; ope3egpgmd6TLP15 July 2004 DESCRI PTI ON FLEXI BLE DI SK DEVI CE, DI SK
FORMATTI NG METHOD, AND RECORDI NG REPRODUCI NG METHOD Techni cal Ehﬁ'ﬁ ahe
present invention relates to a flexible disk device, a disk f1SrHY £P 6

met hod, and a recordi ng/ reproduci ng nmet hod. Background Art Conventionally,
a large-capacity flexible disk device is known, in which recording and
reproducing on and fromboth a high-capacity formatted recordi ng nmedi um and
a |l ow capacity formatted recordi ngg@RgipRrgipat are different in linear
recording density and track density, are carried out. For exanple,
according to a |large=capacity flexible disk device disclosed in Japanese
Unexam ned Patent Publication No. 3-156711, with respect to a high-capacity
formatted recofgigeiEdbEBk HEOPEE, NG 1&Rd FosROdUAIMEBHCES rAed out by
means of a high-capacity magnetic head and a data processing circuit for a
hi gh-capacity format, angkpWdrdnespectréPU@IiowERRapity formatted
recordi ng nmedium recording and reproducing is carried out by neans of a

| ow- capacity nagnetic head and a data processing circuit for a | owcapacity
format. In Japanese Unexam ned Patent Publication No. 3-15671l, an attenpt
to wite mqreaielr muahdity of information in a | ow capacity formatted
recording nediumw th a high-capacity 1 15 July 2004 magnetic head is
descri bed. Howekerprssaoet suodnthigh-oabeatces yromaghéekibheadsshalav e,
recording gap length that is conformable to a high-capacity formatted
recor di n@ Aeédkufichmetigng heghoti nead 3 dRAHHRN DERREYIUGLIPF SRR BxXi st s
such that overwiting characteristics are degraded. Furthernore, of these,
hi gh-capacity magnetic heads which wite in and read out information at a
narrow data track wi dth also have a probl em such that an influence of

di spl ace®EekIFPa D Aoccentricity and the |ike created during repl acement of

nor el |y car 11 COMBER E L PRI or & 1440 MRS 160 ke R3SeuaT bR
heads andTAHPd procdbing Seeraits HRF eeandtedeRt Y g RGN ¢
corr espoRdEnce M & géa%rﬂv&#éé%o%e&%?gﬁrégfméﬁQQ{nd'&tHg edLa-tapaed ty

differen apacities,” d ( S er in capacity than the prior arts
can be regonded dan 2 dAMGAPA Yuh ECOREE Ngraedi vreaBdtt B ngeerged data

can. be satisfactorily reproduced. D sclosure of the Invention
recording density and track density, are carried out.

For example, according to a large-capacity flexible disk
"device disclosed in Japanese Unexamined Patent Publication No.
3-156711, with respect to a high-capacity formatted recording
medium, recording and reproducing is carried out by means of
a high-capacity magnetic head and a data processing circuit for
a high-capacity format, and with respect to a low-capacity

formatted recording medium, recording and reproducing is
carried out by means of a low-capacity magnetic head and a data
processing circuit for a low-capacity format.

In Japanese Unexamined Patent Publication No. 3-156711,

an attempt to write a greater quantity of information in a

low-capacity formatted recording medium with a high-capacity



In order to achi eve the above object, according to the present invention, a
hi gh-capacity track format is witten in a | ow capacity recorqi@g :}!éﬂ um by
a |l ow capacity magnetic head, information on the | ow capacity1 b flig
mediumis reproduced by a high-capacity magnetic head which corresponds to
the witten high-capacity trackformat, whereby it beconmes possible 2 15
July 2004 to record data which is greater in capacity than the prior arts
inthe lo Pkt 4l hum gagdeLepr odiicee the i geghdedpdatia

sati sf act@%?ﬁgeg#h%ﬁgfg% gﬁggﬁrqgglgnt 1?nvgnt P()n pr o?/i des a ?I exi EI e dIySk
device c hekng: L pebbeahsadqubi chnhas tha de kFesepenaglgap

wi dt h, agxggégﬁjc\%?ir%%é% }gér]\ag%gag out |%f %Eré\@rrati oﬁ? with respect to a

| ow- capactyVy 1 ge6n dkagaBedhUTorta kol deddabingi bdi hasedy engt henahre
recording gap and in | owrcapacity track format; and a second magnetic

head whi Cbi:h@éraré@%a@g@gd%%i\ﬁyqt%tﬁia;tblie&n naf i overstdanthhat of the

first magnetic head, and"can wite in and read out information, with

respect t@y&her b ghgCcanaehby eraeaidisnag redidgpadedh irsigieatmerrd N afapaci ty
t han the | ow capaci ?y recording medium at a narrow track w dth based on
the narr Ot\!héf@@})ﬂﬁi(?’m-@ag{a@ﬂﬂy ima g i ighheapacih ych macik & annatd wieiachou s
greater in track density and |linear density than the | ow capacity recording
medi um whefehyat henfdexa bherdoskddesi teackcweidshaatispepavdugesretenmt i on
on and fromtwo or nore types of recording nedia having different

capaci t i esyclchareacter inéduencehaf disphceneneahse it preengedcisy and
controlling the first magnetic head to operate at track intervals narrower
t han t he theorikancryepteddehrinegr seblasensnto ofr inacoF hinfh-ebeti 1S track
format in the | owcapacity recording nediumat a narrow track wdth,

ther eby tSFTXcDYY $FeHERAL PBA dAdat 6 SPEREUSHI ATh& 3T hit irti)rif’?%]cci]éf ded on
the | ow capacjty recordi ng nmedium by the second magnetic head. In addition,
accor di nFa'F 44> HYlesent invention, the above-described flexible disk

devi i third ti 3 15 Jul 004 i hﬁﬁ]

rg\élofgi ﬁgnggbsﬁgifﬁ?'f??f&'”g " 3:5;:8\%5?’ ?ﬂa%ggéﬁg g? ?%Zg]ééé\ggaﬁgﬁ magretl ¢ head,
d i.nf i i b, : i et

