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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 toa 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 infofmation. The discs are rotated by a spindle motor mounf_ed 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 poéitioni_ng 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 1s con;tfuct’ed from a low rhass 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 i attached a means for moving the arm about the shaft. In
~ rotary motion actuators of the type incorporating the present invention, the motion is_.
accomplishéd by a méving coil magnetii: motor having the motor coil attached to the
arm. Actuating the motor coil by selected control signals which arrive at the coil ovér

wires attached to the coil causes the actuator arm to pivot about the shaft.
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VO CE CO L MOTOR AND DI SC DRI VE This invention is directed
generally to the field of disc drive actuators, and nore particularly to
inproved neans for providing electrical connections to a rotary disc drive
act uat or. '~ The present invention cogprises a nethod and apparatus for
reliably formng the electrical connections between the actuator arm
assenbly in a disc drive and the :

The actuator arm will move frequently and rapidly from position fo position over
the surface of the disc. As disc drives become smaller and smaller, the w1res which
forrrf 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 deéigned_for
incorporation into portable or notebook size 'com'puters, which are frequen_tly carried,
moved about,.and subjected to signiﬁcaxit s_hoc,ks. Therefore, it is an object of this.
invention to provide lead wires into the coil which are capable of withstanding significant

shocks during the lifetime of the disc drive.

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 'ecor'lomically

efficient way of attaching the lead wires to the coil of the actuator arm.

Fufther, as disc drives become smallet 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.

- The technology for forming the c011 in a rotary actuator arm ina movmg coil

- magnetic motor presently utilises moulded coils. That is 0 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 whlch forms a plastic piece whxch 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 l_nagnetic' motor in the eveﬁt of a structural failure..
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control circuits which are nounted el sewhere in the disc drive. In
general, a disc drive contains one or nore discs capable of magnetically
sforing information. The discs are rotated by a spindl e notor nounted at
the centre of the disc or discs. The infogmation is read and witten to
specific locations on the-disc using magnetic transducers commonly known as
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~ fork of the arm, characterised in that said termmal wires of said coil extend beyond said

coil and are disposed in a sleeve to protect and support said terminal wires.

Thus, the. present inQention is intended to proiride a disc drive achieving a low
profile moulded coil for a rotary actuator arm and method of manufacture. More
spec1ﬁcally, 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 ina

rotary actuator arm.

‘The present invention comprises a method for fdrmin’g the lead coils from a -
moulded coil mounted at the .rw of an actuator arm wherein after the coil is wouhd', 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 ciosely_adjacent the wound coil. The wound
coil is then mbulded, fixing 1ts 'shape and holding it in place on the rear of the actuator
arm The tubes, preferably of Teﬂ'on,. protect the leads from being unduly stressed
during the forming of the mould, and increase the wire strength se_that the coil and

mould can tolerate handling stresses duﬁng testing and assembly.

~ Additional objects and featufes of the present invention will be more readily
- apparent from the following detailed description of embodiments of the present mventlon
when taken in conjunctxon with the drawmgs, in whlch | '

Fig. 1 is a cutaway view of a disc dnve mcorporatmg the preferred embodlment

i

of the present invention;




cast alum nium The armis designed to pivot about a centr ,&ll -| ocat ed
r mm

pi vot bore. The bore co- operates with a bearing system su gpd
shaft enabl | ng the armto pivot smoothly about the shaft. I Ti nd
of the armis attached a neans for noviigg the arm about the

rotary notion actuators of the type incorporating the present invention
the motion is P@CQWH'&WWW o?a%fh&ﬂoﬁﬂ’le' mOBdBE kbt afP1AH WARY 4diem ot or
coil attached to the arm Actuating the motor coil by select ed cont ol

si gnal s vdseg lin prior as aetuatdes; coi |l over the wires attached to the coi | causes
the actuator armto pivot about the shaft.

Fig. 3 is a sectional view of the moulded coil and lead wire mount assembly of

Fig. 2; and _
' Fig. 4 is a detail plan view bf the mould coil actua_tor' of the present invention

showing in detail the flying leads protected by Teflon tixbing.

