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(57) Abstract: A method for manufacturing a micro electro-
mechanical system (MEMS) switch system (600, 700) in-

cludes etching each of a plurality of base circuit layers (425)
and a plurality of passive component substrate layers (412,
418, 42, 426). The method continues with laser milling of a
first dielectric film (406) to create a spacer layer (405). A
metal cladding (402, 403) formed on a flexible dielectric film
layer 404 is etched so as to form a plurality of switch com-
ponent features. Further laser milling is performed with re-
spect to the flexible dielectric film layer to form at least one
switch structure (448, 450). Thereafter, a stack (400) is as-
sembled which is comprised of the spacer layer disposed
between the flexible dielectric film layer and the plurality of
base circuit layers. Additional layers can also be included in
the stack. When the stack is completed, heat and pressure are
applied to join the various layers forming the stack.



WO 2013/019864 PCT/US2012/049169

10

15

20

25

30

METHOD OF MANUFACTURING A SWITCH SYSTEM

The inventive arrangements relate to filters, and more particularly to
miniature filters that are low in cost and easily fabricated.

Filter banks in radio frequency (RF) systems are typically comprised of
thin-film passive devices and associated switching circuitry. While these systems can
work well, they generally require large investments in state-of-the-art processing
technologies. These expensive development costs tend to drive up the cost of
miniaturized filters.

Micro electro-mechanical system (MEMS) type switch devices are known
in the art. For example, meso-scale MEMS devices with a cantilevered beam have
been constructed on a printed wiring board. In such systems, the cantilevered beam
can be at least partially constructed of a polymer material to constitute its length. The
beam is attached to a post on one end thereof and is cantilevered over the printed
wiring board. One or more conductive surfaces are formed in opposition to one
another on the beam and the printed wiring board to form capacitor plates, switch
closure pads and other useful mechanisms. Consequently, the beam can be
transitioned between an “on” position and an “off” position.

Embodiments of the invention concern a method for manufacturing a
micro electro-mechanical system (MEMS) switch system. The method can begin
with forming each of a plurality of base circuit layers. The base circuit layers are
formed by etching a plurality of conductive metal layers respectively disposed on a
plurality of substrate layers. The method further includes etching a plurality of
passive component conductive metal layers disposed respectively on a plurality of
passive component substrate layers. Laser milling of a dielectric film layer is
performed to create a spacer layer. A conductive metal layer disposed on a flexible
second dielectric film layer is etched so as to form a plurality of switch component
features. Further laser milling is performed with respect to the flexible dielectric film
layer to form at least one switch structure. Thereafter, a stack is assembled which is

comprised of the spacer layer disposed between the flexible dielectric film layer and
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the plurality of base circuit layers. Additional layers can also be included in the stack.
When the stack is completed, heat and pressure are applied to join the various layers
forming the stack.

Embodiments will be described with reference to the following drawing
figures, in which like numerals represent like items throughout the figures, and in
which:

FIG. 1 is a circuit diagram that is useful for understanding a method of
manufacturing a switching system.

FIG. 2 is a diagram that is useful for understanding how various
components of the switch system in FIG. 1 can be fabricated.

FIG. 3 is a flowchart that is useful for understanding the method of
manufacturing the switch system in FIG. 2.

FIG. 4 is a stack of layers that is useful for understanding the method in
FIG. 3.

FIG. 5 shows the stack in FIG. 4, following the application of heat and
pressure.

FIG. 6 is an enlarged perspective view of a portion of the stack in FIG. 5,
and showing the overall structure of a MEMS switch.

FIG. 7 is an enlarged view of a switch contact and actuator portion of the
MEMS switch in FIG. 6.

FIG. 8 is a perspective view of an alternative embodiment MEMS switch
which can be fabricated using the method in FIG. 3.

The invention is described with reference to the attached figures. The
figures are not drawn to scale and they are provided merely to illustrate the instant
invention. Several aspects of the invention are described below with reference to
example applications for illustration. It should be understood that numerous specific
details, relationships, and methods are set forth to provide a full understanding of the
invention. One having ordinary skill in the relevant art, however, will readily
recognize that the invention can be practiced without one or more of the specific

details or with other methods. In other instances, well-known structures or operation



WO 2013/019864 PCT/US2012/049169

10

15

20

25

30

are not shown in detail to avoid obscuring the invention. The invention is not limited
by the illustrated ordering of acts or events, as some acts may occur in different orders
and/or concurrently with other acts or events. Furthermore, not all illustrated acts or
events are required to implement a methodology in accordance with the invention.

