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| ar ge-capacity flexible disk device is known, in which recordi‘ftig~and
reproduci ng on and fromboth a high-capacity fornatted re [ ippm and
a lowcapacity formatted recording nedium that are diffeﬁwmm““mmﬂmmMEr
recording density and track densi tBESGRIPTION i ed out. For exau&%éﬁ*
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 recordi ng nmedium recording and reproducing is carried out by
means of a hi gt EP%@&WI@FM&H%&'W%I%M% MDcuit for a
hi gh-capacity format, and with respect to a | owcapacity formatted
recordi ng medi um recordiBEC%BBINEZBEBEQPHGINQ METHPBd out by means of a

| ow- capacity nagnetic head and a data processing circuit for a | owcapacity
format. In Japanese Unexam ned Patent Publication No. 3-156711, an attenpt

to wite 2e3h83L8H %%%q%ﬁty of information in a

The present invention relates to a flexible disk device,

a disk formatting method, and a recording/reproducing method.

Background Art

Conventionally, a large-capacity flexible disk device is
known, 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.

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



-l owcapacity formatted recording nediumw th a high-capacity 1 magneti c
head is described. However, since such high-capacity magnetic heads have a
‘recording gap length that is conformable to a high-capacity formatted
“recording nmedi um having a high linear recording density, a problemexists
such that overwiting characteristics are degraded. Furthernore, of these,
hi gh-capacity magneti c heads which wite in and read out information at a
narrow data track wi dth al so have a probl em such that an influence of

di spl acenemdgnkicic headcbmtddsaintipesnd Hhweleke since sdchuhigh-caphateyent of
recording nedia is strongly exerted and data reproduction cannot be

nor mal | y ceagnetioleadehbavecr gedardiay pepnlepdbbjtdat is centrypahle
techni que such that by making full use of a plurality of types of pagnetic
heads and tdata brdreeapargity reernat ted creerrding pred 1wk | RAY RS 2 | ki9lin
correspondence with a plurality, of types of recording nedi a having

di ff erent AN tﬂ%%‘?r‘g’a‘%% IPRLIEY s HiRFRPLER %’éb%‘&?t?/u?}haﬁ‘i‘%e prior arts

can be recorded jn a | owcapacity recordi ng nedium a the recorded. dat a
can be sat9e§EEiHring Thay .tﬁ%cﬁ‘%‘%ﬁ%g%?é?ﬁ]e {}dﬁ’\}' SIPLST Sder to

achi eve t above .obj ect, according, to.the present inventio

hi gh- caparc}ﬁ?}f?/s‘?’rid'ﬁ?'!f'glaﬁ?&f’ll%é’ Wg?ggﬁci%eaéiﬁogﬁl}ggp%%* ?/4%%’8? 5%&51 285 um by
a | ow capagj i e i {i . I a it i Ng
redl um o TSR i & A Sty Ak e SYS6TRACK'Y pESRLONTD
the wri “E‘éhév&]fl ATORAC A Y1 ERCK THY ARG 1%%&%9& Jiﬁe%%@%%nﬁ?ié'i‘%b'eaﬁd to
record data ich1s greater In capacPty than the prior arts in the

| ow capacifpe rengs dreh g i 2Ryl FEpT ackirént Nef r eéo6A@Inglahédia is
satisfactorily. That is, the preSent invention provides a flexible disk
devi ce COmgYicsndly exditsd AMPN@its heprodtidtiomasarnai dee resomalby gap
width, and can wite in and read out information, with respect to a

| ow- capacidarriaedralitng nmedi um at a wide track width based on the w de
recording gap and in a low capacity track format; and a second magnetic
head whi ch has ZFhezedfodiengigahasi bieen tamtoheataticodereinanat heehniquae
first magnetic head, and can wite in and read out informtion, with
respect tSudie thiaghby Mdding tnddoisr of AWl REi WyRp &fdragnetiBacity
t han the Iowcapaciga/ recording medium at, a narrow track widith based on

the narro9atDraRh IR RIRCESS 1% GhtChpERi YH1ER a2ke 1 B RECHAY EHY i s
t in t d it dli d jty_th | |t di
Tt um WAL T S e R RtaTUEth Lo P B ey O8F oBIBEE 1t or rmt f o
i . . . o> anc o .
cnpactt1 ey BELLRED By AEEREELEY SROUBLER OaGka BRECh 1o

control i rigiékfﬁr Fid StapBODE} | €ndeaghd OpPPSF 3h PLAL chh as%_ ret&Fyal Sinagr oner

than the recording gap wdth thereof so as to wite a high-capacity track

format in 1de-dAYacaPACEédoF&LRG thégi iR JANA Bhe Ar 866F QB d&EX Yol be
thereby to record information and to read out the information recorded on

t he | ow Ccafxcid fadesoi Ty ngepecdducedy the second magnetic head. In addition,
according to the present invention, the above-described flexible disk
device conprises a third nagnetic

