
WO 2004/095482 PCT/US2004/002521  BENT SWITCHING FLUID
CAVITY 5 Cross-Reference to Related Applications 10
[0001] This application is related to U.S. Patent
Application Serial No.  , Docket No. 10010273-1, of
Marvin Glenn Wong, et al.,  filed on the same date as
this application and entitled "Formation of Signal
Paths to Increase Maximum Signal-Carrying Frequency of
a Fluid-Based  Switch" (which is hereby incorporated
by reference). 15 Background  [0002] Fluid-based
switches such as liquid metal micro switches  20
(LIMMS) have proved to be valuable in environments
where fast, clean  switching is desired. WO
2004/095482 PCT/US2004/002521  Summary of the
Invention [0003] One aspect of the invention is
embodied in a switch comprising  first and second
mated substrates defining therebetween first and
second 5 intersecting channels of a bent switching
fluid cavity. A switching fluid is held  within the
bent switching fluid cavity and is movable between
first and second  switch states in response to forces
that are applied to the switching fluid.  More of the
switching fluid is forced into the first of the
intersecting channels  in the first switch state, and
more of the switching fluid is forced into the 



10 second of the intersecting channels in the second
switch state.  [0004] Other embodiments of the
invention are also disclosed. WO 2004/095482
PCT/US2004/002521  Brief Description of the Drawings
[0005] Illustrative embodiments of the invention are
illustrated in the  drawings, in which: 5 [0006] FIG.
1 is a plan view of a first exemplary embodiment of a
switch; [0007] FIG. 2 illustrates an elevation of the
layers of the switch shown  in FIG. 1; [0008] FIG. 3
is a first plan view of the channel plate of the
switch  10 shown in FIG. 1, wherein the switch is in a
first state; [0009] FIG. 4 is a second plan view of
the channel plate of the switch  shown in FIG. 1,
wherein the switch is in a second state; [0010] FIG. 5
is a plan view showing a correspondence of elements
in/on the channel plate and substrate of the switch
shown in FIG. 1; 15 [0011] FIG. 6 is a plan view of
the substrate of the switch shown in  FIG. 1; [0012]
FIG. 7 is a plan view illustrating an alternate
embodiment of the  switch shown in FIG. 1; [0013] FIG.
8 is a plan view of a second exemplary embodiment of a
20 switch; and [0014] FIG. 9 is a plan view of a
straight switching fluid cavity. 



WO 2004/095482 -4- PCT/US2004/002521  Detailed
Description of the Invention [0015] FIGS. 1-6
illustrate a first exemplary embodiment 100 of a
fluid- based switch. In this first embodiment, the
switch 100 is an electrical switch.  5 FIG. 8
illustrates a second exemplary embodiment 800 of a
fluid-based switch. In this second embodiment, the
switch 800 is an optical switch.  [0016] In each of
the switches 100, 800, first and second mated
substrates 100/102, 800/802 define therebetween first
and second  intersecting channels 134/136, 812/814 of
a bent switching fluid cavity 304, 10 816 (see FIGS.
3, 4 & 8). A switching fluid 312, 818 is held within
each bent  switching fluid cavity, and is movable
between first and second switch states  in response to
forces that are applied to the switching fluid. In the
first switch  state, more of the switching fluid is
forced into the first of the intersecting  channels
(as shown in FIG. 3 for switch 100). In the second
switch state, 15 more of the switching fluid is forced
into the second of the intersecting  channels (as
shown in FIG. 4 for switch 100). [0017] The bent
switching fluid cavities 304, 816 provide a variety of
advantages over straight switching fluid cavities,
such as the one disclosed in  U.S. Patent Application
Serial No. 10/137,691 of Marvin Glenn Wong filed 20
May 2, 2002 and entitled "A Piezoelectrically Actuated
Liquid Metal Switch"  (which is hereby incorporated by
reference). For example, a bent switching  fluid
cavity can provide better mechanical shock resistance
for a fluid-based  switch. This advantage can best be
understood by referring to FIGS. 3, 4 &  



