;e3éc’ D:Nd6TFO7r - 1 TITLE OF THE | NVENTI ON DI SK DRI VE APPARATUS
BACKGROUND G: THE | NVENTI ON The present invention rel at ejmmmumlm Iﬂlﬂrl ve
5 appar ed with a shock sensor. Optical and nm rives
are w @muﬂ IM MH Er ecordi ng/ reproduci ng apparat uses for noderdsoieurput ers.
For ex di sk drive (hereinafter referred to as an HDD)
generally I@”@ﬁnprlses a magnetic disk dI%POSGd in a casing, a spindle
nmotor for supporting and rotating the magnetic disk, a rotary head actuator
supporting magnetic heads, a voice coil notor for dr| ving the head
actuator, a substrate unit, etc. Further, a printed 15 circuit board for
controlling the operation of thBlHDD PE BHBEVINYENGAONhe outer surface of

the bottomwall of the casin The head actuator is provided with a bearing
portion attachédSto QW%%EE%%RAHJ%I urality of arms 20 extending fromthe

beari ng portion, and suspen5| ons extendin th i nd| vidually fromthe arns. The
magneti c heads are attached i Kﬁﬂﬂgﬁq J Hihel Nve extendlng ends
of the suspensions. A voice cojl,that constli % %he % oi,l motor is
provi ded on that 25 BHd PoFish b@v?%%l‘ﬁ%aﬁe gthat Iidfot er from
the nagn%tlc h%%%%ra &?”%G%nléh w1th grsvéggdsgﬁggra ShOCk sensor 2

Optical and magnetic disk drives are widely used
as recording/reproducing apparatuses for modern
computers. For example, a hard disk drive
(hereinafter referred to as an HDD) dgenerally

10 comprises a magnetic disk disposed in a casing, a
spindle motor for supporting and rotating the magnetic
disk, a rotary head actuator supporting magnetic
heads, a voice coil motor for driving the head
actuator, a substrate unit, etc. Further, a printed

15 circuit board for controlling the operation of the HDD
is provided on the outer surface of the bottom wall of
the casing.

The head actuator is provided with a bearing
portion attached to the casing, a plurality of arms

20 extending from the bearing portion, and suspensions
extending individually from the arms. The magnetic
heads are attached individually to the respective
extending ends of the suspensions. A voice coil that
constitutes the voice coil motor is provided on that

25 end portion of the head actuator which is remoter from
the magnetic heads.

Usually, the HDD is provided with a shock sensor



‘ (actel eration sensor) for detecting external shocks or vibrations. It is
designed to interrupt recording operation by neans of the magnetic heads or
carry out feedforward control in response to a detection signal 5 fromthe
shock sensor if the sensor detects any external shock or vibration that
exceeds a given value. Thus, the HDD can prevent erratic operation when it
is subjected to a substantial shock or wvibyation. Conventionally, the shock
sensor is set on 10 the printed circuit board that is provided on the outer
surface of the bottomwall of the casing. Normally, the frequency

characteristic of a shock, sensor system that is, the freg en%%
characteristic t3FSterPEHRD shgRROEbnEoF FBERESINPsCHLLEBAENEIPLEM 25 t hat

f dri temof the HDD. F | he,f h teristi f
Che HOD Cover o VRUGHARES f r olfuchti ST OORRS GP 0l BFFORIBE FRECSORRA e the
head actuator, etc. (On t 20 f h i Sti f_th K. i
{1 equency band SR Pooehahetis 1 EaueEy 2 PP ehbEnRy= SRaPAcEBFEL: P Cof t he
dri t f i tributab
Lo the vi br at | ORI LIS R by GRRv AP P oRof PRECREAA aGLHBRSY . otc

On the otsher hand, t a%&ﬁﬁ?§§2§¥?ﬁ§ﬁr?ﬁ;?ﬁésggﬁEB%fEEESBE da? tuator has a

peak in a frequency of t subjected to

any external vidyadhom OEnSHRCKr | P118rdf fOHCERY tbaRdegHBShagtbahl ¥
equi valent 25 to that of the resonance frequency of the drive system

therefore, its ¥ESRONSETHSs /TDFIge SEDS| taNeptlaBntNepthel cf bpgranrgynbands.

Al though it is hard to (1 - 3 position the head actuator, therefore,

t he shock sensothdmewt tiabl yubpedised oto eactubstahhbadsenbotkvbty of the shock
sensor is only sinply increased, on the other hand, the sensor reacts 5 to
ot her frequenciwidnadiaion he Gdnyestionabipnahbe sheqkeaepsoandsf sequent|y
interrupts information processing operation by nmeans of the nagnetic heads
even if 1he appihedrinted i ohreilishoekrdorBatt UseBra¥iArPAdPANERSt 0 t he
operation. In consequence, the 10 capacity of _the HDD is | essened. BRI EF

SUMMARY OF THE QURENTWON atR @f sskaitPohbveht vahinag bBBnCE8ARFived in

consideration of these circunstances, and its object is .to provide a,disk

drive apparatus wit ?ﬁ%?%@%d &%erEF?QB?PFYthéﬁbﬁgFElSFlﬁr§€eﬁtFﬁ@cgrratic

operation sensor system, that is, the frequency characteristic

to which the shock sensor reacts, is different from

15 that of a drive system of the HDD. For example, the
frequency characteristic of the drive system of the
HDD covers resonance frequencies that are attributable
to the vibration of the spindle motor, operation of
the head actuator, etc. On the other hand, the

20 frequency characteristic of the head actuator has a
peak in a frequency band higher than that of the
resonance frequency.

