CONTROLS | NTERFACE SOLUTI ON FOR ENERGY SAVI NGS FI ELD [ 0001] The present
invention is related to the manufacture of electronic devices, and nore
speci f i cavbyoittwoaygst ens and net hods for increasing thepefrfiseoiensss2of

el ectroni c device manufacturing systenms. BACKGROUND [0002]El ectronic
device manufacturing facilities, or "fabs", typically enploy process tools
whi ch perform manufacturing processes in the production of electronic

devi ces. Such processes may include physical vapor deposition, chem cal
vapor deposition, etch, cleaning and other electronic device manufacturing
processes. It shoGIQN'H%OLr&dNTEREA@Et&@LUﬂ'IQN FQR ENERGY SAMINGSI s not
limted to any particular el ectronic device manufacturing process. Afab is
typically Igggdpout with a clean roomon one floor, and a room contai ni ng
auxiliary Systems and devices which support the clean roomon a | over

floor, her ¢y, refrﬁérpﬁgsérﬁ n%\%n%on SréJPelét%B to tﬁQrméﬂﬁéctQFe 6 I@Et%lﬁ@de%@s

phrases auxrllary syst ens' auxi liary devices' nmay be use
i nter chang@adl moreerseecnﬁqadiyd&(sth@Saapdmnetabdsj@rt m%aﬂﬂgorhaj@ﬁrcmpy @fe

| mport ant f ' abate toxic, flanmmable or otherw se
; hﬁ%\eﬂ% tbrh‘%rﬁéﬂ?u rgaﬁslyg h

potentrally ances are common byproducts of electronic

devi ce mng@kéh@rglﬁrocesses Sub-fabs comonly utilize |arge amunts of

energy and e anounts of waste heat, which nmay have a detri nental

envi r onmenty@bzief Egetroaizd deliceh n@)ﬂfé@ﬁrrv‘gr ya@mpensdrverab@r g/ plcaby op@pRi/or .
[ 0003] Thus, the inventors have provided an i rov su 5 fab control whi ch
uses | ess @FR#’@? toolWRIgEPEROHBM Hng pr\ﬂﬁ?%ﬁﬂ” PAYEIOp 9f gissEPhifg a

fab's prodygtices. SeldNMABYesses may include physical vapor deposition, chemical vapor
deposition, etch, cleaning and other electronic device manufacturing processes. It
should be understood that the present invention is not limited to any particular
electronic device manufacturing process. A fab is typically laid out with a clean
room on one floor, and a room containing auxiliary systems and devices which
support the clean room on a lower floor, herein referred to as a "sub-fab." For ease
of reference, the phrases 'auxiliary systems' and 'auxiliary devices' may be used
interchangeably herein to describe a sub-fab system and/or device. One important
function of the sub-fab is to abate toxic, flammable or otherwise potentially harmful
substances which are common byproducts of electronic device manufacturing
processes. Sub-fabs commonly utilize large amounts of energy and create large
amounts of waste heat, which may have a detrimental environmental effect and

which may be very expensive for a fab operator.

[0003] Thus, the inventors have provided an improved sub-fab control which uses

less energy, amongst other benefits, without negatively impacting a fab's production.

SUMMARY

[0004] Methods and apparatus for enhanced control over electronic device
manufacturing systems are provided herein. In some embodiments, the integrated
sub-fab system may employ Ethernet and/or RS232 Serial communications through
an open platform of apparatus to achieve a reduced carbon footprint during
electronic device manufacturing. For this example, the system could include a
process tool set and controller linked by sensors or software interconnect with one
183984 _1 1



[ 0004] Met hods and apparatus for enhanced control over electronic device
manuf acturing systens are provided herein. In sone enbodi nents, the

i nt egr at eslot/deed15syst em may enpl oy Et hernet and/ or RSP8Z/USestioabes21
comuni cations through an open pl atform of apparatus to achieve a reduced
carbon footprint during electronic device manufacturing. For this exanple,
the systemcould include a process tool set and controller |inked by
sensors or software interconnect with one 183984 1 1 or nore sub-fab or

| ocal factory auxiliary systens that can be operated in one or nore states
of energy ocomsuaHubdab orHeca fasteryoauxiiane spsiginsi thal cary be experatad imenswirt ched
bet ween dif 0 e ocess,
Viathe comasiiiae rRoSidt o RarBo L IRAEAST: e cFRH LGS st B8 BRS

t abul at e t lseitemat dpetwearTs milrfmierlitoreveksc bf cemlergynennsumptroemalas weqmredr basthe

requested reportin For UX| iar nent syshens th

| htogr ar e PRSP ol 108 BonFBIRY o ihedeled APERGNers ol aE Fedslhe ers ¢ ney
may enpl oy tsmiatodhe )enfeegySOGSrSSUMedrTmmda@hSconﬁﬁﬂh@El I rezad rtienee rdp cal lmmuestedan
appar at us for di n |I-safe comuni cations s ard f ovver
onaged subSHaB T iy s tanG SEh oLl TS HeoTsBEe ah Sub b,

managed st @tuﬁze@aéﬁsimgps)ghal NRItEUts, Mo S tERsTREd Mmalyesraplog Gebd fdara sefsdrs Qirl er;
receive a heartbeat signal fromthe controller; and exit the power managed

state and &MMEPSa ful | power operational state in response to fai ling to

receive the hear beat Si g?ﬁr*) for peC| fied *I meput i nterval. ﬂOG In
some enbodl[‘??ﬁﬂt s/ 3 SQUe: eRiNPELiMEN oﬁrhgaap?ra Ys. s%or e RUBYANEI cat i

standard f @bmanRMEbNERRFERRY %\bafe&mérabhahagédl@abaa@my HdRte sodfifapred to
send one or nore commands tqQ a sub-fab to configure the sub-fab to operate

in one or FOPEIYSRANEP RBPIAHLAN 5T RANST HiagRHhStaeh&aPebheMONsOgRal’ P Ehe
sub-fab to chRthfakPetdidld o Sethtlofér; kécehld 4 heérﬁbéé@@'@r\ﬁ! fF6th 1t9& c¥htkdlek; e

controller; and a sub-fab configured to operate in the one or nore power
managed st@ﬂéseﬁts”@oﬁﬂwguwalg? t $tatec aRd rantgre ; full erayey eonarationghstdean

si gnal fro%éd&ﬁs&@‘farlmb 16 foceR/dAnORBLADSatisfyrd| @%'sp@&ﬂ@& MBS ﬂﬁ!e%ﬁ" state

in response to a e to recel ve the heart beat "si In a specified

timeout intgpyal in kQﬂQ?émﬂ)&u.r% %m&#eme. gﬂséf@rco%ﬁymeémsa

fail -safe conmuni cations stan ard f r a power sub-tab may 1 ncl ude
operating etaedewaor &bpaweramaraged smb)rfage@msmwée adeqrérroﬂernwnjlgweelttheeend

heart beat 8%‘?"%&?6‘%&?}?&5%&3? %%gg-\}‘é\é Wt&h@tu ﬁ%édbefebtljor{ﬁ)%%te iRREvg! ; and

operating t oper tat [ Esponse to a
failure to rmmfeexower tﬁwagedastdbmtandisgndla heartvieat sipealdpdivs Swteﬂabthonedmate

e veLy RO SR TR e EIRTER, R SR REESSR drutbbon ore

confgured to operate in the one or more power managed states as configured by
the controller; receive the heartbeat signal from the controller; and operate in a full
power operational state in response to a failure to receive the heartbeat signal within

a specified timeout interval.

