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Description of the Prior Art Renovabl e di sk cartridges for
storing digital el ectronic information typically conprise an outer
ca5|ng or 15 shell that houses a rotatable recording medium or disk, upon
whi ch el ectronic information can be stored. The cartridge shel | often
conprises upper and |ower halves that are joined t oget her SRldese t e
di ski The di skW™oPsB#fBt ed on a hub that rotates freely V\A?JFT:}H (it
cartridge. Wen the cartridge 20 is inserted into a disk drive, a
notor-driven spindle in the drive nust engage the hub in order to
rotate the disk(s) within the cartridge. St andard fl oppy
disk drives typically enploy a mechani sm that gui des the disk cartridge
as it isinserted 25 into the drive so that the hub of the disk is brought
domnmardly into engagenent with a fixed, rotatable spindle,. . These
drives nust be of sufficient hei ght to acconnDdate t he verti cal
novenent of the floppy disk. WO 96/ 36048

PCT/ US96/ 06249 - 2- A nore
preferable solution is to provide a straight i nsertion path for the
cartridge and to nove the spindle notor into engagenent with the hub of
the cartridge. Publ i shed I nternational Application No. W 93/18507,

u-s. DISK DRIVE HAVING AN AUTOMATIC SPINDLE
MOTOR LOADING MECHANISM

BACKGROUND

Field of the Invention

5 The present invention relates to disk drives of the
type that accept removable disk cartridges, and more
particularly, to a disk drive having a mechanism for
automatically loading a spindle motor, i.e., moving the
spindle motor into engagement with the hub of a disk

10 cartridge upon insertion of the disk cartridge into the
drive.

e iption o e Prio t
Removable disk cartridges for storing digital
electronic information typically comprise an outer casing or
15 shell that houses a rotatable recording medium, or disk, upon
which electronic information can be stored. The cartridge
shell often comprises upper and lower halves that are joined
together to house the disk. The disk is mounted on a hub
that rotates freely within the cartridge. When the cartridge
20 is inserted into a disk drive, a motor-driven spindle in the
drive must engage the hub in order to rotate the disk(s)
within the cartridge.
Standard floppy disk drives typlcally employ a
mechanism that guldes the disk cartridge as it is inserted
25 into the drive so that the hub of the disk is brought
downwardly into engagement with a fixed, rotatable spindle.
These drives must be of sufficient height to accommodate the
vertical movement of the floppy disk.



S Patent No. 5,317,464 (Wtt et al.) and U. S. Patent No. 4,663, 677
(Giffith et al.), the latter of which is assigned to the sane Assignhee

as. the present invention, all describe renovabl e ecartridge disk drives
in which the spindle notor is noved vertically into engagenment with the
hub of a disk 10 cartridge upon insertion of the cartridge i%“?m c5ib SK
drive. In eac/W@¥s6M8pyenent of the spindle notor is effec through a
conpl ex series of nechanical |inkages. The 2corrpl exity of such nmechani cal
| i nkages increases the manuf act uri ng costs ‘of the disk drive. Moreover,

each of 15 these prior artA%&fe PefRTabldUsé Bt 16H U t@pﬁﬁ':éiridé Pysteight
user. For exanple, in bpth U

at ;g'gt No.t4 63, 6&7 and }F’ éﬁ_{%
| nt er nat i onal AppF‘PﬁﬁF'Fb?f‘ NRER)\SoF3 FRgspartTidae an sen@pEe rought
i nto engagenent wmbhot hinth séngagemattwmgethw hﬁheorfaﬁbsl C@{é@ﬂﬂﬁ%ﬂ of a

| ever disposed Onp{wﬂfz.gﬂeé rﬂﬁer‘i‘fat&%ﬁaﬂrkﬁﬁféﬁﬁ%ns No%Wé”?@?l@iD'lﬁ&I Jsver
S transl ated 1 nto npvenent _of gsg%\lgdle t or %?SSf: ?ncﬁ]

| i nkages, cams an82§eRf oy P3g, 4Igét FECReEE s2izP7 364 V- Pref? fral
closure of a drive,de»;67? (Gmiffixthedtt Al olghthe Satites of wbichi hxkapsicned

gears into vertic % Hsildie 535”%@ é’&ﬁtor nvent:.on, all dééc'i‘:.be
Pat ent No. 4, 482, 853{3& scl ose ﬂtdﬁ e X

motor driven cam KEMEERPY® GAREE ?ﬁﬁ% Jﬁ’o chf ti"ﬁesaﬂl & motor is
vertically into emgeg&neﬁ-t:lm’:a]tiy :Lntbhengagemertt hwilthotthe bubpaftadissk The’

| oadi ng nmecha ' t t | a d K he
type 1 deser Dogeafabadd i MiRecich P oy (chuia1bot §§Eb o8 fhe

recei ve standard E5iFBect HR SBCH (Fa8ear BORBTERY AL they SRR °t°5 is
cartridge housi ngeffacoed celetamgh anicomplek chexis=s cifs mechanheal t 1 brkages:

comact di sk | nt oghlech Ve Al i Gkl Rchiieia Mbilagisl MRErCaRgANEr | 0

order to nove the spin g%agﬁment Wt h the di sk hub. cam
mechani sm bri ngs ManufReturing oS Kvent  NerROYRE. o‘?%‘?}‘

t he : 15 these prior art disk drives requires manual operation by the
user. For example, in both U.S. Patent No. 4,663,677 and
Published International Application No. WO 93/18507, the
apindle motor is brought into engagement with the disk
cartridge by the manual operation of a lever disposed on the

20 front of the drive chassis. Movement of the lever is
translated into movement of the spindle motor by a series of
linkages, cams and gears In U.S. Patent No. 5,317,464, the
manual closure of a drive door is translated through a series
of linkages and gears into vertical movement of the spindle

25 motor.

U.S. Patent No. 4,482,993 discloses a compact disk
player that employs a motor driven cam member to move the
spindle motor of the drive vertically into engagement with
the central hub of a compact disk. The loading mechanism is

30 not designed for use with disk cartridges of the type
described above. Rather, the disclosed drive is designed to
recelve standard compact disks that are not contained within
a cartrldge housing. An opto-~ electronic switch detects
insertion of a compact disk into the drive and activates the

35 motor driven cam member in order to move the spindle into
engagement with the disk hub. As the cam mechanism brings
the spindle motor into engagement with the disk hub, the
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- 3- . mechani sm contacts a mechanical switch that deactivates the cam
nmechani sm Activation of an ejection button causes the mot ori zed cam
mechani smto be reactivated, thereby |owering t he spindle notor.
Unfortunately, the nechanisn1disc|osed in the aforenentlogﬁgngghﬁgb 1s
bul Ky and reqWP8&36p8c drive to be exceedingly tall in or

accomopdat e t he | oadi ng mechani sm Additionally, the drive cannot sense
or determ ne the relative position of the gglndle not or or cam nenber at

10 al'l tines. Thege g G fzﬂnt@&gdxaaaeﬂaﬁlé@kesdl%ﬂ Qﬁﬂt naeactmrewl

of this patent |npract|cal f-or use in a,c g ght di sk
drive designed fo?a'ﬁs‘Eﬁ%%”r?‘%no\%ﬁFgatmﬂngg %ﬁjﬁc& 8§‘ utt°n “causes the
view qf the foregectrgrizdébronm mezhanddmf bo e ﬁéaatrqma@edd therebye Iuweoring
Ioadlng nmechani smhat iﬂHﬂH“H%tor conpact, cost effective and precise, and
t hat does not requf?e manual operation of a lever, or the I.ike, in order
to .bring thé spindle nﬁWQﬁ°¥§Hﬂ§§€ﬁ§agEH§n?eﬁﬁﬁ?F%F(ﬂ%ﬂ? osed iR thge. The
present inventi onafétemdnteiordid panead. is Bilky and requires the &INMRS @e

THE | NVENTI ON exceedingly tall in order to accommodate the loading
mechanism. Additionally, the drive cannot sense or determine
the relative position of the spindle motor or cam member at -

10 all times. These and other disadvantages make the loading
mechanism of this patent impractical for use in a compact,
reduced height disk drive designed for use with removable
disk. cartridges.

In view of the foregoing, there is a need for an

15 improved spindle motor loading mechanism that is more
compact, coet effective and precise, and that does not
require manual operation of a lever, or the like, in order to
bring the spindle motor into engagement with a disk
cartridge. The present invention satisfies this need.

20 . SUMMARY OF THE INVENTION
The present invention is directed to a disk drive

for writing and reading data to and from a disk contained in
a cartridge which is inserted through an opening into said
disk drive, and more particularly, to a disk drive having a

25 spindle motor loading mechanism for automatically bringing a
spindle motor into and out of engagement with the hub of the
disk cartridge. According to the present invention, the disk
drive comprises a motor ring rotatably mounted in the disk
drive, and a spindle motor adapted to engage the hub of a

30 disk(s) inserted in the drive and to rotate the disk. The
spindle motor is mounted in the motor ring such that rotation
of the motor ring in a first direction moves the spindle
motor into engagement with the hub of the disk cartridge and
. opposite rotation of the motor ring moves the spindle motor

35 out of engagement with the hub. A position transducer
provides a preferably continuous output signal indicative of



The present invention is directed to a disk drive for witing and
reading data to and froma disk contained in a cartridge which is

i nserted through an opening into said di sk drive, and nore particularly,
to a disk drive having a 25 spindle notor |oading mechani smfor
automatically bringing a spindle notor into and out of en -t h
t he "hub of thcWO9/ P« cartridge. According to the present iﬂ@gﬁgﬁgﬁ?&lhe
di sk drive conprises a notor ring rotatably, nounted in the disk

drive, and a spindle notor adapted to engage the hub of a 30 disk(s)
inserted in the dijue, apge{ShdOtRIALIBE JESthe WStor 3RLN]I & 1B48)ejcct

mounted in the notor ring such that rotation of the motor ting inh a
first direction nﬂ?&?rtﬁg“%’b?:lrﬁjl e rofatien; of Shs, ForereRtnd; 1R {g?'%p‘?ﬂﬁ? 5P
the di sk cartri dgehandutputbppiggiale fromathenpoditivn nyaoedocey. novks disk

spi ndl e motor 35 agﬁvgfmﬁfgﬁ&ﬂ% a%bﬂt%@flgybfoﬁm%iﬁﬁl?éréﬂédigé‘&/v%ect

provides a preferably continuous output signal 1ndicative .
96/ 36048 5 motor. in response to the oUtp@y® /8§2&§e position
-4- t he rotat teanbdpesiii on of the notor ring. A |oad/eject not or

controls the rotation of !9 Med:ae 'g{ag&mgm,e i poglifloRUt Puhodbani!
fromthe position transducer. e di sk .drive may i1 nclude,a controller
for controlling tREMPEABSY; AR 1e1oNgREEorephst G oifde LR LB dBEREIORi}nal of

t he position t sapgdoecwithin the disk drive and having first and second

10 ends, the first end of the resistive ink trace being
connected to a voltage source and the second end being
connected to a ground potential. A contact element is
fixedly mounted on the motor ring and positioned thereon in
sliding contact with the resistive ink trace, between the

15 first and second ends thereof. The contact element operates
to slide between the first and second ends of the resistive
ink trace as the motor ring rotates between engaged and
disengaged positions of the spindle motor. A voltage signal
at the contact element defines the output signal of the

20 position transducer and is indicative of the rotational
position of the motor ring.

The disk drive may further comprise a spring
coupled to the motor ring for biasing the motor ring in the
first direction of rotation, and a cartridge eject lever

25 pivotally mounted in the disk drive. The cartridge eject
lever engages a pin on the motor ring when a cartridge is not
inserted in the disk drive to prevent rotation of the motor
ring in the first direction under force of the spring. The
lever is pushed out of engagement with the guide pin of the

30 motor ring when a cartridge is inserted into the disk drive
thereby allowing the motor ring to rotate automatically in
the first direction to an intermediate position under force
of ‘the spring. The controller receives the output sigﬂal
from the position transducer, which is indicative of the

35 intermediate position of the motor ring, and, in response,
activates the load/eject motor in order to continue rotating
the motor ring from the intermediate position to a fully



In a preferred enbodi ment, the position transducer conprises an el ongate

resistive ink trace printed on a surface within the disk drive and
having first and second 10 ends, the first end of the resistive ink trace
bel ng connected to a voltage source and the second end being

connected to a ground potential. A contact elenent is fixedl d on
the notor ringWesd36%48iti oned t hereon in sliding contact WFFﬁmgﬁﬁakf
resistive ink trace, between the 15 first and gecond ends thereof. The
contact el ement operates to slide between"tRe first and second ends of

the resistive [ r s Lhes Iy LAk g a
di sengaged positi &%&g\?a?ﬁgggl{aﬂnd?gmn}%%{ .t@% \7 Ptﬂggée @%ﬁf&ﬁ@%? ?ﬂg B of
contact el ement ddmienddskndnotbhp tashyidde.-of the 20 position transducer and

is indicative of the rotatisedal furpher] iaitinfr the motor rimg.or a housing

The di'sk drive ma her . ri ﬁﬁg.é%§k P t : Li NQ
for biasing the rm%tﬁcc#ﬁitrei_%glﬁﬁﬂ?h%é@op | rsft [ rlgcﬁlggnéﬁiléo 1:&#&0? gégga .
cartridge eject5| @xsenddng therefyomy fndk Fhen other gFQrpensife hapa PARFRLdEY
ej ect | ever engFyeamd sfblisOfot tedaiiviing ithe PHAB. a T iy @peratet to
inserted in the di [ t r i Ll ' e
first direction ur?slé‘rlgﬁo)régg g‘?lgt%&gé ral{ér)];t%tal'&'g’tgg %ggv%;?éésgtffsﬁéd%%ﬁ%gogg
engagement with t rte*agmlaéepl:heow;%{%mroNen:ﬁgamémrapctm ic¥§eof s
inserted into the aigilgethiehtewith thenally of ke d@skheariiidge. ng to rotate’
automatically ] the fi i ti t inter Late pasitiqn der
- force of t#’l@ spring. T?ggggg?g’gff e‘%g? egoeﬁaé]/eeégf: e%gégufs s?%ﬁ#aﬁtg‘veﬂ'f rom
the position transtwpded #hi theimotorlixing wiaok ghar 3erain diatditaepslates
position of the MyjemenBlotafHe loadASRUtSthotor 2atbdVAdEMtidie JfORRecn88br
notor in order to _continye rotatknlgr - t&%d’mto rLpg fromthe |%taerrre§| a&e
position to a ful {Rg- In a prefe ed e diment, motor ring has a loa
cam surface and an eject cam surface, and a final gear of the
15 gear train has a drive pin that engages the load cam and
eject cam surfaces at respective angles of rotation of the
final gear in order tc rotate the motor ring in the first and
opposite directions, respectively.
Additional features and advantages of the present

20 invention will become evident hereinafter.

