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MAGNETI C HEAD APPARATUS ];(&{ C/B\@qé'tHNICAL

~ The present invention relates to a magnetic head, ,apparatus
nd, to be nore specific, it relates to a magnetic heach 38{1‘5
i th a magnetoresistive (MR) el enent.

A thin filmmagnetic head which enploys an MR el enent as a read el enent

suitable for

medi um at hi gh density, since its output is independent of the speed of
the head relative to the magnetic disk. The technical literature which

di scl oses exanples of such GMMELIJI& tllﬁf}gDi ?&I;IQER%TET"S art includes, for

TECHNICAL FIELD
The present invention relates to a magnetic head
apparatus and, to be more specific, it relates to a magr.l.eticl
head apparatus provided with a magnetoresistive (MR) element.
BACKGROUND ART
A thin film magnetic head which employs an MR element
as a read element is suitable for reading information that is
recorded on a magnetic recording medium at high density, since
its output is independent of the speed of the head relative to

the magnetic disk. The technical literature which discloses

. examples of such a magnetic head in the prior art includes, for

instance, Japanese Unexamined Patent Publication (KOKAI) No.
40610,71987, U.S. Pat. No. 4,103,315 and Japanese Unexamined
Pateﬁt Publication (KOKAI) No. 125311,71991.

As these publications disclose, an MR element is formed
through thin film technology and its current capacity is
extremely small. Because of this, if an electrostatic charge from
the body of a worker handling the magnetic head assembly is
applied to the magnetic head assembly during manufacturing or
assembly processes, an excess current will run through the MR
element, which can easily result in breakdown caused by
electrostatic discharge.

As a means for preventing ‘such breakdown caused by
electrostatic discharge, Japanese Unexamined Patent Publication

(KOKAI) No. 85422 /1995 discloses a technology whereby an

ovi ded
BACKGROUND ART
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reading information that is recorded on a magnetic recording



l-nstance, Japanese Unexam ned Pat ent Publication (KOKAI') No. 40610/198
U S. Pat. No. 4;108,315-and Japanese Unexam ned Patent Publication (KOKAI)
No. 125311/1991. As these publications disclose, an MR el enent
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breakdown causedndictiobeaidfstds icoriessitar @dement and AsnaMIeasieniait are
preventing such breakdown caused by electrostatic discharge, Japanese

Unexam ned Pat eghoftdd ife@hi each (dtBEAl hy No.suilistddcd WWith di sedisisegeaof 10°
t echnol ogy whereby an

to 10°Qcm and at least one electrode is connected between a
pair of terminals that are connected to the MR element. However,
in this prior art, a substance with a resistance of 10° to 10°Q
cm is required to short the inductive magnetic conversion element
from the MR element and, furthermore, a diode, which is
essentially not required to achieve the functions of the MR
element, must be connected. _

In addition, 'Japanese Unexamined Patent Publication
(KOKAI) No. 141636,71995 discloses a technology whereby, in a
structure in which a flexible printed board is employed as a lead
conductor for the MR element, two terminals that are connected
to the MR element are shorted during the manufacturing and
assembly processes and the flexible printed board is cut prior
to the characteristics measurement following the assembly work,
to open the shorted area. However, this prior art may be adopted
or;ly when a flexible printed board is employed, and the
technology does not take into consideration the possibility of
using a twisted pair wire for the lead wire, which is often the
case in this type of thin film magnetic head. Moreover, the
flexible printed board must be cut using a special cutting tool.
Furthermore, if a flexible printed board is employed, a probe must

be used when connecting a characteristics measuring device.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a
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2 inductive magnetic conversion el ement and an MR el ement are shorted
from each “other™ by "asubstdance with a resistance of 10[err] to 10[err]

[err] cm q_gd eﬁst one el ectrode is connected between a palr of
termnals i d to the MR el enen }I_ﬂ% prior
art, a subs esi stance of 10[err] B %@4} %/;F quw red to
short the i tic conversion €l enmeft L nt and,

furthernore, a diode, which is essentially not required to achieve the
functions of the MR elenent, nust be connected. I n addition,

Japanese Unexam ngRakent 1Ryl | sabhRitus KEAILNE.  bAAARWR95Ausel 038 a

t echnol ogy whereby, 1Tn a structure in which a flexible printed board is
enpl oyed as a | eaglectRREMGE OBiscBhrkd Cof Rt MR MlembhP &8 Nbdapfevicidbdar e

connect ed

It is a further object of the present invention to provide
a magnetic head apparatus in which breakdown caused by
electrostatic discharge of an MR element can be prevénted
without requiring any additional parts such as diodes.

It is a still further object of the present invention to
provide a magnetic head apparatus with a thin film magnetic
head employing twisted pair wire, in which a breakdown caused
by electrostatic discharge in the MR element can be prevented.

It is a still further object of the present invention to
provide a magnetic head apparatus in which cutting for opening
the circuit can be performed manually without using a special
cutting tool.

It is a still further object of the present invention to
pro*(ride a magnetic head apparatus in which a connector is
formed which, without further modification, may be inserted into
a characteristics measuring device after the:cutting for opening
the circuit is performed.

In order to achieve the objects described above, the
magnetic head apparatus according to the present invention
includes a magnetic head, a head support device, a lead wire and
a terminal board. The magnetic head is provided with a slider
and one or more magnetic conversion elements mounted -on the
slider. At least one of the magnetic conversion elements is a read
element which utilizes the magnetoresistance effect. The head

support device supports the magnetic head. The lead wire is



to the MR el enent are shorted during the nmanufacturing and assenbly
processes and the flexible printed board is cut prior to the
characteristics neasurenent follow ng the assenbly work, to open the
shorted area. However, this prior art nmay be adopted only when a flexible
printed board is enployed, and the technology does not take into
_consideration the possibility of using4a twsted pair wwre for the | ead
wire, which is often the case in this type of thin fil mnmagnetic head.
Moreover, the flexible printed board nmust be cut using a special cutting

tool. Further moge wirks,2ahd Cdddh of PP Eded 3T Ebrirfects®! 12V €He Rald eRGnENST
be used when connecting a characteristics neasuring device.

3 _ US PasenéndNend. Fhe. 1&niddiMbottd Cldgnevidéd owstiar 40N8888 NMse f Or
Femeving pair of terminal conductors on a hard substrate. Each of the pair
of terminal conductors is provided with a connecting area on
the same side where the other end of the lead wire is connected
at one end and is shorted from the other at a shorting portion
at a rearward position, distanced from the connecting area. The
substrate is provided with a groove or perforations to facilitate
cutting in an area between the shorting portiqn and the
connecting areas.

Each of the pair of wires is connected to the read element
at gne end. Each of the pair of terminal conductors provided at
the terminal board is provided with a connecting area at one
end where the other end of the lead wire is connected and is
electrically shorted from the other at the shorting portion. In this
struétu.re, while a Wc;rker handles the magnetic head apparatus,
if the electrostatic charge in the worker’s body is applied to the
magnetic head apparétus, a currenf will run 'through the shorting
portion where the resistance is much lower than that in the MR
element. This prevents breakdown caused by electrostatic
discharge in the MR element.

