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MAGNETIC DISK UNIT WITH AN IMPACT FORCE APPLYING MECHANISM

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a magnetic disk unit
small in size and low in power consumption. Particularly, the
invention is concerned with a magnetic disk unit, such as a
hard disk drive, having a mechanism for overcoming a sticking
phenomenon that occurs between a magnetic head and a magnetic
disk.

Description of the Related Art

| Computers are becoming smaller and smaller in size At
first they were desk-top size, then lap-top size, further,
notebook size and even memo-book size.  More particularly,
coupled with the progress in attaining a higher recording
density, the reduction in size of magnetic disk units
available on the market has continued from the 3.5 inch size
to the 2.5 and 1.8 inch sizes, and further to the 1.3 inch
size in terms of the diameter of the magnetic disk medium. 1In
the case of magnetic disk units mounted fixedly or removably
within portable computers not larger than the notebooklsize,
.they are now mostly not larger than 2.5 inches in disk
diameter.

- With the reduction in size of magnetic disk units,
card-shaped, detachable type, magnetic disk units have become
\
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not ebook size and even neno-book size. Mre particularly, coupled with the

"progress in-attaining a higher recordi ng dengy—the reduction in size of
magweti ¢ di sk units available on the market Mhasug@pip:-h he 3.5 inch
size'to the 2.5 and 1.8 inch sizes, and furt er t mep|Q size in
terns of the diameter of the magnetic disk 2jjJof magneti c

di sk units nounted fixedly or renovably within portable conputers not
| arger than the notebook size, they are now nostly not larger than 2.5
inches in disk dianeter. Wth the reduction in size of nmagnetic disk units,

car d- shapegdgpdehachallke shupe £iBRENBhEC FEESKknNsEanBaY¥8i PREPBR of such
card type magnetic disk units and other electronic devices,
including mechanical attachment and detachment, as well as
-éleqtrical connection (interface), there are standard
specifications of IC memory cards for personal computers.
These specifications have been developed in cooperation with
' the Japan Electronic Industry Development Association (JEIDA)
and the Personal Computer Memory Card International
Association (PCMCIA), U.S.A.

The standard specifications originally did not cover
magnetic disk units, but later with the reduction in size of
magnetic disk units, they have been'extended to also cover
magnetic disk units and other interfacing devices. According
to the standard specifications of IC memory cards for personal
computers, it is possible to set an operational environment so
as to permit a combined use of magnetic disks with other cards
present on or within a system. If the operational environment
provided by a card doés'nqt satisfy the operational
environment requiréd by the system, the system can refuse the
use of the card. The operational environment required by the
system includes parameters relating to information about power
supply conditions. These parameters include standaxd
operation supply voltage, minimum operation supply voltage,
maximum operation supply voltage, continuous supply current,

maximum value of average current in one second, maximum value

\
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2-popular. As specifications for the standardization of such card type

magnetic disk units and other el ectronic devices, including nechanical

attachnent and detachnent, as well as € n (interface),
bo T

there afé standard specifications of I %EH&§3RﬂﬂLersonm

conputers. These specifications have bgen_devEl n _cofperation with the
Japan El ectronic I ndustry Devel opnent ASSOCIatlon (JtIUA and t he Personal
Comput er - Menory Card | nternational

of average current.in 10 milliseconds, and supply current
necessary in a power-down mode.

Thus, small-sized magnetic diék units such as card
type magnetic disk units are expected to be used more and
more, mainly in portable information-related devices with
batteries incorporated therein. As a result, these devices
are required to be low in power consumption.

According to a t?pical conventional method for
reducing the power consumption, as shown in U.S. Patent No.
4,933,785 (Japanese Patent Laid Open No. Hei 3-503101,'the
corresponding international patent application), the operation
mode is divided into several operation modes such as, for
example:

(1) a sleep mode wherein the circuit functions are stopped
other than the minimum interfacing function to a host system
necessary for restart-up;
(2) an idle mode wherein a spindle motor is rotating, a
partial servo function is in operation, and a data
recording/reproducing circuit is off; and
(3) a normal operation mode permitting write, read, and seek.
~In each of those operation modes, power consumpﬁion
is suppressed in the circuits corresponding to unnecessary
functions. This conventional method is effective in
diminishing the power consumption in the state of a@erage use.
But equally important is the reduction of power consumption in

discrete circuit components, including the spindle motor. To
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Association (PCMCIA), U S. A The standard specifications originally did not
cover magnetic disk units, but later wwth the reduction in size of nmagnetic
disk units, they have been extended to aljss etlc di sk units and
ot her |nterfaC|ng devi ces. According to fcations of I1C
menory cards for personal conputers, it AN oper ati onal
environnment so as to permt a conbined u =0isKls w th other
cards present on or within a system I|f the operatlonal envi ronnent
provi ded by a card does not satisfy the operational environnment required by
the syst enﬂ:hié\eeﬁdStE&Céglﬁéiésﬁotbfs ues pbthbe ragHetIBed PR MéELIAE
environment required by t

in small sized magnetic disk units, there is now a tendency to

restrict the maximum current and reduce the size and thickness
of the motors themselves, thereby diminishing the starting
torque. This is also true of the rotary voice coil motor for
driving the magnetic head actuator.

In view of ﬁhese reductions in size and starting
torque power, there is concern for the sticking phenomenon
.which occure between a magnetic head and a magnetic disk
medium. For a magnetic disk unit of a contact start-stop
type, the rotation of a magnetic disk medium is started with e
magnetic head slider pressed against the disk surface i.e. in
the contact/stop state. As the magnetic disk medium rotates,
the magnetic head.slider slides in contact with the surface of
the magnetic disk medium until the circumferential speed of
the magnetic disk medium reaches a predetermined level at
which the slider floats over the disk surface under a dynamic
pressure. Thereafter, by virtue of the dynamic pressure, the
slider keeps its floating state over the magnetic disk
surface.

For improving the abrasion resistance of the magnetic
head slider and the magnetic disk surface there is ueed a
surface lubricant whieh covers the surface of the magnetic
disk. Such a surface lubricant is used also in a contact type
magnetic disk unit wherein a magnetic head or a magnetic head

slider remains in contact with a magnetic medium during read
-—
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systemincludes paraneters relating to information about power supply
condi tions. These paraneters include standard operation supply voltage,
m ni mum gperation supply voltage, HBX|nun1operat|on supply vol t age,
cont i nuous- supply current, maxi num val ue of = ne second,
maxi hum val ue 3 of average current in 10 nj MHSRRERTILAS BaENSlipp! v
current necessary in a power-down node. Thus, snaIBEEFQGEDnagnq I ¢ disk
units such as card

and write. The magnetic head contact type magnetic disk unit
can achieve a higher recording density than the magnetic head
floating type magnetic disk unit.

However, in the case where a magnetic head slider and
a magnetic disk medium, which are extremely high in flatness,
are held in a close contact at a stationary location for a
long time. though there is a surface lubricant, there often
occurs a sticking phenomenon. The sticking phenomenon is an
obstacle to start-up of the magnetic disk unit. In view of
this point, various considerations and improvements have so
far been made for making the sticking phenomenon difficult to
occur or for eliminating the state of sticking.

One method that'substantially prevents the occurrence
of such sticking phenomenon is known as a ramp loading
technique as disgclosed, for example, in Japanese Patent Laid
Open No. Hei 1-134770 and Japanese Patent Laid Open No. Hei 3-
503101 (corresponding U.S. Patent No. 4,933,785). According
to this technique, a magnetic head sﬁspension structure is .
held by a tapéred holder member mounted above a magnetic disk
medium, to hold the magnetic head slider without contact with
the surface of the magnetic disk medium. However, it is
necesséry to provide such a holding member as an additional
component (s) and ensure the holding spacing for the magnetic
disk.

Another method that addresses the sticking phenomenon

is disclosed in Japanese Patent Publication No. Sho 57-8530
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type magnetic disk units are expected to be used nore and nore, mainly in
portable information-related devices with batteries incorporated therein.

As-a resylt, these devices are.required to be |low in power consuoption.
According to a typical conventional method for TUCTNO T D& g

consunption, as shown in U S. Patent No. 4,933, §3“§. G0e ateft Laid
Open No. Hei 3-503101, the correspondi ng interngations I cation),

the operation node is divided into several operation nodes such as, for
exanple: (1) a sleep node wherein the circuit functions are stopped ot her

than the m(nhiMopehekbacikhe E40e8508) 10 AcRBSliAYSE8Mhis conventional
. method, in a magnetic disk unit of a magnetic head contact
type, a contact start-stop zone (a zone wherein a magnetic
head slider comes into contact with a magnetic diék medium
when the rotation of the disk medium is stopped) is formed on
the surface of the disk medium. In this zone, the disk medium
. surface is roughened to lower the flétness therecf. This
technique is a zone texture technique. The effect of this
technique is achieved at a trade-off with respect to
improvement of abrasion resistance. Complete prevention of
sticking is difficult, and the production cost increases.
Making various improvements to the characteristics of
the surface lubricant has also been proposed. With this
method alone, however, it is difficult to completely prevent
the sticking phenomenon.
In Japanese Patent Laid Open No. Hei 6-203514, there
is disclosed a method wherein projections are formed on a
magnetic head slider to reduce the area of contact thereof
with a magnetic disk medium, thereby diminishing static
friction between the slider and the disk medium. In this
casé, however, it is. necessary to give consideration so as to
avoid a physical damage caused by the sliding contact between
the magnetic head slider and the magnetic disk medium through
the projections formed on the slider.
A still further method so far proposed for

eliminating the sticking phenomenon utilizes a starting power
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necessary for restart-up; (2) an idle node wherein a spindle notor is
rotating, a partial servo function is in operation, and a data
recording/reproducing circuit is off; and (3) a normal operation node
permtting wite, read, and seek. In each of th : ,  power
consunption is suppressed in the circuits corre ﬁ%ﬁ%ﬁ ET GlASBEEN g[S ar y
functions. This conventional nmethod is effectivje_in dFHACER ng tife power
consunption in the state of average use. But equally Tnportant—Ts-t he
reduction of power consunption in discrete circuit conponents, including

the spi ndlgsnd®¢ed -by0a magnetic disk spindle motor or a rotary voice

coil motor which is for driving a magnetic head actuator. For
example, Japénese Patent Publication No. Sho 57-60707 (Laid
Open No. Sho 54-84712) and U.S. Patent No. 4,542,429 disclose
a method wherein a magnetic head slider is moved radially of a
magnetic disk medium juét before the start of rotation of a
magnetic disk to eliminate the sticking phenomenon.

Japanese Patent Publication No., Sho 61-61191 (Laid
Open No. Sho 55-108964) discloses a method wherein at the time
of start of rotation of a magnetié disk, a magnetic head -
slider is oscillated by means of é voice coil motor which is
for driving a magnétic head actuator, to eliminate the
sticking phenomenon.-

Japanese Patent Application No. Sho 61-211230 (the
corresponding U.S. Patent No. 4,897,743) discloses a method
wherein, before a magnetic disk starts rotating, a magnetic
head actuator is pressed against an elastic stopper by means
of an actuator motor, allowing a magnetic head slider to move
slightly in the radial direction of the disk, to eliminate the
sticking phenomenon.

