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LONG SATURATI ON ZONE MAGNETI C WRI TE HEAD " BACKGROUND OF
THE I NVENTION Field of the Invention: This invention #elates, t.o
the field of data processing, to the field of nagnetic data recording,-and
nore specifically to a new and unusual magnetic recordi ng head yoke
apparatus/ net hod that operates to inprove the magnetic recording wite
process. Description of the Related Art: Prior art wite head
yokes, or pol e pieces, have been formedlso as to have a generally funnel
shape. That is, only one convergence break point was physically connected
to the yoke's const antt@NEsSAJEHATHIN ZONE MAGNETHC WRETEHEAR s pri or
construction operated to concentrate the head's wite flux at or within the
head's pole tip region, and @Eéﬁtﬁ(bﬁﬂﬁ)b‘%wt‘ﬁﬁ ﬁi\@ﬂﬁbil\? flux saturation
characteristic that is relati'vely rounded, for exanpre see curve 101 of
FIG 1's gap-field versus wite-current curve, also known as the Bg-vs-lw
curve. Field of diey Irivenfivavi de satisfactory NLTS and OVWWin a wite
head, an optinum and relatively high magnitude Bg is required. Al so, Bg

must be switched rapjdly as.data is wit n, an assogi at ed neti.c
nedi a, such as tapelﬂﬂs ‘&P’%‘P(t.‘mh‘:a“g‘i‘tﬂs gwftecﬁéﬁg%&@tq ReSRF{RS tﬁa%‘gggerléﬁrﬁet ic
field Bg desir | ] ' I:
field By equal Bipheaaoeebing RRkARbRRCIR IS S Bk Frd bl S BARFRAC
write bubbl e, mdcoadinglhead typk¥lappiatusgmetiiodythetxoperaiesitbémpecieathe megmatict v

Vm The publication | EEE TransMag. MAG 32, Novenber 1996, by M Millary is
cited for a di<GCQEENE VI RIRSEE: nagneti ¢ recordi ng characteristics.

Description of the Related Art:

Prior art write head yokes, or pole pieces, have been formed so as to
have a generally funnel shape. That is, only one convergence break point was
physically connected to the yoke’s constant-cross-sectional-area pole-tip-
region. This prior construction operated to concentrate the head’s write flux
at or within the head’s pole tip region, and operated to provide a magnetic flux
saturation characteristic that is relatively rounded, for example see curve 101
of FIG. 1's gap-field versus write-current curve, also known as the Bg-vs-Iw

curve.

In order to provide satisfactory NLTS and OVW in a write head, an
optimum and relatively high magnitude Bg is required. Also, Bg must be
switched rapidly as data is written on an associated magnetic media, such as
tape or disk. Rapid switching of the write gap’s magnetic field Bg desirably
expands the operating point where the write magnetic field Bg equals the
media’s switching field (Hc), sometimes called the write bubble, at a velocity
Vb that greatly exceeds the media’s velocity Vm. The publication IEEE
TransMag, MAG-32, November 1996, by M. Mallary is cited for a discussion

of these magnetic recording characteristics.



2 FIG 2 is a side view, and FIG 3 is a top view, of such a prior
art magnetic recording wite head 20 having a single convergence portion 21
or 321 within the head's top pole piece 22. Wiile these figures show a
geonetrically exact convergence portion 21, it is recognized that |ess than
desi rabl e manuf acturi ng processes nmay provide a sonmewhat sneared transition
area 321 within the pole piece. . Considering this typical head, FIG
3, and top pole piece 22 in the X- directi @ that extends toward the head's
transduci ng gap 29, pole piece 22 serially conprises a wide portion 40, a
convergent portion BBGiRag aisklebdewdend BYGdbtis 2dop viees c3Guahd [@ior @md a
narrow portion 39 that term nates at wite gap. 29. As is well known, :
el ectrical enefgRneHs FFosdinesyrite head havingy s &Q‘E’ser%?flqerﬂﬂié‘@n%gw’eti c

[0 o fLow B putluble. Rerd ehod i SLECH VIR UERTELARSIL R, POl o P ece

Cross-sect i onage@herically wkaer quavergencd fotrtiompl 1,)it isretognized eled8ss fhiay,
remai ns essentially constant throughout the X-direction |length of portion
40; i.e., the Sesieably mapEECHYBIMG BA9CATCHTAYHQVIded SomeWaat\snpeased fanpigion

essentially a : ver Y-Z pl ane cross-sectional area of
conver gent por%ﬁ%g?zg‘g&%gn t:ﬁ(r% gjll? glﬁergg'duces in magni tude, reaching its

smal | est cross-sectional area at about dotted line 34, this smallest area
bei ng general | y equ@bnsidetihg itk opsicsldrai OREG. Hrand top pode pinve 2 i@ thie[X-
portion 39. Top, pole piece 22 then term nates at narrow portjon 39, which
again usual ly ﬁlagctspw&zt griends towanl the bead sdransdueing 8ap 2% paisRies8ential | y

constant throu - di t] g tion : i S
apparent to t h%gga“&fctogﬁﬁesgn&?%ed og{rlP %ﬁﬁhéggﬁ ‘lf'%rg? §t&&§gﬁ§l 5t &ha( 1 B?(u?az?erffes
per unit crosspyp@eite@miaks 36&al 345 ah@watitrow pbitiond Ilchapeetmianted Gt varigdgey | Y

increases in nagnitude throughout the X-direction |Iength of convergent
portion 35, anddi &sgf walkkmgwymetlectiggirmnergieation hlhohuaritewopgctdl eperates to

induce magnetic flux to flow through the series flux circuit that comprises top

pole piece 22, gap 29, and bottom pole piece 25.

Note that the Y-Z plane cross-sectional area of wide portion 40 usually,
but not necessarily, remains essentially constant throughout the X-direction
length of portion 40; i.e., the area of wide portibn 40 as measured in the Y-Z
plane is essentially a constant. However, the Y-Z plane cross-sectional area of
convergent portion 35 continually reduces in magnitude, reaching its smallest
cross-sectional area at about dotted line 34, this smallest area being generally
equal to the cross-sectional area of narrow pole tip portion 39. Top pole piece
22 then terminates at narrow portion 39, which again usually has a Y-Z plane
cross-sectional area that remains essentially constant throughout the X-

direction length of portion 39.

As is apparent to those of skill in the art, magnetic flux density (flux
lines per unit cross-sectional area) is lowest within wide portion 40, gradually
increases in magnitude throughout the X-direction length of convergent

portion 35, and is of its highest magnitude within narrow portion 39.



3- As can be best seen fromFIG 3, the head's single convergence
portion 35 is fornmed by two opposite-side-di sposed pole surfaces 21 that
extend generally normal to the X-Z plane and that taper or converge to
provi de a gradual ly reducing pol e cross-sectional area within the
convergent portion 35,321 of top pole piece 22. . As shown in FIG 3,
surfaces 21 extend at an angle 37 that is generally in the range of about
37-degrees to about 55-degrees to the figdre's X-direction. As a
result of the single-step reduction 321 in pole cross-sectional area that
occurs between dot nedtahibedmesBieearfiodFIG. 3t hehd’ aBigpRt ¢anviek genceagartiahi on
of top pole piece 22 occurs within a relatively short X-direction flux -
saturation zohd!Dfprmegiby tweyapeesaterjde-dispesebpeleiuriscanet dhat exiends. As
defi ned herei n | [ i [ syured in
the X-directi g?\ne%%g’f hé‘x Jﬁaghggggréé??esg%%ﬁ‘%ﬁﬁeé%? r(\:éﬂﬂgrag%?‘cg ‘grioﬁﬁ egri ng
surface (ABS)gRdually rédirifepele Trods-dectionilred within fy ensedgahurtione poi nt
where saturation initiates at portion 34, the saturation zone gradually
expands t owar #,8R& afdan'poleaBiecei2. T sheam iniHE G sutfares At estesd 4tan
magneti c i npedance-l.eads to l. ttenp kot riQr VS- |
curve as is sH "gttﬁigﬁ)'f %fleéf%lg%g l-a%gte O?agé%tg’é'gggrﬁ%sttgkag%y éggclieeg(r f/esof
speci fic forng thesfigiges Xedificliont he term head includes, wi thout linitation,
bot h | ongi tudi nal and perpendi cul ar recordi ng heads. For purposes of
sinplicity, head 20 is showm in FIGS. 2 and 3 as having only a bottom pole
pi ece or yoke 25, Af aingswli pfdhetinglachemepdaction 321 dapolagiassaecticed FpE 2),
and a top pol iece qr. yoke - Th physical l.v -spaced and
para T ol ¢ peaboSaisPery g adtut v ap A gt ETGL nipred? 3R36RAR00
pl anar - coi nci gevdp; pdle Piecel Y cd@é Withifa irflatibély 38R X-direchlbarfux JdtRfation 28
forma longitudinal wite transducing gap or space 29 that )

zone 23 that is generally coincident with dotted line 34. As defined herein, the
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length dimension of saturation zone 23 is measured in the X-direction that
extends generally normal to the head’s air bearing surface (ABS) 24. As the
head’s write current is increased above the point where saturation initiates at
portion 34, the saturation zone gradually expands toward the head’s ABS 24.
The resulting gradual increase in magnetic impedance leads to a slow flattening

of the prior art Bg-vs-I curve as is shown at 101 of FIG. 1

Head 20 may take a variety of specific forms. As used herein, the term
head includes, without limitation, both longitudinal and perpendicular
recording heads. For purposes of simplicity, head 20 is shown in FIGS. 2 and
3 as having only a bottom pole piece or yoke 25, an intermediate nonmagnetic

or gap layer 26 (see FIG. 2), and a top pole piece or yoke 22.

The two physically spaced and parallel tips 27,28 of the respective top
and bottom poles 22,25 are planar-coincident; i.e., they both lie in the same Y-
Z plane. Tips 27,28 form a longitudinal write transducing gap or space 29 that
is occupied or filled by gap material 29. The specific materials from which
poles 22,25 and gap 29 are formed are not the subject of this invention. It

suffices to say that poles 22,25 are made from a material that has a high



is occupied or filled by gap material 29. The specific materials from which
poles 22,25 and gap 29 are formed are not the subject of this invention. It
suffices to say that poles 22,25 are made froma naterial that has a high

4 perneability, a low coercivity, and a high electrical resistance, an
exanple of which is the Permalloy brand of NiFe. Gap 29 conprises a
nonnmagnetic material, exanples of which are silica and al um na. As
is well known, a fringe nmagnetic field (not shown) at the general X- Y-Z
vol une of gap 29 operates to induce a remmant state of magnetization in

the Y-directi @armadilityh &Qu@hwﬂrci&ft?r)%ﬂi 5 BidH S18creiRBl fesistince, 6h es@hyleasf acent

magnetic recording nmedia 30, as relative novenent 33 occurs in the X-

di rection bet weaeh iscthd Promady heandaof3yiFe. Gap 29 qomfirise80 neaynagosiifi se a :
| engt h of magnetic_,recording .t I c ri.se an annul ar portion of a
il BERR R e MG Y Y AR

magneti c recoth T %irection axi s, this
annul ar di sk portion extendi ng between the disk's inner dianeter track (1D)

and the disk's out es igiveslEkRswi,| AftindeGgned fB10\(ot show i at3he ighetagafl’ s
wite-track-width 38 is generally determned by the Z- direction wdth of
tip 27 of uppd-Zpwilempiof@apRP operates to ipgyqeca gmnaat |side of magagtiedtipn ise an

noad s -2 pi ity s Rl B0GRRM 67 PSR PRl g, ot FUSHERISIIRE LT oo

of nedia 30 by wayti@tectidifg HediaGoi @ réibdive troveinght 3B otcurdsnahé K-measur ed
in the range of mcro inches. Al t hough the various figures of this

appl i cati on dépeetiombetyragntheaid 29 andemedididty head and nmedia system the |ong
saturation zone appar at us/ et hod

Media 30 may comprise a length of magnetic recording tape, or may
comprise an annular portion of a magnetic recording disk that is spinning on an
X-direction axis, this annular disk portion extending between the disk’s inner
diameter track (ID) and the disk’s outer diameter track (OD). As shown in
- FIG. 3, the head’s write-track-width 38 is generally determined by the Z-
direction width of tip 27 of upper pole piece 22.