Referring now to FIG. 1 there is shown an example of a switch system
100. In this example the switch system is used to implement a three-pole Chebyshev
ladder filter with a plurality of switch selectable passive filter components. The
selectable passive filter components permit the characteristics of the filter to be
selectively varied. The filter shown includes series inductors LS#n (where #n refers to
pole 1, 2, or 3). Accordingly, the filter shown includes series inductors Lgl1, Lg2, Ls3.
The filter also includes parallel inductors Lpl, Lp2, Lp3, capacitor banks CB1, CB2,
CB3, and switch banks SB1, SB2, SB3. Each of the capacitor banks CB1, CB2, CB3
include a plurality of capacitors CBg; that can be selectively included or removed
from the filter circuit in accordance with a position of a plurality of switches SB#;
provided by a respective switch bank SB#.

As is known in the art, changing the values of passive filter components
will result in different RF filter characteristics. Accordingly, in switch system 100 a
plurality of different RF filter functions can be provided by changing the switch
positions in switch banks SB1, SB2, SB3 to insert or remove passive components (in
this example, capacitors CB#;). Control circuitry (not shown) can be used to
selectively change the position of the switches in the switch banks SB1, SB2, SB3.
The control circuitry can include driver circuitry for automatically changing the
switch positions. In some instances, a controller, memory device (PROM) or
microprocessor can be used to determine suitable switch positions as needed to
implement desired filter functions. Control circuitry of this type is well known in the
art and therefore will not be described here in detail. Also, it should be understood
that while a three-pole Chebyshev ladder filter is used in this example as an aid to
understanding, the invention is not intended to be limited to filter circuits. Instead,
the inventive arrangements can be used in any type of circuit that includes MEMS

switches.
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Referring now to FIG. 2, there is shown a single pole (pole #) 200 of a
filter that is similar to the filter included in the switch system 100. The filter pole 200
in this example includes series inductor Lsn and parallel inductor Lpn. As an aid in
understanding the inventive concept, only a single switch SB#; and a single capacitor
CBpr; are shown in FIG. 2; however it should be understood that a plurality of each
such device would normally be included. The various components of the filter pole
200 can be implemented in a multi-layer switch system 202 as shown. In particular,
components Lpn, CBn;, SB#; , and Lgn are respectively formed from structures 204,
206, 208, and 210 in multi-layer switch system 202. Methods for forming embedded
passive circuit elements in multi-layer printed wiring boards are generally well known
in the art; accordingly, the fabrication process for passive circuit elements Lpn, CB#;,
and Lsn will not be described here in detail. The inventive arrangements hereinafter
described will instead focus on manufacturing methods for fabricating switch systems
202 incorporating a MEMS switch structure 208.

Referring now to FIG. 3, there is provided a flow chart that is useful for
understanding a process for manufacturing a switch system in accordance with the
inventive arrangements. The process shown in FIG. 3 will be explained with
reference to the stack 400 shown in FIGs. 4 and 5. The method begins in step 302 and
continues to step 304. In step 304, each of two or more base circuit layers 425 is
formed by etching a first conductive metal layer 428, 432, 436 respectively disposed
on dielectric substrate layers 430, 434, 438. The dielectric substrate layer can be
formed of any rigid or semi-rigid dielectric material that is compatible with the
remainder of the process steps described herein. For example in one embodiment, the
dielectric substrate layers 425 can be a PTFE-based laminate and the conductive metal
layer can be copper cladding. Such material is commercially available under various
trade names, such as RT Duroid 5870 from Rogers Corporation of Chandler, AZ.
According to a preferred embodiment, the etching pattern for conductive metal layers
428, 432, 436 is advantageously selected to form in the two or more of base circuit
layers a circuit configured for performing one or more switch related functions as

would be known to one skilled in the art. For example, such switch related functions
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can include controlling the switch and routing signals to or from the switch. These
base circuit layers can also be used to interconnect one or more passive components
described below, and to provide input/output circuitry for a filter circuit disposed
within the passive component substrate layers 412, 418, 422, 426, which are described
in more detail below.

