LOAES/ UNLCAD DI.SK DRI VE W TH MJULTI STAGE RETRACT C RCUI T ; FOR.
PARKI NG THE HEAD CARRI ERS ON PONER DOWN

Techni cal Field Thi's invention relates in ge% recordi ng
di sk drives, and nore particularly to a magnetic rée ord rlgddlsk
drive that has arectifier circuit for 1convertlng baikP tronmotive force

fromthe spindle notor to actuator coil current to dri'vé e carrier to a
| oad/ unl oad ranp parking |ocation when the disk drive is powered down.
Background of the Invention Di sk drives, also called disk files,
are information storage devices that use a rotatable disk with concentric

data tracks contiahAbUNILGAD DISR'DRVEWITHMDETSTAGE RETRACEEIRCUIT readi ng
and/or witing data FHRPARKINGTHE HEAD GARRIERS ONPOYWERDIGWN connected to
a carrier for the head for noving the head to the desired track and

.maintaining it over the track centerline during read or wite operations.
The actuator is a voice coil notorTécHaial®mdri sing a coil novabl e through
a magnetic field generated by a fixed permanent nagnet assenbly. There are

typically a pl urplis invetfondeiales is geverakto datayrespaingrdisk driyes zardl moracked on a
hub that is rotated by a disk drive notor, also called a spindle motor. A

housing s Uppgéﬁl&léﬁsﬁto?@maghauc regdrding igid diskedtivadhatatasrs reefifiér siouitdomds t he
head and di.sk to provide a substantially seal ed environnment for the
head- di sk i nggrivieftitg. back electromotive force from the spindle motor to actuator coil current

to drive the carrier to a load/unload ramp parking location when the disk drive is

powered down.

Background of the Invention

Disk drives, also galled disk files, are information storage devices that use a
rotatable disk with concentric data tracks containing the information, a head or
transducer for reading and/or writing data onto the various tracks, and an actuator
connected to a carrier for the head for moving the head to the desired track and
méintaining it over the track centerline during read or write operations.  The
actuator is a voicé coil motor (VCM) comprising a coil movable through a magnetic
field generated by a fixed bermanent magnet assembly. There are typically a
plurality of disks separated by spacer rings and stacked on a hub that is rotated by
a disk drive motor, also called a spindlé motor. A housing supports the spindle
motor and head actuator, and surrounds the head and disk to provide a

substantially sealed environment for the head-disk interface.



2. I n conventional magnetic recording disk drives, the head
carrier is an air-bearing slider that rides on a bearing of air above the
di sk surface when the disk is rotating at its operational speed. The
slider is maintained next to the disk surface by a suspension that
connects the slider to the actuator. Theyslider is either biased toward
the di sk surface by a snmall spring force fromthe suspension, or is

"sel f-1oaded"” to the disk surface by neans of a "negative-pressure"
air-bearing surface on the slider. In contrast to conventional air-bearing

di sk drives, contact or _near-contact disk drives have been proposed that
pl ace the head caprdoByentipnaldnagngtic re‘iﬂ"g'%@%ldﬂﬁﬁf’r' t%h?%?a’ﬂ?ﬂﬁaﬂhe di sk or
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operations. Examples of these types of disk drives are described in IBM's U.S.

Patent ‘_5,202,80_3 and published European application EP 367510; U.S.

Patent 5,097,368, assigned to Conner Peripherals; and U.S. Patent 5,041,932,

assigned to Censtor Corporation.

Most conventional magnetic recording disk drives are of the contact

start/stop (CSS) type that operate with the slider in contact with the disk surface

during start and stop operations when there is insufficient disk rotational speed to

maintain the air bearing. To minimize the effect of "stiction”, i.e., the static friction

and adhesion forces between the very smooth disk surface and the slider, CSS disk

drives often use a dedicated "landing zone" where the slider is parked when the

drive is not operating. The landing zone is typically a specially textured nondata

region of the disk.

In contrast to CSS disk drives, "load/unload" disk drives address the stiction

problem by mechanically unloading the slider from the disk when the power is



3 turned off, and then | oading the slider back to the di sk when the disk
has reached a speed sufficient to generate the air bearing. The | oading
and unloading is typically done by nmeans of a ranp that contacts the
suspensi on when the actuator is noved away fromthe data region of the

di sk. The slider is thus parked off the djsk surface wth the suspension
supported in a recess of the ranp. Load/ uhload disk drives provide a
benefit in | aptop and not ebook conputers because the parking of the slider
on the ranmp away fromthe disk surface al so provides sone resistance to

ext ernal  shogksedst 2ad thoh IBBd’ihg?&eﬂélidéf HRRitH thel disk WREHMbRfisk has reached BNe
par ki ng of the sliders on the Toad/ unl oad ranp during disk drive power

down i s typi spaddsuficicnt®l derenste ive 4iFBediing! Mhelivafingrdreininicudirig is typicalige ( EMF)
generated by the freely ratating spindle notor. Wen the disk drive supply
vol tage is den@bemheahd6f d/faip thatiboiavisthetsaspdrision which tHe aviatorismovéd y and
connected to a rectifier circuit that is coupled to the spindle notor. The
out put of t hawhy fémjthé datatregion oftherdidke Thetstideri is thusparkedaff thy diskeurfass | fi er
circuit to a DC current supplied to the coil of the VCM This causes the

actuat or to with ¢hd fiepshsiotesuspported irea revaps of'the iramp.f Leaddnloadhdiskdrives t or que
I's needed to ensure that the sliders are fully parked on the ranp,

regar dl ess oprovide sisgnefit innagios ahd notebook/ednuitérg batayseke parking.oftfe a dri ve
fails to unload the heads fromthe di sk surfaces before spinning down, an
unr ecover abl elides bnthe amg awayfrem thes/disk surface Alsorprevddgshsmes relistancedy e
rectifier circuit with Schottky barrier diodes is cormmonly used for this
pur pose. Becextema Slsocks aaesedl byanevingwor drdppitig thel compaitéres wit h t he VCM | oad,
the total voltage drop in this rectifier circuit can be relatively high,
t hus reduci ng t heTHa(parking efthemslidérds ainlthe toadiunload@mp duengidiskidive powerbe
replaced with field-effect transistors (FETs) to reduce the voltage drop,
but down is typically accomplished by use of the back electromotive force (EMF)

generated by the freely rotating spindie motor. When the disk drive supply voltage

. is removed, the VCM is disconnected from its driver circuitry and connected to a

rectifier circuit that is coupled to the spindle motor. The output of the freely rotating

spindle motor is converted by the rectifier circuit to a DC current supplied to the coil

of the VCM. This causes the actuator fo move the sliders to the ramp. A significant

amount of torque is needed to ensure that the sliders are fully parked on the ramp,

regardless of the actuator position or velocity at power down. If a drive fails to

unload the heads from the disk surfaces before spinning down, an unrecoverable

stiction failure may occur. A three-phase, full-wave rectifier circuit with Schottky

barrier diodes is commonly used for this purpose. Because there are-always two

diodes in series with the VCM load, the total voltage drop in this rectifier circuit can

be relatively high, thus reducing the DC current available to the VCM. The diodes

~ can be replaced with field-effect transistors (FETs) to reduce the voltage drop, but



4  such devices need to be switched on and off synchronously with each
phase of the spindle notor. This requires additional sensing and control
circuitry which needs its own DC power source, e.g., a storage capacitor,
because the back EMF is insufficient to also power this circuitry. I1BMs

U S. Patent 5,486,957 describes a high-efficiency, |owcost actuator
retract rectifier circuit that uses bipdlar transistors that are turned on
by a small amount of current fromthe spindle notor, with the remaining
spindle notor current being directed through the emtter-collector paths

of the transdzhQedick®nbdPtot swithell A -naloFdyAEhrofdusewitheachiiHabebf the
conditions of actuator position and velocity are unknown at the nonent of

power - of f,  SgtifdI€ hidHdr. tTRisTequirdddditidmabeinbing dntl @ofitedl direuithwhichnebd< s e
situation, i.e., actuator at the outside dianeter (OD) of the disk near

t he | oad/ unl gasl DCAFBWeRsblirce£6.9., weteragé vapdditee because the bak EMFE isact syst em
applies imediately the full torque needed for the worst case, excessive

act uat or accipbgficientas afdhower tis tiycuitay |Bs.S. Patent 5466,95T desaribes iave
I mpact as the actuator hits the OD crash stop when it reaches the parking

ranp. An exmighleficihcyon-coscRtiritureretractateifiet cimnit theat uses bipotahtearisistorewi ng:
If the actuator is at rest near the inside diameter (ID) of the disk, or
nmovi ng t ovar that &@ thfet roprbyansmall ametntai comeritlintihelspindleamaippiwithdhe et r act
torque will first nove the sliders across the disks (fromID to OD) before
reachi ng t heremdiping Bpintiegnoétbi curtentrbeing ldiredted throdgh the simittexwotiedtar pathisuat or
motion results in large acceleration and velocity before reaching the
| oad/ unl oad ofthp trahsisiesstothe coipefthe actuatos. Since e iitialsdongditions of adtugerseed
canera investigation has shown about a factor of 2X actuator speed
di f f erence aposition arschyeltciy\ase onkriowncatdies mofmentief pawenaff sufficient tarage at r est
at the IDor at rest at the OD. Excessive inpact is undesirable because it
can dammge t mast be applied to handle the worst case situation, i.e., actuator at the outside

diameter (OD) of the disk near the load/unload ramp with zero velocity. However, if

the retract system applies immediately the full torque needed for the worst case,

excessive actuator acceleration and velocity may occur, resulting in excessive

impact as the actuator hits the OD crash stop when it reaches the parking ramp.

