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1 MAGNETI C DI SK DEVICE Field of the |
The present invention relates to a magnetic di sk device, égge/nbp%%té 'L?r'ar

to a magnetic di sk device having a large capacity and high reliability
with a small and thin structure. Background of the Invention

Magnetic di sk devices tend to increase in nenory density and capacity
every year, and are expected to be used in many applications other than
just as large external nmenory devicgs added to a conventional general
conput er system or personal conputer. For exanple, proposed uses for a
magnetic di sk device include nmounting it in ortable small-sized

i nformation processing apparatd%ﬁsﬂﬁﬁ % écﬁser to carry

Field of the Invention

The present invention relates to a magnetic disk device,
and in particular to a magnetic disk device having a large

capacity and high reliability with a small and thin structure.

Background of the Invention

Magnetic disk devices tend to increase in memoxry density
and capacity every year, and are expected to be used in many
applications other than just as large external memory devices
added to a conventional general computer system or personal
computer. For example, proposed uses for a magnetic disk
dévice include mounting it in a portable small-sized
information processing apparatus, which allows a user to carry
necessary data recorded in the magnetic disk device outdoors.

If a magnetic disk device 1s to be mounted in a portable
small-sized information processing apparatus, however, it is
essential to make the magnetic disk device small and thin. In
this regard, the goal of magnetic disk device design is aimed
at reducing the size of the device so that it satisfies a size
(thickness: 5 mm or less) requirement of a so-called PC card
specification of PCMCIA (Personal Computer Memory Card
International Association)/JEIDA (Japan Electronic Industry
Development Association) and the like. A variety of

mechanisms have been disclosed for satisfying such a device



necessary data recorded in the magnetic di sk device outdoors. If a
magnetic disk device is to be nounted in a portable snall-sized

i nformati on processing apparatus, however, it is essential to nmake the
magneti c di sk device small and thin. In this regard, the goal of magnetic
di sk device design is ainmed at reducing the size of the device so that it
satisfies a size (thickness: 5 nmor |ess) requirenent of a so-called PC
card specification of PCMCI A (Person@ Conmputer Memory Card |nternationa
Associ ation)/JEI DA (Japan El ectronic Industry Devel opnent Association) and

the like. Ayvariety o nmechaniisnms have been djsclosed for satisfying such
a dev:ce thfgiﬂes og 5 mm or iess lnva magneticzéfgﬁrﬁgﬁiﬁgﬁgqﬁn qﬁ%(n

less in 2 oA rletcii%m(gtsel§:' %\ékcga\urihggaadiameter of 1.8 inch.

For example, International Publication No. W093/10535S
discloses a thin magnetic disk device having a device
thickness of 5 mm that is intended to be realized by holding a
1.8 inch disk between electronic parts mounted betweén printed
circuit boards and the inner surfaces of a housing and a
cover. In this technique, the electronic parts are mounted on
a thin printed circuit board rather than a conventional thick
one, and they are arranged on both sides of a thin disk having
a relatively large space in the thickness direction, to thus
make thin the total thickness of the device. This technique
also adopts a spindle motor structure wherein two ball
bearings can be_mounted in a small inside diameter (12 mm)
portion of the 1.8 inch disk along the spindle axis and also a
magnet rotor that can be contai;ed in a hub of the disk by'the
effect of using a face-to-face spindle motor, to thus achieve
a magnetic disk device.

In Japanese Patent Laid-open No. Hei 6-84302, a thin
actuator is disclosed that is intended to be realized by
axially stacking and clamping a so-called guide arm integrated
type suspension in which a suspension mounting a magnetic
disk/slider is welded to a guide arm, a coil holder for
supporting a coil and a spacer, around a sleeve of a pivot

bearing of an actuator. The guide arm integrated type



smal | di aneter disk having a dianeter of 1.8 inch. For exanpl e,
I nternational Publication No. W93/ 10535 discloses a thin magnetic disk
devi ce having a device thickness of 5 mmthat is intended to be realized
by holding a 1.8 inch disk between electronic parts nounted between
printed circuit boards and the inner surfaces of a housing and a cover.
In this technique, the electronic parts are nmounted on a thin printed
circuit board rather than a conventiorlal thick one, and t hey are arranged
on both sides of a thin disk having a relatively |large space in the
thi ckness direction, to thus make thin the total thickness of the device.
Thi s t echeugpensabsoiadopds thigpibyliwelding astsuspemsdonhacenpingoabal |
bearings can be nmounted in a snmall inside diameter (12 nm) portion of the
1.8 inch wegresionfeadetept nthin sgdiddead™l so a magnet rotor that can be
contained in a hub of the disk by the effect of using a face-to-face
spi ndl e not or , AEoPrRESNEC hE Y sSURPGTHGTE iAf i FusPemsden on a gPidgapifese
Pat ent Lai d- open h?. Hei .6-84302, a thjn . )

is generally performed by welding a cylindrical member to an

end portion of the suspension, inserting the cylindrical

member of the suspension in a hole provided at the leading end

of the guide arm, and fastening the hole by caulking. In this

case, a so-called integrated carriage integrating a plurality

of the guide arms is generally used. In the method of

fastening the sdspension to the guide arm, the suspension is

inevitably required to be relatively thick for obtaining a

practical holding force. Consequently, the technique

disclosed in Japanese Patent Laid-open No. Hei 6-84302 in

which a suspension only has a thickness sufficient to be

welded to a guide arm is advantageous for making a thin

suspension.

Incidentally, a housing and cover containing a magnetic

disk is required to be sealed for realizing a highly reliable

magnetic disk device. 1In a technique disclosed in US Patent

No. 5,276,577/Japanese Patent Laid-open No. Hei 6-215554, the

sealing performance at a mating portion between the housing

and the cover and at an extension portion of the FPCs

(£lexible printed circuit board), a gap is formed that is

simply covered using a tape seal having a constant width. On

the other hand, as disclosed in Japanese Patent Laid-open No.



actuator is disclosed that is intended to be realized by axially stacking
and clanping a so-called guide armintegrated type suspension in which a
suspensi on nmounting a magnetic disk/slider is welded to a guide arm a
coil holder for supporting a coil and a spacer, around a sleeve of a pivot

bearing of an actuator. The guide armintegrated type

3 suspension is nmade thin by wel ding a suspension nounting a nagnetic
head to a thin guide arm At prdsent, the supporting of a suspension
on a guide arm is generally perfornmed by welding a cylindrical nmenber to
an end portion of the suspension, inserting the cylindrical nenber of the
suspensi orShq &2 T §t 08 detkingt e heddi bgtwrdn a flat housing and a

cover, to maintain the sealed housing area.

Summary of the Invention

In each of the above-described prior art references, only
one magnetic disk is mounted in a magnetic disk device having
a device thickness of 5 mm or less.

Specifically, in the above disclosed International
Publication No. W093/10535, since a 1.8 inch disk has a small
inside diameter (12 mm), two ball bearings are mounted in the
inside diameter portion of the magnetic disk along the spindle
axis and a magnet rotor is contained in a hub of the disk
using a face-to-face type spindle motor. However, as is
apparent from the dréwing disclosed in the embodiment, a coil
stator protrudes from the inside diameter portion of the
magnetic disk because the inside diameter portion thereof has
a small mounting space. As a result, the mounting of two or
three magnetic disks would be obstructed by the presence of
the coil stator.

In the above disclosed Japanese Patent Laid-open No. Hei
6-84302, the configuration of a guide arm integrated type
suspension in its thickness direction is such that a magnetic
head and a guide arm are arranged on both sides of a plate-
like suspension. The thickness of the guide arm integrated
suspension is thus expressed by a total of thicknesses of

[magnetic head + suspension + guide arm]. With this technique



of the guide arm and fastening the hole by caulking. In this case, a
so-called integrated carriage integrating a plurality of the guide arns is
generally used. In the nethod of fastening the suspension to the guide
arm the suspension is inevitably required to be relatively thick for
obtaining a practical holding force. Consequently, the technique

di scl osed in Japanese Patent Laid-open No. Hei 6-84302 in which a
suspension only has a thickness suffiZient to be welded to a guide armis
advant ageous for making a thin suspensi on. Incidentally, a housing
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agap is fo nmpl y~covered using a tape s havi ng a const ant
wdth. N5 mm or less.

It is desirable, in order to mount two or three magnetic
disks in a magnetic disk device having a thickness of 5 mm or
less, and to prevent permeation of gas from a package for
ensuring a high reliability of an HDD, that an area containing
disks and an actuator (hereinafter, referred to as a
vrdisk/actuator chamber") be separated from an area containing
the package (hereinafter, referred to as a "package chamber")
insofar as it is possible and to ensure a good seal of the
disk/actuator chamber. However, since a shape of the wall for
separating the disk/actuator chamber from the package chamber
is complicated, the above desirable purpose cannot be achieved
using a tape seal stfucture as &isclosed in US Patent No.
5,276,577/Japanese patent Laid-open No. Hei 6-215554 wherein
the entirety of the HDA is wrapped with a simple tape seal
having a constant width.

Even in the case where a disk/actuator chamber and a
package chamber are seaied together for preventing the
generation of gas, for example, by increasing a mounted amount
of active carbon, the sealing performance of the package must
be examined. Such a seal cannot be achieved using a simple
flat packing structure of the type disclosed in Japanese

Patent Laid-open No. Sho 62-279587. That is, in order to



the other hand, as disclosed in Japanese Patent Laid-open No.

4 Sho 62-279587, a packing is held between a flat housing and a cover,
to maintain the seal ed housi ng area. Summary of the Invention In
each of the above-described prior art references, only one magnetic disk
I's mounted in a magnetic disk device having a device thickness of 5 nm or

| ess. Specifically, in the abovg disclosed International Publication
No. W0D93/10535, since a 1.8 inch disk has a small inside dianeter (12 mm,
two ball bearings are nounted in the inside dianeter portion of the

magnetic ik algng &g SRLAGLS - W50 AAMPINGLokOLE" chinBOD! EhECH,T N

seal the disk/actuator chamber, a recessed portion for head
loading must be provided in a wall for separating the
disk/actuator chamber from the package chamber. Accordingly,
a good seal of the disk/actuator cannot be achieved using a
simple flat packing structure of the type disclosed in
Japanese Patent Laid-open No. Sho 62-279587.

An object of the present invention is to provide a
magnetic disk device capable of achieving a large memory
capacity with a small and thin structure.

Another object of the present invention is to provide a
rmagnetic disk device capable of having a good seal for the
magnetic disk containing portion, thereby ensuring a high
reliability of the device.

A further object of the present invention is to provide a
magnetic disk device capable of.ensuring a large memory
capacity with a small and thin structure, which is
substantially adaptable to a specification of PCMCIA/JEIDA or
the like and is usable with a PC by being detachably mounted
in a PC card slot.

To achieve the above objects, according to the present
invention, there is provided a magnetic disk device having the
following structure.

Specifically, to mount two or three magnetic disks in a
magnetic disk device having a thickness of 5 mm or less, a

spindle bearing and a spindle motor are required to be



using a face-to-face type spindle notor. However, as is apparent fromthe
drawi ng di sclosed in the enbodinent, a coil stator protrudes fromthe

i nside diameter portion of the magnetic disk because the inside dianeter
portion thereof has a small nounting space. As a result, the nounting of
two or three magnetic di sks woul d be obstructed by the presence of the
coil stator. In the above disgl osed Japanese Patent Laid-open No. He

6- 84302, the configuration of a guide armintegrated type suspension in
its thickness direction is such that a magnetic head and a guide armare
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device of the present invention adopts an in-hub structure in
which a motor space is ensﬁred in inside diameter portions of
magnetic disks using a dynamic bearing.

The magnetic disk device of a preferred embodiment of the
present invention also has an actuator structure wherein the
configuration of the guide arm integrated typé suspension, in
the thickness direction thereof, is configured such that a
magnetic head and a guide arm are arranged on the same surface
of a suspension. The thickness of the actuator is thus
expressed by a total of thicknesses of [(magnetic head +
suspension]. As a result, the actuator can be made thin. In
this actuator structure, however, a head having a size that is
equal to or smaller than a "nano-slider" specified by the
International Disk Drive Association (IDEMA) is required to be
used for mounting four heads corresponding to two magnetic
disks in a magnetic disk device having a thickness of 5 mm or
less. Further, a head having a size being equal to or smaller
than a "pico-slider" specified by IDEMA is required to be used
for mounting six heads corresponding to three magnetic disks
in a magnetic disk device having a thickness of 5 mm or less.

In the magnetic disk device of the present invention, a
disk/actuator chamber is separated from a package chamber and
is sealed using a tape seal having a width portion that is

partially extended (described later). With respect to the



5 havi ng the above di nensional relation, it is difficult to nount four
or five heads corresponding to two to three nmagnetic disks in a nmagnetic
di sk device having a thickness of 5 mmor |ess. It is desirable, in
order to mount two or three magnetic disks in a nagnetic di sk device
having a thickness of 5 mmor |ess, and to prevent perneation of gas from
a package for ensuring a high relialglity of an HDD, that an area
containing disks and an actuator (hereinafter, referred to as a

"di sk/ actuat or chanber”) be separated from an area containing the package
(hereinafter, referred to as a "package chanber”) insofar as it is

possi bl e @eparatdmsure dhepodd skfakbtodtbhechadnsér aftomt tite gheriteye However ,
since a shape of the wall for separating the disk/actuator chanber from

the packaghagimrberit iis pemforretedsingeaaboveingstifabl2 gislptse wamot be
achi eved cover, and a package cover. While the housing rib and the
disk/actuator cover must contribute to seal the disk/actuator
‘chamber, the package cover is aimed to protect the control
package and is not required to seal it. The sealing of the
disk/actuator chamber is basically performed by the

disk/actuator cover and the housing, and a tape seal adhered

on the housing rib. 1In addition, the following techniques are
utilized for sealing.

I. In the case where a cutout portion for head loading
is formed in a housing rib, a projection for closing the
cutout portion is formed on a disk/actuator cover, and a tape
seal having a width portion selectively extended in accordance
with a stepwise bent mating portion between the cutout portion
and the projection is adhered 6; the mating portion, thus
ensuring a good seal of the mating portion.

II. In the case where a cutout portion for extending
FPCs (for transmission/reception of an R/W signal, and for
supplying current to a spindle motor and to an actuator motor)
is formed in a housing rib, a projection for closing the
cutout portion is formed on a disk/actuator cover, and a tape
seal having a width portion selectively extended in accordance
with a stepwise bent mating portion between the cutout portion
and the projection is adhered on the mating portion, thus

ensuring a good seal of the mating portion.



using a tape seal structure as disclosed in US Patent No.
5,276, 577/ Japanese patent Laid-open No. Hei 6-215554 wherein the entirety

of the HDA is wapped with a sinple tape seal having a constant w dth.
Even in the case where a disk/actuator chanber and a package chanber are
seal ed together for preventing the generation of gas, for exanple, by

i ncreasing a nounted anmount of active carbon, the sealing performance of
t he package nust be exam ned. Such a seal cannot be achieved using a
sinple flat packing structure of the type disclosed in Japanese Patent

Lai d-open No. ¢ 62-279587. That is, in_ order to )
6 separate a§ggsk/58tﬁg?o?§§ﬁnﬂﬂﬁﬁef%(ﬁﬂ%?%iﬂ%h%i? ERZnBEFeRAGNE FPCs

from a disk/actuator chamber to a package chamber is formed in
a lower portion of a housing portion, the through-hole is
closed with an adhesive, thus ensuring a good seal of the
through-hole.