If the HDD is subjected to any external vibration

or shock in a frequency band substantially equivalent

25 to that of the resonance frequency of the drive

system, therefore, its response is more sensitive than

in other frequency bands. Although it is hard to



‘W thout |lessening its capacity. In order to achi eve the above object, a
di sk drive apparatus according to an aspect of the invention conprises:. a
drive section including a disk, 20 drive neans for supporting and rotating
t he di sk, a head configured to performan information processing operation
with respect to the disk, and a head actuator supporting the head for
nmovenent relative to the nmagnetic disk;_a ghock sensor for detecting the 25
respective |levels of a shock and a vibration externally applied to the
drive section; a conpensation filter for anmplifying the shock and 11- 4
vibration levels in a frequency band corresponding to the resonance
frequency of tHeOH:FVeNsERE BR2doRCEHB O ckNERE TRNSy atlihen ST s det ect ed
by neans of the shock senso ontrol section configured to stop 5

; ?nd a ¢
t he infornationS%?BQEs%PﬁﬁlgBB ¥t FBAL8f "PhESREEd when given val ues are

exceeded by the extetnal,shock and_vi bratd | evel 5 detected by the shock
sensor and i nputted EﬁrBBShsFﬁélééﬁﬁéﬁégF:%ﬁeﬂﬁ Qﬁi SRR iy YUY he di sk

dri ve apparatus, eanphr ULeds 101 NobNLATRANEL, pEEl T chesRAnSs ) . JIole

sensitive than i réquenty y-aré subj ect t

external i bration ehepheelahinthes eAONARAE LiBRUARGY hand ahdhe drive
y, It Is*hard t

section. According t 0 position the head actuator accurately,

and informationg 1o REREYSShAY BPEEALLED YW hiRehespes! ihe ot tdicsk nust be
i nterrupted quickly. Thereupon, the conpensation filter can be used

sel ectively to prpeoyeihfeosenstioni by AkahBeoghesk seBsetifoheslacks and
vibrations in the resonance frequency band, and the 20 information

processi ng operatéwmnitathdeappl tedupipdavibhootr khssknicogstieutapagicty of

t he apparatus. Additional objects and advantages of the invention will be
set forth in thHelndsancet tonthvai chefatliions, andcbnspamuenwel | the obvi ous
fromthe 25 description, or may be | earned by practice of the invention.
The obj d&t s andcapwahtdgef bhretBBDi hoeheF6ANAREY be real i zed and obtai ned by

means of the 1! -5 instrunentalities and conbinations particularly

The present invention has been contrived in
consideration of these circumstances, and its object
is to provide a disk drive apparatus with improved

15 reliability, capable of preventing erratic operation
without lessening its capacity.

In order to achieve the above object, a disk
drive apparatus according to an aspect of the
invention comprises: a drive section including a disk,

20 drive means for supporting and rotating the disk, a
head configured to perform an information processing
operation with respect to the disk, and a head
actuator supporting the head for movement relative to
the magnetic disk; a shock sensor for detecting the

25 respective levels of a shock‘and a vibration
externally applied to the drive section; a

compensation filter for amplifying the shock and



¢ BRI'EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG The acconpanyi ng
drawi ngs, which are incorporated 5 in and constitute a part of the
specification, illustrate enbodi nents of the invention, and together with
t he general description given above and the detail ed description of the
enbodi nents gi ven bel ow, serve to explain the principles of the invention.
10 FIG 1 is a plan view showi ng a magnetig disk apparatus according to an
enbodi ment of the invention; FIG 2 is a plan view showi ng the back of the
magnetic di sk apparatus; FIG 3 is a perspective view show ng a head 15
actuator of the nmgnetic disk_apparatus; FIG 4 is a block diagram
schematical |y sHéRFﬁ@lﬁncéﬁWﬁéﬁ s Pe rhTSIAUSHE i i QO T &P aths: FIG
5 shows a charac%erlstlc curve representi t he vi bration, charact%{lstlc of

pggF%

a drive sectiontBf Fﬁé‘oﬁ‘é‘nﬁ&g &Sk 4 tqfs“vq:lﬁc C§"no

characteristic ¢ res nti_n t rans &r f.un on of a k sensor
attached to the® ﬁﬁﬁﬁe Ea§6g§r§FJ lﬁﬂiﬁ '%%i %tic
curve represent|ﬁ§8%5 the rangfer fun atlon f||t

attached to the efre=airdk Spgr SO0 us; Ioglnéecgl%l a9 rlsc-’p%rcetcl1 vteo\lsl e‘W
show ng ashead ¢nd dyrofin %%Hag,%c%fssangf%%ga&% 5l ARRRY 3115 36 1 nG

t o anot her enbo I men hé “i nvention; a perspective view
showi ng a head g¢iUat 9410k s2aFRIRKHE S b ARRRY LS BRELOTH N tohg
vibration levels detected by the shock sensor and
inputted through the compensation filter.
According to the disk drive apparatus constructed
10 in this manner, their response is more sensitive than
in other frequency bands if they are subjected to any
external vibration or shock in the resonance frequency
band of the drive section. Accordingly, it is hard to
position the head actuator accurately, and information
15 processing operation with respect to the disk must be
interrupted quickly. Thereupon, the compensation
filter can be used selectively to improve the
sensitivity of the shock sensor for shocks and
vibrations in the resonance frequency band, and the
20 information processing operation can be interrupted
without lessening the capacity of the apparatus.
Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the
25 description, or may be learned by practice of the
invention. The objects and advantages of the

invention may be realized and obtained by means of the



*5 still another enbodi nent of the invention; and FIG 10 is a plan view
showi ng the back of a magnetic di sk apparatus according to a further
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 10
Magneti c di sk apparatuses according to enbodi nents of the present invention
wi |l now be described in detail with reference to the acconpanyi ng
drawi ngs. As shown in FIG 1, an HDD caqnprd ses a casing 12 15 in the form
of a rectangular box and a top cover (not shown) that is fixed to the
casing by neans of screws and closes a top opening of the casing 12. In the
casing 12 are arranged a magnetic disk 16 for use as netic recording
nedi um a splndU€52Umﬁﬂ§ﬁl%E%%@ @@@V%O%%b%§t¥%ﬁssEEBB#FPgéréﬁd rotating
t he magnetic di sk, | ur allt netic heads for witing in and reading
i nformati on fr(ﬁﬁ%qﬁFﬁkﬂﬂ1 %Pag hd a head actuator 22 that supports

