DESCRI PTION Title of the Invention PULSE MODULATED RF POWER
CONTRCL METHOD AND PULSE MODULATED RF 5 POAER SUPPLY DEVI CE Fiel d of
the I nvention [0001] As a nethod for controlling RF power to be
supplied to 10 a load, there are known a nethod for perform ng a
control to establish constant forward power outputted fromthe RF
power supply device (PF control) ang&-gE for performng a

control to establish constant | oad power Ich is obtained by
subtracting reflected power fromthe forward power (PL control) . 15
(Patent docunents 1, 2) [0002] As anet hod for controlling

anpl i t ude 8fltdet oft tthe Jomentiomere are known a continuous power

control | L1 i f 0
and & pul s80257RRPEAERB B TR Song B HEfef ngv‘%%%aﬁﬁaﬁﬁﬁﬁn RE
pul se w dt bo@tzra spwps& DERaicgnt docunent 3) [0003]
controlling the pul se power or the continuous power, it |s knomn
that, in the case mhere the reflected power is 25 increased, the
output po Iome so as .to protect the RF power supply devi ce.
In a peak F&&&%p ﬁPP@Pt#GP controlling a peak val ue of | oad
power, therg g formard power is controlled to be variable, when the
peak reflecte power fluctuates. 30

As a method for controlliing RF power to be supplied to

10 a load, there are known a method for performing a control to
establish constant forward power ocutputted from the RF power
supply device (PF control) and a method for performing a control
to establish constant load power which is obtained by
subtracting reflected power £rom the forward power (PL control}.

15 (Patent documents 1, 2)

[0002]

As a method for controlling amplitude of outputted power,
there are known a continuous power control method for
controlling power amplitude of continuous power, and a pulse

20 power control method for changing a duty ratio of a pulse width
or a pulse. (Patent document 3)

[0003]

In controlling the pulse power or the continuous power,
it is known that, in the case where the reflected power is

26 increased, the output power is lowered so as to protect the RF
power supply device. In a peak lcad power control for
controlling a peak value of load power, the peak forward power
is controlled to be variable, when the peak reflected power
fluctuates.

30



Prior Art docunents Patent docunents [0004] Patent Docunent 1. 5
Japanese Unexam ned Patent Application Publication No. 2007-087908
(See paragraphs 0002 to 0009, 0026, and 0027) Patent Docunent 2:
Japanese Unexam ned Patent Application Publication No. 2009-111940
(See paragraphs 0002 and 0011) 10 Patent Docunent 3: Japanese Patent
No. 4065820 Seeﬁ&?r%%;%@gf 0014 and 0015) Disclosure of the

ettt doS U FEq

| nvention B

by the Invention 15[ 0005] In a

conventi ongl, tRQ%e 3 eRilleds When the peak forward power is changed
along with Fhe fluctuation of the reflected power, the peak forward
power is inc¢peagdd or decreased. Fluctuations of the peak forward

power may

roduce probl ens, 20 such as rendering output power

unst abl e aR@tgpiteLoicveR Y AGcess that is carried out in a chanber on

t he Ioag S

bet ween
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798 ank8%0 O PAmIBL O o aXRTP Bp13 RS BTG bnP QY ded
2007-087908 (See paragraphs 0002 to 0009, 0026, and 0027)
Patent Document 2:

Japanese Unexamined Patent Application Publication No.
2009-111940 (See paragraphs 0002 and 0011)

Patent Document 3:

Japanese Patent No. 4065820 (See paragraphs 0014 and 0015)

Disclosure of the Inventicn
Problem to be solved by the Invention
[0005]

In a conventional power control, when the peak forward
power is changed along with the fluctuation of the reflected
power, the peak forward power is increased or decreased.
Fluctuations of the peak forward power may produce problems,
such as rendering output power unstable and affecting a process
that is carried out in a chamber on the load side.

[0006]

By way of example, a matching circuit provided between
the RF power source and the load matches the impedance variation
caused by the increase or decrease of the peak forward power,
by a matching operation. On this occasion, a matching point
fluctuates according to this matching operation of the matching
circuit. This fluctuation of the matching point destabilizes
the impedance in a plasma chamber to process the plasma on the

load side, and causes further fluctuations of the reflected



the RF power source and the | oad matches the inpedance variation 25
caused by the increase or decrease of the peak forward power, by a
mat chi ng operation. On this occasion, a matching point fluctuates
according to this matching operation of the matching circuit. This
fluctuation of the matching point destabilizes the inpedance in a

pl asma chanmber to proces Q op geP | oad si de, E §f es,
Purther 11 BOVRE: oheRsrarnherer) EBTcalPpyliopdnet BegPuns) yiofable ™ m
out put powalales emE Syhkrs tAkl Reak BopdEll I;%ezv@mcmstesablmin\aed&mty
power fl uctuates, plasna density and pl asma at nosphere within the

chanber arendapleam@ admospbers! yithid abeochiampey, atree viagriegenei ty
and yield of, 5 a Rrocess performed in the chanmber nmay he affected

adver sel y. SEBgg¥pneously.papf aceerd b%%}%i|?ﬂ?<ﬂomﬂﬂ?n§P5§b§§d yield of
per f or ngd QYPEPEePEQEfoQPmEEelﬁ(¥HL dfvbelr m aglﬂgtéf dc édtgﬁ%ersely

forward power owered to protect t e RF po supply eV|ce I n

t he case wfieone710 the peak reflected power is |ncreased in the
chanber due to a variation of the inpedance, there is a problemthat
| onering of the PBF#BEdtBBwePerafieRuSE hPPoB5OSESE| REFECEBEAVRYI She

[00os] - 1P EARr PoEng AL RIE, 17 SufbufElnd OF BACECRTn Youss

power is g@ae_ra@lahyt@@irdt@d&eeﬂamﬂ pbgeri suppEy Hedtieeheh aHd8apk aidre
has not been ignited yet. Here, a problemis pointed out that if the

out put 1&f the P@ﬁlﬁar@lfbev\iéﬁdiﬁowm%dm%QQ)iﬁr@h@cphMDfaRde@v\m a

SUPPLY dethce. LLOTL B LR FRBRaRlol ey A0 oLk o SRR end ) Mg
of the forward power may cause a loss of plasma activation,
interrupt the process development, and affect a product quality.
[0008]

15 At the time of process start on the load side, the reflected
power is generally apt to become large in the state where the
plasma has not been ignited yet. Here, a problem ig pointed
out that if the output of the forward power is lowered so as
to protect the RF power supply device from the increase of the

20 reflected power, ignition of the plasma may become more
difficult.

[0009]
The patent document 1 describes that there are following
problems, in the case where the reflected power is increased

25 while the forward power is controlled to be constant.

[0010]

In the case where the forward power is controlled to be
constant, a peak value of the forward power is controlled to
be constant. Therefore, if the reflected power is increased,

30 the amount of the power supplied to the load is lowered, and



The patent docunent 1 describes that there are follow ng problens, in
the case where the reflected power is increased 25 while the forward
power is controlled to be constant. [0010] In the case where the
forward power is controlled to be constant, a peak val ue of the
forward power is controlled to be constant. Therefore, if the
reflected power is i ased,. . 30 .t he amount .of h we | i 0
the Toad i B PEreh8 bPEREWEEE tAd SN o chiRaBAAC REERY ' Soudthg
changed, theeehyagaimpedanbe lkeadiueradaace tRié | £riseiLeidhiBay cause
fluctuation may cause a deviation fromthe matching state, failing to
keep t he pkademniatien fasor theglatching ptaten fiiskippeioskedy tbeijlasma,
Furt hernore, when the a un% of the power supplied to the | oad

becomes un&PghPECRR llnﬁg% oadSsi® Sf“ﬁ’p@ﬁ&ﬁé’?eﬁr&ct uates, a target
poi nt of t?goqqqching al so becones unstable. Accordingly, a target
position of a variable inpedance el enent 10 of the matching circuit
may al so becone Ensthbrmprandvlidmerthe amaupbdasti bkl pgweéhatupgdicded to the

vari abl e i npedance el enent causes a huntiggsphenonenon. Such. hunti ng
phenomenonl@@di RgcPRes it kaklerandthis dgads sidecinpedangs el yeinates,

t t .. th i.abl e d I t chi
opert e OB G SHLESTBECNIGE, R, ShghABaEEi ol 1

circuit, and’l shorten a e 1 npedance

el ement. [@QE3krdingly, dhedde §osiift idnCoOR VL Mairdadllepampedanter®lement
when the out put power such as forward power and | oad power is _
cont r ol® edoft ke duafrhipdrqwlt Raveased krcere nasi@bliay aadotdenedls

with 20 the fluctuati.ons,of .the reflected power.. Therefore ower
anpl i tude Bf PPREBALEAY SORST thecIRELantE, ABPEaars e Fhg R inreE e, ah
as fluctuahi;ae8ngfpHdiord@s® SRienihth§ phldd omladkedurif§ 3k cess

obj ect of the present invention is to solve such 25 conventiona
probl ens asfdwatchird abodestyikedntalmive mpyt lopeganer cadyl At pdet (pedibe

power) of the output power to be constant agaj nst the power variation
"n & pul seVBEREPLECHIPEHAnGS SLoMent of Ghg TIRFFRLRS GHLAGH § 02 AhE B4
the fIyctughpoRanoh 4HERINE" o2 MRhist Y4218b1EN S mBUkRNeP @R ent .

[0012]

Therefore, in a conventional power control, when the
output power such as forward power and load power is controlled,
the output power is increased or decreased in accordance with

20 the fluctuations of the reflected power. Therefore, power
amplitude of the output power becomes unstable, causing problems
such as fluctuations of the plasma state within the chamber.
[0013]

An object of the present invention is to solve such

256 conventional problems as described above by controlling the
power amplitude (peak power)} of the output power to be constant
against the power variation in a pulse power control, so as to
avoid an effect on the load due to the fluctuations of the power
amplitude of the output power.

30 [0014]



30[ 0014] Anot her object of the present invention is to
control stably the power anplitude of the output power, thereby
stabilizing the plasma density and plasma at nosphere on the | oad
si de, and enhanci ng both the process honpgeneity obtained by 5 the
pl asma treatment and a product quality obtained by the process.

[ 0015] Futt hernmore, .anot her . object of the_present .inyention

Lo suppress aver ABSLPEFI ERIBH pBte s NEgRFREENENALY RBF458e 151 LDOOOR trol
reflected pewdlly $BedpowerPERAGHUHRE cBOWRE DURRY $RWEeEE thlFeby

si mul t aneously rmaintain the power anplitude of the forward power

(peak forwstabgdviering, théplalspaciéens vty iang plhaxsgoe edaoppimerehdmghe load
operation of _the tching circuit and stabilizing the plas | oad.
15[0016]  Side. ARGk RBPABELBS: PREN: Ahe PESERES| RUBAPFRRLTE pprained by
facilitat ergengh akhan +9b RRH¥R Mfd B BrblectNalRes 3 obeihied b9 the
process start at the load. 20 Means t0 Sol ve the Problens [0017

The presenpropeestion is directed to a power control including; an

out put anplitude control which perfornms a constant power control so
that the pd®8&S3dnplitude of output power becomes 25 equal to a set

val ue, and a dut or | 1.1 rat.l

so that an annun#u%gg%ggégédi%gg?%égﬁh5 J%f%g%%fhgkgg?gﬁtP%%%ﬁFPQME{S
becones eqtal shppeesst avaruge aEnebyeaspaliershigad natsitall anegdhkel of
over the power anplitude of the output power and protecting the power
suppl yllevire€lagaeAspovas. 30 iask teaprotect cthemaxwepoupply flevisg. and
The present .inyention includes an_aspect of a l.ge ul at ed RE

pover | cont FHMEIERRES EHd nATEH £ Rgeres rudL REREF dtotindolnen pover
supply devi pgakaFsh-wotd pofweddChtRErb B¢ ASIRAGIating unnecessary matching

operation of the matching circuit and stabilizing the plasma

load.
15 [0016]
Another object of the present invention i1s to facilitate
generation of plasma within the chamber at the time of process

start at the load.

20 Means to Solve the Problems
[0017]

The present invention is directed to a power control
including; an output amplitude control which performs a constant
power control so that the power amplitude of output power becomes

25 equal to a set value, and a duty control for controliing a duty
ratioc of pulse power so that an amount corresponding to an amount
of the output power becomes equal to a set value, thereby
establishing a stable control over the power amplitude of the
output power and protecting the power supply device against the

30 increase of reflected power.



5 of the invention commonly incorporates an output anplitude control
whi ch perfornms a constant power control over the power anplitude of

t he output power, and a duty control for controlling, by use of the
duty ratio of pul se power, an anmount corresponding to an anount of

t he out put pomer t hereby inplenmenting a stable 10 control over the
power anpll % of the output power and protection of the power
supply deV|ce adalnst the increase of reflected power. [0019] A pul se

nodul at ed RF powghecgitbkehtmehkedtaeaondcnaqee ih h@ﬁe@ﬁ:eéﬁnh pulse
invention is a method for controlling RF power, which controls the RF

power to b30§u§p¢ﬁddREOP@W@Ga@onthwlRFEG@@@uﬁndwﬁmchS@§CGup¢U@t@@lﬁ@
the | oad acc ing.to the contro t hod of resent ion, i

2 oul s oulpaPLaRegol PRISHS bRk b Aava ok ran Baeh G Fah & dedTetts
conti nupusky itRel AR eWti®n %%n%%ﬁ%aﬁn%%pgga%%soﬁhp%ht'p%ta alfp 1A Wele
which is outputted intermttently rn tine"w se. The pul Se out put

bei ng |ntecnntreﬂlwhmchlpmrﬁwrms|a;cpnstadEdpuwet|dantﬂo]novpertbdspower
alternately; a tlne(?erlod when peak power is supplied to the | oad

(ON per i odRMP&AFUSS FrE RS RF REH B0 dId 3 MAVCFOR HEAL (FRE 9% RekLing,
d
When the pocpeuer te Srpn ALl o BRD'ERavhe. 2L BnokE SofFelitiding

and the time gerdnmdinthelf pheeutpdl bewelrhathéhebpaaip Imaiting a stable
supplied to the load is assuned as the OFF period. The power is

suppl i &Y |ﬁ°§t€9#bpﬁéﬁ'6ﬁeopoﬁﬁé @NPééKUGG QﬁdthﬁeOHGPGFFPQ@ﬁFbGndthe
conbi nati op b %%sggeghas 5@E}C 4§¥lc ns &h

di agram fo exp alnlng a pu q%ﬁeﬁi nPPSF S |cﬁn%F%ﬁ?§e
out put of BEfQ@WQédI@O&@Qp|IEd to aload. In FIG 27A, the RF power

is supplied intermttently in 5 time wise, in which Tcyc is assuned
as one cycll@01%3e one cycle (Tcyc) is provided with ON period (Ton)

and OFF period (Joff The se _npdul at ed RF power cont controls
a power to be suf pPPiﬁet%"Q‘gi%Eﬁdb BF t BRVRG %%?\?’Fﬁ '6 éa?‘?%%‘?”tﬁkl to
eri odyznd td

5)0 ON p%rl ggjéan aé lﬁg\kf\lg%ll&g lrsce)zglu éz}tHM(? fﬁr er| o d%%%%@&l Séhidh

FIG 27A andnlEerlSZEBelnﬂ pobveat eoabaa;@muiqmtosatlmadﬂ GTh27REF shovsata,
sinplified change state of a RF power in ON period. 15Each figure in

the fol | owWhéches® rapiPwhted F9l itheedoal 2RAPALRT &% the gomRFrpbviRethod
the same VWB¥ e E}.‘QSeﬁZ%nJe%oc%.%Jn, is apulse output. A continuous cutput

is a RF power which is outputted continuously in time wise,
20 whereas the pulse output is a RF power which is outputted
intermittently in time wise. The pulse cutput being
intermittent in time wise is provided with two time periods
alternately; a time period when peak power is supplied to the
load (ON period), and a time period when power smaller than the
25 peak power is supplied to the load (OFF period). In here, the
time period when the peak power is supplied to the load is assumed
as ON period, and the time period when power smaller than the
peak power is supplied to the lcoad is assumed as the OFF period.
The power is supplied in a combination of the ON period and the

30 OFF period, the combination being assumed as one cycle,



It is assumed that the OFF period in the present invention includes a
time period for supplying power smaller than the peak 20 power, in
addition to the tine period when the peak power is not supplied to
the load. Furthernore, in the present invention, it is assuned that
the term "peak” of the peak power indicates maxi mum power anplitude.
By way of ?6%58'31 the "peak forward power" represents forward power
havi ng t he naxiﬁun1anplitude 25 val ue, anong the forward power that
travel s fromtherRG.poyeis aiagrhm £62 éB5thitdihd e potiRer mbaddatbierr
forward power whose anplitude val ue has not reached the maxi num

anpl i t ude rcongmed! yndwhdchdaapulEer putnuporér RF powes] 1805wep pliedeto a

dul ated RF t t.h f th t., i A | ,
2 outpat 4Bt §Bet LBnt 7 St RHOPaT H1 FRRBLARR) TR ERERSF CERpLY ot
out put , 5 ang igediy§ ¥e COM kitli cH @B?’EO:[S Rl 'a%gofille B d aithe Shelfcie

pul se out put. [0024] 5The outpul anplitude control Step controls an
anpl i tude {&kcye)olistpropldsd witlpON padipédr (Domp amd OFFt patiadpl TdEEE.
control so that an anplitude val ue becones equal to a_set anplitude

val ue. For TBRaRpilEe MRLUdateda Ry ROWET: GOBTEOH: FORTEOLS: & RGVES itRebe
t put ' | .4l : 0.kh Lt .
of the put SEPBTRSHYTEL A 1RRNCB T pRFHCEE heL 55 Ao 8 ¥ R4

a di f f er engadveFpepdeiveefiutie dfaaadadlk wAliuR &RF doseir agpsuppleed in
val ue, and controls the anplitude val ue of the pul se output so that

t he di 19 er ENc@e¥ilde apdc onER POWET Tise IegLPatednphn Offe Peddodsl can
be inplenegbgg 5 by the PW (pul se wi dth nodul ati on) control. For
exanple, d F n of the ON period is adjusted to forma pul se

control signal bpsgd QﬁAtHﬁddkié?rQﬁQeilihH%ra@BdatF&ﬁe bpphtedake.

power is subjected to switching by the pul se control signal being

fornmed, thereby EdGtralBi agpowheaasphplifiedathangeé shatpubfea ZRF power
out put . [00§5bu A duty control step controls the duty ratio of
t puUt

the pul se & Pexd@dserforms the constant power control so that a

power unt det gé@hnfgg{ﬂet bg gHt yféfi&@iﬂgcgggérfﬂyf&n tQifipPfties an

power val ue.
output state of a RF power in the same way as FIG. 27B.

[0022]
It is assumed that the OFF periocd in the present invention
includes a time period for supplying power smaller than the peak
20 power, in addition to the time period when the peak power is
not supplied to the load. Furthermore, in the present invention,
it is assumed that the term "peak” of the peak power indicates
maximum power amplitude. By way of example, the "peak forward
power” represents forward power having the maximum amplitude
25 value, among the forward power that travels from the RF power
source to the load. On the other hand, the forward power whose
amplitude value has not reached the maximum amplitude is simply
denoted as "forward power".
[0023]

30 The pulse modulated RF power control method of the present



[ 0026] Here, the power anpunt to be subjected to the constant power
control by the duty control step may be, for instance, an average
power value of the peak forward. power, or an average 30 power val ue
of peak | oad power which is obtained fromthe peak forward power and
peak reflected pomer Here, the peak refl ected power corresponds to

th i.t ude of th fl h t t RF
e sour GBIEREof SRALHESSoAR, ORtEt B LA e AR EREY B5EPeESEnas
to the max b%&él&ﬁﬁg ASte: Phad be é%is@&ﬁfp%' Ghd 8 &MRPLLAYrbe éf@p

| oad. [0027] h  t he averagé power val ue of the peak forward
power and fbe seetagdljngen daltyeraftibhefpdéhle poddepowtputorrespond
to an average power value of the power which is supplied from 10 the
RF power sbiPeélsi de to the load side. [ 0028] The constant

trol
ol 1 69 11 om t N Re” Sohs R ad Sntcndl? SF8P E0acE DR Hm D e

anmount becea&aeeqwathEOpalké sattppevandv pettEorasda tohstkapt anpnstade
i ndependently of the tenporal fluctuations. The power anount i s not
limted t ocPRETAYeFRgEhasnaR @&P&étéﬂetHélﬂéaheﬁemﬂﬁrGQHéﬂeﬁooﬁ BRE

peak | 0ad BQUST e kaKGR1 B8 2L AN UG L) S SERCELRLI S PPONG Blferor

anmedi a val teror requen pea ower

the 20 peakckezdingWes tRY @m@%@ﬁﬁw&bb@ntwlc igkq Hafé@&b?]ck of

constantly representing the amount of the power. [0029]
pul se Bbdukheeampdipadervalre odl thet bedsecuuiplithg whd.ahhéspeetpatted by

' nvention @ﬁéf Bqugrt rc](cam roRUt ognBHhEUde C%Eggrglncgt vglue between the

feedback value and a set amplitude value, and controls the
amplitude value of the pulse output so that the difference value
becomes zero. The output amplitude control can be implemented
15 by the PWM (pulse width modulation) control. For example,
duration of the ON period is adjusted to form a pulse control
signal based on the difference value, and then, inputted DC power
is subjected to switching by the pulse control signal being
formed, thereby controlling the amplitude value of the pulse
20 output.
[0025]

A duty control step controls the dquty ratio of the pulse
cutput, and performs the constant power control so that a power
amount determined by the duty ratio becomes equal to a set power

256 wvalue.
[0026]

Here, the power amount to be subjected to the constant
power control by the duty control step may be, for instance,
an average power value of the peak forward power, or an average

30 power value of peak load power which is obtained from the peak



25 and the duty control step independently, and perfornms pul se
nodul ati on of the RF power, whereby the both controls are operated
without interfering with each other. Accordingly, for exanple, it is
possible to operate the controls so that the peak forward power
becones constant, and simul taneously the average 30 forward pomer

al so beco const ant 30 The .out put anplitud contr

Ston and tERTHERS Boiver, POl Bhal, perited toar bt nahebh . hE P

assum ng t&%f\i@btt@aep%%xcmfsp%ﬂaal iked the & imdad aa@lfi%hbolof the
targets of the pulse 5 output, in addition to the power supplied to

the | oad. [e@3erted powerrwhiech mdtsuerndol the RRPgweie sourger side from

met hod accor di to th esent_ipvention, the duty control ste
further in$L ggag sﬁﬁﬁ EBF ReRk| HGRHHROVERE. ??ﬁﬁe?%oﬁﬂ?cﬂoalﬂﬁ um

is not 40 Qh'lb&ﬂttha@ be 28601B%aC ?Bﬁv&ﬁ}' LhAgnt he dy %)51&%' QoS @n@Ss %Bad

switch the pul se output to a continuous output. control

t he power 4dooant of the pulse out put to becone equal to an anplitude
val ue of the pul se out [ 0032] 15The pul se nodul ated RF power
control nethod oBothet ?e@%ﬂ?agﬁvﬁﬁV?EnVﬂéyel%%VU@% RO FRIGEAT S RRYIRE

for perfor g},30: feCOPLEQke 3SHAL WL 1MIE Rk BLUAr doRAVEL, 85 dhEalid Gl

target, erformng a contro ssum ng er age

power as t|ﬁ6 ﬁﬁn&fr@faéérﬁ@d}er 2 03ZYE the powelr WREcHULY @@msipéd from
step, in the node for perform ng the control assum ng the peak

forwar 8 pokbe BE phwecosvustet sidet tot kbecdnmdolkidgrget of the pul se
output is g|53§hed to the peak forward power. In the output anplitude
cont rol 8 e 25 constant anplitude control is perforned so that

an anpl i tUde val T'ﬁeOéoﬁgﬁaﬂﬁaﬁoﬁgfrv‘@&ﬁitPgi‘ein bego Bt LA +£81 B8} is
anplitude value. In the duty control step, the constant power control

I s performed sonthal tine gyewen) enpowel sugipldedd firoe phekRF opowex gowse
det erm ned by the duty ratio becones equal to a set power 30 val ue,

and accor ditRgte %ﬁédpﬁéﬂefﬁ?mﬁhﬁthH%rP?geﬁoﬁW?%ﬁt 2comes equal to a

15 set power value, and it is kept constant independently of the
temporal fluctuations. The power amount is not limited to the
average power value of the peak forward power or the peak load
power, taken as an example in the description above, but a media
value or a most-frequent value of the peak forward power or the

20 peak load power may also be applicable, which are wvalues
constantly representing the amount of the power.

[0029]
The pulse modulated RF power control method according to
the present invention performs the output amplitude control step

25 and the duty control step independently, and performs pulse
modulation of the RF power, whereby the both controls are
operated without interfering with each cther. Accordingly, for
example, it is possible to operate the controls so that the peak
forward power becomes constant, and simultaneously the average

30 forward power also becomes constant.



[ 0034] The duty control step includes a pul se output control
for producing discontinuous output, and a continuous output control
for rendering the pul se output to be a continuous output. 5[0035]

In the pul se output control, the ON period is set to be | ess than
100% in the duty ratio which is determ ned by the ON period and OFF
period in 85%3% cle of a pulse output, and an average power val ue of
the peak forward power is controlled to 10 becone snaller than an

anplitude val ue ohet batpaékamplvehde PSYREro30stopt ahdietie!l @erPUidiitrol
Is rendered to be a discontinuous output. [0036] In the continuous

out put constep, mayealFF perfogmi theecontrobs bea@%lamgtmemb’@ag@cand
Is set to be 100% i ti ichis et rm ned

or i o0 andSGEESREr FURPHLER FoohBocieRE BF RREROESERbAThRIoF Sh RitLee
the pulge QﬁttBﬁtt | §nf §AASHEDn! QoPENa 59@%&““%95?19@%9‘&5 the load.

