E1979 b HEAD LOCATI NG ACTUATOR AND DI SK APPARATUS | NCORPORATI NG THEg79
SAME: " "BACKGROUND -OF THE | NVENTI ON The present invention relates to an
actuator for locating a head such as a nagnetic head and also to a di SR/15
apparatus such as a storage apparatus using the 5 head | ocating actuator.

I n general, a disk apparatus of the kind nmentioned above requires that a
head is | ocated, with a high degree of positional accuracy, between

adj acent information tracks in the disk, in order to enable 10 enhancenent
of storage capacity of the disk. To cope with such a demand, various
nmeasures have been taken such as rigidification of head carrying structure,
provi sion of a danpi ng nmechani smand elimnation of disturbance which m ght
af fect an actuator which serves 15 as a head | ocating neans. Japanese
Unexam nati on Patent Publication No. 4-302869 discloses a technique for
reduci ng di sturbance caused by a flexible printed circuit (abbreviated as
"FPC', hereinafter) attached to the actuator. According 20 to the

di scl osure, the disturbance is reduced by such an arrangenent that FPC is
di sposed in such a position that the disturbance generated by the FPC,
nostly a static reaction force produced by FPC, is substantially
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nul i fi;ed when the magnetic head is |ocated 25 substantially m dst between
t he t&a?hlly out er nost and -2- innernost positions which the head takes
during recordi ng/ reproduction. The above-descri bed arrangenent is effective
in dimnishing the static reaction force phich is 5 generated by the FPC to
act as di sturbance, but cannot deal with any dynam c reaction force which
may be applied to the head. The actuator to which the FPC is connected
noves at a high speed to the target information track 10 position, so that
an inpact or dynamic force is applied to the FPC to cause it to vibrate.
The vi bration produces dynanic reacting force which is transnitted to the
actuator to hanper precise positioning of the head. The dynanic reacting
force is of such a nature that is 15 generated even when there is no static

reacti ng for CBACKGROUNDI OFOTHENINVENRIONgh | ocati ng precision of the head,
therefore, it is necessary to take a suitable nmeasure for reducing dynam c
reacting force. SUWARYThE priEséhb/EMAVENE26n relates toAanoadtugtyr an
obj ect of the present invention is to provide an actuator which can
ef fectively dfernlebatiyngnacheadceuch asast magnebiasheadeandralaohtgh
degree of head locating precision. To this end, according to one aspect of
t he a disk apparatus such as a storage apparatus using the
5 head locating actuator.
In general, a disk apparatus of the kind
mentioned above requires that a head is located, with a
high degree of positional accuracy, between adjacent
information tracks in the disk, in order to enable
10 enhancement of storage capacity of the disk. To cope
with such a demand, various measures have been taken
such as rigidification of head carrying structure,
provision of a damping mechanism and elimination of
disturbance which might affect an actuator which serves
15 as a head locating means.
Japanese Unexamination Patent Publication No.
4-302869 discloses a technique for reducing disturbance
caused by a flexible printed circuit (abbreviated as
"FPC", hereinafter) attached to the actuator. According
20 to the disclosure, the disturbance is reduced by such an
arrangément Ehat FPC is disposed in such a position that
the disturbance generated by the FPC, mostly a static
reaction force produced by FPC, is substantially

nullified when the magnetic head is located

25 substantially midst between the radially outermost and



25 present invention, there is provided a head |ocating actuator for

| ocatimg a head with respect to a disk-type recording nediumso as to
enabl e said head to perform -3- recording and/ or reproduction of
information in or fromsaid recording negqul sai d head | ocating actuator
conprising: a carrier mnmenber carrying said head; 5 a supporting

menber SUpportiﬂﬁbfﬁ%%%gﬁ&éi@f&ﬂ?npﬁiéhﬁgﬂggéggai99k€%w§%r9§ erating neans

for causing a fovenen sard carrier SO as cat® said head at

a desired targelcdpditd Podibfidf, recording nedium a base supporting
sai d supporting %enber?ﬂgﬁg a ??exible printed circuit having electrical

signal lines |eading to fipe daberé-désetibéd oft timigeltePOVES @Ffestivey
nmeans, said flexible printed circuit 15 being fixed at its one end to said

carrier nmenberimndimini$lsing hehe egtlat de spescbior foricdavhichaisur ved
i nternedi ate portion between said ends, wherein said flexible printed
circuit is arrgamexhised by htlhe t FRC dto eact oas odisteobgeentbwt cam@otiynani c
reaction force generated as a result of vibration of said flexible printed
circuit, whicevhpsitintany denamicirerction foxce cerich may eine tangent
to said flexible printed circuit_at a point
applied to the head.
The actuator to which the FPC is connected
moves at a high speed to the target information track
10 position, so that an impact or dynamic force is applied
to the FPC to cause it to vibrate. The vibration
produces dynamic reacting force which is transmitted to
the actuator to hamper precise positioning of the head.
The dynamic reacting force is of such a nature that is
15 generated even when there is no static reacting force.
In order to achieve a high locating precision of the

head, therefore, it is necessary to take a suitable

measure for reducing dynamic reacting force.

SUMMARY OF.THE INVENTION

20 Accordingly, an object of the present
invention is to provide an actuator which can
effectively diminish dynamic force of reaction so as to
ensure a high degree of head locating precision.

To this end, according to one aspect of the

25 present invention, there is provided a head locating

actuator for locating a head with respect to a disk-type

recording medium so as to enable said head to perform



where said flexible printed circuit is fixed to said 25 carrier nmenber, is
substantially perpendicular to a tangent to a direction of novenent of said
point caused by said actuating power generating neans. -4- |In the case
where the actuating power generating nmeang is of the type that causes

pi votal novement of said carrier menber so as to | ocate said head at a

desi red t ar ooty AR i AR G GRONE D S s Bl fh] | 1Y i ' e

circuit may prefera at, setting an X-axis ong a

l'ine interconQGld eyt @rdinedifin Osdie Hedd l‘gca?ciﬁi%\“ﬁc?duarﬂﬁ&em_”t of
said carrier nenber and the point at which said flexible printed circuit is
fixed to saidconiprigyingt menber when said head is |ocated substantially at
a mdst between the outernost and innernost peripheral edges of a recording

surface of said recordi ag caxdiien nembeangar rfiydngedaiid headzane parallel to
said recording surface and including said X-axis, between a |longi- 15
tudi nal axiss of said fl| @ismippontiing sesibezuisuppordding saiick cardiexi d X-axi s
is set to fall within a range of from 80 degrees to 100 degrees.. I n an
enbodi ment of MEAPETfvention, said flexible printed circuit is arranged such

that, 20 determ ning said point gs a firstd;grn,,deternini as a second
poi nt another point at ®&% é‘ﬁ’%%&o"’&’r’d eratdng geans. inted circuit

is fixed, deternmining as a \ \
caus1néJa movement of said carrier member so as to

locate said head at a desired target position on said
10 recording medium;
a base supporting said supporting member; and
a flexible printed circuit having electrical
signal lines leading to said head and said actuating
power generating means, said flexible printed circuit
15 being fixed at its one end to said carrier member and at
its other end to said base and having a curved
intermediate portion between said ends,
wherein said flexible printed circuit is
arranged such that the direction of a component of a
20 dynamic reaction force generated as a result of
vibration of said flexible printed circuit, which
component is perpendicular to a direction of a line
tangent to said flexible printed circuit at a point
where said flexible printed circuit is fixed to said
25 carrier member, is substantially perpendicular to a.
tangent to a direction of movement of said point caused

by said actuating power generating means.



Y-axis a line which passes said origin and which is perpendicular to said
X-axis, representing by r a 25 distance between said origin and said first
poi.nt, representing by (x + r, y) the coordinates of said second point in
an X-Y coordinate plane, the absolute valug of a ratio x/r is not |ess than

1 but not greater -5- than 3 and the absolute value of a ratio y/r is
not greater than 1. In apQtpge egBRJLHABRE fhe! B8tLAYERL! BBwesal d flexible
printed circuit is arranged such that, deter- 5 mning sald point as a

first point, dgéRephBing MEadsS€6068 RReNtypaothat pauBesapivbtah the ot her
end of said flexible printed circuit is fixed to said base, determ ning as
a Y-axis a |inmowemehtpegssaidacdroiegi membdrwsbchsi soptopatbdi saidr to said
X-axis, representing 10 by [ERR] the angle fornmed between said X-axis and
said flexible beadtatl ai desiredt taagetf positponnoni saidered¥rdongdi nate

pl ane, and representing by [ERR] the angle forned between said X-axis and
sai d flexi bSe pedived saiduflexibiei printeddcporuiti mayhpreferabdydbeate 15
pl ane, the difference_between the absol ute val ues, of said angLes, expressed

by [err] - [er®fraBand: ARRhathahges8FtipgnfAn18-8%4RRL0PE 316188grees. In a

e ool REh: SlahRB AYCRH RaoT8) deLsh BhE BRIFLEE Supiyetals

det er m ni ng ASmévement of said carrier member and the point at which
said flexible printed circuit is fixed to said carrier

10 member when said head is located substantially at a
midst between the outermost.and innermost peripheral
edges of a recording surface of said recording medium,
the angle formed, in a'plane parallel to said recording
surface and including said X-axis, between a longi-

15 tudinal axis of said flexible printed circuit at said
point and said X-axis is set to fall within a range of
from 80 degrees to 100 degrees.

