MAGNETI C RECORDI NG AND MAGNETI C RECORDI NG SYSTEM BACKGROUND OF THE

| NVENTI ON 1. Technical Field The present invention relates to a magnetic
recordi ng apparatus and magnetic recording nethod. 2. Background Art In
magneti c recordi ng apparatuses as represented by magnetic disc apparatuses,
recording is carried out by formng a nagnetic pattern corresponding to a
recording signal in a nmagnetic recording nmedium The recording pattern is
formed by applying a recording magnetic field using a recordi ng head. As
shown in Fi gMAGNETICRECORPDINGAND MroG NGBS CaR BICPR PENGEANISTEM recor di ng
pole 29 with a coil 30 wound thereon. A recording current is supplied to
the coil 30 froma recording driver circuit. The current flowng in the
coil 30 magnetizes the recordin ole 29 to produce a recordi ng magnetic
field, bBAWKGRQUNE: OFITHE Ihb‘dﬁ&s’fwlﬁl is formed in a magnetic disc 32. The
strength_of the rﬁgohging magnetic field produced by the recording head 28
and the prbsshndceiFiekt nagnetic field, as well as the magnetic
characteristi
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recording i n am aphgmétiedrenardiag, apparasusescassagpresentopt byi neagneticordisc t he
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29 with a coil 30 wound thereon. A recording current is supplied to the coil 30
from a recording driver circuit. The current flowing in the coil 30 magnetizes
the recording pole 29 to produce a recording magnetic field, by which a recording
pattern 31 is formed in a magnetic disc 32. The strength of the recording
magnetic field produced by the recording head 28 and the profile of the magnetic
field, as well as the magnetic characteristics of the recording medium, are
important factors that determine many characteristics relating to recording
performance, such as the readout signal intensity, signal-to-noise ratio, and
overwrite performance. The recording magnetic field is dependent on the
intensity and waveform of the recording current, in addition to the material and
structure of the recording head pole. Thus, in order to realize high-density
recording in an optimized manner, it is necessary to optimize not only the
magnetic characteristics of the magnetic recording medium and the recording
head structure, but also the amplitude and waveform of the recording current.
In the prior art, one of the requirements to be satisfied concerning the

recording current has been the ensuring of a recording current amplitude such that

the strength of the recording magnetic field that is generated exceeds the



portion of the current so as to reduce the inversion tinme of the recording
‘magnetic field. The overshoot in the current waveform causes the pole in
the head to be nore strongly nagnetized upon magneti zation inversion, so
that the nagnetization inversion can take place faster. The reduction in
the inversion tine of the recording nmagnetic field is effective in form ng
a sharper boundary in the recording pattern and is therefore suitable for
hi gh-density or high-frequency recording. Accordingly, the current waveform
in the pmagnetitfieldweith ashiohe mdgsetizdiach pattéinScarPae dotmbid.in6h80dc@8dg i s
made up of a conbination of a current waveform having a constant anplitude
wi th an mediwhootAnmtheheequismengriasdreent therpgovisipn of tansoversboot alcdediisyy i s
optim zed by adjusting the anplitude of .the _ove.rshoPt at the rise portion
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Fig. 11 schematically shows a conventional recording current driver

circuit. Fig. 12 shows a chart with reference to which the recording current
waveform will be described. As shown in Fig. 11, the driver circuit for
generating the recording current waveform includes a constant current generating
circuit 3 for supplying a recording current IwB having a constant amplitude
ensuring the formation of a magnetization pattern, and an overshoot generating
circuit 2 for generating an overshoot current waveform IwA. The two current
waveforms are summed at a timing corresponding to a recording signal Vo
generated by a recording signal generating circuit 1. The resultant current
waveform is then fed to a recording head 4. A recording current waveform IwC
for forming one recording pattern has an overshoot at the head, followed by a
continuation of a certain level of current amplitude, as shown in Fig. 12. The
waveform continues with its polarity inverted in accordance with the recording
timing of the subsequent pattern.

