DESCRI PTI ON VACUUM PUMP SELF- DI AGNCSI S METHOD, VACUUM PUMP SELF-

DI AGNCSI S SYSTEM  AND VACUUM PUMP CENTRAL MONI TORI NG SYSTEM FI ELD OF
THE | NVENTI ON 5The present invention relates to a vacuum punp

sel f-di agnosi s nmethod, a vacuum punp sel f-di agnosis system and a
vacuum punp central nonitoring systemfor making self-diagnosis of a
dry vacuum punp in which by- productc%ﬁ%\%a%&? ted due to reactions
in processes. 10 DESCRI PTI ON OF BA In recent
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unit price per sem conductor wafer and liquid crystal board. For this
reason, it iBIFEaEsSamE IONVENZDONI ze manufacturing processes to

i ncrease the product yield rate. Particularly, stable operations have
been regarded as &he briesght2bnvemtiengeligesdevi eesawtmu howip ect |y
affect the manufacturing processes, such as a dry vacuum punp.

Wth a bat ch®ptoHeanes18pPathrts MVt um cwess 6§14 - Hangeosisrises tein,
wafers in batch in a single process, such as LP-CVD (Low Pressure
Cheni cal Vaﬁg? E%a@gwygbﬁymasganFyﬁl monitoring system for making

self-diagnosis of a dry vacuum pump in which by-products
are deposited due to reactions in processes.

10
DESCRIPTION OF BACKGROUND ART

In recent years, the diameter of semiconductor wafers
and the size of liquid crystal boards have been
progressively increased with increasingly higher

15 integration of semiconductor devices, resulting in a higher
unit price per semiconductor wafer and liquid crystal board.
For this reason, it is necessary to stabilize manufacturing
processes to increase the product yield rate. Particularly,
stable operations have been regarded as a critical

20 challenge for devices which directly affect the
manufacturing processes, such as a dry vacuum pump.

With a batch processing apparatus which processes a
large number of wafers in batch in a single process such as
LP-CVD (Low-Pressure Chemical Vapor Deposition) used in

25 semiconductor device manufacturing, if a dry vacuum pump
suddenly stops during the processing, a large number of
semiconductor wafers are damaged to possibly cause major

losses. On the other hand, in regaxd to liquid crystals,



25 sem conductor device manufacturing, if a dry vacuum punp suddenly*
stops during the processing, a |large nunber of sem conductor wafers
are damaged to possibly cause major |osses. On the other hand, in
regard to liquid crystals, an increase in size has been progressed
to such an extent that the board area exceeds 4 n2, so that danmaged
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vacuum punps and provi des a saf eguard agal nst the 2t or ehand
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system nmanages the operation of nultiple 10 dry vacuum punps for

sati sfyi ng theidermnd Nolhi2@06upB80t central nonitoring system though
capabl e of nonitoring multiple dry vacuum punps for operating
situations with a Fewidomfdbassaspeesvimalied elppueer 8) detard It Ywere a
function of paking self-diagnosis of the dry vacuum punps. 15
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10 dry vacuum pumps for satisfying the demand. This current
central monitoring system, though capable of monitoring
multiple dry vacuum pumps for operating situations with a
few computers (personal computers), does not have a
function of making self-diagnosis of the dry wvacuum pumps.
15
DISCLOSURE OF THE INVENTION

The present invention has been made in view of the
foregoing aspect, and it is an object of the invention to
provide a vacuum pump self-diagnesis methed, a vacuum pump

20 self-diagnosis system, and a vacuum pump central monitoring
system.

To solve the above problem, a vacuum pump self-
diagnosis method set forth in claim 1 is a vacuum pump
self-diagnosis method for making self-diagnosis of a vacuum

25 pump, characterized in that self-diagnosis is made to
generate an alarm when a predetermined alarm set value is

exceeded by an integrated value or an average value of a

current of a motor for rotating a rotor of the vacuum pump.



25 punp, characterized in that self-diagnosis is nade to generate an
al arm when a predeterm ned al arm set value is exceeded by an

i ntegrated val ue or an average value of a current of a notor for
rotating a rotor of the vacuum punp. A vacuum punp

sel f-diagnosis nmethod set forth in claim2 is characterized in that

the alarm set val ye Jos L fiepau ol AT ANrade GUCEER! Al pe dyring an

initial operation of the ter mned vaf e
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vacuum punp sel f-di agnosi s nethod set forth in claim

characteri zegim ot hat shfReagel Euﬂt@ﬂ@&ﬁdlﬁl@fdufrliﬁgvaﬁuﬂmem dferation
determ ned on the basis of the nunmber of times the current val ue of

t he not or exzeeds: tkcal and seprédevatnismngieralnit at inetha vhenund Qi
punp sel f-di agnosis nethod according to claim1 or 2. A vacuum
punp sel - d|%éﬁﬁnﬁ%§Q§@§ﬂénw§éb0ﬁo@¢¢9ﬁdin9 &oncldais d.vacuum punp

sel f-di agnosis system for making self-diagnosis of a vacuum punp
whi ch conprises a’cd8CHY™ @Bm%nﬂe%FrQﬁQQnoﬁdﬁaﬁéEh9da??%u@ﬁ%ﬁhl%ﬂ:he

f ki d h h rotat ft
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rotor, and meking sel f-diagnosis of the vacuum punp

i nt egratle)d val i @eraveiageimal e Exsepdsiua pﬁmﬁekélﬂlﬂﬁéjgr@éﬁdn set
val ue, and the self-diagnosis unit switches fromone self-diagnosis
cal cul ati on i&5-heet khodordingotherlaimilnteer 2upts t he sel f-di agnosi s
cal cul ation based on a pressure value detected by the pressure
sensor. A vacuum PuipcseRf PERRgFRSE wiamosisseystent fet nforth in

claim 4 is a vacuum pump self-diagnosis system for making
self-diagnosis of a vacuum pump which comprises a casing,

15 and a rotor rotatably arranged in the casing for sucking
and discharging a gas through rotations of the rotor,
characterized in that the vacuum pump comprises a plurality
of stages of the rotors, a pressure sensor arranged between
the rotor stages, and a self-diagnosis unit for calculating

20 an integrated value or an average value of a current of a
motor for reotating the rotor, and making self-diagnosis of
the vacuum pump when the integrated value or average value
exceeds a predetermined alarm set value, and the self-
diagnosis unit switches from cne self-diagnosis calculation

25 method to another or interrupts the self-diagnosis
calculation based on a pressure value detected by the
pressure sSensor.

A vacuum pump self-diagnosis system set forth in



claim5 is characterized in that the self-diagnosis unit is arranged
in a control unit within the body of the vacuum punp in the vacuum
punp sel f-di agnosis system according to claim4. 5A vacuum punp
failure central nmonitoring systemset forth in claim6 is a vacuum
punp central nonitoring system which conprises a plurality of network

adapters for_gconnect.ing,a plurality of vac 0 a network, and
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characterized by a punp sel f-di agnosi s adapter di sposed between the
vacuum punp @it ke 15 adapter and conprising a sel f-diagnosis unit
for maki ng sel f-diagnosis of the vacuum punp, or a self-diagnosis
unit di sposed in theagetwopumadspt Brrd eentakilngosetdr thagnosien afett he
vacuum punp. A vacuum_ punp failure central nonitoring systemset 20
forth in cl itk ii® CHadlchet§ z2dvaquurhaurpheeptnpl sedhith i sivsten
adapter or netwgrk adapter conprises a punp data storage unit for
storing datd" FETPAL SR ﬁugg‘é‘?aja’ﬁd’ tHe EEFPT Hi AGRREFES URE makes

sel f-di agnosi s _of .t.he vacuum punp based on the pu data in_.the punp
data storage URIT At ﬁep; ragjc%rﬁfgl}’rﬁ?u&@hpf’@P noRi T FTHESYs a
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rotating theadit eacohint pempachititnghihe nfetiwdrROa8apt €r t Ds M tde-
vacuum punp sel f-di agnosi s nethod which can sinply and accurately
make sel f - diagrdsi seot rahemvatvem ity memputPart i The ardoaun putipe
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diagnosis adapter disposed between the vacuum pump and the

15 adapter and comprising a self-diagnosis unit for making
self-diagnosis of the vacuum pump, or a self-diagnosis unit
disposed in the network adapter for making self-diagnosis
of the wvacuum pump.

