ENERGY SAVI NGS AND GLOBAL GAS EM SSI ONS MONI TORI NG FI ELD [ 0001] The present
invention is related to the manufacture of electronic devices, and nore
speci fi cavbywpittwoayst ens and net hods for increasing thepeffiseciwnsss2of

el ectroni c device manufacturing systenms. BACKGROUND [0002] Sub-fab

equi pnent does not have nonitoring data for energy consunption and/or
energy savings. The inventors believe that legislation in the US and around
the world nay eventually require users to report baseline CO2 and gl obal
warm ng gas (GW5 em ssions by tool as well as across the factory. The

i nventors furt h&NERGY SAVINGS ANDGLOBALIGAS EMISSIONSSMONITQRINGey W sh to
coll ect such data for internal use as well. [0003] For exanple, the current
i ndustri al a_Fﬁl_lr_lﬁdi gm for accurately measuring real tinme factory chem cal

em ssi ons e tool level is very expensive, takes a long tine, and

requi res ajpdoafige TREMEserfinRMmUbPNE Rdlaattd tABtnaMEANLRAb! SIBEEdAE dBliBes,
Statistical nodels that predict generic factory em ssions for a defined

group of f&BEoMgre PRREicallypkb@YREMSnaedBRIBPIRdOr Nsrensiishihed efiFianGu Lt r y

consortia, RR¥BneRNicEMMUEQuiRVERidnd.r om actual factory enissions by a
| arge factor, such as 20% 400% The inventors believe that carbon trading

val ue or epaAcREROUNID danmage assessnents/fines that may be inposed by
| egi sl ati on woul d make it problematic to make such assessnents based on
such hi gh (oeozyr t Subtfgb equipment does not have monitoring data for energy consumption

and/or energy savings. The inventors believe that legislation in the US and around
the world may eventually require users to report baseline CO, and global warming
gas (GWG) emissions by tool as well as across the factory. The inventors further
believe that owners and/or operators of fabs may wish to collect such data for

internal use as well.

[0003] For example, the current industrial paradigm for accurately measuring real
time factory chemical emissions at the tool level is very expensive, takes a long
time, and requires a large number of equipment sets and technical specialists.
Statistical models that predict generic factory emissions for a defined group of
factory types or production categories, as proposed by industry consortia, have been
shown to deviate from actual factory emissions by a large factor, such as 20%-
400%. The inventors believe that carbon trading value or environmental damage
assessments/fines that may be imposed by legislation would make it problematic to

make such assessments based on such high uncertainty.

[0004] The inventors further believe that full factory emissions reporting on a per
tool or full factory basis would require data that is collected by certified methods and
certified skilled workers. This characterization would be very expensive and
technically difficult. Each tool emissions values change with adjustments in recipe
and support equipment parameters. Production facilities, and foundries typically
must make process and support equipment adjustments in order to ensure that a
factory certified in the past may continue to control emissions in the future. In order
to accurately measure the emissions of a particular set of equipment, appropriate

effluent sample ports must be made available to measure the output after the



[0004] The inventors further believe that full factory em ssions reporting
on a per tool or full factory basis would require data that is collected by
certifi edvomohwdssiand certified skilled workers. This clrarast@niozests on

woul d be very expensive and technically difficult. Each tool em ssions

val ues change with adjustnments in recipe and support equi pnent paraneters.
Production facilities, and foundries typically nust make process and
support equi prent adjustnents in order to ensure that a factory certified
in the past may continue to control em ssions in the future. In order to
accur at el y pmxzssrteolt érel ehatesienhsFaftory gack iccatiens srist afsoelbgriepappropriate

out put o t 6P Pl TR TE eGP0k s ben TRl unE R a8 BEERME ol

al so have aphagly bet eeryaeydensivortosexebhte. draisyivhs ahataotdrizatdrs ispexyi fimed, and

i ndustry approved protoco and net hods..are very expensive to ecute.
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certification, and calibration for each data set. Third party conpani es who
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countries have dirffering regulatory em ssions requirenents. Many I nclfude
dai |y, quawiféeultydugrid/concsraapf productipnipsaas\andrfagiortt wpsetipport ed by credi bl e
metrics. Local water treatnment plants have differing m nimumincom ng water
r equi r ementi®o%lhalVariges glabaslocetiens, fregionei aneicpHnidAs haye miéeringSaaviErdry

[ 0006] Met - and S ; C , i i, ordi ng
of incom n% C é@;nd%cBﬁﬁg%gbfém@ﬂgsﬁaﬂgﬁgﬁg%ﬁ @g%rgeglg %@%ﬂ 2%4),0%?(% (Iae\q}?lge
manuf act ur irgprisysippoesedry gedbiecdagtivsr ebeal wates eetnearit pdinemiage differiegr at ed

subfab syst en - i r P VA i nitor
the ener oy "I bR WAEF R PER R b Sooh B BE T R ER LR e
different depths of energy savings nodes such as idle (shall ow energy

savi ngs wWhejifmmhgguct i on equi pnent can recover to normal production with no
quality or ut inpact in seconds), sleep (deeper energy savings

““Sr e Fr od genbé10N Mesthid st aﬁ@?afﬁdﬁwehhén’teﬂ? dontrels morttoring ed I’ra%(&dﬁw‘gedfy deep
node of energy .savi ngs. where, producti on equi pnent. may require hours. to
focover ot bty ERaRSAL: 5  HARPL t YSeror it STIGHANE ) of 0B eKEGy dedie ) n
sone enbodinfEfscturiidesyssi £ M B BvidBd hbin. aRtsdths Bhdvddhdntd aste§rtsS @RS in a
sub-fab as well as the Senmi S23 nethod reporting of CO2 equival ent em ssion

for power &8RiS¥pEMYYYHBMSURPRFORdantrewsl dhemraesNtiBYention mey eepifqiethe
process gagRsrgybagBer $he dLiLrabl<dniht PTIRE @SB cdrPBhte ARENG W& depths of

energy savings modes such as idle (shallow energy savings where production

equipment can recover to normal production with no quality or throughput impact in
seconds), sleep (deeper energy savings where production equipment can recover in
minutes), or hibernate (very deep mode of energy savings where production
equipment may require hours to recover not to have impact on quality, or
throughput) for the system. In some embodiments, the system may monitor and
display all gas emissions in a sub-fab as well as the Semi S23 method reporting of
CO; equivalent emission for power and energy consumption. The system may

monitor all effluent process gases and energy use from the process tool and sub-fab
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equi pnment. Based on known Destruction Renoval Efficiencies, the system can
cal cul ate the actual gas and CO2 equi val ent em ssion of the system

t abul at i gotznewmeeamer time and reporting them as request edT/USh@odyaseem nmay
also nonitor all of the internal energy usage and provi des the equival ent
CO2 em ssion for that as well. [0007] In sone enbodi nents, an apparatus for
provi di ng energy usage statistics for a sem conductor manufacturing tool
may include a controller that determ nes a set of energy usage mnmeasurenents
for one or nore manufacturing system sub-fabs; and reports the set of

ener gy usagauipsmsitr edasedson [kp008] Destristion Rerhodil rificisncies, sthe t systeinorcan

provi ding aneray, PR o8Y 'taﬁg itﬁezrésqct@\@z%nﬁ%ﬂi&s‘?&%‘ﬁ%rsgé&?ﬂﬁ}a%%‘iéﬁn‘g'lﬂe%""'

may i nclude one or ‘nmore erm ne a ener gy uUsage
measur enentosef itme @nd reporting ¢hemaas Feqiastadn gl sy systam sndy- dlad snondtadali efothet t he

set of ener usage neasurenents. to,a renote ver: wherein the renote
server agor BYRFLET AL USRS 4T voYiges b AR O T PRIt B el o
controller d pravide an regat ed ener usage. report. [0009].l.n some
crbod ment 0008 B R erBOoRaEh P A enaRgl e ARG r I Bav. s Sisds

