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5 This invention generally relates to the field of a disk drive tQgfe used
wi th the perpendicul ar magnetic recordi ng nethod, and nore particuﬁarly, to
control of read/wite gate signals for regulating the timng of a

read/ wite operation. 10 In recent years,, the perpendi cul ar i
recordi ng met hod has been attracting atté%tion as techni que PﬂmmmmummeMMLQ
the recording density limt of the conventional |ongitudinal nagnq%@&,
recording nmethod in the techno tgal flLeld ] drives 15 including
hard di sk dri ves. PerpendicuIa&gﬁggnégi@ﬁkeégpgﬂhggﬁethod can realize a

hi gh surface r i Y e~tt Vi gdes | afi.me j si gha
redol ut 1 on and Sl PREVE YA TRNE "ok RRS MR WS EE GREK YIRS

recordi ng densﬁéﬂ-RﬁgDAﬁNbswﬁfﬁESéﬁﬁRﬁﬁfbﬁ structure of the |ongitudi nal

magneti c recordi ng nethod, a nmagnetic head unit having a read head and a

write head nounted separ at elps it dF e USREENTY @y di sk drive that is
adapted to the perpendi cul ar magnetic recordi ng nethod. The read 25 head

normal | y5s conpri ses anh&YRihgbaAbloABgRALPEGSYSEEYR) e8! €BERhe WHENgAS the
wite head is typically an SPT (single pole type) head. Wen such a

magnetic head ¢85 a disR dHe8égn6e0béoubed useth Wwhd pBepesapentdagul ar
magneti c recording method, the read head and the wite head are separated
from each ot hanadwyetitargeogdpngreatkod; handihsreopateipai ardf, t be

| ongi tudi nal magnetic recording 5 nethod in the circunferential direction
of the disk. Momtspkcoficabtiyyrihe gapesepanatlsnfotrheegedatheadthad t he
wite head of a magnetic head unit to be used with the perpendicul ar
magneti c recorEimingedfod readhsuity epesatiem. On the other hand, the gap

10 separating the read head and the wite head of a magnetic head unit to
be usedith the |Oﬁ@i{gapﬁ§|years, the perpendicular magnetic

recording method has been attracting attention as
technique for overpassing the recording density limit
of the conventional longitudinal magnetic recording
method in the technological field of disk drives

15 including hard disk drives. Perpendicular magnetic
recording method can realize a high surface recording
density because it provides a relatively high signal
resolution and small signal amplitude attenuation for
a high linear recording density.

20 As is the same basic structure of the longitudi-
nal magnetic recording method, a magnetic head unit
having a read head and a write head mounted separately
on a slider is used in a disk drive that is adapted to
the perpendicular magnetic recording method. The read

25 head normally comprises a GMR (giant magnetoresistive)
element, whereas the write head is typically an SPT

(single pole type) head. When such a magnetic head is



magneti c recording nmethod is about 3 to 4 ~ m Wth a disk drive using such
a separate type nmagnetic head unit, the timng of reading operation 15 of
the read head and that of witing operation of the wite head have to be
regul ated relative to each other. Now, this will be described in greater
detail below. FIG 7 of the acconpanying drawing is a schematic 20 bl ock

di agram of a conventional disk drive, _dllustrating a principal part

thereof. Referring to FIG 7, the disk drive conprises a separate type
magnetic head unit 2, a preanp circuit 7, a read/wite (RRW channel 8, a

Ciroult 7 has St ERPANES P87 R (ST RGLRReoS Sher Sl GhR JURBREEEF om t he
read head _ré’g‘cofcﬁeilﬁemm&t '&Qe@a&%é?% %P(gc gwdléftgr’ﬁ?egcﬁ_[]aerﬁw

converting the Wi ta signal Tnto a wi ric stgnal

channel 8 is 'é%?% r sl I t C I dat a
signal (incl u?fér:‘f% aege%%&d%{]%l s%}r?]%f;)lggg% ﬁ%ﬁég ?ﬁcﬁ%%@%\,\%%%\%rati ng a
servo sector p S ! 1 i bed

o einat tor. ThE BTG oot ot oo e R R e e R st

system (ot shayho@nth hgise aciLash & +det 181 0t LedENE ab I 199 dpsk generating
read/ wite signals (RG W5. The CPU 10 is a nain control unit for the

drive and contMetés ébhectEbei Wy} etlgat gagesepat Htivg. tHberdagkngi@vi ded in
the disk drive has a nunber of data regions referred to as data tracks and
15 arranged rashdl tlye omrite Isead ack. a bBaadmelaia headkuhmbs o da¢ aused mat as
shown in FIG 5B of the acconpanying drawi ng. Referring to FIG 5B, the
data format prwvihkiethe aparpendasubidr anagmeetc crecomdremmethéy s regul ar
intervals and data areas 51 each of which is 20 arranged between two
adj acent servoakgehs? o s@rid.datln dihgn@ther heashddds wagach servo area 50
in the nmanufacturing process of the drive bg a dedi cated device referred to
as a ser¥o tratRPIFFEERY Fre SRR RABD Fhe avF kR oredhi’h &s prohibited
t he operation 25 of recording data durin he, nor nal eration o% readi ng
and witing dAPATRIRCSRFe0 WAt h CF ghal UPTOVIHER a7 EORHF Gr BT bn hat ©s
used (by the (E%%netic recording method is about 3 to 4 um.
With a disk drive using such a separate type
magnetic head unit, the timing of reading operation
15 of the read head and that of writing operation of the
write head have to be regulated relative to each
other. Now, this will be described in greater detail
below.
FIG. 7 of the accompanying drawing is a schematic
20 block diagram of a conventional disk drive,
illustrating a principal part thereof. Referring to
FIG. 7, the disk drive comprises a separate type
magnetic head unit 2, a preamp circuit 7, a read/write
(R/W) channel 8, a disk controller (HDC) 9 and a
25 microprocessor (CPU) 10.

The preamp circuit 7 has a read amp for

amplifying the read signal output from the read head



-4 10) to control the positioning of the magnetic head unit 2. On the

ot her hand, each data area 51 is divided into a nunber of data sectors
where user data (DATA) 5 are recorded on it. Additionally, note that the
data area 51 has a length that is not necessarily equal to the length of a
data sector nultiplied by an integer. A data sector may be divided into two
sectors with a servo area 50 interposed thwpen them 10 Each data sector
has a gap 52, a PLL synchroni zing signal (PLL) 53, a sync byte (SB) 54, a
user data (DATA) 55, EC (error correction) related information 56 and a pad
57 as shown in_Fl 6. Referrin till _to FI 6, 52 ig a region for 15
absor bi ng fluc? af%?w@agﬂefh% ?%?it?%ﬁﬁl?n59§;%nwrg€gtﬂ%pd?gﬁ. The gap 52

i s recorded by i in he_operation of witing.data.in the
data area 51. %%Qﬁ?ygié§L9§§ﬂ%ﬁ$%%ig?%% %%g%%? %?@f)a5§rféerg%ﬁ?%ﬁhc

[ medi ately afggenine rAcoTAIFRloADe 201959 SpunTNeaPLLS3; proyk des a

synchroni zi ng Si pattern tor synchroni zing ere ocC e used

| ordog ¢ hop chadp08a (€81 56 ERLOCUCLOGI PREL B | ORYa ML End LS (fRERuAlEY 10

recorded there. en, a synchroniz ing byte (sync ecting

the starding 25 pOivé Qhtals€ighlal p 484 1€EOT defunSHDPSLRIYEN LY e riEERg dat a
(DATA) is recorded. Referring nowto FIG 8C, a read operation is -5

executed as the $b6/0 ssttyntpslibesspagugade 5 gopbo REatersigea ¥ W channel
8. The read/wite gate generator 90 conprises a data sector pul se (DSP)

generator 91 amilh el dyscriloedth®Peidheterad/ wite 5 generator 90
generates a read gate signal RG and a wite gate signal WG by referring to
t he DSP generated bJhehBDOSP geecabesradlintesfsom EorFtle 8Bivdhe DSP
generator 91 generates a data sector pul se (DSP) by referring to the servo
sector pul se (ZIBP)thathest fsperan {Pet phpehhnaed Bagsashead/ VAl G 8A
The servo sector pulse (SSP) is generated at the timng of the servo gate
si gnal k%KE OUQ%B? ge8% fFel i Bor generating read/write signals

