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[57] ABSTRACT

A disk drive which includes an actuator motor whose
magnets and iron path are mounted on the arm assembly
to act as a counter weight. The coil of the actuator
motor is mounted to the base of the disk drive with the
iron path disposed around the coil and the iron core
disposed through the center of the coil and all are
mounted on the iron path and face the coils. By utilizing
the iron path and magnets as a counterbalance, the total
mass of the arm is reduced, reducing the inertia of the
arm and of the power requirements of the actuator
motor to move the arm.

13 Claims, 9 Drawing Figures
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1
VOICE COIL BALANCED ACTUATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the field of actuator motor
assemblies for disk drives.

2. Art Background

Hard disk drives use aluminum disks to store blocks
of data. The disks have magnetic surfaces and store data
in blocks that lie along concentric circular tracks. The
data is stored and recovered by read/write heads. These
heads do not touch the surface of the disk, but ride on
what is known as an “air bearing”. Typically the heads
are suspended 17-20 microinches from the surface of
the disk.

The read/write heads are located on the end of a
driver arm whose function is much like the tone-arm of
a record player. However, since the heads of a disk
drive are not touching the surface of the disk, an actua-
tor motor provides an independent source of motion of
the heads across the surface of the disk.

In order to optimize storage capacity, information is
stored on both sides of a hard disk. Two heads are
mounted on the drive arm, one for each side of the disk.
The disk rotates at approximately 3000 rpm and con-
tains a high density of storage tracks. For example, the
present invention contemplates a hard disk having 600
tracks per inch.

Hard disk drives are typically used as storage devices
for a host computer. When a read/write command is
received from the computer, the drive arm is moved
across the disk surface, seeking the appropriate track to
access. The drive arm is propelled by an actuator mo-
tor.

The actuator motor consist of a fixed magnet and a
coil attached to the arm. Additional weight is added to
the arm to counterbalance the arm, much like the coun-
terweight on a record player tone arm. The driver arm
is counterbalanced in order to equalize the moment of
each side of the arm. The moment of the portion of the
arm extending on one side of the pivot point is depen-
dent on the mass of the portion and the radius through
which it acts. By counterbalancing the driver arm, the
moments of each side of the pivot point are equal, and
the arm can be operated in any plane without the need
for complex servo circuitry. When the moment on each
side of the pivot point is equal, the arm will not rotate
unless additional force is applied to one side. Thus,
changes in the plane of the arm, and shocks to the disk
drive, will not cause the arm to rotate, reducing the
chance of damage during shipping and other move-
ment.

When the driver arm is swept across the surface of
the hard disk, a certain amount of inertia is built up in
the arm. In order to stop the arm directly over a track,
the arm must begin slowing prior to reaching that track,
to overcome the inertia. The time spent slowing the arm
adds to the access time of the disk drive. The inertia is
a function of mass multiplied by the square of the radius
through which it acts. A disadvantage of prior art
driver arm assemblies is the added mass of the counter
balance and the larger radius through which it acts. In
prior art disk drives, the counterweight must be placed
outside of the coil/magnet structure, increasing the
radius and the size of the arm. The increased radius
means greater inertia. This added inertia not only re-
duces the access time, it also requires a more powerful
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actuator motor using more current to supply the start-
ing and stopping force for the driver arm. A larger
motor means higher cost and larger space requirements,
while higher current requirements result in additional
heat and higher operating costs. Further, the counter-
balance limits the reduction in size of the entire disk
drive assembly.

The present invention seeks to overcome the disad-
vantages of prior art driver arms by providing a driver
arm which incorporates, as part of its structure, the
motor assembly for sweeping it over the disk. Accord-
ingly, the present invention does not require separate
counterweights for the driver arm, and a lower power
motor may be used. Additionally, the arm can be made
a shorter length than prior art driver arms, allowing for
more compact disk drives.

SUMMARY OF THE PRESENT INVENTION

The present invention utilizes a driver arm which
incorporates, as part of its structure, a motor assembly
for sweeping the arm over the disk. The driver arm
utilizes the magnet of the motor as a counterbalance,
with fixed coils attached to the disk drive housing. The
magnet rests in an iron path which forms part of the arm
assembly. The result is a driver arm which, because of
its reduced mass and corresponding decrease in inertia,
decreases the access time for data retrieval and storage.
As a result of the structure of the present invention, a
smaller motor which uses less current and generates
significantly less heat is used to move the arm.

