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\\\ Patent application of George A. Drennan, S/N , filed on the

same day as this application, entitled "Qutside Diameter Axial Gap Motor For

Small Disk Drives™, assigned to the Assignee of this invention. (191589)

5 Technical Field
This invention relates to disk recordinglreproducing devices and more
particularly to such devices of a structural design which simplifiethhe
fabrication of parts, and sub-assemblies, simplifies assembly, increases product
yvield, reduces product costs, and, importantly, embodies structural design
10 features which increase mechanical volumetric efficiency by functionally
integrating parts which are conventionally, physically separated in an assembly

stack and thereby not functionally relateé to reduce the profile of the device.

Background of the Invention
Recording/reproducing devices typically comprise a rotatable disk

15 media structure which includes a disk powered by a disk spindle motor, and, an
actuator structure which comprises a transducer/actuator arm assembly on a
movable support and powered by an actuator motor, for moving the transducer
radially of the disk. The actuator may be either of the rotary or linear type and
functions under servo controlled actuator motor power to move the transducer

"20 to different radial positions on a disk. In a disk drive this mode of operation is
referred to as a track seeking and track following operation.

In a disk drive, the memory disk stiucture comprises one or more
disks in a memory disk assembly, concentrically mounted about a disk spindle
hub which is driven by a radial gap disk spindle motor 'havnl'ng a sta_tor'mounted

25 to the base of the disk drive housing. In the memory disk assembly, one or
more disks are clamped in a stack about the disk spindle hub, multiple disks
being axially spaced by ring spacers of sufficient thickness to spaée the disks to

clear individual actuator structures therebetween. The stator of the disk spindle
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power-to nove the transducer to different radial posi- tlons on a disk. In
a disk drive this node of operation is referred to as _ hadd
track follow ng opera- tion. In a disk drive, the nmenory H

conprises one or nore disk in a nenory disk assenbly, co

nmount ed about a di sk spindle hub which is driven by a radial gap dISk
spindl e notor having a stator nounted t® Xhe base of the disk drive
housing. In the nenory di sk assenbly, one or nore disks are cl anped 2
Subst i t ut enstoeds assembledywitbindthedisk spindlk atbouThe ldéiskdsrikdle fiubdfuncitiobs

mul tipl-e dISkS be ially spaced by ring spacers of sufficient thick-
ness to sﬁ?c ﬂﬂgfﬁq§§§ to clear |nd|V|dua? agtuator struc-.ures

‘therebet ween.. ‘Theagtglotriobs bivereducdd FPsiR6! stcHDirator @es@ﬁembﬂrednwﬁdnv n the .
ldlsk spindl e hub. The di sk’ spin-
disk structure become 1mpract|cal in both radial and axial dimension. As the
5 radius is reduced adequate motor torque is no longer available. Design efforts
to increase motor torque by increasing the radius of the motor and reducing the
axial dimension, have resulted in radial gap disk spindle motors having relatively
thin-flat, rotors of sufficient diameter so that motor torque requirements may be
met. The stator structure with its windings is disposed within the motor rotor.
10 The large diameter of the motor rotor of this type of disk spindle motor, in
relation to the dimension of the memory disk(s), prevents its disposition within
the memory disk stack, so the memory disk(s) and the disk spindle motor are
axially stacked. This motor design has a low profile and has resulted in
improvement in motor torque. The desigﬁ requires the axial stacking of the disk
15 spindle motor and the memory disk(s), rather than concentrically disposing the
disk stacks about the motor, consequently there is some loss in volumetric
efficiency. There remains not only a need for further reductions in the thickness
or profile of the disk spindle motor but also a need to reduce the thickhess of

the recording/reproducing device.

20 Summary of the Invention
The best mode for practicing this invention is embodied in a rotary
actuator type of disk drive which is used herein as an exemplary basis for
describing this invention. The application of this invention to linear actuator
types of disk drives and to types of rotary actuator disk drives other than that
25 specifically presented herein as, for example, any disk recording/reproducing
device involving a rotating media, is believed to be within the capabilities of
those of ordinary skill in the art.
With decreasing form factors, higher information storage volumes,
and lower drive prices, a point is reached where extensive manual participation
30 in the fabrication and assembly of parts is no longer cost effective, and, in some
respects, not even feasible. This invention provides a new approach to the
configuration of the disk drive, particularly with regard to the spindle motor, per

se, and its integration into the drive, which reduces the parts count, provides
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A disk spindle motor and its integration in the disk drive according to
this invention, employs unique structural implementations to reduce the count of
separate parts required for disk drive assembly and to adabt the parts to
automatic fabrication and assembly techniques. Implementation is achieved by
integrating the disk spindle motor with the disk drive housing and the printed
circuit assembly. An axial gap, permanent magnet, disk spindle motor having a
bobbin-shaped motor rotor is employed. The bobbin-shaped motor rotor is
rotatabley journaled in the disk drive housing on the housing base and comprises
a pair of circular, axially spaced, rotor pl—ates on a hub. Discrete, alternately
opbositely poled axial magnetic fields are produced between the cireular rotor
plates. The planar disk spindle stator motor winding and its circuits are
fabricated as part of a printed circuit board assembly on the base of the disk
drive housing. The printed circuit board assembly is mounted on the base
within the disk drive housing and has a portion carrying the planar winding fitted
between the axially spaced circular rotor plates. The planar windings may be
fabricated of formed wires but are preferably printed circuits. This significantly
reduces the need for manual intervention in the part fabrication and assembly
process. This aspect of the unique structural design, for given form factors and
in comparison with conventional designs, reduces the profile dimension of the
disk spindle motor, both as to the motor, per se, and as to the removal of the
printed circuit assembly board from a location external to and beneath the disk
drive to a location in existing space within the disk drive housing, which
increases mechanical volumetric efficiency.

In greater particularity, the base of the disk drive housing and the
electronics of the printed circuit assembly are incerporated as integral parts of
the disk spindle motor within the disk drive housing. The windings of the disk
spindle motor are printed circuits on the printed circuit board assembly. This
implementation conselidates the electronics and the electrical functions into one

common printed circuit substrate. The printed circuit substrate is of a thin,
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spindle motor, the integrated circuits, connéctoré and discrete circuit elements
are bonded to the printed circuit board or substrate.

The use of an axial gap disk spindle motor, integrated with the disk
drive base, and provided with a printed circuit winding, reduces the disk spindle
motor profile and brings the printed circuit assembly inside the disk drive
housing, eliminating the additional dimensional increment to the disk drive
profile normally consumed by the printed circuit assembly board. These
cumulative reductions in structural profile reduce the overall profile of the
memory disk structure and the disk drive housing, increasing the mechanical
volumetric efficiency of the disk drive. Now all connections between the disk
drive and the electronics are made within —the disk drive housing, eliminating the
complications of electrical connections extending through the housing to
external printed circuit board assemblies -and the potential of such connections
for contaminant leaks.

This unique structural implementation of this aspect of the disk drive,
embodies fewer parts, embodies parts of configurations which are adapted for
automatic fabrication and assembly, minimizes the need for manual intervention
in the fabrication and assembly process, increases the product yield and permits
cost effective fabrication of disk spindle motors for smaller form factor disk

drives.

Brief Description of the Drawings

A better understanding of this invention will be had by reference to
the following specification when considered in conjunction with the
accompanying drawings, in which: _

Fig. 1, is a plan view of a disk recording/repr_'oducing device, as in a
disk ‘drive, comprising a memory disk structure and én actuator structure,
embodying the principles of this invention.

Fig. 2, is a sectional view of the memory disk structure of Fig. 1,

viewed in the section plane taken on the section line -l of Fig. 1.
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printed circuit winding orientation, and, in Fig. 6, illustrating a different disk
spindle motor printed circuit winding configuration, and

Fig. 7 diagrammatically depicts a disk drive system embodying servo
and data processing functions, illustrating electrical connections among

10 essential circuit elements.

Description Of The Preferred Embodiments
‘A disk drive embodying the pfinciples of this invention and
representing the presently known best rﬁode for practicing this invention, is
illustrated in Fig. 1. The disk drive housing has a base 1 which supports a
15 memory disk structure 3 including an improved low profile, disk spindle motor,
and a rotary actuator structure 5, which items together comprise the principle
parts of the disk drive. The base 1 forms part of the disk drive housing and

constitutes a primary support for the parts of the disk drive.

Memory Disk Structure

20 The memory disk structure 3 comprises a memory disk assembly 7,
shown only in dot-dash outline in Fig. 1, and a disk spindle motor assembly 9.
As seen in Fig. 2, which is'a view in the section plane 11 of Fig. 1, the memory
disk assembly 7, in this example, has only 1 memory disk 7a. The disk spindle
motor 9 comprises a bobbin-shaped motor rotor 9a and a motor stator 9b,

25 including a printed circuit stator winding 9b1. A hub 9a1 of the motor rotor 9a
is journaled by a coaxial bearing pair 932, on a disk motor spindle 9a3, secured
in the base 1. Adhesive bonding or press fitting may be employed to secure the
disk motor spindle 9a3 in the base 1. More than one memory disk 7a may be
employed in the memory disk assembly 7 to enlarge the disk drive data

30 capacity.

The bobbin-shaped disk motor rotor 9a is fabricated of a magnetizable

material, such as soft steel or stainless steel. Any material of low magnetic
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pafts required for disk drive assenbly and to adapt the. parts to automatic

fabrication and assenbly techni ques. |nplenentation is acHiisShediH eplac
i ntegrating the disk spin- dle notor with the disk drive h \
printed circuit assenbly. An axial gap, pernmanent magnet, I

0

notor having a bobbi n-shaped notor rotor is enployed. The b I n- shaped
notor rotor is rotatabley journaled in e di sk drive housing on the
housi ng base and conprises a pair of circular, axially spaced, rotor
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fields are produced between the circud ar rotor plates. The planar disk
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5  upper rotor plate 9a5 is seated upon a shoulder 9a6 of the hub 9a1 which
determines the axial spécing of the rotor plates 9a4 and 9a5. Bonding or press
fitting secures -the rotor plate 9a5 to the hub 9a1l. A ring-shaped permanent
magnetic 9a7 is concentrically disposed of the disk motor spindle 9a3 upon the
_ peripheral interface of the rotor plate 9a4 where it is adhesively bonded. The
10 memory disk 7a is adhesively bonded to the upper surface of the upper rotor
plate 9ab. To guarantee flatness of the memory disk when in place, the upper
surface of the rotor plate 9ab is preferably lapped prior to its assembly on the
hub and attachment of the memory disk 7a thereto.

The stator 9b of the disk spindle motor 9 comprises a flat printed

15  circuit stator winding 9b1 on a thin substrate 9b2 of a printed circuit board
assembly 9b3. The thin substrate 9b2 of the printed circuit board assembly
9b3 is secured to the base 1 within the housing along with the memory disk
structure 3 and the actuator structure 5. The substrate 9b2 is installed prior to
securing the upper rotor plate 9a5 on the rotor hub 9a1. A circular opening

20 9b21 in the substrate clears and encircles the rotor hub 9a1. In this position,
the substrate 9b2 occupies a position between the rotor plates 9a4 and 9a5 of
the motor rotor 9a, placing the printed circuit motor stator winding 9b1 in the
axial gap between the ring magnet 9a7 and the interface of the upper rotor
plate 9ab, in which position it is linked by the alternately poled, axial magnetic

25 fields of the ring magnet 9a7.

As seen in Fig. 1, the stator winding 9b1 is a printed circuit [ayout on
the substrate 9b2 of the printed circuit board assembly 9b3. '_I'his winding 9b1
comprises radially disposed printea circuit winding sections 9b11 which cross
the ring magnet 9a7 in a radial direction at six equaily circumferentially spaced

30 locations. These radial winding sections 9b11 are part of a continuous printed

- circuit winding pattern including inner circumferential winding sections 9b12
and outer circumferential windings sections 9b13. The winding pattern is
printed in exact registration on both sides of the substrate 9b2, which doubles

the winding turns and the available motor torque. The inner end of the printed
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are prignt egh {8 Ledbbindtted B printed circuit traces 9b16 and 9b17 to a spindle driver

9b41, Fig. 3, Fig. 7, of an actuator/spindle driver 9b4 on the printed circuit

board substrate 9b2.

The ring magnet 9a7 is axially spot magnetized in adjacent élternate

polarities, in six equally circumferentially spaced locations 9a71, as seen in Fig.
10 1. Flux coupling between the adjacent, alternately axially poled, permanent
magnet spots 9a71, ih the ring magnet 9a7, is in a circumferential direction in
perpherial portions of the motor rotor plates 9a4 and 9ab. The axial gap in
~ which the printed circuit winding 9b1 is positioned is defined between the upper
surface of the ring magnet 9a7 and the ﬁeripheral portion of the inner surface of
15 the upper rotor plate, 9a5.

The operation of the disk spindie motor 9 is similar to that of a flat
coil linear motor. In this case, the linear motor is wrapped in a circle and closed
upon itself. An axial gap flux path is set up in the air gap between the ring
magnet 9a7 and the rotor plate 9a5. The permanent magnet field in this flux

20 path links the radial winding sections 9b11 of the printed circuit stator winding
9b1, which are disposed in the axial gap. Current in the radial winding sections
9b11 of the printed circuit stator winding 9b1 is at right angles to the
permanent magnet field and at right angles to the tangential component of
motor rotation. This sets up a magnetically coupled tangential force in the

25 motor rotor 9 causing rotation of the rotor.

At least two permanent magnet poles 9a71 are required for the disk
spindle motor 9 to function. Four poles are shown in Fig. 6. More than the six
poles 9a71 shown in Fig. 1 also may be employed. As described, the axial
polarity of these individual poles 9a71 alternates around the permanent magnet

" 30 ring 9a7. The current in one radial winding section 9b11 flows away from the
hub 9a1, while the current in an adjacent radial winding section 9b11 flows
towards the hub 9a1. Since the radial winding sections 9b11 of the printed
circuit winding 9b1 cross the alternately poled axial flux paths in the axial gap,

the force generated by the interacting flux fields is consistently in the same
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initiated or timed by means of a Hall sensor 9b18 disposed in a peripheral
position, Fig. 1, Fig. 2, with respect to the ring magnet 9a7, at the location of a
radial winding section 9b1.1 , Fig. 1, to sense the axial magnetic field at that
location. As a junction of the alternately axially poled magnetic spots 9a71 in

10 the ring magnet 9a7 approaches and crosses the Hall sensor 9b18, the Hall
sensor produces a signal coupled to the spindle driver 9b41, which indicates
that polarity reversal of the winding current is required to maintain a
unidirectional magnetic force couple. Alternatively, the back electromotive of
force of the winding 9b may be sensed as'the source of a signal for timing

15  reversing of the winding current.