[0007] In some embodiments, a method for providing a fail-safe communications
standard for a power managed sub-fab may include operating the sub-fab in a
power managed state; determining whether a heartbeat signal has been received
within a specified timeout interval; and operating the sub-fab in a full power
operational state in response to a failure to receive the heartbeat signal within the

specified timeout interval.

[0008] Other and further embodiments of the present invention are described

below.
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[ 0009] Enbodi nents of the present invention, briefly sunmarized above and
di scussed in greater detail below can be understood by reference to the

i 1l ustratwoeoanmsedsments of the invention depicted in tireTASPp@ENDEES21
drawings. It is to be noted, however, that the appended drawings illustrate
only typical enbodinments of this invention and are therefore not to be
considered limting of its scope, for the invention may admt to other

equal ly effective enbodi nents. [0010]Figure 1 is a schematic depiction of a
system for operating an el ectronic device manufacturing system sub-fab in
accor dance F IO N Qe e DRAMWINGS esent i nvention. [0011] Figure 2

is a schematic depictijon of i nt egrat.ed sub-fab_system for, use in gn
el ect roni ¢ 989 cEMRASUITERIE L M SYRTEBI TYPrIEBo PHARE SUR TG Eo R Ga et s
of the presgalisddvianiréser d&al bélow, @dhdeduridersio®d B¢ kefdrice itb @ Miistaative
controller for operating and configuring one or nore manufacturing system

sub-f abs i #TROCEPRHR OB R iD¥erdioRelepidiritinren eererdacthdrapingset isitaperiqterh.

][ ?gﬁfl gingurh%mévé@ tRatoiheCkpstpRbe tdraningt ifudkeed Rl pRa0BAbobINMALE o3 URkisf ab
invention and are therefore not to be considered limiting of its scope, for the

invention may admit to other equally effective embodiments.

[0010] Figure 1 is a schematic depiction of a system for operating an electronic
device manufacturing system sub-fab in accordance with some embodiments of the

present invention.

[0011] Figure 2 is a schematic depiction of an integrated sub-fab system for use in
an electronic device manufacturing system in accordance with some embodiments

of the present invention.

[0012] Figure 3 is a block depiction of a controller for operating and configuring
one or more manufacturing system sub-fabs in accordance with some embodiments

of the present invention.

[0013] Figure 4 is a block depiction of a heartbeat signal from a sub-fab front end
controller to a sub-fab manufacturing subsystem in accordance with some

embodiments of the present invention.

[0014] Figure 5 is a flow diagram depicting a method for implementing a fail-safe

communication standard on a manufacturing system sub-fab.

[0015] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. It is contemplated
that elements and features of one embodiment may be beneficially incorporated in

other embodiments without further recitation.
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controller to a sub-fab manufacturing subsystemin accordance with sone
enbodi nents of the present invention. [0014]Figure 5 is a flow diagram

depi ct i ngwea 20attdeodsf or i npl ementing a fail-safe communi eaTiuseosassdard on a
manuf act uri ng system sub-fab. [0015] To facilitate understanding, identical
reference nuneral s have been used, where possible, to designate identical

el ements that are common to the figures. The figures are not drawn to scale
and may be sinplified for clarity. It is contenplated that el ements and
features of one enbodi nment nay be beneficially incorporated in other

enbodi nent I D citation DETAI LED DESCRI PTION [ 0016]

Enmbodi ment s of t he %{8 venti o i de i roved contro stens for
S8t aivegfign gipvies

sub-fab t h&l%fhay QPrPE gr giPut akF’rO‘éﬁﬁ’oC%‘H@L%)f ‘GRR cost
of el ectroni suiRYitAgt rﬁﬁﬁ?@d@ﬁﬁt@gé&%lﬁmeﬁne(@@dﬁgﬁbﬁd DperdtiaRalngst,cant ai n
such aUX|I|ar¥ devi ces as abatenent tools power distributors, primry
vacuum pumSctrepigdeVvies AIAMHIFRINATY SYRRMS punps, chillers, heat exchangers
process cool i ng water sugplles and del ivery systens, el ectrical power

suppl i es affi?1el iTherspHLsiPRtBAY CONtRlY ?%‘a@uﬁ sdewres\as abaienedt tedlnt A6l | er s,
clean dry blvep WRMBRSsARAMER} Wo&TUM PUHT ar%”bé(ﬁﬂﬁm %Uan%UWéltéreﬁurﬁM
delivery systens, inert gas sup I|es an |ver systens, fuel supplies
and del i veﬁ?'”@"@stf@ﬁﬁ exﬁfdﬁi@ﬁr%cﬁr@% C@qleee\ggter @g‘P@"Qﬁoﬁﬂ‘# cﬂellléfw systaitnt
supplies apggebi \r?%)é ?bl?e@s n(?to%llve-rfgesﬁ/@f%‘?n@cmér}ﬂ s& lvds2WRGce
sub-fabs to conmo utilize ts of energy and Ot her fesources,
wear rel at |coeﬂrcyﬂle¢fﬁuqiaarydryaam Sppb|dﬁ$c@nd delpenaspsiams, embiens tadr sepplies whidch may
ave 2 det WollR BlsiEm! ihBREY sBhoiR! &7t deribly Sbichll, fudrRUpRs KRisiiag"S! Ve
systems touch screens, process logic controllers, reagent supplies and delivery

systems, etc. The use of this equipment causes sub-fabs to commonly utilize large
amounts of energy and other resources, wear relatively quickly, and produce large
amounts of waste heat, which may have a detrimental environmental effect. All of

this may be very expensive for a fab operator.

[0018] One reason for this may be that sub-fab equipment has been designed to
operate and has been operated continuously in high capacity modes ("high energy
mode") to reduce the likelihood that the sub-fab will encounter a worst-case effluent
load from the clean room which it is not able to fully abate. Such sub-fab equipment
design may be effective, but inefficient, because some or most of the time the sub-
fab actually encounters an effluent load which is significantly less than a worst-case
effluent load. In addition to abatement resources, other resources from the sub-fab
have been provided constantly in the same "worst-case," high capacity mode, even

when such a high capacity is not needed.

