DESCRI PTI ON PROCESSI NG DATA MANAG NG SYSTEM PROCESSI NG SYSTEM AND
PROCESSI NG DEVI CE DATA MANAG NG METHOD Technical Field 10001) 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 increase in nmagnetic di sk recording density has
been remarkabl e. A high recordi ng BESSGRIPTIENNeti ¢ di sk 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 under and over each of t i e i isk is
manuf act ur efRQEmNQ Qﬁ%@“gw(gﬁcﬁf%e&?'ﬁgb%€§§ﬁ8 %gﬁ]g%%@?ﬂ% n the
manuf acture of the i I I f ing devi ce having
a structure with a%mgﬁﬁh@&%@@ h}@%@@%@@&or carryi ng out
the respective processes. [0003] For exanple, when manufacturing one
magneti c di sk, a disk (substrate) is caused to pass through the nunber of
pr ocessi ngTQWrﬁe,hn order so as to be subjected to a predeterm ned
process treatnent inh each of the processing chanbers. In each processing

chanber, one-ti oprpcess treatnment is given 2 as one cycle and the sane
process treatment i s’ repeated each tinme a disk

This invention relates to a processing data 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 piurality 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 nmainly used as the manufacturing

apparatus (processing device) for such high recording density magnetic

di sks. The sputtering apparatus generatees gl ow di scharge by introducing a

di scharge gas into a vacuum and applying the power to el ectrodes so as to
forma thin film of a target nmetal on the surface of a disk by collision of
ions in a pbasecycleard theesaiy prheess oeatdient farepeat¢deash timena diskh of
processi ng chanbers of the sputtering apparatus, there is a case where film
formati on P8sgas theretbiough, and, slier thearastmensithgidiskdssent gutiastee ngére film
formation is perfornmed on both surfaces of a single disk, a case where film
formation PEOGESEINGrGRAMRRT. orldesuprarenesic diglkhawnguppedhiaudh &l tese  where
filmformation is perfaor on bojh surfaces of each of two disks, or the

| i ke. For Eﬁéﬁﬁﬁﬁ§ﬁhﬂﬂﬁ‘gﬁgﬁﬁ@gﬁ%@ﬁ§ﬂ¥°ﬁ%¥¥%ﬂﬁ?ﬂagﬁfln1fornation on both
surfaces of eachHgJ ﬁmo di sks in one processing chanber, it is necessary to
provi de four cat &5 el ectrodes for generating discharge and to apply the
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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 singte 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. Forexample, 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 storage neans. Then, if a defective product
is produced, the raw data extracted acgording to an index of a disk or a
| ot are, for exanple, displayed in a graph on a display screen in tine
sequence, thereby enabling an analysis while observing waveforns in the
graph. [0008] Fig. 17 is a block diagramexenplarily illustrating the
configuration of Aha cponeatiena magnaligrdisk nanuictunng ket roress-tigstnaent
(processing systeg). 0009] Thi s manufacturing system conprises a
pr ocessi ngcaeditied datp{sischarag copgiian agas presgurey sudptipiectempreratde siichei ng a
wor kpi ece W a control unit 20 for ontrolling the processing device 10, a
ar@oBls"Bg”{
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treatnment, a processing uni or carry out the treatnent, a sensor 13
for nmonitoring ttlgg()@]ocessi ng state, and so on. Raw data output fromthe
processing unit 12 and the sensor 13 are input into the sanpling unit 30.
The data output Fipm7tibe 151868 diagtamas@nipieriginsestingahe wantigdationf e anal og
data or digital data. In the sanpling unit 30, the raw data are properly
converted cohgerttidnal magiegt ididk mhahafacturing systeralibeodepsingesydidrn).

[0009]

This man'ufacturing 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 processing device 10, a plurality of processing
chanbers 11 are arranged so that thin fijl n8 can be forned on the surface of
a disk in a predetermned order. In each of the processing chanbers 11, the
sanme process treatnment is repeated for each <cycle. Since, in this case, the
processing device 10 is configured to form magnetic disk thin filnms on the
surface of s@rage Kknit $0mnd thecdispliayipatrutatnitdid. of Thetpatiemthrecomvartes ¢atacessi ng
chanbers 11 each maintained in a predeterm ned gas pressure atnosphere,
respect i veafe ISR AL displyediyipdly the thin filmare carried out in order in
each processing ﬁﬂﬁq?er 11. [0012) The sanpling unit 20 collects raw data
on processing coiti'tions in the processing device 10 and, herein, collects
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exani ning tine-dependent changes of various paraneters in one cycle in
detai | andtheédgfdcessingdnambirs 11 gEP&fhe bPocesdaieAmaar atdd R ekdhgel y

affects the processing results, it is necessary to carefully observe a
change in opdepr 80rssS irathis thss the @recomingdevise pori¢ configlred to form
magnetic disk thin films on the surface of a disk (substrate) 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 results, 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. (Nane) (Exanple of Specific Nbang) processi ng device 10 sputtering
apparatus processing region inside of chamber (processing chanber 11)
processing unit 12 sputtering cathode, discharge power supply, etc. sensor
13 pressure gaugl0d¥¢. control unit 20 PLC sanpling unit 30 A/D converter
di spl ay/output unit 50 conputer data storage unit 40 hard di sk drive

Di scl osure of th¥vheihedaia thyspplastedarsedisplayed injimenseqyrnes: thaie i§ 0016] In

t he manufacture of high density recordin etic disks. usj t he
manuf act ur PREIESLEHFRATGEIR: BB PG HE- r i id-cH(hS P3iS QIADYCISOAS or i ng
quality (filmthickness filmprqgpert IS ite striet and her ef or e,
11 s noc Enan G G ard e e uHIRaIes Tenradhls Merind ofRush Fncr once
t he nunber di
ischarge voltage.
[0015]
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, in addition, there are gas pressure
and di sk tenperature. Wen sinultaneous%y processing two front and back
surfaces of each of two disks in one processing chanber 11, the nunber of
cathodes is four. Therefore, there are 3 itenms x 4 = 12 itens with respect
to the power supply output and, adding one item of gas pressure_and two
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raw 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



see details, but is difficult to read a |long-termchange or the like. [0021]
That is, raw data are plotted in a graph as they are in the conventional 7
manuf acturing system Fig. 19 is a graph with a reduced display over a

| ong-term span and Fig. 20 is a graph with an enlarged display in a
short-term span. As illustrated in Fig-, 19, when long-tinme data are
graph-di spl ayed, since the display becgnes dense, it is difficult to grasp
i ndi vi dual waveforns. Conversely, as illustrated in Fig. 20, when
short-tinme data are graph-displayed, the nunber of cycles that can be

di spl ayed omrafagtgpnggysteneerfigt 19 ig & geapswith edieclided displaysvenais difficul t
to grasp a | ong-term change. bOOZZ] Accordingly, by the current data
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being to conti num?ﬂz observation for a long tinme. [0024] As a neasure for
this, it is cons d to provide upper and lower limt

Accordingly, by the current data managing method, when 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