The etching process in step 304 includes disposing a suitable photo-resist
layer and patterning the photo-resist layer in preparation for the wet etching step, as
would be known to one skilled in the art. Step 304 can also include drilling one or
more bores 442 and filling the bores with a conductive metal paste to form vias which
extend through each layer. A conductive material, such as copper can be used to form
bumps 440 disposed on the bottom of one of the substrate layers 438 to facilitate
forming electrical connections with an external circuit. The foregoing steps are well
known to those skilled in the art and therefore will not be described here in detail.

In step 306, the method continues by wet etching a passive component
conductive metal layer 410, 416, 420, 424 disposed on passive component substrate
layers 412, 418, 422, 426. The passive component substrate layers are
advantageously formed of a diclectric material. Any suitable dielectric material can
be used for this purpose, provided that it is compatible with the remainder of the
process steps described herein and provides suitable electrical/mechanical
performance. According to a preferred embodiment, the passive component is a
thermally stabilized, polyolefin co-polymer with a copper cladding layer on one or
both sides of the material. Diclectric material layers of this kind are available under
the trade name Interra’ " HK 04 from Dupont Corporation. A liquid crystal polymer
(LCP) can also be used for this purpose without limitation.

As will be appreciated by those skilled in the art, the etching process in
step 306 can also include disposing a suitable photo-resist layer on the passive
component conductive metal layers 410, 416, 420, 424, and patterning the photo-
resist layer in preparation for the etching step. Step 306 can also include drilling one
or more bores 444 and filling the bores with a conductive metal paste to form vias

extending through each layer.
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The etching and drilling steps described in relation to step 306 are
performed so as to form portions of one or more passive components, such as
inductors and capacitors. Etching patterns and techniques for forming passive
components in this way are well known in the art and therefore will not be described
here in detail. Still, it should be understood that one or more passive components Lpn,
CBn;j, and Lsn can be formed in this way, as previously described in relation to FIG.
2. In some embodiments, the etching of passive component conductive metal layers
can be selected so that the various passive components form an RF filter when the
passive component substrate layers are arranged in a stack as shown in FIGs. 4 and 5.
In addition to such passive components, this etching step 306 can involve forming one
or more conductive electrostatic actuator members 409 and at least one conductive
switch contact member 451 on the surface of an upper-most substrate layer 412. The
purpose of these switch component features will become more apparent as the
discussion progresses.

The method continues with step 308, which involves depositing a thin
dielectric film layer 407. The thin dielectric film layer 407 can be any suitable
dielectric film that is compatible with the remaining process steps described herein,
and which has suitable electrical/mechanical properties. Commercially available
examples of such thin dielectric film layers include well known polymers derived
from B-staged bisbenzocyclobutene (BCB) chemistry, and HD-4100 (which is
available from HD MicroSystems of Parlin, NJ). The thin dielectric film layer 407 is
disposed on the passive component conductive metal layer 409 on an uppermost one
of the passive component substrate layers 412. Thereafter, the thin dielectric film
layer 407 is patterned with a suitable photo-resist and wet etched using techniques
that are known in the art. The etching process advantageously results in the formation
of one or more insulating pads 408 which disposed on each of the conductive
electrostatic actuator members 409.

The method continues with step 310, which involves laser milling of a
dielectric film 406 to form a spacer layer 405. According to a preferred embodiment,

a material forming the dielectric film 406 can be any thermally stabilized polymer that
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is compatible with the remaining process steps described herein, and which exhibits
suitable electrical and mechanical properties. For example, irradiated polyolefin co-
polymers, developed for bonding single or multi-layer circuit boards, can be used for
such purpose. Such materials are commercially available as Polyflon Bonding Film,
which is available from Polyflon® Company of Norwalk, CT.

