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MINIATURE HARD DISC DRIVE SYSTEM

The present invention is directed generally to the field of hard disc drives,
and more particularly to miniature Winchester-type hard disc drive systems.

With the rapidly expanding development of personal computers into the field
of first what were termed portable, then lap-top, and now notebook size computers,
there has been a tfemendous demand for maihtaining the performance of the disc
drive systems of such computers. The major development in this direction has been
the development of smaller winchester-type disc drives as replacements and
enhancements to floppy disc drives for program storage. An example of this can be
found in US patent number 4,819,110 by Yoshioka. The Winchester disc drive, in
general, provides higher capacities and faster speeds of operation: factors which are
of great importance for the effective use of personal computers running advanced
software packages.

The Wirichester-tyﬁe disc drives that have been developed for the personal
computer market were initially based or: the use of hard discs of a diameter of
approximately 0.133m (5.25 inches) and known as 54 inch dxscs Many of these
disc drives used stepper motors for positioning a transducer over a selected track on
the rotating disc, although larger capacity systems typically used voice coil motors.
The next step in reduction of size of the disc drive was to cut the "form factor" (the
dimensions of the external case for the complete disc drive) by one half, so that the
resulting disc drive used a platter of 0.08m (3.5 inch) diameter and known as 3%
inch discs. The height of the disc drive was also becqming a significant factor, and
efforts were made to reduce the height of the disc drive as well, so that the size of
the casing for the personal computer could be minimised. However, as to most lap-
top and notebook computers, hard disc drives continue to be external devices.

It is an object of the present invention to provide a compact hard disc drive

system having'reduced length, width and height dimensions. REPLACED SHEETS . (
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it what were terned portable, then | dp-top, and now not ebook size
fers, there has been a trenendous demand for maintaining the
perf drmance of the disc drive systens of such conputers. The major
developnent in this direction has been the devel opnent of snaller

i Sc drives Tor program Storage. i examD! o e e T S

pat ent number systéif whidiDmiay bedssertet and Témovadrfrdm she computer, toitly ) maximise
the effectiveness of the disé drive and provide additional storage capacity by
interchanging disc drives, as well as to provide secﬁrity for the information stored
on the disc drive. |

A further object of the present invention is to provide a disc drive which is

compatible with the reduced power budget available in a batt_ery-operated portable
computer. Typically, portable computers only provide SV DC, which must be
capable of providing sufficient power both to maintain the disc spinning at a constant
speed, and powering the motor of the head arm actuator to selectively position the
head over a track on the disc and maintain the head position over the target track on
the disc.

Another object of the present invention is to utilise a voice coil motor design
which is extremely compact yet capable of reliable positioning of the transducer
supporting actuator arm relative to the disc on a long-term basis.

Yet another object of the presen; invention is to provide quick
connect/interconnect capability on the outer portions of the head disc assembly to
provide a simply-connected interface to the drive control electronics.

According to the present invention there is provided a disc drive comprising:

athmﬁoﬁehnddhq

means for supporting the or each har;l disc and for rotating the or each hard
disc at a constant speed;

transducer means for writing to and reading from digital information from
the or each hard disc;

means for selectivgly positioning the or each transducer means with respect
to a respective disc, said positioning means comprising a voice coil motor with a

rotor and stators; characterised in that said stators are mounted on the ceiling and
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-, provides higher capacities and faster speeds of operation: factors
¥ are of great inportance for the ef¥ective use of personal conputers
ng advanced software packages. The W nchester-type disc drives
thatt have been devel oped for the personal ‘conputer nmarket were initially
based on the use of hard discs of a dianeter of approxinmtely 0. 133m

(5.25 i nCheSQdBﬁa‘b@?%gﬁuﬁE&%& s&a%@teg‘gﬁé%cggﬁg%r\?@% rﬁ&%etraﬂh drives

used stepper - notors for-positionrng a a selected track on

the rotati ngmg_n'gcmdqjog{rﬁ@ug,lg thédng Afe g@mt y systens typically used voice
coil notors. -

- The compact Winchester-type disc drive of the present invention was
specifically designed to provide a system which will meet the demands of notebook
and lap-top size and type computer systems. In a preferred embodiment, the
rotating disc dimensions will be 15mm inside diameter and 45mm outside diameter.

In the preferred embodiment of the present invention, two hard discs will be
provided, although a single hard disc design may also be used. Storage on each disc
in excess of 5 megabytes once the discs are formatted is provided. An actuator
system supports two read/write heads for each disc, one head positioned on each
side of the disc, to write digital infoﬁnation on and read digital information from the
disc. A positioning mechanism is provided to move the transducer between the
tracks on the discs and for holding the transducer accurately positioned over each
track to write information on and read information from the disc.

In a preferred embodiment of th? present invention, the actuator includes a
rotary voice coil motor, which is arranged to move the transducer along a path
extending in an approximately radial direction with respect to the hard disc to move
the transducer selectively to any track between the inner diameter of 15mm and the
outer diameter of 45Smm.

Means will be provided for lifting the heads from the disc, comprising either
a shape memory metal withdrawal system or a ramp system combined with a head
rest. area adjacent the outer diameter of the disc in order to provide a very high
resistance to non-operating shocks.

By incorporating the features generally outlined above and to be described in
further detail below, a disc drive having an overall outer dimension of about 70mm
by about SOmm, with a thickness of 10mm can be achieved, wherein the disc inner
diameter is 15mm and outer diameter is 45mm. In this way, a highly compact, |

easily inserted and removable disc drive is achieved. -~~~
This Sheet Has Been Re‘ilaced .
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.*ep in reduction of size of the disc drive was to cut the ' form
Xt he di mensions of the external “A3se for the conplete disc drive)
*hal f, so that the resulting disc drive used a platter of 0.08m (3.5
i nch z"iarreter and known as 3 inch discs. The height of the disc drive was
al sogbeconing a significant factor, and efforts were nmade to reduce the

hei ghit of the di S%xﬂbcbdimea&dmhépreseu‘iﬁ\iéhubmlnméwUa‘desémﬁh?&‘efeﬂéethe
personal conputer could be m nin sed. However, as to nost |ap- top and

not ebook corrptgttﬁgiccohtpanlyldgﬂm»ﬂhguaﬁ'vﬂﬂém nue to be external devices.

The
fact
by

FIG 1 is a top plan view of the disc drive of a preferred embodiment of the
present invention;

FIGS 2A and 2B are sectional views of the disc drive of FIG 1; and

FIG 3 is a sectional view of an alternative moving voice coil actuator.

The preferred embodiment of the compact Winchester disc drive is shown in
a top plan view, with the cover removed, in FIG 1 and in a vertical sectional view in
FIG 2. In this figure and in FIG 2, like components are designated by like reference
numerals.

Referring- first to FIG 1, the major elements of the compact disc drive of the
present invention are shown, including a housing 2 which includes upright walls 4,
6, 8, and 10. It is anticipated that the housing may be slid into a slot provided
within the computer for the disc drive system. In order to minimise the electronics
which must be provided on this very small disc drive, an external connector
generally indicated at 12 is provided on'the housing wall to the rear of motor 11. A
second connector 14 may be provided on the bottom surface 16 of the disc drive to |
provide additional electrical connections from the disc drive to the electronics which
are in turn supported within the computer.

By Iproviding the electrical connectors 12, 14 immediately adjacent the voice
coil motor 11 and the leads which run back from the transducer 22, the length of the
runs of the wires is minimised. This is important especially with respect to the wire
length from the external interconnect ;2, 14 to the transducer 22 because the signals
picked up from the transducer 22 are relatively weak. In order to amplify these
signals, an internal preamplifier 24 may be provided mounted on the baseplate 16 of
the housing 2. In this wéy, the signals picked up from the transducer receive
sufficient amplification to be accurately replicated after being transferred over the
connecting interfaces 12, 14 to the electronics incorporated in the computer.
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US pat ent nunber 4 855, 853 di scl oses a disc drive apparatus
ice coil notor within a ITRMing wherein two pernanent

ured in opposing relationship to an iron plate which is
usi ng base. The hei ght of

:"-to the ho

The drive is mounted in a hard case without external shock mounts. It is
anticipated that to accomfno_date the minimal size of the disc drive, an appropriate
mount can be incorporated into the lap-top or notebook size computer with which
this disc drive is especially intended to work.