This control imakes the average power Vvalue of the peak 20 forward

wave power [093d4dntrolled to beconme equal to the anplitude val ue of

t he peak forward mave power. [Q037] I.n_the duty control ste in the
node for perfornifg H%@%ﬁ?ﬂ ArlagedsRY AHPH ﬁ@nﬁéﬂaﬂﬁtpﬁgcﬁ‘ﬁ%ﬂﬂmg

as a contrgl, t;]ﬁ"ég Eeﬁor\/\/ar%m{&{ ttﬁ@%%tf&oh%%o&%@ gﬁﬂgriﬁlc udes

directed to t power out put anp e contro
step, and a e@ebr Gbrt segetnaf thbeopul-aemeuﬁnuwhus:ndar m‘t pdwke tiBenot
average | oad power in the duty control step. The output anplitude
cont r ol9 st gptputted to zero by controlling the duty ratio so as to switch
the pulse output to a continuous output. This control makes the
power amount of the pulse output to become equal to an amplitude
value of the pulse output.
[0032]

15 The pulse modulated RF power control method of the present
invention may include two modes; a mede for performing a control
assuming the peak forward power as a control target, and a mode
for performing a control assuming average load power as the
control target.

20 [0033]

In the duty control step, in the mode for performing the
control assuming the peak forward power as the control target,
the control target of the pulse output is directed to the peak
forward power. In the output amplitude control step, the

25 constant amplitude control is performed so that an amplitude
value of the peak forward power beccomes equal to a set amplitude
value. In the duty ceontrol step, the constant power control
is performed so that an average power value of the peak forward
power determined by the duty ratio becomes equal to a set power

30 wvalue, and accordingly, the peak forward power is controlled.
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perforns the constant anplitude control so that the anplitude 30

val ue of the peak forward power becomes constant, and the duty
control step perforns the constant power control so that an average
power val ue of the peak | oad power, obtained fromthe peak forward
power and peak reflected power determ ned by the duty ratio, becones
equal to a[§§g4qomer val ue, and accordingly, 5 the average | oad power
I's control I"ed” " ['0038] In the duty control according to the

present inventi obpetdigrHdohtrdll 018h Lt RISE Sui P odiHUtEbAREEE Ar
decreased, on the basis of a feedback value which is obtained by the

const ant 1prpdwernngoitsodntinydwes outtputt , sanpd At erlet ondubudpel. control
[ 0039] . In the control for increasing or decreasing the duty
ratio, thef@ft FeREREAGY dh&p PYLFES °&tPé1§d%8cPeoP £REY, Use Ol BLEd
pover val ueq @gq when the peak reflected power is increased, 15 the
proportion of the ON period in the duty ratio is reduced, so as to
suppress the incrgaskepulée avignagaedraidaict athepONeperficd4ds set tolte
the control for increasing or decreasing the duty ratio, the duté]é oN
e

control st é@sgi ¥B3naleRkdindincoflutierpbir Witich ciedetorgdned byl
and when 1 e, peak .l hest od Bower i scincrensede e proportien of dhe,

ON peri od Fn y rat i'S en arg%d, as’'to ro e aver age

| oad power at8rlgeCpietantalid (llheNptlR £OBh D WweaORkl 8bntHPLTed o
fluctuation of the 25 peak reflected power, if the peak forward power

i s coni@ ol begome smaklemihhe greakpliiddeowduccohtthel peak dogwagdpower,

possibilitgo that the pulse output is rendered to be a discontinuous
output.
[0036]
In the continuous output control, the OFF period is set
15 +to be 0% and the ON period is set to be 100% in the duty ratio
which is determined by the ON period and OFF period within one
cycle of the pulse output, so that the pulse output is rendered
to be a continuous output.
This control makes the average power value of the peak
20 forward wave power is controlled tc become equal to the amplitude
value of the peak forward wave power.
[0037]
In the duty control step, in the mode for performing the
controlling assuming the average load power as a control target,
25 a control target of the pulse output is directed to the peak
forward power in the output amplitude control step, and a control
target of the pulse output is directed to the average load power
in the duty control step. The output amplitude control step
performs the constant amplitude control so that the amplitude

30 wvalue of the peak forward power becomes constant, and the duty
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that the plasma density on the load side nmay fluctuate and it may
bring about instability due to the fluctuation of the peak forward
power. On the other hand, if the proportion of the ON 30 period of
the duty ratio is adjusted to control the average |oad power to
becone a constant value, it is possible to stabilize an output of the

peak forward power. [0042] In th case wher ower is ntr

byt he conEPREHL SUR BEIOHE: Ghe. CPmaT it PovRTe CPRROToRY, fage st
reflected B@\%%%g‘espéiﬁﬁﬁsx?h!ﬁe @fpﬁﬂéepém@li'o%fde oﬁ%rpo%'i:aﬁﬂ%rﬂ:om the
met hod according t0 the present invention can be applied, thereby

suppr essi ngeakefonwardspowért dmed gvedla ge flefd et @dawm\/\aete[rﬁaﬁma]i BPAthe
control node to which the pul se nodul ated RF power_ control can be

appl i ed, | AR FR B0 t ReCoFfsS ad8ad fdluﬁp’iﬁt ESW?FdT alye,cppderceprdingly,
continu #lgr We@a@%""ﬁr atﬁog,togﬂglr 'I%d%o?&‘} g_ll%docess start control
t he

node; ormer 1s con nmodé for supprying the peak forward
power accofngpsgito a continuous output in a 15 steady-state, and the
|atter is a control node for starting the plasna | oad process by an
RF power supply devike &mkyigpntiag atqv@qﬁi@grézo Eheoruefenh imjeention,

conti nuous _for d power nt.r ol nstant 20 k forward
power is ol %‘ &aéa )g%)ﬁe?n%‘gufslﬁl qlﬁﬁ%gugcpg%dg,ss%g%eagﬁ@ RheFeTHersed.
anpl i tude 8%"&%?&3 Bhsl B Padtedafd ac8tuB MBS O i ‘??é%e@f'th% W4 Pt
this continuous outputting, a pulse output control is applied

swi t chithg prwert kentwetli oo dieo vtiyrpu tc amplditudeh eoaltyodosttepl.| | ng t he

duty rati o[%r&gg?ccordl ngly

In the control for increasing or decreasing the duty ratio,
the duty control step gives a feedback of the peak reflected
power value, and when the peak reflected power is increased,

15 the proportion of the ON period in the duty ratio is reduced,
so as to suppress the increase of the average reflected power.
[0040]
In the control for increasing or decreasing the duty ratio,
the duty control step gives a feedback of the peak reflected
20 power value, and when the peak reflected power is increased,
the proportion of the ON period in the duty ratio is enlarged,
so as to control the average load power to be constant.
[0041]
In the load power control, upon the fluctuation of the
256 peak reflected power, if the peak forward power is controlled
to perform the peak lcoad power control, there is a possibility
that the plasma density on the load side may fluctuate and it
may bring about instability due to the fluctuation of the peak
forward power. On the other hand, if the proportion of the ON

30 period of the duty ratio is adjusted to control the average load
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25 suppressing the increase of the average reflected power. [0045] On
the other hand, in the process start control node, the pul se out put
control is applied during a stage for increasing the peak forward
power, and after the peak forward power reaches 30 a predeterm ned
val ue, the pul se out put control is switched to the continuous out put

control. Wen an. a i.itude value of t eak refl b

excessi ve &OF"F ﬁgt?ngecﬂm?e%se osft‘—?“h% Vagb’ﬁ i &rwar dsé%%apggv\ﬁ SEabiTize
conti nuous agubmg%,uqora,tfr Phe peand t@mrﬁ)mrpm se out put control and
it is applied, ereby 5 controlling the duty ratio and accordingly

suppr essi ng0O¥a li ncrease of the aver age refl ected power. [0046]

In the control de for sup ea,kfor r.in the .,

St eady- stat e (coNPIROGESPIPIETE REoRErBE R PORLRBULRY o thicreiFingous
possi bi g i t yyutBak éé}&f&@e%wa}ﬂbmwdb%lwab%é cER2AIALAUE $rér
variation of gas pressure or ion reactions during the process, and

the refl ectiedegoessive,i ac pedsed modwlated RY. powetrheonittrodt methoder e

the reflected power is increased as described above, if the output
power is I sRerEding £9 Loy OFESERA iRNSRELON KEN] P&s ARDHLERin thgaeby

chamber %Bg%’?ﬁg'&ihgb thed ‘i‘i‘mcﬁ:%a%%”"&tfg gﬁmg‘é%% g{eﬁ‘l@atgﬁt W&%

operations 0 hi'ng circurt hand,” i n the
present inyeougqn, the 20 proportion of the ON period of the pulse

duty ratio is assunmed as 100% and the average forward power and the
peak f& ward powdr can*érﬁéd@oﬂe fat whicboths pulest apAndatefeRF Power

COnt | U0US LAV AP G GRILL! RIS aEShe MG R0 R oBfron
proportionjgbibBes2a éa\ﬂnpﬁm&% @foﬂda@:digbwe&a&b&tfél fRsHeC @R df é%ﬂ'ocess
100% and the continuous output control is switched to the pul se
out put constalrt tbeteby meppr a3 fgrieer Laca easdmfl modeaferagupplying
reflected %Oe peak forward power according to a continuous output in a
15 steady-state, and the latter is a control mode for starting the
plasma load process by an RF power supply device and igniting
the plasma.
[0044]
In the continuous forward power control mode, a constant
20 peak forward power is outputted continuously in the steady-state,
and when the amplitude value of the peak reflected power becomes
excessive during this continuous outputting, a pulse output
control is applied by switching from the continuous output
control, thereby controlling the duty ratio and accordingly
25 suppressing the increase of the average reflected power.
[0045]
On the other hand, in the process start control mode, the
pulse output contreol is applied during a stage for increasing

the peak forward power, and after the peak forward power reaches

30 a predetermined value, the pulse output controeol is switched to

13



[0048] 30Wth the control as described above, it is possible to avoid
variation of the peak forward power, enabling stabilization of the
power supply to the load. [0049] It is to be noted that in the
process start control node, 5 there is a tendency that the peak
reflected power is increased before the ignition of plasma. On this

occasion, I.f the output power s mered convent | h
oot oot Cvor thet SRnEEhBEkR RFPut LortaRCE FRfCRN AR ide yATRE: of e
the pl asmapeakt bef@aamar%oﬁaﬁlH&;drﬁeéilé‘ﬁderslsﬂvé @uird Aigt Ehéhfn@fééaa of
10[ 0050] On the ot hand, in the process start control nobde

of the predbet Peakefoiryard powpeak ther wendipueus ositpuppcosdraii ie
bei ng i ncreased. i nuous, out put control_, and i

h t | it
val us of ¢ AEiEehed EY e B BEWETCRLt GRS, 801 1S 38pToetscuareby
| 0T 025§ 1 obfi B9 LORAAT RSl 11N nfl ABBLLHIRCSY e OYaREEE0L

the duty ratio is reduced froimh 100% and t he conti iudus oOut put control
I's sw tchednteetbe pifl $heoavprtgeorefdectéliepowkal.l owi ng after the
peak reflected power is |lowered to an all owabl e range by igniting the
pl asma, thé9Bé&R 20 forward power is increased, and subsequently, the

proportion of th’fngﬁ% Jrk B?% g&[:ys ﬁl‘&@ei;gloﬁ trh%ségﬁﬁd?&?‘{légg%m

the pul se output ¢C s St i nuotis “out pu

control. Aﬁ.ﬁOtﬁlenswadytstataosabﬁtﬁnﬁeus UPPreaesd !l hewd R @S o Dimdde) ,
average reflected power dgr[ng the tinme period when the 25 peak
f or war P poﬁépraslsnéreaseabl{L Dm}hat the mw@m@ Yithie tdontehamber

descri bed above g(imhq%bthe g refl ected |E)povver i s increased

suppl yi ng of ‘E’H%n%% Y PV BERBF PR Ahi RS PAEF SHES 8T shPPred g ipns
t he avefag@ué@nbeihécb§@c8§§eranﬁh%h%f96%1ebﬂb& %&bk'ﬁétgﬁckﬁabbﬁon
of plasma, and after the ignition of plasma within the chanber, the

pl asma at ntbsppererthéyonebn ntheas 1 tuat 1 ome mhakerEﬁéen&ﬁﬁe@bmérpower is
decreased. _Accordi ngl t he ro ortion of the ON perijod of the(mng%ed

ratio is ré§96P€83903¥069§5§ abPyecokfrbpe output power is low

15 as conventional manner, the plasma within the chamber becomes
unstable due to combined movement of the matching operations
of the matching circuit.

[0047]
On the other hand, in the present invention, the

20 proportion of the ON period of the pulse duty ratio is assumed
as 100%, and the average forward power and the peak forward power
are made to match, so as to establish the continuous forward
power control mode. Under such condition, if an amplitude value
of the peak reflected power is excessive, the proportion of the

25 ON period of the duty ratio is reduced from 100%, and the
continuous output control is switched to the pulse output
control, thereby suppressing the increase of the average
reflected power.

[0048]

30 With the control as described above, it is possible to
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5 and the pul se output control is switched to the continuous out put
control. [0052] It is determ ned whether the anplitude val ue
of the peak reflected power is excessive or not, by conparing a
feedback 10 val ue of the peak reflected power with a set value, for
exanple. In addition, it is further possible to nake a deternination

by conparin I ncrease_rate the. f edbac val ue of t ea

refl ected %ﬁég WFFH % © aﬁﬁg pﬁ855 frfgfﬁ 8?85és§n§$§?5 9cont r ol
nmode can b%t%eiqwzaﬁélah blge tddt %So%ﬁ’:t 5@bp an be%ﬂeoflohae

af orenenti oned continuous output contro 0054] In the duty control

during thelpPd@dss start control node, 20 when an anpl i tude value of
the peak reflected fomer I S excessive, the proportion of the

period of the dut¥ %t‘iOostn‘gﬂE%%lH}aﬁ/anE?% 25 &gy gﬂBBF‘é%s‘??@g
the i ncg ea%ﬁegta .FLQ% Wftﬂﬁf %illa%q:ﬁg f[l%Q;t%]d %E%E‘hl& creased
en theé peak re Iecte

control above, even power 1Ss”increase
suppl yi ng dbkfolre peakidrortviasrdofiovbasman ion mmat@mmm: lief the output

suppressing the average reflected power. Therefore, ignition
plasma i s BRYBFedS &ﬁUe§ﬁ§eﬁStﬁ@nVGHFFPBﬁléY @ﬁ@eplé§ﬁa°%¢PH¢nVPH§age

charber . ¢ BecBhas R, ALIRAANCOS. DBSRUES 0. 0OLIB ecthet, [EdERad Hifena

peak reflec ower . nsequent proportion
of the dutynr %hboch&mﬁamgﬁak&ﬁgla@yﬁaff&hamuazb gontikel thanglhlma.

duty control is switched to the continuous output control.
10 [0050]

On the other hand, in the process start control mode of
the present invention, the peak forward power is supplied while
being increased in the continuous output control, and if an
amplitude value of the peak reflected power is excessive in the

15 course of increasing the peak forward power, the proportion of
the ON period of the duty ratio is reduced from 100% and the
continuous output control is switched to the pulse output
control. Then, following after the peak reflected power is
lowered to an allowable range by igniting the plasma, the peak

20 forward power is increased, and subsequently, the proportion
of the ON period of the duty ratio is restored to 100% and the
pulse output control is switched to the continuous output
control. Accordingly, it is possible to suppress the increase
of the average reflected power during the time period when the

25 peak forward power is increased.

[0051]

According to the control as described above, even when
the peak reflected power is increased, supplying of the peak
forward power is maintained while suppressing the average

30 reflected power. Therefore, this facilitates ignition of
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[ 0056] 5In the duty control of the pul se nodul ated RF power control
according to the present invention, one cycle of the pul se output

i ncl udes ON period and OFF period, and there are two power control
nodes according to the power |evel in each of the time periods. 10
0057 ] One of the power control nodes is OV OFF power control

wh I f th .out put _dugri t he COF i.od i
Assuned hePIEFUR-aRBdnaboRE! DI ENLELPROp P Lo R Bhth ar iy FHRSE
period is apsupBdsAs ata®spReMe’ bkebhes hBrhle anky thenbedk ri?1LbRed
ot her power control node is H G LOW power control wheré a power

val ue of tpewpul Se decpeirsed:.i nctbedikflyperthhe psopsstien af the ON
predet er m ned power val ue which is defined between zerq and a s

1 1 g et
power val uBeTiRG of SBRetutR g i6r 15 meshored batiAR? BY thrydphE agetrol,
period 4s | UE s :

Fr G L p s e pT b il RONEEGY Be s kol Ealkne pontinmolBtytput
LOW peri odebatkelequal to or higher than the predeterm ned val ue,
t her eby avoiding the state that the plasnma during the OFF period

0

di sappear sI095R3059] In the pul se nodul ated RF power contro

of the present inyenti mare I han,.one ntrol. nmode can be applied
25 the duty cont FbiLS (BT athat8tRRR ERE i (i SPduel pE B fPoan
control isrbheeBYW¥a pBWbEeiW diBeEBIE AT Ot COBY F @bmyd £y US Sfedliback
constant frequency, and it controls a ratio of duration between the

ON perlbd waluei oh thedpeadk 10¥ jrsrtiestipdueatwioth awkhet ovadarpi figridxample.
frequency constapt, The other control node of the duty_ control js the
5’ PRM (bl 1B FPGHELARy Hodd SEESHPECRREFbh LA Aakees Geherarpation by
peri od dur 8bigRr9hoCARSIABECCEE PAELOME LA+ o0anABK ¥4160ME Olite itk
frequency of the pll se output by varying the OFF period duration,
whi | e keepraflebee@Nppeerodidhr at e gadskant, or by varying the
duration of the ON period, while keeping the 10 duration of the OFF
peri od con§P8Ad]

15 The process start control mode can be executed by the duty
control, instead of the aforementioned continuous output
control.

[0054]
In the duty control during the process start control mode,

20 when an amplitude value of the peak reflected power is excessive,
the proportion of the ON period of the duty ratio is gradually
increased, thereby suppressing the increase of the average
reflected power.

[0055]

25 With the control above, even when the peak reflected power
is increased, supplying of the peak forward power can be
maintained while suppressing the average reflected power.
Therefore, ignition of plasma is enabled, and after the ignition
of the plasma within the chamber, the plasma atmosphere becomes

30 normal, then reducing the peak reflected power. Consequently,
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[ 0061] The PWM anplitude control perforned by the out put
anplitude control is to control an anplitude val ue of the pul se

out put by switching the input DC power, and the PWM control 15
performed by the duty control is to control the average forward power
whi | e keeping the anplitude value controlled by the output anplitude

control. troI tar ets of ose..controls ren fron1e
Coher ! ang TR SabBREEon B8, ROy oBEEIRaCoRLEne, Gufh ofhedS O} "afdhgea
l ndependemtocq?ob%%ﬁ tHESRESH |3 o120 Acendl agky. cSMEi‘onLﬁQ dBtched
peak reflected power is increased, it is possible to control the

aver age fotwatuepawat1wmpn6upumow¢rbngtrhé anplitude val ue of the
peak formarg gﬁgr. [ 0062] Next, one aspect of the pul se
modul ated R 8 supply 25 device according to the present

inventign will be,eXpd 8lp§LordtQUa3he T ]Qﬁ'iéém%%li %E@Rﬁ%o%%ontrol

supply device of the present invention i's to supply RF power
| oad, and eecbrdésgatrp RReqitrdnipantefivioniiione ¢yale af Ehe pmlpetomtfpmt

pulse out put, an 30 output anplitude control part for controlling
anpl i tude éPCFHQGSpQNs836&96uﬁnda9§FaPGGﬂ9dcoﬁPﬂoFhﬁ§ﬁtaF&rtWO power

control | ngoﬁtggflym&i‘%b 2 of@ﬁ%%os%h] u#&ggrg{. te- O%%[ UbRUhe time

anpl i tude contro con n anpli e pul'sé
out put angepgbagrns t he constant anplitude control so that the
anplitude val ue beconmes equal to a set anplitude value. The duty
control0 palf08@Atrol s the duty ratio of the pul se output, and

R L R B g
anpl i tude gABLEOL PEkér Ankh b #ne E)Ql'ltsrtaobu@.?ﬁtt &ﬁ§@ﬁ§t tu@ldFﬁctnsfﬁd
the RF output part independently, théreby perform ng pul se nodulation
of the RF pewessumed as zero, and a power value of the pulse output during
the ON pericd is assumed as a set power value, in the duty control.
15 The other power control mode is HIGH/LOW power control where
a power value of the pulse output during the OFF period is assumed
as a predetermined power value which is defined between zero
and a set power value, and a power value of the pulse output
during the ON pericd is assumed as the set power value.
20 [0058]

The HIGH/LOW power control sets the power level of the
pulse during the LOW period to be equal to or higher than the
predetermined value, thereby avoiding the state that the plasma
during the OFF period disappears.

25  [0059]

In the pulse modulated RF power control of the present
invention, more than one control mode can be applied as the duty
control.

[0060]
30 One of the control modes as the duty control is the PWM
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[ 0065] 15The pul se nodul ated RF power supply device of the present

I nvention has the configuration including the output anplitude

control part and the duty control part as described above, and this
configuration allows inplenmentation of each of the control elenents

i ncorporated in the pul se nodul ated RF power control 20 as di scussed
above. [0066 Lt s to.be.noted that . the control ele ts_of
fhe pul se_ nBHIee et hoaRupR 18R, KRG Bh RSP KRnsEaR T Soiency
pul se modubaied tREoRWRNLsS WP Rla) 188 Vit Aurditd ohh B et@dRn2 T hleh ORe piigady
25 descri bed above, and therefore tedious explanations will not given
here. [006dhrB&kidwaared frive ONrpleared dua ebah, whillkkesping thel Breqency
of the pul se npdul at ed RF Eomer control may constitute the outfut 30

anpl i tude EBHFFBPtparThﬁnﬂ PﬁE GRRVTRLMPE Phrthe dutyrentrol is the
CPU, progr agg f(BﬁllekaEg&ﬂIahB? ﬂé&ﬂé&%ﬁbﬂf ﬁ&ﬂi’:i&&i @f&i‘?“ﬁées ATt
for storing calculation results, and the i ke, may also constitute

t hose cont oNl ppatibd. dp@aGibnS oie cousran taoplri peddododiutralt ipar,t anedy it

i ncorporate, for exanple, an error detector for obtaining a

di f f er enceCpBtREds the SELTARREY t Ui IRy SCa PYItPUE BYCBARERBI VB & HFF
AT FESCI LI CE ST R
or by varying the duraticn of the ON period, while keeping the
10 duration of the OFF period constant.
[0061]

The PWM amplitude control performed by the output
amplitude control is to contrel an amplitude value of the pulse
output by switching the input DC power, and the PWM control

I5 performed by the duty control is to control the average forward
power while keeping the amplitude value controlled by the output
amplitude control. Control targets of those controls are
different from each other, and they do not interfere to each
other, thereby allowing independent controls, respectively.

20 Accordingly, even when the peak reflected power is increased,
it is possible to control the average forward power without
lowering the amplitude value of the peak forward power.
[0062]

Next, one aspect of the pulse modulated RF power supply

26 device according to the present invention will be explained.
[0063]

The pulse modulated RF power supply device of the present
invention is to¢ supply RF power tc a load, and includes an RF
output part for outputting an RF output of a pulse outpuit, an

30 output amplitude control part for controlling amplitude of the
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10 control based on a difference value detected by the error
detector, as to the pulse signals froman oscillator. [0069]

The duty control part may incorporate, for exanple, an error detector
for obtaining a difference value between the set 15 power val ue
(average power command val ue) and an average val ue of the feedback

fromthe RE qutput part, and a.duty ratio.nmodifigr _whic ifies the
duty ratioPBQSFh8UE§P§e &P n8|dB§¥e8°8ﬁraldP?¥£r§ écﬂ%gﬂgfg%?%c?é%uty
by the erreonidst 8¢t @he pa1k@ L@pRt.se signals fromthe oscillator
20[ 0070] The RF output pairt performnms pul se nodul ati on of DC

power and @00pdtls RF power. The RF output part perforns the constant
anplitude control of the DC power based on control signals fromthe

out put anpli;udeTEGn??BPuB Plitiie, GAdma BarseChb _Pé?i%ﬂ aplitude
that ang a”%hh@&f‘@é’?uﬁ%%ogﬁépﬁ‘ﬂ?aén&31& rifd tﬁ@%bﬁ%&n*f% itude
Subsequent 'y, the control part controls the duty ratio of the
pul se out pgbnwhirbdh sbs thak] eheedmpdithdec@aldianbeadpkist edaadonbr a sk

t he out put anRLitude control part, based on the control signal from
the duty cempPlétuggrvalegd F&e duky Snirel paxdt aprtpohe theAniy raplo
t hat the anppu o] |.s ut o] e t t_. Do,

vai e, [009%] the bulberBubHhE’ 3R BEkeORRE TR PN cad B SE e AV ER
whi ch perfgbnmdthe aRbuaié t ki KN b oth@ wat y3a hoyeechase e @ial
5 the control signal fromthe output anplitude control part and

out put 0 a pal sesetit paweravdlueswi Théi owgteyt canplivrdgeednire hgpakie and
constant p r_control_ over the pulse output from the. oufgut

apli tude. chRt AOFY eort el pars FASREGHAT comiar FRBnRPHau Ryl part
control paﬁ.hdeb@nﬁ@ﬁ‘t‘l?‘?nthEQSbﬁEPQHEQEﬁliH?r bul SefHb&0LL 10n PEEVERIE RF
with a detector for defecting the pul se oufput subjected to the pul se
nodul at i onpbwetrhe duty control part, and gives a feedback of the
pul se output to_the output anplitude control part and the duty

control paftP96$de detector provided in the RE output part not only

detects-th f I t
ond ot ent, "ol ) Sol ke ARRE ot e Kt Bitve s MhipBI R EFLEE oF KL Flsent
f eedback vahyentfiB8872ds the confhguREtouvhpiicPéding Wl basptibeanml Stude

output to a load. In supplying the pulse output, a matching box is
provi ded bepwsezal part and the duty control part as described above, and

this configuration allows implementation of each of the control

elements incorporated in the pulse modulated RF power control
20 as discussed above.

