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The present invention relates to a slider, a head, a head 

device and a read/write apparatus. 

BACKGROUND ART 

In a read/write apparatus that is employed as an 

external writing apparatus: for ·a computer, a flying type head 

that generates a lift force at the slider to cause it to fly over 

a disk - like medium by applying the principle of dynamic air 

pressure is employed. In this type of read/write apparatus, the: 

slider is in contact with the disk - like medium when the disk 1 

- like medium is in a stopped state and when the disk - like 

medium rotates, air flow generated by the rotation acts on the 

air bearing surface of the slider to cause it to fly over the disk 

- like medium while maintaining a specific flying height to 
·, . 

perform read/ write of information . Typical read / write 

apparatuses use~ to date are magnetic read/write apparatuses 

in which a magnetic disk and a magnetic head having a slider 

are employed. Japanese Examined Patent Publication No. 569/1982 

and U.S. Pat. No. 3,823,416 disclose taper flat type sliders. 

One of the essential requirements that a read/write 

apparatus must satisfy to achieve high density writing is a 

reduction in the flying height. In recent years, high density 

writing performed by read/write apparatuses has necessitated 

a reduction in the flying height at a portion of the slider where 



-----·-------------
----------··-----·--------

2 

the transducer is provided down to 25nm or less. In addition, 

when adopting zone bit writing, whereby writing is performed 

at the maximum writing density over the entire surface of the 

disk - like medium, it is desirable that the flying height be as 

consistent as possible over the entire seek area from the inner 

track to the_ outer track of the disk - like medium. 

In addition, as a means for achieving a larger storage 

capacity in a magnetic storage device, a head which employs a 

magnetoresistive element (hereafter refen-ed to as an MR 

element) as a read element has been proposed apd put into 

practical .use. Unlike in an inductive transducer of the prior art 

whose signal output is dependent upon the circtlmferential speed 

of the disk - like medium. the signal output in; an MR element 

is not dependent upon the circumferential speed of the disk - like 

medium. As a result. in a head employing an MR element as a 

read element, a read signal which is not dependent upon the 

circumferential speed of the disk - like medium is achieved. The 

air bearing surface · of a head must be designed to ensure that 

an almost constant flying height is achieved over the entire 

writing area of the disk - like medium. 

Next, due to the structural features of ·a head, the 

transducers are located ·approximately 35 to 50 p. m further inward 

from the trailing edge. When causing a head structured as 

described above to fly at an extremely .small flying height of 

25nm or less, it is necessary ·to set an attitude angle (pitch 

angle) in the direction of the length of the slider during flight 

smaller than 3 x 10 (rad) as a means for preventing contact 
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between the trailing edge of the slider and the disk - like 

medium. While Japanese Pat. No. 2,573,236 discloses a technology 

whereby the flying state is stabilized in a range over which the 

pitch angle is small. it is difficult to maintain a consistent flying 

height from the inner track to the outer track so that the flying 

height remains at 25mn or less since the head disclosed in this 

patent is a taper flat type head, which. in tum. makes it difficult 

to prevent problems such as a head crash that occurs when the 

trailing edge of the ·slider comes in contact with the disk - like 

medium. 

As a means for achieving a constant flying height, 

designing a slider as a negative pressure . slider that utilizes 

negative pressure bas been considered. Such sliders are disclosed 

in Japanese Examined Patent Publication No. 1619/1995 and U. 

S. Pat. No. 4,734,803. However, there are problems with this type 

of slider, such as dust present inside the magnetic storage device 

becoming adhered to the indente.d portion of the x:iegative 

pressure slider, greatly changing the flying height of the slider 

and the slider attracting to the surface of the disk - like medium. 

Thus, in order to put a negative pressure slider into practical 

use. a slider having a new flying surface that prevents dust from 

affecting its operation, good flying start characteristics (takeoff 

characteristics) and in which the attracting phenomenon is 

avoided. must be developed. Problems caused by dust in the 

magnetic storage device adheiing to the slider are not limited 

to a negative pressure slider and can occur in other types of 

sliders as well. 
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Another crucial requirement is an improvement in the 

following stability of the slider relative to oscillations of the disk. 

An air lubricating film formed between the slider and the disk 

- like medium · has a cushioning effect and the slider flies while 

maintaining a balance between the air lubricating film and the 

recovering force of the head slispension. When the oscillation 

frequency of the disk - like medium increases, the following 

stability of the slider deteriorate due to the inertia of the slider 

mass. In order to design a slider with good following stability, . . 
it is crucial to achieve a high level of air lubricating film 

stiffness. 

Since it is extremely difficult to satisfy the technical 

objectives and requirements described above with a head-or a 

slider in the prior art, development of a new head is required. 

Furthermore, an optical_ disk apparatus which utilizes a near -

field read/write system has come to light in recent years since 

it can break through the· limitation of high writing density 

achieved by magnetic read/write apparatuses. In the optical disk 

apparatus utilizing a near - field writing and reading system, a 

flying type slider is em~loyed. Consequently, the same problems 

explained with relation to the magnetic read/write apparatuses 

exist and must be addressed. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide a head. 

a slider, a head apparatus and a read/write apparatus that are 

extremely effective for achieving high density writing and an 

. . 
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increase in the storage capacity. 

It is a further object of the present invention to provide 

a slider and head having an air bearing surface with a new 

structure. 

It is a still further object of the present invention to 

provide a slider and head with which contact with the disk -

like meditim is prevented · even at a flying height of 25nm or 

less. 

It is a still further object of the present invention to 

provide a head. a slider, a head apparatus and a read/write 

apparatus that achieve a high degree of flying stability against 

disturbance and vibration even at a flying height of 25nm or 

less. 

It is a still further object of the present invention to 

provide a head, a slider, a head apparatus and a read/write 

apparatus in which the pitch angle while flying can be set at 

3 x l 0 (rad) or less .. 

It is a still further object of the present invention to 

provide a smaller and thinner slider and head that achieve 

outstanding mass productivity. 

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

provide a slider and head that may be achieved through 

integrated machining that adopts a high accuracy pattern forming 

technology such as dry etching. 

In order to achieve the 'objects described above, the slider 

according to the present invention receives dynamic air pressure 

at a surface facing the medium, which comprises a front flat 
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surface, a first positive pressure generating portion, a second 

positive pressure generating portion and a first negative pressure 

generating portion. The front flat surface, which is provided 

starting at a leadmg edge. ends at an intermediate point along 

a lengthwise direction. The first and second positive pressure 

g~erating portions have flat sti.rfaces which are essentially of 

equal heights and are positioned ·separated from each other over 

a distance at two sides in a widthwise direction running 

perpendicular to a lengthwise direction. with edges at one end 

located toward the leading edge forming step faces rising up from, 

the front flat surface in a step. The first negative pressure 

generating portion' is provided behind the front flat surface 

relative to the airflow direction and has a base surface with a 

height which is lower than the height of the front flat surface. 

Applied to a head, the transducer is · provided toward the 

trailing edge of the slider. An electromagnetic transducer is used 

in a magnetic head, and an optical transducer is used in a near 

- field writing and reading system. In an application in a read 

/write apparatus, the surface of the head according to the 

present invention that is located at the opposite side from the 

surface facing the medium is supported by a head suspension 
. . 

and the surface facing the medium causes the head to fly by 

dynamic air pressure generated when the disk - like medium 

rotates. The head according to the present invention should be 

combined with a disk - like medium with a high degree of ~urface 

accuracy with for instance, a. surface roughness Ra · ~ lnni when 

it is to fly at an extremely small flying· height of 25nm or less. 

. . 
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The slider according to the present invention comprises 

a front flat surface, a first positive pressure generating portion, 

a second positive pressure generating portion and a first negative 

pressure generating portion at the surface facing a medium. The 

first and the second positive pressure generating portions are 

positioned separated from each other over a distance at two sides 

in a widthwise direction. The firs.t negative pressure generating 

portion is positi~ned between the first . and second positive 

pressure generating portions. As a result, when the disk- like 

medium is caused to. rotate, two lift dynamic pressures caused 

by the first and second positive pressure generating portions are 

generated separated from each other over a distance at two sides 

in a widthwise direction at the leading edge and the first 

negative pressure caused by the first negative pressure generating 

portion is positioned between the two lift dynamic pressures. 

In addition, since the front flat surface. with a height 

which is lower than the height of the surface o_f the first . and· 

second positive pressure generating portions and higher than the 

height of the base surface of the first negative pressure 

generating portion, is provided between the leading edge and the 

first and second positive pressure· generating portions, high air 

lubricating film stiffness with a high degree of stability is 

generated at the surfaces of the first and second positive pressure 

generating portions. achieving stable following characteristics. 

The structure of an air bearing surface that achieves such 

pressure distribution is new, and it has been confirmed that even 

at a flying height of 25nm or less, the flying height is 
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maintained in a stable manner and contact with the disk - like 

medium is prevented. 

In addition, surfaces of the first and second .Positive 

pressure generating portions may be set at a specific size, 

increasing the load capacity at the leading edge. This results in 

an increase in the air lubricating film stiffness, and consequently, 

even when ultra low flying. at 25nm or less is achieved, a flying 

state with a low pitch angle is maintained in a stable manner. 

Furthermore, since a high air lubricating film stiffness is 

maintained, the following stability to the surface of the disk -

like medium are improved. Thus, even when the flying height 

is reduced to 25nm or less. contact between the head and the 

surface of the disk- like medium at the trailing edge of the 

slider where the flying height is at its minimum, caii. be 

prevented. 

Since the first positive pre~sure generating portion and 

the second positive pressure generating portion constitute flat 

surfaces having essentially· the same height and are provided at 

the two sides in the widthwise direction over a distance, 

stabilization in the roll angle is achieved as well. 

Moreover, it has been verified that with· the new air 

bearing surface structure described above, a high degree of flying 

stability against disturbance and vibration is achieved even at 

a flying height of 25nni or less due to the high air lubricating 

film stiffness. 

In addition, with the new air bearing surface structure 

described above, the pitch angle can be set at 3 x 10 (rad) or 
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less, and contact between the trailing edge of the slider and the 

disk-like medium is avoided, even at a flying height of 25nm 

or less. 

The front edge of the first negative pressure generating 

portion must be closed viewed from the air flow direction. In 

this case, the front edge is typically constituted as a step. The 

height of the step and the size. shape and the like of the surface 

continuous to the step are selected as appropriate to achieve the 

required flying characteristics at a flying height_ of 25mn or less. 

Forming the first positive pressure generating portion and 

the first negative pressure generating portion and first negative 

pressure generathig portion with steps in this manner achieves 

advantages in that the flying characteristics described above are 

achieved and that all these portions can be machined as an 

integrated unit by employing a high . accuracy pattern forming 

technology such as dry etching. 

Thus, according to the · present invention. a smaller and 

thinner head that is extremely effective for achieving high 

writing density, an increase in· storage capacity and achieves 

outstanding m~ss productivity is provided. The height of the 

steps, the area of the top surfaces continuous to the steps and 

the shape and the like of the the first and second positive 

pressure generating portions· are selected as appropriate to 

achieve the required flying characteristics at a flying height of 

25nm or less. 

As a preferable example of a slider according to the 

present invention, the surface facing a medium may further 
---------··------ ·-·-------- ··-----
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include a third positive pressure generating portion. The third 

positive pressure generating portion is provided toward the 

trailing edge and has an edge at one end located toward the 

leading edge which forms a step face rising up from the base 

surface of the first negative· pressure generating portion in a step. 

With this structure, when the disk - like medium is caused to 

rotate, along the airflow direction, two lift dynamic pressures 

·caused by the first and second positive pressure generating 

portions are generated toward the leading edge, a lift· dynamic 

pressure caused by . the third positive pressure generating portion 

is generated and a negative pressure caused by the first negative 

~e generating portion is generated between two lift dY._118IIlic 

pressures caused by the first and second positive pressure 

generating portions and the lift dynamic pressure caused by the 

third positive pressure generating portion. The air bearing surface 

structure that- achieves such pressure distribution described above 

is new, and it has been confirmed that even at a flying height 

of 25nm or-less, contact with the disk-like medium is prevented. 