In an embodiment of the invention, said
flexible printed circuit is arranged such that,

20 determiﬁing said point as a first point, determining as
a second point another point at whiéh the other end of
said flexible printed circuit is fixed, determining as a
Y-axis a line which passes saia origin and which is
perpendicular to said X-axis, representing by r a

25 distance between said origin and said first point,
representihg by (x + r, y) the coordinates of said
second point in an X-Y coordinate plane, the absolute

value of a ratio x/r is not less than 1 but not greater



second poi nt another point at which the other end of said flexible printed
circuiti is fixed to said base, determining as a Y-axis a |line which passes
sai.d origin and which is perpendicular to said X-axis, representing 25 by r

the distance between said origin and said first point, and representing by
L the length of said curved internediate pdrtion of sald flexible printed

lane, the va Hsay S 2bar Hnd pEBLaRd, UZuleor s RRedo "wie A8.08Focating.

actuator of t t further .including a read/mmlte | C for picking
up 5 head S|gn§féQ¥$ﬁ t?é%ﬁ?&m.te | C may preferably be positioned between

said first and second pofpt anofher %ehbadifeneOYe! tHENEAVENESoRPAREIQT (e
head | ocati ng actuator according to the present invention may al so be of

the type that gpegesle@ pkDAeedleireuceeds atranyédcatchethaepbaetep-as to
| ocate said head at a desired target position on said recording nedi um

According tb ambhbrg aspédcpodhtts anfinstopoihberdeterpiningedsaadi sk
apparatus including the head 15 | ocating actuator descri bed above.
Accordi ng to ssétondnpobknt asptberopoint ahvehicbnthehethersepdoefded an

i nformation proce55|ng Bfaratus i ncl udi ng the di sk_appar at us,
said flexible printed circuit is fixed to said base,

determining as a Y-axis a line which passes said origin
and which is perpendicular to said X-axis, representing
10 by 6a the angle formed between said X-axis and said
flexible printed circuit at said first point in the X-Y
coordinate plane, and representing by 63 the angle
formed between said X-axis and said flexible printed
circuit at said second point in the X-Y coordinate
15 plane, the difference between the absolute values of
said angles, expressed by |64l - |6sl, is within a range
of from ~10 degrees to +10 degrees.
In a further embodiment of the invention, said
flexible printed circuit is arranged such that, determ-
20 ining said point as a first point, determining as a
second point another point at which the other end of
said flexible printed circuit is fixed to said base,
determining as a Y-axis a line which passes said origin
and which is perpendicular to said X-axis, representing
25 by r the distance between said origin and said first
point, and representing by L the lenéth of said curved
'intermediate portion of said flexible printed circuit

between said first and second points in the X-Y



The head locating actuator of the present 20 invention, by virtue of the
features descri bed above, can effectively dimnish dynamc reacting force
acting on a head, thus achieving a high degree of head | ocating precision.
The di sk apparatus of the invention inca gorating such a head |ocating
devi ce can perforn125 recordi ng and/or reproduction with a high degree of

g th
P:l\?glnts: 82 Wi I I e%ﬂn%%lﬂg%g%% ‘;Mé;r&é; gr&dﬂﬁwyﬁagﬁn%g%esgri ption

of preferred ideimayven the sane is read in conjunction with the
acconpany- ing draw ngs. BRI EF DESCRI PTI ON -OF THE DRAW NGS 5

Fig. 1is a plan view ofprp fidad IRSBRding Hotiatormadaiie iHventaar at us
which is a first enbodi ment of the present invention;, Fig. 2 is a plan view

of a struct ur emdfyrEihenenicNgd g I%P&ead}miwtm/efcﬁ pivkidsj iup tion of
points 10 A and B which are nentioned in the description of the

embodi ment 5, - Hepd Bignalsl arThe avead/vwer itali IC owty preffetabslngpnr at us shown
in Fig. 1, Fig. 4 is an illustration of an angle of 15 action of a dynamc
reacting forc@fditdionedl hgtweermaid figak jand tapqond PRINLSHY the FPC at

the point Ain
The actuating power generating means of the

head locating actuator according to the present
invention may also be of the type that causes a linear

10 movement of said carrier member so as fo locate said
head at a desired target position on said recording
medium, |

According to another aspect of the invention,
there is provided a disk apparatus including the head

15 1locating actuator described above.

According to still another aspect of the
invention, there is provided an information processing
apparatus including the disk apparatus.

The head locating actuator of the present

20 invention, by virtue of the features described above,
can effectively diminish dynamic reacting force acting
on a head, thus achieving a high degree of head locating
precision. The disk apparatus of the invention
incorporating such a head locating device can perform

25 recording and/or reproduction with a high degree of
precision.

These and other objects, features and

advantages of the invention will become more apparent



the first enmbodinent; Fig. 5is an illustration simlar to Fig. 4,
illustrative of an angle of action of the dynamc 20 reacting force as
observed in the nodification shown in Fig. 3; Fig. 6 is a graphical
representation of the results of a calculgtlon of the dynam c reacting
force in the first enbodi nent; : Fig. 71is an |IIustrat|on of

gggaggffjgn\?\ﬁl ?ﬁ%ﬁ \@%géﬁnﬁﬁﬁ&?é%e%oﬁﬁ rlgr;&)ét | nven | onqa%{tg. 8- |83
an illustrati enbttl.%er%r?.t&_.} q?eréégd)g}mﬂ}pcs PN LA A AHe B ,-Y-axi s

In the second s an | tration of an ang rr] of
an FPC at the fqgsa dISk apparatus which is a third enbodi nent of
t he present |nv ntlon lg. 10 is an illustration of a nodification 10 of

the third enbodinment; Fig. 11 is a plan view of the FPCin the third
enbodi nent, as observed when the angle [err] is large; Fig. 12 is a plan
vi ew of the FBRIEF DESORIITION'ONITER\(DRAWINGSSer ved when the angle [err]

is small; 15 Fig. 13 is a schematic plan view of FPCs having

di fferent Pengths, eachHig.nd Usald plan xigwslof a first embodiment of
a magnetic disk apparatus which is a first embodiment of
the present invention;

Fig. 2 is a plan view of a structure for con-
necting an FPC, illustrative of the definition of points

10 A and B which are mentioned in the description of the
embodiments;

Fig. 3 is a plan view of a modification of the
apparatus shown in Fig. 1;

Fig. 4 is an illustration of an angle of

15 action of a dynamic reacting force generated by an FPC
in relation to the angle of the FPC at the point A in
the first embodiment;

Fig. 5 is an illustration similar to Fig. 4,
illustrative of an angle of action of the dynamic

20 reacting force as observed in the modification shown in
Fig. 3;

Fig. 6 is a graphical representation of the
results of a calculation pf the dynamic reaéting force
in the first embodiment;

25 Fig. 7 is an illustration of the distance x

between the points A and B along an X-axis in a disk



apparatus which is a fourth enbodi nent of the present invention;, Fig. 14 is
a schematic perspective view of an 20 FPC used in the fourth enbodi nent,
illustrative of the definition of the length L; Fig. 15 is an illustration
of the direction in which an FPC extends_ah Lhe point Ain a disk apparatus
which is a fifth enbodi mrent of the present "25 invention; and Fig. 16 is a

Becor dance wi 1 REPAESSRBCURTER, 360 E BeBorld SRR Bt ol PR B e e

EVMBODI MENTS Thgnggﬁkﬁbggncept or structure of the present invention, as
wel |l as definition of an X-Y coordinate plane, wll be described with

specific reference to 5 pigs. glikOad id1aBtrabeoRDbE" tReOAEEERhGeay @
predeterm ned rotation speéd is fixed to a base 1. A nagnetic disk™3 which

serves as a repetdeds theé pdintsCal @nddBOR1ohg apiyrdkésn@hothe. sécond
supporting nenber 12 is rotatably 10 carried by the base 1 and di sposed at

a position 6hi eghbbdifmenti;de the outer peripheral edge of the magnetic disk
3 carried by the spindle notor 2. The supporting nenber 12 has an axis
whi ch extends in paralleFigitB tisaanofilihetsptiadheofivanr adgle éarofage 7,
whi eh FPC at the point B in a disk apparatus which is a third
embodiment of the present invention;
Fig. 10 is an illustration of a modification

10 of the third embodiment:

Fig. 11 is a plan view of the FPC in the third
embodiment, as observed'when the angle 6g is large;

Fig. 12 is a plan view of the FPC in the third
embodiment, as observed when the angle 6g is small;

15 Fig. 13 is a schématic plan view of FPCs
having different lengths, each being usable in a disk
apparatus which is a fourth embodiment of the present
invention;

Fig. 14 is a schematic perspective view of an

20 FPC used in the fourth embodiment, illustrative of the
definition of the length L;

Fig. 15 is an illustration of the direction
in which an FPC extends at the point A in a disk
apparatus which is a fifth embodiment of the present

25 invention; and _

Fig. 16 is a perspective view of a personal

computer incorporating an apparatus in accordance with

the present invention.



