
Title: SINGLE DISC CLAMP NUT FOR DISC CLAMPING IN A DISC DRIVE  [err]
Abstract An apparatus and method for securing an information storage disc
within a disc drive incorporates a spindle motor, a rotatable spindle  hub,
a disc clamp and a disc clamp nut. The disc clamp is positioned on the
rotatable spindle hub to clamp the information storage disc to  the spindle
motor. The disc clamp defines a middle annular raised portion for accepting
a predetermined pre-load force to compress the  disc clamp down onto the
information storage disc. The pre-load force is perpendicular to the disc
clamp, and is applied symmetrically  around a spindle motor axis of
rotation. The disc clamp nut includes a flat engagement surface that
secures the pre-loaded disc clamp to  the hub. The pre-load force is
released once the disc clamp nut is positioned so as to secure the disc
clamp to the hub of the disc drive  spindle motor. A series of
substantially parallel engagement surfaces on the disc clamp nut, disc
clamp and hub ensure that the pre-load  force is uniformly applied to the
information storage disc. The engagement surfaces between the disc clamp,
hub and information storage  disc can also be co-planar. WO 00/63901
PCT/US00/10670 SINGLE DISC CLAMP NUT FOR DISC CLAMPING IN A DISC DRIVE 



Field of the Invention 5 This application relates to magnetic disc drives
and more particularly to an  improved disc drive spindle motor apparatus
for mounting information storage  disc within the disc drive. Background of
the invention 10 Disc drives are data storage devices that store digital
data in magnetic form  on a storage medium on a rotating information
storage disc. Modern disc drives  include one or more rigid discs that are
coated with a magnetizable medium and  mounted on the hub of a spindle
motor for rotation at a constant high speed.  Information is stored on the
discs in a plurality of concentric circular tracks 15 typically by an array
of transducers ("heads") mounted to a radial actuator for  movement of the
heads relative to the discs. Each of the concentric tracks is  generally
divided into a plurality of separately addressable data sectors. The
read/write transducer, e.g., a magnetoresistive read/write head, is used to
transfer data between a desired track and an external environment. During a
write 20 operation, data is written onto the disc track and during a read
operation the head  senses the data previously written on the disc track
and transfers the information to  the external environment. Critical to
both of these operations is the accurate  locating of the head over the
center of the desired track. The heads are mounted via flexures at the ends
of a plurality of actuator  25 arms that project radially outward from the
actuator body. The actuator body  pivots about a shaft mounted to the disc
drive housing at a position closely  adjacent the outer extreme of the
discs. The pivot shaft is parallel with the axis of  rotation of the
spindle motor and the discs,, so that the heads move in a plane  parallel
with the surfaces of the discs. 30 Spindle motor assemblies often utilize a
rotating spindle hub journaled to a  non-rotatable spindle shaft. A disc
clamp is typically secured to the rotating  spindle hub to exert a downward
axial force on the mounted information storage I PCT/US00/10670 discs and
disc spacers. Typically, the disc clamp exerts the downward force  through
a series of radially positioned screws torqued into the spindle hub. The  



radial positioning of the screws is beneficial for exerting clamping force
on the  spindle assembly because the force is exerted at the periphery of
the clamp in 5 closer proximity to the mounted information storage discs
and disc spacers.  However, the peripheral positioning of the series of
screws in the disc clamp  causes the downward force to be exerted in a
non-uniform manner. Non-uniform  clamping force can generally cause
variations in the load force and, as a result,  cause the top mounted
information storage disc to be physically distorted. 10 Distortion of the
top disc, even by as little as 100 micro inches, can lead to  operational
errors during recording and reproduction of data on the information
storage disc. In a second type of spindle motor assembly the spindle shaft
and spindle  hub portion both rotate about a bearing sleeve. Here, a single
screw can be used  15 to secure the disc clamp to the rotating spindle
shaft because the shaft rotates with the screw (as opposed to the
non-rotatable shaft where a plurality of screws must  be positioned. about
the shaft). However, in order to develop a clamping force  with a single
screw similar to the force developed by the plurality of screws
surrounding the non-rotatable shaft, it is necessary to apply a much higher
torque 20 to the single screw. This relative high torque can lead to a
number of problems  including over-stressing the spindle shaft bearing and
the generation of particles  during the torquing process. These high-torque
related problems can damage the  bearing and lead to failure of the spindle
motor. Currently, there is a need in the  relevant art to overcome the
shortcomings of the traditional single screw disc drive 25 spindle motor
assembly as well as the non-rotatable multiple screw spindle shaft  spindle
motor. Summary of the Invention Against this backdrop the present invention
has been developed. The  present invention is an apparatus and method for
uniformly loading information  30 storage discs onto a spindle motor. 2 0 2
SEP 2003 PCT/US00/10670 In accordance with a preferred method of the
present invention, an  



