METHODS AND SYSTEMS FOR CONTROLLI NG ELECTRI C HEATERS
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[0005] The example conventional method starts with step 102, in which a summing
function 124 receives a setpoint 122 (see Fig. 1B). Setpoint 122 is typically expressed in
degrees of temperature, which may be in Celsius, Kelvin, or Fahrenheit. In step 104,
summing function 124 compares a load temperature 136, which may be sensed using, for

example, a temperature sensor, with setpoint 122 and outputs a temperature error, i.e., the
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exanpl e, a tenperature sensor, with setpoint 122 and

outputs a tenperature error, i.e., thedifference
wWheisee3?7d oad tenperature 136 and set poi nt 122PCT/HSBEDBB4467
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repgesants mubmpbarA(ti cyndes. For example, if R = 0.1%, the response will be 1,000 AC

cycles, or 16.67 seconds.

[0011] Fig. 2 illustrates output signals of the example conventional method and the

example conventional system illustrated in Figs. 1A and 1B.



Typically, the AC power source may have an AC
frequency of about 60 Hz. Accordingly, each AC cycle
W@ d®p063d by ' p') represents approxi mately 16.B7T/US2007/084467
mlliseconds (ns). [001 3] Signal 220 illustrates the
quanti zed duty cycle command. Signal 230 shows the PW
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temperature representing a temperature measured for a load that is most recently measured.

The method also includes generating a duty cycle command responsive to the comparing.
The method additionally includes updating a duty cycle command using a cumulative duty
cycle error and quantizing the duty cycle command to a PWM (Pulse Width Modulation)
signal, the PWM signal comprising a plurality of on pulses and a plurality of off pulses. The
method also includes employing the PWM signal to trigger a solid state relay (SSR) circuit,



met hod al so includes enpl oying the PWM signal to

trigger a solid state relay (SSR) circuit,thereby
w@e@siociony)y energi zing the el ectric heater respPCBEUY®01/a84467
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that the present invention may be practiced w thout
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contain significant periodic components that could cause undesirable small periodic thermal

‘ripples’ on the element being heated.



chanber. In an enbodi nent, the steps disclosed herein
are perfornmed using electronic circuitry, which may
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[0034] Further, one or more embodiments may involve one or more systems or

devices that implements the method for controlling the heater. The one or more systems or
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[ 0035] The features and advantages of the present
i nvention may be better understood with reference to

W @863y es and di scussions that follow [003B¢T/Bs1P07/084467
BAillustrates, in accordance with one or nore
enbodi nents of the present invention, a flowhart 300
of a nethod for controlling heater 135. Fig. 3B
illustrates, in accordance with one or nore

deeiwbooaynmcltide avfeastivee ptraameusshigmm sigma) genefakiogkniglh dgrraometer,

a %ﬁ%lﬁ%%aly? XSt eg;l“{ X on{d) ){A%l#l} tr&) q?wagﬁtég}a gpor x];?f ?/\F/:%lﬂ oﬁthe
absmﬂbrrt@nédnwtpbmtslﬁ# exaoinguame oamsetspps of thd @2thod\s

di scussed, setpoint 122 is typically expressed in
[08%5gr ees Blie feamopandiadvantagahdfche presgntipventiorOshyshatefter understood
Sl e B FARLEIRPkousl s ShERYEY, . SUTT NG fFunct o

ares errpera ure with setpoint 122
t ,
R
preseetdnyenine f Sowehant38) obemetbodifon eantngling feaser 13ppFigpiB dusgrates,
in Eéog%ﬁéé%ﬁ‘cc{ng r FBRSHbbAheht8 6f the gl%?énﬁn‘dér@xtoﬁ;agﬂl&% dif3Rh 320