P ohe capdh, SEpEcRY RS el (8e ¥ LEFRLREROY R Rk SFGRhetic o

density thapd 'E%J‘i&’é‘t'zfe P&EE%E\{}\E‘:&E@G%E thaknt he seeapdsmanati ¢ di sk

head can wite 1 n and d out, erein the control controls the second

magneti ¢ jhgad 1R PP & &rAbspoAGKnEBR QRYAl 8§ Paurewakyt kan tyfpesr eor di ng gap

wi dth thereof so as to wite a second high-capacity track format in the

hi gh- capa@datJieepmiidioa NB&Y URy ali i afBaehewchpaek twiedt, h dattheréldy it dsr ecor d

information and to read out the information recorded on the high-capacity

recor di nginp@rumrby dgec 1 by r thangneei prheadarkts fant ber réepaided tilme a

above-descri bed flexible disk device conprises a rotating neans far

rot at i ng law-eaqrediity et omd ihg ched supl asédthherecnrdedcdetiraganwiviech i s

| oaded with the first and second magnetic heads, and data processing

ci rcui t s sfagri sffiaqcgto rainy seepredfoedat s whi ch nodul ate i nformation to be

inputted in the first and second nmagneti c heads to data signals which

correspond to a | owcapacity or a high-capacity track format in accordance

wi t h desi gnation and denodul ate i nformation read out by the respective |

magnet i c PRESASSURFercd] el RO 5P means control s track positions of the |

first and second nmagneti c heads via.the carri% e %nd al so sel e%ts it her |
1R o tfis i

one of the datH prbe8EsFAgaErtelft SPFoPPPYESP $e8558 AP Fafs,
addition, the carriage.is further |loaded, wih thir Js ad_and
e udesPEoaERE HREEDLeRy B PednrerBRca it fats Pl Bt <Rt

a low-capacity recording mediumby a low-capacity magnetic head,

information on the low-capacity recording medium is reproduced

by a high-capacity magnetic head which corresponds to the

written high-capacity track format, whereby it becomes possible




4 15 July 2004 format which denodul ates information read out by the third
magneti ¢ head, wherein the control neans controls track posngﬁga 2@ éhe
first, second, and third nmagnetic heads via the carriage and y P cts
any one of the data processing circuits for the first, second, and third
formats. In addition, the present invention provides a disk formatting

nmet hod for formatting two or nore types of recording nedia having different
capaci tiegso phgbeiniaMd lviriegpest gk eadel0in capad 1ty reeer dhagpnedi umta
first magnetic head which can wite in and read out information in a

| ow capaciihyt k& ack -faprii tisreperatied médltacknd ptervduset tiad rarcorird over
than a recording gap width thereof, so as to wite in a high-capacity track
format whdehal $agriederoriltyr.ack density and |inear density than the

| ow- capacity track format. Furthernore, the present invention provides a
recor di ng/ r epr oriuet nigs metheo gbrfeare rrte ciarwimmgi can o raapirdhu @l g eori belred dfirsdm t wo
or nore types of recording nedia having different capacities, wherein with
respect tdeaikewcoapadstipgrecorfdirar mezinegia fitadt whighehte Bewddshi ch can
wite in and read out information in a | owcapacity track format is

oper at ed aecbrddkgi gapmialth t bad aas wattever andaread adoi gt AEMGE3 O dt h
thereof so as to wite in a high-capacity track format which is greater in
track denwiith rzerbedtsara dewsiaapachidiy rEEOreW Capadi vy, tatad kW ids %’Ela,c}(
thereby to record information and to read out the information recorded on
the | ow cepdentBaseterdiRWAEE 1RF DY 4D Y SethaP Aedh o eRRSHTE FFEST r ead

t inf tion in the high- ity.track f .5 15 July.2004 |
gener ol . BOFPSh: CAPACE (5 RADNCEABnREAT |6 Te8lORBInED AabBoa: HARFORP

di I h. and idth : |
ecord na, 930, £0aL0, BN, 2 Rakro aecdt B Dgl. atpceoplgrambleigee
denst v, 309 45, 68,000 LRaVELLE AL dlvcaprelsy st R re

density, e .rec i-pfar j T 8pr r g1t
ot or mat | e B e £ T ader e Tad B o aner (e e agRe ey
hi gh- capagify tTRODELLEaPgRd tySrdesanag med NaK e & haknfriwg rgak weaghh and
a gap width that are wi der than those of the high-capacity magnetic head,
wite a lwyseapacithe hhaekwl pesBEdingaghpvatdpacit yigkeordaogtyetiraokat a
wi de track width and at a low track density, thereby to record information
and r epr oflbieea t ke ifcec 0 dadbd thd o6 mat ¥ ack dEss ingeendi nighewmddankértei hharf erred
to are flexible disks, wherein as the | ow capacity recording nedia, there
are 2HD dils&slowRbphsksy anekc ¢ héihgkeedhdmaswhaeehy ghheapbexiyleeddbsli ng
medi a, there are 240MB super disks, 120MB super disks and the like. In
addi ti on,dehice oveeapdeiayd negpreedecheatBLornpt 2ed PBra2tF BPBKEWaner 2DD
di sks include high density heads (HD heads) and the |ike, and an exanple
t her eof i®OEE Herreha¥t NgeGOF 8EBAAMRE 1gap aWiidiGh IO TIPS OtMCARE G rtakkS -
intervals of 187.5ym _The hj gh-capacity _magnetic heads .ufi)ized for 240MB
h Stad

super di SKEERRIIDOME stipet Fsﬁscpﬁélﬁ/?&e 5 i g 0ersi y Heads (UHD
heads) e 1 ke, @09 PO exagBle e 508 2 diead hauing A tecording
DESCRIpﬂf%%eé&§i¥9£g%6dé¥Nthan the recording gap width thereof so as
to write a high-capacity track format in the low-capacity
recording medium at a narrow track width, thereby to record
information and to read out the information recorded on the
low-capacity recording medium by the second magnetic head.

