SYSTEM TO MONI TOR A CONSUMABLE PART AND METHOD TO

MONI TOR PERFORMANCE LI FE AND PREDI CT MAI NTENANCE
wakieRECRSE| ELD [ 0001] The present di scl osure rBCHUSH09/001661

a systemand a nethod to nonitor a consumabl e part,

such as a resistive heating elenment in sem conductor

processi ng equi pnent, and to collect information

related to the performance |life of the consunable

part. More particularly, the present disclosure
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paraneters that influence the performance |ife of the
Flﬁgﬁsumabl e part. The collected information assists in
itoring performance life and in predicting
nai_nt enance of the consumabl e part. BACKG?QJN%QLOOOOZA
10991t heThf RessaLTisHHoFe Telates i RFGURA & Retos 1) MeRikor a consumable part,

subiRhef RASEvel R atiRi8erhéht GEEd Rl dhdadtbGbitsSiRg 8EHMRENL, and to collect
nmet hods. However, the follow ng references shoul d not

infoemetinagelated do the parfomehmcs Kie@d therransuniablaepast MNere pagisularly, the present
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of the nmateri an fromwhich they are nade, and nust be

repl aced. Unpredicted or unexpected failure of parts

BRUEBRBUNSSI Stive heating el ements is disruptive to
opergtl ons. For exanple, if a failure occurs during

OFRAT 230 e PR OSSR 8, IS
stiutries ot methodsh dovpved detfolmsing tferbhe@s shauld notibacenstrued as an

wi.th a failed resistiyve heating el enent nust be cool ed
s s ST ST TR P F OGRS QSR BTy reserves
thefifhtGd 88RbBEate P Oddh sBuEViIed dsd/dr méthdditdoRS q@lify as prior art.
consunabl e parts were esti mated based on several

(093] ho dSertqipas) suches pssisaye hratinpeleprris il fugnapess e @cegsumable — over

trhd) Brc RS HIPABE GarRAS fogs et Bs BififiRh B tLGyiERAd Al which they are
el'ement, on a periodi ¢ basis. wever, |

maliet &1di ousabé miplaoed U sprbditiad enurienpquedtfaibure bhparrs\satisas resistive heating
then t

e _cansumabl e a;‘; fails before the next o
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the production operation, such as_sem conductor .
investment in that product wasted. Also, a furnace with a failed resistive heating element must be
cooled down for repair, impacting throughput and operational efficiencies.
[0004] Previously, lifetimes of consumable parts were estimated based on several methods.
[0005] One prior method visually inspected the consumable part, such as a resistive heating
element, on a periodic basis. However, if deterioration occurs between inspection intervals, then
the consumable part fails before the next inspection. Also, visual inspection usually requires the
larger piece of equipment, such as a furnace, or the production operation, such as semiconductor
processing, to be cooled down to room temperature with attendant impacts on productivity.

[0006] Another prior method tracks total operating hours of the equipment incorporating the

consumable part, such as a furnace incorporating a resistive heating element. However, tracking
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processing, to be cooled down to roomtenperature wth
attendant inpacts on productivity. [0006] Another
w@ediooniioer hod tracks total operating hours of PEEUS2009/001661
equi pnent incorporating the consumabl e part, such as a
furnace incorporating a resistive heating el enent.
However, tracking - 1 - DCA/ 2204234. 1ltotal run
hours does not discrimnate between operation at
various tenperatures or tenperature ranges. [0007] For
totak gpgionrs doesna disgeminaga befvjean| opraiersalaariens tempgratugs or temperature
ferent rates dependi ng on operating tenperature.
stoners typically have several furnaces operating
[0097)h dFdirfesampte esisiive heatiisg elemelit§ detgramate hi diffsrenBates depending on

ses te at var.iou es duri.ng one,.
on e SR o FeodermiTR el e Ry e eEp o iRy h diterent
con@iibss ARFerbRltinkGC Bafth peVessedseRaty A vagbiPBmpamthrdstRring one
vari ations' different gEacts on operating Flfetlne
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th?pﬁfa(ﬁ@ﬁ;* i fFe MR i PacROH Wﬁqg%%lﬁe the consunabl e part

S an en setting a préventive maintenance
(08¢8jed uAefulblm edoomethhdusesbs empexstalfa@ptqacte rarinimeg eqlikpenent until the
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faffitetihRl ThB preveiteeahdfkeNRde tdhodulé icfuded dxicRangE@NEN Ednsumable parts
setting a preventive maintenance schedule in this

tyPigH et 3 tigerstiod hasist thap ecipert sdime B fellurg Howguit seifine a preventive
mﬂﬁiefﬁrﬁg %ﬁ@ul@ ﬁhﬁ%ﬁﬁe?ls WSt dptinfAs Sutdh. ek b ?ﬁ:tveﬁtivfe €naintenance

ect anc an Optl onal nmar grn of error, hout
sch lecig Hsi enb@aed@n sherteshléfe gupagtancyarid| an oztipes malrmugf error, without any

colfigﬁé}? iéh SR fmtl.}]al gtl daftlgn ' ?%E{ﬁ%gﬂl@g crgtnl% alH'F ?e\ﬁ%ﬁﬁg \Xﬁen the preventive

enance sc I'S ena arge ano
maifiteharice s¢hedude hxesmactsm ocftremallzdgaf anmmn oﬁlﬁfe diinfef@cawsg ConSIderatlon of
ur.ing the us d has,not been nmade.

di e%%&ratures 4

i EPPTEGS Ui TSt BSOALRAPSRBERLRRIG sl osed
herei n address the above noted issues by tracking
operating tinme within several tenperature ranges. This

SEVMMWEYa det ai | ed wei ghted anal ysis of usage to be

conput ed for each consunmabl e part and/or equi pnent.
(0608 weTlgemyet@mar&aqi nsthode disclpsed hareinopddressithe |8be veenoted issues by tracking

ops&hg%B %x{h? qultahf%glpgﬁmré &qgés r?l%(v@tdl&'é&@(y@é@ﬂ%g §naly51s of

ration ht'e uncti on over
ushgerta bp eomplnie(bfortehrdl mkunwzé)lemaDmQS)r pauiprocht. dhe bagpbttdanalysis can be
bri of th se two The choi

Sl n%lﬁléﬁry Ptéorhrg?tﬁgg a%pilﬁg tq tﬁmgfrapéea%?)ra&ﬁ%s based on integration of

a \h/élélﬁt@([‘ﬁfﬁctlon over the time period of the active process period, or based on a hybrid of
these two methods. The choice of a weighted analysis method can, in at least one instance,
depend on a users need to access historical data for the mbnitored consumable part. The methods
that use a subrange and accumulate data based on subranges of temperature would allow data
related to each subrange being accessible for review and analysis.

[0010] In one exemplary embodiment, the consumable parts are a resistive heating element
and/or other furnace parts. A replacement schedule so developed is then based on expected
product life and can be continually adjusted based on actual temperature, number of process
cycles and equipment utilization. Furthermore, the operating time is continuously adjusted and
calculated so that an alarm can be set upon the approach to the predicted end-of-life.
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depend on a users need to access historical data for
the nonitored consumabl e part. The nethods that use a
waapange2 and accunul ate data based on subr angkGI/U§2009/001661
tenperature would allow data related to each subrange
bei ng accessible for review and analysis. [0010] In
-one exenpl ary enbodi nent, the consunable parts are a
resi stive heating el ement and/or other furnace parts.
A repl acenment schedul e so devel oped is then based on
[08kKject Ad egenalenytsy $terh doramehimaing b difesimre ¢frransumabl Rpst of@ piece of
based on actual .tenperature, nunber I
co B APIH » (A EIEE o8 o e R PR RS S el o
pltifali® Jf Senrdtirg WPekatiye REpesI dit pistd of equipthatt eohd sondasadng unit to
an al arm can be set upon. the approacgldto the predicte ..
megstegfispqrature. of she copeymablopauandn onyraRld SImRHMEARIP éﬁ‘f&owhzmg
urit &l LEmPBRIt O febfling ridgt & dilRe®IntdPa RAT MG ApABute subranges,
of a piece of equipment conprises a totalizing unit to
ardodheninh the dotalizirgranihaccahulatesan epevnt oftime dccogpurgable part is at a
lural ity .of t ating ranges of the piece
Bt whReSRPLANL SOPREES 1D (0 Neasure a ¢
[oE2TPEr AhkkamsikrytshacdostomiDri@g paifétinane a conepeabiopast of a piece of
conmuni cation to the totalizing unit, wherein a
CQUERFEF SRR ODH N AZINGJ AN Gerur T 37 Repnt { gngspent at each of a
plQllanyaéf'térMpe?Jtu&%%%ﬁﬁé 4 BesH MANER Df e@NPm¥A 4l I médiEring unit in
totalizing unit accunul ates an anmount of tine the
orstrbirtrabhuniqasipn tq e gatalizingeynle whergindheneRsURNS HRif measures at least one
enmper at ur ubr
ORGP ELEM R RS pP AR RORL LN SRR S e
cadbureshld pIE Mhe@tnpleinpesitae bpdratinigzbngg isdivided intae pumlitapbtemperature
S@gﬁ‘ggﬁ? g{] \Woffr bé}?cgtpfaﬁglgé gﬁ% Sgc%gpﬂz{%% ea% !é)(%rgta%flft{r% t?lg consumable part is

