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| MPROVED MAGNETI C LATCHI NG FOR A DI SC DRI VE BACKGROUND OF THE | NVENTION In
magnetic disc drives, a voice coil notor is used to position the 5

transducer RKegoigoigzer a desired radial position on a stackd&y cf;@,ggg:}lc
di scs that store information. Wen the disc drive is energized and the

di scs are spinning, the voice coil notor positions the heads over data

stored on the spinning Jhe Spl nni n enerates an air bearing
separating the heads erﬁp IMTCHMIGH sc drive is .

de-energi zed and the discs stop i@gf? s 10 no air bearing and
t he heads contact the snooth stgﬁ%%hﬁ%ﬁ f the sticki Rg fri C'Ej: on
("stiction") between the hﬁ%@(@%@IWO@ﬁ?ﬁsWﬂq reat, the spinale
notor may. be |ncapabl e of rotating t I SCS en }ﬂe disc drive is
restarted. A conmodn feagnelic dfscadnyﬁﬁlmgotcm@xlpmotmkasnusai t® positien te heads

h th &raniS: ort.ion of the.discs when the disc
\(ljmr;[vet |§ \égl gnerg%dfg{ﬁ%gqﬁ{io‘}epﬁ' gsuggr 3’0 %18‘?1 e s?ﬂ'e%ﬂ‘@@%‘% sesdbat ed so
that it will rstare gtformetiom mnhmmmdmﬁsemmwmd&hsaﬁw&e@ﬁnm part

ortion. Vari S ki nds | at ches sed to latch the voice COI| notor in
ltohl s park posi ?{C%Oéhm?'l%pﬂﬁné?f‘sa%ge@ gvegdata stared givthe spinpisgitbtchc | atch

o Ch maner i “‘*’?@““‘“@ft ey ool fHaring SlathpEKATP fom R pimag® 2 4l ch
W th magneti Ca&l X \i’gen thtS: d?sc ve 1s de-energized and the discs stop spinning, there is

10 no air bearing and the heads contact the smooth stationary discs. If the sticking
friction (“stiction™) between the heads and the discs is too great, the spindle
motor may be incapaj:ie of rotating the discs when the disc drive is restarted. A
common method of avoiding this problem is to move the heads with the voice
coil motor to a "park” portion of the discs when the disc drive is de-energized.

15  The park portion of the disk is textured so that it will not stick to the heads, and
no data is stored on the part portion. Various kinds of latches are used to latch
the voice coil motor in this park position when the disc drive is de-energized. A
magnetic latch shown in U.S. Patent 5,734,527 to Reinhard, for example,
comprises a latch with magnetically soft stainless steel balls that interact with

20  the fringe fields in an air gap of the voice coil motor and provid‘es one magnetic
ball for latching, and second magnetic ball for unlatching.

As voice coil motors are designed smaller with narrower air gaps, the
diameter of a detent ball that will fit in the gap is correspondingly reduced.
When the air gap and the ball diameter are reduced by about 25%, the volume or

25 mass of magnetic material in the ball goes down by about 58%. The detent
torque, which is related to the mass of magnetic material in the ball, drops off
with the smaller ball. The detent torque becomes lower and is active over a
narrower range with a smaller detent ball. The magnitude and shape of the

torque over a rotational range becomes inadequate to hold the voice coil in the



20 the fringe fields in an air gap of the voice coil notor and provides
one magnetic.ball for latching, and second nagnetic ball for unlatching. As
voice coil notors.are designed snaller with narrower air gaps, the dianeter
of a detent W8P Rat will fit in the gap i s correspondi ngPETASIMAMIG. \Wen
the air gap and the ball diameter are reduced by about 25% the vol une or
25 mass of magnetic material in the bapl goes down by about 58% The
detent torque, which is related to the mass of nagnetic material in the

ball, drops off with the smaller ball. The detent torque becones |ower and
i's active over Ialch&ar;roemem uhddigonditiols af SABAtoRl ﬁefn %&eh@%&h g JRgNI tude
and shape of trfe t,or over a rotational range b nes 1 na equa e to hold

t he voice COI I d aze nqeded: thay VﬁBsﬁ‘tm@ﬁﬂﬁmﬁew gepsdand that caxf be
vi brati on. 53},@3 b@erlﬂﬁtrgﬂn&ﬂ %emomgﬁgggg% @&H&?ﬁ@‘re needed that w ||

fit in narrower air gaps and that "can be s over rotational range
to provide adequate detent torque. SUMWARY OF THE

i scl osed.  The Tatch | nol udeSUNTVERE aéﬂfﬂﬁmﬂ S detents that are
active in correspondifirg latch fir a voice coil motor in a disc drive is disclosed. The latch
includes first and second magnetic detents that are active in r:orresponding first
and second rotational segments, offset from one another, in a rotational latching
range. The selected offset shapes the detent torque over the latching range. The

10 latch has a hub coupled to the magnetic detents and includes a latch surface that
latches the voice coil motor. The detent torque is shaped by the offset to
‘provide torque over a selected rotational range. The detent torque is increased by
the use of multiple magnetic detents. Smaller detents can be used that fit in a
narrower air gap and collectively provide adequate detent torque.

15 A magnetic detenting arrangement is also disclosed. A hub couples to
the detenting arrangement and has a latch surface. The latch surface has a
rotational latching range in which the latch surface latches the voice coil motor.
The detenting arrangement includes a first magnetic detent that is active when
the latch surface is in a first rotational segment in the latcl;ing range. The

20  detenting arrangement also includes a second magnetic detent that is active
when the latch surface is in a second rrnational segment of the latching range.
The second rotational segment is offset relati.ve to the first rotational segment.
The offset shapes the detent torque over the latching range.

