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MAGNETIC HEAD 

TECHNICAL FIELD . :: .. ·< . 

The present invention r~futes to . a magnetic head and a 
I:qagneti~ ~/write apparatus. ib~t incorporates this magnetic :: ;·. 

:},,etid~ to be more specific, the pz:egeJ1t invention ~!ates to a . > .··.• < ·.. . . . . ' · , .tn,agnetic head that is machined to have air bearing sUrlaces with .. .-.. <··;:··· .· 

1:1. specific contour. 

..,. 
· .. -~·· BACKGROUND ART '· . 

... 
: ·; The technology through w}iich flying height is maintained . _-··/ · C:cm~t from the internal circr.:unference through the external : : -~; .. · ..... : ... : 

.· -~¢Wnfel-ence of a magnetic disk by reducing the skew angle d.ep~derlcy of the magnetic head in a rotary act'bator system 
. .. ' . . ~ 

. . . : ._·~tic read/ write apparatus is essential in improving ,, . • ~6ility ~ high density recording, which.- requires that spacing •;>·1~<:~ reduced by lowering th~ ·nyblg height, since, when the ... ::. '.' ,,··· 
.· ... fl~ ·hmght is very small. the ma.glletic head may easily come 

. in~ contact with the magnetic disk·. ·With even a very slight change 
m.; t,he: fl~ height of the magnetic .. head during a read or write 
·operation and this may cause problems including destruction of .. ·' 

. data · im the m tic disk. . . ·.·... agne 

. In.-. addition. the technology} through which the flying :: : .- .. ·:---.· 

.. hei~t'. ·•is 'made constant from the ):Q.ternal circumference to the : .. : ~ 

. ax~etilal circumference of the ~etic disk and the flying 
·attitude is also stabilized is vital f(jr achieving a hig}l capacity }Iiul~etic ·disk drive by employing zone bit recording technology. 

: .... ·. . . ·· ... 

technology is -disclosed, for instance, in 

.;· 
· .. : 
"{._ •' 

..... ; .. ~).:._ : : 
·.·.;:-;...· 

.•. 
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Japanese Unexamined Patent Publication (KOKAI) No. 30328/ 

1992, U.S. Pat. No. 4.894,734. and. U.S. Pat. No. 5,087,992. 

As a means for responding to such requirements. various 

types of magnetic heads with unique contours given to their air 

bearing surfaces have been disclosed. For instance, Japanese 

Unexamined Patent Publication (KOKAI) No. 101781/1985 

discloses a slider for a magnetic head in which skew angle 

dependency is reduced by setting the width of the rail of the 

slid.er rail at the center ~ the lengthwise direction smaller than 

the rail width at the two ends. 

Japanese Unexamined Patent Publication (KOKAI) No. 

856765/1992 discloses a magnetic head with air bearing surfaces 

provided with an inner edge and an outer edge. f<ttmed on the . 
surfaces of rail portions , with which changes in flying 

characteristics relative to the skew angle are minimized by 

making the inner edge and the outer edge converge toward the 

point of inflection from the front end edge of the slider and 

making them diverge from the point of inflection toward the rear 

end edge of the slider. 

Japanese Unexamined Patent Publication {KOKAI) No. 

246067/1990 discloses a slider for a magnetic disk device with 

the width of the rail being reduc~ toward the trailing edge 

starting from the leading edge. 

In addition, in a technology dif:f;erent from the prior art 

technology described above, TPC (Transverse Pressurization 

Contour) type sliders exist in the known art. TPC type sliders 

are disclosed in Japanese Unexamined Patent Publication (KOKAI) 
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No. 278087 /1986, Japanese Unexamined Utility Model Publication 

No. 122063/1982 (Utility Model Application No. 5818/1981). U. 

S. Pat. No. 4,673,996, U.S. Pat No. 4,870,519 and the like. In a TPC 

slider. minute indented portions are provided at the sides of rail 

portions over their entire length, and when one is mounted in 

a rotary actuator system magnetic read/write apparatus, at 

positions where the skew angle is large, dynamic lift pressure 

is generated at the indented portions by the air flowing in from 

the. transverse direction. This prevents any reduction in the flying 

height at positions where the skew angle is large so that a 

constant flying height. is assured from the inner circumference 

to the outer circumference of the magnetic disk. 

Of the prior art technologies explamed abo~ .. TPC sliders 

are effective foc stabilizing the flying height at a constant level 

However, there is a limit to how much the flying height can be 

further stabilized. For instance, it is difficult to keep the flying 

height constant within 20nm. 

In addition. in the prior art technology above. normally. 

the air bearing surfaces are formed to have a desired contour 

by performing machining over the entire length of the rail 

portions. The desired contour in this case must be formed 

through fine machining Such as dry etching, including ion 

milling. for instance. Because of this, in the prior art technology, 

which requires machining over the entire length of the rail 

portions. the length of the opening portions of the mask 

necessary for dry etching must be set larger than the entire 

length of the rail portions and, as a matter of course, min"Ute 
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particles' resulting from the process of dry etching the slider 
: /.: __ : 

~,,·adhered to the side surfaces of the slider. The strength 

of a.dlie$ion of the material that becomes adhered to the slider 

in thi~ :·~er is low. Thus, when using the magnetic head in 

a m~etfo read/write apparatus, the material adhering to the 

side ~daces of the magnetic head may enter the minute flying 

gap ~~een the magnetic disk and the magnetic head, and this 
.. ;•: ... 

may d~age the magnetic disk irreparably. 

'furthermore, bumps for the magnetic transducers are 

provideci' toward one end of the slider in the lengthwise direction. 

The buDJ.ps, unlike the slider, which is constituted of a hard 

ceramic: .. structure, will be constituted of a soft metal material 

such as< '.gold. Because of this, excessive dry e~hing will be 
. ·-.·;:· " 

perforrilett ·on the bumps compared to the slider, resulting. in a 
' ·····:.·=:-·. 

clro~ - <)ff at the surfaces of the bumps relative to the surface 

of the $lider. This will make connecting the lead wires for the 
:·. 

~difficult. 

.U~S. Pat. No. 5,359,480 di$closes a magnetic head air 
.·._:·._<_._'. : 

bearing:;·~ in which each rail may be confjgured with two 
.:.· ,~· . . 

recesses;:Tiie recesses do not eJ¢end to the slider trailing edge. 
' .· . .. 

Howevei.-.{.U.S. Pat. No. 5,359.480 does not necessarily disclose 

optimal ·(limensions of the· recess'es _to stabilize the flying height 

at a constant level. 
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DISCLOSURE OF .fuE lNVENTION 

It is an object of the. ~resent invention to provide a 

ID8Blletic head that has air bearlrig .· surfaces with a new type 
·,.,·:.-.'..'• 

of contour and a magnetic readA~te apparatus employing this 

magnetic head. 

