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Method and Structure for a Solid Slug Caterpillar Piezoelectric Optical
Relay
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Piezoelectric Reflective Optical Relay”, and having the same filing date as the

present application.

TECHNICAL FIELD

This invention relates generally to the field of electronic devices and systems,

and more specifically to optical switching technology.

BACKGROUND

A relay or switch may be used to change an optical signal from a first state to
a second state. In general there may be more than two states. In
applications that require a small switch geometry or a large number of
switches within a small region, microelectronic fabrication techniques may be
used to create switches with a small footprint. A microelectronic switch may
be used in a variety of applications, such as industrial equipment,
telecommunications equipment and control of electro-mechanical devices

such as ink jet printers.

In switching applications, the use of piezoelectric technology may be used to
actuate a switch. Piezoelectric materials have several unique characteristics.
A piezoelectric material can be made to expand or contract in response to an
applied voltage. This is known as the indirect piezoelectric effect. The
amount of expansion or contraction, the force generated by the expansion or
contraction, and the amount of time between successive contractions are
fmportant factors that influence the selection of a piezoelectric material in a
particular application. Piezoelectric material also exhibits a direct
piezoelectric effect, in which an electric field is generated in response to an

applied force. This electric field may be converted to a voltage if contacts are
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properly coupled to the piezoelectric material. The indirect piezoelectric effect
is useful in making or breaking a contact within a switching element, while the
direct piezoelectric effect is useful in generating a switching signal in response

to an applied force.
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SUMMARY

A method and structure for an optical switch is disclosed. According to a
structure of the present invention, a gas-filled chamber is housed within a
solid material. The solid material may be composed of glass, ceramic, metals
and adhesive material. A plurality of contacts within the gas-filled chamber
are coupled to the solid material, while a plurality of piezoelectric elements
within the gas-filled chamber are also coupled to the solid material. A slug
within the gas-filled chamber is coupled to one or more of the plurality of
contacts and further coupled to one or more of the plurality of piezoelectric
elements. The slug is operable to move within the chamber and make or
break connections with one or more of the plurality of contacts. A liquid metal
within the gas-filled chamber is coupled to the slug, and coupled to the
plurality of contacts. The liquid metal acts as a friction-reducing lubricant for
motion of the slug, and also is operable to provide a surface tension that
maintains a connection between the slug and a contact of the plurality of
contacts. According to a method of the present invention, one or more of the
plurality of piezoelectric elements are actuated, with the actuation of the one
or more piezoelectric elements causing the slug coupled to the one or more
piezoelectric elements to move from a first number of contacts to a second

number of contacts. The first number of contacts and the second number of
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contacts are wetted by the liquid metal. The movement of the slug from the
first number of contacts to the second number of contacts breaks a liquid
metal surface tension between the slug and the first number of coniacts and
establishes a coupling between the slug and the second number of contacts,
thereby enabling the liquid metal switch to change from a first state to a
second state. The surface tension of the liquid metal between the slug and
the second number of contacts is then operable to maintain a coupling

between the second number of contacts and the slug.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed o be novel are set forth with
particularity in the appended claims. The invention itself however, both as to
organization and method of operation, together with objects and advantages
thereof, may be best understood by reference to the following detailed
description of the invention, which describes certain exemplary embodiments
of the invention, taken in conjunction with the accompanying drawings in

which:
FIG. 1 is a side view of a liquid metal optical switch, according to certain
embodiments of the present invention.

FIG. 2 is a cross section of a liquid metal optical switch, according to certain

embodiments of the present invention.

FIG. 3 is a second side view of a liquid metal optical switch, according to

certain embodiments of the present invention.

FIG. 4 is a top view of a liquid metal optical switch, according to certain

embodiments of the present invention.

FIG. 5 is a top view of a cap layer of a liquid metal optical switch, according to

certain embodiments of the present invention.

FIG. 6 is a top view of a substrate layer of a liquid metal optical switch,

according to certain embodiments of the present invention.

10
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FIG. 7 is a top view of an optical layer of a liquid metal optical switch,

according to certain embodiments of the present invention.