A vacuum pump failvre central monitoring system set

20 forth in claim 7 is characterized in that the pump self-
diagnosis adapter or network adapter comprises a pump data
storage unit for storing data on the vacuum pumps, and the
self-diagnosis unit makes self-diagnosis of the vacuum pump
based on the pump data in the pump data storage unit in the

25 wacuum pump central monitoring system according to claim 6.

According to the vacuum pump self-diagnosis method
set forth in claims 1 to 3, since self-diagnosis is made

when the alarm set value is exceeded by an integrated value



the al arm set value, the alarmset value can be set in conformty to
a particular punp even when the current value 10 of the notor varies
due to individual differences anong punps. Also, in the invention set
forth in claim3, since a failure is determ ned on the basis of the
nunber of tinmes the current value of the notor exceeds the alarm set
val ue per unif ti it is_possiple to accurately. detect a.state 15
in which thgé)%uar%lp%sergggufa o) f%?l&le _Curren{&cegr gpﬁgm?%olf h&*%Vacuum
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unit is provpetad dola cakGukabhfg s - Hielnaled MakHsaq ofnft 20 aver age
val ue of the current of the notor for rotating the rotor, and nmaking

sel f - di agnoss anglfy tdhel weeunatpymmathe s dlite diabagE at edf Vieha! 8raiuum
aver age val ue exceeds a predeterm ned al arm set val ue, wherein the
sel f - di agnoshwnuni Pashi tehesly r dm ahe selvéndiagnosi steallcdhakilaeim 2,
met hod to 25 another or interrupts the self-diagnosis calcul ation
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sel f-di agnosi s adaptér conprising the self-diagnosis unit for making
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and adapter, or the self-diagnosis unit is disposed in the network

adapter for pmkisng 8&66: diagresiisivehttiba wacufiorftunm dltaiims 3posshbée
to 10 sinply provide, for exanple, an existing vacuum punp central
moni t ori ng s¥shadrhukiet B sadetacmieed ofn e bgsdel PLdiagrnusitenfofeddmes
Vacuunlpunp.tﬁgﬂgﬂirgﬁicgg§ILC§%C{i;Tﬁ%gg?Néigggds the alarm set value
per unit time, it is possible to accurately detect a state
15 in which the pump is about to fail.

According to the vacuum pump self-diagnosis system
set forth in claims 4 and 5, the pressure sensor is
arranged between the rotor stages, and the self-diagnosis
unit is provided for calculating an integrated value or an

2¢0 average value of the current of the motor for rotating the
rotor, and making self-diagnosis of the vacuum pump when
the integrated value or average value exceeds a
predetermined alarm set value, wherein the self-diagnosis
unit switches from one self-diagnosis calculation method to

25 another or interrupts the self-diagnosis calculation based
on a pressure value detected by the pressure sensor, thus

making it possible to provide a vacuum pump self-diagnosis

system which is capable of accurately making self-diagnosis



15Fig. 1 is a diagramgenerally illustrating an exenpl ary
configuration of a screw dry vacuum punp used for a main punp;

Fig. 2 is a diagramgenerally illustrating an exenplary configuration
of a Roots dry vacuum punp used for 20 a booster punp; Fig. 3
is a diagramillustrating a processing flow of a vacuum punp

sel f-di agnosi s nethod according to.the, present jnvention; Fig. 4 is a
di agram ?or gs‘?‘:r%1 n‘@acauué%lﬁuﬁ& g‘éﬁfigi S 2@%%(‘1’ ' éhv?EW’gg BH™® he
nunber of ti ent. | n i i.n punp according
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booster punp according to the present invention; Fig. 6 is a
di agram f or slesctobimg B e sdi-agoosh sineihathaMs chdr el i esnes ane
integrated punp current value of 5 the booster punp according to the
present inveptmpnself-diagriEisjs &deptar diagamifgy tdheseeilbiddagnosis
sel f-di agnosi s nmet hod which relies on an integrated punp current

val ue and a PUEHDP Fomneraipmes $9lé -0t aghes by ot dhepymsuamcortPngst o t he

present invention; 1QFig. 8 is a diagramfor describing an exenplary
disposed between the vacuum pump and adapter, or the self-

diagnosis unit is disposed in the network adapter for

making self-diagnosis of the wvacuum pump, it is possible to
10 simply provide, for example, an existing wvacuum pump

central monitoring system with a function of making self-

diagnosis of each vacuum pump.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a diagram generally illustrating an
exemplary configuration of a screw dry vacuum pump used for
a main pump;
Fig. 2 is a diagram generally illustrating an
exemplary configuration of a Roots dry vacuum pump used for
20 a booster pump;
Fig. 3 is a diagram illustrating a processing flow of
a vacuum pump self-diagnosis method according to the
present invention;
Fig. 4 is a diagram for describing a self-diagnosis
25 method which relies on the number of times a pump current
is generated in a main pump according to the present
invention;

Fig. 5 is a diagram for describing a self-diagnosis



configuration of a current dry vacuum punp central nonitoring system
Fig. 9 is a diagramillustrating an exenplary configuration of a

sel f-di agnosi s adapter for a vacuum punp 15 central nonitoring system
according to the present invention; and Fig. 10 is a di agram show ng
a change in the nunber of tinmes a peak current is generated in the
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10 Fig. 8 is a diagram for describing an exemplary
configuration of a current dry vacuum pump central
monitoring system;

Fig. 9 is a diagram illustrating an exemplary
configuration of a self-diagnosis adapter for a wvacuum pump

15 central monitoring system according to the present
invention; and

Fig. 10 is a diagram showing a change in the number

of times a peak current is generated in the main pump.