An example of when excessive acceleration occurs is the following: If the actuator

is at rest near the inside diameter (iD) of the disk, or moving toward the ID from any

location on the disk, the applied retract torque will first move the sliders across the

disks (from ID to OD) before reaching the ramp. During this time, the lack of

resistance to actuator motion results in large acceleration and velocity before

reaching the load/unload ramp. Excessive impact occurs at the crash stop.

High-seed camera investigation has shown about a factor of 2X actuator speed

difference at the ramp between the cases of the actuator starting at rest at the ID or

at rest at the OD. Excessive impact is undesirable because it can damage the



5 fragi |l e head/ suspensi on assenblies, and cause significant dynamc
pitching and rolling of the sliders when the actuator hits the crash stop.
Excessive slider notion .can cause the sliders to contact the ranp
structure, or perhaps other sliders. Such contact can result in slider
damage or transfer of contam nation to tge air-bearing surface, which can

| ead to head-disk interface failures. What is needed is a sinple,
| ow- cost, power-efficient rectifier circuit that provides a high enough
torque to bring the actuator to the disk OD under all initial conditions

wi t hout excdegile Beadrpdspension absermislies namml ciuse Bighifigant dynémicpitehingtaadpr oper |y
park the sliders on the | oad/unl oad ranp.

Summary of trbifing oftbatsliders when the actiidter hitsvtbe trash stap. Exdassive slider d’fotign di sk
drive that uses a circuit responsive to the renoval of power to the

spi ndl e not mantcaugpstlerskdersao tontactithe canp stousfure portpechapsatertstidersTISach pi ndl e
not or power renoval circuit sends an initial signal to a first swtch
connect ed t contast éan tesulhinssliderdanager onteanstec of eintarvinatiomtd, the birdeardng
predeterm ned delay tine, a second signal to a second switch al so

connect ed t surfaee, mich ¢ardead to headi-disk interfagafdiloresof the first switch causes
only a portion of the available current fromthe spindle notor w ndi ngs to
reach the act uat ¥hationeeadad is & simple. lew-costi powareficientradiifiencitcuit thak|

| ow-1 evel torque which is sufficient to bring the actuator to the disk OD
of the di sk Ripides ahighsnouaivtaraustedringdhe actuatortodhe disk Qfzuader alliniialh a
predeterm ned delay tine later allows all available current to reach the
act uat or so condiiongwithaus excessivedmpass v thegrash stomibyh yeteusicians taypreperty ch i s
sufficient to properly park the sliders on the |oad/unload ranp under all
condi ti ons. PRiktheslideisontbe inad/unioad ramp.

Summary of the Invention:

The invention is a data recording disk drive that uses a circuit responsive to
the removal of power to the spindle motor to generate a two-stage torque to the
actuator. The spindie motor power removal circuit sends an initial signal to a first
switch connected to the full-wave rectifier retract circuit and, after a predetermined
delay time, a second signal to a second switch also connected to the rectifier
circuit. Activation of the first switch causes qnly a pdrtion of the available current
from the spindle motor windings to reach the actuator, so that the actuator is moved
with an initial low-level torque which is sufficient to bring the actuator to the disk OD
of the disk under all circumstances. Activation of the second switch a -
predetermined delay timé later allows all available current to reach the actuator so
the ac'tuator.is then moved with a high-level torque which is sufficient to properly

park the sliders on the load/unload ramp under all conditions. The spindie motor

s Sheet Has Been Replaced .' THIS SHEET HAS BEEN
T II M



6 power renoval circuit includes a resistor-capacitor (RC) circuit to
generate the second signal. Selection of the desired delay tine is nade by
désign of the appropriate RCtime constant of the RC circuit. In the
preferred enbodi nent of the invention, the high-efficiency, |ow cost
actuator retract rectifier circuit of IBMs U S Patent 5,486,957 is
controlled so that its bipolar transistors are turned on in stages, wth
current fromonly one of the spindle notor wi ndings providing the initial

| ow-l evel torque to the actuator and current fromall of the w ndings
provi di ng t hpoweereonvabtimyit incugles baesistot-cappaitor (RC) circuit 6agenardte tHeer
under st andi ng of the nature and advantages of the present invention,

ref erence sheetandmignahd8electianef thetesined dglayding isevadedwcdesign ofithéaken
together with the acconpanyi ng draw ng Bri ef
Descri pti on éppropdaterROMtimg constant of tif QC circuit la the prafemed embodiment of theew of
a conventional disk drive. Fig. 2 is an open top view of the disk
drive depi ct éwyeptions e highiefficienay,fow-cost actuatorsrisast rectifienceayitiofiBM'eMl.8ad ranp
and actuator crash stop. . 3 is a block diagramof a disk drive
showi ng a pr iPetend 6148695 ds cnieolled e@gm ite-bipelar rangistpesrare duined oniystegesd| e
mot or back EMF to VCM current for parking the head carrier at power down.
Fig. 4is a W%M"@Ph@'ﬂﬁﬂ@ﬂﬂ& qﬂtwmlq/@omﬁmdﬂ@gs@prpMmg the initial

hi gh-effici ency rectifier circuit using bipolar transistors.

Fig. 5 is a dwiavetioeyedp theaqtuapeapdeurenbipmgliohtheswindings erviding ¥ei t t hat

synchronously turns on the transistors in the prior art rectifier circuit
of Fig. 4. second stage high-level torque.

For a fuller understanding of the nature and advantages of the present
. invention, reference should be made to the following detailed description taken
together with the accompanying dfawing.

Fig. 1 is a sectional schematic view of a conventional disk drive.

Fig. 2 is an open top view of the disk drive depicted schematically in Fig. 1
and shows the head load/unload ramp and actuator crash stop.

Fig. 3 is a block diagfam of a disk drive showing a prior art diode-type
rectifier circuit for converting epindle motor back EMF to VCM current for parking
the head carrier at power down.

Fig. 4 is a block diagram of a disk drive showing a prior art high-efficiency
.r.ectiﬁer circuit using bipelar transistors.

Fig. 5 is a simplified circuit diagram show'ing the equivalent circuit that

synchronously turns on the transistors in the prior art rectifier circuit of Fig. 4.



7 ) Fig. 6 is a block diagramof the present invention illustrating
di sk drive power-off circuitry connected to the rectifier circuit for
pfoviding a two-stage actuator retract torque. Fig. 7 is a detailed
schematic of the preferred enbodi nent of the present invention as applied
to the prior art rectifier circuit of F%g. 4 for providing a two-stage

actuator retract torque. Detail ed
Description Prior Art
Referring first to Fig. 1, there is illustrated in sectional view a

schematic of a cRigveRia bioak diagrim 6f the resent ineartiondifustrbtingsdisiatiiven and
expl anation, the disk drive depicted in Figs. 1 and 2 is shown as having a
si ngl e r ecor gowegr-off aitlcuitntdcormestedita trecrediifiek ciseuifffacgrovidingreomghstagavent | onal
di sk drives typically have nultiple heads and disks. The disk drive
conpri ses a lbatuatot@etraxt tdiquen are secured a disk drive or spindle notor 12
and an actuator 14, and a cover 11. The base 10 and cover 11 provide a
subst anti al | y seaFigd7 ispaidétailed sshetatic df thie preferred emppdiment of thelpsesent i s a
gasket 13 | ocated between base 10 and cover 11, and a small|l breather port
(not shown) finventioruas applied tp thesprior artivedtifiercircuit of Figt 4 forqroviding Adwdistagedr i ve
and the outside environnent. A magnetic recording disk 16 is connected to
spi ndl e not @ctugorivgtranttorgueef a spindle or hub 18. A thin film50 of
| ubricant is maintained on the surface of disk 16. The lubricant may be a
conventional perfluoro-polyether (PFPE) disk lubricant, such as Z-DCOL
brand from Mntedi son. A read/wite head or transducer 25 is forned on the
trailing end of an air-bearing sli
Prior Art
Referring first to Fig. '1. there is illustrated in sectional view a schematic of a

conventional disk drive. For ease of illustration and explanation, the disk drive

depicted in Figs. 1 and 2 is éhown as having a singlé 'recording head and

associated disk surface, although conventional disk drives typically have multipie

heads and disks. The disk drive comprises a base 10 to which are secured a disk

drive or spindle motor 12 and an actuator 14, and a cover 11. The base 10 and

cover 11 provide a substantially sealed housing for the disk drive. Typically, there

is a gasket 13 located between base 10 and cover 11, and a small breather port

(not shown) for equalizing pressure between the interior of the disk drive and the

outside environment. A magnetic recording disk 16 is connected to spindle

motor 12 by means of é spindle or hub 18. A thin film 50 of lubricant is maintained

on the surface of disk 16. The lubricant may be a conventional perfluoro-polyether

(PFPE) disk lubricant, such as Z-DOL brand from Montedison. A read/write head or

transducer 25 is formed on the trailing end of an air-bearing slider 20.