The spindle driver, faiﬁﬁon 9b41 of the actuator spindle driver 9b4,
of Fig. 1, is illustra;:ed in detail in Fig. 3 as a commutation circuit for reversible
switching of the current in the printed circuit winding 9b. The commutation
circuit comprises a transistor bridge circuit 11 connected between a supply of

20 fixed positive voltage V and ground. Transistor pairs, T1, T2 and T3, T4, are
connected in opposite legs of the bridge circuit 11. The printed circuit motor
winding 9b1 is cénnected to a pair of output terminals OT1 and OT2, of the
bridge circuit 11. The transistor pairs, T1, T2, and T3, T4, are switched
between two states, which reverses the direction of the current through the

25 printed circuit winding 9b1. The Hall sensor 9b18 is energized by the positive
voltage supply in a circuit between the positive voltage términal V and ground.
The input to the Hall sensor 9b18 is a reversing magnetic field to which it is
subjected as the motor rotor 9a7 rotates. This is indicated in Fig. 3 by the
oppositely directed arrows at the left of the Hall sensor.” The output of the Hall

30 sensor 9b18 is switched between two different voltage values or voltage states
of the same polarity in synchronism with the reversing of the permanent magnet
fields which it senses in its position at one of the radial winding sections 9b11,
Fig. 1.
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the electronics are made within the disk drive housing,

conplications of electrical connections extending through the housing to
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of di sk spi ndl'e notors for smaller formfac-
state and varies synchronously with the dtrectlon of the flux sensed by the Hall

5 sensor 9b18. The terminal 11a is the input terminal to a commutation control
circuit 11b for the bridge circuit 11. The commutation control circuit 11b
comprises two commutating circuit branches 11c and 11d coupled in parallel to
the input terminal 11a. The branch 11¢ comprises the series connected inverter
amplifiers |1 and 12. The branch 11d comprises a single inverter amplifier 13.

10 Thus, the output voltages of the inverters {2 and I3 each vary between two
voltage states of the same polarity, in opposite phases, as the voltage at the
input terminal 11a is switched between its two voltage levels by the Hall sensor
9b18. The output voitage of the inverter |12 is the base voltage for the
transistor pair T1, T2, and the output voitage of the inverter 13 is the base bias

156  voltage for the transistor pair T3, T4. The bias voltages for the transistors T1
and T3 are derived from taps in the respective voltage dividers, each of which
comprises resistors R2 and R3, under control of the respective inverters 12 and
13. When the output of the inverter 12 is in the lower of its two voltage states,
the transistor pair T1, T2 conducts. When the output voltagé of the inverter I3

20 is in the lower of its two voltage states, the transistor pair T3, T4 conducts.
With a fixed voltage V, applied to the bridge circuit, the motor speed is fixed.

Control of the speed of the disk spindle motor 9 is achievable either
by controlling the voltage coupled to the bridge circuit, which controls the
magnitude of the voltage across the windings 9b1, or, by controlling the duty

25 cycle of the on states of transistors T1, T2, T3 and T4. Both types of control
may be regulated to maintain a substantially constant motor speed, by timing
pulse generation derived from the memory disk by the magnetic head, to control
the amplitude of the voltage supplied to the bridge circuit or to modulate the
duty cycle of a fixed voitage coupled to the bridge circuit 11. Such speed

30 regulation forms no part of this invention. '

A madification of the bobbin-shaped rotor 9a of the disk spindle motor
assembly 9 is illustrated in Fig. 4. In the fabrication of disk drives of small form
factor, 1.8, 1.3, and less, a reduction in parts count and a reduction in the

assembly steps, particularly with respect to fabricating small parts, is essential.
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fabricate such a part as a single piece, as by a screw maclsnne operatlon, ora
5 molding operation for example. Accounting for separate motor rotor parts is
eliminated and at least one difficult assembly step is eliminated.

The use of the single piece bobbin-shaped motor rotor requires a
different disk drive assembly process than that employed in assembling the disk
drives of Figs. 1 and 2, further requiring a madification of the printed circuit

10 assembly to slip between the upper and lower rotor plates 9a4 and 9a5 of the
motor rotor. As seen in Fig. 5, the printed circuit assembly is slotted from the
right edge, as viewed. The winding orientation of Fig. 1 would not permit such
a siot, but by rotating the winding 9b1 through an angle of 60° on the substrate
9b2 and routing the winding section 9b13 around the rotor hub 9a1, it is

15 possible to extend the slot 9b22 inboard to clear the rotor hub 9a1. Excitation
of this winding section is as describe in connection with Fig. 1 using the
commutation circuit of Fig. 3.

A further variation of the winding configuration on the slotted
substrate 9b2 is illustrated in Fig. 6. This winding comprises two separate

20 winding sections 9bla and 9b1b which are positioned on each side of the slot.
Four radial winding sections 9b11 are provided in this winding pattern, 2 in each
of the separate winding sections 9b1a and 9b1b. Four equally spaced,
alternately axially poled, permanent magnet spots 9a71 are provided in the ring
magnet 9a7 to produce the axial magnetic fields. As in the case of the

25 windings of Figs. 1 and 5, the current in the radial winding sections 9b11 must
be reversed synchronously with the movement of the magnetized spots 9a71
there pass. To accomplish this, the separate winding sections 9bla and 9b1b
are connected in parallel to the spindle driver 9b41, so that current reversal
takes place simultaneously in all of the radial winding sections Sb11. The

30 commutating circuit or Fig. 3 is applicable here. As in the winding configuration
of Figs. 1 and 5, the separate winding sections 9b1a and 9b1b of Fig. 6, being
connected in parallel to the output terminals OT1 and OT2, of the bridge circuit
11, of Fig.3, are simultaneously switched to achieve reversing of the current

flow in the radial winding sections 9b11.
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:'tr"atin'g in FIG 5a different disk spindle notor printed-—ciTcurt W nding

orientation and, in FIG 6, illustrating adifferent L 1sHLER ;egr
printed circuit wi nding configuration, and 6

July 1998 FIG 7 diagrammtically depl cts a disk drlve m\ wﬁ
servo and data processing functions, illus- trating eI tlons

anong essential circuit elenents. DESCRI PZ| N OF THE PREFERRED EMBCDI MENTS
A disk drive enbodying the principles of this inven- tion and representing

t'he present&@&&é‘lﬁéﬂa@mde for practicing this invention, is.illustrated
e 3 s okt el O e & S885coF St SHLCTHRPS Wi Y ik

strUCtureS ;nctudlng an | .
R -.:'Teast one’ flexible arm Ba The actuator arm 5a 0verlaps the'uppe'r surface of S

the memory disk 7a A gimbal sprmg 5a1 F|g 2 mounts a transducer
5 assembly 5b on the distal end of the flexible arm 5a. The transducer assembly

5b comprises a slider 5b1 and a readlwrite element such as a magnetic head
5b2. Figs. 2 and 4 show the relationship of the disk drive parts in which the
memory disk assembly 7 comprises a single disk 7a. Although an
actuator/transducer assembly is shown only at the top surface of the memory

10 disk 7a, in Figs. 2 and 4, it will be appreciated that a second such assembly
may be positioned at the bottom surface of the memory disk 7a. Also this
invention may be practiced employing more than one memory disk, as seen in
Fig. 7.

The actuator arm structure 5 fs mounted to a cylindrical hub 5¢,

15 Fig. 1, journaled on a spindle 5d secured to the base 1.

The rotary actuator structure 5 comprises an axial gap actuator motor
5e which has a flat coil 5e1 secured to the actuator structure at the hub 5d.
The coil 5e1 swings in a planar arcuate path about the spindle 5d in the axial
magnetic field between upper and lower stator plates 5e2, only the upper plate

20 being visible in Fig. 1, of a permanent magnet actuator motor stator 5e3
secured to the base 1. Bi-directional energization of the coil bel controls track
seeking and track following functions of the rotary actuator assembly 5,
employing the magnetic head in the servo loop as the track sensor. An opening
5e4 is provided in the printed circuit board assembly 9b3, as seen in Fig. 1, to

25 permit mounting of the permanent magnet stator 5e3 of the axial gap actuator
motor 5e directly to the base 1.

Wires 5f1 extending along an edge of the flexible arm 5a connect the
magnetic head 5b2 to individual bonding pads 5f2 at the hub 5c¢ of the rotary
actuator 5. Other wires 5f3 connect the coil 5e1 of the axial gap actuator

30 ' motor 5e to other individual bonding pads 5f2 at the féﬁctuator hub 5¢c. A flat
flexible cable 5f4 having pluralities of circuit traces therein connects the bonding
pads 5f2 at the actuator hub 5c to other bonding pads 5f5 on the printed circuit
board assembly 9b3. From this location, circuit traces (not shown) in the

printed circuit board are employed to connect the magnetic head 5b2 1o a
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profile, disk spindle notor, and a rotary actuator struc=—ture 5, which

itens together conprise the principle parts of the di sﬁighké(ﬁasﬁébﬂ{ acd |
forns part of the disk drive housing and constitutes a for
the parts of the disk drive. Menory Disk Structure The WM‘S\W‘\MMU%
3 conprises a nenory di sk assenbly 7, shown only in dot- ne 1n
FIG 1, and a disk spindle notor assentiidy]® As seen in FIG 2, which is a
viewin the section plane I'l-11 of FIG 1, the menory disk assenbly 7, in
thi s examptasd/white changeloneludingos prasiraifien 20Tard direrdAyitecaraplifiard1.areom

ori e & SR, 2SR o 4 i 0, Bl Ak ol 1

pri nted--ci rcul or  wi-ndi-ng e..mpr.or - ¢t OF

Toural eddyeriobbasss uish FEAT) o thaprned, cinuitbotrdiaesembly. 9pBR e Ba3; S0t

secured in-the hase 1. Adhesive bondin ress fitting may be enpl oyed ‘o
secure t hEoprelingdngPasHian e Mageetin hﬁgg%ipie 1. More than one nenory disk

7a maygbe em All of these circuit connections, which in conventional drives in which
the printed circuit board is mounted externally of the disk drive housing, usually
to the bottom side of the disk drive housing, are now contained internally of the
disk drive housing, eliminating any necessity for electrical cable connections to
be passed through openings and connectors in the housing to the printed circuit
10 board and the electrical elements thereon. A connector Bg disposed at the side
of the disk drive housing provides electrical connections between the disk drive
and a host computer external to the disk drive.
All of the electronic components and systerlns for controlling the disk
drive in track seeking and track following modes of operation in the performance
15 of read/write functions, are mounted to the printed circuit board assembly 9b3,
and, by the unique organizational concept disclosed are functionally and
structurally integrated, within the disk drive housing 1, with the disk spindle
motor 9 and the actuator 5.
All data recorded on the memdry disk 7a is recorded as to location by
20 track and track sector. There-are two methods of locating tracks, one is by
track count in a given radial direction from a present track and the other is by
track number recorded in individual tracks.
A single magnetic head, as shown in Fig. 1, reads both servo code,
called embedded servo code, for track seeking and for track following purposes,
25 and reads or writes data in the tracks in data sectors between the bursts of
servo code. Where muitiple disks in a disk stack are employed with a
transducer for each disk surface, as seen in Fig. 7, one disk surface, the bottom
surface of the bottom disk may be dedicated to servo code, in which case, a
magnetic head 5b21 is dedicated to the servo code. Timing for these differing
30 functions is provided by the interface 15 initiated by signals from the magnetic
head responding to a start of servo code recording or a start of data recording in
an addressed sector in a selected track.
Figs. 1 and 4 relate the physical and functional aspects of this

invention, depicting the electronic components in block form. In practice, these
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i

pioyed in the nenDry di sk assenbly 7 to enlarge the disk drive data
‘capacity. The bobbi n-shaped di sk notor rotor 9a is fabr Tiieshed Haé Bean Replaced
magnhet . zabl e material, such as soft steel or stainless st I a
of | ow magnetic coerC|V|ty and high perneability may be

bobbi n- shaped di sk notor rotor 9a conprises a pai-r of axially spaced circu-
7 Substitute sheet - 2 July 1998 Idﬂ{ﬁptor pl ates 9a4 -and- 9a5 on t he

hub 9al. The | ower rotor plate 9a4 is _preferably integral ﬁ\éylth t he rotor
hub 9al, sPl?&éstmpfaﬁ?n@mewpdwcert.qh'nﬁa%eﬂ@hé'ﬁﬁaﬁe GFRyiLgle tep

The: upper’ b8lsBbnii Pid: )%t |tratbALA 8 thewliesa A6 e HriReB tir

B
whi ch det-er m nes _f-he, ama $paci ng ﬂ/?l eﬂje J.0t-0r.- *pfﬁa tes .9a4 ahd 9ab.-. Bond; n_q.;..-'

or- press™fBoatdcgsasmhly @b ‘anid \cenmctpd &yeprtMéd cisculn araees (eaﬂdgtairewgtcs haped

per manent ?’B&Q%’[ﬂl Ss ggmlp%ngr?ncentr

t parts of the d1sk dnve control system The control
$ system, as seen in Fig. 7, depicts the connections among the several system
components. The system functions to provide bi-directional communication
between a host computer 19 and the disk memory file or drive 5,7.
As seen in Fig.7 (refer also to Fig.1), the host computer 19 is
connected to an interface circuit 15 via the connector 5g. ﬁequests by the host

10 computer 19 to read data from the disk memory 5,7 or to write data to the disk
memory 5,7, are received at an interface control 15a of the interface 15 and are
processed by the interface 15 into a track address and track sector address
whére data is to be retrieved or written. Such processing is primarily performed
by a micro-processor 15b, accessing an external read only memory 16 (ROM),

165 as needed. A track address in the form of a track count or a track number,
depending upon which form of track identification or address is employed, is
coupled from the interface 15, via a data controller 15¢, to a disk controlier 17.
Track and sector addresses are stored in a random access memory in the micro-
processsor 15b. The buffer RAM 14 contains read/write data.