A method of latching a voice coil motor is also disclosed. A latch having

25 a hub and a latch surface is rotationally mounted. The voice coil motor is
latched to the latching surface in a rotational latching range of the hub. The hub
is magnetically detented relative to voice coil motor magnets with a first

magnetic detent that is active when the latch surface is in a first rotational



and second rotational segnents, offset fromone another, in a rotational

| at chi ng range. The sel ected of fset shapes the detent torque over the

| at ching range. The 10 |atch has a hub coupled to the nagnetic detents and
i ncl udes a I‘g?ﬁwléﬂ}rface that |atches the voice coil notorPCTAUHE3HER ent _
torque is shaped by the offset to provide torque over a selected rotational
range. The detent torque is increased hyythe use of nultiple magnetic
detents. Smaller detents can be used that fit in a narrower air gap and

col l ectively provide adequate detent torque. 15 A magnetic
detenting ar' ASGAERnin 8 iy Ange TR AD it ulidRerk AP hASL WIS SAERAM | N
arrangenent and has, a | atch surface. The |atch surface has a rotational

| at chi ng r ange™agnetis; detent that issacgive sihen dkeelatcly snfaee isHie avssbard mwtibnaiot or . The
detenting ar r aggefeant Ll ol 3 t] e t i cti ve when
the latch surface igtuilrfﬂgl?tiarﬁg q?ﬁc%eaﬁ%toggpge*g&n%% i%ﬁ%?ﬁ%t‘@%?’ﬁﬁ range.
The 20  det entdtafipnal segmgrusnBhe offietshapascheidient sorquecmerithe buyehirig rangéet ent .t hat
is active whgen the latch surface is in a second rotational segment of the

| at chi ng range. The second rotational segnment is offset relative to the
first rotational segment.BRIEF DESCRIPTIONIOE THEDRAWANGSt or que over the

| at chi ng range. A nﬁguoﬂ.of | at chi ng.a voice coil notor is al so disclosed.
A latch having 25 ‘hul® AREEREGUNE YIFYs O A3 cxemplagy magnetie dise ydrdyg dht ed. The
voi ce coil not &hidhthé preSdncitvémiohltan benisei ng surface in a rotational

I hi ng ran f hub. The hub i net i cal | n relativ
Larening range o n;gfgéti?w PerAodeR vigw 08 2 vaice oil tnoter Iaich with an iaset | |

10 illustration of detent torque as a function of rotational position.

FIG. 3 is an exploded view of an embodiment of an improved voice coil
-motor latch with an inset illustration of detent torques as a function of rotational
position.
FIG. 4 is a perspective view of an embodiment of a latch for a voice coil
15  motor. '
FIG. 5 is a perspective view of an embodiment of a latch for a voice coil
motor.
FIG. 6 is a graph of detent torque as a function of rotational position of a
latch. .
20 FIGS. 7, 8 are illustrations of embodiments of latches with rotational
offsets derived from either offset detents or from offset magnet edges.

DETAILED DESCRIPTION
FIG. 1 is a perspective view of a magnetic or optical disc drive 20 in
25  which the present invention is ﬁseflﬂ. Disc drive 20 includes a housing with a
base 22 and a top cover (not shown). Disc drive 20 further includes a disc pack
24, which is mounted on a spindle motor (not shown), by a disc clamp 26. Disc
pack 24 includes a plurality of individual discs, which are mounted for co-



magnetic detent that is active when the latch surface is in a first

rot ati onal - 3 - segnent in the latching range. The hub is magnetically
detented with a second nagnetic detent that is active when the |atch
surface is woox0R®cond rotational segnent in the |atchi ng ACAMHFRORRAR is at
a rotational offset fromthe first rotational segnent. The offset shapes
the detent torque over the latching range. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG | is a perspective view of an exenplary magnetic disc drive
in which the present invention can be used. FIG 2 is an exploded view of a

voi ce coil not ‘é@ﬁ@{ [ 1 n eten torque as a
function of rg&aﬁnﬁ%’@ﬁt ositl onzaF?%gh %sc é&rgagggmf%n%s %{/altegw
enbodi nent of tead B(mwmﬂﬂd monhed oaneaManblbralZGhoumé&noaﬁsd drbet20 foir ustration
of detent torques as a fiu N r ot 03|
per specti ve vaQW"B’Im Wﬂg errglﬁ‘f S‘Bfa"ﬁs I 5‘?‘"5 %F‘E‘ém&hﬂ% al’ga‘? ot or.
head, a write head, or both a read and a write head. Each disc surface further
5 includes a park surface 25, which is textured, for parking transducer head 30

when the disc drive 20 is de-energized. Head assembly 32 is mounted to a

bearing 34 which is actuated to rotate or pivot on an axle shaft 36, or other pivot_
point, which is mounted to the base 22. A voice coil motor (VCM), shown
generally at 38 actuates a voice coil 40 that is attached to the bearing 34. Voice

10 coil motor 38 rotates bearing 34 with its attached head assembly 32 about the
axle shaft 36 to position transducer head 30 over a desired data track along an
-arcuate path 42 between a disc inner diameter 44 and a disc outer diameter 46.
Voice coil motor 38 operates under control of internal circuitry 48. When disc
drive 20 is de-energized, the voice coil motor 38 moves the heads to the park

15  surface 25, and a latch, shown generally at 41, latches the voice coil motor in a
position that parks the transducer head 30 on the park surface 25.

In FIG. 2, an exploded view of a PRIOR ART voice coil motor 50 is
shown in more detail. An upper plate 52 and a lower plate 54 are joined
together at posts 56, 58. Permanent magnets 60, 62 are joined to the upper plate

20 52 and lower plate 54 respectively to form an air gap 64 between the permanent
magnets 60 (hidden by upper plate 52) and 62. A voice coil 66 is rotationally
mounted to an axle 68 and also mounted to transducer heads (not shown in FIG.
2) attached to the end of arm 70. An electric current 72 is passed through voice
coil 66. Current 72 interacts with magnetic field 74 in the air gap 64 to rotate

25 the voice coil as shown by arrow 76.

