-1- Lk * METHOD AND APPARATUS FOR laP IQ S
UNLATCHI NG AN ACTUATOR This patent application cl'ai

priority fromU. S. Provisional Application 5 No. 60/100,899, filed 23
Sept enber 1998. FI ELD OF | NVENTI ON

The present invention relates generally tq_the field of disc drive storage
devices, and nore particularly to a nethod and apparatus for unlatching an
10 actuator froma | atch. GROUND OF THE

| NVENTI ON In a di%@TEPR/éNR/é?%‘ﬁWPSa%%StA r is used to

position a read/wite head overNLATCHIRGANWerAGETORERS. the actuator
being driven by a voice coil nmotor (VCl). Alatch 15 i ¥ sonetinmes used for

hol di ng the actuator at a | atched position when, for exanple, t he

disc drive is not i eration. .. . . .. J0 ch .t he act.uator from
the latch, the conv(r;l‘r??glC)I%)"lrtl%lE “?PEP%%‘ qlaims prigrity; fiom %'q}r%‘?%‘ﬁ%ﬁ&pph 18nt
progressi velsy tNo.60A0VEM,iflled IESehtérmtsdrilogg. opposite to the |atching

force, until the actuator breaks away fromthe latch. Once it is unlatched,

the 20 actuator would tend to nove to the other extremty of its range of

travel, and may even crash i'ﬁlﬁLﬁg)Ipfﬁ\?ﬁNﬁ(iﬁh stop. This is
an

undesirable as it introduces shocks risks damage to the read/wite

head and the data stThe agsemtisation relates generally to@hefisliofdidc dfive a?r%gai ni ngzt ge
notion of the actuator, is described in the U. S. Patent Nunmber 560021
to Kevin A GCof§¥iceh a maremaiquarly to a metipd mykapperatus ferpdatehingang osed- Loop

Act uat or Unhat GRyatod Bb qgl?tcﬂoni toring the slope of the back EMF
(el ectromagnetic forcegﬁ of the VCM the actuator unlatch controller is

abl e to determ ne when the actuator has broken free of the latch, at which
Phe voi ce coil motor fo  BACKGROUND ofBHEnSPNTIONS The' Foquirament
for shock-resi stancen i 8ispUERCYstein) AR hetudtbr 18 ASed 18 PBLiLiGa ddd/write hédldl dRET ease
'n the Tatch n%agagiogaegevgréaz, t\ﬁg L&Qatgrhbiiécén%aeg ?);/ alviicz ecl)icli m%iort({]/%l\ll)ékclzt%h
15  is sometimes used for holding the actuator at a latched position when, for example,
the disc drive is not in operation.
To unlatch the actuator from the latch, the conventional method is to apply
steps of current progressively to the VCM in the direction opposite to the latching
force, until the actuator breaks away from the latch. Once it is unlatched, the
20  actuator would tend to move to the other extremity of its range of travel, and may
even crash into an outer crash stop. This is undesirable as it introduces shocks and
risks damage to the read/write head and the data storage areas.
One method of restraining the motion of the actuator is described in the
U.S. Patent Number 5600219 to Kevin A. Gomez granted February 4, 1997 for
25 "Sensorless Closed-Loop Actuator Unlatch", Through monitoring the slope of the
back EMF (electromagnetic force) of the VCM, the actuator unlatch controller is
able to determine when the actuator has broken free of the latch, at which point the
actuator latch controller would cause the current signal to the voice coil motor to
be cut off.
30 As the requirement for shock-resistance is pushed higher, it has resulted in
an increase in the latching force with which the actuator is held at the latched

position. Accordingly, the current to the VCM has to increase to a higher and




position. Actordingly, the current to the VCM has to increase to a higher

and - -2- hi gher
l evel in order to unlatch the actuator. However, the problem of the

act uat or accel erating beyond control upon release is aggravated as
the current to the VCM is increased., Cutting off the current to the
VCM once the act uator I s unl atched does not provide an adequate
solutlontoth foIIo that there is need for

i nproved net ho E‘?YFQP&’?‘%‘?‘?@O ’t‘q‘té eI'E°W°V°r the problesgyf ﬂiffr

i nvention not %héleﬁﬁﬁ’g’b Ad eah&dmﬁay&féate%ta ARBEGRH PO the VC

unl atching the actuator sSuitab for use wt dISC rive systens vmth | ar ge

| at chi ng f or ceds iricreasgds Gum\qfﬂhs currdnh ot the VIGM looct: thé acindtart is Iunlag:hedtéoes

actuator. It wll b fro t he,f ol i ng . descri.pti on, fhat the
pr esent |nvent|rt9ﬁpf5’fvfd§ra§a§?%t Slttm éﬁ’éﬂéﬂo‘t@ﬂ Wﬁé‘“ﬁﬁt Q & for
SUMVARY OF FHE dn%%%@ﬁethod of unlatching tRE&RMAMNY t 0 one aspect of the

i nvention, there ISIpI’OVI an apparatus for rel easi ng an actuator

froma | atched posit hsrpreswten@quan netienlyprepidesansimprensid srctiaast and ppparawst or

Patchod” " pebieBRol HekehRr b SrueRohdnr AR ERS MOTEE  Gurca 1o

ener gi ze t he vahteRing forces, t@isb plf@ﬁst a\@h&é} niethdd &tunfdﬂélﬁ@ﬂle gttgavat. rokill
i ncreasi ng nmagni tude alternating w cond current _signal.