The disc drive system designed in accordance with the preferred embodiment
of this invention is a microprocessor-based device which moves the transducer 22
from track to track across the surface of the disc 30 in response to commands
received by the microprocessor from the host system on the computer by way of a
disc drive controller. The disc drive controller and microprocessor of the present
invention are not shown herein, and would be mounted externally to the disc drive
| and connected by the interface 12 or 14 to the disc drive in order to minimise the
parts count supported on the disc drive. Alternatively, certain critical electronic
elements of the present invention may be supported from the base 16 of the disc
drive intemally or externally, provided appropriate shock damping and thermal
isolation is utilised. .

Turning to FIG 2, each disc 30A, 30B is mounted within the housing and on
the hub of a spindle 32 supported'on a spindle motor 34. Each of the discs has an
inner diameter of about 15mm and an outer diameter of about 45mm, and is from
0.51 mm (.020 inch) to 0.64 mm (.025 inch) thick. Transducers 22A, B, C, D are
provided for reading and writing on both surfaces of each disc. The transducers 2
in this preferred embodiment comprise MR heads of the type made by PCI
Components, Inc. of Minneapolis, Minnesota, and as described in U.S. Patent No. 4
891 725, issued on 2nd January 1990, and assigned to the assignee of the present
invention.

Each read/write head 22 is mounted on a gimble 40 mounted at one end of a
flexure 42, the gimble supporting 70 percent of normal length
flexure/gimbie/suspension and 50 to 70 percent of normal length slider 42.
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the d . |'ve Is therefore affected by the iron plate fixed to the housing
base = US patent nunber 4,988,904 d+&€l oses a disc drive apparatus
C(Srrpr *Nng a voice coil nmotor within a housing wherein two pernanent

magne are both directly secured on the base of the housing. It is
jggct of the present invention to provide a conpact hard disc drive

having redusgé shgpidpied ’enwatol? 8G9 iJEIRREd s arm 46 which is
rotated about a pivot 48 by a voice coil motor 50. The flexure 42 and arm 46 are
arranged to provide a straight arm extending from the voice coil motor out to the

disc in accordance with the teachings of the U.S. Patent No. 4,620,261, in the name
of Gitzendammer but assigned to the assignee of the present invention. The
supporting arm 46 is supported at the pivot 48 on a steel shaft fixed to the races of a
pair of ball bearings 49 which are in turn located in the base 16 of the housing 2.
The shaft 48 rotates about the axis 52 to quickly and reliably alter the position of the
transducers 22A-D relative to the tracks on the disc.

In this preferred embodiment the voice coil motor 50 comprises a single
moving magnet 56 supported on the distal end of the arms 46 from the flexures 42.
The single moving magnet 56 includes a backarm which serves as a balancing
counterweight. The magnet is movable between two coils S7A, B supported above
and below. Alternatively, as shown in FIG 3 a coil 100 may be supported on the
distal end of the arm 46, movable with selective application of current to the coil
100 causing magnetic flux which intemc:ts with the magneﬁc flux of the upper 102
and lower 104 magnets. In this instance, one of the magnets 104 may be supportéd
from the base casting 16 of the housing, with the other magnet 102 being suppdrted
from the upper portion 62 (FIG 3) of the housing. Referring next to FIG 2B, the
voice coil motor 34 is clearly shown being an in-hub spindle motor which supports
the disc on the outer rotating hub 64. To minimise the height of the motor, Hall-
less driving circuits of the type disclosed in US Patent No. 5 001 450 by A. Cassat,
issued on 19th March 1991, are incorporated in the motor to determine its position
and appropriately drive it in the correct direction.

~ Referring to both FIG 1 and FIG 2B, it is important to note that in order to
maximise the ability of the system to handle shocks of up to 100 to 150 g's for |
portable applications, the system is designed to provide for landing the head gimble

array on a separate area or ramp___80 adjacent the rotating disc, rather than allowing
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-2 Anot her object of the invention is to provide a conpact hard
digs system whi ch may be i nserted7and renoved fromthe conputer,
bot hilfo maxi mi se the effectiveness of the disc drive and provi de

addi ggonal storage capacity by interchanging disc drives, as well as to
provi®e security for the information stored on the disc drive A

furt Ber obi getnedh ob Dése B SRS lsc e Mok Mol b Qi Wi I1ohE oo 1Y N 1 S
' achieving this goal is to use a shape memory metal head gimble assembly head
1 ifting wire of the type disclosed in U.S. Patent No. 4 996 617, issued on 26th
| February 1991 (incorporated herein by reference), assigned to the assignee of this
invention. In this assembly, a wire would extend down the centreline of the flexure
42 and be attached to a point on the flexure, the wire being shortened in length in |
response to application of a current to cause the bending of the flexure 42 and to lift
the flexure up off the rotating disc surface. Alternatively, an inclined rafnp 80 may
be utilised co-operating with the flexure 42 and a cam member incorporated asa
ridge 90 in flexure 42 so that the flexure and head gimble assembiy as it moves
horizontally relative to the disc and reaches the edge of the disc, is lifted above the
disc unloading the head from the disc even in the absence of rotation of the disc.
The foregoing description of the present invention may be embodied in other
specific forms without departing from the scope of the present invention. The
preferred embodiment is presented merely as illustrative and it is not intended that
the present invention bg limited to the s;)eciﬁc example described above and shown
in the attached figures.
It is believed that by using the combination of features described above, that
a compact disc drive having dimensions of approximately 50mm by 70mm by 10 to
19mm high can be achieved which can be driven with only a 5V DC power supply.
A sufficient capacity of 10 megabytes or more data storage can be achieved on a
15mm inside diameter by 45mm outside diameter by 0.51 - 0.64 mm (0.020-.025
inch) thick disc, and reliable positioning of the head relative to the disc can be
achieved. The remaining critical dimensions which can be achievéd by the novel

combination of design features described above is listed below.

pivot/gap | = 26.4mm (1.040 inches)
pivot/head = 26.6mm (1.046 inches)
. This Sheet Has Been Rep
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i bI e with the reduced power budget

avail able in a battery-operated
por @bl e conputer. Typically, portable gorrput ers only provide 5V DC, which
nus@ be capabl e of providing sufficient power both to nmaintain the disc

ing at a constant speed, and powering the notor of the head arm
-act gator to selectively position the head over a track on the disc and
tain the head pogap/hes over the target= 0/ aim ¢9.028 limches)sc.

Anotther obj ect of the present invention is to utilise a voice coil notor
desiign pivot/centre = 27.5mm (1.082 inches)

Number of Tracks per Disc = 700

Read Angle = 0.840

Read Angle for the last Track = 0.495

RPM ' = 3000
This Sheet Has
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; trenel y conpact yet capabl e of éE| | abl e positioning of the
supporting actuator armrelati

e to the disc on a long-term
Yet anot her object of the present invention is to provide

_onnectllnterconnect capability on the outer portions of the head
provi de a sinply-connected interface to the drive control
According to the pCIsgIMSi nvention there is provided a

i ve conpri sing: at | east one hard disc;

1. A disc drive comprising:

at least one hard disc (30);

means (34) for supporting the or each hard disc and for rotating the or each
hard disc at a constant speed;

transducer means (22A, B, C, D) for writing to and reading from digital

information from the or each hard disc;

means (40-57) for selectively positioning the or each transducer means with. ST

respect to a respective disc, said positioning means comprising a voice coil motor
(50) with a rotor (56) and stators (57A, 57B); characterised in that said stators (57A,
57B) are mounted on the ceiling (62) and base (16) of a housing (2) in which the
said or each disc, supporting means, transducer means and positioning means are
disposed.

v
2. A disc drive as claimed in claim 1, in whi_ch said rotor comprises a single

selectively energised coil and said stators comprise first and second magnets.

