
- 1  TITLE OF THE INVENTION DISK DEVICE *G00002*
BACKGROUND OF THE INVENTION The present invention
relates to a disk device,  5 and more particularly, to
a card-shaped disk device.  In recent years, disk
devices, such as magnetic disk devices, optical disk
devices, etc., have been  widely used as external
recording devices of computers  or image recording
devices. A thin card-shaped device 10 is proposed as
an example of the magnetic disk device  that can be
loaded into a card slot of a personal  computer, for
instance. The card-shaped magnetic disk devices of
this  type must be made thinner and smaller than 15
conventional magnetic disk devices. In one such disk
device, therefore, various components are mounted on a
plate-like base, and the top side of the base and the
components is covered by a plate-like base that is
attached to the base. In an arrangement described in
20 Jpn. Pat. Appln. KOKAI Publication No. 2003-22634,
for  example, a printed circuit board for controlling
the  operation of the magnetic disk device is provided
on  the reverse side of the base, and it are covered
by a  bottom cover. An interface (I/F) connector for
25 connecting the disk device to an external
electronic  



device is mounted on one end part of the circuit
board. Among the electronic components mounted on the
printed circuit board, the I/F connector is one of
relatively bulky or thick components and hinders
reduction in thickness of the magnetic disk device. 5
Accordingly, there is proposed a disk device in which
a printed circuit board is provided with a notch, and
an I/F connector is mounted by being dropped in the
notch. If the I/F connector is drop-mounted in this
manner, the thickness of the entire device can be 10
reduced by a margin equal to the thickness of the
circuit board. If the I/F connector is drop-mounted on
the  printed circuit board in order to reduce the
device  thickness, however, an external force, if any,
that is 15 applied to the I/F connector or the circuit
board acts  directly on a junction of the connector.
Possibly,  therefore, the connector itself or its
junction may be  cracked or broken. In such a case, it
is hard to  connect the magnetic disk device securely
to an 20 external device, so that the reliability of
the device  lowers considerably. BRIEF SUMMARY OF THE
INVENTION This invention has been made in
consideration of  these circumstances, and its object
is to provide a  25 disk device with improved
reliability in which the 



strength of an electronic component mounted on a
printed circuit board against external force is
enhanced.  According to an aspect of the invention,
there is provided a disk device characterized by
comprising: a  base; a disk-shaped recording medium
provided on the  5 base; a mechanical section provided
on the base and including a head which processes
information on the  recording medium, a head actuator
supporting the head,  and a drive motor which supports
and rotates the  recording medium; and a printed
circuit board which is 10 provided opposite the base
on a reverse side thereof  and has a notch portion and
an electronic component  mounted in the notch portion
by being at least  partially dropped therein, the base
having a  projection which projects on the printed
circuit board 15 side and engages and supports the
electronic  component. According to an aspect of the
invention, there  may be provided a disk device with
improved  reliability in which the strength of the
electronic 20 component mounted on the printed circuit
board against  external force is enhanced. Additional
objects and advantages of the  invention will be set
forth in the description which  follows, and in part
will be obvious from the 25 description, or may be
learned by practice of the  



invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly
pointed out hereinafter. BRIEF DESCRIPTION OF THE
SEVERAL VIEWS OF THE DRAWING  The accompanying
drawings, which are incorporated  5 in and constitute
a part of the specification, illustrate embodiments of
the invention, and together  with the general
description given above and the  detailed description
of the embodiments given below,  serve to explain the
principles of the invention. 10 FIG. 1 is a
perspective view showing the top side  of a hard disk
drive (hereinafter, referred to as an  HDD) according
to an embodiment of the invention; FIG. 2 is an
enlarged perspective view showing a  reverse-side end
part of the HDD; 15 FIG. 3 is a plan view of the HDD
with its top  cover off; FIG. 4 is an exploded
perspective view of the HDD; FIG. 5 is an exploded
perspective view showing  20 the reverse side of the
HDD; FIG. 6 is a sectional view of a printed circuit
board taken along line B-B of FIG. 4; and FIG. 7 is a
sectional view of the HDD taken along  line A-A of
FIG. 1. 25 DETAILED DESCRIPTION OF THE INVENTION 