20 BEST MODE FOR CARRYING QUT THE INVENTION
One embodiment of the present invention will

hereinafter be described with reference to the drawings.
In dry vacuum pumps used for manufacturing semiconductor
devices and liquid crystal boards, reaction by-products

25 resulting from process exhaust often deposit within pumps
to make the same inoperative. Particularly, this tendency
ig prominent in dry vacuum pumps for heavy load processes

such as P-CVD (Plasma-CVD) used in ligquid crystal board



10 are mainly caused by reaction by-products which flow into and
deposit within the dry vacuum punps and thereby |lock their rotors.
When reaction by-products deposit wthin the dry vacuum punps, the
rotor slides into contact with the reaction by-products deposited in
a space between the rotor 15 and a casing, causing a gradually

i ncreased | oad o?%the radual _increase_in a current val ue of

a notor whi cReAPFIEERY L”Tﬁﬁé%%ésgﬁd LR-eVRMTEH 18V &EIHHFERT st ops
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al so affected by a cooling water and the 1i ke other than the reaction
byproducts, geethat imestiiidreRirovabive 8f vl f-@n rdui¥hRestde
punp (for rotating the rotor) (hereinafter 25 called the "punp
current val usekhodr ea driaeoim wurgnseil butlbsgriosis datseein, oandf asugbuum
deposi ted by-products within the punp. In the follow ng, a
descripti on R @R ek i@t teryaguans pempilsietlf adieagndsablaetobod for
nonitoring a gu current value tqg make sel f-diagnosis of a dry
vacuum punp. ™ Fggg 555 A IREPSAH Por SHER cTH i HRF WIWPEEPS- 8PEgReaTS of
a main punp %s @Bde fron%pulses appearing in a punp current. Vacuum
punps for a 8% yp¥%ﬁﬁfiﬁcmess conprise a main 5 punp for driving

fromthe atnDSpherﬂéﬁfoEE“%E?dr@nga@ugﬁﬁﬁ%ﬁﬁ%g%%phggi hé888r§£§g55§%s

an auxiliary punp for assisting the nai scre ry vacuum
punp is,16 heag@nhd ouratd Akl vyhivehct Soh | bsiraiRd d Bnfll: £lolSinssed
for the main punp, while a Roofs dry vacuum punp, the 10

confi gur at i oanafdawo it ival tHinugheatied vaclig.pubps Snds edelepyt Deck
auxiliary punp. As illustrated in Fig. 1, the screw dry vacuum punp
10 i s confi gbhedr twottwrs ai Whansceaetiat diy-bZodncascdspogil wiaridim the
mai n shaft 13 is rotatably supported by bearings 14, 15. On the other
hand, the RoB¥¥ YWY RMEEFUMESENPCROT| 817 iigihcedongassnwarh ghe

Root s rotor . . .
reaction by-products deposited in a space between the rotor

15 and a casing, causing a gradually increased load on the
pump, a gradual increase in a current value of a motor
which drives the rotor, and an eventual overload which
stops the pump. On the other hand, since the deposited
reaction by-products may cause a rise in temperature within

20 a pump, it 1i1s thought that temperature is used for pump
self-diagnosis. But, the temperature is also affected by a
cooling water and the like other than the reaction by-
products, so that the current value of the motor for
driving the pump {(for rotating the rotor) t(hereinafter

25 called the "pump current value") more directly contributes
to a detection of such deposited by-products within the
pump. In the following. a description will be given of a

vacuum pump self-diagnosis method for monitoring a pump



22 in a casing 21, as illustrated in Fig. 2, and a main shaft 23 is

rotatably supported by bearings 24, 25. In the screw dry
vacuum punp 10, a reaction byproduct M deposits on the inner surface
of the casing 11 20 near a discharge port, as illustrated in Fig. 1,

and the screwrotor 2 slides into contact with the deposited reaction
by-product M _In the Roots dry. vacu in turn, a reaction
by- product MEERTLY 1% Fﬁb“%ﬁﬁe?egglﬁéég§9ﬁlﬁ:ﬁé BalFHgVagu R Pump .
illustrated Fi t ide rf ac 00t s rotor 22
slides into %g%ta%tlmf?%ﬂ%ﬁrgge%8gl?E%F?g%éFﬁ%Wwbﬁegg ae¥igpLs of
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sel f-di agnosi s net hod accordi ng t present i'nventi Int

flow, different SelachﬂinagﬁQ@lsSfaﬂé}bﬂl@é\}ﬁm%a@r%r%@@sfeémﬁbﬁsé(é%ln
dry vacuum punp which is the main punp and the Roots dry vacuum punp

whi ch i s & boasp eforpulrp iegadsemt hby aifidephdaict becbehaw| oandfaa punp
5 current value associated with the deposited reaction by-product.
First, an alheestn muinuahishdererateedd om audilieryopunp for

sel f - dlagn05|s di agnosi s, fallowed by the self-diagnosis cal cul ati ons
for the nai na%%h%t% Psospdn Buwg Wh@ﬁrfawedﬁﬁl YRPUND PWR iRoottde
vacuum punp, sel f-, i a |s C Iatlo made.therefor is
simlar to tﬁ%?§%ﬁuﬁﬁﬁ§QQ08 t &) lﬁ a{%ﬂ FBang I?SEY%ﬁﬂuﬁﬂr
Al arm Set VaL g]malnS'mep'llil %Eleaasﬁlaétgt&g};%cﬁu%l Se% Val ue is

determ ned at ste u curren |'ue ma vaPy Ue to 15
i ndi vi dug de&ﬁﬁ@mo@ﬁ%ﬂ mﬁll:hkfs fpfuééyasce@eéﬁomgf 05, ded erdu i ng

the alarm set values for the respective punps, the punp current val ue
is averaged fwercian dudilliialryopengt i 0@ tilmRstaaded his BMEr age e r ent
value is designated an initial current value Is. Then, a 20

predet er m nesicvad 1rya vVesuagdedmpolf hes i enrtfiigiuredr tentonbhie & sscrnd

t he resultlng sumis chosen to be the alarmset value. That is, alarm
set val ue = F@UeE IPhdn @ CPaingulierrd \aimaen Shadh B3 bBt B bR

autonatlcall cal cul ng the average of t he current_value for
12 pporteéﬂby'%ear?ngs 129 Cn t engther hand, the Roots

15 dry vacuum pump 20 is configured to contain a Roots rotor
22 in a casing 21, as illustrated in Fig. 2, and a main
shaft 23 is rotatably supported by bearings 24, 25.

In the screw dry vacuum pump 10, a reaction by-
product M deposits on the inner surface of the casing 11

20 near a discharge port, as illustrated in Fig. 1, and the
screw rotor 2 slides into contact with the deposited
reaction by-product M. In the Roots dry wvacuum pump 20, in
turn, a reaction by-product M deposits on the inner surface
of the casing 21, as illustrated in Fig. 1, and the side

25 surface of the Roots rotor 22 slides into contact with the
deposited reaction by-product M.

Fig. 3 is a diagram illugtrating a processing flow of

a vacuum pump self-diagnosis method according to the



25 hours after the punp has started the operation. Al so, the val ue of
+a is set to approximately +10% of the initial current value Is for
the main punp, and to approxi mately +50% of the initial current val ue
Is for the booster punp. The value of +a may be set to approximately
+10% for the main punp because the punp current value of the main
punp is hardly affected by an inflow gas rate and the like and is

t heref ore repg??%F VIS IHT T whil eHE § Heharal Gd LEFT9RE gl 5 Feawgsiso

approxinatelx fSO@bfor t he bo te% because t he pu curr

val ue of the“Booster Pl i PFkgﬁ T DL U YRFEE HEILR %%ﬁ?%wv
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gas rate and;Largelys MRS and the ﬁé&@%ﬁﬂﬁ A BURE! Ghioh Alarm

set val ues have been at step agnosi s

cal cul ati on bsodPeFBsiand Medam%enaheyp&ﬂpf@é st ec@les‘b'%ha%la:?eayeéﬂﬂﬂémp
it is determned at step ST3 whether or not the result of

cal cul ati®n gadeenth wilap SEZdcs akedewi e temjaiepto@;l@redhh:gaetlbﬂan the
alarmset value. If the result is |lower than the alarm set val ue, the
fIOM/returnstODSQQHKﬂSTZFﬁGStepeatalanm:Hétpwadessiﬂgdewwmmknﬂﬂiﬂbrthe
result is equal to or higher than the alarm set val ue,

sel f - di agnosFE*aPE¥ R i%f deférldr ddagronbxtdinanpsdps. fp&ﬂpwed by the
following to sigp ST1l, the self-diagnhosis calculation is nade for the

boost er punpS&ttsPRfreRss §B&8§ﬁ 1y, 19% §R¢ d8dEr RPMBISAE SeepESTe
20 whet her or t cal cul_at an,, nade at te ST5
R85 uhen SR hatl S O & RBLEE RN Yok P ﬁﬁ'&%

| ower or (E‘C]Ug1‘1 0 of a arm se va ue.

the al arfp sehi¥ghd&is té‘b%cfdl%“&’m%ﬁt H&Bé x?] DR SO iRiigpeal th

processi ng, whereas if equal to or er than the alarm set va a
sel f - d|agnostﬁea$@wgnégsﬁaﬁ@generated at next step ST4.