15 carries a load arm6 in support of the nmagnetic head 11, is fixed to the
. supporting nmenber 12 so as to pivot about the axis of the supporting nenber
12.. The power for shifting the nmagnetic head 11 is generated by a voice
coil notor. The voice coil notor 20 has a goil 9 which is fixed to the
carriage 7. The voice coil notor also has @ magnetic circuit which includes

a yoke 10 and 3E§@ﬁg§%£6§36¥CaﬂﬁsPﬁﬁfﬁﬂREB $ﬂ§o§?ﬁgyég. A curved FPC 4 is

fixed at its one éen he carriage end 4b of the FPC 4 is

25 connected to the baseT%?tgég?gh%ﬁgﬁggghafiggrgggygé Of g‘g BHEYE g FPC 4

is flexible so that it delicate S Its curvature we responding to

any vibratory {Rb¢eRPi6h,!88 waLli ageadfinieioRCof af %OVNESbLdinate- 10 -
t hrough anot her FPC 4d connected to the FPC anchoring nenber 5, to an

external contrplaseéjcwillbpaerdesopibedowithvbpebifie! reéfaerdncgetoci rcuits
for the spindle notor 2 and the voice coil notor. The FPC 4d carries a 5
read/ wite 3C Bbgso Whtoh3is connected a head signal line leading fromthe
magneti c head 11 through the FPC 4. The head signal line is electrically
connected further to theAaspirdhe dneberrd|operable abaz doredetgrminedrFpC
4d. The read/wite | C, however, nmay alter- 10 natively be carried by the
FPC 4. The conk@brtioncepeedobsdfikedi tadatbasgacl) ovprmagnetde €hekpdse 1.

A cover (not shomm% is fixed to the base 1 by, neaps of, fo&
which serves as a recording medium is carried by the

spindle motor 2. A supporting member 12 is rotatably
10 carried by the base 1 and disposed at a position which
is outside the outer peripheral edge of the magnetic
disk 3 carried by the spindle motor 2. The supporting
member 12 has an axis which extends in parallel with
that of the spindle motor 2. A carriage 7, which
15 carries a load arm 6 in support of the magnetic head 11,
is fixed to the supporting member 12 so as to pivot
about the axis of the supporting member 12,
The power for shifting the magnetic head 11 is
'generated by a voice coil motor. The voice coil motor
20 has a coil 9 which is fixed to the carriage 7. The
voice coil motoi also has a magnetic circuit which
- includes a yoke 10 and a magnet 8 which is fixed to the
yoke 10. A curved FPC 4 is fixed at its one end 4a to
the carriage 7. The other end 4b of the FPC 4 is
25 connected to the base 1 through an anchoring member 5.
The curved FPC 4 is flexible so that it delicately
changes its curvature well responding to any vibratory

motion of the carriage 7. The FPC 4 is connected,



exanple, screws or the like so as to define therebetween a seal ed space
whi ch accommodat es the magnetic disk 3 15 fixed to the spindle notor 2, as
wel.l as various parts including the carriage 7 supported by the supporting
nmenber 12, the load arm6 fixed to the canrg age 7, the magnetic head 11
held by the load arm 6, the magnetic circuit and the coil of the voice coi

motor, “head 20u4}g0gh bhBenkeapbBoalr GBhhBBLERTNE! LheNBBE dhengRdnbhe FPC

4. The direction of °the electrical current supplle to the col i xed to

the carriage Tmemberebl 88 dHrakternal EBﬁt?BlrEQEcﬁﬂﬁpbﬁarar?not
I ndependently 25 control lable so as to enable the direction and magni t ude

of the rocklngshewﬁrewasbhnﬂnemuabe aeiveageifcuetbereenthel kpinbreel y. It
is therefore possible to |locate the magnetic head 11 at any desired :

posi tion on t hmotorndgantli thdi ¢bide bpillhmoeperat The PPCt U4 varcdesoal
nmotor. The voice coil motor serving as the head | ocating actuator for

| ocating thg nagadywrihealC11l5i sot whichokposouneatalyacheadesigndlar m 6,
carriage 7, 5 supporting nenber 12, coil 9, yoke 10, nagnet 8 and_t he FPC
4. Accor di ng thénﬁrbgéﬁ@ngnﬁéﬁ@|§he masneﬁiveaeaécll FérPPQEdthﬁ EPGni que -

and novel mann ints A.and B ¢n a X-Y,coordi nate plate shown in
Fig. 10 1. Defgnl Bﬁ BFgahééensélﬁﬁgeA}anﬁ FaginEQEPFEEa Wit h

specific refergncgh Eggthe aforesaid control circuit board through
the FPC 4d. The read/write IC, however, may alter-

10 natively be carried by the FPC 4. The control circuit
board is fixed to the lower side of the base 1. A cover
(not shown) is fixed to the base 1 by means of, for
example, screws or the like so as to define therebetween
a sealed space which accommodates the magnetic disk 3

15 fixed to the spindle motor 2, as well as various parts
including the carriage 7 supported by the supporting
member 12, the load arm 6 fixed to the carriage 7, the
magnetic head 11 held by the load arm 6, the magnetic
circuit and the coil of the voice coil motor, head

20 signal line leading from the magnetic head 11, and the
FPC 4.

The direction of the electrical current
supplied to the coil 9 fixed to the carriage 7, as well
as duration of the current supply, are independently

25 controllable so as to enable the direction and magnitude
of the rocking torque acting on the carriage 7 to be
céntrolled freely. .It is therefore possible to locate

the magnetic head 11 at any desired position on the



The curved FPC 4 is fixed at its one end 4a to the carriage 7 and at its
other end 4b to the FPC anchoring nenber 5 by bonding or by neans of
screws. 15 The above-nentioned point A is defined as the boundary point
between the curved portion 4c of the FPC 4.and the end 4a of the FPC 4
fixed to the carriage 7. The point A ther re wll be referred to also as

def i ned oo t heUBBARGAP, 38kne 7o BYASEE. PRETATETRI 5o b RoRCHEeaR8 tihe end 4d
of the FPC 4 fhé@ﬂrﬁo e Eﬁgﬁingﬁﬁi'mbggr”ﬁﬁg%&ng-aEhEhBOhBEdB.thefefOVG
will be referre 0 al S0 as € basé-sirde fIxing position or point. The

origin of the %-oé’agﬁglﬁgheehgteka%rc%esk;‘iag %@hmhaﬁezécan}eadolaf ﬂsﬂe

pi votal novenent o head | ocating actuator. A sfraight [1ne whic

passes the ori ghisOcenposed mainly ofheRe! Noadrarat 6 baz¢idgel 5,! ocat ed
sub- stantially m dst between the innernost peripheral edge - 12 - and

the outernpSt papppbeiag meabeef 12hecoadndli goitesi03 magaesusedntothe the X
axis, while the Y-axis is set along a straight |ine which is perpendicul ar
to the X- axi sFR@d4whi ch passes the origin 0. 5 In Figs. 1 and
2, the curved portion 4c of the FPCis situated at the sane side of the
X-axis as the coil 9 of Apeoxdingtshe pPrEpsenkohmventipn,okhe enrved- rative

and it will be_apparent to thoie skilled in the ar& that the curved portion
4c may al ternaFPGefyigefixed 1in a unique and novel manner at two

points A and B on an X-Y coordinate plate shown in Fig.

10 1. Definition of these points A and B will be described
with specific reference to Fig. 2.

