DESCRI PTI ON PROCESSI NG DATA MANAG NG SYSTEM PROCESSI NG SYSTEM AND
PROCESSI NG DEVI CE DATA MANAG NG METHOD Technical Field [0001] This
invention relates to a processing data managi ng systemthat is mainly
applied to a manufacturing site or the like for high recording density
magneti c di sks, a processing systemincluding such a processing data
managi ng system and a data managi ng net hod for a processing device or
apparatus such as a magnetic di sk manufacturing apparatus. Background Art
[0002] In recent years, the incr 2E8CRIPTHEIMeti c di sk recording density has
been remarkable. A high recording density nmagnetic disk is manufactured

t hrough processes of formng a plurality of nagnetic |ayers over the surface
of a substrate. Since an underlayer and a protective |ayer are respectively
provi ded unBBD%EaSb\}@rDé%MMAﬁhNGrﬁ}gﬁJ RROEESSING Ssghehi AN@psk i's
manuf act ured t hrough a nunber of | mf ornlng Brocesses Therefore, in the

manuf acture of the W%S’SIN@SPEWQE PAT 51N é'é@png devi ce havi ng

a structure with a nunber of processing chanbers arranged for carrying out
the respective processes [ 0003] For exanple, when nmanufacturing one
magneti c df E E sk (substrate) is caused to pass through the nunber of
processi ng € QWﬂé ? n order so as to be subjected to a predeterm ned
process treatnengo fbeach of the processing chanbers. In each processing
chanber, one-ti % cess treatnent is given 2 as one cycle and the sane

process treat menfy;{ § )RR TEMEA0" ] bidlBs8ind' ddta managing system that is

( mainly applied to a manufacturing site or the like for high recording density
| magnetic disks, a processing system including such a processing data
managing system, and a data managing method for a processing device or
apparatus such as a magnetic disk manufacturing apparatus.
Background Art
[0002]
in recent years, the increase in magnetic disk recording density has
been remarkable. A high recording density magnetic disk is manufactured
through processes of forming a plurality of magnetic layers over the surface of a
substrate. Since an underlayer and a protective layer are respectively
('_ provided under and over each of the magnetic layers, the magnetic disk is
manufactured through a number of film forming processes. Therefore, in the
manufacture of the magnetic disk, use is made of a processing device having a
structure with a number of processing chambers arranged for carrying out the
respective processes.
[0003]
For example, when manufacturing one magnetic disk, a disk (substrate)
is caused to pass through the number of processing chambers in order so as to
be subjected to a predetermined process treatment in each of the processing

chambers. In each processing chamber, one-time process treatment is given



passes therethrough, and, after the treatnent, the disk is sent out to the
next processing chanber. Then, a magnetic di sk having gone through all the
processes is sent out fromthe final processing chanber. [0004] A
sputtering device or apparatus is nmain2y used as the manufacturing
apparatus (processing device) for such high recording density magnetic

di sks. The sputtering apparatus generates gl ow di scharge by introducing a
di schar ge ' ' sact S so as to
forma t h?sngﬁlélc%abgar%afﬁt%ar ge% ﬁ%e%ﬁ%e\#t@%g{ %ﬁ?pgggdo%&ﬁgﬁgéggﬁcol | i sion of
ons | N 3RBSTRARAYBH S Yarlding kAL RC I dRk is EEROR: hitn€ Rght Of

processi ng cha rs of “the sputtering apparatus, ere is a case where film .

fornatiorpﬂo%e@ﬁhg%hambéan PREN SAFRMatie disk v §oRe HroughGAtRe Where film
formation is perforned on both surfaces of a single disk, a case where film .

formati onprioge ey ierErd cbnfronetheinaR prodeksipgidhapibdo di sks, a case where
filmformation is perfornmed on both surfaces of each of two disks, or the

| i ke, For exang@04phen sinultaneously performng filmformation on both
surfaces of each of two disks in one processing chanber, it is necessary to
provi de four cahkpdierhgdeviodes abparajes e aainky uséd abdhgenamdactaringpl y t he
power to each of the el ectrodes. [0006 In the neantinme, when manufacturing
magnet i ¢ appsNeiust(progessingdevice) fos sughpightrenerding density magnetic disksf t he
manuf acturi ng processes. This is because if a defective product is produced
due to octhe FRHtRIng appaatumheenerates govdisehargadiinedueing g fsehasgs, it is

possible to pursue a cause thereof later and to pro tlc}/ correct .it. [0007]
gas into a vacuum and applying the power to electrodes so as to form a thin film

of a target metal on the surface of a disk by collision of ions in a plasma
generated by the glow discharge.

[0005]

In each of processing chambers of the sputtering apparatus, there is a
case where film formation is performed on one surface of a single disk, a case
where film formation is performed on both surfaces of a single disk, a case
where film formation is performed on one surface of each of two disks, a case
where film formation is performed on both surfaces of each of two disks, or the
like. For example, when simultaneously performing film formation on both

( surfaces of each of two disks in one processing chamber, it is necessary to
provide four cathode electrodes for generating discharge and to apply the
power to each of the electrodes.

[0006]

In the meantime, when manufacturing magnetic disks of this type, it is
important to store histories of the manufacturing processes. This is because if
a defective product is produced due to occurrence of some abnormality in the
manufacturing process, it is possible to pursue a cause thereof later and to
promptly correct it.

[0007]



At a conventional magnetic di sk manufacturing site, process-treatnent
condition data (discharge condition, gas pressure, substrate tenperature,
etc.) are sanpled and the sanpled raw data are, as they are, displayed in a
graph or the like or stored in storagg® neans. Then, if a defective product
I s produced, the raw data extracted according to an index of a disk or a
| ot are, for exanple, displayed in a graph on a display screen in tine
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sanpl i ng aijjke(draporéatia s'f&’apé%éé}%. MBS ) Pdefellive BoRf id'Prddiitedat a on

processi ng conditions (power supply output and gas pressure for generating

di schar gethesHRsd4talextraeiRPacionting t8tah: ihdex Bf & IfskSHLA |t rdré Yor @xdiMpRe, St or age
unit (data storage neans) 40 for storing the <collected data in recording

neans, angisplages in aygraph euta didplay(strse Rytiiezeeliehbe, thefets Gdlangnt i n a
chart or outputting to another output neans the collected data or the

stored dasmalpsis whilerabseoving evhvefdifiiOh thdlyeaphi.ocessi ng device 10 is provided
with a processing chanmber 11 for carrying out a necessary process
treatnent, a pr[@068king unit 12 for carrying out the treatnent, a sensor 13
for nmonitoring the E(ocessin_ state, and so _on. Raw data output fromthe
rocessi ng uni tFig21aisiathecksdingmm ezempiarily plustrating the penfigurpliomgf ani t  30.
‘he data output fromthe sensor 13 and the processing unit 12 may be anal og
data or d¢@pMveatiogakraagnetic disk mamifaslyringisysten) (RreeeseNg syseMar e properly
converted into % 68 m (digital data form readable by the data
Boosf
This manhfacturing system comprises a processing device (sputtering
apparatus) 10 for sputtering a disk being a workpiece W, a control unit 20 for
controlling the processing device 10, a sampling unit (raw data collecting
means) 30 for collecting raw data on processing conditions (power supply
output and gas pressure for generating discharge, substrate temperature, etc.)
in the sputtering, a data storage unit (data storage means) 40 for storing the
collected data in recording means, and a display/output unit (display means) 50
( for displaying in a chart or outputting to another output means the collected data
or the stored data according to need.
[0010]
The processing device 10 is provided with a processing chamber 11 for
carrying out a necessary process treatment, a processing unit 12 for carrying
out the treatment, a sensor 13 for monitoring the processing state, and so on.
Raw data output from the processing unit 12 and the sensor 13 are input into
the sampling unit 30. The data output from the sensor 13 and the processing
unit 12 may be analog data or digital data. In the sampling unit 30, the raw

data are properly converted into a form (digital data form) readable by the data



4 storage unit 40 and the display/output unit 50. Thereafter, the converted
data are stored or displayed/output. [0011] The actual magnetic disk

manuf acturing processing is carried out through a plurality of processes in
sequence. Therefore, in the processing4 device 10, a plurality of processing
chanbers 11 are arranged so that thin filns can be forned on the surface of
a disk in a predetermned order. In each of the processing chanbers 11, the

sae b1 ocSigadd AT g SORRI BRI R EUL eSS i iiaacess 11

processi ng devi ce 'S con orm” maghé nms on the

surface o%a@sgyi&ogagpg%yrﬁgwt%&y generation of discharge in the processing

chanbers each main a predeterm ned gas pressure atnosphere,
respective treafgpgrys for formng the thin filmare carried out in order in
each processing chanber 11. [0012] The sanpling unit 20 collects raw data

on processing Cﬂ’ﬁéidci@l%édhét!&&iisl@hﬁ@ﬁ%tﬂ%@?tﬁc@%sﬂq@ igrdrridtesgl n, col l ects
raw data on processing conditions in thin filmformng treatnents for a

number  of threggieti mlurdiligksf processesinidegiuente. cThérftre, imtiedaioressiag as power
supply outputs (power, voltage, current) for generating discharge, gas

pr essur esdevice HE, prpjoedibi oigprobessing shambesnd1 dires Rrrangep apdhar hin films equl ar
sanpling intervals. [0013] Incidentally, in such treatnments, acquisition

( sanpl i ng¥ranberfammedon the sudacenf patisloima gradeteumiabdtoyderf  thwashioh t he
treatnment of one process (cycle) in each processing chanmber 11. This is for
exan ni ngthe piecgspsgddamisiaidethie sEme precass treataest i epeateshiorepehe in
detail and, particularly, wth respect to such a paranmeter that |argely
gffects t REClBy ootes; iythieease. dhe progessingedardes 04 copfigwedite Jobser ve a

change 1N o el A thitRins O the SSreSce Bt & ofbk' BuB&H4t2) BY Generation of
discharge in the processing chambers 11 each maintained in a predetermined
gas pressure atmosphere, respective treatments for forming the thin film are
carried out in order in each processing chamber 11.

[0012]

The sampling unit 20 collects raw data on processing conditions in the
processing device 10 and, herein, collects raw data on processing conditions in
thin film forming treatments for a number of magnetic disks. For example, it
collects raw data such as power supply outputs (power, voltage, current) for

(_ generating discharge, gas pressures in the processing chambers 11, and disk
temperatures at regular sampling intervals.

[0013]

Incidentally, in such treatments, acquisition (sampling) of raw data is
often performed a plurality of times in the treatment of one process (cycle) in
each processing chamber 11. This is for examining time-dependent changes
of various parameters in one cycle in detail and, particularly, with respect to
such a parameter that largely affects the processing resuits, it is necessary to
carefully observe a change in one process and thus the sampling is performed

this way.



this way. 5 [0014] When the data thus collected are displayed in tine
sequence, there is obtained, for exanple, a graph like Fig. 18. In Fig. 18,
the axis of abscissas represents tinme and the axis of ordinates represents
measured val ue such as discharge voltage. [0015] 1In the case of this
exanpl e, the respective conponents correspond to the follow ng specific
nmeans. (Nanme) (Exanple of Specific Means) processing device 10 sputtering
appar at us prOCﬁighgg regi on inside of chanber (processing chanber 11)
processi ng unit puttering cathode, discharge power supply, etc. sensor

di spl ayt out por e B gAhiEieolEibo 2 s EHTD itk Reetim dhetpite = "
Di ool osur epblinddidot BYEREILN FLBRIREEG e HIRedidnbhnd ciiidaans [0016) I

the manuf acture 'of recordi ng magn tIC' usin

TRnuf act Ul g ENRNEH %ﬁﬁ%g% GOy SRS R alEs ngh't forming

quality ( ness an mproperty) I's quite strict an erefore,

it is negRgharde VQtaderten the sanpling interval in one cycle or increase
t he nunber ehaige
[00153]

In the case of this example, the respective components correspond to

the following specific means.