9. As shown in FIG. 3, the switching fluid 312 moves
from the state shown in 25 FIG. 3 to the state shown
in FIG. 4 by moving, generally, in the direction of WO
2004/095482 -5- PCT/US2004/002521  arrows 318 and 320.
If, for example, the switch 100 is dropped, jolted or
vibrated, any forces imparted to the switching fluid
312 in the direction of  arrow 320 are absorbed by the
walls of channel 136, and the switching fluid  is
unlikely to change state as a result of the drop, jolt
or vibration. In a similar 5 manner, most forces
imparted to the switching fluid 312 in the direction
of  arrow 318 are absorbed by the walls of channel
134. The only forces in the  direction of arrow 318
that are not absorbed are those resulting from that
portion of the switching fluid 312 which is held at
the intersection of the  channels 134 and 136.
However, because the mass of the switching fluid 10
312 held at the intersection of the channels 134 and
136 is much less than  the mass of the entirety of the
switching fluid 312 held in channel 134,  switching
fluid 312 held in the bent switching fluid cavity 304
is much less  likely to inadvertently change state
than a similar quantity of switching fluid  902 held
in a similarly sized straight switching fluid channel
900 (see FIG. 9; 15 Force = mass x acceleration). If a
wettable area 108 (e.g, a pad, contact, or  seal belt;
see FIG. 1) is positioned at the bend of switching
fluid cavity 304,  surface tension of the switching
fluid 312 can make it relatively easy to  counter the
non-absorbed forces (i.e., forces not absorbed by the
walls of  cavity 304) that are imparted to the
switching fluid 312 during drops, jolts or 20
vibrations of switch 100. More specific details
concerning exemplary  



arrangements of switch parts for the purpose of
achieving such mechanical  shock resistance are
disclosed later in this description. However, another
potential advantage of a bent switching fluid cavity
will be described first.  [0018] Another potential
advantage of a bent switching fluid cavity 304 25 is
that it may be electrically advantageous to use such a
bent-shaped cavity WO 2004/095482 -6-
PCT/US2004/002521  304. For example, a bent switching
fluid cavity 304 may allow sharp turns in  a switch's
electrical paths to be eased by enabling "flattening"
of the transitions where planar signal conductors 112,
114, 116 contact a switching  fluid 312. 5 [0019] The
embodiment of a fluid-based switch 100 shown in FIGS.
1- 6 will now be described in greater detail. The
switch 100 comprises a  channel plate 102 that defines
at least a portion of a number of cavities 300,  302,
304, 306, 308 (FIG. 3). One or more of the cavities
may be at least  partly defined by first and second
intersecting channels 134, 136 in the 10 channel plate
102. The remaining portions of the cavities 300-308,
if any,  may be defined by a substrate 104 that is
mated and sealed to the channel  plate 102. The first
and second intersecting channels 134, 136 may
intersect  at various angles, including an angle of
about 90. [0020] The channel plate 102 and substrate
104 may be sealed to one  15 another by means of an
adhesive, gasket, screws (providing a compressive
force), and/or other means. One suitable adhesive is
CytopTM (manufactured  by Asahi Glass Co., Ltd. of
Tokyo, Japan). CytopTM comes with two different  



adhesion promoter packages, depending on the
application. When a channel plate 102 has an inorganic
composition, CytopTM's inorganic 20 adhesion promoters
should be used. Similarly, when a channel plate 102
has an organic composition, CytopTM's organic adhesion
promoters should  be used. [0021] As shown in FIG. 3,
a switching fluid 312 (e.g., a conductive  liquid
metal such as mercury) is held within the cavity 304
defined by the  25 intersecting channels 134, 136. The
switching fluid 312 is 1) movable WO 2004/095482 -7-
PCT/US2004/002521  between at least first and second
switch states in response to forces that are  applied
to the switching fluid 312, and 2) serves to open and
close at least a  pair of electrical contacts (e.g.,
contact pads 106, 108, 110) exposed within  the cavity
304. 5 [0022] FIG. 3 illustrates the switching fluid
312 in a first state. In this  first state, there is a
gap in the switching fluid 312 in front of cavity 302.
The  gap is formed as a result of forces that are
applied to the switching fluid 312  by means of an
actuating fluid 314 (e.g., an inert gas or liquid)
held in cavity  300. In this first state, the
switching fluid 312 wets to and bridges contact 10
pads 106 and 108 (FIGS. 1 & 3). The switching fluid
312 may be placed in a  second state by decreasing the
forces applied to it by means of actuating  fluid 314,
and increasing the forces applied to it by means of
actuating fluid  316. In this second state, a gap is
formed in the switching fluid 312 in front of  cavity
306, and the gap shown in FIG. 3 is closed. In this
second state, the 