However, in a small-sized magnetic disk unit of a low
power consumption type with a small starting torque of a
magnetic disk spindle motor and that of a rotary voice coil
motor for driving a magnetic head actuator, the above prior

art methods relating to the elimination of the sticking
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4 this end, for spindle notors to rotate nmagnetic di sk nediuns in
smal.l -si zed magnetic disk units, there is now a tendency to restrict the
maxi mum_current and reduce the size and thickpess of-the-waters t hensel ves,
thereby di ni ni shing the starting torque. Thilk Ty gHseT HABBEEN flthe rotary
voice coil nmotor for driving the magneti c hgpd actggti@CED n vi gw of these
reductions in size and starting torque pomerﬁ:theteztgﬁeﬁ fr-for the
sticki ng phenonenon whi ch occurs between a nagnetlc head and a nagnetic

di sk

phenomenon do not afford a sufficient stickiness eliminating
power.

As a further method for the elimination of
stickiness, Japanese Patent Laid Open No. Hei 6-208771
(corresponding U.S. Patent No. 5,313,352) discloses a method
wherein a plurality of.oscillator elements are provided in the
portions of a magnetic head slider and the slider is thereby
oscillated in a predetermined oscillation mode to eliminate
stickiness. According to this me;hod,_however, the magnetic
head slider portion is complicated, thus résulting in an
increase in the production cost.

' SUMMARY OF THE INVENTION

It is an object of the present invention to providé a
magnetic disk unit having a mechanism for eliminating
stickiness occurring between a magnetic head (slider) and a
magnetic disk medium which mechanism is suitable for a small-
sized magnetic disk upit of a low power consumption type with
a small starting Eorque of a spindle motor and of a rotary
voice coil motor (hereinafter referred to as a "VCM") for
driving a magnetic head actuator.

The above-mentioned object is attained by providing
an impact force applying mechanism in a housing of a magnetic
disk unit which has a magnetic disk medium such as a glass
substrate or another substrate formed of a hard material.

When an impact force is applied to the housing through the
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medi um For a magnetic disk unit of a contact start-stop type, the rotation
of a magnetic disk nmediumis started with a nagnetic head slider pressed
agarnst ,t.he disk surface i.e. in the contact/stop state. As the nagnetic

di sk mediumrotates, the nagnetic head slider slides in contact with the
surface of the magnetic disk mediumuntil the circunferential speed of the
magneti c di sk nmedi umreaches a predeterm ned | evel at which the slider
floats over the disk surface under a dynami c pressure. Thereafter, by
virtue of the dynam c pressure, the slider keeps its floating state over

the rrftgnet iApdtek £ovebaapplhehg HBEAYhIESM! Ner abEatranshectsdapserre the
magneti c
magnetic head and the magnetic disk medium, which then undergo
slight displacements or oscillations tb eliminate stickiness.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a pefspective view of a magnetic disk unit
of a contact start-stop type which has an impact force
applying mechanism mounted adjacent the housing.

Fig. 2 is a schematic view éhowing the manner in
which the impact force is transmitted to the slider(s) for the
magnetic head and the disk(s).

Fig. 3 is a diagram showing a relation between the
spring constant of a spring used in the impact force applying
mechanism and the sticking force capable of being overcoﬁe.

Fig._4 is a perspective view of a magnetic disk unit
which carries thereon an impact force applying mechanism
utilizing an impact force imparting element formed of a
resilient material.

Fig. 5 is a par£ial diagrammatic view showing an
impact force applying mechanism which utilizes a spring.

Fig. 6 is a partial diagrammatic view showing an
impact force applying mechanism which utilizes a magnet.

Fig. 7 is a partiél diagrammatic view showing an
impact force applying mechanism which utilizes a box

containing a ball.

_—
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head slider and the magnetic disk surface there is used a surface |ubricant
whi ch covers the surface of the ﬁagnetu:i:;xkh_Such a surface lubricant is

used alsq in a contact type magnetic di o =gnet|c head or a
magnetic head slider remains in contac : -dlun1dur|ng read

5 and wite. The magnetic head cont act E=sae-0RQ unit can achi eve

a higher recording density than the nagnetic head (o} g type nmagnetic

di sk unit.

Fig. 8 is a diagram showing a relation between the
mass'of the ball used in the impact force applying méchanism
of Fig. 7 and the sticking force capable of being overcome.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The structure and operation of a mégnetic disk unit
will be described below briefly with reference to Fig. 1,
which is a perspective view of a magnetic disk unit of a
contact start-stop type ("CSS" type hereinafter). Mounted
adjacent the housing of the disk unit is an impact force
applying mechanism to be discussed in greater detail
hereinafter.

With reference to Fig. 1, a magnetic disk 1 is -
contained or positioned within a housing 3 and suppérted for
rotation by a spindle motor 2. The substrate material bf the
magnetic disk 1 may be a hard glass, aluminum, or any other
non-magnetic material. A magnetic head slider 4 is mounted
within the housing 3 through pivot bearing 5, carriage 6 and
gimbals 7.

In operation, the magnetic disk 1 is rotated at high
speed by the spindle motor 2, while the magnetic head slider 4
assumes a floating state by the dynamic pressure of the air
present within the housing, which pressure is induced by the
rotation of the disk 1. The magnetic head utilizes a magnetic

circuit formed between the floating magnetic head slider 4 and

.__;;————4—f‘“—”“”—
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However, in the case where a magnetic head slider and a magnetic disk
medi um which are extrenely high in flatness are heId in a close contact
at-a stationary location for a long ti s a surface

| ubricant, there often occurs a stickin 4t i cki ng
phenonenon IS an obstacle to start-up o '
this point, various considerations and v = been made
for maki ng the sticking phenonmenon difflcult to occur or for el imnating
the state of sticking. One nethod that substantially prevents the

oceurr encemabngteh 8likgkiNgoPBEREBRROINES HELWBNAeBokaTRg! 2RI NG techni que

as disclosed; for exanple, in Japanese Patent Laid
reproduction with respect to the disk 1.

In view of

When the magnetic disk unit is not in operation, the
magnetic head slider 4 is pushed by the gimbals 7 against a
CSS zone 8 formed outside the data area on the surface of the
magnetic disk 1. The slider 4 is in close contact with the
CSS zone 8 at rest. This state often causes a sticking
phenomenon to occur between ﬁhe magnetig disk 1 and the
magnetic head slider 4. 1In this case, if the sticking force
between is larger than the starting torque of the spindle
motor 1 and VCM torque of the carriage 6, the magnetic disk
unit will not stait operating, causing an operation problem.

The principle of overcoming the sticking phenomenon
in the present invention will be described below with
reference to Fig. 2, which is a schematic diagram showing the
manner in which an impact force is transmitted to the magnetic

-head slider 4 and magnetic disk 1.

When an impact force is applied to the housing 3,
the applied impact force has such components as indicated with
arrows 9-a and 9-b, which are transmitted to the magnetic disk
1 and the magnetic . head slider 4, respectively. The force
component 9-a is perpendicular to the magnetic disk 1 and the
force component 9-b is parallel to the disk 1. A combined
force of the two components 9-a and 9-b, effects the contact
point between the disk 1 and the magnetic head slider 4. The
vertical component 9-a causes oscillation of the magnetic head

—_-_ﬂ__?—___—_____—
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Open No. Hei 1-134770 and Japanese Patent Laid Open No. Hei 3- 503101
(corresponding U S. Patent No. 4,933,785). According to this technique, a
magneti ¢, head suspension structure is Welg by & tapered npl der nmenber
nount ed above a nagnetic di sk medi um '=&ﬁEN|' head sl i der

wi t hout contact with the surface of the_nn Ek _nmedijum However, it

I S necessary to provide such a hol di ng menber as an additi onal conponent(s)
and ensure the holding spacing for the nagnetic disk. Another nethod that
addresses the sticking phenonenon is disclosed in Japanese Patent

PublicatiogiNgerSBO 3118338 it to strike the magnetic disk 1

continuously, and thus acts as a force to overcome the
stickiness phenomenon. Also, the horizontal component 9-b
acts in a shearing direction to overcome the stiékiness,
whereby the stickiness between the disk 1 and the slider 4 can
be overcome or eliminated.

An embodiment of the presenf invention will be
described below with reference to Figs. ,1 and 3.

As shown in Fig. 1, according to a first embodiment
of the present invention, an impact force applying mechanism
has an impact force applying portion 11, a spring 12, a core
rod 13 and a collar 14 provided externally of the sealed
components storage portion of the housing 3. A contact part
of the impact force applying portion 11 for contact with the
housing 3 is preferably formed of a spherical shape for
concentrating the iwmpact force. The spring 12, which is
disposed between the collar 14 and the housing 3, is normally
in a fully extended state. The core rod 13 is formed with a
stepped portion so that, when pulled, it comes into abutment.
with the housing 3 and functions as a stopper. The housing 3
provides a guide at the two points of col;ar 14 and core rod
13 (by way of through holes formed in the housing, for
example)p When the core rod 13 is pulled by grasping end
portion 13a to compress spring 12; and the core rod is
thereafter released by hand, the impact force applying portion

11 can impart or give an impact to the housing 3 by virtue of

i il



(Laid Open No. Sho 54-23508). According to this conventional nmethod, in a
magnetic disk unit of a nagnetic head contact type, a contact start-stop
zone (a,zone wherein a nagnetic head slider conmes into contact with a
magneti c di sk nedi um when the rotatiqf: ' =M i s stopped) is
formed on the surface of the disk nedj GRS $REERHAS BEAN, ([t he di sk medi um
surface is roughened to | ower the fl ness REREABEP. Thi technique is a
zone texture technique. The effect of this technique s achieved at a
trade-of f with respect to inprovenent of abrasion resistance. Conplete

preventi onté resilience of the spring 12. The generation of dust

caused by the impact force applying portion 11 poses no .
problem because the impact forée applying mechanism is
disposed outside the sealed components storage portion of the
housing, as shown.

Fig. 3 shows the results of an actual operation
performed by using the mechanism described above to overcome a
stickiness phenomenon occurring between a slider and a disk.
In particular, Fig. 3 is a diagram showing the relationship
between the spring constant of the spring 12 used in the
impact force applying mechanism aﬁd the sticking force capable
of being overcome or eliminated. The magnetic disk unit used
in the measurement was é 1.8 inch type magnetic disk unit
(thickness: 10.5 mm) having two magnetic disk mediums and four
magnetic heads. The impact force applying position and
direction adopted in the 1.8 inch type magnetic disk unit are
as illustrated in Fig. 1 in which there is a spatial margin.
Glass, aluminum, and iron, were used as the substrate
materials of the medium of magnetic disk 1, housing 3, and
impact force applying portion 11, respectively. The sticking
force (gf) capable of being overcome or eliminated and the
corresponding impact force (G) exerted on the magnetic disk
unit are plotted along the axis of the ordinate, while the
spring constant (N/m) is read along the axis of the abscissa.

Also shown in Fig. 3 are constants based on the assumption

S
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sticking is difficult, and the production cost increases. Miking various

| nprovenents to the characteristics of the surface |ubricant has al so been
proposed, Wth this nethod al one, however it is difficult to conpletely
prevent the sticking phenomenon. |n Jepesss Lal{ Open No. Hei .