As another preferable example of a slider or a head 

according to the present invention, the surf ace facing a medium 

may further include a fourth positive pressure generating portion 

and a fifth positive pressure generating portion. The fourth 

positive pressure generating portion is located behind the first 

positive pressure generating portion over a distance in the 

lengthwise direction ·and is provided with an edge at one end 

located toward the leading edge. The fifth positive pressure 

generating portion is located behind the second positive pressure 

.. 
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generating portion over a distance in the lengthwise direction 

and is provided· with an edge at c5ne end located toward the 

leading edge. With this structure, since the two positive air 

bearings constituted by the fourth positive pressur~ generating 

portion and the fifth positive pressure generating portion are 

formed, the load capacity increases at the leading edge~ This 

results in an increase in the air lubricating film stiffness, thereby 

improVing the following stability relative to . the surface of the 

disk - like medium. When the fourth and fifth positive pressure 

generating portions are provided, the surface facing a medium 

may further include a second negative pressure generating 

portion and a third negative pressure generating portion. The . 

second negative pressure generating portion is formed between 

the first positive pressure generating portion and the fourth 

positive pressure generating. portion. The third negative pressure 

generating portion is formed between the second positive pressure 

. generating portion and the fifth positive pressure generating 

portion. 

With the structure described above, when the disk - like 

medium rotates, a series of air bearings constituted of the first 

positive pressure generating portion, the se~ond negative pressure 

generating portion and the fourth positive pressure generating 

portion. and a series of air bearings constituted of the second 

positive pressure generating portion, the third negative pressure 

generating portion and the fifth positive pressure generating 

portion are formed parallel to each other at the two sides of 

the slider in its widthwise direction. 
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Furthermore. the first negative pressure due to the first 

negative pressure generating portion is generated inside an area 

enclosed by tlie first positive pressure generating portion. the 

second positive pressure generating portion. the second negative 

pressure generating portion, the third negative pressure 

generating portjon. the fourth positive pressure generating portion 

and the fifth positive pressure generating portion. 

A head that achieves such pressure distribution is new, 

and it has been confirmed that even at a flying distance of 25nm 

or less, a stable attitude is maintained so as to prevent contact 

with the disk - like medium. 

Moreover • by providing the first positive pressure 

generating portion, the second positive pressure generating 

portion, the fourth . positive pre$sure generating portion and the 

fifth positive pressure generating portion toward the four corners 

of the slider-, a high air lubricating film stiffness is achieved in 

the four corners to improve the following stability. 

In addition, since the first and second positive pressure 

generating portions increase the load capacity toward the leading 

edge to increase air lubricating film stiffness, a small pitch angle 

is achieved in a state of e"tremely low flying of ·2snm or less 

and the small pitch angle is maintained stable to further improve 

the following of the head. With the head having the new 

structure described above, the pitch angle may be set small, at 

3.0 x 10 (rad) or less. It has also been confirmed that since a 

high degree of air lubricating film stiffness is achieved. contact 

between the trailing edge of the slider and the disk - like medium 
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can be a.voided even at a flying distance of 25nm or less. 

Moreover, it has been confirmed that with the head 

having the new structure described above, a stable· small flying. 

height of 25run or less is assured, by minimizing the fluctuations 

in the flying height caused by disturbance, oscillation of the disk 

- like medium and dust. 

Furthermore, the positive pressure generating portions and 

the negative pressure generating portions_ are formed through 

integrated machining by employing a high accuracy pattern 

forming technology such as dry etching on the surface of the 

slider facing the medium. 

Consequently, according to the present invention, a 

smaller, thinner head that is extremely effective for achieving 

a higher writing density,- an increase in _the storage capacity and 

demonstrates outstanding mass productivity is provided. 

In one desirable mode, the second and third negative 

pressure generating portions are each constituted of an indented 

portion dropping down from the surfaces of the first and second 

positive pressure generating portions. The fourth and fifth 

positive pressure generating portions rise up from one of the 

surfaces of the indented portions. -

_It is desirable to form the surfaces of the indented 

portions constituting the second and third negative pressure 

generating portions so as to narrow starting from the side of 

the leading edge to the central portion and so as to widen 

starting from the central portion toward the side of the trailing 

edge. With this structure, the roll characteristics are improved. 
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In the embodiment including the fourth and fifth positive 

pressure generating portions and the second and third negative 

pressure generating portions. the third positive pressure 

generating portion described above may be included. The third 

positive pressure generating portion is provided toward the 

trailing edge and has an edge at one end located toward the 

leading edge · and rises up from the base surface of the first · 

negative pressure generating portion in a step. The transducer 

will be mounted at the center of the third positive pressure 

generating .portion. This structure, when adopted in a read/write 

apparatus, achieves the flying characteristics that will be less 

influenced by fluctuations in the roll angle over the entire 

surface of the disk - like medium. 

The ~rst and second positive pressure generating portions 

may be oriented in the widthwise direction of the slider assuming 

a structure in which the first and second positive pressure 

gener.ating portions are continuous to form a single flat surface 

being an air bearing surface. In .this case, since the load capacity 

at the side of the leading edge becomes further increased to 

increase. air lubricating film stiffness,· a small pitch angle is 

maintained in a stable manner at a very low flying height of 

25nm or less and the following stability of the head are also 

improved. 

The first and second positive pressure generating portions 

may be provided extending toward the trailing edge of the slider 

with the electromagnetic transducer mounted at least at either 

the first positive pressure generating portion or the second 
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positive pressure generating portion. 

The slider in the head . according to the present invention 

should preferably have a length of l.25mm and a width of l.Omm 

or less and should weigh l.6mg or less. 

In addition, it is desirable to form the surface of the 

slider facing the medium in such a manner that it achieves 

symmetry relative to the central axis of the slider running 

through the lengthwise direction. This structure makes it possible 
. . 

to form the air bearing steps through integrated machining by 

employing a micro fabrication method such as dry etching 

without having to perform mechanical machining, thereby 

facilitating dimensional management in mass production 

machining and improving mass productivity. 

The boundaries between the surfaces of the first, second, 

fourth and fifth positive pressure generating portions and the 

surfaces of the indented portions should be formed as a step with 

the depth of 0.1 J.J. m . or more. In addition, the end edges that 

define the surface of each of the first, second. fourth and fifth 

positive pressure generating portions and the indented portions 

are straight lines, curved lines or a combination thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

More specific features and advantages of the present 

invention are explained in further detail in reference to the 

drawings, wherein: 

FIG. 1 illustrates a perspective of a first embodiment of 

the head according to the present invention. 
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FIG. 2 illustrates a plan view of the head in FIG. I 

viewed from the side where the surface facing the medium is 

located. 

FIG. 3 illustrates a front view of the head sho\m in FIG. 

2. 

FIG. 4 illustrates a side elevation of the head shown in 

FIG. 2. 

FIG. 5 illustrates a cross section along line 5 - 5 in FIG. 

2. 

FIG. 6 illustrates an enlarged cross section of the head 

shown in FIGS. l to 5. where the electromagnetic transducers are 

provided. 

FIG. 7 illustrates a magnetic read/'write apparatus 

according to the present invention. 

FIG. 8 illustrates a side elevation of the magnetic head 

device adopted in the magnetic read/write apparatus shown in 

FIG. 7. 

FIG. 9 illustrates the operation of the magnetic read/ 

write apparatus shown in FIG. 7. 

FIG. 10 illustrates a model of the magnetic read/ write 

apparatus shown in FIG. 7. 

FIG. 11 shows data with respect to the relationship 

between the normalized slider length and the normalized pres~;ure 

in the magnetic read/ write apparatus employing the head 

illustrated in FIGS. l to 5. 

FIG. 12 shows three - dimensional data with respect to 

the relationship between the normalized slider length and the 
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normalized pressure in the magnetic read/ write apparatus 

employing the head illustrated in FIGS. 1 to 5. 

FIG. 13 shows data with respect to the relationship 

between the position of the slider and the flying height in the 

magnetic read/write apparatus employing the head illustrated 

in FIGS. 1 to 5. 

FIG. 14 shows data with respect to the relationship 

between the position . of the slider and the pitch angle in the 

magnetic read/write apparatus employing the head illustrated 

in FIGS. 1 to 5. 

FIG. 15 shows data with respect to the relationship 

between the ·position of the slider and the flying height achieved 

as the heights of the step faces in the head are varied · in the 

magnetic read/write apparatus employing the head illustrated 

in FIGS. 1 to 5. 

FIG. 16 shows· data with respect to the relationship 

between the position of the slider and the pitch angle achieved 

as the heights of the step faces in the head are varied in the 

magnetic read/ write apparatus employing the head illustrated 

in FIGS. 1 -to 5. 

FIG. 17 shows data with respect to the flying height 

fluctuation due to the parallel motion of the surface of the disk 

- like medium in the magnetic read/write apparatus employing 

the head illustrated in FIGS. l to 5. 

FIG. 18 illustrates a perspective of a second embodiment 

of the head according to the present invention. 

FIG. 19 illustrates a plan view of the head· in FIG. 18 
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viewed from the side where the surface facing the medium is 

located. 

FIG. 20 shows three - dimensional data with ·respect to 

the relationship between the normalized slider length and the 

normalized pressure in the magnetic read/ write apparatus 

employing the he~d illustrated in FIGS. 18. and 19. 

FIG. 21 illustrates a perspective of a third embodiment 

of the head according to the present invention. 

FIG. 22 illustrates a plan view of the head in FIG. 21 

viewed from the side where the surface facing _the medium is 

located. 

FIG. 23 illustrates a front view of the head shown in FIG. 

22. 

FIG. 24 illustrates a side elevation of the head shown in 

FIG. 22. 

FIG. 25 illustrates a cross section along line 25 - 25 in 

FIG. 22. 

FIG. 26 shows data . with respect to the relationship 

between the normalized slider length and the normalized pressure 

in the magnetic read/ write apparatus employing the head 

illustrated in FIGS. 21 to 25. 

FIG. 21 shows three - dimensional data with respect to 

the relationship between the normalized slider length and the 

normalized pressure in the magnetic read/ write apparatus 

employing the head illustrated in FIGS. 21 to 25. 

FIG. 28 shows 'data with respect to the relationship 

between the position of the slider and the flying height in the 
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magnetic read/ write apparatus employing the head illustrated 

in FIGS. 21 to 25. 

FIG. 29 shows data with respect to the relationship 

between the position of the slider and the pitch angle in the 

magnetic read/write apparatus employing the head illustrated 

in FIGS. 21 to 25. 

FIG. 30 shows data with respect to the relationship 

between the position of the slider and the flying height achieved 

as the heights of the step faces in the head are varied in the 

magnetic read/ write apparatus employing the head illustrated 

in FIGS. 21 to 25. 

FIG. 31 shows data with respect to the relationship 

between the position of the slider and the pitch angle achieved 

as the heights of the step faces in the head are varied in the 

magnetic read/write apparatus employing the head illustrated 

in FIGS. 21 to 25. 

FIG. 32 illustrates a perspective of a fourth embodiment 

of the head according to the. present invention. 

FIG. 33 illustrates a plan view of the head in FIG. 32 

viewed from the side where the surface facing the medium is 

located. 

FIG. 34 shows computer simulation data that three -

dimensionally illustrate the relationship between the normalized 

slider length and the normalized slider width. ~"'ld the normalized 

pressure achieved by employing the head in the read/ write 

apparatus shown in FIGS. 7 and 8. 

FIG. 35 shows data with respect to the relationship 
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between the normalized slider length and the normalized pressure 

achieved by employing the head - in the first embodiment in the 

read/write apparatus shown in FIGS. 7 and 8. 

FIG. 36 shows data with respect to the relationship 

between the position of the slider and the flying height achieved 

in the read/write apparatus employing the head shown in FIG. 

32. 

FIG. 37 shows data with respect to the relationship 

between the position of the slider and the pitch angle. achieved 
... -· ,.~ 

in the read/write apparatus employing· t~e head shown in FIG. 

32. 

FIG. 38 shows data with respect to the relationship 

between the rotational speed of the disk - like medium (rpm) 

and the flying height achieved in the read/ write apparatus 

employing the head shown in FIG. 32. 

FIG. 39 illustrates a perspective of a fifth embodiment 

of the head according to the pres~nt invention. 

FIG. 40 illustrates a plan view of· the head in FIG. 39 

viewed from side where the surface facing the medium is located. 

FIG. 41 shows computer simulation data that three -

dimensionally illustrate the relationship between the .normalized 

slider length and the normalized slider width, and the normalized 

pressure achieved by employing the head shown in FIG. 39 in· 

the read/write apparatus shown in FIGS. 7 and 8. 

