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The present invention relates to a magnetic transfer 

apparatus for transferring magnetic signals including 

5 f QI1J!.attin9 ~nformation or the like from a master disk onto a 

magnetic disk used in a hard disk drive or a floppy disk; and 
.. . 
a method for monitorinq particles which can be obstacles to 

the maqnetio transfer ot data. 

Recen~ advanced magnetid recording techniques ha~e made 

.· 

.10. maqne~ic recording devices to have increasinqly larqe capaci~y 

and small size. The increase in the recording capacity of ·har~ .. 

·. dis~ dri~es. due to hiqh density recording is particularly 

nQte~rthy. A hard disk drive is nomally composed of a· 

plurality of magnetic disks, a plurality of magnetic heads 

15 re~peotively corresponding to each of the maqnetio diskS,·and· 

.an eiectronic circuit for reading recorded signals. The 

magnetic disks are imprinted with magnetic signals including . 

formatting .. information and address information during the 

fa~~i~atio:n. process of the hard disk drive. While such writi~~{:: 

2'0 · of maqnetic signals onto the magnetic: disks oan be done us'ing·. ·: · 

: : ~he magnetic heads of the hard disk drive itself, it is ·the 
. . 

.. .. 
:. . .. 

.. 
. ' 

usual pract"ice to transfer magnetic idgnals from a master disk ·. · · 

collectively to several magnetic disks as slave disks. Fig. 4· 
'r 

shows a prior art magnetic transfer apparatus used for .. 
·' 

2s· '.transferring data from a master disk to several slave ~isks. 
. " 

.. .°"' 

.. · ...... 
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Tlie magnetic trans£ er apparatus includes a square aafi-:tng :· 

10 for aaaommodating other members, Clean air is supplied into. 

the oasinq from above so that magnetic transfer is carried out· . . 

·in ~ clean ·environment. A cassette 11 accommodating a 

· 5 plurality of slave disks 1 is transferred into the ·oasing 10, 

and the slave disks l are removed from the cassette 11 by.a . 

disk handler 13 one by one and transferred to a suction head 3 

proviqed on a rotary index head 4, The rotary index head 4 

includ~s four, equally spaced suction heads 3 along its 

.. : .. 

' . · .. 

.. . ... 

10.. . periphery, sp that each of the suction heads 3 moves from o~e . 

to anot.her of four stop positions A to D as the rotary index. · ·. 

~ead 4 ro~ates intermittently. A position detector s, a 

for~ign ~ubstance inspection unit 6, a format device 7, and a 

. · .. · .. 

transfer stage 8 are respectively disposed near or opposite 

15 each of the stop positions A to n. Thereby, as the rotary 

. index head • rotates, a slave disk 1 held on the suction head 

3 sucaessi~ely undergoes position detection, foreign substance· 

.inspecti9n, erasion of surface magnetism, and maqnetic . . . 

transfer· of data. A master disk 2 is held in the transfer 

20· stage 8 at the stop position D, and the slave disk l is· 

.. . . 

. . · . ·. 

· .. 

·"·'· . 
.brought in contact with the master disk 2 when transfer~in~ 

·data thereonto. .. ·: . : . . . .. · . 
•. 

~ .. : . .. : 

An extremely high degree of cleanliness within the casing· 
.... 

-~o ·±s c:tuaial when aarryinq out magnetic transfer of si9nals ~: 

Even a ~lightest amount of dust or particle present in ai~·can· 
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:. (:· • .. · • coi.stitute obstacles to the magnetio transfer of signals ~r~ :.;:,r.:·.> 
the· master· disk 2 to the slave disk 1, which must be in olos·e : · :'. 

contact with each other. Particles may also oause scratches on . · 

tlie _ma~ter disk 2, deteriorating its life. While the interio:r ·:·,.··.· -.: .. 

of the casing 10 is filled with clean air supplied from above·, · :.· .. : . . . . : ..... 

there still remains .the possibility that particles are 
... ': .. 

qenerated ~rom various mechanical members in the casing 10·. -~n. .. 
.: . . 

