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

| NVENTION 1. Technical Field The present invention relates to a nagnetic
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 nmagnetic pattern
corresponding to a recording signal in a magnetic recordi ng nedium The
recording pattern is formed by applying a recording nagnetic field using a

recor di ng heaffA BNEPROWECORDING %Agm%h@ﬁﬁ%pq%gé@kﬁgwb@?gm

a
hi gh-pernmeability recordi ng pole with a coi wound thereon. A
recording current is supplied to the coil 30 froma recording driver
circuit. The current flowing in the coil 30 magnetizes the recording pole
29 to pr BAEKGROUGNPIORTHEGNYENTION d, by which a recording pattern 31
Is formed in a magnetic disc 32. The strength of the recording nagnetic
field prohd'ff‘é@n teld ecor di ng head 28 and the profile of the nmagnetic
field, as well .gs the magnetic characteristics of .the recording nmedium_ are
i mportant fact 6&&5 tﬂﬁﬁ?e"&e’t”é’rﬂﬁﬁﬂé FRAlESc hQr 8, cPagnets ecpedingi ABP#8tYSe@ddi ng
performa - out signal intensity, signal-to-noise ratio,
and ove?ﬁ%é%&@?ﬁ%&ﬁgé he recording magnetic field is dependent on
the intenBickgrpendv@avef orm of the recording current, in addition to the
material and structure of the recording head pole. Thus, in order to
realize high-ddnsimagnetiecoechrding nappurapises € drepebeated i By | HapREGSSAIsE O
optim ze not only the nmagnetic characteristics of the magnetic recording
medi um ariPParatusess aeennding keearriedratt by &robing aminagnetie pattern tudespowting
wavef orm of the recordi ngicurrent ..In the prior_art, gne of the

requi _renéﬂtas“EC(?rg’é‘gs%‘ﬁPg b8 BOERBINTHP NS MeBEYRdi ddiectacostingaitasads t he
ensuring fg;médrﬁfoe{p%lyﬂlgc'ﬂr f&%&dﬁl@plﬂgg%%?ics'flﬁ?d tlps%g a recording head. As

shown in Fig. 10, a recording head 28 includes a high-permeability recording pole
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
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the strength of the recording nmagnetic field that is generated exceeds the
1 magnetic field wth which a nagnetization pattern can be fornmed in the
recording nedium Another requirenent has been the provision of an
overshoot at the rise portion of the current so as to reduce the inversion
time of the recording magnetic field. The overshoot in the current
wavef orm causes the pole in the head to be nore strongly magneti zed upon
magneti zati on inversion, so that the nmagnetization inversion can take

I f . Ih dugtion.in the | [ ti f.th di .
magnet i o Preres el P pRLcH A baia R tioRoRdiosh <Rtk e d i et Petieai ng
pattern afediin ! NANBIRGHIbARRE hho'beBh e §705slan B oft ARTIHARAE Y rise
recordi ng. Accordingly, thHe current waveformin e prior art, such as one
descri bedhdréiod. of. thEafuernt ¥8.as6to3RAubShe irveHdR tithe Uf tRe GREDIITRS Infipnefica

current ‘waveform having a constant anplitude with an overshoot at the rise
portion fidldr edfhe bvershost tasle; current avavgforsn eptises thedpdly mdihesheatd be
anplitude of the overshoot at the rise portion and the anplitude of the
subsequermoronstrangl umagnetizefl g. updn samagretizetiony whiewsion, convethat orthe
recording current driver ,  circuit. Fig. %2 shows a chart wiith reference to
whi ch t hdDRERYIZALIOG LIKETERn caphiakic PGk fastefe (BkE rEBRetiomdnsthswinviersipng.