I e contacting or n

of rsystaur lem@r@haﬂthodmag 34ontrol is transferred
to step 306. [0038] In step 306 a controller 326
[093kes i nThs m SOVt stee ARd imwhick supmips flﬁﬁt!mgb?l‘léﬁﬁt"@%a

se\‘goq{"fié o s@us@&fm@&gﬂt 192 §- typnéiﬁy %%;;’P@ss/ﬁd ih 4@ Q ok‘ ﬂam%tenea&re

| east one of control mare

whighymayghedn Eelsive, Kaliti, oz § @hr@he@r%ﬁatn@l 306 ism@mtna@rmwa}%oympares

lofAf terhfiRatd TH6 Rith ‘ééip&lﬁ)tt 122 S:Y(%&pu@{ d RhpdrRuBbeReF k. eth@ Qxﬂ‘erence
updat ed duty cycle command. The updat ed dut'y cy

beprsairoAd tmpgratg htéa?mﬁ S@tmntflﬁéaiwgaqo'smmram@gmymeméwr@@ using
antaPSrophbte/irdn¥ailcer fﬁpxm&%gat&c@&gérgﬂret& b 16544 tHal mluge

preci sion of controller 326 and/or hardware 332.
COPtRYL{FE OF BRIT-ABLASYREFRTasurempY techpigues uFhgN. opiye mfeﬁwo(@tep
30bS included into the duty cycle command 65.8235% w th

a floating point resolution of 0.1% the updated duty

[oe3ggl e ¢ qmadoéfa cOfe mttskes feo S5t me@aﬁdpelt%rg @Jn:sﬁand
uty cycle

resol u ene The updat ed
SRS W%Yc[graf’@ ﬂ‘g zégégiso/"an on/ of f val ue by noti ng

L.s pol 0040 3 , _har qwar 32
(058 P o 0o leb 0% GBI PP B 7S e ardoe 57 vt the
dupyaele chrmmand Lhe]ggﬁ mm&yf J oM BRIldti0e b@tﬁlbﬁcﬂe éraﬁ_tcagdhl erfattiafg
ntlze 0 ernatijvely, .

undted by SHRIehmrage o heptased by S imatang Ty Bty ik Aine
polnaifedslation o3 he cmwcygle e Mbed dwormuk, $ea ReusHitidnlpadeisERRf tadroller

enpi ns tur 0041 336 he quanti zed
a2 G Bt 59, R bt dramPncv e itk ainplaa Vo RS
indleied intid the dutgl B gle contrhandesS BRI amth a ﬂoatmg point resolution of 0.1%, the
updated duty cycle command 65.8421% with the same floating point resolution may be
generated. The updated duty cycle command is then quantized to an on/off value by noting

its polarity.

[0040] In step 312, hardware 332 generates a pulse for triggering SSR 134 to turn on
power from the AC power source to heater 135 according to the quantized on/off duty cycle.
Alternatively, according to the updated quantized duty cycle command, hardware 332 may

generate no pulse such that SSR 134 remains turned off.



[0042] In step 314, periodically, according to the
time interval (e.g., the aforenentioned V2 AC cycle),
wo besoedzi ed duty cycle command rmay be deened PUBUSBOE(84467
and SSR 134 may be interrupted using at |east one of
control l er 326, hardware 332, and a periodic tinmner
333. The tine interval may be | ess than an AC cycl e.
In an enbodi ment, the tine interval may be a hal f of
[0a#1 JAC cy bl step(3Bb2hAGantizedalty ciycleis thealndded t8 t1R3umplative high
r dditionally, with the nethod
re@gl&tﬁ) Qlﬁtf){t égle %Stl atea y

eying of f any phase of the three-phase

R
af@rrempmgect% ACr%@IQiuhwndetnd duty cyvée qomn@mrd sy be deemey obsolgte; and

S0 e Bl AFRABEE A A TR RO LA 12, oo
tirger 883. Theeting intepeal mrpybeless3aniag Afeeysler drjan emirbdiument, the tlme

! ' e T f

o b ALy Bl S 55 D0 A AR, lbou L 2Ry o
additiualiyowith the method tmplemmm byi keging offany pifase bfeth@wmmhese AC

po%Py %&ﬁ i Rg@ ki8S, Bdim TR NAMRAL 801 6 1/@1 tlgﬁn{%ﬂepgf fbses) or

I's approxi mately the time i'nt e
ll%féwmbdﬂ o ahasgsiu |EI adurwgmtdﬁ d\edmryunﬁye may boimrthserdercof ganoseconds