Additionally, in the case where a disk/actuator chamber
and a package chamber are sealed together using a packing, a
groove having a depth corresponding to a thickness of a
circuit board of a control package is formed in a portion of a
mating face of a housing to a cover, and the control package
is adhesively fitted in the groove such that a main surface of
the circuit board is at the same level as that of the mating
face of the housing. A packing is held between the mating
surface of the housing including the main surface of the
circuit board and the cover, to thus ensure a good seal
therebetween. The disk/actuato; chamber separated from the
package chamber is sealed by holding a packing between a
housing rib that projects from the housing for surrounding the
disk/actuator chamber and the disk/actuator cover, to thus
ensure a good seal therebetween. 1In the case of forming a
head loading portion (recessed portion) in a portion of the
housing rib, the mating face of the head loading portion to
the projection formed in the disk/actuator cover is formed in
a slant face such that both ends of the head loading portion
are smoothly shifted to the height of the housing rib. A

packing is then smoothly mounted along the slant surface, to



seal the disk/actuator chanber, a recessed portion for head | oading nust
be provided in a wall for separating the disk/actuator chanmber fromthe
package chanber. Accordingly, a good seal of the disk/actuator cannot be
achieved using a sinple flat packing structure of the type disclosed in

Japanese Patent Laid-open No. Sho 62-279587. An obj ect of the present
i nvention is to provide a nagnetic di sk device capable of achieving a
| arge menory capacity with a small #hd thin structure. Anot her

obj ect of the present invention is to provide a nagnetic disk device

capabl e of having a gopod seal for the magnetic djsk containing portion,

tpe[ ﬁby e?%?ﬁj%ggah#‘ghfoﬁqgﬁ%lﬁﬂaﬂeyaéf ‘”’Fﬂg Gévf"pé?il} Il;ezl@*b%?}ﬁe}r;fjgj g](c:t
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subst ant i,al | dapt able to a specification_of PCMCI A/ JEIDA or the |like and

i s usabl eh*ﬂghg%g%d?gf%zéfw aeﬁag% REGRPEYRY Portion, or they are

extended and sealed using the technique III, described above.

In the case where the disk/actuator chamber and the package
chamber are sealed together, since the amount of gas
generation is increased, a large amount of a gas absorbing
material such as active carbon is required to be used.

The spindle portion of the present invention is of an in-
hub structure in which a motor space can be ensured in inside
diameter portions of magnetic disks using a dynamic bearing,
so that two or three magnetic disks can be mounted in a
magnetic disk device having a thickness of 5 mm or less. The.
actuator portion of the present invention is of a stack
structure using a guide arm integrated suspension and further
it adopts a slider being equal Eo or smaller than a nano-
slider, so that four magnetic heads corresponding to four
recording faces of two magnetic disks can be mounted in a
magnetic disk device having a thickness of 5 mm or less.
Moreover, by the use of a slider equal to or smaller than a
pico-slider, six magnetic heads corresponding to six recording
faces of three magnetic disks can be mounted in a magnetic
disk device having a thickness of 5 mm or leés. Thus, it is
possiblé.to realize a magnetic disk device having a large

capacity with a small and thin structure.



in a PC card slot. To achi eve the above objects, according to the
present invention, there is provided a magnetic disk device having the
foll owi ng structure. Specifically, to nmount two or three magnetic
disks in a nmagnetic disk device having a thickness of 5 nmor less, a
spindl e bearing and a spindle notor are required to be

7 contained in inside dianeter portions (dianeter: 12 mm of 1.8 inch
di sks. To satisfy such a requirenment, 1& magnetic disk device of the
present invention adopts an in-hub structure in which a notor space is

Sg:lrjir ﬁg in insige t‘i‘ieag'i'te%rengoﬂnirgﬂéigrg, ggg”@éifakg{fiktsy U G s%rﬁ.rggc
structure can be ensured adhering a tape seal on a mating
portion between a cutout portion provided in a housing rib for
head locading or for FPC routing and a projection formed on a
disk/actuator cover, the tape seal having a shape selectively
extended to cover the mating portion. 1In the case where a FPC
through-hole bypassing a lower portion of a housing rib is
provided, a high sealing performance can be ensured by closing
the through-hole with an adhesive. In the case whefe a
packing is held between a housing and a cover or between a
housing rib and a disk/actuator cover, a high sealing
performance due to the packing held at the mating face can be
ensured by making smooth the gradient of the mating face in
th? height direction. FPCs can be held at the mating face
together with the packing, and thus they can be extended
through the mating face, to pro;ide a good seal at the mating
face ensured.

Thus, it bécomes possible to ensure that the magnetic
disk device is adequately sealed so that dust does not

permeate from the exterior to the inside of a head/disk
assembly, resulting in a high reliability.
Brief Description of the Drawings

Fig. 1 is a plan view of a first embodiment of a magnetic
disk device of the present invention, partially cut away to

shown details of the interior parts;



The magnetic di sk device of a preferred enbodi nent of the present

I nvention also has an actuator structure wherein the configuration of the
guide armintegrated type suspension, in the thickness direction thereof,
is configured such that a magnetic head and a guide arm are arranged on
the sane surface of a suspension. The thickness of the actuator is thus
expressed by a total of thicknesses of *éragnetic head + suspension]. As a
result, the actuator can be nade thin. this actuator structure,
however, a head having a size that is equal to or smaller than a
"nano-slider" specified, by

th | nt ti | Di sk [ As i ati
(IDEMR) is reqfitdsd t2d¥e ng’idanrgrﬁgﬁn‘lt‘gggs?‘bﬁfo 1:1‘\5/’?%"65 ?é)%c)lb%hlcﬁ‘oﬂ%nQO

two magnetii.c disks_.in a_magnetic di deyice_having. a fhickness of 5 nm or
| ess. Fur CH&eS &Oh'e‘&(ﬁ’rlha\}i%%g' 15581338 ié? hgg%qua?s?%c%r"% 1 Isgf?owrf Hdh a
"pico-sli&pr" ﬁpecified by IDEMA is required to be used for nounting six
heads cor réso ding to three magnetic disks in a magnetic disk device
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disk device of Fig. 1 showing the mounting portion for
mounting the magnetic disks and the sliders;

Fig. 4 is a detailed view of a spindle portion of the
magnetic disk device shown in Fig. 1;

Fig. 5 is a detailed view of an actuator portion of the
magnetic disk device shown in Fig. 1;

Fig. 6 is a detailed perspective view of a tape seal
portion adhered to cover a cut out portion provided for head
loading in a housing rib of the ﬁagnetic disk device shown in
Fig. 1;

Fig. 7 is a detailed perspective view of a tape seal
portion adhered to cover a cut ;ut portion provided for
extending FPCs in a housing rib of the magnetic disk device
shown in Fig. 1;

Fig. 8 is a detailed sectional view of a through hole
structure formed in a base end of alhousing rib of the
magnetic disk device shown in Fig. 1;

Fig. 9 is a sectional view of a connector for connecting
a head head/coil FPC and a motor FPC to a circuit board of a
control package for the magnetic disk device shown in Fig. 1;

Fig. 10 is a sectional view of another configuration_of a

connector for connecting a head/coil FPC and a motor FPC to a



di sk/ actuator chanber is separated from a package chanber and

using a tape seal having a width portion that is partially extended

(described later). Wth respect to the
8 separation of the disk/actuator chanber fromthe package
I's perfornmed using a housing rib, a disk/actuator cover, and a package
ﬁisk/actuator cover nust contribute
t he di sk/actuator chanber, t%e package cover is ainmed to protect
the control package and is not required to seal it. The sealing of the
S basicalléhperforned by the disk/actuator cover

h%"i‘%’&ag%rm%é:brﬁ)&ﬁ%’@trji%.dilsﬂ\‘ addi ti on,

cover.
to seal

di sk/ actuator. cha
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Wil e the housing rib and the

the foll oulpg-LechaLAvEs 35§, 1;

Fig. 11 is a sectional view of a further configuration of
the connector for connecting a head/ccil FPC and a motor FBC
to a circuit board of a control package for the magnetic disk
device of Fig. 1;

Fig. 12 is a plan view of a second embodiment of a
magnetic disk device of the present invention, partially cut
away to shown details of the interior parts;

Figs. 13(a), 13(b) and 13(c) are sectional views taken
along lines 201-201, 202-202 and 203-203, respectively, shown
in Fig. 1;

Fig. 14 is a detailed view of a portion of the magnetic
disk device of Fig. 12 showing the mounting portion for
mounting the magnetic disks and the sliders;

Fig. 15 is a detailed view:of a spindle portion of thé
magnetic disk device shown in Fig. 12;

Fig. 16 is a detailed view of an actuator portion of the
magnetic disk device shown in Fig. 12;

Fig. 17 is a plan view of a third embodiment of a
magnetic disk device of the present invention, partially cut
away to shown det;ils of the interior parts;

Figs. 18(a), 18(b) and 18(c) are sectional views taken
along lines 301-301, 302-302 and 303-303, respectively, as

shown in Fig. 1;

is seal ed

chanber,

it



utilized for sealing. . In the case where a cutout portion for head
loading is fornmed in a housing rib, a projection for closing the cutout
portion is fornmed on a disk/actuator cover, and a tape seal having a wi dth
portion selectively extended in accordance wth a stepw se bent mating
portion between the cutout portion and the projection is adhered on the
mating portion, thus ensuring a goodygeal of the mating portion. .
In the case where a cutout portion for extending FPCs (for

transm ssion/reception of an RFWsignal, and for supplying current to a
spindle notor and to an actuator nntor% is formed in a housing rib, a

proj ection for FéBosilfigifh@ Péaroviewor i dnfourthrempdimentdiak/act uat or

cover, and a tape gL having a width portion selectively extended in
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Figs. 20(a), 20(b) and 20(c) are sectional views taken
along lines 401-401, 402-402 and 403-403, respectively, as

shown in Fig. 1.

Detailed Description of the Preferred Embodiment

Hereinafter, embodiments of the present invention will be
described in detail with reference to the drawings.
Embodiment 1

Fig. 1 is a plan view of a configuration of one
embodiment of the magnetic disk device of the present
invention, partially cutaway to show interior parts thereof.
Figs. 2(a), 2(b) and 2(c) are sectional views taken on lines
101-101, 102-102, and 103-103 of Fig. 1, respectively.

Referring to Fig. 1 and Figs. 2(a) to 2{c), a magnetic
disk device 1 includes a head/disk assembly (HDA) having
components A and B. The component A is a spindle system 1la
including two magnetic disks 2; a spindle 3 contained in
inside diameter portions of the magnetic disks 2 and rotating
the integrally laminated magnetic disks 2; a spindle motor 9;
a dynamic bearing 10; and a spindle shaft 91. The component B
is an actuator system 1b including sliders 4 mounting
transducers for writing and reading magnetic records to and

from the magnetic disks 2 and constituting magnetic heads;



9 [1l1. In the case where a through-hole for extending FPCs from a
di sk/ actuat or chanber to a package chanber is forned in a |ower portion of
a housing portion, the through-hole is closed with an adhesive, thus
ensuring a good seal of the through-hole. Additionally, in the case
where a di sk/actuator chanber and a package chanber are seal ed together
using a packing, a groove having a dgpth corresponding to a thickness of a
circuit board of a control package is forned in a portion of a mating face
of a housing to a cover, and the control package is adhesively fitted in

t he groove such that a main surface of the circuit board is at the sane

| evel as tsu@PiIsions rhtfiawy suppestongt hhehsbsdags 4 paekdeRI®s Hel@RPet ween

the mati ngbein , ' ) , .
g fixed together with the slider 4 on the same side of the
suspension 5; a coil 12; a magnetic circuit 11 for generating
a drive force in cooperation with the coil 12; a coil holder 7
for supporting the coil 12; a pivot sleeve 8 for rocking the
guide arms 6, the coil holder 7 and spacers 13 which are
integrally laminated with each other; bearings 92; and a pivot
- shaft 93. The magnetic disk device 1 further includes

components C, D, E, F and G. The component C includes a
head/coil FPC 14 (flexible printed circuit board) collectively
forming a plurality of leads (not shown) for transmitting weak
electric signals generated when the magnetic heads read and
write information recorded on the magnetic disks 2 and a lead
for feeding a current to the coil 12; a motor FPC 15 for
feeding a current to the spindle motor 9; and a connector 16.
The component D is a disk/actuagor chamber 25 including a
housing 17 for supporting the spindle system la and the
actuator system 1b; a housing rib 18; and a disk/actuator
cover 19. The component E is a controcl package 22 assembled
by integrated circuit elements 20 such as an IC and LSI,
electronic circuit parts (not shown) other than the integrated
circuit elements 20, and a circuit board 21. The component F
is a package chamber 26 including the housing 17 and a package
cover 23. The component G is a PCMCIA connector 24 fixed by

the housing 17 and the package cover 23.



surface of the housing including the main surface of the <circuit board and
the cover, to thus ensure a good seal therebetween. The di sk/actuator
chanber separated fromthe package chanber is sealed by holding a packing
between a housing rib that projects fromthe housing for surrounding the
di sk/ actuator chanber and the disk/actuator cover, to thus ensure a good
seal therebetween. In the case of forygng a head | oading portion (recessed
portion) in a portion of the housing rib, the mating face of the head

| oadi ng portion to the projection formed in the disk/actuator cover is

o o Sk, R U b SOLF, SRS bl MY BB POl 7
smoot hly ”QH@%e@mﬁbgﬁ%eh@ea§g?nko§u££§m§ie}céet as follows: a total
length L = 85.6 mm, width W = 54.0 mm, device thickness H =
4.9 mm, thickness H1 of each of projections provided on both
the ends of a main body in the longitudinal direction = 3 mm,
and width of the projection Wi = 3 mm. These dimensions of
the magnetic disk device 1 satisfy a specification of a'PC-
card of the so-called Type (II).

Fig. 2{c}, taken on line 103-103 of Fig. 1, shows a
boundary portion between the disk/actuator chamber 25 and the
package chamber 26. The housing rib 18 at the boundary
portion has a cutout portion 27 for head loading, and a cutout
portion 28 for extending the head/coil FPC 14 and the motor
FPC 15. Projections 19a and 19b provided on the disk/actuator
cover 19 are fitted in the cutout portions 27, 28 to close
them, respectively. The matiné-faces respectively formed
betwegn the cutout portions 27, 28 and the projections 19a,
19b are bent stepwise in the direction of the thickness of the
device. In this embodiment, each mating face is closed by a
tape seal 29 (shown in widely spaced cross-hatched lines for
clarity) having a width portion selectively extended to cover
a stepwise bent portion of the mating face, to prevent
external dust from permeating the HDA, Ehus ensuring a high
reliability. The details will be disclosed with reference to

Figs. 6 and 7. It is to be noted that housing 17 is shown in



10 ensure a head | oading space as well as a high reliability in sealing.
FPCs are held together with the packing to ensure a high sealing
performance of the extending portion, or they are extended and seal ed
using the technique |11, described above. |In the case where the

di sk/ actuator chanber and the package chanber are seal ed together, since

t he anbunt of gas generation is ini eased, a large anount of a gas
absorbing material such as active Carbon is required to be used. ~ The
spindl e portion of the present invention is of an in- hub structure in
whi ch a nglor égﬁze.can be ensured in inside dianeter portions of magnetic

di sks usi hg%a nit8 GESFFNFSCELP (it (Wt Hrivigdve a¥EQveyi €Pdicels can be

nount ed i lc _di sk device having a thickness of 5 mmor |ess. The.
act uat or ggsﬁﬁg%gg?hﬁﬁg'present invention is of a stack structure using a

guide ar m I nt eghg! 8d.sHspeRSLOR AN Yl Yond P FARGE 35 487 el ng equal

positioned at a center of the device in the thickness
direction. The integrated circuit elements 20 such as an IC
or LSI and the electronic circuit parts are mounted on both
surfaces of the circuit board 21. One-end of the head/coil
FPC 14 and the motor FPC 15 are electrically connected to the
circuit board 21 through the connector 16. As the connector
16, for example, a spring type connector 81 shown in Fig. 11
is used. A positioning hole 73-a and a fixing hole 73-c are
‘located at such positions as to put the connector 16
therebetween. The connector 16 (connector 81) and the FPCs
are clamped in the direction of the thickness of the device by
the fastening force of a screw 73-d passing through the
positioning hole 73-a and a scr;w (not shown) passing through
the fixing hole 73-¢, so that a conductor 82 of the connector
81 is deflected to and brought in press-contact with the head-
coil FPC 14 and the motor FPC 15. This is effective to keep
sufficient electric contact between the conductor 82 of the
connector 81 and the head-coil FPC 14 and the motor FPC 15 due
to deflection of the conductor 82.

