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Specification 

1. Title of the Invention: 

suspension, head suspension assembly, and disk drive 
apparatus 

2. Detailed Description of the Invention: 

[0001] 

[Field of the invention] 

The present invention relates to a suspension, a head 
suspension assembly, and a disk drive apparatus that contribute 
to an increase of reliability of record and playback. 

[0002] 

[B_ac~ground art] 

In a hard disk drive (HDD) apparatus using a magnetic disk as a 
recording medium, record and playback is performed with a head 
slider not contacting the magnetic disk, by energizing the head 
slider, on which a head performing record and playback is 
mounted, toward the magnetic disk and using air flowing into 
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between the head slider and magnetic disk in company with 
rotation of the magnetic disk, like bearings. 

[0003] 

Heretofore, a head slider xl is supported by a head susp~ns~on 
assembly (HSA) x2 shown in Figure 2, and is energized toward 

the disk side with being loaded in the extent of / for example, 
2 grams by the spring x3. 

(0004] 

Because of requirement for acceleration of seek speed and the 
like, lightening of the HSA x2 is requested while keeping its 
predetermined stiffness. For this reason, HSAs x2 that keep 
their stiffness by ribs x2b that are provided in both sides of 
the arm part x2a are commonly used. 

[0005] 

By the way, large capacity and acceleration of HDDs is also 
requested due to recent advancement of performance of 
information processors. Therefore, it becomes necessary to 
decrease a space between disks, to increase rotational speed, 
and to densify track pitches (TPI). Under these conditions, 
influence of a mechanical resonance system on reliability and 
performance of an HDD becomes drastically large. 

[0006] 

In company with increase of the disk rotational speed or 
d~cr~_~se of the space between disks, an airflow rate in the HDD 
becomes higher. If the airflow rate becomes higher, however, 

influence of resonance generated in the HSA by the airflow 
cannot be disregarded. 
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[0007] 

If the airflow at high speed in laminar flow hits the rib of 
the HSA, a so-called Karman vortex street occurs in the 
downstream side of the rib, and alternating force caused by 
this vortex street excites the vibration of the HSA to. make 
servo unstable. 

[0008] 

As an apparatus solving this problem, there is a magnetic head 
suspension unit disclosed in Published unexamined Patent 
Application No. 5-174507. This magnetic head suspension unit 
suppresses occurrence of eddy flow by making each rib have a 
cross-section of a laminar airfoil. Furthermore, a position 
where a boundary layer, where speed is sharply dropped due to 
viscosity near a surface of the airfoil, is exfoliated from the 
surface of the airfoil is retracted by making each rib hollow 
and providing pores in the surface of the rib while making the 
edge of the rib open. In addition, plenty of pores make this 
unit light. 

[0009] 

[Problems to be solved by the invention] 

Nevertheless, the magnetic head suspension unit disclosed in 
the Published Unexamined Patent Application No. 5-174507 has 
complicated construction. Therefore, the unit has a problem 
that production of the unit is difficult, and hence production 
cost becomes expensive. 

[0010] 

The present invention is performed in consideration of the 
above problems, and is to provide a suspension, a head 
suspension assembly, and a disk drive apparatus that can have 
stable servo, and contribute to cost reduction owing to easy 
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production. 

[0011] 

[Summary of the invention] 

A suspension according to the present invention comprises an 

arm part where a mounting part for mounting a head slider is 
formed at an edge thereof, a standing part that is provided 

along the longitudinal direction of the arm part and is 

provided for keeping stiffness of the arm part, and openings 

that are provided in the standing part and have 10% or more of 
opening ratio. 

(0012] 

In addition, another suspension according to the present 
invention comprises an arm part where a mounting part for 

mounting a head slider is formed at an edge thereof, and a 
standing part that is provided along the longitudinal direction 
of the arm part at height of being approximately five times 
higher than the plate thickness of the arm part or less and is 
provided for keeping stiffness of the arm part. 