an%l{qﬁay@pa%(% Fe co I%Gvﬁthttﬁémné xﬁﬁgfayal of 1/2 AC cycle,

cyc command 1s replaced by a next

[obdagat ed ﬁngnym%yegls% qsymperﬁm W54 RCheddutrdy, meamteréuon of the

cufrul ative duty cycle conmand error-every

methed ig corppletes pHisR; fedbackom 138 fepds load tegrperalie 136 iniggup@ing
fuflEoN 159/ $4rh SRR SN D the e MmN ainoahasnal Ri4tR8S TRE QAR GF an
by hardware 332 for controlllq3§§SR 134 ngé@change at
lteaat*pﬁ ebiie method s approxipately e 3 Serngepdicrtly wpdnjiag the duty
cyEl'e Bmas, bkl UBtA@LRE. IGivéd aglmélmtewgpasleﬂnér&w thé GRked duty
enperat uré 136 and, accordingly, the tenperature

cyélr3 commandis mplasediey prestiensatash éwmmm%é—(aawsw Pith he
cuﬁ‘ﬁﬁxﬁ(/é RRFACRE! @Wninl er&ﬁf-@é@ﬁ¢ﬁAC Qy&é @r aﬁ}oxuﬂlg%‘k]?:?ﬁﬁg Asa

| ustT at es, in accordance wt one Or nore
fe%‘l‘fb‘dﬂff‘ﬁ% Aty cygle ?%“Wéé’@nfccf”ﬁv‘éh’t Pses Peytdstiby bargae 432 for
coﬁtfrolms}gsmtﬁ(}ﬂayadﬁlgnéeaea chkﬁ‘d'yﬂ ofhtomt bt msl B sEddgﬁandé}M\over

~and 0045] Si gnal il'fustrates the i ne
timeps Blydrapd ip ﬁé, Nc mve'@wa&é@famw&e.l%andryﬁw@waby the

te&&@atﬁ@ eREMBEY A HGRJIBMNIGRY SveR Bimbasiif HEl @ ENbAbeRW With
Accor |ng%g each AC cycle (denoted by '"p') represents
l'y

refeisRedR i i 16.67 nilliseconds (ms), and 1/2 AC

le repr nts ap FOXI tely 8 33 ns. Si.gna
0F5' {1 | BB RaR iRt vilhdpe 5L EPE cmBAGEIS hGe present
iG] olitPuttsii@ale Eunp hﬁth@fl afd @aalstedhdNustiated inpigaBacndaBy

cycl e command may change every 1/2 AC cycle and may be
[Opsgudor aSigmle b itlusttatesghe AC e abltage of theasC sbwmourne dmenme

nal 430 | se r o de ha
Tyexcalmtheﬁ&%)%weqéyur?e mayctga:%lrf g’n ﬁF I ﬁ&t\xleggho % (/gcl%r 1 glyn each AC
cy8le (den@d by ‘p’) represents approximately 16.67 milliseconds (ms), and 1/2 AC cycle

represents approximately 8.33 ms.

[0046] Signal 420 illustrates the updated duty cycle command. As shown in the
example of signal 420, the updated duty cycle command may change every 1/2 AC cycle and

may be pseudorandom over time. Accordingly, as shown in the example of signal 430,



may be pseudorandom over tine. As a result, as shown
in the exanple of signal 440, through SSR 134, the
waepplog3ond power fromthe AC power source to hREI/E82003884467
may al so be pseudorandom over tinme. Consequently, the
tenperature error may be pseudorandom over tinme, as
illustrated in Fig. 5. [0047] Listing 1 bel ow
illustrates a pseudo-code inplenentation, in
pubses progiclextley hairdware 3B 2o(stiwwdin ireg 8) fof cantrellipg 858184 (shown in Fig. 3)

8 o AV SO B B P v
SSRehdipthe steppb{ dpkverfrénthe Wicgmwensauecel\atand 33 @ay aled bk

PSEL &éﬁ%ﬁlﬁlﬂﬂi@el '&lltogé_egme{nw?@% tg%¥§ tlurerrgr?rroﬂ ina g)obe% pselhdorand?m over

timg s dlostrated in Fig{ Thandat a[i]. chstate ! = RUNNLNG CHAN) | |
(!g_heartbeatok && !g_outputdefaultcontrol) ||

[0()‘(76 handatisfing 1 bdhew plustrates @ pieuti GidoBImpleatantaid, in accordance with

PID 1CH SD LI NELEVEL) &&

an(e?rES g@hﬂ{f% p?%%é/t@ﬁvepf" 0 I\/OZ < CHAN) 88 )
(chandat a[i]. chtype = M M)2_BR _CHAN) &&
(chandatalil.chtype ! = MANU AL_P WM CHAN))_ ). { %

changgiabh bppia ita ESH3I @siOn d SSR duty cycle setti
chandalts § mmé’oé'g“o AT St