Referring to figure 1, there is shown a cutaway view of a disc drive inéorporﬁting
the preferred embodiment of the present invention. EsSenﬁally, the depicted disc drive
100 includes the same basic components and operates in the same manner as was
previously described in the foregoing backgro(md section. In summary, a casing 102
surrounds a disc 104 and a centrally loéated spihdle motor 105 which supports discs 104
for rotation. Also within casmg 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 c011
actuator motor 110 for moving the head assembly 108 to the desired location over thé
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 td a flexible
portion of the printed circuit cable (PCC) 115 near to a pivot point and 116 of the
actuator arm assembly 106. The PCC 115 arcs away from a fixed point on the actuator
arm assembly where it is cbnnecfed_ to the voicé coil 113 and leads .tdward a rigidly |

' mounted portion 117 of the printed circuit connector.

It is already known in this technology, 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 poruon
| 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 methdd.

' Figure 2 shows a wound coil 113, held in place by moulding element 118 inside the fork




Factuator armwi Il nmove frequently and rapidly from pogj émeét HaOBRAREHlEdEN

F the surface of the disc. As disc drives becone small er l
- wires which formthe coil in the actuator arm and whi cd nuﬂmﬂgﬂbm )
coil to receive the control signals become increasingl .
Il disc drives are expressly designed for incorporation into portable or
ebook dil4 ef denyear portionwifithehacimatorf aray tosthel rearcafi the pivot poined 16b The twond
jected to significant shocks. Therefore, it is an object of the
i nfent i onends @fr%eicgé leagls avhigh are wound toiferm she caihil thappesr atthe fpoetianf of the

wi fhst andi ng si gpi ficant shocks, duri,ntg tg1e |ifetime_of .the disc drive.
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 felative to the coil. 'They pass out over these grooves iri the coil

~ block 128 to a respective pin 112 toa 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 marks 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 r_ests 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 actuator motor
which is, a seriously negative consideration in small form factor disc drives where evéry

millimetre of height is contested.

Itis td overcome the problems iliustrated in figui'es 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 a rear fork 114 receiving the coil 113.in a nioul_d 140. When the coil 113 is first
wound, the terminal ends of the coil 150 are left éxtending out of the coil to one side
thereof réther than being cui: short as shown in the prior art of figure 2. Sleeves or t_ubés
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. The mould and

t?Oil assembly is then assembled with the actuator arm between the rear fork 114. Itis

i S
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assembled so that the mould 140 is then érranged so that the mould and coil assembly

underlies a region 142 of the actuator arm and over lies a region 144,

The assembly is corﬁpleted by two pins 146 extending from the actuator arm

| which hold the moulding 140 in place with the coil 113 correctly positionied and |

supported thereby. The pins may comprise a plastic material,

The use of these sleeves and tubes 152 protect and support the wires 150 so as to
provide improved tolerance of handlmg 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. Moreovef, with the coil 113, wire$ 150 and sleeves

152, the height of the oval 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.
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 smtable strength and rehabllxty to perform an

| equivalent function. Further, the coil moulding technique does not require a specific

material or form. Various other modifications may occur to those skilled in the art

without departing from the scope of the invention as defined in the appended claims.

~-
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"As cost is beconing increasingly critical in being conpetitive

Jnt Isc drive market, it 1s a further objective of the present
nve n to provi y efficient way of attaching the I|ead '
wi resfifo the coil lmlaﬂmﬁmﬂw’ rm Fupther, as dw
snal I in size, I ght mof st he di sc dfive becorre a cruci al factor, \nd .
ever ylel enent of mechani cal structurie which can m ni Niys neech‘aced
pns \\\\\\\\\\\\\\\\\\\\\\ |

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, characterised in '
that said terminal wires (150) of said coil extend beyond said coil and are disposed in a

sleeve (152) to protect and support said terminal wires (150).

2. A voice coil motor as claimed in claim 1, in which said sleeves is formed of
Teflon.
3. A disc drive having a voice coil motor as claimed in claim 1 or 2, further

‘comprising a mould (140) for supi:orting said coil and assembling the coil with the

actuator arm.

4, A disc drive as claimed in claim 3, further comprising one or more pins (146) for

fixing the mould to the actuator arm.

S. Ina dis’é drive (100)' having a casing (102) surrounding a spindle motor (105) and
at last one dxsc (104) and an actuator arm assembly (106) supporting a coil (113) of a
voice coil motor (110) at one end thereof and a transducer (108) for selective placement
over a track on said disc for reading a_nd wnnng information on said disc track, said coil
comprising a single wire wound in a prescribed sh.ape_ and having an input and butput :
lead (150) eXtendir_lg away from said coil, and tubes (152) of insulaiing material over

- said _input and output ludé in regions of said leads closely adjacent said coil to iJrotect |

said leads from unnecessary flexing during testing and assémbly of said actuator arm.