[Determination of Self-Diagnosis Alarm Set Value]
First, a self-diagnosis alarm set value 1s determined

at step ST1l. The pump current value may vary due to

15 individual differences and the like. For this reason, for
determining the alarm set values for the respective pumps,
the pump current value is averaged over an initial
operating time, and this average current value is
designated an initial current value Is., Then, a

20 predetermined value o is added to the initial current value
Is, and the resulting sum is chosen to be the alarm set
value. That is, alarm set value = Is+o. The initial
current value Is can be obtained by automatically
calculating the average of the pump current value for 12

25 hours after the pump has started the operation. Aalso, the
value of +0 is set to approximately +10% of the initial
current value Is for the main pump, and to approximately

+50% of the initial current value Is for the booster pump.

10



[ Main Punp Sel f-Diagnosis] Fig. 4 is a diagramfor describing how
sel f-diagnosis of the main punp is made. In the screw dry vacuum
punp, when the reaction by-product M has gradually deposited on the
i nner surface of the casing 11 as illustrated in Fig. 1, the screw
rotor 12 operates to rake out the reaction by-product. In this event,

since the oyl Jale or LASHAY! gRegus! ¥, | gade 1imtag%éguggog%£§“{rhee

value | instantaneously ris as 1llustr in hus,

punp current nyah Uiy B804 the bithd | @l Ll R ukabeerhs fdadn Adid

reach a peak current value Ip in a pulsative manner. As the anount of

the reacti oni yngndiducit tMdiceear Bas&nolye ldh HYalsChketbOahBeth8NBike and
surface, the peak current value Ip is frequently generated due to the

rotor raki ngisutheérefareacteilanibylprethisie Mwhereatuahkyya tine asbuwit nafy
the reaction by-product M which can no |onger be raked out, deposits
bet ween the Potert 150 awproFemaasingt0% fiar ¢chesbotStan pwep |loethume

the rotor 12, which slides into contact with the reaction by-ﬁyoduct
M Paying attRAtFHW (O8RS Behugi of , the RAoSreragHBBi 85 ane¥en kidtely
val ue is selectedégﬂftQ¢ b%sis of gfe nunber of ti.nes the peak,
current val ug 1§ i % '§&tEra &d*Fot™ ?Wn%a%iﬁﬁge(évéfgaéﬁe n{ft%es™Sn
Fig. d). 20 Then, Jae NURRCE.0f: Lhns JNSPeAK FULLEMa YAlLGdR ien
actual ly generated is countea, suth that the self- ragnosis alarmis
out putt ed WhesdheieQURlk is$ebneh easerk tR1tthe i 8ehbs 0k 29808k 52 @ G nset

val ue or higher. [Booster Punp Self-Di agnosis] 25Figs. 5 to 7 are
di agr ansl(f orma&tds cfaDitdhEg &abaost@p at step ST2. Subsequently, it is
determined at step ST3 whether or not the result of the
calculation made in step ST2 is lower or equal to or higher
than the alarm set value. If the result is lower than the
alarm set value, the flow returns to step ST2 to repeat the
15 processing, whereas if the result is egual to or higher
than the alarm set value, a self-diagnosis alarm is
generated at next step ST4. Further, following to step STIL,
the self-diagnosis calculaticon is made for the booster pump
at step ST5. Subsequently, it is determined at step STé
20 whether or not the result of the calculation made at step
8T5 is lower or equal to or higher than the alarm set vaiue.
If lower than the alarm set value, the flow returns to step
ST5 to repeat the processing, whereas if equal to or higher
than the alarm set value, a self-diagnecsis alarm is
25 generated at next step ST4.
[Main Pump Self-Diagnosis]
Fig. 4 is a diagram for describing how self-diagnosis

of the main pump is made. In the screw dry wvacuum pump,

11



punp sel f-diagnosis. In the Roots booster punp, when the reaction
by- product M has deposited on the inner surface of the casing 21 as
illustrated in Fig. 2, the side surface of the rotor 22 slides into
contact with the reaction byproduct M deposited on the side surface
of the casing 21. The punp current val ue | gradually rises as shown

in Fig. 6, d o] 0 f

into cont actwgmelﬁht%‘%gréraeédtc Ion bégg %%%?Esrk% quf%d% 12/9 Ee é“%%e
surface of tpgeCASIOY Al toffetﬁaveaglei ifeasr (?La_L(iUsQ'}a@édpEHdﬁfé M,
increasingly sticks and the gap between the side surface of the rotor’

22 and the stHe stré&acetafr tilre opashtgs 2do ek @s@d thkheeht96n22 is
10 overl oaded due to a sliding contact and made i mmobile. Thus, the
punp currentbyapuedlct s Int epgiatederftor sanpredbberatoedli? ntegrati on
time (one mnute in Fig. 6) to calculate an integrated punp current
val ue |1 as shewmntandhglys 1oaded) akhe i suge mratad whénet Bi s
integrated punp 15 current value Il reaches or exceeds a
sel f - d|agnosF%s%ﬁ%ﬁ?ﬁ%ﬂﬁsRﬁﬂrﬁéeﬁhrEﬁ %%1%ﬁﬁr%§?@aﬁnrﬁﬂ@gréte@ﬂbﬁhpthe
current value (initial |nt rated rrent, value lis+2 A
Fig. 6). "Houky CUTREE (17 UBo0s TSP TS (OHAr Al 6PTEEPEaTTRSGE *
affected b f f i

y g @5\/‘ aDIIl{éuQe rf’ %ae%k LOW-0g, | «P&ﬂ%é *ig;elﬁlglf% %81\%.\%{: ?ﬁé ymé’rﬁ[é’r

the punp current I's necessary

i ncrease in Agetzp@rmn&grtr%ft thel Weaktisn GRHSRG A taf m&ke&eﬂ@@wr
the deposited reaction byproduct M Therefore, focusing attention on

t he factld hast2bkd heo it rinpleeS SUF €a6é, il PERX icheteasesaieni@ gas
flows into the punp, it is preferable that a pressure sensor is
mount ed bet weeeqeeast hg streges efbdtecen shagesaf rekengapnt pting
conprising rotors at two stages& and that any failure
reaction by-product Eventually, an amount of the
reaction by-product M, which can no longer be raked out,
deposits between the rotor 12 and the casing 11, to cause
15 an overload on the rotor 12, which slides into contact with
the reaction by-product M. Paying attention to this
behavior, a self-diagnosis alarm set value is selected on
the basis of the number of times the peak current value Ip
is generated for a unit time (every 60 minutes in Fig. 4).
20 Then, the number of times the peak current value Ip is
actually generated is counted, such that the self-diagnosis
alarm is outputted when the count is increased to the self-
diagnosis alarm set value or higher.
[Booster Pump Self-Diagnosis]
25 Figs. 5 to 7 are diagrams for describing a booster
pump self-diagnosis. In the Roots booster pump, when the