It is a further object of the. present invention to provide 
' :~-::-· .... , .. _. 

a magnetic head and a magnetfo};re~/write apparatus that are 

capable of stabilizing the flying .)~e.i.ght with a high degree of 

-~-

It is a still further object of the present invention to 

provide a :magnetic head and a magnetic read/write apparatus 

that are capable of stabilizing the flying height with a high 

degree of accuracy even when the , maximum skew "BDgle is large. 

It is a still further object .• of the present invention to 
I . ·. . 

provide a magnetic head and a ~etic read/write apparatus 

that are extremely effective in µnproving reliability in high 

density recording, which req~:-:: a . reduction in S.Pacing loss 

through lowering the flying ~llti . 

It is a still further object;· bf . the present invention to 

provide a magnetic head that d<>eS·,ill9.1 .cause any damage to the 

magnetic disk or the magnetic heii~t due to adhered matter on 
', -:· . .-. ·.·::.< 

the magnetic head and a: magne,iief'.tAAct/write apparatus that 
.. :.···. ,.·.· ... 
. :· .. ·.: . .-,·. 

employs this magnetic head. 

It is a still further objeGt·\;~:f the present invention to 
~. ·, 

provide a magnetic head with •. : bumps for the magnetic 

transducers in which the surfaces<'of the bumps do not drop 
.:.:<.'..·:-

down from the slider surface atj(l a magnetic read/ write 
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apparatus that employs this magnetic head. 

In order to achieve the objects described above, the 

magnetic head according to the present invention includes a slider 

and a magnetic transducer. The two ends of the slider in the 

length.wise direction constitute a trailing edge and a leading edge, 

with at least one rail portion extending in the lengthwise 

direction provided at one surface of the slider. The magnetic 

transducer is provided at the trailing edge of the slider on an 

extension of the rail portions. 

The rail portions are provided with step - like indented 

portions formed along the two sides in the direction of the width. 

The indented portions are formed .shorter than the rail portions 

so that rear rail surfaces are formed toward the tI:a.iling edge 

of the slider, front rail surfaces are forme9 at the leading edge · 

of the slider and middle rail surfaces are formed . between the 

rear rail surfaces and the front rail surfaces. 

The surface width of the middle rail surfaces are 

maintained almost constant. The rear rail surfaces and the front 

rail surfaces each include a first surface whose surface width 

is determined by the entire width of the rail portion and a 

second surface whose surface width is gradually reduced starting 

from the surface width of ·the first surface toward the surface 

width of the middle rail surface. 

When the length of the f"irst surface is designated LI. 

the length that includes the first surface and the second surface 

is designated L2 and the entire length of the rail portion is 

designated LO, the requirements ; 
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Ll < L2 ~ 15 % of LO 

are satisfied. 
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,, 

The magnetic read/ write apparatus according to the 

present invention includes a magnetic disk, a magnetic head. a 

bead support device and a positioning device. The magnetic disk 

is rotationally driven. The magnetic head is the magnetic head 

accol"ding to the present invention described above; The head 

support device supports the magnetic head at one end and the 

positioning device supports the head support device at the other 

end and causes the magnetic head to rotate on a plane at a 

specific angle above the surface of the magnetic disk. 

The present invention may be ad0pted in •tbe prior art 

technologies described earlier as a fine machining technology to 

form air bearing surfaces. 

Since the slider is provided with at least one rail portion 

extending in the lengthwise direction at one surface and the 

magnetic transducers are provided at the trailing edge of the 

slider on extensions of the rail portions, when the present 

invention is employed in a magnetic read/write appal"atus, a 

magnetic head that is capable of stabilizing the flying 

characteristics with the rail portions and perfonns magnetic write 

or read operations between the magnetic transducers and the 

magnetic disk by generating dynamic lift pressure between the 

magnetic disk and the air bearing surfaees constituted of the 

rail surfaces, is achieved. 

The rail portions are provided with the step - like 



'I 

--·~- ------·'---l ... ·-·--··---~ ·- ···--· 

8 

indented portions provided along the two sides in the direction 

of the width, enabling control of: the flyµig characteristics effected 

by the indented . portions. 

The indented portions ~ ·formed shorter than the rail 

portions so that a rear rail surfaces are formed toward the 

trailing edge of the slider, front rail surfaces are formed toward 

the leadin~ edge of the slider and middle rail surfaces are formed 

between the rear rail surfaces and the front rail surfaces. This 

structure is one of the important features of the present 

invention. With the magnetic head having this new structure, it 

is possible to stabilize the flying ·height at a constant level by 

controlling the length of the rear rail surfaces and the front rail 

surfaces remaining at the two ends in the lengthwts~ direction. 

Moreover, since the indented. portions ar~ formed shorter 

than the rail portions resulting in the rear rail surfaces being 

formed toward the trailing edge of the slider and the front rail 

surfaces being formed toward the : leading edge of the slider, when 
::;_;· -

. -~ 

a mask provided with openixig:.::.:·portions necessary for the 

formation of the indented porti~~ ···is positioned on the surface 

of the slider that faces opposite,.: the inedium. for forming the 

indented portions through the • <>~ portions through dry 

etching such as milling or the lik~Jt i;; possible to set the length 

of the opening portions of the·.;~ask necessary for the dry 
. ·· .. · .. ·· 

etching slightly shorter than • i#~.:.· entire length of the rail 

portions. This prevents minute particles from the slider resulting 

from the dry etching from becoming adhered to the two side 

surfaces of the slider. Consequently, a magnetic head and a 
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magnetic read/write apparatus that do not damage the magnetic 

disk or the magnetic head because of matter adhering to the 

magnetic head can be achieved. · 

Furthermore, since the bUlllps are not excessively etched 

compared to the slider, the surfaces of the bumps do not drop 

down from the surface of the slider. and this ensures that 

difficulty in connecting the lead wire for the bumps is avoided 

Another important feature of the present invention is that 

the ideal lengths for the rear ~l surfaces and the front rail 

surfaces for stabilizing the flying height at a constant level are 

disclosed in a specific manner. Namely, in the present invention, 

the surface width of the middle rail surfaces is maintained at 

an almost constant width. The rear rail surfaces bnd the front .. ·. . 
rail surfaces each include the f~.t surface, whose surfa,ce width 

is determined by the entire width, of the rail portion. and the 

second surface. whose surface width, is gradually reduced starting 

from the surface width of the first:. surface t.oward the surface 

width of the middle rail surfac&·.::\lVhen the length of the first 

surface is designated Ll. the ~· .. that includes the first surface 

and the second surface is desigti&.ted L2 and the entire length 

of the rail portions is designated: :tQ. the following requirements 

are satisfied ~ 

Ll :s: 2.5 % of LO and Ll < L~;;:,::a; 15 % of LO 

By setting the length Ll ', ~f., the first surface at or less 

t'I!an 2.5 % of the entire length LO .of· the rail portions and setting 

the length L2. which includes the Jirst surface and the second 

surface at or less than 15 % of the :entire length LO of the rail 
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pOrtions, the quantity of change in the flying height can be . 

stabili~d · at a value that is required for practical use. i.e., a 

maximum· of 20nm, for instance. 