(RG, WG). The CPU 10 is a main control unit for the
drive and controls the read/write gate generator 90.
The disk provided in the disk drive has a number

of data regions referred to as data tracks and

15 arranged radially on the surface. Each data track has
a data format as shown in FIG. 5B of the accompanying
drawing. Referring to FIG. 5B, the data format
provides servo areas 50 arranged circumferentially at
regular intervals and data areas 51 each of which is

20 arranged between two adjacent servo areas. A servo
data signal is recorded in each servo area 50 in the
manufacturing process of the drive by a dedicated
device referred to as a servo track writer. The servo
area 50 is a region which is prohibited the operation

25 of recording data during the normal operation of
reading and writing data. The servo data signal

provides servo information that is used (by the CPU



In the wite operation, the wite gate signal Wsis activated by the data
sector pulse (DSP) as shown 15 in FIG 8D. Immediately after the servo area
50, the data sector pulse (DSP) is generated with a delay equal to the tine
period corresponding to the gap (G\) between the read/wite heads, starting
fromthe timng of the end of the servo area 50 (see FIG 8E). 20 The del ay
i s necessary because, when the end of _thg servo area 50 is detected by
referring to the read head, the wite head is still located within the
servo area 50 and therefore the servo data signal recorded in the servo
area 50 w | destroyed if .any datg.s .25 witten at that tine, The del ay
i s provided tgeoalv i thvﬂetsmp}'r ﬁ%rﬁoﬁﬁ'%%r}gezﬁ# %ﬁqq}}?@% Red ot her

hand, the 6, read gate signal RG needs to be activated at the mddle
of the rot aryurl?d\):e nt fluctuations absorbing gap 52 (the boundary of the
parts PA1 and PA2) I M ~dher e e cifcuit, activates
5 the read gate si gé\rgl Oz%th%eh%rf(?ﬁ negg'%i)t%allgnagaa’ge% gél:hejféay&io‘%l(ggd

predet er m ned jtj e g{dﬁ%%&j rlc%gat he dafa Wﬁ L%grsgia#%SP?DATme del ay

time DT is defined t As a result, e read head can reliably

read the PLL synchrnyzdd o ghal @Pddé)tiﬁﬁua]ﬂl\}llgf ddt& A HHPVGRNt of the
di sk fluctuates in the read/ wite operation. te that a PLL synchroni zing

signal is recarded 50 Hde J Qletigt HavRIENs fridtC tritadd s Abs A dpidlg t@ap 52. In
ot her words, the PLL region 53 is an area for securing a necessary m ninal
PLL 15 synchr aezilehgtilgre .a \Watde tde-tdangididipialedragnedn drteaprrdi ng

net hod, the gap separating the read/wite heads is about 3 ,um as pointed
out earlier. | ddtm desiktammetyebeatdiarirdede ioftod, 1260 sqrhork 2+ th he tine
period 20 (GN) corresponding to the gap varies depending on the position of
the head unit @ s®rihanis K0 Nmte muaad ikeiiween ttend me period (Q\) is
about 0.32 us on the outer periphery of the disk and about 0.64 us on the

i nner Périphery of Baeh diald sperer diaS 25930 rid 18/, PElhe CPU 10 defines a

delay tinme ( fQr each zone on the disk and gives. it to, the DSP generator
91. The zones FHE i SR e Bddu &d‘)b?ﬁ' a sync hxheyi H"gaqt Mt ot al

ooy oversdt itk e R 2 0" RS oA R o
const ant Iengtit}lfoerglggtgllc% Of 1e { td-on, O NE, diskerd f ¢ he accuracy of
t1s 0.2~ t

rotary novenent i e time period corresponding to the rotary
moverent fluctuati ofsr RSP NG PRPSF1E. OWagd 2 £5Sa region for

15 absorbing fluctuations in the rotational movement of
the disk. The gap 52 is recorded by the write head
during the operation of writing data in the data
area 51. Then, a PLL synchronizing signal (PLL) 53
is recorded immediately after the recording of the

20 gap 52. The PLL 53 provides a synchronizing signal
pattern for synchronizing the read clock to be used
for a read operation (data reproducing operation) with
the data that is recorded there. Then, a synchroniz-
ing byte (sync byte SB) 54 for detecting the starting

25 point of user data is recorded. Subsequently, user
data (DATA) is recorded.

Referring now to FIG. 8C, a read operation is



Then, the delay time DT of the read gate signal RGis 10 "(1.27 / 2 - 0.32)
- 0.315 us" on the outer periphery and substantially equal to O on the

i nner periphery. As pointed out above, the magnetic head unit 2 of the

per pendi cul ar magnetic recordi ng nethod has a gap between the read/wite
heads greater than its 15 counterpart of the |ongitudi nal nmagnetic
recordi ng method. Therefore, the timng of generating the data sector pul se
(DSP) needs to be relatively delayed as shown in FIG 9A [If the delay tine

is reduced to nil, the timng of activating the read gate signal RG 20
comes closer to the PLL regio romithe boundary of the twp parts (PAl
and PA2) of tkﬁﬁ?%ﬁ%ﬁ# %%vgm%245$|%c?%%}Y%B%Sa %r%?ﬁ% gapes9ig aéhomn in

: d hj diti h wh h
L e ndera Mt P Ao dRSEE A2 B REs DELE LhEe Pl o 55 by
the read head ?%gﬁﬁéfngggcgmppfééyﬁ%|%%t%ﬂgeé?§€.ggigegk?§$L RG because

of fluctuation € rotary novene erefore, it

s necessary oo Qbegtdr [1Chnald oge1dy ebfcw\gaéy.mﬁfﬁ@ﬁféagﬁw%g@edi sk by
y \ sor

i ncreasing the'region of the rotar enent fluctuations absorbrng gap 52
(by PA3 dor the.RAIt8s SOOYENLPafdE a Wead LRVEVEL gnhliereffhgi gncy of the

data format is reduced as the region of the rotary novenent fluctuations

absorbi ng gap weitdajats SHdndhendab@ recoOreing £60t08 ofrt hendisked
i ncreases. Now, how the efficiency of the data format is 10 reduced will be

descri bed nor ebgpeice fDSRI donedsisenredt has shewgapn SEpar adBng The psrd/ wite
heads is 8 ~ mand the disk is driven to rotate at a rate of 4,200 rpm
0.2~. The tinegpreratoX ) ¢émerzioes ezpdats sectdbe gapsealbPeB) dependi ng on
the 15 position of the head unit 2. To be accurate, the time period is
about 0.86 ~s oefenelingter boeipeeyy sedtabavielde 7{SSE) cputpiet | fmem
peripherg of the disk. ]
1 the R/W channel 8 as shown in FIG. 8A. The servo
sector pulse (SSP) is generated at the timing of the
servo gate signal (SG) output from the HDC 9.
In the write operation, the write gate signal WG
is activated by the data sector pulse (DSP) as shown
15 in FIG. 8D. Immediately after the servo area 50,
the data sector pulse (DSP) is generated with a delay
equal to the time period corresponding to the gap
(GN) between the read/write heads, starting from the
timing of the end of the servo area 50 (see FIG. 8E).
20 The delay is necessary because, when the end of the
servo area 50 is detected by referring to the read
head, the write head is still located within the servo
area 50 and therefore the servo data signal recorded
in the servo area 50 will be destroyed if any data is
25 written at that time. The delay is provided to avoid
this problem.