sem conduct@ra gamidoaductor ngainufaeturingytobindby dieclgtzt @ rashtioliey thatsedtedfinenar gy
usage neasurenents for one or nore nuf acturi ng system sub-fabs coupled to
2 cont rol | §PLOT LRI MG R GRS o N g O HE I BHERPE SYT DD P Tefher and
furt her enbadirefissthoket dfeener@s@itigeirmysiréraentsr € descri bed bel ow. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0011] Enbodi nents of the present invention,

briefly sumoves) zaflsehe\enboihents Calssstdmi for grRaing efdrigpiusa§e seisticsaar Be
under stood by reference to the illustratiive enbodi nrents of the invention
depi ct ed i SEHENGPFRh JBANHRSHIRGSIOO) tMa IPgudR o &, MBReYHClIBRathdthe

appended diggwirmde bl dedsdff sHeRgPikigd YRdasaterfshodbmené ordhotchhfanufi¢aiingon and
are therefore not to be considered limting of its scope, for the invention

may admit SYSEEheb-EhsapNY repdredia vel ehperiDyeisege measurements to a remote

server; wherein the remote server aggregates the energy usage measurements from

the one or more controllers and provide an aggregated energy usage report.

[0009] In some embodiments, a method for providing energy usage statistics for a
semiconductor manufacturing tool may include determining a set of energy usage
measurements for one or more manufacturing system sub-fabs coupled to a

controller; and reporting the energy usage measurements.

[0010] Other and further embodiments of the present invention are described

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Embodiments of the present invention, briefly summarized above and
discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the invention depicted in the appended drawings. It is to be noted,
however, that the appended drawings illustrate only typical embodiments of this
invention and are therefore not to be considered limiting of its scope, for the

invention may admit to other equally effective embodiments.

[0012] 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.



[0012] Figure 1 is a schematic depiction of a systemfor operating an

el ectroni c device manufacturing system sub-fab in accordance with sone
enbodi nenwe 20f1/dsbaspr esent i nvention. [0013] Figure 2 ipsTaISS@lo@B@sRS C
depiction of an integrated sub-fab systemfor use in an el ectronic device
manuf acturing systemin accordance with sone enbodi nents of the present

I nvention. [0014] Figures 3A-C depict exenplary energy savings neters of an
i ntegrated subfab systemin accordance with sone enbodi nents of the present
invention. [0015]Figure 4 is a block depiction of a controller for

oper ati ng #9183l e€igunm2ds dechemahadesiaiaruefi angintegsatedssiialf systém farcessridance

W th some %ﬂbquét%% 89\5?(@9 H%%u%rcﬁﬁﬁatsfs@"ﬁm Eg&rdance with some embodiments

of the present invention.

[0014] Figures 3A-C depict exemplary energy savings meters of an integrated sub-

fab system in accordance with some embodiments of the present invention.

[0015] Figure 4 is a block depiction of a controller for operating an electronic
device manufacturing system sub-fab in accordance with some embodiments of the

present invention.

[0016] Figure 5 is a flow diagram depicting a method for operating an electronic
device manufacturing system sub-fab in accordance with some embodiments of the

present invention.

[0017] 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.

DETAILED DESCRIPTION

[0018] Embodiments of the present invention provide improved control systems for
a sub-fab that may advantageously tabulate and report energy usage and savings of
electronic device manufacturing systems having an integrated sub-fab control
system. In some embodiments, integrated sub-fab system systems in accordance
with the present invention may monitor the energy usage of the sub-fab equipment
and when the tool enters an idle mode, totalize the energy savings for the system.
In some embodiments, the system may monitor and display all gas emissions in a
sub-fab as well as the CO; equivalent emission. The system may also monitor all of

the internal energy usage and provides the equivalent CO, emission for that as well.

[0019] The sub-fab may contain such auxiliary devices as abatement tools, AC
power distributors, primary vacuum pumps, spare vacuum pumps, water pumps,
chillers, heat exchangers, process cooling water supplies and delivery systems,

electrical power supplies and delivery systems, inert gas dumps, valves, device
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[0016] Figure 5 is a flow diagram depicting a nethod for operating an

el ectroni c device manufacturing system sub-fab in accordance with sone
enbodi nenwe 20f1/dsbaspr esent i nvention. [0017] To facilitace/useaensdsandi ng,

i dentical reference nunerals have been used, where possible, to designate

I dentical elenments that are common to the figures. The figures are not
drawn to scale and nay be sinplified for clarity. It is contenplated that

el enents and features of one enbodi mrent nmay be beneficially incorporated in
ot her enbodi nents wi thout further recitation. DETAI LED DESCRI PTI ON [0018]
Enbodi nent soofoltehe ¢gheas dmt air supplidsoang delvede systpmsy achbismbtairosuppjies emd f or a

S e o Sei Y oA AR, AGR S bR 00 BB i B FRTAg
sub-fab cosysteinss yatobnscreenss qrecessblodicnenttsllersntreggyeatt exlipplids bad dejisérgm

systens in_accordance wi th the present .inventiqn nmay nonitor the energy
Tage of t SESES. Pl e PHES s eERte BB e e
totalize tramwges(rj gﬁ/enls@:gy@xlsi dther rds@usyst earquirbrmsmgm?mn@mb béﬁ?h@,prcﬁd’lﬁzesyst em
may nonitor an i splay a as emssions in a -fab as S c2
cavi val ent asth catost Swdup R8T, HER TR neRrBoRt Brvfornena siads Al Sener gy
usage and miiowidyase dig eReBHsWl fons f4BBperaiopsi on for that as well. [0019] The
sub-fab may contain such auxiliary devices as abatenent tools, AC power
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val ves, deyik&iBood that the sub-fab will encounter a worst-case effluent load from the process
chamber which it is not able to fully abate. Chillers and pumps may operate at
maximum power consumption to assure adequate flow and cooling capacity as
required by process chambers. Exhaust line temperature control may be operating
at maximum energy consumption to assure maximum capacity for heat addition or
removal is available even if process and inert gas flows and chamber pressure
requirements could range from minimum to maximum. Such sub-fab equipment
design may be effective, but inefficient, because of high power consumption and
poor power factor of some or many of the individual components of the sub-fab or

process tools to which they are attached.

[0021] 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.

[0022] Figure 1 is a schematic depiction of a system 100 for operating an
electronic device manufacturing system sub-fab in accordance with some
embodiments of the present invention. System 100 may include a process tool
controller 102 which may be linked to a process tool 104 through communication link
106. Process tool controller 102 may be any microcomputer, microprocessor, logic

circuit, a combination of hardware and software, or the like, suitable to control the



controllers, clean dry air supplies and delivery systens, anbient air
supplies and delivery systens, inert gas supplies and delivery systens,
fuel suppWDesiized4idel i very systens, touch screens, proces3/usoginmses2s
controllers, reagent supplies and delivery systens, etc. The use of this
equi pnent causes sub-fabs to commonly utilize |arge amounts of energy and
ot her resources, require nore nmai ntenance, and produce | arge anounts of
wast e heat, which has a detrinmental environnmental effect. Al of this may
be very expensive for a fab operator. [0020] Sub-fab equi pnent has
general | y loperatidesf mean‘ocetsSdp@rweFamkwme wecessgeolatoatiobayitOnoaube ¢ i n

hi gh capacidey Jpdesofohiph eRSEAY.JRISe) ohaiok adlssL AR kel Ehgad. tpat the
sub-fab wi Il éfcounter” & -caSe 'effluent Ioa R3%Mthe pr ocess chanber
whi ch it i d04otayaid enyt eletmd)rh(yda\beé man(ﬁactdnemwma&spmnfp&uotaxeqoupﬁdﬂeerat

