. Qossh wx-
WAND APPARATUS FOR RECORDI NG AND REPRODUCI NG DATA :Fhe present
relates to a nethod of and apparatus for recording and =~ -

ng data for use, for 5 exanple, with a conputer system having a
i sk drive. Conputers such as a personal conputer or a work station
fher el ectronic equi pnent (e.g., nusic sequencers, audio sanpling
ent, etc.) which incorgorate a nicroconguter or the like are often
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bne via an extended bus cable or the like. It is customary that a fl oppy

Bk drive records dat,a supplied rthereto fromthe host equi nt_.on

7oppy di sk nount ed ?#Tée? e?lgg%‘?‘fbtl o YR RU L AP < pqirg%t}g‘g?aof an

( apparatus for recording and reproducing data for use, for

/ 5 example, with a computer system having a floppy disk drive.
Computers such as a personal computer or a work

station and other electronic equipment (e.g., music

sequencers, audio sampling equipment, etc.) which
incorporate a microcomputer or the like are often either

10 provided with an internal . floppy disk drive or are
connected to one via an extended bus cable or the like.

It is customary that a floppy disk drive records
data supplied thereto from the host equipment on a floppy
disk mounted therein and/or reproduces and supplies data

15 recorded on the floppy disk to the host equipment on the
basis of various commands supplied thereto from the host
equipment such as a computer or the like.

FIG. 1 of the accompanying drawings shows a
recording format used in a conventional floppy disk drive.

20 The recording format of the floppy disk drive will be
described with reference to FIG. 1.

In FIG. 1, reference symbol Idx depicts an index
signal generated from a floppy disk drive mechanism to
represent a starting portion of a track. Reference symbol Tp

25 depicts a track pattern. Reference symbol "4E'" shown on the
leftmost portion of the track pattern Tp represents a gap
G4a recorded on the starting portion of the track to protect
data from a displacement of an index detection timing
between the floppy disk drives. Reference symbol "00"

30 represents a synchronizing (sync) signal SY, and reference
symbols "C2" and "FC'" depict an index address mark IAM used
to detect the starting portion of the track. Reference
symbol "4E" depicts a gap Gl used to discriminate the index
address mark IAM and an identification number ID.
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15 recorded on the floppy disk to the host equi pnment on the basis
various commands supplied thereto fromthe host equi pnent such as a
conputer or the like. FIG 1 of the acconpanying drawi hgs shows a rec
format used in a conventional floppy disk drive. 20 The recording fo
of 'the floppy disk drive will be describéd with reference to FIG 1. In
FIG 1, reference synpol |dx depicts an index signal generated froma

fl oppy di sk drive necR&nPExtt BeFPERF eSEAT LS §F8thﬁﬁ g8Pt Fdm 89a track.
Ref erence sgobotsTp,22, .depinatara tbAacknpatt esNshoRaf eherae.sunbolas' 4E"

shown on the | efino portion_of,.the track_ patt Tp represents a gap Aa
recorded ofiPHE %Ya?#FnSrSSrPFo%thsFﬁ OFr&ckntg&groEecF ch>8ector

comprises an identification number ID, a gap G2 used to
5 discriminate the identification number ID and data DA, the
data DA and a gap G3 used to discriminate the sectors.

A magnetic head used by the floppy disk drive to
record and reproduce data will be described with reference
to FIG. 2. As shown in FIG. 2, there is provided a tunnel

10 erase head 1, and a floppy disk (not shown) is rotated in
the direction shown by a solid arrow A in FIG. 2. The tunnel
erase head 1 includes a read write gap IRWG and an erase gap
1EG. Upon recording, the tunnel erase head 1 records data
by the read write gap 1RWG and generates a guardband between

15 the tracks by the erase gap 1EG.

FIG. 3 shows a timing at which the floppy disk
drive using the tunnel erase head 1 records data. In FIG.
3, reference symbol Tp depicts a track pattern, and WGP
depicts a write gate pulse supplied from the host equipment

20 (not shown). Reference symbols WP and EP depict a write
signal and an erase signal generated in the inside of the
floppy disk drive (not shown), respectively. When the
tunnel erase head 1 is applied to the track pattern TP shown
in FIG. 3, the read write gap 1RWG and the erase gap 1EG of

25 the tunnel erase head 1 shown in FIG. 2 are reversed in
position.

FIG. 3 shows the case that an area of data DA
{shown hatched) of a certain track is rewritten.
Specifically, when the area shown hatched is rewritten, the

30 write gate pulse WGP is supplied from the host equipment,
and the write signal WP and the erase signal EP are supplied
from the floppy disk drive. As shown in FIG. 3, when the
write gate pulse WGP is turned on, i.e., goes to logic low
"Oo" level, then the write signal WP is turned on,.i.e., goes

35 to logic low "O" level. After a predetermined delay time D1

heet Has Been Replaced

"R



10

15

20

25

30

35

di spl acenent of an index detection timng between the floppy
Ref erence synbol "00" 30 represents a synchroni zing (sync)
and reference synbols "C2" and "FC' depict an index address nark

to detect the starting portion of the track. Reference synbol "4E"
"a gap Gl used to discrimnate thé i ndex address mark | AM and an
|cat|on nunber | D. 2 The next sector, starts fron1the(9a Gl, and

s 1, G-e-. eTpsgondfliavied & SFGRE iSdaped EF g turne

When the write gate pulse WGP is turned off, i.e., goes to
logic high "1" level, then the write signal WP is turned
off, i.e., goes to logic high "i" level. After a
predetermined delay time D2 (erase-~off delay), the erase
signal EP is turned off, i.e., goes to logic high "1" level.

More specifically, when the tunnel erase head 1 is
used, the erase pulse or signal EP is turned on and off with
the predetermined delay times D1, D2 relative to the level
of the write gate pulse WGP so that the erase signal EP goes
to logic low "0" level during the gap G2 and goes to logic
high "1" level during the gap G3.

The pre-erase head 2 shown in FIG. 2 includes an
erase gap 2EG and a read write gap 2RWG. Upon recording,
the pre-erase head 2 erases recorded data by the erase gap
2EG and then records data by the read write gap 2RWG.

FIG. 4 shows a timing at which the floppy disk
drive using the pre-erase head 2 records data. In FIG. 4,
reference symbol TP depicts a track pattern, and reference
symbols WP and EP depict a write signal and an erase signal
generated in the inside of the floppy disk drive (not
shown). Reference symbol WPG depicts a write gate pulse
supplied from a host equipment (not shown), and reference
symbol Wda depicts data to be recorded. When the pre-erase
head 2 shown in FIG. 2 is applied to the track pattern shown
in FIG. 4, the read write gap 2RWG and the erase gap 2EG of
the pre-erase head 2 shown in FIG. 2 are reversed in
position.

FIG. 4 shows the case that the area of data DA
(shown hatched) of a certain track is rewritten.
Specifically, when the area shown hatched is rewritten, the
write gate pulse WGP is supplied from the host equipment and
the erase signal EP and the write pulse WP are supplied from
the floppy disk drive. As shown in FIG. 4, when the write
gate pulse WGP is turned on, i.e., goes to logic low "O"
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shown by the area of the sector 1 in FIG 1, each sector conprisesX
identification nunber ID, a gap G used to 5 di scrimnate the
i dentification nunber ID and data DA, the data DA and a gap G3 used
di scrimnate the sectors. A magnetic head used by the floppy disk dri
record and reproduce data will be descrided with reference to FIG 2.
showmn in FIG 2, there is provided a tunnel 10 erase head 1, and a fl

di sk (not X#fwh) FRER oFRE eBFIFE t FEOITR } bR | 3 sHRnWBita S68NaLlalPodx A in
FIG 2. Thautnwdedbneriase. hegd doi Dedieebowr readiavél e gapsbRWhandtha eras

02 €6 Vol L 88U ngh s GekUIRelySrgsco TP, Lot ecgds g3l gy heghead
erase gap "l'BGlevel, the erase signal EP is turned off, i.e., goes to
5 logic high "1" level. After a predetermined time, the write
signal WP is turned off, i.e., goes to logic high "1" level.

Specifically, when the pre-erase head 2 is used,
the write gate pulse WGP and the erase pulse EP are
simultaneously turned on and off so that the erase signal EP

10 is turned on at the position of the gap G2 and turned off at
the position of the gap G3. Since the pre-erase head 2
pre—erases (erases previously) the area of the data DA
reliably, the pre—-erase head 2 begins to record data from
the intermediate portion of the gap G2 prior to the data DA

15 to thereby record the gap data "4E" corresponding to the
distance between the read write gap 2RWG and the erase gap
2EG.

As shown in FIG. 2, since the erase gap 2EG in the
pre-erase head 2 is ahead of the read write gap 2RWG

20 relative to the recording medium, if the pre-erase head 2 is
activated when the position of the read write gap 2RWG
becomes equal to the position of the gap G2, then a portion
NEt which is not pre-erased by the pre-erase head 2 is
produced on one portion of the gap G2 of the track pattern

25 TP.

FIG. 5 shows a timing at which the floppy disk
drive using the pre-erase head 2 records data. The format
shown in FIG. 5 is different from that shown in FIG. 4. As
is clear from the track pattern TP, according to the format

30 shown in FIG. 5, an index signal Idx goes to logic high "1“
level in the gap G1 which is followed by sectors of one
track ranging from a sector 1 to a sector n. Each sector
comprises an identification number ID, data DA and a gap G3
used to discriminate the sectors.
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atimng at which the floppy disk drive using the tunnel erase
ords data. In FIG 3, reference synbol Tp depicts a track

and WGP depicts a wite gate pul se supplied fromthe host

t 20 (not shown). Reference synbols WP and EP depict a wite

and an erase signal generated in $he inside of the floppy disk drive
hown), respectively. Wen the tunnel erase head 1.is a plled to the
pattern TP showf FﬁGFléy §ef?ﬁ@nP@aaymFPﬁelaépdeWEﬁén&ntH@ &fase gap
of 25 siyhaltuanel refagenbeadyhbvshorn dapEtEs 8 arackeypatgeani.n

Fieion FLG 3 shows the cage £hat ap arga of data DA (shown hatehed) of
upper portion of FIG. 5, and the track pattern TP is shown
5 on the lower portion of FIG. 5 in an enlarged scale.
Further, in FIG. 5, reference symbol WGP depicts a write
gate pulse supplied from the host equipment (not shown), and
reference symbols WP and EP depict a write signal and an
erase signal generated from the inside of the floppy disk
10 drive (not shown). When the pre-erase head 2 shown in FIG.
2 is applied to the track pattern TP shown in FIG. 5, the
read write gap 2RWG and the erase gap 2EG of the pre-erase
head 2 shown in FIG. 2 are reversed in position.
FIG. 5 shows the case that the area of the data DA
15 (shown hatched) of a certain track is rewritten.
Specifically, when the area shown hatched in FIG. 5 is
rewritten, the write gate pulse WGP is supplied from the
host equipment, and the write signal WP and the erase signal
EP are supplied from the floppy disk drive (not shown). As
20 shown in FIG. 5, when the write gate pulse WGP is turned on,
i.e., goes to logic low "O0" level, the write signal WP and
the erase signal EP are turned on, i.e., go to logic low "O"
level. Also, when the write gate pulse WGP is turned off,
i.e., goes to logic high "1" level, the erase signal EP is
25 turned off, i.e., goes to logic high "1'" level. After a
predetermined time, the write signal WP is turned off, i.e,
goes to logic high "1" level.
Specifically, when the pre-erase head 2 is used,
the pre-erase head 2 is activated (erase-on) in the area of
30 the data DA of the track pattern TP and is disabled
(erase-off) in the gap G3. As earlier noted, since the
erase gap 2EG in the pre-erase head 2 is ahead of the read
write gap 2RWG relative to the recording medium, if the
pre-erase head 2 is activated (erase-on) when the position
35 of the read write gap 2RWG becomes equal to the starting
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Specifically, when the area shown hatched is rewitten, the 30 wri
pul se WGP is supplied fromthe host equipnent, and the wite signal

the erase signal EP are supplied fromthe floppy disk drive. As shown
FIG 3, when the wite gate pulse WGP is turned on, i.e., goes to |ogi
"0" level, then the wite signal WP is t&rned on, i.e., goes 35 tolo
| ow " 0" IeveI After a predeterm ned delay tinme D1 3 (i.e., erase-on
del ay), theoethbensp§niheEPats Phy ntheanthehparthenwiEte yhiehpdssaobeP |

turned of fpré-Eras8@¢SikOproduced in one portion of the area of the
data DA of the track pattern TP.