Fig. 3 is an enlarged view of a mounting portion of the
sliders 4 and the magnetic disks 2 in the HDA shown in Fig. 1.
Referring to Fig. 3, a specification in which a thickness of

the head/disk mounting portion is set at 5 mm or less and in



slider, so that four magnetic heads corresponding to four recording faces
of two magnetic disks can be nounted in a magnetic disk device having a

t hi ckness of 5 mmor |ess. Mreover, by the use of a slider equal to or
smal l er than a pico-slider, six magnetic heads corresponding to six
recording faces of three magnetic disks can be nounted in a magnetic disk
devi ce having a thickness of 5 mmor {g¢ss. Thus, it is possible to realize
a magnetic disk device having a large capacity with a snall and thin

structure. In the present invention, the reliability of

the sealin structure can be ensured adhering a tape seal_on a mating

portion béifisdh the Magmetis: disk geviraed hﬁSat%mergewiqa digtks is
disclosed.

With respect to a slider size of a nano-slider,
manufacturers have agreed to a specified size (thickness: 0.4
toc 0.43 mm) recommended by IDEMA. As the slider 4 shown in
Fig. 3, the nano-slider 40 is used. A prototype arm
integrated suspension using a suspension of Type 1950 produced
by Hutchinson Technology Incorporated (USA) has a height 31 of
0.582 mm. A thickness of the suspension 5 is 0.064 mm; a
thickness 33 of the magnetic disk 2 is 0.381 mm (0.015 inch);
a thickness 35 of the housing 17 is 0.4 mm; a thickness 34 of
the disk/actuator cover 19 is 0.4 mm; a gap 36 between the
outermost suspension 5 and the housing 17 is 0.302 mm; a gap
37 between the outermost suspension 5 and the disk/actuator
cover 19 is 0.302 mm; and a gap 38 between the nano-sliders 40
including the suspensions 5 is 5.406 mm. The total thicknéss
33 becomes 4.9 mm. This proves that a head/disk mounting
portion having a thickness of 5 mm or less can be realized
using commercially availabie parts assembled according to the
present invention.

Fig. 4 is an enlarged view of the spindle portion shown
in Fig. 1 and Figs. 2{a) to 2f{c). Referring to Fig. 4, the
specification in which a thickness of the spindle portion is
set to be at 5 mm or less is explained for a magnetic disk

device 1 in which two disks are mounted.



head | oading or for FPC routing and a projection fornmed on a

di sk/ actuat or cover, the tape seal having a shape selectively extended to
cover the mating portion. In the case where a FPC through-hol e bypassing
a lower portion of a housing rib is provi ded, a high sealing performance
can be ensured by closing the through-hole wth an adhesive. In the case
where a packing is held between a howsi ng and a cover or between a
housing rib and a di sk/actuator cover, a high sealing per f or mance due to
the packing held at the mating face can be ensured by maki ng snooth the

d f th th
he mating face |t dueteroiiin 2ndfp Rk, Rhsahte 08k tﬁi’%cg P58 B haec
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ensur ed. econe ossi bl e to ensure that e nagnetlc disk

device | s AAPRALRlY SPALLR0 g}tzgzn ust ; JOgSs Nk, Q%M&ééwwa

exterior to the of a assenbly, resulting in a
reliabilityfamp 95 is 0.684 mm; a gap 44 between the hub flange 3a and

the housing 17 is 0.384 mm; a gap 45 between the clamp 95 and
the disk/actuator cover 19 is 0.2 mm; a thickness 35 of the
housing 17 is 0.4 mm; and a thickness 34 of the disk/actuator
cover 19 is 0.4 mm. The total thickness 48 becomes 4.9 mm.
This proves a spindle portion having a thickness of 5 mm or
less can be realized according to the invention.

Fig. 5 is an enlarged view of the actuator portion shown
in Fig. 1 and Figs. 2{a) to 2(c). Referring to Fig. 5, the
specification in which a thickness of the actuator portion is
set at 5 mm or less is explained for a magnetlc disk device 1
in which two magnetlc disks are mounted

A thickness 51 of the guide arm 6 of the guide arm
integrated suspension is 0.3 mm; a thickness 52 of the coil
holder 7 is 0.817 mm; a thickness 13a of the first space 13 is
0.5 mm; a thickness 13b of the second spacer 13 is 0.817 mm; a
thickness 53 of a pivot sleeve flange 8a is 0.366 mm; a gap 54
between the end surface of the pivot sleeve 8 and the housing
17 is 0.166 mm; a gap 55 between the pivot sleeve flange 8a
and the disk/actuator cover 19 is 0.2 mﬁ; a thickness 59 of
the housing 17 is 0.25 mm; a thickness 56 of the disk/actuator
cover 19 is 0.2 mm; and a thickness 57 of a pivot clamp 30 is

0.35 mm. The total thickness 58 becomes 4.9 mm. This proves



Brief Description of the Draw ngs Fig. 1is a plan view of a first
enbodi nent of a magnetic disk device of the present invention, partially

cut away to shown details of the interior parts; _
12 Figs. 2(a), 2(b) and 2(c) are sectional views taken along |Iines

101- 101, 102-102 and 103-103, respectively, shown in Fig: 1; _ Fig. 3
is a detailed view of a portion of the magnetic disk device of Fig. 1
showi ng the nounting portion for noun2Png the nagnetic di sks and the
sl i ders; Fig. 4 is a detailed view of a spindle portion of the
magneti c di sk device shown in Fig. 1;

that n actuator portion having a thickness of 5 mm or less can

be realized according to the invention.

In summary, the magnetic disk device having two magnetic
disks especially as shown in Figs. 3, 4, S is proven to
satisfy a specification in which the device thickness (H) is
set at 5 mm or less. Accordingly, in this embodiment, it is
possible to realize a magnetic disk device having a large
memory capacity with a small and thin structure.

In this embodiment, especially shown in Figs. 3, 4 and 5,
since the nano-slider 40 is used as the slider 4, a head load

is about 3.5 gf. Assuming an inter peripheral CSS (Contact

Start Stop) and a friction coefficient = 1, the total head

load upon start of the motor becomes 14 gf Xecm [ = 3.5 gf X

1 cm X 1 X 4 (number of heads)]. On the other hand, in the

case of using the spindle motor. 9 having dimensions being
small enough to be contained in the inside diameter portions
of two pieces of the 1.8 inch magnetic disks as shown in this
embodiment, it has been known by examination (calculation)
that a starting torque allocated for head loading is about 6
gf X cm even if a motor space is maximized and a dynamic
bearing 10 having high impact resistance is used. As a
result, it is required to additionally mount a load/unload
mechanism {(not shown) for separating the slider 4 from the
surface of the magnetic disk 2 upon starting the rotation of

the magnetic disk 2.



Fig. 5is a detailed view of an actuator portion of the mnagnetic disk
device shown in Fig. 1; Fig. 6 is a detailed perspective view of a
tape seal portion adhered to cover a cut out portion provided for head
| oading in a housing rib of the magnetic di sk device showmn in Fig. 1;
Fig. 7 is a detailed perspective view of a tape seal portion adhered to
cover a cut out portion provided for extending FPCs in a housing rib of

't he magnetic disk device shown in Fig.21; Fig. 8 is a detailed
sectional view of a through hole structure fornmed in a base end of a
housing rib of the nmagnetic disk device shown in Fig. 1; Fig. 9is a

sectional view®¥9a &okhet enleggedoprsspeagive vbaw bfaa/tapé $@Cland a
notor FPC to a circuit board of a control package for the nmagnetic disk
devi ce shARFFIPEFighered to thej gutegti pogtiest Ron&Pr vhead otoadiider
Conf ) Ul AL’ & e SR Y ene honotRg  tiB918 080 o0n pig C Al MO
FPC to a g noin ¥ig. L an
Figs. 2{(a) to 2(c). The cutout portion 27 for head loading is
required to be formed in the housing rib 18. On the other
hand, the projection 19a to be fitted in the cutout portion 27
is provided on a portion of the disk/actuator cover 19. A
tape seal having a width portion selectively extended to cover
a stepwise bent mating face between the cutout portion 27 and
the projection 19a is adhered to the mating portion, to thus
provide adequate sealing.
Fig. 7 is an enlarged perspective view of a tape seal
portion adhered to the cutout portion 28 for extending the
FPCs which is formed in the housing rib 18 shown in Fig. 1 and
Figs. 2(a) to 2(c). The cutout portion 28 for extending the
head/coil FPC 14 and the motor %PC 15 is formed in the houéing
rib 18. On the other hand, the projection 19b to be fitted in
the cutout portion 28 is formed on a portion of the
disk/actuator cover 19. A tape seal 29 having a shape to
cover a stepwise bent mating face between the cutout portion
28 and the projection 19b is adhered to the mating face, to
thus provide adequate sealing.
In addition, the structure extending the head/coil FPC 14
and the motor FPC 15 through the housing rib 18 is not limited

to that shown in Fig. 7. For example, the following structure

shown in Fig. 8 may be adopted.



13 circuit board of a control package for the magnetic disk devi ce
shown in Fig. 1, Fig. 11 is a sectional view of a further
configuration of t he connector for connecting a head/coil FPC and a notor
FPC to a circuit board of a control package for the magnetic disk

device of Fig. 1; Fig. 12 is a plan view of a second enbodi nent of a
magneti c di sk device of the present invention, partially cut away to shown
details of the interior parts; B2gs. 13(a), 13(b) and 13(c) are

sectional views taken along lines 201-201, 202-202 and 203- 203,
respectively, ?QSW“B i8 Ekgenﬂérged sectional view of a structure of a

though-hole 61 through which the FPXs extend bypassing the
housing rib 18. The through hole is formed in the base end of
the housing rib 18 in the magnetic disk device 1 shown in Fig.
1 and Figs. 2{a) to 2{c). Specifically, through-hole 61 is
formed in a lower portion of the housing rib 18 for extending
the head/coil FPC 14 and the motor FPC 15 from the
disk/actuator chamber 25 to the package chamber 26
therethrough. After the head/coil FPC 14 and the motor FPC 15
pass the through-hole 61, the through-hole 61 is buried with
an adhesive 62, to improve a sealing performance of the
through-hole 61. At that time, portions of the head/coil FPC
14 and the motor FPC. 15 exposed from the housing to the
exterior are protected by a protective seal 63.

The magnetic disk device 1 having a high reliability can
be realized using each of the agove-described sealing
structures for the HDA (disk/actuator chamber 25)}.

Figs. 9, 10, 11 are sectional views showing various
configurations of the connector for connecting the head/coil
FPC 14 and the motor FPC 15 to the circuit board 21 of the
control package 22. .

The configuration shown in Fig. 9 uses an elastic
connector 71 having a structure in which conducting layers and
insulating layers are laminated to each other, or a structure
in which a plurality of conducting portions are wrapped with

an insulator. In the connector shown in Fig. 9, the elastic



Fig. 14 is a detailed view of a portion of the magnetic disk device of
Fig. 12 show ng the nounting portion for nounting the magnetic di sks and
the sliders; Fig. 15 is a detailed view of a spindle portion of the
magneti c di sk device shown in Fig. 12; Fig. 16 is a detailed view of
an actuator portion of the magnetic disk device shown in Fig. 12;

Fig. 17 is a plan view of a third enbodi nent of a nagnetic di sk device of
the present invention, partially cut 23away to shown details of the interior
parts; Figs. 18(a), 18(b) and 18(c) are sectional views taken along

[1nes’ 301301, 302 392,309,39%,307 ] CSPCAANEL Yo Fae IR A 0 1

extend in the thickness direction and are exposed to both the
upper and lower surfaces. The elastic connector 71 is held
and deflected between the circuit board 21 and the head/coil
FPC 14 and the motor FPC 15, so that a group of connecting
terminals (not shown) exposed to the upper surfaces of the
head/coil FPC 14 and the motor FPC 15 on the housing 17 are
electrically connected through the conductor patterns to a
group of connecting terminals (not shown) exposed to the lower
surface of the circuit board 21 in a specified one-to-one
relation. Such an elastic connector 71 is commercially
available by several makers. Since the circuit board 21 is
positioned with respect to the head/coil FPC 14 and the motoxr
FPC 15 by the positioning pins 72 of the FPCs and the
positioning holes 73-a and 73-b formed in the circuit board 21
(see Fig. 1), the positioning of the elastic conmnector 71 is
not required. For'example, a positioning case 74 for holding
the elastic connector 71 may be provided on the lower surface
of the circuit board 21.

Fig. 10 shows another configuration of the connector,
which uses a connector 76 provided on the circuit board 21 and
a connector 75 provided on the head/coil FPC side 14 and the
motor FPC 15. Specifically, the male connector 76 having a
pin-type conductor 77 is mounted on the circuit board 21, and
the conductor 77 is connected to the circuit board 21 by

solder 78. In the female connector 75 provided on the



Fig. 19 is a plan view of a fourth enbodi ment of a nmagnetic disk device of
the present invention, partially cut away to shown details of the interior

parts; Figs. 20(a), 20(b) and 20(c) are sectional views taken along
| i nes 401-401, 402-402 and 403-403, respectively, as shown in Fig. 1.
Det ai | ed Description of the Preferred Enbodi nent Her ei nafter

enbodi nents of the present invention will be described in detail with
reference to the draw ngs. Enbodi nent41 Fig. 1 is a plan view of a

configuration of one enbodinment of the magnetic disk device of the present
vent | o LA et BTG LOt BE0L 02 (Bt egeRly g5iedle)
105,108 O ke ESP S sy, corMELELE 78 1P Fiduedy 8 0% 209
having  connected to a conductor pattern (not shown) formed on the
head/coil FPC 14 and the motor FPC 1S by means of a solder 78.
The disposition of the male and female connectors may be
reversed with respect to each other.: The positioning of the
connectors 75 and 76 is performed using the positioning pins
72 of the FPCs and the positioning holes 73-a, 73-b of the
circuit board 21 (see Fig. 1).
Fig. 11 shows a further configuration of the connector.
A spring type connector 81 [for example, "Amp P2" {trade name)
manufactured by AMP Incorporated] provided on the circuit
board 21 is positioned and pressed to engage the head/coil FPC
14 and the motor FPC 15 for electric connection.
Specifically, the positioning of the connector 81 is performed
using the positioning pins 72 o% the FPCs and the positioning
holes 73-a and 73-b of the circuit board 21 (see Fig. 1}. An
approximately L-shaped elastic conductor 82 of the connector
81 is connected at its base end to the circuit board 21 by a
solder 78, and is electrically pressed at its leading end to
the conductor patterns (not shown) of the head/coil FPC 14 and
the motor FPC 1S by deflection of the conductor 82. The
head/coil FPC 14 and the motor FPC 15 are adhered to the
specified positions of the housing 17 by an adhesive tape or
the like. The connector 16 shown in Fig. 1 adopts such a

spring type connector 81.



conponents A and B. The conponent Ais a spindle systemla including two
magnetic disks 2; a spindle 3 contained in inside dianeter portions of the
magnetic disks 2 and rotating the integrally |am nated magnetic disks 2; a
spindle notor 9; a dynam c bearing 10; and a spindle shaft 91. The
conmponent B is an actuator systemlb including sliders 4 nounting
transducers for witing and readi ng gnetic records to and fromthe
magneti ¢ di sks 2 and constituting madnet i c heads;

15 suspensions 5 for supporting the sliders 4; guide arns 6 each being

fixed togg&@g&lm%ﬁg the slider 4 on the same si de of the suspension 5; a
coi | a magnefic circuit 11 for generating a drive force in cooperation

with the coil a2y a160i§ HOLHY ew of a configuration of another

embodiment of the magnetic disk device of the present
invention, with parts partially cutaway. Figs. 13(a), 13(b)
and 13{(c) are sectional views taken on lines 201-201, 202-202,
203-203 of Fig. 12, respectively.

The magnetic disk device in this embodiment shown in Fig.
12 and Figs. 13(a) to 13(c) is substantially similar in basic
configuration to that shown in Fig. 1, and therefore, parts
corresponding to those shown in Fig. 1 are indicated with the
same characters and the explanation thereof is omitted.