[0019] An example of an electronic device manufacturing system having an
integrated sub-fab suitable for modification and use as described herein is provided
in commonly owned US patent application serial no. 12/365,894, filed February 4,
2009 by Daniel O. Clark, et al., and entitled, “Methods and Apparatus for Operating
an Electronic Device Manufacturing System,” and which is herein incorporated by

reference in its entirety.
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[0018] One reason for this may be that sub-fab equi prent has been desi gned
to operate and has been operated continuously in high capacity nodes ("high
ener gy node2pitwo41iéduce the |ikeli hood that the sub-fabParius2ennsasat er a
wor st -case effluent |oad fromthe clean roomwhich it is not able to fully
abate. Such sub-fab equi pnrent design may be effective, but inefficient,
because sone or nost of the tinme the subfab actually encounters an effl uent
| oad which is significantly | ess than a worst-case effluent load. In
addition to abatenent resources, other resources fromthe sub-fab have been
provi ded cdtgelanfigure nl tihiea ﬁhremamr(mpiqti@geof ahisgstemapaei foy G’ﬂ.ﬁﬂ@tinge@en when
such a ni O GABART WEui8 Mo RaGARt LARES! 08X ARPLRCOaAR SRR EORLC

devi ce manu acturing sy stem I nt egra ed 'Sub—fapsur t a or

nodi ficati emtm)ddnerﬁe cdﬁhdeseserbemdMDm nSysterpr 0 dey inoluderarprdcgsowoad US

pat ent appl.i 2 ruar by ni el
0 e kbR le? 02 Frich mY oe Wkl Bi doeant oRD I B fRiReghegdralicRliskan

El ect r oni ¢ 1D8yvPreedf a:ohtmsllemg 03yrade b "angndicvdtioatputes, hmreprocemrlpgucat ed
by reference | its entirety, [0020] Figure 1 is a.sche ction of a
25t om 100 78t GLeTRE IR BRERAROANE SV 5o Okt fike AUAYG Sy an ki Bb- 1 ab
in apcolr dg@@@ra&bh laf mrmo@élémblnmlt lsooéxldgdgﬂe mreﬁﬁettoolmoanbnem 0255%y Bera100
may inclu a process top ntroller ich ma ed to a process
Lol 108"t FCo SBRVEE NG SLts BRAT GRS, aPHIBE Sso TRt PSnBleof TSt d8oimmy. be
any m crocagnw®/ be ShEEIOBFAHEC88AEs maflfaetfing Prbdess Bodt WHMNN@LiRss efludar dwar e
and software, or the like, suitable to control the operatign of the process

t ool 104. ﬁ@?te&"é}t’rﬁpé/or&t*&ﬁfé§§o%r6@ﬁ frepn@ SyP1fal sypRorhaystee- Sopmunieativay
tower, singhe 1023584 GRYBHR coniiHi@tiod liFRMRAE b T hereb ?’naypbé)ﬁﬁﬁiﬁvn‘egcor 104
may be any el ectronic device manufacturing process tool which C}UI res

ef f| uent abéreiass ANdam@y o1secdMesuitabisn gceraByInication frajoen! fsash ﬁp&ﬁ@s SFM.em

Communi cat 'F@Mé'@kclgﬁd/bﬁlﬂgv@éﬂm et her communi cation |ink described herein)
may be hardwired or wirel ess ang may use any suitable comrunicati on

protocol s Q 12SiTh E;ﬁ%éé@vlt iS¢ 102 NHAP HeDR e
process too bont r ol 102O may brt(a)ﬁ%D % ggt 0 bg sukb erlot%t'?&in cont roll er
108 by meagenipdlles dAtnbyineearisoef qomtkumqajlontnb 1§QbTIflfabutf fabnfrodeandcoontroldsir] er

108 may be 4@RYy. o] ation
of hardwareagnraggcé \%/QW'E%COF@&{ &&Bé@l%t% e o&ggb%'fo% COH@ Epf&

auxi liary $esivears/ deo i SoEtwboe]. oFdheebd@rrp&ttetab@bofmtrbt dh¢ srdfaboatixibhrdyer 108
may be a P r .Sl r (@ |
cte. [oozzr SRRl o e sbriar et b cofloleR B, RIBER e o
sub-f ab ausetveatowesysitgabbdelcorasutdr]l 2nd/di 4 combﬁcta?(dl g8 t hr ough

comuni cation |inks 120, 122, 124 and 126, respectively. The sub-fab

auxi | iary sopazlenghdesubeiad front enaxd:tcohtwlteramﬁ)mmEIyoirt e¢urn( botlinkbdwn) subsfabh as a

PLC. Alternat .vel t he,sub-f fr roller 108 nm rfo t he
Fonct | onal AglS' systebiiosoe 2praf b B 188 Bt homgRritoR TS LA 0% ap
auxi | |h ary d9yst eﬁ$/arlgv1b2&?.esd§(§:tltraﬁwghhé @ub-f@tullcauilaéryasy)stdn?ﬂde«n@sstnfey&lattEV| ces
are snown, it shou e not that nore I r . n our ' s a

S T poke SheRURT et sEOWRD Semesc Lt RISk R e i BB e SR of 1 or
108. Subf algoatier i168 Yn@}'ﬁdr@ﬁm/tﬁ@ﬁ!n@:ﬁ@na‘myoﬁ a’lrohléﬁﬁev@bBL@@ﬁtroﬂe@%rSany&ﬁ power
di stri but ors, PPI’I mary vacuu Illg pare vacuum punp

chillers, RBa 408 n8¥RyE0s aupii @’e§¥3t€6‘t§(qeﬂ&e§vatpéth°§9rbpiwess%f@bdéw'{}%rb’y

systems, e's?ﬁbﬁt's%%knc@@‘é% SsRORPii SouRNBe ﬂ@te'd\tﬁét)/mébesére@ﬁ/er tHéﬂrfourgs?oﬁ) f2enps,
val ves, device controllers, clean dry air supplies and delivery syst ens,

anbi ent ai rauyuilfmsyé@wvu‘@ﬁlwbe inkeddendhe syefab fiatend CSE”"!'P'@éé 0809 es
and del i very, %Mﬁﬁ%ysfeﬂ%/déﬁrﬁé@l 8y |ﬁé\9déj§bét¥ﬁtr§}ﬁt f0r, &4¥p OW&U&Qtn%Efo‘?@ns

process |logic control'lers, reagent supplies and delivery systens et

[ 0023] | n oPEMArY ofRCUPMoERISPSE oRflare oyAqUEN edUMITR? watercbwmpol Obﬂlotsesbeatool
104 by opery %

gener at of 5 P aeers priasE oI walld YyBpic LG daRSHE Systtt BBoy e
controller smomlawdb@h\zwwatamwmvteg@ dusts; dalMgs, tdericstcantrolisfrs, ceah drgsour ce
requirenen h S p ess
ool 104 adhRRIFESNLPERERE S8 cAmBleBF PR S bB%s 40 RaE-DudBer e

dat abase (nsdgsghown) which the process ool controller 102 may use to

cal cul ate the resource requirements of the chanbers (not shown) and the
process tool 104 as a whole. In addition, the process tool controller 102
may be linked to instrunents in the sub-fab (not shown) from which the
process tool controller 102 may cal cul ate the resource requirenents of
sub-fab systens and/or devices. Alternatively the sub-fab front end
controller 108 may be Ilnked to t he |nstrunents |n the sub- fab (not shomn)

o, " o e Y b1 o .