(0013] 

Furthermore, still another suspension according to the present 
invention comprises an arm part where a mounting part for 
mounting a head slider is formed at an edge thereof, and a box 

part that is provided near the center of the arm part along the 
longitudinal direction of the arm part and is provided for 

keeping stiffness of the arm part. 
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[0014] 

[Preferred embodiment] 

First Embodiment 

Figure 1 is a perspective view showing the construction of a 
disk drive apparatus according to a first embodiment of the 
present invention. 

This disk drive apparatus comprises a magnetic disk 1 for 
recording data, a head slider 2 where a head performing record 
and playback on tracks of this magnetic disk 1 is mounted, a 
head arm (a head suspension assembly, hereinafter: this is 
simply called an HSA) 3 where the head slider 2 is mounted, a 
rotary actuator 4 moving the head slider 2 in an approximately 
radial direction of the magnetic disk 1 while rotatably driving 
the HSA 3, an arm electronics (AE) 5 compi;ising an amplifier 
for a playback output of the head, and a chassis 6 where the 
magnetic disks 1 through AES are mounted. 

(0015] 

In addition, this disk drive apparatus comprises a spindle 
motor driver controlling the rotation of the magnetic disk 1, a 
voltage-controlled motor driver (VCM driver) driving the rotary 
actuator 4, a playback/record channel (R/W channel) performing 
playback of servo sectors, and playback/record of data, a 
control program for controlling the operation of the entire 
disk drive apparatus, memory storing data and the like, a hard 
disk controller (HDC) controlling the entire disk drive 
appa~atus, and a microprocessor unit (MPU} that has interfaces 
for a processor, the memory, and external devices and controls 
the input/output of commands and data for external devices. 
These spindle motor driver, VCM driver, R/W channel, memory, 
HDC, and MPU, and the like are mounted on a control board (not 
shown) mounted on the outside of the chassis 6. 
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(0016] 

Figures 3 through 5 are perspective views showing the further 
detailed construction of the HSA 3. The HSA 3 co~prises an arm 
part 3a having a shape of becoming narrow toward an edge, and 
ribs 3b provided in both sides of the arm part 3a for k~ep~ng 

- . stiffness. Holes 3c are provided in the rib 3b for decreasing 
the projected area of each rib. 

[0017] 

By the way, if airflow occurring by the magnetic disk 1 
rotating hits the ribs 3b, Karman vortex streets occur in the 
downstream sides of the ribs 3b, as shown in Figure 6. 

[0018} 

The force occurring due to this vortex street becomes the 
alternating force making the HSA 3 vibrate in the pitching 
direction making the central shaft of the HSA 3 as a fulcrum. 
This alternating force is expressed in the following Equation: 

[Equation 1] 

(Equation 1 ) 

where p and v show the density and flow rate of fluid 
respectively, and A shows the area receiving the fluid. In 
addition, Fk is the Karman vortex force, and ck shows a Karman 
coefficient. 

[0019"] 

It can_be seen from the Equation 1 that the alternating force 
increases in proportion to the square of the flow rate of the 
fluid. Therefore, when the flow rate of air becomes high by 
the rotational speed of the magnetic disk 1 increasing or a 
space between disks decreasing, influence of the alternating 
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force becomes large. 

[0020] 

If the HSA 3 vibrates in the torsional direction {rolling 
direction) to its central shaft, the head slider 2 _(more 

-
accurately, the position of the head mounted on the bottom of 
the head slider) is displaced in the direction of offtrack, 
that is, the direction of track width. Therefore, when the 
displacement of the head slider ·2 becomes large, the 
reliability o"f record and playback decreases. 

(0021] 

Figure 7 shows the change of displacement of the head slider 2 
by the alternating force when the flow rate of air is changed. 
Symbols A and B in the figure show the displacement of the head 
slider when an HSA having usual ribs and an HSA having ribs 
with height lower than that of the usual HSA are used, 
respectively. 

(0022] 

In order to decrease the displacement of the head slider, it 
may be sufficient, for example, to decrease the alternating 
force by decreasing A in the above-described formula 1, that 
is, an area receiving the fluid (projected area). If the 
height of the ribs 3b is decreased . so as to decrease the 
projected area, as clearly shown in Figure 7, the displacement 
of the head slider 2 can be decreased. 

