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PIEZOELECTRIC BIMORPH ACTUATOR AND METHOD OF MANUFACTURING

THEREOF

CROSS REFERENCE TO RELATED APPLICATION

The present application claims a benefit of priority to U.S. Provisional Application Serial
No. 60/638,559 filed on December 23, 2004 entitled “Encapsulation of Piezo Electric Bimorph”
by Andy R. Askew and Gregory S. Lyon, the entire contents of which being incorporated by

reference herein.

BACKGROUND

1. Field
The present disclosure relates generally to actuators, more specifically, to piezoelectric
bimorph actuators encased in an insulating shell to ensure that the actuator is substantially

moisture impervious.

2. Description of the Related Art

Bimorphs are piezoelectric elements which change their shape under application of
electrical energy. Bimorphs are widely used in a variety of actuators, such as in shutter
mechanisms of cameras, head assemblies of hard drive disks, etc. In particular, bimorph type
actuators are also used in gas transducers. Gas transducers are utilized in a variety of industries,
such as pipeline, chemical, distillery, food processing, petrochemical, pharmaceutical and other
industries where precise control of various valves and other equipment is desired. Gas
transducers operate by controlling gas flow and/or pressure, which in turn actuates other

equipment (e.g., valves, louvers, etc.). However, use of piezoelectric bimorph actuators where
1
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the gas stream may contain a significant amount of moisture can be problematic. High moisture
content degrades the bimorph actuators, wherein the bimorphs develop electrical problems and in
certain situations stop functioning altogether (e.g., arcing across energized regions of the
bimorph). More particularly, electrical malfunction is especially dangerous when bimorph
actuators are used in combustible atmosphere (e.g., natural gas) — electrical arcing may result in
ignition.

Attempts have been made to create moisture-proof piezoelectric bimorph actuators which
are insulated to prevent arcing. However these attempts generally involved actuators having
bonded monolithic packaging requiring that the actuator deform the entire packaging to operate.
Furthermore, in gas transducers, operating temperatures range from about -40 to about 150
degrees Fahrenheit. The extreme temperatures expand and contract the packaging thereby
constricting movement of the bimorph as well. This imparts a significant strain upon the actuator

rendering the device inoperable.

Therefore, there is a need for a free-floating piezoelectric bimorph actuator which is

~ substantially moisture impervious and electrically insulated as well as protected from extraneous

strain stemming from deleterious effects of a monolithically formed bimorph package.
SUMMARY
The present disclosure provides for an actuator having a piezoelectric bimorph disposed
within substantially moisture impervious and electrically insulatir;g packaging. The bimorph is
disposed within a cavity of the packaging and provides a predetermined clearance around the

bimorph allowing the bimorph to move freely therein.
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According to one aspect of the disclosure an actuator is disclosed. The actuator includes a
piezoelectric bimorph and a substantially moisture impervious and electrically insulating
packaging. The packaging defines a clearance cavity around the bimorph. The packaging
includes a carrier having first and second surfaces and an aperture wherein the bimorph is
disposed, the packaging further includes first and second cover films selectively attached to the
first and second surfaces respectively, and at least one flex circuit connected to the bimorph for

supplying electrical energy thereto.

According to another aspect of the disclosure a transducer is disclosed. The fransducer
includes a housing and an actuator. The actuator includes a piezoelectric bimorph and a
substantially moisture impervious and electrically insulating packaging. The packaging defines a
clearance cavity around the bimorph. The packaging includes a carrier having first and second
surfaces and an aperture wherein the bimorph is disposed, the packaging further includes first
and second cover films selectively attached to the first and second surfaces respectively, and at

least one flex circuit connected to the bimorph for supplying electrical energy thereto.