In step 312, the process continues with etching a conductive metal
cladding layer 402, 403 disposed on opposing sides of a flexible dielectric film layer
404 to form switch component features. This step can also include disposing a
suitable photo-resist layer on the conductive metal layer, and patterning the photo-
resist layer in preparation for the etching step, as would be known to one skilled in the
art. Step 312 can also include drilling one or more bores 455 and filling the bores
with a conductive metal paste to form vias extending through the flexible dielectric
film layer. The switch component features thus formed include conductive
electrostatic actuator members 448 and switch contact member 450. These actuator
members 448 are advantageously aligned with conductive electrostatic actuator
members 409 when the various layers are arranged in a stack as shown in FIG. 4.
Likewise, the switch contact member 450 is aligned with switch contact member 451.
In some embodiments, corresponding conductive metal features are advantageously
replicated on opposing surfaces of the flexible dielectric film layer 404 so as to
minimize warpage during a thermal compression step described below. Such an
arrangement is best understood with reference to FIG. 7, which shows switch actuator
members 448 and switch contact member 450 replicated on opposing surfaces of the
flexible dielectric film layer.

Thereafter the method continues in step 314 with laser milling the flexible
dielectric film layer 404 to define at least one switch structure 452. As best
understood from FIGs. 6 and 7, the switch structure 452 is advantageously formed to
include at least one resilient beam member 604 that is integrally formed with said
flexible dielectric film layer 404. The flexible dielectric film layer can be formed of
any suitable material that is compatible with the remainder of the process steps

described herein and which provides suitable mechanical and electrical properties.
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For example, a polyimide film layer can be used for this purpose. Polyimide films of
this kind are available from DuPont Corporation under the trade name Kapton®.

Referring once again to step 310, the laser milling of the dielectric film
406 advantageously includes forming at least one support post 606 arranged to
support an end portion of the resilient beam member 604. In the embodiment shown,
the resilient beam member 604 is supported on two opposing ends 610, 612 and flexes
in a medial center portion 614 in the direction of arrow 602 when a bias voltage is
applied across actuator members 448, 409 from a voltage source 608. However, the
invention is not limited in this regard and the resilient beam member can also be
supported on a single end (e.g., 612) in a cantilever arrangement to allow an opposing
end to flex as shown in FIG. 7. FEither structure can be fabricated using the
manufacturing process described herein.

With the foregoing arrangement, conductive electrical contact 450 is held
resiliently spaced apart from at least one switch contact member 451 by the resilient
beam member 604 when the stack 400 is finally assembled as described below. This
arrangement is best understood with reference to FIG. 6, which shows an enlarged
and partially cut away perspective view of the stack in FIG. 5. Similarly, conductive
electrostatic actuator members 448 are held resiliently spaced apart and opposed from
conductive electrostatic actuator members 409. As will also be understood from FIG.
6, insulating pads 408, disposed on each of the conductive electrostatic actuator
members 409, ensure that the clectrostatic actuator members 448, 409 cannot form an
electrical contact when the resilient beam member 604 flexes in the direction of arrow
602.

In step 316, the various layers from steps 304, 306, 310, 312 and 314 are
assembled together to form a stack as shown in FIG. 4. The layers are registered in
step 318 to ensure proper alignment of the various structures formed in each layer.
Conventional registration and alignment techniques for printed wiring board layers
can be used for this purpose, as would be understood by one skilled in the art. After
the registration process is complete, pressure is applied to the stack in step 320 as

shown by arrows 500 in FIG. 5. This step also includes the application of heat to the
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stack concurrently with the application of such pressure (thermo-compression). The
combination of heat and pressure bonds the various layers of the stack together. The
particular parameters of heat and pressure used will depend on the selection of
materials. However, in an exemplary embodiment the thermo-compression can
involve using two steel bonding jigs (plates) with alignment holes that would
sandwich the materials (which also can have alignment holes) together. The bonding
pressure can be at a pressure such as 80 pounds per square inch (psi), which, in the
case of a 2 in x 2 in surface area, would correspond to a 320 1b load. Once the
pressure is applied, the temperature can be increased to about 130°C. This pressure
and temperature is maintained for a time period such as 5 minutes. The assembly is
then cooled to room temperature (by annealing) before the pressure is released. When
the thermo-compression is completed, the process can terminate in step 322 with the
completed switching system as shown in FIG. 5.