In addition, according to the present invention, the

above-described flexible disk device comprises a third magnetic




6 15 July 2004 capacity" and "hi gh-capacity” are used as words

representing a relatively high capacity and a relatively | ow cib \
respectively. According to the present invention, a high-capé@fﬁﬁy? éék
format is witten in a | owcapacity recordi ng nmedi um by neans of a

| ow- capacity nmagnetic head, therefore, in spite of being at a w de track
wi dth corresponding to a recording gap width of the | ow capacity nmagnetic

head, forpafq i IHBL0n AOs: H85hs ad © Wikt FBkicODs Galy ewd idHaan takta hi gh
| i near recording density and a high track density that are peculiar to the

hi gh- capagf th e gé_etsnaoxﬂgﬁhedeqqém OravRt tan Wehdteart iin foltine tiow eapati ty
recording mediumin the high-capacity track format is read out using a

hi gh- capaga d o a@gneldsrdedd havisegoadnan ghwchgeeridiyng rgai Wodtna twhheh
corresponds to the high-capacity track format, therefore, even if track

di spl acenehte st UfiSed PeBONR EXdE€Rtden et puapdt 1 dpesrndendibp thdnt hbe
informati on can be satisfactorily reproduced. Thus, it becones possible to

record datightedpasityghesck nf capecithat hde skeeopd nrgaetsc digk head
| ow- capacity recordi ng nedi um and reproduce the data therefrom
sati sfactan lwritBeief &Sedcripti ontef wbheawiimgg e gontial cewtheddhsi EN6l ock
di agram of a | arge-capacity flexible disk device according to an enbodi nment
of the presemad nageetiionhe& o Presatepdr spackiie ek e DNaFIReET sNeBer of
the | arge-capacity flexible disk device of Fig. |; .
the recording gap width thereof so as to write a second
high-capacity track format in the high-capacity recording
medium at a narrow track width, thereby to record information
and to read out the information recocrded on the high-capacity
recording medium by the third magnetic head.

In further detail, the above-described flexible disk
device comprises a rotating means for rotating a recording
medium which is placed thereon, a carriage which is loaded with
the first and second magnetic heads, and data processing
circuits for first and second formats which modulate
information to be inputted in the first and second magnetic
heads to data signals which correspond to a low-capacity or a
high-capacity track format in accordance with designation and
demodulate information read out by the respective magnetic
heads, wherein the control means controls track positions of
the first and second magnetic heads via the carriage and also
selects either one of the data processing circuits for first
and second formats.

In addition, the carriage is further loaded with a third

magnetic head and includes a data processing circuit for a third



15 July 2004 Fig. 3 is an explanatory diagram showi ng a track pattern
formatted by a | owcapacity magnetic head; and Fig. 4 is an eﬁmn%bgry

di agram showi ng advant ages in reproduci ng tracks, which have y ffat t ed
by the | owcapacity magnetic head, by a high-capacity nmagneti c head. Best
Mode for Carrying out the Invention (Enbodi ment 1) Hereinafter, an

enbodi nent of the present invention will be described in detail wth

ref erencesrdembbewdi aw agsodRehers ng ficrndieidangeadapaci by thexithlieddi sk
device shown in Fig. 1, 1 denotes a recording nedium and 2 denotes a

spi ndl e n&grewht chedd| veietre ihottatee o nodc anedinyy aredi xwi 4. t Badénot es a
carriage |l oaded with head sliders 4 having track position control

mechani snpodat iang &f denot £srat casecagéd, dehdetinkd Bagheascaheeidsevaai |
motor or the like which shifts the carriage 3 at a pitch not nore than the
dat a t r ackhei cldhridge sdrodnal so Fsgle@tseash ohetht tleaddatsderscasissnboaded
with a high-capacity nmagnetic head 6 having a core 6a and a | ow capacity
magnet i ¢ hiacu VthafongthecbiesTa ardoadnarged tdliove fatdndded ow t he recording
medium 1 so that recording and reproduction can be carried out in either
case where theIneeddditignedihempresent higherhpari PyOoY ée6Fdangifédi um or a
| ow- capacity recording nedium The above-described track pasition_control
mechani s olngaethed £RE Fram Lt PE Me%? teRaihPé, TarP MR R@nsor 4
gl ass elenment, a |laser_servo or the ||ke. u 2004 is,a _carriage

drive ci &t favidty Widgf et £3R2GLt HFF Sew%%’??i]%l,“)’ljaﬁﬁ ’éeggﬁSf'eEOaat rack
Porti age KRAARATN £ o8 i o AEFSID « Rt LY SERA0e b hedr Fhock fan e
Carti ago ok IRINEL EEHES: Sl nld e LR R IBR - e TR pE LR ingt, (N
rom the T SHEEELE AV LIDL DReSHOR 80 CRALCRER S LTLRR (alih the T1ke

recordin e TRkhf { RErEQF, 3spldl @l {i¥iek MRANetigh easks: wh ch
anplifi e?%%%@gﬁg%%egrggldthci ngrsi ghal s of the :ﬁi gh- capacliggly rragnem head

6 and the dRuw capaEit YoHBaNeid cgheatle¥, iAltdaBRt @8naidgt andr Acessimg
circuit for a lowvolunme format, 12 denotes a data processing circuit for a

hi gh- vol ue sfiarymatha mnrthel 3L slenod esc ac gi gpatkl faemswi.t ching circuit. 14
denotes a CPU and this CPU 14 control s the abovedescri bed respective
circuits and therteeondiag/ tepr pdeciemg dmplanftiem frorowidgairal ity of
magnetic heads 10. Operations in the above construction will now be
descri bedecardigiy/capaciduc froy metthosl gogdr ¢oerdhag i XepRd ¥§LiRe &Y di ng
medi um 1.
and from two or more types of recording media having different
capacities, wherein with respect to a low-capacity recording
medium, a first magnetic head which can write in and read out
information in a low-capacity track format is operated at track
intervals that are narrower than a recording gap width thereof
so as towrite in a high-capacity track format which is greater
in track density and linear density than the low-capacity track
format, thereby to record information and to read out the
information recorded on the low-capacity recording medium by

a second magnetic head which can read out information in the

high-capacity track format.



