HEAD FOR PERPENDI CULAR RECORDI NG W TH REDUCED ERASURE
1 BACKGROUND OF THE | NVENTI ON The present invention
rel ates generally to the storage and retrieval of

datEE A FORPEREBRDICUTAR RECORIPENG WHIFEREDUCGED BRASURE
invention relates to the placenent of shorting

shields around the main pole of a 5 perpendi cul ar
witer. A typical transduci ng'head consists of two
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encoded |nfornat|on on netic nedia and a _reader

portion for retriBA§ SHEBYYENEH N ded

i nformation f T g [
typically orggﬁgéé%g?%?gg%rgk Eamﬁgcﬂﬁékﬁypﬁgﬁﬂerﬁngezmm
or geatiievad] off rttata Wiithirf magoistic fikdia VRIS partioulat, rthe eplresenﬂ megntion

a track in 0S roxi mt to the nedia to, dete
G 1 Felfiss, 0B her PRrEnEtty ph hoizRe fiEldr  A1oiud AhE ahiig, pole of a
i epépendibian@heeri N the magnetic flux fromone bit

field to another result in_a _correspondi ng
resistivity chabgicahritmedicing best consisingé twot prtiony: ganwriter

o 3 O A A R e

dat peadett pompnl for |retnevmg| thalmagmtmetllyoemoﬂeamsﬁotmm fflem the
shar rrow, asll 0ssi.bl

©r aetier offe magnehE el sy R EREREREREIS RS Whiph are further

1G UCERAATIZEY i€ BHifets. ahe MR seksop &5&&1& enPY tlabein aaséqfrommuy
but instead by the witer and the process used t

encisdte mprdiaiter deteqt diffarencae imihg stared masgantis. flux between bit felds.
per Eﬁ&?@a&“ Alhe Jg‘ﬁéné ‘iﬁlohi/ 8Nl Shidid oo GnSMLD r?sgﬁt in a

Iea one adj acent return pole separat
f r omreapb\ndmgw eesmattwtarchange hmhcmrsgquenu rvbhmy output from the MR

Qgglﬁénlég A Pé/ealt lsl'tgﬁ ?E%n %ﬁ Hlf%%ltt fﬁeég 50 % rzngléegtlﬂi?ag GPQ/ detected and

1$Ur {368 -in RR$d bupagdit b@"cﬁﬁ@zﬂ thBie tHow® tlaALiesnsAbE shAPE ti is, as
nore | ayers of conductive cojls encapsul ated by

el eBATFIR S| possible| oPhaty trangijiens asTavell py otheat caxafastqrﬁacs for
MRIRRLLE AT Hdhe, Frd ddTRoNPS1URY the RGHET 6@ inGbdd i the wiiter and

the process used to encode the data within the magnetic media.
A perpendicular writer typically consists of a main pole with at
20 least one adjacent return pole separated from each other at an air bearing
surface. Additionally, the magnetic poles are connected by a back via at a
region away from the air bearing surface. Positioned between the two poles are
one or more layers of conductive coils encapsulated by electrically insulating
layers. To write data to the magnetic media, a time varying electrical current, or
25  write current is caused to flow ﬂuouéh the conductive coils. ,
The write current produces a time varying magnetic field in the
magnetic poles called the write field. The magnetic poles, back via and the
magnetic media are part of a2 magnetic flux path, which is also referred to as a

reluctance circuit. The write field passes from the main pole into the magnetic



25 wite current is caused to flow through the

conductive coils. The wite current produces a tine
varying nmagnetic field in the magnetic poles called

the wite field. The magnetic poles, back via and the
magnetic nedia are part of a magnetic flux path, which

is also referred to as a rel@tance circuit. The

wite field passes fromthe nmain pole into the

magnetic 2 nedia, thereby witing to a recording
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the effect of the wite field on adjacent tracks an
bi t magngticanef§a. The process of witing one bit field

may cause er agifesOf if e AGH Gemand that writers must write to

smaller bit fields with increasing flux density. One problem with conventional
perpendicular writers is the effect of the write field on adjacent tracks and bit

20 fields. The process of writing one bit field may cause erasure of the magnetic
data stored both to the side in adjacent tracks or to the adjacent bit fields in front
or behind the write head. That portion of the write field that causes unwanted
erasure is referred to as erasure field. There remains a continuing need in the art
for improved perpendicular writers w1th reduced erasure fields.