at@Geth PerRte, withidl cathTBasdHituRGubAhge. i N oper abl e
conmuni cation to the totalizing unit, wherein the

[0883s ur Prgxemplanasisnfascollectinga dpring endfisplay pgpuisa daga of a
C(%%fsu&lgl)(fe ?ﬂyﬁlﬁg?%eﬁ)g Q@g%m@ﬂ%o pR&% AP Sty 6P Fefdu@hS dnftdto measure a

enperat ure sumabl e part, wherein a
tetrpomerasfithecopemalle pert patogecasge dipaiadster corrdatgd to temperature of the

lurality of tenperature subran vonan j .
el EBEL TG BLRGEB RO MBS Gyl e spen
ezt%ﬂ Q5 & pREI®y ﬁ&éx&lpérﬁtuﬁd opi[:trdtﬁgptﬂﬁraﬁg&ﬁ Basatl bhiam oatpothfrom the plurality of

enper ature subrange. [0013] exenpl ar stem f or
megsiriag brignd §pgrryrgulaty ﬁdlumigfp%%‘fggﬁﬁMh@ﬂ@t’gﬂw’“&’“‘ from the

Mnit s RioRed thelitHBHRIR! | ARSeri
D e e e e emperatue

subkangbs a compuamisteosfot reeriving andbsienigeat deaplmg oé theraccumulated time and
thce: %cr:cru?rllu gteedd m}mobetr gPPr%erlkaptoH{ts% a&ﬁ a %It;iShical user interface for displaying and

retrieving at least one of the accumulated time and the accumulated number of breakpoints.

[0014] An exemplary method for determining a maintenance interval for equipment
comprises the steps of obtaining a plurality of measurements of temperature of a consumable part
or a plurality of measurements of a parameter correlated to temperature of the consumable part,
receiving each of the measurements at a totalizing unit, correlating each of the measurements to
one of a plurality of temperature subranges, accumulating for each of the subranges an amount of
time the measurements were correlated to each of the subranges, and determining a total

temperature normalized operating time for the consumable part by aggregating the accumulated
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consumabl e part, a totalizing unit to one or nore of

(a) accunul ate an anount of tine spent at each of a
w@bawaliosy of tenperature operating subranges PEBEES2009001661

an output fromthe plurality of neasuring units and

(b) accumnul ate a nunber of breakpoints through which

the output fromthe plurality of neasuring units has

transitioned, the breakpoints separating adjacent

t enperature subranges, a conmputer network for
time&eiewhmgblangb witly p wetghting Iﬁ@as'mn ovheregf a fitsetemperatnre axbé@ge Is given a
fractloneh Wel aghtt ﬁesaélrve ﬁmse’lelrcatang Eei!.: pera e séHran)%E %ﬁé( §rnsép jera ure s&brange being

loer tlhexaﬁlb s@d@ﬁdtﬁ‘mﬂef’tﬁurﬁ@ﬁbmmgeat ed time and t he
accunu| at ed nunberﬂ$f breakpoi nts. [0014] An exenp

[0 dltivie beanderaiped tgt bothilicipreaeing gencra! é?%ﬁapt%@d the following
de@eqréa RERAptiGPAP bk itarl RBd S4 AR a@Pirdidiidagd & Rbiiaakirtngr
measurenents of ténperature of a consunable part or

exalqnhtmﬂaifltheymwntmaseﬂﬂmnt s of a paraneter correl ated

to tenperature of the consumable part, receiving each

of the neasurenents at a totalizing unit, correlating
BREEHDBSCRIPTIONaGBETHRDRAWINGone of a plurality of

t enperature subranges, accumul ating for each of the
[0916)r anTRSfolbwiguidtiile® Hesctipiont daf boeRd il esHRBEHNWEkEthe accompanying

correlated to each of the subranges, and detern1n|ng a
drawings in il [ikg Rimaerals Apsignatedike slrmreats and in hisht or t he

: [0%%3 UNRRIse 1 Raihl lbygr%gﬂcraﬁg fi‘l‘idsﬁgtetaﬂ %xa%?ﬁé’ M@Ee%ﬂoerat&e profile and the

2204234. 1tinme for”each subrange with
timeb@ﬁtq faga pueness icpsle andhehowi as aggregation of téwp@mmr@tu@ normalized operating
;subrange is given a fractional weight relative to a
sécond tenperature subrange, the first tenperature

[0918)r anBks. nes mgotvcmat rdphentin@er&@sxstéps il ap@teaiplire method to
subr ange. OOlSLf1V S to be %nderstood that both the

acPYPgIGIPAG Tl ioTe Y R 8 BT BTIEBHE IHRAT § FISPBRY e Rithg

[0989]21 | PGS GRd B ERA SREW a@?a%meagyapﬁeﬁoﬁwlom@«te@ ¥a AGkion of
are intended to provide further explanation of the

tempéreitd.on as cl ai med. BRI EF DESCRI PTI ON OFTHE DRAW NG

[0[)%16] FIH@ lccl)n%%\n%tﬂ% 1H§s‘ir%{1cl>11e Qlogv?&'gnt% gé gélm&? of tggl\ﬁﬁr%ﬁﬁe normalized

connecti'on e acconpany
oﬂetd(iﬁg fimeandiie in&ingrdbeakpdists é(br&hefehfpexanrde pn’(’oﬁ\lld'mﬂhhe time profile
[ 001 1d 1B graphically illustrate an

] .EIGS. |
Braphy éﬁﬁpa?ﬂéfkl erature profile and the tine

[o@mf | Brdso6A%n8 sg%wslﬁwneex@ﬂglaw&%@%na%fsg%hm Wr interface
t eterrperature nornmal i zed operatln t1nme.
displaying collected data, both numerically and graphically, and alarms for an exemplary

embodiment of a system for monitoring a consumable part.

DETAILED DESCRIPTION

[0022] The time-at-temperature of a consumable part can be monitored to determine a
maintenance interval for its preventive replacement. The number of heat-up and cool-down
cycles can be monitored to similar effect and can optionally be included with monitoring the
time-at-temperature information or can be used alternatively in place of monitoring the time-at-
temperature information. Temperature can be measured directly or indirectly or through a proxy,

such as supply current or flow rate of a supply gas.
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[0018] FIG 2 is a flowchart representing process

steps in an exenplary nmethod to accunul ate paraneters
wo edogugmB2t o performance |ife of a consunabl e P&Er/US2009/001661

[0019] FIGS. 3a and 3b each show an idealized graph of

oxi dation level as a function of tenperature. [0020]

FIG 4 is a conceptual illustration show ng the

aggregation of tenperature normalized operating tine

and the indexing of breakpoints for the tenperature )
[08R3) i | ElGnich graphiedliyellpstgies pe expnzpde\ Pt rnperdtyrs proftie i0 and the time

i g, Fl = e "
PR B §PeroaT hent o PP AN AARICEAE AR @ peraure of heresisive
hehtiag blemenat € aleltgie t760PCd afte, 7008C teniperapure sahhiyitaared for 30 minutes (i) to