20 . The disk controller 17 provides control over the rotary actuator motor
5e and fhe disk spindle motor 9 through the actuator/spindle driver 9b4. A
spindle driver 9b41 in the actuator/spindie driver 9b4, responsive to the disk
controller 17, initiates spinup of the disk assembly 7 and regulates the speed of
the disk spindle motor 9. A position controller 9b42 and an amplifier 9b4.3 of

25 the actuator/spindle driver 9b4, control the rotary actuator motor Se in response
to input from the disk controller 17, as to track count or to track number, which
initiates track seeking. The position controller 9b42 and the amplifier 9b43 are
part of a closed servo loop including a position sensor 9b44 which receives
feedback as to magnetic head position, with respect to track crossings or to

30 track numbers, during the seek mode of operation. In a multiple disk, disk
memory, feedback may be derived from embedded servo code via a selected
magnetic head 5b2, or may be derived from dedicated servo code via a

dedicated magnetic head 5b21. When the count of track crossings or the track
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cally di sposed of the disk notor spindle 9a3 upon théMe

of the rotor plate 9a4 where it is adhesively bnded. Thé&} BelnRhpi 3 | S
adhesively bonded to the upper surface of the upper rot jrl i o .
guarantee fl atness of the nmenory di sk when in place, ‘th of

the rotor plate 9a5 is prefera- bly Iag‘%ﬁg‘;prior to its assenbly o e hub

and attach- nent of the nenory disk 7a eto, The stator 9b of the disk
spindle notor 9 conprises a flat printed circuit stator winding 9bl on a

thin subdufpes matehes thatRi iedpsiiarcaertreltes Ip4Zs Seank spefiingsendhand hi n
substr at .et%& @,o%gé‘#ﬂgﬁe_d. Ci rp_g.Ji't_r_;_boa_r.q_I: '“a_ss.e_.nb_l.y 9_b_3- 'i s'-_.s.ec,-.ur gd._t 9 R he S
base- 1 wi tHin the NOUSFNA] al,bAg W-t-h'-t he neimry: di.sk.structure 3 and-the. .. -
act uat o “st¥iict ur i thie tFiek fallbwtingviddeh skdmingstdddeditated servbdfusetiom, #1g” ¢ he . o™
i A LR TR AT ST T
substrgt etk et oPiRSIrackoBSihg BNoWEd \Bstise ¥atd QlidresbbahRE sdAdesrBfhrPaS Of
of data codes. These signals, in the read/write channel, which includes the
preamplifier 20 and the read/write amplifier 21, coupled to the interface 15,
initiate the read or write function. Read data is transferred from the disk to the
buffer RAM and write data is transferred from the buffer RAM to the disk under
10  the control of the buffer controller 15d.
In the read/write channel, the preamplifier 20 functions as a
transducer or head interface. Signals induced in the magnetic head from servo
code, address codes or start of data codes are transmitted as pulses to the
read/write amplifier 21. Here, signals derived from the embedded servo code are
15 fed back to the position sensor 9b44 in the closed servo loop, by a pulse
detector 21a, to maintain track following-during traverse of the servo code field,
and pulses resulting from address codes and start of data codes, are transmitted
via a clock synchronizing phase locked loop 21b to a read decoder/write
eﬁcoder circuit 21c. By way of explanation, the circuit 21b comprises a phase
20 comparator at its input and a voltage controlled oscillator (VCO) at its output.
These are coupled by a low pass filter and integrator. The circuit functions to
extract the implied clock generator CG clock from the coded data stream. The
decoder/encoder 21c¢ translates data in the 1,7 or 2,7 code on the disk memory
side of the system to the NRZ code on the interface/host computer side of the
25 system. A data framing and control circuit 15e builds up a sector to be written
or disassembles a sector which has been read. The sector contains overhead
information as well as data.
A connecter circuit 15f is employed to serialize/deserialize data. The
serial data stream during reading is converted to parallel data. Data in parallel
30 format which is to be written is converted to a serial data stream. Error
correction circuitry also maybé advantageously utilized at this location.
By this comparison of Figs. 1 and 7, the primary connections among
the several electronic systems, memories, amplifiers, etc., are described.

These, it will be appreciated, are embodied in printed circuit traces which are
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thé notor rotor 9a, placing the printed circuit notor stator Wi Tidi ng 9bl in
the axial gap between the ring nmagnet 9a7 and the |T|ﬂggﬁgemanggn RePGceliPPEN

rotor plate 9a5, in which position it is linked by t pol ed,
mm m%m[u l]he stat or
e printed

axi al magnetic fields of the ring nagnet 9a7. As see
winding 9b1 is a printed circuit |ayout on jhe subst

circuit board assenbly 9b3. This w ndin 1 conprises radi- ally disposed
printed circuit ndi.ng secti.ons 9bl1 wgl ch cross t? ;1 net 9a7 in a
radi al dir RAF 8h g printed circuit aggembly p3. sThadetaily of sug fggﬁe‘gﬂfc‘éﬁual ly

ci r.cunt er enddsfldsyarenRf WbskRGAl foUtPenatiiRg Uischhirb Witmsidp@ceesihians 9b11are . .

par:t. 'of ~.a-cont. 1 huods,, pr«d pt-ed.cireul t w.ndi ng’ pattern t-ncl udi:ng -i nner
clrcum ferlemfhtmn Wi i - fig ;sett i'ong 9b1‘2 snd--outer - & réunf er en- <tial

wi ndi ngs sect ' ons %ng thT ﬁw‘@n?g ?&eB?attLE b Ha‘gk spindle motor 9 mto the disk
5 drive base and housing 1 and by bringing the printed circuit board assembly 9b3

within the disk drive housing 1, made possible by the unique design of the disk
spindle motor 9, has also integrated the printed' circuit board electronics with
the disk drive motor 9, the actuator motor 5e and the magnetic head 5b2 within
the housing 1, and, employs the disk drive base 1and the printéd circuit board

10 assembly 9b3 as functional portions of the disk spindle motor 9. This saves
fabrication cost, assembly cost and labor. By employing printed circuits on the
printed circuit board assembly 9b3, particularly for the disk spindle motor
windings 9b1, the need for wound coils within the disk spindle motor 9 has
been eliminated and there is no separate external housing for the disk spindle

15  motor 9 in this assembly, the motor housing is the disk drive base or housing
and the motor stator 9b, including the printed circuit winding 9b1 is part of the -
printed circuit board assembly 9b3, also on the disk drive base within the
housing 1.

‘"The disk spindle motor design encourages the consolidation of all

20 electronic and electrical functions into one common printed circuit board
assembly 9b3. The substrate 9b2 of this printed circuit board assembly 9b3 is
fabricated of a thin low-cost material (such as thin fiberglass, polyimide, etc.)
which can be bonded to the metal drive base 1 within the housing for support.
The integrated circu_it chips, connectors and other discreet electﬁcal or

25 electronic elements are bonded to this printed circuit substrate 9b2. A portion
of this printed circuit substrate also serves as the disk spindle motor stator 9b,
supporting the disk spindle motor windings 9b1.

This printed circuit substrate 9b2 can be batch fabricated at very low
cost. It then accomplishes muitiple functions: (1) electronics substrate, (2)

30 spindle motor stator (3) connector substrate, (4) sole interconnection means
for all electrical and electronic components,  (5) all such circuit connections
are within the housing 1 eliminating any need to penetrate the housing to
access external circuit boards. The only foreign attachment to this batch

fabricated part is the flexible cable 5f4 from the actuator arm assembly 5. If
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printed in exact registrati on on both sides of the—mrb—ﬁ-rﬁr@ﬁmh -

doubl es the w nding turns and t he-avail abl e notor t,. ner .end of
t he, prisnted circuit wi nding on the top surface of t iﬁfd

connect ed by a via 9b14 to the inner turn of the pr| ndi ng on
t he bottom surface of the substrate 9b2. The end of of the
bottom wi nding is brought to the upperad (;ace of the substrate 9b2 by a
via 9b15. The vias 9bl4 and 9bl5 are conriected by printed circuit traces
9b16 and leqsulnsir%tespmMmuta itheflegltblel calple Gandhe #n @ppandage tathe main

7o naanabogibd; this Bimitelint KoaR i B dyioBen © 7 ornire” o M

pol-ari ti.es;i n: si X'rmuﬁhh;bncnwl dfcm&f'@ﬂespmaleahbmrm@drﬂak@ﬁw miehdewer uﬁS
seenin FIG 1. Flux coupl i ng between the adj acent, -altér natela/ axtal l'y

pol ed, peCREHEIAN FEgRKENLNH g‘s!frasPl“d'? MetRe i hﬁ@f}%gﬁﬁtpogs'?ts needad
g;g{c;%egggéﬁ thé! f;{‘?‘g‘%d €Bil RRE:PPAr Rbaftflge bbay 2hsdrtily TOPridieg Phe Hki%ﬁ es
bearing pair 9a2 seen in Fig. 2, for example, (2) a magnet or a set of magnets
9a7, and (3) a disk motor rotor, preferably a bobbin-shaped rotor 9a which also
serves as the flux path for the motor. The motor rotor 9a is inherently low in
profile which is an indispensable feature for disk spindle motor applications in
10 ultra thin disk drives.
This invention is applicable to optical, magneto optic and magneto

' resistive and other types of disk drives.
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égap #n whlch the printed circuit wi ndi ng 9b1 is posi- tioned is defined

-between the upper sqrhfs@g&tms hée@g NMagnet 9a7 and the peripheral

poftiqgn of the |nnernﬂm ‘iule upper rotor plate, 9a5. The operation
of the disk spindle lar to that of a flat c

In this case, the lin apped inacircle and ||lmummﬂm|m“|
itself. An axial gap flux path is set up P:he air gap betweerf the Ming *
magnet 9a7 and the rotor plate 9a5. The perrranent magnet field in this flux
path i nks tgg.nﬁgdl al wi nding sections 9bll1 of the printed circuit stator

wi nding 9bl,  which are disposed in the.axial gap. Current in the ra- dial

Wi fadi ng sectV\(Jtr"ié:!i‘9&91“‘1""(%j ¥he printed circuit $tator -9 . Substitute
shieet = 2°Jud.y+ 1998+ i dmg’\%ﬁ%r‘eﬁoﬁfmdﬂ&ﬂ&? GERY BevicR; Ebg]pﬁgm@nent magnet

fi eI d and at right’ an es to tangenti a corrponenf
a housing having a base (1);

b. a motor rotor (9a) comprising a hub {(9a1) and a pair
of axially spaced rotor (9a4, 9ab) plates of magnetic material on said hub.
{9a1);

c. means (9a2, 9a3) for rotatabley mounting said motor
rotor (9a) on said base (1);

d. means for concentrically connecting a disk {(7a) of
predetermined radial dimension to said motor rotor (9a);

e. means (9a7) for producing alternately poled,
circumferentiaily spaced, axial magnetic fields between said rotor plates
(9a4, 9a5) adjacent the periphery of said rotor plates (9a4, 9a5);

f. a circuit board (9b3) on said base (1), a portion of
'said circuit board (9b3) being disposed between said rotor plates (9a4,
9ab); '

g. a motor winding (9b1)disposed on said portion of said
circuit board (Sb3) in at least some of said axial magnetic fields;

h. a transducer (5b1), and

i. - movable transducer actuator means (5), movably
mounted to said base, for providing movement of said transducer (56b1) to

different radial locations within the radial dimension of said disk (7a).

2. The disk recording/reproducing device as in claim 1, in
which:

a. said means for producing axial magnetic fields
comprises a circ_ular permanent magnet ring (9a7) secured concentrically
of said hub (9a1) to one of said rotor plates (9a4) between said rotor
plates (9a4, 9ab5), said permanent magnet ,r'ing having alternately poled,
substantially equally circumferentially spaced, axial magnetized permanent
magnet spots producing said axial magnetic fields between said rotor
plates (9a4, 9a5).
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rrpfor ‘rotation. Thisetsup a magnetically coupl ed gential fore | he
not.or rotor 9-caus thon of . tye rotor. perrranent magnet

ro .
pot,es 9a7l are re- EWE | sk spi ndl e m)to \““ﬂm Four
pol es are shown in an the six poles m 1 also
may be enpl oyed. e axial polari ty ese i'hdi¥vi dual
pol es 9a7l alter- nats around the per mapgg nagnet ring 9a7. The cur- rent
in one radial wi nding section 9bll flows away fromthe hub 9al, while the
current in-an adjaceft radheldisi rediording/esgroducifdy Hevidecassint claian ds id he hub
9al. Since, the radial w nding sections 9bll of the printed circuit- w nding
9b1 cross. Wihie lternately pol-ed axial-"flux paths-.i-n the: axial .gap, -the, . ..
forte geriérated- by the Tat eraga.unaoidr%nﬁir@fcgsnﬁssmtéd BikiY WiRdih Ee Sare ="
direction. As the notor rotor 9 rotates.and the spot negnets- approac and
coime into proxi¥tly to the circunferentially adja- cent radial w nding

section 9bll, the spindle driver

4, The disk recording/reproducing device as in claim 1, in
which:
a. said circuit boafd (9b3) comprises a printed circuit
board, and
b. said motor winding (9b1) is a printed circuit winding

comprising continuous printed circuit winding sections on both sides of

said prihted circuit board (9b3) in said axial magnetic fields.

5. The disk recording/réproducing device as in claim 4, in
which:
a.  said printed.circuit winding sections each comprise
radial winding (9b11) sections linked by said axial magnetic fields, said
radial winding sections {(9b11) being equal in number to the number of

axial magnetic fields.

6. The disk recording/reproducing device as in claim 5,
comprising:
a. a commutating circuit (9b4) on said printed circuit
board (9b3);
' b. printed circuit traces (9b16, 9b11) on said printed

circuit board (9b3) connecting said commutating circuit (9b4) to said
printed circuit winding sections of said printed circuit winding (9b1), and
c. a magnetic field sensor (3b18) fixedly disposed
adjacent a radial winding section (9b11) in ﬂ'ux linkage with axial
magnetic fields moving therepast during rotation of said motor rotor (9a)

for controlling said commutating circuit (9b4).

7. The disk recording reproducing device according to claim 1,

in which:
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_sectron 9b41 of the actuator- se+ﬂeu—e_dr| ver 9b4, _ coupled to the pri nt ed
circuit winding 9b1l, E§}\{er ; the wi ndi ng voltae s So as to mal

t angenti al forcelnt lcéfh The svmng% r tlrred
by means of a Hall se sed in aperip ﬂmm"m)m m&mwo
FIG 2, with respect t - net 9a7, at the focatim radi al
w ndi ng section 9bl1, FIG 1, to sense t h2o |aI magnetic field at that

| ocation. As a junction of the alternately axially poled nmagnetic spots
9a71 in the ring magnet Oad. appsaideiesr eotdr (Id)96 @8 al dirglbiiéces o arignBtié 8,
the Hall sensor rodu?es a signal coupled to the spindle driver 9b41,

whi ch indi - cate BiR poI arity reversal of the wi nding current is requlred
t o “mai nt ai n-a“gni di rectlonaal mac’ f érce ‘coupl €. " Al ternati vet* y; . the back-

‘el ectronotive of force "10 "Substitute sheet - 2 July. 1998
8. The disk recording reproducing device accordmg to clarm 1

in which:
| a. one rotor plate (9a4) is integral with said hub (9a1) and
the other rotor plate (9a5) is attached to said hub (9a1).