' 
· p~~or art~ a probe 16 is inserted into the casing 10 through ~ :· .. : .. : _.: ..... 

door l~a for measuring the cleanliness inside the casing. A ,· · ..... 

10 .re!'in tube 18 connects the probe 16 to a particle counter 17 .... 

With such construction, however, when the ~oor lOa.is 
: ·· .... 

opened to ~nsert the probe 16 into the casing 10, dust may be· . ·· 

qen·erated or outside foreign substances may enter the casi~9 

10, ther~by making accurate measurement of cleanliness 

·is impossi):>le.· 

.... · ,• 

... ~ 
... · ... 

.. · : ... \ :. 

Al~o, since the source or the cause of the particle( '°i;e: · · . ·. 
hardly locatable, detection of particles provided no clues £oi 

the:a~prop~iate measures to be taken. 

· An·~bject of the present invention is to provide a 

20 · magnetic transfer apparatus and a particle monitoring method· .· 
·ther~f~r, with which particles inside the magnetic transf~r 

appa~~tus are accurately detected and the causes of the· 

-particles ·are specified. 

A maqnetio transfer apparatus according to the invention·: ... 

2s:· . inC:lu_des· a _base p1ate on which members for performing :magne~iQ 
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: ::°'.: '·.;·· ·.·· '·· ··tti:insfer · of signals from one medium to another are pla<?e41: .. _a.· 

. . 

5 

10 

15 

. .. 

. ':. . 
Ca:sinq On the base plate COVering the members entirely I a.nd ~- .... 

plurality of particle measurement devices fixed in the base · ·. · . .-: .... 
. . .·: . : . 

pla:te· ..... -:.:. .. . 

The particle measurement device includes a suction por~, ... 

a particle counter for measuring particles present in air 

sucked out from the easing through the suction port, and a 
tube for connecting the suction port to the particle counte~. 

.... ·. 

. . 
Because of this structure, the casinq need not be opened for· · · · ·.· .; . : . · 

.. . .... :·. 

th~ lneasurement purpose, preventing foreign substances f~o~. ·.· . 

entering from the outside. The suction port of each of.the 
. . . . 

:· . ·. 

particle ~easurement device should preferably be dispos~d. .. : . ·. ':.,~ : 

respectively near each of selected ones of the members~ so as .... ."· 

to ensure that the source of particles is more readily ·1ocated~ .. :, . 
. .. . 

A pa~icle moni torinq 11\ethod for evaluating cleanliness· . · 
. . ·· .... 

. :,.. :'°·· 

·: . 
.. :· · . . . 

·. : ~ . 

meas~rinq particles within the magnetic transfer 
. . 

apparatus by a plurality of particle measurement devices. 
... ·: 

20 disposed· at a plurality of measurement locations· in the 
..... 

magnet-ia t~ansfer apparatus; 

spedifying a source of particles based on numbers. of 

particles measured at each of the measurement locations and 

· · ·:numbers of particles measured in a time series at each of the · .. . . . . . . . . ... ·. 

25 .. ·· measur~_ent locations; and 

.. . . . 
'·. 4 

· .. ,. . 
. · .. 

. . . 
·: . ... .. ... . : '. 
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.··. .. eva~uating the cleanliness in the magnetic· tratl$fe:t;:· 
' . .. .. 

apparatus based on the measurement results~ 

The.use of the plurality of particle measurement dev~o~s · 

~~a~les.: distribution of particles or variation of cleanlitl;ess: :.: ... -:-". · .· 

5 within the casing to be detected. Preferably, the evaluatiop.. . : · 

of .clea~liness is based on the numbers of particles me~suted.' 

of partic~es are z;eadily locatable based on the numbers of' : 
. . . 

"·10 particles measured at various locations, in combination with:· 
.· . 

the measurement results of the changes in the number of 

particles in a time series. Thereby, the environment within: 

t~e maqnetic transfer apparatus is optimally controlled. · 

Preferred embodiments of the present invention wil~ b@. 