nexi num power. con on to assure.adequa C ity as
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addition or .renpoval, is avail abl e en i rocess and ine an
Chanber o AR Ry RE Y SOl PR RET PraPelrmeh araarHe
sub-fab equgmedPdesh@or Deyicdlcef f ective, but inefficient, because of hlgh
power consunption and poor power factor of some or nany of the individual
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n exa an el ectronic eV|c man cturln syst em havi ng an
i nt egrat ed Cgﬂtgg 68§L§’D’tr%‘ﬁﬂrl§ 9 &OW'?qt'@ﬁt ingr 18ndheigeb- ?g’ fé‘é'ét&”ﬂb-‘gﬂ A ein is
provi ded i nosomaprﬂev aﬁwﬁ.@rdé%mteenm@ra@#dcégédrolrbg‘fc,erdram 0 -codindfion &4,
filed Februa Dani el and entitled, "Methods

r
and Appar af’ QEJVY%? @ﬁér%lﬂl"%@ﬁe afr Eh@c'ﬂ‘ﬁ%n$létabl@\/|t‘éecq{7&r@hfta%t%HhF’r’@ aystiany * and
which is h%gﬁbﬁmsrd&%pﬂﬂat%‘? RAmpR, RUBISE floft BhE BREbIBINE MAP 4] a fFgure 1
is a schenm depiction of a system 100 for operating an electronlc devi ce
manuf act ur iSAEYes {pytasngivglp bpars! Gampitero pad/RE CAMPARCKTY AR enbodi ment s of t he
present invention. System 100 @X include a process tool controller 102

whi ch may @24l nkea $ub-@bpireriegrd toepiroliars @thmaagh dyimbeilipked da sunfkb106.
Process to t | a Ioglc
i rout, aaieypleriagRios T2, 13420 hd 8 RIBLYs Com i RROR IRy B0 e ¢
control thd28pé2htendn 26t respechivyelyekhe §0b+fab_@mXIllaTdrSY§imlﬂ§jd@/iCQ$r m@ewohool

troll d /
oot BopiRe TRACRBEBFA) Shh UL 1 & LR ROBL BTG rortoor 2
manuf act ur |cngtrqdleod§8 snayquerfonini tod fmqmalmsofed fol\/ueﬁtﬁvehﬁhememllemrfmf/my avt her

other commih Baiiencrti D AURRRhy SRRl oy oG i Rt S5 A RUREE e and
may use an;ssystam'saimmeearmum\mam shoufit bé aoted teatcho@ser f@E@Sﬂ@EWbud—iSle‘abCPC

and/ or Devi ce.-. The process tool cqntraoller 102 ked to
the sub-r aBORTaNvRRAMPETS 58 GakenS e A b et enit Bafos et 0.
The sub- f alfalf aoKifiarg Y seeydelidesr maPdndidie Beatamentitadly cpover distributors,
m croprocessor, logic circuit, a conbination of hardware andaioftmare

the Iike, MRy EUEM: ARG TRAEC SYARUED RHIAS: | WRIRT sPUmRRs LGS cNdada. For

exanmpl e, suhchaiyefd, ProceRRLINRG MltdresupbliSs BRY defivary Rystep®, WRited ABYerySi Ngl e
board conputer, and/or a conpact PCl, etc. [0024] The sub-fab front end

controlIeraT@@rHﬁ?”?ﬁ“ﬁﬂ?ﬁ”ﬁ%GFWHK@HPQWﬁ%%EWF%%a%%QP¥W%N§Y§9@§eﬁﬁﬁd5§|ces
112, 114, %ﬁnp@n@aﬂ«ég Hev.eél%nﬁemwnugaﬁ'm é.+ @&ﬁpme%oan&?d%nvérg% yatising 26,
respectlvely The Sub-fab auxi|iary systens/devices may each have a

cont rol | er apwignt Sifcsmppliess ard delivesy Pf_ﬁttemﬁl inert 9@ isyepkes Qﬂ%d@wﬁfyf WstepBNt end
controllerg f c 0 I
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Al t hough f@upmgﬁbmﬁa@“HHXEVNaﬁ@,SVstenE/deV|ces are shown, it should be
noted that nore or fewer than four sub-fab auxiliary systens/devices nay be
| i nked to t09@5lsuln Paeratiponproeess toohceardler 1088naygbhtat) riasedsi tael 104 by

YL e e pEring el AShUACOARRLRTRR! Ahs, el Al SLALBKEST Sowdl! | T Y
vacuum punps, spare vacuum punp ers eat exchanger s,
process cooling water supplles and dellvery systens wat er recovery and/ or
treatment systens, electrical power supplies and delivery systens, inert
gas dunps, valves, device controllers, clean dry air supplies and delivery
systens, anbient air supplies and delivery systens, inert gas supplies and
delivery systens, fuel supplies and delivery systens, touch screens,
process logic controllers, reagent supplies and delivery systens, etc.



[ 0025] I n operation, process tool controller 102 may control process tool
104 by operating one or nore of robots, doors, punps, valves, plasna

gener at orwQ 2poveso418suppl i es, etc. As descri bed above, pPOTAS301DO64S25
controller 102 may be constantly aware regarding the state of, and resource
requi renents of, each chanber in the process tool 104 and of the process
tool 104 as a whole. Process tool controller 102 may have access to a

dat abase (not shown) which the process tool controller 102 may use to

cal cul ate the resource requirements of the chanbers (not shown) and the
process toskpdes, ate. Aswesasibed rabadeli |Driooa$s taoé cpnivalles s10Romhy denconsitardly 102
may be lin 0 C e
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m ni num arrmqwremenltseg theceup-fad sustards RagRr ideEicys itente Prasgss heol moptrekss t ool
104 and/or 4phe throughput and/or efficiency of the process tool 104, plus
any additional ampbunt of resources above the mninmumrequired resources to

id f f / b-fab
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state, a slaaenosma,t @bat@m@le %fﬂmlehﬂvﬁi%ha‘lowsaﬂr@m the@reddseroy 14l Bsr auFtsent
bet ween the three power savi ng]'ustat es are duration and ener_\%iyconsurrptl on.

Deeper | evEPRUGES '8Irﬁeﬁ’ﬁ3c?e”‘érﬁ Y AXRYNNfSTESQUERS A aXPIEIPIaHVEY HBPFNE

require | ongepropesd @\s1 a.ﬁd/apthtthfo@@ﬁy@raﬁdv&r@fﬁ@wx@f$@/p@gésm13$o4 o
achi eve fuII production wthout affecting the qualify or yield of the

fabri cati oRlysr ¥teadditiqrat grorpt of resRwCp? GPEYS thenEHE! e SEROL B0
sub-fab equfqRt bes.lé&ﬁfméf@.ﬂw@f gsﬁeﬂp%ne%lﬂ\érréremﬁér%berr%ﬁt WMAnBr Sibfabes can

t ake seconds, mnutes, or hours depending on the degree of deviation from
BKM chanbe©deipment msisinglyde oparasing winerort er epRIpRENtSRfi thg syb4ele egpippiest,

sub-fab eqy b{inQtpu Bﬁ.ﬁ&@sgﬁch & an /tsﬁb higd &n %tle\tivep egisﬁ:?l%ltg shastm for

seconds 0] state typ| C asts OI’ m nut es, ernate state
typi cal | y Ieasmgy gnorerhissipss r@rwegyenﬁavﬁswgsa bxyepawem@atednai/ beemteredwhehese

condt 100 4 BeRRdr bELRNS s o LIP oRLBRESE ol PRbt FON Al Hort 2, Qlb-RHP- T2

front end con er T ResSe dher y' savi ngs conditions are

pl at f or m ehaipbent isacapbgbie ok egeratieg iaf aBdower power state W|thout affecting system
performance. For example, at different steps of the fabrication process, various

elements of sub-fab equipment may not be necessary and so may be placed in a
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[ 0027] The process tool 102 and associ ated manufacturing system sub-fabs
may have a variety of different power configurations based upon operating
needs. Fowoexamgb&as power configurations may exi st wher ecrhis2@oos@33s t ool
isin an "off' state while various air flow and abatenent systens are
operating at full capacity to perform shut down operations after conpleting
a fabrication operation. For the purposes of this application, the term