.graphically, and alarns fqr an exenpl enbqdj nent of
tisge &30 BHPHH (TRERY (ORI TGUIS TEBRGUREEH THa oS EPriRE [ipmcasured
tebpelalr LE)' Wt @dadn iIEﬁliﬂtéiH;@d fat 86 BIRREATHT A &fbs@uent 40 minute cool-

consumabl e part can be nonitored to detérmne a
doven périod &ivy bringsttbe madsufedrtemparatpregv @A09C/@).r Eigl H3 elmpystgraphically the

The nunb of heat-up and cool -do ycl.es can he .
SRR Bns IS PO e TRFITE Aot | R Trae normalized
opetingdipet M rehedi®ifbt @ffbragt tkiBerhtufes vhitrib@B e Afounts to or consume

I nformati on or can be used alternatively in place of

difisrent ynrounts afiiee kiferme of f@ﬁﬁﬁ“ﬁfagl{eé’aﬁnfn‘ﬂd%ﬂiq cg erent temperature ranges
art-g%@ eﬁ{iﬁfe?en? %léﬁg égﬁ@i}gﬂ’gggeégtil&letﬁéﬁ 2A10ts {}Bgéf ?i@f(é{ehy w8khts. For

rough a proxy, su y current or ow rate
exainpde, seepiph Vi) gassectiond(v) ale@0the s@RO teA4ratro a@Bhavelti sama weighted

raphi.cal |y jl.lustrates an exanpl e of the,tenperature C e
OIS Sreestd it s TeRor R B rdspobd” AT REREE section i
wit @ lhéshed 8mbh@tulrd Gan kadtiox alpAse lafghewsigedivglde. This is reflected in FIG.
nperature of the resistive heating elenent at tine
B

{
1B gy wliopGoLhavinge WOEEOP%%%?%P?H @-i's maintained for
(0094 NYhERn{dedatdr of ihg%oﬁsgﬁﬁfglg:ﬁaﬂlg BSas(féd %?)ém¥ ﬁuei?a@le means. For

m nut e heat-up period (11) ows to brin ,
exapmity peo-lecated dheamgeaipteccan MEROES teppetaturg. s Imaniofhenexaaiple, a current
for. 80 mnutes (i51)., A subseguent ]
sl 4% S GR eglid R ST P Planchly R A B e ot
cdivfustibri gas chiBbs bumvestatgt @pérhpahiuse. t he aggregati on of the
t enperature R_grr_ralizedoerati [

(00gphper Ketiiteedbring 198D Fatneﬁgnﬁﬁ'nglif}fﬁﬁwlﬁé&@échtth%t fail and no
10k drpRswwad acfegﬁméﬁiaénwh%&ir@%?iﬂilw.t ghé pérfemande 1TBMHOLsSintiRd by

or consune different amounts of the lifetime of the
oxidatonred Hleangerials offtheiresistivrehediing element. (Taajryelgtofjpwidation approximately
inrcr%ggee&ponentially with increasing temperature. Therefore, the performance lifetime can be
considered as proportional to the temperatures of operation of the resistive hearing element over
the lifetime of the resistive heating element. In addition, thermal transitions, €.g., the heating-up
and cooling-down of the resistive heating element, produces thermal stresses. These thermal
stresses contribute to deterioration of the resistive heating element, including cracking and
flaking. Other consumable parts with temperature dependent lifetimes have similar properties
that can be exploited by the systems and methods disclosed herein to monitor lifetime and
determine maintenance intervals.
[0026] An exemplary method for determining a maintenance interval measures a temperature

of the consumable part or otherwise determines such a temperature and monitors the time-at-

temperature and the number of thermal transitions. FIG. 2 illustrates such an exemplary method
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are assigned different weights and the aggregation

then reflects those different weights. For exanple,
wG@e@viionsyi) and section (v) are at the sane PCT/US2009/001661

tenperature and have the same weighted value. This is

reflected in those sections having the sane sl ope.

Al so, for exanple, section (iii) with a higher

tenperature than section (i) has a larger wei ght ed

value. This is reflected in FIG [B by section |||3
fanavesingive heating elemenbipdhe feam of adlowaharti Yhe f@b?@etw comprises

f

Osstg%gba]a&el%ngg%g fﬁegsxrrgrgi}gygﬁ%ls%rgl@%t cifI g?gd %% lﬁ& Q:Yen?é’ﬂ%/ %osmoned n
theaemiveadugroe niaanfaetusihgl pﬁ)cesls 122 andteberingxadipdfahe megsuranents at a
tiﬂiiofl [ ed to the resistive heating el enment can be
otalizNgMted- t o tenperature or a flow rate of a

(00D USThO BIE EBmEMRBd D cHRprisel @dr&whthg ch@NiT e chbdsBrements to one of a
{0025] Resi stive hearing el ements have a performance
Lo

ralit pfrfemperptues sulfenges 2t6h dytemppiatush i brnep tﬁrﬂg%hbsqé pbtgmperatures of the
T
la?%? g?@gtﬁg thih &Qt)(lr d 3¢ th%ggm}rlabl%%art B&: &%fnlfp Fﬁ?glge?atmg

fme s Timte y oxidation of the mate
tdn’(])EratLes tanipé van Bedfadm agenﬁ;tewmﬁtmmfﬁhan bBegl, 9°Cbr myhdiatmiperature, to a
r oxi matel y increas onentially with increasin
S e R, gt IR PR AICEMPIFIUES THBracasy dependent, but

1 B AP $bReCRen BSuRUAP I EAMM fok AlshRiveRRLAL Ur es of

operation of the resistive hearing el enent over the
[Q028let i rhbe tsfmpekasure elsbremgeeeart@anemg &0 vbeeis of tepperature in which the

ox1g 3xon be av1(§rho EthrI:aclon%urn?e},r%) € U :gslilbsgmg?]llg at%lp ?anlpe tclaH gihléRmse be selected

I ' Ng- I've
bzp;éd) o Gﬁ&xtdﬁéd&rﬁrﬁimpﬁ:fahﬁﬁ pefile. The ecarhjple,rifrtle ostdlaﬁGISESel as a function of
contribute to deterioration of the resistive heat|

tige eRRpits platgys pg Pﬂigr Eelatélgq@,l%caéﬁg sylpsmpﬁlby constgat(.e., (%/o) oxidation

1&9@%»@1@%@%&4@%&#& LEPELAL LS b@%sg@glﬁe f 2 ltentﬁatﬁrg%ubrange In
have sim lar propertiés that ¢an be expl 0|ted by t

am;ykzqr exanped! ﬂnephlddtsordlﬁs@ lap s &uncherr eﬁ time 1§ sm@mhdmxmnentlal then the
nme an nt en i nt erval S 6
SR P R s R G Lo Ay ReRlent i PE R the
tenipeRur@ LborfiRpedifSto @vére H’D%@Eh’g’ean @hdﬁh@ 1@@&15 sombbethpar dxamples are
or otherwi se determ nes such a te %er ature and

sqlpﬁwatﬂfe}ls iystsated, @Pﬁﬁttvéhb&%lﬁj?% G P VFROENC: 8¢ shows a smoothly

eg& hﬁ?ﬁﬂ?lh%'o%rd%onﬁE@l aa Rlnctisy st SeraiduPhd FIG, 3b shows
- 5 - DCA/J 2204234. 1for a resistive

ohéatqndgvetsl agraggction of teenpemature vfitha firbtexperteanal incFerse BE.@ plateau 44 of
lﬁ;@{é&ﬁjl& rﬁgfﬁqmﬁ %r%r %1oneI%ve(ﬂbt flrllere]lxln%lcrea%ng rei%PéﬁsX 48 atreﬁlon 48 of

errpe ratur ve he
sibsaniAlly cpAshrt loQialeﬁion Rvélkans & Btcoad ekpohertialrnetthgeciur i ng

[ 058]0 es thez gxe%inpcljar; ?‘r?e?}llo\(/il crg)?np?lggshacgtfm&laﬁ?ng%gg eSalEJ: ﬁgtsﬁbrgrtlgeg an amount
of time the measurements of temperature were correlated to each of the subranges 28. For
example and in reference to FIG. 1, the subrange to which a measured temperature of 700°C
would be correlated would have an accumulated amount of time of 30 minutes for the heating
period represented in period (1).