Since the prevention of breakdown caused by electrostatic
discharge is achieved by shorting the terminal conductors
provided at the terminal board, breakdown caused by electrostatic
discharge in the MR element can be prevented without requiring
an additional part such as a diode.

The lead wire is constituted of at least one pair of wires



protective short circuits. In sone of these arrangenents special steps or
tools such as |aser ablation, chemcal etching or ion mlling are
required. Alternatively, various tear off portions carrying the short
Gircuit are provided with the intention that the short «circuit can be
manual |y renoved. However, in this disclosure the tear off portions are
separate fromthe connectors which are Uised to nake external electrical
connections to the magnetic head or slider.

DI SCLOSURE OF THE | NVENTI ON It is an object of the present

i nvention to prewddeaghBnNgle paltedsd AR 3¢ Worlrbctddi 1) theepddD Wiemans ed
by el ectrostatic discharge of an MR el enent can be prevented w thout

requiring any agdi bhenghd.PAr tHpiat hexdEmgicodessudh | StlegdPivadd G HebatiBed pai r
wire. |In particular, a protective short circuit is provided which can be

cut or opened nMabe¥el i ativistell pairnrife. Petdctucdilyt, i g@akdown Datsséd by
circuit is incorporated in a connector which, wthout further

nodi fication, calediostasiy idschdiige ancties dviferdletnens oBAsSbei pgeveateédcéeén
after the cutting or opening of the short circuit is perforned. _ In
order to achi eva tthén ofijracinsagiestic | hhext athateemiploysatmizited bpaad waippar at us

The substrate, which constitutes the terminal board, is
provided with a groove or perforations to facilitate cutting in
the area between the shorting portion and the lead wire
connecting areas. Consequently, by cutting the subsfcrate in the
area where the groove or perforations are provided,. the circuit
constituted of the lead wire and the MR element can be opened.
Thus, by connecting the terminal board to a characteristics
measuring device, the characteristics measurement work can be
executed.

In this structure, the cutting portion is formed by
providing a groove or perforations in the substrate. As a result,
the worker can split the substrate | along the groove or
perforations in order to open the circuit. Because of this, it is
possible to perform the cutting work for opening the circuit
without employing a special cutting tool.

The terminal board employs a hard substrate. Thus, unlike
a flexible printed board, thé terminal board itself can be used
as a connector without further meodification, which may be
inserted to a characteristics measuring device. This facilitates and
expedites the characteristics measurement work and contributes

fo an improvement in reliability and the like.



according to the preferred enbodineﬁts of the present invention includes a
magneti c head, a head support device, a lead wire and a term nal board.
The magnetic head is provided with a slider and one or nore nagnetic
conversion el enents nmounted on the slider. At |east one of the magnetic
conversion elenments is a read el enent which utilizes the nmagnetoresistance
effect. The head support device supports the magnetic head. The lead wre
S 3 magneti ¢ head apparatus in which breakdown caused by
el ectrostatic discharge of an MR el enent can be prevent ed.
It is a further object of BRIEFHBESOCRIPAVEN: i(Uf ToIHrRRAWINGS a
magneti ¢ head apparatus in which breakdown caused by el ectrostatic
di scharge of an .M el effSwsecandbetherwdiveatages, features and objects of the
present invention will be understood by those of ordinary skill
in the art referring to the annexed drawings, given purely by
way of non — limitative example, in which ; '
FIG. 1 is a plan view of the magnetic head apparatus
according to the present invention;
FIG. 2 is an enlarged front view of the magnetic head
mounting portio_n in the magnetic head apparatus shown in
FIG. 1;
FIG. 3 is an enlarged bottom view of the magnetic
head mounting portion in the magnetic head apparatus shown
in FIG. 1; ,
FIG. 4 is an enlarged cross section of the magnetic
conversion element in the magnetic head;
FIG. 5 is a schematic structure of an MR element;
FIG. 6 is an enlarged plan view of a terminal board
for the MR element which is to constitute a read element;
FIG. 7 is a cross section of FIG. 6 through line 7-7;
FIG. 8 is the terminal board shown in FIG. 6, which
has been cut to open the circuit;
FIG. 9 is an illustration of the characteristics
measurement work performed on the magnetic head apparatus
according to the present invention;
FIG. 10 is an enlarged plan view of another

embodiment of the terminal board which may be employed in

the magnetic head apparatus according to the present



Wi t hout requiring any additional pairts such as di odes. It is

a still further object of the present invention to provi de a
magnetic head apparatus with a thin filmmagnetic head enpl oyi ng
twisted pair wire, in which a breakdown caused by el ectrostatic

di scharge in the MR el ement can be prevented. It is a still
further object of the present invention to provi de a nmagnetic head
apparatus in which cutting for opening the circuit can be perforned
manual |y without using a special cutting tool. It is
a still further inbpatibngf the present invention to provi de a”
magneti ¢ head apparatus in which a connector is formed which,

wi t hout further nodifiEH#Ei oh]l isay hwosmisection ioft FIG. 10 thypugh line 11
characteristics neasuring device after the cutting for opening t he
circuit is perforlied. In order to achieve the objects

descri bed above, the magneti ¢ head apparatus according to the
present invention FIG. 12 is a plan view of another embodiment of the

terminal board which may be employed in the magnetic ‘head
apparatus according to the present invention; and

FIG. 18 is a plan view of yet another embodiment of
the terminal board which may be employed in the magnetic

head apparatus according to the present invention.

BEST MODE OF CARRYING OUT OF THE INVENTION

Igeferring to FIGS. 1 to 3, the magnetic head apparatus
according to the present invention, comprises a magnetic head
1, a head support device 2, two sets of lead wires 3 and 4, and
two terminal boards 5 and 6.

The magnetic head 1 is provided with a slider 11 and
magnetic conversion elements 12 and 13. One side of the slider
11 constitutes a medium — facing surface 111 and the surface on
the other side constitutes a supporting surface 122. While the
‘medium — facing surface 111 of the slider 11 may sometimes be
provided with 1 to 8 rail portions, it may also be a flat surface
without any rail portions. In addition, various geometric shapes
may be added to the contour of the medium — facing surface 111
in order to achieve an improvement in the flying characteristics
and the like. The present invention may be adopted in any one
of the types of sliders mentioned above. The surface of the

medium — facing surface 111 that projects out the farthest



I ncl udes a magnetic head, a head support device, a |lead wre and a

term nal board. The nmagnetic head is provided with a slider and
one or nore nagnetic conversion el ements nmounted on the slider. At
l east one of the magnetic conversion elenments is a read el ement
which utilizes the magnetoresi stance effect. The head suppor t

device supports the magnetic head. The $ead wire is :
4 of wires, and each of the wires is connected to the read el enen at
one end. The term nal board is provided with at |east one pair of term nal