[0066]

It is to be noted that the contrecl elements of the pulse
modulated RF power control, which are implemented by the pulse
modulated RF power supply device, are the same as those already

25 described above, and therefore tedious explanations will not
given here.
[0067]

Hardware for implementing each of the control elements

of the pulse modulated RF power control may constitute the output

30 amplitude control part and the duty control part. In addition,
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20 the RF output part and the load, so as to carry out inpedance
mat chi ng. [ 0073] According to an aspect of the present

I nvention, the power anplitude of the output power is stably
controlled, thereby 25 stabilizing plasm density and pl asna

at nosphere on the | oad side, and enhancing both the process

oo, B4t e LSBT, S REL o,

present i nyeidmery foiestarehgeRlRillAalrdresuets| ard/pPREESSRY, A8Y ABdo
the increase of the reflected power, so as to protect the power

suppl y devicoastiftutte thespowentzepl perds.(peak forward power) of the
f orwar d poiﬁr ij mai nt ai ned, thereby elimnating the need for 5
unrequi sit b hi ng operations of the matching box, and stabilizing

the plagma | oad. phQ048tput am?lf’c'ﬁ&@.eégﬂffol AE&PE qﬁﬁj!&&ﬁﬁ%@%’%} lfogr

the present invention, generation of plasma within
facilitat edxampllee &nneroér piemssiorstfart obhatihdnigoadd i flieredt¢ dnd tvoden

the Invention [0076] As described above, according to the pul se
nodul at ed RRe15esoRBPLdGHARONaABLN G RA4LUAE FRMEENApIALEFdaRE FBver

U oGRSy SRk LANERAGE, hiotf JRRIILE 4 SRS 45
agai nst t henporREroddpied pakitonsénd ra PWM pohBLoDOYEIf SO BleiEorming the PWM
10 control based on a difference value detected by the error
detector, as to the pulse signals from an oscillator.
[0069]
The duty control part may incorporate, for example, an
error detector for obtaining a difference value between the set
15 power value (average power command value} and an average value
of the feedback £from the RF output part, and a Quty ratiomodifier
which modifies the duty ratio of the pulse signal based on a
difference value detected by the error detector, as to the pulse
signals from the oscillator.
20 [0070]

The RF output part performs pulse modulation of DC power
and outputs RF power. The RF output part performs the constant
amplitude control of the DC power based on contrel signals from
the output amplitude control part, and performs pulse modulation

25 so that an amplitude value becomes equal to the set amplitude
value. Subsequently, the RF contrel part controls the duty
ratio of the pulse output which is subjected to the constant
amplitude control by the output amplitude control part, based
on the control signal from the duty control part, and performs

30 the constant power control s¢ that the amount of pulse output
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t hereby avoiding effects on the | oad, which is caused by the 20
fluctuation of the power anplitude of the output power. Brief
Description of the Drawings [0077] FIG 1 is a diagramfor explaining
a schematic 25 configuration of a pul se nodul ated RF power supply

devi ce according to the present invention. FIG 2 is a diagram

for explaining a.duty control accQrding,to the present invention.

FIG 3 05 BUPEGPEGORSE SAHRL fPnd EhEotuPy"EonPALRe30 according 1o

t he presentgphygnti on. FIG 4 illustrates control nodes of
the duty control according to the present invention. FIG 5

I s a di agram f or TegpREi auhgut pathiiedpronidgd et tornaexamngl ef ér twieich
pul se nodul ated RF power su Ly 5 device according to _the present

i nvent i on, performs %C‘G‘*’r’ggfh GmpdrdideoFoRkBPA| QY ¢ DF POWPT hRaeE AP

o _
Carget Tn 5P peneEol 1 fanf AR BB oRe ARPTERAAR EpfigPbl hart, ana

flowchart batpexpl aipuilge amtpmer,abhana examaeink cafrcuie ot pefdtming
in the case where forward power is assunmed as a control target in the
first enbodiRferAnfantPoyesseontrel Omerohhe pulse oufpet fFrqm Lhetquimst

ooor ) dpAT ekl EXBHELD.BALPY SRSHELS"HENABLEGL AP oy ehe
target in pieyf kostrsmhoghEnttnObahhei Bhesent RNV W@ part is further
10 provided with a detector for detecting the pulse output
subjected to the pulse modulation in the duty control part, and
gives a feedback of the pulse output to the output amplitude
control part and the duty control part. The detector provided
in the RF output part not only detects the power of the pulse
15 output, but also detects voltage and current, allowing any of
such detected values to be used as a feedback value.
[0072]
The RF output part supplies the pulse output to a load.
In supplying the pulse cutput, amatching box is provided between
20 the RF output part and the load, so as to carry out impedance
matching.
[0073]
According to an aspect of the present invention, the power
amplitude of the ocutput power is stably controlled, thereby
25 stabilizing plasma density and plasma atmosphere on the load
side, and enhancing both the process homogeneity obtained by
the plasma treatment and a product quality obtained by the
process.
[0074]

30 According to an aspect of the present invention, the
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FIG 9 is a diagramfor explaining a configuration exanple of the
control by reflected power in a second enbodi nent of the present

I nvention. 20FIG 10 is a flowhart for explaining an operation
exanple at the time when reflected power is increased in the second
enbodi ment of the present invention. FIG 11 illustrates

signal diagrans for explaining an operation exanple at the tinme when
refl ected FYRERIESTPALPELEEIPIRET Nl FIPRISHRE S AFGdRFEntREf infEease of

present in t] G [ ' j
expl ai i ng R SCHSPESR RYH £ a0t R T e Then BPNCE: SO pohe T
I ncreased whitleetRecposreendmsi Meude ofpddie foreaad poweeNt benthé| £orvard
is a diagramfor explaining a configuration 30 exanple of a | oad
power cont PEWernigs MRHAgadneddi FBsredyY eddmipatdag: theyagedofor

FIG 14, 1S g, LLouehaLt (Lot exel aalag, 0008 dhoR.exatRLeral, they

| oad power "CONTT O rment o present invén

SFIG 15 i kkustinakengsik@eabidisagr agaafl.or expl aining an operation
exanpl e of the | oad power control in the third enbodi ment of the
present int@ATAAIN. FIG 16 illustrates signal diagrans for

T the 107t hi 1o EHBGPRERFSof “CHESRLBUcD FRVERPFGR, OF the DrRRGRE)7

is a diagramybatignp! abRePatdonOBE G4h8MLORIERARPkA! CnamBky: §Re duty
control to a continuous forward power control node in a fourth

enbodi bent fatidlheéapedsant theveimeont pkGces8 sfaztf bawthar Lokdr side.
explaining a control operation
Effect of the Invention
[0076]
As described above, according to the pulse modulated RF
15 power control method and the pulse modulated RF power supply
device of the present invention, it 1s possible to control the
power amplitude (peak power) of the output power to be constant
against the power fluctuations in the pulse power control,
thereby avoiding effects on the load, which is caused by the

20 fluctuation of the power amplitude of the output power.

Brlief Description of the Drawings
[0077]
FIG. 1 is a diagram for explaining a schematic
26  configuration of a pulse modulated RF power supply device
according to the present invention.
FIG. 2 is a diagram for explaining a duty control according
to the present invention.
FIG. 3 is a diagram for explaining the duty control

30 according to the present invention.
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15 exanple to apply the duty control to the continuous forward power
control node in the fourth enbodi nent of the present invention.

FIG 19 illustrates signal diagrans for explaining a control
operation exanple to apply the duty control to the continuous forward
power control node in the fourth enbodi nent 20 of the present

I nvention. FIG . I Llustrates, signal .di agrans faqr explalining
a conventi onal cgﬁﬁro?.éﬁgPﬁFFS eBXSHBFE°gmeHSSc§FtEﬁﬁoﬁEtVOERBFE°E
power cont LeloFaded Rt kel PHelRn@medem@ilbnef the present invention.
25FIG 21 is a diagramfor éexplaining a configuration exanple in the
case where the dBIG.cBntisokh diagpphi Edrt expheiodnygi audesafidedar d
power control node tq increase the geak forward _power .in_a fifth

enbodi ment COPELAETAEASBNEXARPARt PEnIDE| BPlse TadRlefedcRE RoYeR Supply
expl ai 110 q3yGOR LaloAAALRY kN (AL W fyRAgsease where the duty

control is applie the™ continubus tforward power control node to

i ncrease the peakiGorevasth gaagi-amntdiexpiltthiagwdonEiguehtiba example
present invention. FIG 23 illustrates signal diagrams_for
expl ai ni ngi® EBRAt¢dFe othana forvaranprEernls HsHRed ifefeCPRErgltiarget

control 5 ih 2Pphied LAGHGGANtuaKs LOLURLY BRMEL.GaRLI Ol ode to

I ncrease t orward power In dient 6f t he

present inventiopig. 7 is a fldackifrt FokséxpiLenth@nal ofbrEERBR imple
expl ai ning a conventional control operation exanple in the case where

t he 101lpeakff btheatwtpoantrcl imcthasease rwhdre dormandopoweor warassumed
power control node in_the fifth _enbodi_nent of _the present _|nvention.
FIG 25 is®8 P GRBRIPL F8F I8kprE Egﬁgfﬁﬁétccﬁﬁ'PPgllm&B r 8t FRCeRARSPAT
to increasept,Rgtpeak forward power at the timng such as a process

start in the duty control in a sixth 15 enbodi nent of the present
I nventi on. FIG. 8 illustrates signal diagrams for explaining an

operation example of the duty control in the case where forward

15 power is assumed as a control target in the first embodiment
of the present invention.

FIG,., 9 is a diagram for explaining a configuration example
of the control by reflected power in a second embodiment of the
present invention.

20 FIG. 10 is a flowchart for explaining an operation example
at the time when reflected power is increased in the second
embodiment of the present invention.

FIG. 11 illustrates signal diagrams for explaining an
cperation example at the time when reflected power is increased

20 in the second embodiment of the present invention.

FIG. 12 illustrates a signal diagram for explaining an
operation example at the time when reflected power is increased
in the second embodiment of the present invention.

FIG. 13 is a diagram for explaining a configuration

30 example of a load power control in a third embodiment of the
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FIG 26 illustrates signal diagrans for explaining the control
operation exanple to increase the peak forward power at the timng
such as the process start in the duty control in the sixth enbodi nent
of the present invention. 20FIG 27 is a diagram for explaining a
pul se output of RF power perfornmed by a pul se nodul ated RF power
control . Descri %IOH of Reference Nuneral s [0078] 25 1pul se nodul at ed
RF power SBESF? e &Rt ﬁﬁ&Ise nodul at ed RF power supply device

1Bpul se nodul at eg1RE NPWBra 2UBRCKadeVE O ekplieli ne nEDs b@beét%np@yﬁﬁple
supply devi ce 1Dpul se nodul ated RF power supply device 30 1lEpul se

nodul at ed RE me\@oashppw?rdmntml 2outipaitthdmgl enbdéimentraf tharpresent
2Apeak forwar Qwer control part 2Bpeak forward power control part
2Cpeak forw?v&?’&n%&ﬁ@r control part 5 2Dpeak forward power control part

5 FIG. 15 illustrates signal diagrams for explaining an
operation example of the load power control in the third
embodiment of the present inventiocn.

FIG. 16 illustrates signal diagrams for explaining a
conventional operation example of the load power control in the

10 third embodiment of the present invention.

FIG. 17 is a diagram for explaining a configuration
example to apply the duty control to a contiﬁuous forward power
control mode in a fourth embodiment of the present invention.

FIG. 18 is a flowchart for explaining a control operation

15 example to apply the duty control to the continuous forward power
control mode in the fourth embodiment of the present invention.

FIG. 19 illustrates signal diagrams for explaining a
control operation example to apply the duty control to the
continuous forward power control mode in the fourth embodiment

20 of the present invention.

FIG. 20 illustrates signal diagrams for explaining a
conventional control operation example of the continuous
forward power control mode in the fourth embodiment of the
present invention.

2b FIG. 21 is a diagram for explaining a configuration
example in the case where the duty control is applied to the
continuous forward power control mode to increase the peak
forward power in a fifth embodiment of the present invention.

FIG. 22 is a f£lowchart for explaining a control operation

30 example in the case where the duty control is applied to the
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2Epeak forward power control part 2aerror detector 2boscill ator
2ccontrol circuit 10 3duty control part 3Aaverage forward power
control part 3Baverage forward power control part 3Caverage | oad
power control part 3Daverage forward power control part 15 3Eaverage
forward power control part 3aerror detector 3boscillator 3cduty ratio
change cireult s Ao R el bt SR e 21! RidheP et 1728524 RYG RaLk
forward power in the £fifth embodiment of the present invention.

FIG. 23 illustrates signal diagrams for explaining a
control operation example in the case where the duty control

b is applied to the continuocus forward power control meode to
increase the peak forward power in the f£fifth embodiment of the
present invention.

FIG. 24 illustrates signal diagrams for explaining a
conventional control operation example in the case where the

10 peak forward power is increased in the continuous forward power
control mede in the fifth embodiment of the present invention.

FIG. 25 is a flowchart for explaining the control
operation example to increase the peak forward power at the
timing such as a process start in the duty control in a sixth

15 embodiment of the present invention.

FIG. 26 illustrates signal diagrams for explaining the
control operation example to increase the peak forward power
at the timing such as the process start in the duty control in
the sixth embodiment of the present invention.

20 FIG. 27 is a diagram for explaining a pulse output of RF

power performed by a pulse modulated@ RF power control.

Description of Reference Numerals
[0078]

25 1 pulse modulated RF power supply device
1a pulse modulated RF power supply device
1B pulse modulated RF power supply device
1C pulse modulated RF power supply device
1D pulse modulated RF power supply device

30 iE pulse modulated RF power supply device

25



ACRF out put part 4DRE output part 4ERE output part 25 4asw tching
circuit 4bsnmoothing circuit 4cswitching circuit 4dpower detector
4d0 RF output circuit 30 4dl directional coupler 4d2 forward power
detecting part 4d3 refl ected power detecting part 5Smatching circuit
6l oad 5 7average processing circuit 7Aaverage processing part

7Baverage procesglag part, {ORYGLags BLoGegsLRg part

24 peak forward power control part
2B peak forward power control part
2C peak forward power control part
5 2D peak forward power control part
2B peak forward power control part
2a error detector
2b oscillator
2c control circuit
10 3 duty control part
3A average forward power control part
3B average forward power control part
3C average load power control part
3D average forward power control part
15 3E average forward power control part
3a error detector
3b oscillator
3c duty ratio change circuit
4 RF output part

20 4A RF output part
4B RF output part
4C RF output part
4D RF output part
4E RF output part

25 4a switching circuit
4b smoothing circuit
4c switching circuit
4d power detector

440 RF cutput circuit

30 4d1l directional coupler

26



7Daver age processing part 10 7Eaverage processing part 7cl,

7c2aver age processing part 8Dduty control part BEduty control part
PFpeak forward power 15 Pfl ko average forward power Plow forward
power |ow | evel PLpeak | oad power PWM average reflected power PLAVO
average | oad power command val ue 20 PRpeak refl ected power Pnw

aver age reflecte I o al.gh_Hl duration Ti Am LOV
duration 2§d$c,f%ogggggugg¥95n&%%§8%ﬁagrBFFgﬁ Description of the

Preferred gBodi gBBti8cted power detecting part

5 matching circuit
6 load
5 7 average processing circuit
7A average processing part
7B average processing part
7C average processing part
7D average processing part
10 7E average processing part
7cl, 7Tc2 average processing part

8D duty control part
8E duty control part
Py peak forward power
15  Pgav average forward power
Piow forward power low level
Py peak load power
Piav average reflected power
Pravo average load power command value
20 Py peak reflected power
Prav average reflected power
Teye cycle
Thigh HIGH duration
Tiow LOW duration
26 Toss OFF duration

Ton ON duration
Description of the Preferred Embodiments

[0079]

30 Hereinafter, with reference to the accompanying drawings,
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[0079] 30Hereinafter, with reference to the acconpanyi ng draw ngs,
preferred enbodi nents of the present invention will be explained in
detail. [0080] Wth reference to FIG 1 to FIG 5, a basic
configuration 5 of the pul se nodul ated RF power supply device of the
present invention and the pul se nodul ated RF power control method of

t he present ventlon Wi be ex ned; with ref rence.

FlG e anpERarEnee bt nete HR A8 e shh b BNl £ o et e
power is take@edsia.control target; with reference to 10 FIG 9 to
FIG 12, an explanation will be nmade as to an exanple of a processing
when t he péQk)SrOdflect ed power is increased with reference to FI G 13

to FIG 16, an e nat onvm made as_t thecse where_a | oad
of the pul se- out BAER CERGHRTOR (KB hd DEGe DodOROHl Hohefguration

controlg Wyhhef 5[1§§Sem58uE5@ed1§F Wok8rFsGpp 2, dé’{?lé‘é PLANALd QPrddd it

be nmade as to the case where the duty control™is applied to the
conti nuous ihoenaidénpandr thenpndkemnndénliatedi REf powarecowtFometihéd of
FIG 24, an_explanation will be made as to the case where the duty

control istREpPFRIERH ltwerttdm Hiddds GF‘\R&ﬁénﬁé\nele}&rﬁerﬂﬂrerﬁﬁfetP(f‘%
| ncrease e, peaays o g %&ii_?%[ lgéhl”ﬂ b2 Al Bhogﬁérﬁpiéyﬂere

wth referenceto FI'G an exp ana on wl

to the casgowhaia pbﬁeﬁeek tatemrds powonhtabll Raryef; ngishcheféréfi€e to
process start is increased in the duty control. 25[0081] [Basic
confi glit at F8R-0? th& LGl 42 . nee gxplandFHiqowid lcbatmadg as to an example

Sy, o SRLERRICR d ndh Gnelpe B IR 0 BETRIEES ot
devi ce accepfignte tBerptesent thnveati 08, é@[&gﬁfination will be made
as to the case where a load of the pulse output is controlled
by the pulse peak load power control; with reference to FIG.
15 17 to FIG. 20, an explanation will be made as to the case where
the duty control is applied to the continuous forward power
control mode; with reference to FIG. 21 to FIG. 24, an
explanation will be made as to the case where the duty control
is applied to the continuous forward power control mede to
20 increase the peak forward power at a timing such as a process
start; with reference to FIG. 25 and FIG. 26, an explanation
will be made as to the case where the peak forward power at the
timing such as the process start is increased in the duty
control.
25 [0081]
[Basic configuration of the pulse modulated RF power control]
Firstly, with reference to FIG. 1, an explanation will
be made as to a schematic configuration of the pulse modulated
RF power supply device according to the present invention.

30 [0082]
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The pul se nodul ated RF power supply device 1 incorporates an out put
anplitude control part 2 for controlling anplitude of a pul se output,
a duty control part 3 for controlling a duty ratio of the pul se
output, and an RF output part 4 for outputting 5 an RF output of the
pul se output, and the RF output part 4 outputs the RF output to a

| oad 6. The | oad may, be a pl.a ad, which is generated wthin a
chanber, for | nePaRALTTaadR1EEEA RF Boyeil s iRplg SR ¢ s ontes
connected Rgt \sﬁ%putthsmBEieutieuaoAQreir5a£lt apdréPecdRPeo 1199 Afpltrude
mat ch i npedance therebetween. [0084] The RF output part 4
perfornms poffse pokaeg autpmtof aBipywen tard pemér dtfes aonkRECAdtipgt a duiley
DC power can he obtained froma DC power source, or the DC power is.
obt ai ned bya¥dB; ¥k thFPIESACY TR gBdRé/ BE QR BABH 4 FAE PRt EANg
transfetre b di [ e t

| oad 6. Fornars HaREr SE e SR gty B PHEY Btphebart ol diputs
| oad 6, andheeRFeouegupower ai 3oadt 8. neThé rbead he mapdé 4 plasmfRFload,
output part 4. According to a difference between the forward 20 power
and the reWhd€hedsporBerateddvashdr @i cBampPry.f £om ARSTRRCEut put part
4 to the I&g%g is supplied. In here, maxi mum anplitude of the
forward power |§ referred to as "peak forward power", and nmaxi num

anplitude of theanefdtitiRficPove tisSmaPhRS E68néOtEE beltRlen Bié Et@Gput
power". 25[0085] The pul se nodul ation is perfornmed accordi ng

t o an Hhpl pagte4 candrighe cfoadheé pwlosasotiepnately impedaneritthmamghetivken.
contr ol parb0§4?nd according to a power anmpunt control by the duty
cont rol { .730[ 0086] The out put anplitude control part

2 inputs a set a@ﬂéiﬁﬂjgﬁtﬁﬁlt%ﬁ@ 43 ELFTRNE p(AldemoaAPHES0RDE DC power
anplitude val ue of the pulse output  as a feedback value, and perforns

a const ant aadpgeherdaetesmn RF oo tpudt. t Dee dhdpawede caal be detaimsd from

equal to the_set 5 anplitude value. A power value, a voltage val ue,.
or a curr efit DGaPO¥eFa§OBECEs sOFe e sPE HROYeH| 15 LRIt 34reR B FHRISRENg

L Y N

det ector prov between the and I's able

to detect phi-gigepkibrdelyabeewebn the ROrAIENIt PEHY WudAdlOheondadI 6.
of the output anplitude control part 2, an anplitude val ue (peak
val ue) of Fhewpuldseower pif suppddeds remdthe Riceviipusgpart t4 tohehgekoad

val ue. [Oogzlaggerggigcggatﬁggegaig %eLH Héé ErggttﬁglfgaESGatgqggg”§¥
output part 4. According to a difference between the forward
20 power and the reflected power, load power directing from the
RF output part 4 to the load 6 is supplied. In here, maximum
amplitude of the forward power is referred to as "peak forward
power”, and maximum amplitude of the reflected power is referred
to as “peak reflected power”.
25 [0085]

The pulse modulation is performed according to an
amplitude control of the pulse output by the output amplitude
control part 2 and according to a power amount control by the
duty control part 3.

30 [0086]
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15 value and inputs a pul se output value as a feedback val ue. Then,
the duty control part controls the duty ratio so that the pul se

out put val ue becones equal to the set value, and perforns a constant
val ue control so that a value defined by the duty ratio beconmes equal
to the set value. The pul se out put value nay be 20 represented by a

power value, a V@hg ﬁ/lﬁl Hﬁn 194 eSS4 &Y ﬁgklﬂe% 1&19%%%16. stetI a?:lfjjét% e

pOSSI bl e to assune that” an a unt correspon ower v

the pul se qulipétas s abmAMREAgELde®) mpdtaomrampaitﬁme tasthans®thkpulse
this case, an average outgut power command val ue is used as the set
val ue. Theou&p¥ans 90’@@@ RaeK relus. @nd @@@rﬁowﬁt ao¢Opa’F@nB qmpliptude

f h pee s
it put | povBPREGRIaRE 2Rle CRBnETRACEY oY RSt DReptna: FSah FRnfey aret
fluctusgi oafp1atube 301688 PO WRIvesuRBUE] Arvm %wbﬁg%@ﬁrent

side to the Toad side. This value is not limted to an average power
val ue of t welpeakay denasdupeders ¢hepaapl i bade yedere ofuthepuiserowkpwle,

const ant! Y LGP SRELLIA 2 RONEL, SUPUIL (TRyebe Mol a0l such 88 tor
the peak | 820vRANE beltREER] the pr olRBufUbREL ATBhaliHE £0RATA!iPUMIe
and the duty control part 3 of the present invention contro e
out put parto4demadepehdenhmpllxudasvhauperfDnnthéecpnbtannndmphitm@e
of thelORF control of the output amplitude control part 2, an amplitude
value (peak value) of the pulse output is controlled to become
equal to the set value.
[0087]
The duty control part 3 inputs a set value as a command
15 wvalue and inputs a pulse output value as a feedback value. Then,
the duty contrel part controls the duty ratio so that the pulse
cutput value becomes equal to the set value, and performs a
constant value control so that a value defined by the duty ratio
becomes equal to the set value. The pulse output value may be
20 represented by a power value, a voltage wvalue, or a current
value.
[0088]
It is possible to assume that an amount corresponding to
the power value of the pulse output is an average forward power,
25 for instance. In this case, an average output power command
value is used as the set value. The constant power control by
the duty control part 3 is to perform control so that the power
amount becomes equal to the average cutput power command value

constantly, without depending on temporal fluctuations, as to

30 the power supplied from the RF power source side to the load
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10 power. [0090] It is to be noted that in FIG 1, the output
anplitude control part 2 and the duty control part 3 are illustrated
as separate elenents for ease of explanation, but they nmay be 15
configured as one control part. Furthernore, the RF output part 4 is
illustrated as an indivi dual eI enment, but it may be configur ed as one

CLrcu ! oSSHAST Y410 SUS,EOTPLORE YA ASE ORRLAR AR LiEg or

It is to beneopedkt hetrweaehpeeeﬁ:r ok pank apdat QWBE, OpEPUsnOEREr Py 1lue
be a hardware configuration, or a software configuration

i ncor por at Cegsiagrlly gepeeseptingch mevdr RBOUNAiRAY @teoapp@isgbéms sach

allow the CPU to xecut each si and 25 conput a roc ssin
Cesul s, | 0893 MeEAR, VRIS roT 1 F 5RRSRTe VATU B ShE meRk fogvath
duty cogltrgbwer oraq:q.lgr Bleltk tlgahh?o%try control part 3w II be
expl ai ned. “30[ 0093] he duty control, a duty ratio of a
pul se out pi00B9Ilchanged, thereby perform' ng puI se nodul ation of an

out put power val ue. Inhere, an expl anation be made_ta

forward power asTHA SYERRF AMRILY M%BGF&%&‘#%&A@WXO‘FR?B‘F“
according n5t@ Bthpfl?éggPEeééW r!Ltﬂ £4dIf ¥ aR! | %‘”98 gﬁ@t%Qi-E 4,

part 2 performs a contr SO t e naX|nun1aan|tu

val ue) of tihaepealeh@&iwgr dop@y\etro Blér{fmnmeqmmée Tn(bc'ﬂ.ll&ﬂildtﬁblfethe RF
Wil e the peak forward power is maintained to be the set value, the
duty r¥i oPP¥e&entrol |l ed so that the average forward power 10 Pnv
becones eqTabgb? a set power val ue. [0094]

It is to be noted that in FIG. 1, the output amplitude
control part 2 and the duty control part 3 are illustrated as
separate elements for ease of explanation, but they may be

15 configured as one control part. Furthermore, the RF output part
4 is illustrated as an individual element, but it may bhe
configured as one circuit together with the combined control
part incorporating the output amplitude control part 2 and the
duty control part 3.