Accordi ng to arstevideniiEon the fglloving dﬁmﬁw that thF lﬁ@s@ltll%vepﬁ@%/ﬁ’ﬁ@éloﬁl%t hod of
20 rel easifyg aa'&vﬁﬁfag#@%’ért%%@ﬁ@raan] at ched position. The nethod conprises

st eps of enerdgi zi ng volce coil motor with a first current signal
of increasing nmagnitude alternating with a second current signal that

Is out of phase to the first c | first current signal

causes the voice coil notor towABWeO%gFWNTIB% away fromthe

| at ched position, a I 25
KEchfing8 A8 Qs&kw drehy 1§t§ Crﬁfﬂg th&@llxb%]?réwhl?@mi’ %h%p&% o

notor to urge the actuator towar t he posi t In t
enbodi nent, t heelptmgamlactlfamré’rma lagched position. dbe apparatus comprises a veicé eoif ound

t hat t | th t t,
and the. t1 e GORIPY SRETAEDY SRRPIECSh &Y Rvasel alafch fof ESlaigabe sefitor s atatetpd oo,
as conpansRsitish,!dad tah @nRfdhfig Aéchanism which is configured to energize the voice

coil motor with a first current signal of increasing magnitude alternating with a

=N

second current signal.
According to another aspect of the invention, there is provided a method of

20  releasing an actuator from a latched position. The method comprises steps of

energizing the voice coil motor with a first current signal of increasing magnitude

alternating with a second current signal that is out of phase to the first current

signal. The first current signal causes the voice coil motor to urge the actuator

away from the latched position, and the second current signal causes the voice coil
25  motor to urge the actuator towards the latched position. In the preferred

embodiment, the phase difference is 180 degrees.

It is found that not only does the present invention requires much less
current, and the time required to unlatch the actuator is also significantly less, as
compared with the prior art.

30 In a preferred embodiment, the magnitude and frequency of the first current
signal and of the second current signal may be varied to obtain a release of the

actuator from the latch in as short a time as possible, using as little current as



30 ¢ > In a preferred enbodi nent, the magni tude and frequency of the
first current signal and of the second current signal may be varied
to obtain a rel ease of the actuator fromthe latch in as short a tine
as possible, using as little current as

- 3- possible, for different actuatof. systenms which have different
mechani cal resonance characteristics. Furthernore, the second current

signal may be lLaped t LM T t . e .
b ot aranly, ¢ niOFRRE for im0 Bt systemms WK Ve it chamical resgmange o i e
5 that the acthadotaristioss Fhekdimos, Grsecont coffert RignhlahHRcclipped to ihimike e

present invention I s applicable in systens where that is determ ned
fromthe back terugentiused. vou as well as in systens where that is

determned fromth ; . V. .
OESORI PTTON O DAV by W first current is ot offfrom the YOM when it iFkdlyined agram
of a VCM syst ethatdhe lactaatbekatbeckreleased framo theflachedamdition. Theeprbseakinkidfionl t he
VCM ow di agram for a_net hod _of

) FIGs 2 to 4 show a, f]
unl at chi ng thelséEPE‘égkrm systems ‘3@?!6\&&? Mgletesmined ¢ BerkdIB @ BherYCME ¢ he
I nventi on. : | f?érﬁ .gnal into the VCM
according to tﬁsew%l%%scxgssgﬁﬁrg%wg%ﬂselélﬁ#ﬁd | nﬁffl@%g?%@f{’(%%g&fe. FIG 6

illustrates the current signal into the VCM according to the anot her
preferred enbodi nent of the | ' 7 shows a plot of
the current signal into the WM@RW@NOFDW e is incremented in
steps untijgthe aCtF’I@.qrishﬁrkﬁbx?%ﬁﬁ@kﬁfa@fﬁﬂmﬂl@mﬂnﬁ%haPé?:ﬁbéckon-

FIG 8 illustrates a variation of the current profile as shown in FIG 7
wher e t helogp fentdading the hack BME o thedeMt | y cl i pped. FIG 9

shows a plot of th rrent .signal into the Vi e e frequency S
docreaced unt 1t hoFIEy St bstiveh oy dhebm fF s el Haiadipe bEAERR o

FI'G 10 il ust jbREngto\adréfeirt®Bmbdditnbe of WelifivintiBA.0f i | € as shown in FIG 9
where the second current is subsequently clip FIG 11

ed.
il lustrates a vari akiGA iBestrates the purrenfsignabinta @e YEM pesarding totheprogess
15  described in FIG.s 2 to 4.

FIG. 6 illustrates the current signal into the VCM according to the another

preferred embodiment of the invention.
FIG. 7 shows a plot of the current signal into the VCM where the
magnitude is incremented in steps until the actuator is released from the latched
20  position.
FIG. 8 illustrates a variation of the current profile as shown in FIG. 7 where
the second current is subsequently clipped.
FIG. 9 shows a plot of the current signal into the VCM where the frequency
is decreased until the actuator is released from the latched position.
25 FIG. 10 illustrates a variation of the current profile as shown in FIG. 9
where the second current is subsequently clipped.
FIG. 11 illustrates a variation of the current profile as shown in FIG. 9

where the period of the second current is kept short and constant.

30 DETAILED DESCRIPTION
A preferred embodiment of the present invention is described with

reference to the drawings.



wher e :the period of the second current is kept short and constant. 30

DETAI LED DESCRI PTI ON A preferred enbodi nent of the present
invention is described with reference to the draw ngs.

-4- When a disc drive is deactivated, the actuator is held in
a latched position by a latch. The_govenent of the actuator is
controlled by a VCM FIG 1 shows a functional bl ock di agram of a VCM

100 as applied in Vﬁ{fggqqgc% g?@%&p}%{éﬁ%ﬁ/&%ﬁ% is hgfd‘?ﬁﬁrl’étcﬂeﬁgﬁﬁihbﬁ“ |

current signal 1vCm rovi oduces an
torque by int ebﬁaﬂatclgmmvahentriﬁ@m@‘chmtoi lsmodtrblmsdtﬁyei VCM. FIG. 1§Hb®vsa

r

direction of this r@igig f angul ar tor can be acting on the actuator to
urge it ‘PW@%I @aﬁl&dgagmw aehodiaridheon t he
direction of t fgigpl