JP Patent Publication (Kokai) No. 7-65303 A (1995) discloses a magnetic

recording system using a ring head, in which a recording current waveform



- (Patent Docunent 2) JP Patent Publication (Kokai) No. 7-65303 A (1995)
SUMWMARY OF THE I NVENTION There is currently a need for increasing the
recordi ng density and the recording frequency during magnetic recording. If
the interval between recording patterns is reduced, the magneti zation
transition areas formng the boundary between the patterns are superposed,
t hereby reducing the anplitude of the readout signal. Thus, the boundary
bet ween the recording patterns nmust be sharply forned for jinproving the
recor di ngpdBAes ta . timet Reriegdamith @ Hiegucapesirrerte drlitide PHOT ntQyneRIRHAY i on

i nversion speed rru'ﬁag i npcreased. Wi le these requirenents are being dealt
with by HptarHios; $gthef ?stgﬁé‘i% tecondingcangt reading c@f beembapesdr di ng medi um or
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makes it possible to reduce the inversion tine of magnetic field
and al so(1@g¥)tributes to the formation of a sharp boundary between recording
patterns on ‘the magnetic recording nediumand to high-frequency recording
operation. On the other hand, it also leads to an increased danger of the
head pol e bein excessi vely magnetized by a large current anplitude.
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recording patterns are superposed on one another. As a result, the signal

anpl i t udéoupddaryrieadeeh tiepaerses aravupo sed)ahesdbiyt @ldueifgotheha@plitheds of y
recording. Thus, in the conventional current waveform there is a tradeoff
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of a Shgﬂg)rp?}g)l%gggég fgretlrvr\{%?gvirngct?lgdrieggrdqgtgt ernrsllst'y. With regard to high-speed
recording, the magnetization inversion speed must be increased. While these
requirements are being dealt with by optimizing the magnetic characteristics of
the recording medium or the head structure, or by reducing the distance between
the head and the magnetic recording medium, they can also be dealt with by
optimizing the current waveform.

Increasing the overshoot amplitude of the current waveform makes it
possible to reduce the inversion time of the head magnetic field and also
contributes to the formation of a sharp boundary between recording patterns on
the magnetic recording medium and to high-frequency recording operation. On
the other hand, it also leads to an increased danger of the head pole being
excessively magnetized by a large current amplitude. Specifically, while the
increase in overshoot amplitude helps to increase the magnetic field inversion
speed, it can also cause an excessive magnetization after magnetic field inversion,
which makes the magnetic field slope gentler. As the magnetic field slope
becomes gentle, the boundary of the recorded patterns spreads, so that, when

recording is carried out with a reduced recording interval, the boundaries of the



- Further, an increase in the current anplitude al so i ncreases the power
supplied to the head, so that the head may produce heat whereby the
recording head could be subject to an increased risk of thermal-mechani cal
deformation. As a result, the distance between the recording head and t he
recordi ng nmedium could vary and a normal recording operation could be

hi ndered. The increase in the required power also puts a burden on the
recording driver supplying the recording current, such that high-frequency
oper at i orecofdinige prBetIsdiang ipeveesedc ofl @NSe appdgent SBS aTHESwit ng giigsel osed
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O mA or smaller“than the 4 magnetic recording nedi umrecordable current
ampl i tudghe Féguitddom@ngilRo Tpefs atbherdeacon dinegrqirdiigh dsivewnsuppliing. the
corresponds to the tine required for the formation of one recording

patt er n. redanding, cutrents suwh thate high-éreqaenoy qperaeon ofpshariecgrdingt dhvery. | n
t he conventional recording current waveform (see IwCin Fig. 12), the
conduct i #RpIdibeePre¥ Bt corresponds to the recording pattern. In contrast,

in the currentpyavelatm ofcfoi€a’ VP A0nt PABCANGH CH &%) 'NE 79633 aed
(1995) determines the duration of time of the current with a reduced amplitude
based on the time in which the head passes the length of the pole gap in the ring
head. Therefore, the method cannot be applied to the perpendicular recording
system employing a single pole head having no gap.

It is therefore the object of the invention to provide a magnetic recording
apparatus and magnetic recording method whereby recording is carried out using
a current waveform effective for high-density and high-frequency recording.

Referring to Fig. 1, the recording current waveform used in the magnetic
recording according to the invention will be described. The magnetic recording
apparatus of the invention employs a current waveform such that a conducting
time W in which a recording current 9 flowing in the coil of a recording head
exceeds a current amplitude Ic at which a magnetic recording medium can be
recorded is shorter than a time length T of a recording pattern. The current
amplitude level between the fall of the pulse-shaped current amplitude and the