3. A disc drive as claimed in claim 1, in which said rotor comprises a magnet

and said stators comprise first and second voice coils.

4, A disc drive system as claimed in any one of claims 1 to 3, in which said
positioning means includes an actuator arm (46) rotatable about a pivot (48) having
transducer means on one side of the pivot and the motor on the other side of the

pivot.

S. A disc drive as claimed in any one of the preceding claims, in which said

housmg has dimensions of at least 70 mm by 50 mm by 10 mm.
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r supporting the or each hard digg.and for rotating the or each

I sc at a constant speed,; transducer neans for witing to and
g fromdigital information from the or each hard disc; nmeans
2| ectively positioning the or each transducer neans with respect to a
tive disc, said positioning neans conprising a voice coil notor with
a rojgor and stators; characterised in that said stators are nounted on the
6. A disc drive as claimed in any one of the preceding claims, in which the or

each disc has an inner radius of at least 15 mm and an outer radius of at least

45 mm.

7. A disc drive as claimed in any one of the preceding claims, in which said
housing includes at least one connector (12, 14) for coupling said disc drive to a

computer.

8. A disc drive as claimed in claim 7, further comprising a pre-amplifier (24)

coupled to said transducer means and at least one said connector.

9. A disc drive as claimed in any one of the preceding claims, in which said
positioning means further includes at least one flexure (42) each coupled to a
respective transducer means and means (80, 90) for lifting each transducer means

v
from the disc.

10. A disc drive as claimed in claim 9, in which said lifting means comprises a
ridge extending the length of said flexure functioning as a cam (90) co-operating
with a ramp (80) located at the side of the or each disc so as to lift the associated
transducer as the transducer is moved to the side of the respective disc.

11. A disc drive as claimed in claim 9 when dependent on claim 4, in which said
lifting means comprises a shape memory metal element extending along the flexure
and attached thereto, attached to said actuator arm and being responsive to the
application of current so as to change its state and bend the flexure thereby lifting

the transducer means.
T
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" of a housi ng in which the said or each disc,
_ means and positioni ng neans~k¥® di sposed. The conpact
Sster-type disc drive of the present invention was

12. A disc drive as claimed in claim 11, further comprising a transducer rest area
located at the side of the or each disc and said positioning means moves the or each

transducer means to said rest area when said disc drive is not in use.

13. A computer including a disc drive (2) as claimed in any one of the preceding

claims.

14. A computer as claimed in claim 13 when dependent upon claim 7, ﬁnhu
comprising at least one host connector for coupling to the or each respective
connector of said disc drive; one or more shock mounts for mounting said disc drive
in said computer; and a disc drive controller coupled to said host connector for

controlling the disc drive.

i L
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ically designed to provide a systemwhich will neet the demands of
jook and |l ap-top size and type comif®er systens. In a preferred
iment, the rotating disc dinensions will be 15mm i nsi de di anmeter and
out si de di aneter. In the preferred enbodi nent of the present
tion, two hard discs will be provided, although a single hard disc

n may al so be used. Storage on each disc in excess of 5 negabytes
oncefthe discs are formatted is provided. An actuator system supports two
' wite heads for each disc, one Mioned on each

DI Y

; A hard disc drive (2) which is very compact and may be inserted into and
removed from a coxﬁputer. The hard disc drive includes a voice coil motor (50)
which has the stators (57A, 57B) mounted on the top (62) and bottom (16) of the
housing so as to enable the dimensions of the disc drive to be dramatically reduced.
The housing also includes connectors (12, 14) for coupling the disc drive to the

computer.
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the disc, to wite digitalizfcﬁ)etion on and read digital gi
gHion fromthe disc. A positiadning mechanismis provided to nove the
icer between the tracks on the discs and for holding the transducer

ely positioned over each track to wite information on and read

tion fromthe disc. In a preferred enbodi ment of the present
lon, the actuator includes a rotary voice coil notor, which is

ed to nove the transducer along a path extending in an approxinately
direction with respect to the hard disc to nove the transducer
selecgively to any track between the inner dianeter of 15mm and the
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outé Bter of 45mm

57A

52-\

i sc, conprising either a s

escribed in further detai
i mensi on of about 70nm by about 50mm w th a thickness of
eved, wherein the disc inner dianeter
n this way, a highly conpact,

()’7

NbanéLkﬁ?l be provided for lifting the heads
ape nenory netal wthdrawal system or

stem conbined with a head rest area adjacent the outer dianeter of

" in order to provide a very high

By incorporating the features generally outlined above and

bel ow, a disc drive having an overal

| Onm can

i's 15nm and outer dianeter i

resi stance to non-operating
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I, ,"’  The present invention is directed generally to the field of hard disc drives,

and more particularly to miniature Winchester-type hard disc drive systems.

With the rapidly expanding development of personal computers into the field
of first what were termed portable, then lap-top, and now notebook size computers,
there has been a tremendous demand for maintaining the performance of the disc
drive systems of such computers. The major development in this direction has been
the development of smaller winchester-type disc drives as replacements and
enhancements to floppy disc drives for program storage. An example of this can be
found in US patent number 4,819,110 by Yoshioka. The Winchester disc drive, in
general, provides higher capacities and faster speeds of operation: factors which are
of great importance for the effective use of personal computers running advanced
software packages.

The Winchester-type disc drives that have beenl developed for the personal
computer market were initially based on the use of hard discs of a diameter of
approximately 0.133m (5.25 inches) and known as 5% inch discs. Many of these
disc drives used stepper motors for positioning a transducer over a selected track on
the rotating disc, although larger capacity systems typically used voice coil motors.
The next step in reduction of size of the disc drive was to cut the "form factor" (the
dimensions of the external case for the complete disc drive) by one half, so that the
resulting disc drive used a platter of 0.08m (3.5( inch) diameter and known as 34
inch discs. The height of the disc drive was also I;eq_qming a significant factor, and
efforts were made to reduce the height of the disc dﬁve as well, so that the size of
the casing for the personal comqutér could be minimised. "However, as to most lap-

Ly o

top and notebook compuérs, hard."'disd'_dri'\.res continue to be external devices.

It is an object of the present invention to provide a compact hard disc drive

system having reduced length, width and height dimensions. REPLACEMENT SHEET
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I!ZI G2 Inthis figure and in FIG 2, |ike conponents are designated by |ike
- reference nuner al s. Referring first to FIG 1, the ngjor elenents
of the conpact disc drive of the present invention are shown, including a
housing 2 which includes upright walls 4, _§_ 8, and 10. It is anticipated
that the housing may be slid into a slet provided wthin the conputer for
the disc drive system In order to mnimse the el ectronics which nust be
provi ded on this very small disc drive, an external connector

Another object of the invention is to provide a compact hard disc drive
system which may be inserted and removed from the computer, both to maximise
the effectiveness of the disc drive and provide additional storage capacity ny
interchanging disc drives, as well as to provide security for the information stored
on the disc drive.

A further object 6f the present invention is to provide a disc drive which is
compatible with the reduced power budget available in a battery-operated portable
computér. Typically, portable computers only provide 5V DC, which must be
capable of providing sufﬁéient power both to maintain the disc spinning at a constant
speed, and powering the motor of the head arm actuator to selectively position the
head over a track on the disc and maintain the head position over the target track on
the disc.

Another object of the present invention is to utilise a voice coil motor design
which is extremely compact yet capable of reliable positioning of the transducer
supporting actuator arm relative to the disc on a long-term basis. |

Yet another object of the present invention is to provide quick
connect/interconnect capability on the outer portions of the head disc assembly to
provide a simply-connected interface to the drive control electronics.