Referring now to FIGs. 6, 7 and 8, the operation of an exemplary switch
600, 800 formed within stack 400 will now be described in greater detail. When a
bias voltage provided by a voltage source 608 is applied across the electrostatic
actuator members 448, 409, the resulting electrostatic attraction between the actuator
members will cause the resilient beam member 604 to flex in the direction of arrow
602. If a large enough bias voltage is applied, the plates will close. This voltage is
known as the pull-in voltage. This flexing and closing action will allow an electrical
contact to be formed between the switch contact member 450 and one or more switch
contact members 451 on the surface of an upper-most substrate layer 412. When the
bias voltage is removed, the resilient beam member will return to its original position
shown in FIGS. 6, 7 and §.

Notably, only a single switch is shown in the fabrication process
description provided with respect to FIGs. 4-8. However, it should be understood that
a typical switching system would normally include a plurality of switches as shown in
FIG. 1. Accordingly, the switch system described herein is not intended to be limited

in this regard.
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The switching system of the present invention utilizes chemical etching,
laser milling or machining, and thermal compression to create a low cost solution to a
switching system. This arrangement is particularly advantageous when developing
switch systems incorporating RF filters as shown in FIG. 1. Notably, these switch
systems can be fabricated without use of silicon micro-fabrication equipment such as
deep reactive ion etching (DRIE) or standard reactive ion etching (RIE), which is
typically required for silicon-based MEMS switches. The switches are laser etched,
making unique design geometries casily possible. The ability to fabricate these
switches using printed wiring board processes makes for quick design cycles and low-
cost RF solutions. Those skilled in the art that the process has been described here
primarily with respect to a filter application, but can also be used in other switch
systems such as antenna arrays and tuning circuits.

Although the invention has been illustrated and described with respect to
one or more implementations, equivalent alterations and modifications will occur to
others skilled in the art upon the reading and understanding of this specification and
the annexed drawings. In addition, while a particular feature of the invention may
have been disclosed with respect to only one of several implementations, such feature
may be combined with one or more other features of the other implementations as

may be desired and advantageous for any given or particular application.
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CLAIMS

1. A method for manufacturing a micro electro-mechanical system (MEMS)
switch system, comprising:

forming each of a plurality of base circuit layers by etching a plurality of first
conductive metal layers respectively disposed on a plurality of dielectric substrate
layers;

laser milling a first dielectric film layer to form a spacer layer;

etching a second conductive metal layer disposed on a flexible second
dielectric film layer to form a plurality of switch component features;

laser milling the flexible second diclectric film layer to form at least one
switch structure;

forming a stack comprised of the spacer layer disposed between the flexible
second dielectric film layer and the plurality of base circuit layers; and

applying heat and pressure to the stack.

2. The method according to claim 1, further comprising etching a plurality of
passive component conductive metal layers disposed respectively on a plurality of

passive component substrate layers.

3. The method according to claim 2, further comprising selecting a polyimide

dielectric as a material of said passive component substrate layers.
4. The method according to claim 2, further comprising including in said stack
said plurality of passive component substrate layers disposed between said spacer

layer and said plurality of base circuit layers.

5. The method according to claim 3, further comprising selecting an etching

pattern for each of said plurality of passive component conductive metal layers to

-11-
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form an RF filter when said passive component substrate layers are arranged in said

stack.

6. The method according to claim 2, further comprising selecting said switch
structure to include at least one resilient beam member integrally formed with said

flexible second dielectric film layer.

7. The method according to claim 6, wherein said laser milling of said first
dielectric film layer further comprises forming at least one support post arranged to

support an end portion of said resilient beam member.

8. The method according to claim 7, further comprising selecting a size and
geometry of at least one of said switch component features disposed on said flexible
second dielectric film layer to form a conductive electrical contact which is held
resiliently spaced apart from at least one switch contact member by said resilient

beam member at the completion of said application of heat and pressure.

9. The method according to claim 7, further comprising selecting a size and
geometry of a least one of said switch component features disposed on said flexible
second dielectric film layer to form a first conductive electrostatic actuator member
which is held resiliently spaced apart and opposed from at least a second conductive
electrostatic actuator member disposed on one of said passive component substrate

layers.

10.  The method according to claim 9, further comprising etching a third dielectric
film layer to form an insulating pad disposed between said first conductive
electrostatic actuator member and said second conductive electrostatic actuator

member.

-12-
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