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

i npossi ble to judge acceptance or rejection by visual observation and,
therefore, such an alarmfunction is essential. However, with this alarm
function, it is not possible 8 to grasg a change within a range not
exceeding the alarm set values. [0025] *(3) Since the amount of raw data
beconmes enornous, data storage is difficult. That is, in the foregoing
conventional manufacturing system if raw data are successively stored into
the data stogewse aighang®withinea dange aotrKvectngoheslawnsetrvalyes Therefore, it
IS necessary to provide a |large-capacity data storage unit 40 or it is
necessary to rec Sata i nto anot her backup medi um per fixed period of
time and then to erase the stored contents to ensure a free area. Although
such raw data i nEPudeinggdh@RMaHn ohEaW data becorges §nofrRgys, cfﬁia SRS
itself at gﬁ@? oi nt includes useful information. Useful information is a
certain Kk W information included in the entire waveformand is not
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managi ng system and a data 'nmanagi ng nethod for a processing device such as

According Lo ol oL e e o e e s oVt e o pr cessi ng
Although such raw data include useful information, it is not that the raw data
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 s, 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



dat a managi ng system conprising: data processing nmeans for receiving raw
data on a processing condition collected in a processing device that
repeats the same process treatnment for each cycle and calculating said raw
data according to a predetermined rule to thereby process said raw data
into sunmary data representing a characberistic 9 point for each cycle, and
data storage neans for storing the procéssed sunmary data in storage neans.
According to claim2 of this invention, there is provided a processing data
managi ng system conprising: data processing nmeans for receiving raw data on
a processi pgntdachscles@ndect ed in a processing device that repeats the
sane process treatnent for each cycle and calculating said raw data
according to a pieldctierage saans fa stering s Regepsestawd @3t Harags nt o
summary data representing a characteristic point for each cycle, and
di spl ay mef¥&"for chart-displaying the processed summary data. According to
claim3 of this jnvention, there.i,s provided,a processin dat a_nanagi ng
system conpri si r}agccgg{ng t&%%'@lgioﬁéh'ﬁé%‘f%‘t'PBrtqeé‘géﬁ BﬁOHbder"g@vp&%%eﬁsm a
rocessin LE I j rocessi ng device that repeats the sane
b PagBab e SBlck ebftrishd " 1 A

process trea cal culating said raw data according to
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representing a chardcteristfc poin age neans for

storing t hgo|RIREEFSE BrSct TR/ dSlat et (Ep4t3 8% saRRNSocasdrehfdmorreans for
chart-displaying the sunmary data output fromsaid data processing neans or
the summar gaglbgcle aptieshidiat®y gaigtrahatfa Meas:’ling 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.
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 fiim 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



According to claim4 of this invention, there is provided a processing data
managi ng system according to any of clains 1 to 3, wherein: said raw data is
raw data on processing conditions of thin 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 according to a 10 predeterm ned anal ysis point of view.
According to claim5 of this invention, there is provided a processing data
managi ng system according to claim4, wherein: said raw data is raw data on
processi ngpeaetdrimiods anblysiy poihi éfwidwrm ng treatnents for a nunber of

magneti c disks, and said sunmary data is data reduced in size by converting
said raw data ofctdrdingtocdaisi bef tuiadiventios, thiere fepitovided & prodessimigng
treatments for the nunber of nmagnetic disks according to a predetermni ned
anal ysi s pdatatmanaging\wysiant @cdonity g o daim mh whefeibhi s i nvention, there is
provi ded a processing system conprising: a processing device that repeats
t he same processSaifdawfaia is sw daenon prraessingaengitionscfi theditinfgmidns f or
collecting raw data on a processing, condition in said processing device,
and the prBeaRems fefA BUFBSAGT Mpanplc Siaksca@B¥ding to any of claims 1 to 5
for managi ng the r.gw data col | ected by said raw data collect.in ns.
According to cl é?ﬁfb“&?m?m gﬂtﬁd%gﬁgq r(%iycgﬂéq 8iz¢ Dy ARVELNg ﬁa'ﬁrrgwgfag? ng
system according to claimé6..wherejn;, .said_processi device is a,thin film
Form ng- apBAlE QPSS BGRHTE Gan nip i O d A Ren o It Budebli o by
generation I i - C i | I - Lnha
e oL oroEhaGhSRLBERE o AoRyRl REREPLOen R Bt BPtiel
According to claim & of this invention, 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 110 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.



said raw data collecting neans collects, at regular sanpling intervals, at

| east raw data on a power supply output for generating the discharge, and
sai d processing data nanagi ng system based on said raw data on the power
supply output, repeatedly cal culates summary data, for each cycle, on at

| east one of itenms such as a discharge ﬂ\l time and an average val ue, a

maxi mum val ue, a m ni nrum val ue, and a standard devi ati on of the power
supply out put and di splays or stores said summary data. 11 According to
claim8 of this invention, there is provided a processing system according
to claim7, wherAceordiw t Paioe8xfithig inkaritios, thergispiavidedya processingral ity of
el ectrodes in the processing chanber for discharge generation, and said raw
dat a col | eBYstaQ) areandingdpickifs7 rwRei@ta on a power supply output for

di scharge generation for each of said electrodes. According to claim9 of
this invention, $HEROPRSINDILYER mPViELY|th@ PlytAliteat @@E&?@I‘?*ﬁ@ tg@ claim7?
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condi ti on TE e L et e the same process treat ment
for each cycle, said processing device comprises a plurality of processing chambers for
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,



a step of calculating the collected 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 a step of storing the processed
summary data in storage neans. According to claim 12 of this invention,
there is provided a processing device ta managi ng nmet hod conprising: a
step of collecting raw data on a processtreatnent condition in a

processi ng device that repeats the same process treatnent for each cycle, 12
a step of calculating the collected raw data according to a predeterm ned
rul e to thereby prterefcalaildtingthelaciedted taw datenagcatding toreepr esenting a
characteristic point for each cycle, and a step of chart-displaying the
processed pladeseynioad auledodbe@bygroeess saidhraw data Mo sumiantdald, there is
provi ded a processing device data managi ng nethod according to claim 11l or
12, wher ei FEPreseR{ing: & cbarpateridicrRoitt foredeh aygeoedsi ng device is a thin film
formng treatnent for_formng a magnetic dis thirnfiJ@nlon a surface of a

substrate by geASteR PHENE-dAPLYIRG Jie PrecesIRGEWREmaAHY d@nber nai ntai ned in
(1) By usi g surheRorlia B S 13 38 Brantin. Eibte Ry Pipvies % PRIRERGOG
et S REE I R S R RO S
sunTery Gata | ok ReRLE et T IR s RS SRR P b B2
occur r enceyahife 4&HP g B RIYSEticdisk YR of 4 8LHHES of a substrate by

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. Thatis, 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



[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 nagnetic disks where an extrenely |arge anmount of
raw data are produced. Brief Description of the Drawings [0043] Fig. 1 is
a block diagramexenplarily illustrati the configuration of a magnetic

di sk manufacturing system (processing r31635terr) according to an 13 enbodi nent
of this invention. Fig. 2 is a diagramfor explaining a criterion when
calculating a characteristic value (summary data) for each cycle. Fig. 3 is
a graph i nembodimenterfdhis ivwgntie®, ni ni nrum val ues, and maxi num val ues of the
power being ones_of characteristic values are plotted. Fig. 4 is a graph in
whi ch standard deig 3tis ardjagianm fy Pelrningd eiedae witen eHawlabdeai stic val ues

char act er  Sheectbistey ke HTBTRRIAtR] G BChEVaeg: aph i n ahi ch raw data
SRR R L T A N K R N S
PP s R M R R R
Lol s, hen (OB b b LR SpoR BB P B B T
when abnor pgbislleristic Y8l st G pidi&d P! ot t ed.
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 plotied.
Fig. 11 is a diagram for explaining a region to be ignored when
calculating a characteristic vaiue.
Fig. 12 is a diagram for explaining calcutation 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.