Although Embodiment 1 shown in Fig. 1 and Figs. 2(a) to
2{c}) has the configuration for mounting two magnetic disks,
the embodiment shown in Fig. 12 and Figs. 13(a) to 13(c) has a
configuration for mounting three magnetic disks. In this
embodiment, however, a width W2 of a projection {thickness H2:
3.3 mm) formed on each end of the housing 17 to be fitted in a
PC card slot of a mating apparatus (not shown) must be changed
from a standard value of Type (II), 3 mm to a standard value
of Type (III), 1.5 mm for ensuring a containing space for the
increased number of the magnetic disks. The shapes of the PC
card slots of information processing apparatuses commercially
available at present are substantially common to the
specifications of Type (II) and Type (III), and accordingly, a

modified specification of Type (II) in which the width W2 is



for supporting the coil 12; a pivot sleeve 8 for rocking the guide arns 6,
the coil holder 7 and spacers 13 which are integrally lamnated with each
ot her; bearings 92; and a pivot shaft 93. The nagnetic disk device 1
further includes conponents C, D, E, F and G The conmponent C includes a
head/ coil FPC 14 (flexible printed circuit board) collectively formng a
plurality of |eads (not shown) for transmtting weak electric signals
gener ated when the magnetic heads redad and wite information recorded on
the magnetic disks 2 and a lead for feeding a current to the coil 12; a
notor FPC 15 for, feeding a current to the spindle notor and a connector

16. The EBAPERENEODL S EMARS KPR tSFANMIaxhafere =F iTchHeudiglﬁé)acaﬁo%i ng 17
b 18 aRHPRLBRERARCY At BFELRovE a6 ChhSRETHIATLoE FF AY88nt 1ol package
22 assorblsd) DY rEMhghaten ol sl £ IR 20 B0 G A GaEE
elements 29.,.80d,24€h" 4 1o PR ALy TE LUMUEY & be unified with

the existing value, 3 mm {width W1l in Embodiment 1} to the

standard value of Type (III}, 1.5 mm (width W2 in Embodiment

2).

The reason why the magnetic disk device having a
thickness of 5 mm or less can mount three magnetic disks 2 is
that the slider is changed from a nano-slider to a pico-slider
smaller in size than the nano-slider type and the thickness of
a magnetic disk 2 is changed from 0.381 mm (0.01S5 inch) to
0.305 mm (0.012 inch). A research company reports that the
pico-slider has almost come into practical use, and a magnetic
disk 2 having a thickness of about 0.305 mm is currently under
development. The pico-slider and the magnetic disk 2 having a
thickness of about 0.305 mm are expected to be produced on a
large scale after two or.three years. If so, it is possible
to realize a magnetic disk device having a thickness of 5 mm
or less in which a pico-slider is used and two magnetic disks
are mounted. In such a magnetic disk device having a
dimensional allowance, a gap between parts and the thickness
of housing or cover can be increased for enhancing a
resistance against deformation during handling. Also,
if a head smaller than the pico-slider is realized, three

magnetic disks can be easily mounted. 1In addition, if the



I s a package chanber 26 including the housing 17 and a package cover 23.
The conponent Gis a PCMCIA connector 24 fixed by the housing 17 and the
package cover 23. 16 The outer
di mensi ons of the magnetic disk device 1 in this enbodinent are, for
exanple, set as follows: a total length L = 85.6 mnm width W= 54.0 mm
device thickness H= 4.9 nm thic ss Hl of each of projections provided
on both the ends of a nmain body in"the longitudinal direction = 3 nm and
wi dth of the projection WL = 3 nm These di nensions of the magnetic disk

det o L) RhRt 8 PR 5 ) B e Hao el e T ShURR (1)
in combination with.a clamp member, a clamp strength can be
reinforced.

Fig. 13{(c}, taken on line 203-203 of Fig. 12, shows a
boundary portion between the disk/actuator chamber 25 and the
package chamber 26. The housing rib 18 at the boundary
portion has a cutout portion 27 for head locading, and a cutout
portion 28 for extending the head/coil FPC 14 and the motor
FPC 15. Projections 19a and 19b provided on the disk/actuator
cover 19 are fitted in the cutout portions 27, 28 to close
them, respectively. The mating faces respectively formed
between the cutout portions 27, 28 and the projections 19a,
19b are bent stepwise in the direction of the thickness of the
device. In this embodiment, each mating face is closed by a
tape seal 29 (shown cross hatch lines for clarity) with a
width portion selectively exten&ed to cover a stepwise bent
portion of the mating face, to prevent external dust from
permeating the HDA, thus ensuring high reliability. The
details are described with reference to Figs. 6 and 7. It is
noted that the housing 17 is also shown in cross section by
cross hatching.

The circuit board 21 of the control package 22 is
positioned at a center of the device in the thickness
direction. The integrated circuit elements 20 such as an IC
or LSI and electronic circuit parts are mounted on both

surfaces of the circuit board 21. One-end of the head/coil



boundary portion between the disk/actuator chanber 25 and the

extended to cover a stepw se bent Efrtion of the mating face,

ext ernal diistcyitorRqrardredl itiyougd H

package
chanber 26. The housing rib 18 at the boundary portion has a cutout
portion 27 for head | oading, and a cutout portion 28 for extending the
head/ coil FPC 14 and the nmotor FPC 15. Projections 19a and 19b provi ded on
the di sk/actuator cover 19 are fitted in the cutout portions 27, 28 to
close them respectively. The mating faces respectively fornmed between
the cutout portions 27, 28 and the pr%?ections 19a, 19b are bent stepw se
in the direction of the thickness of the device. In this enbodinent, each
mating face is closed by a tape seal 29 (shown in w dely spaced
cross- hat R 14 rand fahre myitar (RPC Aaviemg electrhcpblyi oonsetteed i wel yhe

to prevent

It
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is to be

The details will be disclosed with reference to Figs. 6 and 7.

not ed thatl%oﬁ%ga@@]se'sﬁomqiﬁg type connector 81 shown in Fig. 11

is used. A positicning hole 73-a and a fixing hole 73-¢ are
located at such positions as to put the connector 16
therebetween. The connector 16 (connector 81l) and the FPCs
are clamped in the direction of the thickness of the device by
the fastening force of a screw 73-d4 passing through the
positioning hole 73-a and a screw (not shown) passing through
the fixing hole 73-¢, so that a conductor 82 of the connector
81 is deflected to and brought in pressing engagement with the
head-coil FPC 14 and the motor FPC 15. This is effective to
keep a sufficient electric connection between the conductor 82
of the connector 81 and the head-coil FPC 14 and the motor FPC
15 due to deflection of the conductor 82.

Referring to Figs. 14, 15,-16, a specification in which
the device thickness is set at 5 mm or less for a magnetic
disk device having three magnetic disks will be described.

Fig. 14 is an enlarged view of the head/disk mounting
portion shown in Fig. 12. Referring to Fig. 14, a thickness
of a pico-slider 103 is 0.3 mm in accordance with IDEMA. The
mass of the pico-slider 103 is about 1/3.5 of that of the
nano-slidef. As a result, it becomes possible to obtain an
impact/vibration resistance and a floating characteristic that
is basically similar to those in the case of using the nano-

slider by reducing the mass of the suspension 5 to about 1/3.5



17 Fig. 2(c) in cross section with relatively narrowy spaced Cross
hat chi ng. The circuit board 21 of the control package 22 is
positioned at a center of the device in the thickness direction. The
integrated circuit elements 20 such as an IC or LSI and the electronic -
circuit parts are mounted on both surfaces of the circuit board 21

One-end of the head/coil FPC 14 and ghe notor FPC 15 are electrically
connected to the <circuit board 21 t%rough t he connector 16. As the
connector 16, for exanple, a spring type connector 81 shown in Fig. 11 is
used. A positi hole 73-a and a fixing hole 73-c are |ocated at such

nin
posi ti ons@8& nglﬁugefiHélESnWé%t}6?34610%41&%5&%#./3‘Fﬁe cThvset 8 16

(connect or 81L and th EPCS are plaq?eﬂ in the direction of the thickness
of the deWPRiE pgss of the suspension 5 is ¢ anged from 0.064 mm in this

embodiment to 0.025 mm, and a height 111 of an arm integrated
type suspension becomes about 0.325 mm in the case of using a
pivotless supporting system. A thickness 112 of the disk is
0.305 mm (0.012 inch), a thickness 113 of the housing is 0.4
mm, a thickness 114 of the disk/actuator cover is 0.4 mm, a
gap 115 between the head at the arrangement end (the
suspension 5 supporting the pico-slider 103} and the housing
is'0.2175 mm, a gap 116 between the head at the arrangement
end and the disk/actuator cover 19 is 0.2175 mm, and a gap 118
between the heads is 0.4 mm. The total thickness 117 becomes
4.9 mm. This proves that a head/disk mounting portion having
a thickness of 5 mm or less can be realized.

The head load is reduced to about 1/3.5, that is, it is
changed from 3.5 gf to 1 gf. There is a possibility of a head
load of about 0.5 gf. Accordingly, the total head load
becomes (3 to 6) gfXcm [= (0.5 to 1) gf X 6 (heads)]. In the
case of using the pico-slider 103, a magnetic disk device
eliminates the necessity of providing a load/unload mechanism
upon startup of rotation of the magnetic disks 2.

Fig. 15 is an enlarged view of a spindle portion shown in
Fig. 12. Referring to Fig. 15, a thickness 112 of the
magnetic disk 2 is 0.305 mm, a thickness 125 of the spacer 94
is 1.05 mm, a thickness 121 of a hub flange 3a of the spindle

3 is 0.2925 mm, a thickness 122 of a clamp 95 is 0.3425 mm, a



the fastening force of a screw 73-d passing through the positioning hole
73-a and a screw (not shown) passing through the fixing hole 73-c, so that
a conductor 82 of the connector 81 is deflected to and brought in
press-contact with the head- coil FPC 14 and the notor FPC 15. This is
effective to keep sufficient electric contact between the conductor 82 of
the connector 81 and the head-coil FPgy14 and the notor FPC 15 due to
defl ection of the conductor 82. lg. 3 is an enlarged view of a
nmounting portion of the sliders 4 and the magnetic disks 2 in the HDA

a_ speci lon.,in which a thickness

Shown |1 B ko, bEEYRER, B! b 812850 %208 Mo b W 5 L)
mm, a gap 124 between the clamp 95 and the disk/actuator cover
19 is 0.2 mm, a thickness 113 of the housing is 0.4 mm, and a
thickness 114 of the disk/actuator cover is 0.4 mm. The total
thickness 126 becomes 4.9 mm. This proves that the head/disk
mounting portion having a thickness of 5 mm or less can be
realized.

Fig. 16 is an enlarged view of an actuator portion in
Fig. 12. Referring to Fig. 16, a thickness 131 of the guide
arm integrated type suspension is 0.15 mm, a thickness 132 of
the coil holder is 0.45 mm, a thickness 133 of the first
spacer 1is 0.605 mm, a thickness 134 of the second spacer is
0.45 mm, a thickness 135 of a pivot sleeve flange 8a is 0.2425
mm, a gap 137 between the end surface of the pivot sleeve 8
and the housing 17 is ¢.15 mm, a gap 136 between the pivot
sleeve flange 8a and the disk/a;tuator cover 19 is 0.2 mm, a
thickness 139 of the housing is 0.25 mm, a thickness 140 of a
pivot clamp is 0.2425 mm, and a thickness 138 of the
disk/actuator cover is 0.2 mm. The total thickness 150
becomes 4.9 mm. This proves that an actuator portion having a
thickness of 5 mm or less can be realized.

Thus, in this eﬁbodiment,_three magnetic disks 2 can be
mounted in a housing having a device thickness of 5 mm or
less. Accordingly, it is possible to realize a magnetic disk
device having a large capacity with a small and thin

structure.



whi ch the magnetic disk device 1 has two magnetic disks is disclosed.
Wth respect to a slider size of a nano-slider, manufacturers have agreed
to a specified size (thickness: 0.4 to 0.43 nm recommended by | DEVA. As
the slider 4 showmn in Fig. 3, the nano-slider 40 is used. A prototype arm
I nt egrated suspension using a suspension of Type 1950 produced by
Hut chi nson Technol ogy I ncorporated (USA) has a height 31 of 0.582 nm A

t hi ckness of the suspension 5 is 0.068lnm a thickness 33 of the magnetic
disk 2 is 0.381 mm(0.015 inch); a thickness 35 of the housing 17 is 0.4
mm a thickness 34 of _ the disk/actuator cover 19 is 0.4 nm a gap 36

bet ween t he (MHQ%rﬁ%ﬁl%%kﬁ@n§P§pdQSEﬁGCFHétﬁﬁuﬁmﬁ@bqy 3 I mi2a gap
0. 302 mm A BE Y ST WBGh DN SARANBASPPHCRE dOPCT HRG AT Lhe
suspensi ons s 0.406 The total, {hicknpes 39 becones 4.9 mm_This
proves thaﬁe%% ﬁi%v?nﬁ%un?i'né aﬁGr%roﬁn a%g?nﬁe OT i CHNR SR 253 1Ty ¢
less Canl%%éé%ﬁé‘é%pomitted. The mounting of the connector can also be
performed in the same manner as described with reference to
Figs. 9, 10, 11, and therefore, the explanation thereof is
omitted.
Embodiments 3 and 4

The magnetic disk devices of Embodiments 3 and 4 have
several components. The first three components for each of
these embodiments are the same three components A-C described
with reference to Fig. 1 and Figs. 2{a)-2(c). Accordingly, a
description of these three components is omitted. Further,
elements of these embodiments that are in common with those of
embodiment 1 are shown with the same reference numbers, and
only new or modified elements a;e described with new reference
numbers.

Fig. 17 is a plan view of a configuration of the third
embodiment of the magnetic disk device of the present
invention, with parts partially cutaway to show the interior
of the device. Fig. 18{a), 18{b) and 1i8{c) are sectional
views taken on lines 301-301, 302-302, and 303-303 of Fig. 17,
respectively.

Referring to Fig. 17 and Figs. 18{a) to 18(c)}, and
recalling that a detailed description of the first through

third components thereof has been deemed unnecessary, a fourth



using comercially avail abl e parts assenbl ed according to the present

I nventi on. Fig. 4 is an enlarged view of the spindle portion shown

in Fig. 1 and Figs. 2(a) to 2(c). Referring to Fig. 4, the specification
in which a thickness of the spindle portionis set to be at 5 mmor |ess

I s explained for a magnetic disk device 1 in which two di sks are nounted.
19 A thickness 33 of the magnetic disk 2 is 0.381 nm a

t hi ckness 41 of the spacer 94 is 1.57 @& a thickness 42 of a hub flange
3a of the spindle 3 is 0.5 nm a thickness 43 of a clanmp 95 is 0.684 mm a

gap 44 bac‘f@ﬁ?oﬁgﬁ h&:'xtfc%xl.\éggea el?oﬁl%g the éﬂousslu?:%oerng ghge'lslp%la gap 45
etween the c

system la and the actuator system 1b. The fifth component is
a control package 22 assembled by integrated circuit elements
20 such as an IC or LSI, electronic circuit parts {(not shown)
other than the integrated circuit elements 20, and a circuit
board 21. The sixth component is a package chamber 26
including a housing 17 and the package cover 141. The seventh
component is a PCMCIA connector 24 fixed by the housing 17 and
a cover 141.

The magnetic disk device in the embodiment shown in Fig.
17 and Figs. 18(a) to 18(c) has a sealing structure in which a
disk/actuator chamber and a package chamber are sealed
together. Specifically, the circuit board 21 of the control
package 22 is adhesively mounted in a groove 142 provided in
the housing 17 (see Fig. 18(c)) such that a main surface of
the circuit board 21.is at the ;ame level as the mating face
of the housing 17 is to the cover 141, and a packing 143
(shown by cross hatching for clarity) is held between the
mating face of the housing 17; part of the circuit board 21,
and the cover 141, to thus ensure a good seal. This makes it
possible to prevent external dust from permeating into the
interior, and hence ensures a highly reliable magnetic disk
device.
Embodiment 4

Fig. 19 is a plan view of a configuration of a fourth

embodiment of the magnetic disk device of the present



t he di sk/actuator cover 19 is 0.2 nm a thickness 35 of the housing 17 is
0.4 mm and a thickness 34 of the disk/actuator cover 19 is 0.4 nm The
total thickness 48 becones 4.9 mm This proves a spindle portion having a
t hi ckness of 5 nmor |ess can be realized according to the invention.