FIG. 8 is a top view of a piezoelectric layer of a liquid metal optical switch,

according to certain embodiments of the present invention.

11
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DETAILED DESCRIPTION

While this invention is susceptible of embodiment in many different forms,
there is shown in the drawings and will herein be described in detail specific
embodiments, with the understanding that the present disclosure is to be
considered as an example of the principles of the invention and not intended
to limit the invention to the specific embodiments shown and described. In the
description below, like reference numerals are used to describe the same,

similar or corresponding parts in the several views of the drawings.

A liquid metal optical switch may be represented using a plurality of layers,
wherein the plurality of layers represent layers created during a fabrication of
the liquid metal optical switch. Referring now to FIG. 1, a side view of a liquid
metal optical switch 100 is shown, according to a certain embodiment of the
present invention. Piezoelectric layer 110 is coupled to optical waveguide
120, wherein optical waveguide 120 is further coupled to optical layer 130.
Optical layer 130 is coupled to wetting pad substrate 140, and wetting pad
substrate 140 is coupled to cap layer 150. It is noted that circuit substrate
layer 130 may further comprise a plurality of circuit traces, wherein the
plurality of circuit traces are not shown in FIG. 1. It is further noted that
additional layers may be coupled to cap layer 110, piezoelectric layer 120 and
circuit substrate layer 130 without departing from the spirit and scope of the
present invention. In certain embodiments of the present invention,
piezoelectric layer 110 may be coupled to optical layer 130 and optical
waveguide 120. In certain embodiments of the present invention, the
piezoelectric layer 110, optical layer 130, wetting pad substrate layer 140, and
cap layer 150 may be composed of one or more of glass, ceramic, composite

material and ceramic-coated material.

12
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Referring now to FIG. 2, a cross section 200 of liquid metal optical switch 100
is shown, according to a certain embodiment of the present invention. Optical
waveguide 120 is oriented perpendicular to the cross-section 200.
Piezoelectric layer 110 is coupled to a plurality of piezoelectric elements 225.
A chamber 240 resides within optical layer 130, and said chamber 240 is
coupled to plurality of piezoelectric elements 225 and further coupled to
wetting pad substrate layer 130. Chamber 240 further comprises a plurality of
contacts 215, wherein said plurality of contacts are couple to wetting pad
substrate layer 130. Liquid metal 230 resides within chamber 240 and is
coupled to plurality of contacts 215. Chamber 240 further comprises slug
235, wherein slug 235 is coupled to one or more of the plurality of contacts
215, The liquid metal 230, such as mercury or a Gallium alloy, acts as a
friction-reducing lubricant. Slug 235 may be solid or hollow, and may be
composed of a wettable material, such as metallic compounds, ceramic or
plastic. It is further noted that in certain embodiments of the present
invention, slug 235 may be coupled with one or more of the plurality of
contacts 215 at all times. In certain embodiments of the present invention

slug 285 is surrounded by liquid metal 230.

Chamber 240 is filled with a gas, which in a certain embodiment of the
present invention is inert. In a certain embodiment of the present invention,
the gas is nitrogen. Slug 235 is represented in FIG. 2 as a solid material,
although it is noted that slug 235 may be hollow without departing from the
spirit and scope of the present invention. In a certain embodiment of the
present invention, slug 235 is tapered at both longitudinal ends of said slug
235 so that slug 235 may be actuated by a movement of a piezoelectric
element of the plurality of piezoelectric elements 225. The piezoelectric

element may be composed from ceramic, quartz, plastic, or specially

13
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~ designed materials. It is also noted that although liquid metal optical switch

100 is shown with three contacts 215, a greater number of metal contacts
may be used without departing from the spirit and scope of the present
invention. The plurality of contacts 215 are chosen from a material so that
plurality of contacts 215 is wetted by but does not otherwise interact with
liquid metal 230.. It is noted that in a certain embodiment of the present
invention, one or more of plurality of contacts 215 are coupled to slug 235 at
each time instant thereby enabling liquid metal switch 100 to switch one or

more optical signals in a differential manner.