When the tunnel erase head 1 shown in FIG. 2 is

5 used according to the format shown in FIG. 3 and when the
pre-erase head 2 shown in FIG. 2 is used according to the
format shown in FIG. 4, one sector needs a number of gaps,
such as the gap Gl used to discriminate the index address
mark IAM and the gap G2, the gap G3 used to discriminate the

10 sectors, in addition to the index address mark G4a.

In order to pre-erase (previously erase) the area
of the data DA reliably, the pre-erase head 2 starts
recording data from the intermediate portion of the gap G2
prior to the data DA to thereby record the gap data “4E"

15 corresponding to the distance between the read write gap
2RWG and the erase gap 2EG. Therefore, the relatively wide
gaps are formed. From a high density recording standpoint,
it is not desirable that the recording area is consumed by
the wide gaps.

20 Further, when the pre-erase head 2 shown in FIG. 2
is used according to the format shown in FIG. 5, no gap
exists between the identification number ID and the data DA
in the format shown in FIG. 5 so that the portion NEt, which
is not pre-erased, is produced in the starting portion 6f

25 the area of the data DA as shown in FIG. 5. As a
consequence, when data is recorded, data is recorded on the
portion NEt which is not pre-erased with the result that
data cannot be recorded satisfactorily.

Therefore, it is an object of the present

30 invention to provide a method of and apparatus for recording
and reproducing data in which the aforesaid shortcomings and
disadvantages of the prior art can be reduced or eliminated.

Accordlng to a first aspect of the present
invention, there is provided a method of recording and

35 reproducing data comprising the steps of:
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"1" level, then the wite signal WP is turned off, i.e., goes to
"1" level. After a 5 predeterm ned delay tine D2 (erase-off

he erase signal EP is turned off, i.e., goes to logic high "1"

Wore specifically, when the tunne] erase head 1 is used, the erase
Or signal EP is turned on and off with the predetermnined delay tines
i onal | &b goes '8 BAEeiRE gt HREoERER oM RS SRSy Goes (o
¢ hi ghrecorfangl mg¢diungbyhe gepoGlinghengr eeprasuchegdh2agiiown in FI G
ncl udes an erase ﬁ@ﬁo%@giﬂﬁdrégégagcﬂﬁi%thaefzgwﬁiegeQnoh%CQEQEQQ’ 15

e pre-erase head 2 erases reécor

I"ogic eve uring gap and goes to

ata by the erase gap

in memory means;

rewriting memorized data which is to be changed on
said medium;

supplying data read out from said memory means to
said recording and reproducing head; and

controlling a recording operation of said
recording and reproducing head so that data of every track
read out from said memory means is recorded on said
disk-shaped recording medium.

In accordance with a second aspect of the present
invention, there is provided ah apparatus for recording and
reproducing data comprising:

a recording and reproducing head for reproducing
and recording data recorded on a disk-shaped recording
medium;

memory means for memorizing at least one track of
data reproduced by said recording and reproducing head; and

control means for memorizing said data in said
memory means to thereby rewrite said memorized data,
supplying the data read out from said memory means to said
recording and reproducing head and controlling a recording
operation such that data of a track read out from said
memory means is recorded by said recording and reproducing
head on said disk- shaped recording medium.

The invention will be further described by way of
non-limitative example with reference to the accompanying
drawings, in which:-

FIG. 1 is a diagram of a recording format used to
explain a track pattern according to the prior art;

FIG. 2 is a diagram showing arrangements of a
tunnel erase head and a pre-erase head according to the
prior art;
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2EG and then records data by the read wite gap 2RWG FI G 4 shows
at which the floppy disk drive using the pre-erase head 2 records dat
FIG 4, reference synbol TP depicts a track pattern, and reference 20°
synbol s WP and EP depict a wite signal and an erase signal generated
the inside of the floppy disk drive (not&shown). Reference symbol WPG

depicts a wite gate pul se supplied froma host equipnent (not, shown), a
ref erence synbol Vdafﬁ i Ct $5d3t £1PGTRE MEEGr §8d X MHEATY Re trENgr &de” 25
head 2 showhich BaGa 3s wrdpplencthyt astihg &r acknpat kbR eShud atddr@ing th
read wite,_gap,2 .and e erase gap 2EG of the pre-erase head 2 shown in
FIG 2 aretr%eggresﬁgl’%ﬁ S%JS%'I"[ i on.

FIG. 4 is a diagram used to explain a timing at

5 which data is written by using a pre-erase head with a
certain recording format according to the prior art;

FIG. 5 is a diagram used to explain a timing at
which data is written by the pre-erase head with another
recording format according to the prior art;

10 ' FIG. 6 is a schematic block diagram showing an
apparatus for recording data according to a first embodiment
of the present invention;

FIG. 7 is a schematic block diagram showing an
apparatus for recording data according to a second

15 embodiment of the present invention;

FIG. 8 is a diagram used to explain how to rewrite
data of one track according to the present invention; and

FIG. 9 is a diagram showing a format with which
data of one track can be rewritten according to the present

20 invention.

A method of and apparatus for recording data
according to the present invention will hereinafter be
described in detail with reference to the drawings.

As shown in FIG. 6, there is provided a host

25 equipment 3, such as a personal computer, a work station, a
music sequencer or a sampling equipment using a floppy disk
drive. A floppy disk drive (FDD) 8 records data supplied
thereto from the host equipment 3 on a floppy disk (not
shown) or reproduces data recorded on the floppy disk (not

30 shown) and supplies the reproduced data to the host
equipment 3 under the control of the host equipment 3.

The host equipment 3 comprises a CPU (central
processing unit) 4, a bus 5 (formed of data bus, address bus
and control bus) connected to the CPU 4, a floppy disk

35 controller (FDC) 6 connected to the bus 5 and a memory 7
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Pws the case that the area of data DA 30 (shown hatched) of a
rack is rewitten. Specifically, when the area shown hatched is

n, the wite gate pulse W&P is supplied fromthe host equi pnent and
se signal EP and the wite pulse WP are supplied fromthe floppy
@rive. As shown in FIG 4, when the®wite 35 gate pulse WGP is

d on e | o ow " 0" 4 | evel, then the erase signal EP
Fhe i FBREESRa %W)%Qree%f‘&r fed 3RS MEBOTYgd PEHBGRE FoROMD Geaed

access memory) for work area. Lines of various egquipments
connected to the bus 5 are changed depending on the type of
5 the host equipment 3, i.e., whether the host equipment 3 is
the personal computer, the work station, the music sequencer
or the sampling equipment, and therefore need not be
illustrated. Elements that should be connected to the bus 5
are a display device, a keyboard, an audio circuit, and
10 various interface circuits. The memory 7 memorizes data of
one track.
The floppy disk drive (FDD) 8 includes a drive
controller 9, a read/write amplifier 10 and a magnetic head
11 such as the pre-erase head (see FIG. 2). The bus 5 of the
15 host equipment 3 is connected to the drive controller 9 and
the floppy disk controller (FDC) 6 is connected to the drive
controller 9.
The reason that the pre-erase head is used as the
magnetic head is as follows. If the tunnel erase head is
20 used as a magnetic head to record data with a high density,
such as 4 MB or the like, then a magnetic layer cannot be
magnetized sufficiently so that a so-called overwrite
modulation occurs. It is customary that the tunnel erase
head is used to record data with a relatively low recording
25 density, such as about 2 MB or the like.
Operation of the apparatus for recording data
shown in FIG. 2, in particular, rewriting of desired data of
a desired track of the floppy disk will be described below.
Initially, a command is supplied from the CPU 4 to
30 the floppy disk controller (FDC) 6, whereby the floppy disk
controller 6 controls the drive controller 9 of the floppy
disk drive (FDD) 8. The drive contreoller 9 controls the
magnetic head 11, e.g., turns on and off a motor (not shown)
and feeds the magnetic head 11 to read data out of the
35 floppy disk (not shown). Data read out from the floppy disk
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wite gate pulse WaP is turned off, i.e., goes to logic high "1" IY¥
erase signal EP is turned off, i.e., goes to 5 |l ogic high "1" le
After a predetermned tine, the wite signal WP is turned off, i.e.,

to logic high "1" level. Specifically, when the pre-erase head 2 is L
the wite gate pul se WGP and the erase pdl0se EP are sinmultaneously tur

on and off so that the erase signal ,[EP 10 IS turned on at the positio
the gap G SNdtherRegnsFicaberfiel hoift FRRVEFteRcbyaphesreafiweithe

pre-erase hgagl2f pee- eoaseSbiﬁaﬁyeaaﬁaeahQUﬁhyh .&bgpaiea eb the déabppbA
reliably, t R E-EL a8 eag h 0 record daja i he |nterned|ate
portion of %h% gsh g}?Br t% ggg é S AT f¥ey SOP%EP E cord the gap
data "4E" correspondi Tibet 61bppy disk controller 6 dlscrlmlnates data
5 and a clock pulse from a pulse train of pulses sequentially
supplied thereto. Having decoded the data, the floppy disk
controller 6 converts this serial data into parallel data
and supplies the parallel data through the bus 5 to the
memory 7, in which the parallel data is memorized. At that
10 time, since the pulse train contains the identification
number ID, the data DA and data such as the gaps G1, G4, the
floppy disk controller 6 locks its internal PLL
(phase-locked loop) on the basis of the identification
number ID and the sync. pattern SY provided at the starting
15 portion of the data DA to thereby memorize the
identification number ID and the data DA.

Although recorded information of the floppy disk
on which data is recorded by other system becomes
discontinuous because only the area of the data DA in

20 information of one track is rewritten, only the
identification number ID and the data DA are read out and
edited as continuous format data of one track.

After the data DA was memorized in the memory 7,
the CPU 4 rewrites only the data memorized in the memory 7

25 which it is desired to change. Then, when the index signal
Idx from the drive controller 9 goes to logic high "i"
level, the CPU 4 reads out data memorized in the memory 7.
Data read out from the memory 7 is supplied to the floppy
disk controller 6. The floppy disk controller 6 converts

30 parallel data supplied thereto from the memory 7 through the
bus 5 to serial data and supplies the converted serial data
to the drive controller 9.

The drive controller 9 supplies the serial data
supplied thereto from the floppy disk controller 6 through

35 the read/write amplifier 10 to the magnetic head 11. The
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di stance between the read wite gap 2RWsG and the erase gap 2EG As shown in
FIG 2, since the erase gap 2EG in the pre-erase head 2 is ahead of the
read wite gap 2RWG 20 relative to the recording nmedium if the pre-erase
headf2 is activated when the position of the read wite gap 2RWs becones
equal to the position of the gap &, théi a portion NEt which is not
pre-erased b t he ead 2 i s, produced on one portion of the gap &

"
of the tra@ﬁ aFPBBﬁlfé oTﬁ erpagnstifohead it fgT&CORAPEN P¥h&EPRI oppy
di sk dri VemthﬁglbhheIaHEIQr asetheadldppecaidr daba. shbenfjor mat shown in

FIG 5 is different E&&W‘%h%ho%hogﬂokﬂeﬁ'S%bodlﬁ%nt of the apparatus
shown in FIG. 6. The apparatus shown in FIG. 7 is
5 different from the apparatus shown in FIG. 6 in that the
floppy disk drive includes a memory and a control systen.

