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| ntegrated thin fil mmgnetic head wi thout wap around pole effect.
Fhif invention relates to thin fil mmagnetic heads, and nore particul a 7y
relptessto thin filmstructures in which two or nore different heads, such
aspnal og and digital heads,? are int egrated’'on a single substrate,
The] cont | RHAZ1H0nd of miniaturizationlof electronic conponentksli.d@¥ides
maghetic heads for reading and/or witing information on nmagnetic nedia
such as t dpegrages thin flsp magneticcead withoutywiap apand poleefifest. f or conpr essed
digjtal audio tape, known as digital conpact cassette or "dcc", enploys
tapp of the sane size as that used for the standard anal og format known as
conpact cassette. Howev&his SheetdiasRegn Replabedvi ng four tracks, as does the

conpact cassette, the dc {15! iilht een tracks, thus placing stringent
denpnds on the magnetic A8 | ‘wite and read these tracks.
Forfexanple, in designing read and wite heads for the dcc format,

alipnment of the read and wite heads on the tracks is of major concern. In

ordpr to avoid readlhigimentish et thiadim dagmetio hemBveamd morspaticdadyor s,
thefwite head in such structures is typically wder than, for exanple,

nor b t han relatesdotthia filmastrciyres inwhichoben ommare entiheadsy such a8 apsleR aad)ai nst
m sl i gnnept.. of e.Le ' ea |t has been proposed to conbi ne
t heEe héao@%‘ﬁ%ﬁ&@%e@é#@éﬂt# ‘I mstructure, such as that
desgribed in EP-A-O ﬁﬂe‘b&ﬁﬁuiﬁ?%ﬁ&\’bf hiniRGA DRI @lbcktgnit Rbmpenenty includes

Thib integration in turn creafes new concerns. For exampl e, a probl em
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asshci afedmagnetic figads far sedine Rad/on waiting|infocmation on megneticimedia Sych 78 |t2Reos s
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til} entirdgbitaloiripact dabieetd OL!r s, étf%lb'ﬁlﬁtaﬁé ot lhe saime sizeausfhataediforahe! i cati on
Fil{ng Nunber 92201706.6 (PEA 21.676) the specification of which is

i nchr por at #endeed asalomfprmat knowmcas, compaet qasseiie.cHoweves; insteld, pfhaving favE
so-falled, b “wa [ L.ch: khe | Sl thin film
strpcture %c%’e&[%egre %ﬁ%ﬁ%&%@%%qcéwggg}é%@ I'C ef1he the

W df h ofp t&ifingentdeinagdi on'he maghietiettadd Whish will vrite wad Yeadothesevtrdcky.er s,

cauping a vertical offset of the outer portions of the vvrltecfgap, W th

respect to the cent Fex eaaple, dn designingreadiand writp heads fox e degfommatnese
rel ptively Raiie¥ol ¥ Sat ankl Write heads on the tracks is of major concern. In order to

avoid reading of adjacent tracks due to tape alignment errors, the write head in such
_ structures s typically wider than, for example, more than twice the width of, the read
15 head. As further assurance against misalignment of the read and write heads, it has been
proposed to combine these heads in a single, integrated thin film structure, such as that
described in EP-A-0 514 976 (herewith incorporated by reference).
This integration in turn creates new concerns. For example, a problem

associated with such a combined digital head structure is a signal loss occurring during

20 reading when the center of the read head is laterally displaced from the center of the
tape track, even though the read head is till entirely within the bounds of the track. In
the European application Filing Number 92201706.6 (PHA 21.676) the specification of
which is incorporated herein by reference, this problem is attributed to the so-called
*wrap around pole effect",

25 in which the layers of the thin film structure above the relatively narrow layer or layers
which define the width of the read head "wrap around" these relatively narrow layers,
causing a vertical offset of the outer portions of the write gap, with respect to the
central portion of the write gap situated above these relatively narrow layers. The
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subgtrate, a of tape
trajel Fo*ref“r’é%‘ér?%gﬁ i e i oGP AIRYT et 8Bs il 06 16 blcBporfld 0T
rot gt ed 18 halbgoresd heads. A portion of such an integrated head
strycture 10, viewed in.a direction normal to, _the head fa I, S own in
Fig| 1. Located adj a@e‘?ffiero Pressuieras adyantages Al ieesaion ain ggugqneg

