-9 FEB 2004 VERTICAL WRITING TYPE MAGNETIC HEAD BACKGROUND OF THE INVENTION 5
1. Field of the Invention The present invention relates to a magnetic head for ertmgrq@ng%a,
magnetic signal on/from a recording medium, and more particularly, to a vertical writing type
magnetic head having improved top and bottom poles for writing a magnetic signal. 10 2. Description
of the Related Art In general, an apparatus for writing/reading a magnetic signal on/from a recording
medium, e.g., a hard disk drive, includes a magnetic head for writing and reading information. A
magnetic head 10, as showpgRrieal, WwistlediYpesSidRGRE Plevified Bt one end of a swing arm
30, and moves to a track being at a desired 15 position on a recording medium (not shown) by
rotation of the swing arm 30 to perform a write or read operation. FIG. 2 is an enlarged view of the
magnetic head 10 shown in FIG. 1. As shown in FIG. 2, the magnetic head 10 includes a
magneto-resistive head 14 for reading mformatlon and an inductive write head for writing information.
The 20 magneto-resistive head BARKEROMND O LHEINVENTION, recording medium, and the
ingluctive write paad mﬁglng,@ﬁggrpole 11 and a bottom pole 12 for producmg a leak of a magnetic
flux passing through the recordin er of the recording medium, and a write coil 13 used as a
curront supply ATRPAGARE GG IRR R e ECEIoA R RIS Mo AHEHRIT o it hoac

ﬁffegts theagt?@hw g‘gaafélgfragwmtem%ubmrﬁgof@amnmwunm?bqiasndummtmg dydhgcaductive write
ead is not cle erforme uction.cann satis erformed even if the
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capacitypragriesenigaatiency of 30 recording mediums is toward reduction in the width of a track onto
vmich a Ewagne

B%scription of the Related Art

In general, an apparatus for writing/reading a magnetic signal on/from a
recording medium, e.g., a hard disk drive, includes a magnetic head for writing and
reading information. A magnetic head 10, as shown in FIG. 1, is installed in a slider
20 provided at one end of a swing arm 30, and moves to a track being at a desired

15 position on a recording medium (not shown) by rotation of the swing arm 30 to
perform a write or read operation. ,

FIG. 2 is an enlarged view of the magnetic head 10-shown in FIG. 1. As
shown in FIG. 2, the magnetic head 10 includes a magneto-resistive head 14 for
reading information and an inductive write head for writing information. The

20 magneto-resistive head 14 reads a magnetic signal written on a recording medium,
and the inductive write head including a top pole 11 and a bottom pole 12 for
producing a leak of a magnetic flux passing through the recording layer of the
recording medium, and a write coil 13 used as a current supply route, writes given
information on a recording medium.

25 The inductive write head affects the quality of a signal written on a recording
medium. That is, if inputting by the inductive write head is not clearly performed,
reproduction cannot be satisfactorily performed even if the performance of the
magneto-resistive head 14 is excellent.

However, in order to increase storage capacity, the recent tendency of

30 recording mediums is toward reduction in the width of a track onto which a magnetic



*1 ~- 9 FEB 2004 signal is input. Such reduction of the track width makes it necessary to reduce the
width (w) of the top pole 11 and bottom pole 12 of the inductive write head for inpuitilggflpg magnetic
signal. FIG. 3 shows the distribution of a magnetic field produced by a top pole and a5'bsttaf ,fbole
in a conventional inductive write head, and FIG. 4 shows the position of tracks and a head in the
case where the head has a predetermined skew angle with respect to tracks of a recording medium.
Referring to FIG. 3, a magnetic field produced around the top pole infiltrates into either side of the

bottom ngle-fpra the P RIErPRMGMAYBEtiiRLLINGERS BRakbE AP O0IE Sifp s Pf SneripRsfacing

the bottonT pole. As described above, this magnetic field deviates from the pertinent track and affects
adjacenMiJ&kéWA@%WﬁW@.W, anstopitammiraleahd el Sheetnriestiveewidieonsad Rfing arm type
informatigp [RGHRE MeRRElSsRIikihe tracks of a recording medium, which varies according to the
position of a head. Most information recording apparatuses 15 are constructed such that the skew

angle 6 becom&dGeroshome theaisbiutirkofiasnagaetia ipid pieduced bina trRPAIRIANE @

regluced pihiechetiene el davkirohaad regitienpatema-avand /el T4 snewanpapasiaaertrack
T2 due to the skew angle 8. In a vertical writing type magnetic head, the bo{go pole 1’2 erases 20
s R K

informattRSANHAPRE D TR E NI HiNehed elaanine A9'S
informatiizpdsistaniicksdfa fedbedippg Pedilimand the bottom pole 12 are tilted with respect to the
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Doth the ertnent Lack T S DS PHIRRR B ikin B e Rpog HlalisBaygiypgle 12 with the
' magnetic field deviates from the pertinent track and affects adjacent tracks.