11, the driver..ciLrcuit,.for enerat,i.ng the recordi ng_current vef orm.

ol udes g i apk i mesBBREONT SRR SrpipE SR BT iR ai ng
current | | t; ' : | -QF naty:

oamen: 1S S paREDELALLe SHBHLRIME M) gk D6, B WSEP Blaitncy
gener at i ngcarding.er sheotdingly,etlie varehorwavefibrmThe theOpfuf r&h! suvR VAl ehes
are summed at_a tinmng corresponding to a recording signal Vo generated by
a recor didegcebeghan WGEnLatant Mo c6.300i068] is Thade ep wiftanpombinatam of waonefatm i s
then fed to recording head 4. A recording current waveform |l wC for,

f or mi ng d"ﬁ%"‘%@%r ?W&gpﬁt?(@}sﬁarﬁﬁmﬁﬁt&ﬁ%r‘gﬁho{m Avershoatcal the giseneatipy a

conti nuatheRop’ fn Gfils Bhse, rEYHaiR] i€ Uptited W biHlfing e DA tbde Brdne 12

overshoot at the rise portion and the amplitude of the subsequent constant current.

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
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waveform continues with its polarity inverted in accordance with the
recording timng of the subsequent pattern. JP Patent Publication (Kokai)
No. 7-65303 A (1995) discloses a nagnetic recording systemusing a ring
head, in which a recording current waveform 2 includes a time period wth a
reduced current anplitude prior to polarity inversion so that S/ N during
recordi ng and readi ng can be enhanced. (Patent Docunent 1) U S. Patent No.
6, 301, 068 (Patent Docunment 2) JP Patent Publication (Kokai) No. 7-65303 A

1995) S RY OF THE | NVENTI There,is currently a , need fqQr increasin
Ehe r)ecorul(\fl%ﬁbdecfeﬁsiwe B 19heWithe @0 r e v rcéltﬁ{Fé]ﬁcgmé?ﬁ‘rtP‘ﬁ“g PRASH O @O?a”t)’g
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. ced.
magnet 1 zatl1 on transition area ormn a g t he patterns

are super posed, (Pab@itqhycurREMCHNI UL §Ep TRt NI ¢e30f 068 he readout signal .
Thus, the boundary between the recording patterns nust be sharply forned

for inproving t(PatereMsdlinientd®NSIP Yy Palbhit h Publiaidoh 0 (KbRAD)SPREd 7-685®3 dAng,
t he magneti zati on i nversion speed nust be increased. Wile these

requi remefl®93are being dealt with by optimizing the magnetic
characteristics of the recording nediumor the head structure, or by
reduci ng the di stance between the head and the nagnetic recordi ng nmedi um

the over sHBMMATRY U JeE INVBN TR “wavet or m makes. i1 possible o
RN N S T P
nmagnet i ¢ reesaliflg Ngr éha%m difing O niagieticl a@ueRTidg ! €Cof dinRg iﬁ&%ariﬁawe%’g .
the other hand, it also |eads to an increased danger of the head pol e being
recording patterns is reduced, the magnetization transition areas forming the
boundary between the patterns are superposed, thereby reducing the amplitude of
the readout signal. Thus, the boundary between the recording patterns must be
sharply formed for improving the recording density. 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
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excessively magnetized by a large current anplitude. Specifically, while
the increase in overshoot anplitude helps to increase the nagnetic field

i nversion speed, it can also cause an excessive magneti zation after
magnetic field inversion, which nmakes the magnetic field slope gentler. As
the magnetic field slope becones gentle, the boundary of the recorded
patterns spreads, so that, when recording is carried out with a reduced
recording interval, the boundaries of the 3 recording patterns are

super pos%c%i@%%%’f@hgeﬁra %ﬁg?réfogggl {)ﬁl g%{i‘@ MdApal  agpl }éjsql‘ft,ilj_ﬁﬁeg Sligrﬁl out

decr eases, not suita density recording. nthe

convent i Gim@plitider @ponVaradditMdebeakes, Svisichr 3depdd suiRbieefbrahighdea3R§ OF
decrease in the overshoot anplitude and the formation of a sharp boundary

bet ween rrecordihglg [{diuserins thewonkhentional icnercpaswavefokine thieté ekt aarralédfide
al so increases the power supplied to the head, so that the head may