20 [0091]

It is to be noted that each control part and the RF ocutput
part may be a hardware configuration, or a software
configuration incorporating a CPU, a memory, and the like, which
store programs to allow the CPU to execute each signal, and

25 computational processing results.
[0092]

[Duty controll

With reference to FIG. 2 and FIG. 3, a duty control

according to the duty control part 3 will be explained.

30 [0093]
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One cycle of the pulse power is provided with ON period and OFF
period, and there are two power control nodes dependi ng on the power

| evel in each of the periods. 15[0095] One power control node
is ONVOFF power control in the duty control, in which a power val ue

of the pulse output is assuned as zero during the OFF period, and a
power val ue of the | s ut put . durin he ON period is suned, as, a,
set power val ue. IQOEEFG&J%Yi BPBH’P@(? eg leHFX {"jWE')f?FO oﬁe?‘ﬁ%?\t‘?‘b??uT m-S
FIG 2, on T LG | ' : LG | '

Ut put 1 g RS For vt Bhanar kB O bE h RERRR p e
peri od wheraflaer.e Is hexepoaweexplapatioawliIhbeduide taking forward power
determ ned based on TO and Toff. For exanple, the duty ratio 25 is_.

r epr esent e@SiH KABRLE - Drin WRedN 1 %2 RodulpbeaREGRPHRF £OMEH ot #7 ¢ SHeg

cycle Tgyc = I Ton, + ) = + 0 T,
aver ag e§f OI"t \?/aDﬁge p%%/\-/ee?éggn Jgrg‘ﬁe %—féerf‘(brtggés/ ((36&1 ‘tl?y-[ﬂ{‘ ﬁle"p-ig fgf’lfic[?wgﬁgl:?ggnﬁgﬁt 2
by using Yeditoyml’ a cBhf¥ox B6 ¥hRenth&0@dkimum amplitdder€inie, (Pyak
changing ON duty D', it is possible to 5 performa control so as to

al | ow t he ¥adhgdeof dhgapeakFarward PPRYTIRy becamps edbtadr it regepoviue.

val ue. [Oo%ﬁkle the peak forward power is maintained to be the set value,

the duty ratio is controlled so that the average forward power
10 Pppy becomes equal to a set power value.
[0094]

One cycle of the pulse power is provided with ON period
and OFF period, and there are two power control modes depending
on the power level in each of the periods.

15 [0095]

One power control mode is ON/OFF power control in the dquty
control, in which a power value of the pulse output is assumed
as zero during the OFF pericd, and a power value of the pulse
output during the ON period is assumed as a set power value.

20 FIG. 2 illustrates this ON/OFF power control. In FIG. 2, one
cycle Tgye includes ON duration T,, which is a period for
outputting the peak forward power, and OFF duration T, which
is a pericd when there is no power output, and the duty ratio
is determined based on T,, and T.sr. For example, the duty ratio

2h is represented by ON duty Do, which is a ratio of ON duration
Ton to one cycle Teyc.
Don = Ton / (Ton + Tose)
Teye = Ton + Tost
[0096]

30 The average forward power Pryy can be expressed by the
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In this du
average fo

ty control, when the duty ratio is controlled so that the
rward power pnif beconmes equal to the set 10 power val ue,

there is a possibility that the average forward power Pyxis made to

droop. For
of the ref
droopi ng o

in FIG 2A

reduci ng t
cause the

Anot her po
control, i
period is

duratiofp b
power valu
the set po
control . |

10

15

20

26

30

exanpl e, increase of reflected power (FIG 2B) or increase
| ect ed voltage or current nay be a factor which causes

e_avy rward pQ 15[.0099] As shown
?OWI tro qed é %h Cﬁ&AgPtYD “t's | owered, thereby
hpmgverggexfmmyﬁrd power P - FAV against the factor to
droopi ng of the average forward power Pnm 20[ 0100]

We03ddntrol node is H G LOWpower control in the duty

o0 2 BRUeL VRS oholhe Bl 8L 0UbPu (NGNS I
PeARERRRRC IR 1 onith Sl MR OO 2
wer bealaugpreldeteihibhle@ pdweld wafluat.es t he H GH LOW power
T0058

In this duty control, when the duty ratio is controlled
so that the average forward power Pravy becomes equal to the set
power value, there is a possibility that the average forward
power Pray is made to droop. For example, increase of reflected
power (FIG. 2B) or increase of the reflected voltage or current
may be a factor which causes drooping of the average forward
power Ppay.

[0099]

As shown in FIG. 2A, it is controlled so that ON duty Do
is lowered, thereby reducing the average forward power Pray.
against the factor to cause the drooping of the average forward
power Ppay.

[0100]

Another power control mode is HIGH/LOW power control in
the duty control, in which a power wvalue of the pulse output
during the OFF period is assumed as a predetermined power value
defined in a duraticon between and egual to zero and a set power
value and a power value of the pulse cutput during the ON period
is assumed as the set power wvalue.
folol]

FIG. 3 illustrates the HIGH/LOW power control. In FIG.

3, one cycle Tgy. includes HIGH duration Thign which is a period

for outputting the peak forward power, and LOW duration Ti.w which
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3, one cycle Tcpc includes H GH duration Thigh which is a period 30
for outputting the peak forward power, and LOWNduration T10 which is
a period for allowi ng the power output to be the forward power | ow
| evel Plow, being |ower than the peak forward power. The duty ratio
i s determ ned based on Thigh and Tlow,. For exanple, the duty ratio

can be rel%ﬁsfﬁ}’te?c‘lol&yfé?% %lel Lhégﬁaf Ormrgpg‘érta& ”thTé‘fggw%l

cycl e Tcyo, I st ance era pOWeT nw S

by this dutyw abwvel Phg,,peahni_;onwed pRwar +hE, paad fbewa@avxpéﬂeﬁowerhe
| ow | evel Plow [0102] The H GH LOW power control sets a power |evel

of a pul sedugydygaicig itﬁedﬁtﬁvlpéne@db@%e@eo@dha&h apdolidai- gheT terammle .,
predet er m n d al_ue her eb voi di n t hat |_a

i Sappear s ir HRGY: Ratiowral Poq-opagsepted By” the®ragds BelthE nron
referenge HQrE‘t@onAfmth“%é%n éleT,EYhe ?&fh&g’téﬁ?@ér 0|T1¥é |elvéi9a%e
expl ai ned. [0104] One control node of the duty control is the
PWM cont r olfowlvacil pewps Phe isedetarlylnedsbgnthlﬂ @itAArasia, ditegyrmaak

to explain the PWM control. 20 uenc | s_kept
constant. ERTEREL BRVEZ FrG 2% t}P‘Fnef‘&W‘?’éd'l'E‘Werl%qﬁ ebnBreant .

The ratio 1bb he duration between the ON period duratlon Ton and the
OFF period duration Toff is controlled. FIG 4Ato FIG 4C are
illustrated i n aThSHBEGKALOW vt eondirollheetat & pdfer Neviedllmef a pulse
duration Ton. [0106] Anot her control node of the duty control

i s t helPFMABBARBOEDGhLOW-REEHSI: §e DR gauadi &8 or biphgyr AbrBna

constant. Loégytermlned value, thereby avoiding the state that the plasma
disappears during the LOW-period.
[0103]
Next, with reference to FIG. 4, contrecl modes of the duty
15 control will be explained.
[0104]

One control mode of the duty control is the PWM control
which keeps the frequency constant. FIG. 4A is a diagram to
explain the PWM control.

20 [0105]

The frequency is kept constant. In FIG. 4A to FIG. 4C,
the cycle Tqc is kept constant. The ratio of time duration
between the ON period duration T,, and the OFF period duration
Tore is controlled. FIG. 4A to FIG. 4C are illustrated in an

25 ascending order of the ratio of the time duration T.
[0106]

Another control mode of the duty control is the PFM control

which keeps the ON-duration or OFF-duration constant.
[0107]
30 FIG. 4D to FIG. 4F illustrate examples of the PFM control
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30FIG 4D to FIG 4F illustrate exanples of the PFM control which
keeps the tine duration of ON period constant, and varies the tine
duration of OFF period, those exanples being illustrated in an
ascendi ng order of the OFF period tine duration Toff 5[0108]

FIG 4Gto FIG 41 illustrate exarrpl es of the PFM control which keeps
the tine du erio stant nd varies t

duration of” e??%ﬁqzlfef1%§é"ee 55 Rg PEF ransg:alntr;c rqRnd varies

ascendi ng @.h@ertlﬁ.te Hﬂ%a@ﬂoﬂebfod)ﬂ'l @saxdwat heBsEORxa*P1@E0%king
[ Configuration exanpl e of pul se nodul ated RF power supply device]

Next, w thiddusteated in En@sdendimespianaf the WFF peeiodddmngsdurataion
nore detail|ed configuration exanple of the pul se 15 nodul ated RF
power suppl9tdevice 1. [0110] The RF output part 4 is provided
wth agi B@Bhbsﬁa” for performng the PWM control over an anplitude
val ue of I nput power based on a control signal fromthe output

anpl i tude controFIG0 4aErtto PIGaI dldustimatepaxampdescshtihel PFHg@ntrol

duty ratio of a pulse outgut based on a _control signal fromthe duty
control pabpigh ]f%ﬁﬁﬂlthpo i spnadiomet QFFCBPFlﬁquoﬁﬁaereﬁﬁfll‘h%fles

the PUM 25 FENLERL oBBYCBAOUPBIGEr AP HERLG B Pl bedgfaustratea

changi ng an anp val'ie o i nput power

circuit 4bjihoanr agevenAdng bBoGee eENERBEON bé&&bﬁhelﬁia ﬂuwan:mhoa'gn
anplitude val ue has been controlled by the switching circuit 4a.

30[011#) [0109]
[Configuration example of pulse modulated RF power supply

devicel

Next, with reference to FIG. 5, an explanation will be

made as to a more detailed configuration example of the pulse
15 medulated RF power supply device 1.
[0110]

The RF output part 4 is provided with a circuit part for
performing the PWM control over an amplitude value of DC input
power based on a control signal from the output amplitude control

20 part 2, and a circuit part for controlling a duty ratio of a
pulse output based on a control signal from the duty control
part 3.

[0111]

For example, the circuit part for operating the PWM

256 control may incorporate a switching circuit 4a for changing an
amplitude value of the DC input power, and a smoothing circuit
4b for removing a noise component from the DC power whose
amplitude value has been ceontrolled by the switching circuit
4a.

30 [0112]
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As the DC input power, it is possible to enploy DC input power
obt ai ned froma DC power source, and in addition, DC power which has
been converted from AC power obtained froman AC power source via an
AC/ DC converter is also applicable. 5 0113] The circuit part
for controlling the duty ratio may incorporate a switching circuit 4c

whi ch uses as the puls ut put, the DC_ power subjected to the .

ANl 1 tude cont r ofSbURE RS AP RRFeGel Lol T RRA PG FoaRPLEN: PG| tpput
the duty rabwerobbtffnd® fHHnS8 MY bBHErSSLlAGL, e PRVRIaAMIN! DC power
beconmes equal to a set power value. [0114] The RF out put part

4 may i ncowpdchtras béeneconvartedcindm ACGrpalede obtag ned Eedibauk ACgpaesr
which is given as a feedback to 15 the output anplitude_control part

2 and the §GPFC€oNifoPDpaLyY DS copverter de AdFed 2PRALCERIE -det ecti on
circuit5na¥ QQBQrovided outside the RF output part 4. [0115] FIG 5
shows as a 8etector, a power detector 4d for 20 detecting peak
forward power. TiReponecudet pakér £48¢ seheebilang dnkeatisyt patpoamay
forward power by a directional coupler not illustrated. The peak
forward powBFOBEPKRGtEct EWLiEghingfirgids4q vhdedhagks ©F e PydspRUtPUL,

anpl i tude eant pal RALL 2,300 alUL! BREOUREY  RYRLAABLLOCHALY RRWCT.

whi ch has been obtained y ‘average processing 1n the average

processi ngagbiehehtionkd @ivelidpaatf,caflatdntirolNehduditf i obafte
3. [0116] The out put anplitude control part 2 may incorporate an
error Het epudse2qutantosei thatothebpowed amPywit checenés céqealtto a set

power value.
[0114]
The RF output part 4 may incorporate a detection circuit
for detecting a feedback value which is given as a feedback to
15 the output amplitude control part 2 and the duty control part
3. It is to be noted that this detection circuit may be provided
outside the RF output part 4.
[0115]
FIG. 5 shows as a detector, a power detector 4d for
20 detecting peak forward power. The power detector 4d selects
and detects the peak forward power by a directional coupler not
illustrated. The peak forward power being detected is given
as a feedback to the output amplitude control part 2, and
simultaneously average forward power, which has been obtained
256 by average processing in the average processing circuit 7, is
given as a feedback to the duty control part 3.
[0116]
The output amplitude control part 2 may incorporate an
error detector 2a, an oscillator 2b, and a PWM control circuit

30 2c¢, for instance. The error detector 2a inputs a set amplitude
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30 2c, for instance. The error detector 2a inputs a set anplitude

val ue as a command val ue, sinultaneously inputs the peak forward
power being a feedback fromthe RF output part 4 as a pul se out put
anplitude val ue of the feedback val ue, and detects a difference val ue
bet ween the pul se out put anplitude val ue and the set 5 anplitude

val ue. [0117 ont r ol

h
i 11 o ence VOAPER T8 SHPR LY A8 - o Fbetvsly JRRUEEeRd Reply Forwara

si gnal , angoﬂ@&f&smg hhsfeé‘a‘l&ééa@ BFronl LI K élb@ﬁ,wFa%t&t a3l plhiige &hﬂaut
10 OSCI||a or 2b. According to the PWM cont he PWM contr ol

forms anot bapldtndecrabug el therfepmiﬁaulmrﬂguehean@rﬁe‘hﬂcta)aauﬁﬁe.aeence
that the a I|tude val ue becones equal to the set agplltude val ue.

[0118] 15THElu&i PehiRgncitheuPrlss oPtpne AEPIItHGe ¥alire,angnths set

t he anpgltggglxgkgg gglgg_pomer, based on the control signal fromthe
PWMcircuit 2c. 119] The duty control part 3 may

i ncor porat goam7¢rror detector 20 3a, an oscillator 3b, and a duty

rati o change circuit 3c, for instance. [0120] The error
detector 3a |npu?@eaP@%tc?Rﬁﬁﬁl\Rﬂﬁﬁ?%ﬁ; ggsEgs thepudifference value

s1 mul {2NCOUBL Y LIAULY Rhe? HOUET (UALUE 0T 03 LECUbRGl 2T BYRLAY° ang

forward power "WhICh I'vén as a fromt

and havi ngpbegbragbjaet @vmt @ohlwoavaﬁrage tRe0pasSkeng ighallherakerage
processing circuit 7, and detects a difference val ue between the
power Yl uesgivdatas abiedtreekdimg tthdheePWPorentyaluethe PWM control

2¢ forms another control signal for performing the control to
achieve that the amplitude wvalue becomes equal to the set
amplitude wvalue,.

[0118]

15 The switching circuit 4a of the RF output part 4 controls
the amplitude value of DC power, based on the control signal
from the PWM circuit 2c.

[0119]
The duty control part 3 may incorporate an error detector

20 3a, an oscillator 3b, and a duty ratio change circuit 3c, for
instance.

[0120]
The error detector 3a inputs a set power value as a command
value, simultaneously inputs as a power value of a feedback,

25 average forward power which is given as a feedback from the RF
output part 4 and having been subjected to the average processing
in the average processing circuit 7, and detects a difference
value between the power value given as a feedback and the set
power value.

30 [0121]
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30[ 0121] The duty ratio change circuit 3c assunes the
di fference value detected by the error detector 3a as a control
signal, and changes the duty ratio of the pulse signal fromthe
oscillator 3b. Wth the change of the duty ratio, the duty ratio 5
change circuit 3c forns a control signal for perforning the contro

to achieve that %Eg 88 glgeclha uc_gfrresh egjfuq_I ﬂ%h %fﬁgrgnce

[0122] <] smA |ng CiTc par

controls 1@atie aett)écrtetil Byotnkherpbksac@HEREE . 35a§§daoaoxttt§o1;ogig@é1
signal fromthe duty ratio change circuit 3c. [0123] [First

enbodi nent anGorhaggest ithe @muyeecmtrlol ofthahef prdeed sggnal froms $heed

as a control SNe a first t of the

MPvent Lon SECIHAEH 31 0N SERIERS AHARGe SE I SREY Aot g A st Lo
Wi th reéer%ﬂﬁﬁgbocEE@u1Q @% Eb@ms a %%n%%oﬁh%lgiﬁﬂ Waer ek 20Maiftg the
power is assumed as a control target. [0124] 20FIG 6 iS a diagram
for expl ai sorgralctnf aghieveothaxahheepowerheatas ebabemest bguabrivarithe
power is assumed as the control target. In FIG 6, a configuration of
the pul se FBEuPIWET Rel B6wer supply device | A is alnost the same as

t he conflgebﬁbzgn as shown in FIG 1, incorporating a peak forward
power contro part 2A as the output anplitude control part 2 for

control | i ng anpl ThadewDf cli g lcSa-cuiftpat, ot RV RFaget ot ward poysitrols
control part 3A as the du%y control part 3 for controlling a duty

ratio 8 tEBepdnte Rfiivuelf thel Rkl RF oPys baﬁedm dder genRrFoddianal

part 4 for _outpufti an_RE qut put of t.he e output. The 30 RF
bt put par EEAN ShEpaRe? ratad el cieboRfade:

[0123]
[First embodliment: Confilguration and control when forward
power 1s assumed as a control target]

15 Next, as a first embodiment of the present invention, a
configuration and control operations will be explained with
reference to FIG. 6 to FIG. 8, as to the case where forward power
is assumed as a control target.

[0124]

20 FIG. 6 is a diagram for explaining a configuration example
in the case where the forward power is assumed as the control
target. In FIG. 6, a configuration of the pulse modulated RF
power supply device 1A is almost the same as the configuration
as shown in FIG. 1, incorporating a peak forward power control

25 part 2A as the output amplitude control part 2 for controlling
amplitude of a pulse output, an average forward power control
part 32 as the duty control part 3 for controlling a duty ratic
of the pulse output, and an RF output part 4A as the RF output
part 4 for outputting an RF output of the pulse output. The

30 RF output part 4A outputs the RF output to a load.
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[ 0125] The peak forward power control part 2A inputs a peak
forward power command val ue as an anplitude comrand val ue, inputs the
peak traveling wave feedback val ue as an anplitude 5 val ue of the
pul se output, and perfornms a constant anplitude control over the RF
output circuit 4d0 of the RF output part 4A so that the anplitude

val ue Ofnngﬁ Bﬁjk forward power beconmes equal to the peak forward
power ¢ |l ue. [0126] 10The average forward power control part

3A inputs an aVeTﬁgepEQkV\@BQWBQHBboﬁemeﬁt%huﬁa§§ gAp%@ﬁtgoaT@eak
val ue, inputs the average traveling wave feedback val ue as a power

val ue of t ferpalrse powepuicommaddpsafimenast aa dmpy icoder clommaad NhéuEF
output circguit 4d0 of the RF out utﬂggrt 4A SO that t he power

val ue of tABPR;&Er 5HE PERbATTR F@lPﬁeaﬁv%?dﬂﬁplltUde
forwar dy IOO\{)Igﬁ_uQOG!ER@ﬁe YSe {%Htgﬂ’ts QH&V SPRLE é1a"\ﬂﬁf§ %g%giﬁ 1itude

ratio |s control l'ed so at t ver age f rwar pome
becones equahtirolt bee&vehagRFf ouvpud amneﬂlcomndfvaﬂleleamdu'eput part
dr oopi ng factor ari ses which makes the 20 average forward power to

droop (e. g3 s9 ihadathe Fmpleriuds ¥algswef thecpeak iarwanG Rgwer becomes
current . agd e bl ek podl) GG HohefORLLAh a0 g, e | over ed,

t her eby reducing € av rage ormar pomer e dlrectlona
coupl er 4d}oprpeyi ded in the RF output part 4A separates the forward
power, thereby allow ng the forward power detector 4d2 to detect a
peak tt@veling wihe Avenbgekfouward Fhwepeanntcplapdrpoaériuputsoan

part 2A inputs thi eak .travel i ng wav edback val ue. 30[0128]

The. aver agBVBFaBEsEPRESRAROVEE HIPURIS I ERc™ PAVGFI RGMY value.

ook eabEckaids AL A Qhatarsiice SAARAC bah Afetatepine

aver age f opfiatie powkse amtputeedbdckerbums GOy control over the RF
output circuit 440 of the RF output part 4A, so that the power

15 wvalue of the average forward power becomes equal to the average
forward power command value. In this duty control, when the
duty ratio is controlled so that the average forward power
feedback value becomes equal to the average forward power
command value, if a drooping factor arises which makes the

20 average forward power to droop (e.g., increase of reflected
power, reflected voltage, current, and the like), ON duty Dg,
is controlled to be lowered, thereby reducing the average
forward power.

[0127]

25 The directional coupler 4d1l provided in the RF output part
4A separates the forward power, thereby allowing the forward
power detector 442 to detect a peak traveling wave feedback value.
The peak forward power control part 2A inputs this peak traveling

wave feedback value.

30 [0128]
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FIG 7 and FIG 8 are a flowhart and a signal diagram respectively,
for explaining an operation exanple of the duty control using the
forward power as a control target. [0130] 10The forward power
detecting part 4d2 detects the peak forward power (Si), an average
val ue of the peak forward power being detected is obtained in the

aver age P 00eSS! eNAfdx ol pABGe DS, 8YSLA0T, LA PTG ver ing

obtained is i npu e averag OI’V\B.I’ COI’]

(52). 15[ 043¥k feedbaci{h@aﬁy@rﬁgehteoavafa?eoyﬁsc@@ﬁﬁg)l $Phk B4 obtain
obtains a difference between the average Torward power being inputted

and t he avawagagfeofwawdr@wemonﬂhndavarege(Ex@;wam powerheontrol part
di fference e|n I f the _average forward power .is 20 | er
Chan the. a7tr A06UEd: MG BESEASEoFIENAUaPOT oL 085, SoReaabgh, VELoee:

to be a5larggggqalue (55), and when the average forward power is

| ar ger than t he average forward power conmmand value, On duty D' is

set to be a snal FE6.val amd (E58). § @ie?2r Zivlrehatrleandea agipgrial whitagram,

power matches the average forward power conmand val ue, the val ue of
ON duty D' TPSPRESEVEAF  sHAE SKRHOLRLRG AR PRFFEHLPR XF’E'P:}Q] of the duty

In the si gﬁght%igﬁgﬁﬁg Eﬁg‘fggwﬁkﬁ* g@we | G5 BACKHU3L' %?.ggr 0 the

peak forward power trates the average
power Ppm aod3BlG 8C illustrates the duty ratio (ON duty Don).

10 The forward power detecting part 442 detects the peak
forward power (S1), an average value of the peak forward power
being detected is obtained in the average processing part 7A,
and the average forward power being obtained is inputted into
the average forward power control part 3A (S2).

15 [0131]

The average forward power control part 3A obtains a
difference between the average forward power being inputted and
the average forward power command value (S3). As to the
difference being obtained, if the average forward power is

20 smaller than the average forward power command value (S4), ON
duty D,, is set to be a larger value (S5), and when the average
forward power is larger than the average forward power command
value, On duty D., is set to be a smaller value (S6).

[0132]

25 When the average forward power matches the average forward
power command value, the value of ON duty D, is kept the same
without any change (S7).

