- 1 - VACUUM PUVPI NG SYSTEMS The present invention relates to a
system conpri sing a vacuum punpi ng nmechani smand a notor for driving
t he mechani sm Her et o, vacuum punpi ng systens are known which
conprise a vacuum punpi hg mechani smand a notor for driving the
mechani sm The punping system may be copnected for exhausting fluid
froma processing system for processing wafers, such as

sem -conductor wafers, conprising a processing chanber and a transfer
chanmber. A condition of such a ' deteriorates
during operation of the systenﬁéﬁéﬁgﬂhgﬁﬂﬁgﬂgﬁiéﬁgﬁg$vity is required
to restore, repair or maintain the condition of the system For
instance, a filter nmay becone clogged with particles and require

repl acenent. Previously, such a maintenance activity is schedul ed
dependent on el Eb%@asmf/%elﬁiom@afa%m 4 WPFMAOMPRISING ¢ SRR BBPIBLISt omer
or since the performance of a previous maintenance activity. For

i nst ance, =epAnBreHERcaotgefor drivipg theymerkagishedul ed for a nmonth after
delivery and regularly thereafter. Such a schedul e takes no account
of the actual requirenment for a maintenance activity since a
condition of the system may not require mai ntenance when a

mai nt enance act Hetdetoy vacsusighvanhitgesystiefns hrknewasgilich doberisy s vanumasinipeen
operative for less tine than was envi saged. Alternatively, and

per haps nmohRcldABELAUShytor for BEE] tefediByisth e THE p@npTas Bis@AAMEE bE N
advance of a schedul ed mai ntenance activity because the system has

been used pRmBcEXIRRINSNE ARERRNMIrsAG8H: systenl Br bRBERMAMAIIESLERR! ©
to performa maintenance activity on the system according to an

actual, re mixéogguctcfr%'férﬁ,ggﬁlgﬁsiﬁé Sgr&gﬁfﬂ éh%bé}fana Q%‘aﬁéfértc%%b T 2 -

It is also known to provi va m punpi ng sub-systen1toget%er W th

ot her sub- I r i i e

Cxnom oot SRR S BRSO A B B R SR i
to renove hazar

exhausted from vacuum punpj ng_syst us proce

by- b oduct SO PERE B e Gt ey LSRR Bl e SorB R 6F P
renove such substances anf%batgngnt ) ﬁtenlco SQHE%‘[gfourpes such as
pover, wat BTy AOT FEGEHSMChERY C51oe q ‘ngPiiu&’“BdPﬁ‘B’ic g 454t FaWgenent is
connected for punping gas froma processing chanber, for instance a
processi ngreplasmat Pivioglycusisr mydensnecasivity Bechednisd depandent ap slapsant
systemis activated prior to comencenent of a processing procedure
and cont i ntvas singe égliwemtad tha syatem; tp @ gugtanpeirssincaicaarpenanag @F TPIEVIOUY O
treat a maxi mum expected flow rate of gas fromthe punping

ar r angenenmaintdnatdecactiibt dive mstagys b aminteraacopeivay edy bt sthedded fraia nsantth
a fixed capacity sone gas may be rel eased into the environnent

Wi t hout t r afadr elinery drid regblhrlbicpiere Sueli @ schiethit takés didvecalabLtie attual
systemis set to run at a fixed capacity then there will be

r edundancyreqlirdrient Soratredihiai@te gatvity Sinex b ool JriReysds WaCckHY Rquire
punpi ng system at | ess than a maxi num expected rate or when no gas is

exhaust ed. mhintdn@nd&itich aRhAntbRneORLHRY i RBRRALIEHR BlanSY S IRy 6 hRABecht
is operating at a sufficient capacity to treat exhausted gas but

W t hout COS@%@%J (€3 MM WAN G isapdl !A%ma?ibél{,p{ng?g{ﬁa%é Iﬂ&%rﬁail%eﬁ?usly,

provi des a ‘vacuum punpi ng system conprising: a ne vacu

punmpl ng neg Q()ail 'itisorlpmay require maintenance in advance of a scheduled maintenance activity

because the systern has been used more extensively than envisaged. It is therefore
desirable to perform a maintenance activity on the system according to an actual, real

time, requirement of a condition of the system.



a notor for driving said at | east one vacuum punpi ng nechani sm

means for determning a cunul ative |oad on said vacuum punpi ng system
over time by nonitoring a characteristic of said notor over said

time; and - 3 - means for activating a maintenance activity on
sai d system when said cunul ative | oad exceeds a predeterm ned anount.
The vacuum punpi ng system may be adapted for use with a processing
system conprising a processing chanber in which wafers can be

processed and aptif ARSERIwrCBPEREe 4 VHeRE PuiBingRu¥Ss&ind topBMleOFith other
transferred to the processing chanber for processing and transferred

from the pLQaeesahfin ¢ BAB&IalLEh, RORESHRGystbl it MSexGASR or bl a sub-
g a I rst é VvV

vacuum punpi ng systemnmay c rise: sai cuum punpi ng
mechani sm drj ve first sai.d tor for acuatin as fromthe
s Mo s s ikl Plys 2 Sl e Hie AT AR A ARad LRS-
driven by a second said notqr for evacuati as fromthe transfer
Chanber :  TemOve (A dls PLHeY Bya g RS AT g o SN atrs fomhins cdaysted 8ot 48 ve

| oad on said vacuun1punﬁlq% system over tine by nonitoring said
char act er i STICEIOGFMEYG Hof Sylstantisag bypmentisystera CoRYmAbIcgpurces such as power,

water, gas or other chemicals. If the pumping arrangement is connected for pumping gas
from a processing chamber, for instance a processing chamber for processing semi-
conductor wafers, the abatement system is activated prior to commencement of a
processing procedure and continues to operate at a fixed capacity which is sufficient to
treat a maximum expected flow rate of gas from the pumping arrangement. If the
abatement system were operated at Iess than such a fixed capacity somc gas may be
released into the environment without treatment. It will be appreciated that if the
abatement system is set to run at a fixed capacity then there will be redundancy in the
system when gas is exhausted from the vacuum pumping system at less than a maximum
expected rate or when no gas is exhausted. It is desirable to control the abatement system
so that it is operating at a sufficient capacity to treat exhausted gas but without consuming

resources unnecessarily.

The present invention provides a vacuum pumping system comprising;

at lcast one vacuum pumping mechanism,;

a motor for driving said at least one vacuum pumping mechanism;

means for determining a cumulative load on said vacuum pumping system over

time by monitoring a characteristic of said motor over said time; and



The present invention also provides a nmai ntenance detection unit for
a vacuum punpi ng system said system conprising: a vacuum punpi ng
mechani sm a notor for driving said vacuum punpi ng nechani sm and a
system control unit; wherein said naintenance unit conprises:

means for determning a cunul ative | oadzon said vacuum punpi ng system
over time by nonitoring a characteristic of said notor; - 4 -

means for activating a maintenance activity on said system when said

cumul ative | oad @x¢EB05: 3mSR HAMRE AR WAlsaid@)em when said cumulative

load exceeds a predetermined amount.

The vacuum pumping system may be adapted for use with a processing system
comprising a processing chamber in which wafers can be processed and a transfer
chamber through which wafers can be transferred to the processing chamber for
processing and transferred from the processing chamber after processing. In this case, the
vacuum pumping system may comprise:

a first said vacuum pumping mechanism driven by a first said motor for
evacuating gas from the processing chamber; and

a second said vacuum pumping mechanism driven by a second said motor for
gvacuating gas from the transfer chamber;

wherein said determining means determines a cumulative load on said vacuum
pumping system over time by monitoring said characteristic of said first motor or said
second motor.

The present invention also provides a2 maintenance detection unit for a vacuum
pumping system, said system comprising:

a vacuum pumping mechanism;

a motor for driving said vacuum pumping mechanism; and

a system control unit;

whercin said maintenance unit comprises:

means for determining a cumulative load on said vacuum pumping system over

time by monitoring a characteristic of said motor;



an interface for allow ng said nmai ntenance detection unit to
interface with said control unit so that said determ ning neans can
noni tor said characteristic. The present invention also provides a
processi ng system conprising a vacuum punpi ng sub-system for
evacuating gas froma chanber in the sygtem wherein said vacuum
punpi ng sub-system conprises: at |east one vacuum punpi ng nmechani sm
and a notor for driving said at | east one vacuum punpi ng nmechani sm

and wherein sai ¢ ph} NGivailANEEARRnCE ANty DR Said system WHRARSd b@fwlative
determning a | oad on said vacuum punpi ng nechanlgn1by nonitoring a

CharaCteri?ah%xQed§§de&B%ﬁ€}iﬂﬁﬂm-and control neans for controlling
operation of at least one ot%er suB-systenlin said systemin

accordance with said.determ ned |l.gad.qn sai ¢d.vacuu unpi . )
e an W o et R TR shid FhihaRE e Bon B RUTRIA, witn wig ¢
for a processing systemc ri si.ng a vacuum punpi.ng sub-system for
evncaat ng ool e BE s i e FEY BN L AR DaadeT Barmi ng

sub-syst em conprj si ng: . X ) ) ..
The present invention also provides a processing system comprising a vacuum

pumping sub-system for evacuating gas from a chamber in the system, wherein

said vacuum pumping sub-system comprises:

at least one vacuum pumping mechanism; and

a motor for driving said at least one vacuum pumping mechanism; and wherein

said pumping arrangement comprises:

means for determining a load on said vacuum pumping mechanism by monitoring
a characteristic of said motor; and

control means for controlling operation of at least one other sub-system in said
system in accordance with said determined load on said vacuum pumping mechanism.

The present invention also provides a control unit for a processing system
comprising a vacuum pumping sub-system for evacuating gas from a chamber in the
system, said vacuum pumping sub-system comprising:

a vacuum pumping mechanism; and

a motor for driving said vacuum pumping mechanism;

wherein said control unit compriscs:

means for determining a load on said vacuum pumping sub-system by monitoring
a characteristic of said motor;

means for controlling operation of at least one other sub-system in said system in

accordance with a determined load on said vacuum pumping sub-system,



a vacuum punpi ng nmechani sm and a notor for driving said vacuum

punpi ng nmechani sm wherein said control unit conprises: means
for determning a |oad on said vacuum punpi ng sub-system by
nonitoring a characteristic of said notor; nmeans for

controlling operation of at |east one ofher sub-systemin said system
I n accordance with a determ ned | oad on said vacuum punpi ng
sub-system - 5 - O her preferred and/ or optional aspects of

the invention apgy&lefdriRd dnl/ot B Lcﬁ’iﬁ% {A\DinGdioHBre defined inlifle OF d€r
that the present 1 nvention may be well understood, sonme enbodi nents

t her eof by way of example only, will now be
“’fa&c%ﬁlpg{éﬁegbl\éﬁﬁk

descri bed w t ence to the acconpanyi ng draw ngs, in which:

In order that the present invention may be well understood, some embodiments
thereof, which are given by way of example only, will now be described with reference to
the accompanying drawings, in which:

Figure 1 is a schematic diagram of a vacuum pumping system,

Figure 2 is a schematic diagram of a second vacuum pumping system and a
processing system;

Figure 3 is a graph showing motor current over elapsed time for a motor of the
vacuum pumping system in Figure 2,