information storage disc is assembled on a hub of a disc drive spindle
motor and a  disc clamp is positioned on the hub so that an outer periphery
of the disc clamp  engages a top surface of the assembled information
storage disc. A predetermined 5 pre-load force is applied to the disc
clamp. A disc clamp nut is positioned on the  pre-loaded disc clamp to
secure the disc clamp to the hub and, once secured, the  pre-load force is
released from the disc clamp. The present invention can further be
implemented as a disc drive spindle  motor assembly including a spindle
having a shaft and a cylindrical hub extending  10 radially outward from
the shaft, the shaft including a threaded stud extending above a top
surface of the cylindrical hub. One or *more information storage discs  are
mounted on the cylindrical hub. A disc clamp having a central aperture, an
inner annular contact portion, a middle annular raised portion an d a
peripheral  edge is fitted over the threaded stud to allow the inner
annular contact portion to 15 engage the top surface of the hub while the
peripheral edge engages the top  surface of the information storage disc.
The middle annular raised portion extends  above the top surface of the hub
and is adapted to receive a pre-load force. A disc  clamp nut having a
contact surface for engaging the inner annular contact portion  of the disc
clamp is fastened to the threaded stud and secures the pre-loaded disc  20
clamp to the hub. These and various other features as well as advantages
which characterize  the present invention will be apparent from a reading
of the following detailed  description and a review of the associated
drawings. Brief Description of the Drawings 25 - FIG. 1 is a top plan view
of a disc drive with a top cover removed to  illustrate a single nut disc
clamping assembly in accordance with a preferred  embodiment of the
invention. FIG. 2 is a representative sectional view of a disc clamping
assembly of the  present invention showing a disc clamp nut and disc clamp
exploded above a 30 threaded stud of a spindle hub. 3 0 2 SEP 2003
PCT/US00/10670  



FIG. 3 is a representative sectional view similar to FIG. 2 illustrating
the disc clamp positioned on the disc drive spindle hub and a force applied
to a top  surface of the disc clamp. FIG. 4 is a representative sectional
view of the disc clamping assembly 5 similar to FIG. 3 showing the disc
clamp and disc clamp nut positioned on the disc  drive spindle hub. FIG. 5
is a flow chart showing the steps for assembling the single nut disc
clamping assembly in accordance with a preferred embodiment of the present
invention. 10 Detailed Description A disc drive 100 constructed in
accordance with a preferred embodiment of  the present invention is shown
in FIG. 1. The disc drive 100 includes a base plate  102 to which various
components of the disc drive 100 are mounted. A top cover  (not shown)
cooperates with the base 102 to form an internal, sealed environment 15 for
the disc drive in a conventional manner. The components include a disc
drive  motor spindle assembly 104 (FIG. 2) which includes a spindle motor
106 (FIG. 2)  that rotates one or more information storage discs 108 at a
constant high speed.  Information is written to and read from tracks 109 on
the discs 108 through the  use of an actuator assembly 110 which rotates
about a bearing shaft assembly 112 20 positioned adjacent the discs 108.
The actuator assembly 110 includes a plurality  of actuator arms 114 which
extend towards the discs 108, with one or more  flexures 116 extending from
each of the actuator arms 114. Mounted at the distal  end of each of the
flexures 116 is a head 118 that includes an air bearing slider  (not shown)
enabling the head 118 to fly in close proximity above the 25 corresponding
surface of the associated information storage disc 108. The radial position
of the heads 118 is controlled through the use of a voice  coil motor (VCM)
124, which typically includes a coil 126 attached to the actuator  assembly
110, as well as one or more permanent magnets 128 that establish a
magnetic field in which the coil 126 is immersed. The controlled
application of 30 current to the coil 126 causes magnetic interaction
between the permanent magnets  128 and the coil 126 so that the coil 126
moves in accordance with the well known  4 



