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(57) Abstract: An electro-optic element comprises a first substrate; a second substrate generally parallel to the first substrate; a first
bus having a first bus segment disposed on an inner surface of the first substrate and extending along a first portion of a perimeter of
the first substrate and a second bus segment disposed on an inner surface of first substrate and extending along a second portion of the
perimeter of the first substrate. The second bus segment is in a spaced apart relationship with first bus segment. A second bus has a
third bus segment and a fourth bus segment is disposed on the second substrate, each extending along a portion of the perimeter of the
second substrate. A controller is configured to be in selective electrical communication with first and second buses and to independently

control a voltage applied to each of the bus segments.
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ELECTRICAL BUS SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application No. 63/210,163, filed on June 14, 2021, entitled “Electrical Bus System.”

FIELD OF THE DISCLOSURE
[0002] This disclosure relates generally to bus systems, and in particular, to segmented

bus systems for electro-optic devices.

BACKGROUND

[0003] In large-area devices such as windows and sunroofs that comprise electro-optic
elements, it may be challenging to achieve adequate speed and uniformity of darkening and
clearing. The electrical bus design is instrumental to reaching fast and uniform darkening
speeds. A thicker bus may increase speed, but it may cause problems with electro-optic
elements. Currently-used bus arrangements may result in very slow transitions, may be
extremely difficult to apply properly, and may result in performance issues in some
configurations.

[0004] Buses that are opposite one another may necessitate a thicker cell spacing than
desired due to the combined thickness of the buses. Even in configurations that do not have
buses opposite one another, it is likely that the buses will cross over one another at least at
some point, resulting in thickness interference.

[0005] A further challenge may arise when using flexible substrates such as plastic
substrates for the electro-optic elements. It may be difficult to have buses adhere to the
plastic surface without causing stress and/or cupping. This may be especially true for buses
that extend around curved edges and/or corners.

[0006] Using a conductive tape as the bus may be desirable on straight sections of the
electro-optic device but applying conductive tape around corners produces substantial
forces on the substrate. Furthermore, there may be ripples and folds in the tape at the corners,

which may result in stresses. The tape may not conform easily to the positioning and may
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pull away from the substrate or even cause the substrate to peel and cup, resulting in a non-
flat substrate.

[0007] In configurations that use a monolithic bus and seal combination, it may be difficult
to accurately position the bus and seal and to retain it in place during construction of the
electro-optic device. Furthermore, a monolithic bus assembly may be expensive to
manufacture as the bus may be cut from a single piece of material and the interior portion

of the material then discarded.

SUMMARY

[0008] According to an aspect, an electro-optic element may comprise a first substrate
having an inner surface; a second substrate having an inner surface opposed to the inner
surface of the first substrate, the second substrate generally parallel to and coextensive with
the first substrate; a first bus having a first bus segment disposed on the inner surface of the
first substrate and extending along a length of a first portion of a perimeter of the first
substrate and a second bus segment disposed on the inner surface of the first substrate and
extending along a second portion of the perimeter of the first substrate; a second bus having
a third bus segment disposed on the inner surface of the second substrate and extending
along a first portion of a perimeter of the second substrate and in proximity to the first bus
segment of the first bus and a fourth bus segment disposed on the inner surface of the second
substrate and extending along a second portion of the perimeter of the second substrate and
in proximity to the second bus segment of the first bus; and a controller configured to be in
selective electrical communication with the first and second buses and capable of
independently controlling a voltage applied to the first bus segment and the second bus
segment of the first bus and a voltage applied to the third bus segment and the fourth bus
segment portion of the second bus.

[0009] The second bus segment may be in a spaced apart relationship with the first bus
segment of the first bus and the fourth bus segment may be in a spaced-apart relationship
with the third bus segment of the second bus. The first and third bus segments may be
straight. The second and fourth bus segments may be curved. The third bus segment may be
disposed generally parallel to the first bus segment and the fourth bus segment may be
disposed generally parallel to the second bus segment. An electrically insulating material
may be disposed between first and second bus segments of the first bus and the
corresponding third and fourth bus segments of the second bus so as to electrically isolate

.



