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METHOD FOR MANUFACTURING A COMPLEX STRUCTURE

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Serial No.

60/928,149, filed May 7, 2007, and entitled, "Method for Manufacturing a Complex

Structure," which is incorporated by reference in its entirety herein.

FIELD OF THE INVENTION

The present invention relates generally to complex structures, such as robotic

devices or medical devices, and more particularly to a method for manufacturing a

complex structure.

BACKGROUND OF THE INVENTION AND RELATED ART

Complex structures, such as high aspect ratio structures, or guidewires, have long

been used in medical, industrial, and other fields for insertion into a lumen or conduit or

other similar ducted structure for one or more purposes. For example, in the medical field

an endoscope is a medical instrument for visualizing the interior of a patient's body.

Endoscopes can be used for a variety of diagnostic and interventional procedures,

including, colonoscopy, bronchoscopy, thoracoscopy, laparoscopy, and video endoscopy.

The use of guidewires in applications other than those for medical purposes include any

applications in which it is desirable to inspect, repair, position an object such as tools

within, or otherwise facilitate travel into and through a tube, pipe, or other similar conduit

for one or more purposes.

As is known, a guidewire having a relatively low resistance to flexure yet

relatively high torsional strength is most desirable. Stated differently, it is often desired

that certain portions or all of a guidewire have lateral flexibility characteristics as well as

pushability (the ability to push) and torquability (the ability to torque or twist the

guidewire with sufficient torsional or rotational stiffness) characteristics. As the

guidewire is advanced into the anatomy, internal frictional resistance resulting from the

typically numerous turns and attendant surface contacts, decreases the ability to turn the

guidewire and to advance the guidewire further within the luminal space. This, in turn,

may lead to a more difficult and prolonged procedure, or, more seriously, failure to access

the desired anatomy at the target location and thus a failed procedure.



A guidewire with high flexibility helps overcome the problems created by this

internal resistance. However, if the guidewire does not also have good torque

characteristics (torsional stiffness), the user will not be able to twist the proximal end in

order to rotate the distal tip of the guidewire to guide its advance as required. Indeed,

depending upon its use, a guidewire may be required to have adequate torsional strength

over its length to permit steering of the distal tip portion into the correct vessel branches

by axialIy rotating the proximal end. The guidewire, and especially the distal end portion,

may be required to be sufficiently flexible so that it can conform to the acute curvature of

the vessel network. Additionally, a guidewire with compression strength may be needed,

wherein the compression strength is suitable for pushing the guidewire into the vessel

network without collapsing.

Other complex structures include hyper redundant robotic structures, such as

serpentine or snake robots capable of mimicking the locomotion of a snake. Such robotic

devices may be configured to perform various functions, such as to negotiate complicated

three-dimensional spaces including pipes, stairs, vertical piles of rubble, etc. These

robotic devices commonly comprise a plurality of actuated jointed segments that are

movable with respect to one another in various degrees of freedom via a plurality of servo

or other similar valves. In addition, they may be equipped with various devices, such as

cameras, sensors, and other technology depending upon their intended use.

Current methods of fabricating or manufacturing small, three-dimensional

complex structures requires assembling the structure one segment at a time. Any

components or systems to be incorporated into one or more segments must also be

assembled thereon as the segments are being put together. This rudimentary method is

complicated even further when various electrical connections are desired to be

incorporated to provide power and electrical signal carrying capabilities to the complex

structure. Such manufacturing methods do not lend the complex structure to mass

production, thus increasing the cost of each structure and the time to production.