Wien witing data, the witing data is transmtted fromthe CPU 14 to the
data processing circuit for high-volune format 12 and nodul ated to

hi gh-capacity codes, that are, for exanple, 1/ 7RLL, 8 / 9 ,J%32p0i7Code
and the like . On the other hand, by 9 15 July 2004 an instruction from
the CPU 14, the track position control circuit 9, the carriage drive
circuit 8, and the carriage drive unit 5 are driven and the track position

f he hi gh- i i.C. i i \ 5 |
Sadi tron by’ and Reteladion T ata i M SREL ISR 4 BRRLEALIc 1
; hi - . . . : b . .

i ot o P R o G e e r e e TPt e

af or em%‘nteiP@%@n?zioq%-g%q@%tyhggﬂe%agia%_i% EobhEeudthd he $ignah 1inear

switching circuit and a recording circuit of the recording/reproducing
anplifier - ' dBegnetl aheads, 180 ikhaebi ghegapacit yte
nagneticﬁéﬁgf%?%ﬁlqéié%%¥g%gge 3,}%§% mmﬁ??e%nin t he regording medi um 1 by
the hi gh-capagi1yap@ene) beadk6rbpmathiiahacapati-tosfrimt fecod oty gaps are
created between track formats. t~'hen reproducing the data witten in the
recor di nghamediniMt  a afat ASHT HebbQnwhiaem tha eRUalsiigh serdck aldriweity,
recordi ng/ reproducing anplifier for a plurality of nagnetic heads 10, the
hi gh- capagidnempanetiecheadifroimbbeonanndagepd oiducseltdnt ethccantbd he dat a
is read out by the high-capacity nagnetic head 6. The data thus read out is
si gnal - anplfidrnect iyn an raplviHfodper iy onidneatfia Heead odridi nglaramsand g
amplifier for a plurality of magnetic heads 10, sent through the signal
|ine for ta Hilgs deiprti¢aypaaghet haghesdcoherde isi geglidnase Wi fg circuit
13 to the data processing circuit for a high-volune format 12, denodul ated
t her ei n, rRe®nGkeh Jem LBpatheatPlr 198D Fed thEDRSWAESPHEREY YRARDAIATS medi um
|, a method using 10 15 July 2004 a Iomfc%ﬁacit format and_a netgﬁd
using a WifghbedphehtGaPaFriay B ENebSi A Wheh Sl 19 Vg W AL T 56A S

i nst ti f ] t h I mut .t.,he i dn.th

| o CapaC A otD A TR GY By oS P S P & AP B e Eaia 0€
iti data i s_t 1tted,f h t. S| i it

for o ToRATbAINE 1oPnat o4k GRETFhl et oo e asmatf hRaraoay dnd {01

exanple’rgyko u éﬁg%#r%%#é#@éd:fﬂfofﬂéeygﬂ.a signal line for a

| ow- capacity torma e sign ine swtching circuit 13 and the

recording circejl r@c&r{}ﬁr‘f@ﬁ@ﬁqg'}%f@ﬁ Pdyei-Rg P hird £Tek D518 dpkusal ity of
magneti c heads 10 to the |ow capacity magnetic head 7, and witten in the

recor di nghiediin d i wﬁsbwaéaﬁgcrjédbmr@hbaiheame?ré ara JHEARAGH tY
format in which gaps are created between track formats . Reproduction of

t he dat a’ipp €agks ethduhelyik®bhavwhfghe Boyhseapevet gerddrerding meién ,writing
data in the | ow capacity recording nedium1 by neans of a high-capacity
format, therer iatrieng4daira sivpetrr dniskist,t 6@ OMBosuplesr CRIIKE4 atng the dakeg-
processing circuit for high-volume format 12 and nodul ated to hi gh-capacity
codes, thataddétibor thanpbercdpIRiLty B 9BORiC Ieradodel akekd €1 PRB. On
the other hand, by an instruction fromthe CPU 14, the

disks and 2DD disks include high density heads (HD

heads) and the like, and an example thereof is a head having

a recording gap width of 115um and track intervals of 187.5um.

The high-capacity magnetic heads utilized for 240MB super disks

and 120MB super disks include ultra high density heads (UHD

heads) and the like, and an example thereof is a head having

a recording gap width of 8um and track intervals of 10.2um.

However, in the present DESCRIPTION, the words “low-



track position control circuit 9, the carriage drive circuit 8, and the
carriage drive unit 5 are driven and the track position of tq%bIQMFgaﬂacity
magneti c head 7 of the carriage 3 is controlled. In addition, ﬂJ 7
instruction fromthe CPU 14, a switchover to a signal line for a

| ow capacity magnetic head 11 15 July 2004 is carried out in the signal
line swtching circuit 13, the witing data, which has been nodul ated to
the high-gapasity-coHgsynignsenpathr9ughrehessugaal wbrae swbrebengicigr cuit
13 and the recording circuit of the recording/reproducing anplifier for a
plurali tYaofeﬂBgﬁlﬁél? Reads cLalcd tiyheildw oafiacd 1ye Rghet i capeadt?, of the
carriage 3, and witten in the recording nedium1 by the | ow capacity
magnet hegdsgec¥ealyeproducing the data witten in the recording mediuml,
an instruction fromthe CPU 14 is sent to the recordi ng/reproduci ng
amplifier for adddsdlid yoofhempgretdnt headsti6n, théikhgleapapddivt $raagnetic
head 6 of the carriage 3 is selected, and the data is read out by the

hi gh- capatd tiya tegnets it headirb.a The-datpactiftys recaddimyg meddiugnily- BABNFf i ed
by the anplifying circuit of the recording/reproducing anplifier for a

pl ural it yobfa negnetd pmdigad snakdye tsienthaawt oddlenefo rsi gial spiife pérbging

hi gh-capacity magnetic head of the signal [ine switching circuit 13 to the
data processi ide rotaak fwidth [tekreepeneingr Fata 12eCEABRY| dRRd¥WiABRei n,
and taken out by the CPU 14. Recording_and reproducing on and fromthe

| ow capacd f ythechpdr pgpaedt inMe Ine tachibgR9eagREMAF FaHRI™a% 197 i be
described_in detail. shown in Fi the | aw capacity ma tic head

core 7a, 4¢BECRbR r?ﬂ‘tfgsré}aetwq Ftaélnb%tw‘%r%% Iaﬁtaet}\}a?lhsilﬁﬁfal’a&% C?qﬁ nfts gap
o 1 cunt erGhiT BT 108 ol LRACKnAERSaEYe Ghik: St mec Y i ek
TLCrValS, are sel 0.0% OLspUBL 48 15,00 ZOAR i o dag i 22 of
Phe out er xSt Gy B o e g L B e i th
the adj acent-lansh+ tyAGKS a312ig§3ca§éc 139 AREn&0iE Addn bk iadda tiofrows