In the read operation, on the other hand, the



"As for the length of the pairs of rotary novement fluctuations absorbing
gap 52, the PAl needs to 20 be increased by a part (PA3) that corresponds
to 0.225 us on the outer periphery and 1.075 us on the inner periphery,
provi ded that the accuracy of rotary novenent is 0.2~ and the delay tinme DT
of the read gate signal is 0. These tinme periods correspond 25 respectively
to 8.4 bytes and 20.1 bytes in terns of disk drive having a transfer rate
of 300 Mops. In other words, the rotary novenent fluctuations -9
absorbing gap 52 has a length equal to 1.3~ to 3.2~ of a data sector on the

di sk. Th f ,_th ffi.ci f th f ' d db h
per cent age 11 GRSk S5 S| VS TR O (5 By 0RE GPer et on of
ecording the ek & O O e P AR B A SOrgeengnding Lo he g2p

(di stance) separating the 1ea 1 t'e héads™ so e Tea

properly repr c h e tae ( v Mo | 1 t. Appln.
KOKAI Publ i ca’%dd n%lgo.&é{élgg{ig?gaﬂg % @eeliﬁéefr?tse%ﬁ 5%%%%(}1) {.)S wever, the
probl em of requeed gi)f | C"ﬁﬂa%’efgré,hﬁ:ﬂ@tc?elfa&f By QAN be-dfpplaed sinply
by del aying the operation of recording the data to be witten on the disk.

15 BRI Els SUMVAiRE GrealiigdtVENH{N Reeref aire e 1) @ta Bied NG, present

invention is to provide a disk drive that is to be used with the

per pendi cul ar araElely o ec @ridig dmiied aaime neidy Ieatkén Ride signal on a
di sk and avoid the problem of 20 efficiency reduction of the data format.

I n accordance detieh ssctaapeutl sof (08P )pr e delvwgnttiione Dhere desfipreaVi ded a
disk drive including facilities to control a read gate signal and a wite
gate signal irbyddo L OV t IR e gmadld bethweareadhenesd read head and t he
wite head of a magnetic head unit and the data format on the disk in the
di sk drive. Trr@lcﬁiag%lkdrﬁaﬂéi ddprildesynchromg z ipgi signspler BLIng %5 recordi ng

medi um_and adapt ed , i
10 1f the rotary movement of the disk fluctuates in the

read/write operation. Note that a PLL synchronizing
signal is recorded in the rotary movement fluctuations
absorbing gap 52. 1In other words, the PLL region 53
is an area for securing a necessary minimal PLL

15 synchronizing signal.

With the longitudinal magnetic recording

method, the gap separating the read/write heads is
about 3 um as pointed out earlier. 1If the disk
rotates at a rate of 4,200 rpm + 0.2%, the time period

20 (GN) corresponding to the gap varies depending on
the position of the head unit 2 on the disk. More
specifically, the time period (GN) is about 0.32 us
on the outer periphery of the disk and about 0.64 us
on the inner periphery of the disk. Therefore,

25 normally, the CPU 10 defines a delay time (GN) for
each zone on the disk and gives it to the DSP

generator 91. The zones of the disk are produced by



to record data signals by perpendicul ar magnetic recording; a nmagnetic head
unit having a wite head for 5 witing a data signal onto and a read head
for reading a data signal fromthe disk; a gate generator for generating a
wite gate signal for determning the timng of the wite operation of the
wite head and a read gate signal 10 for determining the timng of the read
operation of the read head; the gate geneyator being adapted to regul ate
the timng of outputting the wite gate signal and that of outputting the
read gate signal on the basis of the 15 gap between the wite head and the

read head in the circunferentjal directio f_the disk. and.the data format
on the disk; a%hvéd}%%gﬁﬂfiE%kaév?gﬂb?BrnggEﬁFPﬁgoPhEhﬁw t8XoB&ration at
the timng of gy%gHt &ng he wite gate 20 signal and the read operation at
the timng of outputting the read gate signal. Additional objects and

advant ages of the iBMeEﬁFOgtﬂ% lhQﬁdseEaERr%gtégygﬁgvgﬁéﬁEiption whi ch

follows, and in part w € obvious’'fromt escription, or may be

e on vy ELEEEARESLAE LBNERELRD Ty EOERLopafConsl L ges of he
5 a constant length regardless of the position on the
disk. If the accuracy of rotary movement is +0.2%,
the time period corresponding to the rotary movement
fluctuations absorbing gap 52 is about 1.27 us.
Then, the delay time DT of the read gate signal RG is
10 "(1.27 / 2 - 0.32) = 0.315 pus" on the outer periphery
and substantially equal to 0 on the inner periphery.
As pointed out above, the magnetic head unit 2
of the perpendicular magnetic recording method has
a gap between the read/write heads greater than its
15 counterpart of the longitudinal magnetic recording
method. Therefore, the timing of generating the data
sector pulse (DSP) needs to be relatively delayed as
shown in FIG. 9A. If the delay time is reduced to
nil, the timing of activating the read gate signal RG
20 comes closer to the PLL region 53 from the boundary of
the two parts (PAl and PA2) of the rotary movement
fluctuations absorbing gap 52 as shown in FIG. 9B.
Under this condition, there may be cases where the
PLL synchronizing signal is not properly read out from
25 the PLL region 53 by the read head at the timing of
activating the read gate signal RG because of

fluctuations in the rotary movement of the disk.



'- 11 instrumentalities and conbinations particularly pointed out
herei nafter. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The
acconpanyi ng drawi ngs, which are incorporated 5 in and constitute a part of
the specification, illustrate enbodi nents of the invention, and together
wi th the general description given above and the detail ed description of
t he enbodi nents given bel ow, serve to ex%lain the principles of the
invention. 10 FIG 1 is a schematic bl ock diiagramof the read/wite gate
generator of an enbodi ment of disk drive according to the invention,
illustrating a principal _part thereof; FIG 2 is a schematic bl ock diagram
of the 15 enbodi nenthe¥epsk, dif ves orerpesagy 9| #ReeHR| Ajuatpriherpal part
thereof; FIGS. 3A through 3D are timn Chaféi;il | ustrating, t he operation
of the read/ wit &R R MRt B the iRy Frereasingnthatic
illustration of the data format, illustrating, the operatian of. the
read/ write gat’ée%]e?fbrod}t gqh%fP%éng TIOEgIREN Y )?Jsu%t%%ﬁje%T i LHPHRE Wi agr am of
an enbodi nent obt ai e&?by di fyi t eq? dj 0 FI 1, FIGS. HA
through 5C ar eg%%ﬂée#la X ?ﬁuﬁ?ga{}?%néﬁo)f %e‘é@r}%ib%ré Fon’t a disk to be
used mnt@ theHowever, the efficiency of the data format is reduced
as the region of the rotary movement fluctuations
absorbing gap 52 that is not the data recording region
of the disk increases.
Now, how the efficiency of the data format is
10 reduced will be described more specifically.
Assume that the gap separating the read/write
heads is 8 um and the disk is driven to rotate at
a rate of 4,200 rpm £ 0.2%. The time period (GN)
that corresponds to the gap varies depending on the
15 position of the head unit 2. To be accurate, the time
period is about 0.86 us on the outer periphery and -
about 1.71 us on the inner periphery of the disk.
As for the length of the pairs of rotary movement
fluctuations absorbing gap 52, the PAl needs to
20 be increased by a part (PA3) that corresponds to
0.225 ups on the outer periphery and 1.075 us on the
inner periphery, provided that the accuracy of rotary
movement is $0.2% and the delay time DT of the read
gate signal is 0. These time periods correspond
25 respectively to 8.4 bytes and 20.1 bytes in terms of

a disk drive having a transfer rate of 300 Mbps.

In other words, the rotary movement fluctuations



'- 12 nodified embodinent of FIG 4; FIG 6 is a schematic illustration of
the data format on the disk of FIGS. 5A through 5C, FIG 7 is a schematic
bl ock di agram of a known 5 disk drive, illustrating a principal part
t hereof; FIGS. 8A through 8D are timng charts illustrating the operation
of the read/wite gate generator of FIG 7; FIG 8E is a schematic
illustration of a data 10 format that _cag be used for the operation of the
known di sk drive of FIG 7; FIGS. 9A thrdugh 9C are timng charts al so
illustrating the operation of the read/wite gate generator of FIG 7; and
15 FIGS. 9D and 9E are sche i,c illustrations aof data rmat at_.can be
used for the ORI H2R ¢ At o i i%uagf tﬁéilg ﬁ‘l‘%{%ﬁf
DESCRI PTION CF T | NVENTI ON t he .pre t_ihventi i Lk, be described
c[_{aa%a} SD%/cl\Qéerf eornrNch e J'lst}g sﬁperéf]oreg' &) %%%1@%%%%?

