.= 20" 12 becones relatively small, and therefore the initial gain value
() having a relatively small value is set. In short, since the optinum

initial value C

is

5 set for each zone (during the switching of the zone)

in the AGC operation of the AGC anplifier 13 necessary for the read

operation, an adequate AGC acquisition time (gain control tine) in the AGC

operation can
dat a decoder i
constantly ade
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Cl . for each zone has been described in mhlch the ZBR net hod
rom a practical vi ewpoi nt. However, the present invention

ally ke app Ha sté%géﬁecmégﬂﬁ&m@ ofithe initialcyalge O for

whi ch an | Is assuned. (Characteristic

10

of

Per pendi gul ar Magnehi-C Re¢ording (% MY hold smq;d}{ﬁgargf efodigmnt is

applied to ad

10

15

20

25

sk drive
in the AGC operation of the AGC amplifier 13 necessary

for the read operation, an adequate AGC acquisition
time (gain control time) in the AGC operation can be
realized. Thereby, since the data decoding by the .
data decoder is possible with respect to the read
signal having a constantly adequate signal amplitude
in the read/write channel 10, accurate data is
reproduced. Particularly, the present embodiment is
remarkably effective in the disk drive of the
perpendicular magnetic recording method in which the
differentiation circuit 12 is used.

Additionally, in the present embodiment, the
method of switching the initial wvalue CI for each zone
has been described in which the ZBR method is assumed
from a practical viewpoint. However, the present
invention can also naturally be applied to the
switching of the initial value CI for each track in
which an ideal CDR method is assumed.

(Characteristic of Perpendicular Magnetic Recording
Method)
The present embodiment is applied to a disk drive

of the perpendicular magnetic recording method.



. of the perpendicul ar magnetic recording method. - 21 In general, for the
per pendi cul ar magnetic recording nethod, when data (0/1) is recorded in a
data track 60 as shown in FIG 6A, a magnetization region corresponding to
the data is fornmed in 5 a perpendicular direction (depth direction 62) of
the disk (rotative direction 61). In the perpendicular magnetic recording
nmet hod, as shown in FIG 6B, the anplLityde shifts in a magnetization
transition region, and a read signal having a substantially rectangular 10
wave whose anplitude corresponds to the direction of magnetization is read

by the head. Here, when the read signal obtained i h . di cul
magnetic recording wBt H6BEFE 'd?PF %gﬁtpgfg b gFupgg a%?%&éhe?a;?gna{s

executed in 15 at | t i th_si I ] ; i
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imlar as in e Longjt | i ; i
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with the transrtion to a negativ Irection nagnetization from a
positivegdirec '88r?ﬁﬂ&§&h§§}'9@re@&ibﬁ t(aepReS dliireetdiche @) 0 f the

magneti zation fromthe negative- 25 direction magneti zati on
disk (rotative direction 61). In the perpendicular
magnetic recording method, as shown in FIG. 6B, the
amplitude shifts in a magnetization transition region,
and a read signal having a substantially rectangular
10 wave whose amplitude corresponds to the direction of
magnetization is read by the head.
Here, when the read signal obtained in
the perpendicular magnetic recording method is
differentiated, or the differentiation is executed in
15 at least a band with signal components present
therein, as shown in FIG. 6C, the read signal
(differentiated waveform) is obtained similarly as in
the longitudinal magnetic recording method. That is,
the amplitude is maximized in the magnetization
20 transition region, and a signal having a different
amplitude polarity is obtained in accordance with the
transition to a negative-direction magnetization from
a positive-direction magnetization, or to the
positive-direction magnetization from the negative-
25 direction magnetization.