representatively shown by the"tracks 31"and 32 in Fig. 4, a data track

Wi dth 23 efcdhei it dp tv 86kn 3ikn bepogeg raapvader tbhanet he ghajrapadtit?l of
the | ow capacity magnetic head core 7a by a wdth 24 that has been

overw it ttemdyy floigatneherfedelc 32 eafen fidr t exakpd EspRPo&Eement estderfgcd n 90m
Therefore, format information and desirable information can be witten at a
data traclomd dixdtdntat tihe patpawedoelsanothdropfandetho iigiimimadtoleR a&puti ty
format, at a high track density, and in a high-capacity format that has
been noduieatsed ist dvitghe Chpacepyodoeded. . ABews di Hgl jecermea MAsehPLs kPgher in
capacity than the prior arts can be recorded in the | ow capacity recording
medi um 1.record data that is higher in capacity than the prior arts 1in

a low-capacity recording medium and reproduce the data

therefrom satisfactorily.

Brief Description of Drawings

Fig. 1 is a schematic block diagram of a large-capacity
flexible disk device according to an embodiment of the present
invention;

Fig. 2 is a perspective view of a head slider of the

large-capacity flexible disk device of Fig. 1;




Then, the information within the 90E~-m data track is reproduced by the

above-described high-capacity magnetic head core 6a having tgﬁhﬁﬁ~§h8%p
width. At this tine, since guard bands 25 each having 4lymr y ot h

sides of the gap width 22, the influence fromtrack displacenent caused by
eccentricity and the |i ke created due to replacenent of the recording
medium 1 is elimnated or substantially reduced. Accordingly, reproduction

of the informatdn gansbgnsakpshagtory| yisgrameshomingalratk pattern
recordi ng/ reproduci ng nmet hod opens the way for 13 15 July 2004 utilizing

a | ow pri gggdmboveaapacht ¥ cweeigdis yedigie@sc aheggpr dhag medi um having a
hi gher capacity than that of the prior arts. In addition, in the

above- descri bed gbadiienin d:hel dvdger¢apbediymf basivhhe diskndegesein
provided with two sets of the magnetic head and data processing circuit for

a format hesrbeesifgserbbed, howedNemhavas sdawnfbymattédabyl theslbw-Fig. 1

and Fig. 2, a second high-capacity nmagnetic head 15 having a core 15a which

is narrowespaditpemagnetdcn@egalp Wydtsh Hikdgn-ddmadigh-tapaetig hegdetic head

6 and a data processing circuit for a second high-capacity fornmat 16 nay

further be arranged. In such a case, with a conbination of the

hi gh-capacity nagnetic head 6 and the | ow capacity magnetic head 7, a

conbi nat iBmsbfMede fow Capayiing wudgndthiec Invantricdnd t he second

hi gh-capacity nmagnetic head 15, or a conbi nation of the high-capacity

magnet i ¢ (e dimantt hé second hi gh-capacity magnetic head 15,

hi gh-capacity i nformation can be recorded and reproduced on and froma
EiopwiLl

| ow capaci ty’ r €ardindd Hffdi G FRPPATERMEC trdritfe PL&S e 1BBED al so
poss bl Lo PLav it Lo, SeLR.0 mie e maeti heat g cna
capact (¥ oY, becBEYIAR 10 ROl eatanl v TheeLOLB! lefonmBuon and
T an P B L, SURTELE WSt LN A6 dSshatid o
a spindle motor which drives to rotate the recording medium 1.
3 denotes a carriage loaded with head sliders 4 having track
position control mechanisms 4a, and 5 denotes a carriage drive
unit such as a voice coil motor or the like which shifts the
carriage 3 at a pitch not more than the data track width.
As shown in Fig. 2, each of the head sliders 4 is loaded
with a high-capacity magnetic head 6 having a core 6a and a
low-capacity magnetic head 7 having a core 7a and arranged above
and below the recording medium 1 so that recording and
reproduction can be carried out in either case where the
recording medium 1 is a high capacity recording medium or a
low-capacity recording medium. The above-described track
position control mechanism 4a provided for the head slider 4

is, for example, an MR sensor 4 glass element, a laser servo

or the like.



15 July 2004 8ym) corresponding to a super disk and a | owcapacity magnetic
head (a recording gap width of 115ym corresponding to a 2HD %leilh/ éBB di sk
and al so provided with reading and witing functions with reg! y dach
disk, in a case where |owapacity formatting is executed for a 2HD disk ( 1
44MB ) by neans of the | ow capacity magnetic head, the data track w dth
beconmes 115E~m and the track intervals becone 187.5E4m On the other hand,

on the assunpt iagraé haatc&gﬂ?ﬁyﬁwoei SiCRLEHeEsPUlRY ihie thicgk-saanagid v

magneti ¢ head, by neans oW capacity nmagnetic head, the track

density ig-hgbofhened byngebt jagothe dat@abkapkswidbh Eentlom angduia track
intervals to 18. /5~~m and hi gh-capacity formatting of 16/17 Code is

execut ed {,gi chhgy s¢88 2hPD @é%iag@ea@weauﬁ@@os di g teRpatiriny afe FANBecan be
realized. Thus, it becones possible to use the 2HD di sk as a 32MB recordi ng

nmedi um  Fyi t8€E T8 &n @ cOnitdd 1R eniededakt hofi t O¥h capacdiel it ighgaetac ihgad (a
recording gap width of 115m, a first high-capacity nmagnetic head ( a

recor di ngmggpeidt He@li 8EaMd) theaNbva- SBEaNTk Pighgcapaci hgadagnetfi cthkead (
a gap width of 1 . 5yn) is constructed, and on the assunption that

reproductéanrisgeanti epoout iby tbeatgetoby hihghteapacidos napret¢entieal, by
nmeans of the first capacity magnetic head, the track density is hei ghtened
by settingitdeid® asteackiaddtut bes&d~om amd orime ttirec kuicht @8 \val enceder OE~m
and hi gh-capacity formatting of 16/17 Code is executed for a 240HD super