When the transducer heads are to be parked, a current is passed through
voice coil 66 with sufficient magnitude so that tab 80 of the voice coil motor

engages latch 82. When tab 80 engages latch 82, it applies a torque to latch 82,



FIG 5 is a perspective view of an enbodi nent of a latch for a voice coil
notor. FIG 6 is a graph of detent torque as a function of rotational

position of a latch. 20 FIGS. 7, 8 are illustrations of enbodi nments
of | atches WOWOt82ati onal offsets derived from either of fEEFUSIwsIREY S Or
from of f set magnet edges. DETAI LED DESCRIPTION FIG | is a perspective view

of a magnetic or optical disc drive 20_kn 25 whi ch the present invention
is useful. Disc drive 20 includes a housing with a base 22 and a top cover
(not shown). Disc drive 20 further includes a disc pack 24, which is
mounted on a sk MALLSIREAEs dnfgtch ﬁﬁlS’WﬁuchQKatQatgﬁﬁ%% AHIWeAB a.r?'tﬁe aipack 24

i ncludes a plurality of individual discs, whi are nounte or co- -4-
rotation aboutgapddt r AlspaRg 91112@ orelatch &2 engagasre szpmgm Showm)sthn(hmbsad

Eilrggsgtrjlc\e/; 20%j ﬁ%goxn@mhgr&ga |on m#‘%%l%héﬁﬁgﬁ&s?%%acesxeaﬁﬁ’ﬁggﬁ?é head 30

can incl ude a %lecfdatekacn 84 interatte Withaal fringingmtgnetic fieldoner thevedpé 6f head.

Each disc %ur ftgg g’\r fgglg wgétween permanent magnets 60, 62. The interaction of magnetic

detent 88 with the fringing field exerts a detent force on magnetic detent 88 that,
in turn, generates a detent torque on the latch arm 86, holding the latch in the
latched position, even when energization current is removed from the voice coil.
The magnetic detent 88 is a sphere of magnetic material with a diameter that has

10 been reduced so that it will fit in the narrow air gap 64. Because of the reduced
size of magnetic detent 88, the detent torque is limited, and the latch can be
-disengaged by strong vibration. The detent torque T is illustrated at 91 as a
function of angular position of the latch 84 relative to the edges of permanent
magnets 60, 62. When the latch is disengaged by vibration, the transducer head

15 can move to the smooth portion of the stationary magnetic disc and cause
damage.

In FIG. 3, an exploded view of an embodiment of a voice coil motor 100
is shown in more detail. An upper plate 102 and a lower plate 104 are joined
together at posts 106, 108. Permanent magnets 110, 112 are jo.ined to the upper

20  plate 102 and lower plate 104 to form a narrow air gap 114 between the
permanent magnets 110, 112, A voice coil 116 is rotationally mounted to an
axle 118 and also mounted to transducer heads (not shown in FIG. 3) attached to
the end of arm 120. An electric current 122 is passed through voice coil 116.
Current 122 interacts with magnetic field 124 in the air gap 114 to rotate the

25 voicecoil 116 as shown by arrow 126.

In FIG. 3, when the transducer heads are to be parked, a current is passed
through voice coil 116 with sufficient magnitude so that tab 130 of the voice
coil motor engages latch 132. When tab 130 engages latch 132, it applies a



5 I ncludes a park surface 25, which is textured, for parking transducer
head 30 when the disc drive 20 is de-energi zed. Head assenbly 32 is nounted
to a bearing 34 which is actuated to rotate or pivot on an axle shalt 36,
or other piwetoI/pIPht, which is nmounted to the base 22. A \PSITASI¥IR262 not or
(VCM, shown generally at 38 actuates a voice coil 40 that is attached to
the bearing 34. Voice 10 coil notor rotates bearing 34 with its
attached head assenbly 32 about the axrg shaft 36 to position transducer
head 30 over a desired data track along an arcuate path 42 between a disc

I nner di aneter S neter,4 e c

oper at es undertorlcl}ontr%f‘:%gza&ficei&%lilwgf&ﬁtﬁ? P?iﬁt%h\é\/\il?éns“ﬁggéz gg‘f”%é“?o i s

de- ener gi zed, 13¥sanoves aevadibe amgaprnss‘fm/@ase&m@dmaalé&téd%ﬁlmnkg15
surface 25, and a,l atéi g eral at 41, |atches the voice coil
notor in a pos‘?eﬁ@ﬁadl‘ ten% ?%f S dntersrt witha Taveips mageetisdisld sur f ace
25. In FIG 2, neam@mgedemevalﬁgégpﬁwb&EkQRpA{%InéhQ'n&%n&@lhoﬁPf?frﬁQ | S-shown

in nmore detail. An upper plate a lower plate are J ol ned together

at posts 56 GSigteraotionharenstiggictants BB, d39 with ﬁhelfnezinx cﬁelﬁexqmphenpl ate 20
52 and | over pal.e o§4na%ﬁ§tﬁe&ién\’?§g 139 tﬂﬁ,r tﬁ@ ?Hﬂ%&p §defy %@gyoxti he
ate 52 V) 5\ e

per manent magnets 60 by upper coil 66 is
rotational |y nbantleigh tmaﬁﬁ,ahtl’léms&harﬂdtcal wotheolatrhed! position,ameuiusden heads

(not shown in f An eI elr current 72
i s passed throl t%vo?’%gﬁr(}:%ﬂﬁgxgw&r r e%kq‘? % Pg\?‘égf%agv\ﬂ R C field
74 in the air dehems rof trseigpetic material with a dlameter that has been reduced so
10 that it will fit in the narrow air gap. Because of the use multiple magnetic
detents 138, 139, the detent torque is increased, and the latch is held by the

-magnetic detents 138, 139, even when there is strong vibration. Damage to the
magnetic discs is avoided. In FIG. 3, the torque T as a function of angular
position of the latch is illustrated at 142. The magnetic detents 138, 139 are
15 rotationally offset from each other and interact with the fringing field at slightly
different rotational angles. The offset that is selected shapes the torque as a
function of rotational position. As illustrated at 142, the torque curve can be
broadened relative the torque curve of a single magnetic detent illustrated at 91
inFIG.2. A mechanical stop 144 has a latch overtravel stop surface that bumps
20  up against the edge of permanent magnet 112 and sets a limit 146 on mechanical
travel of the latch 132. The hub 134 and latch 132 have a rotational unlatched
range. An unlatch magnetic detent 148 is active in the unlatched range and an
unlatch mechanical stop 150 can also be used if desired. The unlatch magnetic
detent 148 also interacts with a portion of fringing field at an edge of the
25 permanent magnets of the voice coil motor. The unlatch detent 148 holds the
latch in an unlatched position so that he voice coil motor is free to move during
normal operation. A spring pin 151 engages a spring (not shown) that biases the

latch 132 toward an unlatched position.