Figurc 4 is a flow diagram of an clectronic circuit for the vacuum pumping system
shown in Figure 2;

Figure 5 is a graph showing motor current over elapsed time for the second motor
of the vacuum pumping system in Figure 2;

Figure 6 is a flow diagram of an electronic circuit for the vacuum pumping system
shown in Figures 2;

Figure 7 is schematic diagram of a third vacuum pumping system and a
maintenance detection unit;

Figure 8 is schematic diagram of a system comprising a vacuum pumping sub-
system and an abatcment sub-system;

Figure 9 is a schematic diagram of a processing system comprising a vacuum
pumping sub-system and an abatement system;

Figure 10 is a graph showing motor current over elapsed time for a motor of the

vacuum pumping sub-system in Figure 8 or Figure 9;



Figure 1 is a schematic diagramof a vacuum punpi ng system

Figure 2 is a schematic diagramof a second vacuum punpi ng system and
a processing system Figure 3 is a graph show ng notor current
over elapsed tinme for a notor of the vacuum punping systemin Figure
2; Figure 4 is a flow diagramof_gn electronic circuit for the
vacuum punpi ng system shown in Figure 2; Figure 5 is a graph
showi ng notor current over elapsed tine for the second notor of the
vacuum punpi ng F@feelm 1E 9 ﬂE arﬁ ofan electrdfﬁcgéﬁrcﬁlt @01’ tﬁe Qach{:]ﬂ%gl.:pﬂlgrqﬁﬁn
of an electronic™circuit for t € vacuum punpi ng system

Figures 2; S§Or hematic diagramof a third vacuum
punpi ng sy enance detection unit; Figure 8 is

schemati c diagr n1of a s ri sing a vacu ubs stem
and an abat enen §E?01251§/§é5%$ showing “}f’itcﬁtfggmﬁ oveg a@%@ﬁﬁ?qq‘é HiCEYtam of
a processing system conprising a vacuum_punping sub-system and an
abat enment gspgq he vacuum pumping sub-system in Figure 9;

é}{stem %hoavngin rFe ure

Figure 13 is a flow diagram of an electronic circuit for the vacuum pumping sub-
system shown in Figure 9; and
Figure 14 is a schematic diagram of a control unit for a system as shown in

Figures 8 to 13.

Referring to Figure 1, a vacuum pumping system 10 is shown which comprises: a
vacuum pumping mechanism 12 and a motor 14 for driving the vacuum pumping
mechanism. Means 16 are provided for determining a cumulative load on the vacuum
pumping system over time by monitoring a characteristic of the motor over that time.
Means 18 are also provided for activating a maintenance activity on the system when the

cumulative load exceeds a predetermined amount.

Although other characteristics of the motor can be monitored within the scope of
the invention, the characteristic of motor 14 which is monitored in Figure 1 is an
electrical power required by the motor to drive the vacuum pumping mechanism 12.
Since power cquates to the product of clectrical potential and current, and the source of
electrical potential is generally constant, the determining means 16 can be configured to
monitor a current in the coils of the motor in order to determine the power.

In Figure 1, the cumulative load is equal to the total mass flow of fluid (gas or

vapour) pumped by the vacuum pumping mechanism 12 during its operation over a



Figure 10 is a graph showi ng notor current over elapsed tine for a
notor of the vacuum punpi ng sub-systemin Figure 8 or Figure 9; - 6
- Figure 11 is a flow diagram of an electronic circuit for the
vacuum punpi ng subsystem shown in Figures 8 or 9; Figure 12 is
a graph show ng notor current over el apged tine for the second notor
of the vacuum punpi ng sub-systemin Figure 9; Figure 13 is a

fl ow diagram of an electronic circuit for the vacuum punpi ng

subsyst em $8GWMbfid| ALbRIsEly, AMndition of thE b%ﬁﬁlﬁ{%ﬁhﬁﬁ% sgstﬁﬁxh%WiEIF

di agram of "a control unit TOr a systemas sho ures 8 to 13.
Referring 40k iditfo4H B&%v&‘%ﬁl}{é & e]dootyj R Q: ‘4)@{ 8{},’1
. t t
conpri ses: Bge\}%rg{ééﬁ%%ﬂ%(%f%g&nec ani’'sm anh rgb otor - ? %%rp i ng
t he vacuum pu h%ﬁchFngh§nlaN§an% q e %oviq$q faor.. gternng%qg a
cumul ati ve PRE VAELGh PO ROFR Y S SEhABRISPTAS: R Uy RADSF 1OF T Ng
a characteristic of EF notor over that tinme. Means 18 are also
B ov ded 1 B BRFIRGRIE G TR AR eRarEn AEE ST SOl (e ERTNTRIAH e
currul ative | oad exceeds a predetermnm ned anount. Al t hough ot her
char act er i §¥5% 1@ fanhedesigred when reBlifsbissoRties 4R A 4 20 BPIE¥Bpe of t he
invention, the characteristic of motor 14 which is nonitored in _
Fi gure 1 i sredetempiaed mpwant ipgwer whenghe pxstnbipay pempp el requiredestarationi s is
vacuum punpi ng mechani sm 12. Since power equates to the product of
el ectri cal theeasnwittapreands cagnure pumpaigdystéres. sbheroeurefl aplargtmentako reduces
potential is generally constant, the determ ning neans 16 can be
conf i gur edthe@opaisility@f azonditisrestt the systdredataidraingfto b peintatvaiich serioeder to
determ ne the power.
damage occurs, thus avoiding a requirement for expensive repair work or replacement of
some or all of the system.
The condition of oil scals, filters, bearings, quality of lubricant arc non-cxhaustive
examples of parts of a vacuum pumping system which deteriorate in proportion to the
mass flow of gas through the system.
The activating means 18 receives an output from the determining means 16
relating to the cumulative load on the system. The activating means 18 is configured so
that when the cumulative load exceeds a predetermined amount a maintenance activity is
triggered. The predetermined amount is selected in accordance with prior
experimentation. In this regard, a condition of the system 10 and a cumulative load on
the system is monitored by experimental operation of the system and it is noted at what
cumulative load the condition of the system requires restoration. Experimentation under
various different operating parameters is preferable so that the system can be used in
connection with various different processing or scientific equipment. It will be

appreciated that different processing and scientific equipment involve the use of different

gases, materials, wafers etc which have various different affects on the condition of the



In Figure 1, the cunulative load is equal to the total mass flow of
fluid (gas or vapour) punped by the vacuum punpi ng mechani sm 12
during its operation over a - 7 - period of tine. Accordingly, a
condition of the vacuum punping system 10 which deteriorates in
proportion to the mass flow of fluid pugped by the vacuum punpi ng
mechani sm can be nonitored and when it is deenmed appropriate, a

mai nt enance activity can be triggered for restoring the condition of

the systemyahifint Nintpid@¥ysteth. CRAGHADN B ddibBiSYSheMs U@ Aa e ivARLOr ed
when it requires restoration, and not at an arbitrary predeterm ned

monment in ti - [ r I
as is the caeggs (\:I?\lAYi{Bﬁ Qcpn& evi %@t&gﬁg l%%%rgaen‘g? %aﬁlgéfs{@%h&%ﬁg I %?@@%S'
arrangenent als ces.:the,passihility. of cohdition.of the system
et or Porati ng & SR ¥ PE AARLR plrbtind hufhaf 0 HelbPL wia s

avoi ding a requi.xenent for. expensive repair work. or, repl acenent. of
Some or al P el RGRPERINE SYStem 1 comuifias ¢ PRRCPE S At & R ¢ or s,
beari ngs, quali of |ubricant arc pon-exhaustive exanpl es of parts

of a vacuumagﬁaﬁéﬁv F7g BePEReERREAT @ stag £R Pkt *a%r@ﬁir ﬁh%ﬁl%éﬁ%@whﬂl%e

mass flow of gas through the system The activating nmeans 18
recei ves aHnpaegsead watera2e men brorasfermd fythpprsessing chambari2A gor nsoqepsng.
cumul ative load on the system The activating neans 18 is configured
so t hat wh&rpcessed walerd 2t dre ansfrantd dvooethd pravepmedbemberi 24dd therposfer a

mai nt enance activity is triggered. The predeterm ned amount is

sel ect ed i nhadeosdafbepretdshing chanrbeeXp droenealamimtrineldnt § piosessmgarasura
condition of the system 10 and a curnul ative | oad on the systemis

moni t or ed byerekpeutsa®it plurdive bBproca’sing cidis duying efichnichd wafk:s apot ed at
what cunul ative |load the condition of the systemrequires

restorati ofandffR@rtd BRNfcAHoh QNFroMART chdAhED Uthe tiah el @RIMbEHIRY Gl th&8ther hand
paranmeters is preferable so that the system can be used in connection

wi th vari opg|divkheics Bl pRGERSI WHcPEs il airhdsph&GeUinR ssshdg pibdshrePe
appr eci at eg&t hat dicffelrrerlljt pr oces%i ﬁdtﬁgnad9sci enti fg’i c e uicgsrrsengtmlbéSch’

| nvol ve NG G0fedlld 810 ORRRRs 20THE GlloBha W ShE! BBl oR dhave
various different affects on the condition of the vacuum punpi ng
system Ac i.ngly,~th eternminin n .and t activatin
reans can_ B8 EERPre Hisc s 5t ebfter TR Berd R R s P B ey o
different a rat us. Referri tp.Figure 2, .a vacyu i ng
system 20 P BHOWARESS 4 br Santarsddd apd femtBorofisung PRt g 8 ot em
22 conprises a processipg chanber 24 in which wafers 26 can be
processed BWSS&fes‘Elé}g%“%’%éﬁ‘éF“i’ef 34 jsdrapesed gapsherec it grocsipEwaters
unprocessed wafers 26 can be transferred to the processi ng chanber 24
for proces3? iy bepemeeslsed wafers 26 are transferred fromthe
processi ng chanber 24 to the transfer chanber 30. The processing
chanmber 24 is dartbis akdnplephatrarisfes dhamben 3§ albwestsiorfgngsices wiheepedomed he
course of a plurality of processing cycles during which tine wafers
ar e transf samayl td iotradhate mafoy gditrhosphert iethe hpavhe knd Dheantfcawsfsrat chanber
30 on the other hand cycles between a first pressure, which is

typi cal |y plob@siph@ressur@tath Srofdssifg Sisinigr. PhessthtCarranittdnt rspiretc @ider al
mrorr. Wafers 26 are introduced to the transfer chanber at the first

pressure. ibgechiinées Haf phifori@c FiF BHthe hfordtadiBhcBfindtfont 8L 8Pata®
processi ng pressure and then wafers 26 can be transferred to and from

the prOcest%ér{%&r%H%ﬁ‘ﬂ%??na?‘gberfgﬁ?th%@c%ﬁ&%?thk Bdr erﬁfﬁgégﬁfggﬁioglﬁ‘.amenﬁg I's

i ncreased to atnosphere”so that processed wafers e renove

transfer chamber herein is intended to cover an arrangement as shown in Figure 2 or an

arrangement in which two separate chambers are provided.