di sk, whesepyal lend eder dilhg taupacihy toatheokditgionefeatrelimgepanisms 15
July 2004 CLAIMS 1. A flexible disk device conprising: a first magnetic
head ( 7 4awhich has a wide recording gap width, and can wite in and read
out information, with respect to a, | ow capacit recorgi.gg ms(%i um( 1) , at
a wide track wildt HeBLIEF ch KR Hiue/ Fer ?ﬁPﬁéngaﬁmB ¢t ra H%wicapaci ty
track fornmat; and a second magnetic head 6 i.ch has a recording gap

wi dt h thaRrTia‘f%aﬁh‘iXoﬂgrm?ﬂaﬁtﬁﬁageéfiss&?’dc(ﬁ Fé’ip%ne&i c head ( 7 ) , and
can wite in and read out informatioqn,. W re t i gh- {Ly
recor di ngren%odﬁédﬂqfﬁe?r\?\%%ﬁnﬁs Sérgg%{igr \g:ftnr%élaepgﬁ y C{aﬁja%géggﬂ%%\?\%apaci ty
recordin i L - Wi gt hybased arneRied Ragseu
recor di ng‘ég%‘g tﬁﬁggi %b% %?‘gh‘-:%%%g%?y“%?g%tlyol?émt which ig greeater in track

density ahd,ddeatq denshi it than Saidd - hvrerPaeirinat!,eqor dengrerdaudat aher eby
fl exi bl e "di sk devite records and reproduces information on and fromtwo or

mor e typ%rdﬁeaf@ﬁﬂ%fﬂﬂﬂ:d@@iﬁn( B nyH-Re 1dinfd eoeftatGapad tBedenotes a _
characterized in that a control neans (14) is provided for controlling said
signal line switching circuit.

14 denotes a CPU and this CPU 14 controls the above-
described respective circuits and the recording/reproducing
amplifier for a plurality of magnetic heads 10.

Operations in the above construction will now be
described.

A high-capacity format is used for the high-capacity
recording medium 1.

When writing data, the writing data is transmitted from
the CPU 14 to the data processing circuit for high-volume format

12 and modulated to high-capacity codes, that are, for example,

1/7RLL, 8/9GCR, 16/17Code and the like. On the other hand, by



f first magnetic head ( 7 ) to operate at track intervals narrower than the
recording gap width thereof so as to wite a highcapacity traﬂg forﬁgt in
said | owcapacity recording medium( 1 ) at a narrow track w ly € fleby
to record information and to read out the information recorded on said

| ow- capacity recording nmedium (1) by said second magnetic head (6). 16 15
July 2004 2. A flexible disk device as set forth in Caim1l, further

conpri si ng, a; { bi et ¢ h )y Whireh hascia 5660f dhAgceapreidt h
that is n%rrlr%)l\t}\g{rlfgﬁgggghgtr%o %%ée(cs%%olnéldwrryaﬁeti C }ﬁe%d (6), and can read
out inforaptdofe W %%ehéérégsger&fwg%diﬂdhﬁ secopd tHgbasanagd dritack
format that 1s even greater in track density and |linear density than the

hi gh- capagi 1y § rack Sorml dhat neakdascppd iraghebicCt Heskigradapabirycan
wite in and read out, wherein the control nmeans ( 14 ) controls said
second magq@tdeibanchd ok tRe0PLrAl #dedd ity aektiraliedal sTnaade@weiohhan the
recording gap width thereof so as to wite a second high-capacity track
format i nppaindi AkghuedResl fyoneans dipngl apdi witthoderatoar sdwnrlatknei dt h,
thereby to record information and to read out the information recorded on
sai d hi ght®apasii gy -cegercditig maegietiho htall by cardi¢diout dmghbei sigead (15).
3. Aflexible disk device as set forth in daiml, further conprising a
rotati ng Ineensswi2chifigreiotattng3a taeomwdiingngediaba ( whichwiah heepl aced
thereon, a carriage ( 3 ) which is |oaded wth said first and second
magnet i ¢ tesadsat(d] tandHF)3 faremert topeddessh ngapae thy t€odes / f 19 st€Rkd
second formats ( 11 ) and ( 12 ) which nodulate information to be_ jnputted
in said fihstughd hecoranahghine chciing)cheniy)1 3 Arhta %Ef“gfh%ﬂjsn‘ghi ch

correspond to a | owcapacity_or a high-capacity track format in accordance
Wi th desiGidy ign cinbh @Rl &t I { FERT PaEF ﬂgraé‘i-/{dl el OThd Rlé’srpazldtme

ic head 6). d .. Wh i he .17 15. Jul y 2004. |
T2 ecnroMSanaiie fii 4 ohe o1 wik gt aE HY HABHE hagnet T Eads ( 6
d 7 i aid cjrri 3 i h
zzla? 2 p§ oécégses;gr‘?grrill%lrgc%icjt’; r%l’b‘fg'feﬁféttf?% sJEfjlrpfallCnhgé ngeccgoﬁ%&?rgi nﬁ%éﬂ?ﬁlj{))%?}%%zf 4.
A fl exi bl i | farth i I i [p¥=2 3
s tur e R O B fe2 BT gl oy Robng iR Wit 0 )

processi G G tofoly aathhf @b Qr PRaEK( 28  mbkch denodul ates information
read out %%)? séall tch]"frd rragneti?: heada( 15 )m, and the control neans ( 14 )

control s trackypegitdonsaeéihfeafd asta wecongn iandhehtddh rapnetied ineads ( 6)
( 7), and ( 15 ) via said carriage and al so selects any one of the data
processi ng i gwists-Jaridherfofisthesepontd asdsehir dof oheats (11) (12), and
(16). 5. Adisk formatting nethod for a large-capacity flexible disk

devi ce, ireceltiddimg/ecgrmt dige amgl amept dDfiler nfoonaapdufrdatpobli aakingitlcapaci ty
formatted recording nediumand a | ow capacity formatted recordi ng nmedi um

t hat ar ehdiatised @nt the higbarapecdtdi nggdensict jeadds tehckalemginirgsnre
carried out, characterized in that wth respect to a | ow capacity recording
nedi um (1s) sed eitiest, raghethe datadl 19)rofdchutalyYwEheehiahaR@PrEAE Yout
information in a | owcapacity track format i s operated at trac%.int rval s
that ar eMASPESWST NERgh 6a r 806r 8PhG §APSWFERR PHEr é8f S19B24saPRLd e in a
hi gh-capacity track format which is greater,in rack ensitx aTde%near
density PHaAT 88Pd G GapaErtytidhbRefGapd1ng reproducing amplitler

for a plurality of magnetic heads 10, sent through the signal
line for a high-capacity magnetic head of the signal line
switching circuit 13 to the data processing circuit for a
high-volume format 12, demodulated therein, and taken out by
the CPU 14.