The present invention is realized in a disk drive sys-
tem which provides storage capabilities to, for example,
a host computer. The disk drive includes a hard disk
mounted on a spindle which rotates the disk. The disk
contains information tracks on each side. These tracks
are accessed by read/write heads which are attached to
the driver arm. The heads are swept over the surface of
the disk by the motor assembly. Connecting cables pro-
vide a means of interfacing the disk drive to the host
computer. The disk drive is mounted in a low profile
housing. A cover on the housing protects the disk drive
from environmental contamination.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a plan view of the invented disk drive show-
ing the arm assembly.

FIG. 2 is an expanded plan view of the voice coil
assembly of the arm shown in FIG. 1.

FIG. 3 is a cross-sectional view of the coil assembly
of FIG. 2, generally taken through section line 3—3 of
FIG. 2.

FIG. 4 is a cross-sectional view of the coil assembly
of FIG. 2, generally taken through section line 4—4 of
FIG. 2. >

FIG. 5 is an expanded view of the arm assembly
shown in FIG. 1.

FIG. 6 is a side view of the arm of FIG. 5.

FIG. 7 is a top view of the head-gimble assembly.

FIG. 8 is a side view of the head-gimble assembly of
FIG. 7.

FIG. 9 is a cross sectional view iltustrating the optic
scale system of FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

A disk drive assembly is described which is particu-
larly suitable for use with hard disks. In the following
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description, numerous specific parts are described in
detail in order to provide a thorough understanding of
the present invention. However, it will be obvious to
one skilled in the art that the inventive concepts de-
scribed may be employed without the described em-
bodiments. In other instances, well-known parts have
not been described in detail in order not to obscure the
present invention unnecessarily.

The principal components of the invented disk drive
are shown in FIG. 1 and generally comprise:

(1) a base 10;
(2) a hard disk 11;
(3) a spindle 12 holding the disk 11 in place;
(4) a driver arm 17;
(5) head/gimble assembly 19;
- (6) connecting cables 20 and 21;
(7) a parking brake 16, and;
(8) an actuator motor assembly 15.

The parking brake 16 is the subject of copending U.S.
patent application Ser. No. 763,9339 filed on Aug. 7,
1985 and assigned to the assignee of the present inven-
tion.

Base

The base 10 is a metal casting which is a generally.
rectangular shaped shallow box. All the moving parts of
the disk drive assembly are contained within the base 10
with only the connector cables 20A-20D and 21 extend-
ing beyond the base. Likewise none of the parts extend
above the sides of the box defined by the base. As a
result, a cover 44 (partially shown in FIG. 1) can be
attached to the base at points 45A~H with screws. The
cover 44 can be transparent or opaque, and serves to
prevent dust and smoke from reaching the disk mecha-
nism. In addition to the holes 45A-H for attaching the
cover 44, numerous other attaching points, bosses and
the like are integrally formed with the base 10 and are
described below, where pertinent to the present inven-
tion.

Hard Disk

In the presently preferred embodiment, the hard disk
11 of FIG. 1, is a 5% inch double sided aluminum disk
which is used to magnetically store data. Both sides are
used for data storage, and are accessed by read/write
heads 18. In the preferred embodiment of the present
invention, a single disk is utilized for storage of 10
megabytes of information. However, the invention con-
templates the addition of additional disks and the use of
disks with increased capacity. Data is stored on the disk
11 in concentric rings such as ring 34, shown as an
example. In addition to data, each ring also contains
“servo” information. This servo information is con-
tained in a single “burst” of data at one location in the
ring. Servo information is used to provide the host
computer with knowledge of the position of the ring on
the disk as well as the position of the read/write heads
within the ring itself.