As shown in FIG. 2, wetting pad substrate layer 140 comprises one or more
vias (205, 210) coupled to chamber 240. The one or more vias (205, 21 0) are
further coupled to channel 220, wherein channel 220 is coupled to cap layer
150. In certain embodiments of the present invention, channel 220 resides
within cap layer 150. Although two vias (205, 210) are shown in FIG. 2, more
than two vias could be used without departing from the spirit and scope of the

present invention.

Referring now to FIG. 3 a second side view 300 of liquid metal optical switch
100 is shown, according to certain embodiments of the present invention.
The second side view illustrates an orientation of optical waveguide 120
relative to plurality of piezoelectric elements 225, chamber 240 and plurality of
contacts 215. Optical waveguide 120 is coupled to chamber 240, and one or
more optical signals carried by optical waveguide 120 may be blocked or
unblocked by an action of slug 235. Encapsulant 305 is coupled to optical
waveguide 120 and further coupled to optical layer 130. In certain
embodiments of the present invention, encapsulant 305 is operable to provide
stability for optical waveguide 120. In certain embodiments of the present

invention, the encapsulant 305 is composed of a dual cure acrylic or epoxy

14
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adhesive that can be cured by UV and/or heat.

Referring now to FIG. 4 a top view of liquid metal optical switch 100 is shown,
according to certain embodiments of the present invention. Cap layer 150
and wetting pad substrate layer 140 are not shown for clarity. Slug 235 is
also not shown. FIG. 4 clearly illustrates how a motion of slug 235 is operable
to block or unblock optical waveguides 120. Although only two opfical
waveguides and three contacts are illustrated in FIG. 4, it is noted that a
greater or fewer number of optical waveguides and a greater or fewer number
of contacts could be present in liquid metal optical switch 105 without

departing from the spirit and scope of the present invention.

Referring now to FIG. 5 a top view of cap layer 150 of liquid metal optical
switch 100 is shown, according to certain embodiments of the present
invention. Sectional view 505 is also shown to illustrate an extent of channel
220 coupling to cap layer 240. Channel 220 is operable to equalize a
pressure of chamber 240, wherein said pressure change is caused by a
motion of slug 235. As slug 235 moves, vias 205 and 210 allow a
substantially equivalent pressure on a left side of slug 235 and a right side of

slug 235.

Referring now to FIG. 6 a top view of substrate layer 140 of liquid metal
optical switch 100 is shown, according to certain embodiments of the present
invention. FIG. 6 illustrates an orientation of vias 205 and 210 relative to
plurality of contacts 215. It is noted that although vias 205 and 210 have a
circular cross-section and plurality of contacts 215 have a square cross-
section, other geometric cross-sections could be used without departing from

the spirit and scope of the present invention.

15
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Referring now to FIG. 7 a top view of optical layer 130 of liquid metal optical
switch 100 is shown, according to certain embodiments of the present
invention. FIG. 7 illustrates a top view of optical waveguide holders 710 and a

side. view 705 of optical waveguide holders 710. [t is noted that in certain

embodiments of the present invention, optical waveguide holders 710 are

contained within optical layer 130.

. Referring now to FIG. 8 a top view of piezoelectric layer 110 of liquid metal

optical switch 100 is shown, according to certain embodiments of the present
invention. FIG. 8 illustrates a top view of plurality of piezoelectric elements
225 and a side view 805 of plurality of piezoelectric elements 225. In certain

embodiments of the present invention, plurality of piezoelectric elements 225

. reside entirely within piezoelectric layer 110 when plurality of piezoelectric

elements 225 are not actuated.

The liquid metal switch 100 operates by means of the lateral displacement of
one or more of the plurality of piezoelectric elements 225 in an extension
mode thereby displacing slug 235 that is wetted by a liquid metal 230 and
causing the liquid metal 230 to wet between a first contact of the plurality of
contacts 215 and a second contact of the plurality of contacts 215 to close an

optical waveguide 120 of liquid metal switch 100.