The curved FPC 4 is fixed at its one end 4a to
the carriage 7 and at its other end 4b to the FPC
anchoring member 5 by bonding or by means of screws.

15 The above-mentioned point A is defined as the boundary
point between the curved portion 4c of the FPC 4 and the
end 4a of the FPC 4 fixed to the carriage 7. The point
A therefore will be referred to also as the carriage-
fixing position or point. Meanwhile, the point B is

20 dgefined as the bouﬂdary point between the curved portion
4c and the end 4d of the FPC 4 fixed to the FPC anchor-
ing member 5. The point B therefore will be referred to
also as the base-side fixing position or point. The
origin of the X-Y coordinate plane coincides with the

25 axis O of the pivotal movement of the head locating
actuator. A straight line which passes the origin O and
the point A when the magnetic head 11 is ldcated sub-

stantially midst between the innermost peripheral edge



10 positioned on the same side of the X-axis as the disk 3, with the aid of
a spacer 16 sandw ched between two | egs of a U bend 4e, as shown in Fig. 3.
In .the arrangenment shown in Fig. 3, electrical connection between the
control circuit board and the FPC 4 is acRhigewed through 15 a connector 17.
A first enbodi nent of the present invention will be described with

reference o Fhgd. eAedbicaenlt Horipnaraadompa! okethir fachbticl biskNY ©

[err] of fixing of ‘the arri age- |de i Xing point Als proper-

20 ly selected1§0aa§hmeaetbhse0Qh%Ck lebbewhﬂ!@”%h@”&-zﬂisaﬂg|QeEerr] i s
t he angle fornmed between the X-axis and a line which is tangent to the FPC

4 at the poi nt afongsavstrakghteeinkr GRibhIss ?eiﬁénalcﬂiaﬁeﬁér thedxkefore,
the FPC tends to vibrate 25 due to inpacting force which is applied thereto

as a result ofagibi ghdsphdécdhnpasgest the brégingostic head 11 to the target
position. Consequently, vibratory or - 13 - dynamc reacting force is
exerted by bhe FPC 4. Thia Fégsti bgahdr 2¢ the bardedoppntédnincoofmbhe
orthogonal conponents: nanely, a reacting force conRonent Ft acting in the
direction tangBRE is shsumpbedsakt theespopnsifean§ she Keaéisngsf§hee

conponent Fr ndlc lar to the conponent Ft the_results of
cal cul ati ons cﬁﬁaic?eﬂ t §h SePGFHFﬁertheTﬁﬁﬁnlPﬂﬂéggS? PﬁeogiYcé 1l8/sonent s

Ft and Fr. It anEvgeag Qttugil ES Lgiarent to those skilled in the

art that the curved portion 4c may alternatively be
10 positioned on the same side of the X-axis as the disk 3,
with the aid of a spacer 16 sandwiched between two legs
of a U-bend 4e, as shown in Fig. 3. 1In the arrangement
shown in Fig. 3, electrical connection between the
control circuit board and the FPC 4 is achieved through
15 a connector 17. |
A first embodiment of the present invention
will be described with reference to Figs. 4 and 5. The
first embodiment features that the angle 6p of fixing of
the FPC 4 at the carriage-side fixing point A is proper-
20 1y selected to achieve the object of the invention. The
angle 0 is the angle formed between the X-axis and a
line which is tangent to the FPC 4 ét the point A, as
will be seen from Figs. 4 and 5.
As described before, the FPC tends to vibrate
25 due to impacting force which is applied thereto as a
result of a high-speed movement of the magnetic head 11

to the target position. Consequently, vibratory or



conponent Fr is nore domi nant than the fore conponent 10 Ft. This neans
that the dynam c reacting force can effectively be reduced by decreasing
the anplitude of the force conponent Fr or by arranging such that the force
component Fr acts in a substantially radipd direction of the axis of

pi votal notion of the head 15 |ocating actuator. In this enbodi nent, the

absol ut e val ugyBantide M deP eyl i kit el PGk RS eCntilg O be

[err] or theredroun he reacting force nponent Fr acts

substanti al | y reRcthag Frdle FartHed @ecdimpdiRr@ intPicwd) \GtitHogdaion of the
head | ocating 20 actuator. The angle [err] may preferably range from 80

degrees to 10@ogp@nedtsANhandlys R dedicting foree %o RS Ft0 aFr idrur ees.
When the angle [err] falls outside the range of from 80 degrees to 100

degrees, naneliy thke @itedtiomnangdnt th ithd FrC hat Thedpoies Aoangd eat er
than 100 degrees, the anplitude of the dynamic reacting force is nore than
two tinmes theaarebaictitg Coridec chmpamentr Fac pergpendicnlalrt diondthenhen t he
angle QA is the - 14 - optimum val ue (90 degrees). The anplitude of the
dynanmi c react cogposend &it.ai Fdg -wifeshows dhe sesalits Wit idadcletionge of
from85 degrees to 95 degrees is smaller than 1.3 tine the anplitude of the

dynami c 5 r eaSPndgotedc oviflererad nehdhe maonifudescof] the £0rgeyrees. Figs.

7 and 8 show a second enbodi nt of the
components Ft and Fr. It will be seen that the fore

component Fr is more dominant than the fore component
10 Ft. This means that the dynamic reacting force can
effectively be reduced by decreasing the amplitude of
the force component Fr or by arranging such that the
force component Fr acts in a substantially radial
direction of the axis of pivotal motion of the head
15 locating actuator. In this embodiment, the absolute
value of the angle 6p of fixing the FPC 4 is selected to
be 90° or therearound so that the reacting force
component Fr acts substantially in the radial direction
of the axis of pivotal motion of the head locating
20 actuator.
The angle € may.preferably range from 80
“ degrees to 100 degrees and, more preferably, from 85
degrees to 95 degrees. When the angle 0p falls outside
the range of from 80 degrees to 100 degrees, namely,
25 when the angle 0p is less than 80 degrees or greater
than 100 degrees, the amplitude of the dynamic reacting
force is more than two times the amplitude of the

dynamic. reacting force obtained when the angle 98 is the



present invention which features that the base-side fixing point B of the
FPC i s .properly positioned so as to achieve the object of the invention. 10
Referring to Fig. 7, the distance between the carriage-side fixing point A
and the base-side fixing point B as neagurgd_along the X-axis is
represented by x. Wen the base-side fixing point Bis positioned at a

posi tion Bn WhbgbikanCbe3ge {90! BEqERRE)0CThe UA11BAALOCROMAL B TS, the

FPC 4 vi brates arge a I'tu directio | cated by an arrow a,

thus generatingyfahfEdgedR8hgUesrek Gbﬁaﬂhédrﬁﬁéhiﬁﬁefah?ie €anysrsely,
when the base-side fixing point Bis positioned at a position Bf which is

renot er fromthEtﬁilhri:ﬁeeanEBaafZQrbheaEOBagrBeisStot bs 8kgxebsl iby of the
FPC 4 is reduced to hanper the delicate change in the configuration of the
FPC 4, thus ingmalleg thanf lnst tdmeothehampPftddel bfi shehdynémie under st ood
that a certain optinmum val ue exists for the position of the base-side
fi xi ng poi n6 Bréactihngefoscef obbaidedt when thbeeangde 0heisi 20 ndegoeess A
and B along the X-axis. Referring nowto Fig. 8, the distance between the
carriage-side fixing poiRiga.(7.and 8hshowaiki sgcand embodimenti@f bhee-side
fixing point B along the Y-axis is repre- sented b{ {. In the case where
the base-si de Pregaptpbnuentiry whighefeaturns pbatitba PAsersider] the
vi bra- tion apgea[s in the dir%ction of the arrow,a or ¢ whicg
ixing point B of the FPC is properly positioned so as
to achieve the object of the invention.
10 Referring to Fig. 7, the distance between the
carriage-side fixing point A and the base-side fixing
point B as measured along the X-axis is represented by
X. When the base-side fixing point B is positioned at a
position Bn which is closer to the carriage 7 than the
15 point B is, the FPC 4 vibrates at a large amplitude in a
direction indicated by an arrow a, thus generating a
large magnitude of dynamic reacting force. Conversely,
‘when the base-side fixing point B is positioned at a
position Bf which is remoter from the carriage 7 than
20 the point B is, the flexibility of the FPC 4 is reduced
to hamper the delicate change in the configuration of
the FPC 4, thus impairing the function of the FPC 4. It
is therefore understood that a certain optimum value
exists for the position of the base-side fixing point B
25 in terms of the distance x between the fixing points A
and B along the X-axis.
Referring now to Fig. 8, the distance between