Data is stored digitally, as a series of “0s” or “ls”
represented by pulses. A single bit of information is
stored in a cell, with a cell defined by a single clock bit.
In the preferred embodiment of the present invention, a
cell either contains a data pulse representing a logical
“1” or “0” and a clock pulse. Data pulses are distin-
guished from clock pulses by their position in the cell.
The determination of the position of the pulse in the cell
requires an accurate phase locked loop circuit, as is
known in the art. The read/write head must be posi-
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tioned very accurately when writing information so
that during read operations a logical “1” will be prop-
erly read as a “1”,

Head positioning can be accomplished by “coarse”
positioning or “fine” positioning. In coarse positioning,
some means of locating tracks, such as a focused LED
optic scale system located near the heads, is used to
determine when the desired track is approaching. At
that point, the actuator motor is commanded to begin
braking so that the head comes to rest over the desired
track. In order to center the head directly over the
desired track, servo information contained in the track
itself is used to indicate whether the head is off to the
the left or to the right. The actuator motor is then com-
manded to move in the appropriate direction to center
the head exactly. For read operations, coarse position-
ing is usually sufficient. For write operations, it is de-
sired to write the data in the center of the track, and
therefore fine positioning is utilized.

Spindie Motor Assembly

The spindle assembly 12 includes a disk hub 47 which
clamps and holds the disk 11. The disk hub 47 is
mounted on the shaft 48 which extends through the
center of the disk 11 and’is attached to the rotor 49. The
spindle motor drives the rotor 49 which in turn rotates
the disk 11. The spindle motor is controlled by a micro-
processor and is not shown in detail, since such devices
are well known in the prior art.

Head/Gimble Assembly

The head-gimble assembly 19 includes read/write
heads 18 mounted at the end of the arm 31, and is shown
in detail in FIGS. 7 and 8. As seen in FIG. 8, a magnetic
head 18 is disposed on either side of the disk 11 and the
heads are aligned with each other. The heads 18 do not
touch the surface of the disk 11, but ride on an “air
bearing” of 17 to 20 microinches of thickness. The need
for enclosure of the disk drive assembly becomes most
apparent here. The air bearing on which the heads fly is
less than half the thickness of a particle of smoke.
Should any contamination occur within the head/disk
assembly, there is the possibility that it may get caught
between the head and disk surface. There it will scratch
the disk, destroying data and potentially causing a
“head crash” where the head itself contacts the disk. A
head crash causes not only permanent damage to an
area of the disk, but the loss of data stored in the dam-
aged area as well.

The air bearing is maintained by the speed of revolu-
tion of the hard disk 11. Therefore, when power is lost
there is a chance of a head crash. The present invention
includes tracks near the disk hub 47 where no informa-
tion is stored. These tracks act as a parking area for the
heads 18. Whenever a power-off condition occurs, the
parking brake 16 pushes the arm 17 and therefore the
heads 18, to the parking tracks.

The heads 18 are disposed on either side of the disk so
that information may be read and stored on both sides of
the disk. The heads are attached to the end of the gimble
arm 31, which is generally comprised of metal. As
shown in FIG. 1, the gimble arm 31 is mounted on the
drive arm 17 at point 58. The gimble arm 31 is disposed
along a radius of the disk with the heads mounted on the
end of the gimble arm 31 so that they are disposed over
a data track at all points along the radius of the disk.
The head defines a “skew” angle with the tangent of
each track. This angle changes as the head accesses
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tracks at different points along the radius of the disk. A
focused optic device which is used to count tracks and
allow “coarse positioning” of the head assembly may be
mounted beside the heads 18. The heads are connected
to a single chip microcomputer which directs position-
ing. The microcomputer uses information from the
optics to count the tracks and position the heads.

Cables

The disk drive interfaces with a host computer
through cables 20A-20D and cable 21. Cable 21 carries
signals from the motor control circuit to the spindle
motor to regulate the speed of the motor within 1% of
the desired RPM.

The brake 16 is powered from the driver circuit
board and receives signals on cable 20A.

Read/write commands and data transfers are carried
by cables 20B and 20C while cable 20D controls the
operation of the actuator motor.