B"S. a0 B8 Bafheads, R e a7 et PRSI T hich Inf eiland SRR G 1

rdly 1gc etoresi stive gense el ement (not shown). This | ower
gui dezrgﬁg&ﬁ‘% gorgorated By reterense). about 0. 4 microns, chosen for
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e 20, of the shlzstmatey for tehrdmgamIerwhnngmme digx&lmdrmsone:habﬁmﬂmm he sane
reagon or ned op of these flux quides is an el.ectrically,insyl|ating
b A8 i ity Bplog eas e axanaed o tha pUer A of T, Subfirae, or

sui fable t .
m cfons. B6ehcefausfe%€%res ige?@'gﬁ%. §d§%%{°p erﬂfgéﬁo Slr’ﬁ%e a i ﬂrw)ggg.n glp, a
secpnd el ethereversd giréction the heayl ilsawated2130|d@gfees med on | ayer 22 The conbi ned

t hi gkness of |layers 22 and 23 define the ana rea 2 Fol | owi n
thig, 4 iporgono such an integrated h s cmreqogei%weg mad?rect(l)on g

normal to the head face, is shown in Fig. 1. Located adjacent one another on a common
20 substrate 12 of a non-magnetic material are digital and analog heads 14 and 16,
respectively. Digital head 14 is a combined read/write head including lower flux guide
18 of the read portion, which conducts magnetic flux from the tape to an inwardly
located magnetoresistive sense element (not shown). This lower flux guide typically has
a thickness of about 0.4 microns, chosen for minimization of steps, which could lead to
25 discontinuities in the overlying test/bias conductor. The adjacent analog read head 16
includes lower flux guide 20, also having a thickness of about 0.4 microns, chosen for
the same reason. Formed on top of these flux guides is an electrically insulating layer
22, typically of an oxide such as AlL0,, in a thickness suitable to form the read gap 22A
of the digital head, typically 0.4 microns, Because this layer 22 is too thin to form the
30 analog read gap, a second electrically insulating layer 23 is formed on layer 22, The
combined thickness of layers 22 and 23 define the analog read gap 23A. Following this,
the upper flux guide 24 of the analog read head is formed. The read portion of the
digital head 14 is completed with upper flux guide 28, This flux guide 28 also serves as
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It is another object of the invention to reduce or eliminate such an offset
20 without introducing additional layers or fabrication steps to such a structure.

In accordance with the invention, the thickness of the lower flux guides
of the digital head is chosen to be the same as the thickness of the analog read gap.
Thus, a single insulating layer on the analog lower flux guide and the exposed portions
of the substrate surrounding the digital flux guide, defines the analog read gap and

25 provides a planar or nearly planar surface for the formation of subsequent layers. This
eliminates the need for two separate insulating layers to define the read gap, thus
reducing the incidence of thickness errors due to unavoidable process variations, and
providing a more nearly planar surface for subsequently formed overlying layers.

More specifically, the invention relates to a thin film magnetic head

30 structure having at least one digital read/write head and at least one analog read head
integrated on a single substrate, the structure having a single head face. As viewed in a
direction normal to the head face, the structure has: for each head, a lower flux guide
located on the substrate; a first electrically insulating layer covering the analog head
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In accordance with another preferred embodiment; the structure includes
20 nine digital heads arranged in a row on one half of the substrate, and two analog heads
arranged in a row on the other half of the substrate.

The invention will now be described in greater detail by way of example
with reference to embodiments of the head according to the invention shown in the
accompanying drawings, in which

25 Fig. 1 is a diagrammatic elevation view of a portion of the head face of
an integrated thin film magnetic head structure, viewed normal to the head face,
showing a digital read/write head and a portion of an analog read head;

Fig. 2 is a view similar to that of Fig. 1, in which the digital head lower
flux guide and the analog head read gap-defining layer have approximately the same

30 thicknesses;

Fig. 3 is a diagrammatic plan view of an integrated thin film magnetic

head structure of the invention, having nine digital heads in a row on one half of the
substrate, and two analog heads in a row on the other half of the substrate; and
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tape on the head surface to a magnetoresl stive sensing el ement | ocat ed
i nwr dby byrselective-etehiag. f ace (and thus not shown in Fig. 2). The substrate

covbred wi th one or MSrARg b ik e, R RS S e By 88T T O
approximately the same thickness. Preferably, the difference in thicknesses of these
layers should be no gréater than 0.1 micron, and ideally should be zero. Thus, a planar
or nearly planar surface is provided for support of the subsequently formed overlying
20 layers, without the need for any additional layers or fabrication steps.
Layer 52 determines the thickness of the analog read gap, while the
lower flux guides conduct magnetic flux from the magnetic tape on the head surface to a

magnetoresistive sensing element located inwardly from the head face (and thus not

shown in Fig. 2). The substrate is shown as being uniform, but as will be appreciated,

&

its surface may be covered with one or more surface-smoothing layers to support the
MRE elements, as well as an insulating layer on top of the MRE. While this insulating
layer generally extends to the head face, for the sake of simplicity, it is not shown in
Figs. 1 and 2.