0 2 S E P 2003 PCT/US00/10670 Lorentz relationship. As the coil 126 moves,
the actuator assembly 110 pivots  about the bearing shaft assembly 112 and
the heads 118 are caused to move across  the surfaces of the discs 108. A
representative sectional view of the disc drive spindle motor assembly  104
of the present invention is shown in FIG. 2. The disc drive spindle motor
assembly 104 generally includes a spindle motor 106, a rotatable spindle
130, a  bearing sleeve 132, one or more information storage discs 108, a
disc clamp 134 and a disc clamp nut 136. In more detail, the generally
rectangular shaped base plate 102 acts as a  10 platform for the disc drive
spindle motor assembly 104 by defining an indentation  138 that provides a
cylindrical wall 140 extending vertically upward from the base  plate 102.
The bearing sleeve 132 defines an exterior sleeve wall 144 and an interior
central cavity wall 146. The bearing sleeve 132 is positioned within the
confines  15 of the cylindrical wall 140 and is of a diameter such that the
exterior sleeve wall 144 is secured to an interior engagement surface 142
of the cylindrical wall 140.  The bearing sleeve's central cavity wall 146
is also cylindrical in shape and  defines a central cavity receiving a
rotating shaft 156 of the spindle 130 within the  central cavity of the
bearing sleeve 132. The bottom portion 148 of the bearing 20 sleeve 132
defines a downwardly extending peripheral ring 150 that forms part of  the
bottom surface of the base plate 102. Interior and adjacent to the
peripheral  ring 150 is an annular notch 152 for receiving a thrust plate
154 for supporting the  rotating shaft 156 of the spindle 130. The spindle
130 includes a threaded stud 158 at a top end of the shaft 156.  25 A hub
160 extends radially from the spindle shaft 156. The shaft 156 is
cylindrical and preferably includes a series of helical oil lubricating
grooves 162  coined thereon where the grooves are for lubricating the shaft
156 while the shaft  is being rotated within the bearing sleeve 132. The
shaft 156 is journaled to the  central cavity wall 144 of the bearing
sleeve 132 so that the shaft 156 of the 30 spindle 130 is anchored to the
base plate 102 but remains freely rotatable within  



the bearing sleeve 132. A lower end 164 of the shaft 156 is secured to the
thrust  plate 154 where the thrust plate 154 provides the spindle 130 with
surfaces for 5 PCT/US00/10670 absorbing the thrust loads generated by the
rotating of the disc drive spindle motor  assembly 104. The hub 160 of the
spindle 130 has a top surface 165 which further defines  a top interior
annular shoulder 166 and a downwardly projecting peripheral ring 5 168. The
end of the peripheral ring defines an annular flange 170 having a  loading
surface 172 for receiving a bottom information storage disc 174. An
annular disc spacer 176 is stacked on the bottom information storage disc
174. A  top information storage disc 177 is stacked on the disc spacer 176.
While two  discs 174 and 177 are shown in FIGS. 2-4, it is envisioned that
more than two 10 discs and one corresponding spacer 176 may be used with
the current invention.  Furthermore, the present invention encompasses the
use of a single information  storage disc secured between the bottom
annular flange 170 and the disc clamp  134. The top interior annular
shoulder 166 defines a flat engagement surface  15 178 (FIG. 2) adjacent to
the threaded stud 158 of the spindle shaft 156. Preferably, the flat
engagement surface 178 of the top interior annular shoulder  166 is formed
substantially parallel to the loading surface 172 of the annular  flange
170. An indentation 182 is formed adjacent to the top interior annular
shoulder 166, surrounding the vertically extending threaded stud 158, for
20 receiving the disc clamp nut 136 as described below. The threaded stud
158 defines external threads that are both perpendicular  to a spindle
assembly axis of rotation 183 and concentric with the peripheral ring  168
of the hub 160. The threaded stud 158 need only be of such length and size
to effectively mate with the disc clamp nut 136 as is described in greater
detail 25 below. The spindle 130 is rotated about the spindle axis of
rotation 183 by a  spindle motor 106 having a stator core 184 around which
a coil 186 is wound.  Cooperating with the stator core 184 to rotate the
spindle 130 is a cylindrical  