produce thsaweemanangreabe or deoregsndn tieaersbabtiabplitudy end tho fenmatior efised
ri sk of tgerr’rgl - ch?hr}i cal deforpmation. As a result, the distance between
the recor'tfTR)PARRIETY RETVREN FecUAHISBRME®Sum coul d vary and a nor nal

di ' ld be hindered. The | A in .th i red
bl S0 puts a but dEiegn aprergss, B O vl BBRGRGa e, dnciEats thd gorer "
t, tihRi gl ' f | ' : I d
be. provert R g g B R e AR R o TR B LFp-ife

7- 65303 Aead 19803 BlekabjEcnas dméncheasdd @iskobf tthé@nAimebRartigay deformidtivnd
reduced anplitude based on the tinme in which the head passes the I ength of
t he pol e Afp tequith¢he digjande hdtwerne thef o¢eordinghead od thanresordiegametiveo t o

t he perpendjcul ar recordin syst.em enpl oyin singl e pol e_head having no
gap. It could 2pet apd anp jT&E rAiPE OREFAHRR ROV Brbg binlessd de Theragiress an

(oo 01" She RARLEL FolY oTRIRE & BEERA"INI AP rROSME EVer” SERPITIAY the
recording current, such that high-frequency operation of the recording driver
could be prevented.

The method disclosed in JP Patent Publication (Kokai) No. 7-65303 A
(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
ttme 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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a current waveformeffective for high-density and high-frequency recording.
Referring to Fig. 1, the recording current waveformused in the nmagnetic
recordi ng according to the invention will be described. The magnetic
recording apparatus of the invention enploys a current waveform such that
a conducting time Win which a recording current 9 flowwng in the coil of
a recording head exceeds a current anplitude Ic at which a magnetic
recordi ng medi um can be recorded is shorter than a tinme length T of a

O L nImBBALEL Pecdkiae HRh- BRIl et Sl RLME N ThaSihE lengh 1105

pul se-shap current a rise o ubse

lari tycs ! o i
pol ari ty-fheVRIchE#ngUpAtestn Pidwe 1hSFi%.nT°‘cB{'re§ d€ho tH@rixlf'lgﬁrgtﬁH@Q%H ttq'lﬁe

recordi ng medi umrécordabl e current "anplitude. The tine

recor di ngfopatationnos o@enrecording. pdttezar r e8pAelds it @s tthe timbEint@¥di ¥ fregntt he
formation of one recording pattern. Nanmely, it is the tinme interval of
current jpdRety syiwhinghi ngthd conveatomal eetdrdingd cument siavgfarm (st Iw@viaf or m
(see IWC in Fig. 12), the conducti nghti me | ength corresponds to the

r ecor di ng'iBatk%r the |Gondugting fime lepeihcorigspands waithe ofesondinghpatiernentlnon,
t he conducting, t. I s _reduced . as ared wth. the conventional cases, so
that “the SPOVERtSTe b R ol Pe SR rutih b “GaOReHPE IR e AR A FERor m
Wi th a | igg dfipfRBAARIRE cbifndchal 48967, Whlal TheSYBRRE SLAM 1hE HeAE con

switching timhg of a recording pattern’signa e polarity

al ternat ég reduédth: r uRhdian@uéieht ewbveRYRl Gith a8 CHMAD dohdudBinkNYigMY 118N,
the conducting time Win which the recordable current anplitude is

exceeded geagrated idefyinebrbrioymuwithgthe swit¢hinguibbing eof aerevBrding opapterm vig eal .
Fig. 2 showg [_lhe rel ationship between the wite bubble size WB and t he
r ecor di ngugAtthat the Relgtity altggnadesown in Fig. 2, the wite bubble size WB is

the length of th d tic field profile al th ter of th
recor di ng t r ackPwATCH SSE0RRS RS c¥aYBBTL AceEHEE: (OF HRY dT¥PRURR: Hhe