Fur ther - cont ai ng 450l @E%Xiﬁfﬁﬁ’ﬁ%{ (O hfatl, Vi o T SR 24
Lgéhéﬁf‘é'm“%saPSrpﬁii*.%&? RERRERS SRAUARST) BniPiTERe dRRLMe a?ssmthe
k. 5 A5 iﬁamq“?afdp%é%”t@?f%t% i P R RO TerE i ol 1 ng the

operation of trﬁifﬁgﬂygﬁ%’Eﬁﬁgdﬂﬁ%nﬁgeof(%ﬁg4ln@QHt£B§ nagaet| e@ﬁ@? t he

through the circuit board unit 21 is screwed to the oufer sur ce 0

bottom wal | of e casd Ngerledra FUldS€FipBidh el Pbe dBoPEi Bh@dtﬁbr cuit board
23 that connects the spindle notor 18 and the circuit board unit 21 is

stuck on the owetraiSied ades of iptiohod £ othevaéhbodilenss Syittahedebetryween t he
casing 12 and the printed circuit board 31.
serve to explain the principles of the invention.
10 FIG. 1 is a plan view showing a magnetic disk
apparatus according to an embodiment of the invention;

FIG. 2 is a plan view showing the back of the
magnetic disk apparatus;

FIG. 3 is a perspective view showing a head

15 actuator of the magnetic disk apparatus;

FIG. 4 is a block diagram schematically showing a
control system of the magnetic disk apparatus;

FIG. 5 shows a characteristic curve representing
the vibration characteristic of a drive section of the

20 magnetic disk apparatus;

FIG. 6 shows a characteristic curve representing
the transfer function of a shock sensor attached to
the magnetic disk apparatus;

FIG. 7 shows a characteristic curve representing

25 the transfer function of a compensation filter

attached to the magnetic disk apparatus;

FIG. 8 is a perspective view showing a head



15 As shown in FIG 1, the magnetic disk 16 is 65 mm (2.5 inches) in

di aneter and has nmagnetic recording |layers on its upper and | ower surfaces,
i ndi vidually. The nagnetic disk 16 is fitted on a hub (not shown) of the
spindle notor 18 and fixedly held by neans of a 20 clanmp spring 17. As the
spindle notor 18 is driven, the magnetic disk 16 is rotated at a given
speed. As shown in FIGS. 1 and 3, the headgactuator 22 is provided with a
bearing portion 26 fixed on the bottomwall of the casing 12 that serves as
a base. 25 The bearing portion 26 has a pivot 27 that is set up
perpendicularly on the bottomwall of the casing 12 and a cylindrical hub
28 that is rotat&hP§tetippér elagnetdcofisie d PP AARE DG Yair of
bearings. Further he head ,actuator is_provided with two arns 32 and a
plurality of sp%EQFﬁ?FnSQQRS&WFE o %ﬁ@ AOY PS8 nagnetic head

assenblies 36 suppor%gg o t.he _ar s 5 tikyiduall . Each arm32 is a flat
pl ate of a stainless-stéel mét 8r Fal §ﬁ§ﬁ as Sus3b éVfHﬁ %1Q?ﬁ' kness of

sbout 250 v 3060 20BEL U Ba(Gk NGNS, 3, AQUIRA R4 ARl end

Each magnetic head asse 3 _ uspensi on the form of
an el ongaged pl ate)¢apablRepf cfbagl henteber PRl QR vRRd 1@ TegnRy{ i ¢ head 40

fixed to the distal end of the suspension. The suspension 38 Is fornmed of a

plate spring, and itgrproxiomils angdliag Mieed HeWihgy dird a@nd of5 the arm 32
15 by spat wel ding or adhesive bondi ng. The suspension 38 extends fromthe

arm 32. The arnmagRet0cwbieR bppafagnst kecheadnassentl iR tieare fixed are
fitted in layers on the hub 28 of the bearing portion 26 in a nmanner such
that the hub ise@Bopamsntd blir ohghihkenapentures of their respective

proxi mal end portions. The spacer rings on the hub 28 are sandw ched

bet ween the arns arns 3DERAERED pESCREPTION c@ENTHEr ENVENBIONOomM t he hub 28
with 25 them Each suspension 38 has a integrally fromits distal end.
constitut@® a part of MpEBeEadfpedsk3apraraduserpe acmp et i the sanme given
space between tab 4 ,thaﬁ ex engs The tabs 92 | adin%,qﬁchaniiﬁ125, -9
which will be d¥BRPFHBEPFR @&t APF PaeEFRt invention will now be