9. The disk recording reproducing device according to claim 1,
in which:
a. said movable transducer actuator means (5) is a

rotary actuator.
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of the winding 9b may be sensed as the source of a signal for timng

reversing of the-winding current. The spindle driver, portion 9b41 of the

acfuator spin- dle driver 9b4, of FIG 1, is illustrated in detail in FIG

3 as a commutation circuit for r'eversA w tching of the current in the

printed ci rcwt W ndlé\‘gwgb The com |on ci.rcuit conprises a transistor
Pb@

bri dge ci r cURECORBING4R NG-PRER Dﬂlcﬁlml NPlR}HNWEﬂtage Y,
and ground. %HET SOARD, AND ELECTRONFES 945 Lo AND FYNRELONEH RART opposi t e
|l egs of--the bridge circuit . MERTA DRIVE Blrcwt m)tor wi nding 9bl is

connected-to a pair ABissdrpgintehighibe dislmpingirimprer fosR Rokatablei dge circuit
11. The Wn{ %ﬁ%@,@e{% ({ﬁ%m}%m]_ﬁasa Afed circytlstg{o‘? wilthiin ﬁg%ﬁgp@een two

st at'es, I rec- on of 't current t rough the printed
circuit wigihted cbdit b'EhELi t203) veithis dhe eiskasrws rmmemgu(zbﬂtﬂs;i helhereposi t i ve

oround. THOGRItRRCEE QUAROLE RS, 951 BT AOoBbPEYBPE A RGNSl TE%K ol d to
which it igteriBrely poled, equally circumferential spaced, axial magnetic fields between
| the axially spaced circular flanges link radially disposed printed circuit winding
sections (9b11). Electronic elements (15d-17) on the printed circuit board {9b3)
are linked internally of the housing with the magnetic head (5b1) and.the
actuator motor winding (5e1) which powers the actuator (5) for moving the
rﬁagnetic head (5b1) to different radial locations on the rotatable ;nedia (7a).
Bi-polar energization of the stator winding (9b1) pf the disk spindle motor (3) is
under the control of a commutating circuit {9b4) controlled by a Hall sensor
(9b18) linked by the axial permanent magnet fields. Motor speed control is
achieved by controlling the voltage level of the commutating circuit (Sb4) or by
controlling the duty cycle of the voitage coupled to the stator windi'ng {9b1).
The disk drive design integrates the printed circuit assembly (8b3) with the disk
spindle motor (3) and the electronics (15d-17) of the printed circuit assembly
(9b3) within the disk drive housing (1) which reduces the disk drive profile and
eliminates elaborate feed through connections with an external printed circuit
assembly. The use of an axial gap disk spindle motor (3}, integrated with a disk
drive base (1), and provided with a printed circuit winding (Sb1), reduces the
. disk spindle motor profile and brings the printed circuit assembly (9b3) inside the
disk drive housing, eliminating the additional increment of the profile normally
consumed by the printéd circuit assembly. These cumulative reductions in
structural profile reduce the overall profile of the memory disk structure in the

disk drive, increasing the mechanical volumetric efficiency of the disk drive.
This She,
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jected as the motor rotor 9a7 rotates. This i s i ndi cated—inF-G—3by—the -

oppositely directed arrows at the left of the Hall seor. The output of the
Hald sgensor 9b8 is switched between two different volta b

age states of the same polarity in synchronismwth the ﬂ

permanent magnet fields which it senses in its position

radi al winding sec- tions 9bll, FIG 1. Iniggeater detail, the output of
the Hall sensor 9b18, is coupled to a term nal 1la which is coupled by a

pul lup resistor RL{TOTHNE poOSTHTTVve—volt . at
the temnal 11 a i$ either a highsgate or a | é~§@gje and
vari es-synchionously with the dirdeti -ofTthe f+ sensed by the Hall
sensor 9bl18. |The t¢rmnal 11 a i e i nput term nAl a cout contrd
circuit 11 bi{for tﬁpe bridge ciwpcuit 11. The conmuntation seQntrol circuif
11b conpriseg two ¢omut at i | rcui t _begEEEeeeads and 11d upled in
: . - . ;{4"~‘§§\>:\\\ . _
parallel to ghe input Y€ nalmlg. v | ses_th_e I es cdgn
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11 Substitute sheet. - 2 July 1998 nected inverter ampliifiers, |1 and- 12.
The branck 11d conprlses a single inverter anplifier 13. Thus, the out-
put. voltages of the inverters |2 and |3 each vary be- tWEEﬁ‘TVWFﬁ%#44ﬁ¥;___
states of the sanme polarity, in oppo- site phases, as th Ita e at t he
input termnal 1la is switched between its two voltage'le ee kMa(
sensor 9b18. The out put voltage of the inverter 12 is the

the transistor pair T1, T2, and the out- zygt voltage of th

t he base bias voltage for the transistor paig;TB, T4. The bias voltages
for the transistors Tl and T3 are derived framtaps in the re- spective
vol tage dividers, each of which conprises regif&tors R2 and R3, under
control of the respctive inverters 12 and | 3. Wien the output of the
inverter 12 is in the lower of its two voltage stjates, the transistor
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palr T1,. T2 conducts. Wen. the output voltage of the inverter 13 is. in. the. ...
| ower of .its two voltage states, the transistor pair_TI3, T4 conducts. Wth .
a fixed voltage V, applied to the bridge circuit, the notor speed is fixed: -~
Control. of the speed of the disk spindle notor 9 is aTHisShee hseBeaiikﬁmdey
1t
il

H
controlling the voltage coupled to the bridge circuit, “Imﬂllm t he
n 4.

magni t ude of the voltage across the w ndings 9bl, or, t he
duty cycle of the on states of transistgys T1, T2, T3 a Bot h types of

control may be regate D a substantially constant _notor ggd, by
timng pul se generat rirﬂedq o@the menory dis C
head, to control the tpder h&vol t age sup- plij t e
circuit or to nodul e of a fixed vol ed 1Yo 3 he
bridge circuit 11. S [ ataon forns no par ) ' @Eion.
A nodi fication of thg Ik tor 9a of the dj p# 0
assenbly 9 is illustr i . I'n the fabricati af drijjves of
smal | formfactor, 1. % N
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1.3, and less, a reduction in parts count and a reduction |n rhe assennly S
st eps, paxtlcularly with respect to fabri- cating smal

R
essential. To this end, FIG 4, which again is a sectlon Es Boen Riplace
section pl ane 12 Substitute sheet - 2 July 1998 I| lMll
Il lustrates a bobbi n-shaped notor rotor 9a of single plec

the small formfactors referenced abovgit is easy and convenlent to
fabricate such a part as a single piece, as by a screw machi ne operati on or
a ol ding operatiorf Tor exanple. Ac- counting forfseparate notor rotor
parts is eli d and at | eas®one d| assenbly step is
elimnated. The usq of the singl &pice Nped. notor rotor requifes

a different di sk drfive assenbly pfp ‘@3 npl d in fRassenbl|ng
es of [FIGS. 1 agg/ép*‘« &ui ripgz nodi caﬁ%on of the
o

the disk driv
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printed circuit assenbly to slip between the up AsWR raéear pl at es

9a4 and 9a5 of the notor rotor. As seen in FIG IrCUIt IR
assenbly is dotted fromthe right edge, as: VIGWEdlE““ rlentat|0w~"“‘“
of FIG 1 would not permt such a slot, but by ro d| ng 9bl

through an angle of 60[err] on the subst rsg6e 9b2 and rout| ng t he wi ndi ng
section 9b13 aroundetbhe.rator buh Q3] Liis possihle toextend the Slot
9b22 in- board to dlear the rotor hub 93l1l. Excitatfion of this w nding
section is aspdeser|i be in connection w4+ G sl g the conmutation
circuit of FI{G 3. {A further varigitfon ¢ gnnmg figuration on fhe -
sl otted substfrate 94b2 i - ategw FIG.ég hi s quaxgg conprisesjtwo
separate w ndi ng sgqctions 9b ' are jpositione Qn each sige
of the slot. |Four radi i ovi ded inxthis wi nfi ng
pattern, 2 in each i § Rlo~and 9Q1b 22 Fopr
equal | y spacdd, al te 22 al e
pro-
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vided inthe ring magnet 9a7 to produce the axial mag- netic fields As in
the:case of the wndings of FIGS. 1 and 5, the current in the radial -

wi ndi ng- sections 9b11 nmust be reversed synchronously W th 1{,}36ndius BeRReslficed

of
radi al wi ndi ng sections 9bl1l.
ble here. As in the w nding
e w nding sections 9bla and

the magnetized spots 9a7l1 there pass. To acconplish this,
wi ndi ng sections 9bla and 9blb are conngtd ed in parallel toumm'nm!
driver 9b41, so that current reversal takes place simultan I

t he 13 Substitute sheet - 2 J
The commutating circuit or FIG 3_i
configu- ration of FIGS. 1 and 5,a§t_ﬁ
9blb of FIG 6, being connected in o the qQatput termnals OIl and
Or2 of the bridge circuit 11, of si mul t &eously switched to
achi eve reversing of the currenf—tTowW ra‘dTﬁ'I’T\'('nﬁ'l'ﬁE'iéec-
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tidns 9b11, KE?%@%W&M%I&E@% As seeri in Fl G\' 1, the rotary actuator arm
structur¢ »: Q%ﬁ?ﬁ?ﬁl%sp%&edggém one' 11 dxibl e ar. M 5a. The actuator arm 5a
over | aps | tHeClapnk) supaead &-°dp pdae- m:ry disk:7a. A ginbal spring 5al, FIG
2, wount $ 8 Prawieg(slcepagad skitbl pagb.n It he di stal it Wget’ | 85U gﬂ
5a. The|tHaAbsacer apage ytoE;aigezéQ’ﬂpH ses a '
el enent $uch as a nngnetlcq?e%igﬁg 1GS. 2 and 4 show the rel ationshi p of
the di sk|dpae p¥F RECEIPM di sk assenbly 7 conprises a single

di sk 7a. “Arttougt—am——acttatotrtansducer _asse i s _shown onIy at the
top surface of the ndREC M/RE’ROD DEVICEbe appreci at ed
that a second s Gh of the
menory di sk 7a. % nore than
one menory disk,- as 5 is nounted
to a cylindri- STRUCI'URAL AND FU'NCI'IONAL PART OF -
MEDIA DRIVE MOTOR AND THE MEDIA DRIVE
MOTOR
TECHNICAL FIELD
o This invention relates to disk recordmg/reproducmg

devices and more particularly to such devices of a struc-
tural design which simplifies the fabrication of parts,
and sub-assemblies, simplifies assembly, increases prod-
uct yield, rednces product costs, and, importantly, em-
bodies structural design features which increase me-
chanical volumetric efficiency by functionally integrat-
ing parts which are conventionally, physically sepa-
rated in an assembly stack and thereby not functionally
related to reduce the profile of the device.

BACKGROUND OF THE INVENTION
Recording/reproducing devices typically comprises
a rotatable disk media structure which inciudes a disk
. powered by a disk spindle motor, and, an actuator struc-
ture which comprises a transducer/actuator arm assem-
bly on a movable support and powered by an actuator
motor, for moving the transducer radially of the disk.
The actuator may be either of the rotary or linear type
and functions under servo controlled actuator motor
power to move the transducer to different radial posi-
tions on a disk. In a disk drive this mode of operation is
referred to as a track se:kmg and track following opera-
tion. -
In a disk drive, themoryd:skstmcmre comprises
‘one or more disks in 2 memory disk assembly, concen-
_ trically mounted about a disk spindle hub which is
driven by a radial gap disk spindle motor having a stator
mounted to the base of the disk drive housing. In the
memory disk assembly, one or more disks are clamped
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cal* hub 5¢c, FIG 1, journaled on a spindle 5d secured to the base 1. The
rotary actuator structure 5 conprises an axial gap actuaor notor 5e which
has. a flat coil Sel secured to the actuator structure at the hub 5d The

coil 5el swings in a planar arcuate pathpabout td\ghsiRiftfsResrd 'zryl}lfqggg' al
magnetic field between upper and | ower stator pl -

plate being visible in FIG 1, of a permanent nagnet actuator notor stator
5e3 se- cared to the base 1. Bi-directiona energization of the coil 5el

controls track seeki d gra | | gve.n - ans r y
o e R i sty 1o
provided in the e@ﬁﬁﬁpﬁwﬁé disks toeleirindiAdualachaitcrstrie- 1. 1o
permt nounting ofes therebetween. The stator of the disk spindle motor
is assembled within the disk spindle hub. The disk spin-
dle hub functions as the motor rotor. '
As disk drives are reduced in size, such motor designs
in the memory disk structure become impractical in
both radial and axial dimension. As the radius is reduced .
adequate motor torque is no longer available. Design
efforts to increase motor torque by increasing the radius
of the motor and reducing the axial dimension, have
resulted in radial gap disk spindle motors having rela-
tively thin-flat, rotors of sufficient diameter so that
motor torque requircments may be met. The stator
_structare with its windings is disposed within the motor
rotor. The large diameter of the motor rotor of this type
of disk spindle motor, in relation to the dimension of the
memory disk(s), prevents its disposition within the
memory disk stack, so the memory disk(s) and the disk
spindle motor are axially stacked. This motor design has
a low profile and has resuited in improvement in motor
torque. The design requires the axial stacking of the disk
spindle motor and the memory disk(s), rather than con-
centrically disposing the disk stacks about the motor,
consequently there is some loss in volumetric efficiency.
There remains not only a need for further reductions in
the thickness or profile of the disk spindie motor but
also a need to reduce the thickness of the recording/re-
producing device.
SUMMARY OF THE INVENTION
The best mode for practicing this invention is embod-
ied in a rotary actuator type of disk drive which is used
herein as an exemplary basis for describing this inven-
tion. The application of this invention to linear actuator
types of disk drives and to types of rotary actuator disk
drives other than that specifically presented herein as, |
This is the repiacement sheet
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W

t he permanent magnet stator 5e3 of The axial gap actua- tor notor 5e .
directly to the base 1. Wres 5f1 extending al ong an edge of the flexible
arm pa connect the magnetic head 5b2 to individual bonding pads 5f2 at the
hub 5¢c of the rotary actuator 5. Cther wi ges 5f3

oi,l 5el
the axial gap actuator notor 5e to ot her |nd| vi dugﬂggtitmﬁﬁgeﬁﬁ | “'S'ﬁ Eé)g@he

actor hub 5c. A flat flexible cable 5f4 having plurali- ties of circuit
traces therein connects t he bondi ng pads 5f2 at the actuator hub 5c to
ot her bondi ng pad fort diski reco n sedm:mglﬁevlcfrom

mmnpl

;Plaselmgfgyeél '?(r)] conn 5%0 gt €2 WI’I te c%ﬁlg?ard

i ncl udi ng' a pream$& Cbﬂl@@%rt]ﬁqssaefﬁﬁmw ate also FIG 7,

glr)]?l tggecg: !505|e:I1GOf %%eﬁ%@@a&g@é5§%agl&3 péﬁ{ub(ig\cl)lelrl ng

also t

the positioning mc%c‘ixcﬁ where extensive manual participation in the
fabrication and assembly of parts is no longer cost effec-
tive, and, in some respects, not even feasible. This in-
vention provides a2 new approach to the configuration
of the disk drive, particularly with regard to the spindle
motor, per se, and its integration into the drive, which
reduces the parts count, provides simplified part config-
uration adapted to antomatic fabrication and _assembly,
minimizes the need for manual intervention in fabrica-
tion and assembly processes of the disk drive, reduces
the reguirements for testing, increases product yield and
results in a durable product suited to its application and
eavironment.

A disk spindle motor and its integration in the disk
drive according to this invention, employs unique struc-
tural implementations to reduce the count cof separate
parts required for disk drive assembly and to adapt the
parts to automatic fabrication and assembly techniques.
Implementation is achieved by integrating the disk spin-
dle motor with the disk drive housing and the printed
circuit assembly. An axial gap, permanent magnet, disk
spindle motar having a bobbin-shaped motor rotor is
employed. The bobbin-shaped motor rotor is rotatabley
journaled in the disk drive housing on the housing base
and comprises a pair of circular, axially spaced, rotor
plates on a hub. Discrete, alternately oppositely poled
axial magnetic fields are produced between the circalar
rotor plates. The planar disk spindle stator motor wind-
ing and its circuits are fabricated as part of a printed
circuit board assembly on the base of the disk drive
housing. The printed circuit board assembly is mounted
on the base within the disk drive housing and has a
portion carrying the planar winding fitted between the

This is the replacement sheet
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Al'l “of these circuit connections, which in conven- tional drives in which

the printed circuit board is nounted externally of the disk drive housing
usually to the bottom side of the disk drive housing, are nom/con t ai ned

internally of the disk drive housing, Ilmna it

el ectrical cable connections to be passe throu %Iuggt'ﬁﬂ

In the housing to the printed circuit board and the electrical elenents
t hereon. A connector 5g disposed at the si de of the disk drive housing

provi des el ect rlgﬁqugngeﬂ;eg eﬂ?}me Q“The planarhwindsonput er
For “control i ng Hgs F8Y B8 : eaftriﬁbﬁzgﬁf%”@&ﬁi %SE? “pdes of
OPIe:]at |O|02I II’QU;[ Pe ammm.ammgmﬁ n?iﬁ |m§|g I t he
Eonctegt di scl ose?grbel ? cggga\: tr cb éyﬂgﬁm

design, for given form factcxs and in comparison with

conventional designs, reduces the profile dimension of

the disk spindle motor, both as to the motor, per se, and

as to the removal of the printed circuit assembly board

from a location external to and beneath the disk drive to

a location in existing space within the disk drive hous-

ing, which increases mechanical volumetric efficiency.