enabl i ng doR@utAhERIheWan WARH 8eOfedbMhtNdichffht alfififtude is exceeded can be
defined by using a write bubble size WB as a parameter. Fig. 2 shows the
relationship between the write bubble size WB and the recording pattern length.
As shown in Fig. 2, the write bubble size WB is thé 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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application of a recording nmagnetic field (head magnetic field) fromthe
recording pole 29 of the recording head to the nagnetic disc 32. The wite
bubbl e size WB corresponds to the Iength of the gap in the recording head
pole in the case of longitudinal recording. In the case of perpendicul ar
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 presuned that the delay of the recording

ngl e pol e head.  AS it ( the delay o e

w in r espeuBePyhERimt IR bl BRRFERGbE LiEeh! SRRRds Rt Xerared RS 1
, th | I ' ' d ti L el.d ] ted b

Consi der S o CRROL St ARV VT s "BRER' Mnsh&l wisePRE Th @hafdie™

current. hEAg, | N@hrbcdethQata98iroaatdPAsPRidee Rl tHaakdgSetib S i the
sum of the distancer(vaf trgvele rby t he Eecé&gfng heaégiﬁltﬁg&%qﬁguhﬁ

conduct i dengthnE dideadwhhedistaace ¢Tanviialil tcavdirsetie aeqriingdhedd igxELadad and

the wite bubble size WB (Wv+WB). v is the transport speed of the

recor di ndengthall. of\theurressdingepaierar. e Ascqydnfilyethasohdweting tine W can be
attern |en t he di stance (Txy) of travel of the

?232?5: ﬁ%ﬁ%ﬁg 9rier Ham 1%91}11%@@?#?%5 g? thogecidingiipaticpuit chordageerithg| v,

e COMCURL Bt MO SIS o BB AT e, S
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i s set swalrenbatmplitudeais encddded TVedt- ViRV that asallaténdip THRWT-WB/AbUkbI e

size is several tinmes longer in perpendicular recording than it is in

| ongi t udistdsfiedcor di ng. Thus, the application of the current waveform of

Lhe pnvention ) Nl HubBls st ' sveral’ diad 1VSESTh perbanditslar Teedrding
than it is in longitudinal recording. Thus, the application of the current
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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When the conducting tinme Wis nmade constant regardl ess of the | ength of
the recording pattern, a maxi num pattern tinme length Tmax wll be the
reference, and the conducting tine Wof the current waveformin which the
recordable current anplitude is exceeded is set such that a relationship
Tmax>WeTnmax-WB/v is satisfied. In this case, if the recording pattern tine
length T is reduced such that W-T, the portion of the waveformin which
the current anplitude is reduced will be elimnated. Thus, the effect of

t he i nvenj.l [ 0.1 hi ttern tjne
ongt h. 10l e MAD, CorkaRSnlhly fh e REBRRRE pAtRh AT bR SRUEE 0 HRE
current  fhleQydw ORI PIHAUE] vhed e coPBinkRea@Nddd Be b 8Rcd O WhHRR (thEGRTHS
pattern. In the present invention, however, the tine in which the current
with a respridadireentCumnphniderveyetriduging fol 246 mapnletid field in&etdiBntik TRe Wamlen
the remaining tinme, either no recording current flows or a recording
current wast thag dfeths- comventinal dapieat waneferm. afis troalesf itopessibles ta aesidl t |

t he power supplied to the recordi n&,&head 6 duri n% the time corresponding to
one recor@EneXGsatvEr magastipation picthe. head poley padpeoriribatesmte digholansity

di h duced when, t he int ' t.h t
ol 1 £ udd EOREPEDUFTOhero Srade CHAMERT dn i Bret AuaPLY o The Rond LenE e
that of t@ueRl SR I anouit /@he Y& REY Titfe TREES thircBOSSIRERRE A¥C!
t he excessive nmagnetization of t%e ead pol es and conhtribu to

hi gh- densdetyrioratinver dif ngecokdimighpesfoimgndeeduet t®méchdnical PA¥RImaAtiRRl Bftdet he
head |l eads to a reduction in the anount of heat generated in the head,