"l ow power configuration"” refers to any state where one or nore el enents of
the process tool 102 and/or manufacturing system sub-fabs are instructed by
one or nor @Iaeonidieylfhiber@ati@w crpe@fétsate ndepepdert U@y hagssoendbe alembntasare
different Leusls i nRORKOYECORSUIRE AN HULLAE RSEML StRERGGTR0d 558 StePs
or non-production i dle mbdes of ‘ope FRUiCon eep,

hi ber nat e stad.es sthepcstatbednal@zohibernate afateof f T atlmar){ 0|ﬁé83hBes§ cbetwwmttbei ng a
| ow power confi uratlo Sht}g pr o%esaz tool, contral ﬁ I Ib

control | er r8§ rerfseé'ggt A e Bk '885%‘%%?9&68”?%“%5)861 ogDgY ee{Bér%{t. ng
in a | ow piiematierdneguy sdvirgys, skh z@efslbep enpidgrmade, trb@ufwm@@vwnoddbeumel eep,
or hi bernate nodes_of ener?y savi E{gsd he%%rocefsﬁ 0 cont L & 02 or
sub-fab coft FFOVEF MOBRERRPY FRUEIS FERdeSHEr g AP t'Prﬁ ‘"(' PORES

chanber, t@d qDAIitPIOPGRIS o@hlﬁ’éﬂftﬂfrlcéforﬁtéﬂﬁ@éé R%Uvﬁrseai thel plocbss ale@rdls@ksl n the
i medi ate future. Specific information (such as tatus vari able 1D (SVID)

and col | ect8d %%ﬂ?tepﬁupéﬁﬁ’ BAYIPFEHnG H%Std?"@&"é‘s@eih%l BsbHemeegayen #es and

flows, chaphgysufdsatls, tak€CdRBnANdnfifliteSt BF tHo%F@QiepéH(ﬂn%h@h lthieqayrbé dre
m)nltored fo ensure the systemcan be brought to a | e ready state when

endi ng t he devatiopilem BKAL @ham’m Genditiens assetiated nithothe growry Bayingssidtef &b
control | er tH&%u@lf?t? e\d%rdrﬁérﬁsaﬁthFoc%Qé %fhbﬂ%epr 2Nl Fdlé‘%teﬁe't?ﬁv?él&"‘%rsts for
configuration wll not result 1n any adverse inpact on the t wafer used
t he next tisgeondse acsiaem statadypioallyelests] DorgnuteReapd Gcbibsmatwistateyniedllyer 102
or sub-fab |é‘s?§“f§r°'hl)8{s. 108, %H§§ %aé‘?atﬁ%bcéﬁé?u&%‘l nqg”%%e n%ﬁﬁoﬁ% Gel OW
power configuration in a vari I n"sone e ment's into a
| ow power @eedeiteroniead b)nthesoroce@geolamnbpllem‘rmmr subefale sont sm:thorae)llbW@B user
sel ecting Iy jsnt.er e q

cont rol 1 r 1692 RS, sEhEoa RRE Al ahF SeP el SRR 23 P Piess
triggered Ipsdfic.upon a tinme out trigger associated with the process tool
(e.g. the process tool automatically enters the | ow power configuration
after a prqmte’t]er ha guiogassi toal 32 iamdaessisodiatgd neanofaatdringosyskesm rsedavsemagt s of

t t anf i t ed ab . In
emboai nant 806 S RRITGY RRDPObt S0y LR oA ontirdcifRng (s
sub- f ab eqekpmplat pbWeEchrGfrgutd‘lenls mypermetrwlcerefth@tpr@ieb@mool [©038) “dffi statge
embodi nents, .the jnt e%'i zﬁt ed s b s steF\ conmuni cat es

T orrt S DS S b8 A5d gt ShEres A peeButd, ot BhadtP SR of 4

process t o@erfb@n s@uph@@uceop@atumpémamrﬁmeuﬁr‘g)ra 2paoptiod, oﬁergudsre JFaiepect s
one non-limti ng ﬁnfl %ur ation such a Esh(%/stem showi n conpact,
i nt egr at ed PYIROSEROh VS RGPLGRIgRa 8nt€m‘ Tewaepwer condigyiating Wéffrér ARy tde punp

modul es,  awheRObRe AF nitaRIlerRets dRihd!Potbss tdaPtaRlmdrPWRANFARDIiNG §ydtsth, and
a control s nodul e. The open pl atform advant ageously acconmodat es cust oner

equi prrent @Heﬁ@%aﬁ%@sﬁﬁﬁea&m QR8T st SOMBANATS G PBRTP GoPP¥FTIAVINgESt
t echni cal %Je%naﬂ&@d.ﬁm&#ﬂ?e%lst&r%%}pwnguﬁm%ﬁ AURRG seio (bcEWNBERRI P-

For exanple, such a configurable sub stem may 1 ncl ude one or nore
abat enent @Fﬁp{SsOF r\p@crargﬁwﬁ@ﬁﬂdle redes efr eperatprescinafetsie, sieens end\ihareais
systens, a’éf’até’é&ééo%@éagb\% b BHEFQLEN @ conpact unit synchroni zed with one

or nore process tools via an integrated sub-fab controller (such as sub-fab

front end g@gﬁc]: ioL%ﬁf)relgrﬁenrﬁj%éq%%%e‘?‘%%ﬁﬁ%raﬁdﬁ W bFd R8s tédﬂ'%oﬁt?&feevw ggontrol

system as herern al'so be utilized in existing or ne

facilitiesonsulrfall epéioded! Qﬁnwdlﬁerhln@ tihe pepcesaitnol d Ofnimeanapleoindnegatingdnas i n
Figure 2). a low power configuration. Prior to engaging the low power idle, sleep, or hibernate
modes of energy savings, the process tool controller 102 or sub-fab controller 108

verifies that there is no wafer in the process chamber, that no process chamber of
8



[ 0031] The integrated sub-fab can utilize signals and control capability to
manage, for exanple: punps to control process chanber exhaust and pressure,
chill ers wo 2nmaises18 t o control chanber or conponent tenmperaisariessesps i mal
for the process (tool specific best known nethods (BKMs)), and the

abat enent tool nost appropriate for the process tool em ssion requirenents
(e.g., process recipe-dependent energy savings based upon setpoint control
for particular recipe). Optionally, local A/C, process cooling water, air
handl ers, chem cal delivery systens, purge flows, power conditioning,

cabi net exhaumrt feoiemend ol beheeersld ior thesingrediategiifuret cSpedic bdormatiaged by
he it ear SR A Hal AHERLIR) (Vo) b0 EGlecld SRRIS TEH) AR BYSIEBSY St o™
i n accordancte w resent i nventi on may hon ener gy usage of

t he sub-f albo@guchpargas aandmemed fiotvs, ¢rmmﬂ1bar$ta105 racmpe dhe latsthet/stop, amythet her

| ower ener uction operati ng node, totalize th ner savin for the
system 1 n ke SUPBRERTRERLE 8isiBe LI Behai sk FrebBRL S srbyT Pt

en ssi ons whed ending ake aé\NVmiWera&atehelTllB@Z]En?]Q%y&bcﬂrﬁon%rem@zairo$ub0febenergy
consunption tor all e uen rocess gases an ner gy
o6t om ¢ Hand e 363 RPN e T TRl s o BB RTRABNRT BHEO e
syst em can rgalitCil ahe atitsrs€NMinpacLtodn Qhe tfing \wafet eBbd ttAd Weat tine tHacenmssr ti me
and report themas requested. The system nay also nonitor all of the

i nt ernal ﬁég fetsage and pr OVI des the equival ent CO2 enission for that as
wel | . [0033 Thea_B%stem m include real tinme em S?I ons sensors t

moni t or andf%¥ | PrPFRSS é?rl’\té‘ﬂ@f 1841 ¥ siubragscapdp|lera 0 Ebg?"’WgC%F’et%?o

report em S§boAS cQABMEANOR ST AldvPPeler @iabadation irf Qrvaﬁétgfiﬁﬁi\fa% tihabme
em ssions and enerrgy consunpti on have been previously characterized. [0034]