reaction by-product M has deposited on the inner surface of

the casing 21 as illustrated in Fig. 2, the side surface of

12



is decided by sinultaneously nonitoring a pressure val ue detected by
the pressure sensor and the punp current value. Fig. 5 is a diagram
for describing a change in the punp inner pressure P, which is a
pressure val ue detected by the 5 pressure sensor, and a detection
met hod. The punp inner pressure value is used to switch

sel f-di agnosipeCabeyt add QNS GRS 191‘%%ch19@&1¢@%1‘)&@’: t@en‘i%aﬂlﬂlbﬂf Lpw gas
anount varies from one process to another, such as a deposition

process, a cheasudg Wrdgess wwd ohhehki kﬂde allF d W RHeSEHEengell .
value PLow is set at a |l evel higher than the punp inner pressure

val ue in a pFbeessmmhiwtréntvolales d grafthablwpunisesf, gasshswshias the
deposi tion process, as shown in Fig. 5. Also, an upper pressure set
val ue PHI GH Fi9sef. alua teVdie RogRsr 28 habhe M dsumyititager ofr ebsdh e
value 15 |n abErocess whi ch involves a | arge anount of gas such as

the cl ean? ngSpr88est?tq JOBHI Y APrbEPHEPF Frads Syr@rPERAENY:

Du t h th

extrenely 1 B880R TR i Ao aPed U FRFeeLh THF SORIAE finp urént
value I. In QHSHn@”oPVt[er[E b A8 LE Bgt—?{r %ﬂ‘ﬁé ﬁvf made Lhat, 4 QC%QE&?@ 4hd

in the punp current va i's not e'to the r

by- pr oduct at:héhéaﬁ;'ﬁ@cﬁélﬁl P sl ABCEL PE LSS W t1RACESt NS RAESEM €
set value PH GH or higher to cancel the calculation for 25

sel f-di agnosksde $2)falernniPune caBengPEessir€ldidds Egeakoteror2 Lower
Than Pressure Set Val ue PLOW
10 overloaded due to a sliding contact and made immobile.
Thus, the pump current value I is integrated for a
predetermined integration time (one minute in Fig. 6) to
calculate an integrated pump current value I1 as shown in
Fig. 6. an alarm is generated when this integrated pump
15 current value I7 reaches or exceeds a self-diagnosis alarm
set value which is set to an integrated pump current value
{initial integrated pump current value Ijg+2 A min in
Fig. 6).
However, since the booster pump is characteristically
20 affected by the amount of gas flowing intc the pump to
largely vary the pump current value I, it 1is necessary to
determine whether an increase in the pump current value I
is caused by an inflow gas or the deposited reaction by-
product M. Therefore, focusing attention on the fact that
25 the immer pressure of the pump increases when a gas flows
into the pump, it is preferable that a pressure sensor is

mounted between casing stages (between stages of the main

pump comprising rotors at two stages) and that any failure

13



4¥n a region of the punp inner pressure equal to or |ower than the
pressure set value PLON where the amobunt of gas is relatively small
such as during the introduction of a deposition gas, the punp current
value | is integrated for a fixed integration time to find the
integrated value 5 ij, and an alarmis generated when the integrated
value Il reaches the alarmset value (initial integrated punp current
val ue |'s+2Aridpcigledhpyheimpitaesemhwmomthodngd fnpFegpul) value

(3) Wien Pu | nner_ Pressure P is Equal to or Hi gher Than 10 Pressure
Set Val ue PL$Skected by (REnPREFIRGR AN 2Bf §8BS PY™P AR JEdMeas

during the introduction . of a_cleani as,. _the i nner_.pressure P
| argel y incﬁgé%eg,1gaﬁsﬁﬁagrgpg§3 é%%%%ﬁ%ﬁggiﬁ Fﬁgg%%nﬁnc S ™ val ue
| of the boo R ep the: [ r e ' e 0
t he pressur ?i_rge{r val ugu%%aﬁlv o‘?ﬁ %% 151{1?3%5%&%:%9?%#%nd{%%%\%cﬁ{%ﬁgoﬁh%n

(2) above i prahendredseaddrt hgnd nd e @ldtQRnofhetiegpunp current val ue |
is newy started to set again an alarmset value. An alarmis

gener ated when the€hienpegpaiedey abtisdureofraiie pynpsedirtenwiz@hval ue |
exceeds this alarmset value (a detection method Bin Fig. 7).

[ Vacuum PunpseSdl-fdiBgagrosi saBysiamjons, as dMextibed desbiw pt Sdncwai &
be given of a vacuum punp sel f-diagnosis system Fig. 8 is a diagram
i 11 ustrating T 25 98geAPPARY CoRE 2 UrLa ORCOPTaces? r entaniiyharac UL
pump central, TNl {2091 S e Y FAGUIM. RUMDS S ana the 1like, a
10 lower pressure set value Prow is set at a level higher than
the pump inner pressure value in a process which involves a
small amount of gas, such as the deposition process, as
shown in Fig. 5. Also, an upper pressure set value PyIcH
is set at a level higher than the pump inner pressure value
15 in a process which involves a large amount of gas such as
the cleaning process.
(1) During Atmosphere Pressure Pumping:
During atmospheric pressure pumping, the pump inner
pressure P extremely rises with an asscociated increase in
20 the pump current value I. In such an event, a
determination is made that an increase in the pump current
value I is not attributable to the reaction by-product at
the time the pump inner pressure reaches the pressure set
value PyrgH ©r higher to cancel the calculation for
25 self-diagnosis.
{2} When Pump Inner Pressure P is Equal to or Lower Than

Pressure Set Value PLow:

In a region of the pump inner pressure equal to or

14



DVP2, DVPn are connected to associ ated Lon adapters 103 of the central
moni toring system 101 through a conmmunication network 102, and the
respective Lon adapters 103 are interconnected through a network |ine
104. A plurality of central nonitoring conmputers (personal conputers)
105 are connected to the network |ine 104. Punp data is

transmtted fromthe dr vacuun1gungs DVvP1, DVP2,DVPn to the
respective LOAYGHapi®Et SPPOPTERPBEGhSEheVEmfnioNat WERT Reb B r &AWy iaf

cccordance Ll L FR3S comunt Al s, g copluted dat e

sent to the tentral ng conput er

line 104 for,siorage: thereln. rRReplan AGEMK Jo3 eapable; of oorate

accommdat i ng a naxi num of 3,000 dry vacuum punps DVP. Thé céntra
moni toring cospud efiddb iditsphaysoapeimd i 41 AiH0Lmet L aReft 8PP MILS,
current values and the |Iike) of these dry punps DVP1l, DVP2, DVPn, and
al arm 15 % nf by medndrad &larm Wwangageraneld odldrechieveéhyegraage tdlkue It
vacuum punps which are installed in a sem conductor manufacturing
factory or ar¢ieiges EryRlarmaanf vetwe i nipifdatioipteBortbdi badimg up

t he vacuum punp sel f-di agnosi s system 20 accordin% to the present

i nventi on, tﬁ%rgQﬂq(ﬁﬂyﬂf g§§égﬁsmln) or higher (a detection method A

in Fig. 6).