25



data stored both to the side in adjacent tracks or to
the adjacent bit fields in front or behind the wite
head. That portion of the wite field that causes
unwanted erasure is referred to as erasure field.
There remains a continuing need in the art for

i nproved perpendicular witerg wth reduced erasure
fields. 25 3 BRI EF SUMVARY THE | NVENTI ON A
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5 FIG 2 is a bottomview of a perpendicular witer of
the present invention viewed at the ABS. FIG 3 is a
bottom view of an alternative structure for a

per pendi cul ar witer of the present invention viewed
at the ABS. FIG 4 is a graph of crosstrack field
gradients for a conventional , 10 perpendi cul ar witer
and a perpendicular witer of" the present invention.
FIG 5 is a cross-sectional view of an alternative

structure for a erpendi cular witer of the present
i nvention takelBde%@ﬁgE%ngﬁ@N@FﬂﬁiE PBAWINGS; r

beari ng surfa i ' I:Lectd o '

bottom vi ew o f%’np éﬁI ?grrdﬁ%%%c\q)@hgﬂlE‘gtograep?%%da%ula?ﬁ tef of the
per presetit dhiventionrtakenr alofg & lpdarer mamial to theedit beating stinfade in the
at the ES FIG 7 is a bottomview of an alternative

st r BHRagK QUeHong  perpendi cul ar writer of the present
gnvention vi ePF@’. Bis 4 BEtdRSiew bfa g%_rdeﬁd@ular writer of the present
cross-sectional view of an alternative structure for "a
per pyadiiauyiavedpatthe ABY. t he present invention taken

al ong a pl ane rgal to.the 20 air bearing.surface |

the intrack dfﬂg'cgﬁbsn.a P?@:Dmgwi%‘s’,v é)%ba& tatﬁ%n\g}tll‘é?/vs cte for
al t perpaddisitarswiitee bfthe pkdentdinvgntion @ivhedult e ABSE er of

the present invention vi ex%d at the AES. FIG 10 i

Ois a,_.
graph of nodefle Hida &igRh f crasstskdield gradiepts Ly ¢ conventional
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str ures of 25 perpendicular witers of the present
i nvention to El@ohis alcrass-seationalevies of BETAleL@Dve structure for a

por BaRERdicisr v fer bg St RiveR R RO alohe & e pampep o the

FI Gair bedringtsakface il theihtaaclpiaesionor nal to an air bearing
surface (ABS) erpendi cul ar, witer 100. FIG 2 is
bott om Vi ew fﬂofnt'n Eh & gottom view of an alternative structure ?’or a
15 pexpen&icular writer of the present invention viewed at the ABS.
FIG. 7 is a bottom view of an alternative structure for a
perpendicular writer of the present invention viewed at the ABS.
FIG. 8 is a cross-sectional view of an alternative structure for a
perpendicular Writer of the present invention taken along a plane normal to the
20  air bearing surface in the intrack direction.
FIG. 9 is a bottom view of an alternative structure for a
perpendicular writer of the present invention viewed at the ABS.
FIG. 10 is a graph of modeled maximum write pole field versus
normalized maximum return ﬁelgl to compare alternative structures of

25  perpendicular writers of the present invention to a control structure.