As shown in FIG. 4, there is a skew angle 6 between the head of a swing arm
type information recording apparatus and the tracks of a recording medium, which
varies according to the position of a head. Most information recording apparatuses

15 are constructed such that the skew angle 8 becomes zero at the innermost track.
However, at outer tracks, as the track width is reduced, the bottom pole 12 of the
head positioned on a given track T1 overlaps an adjacent track T2 due to the skew
angle 6.

In a vertical writing type magnetic head, the bottom pole 12 erases

20 information from the corresponding track T1 by vertical magnetism and the top pole

‘ 11 writes information. As shown in FIG. 4, the top pole 11 and the bottom pole 12

““ are tilted with respect to the tracks by the skew angle 8, causing the top pole 11 for
writing information to be positioned on the pertinent track T1 and the bottom pole 12
for erasing information to be positioned to overlap the adjacent track T2. Thus,

25 during writing of information, the bottom pole 12 erases information from both the
pertinent track T1 and the adjacent track T2. |

The overlapping of the bottom pole 12 with the adjacent track T2 becomes
more severe as the track density increases, thus becoming a problem in increasing
recording density.

30



- more severe as the track density increases, thus becoming a problem in increasing recording
density. 30 4 2 9 FED 2004 SUMMARY OF THE INVENTION To solve the above-desgriped 2504
problems, it is an object of the present invention to provide a vertical writing type magnetic head
which can effectively suppress the effect of a magnetic field on an adjacent track. 5 It is another
object of the present invention to provide a vertical writing type magnetic head which can be used
with information recording media of higher density. To accomplish the above objects, there is

provided a vertical writing type ma&g&{@ ARYINCHABINAAENFiGIg, @ bottom pole formed on the
and spaced a

substrate, and a in top pole aligned wi P predetermined distance apart from the bottom

pole, wherein tii@ b@ﬂuﬁrthﬁ)%bﬁéﬁ'&ﬁ%@ﬂﬂﬁ@rMRﬁlﬁfﬁéniftliﬁaQBFPEiﬁé@ eRNEerrRssaRYeRYRTOF
THE DRg #g(e}%d%@se?ﬁeamwﬁgw@rﬁsg@ewﬁéﬁ e dressnkinvenien silbbrsosmasanore 15

apparent b scribing in detail préferred embodiments thereof with reference to the attached

drawingé&fieoitntie mrRenets el @ramrordiacant tedfkadopting a general magnetic head; FIG. 2 is a

pgrspective Viewiefa%sﬂwreaﬁfaaldmwsﬁ&@@%@&a&&b@@ﬁmc&s&@mw@@qgmetic field
generated by the 20 conventional magnetic head shown in FIG. 2; FIG. 4 s,h%\rgsg,t e position of the
t

' fecording

conventipAgNekgherdagcandmises withiiRfesariand ecrrding 1edin,

mediumdgll@it; is a perspective view of a magnetic head of an embodiment of the present invention;

To accomplish the above objects, there is provided a vertical writing type
magnetic head including a substrate, a bottom pole formed on the substrate, and a
1. top pole aligned with and spaced a predetermined distance apart from the bottom
- pole, wherein the bottom pole has a narrower width than the top pole.

BRIEF DESCRIPTION OF THE DRAWINGS
The above objects and advantages of the present invention will become more

15 apparent by describing in detail preferred embodiments thereof with reference to the
attached drawings in which:
FIG. 1 is a diagram of a swing arm adopting a general magnetic head,;
FIG. 2 is a perspective view of a conventional magnetic head,
FIG. 3 shows the distribution of a magnetic field generated by the
20 conventional magnetic head shown in FIG. Z;
FIG. 4 shows the position of the conventional magnetic head shown in FIG. 2
with respect to tracks of an information recording medium;
FIG. 5 is a perspective view of a magnetic head of an embodiment of the
present invention;
25 FIG. 6 shows the position of a top pole and a bottom pole of the magnetic
head shown in FIG. 5;
FIG. 7 shows the distribution of a magnetic field generated by the magnétic
head shown in FIG. 5;
FIG. 8 is a diagram for explaining erasing and writing of information by a top