(3) When Pump Inner Pressure P is Equal to or Higher Than
10 Pressure Set Value Prow:

When a large amount of gas is involved such as during

the introduction of a cleaning gas, the pump inner pressure

P largely increases, causing large variations in the pump

current value I of the booster pump. When the pump inner
15 pressure P increases to the pressure set value Prow or

higher, the integration calculaticn in {2} above is aborted,

and the integration of the pump current value I is newly

started to set again an alarm set value. aAn alarm is

generated when the integrated value IT of the pump current
20 wvalue I exceeds this alarm set value {a detection method B

in Fig. 7).

[Vacuum Pump Self-Diagnosis System]

Next, a description will be given of a wvacuum pump

self-diagnosis system. Fig. 8 is a diagram iliustrating an
25 exemplary configuration of a current dry vacuum pump

central monitoring system. Dry vacuum pumps DVPL,

DVP2, ..., DVPn are connected to associated Lon adapters

103 of the central monitoring system 101 through a

15



are required to take into consideration for the central nonitoring

system
central noni
changed.
appr oxi mat el

(1) A self-diagnosis function is added to an existing
toring system 25(2) Existing software for punps are not
(3) Data nust be collected at intervals of
y one second for capturing peak currents of the nmain punp

whi ch are generated in a pul sative manner. For keeEing track of

agi ng changeSCTRRHea pifthsietirekdaba it el teEPrR

appr oxi mat el
or | onger.

on 5, CnL I T LY 1 GO, 408, DB, 2281 B sopL o

noni toring

éVgalen prdapters
ne second shoul e able to be preserved one week
109 %r& RN arls e Brot 2 reaeEs L BG . Bh- v o 60

stem onsi ons (1) -

(4), it is deshpdddesit hats self «ghagRos: Sdapt %%W%QQ di§H9\A@oA.ﬂ

dotted lines) are additlonally I nstall ed between the dry vacuum 10

punps DVFL,
[ Confi gurati
a diagramil

DVP2, Mip @adat e tespafitiwd [fadradapt k¢ +Suum pumps
on of Vacuum Punp Sel f-Di agnosis Systeni Fig. 91is
DVRY r MVEAY an .exebhpPPar yo stist emspenftigaer abhoadabtéhe 103

sel f-di agnosi s adapter which is

10

15

20

25

through the communication network 102 in accordance with
the RS232C communication scheme, and captured data is sent
to the central monitoring computer 105 through the network
line 104 for storage therein. One Lon network is capable
of accommodating a maximum of 3,000 dry wacuum pumps DVP.
The central monitoring computer 105 displays operating
information {(temperatures, current values and the like) of
these dry pumps DVP1l, DVP2, ..., DVPn, and alarm
information {alarm waning) and collectively manage the
vacuum pumps which are installed in a semiconductor
manufacturing factory or a liguid crystal manufacturing
factory.

For building up the vacuum pump self-diagnosis system
according to the present invention, the following aspects
are required to take into consideration for the central
monitoring system.

(1) A self-diagnosis function is added to an
existing central monitoring system.

{2) Existing software for pumps are not changed.

(3) Data must be collected at intervals of
approximately one second for capturing peak currents of the

main pump which are generated in a pulsative manner. For
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15 instald ed between the dry vacuum punp DVP and Lon adapter. As
illustrated, the self-diagnosis adapter 106 conprises a punp data
storage unit 106a, a prediction execution unit 106b, and a data
creation unit 106c. The sel f-di agnosis adapter 106 requests the dry
vacuum punp DVP for punp data 20 every second, and in response to the
request, the dry,vacuun1pqu DVP sends the punp data every second to
the punp dat $€PLRAGE R (01 GF4TPoFNERGPIGE! 17Kt SUHPSSi APt GRBJUSI Y,

th | f-di i 1 it 106Db f th | f-di
based on t he SBF L& Atnosl 'S8 LeaP EuPRRTSH-H ' PGS PAPEY PROFID Do

wth refereng31%0t5hgagﬂggﬁg%%§]?Egrggeiﬁbéﬁu% HERFQ ta storage unit

106a. On the other hand, the s i agnosi s adapte 06, in response

to the data requestsfremt beskon Sdaphel g183n8%8EYcad W $858NGSeq2dHS
sel f-diagnosis result data created by the self-diagnosis execution

unit 106bst othBecemt 51 mbiidcstiagedomputdie WM fdaha et grage tehdral
106a, and sends the resulting data to the Lon adapter 103. 5The
sel f - di agnosinsnadapiey sh66:-am t he foregoing configuration is
connected between the respective dry
For satisfying the considerations (1} - (4), it is
desirable that self-diagnosis adapters 106 (shown 1n dotted
lines) are additionally installed between the dry vacuum
10 pumps DVP1l, DVPZ2, ..., DVPn and the respective Lon adapters
103.
[Configuration of Vacuum Pump Self-Diagnosis System]
Fig. 9 is a diagram illustrating an exemplary system
configuration of the self-diagnosis adapter which is
15 iﬁstalled between the dry vacuum pump DVP and Lon adapter.
As illustrated, the self-diagnosis adapter 106 comprises a
pump data storage unit 106a, a prediction execution unit
106b, and a data creation unit 106c. The self-diagnosis
adapter 106 requests the dry vacuum pump DVP for pump data
20 every second, and in response to the request, the dry
vacuunr: pump DVP sends the pump data every second to the
pump data storage unit 106a for storage therein.
Simultanecusly, the self-diagnosis execution unit 106b
performs the self-diagnosis based on the self-diagnosis
25 calculation flow illustrated in Fig. 3 with reference to
the pump data stored in the pump data storage unit 106a.

On the other hand, the self-diagnosis adapter 106, in

response to the data request from the Lon adapter 103 every

17



vacuum punps DVP1, DVP2, DVPn and the associ ated Lon adapters 104
connected thereto in the central nonitoring systemof Fig. 8. As a
sel f-diagnosis result is sent from 10 the sel f-diagnosis adapter 106,
the central nonitoring systemdisplays a nessage on the central

nmoni toring conmputer 105. In this event, since the self-diagnosis

dapt 106 nmk [ ' in.a f t tibl ith exjsti
central moni £8P AGCSYRT orttha o FRAPBORLBUE 95 Do dkanGEaaFaR B tHer
the dry vacuul pugpsihe: Ore kil A0APLALE. 104y Al She YERXT SLLDY
central nonitoring systens fave a rimt in capabi fiy 5 >0at'a

ConnuniCatiOﬁtBYethnLQWEQﬁhﬁpkﬁtalEtgﬁééeiénf@h*ﬁﬁﬁ%%n%%@%ﬁdgeEﬂ d,

t he nunber of connectabl e punps becones very snmall. nsequently,

it is configuesdithad ddwes pomndatan saspesed@nd preserved in the
punp data storage unit 106a in the self-diagnosis adapter 106.

Alternatively, theThaczrinplisgneelit- diagn@sil0dinin thengbreyodng he

punp data storgge unit, self-diagnosis 25 execution unit, and data

creati on uni EOREYIBEABIGVildedammessed berweriapthe rEG®ectifegdrd. In

addition, the vacuum punp_sel f-diagnosis unit conprising the punp

data storageVaRAPED B¥®S R%dnodVE2execut PHP 1#1d | then@sgacaacrdakemn

unit can beagéovided in a contral Hnit not shown) for, control|in
b

the dry yacuun185%55 RRIIR Y GUFHR H s&lg - n&ﬁﬁ&sﬂ§n§§§fﬁﬁqgor
an 'nd'v'duagygE¥mV@fu#Tquﬂp EyRa self-diagnosis result is sent from

10 the self-diagnosis adapter 106, the central monitoring
system displays a message on the central monitoring
computer 105. In this event, since the self-diagnosis
adapter 106 makes communications in a format compatible
with existing central monitoring systems, no software need

15 Dbe changed for either the dry vacuum pumps DVP or Lon
adapters 104. Also, the existing central monitoring
systems have a limit in capability of data communication by
the Lon network. If data is collected every second, the
number of connectable pumps becomes very small.