FIG. 42 shows data with respect to the relationship 

between the normalized slider length and the normalized pressure 

achieved by employing the head shown in FIG. 39 in the read 
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/write apparatus shown in FIGS. 7 and 8. 

FIG. 43 ·illustrates a perspective of a sixth embodiment 

of the head according to the present ·invention. 

FIG. 44 illustrates a plan view of the head in FIG. 43 

viewed from side where the surface facing the medium is located. -

FIG. 45 shows computer simulation data that three -

dimensionally illustrate the relationship between the normalized 

slider length and the normalized slider width. and the normalized 

pressure achieved by employing the head shown in FIG. 43 in 

the read/write apparatus shown in FIGS. 7 and 8. 

FIG. 46 shows data with respect to the relationship 

between the normalized slider length and the normaliied pressure 

achieved by employing the head shown in FIG. 43 in the read 

/write apparatus shown in FIGS. 7 and 8. 

FIG. 47 illustrates a perspective of a seventh embodiment 

of the head according to the present invention. 

FIG. 48 illustrates a plan view of the head in FIG. 47 

viewed from side where the surface facing the medium is located. 

FIG. 49 shows computer simulation data that three -

dimensionally illustrate the relationship between the normalized 

slider length and the normalized slider width, and the normalized 

pressure achieved by employing the head shown in FIG. 47 in 

the read/write apparatus shown in FIGS. 7 and 8. 

FIG. 50 shows . data with respect to the relationship 

between the normalized slider length and the normalized pressure 

achieved by employing the head shown in FIG. 47 in the read 

/write apparatus shown in FIGS. 7 and 8. 
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FIG. 51 shows data with respect to the relationship 

· between the position of the slider and the flying height achieved 
.... 

in a read/write apparatus employing the heads shown in FIGS. 

39, 43 and 47. 

FIG. 52 shows data with respect to the relationship 

between the position of the slider and the pitch angle achieved . 

in a read/write apparatus employing the heads shown in FIGS. 

39. 43 and 47. 

FIG. 53 Shows data with respect to the relationship 

between the rotation rate of the disk - like medium (rpm) and 

the flying height achieved in a read/write apparatus employing 

the heads shown in FIGS .. 39, 43 and 47. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Referring to FIGS. 1 to 5 which show a first embodiment. 

the head according to the present invention comprises a slider 

1 and transducers 2 and 3. The transducers 2 and 3 constitute 

two elements, i.e. a writing elem~t and a reading element. The 

slider 1 is provided with a front flat surface 100, a first positive 

pressure generating portion 110. a second positive pressure 

generating portion 120. and a first negative pressure generating 

portion 130. The front flat surface 100. which is provided starting 

at a leading edge LE, continues on to an intermediate point along 

a lengthwise direction X. The first positive pressure generating 

portion 110 and the second positive pressure generating portion 

120 have top surfaces 112 and 122 which constitute flat surfaces 

having essentially equal heights and are positioned separated 
··-···-~-----... _, _____ -
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from each other over a distance at two sides in a widthwise 

direction Y running perpendicular to the length wise direction X. 

The first and the second positive pressure generating portions 

110 and 120 each include an edge at one end located toward the 

leading edge LE forming step faces 111 and 121 which rise up 

from the front flat surface 100 in a step. The first negative 

pressure generating po;-tion 130 is provided behind the front flat 

surface 100 relative to the airflow direction indicated with arrow 

(a) and has a base surface which is lower than the top surface 

of said front flat surface 100 and has a front edge 133 located 

toward the leading edge LE fo_rming a rising step face 13f to 

constitute a first negative pressure generating Portion. The :first 

negative. pressure ·generating portion 130 drops down from the 

end edge of the front flat surface 100 and continues on to the 

trailing edge TR. 

The front edge 133 of the front flat surface 100 viewed 

from airflow direction (a) must be closed In this case. the front 

edge 133 is typically constituted as ·the step face 131. The height 

of the step and the size. shape and the like of the surface are 

selected as appropriate to achieve the required flying 

characteristics at a flying height of 25nm or less . More 

specifically, the height of the step may be set at approximately 

2.5 µ. m. It is desirable to set the lengt~. the width and the weight 

of the slider 1 at l.25mm· or less. l.OOmm or less and l.6mg or 

less respectively. The transducers 2 and 3 are provided at the 

trailing edge TR of the slider l. 

In the head in this first embodiment, the surface facing 
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a medium further includes a third positive pressure generating 

portion 140 which is provided toward the trailing edge TR and 

has a step face 141 facing the leading edge LE which rises up 

from the base surface of the first negative pressure generating 

portion 130. The third positive pressure generating portion 140 

is located at approximately the central portion in the widthwise 

direction Y with another end thereof -continuing on to said 

trailing edge TR. The transducers 2 and 3 are mounted on the 

third positive pressure senerating portion 140. The first, second 

and third positive pressure generating portions 110, 120 and 140 

are all positioned symmetrically relative to the central axis 

running in the lengthwise direction X. 

The heights hl, h2 and h3 of the step faces 111, 121 and 

141 respectively and the sizes and shapes of the first, second and 

third positive pressure generating portions 110. 120 and 140 are 

selected as appropriate to achieve the required flying 

characteristics at a flying height of 25nm or less. More 

specifically, the heights hl and h2 of the step faces 111 and 121 

are set within a range of 0.1 to 1.0 µ. m. 

The advantages achieved by constituting the first and 

second positive pressure generating portions 110 and· 120, the first 

negative pressure generating portion 130 and the third positive 

pressure generating portion 140 with steps. include assurance of 

the required flying characteristics and integrated machining that 

can be implemented by employing a high accuracy pattern 

for ming technology such as dry etching. 

The end edges defining each of the flat surfaces of the 

I 
I 
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first. second and third positive pressure generating portions 110, 

120 and 140 are straight lines, curved lines or a combination 

thereof. 

FIG. 6 is an enlarged cross section illustrating the portion 

of the transducer shown in FIGS. l to 5. The transducer 3. which 

constitute5 a write element. is an inductive thin film transducer, 

whereas the transducer 2. which constitutes a read element. is 

an MR element. 

The transducer 3, which constitutes the write element, is 

provided with a first magrietic film 31 that also functions as 

a second shield film for the MR element 2, a second magnetic 

film 32, a coil film 33. a gap fihn 8~ that may be constituted 

of alumina or the like. an insulating film 35 constituted of an 

organic resin, and a ·protective film 36 constituted of alumina 

or the like. The front end portions of the first magnetic film 

31 and the second magnetic film 32 constitute a first pole tip 

Pl and a second pole tip P2 which face each other over the gap 

film 34. whose thickness is very small. and wrjte is performed 

at the first pole tip P 1 and the second pole tip P2. The yokes 

of the first magnetic film 31 and the second magnetic film 32 

are linked with each other at the back gap which is on the 

opposite side from the first Pole tip Pl and the second pole tip 

P2 so that they complete a magnetic circuit. The coil film 33 

is formed on the insulating film 35 in such a manner that it 

winds around the linking portion of the yokes in a coil. The 

number of windings and the number of layers in the coil film 

33 are arbitrary. 
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There are various film structures which have been 

proposed and put into practical . use to date. any one of which 

may be adopted to constitute the MR element 2. For instance. 

the MR element 2 may be constituted of an anisotropic 

. magnetoresistive element achieved by using a permalloy or the 

like or it may employ a giant m.agnetoresistive (GMR) film. Any 

one of the above mentioned types of elements may be adopted 

in the present invention. The MR element 2 is . located inside an 

insulating film 22 between a first shield film 21 and the first 

magnetic film 31 which also functions as the second shield film. 

The insulating film 22 -is constituted of alumina or the like. 

Unlike in the embodiment, only the transducer 3 may be provided 

to be used as a read/write element. 

In an application in a read/ write apparatus. the surface 

of the head according to the present invention that is located 

at the opposite side from the surface facing the medium is 

supported by a head suspension and the head is caused to fly 

by air current generated between the surface facing the medium 

and the surface of the medium when the· disk - like medium 

rotates. The head according to the present invention should be 

combined with a disk- like medium with a high degree of surface 

accuracy when it is to fly at an extremely small flying height 

of 25nm or less. 

FIG. 7 shows the read/write apparatus according to the 

present invention. The magnetic read/write apparatus according 

to the present invention comprises a disk - like medium 4. a head 

suspension 5 o:f the known art. a head 6 according to the present 



i 
l 
I 
l 
I 
\ 

27 

invention and a positioning device 7. The disk - like medium 4 

is driven to rotate in the direction indicated by the arrow (4) 

by a rotating drive mechanism (not shown). The positioning 

device 7. which employs a rotary actuator system. supports the 

head suspension 5 at one end and drives it in the directions 

indicated by the arrows bl and b2 at a specific angle (skew 

angle) on the plane of the disk - like medium 4. With this. writes 

to and reads from the disk - like medium· 4 are performed at 

specific tracks. The head 6 ls mounted to the free end of the 

\ head suspension 5 in such a manner that pitch movement and 

i 
i 
I 

i . 
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roll movement are allowed and that a load is applied in the 

direction : of the plane of the disk - like medium 4. 

FIG. 8 is a side elevation view of the head device. The 

head suspension 5 is constituted by mounting a flexible body 

52 constituted of thin metal plate at a free end located at one 

end in the lengthwise direction of a supporting body 51 which 

\ is likewise constituted of thin metal plate and mounting the head 

6 at the lower · surface of the flexible body 52. The head 

suspension 5 applies a load force to the head 6 to press it toward 

1 the disk - like medium 4. The flexible body ·52 in the figure is 

provided with two outer frame portions 521 and 522 extending 

I 
I 
\ 
I 

almost parallel to the axis of the supporting body 51 in its 

lengthwise direction, a lateral frame 523 that links the outer 

frame portions 521 and 522 at an end which is distanced from 

the supporting body 51, and a· tongue piece 524 extending from 

1 approximately the center of the lateral frame 523 almost parallel 

· to the outer frame pcrtions 521 and 522 with its front end being 

\ 
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a free end One end of the flexible body 52 that is at the oppasite 

side from where the lateral frame 523 is provided is mounted 

in the vicinity of the free end of the supporting body 51 by 

means such as welding. 

At the lower surface of the supporting body 51. a 

projection for load 525 is provided which may take, for instance. 

a semi - spherical form. With this projection for load 525, a load 

force is communicated froin the free end of the supporting body 

51 to the tongue piece 524. Load point Pl of the head 6 at the 

projection for load 525 is offset by an offset A D toward the 

inflow end from the center of gravity Cl of the head 6. Note 

that the projection for load 525 may be provided in such a 

manner that the load point Pl of the head ~ at the projection 

for load 525 is set at the position of the center of gravity Cl. 

The head 6 is mounted at the lower surface of the tongue 

piece 524 by means such· as bonding. The head 6 is mounted to 

the head suspension 5 so that its lengthwise direction is aligned 

to the lengthwise direction of the head suspension 5. The head 

suspension 5 that may be adopted in the present invention is 

not limited to that employed in the first embodiment. Selection 

may be made from a wide variety of head suspensions that have 

been proposed to date and head suspensions that will be proposed 

in the future. For instance, the supporting body 51 and the 

tongue piece 524 may be integrated by employing the technology 

disclosed in Japanese Unexamined Patent Publication No. 215513 

/1994 or by using a flexible high polymer wiring board such 

as tab tape (TAB). 
---------

illiiii1r 
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FIG. 9 illustrates the operation of the read/ write 

apparatus shown in FIGS. a7 and 8. During a read / write 

operation, the head suspension 5 that supports the head 6 is 

driven to swing in the directions indicated by the arrows bl and 

b2 around the pivot center 01 by the positioning device 7 

employing a rotary actuator method. The position of the head 

6 on the disk - like medium 4 is normally expressed as a skew 

angle 8. In the description. of the present invention, the skew 

angle 8 is expressed as the inclination of the central line of the 

slider 1 in the widthwise direction W. 

FIG. 10 presents a model of the magnetic read/write 

apparatus shown in FIGS. 7 and 8. The head 6 generates lift 

dynamic pressure at the first. second and third positive pressure 

generating portions ·110, 120 and 140 against which a spring load 

is applied by the head suspension 5, and a negative pressure is 

generated by the first negative pressure generating portion 130 

between the first, second and third· positive pressure .·generating 

portions 110, 120 and 140. The head 6 flies at a very small flying 

height gl and at a pitch angle f3 at which the spring load, the 

lift dynamic pressure and the negative pressure are iri balance. 