In addition, by setting . the length Ll of the first surface 

smaller than the length L2 that includes the first surface and 

the secQnd surface, ie .. by providing the second surface. whose 

. surface width is gradually reduced starting from the surface 

width of the first surface toward the surface width of the middle 

rail su$ces. when the magnetic head is being used in a magnetic 

read/ write apparatus, no foreign matter builds up at the 

connecting points between the ·indented portions that define the 

middle ···rail surfaces and the indented portions that define the 

rear rail surfaces and the front· rail surfaces. lf.s. a result? a 

magne~~.hea.d and a magnetic read/write apparatus that do not 

datnage the magnetic disk or the :magnetic head because of 

foreign .. matter build - up can be achieved. 

The magnetic head and the lllagnetic read/ write 

appara,tµs according to the present invention are driven by a 

rotary actuator system positioriing device. According to the 

present ·· .. invention, since an alinost constant flying height is 

achieved even when the skew angle is increased, it is possible 

to set a greater range for the skew angle. Because of this, the 

present invention can support a compact type magnetic read/ 

write apparatus such as is currently much called for, with a 

greater maximum_ skew angle. 

\Vhen manufacturing tbe magnetic head according to the 

present ·.itlvention. minute particles from the slider resulting from 
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dTY etching can be prevented from becoming adhered to the two 

side surfaces of the slider. As a result. it is possible to 

manufacture a magnetic head that does not cause damage to the 

magnetic disk or the magnetic head due to matter adhering to 

the magnetic head. 

In addition, When manufacturing the· magnetic head 

according to the present invention. since the bumps do not 

become excessively dry etched compared to the slider, the surfaces · 

of the bumps do not drop down from the surface of the slider, 

and this ensures that connection of the lead wires for the bumps 

does not become difficult. 

BRIEF DESCRIPTION OF THE DRAWINC~ 

The present invention will be described in detail with 

reference to the drawings in which: 

FIG. I is a perspective of the magnetic head according 

to the present invention ; 

FIG. 2 is a side elevation of the magnetic head shown 

in FIG. 1: 

FIG. 3 is a perspective of another embodiment of the 

magnetic head according to the present invention ; 

FIG. 4 is a side elevation of the magnetic head shown 

in FIG. 3: 

FIG. 5 is a plan view of the magnetic read/write 

apparatus according to the present invention : 

FIG. 6 is an illustration of the operation of the magnetic 

read/write apparatus shown in FIG. 5; 
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. )FiG. 7 is a side elevation of the magnetic head device 
.. ~ . ::- .. ·. 

that i~>xon.e of the constituents of the magnetic read/ write 

a~~; ~ccording to the present jnvention ; 

• ;FIG~·· 8 is a bottom view of the magnetic head device that 

is one : bf· fue constituents of the magnetic read/ write device 

accordi.nifkto the present invention : 
.··.·.·.,, 

iio~· 9 is a graph showing the change in the flying height 
.:··· 

when ~"length Ll of the first surfaces (Ll) is set at 50 µ 
.··: .. ' . 

m _aQ.d ·~ l(:lllgth L2 is varied in the magnetic head according 

to the ~~t invention ; 

Ft<i;io is a· graph showing the change in the flying 
·. ~. :: _:; ' 

height 1'~,. the length L2 is set at 250 p. m and the length Ll 
.\."·. 

is varied·. '.ln.. the magnetic head accordins' to• :the present 
.·: : ··.·.·. 

invention:;\;:.· 

FIG.·~;11 is a graph showing the change in the flying 
' : :;.· . 

height bi ,jlie:· magnetic head shown in FIG. 12 when the length 

Ll is Vl;ll'ied ; 

FJ~~-12· is a perspective of the :magnetic head employed 

to obtain; the data presented in FIG. 11 ; 

FI~~;d13 is a graph showing the flying characteristics 

achieved w~en.the magnetic head shown in FIG. 14 is employed 

to constitut~>the magnetic.read/write apparatus shown in FIGS. 
. : -: · ... : -~;: . . 

5 to 8: 

FIG~ 14 is a bottom view of the magnetic head employed 
. :· ... 

to obtain th~:·data presented in FIG. 13; 

FI(S~"1s.:,~ a plan view showing the first process included 
...... ~~· .. ;:. :-:-: ,. ·. 

in the m~~ ; head manufacturing method ; 

. ,; , .. 
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FIG. 16 is a cross secti6~ through line 16 - 16 in FIG. 

FIG. 17 is a plan vi~, showing the second process 

included in the magnetic head ,I,rianu:facturlng method : 
-.: . 

FIG. 18 is a partial enlargement of FIG. 17 ; 
. : ~. .. . . 

FIG. 19 is a Cl"OSS sectiort through line 19 - 19 in FIG. 

17, showing the third process fucluded in the magnetic head 

inanufacturing method : 

FIG. 20 is a cross section of the magnetic head aggregate 

obtained by performing the second process and the third process ; 

FIG. 21 is an enlarged ,partial cross section of the 

magnetic head aggregates shown , in FIG. 20 ; 

FIG. 22 is a plan view ' showing the fl>lp1;h process 

included in the mapetic h~d manufacturing method ; . . ·' ... ::·;· 

FIG. 23 is a cross section through line 23 - 23 in FIG. 

22. 

FIG. 24 is a plan view;,, sll,owing the fourth process 

included in the magnetic head nlahmacturing method ; 

FIG. 25 is a cross se~);through line 25 - 25 in FIG. 

24. 

_;·: '·'. : 

BEST MODE FOR CARRYING>()l.JT THE INVENTION 
.··. :: 

With reference to FIGS. l,' in)d 2, which dimensions are 
,_:: .... ;.:·. 

somewhat exaggerated, the magij~tlc head according: to the 
.. : . ·~:· ·': . : 

present invention includes a slider, J and magnetic transducers 

2. The two ends of the slider 1 i!l, the lengthwise direction L 

constitute an trailing edge TE and>an leading edge LE and the 



- - .,,. _____ ... . ·------··--. 

14 

slider l is provided with at least on~ rail portion 101 or 102 

extending. in the lengthwise direction L on one surface. The 

magnetic transducers 2 are proviQsd' toward the trailing edge TE 

of the slider 1 on extensions of ·.the rail portions 101 and 102. 

'fhe rail Portions 101 and 102 are each provided with step 

- like in~ted portions 114 and 1Q~:> provided, along the two sides 

in the direction of the width W. The indented portions 104 and 

105 are formed shorter than the taj.l portions 101 and 102. With 

this.. rear rail surfaces 113 are formed toward the trailing edge 

TE of the slider l, front rail surfa~ 112 are formed toward the 

leading edge LE of the slider 1 and: middle rail surfaces 111 are 

formed ~tween the rear rail surfaces 113 and the front rail 

surfaces 112. The middle rail surfaces 111. the front 'ttµ! surfaces 

112 and tlj.e rear rail surfaces 113 ci>nst:itute air, bearing surfaces 

103. At the rail portion 101, the intiented portion 104 is formed 
. . . . 

as a step with the width W21 and dwth d (see FIG. 2) whereas 

the indented. portion 105 is formed ~ a step with a width W31 

and depth d (see FIG. 2). Also,. ~ the rail portion 102, the 

indented po~tion 104 is formed as ~/s,teP with a width W22 and 

a depth d · (see FIG. 2) and the iri~ted portion 105 is formed 

as a step with a width W32 and '->:4epth d (see FIG. 2). The 

width W21 and the width W22 may, .be different from each other 

or they may be the same. Likewise. tlie· width W31 and the width 
: >::> . 