An embodiment in which this invention is applied  to
an HDD will now be described in detail with reference
to the accompanying drawings. FIG. 1 shows the entire
HDD from the top cover  side, FIG. 2 is an enlarged
view partially showing the  bottom cover side of the
HDD, and FIGS. 4 and 5 are 5 exploded perspective
views of the HDD. The HDD is  card-shaped, as shown in
FIGS. 1, 4 and 5, and is  formed in conformity to
standards for the PC card  type, for example. The HDD
has a base 10 in the form of a rectangular plate. The
base 10 has recesses in  10 which various members
(mentioned later) are mounted,  and its top side is
open. The HDD comprises a plate- like top cover 12
that closes a top opening of the  base 10, a printed
circuit board 14 on the reverse  side of the base, and
a bottom cover 15 that covers 15 the reverse side of
the circuit board and the base.  These elements are
stacked in layers to form a card- shaped structure as
a whole. The base 10, top cover  12, and bottom cover
15 constitute a flat, rectangular  case 11. 20 Mounted
on the base 10, as shown in FIGS. 3 and  4, are a
mechanical section and a magnetic disk 16 of,  for
example, 1.8-inch diameter, which serves as an
information recording medium. The mechanical section
comprises a spindle motor 18, magnetic heads 40, head
25 actuator 22, voice coil motor (VCM) 24, ramp load  



mechanism 25, and inertia latch mechanism 27. The
spindle motor 18 serves as a drive mechanism for
supporting and rotating the magnetic disk 16. The
magnetic heads 40 write in and read information from
the disk 16. The head actuator 22 supports the
magnetic heads for movement with respect to the disk 5
16. The VCM 24 rotates and positions the head
actuator. The ramp load mechanism 25 holds the
magnetic heads in a position off the magnetic disk
when the heads are moved to the outermost periphery of
the disk. The inertia latch mechanism 27 holds the 10
head actuator in a retreated position. A substrate
unit 21, having a head IC and the like, and a pack-
shaped air filter 28 are provided on the base 10. The
base 10 is formed by press-molding a soft  magnetic
material, e.g., an iron-based material such  15 as a
cold-rolling carbon steel sheet (or steel plate  cold
commercial [SPCC]), and its peripheral edge portion
forms a substantially flat abutting portion  13.
Tapped holes 82 through which the top cover 12 is
fixed with screws and positioning holes 83 for 20
positioning a gasket 60 (mentioned later) are formed
in the abutting portion 13 of the base 10. A receiving
portion (not shown) in which a  bearing of the spindle
motor 18 is to be fitted is set  upright on the bottom
surface of the base 10. The 25 receiving portion is
surrounded by an annular recess  



for holding coils of the spindle motor. This recess
defines a projection 78 that projects on the reverse
side of the base 10. A plurality of recesses extend
radially from the annular recess and individually
define ribs 70 or elongate projections that project on
the reverse side of the base 10. A substantially 5
circular recess 80 to be mounted with a bearing
assembly 26 (mentioned later) of the head actuator 22
is formed on the bottom surface of the base 10. This
recess defines a projection 81 that projects on the
reverse side of the base. 10 A plurality of supporting
projections that  support an I/F connector 57
(mentioned later) mounted  on the printed circuit
board 14 are formed near one  longitudinal end part of
the bottom surface of the  base 10, that is, near that
short side on which the 15 magnetic disk 16 is
located. As shown in FIGS. 5 and  7, these projections
include a first supporting  projection 72a, which is
formed by extending the  distal end part of one of the
ribs 70, and second and third supporting projection
72b and 72c on either side  20 of the first supporting
projection. The first  supporting projection 72a is
situated substantially on  a longitudinal central axis
of the base 10, while the  second and third supporting
projection 72b and 72c are  situated side by side with
the first supporting 25 projection along the
short-side direction of the base  