conductors on a dyistitaudstaritar Faaingf suffacPakith of Highntisgres efdtictishs is
provided with a connecting area on the sane side where the other end of
the lead wire isTgonsledéred] shown in the figures is provided with two rail
portions 113 and 114 at the medium — facing surface 111 and
the surfaces of the rail portions 113 and 114 are utilized as air
bearing surfaces 110. |
The magnetic conversion elements 12 and 13 are mounted
on a side surface of the slider 11, and they are provided with
bumps 115, 116, 117 and 118, which emerge on the outside of
the slider 11. The magnetic conversion elements 12 and 13 are
provided at the trailing edge when viewed along the direction
of medium travel (the direction of air outflow), which is
indicated with the arrow a. The magnetic conversion elements
12 and 13 are thin film elements that are manufactured through
processes similar to those employed in IC manufacturing
technology. |
FIG. 4 is a cross section showing a portion of the
magnetic conversion elements 12 and 13 of the magnetic head
1 in an enlargement. -Of the magnetic conversion elements 12 and
13, the magnetic conversion element 12 is a read element, which
utilizes the magnetoresistance effect, whereas the magnetic
conversion element 13 is an inductive write element.
FIG. 5 is a schematic diagram of the structure of the MR
element 12. The MR element 12 includes a central active area
121 and end passive areas 122 and 123. The central active area
121 is an area where the magnetoresistance effect is generated.
Various film structures have been proposed to constitute this area

and have been put to practical use. They include, for instance,



at one end and is shorted fromthe other at a shorting portion at a
rearward position, distanced fromthe connecting area. The substrate is
provided with a groove or perforations to facilitate cutting in an area
bet ween the shorting portion and the connecting areas. Each of the
pair of wres is connected to the read glenent at one end. Each of the
pair of term nal conductors provided att the term nal board is provided
with a connecting area at one end where the other end of the lead wire is
connected and is electrically shorted fromthe other at the shorting
portion |In thisansarexempoyidy lam anisotkepic hanghetorehistamen effect ledadent
apparatus, if the electrostatic charge in the worker's body is applied to
t he magneti c headnafipatest wf, permallognorwilid liken arid cugirutiaireheniploging
portion where the resistance is much lower than that in the MR elenent.
Thi s prevents bereaigntnmeanstdrdsistaineet r GSMR) ¢ efftict cfidmgelri nthehepreRent
el enent .
invention, the central active area 121 may be either of the above
types. The end passive areas 122 and 123 are connected to the
two side surfaces of the central active area 121. The main
functions of the end passive areas 122 and 123 are bonding with
the central active area 121 and supplying a sense current. The
end passive areas 122 and 123 are continuous with the bumps
115 and 116 (see FIG. 3).
The magnetic conversion element 13, which functions as
a write element, is provided with a lower magnetic film 131 that
also constitutes an upper shield film, an upper magnetic film 132,
a coil film 138, a gap film 134 that is constituted of alumina
or the like, an insulating film 135 that is constituted of an
organic resin such as Novolak Resin, a protective film 136 and
the like, as shown in FIG. 4. The front end portions of the lower
magnetic film 131 and the upper magnetic film 132 constitute
pole portions Pl and P2, which face opposite each other across
the gap film 134 whose thickness is minimal, and write is
performed at the pole portions Pl and P2. The yolk portions of
the lower magnetic film 131 and the upper magnetic film 132
are linked to each other in a back gap portion which is on the
opposite side from the pole portiops Pl and P2, to complete the
magnetic circuit. The coil film 133 is formed on top of the
insulating film 135 in such a manner that the coil film 133 winds

around the linking area of the yolk portion in a coil shape. The



Since the prevention of breakdown ca-used by electrostatic discharge is
achi eved by shorting the term nal conductors provided at the term nal
board, breakdown caused by electrostatic discharge in the MR el enent can
be prevented without requiring an additional part such as a diode.
The lead wire is constituted of at |easf one pair of wres
5 and each of the pair of wires is connected to the read el enent at one
end. A typical exanple of such a lead wire as described above is a tw sted
pair wire. Consequently, breakdown caused by electrostatic discharge in
the MR el enent datp Bnds efefthedeoid fidm: 33 arencomignuons Wty thaatbwmpisoys
twsted pair wire.
117 and 118 {(see FIG. 3). In FIG. 4, reference number 124
indicates a lower shield film, reference number 101 indicates a
substrate and reference number 102 indicates an insulating film.

_ Next, as shown in FIGS. 2 and 3, one end of the head
support device 2 in the lengthwise direction constitutes a fixed
end while the other end constitutes a free end. The head support
device 2 is provided with a flexible supporting portion 21 toward
the free end, with the flexible supporting portion 21 mounted
at the supporting surface 124 of the slider 11. The head support
device 2 supports the magnetic head 1 so that the magnetic head
1 can move in conformance with surface fluctuations of the
magnetif: disk (not shown). Various types of such head support
devices have been proposed in the. pﬁor art and have been put
to pracﬁcal use. In the head support device 2 shown in the
figures, the flexible supporting portion 21 constitutes a gimbal
which allows a rolling motion around a first axis, which is taken
in the lengthwise direction, and a pitching movement around a
second axis, which runs perpendicular to the first axis, and the
supporting surface 112 of the slider 11 constituting the magnetic
head 1 is linked to its lower surface by means such as bonding.

Of the lead wires 3 and 4, the lead wire 3 is provided
for the MR element 12, which constitutes the read element, and
the lead wire 4 is provided for the magnetic conversion element
13, which constitutes the write element. The lead wire 3 is

constituted of a pair of wires 31 and 32. The wires 31 and 32

are stranded together. This type of lead wire 3 is normally



The substrate, which constitutes the termnal board, is provided with a
groove or perforations to facilitate cutting in the area between the
shorting portion and the |ead wire connecting areas. Consequently, by
cutting the substrate in the area where the groove or perforations are
provided, the circuit constituted of the lead wire and the MR el enent can
be opened. Thus, by connecting the termnal board to a characteristics
measuri ng device, the characteristics nmeasurenent work can be executed.
In this structure, the cutting portion is formed by providing a groove or
perforations in neherredbéerag @ trdsted: eein wiret Kachoek dhecwiredp3lt anide 32
substrate al ong the groove or perforations in order tQ open the circuit.
Because of thi s,isi¢onrectpdsin [§g§ MR sdemenin ldn eonsiitutigeviha read elgmmnig
the circuit wthout enploying a special cutting_tool, The term nal
board enpl oys a &tarePeusadr ate. benusore nspeciticy theoxwpies i e Béardte t he

term nal board itself can be. used
co:r:unecte(il to the %umps 115 and 116 respectively (see FIGS. 2

and 3) and they are continuous with the end passive areas 122
and 123 respectively of the MR element 12 shown in FIG. 5.
In this embodiment, the lead wire 4, too, is constituted
with a pair of Wires, i.e., wires 41 and 42, which together
constitute a twisted pair wire. The wires 41 and 42 are connected
to the bumps 117 and 118 (see FIGS. 2 and 3) at one end and
they are connected to the coil film 133 (see FIG. 4) of the
magnetic conversion element 13. ,
Further explanation is given in reference to FIG. 1 again.
Of the terminal boards 5 and 6, the terminal board 5 for the
MR element 12 (see FIGS. 2 and 3) is provided with a pair
of terminal conductors 52 and 53 on a hard substrate 51. FIG.
6 is a plan view showing an embodiment of the terminal board
and FIG. 7 is a cross section of FIG. 6 through line 7—7. In these
figures, the pair of terminal conductors 52 and 53 are provided
with connecting areas 54 and 55 respectively on the same side,
to one end of which are connected the other ends of the wires
31 and 32 respectively. The terminal conductors 52 and 53 are
electrically shorted by a shorting portion 56 at a rearward
position, away from the gonnecting areas 54 and 55 over a
distance L1. The shorting portion 56 is formed of a conductor
constituted of the same material as that constituting the terminal