In addition, in case that an angle .between the rib 3b and arm 
part 3a, as shown in Figure 4, is made 90° or more without 
providing holes 3c, it also becomes possible to decrease the 
alternating force due to the Karman vortex street by decreasing 
the projected areas of the ribs 3b. 



[0024} 

In this manner, by decreasing the projected areas by decreasing 

the height of ribs 3b, it becomes possible to decr·ease the 

displacement of tne head slider 2 that is caused by the Karman 

vortex streets. Therefore, it becomes possible to contrib_ute 

to the increase of reliability of record and playback. 

(0025] 

The present inventor et al. found that, although depending on 

material, construction, and the like of the HSA, the 

displacement of the head slider 2 was improved in comparison 

with the case that the height of the ribs 3b was six times (0.3 

mm (300 µm)) higher than the plate thickness when the height of 
the ribs 3b was made O. 245 mm at the time of the plate 

thickness of, for example, 50 µm. For this reason, it is 
preferable to make the height of the ribs 3b approximately five 

times (in this case, 0.25 mm) higher than the plate thickness 

or less. 

[0026] 

By the way, in regard to the heLght of the ribs 3b, processing 

limitation relating to plate thickness exists. In addition, 

since the stiffness of the HSA 3 decreases if the height of the 

ribs 3b becomes excessively low, the effect of providing the 

ribs 3b is lost. 

[0027] 

FQr this reason, in this embodiment, by providing holes 3c in 

the ribs 3b of the HSA 3 as shown in Figures 4 and 5, the 
I 

projected areas of the ribs 3b are made to decrease. The size 

of the "holes 3c provided in the ribs 3b is made, for example, 

10 µm or more in consideration of the viscosity of the airflow. 
In addition, it is preferable so as to keep the stiffness that 

these holes 3c are small. Nevertheless, since the size not 
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less than the plate thickness is necessary in the case of 

forming the holes 3c by etching, the size is made approximately 

60µm if the plate thickness is, for example, 50 µm. Therefore, 
it is preferable that the size of the holes 3c is equa"i to or 

more than the plate thickness. 

[0028] 

In addition, it is preferable so as to decrease the 

displacement of the head slider 2 that an opening ratio is 

large. Nevertheless, since the stiffness decreases if the 

ratio is excessively large, the ratio is made, for example, 

10-50%, desirably, 20% or more. Furthermore, at the time of 

actual design, an optimum value is set in consideration of the 

maintenance of stiffness and the decrease of displacement of 

the head slider 2. For example, when the HSA 3 in 

predetermined shape was formed working a thin plate of 

stainless steel ( SUS304TA, TA: Tension Anneal), the optimum 

value was approximately 20% in consideration of the maintenance 

of stiffness and the decrease of displacement of the head 

slider 2. 

[0029] 

In regard to the HSA 3 like this, when the change of 

displacement of the head slider 2 is obtained while the flow 

rate of air is made to change similarly to the above, the 

displacement of the head slider 2, as shown by c in Figure 7, 

becomes small. In addition, since the height of ribs 3b of 

this HSA 3 is at about the midpoint between the HSAs used for 

obtaining A and B in the figure, this HSA has a characteristic 

shown by D in the figure if the holes 3c are not provided. 

Therefore, it becomes possible not only to decrease the 

displacement of the head slider 2 in comparison with the case 

of decreasing the height of ribs, but also to maintain the 

stiffness while keeping the height of the ribs. 
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[0030] 

In this disk drive apparatus, by providing the holes 3c in the 

ribs 3b of the HSA 3, it is possible to decrease the 

displacement of the head slider 2 that is caused by the Karman 

vortex streets occurring in the downstream sides of the: r~bs 

3b. Therefore, it is possible to prevent the reliabi·lity of 

record and replay from decreasing by preventing the head slider 

2 from being displaced toward the track error. 

[0031] 

At the time of producing the HSA 3 described above, after 

forming the holes 3c by etching in the part of a plate-like 

member that corresponds to the ribs 3b, the ribs 3b are formed 

by press working. 

[0032] 

Therefore, since only a process step of forming the holes 3c by 

etching is added to steps of producing conventional HSAs 3, it 

is possible to easily produce the HSAs, and hence, it is 

possible to contribute to cost reduction. 