DT AT R R s

6. A dxsc dnve as clalmed in claxm 5 wherem said actuator arm further compnses a

mould (140) surroundmg and suppomng said coil in said defined shape said mould
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of. the drive nust be addressed. It is therefore |
I'nvention to provide structuring of - the lead wires to a

mnimal amount of height is utilised. A prgmummimﬁum:‘w o

t

ainms to reduce the overall height ofgthe disc driv
2/ 01283. The disc drive disclosed in this prior art docunent
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partially over said tubes for said input and output leads.

7. A disc drive as claimed in claim 6 wherein said mould includés first and seéond

upright pitis (146) exteﬁﬂing through openihgs in said first and second fingers of said

- rear portion _of said actuator arm to attach said mould to said actuator arm in a fashion

allowing removal thereof by cutting said pins.
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nal ends of a transducer coil are drawn off and threaded down

prote ve tubes which are-positiponed in‘a recess in an actuator arm

The tegghnol ogy for formng the coil in a rotary actuator armin a noving

coi | gnetic notor presently utilises noulded coils. That is to say, after
the mefal portion of the actuator armi® formed, the coil is wound and then"
noul defl onto the rear of the armusing a plastic nmould which forns a

plastif piece which surrounds the coil and also attaches the coil to the
arm is an object of the present jnvention to enable the coil and the

| eads Jl eading out fromthe coil to ABSIRALeRed to the rear of the act uat or

'VOICE COIL MOTOR AND DISC DRIVE

The present invention relates to a dlSC drive having an actuator arm 114 w1th Iead
coils 150 from a moulded coil 113 in the voice coil motor 110 such that after the coil is

wound, the two lead wires from either end of the coil are led out from the end of the

coil, and tubes 152 are slid over the wires up to a point closely adjacent the wound coil.
The wound coil is then moulded in a mould 140, fixing its shape and holding it in place
on the rear of the actuator arm. The plastic tubes protect the leads Ifrom béing unduiy
stressed during the formation of the mould, aﬁd inci'ease the wire strength so that the

motor can tolerate handling stresses during testing and assembly. '

Fig. 4
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arm whifch m ni m ses the height of the noul ded coil and | eads, and all ows
for eady reworking of the coil portion of the noving coil magnetic notor in
. the evgnt of a structural failure. 1/4 According to the present

i nventifon there. is provided a voice coil notor for positioning an actuator
arm of fa disk drive, said notor conprising a coil supported in a fork of
the arm the termnal wires of said coil extending beyond said coil, said
actuator arm conprising a nould surrounding and supporting said coil, said
nmoul d attaching said coil to a rear forked portion of said actuator armto
hold said coil in-. ' . '

100
102

FIG. 1
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pl ace, characterized in that said termnal wires are di spbsed' I n respective .
jsI eeves to . 2/4 _ : .
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3 protect and support said termnal wires, and in that said noulds
extends at |east partially over saiddgéeeves for said termnal wres. -
Thus, the present invention is inten to provide-a disk drive achieving a
| ow profile nmoul ded coil for a rotary actuator arm and net hod of '

manuf acture. Mire
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§pecifical|y, the present invention provides a very low profile |ead

connection froma rotary actuator arm mo#f4led coil for the |eads which nust -

e let out to provide control signals to the coil. The invention

further provides a sinplified way of formng a noulded coil in a rotary .
actuator arm The present invention conprises a nethod for form ng
the lead coil froma noulded coil nounted at the rear of an actuator arm
wherein after the coil is wound the two |lead wires fromeither end of the
coil are let out fromthe end of the coil and

/;;;;/ . :
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i nvention when taken in cOWOIQEICOIL WIDTORANDIDISTDRIVE Whi Ch:

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 cabable 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 comn'ionly 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 tﬁangularly~shaped actuator -
-arm. Traditionally, the arm is con:f.tructed from a low mass material such as cast
aluminium. The arm is designed to pivot about a centra.]ly—locateq 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

wxres attached to the coil causes, the actuator arm o vaot about the shaft.

’ '.'\;. EE] :‘,_ ‘
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Fig. 1 is a cutaway vi ew of a disc drive I ncorporating t

enbodi nent of the present invention; Fig. 2is aj

portion of the noulded coil and lead wire assenbly used]i T

actuat ors; Fig. 3 is a sectional view of the noufdgd K :
wi re nmount assenbly of Fog. 2; and 2Fi'g 4, is a det PET 9w

the mould coil actuator of the present invention show ng ai | the

flyi | eads protected by Teflon tubing.
yrng | e prot y .9 —
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 this
invention to provide lead wires into the coil which are capable of withstanding significant

shocks during the lifetime of the disc drive.