As shown in FIG. 7, there is provided a host
equipment 12 which comprises an interface controller 13 and
other host equipment body apparatus (not shown) connected to

10 the interface controller 13. Other host equipment body
apparatus might be a display device, a keyboard, an audio
circuit, etc., depending on the kind of the host equipment
and therefore need not be shown for simplicity.

A floppy disk drive (FDD) 14 includes a CPU 15, a

15 bus (data bus, address bus and control bus) 16 connected to
the CPU 15, an interface controller 17, a memory 19, a
converter 18 connected to the bus 16, a read/write amplifier
20 connected to the converter 18 and a magnetic head 21
connected to the read/write amplifier 20. The memory 19

20 might be formed of a ROM in which a program is stored or a
RAM for a work area.

An interface, such as an SCSI (small computer
system interface), is used as the interface of the interface
controllers 13, 17. '

25 Operation of the apparatus shown in FIG. 7, in
particular, rewriting of desired data of a desired track of
the floppy disk will be described.

As shown in FIG. 7, a command of the CPU 15 is
supplied to the floppy disk drive 14 from the host equipment

30 12 through the interface controller 17 and the bus 16. The
CPU 15 controls the magnetic head 21, e.g., turns on and off
a motor (not shown) or feeds the magnetic head 21 to thereby
read out data from the floppy disk (not shown).

Data read out of the floppy disk by the magnetic

35 head 21 is converted into binary data by the read/write
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is clear fromthe track pattern TP, according to the format 30 shown in
FIG 5, an index signal Idx goes to logic high "1" level in the gap Gl
which is foll owed by sectors of one track ranging froma sector 1 to a
sector n. Each sector conprises an identification nunber ID, data DA and a
gap G3 used to discrininate the sectors.l2 5 |n FIG 5, reference synbol

| dx depicts an,index_si | ,.and reference s TP depicts a .,track
pattern. Tﬁ@pg}géﬁrpéptgpa thepr syRplipgckoa ﬁggnF°P§e§ﬁﬁﬁ1¥ﬁ1tHﬁa¢%lCh

it is decoded and converted in the form of serial to
parallel data. At that time, since the pulse train supplied
thereto includes the identification number ID, the data DA
5 and data such as the gaps Gl and G4, the converter 18 locks
its internal PLL by the identification number ID and the
sync. pattern SY of the starting portion of the data DA to
thereby memorize the identification number ID and the data
DA. The parallel data from the converter 18 is memorized in
10 the memory 19 under the control of the CPU 15.
Although recorded information of the floppy disk

in which data was recorded by other system becomes
discontinuous at the gap portion because only the area of
the data DA is rewritten by information of one track, only
15 the identification number ID and the data DA are read out
and then edited as continuous data of one track.
After the data was memorized in the memory 19, the
CPU 15 is supplied with data to be rewritten from the host
equipment 12 through the interface controller 17 and
20 rewrites only the desired data memorized within the memory
19. Thereafter, the CPU 15 reads the data memorized in the
memory 19. Data read out from the memory 19 is supplied to
the converter 18. The converter 18 converts parallel data
supplied thereto from the memory 19 through the bus 5 to
25 serial data. Then, the converter 18 encodes the serial data
and supplies the encoded serial data to the read/write
amplifier 20.
The read/write amplifier 20 supplies the serial
data from the converter 18 to the magnetic head 21. The data
30 supplied to the magnetic head 21 is recorded by the magnetic
head 21 on the floppy disk (not shown). The interface
controllers 13, 17 are used to exchange the command level
and to effect the data transfer.
Rewriting operation and a related format will be
35 described below with reference to FIGS. 8 and 9.
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upper portion of FIG 5, and the track pattern TP is shown 5 on the | ower
portion of FIG 5 in an enlarged scale. Further, in FIG 5, reference
synbol WGP depicts a wite gate pul se supplied fromthe host equi pnment (not
shown), and reference synbols WP and EP depict a wite signal and an erase
signal generated fromthe inside of the flBoppy disk 10 drive (not shown).
When the pre-erase head 2 shown in FIG 2 is apflied to the track pattern
TP shown in FIG 5, thB F&4d fri¥efgaprorveyabel t kéxedepécaparEtngext he

pre-erase heagnalshpeeranbeCGeyRbal eTpeaepsetsid £Pstki pAttELF, 5 shows the
case that the_area of own hatchedéaof a certain track

( : fbh 9 DA 15 (s

is reMW|tteﬁ?fﬁﬁgﬁf?lngsﬁ,a&ﬁ%nd?ﬂécﬁ?eﬁgﬁﬂﬁﬁndﬁgfch ferepee; sympel
Wp depicts a write pulse, reference symbol Ep depicts an

5 erase pulse, reference symbol Wda depicts write data and

reference symbol Rda depicts rewrite data (data to be
rewritten). As shown in FIG. 8, one track comprises a gap
Gl, an identification number ID, data DA, a gap G3, ..., gap
G4. A period of the index signal Idx ranging from the

10 leading edge of the first pulse of logic high "1" level to
the next leading edge of the pulse of logic high "i" level
is used as the data memorizing period. Further, a period of
the index signal Idx ranging from the leading edge of the
pulse of logic high "1" level to the next leading edge of

15 the pulse of logic high "1" level is used as the data
rewriting period.

As shown by the memory data Mda on the left-hand
side of FIG. 8, data are memorized in the memory (the memory
7 in FIG. 6 and the memory 19 in FIG. 7) in the sequential

20 order of the gap G1, the identification number ID, the data
DA, the gap G3, ..., data DA, ..., the gap G4.

Subsequently, only the data that should be rewritten (that
is, the data which it is desired to change on the disk) is
rewritten on the memory 7 or 19 (see FIG. 6 or 7).

25 In the data rewriting period of the index signal
Idx, when the write pulse Wp goes to logic low "0" level and
the erase pulse Ep goes to logic low "0" level, the write
data provided in the invalid data period It enters the valid
data period Vt so that data read out from the memory 7 or

30 19, i.e., the gap G1, the identification number ID, the data
DA, the gap G3, ..., the data DA, ..., the gap G4 are
sequentially recorded on the floppy disk (not shown).

According to the arrangement shown in FIG. 6, the
data read out from the memory 7 is supplied through the

35 floppy disk controller 6, the drive controller 9 and the
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rewitten, the wite gate pulse WGP is supplied fromthe host equi pnment
and the wite signal WP and the erase signal EP are supplied fromthe
fl oppy disk drive (not shown). As 20 shown in FIG 5, when the wite g
pul se WGP is turned on, i.e., goes to quic low "0" level, the wite sign
WP and the erase signal EP are turned on % .e., go to logic low "0" |evel.
Al so, when the ite gate lse WGP, is _turned off, j.e.,.goes to logic hig
"1" | evel, ¥?Q9Z$5%Ees?ﬁﬂﬁggﬁﬁxi%02%0 tPﬁrﬂ%ﬁ“%%?? #98@,1308§dtgh98gic hig
"1" level. ré&ideded pnetréefboppd disk, (hbe showr) sbgnaheVRagaeticnadadf f,
I.e, goes t 1Iogic high "1" level. Specifically, when the pre-erase head 2
Is used, the pre-erase head 2 is activated (erase-on) in the area of
Further, according to the arrangement shown in

5 FIG. 7, the data read out from the memory 19 is supplied
through the converter 18 and the read/write amplifier 20 to
the magnetic head 21 and then recorded on the floppy disk
(not shown) by the magnetic head 21.

According to the present invention, all data on

10 the track are read out during the first period, memorized in
the memory and then recorded during the next period in the
sequential order in which the data are recorded. During
this period, data of the sector that should be rewritten is
rewritten when it is memorized in the memory or after it was

15 memorized in the memory.

I1f data of every sector is recorded by the
pre—erase head according to the format having no gap
provided between the area of the identification number ID
and the area of data DA, an overwrite portion, which is not

20 pre—-erased, 1is produced at the leading portion of the area
of the data DA, thereby deteriorating an S/N
(signal-to-noise ratio). 1In this case, if data of one track
is constantly recorded, then although a discontinuous
portion or an overwrite portion is left in the write

25 starting or ending portion, such discontinuous portion or
the overwrite portion falls within the area of the gap G1.
Therefore, a reliability in the area of the data DA can be
assured.

FIG. 9 shows an example of a track format which

30 can be used when the above~-mentioned one track write method
is used. As shown in FIG. 9, in this format, the track
pattern Tp comprises a gap Gl provided at the starting
portion thereof, sectors from a sector 1 to a sector n and a
gap G4 provided at the end thereof. Each sector is composed

35 of an identification number ID and data DA.
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30 the data DA of the track pattern TP and is disabled (erase-off) in the
gap G3. As earlier noted, since the erase gap 2EGin the pre-erase head 2
is ahead of the read wite gap 2RWG rel ative to the recording nedium if
the pre-erase head 2 is activated (erase-on) when the position 35 of the
read wite gap 2RWG becones equal to thé3tarting 6 position of the data

DA, then the portion NEt, ich is not pre-erased, is produced in one
portion of the area gylﬁﬁe@gﬁtgaﬁﬁ G- ?ﬁg F?a??rpépFQFﬁlﬁs.%%e
fluctuation of one period are required, gaps (e.g., gaps G2
and G3) provided ahead of and behind the area of the data DA
are not required at all. Specifically, although the
5 recording capacity of the formatted track is reduced by the
gaps G2 and G3 as compared with the unformatted track, the
recording capacity of the formatted track can be increased
by the removal of the gaps G2, G3.
As set out, according to the present invention,

10 since all data on the track are memorized in the memory at
the first period and data of the sector that should be
rewritten is rewritten when data is memorized in the memory
or after data was memorized in the memory, if data is
rewritten at the sector unit by the pre-erase head according

15 to the format in which the sector has no gaps, then it can
be avoided that the overwrite portion, which is not
pre-erased, is produced on the leading portion of the area
of the data DA, thereby the S/N being deteriorated.

Further, since it becomes possible to use the simplest

20 format from which extra gaps are removed, the recording

capacity of the media can be increased considerably.
According to the present invention, since the data

recorded on the magnetic recording medium is read out by the

magnetic head and the data thus read is memorized in the

25 memory means, designated data is rewritten when the data is
memorized in the memory means or after the data was
memorized in the memory means, the data read out from the
memory means is supplied to the magnetic head and the
pre—~erase operation of the magnetic head and the recording

30 operation for recording the data from the memory means on
the magnetic recording medium are controlled by the control
means, it can be avoided that, even when the data of the
sector having no gaps provided therebetween is rewritten by
the pre-erase head at the sector unit, the overwrite

35 portion, which is not pre-erased, is produced on the
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Wien the tunnel erase head 1 showmn in FIG 2 is 5 used according to
format shown in FIG 3 and when the pre-erase head 2 shown in FIG 2 | ¥&
used according to the format shown in FIG 4, one sector needs a nunber g%
gaps, such as the gap Gl used to discrimnate the index address mark | AM\§
and the gap &, the gap G3 used to disctbninate the 10 sectors, in
addition to the I ndex address mark_G4a. In order to pre-erase (preV|oust

erase) thSREERT RUECHRR LDAMR 137 AT ehe Hieredhastetraiopating the
recording glata friosedferée ptedvediad %@%écmruai érhetw@préé?omm@ to t he
data DA to thereby record the gap datg "4E" ondi {
di stance B% %%ﬁ?? %ﬁF?ﬁ%%g d% %uﬁP?rﬁFQQ %P aﬁaﬁigi Wh% efore
t he rel at ineglordirde media can be increased by minimizing the number of

5 the necessary dgaps.