For the low-capacity recording medium 1, a method using

10



15 July 2004 6. A recording/reproducing nethod for a | arge-capacity

fl exi ble disk device, in which recording and reproduci ng on %gf fr2§h20th a
hi gh-capacity formatted recordi ng nmedium and a | ow capacity f Y
recording medium that are different in linear recording density and track
density, are carried out, characterized in that with respect to a

| ow- capacity recording medium (1), a first magnetic head (6) which can

wite in it ti i | j f Fol
gp.%tvfr—;éé%a%té{, 3%?%1%?}]588 d Qle%ho%é:?ﬁ’?(é hY ghteekfarimEorsat

operated a at are narrower than a recording gap w dth
t hereof s S {te in a high-capacity track format which is greater in
track dengs):lf{?yp%%d%}néar density than said | owcapacity track format,

thereby to receid, Wﬂ&g{%? o tand Wi of @ad iAWt rube ibnf er-eat konosecsuded on
said | ow capacity recor g nedium (1 ) by a second magnetic head (7) which

can read gut, indpLoRE Y ORokBusard ok @heCapa® t Vird raek fow-nedpad Sty
ALU. A" A AAALA ALA A A AATASA AALA A AA ALACA A A A A AFAL. A KhX0g

} +0=] _ d fecording medium 1 by means of a low-capacity format, the
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heads 10 to the low-capacity magnetic head 7, and written in
the recording medium 1 by the low-capacity magnetic head 7 in
a low-capacity format in which gaps are created between track
formats. Reproduction of the data is carried out by following
a course reverse thereto.

When writing data in the low-capacity recording medium
1 by means of a high-capacity format, the writing data is
transmitted from the CPU 14 to the data processing circuit for
high-volume format 12 and modulated to high-capacity codes,
that are, for example, 1/7RLL, 8/9GCR, 16/17Code and the like.

On the other hand, by an instruction from the CPU 14, the
track position control circuit 9, the carriage drive circuit
8,andthecarriagedriveunit5aredrivenandthetrackposition
of the low-capacity magnetic head 7 of the carriage 3 is
controlled. In addition, by an instruction from the CPU 14,

a switchover to a signal line for a low-capacity magnetic head

11
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is carried out in the signal line switching circuit 13, the
writing data, which has been modulated to the high-capacity
codes, is sent through the signal line switching circuit 13 and
the recording circuit of the recording/reproducing amplifier
for a plurality of magnetic heads 10 to the low-capacity
magnetic head 7 of the carriage 3, and written in the recording
medium 1 by the low-capacity magnet head 7.

When reproducing the data written in the recording medium
1, an instruction from the CPU 14 is sent to the
recording/reproducing amplifier for a plurality of magnetic
heads 10, the high-capacity magnetic head 6 of the carriage 3
is selected, and the data is read out by the high-capacity
magnetic head 6. The data thus read out is signal-amplified
by the amplifying circuit of the recording/reproducing
amplifier for a plurality of magnetic heads 10, sent through
the signal line for a high-capacity magnetic head of the signal
line switching circuit 13 to the data processing circuit for
a high-volume format 12, demodulated therein, and taken out by
the CPU 14.

Recording and reproducing on and from the low-capacity
recording medium 1 in a high-capacity format will now be
described in detail.

As shown in Fig. 3, by the low-capacity magnetic head core
7a, track formats are written at track intervals narrowexr than
its gap width 21 of, for example, 115um in order, for example,
from the outer circumferential side toward the inner

circumferential side. The track intervals are set to begreater

12
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than a gap width 22 of the high-capacity magnetic head core 6a
of, for example, 8um. A track pattern to be formed is provided
as the inner circumferential portions of the outer tracks 31,
32, 33, 34, 35 and so forth which are overwritten with the

adjacent inner tracks 32, 33, 34, 35 and so forth. 1In addition,
as representatively shown by the tracks 31 and 32 in Fig. 4,
a data track width 23 of the outer track 31 becomes narrower
than the gap width 21 of the low-capacity magnetic head core
7a by a width 24 that has been overwritten by the inner track
32 of, for example, 25um, resulting in 90um.

Therefore, format information and desirable information
can be written at a data track width that is narrower than that
of the original low-capacity format, at a high track density,
and in a high-capacity format that has been modulated in
high-capacity codes. Accordingly, data which is higher in
capacity than the prior arts can be recorded in the low-capacity
recording medium 1.

Then, the information within the 90um data track is
reproduced by the above-described high-capacity magnetic head
core 6a having the 8um gap width. At this time, since guard
bands 25 each having 41lum remain on both sides of the gap width
22, the influence from track displacement caused by
eccentricity and the like created due to replacement of the
recording medium 1 is eliminated or substantially reduced.
Accordingly, reproduction of the information can be
satisfactorily carried out.

Such a recording/reproducing method opens the way for

13
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utilizing a low-priced low-capacity recording medium as a
recording medium having a higher capacity than that of the prior
arts.

In addition, in the above-described embodiment, the
large-capacity flexible disk device provided with two sets of
the magnetic head and data processing circuit for a format has
been described, however, as shown by virtual lines in Fig. 1
and Fig. 2, a second high-capacity magnetic head 15 having a
core 15a which is narrower in the recording gap width than the
high-capacity magnetic head 6 and a data processing circuit for
a second high-capacity format 16 may further be arranged.

In such a case, with a combination of the high-capacity
magnetic head 6 and the low-capacity magnetic head 7, a
combination of the low-capacity magnetic head 7 and the second
high-capacity magnetic head 15, or a combination of the
high-capacity magnetic head 6 and the second high-capacity
magnetic head 15, high-capacity information can be recorded and
reproduced on and from a low-capacity recording medium in the
same manner as the above.

It is also possible to provide four sets or more of the
magnetic head and data processing circuit for a format. Also,

the magnetic head having the highest capacity may be provided
to become read-only. The format information and desirable
information may be simultaneously written in, or written in
order.