According to the present invention there is provided a disc drive comprising:

at least one hard disc;

means for supporting the or each hard disc and for rotating the or each hard
disc at a constant Speed;

transducer means for writing to and reading from digital information from
the or each hard disc;

means for selectwely posmomng the or each transducer means with respect

to a respective disc, said positioning means compnsmg a voice coil motor with a

rotor and stators; characterised in that said stators are mounted on the ceiling and
e REPLACEMENT SHEET
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generally indicated at 12 is provided on the housing wall to the rear of
notor 11. A second connector 14 nmay be provided on the bottom surface 16
O0f the disc drive to provide additional electrical connections fromthe
disc drive to the electronics which are i n_:{_urn supported within the
conput er. By providing the electrical connectors 12, 14 imredi ately
adj acent the.voice coil notor 11 and the | eads which run back fromthe :
transducer 22, the length of the runs.of the wires is mnimsed. This is
| mportant espec ibgs! gf aV\ﬂ;uzinréeiﬁ I[\);vehcict:h tthg s;i?i%rvééhedisc, supporting means, transducer

means and positioning m&ans are disposed.

The compact Winchester-type disc drive of the present invention was
specifically designed to provide a system which will meet the demands of notebook
and lap-top size and type computer systems. In a preferred embodiment, the
rotating disc dimensions will be 15mm inside diameter and 45mm outside diameter.

In the preferred embodiment of the present invention, two hard discs will be
provided, although a single hard disc design may also be used. Storage on each disc
in excess of 5 megabytes once the discs are formatted is provided. An actuator
system supports two read/write heads for each disc, one head positioned on each
side of the disc, to write digital information on and read digital information from the
disc. A positioning mechanism is provided to move the transducer between the
tracks on the discs and for holding the transducer accurately positioned over each
track to write information on and read information from the disc.

In a preferred embodiment of the present invention, the actuator includes a
rotary voice coil motor, which is arranged to move the transducer along a path
extending in an approximately radial direction with respect to the hard disc to move
the transducer selectively to .any track between the inner diameter of 15mm and the
outer diameter of 45mm.

Means will be provided for lifting the heads from the disc, comprising either
a shape memory tﬁetal withdrawal system or a ramp system combined with a head
rest area adjacent the outer diameter of the disc in order to provide a very high
resistance to non-operating shocks. _

By incorporating the features generally outlined above and to be described in
further detail below, a disc drive having an overail outer dimension of about 70mm
by about 50mm, with a thickness of 10mm can be achieved, wherein the disc inner

diameter is 15mm and outer diameter is 45mm. In this way, a highly compact,

&sily_ 1_nserted_and ;g;_x_l__c_)y_al_:le _disc drive is achieved.

This Sheet Has Been Reﬂlaced .
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| ength fromthe external interconnect 12, 14 to the transducer 22 because
the signals pi Ttransducer 22 are relatively weak.” ‘I'n—order
Pgﬁgqr{ﬁ\ﬁ* SHEE

to anplify thes an '—n‘t rnal preanplifier 24 Slmetmggyeh aced
nmounted on the bhskplate 16 of 'the housing-£- In th|s ""IF

pi cked up fromthelt M@ ¥D¥ 8% ecei ve sufficient anpli f|
accurately repligtated after. heing transferred over the connec
interfaces 12, 14 tnhe electronifs i ncorporated in the conputer.

—Embodiments of the present invention will now be described with reference

to the accompanying drawings, of which:

FIG 1 is a top plan view of the disc drive of a preferred embodiment of the
present invenﬁon;

FIGS 2A and 2B are sectional views of the disc drive of FIG 1; and

FIG 3 is a sectional view of an alternative moving voice coil actuator.

The preferred embodiment of the compact Winchester disc drive is shown in
a top plan view, with the cover removed, in FIG 1 and in a vertical sectional view in
FIG 2. In this figure and in FIG 2, like components are designated by hke reference
numerals. '

Referring first to FIG 1, the majof elements of the compact disc drive of the
present invention are shown, including a housing 2 which includes upright walls 4,
6, 8, and 10. It is anticipated that the housing may be slid into a slot provided
within the computer for the disc drive system. In order to minimise the electronics
which must be provided on this very small disc drive, an external connector
generally indicated at 12 is provided on the housing wall to the rear of motor 11. A

- second connector 14 may be provided on the bottom surface 16 of the disc drive to
provide additional electrical connections from the disc drive to the electronics which
are in turn supported within the computer.

By providing the electrical connectors 12, 14 immediately adjacent the voice
coil motor 11 and the leads which run back from the transducer 22, the length of the
runs of the wires is minimised. This is important especially with respect to the wire
length from the external interconnect 12, 14 to the transducer 22 because the signals
picked up from the transducer 22 are relatively weak. In order to amplify these
signals, an internal preamplifier 24 may be provided mounted on the baseplate 16 of
the housing 2. In this way, the signals picked up from the transducer receive
sufficient amplification to be accurately replicated after being transferred over the

connecting interfaces 12, 14 to the electronics incorporated in the computer.



- 5- The drgd ) [RURt deETn |a hard case without external shock
mounts. It is ant] AEFhMe q gccommodat e the m nimal..size-of .-t he-disc
drive, an approprifptE j ncorporated into the |ap-top or
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The drive is mounted in a hard case without external shock mounts. Itis

to work.

anticipated that to accommodate the minimal size of the disc drive, an appropriate
mount can be incorporated into the lap-top or notebook size computer with which
this disc drive is especially intended to work.

The disc drive system designed in accordance with the preferred embodiment
of this invention is a microprocessor-based device which moves the transducer 22
from track to track across the surface of the disc 30 in response to commands
received by the microprocessor from the host system on the computer by way of a
disc drive controller. The disc drive controller and microprocessor of the present
invention are not shown herein, and would be mounted externally to the disc drive
and connected by the interface 12 or 14 to the disc drive in order to minimise the
parts count supported on the disc drive. Alternatively, certain critical electronic
elements of the present invention may be supported from the base 16 of the disc
drive internally or externally, provided appropriate shock damping and thermal
isolation is utilised. |

Turning to FIG 2, each disc 30A, 30B is mounted within the housing and on
the hub of a spindle 32 supported on a spindle motor 34. Each of the discs has an
inner diameter of about 15mm and an outer diameter of ébout 45mm, and is from
0.51 mm (.020 inch) to 0.64 mm (.025 inch) thick. Transducers 22A, B, C, D are
provided for reading and writing on both surfaces of each disc. The transducers 22
in this preferred embodiment comprise MR heads of the type made by PCI
Components, Inc. of Minneapolis, Minnesota, and as described in U.S. Patent No. 4
891 725, issued on 2nd January 1990, and assigned to the assignee of the present
invention.

Each read/write head 22 is mounted on a gimble 40 mounted at one end of a
flexure 42, the gimble supporting 70 percent of normal length
flexure/gimble/suspension and 50 to 70 percent of normal length slider 42.



The di sc drive s ccordance with the referred enbodi rrent

of this inventio ﬂ@\&_ S -based devi ce whi Replaced
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The supported end 44 of each flexure 42 is fastened to an arm 46 which is

t he interfa_ce 12

rotated about a pi\rot 48 by a voice coil motor 50. The flexure 42 and arm 46 are
arranged to provide a straight arm extending from the voice coil motor out to the
disc in accordance with the teachings of the U.S. Patent No. 4,620,261, in the name
of Gitzendammer but assigned to the assignee of the present invention. The
supporting arm 46 is supported at the pivot 48 on a steel shaft fixed to the races of a
pair of ball bearings 49 which are in turn located in the base 16 of the housing 2.
The shaft 48 rotates about the axis 52 to quickly and reliably alter the position of the
transducers 22A-D relative to the tracks on the disc.

In this preferred embodiment the voice coil motor 50 comprises a single
moving magnet 56 supported on the distal end of the arms 46 from the flexures 42.
The single moving magnet 56 includes a backarm which serves as a balancing
counterweight. The magnet is movable between two coils 57A, B supported above
and below. Alternatively, as shown in FIG 3 a coil 100 may be supported on the
distal end of the arm 46, movable with selective application of current to the coil
100 causing magneﬁc flux which interacts with the magnetic flux of the upper 102
and lower 104 magnets. In this instance, one of the magnets 104 may be supported
from the base casting 16 of the housing, with the other magnet 102 being supported
from the upper portion 62 (FIG 3) of the housing. Referring next to FIG 2B, the
voice coil motor 34 is clearly shown being an in-hub spindle motor which supports
the disc on the outer rotating hub 64. To minimise the height of the motor, Hall-
less driving circuits of the type disclosed in US Patent No. 5 001 450 by A. Cassat,
issued on 19th March 1991, are incorporated in the motor to determine its position
and appropriately drive it in the correct direction.