Further, according to the present invention, data
of one track recorded on the magnetic recording medium can
be read by the magnetic head. The read-out data of one
track is memorized in the memory means, and designated data

10 is rewritten when data of one track is recorded on the
memory means or after data of one track was recorded on the
memory means. Also, the data of one track read out from the
memory means is supplied to the magnetic head so that the
pre~erase operation of the magnetic head and the recording

15 operation for recording the data of one track from the
memory means on the magnetic recording medium are controlled
by the control means. 1In addition to the aforesaid effects,
data can satisfactorily be recorded on the magnetic medium
by a simple processing.

20 Having described preferred embodiments of the
invention with reference to the accompanying drawings, it is
to be understood that the present invention is not limited
to those precise embodiments and that various changes and
modifications could be effected therein by one skilled in

25 the art without departing from the scope of the invention as

defined in the appended claims.
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result { hat dauagqm%“

®or med. From a high density recording standpoint, it is not

that the recording area is consuned by the w de gaps. 20

when the pre-erase head 2 shown in FIG 2 is used according to the

B hown in FIG 5, no gap exists between the iden I D
K data DA in the format shown in FL& 5 so that iﬂhlﬂﬁ &nﬂﬂﬂ ﬂm

is not pre-erased, is produced |n %gg starting pol
of the data DA as shown in FIG 5°

a consequence, when data is
data is recorded on the portion NEt which is not pre-erased with

dhio” pr ecent ofCof C0LSEd: SRtd il AL dd e i Ay e ELQT e T TS an
comprising the steps of:

reproducing data recorded on a disk-shaped
recording medium by a recording and reproducing head;

memorizing reproduced data of at least one track
in memory means;

rewriting memorized data which is to be changed on
said medium;

supplying data read out from said memory means to
said recording and reproducing head; and

controlling a recording operation of said
recording and reproducing head so that data of a track read
out from said memory means is recorded on said disk-shaped
recording medium.

2. The method according to claim 1, wherein said
disk-shaped recording medium is a magnetic disk and said

recording and reproducing head is a magnetic head.

3. The method according to claim 2, wherein said
magnetic disk is a floppy disk.

4. The method according to claim 1, 2 or 3, wherein
said control step is conducted such that data of one track
is memorized in said memory means in response to an index
signal representing a starting portion of a track to thereby
rewrite one portion of said memorized data and data of every
track memorized in said memory means is recorded on said
disk-shaped recording medium.

5. A method according to any one of the preceding
claims, wherein the entire data of said at least one track,
including track low level data used to identify and access
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30 i nvention to provide a nmethod of and apparatus for recording and
reproducing data in which the aforesaid shortcomn ﬂ E r ﬂ ges
the prior art can be reduced or elim nated. AccordTmlm ‘I lﬂnﬂn “‘ pect
the present invention, there is provided a nethod of* r écotdihg ‘and \
reproduci ng data conprising the steps ofi8 7 reproduci ng data recorded

a di sk-shaped recordi ng. nedi um by a recordi ng and reproduci ng, head,
menor i zi ng S FRRIE D ofaid 1k ghanenisieed during said

memorising step.

6. A method according to any one of the preceding
5 claims, wherein the entire memorised data of said at least

one track is rewritten to the track.

7. A method according to any one of claims 1 to 6,
wherein data from every track read from said medium is
10 written back to it.

8. An apparatus for recording and reproducing data
comprising:
a recording and reproducing head for reproducing
15 and recording data recorded on a disk-shaped recording
medium;
memory means for memorizing at least one track of
data reproduced by said recording and reproducing head; and
control means for memorizing said data in said
20 memory means to thereby rewrite said memorized data,
supplying the data read out from said memory means to said
recording and reproducing head and controlling a recording
operation such that data of a track read out from said
memory means 1is recorded by said recording and reproduéing

25 head on said disk- shaped recording medium.

9. The apparatus according to claim 8, wherein said
disk-shaped recording medium is a magnetic disk and said
recording and reproducing head is a magnetic head.

30
10. The apparatus according to claim 9, wherein said
magnetic disk is a floppy disk.

11. The apbaratus according to any one of claims 8 to

35 10, further comprising interface means for connecting a host
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In menory neans; 5 rewiting nmenorized data which is to be
changed on sai d nediunm supplying data read out from

said recordi ng and reproduci ng head; and controlling ‘m“ﬁ(ﬂﬂﬁ“ﬂm“muﬁt i on
of said 10 recording and reprodUC|ng head so that data ofc every t¥ack read
out fromsaid nenory neans is recorded on%aid di sk-shaped recording

medi um I n accordance with a second aspect of the present invention, there
i s provi dedeanipppatasng fodiskcdriivagappdrasus, repidduenngydaeans and

conpri sing: 523 §eECHEEBY RABAnECBEPAYCEAGoPEAFato LRPEQIHCHREX drive

apparatus.

5 12. The apparatus according to any one of claims 8 to
11, wherein said control means memorizes data of one track
in said memory means in response to an index signal
representing a starting portion of a track to thereby
rewrite the memorized data and records data of every track

10 memorized in said memory means on said disk-shaped recording

medium in response to said index signal.

13. Apparatus according to any one of claims 8 to 12,
wherein the entire data of said at least one track,

15 including track low level data used to identify and access
data recorded in said track is memorised during said

memorising step.

14. Apparatus according to any one of claims 8 to 13,
20 wherein the entire memorised data of said at least one track

is rewritten to the track.

15. Apparatus according to any one of claims 8 to 14,
wherein data from every track read from said medium is
25 written back to it.

16. A nmethod of recording and reproducing data
substantially as hereinbefore described with reference to
and as illustrated in figures 6 to 9 of the accompanying

30 drawings.

17. Apparatus for recording and reproducing data
constructed and arranged to operate substantially as
hereinbefore described with reference to and as illustrated

35 in figures 6 to 9 of the accompanying drawings.
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for mehorizing at | east one track of 20
and reproduci ng head; and control neans fo '
menory neans to thereby rewite said nmenorifzed data suppl ying the data '\"
read out fromsaid nmenory nmeans to said eecordrng" Teproduet-ag-head
controlling a recording 25 operation such that data of a track read out'
from sai d neEMBTHODEQRSAND ABEBRABUSHYOBaRHCPRRING I AYD aREPROPUCUNGI Py Thead
on said disk- shaped recording nedi unpgghfatpvention will be further

described by way of non-limtative exanple wth reference to the
acconpanyi ng

In a floppy disk device all data on the track is
5 memorized in a memory during the first period. When the
data is memorized in the memory or after the data was
menmorized in the memory, data of a desired sector is
rewritten. Therefore, even when data is rewritten by a
pre-erase head at the sector unit, it can be avoided that an
10 overwrite portion, which is not pre-erased, is produced on
the starting portion of the data zrea to deteriorate the
S/N. The apparatus according to tre present invention
comprises a magnetic head (11) for reading data recorded on
a floppy disk, a memory (7) for memorizing data thus read
15 out, and a CPU (4), a bus (5), a floppy disk controller (6)
and a drive controller (9} for revriting designated data
when data is memorized in the memcry (7) or after data was
memorized in the memory (7), supplring the data read out
from the memory (7) to the magnetiz head (11) and
20 controlling a pre-erase operation 27 the magnetic head (11)
and a recording operation for recc-iing the data from the

memory (7) in the floppy disk.
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@to

which data is witten by using a tunnel

art;

e 35

i ngs,

in which:-

prior art;

FIG 1|

a diagramof a recording format used to
FI G5 2 i sca di agr am

e plaln a track pattern accordlngl‘b the prior art;
arrangenments of a tunnel erase head and a pre-erase h&ad accordi ng

FIG 3 is a diagramused to explain a timng at

FIG 4 is a diagramused to explain a timng
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5. which data is witten by using a pre-erase head with a certain
recording format according to the priggéﬁrt; FIG 5 is a diagramused to
explain a timng at which data is wri by the pre-erase head with

anot her recording format according to the prior art; 10 FIG 6
Is a schematic bl ock diagram show ng an apparatus for recordi ng data
according to a first enbodi nent of the present invention; FIG 7 is a
schemati ¢ bl ock di agram showi ng an apparatus for recordi ng data accordi ng
to a second 15 enbodi ment of the present invention; FIG 8 is a diagram

F?\Sgni ?oﬁ?(p!aﬁij h/O\E[.O r-?vr iCtﬁRd%a 01‘/]’8,?5 track according to the present
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FIG 9 is a diagramshowing a format with which data of one track can be
rewwitten according to the present 2035/'nvention. A net hod of and
apparatus for recording data according/to the present invention wll
her # nafter be described in detail with reference to the drawings. As shown
in FIG 6, there is provided a host 25 equi pnrent 3, such as a personal
conputer, a work station, a music sequencer or a sanpling equipnment using a
floppy disk dripe. & fJéoppy %sk drive (FDD) 84recordssdata supplied
thereto fromtheghost @qui pnrept 3 on a fl oppy Bi sk (n@f shown) or
reproduces data record®d on the floppy disk (not 30 shown) and supplies

the reproduced data to the host .
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equi pnment 3 under the control of theq'ézt equi pnent 3. The host equi pnent 3

conprises a CPU (central processing unit) 4, a bus 5 (fornmed of data bus,
nrrected—to—the- EPY—4—a—FHoppy di sk 35

addres
contyotl er (FDC) 6 connected to the bus 5 and a nenory 7 9 connected to
the bug 5. The nenory 7 m ght be a ROM (read- only nenory|) which nenorizes
a progfamor a RAM (random access nenory) for work area. |Li nes of various
equi pnmgnts connected to the bus 5 are changed depending dn the type of
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I pmrent 3 is the
ncer or the sanpling
ements that should be

5. the host equi pnent
personal conputer, the
equi,pnent, and therefor
confected to the bus 5 ard, an audio circuit,
and 10 various interfiace circuits. norizes data of one
track. The floppy disk drive (FDD)_8 ¥ ncludes a drije controller 9, a
read/ wite anplifier 10 and a ma hepd 11 such as t he pre-erase head
(see FIG 2). The bus 5 of the 15 Eg t pqui pnment l nnected to the
drive controller 9 and ghe floppy d ﬁﬂco tLgIIer (FEKD I's connected to
the drive controller 9. R
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The reason that the pre-erase he

fol | ows.

Mo

T used as the nmagnetic head is as

|

If the tunnel erase heag> s 20 used as a nagnetic head to cord
with a high density, such as 4 MB or the like, th
t be magnetized sufficiently sg@that a so-called overwite podulati on

erg'

a

magnetd'c | ayer

to record(data
2 or the
i n Fl 2, in
t he |f | opfOdi sk
rom -t CPU 4 to
di sH

]

occurs. It is customary that the t el erase head is
wth a relatively | ow recording 25 Q ensity, such as jbou
| i ke. Operation of the apparatus for reacordi ng data shown
particular, rewiting of desired data of a desired track o
wi |l He déscribpd below T'nitffiarffy, a copmang 15| supplh
30 ihe ﬁloppy di sk coptrolljer ((FDC) 6, |whefebyfthe fjl epp
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controller 6 controls the drive controller 9 of the floppy disk drive (FDD)
8. The drive controller 9 controls the7ﬁ{ tic head 11, e.g., turns on and
off. a nmotor (not shown) and feeds the magnetic head 11 to read data out of
th 5 fl oppy disk (not shown). Data read out fromthe floppy disk 10
by the magnetic head 11 is converted by the read/wite anplifier 10 to
binary data and then supplied to the floppy disk controller 6 through the
drive controller 9. The fl oppyodi sk contgpller 6 discrimnates data

—) -
(/) (S
O
A ™
3 [ —
A ~ m
\ L ]
— \O
e o
&
N
A O
\ >
]
N
| 1
i §
K; O
0
d
AE
Ay
o
I~

This Sheet Has Been Replaced

LT

o

it
™~
lny
i
(‘,\

{
&



5 and a clock pulse froma pulse train of pulses sequentially supplied
thereto. Having decoded the data, the floppy disk controller 6 cOMyEFtE"
this serial data into parallel data and supplies the parallel data through
the bus 5 to the nenory 7, in which the parallel data is nenorized. At that
10 time, since the pulse train contains the identification nunber 1D, the
data DA and data such as the gaps GL, (4,,the floppy disk controller 6

|l ocks its internal PLL (phase-locked | oop) on the basis of the

i denti ficati onqerudreioF RNoNAPPARABYS FOR) HECORDINYE ANDVREEPROPECING DTN ti ng
15 portion of the data DA to thereby nenorize the identification nunber
I D and the data DA. Although recorded information of the floppy disk

The present 1nvention_rg1ates to a method of and

apparatus for recording and reproducing data for use, for
example, with a computer system having a floppy disk drive.