the carriage-side fixing point A (i.e., the X-axis) and



5 makes a greater angle with respect to the X-axis than the angle forned
between the X-axis and the arrow b. The reacting force Ft is increased in
accordance with the increase in the angle of the direction a or ¢ with
respect to the X axis. This nmeans that an gpLinunlvaIue 10 al so exists for
the position of the base-side fixing point Bin terns of the distance y

al ong the Y-axife blsLbE:SECPRY: RODRILHENS BiohdCehE Pelk1 bYE LEBRe- L NE

dynamic reacting force Ts |n1n|s y arrangi hg suc repr sentl ng

the distance bgineed By yDe1Rathe2g8sE! HRetextRE BQQQLsfdénﬁli:bﬁ origin 0
by r, the absolute value of the ratio x/r is not less than 1 but not

greater than Spéift tBaist hecabed! atethel pesdtibheBhadbt OBY, rthe wibrg+eat er
than 1. In the case where the ratio x/r and the ratio y/r are of val ues

out side 20 thetieomgappeérshinrtheodispetibnedf abbecarrow ayornnecwhiehtion
force is increased to an anplitude which is substantially 1.5 tines the
dynani c reaBt imakésracgobatencanghenvibh respectate bheulésabpsmheed to

m nim ze the dynam c reaction_force. In the arrangenent 25 shown in Figs. 7

and 8, the cur argle ofonmeds betweepcthe; X-pyistandcthatarFevWshne side of
the X-axis as the coil 9 of the voice copil notor., The conditions, descrlbed
above, howeverThegteasyingpforee Bhsis jpereased.ingaccerdance . uy Bortlon
o of the FPC | o O] LR S8 Pn S Shall%k kL *aletlfod £ 5 ElR™ '
respect to the X axis. This means that an optimum value
10 also exists for the position of the base-side fixing
point B in terms of the distance y along the Y-axis.

In the second embodiment of the present
invention, the dynamic reacting force is diminished by
arranging such that, representing the distance between

15 the carriage-side fixing point A and the origin O by r,
the absolute value of the ratio x/r is not less than 1
but not greater than 3 and that the absolute value of
the ratio y/r is not greater than 1. In the case where
the ratio x/r and the ratio y/r are of values outside

20 the ranges of the ratios specified above, the dynamic
reaction force is increased to an amplitude which is
substantially 1.5 times the dynamic reaction force
obtained when the ratios are values optimized to
minimize the dynamic reaction force. 1In the arrangement

25 shown in Figs. 7 and 8, the curved portion 4c of the FPC
4 is positioned at the same side of the X-axis as the

coil 9 of the voice coil motor. The conditions

described above, however, equally apply to cases where



Figs. 9 to 12 show a third enbodi nent of the present invention in which a
suitabl.e difference is set 5 between the angle [err] of fixing of the FPC 4
at .the carriage-side fixing point A and the angle [err] of fixing of the
FPC 4 at the base-side fixing point B. Thqgangle OB is determ ned here as

t he angle fornmed between the X- axis and a line which is tangent to the FPC

gat the 10 'l ghad e%ag} Borgfoahg ofntﬁégﬁpcg1§n3n19heAF5hlEV§EH%eo?f the

FPC 4 as shown apparent al lows a greater I'tud

vi bration to b@hgeﬁeggigdagnthaedggkegthgnsagwhhgnagigw/g,than t hat caused
by the curvature of the FPC 4 shown in Fig. 12. This neans 15 that the

absol ute val ue of the angigs[egrkooizfsuoﬁgaoéhiha émbodimént hefbbhe- si de
fixing point Bis substantially equal to or snmaller than the absolute val ue
of the angle [presefit finwenyioh fhewhRPEh4aasuibabterdififerende isxsey point
A. Thus, in the third enbodi nent of the present 20 invention, dynamc
reacting fobcebptwedenethpyangderpg afi £ixingcofvthe EPG1ﬁ|%heﬁh%y

determ ning the fixing angles OA and [err% so_as to nmeet such_a_condition
that the di ffe%h'éeagers} e fixipgj poinbshaanfathe apgde %v@%eﬁlx%%

difference Dot ugeDLNee803 00k Box buss-8habE1 200k Sabhs! Shr aRRLahEREL ™
[al T outside g0 SPECLLIREGA YEre {5 E0B! AbALE oS Sy 545

axis and a line which is tangent to the FPC 4 at the

10 fixing point B, as shown in Figs. 9 and 10. A curvature
of the FPC 4 as shown in Fig. 1l apparently allows a |
greater amplitude of vibration to be generated in the
direction of the arrow a than that caused by the
curvature of the FPC 4 shown in Fig. 12. This means

15 that the absolute value of the angle 6 of fixing of the
FPC 4 at the base-side fixing point B is substantially
equal to or smaller than the absolute value of the angle
0a of fixing of the FPC 4 at the carriage-side fixing
point A. Thus, in the third embodiment of the present

20 invention, dynamic reacting force producéd by the FPC 4
is effectively diminished by determining the fixing
angles 0 and 0p so as to meet such a condition that the .
difference |6a] - |6p| is substantially zero. However,
the difference between the absolute values of the angleé

25 ©6p and 6 may range from -10 degrees to +10 degrees.
In the case where the difference falls outside the
specified range, the amplitude of the dynamic reaction

force increases to a value whiéh is greater than 1.2



times the value obtained fromthe optinumdifference of angle. In addition,
in the case where the difference is smaller than -10 degrees, the increase
in.the dynamic reaction force is greater than in the case where the 5
difference is |larger than +10 degrees. In this enbodinment, the curvature or
| oop of the FPC 4 is simlar to that showt? i Fig. 3, and the read/wite IC

éf’eLEni °?§%Z§t 23mes ”%ht hfva@?eﬁé?&%i%%? et Q%E’ﬁ?%&buﬁ‘g L gg.r%ffftegﬁé 14,
| i i R . i I,
n this enmbodi gy L %gﬁtﬁhlono,. 1§ HeP Ga%#hgvlﬂ@;r%g??]aez di?f?ﬁ:tgﬁglgé‘i s to

I
. e. % .
achi eve the obje of tﬁé resent ‘i nventi on. 0 S

defined as theshaael Ehabhe10uedsded! ithe dnctleasd® iiPEnt dyrlmici e 15
| ength of the portion of the FPC 4 between both fixing points A and B as

nmeasur ed al ongrieBetieh' Force ids grleawer Rthaindinl4heRehele wherleo theg. 13,
the FPC indicated by b, as well as that indicated by ¢, has a greater

| ength L of 5t hai€feretceoris dargerantianhalde degrelelsqer resonance 20
frequenci es than those of the FPC indicated by a. Consequently, the FPCs

i ndi cated by b and c tendnt ¢hishembodjmeater thegeurvdsuse eorblepporft han
the FPC indicated by a. This |eads to the conclusion _that a too |arge

l ength L shoul §hBeFREoiddd8 Bimddasr top thass ebewnodn Fig.pBebPB8S &BScer ni ng

the dynami c reacting force. _lLn . the fourth_ enbodi t, therefqore, the val ue
of the ratio LFF?dﬁﬁEﬁéerIFeﬂﬁeéén dybetyser the poipks; 589 Bege

fixing point A fromthe Rrkghgtg’ehgohkggkgdokotg% present invention

10 will be described with referencé to Figs. 13 and 14. 1In
this embodiment, the length L of the FPC 4 is properly
selected so as to achieve the object of the present
inventidn. The length L of the FPC 4 is defined as the
length of the curved portion 4c of the FPC 4, i.e., the

15 1length of the portion of the FPC 4 between both fixing
points A and B as measured along the curvature, as shown
in Fig. 14, Referring to Fig. 13, the FPC indicated by
b, as well as that indicated by é, has a greater length
L of the curved portion 4c and, hence, smaller resonance

20 frequencies than those of the FPC indicated by a.
Consequently, the FPCs indicated by b and ¢ tend to
exhibit greater magnitude of vibration than the FPC
indicated by g.' This leads to the conclusion that a too
large length L should be avoided in order_to overcome

25 the problem concerning the dynamic reacting force. 1In
the fourth embodiment, therefore, the value of the ratio
L/r, where r represents the distance of the carriage-

side fixing point A from the origin O, is limited to be



8 or less, thereby dimnishing the dynam c reacting force produced.by the
FPC 4. .In the case where the value of the ratio L/r is larger than 8, the
dynam c reacting force is increased to a value which is greater 5 than 1.2
times the dynam c reacting force obtaingdlgrgn1the ratio L/r optimzed to
m nimze the dynam c reacting force. It has been described that the

reaction for Cég ic?r dfg%%?\?\glré%f)%hgjb@gﬁ%%hi& rlh@”%#:@ﬂ{é‘tfg?%ﬁéi{%and ylr,