[ 0024] The process tool controller 102 may communi cate such resource
requirements to the sub-fab front end controller 108 which may in turn
control oweeorvmsns1é sub-fab auxiliary systens/devices 1PRT/Uk2e10/036881 and 118
by operating punps, sw tches valves, power supplies, and/or other hardware
t hrough conmuni cation |inks 119, 120, 122, 124 and 126. In this fashion,
t he anobunt of energy which may be required to operate the sub-fab equi pnent
may be reduced to a | evel which provides sufficient resources to safely and
efficiently operate the process tool 104 and to fully abate the effl uent
whi ch fl owgasrsumpliee gndodelvery cybtertd. fugly supiflicscarntdalivgryusyséems.s taushnt a
nininun1a ocess tool
pﬂé%ngrﬁrBSéﬁ%Hé@@%@tfolﬁYso{% %Qéﬁép‘fl‘é%%phréeﬁ&etrg@gstéﬁ\% E.

104 and/ or I enc t ool "104, plus

any addi ti gdﬁg%]rg %raﬂgn gésgfbél @t)’cﬂle? 82"hy Fggﬂé@e&pbés%dto%?&”b‘ies to

provi de a de in’o or error.
enbod|nentQpeumegKmEGngoeﬁo%mboﬁauoemspenmsonmhencmamma@mn@eams et

pl at f or nf t r riat of a
Pt ocess t oSioPBR Bl SuetBRe o CuoBE il oBRRaleh R Rl SREES D <
one non- | i mware)gegaoding ghe atdte rof odancsteslmuac%mmamshtevmfngam Cbhampbert in the

integrated s m hayi, n abat enent | e oq i ng wat.er ul punp
o ea. - a it AR R RSO SRS e hRE v viofee P btk U ShriB . Pand
a control s nﬂm?hdn% addees (ﬂ(g%rdaﬁét@ésfeo(rnlm sisnamt g elo tisd ysro@esemm@ame@neeusgnorrer
eqw prrent prerer ce n cnli eves owest envi nt ot pri nt st
Coehhionl Bt e eao MR MEdp St e I ameri BT v eSS A g orNER 228 p.

For exanpl éhe précBstcoPNhd 8y mabhde SHaddRdnS et RBTEERobINSINU ROt @by BBr e
abat enent unjts, vacuum punps, chill ers I nter connectl ons for various

systens, ahaked it9 iosteEnentsin; bat penabn (2ot cehayad: Temi vhigh ntber BrACcesd 9Pl h one

or nore preeResick A0S} BaRlatdtROFBbEEe SHRitReROBF Obk&d sySHRB el/crub- fab
front end controller 108, discussed above). In addition, the energy control

system as dewieesbAkerRalehh thampubdaly fieet e Gorerallern eineay Ry likeddq the
facilities |rY§tr‘iJH1e%ksSmetrh%%bCfQH'RH&e§¢o§/ 1) culat@%e(‘rQWEé Féﬁu@r@ﬂwfeh%“&eﬂe s In

Figure 2). [0026] The integrated sub- can utili1ze signals control
capabi | i t y stib-fatnsystemst and/ex dapres apdnwng@ iptonmetion pedrrding rareserrcexhaust

and pressupe, PA énltf[)f iy L#fp%tbe%gtérﬂs % 8k Qj'evﬁzgégg?ﬁ%gﬁic%gm&ﬂ%k froller

t enper at ur es’ op cess Speci nown ne

(BKMs) ), ar@2t he abatement tooI nost approprlate for the process tool

em ssion requirenents (e.g., process recipe-dependent energy savi ngs based
upon set poil@d24lcoiheolprdamss péod i contanller e¢0pemayQeonmomali¢ate bodal read@ce

process oLl gt el na Ll BAPAbET sy EREAIGA0alEhiY By iR A3h Elfro eSS

fl ows, power’condi 1 oning, I net” ex her
exchange, etwe suamatbeuxma'ragestemﬁ/dehe:es ntiggt s, dd 6 samb- 1f1é§tmcmﬁramg gumpg,0027]
The integr ate sub-fab

atformutili,zes, sensor in_co ents or
LSRR e T e o B T Sl e ot CR U e
Se[Jl ?I bConmalcs no? 120, ERhetehnd t126. maxth{mfziehufowethaldmc&merogyne@ylvﬂﬂg}n iy
su ab equi pnen contro or ener S
Son 1 oor sibEnTaNed G YoardS e (LA Sctriesst T PorMuCRl IR e WbBs. and
I dl e node. prguidedxaimpdient @u@mce@maﬂegﬁém@@ﬁmﬁtw} @ee&até aieeptd@esﬂwfmh
controller to provide safe switch mg run” " e" nnde an
vi ce versa?dlpdn fully alata e sHUSHt phist J@M@rfﬁ?rﬁétﬂe@é%qeﬁédoerﬂ‘*eﬁyasuff'qmt
2011/ 06041 58X (#4328 FEAREBAInimum amount of resources to avoid negatively impacting

the process tool 104 and/or the throughput and/or efficiency of the process tool 104,
plus any additional amount of resources above the minimum required resources to

provide a desired margin of safety and/or error.

[0025] In some embodiments, the integrated sub-fab system communicates with

an “open platform” equipment set to provide a lower carbon footprint operation of a
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[ 0028] The integrated sub-fab controller can utilize signals and control
capability to provide conponent warning and shutdown threshol d val ues.

[ 0029] | rweana/wod1edi ments, a communi cation standard mayChasesiabisecshed in
order to facilitate this energy node savings to be enabled safely (e.g., to
not enabl e idle node operation when full run is required). [0030] In sone
enbodi nents, a data table of the sub-fab controller nmay be provided with
internal registry addresses where setpoints for different paraneters (such
as process gas, fuel, cool dry air (CDA), water, tenperature, pressure,
throttl e varecespdedltfooa, pradhactiomsanplisgtione nobgsampieofrigure r denicterane hypass

| ' i pul d
Feport o geriilioahPigarafon bESHonEf R SRAVRY i ciiivach leBfadfBuoadi *"
regi stry addrabstmseritonodllé, sate@ling veaier madmibngsmasm@llds agemoid A@ paw@rpoi nt s
t hat d b nj h | i k
[0031]  The *Bta Ay R AR EcHk S O3PS E 2ot Hant i B fiog 07 sae ™)
al | ow n]g ia:platfsub- _fafha;ﬁagﬂqus‘gnhc(cmgmed&teg flmtme?fmumrmntepmf?ﬁn%@ndse :

.g., u un | e conmuni cati.o OSL . [, exa e e nmen
Contr ol | o1 abBERiowES R IBe Ea L oaRty SeotechoRb Rt R hates: Aghes
communi cat itgroughpus, érfﬁieloi/vééteﬁfsabﬁdmmﬁmibabosyﬁirﬂﬂb édch@mmgumtel Qub-fiap | ost,

t he abatenent system.s | d default to h ner node and reset t he
o pai ot o FUSLer ST daghd8 e, O dmpre H0g iRt Qi) (o SR GRS Sone

enbodi ment snte@Bnhdytivhs 366 VEHOR ki stains 0Rnd alitilitiee didhiraioat ifda SddngaRP unit
controller may include an Ethernet or RS232 serial connection, or the I|ike.