Referring to both FIG 1 and FIG 2B, it is important to note that in order to
maximise the ability of the system to handle shocks of up to 100 to 150 g's for
portable applications, the system is designed to provide for landing the head gimble

array on a separate area or ramp 80 adjacent the rotating disc, rather than allowing
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spindl e 32 supportedq oma spi ndle notgr 34. Each of the discs has an inner
di ameter of about 13mm and an outer—dianeter of about 45mMm and is from

the head to rest on the disc as in most known smaller disc drives. One approach to
achieving this goal is to use a shape memory metal head gimble assembly head
lifting wire of the type disclosed in U.S. Patent No. 4 996 617, issued on 26th
February 1991 (incorporated herein by reference), assigned to the assignee of this
invention. In this assembly, a wire would extend down the centreline of the flexure
42 and be attached to a point on the flexure, the wire being shortened in length in
response to application of a current to cause the bending of the flexure 42 and to lift
the flexure up off the rotating disc surface. Alternatively, an inclined ramp 80 may
be utilised co-operating with the flexure 42 and a cam member incorporated as a
ridge 90 in flexure 42 so that the flexure and head gimble assembly as it moves
horizontally relative to the disc and reaches the edge of the disc, is lifted above the
disc unloading the head from the disc even in the absence of rotation of the disc.

The foregoing description of the presént invention may be embodied in other
specific forms without departing from the scope of the present invention. The
preferred embodiment is presented merely as illustrative and it is not intended that
the present invention be limited to the specific example described above and shown
in the attached figures.

It is believed that by using the combination of features described above, that
a compact disc drive having dimensions of approximately 50mm by 70mm by 10 to
19mm high can be achieved which can be driven with only a 5V DC power supply.
A sufficient capacity of 10 megabytes or more data storage can be achieved on a
15mm inside diameter by 45mm outside diameter by 0.51 - 0.64 mm (0.020-.025
inch) thick disc, and reliable positioning of the head relative to the disc can be
achieved. The remaining critical dimensions which can be achieved by the novel

combination of design features described above is listed below.

pivot/gap = 26.4mm (1.040 inches)
pivot/head = 26.6mm (1.046 inches)



0.51 mm (.020 inch) to 0.64 mm (.025 inch) thick. Transducers 22A, B, C D
are provided for reading and witing on both surfaces of each disc. The
transducers 22 in this preferred enbodi ment conprise MR heads of the type
made by PCI Conponents, Inc. of Mnneapolis, Mnnesota, and as descri bed
in US.. Patent No. 4 891 725, issued on 2nd January 1990, and assigned to
t he assignee of the present invention. Each read/wite head 22 is
mounted on a ginble 40 nounted at one end ©8—a

gap/head = 0.71mm (0.028 inches)
pivot/centre = 27.5mm (1.082 inches)

Number of Tracks per Disc = 700

Read Angle = (.840
Read Angle for the last Track = 0.495
RPM = 3000

This Sheet Has Been Replaced
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flexure 42, the ginble supporting 70 percent of normal |ength

f1 exurel/ gi nbl e/ sian_and 50 to 70 percent of nor mal Th : L2625
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CLAIMS | O OO

1. A disc drive comprising:

at least one hard disc (30);

means (34) for supporting the or each hard disc and for rotating the or each
hard disc at a constant speed;

transducer means (22A, B, C, D) for writing to and reading from digital
information from the or each hard disc;

means (40-57) for selectively positioning the or each transducer means with
respect to a respective disc, said positioning means comprising a voice coil motor
(50) with a rotor (56) and stators (57A, 57B); characterised in that said stators (57A,
57B) are mounted on the ceiling (62) and base (16) of a housing (2) in which the
said or each disc, supporting means, transducer means and positioning means are

disposed.

2, A disc drive as claimed in claim 1, in which said rotor comprises a single

selectively energised coil and said stators comprise first and second magnets.

3. A disc drive as claimed in claim 1, in which said rotor comprises a magnet

and said stators comprise first and second voice coils.

4. A disc drive system as claimed in any one of claims 1 to 3, in which said
positioning means includes an actuator arm (46) rotatable about a pivot (48) having
transducer means on one side of the pivot and the motor on the other side of the

pivot.

3. A disc drive as claimed in any one of the preceding claims, in which said

housing has dimensions of at least 70 mm by 50 mm by 10 mm.
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6. A disc drive as claimed in any one of the preceding claims, in which the or

The supported end 44 of each flexure 42 is fastened tThisdheeflHs0EE t] is
rotated about a pivot 48 by a voice coil notor 50. The m]m m arm

U=

each disc has an inner radius of at least 15 mm and an outer radius of at least

45 mm.

7. A disc drive as claimed in any one of the preceding claims, in which said
housing includes at least one connector (12, 14) for coupling said disc drive to a

computer.

8. A disc drive as claimed in claim 7, further comprising a pre-amplifier (24)

coupled to said transducer means and at least one said connector.

9. A disc drive as claimed in any one of the preceding claims, in which said
positioning means further includes at least one flexure (42) each coupled to a
respective transducer means and means (80, 90) for lifting each transducer means

from the disc.

10. A disc drive as claimed in claim 9, in which said lifting means comprises a
ridge extending the length of said flexure functioning as a cam (90) co-operating
with a ramp (80) located at the side of the or each disc so as to lift the associated

transducer as the transducer is moved to the side of the respective disc.

11. A disc drive as claimed in claim 9 when dependent on claim 4, in which said
lifting means comprises a shape memory metal element extending along the flexure
and attached thereto, attached to said actuator arm and being responsive to the
application of current so as to change its state and bend the flexure thereby lifting

the transducer means.



The shaft 48 rotates about the axis 52 to quickly and reliably alter the
position of the tr ducers 22A-D relative to the tracks on the disc.

In this preferred e (RGP[WGEMMTeS chiT coil motor 50 conprises a single
novi ng nmagnet 56 sufpqrtet—on tal end of the arns 46 fromthe

fl exures 42. The sifngl e, povin e{ 56 includes a backarm which serves
as a balancing cou te*rvﬂago Vgﬁ% magnet i s novabl e between two coils 57A,
B supported above nd-bel ow. Alterpajively, as shown in FIG 3 a coil 100
may be supported onlthe -11~ '

12. A disc drive as claimed in claim 11, further comprising a transducer rest area
located at the side of the or each disc and said positioning means moves the or each

transducer means to said rest area when said disc drive is not in use.

13. A computer including a disc drive (2) as claimed in any one of the preceding

claims.

14. A computer as claimed in claim 13 when depéndent upon claifn 7, further
comprising at least one host connector for coupling to the or each respective
connector of said disc drive; one or more shock mounts for mounting said disc drive
in said computer; and a disc drive controller coupled to said host connector for

controlling the disc drive.

ThlS She
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distal end of the arm 46, novable with selective application of current to
the coil 100 causing magnetic flux which interacts with the magnetic fl ux
6f the upper 102 and | ower 104 magnets. In this instance, one of the
magnets 104 may be supported fromthe base casting 16 of the housing, wth
t he ot her magnet 102 being supported fromthe upper portion 62 (FIG 3) of
t he housi ng. F@fFLrnnn next to EIG 2B, the voice coil notor 34 is clearly

shown being an i hgm_AgEMEMTGsHEQToF whi ch supports the disc on the outer
rotating hub 64. T rrrse—they hgi ght of~12ke notor, Hall -
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ABSTRACT
H DISC DR YSTEM

A hard disc drive (2) which is very compact and may be inserted into and
removed from a computer. The hard disc drive includes a voice coil motor (50)
which has the stators (57A, 57B) mounted on the top (62) and bottom (16) of the
housing so as to enable the dimensions of the disc drive to be dramatically reduced.
The housing also inclﬁdes connectors (12, 14) for coupling the disc drive to the

computer.