Fig. 5is an enlarged view of the actuator portion shown in Fig. 1 and
Figs. 2(a) to 2(c). Referring to Fig._5, the specification in which a

t hi ckness of the actuator portion is 33et at 5 nmor less is expl ai ned for
a magnetic disk device 1 in which two nagnetic di sks are nount ed. A

0.3 mm a-KFEkABS 8 %r%?aﬁ;é”%&-"%wa&?& Has % <e>81§‘3%?t S ey
"< 0 517 ARe 38CFRpRThRicd '%ﬁ%?%?ﬁ%kﬁ”es o 00254 PE 96T, o gap

54 betwegp,th e of the pivot sleeve 8 and t he hou5|ng 17 is
0. 166 nn1$g3 ?eggggéy&éf% the pivot sleeve flange 8a and the

di sk/ act uat or Eﬂvﬁléged\ﬁo@u@em 2 iR 32 Bhamber 25 is

separated from a package chamber 26 in such a manner as to
ensure a high sealing performance of the disk/actuator chamber
25. This embodiment is different from Embodiment 1 in that a
packing is used for sealing.

Referring to Fig. 19 and Figs. 20(a) to 20(c), and again
recalling that the description of the first through third
component parts have been préviously described with reference
to Embodiment 1, the magnetic disk device 1 has a
disk/actuator chamber 25 as a fourth component including a
housing 17 for supporting the spindle system la and the
actuator system 1b, a housing rib 18, and a disk/actuator
cover 19. The fifth component {s a control package 22
assembled by integrated circuit elements 20 such as an IC and
LSI, electronic circuit parts (not shown) other than the
integrated circuit elements 20, and a circuit board 21. The
sixth component is a package chamber 26 including a housing 17
and the package cover 23. The seventh component includes a
PCMCIA connector 24 held and fixed between the housing 17 and
the package cover 23.

In this émbodiment, the disk/actuator chamber 25 is
separated from the package chamber 26, and a packing 151 is

held between the housing rib 18 and the disk/actuator cover 19



the housing 17 is 0.25 mm a thickness 56 of the disk/actuator cover 19 is
0.2 mm and a thickness 57 of a pivot clanp 30 is 0.35 mm The total

t hi ckness 58 becones 4.9 mm This proves
20 that n actuator portion having a thickness of 5 nmor |ess can be
realized according to the invention. In summary, the magnetic disk

devi ce having two magnetic di sks espg&kally as showmn in Figs. 3, 4, 51is
proven to satisfy a specification in ich the device thickness (H) is
set at 5 mmor less. Accordingly, in this enbodinent, it is possible to

realize a magnetic di sk device havipg a | arge no capacity with a snal
and thin §PrgBSGP€9 tie seaigng perfékmanceg%f the Jfgk J%tua or

chamber 25 (note that the narrowly spaced c¢ross hatched lines
show the packing 151 and the wider spaced ones shown in Fig.
20(c) show a cross-section of the housing).

A recessed portion 18a is formed in the housing rib 18
facing to the control package 22 for ensuring a space for head
loading, and a projection 19¢ to be fitted in the recessed
portion 18a is formed in the disk/actuator cover 19. Both
ends of the recessed portion 18a of the housing rib 18 are
formed into smooth slant surfaces 18b. The packing 151 is
mounted slantingly along the slant surfaces 18b (see Fig.
20{(c)). 1In Fig. 20{(c), only one of the slant surfaces 18b can
be viewed from the viewing angle of this figure.

In this case, both the extension of the head/coil FPC 14
and the motor FPC 15 and the improvement in sealing
performance can be realized by aolding the head/coil FPC 14
and the motor FPC 15 together with the packing 151 between the
housing rib 18 and the disk/actuator cover 18. Thus, it is
possible to prevent dust from permeating from the exterior,
and hence to ensure a high reliability of the magnetic disk
device.

Although the structure shown in Fig. 19 contains two
magnetic disks 2, it may alsc be applied to the case
containing only one magnetic disk 2. In this case, the mating
face between the disk/actuator cover 19 and the housing 17 can

be flattened while a gap for head loading is ensured by



In.this enbodi nent, especially shown in Figs. 3, 4 and 5, since the
nano-slider 40 is used as the slider 4, a head load 1is about 3.5 ¢gf.
Assum ng an inter peripheral CSS (Contact Start Stop) and a friction
coefficient = 1, the total head |oad upon start of the notor becones 14 gf
Xecm[ =3.5gfF X 1 cmX 1 X 4 (nunber of heads)]. On the other hand, in
the case of using the spindle motor 93kaving dimensions being small
enough to be contained in the inside dianeter portions of two pieces of
the 1.8 inch magnetic disks as shown in this enbodinent, it has been known
by exam nation (calculation) that a starting torque allocated for head

| oadi ng i ssebbing6thgf hXight evrthd Mwuwitng rdpadd isachexhatzetdeamdtang
dynam ¢ bearing 10 having high inpact resistance is used. As a result, it
i s requirefiace agdeiighblyylewemithan cddvtufosdie weohani shronghoshowhy for
separating the slider 4 fromthe surface of the magnetic disk 2 upon
starting tRRCEBRPEBAPBETYt PR theymatiagdifacez.

In the configuration shown in Fig. 19 and Figs. 20(a) to
20(c), since the packing 151 passes through the head loading
portion, a gap between the disk/actuator cover 19 and the
cutermost magnetic disk 2 is narrower than that in Embodiment
1 shown in Fig. 1 by 0.05 mm; a gap between the magnetic disks
2 is narrower than that in Embodiment 1 by 0.1 mm; and a gap
between the housing 17 and the lowermost magnetic disk 2 is
wider than that in Embodiment 1 by 0.15 mm, to thus ensure a
mounting space of the packing 151.

As described above, in each embodiment of the present
invention, two or three magnetic disks can be mounted in a
magnetic disk device having a device thickness (H) of 5 mm or
less. This proves that a magnéEic disk device having a large
capacity with a small and thin structure can be realized.
Moreover, a high sealing performance of the disk/actuator
chamber 25 for containing magnetic disks 2 can be ensured.
This proves that a magnetic disk device having a high
reliability can be realized. In particular, the magnetic disk
device of the present invention substantially satisfies the
PCMCIA standard, and is usable in a state in which it is
mounted in a PC card slot provided in a portable small-sized

information processing apparatus.



21 Fig. 6 is an enlarged perspective view of a tape seal portion
adhered to the cutout portion 27 for head | oading which is forned in the
housing rib 18 shown in Fig. 1 and Figs. 2(a) to 2(c). The cutout portion
27 for head loading is required to be forned in the housing rib 18. On

t he ot her hand, the projection 19a to be fitted in the cutout portion 27
is provided on a portion of the disk/ag#yator cover 19. A tape seal
having a width portion selectively extended to cover a stepw se bent
mati ng face between the cutout portion 27 and the projection 19a is

adhered to the gmpting_portion %$ rOVId ade u in
Fig. 7 is an enggfa %8F§§58§ %ék J“iéb % %p%FFﬁﬁnw&gﬁered to
the CUtOUtsggét %étggis?xEurégégle%bodlments modifications and
variations are contemplated according to the broader aspects
of the present invention, all as determined by the spirit and

scope of the following claims.



FPCs which is formed in the housing rib 18 showmn in Fig. 1 and Figs. 2(a)
to 2(c). The cutou%—peLLLan_Zﬁ_LQL_Egtendlng the head/coil FPC 14 and the

nmotor FPC 15 is f rib 18. On the other hand, the
proj ection 19b toolmumﬂ‘mmj cut out portion 2

portion of the disk/&ctuater n- 19. A tape seal Zyiﬁﬁﬂﬁﬁﬁ%s H&EPe| t o
cover a stepw se bent mating face betwgen the cutout por t REFFACER and l
projection 19b is adhered to the natWﬁg face, to thus provi de adequate
seal i ng. In addition, the structure extending the head/coil FPC 14
and the notor FPC 15 through the housing rib 18 is not |limted to that
shown in ELHIMZ. For exanple, the follow ng structure shown in Fig. 8 may
be adopt ed.

1. A magnetic disk device, comprising:

said magnetic disk device having an outer thickness
of 5 mm or less, including:

a head/disk assembly having: a spindle for mounting
a magnetic disk; a spindle motor for driving said spindle in
rotation; a housing for rotatably supporting said.spindle
through a first bearing; a transducer for writing/reading
information to/from said magnetic disk; an actuator including
a slider for mounting said transducer, a suspension for
supporting said slider, a guide arm for supporting said
suspension, a second bearing for mowvably guiding said guide .
arm in the radial direction of said magnetic disk, a coil
supported on the other side of said guide arm from said
suspension with respect to said bearing, and a magnetic
circuit supported by said housing for driving said guide arm
in cooperation with said coil; and a cover for forming an
enclosed space for containing said magnetic disk and said
actuator in cooperation with said housing;

a control package including electronic parts for
controlling said head/disk assembly and a circuit board for
mounting said electronic parts; and

said head/disk assembly supporting at least two of

said magnetic disks. —
Has Been Replaced
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22 Fig. 8 is an enlarged sectional view of a structure of a
t hough-hol e 61 through~which—the—+PXs extend bypassing the housing rib 18.

The through hole ’H!Jm Mmmm base end of the housing rib 18 in the
magneti c di sk dev l 1 and Figs. 2(a) tM@s4tfET 4 S

Specifically, throligh®hote %1% s* fdrned in a | ower pﬁrtlonR LAE@gBﬁ@ﬁa
rib 18 for extending the head/coil FP§3 14 and the no e
di sk/ actuator chanber 25 to the package chanber 26 therethrough. After the

head/ coi | FPC 14 and the nmotor FPC 15 pass the through-hole 61, the

t hrough-hole 61 is burled wnt n _adhesive 62,,to0 inprove a sealing
perfor mance of 4he® glléﬁﬂevﬁ?etﬂﬁf’"ﬁuﬁg Hordiohy of r}’er

head/ coi | .FP and r 15 ex fromthe housing tp the
exterior areg &}‘Yb)?' otséé '\939?8 £ ‘ngkS mou r'?%ﬁcg di sk
device 1 haV|c%_a hlgh rellablllty can be realized using each of the
above- descHBe seallng structures for the HDA (disk/actuator chanber 25).

3. A magnetic disk device according to claim 1, wherein

ng

said first bearing for supporting said spindle on said housing
is a dynamic bearing; and

said actuator is constructed so that said slider and
said guide arm are fixed on a same surface of said suspension,
and a coil holder for supporting said coil and secured to said
guide arms.

4. A magnetic disk device according to c¢laim 1, wherein
said magnetic disk device is separated into a first chamber
for containing said magnetic disks and said actuator and a
second chamber for containing said contxrol package, a housing
rib projecting from said housing to surround said first
chamber in which said magnetic disks and said actuator are
disposed, and first and second covers in close-contact with
said housing rib.

5. A magnetic aisk device according to claim 1, wherein
said magnetic disk device is mounted in a PC card slot and
said magnetic disk device has a design specification in accord
with PCMCIA/JEIDA standards.

6. A magnetic disk device according to claim 1, wherein
said guide arm are fixed together with said slider on a same

surface of said suspension.

This Sheet Has Been Ry eplaced
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Figs. 9, 10, 11 are sectional views show ng various configurations of the

connector for connecting the head/coil FPC 14 and the notor FPC 15 to the
circuit board 21-of—the contror ackage 22. The cgonfiguration shqym
in Fig. 9 uses an uﬂﬁﬁl“ K E or 71 having a struct Y Sq e—
conducti ng Iayers‘ ; | ayers are lamnated o ea%&wghﬁggz or ja
structure in which a®pllur |ty of conduG9|ng portions §F§=ﬁfapped—mr+h-Jan

insulator. In the connector shown in Fig. 9, the elastic _ _
23 connector 71 has a plurality of conductor patterns which extend in the

t hi ckness direction and are, exgosed to, both the upper and | ower surfaces.
The el astic confect m?gnﬁglﬁe sk device, comprising:

said magnetlc disk device having an outer thickness
of 5 mm or less, including:

a head/disk assembly having: a spindle for mounting
a magnetic disk; a spindle motor for driving said spindle in
rotation; a housing for rotatably supporting said spindle
through.a first bearing; a transducer for writing/reading
information to/from said magnetic disk; an actuator including
a slider for mounting said transducer, a suspension'for
supporting said slider, a guide arm for supporting said
suspension, a second bearing for movably guiding said guide
arm in the radial direction of said magnetic disk, a coil
supported on the side of said guide arm, and a magnetic
circuit supported by said housing for driving said guide arm
in cooperation with said coil;.and a cover for forming an
enclosed space for containing said magnetic disk and said
actuator in cocperation with said housing;

a control package including electronic parts for
controlling said head/disk assembly and a circuit board for
mounting said electronic parts;

said magnetic disk device being separated into a
first chamber for containing said magnetic disks and said
actuator and a second chamber for containing said control
package, a housing rib projecting from said housing to

surround said first chamber in which said magnetic disks and

This Sheet Has Been Replaced
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and defl ected between the circuit board 21 and the head/coil FPC 14 and
the notor FPC 15, so that a group of connecting termnals (not shown)
exposed to the upper surfaces—eof—the head/coil FPC 14 and the notor FPC 15
on t he housing e simGnmia | y connected through nductor-—--~
patterns to a émm!mlul mwml‘ug terminals (not sh “%?Ee g S REEN,

| ower surface of*tffe ¢irtuit board 21 in a specifie &2 I on.
Such an el astic connector 71 is commer®fally available by several makers.
Since the circuit board 21 is positioned with respect to the head/coil FPC
14 and the nmptor FPC 15 by the positioaing gins %2 Oty%ge FPCs and the
posi ti oni RIKbIAEEUERF ARF AiSPor8RnedAnt {hBt RS FE YA VEES (ke Fig.
1), the positioning of the elastic¢c connector 71 is not required. For

exanpl e, &HﬁiﬂﬁqQﬁ%Qﬁf<ﬂ%§@'?élgo OH8LBFnH*°i he el astic connector 71 may be

| ded t he | Sur f .of .th ' L1 d 21, Fig. 10 sh
gagrlhe(ra cggf i gﬁr a?},\eos:?"a”mt%gl%(’f&%ngﬁ?gr?‘Ij‘égﬁl'llefhgo‘gfe%g aal%oln?‘?esctt Oq:{e?@ rab\s;i 3\3}3

on the m'f%%étlgggfiﬁgL§¥y%cture, a second sealing structure, and a

third sealing structﬁre;

said first sealing structure for sealing a first
cutout portion for head loading provided in said housing rib;
said first cutout portion being closed with a first projection
formed on a portion of said first cover; and said first
chamber being sealed using a tape seal having a width portion
selectively extended in accordance with a shape of said first
cutout portion;

said second sealing structure for sealing a second
cutout portion through which extends a flexible printed
circuit board used for transmission/reception of at least one
of a power signal or an electric signal between said head/disk
assembly and said control package; said second cutout portion
being closed with a second projection formed on a portion of
said first cover; and said first chamber being sealed using a
tape seal having a width portion selectively extended in
accordance with a shape of said second cutout portion; and

said third sealing structure for sealing a through-
hole passing underneath of said housing rib through which
extends a flexible printed circuit board used for
transmission/reception of at least one of a power signal or an

electric signal between said head/disk assembly and said

This Sheet Has Been Replaced
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a connector 75 provided on the head/coil FPC side 14 and the notor FPC 15.
Specifically, the—wale connector 76 having a pin-type conductor 77 is
nmount ed on the ci ryguuiy and the conductor 77 is connected to the
circuit board 21 dﬂ"'ﬂ#ﬂg“ﬂﬂﬁﬂﬂ@ the femal e connedigfs /durRi MASCERENOD t he
24 head/ coil FPC*l4can r FPC 15, a cyIinaﬁicaIRgmndnmior 9
into which the pin-like conductor 77 igl pressed is ‘eonmected 10 a
conductor pattern (not shown) formed on the head/coil FPC 14 and the notor

FPC 15 by neans of a solder 78. The disposition of the male and fenale
connectors may he reversed with _ respect to eacgaolher. Thetgpsitiqning of
|

the conn&SEST7P I and §eifof hEC LSRMEPEhPHRT 1S5S i iiosing

said through-hole with an adhesive.

8. A magnetic disk device according to claim 7, further
includihg only two of said magnetic disks mounted on said
spindle.

