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(57) Abstract

A system for positioning a transducing head of a disc drive over a selected track (42) of a rotatable disc (40) includes an actuator
assembly (20, 50) having an E-block body (25) including a cavity (37), at least one actuator arm (30) extending from the E-block body
(25), a head suspension mechanism (34, 36, 38) including the transducing head connected to an end of the actuator arm (30), and a pivot
cartridge (26) in the cavity (37) in the E-block body (25). The E-block body (25) is attached to the pivot cartridge (26) and forms a hinge
point (39) between the E-block body (25) and the pivot cartridge (26). A low resolution motor (22) rotates the actuator assembly (20, 50)
about an axis (24) to effect coarse positioning of the head with respect to the selected track (42) of the rotatable disc (40). A piezoelectric
element (27, 52) in the E-block body (25) is selectively expanded and contracted to distort the E-block body (25) around the hinge point
(39) to effect fine positioning of the head with respect to the selected track (42) of the rotatable disc (40).
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E-BLOCK HEAD STACK MICROACTUATOR ASSEMBLY
BACKGROUND OF THE INVENTION

The present invention relates to a dual-stage actuation system for a disc
drive, and more particularly to a microactuator for effecting fine positioning of
an entire E-block.

Radial track density in disc drives continues to increase, resulting in an
increased need for extremely precise head positioning systems. Voice coil motor
(VCM) actuators are well-suited to effect coarse positioning, but lack the
resolution to finely position and center a transducing head over a selected track.
This inadequacy has led to a variety of proposals for a second stage
microactuator to effect fine positioning in high track density disc drives.

The microactuator proposals have taken several forms, from an
electrostatic microactuator attached to the slider carrying the transducing head,
to a piezoelectric microactuator installed at the head suspension mounting block
at a distal end of the actuator arm. These proposals all associate the
microactuator with components of each individual actuator arm, which imposes
an artificial minimum thickness constraint on the actuator arms. In other words,
the actuator arms must be thick enough to accommodate the microactuator. This
constraint contradicts the general design objective of minimizing the mass of the
actuator arms in the disc drive system. In addition, the proposed designs locate
the microactuator a substantial distance from the E-block pivot, introducing head
skew and failing to maximize the displacement of the head for a corresponding
movement of the microactuator.

Therefore, there is a need in the art for a dual-stage actuation system
including a microactuator that does not limit the minimum thickness of the
actuator arms, minimizes head skew in fine positioning operations, and
maximizes head displacement for a corresponding microactuator movement.

SUMMARY OF THE INVENTION

The present invention is a system for positioning a transducing head of
a disc drive over a selected track of a rotatable disc having a plurality of

concentric tracks. An actuator assembly includes an E-block body having a
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cavity. The E-block body is movable about an axis. At least one actuator arm
extends from the E-block body. A head suspension mechanism including the
transducing head is connected to an end of the actuator arm. A pivot cartridge
is provided in the cavity in the E-block body. The E-block body is attached to
the pivot cartridge and forms a hinge point between the E-block body and the
pivot cartridge. A low resolution motor rotates the actuator assembly about the
axis to effect coarse positioning of the head with respect to the selected track of
the rotatable disc. A piezoelectric element is provided in the E-block body, and
is selectively expanded and contracted based on a voltage across the piezoelectric
element to distort the E-block body around the hinge point to effect fine
positioning of the head with respect to the selected track of the rotatable disc.
In one embodiment, a relief is formed in the E-block body adjacent to the hinge
point to facilitate distortion of the E-block body in response to expansion and
contraction of the piezoelectric element.