FIG. 7A shows a read signal waveform with respect

to isolated magnetization transition in a case in



+FIG - 7A shows a read signal waveformw th respect to isolated

magneti zation transition in a case in 22 which the data recorded onto the
di sk by the perpendicul ar nagnetic recording nethod is read by the read
head. Here, the read head is an MR head. A read signal waveform 70 is a
read signal waveformfromb5 the outernost peripheral track on the disk.
Moreover, a read signal waveform 71 is % read signal waveform fromthe

i nnernost peripheral track on the disk. The maxi mum anplitudes of these
read signals with respect to the isolated magnetization transition are 10

t ant t hout . d di th t i t . di t f th
constant v thoul depend pgonLhc oSl Lhn L8 UNEad Ayl fect o of he
th th h d, the,t iti t t | at t
(1 e ner hand el AISL LR LLTE WodtRathel b bl 3bod manetiget o

transition E;p$%%%?£?a rac&ggeisghgtggggagg%%2§§t;&nM§r%%%H;|0@_&%ahhe

out er npst a 'S narrowe respect to

transition v ggf_%gihwhgekg?m' 7Be4 gos! rRel Rhghah Wakhads e\ g, a

relatively ear spee I n ot 20 words, the transition tine width
in the oyter m)F%; gﬁﬁépmssel pheaﬁheb}aa arbehabhvehy doutl e sigfBver,

|ncI|nat|on shows read signal waveforns 72, 73 obtained by
subj ecting thesreadqskggah1Wva¥etebrm 79, is a read signal waveform
from the innermost peripheral track on the disk.
The maximum amplitudes of these read signals with
respect to the isolated magnetization transition are
10 constant without depending on the position in the
radial difection of the track (i.e., the linear
speed), because the read head is the MR head. On the
other hand, the transition time width of the isolated
magnetization transition changes in proportion to the
15 linear speed. Therefore, the transition time width of
the isolated magnetization transition in the outermost
peripheral track is narrowed by 1/2 with respect to
the transition time width in the innermost peripheral
track having a relatively 1/2 linear speed. In other
20 words, the transition time width in the outermost
peripheral track has a relatively double steep
inclination.
FIG. 7B shows read signal waveforms 72, 73
obtained by subjecting the read signal waveforms 70,
25 71 shown in FIG;‘7A to a differentiation processing by
the differentiation circuit. The disk drive of

the perpendicular magnetic recording method has



.25 71 shown in FIG 7A to a differentiation processing by the
differentiation circuit. The disk drive of the perpendicul ar nmagnetic
recording method has 23 a differentiation circuit for differentiating the
read signal as described above. The anplitude of the differentiated
signal obtained by differentiating the read signal obtained fromthe

i sol ated magnetization 5 transition dgpsags on the transition tine width of
the signal before the differentiation. n the inclination of transition
beconmes steep, the anplitude increases. As shown in FIG 7B, the outernpst
peri pheral track having a half transition ti i dth 10 (doupl e transition
inclination)i31qqﬁf%ﬁ%ﬂﬁﬂaQﬁﬁQHQ%rqqﬂ$(ﬁ??eé%%%%%ﬁ?%haﬁh%gagg?fF%?%ntiated
signal anplitude which js twice the differentiated signa npl i tude of

t he innernnstﬁﬂ%ﬂ%ﬂmﬂ%ﬂAQ§%ﬁﬂPeqwﬁ Xfer , a%ﬂf%ﬁ%ﬂg % rggﬁ si gna
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waveforms to the differenid Aot bk geeBéRntiation. When the
inclination of transition becomes steep, the amplitude
increases. As shown in FIG. 7B, the outermost
peripheral track having a half transition time width
10 (double transition inclination) in the signal before
the differentiation has a differentiated signal
amplitude which is twice the differentiated signal
amplitude of the innermost peripheral track.
Moreover, FIG. 8A shows a read signal waveform 80
15 obtained from the outermost peripheral track and a
read signal waveform 81 obtained from the innermost
peripheral track in a case in which the data is
repeatedly recorded on the disk with the same linear
recording density by the perpendicular magnetic
20 recording method. FIG. 8B shows differentiated signal
waveforms 82 (signal corresponding to 80), 83 (signal
corresponding to 81) obtained by subjecting the read
signal waveforms to the differentiation processing.
As shown in FIG. 8A, since the linear recording
25 density is the saﬁe, the frequency of the repeated
data recorded in the outermost peripheral track

becomes twice the frequency in the innermost



.As. shown in FIG 8A, since the linear recording 25 density is the sane,
the frequency of the repeated data recorded in the outernost peripheral
track beconmes twice the frequency in the innernost 24 peripheral track. On
the other hand, the transition tinme wdth in the outernost peripheral
track is a half of the wwdth of the innernost peripheral track.