In this exanple, the transfer chanber 30 allows two functions to be
perfornmed, namely to introduce wafers at atnosphere to the system and
to transfer wafers at processing pressure to a processing chanber. In
anot her arrangenent, a separate |oad | ock chanber may performthe
first of the aforenentioned functions amd a separate transfer chanber
may performthe second of the aforenentioned functions. The term
transfer chanber herein is intended to cover an arrangenent as shown

in Figure 2 or @Rrag hRBESHEM pobeskih 648, S o8 ERRI@FEoCHARRR RiuBido the
provided. - 9 - Duri'ng processing, a processing gas, such as

CFa, 2P BfocRinckfub rrﬁ%gggﬂgh??& ﬂsm%@aﬁﬁfb'gﬂ%fiﬁgs?@n{cgﬂéfgu%ﬂgz_ A

evacuated fromtftie chanber rst vacuum

first nmotor 34 driyes,t fir acuym i.ng nechanis A second
vacuum punBiet B ¥ S g RS TR Y i Ranipd 7 &6na
evacuating gas from.t he transfer. chanher 30. The gas | oad gn
Thect v oty G et i 3 e HEH AT LA e er T ot
processi ng gas ggich iiS Introduced to the processi ng chanber 24
during a pHEdEEsEheaaYe’hnd the power of first motor 23 increases in
proportion to the mass flow of gas. Additionally, the mass flow of
gas increases whehgas loasraarthe Srsprasgbepumpingdnechatian 32 és daperdentan ©messi n
the mass flow of gas over tine can be used to determ ne a nunber of
waf ers pr oflewsdgrdsyssingeapwbisbssintrgdups tastire pRcessing chaiber 2dalsrinoad on

t he second vacuum punpi ng nechani sm 36 cycl es between relatively high
| oad duri ngropessingdpand de pawpr eSfEstreotoeZilmticases &t @pporadn tohke tagsfhiver
chanber 30 to processing pressure and relatively |ow | oad when the

mechani sm 3fgdss AriditiopalipiRgnAe owldigacinawhes whai neefeaismbaiiciehy hi gh
| oad occurs once in a processing cycle (i.e. shortly after

UNpr ocess e theydh:€ Moctakhitonk it theteeHow 8 f EhkevkF @8 tAT beolRadRelelerminR@
cycling of the load on the second vacuum punpi ng nmechanism 36 is a

measure of nﬁrﬂ@cr%‘f‘mﬂgﬁs ﬂBcéé@Jd%fgghé"f&joE&siﬁé‘éf‘st&?% processed by the

processing system 22. ° uum punprng system 20 conprises

purpi ng- sy<t om b Byl Th LA Bubfd ik SEEYRR iy

rccor ar ngt YRS i PR e e R wER B e B B RSRBe e a er s

Char act or i SIS T EHES RS PR g P RELBHTH WhTGRE FaBiisps s o

e O s B s Phambor Stte a relatively Kigh 9ad ocaics ones in 4 processing
cycle (i.e. shortly after unprocessed wafers are introduced to the transfer chamber), the
cycling of the load on the second vacuum pumping mechanism 36 is a measure of the
number of wafers which have been processed by the processing system 22,

Vacuum pumping system 20 comprises determining means 40 which determines a
cumulative load on the vacuum pumping system 20 over time by monitoring the
characteristic, or in this case the power, of the first motor and/or the second motor.
Accordingly, the determining means can determine the number of wafers processed by

the processing system either by monitoring a characteristic of the first motor or the

second motor. Both the number of wafers processed by the system 22 and the mass flow



of gas through the system 20 are indicative of the condition of the
vacuum punpi ng system and can be used together or individually in
order to determne its condition. In nore detail, in a first
arrangenent, the power of the first notor 34 is nonitored by the
determ ning neans 40 to determ ne the tigt.al mass flow of gas punped
by the first vacuum punpi ng nmechanism 32. In this case, activating
nmeans 42 triggers a maintenance activity when the total mass fl ow of

gas exceedsgy gaqﬁfu%q% ﬁ%%ﬁ&ﬂ 2bAUAhIBRRE of hfévc\foﬁ‘tiitiééytf'i)f:ﬂe \zﬁc}pﬂ?ﬁgg‘@g@u um

establ i shed by pri erinentation that a condition o

punpi ng sy T tion. . : second arrangenent,
Phe’ poner  or e e B sk BR g o Bliiguatts i s o Re B SORRRE noaans
40 to determ ne_ the n er of wafers processed stem22.. 1n thi
Case. activat | nly BEEERHp I ¢ bR ESni i Bhn cots dr Ay TS HopHed
nunber of gaf er(f exceeds a predﬁt erm nﬁd nynber of wafers at which it
has been eS¥ Hi5deiamamingmers §P i Agemingeiie i3 ghrst Aaw o4 segermed 8 thorfisthe
vacuum punpi ng systemrequires restoration. In a third

ar r angenmen UG meghapisen e dp His ¢a5¢. GEIEING seprift toiggads dinaittignance
determ ning nmeans 40 to determ ne the nunber of wafers processed by
syst em 22. a¢tpyityhvhen dhestetal mess o dingps peceads predatérgreadgotal meds flosrrmbeh
activity when the nunmber of wafers exceeds a predeterm ned nunber of
waf ers at wihiagbeentestablishbd by pestcapérirsdigdioh yhap e iconditpeitheresviamipampingat
a condition of the vacuum punping systemrequires restoration.

Any of t hesfstenstequiBa@aedictatiof. third arrangenents can be adopted

i ndividually or nore than one of the arrangenents can be used in

order to provi db Bset®dearfaapatdnt, (A6l b&adr o the Ffrst tRorCNG kdoh AR by tHhe
vacuum punpi ng system 20. Figure 3 shows a graph of current

(1.) over Hét@i@niﬁih% e BROMOR deREm&ER ke fbePof Aol pPREQEA B¢ sABAWD | 1) this

Figure 2. Wien wafers are processed, processing gas is Introduced to

t he processj : Y , V., ¥ i nj,sm
55 P By ao s bR Headd Al S AT G oI AL DT Gr BEIAN, ©

mechani sm d thereforg the current in.notor 34 increases. The
i at 1 veoresa g SEREMElE e AR P e n TR B ot e
current with respect to tine.and_.accordingly.the determ ning neans 40
conpri ses F’fﬂegﬁﬁegtﬂl tthPt"'ez’a‘ff’éﬁlﬁ’ft‘é’P Ofﬁ'teé’ﬁ?‘ﬁ‘m %HXHI%SY&?WQHF“%W PR ect
totinme. If the no iéored characteristjc is a characteristic _other
than the curren]t“,a'gﬁ aﬁ@tgémﬁvwhﬁgow&laq’féhwcmmé%mr%awgreﬂ&w the
integrating that other characteristic with respect to tinme. As shown
in Figure get@rﬁémg& awarp 49dp deigrmipe theewmbenel walers progawed hesysteay?s In this
represents the cunulative gas |oad on the system Since deterioration
of the sysetaspnacinatiogseeansd iggers pazgdehaocamstianty when thadumbéref wafers
activating nmeans 42 is configured to trigger a naintenance activity
when t he centaédataipredegasinedadmbaad edferaatpriedet basntbear dstabiished by prior
Accordingly, a condition of the systemcan be restored as and when it
requi res naipeii@o@siien that a conditiofy uf the 4achansngit Sx%rRADIcGuiadk réshRation.
determ ni ng neans and activation neans as described above. In Figure

4, the arrangengmf of the Sk, tse€bntOdr tHied alydngan&ty@&nme%aﬁte&iﬁdﬁmﬂanﬁEHBn_t
froml oad on punpi ng nmechani sm 32, which exhausts gas from processing
chamber 24mqrc than onc of the arrangements can be used in order to provide a more robust
indication of the condition of the vacuum pumping system 20.
Figure 3 shows a graph of current (I,,) over time (t) through the coils of a first

motor 34 shown in Figure 2. When wafers are processed, processing gas is introduced to

the processing chamber 24 and evacuated by vacuum pumping mechanism 32.



As shown in Figure 3, the |load and hence the current I mincreases
during processing. The current in notor 34 can be detected directly
nmonitoring the notor or deriving the current froma frequency
converter which drives the notor. Determ ning nmeans 40 conprises a
clock circuit 41 and a processing circuit- for receiving a tine (t)
fromthe clock circuit and a notor current The processing circuit
calculates an integral (f flndt) which corresponds to the cunul ative

| oad on th%_v§&ﬁfi%ﬁﬂro&ssiﬁ%§as%@fbé&fes P fo28 RAYRIM LSRR mMSD AN tHePerhile Iy ©
3). The activation neans 42 conprises a nenory 44 for storing a val ue

"X' determ E ti j f i ndt
above mhicﬁﬂﬁﬂ2%§§§%£§$ﬁ§§£$et3??8@%?%%”%ﬁ5{?%g@%?%%n#§¥ﬁﬁgﬁéﬁl@fmfor
instance an oil, .12 - filter ¢ e. The activation nmeans 42

conpr i ses thofite Grrepbit Sl BIH% i edinely e HeBEfE i 0 4o
outputting a si.gnal SERVICE (e.qg binary "1') if_ | fl.dt i.s greater
Chan " x' "R RIS EIR AR AT s HaEg s cyrfent with rspedilo Rl

"x'". A display 45, or other suitable nmeans of alerting a maintenance
activity, o85PEgshaupgteRistic is 3 dwpsesiatic ofher taprts et diradetqminag peans
activation neans. Figure 5 shows a graph of current (l.) over
time (t) tHPeomprisehmeaws oy mgigraiing s nthengrmctesgiawivhrespest 1 tiug eAD.
When wafers are introduced to the transfer chanber 30, the chanber is
punped dowshdwn mdtgurerd phensbadeg prsondrivern 86. cuBrand shd oaxinfeprgasnts thom
the transfer chanmber increases the |oad on the nmechani sm 36 and

t her ef or e tireuletiva g tloddonning oisted8 Simerdeasiomtiod bEthp sptes Ricregsaafwithach
waf er causes deterioration of the vacuum punpi ng system In

this regar thers@iandhlation IRgshe katvatngMnbihsidDes Ednfigtired aCtigBAUAFhRBance
nmechani sm 32 deteriorates in accordance with a total mass fl ow of

processi Nga@astythah thccubuRRd gasliogd BRS&Ishl PMMeRimiRE aRUime A cB¥dinbs), a
first vacuum punpi ng nechani sm 32 during processing of each wafer can
be det er m pefhiddh SHRAGLERNLAbE Alliordl S0nd IEPRYMER-ARRAGIAQL ed W Lh

t he second vacuum punpi ng nmechani sm 36 deteriorates I n accordance

w th a nunber : . : € ; oWnNs
required for eg%ﬁﬁﬁggggggga%ggh&%éggﬁa%%9“%$§$ggggﬁ&gg&QQHQEHgﬁgﬁbby
experinentgti det er m ni

. f [ to Fi .e 6 h
30 comr i sGecRPsabexs. iy TP B ety wiet i e e PURE T w1
t to ti t (dimdf). A detected, t .1 d i t) .f
2 e ook cf FElFEmEt TPE i DERPICR BeBGr tn PR B b TRprooabsing

menory 44 stores_a value 'y' which corresponds to dinfdt when punping
mechani sm $8sh#tknces punp down of the transfer/load | ock chanber
30. 'y' is input to a conparator which conpares 'y’ wth dinidt and
outputs a YES sigshwwnin&iguas dathic lopd arg keacethe chment Ly increysps during

processing. The current in motor 34 can be detected directly monitoring the motor or
deriving the current from a frequency converter which drives the motor. Determining
means 40 comprises a clock circuit 41 and a processing circuit for receiving a time (t)
from the clock circuit and a motor current I,. The processing circuit calculates an
integral (J fldt) which corresponds to the cumulative load on the system (i.e. the sum of
the shaded areas shown in Figure 3). The activation means 42 comprises a memory 44
for storing a value ‘x’ determined by experimentation which represents a value of [ fI,dt

above which the system has deteriorated and requires maintenance, for instance an oil