BR DESCRIPT OF DRA
The foregoing summary, as well as the following
detailed description of the preferred embodiment, is better
understood when read in conjunction with the appended
25 drawings. For the purpose of illustrating the invention,
there is shown in the drawings an embodiment that is
presently preferred, it being understood, however, that the
invention is not limited to the specific methods and
instrumentalities disclosed. In the drawings:
30 Figure 1 is a disk cartridge adapted for use in the
disk drive of the present invention; ' .
$ Figure 2 is a bottom view of the disk cartridge of
Figure 1;
Figure 3 is a perspective view of a disk drive in
35 accordance with a preferred embodiment of the present
invention; '



WD 96/ 36048 PCT/ US96/ 06249 | oaded
positien in which the spindle notor engages the hub of the disk in the
cartridge. Still further, either the motor ring or a housing
of the spindle notor preferably has a plurality of pins 5 extending

therefrom and the other conponent has a plurality of cam %ﬂg 0
receiving the WH%36Be pins operate to  follow the canlsLof e
notor ring rotates in order to transl ate thq%spindle notor vertically
i nto. and out of engagenent with the hub of theé disk cartridge. 10

Preferably, the Ioad/eject pRhife isa QBEhbé¥Shdctive QURWEHE! End NE1 P ive

ring via a gear train_that translates novenent of the | oad/eject t or

into rotation of tRe FAyre 3 “thg?t?n°%F?ﬁeQQHq¥9§ ERBYF Fﬁ,e%ﬁﬂ§qﬁgﬁﬁr

ring has a |l oad driwve sthdsies and sarieesticogmoremtsancunted thdrewal; gear

of the 15 gear train has a-fkédﬁédﬁ4%rhhﬁ£eeﬂﬂ§ EQQxb&@@i& 1 and ej ect
I orf of the ' '

cam surfaces at respective angles of rotat ,fina ear i.n order
to rotate the not oFefRERF+ %ﬁ’he"lfi FgF drtve chassds of Hi‘-%ﬁ?i%‘ﬁss,hm"ing the
respectively. spindle modwidi lioaddhgfeetharssmed atieapragest dinvdrrion in a

BE?EE”EEégR:g¥?2;;€§;¥$Ehﬂ%%%%ﬁﬁgg¥%g?nt herelna;Lgrfore 0i ng sunmary, as
wel | as the follow ng diHYTE] SddSc AR peRrtArgnd Mar &Ve evi SR thent |
I's better spindle motor and spindle motor housing of the disk drive of

10 the present invention; |

Figures 6A-6D show various additional views of the
motor ring of Figures 4A-B;

Figures 7A and 7B illustrate the operation of the
motor ring in . translating the spindle motor from a fully

15 unloaded position to a fully loaded position;

Figure 8 is an enlarged view of the spindle motor
loading mechanism of the present invention and provides
additional details of a motor ring position transducer in
accordance with the present invention; '

20 Figures 9A-B are top and bottom views,
respectively, of the drive chaseis showing the spindle motoxr
loading mechanism of the présent invention in an intermediate
position between the fully unloaded state of Figures 4A-B and
a fﬁlly loaded state;

25 - Figures 10A-B are top and bottom views,
respectively, of the drive chassis showing the spindle motor
loading wmechanism of -the present invention in the fully
loaded state; and

Figure 11 is a state diagram illustrating further

30 details of the operation of the spindle motor loading
mechanism of the present invention. '
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10a, 10b are formed of a rigid plastic material. 1In the
present embodiment, the disk cartridge 10 contains two
recording disks that are attached, in stacked relation, to a
common hub (not shown) rotatably mounted within the outer

‘casing. A door 12 on the casing provides access to the

15

20

recording disks by the read/write heads of a disk drive. 1In
the present embodiment, the recording disks comprise rigid
magnetic media, however, other recording media may be
employed, such as floppy magnetic media or optical media.
Figure 2 is a bottom view of the disk cartridge 10
of Figure 1. As shown, the bottom shell 10b of the outer
casing has an opening 14 that provides access to the common
hub 16 of the recording disks within the cartridge 10. B2s
described hereinafter, the hub 16 engages a spindle motor of

" the disk drive through the opening 14 in order to rotate the

25

320

35

recording disks at relatively high speeds. A slot 15 in the
bottom shell engages a retaining tang (not shown) on the
spindle motor housing to position the cartridge preclsely
within the drive.

Figure 3 shows a preferred embodiment of a disk
drive 20 according to the present invention for receiving the
cartridge 10 of Figures 1 and 2. The disk drive 20 comprises
an outer housing 18 that is attached to a rigid chassis 21.
A front panel 24 is attached to a forward end of the chassis
21. The disk cartridge 10 is inserted into the disk drive 20
through an elongate, horizontal opening 22 in the front panel
24. An eject button 26 is provided on the front panel 24 for
automatically ejecting a disk cartridge from the disk drive
20, as described hereinafter. In the embodiment shown, the
disk drive 20 is configured for insertion into the housing of
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15
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30

35

20 of Figure 3 with the housing’/18 removed. As shown, a
number of components are mounted on the upper surface 2la of
the drive chassis 21. For example, an actuator arm 32, which
forms part of a radial arm voice coil actuator, is pivotally
mounted to the drive chassis 21 at 38. The actuator arm 32
has a plurality of suspension arms 34 at its distal end that
each carry a read/write head 36 for recording and reading
information to and from respective surfaces of the recording
disks of cartridge 10. A voice coil element 42 is affixed to
the other end of the actuator arm 32 for controlling the
rotational movement of the arm 32. A head loading mechanism
35 facilitates loading of the magnetic heads onto the disk
surfaces. Additional details of the actuator aﬁd head
loading mechanism are provided in co-pending, commonly
assigned, U.S. patent application Serial No. ’

filed concurrently herewith, entitled "Head Loading Mechanism

for a Disk Drive" (Attorney Docket: IOM-8781) and in co-
pending, commonly assigned, U.S. patent application Serial
No. 08/377,033, filed January 23, 1995, entitled "Compliant
Anchor for Securing Disk Drive Actuator Bearing”, both of
which are incorporated herein by reference.

As further shown, a head park lever 44 and a
cartridge eject lever 50 are each pivotally mounted to the
drive chassis. The operation of these levers 44, 50 is
described hereinafter. 2As also described hereinafter, a
spindle motor 110 and its housing 112 are mounted in a motor
ring (not shown)ﬂbn the underside of the drive chassis 21.
The motor ring operates to translate the spindle motor
vertically through an opening 23 in the drive chassis 21 in
order to engage the hub 16 of the disk cartridge 10.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Referring
to the drawi ngs wherein |ike nunerals I ndicate |i ke el enments throughout ,
there is shown in Figure 1 a disk cartridge 10 for use with the disk
‘drive of the 5 present invention. As shown, the disk cartridge 10
conprlses an outer casing consisting of upper and | ower sh So6/BE3

| ob,” respect i vBIQP6BE4Rf or ably, 't he upper and | ower shells gghﬁ | Ob ar e
formed of a rigid plastic material. In the resent enbodi nent, the disk
cartridge 10 contains two 10 recordi ng di sks that are attached, in stacked

relation, to a  common hyignes ahonnéhwtedﬁlana Borebadvie#s N the outer

casing. A door 12 on th ca |ng vi des ess A C I 4
by the read/wite ’FFE%RE‘: SE g <§ r:wet ﬁg £ %ggﬁtélgn%ﬂj ﬁ%_ %ée‘

recording disks conpmém'-m@ﬁd‘:ls ﬁngn@le d“QﬁSd:I éoaﬁémm#chfmm -"r‘bcor d| ng
nedia may be et sDRhceS Wikhaa i:ir@f’@b’ré&igﬁﬂiddﬁ.méﬁdl 6f0Eh@F§ré‘s'ﬁntrYEdl a.

Figure 2 is a bqgttom view of artrid

shown,. t he bottgm VRT3 BYy &Jﬂﬁhgpﬁﬁ?‘ m°t°IggL§’a%1nﬁage5n 0 n| Hg tf%st hat

provi des access tcprd:&elm)mrmenmonugowbiea,hesqn@@éiéwngadﬁs 1% twaten A0

motor of  the A Lo oot o Lo e g
recordi ng di sks atp?%?‘gitqr\/é:lr?nﬁﬁﬁﬁegpgidglp"% &th &) BOFR™{ ftRd SP%'&H?

shel | engages a releadfeipdtamgtomo?4 stmdrgssncidted §eapi tuhin nth -2 hears kye
to position thﬁ.caﬁéédagﬁapr @! §&¥rldg?vﬁféﬁﬂ1ﬂé@%rgrh!e 50 mentioned above.

Figure 3 shows a pre

rive accor
the present inventT Wdrl&MP’n'gE?ﬁ‘glng and, ynlogd gngo‘“ﬁéhﬁ' égé f%z?nd
2. The disk drive ﬁﬂemmrﬂmmtaanaﬁunutmnﬁmm(ag ihavehahelspi-ndba:hmtdm a

rigid chassis 21. sneq Aerfg e&%”%&tﬁ“th& g %“é“;%gx tEthf ﬁé n the

chassi s 21. The rtr IS I nsert dr| ve 20
t hrough-an el ongat ¥ ?i'fﬁ‘i%r‘l’cfa["-hﬁpéﬁ?hg"?%t?’l‘ﬁs{%énﬂ:f’oﬁbepﬁh%* drs veny (23
ej ect button 2G5 suplsok dok eetibeokr anh ¢hintle Zbdial arm voice coil actuator

once the spindle motor is engaged, (3) disengage the spindle
motor from the cartridge and eject the cartridge from the
disk drive when the eject button on the front panel 24 of the
disk drive is depressed and (4) move the actuator arm into a

20 retracted, parked position as the cartridge is ejected from
the disk drive.

Figures 4A and 4B illustrate the position of the
head park lever 44, cartridge eject lever 50 and radial arm
voice coil actuator 30 when the drive is not in use, i.e., no

25 cartridge has been inserted in the drive. As shown, the
cartridge eject lever 50 is pivotally mounted to the upper
surface 21a of the drive chassis 21. A spring 60 biases the
eject lever 50 toward the insertion end 27 (i.e., front) of
the drive chassis 21. A catch 52 formed at the distal end of

30 the eject lever 50 engages a pin 62 that is attached to a
portion of the motor ring 66 on the underside 21b of the
drive chassis. When the motor ring 66 is in the position

Co. shoﬁn in Figure 4A, the pin 62 prevents'the eject lever 50
from springing further toward the insertion end 27 of the

35 disk cartridge.

The eject lever 50 has a dwell cam surface 54 and a
second cam surface 56 that, as described hereinafter, slide




35 automatically ejecting a disk cartridge fromthe disk drive 20, as

descri bed hereinafter. In the enbodi nent shown, the disk drive 20 is
configured for insertion into the housing of WO 96/ 36048
PCT/ US96/ 06249 a conputer system such as a personal conputer.

However, the di sk drive 20 can also be enployed as a stand: gnaw't.
Preferably, th®OPs3M88 panel 24 is formed of plastic, and theq’&%%gum ng 18

and drive chassis 21 are fornmed of metal, althqugh 5 other suitable
materials may be enpl oyed. Figurée 3A is a perspective view of

the disk drive  RQ0bnEi gihes3 J¥ lhe BRLBRUELAY d8 dEAREYariSus hotlges of
nunber of conponents are m)gnt ed on the  u pgr su faé% Zlaégf, ﬂhe drive
chassis 21. For eX@ffFéoRaf aE‘?%é'E‘?ﬁ"’-’aFH’gz, Snhi SO o1 U e o) =
radial armvoi ce ®digurecéBatihe dvwelli weimabhyface nplmatacgst bbedpineé2 and
chassis 21 at 38. ¢[a2eBe! YREPENEE BHY motoB28iAgPES Sldrl YoRhtIHGPEERAED BHdTD

34 at its distal end that ach carry .a read/wite head 36.for recordi
and readi ng ?nﬁ’&?ﬁﬁ?aoﬁn‘?‘og]arfgff eﬁ‘&?ﬁe@ﬂ’% U e &F‘°F%§l?%c:b’? (#’%J
15 di sks of cartri4dgdcodOntdrvolamkvwicd wheanevhewd? irs Rifd.i 284 .t 0 t he

other end of the actuator arpp2gr{&de GAINH @zt B8 bhCthe d{dcd 1@RRlk BBvVeEnent
of the arm 32. A head | oadlﬁng ”fv%{%ﬁgi@fa:?p? & jtaetes | Qadi ng of the
: d

acl
magnetic heads onE®Ipgesqtlg fo fi%ré}sﬁaaéitFég@F'tﬁeg'

actuat.or and headcartridge 10, when the cartridge is inserted into the disk

10 drive through the insertion opening 22 in the front panel 24
of the drive. Continued insertion of the disk cartridge
causes the eject lever 50 to pivot toward the rear end 25 of
the disk drive against the force of spring 60. This loads
the spring 60. As the eject lever 50 pivots toward the rear

15 end 29 of the disk drive, the dwell cam surface 54 will slide
along the pin 62 until it moves just past the pin 62, thereby
releasing the pin 62 and allowing the motor ring 66 to
rotate, as described more fully below.