magnet 188 mounted to an interior surface 190 of the downwardly projecting
30 peripheral ring 168 of the spindle hub 160. When current is supplied to
the coil  186, a magnetic field is established around the relevant pole of
the stator core 184 6 02 S E P 2003  PCT/US00/10670 causing torque, and
thus rotation, between the stationary cylindrical wall 140 of  the base
plate 102 and the spindle 130 of the present invention. The disc clamp 134,
best shown in FIG. 2, includes a centrally located  aperture 192, an inner
annular spindle contact portion 194, a middle annular raised  portion 196
and an outer periphery 197 that further defines a downward projecting
peripheral edge 198. FIG. 3 illustrates that the aperture 192 of the disc
clamp 134  is mounted over the threaded stud 158 of the spindle 130. The
inner annular spindle contact portion 194 defines a bottom surface 200 that
is flat and preferably  positioned in a plane substantially parallel to the
loading surface 172 of the 10 annular flange 170 and the hub flat
engagement surface,178. The disc clamp nut 136, having a central threaded
aperture 204, defines a  shoulder 206 having a flat engagement surface 208
for interacting with a flat top  surface 210 of the inner annular spindle
contact portion 194 of the disc clamp 134.  The flat engagement surface 208
is generally parallel to the loading surface 172 of 15 the annular flange
170 and the hub flat engagement surface 178. The disc clamp  nut shoulder
206 preferably includes an inside and outside diameter 207 and 209  that
are equal to the respective inner and outer diameter 211 and 213 (FIG. 2)
of  the annular flat engagement surface 178 of the spindle hub 160. As has
been noted above, it is important that the flat engagement surface  20 208
of the disc clamp nut 136, the inner annular spindle contact portion 194 of
the  disc clamp 134 and the flat engagement surface 178 of the top interior
annular  shoulder 166 all be substantially parallel to the loading surface
172 of the annular  flange 170, and hence be parallel to each other. The
"parallelism" between these  surfaces is important for uniformly
pre-loading the disc clamp 134 to clamp the 25 information storage discs as
discussed in greater detail below. In use, the disc clamp 134 is positioned
over the threaded stud 158 of the  