t her eby preadentiuthermoredtteecumentt supplytincsitorfithegreserdiognixivos idurado up
mechani cal defi)r mation of the _hez?. Furthernpre, the current supply

circuit dif 2 RulseckBYCfioRg eeneyating dlogkyand,gan shereforn ke sipnlifisd; 5o deatdbat i ng
S ST TR T M R L e S
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.
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The wite bubble size depends on the structure of the recording head, the
magneti c characteristics of the magnetic recordi ng nedium and the distance
bet ween the recording head and the recording nedium By providing the
recording current driver with a function for setting the time length of the
recording current, nodifications in the recording head, recording nedi um

or the nmaxinmum pattern size can be accommobdated. Thus, in accordance with
the invention, high-density and hi gh-frequency recording can be achieved
wi t hout requiri hanggs d TRGREhE Cwi LSt : gLt tic
recordi ng medi upr%g'oﬁS t he itdrug{:%ngfvé of ?ﬁgc‘?]gggﬁél ngsechr;r%hfagﬁh\l/&hpg%ut e
parti cul aishyhpteduciahge.t he di stance between the magnetic head and the
magneti c recordi ng medi um BRI EF DESCRI PTION OF THE DRAWNGS Fig. | shows a
recordi ng currdhg. viavehfoorsmthe crrlstiowgship bétevdeny eht | nrrentFiagnpl2udbows thae
rel ati onship between the wite bubble size and the recording pattern

| engt h. FAsympiode vakaa aehthenemealizes reagast putpuécor di ng apparatus. Fig. 4

shows a schematj.c dgi agram of a recording current driver circuit. 7 Fig. 5
shows current \tﬁége?aﬁﬁgs&}x? ﬁeﬁpf%%uréﬁﬁ?trﬁfﬁt’efg’ﬁﬁ ?‘%‘iﬁ’dg’é‘gotlo thednvaatiapt ot i ¢
value. Fig. 6 I ' ' the current anplitude of the
asynpt otig val ﬁg\ﬁgéhpﬁ’é tﬁ%r%rbr}é?i&?gédparlggé%@'?g%ﬁpgﬁﬁwﬁﬁa%rwqghom t he

recording currqup. YR MACGREH mvfe%rtnktsaebemﬁ]dfaf thy r8cordi M@délﬂe
conventional recording current waveform Fig. 9 shows the curren
wavef or mstapdragpety of the recordi ng readout signal output. Fig. 10 shows

the rel ationshin bet ween the recording head and the
ig. 10 shows the relationship between the recording head and the

recording pattern on the magnetic disc.

Fig. 11 shows a schematic diagram of the conventional recording current
driver circuit.

Fig. 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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recording pattern on the magnetic disc. Fig. 11 shows a schematic di agram
of the conventional recording current driver circuit. Fig. 12 shows the
structure of the conventional recording current waveform DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The invention will be hereafter
descri bed by way of an enbodinment with reference made to the draw ngs.
Fig. 3 shows a block diagramof an exanple of the magnetic recording
apparatus according to the invention. The magnetic recording apparatus is

of a known struct.ure includin . net .c recor.di medi ym 13 rotated by a
not or 12 n?‘BWW&deF“‘Q)ﬂWéﬁn%’P?@’gﬁﬁ ﬁﬁhi PSS R | 8NP e dPURe Hfﬁrng a

g h Jnet ! . c H i
and o r oabfaly HartRERTE e ENRE SERE ARl 1 TGP AT A1 ng
driver 15jdsfed ﬁ‘d@lpl?gi b8 the rr@EWd%é"gntgdiﬁﬁﬁ?grﬁyo al SR i 660 ROn 0GRt 28 in

preanplifier 16 and readout circuit 17 det'ecti ng &nd processing a

signal fraovordenceeadthaadinstructiont Fedeiesd 8, aapdsitiond kIrculh @0 ¢6MH diheg
head mounted on the nagnetic head 14 is a single pole head having a main
pol e and eomtradtarr I8 poder ththeontghef iGPUrldkor themy tirednagndidc ihsad 14 carries
per pendi cul ar magnetic recordj ng medi um made of a_8 non-magnetic substrate
on whi ch Wtdseerdingeereeding\afmagnetic Wdppaadpe endhe desyaditrack- ecor di ng