While write head 20 may comprisé an in-contact head, FIGS. 2,3 show
head 20 as being a flying-head wherein the head’s Y-Z planar ABS 24 is
separated from the adjacent Y-Z planar surface of media 30 by way of an X-

direction flying height 31, usually measured in the range of micro inches.

Although the various figures of this application depict a longitudinal
recording head and media system, the long saturation zone apparatus/method
described herein can be applied to a number of perpendicular recording head
geometry as well. For example, a single pole perpendicular head can be
formed in accordance with this invention so as to have a long saturation zone

as described herein.

As stated above, prior write heads of the FIG. 2,3 type provide a very
short saturation region 23 that is relatively rounded when the head’s Bg-vs-Iw

curve is investigated.



descri bed herein can be applied to a nunber of perpendicul ar recordi ng head

geonetry as well. For exanple, a single pole perpendicul ar head can be
formed in accordance with this invention so as to have a |ong saturation
zone as described herein. As stated above, prior wite heads of the

FIG 2,3 type provide a very short saturation region 23 that is relatively
rounded when the head's Bg-vs-Iw curve is investigated.

5 The present inventor has discove¥ed that when wite head yokes,

or pole pieces, such as yoke 22 of FIGS. 2,3, are fornmed to have a single

general l'y funnel 5I"I%epé%nﬁﬁvén?oxd%&é&l(?%v@'edtﬂ‘if tifen WpRH a8 poxds sposed

confl uence surfaces 21 shown in Fl e., only one break point 34 is

provi ded wher @oldpiedes;rsaabiangoke a8 L TGS @talarafaramedf toylve 24nglei ns t he

yoke's constant area tip . region_39). the head's wite magnetjc flux is
concentrat ed &EPeIR4YBReelishaps ég %ﬁrﬂ@ggn%hy the We gREOHIRY AROAFH

ar rangerent Opgpakes.d fBlaY hdSnawhla ¥IGIYi A 1A Ll pELehLi ¢ vhose

saturation regron s undesirably roun ul't1ng ess than .
sati sfactory [gedhdadavievd\tiohdcaeising sloiscSedtivnal reavefifokel®2ajdins the yoke’s
SUMMVARY OF THE | NVENTI ON, . ..dnproved ngon-linear-transition-shift
(NLTS) and ovE&PRFtARbareeily regien fPhinediead isivatemasraticcilvg istonsenyatedaat
exhibits a hi : -1 1 8ld : veryf | region in
ts Ba-v- tw ool B 2okioh 35} mdPls pOMinRrtRlata drAngBH Gpdrfls'B0

wi dt h- sl ope- bipeekidpai Bg-ss-1ad speratihf edaraortistie ndespoatirstian repdod isience
zones, in the head' sy wite head' s top yoke

oke geonetry. . . The w,
(16, the yomadesrabsl reundedqthusrarylting in less Buncatiststory Yh ESngHVad: s
track width) ig shaped Lol hs JHldadye confluence

SUMMARY OF THE INVENTION

Improved non-linear-transition-shift (NLTS) and overwrite (OVW) are
- provided in a magnetic write head that exhibits a high deep gap-field (Bg), and
a very flat saturation region in its Bg-v-Iw curve. This is achieved by having
two or more width-slope-break-points, also called confluence-points or

confluence zones, in the head’s yoke geometry.

The write head’s top yoke (i.e., the yoke member having a narrow tip
region that defines the head’s track width) is shaped in its multiple confluence
region such that the yoke contracts, funnels, or narrows in a number of stages,
such that a long region or zone of the yoke abruptly saturates when an
optimum value of Bg is reached. This long saturated zone prevents the Bg

from exceeding the optimum value.

As a result, excess magnitudes of Iw can be used to energized the
head’s write coil, thereby providing very high dB/dt during the write process
which will then occur in the steep region of the Bg vs. Iw curve, just below the
curve’s saturation knee. This, in turn, yields a high write field gradient which

in turn yields good NLTS, good OVW, and narrow read-back pulse width.



region such that the yoke contracts, funnels, or narrows in a nunber of

st ages, .such that a long region or zone of the yoke abruptly saturates when
an optimum value of Bg is reached. This |ong saturated zone prevents the Bg
from exceedi ng the opti num val ue. As a result, excess magnitudes of
| w can be used to energized the head's wite coil, thereby providing very
hi gh dB/dt during the wite process which will then occur in the steep
region of the Bg vs. 1w curve, just bel ow bhe curve's saturation knee.

This, in turn, yields a high wite field gradient which in turn yields good

NLTS, good OVW andsfaeed QAV‘ﬂxfoQHQ—wb@ﬁ kb préRniMrehtion provides a new and unusual
6 Stated in anot her way, t resent i nvention provides a new and

unusual nagnetmegrpmicegolpop@lemlwe or §p y&«ea mgnatlm@medmg wrtoheididomr it e

head, f | di
hape of the. yReBRpe B doRBR il ot hrsP e per e drRciro aod SRR or
flux Bg to an | SPEFA6E Y Sy Y BAldeY %t@g@% afh ARG Feltdsr ngtﬁgto has a '

very flat saturation region wthin the hea BJ- versus-1lw characteristic
curve. As a resptifymtvatndbngtevidgmgtachighinagnitndb & githiav das aiveny dat samestson

magni tude Iw, so.that th ead, s, wite f|eId i ncreages rapidly to
its optimum vAcg¥n W{E‘r"eﬁ‘ﬁg\‘? Sﬁ}&ﬁviefsé‘sgﬁ‘gchqré‘ftﬂﬂ ¢ 6Pty ‘gf 85§5‘ﬁ &asi ng
at this optimyp,uad yeidusil ken B8ldrivah vith B efceé® ﬁrnhﬁﬁe 18S 58 1HEMIRYbad’s
unusual geometry in accordance wth this inventiol. The résult is better
OVW | ess NLTSyrieengap fieldiBg Srecreases Ina;atilytmntxts bjmanumnﬁrlua,ndhemugondhalm’lter S

of an associ at ed netic recording dis obj.ect of the present
invention is t&ﬁpﬁg hepi! m@aém%gwa&%tq#éﬂaﬂpwgwewumbrstowaﬂanﬁ Pse

width are i ”prﬂifcg%w 3 4 hHg Ll é@ﬁ?eoﬂf@t ’mﬁ(&gr fgvxg?fhﬁ/?rﬁf‘eﬁfno X-pi pe

design that yi'e arge magni t ude deep gap
head' s writ e- detz resbitliebettert OF V¥ ahsws NLRES, apddoiwdiuise and/tam lfdthtthsatxwrau on
region within the head!s Bg-vs-lw characteri'stic curye.

and outer diameters of an associated magnetic recording disk.

An object of the present invention is to provide a magnetic write head
wherein NLTS, OVW and pulse width are improved by virtue of a yoke, pole,
pole-piece, or yoke-flux-pipe design that yields a large magnitude deep gap
flux field Bg within the head’s write-gap, while at the same time, providing a

very flat saturation region within the head’s Bg-vs-Iw characteristic curve.

These new and unusual results are achieved by providing a head yoke
that has at least two cross-sectional-area-change break points throughout

which, or between which, saturation occurs.

In accordance with this invention, the cross-sectional-area-change break
points are defined by angled side walls wherein the angles at which these walls
extend are small enough (i.e., less than 12 degrees) to cause simultaneous
saturation to occur along the length of the cross-sectional-area-change break

points.

The two-stage funnel shape of the present invention (FIGS. 4-6), and
the four-stage funnel shape of the present invention (FIG. 7), provide a yoke

that is tailored to contract, or reduce, in cross-sectional area such that a long



"These new and unusual results are achieved by providing a head yoke that
‘has at, | east two cross-sectional -area-change break points throughout which,
or between which, saturation occurs. I n accordance with this
‘fnvention, the cross-sectional -area-change break points are defined by

angl ed side walls wherein the angles at which these walls extend are small
enough (i.e., less than 12 degrees) to cause sinultaneous saturation to
occur along the length of the cross-secti®nal -area-change break points.

The two-stage funnel shape of the present invention (FIGS. 4-6), and the

four-stage f lﬂ@%&%b SRR oRE shitRatel &% @Bherhlly EHY da0k (ieGvhen a dRSieMd dstud oroke
that is tailored to contract, or reduce, 1n cross-sectional area such that

a long write gap flux Bg is reached within the head’s write gap. 7 region of the
yoke saturates at generally the sane ti rre when a desired value of wite gap

flux Bg i hed, wi thin th d' it
s par tant o ¢t ridHove, DaRTmBatEheD BRBresent lvenull BARELARE D 0
break poi nts ;pf;id ﬁ%@h&%&&fehﬁ%@ﬂiywﬂﬂﬂ eShelgefivadd 15y ¥he@isiiet Rallangl es

at whi ch these lﬁ@s exte are small enough (i.e., Iess t han 12- de%rees)
to cause si mwhemeincths angtesraatwiioh theseoralls m@dgarersmélrmghr(ee less
cross-sectional - area- charglge bre K points. on of the

yoke sat ur at d€- %?gr(j%ﬂéf’éﬁ §e S ?é‘ﬁ@ui F%’é”\kﬁ&” OC(‘I‘EE¥1 fong Qfa?%ggse& “write gap

Fllux Bg is reached Wohhi- &eﬁ%aﬂﬁ@%@akvﬁdﬁﬁ daRhis way, a longhegloareranhkengt h of
this saturation zone prevents the gap f Bg from exceédi ng a desired

val ue. As a Iyekalsaturmsex(geasraﬂgghe same tiofe when & desireemalupwioentengapused to
energi ze the head's wite, cail. providing a very high tinme rate of
change of ga@uﬁI%&I-‘(EﬂﬁFh?‘j Wdﬂ’r“i’ﬁlbet‘]‘??él ﬁ@'&ﬂegaaﬂ te process. This in turn
yi el ds good NLTS, OVW and read-back pul se w dth.

The large length of this saturation zone prevents the gap field Bg from
exceeding a desired value. As a result, an excess magnitude of write current
Iw can be used to energize the head’s write coil, thus providing a very high
- time rate of change of gap flux (dB/dt) during the head’s write process. This
in turn yields good NLTS, OVW, and read-back pulse width.