30 pole and a bottom pole of a vertical writing type magnetic head,



25 FIG. 6 shows the position of a top pole and a bottom pole of the magnetic head shown in FIG. 5;
FIG. 7 shows the distribution of a magnetic field generated by the magnetic head sfo@nbFIEI5;
FIG. 8 is a diagram for explaining erasing and writing of information by a top 30 pole and a bottom
pole of a vertical writing type magnetic head; 3 96 2 A FIG. 9 shows the position of the magnetic head
according to the present invention with respect to tracks of an information recording medium; FIG. 10
shows a top pole and a bottom pole of a magnetic head according to another embodiment of the

present inventc> Big A AR UERPSHIAR 43598 RAE AELERIRR @bk dipanetc head

shown in FIG. 10; and ows a top pole and a bottom pole of a Magnetic head according to
still anothrereatitodintie nespecd tortresksinianiviormatENNeEDATESTHRIRMON OF THE INVENTION

Preferred embqdjpents ar&g&gbﬁ&vsﬁa%%@i&%&s descrbrpuitbnedarspesiaihao
accompanying drawings. Referring to FIG. 5, a magnetic head 100 according to an embodiment of
the presmetineeendpodineohthRgresentientiorad 140 for reading information from 15 a
regording medigand i BEY SN BAJIR AR B IS HR BRI PPORe deeRdingymauM. on a
substrate 101. The magneto-resist?/e head 140 deyt)\gc%ggggﬁagnetic signal Writtendgﬁhe recording
medium e isliawvia e A8a@nNfcluding a top pole 110, a bottom pole 120, and a write coil 130
used as a CurreafSURPYHRKLE, PEP hiEalbeiBipeanche Ay dgnuiiing lvasdaianmgpdon on a

20 recording medium. As shown in FIGS. 5 and 6, the present invention is characterized in that the

width WISt arobiiopmbedi memiofdbe (RS NRAYAT of the top pole 110.

0. DETAILED DESCRIPTION OF THE INVENTION
Preferred embodiments of the present invention will now be described with

reference to the accompanying drawings.
Referring to FIG. 5, a magnetic head 100 according to an embodiment of the
present invention includes a magneto-resistive head 140 for readiyng information from
15 a recording medium and an inductive write head for writing information on the
recording medium, on a substrate 101. The magneto-resistive head 140 detects a
magnetic signal written on the recording medium. The inductive write head
including a top pole 110, a bottom pole 120, and a write coil 130 used as a current
supply route, produces a leak of a magnetic flux for writing given information on a
20 recording medium.
As shown in FIGS. 5 and 6, the present invention is characterized in that the
width Wb of the bottom pole 120 is less than the width Wt of the top pole 110.
Preferably, a line connecting closest corners of the top pole 110 and the bottom pole
120 forms an angle of approximately 10° with respect to the axis of symmetry of the
25 top pole 110 and the bottom pole 120. Also, the width of the bottom pole 120 is
preferably less than a track width.
FIG. 7 shows the distribution of a magnetic field generated by the magnetic
head shown in FIG. 5. As shown in FIG. 7, the width of the bottom pole is less than
that of the top pole. Also, unlike in FIG. 3, a smooth, regular magnetic field is

30 formed around the bottom pole and top pole. In particular, a magnetic field is not



- Preferably, a line connecting closest corners of the top pole 110 and the bottom pole 120 forms an
angle of approximately 100 with respect to the axis of symmetry of the 25 top pole 11Cﬂaﬁﬁfthéﬂlt
bottom pole 120. Also, the width of the bottom pole 120 is preferably less than a track width. FIG. 7
shows the distribution of a magnetic field generated by the magnetic head shown in FIG. 5. As
shown in FIG. 7, the width of the bottom pole is less than that of the top pole. Also, unlike in FIG. 3, a
smooth, regular magnetic field is 30 formed around the bottom pole and top pole. In particular, a

magnetig field,isRokadddR SR arapdnimassLitisidarophihaiienioted arsuHaiiosmly

distributéd around both poles and does not severely extend out o the sides between the top and

bottom PBIES. AR Bel SN e tRNLOULIPIDerRiReS) RELNERMIRS 4P RIBRPESBI narrower
than thahgfdbe tapRAEdWkEe dagElarbteiothesBEeBy ThivAgtiae. Bifib oBtiscabdiasmipdies

explaining erasing and writing of information by a top pole and a bottom pole of a yertical writing type
(% gyp