8 Transducer 25 may be an inductive read and wite transducer or an

I nductive wite transducer with a magnetoresistive (MR) read transducer
formed by thin-film deposition techniques as is known in the art. The
slider 20 is connected to the actuator 14 by neans of a rigid arm22 and a
suspensi on 24, the suspension 24 providing a biasing force that urges the
slider 20 onto the surface of the rec8rding disk 16. The arm 22,

suspensi on 24, and slider 20 with transducer 25 are referred to as the
head- arm assenbly. During operation of the disk drive, the spindle notor
12 rotates tlensfiuskr 2Hmay ba andndudiive regseantl weitadranaducet etan duativepyriiet s on
shaft 19 to nove the slider 20 generally radially across the surface of the
di sk 16 so ttamaduadnwnmmagmetwsstl%m% d srgnprticentorped bythin-BiEnt  dat a
tracks on disk 16. The actuator 14 is a rotary voice coil mtor (VCM

havi ng a coideppsitiomtechniques as [srksoyn in theart.| 'é‘iis'@{i;ﬁ%ﬁ@"ﬂ?@?@lt%ﬁhermgnet
assenbly 23 when current is applied to the coil Fig..2 1is a top
vi ew of ~ t he actyater t by:meansofh Hgid @22 and3syspensien 24, the SFW@B 24 and
illustrates in better detail the suspension 24 that provides a force to the

slider 20 t cpravidiagia biesingifaice that uiger thesslider20 9!1"9;5@%&"@?%?&9‘%‘@"%’“'“9

conventional type of suspension, such as .the I - k own trou F

suspensi on, digk #sThe BEw22sugpension %vt%ﬁ’ts"qerl% reseteBRA Thi s
type of suspension al so provides . gi nbal ed E\ a grrent of th& sl i der

whi ch al | owstorasdhe hﬁ@l‘é’?fmésiﬁm@)/r QHH“E?BP?“"Q%" ?ﬁ ¢ l§ dnve.dte spjadlg; | peari ng.
The data detected from di sk t he transdycer rocessed into a
dat a r eadbackor Jasptaigs the Sﬁ!ﬂw%ﬁ@ﬂﬁ@aﬁﬁ?ﬁ a"ﬁ'lfj F E@g‘?rﬁé PVO PRuitry in
the integrated circuit chip_ 15 |locate The fro
transducer 28haft 49 m?‘f"é“@éﬁ‘?%" 2979%’{15{ d':gL]B' a?ﬂ?ﬁscthe §'é a}tt'%e dink %Fo

signal's via that th%I readlmirite transducer 25 may access different data tracks on disk 16. The

actuator 14 is a rotary voice coil motor (VCM) having a coil 21 that moves through |
the fixed magnetic field of magnet assefnbly 23 when current is applied to the coil.
Fig. 2 is a top view of the interior of the disk drive with the cover 11 removed,
and illustrates in better detail the suspensfon 24 that provides a force to the
slider 20 to urge it toward the disk 16. The suspension may be a conventional type
of suspension, such as the well-known Watrous suspension, as described in U.S.
Patent 4,167,765 assigned to IBM. This type of suspension also provides a
gimbaled attachment of the slider which allows the slider to pitch and roll as it rides
on the air bearing. The data detected from disk 16 by the transducer 25 is
processed inio a data readback signal by signal amplification and processing
c-i.rcuitry in the integrated'circuit chip 15 located on arm 22. The signals from
transducer 25 travel via cable 17 to chip 15. which sends its output signals via

cable 27.



9 A load/unload ranmp 30 is mounted to the base 10. Ranp 30 contacts
suspension 24 and lifts the slider 20 away fromthe disk 16 when the
dctuator 14 rotates the slider 20 toward the di sk outside dianeter when
the disk drive is powered down. Exanples of conventional types of

| oad/ unl oad ranps are described in U Patents 3,984,873, assigned to

| nformati on Storage Systens, Inc. (see Fig. 5); and 5,027,241, assigned to
Quant um Cor poration. An actuator crash stop 34 is nounted to the base 10
to prevent excessive novenment of the actuator arm 22 and to assure that

t he suspensi on 2A laku#nioadt ramp/20 iscuodrded tathe dage 30, RampS0g@ntactsy | ocati on
for the actuator 14 when the disk drive is stopped will be with the slider
20 unl oaded su$pension 24 and lifG thy slides 20 awayIomthe diskel Gwhenthe actygtos d4i nst
crash stop 34. Referring nowto Fig. 3, the drive includes a

ni cr opr oces fetatesthe Slidﬁfze&ﬁwiilfdltge dlshéumqqiﬂ“ﬁﬁﬁwbﬂ’éﬂ?d'?m@erﬁ%t or 12.
During read and wite operations, the mcroprocessor 100 receives head )
posi tion sermewerad dowmt Examplesaf epnyrntionabiypes fdaad/unlead @mMpsiEte output to a
digital -to-anal og converter (DAQCQ 104. DAC 104 is coupled to a VCMdriver
106 that sersiescihediablSRRaterts 3984873, assignesktorigimation ptorags SystamsHasy 25
(Fig. 2) on slider 20 to the appropriate data track on disk 16 during
track "seeki(®ee FigaPkiapg 5027341, assignedie Qyaptimyomomtion AN achiaiqr grash

"follow ng". Mcroprocessor 100 also controls and is conneg ed o, the

spindl e notseP 3bisymeurded fathe base @ fo preyentgxcessiyempverpgnt otihe ASWAI L ¢ o s

th t f th ipply (e.g., a 5V batt in th
of ot ehook P afst Bk ik iBb &)siersln24 HoRanAL ot oot ity 12t o

T on heSparkine oo o ?ttﬁgét%t\tgﬂﬁg bn RSk GIVE'i Sodpdd'Gin BBAAL ' O 11
the slider 20 unloaded off the disk 16 by the ramp 30 and the actuator up against
crash stop 34.

Referring now to Fig. 3, the drive includes a microprocessor 100 that controls
the VCM 14 and the spindie motor 12. During read and write operations, the
microprocessor 100 receives head position servo information from disk 16 and
generates digital output to a digital-to-analog converter (DAC) 104. DAC 104 is
coupled to a VCM driver 106. that sends current pulses to the coil of VCM 14 to
move the head 25 (Fig. 2) on slider 20 to the appropriate data track on disk 16
during track "seeking", and to maintain the head 25 on track during track
*following". Microprocessor 100 also controls and is connected to the spindle
motor 12 via spindle driver 108. The spindle driver 108 controls the current from
t.r.re power supply (e.g., a5V battery source in the case of notebook and laptop
computers) to the windings of spindle motor 12 to rotate the motor at a constant

rotational speed during drive operation. In addition, the spindle driver 108 provides



10 a status si gnal to m croprocessor 100 indicating whether or not the
spindle notor 12 is rotating at its operating speed. The spindle notor 12
may be a "delta" or "Y' (as shown in Fig. 3) type brushless, three-phase
motor with fixed windings 110, 112, 114 as field coils and a pernanent
magnet rotor. Fig. 3 also |Ilustrates the prior art rectifier
circuit 70 for energizing the VCM 14 30 disk drive power down with the
back EMF from spindle notor 12 w ndings 110, 112, 114. The design of the
VCM driver 106 and spindle driver 108 is such that when power is renoved,
t hei r respec statsaignatto rhicropsodessori®0\iihitating wiethes pr nolitbe spindie 12 behave as
open circuits (disconnected). When power is renoved (indicated by the 5V
FAI L |ine), ragipr Dis ratatingiat tsioperating speed. Ihe spindie mdor ththagde aldettdl' may be
rel ays, solid state switches such as FETs, or other switching devices. The
VCM 14 and si"¥U(as showorin Eig. a)tvpehmshbss,ébneemaye motarvithfixedd from the VCM
driver 106 and spindle driver 108, and connected to rectifier circuit 70.
The rectifi evindingsd1@, 112, 1t asfleld cotmansbmperasentmagnatrdakl current control
devices in the formof diodes 60-65 which forma conventional three-phase,
full -wave rectifiFig. 3 alsthillustrptenstheipsior arkaetiipr cirpit &pfonanergiringdhe 12 (and t he
di sk stack nounted on it) continue spinning due to rotational inertia.

Back EMF i n Y&M Hmtligkdrivetnower down wﬁm%bq EMi%frg@ﬁ@rrﬁ!q ®atosfI2AC currents
in the motor wi ndings 110, 112, 114. The ndl e notor 12 essentially :
behaves as a*"‘f‘ﬁ'l"gé"gﬂ'a"ﬂé’ At Ehe degign 0“9%((5416""‘?’ 496 ppd spindlgrdsiver 198 rent i s
rectified by the rectifier circuit 70. The output of the rectlfler circuit
70 is a DC c'ﬁlsldéfhfhaﬁWQ?"PPW%‘SF?FPB%tWéeW"@ et logp tethe/®@d 14and 59 to
the VCM 14. causing the VCM 14 to nove slider é 2. to the desired
power - of f paqnggpl@;gg matern! 2 kehane 38 opgthﬁ«rqy@s (dlsconn . When power is

removed (indicated by the 5V FAIL line), appropriate circuitry closes switches 68
and 59, which mr;y be relays, solid state switches such as FETs, or other switching
devices. The VCM 14 and spindle motor 12 are then effectively disconnected from
the VCM driver 106 and spindle driver 108, and connected to rectifier circuit 70.
The rectifier circuit 70 includes semiconductor directional current control devices in
the form of diodes 60-65 which form a conventional three-phase, full-wave rectifier.
When powér is removed, the spindie motor 12 (and the disk stack mounted on it)
continue spinning due to rotational inertia. Back EMF in the spindle motor 12
results in the generation of AC currents in the motor windings 110, 112, 114. Tke
spindle motor 12 essentially behaves as a three-phése AC generator, and the
resulting output current is rectified by the rectifier circuit 70. The output of the
réctiﬁer circuit 70 is a DC current that flows through the now closed switches 58
and 59 to the VCM 14. causing the VCM 14 to move slider 20 (Fig. 2) to the desired

power-off parked position, such as ramp 30.