(" (Name) (Example of Specific Means)
processing device 10 sputtering apparatus
processing region inside of chamber

(processing chamber 11)
processing unit 12 sputtering cathode,

discharge power supply, etc.

sensor 13 pressure gauge etc.
control unit 20 PLC
sampling unit 30 A/D converter
| display/output unit 50 computer
( data storage unit 40 hard disk drive

Disclosure of the Invention
Problem to be Solved by the Invention

[0016]

In the manufacture of high density recording magnetic disks using the
manufacturing system described above, the requirement for the film forming
quality (film thickness and film property) is quite strict and, therefore, it is
necessary to shorten the sampling interval in one cycle or increase the number
of sampling items (parameters).

[0017]



of sanpling itens (paraneters). [0017] 6 Specifically, for exanple, one
cycle is set to 6 seconds and sanpling is perfornmed 40 tinmes in one second.
As detection itens (paraneters), there are power, voltage, and current with
respect to the power supply output and,6in addition, there are gas pressure
and di sk tenperature. \Wen sinultaneously processing two front and back
surfaces of each of two disks in one processing chanber t he nunber of

Lo the pover susHSTEATPF SrMBkaaRREvERdS %‘E%P%&@%P@@ Tl copect
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on the 15 proocessi ng c anount of

raw data ?H\Jeﬁcﬁﬂﬁ?‘é %hdtdih e‘?ﬁ'wlth%&’ﬁ&éﬁé%é‘ ﬂr@i”h?@aﬁ% i, e number

of proces ecorres qui te enor BeS| des, since
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conventional system there has been a case where it is difficult to perform

an anal ysigroedstindtgo fronf and back 60468 of S4EHf twidndisks IMene peddesiimgt ances,
it is possible to point out that the conventional magnetic disk

manuf act urghagnksersttie thehnasmbbeof cathodes & founbl Birarefdrd) thete are driénfSk 4 4 0020]
(1) There is a case where it is difficult to detect abnormality even by

obser vi ng Maiterhewith respeeiviodhé power 3upplyeritpatrand, @aiding ahauiitesn dfegssuse of
enornous data, there is a case where if a reduced display is perforned over
a | ong-t eressyra@nd twa iterpe of tarhpenaturead thébvavdiske, it iminecessany tpobtairbl e to
r?ad det alrla\fv data on the 15 items in total in each processing chamber 11. Thus, the
‘\ amount of raw data collected over the entire processing device 10 having the
number of processing chambers 11 becomes quite enormous.
[0018]
Besides, since waveforms of raw data are merely graph-displayed as
they are in the conventional system, there has been a case where it is difficult to
perform an analysis and thus to find a problem.
[0019]
Under these circumstances, it is possible to point out that the
conventional magnetic disk manufacturing system has the following problems
( (1), (2), and (3).
[0020]
(1) There is a case where it is difficult to detect abnormality even by
observing waveforms of raw data on a screen and, particularly because of
enormous data, there is a case where if a reduced display is performed over a
long-term span, it is possible to see the whole, but is not possible to read details.
while, if an enlarged display is performed in a short-term span, it is possible to
see details, but is difficult to read a long-term change or the like.

[0021]

That is, raw data are plotted in a graph as they are in the conventional



while, if an enlarged display is perforned in a short-termspan, it is
possible to see details, but is difficult to read a |ong-term change or the
|ike. [0021] That is, raw data are plotted in a graph as they are in the
conventional 7 manufacturing system HK g. 19 is a graph with a reduced

di splay over a long-termspan and Fig. 20 is a graph with an enl arged
display in a short-term span. As illustrated in Fig. 19, when |long-tine
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one-cycl e wave ns and 1t 1s difficu Irma waveformlong-term

change. [ @bhikrsdig)asMugeeatifFip/20ee@ni sHbri-taRia a!régﬁBﬁH-H@Platyeanly by
observing raw data waveforns. at is, when using this type of raw data, a

met hod i s tiod hambadeptgcles thatwdaindbe displayed drea dspissereen atavirheriss to j udge

acceptance or rejection of a treatnent. In this case, if the cycle is about
one cycl e repducedband thabivig difficalt to gedsp pdonditeum chdnges easy for a human bei ng
to confirmeach tinme, but if faster, i.e. when one cycle is as short as 6
seconds as in tfP@2Yxanple, it is necessary to confirma raw data waveform
per 6 seconds by visual observation and thus it is difficult for a human
being to conti néecordnglisiey the ¢wrertstatamanaging methgd oghgn abnormality
occurs in data, it is difficult to find an abnormality occurring portion.  That is, it
is difficult to compare one-cycle waveforms and it is difficult to confirm a
waveform long-term change.
[0023]
(2) An acceptance/rejection judgment is difficult only by observing raw
data waveforms.
That is, when using this type of raw data, a method is often adopted in
which a human being observes waveforms to judge acceptance or rejection of a
treatment. In this case, if the cycle is about one cycle per day to about one
( cycle per hour, it is easy for a human being to confirm each time, but if faster, i.e.
when one cycle is as short as 6 seconds as in this example, it is necessary to
confirm a raw data waveform per 6 seconds by visual observation and thus it is
difficult for a human being to continue the observation for a long time.
[0024]
As a measure for this, it is considered to provide upper and lower limit
alarm values and to generate an alarm when one of them is exceeded. When
a plurality of processing devices are used in parallel, it is practically impossible

to judge acceptance or rejection by visual observation and, therefore, such an

alarm function is essential. However, with this alarm function, it is not possible



As a neasure for this, it is considered to provide upper and lower limt

al arm val ues and to generate an al arm when one of themis exceeded. Wen a
plurality of processing devices are used in parallel, it is practically

i npossible to judge acceptance or rejegtion by visual observation and,

t herefore, such an alarmfunction is essential. However, with this alarm
function, it is not possible 8 to grasp a change within a range not

It
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conventi onal rrazo:éfg,:]turi ng system if raw data are successively stored into
the data storage uni't 40, the data anmpbunt beconmes enornous. Therefore, it

| s necessary to é@f O t%_e'%Sﬁntcémﬁﬁﬁdbéfa‘B@Eém%%%rﬁﬂﬁuou%”&étaéqo#ygeiié s
necessary to record data I nto another backup nedi um per fixe period of
time and tdpgpuif0 erase the stored contents to ensure a free area. Although

such raw data i nclude useful information, it is not that the raw data

itself at each mu!amﬁs,iirmﬂie}lﬂﬁég@iﬁ?fd@hvémimfaermctUﬁﬁglsystiehi,qwmias)t@ is a
certain kind of information included in the entire waveformand i s not

i ndi vi dualare auccetdively Btoredlinteshe Hatd stosage unit 40wihet ddtalanhoursttbmeentdse raw
data as they are. [0026] Therefore, in consideration of the above
ci rcunst arec@smous. i $harefots, ids netessdry o promvide adargescapawity diatastoragessi ng
data managi ng systemthat can solve the above problens by processing raw
dat a i nt o Witrdtherit inecessansimegicoed datayinteaarethpebaekyr mediur pgs fixed
characteristic value) representi ngt a characteristic point_ for each cycle
afd t hen esiody time apd the taerasg thy starpdiceatants tyeasite afregaseassi ng dat a
managi ng syste and a data managi ng_ nethod for a processing device such as
a nmagnet | ihough e fra&%taﬁgcﬁa@%aﬁ ful pforpation, ftds ngbinAt e 4% 9pI2yb) e
itself at each point includes useful information. Useful information is a certain
kind of information included in the entire waveform and is not individual raw
data themselves. That is, it is wasteful to store the raw data as they are.
[(0026]
Therefore, in consideration of the above circumstances, it is an object of
this invention to provide a processing data managing system that can solve the
above problems by processing raw data into summary data (hereinafter may
also be referred to as a characteristic value) representing a characteristic point
(. for each cycle and then storing it, a processing system including such a
processing data managing system, and a data managing method for a
processing device such as a magnetic disk manufacturing apparatus.
Means for Solving the Problem
According to claim 1 of this invention, there is provided a processing
data managing system comprising:
data processing means for receiving raw data on a processing condition
collected in a processing device that repeats the same process treatment for
each cycle and calculating said raw data according to a predetermined rule to

thereby process said raw data into summary data representing a characteristic



According to claim1l of this invention, there is provided a processing data
managi ng system conpri sing: data processing neans for receiving raw data on
a processing condition collected in a processing device that repeats the
sanme process treatnment for each cycleg@gnd calculating said raw data
according to a predetermined rule to thereby process said raw data into
summary data representing a characteristic 9 point for each cycle, and data
st orage neanﬁ for ﬁéor“ng %ge processed summary data in storage neans.

Accor di ng AP dPLEACHCYGCLHIL i nvention, there is provided a processing data

b ocessi g ot Fiorebd BieatR BrSionng ik BEEBRRY suBimaE dat Al o R
same process. tyeatnment for each cycle and calculating said raw data
according to a predetermined rule to thereby process said raw data into

summary data r eWc%BEchP{; Wc%irﬁ%ﬁﬁfsﬁhb@ﬁﬁdﬁ trﬁ’é’riegé g@&iidé’é‘%&)ﬁ%&éﬁ and

di splay neans for c -displ'ayi ng the procdesse unmmary dat a. I:&%cordi ng to

claim3 Ofdatteﬁ‘hfaria@ﬁ?ﬁﬁ@m ddMipisihg: Provided a processing data managing
system conpri si ng:™ data processing neans for receiving raw data on a

processi ng condidat®proceekingahedns fordebéiopgTalviiatd®n & prodedkingessriitiort he sane
process treatnent for each cycle and cal culating said raw data according to

a pr edet ercollactddrinlagrooesdihg debicefhacrepeatsahd sanve paicess tteatpentiory dat a
representing a characteristic point for each cycle, data storage nmeans for

storing t k&achroyclesamdi caloniating said raw datat accagding e anyedatetminephay toreans f or
chart-displaying the sunmmary data output fromsaid
( thereby process said raw data into summary data representing a characteristic

point for each cycle, and

display means for chart-displaying the processed summary data.

According to claim 3 of this invention, there is provided a processing
data managing system comprising:

data processing means for receiving raw data on a processing condition
collected in a processing device that repeats the same process treatment for
each cycle and calculating said raw data according to a predetermined rule to
thereby process said raw data into summary data representing a characteristic
point for each cycle,

(_ : data storage means for storing the processed summary data in storage

means, and

display means for chart-displaying the summary data output from said
data processing means or the summary data stored in said storage means.

According to claim 4 of this invention, there is provided a processing
data managing system according to any of claims 1 to 3, wherein:

said raw data is raw data on processing conditions of thin film forming
treatments for a number of workpieces, and

said summary data is data reduced in size by converting said raw data

on the processing conditions of the thin film forming treatments according to a



data processing neans or the summary data stored in said storage neans.
According to claim4 of this invention, there is provided a processing data
managi ng system according to any of clainms 1 to 3, wherein: said raw data is
raw data on processing conditions of thpn filmformng treatnments for a
nunber of workpieces, and said sunmary data is data reduced in size by
converting said raw data on the processing conditions of the thin film
formng treatnents accordi.ng t 10 predeterm ned anal ysis point of view
AccordingF¥8d@P§PmQ¢%ﬁaWﬂ§g°”ﬁ&§¥ﬁ*&n, there is provided a processing data

o7 ocesei'ng. condrAtcOrunGH el Bl s ovii dor Zi?ipiﬂ\g@%“ﬁ %?{5@0%%4%@}’“ opa on
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treatments for g pHRer, isdby BAABH olbaling B6AANBRSST b A kGHGHET T ned

anal ysi s point VI ew. cording to'c nvent on, reis

provi ded a,gytPeRESions nﬂgé,e@prﬁgg@%ﬁ@%jgg?,eaehd)rocessi ng device that repeats

t he sane process treatnent for e raw data col |l ecting neans for

col lecting raw daids@nntrp/datLrSd4td red@ied i i b? céﬁbéﬂ‘tiﬁ@%ﬁﬁévﬁlaa@“ ce,
and the processing data nmanagi ng system according to any of clains 1 to 5

for mi_nagid?ﬂthbhﬁpé@%iﬁ?b@n@iﬂbh@@f #1é Bin Blgd forimivy HabBnéitts fecthenturiBams.
According to claim7 of this invention, there is provided a processing

syst em ac afndagrieticadisksaacodidingtteraepredetsaimingd analysisnmpiatesfiiewi s a thin film
formng apparatus for formng a thin filmon a surface of a substrate by
generation of difnskadigg to wlasmd ottixssinugntion, there is provided a processing
system comprising:
a processing device that repeats the same process treatment for each
cycle,
raw data collecting means for collecting raw data on a processing
condition in said processing device, and
the processing data managing system according to any of claims 1to 5
for managing the raw data collected by said raw data collecting means.
According to claim 7 of this invention, there is provided a processing
system according to claim 6, wherein:
(\ said processing device is a thin film forming apparatus for forming a thin
film on a surface of a substrate by generation of discharge in a processing
chamber maintained in a predetermined gas pressure atmosphere,
said raw data collecting means collects, at regular sampling intervals, at
least raw data on a power supply output for generating the discharge, and
said processing data managing system, based on said raw data on the
power supply output, repeatedly calculates summary data, for each cycle, on at
least one of items such as a discharge ON time and an average value, a

maximum value, a minimum value, and a standard deviation of the power

supply output and displays or stores said summary data.