[0033] 

In addition, since the holes 3c are formed by etching, the 

shape of the holes 3c is not particularly limited, and hence 

the shape can be an ellipse whose major axis, as shown in 

Figure 4, is in parallel to the longitudinal direction of the 

HSA 3, and the shape can be also an ellipse whose major axis is 

inclined to the longitudinal direction of the HSA 3. 

Furthermore, in consideration of etching characteristics, 

stiffness, and the like, it is desirable to have the shape of a 

parallelogram, a trapezoid, or the like, as shown in Figure 8. 

Moreover, the shapes of the holes 3c are not limited to the 

same ones, but the shapes of a parallelogram, a trap_ezoid, or 

the like, as shown by a broken line in the figure, can be 
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combined. 

(0034] 

the holes 3c extending from the ribs 3b to the arm 
shown in Figure 9, can be provided wi~hont 

In addition, 
part 3a, as 
providing the holes 3c only in the ribs 3b. It becomes 
possible to easily further enlarge ·the opening ratio by 
providing such holes 3c. 

[0035] 

By the way, as shown in Figure 4, the angle of the ribs 3b is 
90• or more to the arm part 3a. Therefore, the upper sides of 
the ribs 3b have the moment larger than that of the lower sides 
of the ribs 3b because the upper sides are apart from the 
vibration center of the HSA 3, that is, the central shaft of 
the HSA 3. Therefore, the upper sides contribute to the 
displacement of the head slider 2 more largely than the lower 
sides. For this reason, providing holes 3c in the upper sides 
of the ribs 3b can effectively decrease the displacement of the 
head slider 2, and is advantageous for keeping the stiffness. 

[0036] 

In addition, in the arm part 3a of the HSA 3, vibration in the 
rotational direction with the central shaft of the arm part 3 
near the actuator 4 as the center is limited. Hence, the 
amplitude of the vibration becomes large toward the ends of the 
ribs 3 b. For - this reason, as shown in Figure 1 O , it becomes 
possible to effectively decrease the displacement of the head 
slider 2 by enlarging the opening ratio in.the end portions of 
the ribs 3b in comparison with that in the base portion to make 
the force acting on the end portion of the HSA 3 comparatively 
weak. 



12 

[0037] 

Furthermore, in the example shown in Figure 10, the opening 
ratio is changed by changing the pitches of the holes 3c. 
Nevertheless, as shown in Figure 11, methods of changing the 
opening ratio such as a method of changing the size of t.he 
holes 3c and a method of changing the number of openings are 
not particularly limited. 

[0038] 

As described above, in this disk drive apparatus, it is 
possible to decrease the displacement of the head slider 2, 

which is caused by the Karman vortex streets occurring in the 
downstream sides of the ribs 3b, by providing the holes 3c in 
the ribs 3b of the HSA 3 to decrease the projected areas of the 
ribs 3b. Hence, it is possible to increase the reliability of 
record and playback. 

(0039] 

If the space between magnetic disks 1 becomes narrow in company 
with downsizing and capacity increase of a disk drive apparatus 
by increasing the number of magnetic disks, the flow rate of 
air becomes high due to the viscosity of the air. . Therefore, 
the decrease of reliability of record and playback that is 
caused by the Karman vortex streets becomes large. Hence, by 
suppressing the decrease of reliability of record and playback 
using the HSA 3 described above, it becomes possible to 
contribute to the downsizing and capacity increase of disk 
drive apparatuses. 

[0040] 

Second Embodiment 

In a disk drive apparatus according to a second embodiment of 
the present invention, an HSA 13 having the construction shown 
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in Figures 12 and 13 instead of the HSA 3 shown in Figures 3 

through 5 is used. 

[0041} 

Although, in the first embodiment, the alternating forc;e :is 

suppressed by decreasing the projected areas of the ribs 3b 

receiving fluid, in this embodiment, the displacement of the 

head slider 2 is decreased by changing the position where the 

fluid is received to make the moment, contributing to the. 

vibration of the HSA 3 small. 