In sone enSBHORERRTES. @THY i9{s8 dow Power GPhfiiratiopnis tiigeared by dpamia) repst.ol | er
128. The fagtpLy WJ@%@J é&éot.’%&a I 98%98@4.&%&9@%%@%&@ omﬁe%ﬂ&:é‘s%b

front end control 108 he process tool controller

factory cof@q @pn@qalledsﬂpﬁodalspmec@ﬂh%matseﬁweo@wrwr(mﬁguram trlgger@EM
(ES/ BE30) t @ 50858105 Ak (thQF"(\ﬁHe‘?%gs&f?é}BBQ\Hh%e I;T)g(ﬂ:%sé i ?é ﬁ dfﬁg’btr&%s%% 1108

sends and receil ves ener state 1 nformtion a romthe process
t ool cont r @utosaticely antﬂers me slmbma/@r fooofiguratéend aﬁ@htarmed@termloed (osiedeof

ener gy Sav' ngdﬁ%ﬁ@(pﬂ c |¥e gmeﬁﬁslggt nttér ltr}Ler g&ﬁwfdvyer {;&ﬁlghpeftlohhe

process too Sub-f a rou errn full
producti on esumeeated'mtmge),lr elnnsomerp@fob@dlmenfsi, ratfatﬂubstmr&tcd!eqd&& s%ds a
t hr oughput , |eI acto control schedul i ng

na tor
oper ati ons PEMEARY d?%ftbcﬁ)wma RS &ﬂwme@té%an%h@wgﬁ Weg5RR s TRt e
sub-fab eq ‘52 n ed. for _an ded d of time
Factory collobdrln g dRbedPehf iRt imth, S AR E ATt Mt vy "
ener gy saviangspsuplatfasn™ echua@péntosret ’tdmphﬁmdmadbwmmrofoommm apemation dhen t he
sub-fab equi pnent_is needeg e t.ory control%} 128£E1 t he Drocess
of 't ecover PHESERACUIBE A SLURIIOR AR A T G EERTPEnEIdSIE Saarg S e
operation mrmtmrg do@ﬁgm’eu@h olsieh siskerh BRdwinher @nsachantegRaed systerh hh@vmg
fabrication %
an aba ement module, a cooling water module, pump modules, a remote AC power
box, an uninterruptable power supply (UPS), and a controls module. The open
platform advantageously accommodates customer equipment preferences and
achieves lowest environmental footprint, best technical performance, highest
throughput, and lowest cost of ownership. For example, such a configurable sub-fab
system may include one or more abatement units, vacuum pumps, chillers,
interconnections for various systems, and utilities distribution in a compact unit
synchronized with one or more process tools via an integrated sub-fab controller

(such as sub-fab front end controller 108, discussed above). In addition, the energy



[ 0035] Enbodi nents of the present invention may thus provide one or nore
of : carbon foot print data collector and report; carbon foot print

cal cul at estohas@doan total effluent gases and DRE; car bomrcCirastquionds2s

cal cul ated based on utilities usage (Electrical, water etc.); time napped
carbon footprint based on recipe step; carbon footprint report based on
real time em ssions neasured of effluent fromeach step in the recipe);
carbon footprint report based on qualified em ssions nmeasurenent and
calculated for effluent fromeach step in the reci pe as previously

measur ed; &ndtrolegysterns as deseickl mereih roay atsodzsutiligedl irs existing 0088y faalities

@ opi ays anfirRpelREEefs Al I ERRBRE) 7 OPL’ZJQ@%VEI@@E?? e &
Equi val ent i} ssigg | a&r&rsmb@ (e 8BGO LERIRY Bl pLl, Ser

S23 conpl ai'n I'n"'some e ment ener savil at ed
by measuri g m(qmmerpmops tovpontoot prbcessprhaceEs axbalhstuindl przessrgeachrthavsprrwer

configuration, as ed_above, and co I utlllzat

G not e hBRERS ERE BESSE Y Gor BN SR DE b aRLRRL RN 41F BiocRRLIST o oss
tool wit horsbectrﬁtebbanerbwh roéthads QBKMe»reancttmfatgﬂeératemtctnolcmbstcn‘ppra?irr@t@fcﬂcess
of measuri t he ener y savings of the i s discussed further
with respe@?e tpaoqérsautpﬂ EMISHAD SSAUTEM |(? 8rspr8F?S rerq'rzfeﬂ?p%rdseb%er@ases

from the praciags bheed upod deasset wht@RE)rWQ@ﬂwlmr%) CoptoHany eRchiha/@ar bon
or CO2 em ssion Egur val ent of th(ﬁ system gé)w In sone enbﬁdr ments, real
time and oP'HEERFAPIIG WRCERIS DATERRS: rgMichl CRlivelY $YSHEPY: RHEge BeWDrRAWeed f or

the each t@ghdig&iing, E%@ﬁé@@%héds@mow OlgESIS tHeABD eFsssdbkdnadgderesi ddnoe
cl ean, idle node, and stand-by vary si gnr ficantly. Factory tool utilization

can vary fnAReoeg by the intrgrateAgubAab pentiddier.ow as 20%to as high as 95% The
data collection and anal ysis provided by the current .invention accurately
adj usts cum@9pdt i VHegrted N fahSypleBLUSYSta R inAgspEiNep st BregaBt IBVRTGD
consunpt i OthdRehieT therenerggﬂ@éa@erm%e ane- fé'rP'ébU?meHE bhé Mr%'ﬁ HENSHBERN 1S
nonitored by ‘the integrated sub-fab system so are also included in the
CO2 equi valkéengler @gget of 80B8Ithernpwar ﬁéﬁ@y mpdwqi@nmr@g@tmg medentatalize 1si ng
real time eRbasiQlihgs FISAE SydBmCORf 4 LOBbSRR, ARPLAI RO AnSRER dhhed
per f or mance, to refere ce [ibrary of certified emssio results for
rel eased r @Iiﬁptﬁersall gdsnihisgiondién asobiial as wmed asrthe 64); QQWT@|QF§IGW§Sem§§|@ﬂt s to
rel eased b St i.Qns
Sensor s and FOSASAC S BRE TFE SySenTinay RENRES AL orl BRI phddiEs T3¢ o8

i nmpr ovenentenergyamuﬁr@myharpdoccasedbdﬂieiridt sub-fBbi exyuipmoenit |Bﬂstmmwrmé]RI§/

oper at | onalt B aegiril T A RbioRyS HEbiee B ARk e T lRedhg o1

accunul ati me;panrreg themas wquestedarrharwgtum magapmotrsommn abhef the isternall enagy
accunul ative or |(§rstan { ent etailed and tine
| ogged dat ¥S79F 84 BFOV@?,SJ&%@W&}Q gn %B%@]Ssﬁnéﬁr 8 %SAW depi ct exenpl ary
energy savin ers f an. ted subfab systemin acgcordar ce Wit h
Sone erbodi e o 5 SiReTp: Bidkho e Ftalolie AT SURRS deshe, & i Bc.aly
savi ngs r esdlidaathd Conre&pausatenﬁrﬁsm ab veolli a legh@abié tdUbpbraentissidrenbased
[0040] Figure 4 de@qr}aﬁ),{?@ﬂ exe Iar cont ?{ | er 400 for i ncreasi ng the