I t d. . Th tic.head, 14 is itioned at, a desjred track
22 on the tecordbnd MENR Pl PSS dlitrrB e eREfing drbver, 1 Prigrctsr Bance
ith an i r ' 1.eCel i Li [ | LCUi O.fr .
contr ol TR HCheBRaECGhRHORY ik BORIbEN! RS i Pl a0 d time
carries ledpth 6f teltet@raing’ agemty afll PaIEhp1 N NMERF 188 APrddirkiSiFiuded

track. Fig. 4 shows a circuit block diagramof the recording driver. Prior
to the following the pulse waveform, in the current generating circuit 23. A switch 24
is controlled in accordance with a recording signal giving the time length of the
recording pattern, whereby the polarity is inversed and a rising recording current
is supplied to the recording head 14.
Using the magnetic recording 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 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 rcadout output which is more advantageous to
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start of recording operation, the controller 18 sets the pul se anplitude
and tine length of the recording current, and an asynptotic val ue of the
current anplitude follow ng the pulse waveform in the current generating
circuit 23. Aswitch 24 is controlled in accordance with a recording
signal giving the tine length of the recording pattern, whereby the
polarity is inversed and a rising recording current 1is supplied to the
recordi ng head 14. Using the magnetic recordi ng apparatus shown in Figs. 3

and 4, rrqg@&glihg%_rirggopﬂé;bgeé’ﬁ? E@ﬁfg};@%@% bl Gare2n® WNRLANE FEGR fori cn

wavef or m use recordin I'ng current wave

was measyb it airseiding aterd FRMK rdfricYREORHAL SAITRATIDDNAART OPus,

bet ween a head nmounting termnal in transm ssion |ine an

t erm nal it haH b sewahat inisleffeetive tbhrakevaveAoormef nidre thar PO Af la0WiHIght he

recording head coil. As shown, in the recording current waveform the

current amsicprdide pattermés fonmedydhe Beymptatia valukalfl the gfurrentiansplitode rirnhe

pul se 33 .and the ri seat%f fa su’te)seqi;{lent second current pulse 35 is

asynpt ot iRterBalabeidirEnAhe fall othe Yiastyenrsent pylseifgrmme gnetiepprdiagmatisrn

waveformsf se%l N léhe r?cordi ng_ are Shﬁ\,\ﬁl In a su errpo§ed magrner. Thﬁ

wavef or m8* hae CUHETE JUARI TR 1% I CheEurs EET SBU RIES JREMLE the

differen | 4 of the current anplitude follow ng the
%u?@ﬁ%ﬁ?fré&ﬁgﬁ%ﬁa‘tterﬁ. mp g

pul se waveft or 33 a Fig. 6 shows the relationship between the

readout out put Nexd, t hagnasy Mpteéidényalwies otarried Cenid eRt EPbluk UdecHagHs @
recordi ng was conducted using these various current waveforns. The | ower

t he asynpresuicociesl usingftherecending curreatwavieliclm atberdingad ehe tiveemiaad oud
out put which is mgre advantageous to 9 recordi ng. In the present
Conf i gur 38§ SenVERHCRY Fesordimgpcpigat Wawiprad 2pér themotha Aespectiveorendayt