The flying height gl represents the flying height of the 

transducers 2 and 3 and should be distinguished from the flying 

height g2 formed between the trailing edge TR and the disk -

like medium 4. 

Next. in reference to measured data. advantages that are 

achieved by the magnetic read/write apparatus employing the 

head according to the present invention are explained. The 
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specifications of the head 6, the head suspension 5 and the disk 

- like mediuin 4 are as follows. 

(slider 1) 

length : 0.8mm 

width : 0.6mm 

thickness ; 0.3mm 

weight : 0.6mg 

(head suspension 5) 

load force : 1.0gf 

spring rate: 1.8gf/mm 

load point: central area of the slider I 

(disk - like medium 4) 

disk diameter ; 2.5 inches 

disk rotational speed : 7200 rpm 

FIG. 11 shows data with respect to the relationship 

between the normalized slider length and the normalized pressure. 

The normalized slider length which is represented by the 

horizontal axis is expressed as the ratio (x/ L) of the position 

x taken in the lengthwise direction from the leading edge LE 

and the entire length L of the slider l. The normalized pressure 

represented by the vertical axis is determined. by using a formula 

(P /Pa - 1) with P being the pressure applied to the slider 1 

and Pa being the atmospheric pressure. The curve Ll represents 

the pressure distribution achieved at a position distanced by y 

= 0.08mm from one end edge· of the slider 1 in the widthwise 

direction W. whereas the curve L2 represents the pressure 

distribution characteristics achieved at a position distanced by 
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y - 0.30mm. 

FIG. 12 shows computer simulated data that illustrate 

three dimensionally the relationship between the normalized slider 

length and the normalized pressure shown in FIG. 11. 

In the head according to the present invention. the 

surface facing a medium is provided with first and second 

positive pressure generating portions 110 and 120, a first negative 

pressure generating portion 130 and a third positive pressure 

generating portion 140 ·• with the first negative pressure 

generating portion 130 located between the first, second and third 

positive pressure generating portions 110, 120 and 140. Thus, as 

FIGS. 11 and 12 clearly demonsttate, when the disk - like medium 

4 is caused to rotate, first lift dynamic pressures are generated 

by the first and second positive pressure generating portions 110 

and 120 along the airflow direction (a), a second lift dynamic 

pressure is generated by the third positive pressure generating 

portion 140 at the trailing edge TR (see the characteristics Ll) 

and a negative pressure is generated by the first negative 

pressure genera ting portion 130 in the area between the first lift 

dynamic pressures and the second lift dynamic pressure (see the 

characteristics L2). The structure of the air bearing surface that 

achieves such pressure distribution is new, and contact with the 

disk - like medium can be avoidad even at a flying height of 

25nm or less. 

FIG. 13 presents data that illustrate the relationship 

between the position of the slider and the flying height. The 

positi.on of the slider is illustrated by both the radius of the 
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medium and the skew angle. An explanation of the skew angle 

has already been given in reference to FIG. 9. FIG. 13 shows the 

rotating radius of the disk - like medium 4 under the skew angle. 

As FIG. 13 illustrates, with the head having the new air bearing 

surface structure described above, a very small flying height gl 

of approximately lOnm is assured over a wide skew angle range 

(- 4.3 to 13.25° ). Furthermore, a high degree of flying stability 

against disturbance and y-ibration is achieved over a wide skew 

angle range ( - 4.3 to 13.25 ° ). 

FIG. 14 presents data that illustrate the relationship 

between the position of the slider and the pitch angle. The 

position of the slider is illustrated by both the radius of the 

medium and the skew angle. As demonstrated in FIG. 14. with 

the head having the new air bearing surface structure according 

to the present invention. the pitch angle can be set at 3 x 10 {rad) 

or less. and contact betw~n the trailing edge TR of the slider 

I and the disk - like medium 4 can be prevented even at a flying 

height g 1 of 25nm or less. · 

Moreover. the first. second and third positive pressure 

generating portions 110. 120 and 140, and the first negative 

pressure generating portion 130 can be formed throligh integrated 

machining by employing a high accuracy pattern forming 

technology such as dry etching on the surface of the slider 1 

that faces opposite the. medium. 

Consequently, according to the present invention , a 

smaller. thinner head that is extremely effective for achieving 

higher density magnatic writing and an .increase in storage 
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capacity and demonstrates outstanding mass productivity is 

provided. 

Furthermore, as FIGS. 1 to 5 clearly show. the head 

according to the present invention is not provided with a 

narrowing shape at the leading edge LE. Thus,. the pitch angle 

can be set small. In addition, since the length of the surfaces 

112 and 122 is small, the flying height can be reduced with the 

lift force set small. and at the same time. the range over which 

the positive pressure changes in correspondence to the disk 

rotating speed and air inflow direction is reduced, thereby making 

it possible to maintain the flying stability of the slider 1. To 

sUm. up the information given above, a head and a read/write 

apparatus that demonstrate the following -characteristics : 

flying height: 8 to 12nm 

1.1 x 10 (rad) < pitch angle /3 < 2.2 x 10 (rad) 

are achieved. 

FIG. 15 shows data with respect -to the.· relationship 

between the position of the· slider and the flying height gl as 

the heights hl and h2 of the step faces 111 and 121 are varied. 

The position of the slider is illustrated by both the radius of 

the medium and the skew angle .. The curve L3 represents the 

characteristics achieved when the heights hl and h2 are set at 

0. 6 JJ. m whereas the curve L4 represents the characteristics 

achieved when the heights hl and h2 are set at 0.8 µ. m. The 

data indicate that by controllfng the heights hl and h2 of the 

step faces 111 and 121. the flying height gl can be controlled. 

When the heights hl and h2 are smaller than 0.6 µ m. it becomes 
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difficult to keep the flying height ~l at 25nm or less. As the 

heights hl and h2 increase, the flying height gl becomes reduced. 

However, when they exceed 1.0 µ. m, the trailing edge TR of the 

surface 142 of the thfrd positive pressure generating portion 140 

(see FIGS. 1 to 5) comes in contact with the disk - like medium 

4. 

FIG. 16 shows data with respect to the relationship 

between the position of the slider and the pitch angle as the 

heights hl and h2 of the step faces 111 and 121 are varied. The 

position of the slider is illustrated by both the radius of the 

medium and the skew angle. The curve L5 represents the 

characteristics achieved when the heights hl and h2 are set at 

0.6 µ m whereas the curve LS represents the characteristics 

achieved when the heights hl and h2 are set at 0.8 µ m. The 

data indicate that by controlling the heights hl and h2 of the 

step faces 111 and 121. the pitch angle can .be controlled. When 

the heights hl and h2 are smaller than 0.6 µ m. it becomes 

difficult to keep· the pitch angle at 3 x 10 (rad) or less. in a 

range· over which the skew angle is large (for instance. at 13. 

25° ). When the heights hl and h2 are larger than 0.8 µ m, the 

"pitch angle becornes equal to or less than 1 x 10 ·(rad) in the 

range over which the skew angle . is small (for instance, at 0 ° ) , 

thereby increasing the risk of contact occurring at the leading 

edge, and when the heights hl and h2 exceed 1 µ. m, contact 

results. To sum up the information given above, it is desirable 

to set the heights hl and h2 of the step faces 111 and 121 within 

the range of 0.6 to 1.0 µ m. 
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FIG. 17 shows data with respect to the . flying height 

fluctuation due to the parallel motion of the surface of the disk 

- like medium. In FIG. 17. the horizontal axis represents the 

frequency (Hz) of the vertical surface motion of the disk - like 

medium and the vertical axis represents the amplitude ratio (A 

gl/b). 6. gl indicates the value of fluctuation of the flying 

height gl, whereas b indicates the value of the disk - like mediwn 

oscillation amplitude. The curve L7 represents the characteristics 

achieved when a slider having dimensions of 0.8mm in length, 

0.6mm in width and 0.3mm in height is used, whereas the curve 

L8 represents the characteristics achieved when a slider having 

dimensions of 1.25mm .in length. 1.0mm in width and 0.3mm in 

height is used. The flying height gl is set at 25nm. 

When the slider l is miniaturized , while the air 

lubricating film stiffness is reduced. the following stability 

relative to parallel oscillations of the disk- like medium do not 

deteriorate, as shown in FIG. 17, since the slider mass is reduced. 

The slider 1 having a length of 1.25mm or less and a width 

of l.OOmm or less and weighing l.6mg or less achieves good 

following stability, as illustrated in FIG. 17, independent of the 

dimensions. 

FIG. 18 is a perspective illustrating a second embodiment 

of the head according to the present invention and FIG. 19 is 

a plan view of the head shown in FIG. 18 viewed from the side 

where the surface facing the medium is located . 

. In this s~cond embodiment illustrated in FIGS. 18 and 19, 

the surface faci.:ig a medium is provided with a front flat surface 
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100, a first positive pressur~ generating portion 110, a second 

positive pressure generating portion 120, a first negative pressure 

generating portion 130, a third positive pr~ssure generating 

porti?n 140, a fourth positive pressure generating portion 150 and 

a fifth positive pressure generating portion 160. The fourth 

positive pressure generating portion 150 is located behind the 

first positive pressure generating portion 110 over a distance and 

is provided with a step face 151 toward the leading edge LE. 

The fifth ·positive pressure generating portion 160 is located 

behind the second positive pressure generating portion 120 over 

a distance and is provided with a step face 161 toward the 

leading edge LE. The surface 152 of the fourth positive pressure 

generating portion 150 and the surface. 162 of the fifth positive 

pressure generating portion 160 constitute flat surfaces that have 

a height essentially equal to that of the surface 112 of the first 

positive pressure generating portion 110 and the surface 122 of 

the second positive pressure generating portion 120. 

FIG. 20 shows three dimensional data with respect to the 

rel8. tionship between the normalized slider length and the 

normalized pressure in a read/write apparatus employing the 

head illustrated in FIGS. 18 and· 19. Having pressure distribution 

as indicated by these three - dimensional data, the head, when 

e'mployed in a read/write apparatus, achieves advantages similar 

to those achieved by the head illustrated in FIGS. 1 to 5. 

FIG. 21 is a perspedive view illustrating a third 

embodiment of the heaC. according to the present invention. FIG. 

22 is a plan view of the head shown in FIG. 21 viewed from 

\ 

I 
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the side where the surface facing the medium is located, FIG. 23 

is a side elevation of the head shown in FIG. 22. FIG. 24 is a 

front view of the head shown in FIG. 22 and FIG. 25 is a cross 

section along line 25 - 25 in FIG. 22. 

The surface facing a medium includes a front flat surface 

100, a first and a second positive pressure generating portion 110 

and 120 and a first negative pressure generating portion 130. 

The front flat surface 100 is provided starting at the 

leading edge LE and continuing on to an intermediate point along 

the lengthwise direction X that matches the airflow direction (a). 

The first and second positive pressure generating portions 110 

and 120 have essentially the same height and are provided 

separated from each other by a distance at the two sides in the 

widthwise direction Y which runs perpendicular to the lengthwise 

direction X. with their edges toward the leading edge LE 

constituting step faces 111 and 121 that rise up from the front 

flat surface 100. The first and second positive pressure generating 

portions 110 and 120 extend to the trailing edge TR As a result. 

the surfaces 112 and 122 of the first and seco-nd positive pressure 

generating portions 110 and 120 respectively function as air 

bearing surfaces. 

The first negative pressure generating portion 130 drops 

off in a step from the rear end of the front flat surface 100 

and extends to the trailing edge TR. 

The transducers 2 and 3 are pro1lided at the trailing edge 

TR at least at either the first or second positive pressure 

generating :Portions 110 and 120. In the third embodiment, the 
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transducers 2 and 3 are provided at both the first and second 

positive pressure generating portions 110 and 120. 

The front flat surface 100 extends from the leading edge 

LE to the approximate center in the lengthwise direction of the 

slider 1 and is continuous to the first and second positive 

pressure generating portions 110 and 120 with a step relative 

to the front flat surface 100. The level difference of the step face 

formed between the front flat surface 100 and the surface 112 

and between the front flat surface 100 and the surface 122 is 

set at a specific dimension of, for instance. 0.1 to 1.0 µ. m. 

The height of the steps constituting the step faces 111 

and 121,: the size. shape and the like of the surfaces 112 and 

122 continuous to the step faces 111 and 122 are selected as 

appropriate to achieve the required flying characteristics at a 

·flying height of 25nm or less. 