11 Anot her prior art power-off actuator retract system as described
in IBMs U S. Patent 5,486,957, is shown in Fig. 4. Spindle notor 12,
spindl e notor driver 108, VCM 14, and VCM driver 106 are identical in
operation as described. The rectifier circuit 80 uses a switch that closes
when a positive voltage is applied. The switch nmay be a relay, a single
FET, or other suitable swtching device.iiln the preferred enbodi nent, the
switch is a pair of enhancenent node FETs 82, 84 that close when a -
positive voltage is applied to their "5V FAIL" input. The 5V FAIL signal
cones from power -Adthergprior Brtqgower-off actuator (eteact systam,)as dephdbgsbindBMsf
detection circuitry is typically powered by a small capacitor that stores
charge to opcS ftatentia48mOGE is shown indig. ¥+ \Spirtdiemoles s spindle moter r enoved.
The 5V FAIL input requires virtually no current so only a small capacitor

i s needed.) Briyssi88, VEMiikiand WGM deversi 06are identiqal iyoperation; as dasciked/e as t he
sem conductor_directional current control devices that are connected
bet ween spi ndhe regifier citguil $0uges a switch that closes whgiya Regitiveqvoltage isagplied.
transistors 90, 91, 92 feed current to one side of VCM 14, and their
pai red NPN t ThAswiehmayde a wmipy, 9 5ingla-tET. 0k other syitablegawitchingdgvice. In the
Referring now to the sinplified equivalent circuit diagramof Fig. 5
the  Switch Prefeecembedinent the SuE s apesotenhangementmous FEde A2, & wat
emtter-base junctions of bipolar transistors 90-95 and_are connected as a
t hr ee- phase, Clo§e Whga@Positivevoltags isappiedda thefic Py FAIL'dnRyt JaeS\sRAIL  cur rent
fromthe spindle notor 12 through the resjistors and the switch, The VCM 14
and the conn&ENRLPMES from p@WPT'@%E’S'fegt"?ﬂcml’mrﬁ%‘?ts“f‘e‘?’%)- ddbegoweEotiot shown in
Fig. 5 so that the synchronized swi tching of the ,&r nsi stors 90-95 can be

better expl afRtegioRFECUitaEis tYRicRYY @RV LY hGapaeifar that stores charpe tq ¢

simlar to that shown in the prjor_art cifcuit 70 (Fig. ept that the
t ot al opera%et e detection circuitry after power Las ﬁeen rem ve&]. Tﬁg BVWL R’\put

when

requires virtually no current so only aﬂsmall capacitor is needed.) Bipolar
transistors 90-95 in rectifier circuit 80 serve as the s'e'rniconductor directional current
control devices that are connected between spindle motor windings 110, 112; 114
and VCM 14. The PNP transistors 90, 91, 92 feed current to one side of VCM 14,
and their paired NPN transistors 93, 94, 95 feed the other side of VCM 14.
Referring now to the simplified equivalent circuit diagram of Fig. 5, when the
switch (FETs 82, 84) is closed, "diodes” 130-135 represent the emitter-base
junctions of bipolar transistors 90-95 and are connected as a three-phase, full-wave
rectifier that delivers a relatively small current from the spindie motor 12 through the
resistors and the switch. The VCM 14 and the connection to the collectors of
fl;ansistors 90-95 are nof shown in Fig. 5 so that the synchronized switching of the
transistors 90-95 can be better explained. The resulting emitter-base “rectifier”

circuit is similar to that shown in the prior art circuit 70 (Fig. 3), except that the total



12 current flowing in these emtter-base "diodes" 130-135 is small due to
the series resistors (typically 50 ohn), and because the current in this
emitter-base circuit does not flow through the VCM 14. This small current
is sufficient to turn on the emtter-collector paths in the transistors
90-95 (Fig. 4), which are connected as a_ three-phase, full-wave rectifier
delivering DC current to the VCM 14. Oné2 the FETs 82, 84 are closed at
drive power down, a small portion of the output fromthe windi ngs 110,
112, 114 of the freely rotating spindle notor 12 automatically turns on
t he appr opr i &uErentfigwing indhesesemittnebaserdiodas o130 13545 Sm@dﬁﬁt%ﬂ‘ecﬁ%%t can be
directed to the VCM This can be understood from Fig. consi dering as
an exanpl e trewstorsstypigally 50 ehpmcand hacause @GFHU@“&'?W WH@F‘H@SQTU’“FS nor e
positive than, the current output fromw nding 112, and wi.nding 114 has no
out put. Then d@&ﬁmehﬂowwrptmh%&%%e?h%m'{ gt '%\/F‘l*fﬂ?'ﬁ'@ft‘li‘ﬁ""!‘ tae
emtter-base junction of transistor eg_ﬁ ghm resi stor connected to
-9% g4

transi stor 9¢Mifercoligstoppgthgin thPI‘i"é‘“%mB""tﬁH ovhieh AreanBgoted ag @ansi st or
current ¢ Trﬁée%h?ﬁ%%]ﬁ%%?& e dsoeing 56 odmenel et ncshe om -
CFansi st or s J5 G 9 arh gese B Sy ReeE o %ﬁp%‘:&‘-g Sutput 6 B Pough
appr oxi mat ol yOBBEY TR ie%*f‘li?ﬂﬁsireg&aé%? o0 Ae B TR s of
col 1 act or - o4 BB PPUSRELEGERHEE® oF RS O”'é"wi‘r"ﬁmgg’hgl?téﬁ e

. tstereir'egaiﬁr% gk 'OQR?&?E}M U ParEg fiaEo e S bl heiatos o857, 01 1o o

back EM: s néax%(rjr?p e Ihreqr%t%n wl'\llgnqge gglsrergt ouEpl('.lE H‘om winding 110 is more positive than

the current output from winding. 1 12, and windin:q 114 hasﬂno output. Then current
will flow in series thrqugh windipg 110, the emitter-base junction of transistor 90,
the 50 ohm resistor connected -to transistor 90, FETs 82 and 84, the 50 ohm
resistor connected to transistor 94, the emitter-base junction of transistor 94, and
winding 112. This current turns on only transistors 90 and 94 and allows current
from spindle motor 12 to go to VCM 14 through the emitter-collector paths of
transistors 90 and 94 that are now in series with VCM 14.
Although each of the emitter-base junctions of transistors 90-95 requires
approximately 0.6 volts to turn on, each of the emiﬁer—colledtor paths of
~transistors 90-95 has a voltage drop of only 0.15-0.25 volts, if low collector-emitter
(foltaée drop transistors are chosen. Since the emittér-base junctions are
connected such that two junctibns are always in series across the windings of

spindle motor 12, at least 1.2 volts of back EMF is needed from the windings to turn



13 on the respective two transistors. The circuit is thus designed so
that the total back EMF is available to turn on the transistors. O the
total back EMF supplied by the spindle notor 12, however, only 0.3-0.5
volts is lost in the emtter-collector junctions that supply current to
the VCM The enmitter-base currents are ggull relative to the
emtter-collector currents in the transistors 90-95. The m ni nrum anount of
emtter-base current needed to turn on each transistor is determ ned by the

o T U BB e L S et BB i o
L PSS A OB G B 44T,
desi . ; ' . . avai ]
7)o oS5 ol B IR i
5%, g U SR oo SR B 1T
[ 90- . . . - i i fi

LT Mo i b e AR TR R 55
P8 L B SRS e PR e 0,

for any extergahe E-Qf?é;&ﬁ% Sjgﬂ{ﬁ%ﬂlstr%?piﬁugﬁ?gwﬁ JF Blitter ll&f’cg?%mmﬁtrﬁ.}-égs ower

down, the enhancene may be replace epl etion

mode FETs. W{ rén%tsbéi@%&?ﬁ% Fﬁ%ﬁo&eﬁh‘étsb%m RRffors E%\?et %@eéﬁ délhggéra{ouﬁe&%@ of f

(swi tched open) during OWer = on operatlon rive, “and
T oo A e SR o4 LR R gl 1P
rectifier cirgainiz&Prot theSplirfichar Qebigh u¥sdy TRuSTVHY 4 SmbiFadtidhidr B I amp.
available current from spindle mdtor 12 i.s used in turning on the transistors, with
the vast majority of the current flowing through the VCM 14.
When the FETs 82, 84 are open (no positive .voltage applied at the 5V FAIL
input), all transistors 90-95 afe off, and no current flows anywhere in the rectifier
circuit 80. Thus, when rectifier circuit 80 is turned off at the 5V FAIL input, it is
effectively disconnected from both VCM 14 and spindle motor 12 so no additional
switching_circuitry is needeq. To eliminate the need for any external charge storgge
to close the FETs 82, 84 at drive power down, 'the enhancement mode FETs in
Fig. 5 may be replaced with depletion mode FETs. With this change, the depletion
mode FETs would be turned off (switched open) during normal power-on operation
of the disk drive, and would turn on (switched closed) when no voltage is applied to
| the input. Thus, removing power to the disk drive would automatically enable the

rectifier circuit 80 to energize the VCM to move to the parking ramp.