magnetiBHEQWEAGLINALRHRS WP APIRrYRISRIS AiREIHEE1 DB RBFSMANNEH P irection (to the

right in the drawifty) 8 iferalatiran feaskpraekig eraskhainbedniteopeiforhagtion ertctdp
magnetism and new information is written by the top pole 110. in FIG. 9 shows the osg._i(l)a of the
magnetiPHERNIR HAMRMPale Bf&éﬁp'ﬁﬂ}é{ﬂﬁm&ﬁgégﬁgeﬁbct 'g Wﬁéﬂ n racording

mediumgAsHFBAWAIONn WRtedprife D> ibeltbasa ipredetelinviviiohsitovthanalhtm with deswiay o
the 1ack IR P TRRT AR G0 L E R SURBL RS C AR PTe E BObsed i
the centpenf iafoerisesh ek ifiénandttie tlatbielyt h@rrow bottom pole 120 is inclined toward one
s G LRGN SO e geee
inventiomeetwidtwit feshettom tratksah be imadmidasecordingsrdigssarpastomgasit is still
capablerp {éqg?@%ga@?gﬂeeﬁig g.{r%u;iatrg]determined skew angle 8 with respect to tracks, that is,
the top pole 110 and the bottom pole 120 are held at the skew angle with respect to
the tracks. Here, the relatively wide top pole 110 corresponding to a writing point is
15 positioned in the center of a pertinent track T1, and the relatively narrow bottom pole
120 is inclined toward one side of the track T1 without extending to the adjacent
track T2. Thus, the bottom pole 120 corresponding to an erasing point performs
erasure on track T1 only.
According to the present invention, the width of the bottom pole can be made
20 as narrow as necessary as long as it is still capable of forming a magnetic circuit in
cooperation with the top pole.
FIG. 10 shows a top pole and a bottom pole of a magnetic head according to
another embodiment of the present invention and FIG. 11 shows the position of the
top pole and bottom pole of the magnetic head shown in FIG. 10. A bottom pole
25 120a having a relatively narrow width Wy’ and a top pole 110a having a relatively
wide width W, have a trapezoidal shape. Here, the sides of the bottom pole 120a
and top pole 110a are sloped at a skew angle 6 of the tracks T1 and T2.
FIG. 12 shows a top pole and a bottom pole of a magnetic head accdrding to

still another embodiment of the present invention.



- cooperation with the top pole. FIG. 10 shows a top pole and a bottom pole of a magnetic head
according to another, embodiment of the present invention and FIG. 11 shows the-p@sipgr; ng[ﬁj)#e top
pole and bottom pole of the magnetic head shown in FIG. 10. A bottom pole 25 120a having a
relatively narrow width Wb' and a top pole 11 Oa having a relatively wide width Wt' have a
trapezoidal shape. Here, the sides of the bottom pole 120a and top pole 11 Oa are sloped at a skew
angle 8 of the tracks T1 and T2. FIG. 12 shows a top pole and a bottom pole of a magnetic head

according to st giofhns aMBAHIEHOS HRPERERR SR tha lop BEhs A10R BRISWHLIPA has the
same sh?fe as that of the top pole 11 Oa shown in FIGS. 10 and 11, and a bottom pole 120b

includesk

informatien\,ememmr@gmﬁgéaebaqmgeé dadiie laaEPMRMg Fdrshavm inTHES. 10 and
11, 5 and the lower element 122b for supporting the bottom pole 120b has a wider vﬁth than the
p PR frlﬂent 122b
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adjacent tracks due to skew of a magnetic head with respect to tracks.
In writing a magnetic signal on magnetic recording media, the magnetic write
head according to the present invention is constructed such that the width of a
bottom pole is narrower than that of a top pole, thereby reducing extension of a
15 magnetic field at sides ‘of a top pole and effectively preventing erasure of information
of an adjacent track due to the bottom pole overlapping the adjacent track when
there is a constructional skew in a hard disk drive. Therefore, acéording to the
present invention, problems arising due to a skew angle unavoidably occurring in an
information recording apparatus using a swing arm can be effectively solved. The
20 magnetic write head according to the present invention can overcome the
§ disadvantages of the conventional vertical writing type magnetic head, realizing a
vertical, high-density write operation.
While this invention has been particularly shown and described with reference
to preferred embodiments thereof, it will be understood by those skilled in the art that
25 various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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present invention, problems arising due to a skew angle unavoidably occurring_i_nfmo nation
recording apparatus using a swing arm can be effectively solved. The 20 magnetic itedydid
according to the present invention can overcome the disadvantages of the conventional vertical
writing type magnetic head, realizing a vertical, high-density write operation. While this invention has
been partidieat ysstiaimmeaind described with reference to preferred embodiments thereof, it will be
understood by thpse skj&l ar tha\(ty 25 variogg.chan es in form and details may be made