Disclosure of the Invention

In order to achieve the above object, according to the

present invention, a high-capacity track format is written in

a low-capacity recording medium by 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



-3 head whi ch has a recording gap width that is narrower than that of the
second magnetic head, and can read out information which has been recorded
~in a second high-capacity track format that is even greater in track
density and |inear density than the high-capacity track format that the
second magnetic disk head can wite in and read out, wherein the control
controls the second nmagnetic head to operate at track intervals narrower
than the recording gap width thereof so as to wite a second hi gh-capacity
track for kR nesorsedatgiwhipadist greaterdimgapadiidy hhan the poworr ackswi dt h,
thereby to record information and to read out the informati on recorded on

t he hi gh- cp&betloweeanar Hey Fegorshipyg ne@iyhiang reprednee fdgorecardedt her
detail, the above-described flexible disk device conprises a rotating neans
for rotatidRfa FEEHF AP IEN um which is placed thereon, a carriage which

is |loaded with e first,and second ,tagnetj c heads, and data, processjng
circuits for fi tahds SERS RF $ 3 Ha i R P TheFQVAAeS; A giﬁﬁﬁ-géﬁ ‘SBS]Be

inputted ip the first and second. netic heads t d@{ si gnal s which

correspomggY%%FI?ﬁ@&ﬁﬁﬁﬁRQy'%r b£%$ AIRTHET ¢ e?$é% $%r i §n"H¢%ordance
‘th desi - fe i . ' .

mgnet 1 ¢ ReGR A reb T REh e BRAnEhLS dul B8, 4q Bbe IR FRRREAI® e

first d ' | & is I .act Lt h

one of “thd St B BT Suas] oL TR 1o hF FEra ARt S8 SRR Sk e

addi tion, heiEBRERATH thefildd'PEcbPadRY 9P And itk NdwIRGPRIHIG yepsrNd
i ncludes a data processing circuit for athird 4 format "whi ch denodul at es

i nformati croread; Qiid BY slekondinadnetdeehieedhadd chWigEeh NréBEr&§ PRG r §ap MeaNs
controls track positions of the first, second, and third magnetic heads via

t he carri agisltEndmdtsdss alaeaioweanthame thiatt b€ dacafprotemagnet toriveads for
the first, second, and third formats. In addition, the present invention
provi des amtl shanf wrinetimametriead 6ot infoemathoni wolth respecttypestivé
recordi ng nedia having different capacities, wherein with respect to a

| ow capacityghs@Rag ity maganding mediumagheh clhgrrare it apapd¢ieyin and
read out inforggtion in alowcapacity track format is operated at _track

i nt erval s Gh&R tARL T IRAT L PN LSCR ARG B W ap AR ¥ LEFLK WHARR (o

ite i hi gh- ity t k f t which is, int k d it d
1T near deRGRSH PRaNAPHATIN FE5o0ia PABIaRYr Har. MEARCREPABLEY THACKr bsent
) ‘i ' des. ; . hod f di q
Fepr oduct Ao SRR PP hER B B LR T Pt e Be iy e

di f ferent tfcrﬁe?%ivi_iceﬁ@yac%? ?cie@og‘.da%g(r: En%&%h,t Rnerk8y Eg@aﬂ iﬁf&?& Lpg

medium a i rst ghetrc hea I can wite in-and read out intormation

in a low GRRAGE Yddoads haldmeprodaresati ad odinatidnk ohNhRAVELSmt 36 &F €
narrower than a recording gap width thereof so as to wite in a

hi gh- capaaidne toyass fofr maicodd inty ieditediarindg disfdkrslensédpacittids pear
density than the |l ow capacity track format, thereby to record information
and to reamhauactarm ded dmethadn a exortdesll areame i9vwoapaded yforecor di ng
medi um by a second magneti c head which can read out information in the

