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trangducer for use in magnetic disk units and a driving circui &

i nducti on magnetic transducer. In a high speed data processing and
a Wass data processing, a magnetic disk units such as hard disk drive (HDD)
has been wi dely used. Typically, as shown in Fig. 7, a magnetic head 1
conprises .a nmagnetic core 5 which constiltutes a nagnetic circuit 6, a coi

3 wound on the qg%netlc core 5 and a slider assenb
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BACKGROUND OF THE INVENTION

The present invention relates to an induction magnetic

" transducer for use in magnetic disk units and a driving circuit for the

induction magnetic transducer.

In a high speed data processing and a mass data processing, a
magnetic disk units such as hard disk drive (HDD) has been widely
used. Typically, as shown in Fig. 7, a magnetic head 1 comprises a
magnetic core 5 which constitutes a magnetic circuit 6, a coil 3 wound

on the magnetic core 5 and a slider assembly 4 supporting the

magnetic core 5 and the coil 3. With this structure, the magnetic head

1 flies at a closer spacing above a rotating magnetic recording disk
surface.

Magnetic heads conventionally used in the magnetic disk
units usually has an induction magnetic transducer which writes data
on a magnetic recording medium or reads recorded data from the
magnetic recording medium by detecting the change in magnetic flux
due to electromagnetic induction phenomena. As the induction
magnetic transducer, a ferrite transducer, a metal-in-gap (MIG)
magnetic transducer, a thin-film magnetic transducer, etc. are known
in the art. Fig. 8§ schematically shows a typical construction of the
transducer for the ferrite head and the MIG magnetic head. In Fig. 8,

the transducer comprises a pair of magnetic cores 5, S made of a

magnetic oxide material such as ferrite, etc. The pair of magnetic

cores 5, 5 faces each other so as to form a magnetic gap 8 between the
magnetic cores 5, 5. On the surface of each magnetic core 5 facing the

magnetic gap 8, a non-magnetic film is formed (not shown). The



units usually has an induction magnetic transducer which wites data on a
magneti c recordi ng nmedi um or reads recorded data fromthe nagnetic

recqordi ng medi um by detecting the change in nmagnetic flux due to

el ectromagneti c i nducti on phenonena. As the induction nmagnetic transducer,

a kerrite transducer, a netal-in-gap (MG nmagnetic transducer, a
thin-filmmagnetic transducer, etc. are knowmn in the art. Fig. 8

schematically shows a typical constructiaoh of the transducer for the
ferrite head and the M G magnetic head. In Fig t he transducer
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magnetic cores 5, 5 to constitute a maghetic circuit 6. A transducer of an
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ferrite. A thin-film magnetic head generally has a lower magnetic

layer formed on a substrate, on which a spiral coil conductor is

formed through an insulating layer. On the conductor, an upper

magnetic layer is %ormed throu‘gl‘l 'a.n insulating layer to construct a

closed magnetic circuit.

Fig. 9 is a diagrammatic circuit schematically showing a

conventional induction transducer and a driv'iﬁg circuit therefor. As

shown in Fig. 9, a transducer 1 has a coil 53, and a driving circuit 2

comprises a reproduction circuit 51 and a record circuit 52 both being

connected to the coil 53. The reproduction circuit 51 reads induced

current in the coil 53, and the record circuit 52 passes a recording

(writing) curfent Iw through the coil 53 in both forward and reverse
directions as indicated by arrows. Fig. 10 is a diagram illustrating the
recording by the conventional induction transducer and the driving
circuit shown in Fig. 9. After receiving control signals corresponding
to the data being recdrded, the record circuit 52 passes the recording
current Iw through the coil 53. The control signal shown in Fig. 10 is
NRZI (non-return-to-zero inversion) conmtrol signal which inverts the
sign’ between ‘plus and minus every time the recording data are input.

. Y\‘{;hei} :the writing current Iw is small and the magnetic recording
medium is not magnetically saturated, the magnetization of the
‘magnetic recording ;nedium is insufficient (A in Fig. 10). When the

recording current Iw reaches and exceeding the magnetization

threshold value (I+ or [-), namely a current value sufficient for



ferrite head, a soft magnetic film7 nmade of a material such as FeAl Si-
based all oy which has a saturation magnetic flux density higher than
ferrifte. A thin-filmnmagnetic head generally has a | ower nmagnetic | ayer
formed on a substrate, on which a spiral coil conductor is fornmed through
an.insulating |ayer. On the conductor, an upper nmagnetic |layer is forned
through an insulating |layer to construct a closed nagnetic circuit.

Fig. 9 is a diagrammatic circuit schematidcally showing a conventional

i nduction_transducer and.a driving circuit, therefor_, As,__shown in Fig. 9, a
transduce}naﬁnﬁé%‘ﬂgy éafqragg,g %‘ﬁdmé%ﬂf’ﬁ‘?/i fum (& dnoFig ol ies
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53, and t ke daao(B il Figuift0)52 passes a recording (witing) current |w

t hrough the coil 53 in both forward and reverse directions as indicated by
arrows. Fig. 10 i'Bhea wiitting acurréntudwrbeinggpashed thrmughditheg cbil SBefor
conventional induction transducer and the driving circuit shown in Fig. 9.
After recdnagnedically: expiting gthe trapsduces pbrigi repallyo conwoled ssh@sntp r ecor ded,

th d_ g it 52 di t.lw,t h the coil 53.
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record circuit 52 and inductance of the transducer 1. When the ratio
(Tt/T) of the polarity reverse time Tr to the reverse interval T _
becomes larger, for example, the unsaturatedly maénetiied portion (A
and A' in Fig. 10) is magnetized in the direction opposite to its own
magnetization direction by the magnetic field from an adjacent
saturatecily magnetized portion (B and B' in Fig. 10). As a result
thereof, a magnetization transition point (C and C' in Fig. 10) is shifted
as shown by the thick arrow D or D' to fail to create a good
magnetization state in the magnetic recording medium. The shift of
the magnetization transition point becomes considerable particularly
in a high-frequency recording. Therefore, the polarity reverse time
Tr is generally required to be 1/2 or less of the reverse interval T. In
particular, a still shorter polarity reverse time Tr .is required in a high
frequency recording, because the reverse interval T is reduced.

Recent demand for the magnetic disk units is a high density

and high frequency recording. For example, a high recording density
of about 6000 TPI (tracks per inch) and about 134 kFCI (flux changes
per inch), and a high recording frequency of 50 MHz or more are

required. Since a recording current of 50 MHz or more has a reverse



3 magnetically saturating the magnetic nedium (C in Fig. 10), the magnetic
mediumis sufficiently nmagnetized to allow the recording of the data (B in
Fig. *10). - "The witing current |Iw being passed through the coil 53
for magnetically . exciting the transducer 1 is usually controlled so as to
make a reverse interval T constant, and a tine delay (polarity reverse tine
Tr) is generally found after the data are, input and until the witing
current exceeds the magnetization threshotd value to conpl éte the

magnet i zat j ty i ¢ gt verse tine
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direction opposite to its own magneti zation direction by the ymagnetic field
froman adj& EBhlo-éd’il'grfﬁf AttaInIRg o doladly  proyerseo Hmpe TAnef é n5.n Hpyevem). As a
result since an MIG transducer of 42 turris has an inductance of about 1.8 pH,

it is difficult to reduce the polarity reverse time Tr to 5 ns or less.

Therefore, the inductance should be reduced to attain a reduced

polarity reverse time Tr. The inductance of the transducer depends

on the number of turns of a coil and the cross-sectional area of the

magnetic core in the coil. Since the MIG transducer is constructed by

a machined ferrite as the magnetic core, the reduction of the cross-

sectional area has its limit, and therefore, the number of turns of coil

should be reduced in stead of reducing the cross-sectional area to

attain a reduced inductance.