6- 203514, there is disclosed a nethog EH%?$HEmeQ$Eg =NO fis_are formed on a
magneti c head slider to reduce the aflea of REBhtach thergof with a nagnetic
di sk medi um thereby dimnishing sta “Fri‘ction-between the slider and the
di sk medium In this case, however, it is necessary to give consideration

so as to ayRi€l enehympaat HagRgearddsSSH bie!fEsR! i 01600566 aRQt VRER

the starting torque of the spindle motor 2 is 15 gf.

In the case where the sticking force is not greater
than 15 gf, the stickiness can be overcome by the starting
torque of the spindle motor 2, and the magnetic disk unit
starts operating. But if the sticking force exceeds 15 gf,

- the stickiness cannot be overcome by the starting torque of
the spindle motor 2, and the spindle motor does not rotate.
In this case, by applying an impaqt force in the range of 75G
to 150G to the housing 3, the stickiness associated with the
relation shown in Fig. 3 can be overcome without breakage of
the magnetic disk unit and without damaging the magnetic disk
medium. It thus becomes possible for the disk unit to
operate.

The impact force applied depends on-a movable
distance {displacement of the spring), so in the magnetic disk
unit subjected to the measurement, such distance should be
taken as large as'poséiblg and hence the core rod 13 waé_
formed with a stepped portion in a position corresponding to
the distance of 7 mm. Taking variations into account, the
spring constant was set at 5.25 N/m. Assuming that variations
in the applied impact force are 10G, it is possible to apply
an impact force of at least about 130G.. Accordingly, it is
possible to overcome a sticking force of 26 gf and eliminate

the corresponding stickiness.
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t he magneti c head slider and the magnetic di sk nmedi umthrough the

projections formed on the slider. A still further nethod so far proposed
for elimnating the sticking phenonmenon utilizes a starting power 7
REPLACEMENT SHEET induced by a nagnetic di sig=spiadle nptor or a rotary
voi ce coil For
exanpl e,

-However,.no limitation is madé to the relation shown
in Fig. 3 because this relation varies depending on the
direction of impact, duration of impact, kind of the surface
lubricant used, the surface condition of the magnetic disk
medium, structure of the magnetic disk unit, and many other
factors. Also, aé to the impact resistance of the magnetic
disk unit and the starting torque of the spindle motor, they
are not limited to those illustrated. Theoretically, the .
impact resistance ought to be up to the breaking or damage
causing point of the magnetic disk 1 or of the magnetic head
slider 4. The material of the magnetic disk medium
(substrate) is not limited to glass; it ﬁay be any other
material having an impact resistance high enough to resist the
continuous hitting of the magnetic head slider 4 such as, for
example, ceramic, titanium_element, carbon element, or a
composite or alloy containing those materials as principal
ingredients. The impacting position and direction are not
limited to those shown above, either. If the spring constant
is set small, the impact force applying mechanism is also
applicable to the oxrdinary magnetic disk substraté medium
formed principally of aluminum.

Other embodiments of the impaét applying mechanism
providing an impact force to the housing of the disk unit will
be described below with reference to Figs. 4, 5, 6, 7 and 8.

Fig. 4 is a perspective view of a magnetic disk ﬁnit

which carries thereon an impact force applying mechanism
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a nmethod wherein a nagnetic head slider is noved radially of a magnetic

di sk nmedium just before the start of rotation of a magnetic disk to

el imnate the sticking phenonmenon. Japanese Patent Publication No., Sho
61-61191 (Lai d Open No. Sho 55-108964) discl _Pog Wierejn at the
time of start of rotation of a magnetic disk,['gjlfi %ﬁg EEENs|li der i s
oscillated by nmeans of a voice coil notor whi N E vin magneti c
head actuator, to eliminate the sticking phenonenon. Japanese Patent
Application No. Sho 61-211230 (the corresponding U. S: Patent No. 4,897,743)

di scl ?ses ut iTHIAIGG Wit fighctd ok dnRendns elieventt fdrmeddtcdt iang, a
magneti c

resilient material. The reference numerals of the séme
compénents as in Fig. 1 are omitted. As shown in Fig. 4, a
resilient member 16-a, such as a leaf spring formed of metal
or plastic, is attached with a bolt 15 to an outer portion of
the housing 3. When the resilient member 1l6-a is manually
pulled and then released, an impact force can be imparted to
the housing 3. The shape of the resilient member 16-a and how
to fix it afe'not limited to those illustrated. According to
'this method, an impact force can be applied to the housing 3
by means of a simple mechanism.

Figﬁ 5 shows an impact force applying mechanism
according to a third embodiment of the present invention which
utilizes.a spring 19 for biasing a rotatable impact force
applying portion or member 17. Member 17 is rotatable about a
pivot 18 and is normally in contact with the housing 3 under
the biasing force of the spring 19. The sticking force can be
overcéme by releasing the impact force applying portion 17
after manually displacing the member inwardly in the direction
indicated by arrow 20. The impact force applying portion 17
returns to its original or normal position by virtue of the
spring 19 with an impact force that is applied to the housing
3. It is to be understood, however, that the shape of the
impact force applying portion 17, the position of the pivot

18, as well as the shape of the spring 19, and how to apply

i
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head actuator is pressed against an el astic stopper by neans of an actuator
notor, allow ng a nagnetic head slider to nove slightly in the radi al
dlrectlon of the disk, to elimnate the sticking phenonenon. However, in a
smal | -Si zed magnetic dISk unit of -a | ow power with a smal
starting torque of a magnetic disk spindle not f”ﬂﬁ@HEmmHAggégr ary voice
coil notor for driving a magnetic head actuatoj, thREﬂﬂAOtﬂNI(H
nmet hods relating to the elimnation of the sticC

the biasing force of the spring, are not limited in the above
mentioned embodiment.

According to the embodiment of the impact force
applying mechanism as shown in Fig. 5, since the rotational
angle of the impact force applying portion 17 can be fixed, it
is possible to make constant the impact force applied and
hence there is no fear of bréakage of the magnetic disk unit
caused by the application of excess impact thereto. Besides,
the impact force to be applied can be adjusted easily by
changing the rotational angle and material of the impact force
applying portion 17, material of the housing 3 and the biasing
force of the spring 18. .

Fig. 6 shows an impact force applying mechanism
according to a fourth embodiment of the present invention
which utilizes a rotatable impact force applying portion or
member 21. In fhis impact force applying mechanism, a metal
piece 22 is embedded in member 21, which portion is rotatable
via a pivot 23. On the other hand, a magnet 24 is embedded in
the housing 3.° When the stickiness phenomenon occurs, the
impact force applying portion 21 is pushed in the direction of
arrow 25 and released, whereby the metal piece 22 embedded in
the impact force applying portion 21 is attracted or thrust
toward the magnet 24 embedded in the housing 3, thus
generating an impact that is imparted on the housing 3. Thg
shape of impact force applying portion 21, the position of the

pivot 23 and the relation between the magnet 24 and the metal
_ _ e
eet Has Been Replaced
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8 phenonenon do not.afford a sufficient stickiness eliminating power. As a

further nethod for the elimnation of stickiness, Japanese Patent Laid Open
No, Hei 6-208771 (corresponding U S. Patent No. 5,313,352) discloses a
met hod “wherein a plurality of oscillator elenent he

portions of a magnetic head slider and the slider|| iT&4S BEEEDMASSEEN Ht ed in
a predetermned oscillation node to elimnate stijcki nefPLACEOr di ngfito this
nmet hod, however, the magnetic head slider portio FEareg=—+nus
resulting in an increase in the production cost.

piece 22 are not limited to those illustrated, according to
this embodiment. This mechanism is suitable for the
application of a relatively small impact force and does not
require a épring to be used in its construction.

Fig. 7 illustrates an impact force applying mechanism
according to a fourth embodiment of the present invention
which utilizes a box containing a ball made of iron, for.
example, as the impact force applying mechanism. Fig. 8
illustrates a relation between the mass of the ball 26 used in
the impact force applying mechanism and the sticking force
capable of being overcome.

As shown in fig. 7, a box 27 larger than the ball 26
is formed in part of the housing 3, and the ball 26 is
contained in the box 27. As the housing 3 somewhat tilts,
oscillates or shakes, the ball 26 rolls and strikes against
the housing 3, whereby an impact force can be exerted on the
housing indirectly.

Fig. 8 shows the results of an actual operation
performed by using the mechanism described above to overcome a
stickiness phenomenon occurring between a slider and a disk.
For the operations there was used.the same magnetic disk unit
as that shown in Fig. 3. In Fig. 8, the sticking force (gf)
capable of being overcome and the corresponding impact force
(G) applied to the magnetic disk unit are plotted aiong the
axis of the ordinate, while the axis of the abscissa

.
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SUMVARY OF THE INVENTION It is an object of the present invention to
provide a magnetic disk unit having a nmechanismfor elimnating stickiness
occurring between a magnetic head (slider) and a magnetic di sk medi um which
mechani'smis suitable for a small- sized magnetic disk unit of a | ow power
consunption type with a snall starting torque. of a spi-ns e and of a
rotary voice coil notor (hereinafter referred driving a
magneti ¢ head actuator. The above-nentioned ol DY provi di ng
an inpact force applying nechanismin a housing di sk unit

which has feplaseiis GheknaBdli () VRS Ball @56, It is assumed that

the acceleration applied is 30 m/s’.

According to the impact force applying mechanism of
the fourth embodiment of the present invention, it is possible
to ensure a movable distance of 20 mm, and by using an iron
ball of 0.4 g (the preferred embodiment) it is possible to.
apply an impact force of 140G to the housing, whereby the
stickiness of 28 gf in terms of strength can be overcome. But
if the material and size of ball used, the shape and size of
the box 27, or other conditions, are changed, the results-
obtained are not limited to those shown in Fig. 7.

According to this impact force applying mechanism of
the fourth embodiment, upon occurrence of the sticking
phenomehon, the phenomenon can be overcome by oscillating the
magnetic disk unit. The mechanism is active whenever the
magnetic disk unit or the associated computer body is carried
from one place to another in that an impact force is
periodically exerted thereon depending upon the actual
shifting of the position of the device or the disk unit
itself, thus preventing the occurrence of the sticking
phenomenon. It is preferable that a mechanism which enables
the iron bali 26 to be fixed magnetically in operation be
added to the above magnetic force applying mechanism by
utilizing, for example, the mounting or removing operation of

the magnetic disk unit, or spindle motor or VCM.

-
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substrate or another substrate forned of a hard material. Wien an
9 inmpact force applying
mechanism it is transmtted to the magnetic head and the nagnetic di sk

force is applied to the housing through the

| mpact

medi um " whi ch then undergo slight. di spl acement §
el i mnate stickiness. BRI EF DESCRI PTI ON CF THE

perspective view of a magnetic disk unit of a (

3! O LIIIdLlUIlaENL
S
nt ac %ﬁp Z“stop 1|

has an inpact force

a
ype which

The application of the impact force by the impact

force applying mechanism according to the foregoing

embodiments of the present invention is not limited to those

described above. An impact or oscillation may be generated

electrically, or may be applied in interlock with the

insertion or removal of the magnetic disk unit with respect to

the associated computer body or in conjunction with the

storage case for the magnetic disk unit,, which interlock may

be an interlock with the storage case, . PCMCIA slot of a

computer or a packing container.