[0030] In an exemplary embodiment, the method comprises determining a total time for the
resistive heating element by aggregating the accumulated time for each subrange with a weighting

function 30. For example, a first temperature subrange can be given a fractional weight relative

to a second temperature subrange. In generally, the fractional weight should be related to the
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totalizing unit 24. [0027] The FIG 2 nethod 20

conprises correlating each of the neasurenents to one
w@booa/1plosr al ity of tenperature subranges 26. APCT/US2009/001661

tenperature subrange is a subset of tenperatures of

the | arger operating tenperature range for the

consumabl e part. For exanple, an operating tenperature

range can be froma tenperature mninmumof, e.g., 00C

or room tenperature, to a maxi num operatin
relatiyp eonitibition the éenmpexdtws proyidas e the QXtdéhﬁwfage paterigl. For example, the
e
0%%8&32%?@?} f(l}ggtﬁ of l? et:l'igtgr;e%%pggral qgrg%eg gntg] I?Qfﬁagﬁl% t&niperature.
Atemieglst afiet tsmbmangembc:mge tower @sparsecadnd teuiEs@tus sobrange will have a
t rature i ich the oxidation behavior, of th .
s RE TGP P T ESUlsraiE PSs O HE CSAFLOTP Ve ahe Fntion of
tefipBRRIN &6 HReosRhIBel 8t de @6buRidg hBfinalized oxidation values then used as the
oxi dat i on- tenperature profile. For exanple, if the
fratiogaltesghty foy leives tempeieneisubrarge. ¢4 yiilasanprrach can be used to directly
Bl oo Bl VERPAE L yen S B o lating he measured
tehe)ﬁpetratowmnclﬁamhnmmtmgsebmage e batbs;'a@a,emdas used herein, the

tepperature subran I n _ano if the

il bRt 3P Gy BomBio0 8L SRS ot iy

(083 PONeRkRbatidg@n bt BE afphsabR n@a‘thddermelfadt Wkémpslany datodiment,
arbitrarily assigned as, for exanple ery 1000C or ,
aggregatingis &Y avmminewith dspurieliting funstien eH?fea 1650 BIFaHgemen, time interval is

t t

m% gﬁa f%)rio%a{'n?}/eed Tﬁ;ﬁ?ﬁfat eo& Cﬁkrgglg% g?g?%‘ggfl@fgﬁfunctlon f%r that temperature
orath@t sﬁlb@lge%d thvlme;pmrrﬁaldGln Saothyn eygmplary wgrbpﬁllnyent all of the time interval for

ntial i ncreas oxidatio \Y% unc
SRERTRL b Ak 5 ERIO AR iR riitFs cPinfle PLOGI s ing or
dlaﬁh@, by ﬂetwsaghtmg ﬁn&ﬁiﬁﬁ fatthit Genipetdturd of thassubeangen©ntduade, other
increase 42, a ﬂ)eau 44 of substanti al | con tan}
mgeRatqabaperatipar cansb yspd depspdingndhs RS pad is yalies, gt the weighting
funégon 48 of substantlally const ant OX|dat|on Ievels
and a second exponential increase 50. [0029] The
[083Unp| Anyexampleod agesegating by sepmingyy it the gyefebting Auktigrf follows: An
t f
)%Hzﬁloﬁtﬂlg Sﬂ %e?ﬁle@%?%ﬁ%:g%&%{ (gggcézgt%ﬁ 11o &%ﬁﬁlﬁgﬁe raZur?gteosf time at a
reZéiencEOerm;ﬁmlife |b§% aa:bﬁlsum’hbreqfaﬁr @mcae et(ﬂnllﬂh G 8.15 minh@ire at 1000°C for one

subrange to nmeasu rature of _7000C
B GRPe oToPIA BLF RSO 5 i ol b5 Sl Gt BiS A of hours
TOhpdrAiR iRErvaR (5 d?éﬂh%ﬁ dgﬁ{edtf&ethgﬁﬁ)tréxﬁgs peri od

represented i n period . [0030] In an exenplary

enbodi nent , thewdEGhQGO@ﬁhprlses deternmining a total

time for the resisti at.i ng el enent by aggregating
t he accunulat@ﬂmﬁihéygeﬂﬁEQCh subrange with a

wei ghti ng a3 is 701°C to 1000°C
as 1s 1001°C to 1300°C
Weighting factors (w) are then defined:
W1=0.25
Wo=0.5
W;=1
Wi=2
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function 30. For exanple, a first tenperature subrange
can be given a fractional weight relative to a second

W0 esopaLABUr e subrange. I n generally, the fractPCIak2009/001661
wei ght should be related to the - 6 - DCO 1/ 2204234.
lrel ative contribution that tenperature provides to
the oxidation of the material. For exanple, the
oxi dation level as a function of tenperature generally
increases with increasing tenperature. Accordingly, a

Notg thatthe wrightieg faeter sanreadizamingdady marhinesthe eapaeature subrange where

oné RS{H%? %#ﬁt?on c%m:l%{%g % Wml Axn&"f’i\éﬁ uffit Eﬁ&h%{%'i)glf Jagﬁ:ts!ug—"ﬁﬂlt of total life or
alternative approach, the oxidation

mdlmmhceamteavaﬂ ureaduremeno ind amgamgtthat sulpangehoevaightimg Ifact@df one. In the

with th resultln nor d oxi. atl ues then
abes s STFHES P SRS Lhhg e ¥ SRR RV cpeySirige dhe above,
thestum@a@ﬁmn/exswap}e@ieda@m @ach can be used to directly

assign a fracti onal wei ght directly to the measured

tenperature, wthout correlatlng t he nmeasured

terrperatureto e In
bot h cases, agabs %h theEVelgﬁﬁgwﬁgfunctlon

results in a tenperature nornallzed operatlng tinme.

[ 0031]  Aggregating can be by | e et od. In a
where N {s ths BEPPE O ket we&weralafggpéaﬁ PHeRtioa cgy %Eﬁﬁﬁ?ﬁ%ﬁi as:

with the weighting function. Here, each neasurenent
time interval is nodified, for exanpl e by nultiplying
or dividing, by the weighti @p hlon for that
tenperature or that subra ge ‘¢ hen summred. In

anot her exenpl ary enbodi ment, all of the time interval
for a tenperature or subrange is first totaled and

O3 R o RO, T L 09 Ut

fursetibn aﬂ@thper@furéiﬂl) li1$ & cor@inelis fiRdtiaamat i cal oper at [ ons can
be used, depending on the |nputs and the val ues of the

ME|ght|ng function. [0032 Amf?gﬁgfle of aggregating
by summ ng with the melghtan ion follows: An

oxidation unit (Uc) is defined as an amount of

whed @ert)i-om,.4 j Wieer€ o RstheBetubilaBorlynd 17,Qf theiweighaibg dunction. The weighting
reference tenperature by a consumable part. As an
funssiomerdnehe acugved fumatighy dhistmetlggioo an iagraithesedangthedhn be

d. ;The t ot lifetine u r HC

[0%’%)58 tIH gnl exeip Ef fnbﬁglmegt \eﬁ)eerjnagé(l]a or I'JGH%IES %Jr)lgra{\' i g’g;'aq & prompt a
ma&{taiahlfhedi/edﬁﬁllhdﬂﬁﬂe fotal tifeeqaalb oges a rantimsSse@dmt3a. BAGAGnple of a

a2 is 501 0OC to 7000C
maintenance event that can be prompted includes replacing the consumable part.
[0035] In an exemplary embodiment, the method comprises comparing the correlated
subrange of two sequential measurements 34 and, if the correlated subranges are different,
indexing a breakpoint register 36. When a value of the breakpoint register equals or passes a
breakpoint setpoint, the method generates a signal to prompt a maintenance event 32. The value
of the breakpoint register can be determined, optionally, by a weighting of the input to the
breakpoint register similar to the weighting described for aggregating the accumulated time for
each subrange. Correlating the subrange of two sequential measurements 34 and, if the correlated

subranges are different, indexing a breakpoint register 36 can be optionally included in the

method in supplement to or in replacement for determining a total time for the resistive heating