described in detail with reference to the accompanying
drawings.
As shown in FIG. 1, an HDD comprises a casing 12
15 in the form of a rectangular box and a top cover (not
shown) that is fixed to the casing by means of screws
and closes a top opening of the casing 12.
In the casing 12 are arranged a magnetic disk 16
for use as a magnetic recording medium, a spindle
20 motor 18 as drive means for supporting and rotating
the magnetic disk, a plurality of magnetic heads for
writing in and reading information from the magnetic
disk, and a head actuator 22 that supports the
magnetic heads for movement relative to the disk 16.
25 The casing 12 further contains a voice coil motor
(hereinafter referred to as a VCM) 24 for rocking and

positioning the head actuator, a ramped loading



‘* The'head actuator 22 has a support franme 44 that extends fromthe bearing
portion 26 in the direction opposite to the arns 32. The support frame 44 5
supports a voice coil 45 that constitutes a part of the VCM 24. The frane
44 is a plastic menber that is integrally nolded on the outer periphery of
the voice coil 45. The magnetic disk 16 is situated between the 10 two arns
32 with the head actuator 22 with the aforenmentioned configuration
incorporated in the casing 12. The magnetic heads 40 that are nounted
i ndi vidually on the suspensions 38 individually face the upper and | ower
surfaces of the magnetic disk 16, 15 thereby holding the disk 16 from both
sides. Each maghethenkerd220ipg hpﬁéénﬂoﬁéﬁdmﬁﬁégﬁhqaﬁﬁ?Qﬁ-@he magneti c

disk 16 with a given, head | oad ans of the suspensiqn 38. The voice
coil 45 that is ??%EHOPE ?ﬁBagég%oE?°§0tg?aWEgREWﬁC1Q%§ edd%h& vator 22 is

situated between,a pajr, of yokes, 48.(onl ne of ichis sh that are
fixed on the caSthg"i .b?ﬁgéeu9bﬁeglaﬁaciugﬁpﬁiﬁgﬁﬁﬁﬁﬂé#?i%mfﬁik is fixed
to one of the yggfé constitute the VCM 24. If the voice coil 45 is

energi zed, the éad actuator 22 is rocked around the pivot 27 of the
beari ng rtion 26 b n;in mabi 0 r ' ]Rggi Eﬁ%gi ich the
nagneticgﬁeads 40 arggggggg?eéh %?biob'o% ?ﬁggﬁ%%%g%ic f%k <£n a stop

position in whigh-thenpRgNeihg bRAJSpALEtIbhuarednef fsdif@ Uk Jpenighhery.
of the disk. In the informatidn processing position, noreover, the nagnetic

heads 40 are noyed voM52andapastheonggnenidenichad thatkghoftHdhe iregnetic
disk 16, and wite information to and read it fromthe disk. As shown in

FIGS. 1 and 3, bberdiunutt2boasdsupetvedltbashe phteal istiy fefceelogcttheni ¢
conponents, 10 connectors (not shown), etc. A nmain flexible printed circuit
board (herei nafbettomfeatédofoths aamihg ERC) FOrékeends filemifdle circuit
board unit 21, and its extending end portion is fixed to a side face of the
head actlifat or &Fl@g‘p‘éc?hrpylthbobédrEﬁgtbéfﬁt conngetsiShehepimidieFPC 50 is
connected electrically to the magneti ¢ heads 40 through relay flexible
print ed circuitm%B%Fdi8SQn@hEPeeﬁiﬁﬁH15v€PaFﬁeu§ﬂﬁsZézlénétﬁﬁé SBspensi ons

38, individually. As sh in FIG .1 h d | oadi hani 0 25
Y O e 5SRO EL G QL RTRe 9ot ng TRCRANLEmZ0 25
| ocat ed outS|debépﬁeggggg%hgagkgga%?yaggthgnggégtggscﬁrghg%al|ty of qguide

surfaces that correspon Vi on"thé "suspensi ons 38
of the head actyaipg 22. |f the 25 head actuator 22 is rocked toward the
stop position (indicated by the solid Iine) by neans of the VCM 24 as the

HDD is sfifted to itAsngRoRpetat F1G.MJethe mabhetic disk 16 is 65 mm
(2.5 inches) in diameter and has magnetic recording
layers on its upper and lower surfaces, individually.
The magnetic disk 16 is fitted on a hub (not shown) of
the spindle motor 18 and fixedly held by means of a

20 clamp spring 17. As the spindle motor 18 is driven,
the magnetic disk 16 is rotated at a given speed.

As shown in FIGS. 1 and 3, the head actuator 22
is provided with a bearing portion 26 fixed on the
bottom wall of the casing 12 that serves as a base.

25 The bearing portion 26 has a pivot 27 that is set up
perpendicularly on the bottom wall of the casing 12

and a cylindrical hub 28 that is rotatably supported



t he magnetic heads 40 nove fromthe inner peripheral side of the nagnetic
disk 16 toward the outernost periphery. Wien the heads 40 nobve to positions
near the outer peripheral edge of the disk 16, the tabs 42 5 that extend
individually fromthe suspensions 38 run on their correspondi ng gui de
surfaces 72 of the ranp 70. Thereupon, the magnetic, heads 40 are unl oaded
so that they are separabe)dt romthe surfaces of t he megnetic disk 16. 10 On
the other hand, the HDD i s pFoPiideg th a shock sensor 60 for detecting
the respective |levels (igad ns of a Vi rfaeza@g vdﬁd a shock that are applied
externally. In the present , _as shown #rpdd,G_ 3, the shock sensor
60 is attached to the supp?{,t 15 fra T4420f; ;t he head act Jretaor; 2, and
| ocat ed near the voice coi t)Aso hown in EI ronldgge $hock sgﬁsorF@ h
connected to a CPU 64Malghugh a corrpeﬁ%%ﬁezorkfl | ter 64 t hat
serves as a consrol section Fshzedcggnect ed togisnezoslpll gje rmt or @Bswgiatge
n