hi gh- capagiontnaldaing dheatfimst magnetic head to operate at track

intervals narrower than 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



-In general, a high-capacity magnetic head is designed to have a narrow
recording gap length and a narrow gap width that are confornable to a

hi gh-capacity format that is high in linear recording density and track
"density, and is designed to wite a high-capacity track format in a

hi gh-capacity recording mediumat a narrow track width and at a high track
density, thereby to record information and reproduce the recorded
information. A |low capacity magnetic head which corresponds to this

hi gh- capadiedad whgabthas leadcosddegi gaeavitdihahetals eaordwey ghpnitdmaft h and
a gap width that are wi der than those of the high-capacity nmagnetic head,
wite a | of thpaategnd magnettdcnbead n and eancepadiont iaéormphgorsdiidh at a
w de track width and at a |ow track density, thereby to record information
and reprodageberd recorded infdrsaadnsh hivhecapesidyn§racli forBakithatferred
to are flexible disks, wherein as the | ow capacity recording nedia, there
are 2HD diiskeverppr@adier dfdtraek| Aresaky a§dtﬁénﬁﬁﬁhd%%%éEthh?%dg?ﬁing
nmedi a, there are 240MB super di sks OMB super disks and.the.ljke. In

addi ti on, H#@ﬂ%ﬁ%aﬂéfcittrﬁc#agﬂéwﬁt Tﬁ%‘asﬂlﬁ iS§cong F‘BB“QE&%&%%E&%A 20D

di sks include hi.gh density heads (HD_heads. d the |ike, and |l e

t hereof i3 I‘P’éfég:ena?\ﬂ rﬁj“% ”Teéagagroﬁ(ﬁfg "g'hepr%\%rht %fc%ﬁoﬁi é:nocfﬂ-t Ozaa%< interval s
of 187.5 T L gh- it i j L di sks
and 120v8 SSaoar Hr dREE AR AR EREAT A e RERGK bR T haR ARSI 1 R
ke, and i PRI A YAPluide i dRALIRUEIGA (EGH A G degdith of 8-um

f
and track intervals « -2~um However, in the present DESCRI PTION, the
wor ds "1 oW iGyh-ceRRRGHtyY "t ek "fH1rtC ARG HY "h BYIE- dkiRet RSy Wedlsrd By esent i ng

a relatively high capacity and a relatively | ow capacity, respectively.

Accor di ng nie@ itiie altr @SRAErbRVErddIoRidt ) Shed@pactbyrécocd imfomatsonwitten
in a lowcapacity recordi ng nedium by neans of a | ow capacity magnetic

head, thergfbre, readsputetiod ieformaatiion wiede ridesic knwkhié hh by +espomiiyng to a
recording gap width of the | ow capacity nagnetic head, format information
and desi r alelo®ridifrgr med iom dgn thee Whindmagnet id dredd near recordi ng density
and a high track density that are peculiar to the hi gh-capaci ty track
format. The inf&rnévrshewr detamli nthei abpyR-dapsEibedr £&6KdPAG Ae8Kum in

nead havi AFAGRISBRTGH 0 TG AR LT CO TSl TP AR

hi gh- ity t K 1o L f if. t .di s t t
o oxt eMeTHLABUEBUES FIRCSHbERF F i COHE ARPOTIAL oI SGAIRE wiER S 1O
o her 2 ¥l Y AP ol haddde 08 HESALOSAD datd pRULB A2 L Nat 1o

hi gher in Capaci e priorfarts in a l['owcapacity recording nedium

g‘gv\; ﬁg;oﬂ%ﬁ*{% daie ¢ harefdpnaatdid e Afddy -widiefmdRerdddt i on of
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