spindle 130 as shown in FIG. 3. The disc clamp's inner annular spindle
contact  portion 194 engages the flat engagement surface 178 on the inner
annular shoulder  166 of the hub 160 while the middle annular raised
portion 196 of the disc clamp 30 134 projects radially across the spindle
hub 160 without contact and the  downwardly projecting peripheral edge 198
contacts the top surface 180 of the  information storage disc 177 at a
position adjacent the spindle hub 160 and 0 2 SEP 2003 WO 00/63901
PCT/US00/10670  directly above and in line with the spacer 176 and radial
flange 170 of the hub.  Once the disc clamp 134 is in position over the
threaded stud 158, a  predetermined downward pre-load force, shown in FIG.
3 as arrow 202, is applied  to the middle annular raised portion 196 of the
disc clamp. The pre-load force 5 axially compresses the disc clamp 134 down
on the spindle mounted information  storage disc 177. The pre-load force
202 is preferably supplied by air pressure,  but may be supplied by other
compression means. It is envisioned that the pre- load force be applied in
a symmetrically annular fashion around the spindle motor  axis of rotation
183 and be directly aligned with the axis of rotation. It is also 10
envisioned that each spindle motor receive the same predetermined amount of
pre- load force 202 thus ensuring little clamping force variation between
spindle. motor  units. While the disc clamp is in the compressed position,
the disc clamp nut 136  is mated to the threaded stud 158 of the spindle to
secure the pre-loaded disc clamp to the mounted information storage disc
177. It is envisioned that the pre- 15 load force applied to the disc clamp
be such that only 15-35 inch-ounces of torque  be required to secure the
disc clamp nut 136 onto the threaded stud 158 of the  spindle 130. FIG. 4
shows a deflected disc clamp 134 compressed between the  substantially
parallel surfaces of the disc clamp nut shoulder surface 208, the flat  20
engagement surface 178 of the hub 160, the top surface 180 of the top
information storage disc 177 and the loading surface 172 of the annular
flange 170. The  substantially parallel orientation of the surfaces 178,
194 and 208 with surface 172  ensures that the disc clamp's distributed
load is uniform and normal to the top  



surface of the information storage disc 177. An equal and opposite reaction
force, 25 between bottom surface 214 of the bottom information storage disc
174 and the  loading surface 172 of the spindle hub annular flange 170,
results from the normal  force. The two forces (normal and reaction) create
a friction force in the plane of  all mating surfaces which prevents the
components of the spindle assembly 106  from shifting relative to each
other when the disc drive 100 is in use or is 30 subjected to high levels
of shock and vibration. An additional feature of the present invention is
that in selecting the  diameter of the disc clamp nut shoulder surface 208
and the flat engagement PCT/US00/10670 surface 178 of the spindle hub
interior annular shoulder 166 to be equal to each  other, the normal force
exerted on the top information storage disc remains  perpendicular, and not
offset, to the spindle axis of rotation 183. Finally, as illustrated in
FIG. 4, it is preferable that when the disc clamp  is deflected by pre-load
force 202, that the inner annular spindle contact portion  194 of the disc
clamp, the downward projecting peripheral edge 198 of the disc clamp, the
flat engagement surface 178 of the hub 160 and the top surface 180 of  the
information storage disc 177 be approximately co-planar and substantially
parallel with each other. The substantially parallel and approximately
co-planar 10 alignment of the surfaces helps ensure that the disc clamp's
distributed load  remains uniform and normal to the top information storage
disc as the pre-load  force is applied to the disc clamp. FIG. 5 is a flow
diagram showing the steps for securing a disc clamp 134  on a disc drive
spindle assembly utilizing the preferred embodiment of the present  15
invention. In operation 298, the information storage disc is assembled on
the hub of the disc drive spindle motor. In operation 300, the disc clamp
is positioned  over an information storage disc on the spindle motor. In
operation 302, a  uniform pre-load force is applied normal to the
information storage disc so as to  deflect the disc clamp to a
predetermined compressed position. In operation 304, 20 while the pre-load
force compresses the mounted information storage disc and disc  spacer, a
disc clamp nut is threaded on the spindle hub to secure the disc clamp to
the spindle assembly. Finally, in operation 306, the pre-load force is
released  