To give a particular example thereof, in a drive provided

with a high-capacity magnetic head (a recording gap width of

14
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8um) corresponding to a super disk and a low-capacity magnetic

head (a recording gap width of 115um) corresponding to a 2HD
disk/2DD disk and also provided with reading and writing
functions with respect to each disk, in a case where low-
capacity formatting is executed for a 2HD disk (1.44MB) by means
of the low-capacity magnetic head, the data track width becomes
115um and the track intervals become 187.5um.

On the other hand, on the assumption that reproduction
is carried out by the high-capacity magnetic head, by means of
the low-capacity magnetic head, the track density is heightened
by setting the data track width to 115um and the track intervals
to 18.75um, and high-capacity formatting of 16/17 Code is
executed for the same 2HD disk, whereby a recording capacity
of 32MB can be realized. Thus, it becomes possible to use the
2HD disk as a 32MB recording medium.

Furthermore, a drive provided with a low-capacity
magnetic head (a recording gap width of 115um), a first
high-capacity magnetic head (a recording gap width of 8um), and
a second high-capacity magnetic head (a gap width of 1.5um) is
constructed, and on the assumption that reproduction is carried
out by the second high-capacity magnetic head, by means of the
first capacity magnetic head, the track density is heightened
by setting the data track width to 8um and the track intervals
to 2.0um, and high-capacity formatting of 16/17 Code is executed

for a 240HD super disk, whereby the recording capacity can be

heightened to 1.4GB.
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1. A flexible disk device comprising:

a first magnetic head (7) which has a wide recording gap
width, and can write in and read out information, with respect
to a low-capacity recording medium (1), at a wide track width

based on said wide recording gap and in a low-capacity track

format; and

a second magnetic head (6) which has a recording gap width
that is narrower than that of said first magnetic head (7), and
can write in and read out information, with respect to a
high-capacity recording medium (1) which is greater in capacity
than said low-capacity recording medium (1), at a narrow track
width based on said narrow recording gap and in a high-capacity
track format which is greater in track density and linear
density than said low-capacity recording medium,

whereby flexible disk device records and reproduces
information on and from two or more types of recording media
(1) having different capacities,

characterized in that

a control means (14) is provided for controlling said
first magnetic head (7) to operate at track intervals narrower
than the recording gap width thereof so as to write a high-
capacitytrackformatinsaidlow-capacityIecordingmedium(l)
at a narrow track width, thereby to record information and to
read out the information recorded on said low-capacity

recording medium (1) by said second magnetic head (6).
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2. A flexible disk device as set forth in Claim 1, further
comprising a third magnetic head (15) which has a recording gap
width that is narrower than that of the second magnetic head
(6), and can read out information which has been recorded in
a second high-capacity track format that is even greater in
track density and linear density than the high-capacity track
format that said second magnetic disk head (6) can write in and
read out, wherein the control means (14) controls said second
magnetic head (6) to operated at track intervals narrower than
the recording gap width thereof so as to write a second
high-capacity track format in said high-capacity recording
medium (1) at a narrow track width, thereby to record
information and to read out the information recorded on said

high-capacity recording medium (1) by said third magnetic head

(15).

3. A flexible disk device as set forth in Claim 1, further
comprising a rotating means (2) for rotating a recording medium
(1) which is placed thereon, a carriage (3) which is loaded with
said first and second magnetic heads (6) and (7), and data
processing circuits for first and second formats (11) and (12)
which modulate information to be inputted in said first and
second magnetic heads (6) and (7) to data signals which
correspond to a low-capacity or a high-capacity track format
in accordance with designation and demodulate information read

out by the respective magnetic heads (6) and (7), wherein the

17



10T 10T, F=109%4& ()-'!109%F& ()- && "10967& () - &$@0%& ()-ggj ki 1111 dYNC 10z!

10 10 10 10=109& ()-F/ $10%&' () - | 0
F, & $10%' ()-' S'10%&' ()- F" 10% ()- 1| nodpgpddYNC 10z! 10 10 1d504/%2608
U& ()-S$10% U&' () - $10% U& () - F&$10% U&' () -' &$@0% U& ()- Normal " "Heading
13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading
63] c" "Heading 73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font
| c#C) . kdo @ELRX  niegimst (X 2| )~#grgpldNOg}=ck positicns of said first and

&J' +Q [ 4j 7=XACI MY TMN "agl gpPQRSTUVWKYZ[\ ] ~_" abcdef ghi j k6Ti mes New

RomanAr & at Codrinag ndiewt hh &Reds ) =yVb dDoclaesid carriage (3) and also

selects either one cf the data processing cir;uits for the first

and second formets (11) and (12).

4. A flexible disk device as set forth in Claim 2, wherein
the carriage (3) is further loaded with a third magnetic head
(15) and includes a data processing circuit for a third format
(16) which demodulates infcrmation read out by said third

magnetic head (15), and the control means (14) controls track
positions of the first, second, and third magnetic heads (6)
(7), and (15) via said carriage and also selects any one of the

data processing circuits for the first, second, and third

formats (11) (12), and (16).

5. A disk formatting method for a large-capacity flexible disk device, in which
recording and reproducing on and from both a high-capacity formatted recording
medium and a low-capacity formatted recording medium, that are different in linear
recording density and track density, are carried out, characterized in that with
respect to a low-capacity recording medium (1), a first magnetic head (7) which can
write in and read out information in a low-capacity track format is operated at track
intervals that are narrower than a recording gap width thereof, so as to write in a
high-capacity track format which is greater in track density and linear density than

said low-capacity track format.
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8. A recording/reproducing method for a large-capacity flexible disk device, in
which recording and reproducing on and from both a high-capacity formatted
recording medium and a low-capacity formatted recording medium, that are different
in linear recording density and track density, are carried out, characterized in that
with respect to a low-capacity recording medium (1), a first magnetic head (6) which
can write in and read out information in a low-capacity track format is operated at
track intervals that are narrower than a recording gap width thereof so as to write in a
high-capacity track format which is greater in track density and linear density than
said low-capacity track format, thereby to record information and to read out the
information recorded on said low-capacity recording medium (1) by a second

magnetic head (7) which can read out information in said high-capacity track format.
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