Computers such as a personal computer or a work
station and other electronic equipment (e.g., music
sequencers, audio sampling equipment, etc.) which
incorporate a microcomputer or the like are often either
provided with an internal . floppy disk drive or are
connected to one via an extended bus cable or the like.

It is customary that a floppy disk drive records
data supplied thereto from the host equipment on a floppy
disk mounted therein and/or reproduces and supplies data
recorded on the floppy disk to the host equipment on the

basis of various commands supplied thereto from the host
equipment such as a computer or the like.

10

15

FIG. 1 of the accompanying drawings shows a
recording format used in a conventional floppy disk drive.
The recording format of the floppy disk drive will be
described with reference to FIG. 1.

20

In FIG. 1, reference symbol Idx depicts an index
signal generated from a floppy disk drive mechanism to
represent a starting portion of a track. Reference symﬁbl Tp

25 depicts a track pattern. Reference symbol "4E" shown on the
leftmost portidn of the track pattern Tp represents a gap
G4a recorded on the starting portion of the track to protect
data from a displacement of an index detection timiﬁg '
between the floppy disk drives. Reference symbol “00"
represents a synchronizing (sync) signal sY, and reference
symnbols %C2% and “FC" depict an index address mark IAM used
to detect the starting portion of the track. Reference

symbol “4E" depicts a gap Gl used to discriminate the index
address mark IAM and an identification number ID.

30
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on which data is recorded by other system becones di sconti nuous because
only the area of the data DA in 20 I nformation of one track is rewitten,
only the identification nunber ID and the data DA are read out and edited
as continuous format data of one track. After the data DA was nenorized in
the nenory 7, the CPU 4 rewites only the data nmenorized in the nenory 7 25
which it is desired to change. Then, whenj,the index signal Idx fromthe

drive controller 9 goes.to logic high "1" level, the CPU 4 reads out data
menori zed in the menoryrhe x{aaitaseeadrostan‘ﬁa)lfrbhetﬁerqucl i angupplied to

the floppy di gectepkol!2l ... h\eaicéoemtm@a QQ”E{.}BMQ{I:\ @ﬁ;onxe”is%
parallel data %P%Rlbsdtﬁggéégé)dkrggg sgctornjr%n FIG[OEQ each sector
comprises an identification number ID, a gap G2 used to
discriminate the identification number ID and data DA, the
data DA and a gap G3 used to discriminate the sectors.

A magnetic head used by the floppy disk drive to
record and reproduce data will be described with reference
to FIG. 2. As shown in FIG. 2, there is provided a tunnel
10 erase head 1, and a floppy disk (not shown) is rotated in

the direction shown by a ‘solid arrow A in FIG. 2. The tunnel

erase head 1 includes a read write gap IRWG and an erase gap

1EG. Upon recording, the tunnel erase head 1 records data .
by the read write gap 1RWG and generates a guardband between
15 the tracks by the erase gap 1EG.

FIG. 3 shows a timing at which the floppy disk
drive using the tunnel erase head 1 records data. In FIG.
3, reference symbol Tp depicts a track pattern, and WGP

depicts a write gate pulse supplied from the host equipment
20 {not shown). Reference symbols WP and EP depict a write

signal and an erase signal generated in the inside of the
floppy disk drive (not shown), respectively. When the .
‘tunnel erase head 1 is applied to the track pattern TP shown
in FIG. 3, the read write gap 1RWG and the erase gap 1Eb of

25 the tunnel erase head 1 shown in FIG. 2 are reversed in.
position.
FIG. 3 shows the case that an area of data DA
(shown hatched) of a certain track is rewritten.
. Specifically, when the area shown hatched is rewritten, the
30

write gate pulse WGP is supplied from the host equipment,
and the write signal WP and the erase signal EP are supplied
from the floppy disk drive. As shown in FIG. 3, when the
write gate pulse WGP is turned on, i.e., goes to logic low

“"0% level, then the write signal WP is turned on,.i.e., goes

s to logic low "“0" level. After a predetermined delay time D1

—
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bus 5 to serial data and supplies the converted serial data to the drive
controller 9. The drive controller 9 supplies the serial data supplied
thereto fromthe fl oppy disk controller 6 through 35 the read/wite
anplifier 10 to the magnetic head 11. The data supplied to the magnetic

head 11 is recorded by the nmagnetic head 11 on the floppy disk (not shown).
FIG 7 shows another enbodi nent of the apparatus shown in FIG 6. The

apparatus shown in FIG 7 is 5 different fromthe apparatus shown in
FIG 6 in thyi.ehe erase-on delay), the erase signal EP is turned on.

When the write gate pulse WGP is turned off, i.e., goes to
logic high "1" }level, then the write signal WP is turned
off, i.e., goes to logic high "i" level. After a
predetermined delay time D2 (erase-off delay), the erase
signal EP is turned off, i.e., goes to logic high “1% level.
More specifically, when the tunnel eérase head 1 is
used, the erase pulse or signal EP is turned on and off with
the predetermined delay times D1, D2 relative to the level
of the write gate pulse WGP so that the erase signal EP goes

- to logic low "0" level during the gap G2 and goes to logic
high "1" level during the gap G3.

10

The pre-erase head 2 shown in FIG. 2 includes an

erase gap 2EG and a read write gap 2RWG. Upon recording,

the pre—erase head 2 erases recorded data by the erase gap
2EG and then records data by the read write gap 2RWG.
FIG. 4 shows a timing at which the floppy disk

drive using the pre-erase head 2 records data. In FIG. 4,
reference symbol TP depicts a track pattern, and reference
symbols WP and EP depict a write signal and an erase signal
generated in the inside of the floppy disk drive (not
shown). Reference symboi WPG depicts a write gate pulse

supplied from a host e@uipment (not shown)}, and reference;
symbol Wda depicts data to be recorded.

15

20

When the pre-erase
head 2 shown in FIG. 2 is applied to the track pattern shown
in FIG. 4, the read write gap 2RWG and the erase gap 2EG of

the pre-erase head 2 shown in FIG. 2 are reversed in
position.

25

FIG. 4 shows the case that the area of data DA
(shown hatched) of a certain track is rewritten.
Specifically, when the area shown hatched is rewritten, the
write gate pulse WGP is supplied from the host equipment and
the erase signal EP and the write pulse WP are supplied from
the floppy disk drive. As shown in FIG. 4, when the write
gate pulse WGP is turned on, i.e., goes to logic low "o

30

35

REPLACE! ™47 GHEET

oo s permsree e 1 -

Z21FEB 1997




fl oppy disk drive includes a nenory and a control system As shown in FIG
7, there is provided a host equi pment 12 which conprises an interface
controller 13 and ot her host equi pnent body apparatus (not shown) connected
to 10 the interface controller 13. Qher host equi pnment body apparatus
m ght be a display device, a keyboard, an audio circuit, etc., depending on
the kind of the host equi pnent and therefore need not be shown for

sinplicity. A floppy disk drive (FDD) 14 4 ncludes a CPU 15, a 15
(data bus, aidoe'?s Ohien 2k mtsreohiguéi EP LHRDRGHE §4ikQ ERgnéT W
interface controlfler 17, a nmenor i ,

n

Sardn
16, a read/ wthEBeAPRy - 0B eﬂég %c.‘gvr’\;/'%'t %M%Srfg?&ggtr :ﬁ’(’é‘g ‘ft'kfgng'ltjisc
head 21 write gate pulse WGP is turned off, i.e., goes to logic high
"1* level, the erase signal EP is turned off, i.e., goes to
logic high "1% level. After a predetermined time, the write
signal WP is turned off, i.e., goes to logic high "1* level.
Specifically, when the pre-erase head 2 is used,
the write gate pulse WGP and the erase pulse EP.are

simultaneously turned on and off so that the erase signal EP

is turned on at the position of the gap G2 and turned off at
the position of the gap G3.

bus

10

Since the pre-erase head 2
pre—erases (erases previously) the area of the data DA

reliably, the pre-erase head 2 begins to record data from
the intermediate portion of the gap G2 prior to the data DA
~to thereby record the gap data “4E" corresponding to the

distance between the read write gap 2RWG and the erase gap
2EG.

15

As shown in FIG. 2, since the erase gap 2EG in the
pre—erase head 2 is ahead of the read write gap 2RWG
relative to the recording medium, if the pre-erase head 2 is
activated when the position of the read write gap 2RWG
becomes equal to the position of the gap G2, then a portion
NEt which is not pre-erased by the pre-erase head 2 is

produced on one portion of the gap G2 of the track pattern
25 TP. . - -t N .

20

FIG. S shows a timing at which the floppy disk
drive using the pre;erase head 2 records data. The format

shown in FIG. S is different from that shown in FIG. 4. As
is clear from the track .pattern TP, according to the format
shown in FIG. 5, an index signal Idx goes to logic high wiv
level in the gap Gl which is followed by sectors of one

track ranging from a sector 1 to a sector n.

10

Each sector
comprises an identification number ID, data DA and a gap G3
used to discriminate the sectors.

—
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connected to the read/wite anplifier 20. The nenory 19 20

m ght be

formed of a ROMin which a programis stored or a RAMfor a work area. An

i nterface, such as an SCSI (small
the interface of the interface controllers 13, 17. 25
of the apparatus shown in FIG 7,

7,
host equi pnent 30

conput er systeminterface),

is used as
Qper ati on

in particular, rewiting of desired data
of a desired track of the floppy disk wigl ‘be described. As shown in FIG
a command of the CPU 15 is supplied to the floppy disk drive 14 fromthe

1nt FIGUG, tieferencel agebabridoldetricts anditdexbus 16.

The CPU 15 ¢qghag! SahGer8PeP&ide d1add12¢r Sefictd W \ratk Pateeth.

The track pattern TP of one track amount is shown on the

upper portion of FIG. 5, and the track pattern TP is shown
on the lower portion of FIG. 5 in an enlarged scale.

Further, in FIG. §, reference symbol WGP depicts a write
gate pulse supplied from the host equipment (not shown), and
reference symbols WP and EP depict a write signal and an
erase signal generated from the inside of the floppy disk

10 drive (not shown).

When the pre-erase head 2 shown in FIG.

2 is applied to the track pattern TP shown in FIG. 5, the
read write gap 2RWG and the erase gap 2EG of the pre-erase

head 2 shown in FIG. 2 are reversed in position.
FIG.

15 (shown hatched) of a certain track is rewritten.

5 shows the case that the area of the data DA

Specifically, when the area shown hatched in FIG. 5 is
rewritten, the write gate pulse WGP is supplied from the
host equipment, and the write signal WP and the erase signal

20

EP are supplied from the floppy disk drive (not shown).
shown in FIG. 5, when the write gate pulse WGP is turned on,

i.e., goes to logic low “0" level, the write signal WP and
the erase signal EP are turned on, i.e., go to logic low "“o"

level.

25

Also, when the write gate pulse WGP is turnéd off,
i.e., goes to logic high “1%" level, the erase signal EP is
turned off, i.e., goes to logic high "1% level. After a

predetermined time, the write signal WP is turned off, i.e,

goes to logic high wji® jevel.