14 Preferred Enbodi nents Referring
to Fig. 6, the present invention is illustrated wherein the circuit
responsi ve to power off fromthe disk drive generates first and second
signals to sw tches connected to the conventional rectifier circuit 70
(Fig. 3). The spindle notor power renoval circuit 200 has a first line 201
connected to a first switch 202, and a gecond |ine 203 connected to a
second switch 204. Switch 202 conprises a pair of switches 58, 59 at the
output of rectifier circuit 70 that connect to the VCM 14. Switch 204 is
connected at the output of rectifier circuit 70 and is |ocated in parallel
Wi th an actuator resistor 206. Svmtch 204 and actuator resistor 206 are

| ocated in parallel connection Beieus L 8BNSt ch 202 and VCM 14. The
switches 58, 59 together conpri se the second switch 204. Spi ndl e
ot or. power rendiefermiag tpbiged. thepresentigventionds fllystratedh whetsin the dircuit o| t age
supply (shown as 5V, as is comon i ortable or_| aptop conputers). As

| ong as the@Wﬂ%VQ)ﬁOd&‘{ﬂf Oﬁtffoﬂh@elqw}ﬁ""ﬁgﬁﬂefla@s;fﬁﬁé“ drserpRdFigpals Kui ¢ 200,
capacitor 21-0 renmmins charged through diode 212 and transistor 214 is
turned on. swme,sncgnmct%tqtﬁﬁéomt%a'aeqﬂﬁw W@Pﬁ@oéﬁSh&t Hae sPindle i s no
out put signal on either the first power-off S|gnal I n 01 or .t second
power - of f sMgtrfipower Eemayal cingyit 200 hag arfirgtfipe 204 & W%ﬂﬂ?az t%W'E’h(?ggn and
VCM 14 is under the control of VCM driver, 106 ?&h t.he a% are._renoved (5V
FAIL) at thand aseeond ine 203 cappested i@ $agond gwitch 204, 'tc'e? SPWPESesSA 4 | s

turned off. Line 201 is then rted.t ound I s brought
to a 5V pot BAY pPEswilshes RE, %agﬂﬁ PE@&#’E&‘B@E Pircyit 7%1%% gettp &EFS es swtch
202 to clos ?/ctw?ﬁ Og\r;]wetgl:[. 2&{ !s c}oplagceteé) aﬁ%e ou pfut E)P rectsnPer r(]:ICIj‘Clﬁt ‘}B);tar(l) istlocattehde

in paralle! with an actuator resistor 206. Switch 204 and actuator resistor 206 are

located in paraliel connection between first switch 202 and VCM 14. The
switches 58, 59 together comprise the second switch 204.

Spindle motor power removal or power-off circuit 200 is connected to a
voltage supply (shown as 5V, as is common in portable or laptop computers). As
long as the 5V is lpresent at the input line to power removal circuit 200,
capacitor 210 remains charged through diode 212 and transistor 214 is turned on.
The signal on line 218 is a low value such that there is no output signal on either
the first power-off signal line 201 or the second power-off signal line 203. Thu;,
both switches 202 and 204 are open, and VCM 14 is under the control of VCM
driver 106. When the 5V are removed (5V FAIL) at the input line to power removal
c-i.rcuit 200, transistor 214 is turned off. Line 201 is then no longer shorted to
ground, but is brought to a 5V potential by charge stored in capacitor 210. This

causes switch 202 to close to connect all three phases of the spindle motor to the
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15 VCM 14. However, because second switch 202 is still open, a substanti al
- pertion of the DC current available to VCM 14 is dissipated by actuator
resistor 206. The result is less than the full available current to VCM 14
such that VCM 14 is noved wth a | ower-than-maxi mumtorque to the di sk OD.
The circuit 200 includes a resistor-capacitor (RC) circuit 230 that
includes resistor 231 and capacitor 232. Capacitor 232 is charged from
capacitor 210 when transistor 214 is tdabned off. Wen the 5V power is off
(5V FAIL), charge from capacitor 210 flows to capacitor 232 which brings
line 203 to &¥OMg#. p@wnen. hecausesecend switeh 2@8"%1#"';319@90? substantial portione RC
time constant of RC circuit 230. This serves as the second power-off
signal that of teddCsumentravaitable tryGSMsidos dissipatedyactuatrdpeister 20®6They t hat
now the full DC current fromrectifier circuit 70 is available to VCM 14,

and a hi gher restds less shandbeifidiaveliable sument lo VEM 14 syphthat VCMJ4iis moyed k oD,

The delay tinme between the first power-off SI naI and the second power-off
signal is pmiha lewer-thaa-mexinumderqugdo the disls resi stor 231 and capacitor
232 to select the_ proper RC time constant I nventi on as shown

in Fig. 6 reduces The, §“"P‘4'ts'39°d\“°"é‘3&s&'@F\?@@@P%‘PMRC)&‘EB'F %"?%'136?5‘89‘ B% ovi di ng
or o 1| e b et A8 e 8 BT e
e ater (SNSRI 14 LBIaR Whan b euir s O (READ BORGRITE. col ect od”
Lo, be St 0N cotagit b R Setia t“e@&%zm&bé@qgﬁgﬁ%@%p%ﬁpﬂmge@aq;tdefar o
L1 20401 3 BRP ol B Pl % o 235, oSS O
the second power-off signal that closes switch 204. This shorts actuator
resistor 206 o that now the full DC current from rectifier circuit 70 is available to
VCM 14, and a higher torque is applied to the actuator to move it to the disk OD.
The delay time between the first power-off signal and the second bower-off signal is
predetermined by selecting values for resistor 231 and capacitor 232 to select the
proper RC time constant.
The-invention as shéwn in Fig. 6 reduces the risk of excessive actuator
accelerationby providing an initial low-level retract torque (provided by the first
power-off Signal on line 201 closing switch 202), followed by a high-level forque
(initiated by the second power-off signal on line 203 a predetermined delay time
v latér to ciose switch 204). The initial low-level torque is selected to be strong
énough to move the actuator to the disk OD under all circumstances, but not
necessarily strong enough to park thé actuator on the load/unload ramp for all initial

conditions. The RC time constant of circuit 230 is selected so there is sufficient
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time for the actuator to reach the OD for all possible initial conditions.
The power renoval circuit 200 then applies the high-level actuator torque
which is strong enough to ensure that the actuator is properly parked on
the ranp under all conditions. Referring nowto Fig. 7, the

i nvention as described with respect to Fig. 6 is illustrated in the
preferred embodi nent where it is connedfed to the rectifier circuit shown
and described in Figs. 4 and 5. In this enbodi nent, the first power-off

signal line 201 is connected to a pair of FETs 82, 84 which conprise a |
first sw ttinie for fitel adthgtor e padchthe OB foralipossibledhitialsonkditions.c The@owwed to t he
second power-off signal |ine 203. For purposes of explanation wth respect

to Fig. 7,removansiicait@08 tAén apliesthp highelevelfactustortarquenwhich issstriongonnect ed to-
a first winding 110 of the spindle notor; transistors 91, 94 conprise a

second paieénoughne ehsuretthat thesdtuztorlis propung parkedsorstherranipndébaltonpri se a
third pair connected to winding 114. Each of transistors 90, 93 in the

first paircdnditiongheir emtter-base junctions connected in series between
the first winding 110 and FETs 82, 84. Their emtter-collector junctions

are connect ed iRsfeRhgafow Rt FIBET, the inviention agdaséribed With respectitd Figaetivat or 14.
Transistor 94 in the second pair and transistor 95 in the thir pair each

has its enfiistRitedmIBelprdfeired enisudiféhiashdre itisSortdited to the rectifiBecipaiier - of f
renoval circuit 200 and the rectifier circuit 80 operate in the follow ng

manner. | nSRsfirPaRd destiBBd P Figd! 4 a8 S InARNsembdimerit el firftpovdl-oiltaignal hi gh
whi ch turns on FETs 82, 84 c%prisi ng the first swtch. rJ‘él't(rilbis enabl es

Pleg'?! A lirfé"ﬁmi islcohRed8d t@&faﬂ'?of FE's82, B4 WhidHcorRprsd &lfiRswitsH.ng! e- phase
urrent to VCM 14 for actuator retract. After the predeterm ned
2(79' ay ti mergeehEofifpisBY aldéBond switch which is connected to the second power-off
- signal line 203. F_or purposes of explanation with respect to Fig. 7,
transistors 90, 93 comprise a first pair which are connected o a first winding 110 of
the spindle motor; fransistors 91, 94 comprise a second pair connected to
winding 112; and fransistors 92, 95 corhprise a third pair connected to winding 114.
Each of transistors 90, 93 in the first pair have their emitter-base junctions
- connected in series between the first winding 110 and FETs 82, 84. Their
emitter-collectérjunctions are connected in series between the first winding 110
and the actuator 14. Transistor 94 in the second pair and transistor 95 in the third
pair each has its emitter-base junction connected to FET 250.
The power-off removal circuit 200 and the rectifier circuit 80 operate in the
following manner. Immediately upon spindie motor power off, the line 201 goes
high which turns on FETs 82, 84 comprising the first switch. This enables bipolar

transistors 90, 91, 92, 93 to turn on, providing a single-phase rectified current to

VCM 14 for actuator retract. After the predetermined delay time determined by the