20 in greateréﬂe g to the acconpanyi’ng df aw ng

illustrates a err e ' it ' 'ég% I tion of disk
drive) This erggftr)ﬁ'{hrf%ncfﬂoaf r%%g%{’%ﬁsvgea%d;%r%{%g%% t 96%8%%%% ion is
adapted to be£ﬁ§ﬂ¥ég}h t he perpendi cul ar magnetic recordi ng net hod
Referring to 2, the disk drive conprises a disk 1 operating as data

- 13 regcording medhium aid ve MBOMALEEd g ddenay 2hé OdpeLadisg data from and
witing data onto the disk 1. The disk 1 is driven by a spindle notor (SPM

3. recording the data to be written by a time period
corresponding to the gap (distance) separating the
read/write heads so that the read head may properly
reproduce the recorded data (see, inter alia, Jpn.

10 Pat. Appln. KOKAI Publication No. 6-176486 and U.S.
Patent No. 5,600,501). However, the problem of
reduced efficiency of the data format cannot be
resolved simply by delaying the operation of recording
the data to be written on the disk.

15 BRIEF SUMMARY OF THE INVENTION

Therefore, the object of the present invention is
to provide a disk drive that is to be used with the
perpendicular magnetic recording method can properly
read a PLL signal on a disk and avoid the problem of

20 efficiency reduction of the data format.

In accordance with an aspect of the present
invention, there is provided a disk drive including
facilities to control a read gate signal and a write
gate signal in accordance with the space between the

25 read head and the write head of a magnetic head unit
and the data format on the disk in the disk drive.

The disk drive comprises:



As shown in FTG 5A, a nunber of tracks (TRO through 5 TRn) are forned
concentrically on the disk 1. The magnetic head unit 2 includes a read head
that is normally a GWR elenent and a wite head that is normally a SPT
head, the read head and the wite head being separated from each other and
nmounted on a 10 slider. As pointed out earlier, the read/ wite heads of the
magnetic head unit 2 are circunferentLaIHp separated from each other by a
gap (distance) of about 7 to 8 a m Theréfore, the gap is larger than that
of a magnetic head unit adapted to be used with the 15 | ongitudi nal

ti di t.hod. Th tic_head 2 i ted t.uat 4.
The act uat or 4 moved BE%hBRATARENT2°6! PR (haR TROAIaard SARPEEE on of

the disk 1 by the_drive force_of a,vojce coil tQ V S,.The VCM 5 is
the object 20 bF ESReFS AREfantyn8r ¥ abheRs ReRMErBirhg EBREFOF systom
(servo systenjﬁéﬁfgdggéEOM/sense of the word and fed with a drive current
by nmeans of a drivéf 6A that is included in notor driver IC 6. The

notor driver TC 6 iQchggﬁstggehggylqhggeha@énang @Qi§gwh%%9dﬁk er 6B for

feeding the SPM 3 wt rive current and 1s-controlle 10. Besi des

the above descyibednfeadagdtaksagagmbito andlf rbha disk dpiveegQfREi ses a
circuit systemhaving a preanp Circuit 7, a RRWchannel 8, a disk

controller (HDE)d9taasChhhiOrapd orevaisk; 11. The preanp circuit 7 includes
a read anp for 5 anplifying the read signal output fromthe read head and a

wite anp for conveat gageagenctratdat dogi grakrbantagaawwiri€ecyartent signal .
The RF'Wchannel 8 is a signal processing IC for processing read/wite
signal s (includiggasefop defaanshingdthesbimdsgacfOthanwriba of generating
a servo sector pulse SSP out of the servo data signal read out fromby the
read head. TheopExabiepepht bBeasrihechtadeand gheedfs@aliei égnad the host
system (not shown) and includes a read/wite gate generator 100 for
generatltg 15 ferdieErreigane §h©n5#§lPﬁﬁvaE§? raedcpeeratieont A€ main
control unit of_ the disg drive and controls the read/wite generator 100.
The nenories 1iPFnEPBHe8e89f| ash EEPROM a RAM and a ROM and is adapted to

t i dat f th 0 ti t he CPU
sLore var ous progray gad L AcDssesspEY oL e A0 et ion oL e,
HDC 9 i . a. PSP . d [te. 00
10 © compr) SeELRTBPOSIRLAOEs OE BA0 aoteadhutligugghs apoEaler (i
of e DSP genshepat:9dqadet beadebayechighhi sodOdne 1B2sa5eodethped by the

CPU 10. The DSP generator 91 generates a data sector pulse
15 gap between the write head and the read head in the
circumferential direction of the disk and the data
format on the disk; and

a read/write device for executing the write
operation at the timing of outputting the write gate

20 signal and the read operation at the timing of
outputting the read gate signal.

Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the

25 description, or may be learned by practice of the

invention. The objects and advantages of the

invention may be realized and obtained by means of the



"15 (DSP) by referring to the servo sector pulse (SSP) output fromthe RI'W
channel 8. The R/'Wchannel 8 detects a servo sector mark 501 fromthe read
signal output fromthe read head when 5 the servo gate signal (SG output
fromthe HDC 9 becones active. A servo sector mark 501 is a signal to be
used for detecting a servo area 50 as it is contained in the servo area 50.
In addition to the mark 501, an AGC pgttiin 500 and a track address code 10
502 and a servo burst signal that are servo data in a narrow sense of the
word are also recorded in the servo area 50. The R/'Wchannel 8 generates a
servo sector pul se (SSP% in response to the detection of a servo sector
mark 501 and tiadERMRRNERliblencambromREnahoPnei BAFLSRUSRL YRt ection of a
servo sector narﬁ%. Jhe delay circuits 101, 102 respectively output a read
gate signal REAMIEEIWPTEGEELN2FEREI WG to the R/ Wchannel 8 at

espect | ve L1 Mt IS AL CRNPTSE 6T A05RANG Loyt e by Dl 0 of ver
operati on (of procergLricRche, fhamakL, Shothe g, of (Lhecead:gat o

timng t he i%§§g§%ﬁ5§lgﬁ@%_g[bag§ &ga£ﬁef9éggi%§@$t§88““ in FIG bB5A a

nunber of tracks rou Rn)” are concentrica ornetl on the disk 1

1~ Each track PP?ué@fél@eaéx%‘édﬁQeﬁféa@ﬁeﬁlhéi%n@@ﬁi:%h)’ &h re&géeﬁeknterva' S

and data areas 51 each of which is arranged between two adjacént servo

areas as shownithHie §heFathddatnipt €8n5diéndhNbiedandi phe a nunber of
data sectors far recording user data (DATA). Note that the data area 52 has

a length that detapledesdessaiptyoraoal the éhieotenghbsofiaetdabalsrst or
multiplied by an integer) As shown in FTG 5B, a data sector (sector No. 3
in FTG 5B~ nayebeedivi eedldini the pnbnsiplessofi theaiseenbianea 50

i nterposed between them As Shawn in FTG 5C, the servo area 50 stores a
servo se&tor mark. BOE; aniaGE pehemahisoblogkt ddskrandeéssheode 502 and a
servo burst signal 503 that are 15 recorded on it. Additionally, each data
sector has a gePRGMIrhte| gakengenonttPhgosi gnatmppiinent of dydk byte (SBA
54, a user data (DATA 55,_ECC(%error,correction% rel ated i nformati on 56
and a pad 57 aFEbVFROFUEULDY bH Fhe ImuenhpoBo 1LlUSEERFLAIf ar absor bi ng

fluctuations in tpe rotaiionrgnvenent of the disk 1. The gap 52 is recorded
by the write headd tRFTRY A bpePat$oh of witing data in the data area 51