An object of this invention is to provide a write head having a yoke
wherein the rate of change of cross-sectional area within a first yoke region is
usually, but not necessarily, zero, followed by a second yoke region wherein
thie rate of change of cross-sectional area is relatively low, followed by a third
yoke portion wherein the rate of change of cross-sectional area region is
relatively low, followed by a fourth tip region wherein the rate of change of
cross-sectional area is usually , but not necessarily, zero. When magnetic flux
is induced to flow within this yoke by electrical energization of a write coil,
the flux is confined to its smallest area within the fourth tip region, and the
magnitude of the flux that flows at the head’s write gap is controlled to be
equal to a desired value by virtue of a cooperation between the above
described second and third yoke regions that yield a long flux saturation zone
at least within the third yoke region, such that this entire third region saturates

substantially simultaneously when the desired value of flux is reached at the



An object of this inventionis to provide a wite head having a yoke
wherein the rate of change of cross-sectional area within a first yoke
region is usually, but not necessarily, zero, followed by a second yoke
region wherein the rate of change of cross-sectional area is relatively

|l ow, followed by a third yoke portion wherein the rate of change of
cross-sectional area region is relatively low, followed by a fourth tip
regi on wherein the rate of change of cross8sectional area is usually, but
not necessarily, zero. When magnetic flux is induced to floww thin this
yoke by el ectry erg| [ J L bye i ined to
its smal | est a‘?ggé %\/ﬁ]h:i%htzr ﬁfék?gw&ﬁgt%ét?g’éﬁ@%{h‘%&n%q?ﬂééwnﬁgﬁ? ﬁ%éhof t he
flux that fl ovwseaéntshke head gapviiud Bgfagmitsereafier micteadingdsbanyegreat amouat,
desired val ue by virtue. of ? cooper ati on bet wgen %Fe above descri bed second
and third yokehfegyoneldingt g speiratipn sigpeita the Aeas agpBrluxWeltercurgast
within the thi ion, such that this entire third regi on saturates
substantial ly ihlqﬁ%‘? aghtgeﬁg%%' when the desired value of flux is reached at
t he 8 wite gap. The
relatively |ong | erifidsecindtdtbet hbjedtss advamtgs andifeatuees oftherpresats t he
wite gap flux Bg from¢thereafter increasi by an reat anmount, fhereby
Vel Gi ng . | oAPESRIATTbRE SPBBET 50 HhiseH AL Tt o) BRTRFSIEEERCE Lo dhe
characteristi ; rﬁ‘ﬁ?&] | nd
features of tﬁgﬁg{rsvg[gge%%talﬂﬁegﬁtsgon W l@fl“ﬂ %egérgﬁgﬁg%ﬁ%“t ﬁg{s%qgf@ g@ﬁ?lﬁl in the
art upon ref erveliick descrifinéod nlakesvrefgretet ao tieeldrhedng.i pti on of preferred
enbodi ments of the invention, which description makes reference to the
draw ng. ) | FIG |
is an exanpl e of a magneti C-or-eHorre 2 SeF-y gs-lw solid line
characteristic curve that is achieved by use of a magnetic pole, pole

FIG. 1 is an example of a magnetic recording write head’s Bg-versus-Iw

solid line characteristic curve that is achieved by use of a magnetic pole, pole
piece, or yoke, in accordance with the present invention, wherein the dashed
line curve of FIG. 1 shows results that are achieved by typical prior art

designs.

FIG. 2 is a side view of a prior art magnetic recording write head having
a single convergence region within its top pole piece, this construction and
arrangement resulting in a short magnetic saturation zone within the top pole

piece.
FIG. 3 is a top view of the prior art magnetic recording head of FIG. 2.

FIG. 4 is a side view of a first embodiment of a magnetic recording
write head in accordance with the present invention, this head having a two-
step convergence within its top pole piece, this construction and arrangement
resulting in a long magnetic saturation zone within the top pole piece, and this
construction and arrangement providing the highly desirable Bg-versus-Iw

characteristic curve that is shown by the solid line curve of FIG. 1.



pi.ece, or yoke, in accordance wth the present invention, wherein the
dashed line curve of FIG 1 shows results that are achieved by typical
prior art designs. FIG 2 is a side view of a prior art nagnetic
recording wite head having a single convergence region within its top pole
pi ece, this construction and arrangenent resulting in a short nagnetic
saturation zone within the top pole piece. FIG 3 is a top view of
the prior art magnetic recordi ng head of FI9%G 2. FIG 4 is a side
view of a first enbodi ment of a nmagnetic recording wite head in accordance

with the present inppnlsQega tb{?&&v@;@ﬂ%e‘“@é@ﬁﬁd%nh%i niloRBri € PERORHBR e d Wt hi N
its top pole piece, this construction and arrangenent resulting in a |ong

magneti ¢ saturBiGof zone within the top pole piece, and this construction
and arrangenent providing the highly desirable Bg-versus-lw characteristic
curve that is shown gég éhe solid.|

FIGy

. l.ine ve of Fl .
5 F G 5 1 SFLS B o vy Similftde G SrehersT: Sisghedite dedogr di ng
head of FIG 4certain dimendibfs ofah emBolintdt Jfthé Afvehfof! G 5 wherein FIG 6
is used to define certain dinensions of an enbodi ment of the invention.

FIG 7 is a top view of a second enbodi nent of a nmagnetic recording wite
head i n ‘accor dance W@&h7 iha tpp sienef psoeand gnbodipiest pbamagaotingecorfing -

step convergence. Within its top pol i ece, t.his const.ruction .and

arrangenent al %’6“%%4 th # ‘ﬁfﬁafgﬁ ‘6‘6@‘ Wé??tc‘n‘s’%rftt?fla?li”& e%%ﬁgw\ﬂﬁtahfoﬁ"'t he

top pol e piecegiepRdntiligenEORathin! Bk itO Farédpiééé,ﬁﬂﬁmﬂtru@ic&?axﬂf b fédiferdthe

hi ghly desirabl e Bg- versus-lw characteristic curve that is shown by the

solid |ine curaleoobsulting il a long magnetic saturation zone within the top pole piece, and
this construction and arrangement also providing the highly desirable Bg-

versus-Iw characteristic curve that is shown by the solid line curve of FIG. 1.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

- FIG. 1 shows an example of a Bg-vs-Iw curve 10 that is achieved by the
use of a magnetic recording write head having a multiple-confluence-designed
magnetic pole or yoke in accordance with the present invention. This figure
plots fw on the horizontal axis, with increasing magnitudes of Iw extending
horizontally to the right, and plots Bg on the vertical axis, with increasing
magnitudes of Bg extending vertically upward. A saturation point, or knee 11,
occurs within an associated double-confluence write head yoke (FIGS. 4-6),
and an associated four-confluence write head yoke (FIG. 7), or more generally,
an associated multiple-confluence write head yoke, in accordance with this

invention when the magnitude of Iw indicated at 12 is reached.

In general, it can be said that a flat saturation slope region 14 within
curve 10 provides good NLTS and pulse width performance, whereas a high
magnitude or value 13 for Bg provides good OVW performance. While a zero
slope for curve portion 14 is ideal, in general, the siope of curve portion 14
after saturation knee 14 should be less than 1/6"™ of the slope of curve portion

16 before saturation knee 14.



"DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FIG 1 shows an exanpl e of
a Bg-vs-lw curve 10 that is achieved by the use of a magnetic recording
wite head having a multipl e-confl uence-desi gned magnetic pole or yoke in
accordance with the present invention. This figure plots Iw on the

hori zontal axis, with increasing magnitudes of |w extending horizontally to
the right, and plots Bg on the vertical axis, wth increasing nagnitudes of
Bg extending vertically upward. A sat ur at il8n poi nt, or knee 11, occurs '
wi thin an associ at ed doubl e-confl uence wite head yoke (FIGS. 4-6), and an
associ at ed four - coSukhanuegnetict wribehehdyimkarcofdaBee With this imyentigmeshibitsp, an

associ ated nul ti pl e-confl uence ite head yoke, in accordance.with this
i nventi on whe lgthh%‘drré@ﬁﬂ bﬁd’é‘?‘%ﬁi’g q%rﬂj?’?fé(t safurgton ge%%?lﬁéa}ts 8- I n

general, it c  1SAl £l i I £Q.00; L{hi.0 curve
10 provides gggégﬁE%éggéhghlgglghé %lﬁ@%eg{ o?%la%%gge%-elﬁgﬂaegwg%ﬁa&atl?rrlgglﬁi t ude
or value 13 fpointg gsoviliescegdhentdrpbpas fiarthehesd’s Wkt geametypas wipbef or
curve portion 14 js .ideal, ineggtg%ral t he sl ope, of curve grrtio 14 after
saturation knéescribeghodh gxpmpleceistieyalnei9tsBglsis i therrangs ghérom abeyt 24

portion 16 befc(‘g; go Sl ?té' 146} 15%3&1'1&» write on media with a c?%rcive. field of about

10 Su nmagnetic wite head 1’ n accordance w this nventron
exhi bits a hi gho@dkrsiedp. Bor\eabmple] dse afieheli-kirywnh Nild masdrial & a gokeehaoin 14
inits Bg- versus-lw curve 10. This is _achieved by having two or nore

wi dt h/ area breenatryssehasd agragged i1 pesrdanee wish eis ppientign capsesiBe yoke'te yoke

geonetry, as W ry ue of Bg 13 is in the
range of fromﬂatg%)al}??ﬁﬁﬁg‘&%&b@&?%&y@eﬁh%ﬂpﬁg\rﬁ?b wite on nedia with
a coercive field of about 2200 Cersteds. For exanple, use of well-known
Ni Fe material in aAgakeesuhaexdess amgrituded efilvaaichras fogexhmpleddCorldabewe W t h
this invention causes the yoke to saturates for field vgl ues, general ly
greater than magniggde 15, can be used, thereby providing a very high dB/dt during the

head’s write process without driving the write process into the low slope

region of the saturation curve where dB/dt becomes small.

Stated in another way, the present invention provides a new and unusual
magnetic pole, or yoke, for a magnetic recording write head wherein the
geometric shape of the head’s yoke operates to limit the head’s write magnetic
field or flux to an optimum high value, represent at point 13, and wherein the
head’s Bg-versus-Iw curve 10 has a very flat saturation region 14. As a result,
a write head in accordance with this invention can be driven with an excess
magnitude Iw, i.e., magnitudes equal to or greater than magnitude 12, so that
the head’s write gap flux field Bg increases rapidly to its optimum value,
represented at 13. The buildup in the head’s write gap flux field abruptly stops
at this optimum value, due to saturation 14 of a yoke that has a new and

unusual geometry in accordance with this invention.

The flat or generally zero-slope of portion 14 of the FIG. 1’s curve 10
provides about a 5 dB improvement in NLTS, as compared to a write head that
does not provide a saturation knee in its Bg-versus-Iw curve under typical

conditions (see FIG. 1’s curve 101).