15 switching fluid 312 wets to and bridges contact
pads 108 and 110 (FIGS. 1 &  4). [0023] As shown in
FIGS. 1 & 6, a plurality of planar signal conductors
112, 114, 116 extend from edges of the switch 100 to
within the cavity 304  defined by the bent switching
fluid cavity 304. When the switch 100 is 20 assembled,
these conductors 112-116 are in wetted contact with
the  switching fluid 312. The ends 106-110 of the
planar signal conductors 112- 116 to which the
switching fluid 312 wets may be plated (e.g., with
Gold or  Copper), but need not be. The ends of the
planar signal conductors 112-116  that extend to the
edges of the switch 100 may extend exactly to the edge
of 25 the switch 100, or may extend to within a short
distance of the exact edge of WO 2004/095482 -8-
PCT/US2004/002521  the switch 100 (as shown in FIG.
1). For purposes of this description, the  conductors
112-116 are considered to extend to a switch's "edges"
in either  of the above cases. In an alternate
embodiment of switch 100, the planar  signal
conductors 112-116 might not extend to the edges of
the switch 100. 5 [0024] Use of the planar signal
conductors 112-116 for signal  propagation eliminates
the routing of signals through vias, and thus
eliminates up to four right angles that a signal would
formerly have had to  traverse (i.e., a first right
angle where a switch input via 120 is coupled to a
substrate, perhaps at a solder ball or other surface
contact; a second right 10 angle where the switch
input via 120 is coupled to internal switch circuitry
114; a third right angle where the internal switch
circuitry 116 is coupled to a  



switch output via 122; and a fourth right angle where
the switch output via  122 is coupled to the
substrate). Elimination of these right angles
eliminates  a cause of unwanted signal reflection, and
reductions in unwanted signal 15 reflection tend to
result in signals propagating more quickly through the
affected signal paths. [0025] Realizing that not all
environments may be conducive to edge  coupling of the
switch 100, the switch 100 may also be provided with a
plurality of conductive vias 118, 120, 122 for
electrically coupling the planar 20 signal conductors
112-116 to a plurality of surface contacts such as
solder  balls (see solder balls 208, 210, 212, 214 in
FIG. 2, for example).  Alternately, the vias 118-122
could couple the planar signal conductors 112- 116 to
other types of surface contacts (e.g., pins, or pads
of a land grid array  (LGA)). WO 2004/095482 -9-
PCT/US2004/002521  [0026] To further increase the
speed at which signals may propagate  through the
switch 100, a number of planar ground conductors 124,
126, 128  may be formed adjacent either side of each
planar signal conductor 112-116  (FIGS. 1 & 6). The
planar signal and ground conductors 112-116, 124-128 5
form a planar coaxial structure for signal routing,
and 1) provide better  impedance matching, and 2)
reduce signal induction at higher frequencies.  [0027]
As shown in FIGS. 1 & 6, a single ground conductor may
bound  the sides of more than one of the signal
conductors 112-116 (e.g., ground  conductor 124 bounds
sides of signal conductors 112 and 116). 



10 Furthermore, the ground conductors 124-128 may be
coupled to one another  within the switch 100 for the
purpose of achieving a uniform and more  consistent
ground. If the substrate 104 comprises alternating
metal and  insulating layers 200-206 (FIG. 2), then
the ground conductors 124-128 may  be formed in a
first metal layer 206, and may be coupled to a
V-shaped trace 15 606 in a second metal layer 202 by
means of a number of conductive vias  600, 602, 604
formed in an insulating layer 204. [0028] Similarly to
the planar signal conductors 112-116, the planar
ground conductors 124-128 may extend to the edges of
the switch 100 (but  need not) so that they may be
coupled to a printed circuit board or other 20
substrate via wirebonds. However, again realizing that
not all environments  may be conducive to edge
coupling of the switch 100, the ground conductors
124-128 may also be coupled to a number of conductive
vias 608 that couple  the ground conductors 124-128 to
a number of surface contacts of the switch  100. WO
2004/095482 _10- PCT/US2004/002521  [0029] In the
above description, it was disclosed that switching
fluid  312 could be moved from one state to another by
forces applied to it by an  actuating fluid 314, 316
held in cavities 300, 308. However, it has yet to be
disclosed how the actuating fluid 314, 316 is caused
to exert a force (or 5 forces) on switching fluid 312.
One way to cause an actuating fluid (e.g.,  actuating
fluid 314) to exert a force is to heat the actuating
fluid 314 by  means of a heater resistor 500 that is
exposed within the cavity 300 that  