The CSS zone 8 may be separately provided outside the

data area of the magnetic disk medium.

Further, it is preferable that the impact force

applying mechanism be interlocked with the insertion or

removal of the magnetic disk unit, installation thereof,

unpacking, unsealing, or the storage into a storage case.

An impact force applying mechanism for imparting a

slight displacement to the magnetic head, magnetic disk and

other mechanical components of a magnetic disk unit is

constructed according to the present invention by using

members of simple structures. By slight displacement of the

member (s) of the mechanism it is possible to eliminate or

overcome the sticking phenomenon that occurs between the.

magnetic head and the disk medium. As a result,

the magnetic

disk unit equipped with such impact force applying mechanism

can be operated smoothly.
[
Sheet Has Been Reﬁaced
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appl yi ng mechani sm nount ed adj acent the housing. Fig. 2 is a schematic view
showi ng the manner in which the inpact force is transmtted to the
slider(s) for the magnetic head and the disk(s). Fig. 3 is a.di
showi ng a rel ation between the spring constant o EH&péHg@rﬁﬁgﬁEEﬂ Ehe
i npact force applying nechani smand the sticking Efrcquggg tg of bgi ng
overcone. ‘Fig. 4 is a perspective view of a mgndig—ei-sd REFER

carries ‘thereon an inpact force applying nechanismutilizing an I mpact
force inparting elenment formed of a resilient material. Fig. 5 is a partial

di agranmmati c Vlemlshmyiéﬁhéib as the substrate material of the magnetic

disk medium, there is used a hard glass or other highly rigid
material, so even after the applicatidn of an impact force,
~there remains no damage trace on the surface of the magnetic
disk medium caused by the magnetic head. Further, the
generation of dust caused by the operation of the mechanism
poses no problem because the mechanism is isolated
hermetically from a hous1ng that loads a magnetic disk medlum.

Having described a preferred embodiment of the
invention with reference to the accompanying drawings, it is
to be understood that the invention is not limited to the
embodiments and that various changes and modifications could
be effected therein by one skilled in the art without
departing from the spirit or scope of the invention as defined
in the appended claims,

It is preferable for effectively utilizing the
impact force to release the stickness between the magnetic
disk 1 and the slider 4 that an acceleration component
generated at a contact between the magnetic disk 1 and the
slider 4 by the impact force in a direction substantially
parallel to the recording surface of the magnetic disk 1 is
shaller than an acceleration component generated at the
contact between the magnetic disk 1 and the slider 4 by the
impact force in a direction substantially perpendicﬁlar to the

recording surface of the magnetic disk 1.

S
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| npact force applying mechani smwhich utilizes a spring. Fig. 6 is a
partial diagrammatic view showing an inpact force applying mechani sm which
utilizes a magnet. Fig. 7 is a partial diagramsiic vi ew show ng an i npact
force applying nmechani smwhich utilizes a box c;:ﬁgb
8 is a diagram showing a relation between the nmgés
| npact force applying nechani sm

It is preferable for preventing the damage of the
magnetic disk 1 and/or the slider 4 that a relative ﬁovement
between the magnetic disk 1 and the siider 4 in a radial
direétion of the magnetic disk 1 or a swingable direction of
the slider 4 is restrained in comparison with a relative
movément_between the magnetic disk 1 and the slider 4 in a
circumferential or direction of the magnetic disk 1 or a
tangential direction thereof when the impact force is
‘gene:ated. |

The slider 4 may be urged radially inward on the
magnetic disk 1 by a spring or magnetic force to be stopped at
a fixed radial position on the magnetic disk 1 when the impact

force is generated.

e
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of Fig. 7 and the sticking force capabl e of being overcome. DETAI LED

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The structure and operation of a

magnetic disk unit will r|efIy with reference to Fig.
- of a contact

1, which is a perspective view of Frti-]
start-stop type ("CSS' typ l E“@ ﬂaiﬂ unt ed ] re=hoysi ng of
the disk unit is an inpact chani dﬁ_ .ff“] .

greater detail hereinafter. h reference to Fig.

LN o

spi ndl e ny§@PrerlarMhe substrate material of the

1. A magnetic disk unit, comprising:
a housing in which is enclosed:
a magnetic disk medium;
a spindle and a spindle motor for driving said
magnetic medium in rotation; |
a magnetic head for writing and reading information
with respect Eo said magnetic disk medium;
a slider for supporting said magnetic head; and
an actuator for positioning said magnetic head;

an impact force applying mechanism mounted adjacent said
housing that applies an impact force to said housing; and

an electronic circuit for controlling read and write of
data with respect to said magnetic disk medium.

2. A magnetic disk unit according to claim 1, wherein
said electronic circuit is enclosed in said housing.

3. A magnetic disk unit according to claim 1, wherein
said impact force applying.mechanism is provided within said
housing and is hermetically isolated from said magnetic disk
medium.

4. A magnetic disk unit according to claim 1, wherein
said magnetic disk medium is selected from one of glass,
ceramic, titanium, and carbon.

5. A magnetic disk unit according to claim 1, Qherein

said impact force applying mechanism has a resilient member

This Sheet Has Been Repl
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magnetic disk 1 may be a hard glass, aluminum or any other non- magneti c
material. A magnetic head slider 4 is mounted within the housing 3 through
pivot bearing 5, caLLLage—6~and’§Tﬁ55rs 7. ln _operation, the magnetic disk

1i's rotated at hi gh speed m&@% ndI e mt'ﬁi}S%HE‘ﬁ‘i”l-lAps égﬁ\‘ gnetic head
am ¢ EE Efgg 0 4E

—

slider 4 assunes a f t he dy e air
present within the h rressure { tation of
the disk 1. The nagnetlc head ut|I|zes a magnetic circuit formed between

the floating magnetic head slider 4 and
having opposite ends, one end of which is secured to the

housing and the other end of which is positioned close to said
housing in a normal position and impacts said hogeing after
being displaced from said normal position.

6. A magnetic disk unit eccording to claim ‘5, wherein
said one eﬁd is secured.on said housing by a bolt.

7. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism has means for imparting
an'impaet force on séid housing including a rotatable member
having one end that contacts said housing in a normal
position; aﬁd bias means for returning said one end to said
normal position when displaced therefrom to impart said impact
force. |

8. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism has a rotatable member
rotatably supported about a pivot and means for biasing said
rotatable member so that one side of said rotatable member
contacts séid housing in a normal position, whereby the one
'side imparts an impact force on said housing when said one
side is displaced and returns to said normal position.

9. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism has a rotatable member
rotatably supported about a pivot and a magnet for biasing
said rotatable member so that one side of said rotatable

member contacts said housing in a normal position, whereby the

is Sheet Has Been Replaced ?
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11 magnetic disk 1 to performinformation recording and reproduction with

respect to the disK____Mben_Lhe—nagﬁefic disk unit is not in operation, the
magnetic head slider 4 is pushedmi “! e ginbal.s 7 against a CSS zone 8

formed ‘out si de the dﬂm“u | l rface = k 1. The
slider 4 is in close CSSz JHS SHEEEHAS BBENs [[st at e of t en
causes a sticking phenonenon to occur bet weah_t he REUASED: di s
magnetic head slider 4. In this case, if the sticking force"
| arger than the starting torque of the spindle

one side imparts an impact force on said housing when said one

1 and the
ween i s

side is displaced and returns to said normal position.

10. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism includes a box mounted on
said housing and a ball contained within said box that is

moved to impart an impéct force on said housing.

This Sheet Has Been Replac
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notor 1 and VCM torque of the carriage 6, the magnetic disk unit will not
start operating, causing an operation problem The principle of overcom ng

t he stlcklng phenonenon in the present invention will be described bel ow
with reference to Fig. 2, whichis a schemat ie—di-agram-show-ng-t he nmanner

in which an inpact force is transmtted to tiharagRetT saBeEEnsti der 4 and
magnetic disk 1. Wien an inpact force is apd I ed REFLACEDOUSIi N§ 3, the
applied inmpact force has such conponents as ‘FreFeared—w—aFFoWs 9-a and
9-b, which are transmtted to the magnetic disk 1 and the magnetic head

slider 4, respectively. The hgRarc B e BracrdsbREPENdi cular to the

magnetic disk 1 and the

A magnetic disk unit has a magnetic head-disk
stickiness eliminating mechanism suitable for a small-sized,
low power consumption type magnetic disk unit of a high
recording density: The magnetic disk unit has a housing in
which is encloséd a magnetic disk medium made of glass, a
spindle and a spindle motor for driving the magnetic medium in
rotation, a slider for supporﬁing a magrietic head and an
actuator for positioning the magnetic head. An impact force
applying mechanism mounted adjacent the housing applies an
impact force to the housing for manually imposing a
predetermined certain impact~f6rce on the housing. By |
applying an impact force manually to the housing before use 6f
the magnetic disk unit or when the disk unit becomes
inoperative due to sticking, it is possible to easily
eliminate the sticking phenomenon between the magnetic head
and the magnetic disk medium, thus permitting operation of the

magnetic disk unit.

Fig.2

/ -
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L . \
force conponent 9-b is parallel to the disk 1. A conbined force of the two
conponents .9-a and 9-b, effects the contact point between the disk 1 and
the magnetic head slider 4. The vertical conponent 9-a causes oscillation

of the magnetic head 12 slider 4, allowing it to strike the magnetic
sk 1 ntin I n h ' for V erfFeas ickin
dis continuously, and thus acts as a force to overfp --.. Ssion

phenonmenon. Al so, the horizontal conmponent 9-b acts ijnTes
to overcome the stickiness, :

A 7o) ,
%A hd 0 |
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wher eby the stickiness between the disk 1 and the slider 4 can be overcone
or elimnated. An enbodi nent of the present invention will be described
bel ew wi.th reference to Figs.,1 and 3. ‘As shown in Fig. 1, according to a
first enbodi ment of the present i nvention, an irngpg 0

mechani sm has an i npact force applying portion _-naggpggmgAggEEﬂ tore rod
13 and a collar 14 provided externally of the sdpl ed geppagents stnrage
portion of the housing 3. A contact part of the lng
portion 11 for contact with the housing 3 is preferably fornmed of a
spherical shape for concentratlng t he i npact force The spring 12, which is

\——\\— //)b [ s
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di sposed between the collar 14 and the housing 3, is normally in a fully
extended state. The core rod 13 is forned with a stepped portion so that,
when puIIed it comes into abutnment with the housipg 3 and functions as a

st opper. The housing 3 provides a guide at the t S ~114 and
core rod 13 (by way of through holes formed in t r 1liyie rBEENal-Ie).
When the core rod 13 is pulled by grasping end paktg ! _Ebonpr;ss
spring 12, and the core rod is thereafter rel eased by hand, Tpact

[
force applylng portion 11 can inpart or give an inpact to t he housi ng 3 by
virtue of