voi ce coil 45 through“mliw Lf{i 65 and" BEMD le@peg ively, @ni @hgo%lnect ed

t he magnetic heads 40 throug laeranpllfler 67 andSep | C 68 ang
conpensation filter 62 magsp elther an 25 analog filter %rOratqH i tal
filter that is configured to |ﬁ€mea§e the sensitivity of the shockt@ensor
wWth respect to the )ance frequen% %amia f he HDD. - 12 More
specifically, a drlyg secti oﬁ §h elgesbl , whi ¢ uges, the casing 12,
nagnetl c disk 16 dhm a 18, na tﬂlbap ads 40, haea?d'aa@]tté tor 22,

ct

etc., enjoys a vi bb tion char Rragt] that ha’% aargs %nce 5 po nﬁtégl
near 1 kHz, 14 0r exa I"émaase EI]iown In eSmJ e shock s as the
transfer function 5%\’\“ in Fl 6Ead:1|51 hIS case, }ichez)cq ensatlon Utter 62
is designed to have a cﬁ‘)}'} unctl on ‘ﬂtattl@qpl [ f| es t efog“ane@s |nn t he
resonance frequencyph ?d of t g.drive sectd %hown i ARG 7.
Thus, the corrpensatl on ?|4>fe§la62 arrpl i ]?I ggrmh@fg |ns in & §a§rr§ f.requency
band with the resﬁl z poi nt ot t Jtche:ieqr rve sectl o’ﬁ eb@u& Q t he vi Srlé ¢on
and shock gains detecte® Bheng n? of the "$Hdoig 8153 %mgatfeour to
five times, for ¥wasple, and app flésephe to t he "CP8 ﬁaé .consequence,
the sensitivity of the W ae sgnsor 60 fO dé JHration ah d°shegk yith
frequencies in Plexsg resonancgorrlm@u ban e’"t&ne;rﬁrl ve section can
be increesed. The CPU 64520 teonpares a get 8cpilgp.signal del iNred from the
shock sensor 60b5{ rﬂmtgh he conp tttcontﬂ‘llter %2 ihgp g?(yen val ue
(threshold valy | f a &iingi Bran freque (S%/l d |s hi gher~than t he given
val ue, the CPU 4%@@,5& s.out desf asmp I’%tl on comt¥ob £f @ the drive 25
section of the HDD. If any*®thmation or shotRdimgt exceeds Chéryiyen val ue
is detected while iTforpation procaé? i329 operatlon |§h€bes erformed by
t he - 13 mpgnetic heads 46 m)tgrespect to the magnetic c?o [$idon6, the CPU
64 tenporarily s lf)epsf oper ati on bfh t tige netic heads 40. Foe exanpl e,
if any vibr abbgg or shoc atrr?atfm)& geds then@%J y@l e is detected while 5
i nforagtion is bel gpcwftj_cgen |n or “r éadlgpap the Heaq assemp) 4
pasSed i °n the h tes
hrOu ub
gh the s

25



* maghetic disk 16, the CPU 64 tenporarily stops the witing or reading
operation of the magnetic heads 40, thereby preventing witing or reading
failure that is attributable to the vibration or shock. 10 According to the
HDD constructed in this nmanner, the sensitivity of the shock sensor 60 for
the vibration and shock can be sel ectively increased by providing the
conpensation filter 62 for anplifying the gains in the same resonance
frequency band with 15 the resonance point of the drive section of the HDD.
If the sensitivity of the whole shock sensor is sinply increased, the
sensor excessively reacts to vibratjons and shocks in frequency bands that
have no i nfl uendesclipBhlineei AesErhbPrenipr 6eéadilngadsar-ati on of the 20
magneti ¢ heads, thereby freguently stoEBing t he operation of the nagnetic
heads. The HDD accor 8RRghe8Aat RECPRESENE 2e RBSIRMSHPPOAT Friddntd 4 Hite Tawkwar d
result. In conse ueqig,ﬁthe DD can securely preyent erratic operation that
e

i s attributabl ¥R RaP 582\ PBALLPEnROLRE OBk Pitt oG eSS4 ng i ts
capacity and can_enjpoy ipproved reliability. According to t HDD
constructed in ??ﬁ%éﬁ%ﬁngg,ghe-aiﬂs reo&é?,sPﬁgo§ﬁo ﬁaggnggr 60 is
attached gt o the r 44 t : nd _l_qc d near
t he voicé%co!l 245 %gé%r%ingfﬁ? fﬁglsggcEﬁggnggbggggggége%i%ﬁr% B
charact eri sti cscihiajcigoygr (BrevEDERLI @8 sCRARAGEEsSikhrel hahead
actuator 22. If the vibration characteristic of the head actuator 22 is
greatly influencegobyalig h68888N6E tHEALAREY 9fertipﬁe%9Do¢r ithe $RGkieon,
therefore, erratic operation of the HDD attributable to external vibrations
and shocks 10 casibeseffectively prevented without | essening the capacity
of the HDD by selectively increasing the sensitivity of the shock sensor 60
for the resonance freneemnaynbahd dfiskhéchead sdtthwdtedr beltwetdne tdrdbodi ment
descri bed above, the shock 15 sensor 60 is attached to the support franme 44
of the Hehd actter oare2. 3Rowebkr thehbestosktsahsor 28amilth tbeat ed i n ot her
positions depending on the vibration characteristic of the HDD. As shown in
FIG 8, for exapPecneneleRedkCeRrAs8rr2016D ARFCBROPASSHdEd SRSt he main FPC
50 on the side facg of %he head actugtor 22. IH thhs case, the shock sensor
60 can al so enjoyStPharLet er 188 PRIPRLE CcBFaFAS: A2 TPBFafFEnTONREE  eri stic
of the head actuator. 22..1f the_yibration_characteristic .of .the head
actuator 25 22 TROgrsdRL Y bR e nthbelREcRRsaRaned  Pidkaandy 8- % he oD
drive section, r , rati ..o I o e to