5 bearing surface of perpendicular witer 100. The ABS
of perpendicular witer 100 faces surface 102 of
magneti ¢ nedia 104. Magnetic nedia 104 travels or
rotates in a direction relative to perpendicul ar
witer 100 as indicated by arrow A. Space between the
ABS of perpendicular witer 100 and nedia surface 102
is preferably mnimzed 10 whi Be avoi di ng cont act

bet ween perpendi cular witer 100 and nmagnetic nedi a

104. Magnetic nedia 104 |SI§¥% ically a double |ayer
perpendi cul ar medi a RS ESCRIPTEQNr di ng | ayer
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mat efdsebectional viey of FIGNd!iw dﬂcemdldsﬂg aytihe Slofraalt tor #Sair bearing
such as disclosed in _U.S. Patent 630,

MUl F‘qu%FyéABlsé pherrarRdieulpr WishLPY: Fig dob &?’i‘?&"%‘ﬂ?‘ﬁ figy the air
%X s%ﬁ&y&ﬂ rpeiBRGEE wrA%EIGR, - herein i ncor por at ed
y re

ence. t underlayer'108 is typically fornmed
from soft nagﬂ'heléBSaOﬁrﬁemenleblﬂr exabep| 190 faces abrfece 102 of

sof t etl erl i.ncl u s and I .
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100 i-ncludes first return pole 110, first back
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coils 124, second return pole 126, first orting
shi 04 128 (FIG 2) and second shorting shield 130

(FIG 2). Fir L ur 110 4 s _C

first back vi Zﬁﬂ at"pe dﬁ éﬁ%ggmg;'gafﬂryoﬁw(ﬁggl% asgrbéglp Ihdlcular
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Spacer Layers, herein incorporated by reference. Soft underlayer 108 is

typically formed from soft magnetic material. For example, suitable soft

magnetic material includes CoFe.and alloys thereof, FeAIN, NiFe, CoZrNb, and
20  FeTaN, with CoFe and the FeAIN being most typical.

Perpendicular writer 100 includes first return pole 110, first back
via 112, first set of coils 114, insulator 116, yoke 118, main pole 120, second
back via 122, second set of ceils 124, second return pole 126, first shorting
shield 128 (FIG. 2) and second shogting shield 130 (FIG. 2). First return pole

25 110 is connected to first back via 112 at an end away from the air bearing
surface of perpendicular writer 100. Second back via 122 contacts main pole
120 at an end away from the ABS. Second back via 122 also contacts second
return pole 126 at an end away from the air bearing surface of perpendicular

writer 100. First set of coils 114 is positioned between first return pole 110 and



main pole 120 with adjacent yoke 118. Second set of
coils 124 is positioned between main pole 120 and
second return pole 126. Both first set of coils 114
and second set of coils 124 are positioned in
insulator 116. First return pole 110 and second return
pole 126, as well as first 5 Mdack via 112 and second
back via 122, are formed fromSoft nagnetic nmaterials
such as but not limted to Ni Fe. The first set of

coils 114 and second set of coils 124 are nmde from
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20  design includes a first set of coils 114 to carry current into the page and a second

set of coils 124 to carry current out of the page, in effect letting current flow
with opposite polarities. The effect is an efficient driving force to the main pole
120 and yoke 118, with reduction of the net driving force (MMF) on the first
and second return poles 110 and 126’as compared to the one coil design.

25 FIG. 2 is a bottom view of the air bearing surface of
perpendicular writer 100. FIG. 2 shows the position of first side shorting shield
128 and second side shorting shield 130 relative to main pole 120 and first and
second return poles 110 and 126. First side shorting shield 128 and Second side

shorting shield 130 are spaced from main pole 120 in positions on either side of



128 and second side shorting shield 130 relative to
mai n pole 120 and first and second return poles 110
and 126. First side shorting shield 128 and Second
side shorting shield 130 are spaced from mai n pole
120 in positions on either side of 7 main pole 120 in
the cross-track direction. F7rst si de shorting shield
128 spans fromfirst return’pole 110 to second return
pol e 126. Li kew se, second side shorting shield 130

spans fromfirst return Eo[e 116 to second return pole
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r anigeledsrdestabilization of the recorded bits in the recording layer 106 of magnetic
media 104.
20 First and second side shorting shields 128 and 130 may be

modified in width and location. For example, the distance between each side

shorting shield and main pole 120 may be modified within a range from

approximately 1 to 7 microns. The distance may be reduced such that first and

second side shorting shields 128 and, 130 are located closer to main pole 120 as

25 shown in FIG. 3. Additionally, either or both of side shorting shields 128 and

130 may be recessed from the air bearing surface thereby increasing the
reluctance through the magnetic media 104 and thereby reducing erasure fields.