In greater particularity, the base of the disk drive
housing and the electronics of the printed circuit assem-
bly are incorporated as integral parts of the disk spindie
motor within the disk drive housing. The wmdmgs of
the disk spindle motor are printed circuits on the
printed circuit board assembly. This implementation
consolidates the electronics and the clectrical functions
into one common printed circuit substrate. The printed
circuit substrate is of a thin, low-cost material, fiber
glass, polyimide, for example, which is bonded to the
disk drive base within the housing along with the mem-
orydiskstructmeandtherotary actuator structure. In
addition to the printed circuit windings for the disk
spindle motor, the integrated circuits, connectors and
discrete circuit elements are bonded to the printed cir-
cuit board or substrate.

The use of an axial gap disk spindle motor, integrated
with the disk drive base, and provided with a printed
circuit winding, reduces the disk spindle motor profile
and brings the printed circuit assembly inside the disk
drive housing, eliminating the additional dimensional
increment to the disk drive profile normally consumed
by the printed circuit assembly board. These cumulative
reductions in structural profile reduce the overall pro-
file of the memory disk structure and the disk drive
housing, increasing the mechanical volumetric effi-

This is the replacement sheet
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15°. Substitute sheet - 2 July 1998 grated, within the disk drive housing
1, with the disk spindle motor 9 and the actuator 5. Al data recorded on
the menory disk 7a is recorded as to location by track and track sector.

There are two methods of |ocating tracksg one i S5kbstiUAEShéUNR July 3 9Bg/en
radial direction froma present track and the otfer—Ts Dy track nunber

recorded in individual tracks. A sinle nmagnetic bead, as shown in FIG 1,
reads both servo code, caIIed enbedded servo code, for track seeking and

for track foll . t
dat a Sectors bet weoRAFREYLE @M@%Mm@@a&w
di sk stack are enpl uheddmkrdmmmerdemmmnsm i then in
FIG 7, one disk su m _
dedi cated to servo %i wh nn%s%%‘&é’ﬁ%&%&%
exmd printed circuit board assemblies and the poten-
tial of such connections for contaminant leaks.
This unique structural implementation of this aspect
of the disk drive, embodies fewer parts, embodies parts
of conﬁgurauons which are adapted for automatic fabri-
cation and asse:nbly, minimizes the need for manual
intervention in the fabrication and assembly process,
increases the product yield and permits cost effective

fabrication of disk spindle motors for smaller form fac-
tor disk drives.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of this inventicn will be had
by reference to the following specification when con-
sidered in conjunction wuh the accompanying draw-
ings, in which:

FIG. 1, is a plan view of a disk recording/reproduc-
ing device, as in a disk drive, comprising 2 memory disk
structure and an actuator structure, embodying the
principles of this invention.

FIG. 2, is a sectional view of the memory disk struc-
ture of FIG. 1, viewed in the section plane taken on the
section line II—II of FIG. 1.

FIG. 3 illustrates a circuit for controlling the excita-
tion of the winding of the disk spindle motor.

FIG. 4, depicts a variation of the memory disk struc-
tare of FIG. 2.

FIGS. 5 and 6 are plan views of respective disk recor-
dmg/rcproducmg devices of the type of FIG. 1, illus-
trating in FIG. § a different disk spindle motor printed
circuit winding orientation, and, in FIG. 6, illustnnng a
different disk spindle motor printed circuit winding
configuration, and

This is the replacement sheet
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to the servo code. Timng for these differing functions is provided by the
interface 15 initiated by signals fromthe magnetic head responding to a
stary of servo code recording or a start of data recording in an addressed

sector in a selected track. FIGS. 1 and 46relateé Rh Si aI E
functional as- pects of this invention, depicti R L ‘era98
nents in block form In practice, these bl ocks conprise el ectroni C circuit
chi ps or other discrete C|rcuit'ele ment, which, as seen in FIG 1, are

strategically place a hegprknt ed cul t board assembly
9b3 and connect ed b ?‘I-' . MM %aﬂv |on as

conponent parts of Sdmc&ndrdata rocessing functionsy ddlus-

seen in FIG 7, dmﬁﬁg rwﬁg w Mﬁ om
ponents. The syst%ﬁons to provide bi- gl recti oral cormmuni catl on

bet ween a host co and the disk nmenory file or drive 5.7. As seen

'n FIG 7 (refer also t 3 BERIPITONSF THE PREFERRED
EMBODIMENTS

A disk drive embodymg the principles of this inven-
tion and repraexmng the praently known best mode
for practicing this invention, is illustrated in FIG. 1.
The disk drive housing has a base 1 which supports a
memory disk structure 3 including an improved low
profile, disk spindle motor, and a rotary actuator struc-
ture 5, which items together comprise the principle
parts of the disk drive. The base lfoz'mspartofthedmk
drive housing and constitutes a primary support for the
parts of the disk drive.

Memory Disk Structure

The memory disk structure 3 comprises a memory
disk assembly 7, shown only in dot-dash outline in FIG.
1, and a disk spindle motor assembly 9. As seen in FIG.
2, which is a view in the section plane II—II of FIG. 1,
the memory disk assembly 7, in this example, has only
one memory disk 7z The disk spindle motor 9 com-
prises a bobbin-shaped motor rotor 9¢ and a motor
stator 95, including a printed circuit stator winding 951.
A hub 9a1 of the motor rotor 9a is journaled by a coax-
ial bearing pair 942, on a disk motor spindle 9a3, secured
in the base 1. Adhesive bonding or press fitting may be
employed to secure the disk motor spindle 9¢3 in the
base 1. More than one memory disk 72 may be em-
ployed in the memory disk assembly 7 to enlarge the
disk drive data capacity.

The bobbin-shaped disk motor rotor 9¢ is fabricated
of a magnetizable material, such as soft steel or stainless

, steel. Any material of low magnetic coercivity and high
permeability may be used. The bobbin-shaped disk
motor rotor 9¢ comprises a pair of axially spaced circu-
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cofpputer 19 is connected to an interface circuit 15 via the connector 5g.
Requests by the host conputer 19 to read data fromthe. disk nenory 5,7 or
to wite data to 16 Substitute sheet - 2 July 1998 the di sk nenory
5, % are received at an interface con- tgol 15a | £91 e
processed by the interface 15 into a tra?ik addreﬂb%ﬁﬁtét?ﬁ%%cagﬁﬂ?q?f
dress where data is to be retrieved or witten. Such processing is
primarily perforned by g m cro-processor 15b, accessng an external read

only nenory 16 , as needed. A track address J n_tpe_f of a track
_cou’%t or ayt r’ac&;tmum mm%%?&\tﬁﬁm%ﬂaﬁﬂ%&\ﬂ% cation

or addlrfess '12 engdtor plate 9ad i ¢rably én withi thewotor Hube
t , a rlc e q
Sored in a rancflnsthet iipgtion di -q-ﬁgac?ggﬁoér - apb an 1
assembly step. 1he upper rotor p 1s upon

a shoulder 926 of the hub 9¢1 which determines the
axial spacing of the rotor plates 9a4 and 9¢5. Bonding or
press fitting secures the rotor plate 9a5 to the hub 9cl.
A ring-shaped permanent magnetic 947 is concentri-
cally disposed of the disk motor spindle 923 upon the
peripheral interface of the rotor plate a4 where it is
adhesively bonded. The memory disk 7a is adhesively
bonded to the upper surface of the upper rotor plate
9aS. Ta. guarantee flatness of the memory disk when in
place, the upper surface of the rotor plate 9a5 is prefera-
bly lapped prior to its assembly on the hub and attach-
ment of the memory disk 7a thereto,

The stator 95 of the disk spindle motor 9 comprises 2
flat printed circuit stator winding 951 on a thin substrate
952 of a printed circuit board assembly 95 3. The thin
substrate 952 of the printed circuit board assembly 953
is secured to the base 1 within the housing along with
the memory disk structure 3 and the actuator structure
5. The substrate 952 is installed prior to securing the
upper rotor plate 9¢5 on the rotor hub 9g1. A circular
opening 9521 in the substrate clears and encircles the
rotor hub 9¢1. In this position, the substrate 952 occu-
pies a position between the rotor plates 9a4 and 945 of
the motor rotor 9a, placing the printed circuit motor
stator winding 951 in the axial gap between the ring
magnet 9a7 and the innerface of the upper rotor plate
945, in which position it is linked by the alternately
poled, axial magnetic fields of the ring magnet 9a7.

As seen in FIG. 1, the stator winding 951 is a printed
circuit layout on the substrate 9562 of the printed circuit
board assembly 953. This winding 951 comprises radi-
ally disposed printed circuit winding sections 9511
which cross the ring magnet 947 in a radial direction at
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buffer RAM 14 contains read/wite data. The disk controller 17 provi des
control over the rotary actuator notor 5e and the disk spindle notor 9
through the actuator/spindle driver 9b4. A spindle driver 9b4l in the

actDator/spindle driver 9b4, respon- sivgto theggibsktfadHegak!
initiates spinup of the-disk assenbly 7 and I‘eglg-l—aﬂt-e?-tﬁ-e—s-pte-d—o-*——(—ac-éélt -2, July' {098

di sk spindle notor 9. A position controller 9b42 and an anplifier 9b43 of
the actuator/spindle driver 9b4, control the rotary actuator notor 5e in
response to input {romthe, disk controller 17, as to track count or to

track nunber, m.m.equdlxsmmfemmuyw locations.r dThese 9b4?

and the arrpllflerramm oﬁso sition
Fespect To track Hroutel Sirsiiiy Winding pgfi?enss‘”' £ e “qof
operation. In a nferept: mndmgs:ecuow%lzeundcbumg circimiferens r om
enbedded servo co&[vlmﬁﬁggcmmgbm %é%ﬁingﬂw&eﬂﬂr fyed
_ printed in exact registration on both sides of the sub- .
~ strate 952, which doubles the winding turns and the
available motor torque. The inner end of the printed
circuit winding on the top surface of the substrate 952 is
connected by a via 9514 to the inner turn of the printed
circuit winding on the bottom surface of the substrate
9b2. The end of the outer turn of the bottom winding is
brought to the upper surface of the substrate 9562 by a
via 95615. The vias 9614 and 95615 are connected by
printed circuit traces 9516 and 95 17 to a spindle driver
9541, FIG. 3, FIG. 7, of an actuator/spindle driver 954
on the printed circuit board substrate 952

The ring magnet 937 is axially spot magnetized in
adjacent alternate polarities, in six equaily circumferen-
tially spaced locations 9471, as seen in FIG. 1. Flux
coupling between the adjacent, alternately axially
poled, permanent magnet spots 9¢71, in the ring magnet
847, is in a circumferential direction in perpheral por-
tions of the motor rotor plates 924 and 9a5. The axial
gap in which the printed circuit winding 951 is posi-
tionedisdeﬁnedbetweentheuppersurfaceofthering
magnet 927 and the peripheral portion of the imner sur-

face of the upper rotor plate, 9a5.

The operation of the disk spindle motor9xssxmﬂarto
that of a flat coil linear motor. In this case, the linear
motor is wrapped in a circle and closed upon itself. An
axial gap flux path is set up in the air gap between the
ring magnet 927 and the rotor plate 9a5. The permanent
magnet field in this flux path links the radial winding
-sections 9511 of the printed circuit stator winding 951,
which are disposed in the axial gap. Current in the ra-
dial winding sections 9511 of the printed circuit stator
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fr dm dedi cated servo code via a dedicated magneti c head 5b21. \Wen the
count of track «crossings or the track nunber matches that of the position
controller 9b42, track seeking ends and track follow ng begins. In the

treack follow ng node, assg no dedi cated gervo fl&%stﬁt[lte ghégd £ot fsly PRt i C
head 5b2 senses bursts of enbedded servo code in-each—trTack—sector of—the

track being followed, senses data addresses and senses start of data codes.
These signals, in the read/- write channel , Which includes the preanplifier
20 and 17 Substitute sheet - 2 July 1998 the d/wite anplifier 21,

coupl ed to the intserdsace oiNith thegre r wite function. Read data
is trans- ferredmgkil #&Eﬁgﬂa M WM
transferred frorfl mmm&mﬂ&w&wmﬂﬂmf buf f er
controller 15d motor rotation. This sets up a2 magnetically coupled

tangential force in the motor rotor 9 causing rotation of
the rotor.