The head park lever 44 is pivotally mounted to the

20 upper surface 2la of the drive chassis 21 at 44a. Movement
of the head park lever 44 is controlled by movement of the
motor'ring pin 62 along a contoured groove'48'in the head
park lever 44. As the motor ring 66, and hence pin 62,
rotate clockwise in Fig. 4A (counter-clockwise when viewed

25 from below in Figure 4B}, the pin 62 will engage the
contoured surfaces of groove 48 causing the head park lever

_to swing toward the insertion end 27 of the disk drive.
Movement of the motor rxring 66 in the opposite direction will
cause the head park lever 44 to move back to the position

30 illustrated in Figure 4A.

The head park lever 44 hae a push back tab 46
positioned to engage a mating projection 40 formed on the
actuator arm 32. In the position shown in Figure 4A, the
push back tab 46 of the head park lever 44 prevents the

35 actuator arm 32 from rotating toward the insertion end 27 of
the disk drive, i.e., the actuator arm 32 is in a "parked”
position. Movement of the head park lever 44 toward the




20 | oadi ng mechani sm are provided in co-pending, commonly assigned, U S

patent. application Serial No. filed concurrently herewith, entitled
"Head Loadi ng Mechani sm for a Disk Drive" (Attorney Docket: |1QOwW 8781)
and in co- pendi ng, commonly assigned, U S. patent application Serial 25

No. 08/377,033, filed January 23, 1995, entitled "Conpliant s ARGkGhad OF
Securing Disk WPPYHMEt uat or Bear i ng", both of whi ch are incorporated

herein by reference. As further -Shfi’m-’ a head park lever 44 and
a  cartridge eject |ever 50 are each pivotalTy nounted to the 30 drive

he S0 descr ."Bgﬁ"g%-'gt%%n{ s e ooy 11D T 1 o e e
or and | oysin

are mounted in a ARSE P ack r AR $6ct @Eo%ﬂ“&g%tﬁg BALRY S 3% [a;@.ozﬁp Ehe

chassis 21. Thaawméatorr amy 3Pcratmsve dowaxnds Eheeinserisinmand 25t of Bbe

verti calt Ihy L hgogg@ﬁ%ﬁ&ﬁgbgaez% MNP thHed tRa@IaSstE Bdadd) 36 ¥ 48k bAd of
gg%?%§96/86229 the ac%ua%gr gg&tgé éLto(%he recogdlng dléks é%iiqg garggldge

4A- B show top and 1®att om vi ews, respectively, of the disk drive of
Figure 3A and illustrate, Flghg'epﬂﬁtéﬁé’dw@rthé" lﬁfaeagllaenmsrofqa@g Wrive
_rrechan! smin accordance wth c;Fr:%rre & { fe 1&resent
i nvention. The smqhﬂ§§1ﬁ0?3raPﬁaB¥ ¥§ﬁPBP t %tal 8 e sPlndle
motor loading mechanlsm of the present invention, including
10 the motor ring 66, load/eject motor 74 and gear train 76-82.
The motor ring 66 is rotatably mounted on the underside 21b
of the drive chassis 21 via three flat-headed pins é69a-c¢ that
capture a retaining shoulder 66a that extends around the base
of the motor ring 66. Access pockets 10la-c¢ are formed in
15 the retaining shoulder 66a to facilitate assembly of the
motor ring 66 to the drive chassis 21. The motor ring 66 is
mounted by aligning the access pockets 10la-c with the flat-
headed pins 69a-c, pressing the motor ring 66 against the
underside 21b of the drive chassis 21, and then rotating the
20 motor ring 66 into position so that the flat-headed pins 69a-
¢ capture respective portions of the retaining shoulder 66a.
The motor fing 66 has an enlarged seal flange 64
that rides in a recessed portion 73 of the drive chassis 21
as the motor ring 66 rotates back and forth. In the present
25 embodiment, the motor ring 66 rotates back and forth through
a 20.6 degree arc. The aforementioned pin 62 §f the motor
ring 66 is affixed (e.g., riveted) to the enlaaged flange 64,
and, as mentioned above, extends through an elongate opening
(not shown) in the drive chassis to engage the groove 48 of
30 the head park lever 44 and the dwell cam and second cam
surfaces 54, 56 of the ejecf lever 50 on the opposite side of
the chassis 21. The elongate opening (not shown) in the
chagsis must be sufficiently long and wide to allow thé pin
62 to move through the entire 20.6 degree arc of the motor
35 ring 66. The seal flange 64 blocks off the opening (not
shown) in the drive chassis 21 over the full travel of the
motor ring 66 to reduce contamination flow in the drive. A



present invention conprises, generally, a spindle notor 110 and
correspondi ng housing 112, a notor ring 66, a notor ring position
transducer 87 (Fig. 8), a notor ring spring 71, a | oad/ ej ect notor 74
and associ ated gear train 76-82, and the 10 head park and cartridge eject
| evers 44, 50 nentioned above. The spindl e notor | oading 1uggk&%9ing
mechani sm of (Wi@96/3604§r esent i nvention functions to (1) nove ThHe sSpin

not or i nto engagenent with the hub of the Q%sg cartridge upon
insertion of the disk cartridge into the disk™@rive, (2) 15 unlock the

actuator arm of ths. '-f"i HHBek0kRE Bty fﬁtﬂ@ts%r in thené&;ﬁm-ﬁmmwese
not or i s engaged, Ff sen‘%stge thedsg\.‘n]gzjL to&, rom t her cart.,ri dge
cf"fo yeewe PRe™RF %t 84 &80 on

and eject the car
the front panel 2prefexdiwly fomiedk (drgve lrme;m@smadadli Qﬁ)a hastiice
actuator armintongeLPigel racted, parked p05|t|on as the cartridge is
ej ected from the di sk

the position of®the eﬂbel Jahen &g 69, h?:%r? g“ﬁﬁ c%ée%flgff%g%lrﬂs %412’&’

radial arm voegectc otdm amfacer 780thiierengagedia deive nin 86 op@ final
no 25 cartridge hggapegy wet@l gnti':g'fndfdyﬁ IAS caR¥NLot Aotate 3R dtéae

eject lever 50 is |vot al nount e surface 2la of the

drive chassis 21. rﬂ‘%pﬁq %@%l%?gﬂ% °a£é‘}"‘§’cFJF€\‘}ePPS’Ba‘["cﬁ%ﬁ'd s gore
insertion end 27 fulky, désaribedhereinafivexs i VEhet metorsrifig Hax s dead2 stake

formed at the 's e t la haip
4 poregg% O&Qh 88l At wh %%n%agegsa 25 Nhdurftred

attached to a e notor ring 6, on th ger3|de 21b f he
drive chassis. WERRERRE Rt Formes pags E ?rP‘???é"l&S’stFPGﬁ ucer o (iRGF
Figure 4A, the piheb@ipatsent s A jpeweredown even €30 is prbwddedpon rtglenglotor

further toward thg ﬂr-‘gsﬁf téd:‘}’mg:llﬁv‘:g thé fib EPer%% CBGSIEa‘ﬁaiaEr hgﬂ&‘adly rotated in

The eject |ever am sUPTace second cam surface
56 that, as descrFbBeceYritidfaf@ Hovex fadlure. The Cam 68°is operated by a

15 simple drop-in lever 81 that a user can access with a paper
clip through an opening 26a (Fig. 3} in the front panel of
the drive. '

The load/eject motor 74 is rigidly mounted to the
drive chassis 21 and has a spiral gear 76 mounted on its

20 drive shaft. In the preferred embodiment, the load/eject
motor is a D.C. brush type motor. A suitable motor can be
obtained from Copal (USA) Inc., 2291 205th Stréet, Suite 105,
Torrance, CA 90501, model no. LA10-382. Rotation of the
motor drive shaft is transmitted through the spiral gear 76

25 and gears 78 and 80 into rotation of the final gear 82. The
final gear 82 always rotates in a clockwise direction as
viewed in Figure 4B. During a cartridge load operation
(i.e., insertion of a cartridge into the disk drive), the
final gear 82 will rotate clockwise such that the drive pin

30 86 on the final gear 82 engages the load cam surface 72 of
the motor ring 66 causing the motor ring 66 to rotate in a
first .direction, i.e., counter-clockwise. During a cartridge
eject operation, the load/eject motor is turned on in order
to continue rotating the final gear 82 so that the drive pin

35 86 contacts the eject cam surface 70 of the motor ring,
causing the motor ring to rotate in the opposite direction
{(i.e., clockwise) back to the position illustrated in Figure




WO 96/ 36048 PCT/ US96/ 06249

- 10 -, over the pin 62 of the notor ring 66 during various stages of
rotation of the nmotor ring 66. In the position shown in Figure 4A, the
dwel | cam surface 54 contacts the pin 62 and t her eby prevents the notor
ring 66 fromrotating toward the 5 pivoted end 61 of the ej 0,

i .e., clockw sWO96/3G01g) 4A (counter-cl ockvm' se when Vi emé%’@gﬂzﬁ%

A cartridge push tab 58 on the eject |ever _engages the forward end
face of a disk cartridge, e.g. cartridge 1&3 when the cartridge is

inserted into the gl sk 1gd,q&cyﬁg,pr@1g,h,,tmckaﬁféééégbﬂp%hegoig thet he

front panel 24 of rv Continued 1 nsertion of |s§ gartrldge
causes the eject PQ@@/EBGCY PO FREPANEREP A VHP Wy &) ™ oF sk
drive agai nst thepbsittonftsmsdurei) thaki nbadses theheatptingadOpositior of

el oot Tl ever 50 bl \GLonbOUR 13054 oYa HaaAEnEd Alsditudink O ive, he

dwel | cam surface In 62 unti anes ust

t
past the pin 625 thereby FigdFeas H\%}ac%rﬁipﬁcéé"ﬁnﬁl%t‘ﬁ?ﬁm Bopotor
ring 66 to rot ahe, and tles casdwrl atede hbuklingb®i2w. The housing 1Iaeoﬁe'ah|e

park lever 44 is BRUABIL! NoPDUNAS 4 Qibha1 20yURRCh sl dAcRally Blubbendiivey

chassis 21 at 44a venent I'ever 44 1 s cont L X
novenent of the Tragapdiy,Fhgrefrrm. JPOﬁ&eapﬁﬁﬂ??ﬁw%ﬂpﬂﬂ;mﬁFé'45 n ?ﬂ%l g
head park | eveni2dhadsthbee npiny spacgddtegquablly halvme: phe ¢@drcumference of

10 the housing 112. Power is supplied to the spindle motor via

a flex cable 114. A retaining tang 115 on the spindle motor
housing 112 is positioned to engage the slot 15 in the bottom
shell 10b of the cartridge 10.
Figures 6A-6D show further views of the motor ring

15 66 and provide additional details thereof. As shown, the
motor ring 66 further includes a plurality of cam slots 106a-
¢ that receive the corresponding pins 104 of the spindle
motor housing 112 when the spindle motor is mounted in the
motor ring 66. Each cam slot 106a-c opens to the outer edge

20 of the motor ring 66 to allow simple vertical drop-in of the
pins 104 of the spindle motor housing 112 during assembly..
The pins 104 of the spindle motor housing follow the cam
slots 106a-c of the motor ring 66 as the motor ring rotates
in order to move the spindle motor into and out of engagement

25 with the hub of the disk cartridge 10. A cutout 108 is
provided in the motor ring 66 to provide clearance for the
£flex cable 114 of the spindle motor 110 as the motor ring 66
rotates.

Figures 7A-~7B illustrate the vertical translation

30 of the spindle motor 110 and housing 112 as the motor ring 66
rotates. Figure 72 shows the spindle motor 110 and housing
112 in a fully unloaded position, i.e., ho cartridge is
inserted in the drive. As shown in Figure 7B, rotation of

. the spindle motor in a first direction (i.e., counter-

35 clockwise in Fig. 4B) causes the pins 104 to follow their
respective cam slots l06a-c, thereby translating the spindle
motor 110 and housing 112 upward into enéagement with the hub



rotate clockwi se in Fig. 4A (counter-clockw se when viewed 25 from below in

Figure 4B), the pin 62 wll engage the contoured surfaces of groove 48
causi ng the head park |ever to swing toward the insertion end 27 of the
di sk drive. Movenent of the notor ring 66 in the opposite direction wll
cause the head park | ever 44 to nove back to the position SOPE&MH%ﬁﬁgﬁed in
Fi gure 4A. WO96/36048  The head park | ever 44 has a push back'ta
positioned to engage a mating projection 40_fQ med on the actuator arm

32. In the position shown in Figure 4A the push back tab 46 of the head
park lever 44 preygnss difie disidehvdioige 10 32 Htamibal 8k i e l¥xd 2ihg 66

LSer L <nd 27 BL ena SRR et S 1SS0l SLpd i ko
WD 96/ 36048 downwardly back to the fully unloaged pesttiersf Figure 7A.
- 1ﬁ ekt Lnsgrfhérbc?fﬁ&éh%ff the #bekr dking ol :tlhatpfoﬁtﬁhkﬁézﬁ:il%the
rm 32 to move % oRELAGH AYRSe FEFBCRR DY crigare 22¢ Ppioided grifl ¥ g8kee
| oad the read/ winec¢ssary 3® keephthenepbidles matoraspuagainat a oaatdadt he
recording di sks Ofa¢fif Pddima®eethe pPEcision bore 23 ihl fRé CcXdbPYA When
underside 21b of éﬂg égiﬁgie-motor 110 is fully 1oaded\and engaged with the
hub of a disk cartridge. . :

10 Figure 8 is an enlarged view of the motor ring 66,
load/eject motor 74 and gear train 76-82. As shown, a
longest one of the pins 104 of the spindle motor housing 112
is captured'by an anti-clock mechanism 102 fixedly positioned
on the drive chassis 21 to prevent rotation, or clocking, of

15 the spindle motor housing 112 when the motor ring 66 rotates.
The anti-clock mechanism 102 forms a channel that restrains
the pin 104 in the rotational direction, but allows the pin
104 to move vertically in the channel as the spindle motor
housing 112 raises and lowers. The anti-clock mechanism 102

20 is preferably'formed of a low-friction plastic material and
'is adapted to snap-fit into an aperture (not shown) in the
drive chassis 21. Alternatively, the anti-clock mechanism
102 may be integrally cast with the chassis 21 and then
coated with a low-friction material.