According to a further aspect of the invention a method for manufacturing an actuator is
disclosed. The method includes the steps of assembling a substantially moisture impervious and
electrically insulating packaging comprising a carrier having first and second surfaces and an
aperture. The method also includes the steps of selectively attaching a first cover film to the first
surface, inserting a piezoelectric bimorph within the packaging, connecting at least one flex

circuit to the bimorph for supplying electrical energy thereto, and selectively attaching a second
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cover film to the second surface to form a cavity around the bimorph providing for a clearance

around the bimorph.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of the present disclosure will
become more apparent in light of the following detailed description when taken in conjunction

with the accompanying drawings in which:

Fig. 1 is an isometric view of a piezoelectric bimorph actuator according to the present

disclosure;

Fig. 2 is an exploded isometric view of the piezoelectric bimorph actuator according to

the present disclosure;

Fig. 3 is an isometric view of the piezoelectric bimorph within a carrier according to the

present disclosure;

Fig. 4 is a cross-sectional view of the piezoelectric bimorph actuator according to the

present disclosure;
Fig. 5 is an isometric view of the carrier according to the present disclosure; and

Fig. 6 is an isometric view of an alternate embodiment of a piezoelectric bimorph within

a carrier according to the present disclosure.

DETAILED DESCRIPTION
Specific embodiments of the present disclosure will be described herein below with

reference to the accompanying drawings. In the following description, well-known functions or

4
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constructions are not described in detail to avoid obscuring the present disclosure in unnecessary

detail.

It is desirable for actuators used in gas transducers to have minimal stress imparted
thereon. The actuator must be free to move through its travel to control the stream of gas passing
through the gas transducer. Therefore, the present disclosure provides for a piezoelectric
bimorph actuator suitable for use in a gas transducer. More specifically, the bimorph actuator
according to the present invention includes a free-floating packaged bimorph which is not
affected by the movement of its packaging. Moreover, the packaging renders the actuator
substantially moisture impervious and electrically insulated. Thorse skilled in the art will
appreciate that the actuator of the present disclosure may have additional applications, such as in

camera shutter mechanisms, and hard drive disk head assemblies.

The bimorph actuator includes a piezoelect\ric bimorph disposed within a packaging. The
packaging includes a carrier having first and second surfaces and first and second cover films
disposed on the first and second surfaces respectively. More specifically, the bimorph is
disposed within an aperture of the carrier. The actuator further includes first and second adhesive
layers disposed on the first and second surfaces of the carrier respectively so that the adhesive is
not in contact with the bimorph. First and second flex circuits are disposed within the first and
second adhesive layers and are configured to conduct electrical energy to the bimorph. The
actuator also includes first and second cover films disposed on top of the first and second
adhesive layers and the first and second flex circuits thereby encapsulating the bimorph. The

packaging (e.g., the carrier and/or the cover films) forms a cavity around the bimorph of a
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predetermined size which provides for sufficient clearance around the bimorph. The clearance
allows the bimorph not to be constricted by the packaging during extreme temperatures (€.g.,

thermal expansion of the carrier and/or cover films).

Fig. 1 shows a fully-assembled piezoelectric bimorph actuator 2 having a packaging 3
which includes a first cover film 4 and a second cover film 8 as shown in Fig. 2. The packaging
3 includes a plurality of holes 5 which are used to attach the actuator 2 to a device (e.g., gas
transducer) and/or during assembly of the packaging 3 (e.g., to attach the components of the
packaging 3 together). The holes 5 are optional and it is envisioned that other mechanisms may
be used to secure the actuator 2 to the transducer or other devices. It is also envisioned that the
holes may be used for pressure equalization and/or for gas bypass. The actuator 2 also includes

flex circuits 7, 9 as shown in Fig. 2.

The actuator 2 activates through the activation of the bimorph 16. More specifically, the
flex circuits 7, 9 are in physical and/or electrical contact with the bimorph 16 and supply
electrical energy thereto. Once the bimorph 16 receives electricity, the bimorph 16 is activated
and affects the movement of the packaging 3. The flex circuits 7, 9 are sufficiently flexible and
can maintain contact with the bimorph 16 during activation. The flex circuits 7, 9 may be die

cut from copper foil of about 0.002” thickness.