Fig. 10 is a graph in which discharge ON tinmes being one of characteristic
val ues, when abnormality is detected, are plotted. Fig. 11 is a diagramfor
explaining a region to be ignored when «calculating a characteristic val ue.
Fig. 12 is a diagramfor explaining calculation of a characteristic val ue
when di scharge is interrupted. Fig. 13 js a block diagram exenplarily
illustrating the configuration of another enbodinent of this invention.

Fig. 14 is a flowhart illustrating a fi rst exarrpl e of the processing flow
when cal cul ati ng _characteristic val ues. 15 is a flowchart
illustrating a skigon§ I%ﬁaﬂﬁﬂ@&ﬁﬁ‘l"'ﬂﬁéatmgo%égm exaroplaspiahe IPeeRsig ng
characteristic values is.a flowhart illustrating a third exanple

of the profe¥yhap ¢a 6Wat'ﬁﬂ§ﬁaﬁ%ﬂt%rlﬁt@tw1‘ge%har acteristic values. Fig. 17 is a
bl ock di agram exgnplar.ily. illustrati t he confi uratl n of a .conventional
magnet i c di sk mahh At A IRpa Uiziaig, @ T Sxameleits eresessid Tk ng t he
concept of stem Fig. 19 is a graph in which raw

data col | e@’?‘ga Cia%a{kh %ﬁ%agfﬁégﬁ%\lg% “plotted over a long period of tine.
(020,15 % 0 2l 1 MR RaT i Batnd ST ATBIRE SRl 8
processi ng gaydiRnaf hagh8fE ¥k HafiBtRfing sistdthocessing unit
Fig. 18 is a diagram for explaining 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 part of Fig. 19 is enlargedly displayed by
magnifying the axis of abscissas.

Description of Symbols

[0044]
10 processing device
1 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



13 sensor 20 control unit 30 sanpling unit (data collecting neans) 40 data
storage unit (data storage neans) 50 display/output unit (display neans)
100 cal cul ation section (data processing neans) Best Mdde for Carrying Qut
the Invention [0045] Hereinbelow, an enbodinment of this invention will be
described. At first, to give a schematig description, the raw data descri bed
above include inportant information indicative of the stability of

di scharge. A point of 15 this invention is how well to extract and display
such data to thereby reduce the total data size. [0046]_‘ For exanple, from
t he power Bigpivgntom pubowaveldigtextract and dispday sueh data todhewbytreducelithschar ge
time, the average power during a discharge period of time, and so on. That
is, it is iHdad@s&e that the discharge characteristics can be represented
by a small nunber of data extracted fromone-cycle raw data. [0047]
Naturally, the rE@R48ht a i ncl ude detailed information not included in these

Sﬁltwrera“ Ctabi |1ty SuPAAOP B CORbBEPoR oAU tuD iy 0o ReRebiThL E&
val ues cancritieft BiiadarRE REE e b Gel T Pt B RaldEReogy b o

conti nui “gagé%o%?t tﬂ{%ﬂ’is Iif iﬁlf%nsl%%?éd ma‘?tﬁé’dl\éicﬁgﬁje'e%(’ha%%?%ﬁsfi%ﬁ%r?SQendem

changes in disCharge t1ng a aver age power, S case,

ey FALFEp USRS SRR R ofBd clictscHiBnoRtle ch oy, Possi bl e 1o

[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 an 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



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 value through proper cal culation, but herein,
sone values (in this specification, referred to as "sumuary data" or
"characteristic values") representing t di scharge characteristics other
than those are extracted from the raw data, thereby precisely visualizing
ti me-dependent changes of the data and reducing the data size. [0049] In
this enbodi ment, as characteristic values representing such discharge
characteristics, iadpst Sandarsdrmiation dunaidiscbarggut st andard devi ati on
during di scharge output average val uye, m ni pum val ue, and Xi mum val ue
during di scharge SEPeEHE5398 Valug, FHRIMYMEYatUse ABEIMAXIMYM VBYSsi dered to al so
enpl oy the nunber, of tings of abnormal discharge (counting rapid output
drops). [0050] Hqﬁnnﬂtwgag"ﬂﬁock di agram exenplarily illustrating the

according Lot hetrBvEn: 'bropkPE e lrRkBRsT e HBnEkimaY s 7T
put tor i ng A BEL R LRI SR S PA B RN e BB T o1 1 ng

t he processing d@\%gz 10, a sanpling unit (raw data collecting neans) 30
for collecting raw data on processing conditions (power supply output and

gas pressure forFgenasafhipek diFaarS@mEsRginatatihg e cahfi§Gratieh of h
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 coilecting 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



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 according to a
predetermned rule to thereby process the raw data into summary data
representing a characteristic point for each cycle, a data storage unit
(data storage neans) 40 for storing th? processed summary data in recording
nmeans, and a displ ay/output unit (displgy nmeans) 50 for displaying in a
chart or outputting to another output neans the collected data or the
stored data according to need. [0052] In ternms of a data managi ng net hod,
the sanpli mpacatteriSe pistior esch cysleetheodatacitoragei utgt 4Gexecitas arstepof
processing conditions, the calculation section 100 executes a step of

cal cul at i ngtaring thasuamanadater inithe stasage eneansdendrthe slisplay/ouiput unit ﬁ@r eby
process the raw data into summary data representing a 17 characteristic
point for &XERUEHA %teptﬁéh@gtﬁsﬁlﬁﬁmﬁdﬁe@Hmm@ﬂ @écﬁﬁrég in the sfprage storing
the summary data in the storage neans, and the display/output unit 50
execut es a 8¢@-of chart-displ aying t he sumary data stored in the storage
means. [0053] é&ag a group conprising the cal culation section 100, the
data storage i and the display/output unit 50 can be separated from

managi ng. syst em TR Astoo EonistshE it CRRUBIGRERERIT 135 o BABT BRI °
G spl 2y ouriieanp B6 Gy oLAR R BONAY 5 St il fi 685 BP9y and

ool AP e B A oS B
form ng tre@irfRMtamong them, it is possible to separate the calculation section 100 and
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 fitm 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,



according to the predeterm ned anal ysis point of view and are specifically,
as described above, the discharge ON tine and the power supply output
average val ue, nmaxi mum val ue, m ninmum val ue, and standard devi ation
calculated on the basis of the power supply output. [0055] The processing
device 10 is provided with a processing,ghanber 11 for carrying out a
necessary process treatnent, a processi%% unit 12 for carrying out the
treatment, a sensor 13 for nonitoring the processing state, and so on. Raw
data output fromthe processing unit 12 and the sensor 13 are input into

t he sanpling uni{08®] Data output fromthe sanpling unit 30 are processed in
the cal cul ati on section 100 and then input into the data storage unit 40 and
the di spl ay/ out patis glgiar fromn theableclhidiagrame ofifeg. bea faatnreg@itbis t o

di spl ay/ out put the raw data, .in the formnot processed in hﬂ§ gal ul ation
section 100nanuipgtring systens prsidesointaviding theselculation seeimn Agectgar from
t he bl ock di%&han1of
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The cal cul SEcoiPREEVRs abBn B RIERe s EinraRhEd Bhiat e R . Lt e
representi i haracteristics (this is called a "characteristic val ue”
’&Snir?gﬁer? r Lt . . ( .