chanber maintained in a predeterm ned gas pressure atnosphere, said raw data
collecting neans collects, at regular sanpling intervals, at |east raw data
on a power supply output for generating the discharge, and said processing
dat a managi ng system based on said rawiidata on the power supply output,
repeatedly cal cul ates sunmary data, for each cycle, on at |east one of
Itens such as a discharge ONtinme and an average val ue, a naxi numval ue, a
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n the processi g RomERing Gevick %C&%O%%d%ﬂ?éﬁ%%w Sesfddbs fitheat o

col l ecting nmeans collects raw data on a power out put for schar ge

gener at i onpREsHAGRNEMBERIFEr @bevdrgeRnerdiforobdbing to claim 9 of this
I nvention, there I's provided a processing systemaccording to claim7 or 8,

wherei n: sai d prefiesaviats evileinganvans esllettdtaw ahtd yn afpawercaspiyng chanber s
for formng thin filnms on the substrate in a predeterm ned order, and said

raw dat a celtpetfor disomasges genétationh Sor eachdat said electpaesr supply out put for
di scharge generation for each of said processing chanbers. According to
clai m 10 of t hi sAccordimgitorglaitrh@oéthis inveationictiiere [srprorideidrayprycessimgaccor di ng
to any of clainms 7 to 9, wherein: said thin filmformng apparatus is a
magnet i ¢ déyskemeansdeding (o s@imappad aviereimccording to claim 11 of this
I nvention, there is provided a processing device data managi ng net hod
cghprising: a stsqid groeassingcdeyviee campages agiulir Jfquesessiva chambesnifdi ti on
'na forming thin films on the substrate in a predetermined order, and
said raw data collecting means collects raw data on a power supply
output for discharge generation for each of said processing chambers.
According to claim 10 of this invention, there is provided a processing
system according to any of claims 7 to 9, wherein:
said thin film forming apparatus is a magnetic disk manufacturing
apparatus.
According to claim 11 of this invention, there is provided a processing
device data managing method comprising:
( a step of collecting raw data on a process treatment condition in a
processing device that repeats the same process treatment for each cycle,
a step of calculating the collected raw data according to a
predetermined rule to thereby process said raw data into summary data
representing a characteristic point for each cycle, and
a step of storing the processed summary data in storage means.
According to claim 12 of this invention, there is provided a processing
device data managing method comprising:
a step of collecting raw data on a process treatment condition in a

processing device that repeats the same process treatment for each cycle,



processi ng device that repeats the sanme process treatnent for each cycle, a
step of calculating the collected raw data according to a predeterm ned rule
to thereby process said raw data into sutmary data representing a
characteristic point for each cycle, and a step of storing the processed
summary data in storage neans. According to claim12 of this invention,
there is provided a processing devi ce data managi ng nethod conprising:. a

step of collectin ra pr ces treatment c tion in a

processi Pg d|6VI lcaegtte I 'Sﬁé’o g?%@@ appggf kﬂaf or egch cycl e;]I 12
?ﬁféei’o"t Lt Y X %@&ﬁ@g@ra?“s“mdara&&aé‘@%dﬁ?fgt d sEl Cent ?Lg“hze

bt ocossed TSnlEnghEa bR ER U KEF ordREn R B8, 1o vent on there.is
provi ded a pr oceasgtlepq)f HEKL ﬁp'??}@ﬁtt”@ﬁ@a‘#%e%hm W:&é)%dl ng to claim1l or

12, wherein: said ocess trea processi’ng device is a thin film

forming treat %ompgfter@.mwﬂm@mﬁw el broviigy b osssingoe of

substrate by generat di scharge in processi ng chanber mai nfai ned in

a predet erd@vi@dat@ﬂﬁaﬁé@ﬁ@@ﬁ@thé&%&@ﬂﬁﬁqfto Ehirgay cﬁ’f12t Rfherdivention [ 0040]
(1) By using sumary d is possible to easily grasp a change in

processing st at @aidpraesh tesstinent iIlgdid pfocdskingsdeassishd thif filrg d6inivig pr ovi de
an analysis edge in a formsuitable for analysis. [00411 (2) By using

sumary dateatmient fa foominigd magoaefie diskrthingfiim are aequirface &f raegdstiaten by udgnment
that is difficult wth raw data, which thus is useful
( generation of discharge in a processing chamber maintained in a predetermined
gas pressure atmosphere.
Effect of the Invention

[0040]

(1) By using summary data, it is possible to easily grasp a change in
processing state for each cycle. That s, it is possible to easily provide an
analysis edge in a form suitable for analysis.

[0041]

(2) By using summary data, it is possible to perform an
acceptance/rejection judgment that is difficult with raw data, which thus is useful

(, for preventing the occurrence of a defective product or judging a failure.

[0042]

(3) By storing summary data, it is possible to reduce the data storage
amount. Therefore, it is highly effective for the manufacture of high recording
density magnetic disks where an extremely large amount of raw data are
produced.

Brief Description of the Drawings
[0043]
Fig. 1 is a block diagram exemplarily illustrating the configuration of a

magnetic disk manufacturing system (processing system) according to an



for preventing the occurrence of a defective product or judging a failure.
[0042] (3) By storing summary data, it is possible to reduce the data
storage anount. Therefore, it is highly effective for the manufacture of
hi gh recording density magnetic di sks1ghere an extrenely | arge anmount of
raw data are produced. Brief Description of the Drawings [0043] Fig. 1 is
a bl ock diagramexenplarily illustrating the configuration of a nagnetic

di sk nanutﬁe}lﬁ%ﬁih}%tag{ig@vi(egﬁgﬁlessi ng system according to an 13 enbodi nent

of this i di agram for explaining a criterion when

calculating a cﬁ}g.rza%t gmﬁ%’ﬁ‘eﬁé?hg@ﬁwﬂerﬁ‘%ﬁﬁh%#@%@@%c' e. Fig. 3is

a graph in which average val ues, val ues of the

ower bei : 1St | lotted. Fig. 4 is a graph in
R e A A T 0 ot b5 © 0o

whi ch standard o) one of <characteristic val ues

are plotted. Figig33 issa@rﬂf@%hi@h%k%é&'@aﬁ@@@,rrﬂﬁ\iﬂrﬁ{ré‘lﬁé_s,bﬂld"g one of

characteristic values are plotted. Fig. I's a graph in which raw data

col | ect ed maxitdifn Y8R sOfThE Poe? beMgobrnefofitiradteliofd valRes efle Plottdd®. Fig. 7
is a graph in which part of Fig. 6 i's enlargedly displayed by magnifying

the axis of absdHigsass algrgph B Which starafid idevidtions of vies power Beingsonendfi mum
val ues, and maxi nrum val ues of the power being ones of characteristic

val ues, woharacteristioredluey are pldtedct ed, are plotted. Fig. 9 is a graph in
whi ch standard devi ati ons of the power being one of

Fig. 5 is a graph in which discharge ON times being one of

( characteristic values are plotted.

Fig. 6 is a graph in which raw data collected in the same system are
plotted over a long period of time.

Fig. 7 is a graph in which part of Fig. 6 is enlargedly displayed by
magnifying the axis of abscissas.

Fig. 8 is a graph in which average values, minimum values, and
maximum values of the power being ones of characteristic values, when
abnormality is detected, are plotted.

Fig. 9 is a graph in which standard deviations of the power being one of
characteristic values, when abnormality is detected, are plotted.

( Fig. 10 is a graph in which discharge ON times being one of
characteristic values, when abnormality is detected, are plotted.

Fig. 11 is a diagram for explaining a region to be ignored when
calculating a characteristic value.

Fig. 12 is a diagram for explaining calculation of a characteristic value
when discharge is interrupted.

Fig. 13 is a block diagram exemplarily illustrating the configuration of
another embodiment of this invention.

Fig. 14 is a flowchart illustrating a first example of the processing flow

when calculating characteristic values.



characteristic values, when abnornality is detected, are plotted. Fig. 10 is
a graph in which discharge ON tines being one of characteristic val ues,
when abnormality is detected, are plotted. Fig. 11 is a diagramfor
explaining a region to be ignored whent14cal cul ating a characteristic val ue.
Fig. 12 is a diagramfor explaining calculation of a characteristic val ue
when di scharge is interrupted. Fig. 13 is a block diagram exenplarily

L1 ust a0 N O <O iR BB RIL oy BlchebBgT o7
when cal C-L”"wWﬂg”%%aﬁ%ﬁﬁ,%’fégbg%e@%%'“ey Fig. 15 is a flowhart

illustrating a secon processi ng fl ow when cal cul ating

characteristic yagumsis FiwcAf fifistraling wahRd lexaph of fid PidcBsdihy idwexanp! e

of the processing f en calculatinhg characteristic values. Fig. 17 is a

bl ock di agyen @dl@méltiﬁ?idh}ﬁrédtéﬁlﬁtd\ﬁémlém the configuration of a conventional
magneti ¢ di sk manufacturing system Fig. 18 is a diagramfor explaining the

concept of one ®igl 7 &f a bleksHagransgséraplarify tustiftingthe eirdighratiorvéfich raw
data collected in the same systemare plotted over a |long period of tine.

Fig. 20 i soavgniigrielimagvetichdigianmanfadtudng $@stem.enl argedl y di spl ayed by

magni fying the axis of abscissas. Description of Synbols [0044] 10

processi ng devi deg. 18 isoa dEgssinfgr ekplatnimg the concept of one cycle of the same
system.

( Fig. 19 is a graph in which raw data collected in the same system are
plotted over a long period of time.
Fig. 20 is a graph in which pait of Fig. 19 is enlargedly displayed by

magnifying the axis of abscissas.

Description of Symbols

[0044]
10 processing device
11 processing chamber
12 processing unit
13 sensor
( 20 control unit
30 sampling unit (data collecting means)
40 data storage unit (data storage means)

50 display/output unit (display means)
100  calculation section (data processing means)
Best Mode for Carrying Out the Invention
[0045]
Hereinbelow, an embodiment of this invention will be described.
At first, to give a schematic description, the raw data described above

include important information indicative of the stability of discharge. A point of



12 processing unit 13 sensor 20 control unit 30 sanpling unit (data
collecting neans) 40 data storage unit (data storage neans) 50

di spl ay/ output unit (display nmeans) 100 cal cul ation section (data processing
nmeans) Best Mdde for Carrying Qut theqgnvention [0045] Hereinbel ow, an
enbodi nent of this invention will be described. At first, to give a
schemati c description, the raw data descri bed above include inportant

i nformati nlndl atlv of t stability.of disc 0|nt this

P ent T on s iriae i ol whll Fo S atang dshlay sueh efto MBSt iadiss Redune. t he

tot al datg 'é O40046] For exanpl e, fromthe power supply out put raw dat a,
I S pos ?tf)' |z%’al cul ate a discharge tine, the average power during a

d| scharge peri ogq(?‘{ ]tl me, and so on. That is, it is considered that the
di scharge chara ri'stics can be represented by a small nurrber of data

extracted from %‘?e‘i&ﬁlg@e ?’&T‘i‘ﬁé goweF Qﬁéﬂlg WAl da ati*t1 iglatg ! ncl ude

detailed information n ude xtracte or exanpl e,

di schar ge chafhte% @RehirgR! tﬁrh@gth%ta"lfsem e bBRePAURAg a%n@@%drgéé)e‘i‘ﬂéﬂ'dmume

di scharge, and so on. However nunerical” val ues obtai ned by

processi nginghsd 6w TRAts 28 iFesitsiddred teiakKe diddhasge YRR erislids kan Hl otted
i nstead of the raw data and, by extensively continuing the plotting, it is

possi bl e trepigsentdd by grsasdll :ﬂumneﬂ@mmd@xtracte@rfm orie-cicie raw gatd.i ne and
average power, for exanple. In this case, since one cycle is represented by
[0047]

( - Naturally, the raw data include detailed information not included in these
extracted data, for example, discharge leading and trailing states, the power
stability during discharge, and so on. However, if some numerical values are
obtained by processing the raw data as described above, these values can be
plotted instead of the raw data and, by extensively continuing the plotting, it is
possible to visually grasp time-dependent changes in discharge time and
average power, for example. In this case, since one cycle is represented by
plot data at one point, it is possible to display a relatively long-time tendency on
one screen and, further, it is also possible to largely reduce the data size.

