-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

affects theagn@luw g‘gaaélgmfrwmtgméubmmgofwwnmwunm?bqﬁasndummtmg dydhgcaductive write
head is not clearly performed, duction.cann satis erformed even if the
oGt FIGER AR N B TR RSN AL A BRGT  8 e storage

capamtynfé@f@@@@igaadency of 30 recordlng mediums is toward reduction in the width of a track onto
which a agn cl-~- Bft nal i input. Such reduction of the track width makes it
n8cessafy to r ﬁﬁgrlﬂ O }fh@v%‘g % pole 11 and bottom pole 12 of the inductive write head
for 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



“inputting the magnetic signal. FIG. 3 shows the distribution of a magnetic field produced by a top pole
and a 5 bottom pole in a conventional inductive write head, and FIG. 4 shows the positi pﬁof tracks
and a head in the case where the head has a predetermined skew angle with resp%cgt“"ﬁtfao?@’bf a
recording medium. Referring to FIG. 3, a magnetic field produced around the top pole infiltrates into
either side of the bottom pole from the top pole as the magnetic field increases in from both sides of
a portion facing the bottom pole. As described above, this magnetic field deviates from the pertinent

track and gffests AdiarenidiapkidiaBAYR IRFIGCA viRRFEIRREKRM SRS S Pebveemdeasad of a

swing arm” type information recording apparatus and the tracks of a recording'medium, which varies
accordingitShHwh ebitishteprrtad 15t hsttemapRle (b2 Siding systivaswgtesgrddMistructed such

that the geuanoIed hecpiags gruat 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 tofthe sRaRousiasdistrbitiae A Magrrtic frlgrRRIHEsH, BN AHERARIEAEY Rerases

2@ inforrpatiRiionietiie £ spsaAndng trrictiedier et dnasiaeating Auhdwstarensdsitidnvgites
information. As shown in FIG. 4, the top pole 11 and the bottom ]%Ie 12 are tilted with [ﬁes&) ct to the
e

tracks by BRKSINF 2QRAE IRd08IRGIRNBE BARe SR NARAPIRRTIRANINED HEN60aRY the

pertinentg@sicl loapgdke srostese eelmd Mmédi@rasing information to be positioned to overlap the

adjacent track T2. Thus, 25 ing writing of information, the bott 2 , INf tion f
poth the. pertinBABRERSTS St e ATRIR ARG B T BN 18 BANG LTRSS it the

adjacentifiackifrperamgheoistieer pisiasr te thaclopensiyaistheasagrbtis fietbinargaspblem in
oo e 20 A AEE AN TNEY QL SLERYENION frgole
' 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



- 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-pl@\,gfg;@azﬁ%tical
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 magnetic head including a
substrate, a bottom pole formed on the substrate, and a in 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 DESCRIRTAMARYTHE PRAWNNEPTIdR above objects and advantages of

the present invention will become more 15 apparent by describing in detail preferred embodiments

thereof with refémeacketiiteabaverirsarkRmgsanlamiHt isen pRecRidRsPEISEahiRyEatRN
adop““%@@%@?d@'éﬂ?&ﬂegmﬁﬁﬁg i misoRAR TRERIhIEA S _fEBNEaIosabpragaetie head;

FIG. 3 shows the distribution of a magnetic field generated by the 20 conventional magnetic head
shown igffect of #magnsisdietdopaniafiasent E8Rkentional magnetic head shown in FIG. 2 with

respect to tracks af Anipgrsiien seasdiresBsdinvaite fo isranassa@R IV iahg thpanetic .
head of an embodiment of the” present invention; 25 FIG. 6 shows the position of a toP pole and a
bottom pBREBEtIFNAAEMIEHEA REMTRIMIINSoTE O IRRREDING Jﬁ?ﬁ‘ﬂﬁl%ﬁ'@f‘g magnetic field
generat%}qgiw‘e magnetic 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 t ? magnetic head; 3
96 2 A FIG. 9 she\@stREBUENISIFARBY SrAYRELR: B S0P %%H&é\%%e‘&ﬁ i‘ﬁ‘@ggﬁ’ﬁn with

respect Fﬁégﬁféﬁ%@éuim!amﬂgmr@ga@iiagemdbm&mémhmammmlbamia aotica pole of
e

a magnetic head according to another embodiment of the present invention;
10 J top pole aligned vs%th and spaceg1 a pr'edetermmed0 d?ssianc'e \épa}?ﬂ’om 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 magnetic
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,