rise of a subsequent, polarity-inverted current pulse is 0 mA or smaller than the
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as conpared wth the conventional cases, so that the power supply to the
head can be reduced. Such a current waveformwith a limted conducting tine
is generated in synchronismwith the switching timng of a recording
pattern signal such that the polarity alternates. In the recording current
wavef orm according to the invention, the conducting time Win which the
recordable current anplitude is exceeded can be defined by using a wite
bubbl e size WB as a paraneter. Fig. 2 shows the relationship between the
wite bubblggesiczecyBiagdnédians-eaiditle qatdreramplenglen. THAS tigleolsngiin TFof. 2,
the wite bubble size WBis the Iength of the head magnetic field profile
al ong t héheceededingf patterm showdi img Fig.at kcoxhésplondxdeette tinee reporathiioe the
magnetic field strength enabling the formation of the recording pattern,
upon apidineatidronfoinerecsdingi pgttergnelNpmety,eltdis( Heatinadrterva ¢4 epdpEnt rom
the recordj nq pol e 29 of tge recordi ng head,.to the magnetjc dj sc_32 . The
wite bubplasitysyateingcodpdlpsraveridorfidecerips Srretaveavsforn re IWsct di ng
head pole.in e,case of .longitudinal recordi,ng. ln the case 0

er pend Lif ol Lhagferresticsing it TRIR edrPERaiiing e oBfer e A sen uathg o
mai n pol a: % el ds I esp : t he
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recording current with respect to the recording current is small, nanely

not norebthasduded. nsSuthhea t cureentevgivie fom whiiithh 4 Hémiitedd condgetérig ctifieelid i s
generated can be considered to be substantially equal to the conducting
time of gheeratad ensyndttenisamgtith theotwitebingmtjmang 2t & sacding pattetmasigngl
recorded is the sum g%,the di stance (Wv) traveled by the recording head in
the 5 céntluthatdhe Poraiyalteaiesh the recordabl e current anplitude is
exceeded and the ,,wite bubble size WB v+\WB) . v is the transport eed of
the recording el TrEamEcoraet” AR Fhordlnk 1 "rend SRR, TR
magnet i 2t @lothfY HE{d W hERaiRh khexeesdabidGudlat ARG thd Y] eRleddeaVahn Bf the
recording head im the tinme length T of the recording pattern. Accordingly,
the conddefined By BidY cawriie bubkle sizer WB 4dhanphhendterie Fingl hkhbwef thde

recording pattern in accordance with the wite bubble size WB. Thus, in

accor dancdatipnshiphleetimeearthe omrite habble size WB and the recording pattern length.
As shown in Fig. 2, the write bubble size WB is the length of the head magnetic
field profile along the center of the recording track which exceeds the recordable
magnetic field strength enabling the formation of the recording pattern, upon
application of a recording magnetic field (head magnetic field) from the recording
pole 29 of the recording head to the magnetic disc 32. The write bubble size WB
corresponds to the length of the gap in the recording head pole in the case of
longitudinal recording. In the case of perpendicular magnetic recording, in
which a single pole head including a main pole and a return pole is used, it
corresponds to the length of the main pole of the single pole head.

As it is presumed that the delay of the recording magnetic field that rises
in response to the rise of the recording current with respect to the recording
current is small, namely not more than 0.1 ns, the time length in which the head
magnetic field is generated can be considered to be substantially equal to the

conducting time of the current. The length L of the magnetization pattern that is

recorded is the sum of the distance (Wxv) traveled by the recording head in the
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conducting tinme Wof the current waveformin which the nagnetic-recordable
-current anplitude is exceeded is set such that a relationship T>WoT-WB/v is
satisfied. The wite bubble size is several tinmes |onger in perpendicular
recording than it is in |longitudinal recording. Thus, the application of
the current waveformof the invention to the perpendicul ar recording system
is particularly effective. Wien the conducting time Wis nade constant
regardl ess of the length of the recording pattern, a maxi numpattern tine

| engt h Temxustinlg theetWein ehésteticerecoadublé kereandunilitnde tis krca¥deld ddietizur r ent
waveformin which the recordable current anplitude is exceeded is set such
that a retia itorebhe pize RB>VWHrexWBB/ v vi s skt itsdrispdrt spe¢dhiod thasegcorflinghe
recor di ng pattern time length T is reduced such that WT, the portion of

t he wavdiesdm i Nowmniegordrsd State et pwcrstiu@elolsg rasdthee dnagratizagene Pt Hat ed.
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W In the remal ning tine, el t her no recordi ng current l ows or a record |ng

current iiet Ryrdte Qﬁﬁ)bﬂé’laﬂzéGWBdabfl"ﬁus CUAT ebéordante t wWikd fthewVeﬁslo@ resul t,