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.

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 métal 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. Itisan object of the present invention to enable the coil ;md
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.

L e
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Referring to figure 1, there is shown a cutaway viey a U STt~
i ncorporating the preferred enbodi ment .of the presert [i
Essenti al | Y, t he : _ _ nd%néé'r 1996
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According to the present invention there is provided a voice coil motor for
positioning an actuator arm of a disc drive, said motor comprising a coil supported in a
fork of the arm, characterised in that said terminal wires of said coil extend beyond said

coil and are disposed in a sleeve to protect and support said terminal wires.

Thus, the present invention is intended to provide a disc 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 coils 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; ' -
eet Has Been Replaced
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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
Fig. 2; and

Fig. 4isa defail 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 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 cehtrally 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) 115 near to a pivot point and 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 tec_hnology, 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 wound coil 113, held in place by moulding element 118 inside the fork
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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 marks 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 heighi to the voice coil 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 a rear fork 114 receiving the coil 113 in a mould 140. When the coil 113 is first
wound, the terminal ends of the coil 150 are left extending out of thé 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 resi.st 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. The mould and

Coil assembly is then assembled with the actuator arm between the rear fork 114. Itis



portion of t he printed circuit cable (PCC) 155 near to a:
the actuator arm assenbly 106. The PCC 115 arcs away fro f
t he actuator arm assenbly where it is connected to the vgi qe

05 Bct 8]

| eads toward a rigidly nounted portion 117 of the printe o AT
connector. It is already known in this technol ogyf(e.g. from

US- A-5.122. 703 refl ecting the preanbl e of ¥ ndependent cl al M Irr=to=iis.si
wind the coil, and then forma nould of plastic material or the |ike around

the coil to assampledso that theimould d4Q is then aangeds thatthe moujdandqoil-assembly m and

hold the coil | | ace, This.i h ' il '
Iund'lexqieg a regelon Lﬁ Séf Ithsé asétu%\t’\g' alrrrr]\ a% toawlllel' hlesna fré gnr ?442 of the

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.

The use of these sleeves and tubes 152 protect and support the wires 150 so as to
provide improved tolerance of handling stresses during tesiing, assembly and during the
lifetime of the disc drive. The manner of assembly and use of features provide

| ecdnomical gains over the prior art. Moreover, with the coil 113, wires.150 and sleeves

152, the height of the oval 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.

Finally, during the assembly of the coil 113 and the mould 140, the sleeves 152
pfoteét the extended wires 150 so that the pressing force which forms and defines the

mould over the cqil 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 illustiative’ of the invention and is not to be
construed as limiting the invention. For example, materials other than Teflon for the
sleeves, may be ﬁsed SO loﬁg 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. Various other modifications may occur to those skilled in the art

without departing from the scope of the invention as defined in the appended claims.

This Sheet Has Been Re‘placed
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present .application, |abelled "PRI CR ART", as representing this khown
met hod. Figure ' 113 hel d in place by noul di ng

el enent 118 insid the rear portion of the actuater armto
the rear of the pﬂ m hL | he two EBnds of the—coirt—teads Wmch are
wound to formthe at the portion of: t mu d’me

cl osest to the pivot point 116 These two coil |ead% supported
over a coil block 128 and bonded in place in grooves hat bl ock
r t hese

t o maint ai @% position relative to the coil The
grooves in e coil block 128 to a respective pin 112 to a pornt beyond t he
actuator arm 114 where

1. A voice coil motor (1 10) for positioning an actuator arm (114) of a disc drive

(100), said motor comprising a coil (113) supported in a fork of the arm, characterised in

that said terminal wires (150) of said coil extend beyond said coil and are disposed in a

sleeve (152) to protect and sﬁpport said terminal wires (150). -

2. A voice coil motor as claimed in claim 1, in which said sleeves is formed of

Teflon.

08 OCT 1995 I
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3. A disc drive 'having a voice coil motor as claimed in claim 1 or 2, further %
=

comprising a mould (140) for supporting said coil and assembling the coil with the

actuator arm. ‘ %

4. A disc drive as claimed in claim 3, further comprising one or more pins (146) for

fixing the mould to the actuator arm.