Optics Scale

Referring to FIG. 1, the scale 50 comprises a gener-
ally rectangularly shaped glass or other transparent
material attached to the base 10 with screws S1A and
51B. The scale 50 includes a slotted member 33. A colli-
mated LED 32 is disposed about member 33. The LED
32 is attached to the arm 17 at point 54. The LED trav-
els freely over member 33 during movement of the
drive arm 17. The scale 50, as its name implies, provides
a track location on the disk. The slotted member 33
contains openings 332, which are used to enable tracks
to be located on the disk 11. As shown in FIG. 9, the
LED 32 is disposed on either side of slotted member 33.
A light beam is passed between opposing faces 60 and
61 of the LED 32. This beam is interrupted by the solid
material between slots in member 33. When the beam is
over a slot, a circuit is completed and a signal whose
_ magnitude depends on the amount of light reaching the

16wer face 61 is produced. The beam of light passing

between faces 60 and 61 is approximately the same
width as a slot of member 33. If only a portion of the

. light passes through a slot, a smaller signal is produced.
Thus, as the LED 32 travels over a slot, a sinusoidal
wave form is produced with a peak when the beam is
directly over a slot. A certain point along the wave
form may be defined as the point at which the center of
a data track is accessed by the read/write heads 18. In
this manner, the tracks may be located quickly and
easily. Additionally, during movement of the read/-
write heads, the peaks can be counted, so that desired
tracks may be found.

* Drive Arm

As shown in FIG. 5, the arm 17 is a straight member
having a generally U-shaped section 27 at one end and
openings 54 and 58 at the other end. Openings 29z and
295 in either leg of the “U”, serve as points of attach-
ment for the actuator motor assembly. Openings 54
serve as points of attachment for the optic scale system.
The arm 17 pivots about point 28 which is an opening
for mounting the arm on a pivot means. The pivot
means is not shown in detail since such means are well
known in the prior art.

The arm 17 swings the heads back and forth over the
surface of the disk 11. The arm 17 is prevented from
swinging the heads beyond the inner radius of the disk
11 by the crash stop 14 (shown in FIG. 1). The crash
stop 14 is a raised member extending from the base 10
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below the disk 11. An elastic bumper 30 on the arm 17
contacts the stop 14 and prevents further movement. At
this point the heads are disposed over a parking track.
In order to prevent the arm from swinging beyond the
outer radius of the disk 11, the parking brake 16 is situ-
ated so that, in its deactivated mode, the arm contacts it
at a point at which the heads still lie over the surface of
the disk 11.

Presently, the arm 17 is generally comprised of alumi-
num. As has been described above, one end of the arm
is generally U-shaped and is used to mount the iron path
and magnets as a counterbalance for the arm. The other
end of the arm 17 includes opening 58 for mounting the
head/gimble assembly 19 (shown in FIG. 1). The arm
itself is disposed generally in line with a tangent to the
hard disk with the head/gimble assembly extending
along a radius of the disk. As shown by area 57 in FIG.
6, the arm is open along its length between the upper
and lower surfaces, in order to reduce mass and mini-
mize inertia, and additionally allows the arm to extend
somewhat over the disk without contacting the disk.
Triangular shaped indentations 56 are formed in the arm
17 to further reduce the mass of the arm without ad-
versely affecting the structural integrity. In the pre-
ferred embodiment, arm 17 is formed by casting and
after machining has a mass of approximately 23g. The
total mass of the arm in the preferred embodiment with
the magnet assembly and the head/gimble assembly
attached is approximately 80g.

During operation, an actuator motor is used to swing
the driver arm through an arc about pivot point 28. To
move the arm, the actuator motor must be powerful
enough to overcome the mass of the arm. Additional
forces which would result from the arm moving in a
vertical plane about pivot 28 are reduced by balancing
the driver arm. In the prior art, this was accomplished
by applying a counterweight on the end of the arm,
much in the same manner as a counterweight is used to
balance a tone arm on a record player. However, al-
though the counterweight balanced the arm, it added to
the total mass of the arm assembly and extended to a
radius beyond the coil/magnet assembly, adding to the
inertia of the driver arm. In order to overcome the
added inertia, a more powerful actuator motor was
required. A more powerful actuator motor not only
requires more power (i.e., current) and gives off more
heat, it is also bigger and heavier and adds to the size of
the disk drive.

The present invention eliminates the need for an
added counterweight by incorporting the actuator
motor into the arm assembly so that the actuator motor
acts as a counterweight.

Actuator Motor

As shown in FIGS. 1 through 4, the actuator motor is
comprised of an iron path 22, magnets 23 attached to
that path, a voice coil assembly 24 and an iron core 25.