t he power supplied to the recording head 6 during the tine corresponding to
one recocatidugtingt tieren W aof blee cedwoedvavifosn int meéhipbwhe magptﬁiedectcudahl@
recording head can be reduced even when the intensity of the current

anpl i t udurERHt RMBLitRER) 18 excgededrag riet isuchi Giay 4 rwl@n@néhln I>WeTsWH/'V s t hat
of the con ntional current waveform This nakes it possible to avoid the
exceSS| ﬁﬂetlzatlon of the head poles and contributes to high-density
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the det@ahok@tikOofh AbngRGaih] Needd@a Q! rrarmqs,duﬁetopm@mdﬁ coH tHef ouryeht on of

the waveform of the invention to the perpendicular recording system is particularly
effective.

When the conducting time W is made constant regardless of the length of
the recording pattern, a maximum pattern time length Tmax will be the reference,
and the conducting time W of the current waveform in which the recordable
current amplitude is exceeded is set such that a relationship
Tmax>W>Tmax-WB/v is satisfied.

In this case, if the recording pattern time length T is reduced such that
W>T, the portion of the waveform in which the current amplitude is reduced will
be eliminated. Thus, the effect of the invention in such a case would be
expected up to this pattern time length.

In the conventional recording current waveform, the recording current
flows continuously during the entire time length the recording pattern. In the
present invention, however, the time in which the current with a recordable
current wavelength flows is limited to the time W. In the remaining time, either

no recording current flows or a recording current with a less-than-recordable

current amplitude flows. As a result, the power supplied to the recording head
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head. Furthernore, the current supply circuit of the recording driver is
made up of a pul se waveform generating bl ock and can therefore be
sinplified, so that the current supply circuit can be adapted for high
frequencies effectively. The wite bubble size depends on the structure of
t he recording head, the magnetic characteristics of the magnetic recording
medi um and the distance between the recording head and the recording
medium By providing the recording current driver with a function for
setting dieng ithe timagidirefponldng teoakdiengrdingr patternneai bectluoad. | Thuke
recordi ng head, recording nmedium or the maxinmum pattern size can be
accommdgneqmwamusoplmd tec thor thoocdingi head: ean baveducasheven gihedethsi nyensiy

hi gh- frequency recording can be achieved without requijring changes in the
magnet i cof BifafwHeert it@pilé%deoﬁomév%n@t fast m&ﬁﬂeawngehﬂew&weﬂ isHEe Semfct ur e
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bubbl e Sfe%%rcﬁﬂg ”F%lrtHe‘?C%éj'regu&%ﬁ Fi‘ﬁnth|eeﬂ9$v@r sﬁbﬁly %o %@eﬁ@éd Q@Adsyt&faows a

magnetic recording apparatus. Fig. 4 shows a schenstic di agram of

recor di ngedadtiognin the d@fouditrefuhtat géndraged ﬁushev}&a@urthembywpmife@nmig thet h
various current anplitudes of the asynptotic value. Fig. 6 shows the

rel ati ondétepobsioeed rérording @ntfoamphi:ct uble 66 mheharsglmdetnrmatical wé thed t he
normal i zed readout output. Fig hows .t he recordi ng _current waveform
accor di nbeade tEthermare; de cuw@t Slaors!hc%:%ef éleﬁnmﬂmgaqiru/%rctﬁwﬁe uur r ent
wav ef orm F|

h f f
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head andcﬁrl?gnt uppty glradi Rt 5 Qdé]ﬂe& 6: Wﬁ%hﬁeﬂlég effectively.

The write bubble size depends on the structure of the recording head, the
magnetic characteristics of the magnetic recording medium, and the distance
between the recording head and the recording medium. By providing the
recording current driver with a function for setting the time length of the
recording current, modifications in the recording head, recording medium, or the
maximum pattern size can be accommodated.

Thus, in accordance with the invention, high-density and high-frequency
recording can be achieved without requiring changes in the magnetic
characteristics of the magnetic recording medium or the structure of the recording
head, or without particularly reducing the distance between the magnetic head and

the magnetic recording medium.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a recording current waveform according to the invention.
Fig. 2 shows the relationship between the write bubble size and the
recording pattern length.
Fig. 3 schematically shows a magnetic recording apparatus.

Fig. 4 shows a schematic diagram of a recording current driver circuit.