With reference to Fig. 2, a piezoelectric bimorph 16 is disposed within the packaging 3,
which includes a carrier 14 having first and second surfaces 11, 13, first and second adhesive
layers 10, 12 disposed on the first and second surfaces 11, 13, and the aperture is of a

predetermined size which provides for sufficient clearance around the bimorph 16 disposed on

6
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top of the first and second the cover films 4, 8 respectively. The bimorph 16 may be formed
from a variety of piezoelectric materials, such as lead zirconate titanate (PZT), quartz, barium
titanate, and the like. It is also envisioned that magnetostrictives and electrostrictives may be

suitable.

More specifically, the bimorph 16 is disposed within an aperture 15 of the carrier 14 as
shown in Fig. 3. The aperture 15 is of substantially the same shape as the bimorph 16 (e.g.,
circular) but the aperture 15 is sufficiently larger than the bimorph 16 to provide for a clearance
“C” between the bimorph 16 and the carrier 14. The clearance “C” provides greater freedom of
motion for the bimorph 16 (e.g., float freely ) within the carrier 14 and the packaging 3 since the
bimorph 16 is not secured and/or attached to any of the components (e.g., carrier 14, the adhesive
layers 10, 12, and the cover films 4, 8) of the packaging 3. Once the packaging 3 is assembled
from the carrier 14 and the first and second cover films 4, 8 a cavity 17 is formed around the

bimorph 16 as shown in Fig. 4.

With reference to Fig. 2, assembly of the actuator 2 will be discussed. The carrier 14 and
the first and second cover films 4, 8 are formed from a suitable polymer (e.g., polymide laminate,
polyester, Transilwrap™ corona treated 92 gauge Mylar, etc.) and are machined and/or stamped
to produce the desired shape. The thickness of the carrier 14 depends on the thickness of the
bimorph 16 and is from about 4 mil to about 100 mil. The thickness of the first and second cover

films 4, 8 is from about %2 mil to about 5 mil.

In the embodiment shown in Fig. 2, the carrier 14 and the first arid second cover films 4,

8 are machined and/or stamped to have a circular shape to encapsulate the bimorph 16 which has
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a circular shape. In addition, holes are created (e.g., drilled, stamped, etc.), through which
attachment mechanisms (e.g., bolts) attach the actuator 2 to the intended device. The drilling step
may be performed once the actuator 2 is fully assembled. Those skilled in the art will understand
that the carrier 14 and the first and second cover films 4, 8 can be formed through plurality of
processes (€.g., curtain extrusion to a film form, injection molding, casting, etc.). Furthermore,
the holes 5 may be of different diameter to accommodate attachment mechanisms (e.g., bolts,
rivets, etc.) of various sizes. This is particularly useful if the components of the packaging 3
(e.g., the carrier 14, the first and second cover films 4, 8, etc.) are attached to each other using

various attachment mechanisms (e.g., bolts, rivets, etc.).

The carrier 14 is machined and/or stamped to create the aperture 15 of a predetermined
size which provides for sufficient clearance “C” around the bimorph 16. The first cover film 4 is
selectively attached to the carrier 14 using the first adhesive layer 10, to avoid attachment to the
bimorph 16. The flex circuit 7 is adjacent to the bimorph 16 so that the flex circuit 7 is in
physical and/or electrical contact with the bimorph 16. The flex circuit 7 is held between the first

cover film 4 and the adhesive layers 10.

The bimorph 16 is inserted within the assembled portion of the packaging 3, namely the
carrier 14 and the first cover film 4 attached together with the flex circuit 7 disposed between the
cover film 4 and the adhesive layer 10. The flex circuits 7, 9 contact the bimorph 16 by way of
the force developed on the cover films 4, 8 respectively. Since the aperture 15 is open to
atmosphere at its distal end and the pressure within the transducer is greater than ambient, the

cover films 4, 8 always press against the bimorph 16 thereby pushing the flex circuits 7, 9 against
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thereto. This eliminates the need for using adhesives or soldering to permanently attach the flex

circuits 7, 9 to the bimorph simplifying the assembly process.

Thereafter, the second cover film 8 is selectively attached to the carrier 14, also to avoid
attachmenf to the bimorph 16, at the second surface 13 via the second adhesive layer 12. The
flex circuit 9 is disposed between the second surface 13 and the second cover film 8 and is in

contact with the bimorph 16.