As a result, excess magnitudes of Iw, such as for exanple FIG |'s |lw
magni t ude 15, can be used, thereby providing a very high dB/dt during the
head's wite process without driving the wite process into the | ow sl ope
region of the saturation curve where dB/dt becones small. Stated in
anot her way, the present invention provides a new and unusual magnetic

pol e, or yoke, for a magnetic recording wite head wherein the geonetric
shape of the head's yoke operates to limfjthe head's wite magnetic field
or flux to an optinmum hi gh value, represent at point 13, and wherein the

head' - - h . -atjon. | :
rocult, 8 write neadcis BeRdeiRadei bt kil Wil aRhIIMERE A 5,

an excess nagshduld®elay, shorLas positle! Wikite tiiUatk bo reundiesainethetsafirativgni t ude
12, so that the head's wite gap flux field Bg increases rapidly to its

opt i num val uekne¢ept @S cnreail @is maporian, Hlse 0fgpeatimprEtapes Wepreseace b 1 ux
field abruptly stop t IS t i e, due to saturation 14 of a yoke
that has a neé}eatﬁl%f R %géﬁl%neg&r:@ rgyﬁ]h%eagg'cordance with this invention..

The flat or generally zero-slope of portion 14 of the FIG |'s curve 10
provi des about a 518 imperravesenbdbtd thabinTtyo asnftwnmpay fdirtconfluende, ©r msa@d t hat
does not provide a saturation knee in_its Bg-versus-|w curve under typical

condi tions (sgenerally multipleganéluepas, yokes in accordance with thiyppyessen Bris 16 of

curve 10 is agsQehal A Whi Bohhext ko ddoen ah dek 30el 300Wed DGO RS pSARLL 8

possi bl e. Wi el oundness i uration curve 10

i's inportant, sahffle Qt ggheallyithpeimani@e. i s the presence of the flat slope
portion 14 after knee 11. It is inportant to note that in two

confluence, four confluence, or nore generally multiple confluence, yokes
in accordance wit hFlGi 4 is aveda view, and FiG 5 is a top view of one embodiment of a

magnetic recording write head 120'in accordance with the present invention,
this embodiment having multiple convergence portions 141,142 within the
head’s top pole piece 122. It should be noted that write head 120 may
comprise the write portion of a combined read/write head, whereupon bottom
pole piece 25 of FIG. 4 is shared by write gap 29 and by a read gap and read

pole piece (not shown).

With reference to FIG. 5, top pole piece 139, when considering in an X-
direction that extends toward the head’s transducing gap 29, comprises the
serial arrangement of a wide portion 140, a first convergent portion 141 that is
bounded by dotted lines 136 and 134, a second convergent portion 142 that is
bounded by dotted lines 134 and 135, and a narrow pole tip portion 139 that

terminates at the write gap 29 shown in FIG. 4.

Fig. 5 shows that top pole piece 139 includes a wide portion 140 that is
located remote from write gap 29. Wide portion 140 may be of any of a
number of geometric shapes that are not critical to this invention, and in FIG.
5, wide portion 140 remains essentially constant throughout its X-direction
length; i.e., the area of portion 140 as measured in the Y-Z plane is essentially

a constant.



desirable that the entire X-direction length of at |east one of the yoke
portions saturate at generally the sane tine. FIG 4 is a side view
and FIG 5 is a top view of one enbodi nent of a magnetic recording wite
héad 120 in accordance with the present invention, this enbodi mrent having
mul tiple convergence portions 141,142 within the head' s top pole piece 122.
It should be noted that wite head 120 mgy conprise the wite portion of a
conbi ned read/ wite head, whereupon bottonrrpole piece 25 of FIG 4 is
shared by wite gap 29 and by a read gap and read pol e piece (not shown).
Wth reference to H &chdanepwpblithispheesion3she Xk planersoskeséatipnahamea of-
direction that extends towa head' ransducin ap,29, conpr.ises the
serial arrangeiefPr? 8?%%\/?8@’%?& ﬂnti%llye{e??rregtmg%lg,ggﬁ%,nﬂ[ea%x ilbh 141
that is boundagaift dpbdscetolibherarta: a8dildthePunerANITERNNENIGENL 0! L On
142 that is bounded by dotted Iines 134 and 135, and narrow pole tip
portion 139 tdextionel arieaat d344ds abheau;yleqealgaphagxeglhmmg d¢rosd-b&tichal area

Fig. 5 shows t .to ol i ece 139 incl es Wi ortlon 40 at i's

| ocat ed renot g]‘?PB %qp Sd%a"%enwa@%f‘f% 43“&&% ﬂgeéf‘r ahsy® B)?l af _
nunber of geofrd fit& NILKEnt PakicH ?4P@kteﬁ8'ak 'tH@%ela%Rzera?gé QH%@tdfoiBouﬁnd In
FIG 5, wde portion 140 rentai ns essentially constant” t hf oughout I1ts

X-direction |&hgeprees.te.the fllgureis e&dokcpon.t Due tMﬁlsd'sctnﬂasmteabf ichaggeeofy- Z
pl ane is essentl al I% a.co

12 hg 8t é‘?‘F&lé"\ﬂf matcrf ihis; fisb e yseRtpoiey 147 £AB berdsfineddeid onal
area of fi rstr RN BRI OB ERIMek4 15100 RLEMMA! 121 46 ﬁ@x%u 5&?39%}%9@% »

reaching its smallest cross-sectional area at about otte 't ne 13
smal | est cr osthat setehd @eakradlyamratal 13 4hd X-HeheeadfIBIGequal to the begi nni ng
cross-sectional area 134 of the second convergent portion 142. Note that

the side surfaces 1?50 in accordance with this invention, the Y-Z plane cross-sectional
area of second convergent portion 142 continually reduces in magnitude,
reaching its smallest cross-sectional area at about dotted line 135. This

- smallest cross-sectional area at 135 is generally equal to the constant cross-

sectional area of the yoke’s tip region 139. Note that the side surfaces 221 of
this second convergent portion 142 extend at the relatively small angle of
about 5-degrees to the figure’s X-direction. Due to this fact, the rate of
change of the cross-sectional area of this second convergent portion 142 is a
relatively low rate of change as compared to the corresponding rate of change
of the first convergent portion 141. Again, side surfaces 221 are generally

planar surfaces that extend generally normal to the X-Z plane of FIG. 5.

The head’s top pole piece 122 terminates at a narrow tip portion 139
which has a Y-Z plane cross-sectional area that remains essentially constant

throughout the X-direction length of portion 139.

Again, considering the magnetic flux density within the above-defined
serial arrangement 140,141,142, 139 of the head’s top pole piece 122, the
magnetic flux density is at its lowest value within wide portion 140, and wide

portion 140 is not saturated by write currents such as 12 and 15 of FIG. 1.



.

this first convergent portion 141 extend at the relatively |arge angle of
about 55-degrees to the figure's X-direction. Due to this fact, the rate of
change of the cross-sectional area of this first convergent portion 142 can
be defined as a relatively high rate of change. Side surfaces 121 are
general ly planar surfaces that extend generally normal to the X-Z plane of
FIG 5. Al 'so in accordance with this invention, the Y-Z plane
cross-sectional . area of second convergent 1portion 142 continually reduces
in magni tude, reaching its smallest cross-sectional area at about dotted

line 135. Thiwithimkhefitstaonssrgeac pbaivtl 141 6fipalke pidce i X2, ghadlual deasitgqual to
the constant cross- sectignal area of the yoke's tip region 139. Note that

the side surfiaseapsopin e digcsiogdemdatindvitiegbift tpéettedling 434 o Hawevern t he

Lo his iact B istped i pud it sperRE Breifct BBrier Bl sdp s L s econ
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the corresponding rate of change of the first convergent portion 141%d
Agai n, side spetigoekiZ2ofipaleciepenbiZithy flukadeasity begias encreasing, eadend

generally normal to t X-Z pl ane of . FI.G . 5. . The head's top pole
o ce 125 {ortrearige ohinds fuPeBli s RIFESs RRmlteR Rl s o ahe
cross-sect i ongkowgiat (39X -difdtlioR Je@Bhe MHadlid, Yas TRISdetdity cOhAH@ROW the
X-direction | ength of portion 139. Agai n, _consi dering the magnetic

flux density inFtedss throughows/hedefdirestiondength of postiefe héht palaplace1l 222~ 139

f the head' I ' 22.. th ti I densi i i t
oot hanc bR e BiRed Bich B8 TREPRRA 2B MO R 4K urac e
by wite cur rlgﬁggaﬁgg,ﬁo@gogglgmd 15 of FIG 1.

13 Wthin the Tirst convergent portion 141 of pole piece 122, the flux

density increases in the direction fromdotted |ine 136 to dotted |ine 134.
However, this incrBegseonvergenpe anghsidy ofiorgiondd? ps lsga thanappdesiess) end in

saturation Ofth}shclzasse it is 5-degrees. This angle 147 is set such that leakage of flux

through space to FIG. 2’s bottom pole 25 is exactly compensated, and the
entire region 142 saturates at the same value 12 of the write current Iw that is

shown in FIG. 1.

Now that pole piece 122 is saturated, the flux flowing through tip
region 139 is primarily determined by the flux confining characteristics of the

second convergent portion 142 of pole piece 122.

As can be best seen from FIG. 5, the head’s first convergence portion
141 is formed by two opposite-side-disposed pole surfaces 121 that taper or
converge at a first fast rate, to thereby provide a first fast or high rate of
reduction in the cross-sectional area of first convergent portion 141 of top
pole piece 122, and the head’s second convergence portion 142 is formed by
two opposite-side-disposed pole surfaces 221 that taper, or converge, at a
second slower rate, to thereby provide a second slower rate of reducing cross-

sectional area within the second convergent portion 142 of top pole piece 122.

While the exact shape and angle of surfaces 121,221 are not to be taken

as a limitation on the spirit and scope of this invention, as shown in FIG.5,



partion of pole piece 122. As magnetic flux now enters the second
convergent portion 142 of pole piece 122, the flux density begins

i ncreasing, and saturation of this portion 142 of pole piece 122

si mul t aneously occurs throughout its X-direction length. That is, as flux
density continues to increase throughout the X-direction |length of portion
142, pole piece 122 saturates, the saturatgg region of ole piece 122 being
indicated in FIG 5 as long saturation zone™ 123. The convergence
angl e 147 of region 142 is less than 12-degrees, and in this case it is

5- degr ees. Thisyrfases é21.22ljare dlag and phanan suripeask suyéacss extand tHr stuggnespiice to

FIG 2's bottaom pale i X |y co at.ed. ;aRd .t he.entire reqio 42
caturates at CHAREEIST o aeBHES sideat GABRE Gl ERCalitig anf Suk il 221
FIG 1. extd¥Mat Hafaled Endle 8AF f2Bous 5 iREtHeat6dhe fidgrd s Xedirkombmg
through tip region 139 is primarily determ ned by the flux confining

characteristics of the second convergent portion 142 of pole piece 122.
As can be best seerA§ aspsult of tigs twneste sritustion pspoleross-gpotivaabaneri on 141

is formed by oppQsi.t essi dexdi,sposed, pol£ s ces 121 that taper. or

conver ge at a_tb\fg?‘?lggxp gg\g{eglllgfﬁﬁégt}’tahaﬂ%e y’Lﬁom@aff'P?gfietlFQg X%ﬁ?‘?ﬁ‘tﬂ? rate
of reduction 'dftbg?:d}é PRze IRt b witheRa Pélafivdl$ lofORVEF&RIYn Mef tion 141 of
top pol e piece 122, and the head's second convergence portion 142 is forned

by two opposi tsetwiatien diospd@ddhpoeendsy genceadlyetwepmdottap dines d84d8Avehye, at
a second slowey .rate, to Lhereb rovi.de a,second sl ower rate of redugcing
Cross.  sect | ofafings Barsify Fherierts SEoHan of 08 Hetioh tans 2245 BASEEH Sol o
pi ece 122. the X-Wreb@ok Pates@&dds Bl b rARD LR hell TS AF 88ariddl sidddcear e

not to be taken as a limtation onthe spirit and scope of this 1nvention,
as shown in FI(6BR) 24. 14

Head 120 may take a variety of specific forms. For purposes of
simplicity, head 120 is shown in FIGS. 4 and 5 as having only a bottom yoke
25, an intermediate nonmagnetic or gap layer 26 (see FIG. 4), and a top yoke
122. Electrical energization 310 of write coil 300 operates to induce magnetic
flux to flow through the series flux circuit that comprises pole piece 23, gap

29, and pole piece 122.