Fig. 11 shows a schematic diagramof the conventional recording current
driver circuit. Fig. 12 shows the structure of the conventional recording
current waveform DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
invention will be hereafter described by way of an enbodiment with
reference made to the drawings. Fig. 3 shows a bl ock di agram of an exanple
of the magnetic recording apparatus according to the invention. The
magneti c recording apparatus is of a known structure including a nagnetic
recordi ng medipig F3skobatcagrddy waverbans Mithf edris @ outteng arggi@ies of the
information, a magnetic head 14 nounting a recording head for recording

i nf or matasgmpdatit ivelweagneti ¢ recordi ng nedium and a read head for
reproduction. The apparatus al so includes a recording driver 15 for

suppl yi ng a rdusr di rdioos rtbat rql@)tl@mﬁéllpeb@%ﬁerﬁlg theagurrentpearpude; ef e and a
readout circuit 17 for%getectln pr.ocessing a signal fromthe read head,
a cont rsYBotig valjgga @?Upﬁ@n éBPHPH@’ ead nount ed on the nagnetic

head -14 s aﬁ'&?ﬂ&ﬁﬂ@ tﬁﬁ?%%gjrdpn Vi n &glbguq‘}% gcc%r}gl a%ntor ﬁlte 1 leog The

magnetic rec C recor |ng medi um

made of a 8 %gﬂ@%ﬂe%'tﬁe%uh%&mlfalqecmlﬁg can%qammg&ﬁﬁ' ¢ layer and a

per pendi cul ar gnetic recording |ayer are stacked. T magnetic head 14 is

posi tioned at Fg. 9egidved the aakreldd vavelfbien/Rpendemgy dedheredsrdig deadout
positioning nmec anism22 in accordance with an instruction received by a

posi ti ordiggalcoutpui.t 20 fromthe controller 18 under the control of CPU 19.
Then, the magnetic head 14 carries out recordi n readi ng of magnetic
i nf or mati on orflghelee%l”IOl’@d the aralatignship 4befypn é |I’f‘(§9F@1nBI erd dprgr e of

t he recordi rflg driver. or to the,. start of recording operation, the
cont r ol |'&FOH n%é’@%”f’h@”ﬁ gd'r‘?%‘l ¢i4is¢te and time Iength of the recording

current, and a i f r.ent j: e 1 ow he
pul se wavef orm & EYE%ES%U%‘E rséﬁ%rﬂgtelgedrl éé}% Hg%gﬁ?gu‘ﬁo?‘ qggﬂl&xﬂs{/ac%g%hgz\w}?esﬁt
control Id}qivérrblp&ﬁgr dance with a recording signal giving the tinme | ength of
the recording pattern, whereby the polarity is inversed and a rising
recordi ng currikipgt 12 shows the structure of the conventional recording current

waveform.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will be hereafter described by way of an embodiment with
reference made to the drawings.

Fig. 3 shows a block diagram of an example of the magnetic recording
apparatus according to the invention. The magnetic recording apparatus is of a
known structure including a magnetic recording medium 13 rotated by a motor 12
for recording magnetic information, a magnetic head 14 mounting a recording
head for recording information on the magnetic recording medium and a read
head for reproduction. The apparatus also includes a recording driver 15 for
supplying a recording current to the recording head, a preamplifier 16 and a
readout circuit 17 for detecting and processing a signal from the read head, a
controller 18, and a CPU 19. The recording head mounted on the magnetic head
14 is a single pole head having a main pole and an return pole. The magnetic

recording medium 13 is a perpendicular magnetic recording medium made of a
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is supplied to the recording head 11. Using the magnetic recordi ng apparatus
shown in Figs. 3 and 4, magnetic recording was carried out. Fig. 5 shows
the current waveform used during the recording. The recording current

wavef orm which was neasured by inserting a transforner-type current
measuring probe between a head nounting termnal in the transm ssion line
and t he heachdnemagmetic, shbsirage wavwhishna clofis magoetih dayanaged or pewpendieulatur r ent

f1 ow th di d, coil. h inth di .
ol orm ¢ HBSETICIREORIAR I5hare AReRL | AberUaanel PRELT RGOS Rned Bt 2a 1 s
current pul Sfid) #adk b tlﬁ%@&d%ﬁﬁ%ﬁ%%&l??;byé;@g%ﬁgoﬁ%{ﬁ@éhaﬂ@n? 923r IS

asynptotic to a constant current v tiple current
wavef or ms usdoidantdevitteanridstgetherethived byn aapsditienipg sertuitad eftom Tthe
wavef orms have an equal litude in the current pulse portions and,