[0048]

(. The discharge leading state and so on each can also be represented by
one numerical value through proper calculation, but herein, some values (in this
specification, referred to as "summary data" or "characteristic values")
representing the discharge characteristics other than those are extracted from
the raw data, thereby precisely visualizing time-dependent changes of the data
and reducing the data size.

[0049]
In this embodiment, as characteristic values representing such
discharge characteristics, items of

- discharge time



pl ot data at one point, it is possible to display a relatively long-tine
tendency on one screen and, further, it is also possible to largely reduce
the data size. [0048] The discharge |eading state and so on each can al so
be represented by one nunerical val ueqghrough proper cal cul ation, but
herein, sonme values (in this specification, referred to as "sumuary data"
or "characteristic values") representing the discharge characteristics other

E:r""é‘ E%Zﬁqiﬁf &t Sancatd vaiplion B3 iareidF (e ot :ielzé_. I §3‘3'9} ‘o
char act ori st cs. PoaE 2vprAgRLYAIbe JoifrlE ee AR R & e devi at i on

during di scharge : ; e val ue, mninmum val ue, and maxi mum val ue
during di scharge Q%Pﬁ)@#ﬁﬁy)ﬁ%@ In addition thereto, it is considered to al so

employ the n 'si‘-l'- td Lee-aut put
Grope). [o0s0] e STRYEES Bladiifd e, AT eonbae RS 400 chitf Ry B

accor di mg T R o RSP anuf act ur | g
system conpri sego@s@y ocessing device (sputtering apparatus) 10 for _
sputtering a disk being a workpiece W a control unit 20 for <controlling
the processing ddyites dBloock diagnaim egempldrily ilastratiigtheotd rdiguratipn ofesans) 30
for collecting raw data on processing conditions (power supply

magnetic disk manufacturing system (processing system) according to the
(” embodiment of this invention.

[0051]

This manufacturing system comprises a processing device (sputtering
apparatus) 10 for sputtering a disk being a workpiece W, a control unit 20 for
controlling the processing device 10, a sampling unit (raw data collecting
means) 30 for collecting raw data on processing conditions (power supply
output and gas pressure for generating discharge, substrate temperature, etc.)
in the sputtering, a calculation section 100 as data processing means for
receiving the collected raw data and calculating the raw data according to a
predetermined rule to thereby process the raw data into summary data

( representing a characteristic point for each cycle, a data storage unit (data
storage means) 40 for storing the processed summary data in recording means,
and a display/output unit (display means) 50 for displaying in a chart or
outputting to another output means the collected data or the stored data
according to need.

[0052]

In terms of a data managing method, the sampling unit 30 executes a
step of collecting raw data on the processing conditions, the calculation section

100 executes a step of calculating the raw data according to the predetermined

rule to thereby process the raw data into summary data representing a



out put and gas pressure for generating discharge, substrate tenperature,
etc.) in the sputtering, a calculation section 100 as data processi ng neans
for receiving the collected raw data and cal cul ating the raw data accordi ng
to a predetermned rule to thereby prgqgess the raw data into summary data
~. representing a characteristic point for each cycle, a data storage unit
(data storage neans) 40 for storing the processed summary data in recording

: I spl.ay/ ' i sSR! 50 f di spl ayi [
Chart or " uratiethibe 8t L acirovbist SR BrBLsEatReUnE AP edpedeR FEBRTt ne -
t d datg . [ t - [.0Q52 I f t ' t hod,
the sarpl 199 THME SyNEhAE RSP0 505 mEals e s FetiFlBuRBTR R ™
. 1 . : 0 . ¢
Cal cur at | R4 ot Mk disEy i B8, b ders HoRAERhEMTRBEE Do,
process thgehdy data into summary data representing a 17 characteristic
point for each cycle, the data storage unit 40 executes a step of storing

t he sunmary dat 6[005]3112 he storage neans, and the display/output unit 50
executes a step of chart-displaying the summary data stored in the storage

nmeans. [0053] Hegrein).a GrolpuamSiaimg thd odlctilafion sbeNdratl DONtheakith eford§d. the
data storage wunit 40, and the display/output unit 50 can be separated from

t he proceagiityp, atrlviheadidflagiotepitaunitssa carbbe isegapted éoim #w progessingsi ng dat a
managi ng system Further, anmong them it is possible to separate the
cal cul at i atevieec10 sidel€daanal betihdemiatdent as rgqyecessing 4atd mamaghng system.
di spl ay/out put unit 50. Separation means independence both spatially and
Eﬁrerp;); 3\) |OI ﬁuaqmsamongﬂbemurtrmpswsalbleaoae@acmieathe cdlopiadionrsastios 1Y ashverti ng
the data storage unit 40 from the display/output unit 50. Separation means
independence both spatially and temporally.
[(0054]
The summary data are data reduced in size by converting the raw data
on the processing conditions of the sputtering (thin film forming treatment)
according to the predetermined analysis point of view and are specifically, as
described above, the discharge ON time and the power supply output average
value, maximum value, minimum value, and standard deviation calculated on
the basis of the power supply output.
( [0055]
The processing device 10 is provided with a processing chamber 11 for
carrying out a necessary process treatment, a processing unit 12 for carrying
out the treatment, a sensor 13 for monitoring the processing state, and so on.
Raw data output from the processing unit 12 and the sensor 13 are input into
the sampling unit 30. Data output from the sampling unit 30 are processed in
the calculation section 100 and then input into the data storage unit 40 and the
display/output unit 50. Naturally, it may be configured to display/output the raw

data, in the form not processed in the calculation section 100, in/to the

display/output unit 50.



on the processing conditions of the sputtering (thin filmformng treatnent)
according to the predeterm ned analysis point of view and are specifically,
as described above, the discharge ONtinme and the power supply output
average val ue, nmaxi mum val ue, m ni nrumigal ue, and standard devi ati on
calculated on the basis of the power supply output. [0055] The processing
device 10 is provided with a processing chanber 11 for carrying out a
necessary proceﬁé %éfatnent, a processing unit 12 for carrying out the
treatnment, a se 8 13 for nonitoring the processing state, and so on. Raw

(Resam! g un'ts S5 SBCTEAOIERILEH DodfrRca ERRRRle BB, D ek
e 3 SorbhaReREFe AR« BT AR i By hon o g3 W 0 ond

i Pl ay/ ouhiird\inif 80/ AAlsallafiiPsSaloR N R ARPRFGAINY 4 BRyGR. cul at ] on

section 100, 1 nfto the display/output unit 50. 0056 s clear from

the bl O_Ck_éﬂ;ﬁdﬁp@ﬂt@sfsir\‘_g? Bircuit ofan aabldgoprafidid cirfBil W @Heweinng system resi des
in providing the calculation section 100 after the sanpling unit 30. This

cal cul ati afesgtiptiowillBé given dfea taseratiekyités fbrgicddly a softwate-drigeessi ng
circuit or an analog operational circuit, but herein, a description wll be
gi ven of aorameenhere it is forned by a software-driven conputer. [0057]
The cal cul ati on section 100 converts raw data for one cycle into a val ue
representing itd40@hédracteristics (this is called a "characteristic val ue"
and corresponds_to "summary data" in clains). It is possible to define a
pfurality of cheheealeviation septond80wonveiteEedata ior one-aypla iBte awalug a f or
one neasurenent - . -
representing its characteristics (this is called a "characteristic value" and
corresponds to "summary data” in claims). It is possible to define a plurality of
characteristic values with respect to one-cycle raw data for one measurement
item (parameter) and, herein, as an example, five characteristic values of
average value, maximum value, minimum value, standard deviation, and
discharge ON time are defined with respect to the discharge voltage.
[0058]
The calculation section 100 starts calculation by an external or internal
trigger signal, finishes the calculation by a calculation end trigger, and outputs
(, obtained characteristic values. An example of internal triggers is as follows.
That is, when input data satisfies a predetermined condition, the calculation is
started and, when input data does not satisfy the condition, the calculation is
finished. Specifically, as illustrating in Fig. 2 as an example the case where an
ON time is judged based on a discharge current, the measurement is started
when the current exceeds a certain threshold value and the measurement is
finished when the current becomes less than the threshold value.
[0059]
When values during processing (during discharge) and during

non-processing (during non-discharge) differ from each other like the discharge



item (paranmeter) and, herein, as an exanple, five characteristic val ues of
aver age val ue, maxi mum val ue, m ni rum val ue, standard devi ati on, and

di scharge ON tinme are defined with respect to the discharge voltage. [0058]
The cal cul ati on section 100 starts cal qgl ati on by an external or internal
trigger signal, finishes the calculation by a calculation end trigger, and
out puts obtained characteristic values An exanple of internal triggers is

T ol ool SRS e SR a0
condi ! oSk ol Wisbot ke b Al By e
T B P 0 s R A i

becorres | g éé‘@ﬁ'ﬂét% lgg{gsaﬂa? 2 dferoh O0BEhveal Bl FLUER SO P oCessi ng

(during di sc?‘uar ge) non-processin harge) differ

from each rnrgrnérﬂ Fﬁ)déé% , @‘{]agg'lga%rs ¥ShAGIR ugky @ |ﬁ%&§'aa&aﬁ1 can be

automati cal l'y “star Internal triggers based on a

threshol d yadstiot RV aHREd in ﬁésp@n@é&@aﬂh@shmuwf uﬂotm%rmbtéﬂbange
bet ween during processing and during non-processing or whhose variation is

greater thaicdativrd fsestarted byet ereersinchrogops esleaiitios stavd comimand from
non- processi ng, internal triggers cannot be used. In such a case,

cal cul at i adheicontiphuhie@0i n Asespaxerepleofsuchraegdrahteterathereds adigasher par anet er
or calculation is started by a cycl e-synchronous cal cul ati on start comand
fyom the preasmr@r' uAlthodgh degending varthé professuremditions; theeprassutehtakesi s a
"gas pressure”. Although depending on the process conditions, the pressure
t akes sutﬁsxbémnt@lIIVWQ nerr@a\reéue/bptmedwmgwpmrasﬁgg@*@c@ymgw@owaotmsmgg

non- processin and thus it is difficult to performcal cul ati on based on a
t hreshol d &l &@s it is dlfflcult to perform calculation based on a threshold value.

[0060]

The characteristic values calculated in the calculation section 100 are
output per cycle and the output characteristic values are properly sent to the
data storage unit 40 and the display/output unit 50. A program (not illustrated)

using a database can be used for data storage and display.

Example
[0061]
(; As an Example, the following conditions are assumed herein.
- one cycle 6 seconds
- processing content thin film formation by sputtering
- processing time one second
+ processing unit sputtering power supply
(output: voltage, current, power)
- sensor pressure gauge
- sampling interval 40 points/sec
+acquisition data discharge power during sputtering

- characteristic values ON time, average value, maximum



[0060] The characteristic values calculated in the cal culation section 100
are output per cycle and the output characteristic values are properly sent
to the data storage unit 40 and the display/output unit 50. A program (not
illustrated) using a database can be yged for data storage and display.
Exanple [0061] As an Exanple, the follow ng conditions are assunmed herein.
one cycle 6 seconds processing content thin filmformation by sputtering
processing time one second processing,unit sputtering power, supply (output:
vol tage, current, power) sensor pr Y ‘éaé%lﬁtg@g\grﬁt erval 40

poi nt s/ sec acqui sition data di schar q(}wer during sputtering
characteristic values ON tine, aver&&é’P Wye, maximum 20 val ue, m ni mum

val ue, standard deviati reshol al ue 5W [0062] Data were processed
under the above c%é%ﬁ%"g(r@"ﬁ% obt ai ?llswchar acteristic values. Figs. 3, 4, and

5 illustrate thaoﬁggglts of converting raw data for 250 cycles into the
characteristic valu I n the manufacturing systemof Fig. 1. These are

waveforms of ¢ ho AR Hokstidd Vididhe BBoBRORRNERL 13 bBldn The axis | of

absci ssas represents ers, whereirn one c e corresponds to one
characteristic values.