The magni t ude t (lan W cu‘t\*reérﬁté‘rntﬁﬂ S ﬂ%%)g’l&ceg% M[W OOI%Odélg? %ntor 10
unl atch cons rohﬂgﬂarl@ﬂuab@ntdtmtﬂgg«nmahe magetio dield Ihlthda‘éCMamo Thet he VCM
comand |taI nal oq converter (DAC) 104. The VCM caonmand DAC 104
converts the t1°B i°£1 Sjes @%9&‘88{3}' forgpeLan 5p pctig cRSheatptenig pirgedt

proportional tg a?%% fron?ﬁlomthelatclﬁ@%&ﬂ&h d% Wﬁ&h@&ﬂ‘@cﬁ&ﬁ@ft&% converts

the voltage conma C 104 to a current comrand
that is requireurdnysigha 1VZintd @ YOM1®0. nove t he actuator. The back EMF

across the two end f th 12 a 11 fed back to
fwo anal 0g- di gi t ol EOFRPTEYEof MO £BmaY pignalyd2 Isrmpiied b e 6apERE o
digital repsesgmheh b&{tmlﬂsmozﬂﬁﬁlfh té,l%oﬁﬁiaﬁﬂ l“aﬂ 8élsdhy td @k 'VEMchﬁmand
difference of the digitized back EM- val ues. The actuator unl atch

control | er 102digital-analog|conyrsick (BAC) Hid dhe V&M commpand RAG KM convertstheed on

the rate of ch ac es to decide
Whet hor Ct he oo BB oPlatddd A3 %o ke colfian BlT}4 MEpqtH IR ARML S, | 0 9
ghrenc gaf( k ENE’ | SorBin¥Rd) ThY pewettdmplifiet 106 @%v&fﬁﬂ?vﬂﬁg@%mmand from the VCM

V\,ﬁer e Blern‘ i s eomamprd-RAC\IO4 tp agurzent command that 1s)rcqu1red by the VCM 100 to

Ko 1s the angulte da8tGtof AR b3l EME alfost ARIeH6 thdldFthd VCM (Vs 112 and
V- 114) is fed back to two analog-digital converters (ADCs) 108 and 110, and
converted to digital representation. The back EMF is calculated by taking the
difference of the digitized back EMF values. The actuator unlatch controller 102
will check the acceleration of the actuator based on the rate of change of the back

20 EMF from the back EMF samples to decide whether the actuator has been released

from the latched position.
The back EMF is given by eque}ﬁon (1) as shown below:
Bonr=Ki * 8 )
where B.yyis the back EMF in V
25 K; is the angular torque constant in V/ rad-s™

é is the angular velocity in rad-s™

The back EMF at time t is given by equation (2) as follows:

Beny (1) = Ki * (k) )
The back EMF at time 1, is given by:
30 B () =Ki * ¢ (1) 3)

G)2)=>  Benftr) -Boms(to) =Ki * [ 6 (t2) - 0(to)] @



0 is the angular velocity in rad[err]s-[err] The back EMF at tine to

I $ given by equation (2) as follows: Benf
(tgo) = Ki * 0(to) (2) The back EMF at time t[err] is
gi ven by: 30 Benf ([err]) = Klerr] * [err]
(tlerr]) (3) (3)-(2) &> Benf (t[err]) -

Benf (to)=K[err] * [ O (t[err]) - [err](to)] (4)
- Divide (4) by [err]t => Benf(t[err]) - Benf(to) K * [ O

it[err]) - 0(to)] (5) ] [err]t
t } {40 ti -Bi £ . f back EME
o ot oD SER 2L, M) Bl k" [0 Shganoer bec

d(Benf) = Ki * [err] ot (6) ot

dt where_0 i.s the an ar acgceleration ip rad-slerr

From equat i on BSYPaPﬁﬁquégelggérgé‘feﬁgWWP@M&PE@W@%@IW%%SW‘FGH%HI@ o the
10 rate ofgchangrrfifont he back EMF across the VCM and the actual

accel eration of the actuator can be cal cul ated since the angul ar
torque constant of the actuatod®Bs&) =Ki*kpown. 6Nth reference
to FIG 2, the unl atching procé%‘gﬂ initiated at 201. The act uat or
unl atch controller wll begin w h initializing the variable VCMCurrent 15

with an initialgheler oeRithe/digiRr 26d8letbon ifad¥eM COMMAND DAC. The initi al
current signal is chosen to produce a resultant torque which is slightly

| ess than but Froot equatiors ), the aneeleration af thi aciuatenigipronentionahtothe

di rection i C roduces t,0r [ he l.atch. . The unt er
Nunber O Ki ws *Léeo?ﬁc%%ﬁ cf@éedb %/c\ﬁm ﬁc‘go%séﬁ%\?&l\/{ an%%]ﬁ%%%raa%e?er%t&}nro st eps
203 to be takefictuattnd can®ealtaiktet Sindé the ahgulkaeRut tatkanobf the actddlor isct ual
nunber of steps taken to unlatch the actuator arm The SweepPeriod counter

isinitialized%h the initial period that is the number of back EM-
o et ol e e SR  SLBe Gl S Sigpa g0l B e e
t he nunber of #awdtorivifatetacomireHer will begin with initializing the variable VCMCurrent
15  with an initial current value 202 for the VCM COMMAND DAC. The initial
current signal is chosen to produce a resultant torque which is slightly less than but
not too far from the latch strength and in the direction which produces a torque
away from the latch. The counter NumberOfKicks is initialized with the total
number of current steps 203 to be taken. This counter is used to keep track of the
20 actual number of steps taken to unlatch the actuator arm. The SweepPeriod counter
is initialized with the initial period that is the number of back EMF samples to be
taken 204 for the current step duration. Therefore, the frequency of the VCM
current signal is simply controlled by changing the number of back EMF samples
to be taken for a particular cycle. The variable VCMCurrent is sent out to the VCM
25  COMMAND DAC 205 to drive an equivalent current signal into the VCM. Since
the current signal injected into the VCM is a step current signal, a suitable delay
206 is required for the transient of the VCM current signal to settle. The counter
VCMMoveCounter is initialized to zero 207, this counter is used later on in the
flow to determine whether the actuator has broken free from the latch.
30 The 1stBEMFSample flag is set 208 to indicate the coming back EMF
sample is the first sample of each new current step. The SweepPeriodCounter

counter is updated with the value in the SweepPeriod counter 209.



to be tsaken:for a particular cycle. The variable VCMCurrent is sent out to

t he VCM 25 COVWAND DAC 205 to drive an equivalent current signal into the
V(CM Si nce the current signal injected into the VCMis a step current

signal, a suitable del ay 206 is required for the transient of the VCM
current signal to settle. The counter 6- VCMWbveCounter is initialized to
zero 207, this counter is used |later on in the flow to determ ne

ISt BENFsanpl o 11 ag 1 Dbk AR Y AP R bRben i o et imiee TS o

is the first SBAXNBMP{arfded) TO Aétefibing Bt is Thefrst HAR BRI SRS, it Count er
counter is updated with the value in the SweepPeriod counter 209.