- 13 - YES signal (e.g. a binary '1') is outputted when a wafer or
batch of wafers is | oaded into the transfer chanber. The YES
signal is input to a counter 47 which counts the nunber of wafers or
bat ches | oaded into the system and outputs a "Wafer/Batch Count"” to a
conparator 49. Menory 44 stores a valueg?2x' which is equal to the
nunber of wafers/batches above which it is determned that a

mai nt enance activity is required. Since each wafer or batch of wafers
is indicati i |

Syst om and T Rer GPEr o e o Bt P& T o P st 1o CrAHAL el

ystem water/batc

count |, 2, 55180 8BS RR LGk R SETRALY o (T SRS
6 P12 e 0 SN Sy L i A o SRl hSplose

Figures 3 tg 6, .the determni.ng neans and the actjvating means can be
confi gur ed Oﬁ‘ﬁr F"H‘ia{;l\e BRI ATTHR S f EREECNARGS AFfY Y Q@E@Y%ﬁhgﬂ?d“ FSPOTISE fra
nunber of wafers and the total nass flow of gas. For instance, a

mai nt enanc SERME T istepaldamn B activagigamedns. f the total gas flow exceeds a
predeterm ned anpunt but only if the nunber of wafers processed al so
exceeds a predeFenr hgwagsuaph.of Murent flad pyesttipe (8 thraught ba avibeofactionit y
can be triggered if the nunber of wafers exceeds a predeterm ned
anount but motdr3Rishowha Kigtral2. Vélsms Wifawaofingedicad wohekast shanber 30, the
predet erm ned anount. Referring again to Figure 1, the vacuum
punpi ng syshaetbet & pratppd Hees ba vamam puiipiid @cchadidnm\36i Ehraganocongi fogAat e
a requirenment for a maintenance activity to a user. The user

interface phcafsRsfRbtimbONTRALIcSRS thR 1¥4dhathe SlestRhb 36tnk thelbbRINE kIl ¥,
the interface may conprise any neans of alerting a user such as an

audi bl e si gR&r 30indS&BesOfTHR pRAGQIng I cRéNWAEr diRTdERABrafE o PRe vacuum
associated with the vacuum punpi ng mechani sm 12 and di sposed adj acent

thereto. ALlehnati¥&hy, the interface can be disposed renotely from
t he vacuuﬂ) _15115 %S punpi ng nmechanism If the interface is di sposed

renotely, it ca i Mt h 1 h ctiwvatd ng _neans over a wred
or wirel ess netjv?\lgﬁg ?ggilﬁaé%i%ﬁ%%na%%ocﬁ‘gﬁé gf] Xéhg nflrfrlg'ﬁ?ueugl Plbm%%%%ﬂ}?dgﬁ'fne
of activatin so that the interf .can

with a plugalit .rean c

i ndi cate a§$gﬁﬁ‘¥ %tﬁ’?squtac?otfaanﬁeﬁ"gétihrﬁa}tgﬁﬁ'ﬁﬂsé 2t PVATRSTSBe %Psgkfﬁbﬁ REREdst em
From one. aGt e Tort? R e REEDY A G HFGH TR T EBRr B Gred | o

di splay a requirenent for a nmaintenance activity of vacuum punps in

many di f f ePERESSING @heach fefer aw b detrnssgiyexpeimerdrignc Alvep sondifédn can

be di spatched at apEropri ate times to restore a condition of any one
of the pun@ﬁgt_)mated with the second vacuum pumping mechanism 36 deteriorates in accordance

with a number of pump downs performed and the number of pump downs required for
each wafer or each batch of wafers can be determined by experimentation.

Referring to Figure 6, the determining means 40 comprises processing circuitry
for differcntiating current I, with respect to time t (dI/dt). A detected current I, and a
time (t) from a clock circuit 41 is input to the differentiating circuitry. A memory 44
stores a value ‘y’ which corresponds to dI,/dt when pumping mechanism 36 commences
pump down of the transfer/load lock chamber 30. ‘y’ is input to a comparator which

compares ‘y’ with dI,/dt and outputs a YES signal when dI,,/dt is greater than ‘y’. The



The punpi ng mechani sns descri bed herei nabove may form part of any one
of a turbonol ecul ar punp, a booster punp or a backing punp.

Al ternatively, the punping nmechanismof cach of a series of punps may
be nonitored. It is currently preferred that the punping mechani sm of
t he booster punp is nonitored. Fiigure 7 shows a mai ntenance
detection unit 46 for a vacuum punpi ng system 48. The system

conpri ses a vacuum punpi ng nmechani sm 50 and a notor 52 for driving

t he vacuu ' ' - ' [ 1 S
54 for - det i o meC T &R T L B IR Rt i e AR & SRR
over time Q%tHBH%PaﬁF . a characteristic of the motor 52. The unit
further cornprises neans ‘56 for activating a nmaintenance activity on

t he system when,th umul ative, | oad exceeds. redet erm ned anount.
The dot er m ni ng THEARS ST BEPRVA Y HELRY RGO B6 AP B oL s o
descri bed above with reference to Figures | &%wg' The mai nt enance
det ecti on OFhesepded intgthesysiera gnd gutpiie 2 oWV afgmBatcGaunt e 2 sompriaigr 49
systens (i.e. retro-fitted) so that a mmintenance activity for
restoring MEwynit pleres 8fvakupex’syhieleisgqea i e npmbegygd medergbatelicdiabeyet o a
nmoni tored characteristic of a notor of the systens. - 15 -

Typi cal | y, whichdiis sefermingd érpi avpgaiotestremantinitydo mouirge Sineeamath whfcnoi atch
fitted thereto which is capable of determ ning or outputting a

char act er i sf wafensfis mdimaties ofafie thhes fhpspremessihg gl svingdeoughhie: system and
mai nt enance detection unit nmay conprise an interface (not shown) for
al | owi ng t Herdfsic Mhcdvtdiioeatide be fikisper W ifei/itdhniotfif in 6@ indicatdr bheseant r ol
unit so that said determ ning nmeans can nonitor said characteristic.

Referring #&iorit@ul €ofhparitcy W9 eBiMpALs CSur RN x WHAG uELIDER $RSE ﬁgﬂ@wgm
punpi ng sub-system 62 and a further sub-system64. In Figure 8, the

further vagypahpymgi %is?lé?ﬁﬁéﬁ HRPdwt R rARALSBRL ﬁﬁé%ﬁ@leﬁ%%pia% an alert

treati ng gas exXhausted fromthe vacuum™punpi ng sub-sys

ot her enboﬁ;rqgg%tacﬁg?grﬁgﬁgﬁaﬁ%gg[i%@?, the further sub-system may

conprise for e chilling a substrate in a

i h furt i - em. f
Pvacuati ng gne Retemt o Fieies 356 £ RS HHERRNAR oG 4R 5 R iechsans pan
regard, the first cuum i n b-system b onnected for
evacuat i ngoBSRRAEPISHG T PRI TRIE A6RTDAMEOTRE '@ BB AoF WERSTA WefSi ng

sub- system rga be connected for_ evacuating.,gas froma praqcessing .
chanber. andthe jotalapasgiHow Q g‘?“‘gtft"é”@{“?%é ‘éﬂ?ﬁ?%ﬁiﬁ‘ﬂh@“&?ﬂnﬁﬁé@e‘ﬁ] 62
conprises: a vacuum punpi ng nechani sm 66 and a notor 68 for driving

t he vacuunthgtefplge flewehessis apredeiernynedmeyng btanlyefihstugberedmpies es
means 70 for determning a | oad on the vacuum punpi ng nechani sm 66 by
moni t or i ngpraceskeal At exceasls i pradetetrhiochamoynt 6 8lterati ey, mahaimteranse F2ivity
controls the abatenment system 64 in accordance with the determ ned

| oad on t heanuedriggarglififiemgmiecdfanifemetedsihgedaerinimld ameansbuf anlyafthbe
configured to control operation of other sub-systens as descri bed
above or nwEf niabaflow DLgBWkoSYSdedim predetermihdd 4suinEi gure 8 enbodi nent,

the nonitored characteristic is a power required by the notor 68 to

drive the vacuumefBpiaBsn FECB&RI1S HeQBecurdt AGRpihd §/sRAVET cdnprists a user
interface 19 which can communicate a requirement for a maintenance activity to a user.,
The user interface preferably comprises a visual display unit. Alternatively, the interface
may comprise any means of alerting a user such as an audible signal or use of a pager. A

single interface can be associated with the vacuum pumping mechanism 12 and disposed

adjacent thereto. Alternatively, the interface can be disposed remotely from the vacuum



- 16 - proportion to a |oad on the vacuum punpi ng nmechanism It is
convenient to configure the determning means 70 so that it can
nonitor a current in the notor 68 in order to determ ne the power, as
will be described in nore detail below with reference to Figures 10
and 11. The load in the exanplejghown in figure 8 is the nass
flow of fluid (gas or vapour) punped by the vacuum punpi ng nechani sm
66. In this case, the determning neans 70 is configured to determ ne

the mass fhLow,pb fdoHidsRelrme: Rrma mégg;ee ARG emhﬂﬂufﬂ&?éﬁmgg

66 and to outpul to the control neans a sign representative

t he deter gia%}ggf’@gﬁl%agsl oQ/ﬁf 1 3484 or wifrelessl;@ orl gg‘ﬁeqhteﬁgﬁegﬁ?%%en%o%i?gurg% 80 to

configure elve the signal fromthe determni

control the_abatenent. system 64 in accordanc ith t mass flow rate
o gas exhitBPRHERE SRR G ot Baftie RGTEE FuabtignteFec RS fgloalds
abat ement system ig (raa;ﬂui red to treat. exhayust gases i f .t hose&?,asefs
are hazar d&ERTEPeRt forARAREpIngs aptiyity o3 PHRBING SySem Sompyisiag plugity o
legally restricted. If the vacuum punping system evacuates gas froma
si i con waPeypips 6@@%@%0@3}%’%&“%%”@@9@ annhanedics dFerdystancgythe

exanpl e, be CF4, C2F6 or F2. Gases are treated in a nunber of

di fferent wagrcapn bretvafigured to digplay arawiremens for gasreicrransantiwdy of vacuum
resources 74, such as electrical power, water, oxygen, nethane or

ot her gasespumpdlinahmyideffdrent I¢etionsnatdarcadingkirazsteeghcg psesnnggenibe bur nt
or cracked in a nethane or oxygen flanme. The resultant cracked

const i t uentispatetred heapprgsatevanksito rasiires cémlithm datepicadiitee pumps.
concentration, typically or around 3% The consunption of resources

i ncreases expensie @inthihd@esRiRMa defibéd hdihdbal € thafdrBY patUFBRERSof 2
expense in accordance wth the quantity of such water to be renoved.