10. The first, second, and third supporting
projection 72a, 72b and 72c are formed integrally with
the base 10 by press-molding the base. The first to
third supporting projection 72a to 72c are equal in
height, and their respective projected ends form a
flat surface each. 5 Further, a recess for storing a
part of the air  filter 28 is formed in the bottom
surface of the base  10. This recess defines a
projection 74 that projects  on the reverse side of
the base. The projection 74 is  provided at a corner
portion of the base 10 on that 10 side where the
magnetic disk 16 is located, and is  situated side by
side with the second supporting  projection 72b. The
projection 74 is higher than the  first to third
supporting projection 72a to 72c. That  end part of
the projection 74 which adjoins the second 15
supporting projection 72b is formed as a step portion
74a that is lower than the other portion. The step
portion 74a is equal to the second supporting
projection 72b in height and situated flush with the
projected end of the second supporting projection. 20
As shown in FIGS. 3 and 4, the spindle motor 18
comprises a plurality of coils (not shown) mounted in
the recess of the base 10, a spindle rotatably
supported by the bearing fitted in the receiving
portion of the base, and a hub formed integrally with
25 the spindle. The magnetic disk 16 is fitted  



integrally on the upper end part of the hub and held
by a clamp spring 17. The disk 16 is rotated at a
given speed by the motor 18. The head actuator 22
comprises the bearing  assembly 26 fixed in the recess
80 of the base 10, two  arms 32 extending from the
bearing assembly, magnetic  5 head assemblies 36
extending individually from the respective distal ends
of the arms, and a support  frame 44. The frame 44
extends from the bearing  assembly in the direction
opposite from the arms 32  and supports a voice coil.
Each magnetic head 10 assembly 36 includes a
suspension in the form of an  elongate plate and each
magnetic head 40 that is fixed  to the distal end of
the suspension by a gimbals  portion (not shown). When
the head actuator 22 is incorporated in the  is base
10, the magnetic disk 16 is situated between the  two
arms 32. The paired magnetic heads 40 are opposed
individually to the upper and lower surfaces of the
disk 16. Each head 40 is subjected to a given head
load toward the disk surface by the spring force of 20
the suspension. The VCM 24 for rotating the head
actuator 22  comprises a voice coil 45 fixed to the
support frame  44 of the head actuator, an upper yoke
48 provided on  the base 10 so as to face the voice
coil, and a magnet 25 49 fixed on the inner surface of
the upper yoke and  



opposed to the voice coil. The base 10, which is
formed of a magnetic material, serves also as a lower
10 yoke of the VCM 24. When the voice coil 45 is
energized, the head  actuator 22 rotates between the
retreated position  indicated by full line in FIG. 3
and an operating 5 position on the magnetic disk 16.
In the operating  position, each magnetic head 40 is
positioned on a  desired track of the disk 16. A
stopper pin 50 set up  on the base 10 restrains the
head actuator 22 from  excessively rotating beyond the
retreated position. 10 As shown in FIGS. 3 to 5, each
magnetic head 40  is connected electrically to the
substrate unit 21 by  a flexible cable 52. The
substrate unit 21 is formed  of a flexible printed
circuit board, and a connector  53 for connection with
the printed circuit board 14 is 15 mounted on its
bottom surface. The substrate unit 21  is screwed to
the base 10, and the connector 53 faces  a rectangular
signal line passage opening 54 in the  base 10. A
shock sensor 84 for detecting a shock that  acts on
the HDD is mounted on the upper surface of the  20
substrate unit 21. A vent hole 58 for communication
between the  inside and outside of the base 10 is
formed in one  corner portion of the recess of the
base. The air  filter 28 is located in the recess
(projection 74) so 