The front edge 133 of the first negative pressure 

generating portion 130, must be closed as viewed from the airflow 

direction (a). In this case, the: front edge 133 is typically 

constituted as a step face 131. The height, shape and the like 

of the step face 131 are selected as appropriate to achieve the 

required flyir..g characteristics at a flying height of 25nm or less. 

More specifically, the height of the step 131 may be set at 

approximately 2.5 µ. m. 

The structures of the transducers 2 and 3 in the head 

in this embodiment and its application in a read/write apparatus 

are identical to those of the head of the first embodiment. 

With the head structured as described above. when it is 
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adopted in a read/write apparatus with the areas of the first 

and second positive pressure generating portions 110 and 120 set 

at a specific size, the load capacity at th~ air inflow side 

increases. even when an ultra low flying height of 25nm or less 

is achieved, which results in an increase in the air lubricating 

film stiffness. Consequently, a flying state with a low pitch angle 

is maintained in a stable manner. thereby improving the following 

stability of the head relative to the disk - like medium surface 

motion. Thus, even when the flying height is reduced to 25nm 

or less, contact between the head and the disk - like medium 

surface at the trailing edge TR of the slider where the flying 

height is at its minimum can be prevented. 

Since the first and second positive pressure generating 

portions 110 and 120 have essentially the same height and are 

provided at the two sides in the widthwise direction Y separated 

by a distance, stabilization in the roll angle is achieved as well. 
I 

Moreover, with the new air bearing surface structure 

described above, the pitch angle can be set at 3 x 10 (rad) or 

smaller. and contact between the trailing edge TR of the slider 

1 and the disk - like medium can be prevented even at a flying 

height of 25nm or less, 

Furthermore, each of the mentioned surfaces can be 

formed through integrated machining by employing a high 

accuracy pattern forming technology such as dry etching on the 

surface of the slider 1 that faces opposite the medium. 

Thus, according to the present invention, a smaller and 

thinner head that is extremely effective for achieving a higher 
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writing density and an increase in the storage capacity and 

demonstrates outstanding mass productivity is provided. 

As has already been explained iri reference to FIG. 17, 

when the slider 1 is miniaturized, while the air lubricating film 

stiffness is reduced, the following stability relative to parallel 

oscillations of the disk - like medium does not deteriorate since_ 

the slider mass is reduced: 

In addition, since the air bearing contour is formed 

symmetrically relative to the central axis of the slider 1 in the 

lengthwise direction X and the air bearing surfaces can be formed 

through integrated machining employing a micro - fabrication 

technology such as dry etching without · having to perform 

mechanical machining, the dimensional management in mass 

production is facilitated. thereby -achieving ·a high degree of mass 

productivity. 

In this embodiment, too, -the characteristics are realized 

that achieve : 

flying height gl : 8 to 12nm 

1.0 x 10 (rad) < pitch angle /$ < 1.8 x 10 (rad) 

Next in reference to measured data, advantages that are 

achieved by the read (write apparatus employing the head 

according to the present invention are explained. The 

specifications of the head 6, the head suspension 5 and the disk 

- like medium 4 are the same as those in the head illustrated 

in FIGS. 1 to 5 and are as given below. 

(slider 1) 

length : 0.8mm 



width : 0.6mm 

height : 0.3mm 

weight: 0.6mg 

(head suspension 5) 

load force : l.Ogf 

spring rate~ l.8gf/mm · 

41 

load point: central area of the slider 1 

(disk - like medium 4) 

disk diameter : 2.5 inches 

disk rotational speed : 7200 rpm 

---- --- --------

1ii1rii1f' 
FIG. 26 presents data that illustrate the relationship 

between the normalized slider length and the normalized pressure. 

The normalized slider length which is represented by the 

horizontal axis is expressed as the ratio (x/ L) of the position 

x taken in the lengthwise direction from the leading edge LE 

and the entire length L of the slider l. The normalized pressure 

represented by the vertical axis is determined by using a formula 

(P /Pa - 1) with F' being the pressure applied to the slider 1 

and Pa being the atmospheric pressure.· The curve L9 represents 

the pressure distribution achieved at a position distanced by y 

= 0.3mm from one end edge of the slider 1 in the widthwise 

direction Y, whereas the curve LIO represents the pressure 

distribution achieved at a position distanced by y = 0.lmm and 

the curve Ll 1 represents the pressure distribution measured at 

a position distanced by y = 0.06mm. 

FIG. 27 presents computer simulated data that three 
\ 

dimensionally indicate the relationship between the normalized 
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slider length and the normalized pressure shown in FIG. 26. 

In the head in this embodiment, the front flat surface 

100 starts at the leading edge LE and continues on to an 

intermediate point along the lengthwise direction X that matches 

the airflow dire<;tion (a) The first and second positive pressure 

generating portions 110 and 120 have essentially the same height 

and are provided· separated from each other over a distance from 

each other at the two sides · in the widthwise direction Y which 

is perpendicular to the lengthwise direction X, with their edges 

toward the leading edge LE constituting step faces Ill and 121 

that rise up from the front flat surface 100. Consequently, as 

FIGS. 26 and 27 clearly demonstrate, when the disk - like medium 

4 is caused to rotate, a positive lift dynamic pressure is generated 

by the front flat surface 100, positive lift dynamic pressures are 

generated by the step faces 111 and 121 and a negative pressure 

is generated by the first negative pressure generating portion 

130, along the airflow direction · (a). The structure of the air 

bearing surface that achieves such pressure distribution is new. 

and contact with the disk - like medium can be prevented even 

at a flying height of 25nm or less. 

Moreover, since no narrowing is provided at the leading 

edge LE. the pitch angle can be set small. In addition, since the 

length of the slider 1 is small, the lift force can be kept sma!l 

to reduce the flying height, and at the same time, the change 

in pressure distribution relative to the disk rotational speed and 

changes in the airflow direction (a) can be reduced to maintain 

the flying stability of the slider 1. ------------------
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FIG, 28 presents data that illustrate the relationship 

between the position of the slider and the flying height. The 

position of the slider is illustrated by .both the radius of the 

medium and the skew angle. An explanation of the skew angle 

8 has already been given in reference to FIG. 9. FIG. 28 shows 

the rotating radius of the disk - like medium 4 under the skew 

angle 8. As FIG. 28 illustrates. with the head having the new air 

bearing surface structure described above, a very small flying 

height gl of approximately lOmn is assured over a wide skew 

angle range ( - 4.3 to 13.25 ° ) . Furthermore. a high degree of 

flying stability against disturbance and vibration is achieved over 

a wide skew angle range (- 4.3 to 13.25° ). 

FIG. 29 presents data that illustrate the relationship 

between the position of the slider and the pitch angle /3. The 

position of the slider is illustrated by· both the radius of the 

medium and the· skew angle. As demonstrated in FIG. 29, with 

the head having the new air bearing surface structure according 

to the present invention, the pitch angle (3 can be set at 3 x 10 

(rad) or less, and contact between the trailing edge TR of the 

slider 1 and the disk - like medium 4 can be prevented ev:en at 

a flying height of 25nm or less. 

FIG. 30 shows data with respect to the relationship 

between the position of the slider and the flying height gl that 

is achieved as the heights hl and h2 of the step faces 111 and 

121 are varied. The position of the slider is illustrated by both 

the radius of the medium and the skew angle. The curve L12 

represents the characteristics achieved when the heights hl and 
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h2 are set at 0.6 µ. m whereas the curve Ll3 represents the 

characteristics achieved when the heights hl and h2 are set at 

0.8 µ. m. The data indicate that by controlling the heights hl and 

h2 of the step faces 111 and 121. the flying height gl can be 

controlled. When the heights hl and h2 are smaller than 0.6 µ 

m, it becomes difficult to keep the flying height gl at 20run or 

less. As the heights hl and h2 increase, the flying height gl 

becomes reduced.. However, when they exceed 1.0 µ. m, the trailing 

edge TR ·tends to come in contact with the disk - like medium 

4 more readily. 

FIG. 31 illustrates the relationship between the position 

of the slider and the pitch angle~ that is achieved as the heights 

hl and h2 of the step faces 111 and 121 are varied. The position 

of the slider is illustrated by both the radius of the medium 

a..."ld the skew angle. The curve Ll4 represents the characteristics 

achieved when the heights hl and h2 are set at 0.6 µ m whereas 

the curve Ll5 represents the characteristics achieved when the 

·heights hl and h2 are set at 0.8 µ. m. The data indicate that by 

controlling the heights hl and h2 of the step faces 111 and 121, 

the pitch angle /3 can be controlled. When the heights hl and 

h2 are smaller than 0.6 µ m. it becomes difficult to keep the pitch 

angle /3 at 3 x l 0 (rad) or less in a range over which the skew 

angle 8 is large (for instance, at 13.25° ). When the heights hl 

and h2 are larger than. 0.8 µ m. the pitch angle /3 becomes equal 

to or less than 1 x I 0 (rad) iri the range over which the skew 

angle B is small (for instance, at 0 ° ) , thereby increasing the 

risk of contact occurring at the leading edge. and when the 
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heights hl and h2 exceed 1 µ. m, contact results. 

To sum up the information presented in FIGS. 30 and 31. 

it is desirable to set the heights h 1 and h2 of the step faces 

111 and 121 within the range of 0.6 to 1.0 p. m. 

The present invention is not limited to the specific 

examples given above. For instanc~. in FIG. 21, a third positive 

pressure generating portion may be provided at an approximately 

central portion of the trailing edge TR of the slider 1, as shown 

in FIGS. 1 to 5, to accommodate the transducers 2 and 3. 

Referring to FIGS. 32 and 33 which show a fourth 

embodiment, the surface facing a medium is provided with a front 

flat surface 100, a first negative pressure generating portion 130. 

a first positive pressure generating portion 110. a third positive 

pressure generating portion 140, a fourth positive pressure 

generating portion 150, a fifth positive pressure generating 

portion 160, a second negative pressure generating portion 170 

and a third negative pressure generating portion 180. The first 

positive pressure generating portion 110 is provided in an area 

that is toward the leading edge LE from the center of the 

lengthwise direction X that matches the airflow direction (a). 

The second and third negative pressure generating portions 170 

and 180 are provided at positions separated from each other over 

a distanc~ in the widthwise direction Y running perpendicular 

to the lengthwise direction X at the rear of the first positive 

pressure generating portion l iO viewed in the airflow direction 

(a). 

The fourth positive pressure generating portion 150 is 
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located behind the second negative pressure generating 170 and 

the fifth positive pressure generating portion 160 is located 

behind the second negative pressure generating 180 over a 

distance in ·the widthwise direction Y. The first negative pressure 

generating portion 130 is provided inside an area enclosed by 

the first positive pressure generating portion 110. the second and 

third negative pressure generating portions 170 and 180 and the 

fourth and fifth positive pressure generating portions 150 and 

160. 

In this fourth embodiment, the first and second positive 

pressure generating portions are oriented to cross the slider 1 

in the widthwise direction Y and are provided continuous in the 

widthwise direction Yr to constitute a single positive pressure 

generating portion 110. The first positive pressure generating 

portion 110 is provided with an step face 111. The fourth and 

fifth positive pressure generating portions 150 and 160 are 

provided with step faces 151 and 161 respectively, The first 

positive pressure generating portion llO, the second end th:ird 

negative pressure generating po~ons 170 and 180, the fourth and 

firth positive pressure generating portions 150 and 160 and the 

first negative pressure generating portion 130 are positioned 

symmetrically relative to the central axis in the lengthwise 

direction X. 

The level differences of h4 and h5 ( = h4) of the steps 

constituting the step faces 111. 151 and 161 and the sizes and 

shapes of the step portions are selected as appropriate to achieve 

the required flying characteristics at a flying height of 25nm 
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or less. · To be more specific. the level difference h4 and h5 at 

the step faces 111, 151 and 161 are set within a range of 0.3 

to 1.0 µ m. 

At the second and third negative pressure generating 

portions 170 and 180 and the first negative pressure generating 

portion 130. the front edge viewed in the airflow direction (a) 

are closed by a step 113 dropping off from the first positive 

pressure generating portion 110. 

Forming the first positive pressure generating portion 110, 

the second and third negative pressure generating portions 170 

and 180, the fourth and fifth positive pressure generating portions 

150 and 160 and the first negative pressure generating portion 

130 as steps ·achieves advantages · in that the required following 

stability described above are achieved and in that they can be 

formed through integrated machining by employing a high 

accuracy pattern forming technology ·such as dry etching. 