WO 2022/265894 PCT/US2022/032610

the first and second bus segments from the third and fourth bus segments. An end of the first
bus segment may be angled and the angled end may be disposed against an end of the second
bus segment, thereby increasing the interface with second bus segment. A finger may extend
from one end of the first bus segment and may be configured to fit within an opening in an
end of the second bus segment.

[0010] According to another aspect, an electrical bus system for an electro-optic element
may comprise: a first bus segment and a second bus segment, each having a first end and a
second end, disposed on a surface of a first substrate of the electro-optic element; and a third
bus segment and a fourth bus segment, each having a first end and a second end, disposed
on a surface of a second substrate of the electro-optic element, the surface of the second
substrate being opposed to the surface of the first substrate, the second substrate generally
coextensive with and parallel to the first substrate of the electro-optic element; wherein the
first and second bus segments may be disposed around at least a portion of a perimeter of
the surface of the first substrate; and wherein the third and fourth bus segments may be
disposed around at least a portion of a perimeter of the surface of the second substrate.

[0011] The second end of the first bus segment may be in proximity to the first end of the
second bus segment. At least the first and third bus segments may be straight. At least the
second and fourth first bus segments may be curved. The third bus segment may be disposed
generally parallel to and opposite the first bus segment and the fourth bus segment may be
disposed generally parallel to and opposite the second bus segment. The third bus segment
has generally the same configuration as the first bus segment and the fourth bus segment
has generally the same configuration as the second bus segment. The electrical bus system
of claim 8, wherein an electrically insulating material is disposed between the first bus
segment and the third bus segment and between the second bus segment and the fourth bus
segment in such a way as to electrically isolate the first and second bus segments from the

third and fourth bus segments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1A illustrates a cross-sectional side view of a first embodiment of an electro-
optic element having buses in accordance with this disclosure;
[0013] FIG. 1B illustrates a cross-sectional side view of a second embodiment of an electro-

optic element having buses in accordance with this disclosure;
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[0014] FIG. 2A illustrates an embodiment of a first bus arrangement on a substrate of an
electro-optic element in accordance with this disclosure;

[0015] FIG. 2B illustrates an embodiment of a second bus arrangement on a substrate of an
electro-optic element in accordance with this disclosure;

[0016] FIG. 3 illustrates an embodiment of a third bus arrangement on a substrate of an
electro-optic element in accordance with this disclosure;

[0017] FIG. 4 illustrates an embodiment of a fourth bus arrangement on a substrate of an
electro-optic element in accordance with this disclosure;

[0018] FIG. 5 illustrates a top view of an embodiment of a bus arrangement on an electro-
optic element in accordance with this disclosure;

[0019] FIG. 6A illustrates a first configuration of the placement of two bus segments in
relation to one another in accordance with this disclosure;

[0020] FIG. 6B illustrates a second configuration of the placement of two bus segments in
relation to one another in accordance with this disclosure;

[0021] FIG. 6C illustrates a third configuration of the placement of two bus segments in
relation to one another in accordance with this disclosure; and

[0022] FIG. 6D illustrates a fourth configuration of the placement of two bus segments in

relation to one another in accordance with this disclosure.

DETAILED DESCRIPTION

[0023] Buses for large-area devices may require equal, balanced anode and cathode
representation in order to achieve desired performance. To further ensure desired
performance characteristics, such as adequate speed of darkening and clearing and for
solution phase balance of an electro-optic medium, it is desirable to have both electrode
portions present.

[0024] Referring to FIGS. 1A and 1B, a large-area device may comprise an electro-optic
element, shown generally at 10. Electro-optic element 10 may comprise a first substrate 20
and an opposed second substrate 24 defining a cavity 28 therebetween. An electro-optic
medium 32 may be disposed between first substrate 20 and second substrate 24 within cavity
28. First substrate 2(0) may have a first, outer surface 20A and a second, inner surface 20B,
and second substrate 24 may have a third, inner surface 24 A and a fourth, outer surface 24B.
First and second substrates 20, 24 may be in a spaced-apart relationship and generally

parallel to and coextensive with one another. One or more layers of electrically conductive
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coatings 36 may be disposed on second surface 20A of first substrate 20 and may serve as
a first electrode for electro-optic element 10. Similarly, one or more layers of electrically
conductive coatings 40 may be disposed on third surface 24A of second substrate 24 and
may serve as a second electrode for electro-optic element 10. When a voltage is applied to
electro-optic medium 32 through electrode coatings 36, 40, electro-optic medium 32 may
be capable of changing properties, either darkening or clearing from a darkened state.