conductors 52 and 53. The terminal conductors 52 and 53 and



as a connector w thout further rmdifi'cation, which may be inserted to a
characteristics neasuring device. This facilitates and expedites the
characteristics neasurenent work and contributes to an inprovenent in
reliability and the |ike. 6
BRI EF DESCRI PTI ON OF THE DRAW NGS 12 These and ot her advant ages,
features and objects of the present invention will be understood by those
of ordinary skill in the art referring to the annexed draw ngs, given
purely by way of non - limtative exanple, in which; FIG 1is a
pl an vi ew of t hetheagsbortingeaebrajpar &busmayacber donmedo bie appisdng the
nvention, technology through which a conductor pattern is formed on a
printed circuit board. In this embodiment, first conductive layers
521 and 531 each constituted of a copper foil pattern are formed
on top of the substrate 51, which is constituted of paper — phenol,
and on top of the first conductive layers 521 and 531, second
conductive layers 522 and 532, which are constituted of solder
plating, are laminated.

In addition, the substrate 51 of the terminal board 5 is
provided with perforations 57 between the shorting- portion 56
and the connecting areas 54 and 55 in order to facilitate cutting.
In this embodiment, there are several perforations 57 and they
are linearly aligned.

As in the case of the terminal board 5, the terminal board
6. for the mag:netic conversion element 13, is provided with a pair
of terminal conductors, ie., terminal conductors 62 and 63, on top
of a hard substrate 61. The pair -of terminal conductors 62 and
63 are provided. Witi’l connecting areas 64 and 65 respectively
on the same side, to one end of which are connected the other
ends of the wires 41 and 42. However, it has no shorting portion
or cutting portion.

As described above, of the lead wires 3 and 4, the pair
of wires 31 and 32 of the lead wire 3 are connected at one end
to the MR element 12. The pair of terminal conductors 52 and
53 provided at the terminal board 5 are provided with the

connecting areas 54 and 55 respectively on the same side, to one

end of which are connected the other ends of the wires 31 and



FIG 2 is an enlarged front view of the magneti ¢ head nounting portion in

t he magneti c head apparatus shown in FIG 1; FIG 3 is an

enl arged bottom view of the magnetic head nounting portion in the nagnetic
head apparatus shown in FIG 1, FIG 4 is an enlarged cross
section of the magnetic conversion elengnt in the magnetic head;

FIG 5 is a schematic structure of an el enent ; FIG 6 is an

enl arged plan view of a termnal board for the MR elenent which is to
constitute a read el enent; FIG 7 is a cross section of FIG 6
through line 7-B2 and also Fh& el sldcheicakty nilimited oy dttshehoriingFp6rtibn

whi ch has been cut to open the circuit; FIG 9 is an

illustration ofb6tHe thiwrstetietirst ii€san nelestriostatit ehakgednf aheebody ofe

magneti ¢ head appar at us
the worker is applied to the magnetic head apparatus while the
worker is handling the magnetic head apparatus, the electric
current runs through the shorting portion 56 where the resistance
is much lower than that at the MR element 12. Thus, breakdown
caused by electrostatic discharge in the MR element 12 is
prevented.

Since breakdown caused by electrostatic discharge is
prevented by shorting the terminal conductors 52 and 53
provided at the terminal board 5 with the shorting portion 56,
which is likewise provided at the terminal board 5, it is possible
to prevent breakdown caused by electrostatic discharge in the
MR element 12 without requiring any additional part such as
a diode or the like."

f The lead wire 3 is constituted with at least a pair of
wires 31 and 32. A typical example of such a lead wire 3 is a
twisted pair wire. As a result, breakdown c_:aused by electrostatic
discharge in the MR element 12 can be prevented in a thin film
magnetic head which employs twisted pair wire.

FIG. 8 illustrates a cutting operation performed on the
terminal board 5 shown in FIG. 6 performed to open the circuit.
As described above, the substrate 51 constituting the terminal
board 5 is provided with the perforations 57 to facilitate the
cutting operation between the shorting portion 56 and the
connecting areas 54 and 55 where the lead wires are connected.

Consequently, as shown in FIG. 8, by cutting the substrate 51



according to the present invention; FIG 10 is an enlarged

plan view of another enbodinent of the term nal board which may be

enpl oyed in the nagneti c head apparatus according to the present

7 i nventi on; FIG 11 is a cross section of FIG 10 through Iine
11 -11; FIG 12 is a plan view of another enbodi nrent of the
termnal board which may be enployed i¥# the nmagnetic head appar at us
according to the present invention; and FIG 13 is a plan view of
yet anot her enbodi nent of the term nal board which may be enployed in the

nmagnetic . at the area where the perforations 57 are provided, the circuit
constituted with the lead wire 3 and the MR element 12 can be
opened.

In this structure, the cutting portion is formed by
providing the perforations 57 at the substrate 51. As a reéult,
in order to open the circuit, the worker can split the substrate
51 manually along the perforations 57. Thus, it is possible to
perform the cutting operation for opening the circuit without
using a special cutting tool.

FIG. 9 illustrates the characteristics measurement work
performed on the magnetic head apparatus according to the
present invention. After the circuit is opened, the magnetic head
apparatus according to the present invention is subjected to an
inspection process for inspecting the electromagnetic conversion
characteristics and the like. Since the terminal board 5 is
provided with the hard substrate 51, unlike a flexible printed
board, the terminal board 5 can be employed without further
modification as a connector to be inserted directly into a
characteristics measuring device 7, as shown in FIG. 9. This not
only facilitates and expedites the characteristics measurement
work but also contributes to an improvement in reliability and
the like. Reference number 8 indicates a magnetic disk.

In this embodiment, the terminal board 6 for the magnetic
conversion element 13, too, employs a hard substrate, i.e., the
substrate 61, and is provided with similar terminal conductors
62 and 63. Thus, the terminal board 6, too, may be employed as

a connector,



head apparatus according to the present invention. BEST MODE OF
CARRYI NG QUT OF THE | NVENTI ON Referring to FIGS. 1 to 3, the
magneti ¢ head apparatus according to the present invention, conprises a
ragneti c head 1, a head support device 2, two sets of |lead wires 3 and 4,
and two term nal boards 5 and 6. 15 The magnetic head 1 is provided
with a slider 11 and magnetic conversion elenents 12 and 13. One side of
the slider 11 constitutes a medium- facing surface 111 and the surface on
the other side constitutes a supporting surface 122. Wiile the _pedium -
facing surface 111 of the. 0 dera 1plamayieWnshpwasghanopheryembiodiments afo 3

rail portions, it nmay alsq be a_flat surface, without any rail portions. In
addi tion, vari oddegéerminalc boprde’ andylHe Aldiy & grose feshiosuOloFIEnd0

medi um - facin urface 111 .iin order. to _achi eve i nprqvenent in the
flying charactgr' PR& ljine 11—“’. In this ' embo Qnerqa n place of the

perforations, the substrate 51 is provided with grooves 57 to
facilitate cutting. The grooves 57 may be formed, for instance,
in a V shape. It is to be also noted that it is desirable to provide
the grooves 57 at two surfaces of the substrate 51 at positions
that face opposite each other.