DCO01/2204239.1



a3 is 701 0OC to 10000C a4 s 1001 OC to 13000C

Wei ghting factors (w) are then defined: W=0.25 W=0.5
wOBsM1Md2=2 - 7 - DCO1l/ 2204 234 1Note that theCT/US2009/001661

wei ghting factor can be determ ned by matching the

t enperature subrange where one hour of operation

correlates to one oxidation unit or other applicable

sub-unit of total Iife or maintenance interval

measur enent and assi gni ng that subrange a weighting
el¢ment by agdregating theraceumulated imedarseach subnanga g‘éth@ weighting function 30.
BTSSP AL Tt consumable par.
[0036]r eSB&W@ing A skipoins canbeex(Ming atprédBavhlue dfBasdtpoint adkadount is increased

... + WNaN) where N is the nunber of intervals. In )
08 GERIFEAIBR T 215HIEA SCRRIT S 3P befallig beloprarressy valye ofja setpoint as

adgP3R AR X dIREEd BDm3RA imkihieVaNRtb YA B Melsefpb@B Of course, other
met’hod uses a weighting factor as a function of

matbpmpeticat eneeationy canrbeansediotanipiiage thervetuedand tptegesthe fumction of
= , re a.i . W is the
¢ u}ﬁﬁnggﬁ?rip ﬁéﬁ%}an%l? P}cl)]r% .Sétaﬁg%%?{)}lg{ ?egﬁ’c ti on can be a

[00BT ]\I;edFiﬁ. Afisincdnceprual iHusratien b@showsngithe agdregitiah-obasednd the

. Iret.ho 034] In an ex | ary enbodiJrent, the netho

in, m?@é%a%@ﬁérfa% S IRl BT TS B okt B2 forthe
px@(\/e@@&yc‘l@'ﬁ%ﬂi&@lyti@ﬁsﬂlateﬂ MBI QUB BI M, PRSEESgAiohWAtim@Es collected by a

set poi nt An exanpl e of a_ naintenance event  that
fistindreddp pushss agegmatt ijdlizer. hicidh agosiped Bifhaunsgisular temperature or
teH@ElraturJ 8.9&35 bnd fhe %ﬂmﬁ?red'ﬂ?}a%iﬂorﬁrgp@ LEERE b 5'3@00?&“31@9 64, suchas a
conpri ses-conparing the correlated subr a}ﬁge of two
trasiioe ot bhkpoba soureerewhish 3lassorihted With h partioulreieaiperdture or temperature

T N AL TS D ——
afRf tRl pfoRbs PAREFI@. DIIEEKPaiwiratseiéietiiplary Bembe&toli 6lis and exemplary
ter%ggrg{pge: Iieglgge% aiél gl?b?elmgteso, h%{zvg\r;rg,t ditz"iferrcl}r?tI Iputmegg:?gf bemse Xnednciiffgr%ht temperature
ranges and subranges. In particular, the number of temperature ranges and subranges is generally
related to the batch processing method and is application specific and the number of bins is
related to the oxidation properties of the resistive heating element.

[0038] In an exemplary embodiment, the method optionally includes remotely monitoring
over a computer network the total time, the number of breakpoints, one or more setpoints or a
status of a signal to prompt a maintenance event.

[0039] In an exemplary method, the method continues to loop through the process during at
least a portion of the manufacturing process, preferably during the entire manufacturing process.
[0040] The above exemplary embodiments can be embodied in an exemplary system for
control of a semiconductor processing unit that has a resistive heating element. These exemplary
systems can themselves be embedded in (a) a control unit, (b) software saved at a control unit, at
a computer or on a server, or (c) firmware. Other systems can be for control of other pieces of
equipment with any type of consumable parts and can be similarly embedded in (a) a control unit,
(b) software saved at a control unit, at a computer or on a server, or (¢) firmware.

[0041] FIGS. 5A and 5B each show an exemplary embodiment of a graphical user interface

displaying collected data, both numerically and graphically, and alarms for an exemplary

-9.
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of the breakpoint register can be determ ned,
optionally, by a weighting of the input to the
whe@akposnt register simlar to the wei ghti ng PEFUS100EW1661
for aggregating the accunul ated tinme for each
subrange. Correlating the subrange of two sequentia
nmeasurenents 34 and, if the correl ated subranges are
di fferent, indexing a breakpoint register 36 can be
ogg[onally included in the nethod in suqﬁlenent to or
empodimpntHE & grsiem feymetatoringi apnsymable park| Ingtherexemmplary gmbodiment of
iASE I ' - - / lel .
Pl s s PRIk etk 0 (Rbibos s fEAACHl ok AT E Bepl orion 74, and o
signdling ommen gt Imdhe humeticad poiBion 72mwiiplepegistat ase displayed. The registers

. mpi,nt enance event that can be onpted i ncl udes

B BB PR LG Bt It @ p AT of & FUBHGy P8 ST yogmess. For cach

subPAnRe) rBiisteRArd iR c RASLRH b SecBmBaRIefme/sH fdtiRfsubraf@l daialktpoint 84 for
as. a count is increased during aggregating. Passing a

thsdinpbion thatsrangs ol npsldition) saaly suhsang has pregisier ofdie pumaer of transitions
oFERPLA 2 AR AR L2 B ESEIEA AT M e it of
bretkpeintsier Hersabiaogd. o pler gréphoprstiaoeit, e tingead t¢raperature is displayed. In the

ni pul ate .t he val.ues and t et t.h upction of . e
AR ARG 75 PR RUbR g RreTout SEpA TP ep Bt ieg g0 displavstimit
seRIiRO it a selcORBtfdce B Gispthyb Surfent St a@Rlatedltinkd. | TH 3K @draliflg portion 76,

60. showi ng t he aggreg;tlon of time and the indexing o?
conditior signale 945 Yrh ehlightehpitionyProwaprmatifnangs eyt vhen g sclected
re@ﬁg:r Eétltm?s &[ﬁ)ggsleé §séégoiﬁtoafre IRRARY. 08884t of ¥idiRe g&ﬁﬁﬂﬂdr{:ﬁéﬂa}@ can be used.
iTlTustrated i n Fi 1. In FIG 4, the aggregation of
[0He | &n melek@ppletd’ eb;bo.dinﬁdn.t sf FliGn d%,?(thﬁ gr,aphi@lmsgsin'@rface 70 is shown
PR R Al oS Bob B fERRGE pE¥ Pl Bgpprare. A setecon
9GO alrewara Bk thisaitsh bétaben differeaOpdrandtad tdyisplasmand grapmgerkion 74. In the
64, such_as a transition or breakpoint counter, whjch
eiaph pRrlieR 4t isR e fragsiingp &5 & finghon papdriyreshgivn in F1G. 5B, a first
trh @R Play S BmfiBRPBintFdnPa BedHdifcd | d0HaEHIARArel¥ccumulated number of
exanpl e, "the values for exenplary register val ues
triysftong and after the process cycle of FIG 1. FIG 4
il dust n [ .
dogaher TR R SHE Refte PHIRILuBle 8 8PS IR, Bftren
cahsiirbsble pdrtsbiFos exatple] iah irelering fdaanip €0is uictuded g ee gaapilical user
.supranges. .In particular, the nunber. of_ {enperatur
feSGoLD ais (BN 256 DeIDPY G GHCER: foReiTEhs o be
diBp19FRSS tHaGrApRidaPekepMikriate apP! | cation specific and the
nunber of bins is related to the oxidation properties

[06#4]t he Anexpmplavesrrtieal nest diterfrsatan heolpgelppadawigh suitable software, such
asf%%?ie yé STRRR IﬂﬁrgtNati%Heﬁ Iﬁ‘&}uﬁl%ﬂrtspp“ onal Iy includes

nmoni t or over a conputer network the total
[0045fe, Thesystanisand aiethude displosadtigreinom berappixdetoaey paisnisble part,

or. TP
part1cu?arly a consumable part that has a temperature dependent operating lifetime or

maintenance requirement, and more particularly a resistive heating element, for example a
resistive heating element in a semiconductor processing unit.

