11.  The method of claim 10 wherein the adjustable pre-ignition control signal is increased
linearly with respect to time.
12.  The method of claim 10 Whe;rein increasing the adjustable pre-ignition control signal is
bounded by a predetermined maximum control signal.
13.  The method of claim 1 further comprising overriding the adjustment of the power
15 provided to the plasma ignition circgit based on an override signal.
14.  The method of claim 13 wherein the override signal is based on a predetermined
maximum control signal and the measured pre-ignition signal.
15.  The method of claim 13 wherein overriding the adjustment of the power provided to the
plasma ignition circuit comprises providing no power to the plasma ignition circuit during a
20  second period of time.
16.  The method of claim 1, after an ignition period of time has elapsed, further comprising:

adjusting the adjustable pre-ignition control signal to a reset value;
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22. The nethod of claim 17 wherein the transforner is electromagnetically
coupled to a plasnma chanber for providing power to a plasma in the plasna
chanber. W8.20fw8T™Rt hod of claim 22 further conprising: pAEtuSROMNIKIBES Whet her
the plasma is present in the plasma chanber; using the plasma ignition
circuit t i s he s L oo fd t Phage in
the pl as ngn %ﬁ%ﬁ%ﬂ%h@%\#ﬁfs};a ret erl é&ét?}gﬂn:tﬂg Pglélft?%ﬁﬁhﬁ:rg&?gﬁgé?og rag‘g%g In the
pl asng chanber, adjusting the power provided to the plasna ignition circuit
based d2% asma control si gnal . 24. The nethod of claim 23 wherein
adj usting the power proyided tqo the plaspa conprises adjusting a duty cycle
and/ or a fadBitisghe W&S&?éled?reﬂ&@tw@ﬁw% Afterdhe wak peried ob .ei'lh%gﬁﬁeﬁod of
cl aim 23 wherein adjusting the power provided to the plasma is based on the
di f f éifencellsensibedot Haimrb adhegrednithepdasimgrignitiom cis¢wyhedmprsds 8 rengfbmsarand ent r ol
signal. 26. The nethod of claim23 further conprising neasuring a plasnma
siSgnaksonalasireuit caghledto agrithle windig oftlevraetbriner.t he pl asma is based on the
di fference between a neasured plasna signal and the plasnma control signal.
27. Tize nepaafetRbd 6f @hi PPWHBRIEIB ptdIRniRlASIBhabédRftises AVBAREST tRe CUr rent of
the primary wi nding, a power supply signal, a plasma chanber signal, or any
conbiﬂ}ﬂﬁér?%ﬁaﬁ: eof . 28. A systemof controlling the ignition of a plasm
in a‘reactive gas generator, the system conprising: a neasurenent device
coupled tao.,a plas ignition circuit and configured to generate a
or e i ohi ¢ B B BSAPE S b PRgeie e Reso g cirpys eofipiies 6 Aemiedure
adj usting an ignition power supply control signal based

and one or more capacitors.

10  20.  The method of claim 17 wherein the plasma ignition circuit further comprises one or
more ignition electrodes coupled to a secondary winding of the transformer.
21.  The method of claim 20 wherein the secondary winding comprises a center tap coupled to
ground.
22.  The method of claim 17 wherein the transformer is electromagnetically coupled to a
15  plasma chamber for providing power to a plasma in the plasma chamber.
23.  The method of claim 22 further comprising:
determining whether the plasma is present in the plasma chamber;
using the plasma ignition circuit to provide power from the ignition power supply to the
plasma in the plasma chamber; and
20 if the plasma is determined to be present in the plasma chamber, adjusting the power
provided to the plasma ignition circuit based on a plasma control signal.
24.  The method of claim 23 whérein adjusting the power provided to the plasma comprises

adjusting a duty cycle and/or a frequency value of the ignition power supply.
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on the pre-ignition signal and an adjustable pre-ignition control signal;
(i1) an outputting neans for outputting the ignition power supply control

si gnal towerroiogmestibon power supply; and (iii) a conputi RgTMS2009/0#358
adjusting the adjustable pre-ignition control signal after a period of tinme

has eisapsgﬁbe;lﬁgtﬁ%a ?ﬁceléi)éfﬁéa%gxfeirp cﬁ@lg@ng%é g&&&%&o&gﬁ@ittﬁ% Bltq%ma Rhas@ e | ON

power sup asnma | gni on-clrcult "cou e tgnition power

suppl The,system of cl ai,m 29 wherein.the.ignition power supply
conprife durerenE ppef Medmedu @b T S b sl Sl The” syst em
of claim28 wherein_the neasurement device is further configured to,

generdt e tHE Metaod gfelaing a3 BFOTRRIAYIRE BIRasyring pidlasana rbgnad MamEsin adiysting r ent
measurenent, a power measurenent, or any conbination thereof, of the plasm
i gni tthepowerpsayitded Bthe plasmg yssbased of thel differeBde hotween amessuredeplaumasigral devi ce
further conprises a peak detection unit for measuring a peak of the

nméas wndieplasha corgrol bigngler i od of tine. 33. The system of claim28 wherein

t he conputing nmeans for adjusting the ignition power supply control signal

IS conf i guriRinétBodef ¢lsin 2EGheH the PlhshaWRnabiibrises 8 Bt of ERmArased on

the difference between the pre-ignition signal ‘and the adjustable

PRS00 b i TGS LT P LR ke,

computing J us pr Ion control signal is
configured, to increase,the,adjustable pre-ignition control, signal, after the
port ibor & pie AL Camipitin? shitRan gl SpyBiigh i Yeno B RS Bedgiup B DiveRl nor ease
in the adjustable pre-ignition control signal is bounded by a predeterm ned
maxi raPMESREr ol si gnal .