toe &%%PS%{?& 2b4Er %@Ef&b@@ gk %:chﬁggn%tttlc RYLqbl

external vibrations ocks - can be'e el’y “prevent éd’wi t hout

l'esseni ng; the capasity 8b18D8qHPRbY: 8R! €6t kF¥8hYbbRAN 8a8kRY thgcensitivity
of the shock sensor 60 for thée resonance frequency band of the head

actuator. 5 Accpdghégitohaadenpodsnengeahevnaird Ehe sArfble sogkesensor 60
is provided on one of the arnms 32 of the head actuator 22. In this case,

t he shock sensana@ethn @ibfbyl6haibbt er gsvenshehdt loadebyt meawisbodt i on
characteristic of the head actuator 22, especially 10 that of the arnms 32.
I f the vibratioshehsuspeersicni8of the arns 32 of the head actuator 22 is

greatly influenced by the resonance frequency of the HDD drive section,
therefore, erratic o%%?aVPéﬁeoFoﬂﬁe4ﬁD9h§Ft%ﬁbéﬂé@ﬁetpot@@téﬁﬁﬁor¢ibrations

and ShO%h? can PSéme 44 of the head actuator 22 is situated between a
pair of yokes 48 (only one of which is shown) that are
fixed on the casing 12. These yokes and a driving
magnet 46 that is fixed to one of the yokes constitute
the VCM 24. 1If the voice coil 45 is energized, the

25 head actuator 22 is rocked around the pivot 27 of the
bearing portion 26 between an information processing

position in which the magnetic heads 40 are situated



' 15 effectively prevented without |essening the capacity of the HDD by

sel ectively increasing the sensitivity of the shock sensor 60 for the
resonance frequency band of the arnms. Further, resonance between the casing
12 of the 20 HDD and the spindle notor 18 frequently arises a problem
According to an enbodi nent showmn in FIG 10, the shock sensor 60 is nounted
on the flexible printed circuit board 23 fRat _is stuck on the outer surface
of the bottomwall of the casing 12. 25 In this case, the shock sensor 60
can enjoy the characteristics that cover the respective natural vibration

characteristics of the casing 12, and_the - 16 spindle notor 18. If the
vi brati on chanﬂﬁeﬁﬁ%tm%%n%?l?h@lﬁﬁs?ﬁgaaﬂdatﬁEOEpgﬁéFélﬁﬁt6P Y8 ighe

greatly nfl vensed by Lbe, Lesonance, L cueney oL cthe, iED dive section
vibraty one and SHogke £t beveLI SELLYE! Yo pLYCL 80 LGN phessanng (he
sensor &0 for Lbe.fepgnence: i pavenci bRt o heg2e10.200y e Seindl o
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nuneral s are use esi gnate e portions o e enbodirnents,

repeated descripf oh@fyiDose; PP ELORSohStONhhledeadd i fddirbinoRak advant ages
and nodifications wll readily occur to those skilled in the art.

Therefore, the diwention in its broader aspects is not limted to the
specific details and representative enbodi nents shown and descri bed herein.
Accordi ngly, variousA20shodnfinafilGas fmgnkbe 3padéewictilrout tdépartd ng from
the spirit or scope of the general inventive concept as defined by the
appended cl ai nsurabid 2helhas egupVarehisy ©f esecbrbeiagndempvoedtsior exanpl e,
that the resonance frequency band of the HDD drive section_is 25 not
limteddlb 1 kHoRRRCHRYS benehapgeuntepehai nghohaiReflppébls pEinged of

t he HDD. Thus, the sane functions and_effect enbodi nent s

f the f [
can _ ~~ _ befbitat hetPay dbReHRIRGEERE E%%ﬁgﬁ§9t§8ng%$ ?éggacggpding to
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VWHAT IS CLAIMED I'S: 1. A disk drive apparatus conprising:

15 The main FPC 50 is connected electrically to the
magnetic heads 40 through relay flexible printed
circuilt boards 52 that extend over the arms 32 and the
suspensions 38, individually.

As shown in FIG. 1, the ramped loading mechanism

20 25 includes a ramp 70 that is provided on the bottom
wall of the casing 12 and located outside the magnetic
disk 16. The ramp 70 has a plurality of guide
surfaces that correspond individually to the tabs 42
on the suspensions 38 of the head actuator 22. If the