An Et her neSYRSHARIARE Mithones PR AEP PTRREPSHECISHH? efeltasiats] swbdab diongolas
abat ement gQpd éLﬁ)Lfanltdf‘lt 8Rd Ebﬁt%u@eaoemﬂs&%sed\ay&éjwn bﬁ’d.ﬁmrtﬁé%nwgy be

assigned to each abatement nodule (e.g., each abatenment unit
addr ess naVOB@déﬁ§Pmya%@ﬁﬁ@ﬁﬁﬂdﬁﬁ@nﬂﬁayﬁ§0ﬂﬁévwie¢whﬁﬁﬁﬂwh9r@%Nﬁﬂym@§

oy be | mpl SIS s (S e Kor Bl o P 7 o
serial por fypger it |rg(89rtgte;deﬁ§éir£égsca\f‘ﬂutlhz@§| Gbléeihg CHVBLSHIDR, FBege over

an R5232 serial ca adapt er converts to BaseT.
for example: pumps to control process chamber exhaust and pressure, chillers or

heaters to control chamber or component temperatures optimal for the process (tool
specific best known methods (BKMs)), and the abatement tool most appropriate for
the process tool emission requirements (e.g., process recipe-dependent energy
savings based upon setpoint control for particular recipe). Optionally, local A/C,
process cooling water, air handlers, chemical delivery systems, purge flows, power
conditioning, cabinet exhaust flow, local thermal cross exchange, etc. can be

managed by the integrated sub-fab controller.

[0027] The integrated sub-fab open platform utilizes sensors within components or
appropriate additional feedback sensors (communicated via hard wire RS232 Serial
Connection or Ethernet) to maximize overall energy savings on sub-fab equipment
(e.g., real-time control for energy savings). This configuration enables safe
switching between Full Run, Lower Run Modes, and Idle mode. For example, such
communication may facilitate the sub-fab controller to provide safe switching from
“full run” to “idle” mode and vice versa upon satisfaction of pre-determined desired

criteria.
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183984 _18 [0034] For exanple, in sone enbodi nents the integrated sub-fab
system may enpl oy Ethernet and/or RS232 Serial communications through an
open pl atwormiafoappar at us to achi eve a reduced carbon Pootyseémosesar i ng

el ectroni c device manufacturing. For this exanple, the system coul d include
a process tool set and controller |inked by sensors or software

i nterconnect with one or nore sub-fab or local factory auxiliary systens
that can be operated in one or nore states of energy consunption. These one
or nore auxiliary systenms can be switched between different |evels of

ener gy con$@agit i dhe integriatrilisutethblppntrhliermandditize sighalstand cootiolresipabitity The

i ntegrated ate the energy consuned
for each c& ﬁ%@%%@ﬁn?%&b@%%@&%d@@ﬁéﬁaesﬁidegﬁpgéportI ng. For many
auxiliary on r th Wi zes

exi sting sﬁ@@l grﬂt%éméserﬁ%‘ 'ﬁgﬁﬁér Sc#rﬁ@@ﬂi&%@/&#sﬁ%ai@ﬁaﬁ b}tag%giéﬁggr@ or
noni tors. [oOfE35) F—‘aaylhate tBlsda@prgyt mode bhoogs Wi beyeaabled safetyoietg. ,oﬂol rext eB@lef or
control li ngdlgpn d%oprépe{t%n faﬂ%rlgggq@éﬁiem sub-fabs in accordance with

enbodi nent resent 1nven onme enbodi nents of the present

i nventi on, contr r

controll er [&fg(g o(rPrpa Sl?b%hg%(a?n tggr?t%[égwqgea%@ aB 8 g@ﬂg}seaéy th
respect t o pFovidedewith |mt|9rrﬁad)meg|emﬂ)addme9e$whel'msemnmmfdreilff@@ﬁt psramemdxred by
sensors or ,a %oftvvare i nt ef nneg1 é& rmre S bf abs or a@
factory auftydAYPIQGRTSHAS: {45ktC00 ﬂrybaér ai"”é’ ﬁ?”lﬂ% gie: Rﬁﬁséurser RY€of
ener gy consuNptpdsitionTeatnmeme systeimbperatishali parsmeyss ebppasanvdde positiohed
bet ween di fferent. | evels of en consunption, as required by the_process,
Via the coRPRde dke) oARcbe: BiRninaey. asor iz Jasisdnand frhorls aprefaietar Bt he

ener gy congdietibicosf Bacdoneengronestals®praver rdgisty didrésset GGUSS bieems epar ti ng.
In sone enbodi nents, the controller 300 utilizes existi ngg;3 si gnal outputs.

In some enBEHiRghHES Wellife Anaiag KPinaints st Srpel &y So seriivtrgt (Pusk A8 ressure,

noni tors. [&AS&htUE SRiBe BR&Pdi nents, the control [ er 300 conprises a
central processing unit (CPU) 302, a plurality of support circuits 304, and

a menory 3Qfsq\WiThe stdHiaRd @&ﬁ&hn@é%mwé{s@m%bréenatcﬁaogat.rﬁeman@h.hgra||300 i's
di scussed with respect to a conputer having a CPU, support circuits, and a

merory, on&ubfatyeavinmept &xrevers 1o @ afeaPiShviiaray madegiez - g-hil e if the
control I'er 30 ititn kI IPFEBRIGHe, e %bét%rrﬁe?&léoﬁ’tfroll‘é?)bﬁogrérﬂ%ésﬁln%ﬁhdés an

application specific interface circuit (ASICO), f1 el d-programmabl e gate

array (FPGA)watghdgastmeas enmanitdiithe @munl@ﬁgn i the lrdegngtad sibsfabsyeem.1 9
enbodi ment g (TQJ %Q@g&tﬂiﬁt |§%4tetrhg?‘%% t%{y%nPEhdd‘& 8¢k &9 ﬂ’)‘dgtéHe!PcI;;L%dBr ocess
er a

t ool control he su end controller

cor r espondiand resgbatl /cfmmmonntsrfoeﬁueaw agtemeton to the defadlt valug®037] The
support circuits 304 may include a display device as well as other circuits
t 0 support [@0AZ f imeonereahbhadimeriitst ar intPtac@Osheciicetore far die irdegratedi subt-flabie

N lhgclki Eier CUbhollef N indAREE hn HABINCE Br RSP LKf U A RectInde? b kel t Anand

Ethernet communication standard may be implemented by providing an abatement
controller with an Ethernet module. A unique IP address will be assigned to each
abatement module (e.g., each abatement unit). The IP address may be easily

configurable in the field. Communication may be provided over TCP/IP 10BaseT.