Figs. 3, 4, and 5 illustrate the results of converting raw data for 250
cycles into the characteristic values in the manufacturing system of Fig. 1.

( These are waveforms of the characteristic values in the normal state. The axis
of abscissas represents disk numbers, wherein one cycle corresponds to one
disk.

[0063]

Fig. 3 is a graph in which average values (middle), maximum values
(upper), and minimum values (lower) of the sputtering power (Power) are
plotted.

[0064]

Fig. 4 is a graph in which standard deviations (Standard Deviation) of
the power during the power ON are plotted.

(, [0065]

Fig. 5 is a graph in which ON times (Duration) of the sputtering power
are plotted, wherein a power-ON threshold value was set to 5W.

[0066]

In the foregoing raw data graph of Fig. 19, raw data for about 130
cycles are displayed, but it is difficult to confirm whether a waveform of each
cycle has a problem or not. When enlargedly displayed as in Fig. 20 by
scaling up the axis of abscissas for confirming each waveform, it is possible to
see the shape of each waveform, but it is difficult to compare the difference with

waveforms at remote portions. Further, although the operation of confirming



disk. [0063] Fig. 3is a graph in which average values (mddle), maxinmm
val ues (upper), and m ninmum val ues (lower) of the sputtering power (Power)
are plotted. [0064] Fig. 4 is a graph in which standard devi ati ons
(Standard Devi ation) of the power duripgg the power ON are plotted. [0065]
Fig. 5is a graph in which ONtines (Duration) of the sputtering power are
pl otted, wherein a power-ON threshold value was set to 5W [0066] In the

f or egoi ng raw data for about, 13 s, are

dat f Fig. 19, { I

i sprayed, B anape of Haefais by Yisyabonseaia-semsmEsEOAH RRSY 1R oycl o
has a problem or nqt. .\\hen enl.arged| isplayed as ,in Fig. 20 scalin
he axi o ot AbGerEdRointoR e e ik Roiatol By Bilgh odlod; BersBalip e o ' Soe
th h . Jd, is difficult t the diff

wth avdrseagot PARIE R sVEbAt ' Furt ner - sl though the operation of
confirmng 21 t[agsﬂhape of wavefornms by visual observation sonmetines makes
It easy to find*' an ‘abnormal point, since it is the operation by a human

being, there i SS(_% gf‘?e gtheg%ﬁgbrlrgsmi gLaﬁgiiﬁ'Whﬂg\aﬁéan Sg'tra-aré%ﬁgérte@‘ the

other hand, Fig _ e raw a are converte Into the
charact er ijgig ﬁe@ia‘r‘@&eﬁ@{‘?&‘vﬁugé’bgﬁh digplapine d4th fdmeCoeldsvivd fskhose

displayed in Fig. 19. From It IS seen that the average power during

di schar ge displapéediin QQYM\QanGr@Hna?iQ.’ 3 Sit B seanaat tle Akvtge pHiveedurag t he
cycles. Further, it is seen that the maxi num val ue of the power during
discharge is about 227W and there is a change of about +2W between the
( cycles. Further, it is seen that the maximum value of the power during
| discharge is 231W, the minimum value is about 222W, and there is also a
change of about t2 to 3W for them.

[0068]

From Fig. 4, it is seen that the standard deviation of the power during
discharge in each cycle is about 0.4W. Further, from Fig. 5, it is seen that the
discharge time is substantially constant at 1.0 second.

[0069]

From these, it can be confirmed that the discharge time and the
discharge power are both substantially constant over 250 cycles with respect to

(. the power. In this manner, by plotting the characteristic values instead of the
raw data, it is possible to easily confirm the stability of the repeated cycles.

[0070]

Figs. 6 and 7 are diagrams each illustrating, in the form of a graph, raw
data collected when a failure is discovered in a processed magnetic disk. Ina
comparison between Figs. 19 and 6, the difference is not clear by visual
observation. Fig. 7 is obtained by scaling up the axis of abscissas of Fig. 6.
By carefully observing Fig. 7 while comparing with Fig. 20, it is seen that a
waveform during discharge is slightly unstable (arrow A1) and the trailing edge

of the discharge is slightly tailed (arrow A2).



di scharge is 231W the m ninumval ue is about 222W and there is also a
change of about 2 to 3Wfor them [0068] FromFig. 4, it is seen that the
standard devi ation of the power during discharge in each cycle is about
0.4W Further, fromFig. 5 it is seensbhat the discharge tine is
substantially constant at 1.0 second. [0069] Fromthese, it can be
confirnmed that the discharge tinme and the discharge power are both
substantially canstant over 250 cycles with respect to the power. In this
manner, by plotﬂpﬂé1khe characteristic values instead of the raw data, it

is possible to sily confirmjtihe stabi]ity of the repeated cycles. [0070]
Figs. 6 and 7 aﬁzo‘ﬂ?‘é%[r Sieh 8 rPPF%E?WAQttPﬁ{i OY‘?{MSS%MW&" a graph, raw
data col |l ect ed en _a failure is_ di vered in processe netic. disk. In
2 Conpar O BAN R aRd- b8 Peb i ThERUTE Sirf Pe g ORI R e\ s
observati OF} digﬁéuﬁ obtai ned by scaling up the axis of abscissas of Fig.
6. By carefu ‘%so serving Fig. 7 while conparing with Fig. 20, it is seen

that a vvaveforgpgr%]i ng discharge is slightly unstable (arrow Al) and the
trailing edge e discharge is slightly tailed (arrowA2). 22 [00711

Hovever  such apff BenerAg 1oaNSirdte e QUS| AT Ao \h il ddt@ief Figet i on

and, in the case of short-tine cyc the vi sua Irmation itse

becones did §hd P ihto ERNE8erislit 98lue8, 9. and 10 illustrate the results of
converting the raw data of Figs. 6 and 7 into characteristic values. [0073]

[0073]

( Fig. 8 is a graph in which the powers (Power) during discharge are
plotted, wherein it is seen that the maximum value and the minimurmn value
change periodically (approximately 50 cycles = 50 disks).

[0074]

Fig. 9 is a graph in which standard deviations (Standard Deviation) of
the power during discharge are plotted. It is seen that the standard deviation
also changes periodically per 50 disks, wherein the standard deviation
increases at 1 to 25 disks and 51 to 75 disks.

[0075]

Fig. 10 is a graph in which discharge ON times (Duration) are plotted.

(, It is clearly seen that the discharge time changes per 25 disks.

[0076]

By paying attention to the standard deviation, it is considered that since
the standard deviation takes a value equivalent to that (0.4W) in the normal
state at 26 to 50 disks, 76 to 100 disks, - - -, the cycles of 26 to 50 disks, 76 to
100 disks, - - - are normal. On the other hand, it is seen that the standard
deviation is 0.6 to 0.8 in the cycles of 1 to 25 disks, - - - and thus the variation in
discharge power is large in these cycles.

[0077]

Therefore, it is possible to judge that the possibility is high that the



Fig. 8 is a graph in which the powers (Power) during discharge are plotted,
wherein it is seen that the maxi nrum val ue and the m ni nrum val ue change
periodically (approximtely 50 cycles = 50 disks). [0074] Fig. 9 is a graph
i n which standard deviations (StandardJ2eviation) of the power during

di scharge are plotted. It is seen that the standard deviation also changes
periodically per 50 disks, wherein the standard deviation increases at 1 to
25 disks and 51 to 75, di sks. 0075] Fig.,.10 is a graph ip which djscharge
ON times (PiAcss$ipa)deyice ase peePlem quring t&‘l'se‘gﬁ’tﬁya t 'hatR% ﬁéea'?'&eﬁar ge tine
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hand, it i t i : ST | ¢
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cycl s, Ot o1 s ahéc BYIRE ROAGBCIAREI arhiie BRESAEL Y 1
acquli si ti Ofjg ﬁ@s%!é%‘é'léar@fdisﬁ!ﬁ?% aBAG AR Hflis Hifficifttol GfitmibiAlis@not her
processing unit connected’to thifs device perforned a treatnent "per cycle of
25 di sks apgsdipatich generated froma cable of a high-frequency power supply
used therein affected the sputtering power supply. In this manner, by the

conversion into fopgg8tharacteristic values, it is possible to clearly
display the abnormality that is difficult to confirmby visual observation.
( Next, characteristic value caiculation examples will be given.

Various values can be considered as characteristic values. Herein,
calculation methods will be described using relatively easy examples. Other
than these, as described before, various statistical values of waveform rise time
and discharge period of time, and so on can be considered. Further, other
than the calculation methods given herein, there are considered to be a number
of methods that can obtain the same results and, therefore, the methods are not
particularly limited thereto.

[0079]

<Average Value avg>

( When raw data becomes a threshold value or more, the raw data are
successively placed into array variables C(n) and, when the raw data becomes
less than the threshold value, the placement is finished. An average value
(avg) is calculated from the placed m values.

Average Value = (C{(1) + - - - - + C(m))/m

[0080]

<Maximum Value max>

When raw data becomes a threshold value or more, the raw data are
placed into array variables D(n) and, when the raw data becomes less than the

threshold value, the placement is stopped. Then, the magnitudes of the array



[0078] Next, characteristic value calculation exanples will be given.
Various val ues can be considered as characteristic values. Herein,

cal cul ation nethods will be described using relatively easy exanples. O her
than these, as described before, vari O(Lj2§1 statistical values of waveformrise
time and discharge period of time, and so on can be considered. Further,
other than the cal cul ation nethods given herein, there are considered to be
a nunber of methods that can obtain the same results and, therefore, the
met hods ar@riahies @@@Q@Qﬂ@dl @nq thei greatast ¥akieds SFDGS’@]ma&'Mé’QBJe\/aI ue avg>

When raw data beconmes a threshol d val ue or raw
successi vel§@%| a QHaPﬂ't“HnSrWﬁQer t?aﬁ%@ﬁor%ﬁ!“ ﬁ%ﬁkﬁ‘gﬁﬁﬁdbecoms

| h h Id | h d A |
(avg) 15 PG e t&fﬂﬁmgﬁeomm&&r Yendern) + .