- -



RC time constant of RC circuit 230, |ine 203 goes high to signal second
swwtch FET 250 to turn on. This enables the remaining bipolar transistors
94 and 95 to turn on, which fully enables all three phases of the
rectifier circuit 80. The effect of turning on phases of the spindle notor
sequentially has the effect- of providing a changing duty cycle in the
retract current. Wien only one phase i§7turned on, the retract current has
a duty cycle of approxinmately one-third. After the remai ning phases are
turned on, the retract current has a 100 percent duty cycle. Since the
nodul ati on rRCdimesconstant 6ERC cirawip280: tind 203 deest highetor signab se@ndfswitble act uat or,
this change in duty cycle effectively behaves as a change in torque and
act uat or ackET 25&ita tarm oWhThis eRabjes therreprairing hipolartransistdre B @d 8btt@di nent of
operating the individual sem conductor current control devices with the
two swi t chestusgoon, whiich fully enatfles aitthisepiiases of the seatifiercircuit 80+ iheetlectof by t he
first swtch, it is possible to connect the devices in different ways to

t he swi t chestuming ¢raphasestof theospindie motasisequentisllvhas the effeehof prayidingia swi t ch
two controls the remaining devices. In the preferred enbodi ment
shown i n Fi gchangingisiutyreycle indhe tatracteurrept. Wien enly @nehaspisitdrned 98cheso t hat
the transition fromone-third to 100 percent duty cycle occurs after

appr oxi mat el fetradiccupreot ey a dutysyela of apprgmafabrenetiirds Afterthedemgigindon has
reveal ed that this is sufficient tine for the actuator to nove from any
possi bl e i nPhasgp ars wimed on, threreticiyuriepthas a 0§ pereentziuty eyelen Jineadhari ve.
Wthin this first stage tine period, only slight deceleration of the

spi nni ng di swedyatian migis vepslasteomnased to the e resaonse of the aslyatarthisof t he
maxi mum avail able retract torque is available to be applied in the second
stage for thehangadn dulygicle sifgetivelyfinhares asomchanogde inrgue and agtyalor 5ct uator s

noved up the | oad/ unl oad ranp. . )
18 acceleration. While Fig. 7 represents the preferred embodiment of operating the

_ihdividual semiconductor currént control devices with- the twio switches so that four
of the bipolar transistors are turned on by the first §witch, it is possible to connect
the devices in different ways to the switches so that switch one controls some of the
devices and switch two controls the remaining devices.

In the preferred embodiment shown in Fig. 7, the RC time constant of RC
circuit 230 is chosen so that the transition from one-third to 100 percent duty cycle
occurs after approximately 100-200 milliseconds. High-speed camera investigation
has revealed that this is sufficient time for the actuator to move from any possible
initial state to the OD of the disk for a 2.5-inch disk drive. Within this first stage time
period, only slight deceleration of the spinning disks occurs so that at least
ébproximately a0 perceht of the maximum available retract torque is available to be
applied in the second stage for the final high torqgue application to assure that the

actuator is moved up the load/unload ramp.



Whil'e the preferred enbodinents of the present invention have been
illustrated in detail, it should be apparent that nodifications and
i‘mprovenents may be made to the invention without departing fromthe
spirit and scope of the invention as described in the follow ng clains.
19 CLAI M5 1. A
data recording disk drive conprising: 18 a data disk; a
mul ti phase spindle notor having a wi nding for each phase and connected to
the disk for rotating the disk; a transducer for witing data to
or readi ng data Whilethaeraefersed embodiments of the prepentdiventionbaye bRen he .
transducer; . an_actuator connected to the carrier for noving the
carrier gendliustiajed indetail, i should be apparentfhaimodifications and ingprgyaRaents May, al
response circuit responsive to_the renpval of power to the _spindle notor;
a full -wave hewmade f‘%&‘edFYQE@PE' witheut depading ﬁgﬂb@gﬁpw 80q PRSI f orce from
the spindle notor to current for the actuator when power to the spindle
motor is renBYeniion as described '“Q'ef{’}‘%‘i""g\ﬂa!rﬂiﬁ coupl ed between sai d power
removal response circuit and the rectifier circuit and responsive to a
first power-off signal fromsaid power renoval response circuit for
directing a portion of the current fromthe freely rotating spindle notor
to the actuator; a second switch coupl ed between said power
removal response circuit and the rectifier circuit and responsive to a
second power-off signal from said power renoval :



response circuit for directing additional current fromthe freely rotating
spindle notor to the actuator, the second power-off signal occurring a
predeterm ned delay tine after said first power-off signal; and

20 an actuator resistor between the output of the rectifier

circuit and the actuator, and wherein the first sw tcHh#S Been Repladed

fromall of the spindle notor w ndings j¢ghrough the actu t he

actuator resistor preventing a substantial portion of th m t he
2. The

spi ndl e not of, W ndi ngs fromreaching the actuator.
di sk drive a&@!ﬁtdﬁﬁﬁmﬁddﬁiai m 1, wherein the second switch is located at
the output of the rectifier circuit and in parallel with said actuator
resistor, whereby when said second switch is closed substantially all of
the current fromall of ,the spindle notor w ndings bypasses the actuator
resistor and is dir ectéﬂat?gfe_ '"gglsggf% comprising.: 3. A dat a
recording di sk dr%\é%@ﬁ{oﬁw” si ng: o a data disk; a
mul ti phase spindl® having a winding for each phase and connected to
o or reading dat PSR EMHg otor having a winding TGN ERess Bhg Bhinectp o ©
transducer; . n { or connected to the carrier for noving the
carrier geneF°aﬁ*‘F>5"%'%lf8r5‘?‘?‘3‘7‘98‘53@%&5 t he di sk; - a power renoval
response circuit i . | . spi ndl e not or;
Iﬁéﬁg iy Yﬁ)rw lég? Hata 588V l%adﬂz; gg%(‘“ﬁ&erp gl%t &IQ@

a full-wave recti curt converting rorffoti ve force from

t he spi ndl e mtgﬁaﬁférgﬁ’ﬁﬂo%nggkg:irraé%ﬁc&ct uator when power to the spindle

notor is renoved; _ SW'tch coupl ed between said power
removal response gi LeMbtor 88fhdcti to the carrier for moving the carrier generally radially

across the disk;

a circuit responsive to the removal of power to the spindie motor;

a full-wave rectifier circuit for converting back électromotive force from the
spindle motor to current for the actuator when power to the spindie motor is
removed;

a first switch coupled between said spindie motor power removal circuit and
the rectifier circuit and responsive to a first power-off signal from said spindle motor
power removal circuit for dir_écting a portion of the current from the freely rotating
spindle motor to the actuator; and

a second switch coupled befween said spindle motor power removal circuit
and the rectifier circuit and responsive to a second power-off signal from .said
si:iindle motor power removal circuit for directing additional current from the freely
rotating spindie motor to the actuator, the second power—pff signal occurring a

predetermined delay time after said first power-off signal.
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20a rectifier circuit and responsive to a first power-off signal from
sai d power renoval response circuit for directing_a portion of the current
fromthe freely rotating spindle notor to the actuator;

second switch coupl ed between said power renoval res eetHasrBs:mR
rectifier circuit and responsive to a second power-o ald
power removal response circuit for directing additi o m t he
freely rotating spindle notor to the28ctuator, the second povver- f signal

occurring a predeterm ned delay tine after said first power-off signal;

and wherein said power renoval response circuit conprises a
first capacitor connected to the first switch and a resistor-capacitor
¢RO) circuit conrigct edhediskitdeive aseardingdaiciaim 1ffigther gempriging an ebiwatoscond
switch a delay time after renoval of spindle notor power, the delay tine
bei ng pr edet Esigtordgtweanthe joutpatof thegecttine eiepyit apd theractyator, @nd wierein the

4, A data recording disk drive conprising a di sk;

a nul ti phaseﬁ'§b$‘ﬂéﬂh@'ﬁ$§g(ﬂum¢at/ﬁ¢fgG&Qf\m‘i’cﬁwlq wotas aindingsdboughdhe onnect ed t o
the disk for rotating the disk; a transducer for witing data
to or readi ngctiatorresisien theaciatar resistor preventing asyhtantial pastignehtoe ﬁ'gf’@ﬂfe

t ransducer; an actuator connected to the carrier for noving the
carrier genefrawtpeﬁalafﬂmmglorW@émﬁronh@aah'gwheactuator a power renoval
response circuit responsive to the renoval of power to the spi ndl e not or;

3. The disk drive according to claim 2 wherein the second switch is
located at the output of the rectifier circuit and in parallel with said actuator resistor,
whereby when said second switch is closed substantially all of the current from all
of the spindle motor windings bypasses the actuator resistor and is directed to the

actuator.