and corresponds to "sunmmary data" in clainms). It is possible to define a

plurality of chﬂjgg?trlneri stic values with respect to one-cycle raw data for
one nmeasurenent “i1tem (paraneter) and, herein, as an exanple, five

characteristic vahdesaldfiation section 100 converts raw data for one cycle into a value
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



aver age val ue, maxi mum val ue, m ni num val ue, standard devi ation, and

di scharge ONtine are defined with respect to the discharge voltage. [0058]
The cal cul ation section 100 starts cal culation 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
as follows. That is, when input data S;l:l?i sfies a predeterm ned condition,
the calculation is started and, when i nput data does not satisfy the
condition, the calculation is finished. Specifically, as illustrating in
Fig. 2 as aoltagenddte chlveiat@aecarhies autmmatidslly isteetadsand figistied dyanteomala

di scharge current, the neasurenent is started when the current exceeds a
certain thtréggess thased oo athdesiheld vabusur dhaweversfor fai parahedenivbose Malueur r ent
becones | ess than the threshold value. [0059] Wen val ues during processing
(during di §eramgérhange baetwarn dwdrg praseesioy i d( Ao meRRESSEIgege) differ
fromeach other like the discharge 19 voltage, data cal cul ation can be

aut omat i caMhpsstvariadian dhareater WRBR %‘ﬁef erncgrtwgweeﬂ [AUGi§errIOBRERg 8Rd a

t hreshol d val ue. However, for a gli ramet er whgge val ue does not change
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threshol d wabgentibBP#&) same value both during processing and during non-processing
and thus it is difficult to perform calculation based on a threshold value.
[0080]
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



The characteristic values calculated in the calculation section 100 are

out put 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 displ ay.
Exanple [00611 As an Exanple, the foléﬁmjng conditions are assuned herein.
one cycle 6 seconds processing content in filmformation by sputtering
processing time one second processing unit sputtering power supply (output:
vol tage, current, power) sensor pressure gauge sanpling interval 40
poi nt s/ sec acqui sition data di schar gealpewsvnicum Ngluspstangiarchg
characteristic values ON tinme, average value, maxi mum 20 value, m ni num
val ue, standard deviation threshol ddg¥@Blien5W [0062] Data were processed
under the above conditions to obtain haracteristic values. Figs. 3, 4, and
5 illustrate the'ﬁ@gﬁﬂF@jM?mgonvertiﬁﬂfraM/data for 250 cycles into the
characteristic Vﬁﬂﬁﬁﬁ in the manufacturing systemof Fig. 1. These are
wavefornms of the acteristic values in the normal state. The axis of

absci ssas represents di sk _nunber,s, wherei,n one cycle corJg onds to one
di sk P E)atta weré processed Under the above conc}fﬁons &) Obtgl P

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 vaiues 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 plotied.

[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



[0063] Fig. 3 is a graph in which average values (m ddle), maxi num val ues
(upper), and mnimum values (lower) of the sputtering power (Power) are
plotted. [0064] Fig. 4 is a graph in which standard devi ations (Standard
Devi ation) of the power during the power ON are plotted. [0065] Fig. 5is
a graph in which ONtimes (Duration) of ihe sputtering power are plotted,
wherein a power-ON threshol d val ue was g t 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 confirmwhether a waveform of each cycle has a problem
or not. Whéhe shape géulayetiirgs! by vaualobisenrtipn stongtymes makesgt epsit todfingki s of
abscissas for confirm ng each waveform it is possible to see the shape of
each wavef @mbnasmal poind, sinee itdsithe eperatianly & hwvanibeing dhee iKialsP awavef or ns
at renote portjons. Further, although the operation of confirmng 21 the
shape of wPPEEBIE obinakingan o¥esidhiat i on soneti mes makes it easy to find an

abnor mal poi nt,ni('w it is the operation by a human being, there is also a
possibility of (%g an oversight. [0067) On the other hand, Figs. 3, 4,

o o RSO0 ko B G SHLAAT B, 1
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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 +2 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).



change of about 2 to 3Wfor them [0068] FromFig. 4, it is seen that the
standard devi ati on of the power during discharge in each cycle is about
0.4W Further, fromFig. 5 it is seen that the discharge tine is
substantially constant at 1.0 second. [0069] Fromthese, it can be
confirmed that the discharge tinme and tg? di scharge power are both
substantially constant over 250 cycles th respect to the power. In this
manner, by plotting the characteristic values instead of the raw data, it
is possible to easily confirmthe stability of the repeated cycles. [0070]
Figs. 6 and 7 ar @fitdgrans each illustrating, in the formof a graph, raw
data collected when a failure is discovered in a processed nmagnetic disk. In
a conparison beHmwaverisych a diffgrenag tepge telbefavedaeked By véauat| ear by vi sual
observation. Fig, 7 is qbtained by scaling up the axis of abscjissas of Fig.
6. By car éplfimyatinssandingherase of shet-tmeosysias. tbe wisva! eppfirmagion;itgells seen
that a wayeformduring discharge is slightly unstable (arrowAl) and the
trailing egﬁéo”ﬁﬁ‘#ﬁéugischarge is slightly tailed (arrowA2). 22 [0071]
However, such a ﬂgkﬁﬁrence tends to be overl ooked by visual confirmation
and, in the case hort-tinme cycles, the visual confirmation itself

Do O ekl Ay 5 i e 0B ARG e W B s o7
Fig. 8 is @ HAPMhib:rWRi&Ghilhe quers (Power) during discharge are

[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 minimum 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 (3.4W) 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



plotted, wherein it is seen that the maxi num value and the m ni nrum val ue
change periodically (approximately 50 cycles = 50 disks). [0074) Fig. 9is
a graph in which standard devi ations (Standard Devi ation) of the power
during discharge are plotted. It is seen that the standard deviation also
changes periodically per 50 disks, mherggn t he standard devi ation increases
at 1 to 25 disks and 51 to 75 di sks. 75] Fig. 10 is a graph in which

di scharge ON tinmes (Duration) are pIotted It is clearly seen that the

di scharge time changes per 25 disks. (0076] By paying attention to the
standar d devocassing dévice basenpiobereduringthisidate acqnieitionanderairaseltioft i on
takes a value equivalent to that (0.4W in the normal state at 26 to 50

di sks, 76 tagtugiexamination, ittwrs Eomietbabanczbet prosgssingnit Gannestediioghigi sks, -
are normal . On the other hand, it is seen that the standard deyjation is
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supply. qg) LR/giBRner, by the conversion into the characteristic values,
it is p055| I'e"to clearly display the abnormality that is difficult to
confirm by vi sual[oo-;qﬂservatl on. [0078)

Next, characteristic value calculation 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