dinth
therein without departing?%ﬁcl%ewg i ke 5@88@ Hﬁ@?&/gﬂm'%‘géﬁned by the appended

claims. 6 What iadaipstaie; 1. A vertical writing type magnetic head comprising: a substrate; a

bottom pole fornheg %%%e& lllg%rr?rt\%;davﬁ{% }% tr:)%%%gé%t %ﬁgﬁglwith and spaced a predetermined

distance apart from om pole, e has a narrower width than the top pole,
such that a line cotoppiny aligeest witharxicthesdt poézlatatritindibtistancieapatdroan angle of

approxim r } is,of symmetry of the bottom pol d the top pole, 2. The

mag netic%?ggacﬁgcﬁi‘rlﬁ?ﬁ’ %%r}e%ﬁ ﬁ% \Pv(l;éargﬁﬂg b&?o?n“&éﬁ%“‘ﬂ%’r@ﬁ%‘ﬁmﬁet&gvaaiﬂ’ of a track
provided on a resoafirigahadinenc@nrectingreloseshgaymErsiafghetioph gatecancpitig iastteraubstrate; a
bottom po r steate; ¢ aligned with and spaged a predeteymined
distance ;)Joefét) %%qr%%%ewb%’f@?nééiﬁé?@%@?ﬁ%%oﬁaf‘ﬁsﬁoﬁﬁhg*@%%’S%Sﬁ%\‘"ﬂfﬂﬁf%%ﬁ‘ﬂ% top pole,
the top pdletiam padeband theddp mkng trapezoidal shapes, their sides being sloped at a
predetermined angle.

2. The magnetic head of claim 1, wherein the width of the bottom pole
is narrower than the width of a track provided on a recording medium.

3. A vertical writing type magnetic head comprising:

a substrate;

a bottom pole formed on the substrate; and

a top pole aligned with and spaced a predetermined distance apart from
the bottom pole, |

wherein the bottom pole has a narrower width than the top pole, the top
pole and the bottom pole having trapezoidal shapes, their sides being sloped at a
predetermined angle.

4. The magnetic head of claim 3, wherein the angle of the slope of the
sides of the top pole and the bottom pole is equal to or less than a skew angle of
the magnetic head with respect to tracks.

5. The magnetic head of claim 3 or 4, wherein the bottom pole
includes an upper element having the shape of a trapezoid with sides sloped at a
predetermined angle, and a lower element for supporting the bottom pole and
having a wider width than the upper element.



4. The magnetic head of claim 3, wherein the angle of the slope of the sides of the top pole and the
bottom pole is equal to or less than a skew angle of the magnetic head with resﬁegt rragkey 5. The
magnetic head of claim 3 or 4, wherein the bottom pole includes an upper element having the shape
of a trapezoid with sides sloped at a predetermined angle, and a lower element for supporting the
bottom pole and having a wider width than the upper element. 7 Abstract VERTICAL WRITING
TYPE MAGNETIC HEAD Provided is a vertical writing type magnetic head including a substrate, a
bottom pole formed on the substrate, and a top pole aligned with and spaced a predetermined
distance apart from the bottom pole, wherein the bottom pole has a narrower width than the top pole.
The magnetic write head is constructed such th%&;ﬁﬁ%&;of a bottom pole is narrower than that of
a top pole, thereby reducing extension of a mag t sides of a top pole and effectively
preventing erasure of information of an adjacent track due to the bottom pole overlapping the
adjacest track when there is a constructional skew in a hard disk drive. Fig. 5

VERTICAL WRITING TYPE MAGNETIC HEAD

Provided is a vertical writing type magnetic head including a substrate, a bottom

10- pole formed on the substrate, and a top pole aligned with and spaced a
predetermined distance apart from the bottom pole, wherein the bottom pole has
a narrower width than the top pole. The magnetic write head is constructed such
that the width of a bottom pole is narrower than that of a top pole, thereby
reducing extension of a magnetic field at sides of a top pole and effectively

15 preventing erasure of information of an adjacent track due to the bottom pole
overlapping the adjacent track when there is a constructional skew in a hard disk
drive.

20

Fig. 5
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