The lateral motions of the one or more piezoelectric elements squeeze the

" slug 235 tapered ends, thereby moving the slug 235 along a length of the

chamber 240 to overcome surface tension forces that would hold the slug 235
in contact with the first contact. The liquid metal switch 100 latches by means
of a surface tension due to liquid metal 230 and the slug 235 wetting to the
plurality of contacts 215. The slug 235 is wettable and so may be maintained

in a stable position due to the surface tension of the liquid metal 230 and the

16
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coupling of the slug 235 to one or more of the plurality of contacts 215. In
certain embodiments of the present invention, the plurality of optical
waveguides 120 have faces that are not wettable by the liquid metal 230 in
order to preserve an optical clarity of a signal path of the plurality of optical

waveguides 120.

. While the invention has been described in conjunction with specific

embodiments, it is evident that many alternatives, modifications, permutations
and variations will become apparent to those of ordinary skill in the art in light
of the foregoing déscription. Accordingly, it is intended that the present
invention embrace all such alternatives, modifications and variations as fall

within the scope of the appended claims.

What is claimed is: -

17



WO 2004/097476 PCT/US2003/036015

1. A structure for an optical switch (100), comprising:

a gas-filled chamber (240) housed within a solid material

(110,130,140);

one or more optical waveguides (120) coupled to the gas-filled

chamber;

a plurality of piezoelectric elements (225) within the gas-filled

10 chamber, coupled to the solid material;

a slug (235) within the gas-filled chamber coupled to one or more of
the plurality of contacts (215) and further coupled to one or more of
the plurality of piezoelectric elements, said slug operable to block or

15 unblock one or more optical waveguides; and

a liquid metal (230) coupled to the slug, and coupled to the plurality of

contacts.

20 2. The structure of claim 1, further comprising a vent passage (205) coupled to
the gas-filled chamber, wherein the vent passage comprises one or more vent

couplings to the gas-filled chamber.

3. The structure of claim 1, wherein the chamber further comprises one or more
25 channels (220) said one or more channels operable to equalize a pressure

within the chamber.
4. The structure of claim 1, wherein one or more of the one or more channels are

located adjacent to the one or more locations where the vent passage is

30 coupled to the chamber.

18
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layer;

A structure for an optical switch (100) using a plurality of piezoelectric

elements (225), comprising:
a cap layer (150);
a piezoelectric layer (110) coupled to the cap layer;

one or more optical waveguides (120) coupled to the piezoelectric

a circuit substrate layer (140) coupled to the piezoelectric layer; and

a gas-fillea chamber (240) coupled to one or more of the piezoelectric
layer, one or more optical waveguides, cap layer and circuit substrate
layer, wherein the gas-filled chamber further comprises the plurality of
piezoelectric elements, a plurality of contacts (215), a slug (235)
coupled to one or more of the plurality of contacts and coupled to one
or more of the plurality of piezoelectric elements, and a liquid metal

(230) coupled to the slug, and coupled to the plurality of contacts.

The structure of claim 5, wherein the cap layer, circuit substrate layer,
piezoelectric layer may be composed of one or more of glass, ceramic,

composite material and ceramic-coated material.

The structure of claim 5, wherein the circuit substrate layer further comprises
a plurality of circuit traces and a plurality of pads operable to route one or
more signals generated by actuation of one or more of the plurality of

piezoelectric elements.

A method for optical switching of one or more optical signals using a liquid

19
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metal switch (100), comprising:
actuating one or more of a plurality of piezoelectric elements (225);

5 the actuation of the one or more piezoelectric elements causing a slug

(235) coupled to the one or more piezoelectric elements to move from
a first number of contacts to a second number of contacts wherein the
first number of contacts and the second number of contacts (215) are
wetted by a liquid metal (230); and

10 '
the movement of the slug from the first number of contacts to the
second number of contacts breaking a liquid metal surface tension
between the slug and the first number of contacts and establishing a
coupling between the slug and the second number of contacts, thereby

15 enabling the liquid metal switch to change from a first state to a second
state by the blocking or unblocking of one or more optical waveguides
(120).

20 9. The method of claim 8, wherein the coupling between the slug and the second
number of contacts is due to a plurality of surface tension forces caused by the

liquid metal.

10. The method of claim 8, wherein the plurality of piezoelectric elements are

25 actuated in an adjacent manner.

20
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