(0042] 

The Karman vortex force becomes an alternating force vibrating 
the HSA 3 in the torsional direction (rolling direction) to the 

central shaft of the HSA 3 as described above. Therefore, by 

setting the position, receiving the fluid, in the vicinity of 

the central shaft of the HSA 3 to decrease the moment caused by 
the alternating force, the displacement of the head slider 2 

can be decreased. 

[0043] 

For this reason, in this HSA 13, a box part 13b having a 

u-shaped cross-part is provided in the vicinity of the central 

shaft of an end portion of the arm part 13a instead of the ribs 
3b in Figures 3 through 5, as shown in Figure 12. In addition, 
in the example shown in Figure 12, ribs 13c are provided in the 
part of the arm part 13a near the rotary actuator 4. 

[ 0.044-] 

Since, by providinq the box part 13b, the stiffness of the HSA 

13 is kept and the moment caused by the alternating force is 

decreased, it becomes possible to decrease the displacement of 

the head slider 2 similarly to the first embodiment. Hence, it 

becomes possible to contribute to the increase of reliability 
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of record and playback. In addition, similarly to the first 
embodiment, it becomes possible to contribute to the downsizing 
and capacity increase of disk drive apparatuses. 

[0045] 

By the way, similarly to the time of providing the ribs 3b in 
the HSA 3 in the first embodiment, this box part 13b can be 
formed by press working. When the ribs 3b are formed, it is 
necessary to bend a plate-like member in the press working. 
Therefore, the height of the ribs 3b at some extent (for 
example, the height of the ribs 3b is O .15-0. 2 mm if the 
thickness of the member is 0.05 mm} is required. Nevertheless, 
the press working for forming-the box part 13b is the so-called 
embossing, which can produce the box part 13b having the 
comparatively low height {under the similar conditions, to 0.05 
mm or less). Therefore, it is easy to further decrease the 
displacement of the head slider 2 that is caused by the Karman 
vortex streets. 

[0046] 

In addition, it is not necessary to perform etching as the 
first embodiment so as to form this HSA 13, and hence 
person-hours do not increase in comparison with a conventional 
one. Therefore, it is possible to contribute to cost 
reduction. 

[0047] 

Furthermore, in the above description, since the arm part 12a 
ia formed in the shape of being tapered off toward the end, the 
space between elements of the box part 13b becomes narrow 
toward the end. Since the moment becomes small as the position 
of the box part 13b becomes near to the center of the arm part 
12a, it becomes possible owing to adoption of this 
to further decrease the moment of the end portion 
contributes to the displacement of the head 

construction 

that largely 
slider 2. 
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Therefore, it becomes possible to efficiently suppress the 
displacement of the head slider 2. 

[0048] 

In the above description, the sectional shape of elements :of 
the. box part 13b is described as the approximately u-shape. 
Nevertheless, it becomes possible to suppress the occurrence of 
the Karman vortex streets since the change of the flow rate in 
the downstream sides of the box part 13b' becomes continuous, 
as shown in Figure 14, by making the sectional shape of the box 
part 13b' semicircle. Hence, it becomes possible to· further 
decrease the displacement of the head slider 2. Owing ~o this, 
it becomes possible to contribute to the further increase of 
reliability of record and playback. 

[0049] 

In addition, it is possible to decrease the vibration of the 
end portion of the arm part 13a that largely contributes to the 
displacement of the head slider 2 by lowering the height of the 
box part 13b toward the end portion .. Owing to this 1 it becomes 
possible to further contribute to the increase of reliability 
of record and playback by further decreasing the displacement 
of the head slider 2. 

[0050] 

Third Embodiment 

A disk drive apparatus according to a third embodiment of the 
present invention uses an HSA 23 having the construction shown 
in Figure 15 instead of the HSA 13 shown in Figures 12 and 13. 

[0051] 

This HSA 23 has further holes 23c provided in a box part 13b' 
of the HSA 13' having the shape shown in Figure 14, and has 
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projected areas decreased. 

[0052] 

In this manner, similarly to the first embodiment, by 

decreasing the projected areas, it becomes possible to decrease 

the alternating force caused by the Karman vortex streets. 