FIG. 4 is a graph of crosstrack position versus normalized

perpendicular field for purposes of illustrating the crosstrack field 132 of a



approximately 1 to 7 mcrons. The di stance may be

reduced such that first and second side shorting

shields 128 and 130 are | ocated closer to main pole

120 as 25 shown in FIG 3. Additionally, either or

both of side shorting shields 128 and 130 may be
recessed fromthe air beari n% surface thereby

increasing the reluctance t®ough the magnetic nedi a

104 and thereby reducing erasure fields. FIG 4 is a
graph of crosstrack position versus nornalized
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120 or near the air earlngwsur ace. Top shorting

s h| shcmtmgs@wld 166 isviosmed oha blosk lef sft megneticamaterialgsuch as NiFe.

T 054 gl 8 e TR el e

dowddwaedck direetion. OMag&iB@mﬂthefﬁ.ﬂ'mmorﬁpbnﬂ&ulaﬁ writer 100 at the

Per Bgsrl]tlcgncgtl tgg tovr\a/rslhtoﬁlrngls 1(? i3é thereby improving the write field gradient

20 above or in the downtrack direction from main pole 120. The perpendicular

field component is reduced over the area of the top shorting shield 136 resulting

in less destabilization of the information in recorded bits in the recording layer

106. As shown in FIGS. 5 and §, top shorting shield 136 may be combined with

first and second side shorting shielc}s 128 and 130 to provide both downtrack

25 modification of the write field gradient and crosstrack modification of the write
field gradient.

FIG. 7 illustrates a perpendicular writer 100 similar to that shown

in FIG. 6 with modification of the distance between top shorting shield 136 and

main pole 120, as well as, modification of the distance between first and second



position of the top shorting shield 136 thereby
inmproving the wite field gradient 20 above or in the
downtrack direction frommain pole 120. The

per pendi cular field conponent is reduced over the
area of the top shorting shield 136 resulting in |ess
destabilization of the informgtion in recorded bits in
the recording | ayer 106. As own in FIGS. 5 and ft,
top shorting shield 136 nmay be conbined with first

and second side shorting shields 128 and 130 to
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120writes 1§8ghati loabld;w inclusies bpthea foprshertitigcibicld laﬁ iand bottom

Voot SIRRCIY | PGS 88, HEDHRARILTGrR PaBefides wop

128s1mmﬂng’l.ﬁﬁelﬁﬂ)86bﬂjacamdbfmad pole r20sinoie ziewhtreclwhrdoaon and a
field ient. 5 Fl 8 and 9 |IIu

L1 gt SSartiag shickd s siscemdy BRmPUEIL) SDogeRtE drom tap shorting
16 ha&madohlsbl AR 'uidtrédikc(hfééﬁ% bmrtst #hd QBoRSiAE Isﬂ&aﬁg Isﬁieﬂis 128

36 and bottom shorting shield 138. In FIGS. and 9,
per preh i Qcenaect\ipp skorting shiclcli3gde dotte shoriingt Sihwgd 438 en gither

136 [ [

ai r 558 PEREH b8 120, (ARt siilol InliP1 AW fiom a block of

t 0 soft mapodtie rﬁé’t@najpm atselfhtf«‘eo mh_quarmhdrculan g/ritér Hl0i el FIGS. 8