W32 may be different from each othet;.()r they may be the same. 

In the rail portion 101, the surface width WI 1 of the 

middle rail sU:rface 111 is maintained~ \almost constant. The rear 
'.·. 

rail surface 113 and the front rail sWface 112 each include a . . ··,·,;. 
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first surface (LI) whose surface width is determined by the 

entire width WOl of the rail portions 101 and a second surface 

(L3) whose surface width is gradually reduced starting from the 

surface width WOl of the first surface {Ll) toward the surface 

width Wll of the middle rail surface 111. 

Likewise, in the rail portion 102. too, the surface width 

Wl2 of the middle rail surface 111 is maintained almost constant. 

The rear rail surface 113 and the front rail surface 112 each 

inc!ude a rust surface (LI) whose surface width is determined 

by the entire width W02 of the rail portion 102 and a second 

surface (L3) whose surface width .is gradually reduced starting 

from the surface width W02 of the first surface (Ll) toward 

the surface width W12 of the middle rail surface 1)}. The width . 
WOl and the width WOl may be . equal to each other or they 

may be different. Likewise, the surface width Wl 1 and the surface 

width W12 may be equal to each other or they may be different. 

In this embodiment. as in the case of the normal 

structure of a magnetic head, two rail portions 101 and 102 are 

provided • normally parallel to each other in a typical 

configuration and separated by a specific distance. In this case, 

the distance between the rail portions 101 and 102 constitutes 

an indented portion 106 which drops down from the air bearing 

surfaces 103 and the indented portions 104 and 105. In addition, 

the slider 1 is provided with indented portions 107 on the two 

sides in the direction of the width W, which drop down from 

the air bearing surfaces I 03 and the indented portions l 04 and 

105. Furthennore. the air bearing surfaces 103 are provided with 
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tapered sµifaces 108 at the end that is OppOSite the side surfaces 

where tbe:,magnetic transducers 2 a.re provided. The number of 

rail portioI,is 101 and 102 provided may one or may be three 

or more. ~{ilerence nmnbers 21 and 22 indicate bumps. 

As '.explained above, since the slider l is provided with 

at least ope rail portion 101 or 102 extending in the lengthwise 

direction ·L at one surface and the magnetic transducers 2 are 

provided ·toward the trailing edge TE of the slider 1 on 

extensions -of the rail portions 101 and 102, when the present - ... ; 

invention i~ employed in a magnetic read/ write apparatus, a 

magnetic h~d that performs magnetic write or read operations 

between the:.magnettc transducers 2 and the magnetic disk while 

stabilizing the flying characteristics with the rail•J?ortions 101 

and 102 / . 8l1d generating dynamic lift pressure between the 

magnetic disk and the air bearing surfaces 103 is achieved. 

Since the rail portions 101 and 102 are provided with 

the step-I~ indented portions 104 and 105 which are formed 

along the tit~ sides in the direction of -the width W, it is possible 

to control. ·th:e flying characters with the indented portions 104 

and 105. The· technology whereby the flying characteristics are 

controlled with indented portions are ~osed in Japanese 

Unexamin~ Patent Publication (KOKAI) No. 101781/1985, 

Japanese Unexamined Patent Publication (KOKAI) No. 356766/ 

1992, Japanese Unexamined Patent Publication (KOKAI) No. 246067 

/1990, Japan.~ Unexamined Patont Publication (KOKAI) No. 

278087 /198~, ,·)apanese Unexamined Utility Model Publication No. 

122063/1982 ; U.S. Pat. No. 4,673,996, U.S. Pat. No. 4,870,519 and 
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the like. 

----· -·- ---· ..• ,. ··------------·-·-· -- ·-·-- --- -- 'I 

A crucial feature of . the present invention, whlch 

differentiates it from the prior:·;;.art technology, is that the 

indented portions 104 and 105 are. formed shorter than the rail 
'· ... ' 

portions 101 and 102 so that t,b.e rear rail surfaces 113 are 

formed toward the trailing edge TE of the slider 1. the front 

rail surfaces 112 are formed tawatd the leading edge LE of the 

slider l and the middle rail surfaces 111 are formed between the 

re~ rail surfaces 113 and the front rail surfaces 112. In the 

magnetic head featuring this new structure. by controlling the 

length of the rear rail surfaces 113 and the front rail surfaces 

112 at the two ends in the lengtl.lwise direction L, the flying 

height can be made constant. .. 
Furthermore. w~ forming· the indented portions 104 and 

105 by positioning a mask provjded with opening portions 

necessary for the formation of the indented portions 104 and 106 

and performing dry etching such ~·· mill;ng or the like through 

the opening portions to form the ~ted portions 104 and 105, 

the length of the opening portioll.~t::·~ the mask required for the 
~ .. : ·. ·' 

dry etching may be set slightly srii~ner than the en.tire length 

of the rail portions 101 and 102. ~U.se of this, minute particles 
'~ .. , ... 

from the slider I that are produ~/1.in the dry etching process 
. ·.···:: 

do not become adhered to the two:>~de surfaces of the slider 

1. Consequently. it is wssible to ·~'Vide a magnetic head and 

a magnetic read/ write apparatus tpElt do not cause damage to 
<· 

the magnetic disk or the magnetic head due to matter adhering 

to the magnetic head. 
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,:Moteover. since the bumps. 21 and :22 do not become 

ex~~velv:J3ry etched compared tQ the sliQer 1. the surfaces of 

the bciXi:Ps ~l and 22 do not droP : down frmn, the surface of the 

slider 1 ;: thus ensuring that conrtt3pting the .. ·lead wires for the 

bumps :ii ~d 22 does not becolJle -difficuJ.t. 

,;.Anotlier crucial feature of .the prese.n,t invention is that 

the 1-s". of the rear rail Sl.lrlaces 113 and the front rail 
. ·::.: .· .. ·· . .· 

surfaet:lS . i 12. that are optimal for _·stabilizing. the flying height 

at a co~t level are disclosed in a speeif_ic manner. Namely, 

accormn&:· to· the present invention,· the surface widths Wll and 
.. · . :, . 