[0025] A first bus 44 may be disposed on second surface 20A of first substrate 20, generally
along at least a portion of a perimeter 48 of first substrate 20; and a second bus 52 may be
disposed on third surface 24 A of second substrate 24, generally along at least a portion of a
perimeter 56 of second substrate 24. First bus 44 may contact a portion of first electrode 36,
and second bus 52 may contact a portion of second electrode 40.

[0026] As shown in FIG. 1A, first bus 44 may be disposed in a “stacked” configuration,
opposed to second bus 52. An electrically insulating material 60 may be disposed between
first bus 44 and second bus 52 to prevent first and second buses 44, 52 from contacting one
another and shorting out electro-optic element 10. In some embodiments, electro-optic
element 10 may be laminated. On a laminated electro-optic element 10, the gap between
first bus 44 and second bus 52 may be filled prior to lamination. Filling in the gap may also
address uneven portions within the laminate stack. This arrangement may result in a
relatively thick electro-optic element 10, with first and second substrates 20, 24 spaced
sufficiently far apart to accommodate first bus 44, second bus 52, and electrically insulating
material 60.

[0027] As shown in FIG. 1B, in some embodiments, second bus 52 may extend adjacent to
first bus 44. In this arrangement, first and second buses 44, 52 are disposed generally side-
by-side. This arrangement may allow for a thinner device than described in reference to
FIG. 1A as the space between first and second substrates 20, 24 may be less than the
combined thicknesses of first and second buses 44, 52. In this arrangement, the gap between
first bus 44 and second bus 52 may be filled with material to eliminate any air gap and to
prevent air from reaching electro-optic medium 32.

[0028] A controller 64 may be configured to be in selective electrical communication with
first and second buses 44, 52. Controller 64 may be configured to independently control a
first voltage applied to first bus 44 and a second voltage applied to second bus 52. Applying

first and/or second voltage to buses may cause electro-optic element 10 to darken or to clear
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by coloring or clearing electro-optic medium 32, thereby controlling the amount of light
passing through electro-optic element 10.

[0029] Both first bus 44 and second bus 52 may comprise a non-continuous bus having a
plurality of discrete bus segments 68. Bus segments 68 may be in balanced pairs, with each
bus segment 68 of first bus 44 corresponding to a bus segment 68 in second bus 52. Each
pair of bus segments 68 may be in a balanced, anodic and cathodic form, with one bus
segment 68 of the pair being anodic and the other bus segment 68 of the pair being cathodic.
At least one of the pairs of bus segments 68 in a pair of buses 44, 52 may comprise external
contact wires or external contact portions 76. The wires or external contact portions 76 of
bus segments 68 may extend past an edge of substrate 20, 24 to allow for an external
electrical connection to the bus.

[0030] Each bus segment 68 may be configured to extend along a portion of perimeter 48,
56 of first or second substrate 20, 24. In some embodiments, perimeters 48, 56 of first and/or
second substrates 20, 24 may comprise one or more generally straight sections. Straight bus
segments 68 may extend along generally straight portions of perimeter 48, 56 of first and
second substrates 20, 24. In some embodiments, as shown in FIG. 2A, straight bus segments
68 may be disposed along the generally straight sections of perimeters 48, 56 of first and
second substrates 20, 24 to extend around all sides of substrate 20, 24. In some
embodiments, as shown in FIG. 2B, bus segments 68 may be disposed along only some of
the sections of perimeters 48, 56 of first and second substrates 20, 24. In either case, bus
segments 68 may be independently powered, shorted, or powered in an opposite polarity to
create unique darkening/clearing effects.

[0031] In some embodiments, straight bus segments 68 may comprise a conductive tape.
The tape may comprise a metal portion and an electrically conductive (in the Z direction)
pressure sensitive tape. Using a plurality of bus segments 68 including straight bus segments
68 comprising a tape may result in less waste than using a monolithic piece of material for
first and second buses 44, 52.