ef fi ci ency 98f OR{§'d PraRRFSES 1 At APISSINS.ARD iSRCHHC 69 'ORi t h

some enbodihgBabedt pidiRuBl&hARctdriégnti on. I n sone enbodi ments, the
controller 400 is inplenented as a conputer operable to perform dat a

col | ecti on,ooB&j0C &S Sddnts é\rﬁﬂodrﬁrﬁﬁfstlﬂhg Epste®NEDQY fitREEcEhprRe ar 46
sub-fabs. The controller rises a central processi nﬁ%unlt (CPU) 40

a plurali t>¢°6V°'?ﬂﬂ§%rfl_hﬁlfﬁ‘(ﬁ‘ﬂfyt@nggll?r 18R ds artaRty gonnested gt SPlPréabpfrr%ent

exenpl ary eRBodniBIér #d8 angRP RS lokedesdQBoli éordroﬁéufr@@d THd fact§ R@ptrold @

conput er having a CPU, support circuits, and a of “ordi nary

skill in teetionally communicates by HSMS (E37), SECS II/ GEM {ES/E?,O) to the sub-fab
front end controller. The factory controller 108 sends and receives energy savings

state information to and from the process tool controller 102 and the sub-fab front

10



art woul d recogni ze that the controller 400 could be inplenented in a
variety of ways, including as an application specific interface circuit

(ASI C), awbizelidhepriegr ammabl e gate array (FPGA), a syst emcorssasiohsgs2g SCC) ,
and the |ike. Various enbodi mnents of the controller 400 nmay al so be
integrated within the process tool controller 102 or the sub-fab front-end
controller 108, with correspondi ng i nput/output interfaces as known in the
art. [0041] The support circuits 404 may include a display device as well as
other circuits to support the functionality of the CPU 402. Such circuits
may i ncl udendl caritrodér 408t s Deepehenergyweavisggppidades, typsalp reqweer ddditionaleo

circuits and fh n%’i‘%?orrth%g)éé%ng&'%%% §36+4 s?e%?gig?nrgﬁ&gﬁ@%eﬁemry’

random access € nmenory, dIs ri’ves, icarvdrives  and/ or
ot her f or menterindi ayifulaprositicicagstateThe Towssure AQ6mpacts doffirgiusidstrate quality an

operating stem 408, a I ysage dat ro sing nmodyl e 410, a, .
cont rol | or THOHdICa 05 Vighty T dAALY: SRUFRl 2 Te8pianadss T omeratying
_sysltegm_ 408foﬁ5@;tiph§$q bosu'rﬁrﬁptiﬁial bb_ﬁor@ﬂhﬁf eadndo@esrgy isavings. ercth:@_tmuﬂeer 400,
I NCl udi ng acllitati, t he execufl on of var|l ous Pr.Qcesses, | catl ons,
and modul eSatBMEBhIbf ot BanSAEbIor 8 S oA R PAI TG 0% I SHiseRBeleT The
control | er 1xgdireets48a cQBIpMBhE® dridel @gdper hitidestdhené@RisalinggRdcwperasdwn of
the one or more manuyfacturi n%gg?/s_tem sub-fabs. \Wile the present exenplary
|

enbodi ment 06t NPREAIGHVERESDRT PREHBNIN WNER the syBdeb CauPmMEshts ereed.408 f or

control i NG dntrBIre! JBRBUHiRCthar brBSesBYSH R ERRY P Sub-PiL e QlipPEAI fGHhY
skill in the art would recogni ze that the power nanagenent and data
cal cul at i ofleBpRreRarensa\ing s1psiee Of IvpeEatian (viar ¢P BetupleySeo SHER thif thereys nem

coupl ed tojhhet TR MHY @bfiddibAPrédeesem subfabs for data gathering purposes,
but separate and distinct fromthe controller 400. [0043] The power usage

and data pigssssiEnthIimAehts of tRe PPEIAt Gfvehfion %?‘é‘y }fﬁ:sq%ﬁdé [ SRS 0T

more manufacturing system sub-fabs, and to cal cul ate the power usage of the
one or nor éarpendeeidriit falg oojectenanrdliteprpebearoomfops REntaatltated haged emistal

received d%ﬁ%eﬁ?@%%héeénos%ﬂ@@r céﬁpgr@%ﬁ%&‘ éaﬁ&ﬁ%t{a@%é@ﬁi BHSuiHes L%é%@e In

sone enbodi nents, e recel ved rises information fromt
cont rol | er (eduicel, abferdde.griinbé manpkd cadrarefootoipé basdchgn secipe steip; chdoone or

nor e manuf ] - f - i nodul e

120 cal cul AEEb Y RARR Sl B8 erlRaROHBEsBR¢T HRLR PREEES 00, BT

sub- f abs byhe ey cagboméatpnnt @aport based on qualified emissions measurement and
calculated for effluent from each step in the recipe as previously measured; and

reports for each tool or across tool sets.

[0036] For example, in some embodiments, an integrated sub-fab system monitors
and displays all gas emissions from the sub-fab tool set as well as the CO,
Equivalent Emission. Energy savings are calculated and reported with Semi S23
complaint methods. In some embodiments, energy savings are calculated by
measuring a power consumption of a process tool utilizing a low power configuration
as described above, and comparing the power utilization during the lower power
configuration to a power consumption of the process tool without the benefit of a low
power configuration option. The process of measuring the energy savings of the
process tool is discussed further with respect to Figure 5. The system monitors all
effluent process gases from the process tool and based on DRE measurements,

calculates the carbon or CO; emission equivalent of the system.
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power usage of the manufacturing system sub-fabs with a peak power
consunption of the manufacturing system sub-fabs. Power usage statistics
may be cawvoubatmo4iBor a specific instant of tinme, over &Cparstolowbaesti ne
frame, or as a cunul ative value for the process tool. In sone enbodi nents,
t he power usage statistics are conputed according to predeterm ned
destruction renoval efficiencies for each process chemcal, and reports the
curmul ative em ssion statistics for that chem cal after conpletion of the
abat enent process. A chem cal consunption statistical report and post

abet nent eid08di om goata‘ snbpdimedporeal ntinge bandy oneaczusulladive agquivalénti Gl
process to e e r sone
enbodi nment %lm %ne prlede Ha& bgé)d&é&q{”ﬁfc ?oéftédﬁe}?%vggf: Ifrﬁ%&%g%?foéﬁ %cr)cees@

cal cul at ed chembexsi dgritg deppsidaet elean nétie enodsi amd steasby ementsigtifaaddy.d,

such as Se 23, and/. Sem/EPA por,ti n standard n_saone
erbod ment & 2oBRL G iPEaya8 fenoyeay FOI BoP B ol BRR. Bt 5 Losaratis T 3B r en
power cons tigbt a@r%a’gaTmstia@ polisetionu sad eardbisis p@bldethheTb@erﬁWﬁVeru@age
data table 414 cont ai n ta describing the Rower usa e of the

manf act ur PRGTETDL it FaBide  BedinaaBiappiy (R RG oS Bmand

enbodi ment %neid?&:dh@\ﬂ&hbh@ﬁ?&t@rl@&bﬁpfo@@é@nﬂ)ﬂé aril gptimael G@itiby corsengiondisbased
upon the confi guration of Eﬁ?PrOCGSS tool 104 and assom at ed panufacturing

syst em subTHoi8redrRy ﬂf‘r%trﬁﬁ%fa frh-tab %Y?éefﬁo?HtheMs%{Sea Bt eltesc Bs¥enepznodul e
414 conput @gui/BRnPRWBI Usage statistics is described further with respect
to Figure 5. [0044] Figure 5 is a flow diagram depicting a method 500 for

