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VOICE COIL MOTOR AND DISC DRIVE          This invention is directed
generally to the field of disc drive actuators, and more particularly to
improved means for providing electrical connections to a rotary disc drive
actuator.        The present invention comprises a method and apparatus for
reliably forming the electrical connections between the actuator arm
assembly in a disc drive and the 



control circuits which are mounted elsewhere in the disc drive.        In
general, a disc drive contains one or more discs capable of magnetically
storing information. The discs are rotated by a spindle motor mounted at
the centre of the disc or discs. The information is read and written to
specific locations on the disc using magnetic transducers commonly known as
heads that fly above the disc surface. Head positioning apparatus is
provided in the form of an actuator arm assembly.        The actuator arm
assembly consists of a substantially triangularly-shaped actuator arm.
Traditionally, the arm is constructed from a low mass material such as 



cast aluminium. The arm is designed to pivot about a centrally-located
pivot bore. The bore co-operates with a bearing system surrounding a fixed
shaft enabling the arm to pivot smoothly about the shaft.        At one end
of the arm is attached a means for moving the arm about the shaft. In
rotary motion actuators of the type incorporating the present invention,
the motion is accomplished by a moving coil magnetic motor having the motor
coil attached to the arm. Actuating the motor coil by selected control
signals which arrive at the coil over the wires attached to the coil causes
the actuator arm to pivot about the shaft. 



The actuator arm will move frequently and rapidly from position to position
over the surface of the disc. As disc drives become smaller and smaller,
the wires which form the coil in the actuator arm and which lead out from
the coil to receive the control signals become increasingly fine. Such
small disc drives are expressly designed for incorporation into portable or
notebook size computers, which are frequently carried, moved about, and
subjected to significant shocks. Therefore, it is an object of the
invention to provide lead wires into the coil which are capable of
withstanding significant shocks during the lifetime of the disc drive. 





2           As cost is becoming increasingly critical in being competitive
in the disc drive market, it is a further objective of the present
invention to provide an economically efficient way of attaching the lead
wires to the coil of the actuator arm. Further, as disc drives become
smaller in size, the height of the disc drive becomes a crucial factor, and
every element of mechanical structure which can minimise the 



height of the drive must be addressed. It is therefore an object of the
present invention to provide structuring of the lead wires to a coil so
that a minimal amount of height is utilised.        A prior art disc drive
which aims to reduce the overall height of the disc drive is disclosed in
WO-A-92/01283. The disc drive disclosed in this prior art document
comprises an actuator arm and voice coil assembly. A flex circuit extends
to the actuator arm and two wires are drawn off to attach to either end of
the voice coil.        Another prior art document, EP-A-0 432 145 discloses
a disc drive in which 



the terminal ends of a transducer coil are drawn off and threaded down
protective tubes which are positioned in a recess in an actuator arm.
The technology for forming the coil in a rotary actuator arm in a moving
coil magnetic motor presently utilises moulded coils. That is to say, after
the metal portion of the actuator arm is formed, the coil is wound and then
moulded onto the rear of the arm using a plastic mould which forms a
plastic piece which surrounds the coil and also attaches the coil to the
arm. It is an object of the present invention to enable the coil and the
leads leading out from the coil to be attached to the rear of the actuator 



arm which minimises the height of the moulded coil and leads, and allows
for easy reworking of the coil portion of the moving coil magnetic motor in
the event of a structural failure.        According to the present
invention there is provided a voice coil motor for positioning an actuator
arm of a disk drive, said motor comprising a coil supported in a fork of
the arm, the terminal wires of said coil extending beyond said coil, said
actuator arm comprising a mould surrounding and supporting said coil, said
mould attaching said coil to a rear forked portion of said actuator arm to
hold said coil in 



place, characterized in that said terminal wires are disposed in respective
sleeves to        