W12 of.·:~ middle rail surfaces . .111 are· .maintained almost 
-·~ .. :: .· . 

constal)i·: The rear rail surfaces na and the ·front rail surfaces 

112 ~::,:·t>f<,~ded with the first sttrfaces (Ll) wh9se surface 

widths vVOl '.and W02 are detennineci: by the e;ntire widths of the 

rail p()rtioh~. 101 and 102 respectiyely and the second surfaces 

(LS) w~ _surface widths are grapually reduced starting from 
·..... .. 

the surf~widths WOl and woz t<>Ward the surface widths Wll 
... 

and wig··resl,>ectively of the middl~·:.xiu surfaces Ill. When the 

length o~<~e frrst surface (Ll) .i~ (iesignated LI, the length 

that ~udeS .·the first surface (Ll), ~ the second surface (LS) 

is design8.ted J .. 2 and the entire Iez@:~ of the rail portions 101 
:_~·- :. ,: . ... : . 

and 102) :iS._'.' ·designated LO, the \fe>llkwin&' requirements are 

satisfied : : ,:· 

.. !i.·" ·. 

LI < L2' i2 '.15 % of LO .. . : .. · 

.·-:·,'. -: 
•• :·:·.>"" 

ay'::~ettmg the length Lt of the first surfaces 0..1) at 

or less : tllan i;s % of the entire lei)gth LO of the rail portions 
.. :: ·' :·{ . . 
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·--------------··--------·-·- ------··-····--·-----··----- 101 and J()2 and setting the length L2 that includes the first 

surta~,\(Ln and the second surfaces CL2) at or less than 

15 % ol·:ffi~·-. entire length LO of the rail portions 101 and 102, 
-.~;--.:' ... : · .. 

it is poSSibie> to stabilize the flying height at a value required 

in practl~·.:·use. i.e., at or less than 20nm, for instance. 

,-~~ennore, by setting the length LI of the first 

surfaces fun smaller than the length L2 that includes the first 

surfaces : ~(tl) and the second surfaces (L3). i.e., by providing 
. -;:;· .. 

thQ secC)iid f Sur!aces (L3) whose surface width is gradually 
. ·:.·-.,.·. 

reduced starting from the surface width of the first surfaces CL 1) 
·. ··::::·:,.--·.: .. 

toward th~ sUrface width- of the middle rail surfaces 111, when . . .· .. - . . . 

the magnetlc head is being used· in a magnetic read/write 

apparatus~' ~~~, bund up of foreign matter occurs ill the vicinity 
. . . . . 

of the @~~ pojnt between the indented portions 104 and 

105 defit\in~ the middle rail surfaces 111 and the indented 

portions 1~ '~d 105 defining the rear rail surfaces 113 and the 

front rail·.~aces 112. As a result. a magnetic head and a 

magnetic -~write apparatus wbicll do not cause damage to 

the magnetfu : disk or the magnetic . head due to dirt build up 
·.: . -~ . 

can be achieved. 

Ptet~bly, the length Ll of the first surfaces (Ll) 
\_··. 

should be ,~i at or more than 10 Jl m. By doing so, dry etching 

can be petf~~ using a mask which covers the trailing edge 
. , . . 

TE and the i•ding edge LE of the· rail portions 101 and 102 

over a l~fr rlf:> J,O p. m or more. The minimum value of the masJ! 
:;<,/ ":- ·:;.· ··.: < 

cover that ~i~fur prevents minute particles from the slider l 

t"eSUJ.ting tfu1r1~, tlle dry etching process from becoming adhered 
· .... ··:· '•·.. . 

::;:-_:-.: ·:.--· .. 
.... ).:·.; 
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to the 'b,o side surfaces of ~ j;lider 1 at the trailing edge TE 

and th~/leading edge LE of tb,e:: rail portions 101 and 102 and 

can ~~ly avoid dry etching ici:f •. tb.e side ·surface of the slider 

1 wher~.:the bumps 21 and 22 :; .provided, is approximately 10 

p. m ~er taking into consider$tion .machining tolerance . 
. . ·.··. ·.····· . 

ConseqJieiitly. being able to perl~:m dry etching by using a mask .· • ... ,.... . ": ·.· . 

that oo'V'E#."S the trailing edge TE:\and .the leading edge LE of the 
. ..., .. ,. 

rail porli®S 101 and 102 over a )ength of 10 .am or more ensures 

th@.t nili1'µte particles from the . •t;uder 1 resulting from the dry 
. . .. 

etching :t>f.QCess are reliably prevented fro1I1 becoming adhered to 
~ .. : . . :" ;·. 

the twc> .. ~de surfaces of the sli~r .1 and. that the side surfaces 
·.· .. 

of the ·~d.er 1 where the bumps;: 2L and ·'22 .are provided can 

be reliab)y: prevented from becon,li,ng dry etched. • 

In )addition. as the data,. which are to be explained in 

more d~ later, indicate, when · the length LI of the first 

sut'faces:~:(Ll) increases. the flying height increases, which, in 

turn, in~ the change in the; flying height. The purpose of 
. . . . ~ . . 

setting tJi.,. length Ll of the f'irit. surface (Ll) at 10 µ. m or 
.. :.,. . 

more in the. present invention is to . clearly define the limit at . '>-··:. ··::~::. . . 
which th~ .. fiying height and chaiiges in the flying height can 

. :: ,·:_,.: . 

be minimized while adhesion of p~cles is prevented. . ·-~ .. · ,._ .... 
·. ·.; 

Th~ magnetic head shown" in. ;JSIGS. 1 and 2 represents 

an example of a TPC magnetic :~~~ With a magnetic head 

provided ;(;nth a TPC slider, whe.il'.'~ ~t 'is mounted in a rotary 

actuator system magnetic read/ ~te . apparatus. dynamic lift 

pressure is· aenerated at the indented portions 104 and 105 with 

the air ~o'Wing in from the trans~~rse direction at positions 
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where the skew angle is great and with this, reduction in the 

flying height at positions where . the skew angle is great is 

prevented, makjng it possible to assure a constant flying height 

from the· inner circumference through the outer circumference of 

the magnetic disk. 

In a TPC slider with the air bearing surfaces I 03 facing 

upward, if the side surface of the slider 1 where the magnetic 

transducers 2 are provided is set as the front surface, the 

indented portions 104 are on the left. of the air bearing surfaces 

103 and the indented portions 105 are on the right. In this 

structure. it is preferable that the depth d of the indented 

portions 104 and 105 be set at approximately 0.7 µ m. This will 

ensure that the advantages of the TPC slider can ~ . utili7.ed in 

~ satisfactory manner. 

For the magnetic transducers 2. an induction type 

element, an MR (magnetoresistive effect) type. a combination 

of these or the like maybe used. These elements may be 

constituted· with thin film elements ·'formed through a process 

similar to that in IC manufacturing ~ology. In addition. not 

only the in - plane recording method.; but the vertical recording 

method may be employed. 

FIG. 3 is a perspective of a:IlOther embodiment of the 

magnetic head according to the present invention and FIG. 4 is 

a side elevation of the magnetic head i shown irl FIG. 3. In these 

iJ.gUreS. the same reference numbers as those used in FIGS. I and 

2 indicate identical components. In this embodiment the bottom 

surfaces of the indented portions 104 and 105 each constitute 
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l ·.... . ... -~ · .. ·. . ., .. :; 2Z 
1·:; 

a single flat surface. 
:' ...... 