However, in the known transducer shown in Fig. 9, since the
writing and reading operations use the same coil, a reduced number
of turns results in the reduction of reproduction output level.

To reduce the inductance at writing operation without
reducing the reproduction output level, proposed is an MIG
transducer comprising; as shown in Fig. 11, a reading coil 54 having a
larger number of turms and a writing coil S5 having a smaller number
of turns which are wound on the magnetic circuit 6 separately from
each other and are driven independently. However, the production of
such a transducer having respective reading coil and writing coil of
different number of turns requires additional process of winding coil,
and in particular, the process of winding two separate coils on a small
core is troublesome and time-consuming. |

To avoid the time-consuming process of winding two

separate coils and reduce the inductance at writing operation without



thereof, a magnetization transition point (Cand C in Fig. 10) is shifted
as shown by the thick arrow Dor D to fail to create a good magneti zation
state in the magnetic recording nmedium The shift of t he magneti zati on
transition point beconmes considerable particularly in a high-frequency
reeording. Therefore, the polarity reverse time Tr is generally required
to be 1/2 or less of the reverse interval T. In particular, a still
shorter polarity reverse tinme Tr is reql!iired in a hi gh frequency
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Both ends of the coil 63 are respectively connected to a reproduction
circuit 61 and a record circuit 62 through respective switching means
66, 66.

Figs. 13a to 13c illustrate the operation of the above three-

terminal transducer and the driving circuit. Fig. 13a shows a reading

operation, in which a reading current IR is passed through the coil 63
consisting of the first coil 64 and the second coil 65 which are
connected in series, thus obtaining a desired level of reproduction
output due to a large inductance of the coil 63. Figs. 13b and 13c
show a recording(writing) operation. In the recording operation, the
first coil 64 and the second coil 65 are switched alternatively by a
head selection signal from a supplier 67 for writing current, and a
writing current Iw1 is passed through the first coil 64 and a writing
current Iw2 is passed through the second coil 65. Since the length of
the ‘coil 64 and the coil 65 through which the writing current flows is
one-half the length of the coil 63, the inductance of the first and
second coils 64 and 65 is réduced to about 1/4 of that in the reading
operation where the reading current flows the coil 63.

However, in the above three-terminal transducer and driving
circuit, a time delay Td is inevitable at switching the writing current
Iwt to the writing current Iw2 and vice versa. This time delay extends
the polarity reverse time Tr to make the transducer inapplicable to a

high frequency recording. Fig. 14 illustrates a recording current Iw



since an M G transducer of 42 turns has an inductance of about 1.8 [err]H,
it is difficult to reduce the polarity reverse tinme Tr to 5 ns or |ess.
Therefore, the inductance should be reduced to attain a reduced polarity
reverse tinme Tr. The inductance of the transducer depends on the nunber of
turns of a coil and the cross-sectional area of the nmagnetic core in the
coil. Since the MG transducer is constructed by a machined ferrite as the
magnetic core, the reduction of the cross= sectional area has its limt,
and ther ef i thd Hﬂagﬁ’é&ﬁﬁoﬁf of W fagileticOtdcordidy! thédtuheggcmd in stead of
reduci ng the cross-Sectional area to attain a reduced i nductance.
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readi ng operations use the sane coil, a reduced numher, of turns results in

the reductsesn fom digodticei dmeodalayiiTdiedup to electrical chasacteristies 1afe

i nduct t Wit ] i1 h duci.ng.th '

Ievgf, 7 r ot atiching bbb o he Fekerd, Buidhl B2 8 KB ey 0 P
readi ng coj . havy) an, .| . i : il | il 55

navi ng . oHis MRS siltethe bt Rifent 1w SIEGARS dholiast ARG D0

separ at el y phifiMy1R2€ Nthet Bsdoraitg ufreflt | e staitiepensigtively iloreayer, the
production“of such a transducer having respective reading coil and witing

coil of diAflser enimeuddley T2 isirfound coptivees thedpoinsnwhersr deesecording ndi ng
coil, and in particular, the process of w ndigg t wo separ at eéﬁoi s on a

smal | coré"}lrﬁﬁﬂttr5‘&5I@§6ﬁet°aﬂﬂ_84‘i‘fﬁé5’c‘éﬁ'§ﬁ%ﬁ°n§9 the P_‘”m w %id the
| nduct ance TRPORIRE | REfteRL K R, foh hpreast Rl 6w BlrboiGH" of W End e

Iw2 are expressed to be opposite to each other). The time delays Tdi

and Td2 extend the polarity reverse time Tr in the recording current
Iw synthesized from the recording currents Iwi and Iw2 to result in a
large ratio of the polarity reverse time to the reverse interval (Tr1/Ti
and Trzf T2).

In addition, the inductance L1 of the first coil 64 and
inductance L2 of the second coil 65 in the conventional three-terminal
transducer are likely different due to production variai)ility‘ The
difference in the inductances leads to different time delays Tdi and
Td2, thereby resulting in inconsistent magnetization of the recording
medium 20. For this reason, the three-terminal transducer and
driving circuit are conventionally not used in 2 magnetic disk unit
employing a recording frequency of .30 MHz or more.

As described above, the conventional transducer and driving
circuit cannot meet the requirements for the high density and high
frequency magnetic recording, because the polarity reverse time Tr is
difficult to be shortened due to the high inductance of the writing coil

and the time delay at switching the writing coils.

OBJECT AND SUMMARY OF THE INVENTION



5 reducing the reproduction output |evel, a transducer having a three-
termnal coil has been proposed, for exanple, in Japanese Patent Laid- Open
No.  55-132514. Fig. 12 shows a schematic circuit diagram of the _
three-termnal transducer and a driving circuit therefor. As shown in Fig.
12; a three-termnal coil 63 consists of a first coil 64 and a second coi
65 which are connected to each-other at a common term nal 60. Both ends of
the coil 63 are respectively connected td a reproduction circuit 61 and a

6 t chi 6, 66.
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which a reading current IR is passed through the coil 63 consisting of the

first coilcigaitanand m:ombonad eiucti6h  tansducer eand adriviagedirtwitseri es, thus
obtaining a g red I reproductlon output due to a large |nduct ance
of the coi3PP88
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As a result of the intense research in view of the above
objects, the inventors have found that the above problems in the art
can be solved by suitably selecting a pair of terminals for a writing
coil and another pair of terminals for a reading coil from a coil having
at least three termirials so that the inductance of the writing coil may
be émaller than that of the reading coil; and passing the recording

current only through the same writing coil in both the forward and
reverse directions.

this finding.

The present invention has been accomplished by

Thus, in a first aspect of the present invention, there is
provided an induction magnetic transducer for magnetically writing
and reading informational data by detecting a change of magnetic flux
due to electromagnetic induction, comprising a coil having at least
three terminals, wherein a pair of terminals selected from at least
three terminals constitutes a reading terminal pair and another pair
of terminals selected from at least three terminals constitutes a
writing terminal pair so that an inductance of a writing coil defined
between the pair of writing terminals is smaller than that of a reading
coil defined between the pair of reading terminals, the inductance of
the writing coil being 0.3 uH or less, the inductance of the reading coil
at reading operation being 0.95 pH or less and a recording current in

forward and reverse directions being passed only through the writing
coil.



head sel ection signal froma supplier 67 for witing current,
witing current IwWerr] is passed through the first coil 64 and a witing
current Iwerr] is passed through the second coil 65. Since the |length of
the coil 64 and the coil 65 through which the witing current flows is
one-half the length of the coil 63, the inductance of the first and second
coils 64 and 65 is reduced to about 1/4 of that in the reading operation
where the reading current flows the coil 863. However, in the
above three-term nal transducer, and drivin circuit, atinme delay Td is

i nevitabl e at swi tI&i M toFminah paiy, fpe Mbtainingatpyt iH a he witing
current | h d vi.ce vers his,ti a n lgrity
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6 and the magnetization of a fagnetic recording nmedium 20 in operating the
above t hr eeubenoi i@afasseanisdunethenncbxﬂbin\ating of rtme tterndinakeseletctedn Fi g. 14,
atime delay Td[err] due to electrical characteristics of

from at least three terminals of the same coil. The terminals of the

and a

coil are combined so that the inductance of the writing coil defined
between the pair of the writing terminals is smaller than that of the
reading coil defined between the pair of the reading terminals. In
such a manner, the reading coil having a larger inductance and the
writing coil having a smaller inductance are obtained from one coil,
and therefore, the polarity reverse time Tr can be shortened to meet
the requirements of high frequency recording having a short reverse
interval T. In addition, since the recording current in the forward and
reverse directions flows only the writing coil, no time delay due to
switching a writing coil to another and no inductance difference
between the writing coils, which cause .inconsistent magnetization of
the reéording medium, occur. With such a construction, an induction
magnetic transducer applicable to a high density and high frequency
magnetic recording while ensuring a sufficient level of reproduction
output can be attained.