SUMMARY OF THE INVENTION

In light of the problems and deficiencies inherent in the prior art, and in

accordance with the invention as embodied and broadly described herein, the present

invention features a method for manufacturing a complex structure from a two-



dimensional layout, the method comprising: (a) obtaining a support plate having a pre

determined, patterned recess formed in a surface thereof; (b) depositing a first series of

individual flexible interconnects into the recess, the flexible interconnects being aligned

parallel to one another in a common plane and supported by the support plate; (c)

adhering, such as with adhering means, at least one rigid member to each of the flexible

interconnects of the first series; (d) adhering, such as with adhering means, a second

series of individual flexible interconnects to the rigid members to form a plurality of

stations, wherein each of the second series of flexible interconnects is adhered to two

rigid members of adjacent flexible interconnects of the first series, the flexible

interconnects of the second series being formed perpendicular to the flexible

interconnects of the first series; (e) curing the adhering means to form an assembled,

layered structure; (f) removing the layered structure from the support plate; and (g)

folding, systematically, the layered structure on itself and causing at least some of the

stations to be supported about a central spine in a segmented manner.

In one exemplary embodiment, the flexible material may be a metalized polyimide

film, i.e. Kapton, enabling the rigid members to be electrically interconnected, as well as

allowing the complex structure to electrically communicate with an electronic source,

such as a computer or other electronic device or system, for one or more purposes.

The rigid members themselves may comprise one or more on-board systems that

may be incorporated into the two-dimensional layout used to form the complex structure.

In one exemplary embodiment, an on-board system may enable the rigid members to

function as intelligent performance stations. The rigid members may comprise computer

chips or silicon substrates with circuitry and data processing/storing components thereon.

In this case, each rigid member may be networked or multiplexed together via the

metalized polyimide film material interconnecting the various stations. Nodes, or output

stations, may also be utilized between the various stations, which nodes may also

electrically communicate with the various stations via the metalized polyimide film

interconnects.

In another exemplary embodiment, an on-board system may enable the rigid

members to function as mechanical or fluid or electro-mechanical performance stations.

For example, the rigid members may support actuators and valves operable with the



actuators, which actuators and valves may be in fluid communication with a hydraulic bus

running parallel to the central spine

In essence, the present invention contemplates any component or on-board system

being incorporated into the layered, two-dimensional layout used to ultimately form the

complex structure.

The present invention also features a method for manufacturing a complex

structure similar to the one summarized above, only the flexible material comprises a

single piece design, rather than a plurality of individual pieces. In this embodiment,

additional steps of trimming or cutting may be necessary to remove a portion of the

flexible material prior to or as the rigid members are being supported about and secured

to the central spine.

The present invention further features a complex structure formed from a two-

dimensional layout, wherein the complex structure comprises: (a) a central spine; (b) a

plurality of stations situated about and supported on the central spine; and (c) a flexible

interconnect extending between each of the stations, the flexible interconnect being

configured to operably interconnect the stations, and the stations being formed by

adhering the flexible interconnects to a plurality of rigid members within a two-

dimensional layout and then folding the rigid members and the flexible interconnects,

once attached, about one another while threading these onto the central spine.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully apparent from the following

description and appended claims, taken in conjunction with the accompanying drawings.

Understanding that these drawings merely depict exemplary embodiments of the present

invention they are, therefore, not to be considered limiting of its scope. It will be readily

appreciated that the components of the present invention, as generally described and

illustrated in the figures herein, could be arranged and designed in a wide variety of

different configurations. Nonetheless, the invention will be described and explained with

additional specificity and detail through the use of the accompanying drawings in which:

FIG. 1 illustrates a flow diagram of a method of manufacturing a complex

structure from a two-dimensional layout, according to one exemplary embodiment of the

present invention;



FIG. 2 illustrates a perspective diagram of a support plate having a recessed

pattern formed therein that is capable of receiving a first series of flexible interconnects in

a pre-determined arrangement;

FIG. 3-A illustrates a perspective view of the support plate of FIG. 2 having a

plurality of rigid members deposited in pre-determined arrangement over the flexible

interconnects;

FIG. 3-B illustrates a detailed view of a single rigid member shown in FIG. 3-A as

deposited over a flexible interconnect;