The voice coil assembly 24 in the present invention is
fixed to the base 10 of the disc drive. (In prior art disk
drives, the coil was attached to the arm and magnets
were fixed to the base.) The coil assembly 24 includes
winding 26 consisting of an oval shaped ring of copper
wire. In the preferred embodiment, the winding has 238
turns and 7 layers (34 turns per layer). The winding has
a resistance of approximately 3.8 Ohms. As shown in
FIG. 4, the winding 26 is mounted with epoxy at each
end to brackets 52 and 53, which attach the voice coil
assembly 24 to the base 10 of the disk drive. As shown
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in FIGS. 1 and 2, the coil 24 is mounted on the base with
screws 37 through 40.

The cross section of the voice coil, shown in FIG. 4,
is generally oval shaped with an opening through the
center thereof. The opening is to allow the core 25 to
pass freely within the coil and consequently is larger
than the core 25. When mounted on the base 10, there is
clearance between the coil assembly 24 and the floor of
the base 10. A portion of the iron path and magnets will
extend through this space as well as above the coil
assembly 24 as shown in FIG. 4.

The core 25 of the voice coil assembly is comprised
of iron and is shaped as a curvilinear rectangle. Pres-
ently, four openings are defined in the core 25. Open-
ings 35z and 36a are used to attach the core to the arm
17 by passing screws 35 and 36 through openings 29«
and 295 of the arm and openings 35A and 36A of the
core respectively. The remaining two openings 41 and
42 are used to attach the iron path 22 to the core 25.
These openings line up with openings 41a and 42a in the
iron path. Bolts 43 and 55 are inserted into the openings
41q and 42a respectively as a means of attaching the
iron path 22 to the core 25. These bolts are inserted in
opposite directions in either hole as shown in FIG. 3

with bolt 43 pointing towards the top of the figure and

bolt 55 pointing to the bottom. As previously men-
tioned, the core 25 is mounted such that it passes
through the center opening of the vdice coil 24. During

movement of the arm, the core 25 moves back and forth 3

through the coil, in response to the. electromagnetic
field which results when current is passed through the
coil.

The iron path 22 is a box-like structure extending
over the upper and lower surfaces of the core 25. As
shown in FIG. 3, the cross section of the iron path 22 is
that of a rectangular box. In the embodiment shown, the
iron path 22 is smaller in width than the core 25. The
iron path 22 is generally disposed between the U-shaped
extensions 13A and 13B of the arm 17. The iron path is
mounted asymmetrically to the pivot point, as opposed
to prior art actuator motor assemblies mounted symmet-
rically about the pivot point. The iron path 22 is not
connected directly to the arm 17, but is attached to the
core 25 which is mounted on the arm. As shown in FIG.
1, the iron path is mounted such that it is disposed over
the windings 26 of the coil assembly 24. As can be seen
in FIG. 3, the iron path also extends beneath the coil
assembly as well.

Flat magnets 23 are fixed to the inner, upper and
lower faces of the iron path 22. In the preferred embodi-
ment, the magnets are comprised of somarium cobalt.
The magnets and iron path are of a'weight sufficient to
balance the arm 17.

The actuator motor functions in the following man-
ner. The magnets 26 create a perpendicular magnetic
field between them. The core 25 rests in this magentic
field. When current is fed to the windings 26 of the coil
assembly 24, the core 25 is subject to a motor force
whose magnitude is proportional to the current in the
windings. The motor force then causes movement of
the core 25, and thus of the entire arm. The direction of
motion depends on the direction of current flow in the
winding 26. To reverse the direction of travel, the di-
rection of current is simply reversed. Thus by control-
ling the direction and magnitude of the current in the
windings, the speed and direction of the movement of
the arm can be controlled.
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Thus, a hard disk drive has been described which
permits access to both sides of a disk. The magnets and
iron path of the actuator motor are used as a counterbal-
ance for the drive arm, reducing its weight and inertia
and reducing the size of the motor required to move the
arm. Although the present invention has been described
with reference to FIGS. 1-8 it will be appreciated that
the Figures are for illustration only and do not limit the
scope of the present invention.