[0032] In some embodiments, bus segments 68 may need to conform to non-geometric
shapes such as arcs, angles, and the like. As shown in FIGS. 3-5, electro-optic element 10
may have one or more curved portions of perimeter 48, 56. Straight bus segments 68 may
be disposed along the straight portions of perimeter 48, 56. In addition, as shown in FIG. 3,
a plurality of straight bus segments 68 may be disposed along the curved portion(s) of

perimeter 48, 56. Straight bus segments 68 disposed along curved portions of perimeter 48,
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56 may be short enough to remain in close proximity to perimeter 48, 56 and not extend far
enough into the center of electro-optic element 10 to be visible to a viewer. The number of
bus segments 68 chosen may involve a balance between the number of straight bus segments
68 to segment the curved portions of perimeter 48, 56 with straight sections while not
decreasing performance due to resistance buildup as a result of having multiple gaps. As in
the previous examples, at least one straight bus segment 68 may comprise an external
contact portion 76 extending past the edge of substrate to allow for an external electrical
connection to bus.

[0033] As shown in FIG. 4, in some embodiments, first and second buses 44, 52 may
comprise a plurality of bus segments 68, some straight and some curved, disposed around
perimeters 48, 56 of opposed surfaces of first and second substrates 20, 24 in order to
provide the desired coverage. Curved bus segments, straight bus segments, or a combination
of curved and straight bus segments 68 may be disposed along curved portions of perimeters
48, 56 of first and second substrates 20, 24 of electro-optic element 10. Curved bus segments
68 may be used on tighter curves or smaller-radius curves than straight bus portions. Curved
bus segments 68 may be pre-formed to conform to a curved portion of perimeter 48, 56 of
first and/or second substrate 20, 24. Pre-formed curved bus segments 68 may then be applied
to substrate. During manufacture, bus segments 68 may be placed onto substrate after other
layers, such as electrodes 36, 40, have been applied and cured, thereby simplifying
manufacturing.

[0034] In some embodiments, (not shown) first and second buses 44, 52 may comprise only
curved bus segments 68.

[0035] The use of bus segments 68, including straight bus segments 68 and/or curved bus
segments 68, may reduce or eliminate the stresses and/or strains on the underlying substrate
20, 24. Particularly when plastic substrates are used, the use of bus segments 68 may reduce
or prevent cupping of substrate 20, 24. It may also allow higher performance of electro-
optic element 10.

[0036] As shown in FIG. 5, in some embodiments, first bus 44 and second bus 52 may be
disposed to be generally parallel to one another along the length of perimeters 48, 56 of first
and second substrates 20, 24 of electro-optic element 10. One bus 44, 52 or bus segments
68 from one bus may be closer to perimeter 48, 56 than the other bus 52,44 or bus segments
68 from other bus. Both buses may have at least one external contact portion 76 that extends

past the edge of substrate 20, 24 to allow for an external electrical connection to bus. One
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of first and second buses 44, 52 may comprise the anode, and the other bus 44, 52 may
comprise the cathode.

[0037] Referring now to FIGS. 6A-6D, each bus segment 68 may have a first end 68A and
a second end 68B. First end 68A of one bus segment 68 may be in proximity to second end
68B of another bus segment 68. In some embodiments a gap may separate first end 68A of
one bus segment 68 from second end 68B of another bus segment 68 so that the ends 68A,
68B of bus segments 68 do not contact one another, as shown in FIG. 6A. In this
configuration, due to the space between the ends 68A, 68B of bus segments 68, there may
be significant resistance between the two bus segments 68.

[0038] In some embodiments, as shown in FIG. 6B, first end 68A of one bus segment 68
may contact second end 68B of another bus segment. First and second bus segments 68 may
be in contact only at a corner or corners of bus segments 68. Thus, although first and second
bus segments 68 may both be disposed on substrate and are in contact with one another,
they are not in a stacked configuration, with part of one bus segment 68 on top of part of
another bus segment 68, but rather lie flat on substrate 20, 24. This arrangement may allow
for a thinner electro-optic element 10, but may still have higher resistance due to the limited
contact between bus segments 68 than desirable.