20 Consequently, it is configured that the pump data is stored
and preserved in the pump data storage unit 106a in the
self-diagnosis adapter 105.

Alternatively, the wvacuum pump self-diagnosis unit
comprising the pump data storage unit, self-diagnosis

25 execution unit, and data creation unit may be provided in
each Lon adapter 103 in Fig. 8. In addition, the wvacuum
pump self-diagnosis unit comprising the pump data storage

unit, self-diagnosis execution unit, and data creation unit
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Currently, the+anount of punp data is approximtely 5 six negabytes
per day, so that the self-diagnosis adapter 106 is required to
preserve several tens to several hundreds negabytes of data for
storing data for one week or longer. To inplenent this storage at a
| ow cost, the self- diagnosis adapter 106 can enpl oy a general
conpact flash 10 (registered trademark menory card 106a, which is
used for di gFf‘%I be¢ averHdathd ﬁ‘eCPPREO fiepit h‘éoﬁuﬁﬁl%j’&t}af@%’orage

unit. Also, a_fij st us ersonal uters is e oyed for
a preservation’ e]r;%/n etgj‘et ﬁ%ty 'RE BIBI ?’érﬁ?é%wtzfe& n *feP EB ?Ag%oa as
they are b r % n_on

sel]y di agngsggpgd(gpteroacl 6 1S m)u%tggdaf\?m iz;@lqnglﬁart}?% R%%UPmZggmp DVE.

megabytes, so thatcdhemuRp dakaasehhc fEOBdhe iy !@CHEH}QH%&\@
every second can be preserved for approximtely six wee The

sel f - di aghosk sx atlepdieftdd Gpeaddial/, 0Bal Lia€ oY issaF -Aikghakiof adfpidy ee
RS232C conmuni cation ports, two for input and out put operations and
one for a set0bces pergonadd conpueeerveEixtaralditaplsayiongetrbeast ate, a
power supply for backing up the adapter for several seconds of

power | ess evewtdyeds megserattiosn odf dphat Bel Sfevisidpeatr farepnapréein or
and the 25 Iike. The alarmset value and the |ike for the

sel f - di agnos}%n%% b&Cc ATRGEUSRY HebF SHoe@9&orEvar %O‘ﬁr%%?%mtr}lﬁﬁr%eﬂé

on a personal ut er 311\% i.ch be dir tIy connected to_th
sel f- dlagn05|§ % aﬁ%er er E%g can emp a genera& compact flash

10 {registered trademark) memory card 106a, which is used for
digital cameras and the like, for the pump data storage
unit. Also, a file system used in personal computers is
employed for a preservation format, so that the collected
data can be browsed as they are by a personal computer.

15 In one embodiment, the self-diagnosis adapter 106 is
mounted with a memory card of 256 megabytes, so that the
pump data sent from the dry vacuum pump DVP every second
can be preserved for approximately six weeks. The self-
diagnosis adapter 106 additiocnally comprises a total of

20 three RS232C communication ports, two for input and output
operations and one for a service personal computer, LED for
displaying the state, a power supply for backing up the
adapter for several seconds of powerless event in
preparation of instantaneous power interruption, and the

25 like. The alarm set value and the like for the self-
diagnosis can be changed by dedicated software program
rumming on a personal computer which can be directly

connected to the self-diagnosis adapter 106.
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Wil e the foregoirng exanpl e has shown the central nonitoring system
whi ch enpl oys the Lon network, any communi cation nmethod can be
applied to the central nonitoring system Also, the anount of
preserved data can 5 vary depending on a scale required to configure
t he sel f-diagnosis system For confirmng the validity of the
vacuum punp sel f-djagnosis system of the present invention, the

sel f- di agnosi s wadddeushry EpEreQtie P16 Yasashom pukp Cerr mip

di P- CVD £ Ligul t al . i th t of
Che el n- purfiP Ve et P S et A S e BRnBeEEr bniahad been
Toni tor ed, REGnGHITRNLS SEARLEN-LD APDERh A e RUMD. uLsent val ue

or 0 1 ne,

after operating a certain perio eventually resulting in

a stop of 15ddiedr@ing RYERemA GlARGYE the LRABuANDE H s drviRs @k at BEn
peak currents is shown in Fig. 10. As shown in Fig. 10, the punp was

st opped 6n they6 Weghethady nbr oM & hecslantemfirpdmpoopenal e i .sel@ -
al so shows that the nunber of peak currents appeared increases from
when t he punpla®sstsoppedeR0( ni ne days before, in Fig. 10). For the
main punp, it was _confirnmed that self-diagnosis can be nade if an
alarmis generat edo¥heanfhematarhsaavgity p§ ele ceatatnbyunipe

noni tored nunber aof times the %ﬁak current appears. Wile the

f or egoi ng e S1FEEOSAsWAY F e raG Uihe eressnininy@mplety Wideri ment

in the vacuum el f-di agnosi temw th dr a m ed
AT vt BB B G900 SN B AbiRedl Yoy SRR iRES,
| oad prages i-ch :L.nyolyv i td L o i b d S
Wi t hi ﬁ qgunp%s%,sp \gl’%(?%il tlhsﬁogl gv%te.l&fm er stof)flogqgﬁg? ggf%&%]agﬁ%lgpg ggéa

dry vacuum piffp earBacnBdechd hdies HuPGASES88aBBe Walrhe B S NG FiRe
vacuum punp self-diagnosis system according to the present invention.

5Whi | e sone wrdedimpe R rehitt hed ptesentoninveat], opeliavenheait deseritkbad
above, the present invention is not limted to the enbodi nents
descri bed abwveprsar anvaheepympfcumdinft vatluensftan deermdegnificri a
the scope of the technical _
certaln period of time, eventually resulting in a stop of
15 the main pump. A change in the number of times of the peak
currents is shown in Fig. 10. As shown in Fig. 10, the
pump was stopped on the 63rd day from the start of pump
operation. Fig. 10 also shows that the number of peak
currents appeared increases from when the pump was stopped
20 (nine days before, in Fig. 10)}. For the main pump, it was
confirmed that self-diagnosis can be made if an alarm is
generated when the alarm set wvalue ig exceeded by the
monitored number of times the peak current appears.
While the foregoing example has shown the result of
25 an exemplary experiment in the vacuum pump self-diagnosis
system with éry vacuum pumps used in a liquid crystal P-CVD

process, there are a large number of heavy load processes

which involve the deposition of reaction by-products within

20



phi | osophy described*n the clains, specifications, and 10 draw ngs.
CLAIM5 1. A vacuum punp sel f-diagnosis nethod for naking

sel f-di agnosi s of a vacuum punp, characterized in that: an
alarmis generated when a predeterm ned al arm set value is exceeded
by an integrated value or an average value of a current of a notor
for rotating a rotor of said vacuum punp and sel f-di agnosi s