At least two permanent magnet poles 9271 are re-
quired for the disk spindle motor 9 to function. Four
poles are shown in FIG. 6. More than the six poles 9271
shown in FIG. 1 also may be employed. As described,
the axial polarity of these individual poles 9271 alter-
nates around the permanent magnet ring 927. The cur-
rent in one radial winding section 9511 flows away from
the hub 9q1, while the current in an adjacent radial
winding section 9511 flows towards the hub 9a1. Since
the radial winding sections 9511 of the printed circuit
winding 951 cross the alternately poled axial flux paths
in the axial gap, the force generated by the interacting
flux fields is consistently in the same direction. As the .
motor rotor 9a rotates and the spot magnets approach
and come into proximity to the circumferentially adja-
cent radial winding section 9511, the spindle driver
section 9541 of the actuator spindle driver 954, coupled
to the printed circuit winding 951, reverses the winding
voltage 50 as to maintain the tangential force in the same
direction. The switching can be initiated or timed by
means of a Hall sensor 9518 disposed in 2 peripheral
position, FIG. 1, FIG. 2, with respect to the ring mag-
net 947, at the location of a radial winding section 9511,
FIG. 1, to sense the axial magnetic field at that location.
As a junction of the alternately axially poled magnetic
spots 9471 in the ring magnet 947 approaches and
crosses the Hall sensor 9518, the Hall sensor produces a
signal coupled to the spindle driver 9641, which indi-
cates that polarity reversal of the winding current is
required to maintain a unidirectional magnetic force
couple. Alternatively, the back electromotive of force
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In“the read/wite channel, the preanplifier 20 func- tions as a t ransducer
or head interface. Signals induced in the magnetic head from servo code,
address codes or start of data codes are transmtted as pulses to the

read/- wite anplifier 21. Here, signal qoderi vecgﬁﬁgﬁuf@ghgé@ beslfgd gog vo
code are fed back to the position sensor 9b44 in—tfre—Ttosed Servo 1 oop, by

a pul se detector 2la, to nmaintain track follow ng during traverse of the
servo code field, and pulses resulting from address codes and start of

21h (o a read Sé%@@?%@ﬂnéﬁ%ﬁﬁﬁs#ﬁé ﬂ%%%&‘*@i&lééﬁ?gn', "Che

circuit 21b co a vol tage

]E:olnt roll eg osci | I WO? <|§0W| pais
gener at or GG cf Sl %m%&ﬁgég ! %mséamm ¢ 210
transl ates data3d as Becommutationcoircuit bmremiblmswuchngfof
systemto the Nehé efireht fif the printed circuit winding 95. The com-
mutation circuit comprises a transistor bridge circuit 11
connected between 2 supply of fixed positive voltage V
and ground. Transistor pairs, T1, T2 and T3, T4, are
connected in opposite legs of the bridge circuit 11. The
printed circuit motor winding 951 is connected to a pair
of output terminals OT1 and OT2, of the bridge circuit
11. The transistor pairs, T1, T2, and T3, T4, are
switched between two states, which reverses the direc-
tion of the current through the printed circuit winding
9b1. The Hall sensor 9518 is energized by the positive
voltage supply in a circuit between the positive voltage
terminal V and ground. The input to the Hall sensor
9518 is a reversing magnetic field to which it is sub-
jected as the motor rotor 927 rotates. This is indicated in
FIG. 3 by the oppositely directed arrows at the left of
the Hall sensor. The output of the Hall sensor 958 is
switched between two different voltage values or volt-
age states of the same polarity in synchronism with the
reversing of the permanent magnet fields which it
senses in its position at one of the radial winding sec-
tions 9511, FIG. 1.
Ingreaterdetail,theontputofthel-!allsensor%l&rs
coupled to a terminal 112z which is coupled by a pullup
resistor R1 to the positive voltage supply V.. The volt-
age seen at the terminal 11 a is either a high state or a
low state and varies-synchronously with the direction
of the flux sensed by the Hall sensor 9518. The terminal
llaxsthempnttenmnaltoaeommmncomrol
circuit 11 b for the bridge circuit 11. The commutation
control circuit 115 comprises two commutating circuit
branches 11¢c and 11d coupled in parallel to the imput
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i nterface/ host conputer side of the system A data franing and control
circuit 15e builds up a sector to be witten or disassenbles a sector which
has been read. The sector, contains overhead information as well as data.

A ¢onnector circuit 15f is enployed to geriali Z@ubsﬁﬁﬁ%rsfﬂée‘ie 3Jufy 1998
serial data stream during read| ng i s converted te—para-tet—dat=a uata N

paral l el format which |s t o Wl’lt |Sﬁonv rﬂﬁa seri al
stream Error c y%@aa m I|zed at

this | ocation. mompnsama mfvdit@ JI3.fThus, the outanecti ons
descrbed. These PHE W #@%‘3@’ S%%@”!i" el @?‘X‘Q&“?f Feuit
traces which ar bW mm@m
suephass,asthevoltageatthemputteumnalmxs
switched between its two voltage levels by the Hall
sensor 9518. The output voltage of the inverter 12 is the
base voltage for the transistor pair T1, T2, and the out-
put voltage of the inverter I3 is the base bias voltage for
the transistor pair T3, T4. The bias voltages for the
uans:storsTlandTSarederwed&omtapsmthere
spective voltage dividers, each of which
resistors R2 and R3, under control of the respective
inverters 12 and I3. When the output of the inverter 12
is in the lower of its two voltage states, the transistor
pair T1, T2 conducts. When the output voltage of the
inverter I3 is in the lower of its two voltage states, the
transistor pair T3, T4 conducts. With a fixed voltage V,
applied to the bridge circuit, the motor speed is fixed.

Control of the speed of the disk spindie motor 9 is
achievable either by controlling the voltage coupled to
the bridge circuit, which controls the magnitude of the
voltage across the windings 941, or, by controlling the
duty cycle of the on states of transistors T1, T2, T3and
T4. Both types of control may be regulated to maintain
a substantially constant motor speed, by timing pulse
generation derived from the memory disk by the mag-
netic head, to control the amplitude of the voltage sup-
plied to the bridge circuit or to modulate the duty cycle
of a fixed voltage coupled to the bridge circuit 21. Such
speed regulation forms no part of this invention.

A modification of the bobbm-shaped rotor 9a of the
disk spindle motor assembly 9 is illustrated in FIG. 4. In-
the fabrication of disk drives of small form factor, 1.8,
1.3, and less, a reduction in parts count and a reduction
in the assembly steps, particularly with respect to fabri-
cabngsmallparts,:sascnmLTothscnd,FlG 4,
which again is a sectional view in the section plane
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18- Substitute sheet - 2 July 1998 details of such printed circuit
designs are not essential to an enabling disclosure with respect to this
i nwention. Thus, this invention integrates the disk spindle notor 9 into

the disk drive base and housi ng | and bygbri ngi nsybdtRuts bﬁégg_ o pﬂ i ard
assenbly 9b3 within the disk drive housing 1, 4 gé@
design of the disk spindle notor 9, has also integrated the printed CIrCUIt
board el ectronics with the disk drive notor 9, the actuator notor 5e and

Lhe magneéli chhead 5b2 within the h033| ng 1, and, enploys the disk drive

1
por tions of the B3 fﬂ PEBEG 2, Bfistraredd M@mﬁ%ﬁﬁ%@r
ssemb Y ooet :22:;;;;& ,%W?@ o Corfoti t s
\t/)\neggl glgismgl;;t efjh e wound " GOi E h| n t %d E @or 9 has

spindl e motor 9 opemnon, or a modmg Operatxon for exampc. Ac-
counting for separate motor rotor parts is eliminated
and at least one difficult assembly step is eliminated.
The use of the single piece bobbin-shaped motor
rotor requires a different disk drive assembly process
than that employed in assembling the disk drives of
FIGS. 1 and 2, further requiring a modification of the
printed circuit assembly to slip between the upper and
lower rotor phmMandDaSofthe motor rotor. As
seen in FIG. §, the printed circuit assembly is slotted
from the right edge, as viewed. The winding crientation
of FIG. 1 would not permit such a slot, but by rotating
the winding 941 through an angle of 60° on the substrate
952 and routing the winding section 9613 around the
rotor hub 9¢1, it is possible to extend the slot 95622 in-
board to clear the rotor hub 9¢1. Excitation of this
winding section is as describe in connection with FIG.
1 using the commutation circuit of FIG. 3. | :
A further variation of the winding configuration on
the slotted substrate 952 is illustrated in FIG. 6. This
winding comprises two separate winding sections 961z
and 9515 which are positioned on each side of the slot.
Four radial winding sections 9511 are provided in this
windingpathineachofthesepatatewindingsec-
tions 9512 and 9615 Four equally spaced, alternately
axially poled, permanent magnet spots 9471 are pro-
wdedmthenngmagnet%ﬁomodwethemalmag—
netic fields. As in the case of the windings of FIGS. 1
and §, the current in the radial winding sections 9511
must be reversed synchronously with the movement of
the magnetized spots 9471 there pass. To accomplish
this, the separate winding sections 961z and 961 are
connected in parallel to the spindie driver 9541, so that

current reversal takes place simultaneously in all of the
oymatotte
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assenbly, the notor housing is the disk drive base or housing and the notor
st'ator 9b, including the printed circuit winding 9bl1 is part of the printed
circuit board assenbly 9b3, also on the disk drive base within the housing

1.: The di skspindl e notor design encourages the ggpsmiute ishabt o20dulgl 1998
el'ectroni ¢ and electrical functions into ome—commom _printed CIrcuit

board assenbly 9b3. The sub- strate 9b2 of this printed circuit board
assenbly 9b3 is fabricated of a thln Iovv-cost material (such as thin fiber-

gl ass, polyumwwmm%n é@nf%:ﬂhdﬁ \Grégge 1 within
t he housing fo Ef 3 ge lcwc C |§E; nneciors and
ot her discreet Bgsggeitéﬁ *‘ ;F & HE 0 this
printed circui rtaon; and ,lfhecsepﬂ'ﬁapwmngzmwstrate
al so serves assvbua wsmsrm

LT o s U1 d 0 e et
FIG. 3, are simultaneously switched to achieve
- revmgofthecmtﬂowmtherad:alwmdmgsec-
- tons 9511.
Actuator Structure
As seen in FIG. 1, the rotary actuator arm structure
S comprises at least one flexible arm Sa. The actuator
- arm Sag overlaps the upper surface of the memory disk
7a. A gimbal spring Sal, FIG. 2, mounts a transducer
assembly 56 on the distal end of the flexible arm 5a. The
transducer assembly 56 comprises a slider 5b1 and a
read/write element such as a magnetic head 552. FIGS.
2 and 4 show the relationship of the disk drive parts in
which the memory disk assembly 7 comprises a smgle
disk 7a Although an actuator/transducer assembly is
shown only at the top surface of the memory disk 74, in
FIGS. 2 and 4, it will be appreciated that a second such
assembly may be positioned at the bottom surface of the
memory disk 7a. Also this invention may be pracnced
;:nploymg more than one memory disk, as seen in FIG.
The actuator arm structure S is mounted to a cylmdn-
cal hub 5¢, FIG. l.Joumaledonaspmdle Sd secured to
the base 1. '
The rotary actuator structure 5 comprises an axial
gap actuator motor Se which has a flat coil Sel secured
* to the actuator structure at the hub 5d The coil Sel
swings in 2 planar arcuate path about the spindle 5d in
the axial magnetic field between upper and lower stator
plates Se2, only the upper plate being visible in FIG. 1,
of 2 permanent magnet actnator motor stator Se3 se-
cured to the base 1. Bi-directional energization of the
coil Sel controls track seeking and track following func-
tions of the rotary actuator assembly 5, employing the
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functions: (1) el ectroni cs substrate(2) spindle notor 19
Substitute sheet - 2 July 1998 stator (3) connector substrate, (4) sole
i nterconnection neans for all electrical and electronic conponents, (5)

al I- such circuit connections are w thinqyhe housgigtifd bRESEL bNELIGMogEed
to penetrate the housing to access external Ci Cm—t—gaa-rgg—iige—ﬁgl-y—-
foreign attachnent to this batch fabricated part is the flexi bIe cable 5f4

fromthe actuator arm as errby5 If the ubstratels I md the
flexible cablemt!ﬁ Qef g@h& natlng

t he connecti onsopmm \Hdnﬂ nt}thﬁ tddSlcanuml

desi gn nakes it t m)tor
The only conp S nee%% |de H ggl Ea cargl ge
beari ng asserrblﬁ stator

tor motor d:recﬂytothebase!.

Wires 5/1 extending along an edge of the flexible arm
Sa connect the magnetic head 542 to individual bonding
pads 52 at the hub 5¢ of the rotary actaator 5. Other
wires 5/3 connect the coil Sel of the axial gap actuator
motor Se to other individual bonding pads §/2 at the
actuator hub Sc. A flat flexible cable $& having plurali-
ties of circuit traces therein connects the bending pads
572 at the actuator hub 5S¢ to other bonding pads 5/5 on
the printed circuit board assembly 943. From this loca-
tion, circuit traces (not shown) in the printed circuit
board are employed to connect the magnetic head 552
to a read/write channel including 2 preamplifier 20 and
a read/write amplifier 21, are also FIG. 7, and the coil
Sel of the actuator motor Se to the spindle/actuator
driver 9b4, see also FIG. 7, on the printed circuit board
assembly 943, for controlling the positioning magnetic
head 552.

All of these circuit connections, which in conven-
tional drives in which the printed circuit board is
mounted externally of the disk drive housing, usually to
the bottom side of the disk drive housing, are now con-
tained internally of the disk drive housing, eliminating
any mnecessity for electrical cable connections to be
passed through openings and connectors in the housing
to the printed circuit board and the electrical elements
thereon. A connector 5g disposed at the side of the disk
drive housing provides electrical connections between
the disk drive and a host computer external to the disk
drive. :

All of the electronic components and systems for

. controlling the disk drive in track seeking and track
following modes of operation in the performance of
read/write functions, are mounted to the printed circuit
board assembly 953, and, by the unique organizational
concept disclosed are functionally and structurally inte-
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axial bearing pair 9a2 seen in FIG 2, for exanple, (2) a magnet or a set
of magnets 9a7, and (3) a disk notor rotor, preferably a bobbi n-shaped
rotor 9a which also serves as the flux path for the notor. The notor rotor

9a.is inherently low in profile which{s an i ngubpttstesheet e July 1898di sk
spindle notor applications in ultra thin disk drrves. This invention iIs
applicable to optlcal magnet o opti ¢ and nagneto resistive and other types
of disk drives. Substitute sheet - 2 July 1998 What is clained

is: 1. An axial tor
| Lg;g(ratlcgrrpngtzlrlg:m an%ﬁﬁ a| ra:gﬂm aﬁ%@gd f ot or p??es 0

All data recorded on the memory disk 7a i is recorded

as to location by track and track sector. There are two
- methods of locating tracks, one is by track count in a

given radial direction from a present track and the other
is by track number recorded in individual tracks. -

A single magnetic head, as shown in FIG. 1, reads
both servo code, called embedded servo code, for track
seeking and for track following purposes, and reads or
writes data in the tracks in data sectors between the
bursts of servo code. Where multiple disks in a disk
stack are employed with a transducer for each disk
surface, as seen in FIG. 7, one disk surface, the bottom
surface of the bottom disk may be dedicated to servo
code, in which case, a magnetic head 5621 is dedicated
to the servo code. Timing for these differing functions is
provided by the interface 15 initiated by signals from
the magnetic head responding to a start of servo code
recording or a start of data recording in an addressed
sector in a selected track.

FIGS. 1 and 4 relate the physical and functional as-
pects of this invention, depicting the electronic compo-
nents in block form. In practice, these blocks comprise
electronic circuit chips or other discrete circuit ele-
ment, which, as seen in FIG. 1, are strategically placed
on the substrate of the printed circuit board assembly
9563 and connected by printed circuit traces (not de-
tailed) tg fanction as component parts of the disk drive
control system. The control system, as seen in FIG. 7,
depicts the connections among the several system com-
ponents. The system functions to provide bi-directional
communication between a host computer 19 and the
disk memory file or drive 5,7. -

As seen in FIG. 7 (refer also to FIG. 1), the host
computer 19 is connected to an interface circuit 15 via
the comnector 5¢ Requests by the host compauter 19 to
read data from the disk memory 5,7 or to write data to
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c. .neans for rotatably nounting said motor rotor to said support; d. neans
for producing alternately poled, substan- tially equally
circunferentially spaced and substan- tially equally radially

posi tioned, axial magnetic fields betweqg said rg}&rﬂtﬁ{égﬁéﬁ -d_QthJHlWQSB_

prede- term ned nunber of magnetic poles; e. a prrmhted-crreurt poard—*

ST AR S
f d th - egli - t t ed
o o e et S3Find i, 13 - Fi% oG e BY T, oo o
substanti al |y cinterfacs i into, a track address iandi track seator ad-an

openi ng t her dressusbher®sdasi ii8! toy Ban ofi Gttty Sughanform

ed
i ELAPET%%&%&W%&%@?@ #g%# cai d
printed circuit gt gan seagtonly memory 16 (ROM),
as needed. A track address in the form of a track count
or a track number, depending upon which form of track
- identification or address is employed, is coupled from
the interface 15, viza a data controller 15¢, to a disk
controiler 17. Track and sector addresses are stored in a
random 3ccess memory in the microprocesssor 155 The
buffer RAM 14 contains read/write data.