FIG. 4 illustrates a perspective view of the support plate of FIG. 2 having a second

series of flexible interconnects deposited over the rigid members in a pre-determined

arrangement, whereupon curing, the assembly forms a plurality of stations ;-

FIG. 5 illustrates the resulting layered, two-dimensional assembly as being folded

about itself and threaded onto a central spine, thus forming the three-dimensional

complex structure;

FIG. 6 illustrates the complex structure of FIG. 5 having a plurality of electrical

taps in place to confirm the operation of any on-board systems existing on any of the

stations; and

FIG. 7 illustrates a block diagram of a segment of a complex structure, according

to one exemplary embodiment, wherein the complex structure comprises a plurality of

stations and a node, all electrically interconnected, all addressed, and multiplexed

together, with the complex structure being operably coupled to a computer.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The following detailed description of exemplary embodiments of the invention

makes reference to the accompanying drawings, which form a part hereof and in which

are shown, by way of illustration, exemplary embodiments in which the invention may be

practiced. While these exemplary embodiments are described in sufficient detail to

enable those skilled in the art to practice the invention, it should be understood that other

embodiments may be realized and that various changes to the invention may be made

without departing from the spirit and scope of the present invention. Thus, the following

more detailed description of the embodiments of the present invention, as represented in

FIGS. 1 through 7, is not intended to limit the scope of the invention, as claimed, but is



presented for purposes of illustration only and not limitation to describe the features and

characteristics of the present invention, to set forth the best mode of operation of the

invention, and to sufficiently enable one skilled in the art to practice the invention.

Accordingly, the scope of the present invention is to be defined solely by the appended

claims.

The following detailed description and exemplary embodiments of the invention

will be best understood by reference to the accompanying drawings, wherein the elements

and features of the invention are designated by numerals throughout.

Generally speaking, the present invention describes a method for manufacturing a

three-dimensional, complex structure using a two-dimensional layout, wherein the

complex structure comprises a plurality of performance stations that are preferably

segmented, such as intelligence and/or actuation or electro-mechanical stations. Unlike

prior related methods of manufacturing, the present invention method accomplishes all of

the assembly of the complex structure, such as mechanical and electrical interconnects, in

only a few steps, wherein the complex structure is then formed. As such, the present

invention lends itself particularly well to mass fabrication of complex structures.

The present invention method may be used to manufacture a variety of different

types of complex structures. For instance, one generic type of complex structure may

comprise various electro-mechanical structures, such as robotic devices, medical devices,

and others. In one particular exemplary embodiment, the complex electro-mechanical

structure may comprise an electro-mechanical guidewire configured for use in various

applications and in various industries, such as the medical or robotic industries, wherein

the electro-mechanical guidewire comprises a plurality of performance stations having

one or more on-board systems capable of performing various intelligent (e.g., data

processing, signal receiving, signal transmitting, sensing, etc.), mechanical (e.g.,

actuation, locomotion), valving, or other functions. Although this particular application

or embodiment is set forth and discussed in detail herein, such a structure should not be

construed as limiting in any way. Indeed, as one skilled in the art will recognize, a

variety of different types of complex structures may be formed using the manufacturing

method as described or presented herein.



Preliminarily, the term "station," as used herein, shall be understood to mean a

rigid or semi-rigid member having at least one flexible interconnect connected thereto. A

complex structure according to the present invention will typically comprise a plurality of

stations, some of which may be support stations, performance stations, or both.

The term "performance station," as used herein, shall be understood to mean a

rigid member configured with or supporting thereon one or more on-board systems.

Performance stations may include intelligent performance stations, electrical performance

stations, mechanical performance stations, actuation performance stations, information

gathering performance stations, valving and pumping performance stations, electro-

mechanical performance stations, and others. On-board systems may include circuitry,

circuit boards, actuators, valves, sensors, transmitters, cameras, locomotion devices or

systems, or any combination of these. Those skilled in the art will recognize others.

The terms "intelligent" or "intelligence," as used herein, shall be understood to

describe those on-board features or components of the present invention having the

capability to perform one or more data processing functions. This may include the

capability to receive, process, send, and store electronic signals.