C(n))/m [%gg% éMam mum Val ue max> When raw data becorres a threshol d val ue

nor e, [Wdata are pl aced into array variables D(n) and, when the
raw dat a becorre Q ]s than the threshold value, the placenment is stopped.
Then, the magnitudes’ of the array 24 variables are conpared and the

greatest val ue i guifhuAsvaiLeBKinsum val ue (max). For acquiring proper data,
regions where raw data is not collected need to be provided in a constant

period of tinme bahenhadad dataldeRbnidion girashdi8NaAIRS or hofe tRE 38w d20987d

<M ni nrum Val ue m n>
placed into array variables D(n) and, when the raw data becomes less than the

( threshold value, the placement is stopped. Then, the magnitudes of the array
.. variables are compared and the smallest value is set as a minimum value (min).
For acquiring proper data, regions where raw data is not collected need to be
provided in a constant period of time before and after the start/end of discharge.
[0082]
<Standard Deviation dev>
When raw data becomes a threshold value or more, the raw data are
successively substituted into array variables F(n) and, when the raw data
becomes less than the threshold value, the substitution is finished. A standard
deviation (dev) is calculated from the substituted m values. (formula omitted)
( [0083)
<ON Time Difference>
An ON time difference between two measurement items is calculated.
A time instant when the item 1 exceeds a threshold value is put into a variable
G and a time instant when the measurement item 2 exceeds a threshold value
is putinto H. The ON time difference is calculated by H-G. This is used for
measuring a time from the power supply output ON to the start of actual
discharge.
[0084]

Depending on a characteristic value, there is a case where if values



When raw data becones a threshold value or nore, the raw data are placed
into array variables D(n) and, when the raw data becones | ess than the

t hreshol d val ue, the placenent is stopped. Then, the magnitudes of the array
vari abl es are conpared and the snal | estggval ue is set as a m ni num val ue
(mn). For acquiring proper data, regions where raw data is not collected
need to be provided in a constant period of tinme before and after the

EZEE%E”S ipedabia=ds; the ook sé%r?rﬁ%aédiwDﬁééé}%é{@wedéﬁﬁﬁé&@gy o al
o B SR sy A S e
omi tredy " TOOMH IR, IABRtPls AR TaRHRe SRS Th KREE ebRcn o
easur e i beifaid nbPLENAE regiofs!th B GRSEA A6 pHdigrdif Blaexceeds a

threshol d va I's put rnto a va t1'me i nstant en the

measur emenfludttREH in g}@quds a threshold value is put into H The ON tine
difference 1s calculated by HG This is used for neasuring a tine fromthe
power supply outpogs5ON to the start of actual discharge. [0084] Dependi ng
on a characteristic value, there is a case where if values 25 imediately

after the di schas@ischargenOidlimtec{+yNbeber ef TineescoidAtichGenafationp> col | ected, an
appropriate value is not output (exanple: maxi mum val ue, nmaxi num val ue).
Therefore, for phkétmeEninstant whencaiW dataibeconiesretfreshadivahe ommereisdata i s not
collected (regions to be ignored) nmay be preferably set as illustrated in
F(g. 11. recorded into a variable A as a discharge start time instant and a time instant
when the raw data becomes less than the threshold value is recorded into a
variable B as a discharge end time instant. A discharge time is calculated by
the following calculation formula. Discharge Time = B-A.
[0086]
In the above method, when an arc is generated so that the discharge
voltage becomes zero, the measurement is finished at that time instant.
Thereafter, when the arc disappears and the discharge starts again, data start
to be collected again. Therefore, as it is, a time from final arc generation to the
discharge end is derived.
C [0087]
For preventing this, it is effective to perform an AND operation with a
power supply output ON command and to set A and B into an array.
[0088]
For example, as illustrated in Fig. 12, while a power supply ON
command is output, a discharge start time instant is substituted into A(0) when a
threshold value is first exceeded and, then, an arc generation time instant is
substituted into B(0) when an arc is generated so that the output becomes less

than the threshold value.

[0089]



[ 0085] <Discharge ON Tine (+ Nunber of Tines of Arc Generation)> Atine

I nstant when raw data becones a threshold value or nore is recorded into a
vari able A as a discharge start tine instant and a tinme instant when the
raw data becones |less than the threshd@ value is recorded into a variable
B as a discharge end tine instant. A discharge tine is calculated by the

follow ng calculation fornmula. Discharge Tine = B-A [0086] In the above
nmet hod, when an ' : hsgihar, COomes
zero, the masu\p@ﬂe@ﬂtb%cﬁﬁ?%??@ﬁ%é%\ﬂ?{t tc"1‘::I ferrégb'l%ﬁ@ﬁ afﬁ?n tm:l)'hgé}%g]f er, when

the arc digsaragsh Sin thstdift islsSERAILE iffoA (RS aRdaiareskraas afé timet © be
coll ected again. Therefore, as it is, atime fromfinal arc generation to

the di scimgtig apdch restotetibe @ithe mstdr@dd bubstituREMRIAK) Gind B k) Fbt i's

effective to performan AND operation with a power supply output ON conmand

and to sebcdregrtebhfiant arcaandik iincrdi@@@H edcortineanThen, wisen tHaipdwat ed in
Fig. 12, while a power supply ON conmand is output, a discharge start tine
i nstant i supplp€N signadis stoppéd andihe output becemies|less/ tlanehedhfashetd exceeded
and, then, an arc generation tinme instant is substituted into B(0) when an
arc i s gevaluai the almveheperatien i@fipishedbecones | ess than the threshol d val ue.
[0089] 26 When the output is started again after restoration fromthe arc,
an arc restorati0®90ine instant is substituted into A(2) and, thereafter, an

arc tinme instant and a restoration tinme instant are substjtuted into A(k)
and B(k) per o@%@?ﬂ@ﬁ@@%ﬁ?‘eﬁ%ﬁd’rﬁﬁ%ﬁwg,ét iBrRassihimteaaled@te i me. Then,

V\(hen the Qig\é\ﬁarlrge time in consideration of the arc and, further, it is possible to derive the
number of times of the arc. However, in terms of judging the discharge with
arc generation to be abnormal, it may be better not to incorporate such
processing.

Actual Discharge Time = B(0)-A(0)-B(1)-A{1)+ - - - +B(k)-A(k)

Number of Times of Arc Generation = k

[0091]

In each of the methods described above, use is made, as a trigger for
calculation of one characteristic value (e.g. power), of a threshold value of the
original raw data (power raw data). However, another raw data {e.g. voltage)

( may be used as a trigger. For example, the voltage is used as a calculation
trigger for the power, and so on.

[0092]

As described above, by storing, instead of raw data, characteristic
values (summary data) in the data storage unit 40, the data storage amount can
be reduced and therefore it is advantageous when collecting data over a long
period of time or measuring a large number of items.

[0093]

In the above Example, sampling is performed at 40 points per second

and, therefore, when storing raw data, the data amount becomes 144000 data



supply ON signal is stopped and the output becones |ess than the threshold
val ue, the above operation is finished. [0090] By performng the above
processing, it is possible to calculate a discharge tinme in consideration
of the arc and, further, it is possibl27 to derive the nunber of tinmes of
the arc. However, in terns of judging the discharge with arc generation to
be abnormal, it nay be better not to incorporate such processing. Actual

Di schar ge L = = - s + ok EQHP) o Hges of Arc
Gener at i ORE';HEU{.Ogé%eﬁf%ngg(%@% t gfarrcrts rhnotﬁémc}fesc |%rgggg%§\rltelfglbk§ég?s made,

as atri O, Lo } i s wer), of a
t hr eshol g%ﬁg ':Ijlg Ogﬁ%%éélo ?g‘(qﬁ%t a%ﬁ" dat a Eﬁ?é&éﬂr@v(vj{ggﬁ%rgﬂw g/ea\?ée)r, Zanot her

raw dat a (véral ¥s GAeasuréRert fteHsSH e%%haprbééwﬁ’@ chibef iiherefbhe vol tage
is used as a calculation trigger for the power, and so on. [0092] As

descri bed {edaumbebyf tal mBasurensdre aenef ofieegiietls TitAr acteristic val ues
(summary data) in the data storage unit 40, the data storage anmpbunt can be
reduced and the[@i%¥je it is advantageous when collecting data over a |ong
period of time or neasuring a |large nunber of itens. [0093] 1In the above
Exanpl e, sanpl i frgr exapgpld, ovhmeddata of01@bitems grersasepedat 48rphintsiperef ore, when
storing raw data, the data anount becones 144000 data 27 per hour. In the
magnet i ¢ @eskNdvdRafdada amawgt Spoemesitdd MB peeday, 0GB per manthaandgl ural ity of
processi ng _devi ces are connected toqet her and, further, there are several
tens of neasltbRehyeartathe caseatiepriomaessifgwdaianeln camntgsthiartbe sase

(' of the storage of characteristic values, even the data for one year are reduced
to 52MB and thus the handling of data becomes extremely easy as compared

with the raw data.

[0095]
The data amounts are compared. The conditions are as follows.
- number of times of sampling 40 points/sec
< cycle time 6 seconds
- measurement item 100 items
- data byte 2byte/data
- number of characteristic values 5 items
( [0096]

<Comparison Table>
(In Case of Raw Data) (In Case of

Characteristic Values)

- number of data per cycle 240/cycle 5/cycle

- number of cycles per hour 600 cycles 600 cycles
- per point per hour 144000 600

- number of data per hour 14400000 3000

- number of bytes per hour 28.8MB 6KB

- number of bytes per day 691.2MB 144KB



the nunber of total neasurenent itens often exceeds 100. [0094] For
exanpl e, when data on 100 itens are sanpled at 40 points per second, the
data amount becones 691 MB per day, 20GB per nonth, and 252GB per year in
the case of the storage of raw data. Ip8contrast, in the case of the
storage of characteristic values, even the data for one year are reduced C
to 52MB and thus the handling of data becones extrenely easy as conpared

with the ra h at a are co . The conditions are
as foll ows. m"ﬁ@%ﬁgf Bg@gﬂe&é@ %?y%sarrpla?ﬁ'geg poi nt s?ggjﬁgycl e time 6 seconds
measur enment .| | ta byte data n ?‘f@y, of characteristic
val ues 5 itgl@sg}égg%ﬁe%%r%gfi son Ta %ié)g n Case (H) ' al\%v Data) (In Case of
Characteristic gﬁs) nunber of data per cycle 240/ cycle 5/cycle nunber of
cycl es per hour 600 cycles 600 cycles per point per hour 144000 600 nunber

a2 Pe, Moo PR EB A Bt o ot oM MRS i
foregoing embodiment.

As described above, by converting raw data into characteristic values, it
is possible to easily perform abnormality detection that conventionally relied on
visual observation. For example, it is very difficult to confirm a discharge time

(' using raw data, but it can be easily confirmed using a characteristic value called
| a discharge ON time.

[0098]

In addition to the foregoing configuration, there may be preferably
provided reference value setting means for setting an upper or lower limit
reference value with respect to each of characteristic values (summary data),
abnormality judging means for judging abnormality based on comparison
between the reference values and the characteristic values, and alarm
generating means for generating an alarm according to a result of the judgment
by the abnormality judging means. For example, if upper/lower limit alarms are

C set with respect these characteristic values, abnormality can be effectively
discovered. Also with respect to variation during discharge, if upper/iower limit
alarms are set for the characteristic values such as the standard deviation, the
maximum value, and the minimum value, it is possible to use them for an
acceptance/rejection judgment or the like. Even with respect to a somewhat
complicated waveform, if the characteristics of the waveform can be well
converted into numerical values, it is possible to set an upper/lower limit alarm
and thus to perform abnormality detection that cannot be realized with an
upper/lower limit alarm of raw data. In this manner, if the characteristic value is

used, the upper/lower alarm can be effectively utilized, which is beneficial. In



nunber of bytes per year 252.3GB 52.6MB [0097] Next, a description wll be
given of a way of using (extendability of) the foregoing enbodi nent. As
descri bed above, by converting raw data into characteristic values, it 1is
possible to easily perform abnormality2getection that conventionally relied
on visual observation. For exanple, it is very difficult to confirma

di scharge tine wusing raw data, but it can be easily confirned using a

h LSk i I i sch | e, . iti h
o g1 o I0RepLu A e £ LR MR Do e
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o ence oL 00 el B DR EE e R B BBt o e e roans
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abnormality judgi ng neans. FAr exanple, If upperPI ower |Iimt gl arns are set

with reSp%ﬂforfpbﬁsﬁ_tﬁé@b@%%hﬁ?lﬁf@tiﬁﬁ!t@ﬂfﬁe badlp ebRfigiifaYiof it iPsosHiblecsdi vel y
di scovered. Also with respect to variation during discharge, if upper/|ower

limt al sefgstivwienstly draf disbevertebnaeialiysti ¢ val ues such as the standard
devi ati on, the maximum value,.and the mninumvalue, it is possible to use
them for an acf#@Hnce/rejection judgnent or the like. Even with respect to
a somewhat conplicated waveform if the characteristics of the waveform can
be wel | conver faithentas anoteel examplel thesjatatmasagessentusing theset an
upper/lower Iimt alarm and thus to perform abnornality detection that

annot be Chawdcterisdioraluesaean bp mseocigtask with the ray detd. of raw data. In this
manner, if the characteristic value is used, the upper/laower alarmcan be
ef fectively uti Figdd illystralgsithe ganfiguratien providesowith @ normal raw data

storage path in addition to the configuration of Fig. 1. In this case, it is
preferable to perform mapping between characteristic value data and raw data
using a relational database (RDB). With this, it is possible to produce a
program that makes it possible to refer to raw waveforms if necessary when
abnormality is discovered. In this case, it is necessary to provide a
large-capacity disk storage unit for the storage of raw data. However, if it is set
to automatically delete those data after the lapse of a fixed period of time in the
database, it is possible to prevent an excessive increase in data volume.