5 FIG. 11 shows the position of the top pole and bottom pole of the magnetic head shown in FIG. 10;
and FIG. 12 shows a top pole and a bottom pole of a magnetic head according to s#llridiBef jis
embodiment of the present invention, In 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 reading information from 15 a recording medium
and an inductiv i (ting. info i f L 39{' MeAsebshate 101. The
mag neto-resistﬁ&:ggﬁ%ﬁéﬁg&%ﬂ lgrﬁa%ﬂ&%ﬁ@%‘%@riﬁ%%%%@ rec%rr%ing r?%?dium. The
inductiverwetatibaaslitmohsgiect dadrapkscof 20, infosatiopotectrdjnghmadivitg coil 130 used as a
current supply £qule, BroRkiGe:AdsAkcpl & mAgRlit it Urilna-uKen dHieaaalan Ay 29
recording mediﬁn&A@s. own in Flé .5 and 6, rtgf?g‘pres?ent inventid%is characterized in tﬁr?at the
width Wigstherembatornt 20 thadseseat MeRI@R; Wt of the top pole 110. Preferably, a line
cqpnecting closers comers, AktiftPB AR HARITLIB HEHE Bekor i BISA ARgAc
approximately 10%W?';h respect to the axis of symm%]t?y of the 25 top pole 110 andﬁ"[{r% bottom pole
120. Alsbeae stiawroinifid®oftBn@pele 120 is preferably less than a track width. FIG. 7 shows the
distribution of agpggRetigigid gappaie Brdhe BRABASTRIBRAG SHAYHEEa® abe gt FIG. 7,

the width of the bottom pole is less than that of the top pole. Also, unlike in FIG. 3, a smooth, regular
magnetiStibRNStHe FeMRRAUMRINPIHES BIR3 R HJRVEALIBp pole. In particular, a magnetic field is not -
9 FED 2804 greatly increased at sides of the top pole but is uniformly distributed around both poles

and does not severely extend out to the sides between the top and oles. This reduced edge
effect is caused by making el i EROES CRIEH@NL Rk v'. the top pole, which is a
feature of the piaggBtigy BB TeMs Didredingsam favexanvio acasing asgonbadgufinformation
by a top pole and a bottom pole of a vertical writing type magnetic head. As shown in FIG. 8, an

informatiGHRNRRE D th S RF ROMBARY PEFHEYIRSSion (to the right in the drawing),

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



- information of each track is erased at the bottom pole '120 by vertical magnetism and new
information is written by the top pole 110. in FIG. 9 shows the position of the magneﬁc%ﬁﬁ% 2004
according to the present invention with respect to tracks of an information recording medium. As
shown in FIG. 9, a head is held at a predetermined skew angle E3 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

pertinengiragk TcAKbRPJELLNSH MR pole R ImipEisasbiawarareladisstRf the track

T1 without extending to the adjacent track T2. Thus, the bottom pole 120 corresponding to an

erasing pelgspEfbAagsdiabarverelyRand M ta tossiresb atwesadbR: PtRARMHRO R Midth of the

bottom pRifsgan PRiFRNRIUIIRR EMEAS S BEESSA Y RRaKIaG Té iR/ Riih eTrpBlBsttdeipiie a
magnetic circuit in cooperation with the top pole. FIG. 10 shows a top pole and %&ottom pole of a
magnetif¥EQW AT fAhsiHeP, RABOMHREhSA feaiw&sehthf |%‘(§W5HH’ 311 shows the

pasition of the tog PolR angifgiprmieokxplditryagasiiyheat whomg of iRFSrAStidnastartopole 25
120a having a relatively narrow width Wh' and a top pole 11 Oa having a relatively wid ;‘ggdt wt'
have a tRPR AR Qﬁ’é{%ﬂ iwele qha ¥ﬁé§’%&‘fﬁ5’%§i&§ﬂ? peRgRSHe top‘%o @‘%/‘fr(’)'é‘eg sIBped at

a skew apgigr8ratdheriracke plarad8.if ivovddshoyrmeadicsctiote (fodhe bighdrimphée driaavinggnetic

nas the CIMEGHGBCLEAR 5PAe Sob BORI 2L 5B ORORR RGPy H5E e RS e
120b inchesemestivppiondementaZibtaedap fierd@ment 122b for generating a magnetic field for
Tand 11, 5 atdthe SRV SR aRTa0n o e B e B e B tn e
the uppenedementwi2i resirettiscetrduidimian ihfesitapof tdeorsiingofeetiiga. andisisbegpenelement
e o B O FRUe S BRI A RIS R BRI Pe G BE RPRERE A 00w
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.