—
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13 the resilience of the spring 12. The generation of dust caused by the

| npact force applying portion 11 poses no probl em because the inpact force
appl.yi ng nechani smis disposed outside the seal ed conponents storage
portion of the housing, as shown. Fig. 3 shows the rosidn-ssat=—R="rt ual
operation perfornmed by using the nechanisn1de5011ﬂmb

sti cki ness phenonenon occurring between a slider

Fig. 3 is a diagramshow ng the relationship bettseesr=tF onist ant  of

the spring 12 used in the '

B



i npact force applying nechanismand the sticking force capable of being
overcone or elimnated. The magnetic disk unit used |n the nmeasur enment was

a 178 inch type magnetic disk uniit (thickness: 10 _ §=nwa=ﬁagnet|c
di sk nmedi unms and four magnetic heads. The i npact [ g R@BEROS|[t | on
and direction adopted in the 1.8 inch type magnetlig Sl ___?Lare_gj'
illustrated in Fig. 1 in which there is a spatial margin. Im num

and iron, were used as the substrate materials of the nedlun1of nagnetic
disk 1, housing 3, and inpact force applying portion 11, respectively. The
sticking force (gf) capable of being overcone or elimnated and the
correspondi ng i npact force (G exerted on the magnetic disk

FIG. 7
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unit are plotted along the axis of the ordinate, while the spring constant
(NNm is read along the axis of the abscissa. Also shown in Fig. 3 are
constants based on the assunption 14 that the Jlnpact resistance of the
disk unit is 150G and that the starting4torque of 2 is 15
gf. In the case where the sticking foroe~|s not rggfgsegﬁgg f@E f,lithe
sticki ness can be overcone by the starting torqu ﬁﬁm@h BdEB nofl or 2,
and the megnetic disk unit (LSl

MAGNETIC DISK UNIT WITH AN IMPACT FORCE APPLYING MECHANISM

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to a magnetic disk unit
small in size and low-in power consumptién. Particularly, the
invention is concerﬁed with a magnetic disk unit,.such as a
hard disk drive, having a mechanism for overcoming a sticking
phenomenon that occurs between a magnetic head and a magnetic
disk. | |
Description of the.Related Art

Computers are becoming smaller and smaller in size At
_first they were desk—top'size; then lap-top size, further,
notebook size and even memo-book size. More particularly,
coupled with the progress in attaining a higher recording
density, the reduction in size of magnetic disk units '
availabie on the market has continued from the 3.5 inch size
,to the 2.5 and 1.8 inch sizes, and further to the 1.3 inch
size in terms of the'diameﬁer of the magneﬁic disk medium. In
the case of magnetic disk units mounted fixedly or removably
within portable computers not larger than the notebook size,
Ithey are now mostly not larger than 2.5 inches in disk
diameter.
| With the reduction in size of magnetic disk units,

card-shaped, detachable type, magnetic disk units have become



>

starts operating. But if the sticking force exceeds 15 gf, the sti cki ness
canhnot be overcone by the starting torque of the__p}ndle notor 2, and the

spi ndl e notor does not rotate.. In this case, by ﬂ T florce in -
the range of 75G to 150G to the housing .3, the st E?H%%%“ §§gﬁﬁieﬂ with
the relation shown in Fig. 3 can be overtone wit Ly% if 1887 t h
magnetic disk unit and w thout danmagi ng the nagng S di-sk-mredi-ume-1 f t hus
becomes possible for the disk unit to operate. The inpact Torce applied

| depends on a novabl e distance, (displ acenment of the_spring so in the
magnetic RORULAN+ RBjWIGH 19T HANCERN rEhenftanderdizat ior o5 heuEl be

card type magnetic disk units and other electronic devices,

including mechanical attachment and detachment, as well as
electrical connection (interface), there are standard
specifications of IC memory cards for personal computers.
These specifications have been developed in cooperation with
the Japan Electronic Industry Development Association (JEIDA)
and the Personal Computer Memory Card International
Association (PCMCIA), U.S.A.

The standard specifications originally did not cover
magnetic disk units, but later with the reduction in size of
magnetic disk units, they have been-extended to also cover
magnetic disk units and other interfacing devices. Accofding
to the standard specifications of IC memory cards for personal
computers, it is possible to set an operationa; environment so
as to permit a combined use of magnetic disks with other cards
present on or within a system. If the operational environment
provided by a card doés.nqt satisfy the operational
environment réquired'by the system, the system can refuse the
use of the card. The operational environment required by the
system includes parameters relating to information abouﬁ power
supply conditions. These parameters include standard
operation supply voltage, minimum operation supply voltage,
maximum operation supply voltage, continuous supply current,

maximum value of average current in one second, maximum value



taken as |l arge as possible and hence the core rod 13 was formed with a
stepped portion in a position correspondi ng= 7 mm Taki ng
variations into account, the spring const ajjtRERA ENgt SHEETS m Assum ng

"
==t

that variations in the applied inmpact forch are . EGfEBtﬂBp bssible to
apply an inpact force of at |east aboutl13{)MRatdcecordi-nghyitll is possible

to overcone a sticking force of 26 gf and mat e tne correspondi ng
sti cki ness. 15 :

of average current in 10 milliseconds, and éupply current
necessary in a power-down mode.

Thﬁs, small-sized magnetic disk units such as card
type magnetic disk units are expected to be used more and
more, mainly in portable information-related devices with
batteries incorporated therein. As a result, these devices
are reéuired to be low in power consumption.

According to a typical conventional method for
reducing the power consumption, as shown in U.S. Patent No.
4,933,785 (Japanese Patent Laid Open No. Hei 3-503101, the
corresponding international patent application), the operation
mode is divided into several operation modes such as, for
example: "

(1) a sleep mode wherein the circuit functions are stopped
other than the minimum interfacing function to a host system
necessary for restart-up;

(2) an idle mode wherein a spindle motor is rotating, a
partial servo function is in operation, and a data
recording/reproducing circuit is off; and

(3) a normal operation mode permitting write, read, and seek.

' In each of those operation modes, power consuﬁpfion
is suppressed in the circuiﬁé corresponding to unnecessary
functions. This conventional method is effective in
diminishing the power consumption in the state of aQerage use.

- But equally important is the reduction of power consumption in

discrete circuit components, including the spindle motor. To



However, no limtation is nmade to the relation shown in Fig. 3 because this
rel ation varies depending on the direction of inpact, duration of inpact,
kind of the surface lubricant used, the surfape=eeratiomn of_Ln4g magnetic
di sk medium structure of the magnetic di sk UnhiREPLAREMEBSHRA®ed| fact ors.
Al so, as to the inpact resistance of t magniet i ¢ g§$fmn' and |t he
starting torque of the spindle notor, they arlg Q8 -Fi-m-te "'O“TAkse
illustrated. Theoretically, the inpact resistante ought to be up to the

nead SI | ABRR TG reat R et and ol O A, TR TR PR

limted t%ngg%§i1Jéi£EB’éﬁaﬁﬂéﬁé“dﬁgk units, there is now a tendency to

restrict the maximum current and reduce the size and thickness
of the motors themselves, thereby -diminishing the starting
torque. This is also true of the rotary voice coil motor for
driving the magnetic head actuator.

. In view of these reductions in size and sta;ting
torque power, there is concern for the sticking phenomenon
.which oecure between a magnetic head and a magnetic disk
medium. For a magnetic disk unit of a contact start-stop
type, the rotation of a magnetic disk medium is stareed with a
magnetic head slider pressed against the disk eurfece i.e. in
the contact/stop state. As the magnetic disk medium rotetes,
the magnetic head slider slides in contact with the surface of
the magnetic disk medium until the circumferentiai speed of
the magnetic disk medium reaches a predetermined level at
which the slider floats over the disk surface under a dynamic
pressure. Thereafter, by virtue of the dynamic pressure, the
slider keeps its floating state over the magnetic disk
surface.

For improving the abrasion resistance of the magnetic
head slider and the magnetic disk surface there is used a
surface lubricant which covers the surface of the magnetic
disk. Such a surface lubricant is used also in a contact type
magnetic disk unit wherein a magnetic head or a magnetic head

slider remains in contact with a magnetic medium during read



mat eri al having an inpact resistance high enough to resist the continuous
hi'tting of -the nagnetic head slider 4 such as, for exanple ceram c,
titanium el ement, carbon el.-enent, or a conposite g t hose

mat erials as principal ingredients. Thed npacting pu;uhcgmgwﬁgﬁkékalon

are not limted to those shown above, either. If [the sp és constant s set
smal |, the inpact force applying mechanismis al E@Qﬂl ...... § ........... t hg
_ ordlnary nagnetlc di sk substrate nmedi um forned pri=rcipgald Ao flum

e o £ BB AR EF AP P i
reference i) Fl@5iede 2 hPghdr@P&c8rding density than the magnetic head
floating type magnetic disk unit.

However, in the case where a magnetic head slider and
a magnetic disk medium, which are extremely high in flatness,
are held in a close contact at a stationary location for a
long time. though there is a surface lubricant, there often
occurs a sticking phenomenon. The sticking.phenomenon is an
ocbstacle to start-up of the maénetic disk unit. In view of
this point, various considerations and improvements have so
far been made for making the sticking phenomenon difficult to
occur or for eliminating the state of sticking.

One method that substantially prevents the occu;rence
of such sticking phenomenon is known as a ramp loading
technique as disclosed, for example, in Japanese Patent Laid
Open No. Hei 1-134770 and Japanese Patent Laid Open No. Hei 3-
503101 (corresponding U.S. Patent No. 4,933,785). Accordlng
to this technique, a magnetic head suspension structure is
held by a tapered holder member mounted above a magnetic disk
medium, to hold the magnetic head slider without contact with
the surface of the magnetic disk medium. However, it is
necessary to provide such a holding member as an additional
component (g) and ensure the holding spacing for the magnetic
disk.

Another method that addresses the sticking phenomenon

is disclosed in Japanese Patent Publication No. Sho 57-8530



Fig. 4 is a perspective view of a magnetic disk unit which carries thereon
an i npact force applying nmechani sm 16 util
i mparting elenent formed of a resilient mater
the same conponents as in Fig. 1 are onigdted.
resilient menber 16-a, such as a |eaf spring
attached with a bolt 15 to an outer portion £
resilient menber 16-a is manually

| HEPLAREMERTSSfESE |Inuner al s of

onmtel FER o,

(Laid Open No. Sho 54-23508). According to this conventional
method, in a magnetic disk unit of a magnetic head contact
type, a contact start-stop zone (a zone wherein a magnetic
head slider comes into contact with a magnetic disk medium
when the rotation of the disk medium is stopped) is formed on
the surface of the disk .medium. In this zone, the disk medium
surface is roughened to lower the flétness thereof. This
technique is a zone texture technique. [The effeét of this
technique is achieved at a trade-off with respect to
improvement of abrasion resistance. Complete prevention of
sticking is difficult, and the production cost increases.

Making various improvements to the characterlstlcs of
the surface lubricant has also been proposed. With this
method alone, however, it is difficult to completely prevent
the sticking phenomenon.

In Japanese Patent Laid Open No. Hei'6-203514, there
is disclosed a method wherein projections are formed on a
magnetic head slider to reduce the area of contact thereof
with a magnetic disk medium, thereby diminishing static
fri&tion between the slider and the disk medium. In this
case, however, it is necessary to give consideration so.as to
avoid a physical damage caused by the sliding contact between
the magnetic head slider and the magnetic disk medium through
the projections formed on the slider.