:Fig.*1 is a schematic block diagramof a | arge-capacity flexible disk
devi ce according to an enbodi ment of the present invention; Fig. 2 is a
perspective view of a head slider of the |large-capacity flexible disk
“device of Fig. 1; Fig. 3 is an explanatory diagram showi ng a track
pattern formatted by a | ow capacity nmagnetic head; and Fig. 4 is an

expl anat ory di agram showi ng advantages i n reproduci ng tracks, which have
been formatted by the | owcapacity magnetic head, by a high-capacity
magnet i ¢ Heauha tBedtidvb denfosiu 1Gdresy i ind courta ttilen Ineashtauwdn yEdlithsimd 1)
Herei nafter, an enbodi nent of the present invention will be described in
det ai | wi magneftdrcemead,o wher edimaiheysorRgiadr meana ¢aadld geeadpaci ty
flexible disk device shown in Fig. |, 1 denotes a _recording nmedium, and 2
denot es apomitdioadsnefothghifdksyri esond randt Bhird nageetiaherds uma. 3

denotes a carriage | oaded wi.ith head sliders 4 hayi track position control
mechani s s cagkd-agegens: 84 sg Eﬁi?FE@eaBYi9Beu9¥t£ﬁkuéﬁgﬂ; QRETRLND |

notor or the like ich,shifts the carrjage t., a pitch not nore than the
dat a t r aciCWRCHFS %rsﬁé\f% ﬁf]ﬁ'sﬁi'g.seﬁo c rﬁf tte}’rﬁeradnefzf’(f“%qqsd'ers 4 is |oaded
wi th a high-cap head 6 having a,core

magnetic head 7?ﬁ;%¥ﬂggggﬁngh9apﬁﬁﬁe3 réﬂ Sat588v89§325%338;ﬁ¥%gafgggﬁéing
T b ZREIR AR A0 SRS oo S hiaeGraboa et 1o
ot capc MR p pTn e bt sasestilbgdy Lack passbtoncant ol
gl ass el eMRRf-capdATY réebyaify mé@ilm K@ £8rst 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 to write in a high-capacity

track format which is greater in track density and linear

density than the low-capacity track format.

Furthermore, the present invention provides a

recording/reproducing method for recording and reproducing on

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 to write 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.



-8 is-a carriage drive circuit for driving the carriage drive unit 5, and 9
denotes a track position control circuit which drives the carriage drive
‘unit 5 via the carriage drive circuit 8 and controls the track position of
"the high-capacity nmagnetic head 6 and the | ow capacity magnetic head 7 of
the carriage 3. Position control by the track position control circuit 9 is
carried out based on information such as an encoder signal and the |ike
fromthe track position control nechanisns 4a. 10 denotes a

recor di ng/ r epr ofincjenemad)/ iof héghfoapacptyrmadnet b¢ hemghdsi desbanied \ite ch
amplifies recording/reproducing signals of the high-capacity nmagnetic head
6 and t he have eapacroy mregpeiing lgegd length ardd eqrrosagappybdeR Sihat
circuit for a lowvolunme format, 12 denotes a data processing circuit for a
" hi gh- vol umref eepfermahde 1» advahesapagigiafornat gt dsimghiipckinean 4
denotes a CPU and this CPU 14 controls the abovedescr.i bed respectiyve
circuits éﬁ@cﬁﬁbiﬁb@GpéﬂﬁQYPBBr%E%%FrQF%ﬁ&ﬁY#i%ﬁd'Pérdﬁsbgﬁﬁglfg)VQﬁte

magneti ¢ heads  10. Operations in the above construction will now be

descri bed2 RYBNGIEaRFFEN A hdeTma ey & g’rlglsth'é:afﬁa@f: AgdSi Yy Y or di ng
medi um 1. en witing data, .the wi.tj da IS transmptt .t he CPU
14 to them\c{?\gﬁémbra&&g\aﬁdroﬂ rtcrlﬂc:[k fw&dtﬁ?gﬁﬂc{/%tunae ']tgrr}lngtrtﬁgéjné’dloér}ﬂo Ul at ed
to high-c j d ts r I 16 /
17Code an%ﬁllt%%éatb% &%eer.sec&%fhlen &%meaiﬁhoéﬁ?{%y&grjodgrg é|:QnL"le’ler ﬁrcétcl on fromthe
CPU 14, t NS t ihON GO R . ot ' j iJcuit 8,
and the cg?lréldz’irg%%d'ﬁq{sie hn??QSBEF%éﬂIVIgﬁbgﬁgl? hﬁg?ggglﬁi%ggﬁﬁ%é/nﬁo@c{ﬁe

hi gh- capagidt y IR0 M8l ikt i apfméd?fwiaz_' Mgt i% ideLigied!dethaver aaddition,
by an instruction fromthe CPU 14, a switchover to a signal line for a