“ the sides of the top pole and bottom pole are equal to or less than a skew angle, in preferably equal

to a skew angle, thereby more effectively preventing overlapping of adjacent tracks @@Eq;sg,_( y 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 ovellaRPiRSShe1R MRRAMHEASKMNSRaFREER hatcMFEEiPPal skeuansAdwr disk drive.

Therefore, according to the present invention,éwoblems arising due to a skew anile unavoidably

occurrin§ ¢ 8n 1R @Mdatibnaee & MAE AP R e L R F WIRH R HPPEA BIRMSRE R

magnetigoydiediSabACEOIITaIQ MR RIBAEY NHgRENR faniTyewAmehForinatdyantagpe of the
conventional vertical writing type magnetic head, realizing a vertical, high-densit wr%: operation.
r

While thi4ARGE SIRMeRls tadhGosrasRRRSsi g BRtiemRristRRRshawn iR E ] a1,

embodinaertsHesRtr & wihdet undey stpaiipydhass teie|sstiontnsonst 12ab 2ayarinigcehwiages in form
and details may be made therein without departing from the spirit and scope of the inv %ion as
defined HARAN S HRRAESISRGY. BWlhat this sEbRiimeno et ars fBﬁe“?R Bk s

compr(ijsiagd ?éﬂ%}ﬁéﬁ%ld@rﬁ@ﬁpmzbbﬂ;mmbdtmmthﬁ)I%Jbiuataraetbaédmpelsl@mm@e’ ith.and
spaced a predetermined distance apart.from the bottom ' ein the bottom pole has.a
narrower width WEHQ%W[?B%?@ﬁaﬁs W&f@ll‘?&%ﬁh%ﬁ?@ c%@ié{%%grhe?g (ﬁ}%ég f[%cﬁ))ego?é and the
bottom pple sivkesBhangte pslapmaxiotaetypbde ardespaitotbe sk sy meiavy afighe bottom
pole and thzto (Bole. 2. The mg netic heat

R rowoPIRLFT TR T0HR bl B Ve O LT I & X Y0 ISP A (R BPO R gt
head comgjasiagt teaskbsitai¢o skatmhapniadostieheadivdtsutespatet tanuiacks.
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.

Ra&fRd. The 20



a top pole aligned with and spaced a predetermined distance apart from the bqttg -pale, wherein
the bottom pole has a narrower width than the top pole, the top pole and the bottdon* bﬁlé ving
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 d\8iadvisaolaimedl e 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 predg'term?r%e\éeaﬁﬁ gw %@%1%9\%8@%(?&% I?grag R”ﬁjn(ﬂe bottom pole and having a

wider width thanatsubptrateslement. 7 Abstract VERTICAL WRITING TYPE MAGNETIC HEAD
Provided is a veri rifi e magnetic head including a substrate, a bottom pole formed on the
substrate, and a O?E)%E)Yér(g %?’g{[%g%'v"v‘fﬁ?&ﬁ‘dﬁ&%éé’i’&q& ?eggfirmined distance apart from the bottom
pole, wherein thatopiqrol@alignesl wittaandvspadediha paedbienyinslaiianceagretidromie head is
construct ' t ole is narrower than that of a top, polg, thereby
reducing Zﬁéﬁéﬁ%‘%ﬁ%ﬁ%ﬁéﬁé&g ato%?élﬁspoqlg ?oaps So?eagﬁlq’%?‘f‘ggﬁ}e@?ﬁg n%ﬁd:’&lgswe of
information of arsadfatieat: arlick dapnedtirgcitsesipedenersdbtEngphpobeaut thérboktarhen there is
a CO%””%@Q%E'@Q’%%H&@ gf%‘f)p%‘)(ﬁhaﬁé% §0° or less with the axis of symmetry of the

bottom pole and the top pole.

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.