Those skilled in the art will appreciate that the assembly of the actuator 2 may be
accomplished by attaching the first énd second cover films 4, 8 in any order (e.g., attaching the
second cover film 8 initially, inserting the bimorph 16 into the resulting portion, thereafter
attaching the first cover film 4) and on any of the surfaces 11, 13. For instance, the adhesive

layers 10, 12 may be tacked to the carrier 14

The adhesive layers 10, 12 may be formed from a thermal active adhesive or another type,
such as thermally activated double sided laminating films (e.g., Transilwrap™ PAM K3 1/1/1).
The first and second adhesive layers 10, 12 have substantially similar shape as the first and
second surfaces 11, 13 of the carrier 14 to ensure that the adhesive layers 10, 12 selectively attach
the carrier 14 to the first and second cover films 4, 8. Namely, that the carrier 14 and the first
and second cover films 4, 8 are bonded to each other and not to the bimorph 16. This allows the
bimorph 16 to be enclosed within the cavity 17 (Fig. 4). Consequently, the bimorph 16 is free to
flex when electrically activated through the flex circuits 7, 9 and thereby effect (e.g., through
flexing activate) the packaging 3, while packaging 3 cannot effect the movement of the bimorph

16 (e.g., through expansion or contraction affected by extreme temperatures).

9
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When using the adhesive layers 10, 12 to assemble the packaging 3, the first and second
cover films 4, 8 are not immediately bonded to the carrier 14 since the adhesive layers 10, 12 are
thermally activated. Therefore, the cover films 4, 8 are temporarily attached to the carrier 14 and
the adhesive layers 10, 12 (e.g., tacked). Thereafter, the assembled actuator is processed through
a laminator operating at a temperature from about 180 °F to about 400 °F and at a pressure from
about 5 psi to about 200 psi, ensuring that the temperature does not drop below the operational
temperature of the bimorph 16 and does not exceed the Curie point while the pressure is not
excessive and does not crack the bimorph 16. During this treatment the adhesive layers 10, 12
secure the flex circuits 7, 9 and the first and second cover films 4, 8 to the carrier 14, enclosing
the bimorph 16 therein. The actuator 2 may be cooled and then machined to remove excess
peripheral material. In addition, holes 5 may be drilled. The machining may be performed by a

carbide end mill, rotating to produce at least 50 surface feet per minute.

Those skilled in the art will understand that the packaging 3 may be assembled using
variety of other attachment mechanisms, such as for example rivets and/or bolts. The carrier 14
and the first and second cover films 4, 8 are selectively attached using attachment mechanisms so
that the bimorph 16 is encapsulated by the packaging 3 within the cavity 17 without being

attached to the carrier 14 and/or the first and second cover films 4, 8 as shown in Fig. 4.

In other embodiments, as shown in Fig. 5, the carrier 14 may include a relief 21 cut
therein to support the bimorph 16 (not shown). The relief 21 has the same shape as the bimorph

16, in the present embodiment, it is circular, in order to allow for mispositioning of the bimorph

10
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16. The relief 21 is separated from the carrier 14 by the clearance “C” which allows the bimorph

16 not to be in contact with the side portions of the carrier 14.

Other shapes of the bimorph 16 and the packaging 3 and/or the actuator 2 as a whole are
possible. As shown in Fig. 6, a rectangular bimorph 30 is inserted into a rectangular carrier 22.
The carrier 22 and the first and second cover films (not shown), which are also rectangular, are
assembled in substantially the same manner to form a rectangular actuator 20. More specifically,
the first and second cover films are selectively attached to the carrier 22 using the first and
second adhesive layers (not shown) which bond the first and second cover films to the first and
second surfaces 32, 33 of the carrier 22, respectively. The adhesive layers also attach flex
circuits 26, 28 to the actuator 20 and are connected to the bimorph 30. In addition, holes 24 are
drilled through the actuator 20 allowing the actuator 20 to be mounted within a device or for

other attachment mechanisms to be used to assemble the actuator 20.