In a second aspect of the present invention, there is provided
an induction magnetic transducer for magnetically writing and
reading informational data by detecting a change of magnetic flux due
to electromagnetic. induction, comprising a coil having two end
terminals at both the ends of the coil and an intermediate terminal,
wherein two end terminals define a reading coil therebetween and
one of two end terminals and the intermediate terminal define a
writing coil therebetween so that the reading coil has an inductance of

0.95 pH or less at reading operation, the writing coil has an inductance



the switching nmeans 66 and the record circuit 62 is found between the point
where the recording current IwWerr] starts to decrease and the point where
the-recording current Iwerr] starts to negatively increase. Also, atine
delay Td[err] is found between the point where the recording current w2
starts to negatively decrease and the.point where the recording current
Iwl starts to increase (the flow directions of Iwl and w2 are expressed to
be opposite to each other). The tine dePays Td[err] and Td2 extend the
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64 and  inductange the abovddndectivid magietR5 tiansdiers Gieen tie wail

t hree-term nal transducer are |i keli/ different due to producti on
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nmagneti c r ¢horadipg beil aaxk théesapme avritiyg rovik is epassede through by thefficult to
be shortened due to the high inductance of the witing coil and the tine
del ay at swpcending ewrsenty in befhc the forward and reverse directions.

Therefore, the polarity reverse time Tr can be shortened to make the

magnetic transducer applicable to the high frequency recording
having a short reverse interval T. In addition, since the same writing
coil is passed through by the recording current in both the forward
and reverse directions, no time delay due to switching a writing coil to
another and no inductance difference between the writing coils, which
cause inconsistent magnetization of the recording medium, occur.
With such a construction, an induction magnetic transducer applicable
to a high density and high frequency magnetic recording while
ensuring a sufficient level of reproduction output can be attained.

By regulating the inductance of the reading coil at reading
operation to 0.95 pH or less and the inductance of the writing coil to
0.3 uH or less, a.high frequency recording utilizing a recording
frequency of 50 MHz or more can be satisfactorily conducted.

The continuous coil is formed by winding a wire on a
magnetic core. In this case, a parallel wire composed of at 1e§st two
wires may be used. An end of a wire and an end of another wire,
cach constituting the parallel wire, serve as the end terminals. Thus,
a single winding operation using the parallel wire simultaneously

produces both the reading coil and the writing coil. The continuous



OBJECT AND SUMVARY OF THE | NVENTI ON

7 Accordingly, an object of the present invention is to solve the
above problens involved in the conventional transducer and driving circuit,
and provide an induction transducer and driving circuit applicable to the
hi gh density and hi gh frequency magnetic recording while ensuring a
sufficient level of reproduction output. As a result of the

i ntense research in view of the above obj¥xts, the inventors have found
that the above problens in the art can be sol ved by suitably selecting a
pai r of tecoil mody teon thinvfilm egilcbavingntwaresdhtermials asd aBrninals for a
reading cojl froma coil, havi t least, three termnals sg.that the

i nduct ance“ﬁ?rq"?fg]a% itermgat o B?'NEV“H@% thesee fermnpls; HhttESf Rllﬁgaftbadi ng
coil; and Wae! dj : : r 1S witing coil
in both t hg&?rgbg/a?%fagﬁéegé\f}ewégr%:aﬁlgﬁoéﬁsng e ;Q)}rllggl nltes}ln\%%ﬁt I on has been
acconpl i shgfin®tadddusly prddteed by a single process.

In a third aspect of the present invention, there is provided a
driving circuit for an induction magnetic transducer magﬂetically
writing and reading informational data by detecting a change of
magnetic flux due to electromagnetic induction, comprising a coil
having at least three terminals, wherein the driving circuit comprises
a reproduction circuit connected to a pair of reading terminals
selected from at least three terminals, the reproduction circuit
reproducing signals from a reading coil defined between the pair of
reading terminals; and a record circuit connected to another pair of
writing terminals selected from at least three terminals, the record
circuit passing a recording current through only a writing coil defined
between the pair of writing terminals in both the forward and reverse
directions. '

During the reading operation, the reproduction circuit
re'céives the signals from the reading coil to read the info_rma.tional
data recorded on the recording medium. The record circuit passes a
recording current in the forward and reverse directions through the
same writing coil to write the informational data on the recording
medium without switching a writing coil to another. Thus, the driving
circuit of the present invention provides an induction magnetic
transducer applicable to a high density and high frequency magnetic

recording while ensuring a sufficient level of reproduction output.

BRIEF DESCRIPTION OF THE DRAWINGS



Thus, in a first aspect of the present invention, there is provided an
I nducti on magnetic transducer for magnetically witing and reading

i nformati onal data by detecting a change of nagnetic flux due to

el ectromagneti c i nduction, conprising a coil having at |least three
termnals, Werein a pair of termnals selected fromat least three
termnals constitutes a reading termnalypair and another pair of
termnals selected fromat |east three termnals constitutes a witing

termnal pair sod.hat an inductance, of L a witing coil defined between the
pair of witing tﬁégm'tlnéq & F&‘%N shreuldiagram howing cgniiinductian | def i ned

bet ween t ' K [.N ej ol e ie.ngduc ce of the witing coil
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operation being (Figh. paraddl 2y ak€Sehemdtia ARGPAHS rg,_owflgegﬁ dlﬂaratﬁ&{ ward and
reverse directions being passed only through the witin col'l .
8 of THee rindutition meagnetial trpasduckorambidriving citouipshowa & Fig.
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Big. 3 is a schematic diagram graphically showing a recording
6pl=r’étion by the induction magnetic transducer and driving circuit
shown in Fig. 1;

Figs. 4a to 4c are schematic diagrams illustrating an induction
magnetic transducer and a bifilar coil embodying the present
invention;

Fig. 5 is a schematic diagram illustrating an induction
magnetic transducer having a thin film coil embodying the present
invention;

Figs. 6a‘ to 6¢c are schematic diagrams illustrating another coil
produced from a parallel wire composed of three wires;

Fig. 7 is a schematic diagram illustrating a typical structure of
a magnetic head;

Fig. 8 is a schematic diagram illustrating a magnetic circuit
for a ferrite transducer or an MIG transducer;

Fig. 9 is a schematic diagram showing a conventional
induction magnetic transducer and driving circuit; |

Fig. 10 is a schematic diagram graphically showing a
recording operation by the conventional induction magnetic
transducer and driving circuit shown in Fig. 9;

Fig. 11 is a schematic diagram showing a conventional
induction magnetic transducer having another structure;