25 the voice coil as shown by arrow 76. When the transducer heads are to
be parked, a current is passed through voice coil 66 with sufficient

magni tude so that tab 80 of the voice coil notor engages |atch 82. Wen tab
80 engages Maialt®B2, it applies a torque to latch 82, -PCI/USIEBId62 at ch 82
rotates on |latch hub 84 such that |latch arm 86 noves toward the air gap 64. -
A spring pin 83 on latch 82 engages a spring (not shown) that biases the

| atch toward an unl atched position. A magnetic detent 88 near the distal
end 90 of latch arm86 interacts with a fringing magnetic field 92 near the
edge of 5 the air 4 e Jengnat. i t :

I nteraction of nngr%??g' g’ettgﬁa}‘%Sﬁvxzﬁp F} i glgf‘iolln%g%ﬁlgaf’ﬁ%gllgééﬁ fIlltﬂ?h?i det ent

f orce on magneteads HxEFEGL1)@8d avrad damagettodise paekrzt @IGs] )a The latelt 132dmsjue on t he

| at ch arm 86, hgl di t.he | at.c n_t l.at c oSt even e
ener gi zati on c ‘rl%r%?gi“g&r%r%% af%r%g?he’ﬁ?foggcg‘ &5%?9 h%@“ﬂﬁdﬂ@%’@?det ent 88
is ahsphere O}‘latﬁ?ﬁgeﬁdg@ lﬁatiﬂﬁ#h&ihm'eﬂdiclﬁsﬁfaaéfﬁzénga@ﬁtab?soﬁﬁd lat«geendreduced
so that it w it in the rrow air gap 64. Because t edyced size
of magnet | ch dePepicgesi ‘[“ﬂ*@"&g’[’@&t%f‘ﬁl? etegt 1 3§ pquplss t%ﬁ%ﬁ hPhZ:"{%ddﬁ can be
di sengaged by shiv@Re ilviskited aP154 When UR! Rith fuPfaes!®sid & & lAsisbiAbed at 91 as
a

segment in the latching range. The second magnetic detent 139 couples to the

hub and is active as illustrated at 156 when the latch surface 152 is in a second

-

rotational segment in the latching range that is at a rotational offset 158 from the
10 first rotational segment. The selected amount of offset shapes the detent torqué
over the latching range 153.
The first and second magnetic detents can comprise spheres formed of
magnetic material. Ball bearing formed of type 440C stainless steel with a
diameter of about 1.2 millimeters can be used for the magnetic detents, for
15 example. The body of the latch can be formed of a molded plastic resin to
couple the first and second magnetic detents to the hub. The magnetic detents
can be formed of any suitable magnetic material ranging from magnetically soft
to magnetically hard, depending on the application. The shape of the magnetic
detents can range from spherical to elongated, depending on the needs of the
20  application and the width of the available air gap.
In FIG. 4, a further embodiment of a latch 170 is illustrated with a hub
172 and a latch surface 174. A latch arm 176 extends from hub 172 and
includes a first magnetic detent 178 and a second magnetic detent 180. An
unlatch detent 182 is also provided. The latch 170 includes additional mass 184
25  at varying radii and rotational positions to torsionally mass balance the latch
around hub 172 to reduce latch vibration torque tending to overcome the detent
torqﬁe. The mass balancing reduces the amount of detent torque needed for

latching. A spring pin 173 engages a spring (not shown) that biases the latch



function of angular position of the latch 84 relative to the edges of

per manent nmagnets 60, 62. \Wen the latch is disengaged by vibration, the
transducer head 15 can nove to the snooth portion of the stationary
magnetic di OUYMRause damage. In FIG 3, an expl oded vi eRCHUSIAI1262

enbodi mrent of a voice coil notor 100 is shown in nore detail. An upper
plate 102 and a | ower plate 104 are jo_iggd toget her at posts 106, 108.

Per manent magnets 110, 112 are joined to the upper 20 pl ate 102 and | ower
plate 104 to forma narrow air gap 114 between the permnent magnets '110,

112. A voice ¢Qkdrd 11 alkSh ignal |y nmounted to an axle 118 and al so
nmounted to transducer hea@gﬁo?{r‘]jg?' shown in FIG 3) attached to the end of

arm 120. An el ect r IxcFi§uSracfurthér2ntiogirpent sfallatdhr M dhshodinQBatGOkinidd® Current
122 interacts g field 124 in the air p 114 to rotate the 25
voi ce coi 11&%1%5?%%%&%&5?4 BWEé?a“Fﬁs fieadenfifieq by the game refersiercer heads
are to be par nasherats. current i s passed through voice coil 116 with

suf ficient _magni tugﬁ hat tab, 130 of the voice coil notor engages | at ch
132. \Wen Pab 130 513:8 2| gZAR0y P magnetig defpyptpraye gs a functien of rotational