- 17 - turbd[x‘itﬁec%%tpﬁﬁi?ﬂé boo¥Rt S or 4 BacRREPALST AerticaPagd %Mmymé ch

is sufficient to treat e mass fl'ow of gas exhausted from t’he vacuum

punpi ng sy ghaihishits&hth offieRed GulAE %&?‘rlfg %ﬁtﬂ&fifs ¥4 &meﬁﬂﬁ‘gf&%ﬁ‘cﬁ S

associated wth a given scientific or ustrial process,” an expected
mass flow j rmned.:i f SUC ocess and the

abat enent tsh%g@hmﬁﬁgrsﬂ‘%g%}‘% 85%\31%8%&%5%%1&1? ?g\l/l\ﬁ?rg is sufficient to
treat a maxi num.ex ed mass fl ow pf gas ' i S expected to be
gener ated duri e R 3 8sbaamermget BloelRR TS Br aFpRiEt P e DplF 8y
for a peri_g‘cli g}ri or to comencenent of a grocesg and deacf i vat ed a&;ﬂer
a period O SRCHFAEY RS TaYACHH BRMPHE THCouEER A BRLOF @pftdripgyt

is operated over this time at frill_capacity regardl ess of the anpbunt
of gas whi ¥IFURE DREP{NG Msehanisiay Shepamfcpncehsiigg cCOmpiisss MseRg S5t em
for instance if the mass flow of gas exhausted is at 70% of the
expect ed néstérmimnge cimulgiivd lngd ehide prowiaspunrngysysteinsd feveetime by,

Accordi ngly, the abatenent system nust be activated and deacti vated
manual | y. Monitdrimg,a chivectabsticedeint matys 52 nT leomst foeiser cemprises exast Séafor
unnecessarily high rate during period when a process is generated
gases at | ssisatifganmainteaarpe atted:yroaxhdsigiciraskenf thowimditée load exceeds a

predetermined amount. The determining means and activating means may be configured
as described above with reference to Figures 1 to 6. The maintenance detection unit 46
can be fitted to one or more existing pumping systems (i.e. retro-fitted) so that a
maintenance activity for restoring a condition of the systems can be triggered according

to a monitored characteristic of a motor of the systems.



Referring to Figure 8, the determ ning nmeans 70 determ nes the nass
flow rate exhausted by the vacuum punpi ng system 62. The control
means 72 is configured to control the abatenent systemso that it
operates in idle node to reduce consunption of resources by the
abat enent systemif the determ ned nmassisflow rate i s bel ow a
threshold for a predeterm ned duration. The threshold is preferably
zero or approaching zero and the duration is preferably set so that

the abatement syghiems sn %Etid@@ghﬂ{i@rsﬁgﬁ nipkisé £¢ xﬁx%? leﬂgﬁé’d thereto

certain that proCessi'ng has nated. Prefera

abat enment ' I I - ' e term ned
fhat ot | eaariie b RGEEkg ot BubuiREE SRR bl JEF uRRF AL HELEN

el apsed. - 18 - I n_one ,arrangement, the contro a 72

conpr ses 1 Py tegpaitlafite gy PRI TE whee sy focleproo TpsD br
gas for a rgspective plurality of processes. The control  neans i

Jont 1 gur o “LOP R e T Rintn et Bl LT B Cha @G R
process is at nmaxi numthe abatenent systemis controlled to operate
at a capacPEIIHRAMNEENGES AR Ehgrdcteistc.t he naxi mum mass flow rate
of gas. The control neans is further configured so that if the

det ermi ned massRefeavnertaFegueds 8.gaastem 6Qtis shoparvduelt engeprisesavachem pLopgof
t he maxi num expected nass flow rate, the abatenment systemis operated
at a capachsubysyateict? dnsl a lodberedb-systqm 640t Figure 8otht fiethsevaenhageping
reduction in the mass flow rate. Accordingly, if for instance the
mass fl ow sét-eystin igas abacrdéfspstert 5 foe Xieetigaths BRhausdTromhke eapaai ty of
t he abatenent systemis reduced to 70% I n anot her arrangenent,
t he contropumpiapsut-syseanfi gured so that it operates the abatenent
system at a capacity which is higher than that required to treat the

deter m ned massyyfdipw eRbo8idRnRYf teSafcativn, TR ﬁhﬂer@h@-s?ﬁrﬁ Ihy TBMGHE BRY

be 5% or 10% or any other appropriate nargin. the further

sub- syst em 5 £BiilldSor clﬂl{l}gg G Q{fﬁsrr% i Vmﬁsgﬁlgtcfé%l%ca ?)5 %] gﬁ-ﬁltck %%Pﬁrél

tenperature of water or ot cool ant

further sub-sy: N 7 [ sub-syste the contro ans
control s op SoETE SIP-tybeeh 8P ELSTABUTR, R Rk g e S804l R
processingl ystem 22 .is descri.bed in.detai

stem,22. ~The processin

Bbove.wi ¢ R ePaBe (Y Fa BBk YRS e ey P g UeRt G RoiE s

a first vaguum puppi nhg syb-s em 91, a second. vacuum punpi ng

sub- syst e oo RELBek rarher Stihe %P%fiﬁ@zvme@ngr%P-S}o%@%wﬂsa ReEted

sub-system 91 conprises a first vacuum punpi ng nmechani sm 82 driven by
a first notOSEvIYRINGEEE (TR hfossing eiMiChe processi ng chanber 24. The

second vacuum punpi ng sub-system 90 conprises a second vacuum punpi ng
mechani sm 86 drAy#hewsyinFigeac®nle yasvon pe@pingsueyestamt? ogmprésss: farvgmunh e

transfer - 19 -
pumping mechanism 66 and a motor 68 for driving the vacuum pumping mechanism.

The pumping arrangement 60 comprises means 70 for determining a load on the vacuum
pumping mechanism 66 by monitoring a characteristic of the motor 68. A control means
72 controls the abatement system 64 in accordance with the determined load on the
vacuum pumping mechanism 66. The control means 72 may be configured to control
operation of other sub-systems as described above or more than one sub-system.

In the Figure 8 embodiment, the monitored characteristic is a power required by

the motor 68 to drive the vacuum pumping mechanism 66, since the power is in



chanmber. Determ ning nmeans 94 determnes a |load on the vacuum punpi ng
sub-system 90 by nonitoring a characteristic, such as power, of the
first notor 84 or the second notor 88. Determ ning neans 94 is
configured in a simlar way to the determ ni ng neans 40 descri bed
above with reference to Figure 2. However., whereas detern ning neans
40 determ nes a cunul ative | oad on the vacuum punpi ng system 20 over
time, determ ning neans 90 determnes a real tine |oad on the vacuum

the punpi ng 4R34 b &R tmc%mﬁgﬁmé%&m@ It is convéiGR i FEGb¥re

the determining nmeans can determ n a wafer is belng proceSsed

or about. t e, AGESAEH BY b i RLAFGSRII SYSHAMURI AT 6 order o

nmonitoring a characterirstic o Irst notor an

notor. As the trapsfer cha LS evacuat ed, at.. t he begi nning of .a
vafer procdSerihe B ept AS AR R dg iRy Mo el e tor -gReRe S Ridise
war ni ng thgh a Lfrther sub-system may be required for use. For

i nst ance, 814 hl-tiation of punp down of a transfer chanber and
subsequent transfer of wafers to a pracessing stage 28 typically
takes in the regholadm the srampleshespdn diews Son themaash flowes fukh{gas oie
arrangenent of apparatus within the system Accordingly, when the
det er m ni nyeneuamped by tiervasuynh aumping meekaisch ¢ nipithig carecthadéteminiag
commenced operation, the control means 96 operates the abatenent
syst em so tieas Tk is cenfrgmeadyto tetemaoethe engss Ooe o6 fing bgagesmphdby theeycumne
evacuated fromthe vacuum punpi ng sub-system91. Simlarly, in

anot her ar pempiegenrchanisanés ald towatpat 1wethe aordEnems Jpersimulogp@fenative of
chiller for chilling the stage 28 or comrence operation of the

sub- syst emiRMefethined acsfidieat@as from a processi ng chanber. In
this way, the abatenent system 92 can be activated for treating gas

only when gas i $hdéontidl REAY2 EORBEXNRMRESE ThE HFhS YRS MR e Sihing The
determ ning neans can - 20 - determne the real tine mass fl ow of

gas exhausiehd hl% YRRdPR: Qg%&ll_ﬁg $ &h 6P cc%ﬁﬁ&%ﬂﬂﬂe thass flow ratc

characteristic of the notor 8 efore, the abatenent system can

be control |£g,30n4,08H fbln he vR% {nfqﬁlﬁ}%%dg;};y&%%zmde or operative nmode

t her eby conserving resources un are needed for abatenent.
Secondly, the deteyrm ning neans can .nopitor. motor 84.so that

2bat ement sub- L ABTEIT BRI LS TGP Aok Fhe IR S5t PO R T
sufficient to treat,.t he appunt of gas. bein xhaust ed wi.t hout unduly
consuni ng RZBBOLS SrE GBLDN 30 atmospiiie i ablp Of legpihirosirigipdplf it
current (Im) over time (t) through the coils of a first notor 84
shown in FY4UNE PYMPREsHSIGRcErQaish gas e a sHisen Walch piosassing sywan, the gases
introduced to the processi ng chanber 24 and evacuated by vacuum
punpi ng neetanitehman forrxamplst ibe K FafCaps ecies Siane agatedtetinaaembert ¢fc | oad
on thc mechani sm 82 and therefore the current in notor 34 increases.
The | oad i differenpweysiand gbnerdlyt the treatmestritf gased carsomesifengirgest/Hesuch as
determ ni ng neans 94 conprises current nonitoring neans for

moni t or i ngeledidcat poweantvaicn oxPEedl mSthand dr diliee gagen hiid¢hechi cilha rRae iefansd, i C
is a characteristic other than the current, the determ ning neans 40

conpri ses giaisted @es Al Beburitbrichidkedoh A@hetkdhe oA 6% Rkh Slam6. The resultant
Control neans 96 controls the abatenent systemin accordance with the

moni t or ed GHEKERbnBituchi@ak bE SiksdMUGHK witr &Pan decdRatt@RARLRralbn, Sl og
t he gas exhausted fromthe vacuum punpi ng system 90 but w t hout

wasting exgess 4955 QHE ERurhfrion of resources increases expense and the removal of

fluorinated water increases expense in accordance with the quantity of such water to be

removed.,



Figure 11 shows one exanple of the determ ning neans 94 and control
means 96 for controlling abatenment sub-system 92 to operate at 100%
capacity or 75% capacity. As shown in Figure 10, a load on the
notor 84 and hence the current in the notor (Tn) increases during
processing. The determ ning nmeans 94 conpri ses a detector for
detecting current in the notor. The detector may directly nonitor
notor current or may instead be connected to a frequency converter of

the motor. The ggL GkOR. PRIt 84 {Srgg%%teg_aﬁ%ﬁ%’?%z,i%‘%ﬁ@#{/ﬁsgﬁg?%gﬁﬁt@?& Q!