FIG. 12 is a plan view showing another embodiment of
the terminal boérd. .In this embodiment, two sets .of terminal
conductors (52, 53) and (62, 63) are provided on a single
substrate 81 which constitutes a terminal board 8. The wires 31
and 32 leading from the MR element 12 are connected to the
terminal conductors 52 .and 53 respectively. The terminal
conductors 52 and 53 are shorted by a shorting portion 56. The
wires 41 and 42 leading from the magnetic conversion element
13 are connected to the terminal conductors 61 and 63
respectively. The terminal conductors 62 and 63 are separated
from the terminal conductors 52 and 53 by gaps Gl and G2
respectively. Between the shorting portion 56 and connecting
areas (b4 ,55) and (64, 65), grooves or perforations 57 for
facilitating the cutting operation are provided.

FIG. 13 is a plan view showing another embodiment of
the terminal board. In this embodiment, two sets of terminal
conductors (52, 538) and (62, 63) are provided on a single
substrate 81 constituting a terminal board 8. The terminal

conductors 52 and 53 and the terminal conductors 62 and 63



and the |ike. The "'pr"esent I nvention may be adopted |

of slid ne albo¥ The surface of th A
- that proj &t t hest ‘,

conshtutﬁﬁ“ﬂg i ng surface with a high

sl i der figures is proviged wt

3
urface 111

f the types
s

. The
t wo ra|I portions 113 and
114 at the nmedium-facing surface 111 and the surfaces of the rail
portions 113 and 114 are utilized as air bearing surfaces 110. The

magneti c conversion elenents 12 and 13 are nmounted on a side surface of

the slider 11, ane elnetfricaldy pshowitdddbwi ahshdntime pdfion 156 4fl2a aedraadd

whi ch energe on the outside of
position that is distanced from the connecting areas 54 and 55
-over a distance. The wires 31 and 32 leading from the MR
element 12 are connected to the terminal conductors 52 and 53
respectively. The wires 41 and 42 of the lead wire 4 led from
the magnetic conversion element. 13 are connected to the terminal
conductors 62 and 63 respectively. The terminal conductors 62
and 63 are separated from the terminal conductors 52 and 53
by gaps G3 and G4 respectively. Grooves or perforations 57 for
facilitating the cutting operation are provided Between the
shorting portion 56 and the connecting areas (54, 55) and (64,
65).

It will be obvious to a person skilled in the field to
which the invention pertains that effects and advantages similar
to those explained in reference bo FIGS. 1 to 9 are achieved when
one of the terminal boards shown in FIGS. 10 to 13 is employed.

As has been explained, according to the present invention,
the following advanfages are achieved :

a) A magnetic head apparatus in which breakdown caused
by electrostatic discharge in the MR element is  prevented, is
provided.

b) A magnetic head apparatus in which breakdown caused
by electrostatic discharge in the MR element is prevented without
requiring any additional part such as a diode or the like, is
provided.

c) A magnetic head apparatus provided with a thin film

magnetic head employing twisted pair wire, in which breakdown



the slider 11. The magnetic conversion elenents 12 and 13 are provided at
the trailing edge when viewed along the direction of nmediumtravel (the
direction of air outflow), which is indicated with the arrow a. The
magneti c conversion elenments 12 and 13 are thin filmelements that are
manuf actured through processes simlar to those enmployed in IC

manuf acturing technol ogy. FIG,;4 is a cross section showi ng a
portion of the nmagnetic conversion elenents 12 and 13 of the nagnetic head
1 in an enlargenment. O the nagnetic conversion elenents 12 and 13, the
magneti c conversion elenent 12 is a read el enent, which wutilizes the
magnet or esi st ancauséd doy cledtrostatia Hisamaggetinc the dviRe ekimentelie evefted,s an
i nductive wite el enment. FIG 5 is a schematic diagram of the
structure of thdshprowdedent 12. The MR el ement 12 includes a central
active area 121 gg\d end passive areas 122 and 123. The central active area

A magnetic head apparatus in which cutting operation

for opening the circuit can be performed without employing a
speciai cutting tool, is provided.

e) A magnetic head apparatus in which a connector that can

be directly inserted without further modification into

characteristics measuring device following the cutting operation

for opening the circuit is formed, is provided.



121 i s am ar ea. \ALe t he magnetoresi stance effect is generated. Various
il m structures have béemn proposed to constitute this area and have been

put to Halse hey i ncl ude, for instance,

@ an ani sotropi ¢ nagnetoresi stance effect el ement
constlt oy or the Iike and a structure ..
magnetore3| sta ) effect film Inighe present r——-—--v- ?%Ast@g;m tral

active area 121 may be either of the above types..[fH&!@ . .ye ar éns
122 and 123 are commected to the two side surfaceslof t

aremm functions of the e(g Ri ﬁlve ar €as 2 and 123 are
bon w, mﬂﬂntral active area 19% supplying a sense current.

1. A magnetic head apparatus comprising :

a magnetic head being provided with a slider and one
or more magnetic conversion elements positioned at said slider,
at least one of said magnetic conversion elements being a read
element utilizing magnetoresistance effect ;

a head support device supporting said magnetic head ;

a lead wire being constituted with at least a pair of lead
wires, with one end of each of said pair of lead wires being
connected to said read element ;

a terminal board being provided with at least a pair of
terminal conductors on a hard substrate ; _

a pair of terminal conductors each being provided with
a connecting area at one end thereof where another end of said
lead wire is connected and said pair of terminal conductors are
electrically shorted from each other at a shorting portion at a
rearward position, distanced from said connecting area; and

a substrate being provided with a groove or perforation
to facilitate cutting in an area between said shorting portion and
said connecting area. |

2. A magnetic head apparatus according to claim 1,
wherein :

said groove is formed V — shaped.

3. A magnetic head apparatus according to claim 1,
wherein :

a plurality of perforations are provided for said

perforation and said plurality of perforations are aligned.



end pas'él_l"\/he_ar'éas'"l"ﬂ_‘and 123 are continuous with the bunps 115 and 116
(seeqﬁsghee B aced 1€ MRGnetic conversion el ement 13, which functions

as a |s provided with a | ower nagnetlcfllmlslthat al so
constl shield film an upper magnetic film 132, .3 A=f il m
133, a that is constituted of al um na geFTt]

i nsul atlng f|Im135 that is constituted of an orga

Novol ak Resin, a protective film 136 and the |ike, A . The
front end portions of the lower magnetic film 131 and the upper nagnetic
film132 constitute pole portions P1 and P2, which face opposi te each

OLNEr SC0%S Lhe 9n0 i) SieIARe plc iRl TR e ) Ui

magneti c fllml‘?& @Heq t.he upper magnetic film 132 are | i nked to each ot her
in a back gap portiron Mihich is on the opposite side fromthe pole portions

PLand P2 "to compl et eshlp RgREHE Chéld GHbiuieds $eite HddReliS doePEigRI O

element.