hi gh- capagideprEgieyap Deagdthsandrd gap widthrelidle a¥iegndbelri thasvihads ng
circuit 13, the witing data, which has been nodul ated to the

af or ement iodneHeht phcappad L tyy oadeset icshead), wihiteighloWwecapgaatyltirack
switching circuit 13 and a recording circuit of the recording/reproducing
anpl i fi er fioamag phua diow-gapacidgneecerddndgnedium athe widshtsaghoridth
magnetic head 6 of the carriage 3, and witten in the recordi ng nedium 1 by
the hi gh- éasadtt 9 heyreradie ALT6 ity a Hiefiekyapacregordr ipformukeR Rhps are
created between track formats, Wien reproducing the data witten in the

recor di ng HREFOdHCe Hif i5RAqnHad JEPIALIRNCPU 14 is sent to the
di ng/ i lifi f .l i f ti , th
i gh capact ty naBRaHEe tEae RE8iA Aokl H Bgttda Ro LRPRIHAGPIENNAY oy s

is read oyh ?éeiémh%§/ @h%ﬁ&ﬁf’?zfé&é&ﬁ@%%%@rﬁigﬁg‘ga:ﬁ%cgia T h&ﬁegi%ta?sé hip cfdi%% out is

si gnal - anpl'i an a Ing Tircuit recordi ng/ reproducl ng

anpl i fier Jpgy d?ﬁﬂé Wi th¥ 10fkdBAASSE €hb I pad ty t-Reeydl nghfedi gnal

line for a high-capacity magnetic head of the signal” line swifching circuit

13 to the tdaire l&rr@Qsl%iMstlE'éﬁ*UHtisk@r, a2bMghsupkungisrs nahd 1ehe deiwslul at ed
therein, and taken out by the CPU 14. For the | ow capacity recordi ng nmedi um
1, a nethqe afdigion, the low-capacity magnetic heads utilized for 2HD

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-



-to a lowcapacity format and a nmethod using a high-capacity format are
possi ble. Wen witing data, upon an instruction froma host such as a
personal conputer or the like, in the |owcapacity recordi ng nmedium 1 by
“means of a |owcapacity format, the witing data is transnmtted fromthe
CPU 14 to the data processing circuit for a | owvolume format 11, nodul at ed
to |l owcapacity codes such as, for exanple, FM MM and the |i ke, sent
through a signal line for a |owcapacity format of the signal line

swi t chi ng aaipasuitty "1 3neind htilgh -capacdityy erecusedodstwerdecerpiiergretdduci ng
amplifier for a plurality of nagnetic heads 10 to the | owcapacity nmagnetic
head 7, ard ngliatisreliyh high reapaaitiy andliamel ahlveky | oW ARASYYY magnet i ¢
head 7 in a lowcapacity format in which gaps are created between track
formats . MRERSHUMEIoh of the data is carried out by following a course
reverse thereto. V%en_mmiting data in the | mfcapaﬁLt recordinqineq%un11
by means of a hPGROEGHARFI &S tREMRRSCRHANYPPELRG  PafdINSCAOPARLAY T RF  r om

hodul at ed SUMA RS ASIEEED. (B a b Ab A Y st ot B RRET mefadrn

16/ 1 7Cod d the Like.. th h hand, | nst, Is CPU
Te (he s peErerbRcaER pEFnt S el R ARSI i RE SR T
N . iy ; dri . ‘ A

the carriage dtj;ye %@%Ek5g§§%gfEF%g@sgeﬂdﬁhg %5@8 rgeékaiﬁgdgﬁ?t$fﬁt

| ow- capacity nmagneti ¢ héea carriag is contro n addition

by an ins_tdffmttﬂénqgﬁ.%%ﬁ%%eﬁévﬂémowrd@c & Pt tiddeador a

| ow- capacity nmagnetic IS carried out in the signal line swtching

circuit 13edii@p¥d §nferfidataondue beasibeen 08 Bjed ihearheedd eigqpaci ty

codes, is sent through the signal line switching circuit 13 and the

recor di ng qanstitiyt anfd taheh igic arhiolg/deap duci et s i pecul faor o ptheal ity of
magneti c heads 10 to the |low capacity magnetic head 7 of the carriage 3,
and writt dnidm-damaiggordiank rfedimat.l Bhet hefoomatapacwrythegnen tletsl 7.
When reproducing the data witten in the recording nmedium1, an instruction
fromthe GRy-tapssigahrecordhagmeshium hp/theph balirc¢apaakpy itraek fermat
plurality of magnetic heads 10, the high-capacity magnetic head 6 of the
carri age 3§ §e§8I et 86 ingha RighRARAGLLY BR9neHicoherd al i ety ey