9. A magnetic disk device according to claim 7, wherein
said magnetic disk device is mounted in a PC card slot and
said magnetic disk device has a design specification in accord
with PCMCIA/JEIDA standards.

10. A magnetic disk device according to claim 7, further
including a connector for connecting said flexible printed
circuit board to said circuit board for mounting said
electronic parts.

11. A magnetic disk device according to claim 10,
wherein said connector is an elastic connector.

12. A magnetic disk de&iéé according to claim 10,
wherein said connector includes a socket and a pin, each
respectively mounted on one of said flexible printed circuit
board and said circuit board.

13. A magnetic disk device according to claim 10,
wherein said conneétor includes a spring biased connector
structure mounted on one of said flexible printed circuit
board and said circuit board and resiliently engaging the
other of said flexible printed circuit board and said circuit

board.

This Sheet Has Been Replaced.
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72 of the FPCs and the positioning holes 73-a, 73-b of the <circuit board
21 (see Fig. 1) ————+Fg. 11 shows a further configuration of the

connector. A spA“wm r 81 [for exanple, "Anp P2" (trade nane)
manuf act ured by ﬂﬂmf lj

i (! provided on the cir quirigs &
posi ti oned and preSsed tto engs he head/coil FPC lj ang JEENPL 15
for electric connection. Specifically, the positioni ctor 81
is perforned wusing the positioning ns 72 of the FPCs and the positioning
hol es 73-a and 73-b of the circuit board 21 (see Fig. 1). An
approxi mately L-shaped el astic conductor 82 of the connector 81 is
connected at i ti¢ .bdsdagnetis dhekcievire, beRFRrPAing: a solder 78, and is
el ectrically pressed at its leading end to the conductor atterns (not
shown) of the head/ &iid mnfﬁlﬁnél*h@e%?%rh?ﬁ@ﬂ?’bf TS t he
conductor 82. The head/coil E g 14 and the nmotor FPC 15 are adhered to the
speC|f|edCEb§|FWbﬁ§7 SShe LRGIEFLEI17 by an adhesive tape or the like. The

connector 16 shown |n F%%/dlsﬁd ngmgfythVing: a spindle for mounting

e

a magnetic disk; a spindle motor for driving said spindle in
rotation; a housing for rotatably supporting said spindle
through a first bearing; a transducer for writing/reading
information to/from said magnetic disk; an actuator including
a slider for mounting said transducer, a suspension for
supporting said slider, a guide arm for supporting saiad

" suspension, a second beariﬁg for movably guiding said guide
arm in the radial direction of said magnetic disk, a coil
supported on the side of said guide arm, and a magnetic
circuit supported by said housing for driving said guide arm
in cooperation with said coil; and a cover for forming an
enclosed space for containing said magnetic disk and said
actuater in ceoperation with said housing;
| a control package including electronic parts for
controlling said head/disk assembly and a circuit board for
mounting said electronic parts;

wherein a groove having a depth approximately equal

to a thickness of said circuit board extends along a portion
of a mating face between said housing and said cover; said
circuit board is adhered by an adhesive in said groove such
that a main surface of said circuit board is at a same level

as that of said ﬁating face of said housing; and a packing is

This Sheet Has Been Replas
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spring type connector 81. 25
Enbodi nent 2 12 is a plan view of a configuration of another
enbodi ment . of the ’}5 vi ce of the present nvention.. w-th
parts partially c /’;— lyl a), 13(b) and 13(c) AFES SERAT HARPERN dws
taken on |lines 201-% W‘ 03-203 of Fig. 12, respectHEPRAGED
The magnetic di sk deV|ce in’ tHISt nbodizment shown in Fig. 12 and Figs.
13(a) to 13(c) is substantially simlar in basic configuration to that
shown in Fig. 1, and therefore, parts corresponding to those shown in Fig.
1 are indigﬁt%p wi.th the

el between sald mating face including said main surface of

said circuit board and said cover so that said magnetic disk
and said actuator are sealed together with said control
package in a common chamber.

15. A magnetic disk device according to claim 14,
wherein said magnetic disk device is mounted in a PC card slot
and said magnetic disk device has a design specification in
accord with PCMCIA/JEIDA standards.

16. A wmagnetic disk device according to claim 14,
further including only two of said magnetic disks mounted on

said spindle.

Sheet Has Been Replaced.
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Al t hough

sane characters and the explanation thereof is omtted.
Enbodi nent 1 showr—n—Fig- and—F-gs. 2(a) to

for nounting-two '

13 (&) to 13(c) hgg&Qﬁ&& b it meron for mounting thr
this enbodi ment, hpEl 1™ gih W2 of a projection
nmm fornmed on each #lising 17

a mating apparatus (not shomm) must be J¥f
Type (I1), 3 mmto a standard val ue
cont ai ni ng space for the

of Type (I11),
i ncrease@nunber of the nmagneti c

f

L0 -t

=3

ol

o1 UL

gg be fitted
ged froma standard val ue of

2(c) has t he configuration
he enbodi nent shown in Fig. 12 and Fi gs.

TR,

r\'\rnl
AT U

In
3
of

1.5 mmfor ensuring a
ks -The

8

shapes of the PC card slots of infgrmation processing apparjatus

comercially ay T
specifications fpe (11) and Type (I111), and acceydi ngly, fied
speci fication d pe (11) in which the wi dt h(Qe |sh~
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26

of HDD is popul ari zed,

changed to 1.5 mm as the standard val ue of Type (I11) can be

substantially distributed as the specification of Type (Il). If Type (II)
the standard value of the width W2_in Ty
ed with the existing value, 3 nm ;ﬁﬁiﬂMHkﬁBEﬁN

desirable to be unifi
Enbodi mrent 1) to the
Enbodi nent 2).
t hi ckness of 5
sl i der
t he nano-sli de
fromO0.381 nm (0}

11 ess can nount three magnetic disks 2 is
bm a nano-slider to a pico-slider
M and the thickness of

st andard val ue

Type (111), 1.5 nn1(w&ﬂbh@ﬂm in
The reason why

magneti c di sk ¢evité having a
t hat the
smaller in size than
a magnetic disk 2 is changed
0.305 nm (0.012 inch).

i

I nch) to

reports that @he co-slider has alnost come into practfgal and a
magneti c di#g 21 ng a thickness of about 0.305 mmis rumﬁﬁﬁz,m? ,d
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devel opment. The pico-slider and the magnetic disk 2 having a thickness of
about 0.305 nm are expected to be produced on a large scale after two or
three years. If so, it is possible to realize a magnetic di sk device
having a thickness of 5 mm or less in which a pico-slidecdis_used.and—two
magnetic disks are nounted. In such a magnetic di sk deyid8S RHEEhYA BEEN
di nensi onal al |l owance, a gap between parts and the thickness REFEARBYIS| ng lor
cover can be increased for enhancing as3zigsistance agai nst deformation
during handling. Also, if a head smaller than the pico-slider is realized,
three magnetic disks can be easily nmounted. In addition, +the

27 magnetic di sk 2 and gui de arm are fastened using an ad SQNQEMsBuqummai
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I n-.conbination with a clanp nenber,

Fig. 13(c),
bet ween the di

housi‘ng rib 18 at t
| oadi ng, and a cuto

t he notor

takeanaﬁmuﬁ%

i

sk/ ac

bl

a clanp strength can be

B@8 RAGE:dof Fig. 12,
25 and the

ortion has a cutout pEE?EFSOWE?TH@BEﬁI\GCh
for extending the headlcofEPHEEDI4 and

FPC 15. Projections 19a and 198/ 14

rei nforced.
shows a boundary portion
package

ovi ded on the disk/actuator

cover 19 are fitt in the cutout tlons 7 28 to close them
respectively. |The ting faces res |veI forned between the cutout
ti 27, A8 d4nd the projiectiaons ’IQn Jgjl ar epwi-se
g?ﬁet??in of te rhifkaes jopent d
face is closed Oy a 1 S 0 < h"Lrh tHrres—for—
with a width s el edd i Xe tand a‘?f\y*ﬁﬁ epvi se If
portion of the matilhg KgCe, t r event éx [ el t
HDA, thus ensudring [hingh rellﬁbllqty Fhe—d ' +edpnt
reference to Figs. — g
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hat chi ng. The circuit board 21 of the control package_ 22 REg;
positioned at a center of the device in the thickness directior
integrated circuit elements 20 such as an IC or LSI and electronic circu
parts are nounted on both surfacesspfq the circuit board 21. One-end of the

head/ coi | 8 PC-14) and t he notor
FPC 15 are el ect r/| ca(@ c6necte i i rodéh t he
connector 16. As the connectag i e connector 81

shown in Fig. 11 is useg- I tioni ot 73-a and a fixiing hole 73-c
are

27
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Iocated at such positions as to put the connector 16 therebetween. The
connector 16 (connector 81) and the FPCs are clanped in the direction of
the thickness of the device by the fastening force of g.screw 73-d_passing
through the positioning hole 73-a and a screw (not shownTHISsSEENGIASIBREN]
the fixing hole 73-c, so that a conductor 82 of the conrnect or REBRUED

defl ected to andygrought in -@£SS|ng enga enent with the head-coil FPC T4
and the motor FBC’15. Thi g Ts %ffective ? keep a sufficient electric

connecti on W?‘qﬂm‘g! 82 of the connector 81 and-the head-coil

FPC 14 and t hte to deflection of the conductor 82.
Referring to Figs. 14, 15, 16, N fication in which e@@meanhwd

thickness is set at 5 mMmmor |e$ O?E% magnetic disk deV|ce
Fig. 14 is an enl arge
ig.

magnetic disks will be describ:'
1 12. Referring to Fig

head/ di sk mounting portj
t hi ckness of a pico-sli 'q?@ccordance with IDENA The
of that of the

mass of the pico-sli@# 1
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nano-slider. As a result, Ttbeceres—possible to obtain an

| mpact/vi bration resi apd
basically simlar toT?&?Q%&?SE; =%
reduci ng the mass of j: VT
and al so reducin
the suspension 5 is changed from 0. 064 in this
and a height 111 of an arm i ntegrated ﬂ@%

mmin the case of using a pivotl
the disk is
a thickness 114 of the disk/actjuator cover

bet ween t he hee/ud’Wr

29

mm

o

floating characteristic that

Thuco

$e of using the nfiMQre o T
5 to about 1/3.5 "fins sHEET HAS BEEN

REPLACED
i to about 1/3.5. & tﬁ:ckn

ess of

nmuo,

enbodi nent to 0.025 mm

0.305 mm (0. 012 inch)aya thickness 113 of the

is 0.4 nm _al g
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susp'ensi on 5 supporting the pico-slider 103) and the housing is 0.2175 mm
a gap 116 between the head at the arrangenent end and the di sk/actuator

cover 19°is 0.2175 mm and a gap 118 between the hea .s.0.4 mm The
total thickness 117 becomes 4.9 nm This proves that |arie3gket & s"g? j ng
portion having a thickness of 5 mmor |ess can be redlizedRrpLacep I[Ne [head

|l oad is reduced to gbout 1/3.5, that is, it is changed from35—gf~te-l
gf. There is a gossy ity of a head |qgdqof about 0.5 gf. Accordingly,
the total head &pady :bficones (3 to 6) gf X cm[= (0.5 to 1) gf X6

(heads)]. In the i of using the pico-slider 103, a NAGSRiet Kas BichReplaced
device elimn

diflnecessity of providing a | oad/unloa i pon
startup of rotatj ' } he magneti c 'di sks 2. Fig. 15/1 { led
n shown in Fig. 12. Referring to : h

view of a spind
t hi ckness 112 o pponetic disk 2 is 0.305 nm a thickness 125 of the
spacer 94 is ] t hi ckness 121 of a hub flange 3a of the spindle 3

is 0.2925 mm f&esstk 122 of a clamp 95 is 0.3425 nm a
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30. gap 123 between the hub flange 3a and the housing 17 is 0.25 nmm a

gap 124 between the clanp 95 and the di sk/actuator cover

t hi ckness 113 of the housing is 0.4 mm and a
di sk/actuator cover is 0.4 nm
This proves that the head/di sk

or | ess can be
portion in

armintegrated type suspension is 0.15 nm a thickness 132

realized.
Fig. 12. Referring to Figg/gg, a thickness 131 of the guide

Oifis Shedn BlastBebd Rep.

The t ot al
nounting portion having a §hi cCkRERISAGHD 5 mm
Fig. 16 is an enlarged view o _an actuator

t hi ckness 114 of the

hol der is 0.45 mm a thickness 133 of the first
t hi ckness 134 of the second spacer is
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0.45 mm a thickness 135 of a pivot sleeve flange 8a is 0.2425 mm a gap
137 between the end surface of the pivot sleeve 8 and the housing 17 is
0.15 mm *a gap 136 between the pivot sleeve flange 8a and the

di sk/ractuator cover 19 is 0.2 mm a thickness 139 of the housing.is.0.25
mm a thickness 140 of a pivot clanp is 0.2425 nmm | amis SHEET BASIBBEN 438 of
the disk/actuator cover is 0.2 mm The total thickhess RHPLAGEZONes {4.9
mm This proves that an actuator portillhaving a hr ckness of 5 mm or

| ess can be realized. Thus, in this enbodi nent, three magnetic disks
2 can be nmounted in a housing having a device thickness of 5 nmor |ess.

Accordingly, it is possible to realize a nagnetic disk de is She i placed
| arge capacity with a small and thin structure. H 'H 11 |ﬂ
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31 The sealm uator chanber 25 in Fig. 12 can be

performed in the saﬁﬁsm@ﬁ;B described with reference to Figs. 6, 7 and-

: Tac . . ) .
8, and therefore, the/mpl T *fhereof is onitted. B (e e ey 1
connector can al so bef : ’w ﬂn t he sane manner as [descr Ot
reference to Figs. 9, YRR N 1R t herefore, the expl ' |

omtted. Enbodinents 3 and 4 The magnetic di sk devices of

Enbodi rents 3 and 4 have several conporgréﬁ 4. The first three conponents
for each of these enbodi nents e the sane three conponents A-C descri bed
with reference to Fig. 1 and Fig 2(a)-2(c). Accordingly, ai‘_d@cri ption
of these three conponents is on\ged. Further, elenents of ithese

enbodi ment s tha 3 wi th

t he sane ref gpdiffeqnunbers, and o
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only new or nodified el ements are described with new reference nunbers.

Fig. 17 is a plan view of a configuration of the third
magneti c- di sk device of the present
cutaway to show the interior
aken on lines 301-301, 302-302, an

-Referring to F
| ed description of

are sectional i
17, respective
recal ling that ¢f
conponents t hedo

32 conponent gL
i

T I T T

i nventi on,
of the device.

12

17 and Fi gs.
A first throu
a fourth

Fi g.

5 been deened unnecessary,
5 a housing 17 for supporting the spindle
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system | a and tTmrfﬁﬁ+ﬁﬂqm;451§ng%lb. The fifth conponent is a control
package 22 assenbhp b H|ntegrate circuit elenments 20 such as an IC or,_
LSI, electronic ci o _.é#ﬂﬁmﬂnga shown) other than t qSLﬂlLdIKEBEEN
circuit elenments 2(l ! | it board 21. The sixthjc LS a
package chanber 2 I lﬂhoum ng 17 and the pack
seventh conponent is a P onnect¥yit424 fixed by the housing 17 and a
cover 141. The magnetic di sk device in the enbodi mrent shown in Fig.
17 and Figs. 18(a) to 18(c) has srsealing structure in whichgea o)
di sk/actuator chanber and a packﬁée chanber are seal ed togEtheqe
Specifically, t 27 dhesi vel y
nounted in a g
that a main suf
mating face o
(shown by cros
t he housi ng U7
o\

‘-—._'_

142 provi ded in) the h usi ng 17'(5 Fi g, | 8( such
of the circuit boar 1is at the t he
housing 17 is the adaover 141. and
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*

and the cover 141, to thus ensure a good seal. This nmakes it possible to
prevent external dust Bnma$Mngilnto the interior, and hence ensures

a highly' reliable magnH ice. Enbodinent 4 Fig. 19is a
urth enbodi ment of |tTersregReH,

pl an vi ew of a confi guf{i
device of the present Ré@ACED

I nvention, partially cutaway. Figs. 20(a), 20(b) and 20(c i

vi ews taken Mhes 401-401, 402-402 addl403- 403, respectivel y. I n
this enbodi i Il di sk/actuator chamber 25 is separated froma package
chanmber 26 in 1@B .a manner as to
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ensure a high sealing performance of the disk/actuator chanber 25. This
enbodi ment i s differenkiftam.fHdordipaeat 1 in that a packing is used for
lmand Figs. 20(a) to 20(c), and again

sealing.” Ref er ri ridim| :

recalling that the desgmﬂmﬂuﬁﬁ first through third . !
have been previously d eference to Enbodin%553§%§§5§§;§§E5§"
magneti c di sk device 1 has a disk/actuator chanber 25 as *teg..%

conponent including a housing 17 for supporting the spindle system la and
the actuator system|b, a housing riggéﬁggipd a di sk/actuator cover 19.
The fifth conponent is a control pack assenbl ed by integrated
circuit elenents 20 such as an IC and LSI, electronic circuit parts (not
shown) other than the integratedMaNEFIC tDISKepmymts 20, and a circuit board
21. The sixth conponent is a package chanber 26 including a housing 17
and the package cover 23. The seventh conponent includes a PCMCA
connector 24 held and fixed between the housing 17 and the package cover

23.