The present invention provides several significant advantages over prior related

methods of manufacturing or fabricating complex structures, some of which are recited

here and throughout the following more detailed description. Each of the advantages

recited herein will be apparent in light of the detailed description as set forth, with

reference to the accompanying drawings. These advantages are not meant to be limiting

in any way. Indeed, one skilled in the art will appreciate that other advantages may be

realized, other than those specifically recited herein, upon practicing the present

invention.

With reference to FIG. 1, illustrated is a block diagram depicting a method for

manufacturing or fabricating a complex structure, according to one exemplary

embodiment of the present invention. As shown, the method comprises the following

steps. Step 14 comprises obtaining a support plate having a pre-determined, patterned

recess formed in a surface thereof. Step 18 comprises depositing a first series of

individual flexible interconnects into the recess, the flexible interconnects being aligned

parallel to one another in a common plane and supported by the support plate. Step 22



comprises adhering, with adhering means, at least one rigid member to each of the

flexible interconnects of the first series. Step 26 comprises adhering, with adhering

means, a second series of individual flexible interconnects to the rigid members to form a

plurality of stations, wherein each of the second series of flexible interconnects is adhered

to two rigid members of adjacent flexible interconnects of the first series, the flexible

interconnects of the second series being formed perpendicular to the flexible

interconnects of the first series. Step 30 comprises curing the adhering means to form an

assembled, layered structure. Step 34 comprises removing the layered structure from the

support plate and folding, systematically, the layered structure on itself and causing at

least some of the stations to be supported about a central spine in a segmented manner. In

an alternative embodiment, the flexible interconnects on either side of the rigid members

may comprise a single strand of material rather than a plurality of individual pieces.

FIGS. 2-6 illustrate the steps recited above as applied to the manufacture of a

specific exemplary type of complex structure. More specifically, FIGS. 1-6 illustrate the

various components and elements involved in manufacturing a segmented complex

structure in accordance with the steps recited above, wherein the complex structure is in

the form of a guidewire having a plurality of performance stations configured with the

ability to support a plurality of on-board systems capable or performing one or more

mechanical, electrical, electro-mechanical, or other functions. With specific reference to

FIG. 2, illustrated is a support plate 40 having an upper surface 44 and a recessed portion

48 formed in the upper surface 44. The support plate 40 effectively functions as a

template having a pattern 52 for laying out, in a two-dimensional manner, the various

components used to make up the complex structure. The recessed portion 48 conforms to

or comprises the desired pattern 52. The recessed portion 48 and pattern 52 formed in the

support plate 40 further functions to properly align each of the components as they are

laid out by providing boundaries. As shown, the boundary 56 of the pattern 52 comprises

the edges of the recessed portion 48. In another exemplary embodiment, the boundary

may be provided by a build-up extending above the surface 44 of the support plate 40,

wherein the components of the complex structure are laid upon the surface 44 rather than

within a recessed portion.



The size and geometry of the particular pattern 52 may vary depending upon the

type or configuration of complex structure desired to be produced. In the exemplary

embodiment shown, the pattern comprises a step-like configuration, with a plurality of

similarly sized rectangular shaped segments with rounded ends arranged in an

overlapping manner one with another. Obviously, other patterns may be formed in the

support plate 40 as will be recognized by those skilled in the art. In addition, the support

plate 40 may be used to form a continuous complex structure or various segments of a

complex structure. In the embodiment shown, and in light of the high aspect ratio of

guidewires, the support plate 40 is most likely used to form various segments of a

complex guidewire structure due to its small size and the relatively small number of

components able to be laid out about the support plate 40, as shown. Of course, the

support plate 40 may comprise larger sizes capable of facilitating the formation of much

larger complex structures or segments.