T o Shoe o CEEIET 2109 3 00kpL L Sl e gefcty BB, ar e after
patterm4or  empodiment of disk drive of FIG. 1, illustrating
a principal part thereof;
FIGS. 3A through 3D are timing charts
illustrating the operation of the read/write gate
generator of FIG. 1;
20 FIG. 3E is a schematic illustration of the data
format, illustrating the operation of the read/write
gate generator of FIG. 1;
FIG. 4 is a schematic block diagram of an
embodiment obtained by modifying the embodiment of
25 FIG. 1;
FIGS. 5A through 5C are schematic illustrations

of the configuration of a disk to be used with the



"- 17 synchronizing the read clock to be used for a read operation (data
reproduci ng operation) with the data that is recorded there. Then, a sync
byte (SB) 54 for detecting the starting point of user data (DATA) is 5
recorded. Subsequently, user data (DATA) is recorded. The pad 57 is a
region for a wite path delay. (operation of generating read/ wite gate
signals) The disk drive executes a read eration in the data area 51 when
HDC 9 activates the read gate signal 10 for the RRWchannel 8. In the
read operation, the RRWchannel 8 processes the read signal read out by the

read head and rggrgdugesgédgcodeﬁ) thﬁ ﬁser.data. At this tine, it is
necessary to rBPFhbi§dr 8BACEHBERELOSyhitr offf zi ng signal fromthe PLL region
53 in order 15 to o in.a,synchronizin se, necessar r the read
operation. On the opkgr ﬁaﬁayatﬁggapéklgrgyéu§§58398§ 8¥m}ﬁﬁed8 Bration in
t he data area n.th . 9, acti S e ife e signal WG for the
R/ W channel 8.P%ﬁmgﬁeoéw??g[é%g¥a§%oﬁ?é$heg€bGﬁ%ﬁgﬁﬂgsEé Zogprocesses a

wite data signal ag?GtrangigsSEBe ggggeagggﬁrgi%%%éMiFﬁ7aiQng&ger to

supply a wite sign to the wite etinmng of the

data widing o t4 ee reg aj, . | .carried out
in the ;irvo afggﬁs%gﬂ%g'ngaﬁﬁfﬁggggg?afi%ﬁ§%§98§2e?3¥?ngﬁ¥5§§ Wite gate

signal s of the enbogdiggnt s thrbe Hesgrhbedt@m\f;\%f ehhirRg to FIGS. 3A
t hrough 3E. - 18 As shown in FIG 3A, the R/'Wchannel 8 outputs a servo

sector pul se (SBRhstpatbrgHDReoporatespanse thet headehettéogadk a servo
area 50 (and a servo mark 501). Then, the DSP generator 91 generates a data
5 sector pul segéSPatohadfi RlGcales the starting point of the data sector
as shown in FIG 3B. At this time, the DSP generator 91 generates the data
sector pul se (DSP) HILGth8Et im Agscbematpondilhygstoadipnedét erdahed del ay
time (T2) fromthe end of the servo area 50 (and 10 hence the head of the
data sekfor) atewratnghab €ae Bel wyedDayrdbhenenebytine cpuche krewnFl G
3E). Furthernore, the DSP generator 91 generates a plurality of data sector
pul ses (DSPs) @tSkedtit%f efnBIfntéfvals starting fromthe first data sector

I 15 (DSP), th dat t l [ to th
unber of dat A’ sect BrE0 | RRSHBr O 0P hGC DRPeQEAB BER OL  RORLFAL e a dat a

t I t L | ead] ' f the dat
et ors' cont al hoUET AT b dar oo B BTG The Rast SO0 W50 @i tRrce |

paraneters defioedrByother P10y, Thggt hree parameters includes the time
(T2) fromthe %nd gf ?he servo area 50 (the head of the data sector) to the

first deda sector pghgs.(BSPhndtbe heagtbBnehaeaehidatarsgetiohsand the
nunber of data sectors corresponding to 25 a single servo area 50.~ Then,

in the wite ogetat formatbetheadtsanibe gate genethéospdPAtyenesates a wite
gate signal WG at the
the known disk drive of FIG. 7.
DETAILED DESCRIPTION OF THE INVENTION
Now, the present invention will be described
20 in greater detail by referring to the accompanying
drawing that illustrates a preferred embodiment of
the invention.
(configuration of disk drive)
This embodiment of disk drive according to the
25 invention is adapted to be used with the perpendicular

magnetic recording method. Referring to FIG. 2, the

disk drive comprises a disk 1 operating as data



-.19 timng corresponding to a predetermned delay tine (T3) fromthe DSP
according to the delay (Dc) defined by the CPU 10 for the delay circuit 102
(see FIGS. 3D and 3E). The tine fromthe end of the servo area 50 5 (the
head of the data sector) to the generation of the wite gate signal Wsis
expressed by "T1 = T2 + T3", which is a delay tinme corresponding to the gap
between the read head and the wite_head (the distance of about 7 to 8 ~c
m . 10 On the other hand, in the read 0peration, the read/ wite gate
generator 100 generates a read gate signal RG at the timng correspondi ng
to a predeterm ned delay tine fromthe data 0 | se #;PSP) according to
t he del ay (DbkcdeﬂﬁngdmbﬁlpﬁeaeﬁualﬁaHGF%fg %%%hde 2& Circuit 101. The
timng of generating the read gate si.gnal IS sEseectag hat it comes
at the niddl eeaflinige dgds @ECWE%de&E&%éﬁf ?@ﬁkhe parts PAL and PA2) (see
FIG 3E). As described above,, the,read/ it Jataengmor3 20 100 of this
enbodi ment g&her ek 4 WS (F T Sanzﬁg \ﬁg at the timng corresponding to
a predeterm ned delay ti T3, fromifisdate secdies RGe8Rh i n the
wite operatF§h5HQWQn*ﬂ;F%éﬁ§%¥ fhglgenerator 100 generates a wite gate
signal WG at the timng 25 corleshondinmie éhetiteldyskilbe (T1), which by
turn cé#resp&ﬁﬁ@1ﬂf?ré?fﬁﬁ§}%ﬁstance of about 7 to 8 a m) between the read
head and the wite heaIga éggg&tﬂ@agngnitZQ ohclhdeseavoeadehedd. At this
time, the DSP gene?%?or 9 generates a data sector pul se {DSP% af the
timng corres%mgi ng glgrﬁgglﬁegmm@eeﬁ\aat ahdt aj wriherheadt RBAtt he del ay
time {T1l} cor 3 onding to the gap 5 (distance of about 7 to 8t~ m between
t he read headigngogﬁglm@i5esb@aﬂeaahetbéore§dthéaﬂiﬁpﬁgtBF ¥hét&tart of the
wite operation corresponds to an area that by turn ﬁorresgggdg tg the gap
52 as shown iﬁeghcbeQEgseepbahtéd fngmeepsh 6FDRE BPAgTERPES N FhE servo

area 50 is reliably avoided. In the read _qperation, Q t hehgkand, the
gener aj gr 1005ggHekat easapoead egapstseghal oRG &hetﬁga?/hgﬁggcorﬁesponding

to a predetermned delay tinme fromth ata se s i@SRN 15
Therefore, thefrehe up@mﬁﬁuu91h§@§rﬁ§lgrgn@?ﬁécﬁﬁggwg%g% t e géb 52 {the