Fig. 12 is a schematic circuit diagram showing a conventional

three-terminal magnetic transducer and driving circuit;



conmbi nation of two termnals selected fromat |east three termnals of the
coil, and the witing termnal pair through which the recording current is
passed i s anot her conbination of two termnals selected fromat |east three
termnals of the same coil. The termnals of the coil are conbined so that
t he i nductance of the witing coil defined between the pair of the witing
termnals is snmaller than that of the reading coil defined between the pair
of the reading terminals. In such a manné the reading coil having a

| arger inductance and the witing coil having a smaller inductance are

obt ai ned from one Eigsl ,13antb tiBer afeotcheridric MvA@asy siewvimgsthd i e Tr can be
shortened to neet the requirenents of high frequency recording having a
short rever¥ad{wirits voperstionnofidtie icomvestioual ttheea-taroridahgnegmetint in t he
forward and reverse dijrections_flows only the wjiting coil, no tinme del ay
due to sw tgﬁ?‘ﬁg‘cﬁrmdtﬁﬁﬁl%iqm?ﬁ showmen Kig 44 @R8uct ance difference

o AL AL ! ! : ce di ence
recor ding medi um - Siubt Yovd ReBCRABY QakBhr 1pRbRRy PN T o hagnet i <
transducer paRrdfih!cpetatich b Phderdni¥ndoRa1Nithte el teBMNRAIC YndRQRR! | C

recording while ensuring a sufficient |evel of reproduction output can be

attai ned. transducer~dmd arivéng rircaipshowaf i MRigpri@sent invention, there is
provi ded an induction magnetic transducer for magnetically witing and
reading informational data by detecting a change of magnetic flux due to

ot h ¢ he. enmE AN TRSCRuAROR ok, Hnd S BRINTD 2" “lnerein o end

i nal s def i - cadi - n end
terinals define apigaqiAibnithe OSLERAINPSE Aihnsafl Asskiffbrgnd termi nal s

term na
comprising an induction magnetic transducer and a driving circuit of

the present invention. In Fig. -'1, a magnetic transducer 1 has a coil 3,
and a driving circuit 2 comprises a reproduction circuit 21 and a
record circuit 22, each being connected to the coil 3. The coil 3 has
three terminals, namely, two end terminals 33 and 35 at both the
ends of the coil 3 and an intermediate terminal 34. A coil defined
between the end terminals 33 and 35, namely the whole part of the
coil 3, constitutes a reading coil. A coil defined betw=en the =2nd-
terminal 33 and the intermediate terminal 34 is a fst coil ‘31, and a.
coil defined between the end terminal 35 and the intermediate
terminal 34 is a second coil 32. Either one of the first coil 31 and the
second coil 32 is used as a writing coil to be connet;ted to the record
circuit 22. In Fig. 1, although the second coil 32 is used as the writing
coil and connected to the record circuit 22, it should be noted that the
first coil 31 may be also used as the writing coil and connected to the
record circuit 21. The position of the intermediate terminal 34 on the
coil 3 may be arbitrarily selected so long as the writing coil has an

inductance which gives a polarity reverse time Tr sufficient small for
a high frequency recording.



witing coil therebetween so that the reading coil has an inductance of
0.95 [err]H or less at reading operation, the witing coil has an

i nduct ance 9 of 0.3 [err]H or
| ess, and a recording current in forward and reverse directions is passed

t hrough only the witing coil. In the above induction magnetic
transducer, since the coil defined between two end termnals at both the
ends of the continuous coil is used as fRe readi ng coil and the coil

defi ned between oge o e end termnals apd the internediate termnal is
used as the witi céﬂ IS?‘°1”ﬁea| W&ﬂt‘kgaﬁ@éfﬁont by the tmﬁg:tw magaetiPway s

smal | er t t Sa ng coil is passed
hrough by heuete 3hd; 48 AFMETEIER i i TPREE, R hhORe Fatce!

di recti onstheTbsil ef G euseah@s ¢ aeadivg’ é‘di?r afd tthgeinfém?éii%n'a? &abponeRgd to
make the magnetic transducer applicable to the hi'gh frequency recording

havi ng a stresordingy exesbiuinntierreptodicetnbydtie imeasusemenst ofeaspeading i ting coi |

i s passed through b% the recording current in _both the forward and. reverse
di recti onscuﬁéng e by ethey renseductionyicitenitngla Wortd high drequency

recording of’ 50 MHz or more while ensuring a desired reproduction
ouq;lt level, the total inductance Lh of the coil 3 at reading operation
is preferably about 0.95 pH or less.

Fig. 2b shows a writing operation using the second coil 32 as
the writing coil. At the writing operation, only the second coil is used
and a recording current in both the forward and reverse directions,
namely, a recording current Iwi and a recording current Iw2 from the
record circuit 22, is passed through only the second coif 32. In this
manner, the inductance L2 (inductance of the second coil 32) at the
writing operation can be made smaller than the inductance Lh at the

reading operation. An inductance L of a coil is proportional to a

square of the number of turns. When the intermediate terminal 34 is

positioned at near the center of the coil 3, the inductance 12 at the
writing operation is about 1/4 of the inductance Lh at the reading
operation.

In the present invention, the flowing direction of each
recording current Iw1 or Iw2 passing through the second coil 32 is
fixed by the direction of the output current from the record circuit 22.
Thereforé, a means for switching the recording current from Iwi to
Iw2 and vice versa can be omitted. Also, since only one writing coil is
used in the present invention, a means for switching a writing coil to
another can be omitted.

Fig. 3 shows a magnetic recording on a magnetic recording

medium 20 by the induction magnetic transducer and driving circuit



anot her and no inductance difference between the witing coils, which cause
i nconsi stent magnetization of the recording medium occur. Wth such a
construction, an induction nagnetic transducer applicable to a high density
and hi gh frequency magnetic recording while ensuring a sufficient level of
reproducti on out put can be attained. By regul ati ng the inductance
of the reading coil at reading operation to 0.95 [err]H or less and the

i nductance of the witing coil to 0. 31[ rr]H or less, a high frequency
recording utilizing a recording f requency of 50 Mz or nore can be

sati sf act oraf| thec pregant davention. ~ In Fig. Thewbomtthaurgerd: sircuits22 or med by

of "at Teastobfise Gmssal Rapelscotetiondingra”di Aok rhsbiadh Feserdeld B anot hor
TS SRS aophlts AL HStatle Eurtf 15, Bl BRI 103
produces bogdil B¢ Thedontrot Rignak RHowhSinWFid. i Ngs MRTE cIMPolC Sighhl vilich
1o inverts the sign between plus and minus every time the recording
data are i;xput. The recording current Iw in the forward direction and
the- i'ecording current in the reverse direction is represented in Fig. 3,
for convenience, by Iwi and Iw2, respectively. The magnetic recording
medium 20 is magnetized by a magnetic field produced by the
recording current Iw. When the flowing direction of the recording
current Iw is reversed due to the signal change of the control signal,
the recording current Iw varies at a time constant corresponding to
the inductance L2. T+ and I- represented by broken lines are
magnetization threshold values for sufficiently and magnetically
saturating the magnetic recording medium 20. When the recording
current Iw exceeds the magnetization threshold value I+ or I-, the
magnetic recording medium 20 is sufficiently magnetized to allow the
data to be magnetically recorded. The recording current Iw for
magnetically exciting the transducer is controlled so as to have a
constant reverse interval T, and there is a time delay (polarity

reverse time Tr) between the input of the control signal and the
beginning of the magnetization of the recording medium 20. The
polarity reverse time Tr depends on the circuit properties of the
record circuit 22 and the inductance of the writing coil. When the
inductance L2 of the writing coil 32 is 0.3 pH or less, a polarity reverse
time Tr of desired level, i.e., a polarity reverse time Tr of 1/2 or less
of the reverse interval T can be attained to provide a magnetic
transducer applicable to magnetic disk units using a maximum