IOUI SELSPOUR ¥§d
BeRegs chan[l] thresh | ow = 0;
CPL

yIJseRegs chan[i].thresh_hi = 0;
SEM ggggﬁ(a&SEM cpl dl pul seregs); }

o

for(i=0; i<MAXCHANNELS ; i++)
{

//clear timer reg if channel not active
if((chandata[i].chstate != RUNNING_CHAN) || (!g_heartbeatok &&
lg_outputdefaultcontrol) ||
((chandatali].chtype 1=PID_1CH_SD_CHAN) && (chandata[i].chtype {=
PID_ICH_SD_LINELEVEL) && (chandata[i].chtype != MIMO2_SC_CHAN) &&
(chandatafi].chtype = MIMO2_BR_CHAN) && (chandata[i].chtype !=
MANUAL_PWM_CHAN)))

chandatali].pid.pid_out_reg3 =0,
chandata[i].ioval.sd_err = 0.0;

SEM_pend(&SEM_cpld1pulseregs, SYS_FOREVER);
CPLD1PulseRegs.chan[i].thresh_low = 0;
CPLD1PulseRegs.chan[i].thresh_hi = 0;

SEM_post(&SEM_cpld1pulseregs),

}

SEM_pend(&SEM_cpld1pulseregs, SYS_FOREVER);
if(chandatafi].ioval sd_err >= 1.0) //reset counter and turn on for this 1/2 cycle period

if(1(i & 1))//11iforce counter reset w dummy write if is even channel 0,2,4...
CPLD1PulseRegs.chan[i+1].thresh_hi = 0;

CPLD1PulseRegs.chan(i].thresh_low = 28,

CPLD1PulseRegs.chan[i].thresh_hi =

chandatafi].ioval.sd_err -= 1.0-chandata(i].pid.pid_out_reg3; //subtract quantized value

}
else//output = 0 for this 1/2 cycle period



SEM pend( &SEM cpl d 1pul seregs, SYS FORVER);
if(chandata[i].ioval .sd err >= 1.0) //reset counter
wW@rwsneadms on for this 1/2 cycle period { ifl[!RECT/ES2007/084467
1))//!'! "force counter reset wdumy wite if is even
channel 0,2,4... CPLD Pul seRegs.chan[i+l].thresh_hi =
0; CPLDI Pul seRegs.chan[i].thresh_| ow = 28;
CPLDI Pul seRegs. chan[i].thresh_hi 0;
chanddtali].ioval.sd err-
1. O0- cledXPalseRegpcithnp]. Wiresutiow 8§3; //subtract quanti zed
val ue GPLENPelséRongs. phan[itth@esi di=0his 1/ 2 cycl e peri od{
CPLD cRadsiefRpigsal sthaen{-=10.0-¢hasdata[il.pid.prd_Out_reg3; //subtract quantized value
CPLDI Bul seRegs. chan[i].thresh_hi = 0;
chandat a[SEM.ipostek SEM_apid1pulseregs),
0. 0-chandataf[i].pid.pid out _reg3; //subtract quantized
val e } SEM post (&SEM cpl d 1pul seregs); } } [0048]
Listing 1 [0049] Fig 5 illustrates a conparison
(098] ween kistfiger ature errors resulted fromthe exanple
conventional nethod illustrated in Fi 9 1 and fromthe
(0090 hod i FisatilBTteaies @ SOMPATOLRFEW SR 1eTRReErRBHRMF Fravlied fgm the

exﬁrhge Béreftithall rRefRatill @tated kS N13dn8 FrohthéinBBiod BAcEhndBwith
[ 0050] The exanple of chart 510 shows that setpoint 5

ong or pErggmBedimentxofhe prgsent inyendion Hiystratedin Figantfeddi3B- (x- 1)
OC. In the exanpl e of chart 520, tenperature errors,

(089 and E@@xa@gﬁ’@ dhat 56&3]%#&9&%&%”3‘%&%% A Eubptdse

anfl RAChERLAGo [X9) X AR RxEAPIY 6N¢HaRBD, téficRidste 6Rete 52241 524
t he thod in accordaﬂg(ﬁfrvmth one or nore enbo

| nt
refSFeopiiEs BPBEHE SHRUEREI T I7E F SR TPLTJord gethod (522)

and fe\tieftbd 3n AR3dat R VREIOAE BF ok emBERMeNts BRhepe&hpiatdntion (524),
r di ngtlut o the exanpl e .conyenti onal