magneti c head 6,, The data {hus read out is signal- lifjed by the
anpl i fyi ndSG¥dH9 &2R Héwi“é?cd'f’m /‘?%5‘?‘%&&%‘?%;%? i%lrge%?y%acpm ality
of magneti,c _hea 10, sept _through SJ | )1 r L.gh- city
magneti c iy %%trﬁ‘@tsi SﬁgFe?Pﬁé ’s(\?\n‘t’%ghlffng:r}%crﬂc&?? ptllgcte g\ep lﬁegggﬁgg to
processin I i or hi,gh: vol f \ uk i and
Pr 000! 16l Rk (RelbAUED! 8Os ARl o ordeRRGLA Bk StnAiEC R dun
| ow- capacigey dR6%Hdtbred) Waprdduded] Irhe@nagit helcomsrt pdsls il tee
described in detail.

record data that is higher in capacity than the prior arts in

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;



- As shown'in Fig. 3, by the |lowcapacity magnetic head core 7a, track
formats are witten at track intervals narrower than its gap width 21 of,
for exanple, 115min order, for exanple, fromthe outer circunferentia
"side toward the inner circunferential side. The track intervals are set to
be greater i2 than a gap width 22 of the high-capacity nmagnetic head core
6a of, for exanple, 8~um A track pattern to be fornmed is provided as the
inner circunferential portions of the outer tracks 31, 32, 33, 34, 35 and
so forth which Big.o¥ersmant esplanahoryed baljsae mhdawing at tnark Ptten 34,
35 and so forth. In addition, as representatively shown by the tracks 31
and 32 in fRimmatted ata Iowrtapd ity 2@ @tetie hradr andick 31 becones
narrower than the gap width 21 of the Iomkcapacit% magneti c head core 7a by
a width 24 thatFhds Bedd d0Vep¥Planabory ¢hRITaRcFhevieg advantages Hanpl e,
25wm resulting in 90m Therefaqre, format information d desirable

i nf or mat i IPREGIWELRG itHasks Whish Havedesh dtarnatte gh%aﬁ?%vaeqw't han t hat
of the original..|lowcapacity fo t. at_a.high track density., .and.in a

hi gh-capa&%%?qﬁynﬂaqlﬁ%l%ﬁeao%’gﬁomL}}Jaqrb'cfg?%a‘fﬂ -"&aa%’b%‘f%/% Reifds.
Accordingly, data which is higher in capacity than the prior arts can be
recorded in the |low capacity recording nedium 1. Then, the information

withint h%etgscﬁ rnc@é Fdf a&h: %’?i%‘ww lt}%' -@rpove- descri bed

hi gh- capacity nagneti ¢ hea a having the 8wm gap width. At this tine,

si nce guar ﬂyggﬁwéﬁ%eich having 4l ~umremai n on both sides of the gap
wi dt h 22,(t eiln uenc? fromtrack displacenent caused by eccentricity and

the like createfedd@nh@teeh & ¥pHYd idfertherr €sd i@ dnyent ibs wlini nated
or substantially reduced. Accordingly, reproduction of the information can

be sati sf @ @lddoritasd ijad dettailSucitla refereaticr/teprlvs udtawgimges hod opens
the way for 13 utilizing a lowpriced | owcapacity recordi ng nediumas a
recor di ng medi uRefievimggathi gher lezgeecapachsy tfhexibflet daspr devigets. In
addition, in the above-descri bed enbodi nent, the
shown in Fig. 1, 1 denotes a recording medium, and 2 denotes
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.