96 conprises a current conparator ores a

val ue ' x' I |.qu i 6h is determned b rior

expor i ment SEoofo% Br BT b Rustd s B8 S BRS iet ARy ponhg vieum
(i.e. load on vacuym sub-system 91 bave whi ch.the abatenent system
0% Shout d_ BRPBIESHIEN P ASOB AL S B SiHAF Bh P H BcERe
system shoul d bﬁ oper.at ed, at 759&ca§acit . The menory nmay store a
plurality GEPSgisHqass {ay dhdsierinedde Adviaeclonsyrh@ paecepsang it ehatemest system
operating the abatement system over a range of capacities (e.g. from
0% t 0 10094s OPFrécdcalp canteity shrasubticien ipars g mwmte&mctedams@%@wmf gas
with 'x' and outputs a control signal (e.g. binary '1' for YES and

bi nary ' 0' whinh iNGpetted tohke geperatedelnting ths tpearess The abdtement eystan nuktdre ' x'
the output is binary '1' and the abatenent systemis operated at 100%
capaci ty. hétivhtedifer 4 psied phianto’ comnidneeroant pfid priosesb imbdeoactiditedadfidr & heiod
abat enment systemis operated at 75% Figure 12 shows a graph of
current (I fgllooNgy tefmif®tiohtof thdroedh Tieabareht Fhted i5OpDEteBSves HAVIME Bt
Figure 9. Accordingly, |I. in Figure 12 corresponds to | oad on vacuum

puNpi NG sURNBABARH rSEhraIBis G tHR\esouat §Ckal aich OBl @akkukRE Kokl BR$ERIm
chanber at the begi nning of a processing cycle. en wafers are

i nt r oducedptanih B Sy TS BEtafdiaMAe madOflod B]fgé%'}il%gfed St Qﬁmqh?gelf{@ct«p&'

vacuum punpi ng nechani sm 86. Evacuation of "gas fromthe trans

chanber ingreases ft : ) , j 36 . r

current in #ﬂ?g? %%P?W%&@g%g@W&£$8E%§§§§#%§%§tégﬂg%ﬁagfgégggFﬁgﬁ

waf ers comepces when the transfer chanber 30 1S p d so. it can be

redi ot ea ATy OE Pk ol BB BRI Put e AR et Pt e

processi ng chanber at a tinme after, ﬁﬁg down. of LQE %ransfer chanber

30. Accor dffigtscs ?W@fﬁéﬁ%ﬁl}ﬁ‘}%@%@sﬁ%‘g gh &4C LYHSMEES WaEH # BioFess 1S

noni toring neans, for gggitoring the current in the second notor 88
S

and t he coBtERIed 255 ¥ fhom P EXReRied FAramR s B-so that it s
operable to treat gas when gas is exhausted fromthe vacuum punpi ng

system 90 when RefeEagde Rigueomerfietosmining yeans g daigniaes the owss v rate 22
- transfer chanmber 30 also requires treatnent by the abatenment system
92, the cosithegitedipathe vamminainegsng systeab@ eflentongykmenns R énconfigured to
nmonitored current in second notor 88 exceeds a threshol d.
control the abatement system so that it operates in idle mode to reduce consumption of
resources by the abatement system if the determined mass flow rate is below a threshold
for a predetermined duration. The threshold is preferably zero or approaching zero and
the duration is preferably sct so that the abatement system is put in idle mode when it is
reasonably certain that processing has been terminated. Preferably, the abatement system

is placed into idle mode once it has been determined that at least twice the duration of a

processing cycle time has elapsed.



Figure 13 shows an exanple of the determ ng neans 94 and contr ol
means 96 for controlling abatenment sub-system 92 to operate at idle
or full capacity. As shown in Figure 12, a |l oad on the notor 88
and hence the current in the notor (Lm increases when punp down of
the transfer chanmber commences. The det@r-m ni ng neans 94 conprises a
detector for detecting current in the notor. The detector may
directly nonitor notor current or may instead be connected to a
frequency convey} gfe £fansdienfRhOlontr hl’ﬁeé]!lgt’f?rcmn i$89a B sloping i S
exanpl e conprises a clock circuit 95 and a processor unit for
calculatin f rr I i C ro
56 compri o exPtslel i PR Rl s W BB bl b o cliest 10}
current with a,value 'x'.input fro ry 97. sho i.n Figure 12,
the rate of BFARNEIE ¢ ?@uﬁe@rslo it lfﬁh?g‘g%éﬁ?@ %?Séi‘iw r@\’ﬁ%ﬁ”‘?ﬁ% g%ﬁ% uum
sub-system 90 caonmences operation. The conparator conpares dl m dt .
with ' x' aRPCEHHIHBEANEG G Petegieghiyptepes ggﬂt@ﬁiﬁppe@fe H Groapagity vav
binary '0' for_ IDLE) to the abatenent system 92. If dinldt is greater
than ' x' t Keubfifigngio freat teqagpymummass How ratp af gasaTherapitrod jrearsis fugther
operated at full, or 100% capacity. If dini/dt is less than 'x' the
out put is bemitguied so'thes ifthe deseratnadanass flovwyste @freissis efrepacanthealess thhe.
Figure 14 shows a control unit 100 which can be retro-fitted to a
vacuum punp{@fg of letreanith 02 eapritadanasi Aibvantej the elpdenaint gystehoistoperaky st £ns
descri bed above with reference to Figures 8 to 13. The system

conpri ses aapasicywhich isfedungd sufropytsibe ra the feratrdagd edioadeimthd massflsygiteem
106 for treating gas exhausted fromthe vacuum punpi ng subsystem 104.

The vacuumaptsinRly, BU6-i63tsice iR FloSaSted M ALK J0V IR d@cdBratnsm,
108 and a notor 110 for driving the vacuum punpi ng nechani sm 108. The

control unide capacd$ of thbQBatcABRsL &S iRANSd I 7pdhor determining a | oad
on the vacuum punpi ng sub-system 104 by nonitoring a characteristic

of the notor 11f. j t i r
controlling theﬂggg?gﬁgﬁkbgég?gﬂg%%%R?ﬁkggﬁg?ﬂgﬁggﬂééﬁﬁ&?ﬁgmﬁ%%FFored
| oad on the., mn. i, Sub- {. det erm.ni eans, 112.and
contr ol moae A BB Rty s Hend B AL 00 SRRl B B
to Figures 8 to 13. The copntrol unit 100 can be fitt t ne or re
ex ot P ng. VIR DA G a7 Rn (0o SE oA e PR b b 1 & eBesiEor
such existing systens.can be controlled to avoid wasting excessive
resour ces PP ERance with a nonitored characteristic of the

not or 110. The apparatus described in Figures 1 to 7 allow
cumul ati ve | oadlf & Hrtbgrsplesystan e ik the exntigh@espsicapiEnam geansity ehe
systemto be carried out accordingly. The apparatus described in

Fi gures 8 teowsgtus phwateidtlisn ceolenioihich is gisculsted. elfthedutiiecr wolmbstanet aand
ot her sub-systens to be controlled accordingly. The determ ni ng nmeans
and act i vavicomnmpeapingdebeyitbrdhé cofiojueas cintrds Fpaadivné thermubgystmwi t h
the determ ning nmeans and control neans, respectively, described in
Fi gures 8 to 14Fighmetdehoat & procesinglsysemay. Thepicdesingpydenalll s destribed in
activating mai ntenance and controlling sub-systens in accordance with
a char act eddtsit diovetvithiefeRREO Mfura 2V a piiibing BRangerdnt 80 comprises a first

vacuum pumping sub-system 91, a sccond vacuum pumping sub-system 90and abatement
sub-system 92. The first vacuum pumping sub-system 91 comprises a first vacuum
pumping mechanism 82 driven by a first motor for evacuating gas from the processing
chamber 24. The second vacuum pumping sub-system 90 comprises a second vacuum

pumping mechanism 86 driven by a second motor 88 for evacuating gas from the transfer



CLAIMS: 1. A vacuum punpi ng system conprising: at |east one vacuum
punpi ng nmechani sm a nmotor for driving said at | east one vacuum

punpi ng nmechani sm means for determning a cunmulative | oad on
sai d vacuum punpi ng systemover tine by nmonitoring a characteristic
of said npbtor over said tinme; and -19neans for activating a

mai nt enance activity on said system when said cunul ative | oad exceeds
a predetermned amount. 2. A vacuum punping systemas clainmed in
claim1, WoRfRddd BRleHnBNRAGHhEs4 §lkimih& BoRPN ke %@&um[@qm% ﬁh%{ﬁ%or
to drive the vacuum punping nmechanism 3. A vacuum punping system as
clainmed in ' : ' Q- term ni [t

current. | nof RE ot LRGSR ST & 0heL BRI e Rord
punpi ng sysgﬁﬂg@s claimed in any preceding claim wherein said
cumul ati ve T0AdT s equal to the total mass flow of fluid punped by

he v m [.ng_mechani s ring its. operation over a period of
t i r?e acuu purrpbet%rmmmg meangbtfi 1% conlqgure n ap51m1 ar way to the deterrgﬁung means 40

m

described above with reference to Figure 2. However, whereas determining means 40
determines a cumulative load on the vacuum pumping system 20 over time, determining
means 90 determines a real time load on the vacuum the pumping sub-system 90 and/or
sub-system 91.

Accordingly, the determining means can determine when a wafer is being
processed or about to be processed by the processing system ¢ither by monitoring a
charactcristic of the first motor and/or the sccond motor. As the transfer chamber is
evacuated at the beginning of a wafer processing cycle, monitoring of the second motor
gives advance warning that a further sub-system may be required for use. For instance,
the initiation of pump down of a transfer chamber and subsequent transfer of wafers to a
processing stage 28 typically takes in the region of a minute depending on the process and
the arrangement of apparatus within the system. Accordingly, when the determining
means determines that the second pumping mechanism has commenced operation, the
control means 96 operates the abatement system so that it is ready to receive processing
gases when they are evacuated from the vacuum pumping sub-system 91. Similarly, in
another arrangement, control means may commence operation of a chiller for chilling the
stage 28 or commence operation of the sub-system 91 for evacuating gas from a
processing chamber.

In this way, the abatement system 92 can be activated for treating gas only when

gas is or is about to be exhausted from sub-system 91. The determining means can



5. A vacuu

m punpi ng systemas clained in claim4, wherein a condition

of said vacuum punpi ng system deteriorates in proportion to the nmass

fl ow of fl
predet er m
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said characteristic of said first notor or said second notor. 7. A
vacuum punpifiigicaifte iisph the amewit abepsibaingleahaused withentandulggpnsumingensessown

t he second
transfer c

vacuum punpi ng nechani smreduces the pressure in the
resotrees rom a flIst pressure at which wafers are introduced

to the transfer chanber to a second pressure at which wafcrs are
transferred froRiguieel & stansfagraphhdrebeent () bhe timegOabwuglgthe baitdseTa frer

processi ng

motor 84 shown in Figure 9. When wafers are processed, processing gas is introduced to
the processing chamber 24 and evacuated by vacuum pumping mechanism 82.
Evacuation of proccssing gas increascs the load on the mechanism 82 and therefore the
current in motor 34 increases. The load is proportional to the current and accordingly the
determining means 94 comprises current monitoring means for monitoring the current in
motor 84. If the monitored characteristic is a characteristic other than the current, the
determining means 40 comprises means for monitoring that other characteristic.

Control means 96 controls the abatement system in accordance with the monitored
current of the first motor 84 so it is capable of treating the gas exhausted from the vacuum
pumping system 90 but without wasting excess resources 74.

Figure 11 shows one example of the determining means 94 and control means 96
for controlling abatement sub-system 92 to operate at 100% capacity or 75% capacity.