position is shown. Axis 181 represents torque magnitude and axis 182
Tepresents rotational position or angle of the latch relative to the latched )
position. A first curve 185 (marked by circles) represents detent torque when
one larger (about 1.6 millimeter diameter) detent ball is used in a wider air gap.
10 A second curve 186 (marked by squares) represents detent torque when two
smaller magnetic detents (about 1.2 mm diameter) are located in a narrower air
gap so there is a small offset between the active positions of the two detents. As
can be seen from curve 186, the offset shapes the curve to provide a broader
angular range that curve 185 for a detent torque of 1.5 inch-ounces, for
15 example. The detent torque range is broadened by the offset. A third curve 188
represents detent torque when an even wider offset is used between two 1.2 mm
diameter balls. The third curve 188 (marked by diamonds) illustrates a broad,
relatively flat detent torque over about 3 degrees of angular position.
In FIG. 7, a first latch 200 is illustrated with first and second magnetic
20 detents 202, 204 at substantially the same rotation position along radial line
206. A permanent magnet 208 has an edge 210 that is not aligned with any
radial line extending from the hub axis, but is offset or tiited relative to such a
radial line. When the first magnetic detent 202 is at the edge 210, it lies on a
radial line 212. When the second magnetic detent 204 is at the edge 210, it lies
25  onradial line 214 which is offset from radial line 212. In FIG. 7, the offset for
latch 200 is accomplished by tilting the permanent magnet edge 210 relative to a
radial line extending from the center of hub 216. This tilting can be

accomplished by selecting a Jocation for the center axis of hub 216 relative to



torque to latch 132 and latch 132 rotates on latch hub 134 such that |atch
ann 136 noves toward the air gap 114. First and second nmagnetic detents
138, 139 near the distal end 140 of latch arm 136 interact with a fringing

magnetic fiQlod1ages the edge of the air gap 114 between peichRRGIHI288E0NEL S
110, 112. The 5 I nteraction of magnetic detents 138, 139 with the

fringing field exerts detent forces on magnetic detent 138, 139 that, in
turn, generate& a detent torques on th®-latch ann 86, holding the latch in
t he Iatched position, even when. energization current is renmoved fromthe

voice coil. The magnetic detents 138, 139 are _spheres of magnetic nateri al
with a di ametths cwned edggof li’éé’ﬁ*\a“ﬁ@dﬂ%%‘ﬂt where ftHateracts with thefrnagnetic t he narr ow
air gap. Becagsgtfoat Jul.td ‘{%‘? he detent
torque is incr ease 2 ftﬁ Tﬁﬁ‘é at 'ﬁhﬁé gﬁ%%lflﬁe&rr%agtﬁéé é@%frs] s 138,

139, even wheleld h&eeatltbe B1st magnelic ldetati o geDenateg @ steoortdkﬁldmmaeatlthe discs is

avoided. In F h ue t|on of i on of .the
latch is ill quef'G t%%?t“{? &%?ﬂ thré%cﬁg%? gg%mrgm%g%ﬂlqu@ i@h
rotationaliy toftﬁesﬁrtstﬁdlmadgach other and interact with the fringing field at
slightly differen atj on | es.., The offse | S sel ed shapes
the torque as a fh‘ﬂcﬁb lal"cbta&% Bralfo shayn-i IBnI'LIGArsk’l Iq“h%at@h 1%t 142, the
torque curve jHagrabd Mtaemtnash kebad Imhgnéﬂteaét&rtgmcgwat Qhbstangbing| €

magneti c detengFl | lustrated at 91 i.n A nechani cal stop 144 has a

| atch over t r aYiffFreay Bﬁat?ﬂi"lfp&é’@%shré{a“%%m@@j line,, 326, oEirst snagnetic dstegb of
permanent MagRS! islibdat@l dn S84i8l Bnd 298, hoktle) YedbRA NARIHAL detent 224 is

10 located on a radial line 228 that is rotationally offset from radial line 226. A
permanent magnet 222 has a curved edge 230 that is generally aligned with a
radial line 231 where it interacts with the magnetic detents 222, 224. When the
first magnetic detent 222 is at the edge 230, it lies on a radial line 231, but the
second magnetic detent is offset from radial line 231. In FIG. 8, the offset for

¥

15 latch 220 is accomplished by rotationally offsetting the first magnetic detent

relative to the second magnetic detent. Offsetting the active positions of the first

and second magnetic detents can be done as shown in latch 200 or latch 220 or a
combination of both offsetting techniques.

In summary, the present invention provides a latch (132, 170, 171, 200,

20 220) that latches a voice coil motor (100) to park the heads (30) and avoid

damage to disc pack (24). Latch (132, 170, 171, 200) has a hub (134, 172, 216)

with a latch surface (152, 174). The latch surface (152, 174) has a rotational

latching range (153) in which the latch surface (152, 174) engages tab (130) and

latches the voice coil motor. A first magnetic detent (138, 178, 202, 222)

25  couples to the hub (134, 172, 216) and is active as illustrated at (154) when the

latch surface (152, 174) is in a first rotational segment in the latching range. A

second magnetic detent (139, 180, 204, 224) couples to the hub and is active as

illustrated at (156) when the latch surface (152) is in a second rotational



travel of the latch 132. The hub 134 and latch 132 have a rotational

unl at ched range. An unl atch nmagnetic detent 148 is active in the unl atched
range and an unl atch mechanical stop 150 can al so be used if desired. The
unl at ch magWOWABI3%et ent 148 also interacts with a portion XYY 3Phg fiel d
at an edge of the 25 per mmnent magnets of the voice coil notor. The

unl atch detent 148 holds the latch in ahbunl atched position so that he
voice coil nmotor is free to nove during nornmal operation. A spring pin 151
engages a spring (not shown) that biases the latch 132 toward an unl at ched
posi ti on. sggmém ik ki@, ladhing lrendeathathis b3 rbationad offsdte(158)i feem ake firstot or 100

to park the heads 3 Fl and _avpi e to di,sc pack 24 IG 1).

The Lt ch 132 TRER0%! AATeRt FHg apoat pEp R Shrs shabes gStcns RGhe 51 1Bt f ach’ 152
has a rotati onachihgtmpé 1g3y.ange 153 in which the latch surface 152 engages
tab 130 and latches 5 the voi.ce coil notor. The first magnetic _detent 138

coupl es to the hub n3onesgsgest of the jnysntion the| offset GS8Y results) when thenfitshe | at ch
surface 152 i Sp4 | [ | t;d:tﬁn ' . The
second mag%et ?gééglgﬁce%%‘én}ggsgg?’lzggﬂtsgatﬁ Egﬂ%gﬂgﬁ | sk%tc%?é/dgggés@??fust rat ed
at 156 when t Histanh{IGH, 130; 23&e ABamatively, the vaiesoeedl motor (100) can generate

the offset with a first field edge of a magnet (208) at the first magnetic detent
and a second field edge of the magnet (208) at the second magnetic detent, the
second field edge being rotationally offset relative to the first field edge. The

10  detent torque range (153) can be broadened by the offset.