A still further method so far proposed for

eliminating the sticking phenomenon utilizes a starting power



pull ed and then rel eased, an inpact force can be inparted to the housing 3.
The shape of the resilient nenber 16-a and howto fix it are not limted to

those illustrated. According to this nethod, ap=-fpact—terce be
applied to the housing 3 by neans of a nple nﬁqMﬁmAnEM$Ng3HEEE bWs an

| npact force applying nechani sm accordi to a thi rdmm of|l t he
present invention which utilizes a spring 19 fo at.abl e i npact
force applying portion or menber 17. Menber 17 Fs=rotatabreaboo pi vot
18 and i s no mal |y, i n cont act mnéh t he i n under the biasing force of
t he springt uc?ﬂebXthWPﬁﬁerFc 1EEnSB%n6£%r%8H€rb9rr§IEQEPHQ Fﬁgcﬁnpact

force applglng ﬁ Eééoah%Zh is for driving a magnetic head actuator. For

example, Japanese Patent Publication No. Sho 57-60707 (Laid
Open No. Sho 54-84712) and U.S. Patent No. 4,542,429 disclose
a method wherein a magnetic head slider is moved radially of a
magnetic disk medium just before the start of rotation of a
magnetic.disk to eliminaﬁe the sticking phenomenon.

Japanese Patent Publication No. Sho 61-61191 (Laid
Open No. Sho 55-108964) discloses a method wherein at the time
of start of rotation of a magnetic disk, a magnetic head '
slider is oscillated by means of a voice coil motor which is
for driving a magnetic head actuator, to eliminate the
sticking phenomenon.:

Japanese Patent Application No. Sho 61-211230 (the
corresponding U.S. Patent No. 4,897,743) discloses a method
wherein, before a magnetic disk starts rotating, a magnetic
head actuator is pressed against an elastic stopper by means
of an actuator motor, allowing a magnetic head slider to move
slightly in the radial direction of the disk, to eliminate the
sticking phenomenon.

However, in a small-sized magnetic disk unit of a low
power consumption type with a small startinj torque of a
magnetic disk spindle motor and that of a rotary voice coil
motor for driving a magnetic head actuatbr, the above prior

art methods relating to the elimination of the sticking



after manual |y displacing the menber inwardly in the direction indicated by
arrow 20. The inpact force applying portion 17 returns to its original or
normal position by virtue of the spring 19 mnth an |nnarf fo -that is
applied to the housing 3. It is to be gnders SHg@pI t he shape
of the inpact force applying portion 11,.the t| t 18, as
wel | as the shape of the spring 19, and how t Aﬁg ﬁgg ....... Z"thn | asi ng
force of the spring, are not linmited in the apaove "

phenomenon do not .afford a sufficient stickiness eliminating
power.

As a further method for the elimination of
stickiness, Japanese Patent Laid Open No. Hei 6-208771
(corresponding U.S. Patent No. 5,313,352) discloses a method
wherein alplurality of oscillator elements are provided in the’
portions of a magnetic head slider and the slider is thereby
oscillated in a prédetermined oscillation mode to eliminate
stickihess. According to this mephod,_however, the magnetic
head slider:portion is complicated, thus resulting in an
increase in the production cost.

SUMMARY QOF THE INVENTION

It is an object of the present invention to proﬁide a
magnetic disk unit having a mechanism for eliminating
stickiness occurring between a magnetic head (slider) and a
magnetic disk medium which mechanism is suitable for a small-
sized magnetic disk gnit of a low power consumption type with

-a small starting torque of a spindle motor and of a rotary
voice coil motor (hereinafter referred to as a "VCM") for
driving a magnetic head actuator.

The above-mentioned object is attained by providing
an impact force applying mechanism in a housing of a magnetic
disk unit which has a magnetic disk medium such as a glass
substrate or another substrate formed of a hard material.

When an impact force is applied to the housing through the



menti oned enbodi nent. According to the enbodi nent of the inpact force
appl yi ng mechani sm as shown in Fig. 5 since the rotational angle of the

i npact force applying portion 17 can be fixed, ij ke
constant the inpact force applied and hepce ther REPLIAQ;EMENTSHE&H dakage of
the magnetic disk unit caused by the apgfication of e ' thheret o
Besi des,- the inpact force to be applied can be agjDssd “eggﬁm@ggm. hangi ng

the rotational angle and material of the inpact
mat eri al of the hgusi ng d the bj asLn force of the s rlgg 19. Fig. 6
shows an i WPRRECf ?Egeaﬁﬁngﬁﬁgn§Eﬁ ApLAf, 1t 1s transmi to the

magnetic head and the magnetic disk medium, which then undergo
slight displacements or oscillations to eliminate stickiness.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a pérspective view of a magnetic disk unit
of a contact start-stop type which has an impéct force
abplying mechanism mounted adjacent the housing.

Fig. 2 is a schematic view.showing the manner in
which the impact force is transmitted to the slider(s) for the
magnetic head and the disk(s).

Fig. 3 is a diagram shoﬁing a relation between the
sﬁring constant of a spring used in the impact foice applying
mechanism and the sticking force capable of being overcome.

Fig. 4 is a perspective viéw of a magnetic disk unit
which carries thereon an impact force applying mechanism
utilizing an impact force imparting element formed of a
resilient materidl.

Fig. 5 is a par£ial diagrammatic view showing an
impact force applying mechanism which utilizes a spring.

Fig. 6 is a partial diagrammatic view showing an
“impact force applying mechanism which utilizes a magnet.

Fig. 7 is a partiél diagrammatic view showing an
impact force applying mechanism which utilizes a box

containing a ball.



according to a fourth enbodi nent of the present invention which utilizes a
r ot at abl e i npact force applying portion or’ The =0 _this inpact force

appl yi ng mechanism a nmetal piece 22 is e whi ch
portion is rotatable via a pivot 23. i g et 24 is
enbedded in the housing 3. \Wen the sti PhENDIEN rs, the

i npact force applying portion 21 is pushed in thetirestid gf arrow 25 and

rel eased, whereby the netal piece 22 enbedded in the inpaz?*dorce appl yi ng
portion 21 is attracted or, thrust toward the nmagnet. 24 enbedded in the
housing 3, thus geféfat EndSaR (HPEEA™ FROWLRG RpAUEFIGT MFREWRARSItRE 3. The
shape of ﬁggg?gff% %eh%ﬂﬂ'%kg %%TE %ni%%hc%h%égggIgﬁglfyhéjxéchanism.

of Fig. 7 and the sticking force capable of being overcome.

DETAILED DESCRIPTION OF TEE PREFERRED EﬁBODIMEN‘I‘S

The structure and operation of a mégnetic disk unit
will be described below briefly with reference to Fig. 1,
which is a perspective view of a magnetic disk unit of a

- contact start-stop type ("CSS" type hereinafter). Mounted
adjacent the ﬁousiné of the disk unit is an impact force
applying mechanism to be discussed in greater detail
hereinafter.

With referencé to Fig. 1, a magnetic disk 1 is
contained or éositioned within a housing 3 and supported for
rotation by a spindle motor 2. The substrate material of the
magnetic disk 1 may be a hard glass, aluminum, or any other
non-magnetic material. A magnetic head slider 4 is mounted
within the housing 3 thfough pivot bearing 5, carriage 6 and
Qimbals 7.

In operation, the magnetic disk 1 is rotated.at high
speed by the spindle motor 2, while the magnetic head slider 4
assumes a floating state by the dynamic pressure of the air
present within the housing, which pressure is induced by the
rotation of the djsk 1. The magnetic head utilizes a magnetic

circuit formed between the floating magnetic head slidexr 4 and



plvot 23 and the relation between the magnet 24 and the netal 18 piece
22 are not Ilimted to those illustrated, accordi fffFto—ths—crgodent. This
mechanismis suitable for the appllcatlon of a rdgl
force and does not require a spring to ﬁ used |1
Il lustrates an inpact force applying ne£ anisn1a»c@ﬁ
enbodi nent of the present invention which utilizé
made of iron, for

magnetic disk_l to perform information recording and
reproduction with respect to the disk 1.

When the magnetic disk unit is not in operation, the
magnetic head slider 4 is pushed by the gimbals 7 against a
CSS zone 8 formed outside the data area on the surface of the
magnetic disk 1. The slider 4 is in close contact with the
'CSS zone 8 at rest. This state often causes a sticking

_phenomenon to occur between the magnetiq disk 1 and the
magnetic head slider 4. 1In this case, if the sticking force
between is larger than the starting torque of the spindle
motor 1 and VCM torxrgque of the carriage 6, the magnetic disk
unit will not start operating, causing an operation problem.

' The principle of overcoming the sticking phenoﬁenon
in the present invention will be described below with
reference to Fig. 2, which is a schematic diagram showing the
manner in which an impact force is transmitted to the magnetic
head slider 4 and magnetic disk 1.

When an impact force is applied to the housing 3,
the applied impact force has such components as indicated with
arrows 9-a and 9-b, which are transmitted to the magnetic disk
1 and the magnetic head slider 4,'respectively. The fofce
component 9-a is perpehdicular to the magnetic disk 1 and the
force component 9-b is parallel to the disk 1. A combined
force of the two components 9-a and 9-b, éﬁfects the contact
point between the disk 1 and the magnetic head slider 4. The

vertical component 9-a causes oscillation of the magnetic head



exanple, as the inpact force applying mechanism Fig. 8 illustrates a
relation between the nass of the ball 26 used in the inpact force applying
mechani sm and the sticking force capabl e of bej . As shown in

Fig. 7, a box 27 larger than the ball 26,is fo housi ng
3, and the ball 26 is contained in the 27. mewhat
tilts, oscillates or shakes, the ball 26 rolls| amde st ™ the
housi ng 3, whereby an inpact force can be exertes=ea=the NOIY]

indirectly. Fi.g. 8 shows the results of an actual operation perforned by

usi ng the A2&ABKI $m ad3ewipgdikhEPestEikectBgnmagnetic disk 1

continuously, and thus acts as a force to overcome the
stickiness phenomenon. Also, the horizontal component 9-b

~acts in a shearing direction to overcome the stiékiness,
whereby the stickiness between the disk 1 and the slider 4 can
be overcome or eliminated.

An embodiment of.the presenﬁ invention will be
described below with reference to Figs. ,1 and 3.