10 a measurement device coupled to a plasma ignition circuit and configured to generate a
pre-ignition signal;
a controller having:
(i) a computing means for adjusting an ignition power supply control signal based
on the pre-ignition signal and an adjustable pre-ignition control signal;
15 (ii) an outputting means for outputting the ignition power supply control signal to
an ignition power supply; and
(iii) a computing means for adjusting the adjustable pre-ignition control signal
after a period of time has elapsed.
29.  The system of claim 28 further comprising:
20 the ignition power supply; and
the plasma ignition circuit coupled to the ignition power supply

30.  The system of claim 29 wherein the ignition power supply comprises a half-bridge

inverter or a full-bridge inverter.

25



36. The system of claim29 wherein the plasma ignition circuit conprises a
transfornmer and a resonant circuit coupled to a primary w nding of the

t ransf or r®0.2087987he system of claim 36 wherein the resecantS2a90ensss
conprises one or nore inductors and one or nore capacitors. 38. The systen1

of clai m 3fMbeERI It idis ¥ @ﬁ&a Jﬂ@fntehéﬁﬂexﬁérft Bhike fs%ﬁﬁ&rcoﬁﬁgﬂ‘éﬂ $$ee

@
nore ignition’el ectrodes coupled to a secon ary W n t he tgans orner

39. T 38 wherein the secandar rises a center
Cap CBE pRUBM AT Slanil s T « YR B E R H M B AR ans  or v
is electromagnetically coupled t pl asma chanber for providing power to a
pl as fRFHreR}EL BF e waRHI hareet, of e 1@ 2RIGPN Citgliil 28 furt her

conprisin a plasma detection unit for detectln e presence of the

pl asrdR-i n Fiesyprmsfelaimatipwhereiatbe memmnerxtdmm@gtrémer benopriggs a pegdhput i ng
means for adjusting, if the plasma is determned to be present in the

pl5as ndetechiambeit forpmeasuring o peatkasdt thomedvargphas daringthetperiod of timej t based on a

pl asma control signal. 42. The systemof claim4 1 wherein the plasm

cont ryy, SiHﬁ%&st@ﬁ@c’la‘iﬁ@Sawli)érﬁﬂ%@édﬂlﬂﬁﬁlgﬁh&ﬁ%r%ﬁisﬁﬁ’%tﬁé%hiﬁon powver rent of
the primary w ndi ng, a power supply signal, a plasma chanber signal, or any

conbi s’ﬁﬂ‘#léf%pﬂttrr?es eéﬁcls c%ﬁﬁ %IIJQE to> ncgﬁsg r@ﬂeﬁ%nﬁloﬂ PW’BS*@? @dn@rol B ndHASH e Nt

devi ce oup to o re o ma |gn| |on CIrCUItS and

is cQ f| red rate. th re i,gni al bhas as rerrents
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claim 43 wherein the outi)uttl ng neans for outputting the |%n| tion power
34.  The system of claim 28 wherein the computing means for adjustmg the adjustable pre-

10  ignition control signal is configured to increase the adjustable pre-ignition control signal after the
period of time has elapsed.
35.  The system of claim 34 wherein the increase in the adjustable pre-ignition control signal
is bounded by a predetermined maximum control signal.
36.  The system of claim 29 wherein the plasma ignition circuit comprises a transformer and a
15  resonant circuit coupled to a primary winding of the transformer.
37.  The system of claim 36 wherein the resonant circuit comprises one or more inductors and
one or more capacitors.
38.  The system of claim 36 wherein the plasma ignition circuit further comprises one or more
ignition electrodes coupled to a secéndary winding of the transformer.
20 39.  The system of claim 38 wherein the secondary winding comprises a center tap coupled to
ground.
40.  The system of claim 36 wherein the transformer is electromagnetically coupled to a

plasma chamber for providing power to a plasma in the plasma chamber.
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supply control signal further conprises nmeans for outputting the ignition
power supply control signal to one or nore other ignition power supplies
associ at esowntonIstte one or nore other plasma ignition CPCTAISR@9/040358

10

15

41.  The system of claim 28 further comprising:

a plasma detection unit for detecting the presence of the plasma in the plasma chamber;
and

a power controller having a computing means for adjusting, if the plasma is determined
to be present in the plasma chamber, power provided to the plasma ignition circuit based on a
plasma control signal.
42.  The system of claim 41 wherein the plasma control signal comprises a predetermined
plasma control value, a current of the primary winding, a power supply signal, a plasma chamber
signal, or any combination thereof.
43.  The system of claim 28 Whe'rein the measurement device is further coupled to one or
more other plasma ignition circuits and is configured to generate the pre-ignition signal based
one measurements from the one or more other plasma ignition circuits.
44.  The system of claim 43 whe;ein the outputting means for outputting the ignition power
supply control signal further comprises means for outputting the ignition power supply control
signal to one or more other ignition power supplies associated with the one or more other plasma

ignition circuits.
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