The disk controller 17 provides control over the
rotary actnator motor e and the disk spindle motor 9
through the actuator/spindle driver 964. A spindle
driver 9541 in the actuator/spindle driver 954, respon-
sive to the disk controller 17, initiates spinup of the disk
assembly 7 and regulates the spesd of the disk spindle
motor 9. A position controller 9542 and an ampiifier
9543 of the actuator/spindle driver 984, control the
rotary actuator motor Se in response to input from the |,
disk controller 17, as to track count or to track number,
which initiates track seeking. The position controller
95642 and the amplifier 95643 are part of a closed servo
loop including a position sensor 9544 which receives
feedback as to magnetic head position, with respect to
track crossings or to track mumbers, during the seek
mode of operation. In a multiple disk, disk memory,
fe.edback may be derived from embedded servo code
via a selected magnetic head 552, or may be derived
from dedicated servo code via a dedicated magnetic
head 5521. When the count of track crossings or the
track number matches that of the position controller
9542, track seeking ends and track following begins.

In the track following mode, assuming no dedicated
servo function, a selected magnetic head 5562 senses
bursts of embedded servo code in each track sector of
the track being followed, senses data addresses and
scuses start of data codes. These signals, in the read/-
write channel, which includes the preamplifier 20 and
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t wéen said r ot or plates in said alternately pol ed axial magnetic fields,
said opening cleacring said hub; g. neans for producing an el ectrical
indication of the polarity of an axial nmagenetic field at at |east one

predet erni ned | ocation on said printed qir cui t Substitdte ghél& ng. Jupd dog
means icluding a coomutating circuit nounted to—sard—prrmted—crrcurt—board,

responsive to said elec- trical indication, for commutating electric power

to said pri ntedtﬁdmwmmmpliﬁwn céuﬂeﬂbeﬂaemtmﬁ;rlc

r rarn *Eﬁﬂ Qﬂl a¥| |
g;(r)let IagC]?I gl dg ?gggﬁwtﬁl r&ar p agﬁulgte data 2
is transferred fromthebnfferRAMto the disk under.
the control of the buffer controller 15d.

In the read/write channel, the preamplifier 20 func .
tions as a transducer or head interface. Signals induced
in the magnetic head from servo code, address codes or
start of data codes are transmitted as pulses to the read/-

- write amplifier 21. Here, signals derived from the em-
bedded servo code are fed back to the position sensor
9544 in the closed servo loop, by a pulse detector 21g, to
maintain track following during traverse of the servo
‘code field, and pulses resulting from address codes and
stanofdatacods,aretrznsmttedmaclocksynchro-
nizing phase locked loop 215 to a read decoder/write
encoder circuit 21¢c. By way of explananon, the circuit
21b comprises a phase comparator at its input and a
voltage controlled oscillator (VCO) at its output. These
are coupled by a low pass filter and integrator. The
circuit functions to extract the implied clock generator
CG clock from the coded data stream. The decoder/en-
coder 21c translates data in the 1,7 or 2,7 code on the
disk memory side of the system to the NRZ code on the
interface/host computer side of the system. A data
framing and control circuit 15e builds up a sector to be
written or disassembles 2 sector which has been read.
The sector, contains overhead information as well as
data.

A connecter circuit 15 is employed to serialize/-
deserialize data. The serial data stream during reading is
converted to parallel data. Data in parallel format
which is to be written is converted to a2 seral data
stream. Error correction circuitry also maybe advanta-
geously utilized at this location.

Byth:scompanscnofFIGS. 1 and 7, the primary
connections among the several electromic systems,
mmnons,ampkﬁus,etc.,axedescribed.‘rh&,nwﬂl
be appreciated, are embodied in printed circuit traces
which are part of the printed circuit assembly 9563. The
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cur.ed concentrically of said hub to one of said rotor plates between said
rotor plates, said perma- nent magnet ring having alternately poled,
suhstan- tially equally circunferentially spaced, axially nagnetized

per-manent magnet spots. 3. The axial gapgel ectrigubetitate 866y d2nuly 01998 m |
1, in which: a. said printed circuit board conprfses —OppoOSITE€ SUT- Taces;

b. said printed circuit stator w nding conprises two ted circuit w ndings,
each printed circuit wi nd- ing conprising sai d radi al wi ndi ng sections, one

printed circuit %nmm]ct@rl nt ed
circuit board, %%mw ﬁnl ally -
| denti cal patte 4. The
axi al gap el ect ri dhuspthismvention ntegrates SMOALORJi al
w nding sectiong Ritcrehé diskrﬂﬁbébhsé'éndhousmglandbybrmgmg
- thepmtedarmmboardassembly9b3mthmthedxsk
drive housing 1, made possible by the unique design of
the disk spindle motor 9, has also integrated the printed
circuit board electronics with the disk drive motor 9,
the actuator motor Se and the magnetic head 552 within
the housing 1, and, employs the disk drive base 1 and
the printed circuit board assembly 953 as fanctional
portions ofthedskspmdlemotorD.Th:ssavafabnea
txoncost,assemblycostandlabor. By employing
printed circuits on the printed circuit board assembly
953, particularly for the disk spindle motor windings
9b1, the need for wound coils within the disk spindle
motor 9 has been eliminated and there is no separate
utmalhoumgforthed:skspmdlemotor9mths
assembly, the motor housing is the disk drive base or
housing and the motor stator 95, including the printed
circuit winding 951 is part of the printed circuit board
assembly 953, also on the disk drive base within the
housing 1. ;
- Thcdnksymdlemotordwgncneonmgathecmsol—

" idation of all electronic and electrical fanctions into one
common printed circuit board assembly 953. The sub-
strate 952 of this printed circuit board assembly 953 is
fabricated of a thin low-cost material (such as thin fiber-
glass, polyimide, etc.) which can be bonded to the metal
‘drive base 1 within the housing for support. The inte-
grated circuit chips, connectors and other discreet elec-
trical or electronic elements are bonded to this printed
circuit substrate 962. A portion of this printed circuit
substrate also serves as the disk spindle motor stator 95,
supporting the disk spindle motor windings 951.

This printed circuit substrate 952 can be batch fabri-
cated at very low cost. It then accomplishes multiple
functions: (1) electronics snhstrate, (2) spindle motor

This is the replacement sheet
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w ndi ng are connected In series. 5. The axial gap electric notor
accor di ng to claim 3, in which: a. adjacent radial w nding sections of
each printed circuit winding are coned in a cl osed | oop. 6. the axial gap

el gctric notor according to claim 1 coqigri si ”QSu‘Bstlﬁitb’BIﬁétc-'Z Jduly $998
said printed circuit board con- necting said cemutatTng crTcuit to said

printed circuit stator winding and b. said neans for producing an
el ectrical indication conprises a magnetic field sensor fixedly disposed
adj acent a radial winding section in flux linkage with an axial nmgnetic

field thereat fstatom(3)iconnestor substrate, (4) solerinterconnection

Substitute Sheetm&nﬁ‘f& 80%lectrical and electronic components, (5)
all such circuit connections are within the housing 1
eliminating any need to penetrate the housing to access
external circuit boards. The only foreign attachment to
this batch fabricated part is the flexible cable 53 from
the actuator arm assembly 5. If the substrate is poly-
imide, the flexibie cable can be an tppendage to the
nm':’xs substrate, thus ehmnatmg the connections shown
as §

The simplicity of the disk spindle motor design makes
it moch lower in cost than a conventional disk spindle
motor. The only components needed beside the printed
coil are: (1) a cartridge bearing assembly comprising the
axial bearing pair 9a2 seen in FIG. 2, for example, (2) 2
magnet-or a set of magnets 927, and (3) a disk motor
rotor, preferably a bobbin-shaped rotor 92 which also
serves as the flux path for the motor. The motor rotor
9a is inherently low in profile which is an indispensable
feature for disk spindle motor applications in ultra thin

This invention is applicable to optical, magneto optic
and magneto resistive and other types of disk drives.
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7. The axial gap electric nmotor according to claiml1, in which: a. the
nunber of said radial w nding sections is equal to the nunber of said axial

magnretic fiel 3 rdi ng/ reproduci ng device, conprising: a. a
housdi ng havi n THI“HIMIWIIMImEk motor hagi ng a & pstitte¥hded-% Ut g N9
a hub and a pait df axi &l 1Yy spaced rotor plates F—ﬁ&gﬁeﬁ—&-ﬁﬂ-ﬁ-e-l"—mgg-‘

said hub: c. means for rotatably munting said disk notor rotor on said

base in said ho - . ans Jf.or concentrically nmounting a disk of
prede- term ned 5&% to said disk notor rptor; e. means for

|
producing al ter rik An axial igapi eleciric motor;icomprismg: axi al magnetic

fields bet ween g ates adj acent the periphery of said rotor

plates; f. a traes mc,t‘)r@clfotrér)ovabl e r.ansgth'%ﬁ‘ia%g?mgcl udi ng an
| spaced rotor plates of magnetic material mounted
to said hub; |

c. means for rotatably mounting said motor rotor to
said support; :

d. means for producing alternately poled, substan-
tially equally circumferentially spaced and substan-
tially equally radially positioned, axial magnetic
fields between said rotor plates, defining a prede-
termined number of magnetic poles;

e.apmxtedczrcmtboardcompnsmgapmmdcxrcmt
stator winding having radial winding sections
formed on the circuit board in equally circumferen-
‘tially distxibuted positions, at substantially the same
radins defining a winding pattern of substantially
mhrphnform,sudpmtedcxmmtboardhavmg
an opening therethrough substantially centrally of
smdnrcu!arplanformofsaxdpmtedmrcmwmd |
ing;

f. means for mounting said printed circuit board to
said support with said radial winding sections of
said printed circuit stator winding positioned be-
tweensmdrotorplatamsndaltcmatelypoled
axial magneuc fields, saxd opening clearing said
hub;

- g. means for producing an electrical indication of the
polarity of an axial magnetic field at at least one

- predetermined location on said printed circuit sta-
-tor winding, and

h. mmsmdudmgacommutanngarcmtmountedto -
said printed circuit board, responsive to said elec-
trical indication, for commutating electric power
to said printed circuit stator winding.
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actuator notor, said actuator notor having a sta- tionary actuator notor
part secured to—satd-base—and a novabl e actuator notor part connected to

said novabl e act uat or nmeans, for pro- viding novenent of said

t ransducer to iﬂmai@&uwﬂmm’" ocat i ongqwi t hi n §higcdnth shedi MNRUIOM S8
sai d disk; h. board haV|ng a pr

wi ndi ng for sald di sk notor fornmed on a first part of said printed circuit
board and el ectronic controls on a second part of said printed circuit

ousi hg w1 s8¢ Eﬁg #5 BIGERTE, fa0ROR Horkirdile 1 RhHA £7

printed ci rcui t¥h S|t|oned betmeen said rotor plates, an opening in

sai d LI rst pa][t oi.dssmd meansd forr pmduom Mumgmﬂchﬁel@l d
cl earing Sai g tfihsﬁﬁé’bﬂ?&&ﬁ A S owf oy it didghét on:fg{?:ﬁs' .
roﬁor phtes between said rotor plates, said perma-
nent magnet ring having alternately poled, substan-
tially  equally circumferentially spaced, axially
~ magnetized permanent magnet Spots.

3. The axial gap electric motor according to claim 1,

in which:

~ a. said printed circuit board coxnpnss opposxte sur-
faces;

b. said printed circuit stator winding comprises two
printed circuit windings, each printed circuit wind-
ing comprising said radial winding sections, one
printed circuit winding on each of said opposite
surfaces of said printed circuit board, said printed
circuit windings being of substantially identical
patterns and being substantially in registration.

4. The axial gap electric motor according to claim 3,

in which:
a.n:dradnlwmdmgsecuonsofuchpmtedarcmt
winding are connected in series.

S. The axial gap electric motor according to clzuns

in which:

a.adjacentradxalwmdmgsecuonsofach printed
circuit winding are connected in a closed loop.

- 6. the axial gap electric motor according to claim 1
comprising;

a. printed circuits on said printed circuit board con-
necting said commutating circuit to said printed
circuit stator winding, and

b. said means for producing an electrical indication
comprises a2 magnetic field seasor fixedly disposed
adjacent a radial winding section in flux linkage
with an axial magnetic field thereat for controlling
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23 . Substitute sheet - 2 July 1998 i. said printed circuit stator
wi ndi ng COf’I‘pI’IS—I—H-g—fa'd'I’Fﬂ"m sections disposed in circunferentially

spaced positions |y arcuate path in at | east sonme of said
axi-al magnetic fUﬁBﬁ ﬂﬂi ﬂmm uit ne i ncl usli\dtithtd BhE6t SIS lIgeT
connect- ing saity nie cantrol s of said seeond—part—of——sard prrnted
circuit board to said printed circuit stator w nding said actuator notor

and said trans- ducer for providing control thereof. 9. The disk

br oduci ng. 5."2?“""@%*&?@?%‘% bl dckdrding IR duc: i ng
se- cured concentml f said hub to one of said rotor plates between
said rotor plates, gathie pautsber of said radial winding sections is equal

~ to the number of said axial magnetic fields.

8. A disk recording/reproducing device, comprising:

a. 2 housing having a base;

b. a disk motor having a disk motor rotor comprising
almbandapmrofmanyspaced rotor plates of
magnetic material on said hub;

¢. means for rotatably mounting said disk motor rotor
on said base in said housing;

d. means for concentrically mounting a disk of prede-
termined radial dimension to said disk motor rotor;

e. means for producing alternately poled, circumfer-
entially spaced, axial magnetic fields between said
rotor plates adjacent the periphery of said rotor
plates;

f. a transducer;

8- movable transducer actuator means including an
actuator motor, said actuator motor having a sta-
tionary actuator motor part secured to said base,
and a movable actuator motor part connected to

- said movable transducer actuator means, for pro-
viding movement of said transducer to different
zi’xal locations within the radial dimension ofsaad

b. a printed circuit board having a printed circuit
statorwmdmgformddxskmotorformedonaﬁm
part of said printed circuit board and electronic
controls on a second part of said printed circuit
board,saxdpnntedc:rcmtboardbemgdisposedon
said base in said housing with said printed circuit
winding on said first part of said printed circuit
board posmoned between said rotor plats an
opeuing in said first part of said printed circuit
board clearing said hab, said second part of said
printed circuit board on said base in said housing
clearing said transducer actuator means;
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nent magnet ring haw_gr.aueﬁnam y pol ed, substan- tially equally spaced,
axially rragnet’l’fe’(T per ma- gnet spots produci ng said axial magnetic

fields between “m“‘ r\;“galo The disk recording /reproducing
device as in cl Z‘ .. sai domovabl e SebstRUEE sHBSO! 2RAIY 1998
conpri ses a prentted LC| rcuit wnding. 11. The-drsk reordrmg/

reproduci ng device as in claim8, conprising: a. a conmutating circuit on
said printed circuit board; b. printed circuit traces on said printed

glt ;tcglrtwb(r)]glrggcogzglc-tl Qa said gommt ating circui i to said prl nt ed c:l‘r:gzltta
I’ﬁ.dl al w gdl ng sec% | wmdn{ ume i an W&mﬁﬂlyow ng
her st dur ot o St o S bl i khe st i o
lestsomeofsaxdanalmagnetxcﬁelds,and
j circuit means including printed circuits for connect-
ing said electronic controls of said second part of
saxdpnntedcxrcmtboardtosa:dpnntedcu'cmt
stator winding, said actuator motor and said trans-
ducer for providing control thereof.
. 9. The disk recording/reproducing device as in claim
8, in which:
a. said means for producing axial maguetic fields
comprises a circular permanent magnet ring se-

' cured concentrically of said hub to one of said
rotor plates between said rotor plates, said perma-
nent magnet ring having alternately poled, substan-
tially equally spaced, axially magnetized perma
nent magnet spots producing said axial magnetic

fields between said rotor plates.
10. The disk recording/reproducing device as in -
claim §, in which:
a. said movable actuator motor part comprises a
printed circuit winding.