[0133]
In the signal diagrams shown in FIG. 8, FIG. 8A illustrates

30 the peak forward power Pr, FIG. 8B illustrates the average
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[0134] When the feedback value of the average forward power 5
(indicated by the solid line in FIG 8B) becones |ower than the
average forward power command val ue (indicated by the broken line in
FIG 8B) (tinme point Ain FIG8B), ON duty D' is made |l arger (tine
point Ain FIG 8C). Wen ON duty D' becones large, the ratio of ON

period of ey ReakpbacieEd pougs FFel 52laq, 00 SN 0rd GhENe-RRL A

in FIG 8A cor e "averagé forwarda power et eade

[ 0135] V%eaun;lgept,@)e,dback val ue of the average forvvard povver (
indicated by the solid line in FIG 8B) is increased and reaches 15
the averagéOfighdard power command val ue (indicated by the broken |ine

in FIG 8B) (t I 88 th duty D t d
(time point b iniEPG the) fehgbpgk, TPLig PRe bR AUEaBEnEOFHARAPPESE!
the ON per '(Qﬁd‘if:attQﬁ Efaé‘hé %'b‘!}:ﬁﬁdli?ﬁéé"%f E-"EG' SBE?SEéE&ﬁL's( hioRerPeheh the
in FIG 8A). 20[013 When t he feedback val ue of fhe average

f orwar d pomer@gadfoatvam‘dbpowae somandi velue FiElié8jedilsestie ghwoken
than the average forward power command val ue i ndi cat ed b t he broken

line in FI &n8 B} ¥{FneBRbi helnee inpintch 48) FISNEHY e O Red bR dnade
C f
(OF\)IOngﬁl odI 01"i [bgr ﬁtqi %&gr%ngﬂ#\eq Bﬁ)bg&gﬁn%g néﬁ%lri‘)%’( ngbﬁegl%}%é%

in FIG 8A):hea|ﬂ-dtaﬁcelfd0[‘lgb)é.rlbheoﬁVQhégpeERr Wo-thapaRowes @eCigaarﬁlo
[0137] 30When the feedback value (indicated by the solid line in
FIG 8H) ofnlpEdgdetiee PoiRdrd i50REF - i8R Jdethd AP rdHmy khe the atitprage

val ue reacln_ensrw'gagg average forward quer comand val ue ( indicated by

the brokenPrHer nPRFE" éﬁ) 1('?Fr?85p0| nt Din FIG 8B), ON duty D' is
restored ([phAgjpoint Din FIG 8C) . Wien 5 ON duty Don is restored,
the ratio of the ON period of the peak forward power PF is al so

restored (tinme pWhen Ehenféedbask)yvaloe38f the average forward power

{indicated by the solid line in FIG. 8B) is increased and reaches
15 the average forward power command value {indicated by the broken
line in FIG. 8B) (time point B in FIG. 8B), the ON duty Dy, is
restored (time point B in FIG. 8C). By restoring the ON duty
Don., the ratio of the ON period of the peak forward power Pr is
restored (time point B in FIG. 8A).
20 [0136]

When the feedback value of the average forward power
(indicated by the solid line in FIG. 8B) rises higher than the
average forward power command value (indicated by the bxroken
line in FIG. 8 B) (time point C in FIG. 8B), ON duty D, is reduced

25 (point C in FIG. 8 C). When ON duty D,y is reduced, the ratio
of the ON period of the peak forward power Pr beccmes smaller
(time point C in FIG. 8A), and accordingly, the average forward
power is decreased.

[0137]
30 When the feedback value (indicated by the solid line in
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[ Second enbodi ment: Control exanple when peak reflected power is

i ncreased] 10Next, as a second enbodi nent of the present invention, a
control of the forward power will be explained with reference to FIG
9to FIG 12, as to the case where the peak reflected power is
increased [0139] 15In FIG 9, a configuration of the pulse nodul at ed

RF power ly e 1B is al nost_ the ne as the con uratlo
Shown 1 FFE-Y 8831 c8T thi. eived aden CRERRS b Shotd: CEORERRE o d Bhe
for controlcblagaak @ﬂﬁétf@é‘cﬁs %h%%@@r&&&%rwe?ﬂi %We%g@ofnﬁéﬁ’érxﬂalue
power control part 33 for controlling a duty ratio of 20 the pul se

out put, an(RRdderiend partheldrfokenoltipatin MIGNSBF (tlpeatpaint Deipd Be.

out put, and_an averag rocessi nq:topart 73. The RF out put Eart 43 is
provi ded wWBEA -aRNRAVUEHt Bext 1(ﬁ FedteTedo ( tAmeoPRARE Bovwer FdEr eBE) ng When

part 4dg, gy r&ﬁi:?% ed18 ?fé&“:tﬂ B34b 6935%% qbggte%%d‘gfpﬁﬁé peak

refl ected power, onal coupl er evin

separati onfbewwanpbherpeaklé OAYED dr@@ﬂ\@fedmdtid‘ﬂ@ PeRkt rmfi:ecfcmi 84).
power to retrieve the power respectively. [0140]
constituti 6A3B8d| ement s except the refl ected power 30 detectlng part

205 2 1 TSL b S Aok S LA kB St SRR LSRRI

reflected pgwehed@haeliing part 4d3 will be expl ai ned hereinafter.
[0141] 5The directional coupler 4dl achi eves separation between the
peak ftrward powdexéindashe peatndeémiedimepbvef  theprsseme easntion,
forward power in the forward power detectln%‘gart 4d2, and |n uts the

peak ref | eBtSRPHEMLCS FDERECTERTE AORPT B! R CeRLaIgieshyi th feterence

10[ 0142] to FIG. 9 to FIG. 12, as to the case where the peak reflected
power is increased.
[0139]

15 In FIG. 9, a configuration of the pulse modulated RF power
supply device 1B is almost the same as the configuration as shown
in FIG. 6, incorporating a peak forward power control part 2B
for controlling an amplitude of a pulse output, an average
forward power contrel part 3B for controlling a duty ratioc of

20 the pulse output, an RF output part 4B for outputting an RF output
of the pulse output, and an average processing part 7B. The
RF output part 4B is provided with an RF output circuit 440,
a forward power detecting part 4d2, a reflected power detecting
part 443 for detecting peak reflected power, and a directional

25 coupler 4dl for achieving separation between the peak forward
power and the peak reflected power to retrieve the power
respectively.

[0140]
The constitutional elements except the reflected power

30 detecting part 4d3 are almost the same as the configuration of
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The refl ected power detecting part 4d3 transmits the peak refl ected
power val ue being detected to the average forward power control part
3B. The average forward power control part 3B uses the peak reflected
power value being transmtted to 15 adjust the duty control. Such
duty control adjustnent is carried out for protecting the power

source by pressin h verage reflected power nth eak

Cefl ectod PAROPSTEe b dfa e PoboEr SibBIv T oe TRy BBebPorn Fc.
adj ust ment gt hengpakoia! Wik tn PPWehe Plef Be 6064 I SbIEE dOtHE: LOHSHRPE - 443
Therefore, 20 a matching operation of the matching circuit becones
stabl e, thwidBybet eplliaineg hlecejorditemj ecti on into the chanber.

[ 0143] FIG 10, 11, and 12 are a flowhart and signa

di agr ans féplé%ﬂlaining operation exanples of the duty control in the

25 casegwhere thenpedi £ELEHoRNVEolS1 d P U R28RH 1 obrBE44LphPat NEN HE tveen
control (511), the reflected power detecting part 4d3 detects the

refl ected pheepeakVfimrwaisl pefveecied imveeaksrefibecbedpdel?) inphés the

duty ratio obtained in the duty control 30 by the average forward
power cont PERXpEPYWREd jRower iRebhe SoHward gt dekrct iy fardd4gdwernd

T oo oiRBLER Ak bRl od PIdPla poner 1 knBBMESSLEN pllcl Worecting

further regueed4ds.the 5 step S13. After the average reflected power
PRAv is sufficiently suppressed (S15), the reduced duty ratio is
restord ($28%21[ 0146] The signal diagrams as shown in FIG 11

case whor o 10 t HEABERE J9T 1o BOTBOIBroT TP EPEIa b T dlfypeak
control isrRehBgtRa beWeRdval®t4Bbking detected to the average forward
power control part 3B. The average forward power control part
3B uses the peak reflected power value being transmitted to
15 adjust the duty control. Such duty control adjustment is
carried out for protecting the power source by suppressing the
average reflected power, when the peak reflected power is
increased, for instance. In this duty control adjustment, the
peak forward power Pr is controlled to be constant. Therefore,
20 a matching operation of the matching circuit becomes stable,
thereby stabilizing the power injection into the chamber.
[0143]
FIG. 10, 11, and 12 are a flowchart and signal diagrams
for explaining operation examples of the duty control in the
25 case where the reflected power is increased.
[0144]
In the duty control (S11), the reflected power detecting
part 4d3 detects the reflected power. When the reflected power
is increased (S512), the duty ratio obtained in the duty control

30 by the average forward power control part 3B is reduced (S13),
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FIG 11A illustrates the peak reflected power PR and the average
reflected power Pp., FIG 11B illustrates the duty ratio 15 (ON duty
D'), and FIG 1l1Cillustrates the peak forward power PR and the
average forward power Pnw. [0148] When the peak refl ected
power PR (indicated by a solid Iine in FIG 11A) is increased (tine

point E in_Fl y. D' s redycge ' i in FIG
11B). By ré& SSF‘Xé}:A ed%ﬁ%"%?h@%’&?’i S li%hgugﬂ%grs{g%dm&lﬁt)ﬁe peak
forward poywen4BR is made smaller ( tine point Ein FIG 115), the
average forward power Pnw is decreased (time point Ein FIG 11C),
and accordi ngl y, IfheuppeesgéonepFethedaperegePrafilechipdopdweredsedigs

(time point E in FLG .1 [0149] en_the feedpack val ue.of the
beak ror | otPEHEDSTAFnEs (LB athh EHFRRrpbiRt 7 TRCERer Hadgtednin fige
D' is rgstgied did e pH tife il efilage AdB) ecta poFe P g i Gt Yo hnt 1y
the ratio 30 of the ON period of the peak forward power PR Is
restored (supprepsedt (B151) ,FitBe reBucedt detyvendde fisr wasdopeden SB6) .
- FAV is also restored (time point Fin FIG 11C) , and then, the
average refPdéfdd power PRAV is restored (time point Fin FIG 11A).

[0150] SFIG 12 &fLUsi gL £5a Pagl N a i AHAHMROETEXPL 21 1 19siPEte that
the average reflected power is suppressed, in the case where
10 the peak reflected power is increased while the duty control
is being performed.
[0147]
FIG. 11A illustrates the peak reflected power Pz and the
average reflected power Prav, FIG. 11B illustrates the duty ratio
15 (ON duty Dg,), and FIG. 11C illustrates the peak forward power
Pr and the average forward@ power Pray.
[0148]
When the peak reflected power Pr (indicated by a solid
line in FIG. 11A) is increased (time point E in FIG. 11A), ON
20 duty Don is reduced (time point E in FIG. 11B). By reducing ON
duty Do, the ratio of the ON period of the peak forward power
Pr is made smaller (time point E in FIG. 11B), the average forward
power Prppy is decreased (time point E in FIG. 11C), and
accordingly, the average reflected power Pray is also decreased
25 {time point E in FIG. 11A).
[0149]
When the feedback value of the peak reflected power is
decreased {(time point F in FIG. 11A), ON duty D,, is restored
(time point F in FIG. 11B). By restoring ON duty D,,, the ratio

30 of the ON period of the peak forward power Pr is restored (time

44



rel ati onship between the increase or decrease of the duty ratio (On
duty D') and the increase or decrease of the average forward power
PFAV. FIG 12 shows the case where the cycle (Tcyc) is kept constant,
and the ON-duration T" is shortened and the 10 OFF-duration Toff is
expanded, thereby reducing ON duty D'. By shortening the period of

the ON-durati.on ToQ_and, ex ing.the period_of the OFF-dutation Toff
ehe povePoiiBuRt 18 Tife RaPar dnSoRyBEAgR Br B PoREC Repissh ALE0
supplied i pekherddr g¢timan pefinkoad iW iGN ane)cyehd thed,a¢her dvadaye
t he average forward power 15 PFAv is decreased. [0151] [Third

enbodi nent re€detitgdr power ad dentresitogked dadmgowerdntoft ol FINex{l1A]3s
athird errgodi mjnt of the present invention, a 20 configuration of
the load p ¥&rPO%ontrol and control operations thereof will be

expl ai ngd with retarepse; {0, 8 Gdsd 4 2ifgn@1 48agkdho2b i nd;
| oad power is obtalned by su%rac‘%?ng rlglﬂ ect eggpower fr%ﬁ%%lr'r\}v]é{ﬂg the
power, andrehetlioaghppwedstweah tdle dnoteake @y deegeasds dDathepuely ratio
whi ch is substanti al Ily supplied fromthe qpul se nodul at ed RF power

a2

supply devilB8 FWtY Ren) 824, th dNEBPasedF (GerGeRsehet fdaveraae o Yovrrd

ou Pt 1045 Py 15, 22 ol ABSRIEL ALY S SSUES S Bedhope

out put anpkbhe@antGoahEokheadNUAREattAOnATE] AGe JHAAC ML TarAS the
control target as to the pulse output in the duty control step. The

out put l&npPFFuderesavnoT.cperd erpandedst therehplTedisind M dutz PdahatBy
R Bk o 028 W oRUEE oBESATES, S2°L a0k 0] e
constant pWeloB0HH e BPFLAALaRROAVE!2IG HOWB e ¥ A JENBhBSBdrward
| oad power becones equal to a set power value, the average power
val ue bei ngowbraisatkdramsd¢de whdaih fisr sapplpedein &he threpédkn of load
reflected power determ ned by the duty ratio 10 according_to the dut
control . [g}‘gmln one cycle, an accorglngly, the average forward powgr
15  Prav is decreased.
[0151]
[Third embodiment: Configuration and control of load power
control]
Next, as a third embodiment of the present invention, a
20 configuration of the load power control and control operations
thereof will be explained with reference to FIG. 13 to FIG. 16.
[0152]
The load power is obtained by subtracting reflected power
from forward power, and the load power contrel controls average
256 load power which is substantially supplied £rom the pulse
modulated RF power supply device to the load, thereby
stabilizing the peak forward power output.
[0153]

The load power control assumes the peak forward power as

30 a control target as to the pulse output in the output amplitude
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In FIG 13, a configuration of the pul se nodul ated RF power supply
device 1C has al nost the sanme configuration as shown in FIG 9,

i ncorporating a peak forward power control part 2C for 15 controlling
an anplitude of the peak forward power, an average | oad power contr ol
part 3C for controlling the duty ratio of a pul se output, an RF

out put part 4% fgr out put ti an RF ouégu%l of the pulse Ru%a g
an aver age °fP6&8ssi AFS ?Fs FYat§ofe hRO¥R" d &JFB prqEaraet as
i ncor por at @g %BeREuQ%prhtﬁhﬁ:CEiht the ﬁqfey aomfcwgtagwewﬁst@ﬁﬁpag
part 4d2 for detecting the peak forward power, a reflected power

detecting pmpf.iiu8ef contizodcpentorme quesktanf lagplddudeneprntand so that
di recti onal cougl er 4d1 for achi ev:ﬂg separ ati on between the peak

forward pofBraBRiitude sedue of Ehe aFq BPF"ieEV‘ée‘FW@eﬁ Sté_mt :
respectj velye %ﬂ}g %%?thrroo coﬂt:-r.rgfs %Qérgbgcfééd E%W%gég;ge%ﬂ%

aver age forwar e peak forward~power
forward pownke dehed:tanmgppeei: 4dAtrahdsbd hehav ein gever age Jsower Pdalue’ o
obtai ns average reflected power fromthe refl ected power detected b

30 the ref FBEt BGafoweRAdIPPYELT RGCPBEE gaY2l [fQ196pet power ypdue, the

consti tuti 80%B:a§'ﬁ.28§¢?% VAL ‘ble%‘@e i‘ﬂSd'PP&n% he%ﬂ”%&%a?@ ;Echm?e%

for performng e average power

aver age praﬁasshegpaakt réezet:%dogbae&l AgterAiaeadey’ ehkeahed paweb
fromthe reflected power are the same as the configuration of the

pul se h%duaapeddmﬂgp@meﬂ:hgugplty genitzeliB as shown in FIG 9.
Ther ef or e, ggl_r,g y the duty control operations of the average | oad
power w | | [ pI ai ned hereinafter. 10[ 0157] The directional

coupl er 4d1 achi eygsFepar %é&fi‘fi’?ﬁf\&@foﬁ e ﬂ?@bu&%"iﬁé&% REYbwer
the peak reflected power, inputs The peak forward power i1n the

forward poweppdgt@eticg Iahasid2moandthameanse tdmfp@irwmfdmaBeshwmetn
in the reflected power detecting 15 part 4d3. [0158]
forward poR@f-det SFHPPRELINHE PRAKSHPFEAFR Pk GP@rt\Ez?tldPBBﬁe?C for

S mir t SheotghPEATAe] & Wb Rtled BEICAD POIF famiLboRe), 4 aihoe

detected tgzohhepawetagenﬁf:ameﬁarﬁgwaﬂar 7@dntf@31m@rag@ QUOF Sstt 1§) of
part 7cl transmts average forward power being obtained to the

average | oadPipby®eoud@wtn.ofn i pugput| pAEHdG For, outruteing ereBF iaiiout

det ect 4d3 t th K flected I
dgt th Ieggt E%r %Beaelé:téggs pat e gegn ar.x(raerggeeprggél\:lsesrlr\{éi ;laje(lar S ﬂgl and

7¢c2. The RF output part 4C incorporates an RF output circuit
20 440, a forward power detecting part 4d2 for detecting the peak

forward power, a reflected power detecting part 443 for

detecting the peak reflected power, and a directional coupler

4dl for achieving separation between the peak forward power and

the peak reflected power to retrieve the power respectively.
25 [0155]

The average processing part 7cl obtains average forward
power from the peak forward power detected by the forward power
detecting part 4d2, and the average processing part 7c2 obtains
average reflected power from the reflected power detected by

30 the reflected power detecting part 443.
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25 processing part 7c2, and the average processing part 7c2 transmts
average reflected power to the average | oad power control part 3C.

[ 0159] The average | oad power control part 3Cis
provided with 30 an average | oad power detecting part (not
illustrated) for subtracting the average reflected power value from
t he averag? ﬁg%ﬁard power value to obtain an average | oad power

val ue, and p bt ai ned average | oad power val ue, being a feedback

val ue, is conparegevddds i A081kARH B WS (HORHBNE, &4 421 0BAD dWiEr
5 duty control is perfornmed so that the average | oad power val ue

becones eqeehtiroltpmrt\ier foe Heafdnpdweg thedwhylcontuel qWEIS0he average
It is to be nqoted that the average | oad power, detecting?part i.S not.

limted to 8AChPEBRATH gBPGt TR WEHEH TS I0LaPEY “16°7 nt PheP RAHHS
power cont ok -Rgkt rén@le@@?daﬁéﬁéﬂeﬁfcﬁ@%&o%&ﬂ%‘%ﬁt bBGeROVEL £BY Nane

configured in acircuit, for exanple the average processing part 7cl
or 7c2, orakttheycbafdigniragtibadodsthesebilseonmbduleaded REUDbwek0$Ghply
15The average | oad power control part 3C uses the peak reflected

power val uBeVighsth aestRITHANIEG + 8f | TP TRRr Madrda: the dpayicouyarol
to adj ust ontr Lu n £t u S

per formed, BP%FQE§§%| QE t% %’es?j‘-%%%“gg? ?‘ hgﬁ aégggﬁeaﬁ%gdhéo%gﬁ\%éﬁht he
peak refl eabedipaweeri.s i ncreased, 20 and by suppressing the average

| oad power, the peak forward power is suppressed, thereby enabling a

prot ectd on[8L57Re power supply device. In this duty control
Therof or e, a mat SRS GRE LI TED GRS AAROCKPPCUTR AR ER TR SE teen
stabl e, thenglyede irdiidd Bbiidr!dita ROChoARI RO ik ddlRuichS ERBEPE the
[0162] |G 14, 15, and 16 are a flowchart and signal dIagrans
for expl ai pealy Hepewatd gowestraipl e dorwagd padepoietrecioiig plaritn4fle and
case where the peak ref|ected power is increased. ]
inputs the peak reflected power in the reflected power detecting
15 part 4d43.
[0158]

The forward power detecting part 442 transmits the peak
forward power value being detected to the peak forward power
control part 2C, and simultaneously transmits the peak forward

20 power value being detected to the average processing part 7cl.
The average processing part 7cl transmits average forward power
being obtained to the average load power control part 3C. In
addition, the reflected wave detecting part 4d3 transmits the
peak reflected power value being detected to the average

256 processing part 7¢2, and the averade processing part 7c2
transmits average reflected power to the average load power
control part 3C.

[0159]

The average load power control part 3C is provided with

30 an average load power detecting part (not illustrated) for
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30[ 0163] In the | oad power control, the duty control is
perfornmed so that the average | oad power becones equal to an average
| oad power command val ue. [0164] 5Average forward power Pnw is
obtained in the average processing part 7cl (S21), and average

refl ected power Pnwis obtained in the average processing part 7c2

betwben t nECERE A hAASa0nP R Aee S BoHE PRI RIS EP” bhb e

bet ween t h& average n average refrlec

power 10 Prwri@rabpowerayselddad odtanaveh RdPAPE AV powbhevalue, and
followi ng formula (523): PLAV = PFAV PRAV [0165] The average | oad

power cont tbe pataigedcinerage dobdl goweerembee bdiatawh at feedbackhgeslue,
| oad power ,Pray bei ng optained and the_average | oad power conmand

val ue Puvo LPSSHPaRd; vTUE e AUAERO0A} BRTMRF SRR JPLREr ciR® the
val ue, andgReLf QEABr62M & YerdQrintdf sbendt MRl GRAAE RRF 208 BEHEr value
(526). [0166] "20By performng the duty control so that the difference
bet ween t hbeavmeageguadd tpowhe Bweraged Lbadapewate comadndowadlueonmand

val ue PLAVO becomes zero, it is possible to control the average | oad
power PLAI ¥048%3econe equal to the set value without changing the

anpl i tude val ue fgu%€e%gﬁ?¥é%ﬂﬁ¥ﬁ&%aRpWﬁ5 S§é§£9e2§ggéagiwé}”&éEbé{Ehg

operation of the e reflected
part is not 1imited to such configuration as being incorporated

10 in the average power control part 3C. The average load power
detecting power may be configured in a circuit, for example the
average processing part 7cl or 7c2, or it may be configured as
a self-contained circuit.

[0161]

15 The average load power control part 3C uses the peak
reflected power value transmitted f£rom the reflected power
detecting part 443 to adjust the duty control. The adjustment
of the duty control is performed, for example, to suppress the
average load power when the peak reflected power is increased,

20 and by suppressing the average locad power, the peak forward power
is suppressed, thereby enabling a protection of the power supply
device. In this duty control adjustment, the peak forward power
Pr is controlled to be constant. Therefore, a matching
operation of the matching circuit becomes stable, thereby

25 stabilizing the power injection into the chamber.

[0162]

FIG. 14, 15, and 16 are a flowchart and signal diagrams
for explaining operation examples of the load power control in
the case where the peak reflected power is increased.

30 [0163]
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power which is detected by the reflected power detecting part 4d3 is
obtained so as to nonitor the increase of the reflected power. If the
refl ected power is increased (527), the duty ratio 30 obtained by the
duty control of the average |oad power control part 3C (ON duty D")
is raised (S28), and the average forward power Pnw is also raised

(S29). Accordingly,,the average_| oad, power_PL IS S ressed d
kopt constant ( o38)the R PRERLPRREPRYC  ie lttst BoBtEBrcEf dip ¥ Srmea
forward powertitht tHdE&8lrage load!dowdie pRedlnesebyfal otb RAWRYeklge load
decreased (S31), the duty ratio having been raised is restored (S32),
and a nor npbweéut gommandolailseper f ormed. [ 0169] 10The signal di agrans

as shown iT FLG. 15 illustrate that the average | oad power is
suppressed,oﬁﬁéﬂ the peak reflected power is increased while the duty

controlgis beingA@Sfégé?ﬁgrwgga7gbwg£GPp1Ffsi5 Eﬁ&ﬁéhe§nt@ﬁepﬁg§r?g%

refl ected power PR an e 15 average rer| ecte power PRAv, Fli

I |l ustrat eprbbesdiihy parto7¢ DN sk )y, End aveBagkSEefikbutbdaposetr Py is
peak forward power PF and the average forward power PFAV. and FI G

15D i | | ust PRtedneAcipddie APEHABS\RIFCTRS TP PRELalR? df2A)oad ThEVRFEFRgE

LAV [0171£0ad power detecting part calculates a difference between the

obtained average forward power Priwv and average reflected power
10 Py to obtain average load power Ppyvy according the following
formula (523):
Prav = Prpav - Prav
[0165]
The average load power control part 3C obtains a

15 difference between the average load power Ppy being obtained
and the average load power command value Pprayo (S24), modifies
the duty value based on this difference value, and performs
control so that the difference becomes zero (526).

[0166]

20 By performing the duty control so that the difference
between the average load power Py and the average load power
command value Py becomes zero, it is possible to control the
average load power Pr,y to become equal to the set value without
changing the amplitude value of the peak forward power (S25).

25 [0167]

During the operation of the duty control, the reflected
power which is detected by the reflected power detecting part
443 is obtained so as to monitor the increase of the reflected
power. If thereflectedpower is increased ($27), the duty ratio

30 obtained by the duty control of the average load power control
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20When the peak reflected power PR (indicated by a solid line in FIG
15A) is increased during the duty control, the average reflected
power Ppmis also increased (between the tine points Gand Hin FIG
15A), whereas the peak | oad power PL and the average | oad power Puy
are decreased (between the time points 25 Gand Hin FIG 15D).