5. A magnetic head appafatus according to claim 1,
wherein :

said head support device, with one end thereof in a
lengthwise direction constituting a fixed end and another end
thereof constituting a free end, is provided with a flexible
supporting portion toward said free end and said flexible

'supporting portion is mounted at said supporting surface of said

slider.

I ———

| A



insulating film135 in such a manner that the coil
«the linking area of the yolk portion jn_a-ectH=5F

10 two ends of the COI| f| I m133 ar‘-mwsvﬁﬁbﬁ A fihe bunmps 117 and

f| | m 133 wi nds around’

‘118 (see FI G 1k spdefiy: referen e nuNiREP D i ndidlates a | ower shield
film referenc cat es B——st reference nunber 102
i ndicates an i - Next, as shown in FIGS. 2 and 3, one
end of the hea ce 2 in the Iengthvvlsg)dlrectmn constitutes a

Li xed end while the ot her end constitutes a free end. The head support
evice 2 is provided with a flexible s | rti t.loéj\grd the free
end, with the flexible supporting port M‘g&%ﬂgt}ﬂgé?%l)ﬁf\

ABSTRACT

The present invention is directed to prevention of
breakdown caused by electrostatic discharge in an MR élement.
An MR element constitutes a read element. A head
support device 2 supports a magnetic head 1. A lead wire 3 is
constituted with at least a pair of lead wires 31 and 32 and each
of the pa1r of lead wires 31 and 32 is connected to the read
element at one end. A terminal board 5 is provided with at least
one pair of terminal conductors 52 and 53 on top of a hard
; substrate. 51. The pair of terminal conductors 52 and 53- are
provided with connecting areas 54 and 55 respectively on the
same side, to which one end of Which are connected the other
ends of the lead wires 31 and 32 respectively. The pair of
tefminal conductors 52 and 53 are electrically shorted from each
other by a shorting portion 56 at a rearward position which is

away from the connecting areas 54 and 55 over a distance.

Fig. 1



ht the supporting surface 124 of the slider 11. The head support device 2
¢+ supports the nagnetic head 1 so that the magnetic head 1 can nove in
conformance with surface fluctuations of the magnetic disk (not shown).
Various types of such head support devices have been proposed in the prior
art and have been put to practical use. In the head support device 2 shown
inthe figures, the flexible supporting petion 21 constitutes a ginbal
which allows a rolling ngﬁlon around a @grst Xis, which is taken in the
an

| engt hwi se direction, a nenA round a second axis, which
runs perpendi cul ar o theitif , €1e s orting surface 112 of
the slider 11 constPtutdng b : d 1 isYinked to its |ower
surface by means such as gaon ng <755 6 4lRe Tohd wires 3 and 4, the

|lead wire 3 is provided or whigh constitutes the read
element, and the | ad widbe— Iéﬂ for t he gnetic conversion
element 13, which GﬁSﬁLLu&A. s s wre 31s

TG

FIG. 1



constituted of a pair of wires 31 and 32. The wires 31 and 32 are stranded
together. This type of lead wire 3 is normally referred to as a
fwisted pair wire. Each of the wires 31 and 32 is connected to the MR

el ement 12 constituting the read el enent at one end. To be nore specific,
the wires 31 and 32 are connected to the bunps 115 and 116 respectively
(see FIGS. 2 and 3) and they are contindds with the end passive areas 122

and 123 respectively of the MR el enent 12 shown in FIG 5. In this
enbodi ment, the lead wire %, too, is congtituted with a pair of wres,
i.e., wres 41 and 42, whic¢h together fonstitute atwistedpair wire. The

-
a 110 tm FIG. 2

}

L [-:::_j‘“::::::::: - J
32% = =+

31 116 1!5 110 (113 i1

41~ - 2
P i e ]

FIG. 3



to the bunps 117 and 118 (see FIGS. 2 and 3) at one end and
connected to the coil film 133 (see FIG 4) of the

el ement 13.

agai n.

O the term nal

they are

magneti c conversion

Further explanation is given in reference to FIG 1

el ement 12 (see FIGS. 2 and 3)

an enbodi nent of the term nal

6 through line 7-7.

boards 5 and 6,

the term na
Is provided with a pair
conductors 52 and 53 on a hard substrate
board

In these figures,

FIG ©6

board 5 for the MR
of term na

Is a plan view show ng
and FIG 7 is a cross section of FIG
the pair of termna

conductors 52

and 53 are provided wth connecting areas 54 and 55 respectively on tHhe

sane si de,

to one end of

31 and 32 respectively. TH%Pter
shorted by a shorting portja
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12 the shorting portion 56 may be formed by applying the technol ogy

t hrough which a conductor pattern is formed on a printed circuit board. In
d his enbodi ment, first conductive |ayers 521 and 531 each constituted of a
copper foil pattern are formed on top of the substrate 51, which is

constituted of paper-phenol, and on top of the first conductive |ayers 521
and 531, second conductive |ayers 522 and 532, which are constituted of
sol der plating, are | anm nated. In, addition, the substrate 51 of
the termnal board 5 is provided with Ee#f rati ons 57 between the shorting
portion 56 and the connecting areas 54_and 55 in order to facilitate
cutting. In this enbodi nent}, tiherg are several peffofations 57 and they
122 I ——+123
r...'::' "‘.:"_;
L _d
\

FIG. 5
7;/%/57 /i (8 55
R R T g

FIG. 6



are linearly aligned. As in the case of the termnal board 5, the
termnal board 6 for the nagnetic conversion elenent 13, is provided with
a pair of termnal conductors, i.e., term nal conductors 62 and 63, on top
of a hard substrate 61. The pair of term nal conductors 62 and 63 are
provided with connecting areas 64 and 65 respectively on the sane side, to
one end of which are connected the other ends of the wires 41 and 42.
However, it has no shorting portion or CLgh%ng portion. As

descri bed above, of the lead wires 3 and 4 he pair of wires 31 and 32 of
the lead wire 3 are connected at one end to the MR elenment 12. The patr of
term nal conductors 52 and 53 proyj ded éi the terpd nal board 5 are provided

with the connecting areas 54 and ¥ respec the sane side, to one
end of which are connect edhZhe_ot he hé re53231 and
. "'///ﬁ ////// leica Y
52-' \ \\\\ \\\\ \X\\\B Q\\\ AN 53]
% , Al
oI

FIG. 7

i
35%/ ///4/54 - 2 5

FIG. 8



13 32 and also they are electrically shorted by the shorting portion 56.
In this structure, if an electrostatic charge in the body of the worker is
.applied to the magnetic head apparatus while the worker is handling the
magneti ¢ head apparatus, the €lectric current runs through the shorting
portion 56 where the resistance is nuch |lower than that at the MR el enent
12. Thus, breakdown caused by electrostatic discharge in the MR el enent 12
is prevented. Si nce breakdown causef8by el ectrostatic discharge is
prevented by shorting the term_ nal cgnductors 52 and 53 provided at the

term nal bo_ar-d—amw sbdr 62ng, pb 5;i %@ 56, which is |ikew se provided
at the term nal---poard it s pods] o0 prevent breakdown caused b
- A T S Y

el ectrostatic di gchargefi I 1 i t hout requiring any
addi tional parti $uch as /A22522Z4r’lﬂ3%2

. N ~55 39 H

| A/l s 3 X

: T - A

H Z X

) N 31
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i i

1
)

1
.