1L The disk rwordmg/repmdncmg devxce as in
claim 8, comprising:

a. a commutating circuit on said printed circuait board;

b. printed circuit traces on said printed circuit board .
connecting said commutating circuit to said printed
circuit stator winding, and -

¢. a magnetic field sensor fixedly disposed adjacent a
radial winding section in flux linkage with axial
magnetic fields moving therepast during rotation
of said motor rotor for controlling said commutat-
ing circuit. |

12. A disk drive comprising:

2. 2 housing having a basc;

b. 2 memory disk;
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12, A disk drive conprising : a. a housing having a base; b. a nenory disk;
24 Substitute sheet- 2 c. a bobbin shaped di sk spindle notor
rotor conpris=—-Tng a hub and a pair of axially spaced rotor plates of

magnetic materi ﬂ“\m“mmmimﬂ‘s\ . meansg4or r ot gupblifiter8hést - "B JERI f9B8bbi N

shaped notor ro wi thin said houstmg;,—e—TEans for
concentrically mduntinyg dhi d menory disk to be driven by said notor rotor;
f. a circular magnectic ring concentrlcally di sposed of said hub on one

of said rotor plates enm atLs Slddwtlcrl bei ng

spot nmagne- tized w M@é}g roduce

alot er na’?el y pol ed, angahﬁmémpmgefamﬂys;ncedroﬁorpla:so P
magnetic material on said hub;

d. means for rotatabley mounting said bobbin shaped

- mmotor rotor to said base within said housing;

e. means for concentrically mounting said memory
disk to be driven by said motor rotor;

f. a circular magnetic ring concentrically disposed of
said hub on one of said rotor plates between said
rotor plates, said magnetic ring being spot magne-
tized in equally circumferentially spaced locations
to produce alternately poled, axial permanent mag-

~ mnet fields between said rotor plates;

- g. a transducer;

- h. 2a movable actuator on said base within said hous-
ing, mounting said transducer for movement to
different radial locations across said memory disk;

i. an actuator motor having a stator mounted to said
base within said housing and having an actuator
motor winding mounted to said movable actuator,
for moving said actuator; |

j. an electromic circuit board secured to said base
within said housing, a portion of said electronic
circuit board being disposed between said rotor
plates of said bobbin shaped motor rotor;

k. a disk spindle motor winding including a printed
circuit stator winding formed on said portion of
said electronic circuit board which is disposed

 between said rotor plates of said bobbin
motor rotor, said disk spindle motor winding hav-
ing radial winding portions disposed between said
rotor plates of said bobbin shaped motor rotor to be
linked by said axial magnetic fields;

L electronic means mounted to said electronic circuit
board for controlling said disk drive, and

_ m. circuits connecting said actuator motor winding,
said disk spindle motor winding and said trans-
ducer to said electronic means within said housing.
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net. fields between said rotor plates; g. a transducer; h. a novable

act uat or on—satd—base-wthi-n—said hous- ing, nounting said t ransducer for
novenent to dif | ocations across said nenory disk; i. an
actuat or rmt ﬁ M| im r nounted tbg said bg@gt%wgneéla.lgjmyspg”gg and
havi ng an a |ng mount ed to sai dnovabteactuator—for—

novi ng sai d act uator j. an electronic circuit board secured to said base
wi thin said housing, a portion of said electronic circuit board bei ng

di sposed bet ween ot of,. R}l at es _of,. sai, d bobhi n.shap ROt or roto .a
di sk spindle. rmt ﬁw% gdﬁﬂﬁ m/gmagq@g aﬁﬂ%

orned on sai SW, ectronic circuit boar ich is di spose

f d d ¢laim @2,dn hichh b d which d d
bet ween sai d rot%w sai d disk
spindle notor w r*fla_.ngﬁe ’ a ra |a y m‘?éegsbet ween said

cla:mlz,mwhxch
a.saidactuatormomrisanazialgapmotorhavinga
permanent magnet stator mounted to said base.
- 15. The disk recording/reproducing device as in
claim 12, in which:
~ a. said electronic circuit board is a printed circuit
board and said disk spindle motor winding is a
printed circuit winding having continuous printed
circuit winding sections on both sides of said por-
tion of sz2id printed circuit board;

b. said printed circuit windings each comprising ra-
dial winding sections in said axial magnetic fields;

¢. said device further comprises a commutating cir-
cuit mounted to said printed circuit board;

d. printed circuit traces connecting said commutating

' circuit to said printed circuit winding sections of
said printed circuit winding, and

e. 2 magnetic field sensor fixedly disposed adjacent a
radial winding section in flux linkage with axial
magmetic fields moving therepast during rotation
ofsaxdmotcrmtorforcontroﬂmgwdcommntat-
ing circuit.

16. A disk drive, comprising:

a. a housing having 2 support within said housing;

b. 2 bobbin shaped disk motor rotor having axially
spaced rotor plates of magnetic material;

c. means for producing alternately poled, circumfer- .
entially spaced, axial magnetic fields between said
rotor |

d. means for rotatabley mounting said bobbin shaped
disk motor rotor on said support within said hous-
ing;

e. a printed circuit board secured to said support
within said housing;
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r otsor plates of said bobbin shaped notor rotor to be linked by said axial
magnetic fiel ni ¢ neans nounted to said electronic circuit

board for contr r|ve and m circuits connecting said
act‘uat or notor l‘j iﬂMﬂlﬂHmﬂm spi ndlxgg m)tor %MEtﬂﬂe gﬂgglsabd‘]!ygalrggg
ducer to said eI ILC Weakns wm thin said ho et
- 2 July 1998 13. -The di sk recordi ng/reprodum ng deV| ce as in claim12,

in which: a. said novable actuator is a rotary actuator. 14. The disk

recor di ng/ reprodmfng deyice as,in claim12, in whigh,, a. gaid actuator |

motor i's an axial printedneironit amotom stator-winding @d to
said base. 15. The w iﬁﬁtédn&iﬂﬁﬁtowﬁiﬂiw between

said rotor plates of said bobbin shaped disk motor
rotor;

£ a memory disk concenmcally connected to said
bobbin shaped disk motor rotor to be rotated
thereby;

h. a transdocer/actuator assembly movably mounted
on said support within said housing;

i. an actuator motor having a permanent magnet sta-
tor mounted to said support within said housing
and a coil mounted to said transducer/actuator
assembly for moving said transducer/actuator as-
sembly to move said transducer to different radial
locations across said memory disk;

J- electronic elements mounted to said printed circuit
board, and |

k. circuits, comprising printed circuit traces, connect-
ing said printed circuit motor stator winding, said
coil and said transducer to said electronic elements.

17. An axial gap electric motor, comprising:

a. a support;

b. a motor rotor comprising a hub and a pair of axially
spaced rotor plates of magnetic material on said

hub;
- ©. means for rotatably mounting said motor rotor on
said support;

d. means for producing alternately poled, substan-
tially equally circumferentially spaced and substan-
tially equally radially positioned, axial magnetic

ﬁelds between said rotor plates;
e. a printed circuit board having a printed circuit
stator winding formed thereon; -

f. means for mounting said printed, circuit board on
s2id support with said printed circuit stator wind-
mg dxsposed between said rotor phta, said printed
circuit board having an opening therethrongh
clearing said hub, and
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claim12, in which: a. said electronic circuit board is a printed circuit
board and said—dﬁ%k—sm’ﬁ”m‘vm nding is a printed circuit w nding

havi ng conti nuou l wi ndi ng sections on both sides of said
b MEIOEED 353 ** esmsaese e 18
each conpri si ng w Nk ng sections i i n sald axial magnetic fields; c.
sai d device further corrprl ses a conmmutati ng cir- cuit nmounted to said

printed circuit board; _printed circuit traces connecting said

comut at i ng circui t&l .
e B e o o 0 b B

fields noving therepcﬁnt;!;lwgmd dircamlfamuaEyt dxsmbmzd)l I i ng
said commutat- i ngp&w in &id kﬂgﬁ&ém&a ng: -
~ 18. A disk recording/reproducing device, compris-

mng:

a. a housing;

b. a disk assembly comprising a disk havinga s
and a disk motor for rotating said disk, said disk
motor having a disk motor rotor compnsmg A pair
of axially spaced rotor plates of magnetic material;

¢. means for rotatably mounting said disk motor rotor
and said disk assembly in said housing;

d. means for producing alternately poled, axial mag-
netic fields in circumferentially spaced positions
between said rotor plates adjacent the periphery
thereof;

e. a transducer actuator assembly movably mounted
in said housing for positioning said transducer over
said surface of said disk;

f. an actuator motor in said housing for moving said
transducer actuator assembly to move said trans- -
ducer to different radial locations with respect to
said surface of said disk;

g- 2 printed circuit board having electronic controls
thereon in one printed circuit board area and a
printed circuit stator winding, formed thereon, for
said disk motor, in a different printed circuit board
arca;

bh. means for mounting said printed circuit board
within said housing with said printed circuit stator
winding positioned between said axially spaced
rotor plates in said axial magnetic fields, and

i circuit means on said printed circuit board, inciud-
ing printed circuits, connecting said electronic
controls to said printed circuit stator winding, to
said actuator motor and to said transducer.
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- a.; a housing havi ng a support within said housing; b. a bobbin shaped di sk
notor rotor having axially spaced rotor plates of. magnetic material; c.
nmeans for producing alternately poled, circunfer- entially spaced, axial
magnetic fields between said rotor pI ages; d. sabstttute)sheetaaa.lhlllw1998

- nounting said bobbin shaped di sk nmotor rotor on“Sard support within said

hous- ing; e. a printed circuit board secured to said support within said
housi ng; 26 Substitute sheet - 2 July 1998 f. a printed circuit
notor stator winding formed on id printed circuit board and di sposed

between said rotor plates of said bobhi di sk notor g a nenory disk -
concentrically connected to said mﬁ

RECORDING/REPRODUCING DEVICE
EMPLOYING DEVICE HOUSING AND PRINTED
CIRCUIT BOARD AND ELECTRONICS AS
STRUCTURAL AND FUNCTIONAL PART OF
MEDIA DRIVE MOTOR AND THE MEDIA DRIVE

. MOTOR

A disk drive in which the disk spindle motor for a rotat-
able recording/reproducing media has a printed circuit
stator winding on a printed circuit board within the disk
drive housing, fitted between axially spaced circular
flanges of a bobbin-shaped motor rotor. Alternately
poled, equally circumferential spaced, axial permanent
magnet fields between the axially spaced circular
flanges link radially disposed printed circuit winding.
sections. Electronic elements on the printed circuit
board are linked internally of the housing with the mag-
netic head and the actuator motor winding which pow-
ers the actuator for moving the magnetic head to differ- -
ent radial locations on the rotatable media. Bi-polar
energization of the stator winding of the disk spindle

- motor is under the control of a commutating circuit
controlled by a Hall sensor linked by the axial perma-
nent magnet fields. Motor speed control is achieved by
controlling the voltage level of the commutating circuit
or by controlling the duty cycle of the voltage coupled
to the stator winding. The disk drive design integrates
the disk drive housing and the printed circuit assembly
and its electronics with the disk spmdle motor within
the disk drive housmg.

{Figure 1)
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bolkbi n shaped di sk notor rotor to be rotated thereby; h. a
transducer/actuat or assenbly novably nounted on said support within said
housing; i. an actuator notor having a pernmanent nmagnet sta- tor mounted to
sai®d support within said housing and a coil nounted to said
transducer/actuator assembly for noving gaid trﬁﬂ%{é ghbsgt QrJlﬂi-1m‘ol y
to nove said transducer to different radial lo '

disk; j. electronic elenents nounted to said printed circuit board, and k.

circuits, conprising printed circuit traces, connect- ing said prted
circuit notor st agor W nadi ng, sal d corang sard-Transaducer to pai d
S

el ectronic el . 17. An axi‘gbf ap_el & \' notor, conprisipg: a. a
support; b. & notg¢r rotor conpr g a hub a pair of axially spaced
rotor platesftof magnetic matefial on said ' .
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huld; c. means for rotatably nmounting said notor rotor on said support; d.
nmeans for producing alternately poled, substan- tially equally
cifcunferentially spaced and substan- tially equally radially positioned,
axital magnetic fields between said rotor plates; e. a printed circuit board
having a printed circuit stator w nding fornmed t ' % aps  for 98
nmounting said printed circuit board on said sup '
circuit stator wind- ing disposed between said rotor plates, said printed

circuit board havin n ening therethrough clearing said hub, and 27
Substitute sheet - y gepsai d printed qryveur e P =i ndi ng
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di @1 winding sections encircling said hub in sub- stantially wuniformy
circunferentially distributed positions in said axial magnetic fields. 18.
A tj sk recordi ng/ reproduci ng device, conpris- ing: a. a housing; b. a disk-
assenbly conprising a di sk having a surface, and a disk notor for
rotating said disk, said disk notor havigg a dIS . 0 I 4 a
pair of axially spaced rotor plates of nggnetlu Fate E??R&gfnguw Qfﬁgéﬁl
rotatably nmounting said disk notor rotor and said disk assenbly in said
housi ng; d. means for producing alternately poled, axial nmag- netic fields
incircunferentially spaced positions betvgen said rotor plates adjacent
the periphery thereof; e. a transducer actyator assenbly novably nounted

H

in said housing for positioning said tr{ v over said surface of 'said
di sk;
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f.>an actuator notor in said housing for noving said transducer actuator
assenbly to nove said trans- ducer to different radial |ocations with
respect to said surface of said disk; g. a printed circuit board having
electronic controls thereon in one prlnted circuit board are and a printed
circuit stator winding, forned thereon, for sai uﬁhﬁﬁ:}gtgr%ret-?ml]g’@é@rem
printed circuit board area; h. neans for nount i

board within said housing with said printed circuit stator w nding
posi ti oned between sald aX|aIIy spaced rotor plates in said axial magnetic

fields, and i cir | ud- ing
prlnted circuits connectlngcsald id printed
circuit statjor wjnding, to sgd . or Tp+0o[ and to sald t riansducer.
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Substitute sheet - 2 July 1998
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