Therefore, the anplitude of the read siggal obtained 5 fromthe data
recorded at the sane linear recording dénsity eventually becones
substantially constant regardless of the track position However, the
signal anplitudes obtajned nt| nals are

propO{tlon?I %f%+§b?ﬁ% u%ﬁ%? Th Pe ?eo %é?g BE Bea%ﬁ?@ﬁ §B8°0t he
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recorded in a @ ongl netic recordlng nmet hod.

fhat 1s, the vpgnelisal op erslq QE't&?ErB‘f’Stﬁ%) st ‘éi&%@‘i‘ g harthe data is

formed in a |ongrtud nal |rec 1on (corres on to"a rotative direction
Sl) of d' sk f}f&g%@%%gl E&o?@e&hs'&etﬂéf E‘éfner @fl%ra%drfe@o&«dm y as the

di sk). ata is read fromthe disk by a magnetic head referred
to sinply as thenbeed) evanteadl§i gBabmes substantially constant
regardless of the track position. However, the signal
amplitudes obtained by differentiating these read
signals are proportional to the frequency. Therefore,
10 as shown in FIG. 8B, the signal amplitude of the read
signal (differentiated signal) in the outermost
peripheral track is twice the signal amplitude in the
innermost peripheral track.
Additionally, FIG. 5A shows that the data (0/1)
15 is recorded in a data track 50 in the longitudinal
magnetic recording method. That is, the magnetization
region (arrows 52) corresponding to the data is formed
in a longitudinal direction (corresponding to
a rotative direction 51) of a disk recording medium
20 (hereinafter referred to simply as the disk). When
the data is read from the disk by a magnetic head
(referred to simply as the head), a read signal
waveform 53 is obtained as shown in FIG. 5B. That is,
the amplitude is maximized in the region
25 (magnetization transition fegion) in which the
direction of magnetization shifts, and the read signal

waveform has a different amplitude polarity in



.waveform 53 is obtained as shown in FIG 5B. That is, the anplitude is
maxi m zed in the region 25 (magnetization transition region) in which the
direction of magnetization shifts, and the read signal waveformhas a
different anplitude polarity in - 25 accordance with the transitions to
the negative- direction magneti zation fromthe positive-direction

magneti zation and to the positive-dirgctb%n _magneti zation fromthe
negative-direction 5 magnetization. As deScri bed above, in short, according
to the present enbodinent, gain control of the AGC anplifier can

appropriately be executed by a _pethod of,.switching the jinitjal gain value
necessary for ®he°q aﬁﬁ?nw&gHthg EB?nééEﬁopPagﬁ 5gee§€ﬁa§&kg_on t he di sk.

|0 other vor dsa; BULL 09, (IEbERY SPEEAt iRl Oh 8d1RG., L b 42k oy om the

di sk to decode?thgc P i nval ue can beé set into

the AGC anplifji é%eF%?EFEégnghg,tgo hgaﬁgﬁﬁgqiééﬁq%%%Eg%%’ the AGC 15

anplifier opera e constantly sta acquisition tine (gain

cont r ol t!ne)’mﬁgﬂeEQEatﬁ | etygecAt hheate9d-Siigaakiich adj usted to be a
predet erm ned a Itude val ue. Thereby, "even when the anplitude of the

read siggal regd horigaehoaone 20 changes, data decode processing can
securely be exeCuted fromthe read signal

As described above, in short, according to
the present embodiment, gain control of the AGC
amplifier can appropriately be executed by a method of
switching the initial gain value necessary for the

10 gain control for each track or each zone on the disk.
In other words, during the read operation for reading
the data from the disk to decode the data, the optimum
initial gain value can be set into the AGC amplifier,
for example, for each zone. Therefore, the AGC

15 amplifier operates for the constantly stable AGC
acquisition time (gain control time), and the
amplitude of the read signal is adjusted to be a
predetermined amplitude value. Thereby, even when the
amplitude of the read signal read for each zone

20 changes, data decode processing can securely be
executed from the read signal.