Specifically, when the pre-erase head 2 is used,

30
(erase—-off) in the gap G3.

the pre-—erase head 2 is activated (erase-on) in the area of
the data DA of the track pattern TP and is disabled

As earlier noted, since the

erase gap 2EG in the pre-erase head 2 is ahead of the read
write gap 2RWG relative to the recording medium, if the

35

pre-erase head 2 is activated (erase-on) when the position
of the read write gap 2RWG becomes equal to the starting

-
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a notor (not shown) or feeds the magnetic head 21 to thereby read out data

fromthe floppy disk (not shown).

magneti c 35

anplifier 20 and then supplied to the converter 18, in which it
and converted in the formof serial to parallel

head 21 is converted into binary data by the read/wite

the pulse train supplied thereto includes & he identification nunber ID,

data DA 5

10

15

20

25

30

35

and data such as the

gaps GL and (4, the converter 18 | ocks
position of the data . then the port;on NEt, which is not

pre-erased, is produced in one portion of the area of the
data DA of the track pattern TP.

" When the tunnel erase head 1 shown in FIG. 2 is
used according to the format shown in FIG. 3 and when the
pre-erase head 2 shown in FIG. 2 is used according to the
format shown in FIG. 4, one sector needs a number of gaps,
such as the gap Gl used to discriminate the index address
mark IAM and the gap G2, the gap G3 used to discriminate the
sectors, in addition to the index address mark G4a.

In order to pre-erase (previously erase) the area
of the data DA reliably, the pre-erase head 2 starts
recording data from the intermediate portion of the gap G2
prior to the data DA to thereby record the gap data “4E"
corresponding to the distance between the read write gap
2RWG and the erase gap 2EG. Therefore, the relatively wide
gaps are formed. From a high density recording standpoint,
it is not desirable that the recording area is consumed by
the wide gaps.

Further, when the pre-erase head 2 shown in FIG. 2
is used according to the format shown in FIG. 5, no gap
exists between the identification number ID and the data DA
in the format shown in FIG. § so that the portion NEt, which
is not pre-erased, is produced in the starting portion of
the area of the data DA as shown in FIG. 5. As a
consequence, when data is recorded, data is recorded on the
portion NEt which is not pre-erased with the result that
data cannot be recorded satisfactorily.

Therefore, it is an object of the present
invention to provide a method of and apparatus for recording
and reproducing data in” which the aforesaid shortcomings and
disadvantages of the prior art can be reduced or eliminated.

' According to a first aspect of the present
invention, there- is provided a method of recording and
reproducing data comprising the steps of:

REPLACEM=NT SHEET
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Data read out of the floppy disk by the

12

i s decoded
data. At that tine, since

t he



its internal PLL by the identification nunber

of the starting portion of the data DA to thereby nmenorize the

identificati
converter 18 is nenorized in 10

ion nunber ID and the data DA. The parallel data fromthe

I D and the sync. pattern SY

the nenory 19 under the control of the

CPU 15. Although recorded information of the floppy disk in which data was
recorded by other system becomes discontj nuous at the gap portion because

15

menory 19,

10

15

20

25

30

35

only the area of the data DA is rewitten by information of one track,
the identificat Iﬂépxl‘bmhﬁrngi Bagadréberdisd orDA a@iek-endpedt and t hen
edited as c '

only

PRECRATHG HELRE myP 3C FebBEfand 4] o SR ROIRTT TR host

rewrti
memorxzxng reproduced data of at least one track

in memory means;

revwriting memorized data which is to be changed on
said medium;

supplying data read out from said memory means to
said recording and reproducing head; and

controlling a recording operation of said
recording and reproducing head so that data of every track

read out from said memory means is recorded on said
disk-shaped recording medium.

In accordance with a second aspect of the present

invention, there is provided an apparatus for recording and
reproducing data comprising:

a recording and reproducing head for reproducing

and recording data recorded on a disk-shaped recording
nedium;

nemory means for memorizing at least one track of
data reproduced by said recording and reproducing head; and

control means for memorizing said data in said
memory means to thereby rewrite said memorized data,
supplying the data read out from said memory means to said
recording and reproducing head and controlllng a recordlng
operation such that data of a track read out from said
memory means is recorded by said recording and reproducing
head on said disk- shaped recording medium.

The invention will be further described by way of
non-limitative example with reference to the accompanying
drawings, in which:-

FIG. 1 is a diagram of a recording format used to
explain a track pattern according to the prior art;
FIG. 2 is a diagram showing arrangements of a

tunnel erase head and a pre-erase head according to the
prior art;

fom t he host



equi pnent 12 through the interface controller 17 and 20 rewites only the
desired data nenorized within the nenory 19. Thereafter, the CPU 15 reads
the data nmenorized in the nenory 19. Data read out fromthe nmenory 19 is
supplied to the converter 18. The converter 18 converts parallel data
supplied thereto fromthe nmenory 19 through the bus 5 to 25 serial data.
Then, the converter 18 encodes the serialgdata and supplies the encoded
serial data to the read/wite anplifier 20. The read/wite anplifier 20
supplies the serial daF&Gfrbnmsg ke ddagremt esed &d eiglaimgndtiningecat 21. The

data 30  supaliichddbal 08 VRORS by 6adng la! Cukfe ek healde aBREPGLAG NEad
21 on the f|QEP¥h%'%§1890£réhom“)' The 1 ntertace

FIG. 4 is a diagram used to explain a timing at

5 which data is written by using a pre-erase head with a
certain recording format according to the prior art;

FIG. 5 is a diagram used to explain a timing at
which data is written by the pre-erase head with another
recording format according to the prior art;

10 '

FIG. 6 is a schematic block diagram showing an

apparatus for recording data according to a first embodiment
of the present invention;

FIG. 7 is a schematic block diagram showing an

apparatus for recording data according to a second
15 embodiment of the present invention;

FIG. 8 is a diagram used to explain how to rewrite
data of one track according to the present invention; and
FIG. 9 is a diagram showing a format with which
data of one track can be rewritten according to the present
20 invention.

A method of and apparatus for recording data
according to the present invention will hereinafter be
described in detail with reference to the drawings.

As shown in FIG. 6, there is provided a host
equipment 3, such as a personal computer, a work station, a
music sequencer or a sampling equipment using a floppy disk
drive. A floppy disk drive (FDD) 8 records data supplied
thereto from the host equipment 3 on a floppy disk (not
shown) or reproduces data recorded on the floppy disk (not
shown) and supplies the reproduced data to the host
equipment 3 under the control of the host eguipment 3.

. The host equipment 3 comprises a CPU (central
processing unit) 4, a bus S (formed of data bus, address bus .
and control bus) connected to the CPU 4, a floppy disk
controller (FDC) 6 connected to the bus 5 and a memory 7

25

30

35
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controllers 13, 17 are used to exchange the comand |l evel and to effect the
data transfer. Rewiting operation and a related format will be 35
described below with reference to FIGS. 8 and 9. 13 In FIG 8, reference

synbol 1dx depicts an index signal, reference synbol Tp depicts a track

pattern, reference synbol Mla depicts nenory data, reference synbol W
depicts a wite pulse, reference synbol Rp depicts an 5 erase pul se,
ref erence synbol Wda depicts wite data and

connected to the bus $§. The memory 7 might be a ROM (read-

only memory) which memorizes a program or a RAM (random
access memory) for work area. Lines of various equipments
connected to the bus 5 are changed depending on the type of
the host equipment 3, i.e., whether the host equipment 3 is
the personal computer, the work station, the wmusic sequencer

or the sampling equipment, and therefore need not be

illustrated. Elements that should be connected to the bus 5

are a display device, a keyboard, an audio circuit, and

various interface circuits. The memory 7 memorizes data of
one track.

10

The floppy disk drive (FDD) 8 includes a drive
controller 9, a read/write amplifier 10 and a magnetic head
11 such as the pre-erase head (see FIG. 2). The bus § of the
host equipment 3 is connected to the drive controller 9 and

the floppy disk controller (FDC) 6 is connected to the drive
controller 9.

15

The reason that the pre-erase head is used as the

magnetic head is as follows. If the tunnel erase head is

20 used as a magnetic head to record data with a high density,
such as 4 MB or the like, then a magnetic layer cannot be
magnetized sufficiently so that a so~called overwrite
modulation occurs. It is customary that the tunnel erase
head is used to record data with a relatively low recording

25 density, such as about 2 MB or the like.

Operation of the apparatus for recording data
shown in FIG. 2, in particular, rewriting of desired data of
a desired track of the floppy disk will be described below.

Initially, a command is supplied from the CPU 4 to
the floppy disk controller (FDC) 6, whereby the floppy disk

controller 6 controls the drive controller 9 of the floppy
disk drive (FDD) 8.

30

The drive controller 9 controls the
magnetic head 11, e.g., turns on and off a motor (not shown)

and feeds the magnetic head 11 to read data out of the

35 floppy disk (not shown). Data read out from the floppy disk
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ref erence synbol Rda depicts rewite data (data to be rewitten). As shown
in FIG 8, one track conprises a gap Gl, an identification nunber ID, data
DA, a gap G3, ., gap 4. A period of the index signal Idx ranging from
the 10 | eadi ng edge of the first pulse of logic high "1" level to the
next | eadi ng edge of the pulse of logic high "1" level is used as.the data

menori zi ng period Further a period of t¥e index signal Idx rangi'ng from
t he | eadi ng el?ﬁe of the

Lhe | cad 19 §30%00 BRaREFeta, 19S dhlhrida, b VBle SeadfalB | <20 1
rewiting peramphifiers H&M\‘-Obyinheymm yrdathentsuppl idd tefthehfddppide of
FIG 8, data @f& 'GSMtrcaa@r 8 thPot®Néne WriveMBBREYol1er 9.

The floppy disk controller 6 discriminates data
and a clock pulse from a pulse train of pulses sequentially
supplied thereto. Having decoded the data, the floppy disk
controller 6 converts this serial data into parallel data
and supplies the parallel data through the bus 5 to the
memory 7, in which the parallel data is memorized. At that
time, since the pulse train contains the identification
number ID, the data DA and data such as the gaps G1, G4, the
floppy disk controller 6 locks its internal PLL
(phase~locked loop) on the basis of the identification
number ID and the sync. pattern SY provided at the starting
portion of the data DA to thereby memorize the
identification number ID and the data DA.

10

15

Although recorded information of the floppy disk
on which data is recorded by other'system becomes
discontinuous because only the area of the data DA in
information of one track is rewritten, only the
identification number ID and the data DA are read out and
edited as continuous format data of one track.

20

After the data DA was memorized in the memory 7,
the CPU 4 rewrites only the data memorized in the mewory 7
which it is desired. to change. Then, when the index signal
Idx from the drive controller 9 goes to logic high *1iv
level, the CPU 4 reads out data memorized in the memory 7.
Data read out from the memory 7 is supplied to the floppy
disk controller 6. The floppy disk controller 6 converts
parallel data supplied thereto from the memory 7 through the

bus 5 to serial data and supplies the converted serial data
to the drive controller 9.

25

30

The drive controller 9 supplies the serial data
supplied thereto from the floppy disk controller 6 through

35 the read/write amplifier 10 to the magnetic head 11.