[0046] In one example, an exemplary system for control of a semiconductor processing unit
that has a resistive heating element comprises a totalizing unit to accumulate an amount of time
spent at each of a plurality of temperature operating ranges of the semiconductor processing unit

and a measuring unit positioned in the semiconductor processing unit to measure a temperature of

-10 -
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status of a signal to pronpt a mai ntenance event.
[0039] In an exenplary nethod, the nmethod continues to
wo o@p/118Dugh the process during at | east a poPCT/082009/001661
t he manufacturing process, preferably during the
entire manufacturing process. [0040] The above
exenpl ary enbodi nents can be enbodied in an exenpl ary
system for control of a sem conductor processing unit
that has a resistive heating el enent. These exenplary
thg yesistirg heating elhmaidpyegletremingisealie of [emperafurg VIEGHRIP®) such as supply

CLH'I%% a?& Hl) og%&“e%mmﬁl%éﬁgn a)t th?gﬁ'}zﬁff}l r{ngJnVI\u/atlrJ g{hg &rﬁ%;eﬁure operating range is

on a serve

disided ensa plaraliteoff temperatute smlbrangesoaddahe p)itaéiz'eg upfit accumulates an amount
ui pnent _wit h. .an e of consu S, and

ofdiik PEFR it haRedemiRtis N o CRBRETE Wi 2P BesfRY suBEne.

[098Med B amdthePBtahile, URYdtem Fér o@ll@d@ﬁ@tgt&mgoanms;aaﬁﬁgmﬁme data of a
o‘;m(c) firmar ea.hQJ[ 004%] FI GS. 5A and 5B each show an

regigdvFieating eerpid impamiedndactgr BSPASEIAR URS EQMPTHERR PRERIILY of measuring
| .
urgis ?éérla 9n ,Fh% sgﬁﬁ%ﬁgt}cgncgtp?%cregg& enl)’l(][ggrrgfeg%é %Yen?d:égature of the resistive
h@ﬁ@ﬁ%eme&mﬁo dewenine efvalme of etrprrafuoe vmmromsunlg asasupply current), a
consuna

to zing ualg écb eaoréltmqﬁ% 8{: P%cﬁxﬁi‘lgg ean%nouﬁ%?fﬂg%e spgnheﬁ each of alplurahty of

teRiPEiatuddlopbrating s@rafdes POTHeiselicéAducton 6ro&e§ir@nﬁiltlﬂaged on an output of
portion 76. In the nunerical portion 72, multip

megsyfed teprReratpts feans e pluselity phismpersiiee weasuring Pwaseanér@ accumulate a
RS bf bk Bm?sSthﬁﬂl%h RN thd fn@lsqlre%Qerﬁ]Berghlfef}ﬁE &34sitioned, the breakpoints
tenperature subranges. For each subrange, registers
seametimmaacdn;demmrataw sibraogesl ataoputérmetvBek fayreqefuing and storing at least
range an set poi.nt 84f h for .
one k} rthaf:n Cumyla teél Hgletalgg I;]he: ageumu lgte r lérﬁbeer oﬁ\nteak oruétéfhd%? a rgra&hlcal user
mtelﬂﬁcmfmbeplayahg biidireaidvingns last d@e eﬁthp atqunul8éd ame and tie@ccumulated
with ‘t he respective subranges and a setpoint 88 for
nynper P} BEERkPSINSyr eakpoi nts for the subrange. In the
Ogﬁﬂph sz[riéx@ﬁ‘lpl%f‘y S)Is{'éﬁl tHeMReaBhirifRINRGh@s bk the Semperature of each
di spl ayed. In the ‘graph portion 74 displaying tine at
infividyel rasistive hsitinerel¢ment (@ desmings § valug oftemperatgge via a proxy such as
SR LB RTREL DU B SEAR 1R RA, e pessrin n
mBaGs[ltels die teibperatarediftal gpoupsofgesddtive Bdating elemeats (ar deltcghmm a value of

but t on, a .hai nt enance event wh .sel ect
PR HR 8GR $ ot MBS SUSTLGR pEFHY LRE T T GhBement) or 2

covhimdion Of thaWdbyl € condition signals can be used.
050042 In the exenpl ary enbodi nent of FIG 5B, th

e
#Uphi bedn rs@plaphiystemathe appuntofdimsaccyinelpted iy ﬂ@ﬁtaﬁhzmg unit for

fy S5 @scfibed h

o R b8 e Pl BB D SRR g BB e
Gererally 4 fifst teetpamanc sitfrdnge e:nglqurazr faibealsvei ght dklstpleay ais«n:ond
teﬁlggraglreaﬁgragor ) g re1xa7rg'ple op aggregatlng is addition, but other mathematical functions

can be included alone or in combination. The choice of the aggregating function can influence
the choice of the fractional weights. In another exemplary embodiment, adjacent temperature
subranges are separated by a break point and the totalizing unit accumulates the number of
breakpoints for the resistive heating element. The totalizing unit indexes a register for each

breakpoint.

-11 -
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graph portion 74 displaying transitions as a function

of tenperature shown in FIG 5B, a first trace 98
waoele@phaws2 | i mt setpoints and a second trace 1BOI/US2009/001661

di spl ays current accunul ated nunber of transitions.

[0043] The graphical user interface 70 is selectable

to nonitor and display different consunable parts. For

exanpl e, an indexing feature 102 is included in the

raphi cal user interface 70. The indexing feature 102

[0989]ect &n arhexempfany embegimgntf the sysiem eSEAlRFRFignabRrirempls maintenance

. . o i .
RS O B Bl o B S GRE sy s e mmber
ofievahdped bisakpoists equald @ ppott abreakpofucétpaist. LABAAmMMe 9f a maintenance
aval | abl e fraom Nati onal Instrpnents h 0045£1The. lud laci
cxpsinghidesirrartes G GSIHYE BIHE §IeHEPi FNTHBRI S i Pelyds piacine
oY RPREMIRRh S iRApArts o Bletskibitbaddcyor pracenmsimpl e part
that has a tenperature dependent operating lifetime or

[0081Int edhnekove disglosedrsgmplagnembasimeinet the gysigm gndymethod have been

d%@ﬁl&eﬁtif-l Ye?i:r@r?c%ttjt) g,gor%luﬁﬁﬁll%?pmf d i S E0FH it Bf Mﬁie?&tfné?ifetime that is time

eating elenent in a sem conductor processing uni
afjdd@4Ghpdratueniependamtyp [Howeaer, @xbogdd be 3ppsgcsdteahthtcghe saomet ofeimilar

oBheReE DTSR P AER Rt B S e v o

mh@ridls Glafha atai i arirey Wethpeptutte d¥perdp@nifetahe. €g ex&fipla, the consumable
plurality of tenperature operating ranges of the
PYLFNOS AdRNgrl R syeh srgnegsifrora ity o M@g@m Rg 2 thermocouple or can be
a RRRARN6dsd, Repidten SIS ALGRE gﬂg%nta{aﬁgﬁ%h{%n%ﬂlm&@ other maintenance
asure a tenperature of - 10 - DCO/ 2204234. 1t he
evestsissth asecldanimgi notptisk arranspedting chnthd enaenterianee evephl ue of

ST Sbr e Bl R SR T PR AP RS it e

appRdtRRddtylth6seGRBIea in thg aftaligaddifiorth] dél€lR@s,i mddifidations, and substitutions
plurality of tenperature subranges, and the totalizing
nefipgeitifalll AencEPesman bamadmt iyt frnpEmeRidTon Sespiry @nd scope of the
iMV&Rioh 0 IS RABN thelaPp@lde@cihfiper ature within each
tenperature subrange. [0047] In another exanple, a

system for collecting, storing, and displaying runtine
data of a resistive heating elenment in a sem conduct or
processing unit conprises a plurality of measuring

units positioned in the sem conductor processing unit

to neasure a tenperature of the resistive heating

element (or to determ ne a value of tenperature via a
proxy such as supply current), a totalizing unit to