from the disc clamp. Therefore, the method entails an evenly distributed
predetermined pre-load  25 force being applied to a disc clamp on a spindle
motor. The spindle motor has a  series of parallel surfaces that interact
together under the pre-load force to ensure  a uniform loading and
consequent reaction force to secure the information storage  disc on the
spindle motor. The predetermined pre-load force ensures that the  force and
reaction force are aligned with the spindle axis of rotation and thus that
30 the disc clamp is uniformly loaded onto the information storage disc. In
summary, the preferred embodiment of the invention described herein is
directed to a method of securing an information storage disc (such as 108)
within a 9 02 SEP 2003 03 PCT/US00/10670 disc drive (such as 100). The
method includes assembling (such as in step 298) an  information storage
disc (such as 108) on a hub (such, as 160) of a disc drive  spindle motor
and then positioning (such as in step 300) the disc clamp (such as  134) on
the hub (such as 160) to engage the outer periphery (such as 197) of the
disc clamp with the top surface (such as 180) of the information storage
disc (such  as 108). Next, a predetermined pre-load force (such as 202) is
applied (such as in  step 302) against the disc clamp. A disc clamp nut
(such as 136) is positioned so  as to secure the pre-loaded disc clamp to
the hub of the disc drive spindle motor  (such as in step 304). Once the
disc clamp nut is positioned the pre-load force is 10 released from the
disc clamp (such as in step 306). In another preferred embodiment of the
present invention, the method  includes loading an annular disc spacer
(such as 176) and second information  storage disc (such as 174) on the hub
(such as 160) of the disc drive spindle motor  (such as 106). Further, the
predetermined pre-load force (such as 202) can be 15 applied symmetrically
around the spindle motor's axis of rotation (such as 183)  and can be
perpendicular to the top surface (such as 180) of the information  storage
disc (such as 177). In another preferred embodiment of the present
invention, the disc clamp  



defines an inner annular spindle contact portion (such as 194), a middle
annular  20 raised portion (such as 196) and a peripheral edge (such as
198) where the step of applying a pre-load force (such as step 302) occurs
only against the middle annular  raised portion (such as 196) of the disc
clamp (such as 134). In another preferred embodiment of the present
invention, the hub (such as  160) defines a peripheral ring (such as 168)
having an annular flange (such as 25 170), the annular flange (such as 170)
defining an information storage disc loading  surface (such as 172). The
hub further defines a top surface (such as 165) having  an annular shoulder
(such as 166), the annular shoulder defines a flat engagement  surface
(such as 178) that is substantially parallel to the loading surface (such
as  172) of the annular flange (such as 170), and the step of positioning
the disc clamp 30 on the hub (such as in step 300) includes positioning the
inner annular spindle  contact (such as 194) of the disc clamp on the flat
engagement surface (such as  178) of the annular shoulder of the hub. 10
0.2 SEP 2003 PCT/USOO/10670 In another preferred embodiment of the present
invention, the inner annular  spindle contact portion (such as 194) of the
disc clamp (such as 134) is positioned  between the flat engagement surface
(such as 178) of the annular shoulder (such as  166) and the disc clamp nut
(such as 136). 5 In another preferred embodiment of the present invention,
a disc clamp nut  (such as 136) defines a shoulder (such as 206) having a
flat engagement surface  (such as 208), and the step of positioning the
disc clamp nut on the hub (such as in  step 304) includes the step of
placing the flat engagement surface (such as 208) of  the disc clamp nut in
substantially parallel alignment with the flat engagement 10 surface (such
as 178) of the annular shoulder (such as 166) of the hub (such as  step
304). In another preferred embodiment of the present invention, the
positioning  of the disc clamp nut (such as 136) on the hub step includes
placing the disc clamp  inner spindle contact portion (such as 194) and
peripheral edge (such as 198) 15 approximately co-planar to the annular
shoulder (such as 166) of the hub (such as  