The
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7in FIG 6 and the nenory 19 in FIG 7) in the sequential 20 order of
the gap Gl, the identification nunber ID, the data DA, the gap G3, ...,
data DA, ., the gap G4. Subsequently, only the data that should be

remwitten'(that is, the data which it is desired to change on the disk) is
rewitten on the menory 7 or 19 (see FIG 6 or 7). 25 In the

data‘rewiting period of the index signallldx, when the wite pul se W goes
to logic low "0" |leve|l, and the erase | se Ep goes to logi¢c Jow "0" |evel
Lhe wri te QafaChr BUPRLLSS (4 hbe ROGRFBLn Repbd 3¢ FRcBREETsPY HEMYali d dat a
peri od Vt sowbbatticatbeadatl aut theofiloppy nkiek (notosheén) .19, i.e., the gap
Gl, the identificationppgmbopererdds GRSt SedbbaintntId? e appardtifs data
DA thes%%%n n’FIG. 6. The apparatus shown in FIG. 7 is
S different from the apparatus shown in FIG. 6 in that the
floppy disk drive includes a memory and a control system.
As shown in FIG. 7, there is provided a host
equipment 12 which comprises an interface controller 13 and
other host equipment body apparatus (not shown) connected to
10 the interface controller 13. Other host equipment body
apparatus might be a display device, a keyboard, an audio
circuit, etc., depending on the kind of the host equipment
and therefore need not be shown for simplicity.
A floppy disk drive (FDD) 14 includes a CPU 15, a
bus (data bus, address bus and control bus) 16 connected to
the CPU 15, an interface controller 17, a memory 19, a
converter 18 connected to the bus 16, a read/write amplifier
20 connected to the converter 18 and a magnetic head 21
connected to the read/write amplifier 20.

15

The memory 19
might be formed of a ROM in which a program is stored or a
RAM for a work area.

20

An interface, such as an SCSI (small computer

system interface), is used as the interface of the interface
controllers 13, 17. )

25 Operation of the apparatus shown in FIG. 7, in

particular, rewriting of desired data of a desired track of

the floppy disk will be described.

As shown in FIG. 7, a command of the CPU 15 is
supplied to the floppy disk drive 14 from the host equipment
12 through the interface controller 17 and the bus 16. The
CPU 15 controls the magnetic head 21, e.g., turns-on and off
a motor (not shown) or feeds the magnetic head 21 to thereby
read out data from the floppy disk (not shown).

Data read out of the floppy disk by the magnetic
head 21 is converted into binary-data by the read/write

30

35
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sequentially recorded on the floppy disk (not shown). According to the
arrangenent shown in FIG 6, the data read out fromthe nenory 7 is
supplied through the 35 fl oppy disk controller 6, the drive controller 9
and the 14 read/wite anplifier 10 to the magnetic head 11 and then
recorded on the floppy disk (not shown) by the magnetic head 11. Further,
according to the arrangenent shown in 5 1F G 7, the data read out from

the nenory 19 is sueflied ) .
amplifier 20 and then supplied to the converter 18, in which

it is decoded and converted in the form of serial to

parallel data. At that time, since the pulse train supplied

thereto includes the identification number ID, the data DA
and data such as the gaps G1 and G4, the converter 18 locks
its internal PLL by the identification number ID and the
sync. pattern SY of the starting portion of the data DA to
thereby memorize the identification number ID and the data
DA. The parallel data from the converter 18 is memorized in
10 the memory 19 under the control of the CPU 15.

Although recorded information of the floppy disk
in which data was recorded by other system becomes
discontinuous at the gap portion because only the area of
the data DA is rewritten by information of one track, only

15 the identification number ID and the data DA are read out
and then edited as continuous data of one track.
After the data was memorized in the memory 19, the
CPU 15 is supplied with data to be rewritten from the host
equipment 12 through the interface controller 17 and
20

rewrites only the desired data memorized within the memory

19. Thereafter, the CPU 15 reads the data memorized in the

memory 19. Data read out from the memory 19 is supplied to
the converter 18. The converter 18 converts parallel data
supplied thereto from the memory 19 through the bus § to

25 serial data. Then, the converter 18 encodes the serial data

and supplies the encoded serial data to the read/write
amplifier 20.

S

The read/write amplifier 20 supplies the serial
data from the converter 18 to the magnetic head 21. The data

30 supplied to the magnetic head 21 is recorded by the magnetic
head 21 on the floppy disk (not shown). The interface
controllers 13, 17 are used to exchange the command level
and to effect the data transfer.

Rewriting operation and a related format will be

35

described below with reference to FIGS. 8 and 9.
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t hrough the converter 18 and the read/wite anplifier 20 to the magnetic

head 21 and then recorded on the floppy disk (not shown) by the nmagnetic
head 21. According to the present invention, all data on 10 the track are

read out during the first period, nenorized in the nenory and then recorded
during the next period in the sequential order in which the data are

recorded. During this period, data of thesector that should be rewitten
is rewitten when it is nmenorized in the menory or after it was 15

menori zed in the nmenor n [FIGdaga véfeneroe sywbol Idx rdemicie apy index

pre- erase heag ol ddybrnceNByhis Mip MagiRes"e SRR Sadelah bet veen the
area of the identification

u
reference symb&l nga depxcts memory data, reference symbol
Wp depicts a write pulse, reference .symbol Ep depicts an
erase pulse, reference symbol Wda depicts write data and

reference symbol Rda depicts rewrite data (data to be

rewritten). As shown in FIG. 8, one track comprises a gap

Gl, an identification number ID, data DA, a gap G3, ..., gap
G4. A period of the index signal Idx ranging from the
leading edge of the first pulse of logic high "1" level to

the next leading edge of the pulse of logic high "1" level
is used as the data memorizing period.

10

Further, a period of
the index signal Idx ranging from the leading edge of the

pulse of logic high "1" level to the next leading edge of

the pulse of logic high "1" level is used as the data
rewriting period.

15

As shown by the memory data Mda on the left-hand
side of FIG. 8, data are memorized in the memory (the memory
7 in FIG. 6 and the memory 19 in FIG. 7) in the sequential
order of the gap G1, the identification number ID, the data
DA, the gap G3, ..., data DA, ..., the gap G4.

Subsequently, only the data that should be rewritten (that
is, the data which it is desired to change on the disk) is
rewritten on the memory 7 or 19 (see FIG. 6 or 7).

20

25 In the data rewriting period of the index signal

Idx, when the write pulse Wp goes to logic low *0" level and "
the erase pulse Ep goes to logic low %“0% level, the write
data provided in the invalid data period It enters the valid
data period Vt so that data read out from the memory 7 or
19, i.e., the gap G1, the identification number ID, the data
DA, the gap G3, ..., the data DA, ..., the gap G4 are
sequentially recorded on the floppy disk (not shown).
According to the arrangement shown in FIG. 6, the
data read out from the memory 7 is supplied through the
floppy disk controller 6, the drive controller 9 and the

30
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and the area of data DA, an overwrite portion, which is not 20

pre-erased, is produced at the | eading portion of the area of the data DA
thereby deteriorating an S/ N (signal-to-noise ratio). In this case, if data
of one track is constantly recorded, then although a discontinuous portion
or an overwite portionis left inthe wite 25 starting or ending
portion, such discontinuous portion or the4overwite portion falls within
the area of the gap Gl. Therefore, a reliability in the area of the data DA
can be assurcBea®(Write aupldfigreinpretie nagnatdic hepdallvandtidn can be

used when t herabovdedrbi it d loppyt 826K (fidt GsHRiN)Oby TheSAMgnéGid HuMg i n
FIG 9, in thk§ format, the track

Further, according to the arrangement shown in

5 FIG. 7, the data read out from the memory 19 is supplied
through the converter 18 and the read/write amplifier 20 to
the magnetic head 21 and then recorded on the floppy disk
{not shown) by the magnetic head 21.

According to the present invention, all data on
10

the track are read out during the first period, memorized in
the memory and then recorded durinq the next period in the
sequential order in which the data are recorded. During
this period, data of the sector that should be rewritten is
rewritten when it is memorized in the memory or after it was
15 memorized in the memory.

If data of every sector is recorded by the
pre—erase head according to the format having no gap
provided between the area of the identification number ID
and the area of data DA, an overwrite portion, which is not
pre—-erased, is produced at the leading portion of the area

of the data DA, thereby deteriorating an S/N
(signal-to-noise ratio).

20

In this case, if data of one track
is constantly recorded, then although a discontinuous

portion or an overwrite portion is left in the write
starting or ending portion, such discontinuouS'portion or -
the overwrite portion falls within the area of the gap G1l.

Therefore, a reliability in the area of the data DA can be
assured. ' '

25

FIG. 9 shows an example of a track format which
can be used when the above-mentioned one track write method
is used. As shown in FIG. 9, in this format, the track
pattern Tp comprises a gap Gl provided at the starting
portion thereof, sectors from a sector 1 to a sector n and a
gap G4 provided at the end thereof. Each sector is composed
of an identification number ID and data DA.

30
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pattern Tp conprises a gap Gl provided at the starting portion thereof,
sectors froma sector 1 to a sector n and a gap 4 provided at the end
t hereof . Each sector is conposed 35 of an identification nunber ID and
data DA. 15 While the gaps Gl and 4 for absorbing the fluctuation of

one period are required, gaps (e.g., gaps & and G3) provided ahead of and
behind the area of the data DA are not reguired at all. Specifically,

al t hough the 5 recordinP capacity of the formatted track is reduced by
t he While the gaps Gl and G4 for absorbing the

fluctuation of one period are required, gaps (e.g., gaps G2
and G3) provided ahead of and behind the area of the data DA
are not required at all. Specifically, although the
recording capacity of the formatted track is reduced by the
gaps G2 and G3 as compared with the unformatted track, the
recording capacity of the formatted track can be increased
by the removal of the gaps G2, G3.

As set out, according to the present invention,
since all data on the track are memorized in the memory at
the first period and data of the sector that should be
rewritten is rewritten when data is memorized in the memory
or after data was memorized in the memory, if data is
rewritten at the sector unit by the pre-erase head according
to the format in which the sector has no gaps, then it can
be avoided that the overwrite portion, which is not
pre-erased, is produced on the leading portion of the area
of the data DA, thereby the S/N being deteriorated.

Further, since it becomes possible to use the simplest
format from which extra gaps are removed, the recording
capacity of the media can be increased considerably.

10

15

20

According to the present invention, since the data
recorded on the magnetic recording medium is read out by the
magnetic head and the data thus read is memorized in the

, memory means, designated data is rewritten when the data is
memorized in the memory means or after the data was
memorized in the memory means, the data read out from the
memory means is supplied to the magnetic head and the
pre-erase operation of the magnetic head and the recording
operation for recording the data from the memory means on
the magnetic recording medium are controlled by the control
means, it can be avoided that, even when the data of the
sector having no gaps provided therebetween is rewritten by
the pre-erase head at the sector unit, the overvwrite
portion, which is not pre-erased, is produced on the

25
30
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gaps & and G3 as conpared with the unformatted track, the recording
capacity of the formatted track can be increased by the renpoval of the gaps
&, &3. As set out, according to the present invention, 10 since all data
on the track are nenorized in the nenory at the first period and data of
the sector that should be rewitten is rewitten when data is nmenorized in
the manory-or after data was nenorized ijgthe nenory, if data is rewitten
at the sector unit by the pre-erase head accordlng 15 to the format in

whi ch t he secstdrtiasy orgdps, of htie idataaares, aterkhy eseribratiner Wwhet e

portion, whi Ca{ks “ﬂ&e:ﬁiﬁs&r aggda éan MePddeBLasd Metﬂeea»%aguwtlon of the

area of the dae&ium sat ééﬁgiorqusyp¥ué%hé% d€g§r§§£g¥éing capacity of

recording media can be increased by minimizing the number of
5 the necessary gaps.

Further, according to the present invention, data
of one track recorded on the magnetic recording wedium can
be read by the wmagnetic head. The read-out data of one
track is memorized in the memory wmeans, and designated data
is rewritten when data of one track is recorded on the

memory means or after data of one track was recorded on the
nemory means.

10

Also, the data of one track read out from the
nmewmory weans is supplied to the magnetic head so that the
pre—erase operation of the magnetic head and the recording
operation for recording the data of one track from the

memory means on the magnetic recording medium are controlled
by the control means.

15

In addition to the aforesaid effects,
data can satisfactorily be recorded on the magnetic medium
by a simple processing.