0172] Upon _det eqt | he i f ot k reflect R

Lhe. aver ngBoF sadC bl 0n o) B8 Fined J50", RRaRRh FyBRASE fhvara

poi nt H i npbler 28aP)is BudaairalBaat €26N, dutded?indiRe %Qeaaeé_agge load
an

forward power Pm 1s increased (time point Hin FIG 150 ,
then, the pewerg&Livodsd poPPreBSANT and keprtegondtanted &3P beithgreby

restored (ti .pQint H.in FI 5D)_ . .[0173 Af t erwar ds,
When the | AERBALEZANS, 1S, GuERHEY PECEEE B6R: TTHETtLROBES Pind t hen
restoregl, thgeayerage reflected power Pmvis also | owered and
restored (tinme point | in FIG 15A). [0174] When t he average

| oad power contrdE tiee tpeHk detfdeicteidhpowesuiptdemredsdd € S3agk the duty
reflected power PR, it reduces the ON 10 duty D' faor restoration

(time poi nEatipnhayERg1BEsn BR1isthets FpatnredN(§3y) D8R BhROBRRE Yty
forward po\é@@t?@l i gggquggﬁl%ﬁ and restored (tinme point I in FIG
€

15C). Since the avera orward power Pflls is restored, it is
possi bl e tpongbntai n t he peak | oad power PL and the average | oad
power Pray to be in the original

10 The signal diagrams as shown in FIG. 15 illustrate that
the average load power is suppressed, when the peak reflected
power ls increased while the duty control is being performed.
[0170]

FIG. 15A illustrates the peak reflected power Pp and the

15 average reflected power Pgav, FIG. 15B illustrates the duty ratio
{ON duty Don)., FIG. 15C illustrates the peak forward power Py
and the average forward power Pry, and FIG. 15D illustrates the
peak load power P;, and the average load power Pray.

[0171]

20 When the peak reflected power Pr (indicated by a solid
line in FIG. 15A) is increased during the duty control, the
average reflected power Pray is also increased (between the time
points G and H in FIG. 15A), whereas the peak load power P and
the average load power Pry are decreased (between the time points

25 G and H in FIG. 15D).

[0172]

Upon detecting the increase of the peak reflected power
Pr, the average load power control part 3C raises the ON duty
Don (time point H in FIG. 15B). By raising the ON duty D.,,. the

30 average forward power Prpyv is increased (time point H in FIG.
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15 state in the normal duty control (tinme point | in FIG 15D).
[0175] FIG 16 illustrates operation exanples of a
conventional pul se peak |load control. In the pul se peak | oad control,
when the peak reflected power fluctuates, the peak forward power is
20 controlled so as to control the peak | oad power. [0176]

By
way of exa he k.reflec ower PR is Lngr (
poi nt J inqgkz i%‘il% e&%égéaly efr(?rq/vaiggdgjvﬁe L’i"slsc%ﬁ rgsggg Ehen]?eby
i ncrease (bedR prBﬁ:oi‘eBn(Eh.ﬁe $6Bht ﬁh&nZhaealisbqrward power PF i s
controlled to |ncrease so that the peak |oad power PL may be kept

constant (fP&&3pgoint J in FIG 16C). [0177] When t he

I ncrease of the k reflected PR is cance] ed ( oi nt

FlG 168 - the: pBERSTRRRERA RbEbRH e eass 3 FOF AR BopLorEaddmper
and resj or gd &&ﬁg@lg&'eﬂ{d lﬁh'e'i‘l Eég’toréﬁB)thé %ngﬂa e reflet:‘l‘:eﬁhb§w9£”§g§v
peak | oad control, the peak tforward power fluctua Ther ef or e,

suppl yi ng at 'ameopéatvefredwand pestored 5ttLhe bo&dtat[sdhnf FaOGtuasag,.

and this maé cause a fluctuation of plasnma density at the | oad,
t her eby i néQt7#Ag instability. [0179] On the other hand,

D t other h
possi bl 8-t 0 cont TAFR FASidtadt 1k BETRRILoRRXET PR2E 0% MPrecte dpe

forward powesumpRsbanbs &nd peakdrafleastabpewepergf idn xibdudeds titee ON
fluctuation of the peak forward power. [0180] Fourth enbodi nent
Conf 1Qur dutBrParfPr sasiterationhet vee @owndr b insF Hat \L 58dnt r BY }ewering

applied to ﬁon&{‘ néjuqty Dm?,r \Q:%e a %\:{:-\%rge gc%v%?rd pov?el.r Prav 1is decreased and

restored (time point I in FIG. 15C). Since the average forward
power Ppay 1s restored, it is possible to maintain the peak load
power Pr and the average load power Pipy to be in the original

15 state in the normal duty control (time point I in FIG. 15D).
[0175]

FIG. 16 illustrates operation examples of a conventional
pulse peak load control. In the pulse peak load contrel, when
the peak reflected power fluctuates, the peak forward power is

20 controlled so as to control the peak load power.
[0176]

By way of example, when the peak reflected power Pr is
increased (time point J in FIG. 16A), the peak forward power
Pr is controlled to increase (time point J in FIG. 16B). The

25 peak forward power Pr is controlled to increase so that the peak
load power P; may be kept constant (time point J in FIG. 16C).
[0177]

When the increase of the peak reflected power Py is

canceled (time point K in FIG. 16A), the peak forward power Prp

30 1is controlled to be reduced and restored (time point K in FIG.
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Next, as a fourth enbodi nent of the present invention, a
configuration and control operation will be explained wth reference
to FIG 17 to FIG 20, as to the case where the duty 20 control is
applied to the continuous forward power control node. [0181]

The duty control step of the present invention may include a pul se

out put conﬁrgl for producing di scontinuous output, and a continuous
out put con 85D -f or produci ng continuous output from25 a pul se

out put. [03}82hghn the pul se output control, the ON period is set to
be |l ess than 100%in the duty ratio which is determ ned by the ON

peri od and OFF p#&ni bhisihinlse @eakidast aonttrelputhe peakuforwamd Ibower
t he average_power val ue of peak forward power is controlled to

becone smaflL8FtERERSH heTPREREPEHE naFWPRIKASY ofotheRedh Eogazd BavpLtto

becorre neTBes _ n
| n Lho Cont PRUSIECoRT RO RenTeree Rttt i3] cosE"E PLGtudep of

and the ONppasmaddensitl at BhelQQ%d, N thegeByt ¥ nealtranghtifbtadility.
determ ned by the ON period and OFF period within one cycle of the
pul se out plPl781d the average power val ue of peak forward power is

controll 20 10 Deobolal 4adlI5 R0 JOLUBI PUCncS Ryl oLob Do b2 ene
present invention, it is possible to control the average load
10 power while keeping the peak forward power constant, and avoid
an unstable operation due to the fluctuation of the peak forward
power.
[01801
[Fourth embodiment: Configuration and control in the case where
15 duty control i1s applied to continuous forward power control
mode]
Next, as a fourth embodiment of the present invention,
a configuration and control operation will be explained with
reference to FIG. 17 to FIG. 20, as to the case where the duty
20 control is applied to the continuous forward power control mode.
[0181]
The duty control step of the present invention may inciude
a pulse output control for producing discontinuocus output., and
a continuous output control for producing continuous ocutput £rom
25 a pulse output.
[0182]
In the pulse output control, the ON period is set to be
less than 100% in the duty ratio which is determined by the ON
period and OFF period within one cycle of the pulse output, and

30 the average power value of peak forward power is controlled to
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The continuous forward power control node is a node for perform ng

t he continuous output control over the forward power. In the
continuous forward power control node, when the forward 15 power is
supplied to the load in a constant state, such as in the course of a
process, if the inpedance of the load is changed in such a case that

he i d it hi h h f i pel udi
2 gas br eoBrE GaPRALIah ERAL ie (et FOREHRY ROYoEne “EneRBEr Lot HerEFe

is a possi BEEFEB{:BE.]Qa&‘ehB%r%@ rt@f bechediBewal ihsolaC badpad .

tenporarily. The present invention applies t he duty
control tolOR&3dontinuous forward pomer control node as descri bed
above, and even t he oea flect po iS incr , the
verage 25 refl cURcthdauRIs SabdsnTesSin AT UNAHEPHE $ARLEohK the

forwar d; DOW@E- pHRibKe: 8 §¢9E‘V|§:Ptb'e06§| aﬁ[ﬁniﬁQiON G RRY 1%UQQlty’t89bé hEoos

power to the |oad in a stable manner
i |l ustrat einathenduigynaition wamm_e dbtarmbred by 3 ounpenh.odsand OFF

applied to the continuous forward power control node. [0187]
In FIG 17Perhedcyithdar SPPoﬁyﬁietﬂE Bhe s%uhﬁ%luq"éﬂé‘élt RFa%\AHPe stpprgde

device 1D C td

i mcor por at PRSS natye 1 1Ak 28rlatacRBLLE L8 SO IR RUPHD bE i do
an anpl i tUdneOi)eaﬁakoiwamrﬂowemrsoaﬁhavetn@epﬁmwlﬂtwmeis stsﬂd@}ed
part 3D for controlling a duty ratio of a pulse output, an RF output
part 419 f otoobepat copflanore eutput.of the pul se output, and an

aver age pr Sggaing part 70, and the configuration is further provided
with a dut@ frol 10 part 80 for controlling a duty ratio of the

duty control whi @ﬁeléoﬂ@ﬁ@w@df@wéf@ PRI Gt HONA I JROWET 2 GRGGE Kor
part 3D. [0188] he RF output part 4D incorporates an RF

out put ci rparfotmmngazﬁe)cmatdnpoueromrznnncon’grphrotvea:dl‘me& Gorgetrdqmowar .

peak 15 forward power, a reflected Bomer detectlnqd%:t 4d3 for
det ecting pBakR® S UHHOTWaZAGPAWET 1R ook Mads p PBERHhe tiprward

achi evifng 36paLralLkof.pet YEEN:s hehPadad I doR8WEh+28Hat88 such as in

the course of a process, if the impedance of the load is changed

in such a case that the impedance within the chamber is changed

due to a factor including a gas pressure variation and ion

reactions within the chamber, there is a possibility that the
20 reflected power is increased temporarily.

[0185]

The present invention applies the duty control toc the
continuous forward power control mode as described above, and
even when the peak reflected power is increased, the average

26 reflected power is suppressed without changing the peak forward
power, unlike a conventional control, thereby supplying the
power to the load in a stable manner.

[0186]
FIG. 17 illustrates a configuration example when the duty

30 control is applied to the continuous forward power control mode.
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peak reflected power to retrieve the power respectively. [0189] 20The
average processing part 7D obtains average forward power based on the
peak forward power being detected by the forward power detecting part
4d2, and gives the average forward power being obtained as a feedback
to the average forward power control part 3D. 25[0190] The
constituti$3§%7ﬁlenents except the average traveling wave contr ol

part 3D for performng the duty control over the average forward

power, and the dghyrrentip] {184 locdEigiratdlonsl the palBeasodliBated RF
configuration of the pul se nodul ated RF power 30 supply device 1B as

shown in FPGWGQ sUpplt¥fdgeicerdihiiyg @h@ostcﬁhe:aygwsaéutb@thnﬁﬂguﬂatﬁnn
the duty control oper ng of the avera wer. control part
5D wi 11 b SExERENR AT B! Dar tBFOTPOISEITE ety SoEvant BOtth e
achi eves SsaéEaﬁmQ@UPQﬁ%ﬁﬁﬂbﬂﬂ%igPSﬁkaﬁﬁiE@ﬁ&bFEEMﬁéaﬁﬂéokﬁﬁrB§§5wer, an
reflected power, inputs the peak forward power in the forward power

det ecti ng paetradgd2foawdrinpowert henprak paftedbefiopoventrolliimg a duty

refl ected power detecting1a part 4d3. 10[0192 The formardlfomer
det ecting EQFP%EE frBHd tguFWétpe%‘R Brogtetb RRFt AR P hAHputting

detected t t f d .
T rolt aneoan K oRRRtY 8F WHd pHIME QHIY HlanBtdh LRradi¥iprocessing nart

average pr UDeSEmdlghé&fdnfﬁl@ufEftﬁ.olﬁlﬁ\fWr&@%rmsmmgrlﬂtalré déBy control
transmts the average forward power being obtained to the average

f or war & poﬁé?tc@htﬁ‘tﬂ‘ q@mroal@mmé @@FYe’é@’éﬁo mﬁ/\éhed@tl‘éﬁw"'%t twhierh
transmts the §%§ ggg ﬁypgmgra %er?gg d%%%cggg hgrgu?

control par ednt 8 anges y ra
of the 20 ¢gtgsgontrol mhlch S perforned in the average formard

power control part 3D, in response to the fluctuation of the
refl ected power.Th@lRB]output part 4D incorporates an RF output circuit

440, a forward power detecting part 442 for detecting peak

15 forward power, a reflected power detecting part 443 for
detecting peak reflected power, and a directional coupler 44l
for achieving separation between the peak forward power and the
peak reflected power to retrieve the power respectively.
[0189]

20 The average processing part 7D cobtains average forward
power based on the peak forward power being detected by the
forward power detecting part 442, and gives the average forward
power being obtained as a feedback to the average forward power
control part 3D.

25 [0190]

The constitutional elements except the average traveling
wave control part 3D for performing the duty control over the
average forward power, and the duty control part 8D, are almost
the same as the configuration of the pulse modulated RF power

30 supply device 1B as shown in FIG. 9. Therefore, mainly the
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The average forward power control part 3D conpares the 25 average
forward power fromthe average processing part 7D as a feedback

val ue, wth the average forward power command val ue, and perforns the
duty control so that the average forward power val ue beconmes equal to
the average forward povver command val ue. [0194] 30l n the average

forward power . control I tate,  a continuous.

out put contpbriALols; pBERls SoptPed #R8 Bhe, BB o feP R REE H Sions of
100% TheninkhavdwhyeC eokalrdl oa@h:uabﬁ@racha@tn@nt gitthepeorkpehined
signal transmtted fromthe duty control part 8D, and switching is
done bet weberehwafteti.nuous 5 out put control and the pul se out put
control . Fi g he continuous output control is a control node for
setting th 048ty ratio (ON duty Don) to 100%in the duty control, and

the pulge out pUtTﬁQ"ﬁiPéctfoﬁaninﬁLef“lﬁﬁ B%l@@éé%é‘%&ﬂa%f@nddg%een

control at the duty ratio (ON duty "Don) being smaller than
10[ 0195] the pedkidiomdnd pow‘eroén@d;hespaaktreﬁlexalred edwent, Wpatshhe
is increased, for instance, by switching the

k fl t ed
B Lol oPpal BORIATS DOaTH 1A 15 T vA T BAUSE, 3 et i BEtenés erand
th 100%
et conAERREA L £I1 1l bB RNt EhaRd edted BBLL0 Hlecting

aver age reﬁhgetad3pomer and the power source is protected. In this
duty control adjustnent, since the peak forward power PF is
controld ed[0&9B¢ constant a mat chi ng operation of the matching

C11CU 1 DEOMES a0 e AN A 0P TS L e
fl owchart ﬁBQwﬁkE”ﬁwakaGéiﬁé BQinéX@éﬁéEt@@ @@efﬁ%'éghﬁﬁ%%ﬁﬁéﬁﬁ ower
the traveling wave control in the case where the peak reflected power
i S i ncreasednffoilnpate 2nnandusimul baneoeds by vieransmt rs itheopleak [ fitSddrd
power being detected to the average processing part 7D. The
15 average processing part 7D transmits the average forward power
being obtained to the average forward power control part 3D.
The reflected power detecting part 443 transmits the peak

reflected power value being detected to the duty control part
8D, and the duty control part 8D changes the duty ratio of the
20 duty control which is performed in the average forward power
control part 3D, in response to the fluctuation of the reflected

power.

[0193]
The average forward power control part 3D compares the
25 average forward power from the average processing part 7D as
a feedback value, with the average forward power command value,
and performs the duty control so that the average forward power
value becomes equal to the average forward power command value.

[0194]

30 In the average forward power control part 3D, in a normal
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In a normal state, the average forward power control part 3D perforns
t he continuous output control so that the average forward power
becones equal to the average forward power command 30 value. [0198]
In this control state, the duty ratio (ON duty D') is set to be 100%
($41), and the peak forward power is controlled in the continuous
forward power _control node (S42). 5[0199] . . In this continuou
forward poRSftéert FOPABHEY R FO0GRPRCHS BRFECRBERAR T OIS A8 duty
peak refl e¢hedoPpYRrawty &), ) Scdlalodst.ednby, thte rﬁﬂf%bﬁ@r@@“@é adjusted
detecting part 4d3. Upon detecting the increase of the peak reflected
power (S43pccprdin@ dwot pheowbndirojastigdblpérbosm téwid Ehiomg theoduttiye

conti nuous output using the duty ratio (ON duty Don) of 100%to the
ol 'se out pEORGEPGDRRE By S (R Ry BOPeoBP RS herCThtRous

100% %CQBGEEﬂltypohttrbi BASSiRle Eﬁs%“BHft?ﬁ% LRR +2%S". 208 f%f' ted
power, while keeping the state thgt the oulput of the pea‘ﬁ 5 forward
power PR i goatahubuzesh{Bid contd®10]s a contrépavdiereetsaigt ifethe duty
decrease of the peak reflected power (S45), the duty control part 8D

restores tFatdgt {ONa@nby (aw) dteyl ¢oh)in Fheodsttypeppbirad - sapflchapulse
f h . '
e PSS BN 5 LI G A SN ULl SARATE o

conti nuous ower contr naous

out put (S46k. the2@lky ratio (ORhauidngl) BeAGiRHmaANMM tHhdf1180419
illustrate the switching between the continuous output and the pul se
out put 10 25[F0282] FIG 19A illustrates the peak reflected power

PR and Lhe aver agechell ep Lo 000l EVy | Ge 198 LLUSLE 2028 LA poar
pover PF apdrhBetayepader’ 95Wehdraques, PRV isft8208] by switching the
duty ratio (ON duty D,,) from 100% to a predetermined value
smaller than 100%. Accordingly, switching is done from the
15 continuous output control to the pulse output control, thereby
suppressing the average reflected power, and the power source
is protected. In this duty control adjustment, since the peak
forward power Pr is controlled to be constant, a matching
operation of the matching circuit becomes stable, thereby
20 stabilizing the power injection into the chamber.
[0196]

FIG. 18, FIG. 19, and FIG. 20 are a flowchart and signal
diagrams for explaining operation examples of the traveling wave
control in the case where the peak reflected power is increased

25 in the continucus forward power control mode.
[0197]

In a normal state, the average forward power control part
3D performs the continuous output control so that the average
forward power becomes equal to the average forward power command

30 value.
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In the continuous forward power control node, while the continuous
output is perfornmed setting the duty ratio (ON duty D') to 100% if
the peak reflected power PR (indicated by the solid line in FIG 19A)
is increased, the average reflected power 5 Piutv (indicated by the
broken line in FIG 19A) is also increased (between the tinme points L
and Min FI?El % . [ 0204] Upon detecting the increase of

t he peak ré 3 ed power PR, the duty control part 8D |owers the ON

duty D' from 100%,16h{s [domRAl Biakel, "tié Guti®BhtioByol R’y BY, )t he 4%
duty D', the average forward power PFAV is décreased (time point L in

FI G 19C) tof D205PORT (B4 Whr dend vithen peimk fncrmea‘depowerhesmktrolled in
refl ected wer 15 PR is canceled and it is restored duty

control parfegBoREiBEPYS; FOTHAL e RO SET cpﬂérﬁé'aﬁmrd@'f I(§(‘,1123d power PR,
and resgoregibgq ON duty Don to 100% (time point Min FIG 19B) . By
resum ng the contl nuous control with the ON duty Don being 100% the
average forward mnvxthlPRMntmum featvdml tplosvear cgnab lsinatie, 2bhe duty

(point Min FIG 190 06] Accor di ng to an enbodi nent of
t he controPOBFrPﬂepﬁF%s@ mPH\%@ﬁ‘F'rgoﬁhet reakomeit 96G§%@P§Y@F U@HFPOPS

ls carri eddQ‘EEg% #@erg@lﬂ%%d 'oﬁv%rl(&gfeb@ﬁggog% b %Batl Up Set

when t he peak OWer 1s rncrease

to be smal h@teblﬁaﬁgleﬁ% mdréagem Sthed el re@nkekd §oﬁ@ff esa®y, the
Consequently, the average forward power is |owered and the average
refl ected guk#r costzgpppazrsedD pemwmosw@tcmngl Fgrom hes cgntinuous

Chi & cont i AUGHECORERRE ERR TNy Here (B SBAY Perl okt aq030hRr tre Pulse
;Lg?;ggt feg ?&g?gtgg@mg}é Q?g@%&f@%&o' @bﬁ@ﬁ%{r@ionﬁ@eiﬁga&ném&ﬁ%h%ﬁl 160%.
Accordingly, it is possible to suppress the average reflected
power, while keeping the state that the output of the peak
15 forward power Pr is stabilized (S44).
[0200]
Upon detecting the decrease of the peak reflected power
(S45), the duty control part 8D restores the duty ratio (ON
duty Dgn) to 100%, performs switching from the pulse output to
20 the continuous output, and resumes the continuous forward power
control mode according to the continuous ocutput (546).
[0201]
The signal diagrams shown in FIG. 19 illustrate the
switching between the continuous cutput and the pulse output.
256 [0202]
FIG. 19A illustrates the peak reflected power Py and the
average reflected power Pgray, FIG. 19B illustrates the duty ratio
(ON duty D,,). and FIG. 19C illustrates the peak forward power
Pr and the average forward power Pgav.

30 [0203]
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5For exanpl e, whent hepeakrefl ect edpower PRi si ncreased (tine point 0 in
FIG 20B), a control is performed in such a manner that the peak
forward power PF is decreased (tinme point O in FIG 20A). By
decreasing the peak forward power PF, the average forward power is
suppressed. 10[ 0209] When the increase of the peak reflected

pover PR 1s cancehegCtiib ARNe fed bl ocdlld) coetal flhol Sunite tne

performed i n such a franner rwar d power

increased godtiesbakedutbhtiti PPeiedned EbbridgAthe WIB2HAltio (ON ddty
this continuous output control, since the peak forward power
f | uct uat esPogluiy®l JORG .ofi £t hbe pradk frefkect @bravan Prhéindadabedoby the

e o5 TR LAy L SERE sy oer
hand, agcopgi ngit@idtdeed Wt £RE B?cfo]éé}?lghﬁsﬁmfimvl 2&?(%.@3 alko! fncreased

possi ble to control the average forward power whi eepi ng the peak

forward podbetweerst &he, tameé podndsulistaldl ¥ dpeFaGi.on9Adue to the
fluctuations _of the peak forward 25 power. [0212] [Fifth enbodi nment
Confi gur &P28Aland control in the case where duty control is applied

fo conti nuous f d . | 0 e

bower (FI'G 21 ¢t SHRRCAEEIELAERAL 1SS e ehETBERoASE LOEYEA bovex
present inpgntiled,ddty cositgel afaon amdaantd ahe @ autgnND Wi ttoMel002
explained with reference to FIG 21 to FIG 24, as to the case where

the dul§ céiimgl ppingpphl LiBdFL6- t h8BEontBhusretigiadhe BhelutgoMoes ol the
mode to increase ! g, g%ﬁ bolarg poyer .2L0213h (time pSIMENE 1n Fic
occasi on of' 8eﬁgra rng“prasma 1 n e 2hafiber*on the TR st ae” there:
is a tendemeg)that reflected power is increased before the ignition

of the plasma for starting a process of generating the plasma. In the
conventi on&dP2064dt r ol

Afterwards, when the increase of the peak reflected power

15 Pg is canceled and it is restored, the duty control part 8D

detects the decrease of the peak reflected power Py, and restores

the ON duty Do, to 100% (time point M in FIG. 19B). By resuming

the continuous control with the ON duty D,, being 100%, the

average forward power Ppyy is restored to the original state
20 (point M in FIG. 19C).

[0206]

According to an embodiment of the control of the present
invention, the continuous output controeol is carried out setting
the ON duty D,, to 100% in a normal state, and when the peak

25 reflected power is increased, the ON duty D,, is set to be smaller
than 100% and the pulse output control is performed.
Consequently, the average forward power is lowered and the
average reflected power is suppressed.

[0207]

30 FIG. 20 illustrates an operation example of a conventional

68



10 nethod, the forward power is nmade to droop against the increase of
the refl ected power, thereby reducing an effect on the RF output

power source side. However, in such control as allow ng the forward
power to droop, there is a problemthat the state of the voltage

wi thin the chanber being |Iowered than the plasnma 15 ignition voltage
may cause a fai.lure of the plasm.gnitign, [0214 Th rese
erod nont cgBprHeterahREy Ry 71 oh FBLe SRS BRIRRS UL
control nDg@eni thd PRakaFE: TEEHES paRekEL@¢ AULEED! kARSSk APt BRAlpower
and even when the peak reflected 20 power is increased, it is

possi bl e t dssopptzredlelde savasafje rehnitzoiledhpowseragehforwardnpowgrt.he
peak forward BO r, unlike the conventional control, and supply the
power to th82P8dd in a stable manner. [ 0215] 25A difference between

the prepent enbogbieilaifith | UfeA! AL BRI POLLLAEPHIRE! Pl $s3tddiasea

foll owi ng; the aforenentioned enbod inent es t0 power” supplying

i n a nornal(titmat pofiat euppl Fiag 2oB3t ant corbkol of svaper Ppomesd ivheswsls a
the present enbodi nent relates to power supplying which gradually 30

i ncreases RMABRBEakh2EThe P wErrHaTdhROoVRFEP D SpABEESasefaf time point

e S T2 B AP R HBAR, Bl ELoEP e

forward powgerageofibiahravgewke hBCeeppeetBeapeak forward power, and
it is possible to configure the present exanple in the sanme nanner as
the coHti gliP3PPdn exanple as shown in FIG 17. [0217] In FIG 21, the

configuration of_the | se nDduIateg Fﬁ 10 wer _supply device_| E
ncor por at es a pUARHT BRGaTACHEREF Gont P8I PRAF: TIELPEFOUoROVEF) Phat®
anpl i t ude QEnEQQeHeF‘EiﬁQer@t ROMR F18) BYEf A4 oAt W1di BONEF r 6AREE On
part 3D for controlling a duty ratio of a pul se output, an RF out put
part 4E fosuocht putannegrt tiza Rt:lvitgreak dorwesr g plosero®t pls , irgckeased and
aver age processing ! . .
restored (time point P in FIG. 20A).