The two parallel and physically spaced tips 127,128 of the respective
top and bottom poles 122,25 are planar-coincident; i.e., they both lie in the
same Y-Z plane. Tips 127,128 form a write transducing gap, or space 29, that
is occupied or filled by gap material 26. The specific materials from which
poles 22,25 and gap 29 are formed are not critical to this invention. It suffices
to say that poles 22,25 are made from a material that has a high permeability, a
low coercivity, and a high electrical resistance, an example of which is the
Permalloy brand of NiFe. Gap 29 comprises a nonmagnetic material, an

example of which is alumina.

As was explained relative to FIGS. 3 and 4, a fringe magnetic field at
the generally three dimensional X-Y-Z volume of gap 29 operates to induce a

remnant state of magnetization in the Y-direction, and throughout an X-



surfaces 121,221 are flat and planar surfaces, surfaces extend 121 at
generally an angle 137 of about 55-degrees to the figure's X-direction, and
surfaces 221 extend at a smaller angle 147 of about 5-degrees to the
figure's X-direction. As a result of this two-step reduction in
pol e cross-sectional area between dotted |lines 136,134 and 134,135 of FIG
5, magnetic flux saturation of top pole piece 122 occurs within a
relatively long X-direction flux saturati ok zone 123 that extends generally
bet ween dotted lines 134,135. As defined herein, the | ength di nension of

| ong sat ur at i afirecvioe dle@Sh | of avelaselyedjdcent mgﬁ@tdi feectding nield&t siecht &BIE of
generally normal to the head' s_air bearing surface (ABS) Head
120 may take & {hrk @5 Fel3fivepediterton SIQrsmepbpCqis b@%@n&eaéllﬁel gng; thy head
120 is shown i edihCS. 4 and 5 as having only a bottom yoke 25, an

i nt ernedi ate nonnmagnetic or gap layer 26 (see FIG 4), and a top yoke 122.
El ectrical energization 310 of wite coil 300 operates to induce magnetic
flux to flow throughs sfaeedsprevisustyl, uxagnietic wedortlingtmediapoi mas cpmbespaece 25,
gap 29, and pqle piece 122, The two paral] el and physically spaced
tips 127,128 anstEéJ r@%’ﬁf\?&m@é‘tﬁ PG> BHMBYFOPPIIES 2 ARNY fé?P§“°“° a

pl anar - coi nci %ﬂe  Beordi MlsEQEQt 1|s's§ x?@né%&ﬁaﬁmerCgorpgﬁgethlJ?ﬂﬁlélg? 128

forma wite tr uci ng gdp, spac IS occuple ed by

gap material sk gbeicpectehndiag rbntxeeexaﬂm disiosnmder dinpatesadl (A5 andtigap 29
are formed are not critical to this invention. It suffices to say that

pol es 22, 25 ardiskip@uter diamatandracki (D) nAs shewn in ﬁi‘éhip@ued%m Wﬂ}e -tigckow

coeroivity, andafh WhBlh ShESLE) BBl AR ARG % R ENRURIR Blagfh £ [ 3ote

Permal | oy br and s magne

exanpl e of Wwhigefle bﬁecgllqm na As was expl ained relative to FIGS. 3
and 4, a fringe nagnetic field at the generally three dinensional X-Y-Z

vol ume of gap 29 operates to induce a remant state of nmagnetizati on in the
Y-di rection, and tWeitgjhead 130 may comprise an in-contact head or atlying head, a

above described.

As a result of this embodiment of the present invention, write head
yokes or pole pieces, such as top yoke 122 of FIGS. 4,5, are formed to have a
multiple funnel shape 141,142, as is defined by the two oppositely disposed
confluence surface pairs 121,221 shown in FIG.5, such that two break points
134,135 are provided prior to the decreasing cross-sectional area of yoke 122
joining the yoke’s constant area tip region 139. This construction and
arrangement operates to provide a Bg-vs-Iw operating characteristic having a
high magnitude and deep Bg, as well as a very flat saturation region. These
new and unusual effects are achieved by having two or more width-slope-
break-points 134,135, also called confluence-points, in the head’s yoke

geometry, as above described

FIG. 6 is a view similar to FIG. 5 in that FIG. 6 again shows the top
view of top pole piece 122 having the two magnetic flux convergence zones

141,142.



15 direction depth, of a closely adjacent magnetic recording nedia such as
30 of FIG 2, as relative Y-direction novenent occurs between head 120 and
the nedi a. As stated previously, magnetic recording nedia 30 nay
conprise a length of magnetic recording tape, or may conprise an annul ar
portion of a magnetic recording disk that is spinning on an X-direction
axis, this annular disk portion extending tween the disk's inner dianeter
track (I1D) and the disk's outer dianmeter track (OD). As shown in FIG 5,
the head's wite-track- width 138 is generally determ ned b%.phe )
Z-direction width ofn theffollowiag digspesionof wagpusemhgdiments of the igyentiomda)

Ae a rsul 1 of RSt BERT hACk WRRE s ecRited b AelBREn 2 GIRERREREHHRRE.

or pol e pi ecesheightchl idsntifgd ¥10&®0,13% d¥tardde GOl i¥lmbasuréd frbat fiRdsiie d0ausgt a
mul ti ple funnel shape 141,142, as is defined by the two opposi tel:é di sposed

confl uence surheadethseatr4001 toy thecends#Baf the serend flux gepvengart zans b#oaé) poi nt s

134, 135 are provjded jor ot degr eas) ss-sect konal _area of yoke
122 i oining Lnaopare e el dntd BolEBaY 4 o AR36R6H AR TonlEat ral anc
arrangenment OppsRtEthel éhdP40Y b ehedsdddnd Thix¢ARefRht Bene D4 agiderd)distanbavi ng
a high magni tude and deep Bg, as well as a verﬁ flat saturation region.

These new and ZAisthel Zulitestios wideh g€ Hieetrigd (3 ohtigi segordyfus coppergent zone
i dt h- sl ope- by eakspoi nt.s 134,.13 d fl ~ROINLS,, i th
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to FIG 5 in that FIG 6 again shows the top view of top pole piece 122
having the two nmagnetic flux convergence zones 141, 142.

In embodiments of the invention, the head’s write track width Z1 was
maintained generally at about 3.0 microns, X1 varied from about 2.5 to about
3.5 microns, X2 varied from about 2.5 to about 4.0 microns, Z2 was
maintained at a value generally equal to 3+2(X2)(tangent of 5-degrees), and

the Y-direction thickness of top pole piece 122 was about 4.0 microns.

As is well known, and with reference to FIG. 2, the point 401 of FIG. 6
at which the head’s top pole 22 to bottom pole 25 separation begins to
increase beyond the dimension of the head’s gap 29 is called the head’s zero

throat point.

FIG. 7 is a top view of a second embodiment of a magnetic recording
write head in accordance with the present invention, this head having a four-
step convergence 701-704 within its top pole piece 700. This construction and
arrangement also results in a long X-direction magnetic saturation zone within
top pole piece 700, and this construction and arrangement also providing the
highly desirable Bg-versus-Iw characteristic curve 16,14 that is shown in the

solid line curve of FIG. 1.

In this embodiment of the invention, the first and widest convergent
region 701 is defined by the two side surfaces 705 and 706 that extend at an
angle 707 of about 45-degrees to the figure’s X direction.



16 In the foll ow ng discussion of various enbodi nents of the
invention, (1) the head's wite track width is identified as dinension ZI,
(2) the head' s -throat height is identified at 400, (3) distance X1 is
neasured fromthe side 401 of head throat 400 to the end 402 of the second
flux convergent zone 142, (4) distance X2 is neasured fromthe end 402 of
the second flux convergent zone 142 to the end 403 of the second fl ux
convergent zone 142, and (5) distance Z2 {5 the Z-direction width of the
end 403 of the second flux convergent zone 142. Note that a head's throat

hei ght 400 is al sorgggicddd t'ﬁ}@h the fgurtﬂ’coﬁv@x‘%@ngregions 702-704 af7DOdI nent s
of the invention, the head's wite track wdth Z | "was mai ntai ned generally

at about 3.0 mespeainely Zdfinveal byesinfitansideisnufaces that exteinoat prgoessivelphagex2

varied fromaboyt 2.5 to abpouj 4.0 mcrons, Z2 wa intained at a val ue
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head's top paleprdss soothedigureispXildirezfionetharsidd wallpefjthesthird doneerae beyond

the dimension of the head's gap 29 is called the head's zero throat point.
FIG 7 is a ti6glan &4 extegd 4638 astefiuehnut 5t 7-degesgn de the Hgewr 8i%hg wite
head in accor Wi r i i i V] r-

tep conver giishg'ab she g FaRr EGh BBy drbl BRI LGB AL T

and arrangeneiigl@l7$0 ofabolit 6.8i-degretOR0th¥-fijur€6tX diresrgmet i c saturation zone
within top pole piece 700, and this construction and arrangenent al so

provi di ng the highly desirabl e Bg-versus-I CJ)aract ri.stic curve 16,14 that
is shown in the sofbgn|anseompages e g7 embodiment of this pvendom sitheent of

to 51 de sur FaSkaRg ARG B EPnyRNETIORNEch TG O7s badtf | o0 P 11
45- degrees t adnkerdinguegion M5diorespbnds to FIG. 4-6’s widest converging

regionl41, and that the composite converging ;egion 702-704 of FIG. 7

corresponds to FIG. 4-6’s converging region 142. That is, the rate of change

of the cross-sectional area of FIG. 7’s region 705 is high relative to the rate of

change of the cross-sectional area of FIG. 7°s composite region 702-704.

Note, however, that within FIG. 7’s composite region 702-704 the rate
of change of the cross-sectional area step-increases in the direction of write
gap surface 729. That is, (1) the rate of change of the cross-sectional area of
region 702, as is determined by angle 708 of about 4.7-degrees, is less that that
of region 703, (2) the rate of change of cross-sectional area of region 703, as
is determined by angle 709 of about 5.7-degrees, is less than that of region
-704, and (3) the rate of change of cross-sectional area of region 704 is the
highest that is found within the composite region 702-704, this rate of change
being determined by angle 710 of about 6.8-degrees.