[0039] In some embodiments, to reduce resistance between bus segments 68, at least one of
the ends of bus segments 68 that are to be disposed end-to-end with one another may be
angled, and first bus segment 68 and second bus segment 68 may be in contact along all or
part of the length of the ends of the bus segments 68. As shown in FIG. 6C, a second end
68B of a first bus segment 68 is angled while a first end 68A of a second bus segment 68 is
not angled, although both second end 68B of first bus segment 68 and first end 68AB of
second bus segment 68 may be angled and still be within the scope of this disclosure. The
angled end may increase the interface between second end 68B of first bus segment 68 and
first end 68 A of second bus segment 68 while still keeping both bus segments 68 on the
same plane rather than stacking them. This may reduce resistance between first bus segment
68 and second bus segment 68 without affecting the required cell spacing.

[0040] In another embodiment, as shown in FIG. 6D, to further increase the interface
between first and second bus segments 68, a finger or other protrusion 80 may extend from
a first end 68A of first bus segment 68, and may {fit into an opening 84 defined by second

end 68B of second bus segment 68.
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[0041] The above description is considered that of the preferred embodiments only.
Modifications of the disclosure will occur to those skilled in the art and to those who make
or use the disclosure. Therefore, it is understood that the embodiments shown in the
drawings and described above are merely for illustrative purposes and not intended to limit
the scope of the disclosure, which is defined by the following claims as interpreted
according to the principles of patent law, including the doctrine of equivalents. Although
only a few embodiments of the present innovations have been described in detail in this
disclosure, those skilled in the art who review this disclosure will readily appreciate that
many modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and
proportions of the various elements, values of parameters, mounting arrangements, use of
materials, colors, orientations, etc.) without materially departing from the novel teachings
and advantages of the subject matter recited. For example, elements shown as integrally
formed may be constructed of multiple parts, or elements shown as multiple parts may be
integrally formed, the operation of the interfaces may be reversed or otherwise varied, the
length or width of the structures and/or members or connector or other elements of the
system may be varied, the nature or number of adjustment positions provided between the
elements may be varied. Accordingly, all such modifications are intended to be included
within the scope of the present innovations. Other substitutions, modifications, changes, and
omissions may be made in the design, operating conditions, and arrangement of the desired
and other exemplary embodiments without departing from the spirit of the present
innovations.

[0042] In this document, relational terms, such as first and second, top and bottom, front
and back, left and right, vertical, horizontal, and the like, are used solely to distinguish one
entity or action from another entity or action, without necessarily requiring or implying any
actual such relationship, order, or number of such entities or actions. These terms are not
meant to limit the element which they describe, as the various elements may be oriented
differently in various applications. Furthermore, it is to be understood that the device may
assume various orientations and step sequences, except where expressly specified to the
contrary. It is also to be understood that the specific devices and processes illustrated in the
attached drawings and described in the following specification are simply exemplary
embodiments of the inventive concepts defined in the appended claims. Hence, specific
dimensions and other physical characteristics relating to the embodiments disclosed herein

are not to be considered as limiting, unless the claims expressly state otherwise.
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[0043] It will be understood that any described processes or steps within described
processes may be combined with other disclosed processes or steps to form structures within
the scope of the present disclosure. The exemplary processes disclosed herein are for
illustrative purposes and are not to be construed as limiting. It is also to be understood that
variations and modifications can be made on the aforementioned methods without departing
from the concepts of the present disclosure, and further it is to be understood that such
concepts are intended to be covered by the following claims unless these claims by their
language expressly state otherwise.

[0044] As used herein, the term “and/or,” when used in a list of two or more items, means
that any one of the listed items can be employed by itself, or any combination of two or
more of the listed items can be employed. For example, if a composition is described as
containing components A, B, and/or C, the composition can contain A alone; B alone; C
alone; A and B in combination; A and C in combination; B and C in combination; or A, B,
and C in combination.

[0045] As used herein, the term “about” means that amounts, sizes, formulations,
parameters, and other quantities and characteristics are not and need not be exact, but may
be approximate and/or larger or smaller, as desired, reflecting tolerances, conversion factors,
rounding off, measurement error and the like, and other factors known to those of skill in
the art. When the term “about” is used in describing a value or an end-point of a range, the
disclosure should be understood to include the specific value or end-point referred to.
Whether or not a numerical value or end-point of a range in the specification recites “about,”
the numerical value or end-point of a range is intended to include two embodiments: one
modified by “about,” and one not modified by “about.” It will be further understood that the
end-points of each of the ranges are significant both in relation to the other end-point, and
independently of the other end-point.