operating ggosg)l eEniiriersts\oF BR prBSeHtaGntibm ListiSleaMirhs Rrfigdborssetesryance
wi th sonme enbodi nents of the present_invention. The nmethod 500 begl ns at

step 502 afENfrbéitiare §retadipd 3o srepified tnepfospance; s taed FRIErense BEI¥ i nes a
set of energyifbg dAfsRATEEANERE fold MedF08pSS. LTNIRy MBUEAGLIMIOr R hiaR
sub-fabs. As described above, the energy usage nay be determ ned using
sensor dat agteeselapeds fip dpleased haﬁthrmtmmemydgt(BK Psanc eReines| Irefieaiing
received fiy or
from & powsy s SGEPEs A resiipis s hom Chuptenl bieadhe & sEincit .
current opénatovegest an eacguradye apd ocresisbllttporrhpomvenﬂorcoaute@pmmwnngustS

manuf acturl fre Nl sage
of the man§ ac$%¢%8§%§¥§ é%%@bgop‘# ?ﬁ@‘?%ﬁgfa@ %%ge%g% B?@@gﬁé g @M%rlyonal
step 506, ¢ow, amd Sdia)a I%ettmtd;l oantbe, aslisireplel g/s taotcd;aleqin@ﬁ&latlohOM] tlme or

opti onal ’Eﬁﬁ m(%thcdﬁt? dter mlﬁ rrtce,”et]a € [e??)e

det er ni ned aert%”yeod@e e carinas sirply 8% aspumuigtive 9° HiRtdeAgo, dy
usage conf iequivalenbmetefloe dbatied ane tieedogpedusg éles onbp@atiaiieetsn descri bes t he
energy usage of a process tool and associ ated sub-fabs that does not have
the benefi f008d] aFiguepdavd d@cﬂdrmmp@gene@yfsiagimgamaers oflae ictet@ited sed
conparison_i,s used.to represent a total ene vi ngs r.ovi ded by the
STty of e/t Bri-Eai Bl R notRdt o e aRSadiMantipg 1N,
more sub-f alpldynttie lepvrgyovavingonbsghatiiopm. opdiraton dettrs rrhreignged heub-fab

di fference between the determ ned energy usage and the baseline energy
usage conf S§eFEti on, the method 500 proceeds to step 508. In sorre

enbodi nents, the deIt ner e can al measuyr e h ext er nal
oo e o Hoafi et A leaios S e DR o RuRt S0 altraseing the e il

met hod 500 efe@BOhicSddvite PBRGTRFILHAGGSIBRRSHI &ITBRIaHce e §G@HOdnbidiredarsH i on
may be optionally perforned in one or nore different manners as descri bed

with respedi® Prgsantdpyaition s imsosg smboediments; thecorirlige 0 Simplanriteensd 500
di spl ays tRenPORr BekIAIR PEASH 3&@%o‘ﬁeét%abtdée§§né hehPFRRRMY foPehergy
controller. In sone enbodi ments, the method 500 may utilize a display
screen coupFage Pborter Bt Felp- fabs. | Theceantrofler 4Qheompticns wepnteal ProgespBbhod
500 my di ghhdepiljaddabd Mr'aﬁt a4t ertr@fgu% 5k 2ind QGhefiBhPAGs! Uinilehfe
controller or h sp ec ur o f | ayi ng di agnosti ¢ dat a.
[0047] At er@whtexmalarx laelbnétmam ot%@()cqrmlsﬁllat ép@a@/dtsnesseela\stth eeapeckto a
renmotely, y L
aggregati OE’H@‘%H%?Q\% %EQUF%\G rtSJRdE S H%k Oﬁ@f%rp@ c)g%%”f'o er 128
functions as a renote display for th| S purpose The renote server may
aggregate data and generate reports by {mdividual manufacturing system
sub-fab, process tool, factory line, factory site, and the |like. One of
ordinary skill in the art would recognize that such energy usage data coul d
be organi zed and presented in a variety of different ways, such as for a
specific instant of time, over a period of tine, and as an aggregate for
the lifetinme of a process tool or facility. [0048] At el enent 514, the

met hod 500 may transmt the energy usage



measurenents to a renote server. For exanple, the nmeasurenents may be
transmtted to a conpany headquarters for analysis, or to a governnent
agency t ovensurmsoasnpl i ance with em ssions control stansgaras2018os6ses
reporting the energy usage neasurenents, the nethod 500 ends at step 516.
[0049] Wiile the foregoing is directed to enbodi nents of the present

I nvention, other and further enbodi nents of the invention may be devi sed

wi t hout departing fromthe basic scope thereof. What is clainmed is: 1. An
apparatus for providing energy usage statistics for a sem conduct or

manuf act ur iarigwoad| recogmze $haighe controller 400 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
embodiments of the controller 400 may also be integrated within the process tool
controller 102 or the sub-fab front-end controller 108, with corresponding

input/output interfaces as known in the art.

[0041] The support circuits 404 may include a display device as well as other
circuits to support the functionality of the CPU 402. Such circuits may include clock

circuits, cache, power supplies, network cards, video circuits and the like.

[0042] The memory 406 may comprise read only memory, random access
memory, removable memory, disk drives, optical drives and/or other forms of digital
storage. The memory 406 is configured to store an operating system 408, a power
usage data processing module 410, a controller module 412, and an emissions data
table 414. The operating system 408 executes to control the general operation of
the controller 400, including facilitating the execution of various processes,
applications, and modules to control the one or more manufacturing system sub-
fabs. The controller module 412 operates to facilitate the control and operation of
the one or more manufacturing system sub-fabs. While the present exemplary
embodiment of the invention is shown with respect to a controller 400 for controlling
one or more manufacturing system sub-fabs, one of ordinary skill in the art would
recognize that the power management and data calculation operations discussed
herein could be performed by a system coupled to the manufacturing system sub-

fabs for data gathering purposes, but separate and distinct from the controller 400.

[0043] The power usage and data processing module 410 operates to receive data
from the one or more manufacturing system sub-fabs, and to calculate the power
usage of the one or more manufacturing system sub-fabs. In some embodiments,
the received data comprises sensor information from the various sub-fabs. In some
embodiments, the received data comprises information from the controller module
412 describing the current operating state of the one or more manufacturing system
sub-fabs. The power usage data processing module 410 calculates the power

usage of the one or more manufacturing system sub-fabs by comparing the current
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a controller that: determ nes a set of energy usage neasurenents for
one or nore manufacturing system sub-fabs; and reports the set of energy
usage neasorenmwbdas 2. The apparatus of claim1l, whereipoTiUseo1008d82®l | er i s
further configured to calculate and report an energy savings by conparing
the set of energy usage neasurenents with a baseline set of energy usage
nmeasurenents. 3. The apparatus of claim1l, wherein the energy usage

measurenments represent an energy consunption of the one or
manuf acturi ng system subfabs in a | ow power configuration.

nor e
4. The

appar at us obwanysage ofl thé meanfeBstunitgesysiem shlerfahmyircfoalp@ak ipower sosuingdiohr ont
e oon f Olk e R finGSPALA'LD 85 2PYull (oI TSt malliEf S LS csiner O

usage neasurenents are r ne O an

aneous tinme

atinme fr arampen'rficanétiarhtediﬂtmm advet hepanticuldraihalframg, boak .a cumulative value for

the process tool. In some embodiments, the power usage statistics are computed
according to predetermined destruction removal efficiencies for each process
chemical, and reports the cumulative emission statistics for that chemical after
completion of the abatement process. A chemical consumption statistical report
and post abetment emission statistical report may be generated at an individual
process tool or cumulative by production line or across a factory. In some
embodiments, the predetermined destruction removal efficiencies are calculated
according to a predetermined emissions measurement standard, such as Semi S23
and/or Semi/EPA emissions reporting standards. In some embodiments, the power
usage statistics are computed by comparing a current power consumption against a
power usage data table 414. The power usage data table 414 may contain data
describing the power usage of the manufacturing system sub-fabs at peak operating
conditions. In some embodiments, the power usage data table 414 is dynamically
generated based upon the configuration of the process tool 104 and associated
manufacturing system sub-fabs. The method by which the power usage data
processing module 414 computes the power usage statistics is described further
with respect to Figure 5.