FIG. 9



a diode or the like. The lead wire 3 is constituted with at |east a
pair of wres 31 and 32. A typical exanple of such alead wire 3 is a

tw sted pair wire. As a result, breakdown caused by electrostatic

di scharge in the MR el ement 12 can be prevented in a thin film nagnetic
head whi ch enploys twi sted pair wre. FIG 8 illustrates a cutting
operation perfornmed on the termnal board 5 showmn in FIG 6 perforned to
open the circuit. As described above, tH& substrate 51 constituti ng the
termnal board 5 is prowd W th the5perf rations 57.to facilitate the
cutting oper ﬁl on between t shorting por on 56 an 5he coq ecting areas._
54 and 55 wheéte the Iead W es are connectgd. Conseqdient |y gs shown in

FIG 8, by cdtt
% /
44 ///

%%/? _ m

NN
N

b6

\

N\

AN
NN

b4

FIG. 10

532
531
51

FIG. 11



ia at the area where the perforations 57 are provided, the circuit
constituted with the lead wire 3 and the MR el enent 12 can be opened.
kn this structure, the cutting portion is formed by providing the
perforations 57 at the substrate 51. As a result, in order to open the
circuit, the worker can split the substrate 51 manually along the
perforations 57. Thus, it is possible to @?gfornlthe cutting operation for
opening the circuit without wusing a special cutting tool. FIG 9
illustrates the charactfisti gg measuremgjt work jgrformed o 63 he magnetic
r

head apparatus agcording to tnvention A\ After t cinguit is

opened, the magn | nﬂé tionis

subj ected to an N ey nggnetic

conversion char NN o4PFd 5 is
<32

56»\_\ 54
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FIG. 13



provi ded wi t,

51, unlike a flexi jREPLACEMENTHSHERT] t he
terninal boaldrEscaF \E

wi t h®ut further difficatton a3 =
connector tol\be i nBEF

y into a characterisqi b104 dpvi ce
7, as shown i This not deL&I¥&cilitates ahd ei@gﬁéﬁﬁﬁe
characteristics nmeasurenment work but al so contri bufes$—te—anr—rpovenent in
reliability and the |ike. Reference nunber 8 indicates a magnetic digk.
In this enbodi Aemagnetisdhead apparatis BORPUSIBEf or t he magNetT ¢ CONVETSiOT
el ement 13, too, enploys a hard substrate, i.e., the=-substrate 61, and is
provi ded wAtTRagnAckE head thevingna shidernsndc Rsy or mpre fPRENGHEC cPRVersionalementsi nal

board 6, .t,o00, mael be,derrpl oyed as _a connect.or. .
16 positioned at said slider, at least one of said magnetic conversion elements being a read

element utilizing a magnetoresistance effect;
a head support device configured to support said magnetic head:

a lead having a pair of lead wires, one end of each of sald pair of lead wires being
connected to said read element; |

a terminal board having a pair of terminal conductors on a hard substrate, said pair
of terminal conductors each having a first end and a second end, said second end having
a connecting area that connects to respective other ends of said pair of lead wires, said
pair of terminal conductors being electrically shorted to each other at a shorting portion
located in an iﬁclusive range between said connecting area and said first end; and

said hard substrate being provided with at least one of a groove and a perforation
to facilitate cutting in an area between said shorting portion and said connecting ares.

2, A magnetic head apparatus according to claim 1, wherein:

said hard substrate includes said groove; and

said gro.éve is formed V-shaped.

3. A magnetic head apparatus according to claim 1, wherein:

said hard substrate includes said perforation, said perforation comprises laterally

aligned holes.

is Sheet Has Been Reﬁaoed
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are electrically shorted by a shorting portion 56 at

|ect ! | REP N BARET] ©
that is distanced fromthe connecting areas 54 and {55 th-SEahCe.
wires 31 and 32 leading from the MR elenent 12 are cdnnected to théa
term nal conductors 52 and 53 respectively. The wirleq 40 &38P 4%98f |t he
lead wire 4 led fromthe magnetic conversion el enent] 43 are connectle

t he term nal

conductors 62 and 63 respezctivel y. The fterm nal conductofs
and 63 are separated fromthe term nal conductors 52

A respectively. Gooves or perforations 57 for facilitating the cutt
operation are imdudtilesl reapwetiz chevehsiohi element i and Sn aRIR t dlentaitnesti ng
areas (54, 55) and (64, 65). It will be obvious to a person

skilled in the shaitddt fronhi edeht néhenvienta eubstane meitht hatesistamct sofn?

advantages simlar to those explained in reference to Figs 1 to 9 are
achi eved when ofte 1§ @ sm tandi atil lepstirose stlevkroda i grorected 1Between a

enpl oyed.

As has been expl ai ned, according to the present

to
62
and

i ng

i nvention, the pairl ofvteyminglsathaigere conserctadedo the MR elemendgfbrwevérad
apparatus is provided having a connector that can be directly inserted
wi t hout f urt herinndhis i REer oart re substAneacvidhi ¢t iresistanacrirafnd Odetit dd® Q
followng a manual cutting operation for opening the circuit in which

speci al tool isCiBrisvre@ired to short the inductive magnetic conversion element

from the MR element and, furthermore, a diode, which is
essentially not required to achieve the functions of the MR
element, must be connected.

In addition, Japanese Unexamined Patent Publication
(KOKAI) No. 141636,71995 discloses a technology whereby, in' a
structure in which a flexible printed board is employed as a lead
conductor for the MR element,;wo terminals that are connected
to the MR element are shorted during the manufacturing and
assembly processes and the flexible printed board is cut prior
to the characteristics measurement following the assembly work,
to open the shorted area. However, this prior art may be adopted
only when a flexible printed board is employed, and the

technology does not take into consideration the possibility of

- using a twisted pair wire for the lead wire, which is often the

case in this type of thin film magnetic head. Moreover, the
flexible printed board must be cut using a special cutting tool.
Furthermore, if a flexible printed board is employed, a probe must

be used when connecting a characteristics measuring device.

no
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appar at us conpri si ng:
magneti c conversion el
sai d magneti c conver si
magnet or esi stance effe
sai d magneti c head;

each of said pai
a termnal boar cp%aw n

electric

CLAI V5 REPLA@E}W%’I] ¢ head

a magnetic head having ja slider and ond dr nore
enents positioned at said sljder o ®SEPSR98 dnd of

on elenents being a read elepent utilizing 3

ct; a head sﬁpport deV|pe configured to qupport
a lead having a pair of Egg_mires Qne e of

e 6o.35,485 28, D FERAGER Stublh ERifechiRl, e g o

d
S P gl RGO G Ay L) 7 Bl

second endaden\ibRgion, EREIIRAN ¢tORind ‘02 doh Rlling are required. Alternatively, various tear

off portions carrying the short circuit are provided with the intention that the short
circuit can be manually removed. However, in this disclosure the tear off portions are
separate from the connectors which are used to make external electrical connections to

the magnetic head or slider.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to provide a magnetic head apparatus in
which breakdown caused by electrostatic discharge of an MR element can be prevented
without requiring any additional parts such as diodes whilst employing twisted pair wire.
In particular, a pi‘otective short circuit is provided which can be cut or opened manually
without using a specia,I cutting tool. The short circuit is incorporated in a connector
which, without further modification, can be inserted into a characteristics measuring
device after the cutting or opening of the short circuit is performed.