512. &005 | A Algc(f .
respestielel, ol ing bopd EmPEAF te gRArex MAGSERAN Y énper at ur e
‘ror 522 may remni n cqnstant. at, 10C untj !l .T. . T
o) bsorseoring B Meatia TR oas mioc Hike fshasly oydle
comMang) kenpeeanyre Birord22 mapedniuiticonstag .at 1 Appitd i Makgrksenth GheGifme
secopds or 100 [ r to meet a

duat}gmix r an,eration og ﬁ%%é%ﬁﬁ(ﬁl? gﬁgﬁéu%agrnge?  €.8., approxima éﬁ, X6.67

seconds or 1000 AC cycles, in order to meet a duty cycle resolution requirement of 0.1%.

Then, the example conventional method may enter a next iteration with a second duty cycle
command. The example conventional method may include an additional step for updating

duty cycle commands in response to changes of setpoint $12.

[0052] Accordingly, temperature error 522 may remain constant at -2 °C until Tsc,
when setpoint 512 changes. At Tsc, the example conventional method starts a new iteration
with a third duty cycle command, and temperature error 522 may change to -1 °C.
Temperature error 522 may remain at -1 °C for the time duration T until Tsc+T. Then, the
example conventional method enters a next iteration with a fourth duty cycle command,

which may cause temperature error 522 to change to 2 °C and remain at 2 °C until Tsc+2C.

[0053] Contrarily, according to the method in accordance with one or more
embodiments of the present invention, duty cycle commands are updated significantly more
frequently, e.g., at 120 Hz, or approximately every 8.33 ms. As a result, temperature error

524 may be pseudorandom. Further, because duty cycle errors are accumulated and are

10



Then, the exanple conventional nethod may enter a next

iteration with a second duty cycle command. The
wex@spé®7tonvent i onal net hod may include an adedT/Us20a1/084467

step for updating duty cycle commands in response to

changes of setpoint 512. [0052] Accordingly,

tenperature error 522 may remain constant at -2 0C

until Tsc, when setpoint 512 changes. At Tsc, the
inéxdedpthen de dutyrtytle neshmansts hedipdater, the datyrvzole etrers atay oancel one

anglyb B b BUPisR o Roiof EIADe o B STRGE AllRgE bhaR

tempmabneeabr 5221 OC for the tine dur ation T until Tsc+T
Then, the exanple conventional nethod enters a next
[0054dr at i oAs edntte agpreoaied fron theyforgpimBecconpanad with thetexamplamy
coﬁger%ggnaﬁ %@Eg&,g)é%' &ﬁrtn&re € E)odﬁlg%otg ?fdﬁ%@?&&lﬁ?ﬁ}nﬁ?rﬁ) f;a?&qult Ina
signifentl}i lngert ayetabeernetihautrollingitoperdane & urtherhsitnegheutpub signals
o RO ot g BERL dMB s S Y pdncon
and gy confain 10 Qeerilc @fnpamrsoxmmteﬂoye@mleynﬂc & pemaglic tAsmal
03 i S RSB SR B AU AN
adaat@angJJSlydedeCv«hen t he dut y cycle conmands are updat ed,
the duty cycle errors may cancel one another. As a
(00553 ul t t Euriber. avithrsigaificantlysharterinserval for uadating ity cycle command,
enﬁ)\ﬁ@ﬁ&gﬁ omg Fdstifd 'r;hvt:xlﬁgﬁ ag 'ZH&D ?Jr%d?e &afilc t@r%ﬁerathQQ:@ﬁ'!}ol Still
can be appreciated fr forgoi ng, conpared
fut“!?é by raginspising ghp faat meom?mdxpdﬁws duty cnele @ommands
enﬁ:‘&ﬁ’i%hﬂ%ﬂh% Ipse‘serh DR el 0B 320 tprdvile @ide i gmvmrt&ﬁ;s&&urb Rorftrol.