The first positive pressure generating portion 110 is 

positioned in the widthwise direction Y ·toward the leading edge 

LE from the center of the slider l in the lengthwise direction 

x. 
The second and third negative pressure ~enerating 

portions 170 and 180 drop off from the surface 112 of the first 

positive pressure generating portion 110 in a step having a level 

difference h5. In the fourth embodiment, the surfaces 172 and 182 

are formed so as to narrow starting from the side of the leading 

edge LE toward the central portion and so as to widen starting 

from the central portion toward the the side· of the trailing edge 
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TR. between the surface 112 of the first positive pressure 

generating portion 110 and the surface 152 of the second step 

portion 150 and between the surface 112 of the first positive 

pressure generating portion llO and the surface 162 of the third 

step portion 160. 

The surface 152 of the fourth positive pressure generating 

portion 150 and the surface 162 of the fifth positive pressure 

generating portion 160 rise up in a step from the. surfaces 172 

and 182 resi:>ectively having a level difference h5 and are 

separated from each other over a distance in the widthwise 

direction Y toward the trailing edge TR from the center of · the 

slider 1 in the lengthwise direction X. 

The first negative pressure generating portion 130 is 

provided lower than the surfaces 172 and 182 of the indented 

portions. constituting the second and third negative pressure 

generating portions 170 and 180. 

The surface of the first negative pressure generating 

portion 130 is enclosed by ·the surfaces 112, 152 and 162 and 

172 and 182 in its periphery except at the side of the trailing 

edge TR. The level difference between the surf ace of the first 

negative pressure generating portion 130 and the surfaces 112. 

152 and 162 is approximately l to 5 u. m. The surface of t..1-ie first 

negative pressure generating portion 130 is to constitute a base 

surface and all other surfaces are formed on the first negative 

pressure generating portion 130. In addition. areas that constitute 

flat surfaces having the same height as the surface of the first 

negative pressure generating portion 130 are formed at the two 
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sides of the slider 1 in its widthwise direction Y. and steps 

formed between the surface 172 and the surface 112 of the first 

positive pressure generating portion 110 and between the surface 

182 and the surface 112 of the first positive pressure generating 

portion 110 function as transverse pressurization air bearing 

steps. 

Furthermore, the fourth embodiment includes a · surface 

142 of the third positive pressure generating portion 140. The 

third positive pressure generating portion 140. is provided at 

approximately the center of the slider 1 in the widthwise 

direction Y toward the trailing edge TR of the slider 1, rising 

up in a step from the base surface of. the first negative pressure 

generating portion 130 by a level difference, Its rising front edge 

constitutes a step face 141. The surface 142 of the third positive 

pressure generating portion 140 has essentially the same height 

as the surface 112 of the first positive pressure generating 

portion 110, the surface 152 of the fourth positive pressure 

generating portion 150 and the surface 162 of the fifth positive 

pressure generating portion 160. The electromagnetic transducers 

2 and 3 are mounted at the center of the third positive pressure 

generating portion 140 at the trailing edge TR. 

In this fourth embodiment. a front flat surface l 00 is 

provided between the leading edge of the slider 1 and the surface 

112 of the first positive pressure generating portion 110. The 

front flat surface 100 rises up in a step from first negative 

pressure generating portion 130 by a level difference h6, to 

constitute a flat surface having the same height as that of the 
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negative pressure generating portions 170 and 180. It is desirable 
.... 

to form· the front flat surface 100 so that it narrows from the 

surface 112 of the first positive pressure generating portion 110 

toward the leading edge LE. 

The end edges defining the flat surface of each of the 

surfaces 100, 112, 130, 142, 152, 162, 172 and 182 may be straight 

lines. curved lines or a combination thereof. 

Next, in reference to measured data, advantages that are 

achieved by the read/ write apparatus employing the head 

according to the present invention are explained . The 

specifications of the head 6, the head supporting mechanism 5 

and the disk - like medium 4 are as follows. 

(slider ·l) 

length : l.25mm 

width : l.Omm 

height: 0.3mm 

weight : 1.6mg 

(head supporting mechanism 5) 

load force ! 0.5gf 

load point: offset d = 100 µ m 

(disk - like medium 4) 

disk rotational speed ; 7200 rpm 

disk diameter : 2.5 ip.ches 

FIG. 34 presents computer simulation data which three -

dimensionally illustrate the relationship between the normalized 

slider length. width and pressure achieved by the head in the 

fourth embodiment, and FIG. 35 presents data illustrating the 
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relationship between the normalized slider length and the 

normalized pressure. The normalized slider length which is 

represented by the horizontal axis is expressed as the ratio (x 

/L) of the position x taken in the lengthwise direction X from 

the leading edge LE and the entire length L of the slider l. 

The normalized slider width is· expressed as the ratio (y /L) 

of the position y taken in the widthwise direction Y and the 

en tire length L of the. slider · 1 . The normalized pressure 

represented . by the vertical axis is determined by using a formula 

(P - Pa) /Pa with P being the pressure applied to the slider 1 

and Pa being the atmospheric pressure. The curve L12 represents 

the pressure distribution characteristics achieved at a position 

with the normalized . width (y /L) at 0.5 (almost at the center 

in the widthwise direction), whereas the curve Ll 1 represents the 

pressure distribution achieved at a position with the normalized 

width (y /L) at 0.08. 

In the head in the fourth embodiment, the surface facing 

a medium is provided with a first positive pressure generating 

portion HO, first negative pressure generating portion 130. fourth 

and fifth positive pressure generating portions 150 and 160. The 

first positive pressure generating portion 110 is provided in an 

area that is toward the leading edge LE from the center in the 

lengthwise direction X that matches the airflow direction (a). 

There are two negative pressure generating portions 170 and 180 

which are separated from each other over a distance in the 

widthwise direction Y running perpendicular to the lengthwise 

direction X to the rear of the first positive pressure generating 
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portion 110 viewed in the airflow direction (a). 

Fourth and fifth positive pressure generating portions 150 

and 160 are provided at positions . distanced from each other in 

the widthwise direction Y at the rear of the two negative 

pressure generating portions 170 and 180 respectively. 

As a result. as is obvious from FIGS. 34 and 35, when 

the disk 4 is caused to rotate, the first lift dynamic pressure 

is generated by the first positive· pressur.e generating portion 110 

at approximately the center in the widthwise direction Y of the 

head 6 along the airflow direction (a) (see the curve L12). 

At the two ends of the head 6 in its widthwise direction 

Y. second lift dynamic pressures are generated by the fourth and 

fifth positive pressure generating portions 150 and 160 at the 

trailing edge TR. and negative pressures are generated by the 

negative pressure generating portions 170 and 180 toward the 

leading edge from the second lift dynamic pressures (see the 

curve Lll). 

Moreover, in the area enclosed by the first positive 

pressure generating portion · 110, the fourth and fifth positive 

pressure generating portions 150 and 160 and the negative 

pressure generating portions 170 and 180. the negative pressure 

is generated by the first negative pressure generating portion 

130 (see the curve Ll2). 

The structure that achieves such pressure distribution is 

new and it constitutes a basis for preventing contact between 

the head and the disk - like medium even at a flying distance 

of 25nm or less. 



---- ------------
------------

53 

In addition, the structure in the fourth embodiment 

includes a surface 142 of the third positive pressure generating 

_portion 140. The surface 142 of the third positive pressure 

generating portion 140 has essentially the same height as the 

surface 112 of the first positive pressure generating portion 110 

and the surfaces 152 and 162 of the fourth and fifth positive 

pressure generating portions 150 and 160 and generates a positive 

pressure at appro.ximately the center in the widthwise direction 

Y of the head 6 (see the curve L12). Because of this positive 

pressure, the air lubricating film stiffness is increased at the 

trailing edge TR, thereby making it possible to even more reliably 

prevent contact between the head and the disk - like medium at 

a flying height of 25nm or less. Since the transducers 2 and 3 

are mounted at the center of the trailing edge TR at the surface 

142 of the third positive pressure generating portion 140, an 

increase in the air lubricating film stiffness is achieved by the 

third positive pressure generating portion 140 and the resulting 

effect for preventing contact contributes to reliably protect the 

transducers 2 and 3 from damage and destruction. 

In the fourth embodiment, the front flat surface 100 is 

provided between the leading edge LE and tho surface 112 of 

the first positive pressure generating portion 110 at the slider 

1. The front flat surface 100 rises up in a step from the first 

negative pressure generating portion 130 with a level difference 

h6 to constitute a flat surface having the same height as that 

of the step portions 170 and 180. Thus, the air lubricating film 

stiffness increases toward the leading edge LE. In particular. by 
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forming the front flat surface 100 so as to narrow from the 

surface 112 of the first positive pressure .·generating portion 110 

toward the leading edge LE. a small pitch angle P can be realized 

and flying characteristics with a reduction in fluctuations of the 

pitch angle /3 can be achieved over the entire surface of the disk 

- like medium, due to the air bearing effect achieved at the front 

flat surface 100. when the structure is adopted in a read/write 

apparatus. 

In addition, in the fourth embodiment, the negative 

pressure generating portions 170 ·and 180 are formed so as to 

narrow starting from side of the leading edge LE toward the 

central portion and so as to widen starting from the central 

portion toward the the side of the trailing edge TR. between the 

surf ace 112 of the first positive pressure generating portion 11_0 

and surfaces 152 and 162 of. the fourth and fifth positive pressure 

generating portions 150 and 160. With such a structure, the roll 

characteristics are improved, Moreover, since the surface 112 of 

the first positive pressure generating portion 110. the surface 152 

of the fourth positive pressure generating portion 150 and the 

surface 162 of the fifth positive pressure generating portion 160 

are structured to have two - stage step faces toward the leading 

edge in the airflow direction (a). 

FIG. 36 presents data illustrating the relationship between 

the position of the slider and the flying height. The horizontal 

axis represents the rotating radius of the disk- like medium 4 

which is in a corresponding relationship with the skew angle 

e . The curve L2 l represents characteristics achieved by . 



··------ --------------------

55 

employing the head in the fourth embodiment according to the 

present invention illustrated in FIGS. 32 and 33. whereas the 

curve L22 represents character~stics achieved by employing a 

regular positive pressure/ negative pressure combined type head 

(an example of the prior art} having two steps with the length 

L. the width W and the thickness of the slider at l.25mm, l.Omm 

and· 0.3mm respectively. As shown in FIG. 36. when the head in 

the example of the prior art is employed, the· minimum value 

of the flying height achieved within a skew angle range of -

4.3 to 13.25 ° is approximately 24nm and _the flying height 

fluctuate within a range of 24nm to 29nm. In contrast, with the 

head according to the present invention, a very small flying 

height of approximately 22.run is assured over a wide skew angle 

range of -4.3 to 13.25° . Moreover, only approximately lmn of 

fluctuation in the flying height ·is observed over the skew angle 

range of - 4.3 to 13.25 ° and a high degree of flying stability 

against disturbance and vibration is achieved. 

FIG. 37 presents data illustrating the relationship between 

the position of the slider and the pitch angle f3. The curve L3 l 

represents the characteristics achieved by employing t~e head in 

the fourth embodiment according to the present invention. 

whereas the curve L32 represents the characteristics achieved 

when a regular positive pressure/negative pressure combined 

type head having two steps (an example of the prior art) is 

employed. As the curve L32 in· FIG. 37 clearly indicates, the pitc.li 

angle f3 fluctuates within a range of 0.9 x 10 (rad) to 1.7 x 10 

(rad) over the skew angle range of - 4.3 to 13.25 ° in the case 
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of the prior art example. 

~1n contrast. with the head according to the present 

invention, as the curve L31 clearly indicates. the pitch angle /3 

remains at or smaller than 1.5 x 10 (rad) demonstrating near 

stability over a wide skew. angle range of - 4.3 to 13.25 °· . 

Furthermore. as FIGS. 32 and 33 clearly show. no taper is 

provided at the leading edge LE in the head according to the 

present invention, and this minimizes the pitch angle f3. 

Thus, by employing the head in the fourth embodiment 

according to the present invention, a high degree of stable air 

lubricating film stiffness can be achieved over the entire seek 

area of the disk- like medium 4. thereby making it possible to 

prevent contact between the trailing edge TR of the slider 1 and 

the disk - like medium 4 even at a flying height of 25nm or 

less. 