As shown in Figure 10, a load on the motor 84 and hence the current in the motor
(Im) increases during processing. The determining means 94 comprises a detector for
detecting current in the motor. The detector may directly monitor motor current or may

instead be connected to a frequency converter of the motor. The detector outputs I to



wherein said nonitored characteristic of said second notor increases
during each punp down and decreases when said second vacuum punpi ng
mechani smis not reducing pressure in said transfer chanber; and
wherein said cunulative load is a nunber of wafers processed by the
processi ng system and said determ ning32means is configured to
determ ne said cunmul ative |load by counting a nunber of increases in
said nonitored characteristic of said second notor. 8. A vacuum

punpi ng syshe1as. chatdmel 9@c&h§ﬁs@a @curv@a%&hﬁhr%%%%aﬂo@@? Memory
i ntroduced to the processing chanber during a processing Sstep and

d f gy
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first vacuun1pu I'smis no
processi ng
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punpi ng nmechani smover a pluralit rocessi ng steps and said

det er m ni ngMHR2 éﬁ ahaiemeghsystsg %ﬂ@&%@?@%ﬁh@‘yg SRRECKY) Ny T P05
determining an anount by which said nonitored characteristic of said
first notof Piylite aﬁé%u%mclx haye beengletenmingd avireferenass fag opgratinenthas
claimed in claim8, wherein said cunulative load is proportional to
an integr akbamen Byslampayar ereeof aspacities (esg. from@% o t#8fe dihe carrgritme  and
said determ ning means conprises integrating means for integrating
sai d char actmpdrstbr compatds themped turtant 1, with ‘x’ 26d odtPuts A cumenl wighgduepi ng
systemas clained in claim?7, wherein a condition of said vacuum
punpi ng sybinem ‘a5RO VBt and biviath 03 &irdNG) to Siic abakten syuRI N1, 1E cRak} Hion
and/ or said second vacuum punpi ng nechani smdeteriorates in

propor ti on‘ eheoulpliteindty < e fife DaRERESSSeRYs bhtattd AAOSH! AAPacsty s (AN

and

is less than ‘x’ the output is binary ‘0’ and the abatement system is operated at 75%.
Figure 12 shows a graph of current (I,,) over time (t) through the coils of a motor

88 shown in Figure 9. Accordingly, I, in Figure 12 corresponds to load on vacuum
pumping sub-system 90 which evacuated gas from a load lock/transfer chamber at the
beginning of a processing cycle. When wafers are introduced to the transfer chamber 30,
the chamber is pumped down by vacuum pumping mechanism 86. Evacuation of gas
from the transfer chamber increases the load on the mechanism 36 and therefore the
current in motor 38 increases. A processing step for processing wafers commences when
the transfer chamber 30 is pumped so it can be predicted therefore that processing gas
will be cxhausted from the processing chamber at a time after pump down of the transfer
chamber 30. Accordingly, the determining means 94 comprises current monitoring
means for monitoring the current in the second motor 88 and the control means activates

the abatement system so that it is operable to treat gas when gas is exhausted from the

vacuum pumping system 90 when processing commences. If gas exhausted from the



wherein said activating neans is configured to trigger a naintenance
activity for restoring said condition when the nunber of wafers )
processed by the system exceeds a predeterm ned anount. 11. A vacuum
punpi ng systemas clainmed in claim8 or 9, wherein a condition of
sai d vacuum punpi ng system associ ated wgzx.h said first vacuum punpi ng
mechani sm and/ or said second vacuum punpi ng nechani smdeteriorates in
proportion to a total nass flow of processing gas evacuated by the
first vacuyingenghaRGeRANS b ARs RhitheRf BERS Shdin i AIREK 92, Aeontrol
wherein said activating neans is configured to trigger a nalntenance
activity f I i I i.f ] idto . ITAS | 0
o ocess! ng an RPHEE e 3Bt A Wi In ot bl 1 RE G rBt ng
system as %;“%jeggadthi{eg}r@lgai m 10 or 11, wherein a condition of said

S

vacuum punpi ng s%/ ssociated with said first vacuum punpi ng

mechani sm and/ og,. sai econd vacyu unpi ng nechanj sm det eri or at es
according to t hgl%‘[ﬁwﬂﬁ %P‘r"’éé“ F’Ef‘é‘&?tf%g}tge H%E‘P%F%WG@F 4 g sl greaniattelos
processed by the processing systemand a total mass fl ow of

processi ng SHHPIRZER aRmeat %@'Wﬁ@nﬁﬁﬁ%ﬁpﬁfﬁéaﬂﬁi%&ﬁﬁl ¢Aagians from sai d
processi ng chanber; and wherein said activating neans is
configured to tASgeern & Hgirad dredaekombe imetan8Sfand hpnpg timdumgnisiaitle motor
condition when said cumul ative | oad exceeds a predeterm ned anount.
13. A vacu(la jmgrepées gvhey stmmdawn of thermdsferncheinhemor@yenedse Tk niesaniding
determ ning neans is configured to determ ne said cunul ative | oad as
functi on ofnehiweddruompeisesof donafeeifar dethicting adrehyintthembot alhadsstdringy of
gas. 14. A vacuum punpi ng systemas clained in any preceding cl ai s,

conpr i si ngdirectly monitot!iS6tor citr @it bas@ay tiseR@ 56 Eonnedted Bl ayfrdduiByahekrdt of
| east one vacuum punpi ng nmechani smthe system being arranged such

that said grihd@l ITH RRANDIIEAACHE TIUNhGALEM R CORMPHSS TR Mck tREUiFIS and a
mai nt enance activity to a user at said interface. 15. A maint€nance

det ecti on PRictssbiOmitdor AdHHng TR BI NS Efhotd AbheRY &L S C PAPE b 'eE
comprises a comparator for comparing an input rate of change of current with a value x’
input from memory 97. As shown in Figure 12, the rate of change of the current I,
occurs at ‘x” when the vacuum sub-system 90 commences operation. The comparator
compares dl,/dt with ‘x” and outputs a control signal (e.g. binary ‘1 for FULL and
binary ‘0’ for IDLE) to the abatement system 92. If dl,/dt is greater than ‘x’ the output is
binary ‘1’ and the abatement system is operated at full, or 100%, capacity. If dI,/dt is
less than ‘x’ the output is binary ‘0’ and the abatement system is operated at idle.

Figure 14 shows a control unit 100 which can be retro-fitted to a vacuum pumping
system 102 and is similar in operation to the systems described above with reference to
Figures 8 to 13. The system comprises a vacuum pumping sub-system 104 and an
abatement sub-system 106 for treating gas exhausted from the vacuum pumping sub-
system 104. The vacuum pumping sub-system comprises a vacuum pumping mechanism

108 and a motor 110 for driving the vacuum pumping mechanism 108. The control unit



27 A vacuum punpi ng nmechanism a motor for driving said vacuum
punpi ng nmechani sm and a systemcontrol unit; wherein said

mai nt enance unit conpri ses: means for determning a cumul ative
| oad on said vacuum punpi ng system over tine by nonitoring a
characteristic of said notor; means for activating a

mai nt enance activity on said system when said cunul ative | oad exceeds
a predeterm ned anmount; and an interface for allow ng said

mai nt enancgog @&ﬁﬁt’ide@&eh‘r&l L12t18r detdrREfiAELI0M bR th%az'agnﬁ;r?ﬁﬁrﬁﬂhg Wi-$ysieh 104

that said determ ning nmeans can nonitor said characteristic.
by monitoring a characteristic of the motor 110. The unit further comprises means 114
for controlling the abatement system 106 in accordance with the monitored load on the
vacuum pumping sub-system. The determining means 112 and control means 114 may
be configured as described above with reference to Figures 8 to 13. The control unit 100
can be fitted to one or more existing vacuum pumping arrangements so that the abatement
systems of such existing systems can be controlled to avoid wasting excessive resources
74 in accordance with a monitored characteristic of the motor 110.

The apparatus described in Figures 1 to 7 allow cumulative load on a system to be
monitored and maintenance of the system to be carried out accordingly. The apparatus
described in Figures 8 to 14 allow load on a vacuum sub-system to be monitored and
other sub-systems to be controlled accordingly. The determining means and activation
means described in Figures 1 to 7 can be integral with the determining means and control
means, respectively, described in Figures 8 to 14. Integration in this way provides

apparatus for activating maintenance and controlling sub-systems in accordance with a

characteristic of the motor of a vacuum pump.



16. A processing system conprising a vacuum punpi ng sub-system for
evacuating gas froma chanber in the system wherein said vacuum
punpi ng sub-system conprises: at |east one vacuum punpi ng nechani sm

and a notor for driving said at | east one vacuum punpi ng
mechani sm and wherein said processi ng4system conpri ses: means
for determining a | oad on said vacuum punpi ng nmechani sm by nonitoring
a characteristic of said notor; and control neans for

controlligbAyﬁ§Fation of at |east one other sub-systemin said system
in accordance with said determned | oad on said vacuum punpi ng
mechani sm- 17 vERupmaeaEpsigRystepscomprigigisc] ai ned in clai m 16, wherein

sai d characterk&%ﬁ%nb§mﬁu9§%ﬁgm%%ggg& Py the motor to drive the

vacuum punpi ng nechani sm elhg in proportion to a | oad on
sai d vacuum punpétogforddhiag ssidut ledd ondvapnonessiping mychtdmmas cl ai med in

claim 17, wherein g)ld determ nin ?nﬁ can.nonitor a.current in the
motor in order™¥gs 8‘}%“&@%@3&“&“%6\7@ oad opgaid yagij BUARIRG SYSIDR BT as

cl ai med Itﬁn@wm@ﬁu&{r%l dBharkbtetiQicldt salhsdt6l Vb didltilmeaddi s the mass flow
of fluid punped b e_vacuum punpi ng mechani sm 28
means for activating a mamtenance activity on said system when said cumulative

load exceeds a predetermined amount.

2. A vacuum pumping system as claimed in claim 1, wherein said characteristic is a

power required by the motor to drive the vacuum pumping mechanism.

3. A vacuum pumping system as claimed in claim 2, wherein said determining

means can monitor a current in the motor in order to determine said power.

4, A vacuum pumping system as claimed in any preceding claim, wherein said
cumulative load 1s equal to the total mass flow of fluid pumped by the vacuum pumping

mechanism during its operation over a period of time.

5. A vacuum pumping system as claimed in claim 4, wherein a condition of said
vacuum pumping system deteriorates in proportion to the mass flow of fluid pumped by
the vacuum pumping mechanism and wherein said predetermined amount is
predetermined such that when said cumulative load exceeds said predetermined amount

said pumping system requires a maintenance activity to be performed in order to restore said
condition.