25 Figure 8 further illustrates a motor ring position
transducer 87 in accordance with an aspect of the present
invention. The position transducer 87 generates a continuous
output signal indicative of the rotational, or angular,
position of the motor ring 66. As mentioned briefly above, a

30 controller'(i.e., microprocessor 92) turns the load/eject
motor 74 on and off in fesponse to the output signal from the
position transducer 87. :

' The position transducer 87 comprises an elongate
registive ink trace 88 printed on a surface within the drive

35 adjacent the motor'ring 66. In the present embodiment, the
resistive ink trace 88 is silk screened onto a printed
circuit board (not shown) that is mounted on the underside



chassis 21 and provides additional details of the spindle not or | oadi ng
mechani sm of the present invention, including 10 the notor ring 66,

| oad/ ej ect notor 74 and gear train 76-82. The notor ring 66 is
rotatably nounted on the underside 21b of the drive chassis 21 via
three flat-headed pins 69a-c that capture a retaining shopkflgéeséast hat
ext ends ar ound™ e of the notor ring 66. Access pockets 10la-c are
formed in 15 the retaining shoulder 66a to facjditate assenbly of the

notor ring 66 to the drive chassis 21. The notor ring 66 is nount ed by

al i gni ng me acgemhp@fk%é é@iﬁetcclzméélé 2a a?at ca:éneggmecixmma@a c,
pressmg e notor .rin agalkn ersi e e
F%Fg% #héh% E:ive Ils églﬁt%& cfgcéfl ﬁ% 5&

chassis 21, and t tor r osition SO that
t he fl,at-headed piprovidgs a convemrm @Wt&@ﬁ@cpmzslmtmm witorhaing 66.

retaining shoul derAlQ:@&'nat:.vely, the rddiBtiNeOinki 89266 H@ e W lprogidedcsh

fl ange 64 t pat_ rides rt|o 73 o rd.ve chassi s, 21
as the notor ri gaﬁt?epgfcik‘gs Bﬁc e h%&r%)'t F ﬁthg %%%e‘ﬂxflvfs %I?ﬁggl me%t‘
the motor ring 66 Onst #nds ofatkeanesisive timkogyhce 88a1$0cmg:e@etare

The aforeﬁent'Onedrdyt%g@saﬁrééesavtt.ﬁt provriueg ﬁ%ﬂn&lﬁf\f'é r&bd 9eldg. , 5.0

riveted) to the enl | an ment i % ext
t hr ough an el ongat é’qﬁ% M gﬁe ’%fﬁiﬁ:)"f %’iﬁhﬁeﬁ??E%v%Hég&?aFS g gabe
t he groove 48 of REnmhsthdadopar@uméveﬁnﬂ¢m@n@reﬁerdeéIemhndmmmna,s@hend cam

surfaces 54, 5@0Ofréél%t@vﬁcinkeﬁfécéoaé"bfd%‘id@ﬂpgskééiéﬁﬁ?cé’fln tnet Q‘ﬁnge of
chassis 21. The el ong__ ate ope (hot ,s%\xrp chassi s

sufficiently | ong #h&wigs P ﬁl'l o%v?‘f‘?é: reszggrfr% 1 ama ﬁ‘ege
entire 20.6 degr eehvadinetl firomnGRACE Fpediad tyt Polyimersedimdtsoye Camingcks

of f the opening (ngfe , 775B Wg%n'(ﬁoﬁﬂ.e HdpiErG "aASbeedd. Over the full
travel of the not or rlng to reduce contan1nat|8n flowin the drjve.
A conductive trace 89, forme for example, of

15 copper, is provided along side the resistive ink trace 88.
The conductive trace 89 is connected, at one end, to an input
94 of the controller 92. A thin layer of resistive ink may,
if desgired, be provided on the conductive trace as well.
However, the conductive trace, even with a resistive ink
20 coating,.will be highly conductive.
Both the resistive ink trace 88 and the conductive
trace 89 are curved slightly to follow the arcuate motion of
- the contact 84 as the motor ring 66 rotates. In the
preferred embodiment, the resistive ink trace 88 is
25 approximately 16.5 mm. long, and the conductive trace 89 is
' approximately 11.3 mm. long. Both traces 88, 89 are
approximately 5 mm. wide.
In the:present embodiment, the controller 92
comprises a Motorola MCHC16Z1 microprocessor having a
30 plurality of analog inputs that are each capable of receiving
an analog voltage and converting the voltage to a digital
value. One of the analog inputs is used to implemenf input
94. '
The aforementioned contact 84, which is fixedly
35 attached to the heat stake mounting platform 83 on the motor
ring 66, forms the remainder of the position transducer 87.
The contact 84 has first and second sets of prongs 84a and
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- 12 -, spring 71 biases the notor ring 66 in the counter-clockw se
direction (as viewed in Figure 4B). The notor ring is preferably forned
(e€.9g., injection nolded) of a plastic material. 5 The  not or
ring 66 has a |l oad cam surface 72 and an ej ect cam 5“”“?%8%@@%’
engage a dri v&VQN636@8 on a final gear 82 of the gear train - I'n
order to rotate the notor ring 66 during_cattridge |oad and eject
operations, as nore fully described hereinaiter. The notor ring has a

heat Stagz flO m%ﬂ,?&éyp%f ok g3 @{ﬂam:é(f‘ p%s@.@%bﬁé&_ &4dt£l§e mamh _emgf tThe A
cont ac ornms part_o posi tion transducer, descrjpe ereinafter.
power down cam 6 ?%%&e&iothh‘&c’m GABg 6h ﬁb‘c§6£§%t tFPEY taﬁ% r’f?}tor
ring 66 can be neslidding rcongeet with théiorespective brpoe®r8§.ai8r e InThBecam
68 is operated by, firsidRmBodinbnt ) ¢£E s}l dENBroAghiSEia C HAACRPTivEEh
a paper C|I% t'hr ough _an g&pnlng éGa.#ﬁ;é? %& |g.the front_ panel of4

the drive. three clfsely, sRptpd BT r 72 E1FRhi B8N S RO §4Phe
drive chassis 21 shifidmalongpichel rgedstire nnkntedcensst as Athelmokers kdhg. 66n
the preferred enbodi fRNL .+ HhARchO3E562658 deg{(r@ét Qircl, S Rt Dfe dHmeSRimeDCthe

nmotor. A suitable nbtor can hé obt al.ne rom Copal (USA). I nc., 2291
205th Street, SuifeFomss set #opraﬁgeﬁ&%o%ﬁ S eFtﬁ 4 %%fﬁ*%sgéfmg the
Rotation of the comduatriver tracehadt iThe reosiuctive thacedo teexrves aal ageadr
76 25 and geany & @tild %@we%h%he%a{té&e ola Bak BR&" 1B HACof chbi nal-

gear 82 always rotates In a clockw se direction as
microprocessor 92.

The voltage at the contact 84 will vary as the
position of the first set of contact prongs 84a changes due
to rotation of the motor ring 66. 1In this respect, the

15 operation of the position transducer 87 is similar to that of
a potentiometer. . The voltage at the contact 84 defines the
output signal of the position transducer 87 and provides a
continucus indication of the rotational, or angular, position
of the motor ring 66. As described hereinafter, the

20 microprocessor 92 senses the magnitude of the voltage at its
input 94, and particularly, maximum and minimum voltage
points, and controls the power to the load/eject motor 74
accordingly via switch 96 and power supply 98.

Referring to Figures 4A-B, 9A-B and 10A-B, the

25 operation of the spindle motor loading mechanism of the

| present invention will now be described. Prior to insertion
of the disgk cartridge into the disk drive 20, the components
of the spindle motor loading mechanism of the present
invention are in the position shown in Figures 4A-B. The

30 spindle motor 110 and its associated housing 112 are down

- below the floor (i.e., upper surface 21a) of the chassis 21,
out of contact range with the cartridge.  As the user inserts
the cartridge 10 into the drive, the forward end face of the
cartridge 10 contacts the cartridge push tab 58 on the eject

35 lever 50 and pushes the eject lever rearwardly, loading the
eject lever spring 60 as it goes. Before the cartridge
reaches hard stops (not shown) on the chassis 21, the end of



viewed in Figure 4B. During a cartridge |oad operation (i.e., insertion

of a cartridge into the disk drive), the final gear 82 will rotate
cl ockwi se such that the drive pin 30 86 on the final gear 82 engages the .
| dad cam surface 72 of the notor ring 66 causing the notor ring 66 to

rotate in a first direction, i.e., counter-clockw se; DUHIgh@@ﬁﬁﬁﬁJidge
ej ect operati OMQO9¢/36848 oad/ ej ect notor is turned on in order I nue
rotating the final gear 82 so that the drive pin 35 86 contacts the eject
cam surface 70 of the notor ring, causi Nng=thé notor ring to rotate in

t he opposite d'reﬁﬁéqﬂwell éam<§N6f§%%3é€2§§)tﬁgugaée% 5R6eRO8H PN s1ide

illustrated in Figure
PCT/ US96/ 06249 - past the motor ring pin 62, allqw1fg the moger P%rﬁﬁ d9 er

(e.9., n1croproceqaﬂeklyomﬂﬁaﬂesapbeoxlmhﬁenfegfmn dagrQEslﬂoreneoﬁumermadmate
out put si gnal ”Ogb 15 Jv}n6r6{nt &Qeé 4&1 't t@ér&@ of GhétdX Mg
notor rin e

posi tion of 652D rei na
Figure 5 is a 5%r§$§%%gv%;\n GblﬁhﬂoéﬁFndeﬁrﬁﬂﬁﬂr rlnSlBi&nﬁz pas moved

alssoci ated Pousl NPad Zwayl tubvhpttsiwgea:aalz’idoéammarfadqolssdbﬁ BhéoejbEs Yever 50
plurality of pins t [ n [ r

present enbodi men?ﬁé Qgh‘g‘g‘%‘%g’%&% &'ég %xon h‘gt}g %Ar%mtsrggcg%ge ua‘H| éfgtgbet
the circunfer encehead Pa¥kdawarsitdy 1Howereyrerthe marey rangt Bltlhéz é}ﬁﬁh(ﬂ‘éﬁ

ot or via moved far enough along the contoured groove 48 of the head

10 park lever 44 to move the lever 44 away from the actuator arm
32, and therefore, the actuator arm 32 remains in the fully
parked position.

Also in this intermediate position, the pins 104 on
the spindle motor housing 112 will have moved part way up the

15 corresponding cam slots 106a-¢ in the motor ring. This
raises the spindle motor 110 and housing 112 so that the
cartridge retaining tang 115 (Fig. 5) on the spindle motor
housing 112 begins to engage the mating slot 15 (Fig. 2) on
the bottom shell 10b of the cartridge 10.

20 The intermediate position of the motor ring 66
corresponds to position A, of the contact element 84 of the
position transducer 87, as indicated in Figure 8. The
controller 92 (i.e., microprocessor) senses, at input 94, the
voltage change associated with this initial motor ring

25 rotation and switches on the load/eject motor 74. This
causes the final gear 82 to rotate (clockwise in Fig. 8) such
that the drive pin 86 on the final gear 82 engages the load
cam surface 72 of the motor ring 66. As the final gear 82
continues to rotate, the drive pin 86 pushes the load cam

30 surface 72 until the motor ring 66 completes its 20.6 degree
arc. This position of the motor ring 66 corresponds, in
Figure 8, to position B of the position transducer 87. 1In
the present embodiment, the load/eject motor 74 will continue
to rotate the final gear 82 until it just begins to engage

35 the eject cam surface 70 of the motor ring 66 and to move the
motor ring 66 back in the opposite direction. This results
in a voltage minimum output from the position transducer 87.



a flex cable 114. A retaining tang 115 on the spindle notor housi ng 112
Is positioned to engage the slot 15 in the bottom. shell 10b of the
cartridge 10. Fi gures 6A-6D show further views of the notor
ring 15 66 and provide additional details thereof. As shomn t he nDtor
ring 66 further includes a plurality of camslots 106a- |ve
the-correspon@ﬂhﬁmﬁﬂﬂs 104 of the spindle not or housi ng 1

spindle notor is nmounted in the notor ring, 66. Each cam sl ot 106a c
opens to the outer edge 20 of the notor ring % To allow sinple vertical

drop-in of the Ingﬁﬁ%%%,g,fceﬁgsrsgﬁ o Pt hquitag?%ﬂw' %% its

assenbl y. The sl n ol |l ow t he cam
slots 106a-c of th’éP‘Pﬁ)t%fr and, gwaEches  pRE rﬁﬁeorlolaaZSJFgFa’l’%?r 74 A%or der to
move the spindl e pedpongent o and out of engagenent 25 with the hub of the

di sk cartridge 10. A cut Ouﬁhel%%llnﬁleanB{:?{ipﬁf t%gw,efgg?_gr]_éé&]&i 66 &,

provi de cl earance for the not or ‘110 as the
“motor ring 66 5 Felly eangaged with the L}r5e§f7Ah?Bd?'F¥u%?’F%’éiqenean the
vertical transl atéfrexiBgy x@temmngdtmgrmm ohl @ hengphndbe naptlch? lmsiihg 112

motor ring 66 %&?ﬁ aée%“'i:ﬁe@o??&é!ﬁoﬁéﬁﬁ%ﬁ%@' Es”?ﬁ%én:"&n % 170Ul ng

112 in a fully un nserted in the
drive. As shomm FhﬁFﬂkﬁhﬁSaﬂgrlﬁSFa%Pon Hhe COWHQ§3§EPn€fethﬁnﬁﬂqu4%amPFP§t

direction (1.e.. Ioadiwy mebhaciankefsehe pispnt]Bhvenuson diw mwndinl Ghel o
ol low their r Y 0 or ely o S
spindl e Moty Iﬁ%’ 5‘ ﬁs&%g?fnihlﬁig@é@ JCC}J ] tnB}t]o g‘%gg{é‘é%htﬁ&é E%ttch@e rﬁu

pin 62 has move farther along the second cam surface 56 of
the eject lever 50 thereby moving the cartridge push tab 58
out of contact with the cartridge 10, and hence, removing the
ejection force of spring 60 from the cartridge 10. The motor
15 ring pin 62 has also moved farther along the contoured groove
48 of the head park lever 44. As a result, the head park
lever 44 has now moved away from the actuator arm 32,
allowing the actuator arm 32 to swing toward the recording
disks in the cartridge 10 and to load the magnetic heads 36
20 at the end of the actuator arm 32 onto the disks.
Preferably, head loading is achieved in the manner described
in co-pending, commonly assighed U.S. Patent Application
Serial No. , filed concurrently herewith,
entitled "Head lLoading Mechanism for a Disk Drive" (Attorney
25 Docket: IOM-8781).