DOUnGary Of P S 0] s, SN L B2 Gy I s S stnnane o

e, of 11 9% 520 A0r [ ERhboekh, BRSPS Bhskesarond anmir oot on

ot he Servo & GBI IR QAHEr 2t T o 10t he Bats 25 Sector pul se {DSP] is

0 S R PR S gt ol G o e e
The magnetic head 2 is mounted on” an actuator 4.

The actuator 4 moves the head unit 2 of the disk in

a radial direction of the disk 1 by the drive force of

a voice coil motor (veM) 5. The VCM 5 is the object

20 of control (plant) of a head positioning control

system (servo system) in a narrow sense of the word

and fed with a drive current by means of a VCM driver

6A that is included in motor driver IC 6. The motor

driver IC 6 includes the VCM driver 6A and an SPM

25 driver 6B for feeding the SPM 3 with a drive current

and is controlled by CPU 10.
Besides the above described head disk assembly,



- 21 tinme (T3) of the wite gate signal Woto be equal to 0.46 acs at the
outer periphery and equal to 1.31 ~s at the inner periphery of the disk 1.
In short, preferably, delays (Da, Db, Dc) for the read/wite 5 gate
generator 100 are regul ated at each zone on the disk 1 under the control of
the CPU 10 during the read/wite operation. Thus, with this enbodi nent of
the invention, when a read gate signal aqgfa wite gate signal are 10
generated by referring to the generation a data sector pulse (DSP), the
delay tinmes selected by referring to the DSP are so regul ated that the read
gate signal always precedes the wite gate signal. Additionally, the wite
gate signal ist@enéiakedrWenceBPEigerap 6frsupte§océeni hayitigmd peri od
after the generation of the D§P. In the read_operatign, the delay of a

pr edet er ni ned PFRE™Befi5quas ef?n@dwbﬁhﬁ€P§4r@mgatg1§ke¢99¢ﬁ°§l@égulated

for the generatjon,of the read gate signal.. In_short, the read head can 20

properly read éth[ éynéhF%ﬁigpn&“@i&ﬁ%Prﬂﬁénﬁé'PLL area W t hout expandi ng

the area of the relg%%d ?a% oncth d%t% Eo%T%uesln t he mmitejf eration, the
wite head can ef f ect'FvEry BVoicd "M v A%5% it SG& £ §%e servo

neou

area, 2% (0! Lhedseubadi ERA L eEHGs 143 Butpliemauls, Bheckdiageam of the

read/ wite gate gene an e I'ment “obtai ne fying

the enbodiment ;08 Bl (rile gﬁEeEBEnQohgeEkgggﬁa h@ﬁt@eagkwrgﬁgﬁgﬂte

generator conprises a DSP generator 91, a ay circuit 10 sSwi t ches

104, 105. The swibchegri®d. chri@Btasegaantr olrhadrhy thanmRY 304sThe above
of FIG 4 of this nodified enbodi nent operates in such a way that the del ay

circuit 103 isausggnanl prbeesgengr ati fgrapwoices sgale readnalr e When t he
delay tinme (T1l) corresponding to the gap (distance 10 of about 7 to 8u m
bet ween the readlgheadd dhdclbdimwy serkeadigndlishe ahidnmalisb4dhacormr espondi ng to
the gap 52 satisfies the requirenent of "T1 > T4 / 2". The tinme "T4 /| 2"
correspbfds tofthetabddbé gknehetdag B2setrhe lseghdar pudfsePASPamhtPAZ) . 15
More specifically, the read/wite gate generator activates a read gate
signal RG at thBet FArHg dabst gagnall yeagualtt roRebyi fheg reBdgdeédat i on of
a DSP and generates a wite gate signal WG at the timng that corresponds
to the delay time offP€h&lfePapreFatesc @St 1PGEIHPEsidfy tt%ﬁe ik ches 104,
105 under the gontrol afthh enerator 91

e

generates the BSPVAL 2P Fﬁpgggc%gﬁggbokgk%g%bgapﬁégﬁFSSEQQEQEPhe gap 52
according to the, dgliay (PR) gdeb! BedeRYcbie 168V eD gD kg APOve
15 read/write gate signals (RG, WG). The CPU 10 is the
main control unit of the disk drive and controls the
read/write generator 100. The memories 11 includes
a flash EEPROM, a RAM and a ROM and is adapted to
store various programs and data necessary for the
20 operation of the CPU 10.
(configuration of read/write gate generator)
As shown in FIG. 1, the HDC 9 comprises a DSP
generator 91 and a read/write gate generator 100
having delay circuits 101, 102. The respective delay
25 times Da through Dc of the DSP generator 91 and the
delay circuits 101, 102 are defined by the CPU 10.

The DSP generator 91 generates a data sector pulse



25 requirenment is not net and hence the relationships of "T1 < T4 / 2" and
"T1 > T4 / 2" hold true respectively at the outer periphery and the inner
peri phery of - 23 the disk 1, the delay circuit 103 is used for the
operation of generating a read gate signal RG at the outer periphery by
means of the swi tches 104, 105 under the control of the CPU 10. On the
other hand, 5 the delay circuit 103 _isqused for the operation of generating
a wite gate signal WG at the inner periphery as in the case of the above
enbodi nent. Thus, in this nodified enbodi nent, a same delay circuit 103 is
used commonly for generating read/w.ite J 1SaIn jt he contr ol

of the CPU 10Dsm éwherefirgrd$d 44 st}}?odﬁefjr%gg%;e%bto%cf?%nt ha(ngf reduced
circuit configuration if conggﬁgd W t ]PQp above enbodi nent. As descri bed
above in det aiutputhd neRyidig a unit of a disk drive accorgéfg to the
invention that is adapt t.o be used;u he perpsensecubarmnangne®l c
recordi ng net hod ahRe rﬁF?W&F#egdd%%%Qt%nﬁ the wite head ﬁeparated from
each other by a relatively |la eF-Yo M £6h gie téadgeead avhem of

read/ wite 20ﬂ@§¥et%?gﬁ%?% ﬁﬁéﬁgéspec§?€e$y det er mi ni ng tgg %inings of
read/wite operations. Then, .itnl ysuppasi bremt therBper Py read t he
corresﬁbndingthﬁLsgﬁﬁghg%ﬁlz?% né?gﬁgF@tha?p?s needed for the read
operation and avoidsa$¥ %gg(eaﬁeseivbhEeatea narkhBO0gaps 8nSEtHB3di sk and 25
hence any r edB8FPBR 0 F e efficiency of the data format. ,Thus, a disk
drive conpris%ggbguggea rBgnektechead aniservanabeaePPeéfi ¢&l ySused to
realize a hig - recordi ng density particularbé b§ ngan%h%f t he

per pendi cul ar Jpagnehice hecend sgrvet ha¢a Addi t BN 2P R 3Fes and

modi fications Wil readily occur to those skille% i_n th%ﬁﬁ%&s Hglefore, 5
the invention gy ts91ibr eadeccaspddest SHoEAG & (76d To THe Speci 11 ¢ detail's
and representative enbodi nents shown and descr,ih in. ardi ngly,
variougonodrﬂsngiaﬂ&sanaﬁﬂnalhﬂﬁﬁﬁM%#ﬂﬂﬁl t#%%tggéyﬁuiﬂﬁgpirit or

scope of the general inventive cqoncept as_ 10 | ned-yaddeimppanded cl ai ns
and their equiyalantsi senS@?fW%‘$§%L%$/§%Le%dS: 1. A di sk drive

ComprESIng: servo area 50. The R/W channel 8 generates a servo

sector pulse (SSP) in response to the detection of

i i 9
a servo sector mark 501 and transmits it to the HDC

15 (notification of detection of a servo sector mark).

The delay circuits 101, 102 respectively output

a read gate signal RG and a write gate signal WG to

the R/W channel 8 at respective timings that are

determined according to the delays Db, Dc given by the

20 CPU 10 (see FIGS. 1 and 2). The R/W channel 8 carries

out a read operation (of processing a read signal) at

the timing of the read gate signal RG and a write

operation (of processing a write signal) at the timing

of the write gate signal WG.