We claim:

1. An actuator motor for positioning and conter-
balancing a pivotally mounted arm assembly compris-
ing:

a base;

a coil having spiral windings and a central opening
passing through said spiral windings, wherein said
coil is mounted on said base;

a core disposed to pass freely through said central
opening and to move in a back and forth motion;
said core coupled to said arm assembly and provid-
ing a magnetic flux path; wherein when current is
passed through said coil inducing an electromag-
netic field, said arm assembly is caused to move in
accordance with said back and forth motion of said
core;

a ferrous member coupled to said core and disposed
to complete said magnetic flux path;

a plurality of magnets mounted on said ferrous mem-
ber, wherein said ferrous member and said magnets
provide said counterbalancing of said arm assem-
bly.

2. The actuator motor as described by claim 1
wherein said magnets are disposed between said coil
and said ferrous member.

3. The actuator motor as described by claim 2
wherein said magnets are comprised of somarium co-
balt.

4. The actuator motor as described by claim 2
wherein said arm assembly includes a gnerally U-
shaped member with openings therein for attaching said
core to said arm assembly.

5. The actuator motor as described by claim 2
wherein said base forms a portion of a housing for a
hard disk drive.

6. A counterbalanced arm and motor assembly com-
prising an arm pivotally mounted and adapted to rotate
about a pivot point in response to activation of said
motor, said motor having a coil which has spiral wind-
ings and a central opening passing through said spiral
windings, wherein said coil is fixedly mounted relative
to said pivot point and an iron and magnet assembly
having an iron core mounted to said arm, said iron core
being disposed through said central opening of said coil
such that said iron core moves freely through said cen-
tral opening when an electromagnetic field is induced
by current flowing in said windings, said iron core
moves in a back and forth motion relative to said central
opening and causing said arm to pivot, said iron and
magnet assembly positioned about said pivot point such
that the center of gravity of said iron and magnet assem-
bly and said arm is located substantially at said pivot
point so as to counterbalance said arm about said pivot
point.

7. A disk drive comprising:

a base;

a drive assembly engaging and rotating at least one

disk, said drive assembly mounted to said base;
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at least one magnetic head mounted on said arm as-
sembly for detecting signals stored on the surface
of said disk, said magnetic head also for producing
signals on said disk;
an actuator motor mounted on said base and coupled
to said arm for producing radial movement in said
arm about a pivot point, said actuator motor com-
prising: a coil having spiral windings and a central
opening passing through said spiral windings; 2
core disposed to pass freely through said central
opening and to move in a back and forth motion
relative to said central opening when an electro-
magnetic field is induced by current flowing in said
windings; said arm coupled to said core, wherein
movement of said core causes said arm to move
radially; a ferrous member coupled to said core to
provide a magnetic flux path; and a plurality of
magnets mounted on said ferrous member, wherein
said ferrous member and said magnets also function
to counterbalance said arm about said pivot point.

8. The disk drive as described by claim 7 wherein said
motor is disposed on an opposite end of said arm from
said magnetic head.

9. The disk drive as described by claim 8 wherin said
drive assembly includes a spindle and spindle motor,
said disk being mounted on said spindle, said spindle
motor rotating said disk and said spindle.

20

25

30

35

40

45

50

55

60

65

. 10

10. The disk drive as described by claim 7 wherein
said arm includes a generally U-shaped member at one
end with openings thereon for mounting onto said core
and said arm having a central slot which permits said
disk to be disposed freely in said slot such that a pair of
magnetic heads coupled to said arm and disposed on
each side of said disk provides information transfer on
both sides of said disk.

11. The disk drive as described by claim 7 wherein an
optical system is used to provide positioning informa-
tion to a controlling means coupled to said actuator
motor, said optical system comprising an optical sensor
means attached to said arm adjacent to said head and an
optical scale means attached to said base, said optical
scale means having graduates slots and spaces, said
optical sensor means being disposed about said optical
scale means such that as said arm pivots said optical
sensor means is disposed alternatively adjacent to one of
said slots in said optical scale and one of said spaces, said
optical sensor sending a corresponding signal to said
controlling means, said controlling means determining
the radial position of said arm from the number of said
slots and spaces encountered by said optical sensor.

12. The disk drive as described by claim 11 wherein
said optical sensor comprises a focused LED.

13. The disk drive as described by claim 11 wherein
said controlling means comprises a single chip mi-

crocomputer.
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