Examples of dimensions of the FIG. 7 embodiment of the invention
included a zero throat dimension 721 of about 1.5 microns, a dimension 722 of
about 0.94 microns, a dimension 723 of about 2.2 microns, a dimension 724 of

about 4.7 microns, and a dimension 725 of about 7.2 microns.



17 The second through the fourth convergent regions 702-704 are
respectively defined by simlar side surfaces that extent at progressively
| arger angles to the figure's X direction. Mre specifically, the side
wal I's or surfaces of the second convergent region 702 extend at an angle
708 of about 4.7- degrees to the figure's X direction; the side walls of
the third convergent region 703 extend at angl e 709 of about 5.7-degrees
to the figure's X direction, and the side walls of the fourth convergent

ion 704 extend 0 814 ahout 6. to the f X
i rection. o kel ohdeiAstaded fSeRpHSh BT SRBGITIHE osftew%x%éi{tfwém. on
to the FIG 4-§ E%gﬁ Cg‘n@hé wiit¥ EH ?é“ip_ﬁdé}dégs\gﬁ §‘Pﬁl{s

wi dest converglng reglon orresp on st convérglng
regionl 41, andehfdtack hmlsz:owphh |are1mpmweﬂ gngrtnegfa)lpoYa?eHQﬂuﬂ-fplfé @esign
corresponds to FIG  4-6's converg g reg |o? 142. That is, the rate of
change of the t@pbg@l%{qrgﬁg}aggﬂgge per-gep LioldsBg 4§ vithinghe headys ghritesgapi ve

Lo e L o le 80t tagl " Eme BO91dNRC P2 e Ritafihn Fdon 140w RAIPAR! 1 ©

regi on 702-704. meve S conposite

regi on 702- 70khdalies FEG el B -eélawgmam‘ctérmlcwu@sswectl onal area
step-increases in the dlrectlon of wite gap surface 729. That is, (1) the

rate of change of the cross-sectional area of region 702, as is det er m ned
by angl e 708 of abolitesg nevyakft uadsual sesplts are priueveddy mvrcbgs@meﬁdafok(ez) t he

rate of chang e er ed, by
g e 700 of aBeLpFEATRRRTR 8RR B EhaPardi e Ale Ok ATplsS FEYSS Mg
the rate of Ch@fg@fxﬁﬂhepsm@ ¢FIG. (Sn@hndiltl&ﬁfdmfr sf@lfﬁﬂnéi%apéoflﬁmhﬂgﬂles't
that is found within the conposite region 702-704, this rate of change

bei ng det er ni rfaliorsd tOnefnyveras contraplo of redureda grutple stages, sucteshais loagox-
di mensi ons_of &1¥eecg&r)1u%[eglf espadi prl;‘fé‘ble% 354{5?ate9‘£?9%g& &% e s‘éﬂfdg%zﬁm throat

di nension 721 m Cro 427m crons,
a dimensi on 72gh&f th%bépﬁmﬁm?ddﬂr@d YAl 13 6f BEMSb 66en7%4cﬁ)éd BbMeéthehdTs BRET ONS,

and a di nension 725 of about 7.2 m crons.
as a result of energizing the head’s write coil with a Iw that is equal to, or
exceeds, FIG. 1’s magnitude 12. The long length of this saturation zone
inhibits the Bg within the write gap from exceeding the desired value 13 of Bg.
As a result, an excess magnitude 15 of Iw can be used to energize the head’s
write coil, thus providing a very high time rate of change of Bg (dB/dt) during

the head’s write process. This in turn yields good NLTS and OVW,

In addition, during read-back of a magnetic media bit, transition, or
pulse that has been written by a head that is constructed and arranged in
accordance with this invention, it has been found that the 50-percent pulse
width (PWS50) of the read-back pulse has been decreased; i.e., minimized, by

operation of this invention.

As was mentioned, a low slope is required of the saturation portion 14
of FIG. 1’s Bg-vs-Iw curve 10. This highly desirable low or nearly zero slope
for saturation portion 14 of curve 10 is obtained by providing (see FIGS. 5 and

7) a long, multiple-step, X-direction distance between the point where the wide



18 From the above detail ed description of enbodi nents of this
inventi.on it can be seen that a nmagnetic wite head is provided wherein
NLTS, OVYW and read-back pulse width are inproved by virtue of a

pol e/ yoke/ fl ux- pi pe design that yields a |large magnitude deep gap field Bg
13 within the head's wite-gap, while at the sane tinme providing a very
flat saturation region 14 within the head's FiG 1 Bg-vs-lw characteristic
curve 10. These new and unusual rd8ults are achieved by providing a
head yoke that has at | east two cross-sectional -area-change break points.
That is, the pomtiosbhge yekmedgishaperamdwlhid tie foiandhetectheqow Shidge f unnel
shape of FIG 7 are tailored to converge, contrac&, or reduce in nmultiple
stages, such PREPWE|Y9KS DRLChEY Ehe Sanstant grRWoVidth of Boletipiregi@nsat ur at es at
generally the sane tine, and when the optimum desired value 13 of Bg has

been reached in the, headtasnQaRi@Shd nfettidn, QﬁeFf‘déSB?!cgé_ 6@&05?—%9&&0%26

coil with a lwthat is equal to, or exceeds, gni tude 12.
| ong | engt h ohreahivithimiad firsttyiode regioa thahishdistant fremBhe wiritei gupt lseofiar fitse gap

from exceedi ng .t he desired value 13 o resul.t, an e s .magni t ude
15 of 1w can Batiedy b ¥uF drorregien L‘éﬁgf Eﬁf\n? #ad Zegiph 75&@% v’Ddflﬁa a
very high ti i i e SoiWhI ;
process. Thi gﬁ}{]ﬁ:tﬁro &;fc% d?g@%a@ﬁﬁf%@gg@o@%ﬁxh%sewﬁd ?Igﬁgé(éj’d%ltgﬁt lsduri ng
read- back of elogagtetiecwrieglgap v 6f a se¢comdirelatinelydowern velaet(bed rdeasn Nd2rof
witten by a head that is constructed and E’::r an‘ged ie accordance with this

i nvention, itFHasS Badfomnasieragion: 12- 50 pbFiGn ajiyg bt PARODS of t he
Thack oul so. bt Do e O
25 bkl S g s AT B PO O

saturation porddiomntht tefminkfes at'the Bgité apus eetov@ed Begidhil SO RIFFIGY Sdasd rabl e
| ow or nearly zero slope_for saturation portion 14 of curve 10 is obtained

by- provi di ng (essen Zp&of HGyqa.

Magnetic flux is induced to flow within the yoke by operation of a write
coil. This flux is confined to its smallest area within the above-mentioned third
yoke portion. The magnitude of the write-flux Bg that flows at the write gap
is controlled to be equal to the value 13, shown in FIG. 1, by virtue of the
above-described first and second yoke convergence zones that yield a X-

direction long saturation zone within at least the second region of the yoke.

In accordance with this invention, the yoke’s entire X-direction
saturation zone saturates simultaneously when the optimum value 13 of the
write-flux Bg is reached. The X-direction length of the yoke’s saturation zone
prevents the Bg from thereafter increasing by any great amount, thereby
yielding the low saturation slope curve portion 14 shown in FIG. 1. Stated in
another way, the cross-sectional area of a funnel shaped magnetic flux pipe is
tailored as a function of its X-direction length such that flux density Bg is
constant just prior to saturation of the flux pipe. As a result, the entire length
of the yoke’s multiple funnel tailored zone saturates at generally the same

moment, and a sharp knee 14 is produced in FIG. 1’s curve 10.



7). a long, multiple-step, X-direction distance between the point where the

w de 19 portion of the
yoke begins to narrow, and the point where the nowfully- narrowed yoke
nmat ches the constant narrow width of pole tip region. I n accordance

with this invention, the rate of change of cross-sectional area within a
first yoke region that is distant fromthg wite gap is of a first
relatively high value (see region 141 of PG 5 and region 701 of FIG 7),
and the rate of change of cross-sectional area within a second yoke region
that is closer to fthe aRpve-wetpaledidesernptionef preferred ambodimentowéthival ue (see
region 142 of. FIG. 5.an 0 ite regign.702-704 of. Fl 7). Preferably,
but wit hout |1q¥,e{%§9%§ﬂ§jﬁ@r§?§a§<emg arel atygn 8ﬂéﬁ%§p16‘f aB&éggg%EEﬁanal ar ea
within a thirghveekenra8ton it RAbwhehif thakeskidikd ‘i@ﬁ:i%ht@illggﬁoh%z&%ﬁ&g ggee
region 139 of FIG 5 and region 739 of FIG 7). gnetic flux is-

i nduced to f|t wventiant weuslideeye pthgreanzhddiments thataretlikewdsd within shef | ux is
confined to its.smallest area w thj.n the above-nentioned third yoke
portion. The ?Péﬂﬁ??%&%o%efo ﬁ'gs {eP8%% ux Bg that flows at the wite gap is
controlled to be equal to the value 13, shown in FIG 1, by virtue of the
above-described first and second yoke convergence zones that yield a X-
direction long saturation zone within at |east the second region of the
yoke. In accordance with this invention, the yoke's entire
X-direction saturation zone saturates simnultaneously when the opti num val ue
13 of the wite-flux Bg is reached. The X-direction |length of the yoke's
saturation zone prevents the Bg fromthereafter increasing by any great
anount, thereby yielding the | ow saturation slope curve portion 14 shown in
FIG 1. Stated in another way, the cross-sectional area of a funnel shaped
magnetic flux pipe is tailored as a function of its X-direction |ength such
that flux density Bg is constant just prior to saturation of the flux pipe.
As a result, the entire length



‘of the yoke's multiple funnel tailored zone saturates at ge
nmonent, and a sharp knee 14 is produced in FIG 1's curve 131“[] Hm

I

20 The above-detail ed description of preferred enbodinertstof"th
i'nvention is not to be taken as a limtation on the spirit and scope of
this invention, since it is known that those skilled in this art will, upon

| earning of this invention, visualize yet _other enbodinents that are

| i kewi se within the spirit and scope of tRfs invention.