Another aspect of the invention is a method of positioning a transducing
head of a disc drive over a selected track of a rotatable disc having a plurality
of concentric tracks. An actuator assembly is provided, having an E-block body
including a cavity, at least one actuator arm extending from the E-block body,
a head suspension mechanism including the transducing head connected to an end
of the actuator arm, and a pivot cartridge in the cavity in the E-block body. The
E-block body is attached to the pivot cartridge and forms a hinge point between
the E-block body and the pivot cartridge. A low resolution motor is operated to
rotate the actuator assembly about the axis to effect coarse positioning of the
head with respect to the selected track of the rotatable disc. A voltage is applied
to selectively expand and contract a piezoelectric element in the E-block body,
thereby distorting the E-block body around the hinge point to effect fine
positioning of the head with respect to the selected track of the rotatable disc.
In one form of this aspect, a relief is formed in the E-block body adjacent to the
hinge point to facilitate distortion of the E-block body in response to expansion
and contraction of the piezoelectric element.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 is a perspective view of a stacked piezoelectric element.

FIG. 2 is a plan view of a disc drive actuation assembly utilizing an E-
block piezoelectric microactuator according to the present invention.

FIG. 3 is an enlarged plan view of the E-block piezoelectric microactuator
shown in FIG. 2.

FIG. 4 is a plan view of a disc drive actuation assembly utilizing an E-
block piezoelectric microactuator according to a further embodiment of the
present invention.

FIG. 5 is an enlarged plan view of the E-block piezoelectric microactuator
shown in FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a simplified perspective view of a stacked piezoelectric element
10. Element 10 is shown with three axes, labeled d31, d32 and d33. A potential
difference between spatially separated points along the d33 axis causes expansion
or contraction of element 10 in the d31, d32 and/or d33 directions, depending on
the polarization of the piezoelectric crystal layers making up element 10. Thus,
piezoelectric element 10 can be used to supply an expanding or contracting force
in the d31, d32 and/or d33 directions based on an applied voltage.

FIG. 2 is a plan view of a disc drive actuation assembly 20 according to
the present invention. Disc drive actuation assembly 20 includes voice coil
motor (VCM) 22, E-block body 25, actuator arms 30 extending from E-block
body 25, load beam 34 connected to actuator arm 30 at head mounting block 32,
and gimbal 36 connected at a distal end of load beam 34 to support slider 38,
which in turn carries a transducing head. Pivot cartridge 26 is provided in cavity
37 in E-block body 25, and is rigidly fastened to E-block body 25 at one end,
such as by one or more screws 28. Piezoelectric element 27 is provided in E-
block body 25 and includes terminals 29 and 31. E-block body 25 is supported
at three points to pivot cartridge 26: at fastener 28 along the longitudinal axis
of E-block body 25, at a point 45 adjacent to proximal end 43 of piezoelectric
elebment 27, and at hinge point 39.
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VCM 22 is operated in a manner known in the art to rotate E-block body
25 and pivot cartridge 26 around axis 24 and thereby coarsely position slider 38
over selected tracks 42 of disc 40 rotating around axis 41. For more precise
movements, piezoelectric element 27 is selectively expanded or contracted along
its d32 axis by applying a voltage to terminals 29 and 31, distorting E-block
body 25 to alter the position of slider 38 with respect to tracks 42 of disc 40.
Relief 33 is preferably formed in E-block body 25 adjacent to hinge point 39,
to facilitate distortion of E-block body 25 in response to expansion or contraction
of piezoelectric element 27. Alternatively, a portion of E-block body 25 near
hinge point 39 may be composed of compliant material to achieve this result.