[0033] An RS232 serial communication standard may be implemented by providing
the abatement controller with a 9 pin serial port. Serial port settings will be given.
Communication may be over an RS232 serial cable to a NET232 adapter which
converts to TCP/IP 10BaseT.
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[ 0038] The nenory 306 nay conprise read only nenory, random access nenory,
renovabl e nmenory, disk drives, optical drives and/or other forns of digital
storage. Wheonmwotly 306 is configured to store an oper aPCmg/SsysesseB808, and
a sub-fab control nodule 314. The operating system 308 executes to control

t he general operation of the controller 300, including facilitating the
execution of various processes, applications, and nodules to control the
one or nore nmanufacturing system sub-fabs. [0039]1n operation, the sub-fab
control nodule 314 may utilize signals and control capability to nmanage one
or nore sy$adh sdbor feabmplesd@hsoam embodimerftaliie integrately suli-fa) sgstdmin@yas

descr{ bed Wbl E8055 AT dond BRI CHBAIYIRNLS on BEASIA AR and

control recelv Via an necti on or
an R5232 SeppaﬂatL@ortue(at:hleme ﬁhee&uiedf Fhrimontfootprinb dlurieg3 Becrenids degmet beat

signals to the.one. or r st e st abl i fai.l safe

operat i ng SICFONERE F8r Fiscbhfilohe S8y LB I 2 BefesS s "B dng. e
process of ceeﬂr@lengnheiabytmaserst@ $d1m/a$e|hntéa:banecﬁ viers oné lvednore Subrfabeor
detail with rg%e to Fi qur e 4t'[:]t0 % g 4 dep| cts atb oc(lf) di agr am of
a communi c9ORCYYAHKIYY SYBEMRBAL P50% OPHE 9 AN TSP L PNAPY and a
sub-fab aumhsmﬁmmyﬁmw&s’e cﬁumbre'i%ukllﬂéryoeﬁst@rmn@ire beaewf(@eﬁur)em@eaystem
sub-f abs defﬁc%e i@g th respect to Figures %{f 'He sub-fab front e

control | er EEHES o HE ‘b‘?é‘éymé"arr‘raﬁs "B Dythedyaress: Viaitee 6antrals ™t ne
sub-fab auxhbi aitygraist 80b444 . systens OBy eaBe dhidaBlre, ahbetdbefité bpat epbgal 406
is sent every 2 seconds, but one of ordinary skill in the art would

recogni ze CRBSUNaR FPraearbasarpRAeN it €93 dIMe Al 3 FRAUESIR| $RPRIAf 6PT MAWer ent
durations GeReaYd Sdmyamtd ke ferds ee thisgast §@B-fa\6h§gstér|ﬂeuﬁ|li€sf%t|n

auxiliary system 404 receives the heartbeat signal 406, a timer present on
the sub- f alsidaakoytpeisyos gteesniney nﬂ%’s%f’f\pbyﬁe@q{@a%%ﬁrﬁﬁ[ﬁ ArgBOEPra.10 auxiliary
system 404 does not receive a heartheat signal before the tiner runs out,

t he sub-f alP038ixi Figrs 3s§eni@maspiackdiagratefoh@ eontieller %@%fprwmérplhag ONgIq” power

state. In s maR rt(&mbﬁes;%lle?ﬁeé’l] Pﬁehagg&ﬂé NeaP WKl BRBobitents Tl thesaf e

conmuni cati on stan . t'he event auxi liary system 404 is
unable to p&@ht@vemﬂmdheamemmbadmﬁmsméthmbrersevbt inventionethe cootoliasi308r 402.

[0041] In gﬁﬁﬁérggt%a D&KL beat Egh@@%‘ PP of Ak &Rl FaHTNgl a

request for aUXI y system nter idl e node, or another
| ow power soaﬂr@leslj@ﬁ adsbmedomtmrmlenatoeﬁgme fl helnssdmé amt)@dxnentartinesyst em

404 does n i ee t. r n the
g ven i1 moonet AT oY it M Bial or €M adrs G e Bl ot BLiel SO 1|
power oper &hsoordbeal fadtery duxilisonsysearhe thatrear :be dplemtedlm bradoof morEt stetm‘, of
control |l er 402 ¥ onlq\{ send. heart beat si %n he sub

configured epgrgé/pg Uy I(WFT)O% 96 +"qp ag)ﬁl[@{yagy S, cady &8p§w'ﬁqhﬁgrnate
or gffh Iﬂbetmtenedm@éhﬂ'eiﬂéls of'reherhgs'uibnﬁal?pgcbmrﬁs rleqdlréd)hj’! ted ﬂ)rebeéboaua/\uhbl not
send the heartbeat_sl gna t he ab auxi |l stem 4

Sont ur od CoBr ey TGOl S ag, a0 GEarup b Wte: B8 T EtHAOrEe et hod
by whi ch t g sdéh-dorkponaii for asaf twbueae {J&ﬂle@feﬂsreﬁbﬁnbeﬁiréd?@@bn}‘ﬁ)bgllﬁ?dnt§06 to

operate in a fail-safe manner is described further with respect to Figure
5. the controller 300 utilizes existing signal outputs. In some embodiments, the

controller 300 employs secondary sensors or monitors.

[0036] In some embodiments, the controller 300 comprises a central processing
unit (CPU) 302, a plurality of support circuits 304, and a memory 306. While the
present exemplary embodiment of a controller 300 is discussed with respect to a
computer having a CPU, support circuits, and a memory, one of ordinary skill in the
art would recognize that the controller 300 could be implemented in a variety of
ways, including as an application specific interface circuit (ASIC), a field-
programmable gate array (FPGA), a system-on-a-chip (SOC), and the like. Various
183984 _1 9



[0043] Figure 5 depicts a flow diagramof a nethod 500 for inplenenting
communi cation standard establishing a fail-safe | ow power operation node
for one owororigepmnuf act uri ng system sub-fabs in accor dantasesioses21

enbodi nents of the present invention. The nmethod 500 begins at step 502 and
proceeds to step 504. At step 504, the manufacturing system sub-fab
operates in a power nmanaged state. For exanple, if the particular

manuf act uri ng system sub-fab is not needed during the current step of the
manuf act uri ng process, the sub-fab nay have receive a communication froma
sub-fab fr embodimaerd®of the centrdlledi3Oatmay atshahe integreteld- wihin she pretesatteel an
idle or sl %ﬁRtr&Fe?t ‘?oz'Brtt*FH% %HB fé@bfrbﬁtéb%edcfo%rbﬁ)% 1*(')% p rﬁ' 8@’# oﬁ&‘ﬂg of

t he manuf acturing proce upcom n "he

controller |rrm|yostputi|naerfma$raa¢lnownam11heeart he sub fab to ent er a full
operational state. In the power nanaged state, the sub-fab is reliant upon
t he sub- f alfpoBTlont T@Bdsurxpnttr@rlcukw 3Dérmaly irebitdeoa digplayodeviee @arwalhas other