This Sheet Has Been R
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| ess driving circuits of the type disclosed in US Patent No. 5 001 450 by

A. Cassat, issued on 19th March 1991; :are: |ncorporat ed in the notor to
determine its position and appropriately drive it in the correct
direction. Referring to both FIG1 and FIG 2B, it is inportant to

note that in order to nmaximse the ability of the systemto handl e shocks
of up to 100 to 150 g's for portable applications, the systemis designed
to provide for landing the head ginble atray on a separate area or.ranp 80

adj acent the rotating disc, rather than allow ng HEPLACEMENT SHEET l
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-7- the head to rest on the disc as in nost known smaller disc drives. One
approach to achieving this goal is to use a shape nenory netal head ginble
assenbly head —Iifting wire of the type disclosed in U S. Patent No. 4 996
617, issued oqh26th
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February 1991 (incorporated herein by reference), assigned to the assignee
of this invention. In this assenbly, a wire woul d extend down the
centreline of the flexure 42 and be attached to a point -
the wire being shortened in length in response to appl
to cause the bending of the flexure 42 .andl to lift the
rotating disc surface. Alternatively, an inclined ranp 0 [neyg8
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hotizontally relative to the disc and reaches the edge of the disc, is
|ifted above the disc unloading the head fromthe disc even in the absence

of rotation of the disc.

1

MINIATURE HARD DISC DRIVE SYSTEM

The present invention is directed generally to the field of hard disc drives,
and more particularly to miniature Winchester-type hard disc drive systems.

With the rapidly expanding development of personal computers into the field
of first what were termed portable, then lap-top, and now notebook size computers,
there has been a tremendous demand for maintaining the performance of the disc
drive systems of such computers. The major development in this direction has been
the development of smaller winchester-type disc drives as replacements and
enhancements to floppy disc drives for program storage. An example of this can be
found in US patent number 4,819,110 by Yoshioka. The Winchester disc drive, in
general, provides higher capacities and faster speeds of operation: factors which are
of gredt importance for the effective use of personal computers running advanced
software packﬁges.

The Winchester-type disc drives that have been developed for the personal
computer market were initially based or; the use of hard discs of a diameter of
approximately 0.133m (5.25 inches) and known as 5% inch discs. Many of these
disc drives used stepper motors for positioning a transducer over a selected track on
the rotating disc, although larger capacity systems typically used voice coil motors.
The next step in reduction of size of the disc drive was to cut the "form factor” (the
dimensions of the external case for the complete disc drive) by one half, so that the
resulting disc drive used a platter of 0.08m (3.5 inch) diameter' and known as 3%
inch discs. The height of the disc drive was aiso becoming a significant factor, and
efforts were made to reduce the height of the disc drive as well, so that the size of
the casing for the personal computer could be minimised. However, as to most lap-

top and notebook computers, hard disc drives continue to be external devices.
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It isibelieved that by using the conbination of features described above,
that a conpact disc drive having di nensions of approximately 50mm by 70nm
by 10 to 19mm hi gh can be achi eved which can be driven with only a 5V DC
power supply. A sufficient capacity of 10 negabytes or nore data storage
can be achieved on a 15mminside dianeter by 45nm outside di anmeter by 0.51
- 0.64 nm (0.020-.025 inch) thick diselaand reliable positioning of the
head rel ative to the disc can be achieved. The remaining critical

di mensi gns whi ch can be achi eved by the novel

US patent number 4,855,853 discloses a disc drive apparatus comprising a

voice coil motor within a housing wherein two permanent magnets are secured in
opposing relationship to an iron plate which is fixed to the housing base. The height of
the disc drive is therefore affected by the iron plate fixed to the housing base.

US patent number 4,988,904 discloses a disc drive apparatus comprising a
voice coil motor within a housing wherein two permanent magnets are both directly
secured on the base of the housing.

It is an object of the present invention to provide a compact hard disc drive

system having reduced length, width and height dimensions.
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combi nation of design features described above is |isted bel ow .
pi vot / gap = 26.4mm (1. 040 inches) pi vot / head
= 26. 6mm (1. 046 inches) o .
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Another object of the invention is to provide a compact hard disc drive
system which may be inserted and removed from the computer, both to maximise
the effectiveness of the disc drive and provide additional storage capacity by
interchanging disc drives, as well as to provide security for the information stored
on the disc drive.

A further object of the present invention is to provide a disc drive which is
compatible with the reduced power budget available in a battery-operated portable
computer. Typically, portable computers only provide SV DC, which must be
capable of providing sufficient power both to maintain the disc spinning at a constant
speed, and powering the motor of the head arm actuator to selectively position the
head over a track on the disc and maintain the head position over the target track on
the disc.

Another object of the present invention is to utilise a voice coil motor design
which is extremely compact yet capable of reliable positioning of the transducer
supporting actuator arm relative to the disc on a long-term basis.

Yet another object of the presen; invention is to provide quick
connect/interconnect capability on the outer portions of the head disc assembly to
provide a simply-connected interface to the drive control electronics.

According to the present invention there is provided a disc drive comprising:

at least one hard disc;

means for supporting the or each hard disc and for rotating the or each hard
disc at a constant speed; .

transducer means for writing to and reading from digital information from
the or each hard disc;

means for selectively positioning the or each transducer means with respect
to a respective disc, said positioning means comprising a voice coil motor with a
rotor and stators; characterised in that said stators are mounted on the ceiling and
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-8- gap/ head i ' = 0. 71mm (0. 028 inches) pivot/centre

= 27.5mm (1. 082 inches) Nunber of Tracks per Disc = 700 Read Angle

= 0.840 Read Angle for the last Track = 0.495 RPM =
3000

-3 -
base of a housing in which the said or each disc, supporting means, transducer
means and positioning means are disposed.

The compact Winchester-type disc drive of the present invention was
specifically designed to provide a system which will meet the demands of notebook
and lap-top size and type computer systems. In a preferred embodiment, the
rotating disc dimensions will be 15Smm inside diameter and 45mm outside diameter.

In the preferred embodiment of the present invention, two hard discs will be
provided, although a single hard disc design may also be used. Storage on each disc
in excess of 5 megabytes once the discs are formatted is provided. An actuator
system supports two read/write heads for each disc, one head positioned on each
side of the disc, to write digital information on and read digital information from the
disc. A positioning mechanism is provided to move the transducer between the
tracks on the discs and for holding the transducer accurately positioned over each
track to write information on and read information from the disc.

In a preferred embodiment of th? present invention, the actuator includes a
rotary voice coil motor, which is arranged to move the transducer along a path
extending in an approximately radial direction with respect to the hard disc to move
the transducer selectively to any track between the inner diameter of 15mm and the
outer diameter of 45mm.

Means will be provided for lifting the heads from the disc, comprising either
a shape memory metal withdrawal system or a ramp system combined with a head
rest area adjacent the outer diameter of the disc in order to provide a very high
resistance to non-operating shocks.

By incorporating the features generally outlined above and to be described in
further detail below, a disc drive having an overall outer dimension of about 70mm
by about 50mm, with a thickness of 10mm can be achieved, wherein the disc inner

diameter is 15mm and outer diameter is 45mm. In this way, a highly compact,

easily inserted and removable disc drive is achieved.
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CLAIMS 1. A di sc ‘drive conprising: at | east one hard disc

(30); means (34) for supporting the or each hard disc and for
rotating the or each hard disc at a constant speed, transducer neans
(22A, B, C, D) for witing to and reading fromdigital

-4 =

Embodiments of the present invention will now be described with reference
to the accompanying drawings, of which:

FIG 1 is a top plan view of the disc drive of a preferred embodiment of the
present invention; |

FIGS 2A and 2B are sectional views of the disc drive of FIG 1; and

FIG 3 is a sectional view of an alternative moving voice coil actuator.