A magnetic disk device has a large capacity with a small
and thin structure and includes a spindle system, an actuator
system, a control package for controlling the systems, and a
PCMCIA connector. The spindle system is of an in-hub
structure wherein two magnetic disks are rotated in inside
diameter porticns of the magnetic disks. The actuator system
has sliders mounting magnetic heads for writing and reading
magnetic information to and from the magnetic &isks, guide
arms and suspension structures on each of which the slider and
the guide arm are fixed on the same side. The suspension
structures also include a coil, a magnetic circuit for
imparting a drive force in cooperation with the coil, a coil
holder for supporting the coil, a pivot sleeve for rocking the
guide arms, the coil holder and spacers which are integrally
laminated to each other, bearigés and a pivot shaft? The

PCMCIA connector connects to the control package and is fixed

by the housing and a package cover.

(Figure 2)



I'n this enbodi ment, the disk/actuator chanber 25 is separated fromthe
package chanbeg Nng 151 is held between the housing rib 18

and the di sk/ acgps 34
to enhance th¢ s nce of the disk/actuator chanber 25 (note

that the narr hat ched | i nessubsititet dHaeR3Ctq RE b4 he
1 20 (cy/ho

w der spaced

ion 18a is formed in the housing rib 18
facing to thefcontrol 2 for ensuring a space for head | oading,
and a projecti ed §n the recessed portion 18a is.fornmed in
t he di sk/actuator cover 19. Both Of ~— QO

(

G =

housi ng) .

package 2

FIG 1

17/




ends of the recessed portion 18a of the housing rib 18 are forned into
snoot h sl ant surfaces 18b. The packing 151 is nounted slantingly along the
sl ant surfaces 18b (see Fig. 20(c)). In Fig. 20(c), only one of the slant
surfaces 18b can be viewed fromthe view ng angle of this figure. In

this case, both the extension of thf/ ?ead/ Sabstitat¥-shdet and Rdheuamt p99FPC 15
and the inproveaent in sealing per 3 mance—canf—be—t+eattzed—by—hotdrmng t he
head/ coi| FPC § fand t he notor FPC 15 together with the packing 151
between th } thg rib 18 and the di sk/actuator cover 19. Thus, it is

possible to prg = dust fromperneating fromthe exterior, and hence to
ensure a h%ﬂh

hbi ity of the magnetic disk devicé. " t he
structure oW Fig. 19 contains two nmgnetic diszsﬂ§%ﬁpgmﬁgbgg*€ﬁ be
appl i ed torM®heljcls containing only one nagnetic disk 2. In this cade, the

mating fa it t he di sk/actuator cover 19 and the|{ hd@FEB ®97can | be
flattened ' 7g4p for head | oading is ensured by
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35 setting the height of the housing rib 18 such that the mating face is
slightly lower than that of the center throughout the entire periphery of
the mati ng face. In the configuration shown in Fig. 19 and Figs.
20(a) to 20(c), since the packing 151 passes through the head | oadi ng
portion, a gap between the disk/actuator coubsktikteamdet hd1 PebraiaPpI997
magnetic disk 2 is narrower than that in Enbotrrent—i—showr—+n—+Fg—2t by
0.05 mm a gap between the magnetic disks 2 is narrower than that..in
Enbodi ment 1 by 0.1 mm and a gap be%H%en t he housi ng §7ﬁ , T SHEEROb t
magnetic disk 2 is wder than that i nbodi nent 1 by G.

ensure a nounting space of the packing 151.
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As descri bed abov ,REFH-AQEMEN'E%%‘E nt of the present invention, two or

three magnetic di $k$. can be nountjedq in a magnetic disk device having a
devi ce thickness of 2F¥ERMe7 { dss. This proves that a magnetic disk
device having a | grge capacity wth a small and thin structure can be

realized. Moreovér, ng perf or gabsifued shést i $kebeltizigt 1997
chanber 25 for conftai ni ng magneti c ldi s&&.42 —canm—be—ensured—Thi'S pProves

that a magnetic disk device having a high reliability can be realized. In
particular, theQfagnetic disk delf@¢e of Bhe present invention

substantiallly satisfies the PCMCI Ajstagdard, and is usable in a state in
which it is ! T2l yn & PC gard $¥oy/ ppoyrded /n & poytable @4l -sikzed
i nformati on pPreeess . - 45 36
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Whil e preferred enbodi nents have been set forth with specific details,
further enbodi nents, nodifications and variations are contenpl ated
according to the broader aspects of the present invention, all as
determ ned by the spirit and scope of the follow ng clains.

37 1. A magnetic disk device haying an Oshséuﬁﬁé%KE@§S1HHQQWU§nPQQQV to
or not greater |nclud|K ; 3 K—aSSERDI Y having: a
spindl e for %ﬁng two g hree rragnetlc hard . S— 19 a

27
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a housing for rotatably supporting said spindle through a first bearing;
a transducer for witing/reading information to/from said nmagnetic disk;

an actuator including a slider for nounting said transducer,
a suspension for supporting said slider, a guide armfor
supporting said suspension, ’ﬁﬂﬂe% kng pébﬁ}gy\?q@g-,

i j ﬁ magnef 1 ¢ df K

gui ding said gugds armin the radial di rectJ on
a coil supporte P i de of s&/d4guide armfrom said suspension
W th respect 5 a magnetic circuit suppo~ted ETy
sai d housi ng Fhegesai-Qui de armin cooperation tﬁgpzf_p,cmﬁﬁ“ SHE

a cover for form ng an encI osef pa2$for cont ai ni ng sai di peghetTTc U SK
and said actuator in cooperati said housing; and 315%%1
package including electronic ppaiigs for controlling f

21
\\\\\\\\

AN

=< \\\\(\\\\\\\\‘5

76N\ 77 ‘ \17

78~ ) ( 78 . F/G. 9

\m A e
N NITTRSYY
78N\ FHIFA—75

VA e

S~ s~ sy 1415)
\47
F/1G 10
21

S SSSNSNURNY
78 82 '
81////1///1 J /1415

OSSN S S SIS SSSSNY

X
FIG 1




sai d head/ di sk aeeend&l—g—aﬂd—a—cfi—rcui t board for nounting said electronic
parts REPLACEMENY. SHEETndgnet i ¢ di sk device conpri sing: sai d
magnetic di sk devfceé having anlogter thickness of 5 mm or less, including:

a head/ di sk assenpl y‘af_ f972 [shi ndl e for nounting a magnetic disk;
Fiving

a spindle motor}fpr df saild tspi ndl e i ng{Bk@hiteBheet - 11 Februdry'9987n9
for rotatably slppeting—sat+e—spiindl e t hrough
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a first -bearing; a transducer for witing/reading information
to/from said nmagnetic disk; an actuator including a slider for
nounting said transducer, a suspension for supporting said slider, a guide
arm for supporting said suspension, a second bearing for novably guiding
said guide armin the radial direction of sadbstia@tecdHdet -4tk i
supported on the other side of said guide ar | gbidr 1\3_91:_71(1

respect to said_beariing, and a magnet iacMci rcuit supported by said housing

for driving saiﬁ i deparmin cooperation with said cpt+—and a.cover
for formng an encRqSefl space for containing said maghelBPLACEMENTasHE Il d
actuator in coq erdtiii with said housing; a conf rplr package

i ncluding el ectfonifc{parts for controlling said head/{dijsk apd| a
circuit board ffi@r @nging said electronic parts; an '12€€éqhéad df sk

assenbl y furht&\i clu@hng only two of said
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39 magnetic dis
conpri si ng:

mm or less, ihc

nounting a nmagne

spindle in rot &t
spi ndl e t hroug
writing/readin

ri d spindle 3. A magnetic disk device
E;:@A(;Em&n‘éﬁﬁrﬁ | sk device having an outer thickness of 5

hgad/ di sk assenbly having: a spindle for
a spindle nmotor for driving said

_housing f ogubstitaicASheetSUPP FebhiktySPAgT

y a -t d.IIbU'UL.EI ITJI
i nformation to/ ffom fald magneti c di sk; an
a—stder—for noun?idfy said

actuat or i ncl udi-rg
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transduycer, a suspension for supporting said slider, a guide arm for
supporting said suspension, a second bearing for novably guiding said
guide armin the radial direction of said magnetic disk, a coil supported
on the other side of said guide armfrom said suspension with respect to

sai d bearing, and a magnetic circuit suppoggistithve sRéét NPV Febudry 1997 Vi Ng

said guide armin cooperation with said cot+t+—and H Ng
an encl osed space for containing saidgmagnetic disk and Al LN
cooperation with said housing; a control package ind . eleet+oni c
parts for controlling said head/disk assenbly and a ciycuit board faor
nmounting said electronic parts; and sai d head/ di sk a.sqmeﬁB§ﬂggorting

at least two of said magnetic disks.
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40

)
wherein said fi

housing is a dynam c

said slider and
suspensi on, and
gui de arnmns.

di sk device having a
head/ di sk assenbly h

transducer for w pii

M)
o
M

22

r BEPLAGEMENTG SHBET Jupporting said spindle on said
bzarlng; and said actuator is constructed so that
sai d ui e |filxed on a sane surface of said
a coi hﬁ?éeﬁa ?%rﬁ qugporting said coil and secured to said
4. A reghrete—ei-sk-dgvi ce cRPtitSie heet - 1 ' y C
p_outer thickness jofyy5;m olrﬂleesf,e i m,1{ ﬁgluan;mgle a
aving: or nounting a magnetic disk;
a spindle notor for driving saigspindle in rotation; -a housing
for rotatably supporting said sfindle through a first bearihg+43 a
[ ting/reading j anation to/from ! M
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sai d magnetic di sk; an actuator including a slider for nounting
said transducer, a suspension for supporting said slider, a guide arm for
supporting said suspension, a second bearing for novably guiding said
guide armin the radial direction of said magnetic disk, a coil supported

on the other side of said guide armfrom sg@sgmeg}@een 1\/\1 r.-gb,r el %
‘Vlng

bhasr—c ol Qr

sai d bearing, and@ @ gagnetic circuit supported-by—sart—housthg

sai d guide arrmgiil ;idpoperation with sal&/ldoil; and a cover for forn1ng
an encl osed spdc i contai ning said nagnetic di sk ag;, vy
cooperation w ! housi ng; a contr @l &
el ectronic parﬁg er controlling
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magneti ¢ di sks, RERIAGEMENT SHEGT Agneti c disk device is separated into a
first chanber forji dontaining sai{d pagnetic di sks and said actuator and a
second chanber for| gonyai ptgwij control package, a housing rib

projecting fromsgid housing to sprfound said first chanber in which said

magneti c di sks an at-c—actuator—ar ¢ di sposgi!baﬁme dHeedl EalnEeggﬁﬁgqg‘ga,vers
I n close-contact wth said housing iij/ | |
ev

conpri si ng: sar d nagneti c di sk ﬂée héving an outer thickness of 5
mm or | ess, including: a hgad/ di sk assenbly having: a,spindle for
nounting a nmagnetic disk; AN a spindle notor for dr 'V'rng sai d
spindl e in rotat i ory : -
\ . \
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a housing for rotatably supporting said spindle through a first bearing;
a tfansducer for witin/reading information to/from said nmagnetic disk

an actuator including a slider for nmounting said transducer, a suspension
for supporting said slider, a guide arm for supporting said suspension, a

second bearing for novably guiding said 9Ui$133si‘i'i:ﬂ$i dhdeie {pggg}uaq{,rzﬁz on
of said magnetic_disk, a coil supported on '

arm from sdﬂd stigpensi on with respecti4/mqsai d bearing, and a magnetic
circuit supp by said housing for driving said gy~de-arm-in
cooperation w gﬁr idcoil; and a cover for forHiﬂﬁﬂd@EMﬁNTdﬁEﬁTspace

for containi?g
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magneti‘c di sk and said ‘actuator in coo eration with said hEﬁ@%nﬁn ’aﬁﬁya'
cont rol, package including elect ron| c parts for controlling d/gea%lg ék
assenbl'y and f ol ﬂ ;Hm nmounting said electronic parts; an 4”

sai d head/ di s{ ting at | eastSubgtitafe sliést - TRNWRIidnSbel FES7
wherein said vice is mounted in a PC card slot and said

magnetic di sk deV| ce has a design specification in accord with

PCMCI A/ JEI DA ‘st andar ds. 6. A magneld ¢ di sk device conprising: sai d
magneti c di sk device having an outer thickness of 5 nm or Iess, including:
a head/ di sk agsenhl Wadrutiir0d 1 dx Sdividke tf OkoBitinlih By Sai dRGRALIL o Od B4
a spindle notor for driving said spindle in rotatlon a housi ng

for rotatabl yasupperiiaidngan Spidtdhaithfidsre£t that is equal to or not

grea?er than 5 mm fes-—-tesst, including:

a head/disk assembly having: a spindle for mounting +4e} one,

two or three magnetic -fdisk}-hard disks;
a épindle motor for driving said spindle in rotation;
a housing for rotatably supporting said spindle through
a first bearing;
a transducer for writing/reading information to/from
said magnetic’ disk;
an actuator including
a2 slider for mounting said transducsar,
a suspension for supporting said slider,
a2 guide arm for supporting said suspeasion,
a second bearing fcr movably guiding sald guide
arm in the radial direction of said magnetic disk,
a coil supported on the other side of said guide
arm from said suspension with respect to said bearing, {tandi-
a magnetic circuit supported by said housing for
driving said guide arm in cooperation with said coil; +fané}

a cover for forming an enclosed space for containing said
magnetic disk and said actuator in cooperation with said
housing; gﬂg

a control package including electronic parts for controlling

said head/disk assembly and a circuit board for mounting said

electronic parts ~s—anadf REPLACEMENT SHﬁET

17 NOV 1997
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-

a first beari
to/from said
nounting said
arm for supp
sai d guide ar
di sk, a coi

SHEET |
Q?‘EPLAC_EMENT a ansducer for W”t“mmmm (!HI;"I‘HHmrrgtlop
P abd RO, bk pens, on”for Supporting S 0 si 1 der 2 gui de
ting sai-d—suspensi on, §§CMﬁnme mee‘tarwrww&ﬁbermw ng

in the radial dlrectlon sai d nagnetlc
|de_of saj d

suspension with rk&s B BARBCE agnet i Cc ' supported
by sai d housing for driving sald gU|de arn1|n cooperation with said coi
and