21 CLAI V5 1. In a magnetic
recording head having a first pole piededlMMS first tip and having a second
top pole piece with a second tip, said first and second tips defining a

recordi ng surface of said head, .said fir seco s bei n sically
spaced to forma \/\/?1 te B’bﬁ[’%ﬁ SEUF geg 88}83‘}%8%& rSt egéﬁca ‘ﬁ‘égg%

i ncl udi ng coi §ip @Eﬁﬂﬁvﬁfgs@%cﬁ‘)tnEQOWpto'Pe §fycé»¢1m§tsec%m t%ﬁ%f@ﬁ?ﬁ'a%dpse%faﬁa such
t hat energl zatlon of said coil neans I nduces magnetic flux to flowin a

series circuitips Hefiniogrmprecening aurfade ofsaip bad, parichrst said devond Gpghpingand

S e, P Sl Gac RIS Dty PO YSAIE Whe SR

including coil means associated with said first and second pole pieces such that
energization of said coil means induces magnetic flux to flow in a series circuit
that comprises said first pole piece, said write gap, and said second pole piece,
a method providing improved overwrite, minimum non-linear transitions shift,
and minimum read-back pulse width when using said head to write on an

associated magnetic recording media, said method comprising the step of:

forming at least one of said first and second pole pieces into a
geometric shape that provides at least a first and a second stage of magnetic

flux funneling within said at least one pole piece;

forming said first stage of magnetic flux funneling to provide a flux
density gradient that decreases at a first rate as is determined by walls that

converge at a first angle that is greater than about 12-degrees; and

forming said second stage of magnetic flux funneling to provide a flux
density gradient that decreases at a second rate that is lower than said first rate
as is determined by walls that converge at a second angle that is less than

about 12-degrees;

said first and second stages of magnetic flux funneling operating to
produce flux saturation of at least said second stage of magnetic flux

funneling.



“and mi ni mum read- back pul se wi dth when using said head to wri

associ‘ated magnetic recordi.ng nedia, said nmethod conpri sing mmﬁ“umm}”llllm“l
formng at |east one of said first and second pole pieces intg atgebnetrit *
shape that provides at least a first and a second stage of magnetic fl ux
funneling within said at | east one pol e piece; formng said first
stage of magnetic flux funneling to provi,de a flux density gradi ent that
decreases at a first rate as is determ néd by walls that converge at a

first angle that is greater than abqut_ 12-degrees; and form ng said
second stage of négnet iTgef"P‘ﬂko @ isaimnh IPE}ugang\;ﬁaéteanqfux density gradient
that decreases at a second rate that is lower than said first rate as is

determ ned by val bieffitle SARNSNGeAL: BitAGORRH. AR Halfe | Hdfidgknan about

12- degr ees; Irst and second stages o x funneling
operating toequaldodes §d wxtc adtablish adesifedaflut-fakit Bg at saideentedgsi;agel of
magnetic flux funneling. '

22 2. The method of .claim 1, ipcluding the stegps_.of: . .
ener gi 2i ng sai d cOPISTREARE Shid RS 20 bord FpER O ROSTRY Co R G IERE tBqual 1 o
[w S0 as 10 eshlt hs!) Rsdledk bifladdititie!drinshodtlc Hux g thattis LR1RAR: oKy
constructing sail fal rst and seco é stages of nmagnetTc flux funneling to
saturate as throeghkiidokrias oirguit tas deresdlt wfigaid tmagnitude IB8gof swad writel nduced to

flow through said series circuit as a result of said magnitude Iw of said
write- currefidrrent.

3. The method of claim 2 including the step of:

selecting said second rate of decreasing flux density gradient so that
said second stage of magnetic flux funneling saturates uniformly along its

length as a result of said magnitude Iw of said write-current.
- 4. The method of claim 3 including the step of:

selecting said first and second stages of magnetic flux funneling such
that said magnetic flux Bg induced to flow through said series circuit as a
result of said magnitude Iw of said write-current experiences an ever
increasing flux density gradient when measured in a direction extending toward

said tip of said at least one pole piece.



- 3. The method of claim2 including the step of: ' '

second rate of decreasing flux density gradient so that sai ﬂmmﬂmmm%”“l
.of magnetic flux funneling saturates uniformy along its |engthtas-a"esult
of said magnitude Iw of said wite-curr@at. 4, The net hod of

claim 3 including the step of: selecting said first and second

stages of magnesic f ITh¥ niethoelofRipisUrhkhad sGdirecdrBmReirfack! dpsaBY b aitced
to flow through said series circuit as a result of said nagnitude |w of

sai d writ e2R@irkesring,sgeiacences an ever increasing flux density gradient
when neasured in a direction extending toward said tip of said at |east one

pol e pi ece. . - 23 5.
The met hod of clai mzh\?\hnéerﬂé?dnogg}al rle%v(l)lFrlnrig surface of said head is an

air bearing surface. 6. The net hod of claim1 wherein:

cross-sect i onal caseaecfosdiateaadt $atdat leasiopopele piceds infeatbasiUs&tragner al | y

nornmal to a di regtaieéd)igq of safj d.pmagnetic flux flow, sal d geonetric
I

shape of si@@ald RT3 E magBetic Brudiotss said first stage of magnetic
flux funneling with a cross-sectional area that decreases at a first rate;

and sai &i@geaﬁfem&s R Ald Sy t?&ne'p%?éhiegegrmhss DA PSR des
sai d second stage O0f magneti C fl ux funnesllng W th a €ross-sectionar *&fea

t hat decr eafSmsgmiticafle omeling tveith harossssekdssal tahennthaaidderfensest atr ffiest ratsh
that flux density within said wite gap remains substantially constant
after sat @t ion of said at |east one pol e pi ece. 7. The net hod
of claim®6, including the steps of:

said geometric shape of said at least one pole piece provides said second
stage of magnetic flux funneling with a cross-sectional area that decreases at a
second rate that is less than said first rate, such that flux density within said write

gap remains substantially constant after saturation of said at least one pole piece.
- 7. The method of claim 6, including the steps of:

energizing said coil means with an electrical write-current having a

magnitude equal to Iw so as to establish a desired flux-field at said write gap; and

constructing said first and second stages of magnetic flux funneling to
saturate said second stage as a result of a magnitude of magnetic flux that is

induced to flow through said series circuit as a result of said magnitude Iw of said

write-current.
8. The method of claim 7 including the step of:

selecting said second rate of decreasing cross-sectional area so that said
second stage of magnetic flux funneling saturates as a result of said magnitude Iw

of said write-current.



gap; and constructing said first and second stages of magnhety c #f
funneling to saturate said second stage 3 a result of a magnitude of
magnetic flux that is induced to flow through said series circuit as a
result of said nagnitTHe nethed of dlabn & intRrding’ thetep of: 8. The net hod
of claim?7 including the step of: sel ecting said second rate of
decreasi ng cross-sectional area so that said second stage of magnetic fl ux
funnel i ng sat ur atedecting sid fsst andoyecand gtageyel mageetiafler Tunnelingrsuch that r ent .

24 9. Th th of, cl ai inel udi ng. the step of: . :
el ecting s3timaghfic H BRue Ol R sy Rt el B amiearien it ¢ ha
sai d magnet mgghitde IVRFGE WArd-L@edtdxPeeiBnediad VBF U8SretsihE WrbssaSecidn@pul t
of said magnl%ude | w of said wite-current experiences an ever. decreasing
cr oss- sect | sawhencmeasysed ireadireetdon pxtgndingdewanrhsaid tipneli sajd ableastiosai d tip .
of said at Ielast one pol e piece. 10. The nethod of claim?9

wher ei n sai PP &Y di ng surface of said head is an air bearing surface.

11. The nethod of claim1 wherein said first angle is in the range of
from about 45- depy.eesTh® nitbiesd oBbalie 9 R einWalll SetobdifgGarfdcanglsgid Seddnist he
range of from about 4.7-degrees to about 6. 8-degrees. 12. The

met hod of citagimbeating seiface. said first stage of magnetic flux
funneling conprises a magnetic funneling region that is forned by a pair of

walls that convefge ot n@thePl 6r Ohic R Wherd said first angle is in the range of

from about 45-degrees to about 55-degrees, and said second angle is in the range

‘energizing said coil means with an electrical wite-current hgm
magni tude equal to Iw so as to establish a desired flux-fiel dﬂmﬂgmﬂulmumem",
| ax

*

of from about 4.7-degrees to about 6.8-degrees.
12.  The method of claim 1 wherein:

said first stage of magnetic flux funneling comprises a magnetic funneling
region that is formed by a pair of walls that converge at an angle of about 45-

degrees; and

said second stage of magnetic flux funneling comprises three serially-
arranged magnetic funneling regions that are individually formed by three pairs of
walls that converge at the respective angles of about 5-degrees, about 6-degrees,

and about 7-degrees.
13. In a magnetic recording head having:
a bottom yoke member having a first relatively wide and planar tip area;
a top yoke member having a second relatively narrow and planar tip area,

said first and second planar tip areas being coplanar and defining a

generally planar recording gap;



'degrees; and sai d second stage of magnetic flux funngly
three serially- arranged magnetic funneling regions that ar ejll“mumm
formed by three pairs of walls that converge at the respective*arfigles 8

i

‘about 5-degrees, about 6-degrees, and al@dut 7-degrees. 13. In a
magneti c recordi ng head having: a bottom yoke nenber having a first
relatively w des#idGzepeailiyrplehdr retealing gap beingadhpied tokoveerddaivdrayi ng a

second relatively narrow and planar tip area,

said first and second

pl anar ti pgeresally ptanag magpete aecoidtrsdeediai ng a general |y planar recording

gap;

25 sai d

gener al |y pl anagy eeording 040, Bk G A URRLECAL Tke! GLABLYE 19, generally

pl anar

magneti c T ecor

Ing ne asSsSoCl a

bottom and top yoke nenbers; and current energizing neans for

ener gi zi ng sai deg@éht élﬁagh&mg inBarsfor @Abrgdting s Wil egnsl With current of gai d
current energization of sai

coil neans causing nmagnetic flux to flow,

th said

and

to producemagaitidhIWagnetic fl ux gap field Bg at said magnetic recording

gap, said top yoke nenber conpri sing;

a first yoke portion having a

generally |ar gesaﬁé g'ﬁvﬁrﬂfe?ﬁgfsl%rg%%%i&ﬁlroq%id coil means's@ai,u‘Qinfgi ﬁﬁén%%mp% hio% bei ng

directly associa

ans;
and to produce a given magnetic flux gap field Bg at said magnetic recording gap,

said top yoke member comprising;
a first yoke portion having a generally large cross-sectional area;
said first yoke portion being directly associated with said coil means;

a second yoke portion having a first generally large cross-sectional area
connected to said first yoke portion, and having a first generally smaller cross-

sectional area that is spaced from said first generally large cross-sectional area;

said second yoke portion having a cross-sectional area that reduces at a
first rate when considered from said first generally large cross-sectional area to

said first generally smaller cross-sectional area;

a third yoke portion having a second generally large cross-sectional area
connected to said first generally smaller cross-sectional area; and having a second
generally smaller cross-sectional area that is spaced from said second generally

large cross-sectional area,;

said third yoke portion baving a cross-sectional area that reduces at a
second rate that is less than said first rate when considered from said second
generally large cross-sectional area to said second generally smaller cross-

sectional area; and



a second yoke portion having a first generally |large cross- ] m
connected to said first yoke portion, and having a first geIﬂﬂ“lﬂﬂﬁi "ﬂﬂ““l
cross- sectional area that is spaced fromsaid first generall'y Farge ™ s *
€ross-sectional area; sai d secomf yoke portion having a
cross-sectional area that reduces at a first rate when considered fromsaid
first generally 4 thrgat yolospeniootliaving a gemearallyp comstant forosst-saptioarnhadeg; smal | er
cross-sectional area; a third yoke portion having a second
generally large crpss-sectional. area.connected to said fiyst ner al |

smal l er cr _oss-sest"f‘f‘?gﬁﬁ?'t %?l_éea?oré’_r?(? t}?g{}}gng]neae- %WcﬁgﬁBrSQM §ec§%’glge§|¢ra%
Cross-sect i @hdler 3FGR-JebAbnilSared amAchavirad 8p fbsHRAA UGN il ¥ebdMDe
cross-sectional area; said third yoke portion having a