- 6- ) IStBENffSamalsdlagncheekesia) 1t Hat v firet bopk BMFoenle tnd st or ed
!sgﬁrgl te et he In%qg%&%gé t@Q+ gqup} ag é‘ﬁ% egacgé%f lbﬁﬁe %té%M? Ea‘% |ﬁr stE ol

back EMF Saﬁm|ﬂagishﬁsared213td ﬁididaﬁltﬁ?&fiﬁtba‘ckml?mnﬁleh@qseahobt@mwerheal ue in
BackEMF 212. The | st BEMFSa is cleared 213 to indicate the

first back EMPORSEHonESORmics régetm baqkéq getrch@back EMF agresssthe ¥k M agaiR nues by
getting back t%] et the back EMF across the VCM again 210.
If it is not the first back EMF sanple, the DeltaBEM variable is conputed

by taking the diff elfétrisrotahs fiseback EMBsakit/he DeitBEMF aadablds comiphied| BEM-
10 variable 214. Fi shows, wher e the DEHaBENEanﬁ“ able is checked to

soe 11 it 1s by tangdhndifGnonbewran the BrckBNh Hrabls (e BHAIEMEL  he
actuator h Cﬁ@@m 1&‘.%5 216.
O herw se, ﬁtﬁhg%bg%\%%mgtrsﬂgﬁ where the ﬁﬁu %eé§glée§ﬁﬁ totsQe mﬁ?e

t han t he | owerndgatiestdl If ibis nagzttnre,tlt)mem\tmuthemctuamhas hdt moved and that is the

case, it nean t t act uat or ) ved veCount er
i's again rese'?V {:@ﬂ% oygier 1sAesetfo Zregggl[ﬁip W&ﬁ%eltmvw t he
operation wil |clﬁﬁlﬁﬁqsgeélﬁtq@féﬁ@ﬂﬁ%‘fheqa%rthreshoﬁl/\@ledéﬁﬁfdrmmnﬁfﬂbl/f one 224,
On the contrary, if the DeltaBEM- vari ab 'S greater than or equal to

t he | ower thre’rbhbrsﬁlediasmﬁenmsﬂatﬁipacm&terhasmotmﬂﬂiandtthe means that the
act uat or |§5b M variable is

checked to se:g{:ww%léémfl%o? a[gﬁlgﬁes[ehtg zﬁ’f?p@tﬁ Xﬁer ICFWI&B‘ESI d of actuator nove

limt 218. |f visMbeeCoifitet dPoperdtioiWaN procbét tolderemehtané t y of the
actuator is not too high and that the actuator is still in_ the process of
SweepPeriodCounter by one 224. On the contrary, if the DeltaBEMF variable is

greater than or equal to the lower threshold of the actuator move limit 217, it
means that the actuator is beginning to move.

20 The DeltaBEMF variable is checked to see if it is less than the upper
threshold of actuator move limit 218. If that is the case, it means that the velocity
of the actuator is not too high and that the actuator is still in the process of
overcoming the magnetic force of the latch. The VCMMoveCounter is checked to
see if it is greater than or equals to the VCM unlatch count 219. If the

25  VCMMoveCounter is greater than or equals to the VCM unlatch count, it means
that the actuator has overcome the magnetic force of the latch. If the DeltaBEMF
variable is greater than or equal to the upper threshold of actuator move limit 218,
it means that the velocity of the actuator is high and that it is no longer under the
influence of the latch force of the latch. Since the actuator has overcome the latch

30 force, the VCMCurr;ent variable is set to null current 220. The FailToUnlatch flag
is cleared 222 to indicate that the actuator has been successfully released from the
latched position before proceeding to end the unlatch process 229.



overcom ng t-he magnetic force of the latch. The VCWMMbveCounter is checked
to see if it is greater than or equals to the VCM unlatch count 219.
If the 25 VCWMMoveCounter is greater than or equals to the VCM unl atch
count, it neans that the actuator has overcone the magnetic force of
the latch. If the DeltaBEMF vari abl egs greater than or equal to the
upper threshol d of actuator nove limt 21 It means that the velocity

of the actuator h and is.no |lo un i nf] uence
of the latch for ce crﬁ I‘%%E&ICB%E‘EC‘{Wr g’rgﬁg(él\g\‘,‘%]la%r?éuﬁhg | at ch
30 force, the nNéediat ﬁi&tacﬂlﬁfoi' kiR underSRe mfﬂﬁﬁr&‘% lok (e WAtk IR Rrc28be  The

Fai | ToUnl atch fl ag Is cleared 222 to | cate that the actuator has
been successf uIVQMl\éd’\@ébentelfllsm@m@tedbyoneIZﬁBched position before

di t dt t
Proceeding o end | Ko gt Biok I BRGERAG Ly degrementinge®e 1 nan t ne vou
unl atch count, SvweepPeriodO3BMBEL }t&iﬂﬂuhfh@@ﬁlm&’iod@uﬁkf {sltestd¥A8 sed 1% has

i nfl uence of the latch force. Counter is incremented b
one 223. reached zerq 325 .gdie pieosks iExgpeated by l@pmjhask@csebyfmmﬂmbmu ng the