The recessed portion 48 may be configured to accommodate and support the

layout of components of various sizes. In one aspect, the recessed portion 48 may

comprise any depth (or alternatively, any buildups may comprise any height) or varying

depths (or alternatively varying buildup heights), depending upon the complex structure

to be formed. For example, the recess 48 may not be required to be as deep to

accommodate and support those components used to make up a simple guidewire

structure having no on-board systems, as opposed to the depth that may be needed to

accommodate and support a complex structure having one or more on-board components,

such as a mechanical actuator or other system or device.

The support plate 40 may comprise any metal or non-metal material capable of

supporting the various complex structure components in place during the manufacturing

process. And, as indicated above, the support plate 40 may be configured to comprise

any size and geometric configuration.

In forming the complex guidewire structure, a first series or set of individual

flexible interconnects 70 are laid out in a common plane within the recess 48. In other

words, the flexible interconnects 70 are configured to be usable within a two-dimensional

layout. Each flexible interconnect 70 is further configured to provide the foundation for

receiving all other components, which are also configured to be usable within a two-



dimensional layout. The flexible interconnects 70 function to operably interconnect one

or more rigid members or stations of the complex guidewire structure. The

interconnection between the rigid members or stations may provide multiple functions.

For example, the interconnects may be configured to provide mechanical support, or they

may be configured to comprise an electrical interconnection element, depending upon the

makeup or configuration of the material used, or both of these. In any event, the

interconnects 70 between the rigid members are intended to be flexible in order to

facilitate the various movements and functions of the segments and stations during use of

the guidewire structure. For example, it may be desired to configure the complex

guidewire structure so that the rigid members or stations are able to twist, bend, extend,

compress, or otherwise move with respect to one another. By being flexible, the

interconnects 70 are able to likewise move with the rigid members without sacrificing

functionality. This is particularly advantageous when the flexible interconnects 70

operate to carry electrical current or signals. Thus, the present invention contemplates a

variety of interconnect combinations being possible.

Each of the flexible interconnects 70 comprise a pre-determined two-dimensional

size and shape depending upon the particular complex structure to be formed. As such,

the pattern 52 formed in the support plate 40 comprises a corresponding size and shape to

accommodate or receive the flexible interconnects 70, in two-dimensional form. In other

words, the flexible interconnects 70 each comprise a two-dimensional size and shape that

allows them to be properly supported within the pattern 52 of the support plate 40 during

manufacturing. In keeping with the exemplary embodiment, each of the flexible

interconnects 70 comprise a two-dimensional form with a first surface 74, a second

surface (not shown), a slot or slotted portion 82, which purpose or function will be

discussed in detail below, and a perimeter 86. In addition, the flexible interconnects 70

each comprise a rectangular shape with rounded ends, as this shape will allow them to

take on the desired configuration in the three-dimensional complex structure when

formed.

As shown in this particular two-dimensional layout, the first series of flexible

interconnects 70 are all laid out so that they are oriented in the same direction and in a

parallel manner with respect to one another. Each flexible interconnect 70 is laterally



offset from the other a pre-determined distance. Each interconnect 70 is also offset from

the other a pre-determined distance lengthwise (which distance is shown as substantially

half the length of a flexible interconnect). As such, the various interconnects 70 are

positioned in a step-like manner with respect to one another (as dictated by pattern 52).

The recessed portion 48 formed in the pattern 52 is configured to allow the flexible

interconnects 70 to nest therein. As indicated above, the support plate 40 may take on

any configuration as long as it is capable of supporting the flexible interconnects 70 in a

proper orientation.