recording frequency of 50 MHz or more. In a high frequency



coil may be a thin filmcoil having two end termnals and an internedi ate
termnal. By fornmng these termnals in the thin-filmformnm ng process, both
the reading coil and the witing coil are sinmultaneously produced by a
singl e process. In a third aspect of the present invention, there
Is. provided a driving circuit for an induction magnetic transducer
magnetically witing and reading informati onal data by detecting a change
of magnetic flux due to eIectronagneticlpnduction, conprising a coil having

at | east ergLn ' L. Y] hI.Cult. | $.ES,.8:
reproductli‘écg??@iln C ul géc}%ﬁsee\(,:\?g{?ﬂ'% f%&?&'%# n%é%?ff&ngdtt_ gfr)ﬁr&gél @E gzg et ed
fromat | gasthet polafity aevenal Gmet T8 t0CEHOerb® InfrvAUT! MBRY @Rreh&t sSignal s
froma reading coil defined between the pair of reading termnals; and a

record ci izuthe caimeesults im thaoshifr ofathe nfagnetization tteansitiosl poimd ect ed from
at least three terminals, the record circuit passing a recording current

t hrough oMegauseyan; usgausatedbe rmagretized portioneithdhe ECORling ng t er mi nal s
in both the f.orward and reverse,ditections. . ... Duri t he reading
oper at 1 on Teqiin 4f BABRSIAAC b fof; ST Dmpasite e Up AR BRRR he r ead ng
coil tor eml s [TB: | t 24; r ing nmedi um The
record cir uitPQplgggégﬁgaﬁé@g?tﬁ%i %‘3 %ﬂ?’?@ﬁt g?ﬁrﬁgﬁg}lé@g&gﬁd reverse

di recti onspdrkio@l0lInt e pré&sRiP ivwentict] SUH at Shiff iofethehendghbazatdd onal data
on the recording medi um wi thout switching a witing coil to another.

Thus, the ttansitiog poinitrearn tbeominfmizededynta shontenddorpoparityi dewerae i nducti on
magnetic _trapsducey aptpl I cabl e to ﬁ hi gh density and hi,gh fr,fquency
magnetic time Tr resulted ng the inductance of the writing coil.

rom reduci
Fig. 4a shows a structure of the magnetic transducer
embodying the present invention. In Fig. 4a, a coil is formed by
winding a parallel wire 10 on a magnetic circuit 16 assembled by
magnetic core pieces made of ferrite, etc. Each of the surface of the
magnetic circuit 16 facing a magnetic gap 18 has a magnetic metal
film (Fe-Ta-N) 17. The parallel wire 10 consists of a pair of conductor
wires 10a and 10b. As shown in Fig. 4b, the wire 10a has an end A
and an end Bi, and the wire 10b has an end B2 and an end C. An
intermediate terminal 14 is formed by connecting one of the ends of
the wire 10a (end Bi in Fig. 4c) and one of the ends of the wire 10b
(end B2 in Fig. 4c). The end A and the end C as the end terminals 13
and 15 define a reading coil corresponds to a coil formed by winding a
single wire having a total length of the wire 10a and the wire 10b. A
writing coil 11 and a writing coil 12 are defined between the end
terminal 13 (end A) and the intermediate terminal 14, and between
the end terminal 15 (end C) and the intermediate terminal 14,
respectively. Each of the writing coils 11 and 12 corresponds to a coil

winding a single. wire having a length of the wire 10a or 10b. Since
the ratio of the number of turns between the writing coil 11 or 12 and

the reading coil is about 1:2, the ratio of the inductance is about 1:4.



recording while ensuring a sufficient |evel of reproduction output.
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic

circuit diagram showi ng an induction magnetic transducer and driving

circuit of the present invention; Figs. 2a and 2b are schematic
di agrans show ng an operation of the induction magnetic transducer and

driving circuit shown in Fig. 1; 16 F19. 3 is a schematic diagram
graphically showi ng a recording operation by the induction magnetic
transducer and driwving circuit shown in Fig, 1; . .FiQs. 4a to 4c are
schemati ¢ di agr ang¥iPre LFA’FF’J!‘?‘&JQ'%Q M%é‘fai“gﬁ’l“‘??égﬂ’é’ﬂ’b iR rFéﬁsgﬁcg?s and a

bitilar COiI}m&Q&%d%B,nQ,iﬁ&ﬁgpg bl parallel wire 10, each of the wires 10a

and 10b having a diameter of 20 um, on the core having a cross-
sectional area of 2500 pm? (50 pm x 50 pm) to form a coil of 13-turn.
The end Bi of the wire 10a was connected to the end B2 of the wire
10b to form the intermediate terminal 14, thereby producing a three-
terminal coil having the reading coil of 26-turn and the writing coils
11 and 12 of 13-turn. The measured inductance of each coil was 0.83
pH for the reading coil defined between the terminals 13 and 15, 0.26
puH for the writing coil 12 defined between the terminals 14 and 15,
and 0.24 pH for the writing coil defined between the terminals 13 and
14. For comparison, the same magnetic circuit as shown in Fig. 4a was
wound by a single wire (monofilar) to form a two-terminal coil of 26-
turn. The measured inducfance of the coil was 0.80 pH.

Generallf, the number of turns of the coil is selected according
to the inductance Lh of the coil at reading operation so that a desired
resonance frequency f, between the magnetic transducer and the

reproduction system containing the reproduction circuit may be

obtained. The resonance frequency fy is represented by the following
formula: .

fo = 1/{2r (Lh - C)}/2%}

wherein C is a sum of an input capacitance Cin of the reproduction
circuit and a stray capacitance Ch between the coil wires. Assuming
that the input capacitance Cin is 7 pF and the stray capacitance Ch
between the coil wires is 4 pF, the resonance frequency fp of the
system containing the induction magnetic transducer of the present
invention is calculated as 52.7 MHz because the inductance Lh of the

coil at reading operation is 0.83 pH. The resonance frequency f, of the

system containing the conventional two-terminal magnetic transducer



I nventi on; Fig. 5is a schematic diagramillustrating an induction
magneti c transducer having a thin filmcoil enbodying the present

i nventi on; Figs. 6a to 6c are schematic diagrans illustrating
anot her coil produced froma parallel wire conposed of three wres;

Fig. 7 is a schematic diagramillustrating a typical structure of a
magneti ¢ head; Fig. 8 is a schematic diagramillustrating a
magnetic circuit for a ferrite transducér’ or an MG t ransducer; _
Fig. 9is schemati ¢ di agram shawi.ng @ conventi onal _induction magnetic
trgnsducerﬁﬁﬂﬂgaﬁ |8Wé§ %’P‘gc Qr}o%ar) doif is ealgulated g SQ-ZcMg'#aPP_EaWag_ram
gr aphi cal | Shﬂﬁ! egorl Ng.: raf | t venpt i nduction
magneti c g[’hreans S(E:kglrcga%!a ((Siflt%' %ﬂgfggcﬁ‘{&gﬁgéﬁ ‘gbﬁe‘gﬁ?‘g“ Eigd%aih{ _ Fig 11
is a schenatic di TheapbRbiey RY¥eeCdme M 8P athe re'cB?&iﬁ%' Sr&RIBes! C
transducer havi ng anot her structure; Fig. 12 1s a schematic

circuit di apaswteshoni ag systeonentdinitgy the t indeetivar magakticagassdueet r ansducer
and drivingfcircuit;

the present invention and a system containing a conventional two-
terminal magnétic transducer having a single wire (monofilar) coil.
The” magnetic recording was conducted by using a 3.5-inch disk
having an coercive force Hc of 2000 Oe under the conditions that a
rotating speed was 5200 rpm, a radial position (r) of measurement
was 37.3 mm at which a relative speed between the transducer and
the disk was 20.32 m/s, a flying height of the head was 30 nm, and a
recording frequency was 50 MHz (corresponding.to a line recording
density of 125 kKFCI). As a result thereof, it was found that the
polarity reverse time Tr was 5 ns in the present invention, and 7.7 in
the conventional system. Thus, it was confirmed that the polarity
reverse time Tr was reduced by the induction transducer and driving
current of the present invention.