In one embodiment, the first and second magnetic detents comprise
-spheres (138, 139, 178, 180, 202, 204, 222, 224) formed of magnetic material in
a molded plastic resin latch body (132, 170, 171) that couples the first and
second magnetic detents to the hub (134, 172).

15 In another embodiment, the latch (82, 170, 171) has a rotational
unlatched range and the latch further comprises an unlatch detent (148, 182)
active in the unlatched range.

Yet another aspect of the invention is a latch overtravel stop surface
(144) on the latch (132).

20 In further embodiments, the latch (170, 171) is torsionally mass balanced
to reduce latch vibration torque tending to overcome the detent torque.

A detenting arrangement (138, 139, 178, 180, 202, 204, 222, 224) for
magnetic detenting coupled to a hub (134, 172) is disclosed. The hub has a latch
surface (152, 174). The latch surface has a rotational latching range (153) in

25 which the latch smface latches the voice coil motor (100). The detenting
arrangement includes a first magnetic detent (138, 178, 202, 222) that is active
when the latch surface is in a first rotational segment in the latching range. The
detenting arrangement includes a second magnetic detent (139, 180, 204, 224)



rotational segnent in the latching range that is at a rotational offset 158.
fromthe 10 first rotational segnent. The sel ected anbunt of offset shapes
the detent torque over the latching range 153. The first and second

magneti c devesv@sran conpri se spheres formed of nagnetic hex/usi9aize2 Bal |
bearing formed of type 440C stainless steel with a dianeter of about 1.2
mllimeters can be used for the magnetig _detents, for 15 exanple. The body
of the latch can be forned of a nolded plastic resin to couple the first
and second magnetic detents to the hub. The magnetic detents can be f ormed

of any sui tabhat em, 5dchls Hf@&%@gafs@wmmﬁm%@%&xm%?f

magnetical |y har epenlng on the application e shape of 't emagnetlc'
detents can rian@mg‘nangnmmcom;biotatmndlseglgattmbffsﬂeﬁéﬂ)jret@vemoﬁieeﬁmeeds of

the 20 applicati and .t | abl | FIG 4, a
further enbodf?iémnogﬁeggc?ta?g%m%?&)h}? U%C?elng ‘H“e\/\ﬁf"% eﬂg% Ifgfgmﬁnd a latch
surface 174. fargatch arm 176 extends from hub 172 and includes a first
magnetic detent 178 an ec d rra net |.c deten 0, An Iatch detent 182
is al so provided. gHB‘g%ﬁa%fﬁa‘f Yooy %Q}G'ilslaifﬁaﬁts ‘4&5?5@ g method

varying radii imRedes %ﬁﬁdu@nﬁhoﬂﬁ@ﬁgtﬁm%% tigosiAanabe ﬂz@ﬁ@ﬁ?'aﬂﬁhﬁe the

| at ch around hub 172 to reduce |atch vibration torque tendi ng to overcone

the detent toftifel725dohancse bntrtnriEfasy (1 dé®s Thremsthod furthar iBdedsst t or que
Biegggg Iﬁ; : g?agﬂ-hﬁggthe'“vo?&r A nhd? G06) & 4RIRRLgSRIEPS ({90178 ) ¢ hat
rotational latching -range (153) of the hub. The hub is magnetically detented
10  relative to voice coil motor magnets with a first magnetic detent (138, 178, 202,
222) that is active when the latch surface is in a first rotational segment in the
latching range. The hub is magnetically detented with a second magnetic detent
(139, 180, 204, 224) that is active when the latch surface is in a second
rotational segment in the latching range that is at a rotational offset (158) from
15  the first rotational segment. The offset shapes the detent torque over the latching
range. . '
Although the present invention has been described with reference to
preferred embodiments, workers skilled in the art will recognize that changes
may be made in form and detail without departing from the spirit and scope of

20  the invention.



toward an unl atched position. In FIG 5 a further enbodi nent of a latch 171
is shown that is simlar to Ijmﬂuﬂﬂmu"um,ﬁ",4 and simlar features are

i dentified %{{he sane ref er enGéinl In FIG_ 8 a&%aph of
magneti ¢ deH B2 que as a function‘of* rStati onal positi oiFVERRMRA.  Axis
181 represents torque nmagnitude and axis 182 represents rotational position
or angle of the latch relative to the.ljat.ched position. A first curve 185
(marked by circles) represents detent torque when one |arger (about 1.6
mllimeter dianmeter) detent ball is used in a wider air gap. 10 A second
curve 186 (marked by squares) represents detent torque when two snaller
magneti c detents Eabout 1.2 nmdianeter) are located in a narrower air gap
so there is a S ween the active positions of the two detents.
As can be seen fromcurve 186, the offset shapes the curve to provide a

br oader angul ar range that curve 185 for a detent torque of 1.5

i nch-ounces, 1.0k laéh for axoiaptall maten compasingt or que range i s broadened by the
offset. Athird curv L epr n t gnt rqu R_an n_w der
offset is %sed beti{/veeﬁbl?'\%z)&ggzﬁfﬁ% %‘.ﬁ%“?rgtg‘rg %g{%és%’.‘*g‘ﬁwggt F qolnsed 15

(rmar ked by di anonds) i |lawching aarge ia Whiciathe latch surface latches the voice coil

motor;

a first magnetic detent coupled to the hub and active when the latch

surface is in a first rotational segment in the latching range, and
10 a second magnetic detent coupled to the hub and active when the latch
surface is in a second rotational segment in the latching range
that is at a rotational offset from the first rotational segment, the
offset shaping a detent torque for the latch over the latching

range.

2. The latch of Claim 1 wherein the first magnetic detent is rotationally offset

from the second magnetic detent.