When it is time to remove the cartridge 10 from the
disk drive 20, the user pdshes the eject button 26 on the
front panel 24 of the disk drive 20. The microprocessor 92
penses the activation of the eject button and, in response,

30 parks the disk drive heads, stops the spindle motor, and
turns on the load/eject motor 74. Turning on the load/eject
motor 74 causes the final gear 82 of the gear train to once
again begin rotating clockwise (as viewed from Figs. 8 and
10B). As the final gear 82 rotates, the drive pin 86 on the

'35 final gear 82 pushes against the eject cam surface 70 of the
motor ring, causing the motor ring to rotate in the opposite
direction, back toward the position shown in Figures 4a-B.
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- 14 -, 16 of the dISk cartridge 10. Rotation of the notor ring 66 I n
the opposite direction will translate the spindle notor downwar dl y back
to the fully unloaded position of Figure 7A The portions of the notor
ring 66 that formcantilever 5 sections over each cam sl ot -

pretoaded wi t [WQ9¢/36p48c necessary to keep the spindle notor Up agal nst a
| ocati ng datum proxi mate the precision‘bgrg 23 in the chassis 21 when
the spindle notor 110 is fully | oaded and eng aed with the hub of a disk

cartridge. 10 the e x8nkSpdA 68 MeEad B RWVLBlabAei ¥R i dia1g 66,

| oad/ ej ect notor ear, traln St on of
pins 104 of the s%‘? ’gﬁ”&aﬂfﬂ}gl }218 1°l'3nt°u]1”{ho(,g§ﬁf’ﬁ'faeasb9§gﬁ‘%r‘m |pgar
mechani sm 102 fi xkefNer pfdsi tthenbéad pankt hevelr i44c molvessbeck 1toward dhentrear

rotation, or cl 00&&&\939 Jr thel Be 158, ndbscimy %héﬂq&ua&oélarmm Bdtk Y @he

ring 66 rotates. ant,i -.cl ock chanism 1 for chap t hat
restrains t Re ﬁ’ﬁ“ﬂ‘efg?qq%tﬁ'ﬁ@ ‘r ot afi BR e"cﬁcfg'ﬁﬂ m%bgpe &?’ dlfjﬁ' eyl
104 to nove verticfildgurse,t havehbeesl uatoaded sfriandithenweoording odisskey il Zhe .
raises and | ower Sqa 1e; 'pele%k-asﬁghm@m%&@ 'd%sEE:ﬁ)@ﬁaPﬁytﬁé’r”Ed of
a lowfriction plastic naterl%! and I s ad to snag i Into an
aperture (not shoﬁﬁbr?W?qqi?ne &Pr 3“@h%%s§@? a§H°Pe§ﬁ§ AYeN9- the

anti-cl ock nechanism 102 may_bdAthoegen| Dockesst IOM-B78hE. chassis 21 and
then — coateqguith a lowgd idid QaedR! 24hg! 66 Conrinues rolkalibEed (1M tiiior

illustrates a notor ring positlon transducer i n accor dance’ W t
aspect of the preStid spPring, it F’SﬁtsTﬁEsp%%SQQWtr Suxdacer o 7tRR MataeFing
cont i nuous outpsitared Gegfinsndiocavadeup! tThe pdind nokabn the agpindlie motor

position of the rpLots fd NG HBGc148w BRE! B8R kI8l L 06a2R0%Eusfng the spindle

motor 66 to translate downwardly. The retaining tang 115 on

15 the spindle housing 112 disengages from the slot 15 in the
bottom shell of the cartridge 10. As the motor ring 66
reaches the end of its 20.6 degree travel, the motor ring pin .
62 passes the end of the second cam surface 56 of the eject
lever 50, allowing the eject lever 56, which was

20 significantly preloaded by spring 60, to spring toward the
insertion end 27 of the drive and to push the cartridge 10
backward out of the drive. Immediately after the eject lever
50 fires, the drive pin 86 on the final gear 82 falls off the
inside edge of the eject cam surface 70 and into the

25 clearance pocket 73 formed by the eject and load cam members.
This allows the motor ring 66 to spring back slightly until
‘the motor ring pin 62 is stopped by the dwell cam surface 54
of the eject lever 50. This slight reversal of direction
causes a voltage maximum point output from the position

30 transducer 87. The microprocessor 92 senses the voltage
maximum point at its input 94 and, in response, switches off
the load/eject motor 74. The spindle motor loading mechanism
has therefore returned to the fully unloaded position
illustrated in Figures 4A-B.

- 35 If power happens to fail during operation, the

operator can easily remove the cartridge by simply insertiﬂg
a paper clip through an access hole in the front panel, and




.30 controller (i.e., mcroprocessor 92) turns the | oad/eject notor 74 on
and of.f in response to the output signal fromthe position transducer

87. The position transducer 87 conprises an el ongate

résistive ink trace 88 printed on a surface within the drive 35 adjacent
the nmotor ring 66. In the present enbodi nent, the resi st 9ﬁ§Pﬁ ace
88 is sjilk sc™a248848nto a printed circuit board:(not sh g%?“%

nmount ed on the undersi de ‘WD 96/ 36048

PCT/ US96/ 06249 - 20 -5 . 21b of the drive
chassis 21 and C? hgigl tiftfllié‘atj:artraﬁg%cta QEEQS Pm i EAive. TRI fnin,
printed circuit boar

rOVI conveni ent sur acqﬁgrOX|nate t he gntqi
ring 66. Al ter‘ﬂé’t‘"ﬁ?&?y OYRE %’g‘?s.'ﬁ"(?é" Brik SxFeRes ghrem, @ ROIBE JPEE GIRFLdes
a separate, or dadiec#freft panéhoef dfhe kiiskr drévehtsstlse Zower dowa tevenfcam

the resistive | nigd ACEHEOnbEoL RNEPIAHL {9 powkel SGHE RANACE-AohhEL the
provides a snma VO a%ﬁs he E (ﬁ]e'-‘(P ﬂ}r&FG dtolw% H@%F&Pﬁeﬁs ln a

resistive ink Brda¥
enbodi nent , t he Mangesitdalvdiredtiomcefidingothdenotor asigg @6c o nndaego

range of @%ézéa%@ eétlié‘#}é!&l @d s%‘i:&ﬁég %m?@t erm@rﬁ tag B.?Jive

obt ai ned from eciaft nmer s, nerson
Dragon Court, WIS agglglgege ves power, the position transducer will

indicate to the microprocessor 92 the present state of the

10 mechanism. .

Figure 11 is a state diagram illustrating further
details of the operation of the present invention, and in
particular, the operation of microprocessor 92. Upon power-

" up of the disk drive 20, the microprocessor 92 enters an

15 initial state 120. At state 120, the microprocessor waits
for a cartridge to be inserted into the drive. Until a
cartridge is inserted into the drive, the motor ring is at
position A (Fig. 8), and the load/eject motor 74 is turned
off. '

20 As explained above, upon insertion of a cartridge
1nto the disk drive, the motor ring 66 is disengaged from the
eject lever 50 and quickly rotates under the force of motor
ring spring 71 until it reaches intermediate position A,.

~ The microprocessor 92 senses, at input 94, the voltage change

25 associated with this initial motor ring rotation and enters
state 122.

At state 122, the microprocessor 92 assumes that a
cartridge is present in the disk drive and switches on the
load/eject motor 74. This causes the motor ring 66 to rotate

30 toward its fully loaded position, i.e., position B. As the
motor ring rotates toward position B, the microprocessor 92
continuously samples the voltage at its input 94. For
eiémple, the microprocessor 92 may sample the voltage every
25 msec. As explained above, as the motor ring 66 reaches

35 position B, it begins to rotate slightly back in the opposite
direction causing a voltage minimum to be detected by the
microprocessor 92. 1In response to this voltage minimum, the



A conductive trace 89, forned, for exanple, of 15 copper, is provided al ong

side the resistive ink trace 88. The conductive trace 89 is connected,
at one end, to an input 94 of the controller 92. A thin layer of
resistive ink nmay, i f desired, be provided on the conductive trace as
wel | Fbmevgk, Eaﬁ conductive trace, even with a resistivepéfiisoélsade
coating, wll egﬁ ?y conducti ve. Both the resistive ink
trace 88 and the conductive trace 89 are_cyyved slightly to follow the
arcuate notion of the contact 84 as the notor ring 66 rotates. In the

preferred enmbodi ngfdro fz*&e@%&h:séhﬁéré rﬂ‘téﬁéﬂ‘@.@lﬁanastﬁ:?nélp&ﬁ&&daﬂﬁbléc% 5

mm | ong, and the u ve 89 I ximately (e]a)
Both traces 88, %tf pﬁ&ogﬁﬁﬁt%ﬁ’ S"'5' rﬁ%ep%oggr ring 661 18 i Ip stlﬁ’ on B
present enbodlnen(Flgtuﬁ)oonpﬂothersnmndle(mmhmﬂ desEullwt eaded MOTDES 71

i croprocessor hadt’iéiﬂ;;?ro’i@s@bw 8bi tNewfirginalaR@sl Bpihsup et ttHe a@,ﬁcﬂal@apabl e
of receiving anal og vol tage and converting the voltage to a digital

val ue, One of Phémgﬁ’ og inputs is used to inplement input 94.
The af orenentioned cont actTheY migirophotessoxdif wres@iast Aphetate 124 unkil

stake mounting pl&idMi$hd 8pihlte MOSr reacdheRdiB8, £hPI @péfa%cfmgaéar- of

the position tran ducer The contact 84 has rst, ang ond ets of
prongs 84a and 1 e., 5%B°9§P§602§ éhe user pushes L ejec e%%on f%

PCT/ US96/ 06249 the front panel 24 of the disk drive 20. Assuming that the

10 spindle motor reaches its full operating speed before the
user pushes the eject button 26, the microprocessor enters
state 126.

At state 126, the microprocessor controls various
functions incident to normal operation of the disk drive.

15 The microprocessor 952 remains in state 126 until either the
eject button 26 is pushed, or a spin-down condition arises
due to an operational error detected by the microprocessor 922
or associated drive circuitry, or a spin-down command is
received from the host computer. If the eject button 26 is

20 pushed or a spin-down condition is detected, the
microprocessor enters state 128. As also shown, the
microprocessor 92 may enter state 128 from state 124 if the
eject button 26 is pushed before the spindle motor reaches
its full operating speea. |

25 At state 128, the disk drive 20 initiates ejection
of the disk cartridge by signaling the spindle motor to spin-
down to a stopped position. The microprocessor 92 remains in
state 128 until it detects that the spinéle motor has come to
a complete stop. The microprocessor 92 then enters state

30 130.

At state 130, the microprocessor 92 turns on the
load/eject motor 74 which, as described above, causes the
motor ring to begin to rotate back to position A. As the
motor ring 66 rotates toward position A, the spindle motor

35 110 is translated downwardly out of engagement with the hub
of the disk cartridge, as described above. The
microprocessor 92 monitors the voltage output £rom the



- 16 - 84b, respectively, that are positioned on the nmounting
platform 83 of the notor ring 66 such that they are in sliding contact
with the respective traces 88, 89. In the preferred enbodi nent, each set
of " prongs 84a, 84b conprises 5 three closely spaced prongs. The first set

of prongs 84a %ﬁﬁs along the resistive ink trace 88 as tperfddkpéds i N
66 - rotates thI 5 Its 20.6 degree arc. At the sane tine, the second

set of prongs 84b of the contact 84 slides al %%g t he conductive trace
89. The conductive trace 89 serves as a 10 cofiffieCti on between the contact

84 and the input %%sﬁi:l&ﬁetranéﬁxfdéiprBQCESS%e%tor r:L 66 rota-ﬂ@sVC"A@ge
at the contact 84w

E vacrl LROSLEL On of % set Co a
prongs 84a change§*Byaine t%b?‘(ﬁ'atﬁ o P51 MPHeT ot |B°?h"r’s°n
respect, the 15 opprangsnbadk tlcightdiyt cansinam dmild:ragw maslmum paint cmﬂmtt
of a potenti ong-gf. tﬂ'éepé’é’iéf&ﬁ t&hnbbﬁcé?”é'ﬂﬁ e @ﬁfdragﬁoééésor gpit put

signal of the position_t and proyi

il cat on of LhosPBERE: BALE Voitask, HRRIER K% (i, npust S aBHorp TesRpRaS:
As descri bed he_remaﬁras to hstate H2dr weueem@rl@d/ﬁrMsmhern&grﬁ-a Uelsrned
the voltage at i t%f.f | RpUER DY éiriﬁ: PREEI edt-eFldg e @S BedhaBFebt & r‘E-.'»!‘Bm the

vol t age poi nts d control e o to the t not o
accordingly via a?‘?b‘fd'éﬁeldlggeﬁﬂr"QSZO is rea%y to rﬁ@?:’e‘f?ﬁfﬁ’t{b&r
Figures 4A-B, 9A- Baa‘nmd@e\ & tthde2poupredtdownof the spindle notor | oading
mechani smof g Presenjgi g4Ed Aotk ﬂ%ﬁﬁé@écmzﬂe%e%her1ﬁ0entlon
i nsertion of the Lsk cartrid drive onent s

of “the spi ndl e moRdr SLESHFEY TR ALHR SRiBP RAVLTH AR AUtoRaGoRPLLE ROhGY
the position showldoadifggueeksantifenB. TheiSOusgersiicodnrhat thénges mdy be made
associ ated housi “Qolizlﬁeaé:ﬁbéﬁ’i!iﬁé ts AeLO¥ bOE é}.’;&% vﬁth%gt 4e E{:tfﬁ&f@f&n the