3   protect and support said terminal wires, and in that said moulds
extends at least partially over said sleeves for said terminal wires.
Thus, the present invention is intended to provide a disk drive achieving a
low profile moulded coil for a rotary actuator arm and method of
manufacture. More 



specifically, the present invention provides a very low profile lead
connection from a rotary actuator arm moulded coil for the leads which must
be let out to provide control signals to the coil.         The invention
further provides a simplified way of forming a moulded coil in a rotary
actuator arm.        The present invention comprises a method for forming
the lead coil from a moulded coil mounted at the rear of an actuator arm
wherein after the coil is wound the two lead wires from either end of the
coil are let out from the end of the coil and 



plastic tubes are slid over the wires up to a point closely adjacent the
wound coil. The wound coil is then moulded, fixing its shape and holding it
in place on the rear of the actuator arm. The tubes, preferably of Teflon,
protect the leads from being unduly stressed during the forming of the
mould, and increase the wire strength so that the coil and mould can
tolerate handling stresses during testing and assembly.        Additional
objects and features of the present invention will be more readily apparent
from the following detailed description of embodiments of the present
invention when taken in conjunction with the drawings, in which: 



Fig. 1 is a cutaway view of a disc drive incorporating the preferred
embodiment of the present invention;        Fig. 2 is a detail view of a
portion of the moulded coil and lead wire assembly used in prior art
actuators;        Fig. 3 is a sectional view of the moulded coil and lead
wire mount assembly of Fog. 2; and        Fig 4, is a detail plan view of
the mould coil actuator of the present invention showing in detail the
flying leads protected by Teflon tubing. 



Referring to figure 1, there is shown a cutaway view of a disc drive
incorporating the preferred embodiment of the present invention.
Essentially, the     



4   depicted disc drive 100 includes the same basic components and operates
in the same 



manner as was previously described in the foregoing background section. In
summary, a casing 102 surrounds a disc 104 and a centrally located spindle
motor 105 which supports discs 104 for rotation. Also within casing 102 is
an actuator arm assembly 106 having a read/write head assembly 108 mounted
at one end. At the other end is a magnetic voice coil actuator motor 110
for moving the head assembly 108 to the desired location over the disc 104.
Thin wires 112 are attached to the voice coil 113 of the motor 110 which is
carried on the rear of an actuator arm 114. These thin wires are attached
to a flexible 



portion of the printed circuit cable (PCC) 155 near to a pivot point 116 of
the actuator arm assembly 106. The PCC 115 arcs away from a fixed point on
the actuator arm assembly where it is connected to the voice coil 113 and
leads toward a rigidly mounted portion 117 of the printed circuit
connector.        It is already known in this technology (e.g. from
US-A-5.122.703 reflecting the preamble of independent claim 1), to first
wind the coil, and then form a mould of plastic material or the like around
the coil to bond the coil into the rear portion 114 of the actuator arm and
hold the coil in place, This is shown in detail in figure 2 of the 



present application, labelled "PRIOR ART", as representing this known
method. Figure 2 shows a wounded coil 113, held in place by moulding
element 118 inside the fork 114 of the rear portion of the actuator arm to
the rear of the pivot point 116. The two ends of the coil leads which are
wound to form the coil 113 appear at the portion of the wound coil 122
closest to the pivot point 116. These two coil leads 124, 126 are supported
over a coil block 128 and bonded in place in grooves 130, 132 in that block
to maintain their position relative to the coil, They pass out over these
grooves in the coil block 128 to a respective pin 112 to a point beyond the
actuator arm 114 where 



they can be connected to the PCC cable 115 shown in figure 1.        The
vertical sectional view of figure 3 makes more apparent the disadvantage of
this approach. Figure 3 shows the coil 113, moulding 118, and actuator arm
fork 114. As can be seen, the mounting block 128 rests on top of the coil,
and the wires 124, 126 must be wound about respective pins 112 which lead
out to the external connections, Thus the entire height of the block 128 is
added height to the voice coil   
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actuator motor which is a seriously negative consideration in small form
factor disc drives where every millimetre of height is contested.
It is to overcome the problems illustrated in figures 2 and 3 that the
present invention as illustrated in figure 4 is directed to.         With
reference to figure 4, the preferred embodiment includes an actuator arm
with arear fork 114 receiving the coil 113 inamould 140. When the coil 113
is first 