Owing to this, it becomes possible to further decrease the 
displacement of the head slider 2 in comparison with the second 

embodiment. Hence, it becomes possible to increase the 

reliability of record and playback. 

[0053] 

In addition, similarly to the first and second embodiments, it 

becomes possible to contribute to the downsizing and capacity 
increase of disk drive apparatuses. 

[0054J 

[Advantages of the invention] 

In the present invention, by providing openings, whose opening 
ratio is 10% or more, in a standing part for keeping the 

· stiffness of an arm part, it is possible to decrease the 

displacement of a ~ead slider that is caused by a Karman vortex 
streets occurring in the downstream sides of the standing part. 
Hence, it is possible to contribute to the increase of 
reliability of record and playback. 

[0055] 

Furthermore, by decreasing the displacement of the head slider 

that is caused by the Karman vortex streets, it is possible to 

contribute to the downsizing and capacity increase of disk 

drive apparatuses. 
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[0056] 

Moreover, in an invention according to another claim of the 
present invention, by setting a standing part, which is' to keep 
the stiffness of an arm part, at the height of being six times 
higher than that of the arm part or less, it is possib~e .. to 
decrease the displacement of a head slider that is caused by 
the Karman vortex streets occurring in the downstream sides of 
the standing part. Therefore, it is possible to contribute to 
an increase of reliability of record and playback. 

[0057] 

In addition'· in an invention according to still another claim 
of the present invention, by forming a box part, which is for 
keeping the stiffness of an arm part, along the longitudinal 
direction in the vicinity of the center of the arm par~, it is 
possible to decrease the displacement of a head slider that is 
caused by the Karman vortex streets occurring in the downstream 
sides of the box part. Therefore, it is possible to contribute 
to an increase of reliability of record and playback. 

3. Brief Description of the Drawings: 

Figure 1 is a perspective view showing the construction of a 
disk ·drive apparatus according to a first embodiment of the 
present invention; 

Figure 2 is a perspective view showing the construction of a 
head suspension assembly used for constructing a conventional 
magne_:tic disk apparatus; 

Figure 3 is a perspective view showing the construction of a 
head suspension assembly constructing a disk drive apparatus 
according to the first embodiment of the present invention; 

Figure 4 is a side view showing the construction of the .head 
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suspension assembly; 

Figure 5 is a sectional view showing the constructio11 of the 
head suspension assembly; 

Figure 6 is a sectional view conceptually showing Karman vortex 
alternating force acting on the head suspension assembly; 

Figure 7 is a graph showing the change of displacement of a 
head slider when rib height of the head suspension assembly is 
changed; 

Figure 8 is a side view of another constructive example of the 
head suspension assembly; 

Figure 9 is a sectional view showing another constructive 
example of the head suspension assembly; 

Figure 1 O is a side view showing still another constructive 
example of the head suspension assembly; 

Figure 11 is a side view showing a further constructive example 
of the head suspension assembly; 

Figure 12 is a perspective view showing the construction of a 
head suspension assembly constructing a disk drive apparatus 
according to a second embodiment of the present invention; 

Figure 13 is a sectional view showing the construction of the 
head suspension assembly; 

Figur_e 14 is a sectional view showing another constructive 
example of the head suspension assembly; and 

Figure 15 is a sectional view showing the construction of a 
head suspension assembly constructing a disk drive apparatus 
according to a third embodiment of the present invention. 

·. 
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[Description of symbols] 

1 ••• Magnetic disk 
2 •.• Head 
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3, 13, 23 ••• Head suspension assemblies (HSAs) 
3a, 13a, 23a •.• Arm parts 
3b ..• Rib 
3c, 23c .•. Openings 
13b, 23b •.• Box parts 
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4. Claims: 

(1) A suspension comprising: 

an arm part where a mounting part for mounting a head 

slider- is formed at an edge thereof; 

a standing part that is provided along the longitudinal 

direction of the arm part and is provided for keeping 

stiffness of the arm part; and 

openings that are provided in the standing part and have 

10% or more of opening ratio. 

{ 2) The suspension according to Claim 1, wherein an opening 

ratio of said openings is from 10% or more to 50% or less. 