a
di fferent asspapoler £8 waderethezpngp! oh £ AP entheanphe magactioheasiid hgatriss pul se
wavefornms 33 and 35. Fig. shows the relationship,between the readout
out put and t fe%{’égw&%lgﬂeég%lc’ﬁén%ﬁneﬁﬁé“@ﬁ ﬁﬂ? O&%F%F%I}%e&%@(n a recording
was conduct ed usi F‘lg. 45hEWE aV@F R U0 QBB M WRVRS RLHRIind GAVEOVRFiof fethe
asynptotic value of the current anplitude, the greater the readout output

whi ch i s norstarad¥ aenocadimgusperaiory thecantdilhey. 18 sets the ulssempliowtef dngiutimaei on,

the current anplitude required for formng a recordi pattern in the
magnet i ¢ redRENR] hetrcorng CeRiane ADESY MpotiG; aluael B Erienbmphtude
effective t r . tCh r - i
pattern is 19f 8?18 nlérgngo Fﬁﬁpu&g{/“rr%? (E) O?Fgl’ \ﬁlafﬂl}g&(gfe%{[ %h%ra{rl?éﬂirggﬁp it%%g)rltlgfﬁatghe

interval betiseentrbhé&d frahdcobdaricBeavith b $écortingeigndd wiviag fthé tintdlcaps éfeer di ng
pattern of the current waveformto the rise of the second current pul se

f ornmi ng t he resendsegpastern,rehenchy the pelatieris.innersed andig nistrigerecensivngicurgenias
carried out .at val.i gus {%ecor di ﬂ% frcgﬂ encies, using the recording current
wavef orm acc‘Ser‘PH[:]e &0 the TeoRrdHts BAhhl the conventional recording current

O e, LS UL e s QL LS, SOl
bubbl e size MBondmg wae darried beat. r Biposdshogvsathd cuefenpadaeefogm used during the
recording. The recording current waveform, which was measured by inserting a
transformer-type current measuring probe between a head mounting terminal in
the transmission line and the head terminal, has a waveform close to the
waveform of the current flowing the recording head coil. As shown, in the
recording current waveform, the current amplitude in the interval between the
fall of a first current pulse 33 and the rise of a subsequent second current pulse 35
is asymptotic to a constant current value 34. In Fig. 5, multiple current
waveforms used in the recording are shown in a superposed manner. The
waveforms have an equal amplitude in the current pulse portions and
different asymptotic values 34 of the current amplitude following the pulse
waveforms 33 and 35.
Fig. 6 shows the relationship between the readout output and the
asymptotic value of the current amplitude when a recording was conducted using

these various current waveforms. The lower the asymptotic value of the current

amplitude, the greater the readout output which is more advantageous to



mechani sm The wite bubble size WB in the perpendicul ar recording systemin
t he present enbodi ment was 400 nm A head speed v was 40 m's. The | owest
recordi ng frequency was 50 MHz and a naxi num pattern tine length T was 10
ns. Atime length Wof the recording current waveformwas set to be | ns
according to the condition WeT-WB/v, and the recording driver was set
accordingly. Fig. 7 shows the current waveformin the present enbodi nent.
The frequency is 50 MHz. In response to the recording data signal, the
recor di ngcoihgentlnr ilsepresem Gonfgurarahethea cpe@kt odmplibudoA reqoited héor
decays. There is an undershoot in the current waveform so that the
wavef or nlooméeg drmesrdie gattezenn thednagreticorcondisgasyaptotis 20t mA0 nBhus,n t he
present configuration, the current anplitude at which the recording pattern
is for rrédWlilst@eqﬂﬁ\thaéﬁdlSa?fchﬁ@’e toemgk s 028 Aofor tpé meicoth@nrdf Btk r&nvhigdvef or m
exceedi ng th| current v IueC} ns The cg)nv tional curre i veformis
¥ Y

shown .namgl @g RAtTeTR 15 femme %ﬁ]aévr%a%f Vg {he: GHEen e ¥RP Ypthe
over shoat fngFV&e E:te{ehgnﬁ'lp%@tg th%l; cffteft hlseug) ml% 04}10 ;Qt%h géet(lt: Tn

t
recor di Ha usi curren wave or ns an Ive

recordi gqut T@rc%‘ffe‘?ﬂi'\%b@f%n‘ﬁe&? tﬁ@”ﬂé‘é &t tHeD sEEhd LushaMs ﬁ‘lsgrﬁﬁﬁnﬂgotthtei ng