Next, characteristic value calculation exanples will be given. Various

val ues can be considered as characteristic values. Herein, calculation

nmet hods will be described using relatively easy exanples. Qher than these,
as described before, various statistical values of waveformrise tinme and
di scharge period of time, and so on can ge considered. Further, other than
t he cal cul ati on nmet hods gi ven herein, ﬁ re are considered to be a nunber

of methods that can obtain the same results and, therefore, the nethods are
not particularly limted thereto. [0079) <Average Val ue avg> Wen raw data
becones a tJarabled arevalmpeared amat the grbeteshvaldatia sat @s agnaxieesn valug pl aced
into array variables C(n) and, when the raw data becones |ess than the

t hreshol d Vaax, Fheapjuitegpnepérsiatanegioens. wmereawwd@e iwbneoue(mbw%@
calculated fromthe placed mval ues. Average Val ue = + + C(m)/

(0080] <Maxprasproxides ifmsonsant perivddeiting befe ang Qﬁﬁ*é%ﬁélﬁiﬂeﬁcﬂ @& or rmre
the raw datg are placed into array variables D(n) and, when the raw data
becomes | es¥S¢#BEt he threshol d val ue, the pl acenent is stopped. Then, the
magni t udes of thei &Hﬁy 24 variables are conpared and the greatest vaI ue is
set as a maxi mum!@ (max). For acquiring proper data, regions where raw

data L5 not oo | BB Gaukdlls ProvLdcd L # constant period of (e
When raw data beqRireR g d4is BagbAe4 HfeHoldRhke dMRofe thd MR Btfare

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 thresholid 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.
Atime 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



pl aced into array variables D(n) and, when the raw data becones | ess than
the threshold value, the placenent is stopped. Then, the magnitudes of the
array variables are conpared and the smallest value is set as a m ninum
value (mn). For acquiring proper data, regions where raw data is not
collected need to be provided in a consg ant period of tinme before and after
the start/end of discharge. [0082] <Stanhdard Devi ati on dev> When raw data
beconmes a threshold value or nore, the raw data are successively
substituted into array variables F(n) and, when the raw data becones |ess
t han t he t iimesidiatalynaflaidhe disshergssor mmediately befaiedhe gndAheeshate d
deviation (dev) is calculated fromthe substituted mvalues. (fornula

om tted) [OUSHEpd<TNaRPIAPIBLY Valueris ast aptpeh(axanPla; MRXIRWY/ak8 ween t wo
measurenent itenms is cal Atinme. i nﬁéant when the item 1 exceeds a

| at ed.
Chreshol d VBRXRUTEVAINEY: ntReTaTara, foRpreventng 1ae SOUSTHON theranl TR t ho
t it d t hol | i i nt H . The ON ti
e o emeowhers Bt RiTd Eole Sl [ ¥ ldrbred SrY e BbferBl v S A ¢ 1 om t he

power suppl the start of actual discharge. [0084] Depending
on a char aé%&?rlggﬁl'i' @gll {IJ@ there is a case where if values 25 imediately

after the di schaL r inmmedi ately before the end thereof are collected, an
appropriate value 1s°not output (exanple: maxi mum val ue, naxi num val ue).

oy SEoCe 1oy SRR TIREl! I olaagly pEB A o Cals s, o
Fig, 11. (0085] A time instant when raw data becomes a threshold value or more is

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 coliected again. Therefore, as it is, a time from final arc generation to the
discharge end is derived.

[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 intc A(0) when a
threshold value is first exceeded and, then, an arc generation time instant is
substituted into B(Q) when an arc is generated so that the output becomes less

than the threshold value.

[0089]



<Di scharge ON Tine (+ Nunber of Tines of Arc Ceneration)> A tine instant
when raw data becones a threshold value or nore is recorded into a variable
A as a discharge start tinme instant and a tinme instant when the raw data
becones | ess than the threshold value is recorded into a variable B as a

di scharge end tinme instant. A di scharge2 ime is calculated by the follow ng
cal culation fornula. Discharge Tine = B¥A. [0086] |In the above nethod, when
an arc is generated so that the discharge voltage becones zero, the
measurenent is finished at that tinme instant. Thereafter, when the arc

di sappears and t Néhef $ehautpet &t statted againaftataestosstiort frotothbearc.oan s ed
again. Therefore, as it is, atinme fromfinal arc generation to the

di schar ge éestorationeime énstaniiesupstitatad ipted&htandy theresfter, aniarcdiMect i ve t o
perform an AND operation with a power suppl %/‘ out put ON conmand and to set A

and B i nt o R§ianiang/a resfosgion e "és&arnt;ﬂr@ SL@§ ut%g*tte&t(@oﬁndﬁﬂﬁ)g)erlz while a
power supply ON co nd is 8tktg a d| har e st ar mg1 Bét ant is
subst i t ut e@CHIBNE B) AN 2H I ameatampae figes j ¢ neW E8JBE PRMET t hen,
an arc generatjoRn,ti.ne .i.ns ubsti tuted int 0 e [C is
Gener at od SUPPHAINdTRR BlibPee B Btnlt ierom e BsSPan BT Br8h " | Goso)
26 V\henth fter restoration fromthe arc, an arc
restoration mi\ é’hg?g%?bgéatt?ﬂdgﬁﬁsﬁpgd into A(2) and, thereafter, an arc
time instant anzg estoratlon time instant are substituted into A(k) and
B(k) per occurr e of an arc and k is incremented each tinme. Then, when

E Efegﬁ‘g’le(rj suppl i (AL BHIRG the aBOAPPRILeaBHg! 1% PYSdIbk tBRER TR/ £5S than the
discharge 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



val ue, the above operation is finished. [0090] By perform ng the above
processing, it is possible to calculate a discharge tine in consideration
of the arc and, further, it is possible to derive the nunber of tines of
the arc. However, in terns of judging the discharge with arc generation to

be abnormal, it nmay be better not to inlz;?r porate such processing. Actual
Di scharge Tine = B(0)-A(0)-B(1)-A(1)+ +B(k) - A(k) Nunber of Tinmes of Arc
Generation = k [0091] 1In each of the nethods described above, use is made,

as a trigger for calculation of one characteristic value (e.g. power), of a
t hreshol d w&r ieuef lnHee magngticalisk mangiaciurinmaeutierng RICESS OFﬁ\ﬁe‘U‘@n,a anot her
raw data (e.g. voltage) .may be used as a trigger. For exanple, the voltage
is used as PHTABYQfIPEPFRESING Heyges areconnactediggetherand fudher, thrseare As
descri bed above, br{ éftori ng, instead of raw data,. chﬁra teri Sc{ai c_val ues
(summary d3EXFTE! Y SPSUSIUE JEMMNteash ProResHRY SNMbRAFNAIRSIRP % an  be

reduced ang therefore it 1S advantageous en col Jecting data over a |ong
period of S‘ﬂ‘?ngu € gq.}?li Wﬁaﬁu']e&?ﬂg%m%% e’b?"?"teé}&féq-oogs] In the above
Exanpl e, sanpli n%q% perfornmed at 40 points per second and, therefore, when
storing raw data, el data amount becones 144000 data 27 per hour. In the

magnetic di sk AR ACLHEIOG SOLEId 900 HOFRSeartdlea 4 pdislgyral ity of

processi ng devi ces are corne oget her "and, further, re are several

tens of MeagUpRARAE dat&IFduht %@6@@%% gr QHW‘Z*I&EB pRPthdMiRr &ipre, the
nunber of total neasurenent itens often exceeds’ 100.