Aé shown in Fig. 1, according to a first embodiment
of the present invention, an impact force applying mechanism
has an impact force applying portion 11, a spring 12, a core
rod 13 and a collar 14 provided externally of the sealed
components storage portion of the housing 3. A contact éart

" of the impact force applying portion 11 for contact with the
housing 3 is preferably formed of a spherical shape for
concentrating the impact force. The spring 12, which ié
disposed between the collar 14 and the housing 3, is normally
in a fully extended state. The core rod 13 is formed with a
stepped portion so that, when pulled, it comes into abutment
with the housing 3 and functions as a stopper. The housing 3
provides a guide at the two points of col;ar 14 and coré rod
.13 (by way of through holes formed in the housing, for
example). When the core rod 13 is pulled by grasping end
portion 13a to compress spring 12, and the core rod is
thereafter released by hand, the impact force applying portion

11 can impart or give an impact to the housing 3 by virtue of



sti cki ness phenonmenon occurring between a slider and a disk. For the
operations there was used the sane magnetic disk unit as that shown in Fig.
3. In Fig. 8, the sticking force (gf) capabl p—aft—being-averenne, and t he
correspondi ng i npact force (G applied & t hg mempeEMENT SHEENI|I are
plotted along the axis of the ordinateu_§MiI% t he & 'sﬁggjgﬂe dpsci ssa
19 represents the nmass (g) of the ball 26. toa§;2§§u ..Mtat if he
acceleration applied is 30 [err].
the resilience of the spring 12. The generation of dust

caused by the impact force applying portion 11 poses no .
proﬁiem because the impact force applying mechanism is
disposed outside the sealed components storage portion of the
housing, as shown.

Fig. 3 showé the results of an actual operation
performed by using the mechanism described above to overcome a
stickiness phenomenon occurring between a slider and a disk.
In particular, Fig. 3 is a diagram showing the relationship
between the spring constant of the spring 12 used in the
impact force applying mechanism aﬁd-the s;icking force capable
of being overcome or eliminated. The magnetic disk unit used
in the measurement was a 1.8 inch type magnetic disk uni£
(thickness: 10.5 mm) having two magnetic disk mediums and four
magnetic heads. The impact force applying position and
direction adopted in the 1.8 inch type magnetic disk unit are
as illustrated in Fig. 1 in which there is a spatial margin.
Glass, aluminum, and iron, were used as the substrate
materials of the medium of magnetic disk 1, housiﬁg 3, and
impact force applying portion 11, respeﬁtively. The sticking
force (gf) capable of being overcome or eliminated and fhe
corresponding impact force (G) exerted on the magnetic disk
unit are plotted along the axis of the ordinate, while the
spring constant (N/m) is read along the axis of the abscissa.

Also shown in Fig. 3 are constants based on the assumption



According to the inpact force applying nechani smof the fourth enbodi nent
of the present invention, it is possible to ensure a novabl e distance of 20
mm and by using an iron ball of 0.4 g (the g ) it is
possible to apply an inpact force of 140G to

— —— -
_.__..—_.......-._.:-..

HEPhAOEMEgTsmhﬂne‘

stickiness of 28 gf in terms of streng can [pe ov t he
material and size of ball used, the shape ang @ameeéf.mﬂ& 2if, or other
conditions, are changed, the results obta|neo i =t=0 t hose

TN A 2 A RE R MW ﬁ%&%&ﬁ?“'aﬁ? O
phenonenoréh(éagtg%tg\{legr %%r;_equ%y o?:'S t:heI s n%lteh?notor 2 is 15 gf.

In the case where the sticking force is not greater
thaq 15 gf, the stickiness can be ‘overcome by the starting
torque of the spindle motor 2, and the magnetic disk unit
starts operating. But if the sticking force exceeds 15 gf,
the stickiness cannot be overcome by the starting torque of
the spindle motor 2, and the spindle motor does not rotate.

In this case, by applying an impaqt force in the range of 75G

to 150G to the housing 3, the stickiness associated with the
relation shown in Fig. 3 can be overcome without breakage of
the magnetic disk unit and without damaging the magnetic disk
medium. It thus becomes possible for the disk uhit to |
operate.

The impact force applied depends on a movable
disténce (displacement of the spring), so in the magnetic disk
unit subjected to the measurement, such distance should be
taken as large as pos51ble and hence the core rod 13 was
formed with a stepped portion in a position corresponding to
the distance of 7 mm. Taking variations into account, the
spring constant was set at 5.25 N/m. Assuming that variations
in the applied impact force are 210G, it is possible to apply
‘an impact force of at least about 130G. Accordingly, it is

possible to overcome a sticking force of 26 gf and eliminate

the corresponding stickiness.



nagnétic di sk unit. The nmechanismis active whenever the magnetic disk unit

or the associated conputer body is carried fro . er in

that an inpact force is periodically exerted t REPLACEMENTISHEETpGN t he

actual shifting of the position of the1 vice dqf the disk unit itgelf, thus

preventing the occurrence of the stickiig phen o2-5.IFER.- LeLep@b!e t hat
in

a mechani sm which enables the iron ball 26 to : :
operation be added to the above nagnetic force applying nechani sm by

utilizing, for exanple, the nou ting or renovin ogeration of the magnetic
di sk unit, or spindf@¥a¥esr BP Sﬁﬂ@ ation is made to the relation shown

in Fig. 3 because this relation varies depending on the
direction of impact, duration of impact, kind of the surface
lubricant used, the surface condition of the magnetic disk
medium, structure of the magnetic disk unit, and many other
factors. Also, as to the impact resistance of the magnetic
disk unit and the starting torque of the spindle motor, they
are not limited.to those illustrated. Theoretically, the .
impact resistance ought to be up to the breaking or damage
causing point of the magnetic disk 1 or of the magnetic head
slider 4. The material of the magnetic disk medium
(substrate) is not limited to glass; it may be any other“
material having an impact resistance high enough to resist the
continuous hitting of the magnetic head slider 4 such as, for
example, ceramic, titanium element, carbon element, or a
composite or alloy containing those materials as principal
ingredients. The impacting position and direction are not
limited to those shown above, either. If the spring constant
is set small, the impact force applying mechanism is also
applicable to the ordinary magnetic disk substrate medium_
formed principally of aluminum.
lOther embodiments of the impact applying mechanism

providing an impact force to the housing of the disk unit will
be described below with reference to Figs. 4, 5, 6, 7 and 8.

Fig. 4 is a perspective view of a magnetic disk unit

which carries thereon an impact force applying mechanism



20 Tﬁe application of the inpact force by the inpact force applying
mechani sm according to the foregoi ng enbodi nen . I nvention

is not limted to those descri bed above. An i may be
generated electrically, or nay be appli in i) sertion
or renoval of the magnetic disk unit w r espe d

conputer body or in conjunction with the storage L0l T 16" 1mag
unit,, which interlock may be an interlock with the storage case, PCMC A

slot of ayrjilizing an impact force imparting element formed of a
resilient.material. The reference numerals of the same
compénents as in Fig. 1 are omitted. As shown in Fig. 4, a
resilient member 16-a, such as a leaf spring formed of metal
or plastic, is attached with a bolt 15 to an outer portion of
the housing 3. When the resilient member 16-a is manually
pulled and then released, an impact force can be imparted to
the housing 3. The shape of the resilient member 16-a and how
to fix it are not limited to those illustrated. According to
this method, an impact force can be applied to the housing 3
by means of a simple mechanism.

Fig. 5 shows an impact force applying mechanism
according to a third embodiment of the present invention thch
utilizes a spring 19 for biasing a rotatable impact force
applying portion or member 17. Member 17 is rotatable about a
pivot 18 and is normally in contact with the housing 3 under
the biasing force of the spring 19. Thé sticking force can be
overcéme by releasing the impact force applying portion 17
after manually displacing the member inwardly in the direction
indicated by arrow 20. The impact force applying portion 17
returns to its original or normal position by virtue of the
spring 19 with an impact force that is applied to the housing
3. It is to be understood, however, that the shape of the
impact force applying portion 17, the position of the pivot

18, as well as the shape of the spring 19, and how to apply



conphter or a packing container. The CSS zone 8 may be separately provided
outside the data area of the magnetic disk nedium Further, it is
preferable that the inpact force applying nechanisn1bg_LnLeLﬂocked with the
insertion or renoval of the nmagnetic di T TIS L g0 |it her eof ,

A RERLAGEMEN], M

unpacki ng, unsealing, or the storage iAato | npact force

appl yi ng nmechanismfor inparting a slight iSplggfﬁiﬂ& - t hgl nagnetic
head, magnetic di sk and ot her mechanical cpripggd¢entsof 4 K tic disk unit

is constructed according to the present in n by using nmenbers of

sinmple StEHgt EggingyfgkéghgfdkﬁglQBEQEEE gLetggt limited in the above
mentioned embodiment. |

According to the embodiment of the impact force

applying mechanism as shown in Fig. 5, since the rotational
angle of the impact force applying portion 17 can be fixed, it
is possible to make constant the impact force applied and
hence there is no fear of breakage of the magnetic disk uﬁit
caused by the application of excess impact thereto. Besides,
the impact force to be applied can be adjusted easily by
changing the rotational angle and.material of the impact force
applying portion 17, material of the housing 3 and the biasing
force of the spring 19.

Fig. 6 shows an impact force applying mechanism
according to a fourth embodiment of the present invention
which utilizes a rotatable impact force applying portion or
member 21. In this impact force applying mechanism, a metal
piece 22 is embedded in member 21, which portion is rotatable
via a pivot 23. On the other hand, a magnet 24 is embedded in

, the housing 3. When the stickiness phenomenon occurs, the
impact force applying portion 21 is pushed in the direction of
arrow 25 and released, whereby the metal piece 22 embedded in
the impact force applying portion 21 is attracted or thrust
toward the magnet 24 embedded in the hguéing 3, thus
generating an impact that is imparted on the housing 3. The
shape of impact force applying portion 21, the position of the

pivot 23 and the relation between the magnet 24 and the metal



menber (s) of the mechanismit is possible to elininate or overcome the
sticking phenonenon that occurs between the magnetic head and the disk
medi um As a result, the magnetic disk uni i npact force

appl yi ng nechanlsn1can be operated s hi Q s the
substrate material of the magnetic drgﬁine fSMEEEd a hard gl ass
or other highly rigid material, so even af eg of an i npact
force, '

piece 22 are not limited to those illustrated, according to
this embodiment. This mechanism is suitable for the
application of a relatively small impact force and does not
‘require a épring to be used in its construction.

Fig. 7 illustrates an impact force applying mechanism
according to a fourth embodiment of the present invention
which utilizes a box containing a ball made of iron, fof.
example, as the impact force applying mechanism. Fig. 8
illustrates a relation between the mass of the ball 26 used in
the impact force applying mechanism and the sticking force
capable of being overcome.

As shown in Fig. 7, a box 27 larger than the'ball 26
is formed in part of the housing 3, and the ball 26 is
contained in the box 27. As the housing 3 somewhat tilts,
oscillates or shakes, the ball 26 rolls and strikes against
the housing 3, whereby an impact force can be exerted on the
housing indirectly.

Fig. 8 shows the results of an actual operation
~performed by using the mechanism described above to overcome a
stickiness phenomenon occurring between a slider and a disk.
For the operations there was usednthe same magnetic disk unit
as that shown in Fig. 3. 1In Fig. 8, the sticking force (gf)
capable of being overcome and the corresponding impact force
(G) applied to the magnetic disk unit are plotted along the

axis of the ordinate, while the axis of the abscissa



theré remai ns no danmage trace on the surface of the magnetic di sk nedi um
caused by the magnetic head. Further, the genera_Lon of dust caused by the
operation of the nechani sm poses no problen1bec . MECT S

i sol ated hernetically froma housing tq. | oads a %NB§§E I um
Havi ng described a preferred enbodlnent_of t he ef ence to
t he acconpanying drawings, it is to be understo AL rhe T en{| n is not

limted to the enbodi nents and that_various changes and nodifrcatrons could
opi it o CeBREbERlenknfiiaRF SHT aetathPnba Lindbne. dpponaedcEpatsRat
the acceleration applied is 30 m/s®.