21a) of the chassis contagt range w car
user inserts broad’ inventive concepts thereof. For example, while t e

15 pins 104 and cam slots 1l06a-c are shown formed on the spindle
motor housing 112 and motor ring 66, respectively, this could
be reversed. Also, the clockwise and counter-clockwise
rotational directions of the motor ring 66 and final gear 82
described herein represent a preferred embodiment and are not

20 meant to be limiting. These directions could be reversed in
other embodiments. Additionally, while the microprocessor 92
senses voltage maximum and minimum points of the output
signal of the position transducer 87 in order to determine
when to turn the load/eject motor 74 on and off in the

25 preferred embodiment, the microprocessor 92 could employ the
output signal of the position transducer 87 in other ways.
For example, the position transducer 87 could be calibrated
so that the microprocessor 92 could look for specific
voltages or ranges of voltages in determining the position of

30 the motor ring 66. Accordingly, the present invention is not
limited to the particular embodiments disclosed, but is
intended to cover all modifications that -are within the
spirit and scope of the invention as defined by the appended
claims.



the cartridge 10 into the drive, the forward end face of the cartridge
10 contacts the cartridge push tab 58 on the eject 35 | ever 50 and pushes

the eject lever rearwardly, |oading the ej ect lever spring 60 as it
goes. Before the cartridge reaches hard stops (not shown) on the .
chassis 21, t WD 96/ 36048 PCT/US96/8624
ST Uso6! 0b2aowoYeBes - 17 - the dwell cam
surface 54 of the eject lever 50 will slide past the notor ring pin 62,

allowing the notor ring 66 to qui ckly rot at @3approxi mately 8-10 degrees
to-the internedi ate posi tian shgwn jn Figures 9A-B under the force of
nmotor ring 5 spriﬁ& 71. A¢é%é#sfﬁéhﬁﬁégethe notor ring pin 62 has noved
part way down the 3eaond cawppewr fehedl56 of the eject |ever 50 and has
noved part way al opgpt he copdwer asheanoove 48 of the head park |ever 44.
However, the notor £ing pi n_,62 has not noved far ‘enough al ong the

cont oured groove 48%0f the ﬂ%%ﬁ 10 park lever 44 to nove the | ever 44 away
fromthe actuat& a#¢m 32hubraradss oPendndt he actuator arm 32 renmains in
the fully par keggposi ti 0fj ek hub Also in this internediate
position, the pins_104 on . t.he, spindl e notor housing 112 will have noved
‘part way up the 1538orrespcfHh PR SP3FER906a-c in the notor ring. This
rai ses the spindl e2oot or 11@isihditioesi ng 112 so that the

22 cartridge insertion opening
10 24 front panel
26 eject button
28
30 radial arm voice coil actuator
32 actuator arm
15 34 suspension arms
36 magnetic heads
38 pivot axis
40 projection
42 voice coil motor
20 44 head park lever
44a head park lever pivot mount
46 actuator push back tab
48 contoured groove
50 cartridge eject lever
25 52 catch
54 dwell cam surface
-13 second cam surface
58 cartridge push tab
60 spring
30 62 motor ring drive pin .
64 motor ring seal flange
66 motor ring
68 power'down levexr cam
70 eject cam surface
35 72 load cam surface
73 drive pin clearance pocket

74 load/eject motor



cartridge retaining tang 115 (Fig. 5) on the spindle notor housi ng 112
begins to engage the mating slot 15 (Fig. 2) on the bottom shell | ob of

the cartridge 10. 20 The internmediate position of 'the notor ring
66 corresponds to position Alerr]. of the contact elenent 84 of the
position tranggg 7, as indicated in Figure 8. The C ONPCDIUBKOEHH
(i..e., mcroprocéssor) senses, at input 94, the vol t age .change
associated with this initial notor ring 25 rotation and switches on the

| oad/ ej ect notor 74. This causes the final 2gear 82 to rotate (cl ockw se

in-Fig. 8) such that the drive pin 86 on the final gear 82 engages the
| oad cam surfad8 72 of PRECHKAMT ring 66. As the final gear 82
continues to rotatrze, the dgese pin 86 pushes the | oad cam 30 surface 72
until. the notor rigag 66 coggggtes its 20.6 degree arc. This position of
the notor ring 66 correspo Figure 8, to position B of the

posi tion transduc&t 87. InP°We¥H¥”B?é§%ﬁF'enbodinent, t he | oad/ ej ect not or

74 will continuw 82 to rotgearthe final gear 82 until it just begins to
engage 35 the ejeEh can1su&g@8§ éggﬁgléduaeggggr bhPg.£6 and to nove the
motor ring 66 back in the qQpposi Irection ﬁIS results in a vol tage
mi ni mum out put fr 8ARt he pogi‘-%'?%nc‘fl?"@fﬁdlﬁ,l@?“e& WO 96/ 36048
PCT/ US96/ 06249 84b second contact eléfient
86 eject/locad cam drive pin
10 88a - first resistive ink trace
88b second resistive ink trace
90 voltage source
922 _ microprocessor
94 microprocessor voltage input
15 96 " switch
98 load/eject motor voltage source
100a-c motor ring mounting pocket
102 spindle motor pin follower catch
104 spindle motor pin follower
20 106 spindle motor cam slot
108 - spindle motor flex cable opening

110 spindle motor housing



The m croprocessor 92 senW| mumat its ‘I nput 94 and
swtches off the |oad/eje or \&\ sponse The
spindl e motor 110 is now ful “ﬂ\ 5 fully engaged with the hub
16 of the disk cartridge, an m rtsrldge retaining tang 115 on the
spi ndl e not or ?R)“si @ﬁsllz engages t he correspondi ng BCT/USIGB6249
bot.t om shel | of- e disk cartrl dge 10. The conponents of the spindle

not or | oadi ng mechani sm of the present invention are nowin the 10
position shown in Figures 10A-B. As shown, the2¥®wutor ring pin 62 has -
noved farther along the second cam surface 56 of the eject |ever 50

t hereby noving th t 8’3‘@ hifab 58 out of contact with the

cartridge 10, aad hence, rdnovi Agdibk drivg dint eritdingeapf veading cirta da
thet Caft(fj' dge 19. e f?ahpf B a.s_ﬁw gsn@a{héia? hes %'a%ﬁrﬂﬁyédwlﬁnl?cfﬁhﬁ] ﬁihgaﬂd elghe
cont olired groove he head par a_resu e hea

par k | ever 42 I‘HE‘Q\H% 7B ERSBHASY 'T"i“b?nﬁar?g M&aﬁ%ﬁvﬁrﬁ?@ri NG | owi ng -
the actuator arm 32 to sw reg motear gtihgerottmbliyngrounteéds iy thet dibsk aitivedge
10 and to load ghe nmgneti g hea ﬁ&léGmggoPtaéJiﬂ:éﬁ‘QooknggﬁeaﬁtH@BOéf AHE sk

onto the disks. ~ Preferabl ad_| oadi S ac he nann
descri bed i nécAet@ A2 ¥8nﬁ§ﬁl "%E%Slﬂf%@"j 58.13 9a'f‘8ﬁ?r&b$‘r’?3:z§‘f9"’6ﬁed in
Serial No. 7 sa:.d motoyr friihgdsuchcthate mMdtptionewft baid matur (tiegy Mdvad

Loadi ng Mechani gmJarg %\?%ag_e[m,ggi. %{EA %ﬂ?)bu@ Eoghgaﬁ?rg% ?,?;g%) 2t(§le hhub of

When it |st|rretore e cartri rom t
user pushes theZejtdt& %ﬁ’?‘t&ﬁ’@ﬁlﬁﬁetl‘@ front panel 24 of the disk drive
20. The microprocessor 92 a pasisesnt bramexihiceat ifor pﬁ:-otrlﬂd:.nfgeam dutigun and,

|0 response, 39, PalihalNdnli 8 4L YSe Al YoraldBRAL oS P IKH S Uals nR:

turns on the | oad/ e“ect not rning on t eJ ect
causes the fin&P g’é‘a%gsz of the gear train to once again begl n rotating
cl ockwi se (as viewed fromFigs. 8 and ~ 10B). As the final gear 82

rotates, the dr&ve pin 86 on th%he disk drive recited in claim 1 further
" 2 comprising a load/eject motor mechanically coupled to said
3 motor ring for rotating said motor ring.

3. The disk drive recited in claim 2 wherein said
load/eject motor is responsive to the output signal of said
position transducer for controlling the rotation of said

O I N

motor ring based upon the rotational position thereof.

4. The disk drive recited in claim 1 wherein said
position transducer comprises: '

an elongate resistive ink trace printed on a
surface within said disk drive and having first and second
ends, the first end of said resistive ink trace being
connected to a voltage source and the second end being
connected to a ground potential;

a contact element fixedly mounted on said motor
ring and positioned thereon in sliding contact with said
resistive ink trace between the first and second ends
thereof, said contact element operating to slide between the
first and second ends of said resistive ink trace as the
motor ring rotates between engaged and disengaged positions
of the spindle motor, a voltage signal at said contact

W ®© 3 & LV B W N
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35 final gear 82 pushes agains;/;Q?/nggL/eanT§urface 70 of the ot or
ring, causing the notor ringt ate in t opp05|te direction, back

toward the position shown in Fi “ MD 96/ 36048

PCT/ US96/ 06249 ““ﬂ “‘ * - As the motor ring
pin 62 noves Qﬁ@ ﬁ&a%@rd Its i p05|t|on and al ong t RCTRISAERGH%d
groove 48 of t ead park Iever 44, the head park |ever 44 noves back
toward the rear end 29 of the drive, forcing the actuator arm 32 back to

the 5 parked position. The nagnetic heads of fhe-disk drive will,

course, have been unl oaded_ fromthe r cordln i sks int ca

preferably in tife fbFRERt cﬂ%ﬁﬁqlﬁgdsﬁn tﬂ%tpu %ﬁnéie E@&ngo éﬁﬁﬁ?é%é of
appl i cati on Senieal the.rotational position of t(he metwey rdogket: | OM 8781). 10
As the notor ring 66 continues to rotate, the notor ring spring 71 neets

Its engagenent surface on the nmp ring 66 a ns ad_ u :

pins 104 on thelspindl e notdr @%Pﬁgdfi!effﬁ?{kﬁiﬁi? §Ig hﬁg%éﬁ one

causing the spi 2dlef saiﬂ)ttmtc&Gru.ngt andsh aveustiown el dlaid $héndie anotox) has@

115 on 15 the SB'néi Y %&%sdéigﬁﬂaiﬁﬁ éﬂé%@féaﬁ.shﬁh thel Schde of sald
he cartr)'dge e notor

bottom shel |l of t ron reaches t en
of its 20.6 degf“eem‘??%ﬁ/e‘}'lnqgﬁédrrﬁ?bfi howging has %%%&%&&Ytﬂ e °'isf1ef°r

second cam surf Sceréfeitind@madideptins, said pins operating to follow said cam
6 slots as said motor ring rotates in order to move said
7 spindle motor into and out of engagement with the hub of said
8 disk cartridge.

6. The disk drive recited in claim 1 wherein said
load/eject motor is operatively coupled to said motor ring
via a gear train that translates movement of said load/eject
motor into rotation of said motor ring.

d Wy M

7. A disk drive for writing and reading data to
and from a disk contained in a cartridge which is inserted
through an opening into gaid disk drive comprising:

a motor ring rotatably mounted in the disk drive;

a spindle motor adapted to engage a hub of the disk
and to rotate the disk, said spindle motor being mounted in
said motor ring such that rotation of said motor ring in a
first direction moves said spindle motor into engagement with
the hub of the disk cartridge and opposite rotation of said
motor ring moves said spindle motor out of engagement with
the hub;

W @ 39 0 o Wb

PR oR
N = O

a load/eject motor operatively coupled to said
motor ring and adapted to rotate said motor ring in said

oo
s W

first and opposite directions; and
a position transducer for providing an output

R
o o

signal indicative of the rotational position of said motor

Y
~

ring.



| ever 50, allowi ng the eject |ever 56,-which was 20 significantly prel oaded
by spring 60, to spring toward the insertion end 27 of the drive and to
push the cartridge 10 backward out oim’mm,“'m" diately after the
ej'ect | ever 50 fires, the drive pin ear 82 falls off

t he i nsi de QePsEIebast he ej ect cam surface®70" arld isnt® t he 2BCEIUSOERMe
pocket 73 forned by the eject and | oad cam nenbers. This allows the

motor ring 66 to spring back slightly until the notor ring pin 62 is
stopped by the dwell cam surface 54 of the &fect | ever 50 Th|s S|Ight

reversal of direction cayses Y ge_maxi num nt, o fro
position 30 traﬁsducer 87. rﬁ%ﬁghﬁ% §§§8? B ée)% oI t ght‘ '
maxi mum poi nt at2 | comp iRAnD R Mtrphlﬂ€s§©ns@n@q1tms Séﬁ-ﬂ loadfeject motor

| oad/ ej ect notorz 74n é@ﬁ:&méﬂ@oetmt Bﬁtpﬁ@aéii?ﬁhlrf&ﬁh%&han‘poslhﬁéntf@éxﬁédii&r
returned to the fully unl oaded position strated in Figures 4A-B.

| f power happens to fail during operation, the operator can easily
renove the cartdidge by sindply iTheediskgdrive pepited|imp claimu§hfunthexress
hole in the fromt gometisaiyt. WD 96/ 36048

PCT/ US96/ 06249 t h
cartridge eject® fromthe dfiSRFing cRuRled tg, %ﬂb%t‘%otﬁ&/\%ﬁngo%ﬁrl g%@?i%qe

extends from a goisaiq usatomgiigg in said first direction of rotation;

5 a cartridge eject lever pivotally mounted in said
disk drive and adapted to engage a pin on said motor ring
when a cartridge is not inserted in the disk drive to prevent
rotation of said motor ring in the first direction under

AT N B

force of said spring, said lever being pushed out of

10 engagement with the pin of said motor ring when a cartridge
11 is inserted into the disk drive thereby allowing said motor
12 ring to rotate automatically in said first direction to an
13 intermediate position under force of said spring,

14 said controller receiving the output signal from
15 said position transducer, which output signal is indicative
16 of the intermediate position of said motor ring, and, in

17 response thereto, activating said load/eject motor in order
18 to continue rotating said motor ring from said intermediate
19 position to a position in which said spindle motor engages
20 the hub of the disk in said cartridge.