5 SweepPerio 224 T, epPeri. o to see
Uit nas o SR Sne bR soebeatdldS IRRRR bk O BRHERE BAOF VBB R Dack
to see if it hasmembﬂeénodCountmfa@n&&éach&r@@ere rOBeswisd, ﬁlermﬁﬂl@ér@ﬁdaus | oopi ng
back to get the back EM- val ue 210 i f the Sweep Peri odCount er has not

reached zero. QOHRRENS decrompricdbypeg 2364p indicate that 017@@41311(‘1@1131 icurrert steprhgst ed by
226 d f d
one 225 £ it ik SR LA GHAEE RSP hindonkegy bt o1

tested to see icbunter bastadaa sdedadlithes radhitd zetof227 N thINinabsdORK icks caumtont er

has been decrenen ill zero, the [[ToUnl atch flag_is se 228 to

i ndi cate that fas Beent eremented Gillizerp, BY%&Q@% p]gtciq g%%%tpan *ﬁeﬁiﬁ%hl ng
actuator away fehOmihRRink BidcB&Ys not jatrl egwabl e
nunber of current stepé1 ef oresn?ggcécgd@ﬁlﬁkgﬂlto&gﬁyrt he unwghl ng process
229. positibivuierdhe mlmmmmenmmmws befise potecding r ed,

t he g% nte s t est ed ainst zero 230, as shown in FIG 4. If
t he Y/ g‘grﬂﬁ?ceﬁ%% * it means that the actuator is still

novi ng away from HowetvaelﬂtﬁéNhn@&@ﬁq&acoﬁ%rm@n&reﬁﬁﬁﬁﬂﬁontI nues further
with the present first current 20 step by |ooping back to the entry point

where the | st BENFEMgyeEowterys tested egaing@ero 230, as stipwn neFlEo At Ifahey if the
VCMVbveCount er VéMMe véCoun | ttt:rqls3 %&Sze;oh 6’jytmc;falqse tHaf g%@t%tor. is sﬁﬁ' moving away from
the latch position, so the process continues further with the present first current
20  step by looping back to the entry point where the 1stBEMFSample flag is set 208.
On the contrary, if the VCMMoveCounter is zero, it means that the actuator is in a
stand still at the latched position and hence, the unlatching process branches to the
path to reverse the current step into the VCM.
The process of reversing the VCM current step begins with determining the
25  magnitude of the next VCM current step. The value of the next VCMCurrent step
is first stored into the Temp variable by taking the sum of the VCMCurrent
variable and the size of the incremental VCM current step 231. This is the
magnitude varying component of the AC unlatch current. This incremental current
step should be carefully chosen to avoid too coarse current steps because this could
30  result in excessive overshoots which leads to longer delays before the back EMF
sampling could begin. Furthermore, larger current steps also results in the actuator

moving at higher velocities upon release from the latched position. If the velocity



stand still ~at the |atched position and hence, the unlatching process
branches to the path to reverse the current step into the VCM

The process of reversing the VCM current step begins with determ ning the
25 magni t ude of the next VCM current step. The value of the next
VCMCurrent step is first stored intogthe Tenp variable by taking the
sum of the VCMCurrent vari abl e and the size of the incremental VCM

current step 2 ThinS..d magni f.ude ,var.yi. conmponent of the AC
unl atch curr enfb.]f t%%ﬁtéﬁ%?“té%gsnwglma& ¥ ,ﬁ'howgble V%‘?‘Bﬁgg’rﬁgﬁﬂ SYREB Bt ul | y
chosen t o avoi doseontrobofike atate@nt St eps because this could 30 result in

excessi ve overshoots_which | eads to | onger del ays before the back EM-
sanpl i ng coul d begi AOWSYFE Heheehreent stepsase tog finectie actuatprwanldmeeds longer i n t he

actuator ¢ AR Biaddl GORT ¥ Bl bbsifon A98 Thh VAL 1 AE | &1 Ched
- 8- of tageinsictheisisolutemaginide bithe VION bgatiat beakdaent 2320 ithe/ Terhp €

servo system m%)/ . , |l ose ontri)l of the actuator. ] However ,

if the current éflé‘ﬂelsalwtﬁ@dﬁfabﬁe,utqmgra@siaaf@ﬂm|negwéae§<mwgblthe

: I e b itian. | ahl.e. 4 hecked
time to be rel aasOdulERVatitble iHet e H}?ﬁlglﬁ%%prgd&% Ji5HiuY 81d 4 fie rémfiOCke

5 agai nst the absol ute magni tude of ne I've peak curren 32. If
the Tenp vadable 3% Ths proesss frbceads with sdndiviglonethediCMCudentohriable to/CM

negati ve peak r V. rent variable is reversed by taking
the product of (%#’]ﬁ ﬁﬁg’{ SQM@W P@Gr%gwh n t“@aﬁep‘i%ﬁ seconthcurrepbingy hees s
proceeds Wiph SETMIthE deiWes thb Sctisedilewaril theiglch AP e ’lzéﬁrg; \iaéiablet\i/%etﬁ/%@x ND

DAC 235 which in turn sends a second current into ri ves

t he actuator tonequsta the abselwitimagiitudh of therfCManegatlye pealscurenttler t han

or equal to th e ni tude of the VCM tive. peak curre t he
VCMCur r ent  var %@ﬁ@gﬁgﬁtggﬁgﬁgﬁ% u\ﬁt?(.i]waﬂ PEERS %ﬁ%’d’gﬁ cwg;?i{" rent
234. |t ewasoxperimemaltyydrificd @idt Rirtheér hhﬁhsiﬁ%tﬁeb@ierdewma&lh@ﬁt the

reverse VCM current beyond a certain threshold does not contribute

towards a shor Peyondr esttain threphold dops notgrontrituite tpwardsa shakerwnlatahttier i abl e
i1l b t Q: Vi . h
\émecondeca(ra?gnt %gdg%l}i’ gﬂ\gsw{lﬁe%ﬁ%ﬁv@gg,gﬁ%t (tloeﬁhgy%nglﬁ&bﬁ%Gu?r ed

for the transi @85. of the current step to settle. The first current step for
t he VCM from t Tenp vari able is placed back into the VCMCurrent
variabl e 237. 20 mfﬁ’ﬁﬁm°Wté@PF%§Wt@dmﬁh'f?%sééﬁla}’%ﬂ%e VCM

COMVAND DAC 238equired for the transient of the current step to settle. The first current step for the
VCM from the Temp variable is placed back into the VCMCurrent variable 237.
20  The forward VCM current command is sent to the VCM COMMAND DAC 238

which in tum produces a current signal into the VCM to drive the actuator arm in

the direction away from the latch. Similarly, a delay 239 is required for the
transient of the current step to settle. The SweepPeriod counter is increased by an
incremental amount 240 to decrease the period of the sweep rate slightly. This

25  contributes to the frequency varying component of the AC unlatch current.