FIG. 38 shows data with respect to the relationship 

between the disk rotational speed (rpm) of the disk - like 

medium and the flying height. In FIG. 38, the horizontal axis 

represents ~he disk rotational speed (rpm) of the disk - like 

medium and the vertical axis represents the flying height (nm). 

The curve L41 represents the characteristics ·achieved by 

employing the head in the fourth embodiment according to the 

present invention shown in FIGS. 32 and 33. whereas the curve 

L4.2 indicates the characteristics achieved when a conventional 

positive pressure/negative pressure combined type head having 

two steps Can example of the prior art) is used. The skew angle 

e is approximately 0 ° . 
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FIG. 38 indicates that when the head in the example of 

the prior art is employed. the flying height keeps increasing as 

the disk rotational speed of the disk - like medium increases. as 

indicated by the curve L42. The flying height is inclined to 

continue increasing even as the disk rotational speed of the disk 

- like medium increases through 10.000 rpm. 

In contrast, when the head in the fourth embodiment 

according to the present invention is used. the flying height 

becomes more stable as the disk rotational speed of the disk -

like medium increases. The data in FIG. 38 indicate that when 

the disk rotational speed of the disk - like medium exceeds 

approximately 6000 rpm, the flying height becomes stable at 

approximately 24nm.. Thus. the head according to the present 

invention demonstrates takeoff characteristics whereby the flying 

height becomes stabilized earlier to enter constant operating state. 

Referring to FIGS. 39 and 40 which show the fifth 

embodiment, the head according to the present invention 

comprises a slider 1 and transducers 2 and 3. The transducers 

2 and 3 constitute two elements. i.e. a writing element .and a 

reading element. The surf ace facing a medium is provided with 

two separate positive pressure generating portions 110 and 120 

at the middle portion of the slider 1 in the widthwise direction 

Y. The first posit:ve pressure generatbg portion 110 is provided 

with a step face 111 and a surface 112. whereas the second 

positive pressure generating portion 120 is provided with a step 

face 121 and a su:-face 122. Other structural features are identical 

to those of the head illustrated in the fourth embodiment (see 
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FIGS. 32 and 33). 

FIG. 41 presents computer simulation data that three -

dimensionally illustrate the relationship between the normalized 

slider length (x/L) and the normalized width . (y/L), and the 

normalized pressure achieved when the head is employed, and 

FIG. 42 presents data illustrating the relationship between the 

normalized slider length (x/L) and the normalized pressure 

achieved when the head is em.ployed. The various conditions for 

driving the head 6. the head supporting mechanism 5 and the 

disk - like medium 4 are as has been explained earlier. The 

normalized slider length (x/L) represented by the horizontal 

a..""Cis and the normalized· pressure (P - Pa) /Pa represented by 

the vertical axis are as has already been explained in reference 

to FIG. 35. The curve L51 represents the pressure distribution 

characteristics at a position expressed as the normalized width 

(y /L) = 0.5 from one ·end edge of the slider 1 in the widthwise 

direction Y (approximately the center in the widthwise direction), 

and the curve L52 represents the pressure distribution achieved 

at a position expressed as the normalized width (y/L) = 0.075. 

The pressure distribution illustrated in FIGS. 41 and 42 

differ from the pressure distribution shown in FIGS. 34 and 35 

in that. since the area between the first and second positive 

pressure generating portions 110 and 120 is constituted of a front 

flat surface 100, no marked positive pressure is generated at the 

central portion of the slider r toward the air inflow side (see 

the curve L51). Instead, large positive pressures are generated 

by the first and second positive pressure generating portions 110 
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and 120 at the two sides in the widthwise direction Y of the 

slider .. 1 (see the curve L52). 

As FIGS. 41 and 42 clearly indicate, when the disk - like 

medium 4 is caused to rotate, first lift dynamic pressures are 

generated by the first and second positive pressure generating 

portions 110 and 120 at the. two sides in the widthwise direction 

Y of the head 6 along the airilow direction (a) (see· the curve 

L52). second lift dynamic pressures are generated by the fourth 

and fifth positive pressure generating portions 150 and 160 

toward the trailing edge TR and negative pressures are generated 

by the second and third negative pressure generating portions 

170 and 180 toward the air inflow side from the second lift 

dynamic pressures (see the curve L52). · In addition, within an 

area enclosed by the first and second positive pressure generating 

portions 110 and 120, the fourth and fifth positive pressure 

generating portions 150 and 160 and the second and third 

negative pressure generating portions 170 and 180, a negative 

pressure is generated by the first negative pressure generating 

portion 1.30 (see the curve L51) .. The structure that achieves such 

pressure distribution is new, and it constitutes a basis for 

preventing contact between the head arid the disk - like medium 

even at a flying height of 25nm or less. 

Moreover, since the surface 142 of the third positive 

pressure generating portion 140 is provided toward the trailing 

edge TR. a positive pressure is generated at approximately the 

center of the head 6 in the widthwise direction Y (see the curve 

L51). This increases the air lubricating film stiffness at the 
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trailing edge TR. thereby preventing contact between the head 

and the disk - like medium at a flying height of 25nm or less 

even more reliably. Since the transducers 2 and 3 are mounted 

at the center of the surface 142 of the third positive pressure 

generating portion 140 at the trailing edge TR, the increase in 

the air lubricating film stiffness achieved and the . resulting 

effective prevention of contact reliably protect the transducers 

2 and 3 from damage and destruction. 

In addition, the front flat surface 100 is provided toward 

the leading edge LE which rises up in a step from the first 

negative ·pressure generating portion 130 with the level difference 

to constitute a flat surface having the . same height as that of 

the negative pressure. generating portions 1 170 and 180. Thus. the 

air lubricating film stiffness increases toward the leading edge 

LE. Since the front flat surface 100 is formed so as to narrow 

from the surfaces 112 and 122 of the first and second positive 

pressure generating portions 110 and 120 respectively toward the 

leading edge LE, a small pitch angle R can be realized and flying 

. characteristics with a reduction in fluctuations of the pitch angle 

/3 can be achieved over the entire surf ace of the disk - like 

medium, due to the air bearing effect achieved throtigh the front 

flat surface 100, when the structure is adopted in a read/write 

apparatus. 

Furthermore. the negative pressure generating portions 

170 and 180 are formed so as to narrow starting from the side 

of the leading edge LE toward the central portion and so as to 

widen starting from the central portion toward the side of the 
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. trailing edge TR. between the surfaces 112 and 122 of the first 

and second positive pressure generating portions 110 and 120 and 

the surfaces 152 and 162 of the fourth and fifth positive pressure 

generating portions 150 and 160. With such a structure, the roll 

characteristics are improved. Moreover, the surface 112 of the first 

positive pressure generating portion 110, the surface 122 of the 

first positive pressure generating portion 120. the surface 152 of 

the fourth positive pressure generating portion and the surface 

162 of the fifth positive pressure generating portion are 

structured to have two - stage step faces toward the airflow 

direction (a). 

Referring to FIGS. 43 and 44 which show the sixth 

embodiment, the head ' according to · the present invention 

comprises a slider 1 and transducers 2 and 3. The transducers 

2 and 3 constitute two elements, i.e. a writing element and a 

reading element. In the head in this example. the surface 152 of 

the fourth positive pressure generating portion 150 and the 

surface 162 of the fifth positive pressure generating portion 160 

are provided extending to the trailing .edge TR of the slider 1. 

with the transducers 2 and 3 mounted at least at either the 

surf ace 152 of the fourth positive pressure generating portion 

150 or the surface 162 of the fifth positive pressure generating 

portion 160. 

The structures of the transducers 2 and 3 in the head · 

in the sixth embodiment and' its application to a read/write 

apparatus are the same as those of the head illustrated in the 

fourth embodiment (see FIGS. 32 and 33). 
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Next, in reference to measured data, advantages that are 

achieved by a read/write apparatus employing the head in the 

sixth embodiment illustrated in FIGS. 43 and 44 are explained. 

The specifications of the head 6, the head supporting mechanism 

5 and the disk - like medium 4 are as follows. 

(slider 1) 

length L : 1.25mm. 

width W: I.Omro. 

thickness : 0.3mm 

weight: l.6mg 

(head supporting mechanism 5) 

load force : O.Sgf 

load point Pl : offset. d = 100 µ. m . 

(disk - like medium 4) 

disk rotational speed : 7200 rpm 

FIG. 45 presents computer simulation data that three -

dimensionally illustrate the relationship between the normalized 

slider length (x/L) and the normalized width (y /L). and the 

normalized pressure when the head is employed. and FIG. 46 

presents data illustrating the relationship between the normalized 

slider length (x/L) and the normalized pressure when the head 

is employed. The normalized slider length (x/L) represented by 

the horizontal axis and the normalized pressure (P - Pa) /Pa 

represented by the vertical axis are as has already been explained 

in reference to FIG. 35. In FIG: 46. the curve L61 represents the 

pressure distribution at a position expressed as the normalized 

width (y /L) = 0.5 from one end edge of the slider 1 in the 
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widthwise direction Y (approximately the center in the widthwise 

direction), an4 the curve L62 represents the-pressure distribution 

achieved at a position expressed as the normalized width (y / 

L) = 0.08. 

The pressure distribution shown in FIGS. 45 and 46 differ 

from the pressure distribution illustrated in FIGS. 41 and 42 in 

that since the surface 152 of the fourth positive pressure 

generating portion 150 and the surface 162 of the fifth positive 

pressure generating portion 160 are provided extending to the 

trailing edge TR of the slider 1 at the leading edge LE. the 

positive pressures generated by tbe surface 152 of the fourth 

positive pressure generating portion 150 a.nd the surface 162 of 

the fifth positive pressure -generating portion 160 continue on 

to the trailing edge TR (see the curve L62) and that since there 

is no third positive pressure generating portion surface at the 

trailing edge TR. no positive pressure that is attributable to a 

third positive pressure generating portion is generated at 

approximately the central portion of the head 6 in the widthwise 

direction Y (see the curve 161). 

As FIGS. 45 and 46 clearly indicate. when the disk - like 

medium 4 is caused to rotate, first lift dynamic pressures are 

generated by the first and second positive pressure generating 

portions 110 and 120 at the two sides in the widthwise direction 

Y of the head 6 along the airflow direction (a) (see the curve 

L62), second lift dynamic pressures are generated by the fourth 

and fifth positive pressure generating portions 150 and 160 

·toward the trailing edge TR and negative pressures are generated 
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by the second and third negative pressure generating portions 

170 and 180 further toward the air inflow side from the second 

lift dynamic pressures (see the curve L 62). In addition, within 

an area enclosed by the first and second positive pressure 

generating portions 110 and 120. the fourth and fifth positive 

pressure generating portions 150 and 160 and the second and 

third negative pressure generating portions 170 and 180. a 

negative pressure is generated by the first negative pressure 

generating portion 130 (see the curve L61). The structure that 

achieves such pressure distribution is new, and it constitutes a 

basis for preventing contact between the head and the disk - like 

medium even at a flying height of 25nm or less. 

While there is no portion_ that generates a positive 

pressure at approximately the central portion· of the head in the 

widthwise directi9n Y at the trailing edge TR. since the surface 

152 of the fourth positive pressure generating portion 150 and 

the surface 162 of the fifth positive pressure generating portion _ 

160 are provided extending to the trailing edge TR of the slider 

1 at the two sides in the _ widthwise direction Y of the head 6, 

large positive pressures that continue on to the trailing edge TR 

are achieved by the surface 152 of the fourth positive pressure -

generating portion 150 and the surface 162 of the fifth positive 

pressure generating portion 160 (see the curve L62). thereby 

realizing an increase in the air lubricating film stiffness and 

resulting effective prevention of contact to reliably protect the 

transducers 2 and 3 provided at least at either the surface 152 

of the fourth positive pressure generating portion 160 or the 
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surface 162 of the fifth positive pressure generating portion 160 

from damage and destruction. 

The front flat surface 100 is provided toward the leading 

edge LE. The ·advantages achieved by this front flat surface 100 

are that a small pitch angle {3 is realized and that flying 

characteristics with a reduction in fluctuation in the pitch angle 

/3 are achieved over the entire surface of the disk - like medium, 

·as has been explained earlier. 

Furthermore, the negative pressure generating portions 

170 and 180 are formed so as to narrow starting from the side 

of the leading edge LE toward the central portion between the 

surface 112 of the first positive pressure generating portion 110 

and the surface 152 of the fourth positive pressure generating 

portion 150 and between the surface 112 of the first positive 

pressure generating portion 110 · and the surface 162 of the fifth 

positive pressure generating portion 160. The advantages achieved 

by this structure. too, have already been explained. 