25 head actuator 22 is rocked toward the stop position

(indicated by the solid line) by means of the VCM 24

as the HDD is shifted to its non-operating mode,



“a drive section including a disk, drive neans for supporting and rotating
the recording disk, a head 5 configured to performan information
processi ng operation with respect to the disk, and a head actuator
supporting the head for novenent relative to the recording disk; a shock
sensor for detecting the respective 10 levels of a shock and a vibration
external |y applied to the drive section; gconpensation filter configured
to anplify the shock and vibration levels i'n a frequency band correspondi ng
to the resonance frequency of the drive 15 section, of the shock and
vibration |l evels detected by the shock sensory and a control section
configured to stBp PRENPALET REEFSN 4Pr BEESsitR§To fdveatingip P He L when
gi ven val ues are,ﬁxce%dgﬁ b% t he extenngﬁ shock and 20 vibration |evels
BcRiséfSo 1

detected by theS$ AgRE i Ap AEEd LENTOUGH & e SHFaTASon fil ter
2ol Sk O INpBEOBELLS, ABRZLILG KOS houleh L iher, comprl ses o
DR 2 25 2 HhE L B DB BRaHAC ke i S ool iygornagd 1 e
mount 20,99, 10 crag B LA PLSILELNY ShEReh PO b LS A v
with the drive sgcthefr 88¢rwBBbANANGNEURRRT RHARUY TNIAAER Framp
70. Thereupon, the magnetic heads 40 are unloaded so
that they are separated from the surfaces cf the
magnetic disk 16.
10 On the other hand, the HDD is provided with a
shock sensor 60 for detecting the respective levels
(gains) of a vibration and a shock that are applied
externally. In the present embodiment, as shown in
FIG. 3, the shock sensor 60 is attached to the support
15 frame 44 of the head actuator 22 and located near the
voice coil 45.
As shown in FIG. 4, the shock sensor 60 is
connected to a CPU 64 through a compensation filter
62. The CPU 64 that serves as a control section is
20 connected to the spindle motor 18 and the voice coil
45 through drivers 65 and 66, respectively, and is
connected to the magnetic heads 40 through an
amplifier 67 and a head IC 68.
The compensation filter 62 may be either an
25 analog filter or a digital filter that is configured

to increase the sensitivity of the shock sensor with

respect to the resonance frequency band of the HDD.



'5 béaring portion rockably mounted on the base, an armextending fromthe
bearing portion, and a suspension extending fromthe armand fitted with
the head on an extending end portion thereof, and the shock sensor is
located on the arm 10 4. A disk drive apparatus according to claim 1,
which further conprises a base provided with the drive section, and wherein
the drive section includes a voice coil-noipr having a voice coil attached
to the head actuator and capable of driving the head 15 actuator, and the
shock sensor is attached to head actuator near the voice coil. 5. A disk

dri ve apparat us or.di 0. cl.aim1,, which further conprises a base
providegpmﬁth tMgggﬂééggiﬁﬁq%;{y%ﬂﬁj%ﬁﬁﬁ%ﬂﬁgi O%Hﬁgﬁggﬁﬁ%%P;L§hhﬁ%niﬁg on
20 the base. 6. ; i drhve r at cordi.n 0 C mi1,, rein
conpensation fi lﬁgghﬁgg éclh;ér é%%gg]rgaflu%?ictqn%oﬁq%ddolrga%&f]ff@%'ngsl?ﬂédg%l n of the

resonance frequgpey bapd ﬁgi¥%ﬁ$yjﬂé S e 2P ol ggg%géigg%gpparatus

according to claim1l, wherei e i nformati‘on processing of the

head i ncl udes a@n?gggagiqug%g@aﬂiq%&ggyﬂgﬁgﬁgﬁgngﬁéF Hally f{g%ﬁgﬁég 8. A

di sk drive apparafusS according to claim1, e i ntormation

rocessi ng opergbiaf €0 hearheaguznclasdes @mPAREr ald Wh&in rE8ad Y. 5.
Pnfornation froﬁ15 the disk. .A3A L. A3 . A33r. AFr. A33 . A3 r.Ag#AaF.A

3_. Ar. A . AL. Asr TA&r sA&sik. AcnAsl. ADhDaAs fHheARlln HKIROMBYHMon shown in

{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cal] c<&[6a] €a] cahcdhdBRadpsa!, thMk{compensation filter 62 is

'CrL| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] €apédaned] ¢a] bayveapc &reasZiersMmmnda/on wiiagh|axjpdlal fisdsca] ca] ca]
ca] ca] ca] ca] ca]cal] ca] ca] ca]ca]ca]caljcalc alc

a] ca] ca] ca] ca] chl'eapeaPreajrafbs) £speapese frequency band of the HDD

6hL) X2\ b | wnhc”Y] | ca] ca] ca] ca] ca] cal.cal ca] ca] ca]ca]ca] ca]ca]callca]ca]c

a] ca] ca] ina]cg?&gfcgfﬁg?eg]cgfc%P@&PcéPc%F@L!OwP

!!#"E"F"V"X"Z"‘")#4$%§us, the compensation filter 62 amplifies the
gains in the same frequency band with the resonance
point of the drive section, out of the vibration and
shock gains detected by means of the shock sensor 60,

15 by four to five times, for example, and applies them
to the CPU 64. In consequence, the sensitivity of the
shock sensor 60 for the vibration and shock with
frequencies in the same resonance frequency band of
the drive section can be increased. The CPU 64

20 compares a detection signal delivered from the shock
sensor 60 through the compensation filter 62 with a
given value (threshold value). 1If a gain in any
frequency band is higher than the given value, the CPU
64 carries out desired operation control for the drive

25 section of the HDD. If any vibration or shock that

exceeds the given value is detected while information

processing operation is being performed by the
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thereby preventing writing or reading failure that is
attributable to the vibration or shock.

10 According to the HDD constructed in this manner,
the sensitivity of the shock sensor 60 for the
vibration and shock can be selectively increased by
providing the compensation filter 62 for amplifying
the gains in the same resonance frequency band with

15 the resonance point of the drive section of the HDD.
If the sensitivity of the whole shock sensor is simply
increased, the sensor excessively reacts to vibrations
and shocks in frequency bands that have no influences
upon the information processing operation of the

20 magnetic heads, thereby frequently stopping the
operation of the magnetic heads. The HDD according to
the present embodiment can prevent this awkward
result. In consequence, the HDD can securely prevent
erratic operation that is attributable to external

25 vibrations and shocks without lessening its capacity
and can enjoy improved reliability.