( Further, by setting an upper/lower limit value, it is possible to automatically start
raw data storage only when data deviates from a set range.

[0100]

Next, a description will be given of a case where it is extended as a
production management system.

If the foregoing alarm information is input and stored in a database
along with the characteristic values, it is possible to easily examine the behavior
of the characteristic values at the time of the generation of the alarm. As a
production management system in that case, it is preferable to have the

following functions.



this case, structurally, there may be preferably provided nmeans for judging
whet her or not a characteristic value (sumary data) output fromthe
calculation section 100 falls within a proper range and neans for
generating an alarmwhen the charactedfstic value is judged to deviate from
‘the proper range. By addi ng all or part of the above configuration to the

basi c conflguratlon is possible to effectively notify and di scover
abnornmality. Ec?ﬂj ] Further as anot her exanple, the data nmanagenent using
the characteristic-values can be associated with the raw data. Fig. 13

[ Tustrates the eonfiunhd aRPaRy bk HirBofaRP Bt d aMielat & storage path

in addition to t configuration o case, is preferable

to perfor'Ehﬁ?d%@éﬂﬂmh%%@@@f&ﬂ%’k%&n%hﬁdr@d@dlﬁ@edﬂata and raw data using a
rel ati onal database (RDB). Wth this, i1t is possible to produce a program

that nekes it pogpsi lWﬁehQhét@flgrantalaﬂ’rﬁvvhwmwﬁte'nfs HRCEISE AisplaRn
abnormality is discovered. In this case, it is necessary to prOV|de a

| arge-capacity d¢)sk When agedat and arcabbetts hambee apd inpay aladtde ofowever, if it
is set to automatically delete those data after the |apse of a fixed period

of time i chatectenticalzdises of &ll diskpofaicaksetteoconearast inwdisplayessi Farthegr ease in
data volune. Further, by setting an upper/lower |imt value, it is possible
to aut onathealdmy eardents arewlsadiapyedage only when data deviates froma set
range. [0100] Next, a description will be given of a case where it is
ext ended as a }(ﬁ)odl}@f‘ﬁﬂrﬁ priittyeitime agga @hﬁmber AWELEDAER BIPYY aalrandn
information is input and stored in a database along with the_characteristic
val ues, i©9raeh BB%@?VBFEEFESBC yaliespf mm*éertwcsmd/ﬁd#isplaveré heFER®ract eri stic
e o e et B nErth LS B %y S e e TRV T
functions. () When a period of time and a chamber number are input,
characteristic values of a chamber concerned are output in the form of an Excel
file or a CVS file. Further, alarm generation data is also output.
(  Arecipe change history and actual values are displayed in a graph
and a portion with a deviation of a certain value or more is highlighted.
These functions can all be realized by jointly using a database.
[0102]
When the production management system having the above functions
( is constituted, it is possible to achieve an improvement in quality management
and a quick response by free information exchange between a product user and
a product manufacturer through communication means such as the Internet.
[0103]
Next, the data processing flow up to calculation of characteristic values
will be described with reference to a flowchart.
[0104]
Fig. 14 is a flowchart illustrating a first data processing example
performed in the calculation section 100.

In this processing example, a method is employed that successively



30 [0101 ] (a) Wien the date and a di sk nunber are input, a table of
characteristic values of a disk concerned is displayed. (b) Wien there is an
alarm the alarmcontents are al so displayed. (c) Wwen the date and a
cassette nunber are input, a table of agharacteristic values of all disks of
a cassette concerned is displayed. Further, the alarmcontents are also

di spl ayed. (d) When a period of tinme and a chanber nunber are input, a trend

h of teristi I f har d is_ displayed. Further,
Al ar m SRes ApEting HBehAGS e RsLOAE IHE A VA DI ot LIS EBi ayed. (&)
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mina_gemnﬁ.e?d%&ﬁﬂéﬁ@é’r).“%%@@oﬁ@%& ;_f)r‘eb@@ééiﬁﬁ%xaﬁr h§in§%éﬁréy‘ﬂl§ﬂablb§ is
possi bl e to achieve an inprovenent in quality nagenent and a quick

response hysdifab®e forfEr@at i on exchange between a product user and a product
manuf acturer through communi cati on nmeans such as the Internet. [0103] Next,
the data procesf)1$]fl ow up to cal culation of characteristic values wll be
described with reference to a flowhart. [0104] Fig. 14 is a flowhart
illustrating a Whest théapracpssing ef thegflewemart of Figer # ds stadteidn irtitia settingul at i on
S(eCt on 1?}?5 threshold value xth, an after-discharge-start delay time t1, and a
before-discharge-end delay time t2 (times corresponding to the regions to be
ignored in Fig. 15) is performed in step S101. Then, in step S$102, variables
such as an average value avg, a maximum value max, a minimum value min, a
standard deviation dev, and a raw data storage array data(n) are initialized.
[01086]
Then, in step S103, raw data is input (x = data). Then, in step S$104,
the discharge start is judged. The discharge start is judged based on whether
or not a discharge command is ON and x>xth. If it is judged that the discharge
starts (Yes), step S105 starts counting a discharge time (count = count + 1) and
(- stores the data into an array (data(count) = x). Then, in step S108, the
discharge end is judged. The discharge end is judged based on whether or
not x<xth and count>0. While the end conditions are not satisfied, the loop of
steps $S103 to S106 is repeated. Each time the loop is repeated, a value of
raw data x is stored into an array variable data(). When the discharge ends
(when x<xth and count>0), the processing goes out of the loop and enters a
characteristic value calculation routine. '
[0107]
In step S107 of the characteristic value calculation routine, the length of

the discharge time is judged (count>10) and, when the discharge time is long,



In this processing exanple, a nethod is enployed that successively 31

stores data in a discharge period of tinme into array vari ables. Therefore,

it is necessary to ensure a |arge nenory area. This nethod can be easily
realized by the software on a personaB2conputer, but has difficulty in
applying to a device wth a small capacity nmenory, such as a PLC
(Progranmmabl e Logic Controller, i a sequencer). A second data processing

exanpl e URAGasarEoksed Rl S8 éﬁﬁhé@éﬁa%’fm@}:ﬁp?wﬁgﬂ frofgfe Lhe

processi ng ot the I's started, sett’lng

threshol d béﬁin‘hﬁwd‘bﬂheadlséﬁér?é'o@tégh?rd_ﬁ?a S6RédpdtRlify td 12 orhthe 384l

bef ore-di scharge-end delay tinme t times corresponding to the regions to be

i gnored i thdiidchadfge dStarRferomdRed iafdIhem thel BlarathaRticivalrdse@verdyé vari abl es
such as an average val ue avg, a maxi num val ue nmax, a mninumvalue mn, a

st andar d ggieadvgymaldrnunandiue mayy rdmimusi elagenial standdal aéviaticon gev,
initialized. [0106] Then, in step S103, raw data is input (x = data). Then,

in step 5364 disdhmegeitisEhfirage calcaidted.s j udged. The di scharge start is judged
based on whether or not a discharge command is ON and x>xth. If it is

j udged t hat theadscanargge{dataltt)s- datadlP)} step S105 starts counting a

di scharge tine (count = count + 1) and stores the data into an array

(dat a(count) = R)ax Thagx{data(d eglaba®d} the di scharge end is judged. The

di scharge end is judged based on whether or not x<xth and count>0. While
the end conditi 818 = mé{data(laridataéd)} the | oop of steps S103 to S106 is

repeated. Each tinme the |oop js re ed, a value of raw data x is stored
iito an array VQP}’M@EMT‘{)\M%Q(&ﬁg di scharge ends (when x<xth and
count>0), the pggcessi n%@%) S oufe of the loop and enters a characteristic

val ue cal cul at i bii SN *FEMRIHETH
[0108]

On the other hand, when the discharge time is short, the processing
proceeds to step S109 where the characteristic values are calculated based on
the data up to the count vaiue.

avg = average{data(t1) ~ data(count)}

max = max{data(t1) ~ data(count)}

min = min{data(t1) ~ data(count)}

dev = stdev{data(t1) ~ data(count)}

(- t = count * sampling rate

[0109]

Then, in either case, in step $110, the calculated characteristic value
data (avg, max, min, dev, t) are output and, in step S111, the variables are
initialized. Then, the processing returns to step S103.

data(*) = 0, count =0

avg=max=min=dev=t=0

[0110]

Fig. 15 is a flowchart illustrating a second data processing example

performed in the calculation section 100.



In step S107 of the characteristic value calculation routine, the |ength of
the discharge tinme is judged (count>10) and, when the discharge tine is

|l ong, 32 the processing proceeds to step S108 where data corresponding to
tl fromthe beginning of the dischargg3data and data corresponding to t2
fromthe last of the discharge data are renoved and then the characteristic
val ues (average value avg, nmaxi num val ue max, mni mum value mn, standard

T TP VTt BB R )
Set . SLIb4801 ooy SHESHEA bl v SBHRGs TR B Cand iR O T 1
Step 109 086 Fohdle of P9t °'st88 oo HaiRIFaeh AL BGnRAF Bl flon ! e data

up to the count val ue = average

max{ dat a( tekthr agtRty@ & PHW }aw @hﬂa % idTe8s dadriHe %reslﬂﬁ& @é%%h%)ﬂ'l]edev =

stdev{data(tl) - 'dat a( count ) } = count * sanpling rate [0109 Then, in

ei ther caggocdsdirff soceddto b1 S@1@Hh@?@f§bd&§'érla§bﬂrthéf g6ey #ragh dRips (avg,

max, mn, dev, t) are output and, in step S111, the variables are
|n|t|al [ z@jgosTSQ[m gh@g@mqnsﬁd@g returns to step 5103. data(*) = 0, count =

Oavg:max—mn—dev—t =

[0111]

When the data x exceeds xth, the judgment in step S204 becomes YES
( so that the processing enters a loop 2 to calculate respective characteristic
\. values in sequence.

[0112]

That is, step S205 counts up a discharge time (count = count + 1) and
substitutes the data (data = x} and steps 5206 and $207 update the maximum
value (when data>max, max = data is set). Further, next steps 5208 and S209
update the average value/variance (when count>t1, totalx = totalx + data,
totaix2 = totalx + data”2, and avg = totalx/(count-t1) are set).

[0113]

Further, steps $210 and S211 perform calculation of the standard

( deviation (when count>t1 + 1, dev = Sqr((totaix2 - (count-t1) *
(avg"2))/(count-t1-1})) is calculated). Further, steps $212 and S213 update the
minimum value (when data<min, min = data is set). Then, step S214
calculates the discharge time (t = count * sampling rate).

[0114]

When the discharge ends, the processing again enters the loop 1,
outputs the results (step $S217), initializes the variables (step S218), and repeats
the loop 1 untii the next discharge occurs. The discharge end is judged to be

positive when data x < threshold value xth and count>0 are both satisfied and,

when these conditions are satisfied (i.e. immediately after the discharge end),



[0110] Fig. 15 is a flowhart illustrating a second data processi ng exanpl e
performed in the cal cul ation section 100. 33 This flowhart shows the
processi ng exanpl e using no array variables. Steps S201, S202, and S203 are
the sane as steps S101, S102, and S10334n the flowhart of Fig. 14. Step
S204 performs a di scharge judgnent based on x>xth and, when input raw data
X is less than the threshold value xth, the processing proceeds to step

S216 and repeats a Io through steps 5203, 5204, and S206 in
or der . ﬂ%? &l O%IBPQ%)@ g?@i’@&? xth, the judgment in step S204

becorres YES so the processing enters a loop 2 to cal cul ate respective
characteristic Illes I n sequence. [0112] That is, step S205 counts up a

di scharge tine gggul@tlsc?a{f&kffﬁarh"&tr a?Hch?Hb%m%I%%e%Qﬁg%§5ﬁlﬂgata = x) and

steps S206 and he " maxi rru max data is

set). Furh@% mB&Xh ﬂﬁ gg&mgggﬁsgeﬁloﬁ;gg update the average val ue/vari ance

(when cou t>t t ot total x2 = total x + data A2, and avg
loceky

= tot al x/ ( count Thig fiaweh&eshows hStam@ %Bﬁe§§éﬁdiagdo 8dakeper form

in
cal cul ati on of the standard devi a§| on wgen count >t +

Sqr ((t ot alwhere tiie alsdha dq@t |s*ten{p@vm¢)r)té(rapmtdae1tolérb drihedike Ukhicads . Furt her,

steps S212 and S213 update the m ninumvalue (when data<mn, mn = data is
set). Thewobtaihepb$pbditly cladrgihgtressédmndidstaprogesdingrexdmnple ofokigt 15. sarrpl i ng
rate). [0114] Wen the discharge ends, the processing again enters the |oop
1, Among steps S301 to $318, only steps S314A and S314B differ from the
( example of Fig. 15 and the others are the same as steps $201 to $218 of Fig.
15, and therefore, only the different point will be described.
[0116]
In this example, a discharge ON command from a PLC is input and
conditions are branched. Discharge interruption is judged to be positive based
on the condition that the discharge command is ON and data is less than a
threshold value in steps S304A and S304B. In this case, the processing enters
a loop 3 and does not count a discharge time or perform sequential calculation
of data. When the discharge starts again, the judgment in step S304B
becomes YES so that the processing enters a loop 2 to normally perform
(7 counting of the discharge time and sequential calculation of data.
[0117]
Through the calculation processing performed in the calculation section
100 as described above, the proper characteristic values are calculated.
[0118]
The data processing illustrated in each of Figs. 14 to 16 is performed
according to a program recorded in a computer-readable recording medium.
Therefore, this invention also covers programs adapted to execute the

processing of Figs. 14 to 16 and recording media recording those programs.