The process described in FIG.s 2 to 4 has a VCM current profile 500 as

shown in FIG. 5. The graph has an x-axis of time 502 and a y-axis of current 504.
The first current signal increases in magnitude at varying frequency whilst the
second current signal is clipped after an initial increase in magnitude.

30 FIG. 6 shows the VCM current profile 600 in a graph where the x-axis is
time 602 and the y-axis is current 604. This illustrates another embodiment of the
present invention in which the magnitude of the current signal into the VCM is



whi ch,in turn produces a current signal into the VCMto drive the actuator
armin the direction away fromthe latch. Simlarly, a delay 239 is
required for the transient of the current step to settle. The
SweepPeriod counter is increased by an i ncremental anount 240 to
decrease the period of the sweep rate slightly. This 25 contributes to the
frequency varying conponent of the AC unlatch current. The

process descri R, k. 0 4 r rofile 5 S
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varyi ng frequency whil st _the second current signal iIs clipped after an

initial increaBeated dapother farguenny. FIG 6 shows the VCM current
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i nvention in whhbdditiets ofiho iptedels infentidie Fotiéxaaple, tegraent profilet700 oVEXG.i S

-9- i ncrenent ed_ i ri1 steps while the frequency .is held constant. |f
the actuator fAff&eggph where thex-gxiss (e d02 prd tip yeisiis ghrrenh 704 Wastratesst

current had b | '

requency o AR pe BHRIAS BPfo i cumpnt senlab e Boiabesl
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S0 98 bfenaicied
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X-axis is ti nea_s'/tb?a : ‘current 704 illustrates the case
where the fpagni t udeg s@ietafations She migiftide oBth@ 8&dond Bhtrérd §igA NG Mbvrdd b €Nt
signal are increnented in steps. The end of the plot shows the current

bei ng cut of f increase feom & fesv salneiantdit is af sufBeientistrengte boeprovide an oscillating | n

sonme vari ation he.magni t u of. the second curr si.gnal ,is allowed to
increase from %@EW%I*‘ a@ﬁgﬁareix{lsicgp%eﬁ, @ﬁf?‘?%l’%ﬁgsst f‘gﬁ&‘ﬂeﬂﬁnﬁ}tovi de an
oscillating profilec§0bgeshodn dobistmixUBid6f thed 802%ankdta y-8xi6 bf duprRss 808s shown in
FIG 8. Again, the current profile 800 is shown agai nst an x-axis of

time 802 and aWpemihednagnitudy ofdhe segourl current signah isrelipped, faseirrantiis requirede
o & . ! Astbibodis g
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case where t hecasdwheretistemagnifutie oSthe s¢tdnd buirteainis alldwad tooinexdasep | ncr ease.
FIG 9 shows the current profile 900 agai nst an x-axis of tine 902 and a y-
axis of current 904IGh9 shewsthe GpEsd p $00againscan %oxis pkting P0%amd &ygnal i s

decreased v BfGhbh{ T4 il Boisevhefd o Wiy YPHhY bl i AURORY SO that

it mght event 0
over time. This is one way of varying the frequency so that it might eventually

20  coincide with the resonant frequency of the actuator at which point less current
would be required to unlatch the actuator. In varying the frequency, the method can
take advantage of the mechanical resonant characteristics of the actuator without
having to determine the resonant frequency beforehand. It follows that the present
invention provides a flexible method of unlatching an actuator applicable to

25  different disc drive systems.

Another current profile 910 which is plotted against an x-axis of time 912
and a y-axis of current 914 is shown in FIG. 10. In this case, the second current is
signal clipped afier an initial increase. When a step current signal is applied, there
is inevitably some overshoot. It is desirable to increment the magnitude of the

30  current signal in small steps so that the Back EMF overshoot will be smaller, rather
than starting off with a large magnitude for the second current. A smaller Back
EMTF will take a shorter time to settle, and thus allow for earlier sampling and



20 g@lﬂClde with the resonant frequency of the actuator at which point

| ess current woul d be required to unlatch the actuator. In varying the
frequency, the nethod can t ake advant age of the nmechani cal resonant
characteristics of the actuator w thout having to determ ne the
resonant frequency beforehand. It followggthat the present I nvention
provides a flexible nethod of unl atching an actuator applicable to 25

di fferent disc r' e her ent | e 910
which is plott e 3i7Re, This moaps thef the ueghe kit of B fr igngy. e ®of
current 914 lsvﬂmwm:mcﬁi&mgﬁbrtﬁdﬂthe%asﬁﬁeretﬁé@eﬁ%enﬁblﬁglbfG{bt is
signal clipped after an initial increase. Wien a step current signal is

appl i ed, t her esecond curragt sigeali Theyrygeaysewhich thsfrsuenaytofithe YEM euatsnt t o
increrrent t he f. rent signal in small steps so that
ekl i ooy fuprof

t he Back EVMF ov rat her than starting off with

a |l arge magsi tude f Ahothbevagiatienel the!VOM turréht frotfild %20 iBaledtn in FIG. EVF wi | |
take a shorter tine to settle, and thus allow for earlier sanpling and