25 (data format)

As shown in FIG. 5A, a number of tracks (TRO

through TRn) are concentrically formed on the disk 1.



a di sk operating as recording nedium and adapted to record data signals by
per pendi cul ar magnetic 5 recording; a magnetic head unit having a wite
head for witing a data signal onto and a read head for reading a data
signal fromthe disk; a gate generator which generates a wite gate 10
signal for determning the timng of the wite operation of said wite head
and a read gate signaLE fgr determning the tim of- the read operation of
said read head; said gﬁf: Qea@kaﬁor bei ng adapted to regulate the 15 timng
of outputting said vvre%r} e gate si gﬁ%lsambt t of outputting said read gate
signal on the basis o zilr?ellgagtp%tv\een sai 0 9 t5 and said read head
in the peripheral digectjon of saie(qudias‘kig@d t he dataafncgleldat:ig@ s?i d disk;
and 20 a read/wite dev! éCb\hig:ha xecut es tﬁEle‘st@ngp ration atLRs-ti m ng
of outputting said wdtg gate siGndtRamd ghe read oper@¥drami,he tining
of outputtinggsaid r ead it ig gqal . 2. The Sk tolip }gg.accordi ng o eclcai m
1, wherein 25"a pluigiity of trac s,55achEQ?I\{i ng a p UPQFEny ggrgata
sectors, are forned on saifuabek d each o s@@tladﬂt@a ssgﬁtors I §° pRowa gled
with said data forndamnd - 26 Irﬂﬁﬁ.ﬂj%c@c %ap regi on disadgl‘)i(;egi on
located at the head of the data gggprding regrén foerggf ; ed
is p the g Obdin
ot ats g
n y rea s hag
€qug] to

by

SCessary)

e
T MUt 151 g
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"the ‘disk drive further conprising: a DSP generator for generating a data
sector 5 pulse to be used for detecting the head of each data sector; said
gate generator being adapted to generate said read gate signal at the
timng corresponding to said gap region by referring to the timng of 10
generation of said data sector pulse and said wite gate signal at the
timng comng behind the timng of geperfiiop of said read gate signal and
defined by the gap separating said wite head and said read head. 3. The
di sk drive according to claim2, wherein 15 said gate generator is adapted

to The m ddl o BRGNS DA (oraek Ty 5 TRES [ b TFSgener ati on
Gefined i n oo drAr B T Hadt rahiodlo e MREral AN Hed e Alfon on the
drive accor di rate i aavorieheite e Jar Eh G S Nhe BBPE LR e iR

Than the del a8 ooRtHE Mhd LEe( DRidind e AMREdada ASRAY 1000 and
said wige heabcsmdh. -sdse %éﬁ@py,b%ggrdgétaeﬂnj\m; e{ g5y 0k ot e di st ance

fromthe head of said data sec
The pad 57 is a region for a write path delay.
(operation of generating read/write gate signals)
The disk drive executes a read operation in the

data area 51 when HDC 9 activates the read gate signal

10 RG for the R/W channel 8. 1In the read operation, the
R/W channel 8 processes the read signal read out by
the read head and reproduces (decodes) the user data.
At this time, it is necessary to reliably read the PLL
synchronizing signal from the PLL region 53 in order

15 to obtain a synchronizing pulse necessary for the read
operation. On the other hand, the disk drive executes
a write operation in the data area 51 when the HDC 9
activates the write gate signal WG for the R/W
channel 8. In the write operation, the R/W channel 8

20 processes a write data signal and transmits it to the
preamp circuit 7 in order to supply a write signal to
the write head. At this time, the timing of the data
writing operation needs to be so regulated that it may
not carried out in the servo area 51.

25 Now, the operation of generating read/write gate
signals of the embodiment will be described by

referring to FIGS. 3A through 3E.



'5. The disk drive according to claim1, wherein a plurality of tracks, each
having a plurality of 5 servo areas and a plurality of data sectors, are
formed on said disk and each of said servo areas is arranged between two
adj acent data sectors, each of said data sectors being provided with said
data format and includes a gap region and a PLL region |ocated at 10 the
head of the data recording region thereofs the disk drive further
conprising: a DSP generator adapted to generate a data sector pulse for
detecting the head of each data sector by referring to the servo sector

I f id ) | bej d d. t t
Cai a rend Gare st ol OTheTt F Ay 2ot r EApaRal ng Eares: A GAKEVED  on by

|d read gate sigrid . . 3
wite 20 gate SRARE AT B B e A o b T G

of said read £ i eiadg{ td a ded Yo td @, COf I espongi é‘%r\%c? hde. 9ap

separating said wite and said rea ead as define romthe end of
sai d servo arem1)25 Gphehhe Wiskpdls | yonaecosdi oy donstaidn 1o gbegein said

gate generator is adapted to generate said read gate signal at the timng
com ng Igef ore ddttor pulse (DSP) that indicates the starting point
of the data sector as shown in FIG. 3B. At this time,
the DSP generator 91 generates the data sector pulse
(DSP) at the timing corresponding to a predetermined
delay time (T2) from the end of the servo area 50 (and
10 hence the head of the data sector) according to the
delay (Da) defined by the CPU 10 (see FIG. 3E).
Furthermore, the DSP generator 91 generates a
plurality of data sector pulses (DSPs) at regular time
intervals starting from the first data sector pulse
15 (DSP), the number of data sector pulses corresponding
to the number of data sectors. In short, the DSP
generator 91 generates a data sector pulse (DSP) at
the timing of the leading region of each of the data
sectors contained in the data area 51 on the basis of
20 the three parameters defined by the CPU 10. The three
parameters includes the time (T2) from the end of the
servo area 50 (the head of the data sector) to the
first data sector pulse (DSP), the length of each data
sector and the number of data sectors corresponding to
25 a single servo area 50.
Then, in the write operation, the read/write gate

generator 100 generates a write gate signal WG at the



28 _timng of said wite gate signal in a read operation. 7. The disk
drive according to claiml1l, wherein a plurality of tracks, each having a
plurality of data sectors, are formed concentrically on said disk 5 and
each of the tracks is divided into zones defined in a radial direction for
control purposes; said gate generator being adapted to regulate the timng
of outputting said wite gate signal gndlghal of outputting said read gate
signal for each zone. ZO 8. The disk drive according to claim2, wherein a
plurality of tracks are fornmed concentrically on said disk and each of the
tracks is divided _into zones Qgiined inaradial dir a%ifn for control

i 4

purposes; 15 AP FHHARTI DD Rl IBre Y 1 hH"% i ng of
tputti i i { i | d, t hat, of t ti i d t
Sahal tor eac bt iy, B RANANS of fh Ay o AL BRI O
DSP t i t I } j troll
oper ot ng as. T Srace O €Y Yo BP Sl M LReg Hies, o' e

di sk drive accy, iﬁg _to.lq{éaig@n% F 54 hele © rgﬁi% ge]_r@@dé]ygétgo channel

for processing the read 25 signal read out fromsaid servo area or said
data segtor by fRANRf sithd eatthead-ond) acdligke generation of the

write gate signal WG is expressed by "Tl1l = T2 + T3",
which is a delay time corresponding to the gap between
the read head and the write head (the distance of
about 7 to 8 um).

10 On the other hand, in the read operation, the
read/write gate generator 100 generates a read gate
signal RG at the timing corresponding to a predeter-
mined delay time from the data sector pulse (DSP)
according to the delay (Db) defined by the CPU 10 for

15 the delay circuit 101. The timing of generating the
read gate signal RG is so selected that it comes at
the middle of the gap 52 (the boundary of the parts
PAl and PA2) (see FIG. 3E).