10 on the difference e val ues e ang rr] and

(err] and on #1566k Rodhéed HYSens "PpE0k 2 1890hE Ot WEeRETHNES 0 the

product of these val'ues. e reaction force, however, Is dynamc one and is

smal ler rel atigf i@ dhecheraei®f LyPeiy014LgéP thaRt @) - tHé dynddbebeen
confirmed by the inventors that, in the described enbodi nents of the

i nvention, incfefsebng NEéPee algl En¢reédsed hto ratvabue/whiehl ig rgréatter

di fference between the absolute value of the angles [err] and [err] and the
ratio L/r t® veharesl e2ueimes theudysaniceseadeing nfoxce vebbtabned foémt hese
factors do not seriously affect the vibration of the carriage. Thus, the
maxi mum val uesth# raki¢ dndesoptimizedberminimizedihe Fgnamit oxeaCHiNG he
inventors are determned to be less than 5 tinmes the m ni nrum val ues of the
ranges. 25 force. The first to fourth enmbodi ments described above can

suitably and selectively bq, OIS besciibad A e Teact oS kSl dsC! S

is dependent on the angle 6a, on the ratios x/r and y/r.

10 on the difference between the absolute values of the
angles 6 and 6g and on the ratio L/r. Thus, the total
reaction force amounts to the product of these values.
The reaction force, however, is dynamic one and is
smaller relative to the torque of the voice coil motor.

15 It has been confirmed by the inventors that, in the
described embodiments of the invention, increases in the
angle 6a, the ratios x/r and y/r, the difference between
the absolute value of the angles 6, and 6 and the ratio
L/r to values equal to about 5 times the minimum values

20 of these factors do not seriously affect the vibration
of the carriaée. Thus, the maximum values of the ranges
of the numerical conditions employed by the inventors
are determined to be less than 5 times the minimum
values of the ranges.

25 The first to fourth embodiments described
above can suitably and selectively be combined so as to

produce multiplied effects.



- 19 - Fig. 15 shows a fifth enbodi mrent of the present invention which can
suitabl.y be realized in the formof an optical disk apparatus enploying a
head | ocati ng actuator which perforns a |linear |ocating 5 operation to

| ocate an optical head, wherein the direacgigons of fixing of the ends of the
FPC 4 are optinmumy detern1ned to achi eve the obj ect of the present

I nvention. The opti cal %% dfgoéﬁgwgyalflgy £h CanbbEfndt Sof3ERd a0e 7 which

in turnis supported for | 1T near "not1 on a cooperation between rollers

12 and rails ?ﬁtr§h$§n@§oﬁrﬁhiéﬁeéahosﬁb€a9ﬁ§ebé feaecsed Ph theough
t he |nterned|ary yoke 10 secured to the base 1. A voice coil notor

whi ch serves aﬁof@eoﬁﬁéﬂsoﬁeicﬂﬁneiék'&ﬂp&P&t&étéﬁﬁlaﬁlﬂgwﬁrhéaé|UdeS 15 a
coil 9 fixed to the carriage 7, the above-nenti oned yoke 10 and a nmaghet 8

fixed to the ypﬁaaﬁih?ﬂééh@aabrnahlehoperfarﬁsga 1bnedhelopating di sk
apparatus further includes various parts, such as neans for driving a
recordi ng nkdioperapionatosystate canpoptical head; ovh@beinrtheéets, a cover
and so forth. An optical disk used as the recording nediumis also omtted
fromFig. 15. diredeionstof chbviingenf bhetﬁed@reéemeum@n«h@ne the FPC 4

I's arranged in such a manner that _the direction [err] in which an end
portion of theRrimumdy determingd tpcachieve EB?n?bngﬁb%fah¥?ally

coincides with the direction,d2 of_the trave o] b he arrlage 7.
o Thi s emboci PRSRERF TRECRRLSR, | oRhe eptidal REadBdRSkad by©14°L

carried by a carriage 7 which in turn is supported for

10 1linear motion by a cooperation between rollers 12 and
rails 13. The rails 13 are fixed to the base 1
directly or through the intermediary of a yoke 10
secured to the base 1. A voice coil motor which serves
as the means for generating the actuating power includes

15 a coil 9 fixed to the carriage 7, the above-mentioned
yoke 10 and a magnet 8 fixed to the yoke 10. Although
not shown in Fig. 15,.the optical disk apparatus further
includes various parts, such as means for driving a
recording medium, optical system components, control

20 circuits, a cover and so forth. An optical disk used as
the recording medium is also omitted from Fig. 15.

In the fifth embodiment of the present

invention, the FPC 4 is arranged in such a manner that
the direction d; in which an end portion of the FPC 4

25 extends at the fixing point A substantially coincides
with the direction dz of the travel performed by the

carriage 7. In this embodiment of the invention also,



- 20 - the FPC 4 is arranged such-that the direction of the conponent Fr of
the dynam c reaction force generated as a result of vibration of the FPC 4
i s .perpendicular to the direction of a line tangent to the FPC 4 at the 5
point A where the FPC 4 is fixed to the cagiage 7 and is substantially
perpendi cular to the direction of novenent of the point A caused by the

| i near nvvenenkhefﬁgbe4cagr'égsn ﬁwpgnchh%haetkﬁa'ag%%gtaanleeatﬁd

substantially at t m dst betwe e outernost an | nner nost edges of

the recording ggmpanenef FehefoRheCayndinils, reletebn #bieel gehegadwdadisC
reacting force produced by the FPC 4 due to vibration thereof. Each of the

embodi ments ang pedultcofi ¢ibradeion bEdther #PChdf gseperpentivalygrdiei ni shes
dynam c 15 reacting force produced by vibrating FPC 4, thus realizing a

hi gh degree of theedigectioh bficat ldgeotahgedtbyot bhenPRC Koast kthg actuator.
A probl em al so has been encountered that, in general, lighter head | ocating
actuat or, whi choiatl A2@herpesthei FRCddmisd fimedatbi gher capeddgef 7r angonse of
di sk apparatus, tends to be nore seriously affected by disturbance. Such a
probl em howevés, subatBotdaddlyoperpgndicuprsssnt thevdirpckioni of
effectively reduces dynami c reacting force acting on_the head | ocating 25
act uat or . Fig.m9835ﬁ6¥s°§ §hﬁt9°éﬁ§oéiﬁéﬁﬁeébehghEréééﬁPriH?Eﬁ@?&ﬁ i ch

' desk-top { | i
'S ades op tKBecggiiQSE 7 when the optical head is located

substantially'at the midst between the outermost and
10 innermost edges of the recording surface of the optical
disk, thereby diminishing dynamic reacting force
produced by the FPC 4 due to vibration thereof.
Each of the embodiments and modifications
described hereinbefore effectively diminishes dynamic
15 reacting force produced by vibrating FPC 4, thus
realizing a high degree 6f precision of locating of head
by the head locating actuator.
A pfoblem also has been encountered that, in
general, 1lighter head locating actuator, which well
20 copes with demand for a higher speed of response of disk
apparatus, tends to be more seriously affected by
disturbance. Such a problem, however, can be overcome
by the present invention which effectively reduces
dynamic reacting force acting on the head locating
25 actuator.
Fig. 16 shows a sixth embodiment of the

present invention which is a desk-top type personal



- 21 -

conput er

I ncorporating magnetic di sk apparatus or an optical disk

apparatus in accordance with any one of the first to fifth enbodi nents. It
wi |l be understood that the personal conputer of this enbodi nent can
operate at 5 a higher processing speed. Oby4 qusly, the same advantage can
be enjoyed when the present invention is applied to other types of disk

; . |
Gonh 1o Uptltltriatihe) CrdUL 1O MIHIC hpphriitive. YraldrPN an

appar at uses su

so fort

h. 10

e Under st oo h or egoi ng

description, tbptRcalediskneppdraitudy G dRvordame With ahy dnleldOorchehi ch,
t hrough suppressing dynam c reacting force acting on the actuator, presents
a high degree ¢firstadd ddfth @mbodinmEnts. by tviwille bef undeastloold thaat ur e
in which the absolute value of the angle QA is set to be substantially
equal to [err] the gersonalt computexf ofhdhisy embiodiimenite capnaperateaatti ng
force can be supﬁg

restrictionb5of at
but not greater than 3 and the ratjo y/r to 1 or less, setting the,

di ff erence [er AAvantage] caa: heeenjeyesh yhen sheapresest dnyentdons iperr]

and [err] to be substantially zero orG&Qeater, and setting the value of the

ratio L/r to ba8Pplded &&sothiesstypes

offer its peculiar

pr oduce

10

15

20

25

notebook-type personal co

essed and di m ni shed by various ways or features such as
ghiesoprosessing speede r Hbviopsly),r the is&meot | ess than 1

disk pppagatysesd SNFPp@%déntly to

effect or may sui.t abl nd sel ecti vel e conhined to
déd%er, a work st%tgon ag% SO

forth.