-10- s hagainst am %@wisioh meiSRR and-pyaxises qurrens §24. daghiggpationithe t of the
f requency of tﬁg%ueng’y o#t}{%@c(aﬂcﬁ E\ﬁ'%tg gﬁ(e@t 9&'1‘3 Mﬁ%@ {)1@ si%: gsocfﬁg wher e

there is no cli rren e range over

whi ch t he freqmlncgfthehnteheqM@Mfmhémﬂatchmgprocessgnal can sweep i s thereby
i mproved. 5 Anot her variation of .the VCM current profl I e 920 is

shown in FIG 11 Althoughthe oreggie detailed deseriptioeliasinates ihe embadiment
current 924y | GhtRimRe Hic kmggmemlsusedd&e%&ﬁ%wh&ﬁeﬁﬂ%caawmsCurrent

signal is kept constant rt since so as uce the tine
required for tbeenumlaithetthepesat mysntlon is also applicable & systegiwhehea Goayegoi ng

detailed description.illustrates.th dirent .10, _where the hack EMF of
The VM i 5 usctiesominam it Rareienet 1f it o Soatelp the Grey ode SRR ar ohed
the present i nyRRAKHA e RcdbraforPoithé %ﬂt@réaﬁbé!&is?rﬂ&e&"ﬁ%ﬁﬁnﬁ)rﬁ&@dh on code
sensing nethod 1s preferred. In such an exanple, the G ay code is obtained

such that the &s@esmomsampiescﬂndtthmcomsmmﬁm seaplelfimecafregch sampdel fr om

i nformati on. on t he, position. sa ndthe corr etirre
of each sanple. 15 Theadvgntage Wé%&g%h‘igbaé( eﬁ?ﬁ’ﬁﬁn&%& 138'@?%

sensi ng met hodsysfent Which chtrotéide movemeﬁtmmauatcﬁ et lixfahﬁiettﬁtewmverrent of
t he actuator need not include the two Anal o -t 0- D&ltal Converters

for reading thAngagfo-BigitabConyrstexsdir feﬁé‘%&\ﬂ@rb%kE ofithe VEMrdlowebases
where the backyENG, AR \Qed whetd il BRUEEMBGHANSFis pRirFed toch& there is then

no necessity to have the Gray code written until close to the latch. The present

20  invention has the advantage of being applicable in these and other possible
systems.

Whether the Gray code sensing method is used or the back EMF method is
used, the feedback samples need only be taken during each of the first current
signal part of the VCM current cycles.

25 It is to be understood that the foregoing description is only illustrative of
various embodiments of the invention, and that changes may be made to the details
of structure, function and processes without going beyond the scope of the present
invention. For example, the present invention provides for the application of
countless possible algorithms which would produce different current profiles to

30 take advantage of different disc drive designs. In another aspect, the present
invention is not limited to disc drive systems which use either the back EMF

method or the Gray code sensing method to assess when the actuator has been



no necessity to have the Gray code witten until close to the latch. The
present 20 invention has the advantage of being applicable in these and

ot,her possible systens. Whet her the Gray code sensing
met hod i s used or the back EMF nethod is used, the feedback sanples
need only be taken during each of the fijggl current signal part of the
VCM current cycles. 25 It is to be understood that the foregoing

description is i t i i i e

i nvention, andre?eﬁ%ﬁﬁ fk(54114611?l%eeléfafrlr‘!:adv gifoﬁh(a%e ﬁk\éﬁe{dﬂgﬂ%ew@n%ﬂg{aﬁ%?&%wuct ure,
function and paneties srthodiof seisinggriuldpdfymirthe téqeirer-fpction udelte sietes ent

i nvention. For exanple, the present 1 nvention provides for the application

of count | ¥8&oryGH sohepar st the seape i fherpressnl investion Ja addition.alteughc ur r ent
profiles to 3 AT } i I\ I I n anot her
aspect, the p?tgg gnt aide\fx?q&tg@gﬁ}tﬂeﬁ&;%ehg%@ﬂf ?rrgﬁd?g%gyg ag‘iagﬁﬁé@?\aféd syst ens

whi ch use &t hmethbd orhmbdtchind-an actuatorin b dide drive dystefd, he presdnt ineensionds et hod
to assess when the act uaﬁor has been ) rel e&sed fromthe |atched
position. One ¥piFFhlgitoqtherifstemms wherep V(Y driven acfuatprieeds to overcgig@ner net hod
of sensing would-DenLb 95t he required function, use of such a sensor

w Il not depart tfronTthe scope of the present invention. In addition,

al t hough the preferred enbodi nents described herein are directed to an
apparatus and 5 met hod for unlatching an actuator in a disc drive system
the present invention is applicable to other systens where a VCM driven
actuator needs to overcone a restraining force.
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1.  .An apparatus conprising: an actuator; 5 a

voi ce coil notor operably coupled to the actuator; a latch for
hol. di ng the actuator at a | atched position; and an unl at chi ng
mechani sm which is configured to energize the voice coil notor with a
first current signal of increasing nmagniijgde alternating with a second
current signal out of phase with the first current signal. 10 2.

An apparatus of Claim1 wherein the un Aﬁpﬂng mechani smis configured

to energize the voice coil notor with t i'rst current signal 180 degrees
out of phase to the second current signal. 15 3. An appar at us
of Claim1l wherein hﬁe unlatchlng mechani smis configured to vary the
first current &i gnafliaRPAratuscRIRRIFINg: 4, An apparatus of Claim1l
wherein the unlatchbp&mﬂﬁﬁhanlsn1ls configured to vary the second
current signal in frequency. 20 5. An apparatus of Claim1 wherein

t he unl at ch§ ng nechawmeisercaikmoton bpeyably doupled totthee acaragorf he second current
signal in nmagnitude. appar s,of . Claim5 wherein the

unl at chi ng mechani s?r}af“f]i‘cf%}&‘ﬂgmgﬂ?sa"“@ qrﬁb‘?ﬁﬁf?‘%ﬁ?%‘ﬂnsﬁ? ich is configured
to clip the second Mﬁ@ﬁm§hﬁ9ﬁdmsmwhlch1s&nﬁ ed\fb ERRAZShE ol obl @1 M 1
further conprising a sensor to sense whet her actuat or has been

rel eased from miater withohfinst guarsnt signal of m@(aasmgBmagmtudna]eqmmimgtvuﬁl ofec@di m 7
wherein the sensor red r froma sensed back

el ectrorragnetl‘éurfgﬁ,lgnag {?‘Fg’ ih ?’Ir? B‘Fﬂ’? sightl her t he actuator has

been rel eaged fromthe | atched p05| tion.