Next, the upper flux guide 54 for the analog read head is formed on top
30 of layer 52, after which electrically insulating layer 56 is formed. This layer 56 defines
the thickness of the digital read gap, and thus its thickness is also critical to the
achievement of the desired output characteristics. By way of example, this thickness is
0.4 microns when the thickness of layer 52 is 0.8 microns. In order to conserve on the
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dal e §tpicefge0- The effect of the offset A on output of the digital
head can be seen graphlcally in Figs. 4 and 5, where output_(in

rary units) |sBepau;c tplanarityoestablishediin the layersedSrand)SGont . heads
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cent efltheeffsst & b outppeof the digitabread heashenn benseen graphically)in Figseh@™ r om t he

5, where output (in arbitrary units) is plotted versus track offset (in millimetres) for
heads of the type shown in Figs. 1 and 2, in which the thickness of the digital lower
20 flux guides is about 0.8 microns, but whose offsets a are about 0.3 microns and less
than 0.1 micron, respectively. '
© Track offset is defined as the lateral distance between the center of the
read gap and the centerline of the tape track being read, and is thus different from the
vertical offset a in the digital write gap. As may be seen by comparing Figs. 4 and 5,
25 reduction of the offset (A) results in a significantly slower fall-off in output (x) with
increasing track offset. Thus, Fig. 5 shows practically no fall-off from the peak value
within about plus 0.03 to minus 0.07 millimetres track offset, while Fig. 4 shows a
rapid and significant fall-off in both positive and negative directions, followed by a
recovery to about 80 percent of peak, followed by a resumption of the rapid fall-off at

30 about plus 0.06 and minus 0.08 millimetres track offset.
Fig. 3 is a diagrammatic plan view of one embodiment of an integrated
thin film magnetic head structure of the invention, in which a row of nine digital
read/write heads, represented as dashes, are arranged on one half of a head substrate,
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A thin filmmagnetic head structure having at |east one digital read/wite
head and at | east one anal og read head integrated on a single substrate;
the structure having a single head face, the structure as viewed in a
direction normal to the head face having: for each head a | ower flux guide
| ocat ed t4eqgybstrate; a first elegtrically insulating |aygrc ring

t he exposed portions of the substrate%énd t he anal og head Io%gﬁ'fgﬁg gui de,

but Ieavgp‘%mgosed the digital head |lower flux gquide, the first
el ectric ITisulating layer defining the read gap of theanatog head; a

bl o *‘EV .! _ti ng |ayer coveri ngThih&eéthg egl cally
RN AR |g|tal head | ower fl I Tining the
HEniEh di Ual wead; for each head an ' ¥ §#li de | ocat ed
above the lower flux guide on the respective rea 2 ing i nsul ating

| ayers; a third electrically insulating |ayer defining a digital wite gap
above each digital read gap; and for each digital head a top flux guide

fayeq: 1. "PPH tin Hin tgariccheansiruciure having: st el 67 GERISEVER EHE i gi ¢ a
appr i rf A oRE S sl ke nERaetP o gl sl 18 e ieing Y
clai nl singlethiead facapthdistrivetureraseviewed: ini acdineetion aonfial tth thedheyd tfade having: head
0oL B G o R S B A g 1 "
e 1 chgteamaing i okt dr g ot gt el 1 {1 S
st rupt ur guidé, witdeavirlg éxposedithérdigital iead leweri fiux gliids, tthe fitse eldetrizallyanged in a
noac| ot rSHaREE et Aol R T AR the Shalot hood 8 secopf Slosically inslatidag
[aggf ;X{ k&?&\g?‘%ﬁé‘g %’ﬂcﬁfgﬁg&ﬁaufﬁﬁﬂatﬂ%pﬁ?&féﬁ'tﬁ@dfgﬁﬁlﬂeﬁ& iier! RYECEId ©

and defining the read gap of the digital head; for each head an upper flux guide located
10 above the lower flux guide on the respective read gap-defining insulating layer; a third

electrically insulating layer defining a digital write gap above &ch'digital read gap; and

for each digital head a top flux guide above the upper flux guide on the third write gap-

defining insufating layer;

characterized in that the thicknesses of the digital lower flux guide and

15 the first read gap-defining insulating layer are approximately the same,

2. The thin film magnetic head structure of claim 1 in which the difference in

thicknesses of the digital read head lower flux guide and the analog read head gap-

defining layer is 0.1 micron or less.

3, The thin film magnetic head structure of claim 1 in which the thickness of the
20 analog head lower flux guide is approximately the same as the digital head lower flux

guide.

4, The thin film magnetic head structure of claim 1 in which there are nine digital

heads arranged in a row, and two analog heads arranged in a row.

5. The thin film magnetic head structure of claim 2 in which the thicknesses of the
25 digital head lower flux guide and the first read gap-defining insulating layer are

approximately 0.8 microns,