5. In a disc drive (100) having a casing (102) surrounding a spindie motor (105) and.
at least one disc (104) and an actuator arm assembly (106) supporting a coil (113) of a
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 having an input and output
lead (150) extending away from said coil, and tubes (152) of insulating material over
said input and output leads in regions of said leads closely adjacent said coil to protect

said leads from unnecessary flexing during testing and assembly of said actuator arm.

6. A disc drive as claimed in claim 5 wherein said actuator arm further comprises a

mould (140) surrounding and supporting said coil in said defined shape, said mould



t hey can be connected to the PCC cable 115 shown in figure 1 The
vertical sectional view of figure 3 nmakes nore ap arent t he di sadvant age of

t*hi s approach. Figure 3 shows the coil 113, noul d| ng I'lﬂl"ﬂlt Iﬁ Illlﬁuﬁr: arm
fork 114. As can be seen, the nounting block 128 res oil,
and the wires 124, 126 nust be wound abou(8 respective p| fis 112" whi ch | ead

out to the external connections, Thus the®entire height of the block 128 is

dded h ht tq th I
added hei g k?mg sﬁd\é%{lctg acrgalzr forked portion (114) of said actuator arm between first and

second forked fingers of said arm to hold said coil in place, said mould extending at least

partially over said tubes for said input and output leads.

7. A disc drive as claimed in claim 6 wherein said mould includes first and second
upright pins (146) extending through openings in said first and second fingers of said
rear portion of said actuator arm to attach said mould to said actuator arm in a fashion

allowing removal thereof by cutting said pins.
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ABSTRACT

VOICE COIL MOTOR AND DISC DRIVE

The- present invention relates to a disc drive having an actuator arm 114 with lead
coils 150 from a moulded coil 113 in the voice coil motor 110 such that after the coil is
wound, the two lead wires from either end of the coil are led out from the end of the
coil, and tubes 152 are slid over the wires up to a point closely adjacent the wound coil.
The wound coil is then moulded in 2 mould 140, fixing its shape and holding it in place
on the rear of the actuator arm. The plastic tubes protect the leads from being unduly
stressed during the formation of the mould, and increase the wire strength so that the

motor can tolerate handling stresses during testing and assembly.

Fig. 4
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actuator motor which is a seriously negative consideration in small form

factor disc drives where every mllinetre of height is contested.
It is to overcone the problens illustrated in figures 2 and 3 that the
present invention as illustrated in figure 4 is directed to. Wth

reference to figure 4, the preferred enbodi nent includes an actuator arm
with arear fork 114 receiving the coil 113 inanould 140. Wen the coil 113
is first ' ' :

-1-
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wound, the term nal ends 150 of the coil are left extending out of the coi
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 termnal wires 150 join the wound coil 113. The
plastic nmould 140 is then forned over the entire coil 113 and at |east
partially over said sleeves for said tegmnal wires. The nould and coi

assenbly is then assenbled with the actuator arm between the rear fork 114.
It is assenbled so :

—
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»

that the nmould 140 is then arranged so that the nould and coil assenbly
underlies a region 142 of the actuator armand overlies a region 144,

The assenbly is conpleted by two pins 146 extending fromthe actuator arm
whi ch hold the noulding 140 in place with the coil 113 correctly positioned
and supported thereby. The pins may conprise a plastic material. I n
a second enbodi nent of the invention, the noul ding 140 includes two pins
extending to attach to said actuator arm3to correctly position the coil 113
in relation to the actuator arm The pins are adapted to enable themto be

cut to allow renoval of the

112
/
[

!

128
124 \125
\

PRIOR ART
FIG. 3
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nmoul ding fromthe actuator. The use of these sleeves and tubes 152
protect and support the wires 150 so as to provide inproved tol erance of
handl i ng stresses during testing, assenbly and during the lifetine of the
disc drive. The manner of assenbly and use of features provide econom cal
gains over the prior art. Mreover, wth the coil 113, wres 150 and

sl eeves 152, the height of the overall structure can be optimally

m ni m sed. Shoul d sone defect in the voice coil notor 100 be found,
the coil 113 can easily be renoved fromihe actuator arm 114 and repl aced
by cutting off the pins and

heet Has Been Reilaced :
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pashi ig the nould 140 away. A replacenent can the

:paged 4. to paged 7.

T RECEIPT . gAY

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 tﬁe 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 f;'equently and rapidly from position to position over the
surface of the disc. As disc dﬁves 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. REPLACEMENT SHEET
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6°. ' Finally, during the assenbly of the coil 113 and the nmoul d 140,
the sl eeves 152 protect the extended wires 150 so that the pressing force
whi ch forns and defines the nould over the coil does not deform crinp or
bend the wres.