wound, the terminal ends 150 of the coil are left extending out of the coil
to one side thereof rather than being cut short as shown in the prior art
of figure 2. Sleeves or tubes 152 of an insulating material of sufficient
strength to resist being crushed are then slid over the two terminal wires
150. A suitable insulating material is Teflon. The sleeves are slid up to
the point where the terminal wires 150 join the wound coil 113.        The
plastic mould 140 is then formed over the entire coil 113 and at least
partially over said sleeves for said terminal wires. The mould and coil
assembly is then assembled with the actuator arm between the rear fork 114.
It is assembled so 



that the mould 140 is then arranged so that the mould and coil assembly
underlies a region 142 of the actuator arm and overlies a region 144.
The assembly is completed by two pins 146 extending from the actuator arm
which hold the moulding 140 in place with the coil 113 correctly positioned
and supported thereby. The pins may comprise a plastic material.        In
a second embodiment of the invention, the moulding 140 includes two pins
extending to attach to said actuator arm to correctly position the coil 113
in relation to the actuator arm. The pins are adapted to enable them to be
cut to allow removal of the 



moulding from the actuator.        The use of these sleeves and tubes 152
protect and support the wires 150 so as to provide improved tolerance of
handling stresses during testing, assembly and during the lifetime of the
disc drive. The manner of assembly and use of features provide economical
gains over the prior art. Moreover, with the coil 113, wires 150 and
sleeves 152, the height of the overall structure can be optimally
minimised.        Should some defect in the voice coil motor 100 be found,
the coil 113 can easily be removed from the actuator arm 114 and replaced
by cutting off the pins and 



pushing the mould 140 away. A replacement can then be used.        



6          Finally, during the assembly of the coil 113 and the mould 140,
the sleeves 152 protect the extended wires 150 so that the pressing force
which forms and defines the mould over the coil does not deform, crimp or
bend the wires. 



While a preferred embodiment of the present invention has been described
with reference to figure 4, the description is illustrative of the
invention and is not to be construed as limiting the invention, For
example, materials other than Teflon for the sleeves may be used so long as
they are of suitable strength and reliability to perform an equivalent
function. Further, the coil moulding technique does not require a specific
material or form.   
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CLAIMS   1.    A voice coil motor (110) for positioning an actuator arm
(114) of a disc drive (100), said motor comprising a coil (113) supported
in a fork of the arm, the terminal wires (150) of said coil extending
beyond said coil, said actuator arm comprises a mould (140) surrounding and
supporting said coil, said mould attaching said coil to a 



rear forked portion of said actuator arm to hold said coil in place,
characterized in that said terminal wires are disposed in respective
sleeves (152) to protect and support said terminal wires (150) , and in
that said mould extends at least partially over said sleeves for said
terminal wires.   2.    A voice coil motor as claimed in claim 1, in which
said sleeves is formed of Teflon. 



3.    A disc drive comprising a voice coil motor as claimed in claim 1 or
2, further comprising one or more pins (146) for fixing the mould to the
actuator arm.   4.    A disc drive comprising a voice coil motor as claimed
in claim 1 or 2 wherein said mould includes first and second upright pins
(146) extending to attach said mould 



to said actuator arm in a fashion allowing removal thereof by cutting said
pins.   5.    A disc drive (100) comprising the voice coil motor as claimed
in claim 1 or 2, or a disc drive as claimed in claim 3 or 4 and having an
actuator arm assembly (106), a casing (102) surrounding a spindle motor
(105) and at least one disc (104), said actuator arm assembly (106)
supporting the coil (113) of the voice coil motor (110) at one end thereof
and a transducer (108) for selective placement over a track on said 



disc for reading and writing information on said disc track, said coil
comprising a single wire wound in a prescribed shape and wherein said
terminal wires comprise an input and output lead (150) extending away from
said coil, and the sleeves (152) of insulating material are provided over
said input and output leads in regions of said     
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leads closely adjacent said coil to protect said leads from unnecessary
flexing during testing and assembly of said actuator arm.   6.    A method
of manufacturing a voice coil motor and actuator arm assembly comprising
the steps of:        forming a coil (113) of voice coil motor (110),
leaving the terminal wires (150) of said coil free; 



positioning respective sleeves (152) around the terminal wires;
moulding around the coil and at least partially over said sleeves;
positioning the coil (113) and mould (140) in a rear forked portion (114)
of an actuator arm; and        removably securing the coil and mould to the
actuator arm.    