The preferred embodiment of the compact Winchester disc drive is shown in
a top plan view, with the cover removed, in FIG 1 and in a vertical sectional view in
FIG 2. In this figure and in FIG 2, like components are designated by like reference
numerals. |

Referring first to FIG 1, the major elements of the compact disc drive of the
present invention are shown, including a housing 2 which includes upright walls 4,
6, 8, and 10. It is anticipated that the housing may be slid into a slot provided
within the computer for the disc drive system. In order to minimise the electronics
which must be provided on this very small disc drive, an external connector
generally indicated at 12 is provided on.the housing wall to the rear of motor 11. A
second connector 14 may be provided on the bottom surface 16 of the disc drive to
provide additional electrical connections from the disc drive to the electronics which
are in turn supported within the computer.

' By providing the electrical connectors 12, 14 immediately adjacent the voice
coil motor 11 and the leads which run back from the transducer 22, the length of the
runs of the wires is minimised. This is important especially with respect to the wire
length from the extemnal interconnect 12, 14 to the transducer 22 because fhe signals
picked up from the transducer 22 are relatively weak. In order to amplify these
signals, an internal preamplifier 24 may be provided mounted on the baseplate 16 of
the housing 2. In this way, the signals picked up from the transducer receive
sufficient amplification to be accurately replicated after being transferred over the

connecting interfaces 12, 14 to the electronics incorporated in the computer.
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i nformation fromthe or each hard disc; means (40-57) for

sel ectively positioning the or each transducer neans with respect to a
respective disc, said positioning nmeans conprising an actuator arm (46)

rot atabl e about a pivot (48) having said transducer neans on one side of
the pivot and a voice coil notor (50) an §he other said of the pivot, said
voi ce coil notor (50) having a rotor (56) and stators (57A, 57B);

character s T g oL L g P SR
directly to the. ¢olld Bl (PocofittbditShe miflmal size SOMS G drive, ' ApBFdRidtdIC
said or each cgl? gupporting means, transducer neans and positioning neans

| i ! . duc ans and omd
are dispose en}gngt g#e?ﬁ@giﬁgggaio@e% gfegﬂam&p bb hBteB8bK! si28 Uoinpater With FAichhat

the overall extern using 1n a direction parallel to

sai d pivot (4g)s éfdc dhVe iLeipedialty ittendedte warkd voi ce coil motor (5) is
substantially the conbined thickness of only said stators (57A, 57B), said

rotor (56), said hgHsidisg diivelsystam(dedjgned dn dedovdarice grittathe fréferredambaddimentaps

bet ween said stators and said rotor, and are between approxi mately
of this invention is a microprocessor-based device which moves the transducer 22
from track to track across the surface of the disc 30 in response to commands
received by the microprocessor from the host system on the computer by way of a
disc drive controller. The disc drive controller and microprocessor of the present
inveﬁﬁon are not shown herein, and would be mounted externally to the disc drive
and connected by the interface 12 or 14 to the disc drive in order to minimise the
parts count supported on the disc drive. Alternatively, certain critical electronic
elements of the present invention may be supported from the base 16 of the disc
drive internally or externally, provided appropriate shock damping and thermal
isolation is utilised. .

Turning to FIG 2, each disc 30A, 30B is mounted within the housing and on
the hub of a spindle 32 supported on a spindle motor 34. Each of the discs has an
inner diameter of about 15mm and an outer diameter of about 45mm, and is from
0.51 mm (.020 inch) to 0.64 mm (.025 inch) thick. Transducers 22A, B, C, D are
provided for reading and writing on both surfaces of each disc. The transducers 22
in this preferred embodiment comprise MR heads of the type made by PCI
Compone_nts, Inc. of Minneapolis, Minnesota, and as described in U.S. Patent No. 4
891 725, issued on 2nd January 1990, and assigned to the assignee of the present
invention.

Each read/write head 22 is mounted on a gimble 40 mounted at one end of a
flexure 42, the gimble supporting 70 percent of normal length

flexure/gimble/suspension and 50 to 70 percent of normal length slider 42.
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10 nm:and approxi natel'y 19 mm 2. A disc drive as clainmed in claiml1,
I n which said rotor conprises a single selectively energised coil and said
stators conprise first and second nagnets. 3. A disc drive as clained
inclaiml, in which said rotor conprises a nagnet and said stators
conprise first and second voice coils. - g -

The supported end 44 of each flexure 42 is fastened to an arm 46 which is
rotated about a pivot 48 by a voice coil motor 50. The flexure 42 and arm 46 are
arranged to provide a straight arm extending from the voice coil motor out to the
disc in accordance with the teachings of the U.S. Patent No. 4,620,261, in the name
of Gitzendammer but assigned to the assignee of the present invention. The
supporting arm 46 is supported at the pivot 48 on a steel shaft fixed to the races of a

~ pair of ball bearings 49 which are in turn located in the base 16 of the housing 2.
The shaft 48 rotates about the axis 52 to quickly and reliably alter the position of the
transducers 22A-D relative to the tracks or; the disc.

In this preferred embodiment the voice coil motor 50 comprises a single
moving magnet 56 supported on the distal end of the arms 46 from the flexures 42.
The single moving magnet 56 includes a backarm which serves as a balancing
counterweight. The magnet is movable between two coils 57A, B supported above
and below. Alternatively, as shown in FIG 3 a coil 100 may be supported on the
distal end of the arm 46, movable with felective application of current to the coil
100 causing magnetic flux which interacts with the magnetic flux of the upper 102
and lower 104 magnets. In this instance, one of the magnets 104 may be supported
from the base casting 16 of the housing, with the other magnet 102 being supported
from the upper portion 62 (FIG 3) of the housing. Referring next to FIG 2B, the
voice coil motor 34 is clearly shown being an in-hub spindle motor which supports
the disc on the outer rotating hub 64. To minimise the height of the motor, Hall-
less driving circuits of the type disclosed in US Patent No. 5 001 450 by A. Cassat,
issued on 19th March 1991, are incorporated in the motor to determine its position
and appropriately drive it in the correct direction. |

Referring to both FIG 1 and FIG 2B, it is important to note that in order to
maximise the ability of the system to handle shocks of up to 100 to 150 g's for
portable applications, the system is designed to provide for landing the head gimble

array on a separate area or ramp 80 adjacent the rotating disc, rather than allowing
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-7 -
the head to fest on the disc as in most known smaller disc drives. One approach to
achieving this goal is to use a shape memory metal head gimble assembly head
lifting wire of the type disclosed in U.S. Patent No. 4 996 617, issued on 26th
February 1991 (incorporated herein by reference), assigned to the assignee of this
invention. In this assembly, a wire would extend down the centreline of the flexure
42 and be attached .to a point on the flexure, the wire being shortened in length in
response to application of a current to cause the bending of the flexure 42 and to lift
the flexure up off the rotating disc surface. Altefnatively, an inclined ramp 80 may

be utilised co-operating with the flexure 42 and a cam member incorporated as a
ridge 90 in flexure 42 so that the flexure and head gimble assembly as it moves
horizontally relative to the disc and reaches the edge of the disc, is lifted above the

disc unloading the head from the disc even in the absence of rotation of the disc.

It is believed that by using the combination of features described above, that
a compact disc drive having dimensions of approximately 50mm by 70mm by 10 to
19mm high can be achieved which can be driven with only a 5V DC power supply.
A sufficient capacity of 10 megabytes or more data storage can be achieved on a
15mm inside diameter by 4Smm outside diameter by 0.51 - 0.64 mm (0.020-.025
inch) thick disc, and réliable positioning of the head relative to the disc can be
achieved. The remaining critical dimensions which can be achieved by the novel

combination of design features described above is listed below.

pivot/gap | = 26.4mm (1.040 inches) | REPLACEMENT SHEET
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4. A disc drive'as clained in any one of the preceding clains, in which
said conbined thicknesses of said stators (57A, 57B), said rotor (56), '
sai d housing ceiling (62), said housing base (16), and air gaps between
said stators and said rotor is between approxinmately 10 mm and
approximately 19 mm such that said housing has a maxi mum thickness of
bet ween approxi mately 10 nm and approxi gagely 19 nmin a region of said

gap/head = (0.71mm (0.028 inches)
pivot/centre = 27.5Smm (1.082 inches)
Number of Tracks per Disc = 700