; ﬁg?rlf‘fﬂég’gfﬂu 3 li"f’gé rﬂg I %giyngl %tbtatﬂ? 6%%@&3% %Ilfg%rosstrack
1shi :j@’ &btidbRad Qeﬂ’ ak bRIVIdER %ﬁirtﬂ%g rédit®orinkB8 efle Bield@ the uptrack

mai n pol e 120. Bottom shorting shield 138 is
for#ﬁ@tlprlom a block of soft magnetic material, such

as Ni Fe. The p u |
9 i nproves t hgﬁf‘v\ﬁ ﬁ?% % %%g 0grvb‘g r?gagﬁgrﬁﬁ%' H Rgl% £i@8%ersus
dovundrermatikedamelx imnos sétuacgole field. FIG. 10 illustrates modeling data using

the finite element technique to show the advantage of perpendicular writer 100

20  of the present invention. The models for the various alternative structures for
perpendicular writer 100 illustrated in FIGS. 2-9 are shown in the graph of FIG
10. Line 140 corresponds to the structure of FIGS. 8 and 9. Line 142
corresponds to the structure of FIG. 7. Line 144 corresponds to the structure
FIG. 3, while line 146 correspond/s to the structure of FIG. 6. Line 148
25 corresponds to the structure FIG. 2, and line 150 is a control perpendicular
writer without shorting shields. The graph of FIG. 10 illustrates that of the
various designs for perpendicular writer 100 achieve the desired high write field
with reduced return field as compared to a control perpendicular writer without

shorting shields.



15 directions as well as providing further reduction

in the erase field in the uptrack direction. FIG 10

is a plot of witer nmaxi mummain pole field versus
normal i zed maxi mumreturn pole field. FIG 10

illustrates nodeling data using the finite el ement

techni que to show t he advantaqﬁkof per pendi cul ar

witer 100 20 of the present i'Mvention. The nodels for
the various alternative structures for perpendicul ar
witer 100 illustrated in FIGS 2-9 are shown in the
graph of FI G Pewpendicar pupiter okQ0e &iyn @dditignallye be modified by

e GhER Bhn 6FAS, B Jngh) i i Aomh BAAGEARTRER, dfirm pote

st r tt0,uhe sidel secoritl, shohidgesHieldd284&de ehdsrang shxétdlBO tob&shorting

S Sb B et whie Y s cRr BRI 128 W recessing
Per BrOEE fidr@ EompPbricnhy of"ﬁér{S@id]cu% QhiteN 06 Q{Nﬁ& $m fREABS, the
graph of FIG 10 illustrates that of the wvarious

des rejpetaricgrthroygh yﬂ%ﬂ@ﬁé@l iperegges;t thereby geducingethe destabilization of
deSHc&qi Hu%n}%d ‘Jg%gtxc}%%ﬁ 1[)gduced return field as

conpare {0 a co erpendi cular witer wthout
shorting shi ePd@endlaﬂaewpmdiOﬂUbfathevlﬁreieﬁt ink@ftiomyncludes side

addltlonally be dlf cessing fromthe ABS, )
ei t Fharting sk L%%P?%@%ﬁ torgifge F‘figtanflé(’ﬂ‘ieﬁ fg«e}pemam

13-10p olt«:htéosaltdﬁ n%@xcﬂiédAﬁgor”FHer@dé m&ilﬁ*g l}%&kis Si'zgeand 130, with or
shortlng shi el dl 30, top shortin shield 136, bottom

showitheyf toniaad botigw sheringeshinids ?35& %rrdwlfﬁblfm aoxpyound main

CFE AR, 85, KA " BRASTiSo Rhe REC AW U e o
t heredack erasure rf'&:iﬁsesln thé pepbydicdauwitey IDD e)f the present invention,
destabj|jzation of _recaqr i nformat.jon,jn. m
T Opal i Eiar ¢ 0168 A feRcARs BRoIt Vithis tF SgUs father than
15 NVE&In@thtdUgh UHe Snidndc nSdaRd Whefk fé@bﬁ'ed%ﬂs?&na%j dés%mhzed

positioned to either side and spaced from main

pol eesultipg an therinfpsmatiem stopdan therecerding 1§Yﬁ3‘rhel“rgg€f39r¢ﬂe T size
12809&1@ b]o§0maywbé Qdﬁ)lgted by increasing or decreasing the distance from each

shorting shield to the main pole 120. Alterations to the box directly affect the
write field gradient.
20



wi t hout top and bottom shorting shields 136 and 138,
forma box around main pole 120 at or near the ABS,
t hereby i nproving the witélfield gradient to reduce
erasure fields. In the perpendicular witer 100 of the
Ckﬁ@ﬁsent i nvention, residual magnetic flux closes the
uctance circuit within the witer rather than 15
passi ng through the nagnetic nedia where recorded bits
can be destabilized .resulting in the information