As described above, the read/write gate generator

20 100 of this embodiment generates a write gate signal
WG at the timing corresponding to a predetermined
delay time (T3) from the data sector pulse (DSP) in
the write operation. 1In other words, the generator
100 generates a write gate signal WG at the timing

25 corresponding to the delay time (T1l), which by turn
corresponds to the gap (distance of about 7 to 8 um)

between the read head and the write head, from the end



controller operating as interface of the disk drive - 29 and an external
system said read/wite channel being adapted to generate said servo sector
pul se out of the read signal read out fromsaid servo area; 5 said disk
controller including said DSP generator and said gate generator and being
adapted to input said servo sector pulse output fromsaid read/wite
channel to said DSP generator. 11. A method of g&herating a read gate
signal for 10 a read 0 eFﬁeiggrg d awite gate signal for a wite
operation in a disk qhive by per%eﬁ€$@u$@r g@gnetic recording, said disk
drive having a disk, a ﬁ%%ﬁﬁﬂagy% and a writ quhts sai d method conpri sing:
generating said readcggte si gnal Foﬁa$aig Egad 15 opéﬂﬁtimmea% said wite
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“conprising: 25 generating a data sector pulse for detecting the head of
each data sector forned on said disk; and generating said read gate signha
by referring to - 30 the timng of generation said data sector pul se and
said wite gate signal at the timng com ng behind said read gate signa

and defined on the basis of the gap between said read head and said wite
head. 5 13. The nethod according to clais 11, further conprising:
generating a data sector pulse for detecting the head of each data sector
formed on said disk; and generating said read gate signal at the timng 10

di o th d. of h, b f | h im f
gener at on car o L e S AaEF c fndd 86 E6 b0sk%at "FRe' [l ming
erati on sai't™ | ) A
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servo area for;r&eélf&%%i/,d d’éﬁéﬂys?%@é/, neeNspef 88k drheadehgadrigenerating a
data sector pulse for detecting the head of each data sector by referring

t o saidsservo §ed Oferilt S0 HENE0 ad I S@hUat€adagabgclhi 9ok eh the tim ng
25 corresponding to the head of each data sector by referring to the timng

of generation diskal dutkkén sleet oniprd Seslf atide CPU310 @enenqttng said wite
gate signal at the timng com ng behind the read gate signal and defined on
t he basis of tieadaprbet veeersaiohread head and said wite head fromsaid
head of data sector.
Thus, with this embodiment of the invention,
when a read gate signal and a write gate signal are
10 generated by referring to the generation of a data
sector pulse (DSP), the delay times selected by
referring to the DSP are so regulated that the read
gate signal always precedes the write gate signal.
Additionally, the write gate signal is generated with
15 a delay of a predetermined time period after the
generation of the DSP. 1In the read operation, the
delay of a predetermined time period as defined by
referring to the DSP is regulated for the generation
of the read gate signal. In short, the read head can
20 properly read a PLL synchronizing signal from a PLL
area without expanding the area of the related gap on
the data format. In the write operation, the write
head can effectively avoid erroneously writing data in
the servo area.
25 (modified embodiment)

FIG. 4 is a schematic block diagram of the

read/write gate generator of an embodiment obtained by
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20 circuit 103 by using the switches 104, 105 under

the control of the CPU 10. At this time, the DSP
generator 91 generates the DSP at the timing corre-
sponding to the middle of the gap 52 according to the
delay (Da) defined by the CPU 10. When the above

25 requirement is not met and hence the relationships of
"Tl < T4 / 2" and "T1l > T4 / 2" hold true respectively

at the outer periphery and the inner periphery of
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10m : 10%ﬂ&f()6ﬁé£§;83§¥§£é}9nﬁy means of the switches 104, 105

under the control of the CPU 10. On the other hand,

5 the delay circuit 103 is used for the operation of
generating a write gate signal WG at the inner
periphery as in the case of the above embodiment.

Thus, in this modified embodiment, a same delay
circuit 103 is used commonly for generating read/write
10 gate signals under the control of the CPU 10.
In other words, this modified embodiment has a reduced
circuit configuration if compared with the above
embodiment.
As described above in detail, the magnetic head
15 unit of a disk drive according to the invention that
is adapted to be used with the perpendicular magnetic
recording method and having the read head and the
write head separated from each other by a relatively
large gap can regulate the generation of read/write
20 gate signals for respectively determining the timings
of read/write operations. Then, it is always possible
to properly read the corresponding PLL synchronizing
signal that is needed for the read operation and avoid
any increase of the area of the gaps on the disk and
25 hence any reduction of the efficiency of the data
format. Thus, a disk drive comprising such a magnetic

head unit can be effectively used to realize a high
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a data signal from the disk;
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a gate generator which generates a write gate
10 signal for determining the timing of the write
operation of said write head and a read gate signal
for determining the timing of the read operation of
said read head;
said gate generator being adapted to regulate the
15 timing of outputting said write gate signal and that
of outputting said read gate signal on the basis of
the gap between said write head and said read head in
the peripheral direction of said disk and the data
format on said disk; and
20 a read/write device which executes the write
operation at the timing of outputting said write
gate signal and the read operation at the timing of
outputting said read gate signal.
2. The disk drive according to claim 1, wherein
25 a plurality of tracks, each having a plurality of
data sectors, are formed on said disk and each of said

data sectors is provided with said data format and
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& ()-i11j3] ~]j19kksdPlo be used for detecting the head of each data

sector;
said gate generator being adapted to generate
said read gate signal at the timing corresponding
to said gap region by referring to the timing of
10 generation of said data sector pulse and said write
gate signal at the timing coming behind the timing of
generation of said read gate signal and defined by the
gap separating said write head and said read head.
3. The disk drive according to claim 2, wherein
15 said gate generator is adapted to generate said
read gate signal at the timing substantially corre-
sponding to the middle of said gap region by referring
to the timing of generation of said data sector pulse
and said write gate signal at the timing as defined in
20 terms of the distance from the head of said gap region
on the basis of the gap between said write head and
said read head.
4. The disk drive according to claim 2, wherein
said DSP generator is adapted to generate a data
25 sector pulse (DSP) at the timing of a delay time
shorter than the delay time corresponding to the gap

between said read head and said write head, said
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the head of said data sector.
5. The disk drive according to claim 1, wherein
a plurality of tracks, each having a plurality of
5 servo areas and a plurality of data sectors, are
formed on said disk and each of said servo areas is
arranged between two adjacent data sectors, each of
said data sectors being provided with said data format
and includes a gap region and a PLL region located at
10 the head of the data recording region thereof;

the disk drive further comprising:

a DSP generator adapted to generate a data sector
pulse for detecting the head of each data sector by
referring to the servo sector pulse from said servo

15 area;

said gate generator being adapted to generate
said read gate signal at the timing corresponding
to said gap region by referring to the timing of
generation of said data sector pulse and said write

20 gate signal at the timing coming behind the timing of
generation of said read gate signal with a delay time
corresponding to the gap separating said write head
and said read head as defined from the end of said
servo area.

25 6. The disk drive according to claim 1, wherein

said gate generator is adapted to generate said

read gate signal at the timing coming before the
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data sectors, are formed concentrically On said disk

and each of the tracks is divideq into Zones defined

10 8.
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out from said servo area;

5 said disk controller including said DSP generator
and said gate generator and being adapted to input
said servo sector pulse output from said read/write
channel to said DSP generator.

11. A method of generating a read gate signal for
10 a read operation and a write gate signal for a write
operation in a disk drive by perpendicular magnetic
recording, said disk drive having a disk, a read head
and a write head, said method comprising:
generating said read gate signal for said read
15 operation and said write gate signal for said write
operation at the respective timings regulated on the
basis of the peripheral gap between said read head and
said write head on the disk; and
executing said write operation at the timing of
20 the output of said write gate signal and said read
operation at the timing of the output of said read
gate signal.
12. The method according to claim 11, further
comprising:
25 generating a data sector pulse for detecting the
head of each data sector formed on said disk; and

generating said read gate signal by referring to
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5 13. The method according to claim 11, further
comprising:
generating a data sector pulse for detecting the
head of each data sector formed on said disk; and
generating said read gate signal at the timing
10 corresponding to the head of each data sector by
referring to the timing of generation said data sector
pulse and said write gate signal at the timing coming
behind said read gate signal and defined on the basis
of the gap between said read head and said write head
15 from said head of data sector.
14. The method according to claim 11, further
comprising:
generating a servo sector pulse out of the read
signal read out from a servo area formed on said disk
20 by means of said read head;
generating a data sector pulse for detecting the
head of each data sector by referring to said servo
sector pulse;
generating said read gate signal at the timing
25 corresponding to the head of each data sector by

referring to the timing of generation of said data

sector pulse; and
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generating said write gate signal at the timing
coming behind the read gate signal and defined on the
basis of the gap between said read head and said write

head from said head of data sector.