Therefore, the data can securely be decoded from
the read signal read from any track or zone on the
disk. Particularly, the present invention is

25 effective for the disk drive of the perpendicular
magnetic recording method in which the amplitude of

the read signal changes in proportion to the recording



. Therefore, the data can securely be decoded from the read signal read from
any track or zone on the disk. Particularly, the present invention is 25
effective for the disk drive of the perpendicular magnetic recording
mmethod in which the anplitude of the read signal changes in proportion to
the recording - 26 WHAT IS CLAIMED IS: 1. A disk drive conprising: a disk
mediumin which a plurality of data areas2é6wit+h data recorded therein are
constituted in a radial 5 direction; a read head which executes a read
operation of the data with respect to said respective data areas; an AGC
anplifier which controls an anpl wHade 1¢f ciamMEad 159:gnal read by said head,;
10 a nenory in which a plurality of gain value data set as gain values for
setting a gain of sai.d AG3isangliifvieekolpr itshagr:especti ve data areas are
stored so as to be adapted for recording frequency characteristics of
sai d respective data dissmedidmlinawhdchr @l pduraliicly odads tehergaisn val ue
data corresponding to the data areas as read objects from said nenory,
and sets the dati&hi dedasaedoadedatipeirkiier argucongtifetedadnoperadiod by
said read head. 2. A disk drive according to claim1, wherein 20 the gain
val ue daba stodéderhisnird nenmory corresponds

a read head which executes a read operation of
the data with respect to said respective data areas;

an AGC amplifier which controls an amplitude of
a read signal read by said head;

10 a memory in which a plurality of gain value data
set as gain values for setting a gain of said AGC
amplifier for the respective data areas are stored so
as to be adapted for recording frequency
characteristics of said respective data areas; and

15 a controller which reads the gain value data
corresponding to the data areas as read objects from
said memory, and sets the data into said AGC amplifier
during the read operation by said read head.

2. A disk drive according to claim 1, wherein

20 the gain value data stored in said memory corresponds
to an initial gain for controlling the gain of said AGC
amplifier in an initial time of the read operation.

3. A disk drive according to claim 1, wherein
said respective data areas are recording areas

25 corresponding to a plurality of zones into which
a track group constituted in the radial direction on

said disk is formed.



.to an initial gain for controlling the gain of said AGC anplifier in an
initial tinme of the read operation. 3. A disk drive according to claim1,
wherein said respective data areas are recording areas 25 corresponding to
a plurality of zones into which a track group constituted in the radi al
direction on said disk is formed. - 27 4. A disk drive according to claim
1, wherein said respective data areas-ar27recording areas corresponding
to respective tracks of the track group constituted in the radial

direction on said disk. 5 5. A disk drive according to claim1, wherein

sai d head has a read.headdwBkchArieadacicheddayatbr emaitthe ,daharaiea and a

wite head which wites the data into the data area. 6. A disk drive
according to ckaith tespbetéve diaBasardaACEranpkcbrdingoapeases: a VGA
anplifier having a variable gain function; and an automatic gain controller
whi ch i nputs iabtrabpogdingdabarsepetiornesairdckonvfolther tracd gsespt he 15
initial gain data to output a gain control signal for controlling the gain
of said VGA anpbhstétutzd AndtbR deidieladéseditagnt onclaiim diskherein said
controller reads the corresponding initial gain data fromsaid nenory and
sets thedinitial gaPn détdisk drive according to claim 1, wherein
sald head has a read head which reads the data from
the data area and a write head which writes the data
into the data area.
6. A disk drive according to claim 1, wherein
10 said AGC amplifier comprises:
a VGA amplifier having a variable gain function;
and
an automatic gain controller which inputs initial
gain data set from said controller, and uses the
15 initial gain data to output a gain control signal for
controlling the gain of said VGA amplifier.
7. A disk drive according to claim 1, wherein
said controller reads the corresponding initial gain
data from said memory and sets the initial gain data
20 into said AGC amplifier only at a start of gain control
of said AGC amplifier in an initial time of the read
operation with respect to the data area as the read
object.
8. A disk drive according to claim 3, wherein
25 said controller reads the corresponding initial gain