one or nore of (a) accunul ate an anount of tine spent

at each of a plurality of

-12-
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tenperature operating subranges of the sem conductor
processing unit based on an out put of neasured
wo espatABure fromthe plurality of tenperaturePCT/US2009/001661
measuring units and (b) accumul ate a nunber of
br eakpoi nts t hrough which the neasured tenperature has
transitioned, the breakpoints separating adjacent
t enperature subranges, a conputer network for
receiving and storing at | east one of the accunul ated
CLAMESand the accumul at ed nunber of breakpoints, and a
graphi cal user interface for displaying and retrieving
at | east one of the accunulated tine and the
VAGEN z&g&;ﬁ_nunber of breakpoints. [0048] In an
exenplary System the neasuring unit neasures the
tenperature of each individual resistive heating
el enent (or determ nes a value of tenperature via a
1pr oxX sgt€rh f@Sn&ipphy a Gfldtin@df atcons@blel paeti ofla @itk of equipment, the
resistive heating elenent). Alternatively, the
sYSRastnfBingni t nmeasures the tenperature of a group of
resistive heating elenments (or determ nes a val ue of
t enper at uf Gi¥ib o InRIPIYuRHER ASrRURN HinG bR 4 R a plurality of
group of YESIStFVG heati ng el enents) or a co |nat|oﬁ
tegnf e%anL{ere g be?%’tfenﬁergrg) %451%} thIF g%e%g oﬁ%%%e%{;épé ystem t he

cum € alizing unit for

each tenperature subrange i s _ aggregat by a | ghting.
Fanct i on'® BEHHSE b e ARG R [y Contppletbart Ad in operable
tenperature subrange is given a fractional weight
coanuRicionie thy talidhgiuribnper at ure subrange. An exanpl e

of aggregating is addition, but other mathenmatica

f uncWhespig adempasaiuternpreiriiag raee aliveed intacoptialitn ofdemperpfare

choi ce of the aggregating function can influence the
subnamigesand t he fractional weights. In another exenplary
enbodi nent, adj acent tenperature subranges are

sepawhdred tiyytorlibihg akit paduniul Adschntahuhtadfainiezthe gonsnmable part is at a
accunul ates the nunber of breakpoints for the
terfpetabiré WRhinQ@AtH RehpelaQFeRIbrankBe totalizing unit indexes

a register for each breakpoint. - 11 - DCO1l/ 22042 34

1[ 0050] I n an exenpl ary enbodi nent, the system

generates a signal to pronpt a nai ntenance event when

2.t he ﬁ{@slfigt%xtnq;f cRAH"C ?ér@ﬁll t{glé gﬁomﬁ'fg H?{nﬁ? QlcuRREe yatge totalizing unit for

runtine-setpol nt ahd/or the nunber of accunul at'e

BTSRRI PRl ER03 P PR SRR p R emersre
resi stive he thg el eqent. Ot her ex ngles can i ncl ude
sq,béakﬂggl&ﬁ giypn a ractional weight relative to a second temperature subrange, the first

temperature subrange being lower than the second temperature subrange.

3. The system of claim 2, wherein a signal is generated to prompt a maintenance event when

the amount of time aggregated by the totalizing unit equals or passes a runtime setpoint.

4. The system of claim 2, wherein the amount of time accumulated by the totalizing unit for

each temperature subrange is aggregated by summing with the weighting function.
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ot her tenperature sensitive parts of the sem conductor

processing unit. [0051] The above discl osed exenpl ary
wepdoditeent s of the system and net hod have beePCT/US2009/001661

described in reference to a consunmable part and in the

context of an operating lifetine that is tinme and/or

t enper at ure dependent. However, it shoul d be

appreci ated that the sane of simlar approaches within

the skill of one of ordinary skill in the art can be

Sut i | Thesysteay ofiaimy |, avhersysadigcepteerapsraltes supmpggsppeseparated by a break

time and/ or tenperature dependent lifetinme. For

peinaarsl the totdigingomiaeabhdatpatht nomberod begakpmntsng el enent ,

such as made from SiC or MbSi , can be a thernocoupl e

or can be a quartz tube. Also, replacing is not the

only mai ntenance event contenpl ated, other nai ntenance

6eVentrhe Slfehh GclHMER NN the tahlizvgh uritinddx8Pe flgished férddach breakpoint,

t he mai ntenance event. [0052] Although described in

@ PR&EH 2 e SESHS &Qmﬁﬂp&%nfé‘ﬁﬂﬁc% V&R Rk thel bgiWet s equal to or
be appreciated by those skilled in the art that

| 14 . .Jons, nodifications, and substitutions
p%%?ﬁsif)rg%l% fngg%t %/Ihtdescri bed may be made wit hout
departnment fromthe spirit and scope of the invention
as defined in the appended clains. - 12 - DCA/

2204234 1CLAIMS What is.clained. is: 1. A systemfor ..
Troni 1B PRGTLOIGHB b Abetsin e (OGN G & Qo of ransiions
of equi pnment, the systemconprising: a totalizing unit
betgregr eacmignanceateys subrBLER of time spent at each of a

plurality of tenperature operating ranges of the piece

of equi pnent; and a nmeasuring unit to neasure a

tenperature of the consumable part and in operable

8commihe ateivost diadmt lnevhe@iathe 2y stgn isreintbeddddden éd)ra cantrol unit, (b) software
tenperature operating range is divided into a

sPletdapd EdnyroDiinit, enPesnadutérer shhkaReess (cpfithwéter ei n t he
totalizing unit accunmul ates an anount of tinme the

consumabl e part is at a tenperature within each

tenperature subrange. 2. The systemof claiml wherein

9]5 2? DY enPSt ddifB , IR LEDuRYbIE &t iRk Z heing Rlehent, a

thermocouple or a quartz tube.

10.  The system of claim 1, wherein the piece of equipment is a semiconductor processing unit

and the consumable part includes a resistive heating element.

11. A system for monitoring a lifetime of a consumable part of a piece of equipment, the
system comprising:

a totalizing unit to accumulate an amount of time spent at each of a plurality of
temperature operating ranges of the piece of equipment; and

a measuring unit in operable communication to the totalizing unit,

-14 -
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each tenperature subrange is aggregated by a wei ghting
function, and wherein a first tenperature subrange is
w@eweni17st racti onal weight relative to a seconBCT/US2009/001661
tenperature subrange, the first tenperature subrange
bei ng | ower than the second tenperature subrange. 3.
The system of claim2, wherein a signal is generated
to pronpt a mai ntenance event when the anmount of tine
aggregated by the totalizing unit equals or passes a
r unt Wheseis gheypeasuringqunitipeasyies allpgsh pnect ) tpmperatifpeqfdhe consumable part
the anount of tinme accunul ated by the totalizing unit
arfdoy pagcaodtertcormplated ttolteps tatura nfjdie icensapgblegatted by sunmmi ng
with the weighting function. - 13 - DCA/ 2204234. 15.
The shstiemniahpetitaleropdrating einge 3 dinvdilaidanta plealigraftemmerature
subranges are separated by a break point and the
S k4 ghd1g unit accunul ates the nunber of breakpoints.
6. The systemof claim5, wherein the totalizing unit

| ndeyRseid tHe&BlafLifE ubi? heRRfahlr8 kR tinfttHe YARLALB]e Bart is at a
signal is generated to pronpt a nai ntenance event when

' r..i asses a breakpoi nt
te‘é‘@’? %E)u?%%vﬁhig ca él%%gﬂgl%u{ée%bg gg'l aim1, wher eipn t he
totalizing unit accunul ates a nunber of transitions
bet ween each tenperature subrange. 8 . The system of
claim1, wherejn the systemis enbedded in (a) a )
1Zont Hhs sydtamiof c%ﬁy 1oV hepaame A coFelaGH isr‘?paﬁlfltr? isgsupply
a conputer or on a server, or (c) firmware. 9. The
cuiient oirp &36 flepdpté 1, wherein the consumabl e part
i ncludes a heating el enent, a thernocouple or a quartz
tube. 10. The systemof claim1, wherein the piece of
equi pnent is a sem conductor processing unit and the
13 onspnpddne faplledting)| stotgng, andrdigilatingrentieatiatagf e cevembble part in a
11. A systemfor nonitoring a lifetime of a consumabl e
piBéd df eqliipiei B 8yHém eaupisiBAt , the system conprising: a
totalizing unit to accunmul ate an anount of tine spent

at each .‘%nfplé}aﬁl‘l‘ylgf%{e!a&%in@funh@fmﬁéaéﬁﬂé lhQerRf@4tatel JT8hd @REBSable part or
of the piece of equipnent; and a nmeasuring unit in

1o RS AR P2 AT R £ ALEPR fRplifird GliAl dmkiHatiOpdr; - 14 -

a totalizing unit to one or more of (a) accumulate an amount of time spent at each
of a plurality of temperature operating subranges based on an output from the plurality of
measuring units and (b) accumulate a number of breakpoints through which the output from the
plurality of measuring units has transitioned, the breakpoints separating adjacent temperature
subranges;

a computer network for receiving and storing at least one of the accumulated time
and the accumulated number of breakpoints; and

a graphical user interface for displaying and retrieving at least one of the

accumulated time and the accumulated number of breakpoints.