oper at i onal ru stat o] e e 06.
[B0aa) - STEDRERPRHE vRL Ehbtref JHEBh bl WREh ErOUS TS Bulb Brgnai
has been r eteuitsedachiet powemsugiplies) netwark cardshvidey alrcuitfhendrtbalikeact uri ng system
sub-fab is configured to receive heartbeat signals froma sub fab front end
controller re ar r s t t..the
sub-fab is[&%sll gt”eecen?é/'ﬁgbrg \é’% ?@Snr?{ te?g%tboﬁ gﬁéc'ﬁ%} 8&% %\Q Arl ure

t 0 recei ve nerhasy tdoeaabls mbmnrya dmkedrlvbse@btlmehdm\meaind»’mtoememfbrmsof diditalat | ve
of a state |n_whi qllﬂ the s @(ﬁb isf.no Idoﬁgetr capabl etof re ég@g commands
from the sEIPSD THEATORRY 2o 6dbred 10 e OSPR8Y YR LB Ul d be
unable to rsebedab/eoatr@ormrmmd 31@4 r%eraspetranrngbystapeiB(m e@etajtesacp@onw theom a

| ow power state, due.to safety
and et or GRAPE! gPRLYT ahiS captblR Ao ins el e MafGs k4 Bipchfor REViRS ab 1 o
return to @ﬂﬁfeétés)réﬁph@étmgl Biid rhodHesRo _ejashﬁdn feNbse drheotd AR@Ufactulingr val
is 2 seconds, but one of ordinary skill in the art would recognize that
such a ti mS¥EM A% coul d be confi gur abl e dependi ng upon the needs of
the process tool and the nmanufacturin st em sub-fah. Far | e,

| onger ti miR93% i Mt ep&/at 'orhﬁ?e Biébg??p %i'ﬁ% Ierrgk“h@%u\t)@?% ?éggﬁp'ﬂtﬁ‘g

syst em sub-chgdbility t@ﬂian%@b@in@d)rtrﬁoréléy@teﬁﬁfs@é YaoR! sUeH &8 tHuald-fays b, #14,
hear t beat si gnal been received within_the t| neout interval, t he met hod

500 ret ur nd1Poard éﬂ)8 56 Alegpared Willa respsct inFigerd fnliR $OME pRIdiMENtsn thesgower

managed st afRals dnd %t@“@aﬁ&ﬁhtyh?rﬁayﬂ% sérﬁ%%'dVr%E!elaeJ‘Gl%rérPE%rr%t%ﬁhedﬂoﬁh' n
the tineout interval, the neth proceeds to step 50 [ 0045] step 508,

the sub- fabr@efwa%sebalapcvnneph@bmahe@yérfab icento! @@@ﬂe 31§|a¢@és|heaﬁb%atnot
received a E;;ﬁ%fs ﬁg%e @8t rhdr8Nyfiem Silly- {a%@ﬁbr 28hpfd C%ﬂtsra% ogtbréctﬁ:\

Ionger t han artbeat tineout’ I nterva is state is in 1ve“of a
| oss i n commirngreagntolies doemtinghinessih-fabls ihr anowepeweoatate| | Bre psongss eis t he

sub-  2b cauaRlinBeHbEL! ol e SHLERDTSSIRLAS! o Byl 98830 iTksodliSe

process too ave ‘entere ase manufact urin roce

t he sub-f alfiguse Aeeded to operate at full capacity, but W|thout

comuni cations fromthe sub-fab front end controller the subfab is not
awar e of t ie@4e]ooFigapeAatdpmtab dockt diagras siuz kpmirhumicstibrs aiberfbsiechdttveen @ f ul |

power oper IOV u s of

Communt cat Poheok PART R Diar @zt SubthiRel R B8 afnan e orfie

f oregoi ng ios niire ewdredthdtwringndyatinmsab sﬁamsfdetsbebert Mbméspelct/tmlt:lgoms e8hdheand
further enbodi ts of, th tion thout eparti from
he basi o SUBEED T Lk Ntk ARLs s ler el Synal gt as Ky e Rdrvar8

provi di ng ahd eub-febadfuxiliapnansins a0i onssehaeamodinferts, ahe avertbamrraats@ie- f ab,
conpri st ng'sent every 2 seconds, but one of ordinary skill in the art would recognize that such a
heartbeat interval could be configured for different durations depending upon the
needs of the system. When the sub-fab auxiliary system 404 receives the heartbeat

signal 406, a timer present on the sub-fab auxiliary system is reset. If the sub-fab
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a sub-fab configured to: operate in a power managed state based upon
one or nore commands received froma controller; receive a heartbeat signal

from t he wonbrigléhas; and exit the power managed sPaTAISaNd/08632Er a
full power operational state in response to failing to receive the
heartbeat signal for a specified tineout interval. 2. The apparatus of

claim1, wherein the specified tineout interval is two seconds. 3. The
apparatus of any of clainms 1-2, wherein the heartbeat signal is a command
to enter a | ow power state. 4. The apparatus of any of clainms 1-2, wherein
t he sub- f alaukidarygystesr 464 nibeg ot eceyera hearttmat sidnelbgforethestimgreruna olbsponse

to receivi ear.t | ot T f i 1-2,

wherein th@%élg?{%e%!ﬁ@?%%%ﬁéﬁgﬁénwy%segj}l Ietv?haé;ﬁ%bﬂgé)@e&%-rffggy?@&c%% iglﬁred to

oper at e i nttds |roanmEowere system. advantageously provides for a fail-safe communication
standard in the event the sub-fab auxiliary system 404 is unable to receive

communications from the sub-fab front end controller 402.

[0041] In some embodiments, the heartbeat signal 406 takes the form of a request
for the sub-fab auxiliary system 404 to enter idle mode, or another low power state
such as sleep or hibernate. If the sub-fab auxiliary system 404 does not receive the
command to reenter the low power state within the given timeout interval, the sub-
fab auxiliary system 404 will enter a full power operational state. In some
embodiments, the sub-fab front end controller 402 may only send heartbeat signals
when the sub-fab is configured to operate in a low power state, such as idle, sleep,
hibernate, or off. In such embodiments, the sub-fab front end controller 402 will not
send the heartbeat signal when the sub-fab auxiliary system 404 is configured to

operate in a full power operational state.

[0042] The method by which the sub-fab auxiliary system 404 uses the heartbeat
signal 406 to operate in a fail-safe manner is described further with respect to Figure
5.