FIG. 3 is an enlarged plan view of the microactuation system of disc
drive actuation assembly 20 shown in FIG. 2. Piezoelectric element 27 may be
selectively controlled, by applying a voltage at terminals 29 and 31 to expand in
the direction of arrow 44 (along the d32 axis of piezoelectric element 27), an
exaggerated outer profile of the expanded element being shown in dashed lines
as 27'. Expansion occurs only in the direction of arrow 44 because the E-block
body material adjacent to the proximal end 43 of piezoelectric element 27 18
rigidly fastened to pivot cartridge 26 at point 45. The expansion of piezoelectric
element 27 distorts E-block body 25 to the position shown in dashed lines as 25,
Essentially, gap 46 between E-block body 25 and pivot cartridge 26 is widened,
as E-block body 25 distortionally rotates due to the expansion of piezoelectric
element 27. The elastic distortion of E-block body 25 is focused at its weakest
point, which is the narrow portion of E-block material between hinge point 39
and relief 33, straining that material within elastic limits to distortionally rotate
E-block body 25. Actuator arm 30 is therefore displaced to the position shown
in dashed lines as 30’. In a similar manner, contraction of piezoelectric element
27 would operate to narrow gap 46 between E-block body 25 and pivot cartridge
26, thereby displacing actuator arm 30 downward in the configuration shown in
FI1G. 3.

FIG. 4 is a plan view of a disc drive actuation assembly 50 according to

a further embodiment of the present invention. Disc drive actuation assembly
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50 includes VCM 22, E-block body 25, actuator arm 30 extending from E-block
body 25, load beam 34 connected to actuator arm 30 at head mounting block 32,
and gimbal 36 connected at a distal end of load beam 34 to support slider 38,
which in turn carries a transducing head. Pivot cartridge 26 1s provided in cavity
37 in E-block body 25, and is rigidly fastened to E-block body 25 at one end,
such as by one or more screws 28. Piezoelectric element 52 is oriented 90° to
the orientation of piezoelectric element 27 shown in FIGS. 2 and 3, and is
provided in E-block body 25 and includes terminals 54 and 56. E-block body
25 is supported at three points to pivot cartridge 26: at fastener 28 along the
longitudinal axis of E-block body 25, at a point 45 adjacent to proximal end 43
of piezoelectric element 52, and at hinge point 39.

VCM 22 is operated in a manner known in the art to rotate E-block body
25 and pivot cartridge 26 around axis 24 and thereby coarsely position slider 38
over selected tracks 42 of disc 40 rotating around axis 41. For more precise
movements, piezoelectric element 52 is selectively expanded or contracted along
its d33 axis by applying a voltage to terminals 54 and 56, distorting E-block
body 25 to alter the position of slider 38 with respect to tracks 42 of disc 40.
Relief 33 is preferably formed in E-block body 25 adjacent to hinge point 39,
to facilitate distortion of E-block body 25 in response to expansion or contraction
of piezoelectric element 52. Alternatively, a portion of E-block body 25 near
hinge point 39 may be composed of compliant material to achieve this result.

FIG. 5 is an enlarged plan view of the microactuation system of disc
drive assembly 50 shown in FIG. 4. Piezoelectric element 52 may be selectively
controlled, by applying a voltage at terminals 54 and 56, to expand in the
direction of arrow 58 (along the d33 axis of piezoelectric element 52), the
exaggerated outer profile of the expanded element being shown in dashed lines
as 52'. The expansion of piezoelectric element 52 distorts E-block body 25 to
the position shown in dashed lines as 25'. Expansion occurs only in the direction
of arrow 58 because the E-block body material adjacent to the proximal end 43
of piezoelectric element 52 is rigidly fastened to pivot cartridge 26 at point 45.

Essentially, gap 46 between E-block body 25 and pivot cartridge 26 is widened,

PCT/US97/07352
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as E-block body 25 distortionally rotates due to the expansion of piezoelectric
element 52. The elastic distortion of E-block body 25 is focused at its weakest
point, which is the narrow portion of E-block material between hinge point 39
and relief 33, straining that material within elastic limits to distortionally rotate
E-block body 25. Actuator arm 30 is therefore displaced to the position shown
in dashed lines as 30’. In a similar manner, contraction of piezoelectric element
52 would operate to narrow gap 46 between E-block body 25 and pivot cartridge
26, thereby displacing actuator arm 30 downward in the configuration shown in
FIG. 5.