The described embodiments of the present disclosure are intended to be illustrative rather
than restrictive, and are not intended to represent every embodiment of the present disclosure.
Various modifications and variations can be made without departing from the spirit or scope of |
the disclosure as set forth in the following claims both literally and in equivalents recognized in

law.

11
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WHAT IS CLAIMED IS:

1. An actuator comprising:
a piezoelectric bimorph;

a substantially moisture impervious and electrically insulating packaging comprising a
cavity around the bimorph providing for a clearance around the bimorph, the packaging
comprising a carrier having first and second surfaces and an aperture wherein the bimorph is
disposed, the packaging further comprising first and second cover films selectively attached to

the first and second surfaces respectively; and
at least one flex circuit connected to the bimorph for supplying electrical energy thereto.

2. An actuator as in claim 1, wherein first and second adhesive films selectively attach the

first and second cover films to the first and second surfaces respectively.

3. An actuator as in claim 2, wherein the first and second adhesive films are formed from a

thermal active adhesive.

4, An actuator as in claim 1, wherein at least one attachment mechanism attaches the first

and second cover films to the first and second surfaces respectively.

5. An actuator as in claim 1, wherein the piezoelectric bimorph is formed from a material

selected from the group of lead zirconate titanate, quartz, and barium titanate.

6. An actuator as in claim 1, wherein the carrier and the first and second cover films are

formed from a polymer.

7. An actuator as in claim 6, wherein the polymer is polymide laminate.
12
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8. An actuator as in claim 6, wherein the polymer is polyester.
9. A transducer comprising:
a housing; and
an actuator disposed within the housing, the actuator comprising:
a piezoelectric bimorph;

a substantially moisture impervious and electrically insulating packaging
comprising a cavity around the bimorph providing for a clearance around the bimorph,
the packaging comprising a carrier having first and second surfaces and an aperture
wherein the bimorph is disposed, the packaging further comprising first and second cover

films selectively attached to the first and second surfaces respectively; and

at least one flex circuit connected to the bimorph for supplying electrical energy

thereto.

10. A transducer as in claim 9, wherein first and second adhesive films selectively attach the

first and second cover films to the first and second surfaces respectively.

11. A transducer as in claim 10, wherein the first and second adhesive films are formed from

a thermal active adhesive.

12. A transducer as in claim 9, wherein at least one attachment mechanism attaches the first

and second cover films to the first and second surfaces respectively.

13. A transducer as in claim 9, wherein the piezoelectric bimorph is formed from a material

selected from the group of lead zirconate titanate, quartz, and barium titanate.
13
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14. A transducer as in claim 9, wherein the carrier and the first and second cover films are

formed from a polymer.
15. A transducer as in claim 14, wherein the polymer is polymide laminate.
16. A transducer as in claim 14, wherein the polymer is polyester.

17. A transducer as in claim 9, wherein the packaging includes at least one hole for

attachment to the housing.
18. A method for manufacturing an actuator:

assembling a substantially moisture impervious and electrically insulating packaging

comprising a carrier having first and second surfaces and an aperture,
selectively attaching a first cover film to the first surface;
inserting a piezoelectric bimorph within the packaging;

connecting at least one flex circuit to the bimorph for supplying electrical energy thereto;

and

selectively attaching a second cover film to the second surface to form a cavity around the

bimorph providing for a clearance around the bimorph.

19. A method as in claim 18, wherein first and second adhesive films selectively attach the

first and second cover films to the first and second surfaces respectively.

20. A method as in claim 19, wherein the first and second adhesive films are formed from a

thermal active adhesive.

14
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21. A method as in claim 18, wherein at least one attachment mechanism attaches the first

and second cover films to the first and second surfaces respectively.

22. A method as in claim 18, wherein the piezoelectric bimorph is formed from a material

selected from the group of lead zirconate titanate, quartz, and barium titanate.

23. A method as in claim 18, wherein the carrier and the first and second cover films are

formed from a polymer.
24. A method as in claim 23, wherein the polymer is polymide laminate.

25. A method as in claim 23, wherein the polymer is polyester.

15
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