the rea out put agal nst the recording frequency in the case

recor di ngibweguéaRndesidese bxtty@r.yi ng the recording frequency. The higher the
frequency, the smaller the recording interval, resulting in a superposition
of the boundaryexteginmagneatc tieeordiagr dvag patter nsuandt avaredsct rewordimgt he
readout output. Thus, the degree of decrease is snmaller when the current
wavef or rﬁr%lqw@qaélsmab&entecr)rﬁb@ﬁtqltmeqtsweugeéal ms@wn@mgawgﬁl@altne{ﬁnw@mm

out put c n be obt ai n d in high frequenci t han of usi

convent i BRaf R FRRRAT VgL N B Tend BB EhOREY yAng {hes Aﬁser%aﬁfr‘wwaa?% the
curr et JRNELOLILOLo e VSR aTeSe BBl For W B BTSN
a 1 T he | nven

hi gh-f requency recor Thus, 'i'n accor ce’ W ion
hi gh- densy the Bads falfghwfﬂt@ﬁusmymé avBr Whidsédh B ARrév@dad HietuER@Ui i ng

nodi fications in the magnetic characteristics of the recordi ng nmedi um or

t he strunéchaniom. t eher weive dubylehsiad, W in the perpendicular recording system in
the present embodiment was 400 nm. A head speed v was 40 m/s. The lowest
recording frequency was 50 MHz and a maximum pattern time length T was 10
ns. A time length W of the recording current waveform was set to be 1 ns
according to the condition W>T-WB/v, and the recording driver was set
accordingly.

Fig. 7 shows the current waveform in the present embodiment. The
frequency is 50 MHz. In response to the recording data signal, the recording
current rises from 0 mA, reaches a peak of 110 mA, and then decays. There is
an undershoot in the current waveform, so that the waveform once drops below
zero and then becomes asymptotic to 0 mA. In the present configuration, the
current amplitude at which the recording pattern is formed is 20 mA, and a time
length 26 of the recording current waveform exceeding this current value is 1 ns.
The conventional current waveform is shown in Fig. 8, which rises from a
negative amplitude, exhibits an overshoot, and is then maintained at an amplitude

of 40 mA. Magnetic recording was conducted using both current waveforms and

the respective recording characteristics were compared.
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reductions in the distance between the magnetic head and the magnetic
recording nedium 11 What is clained is : 1. A magnetic recordi ng apparatus
conprising: a nmagnetic head nmounting single pole head having a main role and
an return pole; a magnetic recording nmedi um having a magnetic recording

| ayer in which a magnetic pattern is recorded using the single pole head; a
notor for rotating the magnetic recordi ng nedium and a recording driver for
supplying a recording current to the single role head, wherein the current
wavef orm of th&gr &cohadivage @iapentlotupithededidarn ohput cagsuistnthedréopedingo t he
single pole head includes a first pul se exceeding a current anplitude at

whi ch t higeapwerfivein &he sas avhgemeapiing anapeopdesicdebly VRaRHNg JEcHf@IPilgse of

h i | ari h f. the fi | se, d |
Lhe OPPORLLERSISr Y Lo Lhah oL e, Lr st PULSRL. (he Second pUlee ) can
b . i § | i I
o2 oot s 0P LR GAES S BolhoBL ML P L elora M pEEAR ALY oo
T>WET- VB Ve d SetiAt insfliee{jeadWﬂ?rol%IQMt'. s TR, tthé*%e?ﬂse“@f @Bctelse if kﬁa%y_eﬁ%e%ec_ond

pul ses exceed the current anplitude at which the magnetic recording nedium

can be rgeohdesht Wwavedoti€ 3 irthd pRRgeM @ivehtienriecgedesh patitegitatet degdut
relative transport speed of the magnetic head in the track direction of the
magnet i coutpoorcinnge mibdtiineyl anchigB fqaencies ethambbhetlsd zase 20f Thengatgret i ¢
recordi ng apparatus according to claim1, wherein the current val ue between
the firs¢omsatioaabsyrisat skaveiasmesd’ + hAsGOFIDShA AntRmbbe orefirasdhpeast the to 0

mA. 3. The neti ¢ recordj.ng .a ratus accordi to ai , .wherein the

T ot R el Shotre iBPBRE SR aReRD drldhe 2. ol e adiebn mnd

i nter nedﬁig‘im?fr\ég{lé{ﬁ:ybr%tcwﬁﬁﬂga peak current value of the first pulse and a
a s