10. The disk drive recited in claim 7 wherein said
position transducer comprises: .

an elongate resistive ink trace printed on a
surface within said disk drive and having first and second
ends, the first end of said resistive ink trace being
connected to a voltage source and the second end being
connected to a ground potential; '

a contact element fixedly mounted on said motor
ring and positioned thereon in sliding contact with said
resistive ink trace between the first and second ends
thereof, said contact element operating to slide between the
first and second ends of said resistive ink trace as the

W o N an kW N R
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the front panel of the disk drive to the power down [ ever cam 68 on the
motor ring 66. The power down |ever traHSﬁ**S*Lhﬁ-5higLESt0f t he paper
clip dlrectly to the notor ring 66 in a t angential direction, causing
the notor ring 66 to undergo t he saneUQﬂ ﬂ descri bed above.
When the drivewgesRE4§ adain receives po E% t r REIRRIEP624] | |

I ndicate to the mcroprocessor 92 the present Staf'e ®f the 10 nmechani sm

Figure 11 is a state diagramillustrating further details of the
operation of the present invention, and in = #hrticular, the operation of

m ¢t oprocessor Upon power - f the disk driyv 0. the -

i cr opr ocessor 52 “Qﬁ%g %JJ)'HH r|takee p%ﬁot"%eteét 4 t%{.%erlgﬁgeq Resitions
m cr opr ocessor 1daidfs the Bpindleamttoniger twoltagensignall antaidcantack.

Until a = carggi QQ.Pedeit' a&e&ﬁeﬂglﬁm t&afcyd;ru ¥egn ame Qﬁ&%eiﬁgf‘@iﬂcﬁ.o&ttlve of
p05|t|onA(F|g é:)h ad/:iO r’r&t([)th t: t ur ned of f.

As expl ai ned abbv eUﬁBﬁaFﬁgﬁ? i BRE TR Of FAeqPRTCT FHED: t he di sk dr|ve
the notor ring 66 is disengaged fromthe ej ect lever 50 and quickly

rotates under tie force Oflﬁntoﬁhe dIéEEHE%Vé'Eééﬁ%eﬁ“&h'clélﬁefGWWﬁbreln
I nternmedi ate pogiti

r 0OCessor enses npu
the vol t age chaﬁg@aig &g’%ﬁ‘}’?ﬂ'ﬁ'ﬁ W? s tﬁ’g’%itn F&Frﬁﬁ?‘%f r?‘?ﬂfer% : s&ﬂé
enters st at e312dntact element £or Stextedividay, thbevnltag)@rmgnaébratgza:.d

assumes that a 4 &@fttat:tdatetnﬁnerm%f %&mr@aﬁg €hbVorikbe Wd ohe Ral

t he | oad/ ej ect Nt or causes % rl n& to rotate 3
toward its fully I"@&H@d"ﬁé%FFFbﬁe oL ghe H@@F‘t" yfiegthengo notor ring

rotates toward position B, the m croprocessor 92 contlnuously sanpl es

the voltage at yts input 94 Fophe gfidtfre tz}épc:.@e&r Qﬂreféﬁﬁoil YéhdPin

sanpl e the voltage every As plai,ned above, as the motor ring
66 reaches 35 p%sﬁatlénCBntFt’li%ﬁl?%mR‘%ﬁ%ﬁé‘té‘l§FP§ﬁ?F9s%%k in the opposite

direction causing a voltage mninumto be detected by the

1l 13. The disk drive recited in claim 7 wherein one
of said motor ring and a housing of said spindle motor has a
plurality of pins extending therefrom,.and the other of said
motor ring and said housing has a plurality of cam slots for
receiving said pins, said'pins operating to follow said cam
slots as said motor ring rotates in order to move said
spindle motor into and out of engagement with the hub of said

o Jan Ul b W

disk cartridge.

14. The disk drive recited in claim 7 wherein said
load/eject motor is operatively coupled to said motor ring
via a gear train that translates movement of said load/eject

W R

motor into xotation of said motor ring.

15. The disk drive recited in claim 14 wherein a
final gear of said gear train has a drive pin that engages a
load cam surface of said motor ring as said final gear
rotates in order to rotate said motor:ring in said first

nm d W

direction.

16. The disk drive recited in claim 15 wherein
said motor ring has an eject cam surface, and wherein

N

3 continued rotation of the final gear of said gear train



m croprocessor 92. In response to this voltage mninum the W
96/ 36048 PCT/ US96/ 06249

- 21 - m croprocessor enters s !nns t he | oad/ ej ect
motor off. At this point, the m)tgtﬂ“i“ \Wmm position B (Fig. 8),
and the. spindl qugdisedagi S fully lo c 1hew sm éroprocessor 9CT/URWN6249
initiates spin-up of the spindle 5 notor. - The m croprocessor

92 renmains in state 124 until either the spindle notor reaches its ful
operating speed (i.e., 5400 rpm) or the use?%pushes the eject button 26
on  the front panel 24 of the disk drive 2Q. Assuning.th e i_ndl e
mot or reaches ifs ?%qesoﬁg‘?a#ﬁﬁes%%%oo%eﬁ}?r %linﬁe geags%é %ﬁl%%%s téh%e Jeggt
button 26, the Hi crasprevadecer ofntke snotonining apd. thereby to rotgtestieomotor
126, the m cr opgoGETEOHnC @Rkl BbSoPEé Wirect ilowNebi ANSehdaddl citie tep it motor

operation of th | sk g ive.. 1 Tgée ) Cr.Oprocessor 92 remains in state 126
until either thg %rog] E‘F g‘&PtSﬁ ir%‘sdﬁs%g ,r:%gea spi n-down condi tion
ari ses due to an operational error detected by the mcroprocessor 92
or associated diive circuitipy, @hedd$ik aFM reTHRAdihSclaith o efwlshdy om
the host conputgr. If the eject button 26.is.20 push r .a spin-down _.
condition is degeéFﬂﬁFlfﬁgglan eject switch electglcafgy conneé%éh(%o said

3 controller, said controller being adapted to sense the.
operation of said switch by a user and, in response thereto,
to activate the load/eject motor to rotate said motor ring in

said opposite direction in order to disengage said spindle

N 0 b

motor from said disk.

~

18. A disk drive for writing and reading data to
and from a disk contained in a cartridge which is inserted
through an opening into said disk drive comprising:

a motor ring rotatably mounted in the disk drive;

a spindle motor adapted to engage a hub of the disk
and to rotate the disk; said spindle motor being mounted in
said motor ring such that rotation of said motor ring in a
first direction moves said spindle motor into engagement with
the hub of the disk cartridge and opposite rotation of said
motor ring moves said spindle motor out of engagement with
the hub;

W 0 3 0 U b W N
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a load/eject motor operatively coupled to said
motor ring and adapted to rotate said motor ring in said
first and opposite directions; )

' a position transducer that generates an outpﬁt
signal indicative of the rotational position of said motor
ring; and

BB R R
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a controller for controlling said load/eject motor
in response to the output signal of said position transducer.

B
o

19. The disk drive recited in claim 18 further
comprising:
a spring coupled to said motor ring for biasing

W

said motor ring in said first direction of rotation;



m croprocessor enters state 128. W—L—h& m croprocessor 92

may enter state 128 fromstate 12477f the ej ect button 26 is pushed

before the spindl e motor reaches i m&mm‘l ng speed. 25

At state 128, the disk drive 20 m““\“mm e of the disk cartridge
L

by signaling t{g ssRkg! € motor to spine¢ wi to a stopped PSHPIIBEMS The

m croprocessor 92 remains in State 128 until it detects that the spindle
motor has come to - a conplete stop. The microprocessor 92 then enters
state- 30 130. At state 130, the m3¥ oprocessor 92 turns on the

| oad/ ej ect notor 74 which, as described abpve, causes the tor ring.to
begin to rot ater5ba‘ck to post 9% rAfigﬁsf??fgfejé%?‘&veﬁ -Révgﬁa}g)foa'?%%nﬁeégvﬁ&ld
position A theéspiaid dimik driss and adapteshtioaengagevwavRinlon @idpmotor
engagement W t hot he dyiljhen @f chiridgk LaHdd da8erteddes CEhdediad @ vel kS
m cr opr ocessor 82 noni tors tth%.ggl é?gseaioéjtn%%torf rom tE\_g the \égr%%/t?ifso%%
PCT/ US96/ 06249 & Prevent rotati tor ripg 1 b

transducer 87 a8 tumsiewtforcei of 68idospring, Aeid levprabeiug amahed out: of

notor ring 66 heacdifRfagemnt! @ith thé pin B¥ ig2A3 RBekrstis§tder aldaidrddge
vol tage maxi mJT POl Qi Utd i tf rg té]'e IP%Srlitvleo h%&%ﬂSdgfféwﬁf- s-g:}.% motor
mi cropr ocessor +é2 18 inserted into the dis ' Y g
12 ring to rotate automatically in said first direction to an
13 intermediate position under force of said spring,
14 said controller receiving the output signal from
15 said position transducer, which output signals is indicative
16 of the intermediate position of said motor ring, and, in
17 response thereto, activating said load/eject motor in order
18 to continue rotating said motor ring from said intermediate
19 position to a position in which said spindle motor engages

20 the hub of the disk in said cartridge.

.20. The disk drive recited in claim 18 wherein
said position transducer comprises:

an elongate resistive ink trace printed on a
gsurface within said disk drive and having first and second
ends, the first end of said resistive ink txrace being
connected to a voltage source and the second end being
connected to a ground potential;

a contact element fixedly mounted on said motor
ring and positioned thereon in sliding contact with said

W O 3 UV s W R
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resistive ink trace between the first and second ends
thereof, said contact element operating to slide between the
first and second ends of said resistive ink trace as the
motor ring rotates between engaged and disengaged positions
of the spindle motor, a voltage signal at said contact
element defining said output signal and Being indicative of

el o
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the rotational position of the motor ring.

_; 1 21. The disk drive recited in claim 20 wherein
said controller has an input electrically connected to said
3 contact element for receiving the voltage signal at said

N



5 senses this voltage maximumat its input 94 and, in response, returns
to state 120 where the | oad/eject nn%e%—?ﬂfTSTTUTﬁéﬂ' off. At this

poi nt, the cartridge has been ejected drrve and the disk
drive 20 is ready to receive anot her [‘i‘;ﬂm m*“! m o0 be powered down. 10
As the foregoi gg;dddstigt rates, the pr I s di r PCT/E8P61062481 sk

drive having an: autonatrc sprndle nDtor | oadi ng nechanisn1 It is
under st ood that changes may be nade to the enbodi nents descri bed above
wi t hout departing fromthe br oad i nventive 3ontepts thereof. For

exahpl e, while the 15 ns 104 slots 1 Ga c re shown forned.on. the
spi ndl e not oft %d" %O’EQF |"??§W€t’§ ingsh EtY 3ge 89 & %&gﬁ&a-h‘ '
be reversed. AJSO'vaIue(ﬂndabatieeanﬂ t@mnﬁﬂﬂn¢mdckmh5§eof-rotatronal .
directions of the nmotor ring 66 and final gear 82 descri bed herei n

represent a preferred enbo ng_.an e_npt 20 ant .to _be,li These
di rections coul & be revers&& trh g%ﬁ’ré AR & eg 1ﬁd8?ﬂ"8 nf e

t he m croprocesgors&idi consenéésrvc¢mpgﬁseﬂna munwandonéﬁﬁqnn1pornts of the
out put signal of the position transducer 87 in order' to determ ne

when to turn the | oad/eject,_not 7 nd of f the 2 rred .

enmbodi nent, thelni croproceor 8’% éi‘: ‘g‘ﬁ’p‘f%fet ed 18uf:gﬁf igﬁgfexiﬁ”i e
position t r ansdacesf Saiidh motber ringsand a Fousdngnpifesatifespioxile awtor has a
transducer 87 cq ul;&h‘ﬂ%:]%v BEapefls exééhci tmeeﬂsraor)aa&eewoa&zcwi gaid

| ook for specific | tages_1n deter I N
posi tion of 30 Ehd T g@""ﬁ%@ﬁ 3‘38t ePPPERLHYY i (ﬁ?t”lgr‘?h"":? 1
limted to the 5arrteaailvamge5bdndr pEng S sh:si:lpasmdppbm'atn.ag to | foldmseatid cam

cover all nodi fF (jﬂ%s atshehlar ﬂo%:t: hffhg} %tate%p'lh' brde &5 MFrePladlile
I nvention as define B ended
spin e moto into and out of engagement with the hub of said

8 disk cartridge.

24. The disk drive recited in claim 18 wherein
gaid load/eject motor is operatively coupled to said motor
ring via a gear train that translates movement of said.
load/eject motor into rotation of said motor ring.

WD R

25. The disk drive recited in claim 24 wherein
said motor ring has a load cam surface and an eject cam
surface and wherein a final gear of said gear train has a
drive pin that engages said load cam surface and said eject
cam surface at respective angles of rotation of said final
gear in order to rotate said motor ring in said first and

N U WD

opposite directions, respectively.

26. The disk drive recited in claim 25 further
comprising an eject switch electrically connected to said
controller, said controller being adapted to sense the
operatlon of said switch by a user and, in responge thereto,
to activate the load/eject motor to rotate said motor ring in
said opposite direction in order to disengage said spindle

N6 ! WD M

motor from said disk.