Phat 1t CUutf olRRIB Gkl T8 RRPPER R Sreale 4 RimresbWakelr WhlooRingf "
recor di ngnRALIGE bFa Wi REshbH1E Qi RSWID Lols et ahUfie b cbitfng YnbGRprAfREAS Ude

in the
mechanism. The write bubble size WB 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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interval between the fall of the first current pulse form ng one recording
pattern of the current waveformto the rise of the second current pul se
form ng the subsequent recording pattern. Next, magnhetic recordi ng was
carried out at various recording frequencies, using the recording current
wavef orm according to the invention and the conventional recording current
waveform and then the respective readout outputs were conpared. In the
present exanple, a current wavef orm determ ned on the basis of a wite

bubble si ze W8 19S QUSEdlt . WS SSOR NG APAAR ARl DgaBhRT At ahe

wite bubble siz dl ar- 1 eco em’ n e pre

enbodi Nerfe yish 091 memcas% mﬁ:‘i'e sfe@&%lf{%%a% é&aﬁaedwﬂvkpwﬁgttherﬁ%fdihgg

frequency was 50 MHz and a maxi mum pattiern tinme lengtth T'waS 10 ns. A7tine
| engt h Wepéqudiryr ecThei higlmur tkat freguefcdt massrssllertt ahbe récdidingCig@drdtag t 0
the condition WeT-WB/v, and the recording driver was set accor di ngly. Fig.
7 shows tresuléing ana smwpbeﬂmn pfi thehbopndmgnte gerrisoolf tHentecoThimg pateguenay i s
50 MHz. In response to the recording data mgnal t he recording _current

ri ses fr&ﬁ@%ﬂonﬂé‘a@ﬁ&aﬂobbakt%‘ﬁ I Ti‘GSﬁﬂle pareerinderagasesis smaler Wé‘«lenan
under shook1 in th currfent vefhorm sq hat .t he wa(gf orm once drops ow
zero and ﬁ&H“ﬁ?é‘ SHeES %ﬁﬁa B iE Rigs! dRYeRtion he M P SENDAL BETFRIST AE7 ,t t he
current hhltzg‘!@f 3t WBldiRed N % rh‘?gﬂrﬂieﬁgeri’&&é &hiAn' $n | e Qsé 1291 mgj fRd a

time |engt The recor di urrent waveform excee |ng ThiS"&ur' T ent

val ue is clonwénnofmecﬁﬁemem«a»@&raimcw r eQkcHAVREIGL M ichnSHOWAnKInfelddiha8, thehi ch
rises froma negative anplitude, exhibits an overshoot, and is then

mai nt ai nediredntamwaxefdrint ud thef id@entan Negmeirec effectvei rﬁ@r dgheatemditgt add
usi ng both current waveforns and the respective recording characteristics
wer e conpHghkdrequeney gecerdimgws a graph plotting the readout output agai nst

the recording Thus, in accordance with the invention, high-density and high-frequency
recording can be achieved without requiring modifications in the magnetic
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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frequency in the case where recording was conducted by varying the
recordi ng frequency. The higher the frequency, the smaller the recording
interval, resulting in a superposition of the boundary regi ons of the
recording patterns and a reduction in the readout output. Thus, the degree
of decrease is smaller when the current waveforin 25 in the present

I nvention is used, so that a greater readout output can be obtained in

hi gh frequencies than in the case of using the conventional current

wavef or mgf.. Accpidieggly, it can be confirmed that the current waveform of
the invention is nore effective for high-density and high-frequency

recordi ngL, Ahysanetic RLeATidanppaidthd cbh@risiyention, high-density and
hi gh-frequency recording can be achi eved without requiring nodifications

in the magneti @ nogaktict keadstiousitinl tingle eode diead }mdh%ra @fiaihhgoiet 40T tawr €
of the recording head, or reductions in the distance between the magnetic
head and rehgn petic recording medium 11 What is clained is: 1. A
magneti c recordi ng apparatus_ conpr.ising: .a magneti ¢ head pounting single
pol e head havi fgM38RaHH IpeTding Bedium kaving ap@agnetic sepiding laver daovkichg
medi um havi ng a.magget I ¢ reco dd'nng I %ger. iqr] whi cﬁ (fl magnetic pattern is