Also, 2 non-linear magnetization transition shift (NLTS), a
measure for evaluating the magnetization state of the magnetic
recording medium, was measured. The results showed that NLTS was
25% in the present invention and 50% in the conventional system.

The NLTS is represented by the ratio (8/T) of the shifted amount (5) of
the magnetization transition point to the reverse interval T, and the
smaller the ratio is, the better the magnetization state of the recording
medium is. The NLTS may be determined by several methods, and
herein measured by a fifth harmonic wave extraction.

In the above measurements, a 50%-size composite MIG
magnetic head in which the magnetic core was glass-bonded to a non-

magnetic slider. The 50%-size in the present invention means a



12 Figs. 13a to 13c are schematic diagrans showing the read/wite
operation of the conventional three-term nal magnetic transducer and
driving circuit shown in Fig. 12; and Fig. 14 is a schematic

di agram graphically showing a recordi ng operation by the conventi onal
three-term nal magnetic transducer and driving circuit shown in Fig. 12.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Fig. 1 shows the

construction of a transducer assenbly con]r?ri sing an induction magnetic

transducer ,and a driVvi circuit of e present .inveptjon. In Fig. 1, a
magnet i ¢ t CHRERRIER Of) &ngg‘rﬁ ’6‘0#?“3&" L&d“ﬁ“d‘l“l WW&;‘ E’i“?c‘tgtmgl Bnprises a
reproducti @pi fifeSyit 21 and a record circuit 22, each being connected to

the coil 3 coil 3 has three terminals, nanely, two end terminals 33

and 35 at both t Py efdshedws tanstiepi typd andnddcticd aha@ibtiatl ahfdubepadf 34. A
coil defined between the end termnals 33 and 35, nanely the whole part of

the coil 3,theqmesant un¥ention davinggachin film coill HefBiged, hethim diln weiland
termnal 33 and the internedjiate termnal 34 is a first coil 31, and a coil
defi ned beét4fedras E@fr%‘?fii arepnd Fajoids pRrYonnWhich SORBEFtA: &0 tWIPFTnal 34 is a
second, <o Lpdguce WG SR oL om0 i RERAG  32 1S
known thin film forming techniques. Between the end of the upper
magnetic layer 41 and the end of the lower magnetic layer 42, a
magnetic gap 48 is formed. The thin film coil 40 has end terminals 43
and 45 and an intermediate terminal 44, and as mentioned above
referring to Fig. 4, the reading coil is defined between the end
terminals 43 and 45 and the writing coil is defined between th'e end
terminal 43 or 45 and the intermediate terminal 44. The end
terminals 43 and 45 and the intermediate terminal 44 may be
simultaneously formed in the pattern formation of the thin film coil.

Figs. Ga to 6¢ show.a coil having an increased number of
terminals. The coil is produced, as in Fig. 4, by winding a conductor
wire 46 on the magnetic circuit constituted by a magnetic core made
of ferrite, etc. The conductor wire 46 is composed of three wires 46a,
46b and 46c as shown in Fig. 6a. The wire 46a has ends A and B, the
wire 46b has ends C and D, and the wire 46c has ends E and F. The
conductor wire 46 is wound on the core and the terminal B and the
terminal C, and the terminal D and the terminal E are respectively
connected to each other as shown in Fig. 6b. As seen from Fig. 6¢c, a
reading coil winding a wire having a total length of the three wires is
defined between the end terminals A and F. Also, as shown in Fig. 6c,

a writing coil shown by the solid line is defined between the terminal
A and the terminal B+C, a writing coil shown by the broken line is

defined between the terminal B+C and the terminal D+E, and a writing
-



circuit 22. In Firg. 1, although the second coil 32 is used as the witing
coil and connected to the record circuit 22, it should be noted that the
first coil 31 may be also used as the witing coil and connected to the
record circuit 21. The position of the internediate termnal 34 on the
coil 3 may be arbitrarily selected so long as the witing coil has an

i nductance which gives a polarity reverse tine Tr sufficient small for a

hi gh frequency recording. 19 13
Fi 9. 2a sheyib showa By NiheORS-a4dH0MinkY i A ' NEL. r ucer and
the driving cisrgui tgghgl\f\}naisfnaﬁlgmm% lihﬁﬁgggﬁﬁﬁﬁgtﬁgh&%ll ﬁg'%?s used as

the readi napdcdhd teanithal IR | Pirdierptd enitingdabd showh oy @ers8iiaglia® dindm i S
reproduced by the nmeasurenment of a reading current IR by the reproduction
circuit 21therbrokemilipe iy slgfimadybetavasndiiiy tefmingd AHandrthepteemiimall e

The coi | 3DAE: A0GHAnyESRE: G HRONE Boeths; HERkeoallon: sl g o dpit dm ose.
: is defined between the terminal B+C and the terminal F. In this
manner, coils having different inductance may be obtained by
suitably combining the end terminals and the intermediate terminals.
As described above, an induction magnetic transducer and
driving circuit applicable to a high density and high frequency
recording while ensuring a sufficient reproduction output can be

provided by the present invention.



Fig. 2b shows a witing operation using the second coil 32 as the witing
coil. At the witing operation, only the second coil is used and a
recording current in both the forward and reverse directions, nanely, a
recording current Iwerr] and a recording current Iwerr] fromthe record
circuit 22, is passed through only the second coil 32. In this manner, the
I nductance L[err] (inductance of the secggd coil 32) at the witing
operation can be made snaller than the irfductance Lh at the reading

oper ati on. -«aﬁéQdyg ¢i¥¢%ﬁ?ﬁ a coil is proportional to a square of the
nunber of t e J@rnedlate termnal 34 is positioned at near
the center of the coil 3, the inductance L2 at the witing operation is

about 1/4 of the inductance Lh at the readi ng operation. In the

present invéntion, Athdndheidmomagiens iteansdbiceaddr magrstibally Gitiggt |Werr]
or Iwerr] pa55| ng through the second coil 32 is fixed by the direction of
the output 8ud resading mﬁormupa@lodatacbycdetecmg awimngcoo% magnetianlukor

swi t chi ng t e recoqul ng current fromlw err] {] and VI ce versa can
be omtted. N‘“s’t? "'Fﬁf’g“ C oduGHOR, %me s;ng @ °9 ePaYiRg Melonsbsent

i nventi on, a S n n_be omtted.
Fig, 3 showsﬁ“'agg n%é?t#é{?&ls, ‘%ﬁéf@i’ 9 Baxw bf tQﬁLnﬁ'@H s%féc %&8& saﬁ@

recor I ng* on netic rec rd| d?tUm 20 by
the inducti geasfegitesd | @rimimis dssiRtit@as airﬂewmg GefRifial pair and another

pair of terminals selected from said at least three terminals

constitutes a writing terminal pair so that an inductance of a writing
coil defined between said pair of writing terminals is smaller than an
inductance of a reading coil defined between said pair of reading
terminals, said inductance of said writing coil being 0.3 pH or less, said
inductance of said reading coil at reading operation being 0.95 pH or
less and a recording current in forward and reverse directions being
passed through only said writing coil.

2. An induction magnetic transducer for magnetically writing
and reading informational data by detecting a change of magnetic flux
due to electromagnetic induction, comprising a coil having two end
terminals and an intermediate terminal, wherein said two end
terminals define a reading coil therebetween and one of said two end
terminals and said intermediate terminal define a writing coil
therebetween so that said reading coil has an inductance of 0.95 uH or
less at reading operation, said writing coil has an inductance of 0.3 pH
or less, and a recording current in forward and reverse directions is
passed through only said writing coil.