1. ot oPERNSAUCHG heachharing 2 Wiler DRBIRFUNREEIRG: The si ze
of _biifaPeidTivRg Allslishadntly LaSRASIqIG OF decr easi ng

the distance fromeach shorting s d to the main
pol 8 coilposiioned atithrorespeot tortbelsoaingialgct | y af f ect t he

head R Tl B, st Antcrecosi M gaths. of Ao SR nux
exteadinyfremfthe secemdl ead @f the aromgolend; a coil positioned
Wi th re?%ect to _t?e mai n g{ol e; areturn pole formn

{1 r H1OR ML ADIEIE SRRSESh JOME the MaiR fIRk B appimately the
firsE ¥ha ¥ ki aﬁﬁpggepgngecond end of the main pole; a top
e

shorting s spaced fromthe main pole at
appadibiraidel sherting shielst theh coohectsetheafirst guide seegnt seturn

patiscdin Sl rbin e ikl Polbl ARORAPYIIE8 fibf Sy PR he

mairi palepr oxi mately the first end of the nain pole. 2.
The transduci ng head of claim1l wherein the witer
portion additionally conprises a second side shorting

2. Shi ¢hd tFé?@BuEiﬂgrPFé‘a.‘oeoﬁ 8inh MM whe@il tREGARS derﬁé#%ﬂditionauy
h of the

paths and is positioned on an opposite side
comprisep @l sedanshsidreshdrting tshigld dhatheonneas dine dirst andl second

retﬁ%aﬁgﬁsfe{no |st &?sit%“&i 88 la% %p@ﬁt%ré’léje ng?ttﬁé ¥n§inepole from the
first side shorting shield and spaced from the main pole at approximately the

first end of the main pole.

3. The transducing head of claim 2 wherein the first and second side
shorting shields are formed of soft magnetic material for allowing magnetic
flux to flow through the first and second side shorting shields into the first and

second return paths.

4. The transducing head of claim 2 wherein the first side shorting shield
and second side shorting shield are each spaced from the main pole at a

distance to reduce erasure fields in a crosstrack direction.

5. The transducing head of claim 1 wherein the top shorting shield has a
height extending away from an air bearing surface that is less than the height

of the first and second return paths.



first end of the main pole. 3. The transducing head of
claim2 wherein the first and second side shorting
shields are fornmed of soft1?ragnetic mat eri al for

all owi ng magnetic flux to flow through the first and

sec e.shorti ields into.the first and
6. Secold TafTRIRE e 31l . HiBulatbny doiherifo a frottom
sh@rmbés‘rﬁeld thAehés Bshelghﬂéxtéhdfnbl agay fioeh dn AinBeams@_driace
shorting shjeld are each sgaced fromthe main

th%dﬁ @S§tth%1n the keightef the firstAnds peturpinats in a

crosstrack direction. 5. The transduci ng head of claim
1 wherein the top shorting shield has a height
7. ext €heitrapsawaing head of cldim besbhéenein the Mmaie pdatis ifermed of

RSk B bgeBc o LS, o pecend retrn

additionally conprising a bottom shorting shield that
has_a hei ght extendin froman air bearing

8. qur TBEJraRICNG: hPad Ot Flali (hanese grineomaih ool asiditignally
coﬁlﬁmﬁerery%kérd?seﬁtrﬁé% tic MAg Faﬁ ansduci ng head of claim

the main e 1s orrred of high noment soft
magnetl c material. 8. The transducing head of claim?7