160) and top surface (such as 180) of the information storage disc (such as
177).  In another preferred embodiment of the present invention, the inner
and outer diameters (such as 207 and 209) of the flat engagement surface
(such as 208)  of the disc clamp nut (such as 136) are substantially equal
to the inner and outer  20 diameters (such as 211 and 213) of the flat
engagement surface (such as 178) of  the annular shoulder (such as 166) of
the hub (such as 160). In another preferred embodiment of the present
invention, the positioning  of the disc clamp nut on the hub (such as in
step 300) further includes the step of  aligning the respective inner and
outer diameters of the flat engagement surface of 25 the shoulder portion
of the disc clamp nut and the flat engagement surface of the  annular
shoulder of the hub. A further exemplary preferred embodiment of the
present invention  includes having a disc drive spindle motor assembly
(such as 104) having a spindle  shaft (such as 156) and a cylindrical hub
(such as 160) extending radially outward 30 from the shaft. The spindle
shaft (such as 156) further includes a threaded stud  (such as 158)
extending above a top surface (such as 165) of the cylindrical hub  (such
as 160). An information storage disc (such as 108) is mounted on the 11 0 2
SEP 2003 PCT/US00/10670 cylindrical hub (such as 160). A disc clamp (such
as 134) having a central  aperture (such as 204), an inner annular contact
portion (such as 194), a middle  annular raised portion (such as 196) and a
peripheral edge (such as 198) is fitted  over the threaded stud (such as
158) to allow the inner annular contact portion 5 (such as 194) to engage
the top surface (such as 165) of the hub (such as 160)  while the
peripheral edge (such as 198) engages the top surface (such as 180) of  the
information storage disc (such as 177). The disc clamp middle annular
raised  portion (such as 196) extends above the top surface (such as 165)
of the hub (such  as 160) and is adapted to receive a pre-load force (such
as 202). Finally, a disc 10 clamp nut (such as 136) is secured to the
threaded stud (such as 158), where the  nut includes a contact surface
(such as 208) for engaging the inner annular contact  portion (such as 194)
of the disc clamp (such as 134) to secure the pre-loaded disc  



clamp to the hub. In another preferred embodiment of the present invention,
the hub top  15 surface (such as 165) further defines an annular shoulder
(such as 166) having a  flat engagement surface (such as 178) substantially
parallel to the loading surface  (such as 172) of the annular flange (such
as 170). The annular shoulder flat  engagement surface (such as 178)
receives the disc clamp (such as 134). In another preferred embodiment of
the present invention, the disc clamp  20 nut (such as 136) defines a
shoulder (such as 206) having a flat bottom surface  (such as 208)
substantially parallel to the loading surface (such as 172) of the  annular
flange (such as 170). The disc clamp (such as 134) is secured between the
flat bottom surface (such as 208) of the disc clamp nut shoulder (such as
206) and  the flat engagement surface (such as 178) of the annular shoulder
(such as 166) of  25 the hub (such as 160). - In another preferred
embodiment of the present invention, the flat  engagement surface (such as
208) of the disc clamp nut (such as 136) has an inner  and outer diameter
(such as 207 and 209) that is substantially equal to an inner and  outer
diameter (such as 211 and 213) of the flat engagement surface (such as 178)
30 of the hub annular shoulder (such as 166). In another preferred
embodiment of the present invention, the disc clamp  inner annular shoulder
(such as 194) and peripheral edge (such as 198) are 12 0 2 SEP 2003
PCT/US00/10670 approximately co-planar to the hub's annular shoulder (such
as 166) and the top  surface (such as 180) of the information storage disc
(such as 177). It will be clear that the present invention is well adapted
to attain the ends  and advantages mentioned as well as those inherent
therein. While a presently 5 preferred embodiment has been described for
purposes of this disclosure,  numerous changes may be made which will
readily suggest themselves to those  skilled in the art For example, rather
than the hub portion of the spindle motor  having a threaded stud for
interaction with a disc clamp nut, the hub portion could  define a threaded
aperture for interaction with a threaded disc clamp retaining 



10 screw having a mating tapered shoulder. Accordingly, all such
modifications,  changes and alternatives are encompassed in the spirit of
the invention disclosed  and as defined in the appended claims. 13 0 2 SEP
2003 What is claimed is: A method of securing an information storage disc
within a disc drive, the method  comprising steps of. (a) assembling the
information storage disc on a hub of a disc drive  spindle motor; (b)
positioning a disc clamp having an inner annular spindle contact  portion,
a middle annular raised portion, and a peripheral edge on the hub  to
engage the peripheral edge of the disc clamp with a top surface of the
information storage disc; (c) applying a predetermined pre-load force only
against the middle  annular raised portion of the disc clamp; (d)
positioning a disc clamp nut to secure the disc clamp to the hub of  the
disc drive spindle motor, and (e) releasing the pre-load force from the
disc clamp. 2. The method according to claim 1, wherein the hub defines a
peripheral ring having  an annular flange, the annular flange defining a
loading surface, and the hub further  defines a top surface having an
annular shoulder, the annular shoulder defining a flat  engagement surface
substantially parallel to the loading surface of the annular flange,  and
wherein the positioning step (b) further comprises positioning the inner
annular  spindle contact portion to engage the flat engagement surface of
the annular shoulder of  the hub. 3. The method according to claim 2,
wherein the positioning step (d) further  comprises positioning the inner
annular spindle contact portion of the disc clamp between  the flat
engagement surface of the annular shoulder and the disc clamp nut. 14 0 2
SEP 2003 4. The method according to claim 3, wherein the disc clamp nut
defines a shoulder  