Providing the piezoelectric microactuator directly adjacent to pivot
cartridge 26 produces a large displacement of slider 38 in response to an
expansion or contraction of the piezoelectric microactuator, due to the length of
actuator arm 30 between the microactuator and slider 38. In an exemplary
embodiment, the slider movement to piezoelectric expansion ratio is
approximately 8:1. Also, head skew due to movement effected by the
microactuator is minimized, since the microactuator is located directly adjacent
to axis 24, about which conventional rotational actuation effected by VCM 22
occurs.

The piezoelectric microactuator spans the vertical height of E-block body
25, but does not have any effect on the thicknesses of individual actuator arms
30 extending from E-block body 25. Therefore, the actuator arms 30 may be
designed with minimal thicknesses and masses, improving the overall
performance of the disc drive system.

The piezoelectric microactuator may be configured to expand and contract
in response to applied voltages in the d31, d32 or d33 directions. The preferred
configuration (yielding the greatest microactuator movement for an applied
voltage) depends on the selected dimensions of the piezoelectric microactuator
for a particular disc drive, but any of the configurations are acceptable.

Although the present invention has been described with reference to

preferred embodiments, workers skilled in the art will recognize that changes
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may be made in form and detail without departing from the spirit and scope of

the invention.
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WHAT IS CLAIMED IS:

1. A system for positioning a transducing head of a disc drive over a
selected track of a rotatable disc having a plurality of concentric tracks, the
system comprising:
5 an actuator assembly having:
an E-block body including a cavity, the E-block body being
movable about an axis:
at least one actuator arm extending from the E-block body;
a head suspension mechanism including the transducing head
10 connected to an end of the actuator arm; and
a pivot cartridge in the cavity in the E-block body, the E-block body
being attached to the pivot cartridge and forming a hinge point
between the E-block body and the pivot cartridge;
a low resolution motor operatively coupled to the actuator assembly to
15 rotate the actuator assembly about the axis to effect coarse
positioning of the head with respect to the selected track of the
rotatable disc; and
a piezoelectric element in the E-block body controllable to selectively
expand and contract based on a voltage across the piezoelectric
20 element, thereby distorting vthe E-block body around the hinge
point to effect fine positioning of the head with respect to the
selected track of the rotatable disc.
2. The system of claim 1, further comprising a relief formed in the E-block
body adjacent to the hinge point to facilitate distortion of the E-block body in
25 response to expansion and contraction of the piezoelectric element.
3. The system of claim 1, wherein the piezoelectric element includes first
and second conductive terminals and a plurality of piezoelectric crystal layers.
4 The system of claim 3, wherein the piezoelectric element expands and
contracts in a d32 direction in response to the voltage applied to the first and

30 second terminals.
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5. The system of claim 3, wherein the piezoelectric element expands and
contracts in a d33 direction in response to the voltage applied to the first and
second terminals.
6. The system of claim 3, wherein the piezoelectric element expands and
contracts in a d31 direction in response to the voltage applied to the first and
second terminals.
7. A method of positioning a transducing head of a disc drive over a
selected track of a rotatable disc having a plurality of concentric tracks, the
method comprising:
providing an actuator assembly having an E-block body including a
cavity, the E-block body being movable about an axis, at least
one actuator arm extending from the E-block body, a head
suspension mechanism including the transducing head connected
to an end of the actuator arm, and a pivot cartridge in the cavity
in the E-block body, the E-block body being attached to the pivot
cartridge and forming a hinge point between the E-block body
and the pivot cartridge;
operating a low resolution motor to rotate the actuator assembly about
the axis to effect coarse positioning of the head with respect to
the selected track of the rotatable disc; and
applying a voltage to selectively expand and contract a piezoelectric
element in the E-block body, thereby distorting the E-block body
around the hinge point to effect fine positioning of the head with
respect to the selected track of the rotatable disc.
8. The method of claim 7, further comprising forming a relief in the E-block
body adjacent to the hinge point to facilitate distortion of the E-block body in

response to expansion and contraction of the piezoelectric element.

PCT/US97/07352
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