9 5 iﬁ%?f%?&é}i@pp@ﬂ%&% P 2 YR ¢ anstuci ng hebd of

cI athe rbtirepélencorhpisaseh Yirst Rl SeleRirics & Ssedohd réturn pole
return gol e and a second returnﬁ_&ol e connected at a

comrated aha back via ePRORiteiNe aearily Wfacece; the main
pol ghd ﬁlallrﬁ)?ateef% IB%E%elﬁetw&nf fh'ésﬁrsf E%tgfrﬂgaﬁ §n<f"ﬂ‘i’e sB€ond

second urn poe e maln poe _ I rst
retend patsj, dbenmairo potee havingb#arfirsty end uadjacentated the @ir bearing

sufoeei iR SeERRRARbERohErERTe RS bat P BH. " Contact
W t Wherein the first and second side shorting shields are in contact with

the first and second return poles at approximately the air bearing surface.

10. The transducing head of claim 9 additionally comprising electrically
conductive coils positioned with respect to the main pole for generation of

magnetic flux.

11.  The transducing head of claim 9 wherein the first and second side
shorting shields are formed of soft magnetic material for conducting magnetic
flux from the main pole into the first and second return poles by way of the
first and second side shorting shields.

12. The transducing head of claim 9 additionally comprising a bottom

shorting shield.

13. The transducing head of claim 9 wherein the top shorting shield
contacts the first and second side shorting shields and the first return pole.



the first and second return poles at approximtely the
air bearing surface. 10. The transduci ng head of claim
9 additionally conprising &Bectrical l y conductive
coils positioned with respect to the main pole for

1407 "hE; s ieind FRARL&F et 13 bzl ERBHSLRS it
sh@rﬁh?@lﬁeld%@ab@dﬁﬁ% e i pmigwﬁbreinrméeiblttah §ledrting shield
conductin netic flux fromth ole into the

CO'F‘iaPBStthsﬁlﬂg $REQKt idR Sherteg W'Gﬁy"”&'ﬂhg [second retpirmpgle.
second side shorting shields. 12. The transduci ng head
of claim9 additionally conprising a bottom shorting

15shi Al magnstic rHeerding ieddcihegmhgaetiofecordinghh@adivoneprising:

the t contacts the first and second
si dé @§8r®?%baglﬁpggg gﬂg the first return pole. 13
14. aTbeil tpoitihéc mgthhegspezt 1ol #anmdina@did ifonajenpration of

conpri sing a bottom shorting shield spaced fromthe
Magetic B¥ke wherein the bottom shorting shield contacts

they flafu?ﬁ I@fo?ﬁﬁ@ﬁf#rsiéﬁ& X%ESM Fé’tgrr?Pét‘Fk%r Eﬁ@flux

secon ur n po magnet i c ecordi ng
t heartegséoiting elmeicuiqn@\eﬂezicsozﬂompgnehmgwatanadmpacpdlfmm the

first on respect to
maif BofiCkhrnsp el 1nd sfiengit3né hiFiS ol oxPCS
r et drsidepsh@rtihgrshighd thdtrcdhnaod tae¢mchrrd8§eddmdn@tdm gattis, is
magnhetic flux; a top shortl_tsﬁqlshl eld forned of soft

forpggh&f | sofiipagnelic gﬁ?é%@} fasimis 1pacagd; fiomothe gpain pole at
apamfrﬁéwm%lﬂfsf%?%gf frtm8hdpfE. the main pole; and a

i de shorting shield that connects the first and
second return paths, is formed of soft nagnetic

6pps B, BBl rReSRRRE PebHalh PRfne e el comprising a
second S|de shorting shield that connects the first and second return paths
and is positioned on an opposite side of the main pole from the first side
shorting shield and spaced from the main pole at approximately the first end
of the main pole.

17.  The magnetic recording head of claim 16 additionally comprising a top
shorting shield spaced from the main pole at approximately the first end of the

main pole.

18. The magnetic recording head of claim 16 additionally comprising a
bottom shorting shield spaced from the main pole at approximately the first
end of the main pole.