having a flat engagement surface and wherein the positioning step (d)
further comprises  placing the flat engagement surface of the disc clamp
nut in substantially parallel  alignment with the flat engagement surface
of the annular shoulder of the hub. 5. The method according to claim 4,
wherein the positioning step (b) further  comprises placing the disc clamp
inner annular spindle contact portion and  peripheral edge approximately
co-planer to the flat engagement surface of the  annular shoulder of the
hub and the top surface of the information storage disc. 6. The method
according to claim 4, wherein the flat engagement surface of the disc
clamp nut has an inner and outer diameter that is substantially equal to an
inner an outer  diameter of the flat engagement surface of the annular
shoulder of the hub, and wherein  the positioning step (d) further
comprises aligning the respective inner and outer  diameters of the flat
engagement surface of the shoulder portion of the disc clamp nut and  the
flat engagement surface of the annular shoulder of the hub. 7. The method
according to claim 4, wherein the positioning step (d) further  comprises
avoiding contact between the hub and the middle annular raised portion of
the  disc clamp. 8. A disc drive spindle motor assembly comprising: a
spindle having a shaft and a cylindrical hub extending radially outward
from the shaft,  the shaft including a threaded stud extending above a top
surf ace of the  cylindrical hub; an information storage disc mounted on
the cylindrical hub, the information storage disc  having a top surface; a
disc clamp having a central aperture, an inner annular contact portion, a
middle annular  raised portion, and a peripheral edge, the central aperture
of the disc clamp  fitted over the threaded stud to allow the inner annular
contact portion to  engage the top surface of the hub while the peripheral
edge engages the 15 0 2 SEP 2003 top surface of the information storage
disc, and the middle annular raised  portion extending above the top
surface of the hub and adapted to receive  a pre-load force; and a disc
clamp nut secured to the threaded stud, the nut including a contact surface
for  



engaging the inner annular contact portion of the disc clamp. 9. The
spindle motor assembly of claim 8, wherein the hub defines a peripheral
ring  having an annular flange, the annular flange defining a loading
surface for receiving the  information storage disc and the top surface of
the hub having an annular shoulder that  defines a flat engagement surface
for receiving the disc clamp; and the flat engagement surface of the
annular shoulder is substantially parallel to the  loading surface of the
annular flange. 10. The spindle motor assembly of claim 9, wherein the disc
clamp nut defines a  shoulder having a flat bottom surface substantially
parallel to the loading surface of the  annular flange; and the disc clamp
is secured between the flat bottom surface of the disc clamp nut and  the
flat engagement surface of the annular shoulder of the hub. 11. The spindle
motor assembly of claim 10, wherein the flat bottom surface of the disc
clamp nut has an inner and outer diameter that is substantially equal to an
inner and outer  diameter of the flat engagement surface of the annular
shoulder of the hub. 12. The spindle motor assembly of claim 11, wherein
the disc clamp inner annular  spindle contact portion and peripheral edge
are approximately co-planar to the hub  annular shoulder and the top
surface of the information storage disc. 13. The spindle motor assembly of
claim 12, wherein the disc clamp inner annular  spindle contact portion and
peripheral edge are substantially parallel to the hub annular  shoulder and
the top surface of the information storage disc. 16 