In order to achieve the objects described above, the magnetic head apparatus
according to the preferred embodiments of the present invention includes a magnetic
head, a head support device, a lead wire and a terminal board. The magnetic head is
provided with a slider and one or more magnetic conversion elements mounted on the
slider. At least one of the magnetic conversion elements is a read element which utilizes

the magnetoresistance effect. The head support device supports the maghetic head. The

lead wire is



% ’ .
connects to respective other ends of said pair of IMLMMNPE ' air of
term nal conductors being electrically shorted to jegch other at ajsHorting
portion located in an inclusive range between said congeggEpdges eq gnd
said first end; and said hard substrate beingl provided with gt }{l east
one of a groove and perforations to fadPlitate cutiimg-trmamnm area bgtween
said shorting portion and said connecting area to ¢{hereby open sai

el ect ri cahres¢ledttical®y shorfddpy & sBbARly SRAGNSE Qf 3 rBddakd ?H&iﬁ' ig ?ha{rfr;i% i'a?sltac%cﬁlon

recei vabl e by said’external” electric circuit w thout furt

2. A mafrofi ibe doanettmpRREAt 35amESD bk dikansd. aThe wired3e il B2sRAdnS tiéhnal
electric circuit is a characteristics nmeasuring devi ce. 3. A

magnet i ¢ theabRaplearent U2 arecoombectgd tto the aérmirial wondyctovses2and 53 respectidely. har d
substrate includes said groove; and said groove is V-shaped. 4,
A magnet | Ehtaires AdpandA2ief thedeadiving 4 leddram thelmagnefic comearsion element 13sae d
hard substrate includes said perforations, said perforations conprising

| at er al | ycongeeigdda the terguinal condugtors 62:\and, §3 sespectivelyy dhsotermingl gourducttirag t o

f clainms.1-4 wherein:
any of ¢l @) hd 63 are ‘separated from the terminal conductors 52 and 53 by gaps G3 and G4

0)

respectively. Grooves or perforations 57 for facilitating the cutting operation are
provided between the shorting portion 56 and the cbnnecting areas (54, 55) and (64, 65).

It will be obvious to a person skilled in the field to which the invention pertains
that effects and advantages similar to those explained in reference to Figs 1 to 9 are
achieved when one of the terminal boards shown in Figs 10 to 13 is employed.

As has been explained, according to the present invention, the following
advantage is achieved:

A magnetic head apparatus is provided having a conneétor that can be directly
inserted without further modification into a characteristics measuring device following a

manual cutting operation for opening the circuit in which no special tool is provided.
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18 sai d magnetic head includes a wite magnetic _copversion elenent.
6. A i c head apparatus according to any of claipE @EMES%ET
said h ’ "”JMl , Wwith one end thereof in al¢ -3e—~gi-rectt oh
constit m’,ﬁ and anot her engthereof constifuti %T%Egb%qrgge enp
is provided wth" & fl=xi bl e supporting portion towar ai @ e d fnp
said flexible supporting portion is nounted at said he | CP
said slider. 18 CLAIMS CLAI M5
1. A magneti c head apparatus conpri sing: a magnet+e—head—hevirg
slider and one or nore nmagnetic conversion el enents positioned at said
slider, at |east one of ,said nmagnetic conversion elenents being a read

el ement uti|iki nghdnagigHe hsadapnarains eoraprising::

a magnetic head having a slider and one or more magnetic conversion elements
positioned at said slider, at least one of said magnpetic conversion elements being a read
element utilizing a magnetoresistance effect;

a head support device configured to support said magnetic head; |

a lead having a pair of lead wires, one end of each of said pair of lead wires being
connected to said read element;

a terminal board having a pair of terminal conductors on a hard substrate, said pair
of terminal conductors being shaped to mate with an external electric circuit, and each
having a first end and a second end, said second end having a connecting area that
cohnects to resiaective other ends of said pair of lead wires, said pair of terminal
conductors being electrically shorted to each other at a shorting portion located in an
inclusive range between said connecting area and said first end; and

said hard substrate beiﬁg provided with at least one of a groove and perforations to
facilitate cutting in an area between said shorting portion and said connecting area to
thereby open said electrical short, and said terminal conductors after cutting being
receivable by said external electric circuit without further modification.

2. A magnetic head apparatus according to claim 1 wherein said external
electric circuit is a characteristics measuring device.

3. A magnetic head apparatus according to claim 1 or 2, wherein:

said hard substrate includes said groove; and

said groove is V-shaped.

4. A magnetic head apparatus according to claim 1 or 2, wherein:

said hard substrate includes said perforations, said perforations comprising laterally
aligned holes.

5. A magnetic head apparatus according to any of claims 1-4 wherein:



~y __+

»
a head i onfigured to support said magnetic H
havi nglﬁ“ﬂMﬁﬂiﬁﬁ“& res, one end of each of said pair c%ﬁm SHEET
bei ng sal«d read el enent; a term nal board Havi rég a %r
|8 SEP 1998
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4. A magnetic head apparatus according to claiml, saitd
magneti c head includes a wite nmagnetic conversion : : 3. A
magneti ¢ head apparatus according to claimi1, whereih:| @8SEPSH#8 Hedd
support device, with one end thereof in a |engthw sejdjrection

constituting a fixed end and another end thereof conptrtuiing a free gnd,
Is provided with a flexible supporting portion towarf_sald.free end-add
said flexible supporting portion is nount el at ‘said supporting surface of
said slider. -

MAGNETIC HEAD APPARATUS

ABSTRACT

The present invention is directed to prevention of
breakdown caused by electrostatic discharge in an MR élement.

An MR element constitutes a read element. A head
support device 2 supports a magnetic head 1. A lead wire 3 is
constituted with at least a pair of lead wires 31 and 32 and each
of the pair of lead wires 31 and 32 is connected to the read
element at one end. A terminal board 5 is provided with at least
one pair of terminal conductors 52 and 53 on top of a hard
substrate 51. The pair of terminal conductors 52 and 53- are
provided with connecting areas 54 and 55 respectively on the
same side, to which one end of which are connected the other
ends of the lead wires 31 and 382 respectively. The pair of
terminal conductors 52 and 53 are electrically shorted from each
other by a shorting portion 56 at a rearward position which is

away from the connecting areas 54 and 55 over a distance.
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