,···FIG. 5 shows the magnetic read/ write apparatus 
·. :. ~ ....... i 

accor@lg to the present invention. The magnetic read/ write 

appa,r:S:ttis according to . the present invention includes a 

posiij~f:rig device 3, a magnetic disk 4. a bead support device 

5 Of · tiJ.~. known art and the magnetic head 6 according to the 

presen~/invention. The magnetic disk 4 is rotationally driven .·in ,,· .. ;·-

the ~on indicated with the arrow a by a rotational drive 

m~ (not shown). The positioning device 3. which employs 

the rot~ty : actuator system. supports one end of the head support 
::: .... ···. 

device ~:{and drives it in the direction .:indicated with the arrow 

bl or.: i# ,,,at a specific angle (skew angle) above the surface 

of the: ."~tic disk 4. With this, write to or read from the 

magnetit:\;disk 4 is performed on a specific track. 
:-;:·.: . 

. FI~. 6 illustrates the operation of the magnetic read/ 

write a~tus shown in FIG. 5. During a read / write operation. 
"•>: ..... . ,:, . 

the head. ;;~pport device 5. which supports the magnetic head 6, 

is driven.:iil. such a manner that it is swung in the directions 

indicated·'~'\Vith the arrows bl and b? around the pivot center 

· 01 by th~> rotary actuator system positioning device 3. The 

position ~f the magnetic head 6 on the magnetic disk 4. is 
. ~ . : . 

normally eipressed as a skew angle. 

FIG~ • 7 ·is a side elevation of the magnetic head device 

and FIG. 8 is its bottom view. The head support device 5 has 

a stru~''m which, at a free end located at one end of a 
. .. ~:": . ·: -

supporting·y;b<)dy 51 constituted of thin metal plate in its 

lengthwi~ ,;,aitecnon. a flexible body 52, also constituted of thin 
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metaj ::piate, is mounted with the magnetic head 6 mounted at 

th.(3 lb~ surface of the flexible body 52. The head support 
:::·:,·: 

device .· 5. imparts a load force to press the magnetic head 6 

toward.' ~ magnetic disk 4. The flexible body 52 in the figures 

is pr(,Videci with two outer frame portions 521 and 522 that 

extend; almost parallel to the lengthwise axis of the suppOl"ting 

body , ~l~. a transverse frame 523 that links the outer frame 

portions · $21 and 522 at an end distanced from the supporting 

bo4Y ·fil ®Cl a tongue piece 524 that extends from approximately · 
·.·.·'.· ... .-.: 

the center of the transverse frame 523 and runs almost parallel 

to the .router frame portions 521 and 522 with its front end left 

as a free· end. .One. end that is .Qpposite from the direction in 
-~·- . . . 

whicbo,the. transverse frame 523 is provided is m~ted in the 

vicinitY .' Of .the free end of the supporting body 51 by means 
·.·.· .. ' 

such as··: w~lding. < ··.:·: .. 
··•:on . the upper surface of ·the tongue piece 524 of the 

fl~ble b09.y 52, a projection for load 525 is provided. which may 
.·.·:· . 

be f~. for instance, in a s~ - Spherical shape. With this 
: .·.: . 

projeclj()ri ·.for load 525. a load force is communicated from th~ 

free ~::6£ the supj,orting body 51 to the tongue piece 524 • 
. . ··. . . 

The magnetic head 6 is. mounted at the lower surface 

of the ~ piece 524 by means Such as welding. The magnetic 
·';···.·: 

head 6 ls ,mounted at the magnetic head support device 5 so 

that its ~wise direction aligns ·with the lengthwise direction 

of the ~~ _ support device 5. The. head support _device 5 that 
: ... ·. '; 

can be employed in the present invention is not limited to that 
.. <.. .: 

in the. e:fu.bod.Ulient described above. A number of head support 
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devices that have been disclosed in the past or that may be 

d:iSclosed in the future can be ··adopted. 

Next. in. reference to the· measured data. advantages 

achieved by the magnetic head and the magnetic read/ write 

apparatus according to the present invention are explained. The 

measured data in FIGS. 9, IO and IS are obtained when the 

magnetic read/ write apparatus shown in FIGS. 5 to 8 is 

. constituted by employing the ~etic head shown in FIGS. 1 

and: 2. The measured data in FIG. 11 are obtained when the 

.. ,..:mf).gnetic read/write apparatus shown in FIGS. 5 to 8 is 

C<Jnstituted by .employing the :1ru1.gnetic head shown in FIG. 12, 

·which is outside the scope of the present inventiori. 

A 3.6 inch magnetic disk is used and is cause.d to rotate 

at a· rotation rate of 4090 rpm. In FIGS. 9, 10, 11 and 13. a 

~~ radius on the magnetic disk is used for the horizontal 

axis and the flying height is used for the vertical axis. The 

relationship between ·the measured ,.radius and the skew angle is 

as follows: 

measured radius (mm) ; 22.1 

skew angle (0 
) ; 1.2 

.· 30.6 

.. '"'.".7.3 

40.0 

-15.l 

The specifications of the slider are< as follows : 
.; , ..... ·.: 

(a) external dimensions·; 2.00 x 1.60 x 0.43 (mm) 

46.5 

-19.3 

(b) widths of various parts of the, rail portion 101 ; 

Wll = 174.am 

W21 == 136 p. m 

W31 =36.um 

(c) widths of various parts of the rail portion 102: 
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<,w12= i65 JI. m 

· ~2= 144 µ m 
:-'·.:< . 

,:ws2. sa µm 
.. ·' :: 

(d) ·•·depth d of the indented :portions 104 and 105 

i~9.76 µm 

: .FIG~ ·.9 shows the change in the flying height when the 

length ·Ll .. of the first surfaces (Ll) and the length L2 that 
··,_.· 

incl~ . the first surfaces (Ll) and the second surfaces (L3) are 

set eq;u.~ ~o each other both in the front rail surfaces 112 and 

the re~·· ~l . surfaces 113. The lEmgtb. LI is set at 50 µ m and 

the lengfh.:L2 is varied. In a magnetic read/write apparatus 

using a:a~5 hlch magnetic· disk. the•:change in flymg height only 

has to. :1:>~:-kept at or less than 20nm in practical use. FIG. 9 
. . .. I 

shows· ,,~t ·the change in flying height is ,maintained at or less 

than I~hi/in the range over which the length L2 is at or less 
..... '•. . 

than 300/i m when Ll = 50 µ m. Since, as described earlier, the 
.·::.:-' ... 

entire iengili LO of the slider is .2.00mm, LI = 50 /.l m satisfies 
. ; ; 

the reqUirement LI ~ 2.5 % of LO. and L2 = SOO fJ. m satisfies the 

req~i'.L2 :i 15% of LO. Within this range, the change in 
"> ·' , . 

flying h~1:, .is maintained at or less than 15nm in a magnetic 

read/w~~: apparatus employing a::S.5 inch magnetic disk, which 
. :·. ·. ,,,:·_·: ·. ·'-< 

satisfactorlly ,ro.eets the requiremeri.~$ imposed for practical use, ... ~ ..... 

ie., the phange in flying height at or less than 20mn. 
' ·: . .-. ,·· . .. 