-15-
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DCA / 2204234. 1wherein the nmeasuring unit neasures at

| east one of a tenperature of the consunable part and
w@2pangioer er correlated to tenperature of the PCT/US2009/001661

consumabl e part, wherein a tenperature operating range

is divided into a plurality of tenperature subranges,

and wherein the totalizing unit accunul ates an anount

of tinme the consumable part is at a tenperature within

each tenperature subrange. 12. The system of claim 11
14aherBiersystera op glabmb3.evhesein the|cansnabls nae iprdvdes g heating element, a

supply current or a gas flowrate. 13. A systemfor
themidcewtlé op quettaitubeg, and di spl ayi ng runtine data of a

consunabl e part in a piece of equipnment, the system

conprising: a plurality of neasuring units to nmeasure

a tenperature of the consumable part or to neasure a
1ar armetsgéiert @F EaInal $0vHeteih RRPRIcALEERISherl e LalicdndBabEprocessing

part; a totalizing unit to one or nore of (a)

ccunul ate an anobunt of tinme spent at each of a

plurality of tenperature operating subranges based on

an output fromthe plurality of nmeasuring units and

(b) accumul ate a nunber of breakpoints through which

he .qut pyt from t | urality of asuyr.| units has ..
16 ardisP il @i 15 Dok tisicdn Sl R AR s Rt Reating clement
t enperature subranges; a conmputer network for
receiving and storing at | east one of the accunul ated
time_and the accunul at ed nunber of breakpoints; and a
1r aphiesustern 9 plainy d drwhesean thepappmefsr soirelaied Hutemperaiugs/is ggupply
at |l east one of the accunulated tine and the
cumeotomalgas Bowmateber of breakpoints. - 15 - DCA /
2204234.114. The systemof claim 13, wherein the
consumabl e part includes a heating elenent, a
t hernocouple or a quartz tube. 15. The system of claim
1813, ™Reyaém of Bigindil 8 6eheddin € UnfONRIVS tinte A3cERlhe@o bl dek totalizing unit for
processing unit. 16. The system of claim 15, wherein
eatcili] ﬁ:n{b@{bﬁﬂgﬁkﬂrﬁlg@@’ dogkddaled B9 widiRiBh Firc¥bn RAREIANY first temperature
el ement .

subrange is given a fractional weight relative to a second temperature subrange, the first

temperature subrange being lower than the second temperature subrange.

19.  The system of claim 18, wherein a signal is generated to prompt a maintenance event

when the amount of time aggregated by the totalizing unit equals or passes a runtime setpoint.

20. The system of claim 18, wherein the totalizing unit indexes a register for each breakpoint,
and wherein a signal is generated to prompt a maintenance event when the register is equal to or

passes a breakpoint setpoint.

-16 -
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17. The system of claim 13, wherein the paraneter

correlated to tenperature is a supply current or a gas
wo bwiramse. 18. The system of claim 13, wherei PCT/ki82009/001661

amount of time accunul ated by the totalizing unit for

each tenperature subrange is aggregated by a wei ghting

function, wherein a first tenperature subrange is

given a fractional weight relative to a second

temperature subrange, the first tenperature subrange )
2lhei nigrelsysiem of plaim  hevhesein the tolakizieg writindexes pregiRjer, fonepch breakpoint,

The system of claim 18, wherein a signal is generated
andovhsrednrp signal ingenemteairto @ramm atmaviferancheveaiwhen the fegistergs equal to or

aggregated by the totalizing unit equals or passes a
passeshibneakpa@hyseipoint. 20. The system of claim 18, wherein

the totalizing unit indexes a register for each

breakpoi nt, and wherein a signal is generated to

pronmpt a mai ntenance event when the register is equa

24.0 OrheROSISRDS elalth 8KAREAL t1REYREK N embedd& m (B & Adntrol unit, (b) software
2204234 12 1. The system of claim 13, wherein the

sav@d eﬂlai c%ht@(g uHR,i ag ai ngl$6§§ oford ae&'r\%ﬁ,% (J)Q’frm%ﬁ{]
reakpol nt, and wherein a signal 1s’'generated to
pronmpt a mai ntenance event when the register is equa
to or passes a breakpoint setpoint. 22. The system of

claim 13, erein the systemis enbedded.in (a) a ..
2% ot A BIEHSHEr deFaP e § DTSSR QHETAT &2 CHRBT. W ithogicomprising
a conputer or on a server, or (c) firmare. 23. A
tha g€ f or det ermining a nai ntenance interval for
equi pnrent, the nmethod conprising the steps of:
obt ai ni n@biipng? pluraliy of measwremertiyehtempsrature aheeensypable part or a
of a consumable part or a plurality of neasurenents of
plarahgredmeagreroents ef apaameter dogelataddo tempepfiure hEthe consumable part;
consunabl e part; receiving each of the measurenents at
a totali zédetyingeach of e hedagtrémentes@homfizihgenit;
measurenents to one of a plurality of tenperature
subr angesorr@aGrBicRbT g nfeasur@a&hs ©font Bea plBRN GEEMPErature
amount of time the measurenments were correlated to
supfnPesof the subranges; and determining a total
tenperature normalized operating tine for the

consu rmblagch]xﬁflJiting for each of the subranges an amount of time the measurements were

correlated to each of the subranges; and

determining a total temperature normalized operating time for the consumable part
by aggregating the accumulated time for each subrange with a weighting function, wherein a first
temperature subrange is given a fractional weight relative to a second temperature subrange, the

first temperature subrange being lower than the second temperature subrange.

24.  The method of claim 23, wherein the consumable part includes a heating element, a

thermocouple or a quartz tube.
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by aggregating the accunul ated tinme for each subrange
with a weighting function, wherein a first tenperature
weiwanye2 i s gi ven a fractional weight rel ati vECT/OS®09/001661
second tenperature subrange, the first tenperature
subrange being |l ower than the second tenperature
subrange. 24. The nethod of claim 23, wherein the
consunabl e part includes a heating el enent, a
t her nocoupl e or a quartz tube. - 17 - DCA/ ) )
22204Pwanethai of phpd whereisf the pigpeefzguippisat is g serpi¢angyicog grocessing
of equipnent is a sem conductor processing unit. 26.
ufihe et hod of claim 25, wherein the consumabl e part
includes a resistive heating elenment. 27. The nethod
of claim 23, wherein the paraneter correlated to
tenperature is a supply current or a gas flow rate.
288. THEméBEhetlamh 1|, hBlehdhe ERMNAISE PPt BRNEESY teBigtiv heating
signal to pronpt a nai ntenance event when the total
clbgbperature nornalized operating tinme equals or passes
a runtine setpoint. 29. The nethod of claim 23,
wherei n aggregating is by sunmng with the wei ghting
function. 30. The nethod of claim 23, conprising

DO A SR B S RIS kR SSRUEA G s sy

di fferent, indexing a breakpoint register; and
C%ﬁﬁﬂﬁ%ﬁgﬁgogrganal to pronpt a mai ntenance event when
a value of the breakpoint register equals or passes a
breakpoi nt setpoint. 31. The nethod of claim 23,
conprising renotely nonitoring the total tenperature
2801 el meshodgferlaami A3g campresing/generatienignad to prempba Kaintenance event
18 - DCA/ 2204234.1

when the total temperature normalized operating time equals or passes a runtime setpoint.
29.  The method of claim 23, wherein aggregating is by summing with the weighting function.

30.  The method of claim 23, comprising:
comparing the correlated subrange of two sequential measurements;
if the correlated subranges are different, indexing a breakpoint register; and
generating a signal to prompt a maintenance event when a value of the breakpoint

register equals or passes a breakpoint setpoint.

31.  The method of claim 23, comprising remotely monitoring the total temperature

normalized operating time over a computer network.
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