| ni ficant ower average error in controlling
ereatbefél@emsef the éfesensmﬁe*émﬂ ray beisysighle §<Prgm1= @a@ffaftnﬁéh‘:

pr%?sep{haME %xa@ﬁﬁ?@éﬂnmbﬁal HR¥Mole pseudorandom errors
signal s may be pseudorandom and may contain no

[00%) | 0di CWRPETMRMNB OB RS BednREcribEPIn 1813 BPSReral dniiodRbents,
periodic thermal ripples on the el enent bei ng heat

ed
thigp ar QHETRIANS. REAMNIFIARE.BPY Y 3lentsewhich %?uwfl@'mta?sqsee of his
inREN@N G aABIKALY béiRCGRE. in WRERLnthy E&rﬁkﬂf w1tW|tHeh>a&nt pracnce rules,

significantly shorter interval _for atJn u
shighies 8 emBlowBLIO FaRRE B MeARInGPLIBEFIRITS ot Tkt ‘Hﬁylsx Be Roted
tha hﬂemaré ﬁlﬁnmt’eﬁxaﬂymﬁps(bf InfNRnahghe nikmidly &d. apﬁx rhthides of the
further, E'tmalntalnln the float point res utjon in

PresgRIARYERP T Ut iy tefatore intesrdatdhe RHipwie Arnspded faipppe interpreted

as cRRAMB allIsHOhEINe 20 nsTHYmPaBMs A d il @dlendy £ GAlBwidhiln kHe true spirit
ure control. Therefore, enbodi nents of the

r
a“ﬂF‘é’Q%ﬂ’?“?ﬂ’\?&‘i‘H“&ﬂ“‘l‘?ﬁy be suitable for nore
manuf acturi ng processes than the exanpl e conventi onal
nmet hod. [0056] Wiile this invention has been descri bed
in terms of several enbodinents, there are
alterations, pernutations, and equival ents, which fall
within the scope of this

11



i nvention. The abstract, being limted in wrd count
to conply with the patent practice rules, should not
wheoosrdodyed t o construe the neaning of the clBOCTES2007/084467
herein. It should also be noted that there are nmany
alternative ways of inplenenting the nethods and
appar atuses of the present invention. It is therefore
i ntended that the foll owi ng appended cl ai ns be
interpreted as including all such alterations,
permut ati ons, and equivalents as fall within the true
spirit and scope of the PEER i nvention. | | CLAI M5
What is clainmed is: 1. In sma processi ng system
Whatietlhieddfsor controlling an el ectric heater

CONRI i S§.NnQ: r.eceiving a,s Qi nt ..t enperat.ute: b)

1 comi? PligaaiesEE Bt *rRnpEiageitionnieR Slgher
coipnipiegat ure, said Ioad terrperature representing a
tenperat ure nea for a load that is nost recently

meadtr edrcc‘é')""ﬁéﬁ%Poé?t HHPL Y&ty cycle command
res ;b;vn3| va@ngating sai disetpoip e pagurelyvithip that tenpemtude) tsyid boad| e

L S A GO g G R mmffﬁﬁ%'seamd

V\:/ dich I\/bgenleahnpmalutﬁ bgﬁ‘aadomér&ad d»isﬁwsivs ltcgmtlf cog??fmgl,“s |S 2 g a
ur U S an ur al i 0

DY CORRlin B i eoRlfinf ultig § firdtin S st BT
r eI @y (Sqilntidng id duty tyskerosinynapd v lmlhg(PelseMgdth Mrglukaaoxd
.el tr t

sigial 5§54 RN B sprhSRRR ARy B ST bel B iyl pff Jisd
pr edef i nadployihgsadPWivhagnal © ttigses a sdlastae BRKLSSK) coywit, thereby

h eti.t I

oG s st B enltF SRR S0 AR L i g

addig @1 g ai nmaﬂupmgsaﬂr&Sﬂem:m invaecapdansawih E’Wiﬂd‘n@m altertad that is
I "
te3 el s O AT, L SHNGH 5R0 Ef F RSN SF a8 Ko ely performed

2. rret Hbel m@thod bfd¢lamll ﬂwhbereompmgahdpmg de'ﬁllua egrasartaive af said PWM
resents d60Hz ACc cle.4 t.hed of

sl S Sl Q8o B bl bl g SR R e

thonghgf 1/3 of said AC cycle and a 1/6 of said 60 Hz AC

3.6YC Llﬂe m%ihocT hFcl{x'F)tl ol?erfg Im aa% @Jegnf é%%e?vaﬁ‘ reiﬁe'sgmté ‘})%Fsald 60Hz AC

represen YUT e ocessi ng
cyclkanber .