peak current value-o etond pul se and becones asynptotic to the

internedi ate VPhWE.in‘accOrdBReWIh HRCRNELNEN TR R choity RAGoREh0Gef R Qymat i on
on a nmagnetic recording nediumby formng a nagnetic recording pattern
usi ng a m=icngliagpohe beasthievead i withgua requairing ahed#ichtibnsetinr thepah&gnetic
conprising the steps of: ) )

characteristics of the recording medium or the structure of the recording head, or

reductions in the distance between the magnetic head and the magnetic recording

medium.
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supplying a first pulse current to the single pole head, the first pul se
current exceeding a current anplitude at which the magnetic recording

medi um caywHagiscR&REPRA; and supplying a second current pulse to the single
pol e head, the second current pulse having an opposite polarity to that of

the first 1pklLrégn@fgqemgggwg&tﬁs%nﬁﬁ%gnt anplitude at which the magnetic

recordi ng nEgdh g{ dounfif Elﬁgl %éaehd em&Hré@'a d ¥tedfin Sfeween the

(it a9 SERGDP o E{ng el i 0Ly U PRl | Lude,
erein apz{t{%mls reco e s1n esm ole a o~ ] € Ime in -~

the first étl fe net i & recordi ng rredl umrecordabl e

current _ampt LI HE Foltiig g e f%efef%élgsﬁﬂ”ﬁﬁw #7) ecording pattern: v is a
rel ative trﬁﬁ%"ﬂ gg‘éeé OThjuPP "8 CUFERLIO; the SRE P %c}% e(fglpon of the
magneti c FEEYFaRtn { S RIS "'surrénwuip?]é @B‘BI e rqu Ve*i’ fragneti c
r ecor di ngSiREE 9 E@of“tﬁ s Poligst RARlie £XCRAlge? FUERRY TP lHE a?/éﬂhﬂ’@ thget ween
the firstmagptis é%C@ﬁHn$>me§1é§l padsaecordrdotnshy tropmd Bitiee ebopRROsESRIFIYt i ¢ to O
mA. 6. Thio Waigrfehe &irst ealse.dhngeornd hulde axceedios Hy quaree) amptitade aitveiieh et he
current valagestic yecowding mediony ¢andte regoddedewberdinghé s@senpaslsebetwmmhg Hirgin
i nt er nedi andsevaldipmldoetswertersthpethk recordablecurrerdlamplipidet he first pul se and a
peak cur r entwvherainue reddtionktep SeOOril WRIV d€ satafiel, vdeon®sis ths yimptiatwlacl thet he
i nt er medi &tse andkéetdnd palses exceed the current amplitude at which the magnetic recording

medium can be recorded, T is the time length of the recorded pattern, v is a relative

transport speed of the magnetic head in the track direction of the magnetic recording

medium, and WB is a write bubble size.

2. The magnetic recording apparatus according to claim 1, wherein the current value
between the first and second pulses passes through 0 mA and becomes asymptotic to 0
mA.

3. The magnetic recording apparatus according to claim 1, wherein the current value
between the first and second pulses passes through an intermediate value between a peak
current value of the first pulse and a peak current value of a second pulse and becomes
asymptotic to the intermediate value.

4. A magnetic recording method for recording information on a magnetic recording
medium by forming a magnetic recording pattern using a single pole head comprising a
main role and a return pole, comprising the steps of:

supplying a first pulse current to the single pole head, the first pulse current exceeding a
current amplitude at which the magnetic recording medium can be recorded; and

supplying a second current pulse to the single pole head, the second current pulse
having an opposite polarity to that of the first pulse and exceeding the current amplitude
at which the magnetic recording medium can be recorded, wherein

the current value between the first and second pulses is smaller than the recordable
current amplitude,

wherein a relationship T>W>T-WB/v is satisfied, where W is the time in which the first
and second pulses exceed the magnetic recording medium-recordable current amplitude,
T is the time length of the recording pattern, v is a relative transport speed of the magnetic
head in the track direction of the magnetic recording medium, and WB is a write bubble
size.

5. The magnetic recording method according to claim 4, wherein the current value
between the first and second pulses passes through 0 mA and becomes asymptotic to 0
mA.

6. The magnetic recording method according to claim 4, wherein the current value
between the first and second pulses passes through an intermediate value between a peak
current value of the first pulse and a peak current value of the second pulse, and becomes
asymptotic to the intermediate value.
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