[0046] The terms “substantial,” “substantially,” and variations thereof as used herein are
intended to note that a described feature is equal or approximately equal to a value or
description. For example, a “substantially planar” surface is intended to denote a surface
that is planar or approximately planar. Moreover, “substantially” is intended to denote that
two values are equal or approximately equal. In some embodiments, “substantially” may
denote values within at least one of 2% of each other, 5% of each other, and 10% of each

other.
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Claims:
1. An electro-optic element, comprising:

a first substrate having an inner surface;

a second substrate having an inner surface opposed to the inner surface of
the first substrate, the second substrate generally parallel to and coextensive with
the first substrate;

a first bus having a first bus segment disposed on the inner surface of the
first substrate and extending along a first portion of a perimeter of the first
substrate and a second bus segment disposed on the inner surface of the first
substrate and extending along a second portion of the perimeter of the first
substrate;

a second bus having a third bus segment disposed on the inner surface of
the second substrate and extending along a first portion of a perimeter of the
second substrate and in proximity to the first bus segment of the first bus and a
fourth bus segment disposed on the inner surface of the second substrate and
extending along a second portion of the perimeter of the second substrate and in
proximity to the second bus segment of the first bus; and

a controller configured to be in selective electrical communication with the
first and second buses and capable of independently controlling a voltage applied
to the first bus segment and the second bus segment of the first bus and a voltage
applied to the third bus segment and the fourth bus segment portion of the second

bus.

2. The electro-optic element of claim 1, wherein the second bus segment is in a
spaced apart relationship with the first bus segment of the first bus and the fourth
bus segment is in a spaced-apart relationship with the third bus segment of the

second bus.

3. The electro-optic element of one of the previous claims, wherein the first and third

bus segments are straight.

4. The electro-optic element of claim 3, wherein the second and fourth bus segments

are curved.
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5. The electro-optic element of one of the previous claims, wherein the third bus
segment is disposed generally parallel to the first bus segment and the fourth bus

segment is disposed generally parallel to the second bus segment.

6. The electro-optic element of claim 5, wherein an electrically insulating material is
disposed between first and second bus segments of the first bus and the
corresponding third and fourth bus segments of the second bus, electrically

isolating the first and second bus segments from the third and fourth bus segments.

7. The electro-optic element of one of the previous claims, wherein an end of the first
bus segment is angled and the angled end is disposed adjacent to an end of the
second bus segment to increase the interface with the end of the second bus

segment.

8. The electro-optic element of one of the previous claims, wherein a finger extends
from the first end of the first bus segment and is configured to fit within an

opening in the first end of the second bus segment.

9. An electrical bus system for an electro-optic element, comprising:

a first bus segment and a second bus segment, each having a first end and a
second end, disposed on a surface of a first substrate of the electro-optic element;
and

a third bus segment and a fourth bus segment, each having a first end and a
second end, disposed on a surface of a second substrate of the electro-optic
element, the surface of the second substrate being opposed to the surface of the
first substrate, the second substrate generally coextensive with and parallel to the
first substrate of the electro-optic element;

wherein the first bus segment and the second bus segment are disposed
around at least a portion of a perimeter of the surface of the first substrate; and

wherein the third bus segment and the fourth bus segment are disposed

around at least a portion of a perimeter of the surface of the second substrate.
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10.

11.

12.

13.

14.

15.

The electrical bus system of claim 9, wherein the second end of the first bus

segment is in proximity to the first end of the second bus segment.

The electrical bus system of one of claims 9-10, wherein at least the first and third

bus segments are straight.

The electrical bus system of one of claims 9-11, wherein at least the second and

fourth first bus segments are curved.

The electrical bus system of one of claims 9-12, wherein the third bus segment is
disposed generally parallel to and opposite the first bus segment and
wherein the fourth bus segment is disposed generally parallel to and

opposite the second bus segment.

The electrical bus system of one of claims 9-13, wherein the third bus segment has
generally the same configuration as the first bus segment and the fourth bus

segment has generally the same configuration as the second bus segment.

The electrical bus system of one of claims 9-14, wherein an electrically insulating
material is disposed between the first bus segment and the third bus segment and
between the second bus segment and the fourth bus segment in such a way as to
electrically isolate the first and second bus segments from the third and fourth bus

segments.
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