15 ·hereinafter described with reference to the accompanying 

20 

· drawing·s ,. in which: 

Fiq_; 1 is a schematic top plan view showing the 

. construct.ion of a magnetic transfer apparatus according to 9n~=. 

embodiment of the present invention; 

Fiq. 2 is a schematic side view of the magnetic transf~r· 

. ·~pparatus, :. 

· Fig. 3A is a graph showing the number of particles . at . 

~each measurement position, and Fig. 3B is a graph showing 

'"C;:!hanges in the number of particles at a specific position :as:: 

· 25 · · · t~ ·passes; and . . . ~ . ~. . 

. · .. : . 
;_~ '.: .. 

. . .. .... 
• '.'I. ·- •• 

. . . . . 
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. .... .. 

.. . . ·. · .... ~~<l~ 4 is a schematic top plan view showing the · 
..... 
. . . : . ·.. . . . 

con9tr~otion Of a Conventional ma9ne~iC transfer apparatµs. · 
. . . 

Figs. 1 and 2 illustrate a magnetic transfer app.a.~atus. 
' . 

aeeordin<i to one embodiment of the present invention. ~i:thi~ a·:.-:;··.· . .. ·.· 

5 casing 1o·are accommodated members for performing magnetic. 

transfer of signals from one medium to another. As shown in··. ·. · · .. .- .. · · . .. . ·. 

Fi9.· 2·, the members are placed upon a base 20 on a bed frame··· .... · ·. · . 

19·~ and the casing 10 is disposed thereupon entirely aoveri~g · · ... , · ·, . . .. 

the ·base 20.. An air supply unit 15 is provided on the aasinq·;_.:. ~· .. 
. ·: .. 

10 · 10 for supplying clean air into the casing from above. 
.. ... 

. A. cassette 11 accommodating a plurality of sla'7e d~sks. ( · ·.:·. ,: .... 
. . . 

is transferred into the oasinq 10, and the slave disks l. ar~ .. , ... 

removed from the cassette 11 by a disk handler 13 one by· .one:· .... ·· ... • 
.. 

a~d transferred to a suction head 3 pro'7ided on a rotary ·1n.de~ · : · \:-. . . . ·: :. 
•, . . . 

15 head 4. The rotary index head 4 includes four, equally spac.e.4: ·: .: :. : ·:: 
·. · .. 

suction heads 3 along its periphery, so that each of the 

suction heads 3 moves from one to another of four stop 

.p(>sitions A to Das the rotary index head 4 rotates 

. intermittently. A position detector 5, a foreiq~ substance· 

20 inspection unit 6, a forlllat device 7, and a transfer stage 8 

are respectively disposed near or opposite each of the ~top 

positions ~ to D. Thereby, as the rotary index head 4 rotate~, . 

a slave disk 1 held on the suction head 3 successi~ely 

·undergoes position detection, foreign substance i11-spect!on1 . · · .. 
. ·. : •, . 

·. 2~· ~x-asion of· surface magnetism, and magnetic transf~r of data. · lt: 

.... 
6 :, . 

1. ·. ··. · .. ·. 
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· .. ·· . .. · ... :·. 
~ ... · :_ .. ·: :. . .... :·· . . : . . . •. . .. · . 

. ~a:&te'r::·c:{isk 2 is held in the transfer stage 8 at. the'. stdp ·: :< . , . : 

" . 

. " 

" . 
··.· 

position. D, and the slave disk 1 is brought in contact with .. 

the master disk 2 when transferring data thereonto. Ref~rence. ·. · .. . , .. . . . 

numeral 9 denotes a master disk loader for supplying th~ 

... 5 mas~er . disk 2 to the transfer stage 8. 

. : . . 

" At a plurality of, for example six, locations on t)l~ bas:a .. ·.'. · 
20 a~~ .provided suction ports 12. The suction ports 12 . · ... 

communicate with resin tubes 21 passing through the b~se 20 

and thereby are connected to their respective pa;ticle .. ·~ . 

10 coun,ters 14; so that particles are measured at a plurality Of. .. .. ·: · ... 

locations ·within the casing 10. In the illustrated example, · · '· : . 
... . 