4. The method of claim 1 wherein said predefined interval represents one of 1/3 of said
AC cycle and a 1/6 of said 60 Hz AC cycle.

5. The method of claim 1 wherein said load represents a structure disposed in a plasma
processing chamber.

6. The method of claim 5 wherein said structure represents a substrate being processed
in said plasma processing chamber.

7. The method of claim 1 wherein said structure represents a component of said plasma
processing chamber.

8. An article of manufacture comprising a program storage medium for storing computer
readable code configured for controlling an electrical heater in a plasma processing system,
comprising:

computer readable code for receiving a setpoint temperature;

12



6. The method of claim5 wherein said structure
represents a substrate being processed in said plasna
wWEe@see®rng chanber. 7. The nethod of claim 1l REEDSI0N7/084467
said structure represents a conponent of said plasm
processing chanber. 8. An article of manufacture
conprising a program storage nedium for storing
comput er readabl e code configured for controlling an
el ectrical heater in a plasna processing system
conprising: conputer readable code for receiving a
setpoint te rat ure; conput er. readabl e code f.or
ComBARPiE "Edhkle Code S PRSI SFRPET patatare vt load
teth perare pdald 18ad tB@petatlieachrésenfgraatipetatire pre@Seddt fongload that is
tenperature nepasured for a load that is nost recently
mﬁ%%@ﬂW@&?”%ﬁ uter readabl e code for generating a duty
cy ckempaerreddable esde Forien@ating adatyckycle IPramhmrespoasipdioshid
readabl e code for updating a duty cycle comrand usi ng
CORPAM#l ati ve duty cycle error; conputer readabl e code
f or cérpiputdrirgadalgle Saedordiptisting i aug cgElevHMEartdusihg R\Bn (IRt Sduty
Wdth Mdul ation) signal, said PWJ signal conprising a
YEFGFHrity of on pulses and a plurality of off pulses,
whe e putératadai?y\Bddz if@abntizing SAR Oty @0lclé Corhrhar@3e & PWM qbulst

st.ate relay . (SSR)..circuit, thereb rovi di.n
wEiEhGodhed) bl st B Stehit s iRl B S pisesand b
pherhlgaf off pulsed, ierginisaid waag gl B eﬁ@ﬂﬁe(f RItri gggt fﬁdwdgta'tmlay

el d SSR circuit,.in accordance wth a predefine
(ST e R DEETE S RSHE DRI BDET VO S EWM
signalt;iaed e of manufacture of claim8 further conprising

addi n val repr.esent ati ve., ai d. P"WM si gnal .to

5 bt e S IRy S f BBty Breoraghee with
predefidedrimemel tha 04 lagrthasatoobl A @pr. a) through g). 10. The

article.qof nuf.acture of .claima8 wherein sai .
0. o1 e 48 ol RAUFGE PP s oGl g By lugrepresentaive
of said PWM dignal tchaidaduinutaltiee ¢jiclerapotiéstitiatepeionto petfaiminganother set of

wh%r in]§ id predefined interval represents one of 1/3
swgfaéﬁpg;A% cycle and a 1/6 of said 60 Hz C cycle. 12.
10The The 4rtidt of ménufimnuné affidin S vafereird spidpr8defihet iaiervab@p@sents ¥ of

| nepresents a structure disposed in a plasm
Smﬁgggéé fﬁéechanber.

11.  The article of manufacture of claim 8 wherein said predefined interval represents one

of 1/3 of said AC cycle and a 1/6 of said 60 Hz C cycle.
12.  The article of manufacture of claim 8 wherein said load represents a structure
disposed in a plasma processing chamber.
13.  The article of manufacture of claim 12 wherein said structure represents a substrate
being processed in said plasma processing chamber.
14.  The article of manufacture of claim 8 wherein said structure represents a component
of said plasma processing chamber.
I5. A electronic system for controlling an electric heater in a plasma processing system,
comprising;

logic for receiving a setpoint temperature;

logic for comparing said setpoint temperature with a load temperature, said load

temperature representing a temperature measured for a load that is most recently measured;
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13. The article of manufacture of claim 12 wherein
said structure represents a substrate being processed
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