15 [0210]

In this continuous cutput contrel, since the peak forward
power fluctuates, supplyving of the peak forward power to the
load also fluctuates, and this may cause variation of plasma
density at the load with incurring of instability.

20 [0211]

On the other hand, according to the control of the present
invention, it is possible to control the average forward power
while keeping the peak forward power constant, and avoid
unstable operations due to the fluctuations of the peak forward

25 power.
[0212]
[Fifth embodiment: Configuration and control in the case where
duty control 1s applied to continuous forward power control mode

to increase peak forward power (FIG. 21 to FIG. 24)]

30 Next, as a fifth embodiment of the present invention, a
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15 part 7E, and it is further provided with a duty control part 8E
for controlling the duty ratio of the duty control that is perforned
by the average forward power control part 3E [0218] The RF out put
part 4E incorporates an RF output circuit 20 4d0, a forward power
detecting part 4d2, a reflected power detecting part 4d3 for

achi ovi ng SORLASLF B LGt B CPRSCaE, PPPE PP pair HAqcPRiTRasE vitn

reflected peweireheel ebIFeye dhadewer. paspestioalns cdskOWA8le the duty
The average processing part 7E obtains average forward power fromthe

peak forwacansowdripHaiprdidst tettdre ppnithisupysweetwapohamowdst eentnglpeede
4d2, and gives_the ave[t ge foisvv%rd oger bei ng obtai ned as a feedback
to the avnggéLn‘FSF’\?iﬁ?d ﬁw@’?a ohPFEFT OPBQFF'SE. [ 0220] The

directignaloegygpl er 4dl achi eves separation between the peak forward
power and the peak reflected power, inputs the peak forward power in
the forward powefndthectcogspantofld@enemat tng nplasma hin pigek chefnibect axh

power in the reflected power detecti ng part 4d3. [0221% The .
forward pohBf 4BREcELAG: piPETEJ3St RahBRALRCYnEREEakefePREPE BOWEr is

val ue, bel ngndebagkAdnEeobhe AR hOLUBLIOROMEE 19aCHA! AL RRRL+ERy A

and sinul taneously transmts the orwa el ng detecte

t he aver agprpteeessf nperpardtitly theepbaerage It ahessongentidndk control
transnmts the average forward power being obtained to the average

f or war ) poRethednt ¥f GeawariEpovRe Femade: 68 Ferep agedasti ke pararense
transmts e a refl.e po | u ei.hg detected to t

duty cont r%? 1ngrgt %g%,iegﬁ lit ﬁé‘sgﬁf y%%ﬁ%ﬁ& g%(g? l%% %%a‘#g%%cé he }ﬁ%ey RF

ratio of thatgutypsrst lJundel saés RRsrdEd inNshdie cinirdfeal (L Medwin
power control part 3E in response to the fluctuation of the reflecte
power, at the foneand pérepriozebman artherzofig222problem that the state

of the voltage within the chamber being lowered than the plasma

15 ignition voltage may cause a failure of the plasma ignition.
[0214]

The present embodiment applies the duty control to the
continuous forward power controcl mede, in the same manner as
the aforementioned embodiment, and even when the peak reflected

20 power is increased, it is possible to suppress the average
reflected power without changing the peak forward power, unlike
the conventional control, and supply the power to the load in
a stable manner.

[0215]

25 A difference between the present embodiment and the
aforementioned embodiment is as the following; the
aforementioned embodiment relates to power supplying in a normal
state for supplying constant peak forward power, whereas the
present embodiment relates to power supplying which gradually

30 increases the peak forward power at the time of process start,
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The average forward power control part 3E conpares the average
forward power value fromthe average processing part 7E as a feedback
val ue, wth the average forward power command val ue, and perforns the
duty control so that the average forward 25 power val ue becones equal
to the average forward power command val ue. [0223] In the average
forward poyer (ganyisal, part 3E at the tinme of process start and in a
normal state, e cont’i nuous output 30 control is started setting the
duty ratio[p@vedquty D') to 100% and then, the duty control is

adj usted according to the control signal transmtted fromthe duty
control part 8E, Fhfer2bylblserairs i cooid ayaaldeon erampdet ipublye case
out put contral d the pulse autput cantyol .. Here, the continuous ‘
out putcontPaFe PeaiEdiantne s Benet P ths CRALIRIGNT AprUagtpover
duty D'g teoh@e¥ni molike tduliviceeRkkOtneapdakh@oRwasd PR, aaat 1@l jis
a control node for performng the duty control at the duty ratio (ON
duty Don) pessdbdentbeconfidgutéOthe| pR84¢nt OSyahpliat in comt redme manner
adjustnment is carried out when the %eak ref| ected power is increased,
for instanB8 tH¢ SRPLIANEGLARD SXAYPLst B SBRYHULP BLf-f Adm 100%to a
pr edet er m T@Ql"f | ue smaller than 100% Accordingly, switching is done
fromthe continuous output control to the pul se output control and
the 15 average rehl BTG ed ppovie iconfigurestdied, offhehebyupsetmedhhgtédRF

power source. In this duty control adjustnment, since the peak forward
pover HF i BoWeRtTHRR LY deyipe HoABCARPOTatRaiZ RRAY Tp/eraRd 8AWSY qantrol

mat chi ng cj i b t he abi!l [zl €

'nj cction PRES eRothasanFt8lytng,afbEitudt gt LEL et e ity pover,
FIG 24 ar gndatépi§dadraitl podazl céhass BarftoBDexdt Johiti®10AAI Aty
exanples of the traveling wave control in the case where the peak

reflected peidr PE Rnpudasedutiputheani@ oitpubcesst strfor roufputting
ContlnuoustLgrﬂﬁrguggﬂ%ro%5tﬁ8néﬁféengg€@ut, and an averagde processing

15 part 7E, and it is further provided with a duty control part
8E for controlling the duty ratio of the duty control that is
performed by the average forward power control part 3E.
[0218]

The RF output part 4E incorporates an RF output circuit

20 440, a forward power detecting part 4d2, a reflected power
detecting part 4d3 for detecting peak reflected power, and a
directional coupler 4dl for achieving separation between the
peak forward power and the peak reflected power to retrieve the
power respectively.

25 [0219]

The average processing part 7E obtains average forward
power from the peak forward power being detected by the forward
power detecting part 4d2, and gives the average forward power
being obtained as a feedback to the average forward power control

30 part 3E.

61



[0226] The average forward power control part 3E performs the
continuous output control at the tinme of process start and in a
normal state, so that the average forward power is controlled 30 to
beconme equal to the average forward power conmmand value. In the peak
forward power control part 2E, at the tinme of process start, the
power is iﬁgéggﬁed fromzero to a constant power value at a

predet er m I'ricrease rate, and the process is started based on the

peak forward powpheCQIPBEEL YA L AR &Y k1t HEnDe$RESE8PArREYER W& Wigen
in the normal state (S51). [0227] At the tinme of process

start, thethecpegle farwerd ppeeer anditreopeplirteSiecdd powerdquinpubsithe
(ON duty D') to _100% _and perfornms the control in the continuous

forward’ poREFXCEHFYRFA RPWAFad™( Seojforpprsgpower deteqting Ragiit flgoRnd
f . .
o v &, POYRpyt AN pedRdRe £ 116 BYWEANI Fhellés B PBELAL M bt ing

peak refl ect power I's dete by the reflected power
detecting pakt 4d3. Upon 15 detecting the increase of the peak
reflected power (S53), the duty control part 8E perfornms sw tching
fromthe c6R2PAdous output at the duty ratio (ON duty D') of 100%to

the pul.se out puteal Lhg.SiLRtL d Ity 0 485" DHaRIRLLErchE o

100% Accordingly, 'S po 0 sup the average rtefl e
20 powver i potharat ?bﬁe%@&@uéhBeQﬂéD&ét@été&et@e@!Kefﬁé&!@rﬁbﬂ%{!&i pdwer

is stabilized (S54

10 control part 2E, and simultaneously transmits the peak forward
power being detected to the average processing part 7E. The
average processing part 7E transmits the average forward power
being obtained to the average forward power control part 3E.
The reflected power detecting part 443 transmits the peak

15 reflected power value being detected to the duty control part
8E, and the duty control part 8E changes the duty ratio of the
duty control which is performed in the average forward power
control part 3E in response to the fluctuation of the reflected
power, at the time of the process start.

20 [o0222]

The average forward power control part 3E compares the
average forward power value from the average processing part
7E as a feedback value, with the average forward power command
value, and performs the duty control so that the average forward

25 power value becomes equal to the average forward power command
value.
[0223]

In the average forward power contrcl part 3E, at the time

of process start and in a normal state, the continuous output

30 control is started setting the duty ratio (ON duty Do;) to 100%,
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[ 0229] Upon detecting ignition or acceptable peak refl ected
power (S55), the duty control part BE restores the duty ratio 25 (ON
duty DOn) to 100% perforns switching fromthe pul se output to the
continuous output, and resunes the continuous forward power contr ol
node accor di ng to the continuous output (S56). Detection of the

ignition can ach| de ng. a.f.l uct atlon f _the fl ected
power, for® a%cé tq'f?o?&%o oﬁ?ﬁéi i ad’-ﬂ‘%g% |g?‘1 0‘?1%?}]: éﬁ %OWO:L
in FIG 23sh.bhl=lit k2hBSmi ke eSWE-Sh F&aebah\@e&ohlf&eo@?hﬂuws QuleRdb
and the pul se output at the tine of process start 0231] 5SFIG 23X

i 'l ustr at eswiiiehpegkis efdnecbelivpencthePRoartd nupusavetpgt gaftimxlt add the

ower PRAv |G 23B il h d ti
EPe 2ac | brase afteuteOBbERLf o akar Torte FoBE Lahgusngu b apitrol 1s

for war ds powesoRpie1 @ ]ls kOB i e QHE' Scd 1V oRy Hﬁ‘é’frrn 9”%60100%

node, the continuous output is perforned setting the duty ra
duty D') tanlfihéqdwiyd ddretnudak ahdr wae dpybse rod tou th cosmessed. ﬁ.somczcmtrol

toward a predeterm ned peak forward power value at the start of
process stBPHe(¥PF Paxnigrmiqgyg the dupy confRebptpibeslutymatdo {8Njquty

t he peakrfl by the solid line in FIG 23A)
B e%qléﬁerage reft}l{e%{ Cl?"ﬁd

IS | ncrease&“ power Paw (indicated by the
broken [i n@ozsq,gl so increased (tine point Rin FIG 23A). [0233]
20Upon detecting the increase of the peak reflected power
10 Such duty control adjustment is carried out when the peak
reflected power is increased, for instance, by switching the
duty ratio (ON duty Dy,) from 100% to a predetermined value
smaller than 100%. Accordingly, switching is done from the
continuous output control toc the pulse output control and the
15 average reflected power is suppressed, thereby protecting the
power source. In this duty control adjustment, since the peak
forward power Pr is controlled to be constant, a matching
operation ¢f the matching circuit becomes stable, thereby
stabilizing the power injection into the chamber.
20 [0225]

FIG. 22, FIG. 23, and FIG. 24 are a flowchart and signal
diagrams for explaining operation examples of the traveling wave
control in the case where the peak reflected power is increased
at the time of process start in the continuous forward power

25 control mode.
[0226]

The average forward power control part 3E performs the
continuous output control at the time of process start and in
a normal state, so that the average forward power is controlled

30 to become equal to the average forward power command value. In
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PR, the duty control part 8E reduces the ON duty D' from 100% (ti ne
point Rin FIG 23B). By reducing the ON duty D', the increase of the
average forward power PmmM s suppressed (period R Sin FIG 23C), and
accordingly, the increase of the average 25 reflected power Pmw is

al so suppressed (period R- Sin FIG 23A). [0234] Afterwards, when

t he increage.o r | $m C d

the duty conerBr s Pt H R, SRy nakr 2eg Uy e c3BE P Es
refl ected pewaet, e poteiebd Ahetehlbed fPomrkyoFo hadildant powepcrdiue
Sin FIG 23B). By resum ng the continuous control with the ON duty

D' bei ng 16898 PrRedateragiefolnaraapeventer and cthperredrs sotsettarted
state (poi gL gqin G, 230k < L0238l jBhecording bo,an Amaadimeal. ol
the controP38F% RE present 1 nven FonPotRs €Mt T RUoUs out put —contro

i's carrg edcetktafet boAgrt a1 dut ¥hEMnokRalO8¥atk t(Re1yi.ne of

process start, and when the peak reflected power is increased, the ON
duty D' is[8@827o be smaller than 100%to performthe pul se output

control, 10 therebpy. | owerin he average for d power an

SUppr es5i ng t ho SberREeERe [ BEP AR Lo 350e BoeEngd fferuard pover
i 11 ustrat egoaRroRCpakt OFE X P thdlaui © HAe Bt g@ﬂahufe?%gn@ueasl@@% PUing
control. In this continuous output control, 15 when 1he peak

refl ect ed pemEorimsuthaatentadvlt e theecofitpnocessfetwatd pdwepeadkntrol
forward power. is controlled so as to control the average forward

pover . 1§ 0289fleréS5etanpl e, when the peak reflected power PR is
I ncreased [0228]

In the continucus forward power control mode, the duty
control part 8E monitors the peak reflected power which is
detected by the reflected power detecting part 4d43. Upon

15 detecting the increase of the peak reflected power {(S53), the
duty control part 8E performs switching from the continuous
output at the duty ratio (ON duty D,,) of 100% to the pulse output
at the duty ratio (ON duty D,,) being smaller than 100%.
Accordingly, it is possible to suppress the average reflected

20 power in the state where the output of the peak forward power
Pr is stabilized (S54).

[0229]

Upon detecting ignition or acceptable peak reflected
power (S55), the duty control part 8E restores the duty ratio

25 {ON duty Do,) to 100%, performs switching f£rom the pulse output
to the continuous output, and resumes the continuous forward
power control mode according to the continuous ocutput (S56).
Detection of the ignition can be achieved by detecting a
fluctuation of the reflected power, for instance.

30 [0230]

64



20 (time point Tin FIG 24B), a control is perfornmed so as to | ower
the peak forward power PR (tinme point T in FIG 24A) . Accordingly,
the peak forward power PR is decreased, thereby suppressing the
average forward power. [0238] 25In this continuous output control,
since the peak forward power fluctuates, supplying of the peak

f d to,_the Load fluctuates, and thi .
v onCor ol sthB aedBrsaiRatrl St kR D Aty Bt Erates the
instabilityyil@R38L QQQQ_eEH_etHEhébngiﬁﬂﬂouﬁ(:s&fﬁﬁ?gaﬁ@ the penid Q&uﬂz%t

the present invention, it is possible to control the average forwar
power whi | etk&bpi igmehefppakcksswatdrpgower constant, and avoid
unst abl e operations due to the fluctuations of the peak forward
power . 5[0223 1 [ Si xt h enbodi nent: Configuration and control in the

case where peak fLopwas gl Q.O.I.Vﬁ{sﬂ%ﬂé&%&%@sﬁgaknrgfigcfggéf&&é Pr and the

Next, as a sixth enbodi nent of t rese I nvention, contiguration
and controhvepegetreaftested poaeeX@hel FEG.R3H ilQusetatescthd AukkGa®io
and FIG 26, as to the case where the peak forward power is increased

in the dut&OQOﬁPFBIQm@@Zﬂﬂ? FIG. 23cﬂ$§¥§ﬂ&¥ﬁtﬁ§nFﬁéeﬁeﬁkb@@r%@¥@eQQW%F
control npgeegﬁitgﬁétéggrg%?EE%ﬁﬁ@ﬁ%s $&érn%%%ch is simlar to the

af or ement i oh 57 enbodine ore i oned enbodi nent, the
duty controb2ggjapplied to the continuous forward power control node,
and when the peak reflected power is increased, the continuous output

is swilthed to the pheseontipueusyfoneaudt powent Fontroh nodeot hbe
o e BRREEBeRaSOLSEALS e heRee b e g S AL By avey
becones cofghanpb, 1804, Sdd@tiRNpRHR! YorkBhdigiwert NS PLEERASea! AFbm zero
according to the pul se output, then allowing the duty ratio (ON duty
D') to incteaaed anpdredebesnindi peéakefotrhaerdupgweantvalMidutlye Bjart
I's set to 8% plxpoog/eostsos(ij:gr?:w(icg (J:.rrlll Fr']TqG 23C). At this time of process start,
15 if the peak reflected power Pr (indicated by the solid line in
FIG. 23A) is increased, the average reflected power Ppay
(indicated by the broken line is also increased (time point R
in FIG. 233).
[0233]
20 Upon detecting the increase of the peak reflected power
Pr, the duty control part 8E reduces the ON duty D, from 100%
(time point R in FIG. 23B). By reducing the ON duty D,,, the
increase of the average forward power Pryvy 1s suppressed (period
~ R - S inFIG. 23C), and accordingly, the increase of the average
25 reflected power Ppyy is also suppressed (period R - S in FIG.
233).
[0234]
Afterwards, when the increase of the peak reflected power

Pr is canceled and restored, the duty control part 8E detects

30 the decrease of the peak reflected power Pp, and restores the
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25 fromthe pul se output to the continuous output. [0242]

According to this control node, even when the peak reflected power is
I ncreased at the tinme of process start, the duty ratio (ON Duty D")
is in the state being smaller than 100% 30 Therefore, the average
reflected power is suppressed without changing the peak forward

"na st bl BN ATRE Do (00 43% (E2RS"Soind I aR B SRl " Srbihind e
enbodi ment cBRe1BEckBCosRTEoR Pl il Ol duepH.| B1id 9008XaPRE fifrage

shown in FIG 21, it w not be expl ai ned tediously. [0244]

FI G 25 anfioEw&rditowe:e Paufieavmings thembmwaghsaltateagvairst Sain FIG. 23C).
expl ai ni ng oEeration exanpl es of the traveling wave control 10 in the
case wherelf é5ﬂeak forward power is increased at the tinme of process

start ifﬂ the dut Xc68PAERA 't<£ C28'14lli.]rlbo1gilimtan1: JE%@%%Jlogﬁﬁ%%ﬁnt

control part increases the average torward power by the
at the ti mninoénphioagsthelbofitantious ottt c¢GhBrdbhd speaeriéd ot ting
predet erm ned average forward power in a steady state by the dut

control . Thhe eNniwEY Rant®el (ehiaty ddren imec ot PEPCBASEtERE o and when

conpari son t h ver f orwar d. power ¢ nd I d a

Feetback viRgeboah; bogsRLEca onbl TPE L RAELS SO RIS P IRl B et
control pagb sHbsm&lse2NtAHR! 1@0@%&?é@f@fmtﬂi‘e AReksd Estk RWRITd D,
the constant anplitude control, based on a peak forward power comand

val ue Havi hhexepretbeverimndhesarverage forward power and suppressing the

average reflected power.
[0236]

FIG. 24 illustrates an operation example of a conventional
continuous output control. 1In this continuous output control,

15 when the peak reflected power fluctuates at the time of process
start, the peak forward power is contrclled so as to control
the average forward power.

[0237]
For example, when the peak reflected power P is increased

20 (time point T in FIG. 24B), a control is performed so as to lower
the peak forward power Pr (time point T in FIG. 24A).
Accordingly, the peak forward power Pr is decreased, thereby
suppressing the average forward power.

[0238]

25 In this continuous output control, since the peak forward
power fluctuates, supplying of the peak forward power to the
load also fluctuates, and this may cause variation of plasma
density at the load with incurring of instability.

[0239]

30 On the other hand, according to the control of the present
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25[0247] At the tine of process start (S61) , the average forward
power control part increases the duty ratio (ON duty Don)
sequentially fromzero to 100% (862, S63) . Plasma is ignited during
these steps. In this enbodi ment, the duty control is 30 perforned
until the average forward power reaches a power anount of the steady

state, theg ressi . rage 0 pLj
| oad. Acco? ?ﬁaﬁggpﬁeifé??é%?%ﬁﬁﬁgvgg ?éﬁg s%qgﬁigﬁéégég.kfggi%?Iﬁﬁﬁ%r
si gnal di aghameakeehowg itheFpGak?2@oirivhndt patres thastuhy ,cantdr akoald

the tinme of process start. FIG 26A illustrates the duty ratio (ON
duty NW Fl tnsigble| epe¥abiers e padine Elpetvalipsnert MRegpeak forward
average reflected power PRAv, and FIG 26C illustrates the peak
forward pongeER and the average forward 10 power PRAv [ 0249]

At the gi mpgahoprocess start, the duty ratio (ON duty Don) is
gradually increased from0%to 100% (FIG 26A) , and the average

f orward powkSikthiemhatigwhl s Gonfdguratignmnd comtmodetn thegoasagthere
forward power

| ElG 260 . 0250 At the tj f
D ase PrHRak BhERathLDpuae Lai LhOFatepludn BREY RAPEEP by ( he

solid line in Flgx26Bsis$ 4N adddimdntabe’ e prLLELt ethPONElon, a
PRAv (indicated by the broken line in 20 FIG 26B) is al so incréeased.
configuration and control operations will be explained with
10 reference to FIG. 25 and FIG. 26, as to the case where the peak
forward power is increased in the duty control.
[0241]
The embodiment described here is a control mode at the
time of process start, which is similar to the aforementioned
15 embodiment. In the aforementioned embodiment, the duty control
is applied to the continuous forward power control mode, and
when the peak reflected power is increased, the continuous
output is switched to the pulse output by the duty control. On
the other hand, the present embodiment is a control mode to
20 perform the forward power control so that amplitude of the peak
forward power becomes constant, and simultaneously, initiate
the process start according to the pulse output, then allowing
the duty ratio (ON duty Do} to increase, and in a steady state,
the duty ratio (ON duty D.y) is set to be 100% to do switching
25 from the pulse output to the continuous output.
[0242]
According to this control mode, even when the peak
reflected power is increased at the time of process start, the
duty ratio (ON Duty Dg,) is in the state being smaller than 100%.

30 Therefore, the average reflected power is suppressed without
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[ 0251] At the time of process start, the average forward
power PFAV is already suppressed. Therefore, even when a reflected
wave occurs, it is possible to suppress an effect on the RF power 25
source, since the average reflected power PRRy is al so suppressed.
[0252] It is to be noted that the present invention is not limted to

each of th%haggr%d%%@gbnﬁpkgryﬁrdé& nderﬁion% h%hv”ﬁthﬁ%l%ontrol,

nodi fi cati ons e~poss 5% 19 eﬁ npl’ary—e Jured

material | yaﬂapeﬁgpmet;r 9@%&6 toedali Neagand adyaabagemadhelni s
i nvention. Accordingly, all such nodifications are intended to be

i ncl uded WLOB#B1t he scope of the invention. 5 Industrial

applicability [0253 he at ed RF. power co tr

morhod and the. pREEe i PAPEATRBEE LGB0 §BUF P U P BGY dih e pame
the pregenhs pemin, Bk eleuaaRli bidekamsHBRlY iSOl L RFROVST 1 2 the11
|l oad, 10 in a plasma treat mént apparatus for perform ng plasma
etchlng andopl denexf¥Binadd tekddoliskg. Wiat is clained is: 1. A

pul se nodulated RF power control nmethod for controlling RF power to
be supplied®2843 | oad, the RF power being a pul se

FIG. 25 and FIG. 26 are a flowchart and signal diagrams

for explaining operation examples of the traveling wave control
10 in the case where the peak forward power is increased at the

time of process start in the duty control.

[0245]

The average forward power control part increases the

average forward power by the duty control at the time of process
15 start, and controls the power to become predetermined average
forward power in a steady state by the duty control. This
control can be achieved by a control based on a comparison
between the average forward power command value and a feedback
value.
20 [0246]

In addition, the peak forward power control part subjects
an amplitude value of the peak forward power to the constant
amplitude control, based on a peak forward power command value
having a predetermined size.