252GB per year in the case of the storage of raw data. In contrast, in the case

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



[0094] For exanple, when data on 100 itens are sanpled at 40 points per
second, the data anount becones 691MB per day, 20GB per nonth, and 252GB
per year in the case of the storage of raw data. In contrast, in the case
of the storage of characteristic values, even the data for one year are
reduced to 52MB and thus the handling gé data beconmes extrenely easy as
conpared wth the raw data. [0095] Th®"data anobunts are conpared. The
conditions are as follows. nunber of times of sanpling 40 points/sec cycle
time 6 seconds neasurenent item 100 itens data byte 2byte/data nunber of
char act eri st hembeal abbytesipes 3 d4y8096] 2&FMEAri son Taﬁl%&g(l n Case of Raw
Data) (In Case of Characteristic Val ues nunber of data per cycle

240/ cycl e 5/ symber afiyes per vegel es per2$wadBB500 cycl 82.6008 cycles per point
per hour 144000 600 _ nunber of data per hour 14400000 3000 nunber of bytes
per hour 28.8MB §&97Inunber of bytes per day 691.2MB 144KB 28 nunber of

bytes per 30 dayg, 20. 768 4 N8 | ITOET. OF DL €5 PEL. Y e2he 22RO E
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
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



Next, a description wll be given of a way of using (extendability of) the

f oregoi ng enbodi nent. As descri bed above, by converting raw data into
characteristic values, it is possible to easily performabnormality
detection that conventionally relied on visual observation. For exanple, it
is very difficult to confirma dischargg time wusing raw data, but it can be
easily confirmed using a characteristic Yalue called a di scharge ON ti ne.
[0098] 1In addition to the foregoing configuration, there may be preferably
provi ded reference value setting nmeans for setting an upper or lower limt
reference Vakuase) structesatigcthetomeydie pfefelabiyaprioeidesit meansfargadgisgnmar y

data), abnornmality judging neans for judging abnormality based on

conpar i son whethevweemadtecharbotegistie vaieuesmanaly tdada chutpatfremi theicalordatioms, and
al arm generating means for generating an alarmaccording to a result of the
judgment Isgctiore 188 Mnwithingg piaper rengteand maans fek gaperatinpangpen whener

limt alarns are set with respect these characteristic values, abnormality

can be ef f be charagteristic vaiug isdudged tp deviate fsapdbe preperdangei oRY Adding

di scharge, if upper/|ower lim¢t alarnms are set for the characteristic
TaT uoe. Sueralles HRGAha baVE EUSHIAIGN 1o Lhe DFR,GORT VAo S AGTHE 1 1 mum

val ue, it i ssible to e themfor a acceptance/rejection judgnent or
the like. g\?/fgﬁﬁ\@g HOEQS?JE@'SPBV%{ %}%Wﬁﬁw conplicated waveform if the

characteristics 2@ %ﬂe waveform can be well converted i nto numeri cal
values, it is po 9 e to set an upper/lower limt alarm and thus to

per f orm abnor nal i%hgﬁ;a%c#'j}]&ﬁ# Q%mﬁgnﬂ%?%%trﬁgﬁé#&ﬁgn élﬁg% upper/ | owner

limt alarmof raw d I S mahner, characteristic value is

used. the URRRIULAURIvALEL AR B RRoBIIGENIN e/ ral dakg e, whi ch 1 5

beneficial. I'n this case, structur nere nmay be preferably provided
means for judgi ngrig Welilstates thetoAfightafies bréviddd withal HErmAUEWRIata dat a)

output fromthe cal cul ation
storage path in addition to the configuration of Fig. 1. In this case, it is
preferabie 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, Asa
production management system in that case, it is preferable to have the

following functions.



section 100 falls within a proper range and neans for generating an al arm
when the characteristic value is judged to deviate fromthe proper range.
By adding all or part of the above configuration to the basic
configuration, it is possible to effectively notify and discover
abnormality. [0099] Further, as anotheggexanple, the data managenent using
the <characteristic values can be assocrated with the raw data. Fig. 13
illustrates the configuration provided with a nornal raw data storage path
in addition to the conflguratlon of Fig. 1. Inthis case, it is preferable
to perform mappi By dét ween characterlstlc val ue data and raw data using a

rel ati onal datab e (@PB ossi bl e oduce a program
that nmakes it po&® bl %Bﬂ?%fj% Ef WWP&?W'PP”B&@BL%?&; when

b | i d h d
oo Capatreph '%X%%Ef%sgafqﬁﬂfsﬁ't?oa‘#gfw% Sl

of time in ?EE" S ¥F3r€l i€ ap 20 B Bt Edne® Rl Ba Bler/adiCr cBse 1
data vol ume. @Pgﬁlyhé’ﬁ(tﬁeegé e dhs QcﬂBQ&fé }:QPP@EE eg!a uf 3 Lible bf 1s possible

to automatlcally raw ora eV|a es froma set

range. [Olgﬂﬁracwﬁ%grc \J%IL?@§8MIP&|‘59§‘0Y"&'c%s?@tt&bﬁ!r?ébtrﬁéd?soﬁ Eﬁa yeper gutthef,

extended as a production nanagenent system o'ng al arm

i nfornati omhd giarmsdntemd as‘,é@q@;id,gma@egat abase along with the characteristic
values, it is possible to easily exam ne the behavior of the characteristic

val ues at the ti@ ofwhbe agsesrycedf time @hdtheh@hBemurbearepindt! & fremd
nmanagenment systemin that case, it is preferable to have the follow ng
functi ons. gBfph pOdiErhcteristic values of a chamber concerned is displayed. Further,

an alarm generated place is marked and the alarm contents are displayed.

(e) 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 ora CVS file. Further, alarm generation data is also output.

(fy  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



(a) Wien the date and a di sk nunber are input, a table of characteristic
val ues of a disk concerned is displayed. (b) Wwen there is an alarm the
alarm contents are al so displayed. (c) Wen the date and a cassette nunber
are input, a table of <characteristic values of all disks of a cassette
concerned is displayed. Further, the ﬁ% rmcontents are al so displayed. (d)
When a period of tinme and a chanber nu r are input, a trend graph of
characteristic values of a chanber concerned is displayed. Further, an

al arm generated place is nmarked and the alarm contents are displayed. (e)
When a per istitestiatd imea disdhargshperiost oftimb éntozareay varigbles.c hHterefere) ists ¢ val ues
of a chanber concerned are output in the formof an Excel file or a CVS
file. Furthecessdrptoregenre atdrge nornany areal sd hisumethod ¢ ba easdy pealzhdnge
history and actual values are displayed in a graph and a portion with a
devi ati on &V the seftwarenon & prysonalesrepyter, Hnughas iedlly mrapplying e eidsvicecan al |
be realized by jointly using a database. [0102] Wen the production
managenent V4iisd émaIH&@PﬁS't‘.f H@”&%v‘é’-‘qmﬂ%ﬁpd-r% (Piogrammable egig, Contrellernossi bl e
to achi eve, an | roverri Q/ mana enent nd a qui ck response by
free infor Bt RSRILKRBER] geAl§§F B‘P&Bﬁ PO FE@MRRYSIng BHGEt"aﬁﬁ &P act ur er
t hr ough conmmun % ans such as the Internet. [0103] Next, the data

pr ocessi ng'% ?‘6‘%@% qrgi’lc 1culation of characteristic values wll be
described with rﬁﬁﬁnce to a flowchart. [0104] Fig. 14 is a flowhart
illustrating a f data processing exanple performed in the cal cul ation

section 100. | n i s, HERISLAA DI AP hGwcRatBE PRE 1iSs SR Stlib kting

successively 31
of a 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 S102, 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.