F.l~/ 10 shows the ch~_:in flying height when the 

length Li::.>of · ,:the first surfaces (LI) and the length L2 that 
;··· .·. 

includes ti!~ iiiSt: surfaces (LI) and .the second surfaces (L3) are . . . . ... ·. . . 

set eq~',-tJ'.e~ch other at the front rail surfaces 112 and the 
... · ·'""•', 
·.:·.: ·:·.=-.· ... : 
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rear rail _surfaces 113. the length L2 is set at 250 Jl. m and the 

length ~l is varied. As FIG. 10 indicates, the more the length 

Ll of the first surfaces (Ll) is reduced, the smaller the change 

in flying·: height. As a result, in order to stabilize the flying 

height a~. a constant level, the length Ll of the first surfaces 

(Ll) mu.st be reduced. 

FlQ. 11 shows the change in flYing height when the 

length Ll is varied in the magnetic head shown in FIG. 12. In 

FIG. 12. t})ere is no second surface L3 either at the front rail 

surfaces 112 or at the rear rail surfaces 113 with L8 being equal 

to 0. FIG. Jl demonstrates that, in the case of the magnetic head 

shown . in ,:FIG. 12, the greater the length Ll of the first rail 

sutfaces. (Ll}. the greater the flying height. In addit~ the figure 

inclicates::;that, since the ·change in flying height is great, jt is 

not possibl.e to stabilize the flying height at a constant level. 

During · tbe process of acquiring the data shown in FIG. 11, 

magnetic p~d crashes occurred frequently between the magnetic 

disk and.''·~e magnetic head. When the magnetic heads that 

experienced a head crash were examined, dust was observed 

adhering to the comers of the indented portions 104 and 106 

toward thfi. rear rail surfaces 113 along the indented portions 104 
' . 

and 105. This leads to the conclusion that it is necessary to 

provide second rail surfaces (LS) as well as the first rail surfaces 

(Ll). to ensure that L2 > Ll. 

FIG~ :13 shows the flying characteristics that are achieved 

when the magnetic head shown in FIG. 14 is employed to 

constitute tlie magnetic read/write apparatus shown in FIGS. 5 
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to 8. liJ.::Fta.:: 14, the length LI of the first surfaces (LI) and the 

lengtll: ·L2· iilat is determined by the first surfaces (LI) and the 
. ,::· . ·. 

seeon<i .:~uriaces (L3) are varied to· . a number of values at the 

trailmg:~.ed~·:· TE and at the leading edge LE of the rail portions 
·. : .. ..... .. .:'_. 

101 and.-102'.Within the range defhred by the present iri.vention. 
·.,·.·. 

With thi$>.'.etic head, too, sta~Ufaed flying height can be 

achieved, ~··in,dicated in FIG. 13. 
··.···:-.·: ... 

N~tV method for manuf~turing the magnetic head 
.; .. ·. 

according 'tJ(the present invention. is explained in reference to 

FIGS. 1s.·tri·}~6. In order to manufacture the magnetic head 

described .,; above, the magnetic head manufacturing method ... ··, .· ... 

includes .tile ic>nowing processes. First, in a first process. magnetic 
.. · ·.· .::.· 

heacf -g~fes 71 and 72 are positioned on a supl>Qrting body 

82 . as· .. ill~Sif~ted in FIGS. 16 and 16. The magnetic head 
' . . .... 

aggregate$ 7'l>and 72 are constituted by SlTilying a plurality of 

magtleticA1;ill elements (Mll to Mln) and (M21 to M2n) in 

one. directi<Jri.. ~ are positioned on the supporting body 82 with 

the surfa~ ~~'>the magnetic head ~j~ts (Ml I to Min) and 

(M21 to M2h)'\.that are to face oppo~te the medium, facing front. 

Each of ~'~etic head elements··:·(Mll to Min) and (M21 
. .. . ·::;:·· .. . 

to M2n.) .• '.1s::arrayed in such a ilianner that the magnetic 

transdu~ 2·:. are positioned at one. ~d in the direction of the 
. .~ : . . .. . .., ·, . . . 

width wh~-'~th.e direction of the artity is set as the lengthwise 

direction. ·uriijke the arrangement iri, ':the figures. the magnetic 

head aggr:e~fe$. 71 and 72 may be placed in contact on a flat 
: ·. ·-'·· - .. ' 

supportiD.g bocii.i.'.82. In addition. it is desirable that a process for 
·:·::· ·· ... ·:·.- . ;·. 

polishing the' ~; bearing surfaces and a process for rendering 
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.. ··:· .. ··':" 

,, , ta~d· ~~~ to the air bear~ surfaces (see FIG. I) should 
·,. .·,. •.;.... 

. 

O:In ;~,:,:~nd process. which: follows the first process, a masit·.· 9·:is piii~ ·on the surfaces of. the magnetic head aggregates 
71 ~d>·:'i2, ~hich,have been positioned during the first process, 

. . . . . -~ "·; .. :. :: '··: . 

as.: iUµ:;fratecf ,.!#/ FIGS. 17 and 18. The mask 9 is provided with 
. . .; ~> ·:·.· .:· ·., . .-

at least· openllig Portions 91 and 92 at positions that correspond 
.. ,.·· . \':::··: .. · .. · 

to tht} jll.deiit~:/portions. The range over which and the positions 
. . .·. ,·; _._ · ..... : 

of 3"hi~· thfr)>~ portions 91 and 92 open only within the 
. .. .:, .. ·: , 

smja~., of/:the magnetic head aggregates 71 and 72 are 
. .. . . :··.· .. ·.:·:.-. 

·• determined · iii advance. ·:·:_- ... -.. : ........... . 

Iii:; a_::·thl.rii·' process, as shown in. FIG. 19. following the , secon<:l·:prcke~;:·,c3fy etching is performed. on the slftiaces of the · ma.gp.etfc·Jea~.·~~gates 71 and 72-"through the opening portions ·.·. .: . ·,· . ~ .: ·. 

'91 an.d ,92 . to''te>rih indented portions. A typical example of dry 
., . . :. ' . . . : ·~ .: :· .. · ... -... 

:: etching ~i~>t\1;11i~. At this point, since the mask 9 is provided 
. . ···:::· . '·· .. · ...... 