19. A magnetic recording head, the magnetic recording head comprising:

a main pole having a first end;

a coil positioned with respect to the main pole for generation of
magnetic flux;



16. The magnetic recordi ng head of claim15
additionally conprising a second side shorting shield
that connects the first and4second return pat hs and
is positioned on an opposite side of the main pole

fro firs i de.. shortin hield ced f.ram

t he SrrRItin pitetorfiritE yrs] RfslPod Pl AR BRRREReNE A

nai B fopl shorfifg shield thane fermieat of doftgmbgastioimateibMmaaé is

additional|y conprising a toF shorting shield spaced
spaceshiremeMai PRIg &t @PRIOXpBIK theatirst 9nd e the main palg: apd

t he; il shi f3) ac‘ﬁ{ ' ,.jgﬁ:é f ;

cl a?rﬁ%gg@ghgisgna It@m?grrﬁgrg?gsi ths fg c?? %éc}% S orq%rlﬂ gaths, '
forgteicelofl sfhdeagriationmaieriamiandhdid espacedpliomxitmatrohin pote at

anhlgiihetehedyat et SR RB e Read compr i si ng: & mai o
pol e having a first end; a coil positioned with

resg_ect to the main pole for generation of maﬁneti c .
20¢ |y helmagae%traewdﬁm depdy g ol 19 twheygins degrigp shorting
_ ; L > . ol d
shio a5 o it cRlorRA Bl froian At B8t ShifaBe Hhahless
thaspthedweightohthafirst podesesondpptiusipatitsel y the first end

of the main pole; and a side shorting shield that

connects the first and second return paths, is forned
210f Fpbtmagpest irecovelirey hebd ehdldird $sPamRiitidriadp ¢haprsing a

Eole at _ approximately the first end of the main pole,
bogem shesting shiald spaged i dhaenainopolel al aprrexifpately e first

ing shield has a hei ght extendi ng away

en?%mgﬁ]ﬁﬁb%éari ng surface that is less than the

hei ght of the first and second return paths. 21. The

22ggg,gﬁ%rﬁﬁg§§%r %'cBganS %dea(&fofctlzlgfan]lgwﬁ‘g%iﬂ .&hoenBHté{m shorting
shield has a height extending away from an air bearing surface that is less
than the height of the first and second return paths.



bottom shorting shield spaced fromthe main pole at
approximately the first end of the main pole. 22. The
magneti ¢ recordi ng head of claim21 wherein the bottom
shorting shield has a height extendi ng away from an
air bearing surface that isless than the hei ght of
the first and second return”paths. HEAD FOR

PERPENDI CULAR RECORDI NG W TH REDUCED ERASURE ABSTRACT
A perpendi cular witer (100) of the present invention
conprises a main pole (120) connected to two return

HEAS PP ERFiII AR BEEBRY NG HER GG er BoAsuRe

field on double |ayer perpendicular nedia (104). The

perpendi cular writer magsPRA¢de side shorting
shi el ds connecting the first and second return poles

thereby nodifying the crosstrack field gradient.
A M@iehﬂimnlﬂrlvyriter mﬂaOQJ)eofp’étedplasleat inveintien comgpyrisesca umkEn gpole

(A EFRRATb S95bl 204 TP, Aah SRS ono o

mcﬁé%ﬁdrﬁﬁq shictdisl ( (2@8)3(5)0fhe‘réb%h§6uélﬁgt@rbb9fé field on double

erasure tields. di stance between the main pole and
layer pespridicygr sradia d304hehheppemamdiGubar woter udayinglede Hade

shdfih® shlefdd! SBcERG - tHd AEE ahd second return poles thereby
modifying the crosstrack field gradient. Additionally, the perpendicular writer
may include a top shorting shield (136) modifying the downtrack gradient and
may additionally include a bottom shorting shield (138) for further reduction of
erasure fields. The distance between the main pole and the shorting shields

may be modified to customize the write field gradient.

FIGURE 1