-l arge-capacity flexible disk device provided with two sets of the magnetic
head and data processing circuit for a format has been descri bed, 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
wi dt h 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 conbination of the high-capacity magnetic head 6 and the

| ow- capacity na§nési 8 headidageadtoviei aarcohtofor hdrivingapheicyrnbagetic
head 7 and the second high-capacity magnetic head 15, or a conbination of
t he hi gh- cipiatd tapifadnetand Hedgnetgrdat hsaskcppdihigh-capbtel yCheginbti c
head 15, high-capacity information can be recorded and reproduced on and
from a | onldsndniyacethedragriaapudy iiet it shwigafher casrifgeabolee It is
al so possible to provide four. sets or nore of the magnetic head and data

processi nFiEGEE € #88 PR the sBacknreshlyir iaf RBSh HERTFRPIRELHI ghest
it be . i ded_t d-only. The f (T i d
Gob ! o THATRH AAAches e ST kRIS oF IREIEEIE B | (Tt
der. T i ticul . le. t fa i i .Qr.QVi i t-h
i 10 A BT SR GRS HICRSPL B g Y S <

cor respongl; 1&% fé"@%&ﬂieﬁko@@%a%éd)%gﬁﬁi@%g?g&h%é‘%ﬁder(@oégfprdi ng

gap width o corresponding to a and al so provi ded
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where | owcapacity formatting is executed for a 2HD di sk ) by neans
of the | owscapacity magnetic head, the data track w dth becones 115, m and
the track intervals becone 187.5.m On the other hand, on the assunption
that reproducti b0 denegesi adrevbrilynylieecbrgiuedpgcainpliddeet iforhaad, by
nmeans of the |low capacity magnetic head, the track density is hei ghtened by
setting tpdudatla bty ack maghet io Heddsnwdnich rempYifties ntervals to 18. 75, m
and hi gh-capacity formatting of 16/17 Code is executed for the sane 2HD

di sk, whexsigprainsygrepraducsigiaigngls B e bigh-capaaity Magnet ic
beconmes possible to use the 2HD disk as a 32MB recordi ng nmedi um

Fur t her noh@2ady 64ang et FARRSPRAGH Ya MRgRetdSabrag ﬁadﬂe%ieé‘oﬁé‘&da(%ﬁta

di i dt h of, 115, m, fjrst _hjgh- it tic h
Fecor di ng B SRS GrLESULY oran o seebilte it dd, (FIREGReR SR tRad ( a
idth of 1. 5~m . ted d t ti t
gep ot D edlocksaiail it S HhIh Fra Nt B €33 BBhetsaan. by
means of tsfl%ﬁfa'lr itir@%ééﬁiﬁ@ﬂ&i@.am the track density is heightened

by setting the data tr _ to 8~.mand the track intervals to 2.0-, m
and hi gh-capacijy §ensebki B9cPl 3RalénEadepus1gxeented1Eoknha a&eu%;super

di sk, whereby the recording capacity can be heightened to 1.4GB.
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



- CLAIMS 1. A flexible disk device conprising: a first magnetic head ( 7 )
whi ch has a wide recording gap width, and can wite in and read out
information, with respect to a | owcapacity recording nedium( 1) , at a
"wide track width based on said wide recording gap and in a | owcapacity
track format; and a second nmagnetic head ( 6 ) which has a recording gap
width that is narrower than that of said first magnetic head ( 7 ) , and
can wite in and read out information, with respect to a high-capacity

r ecor di ng amedinghruct donfinsn itheyCPat drd /i theapa@aky postifaps iqntrol

| ow- capacity recording nedium( 1) , at a narrow track width based on said
narr ow r e€3xgUE fapthmngary iage drlveedialit Backnd dheafatiriatgeidr Yreat er
in track density and_linear density than said, |l ow capacity recordin

medi um  WHEHELY Rrexdbiven; and dhig t&ack BrPadtinn PE&pkRRINHEN1GARAGHERY on on

and fromtw or ,nore types_ of recordin dia (1) vi.ng different
capaci t i eda9getischepze P r’fhlenﬁ?rﬁlﬁggtﬁs ﬁgg?ﬁoaiﬁf’i IR ASA PR or

oo B8 PRI F R o SP SBRIEAA BR AR
w50, TR Y GARHE PP S S BN TR A
ecor e Rl RSAPIK G it TR Hach, PSRN bampnet | ¢

conpri si ngoAuRited PBIRAE arBeafleht i8nbd"HiGR-HABaditfCobdeaY Dasent h
that is narrower than that of the second nagneti ¢ head (6), and can read

out i nf or ARy HVEheh shgnaheeineesRigedihg 8isec08dl hi Hid capasddnd inqck
format that is even greater in track density and linear density than the

hi gh- capaeiitreutitack iy retolrddngd zegpredaeidgnamgpkri f tedifokr Aqealdialbiy can
wite in and read out, wherein the control neans ( 14 ) controls said
second magifemagnietdd hedds 16 vpethechigh-capakitnimagnétipaheated athan t he
recording gap width thereof so as to wite a second high-capacity track
format intde gamirdaoeapacieng wedstenngnnebeurecarding megiwdwl tRRASY dt h,
thereby to record information and to read out the information, recorded on

sai d hi ghhdgPaciePacidyomapRgtnedd fh dn1a)high-CaARPGIRY dorBighei R (15) .