25 as to face the vent hole. The vent hole 58 serves
to  eliminate a difference between pressures inside
and  outside the base 10. As this is done, the air
filter - 11  28 prevents external dust or the like
from penetrating  the device. As shown in FIGS. 4 and
5, the printed circuit  board 14 on the reverse side
of the base 10 has the 5 shape of a rectangle that is
a little smaller than the  base. A plurality of
electronic components including  a connector 56 are
mounted on one surface of the  circuit board 14. The
connector 56 is connected to  the connector 53 on the
substrate unit 21 in the base 10 10 through the signal
line passage opening 54 of the  base. Further, the I/F
connector 57 for connecting the  HDD to an external
device is drop-mounted as an  electronic component on
the printed circuit board 14. 15 More specifically, as
shown in FIGS. 2, 4, 5, 6 to 7,  an elongate,
rectangular notch portion 75 that opens  in a short
side of the circuit board 14 and extends  along the
short side is formed at one longitudinal end  part of
the circuit board 14. The I/F connector 57 20 has a
connector body 57a in the form of an elongate,  flat,
rectangular parallelepiped and a large number of
connection terminals 57b extending from the connector
body. Further, the connector 57 has a lock lever 57c  



that locks, for example, an FPC 75, which is connected
25 to the connector 57, in a connected state. The lock
lever 57c extends along the longitudinal direction of
the connector body 57a. 12  The I/F connector 57 is
mounted on the printed  circuit board 14 with a part
of the connector body 57a  dropped in the notch
portion 75 of the circuit board.  In this state, the
connector body 57a is aligned flush 5 with the reverse
side of the circuit board 14 and  projects on the
obverse side of the circuit board on  which the
electronic components are mounted. Further,  the
connector body 57a is aligned with the short side  of
the circuit board. The connection terminals 57b of 10
the I/F connector 57 are connected to a circuit on the
obverse side of the printed circuit board 14 and fixed
by soldering or the like. The lock lever 57c projects
on the reverse side of the circuit board. A plurality
of inspection pad portions 76 are 15 provided on
either side of the notch portion 75 on the  surface of
the printed circuit board 14 so as to be  arranged
side by side with the I/F connector 57. As shown in
FIGS. 5 and 7, boss portions 79  protrude individually
from a plurality of spots of the  20 reverse surface
of the base 10. The printed circuit board 14 is
located with a part of its surface in  contact with
the boss portions 79. The connector body  



57a of the I/F connector 57 that is mounted on the
circuit board 14 engages and is supported by the 25
first, second, and third supporting projection 72a,
72b and 72c on the base 10. An end part of the
connector body 57a engages and is supported by the -
13 step portion 74a of the projection 74. The upper
surface of the base 10 on which various  components
are mounted is closed by the top cover 12  that is
screwed to the base. As shown in FIGS. 1, 4 5 and 5,
the top cover 12 is in the form of a rectangle
corresponding in size to the base 10. It is formed by
press-molding a soft magnetic material, e.g., an iron-
based material such as a cold-rolled carbon steel
sheet, and its peripheral edge portion forms a 10
substantially flat abutting portion 19. The abutting
portion 19 of the top cover 12 is formed having
through holes 23a, which are situated corresponding
individually to the tapped holes 82 of the base 10.
The top cover 12 is screwed to the base 10 with  15
screws 12b threaded into the tapped holes 82 of the
base 10 through the through holes 23a, individually.
In this state, the respective abutting portions 13 and
19 of the base 10 and the top cover 12 face each
other. To improve gastightness, the respective widths
20 of the abutting portions 13 and 19 of the base 10
and  the top cover 12 are made larger than the
respective  