As will be understood from the foregoing

description, the present invention provides a head

locating actuator which, through suppressing dynamic

reacting force acting on the actuator, presents a high

degr

ee of head locating precision, by virtue of a novel

feature in which the absolute value of the angle 6p is

set

to be substantially equal to 90°. 1In different

forms of the invention, the dynamic reacting force can

be suppressed and diminished by various ways or features

such as restriction of the absolute vaiue of the ratio

x/r
rati

fegl

to be not less than 1 but not greater than 3 and the
o y/r to 1 or less, setting the difference |6p] -

between the absolute values of the angles 6p and 6p

to be substantially zero or greater, and setting the

valué of the ratio L/r to be 8 or less. These features

may

be used independently to offer its peculiar effect

or may suitably and selectively be combined to produce

multiplied effects.



mul tiplied effects. - 22 - The present invention also effectively
overcones the problemwhich is caused by the use of a lighter disk |ocating
actuat or which neets the current demand for hi gher processing speed of disk
apparatuses 5 and which is nore liable to affected by di sturbance.
Various di sk apparatuses such as a personal conputer, work station or the

| i ke, incorporating the & e qdygﬂgi f j nventi on,
al so can operate at hi gh?ﬂ?)lﬂocess!mng spee wa&\?ﬁ&%@%ﬁg&& IS 1.

A head | ocati ngvatidonMed tHY protildm W diEad WdubdE BEXhd st Bkg t ype
recordi ng nediumso as to enable said head to performrecordi ng and/ or

reproduc- tionldightefroidink dodat g factuatd wibon digetstielBuraint head
| ocating actuator conprising: a carrier nenber carrying said head; a
supporti ng nendemasndfort iiggheai promessdmgrmpesd ofh detku appary ghuses
generating neans for causing a novenent of said carrier nmenber so as to

| ocat e sai dShe&@ddatwhd chedisr mpneaddablodia ihen afif estiedl har shigitvy bastienm

Various disk apparatuses such as a personal
computer, work station or the like, incorporating the
disk locating actuator of the present invention, also

can operate at higher proceésing speed.



a base supporting said supporting nenber; and a flexible printed circuit
having el ectrical signal lines |eading to sai d head and sait sal 0 actuatihg-

power generating nmeans, said flexible printed circui ”mm | ts
one end to said carrier member and at its g4her end "ﬂm having
a curved inter- nediate portion between sald ends, whérefn 'saird sl 'exi bl e

printed ci rcuiqugW that the direction of a component of a
dynam c reactio orce generated as a result of vibration of said flexible

printed circuity, which Cmtldd‘aﬂlﬁfgo%tfdﬁcﬁ* fidr Adtatatid @ Hag | i ne
tangent to said f1 exibl e printed circuit at a point where said flexible

printed circui with iegpedtd tolldl dkEN-pdarevirding mediuntsdldy to |
perpendi cular to a tangent to a direction of novenent of said point

caused by sai d emzibla isxiddved denpeatfiomn nescordihg and/or Adépraafidmcat i ng
actuator according to Claim1l wherein said actuating power generating neans
causes pivot al tirerfhtinforpatiamrin @r fyawesaid seqardingmedium, head at

a desired target position on said recording nedium and wherein said
flexi bl e print &8 head ll%caé?lr%g?éﬂ'-w (GARRTifd g an X-axis along a
line interconnecting an origin.,et on the axis .of 3§$%¥g}al nmovenent of

said carrier nmenber and #h (ﬁﬁﬁrzﬂgqﬁﬂ CIFATFYing e3inted circuit is
fixed to said carrier ma@ up%%l%aa qnerh%%q s%pp%(ﬁ %% %Léti%t %&tljrail Iry at a

member ;

an actuating power generating means for
causing a movement of said carrier member so as to
locate said head at a desired target position on said
recording medium;

a base supporting said supporting member; and

a flexible printed circuit having electrical
signal lines leading to said head and said actuating
power generating means, said flexible printed circuit
being fixed at its one end to said carrier member and at
its other end to said base and having.a curved inter-
mediate portion between said ends,

wherein said flexible printed circuit is
arranged such that the direction of a component of a
dynamic reaction force generated as a result of
vibration of said flexible printed circuit, which
component is perpendicular to a direction of a line
tangent to said flexible printed circuit at a point
where said flexible printed circuit is fixed to said

carrier member, is substantially perpendicular to a



m dst between the outernopst and innernost peripheral edges—e#waMEECbrﬁTng

surface of said recording nedium the angle forned, in | to
sai.d recordi ng surface and including said X-axis, betmg@ wmnmﬁ' nal
axis of said flexible printed circuit at $ id point.a L X-8XIsS *S set
to fall within a range of from 80 degrees“ o 100 degrees. 3. A head

ciroui t i o arrERGSAELER frdiPetkiom or, HOvRabe Br paid pO)Fr ChRTRER,

determ n- ing %fi%?ggcgaguggiH%Sﬁ?QEpeéegg}ggi MBhsB. the other end of

said flexible circuit I xed etermh- 1ng as a Y-axis a line

whi ch passes sajd origi naaRgadhlsbat sn§casendtsr! aécdbpPdbng dtd-0xasm 1,
representing by r a distance between said origin and said first point,
representing byhéxeinrsayd abtuabingi powes génepatiing mMéansseansdspoint in
an X-Y coordi nate plane, the absolute value of a ratio x/r is not |ess than
1 but not gregpivotahmmSvementhefababducarvaénemehberraoi asyto lecabe
greater than 1. 4. A head | ocating actuator according to Claim?2
wherein said fsakiibhea@drahtaddesicedt targatrpagitiioncont said zecerdingng
said point as a first point, determn- ing as_a second_point another point
at which the dre@iuBnqapd whegeinecspbfcfhexibie Brinted firenikqiso said

base, deterniq;pgaggeg.g;géighgtliQgtgghgha8a§§§§igaéfong a line
interconnecting an origin set on the axis of a pivoﬁal
movement of said carrier member and the point ét which
said flexible printed circuit is fixed to said carrier
member when said head is located substantially at a
midst between the outermost and innermost periphefal
edges of a recording surface of said recording medium,
the angle formed, in a plane parallel to said recording
surface and including said X-axis, between a longi-
tudinal axis of said flexible printed circuit at said
point and said X-axis is set to fall within a range of
from 80 degrees to 100 degrees.
3. A head locating actuator according to Claim 2,
wherein said flexible printed circuit is arranged such
that, determining said point as a first point, determin-
ing as a second point another point at which the other
end of said flexible printed circuit is fixed, determin-
ing as a Y-axis a line which passes said origin and
which is perpendicular to said X-axis, representing by r
a distance between said origin and said first point,

representing by (x + r, y) the coordinates of said



origin and. which is perpendicular to said X—aXiSf’FEﬁP€SEﬁTTﬁ§wBJ—fEfF] t he

angl e fornmed between said X-axis and said flexible ' ' EI“““at sai d
first point in the X-Y coordinate plane, and repr‘e‘sﬁ‘\“ﬂmﬂm\“ t he
angl e formed between said X-axis and sai d igexible ed Arcuit” at said
second point in the X-Y coordi- nate plane, the difference between the

bsol ut I i.d. .anglLs, 1§ - ra 1,0 i
absolut e Vel e s ot dh M0 57 oy P 1388 d¥nd 4 aaind £l e’ " @
actuat or -accor jfig,d 'gaéjaﬁ“fa@io "i@sﬁi gis“ not Ciéééxéftﬁlr? Pt btCigrdtiters S
arranged such that, determning sald point as a first point, determn- ing

as a second poitHarAPEHE tHE Hbs¥lute Galue SF heTratib q{(/_zsaiisﬂ ridtexi bl e

printed circuit is fixed to said base, deternmning as a Y-axis a |line which
passes said origgigatid tMacllJ s perpendicular to said X-axis, representing
by r the distance between said origin and said first point, and
representing by.L the | edgtheasf locatdhg saitthahory eddardimgedicatCadar t2,0n of
said flexible printed circuit between said first and second points in the
X-Y coor di nat e whenedn tsaid fAlhexidile printed /qinenitoii syrannangedhanah 6.