According to the HDD constructed in this manner,
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moreover, the shock sensor 60 is attached to the
support frame 44 of the head actuator 22 and located
near the voice coil 45. Accordingly, the shock sensor
60 can enjoy characteristics that cover the vibration
5 characteristic of the head actuator 22. If the
vibration characteristic of the head actuator 22 1s
greatly influenced by the resonance frequency of the
HDD drive section, therefore, erratic operation of
the HDD attributable to external vibrations and shocks
10 can be effectively prevented without lessening the
capacity of the HDD by selectively increasing the
sensitivity of the shock sensor 60 for the resonance
frequency band of the head actuator.
In the embodiment described above, the shock
15 sensor 60 is attached to the support frame 44 of the
head actuator 22. However, the shock sensor can be
located in other positions depending on the vibration
characteristic of the HDD.
As shown in FIG. 8, for example, the shock sensor
20 60 may be provided on the main FPC 50 on the side face
of the head actuator 22. 1In this case, the shock
sensor 60 can also enjoy characteristics that cover
the vibration characteristic of the head actuator 22.
If the vibration characteristic of the head actuator
25 22 is greatly influenced by the resonance frequency of
the HDD drive section, therefore, erratic operation of

the HDD attributable to external vibrations and shocks
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can be effectively prevented without lessening the
capacity of the HDD by selectively increasing the
sensitivity of the shock sensor 60 for the resonance
frequency band of the head actuator.
5 According to an embodiment shown in FIG. 9, the
shock sensor 60 is provided on one of the arms 32 of
the head actuator 22. 1In this case, the shock sensor
60 can enjoy characteristics that cover the vibration
characteristic of the head actuator 22, especially
10 that of the arms 32. 1If the vibration characteristic
of the arms 32 of the head actuator 22 is greatly
influenced by the resonance frequency of the HDD drive
section, therefore, erratic operation of the HDD
attributable to external vibrations and shocks can be
15 effectively prevented without lessening the capacity
of the HDD by selectively increasing the sensitivity
of the shock sensor 60 for the resonance frequency
band of the arms.
Further, resonance between the casing 12 of the
20 HDD and the spindle motor 18 frequently arises a
problem. According to an embodiment shown in FIG. 10,
the shock sensor 60 is mounted on the flexible printed
circuit board 23 that is stuck on the outer surface of
the bottom wall of the casing 12.
25 In this case, the shock sensor 60 can enjoy the

characteristics that cover the respective natural

vibration characteristics of the casing 12 and the
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influenced by the resonance frequency of the HDD drive
section, therefore, erratic operation of the HDD
5 attributable to external vibrations and shocks can be
effectively prevented without lessening the capacity
of the HDD by selectively increasing the sensitivity
of the shock sensor 60 for the resonance frequency
bands of the casing and the spindle motor 18.

10 The embodiments shown in FIGS. 8 to 10 share
other configurations with the first embodiment.
Therefore, like reference numerals are used to
designate like portions of the embodiments, and a
repeated description of those portions is omitted.

15 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

20 modifications may be made without departing from the
spirit or scope of the general inventive concept as
defined by the appended claims and their equivalents.

It is to be understood, for example, that the
resonance frequency band of the HDD drive section is

25 not limited to 1 kHz and may be changed depending on
the type, size, etc. of the HDD. Thus, the same

functions and effects of the foregoing embodiments can
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Further, the shock sensor may be located in various
other positions than the positions according to the
5 foregoing embodiments.
Furthermore, the present invention is not limited
to the magnetic disk apparatus and is applicable to
any other recording/reproducing apparatuses such as an

optical disk apparatus.
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supporting and rotating the recording disk, a head
5 configured to perform an information processing
operation with respect to the disk, and a head
actuator supporting the head for movement relative to
the recording disk;

a shock sensor for detecting the respective

10 levels of a shock and a vibration externally applied
to the drive section;

a compensation filter configured to amplify the
shock and vibration levels in a frequency band
corresponding to the resonance frequency of the drive

15 section, of the shock and vibration levels detected by
the shock sensor; and

a control section configured to stop the
information processing operation of the head when
given values are exceeded by the external shock and

20 vibration levels detected by the shock sensor and
inputted through the compensation filter.

2. A disk drive apparatus according to claim 1,
which further comprises a base provided with the drive
section, a circuit board unit located on the base, and

25 a flexible printed circuit board electrically
connecting the head actuator and the circuit board

unit, and wherein the shock sensor is mounted on the
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flexible printed circuit board.

3. A disk drive apparatus according to claim 1,
which further comprises a base provided with the drive
section, and wherein the head actuator includes a

5 bearing portion rockably mounted on the base, an arm
extending from the bearing portion, and a suspension
extending from the arm and fitted with the head on an
extending end portion thereof, and the shock sensor is
located on the arm.

10 4. A disk drive apparatus according to claim 1,
which further comprises a base provided with the drive
section, and wherein the drive section includes a
voice coil motor having a voice coil attached to the
head actuator and capable of driving the head

15 actuator, and the shock sensor is attached to head
actuator near the voice coil.

5. A disk drive apparatus according to claim 1,
which further comprises a base provided with the drive
section, and wherein the shock sensor is mounted on

20 the base.

6. A disk drive apparatus according to claim 1,
wherein the compensation filter has a transfer
function for amplifying the gain of the resonance
frequency band of the drive section.

25 7. A disk drive apparatus according to claim 1,

wherein the information processing operation of the

head includes an operation of writing information in
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