Industrial Applicability



outputs the results (step S217), initializes the variables (step 5218), and
repeats the loop 1 until the next discharge occurs. The discharge end is
judged to be positive when data x < threshold value xth and count>0 are
both satisfied and, when these conditggns are satisfied (i.e. imediately
after the discharge end), 34 the data are once output to a database. [0115]
Fig. 16 is a flowhart illustrating a third data processi ng exanpl e
performed in the calculation section 100. This flowhart shows the

processi ng exan&T@%ﬂorresponding to a case where the discharge is

oo 1Y G P Radts s, WS e BB, D B3 1
So18, O ol SRRy B0 ool BPE0<F IRURGRIE & o1 1S, 11
O conmand FEBT o b ye: i HRANGR REah b it o SR REER D S e O
LT P e 08y B0 v S, #SeIG BRI R AL

S304A and s5afPank BoldH. Ffitfer, MCINRERGSPR dpIRABR! ot dhif ROR plodiidirflpes ot

count a di arge tinme or performsequentia cul ation dat a. en the
di schar ge gabretfsr parieRsinghRolkpitdeBHy doutetifg, 30480 tba&ysRim Ykt so that the
processing enters a loop 2 to normal'ly perform ~- counting of the discharge
time and gefaentiothergiroesssihgenchbs@yp. [0117] Through the cal cul ation
processing perfornmed in the cal culation section 100 as descri bed above, the
p(oper characteristic values are calculated. [0118]



The data processing illustrated in each of Figs. 14 to 16 is perforned
according to a programrecorded in a conputer-readabl e recordi ng nedi um
Therefore, this invention also covers prograns adapted to execute the
processing of Figs. 14 to 16 and recor8 ng nedi a recordi ng those prograns.
I ndustrial Applicability 35 [0119] In the foregoi ng enbodi nents, the
description has been given of the case where this invention is applied to
t he magnetic di sk manufacturing Sy%%§Rﬁ¢ However, this invention is also
applicable to other processing devitCes %r processi ng substrates, for
exanpl e, a sem conductor manufacturing systemand so on. Further, this

I nvention is applicable not only to a processing device for processing

wor kpi eces by sput | ; ; "rgb?r perforns ot her
processing such@ésh%%eg%lgghaaiﬁ%gﬁ s}%g%rﬁ(r:@gs |rr?g':1nggata nmanagi ng system
conpri si ng dat agaf05@eak8eg TRédHs foP redddiRg YaRHata BndRproRBsmgRidp@fn NY
condition collected in a processing deviCe that repeats the sanme process

treat nent chmécte@#th pRyce s deviat thatabpogtsIhe dafrdpdakbes aeaandhtfrt o a
predetermned rule to thereby process said raw data into sunmary data

r epr esent eagh ayclbamictalcuiating saigoiant ddtaraceenting Y& kpredeidnehiiel sllotcage neans
for storing the processed summary data in storage neans. 2. A processing
dat a manatfiergby patcasscaighravg idatp indasampnay ekatd representing a chasdensticg r aw
data on a processing condition collected in a processing device that
repeat s t peindéoreeguhoeyds, andeat ment f or
( data storage means for storing the processed summary data in storage
means.
2. Aprocessing data managing system comprising:
data processing means for receiving raw data on a processing condition
collected in a processing device that repeats the same process treatment for
each cycle and calculating said raw data according to a predetermined rule to
thereby process said raw data into summary data representing a characteristic
point for each cycle, and
display means for chart-displaying the processed summary data.
3. Aprocessing data managing system comprising:
( data processing means for receiving raw data on a processing condition
collected in a processing device that repeats the same process treatment for
each cycle and calculating said raw data according to a predetermined rule to
thereby process said raw data into summary data representing a characteristic
point for each cycle,
data storage means for storing the processed summary data in storage
means, and
display means for chart-displaying the summary data output from said

data processing means or the summary data stored in said storage means.

4. Aprocessing data managing system according to any of claims 1 to



each cycle and calculating said raw data according to a predeterm ned rule
to thereby process said raw data into sunmary data representing a
characteristic point for each cycle, and display nmeans for chart-di splaying
the processed summary data. 3. A proc®8sing data nanagi ng system
conprising: ~- data processing nmeans for receiving raw data on a processing
condition collected in a processing device that repeats the sanme process
treatnentsfgmeigﬁch cycle and cal culating said raw data according to a
predetermhed rul'e to thereby process said raw data into summary data

representing 2 GHAAG! &Sk i iRl Bh chOteiodiflions dhin fpldting=ans for

storing the processed summary stora neans, I spl ay ans for

chart - di splayth8stsiibeaTHMmBENofd@rRpieebUnd rom said data processing neans or
the sunmary data stored in said storage neans. 4. A processing data managi ng

system accor di ngaidosiaitha®y daladis atd rdduced in 3izeheeenvertingisdid @y daa is raw
data on processing conditions of thin filmformng treatnents for a nunber

of wor kpi endle pavckssinglcenditiensy ofdthkeahinsfilshaformimnepivestechems aczerding lwomverti ng
said raw data on the processing conditions of the thin filmformng

t r eat ment predatermdined analysis poiatef eéem ned anal ysis point of view 5. A
processi ng data managi ng system according to claim4, wherein: said raw
data is raw dat a. oA pooeesisg data nnatagingsystémtdacarding do taimid gvhareisat ment s
for a nunber of nmgnetic disks, and said sunmary data is data reduced in
size by convert Fal rew datedsravdata en processingediditigns ohihin filsh&orating he t hin
filmformng treatnments for the nunper, of magnetic disks according to a

nf edet er n'RAEMEREI fP5 A NUBHSTOf sRaghedif disks, and
said summary data is data reduced in size by converting said raw data

on the processing conditions of the thin film forming treatments for the number
of magnetic disks according to a predetermined analysis point of view.

6. Aprocessing system comprising:

a processing device that repeats the same process treatment for each
cycle,

raw data collecting means for collecting raw data on a processing
condition in said processing device, and

the processing data managing system according to any of claims 1to §

(k for managing the raw data collected by said raw data collecting means.

7. Aprocessing system according to claim 6, wherein:

said processing device is a thin film forming apparatus for forming a thin
film on a surface of a substrate by generation of discharge in a processing
chamber maintained in a predetermined gas pressure atmosphere,

said raw data collecting means collects, at regular sampling intervals, at
least raw data on a power supply output for generating the discharge, and

said processing data managing system, based on said raw data on the
power suppiy output, repeatedly calculates summary data, for each cycle, on at

least one of items such as a discharge ON time and an average value, a



6. A processing systemconprising: a processing device that repeats the sane
process treatnent for each cycle, raw data collecting neans for collecting
raw data on a processing condition in said processing device, and the
processi ng data nanagi ng system accordgsg to any of clains 1 to 5 for
managi ng the raw data collected by said raw data collecting neans. 7. A
processi ng system according to claim®6, wherein: said processing device is a

Subst r ot o AR BUAEYERECH PR Byelif At Sebidafticerinor Bt B BPMEET ol ai nea i n
ol | acts. SIpPT AR MERRHISS UraaPy ol Ok BRIETS, Gt aon & power

suppl y out put T8 agieralling sBRnibschiaeie dith sakfleRsigcessing data

managi ng system ba on s raw power supply out put,

repeatedly calc I ti i e of
ghat &%cé%ﬂﬁ%ﬂdﬁﬁiﬁg@g%ﬁcﬂe@ﬁﬁ’th &Ml‘&?ﬁrt)( 82 ?@gtrgg8§ﬂ tHe!

Itens such as a dischar an average va max! mum val ue,

a mni rmnpv@elseingamhrﬁbéﬁw@w&a?/gaﬁér@ﬂo@,faﬁdﬁe power supply output and
di spl ays or stores said summary data. 8. A processing systemaccording to

claim7, wherei saidsawddaaamtiestimgniansoollestspamdate drva pbwer pupplgl i ty of
el ectrodes in the processing chanber for discharge generation, and said raw
dat a col | ectpuldomaiscisargelderetratiorefor @ath obsarl ¢levkeodesippl y  out put for
di scharge generation for each of said electrodes. 9. A processing system
accordi ng to cl & mAPprocessingisgstenmacgordingdtoptiaioed o g whevéioe conpri ses a
plurality of processing chanbers for formng thin filnms on the substrate in
g pr edet er m nedsaiddyocessing stevicercampriaes apluralfly ohgroasssingeehanehers feaw dat a
oh a power supply . .
forming thin films on the substrate in a predetermined order, and
said raw data collecting means collects raw data on a power supply
output for discharge generation for each of said processing chambers,
10. A processing system according to any of claims 7 to 9, wherein:
said thin film forming apparatus is a magnetic disk manufacturing
apparatus.
11. Aprocessing device data managing method comprising:
a step of collecting raw data on a process treatment condition in a
processing device that repeats the same process treatment for each cycle,
(- a step of calculating the collected raw data according to a
predetermined rule to thereby process said raw data into summary data
representing a characteristic point for each cycle, and
a step of storing the processed summary data in storage means.
12. A processing device data managing method comprising:
a step of collecting raw data on a process treatment condition in a
processing device that repeats the same process treatment for each cycle,
a step of calculating the collected raw data according to a
predetermined rule to thereby process said raw data into summary data

representing a characteristic point for each cycle, and



out put for discharge generation for each of said processing chanbers. 10. A
processi ng system according to any of clains 7 to 9, wherein: said thin
filmform ng apparatus is a nmagnetic di sk manufacturing apparatus. 11. A
processi ng devi ce data managi ng nmet hodd%onprising: a step of collecting raw
data on a process treatnent condition in a processing device that repeats
the sanme process treatnent for each cycle, a step of calculating the

|1 d d ' : ] h b id
aw dat a i nto shnesof itkaRplyih MeHELEt R Sty sbh "0 For each
cycl e, and a stp oh oHOOLN, HOGCPBALATAAASRUTBINGAARAriRG3H Ydiger froans.

12. A processing device managi ng net hod“conprising: a
col I ecti ngr fawyK&eth:0n a process treatment condition in a processing device
that repeats the sane process treatnment for each cycle, a step of

cal cul ating thes£i@lpresdRtréMmettimsAaqRbEedMNg BedcliSEehiprMineeming e to
t hereby process said raw data into summary data representing a

char act er {rsatnserndomnforiniig &asdyraticldisk thivdl fid® ona Surfaceodt £ Babstrateyl ayi ng the
processed summary data. 13. A processing device data nanagi ng net hod

accor di nggémeratian of #ilschargelip, a ploaessing chanmtbgrmogiatsnéd aah meadeterminadd
processing device is a thin filmformng treatnent for formng a nagnetic
di sk t hi ngas pressoraaatnos$ptegeof a substrate by generation of discharge in a
processi ng chanber maintained in a predeterm ned gas pressure atnosphere.