2. An apparatus of Claim 1 wherein the unlatching mechanism is configured
to energize the voice coil motor with the first current signal 180 degrees out of

phase to the second current signal.

15 3. An apparatus of Claim 1 wherein the unlatching mechanism is configured
to vary the first current signal in frequency.

4, An apparatus of Claim 1 wherein the unlatching mechanism is configured
to vary the second current signal in frequency.

20
5. An apparatus of Claim 1 wherein the unlatching mechanism is configured

to vary the second current signal in magnitude.

6. An apparatus of Claim § wherein the unlatching mechanism includes a

25  clipping mechanism which is configured to clip the second current signal.

7. An apparatus of Claim 1 further comprising a sensor to sense whether the

actuator has been released from the latched position.

30 8. An apparatus of Claim 7 wherein the sensor is configured to determine
from a sensed back electromagnetic force of the voice coil motor whether the

actuator has been released from the latched position.
=
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-13- ., 9. An apparatus of Claim7 wherein the sensor is
configured to determ ne froma sensed G ay code whether the actuator
has been rel eased fromthe |atched position. 5 10. An
apparatus of Claim7 wherein the unlatching mechanismis configured

to cut off the first current signal to thg.voice coil notor upon the sensor

determ ning that the actuator is released fromthe |atched position. 10
11. In a systemwhere a voice coil notor is operably coupled to an
act uat or which is held by a latch in a | atched position, a nethod of

rel easing the actuap@mpparatus of@ﬁiﬁ?hﬁefeﬁtmaeaasapﬁlcbmﬁgiummteﬁmﬁﬁ steps of:
(a) energizi ng the voice coil notor with first current signal

i ncr easi ng fromsgpsed, (Gray cads whether the actU(agp; hasgeniroleased fram tb@la&cie@ oi |

notor with ass&%current signal which is out - of - phase to the first
current signali and’ (c) alternating the first current signal
with the segond current signal such that the first current signal

t he_ act uat or rgm-t

causes the voi coil motor to _ur

| at ched positi gﬁ aftd BBRALRUS ﬂﬁ@lﬂlﬁi“@é@% eeak@b%@chﬁ&ﬁme%muﬁeae voi ce
20 il t t )

12 “The mot o RpHIREnHsGRE 4alPlo hOVBLE Sl ot BATEOSARS | PN,

conpri ses detennEining that thetaotmaton iscreleaset! dromvdhe hat¢hed pegtiond current signal

180 degrees out of phase to the first current signal. 25 13.
The nethod of Claim1l1l further conprising a step (d) of varying the first

current sigpal 11.n Tre0Y8RAYwhere a v01ce cc;iflmotorybg)e%l Y QrlpRRE t&@hdﬁa*&r further
conprising a ste d) of varying the second current si gnal
frequency. which is held by a latch in a latched position, a method of releasing the actuator
from the latched position comprising steps of:
{(a) energizing the voice coil motor with a first current signal of increasing
magnitude;
15 (b) energizing the voice coil motor with a second current signal which is
out-of-phase to the first current signal; and
(c) alternating the first current signal with the second current signal such
that the first current signal causes the voice coil motor to urge the actuator away
from the latched position, and such that the second current signal causes the voice

20  coil motor to urge the actuator towards the latched position.

12. The method of Claim 11 wherein the energizing step (b) further comprises
energizing the voice motor with the second current signal 180 degrees out of phase
to the first current signal.

25
13.  The method of Claim 11 further comprising a step (d) of varying the first

current signal in frequency.

14.  The method of Claim 11 further comprising a step (d) of varying the second

30 current signal in frequency.

-
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-14- .- + 15. The nethod of Claim1l1l further conprising a step (d) of
i*ncreasing the second current signal in magnitude. 16. The
met hod according to Caim15 further conprising a step (e) of clipping 5

t he second current signal. 17. A met hod according to Claim1ll
further conprising a step (d) of sensingig. whet her the actuator has
been rel eased fromthe | atched position. 10 18. The nmethod of Claim 17
wherein the sepsin t i | . .

el ectrorragnetiigjs’fo?%%ﬁ(; héﬁééf@gﬁigy W%D 5;;{'%%%5&(%}%1%%%%%&%& t he
actuat or has beeond @ineassghal inmagditedé.at ched position. 19. The

met hod of Claiml17 as applied to a systemwith a disc witten with 15

Gray code, wherein the sensing step (d) conprises taking a sanple of the

G ay cod o] ' &‘IG’%E{&? Bl : I romthe
| at ched posi tieloér'l. dﬁ{e%éﬁugg? é\gléggl conpri g’?ﬁﬂ%ﬁﬁngg%&p (é)lcﬁ%ﬁﬁéﬁé
actuator, 20 thesecond cureenvsignal. coi | notor operably coupled to the actuator;
a latch for holding the actuator at a | atched position; and

unl at chi ng neans whi ch energi zes the voice coil nmotor with a first current

signal of i ncreasi ng nigRal dbtiinghs €1t Tk biinfrishEE OREp 6ok Stsing! gnal -
whether the actuator has been released from the latched position.

10 18.  The method of Claim 17 wherein the sensing step (d) comprises obtaining a
back electromagnetic force of the voice coil motor to determine whether the

actuator has been released from the latched position.

19.  The method of Claim 17 as applied to a system with a disc wriften with
15  Gray code, wherein the sensing step (d) comprises taking a sample of the Gray

code to determine whether the actuator has been released from the latched position.

20. A device comprising:
an actuator;
20 a voice coil motor operably coupled to the actuator;
a latch for holding the actuator at a latched position; and
unlatching means which energizes the voice coil motor with a first current

signal of increasing magnitude alternating with a second current signal.
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