Cr oss- sect irelagivelyr marewandrpdzhacdip areaa second rate that is |less than said
first rate when considered fromsaid second generally |arge cross-sectional

area to said secon ener,al | mal | ex cross-.sectional area; .and

26 "2 t B fRRd EreR G RS SEuiarLaTey Tendton heing Selected
cross-sect ignal;s@E4a third yoke po?ﬁér@t& DRi®&imIy QkQirRerald it Dol a9 Sd .
connected to said second'generally smaller”cross-sectional "area, and having
an opposit efeatl emdrgizatign odisaidsmclomeanse tatherehyyproatdecsaidgivepl magnetid p ar ea;

said fi rstﬁmd sei;olgd%grat es ,of crpss-segti onal area reduction being
sel ected t JWagAPt1E; BE A 5318 WAREUR P79 8IS & Puni fornl y saturate along its

|l ength as a result of said energization of said coil neans,.to thereby

provi de said givigy) MexH¥ekhhEndtlcbecOriing heAdlofelai 15 HHErSRGARE L6il HRGAS G NI
gap. 14. The magnetic recordi ng head of claim 13 wherein said

coi | neans ensrgimet withemirmint lof @umagmtudefthat ivmgedtenthen divatsaidssagumaitoaroft han
lw, said saturation of said third yoke portion .gperati.n ensyre that

sai d m_agnetSF‘E{ﬁ?ﬁ”@! ¥pke: parLiog qp@&%f'ﬁg’tﬁ’gﬂﬁgb" p@ﬁﬁ‘i“ﬁé“"s%ﬁ‘ﬁgf gﬁ‘ﬁ‘?éf Fi}gconst ant at
sai d given gBYASld SaPfemains substantially constant at said given magnetic Bg.

15. The magnetic recording head of claim 14 wherein said recording gap

- comprises a write gap and wherein said bottom yoke member is shared with a read

gap.
16.  The magnetic recording head of claim 14 wherein:

said first, second, third and throat yoke portions are of generally the same

thickness in a direction measured generally normal to a direction of said flux flow;

said second yoke portion comprises a first trapezoid having a first
relatively long parallel side that forms said first generally large cross-sectional
area, having a second relatively short parallel side that forms said first generally
smaller cross-sectional area, and having first and second tapered sides that extend
at an angle in the range of about 45-degrees to about 55-degrees to said direction

of flux flow; and



" 15. The magnetic recording head of claim 14 wherein said r i

conprisses a wite gap and wherein said bottom yoke nmenber |sﬂmml€lmmmmullll
read gap. 16. The magnetic recordi ng head of claim 14 Vheteih: 5 *
"said first, second, third and throat ydke portions are of generally the

sanme thickness in a direction neasured generally normal to a direction of
said flux flowsaid third yolé@h&rtRACIMDrieka s2ebdd 49 EXNIPhhviED Lfifder St
trapezoid having a first relatively |ong parall e? side that forns said

first -geneehtivglyl langeacalied sideabai forals sardesecohdgenerally degerdosselationel y

short parallel side that forns said first generally smaller cross-sectional
area, and e ilRyIng '1‘§?°°é’r40‘eg"’éﬁ’8f¥d5b(°ébé?réhelsﬁ‘%ghalt ﬁ‘é‘im%ﬁléﬁﬁ‘f%&d an angle in
]E lhgwr ""223 RheANPUmaAfer e 8RE11bAaI A land HaVBY B35 ah® sS@nd zgk;é?efdt $i8&s Ofsa{ 'dUX
third y ok ehgtogxtend ac ampngleahatais dessahan tbayelZodepreey tanspid ditecabnredl fix vel y

| ong paral] el side that forns said second generally |arge cross-sectional

area, havi ‘a second relatively short parallel side that forns said second
generally smaller cross-sectional area, and having first and second tapered

si des that ext at ¥ : ; id
qAd atTiRNmaRHiR Eeb?xt?qnhé héré;é& ¢1ban lal%ﬂkgrel}l?sa?@%c%‘%aldﬁgg%aiﬁl i m

direction of flux flow e magnetic recordi ng hea

16 wher ei gosmpirdes ecwnitti gap gabwherem sad dostom yole mambents shaegdivmthsarehdoot t om
yoke nmenber is shared with a read gap. 18. The magnetic recording
head of cPB&m 14 wherei n: said first, second, third and throat yoke

portions are of generally the sanme thickness in a direction nmeasured

general |y nornmglg t 0 Taeth)SfdiicARcOfdifPhéhd btielafid P¥wherein:

said first, second, third and throat yoke portions are of generally the same

thickness in a direction measured generally normal to a direction of said flux flow;

said second yoke portion comprises a first trapezoid having a long parallel
side that forms said first generally large cross-sectional area, having a short
parallel side that forms said first generally smaller cross-sectional area, and having
first and second tapered sides that extend at an angle in the range of about 45-

degrees to said direction of flux flow; and

said third yoke portion comprises a serial arrangement of a second, a third

and a fourth trapezoid;

said second trapezoid having a long parallel side that forms said second

generally large cross-sectional area;

said fourth trapezoid having a short parallel side that forms said second

generally smaller cross-sectional area;



'sai d second yoke portion conprises a first trapezoid having a

side that fornms said first generally |arge cross-sectional ar e!amlmmmﬂluiml”““l
short parallel side that fornms said first generally smaller crogs-sSectiodnals *
‘area, and having first and second taper@8 sides that extend at an angle in

the range of about 45- degrees to said direction of flux flow and

said third yokesgi@arsecé, ¢hifffand €5uth 3fipeadide indivigaaty havihgaapaeanidesa third

and a fourth trapezoid, sai d second trapezoid having a | on '

paral | el sthae respeetively extendd & angtesmf @@Méﬁadqueqsaa@@ncéﬂdssn@écwbngcputar ea;
said fourt rapezoi d .havi ng a rtoqparallel side that f id d
gelner al :Jy ~,9§.gr€ﬁs:28¢ 8@?-‘1\%’%8%98@2:?&%%‘2";‘" ! 2 orme sald secon

28 said second, third and fourth trapezoids individually having
tapered sides tipat rAslﬁggﬁat&eﬂeyom{ﬁgﬁga@tncmmges of about 5-degrees; about
6- degrees; and about 7-degrees; to said direction of flux flow. 19.
A magnetic recordi ng head incl udjng: a yoke nenber with a tip area
that defines a awpke membesduph adip #eadhat defings powiteszapadfedted 1o BEYEdI ng
medi a, relativecpoifEa&?&%re@ﬁ?ﬁﬁé%e ;Wif[h sai d yo_ke menber ; Cu_rrent
energi zi ng neans ftor-energizing sald’coil means with current of a magnitude
I w, said current energization of said coil neans operating to cause

magneti c fl ux teoif heans assdciavepwithusaed poke membaggnetic flux gap field Bg at
said wite gap, said yoke nenber having;

current energizing means for energizing said coil means with current of a

magnitude Iw;

said current energization of said-coil means operating to cause magnetic
flux to flow, and to produce a given magnetic flux gap field Bg at said write gap,

said yoke member having;

a first yoke portion having a generally large cross-sectional area when

considered in a direction of said flux flow;
a second yoke portion formed in the shape of a first funnel;

said first funnel having a first large entry area that connects to said first

yoke portion;

said first funnel baving a first smaller exit area that is spaced from said first

large entry area;
a second yoke portion formed in the shape of a second funnel;

said second funnel having a second large entry area that connects and

generally conforms in size to said first smaller exit area of said first funnel;
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formed in the shape of a first funnel; said first funnel chaving & *
first large entry area that connects to Zaid first yoke portion;
said first funnel having a first smaller exit area that is spaced fromsaid

first large entry;8c&and funnel havihgSESQUREd%RteBePOXit LA thaf [BehacBd ftim Shape
of a second funnel; said second funnel having a second large entry

area that caithsetonddacgegemor ek pf saidfsecomsd funnsl;aadt o said first smaller
exit area of said first funnel;

29 id d f | _hayi d | I i t hat .i,s -
Spaced from sai ARULEORI RIS B8R AP e of COAR BRI ISERG CRIFISE Lok fioaid

sai d secondjspmhl er exit area of said second funnel being connected to said
tip area. 20. The magnetic recordi ng head of claim 19 wherein
said magnitude Iw of current is selected to cause nagnetic saturation of at
| east a portion 2% salht magustt fegarding bradcoficlagn B 8twiesspinswiidl megounde [Tar ge
entry area and said segconéi smal | er exit afﬁea.of gagi second.fun?el..

21. ~ The fBJHETTRE 1§ BEEFET MO CRBEIP B UCIHTBBONAE RIS S APETY IR 8 er

i ncludes:  second furfiel BXt@A%inBYelwéh HAY sEH lE@,eaé_dtﬁéﬁiﬁéasa'ﬁ@sla%dl second

cross-sectional area when considered in a direction of said ux flow

smaller exit area of said second funnel.

21.  The magnetic recording head of claim 20 wherein said yoke member

includes:

a throat portion having a relatively small cross-sectional area when

considered in a direction of said flux flow;

said throat portion being connected intermediate said tip portion and said

second smaller exit area of said second funnel; and

said throat portion having a cross-sectional area generally equal to said

second smaller exit area of said second funnel.

22.  The magnetic recording head of claim 21 wherein said first funnel
defines an included angle of about 110-degrees, and wherein said second funnel

defines an included angle that is less than about 24-degrees.
23.  The magnetic recording head of claim 22 wherein:

said first funnel and said second funnel are of generally equal lengths as

measured in said direction of said flux flow.



‘sai d t hroat portion being connected internediate said tip p
second.snmal ler exit area of said second funnel; and ﬂmgﬂuﬁl Hﬂml “l
portion having a cross-sectional area generally equal to sa
smal l er exit area of said second funnel 30 The magnetic
recordi ng head of claim21 wherein said first funnel defines an included
angl e of about 3410- dggmeRmetidRecoriRiptidad S HaiGLTORMhersianel defines an
included angle that is I ess than about 24- degrees 23. The
magneti c recording head of claim22 where said first funnel and
sai d second funp@ aﬁfeﬁweb@fé}eawpyn‘éqé@é aneﬁgtfwboat%e&em@dan sai d
direction of said flux flow :
30 | 5p s
said first funnifdriRERRREERRRIL  riaf Btalbefd O LR T sEkihd o o
sai d seconthifditrapézaidnpri ses a serial arrangement of a first, .a second and
a third trapezoid; said first trapezoid defining an included angl e
of about 10-degrees; .sai g .second trapezoi d _defining, an included
angl e of about 1@56‘%&%&920@&&% an laglpgeq prgla qfragse&épuﬁe@éﬁsm ng an
i ncl uded angl e of about 14-degrees.

said second trapezoid defining an included angle of about 12-degrees; and

said third trapezoid defining an included angle of about 14-degrees.