[0106]

Then, in step $103, raw data is input (x = data). Then, in step S104,
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 $S1095 starts counting a discharge time (count = count + 1) and
stores the data into an array (data(count) = x). Then, in step S106, 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 S$107 of the characteristic value calculation routine, the length of

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



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

it is necessary to ensure a large nenory area. This nethod can be easily
realized by the software on a personal conputer, but has difficulty in
applying to a device wth a small capacity nenory, such as a PLC
(Progranmabl e Logic Controller, 1i.e. a $equencer). A second data processing
exanpl e using no array variables is su? able for PLC. (0105] Wen the
processing of the flowhart of Fig. 14 is started, initial setting of a
threshol d value xth, an after-discharge-start delay time t1, and a

bef or e- di smpgme@atmgdvpaqeds teestep S(tu&mberceodateg@ompngdm toﬁéfnoegt!ms to be

ignored in Fig. 15) erformed in step 5101. Then, in step 5102, vari abl es
such as anPb &GWOWI‘IGL@S%QGQ%QFW a/acpru%snﬁis@mgatqﬁ%frmfheéa &fnin, a
o1 Al | zedhe CIRORBEE dHHaS IATOVER MBUJHSN T GRS ABHOY GV o) . Then,
based on wNELEAS. SroiBUTS Yok Edfar d@%ﬁﬂﬁﬁ@&%ﬁ@ﬁéhs@& il by, 4 10%
b schar go. BRI IEE TRE Bty SBMETS T ores he data into an array
(data(count) = x) %dgg%rgggg(%ttg@ 518@?& 5}e di scharge end is judged. The

di scharge end isj rr'“or not x<xth and count>0. Wile
the end conditi ops,at enddla 1 sfif t2) he | oop of steps S103 to S106 is
repeat ed. Each t??rab t he oo%\(?it repéei(at d, a value of raw data x is stored

into an array vaiahl m,ﬂggg@”\/ﬂmag@ﬁ di scharge ends (when x<xth and
count>0), the processing goes out of The |loop and enters a characteristic

val ue cal cul ati Oﬂlevwétdéeida&ﬂlﬂl] data(t2yt ep S107 of the characteristic val ue
calculation routine, the length of the discharge tinme is judged (count>10)
and, when the di $chaune xtsamepling ratang,

[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 value.

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.



32 the processing proceeds to step 5108 where data corresponding to t1 from
the beginning of the discharge data and data corresponding to t2 fromthe

| ast of the discharge data are renoved and then the characteristic val ues
(average value avg, maxi num val ue max, mninum value mn, standard

devi ation dev, and discharge tine t) a,ég cal cul ated. avg = average{data(tl)
- data(t2)} max = max{data(tl) - data )} mn = mn{data(tl) - data(t2)}
dev = stdev{data(tl) - data(t2)} t = count * sanpling rate [0108] On the
ot her hand, when the discharge tinme is short, the processing proceeds to
step 5109 where This fidwetwst ghows the pricassing exaoyile usimgetd aaasedadanbleshe dat a
up to the count value. avg = average{data(tl) - dat agcount)

nmax{ dat a(t Sjeps 3430 h(*Yhtand S%@?naﬁe therﬂaia@ aptstgps S8t % t&4rand sa@@ in=
stdev{data(tl) - data(count)} ount_* sa 010 Then, in
ei t her casgh ?“?\V"%‘ﬂ éFLEQOMt h§t%5ggﬂ£@éﬂ9”@ﬁ n&ﬁ?‘%ﬁ‘gfﬁ@tlwgg'g?ﬁﬂh@és%?% (avg,
max, mn, deyv, haé#are out In ste

initializedXH WheD 'BP Bﬂ@’F@tlE??}&a{rbt §tt8[)e \r’é‘l?l'g!txg}@*tﬁ 0, count =
gat gvgr g?éégqrgg&sg@ Fgedé Po %t% é:i% a% re pea?s 186“6'1%& g!)ésu%trét?éh Qt%pg second
5203, 5204, and S206 in order.

[0111]

When the data x exceeds xth, the judgment in step 5204 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 $206 and S207 update the maximum
value (when data>max, max = data is set). Further, next steps S208 and 5209
update the average value/variance (when count>t1, totalx = totalx + data,
totalx2 = 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 S212 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 $218), 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 conditions are satisfied (i.e. immediately after the discharge end),



performed in the calculation section 100. 33 This flowhart shows the
processi ng exanpl e using no array vari ables. Steps 5201, 5202, and S203 are
the sane as steps S101, S102, and S103 in the flowhart of Fig. 14. Step
S204 performs a di scharge judgnent based on x>xth and, when input raw data
X 1s less than the threshold val ue xth, ihe processi ng proceeds to step
S216 and repeats a | oop 1 that goes thr%ugh steps S203, 5204, and S206 in
order. [0111] When the data x exceeds xth, the judgnent in step S204
becomes YES so that the processing enters a loop 2 to cal cul ate respective
char act er i $hé datavareumsei outpetiioendatabpse12] That is, step S205 counts up a
di scharge tinme (count = count + 1) and substitutes the data (data = x) and
steps S206 and SHUMSlpdate the maxi mum val ue (when data>max, max = data is
set). Further, next steps S208 and S209 update the average val ue/ vari ance

(when count>t|, t&tdi6dsa fiwvehart Wugkating atiyfafate processnd XagRie~2, and avg
o Lo XL el B SEibngh SBaEbn, 00 A 1"  oL €0, $210 and S21L perform
S22 SRt op ST bl bobBe BT el e
ret); et e TR el S SRR ORRRAR B R s RO SR 1O,
and repeat S0 PESED SR A Seod B R e bA TR B T g enr
i's judged tgndey steps S301 to S318, only steps S314A and S314B differ from the
example of Fig. 15 and the others are the same as steps 5201 to S218 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
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



positive when data x < threshold value xth and count>0 are both satisfied
and, when these conditions are satisfied (i.e. imediately after the

di scharge end), 34 the data are once output to a database. [0115] Fig. 16
is aflowhart illustrating a third data processing exanple perforned in

t he cal cul ation section 100. This flowhgtt shows the processing exanple
corresponding to a case where the discharge is tenporarily interrupted due
to arc or the like, which is obtained by partly changing the second data
processi ng exanple of Fig. 15. Anpong steps S301 to S318, only steps S314A
and S314B differ fddRthe exanple of Fig. 15 and the others are the sane as
steps S201 to S218 of Fig. . 15, and therefore, only the different point wll
be described. [01lsthe foreqqing egbadinentsatha desrsipyen Baskaatediven Cbiea PLC i s

oo o B M RS e BB St B B Rat R S ot
is Iess. t han at t hr j_?hol d vt%l. ue | n.stﬁ;psl S304{A a}qd.t83ﬂ%?. cI)n this case, the
processi nlg ERErs: 4'19%90F '3 I EVEBEAN frod SR GHRTCE RIS CHE FEOYTHY Dr perform
t . .