3. The latch of Claim 1 wherein the voice coil motor generates a first field edge

20  at the first magnetic detent and generates a second field edge at the second
magnetic detent, the second field edge being rotationally offset relative to the
first field edge.

4. The latch of Claim 1 wherein the detent torque range is broadened by the
25  offset.

5. The latch of Claim 1 wherein the first and second magnetic detents comprise

spheres formed of magnetic material.



relatively flat detent torque ut degrees of angul ar position. In
FIG 7, a first latch 200 is il w m mﬂllrSt and second magnetic 20

det ent s 202, 204 at substanti al tion position along radial
line 206. AVB&F/PA?PPent magnet 208 has an ed e 210 that is RETUAT3#Ed with

any radial line extending fromthe hub axis, but is offset or tilted
relative to such a radial |ine. Wen t g_first magneti c detent 202 is at .
the edge 210, it lies on a radial line 212. Wen the second magnetic detent

204 is at the edge 210, it lies 25 on radial line 214 which is offset
fromradial line 212. In FIG 7, the offset for latch 200 is acconpli shed
by tilting the permanent nagnet edge 210 relative to a radial line

ext endi ng frofa {The lgenobClagh wherginghe lﬁm"rsﬁlrthmmng)rism bldedqdasgti shed by

curved odge of BarRRRcobpledf bRttt i Pl SRR, 10 rmgetic

detents 202, 204. The permanent magnets In the voice coil notor generate a

cdge al (hb SOLTHAELRLCHS GoPBRES e ke AcbbmA ARt ayEe e

rotational ly eeflsen ﬁmb;aaom\pﬁsé’s an uhRtdhliRteht dctive fnithe GhIREREA range.

8. The latch of Claim 6 wherein the latch body includes a latch overtravel stop
surface.

10 .
9. The latch of Claim 6 wherein the latch is torsionally mass balanced to reduce

Jatch vibration torque tending to overcome the detent torque.

10. A latch for a voice coil motor, comprising:

15 a hub having a latch surface, the latch surface having a rotational
latching range in which the latch surface latches the voice coil
motor;

means for magnetic detenting coupled to the hub and including a first
magnetic detent that is active when the latch surface is in a first

20 rotational segment in the latching range, and including a second
magnetic detent that is active when the latch surface is in a
second rotational segment of the latching range, the second
rotational segment being offset relative to the first rotational
segment, the offset shaping the detent torque over the latching

25 range.

11. A method of latching a voice coil motor, comprising steps of:

(a) rotationally mounting a latch having a hub and a latch surface;



In FIG 8, a latch 220 is al so shown. Thm F6&—8—the latch 220 is
illustrated with first and seconﬂ' S 222, 224 at
substantially different rotation mm' (mgwtlve to a radial line 226.
First magnetwoon@s®ent 222 is | ocat'ed® ort r adi al ne 226, heoemwsyy3izecond
magnetic detent 224 is 10 |located on a radial line 228 that is
rotationally offset fromradial line 2 Q A permanent magnet 229 has a

curved edge 230 that is generally aligned with a radial line 231 where it
interacts with the magnetic detents 222, 224. \Wen the first magnetic

detent 222 is at t e 231, bhut the second
magneti c detent |s@gg$seg§‘r S’r%lérea aﬁgﬁo?goeﬁ‘féﬁghﬁnﬁsﬁ% Fﬁ% 1088 set for
15 latch 220 is acconﬁhtlchxhgchdgyofﬁbambpnal ly offsetting the first nmagnetic
detent relative to e s d net e O fsettjng the active
positions of the fd %ﬁi%ageg%%@mﬁ&bﬁgﬁ ﬂgféﬂt"gl‘“'&éﬂﬂﬁ‘gmﬁfo‘ﬁ%gnéég shown in
l'atch 200 or latch 220 with & fiestidigetid @fler®thdd@d hetivh iRh e Btch @GHREeqUES . - I N
sumary, t?e present invent] o rovides a latch (132, 170, 171, 200, 20

220) that tatches a voiltig Bal § %@)‘W@eéﬁﬁh&ngﬁégﬁéa@s (30) and avoi d

damage to disc paC@ ) detichi®) &é?ex{naaé%eﬂlﬁﬁmﬂﬂcc%%)mdgﬂax@d tat 34,
172,216) with a latch surface (15%2itiah %.hThe atch surface (152 174) has

a rotational |atching r%ﬁ@%‘"{‘%@? wtmesmmdnotgmmhmr(em 174)

engages tab (130) and | G&sn isCQ tic detent
(138, 178, 202, 222) 25 coup% i isced %"E%‘zpt{al f%& ﬁ%) 8 < acti ve
as illustrated at (154)rotational tsegnent the offset shaping the detent torque over the

10 latchmgrange._ '

12. The method of Claim 11 and further comprising:
(¢) coupling the first and second magnetic detents to the hub with a
molded plastic resin latch body.
15
13. The method of Claim 12 and further comprising:
(f) detenting the latch with an unlatch detent active in a rotatxonal
unlatched range of the hub.

20  14. The method of Claim 12 and further comprising:
(g) stopping overtravel of the latch with a latch overtravel stop surface
formed in the latch body.



| atch surface (152, 174) is in a first rotational segnent in the |atching
range. A second magnetic detent (139, 180, 204, 224) couples to the hub and
is active as illustrated at (156) when the latch surface (152) is in a
second rot atWonit392 segnent in the |atching range that i sp@pssftsiiti ona
of fset (158) fromthe first rotationaﬂ/éegnent. The amount of offset chosen
shapes detent torque over the latching range (153). In one aspect of the

i nvention the offset (&p8) results when the first 5 magnetic detent (138, °
178, 222) i& rotationafNy offset fromthe second magnetic detent (139, 180,
224). Alternaiively, tRe voice coil notor (100) can generate the offset
with a first fiel d edge\of (208) at the first nagnetic detent and
a second field e of thg 08) at the second nagnetic detent, the
second field edge being y ffset relative to the first field
edge. The 10 detent t 8) can be broadened by the offset. In
one enbodi nent, the fi etic detents conprise spheres.
(138, 139, 178, 180, med of magnetic material in a
nol ded pl&stic resi 71) that couples the first and
second mag :

FIG.