'the suction ports 12 are arranged respectively near the. ~isk · · " : .. " 

handler 13, position detector 5, foreign substance ;i.ns~eet.ioh . ·'." · .·· 

unit 6, format device 7, master disk loader 9, and trans£er .· .... 

15 stage· e·. In this way, the source of particles is readil:y 
. .. ... 

. . . · ·.· . ·· . 
. . 

spotted. Instead of providing several particle counters 14, a 

single ~a~ticle counter may be switchably connected to each o~ 

the· resin:t~bes 21. 

The suction ports 12 are fixedly disposed within the· 

20 · ·ca~in9 10, so it is not necessary to open the casing 10 for 

the...measurement of particles, ensurinq preventi~~ of 

. " 
. ... 

·: ·. 
. :".' · .. . : .. 

contamination which was, in prior art, caused by the par:tiole · · .· ." 

. · meas\lring. operation. 
. . 

" . ·. . · :Refe?irinq to Fig. 3A showing the numbers o~. particles 

25 'meas~r~d at each of the suction ports 12, it is determined : 

. ' 
.... =·. 

7 ....... 
~ . 

. ... .. 



... : ·: 

, .. :·. ·, · .. ·. . . . ... . . . . ... . . . . . . : . 
·: :: ·. . . . 

.... · .. 

.. · .. . . 
that· -~h~ .. ·.source of particleB is located at the mea~ut~ent · · 
... · .. · ... 

=:· . : . ' . 

. < .... ·. ·:· .. 
position III. Moreover, the graph shows that the nUDlber of 

..... particles decreases stepwise from the peak at position III . . . . · . . . : .. . . taward the positions IV and v, implying a draft flowing· .·. ; .. ~ 

5· tOW'ards the positions IV and v. Based on this measurencent 

10 

re~ult, it is assumed that a problem exists in the direction · 

of the di:'af t or that any of the moving mechanical membe~s has . . . 
... :. .. . . , . ; . 

a· prob1•_. Thus, it is easy to take appropriate measure~ ~or 

-dealing with whatever oauses that are specified. 

The causes of particles are also detectable from the 

change in the number of particles as time passes • Fig. · 3B .-is .. 

one example of measurement result, showing the changes·~ ~~e 

.. . ... . 

number of .particles as ti.nte passes, measured at a specific· .. 

location. The graph indicates that particles are genera~ed 
. .. 

is 
. ·. " ..... 

every thi~d minute, approximately, based on which it is_ 
.·. 

.. . . . 
assumed that one of the members which operates at interv~ls ··of.:. .. . : · 

. . 
two ~inuets may be the source of the particles. In the . 

... .. . 
. . :" 

illustrated example, the loader (not shown) for carrying ·in, · .... ·· · .. 
.. 

the c~ssette 11 into the casing 10 operates every third mi~ute, .. •: ' ... 

20 ·and therefore it may have a problem. . ·. ·. . . 

-Evaluation of cleanliness by the measurement of particles.-: : :· :· · · ... · . 
·. . ·. . ..... . 

is based on a comparison between a mean value (n) of a certain· .. :. : · .. 

number of times of measurement and a predetermine~ ref erencQ 

. · ... ·. ... ·value, and "between a maximum value (m) of the several ,~·,µ.es: o~ .;·.·:. ·.· .·· . 

· 25 . meaau~emerit and a predetermined reference value. 
. . 

.. . 
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·. -F~.r. -example, measurement is made five tim~s. · ttro~.1-d~d. 
•• "!' 

that the result 1 and the result 2 are as follows: 

.Result 1: o, o, o, 5, o 

Result 2: 4, 4, 4, 4, 4 

5 If the ev.aluation were made based on a comparison between ~ 

maximum nu~er of particles deteoted and a reference value 

which is for example 5, the result l would be determined as · 

abnormal, . while the result 2 would be determined as normal •. 

AC!tually, however, the result 1 shows that there is vi:rtually 

: .. 