6. A vacuum pumping system as claimed in any preceding claim for a processing system
comprising a processing chamber in which wafers can be processed and a transfer chamber
through which wafers can be transferred to the processing chamber for processing and transferred
from the processing chamber after processing, said vacuum pumping system comprising:

a first said vacuum pumping mechanism driven by a first said motor for evacuating gas

from the processing chamber; and



20. A processing systemas clainmed in claim19, wherein said

determ ning neans is configured to determ ne the nmass flow of fluid
bei ng punped by said vacuum punpi ng nmechani smand to output to said
control neans a signal representative of the determ ned nass fl ow
rate. 21. A processing systemas clakded in claim20, wherein said
control neans is configured to receive said signal fromsaid

determ ning neans and to control operation of said other sub-system

in accor dance AWR9 FALVATREY PYIRE Peshanisgt dry s byaaseerrd sae Meiopier sai d

vacuum puiiduBighgSdOfrsy He @iahsfer Qbambéy; pr ocessi ng systemas clainmed in
claim 21, wherein.sajd control nmeans i.s configured.to control said

ot her sub- syst“@ﬁfefrbsa@ﬁj&'itﬁ?lgmf’ R %erﬁl&féa%“‘fl%’dﬁ a4 GHRELA T on of

r esour cesSpubiping aystknodveeti msShibmsiieii g sadttaaddigtidetssd Aitshmcton@sasdf | ow rat e
i s bel owsgctg&%%pol d for a predeterm ned duration. 23. A processing
system as elPal"fed in any of clains 16 to 22, wherein said control
nmeans i s configured to activate operation of said other sub-system

when t he deter d i ve.a,t shol. 4. A
o eser sy tifh bHied OGLFACG B R G R H BRIy riiiondine .
vacuum punnd gacsuh peypinemedhgnismoredepaibe piesspry imthe gadfer dekbgtimmber . 25.

A proces %Iggfjegéﬁ%t £ Phif whfefd a%qﬁtrédﬂceﬂgy tthgirar&i[’e?.bmg)é(éo 5 Qecgn%a[l 4 ein

sai d other subsystem conprises an abatenent systemor a chiller or a
second véaittwrhigh patepiargrasiiermgdioarthe trapgfer hapbes et praggssinashampenorcl ai med
in any okr&leﬁing,s 16 to 25, wherein said determ ning neans conprises a

clock and différentiating circuitry and control conpiises conparator
and a n-eﬁ.ﬂ}egf._m sapglgnonitored characteristic of sald second motor increases during each pump down and

decreases when said second vacuum pumping mechanism is not reducing pressure in said transfer
chamber; and

wherein said cumulative load is a number of wafers processed by the processing system
and said determining means is configured to determine said cumulative load by counting a

number of increases in said monitored characteristic of said second motor.

8. A vacuum pumping system as claimed in claim 6, wherein processing gas is introduced
to the processing chamber during a processing step and evacuated from the processing chamber
by the first vacuum pumping mechanism;

wherein said monitored characteristic of said first motor increases during each processing
step and decreases when said first vacuum pumping mechanism is not evacuating gas from said
processing chamber; and

wherein said cumulative load is equal to the total mass flow of processing gas pumped by
the first vacuum pumping mechanism over a plurality of processing steps and said determining
means is configured to determine said cumulative load by determining an amount by which said

monitored characteristic of said first motor increases over time,

9. A vacuum pumping system as claimed in claim 8, wherein said cumulative load is
proportional to an integral of said monitored characteristic with respect to time and said
determining means comprises integrating means for integrating said characteristic with respect to

time.



27. A processing system conprising a processing chanber in which

waf ers can be processed and a | oad | ock chanber through which wafers
can be transferred to the processing chanber for processing and
transferred fromthe processing chanber after processing, said vacuum

punpi ng sub-syst em conpri si ng: 36first said vacuum punpi ng
mechani sm driven by a first said nDtor for evacuating gas fromthe
pr ocessi cha acuum p I hani sm

% a gﬂ é?ld v qFL
driven by®a W&“@&F’&P‘H%P-‘@ ety %fr" LR YaLer F‘c?ﬂ‘i‘ e qfé%{ TOER
chanber; pumping spbten eissvcia@i dvithedagt flisnvivguiganging ahehafishe sndéor| saiddseCdnd

SR R R e e

cl ai ned Ummmha@mwﬁﬁ;amhereln in a pressure reductlon step the second
vacuum punpin i .ed h er
froma first %?hgps? ‘fnus%‘& ot vav\?‘ﬁ IH%%SSIS% rﬁ‘r?%%ﬁ%ﬁ%r 0 ?}cteg n%e a%F ﬁié’q{)rrrgsrtls%g
chanber tseidacosdtonehgyr tbs sunier of wnfvrsctroma%é by the gystemamsdedy # @ctdéterometihe
transfer ghanber to the processing chanber for processing;

wherein sald nonitored characteristic of said second notor increases
during each pressure reduction step and decreases when said second
VaCUU”‘p%qP'ngk@ﬁﬁ&ﬂﬁh%ﬁhg &8&aE%FH&hﬂﬂcﬁhﬁﬁﬁ&fﬁ\MQm§ﬁbgmhh%H§&%&d
chanber; and wher el n mﬁen sai d determ ned characteristic

i ncr easedAEBY BRI HEEROASEPCateA | Wilc witt st Vwansmmmg\f@acwlsglaawor Said

abat enmentsegys VR INA PEnRERechahith 6HSTAEL:8R hdpdror 189 1618 Gh8ARRH MBI BMng
said threshold for a predeterm ned duration said control neans causes

sai d abat@hBftUald Sy Bt vieuup PUmBRIng 1Fas figygéaid processing chamber; and

wherein said activating means is configured to trigger a maintenance activity for

improving said condition when said total mass flow of processing gas exceeds a predetermined

amount.

12. A vacuum pumping system as claimed in claim 10 or 11, wherein a condition of said
vacuum pumping system associated with said first vacuum pumping mechanism and/or said
second vacuum pumping mechanism deteriorates according to the cumulative load as a function
of a number of wafers processed by the processing system and a total mass flow of processing gas
evacuated by the first vacuum pumping means from said processing chamber; and

wherein said activating means is configured to trigger a maintenance activity for

improving said condition when said cumulative load exceeds a predetermined amount.

13, A vacuum pumping system as claimed in claim 12, wherein said determining means is
configured to determine said cumulative load as function of the number of wafers adjusted by the

total mass flow of gas.

14. A vacuum pumping system as claimed in any preceding claims, comprising;
a user interface disposed remotely from said at least one vacuum pumping mechanism the
system being arranged such that said activating means can communicate a requirement for a

maintenance activity to a user at said interface.

15. A maintenance detection umit for a vacuum pumping system, said system comprising:



29. A processing systemas clained in claim27, wherein processing
gas is introduced to the processing chanber during a processing step
and evacuated fromthe processing chanber by the first vacuum punpi ng
mechani sm wherein said nonitored chaﬁ?cteristic of said first notor

i ncreases during each processing steps" 30. A control unit for a
processi ng system conpri sing a vacuum punpi ng sub-system 30 for

evacuating gas, {J.om : Ehadidt:t he system said vacuum punpi ng
sub- system conprisi ng: ‘a vacuum punpi ng nechani sm and a notor for
driving said vwaeidersiimpe sad wsedanimmigg mechanism; and

a system control unit;

wherein said maintenance unit comprises:

means for determining a cumulative load on said vacuum pumping system over
time by monitoring a characteristic of said motor;

means for activating a maintenance activity on said system when said cumulative
load exceeds a predetermined amount; and

an interface for allowing said maintenance detection unit to interface with said

control unit so that said determining means can monitor said characteristic.

16. A processing system comprising a vacuum pumping sub-system for evacuating
gas from a chamber in the system, wherein said vacuum pumping sub-system comprises:

at least one vacuum pumping mechanism; and

a motor for driving said at least one vacuum pumping mechanism; and wherein
sald processing system comprises:

means for determining a load on said vacuum pumping mechanism by monitoring
a characteristic of said motor; and

control means for controlling operation of at least one other sub-system in said

system in accordance with said determined load on said vacuum pumping mechanism.

17. A processing system as claimed in claim 16, wherein said characteristic is a
power required by the motor to drive the vacuum pumping mechanism, said power being

in proportion to a load on said vacuum pumping mechanism.,

18. A processing system as claimed in claim 17, wherein said determining means can

monitor a current in the motor in order to determine said power.

19. A processing system as claimed in any of claims 16 to 18, wherein said load is the

mass flow of fluid pumped by the vacuum pumping mechanism.



wherein said control unit conprises: nmeans for determning a

| oad on said vacuum punpi ng sub-system by nonitoring a characteristic
of said notor; means for controlling operation of at |east one
ot her sub-systemin said systemin accordance with a determ ned | oad
on sai d vacuum punpi ng sub-system 28

20. A processing system as claimed in claim 19, wherein said determining means is
configured to determine the mass flow of fluid being pumped by said vacuum pumping
mechanism and to output to said control means a signal representative of the determined

mass flow rate.

21. A processing system as claimed in claim 20, wherein said control means is
configured to receive said signal from said determining means and to control operation of
said other sub-system in accordance with the mass flow rate of gas exhausted from said

vacuum pumping sub-system.

22. A processing system as claimed in claim 21, wherein said control means is
configured to control said other sub-system to operate in idle mode to reduce
consumption of resources by said other sub-system when the determined mass flow rate

is below a threshold for a predetermined duration.

23. A processing system as claimed in any of claims 16 to 22, wherein said control
means is configured to activate operation of said other sub-system when the determined

load increases above a threshold.

24, A processing system as claimed in any of claims 16 to 23, wherein said vacuum

pumping sub-system is for evacuating a load lock chamber.

25. A processing system as claimed in any of claims 16 to 24, wherein said other
subsystem comprises an abatement system or a chiller or a second vacuum pumping sub-

system.

26. A processing system as claimed in any of claims 16 to 25, wherein said
determining means comprises a clock and differentiating circuitry and control comprises

comparator and a memory.
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27. A processing system comprising a processing chamber in which wafers can be
processed and a load lock chamber through which wafers can be transferred to the
processing chamber for processing and transferred from the processing chamber after
processing, said vacuum pumping sub-system comprising:

a first said vacuum pumping mechanism driven by a first said motor for
gvacuating gas from the processing chamber; and

a second said vacuum pumping mechanism driven by a second said motor for
evacuating gas from the load lock chamber;

wherein said determining means determines a load on said vacuum pumping

subsystem by monitoring said characteristic of said first motor or said second motor.

28. A processing system as claimed in claim 27, wherein in a pressure reduction step
the second vacuum pumping mechanism reduces the pressure in the transfer chamber
from a first pressure at which wafers are introduced to the transfer chamber to a second
pressure at which wafers are transferred from the transfer chamber to the processing
chamber for processing;

wherein said monitored characteristic of said second motor increases during each
pressure reduction step and decreases when said second vacuum pumping mechanism is
not reducing pressure in said transfer chamber; and

wherein when said determined characteristic has increased above a threshold, said
control means activates said abatement system and when said characteristic has decreased
below said threshold for a predetermined duration said control means causes said

abatement system to adopt an idle mode.

29. A processing system as claimed in claim 27, wherein processing gas is introduced
to the processing chamber during a processing step and evacuated from the processing
chamber by the first vacuum pumping mechanism;

wherein said monitored characteristic of said first motor increases during each processing

step.

30. A control unit for a processing system comprising a vacuum pumping sub-system
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for evacuating gas from a chamber in the system, said vacuum pumping sub-system
comprising:

a vacuum pumping mechanism; and

a motor for driving said vacuum pumping mechanism;

wherein said control unit comprises: -

means for determining a load on said vacuum pumping sub-system by monitoring
a characteristic of said motor;

means for controlling operation of at least one other sub-system in said system in

accordance with a determined load on said vacuum pumping sub-system.