:to ~ ,µiciel'l.teci', ~ons and the : ranges over which and the ·positio~'·:,~ 'w~'.(the opening portions 91 and 92 open only 
within ~ ~':'Of the magnetic ~ aggregates 71 and 72 are det~~ · ·frl(;,advance, minute: ',particles from the slider 

. -_:.::·. ':.· ···. <~_;· _; .····:>: .... ;.::\:· 
~ ·: . 

resulting .· ~>·~~/'.~ etching pafo/Jnfld· in the third process can be :~t~:;,ftofu becoming adh~ to; the two side surfaces of the m,agnetlc h~~ aggregates 71 ~. '.~ 72 that constitute the 
·: . ,. ·' . '.. . . . . ·;. :' :·. ~·(; :: : 

: ' ;_. ' . slid~~. A~ ~I8med ,,~li~. the minimum value of the mask cover that can ~iablf''assiire that minut~ p8rticles from the magnetic 
,. . ,., .. ·: .. .. ··.:-: 

. :·· ~ad,·, ~8'ates 71 ,},nd 72 resulting. ',!t:om dry- etching do not 

. ·: .... .-.. :·. 
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become adhered to the two side surfaces of the magnetic head 

aggregates 71 and 72 and also allows reliable. prevention of dry 

etching of the side surfaces of the magnetic head aggregates 71 

and 72 is approximately 10 J.t m • even after taking into 

consideration machining tolerance. As a result, by selecting a 

value of 10 p. m or over for the mask cov-er. it is possible to 

manufacture a magnetic head that does not cause any damage 

to the magnetic disk or the magnetic head due to matter 

adhering to the magnetic head. ln addition, since the bumps do 

not become excessively dry etched compared to the slider, the 

surfaces of the bumps :do not drop down from . the surfaces of 

the magnetic head aggregates 71 and 72 constituting the slider. 

which. in turn, ensures that connecting the lead «ri.res for the 

bumps does not become difficult 

By undergoing the third process, the indented portions 

110 and 120 are formed as shown in FIGS. 20 and 21. 

In a fourth process, which follows the third process, 

necessary lJl8chining is performed on the magnetic head while 

leaving the indented portions 110 and 120 intact. The main ~b 

- processes included in the fourth ~ are a sub - process 

in which a third step and a fourth indented Portion (see FIG. 

1) are formed throUih machining and a sub - process in which 

separate magnetic head elements are taken out through cutting. 

FIGS. 22 and 23 show the sub - process through which steps 106 

and 107 are formed through machining du.ting the fourth process. 

This machining also creates the indented portions 104 and 105. 

FIGS. 23 to 25 show the sub - process in which separate 
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m~tic head elements are tajten out through cutting. Each 

magnetic head element is obtained.:; by cutting the magnetic bead 

~gates 71 and 72 at the positions indicated with the cutting 

lines Xl in FIG. 23. 

Preferably, the first proce8.s :'should include a sub -process 

1n ~hich a. plurality of magnetic )~~ aggregates 71 and 72 are 

PoSitioned parallel to each o#i;er . This will achieve an 

improvement in work efficiency. ID.. that case, it is desirable that 

the_ second process include a sub- process in which a common 

mask 9 for the plurality of magp.etic head aggregates 71 and 

72 is positioned. The mask 9 may.!' be :.constituted With film, resist 

or .the like. The opening portions''',91 and 92 of the mask can 

be · formed through high precisi011 :pattern forminl'. technology 

SUCh .·as photo lithography. 

While the invention has be,eii particularly shown and 

described with reference to ~f~ embodiments thereof, 
. ·.·:: ! ~· . . . . 

.. 

it will be understood by th~(; ~killed in the art that 

various changes in form and d$D} · · may be made therein 
. . . . . . ~ 

without departing from the spfrlt,; scope and teaching of 

the invention. ------~~~- _ _:._.:.~.-- ·····-··-- ---- ··---·--····· . 
. ~. :'·. : ; 

. qTiliiii1~r 

> .• 
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CLAIMS 

l. A magnetic head comprising.: 

a slider, with two ends in the direction of the length 

thereof constituting a leading edge and a trailing edge, which 

is provided with at least one rail portion extending in said 

direction of said length at one surface ; and 

at least one magnetic transducer which is provided on 

an extension of said rail portion toward said trailing edge of 

said ·slider, charactetjzed in that : 

said rail portion is provided with step - like indented 

portions provided along two sides '.thereof in . the direction of the 

width; 

said indented portions are ·formed shorter than said rail 

portion: .. thereby forming a rear rail surface toward said trailing 

edge Qf said slider, a front rail surface toward said leading edge 

of said slider and an middle rail surface between said rear rail 

surface and said front rail surface,·: 

the surface width of s8id middle rail surface is 

maintained almost constant ; 

.said rear rail surface and 'said front rail surface each 

include a first surface whose surface ·width is determined by the 
:· :·· 

entire width of said rail ·portion -~ a second surface whose 

surface width is gradually reduced:, ,starting from said surface 

width of said first surface toward'· Said surface width of said 

middle rail surface ; and 

when the length of said first surface is desjgnated Ll, 

the length that includes said first surface and said second surface 
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is designated L2 and the entire length of said ran portion is 

designated LO. 

m. 

LI s; 2.5 % of LO and Ll < L2 ~ 15 % of LO are satisfied. 

. 2. A magnetic head ·according to claim l, wherein : 

said length Ll of said first surface satisfies Ll ~ 10 JJ. 

S. A magnetic read/write apparatus including a magnetic 

disk, a head support device. a positioning device and a magnetic 

head, wherein : 

said magnetic disk is rotationaliy driven ; 

said head support device supports said magnetic head 

toward one end thereof ; 

said pasitioning device supports another end of said head . 
' 

supPOrt device and causes said magnetic head to rotate above 

the surface of said magnetic disk at a specific angle : 

said magnetic head includes a slider and a magnetic 

transducer ; 

said slider. with two ends in the direction of the length 

thereof constituting a leading edge and a trailing edge, is 

provided with at least one rail _portion extending in said direction 

of said length at one surface : 

said magnetic tran.Sducer is provided on an extension of 

said rail portion toward said trailing edge of said slider : 

said rail portions are provided with step - like indented 

portions provided along two sides in the direction of the width 

thereof; 

said indented portion is formed shorter than said rail 
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portion, thereby forming a rear rail surlace toward said trailing 

edge of said slider, a front rail surface toward said lea.ding edge 

of said slider and an middle rail . surface between said rear .rail 

surface and said front rail surface ~ 

the surface width of said middle rail surface is 

maintained almost constant ; 

said rear rail surface and said front rail surface each 

include a first surlaoe whose surface width is determined by the 

entire width of said rail Portion and a second surface whose 

surface width is gradually reduced starting from said surface 

width of said first surface toward said surface width of said 

middle rail surface ; and 

when the length of said first surface is designated Ll, 

.the lengtp that includes said first surface and said second surface 
. 

is designated L2 and the entire l~ of said rail portion is 

designated LO, 

LI ~ 2.5 % of LO and Ll < L2 ~ 15 % of LO are satisfied. 

4. A inagnetic read/wri~e apparatus according to claim 

3, wherein! 

said length LI of said first surface of said magnetic head 

satisfies LI ~ 10 # m. 