20 Having described preferred embodiments of the

invention with reference to the accompanying drawings, it is
to be understood that the present invention is not limited
to those precise embodiments and that various changes qnd
modificétions could be effected therein by one skilled in

the art without departing from the scope of the invention as
defined in the appended claims.

25
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Further, since it becones possible to use the sinplest 20 format from
whi ch extra gaps are renoved,

the recording capacity of the nedia can be
i ncreased consi derably. Accordlng to the present invention, since the data
recorded on the magnetic recording nediumis read muﬂmmﬂ"mmnul ¢ head
and the data thus read is nenorized in the 25 nat ed
data is rewitten when the data is nenot? zed in the nefo neans or after
the data was nmenorized in the nenory

eggqﬁ? the data read out fromthe
menory neans is supplied to the magnet| ead and the pre-erase operation
of the magnetic head and the recording 30

operation for recording the
data fromthse nenory hewekhash afhzepapding andecepdtrdycingidateare control |l ed
by the contrQmprising the steps of:

5 reproducing data recorded on a disk-shaped

recording medium by a recording and reproducing head;
memorizing reproduced data of at least one track
in memory means;

rewriting memorized data which is to be changed on
10 said wmedium;

supplying data read out from said memory means to
said recording and reproducing head; and
controlling a recording operation of said
recording and reproducing head so that data of a track read

out from said memory means is recorded on said disk-shaped
recording medium.

15

2. The method according to claim 1, wherein said

disk-shaped recording medium is a magnetic disk and said

20 recording and reproducing head is a magnetic head.

3. The method according to claim 2, wherein said

magnetic disk is a floppy disk.

25 4. The method according to claim 1, 2 or 3, wherein

salid control step is conducted such that data of one track

is wemorized in said memory wmeans in response to an index
signal representing a starting portion of a track to thereby
rewrite one portion of said memorized data and data of every -

track memorized in said memory means is recorded on said
disk~shaped recording medium.

30

5. A method according to any one of the preceding

claims, wherein the entire data of said at least one track

’
3s including track low level data used to identify and access




means, it can be avoided that, even when the data of the sector having no
gaps provided therebetween is rewitten b

. y the pre-erase head at the sector
unit, the overwite 35 portion, which is not pre

t he 16 starting portion of the data area, therebjmﬂ@ﬂu"muﬁlmgm 0y
Ther ef or e,

he S/ N.
data can be recorded on the recording medi um saf i st actorily.
Furt her,

the recordi ng capacity of recordu g nedi a can be increased by
m nim zing the nunber of 5 the necessary gaps.

data recorded in said track is memorised during said
memorising step.

6. A wmethod according to any one of the preceding

claims, wherein the entire memorised data of said at least
one track is rewritten to the track.

7. A method according to any one of claims 1 to 6,

wherein data from every track read from said wedium is
. 10 written back to it.

8. An apparatus for recording and reproducing data
comprising:

a recording and reproducing head for reproducing

and recording data recorded on a disk-shaped recording
medium;

15

menory means for memorizing at least one track of
data reproduced by said recording and reproducing head; and
control means for memorizing said data in said
nemory means to thereby'rewrite said memorized data,
supplying the data read out from said memory means to said
recording and reproducing head and controlling a- recording
operation such that data of a track read out from said ¢

memory means is recorded by said recording and repr@duéing
head on said disk- shaped recording medium.

20

25

9. The apparatus according to claim 8, wherein said

disk-shaped recording medium is a magnetic disk and said

recording and reproducing head is a maqnetic head.
? 30

10. The apparatus according to.claim 9, wherein said
magnetic disk is a floppy disk.

1l.

The apbaratus according to any one of claims 8 to
35 10,

further comprising interface means for connecting a host

{ Pr -"|l "— "«lr o
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Further, according to the present invention, data of one track recorded on
the magnetic recording nediumcan be read by the magnetic head. The
read-out data of one track is nmenorized in the nmenory

and desi gnat ed
data 10 is rewitten when data of one track is recorn[mgmu J’mm
means or after data of one track was recorded on the Yy N NEAIHO,
the data of one track read out fromthe nexory Peaﬂs IS squliﬁd Bo tgeth
magneti ¢ head he pre-gras eration of the magnetic head an e
regording 15 %ggggg%?%ﬁ‘?cnﬂ F@@grgfgget?ﬁ?ﬁﬁ&?&sofsiﬁﬂaqﬁﬂ%EK PEIRS tahd
nmemory neans ofaifleCABtFRl iReansc hednggingetinorated toreaisl dddkbarive control

means. | n addi tapparbheushe aforesaid effects, data can satisfactorily be
recorded on the magnetic medi um

s 12. The apparatus according'to any one of claims 8 to

11, wherein said control means memorizes data of one track
in said wewory means in response to an index signal
representing a starting portion of a track to thereby
rewrite the memorized data and records data of every track

memorized in said memory means on said disk-shaped recording
medium in response to said index signal.

10

i3. Apbaratus according to any one of claims 8 to 12,

wherein the entire data of said at least one track,
including track low level data used to identify and access

data recorded in said track is memorised during said
memorising step.

15

14. Apparatus according to any one of claims 8 to 13,

wherein the entire memorised data of said at least one track
is rewritten to the track.

20

15. Apparatus accofding to any one of claims 8 to 14,

wherein data from every track read from said medium is )
25 written back to it.

16. . a m&thod of recording and reproducing data
substantially as hereinbefore described with reference to

and as illustrated in figures 6 to 9 of the accompanying
30 drawings.

17. Apparatus for recording and reproducing data

constructed and arranged to operate substantially as
hereinbefore described with reference to and as illustrated

35 in figures 6 to 9 of the accompanying drawings.
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by a sinple process}ng 20 Havi ng described preferred

enbodi nents of the invention with reference to the acconpanyi ng dramﬁhgs
it is to be understood that the present

preci se enbodi nents and that various changes and nodifications could be
effected therein by one skilled in 25

scope of the invention as defined in the agpended clains. - CLAI M5 1.
A nmet hod of recording and reproduci ng data

METHOD OF AND APPARATUS FOR RECORDING AND REPRODUCING DATA
ABSTRACT

In a floppy disk device all data on the track is
memorized in a wmemory during the first period. When the
data is memorized in the memory or after the data was

memorized in the memory, data of a desired sector is

rewritten. Therefore, even when data is rewritten by a

pre-erase head at the sector unit, it can be avoided that an
overwrite portion, which is not pre-erased, is produced on
the starting portion of the data area to deteriorate the
S/N. The apparatus according to tke present invention
comprises a magnetic head (11) for reading data recorded on

a floppy disk, a memory (7) for memorizing data thus read

10

15 out, and a CPU (4), a bus (5), a floppy disk controller (6)

and a drive controller (9) for revriting designated data
when data is memorized in the memcry (7) or after data was
memorized in the memory (7)., supplying the data read out
from the memory (7) to the magneti-

controlling a pre-erase operation zf the magnetic head (11)

and a recording operation for reccriing the data from the
memory (7) in the floppy disk.

head (11) and
20
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conprising the steps of: 5 reproduci ng data recorded on a

di sk-shaped recordi ng nmedi um by a recordi ng and reproduci ng head,;
menori zi ng reproduced data of at |east one track in nmenory neans; rewiting
menori zed data which is to be changed on 10 sai d nmedi um supplying data
read out fromsaid nenory neans to saidlyfcording and reproducing head; and
controlling a recordi ng operation of said recording and{Ebprothing head so

that data of a track read 15 out fromsaid nenory nmeans is re€orded on
sai d di sk-shaped recordi ng nmedi um
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2. The nethod according to claim1, wherein said disk-shaped
recording mediumis a magnetic disk and said 20 recordi ng and reproduci ng
head is a magnetic head. 3. The net hod according to claim2, wherein
said magnetic disk is a floppy disk. 25 4. The met hod according to
claiml1, 2 or 3, wherein said control step is conducted such that data of
one track is nenorized in said nenory¢/feans in response to an index signa
representing a starting portion of a track to thereby rewite one portion
of said nenorized data and data of every 30 track nenorized in said
menory neans is recorded on said di sk-shaped recordi ng nedium 5. A
nmet hod according to any one of the preceding
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clainms, wherein the entire data of said at |east one track, 35 I ncl udi ng
track low |l evel data used to identify and access 18 data recorded in
said track is nenorised during said nenorising step. 6. A et hod
according to any one of the preceding 5 clainms, wherein the entire
menori sed data of said at |east one tgg;k Is rewitten to the track. 7.
A net hod according to any one of .clains 1 to 6, wherein data from every
track read fromsaid nmediumis
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10 witten back to it. 8. An apparatus for recording and
reproduci ng data conprising: a recording and reproduci ng head for

repr oduci ng 15 and recordi ng data recorded on a di sk-shaped recording
medi um menory neans for nmenorizing at | east one track of data reproduced
by said recording and reproduci ng head; and control neans for nenori zing
said data in said 20 menory nmeans to thereby rewite said nenorized data,
supplying the data read out fromsaid mdfdry neans to said recording and

r epr oduci ng-head- ahd—corttotii-ng- a—tocordi-hg—aperat+on—suen that data of a

track regd out from said
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menory neans i s recorded by said recording and reproduci ng 25 head on
sai d di sk- shaped recordi ng nedium 9. The apparatus according to
claim8, wherein said disk-shaped recording nmediumis a nagnetic disk and
said recording and reproducing head is a magnetic head. 30 10. The
apparatus according to claim9, whereig,gaid magnetic disk is a floppy

di sk. 11. The apparatus_according to any_one of clains 8 to 35 10,
further conprising interfdce nmeans for connecting a host
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19 equi pnrent and a di sk drive apparatus, said nenory neans and said control
nmeans being incorporated in said disk drive apparatus. 5 12. The

apparatus according to any one of clains 8 to 11, wherein said control
means menori zes data of one track in said nenory neans in response to an

index signal representing a starting gqﬁtion of atrack to thereby rewite
the nmenori zed data and records data of "every track 10 menorized in said
menory neans on sai d di sk-shaped recording mediumin response to said index

signal. 13. Appar atus according to any one of clajns 8 te«12, Tpherein
the entire data of said at |east on%;track
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15 including track |low |l evel data used to identify and access data
recorded in said track is nenorised during said nenorising step. 14.

Appar atus according to any one of clains 8 to 13, 20 wherein the entire
menori sed data of said at |east one track is rewitten to the track. 15.
Apparatus according to any one of clains 8 to 14, wherein data fromevery
track read fromsaid nediumis 25 w{Tten back to it. 16. A et hod
of recording and reproduci ng data substantially as herei nbefore descri bed
with reference to and as illustrated in figures 6 to 9 of the acconpanying
30 dr awi ngs. - —
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17. Apparatus for recording and reproduci ng data constructed and
arranged to operate substantially as hereinbefore described with reference
to and as

illustrated 35 in figures 6 to 9 of the acconpanyi ng draw ngs.

20

METHOD OF AND APPARATUS FOR RECORDING AND REPRODUCING DATA
ABSTRACT

In a floppy disk device all data on the track is
memorized in a memory during the first period. When the
data is memorized in the memory or after the data was

memorized in the memory, data of a desired sector is

rewritten. Therefore, even when data is rewritten by a

pre-erase head at the sector unit, it can be avoided that an
overwrite portion, which is not pre-erased, is produced on
the starting portion of the data area to deteriorate the
S/N. The apparatus according to the present invention
comprises a magnetic head (11} for reading data recorded on
- a floppy disk, a memory (7) for memorizing data thus read
out, and a CPU (4), a bus (5), a floppy disk controller (6)
and a drive controller (9) for rewriting designated data

10

15

when data is memorized in the memory (7) or after data was

memorized in the memory (7), supplying the data read out

from the memory (7) to the magnet;c head (11) and

20 controlling a pre-erase operation of the magnetic head (11)

and a recording operation for recerding the data from the
memory (7) in the floppy disk.

Figure 6