Referring to FIGS. 47 and .48 which show the seventh 

embodiment,· the head according to the present invention 

.comprises a slider 1 and transd~cers 2 and 3. The transducers 

2 and 3 constitute two elements. i.e. a read/write element. In 

the head according to the present invention, the first anO. second 

positive pressure generating portions are oriented to cross the 

slider 1 in the widthwise direction Y to constitute a single 

positive pressure generating portion 110. Other structural features 

are practically identical. to those in the embodiment illustrated 

in FIGS. 43 and 44. 
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FIG. 49 presents computer simulation data that three -

dimensionally illustrate the relationship between the normalized 

slider length (x/L) and the normalized width (y /L), and the 

normalized pressure when the head is employed, and FIG. 50 

presents data illustrating the relationship between the normalized 

slider length (x/L) and the normalized pressure achieved when 

the head is employed. The various conditions for driving the head 

6, the head supporting mechanism 5 and the disk - like medium 

4 are as has been explained earlier. The normalized slider length 

(x/L) represented by the horizontal axis and the normalized 

pressure (P - Pa) /Pa represented by the vertical axis have 

already been explained in reference to FIG. 35. The curve L71 

represents the pressure distribution achieved at a position 

expressed as the .normalized Width (y /L) == 0.5 from one end 

edge of the slider 1 in _ the widthwise direction Y (the 

approximate center in the widthwise direction), and the curve 

L72 represents the pressure distribution achieved at a position 

expressed as the normalized width (y /L) = 0.08. 

The pressure distribution illustrated in FIGS. 49 and 50 

differ from the pressure distribution illustrated in FIGS; 45 and 

46 in that since the first positive pressure generating portion 

110 is oriented so as to cross the slider 1 in the widthwise 

direction Y toward the leading edge LE, a first lift dynamic 

pressure is generated by the first . positive pressure generating 

portion 110 at approximately the central portion of the head 6 

in the widthwise direction Y along the airflow direction {a) 

when the disk - like medium 4 is caused to rotate (see the curve 
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L71). Otherwise. as the curve L71 and the curve L72 clearly 

indicate, characteristics that are similar to the pressure 

distribution illustrated in FIG. 46 are achieved. thereby realizing 

similar advantages. 

FIG. 51 presents data illustrating the relationship between 

the skew angle () and the flying height achieved by employing 

the heads disclosed with reference to embodiments 5 to 7. An 

explanation has already been given on the skew angle 8 in 

reference to FIG. ·s. In FIG. 51, the horizontal axis represents the 

rotating radius of the disk - like medium 4 which has a 

relationship of correspondence with the skew angle e. 
As the data in FIG. 51 indicate, an extremely small flYi.ng 

height of approximately 22nm is assured over a wide skew angle 

range of - 4.3 to 13.25 ° by employing any of the heads disclosed 

with reference to embodiments 5 to 7 according to the present 

invention. Furthermore, the fluctuation in the flying height is 

kept at approximately lnm over the skew angle range of - 4.3 

to 13.25 ° , thereby achieving a high degree of flying stability 

against disturbance and vibration. 

FIG. 52 presents data illustrating the relationship between 

the sl{ew angle 8 and the pitch angle f3 achieved ·by employing 

the heads disclosed with reference to embodiments 5 to 7. As 

the data indicate, the pitch angle /3 is maintained at 1.5 x 10 (rad) 

or smaller over a ·wide skew ·angle range of - 4.3 to 13.25° with 

all of the heads disclosed with reference to embodiments 5 to 

7 according to the present invention. In particular, with the head 

disclosed with reference to _embodiment 7, a stable pitch angle 
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f' of approximately 1 x 10 {rad) is achieved over a wide skew 

angle range of - 4.3 to 13.25 ° , 

FIG. 53 presents data illustrating the relationship between 

the· disk rotational speed (rpm) of the disk - like medium 4 and 

the flying height achieved by employing the heads. disclosed with 

reference to embodiments 5 to 7. In FIG. 53, the horizontal axis 

represents the disk - like medium rotation rate (rpm) and the 

vertical axis represents the flying height (run). The skew angle 

e is at approximately 0° . 

FIG. 53 indicates that by employing the heads disclosed 

with reference to embodiments 5 to 1 according to the present 

invention, the flying height is made to become stable as the filsk 

- like medium rotation rate increases. According to the data in 

FIG. 53. when the disk - like medium rotation rate exceeds 

approximately 6000 rpm, the flying height becomes stable at 

approximately 22nm. Thus, the head according to the present 

invention achieves the takeoff characteristics whereby the flying 

height becomes stabilized earlier to enter a constant operating 

state. 

·As has been explained. with the head according to the 

present invention, the following advantages are achieved; 

(a) A head that is extremely effective for achieving a 

highGr density in magnetic recording and an increase in the 

storage capacity is provided. In particular. a head that. in 

combination with a disk - like'. medium having a high degree of 

surface accuracy, is extremely effective for achieving a higher 

recording density and an increase in the storage capacity is 
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provided. 

(b) A head provided with .. an air bearing surface having 

a new structure are provided. 

(c) A head which ca·n be prevented from coming in 

contact with a disk - like medium even at a flying height of 

25nm or less is provided. 

(d) A head that achieves a high degree of flying stability 

against disturbance and vibration even at a flying height of 

25nm or less is provided 

{e) A head with which the pitch angle during flying 

operation can be set at 3 x 10- 4 (rad) or less. when it is adopted 

in a recording / reproduction apparatus, is· provided. 

(f) A smaller, thinner head achieving outstanding mass 

productivity is provided. 

(g) A head that ·can be manufactured through integrated 

machining by employing a high accuracy pattern forming 

technology such as dry etching is provided. 

While the present invention has been explained in detail 

in reference to specific preferred embodiments, it is obvious to 

persons skilled in the art that a number of variations are possible 

in its form and detail without departing from the essence and 

range of the present invention. 
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CLAIMS 

1. A slider receiving dynamic air pressure at a surface 

facing a medium, said surface comprising a front flat surface, 

a first positive pressure generating portion. a second positive 

pressure generating portion and a first negative pressure 

genera ting portion, characterized in that ; 

said front flat surface starts at a leading edge and 

continues on to an intermediate point along a lengthwise 

direction; 

said first positive pressure generating portion and said 

second positive pressure generating portion have flat surfaces 

with essentially equal heights and are positioned on two sides. 

separated from each other over a distance in a widthwise 

direction which runs perpendicular to a lengthwise direction and 

have edges at one end located toward said leading edge which 

form step faces rising up from said front flat surface in a step ; 

and 

said first negative pressure generating portion is provided 

behind said front flat surface relative to the direction of airflow 

and has a base surface with a height being lower than the height 

of said front flat surface. 

2. The slider according to claim 1. with said surface 

facing a medium additionally comprising : 

a third positive pressure generating portion, positioned 

toward said trailing edge and having an edge at one end located 

toward said leading edge which forms a step face rising up from 

1i1iii1iii 
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said base surface of said first negative pressure generating 

portion in a step. 

3. The slider accord_ing to claim 2 wherein said third 

positive pressure generating portion is located at a central portion 

relative to a widthwise direction. 

4. The slider according to claim 1 wherein said first 

positive pressure generating portion and said second positive 

pressure genera ting portion extend to said trailing edge. 

5. The slider according to claim 1. with said surface 

facing a medium additionally comprising : 

a fourth positi"l/e pressure generating portion, positioned 

behind said first positive pressure genera ting portion over a 

distance r~la tive to a lengthwise direction ; and 

a fifth positive pressure generating portion, positioned 

behind said second positive pressure generating portion over a 

distance relative to a lengthwise direction. 

6. The slider according to claim 5, with said surface 

. facing a medium additionally comprising : 

a second negative pressure generating portion. positioned 

between said first positive pressure generating portion and said 

fourth positive pressure generating portion ; and 

a third negative pressur~ generating portion, positioned 

between said second positive pressure generating portion and said 

fifth positive pressure generating portion. 

7. The slider according to claim 6 wherein said second 

negative pressure generating portion is constituted of an indented 

portion dropping off from the surface of said first positive 
------------·--·----- ·--------
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pressure generating portion; 

said third negative pressure genez:a ting portion is 

constituted of an indented portion dropping off from the surface 

of said second positive pressure generating portion; 

said fourth positive pressure generating portion rises up 

from the surface of said second negative pressure genera ting 

portion: 

said fifth positive pressure generating portion rises up 

from the surface of said third negat~ve -pressure generating 

portion ; and 

said base surface of said first negative pressure 

genera ting portion is provided lower than the surf aces of said 

second negative. pressure genera ting portion and said third 

negative pressure generating portion. 

8. The slider according . to claim 5 wherein the height of 

said fourth and fifth positive pressure generating portions is 

essentially equal to the height of said first and second positive 

pressure genera ting portion. 

9. The slider according to claim 7 wherein boundaries 

between the surfaces of said first, second, fourth and fifth 

positive pressur~ generating portions and the surfaces of said 

indented portions are each formed in a step having a depth of 

0.1 µ. m or more. 

10. The slider according to claim 7 wherein the surfaces 

of said indented portions are formed so as to narrow starting 

from the side of said leading edga toward the central portion 

and so as to widen starting from said central portion toward 
~--------­
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said trailing edge. 

11. The slider according to claim 1 wherein said first 

positive pressure generating portion and said second positive 

pressure generating portion are continuous in said widthwise 

direction of said slider to constitute a single flat surface. 

12. The slider according to claim l wherein said front 

flat surface is formed in a narrowing shape starting from the 

step faces of said first positive pressure generating portion and 

said second positive pressure generating portion and extending 

to said leading edge. 

13. The slider according to claim 5 wherein the surface 

of said fourth positive pressure generating portion and the 

surface of said fifth positive pressure generating portion extend 

to said trailing edge. 

14. The slider according to claim 1 wherein said surface 

facing a medium has a symmetrical shape relative to a central 

axis in the widthwise direction running perpendicular t6 said 

lengthwise direction. ·- ·~·· .. · 
. . ... -~ ·:-:. : ' ... ···:~: .;-- __ .:~.:.~.~~.;;. 

15. The slider· according to claim 2 wherein end edges 

that define each of the surfaces of said front flat surface, said 

first positive pressure generating portion, said second positive 

pressure generating portion and said third positive pressure 

generating portion are straight lines, curved lines or a 

combination thereof. 

16. The slider according to claim 5 wherein end edges 

that define each of the surfaces of said fourth positive pressure 

generating portion and said fifth positive pressure generating 
--- ·--------------
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portion are straight lines, curved lines or a combination thereof. 

17. '.fhe slider according to claim 7 wherein end edges 

that define each of the surfaces of said indented portions are 

straight lines, curved lines or a combination thereof. 

18. The slider according to claim 1 wherein the level 

difference at said step between said front flat surf ace and said 

first positive pressure generating portion and between said front 

flat surface and said second positive pressure generating portion 

is set . within the range of 0.1 to 1.0 JJ. m. 

19. The slider according to claim l which is 1.25mm or 

less in length and 1.00mm or less in width and weighs 1.6mg 

or less. 

20. A head used for recording to and reading from a 

. medium and being provided with a slider having a surface facing 

a medium and at least one transducer, characterized in that: 

said slider is any one actording to. claims 1 through 19 

wherein said transducer is provided toward a trailing edge of 

said slider. 

21. The head according to claim 20 wherein said 

transducer is constituted of an electromagnetic transducer. 

22. A head device comprising a head suspension with one 

end thereof being a free end, and a head mounted to said free 

end of said head suspension in such a manner that pitch and 

roll movements thereof are allowed and that said head receives 

a load from said suspension, ·characterized in that : 

said head is any one according to claim 20 or 21. 

23. The head device according to claim 21 wherein the 
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load point of said head is offset toward said leading edge from 

the center of gravity of said head. 

24. A read/write apparatus comprising a disk - like 

medium that is driven to rotate and a magnetic head device. 

characterized in that : 

said head deyice. is any one according to claim 20 or 21, 

with said head made to fly over a surface of said disk - like 

medium by rotation of said disk - like medium and made to move 

along a circular arc that approximately matches the direction 

of the radius of said disk - like medium by a means for 

swivelling. 

25. The read/write apparatus according to claim 24. 

wherein a pitch arigle achieved while said head is flying is 1. 

5 x 10 (rad) or less. 

--·-··----·-------------