( 3) The suspension according to Claim 1, wherein diameter of 

said. openings is lOµm or more. 

( 4) The suspension according to Claim 1, wherein diameter of 

said openings is approximately plate thickness of the 

standing part or more. 

(5) The suspension according to Claim 1, wherein said openings 

are formed with extending from said standing part to the 

arm part. 

( 6) The suspension according to Claim. 1, wherein an opening 

11111111111111 ,Hiil 1111 ti ·1111 
* C L It S * 
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ratio of said openings becomes large toward an end of said 
standing part. 

(7) A suspension comprising: 

an arm part where a mounting part for mounting a head 
slider is formed at an edge thereof; and 

: 

a standing part that is provided along the longitudinal 
direction of the arm part at height of being approximately 
five times higher than plate thickness of the arm part or 
less and is provided for keeping stiffness of the arm 
part. 

(8) A suspension comprising~ 

an arm part where a mounting part for mounting a head 
slider is formed at an edge thereof; and 

a box part that is formed along the longitudinal direction 
of the arm part in the vicinity of the center of the arm 
part and is provided for keeping stiffness of the arm 
part. 

( 9) The suspension according to Claim 8, wherein height of 
said box part is approximately plate thickness or less of 
said arm part. 

(10) The suspension according to Claim 8, having a plurality of 
said box parts, wherein a space between the box parts 
becomes narrow toward an end of the arm part. 

(11) The suspension according to Claim 8, wherein said box part 
is formed by embossing. 

{12) A head suspension assembly comprising: 

a head slider having a head performing record and playback 
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of data; 

an arm part where a mounting part for mounting said head 

slider is formed at an edge thereof; 

a standing part that is provided along the longitudinal 
direction of the arm part and is provided for keeping 
stiffness of the arm part; and 

openings that are provided in the standing part and have 
10% or more of opening ratio. 

(13) A head suspension assembly comprising: 

a head slider having a head performing record and 
playback of data; 

an arm part where a mounting part for mounting said head 
slider is formed at an edge thereof; and 

standing part that is provided along the longitudinal 
direction of the arm part at height of being 
approximately five times higher than plate thickness of 
the arm part or less and is provided for keeping 
stiffness of the arm part. 

(14) A head suspension assembly comprising: 

a head slider having a head performing record and 
playback of data; 

an arm part where a mounting part for mounting said head 
slider is formed at an edge thereof; and 

a- box part that is formed along the longitudinal 

direction of the arm part in the vicinity of the center 
of said arm part and is provided for keeping stiffness of 
the arm part. 

J 111111 llllll 111111111111111 
* C L N s * 
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(15) A disk drive apparatus comprising: 

a disk-like recording medium; 

a head slider having a head performing record and playback 
of data on the disk-like recording medium; 

an arm part where a mounting part for mounting said head 
slider is formed at an edge thereof; 

a driver driving the arm part in the radial direction of 
said disk-like recording medium; 

a standing part that is provided along the longitudinal 
direction of said arm part and is provided for keeping 
stiffness of the arm part; and 

openings that are provided in the standing part and have 
10% or more of opening ratio. 

(16) A disk drive apparatus comprising: 

a disk-like recording medium; 

a head slider having a head performing record and 
playback of data on the disk-like recording medium; 

an arm ~art where a mounting part for mounting said head 
slider is formed at an edge thereof; 

a driver driving the arm part in the radial direction of 
said disk-like recording medium; and 

a standing part that is provided along the longitudinal 
direction of the arm part at height of being 
approximately five times higher than plate thickness of 
the arm part or less and is provided for keeping 
stiffness of the arm part. 
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( 17) A disk drive apparatus compr.ising: 

a -disk-like recording medium; 

a head slider having a head performing . record and 
playback of data on the disk-like recording medium; 

.an arm part where a mounting part for mounting said head 
slider is formed at an edge thereof; 

a driver driving the arm part in the radial direction of 
said disk-like recording medium-; and 

a box part that is formed along the longitudinal 
·direction· of the arm part in the vicinity of the center 
of said arm part and is provided for keeping stiffness of 
the arm part. 
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