25 [0247]

At the time of process start (S6l), the average forward
power control part increases the duty ratio (ON duty Do)
sequentially from zero to 100% (S62, S63). Plasma is ignited
during these steps. In this embodiment, the duty control is

30 performed until the average forward power reaches a power amount
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5 output, the RF power being a pul se output which is a RF out put
outputted intermttently in tinme wse, the nethod conpri sing,
an output anplitude control step for controlling anplitude of the

pul se output, and a duty control step for controlling a
duty ratio of the 10 pul se out put, wherein, t he out put
anplitude ¢ s stant_anplitudge control to

| t f
Sontrol anotnthe: shealx! sEale’: HEeEePE S onEareLbY: fof Trarare Texara
val ue becopewe@dddbpliifed $6t tﬁgplh'btaade Nebdea i dgl Per it Yo £AN £ Q4 hﬁ&%}:

perfornms a constant power control to control the duty ratio of the

pul se out pas sdsphauppreswed.anount determ ned by the duty ratio
becones equal tqQ a set power val ue, and t he output anplitude
cont rol stéBZéﬁa the duty control 20 step are operated i ndependently

to perform pul sepgrdyl gtk 9n ) h ﬁng

RF power control %tﬁogﬁégc%géa%ﬁg %% %@g?ﬁmjln %%'r gzléral%% e ou pﬁtﬁle
anpl i tude aanyradnistED axnthé RAmdubdF proddese sBaLP. U @S 28ACITdDirates
target of the pul se output, any one of the followi ngs to be supplied

to the | oalihepBiél, TasiradlN SHEYCRerlontFI1B0 258 T YRAmRE afodilientrank
RF power ngtfiglctgﬁ?%%.@ %gga%itflgﬂgs%wg)erae%é h%{gl%‘l:t%'df“g@v%gﬁlgv,cggh@ﬁ.

wher ei n, ep imc és as

control | i ngethiel tiddrdtdd ehkG et réewartipdder PEanAGhS Avasabe FaRFefa
the pul se output to be a continuous output. 5 4. The pul se nodul at ed

RF powtt cpAwedl Pasthod, according to any one of claim1 to claims3,
wher ei n, [0249]

At the time of process start, the duty ratio (ON duty Don)
is gradually increased from 0% to 100% (FIG. 26A), and the
average forward power is increased from zero to a predetermined

15 average forward power value (FIG. 26C).
[0250]

At the time of process start, when the peak reflected power
Py {indicated by the solid line in FIG. 26B) is increased, the
average reflected power Py (indicated by the broken line in

20 FIG. 26B) is also increased.
[0251]

At the time of process start, the average forward power
Pray is already suppressed. Therefore, even when a reflected
wave occurs, it is possible to suppress an effect on the RF power

25 source, since the average reflected power Prav is also
suppressed.
[0252]

It is to be noted that the present invention is not limited

to each of the above embodiments. It is understood that many

30 modifications are possible in the exemplary embodiments without
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peak forward power is assumed as a control target of the pul se

out put, 10t he out put anplitude control step perforns the constant
anplitude control so that an anplitude val ue of the peak forward
power beconmes equal to a set anplitude val ue, and t he duty
control step perforns the constant power control so that an average

power valu e ol

Pecomes equat oF4 s Bofipafiint rii the bofEh e L iy Rovaiit Al pEobi S
forward powafentlonTheapobseinouyl aaey R&mmlswﬁtmnmf@dmtended
according to claim4, wherein, 20the duty control step conprises,

a pul se ouﬁﬁupecéﬁﬁﬂﬁﬁeﬂhWéﬁhG@t§hﬁe§§°Pﬁaﬁf1¢Oﬁ)ﬂ@veﬂtﬂéﬂlod of the
duty ratio determned by the ON period and the OFF period within one
cycle of the pulse output, and controls the average power val ue of

the peak fenwak¢rnatehppaibapimaiher 25 than the anplitude val ue of
the peak forward power, so that the pulse output is rendered to be a
di scont i nué@258dt put, and a continuous output control which

sets 0%to the per'od a 0% t he CN d of t ratjo
ot or i ned byt HEhetP etk Baioan PORCRPLATSLING g Fhegril Se
the pul se ﬁHhHEEteﬁOR%OpB%E Eﬁ‘f»p&&ﬂ %%v‘i%p%cb:%d&ﬁ@d%e@hfeop'%%s%nt

cont i nuous out put. pul Seé fodul at ed RF power control “net hod
accordi ng linvanylonemaf h)é aapplhdcb tol atipplyinbes£iRE poemic ftoriz\nedLoad
power is assuned as a control target of the 5 pulse output in the

out put 1GnplPt eI ridreaingnt APRARAEUS AT pBRES OFBLRgRkaSMaLEching
control tagggt p?gs}ngeCVD, and the like.

70



pul se output in the duty control, t he out put anplitude
control step perforns the constant anplitude control so that the
anplitude value of the peak forward 10 power becones constant, and
the duty control step perforns the constant power control so that an
average power value of peak |oad power which is obtained fromthe

peak formahﬂagowgrcﬁggmgﬁaﬁsneflected power determ ned by the duty
rati o, becones equa 0 a Set power value, 15 thereby controlling the

average | oad power. 7. The pul se nodul ated RF power control nethod,
according to any one of claim1 to claim®6, wherein, the duty control
step incredsed bplgechegyiatedeREuP9weD eaRrtBobimetodfere erntrrlling

based on a_f.eedback, val ue obtain by t.he consta ower control i
Che out put “anBPPELaEd ot are L0 boe TR THRkORr BOHEE PETAG ppiLse

power cpnt bﬁk:ﬁﬁ%t, heHe REGHWENBeidg?a haka dutper@iibh 1% a RF output
controlling the peak forward power assum ng the peak forward power as
t he controbutpngéedointeempttentdvt puttime wise,t hbeduehedtonprisiiong.

gi ves a peak reflecteg ﬁgmer Xagu as a, feedback, _and suEgriises

i ncrease of aver&3fe®PEPHECRERS u§8m59n5§° e86EPNEOFnECPFERGMPEN of
the ON pergﬁglgEuhgeoguEﬁe pAlkR oWRphtl h@naeak reflected power is

I ncr eased. . The pul se nodul at ed power control nethod, according
to claim6, wheraidutdicorrdl o tep fdmoadnionedr] iags antdngyt hat peakt the
forward power

10 pulse output, wherein,

the output amplitude control step performs a constant
amplitude control to contrel an amplitude value of the pulse
output so that the amplitude wvalue becomes equal to a set
amplitude value,

15 the duty control step performs a constant power control
to control the duty ratio of the pulse output so that a power
amount determined by the duty ratic bhecomes equal to a set power
value, and

the cutput amplitude control step and the duty control
20 step are operated independently to perform pulse modulation of

the RF power.

2. The pulse mcdulated RF power control method, according to
c¢laim 1, wherein,

25 the output amplitude control step and the duty control
step use as a control target of the pulse output, any one of
the followings to be supplied to the load; power, voltage, and

current.

30 3. The pulse modulated RF power control method, accoxrding to
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and the average | oad power as the control targets of the pul se

out put, the duty control step gives the peak reflected power
as a feedback, and controls the average | oad power to be constant 10
by enl arging the proportion of the ON period of the duty ratio, when
the peak reflected power is increased. 10. The pul se nodul ated RF

power contrgl . nmethad, .according tq _either of cl.aim3 and claimb5,
wher ei n, 1§Fﬁhﬁﬁe°%oﬁgﬁﬁﬂb&saﬁgt gﬁlgogrr T8 an anpl i tude val ue

of peak reflect eghpW®fy icon@reasSstys iddid¥LROS &P FA cbherShh PREI Ok
of the duty ratio is reduced from 100% and the continuous out put

control i sdstytchtiloto tded pekreectoRIPpecdiotd,obp addrelrgndeppties puse
I ncrease of average reflected power. 20 11. The pul se nodul ated RF
power cont PBEPHEL £8d Pealc 6PREAGUCHSePERBMEsf ¢l aim 3 and cl ai m 5,

wher ei ng during the period when the peak forward power is

I ncreased by the continuous output control, 25when an anplitude val ue
of peak refil.erThedppibwer mbdutatedsrRyecpotrée EowPOol imetiodd | hecddt dirid otb
of the duty ratio is reduced from 100% and the continuous out put
control isa8¥i PBRe@ft 61BAB pulteecédaipust -cWRELSAN . and

after the peak f r l.nGre he_p rtiqgn
ON period of thel9 %%?yg?]g'?%{%éiﬂsoﬁeergg‘ Sr %ggﬂge%%%a[%% t#ﬁg' tggﬁgé (I’Pethe
out put conpu®kel sutplatGhed to the continuous output control, thereby
suppressing i ncrease of average reflected power during the period

when tHe peak foFhareuppweranmxlitigtesoadrad stepTherforne belwrensthant
PO Conbith e 050 SEC 800 1 0Eh Rl ISR une pec AN
control, power becomes equal to a set amplitude value, and
the duty control step performs the constant power control
so that an average power value of the peak forward power
15 determined by the duty ratio becomes equal to a set power value,

thereby controlling the peak forward power.

5. The pulse modulated RF power control method, according to
claim 4, wherein,
20 the duty control step comprises,
a pulse output control which sets less than 100% to ON
period of the duty ratio determined by the CON period and the
OFF period within one cycle of the pulse output, and controls
the average power value of the peak forward power to be smaller
25 than the amplitude value of the peak feorward power, s¢ that the
pulse output is rendered to be a discontinuous output, and
a continuous output control which sets 0% to the OFF period
and 100% to the ON period of the duty ratio determined by the
ON period and the OFF period within cne cycle of the pulse output,

3¢ so that the pulse output is rendered to be a continuocus output.
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i ncrease of average reflected power is suppressed by 10 gradual ly

I ncreasing the proportion of the ON period of the duty ratio. 13. The
pul se nodul ated RF power control nmethod, according to any one of
claiml1l to claim112, wherein, 15in the duty control, a power val ue of
the pul se output during the OFF period is assuned as zero, and a
power val ue of the pulse output during the ON period is assuned as a
set power value. 20 14. The pul se nodul ated RF power control nethod,

accordi ng 650 @hy puesef mohailatédt RFCcpowstr l2donthel emédthod, accordimg to
duty control, a power value of the pulse output during the OFF period
i s assumedasy Qnﬁr9§e9éﬁ#mhédtﬁoﬁéﬂlmaﬁuewbéﬁﬁﬁ@d bet ween zero and a

set power val ue, B g P§%§&§%$$“91%5a82 the gulse oqﬁp #ééﬂ?d%mgl

ON period is ass power 27510 e pul's

RF powes celtkel omtbh@d,lna%@r durﬁgutthalenanEoﬁltabm istbg claim 12,
wherein, 30in the duty control, a frequency is kept constant and a

ratio of durati oAvesageeho@i M&Iodeasaumgd and CoRtneli sgrdeicaef orthe
is controlle nodul RF power control method,

. 16. Th
hccordi ng. POLESRYEBHE O chbi ALY, GOBEEPI 12, "wher of ' the
duty control, G&Q%ﬁ%@%ifﬂad’@@o@&f@l %%e%i@ffbfﬂsdﬂ’ié‘té&{bﬂe&t

kept constant, or the period duration varies l e the OFF period
durati on i ampéptudensiraitgl shettetty the mmpdliltudg thiué pEqiien pyaiff dtward
pul se output. 10  17. A pul se nodul ated RF power supply device for
suppl ytthg RPWBEWEFCP@eﬁ ceRgtapsmpAPSi ng, an RF output part

for outputting ap,Ba Al Bdht2b13%P4) SR YR the constant power control

so that an average power value of peak load power which is
obtained from the peak forward power and peak reflected power
determined by the duty ratio, becomes equal to a set power value,

15 thereby controlling the average load power.

7. The pulse modulated RF power control method, according to
any one of claim 1 to claim 6, wherein,
the duty control step increases or decreases the duty
20 ratic of the pulse output, based on a feedback value obtained
by the constant power control in the output amplitude control

step.

8. The pulse modulated RF power control method, according to
25 claim 4, wherein,
in controlling the peak forward power assuming the peak
forward power as the control target of the pulse output,
the duty control step gives a peak reflected power value
as a feedback, and suppresses increase of average reflected

30 power by reducing the proportion of the ON period of the duty

73



15an output anplitude control part for controlling anplitude of the
pul se out put, and a duty control part for controlling a duty
rati o of the pul se output, wherein, the output anplitude control part
perfornms a constant 20 anplitude control to control an anplitude
val ue of the pul se output so that the anplitude val ue becones equa
to a set a I,tud I y rql r rf.orns a
const ant p%%g%%doﬁpégl%ﬁg ggﬁﬁrgfkg%gqgﬁtyggg%]gsog%F%g%%3F§e out put
so that a power 25 ampunt determ ned by the duty ratio becones equal
to a set power val ue, and t he output anplitude control part
and t he dufy &bat pullsgampdhpdsépdnBEnpPyenperatecl hpeRFodutpeecopding tipo
per form pul e.gﬁ%ula i on.of the RF power. 30 18. The pul se
nodul ated R a& r ?hﬁﬁﬁ%ndevice, according to claim 17, wherein,
the output anpli EH%&%Iﬁn@ﬁbﬁdﬁ%’wéﬁ%&%ﬁn‘goﬁﬁéCﬁed@@kbx%ﬁ%daﬁo@er
control target of the pul se output, any one of the foll owi ngs to be
suppl i ed t entihthé cader peeveigad plowagreas atite cxontargl. takr@etEhefptihggulse
nodul at ed RF power supply device, according to either of claim17 and
claim 18, ®H&PStm, 10the duty control part controls the duty ratio to
set Zero to OFF Eﬁé'&gtysgo@é‘réf g‘teéig%"i\;e@e tﬂlél Bgaﬂuigfieégegep@wer as
conti nuous out put.

a feedback, and controls the average load power to be constant

10 by enlarging the proportion of the ON period of the duty ratio,

when the peak reflected power is increased.

10. The pulse modulated RF power control method, according to
either of claim 3 and claim 5, wherein,

15 in the continuous output control, when an amplitude value
of peak reflected power is excessive, the proportion of the ON
period of the duty ratio is reduced from 100%, and the continuous
output control is switched to the pulse output contrel, thereby

suppressing increase of average reflected power.

20
11. The pulse modulated RF power control method, according to
either of claim 3 and claim 5, wherein,
during the period when the peak forward power is increased
by the continuous output control,
25 when an amplitude value of peak reflected power is

excessive, the proportion of the ON period cf the duty ratio
is reduced from 100%, and the continuous output control is
switched to the pulse output control, and

after the peak forward power is increased, the proportion

30 of the ON pericd of the duty ratio is restored to 100%, and the
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20. The pul se nodul at ed RF power supply device, according to 15 any
one of claim1l7 to claim 19, wherein, peak forward power is
assuned as a control target of the pul se output, t he out put
anplitude control part perfornms the constant anplitude control so
that an anplitude value of the peak forward 20 power becones equal to
a set a”plghig% %ﬁ%pﬁﬁ contﬁog ngs%aEﬁh%%nErokhga BnEib Egsohqgut
const ant power cont so that an average pea
forward powentaelsr thesdbly shb@x@lsfsy.nlgahh@rba@@m efedlageO refiekted
power val ue, thereby controlling the peak forward power. 25 21. The
pul se noduPavwed Wm\éheﬁlﬁml%ﬁg ubenctéle peab forwgndopever hs2increased.
wherein, the duty control part enables sw tching between;

a pul se output control which sets |ess than 100%to ON 30 period of
the duty rabi ordet ghikaarbyLdfeg @y %weqd caﬂ@rbheme@EEapeaw@r&iﬁ@Ifb
one cycle of the pul se output, and controls the average power val ue
of the peaklhadmwdrdwpewedinto be smaller than the anplitude val ue of

t he peak forward omer so _that _t se o is.rendered to be a

di scont i nuous ouflg ngthe Beﬁlegﬁ'fr}l“?fﬁah libgf’rﬁ’aﬁfirl?ﬂw%}@ﬁ%%?%a%ﬂ
to the CFFbge%hgddggg L0f%-bg ,the ON period of the duty ratio

det er m ned the ON period and the OFF period within one cycle of

t he pul se out put inepetbat ofhavprhge pafpatted pewder &d bappeeased by
continuous output. 10 22. The pul se nodul ated RF power supply_ device,

accor dlchg 9633H916He11%ﬁr%‘?%&% f?‘et Breperiiam ofhe Q%Peﬁéaﬂ GHitharanty
power is a? d as a control target of the pulse output in the
reu

out put anp € control part, average | oad power is
assunmed as a control target of the 15 pulse output in the duty
control part, the output anplitude control part perfornms the
const ant ahdlki tThe R:llirﬂef alodyd atiegh REWW iqandaodamggshofl . t hecpedkng to
forward pover beco onstﬁni 9
any one o alm o ¢claim 12, wherein,
15 in the duty control, a power value of the pulse output

during the OFF period is assumed as zero, and a power value of
the pulse output during the ON period is assumed as a set power

value.

20 14. The pulse modulated RF power control method, according to
any one of claim 1 to claim 12, wherein,

in the duty control, a power wvalue of the pulse output

during the OFF period is assumed as a predetermined power value

defined between zero and a set power value, and a power value

25 of the pulse output during the ON period is assumed as the set

power value.
15. The pulse modulated RF power control method, according to

any one of claim 1 to claim 12, wherein,

30 ' in the duty control, a frequency is kept constant and a
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the duty control part perforns the constant power control 20 so that
an average power value of peak | oad power which is obtained fromthe
peak forward power and peak refl ected power determ ned by the duty
rati o, becones equal to a set power value, thereby controlling the
average | oad power. 25 23. The pul se nodul ated RF power supply

devi ce, accQrdin any .one.of cl ai 7 tq claim22, wherei .
the duty coRtRs Shatr iRt Rle BBl By betdod AuTafion P B, pemdan
by the congizalk ikl conltrlidused on a feedback val ue of the pul se
out put. 30 24. The pul se nodul ated RF power supply device,

according to claim 20, wherein, in controlling the peak

forward power assum t he_peak faorward power as_the control target
of the pul ¢ 'ogﬁﬁu??fgetmﬁpﬁhﬁ§ﬁ%xﬁﬁrQﬂW FPnﬁFV&smﬁtPBFPeE?%ﬁrggﬂﬂrto

val ue a5 aahgedhacle BIdiMIADRES IR NGR0aMACbaguer age ref | ect ed

power by redicing the proportion of the ON period of the duty ratio,
when the refl ect #d plosetutiys cdomtredsedFF lPe2bod Ther gt cre viamdelsawh i1 8FON
power supply device, according to claim 22, wherein, . dn .
control | i n§erésd SEW@F18§s&ﬁi%&PFh§°B§$@n¢orﬂ§TGh&oﬂgfP@ﬁéoﬂh@uratlon

aver age | 098Uy Efo L5, G LAL1bAr 858 Pln LIEWBIoBLAULAE, KNSy

duty control part gives erl ec ower ack, “an

control s t kentvelagag end Feeeucheydercens! aallsky odtbargi ng the
proportion of the ON period of the duty ratio, when the peak
refl ecl®d power is increased. 20 26. The pul se nodul at ed RF power

supply devige, .accordi ng.tpo_ ei of claim19 and.claim 21 er el

T Phe contrnubusibs girasfafed i phwes Fubhly ARGaSeaF Bt SroBbEts ke
reflected pewer t® @X3888,Veombhesdulgy control part reduces the
proportion of the ON period of the duty ratio from25 100% and
perfornms swtchiag RF ontpet garti focueubpuptingom RE cukputeoffubgmilse

out put control, thereby suppressing increase of average reflected
power . output,

15 an output amplitude control part for controlling
amplitude of the pulse output, and
a duty control part for controlling a duty ratio of the
pulse output, wherein,
the output amplitude control part performs a constant
20 amplitude control to control an amplitude value of the pulse
output so that the amplitude value becomes equal to a set
amplitude value,
the duty control part performs a constant power control
to control the duty ratio of the pulse output sc that a power
256 amount determined by the duty ratio becomes equal to a set power
value, and
the output amplitude control part and the duty control
part independently operate the RF output part to perform pulse
modulation of the RF power.

30
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27. The pul se nodul at ed RF power supply device, according to 30

either of claim19 and claim 21, wherein, during the period
when the peak forward power is increased by the continuous output
control, when an anplitude val ue of peak reflected power is

excessive, the duty control part reduces the proportion of the 5 ON

period of t |o fr % rfor switching from.the
COntlnuous]%§t§H¥yéb 'ﬂﬁ?g%(hfagg puPP ! t&%ylcgndaccordlng to

after the Qggﬁqumwamﬁdyaﬁﬁ,ls |ncreased the duty control part
restores the proportion of the ON period of the 10 duty ratio to

100% and per f or irbeswutpiitn gmpddiudee cpnittye lopaptt andnthel dubyt dentrol
cont i nuous _oqut put contr.ol here pressing increase of average
refl ected Sﬂgfuﬁﬁfaﬁgatﬁ@n%EPﬂog%ﬁH?% % %bgaRugﬁ?mﬁpgpﬁ£me?nysgne of
i ncreasgd. tha %8113&%@%' £6 wgﬂﬁlﬁ%ﬁEop%rlwplﬂbﬁ@/ | §Bitage, and
according to claim 20, wherein, during the périod when

peak forwarcshrpemsdr. i S |ncreased by the duty control, t he

duty control part suppresses increase of average 20 refl ected power
by gradually increasing the proportion of the ON period of the duty

any one of ‘S atBeLPons o anai oo RRTHBkeR, BRR f N6 e T APE Bk fnb o

assunes a pdwdervalfuelefint 1g R elQinpUls ,dwhdi@inhe OFF period as
zero, and assunmes a power value of the pulse output during the ON
peri od1@s a set b upmquntrol pagl. cqneroyL$ stélﬂwﬂéﬁﬁ’ar@ﬁllmqwﬁrzero

supply device ccordl to 3 ne f cl.aiml17 t
wher ei n, to OFFElpert S 'du y Scoht F%Id%ﬁaF © PULFGRULP ‘g\ﬁé’rg?/% ﬁ%mb:f’mtl?l‘és
pul se outp@ht@umlng the OFF period as a predeternlned power val ue

defined between zero and a set power val ue, and assunes a power val ue
of the pulse output during the ON period as the set power

20. The pulse modulated RF power supply device, according to
15 any one of claim 17 to c¢laim 19, wherein,
peak forward power is assumed as a control target of the
pulse output,
the output amplitude control part performs the constant
amplitude control so that an amplitude value of the peak forward
20 power becomes equal to a set amplitude wvalue,
the duty control part performs the constant power control
so that an average power value of the peak forward power
determined by the duty ratio becomes equal to a set power value,
thereby controlling the peak forward power.
25
21. The pulse modulated RF power supply device, according to
claim 20, wherein,
the duty control part enables switching between;
a pulse output control which sets less than 100% to ON

30 period of the duty ratio determined by the ON period and the
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5 value. 31. The pul se nodul ated RF power supply device, according
to any one of claim17 to claim28, wherein, the duty

control part keeps a frequency constant and 10 controls a ratio of
duration between ON period duration and OFF period duration. 32. The
pul se nodul ated RF power supply device, according to any one of claim

17 to claim?28, wherein,. 15the duty. contrQl part varies the OFF
veri od dur SEFD ReRHOLVALEAPNGRE HEYGRE R | he SHtBHEst aRM. Coptrols

varies the ¢y B%Eﬁgedb%ﬁf %1‘44? lo,?. {‘ﬁ‘é@iééﬂc EP%%EE f&éPCl:odBEeaérhleler
constant, thereby controlling the frequéncy of the pulse output.
than the amplitude value of the peak forward power, so that the
pulse output is rendered to be a discontinuous output, and
5 a continuous output control which sets 0% to the OFF period
and 100% to the ON period of the duty ratio determined by the
ON pericd and the OFF period within one cycle of the pulse output,

so that the pulse output is rendered to be a continuous ocutput.

10 22. The pulse modulated RF power supply device, according to
any one of claim 17 to claim 19, wherein,
peak forward power is assumed as a control target of the
pulse output in the output amplitude contrcl part,
average locad power is assumed as a control target of the
15 pulse output in the duty contrecl part,
the cutput amplitude control part performs the constant
amplitude control so that an amplitude value of the peak forward
power becomes constant, and
the duty control part performs the constant power control
20 so that an average power value of peak load power which is
obtained from the peak forward power and peak reflected power
determined by the duty ratio, becomes equal to a set power value,

thereby controlling the average load power.

25 23. The pulse mcdulated RF power supply device, according to
any one of claim 17 to claim 22, wherein,
the duty control part increases or decreases the duty
ratio obtained by the constant power control, based on a feedback
value of the pulse output.

30
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24. The pulse modulated RF power supply device, according to
claim 20, wherein,
in controlling the peak forward power assuming the peak
forward power as the control target of the pulse cutput,
the duty control part gives a reflected power value as
a feedback, and suppresses increase of average reflected power
by reducing the proportion of the ON period of the duty ratio,

when the reflected power is increased.

25. The pulse modulated RF power supply device, according to
claim 22, wherein,

in controlling load power assuming the peak forward power
and the average load power as the control targets of the pulse
output,

the duty control part gives the peak reflected power as
a feedback, and controls the average load power to be constant
by enlarging the proportion of the ON period of the duty ratio,

when the peak reflected power is increased.

26. The pulse mcdulated RF power supply device, according to
either of claim 19 and claim 21, wherein,

in the continuous output control, when an amplitude value
of peak reflected power is excessive, the duty control part
reduces the proportion of the ON period of the duty ratio from
100%, and performs switching from the continuous output control
to the pulse output control, thereby suppressing increase of

average reflected power.

27. The pulse modulated RF power supply device, according to

either of claim 19 and claim 21, wherein,
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during the period when the peak forward power is increased
by the continuous output control,

when an amplitude value of peak reflected power is
excessive, the duty control part reduces the proportion of the
ON period of the duty ratio from 100%, and performs switching
from the continuous output control to the pulse output control,
and

after the peak forward power is increased, the duty
control part restores the proportion of the ON period of the
duty ratio to 100%, and performs switching £from the pulse output
control to the continuous output control, thereby suppressing
increase of average reflected power during the period when the

peak forward power is increased.

28. The pulse modulated RF power supply device, according to
claim 20, wherein,

during the period when the peak forward power is increased
by the duty control,

the duty contreol part suppresses increase of average
reflected power by gradually increasing the proportion of the

ON period of the duty ratio.

29. The pulse modulated RF power supply device, according to
any cne of claim 17 to claim 28, wherein,

the duty control part assumes a power value of the pulse
output during the OFF period as zero, and assumes a power value

of the pulse output during the ON period as a set power value.

30. The pulse modulated RF power supply device, according to

any one of claim 17 to claim 28, wherein,
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the duty control part assumes a power value of the pulse
output during the OFF period as a predetermined power value
defined between zero and a set power value, and assumes a power
value of the pulse output during the ON period as the set power

value.

31. The pulse modulated RF power supply device, according to
any one of claim 17 to claim 28, wherein,

the duty control part keeps a frequency constant and
controls a ratio of dquration between ON period duration and OFF

period duration.

32. The pulse modulated RF power supply device, according to
any one of claim 17 to claim 28, wherein,

the duty control part varies the OFF period duration while
keeping the ON period duration constant, or varies the ON period
durationwhile keeping the OFF period duration constant, thereby

controlling the frequency of the pulse output.
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