4. The disk drive according to claim 1 wherein said spindle motor power
removal circuit comprises a first capacitor connected to the first switch and a
resistor-capacitor (RC) circuit connected to the second switch for turning on the
second switch a delay time after removal of spindie motor power, the delay time

being predetermined from the RC time constant of the RC circuit.
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21 a full-wave rectifier circuit for converting back
el ectronotive force fromthe spindle notor to cu%em—f—er—t-he—aetaator
when power to the spindle notor is renoved; ESt Sy itch

coupl ed between said power renobval response Ci rcwt ‘?er
circuit and responsive to a first power-off signal renoval
response circuit for directing a portl?dn of the curr reely

rotating spindle notor to the actuator, a second SWI tch coupl ed
bet ween sai d power renoval response ci rcwt and the rectifier circuit and
responsive to a Seconthexdiskedrivef dccordimgio dlaion whergindbahe reelfir sircuity esponse
circuit for directing additional current fromthe freely rotati n% spi ndl e
notor to teomprisesaeluralithef samjcontlustfdireesionakquiient O%f@ﬁﬁ“?‘ﬁ"‘ﬁ@ %?0
predeterm ned delay tinme after said first power-off nal ;

wher ei n t he qusient egnitol @wmqmgseﬁﬁﬁs\claé%w'm?§P'“d§éﬁ?fﬁﬂw'“ ing: & Y”EP'&Q. rs of
sem conductor directional current control devices, each alr f current
control devigame ofifbe gurent conireldeMicas are m&%@t%@efﬂr?tﬁ”‘t %@E%ﬁl? and third
wi ndi ngs, each current control . device in the fjrst | i ng connect ed
bet ween t he @Wﬂ'n%wfﬁgoﬁmdﬁﬂgeﬁ?"Ps"P“%%t?‘H?t eéﬁ@‘g)'%fs“f"ﬁg current control
devices in each of the second and third pairs being connected between its
associated wnding and the first switch, and the other of the current
control devices in each of the secqgnd a a bei connect ed
between its asso& at edhe diskdriyge 'F%?‘g ﬂ&ﬁ—. WP'I &‘ﬁihe réchiter circu

22 5. The di sk dri vedahif_:do‘gacill_snoqsto C rrent

control devsarrisgs firshisggerd, an emloonguép:nr direc F onal gurre ? oor“rol
devices, each pair of current control devices being associated with respective first,
second, and third windings, each current control device in the first pair being
connected between the first winding and the first switch, one of the current control
devices in each of the second and third pairs being connected bétween its
associated winding and the first switch, and the other of the current control devices

in each of the second and third pairs being connected between its associated

winding and the second switch.

| THIS SHEET HAS BEEN
REPLACED -

* c L M S *



6. _.fhe di sk drive according to claim4 wherein the current—control
devices are bipolar transistors, each transistor in the_first pair havin
its emtter-base junction connected in series between t ;’Sﬂiﬂtﬁls 1 @“g

and the first switch and its emtter-collector junction
series between the first wnding and the actuator, one
in each of the second and third pairs Baving its enitter-base junction
connected in series between its associated w nding and the first switch
and its emtter-collector junction connected in series betwen its
associ at ed wi ndi ng &nd tThe disk drive@ccording te slaing bryeerein theurienbeftt or s in
each of - the second and third pairs having its emtter-base junction
connected in Sevicesawdiofasn jts associated winding and the second switch
and its emtter-collector junction connected in series between its
associ ated w nding and the actuator. The di sk drive

7. .
Fesi stor “being coupfed tHhadie SMBacEriate Sal B the.irESt Sl o
e i WA e G0 LRI AL o 1
gzgata di sk; en%&er—basej@q%g%\ ??"EJ??% rqlgggﬁ%% d?r'i) gﬁ%%'@ %&@Fﬁ'&tfor
Fach P28 0 Gt N TR I b °,
LT R A (v R

pairs having its emitter-base junction connected in series between its associated

ors

winding apd the first switch and its emitter-collector junction connected in seriéé
between its associated wihding and the actuator, and the other of the transistors in
each of the second and third pairs having its emitter-base junction connected in
series between its associated winding and the second switch and its
.emitter-collector junction connected in series between its associated winding and

the actuator.

9. The disk drive according to claim 8 further comprising a plurality of
resistors, each resistor being coupled to the emitter-base junction of an associated
transistor for minimizing the current flowing from the windings through the

emitter-base junctions of the transistors.

10.  The disk drive according to claim 1 wherein the first switch comprises

a pair of field-effect transistors.

LT



across the disk; a power renoval response circuit responsive to
the renoval of power to the spindle notor; a full-

rectifier circuit for converting back el ectronotive force fromthe spindle
notor to current for the actuator when power to t1iies Shedt HeH Bee edj g
removed; a first switch coupl eg bet ween ‘mval
response circuit and the rectifier CirCUI% and re irst

power -of f signal from said power renpoval response Ccircult for directing a

portion of the current fromthe freely rotating spindle notor to the
actuator the first switch conprising a pair of field-effect transistors;

d d i h I . bet i, d |
N it and the “r oEr SRR BB R s e AL SoPone
el O S oRNBrs ARl B ARl el el oS ik AL
ng; : 8; ]]: 2: SRZ:Of Bgv%Jrr u'rirr]\8 o";i)elpartigl(;nI %} rergisq(e‘flj'ivg %Lg Xlo%t'aé@y %]:atrgrrnm% 'oq Eg\];vérr. st

9. The disk drive according to claim@8 wherein the field-effect
transistors are depletion node field-effect transistors held open by the

emoval of pover 12 TR Sl ¥t 13 RSl ipibde R R 1"

further conpri iyt PR dafler aMiPRBH! t8%idkAGrsa "1 o avay from the di sk

surface.
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24 | 11. A data recording disk drive conprising: - a

datfa di sk; a nul ti phasc spindle notor having a wi nding for each
phase and connected to the disk for rotating the disk; a

transducer for witing data to or readi ng data from t ks Sheetlfas Been Replaced a
carrier supporting the transducer; an actuat o the
carrier for noving the carrier generally24adially acr t he
transducer may access different regions of data on the disk; a

power renoval response circuit responsive to the renoval of power to the
spi ndl e notor; 13. A data sedordisg diskidrieencorapiisingsi ve to a first power-of f
signal from said power renoval response circuit; a second

swi t ch responsi vea dataaliskecond power-of f signal from said power renoval
response circuit, the second power-off signal occurring a predeterm ned
delay time afterasuitiphase spingiemetordiaving aywindingfereach phase and connested f i er
circuit for converting back electronotive force fromthe spindle notor to
current for fhibesliskfar wtatingdhe gisier to the spindle notor is renoved, the
rectifier circuit conprising first, second, and third pairs of bipolar
transistors, each? pransducerfor witiag datgite opeadiga datairemthaidighkit h r especti ve
first, second, and third w ndings, each transistor in the first pair
having its enmi tte@%és?mﬁtﬂgdge@'éﬁméd in series between the first

wi nding and the first switch and its em tter-call ector junction cgonnected
in series betwee?n aglator eaanegtaddptle aarrer faemaving thesamigygengrally padially
transistors in each of '

th :
24a  second agfgs the digk E‘&ﬁ!estfﬁﬂfﬂ’?ﬂj mayaceass differeptregiong ot datgPndBadiski ed i n

series between its . N
a circuit responsive to the removal of power to the spindle motor;

a first switch responsive to a first power-off signal from said spindle motor
power removal circuit; -

a second switch 'responsive to a second power-off signal from said spindle
motor power removal circuit, the second power-off signal occurring a predetermined
delay time after said first power-off signal; and

a rectifier circuit for converting back electromotive force from the spindle
motor to current for the actuator when power to the spindie motor is removed, the
rectifier circuit comprising first, second, and third pairs of bipolar transistors, each
pair of transistors being associated with respective first, second, and third windings,
each transistor in the first pair having lts emitter-base junction connected in series
between the first winding and the first switch and its emitter-collector junction
eonnected in series between the first winding and the actuator, one of the
transistors in each of the second and third pairs having its emitter-base junction

connected in series between its associated winding and the first switch and its
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associ at ed MkHdFHg~aﬁd“f+E?fTTST switch and its emtter-collector junction
cohnected in %%hPﬁ& c&gs associ ated wi nding and the actuator, and

t he other of ? each of the second and third pairs haV|ng
its en1tter-ba nected in series between its associ ated

wi nding and th and its emtter-collector junction connected
I n series between |ts aSSOCIated wi ndi ng2end the actuator; and a
plurality of resistors, each resistor being coupled to the emitter-base

j uncti on a C|atedtran3|stor for,. nlmz current flown
Lo the w naMHsEple e R Cbithe 15 M SoHated winding Acor or o

f“’{‘?éfbyp;geiﬁﬁa&gaﬁa ttmt'ﬂ%z G| reev%r%’?shaséé“ﬁ'% fHing SRRl ﬁi @L:‘ .
C e Léﬁl*%’pé“%e%ﬁ%rﬁﬁaﬁ%c' }Rol BB bR PRl nd .5,
di fl din -
e B B oA o T
power - of f sbg&?eeaItts%%{)ﬁ%@émwﬁ%%g‘es&méﬁe not or generates current

t hrough the secon tter-base junctions of the

second and third ‘Pﬂ%'reﬁ v s%é&% 'fg(tg%?ﬁlg fg,%sfggtc lt\téﬁluﬁon}é)ce Pth%q’réthe second

and third pairs o rs an I r'ec emal ni ng cdrrent from

tzge second ang%gbﬁg‘gwmew %I’I v ccorarhl NGt genprates, currirlt thiohah e firdai
pover 1 ooV alyndiSRONReLhLoRATRE b8 e Balof FndidBATH 0h HAADREI °d {0

the first swtc a resi st'or I‘CUI conne to the

SeCond Shi ! Bk BF bR by FEA R pre?jtqﬂ&lr,m & gﬁgemﬁva'

of spindle

tinme const amacﬁﬁfatcff Nendifv r V\ﬁééfoﬁgé to plosing of the se switch u BA r&k ofl{h'

according to clarm 11 eint rst swtc rlse a pair of

field-effect to
c: aim 13 mg%%@rﬁ%é?ﬁfﬁl%\aé . the freely rdtfiting spnrﬂi@nﬁ&&@eﬂéfaY@s G ikd@n

the second and third windings to emitter-base junctions of the second and third

pairs of transistors, respectively, to turn on the second and third pairs of transistors
and thereby direct remaining current from the second and third windings to the

actuator.