plate thicknesses of the base and the top cover. The
gasket 60 for keeping the inside of the base  10
gastight is interposed between the respective 25
abutting portions 13 and 19 of the base and the top
cover 12. As shown in FIGS. 3 and 4, the gasket 60 is
in the form of a rectangular frame corresponding in -
14  shape to the abutting portion 13 of the base 10.
The  gasket 60 is formed by vertically sandwiching a
thin  metal or resin sheet between gasket members of,
for  example, rubber. Positioning protrusions 66 that
5 project toward the base 10 are formed integrally on
a  plurality of spots of the gasket 60. The gasket 60
is  located in a given position relative to the
abutting  portion 13 of the base 10 with the
positioning  protrusions 66 fitted individually in the
positioning 10 holes 83 in the abutting portion 13. As
the top cover  12 is screwed to the base 10 in this
state, the gasket  60 is sandwiched between the
respective abutting  portions 13 and 19 of the base 10
and the cover 12,  whereby a space between the
abutting portions is 15 sealed gastight. As shown in
FIGS. 1, 2, 4, 5 and 7, the bottom  cover 15 that
covers the reverse side of the base 10  and the
printed circuit board 14 is formed by press- molding a
soft magnetic material, e.g., an iron-based  20
material such as a cold-rolled carbon steel sheet 



(SPCC), and has a substantially rectangular shape
corresponding to the base 10. An elongate,
rectangular opening 77 that opens in a short side of
the bottom cover 15 and extends along the short side
25 is formed at one longitudinal end part of the
bottom  cover. With the reverse side of the base 10
and the 15 printed circuit board 14 covered by the
bottom cover  15, the opening 77 of the bottom cover
is situated  overlapping the I/F connector 57 and the
inspection  pad portions 76 that are mounted on the
circuit board 5 14, whereby these elements are
exposed. Thus, the  lock lever 57c of the I/F
connector can be operated  from outside the HDD, and
the inspection pad portions  76 can be accessed with
ease. A side wall 94 is formed integrally on each long
10 side of the bottom cover 15. Each side wall 94
extends at right angles to the bottom cover 15, and
its extended end part 94a is squarely folded toward
the other side wall. The bottom cover 15 is located
overlapping the  15 reverse side of the printed
circuit board 14. It is  attached to the base 10 and
the top cover 12 with the  respective extended end
parts 94a of the side walls 94  fitted on the upper
surface of the abutting portion 19  of the top cover
12. Thus, the opposite side wall 



20 portions of the bottom cover 15 are formed having a
substantially U-shaped cross section. By
simultaneously fittingly holding the respective
abutting portions 13 and 19 of the base 10 and the
cover 12 by the side wall portions from the outside,
25 the strength of the entire device can be enhanced,
and  the bottom cover can be fixed without using any
screws  or dedicated support members. By covering the
whole 16  side faces of the HDD by the side walls 94
of the  bottom cover 15, at the same time, influences
of  external magnetic noises and electric fields can
be  reduced. 5 According to the HDD constructed in
this manner,  the I/F connector 57 is mounted by being
partially  dropped in the notch portion 75 in the
printed circuit  board 14. Therefore, the thickness of
the entire  printed circuit board including the I/F
connector can 10 be lessened to thin the whole HDD.
When the printed  circuit board 14 is incorporated in
place, moreover,  the connector body 57a of the I/F
connector 57 engages  and is supported by the first,
second, and third  supporting projection 72a, 72b and
72c on the base 10 15 and the step portion 74a of the
projection 74. If any  external force acts on the I/F
connector 57 or the  printed circuit board 14,
therefore, the I/F connector  is restrained from
changing its position toward the  