cal cul ati on P¥MBancat] e e 18 prevsteestrAdidhnitt Fed fsdigobastaimt a
punp is equal, to or above a ressure set vaA ue. 2. A vacuum‘rgﬁg%
sel f - di agnosfEY mEt ASY" &8 Gy P02 tai R 1P PIOFEPFS AP nWEhhtPY
sai d predeter,ngtned v _} res val ue
set hi gher thg%g a?@£§%%§§§}3%55|§éygta§? r&%%£%5§$e§ §§?§EE§5 J%% of
gas, and theSgkbssh@gnRsng seal.cul ation is switched on the basis of
a conpari son between said pressure value and said upper pressure set
val ue andson the basile Glor® eaBPaALh&OHs et WeRN psaisdnpr eA66H €1 Mal nisre
and a | ower pressure set value set |ower than said pressure val ue at
a process of baesnd¢dcarmitaboiregashe Bredentacinvenpurp sel heodi agndsed
met hod according to claim1, characterized in that: a process
of generatingostiie nRpdanesrsr dsesribehtairys Mutber verietyest when
peak val ues of _sajd current occur within a unit tinme period and

out putting afCaH &t 7A WElF (R SEURRIRUHDEI ThedEmSSOREoVE BDpr BEhnical
lue. 4. A .t - di ' t for .maki
sel f-d agnosp\éfijl %g%npk\%crgtjeussrﬁ%ﬁf&ﬁgl 3 ER° % ﬁ?sgzép?f%&ga?hg,goﬁﬁd P9 ot or

rotationgllygsaLs d in said casing for sucking and discharging a
gas through rotations of said rotor, said vacuum punp sel f-di agnhosi s
system characterized by conpri sing:
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a pressure sensor for detecting pressure within said vacuum punp: and
a self-diagnosis unit for calculating an integrated val ue or an
average value of a current of a notor for rotating said rotor, and
maki ng sel f-di agnosis of said vacuugypys® When said integrated value
or said average val ue exceeds a predeterm ned al arm set val ue,
wherein said self-diagnosis unit cancels self-diagnosis cal cul ation
when a pressurg yalugn dehected:-hy $abdi Pressidee rtsenslilecenes above
a predeterm ned pressure set value.” 5. A vacuum punp self-diagnosis
syst em acEBoRTIY- St GLcRaV UM PHAP act A 2FEG L ReE hidt Fhat: said

sel f - di agnosi saHnhiads iar GaRged dd) wBeh 0NE QlaRirh i h & tharhody: of said
vacuum punp. 6. A vacuum punp sel f-di agnosis system according to

claim4, CARFACtRrFFFEAIPH har: integrates yappedet émnPHeBRHt ddstife set

val ue is 3R YPReirePres8Us iRl ¥ak Usalingl ghescdhar said wiRssure
value at a process of a |arge anmount of gas, and sai d

sel f-di aghd8P s?itthit is operable to switch diagnosis cal cul ations on
the basis of asedrpardgseBibetaaan asabf P essidee1val he-mnadpsassurpper
pressure set val ue and on the basis of a conparison_between said
pressure Valde "Hidid Faver/isrelshie® set SParLet 3T BORBE T RETSSATE
pressure ¥atugaafe.a process of a small anount of gas. 7. A vacuum
punp sel f-di agnosis system according to claima4, characterized, i
that: 2" sahd SQrFY dPE§rost S APEOP S IR 1HEr *6rer et o’ Lot ‘a
nunber of charestariesdpeakinsal:ues of said current occur within a unit
tinme period and Oéli[&put 3n al arm when t he count nupber becones above a
preset value. °8 % AVEE ﬁﬁﬁnbﬁ?%]pggﬁts}“é? Honi'CoPnS S5 &R Eonpri si ng
net wor k agapiens fset cohmecistngighet urhan by iofpmacuum panps &0 aa

net wor k, angl acent Baharrmenie} %Ei ng_gonput %df or integrally nonitoring
sai d pl urgfl%y of” "nét Wor k acrj“apflers, érein punp data sent from each
vacuum punp t heeufdisaindshet owlrdoladapteis isvinohetiosed:-Hey bsais cent r al

o o ORI oAkl MBS SOLLE S OB ST
s_el f-di agaasi\salofe gaﬁdowa@mﬂmp@lﬁmf saaiqstmse!:isrm dgriosks sanid pei ng
ot REemBuatel sl S0i0nhs sonlec gLnpsed beLiesn nd,
oper abl e gaid pressure value at a process of a small amount of gas.
3. A vacuum pump self-diagnosis method according teo c¢laim 1,
characterized in that:
a process of generating said alarm comprises counting a
number cof times when peak values of said current occur within
a unit time period and outputting an alarm when the count
number becomes above a preset value.
4. A vacuum pump self-diagnosis system for making self-
diagnosis of a vacuum pump which comprises a casing, and a
rotor rotationally arranged in said casing for sucking and
discharging & gas through rectations of said rotor, said vacuum
pump self-diagnosis system characterized by comprising:
a pressure sensor for detecting pressure within said
vacuum pump: and
a self-diagnosis unit for calculating an integrated value

or an average value of a current cof a motor for rotating said

rotor, and making self-diagnosis of said wvacuum pump when said

22



cancel self-diagnosis calculation when a pressure val ue detected by a
pressure sensor becones above a predeterm ned pressure set value. 9. A
vacuum punp central nonitoring systemaccording to claim S8,

characterijzedgidt dd@bive or s=8a dvOriR: SRhf=dLAANOR $ 3dapd&lrhegai d
networ k adapter conprises a punp data storage unit for storing data
on the vadddhf pitRifpyalafd whereinggpgd stafi@ilagnosis upditt capkels

sel f - di agRestsaQfgreaid ¥arMuBRYAPyhased 28 skhe Rt fe bt @ld
purp datasgggrg¥£2;€}gtéensor becomes above a predetermined pressure

set value.
5. A vacuum pump self-diagnosis system according to claim 4,
characterized in that:

said self-diagrosis unit is arranged in a control unit in
the body of said vacuum pump.
6. A vacuum pump self-diagnosis system according to claim 4,
characterized in that:

said predetermined pressure set value is an upper
pressure set value set higher than said pressure value at a
preocess of a large amount of gas, and

salid self-dizgnosis unit is operable to switch diagnosis
calculations on the basis of a comparison between said
pressure value and said upper pressure set value and on the
basis of a comparison between said pressure value and a lower
pressure set value set lower than said pressure value at a
process of a small amount of gas.
7. A vacuum pump self-diagnosis system according to claim 4,
characterized in that:

said self-diagnosis unit is further operable to count a
number of times when peak values of said current occur within
a unit time period and output an alarm when the count number
becomes above a preset wvalue.
8. A vacuum pump central monitoring system comprising
network adapters for connecting a plurality of wvacuum pumps to
a network, and a central monitoring computer for integrally
monitoring said plurality of network adapters, wherein pump
data sent from each vacuum pump through said network adapter
is monitored by said central monitoring computer, said vacuum
pump central monitoring system characterized by including:

a self-diagnosis unit for making self-diagnosis of said
vacuum pump, said self-diagnosis unit being disposed in a pump
self-diagnosis adapter disposed between said vacuum pump and

said adapter or in said network adapter and being operable to
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cancel self-diagnosis calculation when a pressure value
detected by a pressure sensor becomes above a predetermined
pressure set value.
9. A vacuum pump central monitoring system according to
claim 8, characterized in that:

said pump self-diagnosis adapter or sald network adapter
comprises a pump data storage unit for storing data on the
vacuum pumps, and

said self-diagnosis unit makes self~diagnosis of said
vacuum pump based on the pump data in said pump data storage

unit.
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