A head | ocating_actuator according to Claim3, wherein said flexible
printed circui tthat radehRfaincing, s3id Pofditedf @ fgi&8h PPRt daterminw:

oint, determin- ing as a second ,poi nt ot her ,pai nt, at, whi t he .ot her
P Qng é% a secon pof% anorher pof% at th@%(ﬂke other

end of said flexible printed circuit is fixed to said
base, determining as a Y-axis a line which passes said
origin and which is perpendicular to said X-axis,
representing by 6p the angle formed between said X-axis
and said flexible printed circuit at said first point in
the X-Y coordinate plane, and representing byleg the |
angle formed between said X-axis and said flexible
printed circuit at said second point in the X-Y coordi-
nate plane, the difference between the absolute values
of said angles, expressed by |6al - |6s|, is within a
range of from -10 degrees to +10 degrees.

5. . A head locating actuator according to Claim 2,
wherein said flexible printed circuit is arranged such
that, determining said point as a first point, determin-
ing as a second poiht another point at which the other
end of said flexible printed circuit is fixed to said
base, determining as a Y-axis a line which passes said
origin and which is perpehdicular to said X-axis,
representing by r the distance between said oiigin and

said first point, and representing by L the length of



end of said flexible printed circuit is fixed to said base, défermning as

a Y-axi-s a line which passes said origin and which is | sai d
X-axis, repre- senting by [err] the angle forned betweﬂmutmmﬂlﬂa@HHMd
-said flexible printed circuit at said fig point in the X Ylcoardsnate

pl ane, and representing by [err] the angle Tornmed between said X-axis and

Sal d Tl exible BeiAl ol bRHCYL: eFnedlad S BEIRY ROLE sal! Y eli3kagoor di nat e

pl ane, the difference between sol ate val'ues o angles, expressed

b ) R ) . _ 1 _ .7,
Lo ool frpkibbell bicRylel BA0GeEh EaTW 710:0UnaCBebOnY! PollEC TN

A head | ocating actuator accor wher ei n sal

printed of foul knbsxay! 333241 B4ER Plahe, dehd! GR1LR0C2ALI ARG 178 3l | ot
INg as a ol

poi nt, determ n- secon nt "anot her point at which the other end

of said flexibhgtpﬁ&ghqgrchhggib.is fixed to said base, determning as a
Y-axis a line which passes said origin and which is perpendicular to said
X-axis, represgpting by A headdistasiagbatvaabogaadcordfng dodciaim Bir st
poi nt, and representing by L the I ength of -27- said curved internediate
portion of saiwhékeinbbaigr fdeadbler printedt méequidi dsf arsanged swcbnd
points in the X-Y coordinate plane, the value of a ratio L/r is not greater
than 8. 8. thata desermipingngaié: peist ascer §imgt: Podrki-ndgtermdnsgi n
said flexible printed circuit is_ arranged such, .

ing as a second point another point at which the other

end of said flexible printed circuit is fixed to said

base, determining as a Y-axis a line which passes said

origin and which is perpendicular to said X-axis, repre-

senting by 6a the angle formed between said X-axis and

said flexible printed circuit at said first point in the

X-Y coordinate plane, and représenting by s the angle

formed between said X-axis and said flexible printed

circuit at said second point in the X-Y coordinate

plane, the difference between the absolute values of

said angles, expressed by |6a| - |6g|l, is within a range

of from -10 degrees to +10 degrees.

7. A head locating actuator according to Claim 3,

wherein said flexible printed circuit is arranged such

that, determining said point as a first point, determin-

ing as a second point another point at which the other

end of said flexible printed circuit is fixed to said

base, determining as a Y-axis a line which passes said

origin and which is perpendicular to said X-axis,

representing by r the distance between said origin and

said first point, and representing by L the length of



that, determining said point as a first point, deternin- ing as a second
poi nt anot her point at which the other end of said L H Hﬂﬁi &unlﬁn circuit
is fixed to said base, determning as a Y-axis a li ai d

origin and which is perpendicular to said jgaxis,-represenﬁiﬁb By ¥ the
di stance between said origin and said first point, and representing by L

the length of galig géﬁ; | S iR s e @?thﬂi%'h Qifh%aéi(h fe 1%y iHice print ed

circuit between sail irst and second points 1n the X-Y coordi nate pl ane,

the val ue of aprinted /didduitotbeRREsdi®EiFstd -and second PFhdsPGa | NY
actuator according to Claim3, wherein said flexible printed circuit is

arranged such tthat X-detowobdiineg:e PYanE) theawvalde 'off gpaatiio dgtrerig n- i ng
as a second point another point at which the other end of said flexible
printed circui naots grieadsern chem B.hase, deternmning as a Y-axis a |line which
passes said origin and which is perpendicular to said X-axis, representing
by [err] the aBgle forned bheadkdocatiinglantivatard acgior dingxitiol €ladmtdad
circuit at said first point-in the X-Y coordinate plane, and representing
by [err] the awjlesefior seddbdlexdiblainrinted cinanidaiis Arpangesd suclpg -
printed circuit at said second point_in the X-Y coordi- nate plane, the
di fference bet kbat t feteradining \#Rid Paimts A% afdired roiftesdetermingerr]
- [ i thi f -10 d t.o +10 d wh [
Lerr] Ts Wil & e ctnd ‘Tolnt Gnother point’ 5t Wi tne® Sindl™ &' "
end of said flexible printed circuit is fixed to said
" base, determining as a Y-axis a line which passes said
origin and which is perpendicular to said X-axis,
representing by r the distance between said origin and
said first point, and representing by L the length of
said curved intermediate portion of said flexible
printed circuit between said first and second points in
the X-Y coordinate plane, the value of a ratio L/r is
not greater than 8.
9. A head locating actuator according to Claim 3,
wherein said flexible printed circuit is arranged such
that, determining said point as a first point, determin-
ing as a second point another point at which the other
end of said flexible printed circuit is fixed to said
base, determining as a Y-axis a line which passes said
origin and which is perpendicular to said X-axis,
tepresenting by 65 the angle formed between_éaid X-axis
and said flexible printed circuit at said first point in
the X-Y coordinate plane, and representing by 6p the

angle formed between said X~axis and said flexible



said flexible printed circuit is further arranged—such that;—déterm ning as

a Y-axis a line which passes said origin and whichi ' to said
X-axis, repre- senting by r the distance between SHlﬂﬂi‘mﬂﬂmﬁnm' d first
point, and representing by L the length of,gaid curvede | Nt emnedi ate portion
of said flexible printed circuit between sard first and second points in

the X-Y coordi g&ﬁt@aa%r&ﬂ% Wl e i s%é,{o@;d %Jigt 1% e &r-gafc%’oédw 8.

10. A he ocating actuator according aim1l, sald actuatl ng

power generati pgteEPplanesdushe Ailffeande HtlerOitheliabsodtiee valRiEer SO
as to locate said head at a desired target position on said recording

medi um 11. of sAilkcatglesst iexpradsed by doadr & deglp ChawhtRinfart her
including a read/wite I1C for picking up head signals, said read/ wite IC
bei ng positi onednget efefrom dlfoidegraes diootHldr degreesst and efhesaiioh
flexible printed circuit is fixed to said base. 12. A di sk apparat us
i ncl udi ng the mead Fdexibde poivded ciccyidi ig furchermarranged such A di sk
apparatus including the head |ocating_actuator according to Caim 2. 14.
An i nf or mat i onthRsecdeteFmdpdndaags & dcaxdisng tlﬁéedmecg\ppaﬁ&@és sad€or di ng
to daim12. 15., An igforqation processi ng appan%tus includin% t he

di sk apparatusogégépdpﬁg whighyils pgrpendicular to said X-axis, repre-

senting by r the distance between said 6rigin and said
first point, and representing by L the length of said
curved intermediate portion of said flexible printed
circuit between said first and second poinﬁs in the X-Y
coordinate plane, the value of a ratio L/r is not
greater than 8.

10. .A head locating actuator according to Claim 1,
said actuating power generating means causes a linear
movement of said carrier member so as to locate said
head at a desired target position on said recording
medium.

11. A head locating actuator according to Claim 2,
further including a read/write IC for picking up head
signals, said read/write IC being positioned between
said point and another point at which said flexible
printed circuit is fixed to said base.

12, A disk apparatus including the head locating
actuator according to Claim 1,

13. ' A disk apparatus including the head locating

actuator according to Claim 2.
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14. An information processing apparatus including

- 29 -~

the disk apparatus according to Claim 12.
15. An information processing apparatus including

the disk apparatus according to Claim 13.