holds the actuating fluid 314. As the actuating fluid
314 is heated, it tends to expand, thereby exerting a
force against switching fluid 312. In a similar 10
fashion, actuating fluid 316 can be heated by means of
a heater resistor 502.  Thus, by alternately heating
actuating fluid 314 or actuating fluid 316,  alternate
forces can be applied to the switching fluid 312,
causing it to  assume one of two different switching
states. Additional details on how to  actuate a
fluid-based switch by means of heater resistors are
described in 15 U.S. Patent #6,323,447 of Kondoh et
al. entitled "Electrical Contact Breaker  Switch,
Integrated Electrical Contact Breaker Switch, and
Electrical Contact  Switching Method", which is hereby
incorporated by reference. 10030] Another way to cause
an actuating fluid 314 to exert a force is  to
decrease the size of the cavities 300, 302 that hold
the actuating fluid 314.  20 FIG. 10 therefore
illustrates an alternative embodiment of the switch
100, wherein heater resistors 500, 502 are replaced
with a number of piezoelectric  elements 700, 702,
704, 706 that deflect into cavities 302, 306 when
voltages  are applied to them. If voltages are
alternately applied to the piezoelectric  elements
700, 702 exposed within cavity 302, and the
piezoelectric elements 25 704, 706 exposed within
cavity 306, alternate forces can be applied to the WO
2004/095482 -1 1- PCT/US2004/002521  switching fluid
312, causing it to assume one of two different
switching states.  Additional details on how to
actuate a fluid-based switch by means of piezoelectric
pumping are described in the previously mentioned
patent  application of Marvin Glenn Wong (U.S. Patent
Application Serial No. 



5 10/137,691). [0031] Although the above referenced
patent and patent application  disclose the movement
of a switching fluid by means of dual push/pull
actuating fluid cavities, a single push/pull actuating
fluid cavity might suffice if  significant enough
push/pull pressure changes could be imparted to a 10
switching fluid from such a cavity. [0032] To enable
faster cycling of the afore-mentioned heater resistors
500, 502 or piezoelectric elements 700-706, each may
be coupled between a  pair of planar conductors
130/126, 132/128 that extend to a switch's edges.  As
shown in FIG. 1, some of these planar conductors 126,
128 may be the 15 planar ground conductors that run
adjacent to the planar signal conductors  112-116. If
desired, conductive vias 610, 612 may be provided for
coupling  these conductors 130, 132 to surface
contacts on the switch 100. [0033] An advantage
provided by the bent switching fluid cavity 304 is
that signals propagating into and out of the switching
fluid 312 held therein  20 need not take right angle
turns, and thus unwanted signal reflections can be
reduced. That is, the tightest angle at which any of
the planar signal conductors 112-116 intersects the
bent switching fluid cavity 304 may be  confined to an
angle of greater than 90 (and preferably an angle that
is  equal to or greater than 1350, or an angle that is
about 135). Thus, in an 25 ideal connection
environment, the switch 100 illustrated in FIGS. 1-6
can be WO 2004/095482 -12- PCT/US2004/002521  used to
eliminate all right angle turns in signal paths,
thereby reducing signal  



reflections, increasing the speed at which signals can
propagate through the  switch, and ultimately
increasing the maximum signal-carrying frequency of
the switch 100. 5 [0034] To make it easier to couple
signal routes to the switch 100, it  may be desirable
to group signal inputs on one side of the switch, and
group  signal outputs on another side of the switch.
If this is done, it is preferable to  limit the
tightest corner taken by a path of any of the planar
signal conductors  to greater than 90, or more
preferably to about 1350, and even more 10 preferably
to equal to or greater than 135 (i.e., to reduce the
number of  signal reflections at conductor corners).
[0035] It should be noted that the conductive vias
118-122, 608-612  shown in FIGS. 1 & 6 could be
eliminated to keep signal inductance to a  minimum,
thereby increasing the maximum signal-carrying
frequency of the  15 switch 100. [0036] If the switch
100 is electrically coupled to a substrate via
surface contacts (e.g., solder balls 208-214), the
planar conductors 112-116,  124-132 need not extend to
the edges of the switch 100. However, the  switch 100
can still benefit from signal paths with acute angle
corners and/or 20 a bent switching fluid cavity 304,
even though signals will need to propagate  into the
switch 100 via right angle turns at solder balls
208-214 and  conductive vias 118-122, 608-612. [0037]
FIG. 8 illustrates an optical switch 800 employing a
bent  switching fluid cavity 816. The switch 800
comprises a channel plate 802,  