14.  The disk drive according to claim 13 wherein said spindie motor
power removal circuit comprises a first capacitor connected to the first switch and a
resistor-capacitor (RC) circuit connected to the second switch for turning on the
second switch a delay time after removal of spindle motor power, the delay time

béing predetermined from the RC time constant of the RC circuit.
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transfi stors are depletion node field-effect transistors held open by the
application of power during operation of the disk drive and cl osed by the

rémoval of power. 15. The disk drivelh im1l
further conprising a ranp for supporting the carr “ rhe di sk
surf ace. 15.
The di sk drive according to claim 13 f @bt her conprising a plurality of

resistors, each resistor being coupled to the emtter-base junction of an
g che ooy oIt E R hAI R  olpal
of "1 el d- of £ copopre ol i brbelr LLBiEH ) 4he Sk Bhpd Pfon o R b0 TR 5

el a1 m 16 Wher Gl Al 58 L ABRS BT 8indlER) 1 S

field-effect transistors open Dby e“application wer during

oper ation of 1 | y the renoval of power.
18. The di sémgtref\bé&aﬂgégt}b ??1’8 eg}agl?’%%nrgm further conprising a ranp for

supporting the carrier away fromthe disk surface.

16. The disk drive according to claim 13 wherein the first switch

comprises a pair of field-effect transistors.

17.  The disk drive according to claim 16 wherein the field-effect
transistors are depletion mode field-effect transistors held open by the application

of power during operation of the disk drive and closed by the removal of power.

18. The disk drive aoﬁording to claim 13 further comprising a ramp for

supporting the carrier away from the disk surface.
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19., > A magnetic recordi ng | oad/ unl oad di sk drive conprising: - a

nmegneti c recordi ng disk for the recordi ng of data; a three-phase
spindl e notor having a winding for each phase and connect edy Shebiifis Hles Kentaced
for rotating the disk; a transducer for witing data

data fromthe disk; a carrier for_supporting the trar‘ﬁﬂﬁﬂ"ﬂmnﬁ

a voice coil notor actuator for noving thé7carrier general ly

across the disk; a suspensi on connecting the carrier to the

tuator f [ ini th . YRar ik . the di sk when th
i sk i s rorating (o A Mednste ss@rdigloatfEflost e BERRBEC O ey ey
f t he di sk wh [ d el R . -of f ci it
rreggqons?aveI tso re%@é&ﬁ%ﬁ'%&@abﬁﬁ%ﬁﬁ%@ﬂégt%éggﬁl%g %‘{aé?-; : powe.raof! rg!t.r gw tch
e of 1ol B ol b8P Rihd 8 Wit foP BAEH oitlss e/ EHhbeted

a second switch responsSive to a secon wer - oft 'signal Trom sald power-of f

circuit, theﬁnﬁﬁgaﬁﬂf&q{‘)ﬁ"t’? tle filignal occurring a predetermned delay time

after said I Tst power-o signal ; and a rectifier circuit coupled

between the spi ”dAﬁa@aheérf ritildCsttd orGbadiftf datd fonfingdidkor converting back

el ectronotive force fromthe sprndle notor to actuator coil current for

driving the Ca”ie??arﬁé’rfw@ucﬂﬁﬁmﬁg'iﬁefr&%u%\?n power to the spindle notor is
urt

renoved, the rectifier cir onprising conprising first, second, and

third pairs of %i&&g?m%ﬂ adtl&BF o RitRIngdhe E&TRESr Mﬁélf}'ra&*ﬁw £@6ss thach

pair of current contr devi ces bel ng associated wth rfespective first,

second, and gigkrd w ndi ngs,
28

a suspension connecting the carrier to the actuator for maintaining the
carrier near the surface of the disk when the disk is rotating;
a load/unload ramp for ;ia'rking the carrier away frbm the disk when the disk
is qot rotating;
a power-off circuit respohsive to removal of power to the spindle motor;
a first switch responsive to a first power-off signal from said power-off circuit;
a second switch responsive to a second power-off signal from said power-off
circuit, the second power-off signal occurring a predetermined delay time after said
first power-off signal; and
a rectifier circuit coubled between the spindle motor and the coil of the
' actuator for converting back electromotive force from the spindle motor to actuator
coil current for driviné the carrier to the parking ramp when power to the spindle
motor is removed, the rectifier circuit comprising comprising first, second, and third
pairs of semiconductor directional current control devices, each pair of current

control devices being associated with respective first, second, and third windings,
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each™current control device in the first pair being connected between the
fi-rst winding and the first switch, one of the current control devi ces I n
each of the second and third pairs being connected ks Skeetriias Been B at ed
wi nding and the first switch, and the other of the cg “ﬂm‘“ﬂﬂ ‘! deV| ces
I n each of the second and thlrd pairs being connecte

associ ated wi nding and the second sw t ch28 sk drive

according to claim19 wherein the current control devices are diodes.

THI' S SHEET HAS BEEN 29
each current control devnce in the first pair being connected between the first

winding and the first switch, one of the current control devices in each of the
second and third pairs being connected between its associated winding and the first
switch, and the other of the current control devices in each of the second and third

pairs being connected between its associated winding and the second switch.

20. The disk drive according to claim 19 wherein the current control

devices are diodes.

THIS SHEET HAS BEEN
REPLACED -

* c L M s *



21, The disk drive according-to claim19 wherein the current control
devi ces are bipolar transistors, each transistor in the first pair having

its emtterm t iSREEdnnect ed in series between the first winding
and the first |Lts emtter-collector junction connected in
series betwee i nding and the actuator, one of the transistors

I n each of the second and third pairs having its emtter-base junction
connected in series between its associ #8%ed winding and the first switch

and its emtter-collector junction connected in series between its

associ at ed wi ndi . andihe Hisk dove aeenrding fdiclaime 19 wheseinthe cHEeRt CORtPlst or s i n
each of the second and third pairs having its enmtter-base junction

connect ed i ndevieasiase bipelanirensistoss, ggch rangister ipithafirepaliRevingdissecond swit ch
and its emtter-collector junction connected in series between its _
associ at ed wemitterrjasgignctioneconpectad By serigs bebyren;the fist winding and the st ng of t he
first switch upon receipt of the first power-off si %nal , tL]e freely
rotating spi Bitch anskitsrenpitter-gallecter petian gonnpeted it series bepygegithe fitsti ng ¢ o
emtter-base junctions of the first pair of transistors to turn .on the

first pair owindingandiheastugion aneLfds transisters in @ﬁ% ofithe seqand ang ﬂf'?‘ﬁm t he
first windin

par ki ng rarrp8ai§a@$ﬂg%t§%ibﬁﬁé%geﬁ§“‘%%5gi%hgé‘ﬁéé)?'%\{igﬁégtﬁ’&gg\r# 'f“%[*f’c?g r(rjezzgfpt |
ener at oe. oINS 44 b6 gt Yo and oG lar R il SBoeFls P ®S _base
Lurn on the. bevoRn s Assadrrwiinadal e alivelds LR Rl aLhBIpRERpETE
Lot uat or "t o ef Yah gascadandafing pai iy sl A8 uideh dBn e ] on ©

gPur ality (2)f2 'serie-l\;. eetv?n'egnkitsdésls\cl)gia eC V?irn an%nE?heCée%or% %\%'Iit(];huér:[ltpﬁsr conmprising a

emitter-collector junction connected in series between its associated winding and
the actuator; whereby in response to closing ?f the first switch upon receipt of the
first power-off signal, the freely rotating spindle motor generates current fhrough the
first winding to emitter-base junctions of the first pair of transistors to turn on the
first pair of transistors and thereby direct reméining current from the first winding to
the coil of the actuator to move the carrier toward the parking ramp, and in
response to closing of the second switch upon receipt of the second power-off
signal, the freely rotating spindle motor generates-current ihrough the second and
third windings to emitter-base junctions of the second and third pairs of transistors,
respectively, to turn oﬁ the second and third pairs of transistors and thereby direct
rémaining current from the second and third windings to the coil of the actuator to

drive the carrier up the ramp into its unloaded position.
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resistars, each resistor being coupled to the emtter-base junction of ‘an
associ at ed

! h”ﬂQsSée% lafe@’ M nimzing the current flowing fromthe w ndi ngs
t'hr ough e junctions of the transistors. 23. The
di sk drivi i “ claim19 wherein said power-off circuit conprises
afirst c ted to the first swtch and a resistor-capacitor

(RC) circuit connected to the second swi3fch for turning on the second
switch a delay tinme after renoval of spindle nmotor power, the delay tine

bei d Ined ' st ant h . Ci it .

24, The di sk dr fi%@?fﬁ%@fﬁ%@%ﬁ#ﬁ@ﬁi et A 9§ngwf L
' | | - t t | . oo 29 The di '

cacor di ng. « OB egh it o o bRy e plitervese yopiep(sP en BodR o1 | on

operati on' of ren RERTRGdg Surert Bfng tehlfe S hrslgn fie PO TN

emitter-base junctions of the transistors.

23. The disk drive according to claim 19 wherein said power-off circuit
comprises a first capacitor connected to the first switch and a resistor-capacitor
(RC) circuit connected to the second switch fo_f fumiﬁg on the second switch a
delay time after removal of spindie motor lpower."the delay time being

predetermined from the RC time constant of the RC circuit. -

24. The disk drive according fo claim 19 wherein the first switch

comprises a pair of ﬂel.d-effect transistors.

25. The disk drive according to claim 24 wherein the field-effect
transistors are depletion mode field-effect transistors held open by the application

of power during operation of the disk drive and closed by the removal of power.
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