Read Angle = 0.840

Read Angle for the last Track = 0.495
RPM = 3000




di'sc drive containing 'said voice coil nmotor (50). 5. A disc drive as
clainmed in any one of the preceding clains, in which said housing base and
ceiling are substantially planar and wher ei n sai d_housi ng_base and-said
housing ceiling each have substantially constant thickness in the region

one 0f “the precedi ng claine, in which sAd ﬁoﬂéfﬁgfﬂllm“\ltﬂﬂ“ﬂl\ﬂﬂ“\' S
CLAIMS

1. A disc drive comprising:

at least one hard disc (30);

means (34) for supporting the or each hard disc and for rotating the or each
hard disc at a constant speed; ,

transducer means (22A, B, C, D) for writing to and reading from digital
information from the or each hard disc; .

means (40-57) for selectively positioning the or each transducer means with
respect to a respective disc, said positioning means comprising an actuator arm (46)
rotatable about a pivot (48) having said transducer means on one side of the pivot and
a voice coil motor (50) on the other said of the pivot, said voice coil motor (50) having
a rotor (56) and stators (57A, 57B); characterised in that said voice coil motor (50) has
a compact design having reduced thickness in which said stators (57A, 57B) are
mounted directly to the ceiling (62) and base (16) of a housing (2) in which the said or
each disc, supporting means, transducer means and positioning means are disposed,
and are contained entirely within said housing (2), so that the overall external |
thickness of said housing in a direction parallel to said pivot (48) in the region
containing said voice coil motor (5) is substantially the combined thickness of only
said stators (57A, 57B), said rotor (56), said housing ceiling (62), said housing base
(16), and air gaps between said stators and said rotor, and are between approximately

10 mm and approximately 19 mm.

2. A disc drive as claimed in claim 1, in which said rotor comprises a single

selectively energised coil and said stators comprise first and second magnets.

3. A disc drive as claimed in claim 1, in which said rotor comprises a magnet and

said stators comprise first and second voice coils.
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i ncl udes at | east ‘one ‘connector (12, 14) for coupling said disc drive to a
conput er. 7. Adisc drive as claimed in claim®6, in which said connector
extends fromsaid housing proxinmate the voice notor in order to mnimnmse
the electrical path fromsaid transducer to said computer—=8 A di sc
drive as clained in claim6 or 7, further conprising a pre- aﬁillfler (24)

coupl ed to said transducer neans and at | east m‘\“‘ﬂm\nm“m'ﬂ

4. A disc drive as claimed in any one of the preceding claims, in which said
combined thicknesses of said stators (57A, 57B), said rotor (56), said housing ceiling
(62), said housing base (16), and air gaps between said stators and said rotor is between
approximately 10 mm and approximately 19 mm such that said housing has a maximum
thickness of between approximately 10 mm and ai)proximately 19 mm in a region of said

disc drive containing said voice coil motor (50).

5. A disc drive as claimed in any one of the preceding claims, in which said housing
base and ceiling are substantially planar and wherein said housing base and said housing
ceiling each have substantially constant thickness in the region occupied by said voice

coil motor.

6. A disc drive as claimed in any one of the preceding claims, in which said housing

includes at least one connector (12, 14) for coupling said disc drive to a computer.

L4

7. A disc drive as claimed in claim 6, in which said connector extends frdm said

housing proximate the voice motor in order to minimise the electrical path from said

transducer to said somputer.

‘8. A disc drive as claimed in claim6 or 7, further comprising a pre-amplifier (24)

coupled to said transducer means and at least one said connector.
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11 9. A disc 'drive as cI‘ ai rréd in any one of the preceding clains, in
whi ch said positioning neans further includes_at |east one-flexure (42)

each coupled to a respective !
L

11

9. A disc drive as claimed in any one of the preceding claims, in which said
positioning means further includes at least one flexure (42) each coupled to a respective

transducer means and means (80, 90) for lifting each transducer means from the disc.

10. A disc drive as claimed in claim "9, in which said lifting means comprises a ridge
extending the length of said flexure functioning as a cam (90) co-operating with a ramp
(80) located at the side of the or each disc so as to lift the associated transducer as the

transducer is moved to the side of the respective disc.

11. A disc drive as claimed in claim 9, in which said
lifting means comprises a shape memory metal element extending along the flexure and
attached thereto, attached to said actuator arm and being responsive to the application of
current so as to change its state and bend the flexure thereby lifting the transducer

means.

12. A disc drive as claimed in claim 11, further comprising a transducer rest area
located at the side of the or each disc and said positioning means moves the or each

transducer means to said rest area when said disc drive is not in use.

13. A computer including a disc drive (2) as claimed in any one of the preceding

claims.

14. A computer as claimed in claim 13when dependent upon claim 6, further
comprising at least one host connector attached to said computer for coupling to the or
each respective connector of said disc drive; one or more shock mounts for mounting

said disc drive in said computer; and a disc drive controller coupled to said host

connector for controlling the disc drive. | REPLACEMENT SHEET
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transducer means and neans (80, 90) for lifting each transducer neans from
t he disc. 10. A disc drive as clained in claim9, in which said |ifting
means conprises a ridge extending the length of said flexure functioning
as a cam (90) co-operating with a ranp (80) I ( t i.de of the or
each disc so as to lift the associated transd’ucimmﬁmﬂ"""iﬁ#?"ﬁucer IS
noved to the side of the respective digsc. 11« "¢t m s w

Adi scdri veascl ai medinclaim9, in whic aid

15. A disc drive as claimed in any one of the preceding claims, in which said
positioning means further includes at least one flexure (42) each coupled to a respective
transducer means, wherein said flexure is a 70 percent flexure/gimbal/suspension, and

wherein the or each disc has an outer diameter sized to fit within a housing having

dimensions of about 70 mm long by 50 mm wide.
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li.fti ng means conprises a shape nenory netal el enment extending al ong the
fl exure and attached thereto, attached to said actuator arm and being
responsive to the application of current so as to change its state and
bend the flexure thereby lifting the transducer neans. 12 . A disc
drive as clainmed in claim1 1, further conprising a transducer rest area
| ocated at the side of the or each disc and said positioning neans noves
t he or each transducer nmeans to said ﬁ?St area when said disc drive is
not in use. '

Abstract
MINIATURE HARD DISC DRIVE SYSTEM

A hard disc drive (2) which is very compact and may be inserted into and removed
from a computer. The hard disc drive includes a voice coil motor (50) which has
stators (57A, 57B) mounted on the top (62) and bottom (16) of the housing so as to
enable the dimensions of the disc drive to be dramatically reduced. The housing also

includes connectors (12, 14) for coupling the disc drive to the computer.

Figure 2A




13." A conputer including a disc drive (2) as claimed in any one of the

pr ecedi ng cl ai ns. 14. A conputer -as clainmed in claim13 when dependent
upon claim®6, further conprising at |east one host connector attached to
said conmputer for coupling to the or each respective connector of said

di sc drive; one or nore shock nounts for nounting said disc drive in said
conmputer; and a disc drive controller coupled to said host
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12°*' 15. A disc driveas cl ai' nmed 'i n any one of the preceding clainms, in
whi ch said

50

574 52+ 49 44
=\ \ 48\\ / Vﬁf [“ )" 2z /2

I W L W W W VO W " o W W ., W W W W . . . . W W, W . ) ‘j
. \
; e \
7 s ) N
N
: = —_— == = K
| W AL ) A A . £ 2 V. 4 I Y L SO A S A S A A L. A A S A A A A

FIG. 2A

&0 304
| VaalWaai

(”l'[YA s s La WA L. O A S S SR S A A A Y S Y e Y
‘ —-— g
et
02
‘ot
[3¢)
CWR B W W . N o A O N N, BN . W 4, e d

wl [

| REPLACEMENT SHEET

FIG. 2B
07 JUL 199

T



positioning means further includes at |east one flexure (42) each coupl ed
to a respective transducer neans, wherein said flexure is a 70 percent

f1 exure/ gi nbal / suspensi on, and wherein the or each disc has an outer

di aneter sized to fit within a housing having dinensions of about 70 mm

| ong by 50 nm wi de. 3
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