2. A magnetic disk device -feeceording—te—elaim—1}, comprising:

said magnetic disk device having an outer thickness of S5 mm

or less, including:

a head/disk assembly having: a spindle for mounting a

a_spindle motor for driving said spindle in rotation;

a _housing for rotatably supporting said spindle through

a first bearing;

a transducer for writing/reading

information to/from

said magnetic disk;

an_actuator including a slider for mounting said

circuit supported by said housing for driving said gquide arm in

coogeration with said coil; and

a cover for forming an enclosed space for containing said

magnetic disk and said actuator in cooperation with said_

housing;
e —

parts for controlling

a control package including electronic

said head/disk assembly and a circuit board for mounting said

electronic parts; and

said head/disk assembly furhter including only two of said
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a cover.‘for formind an enclosed §ppce for contai ni jgmﬂm “ﬁ%ﬂ”“lpdl sk
and said actuator} iin qgopeyag9Pn|WMth said housi ng S8 = package
n

i ncluding el ectropnifc parts for ¢ rolling said head/disk assenbly and a
circuit board for| nmeunt+mg=sard— el ect r oni cgptitiie ekt - 15 NvVensad 9ok

assenbly supportihg at least two _of sa% nagnetic disks, wherein said
gui de arn1arﬁaghggqctgggigmgodﬁdga gglga§a|Q$U1 a19@n a sanme surface of said
suspensi on. : magneti ¢ di sk device, conpri sing:

sai d nmagnetic di sk deV|ce havi ng an outer thickness

3. A magnetic disk device

said magnetic disk device having an outer thickness of 5 mm_

or less, including:

a head/disk assembly having: a spindle for mounting a

magnetic disk;

a_spindle motor for driving said spindle in rotation;

a housing

for rotatably supporting said spindle through

a first bearing;

a transducer for writing/reading information to/from

said magnetic disk:

an_actuator including a slider for mounting said

circuit supported by said housing for driving said guide arm in

cooperation with said coil; and

a cover for forming an enclosed space for containing said

magnetic disk and said actuator in cooperation with said

housing;

a control package including electronic parts for controlling

said head/disk assembly and a circuit board for mounting said

electronic parts; and

said head/disk assembly supporting at least two of said

magnetic disks,




of- 5 nm or
spi ndl e for
spindle in
through a f
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said transd
supporting
guide arm

| ess, ncI a head/ di sk assenbly having: a
m)unt’ H“ E']W’JH‘&I sk; a spindle notor for driving said
r ot at rotatably supporting said spindle

i rst bearl ng, a transducer for Substitutg/sheedi-rido Norbembrent1i98V

d magnetic disk; an actuator 4hcluding a slider for nounting

ucer . & SHUSRENY %&réerbeé rddQu ?6&:9&%@ def1q SHada anm for

said suspen5|on a second beari ng novably guiding said

gg i pl 1 digr @GhhRDe ObeSAidh ,magaet i ¢ disk, a coil supported

on the side o sal gui de armi and a magnetic circuit supported by said

housi ng for
cover for f

driyipg é&&w 4 éBHktf&bt?é&)%%r Una@Nsytd Ns BRIk GRId sadld a
orming an enclosed space for containing said magnetic di sk and
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package inc
and a circu

@hd
uding electronic parts controlling said head/ di sk assenbly
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arms.

4. A magnetic disk device ‘taceerding—te-elaim—-it, comprising:

said magnetic disk device having an outer thickness of 5 mm

or less! including:

indle for mounting 2

2 Sk

magnetic disk;

a_spindle motor for driving said spindle in rotation;

a housing for rotatably supporting said spindle through

a First bearing;

a_transducer for writing/reading information to/from

said maggetic diski

EE_EEEE§E9FWi@?ludiﬁiwéﬁSli@%?,fQF»@QPQFiQZﬂ§§id

guiding said gquide arm in the radial direction of said magnetic

disk, a coil supported on the other side of said gquide arm from

said suspension with respect to said bearing, and a magnetic

circuit supported by said housing for driving said guide arm in

cooperation with said coil: and

a cover for forming . .an enclosed space for containing said

magnetic disk and said actuator in cooperation with said

housing;



sai.d magnetic di i rated into a first chanber for
containing said i ' B“f said actuator and a second chanber for
containing said gammﬁ\“"ﬂm a housing rib projecting fromsaid
housing to surroumd saidd fr$t Chanber i nSubktiuts shdetradBeNbeesibek 99T

45 sai d actuator are disposed, 4ede first and second covers in

cl ose-contact W th o@i-d1NpNSkdsk Ninfluding elect fdhit PAGRE! 6 rdesikt Fol iRy
havi ng at | east =offe-or . TT1ol sealing stracture, a second sealing
structure,fqﬂg_ adl/adsReabifib 5 lanal Hr 8ircuit board fairdmbuhSingegaidic
structure fen S oy B i e e

electronic parts; and

said head/disk assembly supporting at least two of said

magnetic disks,

wherein said magnetic disk device is separated into a first
chamber for containing said magnetic disks and said actuator and
a second chamber for containing said control package, a housing
rib projecting from said housing to surround said first chamber
in which said magnetic disks and said actuator are disposed, and

first and second covers in close-contact with said housing rib.

5. A magnetic disk device {aecerding-to-elaimIll, comprising:

said magnetic disk device having an outer thickness of 5 mm

or less, including:

magnetic diski

a_spindle motor for driving said spindle in rotation;

a housing for rotatably supporting said spindle through

a first bearingg

a_transducer for writing

information to/from
said magnetic disk;

an actuator including a slider for mounting said

transducer, a suspension for supporting

said slider, a guide arm

for supporting said suspension, a second bearing for movably

quiding said guide-arm in the radial direction of said magnetic

disk, a coil éuppoftéd“éﬁ the other side of said quide arm from

said suspension wlith respect to said bearing, and a magnetic




cutout portlon for head | oadi ng provided in said housing rib; said first
cut out portlo osed mnrh a first projection forned on a portion of
said first co Hl! M chanber being seal ed using a tape seal

I vel y extendSiibstitfteshed@ncls NolBrmbes @9y of

havi ng a w dt

said first cutout portlon s#4 d second sealing structure for
sealing a secgnd cutoutzQ%rtbonsgh Qﬁﬂp mhlgh eééav S & a1la®%uikie REmnigd
circuit boar s=dSRi i SemarcrrSsT PEof—t ' %Eﬂ’ﬂﬁég'ﬁfgﬁﬁﬁﬁﬁﬁ‘
signal or an el ect r| nsiwqrg_gl sge ﬁ saj % head/ di sk assenbly and said

control packs=g e moe=perten bei ng cI osed with a second
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bei ng seal ed usi#g——tagFe—Stor—Ho e O T 1T T ET O Sl C Fy—extended

in accor dancevm a%%dof a§3i gc Ctord j_c
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underneath of said hou5|ng rib through mhlch extends a erX|bIe prlnted
circuit boarg—%eéﬁi%or

magaetic disks,

wherein s&id magnetic disk device is mounted in a PC card
slot and said maénetic disk device has a design specification in

accerd with PCMCIA/JEIDA standards.

6. A magnetic disk device {accordiang-te—claim-l}, comprising:

metic disk device having

an outer thickness of 5 mm_

or less! including:

2 head/disk assembly having: a spindle for m

magnetic disk;

oindle motor for driving said spindle in i

a first bearing;

a_transducer for writing/reading information to/from

said magnetic diski

an actuator anluding a slider for mounting said

",‘..n\ o,

a sus-ensionrforjsuooo:tin-

transducer

said slider, a quide arm

[

for supporting said’ suégénsxon, a second bearing for movably

quiding said quide arm in the radial directlon of said magnetic




transm -'s:si on/reception of at |east one of a power signal or an electric
si gnal between{s | senbly and said 46 contr ol
package and sai dﬁkMEﬁgﬂﬂr@gFﬁ ei ng seal ed by closing said through-hole
wi th an adhesi etic disk %ﬁﬁu&cﬂﬁ’é&' 95 MovenibeP 1997
further incl udi g p’ﬂlmvmmf sjipi d magneti c di sks—etuntedomn sai d

spi ndl e. 9. |A nagnetic di dk ﬁe\él (I;e 2;(r:grg: (r;ﬂmmmllﬂ“’m u@uﬂ[ ?Icndl zﬁi d

magneti ¢ di sk devi

devi ce has a ddsign specification in accord wi t h *PC¥Cl & JEI DA St andar ds.
10. A magnetic disk device according to claim?7, further

guide e OM _

coogeration with said coil; and

an enclosed space for containing said_

netic disk and said actuator in cooperation with said

housing;

a control package including electronic parts for controlling

elactronic parts; and

said h?é@/q15k~§§§ﬁﬂblﬂwsFi1°FF%91”EFW}ﬁasﬁmPWQ49fw§§$§1
magnetic diskss

wherein said guide arm are fixed together with said slider

on a same surface of said suspension.



i nct.uding a coﬁgm_mgi{ﬂm e\d»EETe ting said flexible printed circuit board
to said circui} | titng said electronic parts. 11. A
tlo cl ai m 10, wherein said connector is an

magneti ¢ di sk je/ic ?ﬁﬁPgﬂ#

el astic connecyof. Almdgnet i c di skggisatithfe 856 -H B NIVRNHEH 1099,
wherein said cgn ector lncl s |a socket and a pin, eﬁgﬁ——19§E§E£LX§U¥T_
nounted on onejof said flexible fprinted circuit boar CiT

boar d. 13 L-A—paghet+e—drskdevi ce 4ccording to ﬁﬂﬂﬂﬂj%tﬂﬂm sai d

connector includes a spring biased connector struct
said flexible printed circuit board and said circuit board and reS|I|entIy

engaging the other Qf naghleltodh bk Caliidl Phugfilfngioard and said circult

said magnetic disk device having an cuter thickness
of 5 mm or less, including:

a head/disk assembly having: a spindle for mounting
a magnetic disk; a spindle motor for driving said spindle in
rotation; a housing for rotatably supporting said spindle
through a first bearing; a transducer for writing/reading
information to/from said magnetic disk; an actuator including
a slider for mounting said transducer, a suspension for
supporting saia slider, a guide arm for supporting said
suspension, a second bearing for movably guiding said guide
arm in the radial direction of said magnetic disk, a coil
supported on the side of said guide arm, and a magnetic
circuit supported by said housing for driving said guide arm
in cooperation with said coil; and a cover for forming an
enclosed space for containing said magnetic disk and said
actuator in cooperation with said housing;

a control package including electronic parts for
controlling said head/disk assembly and a circuit board for
mounting said electronic parts;

said magnetic disk device being separated into a
first chamber for containing said magnetic disks and said
actuator and a second chamber for containing said control
package, a housing rib projecting from said housing to

surround said first chamber in which said magnetic disks and



47 «. 14, A magneti c _di sk_devi ce, conpri sing: sai d nmagnetic
di sk device havt esHiHYi ¢kness  of 5 mmor Iess, including:
a head/ di sk as J&%P@ﬂmﬁﬂ$%g: 4 $pindle for mounting a nagnetic disk; a

spindle notor fof driving said gpindle in Walok 104IF i
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for witing/re@ding informatiloryf to/from said magngil | Bl yt uat or
including a shid&r Tor nounting sai dgg r ansducer, Iﬁ Img H& "Hﬁr“m
supporting sai d slider, a-gw-ge~armfor supportingssakd LSuspensi*on, a

second bearing for novably guiding said guide armin the radial direction
of said magneti,c _dis
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close-contact with said housing rib;

(0

said magnetic disk further having at least one of a
first sealing structure, a second sealing structure, and a
third sealing structure;

said first sealing structure for sealing a first
cutout portion for head loading provided in said housing rib;
said first cutout portion being closed with a first projection
formed on a portion of said first cover; and said first
chamber being sealed using a tape seal having a width portion
selectively extended in accordance with a shape of said first
cutout portion;

said secona sealing structure for sealing a second
cutout portion through which extends a flexible printed
circuit board used for transmission/reception of at least one
of a power signal or an electric signal between said head/disk
assembly and said control package; said second cutout portion
being closed with a second projection formed on a portion of
said first cover; and said first chamber being sealed using a
tape seal having a width portion selectively extended in
accordance with a shape of said second cutout portion; and

said third sealing structure for sealing a through-
hole passing underneath of said housing rib through which
extends a flexible printed circuit board used for
transmission/reception of at least one of a power signal or an

electric signal between said head/disk assembly and said
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for containi ndg REPLACEMENEt SHEESI 5k and said actuator in cooperation wth
sai d housi ng; a comt yol package including electronic parts for
controll | ng sal hﬂa}dkﬂvs‘bg?y o] y and a c*sm@gﬂmtd)gﬁéa fop Nmémgggai d

equal to athyc e cifrcuit board extend of a
mating face befween said housing and4said cover; imm‘aﬂ Ill)”)@ d |s
adhered by an &a i groove such that a nai @ Surtece o

circuit board is at a sane |level as that of said mating face of sald

housi ng; angoﬁtgaikbggkéée and said f%%st chamber being sealed by closing

said through-hcle with an adhesive.

8. A magnetic disk device according to claim 7, further
including only two of said magnetic disks mounted on said
spindle.

9. A magnetic disk device according to claim 7, wherein
said magnetic disk device is mounted in a PC card slot and
said magnetic disk device has a design specification in accord
with PCMCIA/JEIDA standards.

10. A magnetic disk device according to claim 7, further
including a connector for connecting said flexible printed
circuit board to said circuit board for mounting said
electronic parts.

11. A magnetic disk device according to claim 10,
wherein said connector is an elastic connector.

12. A magnetic disk de&iéé according to claim 10,
wherein said connector includes a socket and a pin, each
respectively mounted on one of said flexible printed circuit
board and said circuit board.

13. A magnetic disk device according to claim 10,
wherein said connector includes a spring biased connectoxr.
structure mounted on one of said flexible printed circuit
board and said circuit board and resiliently engaging the
other of said flexible printed circuit board and said circuit

board.



hel.d- between said mat i ng face_including said main surface of

board and sai @teTsdi d magnetic disk and said actuator are
ﬁ€m1¢géa|d ceqt fol  package in a common chanber.

seal ed t oget her

said circuit

15. A

magneti c di sk} dpvice accordirngito claim 14 Sutygmﬁgg fhéat d151m@tmgerd1gg7
ragret+e—disk—device

devi ce i s noupt clﬁ?ﬁNﬂVmB9Zard slot and said
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sai d spindle.

14. A magnetic disk device, comprising:

has a
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said magnetic disk device having an outer thickness

of 5 mm or less, including:

a head/disk assembly having: a spindle for mounting

a magnetic disk; a spindle motor for driving said spindle in

rotation; a housing for rotatably supporting said spindle

through a first bearing; a transducer for writing/reading

information to/from said magnetic disk; an actuator including

a slider for mounting said transducer, a suspension for

supporting said slider, a guide arm for supporting said

suspension, a second bearing for movably guiding said guide

arm in the radial direction of said magnetic disk, a coil

supported on the side of said guide arm, and a magnetic

circuit supported by said housing for driving said guide arm

in cooperation with said coil; and a cover for forming an

enclosed space for containing said magnetic disk and said

actuator in cooperation with said housing;

a control package including electronic parts for

controlling said head/disk assembly and a circuit board for

mounting said electronic parts;

wherein a groove having a depth approximately egual

to a thickness of said circuit board extends along a portion

of a mating face between said housing and said cover; said

circuit board is adhered by an adhesive in said groove such

that a main surface of said circuit board is at a same level

as that of said mating face of said housing; and a packing is
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held between said mating face including said main surface of .
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said circuit board and said cover so that said magnetic disk
and said actuator are sealed together with said control
package in a commeon chamber.

15. A magnetic disk device according to claim 14,
wherein said magnetic disk device is mounted in a PC card slot
and said magnetic disk device has a design specification in
accord with PCMCIA/JEIDA standards.

16. A magnetic ' disk device according to claim 14,
further including only two of said magnetic disks mounted on

said spindle.
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ABSTRACT

MAGNETIC DISK DEVICE

A magnetic disk device has a large capacity with a small |
and thin structure and includes a spindle system, an actuator
system, a control package for controlling the systems, and a
PCMCIA connector. The spindle system is of an in-hub
structure wherein two magnetic disks are rotated in inside
diameter portions of the magnetic disks. The actuator system
has sliders mounting magnetic heads for writing and reading
magnetic infofmation to and from the magnetic disks, guide
arms and suspension structures on each of which the slider and
the guide arm are fixed on the same side. The suspension
structures also include a coil, a magnetic circuit for
imparting a drive force in cooperation with the coil, a ceoil
hoider for supporting the coil, a pivot sleeve for rocking the
guide arms, the coil holder and spacers which are integrally
laminated to each other, beariéés and a pivot shaft. The

PCMCIA connector connects to the control package and is fixed

by the housing and a package cover.

REPLACEMENT SHEET

17 NOV 1997