According to the impact force applying mechanism of
the fourth embodiment of the present invention, it is possible

| to ensure a movable distance of 20 mm, and by using an iron
ball of 0.4 g (the preferred embodiment) it is possible to'
apply an impact force of 140G to the housing, whereby the
stickiness of 28 gf in terms of strength can be overcome. But
if the material and size of ball used, the shape and size of
the box 27, or other conditions, are changed, the results-
obtained are not limited to those.shown in Fig. 7.

According to this impact force applying mechanigm'of
the fourth embodiment, upon occurrence of the sticking
phenomenon, the phenomenon can be overcome by oscillating the
magnetic disk unit. The mechanism is active whenever the
magnetic disk unit or the associated computer body is carried
from one place to another in that an impact force is
periocdically exerted thereon depending upon the‘actual
shifting of the position of the device or the disk unit
itself, thus preventing the occurrence of the sticking
phenomenon. It is preferable that a mechanism which enables
the iron ball 26 to.be fixed magnetically in operation be
added to the above magnetic force applying mechanism by
utilizinj, for example, the mounting or removing operation of

the magnetic disk unit, or spindle motor or VCM.



It is preferable for effectively utilizing the inpact force to release the
stickness between the magnetic disk 1 and the slider 4 that an acceleration

tic disk 1 and the slider

conponent generated at a contact between the ma
4 by the inpact force in a direction s tanti al
recordi ng surface of the magnetic disk I's smal

er t?;ngig accele
conponent generated at the contact between the Zagg@t ki and

slider 4 by the inpact force in a direction subs
the recording surfagg.of Lhe qRong'be Ehekidpact

REPRACEMENT e} |

ation
t he
_fular to

force by the impact

force applying mechanism according to the foregoing

embodiments of the present invention is not limited to.those

described above. An impact or oscillation may be generated

electrically, or may be applied in interlock with the

insertion or removal of the magnetic disk unit with respect to

the associated computer body or in conjunction with the

storage case for the magnetic disk unit,, which interlock may

be an interlock with the storage case,

computer or a packing container.

. PCMCIA slot of a

The CSS zone 8 may be separately provided outside the

data area of the'magnetic disk medium.

Further, it is preferable that the impact force

applying mechanism be interlocked with

the insertion or

removal of the magnetic disk unit, installation thereof,

unpacking, unsealing, or the storage into a storage case.

An impact force applying mechanism for imparting a

slight displacement t6 the magnetic head, magnetic disk and

other mechanical components of a magnetic disk unit is

constructed according to the present invention by using

members of simple structures. By slight displacement of the

member (s) of the mechanism it is possible to eliminate or

overcome the sticking phenomenon that occurs between the

magnetic head and the disk medium. As

a result, the magnetic

disk unit equipped with such impact force applying mechanism

can be operated smoothly.



It is preferable for preventing the damage of the nagnetlc di sk 1 and/or
the slider 4 that a relative novenent between tfee=sag C dISk 1 and the
slider 4 in a radial direction of the magneti c gapl e
direction of the slider 4 is restralneg in co '
novenent between the magnetic disk 1 aa&.the slluﬁé
or direction of the magnetic disk 1 or a tangeRrre—<gi+ect]

the inpact force is generated. The slider 4 may be urged radlally i nward on

the magnetic disk 1 by a spring or netic force to be sto
J Mogéovep, g the s&Lstrate materggl og Rg magnetzc

disk medium, there is used a hard glass or other highly rigid
material, so even after the application of an impact force,
there remains no damage trace on the surface of the magnetic
disk medium caused by the magnetic head. Further, the
generation of dust caused by the operation of the mechanism
poses no problem because the mechanism is isolated
hermetically from a hous;ng that loads a magnetic disk medlum.

Having described a preferred embodiment of the

" invention with reference to the accompanying drawings, it is
to be understood that the invention is not limited to the
embodiments and that various changes and modifications could
be effected therein by one skilled in the art without ﬂ
departing from the spirit or scope of the invention as defined
in the appeﬁded claims.

It is preferable fof effectively utilizing the
impact force to release the stickness between the magnetic
disk 1 and the slider 4 that an acceleration component
generated at a contact between the magnetic disk 1 and the
slider 4 by the impact force in a direction substantially
parallel to the recording surface of the magnetic disk i.is
smaller than an acceleration component generated at the
contact between the magnetic diék 1 and the slider 4 by the
impact force in a direction substantially perpendicﬁlar to the

recording surface of the magnetic disk 1.



a fixed radial position on the magnetic disk 1 when the inpact force is
gener at ed. VE CLAI M 1. A magnetic disk unit, conprising: a housing in
which is enclosed: a magnetic disk nedium a splndle and a spindl e notor
for driving said magnetic nmediumin rotatlon
and reading information

It is preferable for preventing the damage of the
magnetic disk 1 and/or the slider 4 that a relative ﬁovement
between the magnetic disk 1 and the slider 4 in a radial
direétion of the magnetic disk 1 or a swingable direction of
the slider 4 is restrained in comparison with a relative
movement between the magnetic disk 1 and the slider 4 in a
circumferential or Qirection of the magnetic disk 1 or a
tangential direction thereof when the impact force is
.generated. '

The slider 4 may be urged radialiy inward on the
maénetic disk 1 by a spring.or'magnetic force to be stopped at
a fixed radial position on the magnetic disk 1 when the impact

force is generated.



mﬁth’respect Egaszg_gggﬂgLLg_dLsk medi um a slider for supporting said
magneti ¢ head: an actuator for positioning said magnetic head; an

i npact force ap ' ﬁn‘ nmount ed adj acgpE=said-hausing that applies
an i npact forceim\ ﬂg“wma ﬁ* and an el ectr : T dprcantrol ling
read and wite ofi datatwi *h Yespect to,gaid ; [ ' 2. A
magnetic disk unit according to claim1, wherg icjfcircuit is

encl osed in said housing. 3. A magneti c di skSTFrE=as -‘;_;f”ro[clain11,
wherein sgid i ct force applying nechanismis provided within said
housi ng a ' netically isolated fromsaid magnetic disk

1. A magnetic disk unit, comprising:

a housing in which is enclosed:

a magnetic disk medium;

a spindle and a spindle motor for driving said
magnetic medium in rotation; |

a magnetic head for writing and reading information
with respect ﬁo said magnetic disk medium;

a slider for sﬁpporting said magnetic head; and

an actuator for positioning said magnetic head;

an impact force applying mechanism mounted adjacent said
housing that applies an impact force to said housing; and

an electronic circuit for controlling read and writé of
data with respect to said magnetic disk medium.

2. A magnetic disk unit according to claim 1, wherein
said electronic circuit is enclosed in said housing.

| 3. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism is provided within said
housing and is hermetically isolated from said magnetic disk
medium.

4. A magnetic disk unit according to claim 1, wherein
said magnetic disk medium is selected from one of glass,
ceramic, titanium, and carbon.

5. A magnetic disk unit according to claim 1, Qherein

said impact force applying mechanism has a resilient member



medi um 4. A magnetic disk unit according to claim1, wherein said
nagnetic di d fromone of glass, ceramc, titanium and
carbon. 5. A magnetic disk unit accordlng to claimi1, mhereln sai d i npact

f I I nmb :
e’ enc’ ot ISHPURBIBNERIE <55 ho: ng and |
posi ti oned cloSe to" sald ﬁou5|ng in a normal po
housi ng after ' )i Date

having opposite ends, one end of which is secured to the
housing and the other end of which is positioned close to said
housing in a normal position and impacts said ho#sing after
being dispiaced from said normal position.

6. A magnetic disk unit according to claim 'S5, wherein
said one end is secured.on said housing by a bolt.

7. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism has means for impafting
an impact force on said housing including a rotatable member
having one end that contacts said housing in a normal
position; and bias means for returning said one end to said
normal position when displaced therefrom to impart said impact
force.

8. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism has a rotatable member
rotatabiy supported about a pivot and means for biasing said
rotatable member so that one side of said rotatable member
contacts séid housing in a normal position, whereby the one
side imparts an impact force on said housing when said one
side is displaced and returns to said normal position.

9. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism has a rotatable member
rotatably supported about a pivot and a magnet for biasing
said rotatable member so that one side of said rotatable

member contacts said housing in a normal position, whereby the



bei ng di spl aced—fromsaidmormal— position. 6. A nagnetlc di sk unit

accor di ng to cl aid one end is $‘f‘f‘ ----- al.d_housing by a
bolt. 7. a!mﬂ mﬁhﬂ! ﬂ‘[l according to c L\“u i npact
force applylng ans for jJrparti f e [pn said
housi ng including a rotatable menber h ng one dct g sai d
housing in a normal position; and bias neans for TerurmRg ~said” dne end to

sai d nornal positi on when displaced therefromto |npart sald |npact force.
8.

sk un| accordin claim1l, erein,said i npact, force
applylng nec%a%l§ﬁ1ﬁggaﬁ o?ﬁtéﬂ?@gﬁeﬁBEFe on Samg'LOUS1ng when Sald one
side is displaced and returns to said normal position.
10. A magnetic disk unit according to claim 1, wherein
said impact force applying mechanism includes a box mounted on

said housing and a ball contained within said box that is

moved to impart an impact force on said housing.



rotatably supported about a pivot and neans f orfFs=astrg—csal-d at abl e
menber so that one side of said rotatable nenb{
normal position, whereby the one side inparts
housi ng when said one side is displace nd ret
position. 9. A magnetic disk unit acee+di ng to crarAir—wheress sald

| mpact for ga ARRpd M I I WRTH A mm-:atﬂcmcnemmeam orted
about a pi ot at abl € nenber so that one

side of said rotatable nmenber contacts said housing in a normal position,
wher eby t he . ABSTRACT OF THE DISCLOSURE

‘A magnetic disk unit has a magnetic head-disk
stickiness eliminating mechanism suitable for a small-sized,
low power consumption type magnetic disk unit of a-high
recording density: The magnetic disk unit has' a housing in
which is encloséd a magnetic disk medium made of glass, a

" spindle and a spindle motor for driving the magnetic medium in
rotation, a slider for supporting a magretic head and an
actuator for positioning the magnetic head. An impact force
applying mechanism mounted adjacent the housing applies an
impact force to the housing for manually imposing a
predetermined certain impact force on the housing. By
applying an impact force manually to the housing before ﬁse of
the magnetic disk unit or when the disk unit becomes
inoperative due to sticking, it is possible to easily
eliminate the sticking phenomenon between the magnetic head
and the magnetic disk medium, thus permitting operatioh of the

magnetic disk unit.

Fig. 2



one'side inparts an inpact force on said housing when said one side is
di spl aced and returns to said normal positi‘on. 10. A magnetic disk unit
according to claim1, wherein said inpact force applying nechani smincl udes
a box mounted on said housing and a ball contained within said box that is

noved to inpart an inpact force on said housing.
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