gaps are created between track formats.

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 an 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.

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

10



3. A-flexible disk device as set forth in Claim1, further conprising a
rotating neans ( 2 ) for rotating a recording nmedium( 1 ) which is pl aced
‘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 nodulate information to be inputted
in said first and second nagnetic heads (6) and (7) to data signals which
correspond to a | owcapacity or a high-capacity track format in accordance
wi t h desi gnabiwenapaditiynbehat @ndné aratdtadnsisgd baghbyapae ityspeonatve
magnetic heads ( 6 ) and ( 7 ) , wherein the 1~ r control neans ( 14 )
control s targkqasihliens of said first and second magnetic heads ( 6 ) and
( 7) via said carriage ( 3 % and al so selects either one of the data
processing cirches VEiting data; PRN AtdAGtryckion £rom anfogtmuchy, A
flexible disk device as set forth in Caim2, wherein the carriage (3) is
further | Gfdeéd RRESPRRL HIIRPUYRRINAY ctHeabiike n5in Hhy IqiterRACE Hat a

processing circuit for.a third format (16) whi ch denpdul ates infaormation
read out %#Q%‘?‘%ﬁ’rﬂ‘bﬁeﬁ)’cw ("f%S"2 )1OW=GAPAGIE ¥ TR L ( 14)

I K. | 1.0 f the fi , d ird ic head 6
(7)) AR R o el e BEAL o TR e dat e

rocessin j jts for e fdrst ) i for , and
i PR AN 2 TR NE (R 4
recordin | ; r . ghar LisZefai it hat wi
respect '?01 a Icﬁd\kg%aalp c}élf)egrse%:gégi%' r%g:?%%h%\??%'aﬁ?f r@?& %é‘gngﬁ?c ]%aéz;'d (7)

whi ch can sent & Hibfif 4 eadgit 1 iHO B | N dwl g R tGAPRSI At Id @Gk d or mat
is operated at track intervals that are narrower 'than™a recording gap w dth

thereof, sdgialt ainel b®itBhangi @hréapacilarid atle tecsvbingi ebrisigreater in
track density and linear density than said | owcapacity track format. 6. A
r ecor di ng/ithepr edord bng Aeepoddéoingempldi figerafidr Agplurality of magnetic
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, and thecarriage drive unit 5 are driven and the track position
of the low-capacity magnetic head 7 of the carriage 3 is

controlled. 1In addition, by an instruction from the CPU 14,

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

11



.r reproducing on and fromtwo or nore types of recording nmedia (1) having
different capacities, characterized in that with respect to a | owcapacity
recording medium (1), a first magnetic head (6) which can wite in and read
"out information in a |lowcapacity track format is operated at track
intervals that are narrower than a recording gap width thereof so as to
wite in a high-capacity track format which is greater in track density and
| i near density than said | ow capacity track format, thereby to record

i nformati ds sadried ead dmt thiee silghedmdtinen swddohded erirsaiid 1w ddygacity
recording medium (1) by a second magnetic head (7) which can read out

i nf or mat i ¥ itdngaidatai,gwhdghadiasy beesc modgdaged 1o theg high-capacity
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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 narrower 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 be greater

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 41um 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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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
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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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CLAIMS

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-
capacity track format in said low-capacity recording medium (1)
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
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second magnetic heads (6) and (7) via said carriage (3) and also
selects either one of the data processing circuits for the first

and second formats (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 information 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 formatting two or more types
of recording media (1) having different capacities,
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 writé in a high-capacity track format which is greater
in track density and linear density than said low-capacity track

format.

6. A recording/reproducing method for recording and
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reproducing on and from two or more types of recording media
(1) having different capacities, 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 inférmation 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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