As cost is bécoming 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 fo 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

REPLACEMENT SHEET
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Wii l e a preferred enbodi mrent of the present invention has been described
with reference to figure 4, the description is illustrative of the

i nvention and is not to be construed as limting the invention, For
exanple, materials other than Teflon for the sl.eeves may be used so |ong as
they are of suitable strength and religbility to perform an equival ent
function. Further, the coil noul ding technique does not require a specific
material or form

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 woﬁnd 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

REPLACEMENT SHEET
0 8 APR 1999




depicted disc drive 100 includes the same basic components and operates in the same -
nianner 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 oﬁ 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.l 15 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. |

- Itis 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 mdunting 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

REPLACEMENT SHEET
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CLAIMS 1. A voice coil motor (110) for positioning an actuator arm
(114) of a disc drive (100), said notor conprising a coil (113) supported
inafork of the arm the terminal wires (150) of said coil extending
beyond said coil, said actuator arm conprises a nould (140) surroundi ng and
supporting said coil, said nould attacging said coil to a

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 a rear fork 114 receiving the coil 113 in a mould 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 héight of the overall structure can be optimally minimised.

Should some defect in the voice coil motor 100 be foux\ld, the coil 113 can

easily be removed from the actuator arm 114 and replaced by cutting off the pins and

|REPLACEMENT SHEET
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rear forked portion of said actuator armto hold said coil in place,
characterized in that said termnal wres are disposed in respective

sl eeves (152) to protect and support said termnal wires (150) , and in
that said nould extends at |east partially over said sleeves for said
termnal wres. 2. A voice coil ngtor as clained in claim1, in which
said sleeves is forned of Tefl on.

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 ﬁncﬁon. Further, the coil moulding technique does not require

a specific material or form.




3 ‘A di sc drive conprising a voice coil notor as clainmed in claim1 or
2, further conprising one or nore pins (146) for fixing the nould to the.
actuator arm 4. A disc drive conprising a voice coil notor as clained
in claiml or 2 wherein said nould includes first and second upright—pins

(146) extending to attach said eru|é 7 | ,'!l,"c'mllL”"ﬂ"I's””!Il |

CLAIMS

1. A voice coil motor (1 10) 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) éupporting 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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to sai:d actuator armin a fashion allow ng renoval thereof by cuttin d
pins. 5. A disc drive (100) conprising the voi cedc@—l—«n‘nrt)’"é's’%ﬁijlained
inclaiml or 2, or a disc drive as clained in claim3 g nm‘a\
actuator arm assenbly (106), a casing (102) surroundin m

(105) and at |east one disc (104), saig act uat or arma W;ﬂ%)s o

supporting the coil (113) of the voice coil notor (110) at one end thereof
and a transducer (108) for selective placenment over a track on said

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 actnator arm.
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di sc for readi ng} and wrltlnlg information on said disc track, said coil
conprising a single wire wound in a prescribed shape and V\/nerel n said
term nal wires conprise an input and output |ead (150) extending away from

said cbil, and the sleeves (152) of insulating material are provided over
sai d |4nput and out put leads in regions of said
9
ABSTRACT

VOICE COIL MOTOR AND DISC DRIVE

The present invention relates to a disc drive having an actuator arm 114 with lead
coils 150 from a moulded coil 113 in the voice coil motor 110 such that after the coil is
wound, the two lead wires from either end of the coil are led out from the end of the
coil, and tubes 152 are slid over the wires up to a point closely adjacent the wound coil.
The wound coil is then moulded in a mould 140, fixing its shape and holding it in place
on the rear of the actuator arm. The plastic tubes protect the leads from being unduly
stressed during the formation of the mould, and increase the wire strength so that the

motor can tolerate handling stresses during testing and assembly.

Fig. 4
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| eads cl osely adjacent said coil to protect said | eads from unnecessary

flexing during testing and assenbly of said actuator arm 6. A net hod
of manufacturing a voice coil notor and actuator arm assenbly conpri sing
the steps of: formng a coil (113) of voice coil nmotor (110),

| eaving the termnal wres (150) of said coil free;

-2~

114

PRIOR ART

FIG. 2




a

positioni ng respective sleeves (152) around the term nal wres;

noul di ng around the coil and at | east partially over said sl eeves;

posi tioning the coil (113) and nould (140) in a rear forked portion (114)
of an actuator arm and removably securing the coil and nmould to the

actuator arm
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FIG. 4