data from said memory and sets the initial gain data

into said AGC amplifier only at a start of gain control



.20 into said AGC anplifier only at a start of gain control of said AGC
anplifier inan initial tinme of the read operation with respect to the
data area as the read object. 8. A disk drive according to claim 3,
wherein 25 said controller reads the corresponding initial gain data from
said nmenory and sets the initial gain data into said AGC anplifier only at
a start of gain control 28 of said AGC amplifier in a switching tine of
the zone as the read object. 9. A disk drive according to claim3, wherein
a servo sector with servo data recorded therein and 5 a data sector wth

user data recoggdedaifenetNampeidisposhdai BweaehihhacknenosatHedi6ke a tabl e
constituted of initial gain data for servo corresponding to said servo

sector and a phyrehétye8fi obfettal gain data set for said respective zones
in 10 accordance with the recording frequency characteristic of said user
data is stored in sai.d Redibs¥, dahsdtesacdoecdihgokbecleeéads, sahdriennti al gain
data for servo fromsaid nenory during a servo control operation of
readi ng the seaveedubasécbarsaithseevvosdatar receadsdlsheneinnandal gain
data corresponding to the zone as the read object fromsaid nmenory during
t he readSoper ati dataosecbadi WgtBangetsdprtaaracosdgdsehsreprs dsaea into said
ACGC anplifier. _ _ .

disposed in each track on said disk,

a table constituted of initial gain data for servo
corresponding to said servo sector and a plurality of
initial gain data set for said respective zones in

10 accordance with the recording frequency characteristic
of said user data is stored in said memory, and

said controller reads said initial gain data for
servo from said memory during a servo control operation
of reading the servo data from said servo sector, reads

15 the initial gain data corresponding to the zone as the
read object from said memory during the read operation
of reading said user data, and sets the data into said
AGC amplifier.

10. A disk drive comprising:

20 a disk medium in which a group of tracks is
constituted in a radial direction to record data by
a perpendicular magnetic recording method and the track
group is formed in a plurality of zones;

a read head which executes a read operation of

25 the data with respect to said respective tracks;

a read channel which includes a differentiation

circuit to differentiate a read signal read from said



.10. A disk drive conprising: 20 a disk mediumin which a group of tracks is
constituted in a radial direction to record data by a perpendi cul ar
magneti c recording method and the track group is forned in a plurality of
zones; a read head which executes a read operation of 25 the data with
respect to said respective tracks; a read channel which includes a
differentiation circuit to differentiate2ea read signal read fromsaid - 29
read head, and an AGC anplifier to adjust an anplitude of an output signal
of the differentiation circuit, and which reproduces the data fromthe

read signal; ar8BADAY¥al) WhHCHnaaptusapliyiek tbi kbighsgakn dapaithdset as
initial gain values for controlling a gain of said AGC anplifier for said
respective zongs af oaepatdangral bli gheedafdepgntiequencyiebadact endstic
are stored; and a controller which reads the initial gain data 10
correspondi ng whitherepnedasea tkhaddebpectofir thresaedd segoay;during the
read operation, and transmts the initial gain data to said read channel
so as to set the dakamempoysandwhdGChamppiliredityl ofAidiigk adr iowé nadadrdi ng
to claim10, wherein 15 said AGC anEIifier conprises: a VGA anplifier
havi ng aSvari abeé gai anfghedi sainamglues for controlling a gain of
said AGC amplifier for said respective zones in
accordance with a recording frequency characteristic
are stored; and
a controller which reads the initial gain data
10 corresponding to the zone as a read object from said
memory during the read operation, and transmits the
initial gain data to said read channel so as to set the
data into said AGC amplifier.
11. A disk drive according to claim 10, wherein
15 said AGC amplifier comprises:
a VGA amplifier having a variable gain function;
and
an automatic gain controller which uses amplitude
error value data corresponding to the amplitude of the
20 output signal of the VGA amplifier and the initial gain
data set from said controller to output a gain control
signal for controlling the gain of said VGA amplifier.
12. A disk drive according to claim 10, wherein
said controller reads the corresponding initial gain
25 data from said memory, and sets the initial gain data