r ecor ded LEPRECVRE2LEHYILres8recd e the shiglp Pols headiati ng t he magnetic

recordi ng nedi %O%O@&dfoqé?%qmﬁfgfg@%nfg%ﬁ&% rg&qd&méwdﬁg %}J ecordi ng current

to the single e bea e current orm t he recording

current suppli edrédoediighdriveedor GupglHhpverretording Girfdltetddhé shead pole
I ncl udes a first pulse exceeding a current anplitude at which the nagnetic

r ecor di ncheaddiwhmrein thee conoeot dedefoamnmu of thecorvdrdingl swrrofit stppligddsdsrh ethe
polarity to that of the first pulse, the second pul se exceedi ng
recording driver to the single pole head includes a first pulse exceeding a current
amplitude at which the magnetic recording medium can be recorded, and a second
pulse of the opposite polarity to that of the first pulse, the second pulse 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.

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. The magnetic recording apparatus according to claim 1, wherein a relationship
T>W>T - WB/v is satisfied, where W is the time in which the first and second
pulses 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
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the current anplitude at which the magnetic recordi ng nmedi um can be
recorded, wherein the current val ue between the first and second pulses is
smal ler than the recordable current anplitude. 2. The magnetic recording
apparatus according to claim1l, wherein the current value between the
first and second pul ses passes through 0 mA and becones asynptotic to O
mA. 3. The magnetic recordi ng apparatus according to claim1l, wherein the
current value between the first and second pul ses passes through an

|t er nedigyeqval Upe RELNAED haReBl FUTERN MR OLARS HdabiRUSS ARG @

peak current val ue second pul'se and becones asymnp

i nt er medipé vl 4R WB id BeviTRIREIHIE sfacor ding apparatus according to claim
1, wherein arelationship T > W>T - WB/v is satisfied, where Wis the

time in which the first and second pulses exceed the current anplitude at
whi ch the magnetic recording nmediumcan be recorded, T is the time |length
of the recofdeniagattierrecovding aathbdt fore recamdspyr infoPmsperdonf at heagmegicet i ¢
head in the track direction of the magnetic recording nmedium and WBis a
write bublBferdipg danedjunp bygfpiaiing & aeagngtisgracerdiog paerncusing agingleopotat i on

o1 mg & SEAY BT GBI AT DR 1l AGE AT PP CARE SR ol o, |
i Si th f. ' § rest t i.ng| I
nead, the t st pEPeRE & RIS Gufend 1L W bOBIE BAIE M ed f TR Bhfele ©

nmagnet i ¢ cugfit Hxt@edMG &MBurfeit H8pK RGRN e @hi e ¢hS WD NEtRIr & o3 &N FhediirheNt
pul se to the single pole head, the second current pul se having an opposite

pol ari ty capn tehmtcooded; lremdf i r st pul se and exceeding the current anplitude at
whi ch the magnetic recordi ng nmedium can be recorded, wherein
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.

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

to 0 mA.

7. The magnetic recording method according to claim 5, 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.

8. The magnetic recording method according to claim 5, 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
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the current value between the first and second pulses is smaller than the
recordabl e current anplitude. 6. The nagnetic recordi ng nmethod according to
claim5, wherein the current value between the first and second pul ses
passes through O mA and becones asynptotic to O mA. 7. The nagnetic
recordi ng nmethod according to claim5, wherein the current value between
the first and second pul ses passes through an internedi ate val ue between a
peak current value of the first pulse and a peak current value of the

second ec yoptaotic t he |n ernedi ate val ue.

magnet i ¢ r &tﬂ: ﬁgaqt‘)ré? ﬁg%§%f’5§ cfg‘?cﬁbo“[ 8%8#‘%?%@3’3 T HNE m@@’é’t"?’o%%gT >
wW> T- MBﬂgahénfﬁBhﬁﬂkﬁﬂze“here Wis the tine in which the first and second
pul ses exceed the nagnetic recording nedi umrecordable current anplitude, T
is the time length of the recording pattern, v is a relative transport

speed of the 13 nmagnetic head in the track direction of the nmagnetic
recording nedium and WB is a wite bubble size. 14
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