[0044] Figure 5 is a flow diagram depicting a method 500 for operating an
electronic device manufacturing system sub-fab in accordance with some
embodiments of the present invention. The method 500 begins at step 502 and
proceeds to step 504. At step 504, the method 500 determines a set of energy
usage measurements for one or more manufacturing system sub-fabs. As
described above, the energy usage may be determined using sensor data received
from the manufacturing sub-fabs, controller data received from a process tool
controller 102 or sub-fab controller 108, or from a power usage data table 414 based
upon information describing the current operating state of the process tool 104 and
corresponding manufacturing system sub-fabs. After determining the current energy
usage of the manufacturing system sub-fabs, the method 500 proceeds to optional

step 506, or, in some embodiments, directly to step 508.
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6. The apparatus of any of clains 1-3, further conprising a display for
di spl aying the set of energy usage neasurenents. 7. The apparatus of any
of cl ai msw0-2811/06bka8ei n the controller is further configecedscaonsgest the
set of energy usage neasurenents to a renote server. WO

2011/ 060418PCT/ US2010/ 056825 8. The apparatus of claim 7, wherein the
renote server provides for em ssions tracking and reporting in accordance
with a predeterm ned em ssions neasurenent standard. 9. A systemfor
provi di ng energy usage statistics for a sem conductor manufacturing tool,
conpri si ngioodsie &t optoreal stam H@d, Itee snathet 500 determines a difference between the

determined energy use as determined at step 504, and a baseline energy usage
configuration. The baseline energy usage configuration describes the energy usage
of a process tool and associated sub-fabs that does not have the benefit of a low
power energy usage configuration. The determined comparison is used to represent
a total energy savings provided by the ability of the controller to operate the process
tool 104 and/or one or more sub-fabs in a low power configuration. After
determining the difference between the determined energy usage and the baseline
energy usage configuration, the method 500 proceeds to step 508. In some
embodiments, the delta in energy usage can also be measured with external

devices and entered manually into the system.

[0046] At step 508, the method 500 reports the energy usage measurements. The
reporting operation may be optionally performed in one or more different manners as
described with respect to elements 510, 512, and 514. At element 510, the method
500 displays the energy usage measurements locally on the process tool controller.
In some embodiments, the method 500 may utilize a display screen coupled to the
controller itself. In some embodiments, the method 500 may display the data via an
external display tool coupled to the controller for the specific purpose of displaying
machine diagnostic data.

[0047] At element 512, the method 500 may display the measurements remotely,
such as via a remote display specifically used for data aggregation and reporting. In
some embodiments, the factory controller 128 functions as a remote display for this
purpose. The remote server may aggregate data and generate reports by individual
manufacturing system sub-fab, process tool, factory line, factory site, and the like.
One of ordinary skill in the art would recognize that such energy usage data could
be organized and presented in a variety of different ways, such as for a specific
instant of time, over a period of time, and as an aggregate for the lifetime of a
process tool or facility.

[0048] At element 514, the method 500 may transmit the energy usage
measurements to a remote server. For example, the measurements may be

transmitted to a company headquarters for analysis, or to a government agency to
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determ ne a set of energy usage neasurenents for one or nore manufacturing
system sub-fabs; and report the set of energy usage neasurenents
to a renowearoses13 and wherein the renpte server aggregaras2dioesaper gy
usage neasurenents fromthe one or nore controllers and provide an
aggregat ed energy usage report. 10. A nethod for providing energy usage
statistics for a sem conductor manufacturing tool, the method conpri sing:
determ ning a set of energy usage neasurenents for one or nore
manuf act uri ng system sub-fabs coupled to a controller; and reporting the
ener gy usagesweasamgianne syvith emissitine casttiob dtasidacdsai wfteo redartindhére eoengyi si ng:
cal cul ati ng, 20, CAGKGY A RESHINHARMANY LG @t of eneray usage

S a base of

measur enment 'ne’ sé energy udsage freasurenents; and
[0049] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing

from the basic scope thereof.
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reporting the energy savings. 12. The nmethod of any of clainms 10-11,
further conprising at | east one of: wherei n the energy usage

measur enewo0TIgB0AseNt an energy consunption of the onePOT/USRI18/056825

manuf acturing system sub-fabs in a | ow power configuration; or

wherein the energy usage neasurenents are reported for at | east one of an

I nstantaneous tinme, a tine frane, or a lifetine of the manufacturing tool.
13. The method of any of clains 10-11, further conprising displaying the
set of energy usage neasurenents. WD 2011/ 060418PCT/ US2010/ 056825 14. The
met hod of &Wyatdd cleineddis: 10- 11, wherein the set of energy usage neasurenents
IS reported to a renote server.

1. An apparatus for providing energy usage statistics for a semiconductor
manufacturing tool comprising:
a controller that:
determines a set of energy usage measurements for one or more
manufacturing system sub-fabs; and

reports the set of energy usage measurements.

2. The apparatus of claim 1, wherein the controller is further configured to
calculate and report an energy savings by comparing the set of energy usage

measurements with a baseline set of energy usage measurements.

3. The apparatus of claim 1, wherein the energy usage measurements
represent an energy consumption of the one or more manufacturing system sub-

fabs in a low power configuration.

4, The apparatus of any of claims 1-3, wherein the controller is a sub-fab front

end controller.
5. The apparatus of any of claims 1-3, wherein the energy usage measurements
are reported for at least one of an instantaneous time, a time frame, or a lifetime of

the manufacturing tool.

6. The apparatus of any of claims 1-3, further comprising a display for displaying

the set of energy usage measurements.

7. The apparatus of any of claims 1-3, wherein the controller is further

configured to report the set of energy usage measurements to a remote server.
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15. The method of any of claims 10-11, wherein the reporting step further
conprises reporting the set of energy usage neasurements in a format
consi st erwoutinees1pr edet er m ned emni ssi ons measur ement strama®se0/056825

8. The apparatus of claim 7, wherein the remote server provides for emissions
tracking and reporting in accordance with a predetermined emissions measurement

standard.

9. A system for providing energy usage statistics for a semiconductor
manufacturing tool, comprising:
one or more controllers that:
determine a set of energy usage measurements for one or more
manufacturing system sub-fabs; and
report the set of energy usage measurements to a remote server; and
wherein the remote server aggregates the energy usage measurements from

the one or more controllers and provide an aggregated energy usage report.

10. A method for providing energy usage statistics for a semiconductor
manufacturing tool, the method comprising:

determining a set of energy usage measurements for one or more
manufacturing system sub-fabs coupled to a controller; and

reporting the energy usage measurements.

11.  The method of claim 10, further comprising:
calculating an energy savings by comparing the set of energy usage
measurements with a baseline set of energy usage measurements; and

reporting the energy savings.

12.  The method of any of claims 10-11, further comprising at least one of:
wherein the energy usage measurements represent an energy consumption

of the one or more manufacturing system sub-fabs in a low power configuration; or
wherein the energy usage measurements are reported for at least one of an

instantaneous time, a time frame, or a lifetime of the manufacturing tool.

13. The method of any of claims 10-11, further comprising displaying the set of

energy usage measurements.
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14. The method of any of claims 10-11, wherein the set of energy usage

measurements is reported to a remote server.

15.  The method of any of claims 10-11, wherein the reporting step further
comprises reporting the set of energy usage measurements in a format consistent

with a predetermined emissions measurement standard.
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