into said AGC amplifier only at a start of gain control

of said AGC amplifier in a switching time of the zone



-an automatic gain controller which uses anplitude error value data
corresponding to the anplitude of the 20 output signal of the VGA anplifier
and the initial gain data set fromsaid controller to output a gain
control signal for controlling the gain of said VGA anplifier. 12. A disk
drive according to claim 10, wherein said controller reads the
corresponding initial gain 25 data from3&i d-nenory, and sets the initial
gain data into said AGC anplifier only at a start of gain control of said
AGC anplifier in a switching tine of the zone - 30 as the read object. 13.
A di sk drive aggsotHenget@ 6baestl0, wherein a servo sector with servo data
recorded therein and a data sector with user data recorded therein are 5
di sposed in each titack Andsakdddisk, atabkdingf bonmaladn ¢Onswheueed of
initial gain data for servo corresponding to said servo sector in

addition to the sakvpabeghPn dath perveaddtearhcesdedi shesednpedndn said
menory, and 10 said controller reads said initial gain data for servo from
sai d nenory dufi #gta sefvercuihthonsepedatrorecerdeeadlRgeiRea@E8rvo dat a
fromsaid servo sector, reads. the initial gain data corresponding to the
zone as Phe r@éapeﬁﬁécﬁ“fPéﬁhs&?écﬁeﬁﬁrﬁaaar?ﬁﬁkthe read operation 15 of

reading said user d%%%ieag%f%%%%tgg% %%%%tk%h%e%ag iﬁ%%i%quggkeﬁéta

for servo corresponding to said servo sector in
addition to the initial gain data for said each zone is
stored in said memory, and

10 said controller reads said initial gain data for
servo from said memory during a servo control operation
of reading the servo data from said servo sector, reads
the initial gain data corresponding to the zone as the
read object from said memory during the read operation

15 of reading said user data, and sets the data into said
AGC amplifier.

14. A method of reading data from a disk by a read
head in a disk drive, the disk drive including said
disk in which a plurality of data areas with the data

20 recorded therein are constituted in a radial direction,
an AGC amplifier which controls an amplitude of a read
signal read by said read head, and a memory in which
a plurality of initial gain data set as initial gain
values for controlling a gain of said AGC amplifier for

25 the respective data areas in accordance with recording
frequency characteristics of said respective data areas

are stored,



.14, A nmethod of reading data froma disk by a read head in a disk drive,
the disk drive including said disk in which a plurality of data areas with
the data 20 recorded therein are constituted in a radial direction, an AGC
anplifier which controls an anplitude of a read signal read by said read
head, and a nenory in which a plurality of initial gain data set as initial
gain values for controlling a gain of-saBtl AGC anplifier for 25 the
respective data areas in accordance with recording frequency
characteristics of said respective data areas are stored, 31 5 said

met hod conprising: kead methde icdnprdlsigai:n data corresponding to the data
areas as read objects fromsaid nenory during a read operation; setting
the initial gain dataaddad fthemisditd alnepnimny darttao ceaire sAGGdampl it er; and
reproducing the data fromsaid read signal whose anplitude is controlled
by sai d AGC anphif deta areas as read objects from said memory during

a read operation;
5 setting the initial gain data read from said
memory into said AGC amplifier; and
reproducing the data from said read signal whose

amplitude is controlled by said AGC amplifier.