e PR e Rl e S P Do,

t t ' : .

ol col ati on SERERERER sEE T PR, hinPe A HnplibdBle A SrEACE bidbessing, 1y 1
the cal cul aHbOi@e%@Pﬁﬂo%@[s%iﬁgﬁ/@rﬁ?@%ﬁfg}(%@ttéﬁﬁg%ut@% WQ%?Ete%‘ﬂ’fa’%Ct eristic

val ues are cal cul at ed. he data processing Illustfated in each of

Figs. 14 topéfoifis REdryiroBEssifg SQERBTD,. @ programrecorded in a
conput er -r eadabl e recordi ng nmedi um



Therefore, this invention also covers prograns adapted to execute the
processing of Figs. 14 to 16 and recordi ng nedia recordi ng those prograns.
| 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 syste@§ However, this invention is also
applicable to other processing devices §or processi ng substrates, for
exanpl e, a sem conductor nmanufacturing systemand so on. Further, this
invention is applicable not only to a processing device for processing
wor kpi eces by sputtering, but also tdleABMStem that perforns ot her
processi ng such as CV/D. 36 CLAIMS 1. A processing data nmanagi ng system
conpri sing data processing neans for receiving raw data on a processing
condition collected in a processing device that repeats the sane process

treatment for each/\dyeFes g dasd vg Qginﬂgs_y§£ﬁr8 CPEWTEH% according to a
EES?ZZELE g a GHBIUREPFSNE Eed By e R LAN s an ARIPaRHROLPHRABE neans
o 501 BB PSRRI AL b A e AFROR, o FE S5
data on a %Bﬁﬁgélb%oc@é]gdfﬁiiﬁ@safaoljaw&étﬁ%dcﬁrcﬂnyggEd’ﬁ?g&@t@{tﬂﬁ]‘@dcrﬁlet et
repeats thé same process treatnent for each cycle and cal culating said raw

R T S e A e

point for each cycle, and

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. 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.

4. A processing data managing system according to any of claims 1 to



di spl ay neans for chart-displaying the processed summary data. 3. A
processi ng data nanagi 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 treatnent for each cycle and
calculating said raw data according to a predetermned rule to thereby
process said raw data into sunmary data3f7epresenting a characteristic point
for each cycle, data storage nmeans for storing the processed sunmary data in
storage nmeans, and display nmeans for chart-displaying the summary data

out put from gaefdeindata processing means or the summary data stored in said
storage neans. 4. A processing data managi ng system according to any of

claims 1 to 37 BaidV2eV €htalis savdiata ondabeedsing avndiadivs onNthi AR fshiigg
conditions of thin filmformng treatnents for a nunber of workpieces, and

sai d summuartpeatiatats for daiimbeadsfogsrkpieces zandy converting said raw data on
the processing conditions of the thin filmformng treatnents according to a
predet er mi ned anshiyssempainntatds isvdatavreducedl ipraimely cogvetting saahagy datasyst em
according to claim4, wherein: said raw data is raw data on processing
condi t i ons oofthetiracésding tonaitions of theahmeflrsformingatreatments accongdigeta 2 di sks,
and said summary data is data reduced in size by converting said raw data
on the prod@sedstagniredanalysis peftohEiemhin filmforning treatments for the
nunber of nagnetic di sks according to a predeterm ned analysjs point of
view. 6. A processi AyPOFEEERE D MANAINI W%@'@c@é’f‘i‘i@gé‘%\?&% ‘l'r‘(ﬂ{)er?@beats

the sane process treatnent for each cycle, . . — .
P said raw a{a is taw data on ;}/rocessmg conditions of thin film forming

treatments for a number of magnetic 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. A processing system comprising:

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

raw data coliecting 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.

7. 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 reguiar 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 vaiue, a



raw data coll ecting neans for collecting raw data on a processing condition
in said processing device, and the processing data managi ng system accordi ng
to any of clains 1 to 5 for managing the raw data coll ected by said raw
data collecting neans. 7. A processing systemaccording to claim6, wherein:
said processing device is a thin filmform ng apparatus for formng a thin
filmon a surface of a substrate by gengBation of discharge in a processing
chanber maintained in a predeterm ned gas pressure atnosphere, said raw data
col l ecting nmeans collects, at regular sanpling intervals, at |east raw data

on a pover qSHnRlM, eallieuh rﬁiﬁfm%%ﬁt?é,ié?ﬂ 4 BandhffH8vidon %F‘ﬁwéé&\ﬂ?rpr ocessing

dat a managi ng system based on said raw data on the power supply output,

repeat edlysgab@ld@smwaﬁgr\lawsqﬁts@orefs@@icﬁ@@r’ﬁn@fﬁldata.on at |east one of

itens such as a discharge time and an average value, a 38 nmaxi mum val ue,

a mni num val ue, 8and grostesifgisysidayhetardimgato didien powkereisuppl y out put and
di spl ays or stores said sunmary data. 8. processi ng system according to

claim7, wherei nsaslprdcpssingslevitg isevovided sithreopludsldy of electropgesiirathet y of
el ectrodes in the processing chanber for discharge generation, and said raw
dat a col | eprocegsirgaciarobel foc dischavgelgereration, awhver supply out put for
di scharge generation for each of said electrodes. 9. A processing system
accordi ng to cl asaidraw d@ta alectinghmesascojeeissawi daja dava pewebhpPPl¥es a
plurality of praocessing chanbers for formng thin filnm on the substrate in
a predet er Ui forr diseharggpeserationninr gach of spidRlerthede®ans col l ects raw data
on a power suppl ut put for discharge generatiop fqor each of said
processi ng chanbér S H@?eﬁs'ﬂgéﬁﬁ@ﬁ ﬁ@g@?g\getﬁ Cj%' ?éﬁr%g“f @Ry of claims 7 to
9, wherein: said thin fil.m fdorrri nc% a&paratuF ist a.magnetic OHSkb
manuf act uri ng sald processing device comprises a plurality of processing chambers for
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



apparatus. 11. A processing device data nmanagi ng nethod conprising: a step
of collecting raw data on a process treatnent condition in a processing
device that repeats the same process treatnment for each cycle, a step of
calculating the collected raw data according to a predetermined rule to

t hereby process said raw data into summary data representing a
characteristic point for each cycle, and3@ step of storing the processed
sumary data in storage neans. 12. A processing device data managi ng net hod
conprising: a step of collecting raw data on a process treatnment condition

in a processing gdeyhserERat-diRaasg HdErozaEBe PEQRRSEYIdseat ment for each

cycle, a step of calculating the collected raw data according to a
predet ernined rul ¢3t o Atgrece&sing Hevies Hatd hthnaginPrlethddbScsrdMipto)islat a
representing a characteristic point for each cycle, and 39 a step of
chart - di spl ayitgwhbmeimr ocessed summary data. 13. A processing device data
managi ng net hod according to claim1l or 12, wherein: said process
treat ment in sai dspidquessssednendan isaidoprobessing Idevicerisiartyin filmeformmeng  f or
formng a magnetic disk thin filmon a surface of a substrate by generation
of di schar géreatmantfootasyng g roagmetér digkihin fimen a audage otistsubairatedy gas
pressure atnosphere.

generation of discharge in a processing chamber maintained in a predetermined

gas pressure atmosphere.