base 10 by the first, second, and third supporting 20
projection 72a, 72b and 72c and the step portion 74a.
Thus, distortion of the I/F connector 57 and the
printed circuit board 14 and damage to the I/F
connector itself can be prevented, so that a junction
between the I/F connector and the circuit board can be
25 prevented from being damaged or cracked. In
consequence, the strength of the electronic components
on the printed circuit board against external force 17
can be enhanced to improve the reliability of the HDD.
According to the present embodiment, there are a
plurality of supporting projections, e.g., three in
number, and they individually engage the central part
5 and opposite end parts of the connector body 57a.
Further, the step portion 74a is provided on a
convexity to which another component, i.e., the air
filter 28 in this case, on the base 10 is attached,
and this step portion is also used as a supporting 10
projection for connector support. Thus, the entire
I/F connector 57 can be steadily supported, and the
strength against external force can be enhanced
further. The present invention is not limited directly
to  15 the embodiment described above, and its
components may  be embodied in modified forms without
departing from  the scope or spirit of the invention.
Further,  



various inventions may be made by suitably combining a
plurality of components described in connection with
20 the foregoing embodiment. For example, some of-the.
components according to the foregoing embodiment may
be omitted. Furthermore, components according to
different embodiments may be combined as required. For
example, the supporting projections of the  25 base
that support the electronic component are not  limited
to three in number but may be increased or  reduced in
number as required. The size and shape of 18  each
supporting projection may be modified depending  on
the type of the electronic component to be  supported
thereon. According to the foregoing  embodiment, the
I/F connector, among other electronic 5 components
mounted on the printed circuit board 14, is
drop-mounted and supported by the supporting
projections of the base. However, any other
electronic components than the I/F connector may be
also drop-mounted and supported by the supporting 10
projections. Further, the bottom cover may be omitted
depending on the type of the device. The magnetic
disk is not limited to one in number, and more
magnetic disks may be used, if necessary. Furthermore,
the material of the base and the top and  15 bottom
covers is not limited to a cold-rolling carbon  steel
sheet but may be any other soft magnetic  



material. 19  WHAT IS CLAIMED IS:  1. A disk device
comprising: a base; a disk-shaped recording medium
provided on the 5 base; a mechanical section provided
on the base and  including a head which processes
information on the  recording medium., a head actuator
supporting the head,  and a drive motor which supports
and rotates the 10 recording medium; and a printed
circuit board which is provided  opposite the base on
a reverse side thereof and has a  notch portion and an
electronic component mounted in  the notch portion by
being at least partially dropped  15 therein, the base
having a projection which projects on  the printed
circuit board side and engages and  supports the
electronic component. 2. A disk device according to
claim 1, wherein  20 the base has a plurality of boss
portions which  project on the printed circuit board
side and engage  the printed circuit board. 3. A disk
device according to claim 1, further  comprising a
plate-like bottom cover which is provided  25 on the
reverse side of the printed circuit board and 



covers the reverse side of the printed circuit board
and the base. 20 4. A disk device according to claim
3, wherein  the printed circuit board has a plurality
of pad  portions provided side by side with the notch
portion,  and the bottom cover has an opening through
which the 5 electronic component mounted in the notch
portion and  the pad portions are exposed. S. A disk
device according to claim 3, wherein  the base has a
top opening and a pair of side edge  portions
extending parallel to each other, and further 10
comprising a top cover which is attached to the base
and covers the top opening of the base, the recording
medium, and the mechanical section, the top cover has
a pair of side edge portions  individually overlapping
the side edge portions and 15 extending parallel to
each other, and the bottom cover  has a pair of side
walls which simultaneously  fittingly hold the
respective side edge portions of  the base and the top
cover from the outside. 6. A disk device according to
any one of 20 claims 1 to 5, wherein the electronic
component is a  connector configured to be connected
to an external  device, and the projection of the base
includes a  plurality of supporting projections
arranged side by  side with gaps therebetween in a
longitudinal 



25 direction of the connector and in contact with the
connector. 7. A disk device according to claim 6,
further 21  comprising an air filter provided on the
base, and  wherein the base has a recess which
projects on the  printed circuit board side and houses
a part of the  air filter, a part of the recess having
a step portion 5 which forms the supporting
projection. 