[0043] Figure 5 depicts a flow diagram of a method 500 for implementing
communication standard establishing a fail-safe low power operation mode for one
or more manufacturing system sub-fabs in accordance with embodiments of the
present invention. The method 500 begins at step 502 and proceeds to step 504.
At step 504, the manufacturing system sub-fab operates in a power managed state.
For example, if the particular manufacturing system sub-fab is not needed during the
current step of the manufacturing process, the sub-fab may have receive a
communication from a sub-fab front end controller indicating that the sub-fab should
enter an idle or sleep state. If the sub-fab is needed for the particular step of the
manufacturing process, or an upcoming step, the sub-fab front end controller may
send a command to cause the sub-fab to enter a full operational state. In the power

managed state, the sub-fab is reliant upon the sub-fab front end controller for
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6. A nethod for providing a fail-safe conmuni cations standard for a power

managed sub-fab, conprising: operating the sub-fab in a power nanaged

st at e; WO 200al6e4181 ni ng whet her a heartbeat signal hasPbgas201008is2ed

within a specified timeout interval; and operating the sub-fab in a

full power operational state in response to a failure to receive the

heart beat signal wthin the specified tinmeout interval. 7.The nethod of

claim6, wherein the specified tinmeout interval is two seconds. WO

2011/ 060415PCT/ US2010/ 056821 8. The nethod of any of clains 6-7, wherein

t he heart béiectigingaslto ithe guicentnenedatianabpower asagensiataerThetmedod 300 thes

nmet hod of %Fé’ce%s% gt'bgrso -7, wherein the sub-fab is further configured to
a ta

re-enter ow power e in response to receiving the heartbeat signal.

[0044] At step 506, the method 500 determines whether a heartbeat signal has
been received within a given timeout interval. The manufacturing system sub-fab is
configured to receive heartbeat signals from a sub-fab front end controller at regular
intervals. The heartbeat signals indicate that the sub-fab is still receiving signals
from the sub-fab controller. A failure to receive a heartbeat within a specified
heartbeat interval is indicative of a state in which the sub-fab is no longer capable of
receiving commands from the sub-fab front end controller. In such a state, the sub-
fab would be unable to receive a command to return to full operational capacity from
a low power state, due to the disruption in communications. As such, safety and
wafer quality problems may occur due to the inability of the sub-fab to return to
operational capacity. In some embodiments, the timeout interval is 2 seconds, but
one of ordinary skill in the art would recognize that such a timeout interval could be
configurable depending upon the needs of the process tool and the manufacturing
system sub-fab. For example, a longer timeout interval may be appropriate if the
given manufacturing system sub-fab is not related to site safety or wafer quality. If a
heartbeat signal has been received within the timeout interval, the method 500
returns to step 504 where the sub-fab continues to operate in a power managed
state. If the sub-fab has not received a heartbeat signal within the timeout interval,

the method proceeds to step 508.

[0045] At step 508, the sub-fab defaults to a full power operational state, since it
has not received a heartbeat signal from the sub-fab front end controller for longer
than the heartbeat timeout interval. This state is indicative of a loss in
communications from the sub-fab front end controller, and thus the sub-fab cannot
be sure of the current state of the process tool. The process tool may have entered
a phase of the manufacturing process where the sub-fab is needed to operate at full
capacity, but without communications from the sub-fab front end controller the sub-
fab is not aware of the tool operational state. As such, the sub-fab defaults to full
power operation to provide a fail-safe solution for a loss of communications with the

sub-fab front end controller.
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10. The method of any of clainms 6-7, wherein the heartbeat signal is only
sent when the sub-fab is configured to operate in a | ow power state. 11. A
system f owoppovieddiing a fail - saf e comuni cati ons st andar @#CrarS2@oposser
managed sub-fab, conprising: a controller configured to: send one or
nore comrands to a sub-fab to configure the sub-fab to operate in one or
nore power managed states; and send a heartbeat signal to the sub-fab
to indicate that the sub-fab is still in conmunication with the controller;
and a sub-fab configured to: operate in the one or nore power managed
states as @®Afli gWyhilgé the foragobwnisr direated ta eowiodenanis ofidae trsent yivgntidn.f r om

the contr Ololtr?é’r;an%nfglrther embodiments of the invention may be devised without departing

from the basic scope thereof.
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operate in a full power operational state in response to a failure to
receive the heartbeat signal within a specified tinmeout interval. 12. The
syst em ofwol2aimned4is wherein the specified timeout interPall/tiss01e683ECONdS.
13. The method of any of clainms 11-12, wherein the heartbeat signal is a
command to enter a | ow power state. 14. The nethod of any of clains 11-12,
wherein the sub-fab is further configured to re-enter a | ow power state in
response to receiving the heartbeat signal. 183984 115 WO

2011/ 060415PCT/ US2010/ 056821 15. The nethod of any of clains 11-12, wherein
t he heart b&¥hatds ¢gaimedis: only sent

1. An apparatus for providing a fail-safe communications standard for a power
managed sub-fab, comprising:

a sub-fab configured to:

operate in a power managed state based upon one or more commands
received from a controller;

receive a heartbeat signal from the controller; and

exit the power managed state and enter a full power operational state in

response to failing to receive the heartbeat signal for a specified timeout interval.

2. The apparatus of claim 1, wherein the specified timeout interval is two
seconds.
3. The apparatus of any of claims 1-2, wherein the heartbeat signal is a

command to enter a low power state.

4, The apparatus of any of claims 1-2, wherein the sub-fab is further configured

to re-enter a low power state in response to receiving the heartbeat signal.

5. The apparatus of any of claims 1-2, wherein the heartbeat signal is only sent

when the sub-fab is configured to operate in a low power state.

6. A method for providing a fail-safe communications standard for a power
managed sub-fab, comprising:

operating the sub-fab in a power managed state;

determining whether a heartbeat signal has been received within a specified
timeout interval; and

operating the sub-fab in a full power operational state in response to a failure

to receive the heartbeat signal within the specified timeout interval.

7. The method of claim 6, wherein the specified timeout interval is two seconds.
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8. The method of any of claims 6-7, wherein the heartbeat signal is a command

to enter a low power state.

9. The method of any of claims 6-7, wherein the sub-fab is further configured to

re-enter a low power state in response to receiving the heartbeat signal.

10. The method of any of claims 6-7, wherein the heartbeat signal is only sent

when the sub-fab is configured to operate in a low power state.

11. A system for providing a fail-safe communications standard for a power
managed sub-fab, comprising:
a controller configured to:
send one or more commands to a sub-fab to configure the sub-fab to
operate in one or more power managed states; and
send a heartbeat signal to the sub-fab to indicate that the sub-fab is
still in communication with the controller; and
a sub-fab configured to:
operate in the one or more power managed states as configured by
the controller;
receive the heartbeat signal from the controller; and
operate in a full power operational state in response to a failure to

receive the heartbeat signal within a specified timeout interval.

12.  The system of claim 11, wherein the specified timeout interval is two seconds.

13. The method of any of claims 11-12, wherein the heartbeat signal is a

command to enter a low power state.

14.  The method of any of claims 11-12, wherein the sub-fab is further configured

to re-enter a low power state in response to receiving the heartbeat signal.
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15.  The method of any of claims 11-12, wherein the heartbeat signal is only sent

when the sub-fab is configured to operate in a low power state.
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