3. The induction magnetic transducer according to claim 1 or 2,

wherein said coil is wound on a magnetic circuit.

| UEE R D 0



14 of the present invention. In Fig. 3, when the record circuit 22

recei ves control signals corresponding to the data being recorded, the
record circuit 22 passes the recording current Iw through the second coi

32. The control signal shown in Fig. 3 is NRZI control signal which inverts
the sign between plus and m nus every time the recording data are input.
The recording current Iwin the forward.direction and the recordi ng current
in the reverse direction is represented I'n Fig. 3, for convenience, by

| | . ti ly.. Th ti di dj 20
) oy L e RARBESY | Eeesic AGaSRREE acds i thodatr Bt fw. | vhen
the fl owi Nghelel® Hai® meEndthe ERa e'asag Se rae@ﬁ%gae!ﬁksc&%v‘ag Sf%ng%&feltfco the

si gnal change of the control signal, e recording curren es at a
time constthim fibmresponding to the inductance L[err]. |+ and |- represented
by broken |lines are magnetization threshold values for sufficiently and
magneti cal ¥y sat ulhei w%ucmn nagpraticc transductirngeovedingnt® Glaivheh drhé,
recordiing current Lw exceeds the magn%e#izat_ion threshold value I+ or |-,

t he magnet I elfeéﬂo%adﬁ!ivn"gmﬁé’ﬂﬂﬂﬂsfé 3 Pagplisl; wikeh compeserhefi 2ledeast ta ow t he

xci ting t ey ancoend decell B oAt el Skes BopSbtBe ol hpitver s
interval Tg.and tTheejnduchoh MBgAtlAheddURbidiMg to claim 1 or 2,
wherein said coil is a thin film coil.
7. A driving circuit for an induction magnetic transducer
magnetically writing and reading informational data by detecting a
change of magnetic flux due to electromagnetic induction, comprising
a coil having at least three terminals, wherein said driving circuit
comprises:
a reproduction circuit connected to a pair of terminals
constituting a reading terminal pair and selected from said at least
three terminals, said reproduction circuit reproducing signals from a
reading coil defined between said pair of reading terminals; and
a record circuit connected to another pair of terminals
constituting writing terminal pair and selected from said at least three
. terminals, said record circuit passing a recording current through only
a writing coil defined between said pair of writing terminals in both

forward and reverse directions.

LT



reverse time Tr) between the input of the control signal and the beginning
of the magnetization of the recordi ng nedium 20. The polarity reverse tine
Tr depends on the circuit properties of the record circuit 22 and the

i nductance of the witing coil. Wen the inductance L2 of the witing coil
32 is 0.3 [err]H or less, a polarity reverse tine Tr of desired |evel,

I.e., a polarity reverse tine Tr of 1l/2yor |ess of the reverse interval T

can be attai “edb;&rgu@gﬂﬁ 6 T AR S DUEERNANDCOR TG | CEREUIT 0 magnet i ¢
n X1 mum

di sk units usi recor oppgrF@guUency of 50 MHz or nore. In a
hi gh frequency 15 recordi ng,

the reverse interval T becﬁﬂﬁnwldf@ﬁ@ oieresYREt he ratio of the
polarity reverse time Tr to e reverse Interval T. The increase in the

ratio results in the shift of the magnetization transition point because an
unsaturatedly magneti zed portion in the recording nmediumis magnetized in

the direction oppesiddactioni inaglefic dirhRsducer Y hagnBREAI | writing! dnfir om an
adj acent saturatedly nmagnetized portion. In the present 1nvention, such a
shift of tieadimgriaformmtional data by detecting a change of magnetic flux due

to electromagnetic induction. The transducer has a continuous coil

having at least three terminals. A pair of terminals selected from at

least three terminals constitutes a reading terminal pair and another

pair constitutes a writing terminal pair so that an inductance of a

writing coil defined- between the pair of writing terminals is smaller

than that of a reading coil defined between the pair of reading

terminals. A recording current in forward and reverse directions is

passed through only the writing coil. With the above construction, the

inductance of the writing coil is reduce while niaintaining the

inductance of the reading coil high, and a means for switching a

writing coil to another, which camses a time delay, can be omitted. As

a result thereof, an induction magnetic transducer and driving circuit

applicable to a high density and high frequency recording while

ensuring a sufficient level of reproduction output can be provided.

Figure 1



transition point can be mnimzed by a shortened polarity reverse tinme Tr

resulted fromreducing the i nductance of the witing coil. Fig. 4a
shows a structure of the nagnetic transducer enbodying the present
invention. In Fig. 4a, a coil is forned by wnding a parallel wire 10 on a

magnetic circuit 16 assenbled by nmagnetic core pieces nade of ferrite,
etc. Each of the surface of the magnetl£l@ircuit 16 facing a nagnetic gap
18 has a mgmﬁrnial film(Fe-Ta-N)" 17. The parallel wire 10 consists
of a pair of C wires 10a and 10b As shown in Fig. 4b, the wire
10a has an end A and an end B1, aﬂd ire 10b has an end B[err] and an
end C. An internediate term naJ, IS f ned, by connecting one of the ends
of the wire 10a (end B[err] in Fig. 4¢) and ‘6ne of the ends of the wire
10b (end B[err] in Fig. 4c). The end i and the end C as the end termnals
13 and 15 define a reading coil corregponds to a coi ormgd_b@iwi ndi ng a
single wire having a total lergth of thie wire 10a and|the~wjJre 10b. A
witing coil 11 and a witin re defined betjee e end term nal
13 (end A) and the internedi ynal 14, and bé¢tw t he end

termnal 15 (end C ke raje termnal 14, respectively. Each
of the witing coiI 11 and | a coill wi nding a single

Wi re having alengt 3%2 . |Si nce the ratio of the
nunber of turns bet t he i oifl 11 dr 12 and ;_e/@ng coi l

is about 1:2, the ratio of theyi nduct al]i:e is about\llzz

/%

FIG. 2b
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16 More specifically, an MG transducer shown in Fig. 4a was
produced by winding a bifilar parallel wire 10, each of the wires 10a and
10b having a dianmeter of 20 [err]m on the core having a cross- sectional
area of 2500 [err]mferr] (50 [err]mx 50 [err]m to forma coil of 13-turn.
The end B[err] of the wire 10a was connected to the end B2 of the wire 10b
to formthe internediate termnal 14, t T EPY producing a three- term na
coil having the reading coil of 26-turn @nd the witing coils 11 and 12 of
13-turn. The neasured inductance of each coil was 0.83 [err]H for the
readi ng coil defined between the termnals 13 and 15, 0.26 [err]H for the
witing coil 12 defined between the termnals 14 and 15, and 0.24 [err]H
for the Wiﬂlﬁc% defined between the termnals 13 and 14. For

conpari son, s magnetic circuit as shown in Fig. 4a was wound by a
single wire (nonofilar) to forma two-term nal coil of 26- turn. The

nmeasur ed i nductance of the coil was 0.80 [err]H Cenerally, the
nunber of turMRBECORPING! is selected according to the inductance Lh of
the coil at r A operatioh so that a deslred resonance frequency flerr]
bet ween the magnefic transducer _and the reproduction system containing the
reproduction. cg T be |obtained. The [fesonance frequency f[err] is
represent ed bySi ow ng{ fornul a:
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flerr] = 1/(2[err] (Lh [err] OJerr]) wherein Cis a sumof an input
capacitance G n of the reproduction circuit and a stray capacitance Ch
bet ween the coil wres. Assum ng that the input capacitance G n is 7 pF
and the stray capacitance Ch between the coil wires is 4 pF, the
resonance frequency f[err] of the system cont ai ni ng the i nduction
magneti c transducer of the present invention is calculated as 52. 7 Mz
because the inductance Lh of the coil3410reading operation is 0.83

[err]H. The resonance frequency f[err] of the system cont ai ni ng t he
conventional two-term nal magnetic transducer

havi n ngl,e wire (nonofilar) coil is calculated as 53.7 MHz because
the |nduc?EﬁEé§ the coil at reproduction operation is 0.80 [err]H.