10 no particle, whereas the result 2 indicates tha.t there _is a 

15 

·20 

problem as a certain amount of particles are qen~rated._ . . ...... · 
· regularly. · · 

. . : ":. ·. ·~.: ,;' .. 
. . .. '; · .. -

Therefore, according to the particle monitoring method. o·f. 

the invention, evaluation of cleanliness is made using both· of = .: ... . . .. -

a mean value (m) of measurement results and each measur~ent '· .. 
.. '" .. 

value (n), i.e., a predetermined deqree of cleanliness is· ... 

assumed to be achieved if the mean value of measurement 

results.is_ lower than m, and eaoh of the measurement yalue.i~ · 

lower. tha·n n. For example, by setting the reference values .,a.~.·· 

m s 2 and n = 6, the above-mentioned result 1 is determined as· , .. 

normal and the result 2 is determined as abnormal. 

The magnetic transfer apparatus according to the 

invention has a plurality of particle measurement devices. 

. : . 

.· .. 

fixedly .disposed at a plurality of locations within the_ c~siq.9_/:· 

2~ ·· .. ~hereby the eource ot partial.es is located, as well as the. · 

9 
".·: 

:·. -.. ·· .. · . . .. 
_.·.·. ·.·.: 
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.. ' · ~i~~·ribut;ton of particles is· detected. Thereby; measut~s .. t(?· .. ~e.". 

taken are more easily determined. 
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* C L M s * CLAIMS 

... .. 
. ·.:· . ·:: .. ...... 

l. · A magnetic transfer apparatus including· 111:Wiib~r{·f~I: 

. performing:magnetic transfer of signals from one medium to 
.• · .. 

5· another, comprising: 

·a base plate (20) on which the members are placed; 

a casing (10) on the base plate covering the members 
..... 

entir.ely; .and 

a plurality of particle measurement devices fixed in thtil: ·. ·· 

·10 ·base· plate. , . · . 

. 1.5 

. · .... 

2. The magnetic transfer apparatus according to Claim ·. 

1 , wherein the particle measurement devices are disposed . 

respectively near each of selected ones of the members. ·.· 

... 
··· .. : ; ... · 

3. The magnetic transfer apparatus according t~ <;!lalii ."· ·; :· :··:·<. · : . ··. 
. ·. ·.·. 

1, wherein each of the particle measurement device inc~u~es a · · 

suction p~rt (12) 1 a particle counter (14) for measuring 

pa~t~cles.present in air drawn off from the casing (10) 

·suction _port tQ_ the particle counter. 
. . ;. ~ 

4. The magnetic transfer apparatus according to Claim ..... 

3~ wherein the suction port (12) of eaoh of the particl~. 

-measUrell\ent device is disposed respectively near each Of 
. ·.· •, .. 

. . · .. 
: •• = 11 

·~ .. 
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·. ·. . ·>: -~ .. 
. : . :':" :· . ·. ": : : .. 
·:.:~·.;· .: : s"elected'.ones of the members. 

: ;·.'= .... :.. • : • 
:··. ·.: .•: . 

5 

5. A particle monitoring method for evaluating 

. clea_nliness in a magnetic transfer apparatus, including: ·. 

measuring particles within the magnetic transfer 

app~ratus .by a plurality o! particle measurement devices 

disposed at a plurality of measurement locations in the 

~agnetic transfer apparatus; 

•pecifying a source of particles based on numbers of 

10 particles measured at each of the measurement locations and 

numbers of particles measured in a time series at each of the 

maa$ureinent looationsi and 

evaluating the cleanliness in the magnetic transfer 

apparatus based on the measurement results. 

15 

'• ... 

.... . =. 

6. The particle monitoring method according to Claim s, 

. wherein the evaluation of cleanliness is based on the numbers 

of particles measu~ed in a time series at each of the 

me~surement locations and a mean value of the measurement 
· .. 

. · 20 results. 
. :"·· 

. · ..... ;: ··-

. ... · . . ·: . .. . 

. . :··· . . .. 
. . . ~ .. : . . . 
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