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(57) Abstract: A spindle motor (20) comprises a baseplate (22), a shaft (26) supported by said baseplate (22), a stator assembly
(21) having windings (31), the stator (21) being rigidly attached to said baseplate (22), injection molded thermoplastic material (36)
encapsulating said windings (31), and a hub (28) supported on said shaft (26}, said hub (28) having a magnet (23) connected thereto
in operable proximity to the stator assembly (21). In one embodiment, a stator (71) is cordless. In order embodiments, the stator
(21) has a core (24) and the core is substantially encapsulated by the thermoplastic material (36). In preferred embodiments, the
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SPINDLE MOTOR WITH ENCAPSULATED
STATOR AND METHOD OF MAKING SAME

REFERENCE TO EARLIER FILED APPLICATION.

The present application claims the benefit of the filing date under 35
U.S.C. §119(e) of provisional U.S. Patent Application Serial No. 60/172,287,
filed December 17, 1999, and of provisional U.S. Patent Application Serial No.
60/171,817, filed December 21, 1999, both of which are hereby incorporated

by reference.

FIELD OF THE INVENTION
The present invention relates to spindie motors. More particularly the
invention relates to spindle motors with an encapsulated stator and methods

of making the same, and hard drives utilizing the same.

BACKGROUND OF THE INVENTION

Computers commonly use disc drives for memory storage purposes.
Disc drives include a stack of one or more magnetic discs that rotate and are
accessed using a head or read-write transducer. Typically, a high-speed
motor such as a spindle motor is used to rotate the discs.

An example of a conventional spindle motor 1 is shown in FIG. 1. The
motor 1 includes a baseplate 2 which is usually made from machined
aluminum, a stator core 4, a shaft 6, bearings 7 and a disc support member 8,
also referred to as a hub. A magnet 3 is attached to the disc support
member or hub 8. The hub 8 may be made of steel so that it acts as a flux
return ring. The stator core 4 is secured to the baseplate 2 using a support
member 5. One end of the shaft 6 is inserted into the baseplate 2 and the
other end of the shaft 6 supports bearings 7, which are also attached to the
hub 8. A flexible electrical cable 9 may be supported on the baseplate 2.
Wires 12 from the cable exit through holes 15 in the baseplate. The flexible
cable 9 is also used to seal the baseplate so that particulate material is not
expelled from the motor 1. The wires 12 carry electric current to the wire

windings 11 wrapped around poles formed on the core 4. Mounting holes 14
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on the baseplate are used to secure the motor to the baseplate of a housing
for a hard disk drive or other electrical device. The hub 8 includes holes 13
that are used to attach the media discs (not shown) to the hub 8.

Each of these parts must be ﬁxéd at predefined tolerances with respect
to one another. Accuracy in these tolerances can significantly enhance motor
performance.

In operation, the disc stack is placed upon the hub. The stator
windings 11 are selectively energized and interact with the permanent
magnet 3 to cause a defined rotation of the hub. As hub 8 rotates, the head
engages in reading or writing activities baseplated upon instructions from the
CPU in the computer.

Manufacturers of disc drives are constantly seeking to improve the
speed with which data can be accessed. To an extent, this speed depends
upon the speed of the spindle motor, as existing magneto-resistive head
technology is capable of accessing data at a rate greater than the speed
offered by the highest speed spindle motor currently in production. The speed
of the spindle motor is dependent upon the dimensional consistency or
tolerances between the various components of the motor and the rigidity of
the parts. Greater dimensional consistency between components and rigidity
of the components leads to a smaller gap between the stator 4 and the
magnet 3, producing more force, which provides more torque and enables
faster acceleration and higher rotational speeds. In the design shown, the
gap between the stator 4 and magnet 3 is located near the outside diameter
of the hub 8. Thus the magnet 3 is attached to the most flexible part of the
hub, making the spindle vulnerabie to vibration caused by misalignment of the
motor. One drawback of conventional spindle motors is that a number of
separate parts are required to fix motor components to one another. This can
lead to stack up tolerances which reduce the overall dimensional consistency
between the components. Stack up tolerances refers to the sum of the
variation of all the tolerances of all the parts, as well as the overall tolerance

that relates to the alignment of the parts relative to one another.
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Another drawback to the conventional design is the cost of the
machined baseplate 2. Unfortunately, die-casting or forging does not produce
baseplates with sufficient precision. Therefore quality baseplates are made
by machining the necessary surfaces and tolerances. The flexible cable 9
also adds to the cost. Steel hubs 8 are expensive and difficult to machine.
Aluminum hubs 8 are less expensive, but still must be extensively machined
in the bearing area. The stator 4 is a major source of acoustic noise. Also,
the stator assembly is difficult to clean, so that particulates are not emitted
from the motor.

In an effort to enable increased motor speed, some hard disc
manufacturers have turned to the use of hydrodynamic bearings. These
hydrodynamic bearings, however, have different aspect ratios from
conventional bearings. An exampie of a different aspect ratio may be found in
a cylindrical hydrodynamic bearing in which the length of the bearing is
greater than it's diameter. This results in more susceptibility to problems
induced by differing coefficients of thermal expansion than other metals used
in existing spindle motors, making it difficult to maintain dimensional
consistency over the operating temperature that the drive sees between the
hydrodynamic bearings and other metal parts of the motor. Hydrodynamic
bearings have less stiffness than conventional ball bearings so they are more
susceptible to imprecise rotation when exposed to vibrations or shock.

An important characteristic of a hard drive is the amount of information
that can be stored on a disc. One method to store more information on a disc
is to place data tracks more closely together. Presently this spacing between
portions of information is limited due to vibrations occurring during the
operation of the motor. These vibrations can be caused when the stator
windings are energized, which results in vibrations of a particular frequency.
These vibrations also occur from harmonic oscillations in the hub and discs
during rotation, caused primarily by non-uniform size media discs.

An important factor in motor design is the lowering of the operating
temperature of the motor. Increased motor temperature affects the electrical

efficiency of the motor and bearing life. As temperature increases, resistive
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