25 first and second intersecting channels 812, 814,
substrate 804, cavities 816, WO 2004/095482 -13-
PCT/US2004/002521  820, 822, 824, 826, heater
resistors 828, 830, heater resistor conductors  832,
834, 836, 838, and conductive vias 840, 842, 844, 846
that function  similarly to corresponding components
described with respect to the switch  100 (FIGS. 1-6).
The optical switch 800 has the same mechanical shock 5
resistance as the electrical switch 100. However, in
lieu of having electrical  contacts exposed within the
bent switching fluid cavity 816, the switch 800  has a
plurality of wettable pads 806-810 exposed within the
bent switching  fluid cavity 816. The switching fluid
818 wets to the pads 806-810 similarly to  how the
switching fluid 312 wets to the contact pads 106-110
(FIGS. 1, 3 & 10 4), and serves to open and block
light paths 848, 850 through the bent  switching fluid
cavity 816. [0038] Although the above description has
been presented in the  context of the switches 100,
800 shown and described herein, application of  the
inventive concepts is not limited to the fluid-based
switches shown 15 herein. [0039] While illustrative
and presently preferred embodiments of the  invention
have been described in detail herein, it is to be
understood that the  inventive concepts may be
otherwise variously embodied and employed, and  that
the appended claims are intended to be construed to
include such 20 variations, except as limited by the
prior art. WO 2004/095482 -14- PCT/US2004/002521  



WHAT IS CLAIMED IS: 1. A switch (100), comprising: a)
a channel plate (102) defining at least a portion of a
number of  cavities (300, 302, 304, 306, 308), said
number of cavities  including a bent switching fluid
cavity (306) defined by at least first 5 and second
intersecting channels (134, 136) in the channel plate;
b) a plurality of electrical contacts (106, 108, 110)
exposed within the  bent switching fluid cavity; c) a
switching fluid (312), held within the bent switching
fluid cavity,  that serves to open and close at least
a pair of the plurality of 10 electrical contacts in
response to forces that are applied to the  switching
fluid; and d) an actuating fluid (314, 316), held
within one or more of the  cavities, that serves to
apply said forces to the switching fluid.  2. The
switch (100) of claim 1, wherein: a) one of the
electrical contacts (108) presents within the bent
switching fluid cavity (306) at the intersection of
the first and  second intersecting channels (134,
136); and 5 b) different ones of the electrical
contacts present within the bent  switching fluid
cavity on either side of the intersection of the first
and second intersecting channels. 3. The switch (100)
of claim 2, wherein the electrical contacts (106, 108,
110) are wetted by the switching fluid (312). 



WO 2004/095482 -15- PCT/US2004/002521  4. The switch
(100) of claim 1, wherein the first and second
intersecting  channels (134, 136) intersect at an
angle of about 90. 5. The switch (100) of claim 2,
wherein the electrical contacts (106, 108,  110) are
ends of planar signal conductors (112, 114, 116). 6.
The switch (100) of claim 5, wherein at least one of
the planar signal  conductors (112, 114, 116)
intersects the bent switching fluid cavity  (306) at
an angle, and wherein a tightest angle at which one of
the  planar signal conductors intersects the bent
switching fluid cavity is  5 greater than 90. 7. The
switch (100) of claim 6, wherein the tightest angle at
which one of  the planar signal conductors (112, 114,
116) intersects the bent  switching fluid cavity (306)
is equal to or greater than 1351. 8. The switch (100)
of claim 6, wherein the tightest angle at which one of
the planar signal conductors (112, 114, 116)
intersects the bent  switching fluid cavity (306) is
about 135. 9. The switch (100) of claim 8, wherein a
path taken by one of the planar  signal conductors
(112, 114, 116) comprises a corner, and wherein a
tightest corner in a path taken by any of the planar
signal conductors is  greater than 90. WO 2004/095482
-16- PCT/US2004/002521  10. A switch (800),
comprising: a) a channel plate (802) defining at least
a portion of a number of  



cavities (816, 820, 822, 824, 826), said number of
cavities  including a bent switching fluid cavity
(816) defined by at least first 5 and second
intersecting channels (812, 814) in the channel plate;
b) a plurality of wettable pads (806, 808, 810)
exposed within the  bent switching fluid cavity; c) a
switching fluid (818), wettable to said pads and held
within the  bent switching fluid cavity, that serves
to open and block light  10 paths (848, 850) through
the bent switching fluid cavity in response to forces
that are applied to the switching fluid; and  d) an
actuating fluid, held within one or more of the
cavities, that  serves to apply said forces to the
switching fluid. 