15 I n anot her enbodi nent, the latch (82, 170, 171) has a rotational
unl at ched range and the latch further conprises an unlatch detent (148,
182) active ] nl atched range. Yet another aspect of t invention is
a latch over é’\s/@ﬁggt op surface (144) on the latch (132). fg% §9B1262 |
further enbodiments, the latch (17@/6171) is torsionally mass bal anced to
reduce latch vibration torque tending to overcone the detent torque. A
detenting arrangenent (138, 139, 178, 180, 202, 204, 222, 224) for nmagnetic
detenting coff(Rd Po a hub (134, 172) is disclosed. The hub has a latch
surface (15ﬁhw&ﬁéhv The |l atch surface has a rotational |atching range (153)
in 25 whi thh surface | atches the voice coil notor (100). The
detenting arrangenent includes a first magnetic detent (138, 178, 202, 222)
that is active when the latch surface is in a first rotational segnent in
the |l atching range. The detepting arrangenent includes a second nmagnetic
detent (139, 180, 2042 224) - 11 - that is active when the |atch surface

is in a second rotationsl of the latching range. The second
rotational segnent is 8) ative Jo t i rst
//'\\ : Ve
e -




rotational segnent. The offset shapes the detent torque (142) over the

| at ching range. 5 A nethod of latching a voice coil motor is al so
di scl osed. The nmethod includes rotationally nmounting a latch (132, 170,
171, 200, 229ponaseng a hub (134, 172, 216) and a latch su %8 %%&Q%, 174) .
The met hod further includes |atching the3Aoice coil notor ? 6§ 0 (he

| at ching surface (152, 174) in a rotational 1atching range (153) of the
hub. The hub is magnetically detented 10 relative to voice coil notor
magnet s mﬁtﬁiﬁsfikgt magneti c detent (138, 178, 202, 222) that is active
when the | a sus~face is in a first rotational segnment in the |atching
range. The hub is nmagnetically detented with a second nagnetic detent (139,
180, 204, 224) that is active when the latch surface is in a second
rotational segnent in the latching range that is at a rotational offset
(158) from15 the first rotational segnent. The offset shapes the detent
torque over the |atcigag ranbe. Al t hough the present invention has been

described with referen to eferred enbodi nents, workers skilled in the
art will recognize tha §§SFNﬂgJ¥i\ggff\in forggpand detail without

d ti f th NG the i ti

eparting fromthe spi _ ‘ggg\g\ e DnVen i on

Ve ~——a
-
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- 12- WHAT IS CLAIMED 1S: 1. Alatch for a voice coil notor, conprising: 5
a hub having a latch surface, the latch surface having a rotationa

| at ching range in which the latch surface | atches the voice coil notor; a
first nagnet‘?goﬂ'é‘f“gnt coupled to the hub and active when t PETIustEI2€Ur f ace
isin afirst rotational segnent im/6he | atching range, and 10 a
second magnetic detent coupled to the hub and active when the |atch surface
is in a second rotational segnent in the latching range that is at a
rotational offjgpt E;on1the first rotational segnent, the offset shaping a
detent torque for the latch over the latching range. 15 2. The |atch of
Claiml wherein the first magnetic detent is rotationally offset fromthe
second magnetic detent. 3. The latch of Claiml wherein the voice coi

notor generates a first field edge 20 at the first magnetic detent and
generates a second fésbp edge at84 he second nagnetic detent, the second

field edge being rot QQELLi of ¥ set

182




first field edge. 4. The latch of CQaim1l wherein the detent torque range
wherein the first
and second magnetic detents conprise spheres fornmed of magnetic nmateri al

- 13 - 6. THEOPHNIEM® of Claim 1l wherein the latch further cpapus®gsen nol ded
pl astic resin |l atch body coupling the f$/6st and second magnetic detents to
7. The latch of Claim6 wherein the hub has a rotational

I s broadened by the 25

the hub. 5

unl at ched range arn
t he unl at ched rang
i ncludes a latch g
wherein the | atch
torque tending to
conpri si ng:
surface having a 1

not or,

FIG.

of f set.

5. The latch of Caiml

2.50

d the Tatch furtper comprises anTuntatehrdetent—active in °
e. 8. The latch jof Caim6 whereiin the | atgdi
vertravel stop surface. 10 9. The¢ latch pf 6
is torsijonally nass bal ahced to feduce | hggh vi ration
overcong the detlent torqpe. 10. A latch ¥ ice coil
15 a gb—havingra—tatehtsoriace |l tgh
ot ati onal
9]
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| at ching range in which the |atch surface | atches the voice coil notor;
means for magnetic detenting coupled to the hub and including a first
magnetic detent that is active when the latch surface is in a first 20 .
rotational s&YXWM3%2n the |atching range, and including a secousdssBpgnetic
detent that is active when the |atcéygsurface is in a second rotational
segnent of the latching range, the second rotational segnent being offset
relative to the first rotational segnment, the offset shaping the detent

torque over the latching 25 range. 11. A nethod of |atching a

voice coil notor, conprising steps of: (a) rotationally nounting a | atch
havi ng a hub and a latch surface; - 14- (b) latching the voice coil
notor to the latching'suirface in a rotational |atching range of the hub;
(c) magnetically det ént Kdg the hub relative to voice coil notor magnet s
with a first magnetif detgnt that is active when the Latch surface

M

FIG. 8
220
S
{
1

216

FIG. 7
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* ®s ina first rotational segnent in the Iatchi‘vﬁt}gG

Fahgett
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and (d) magnetically detenting the hub with a second nmagnetic det el

is active when the latch surface is in a second rotational segment in the

| at chi ng r angeNtiRaRTIOSARAPPAICADIONPUBINGHEIOINDSR rrE PAABNT (PERKIZ6N TRRLRY freRal
segnent, the offset shaping the detent torque over the 10
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and further conprising:

(e)
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unl atch detent active in a
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