The polarity reverse time Tr of the recording current was neasured on a
system contai ning the ipductipn magnetic tI&nsducer of the present

invention and a system tain\ng a co ntional two- term nal nagnetic
transducer havi ' i il

12 11

s
2 R
é:~:~:7::* <
é§>:ft___: ' 14
“\-%
di T T
d =97
TH— 15

-—4—-+---0

4
16

FIG. 4b " FIG. 4c

A

?

e Ol

10b

O~

b
/’/;?
Oo—-————{:

w

|

fan—ry
o




The magnetic recordi ng was conducted by using a 3.5-inch disk having an
coercive force Hc of 2000 Ce under the conditions that a rotating speed was
5200 rpm a radial position (r) of measurenment was 37.3 nmat which a
rekative speed between the transducer and the disk was 20.32 nfs, a flying
hei ght of the head was 30 nm and a recording frequency was 50 MHz
(corresponding. to a line recording density of 125 kFCl). As a result
thereof, it was found that the polarity 44/ &rse time Tr was 5 ns in the
present invention, and 7.7 in the conventional system Thus, it was
confirmed that the polarity reverse tinme Tr was reduced by the induction
transducer and driving current of the present invention. Al so, a
non-|inear nmagnetization transition shift (NLTS), a neasure for eval uating
the magneti zation state of the magnetic recording nmedium was neasured.
The resul tsg’ét hat NLTS was 25%in the present invention and 50%in
the conventtonal®* system The NLTS is represented by the ratio ([err]/T) of
the shifted amount ([err]) of the magnetization transition point to the
reverse interval T, and the snmaller the ratio is, the better the

magneti zation state of the recording nmediumis. The NLTS may be determ ned
by several nethods, and herein neasd4Bed by a fifth harnonic wave
extraction. In the above neas nment a _50% si ze conposite MG
magnetic head in which the magnetic core was
magnetic slider. The 50% si ze i he presentji [ ans a

o
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18 dimension of 1.6 mmin length, 1.2 mmin width and 0.4 nmin

t hi ckness. Fig. 5 shows another type of induction nmagnetic
transducer of the present invention having a thin filmcoil. In Fig. 5, a
thin filmcoil 40 was fornmed around a joint portion which connects an upper
magnetic | ayer 41 and a | ower magnetic |ayer 42, and is made by known thin
filmformng techni ques. Between the end of the upper magnetic |ayer 41 and
the end of the | ower magnetic |ayer 42, 510 magnetic gap 48 is fornmed. The
thin filmcoil 40 has end term nals 43 and 45 and an internedi ate

term nal 44, and as nentioned above referring to Fig. 4, the reading coi
is defined between the end termnals 43 and 45 and the witing coil is
defined between the end termnal 43 or 45 and the internediate term nal
44. The end termnals 43 and 45 and the internediate term nal 44 may be

si mul t aneousl in the pattern fornmaty f SEE thin filmcoil.
Figs. 6ato g%qgﬁgax§ coil having an incr N r of termnals. The
coil is produced, as in Fig. 4, by w nding a conduct or wire 46 on the
magnetic circuit constituted by a nmagnetic core nade
46b
51§ B
" 46¢
i
46a {
\\ i M
I
I
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FIG. 6¢




of ferrite, etc. The conductor wire 46 is conposed of three wires 46a,

46b and 46c as shown in Fig. 6a. The wire 46a has ends A and B, the Wre
46b has ends C and D, and the wire 46¢c has ends E and F. The conduct or
wire 46 is wound on the core and the termnal B and the termnal C, and
the termnal D and the termnal E are respectively connected to each
other as shown in Fig. 6b. As seen fromFig. 6¢c, a reading coil winding a
wire having a total |ength of the threeﬁﬁﬁhs is defi ned between the end

termnals A and F. Also, as shown in Fig. 6c, a witing coil shown by

the solid line is defined between the term nal A and the term nal B+C,
a witing coqguxzaa by the broken line is defi ned between the term nal
B+C and the t +al! D+E, and a writing

19 coil shown by the dot-dash line is defined between the term nal D+E and
the terminal F. Further, a witing.coil shown byl the solid Line and the

broken line is definedqbetwee t anal A and the termnal D+E, and a
writing coil shown by e oken antk\t h¢' dot-dash line is defined
bet ween the term nal nd the term@xal PN\In this

»)

»}

FIG. 8




manner, coils having different inductance may be obtained by suitably
conbining the end termnals and the internediate term nal s. As
descri bed above, an induction magnetic transducer and driving circuit
applicable to a high density and high frequency recording while ensuring a
sukficient reproduction output can be provided by the present invention.

20 WHAT IS CLAIMED | S: 1. An induction magnetic transducer for
magnetical ly witing and reading i nfornd/d8nal data by detecting a change
of magnetic flux due to el ectromagnetic induction, conprising a coil having
at least three termnals, wherein a pair of termnals selected fromsaid at .
| east three 1 hgl s pstituphes,a reading termnal pair and another pair
of terninaYE#tcgécgtdjfﬁﬂﬁprai | east three termnals
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constitutes a witing term nal

pair so

that an inductance of a witing coil

defined between said pair of witing termnals is smaller than an

i nduct ance of a reading coil
term nal s,
sai d i nductance of said readi
or
passed through only said wit
transducer for

| ess and a recordi ng current

defi ned between said pair of
sai d i nductance of said witing coil

ng coil at

ing coil.

magnetically witing and readi ng informational

r eadi ng
being 0.3 [err]H or |ess,
readi ng operation being 0.95 [err]H

in forward and reverse directions being

An i nduction magnetic
data by

B/10

detecting a change of nagnetic flux due to el ectromagnetic induction,

conprising a cggtggzvlgf jgrlnd t
m

wherein said t
of said two end

termnals and sald i nternmedi at ¢

m,nal s and an internedi ate term na

t her ebet ween and one
termnal define a witing

readi ng coi

coi | t her ebetween so that said reading coil ha® an inductance of 0.95
[err]H or | ess at reading operation, said wi}ing coq has an i nduct ance
of 0.3 [err]H or less, and t"jrlif ward and reverse
directions is passed throu h only said wi 0 ; . The
i nducti on magneti c transducer| accordi ng cl a2 or 2, wherein said
coil is wound on a magnetic cjrcuit.
D
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21 4. The induction magnetic transducer according to claim3, wherein
said magnetic circuit conprises a nmagnetic core or a magnetic thin film 5.
The rnduction magnetic transducer according to claim3 or 4, wherein said
coil conprises a parallel wire conposed of at |least two wires, each end of
saikd at |least two wires constituting said termnals. 6. The i nduction
magneti ¢ head according to claim1l or %,dgferein said coil is athin film
coil. 7. A driving circuit for an i dd& i on magneti ¢ transducer
magnetically witing and reading informational data by detecting a change
of magnetic fl ux due to electronagnetlc i nduction, conprising a coil having

at Ieast g? €§- IJMB rqﬁg¥tald driving C|rcuit conpri ses:
a reproductio CIrCUIt connected to a pair of termnals constituting a
reading termnal pair and selected fromsaid at least three term nals,
sai d reproduction circuit reproducing signals froma reading coil defined
between said pair of reading term nalsg_and a record circuit
connected to another pair of terminals Iconsti ttd wi6lng terninal pair
and selected fromsaid el s,~saijd record circuit
passing a recording curgent through onlj a witin oi | defined between

' ' ' s in both 1forqart d rjeverse directions.
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