PCT/ US96/ 06249 WD 96/ 36048 - 23 - 10

di sk cartridge 10a upper shell | ob | oner shell 12
door 5 14 hub access openi ng 16 di sk hub 18 di sk
dri've housing 20 di sk drive 22 cartridge insertion
opening 10 24 ont panel .26 ej ect button P&

radi-al arm voi cg%gngJ‘gct uat or 32 actuator arm 15 34 9610624
suspensi on ar s 36 magneti ¢ heads 38 pi vot axis 40
projection - 42 voice coil M@ 244 head park |ever

44a head park |ever pivot AoUX____£46 actuat or push back tab

48 cont oured groove e eject |lever 25 52

catch




54 dwel | cam surface 56 second cam surface 58

cartridge push tab 60 spring 30 62 notor ring drive pin
64 . notor ring seal flange 66 notor ring 68 power
down | ever cam 70 ej ect cam surface 35 72 | oad cam surface
73 drive wovsaksmsr ance pocket 74 | oad/ ej ect
WD 96/ 36048 ' PCT/ US96/ 06249 "ObEfros9sG2A9
- 24 - 76 not or gear - 78 gear 80 gear 81
power down |ever 5 82 gear 84 not or position sensor
cont act 84a first contact el enent 84b second cont act
el enent- 86 eject/load camdrive pin
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FIG. 2



10 88a first resistive ink trace 88b second resistive ink

trace - 90 vol t age source 92 m cr opr ocessor 94

m ¢roprocessor voltage input 15 96 swi tch 98 | oad/ ej ect

not or vol tage source 100a-c notor ring nmounting pocket 102

spi ndl e not or pwo 9b/sdokgower cat ch 104 spi ndl e notor pi pcadsbeosads 20
106 - spi ndl'e notor cam sl ot 108 spindle notor flex cable .
openi ng 110 spi ndl e not or housi ng WO 96/ 36048

PCT/.US96/ 06249 3/14 - - 25 - VWHAT | S CLAI MED
IS 1 1. A disk drive forgaitigg eading data to 2 and

froma disk contained in a cartridgq

ich'
opening into said disk drive conprln' N 4
mounted in the disk drive; 5 '

[
hub of the disk 6 and to rotate tlfe ;\\
in 7 said notor ring such that rofati oN

a notor ring rotatably
\or adapted to engage a
Nl e notor being nount ed
ring noves

18

FIG. 3



8 said spindle notor into and out of engagenent with the hub of 9 the disk
cartridge; and 10 a position transducer for providing an output
11 signal indicative of the rotational position of said motor 12 ring.

1 2. The disk drive recited in claiml further 2 conprising a

| oad/ ej ect not oworye,ggba,pl cally coupled to said 3 notor ring f@ECIVEs96248]
said notor ring. 3. The disk drive recited in claim?2
wherein said 2 Ioad/eject notor is responsive to the output signal of said
3 position transducer for controlling the rotation of said 4 notor ring
based upon the rotational position thereof. 1 : 4. The disk
drive recited in claim1 wherein said 2 pg 4|on transducer conprises: 3
an elongate resistive ink trace printed on a 4 surface within said disk
drive and having first and second 5 eq;,\\~v"—-|rst end of said resistive
ink trace being 6 connected to a vo De AN\ ce\and the second end being

7 connected to a ground potenti al ; /3 '
nounted on said nmotor 9 ring ang ' wed NNer eon in sliding contact
with said 10 resistive ink trgfg : ==\ r ST\ and second ends 11

t hereof, said contact el enent ti \ \Ween the 12 first and
second ends of said resistig ring rotates

bet ween engaged and di seng a

vol tage signal at said g




PCT/ US96/ 06249 _ - 26 - 15 elenent defining
sai d out put signal and being indicative of 16 the rotational position of
the notor ring. 1 5. The disk drive recited in claim1l wherein
one 2 of said motor ring and a housing of said spindle notor has a 3
plurality of pig®antasd ng therefrom and the other of said 4pc¥pisdsne2iong
and-said housing has a plurality of camslots for 5 receiving said pins,
said pins operating to follow said cam6 slots as said notor ring rotates
in order to nove saide&8 spindle notor into and out of engagenent with the

hub of said 8 disk cartrioye. 1 5/1%. fMeddisk drive recited in
claim1 wherein ' e] ect notor. 13 L4k14FﬁTﬂﬂjFﬂﬂﬂﬂﬁﬂHPﬁﬁ?ﬁKﬁ*#—-
notor ring 3 viala gear train that transl ates venent of said | oad/eject] 4

notor jnto rotat)on of said notor ring. 1 7. A disk drive fdr
witing and rea
which is inserte

FIG. 4A




4 a notor ring rotatably nounted in the disk drive; 5 a
spi ndl & notor adapted to engage a hub of the disk 6 and to rotate the di sk,
said spindle notor being nmounted in 7 said notor ring such that rotation of
sald notor ring in a 8 first direction noves said spindle motor into

engagenent W t Ry ofdygagnub of the disk cartridge and opposite rphfishéiiszef
said 10 notor ri'ng noves said spindle notor out of engagenent with 11 the

hub; 12 a | oad/eject notor operatively coupled to said 13 notor
-ring and adapted to rotate said notor riéphén at® 14 first and opposite
directions; and_15 a position tYa dﬁ%%?‘for provi di ng an out put
- 16 signal indichtive of the rotational positiNon of sard notor X7 T1nQ.
- WD 96/ 36048 - PCT/ US96/ 06249 s  —
- 27 -, 1 8. he disk drive recited ip claj fartodrl 2
conprising a co1tro||:ig;u\kcontrolling said l'oas¥ej e nptBgx M fn
response to thel out put 5 2\, Of said position tgrapsdudegs 1 9.
The disk drive fecited N cl @ 3\8 fqﬁ er 8 CoLRy W g

I, . .
= &P -1
)
o N r ;
1

FIG. 4B




3 a spring coupled to said notor ring for biasing 4 said notor
ring in said first direction of rotation; 5 a cartridge eject
| ever pivotally nmounted in said 6 disk drive and adapted to engage a pin
on said notor ring 7 when a cartridge is not inserted in the disk drive to
prevent 8 rot agb9gsgeds said notor ring in the first direction paridsreo6dss
force of said spring, said | ever being pushed out of 10 engagenent with
.the pin of said notor ring when a cartrldge is inserted into the disk
-drive thereby allowing said notor 12 FIE % ﬁtate automatically in said
tlon

first direction to ernediate p A4Br force of said spring,
.14 sai d coiﬁl Ier?%ece|V|ng Z outp 'onal fro

position transducer: Whi ¢h out put S|g
i nternedi ate p03|t|on of said nDtor
-actlvatlng said | oad/ ej ect nDtorA/¢
notor ring fromsaid internedi a

spi ndl e notor engages 20 the |
10. The disk drive recited i /I
conprises: 3 an eIo‘
surface within said disk driVvE ‘
first end of said resistive i ‘
source and the second end be|\&\

a contact el ement A1 xedly nounQSg
thereon in slidgfhg conta A;t\\§Q§ A
first and secons\F 04 t heneO S

bet ween the 12 394 secoNd
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WD 96/ 36048 PCT/ US96/ 06249
- 28 -~ 13 notor ring rotates between engaged and di sengaged positions 14
of .the spindle notor, a voltage signal at said contact 15 el enent defi ning
sai d output signals and being indicative of 16 the rotational position of
the notor ring.wo k36048 11. The disk drive recited in cpa¥iReds240
wherein 2 said controller has an input electrically connected to said
contact elenment for receiving the voltage signal at said 4 contact el enent
and.for converting the voltage to a digital 5 value indicative of the
magni t ude t her eof . 1 ~12. The diskggéive recited_j '
wherein 2 said controller conprises a mcropr é%or.

disk drive recited in claim7 wherein one 2 of said notof rj
housi ng of said spindle notor has a_3 plurality of pins ‘£xt
ol Ng and sai d hoyg
Bcei vi ngasail dWi ns, said pins\operat
bt or A ng rotN\ates in order \to f

plurality of camslots for @ r
follow said cam 6 sl ot§8as s
L -4

FIG. 6A




7 spindle nmotor into and out of engagenent with the hub of said 8 disk
cartridge. 1 14. The disk drive recited in claim7 wherein said
2 | oad/eject notor is operatively coupled to said notor ring 3 via a gear
train that transl ates novenent of said |oad/eject 4 notor into rotation of
sai d nmotor ri NOwo 9636048 15. The disk drive recited in afs240
wherein a 2 final gear of said gear train has a drive pin that engages a 3
| oad cam surface of said nmotor ring as said final gear 4 rotates in order

to rotate said notor ring in said first 5 direction. 1 16. The
disk drive recited in claim15 wherein 2 sayqgqmotor ring has an eject cam
surface, and wherein 3 continued rotation o | ear of said gear
train WD 96/ 36048
PCT/ US96/ 06249 4 causes the drivgZpin of the ear to wQgage the
ej ect
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5 cam surface of the notor ring and thereby to rotate the notor 6 ring in
the opposite direction to disengage the spindle notor 7 fromthe hub of

t he disk cartridge. 1. 17. The disk drive recited in claim8
further 2 conprising an eject switch electrically connected to said 3
control l er, saiwoogsdossd! | er being adapted to sense the 4 operpipndshesal d
swtch by a user and, in response thereto, 5 to activate the |oad/eject
notor to rotate said notor ring in 6 said opposite direction in order to
di sengage said spindle 7 notor fromsaid disk. w©1 18. A disk
drive for witing and reading data to onea di sk contained in a
cartridge whi chers= ' ' ' ' '
conprising: 4 a notor ring rotatab
5 . a spindle notor adapted to engage a hub of the disk 6 and tg
rotate the disk, said spindle notor being nounted in 7 said notor ring
such that rotatjon of said notor ring in a 8 first direction noves sai(
spi ndl«e notor ijnto engagenent with 9 the hub of the disk cartridge and
opposite rotatijon of said 10 notor ring noves said spawdl e npt~r out of

mounted in the disk drivqg;

engagenent with 11 the hub; 12 a | oad/ ej ect gt o™ vely
coupled to saiq 13 notor - ring and adapted to rotate saia‘ﬁgp g in dJaid
14 first and ogposite directions; 15 a_posi ty/ON I 3 er\ t hat

generates an oytput 16 signgl indicativ f themyotali pNal 1aid

notor 17 ring; jand 18 M cont r ol ¥ or cMntrgfli [ oad/ ejfect

notor 19 in regponse to the outp si g@al “‘. d posi
o )

FIG. 9A




1 19. The disk drive recited in claim18 further 2 conprising: 3
a spring coupled to said notor ring for biasing 4 said notor ring in said
first direction of rotation; - PCT/ US96/ 06249
WO 96/ 36048 - 30 - 5 - a cartridge
| oad/ ej ect | eveyofym¢éedsal | y nounted in 6 said disk drive and pgppkRfbeis®
engage a pin on'said notor 7 ring when a cartridge is not inserted in the
disk drive to 8 prevent rotation of said notor ring in the first direction
9 under force of said spring, said | ever deing pushed out of 10 engagenent
with the pin of said notor ring whenfcﬁtriﬂg‘a 11 is inserted into the
di sk drive thereb*_alln\l\n ng said not 12 1 ?.O rotate automtlcally in
said first direction to an 13 inter¥ediate position under force of sard

spring, 14 said controller receiving the outp signg from 18
sai d position trfansducer, which output S|gnal i's |nd| at % 6 [T 1Pk

I nternmedi ate podition of said m)tor ring, n ‘-*- qretp
activating said |l cag/ o gTt—rnte dela 18 S ontl n : dq sap
motor ring from|sai ¢ & errrediatce’ poEtl iC ain

spi ndl e notor erjgage

FIG. 9B




20 the hub of the disk in said cartridge. 1 .20. The disk
drive.recited in claim 18 wherein 2 said position transducer conprises: 3
an elongate resistive ink trace printed on a 4 surface within said disk
drive and having first and second 5 ends, the first end of said resistive
i nk trace bei ngvo§seegnected to a voltage source and the secopgmgsyénbabnd

7 eonnected to a ground potential; 8 a contact elenent fixedly
nounted on said nmotor 9 ring and positioned t-hereon in sliding contact
with said 10 resistive ink trace between the first and second ends 11

t hereof, said contact el ement opewating to slide between the 12 first and
second ends of said resistive/TnkS¥ract2484the 13 notor ring rotates

bet ween engage ' =t ool or 2

vol tage signal Jat said contact 15 elenent defining said output signal jnd
bei ng .indicatiye of 16 the rotational position of the notor ring. 1
21. The disk Hrive recited in claim20 wherein 2 said controller has fg@n
i nput rel ectricplly connected to said @&contact el recei ving the
vol tage signalfat said WD 96/ 36048 <

PCT/ US96/ 06249 : '

FIG. 10A




- 31 - 4 contact elenent and for converting the voltage to a digital 5

val ue indicative of the magnitude thereof. - 1 22. The disk
drive recited in claim?21 wherein 2 said controller conprises a
m cr opr ocessor. 1 23. The disk drive recited in claim 18

wherein one 2 of said notor ring and a housing of said spindle notor has a
3 phurality of MR%8604&t endi ng therefrom and the other of sai BCT/USIRBE24?
ring and said housing has a pluralitwof camslots for 5 receiving said
pins, said pins operating to fol | g S4i d139\14 6 slots as said notor ring
rotates in ordg o-TToVE v ot BB i g G RRN
with the hub of said 8d|sk cartrldge 1 o ™ Tb@ dISk drijve

recited in clam18 vvher sald Ioa#}eject m)tor |s er & i EAqoupl ed
to said notor |3 ring v '&- g ai n tha transl atg ﬂ eNd pf $3id. 4
| oad/ ej ect notpr into ro lon o |d rinel

disk drive recjted in cla 24 wherés ) Q

surface and ary ej ect ¢am surf&e and
train has a 4 drive (rs -.\ eng
5 cam surface jat respective gl

order to rotatje said notor ri \- /r-' X

respectively.

FIG. 10B




1 26. The disk drive recited in claim?25 further 2 conprising an
eject ,swtch electrically connected to said 3 controller, said controller
being adapted to sense the 4 operation of said switch by a user and, in
response thereto, 5 to activate the |oad/eject notor to rotate said notor

ring in 6 sai ite direction in order to di sengage sai Lol 7
- notor from sa%%@ QCFIBEJMG 9
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