The flexible interconnects 70 may comprise any suitable material capable of

flexing, such as plastic, polymer, shape memory alloy and polyimide film. In the

embodiment shown, the flexible interconnects 70 each comprise thin-layer strips of

metalized polyimide material, which material is commonly known in the art. Each piece

of metalized polyimide film comprises a plurality of electrical connectors 90 configured

to electrically connect the metalized polyimimde film to adjacent segments or stations and

to other components making up the complex guidewire structure, such as one or more

electronic on-board components (e.g., data or signal processing system). The metalized

polyimide film facilitates the carrying of electrical current or signals along the length of

the complex structure from segment to segment or station to station, which electrical

signals may be used for a variety of purposes, such as to power certain components of on-

board systems located on the various segments or stations of the complex guidewire

structure. Moreover, if desired, by providing electrical intercommunication, the various

rigid members or stations of the complex guidewire structure, or individual stations, may

be addressed and networked together. In addition, the complex guidewire structure may

be multiplexed, allowing any number of stations to communicate with one another and/or

with various input and output devices, such as a computer. The concepts of addressing,

networking, and multiplexing are discussed in greater detail below.

As mentioned above, in another exemplary embodiment, the flexible interconnects

may comprise a single strand of material, such as a single strand of metalized polyimide

film, sized and shaped to fit within the pattern 52 in a similar manner as the individual

flexible interconnect pieces. The same is true for the flexible interconnects on the

opposite side of the rigid members, as discussed below. The single strand flexible



interconnect will still comprise the necessary slots or apertures to accommodate a central

spine, as well as any electrical connectors, conduits, etc. desired.

With reference to FIGS. 3-A and 3-B, shown are a plurality of rigid members 102

disposed within the recessed portion 48 of the upper surface 44 of the support plate 40,

and positioned or aligned over the ends of each of the flexible interconnects 70. The rigid

members 102 are comprised of circular discs having an first surface 106, a second surface

(not shown), an aperture 114 centrally formed therein, and a perimeter 118 defining a

circle.

Prior to disposing the rigid members 102 over the flexible interconnects 70,

adhering means, such as an adhesive or solder paste, is applied to the areas where the

rigid members 102 will be attached to the flexible interconnects 70, or where electrical

connectivity is required or desired. The adhering means functions to operably attach the

rigid members 102 to the flexible interconnects 70, such as to electrically connect the

rigid member with the electrical components of the flexible interconnect (e.g., the

electrical connectors and/or electrical conduits in the polyimide material). In some

embodiments, a suitable adhering means may be used to electrically connect the electrical

connectors in the flexible interconnect 70 (see electrical connectors 90 in FIG. 2) to the

rigid members 102, thus allowing the rigid members 102 to carry an electrical current

through one or more electrical conduits supported thereon, and to electrically connect one

or more on-board systems, if desired.

The rigid members 102 may comprise various types of materials, namely those

selected from both metals and non-metals. In one exemplary embodiment, the rigid

members 102 may be comprised of computer chips or silicon substrates with circuitry and

data processing/storing components thereon, thus providing the ability for the rigid

member to function as an intelligent performance station, such as a circuit board. In

another exemplary embodiment, the rigid members 102 may be comprised of metal where

additional support capabilities are needed. Indeed, various combinations of material are

also contemplated. In essence, the rigid members 102 are configured to function as

support stations, and where appropriate, performance stations (e.g., intelligent,

mechanical, etc.), that are independent of one another except through their

interconnection via the flexible interconnects 70.



Other than circular, one skilled in the art will recognize that the rigid member 102

may comprise other shapes and sizes, depending upon the particular design of the

complex structure being formed.

The rigid members 102 preferably comprise a diameter that is at least as long as

the flexible interconnects 70 are wide. In addition, the rigid members 102 may comprise

a cross-section selected from the group consisting of a plane geometry shape and an

arbitrary shape, as known in the art. However, this is not intended to be limiting as other

sizes may be useful. In the embodiment shown, the rigid members 102 comprise a

diameter that is the same or substantially the same length as the width of the flexible

interconnects 70. In addition, the radius of the rounded ends of the flexible interconnects

70 are the same or substantially the same as the radius of the rigid members 102, thus

allowing a portion of their perimeters 86 and 118, respectively, to match. The rigid

members 102 are positioned over the ends of the flexible interconnects 70, one at each

end, thus leaving a small gap between the two rigid members 102 on any given flexible

interconnect, and thus leaving a portion of the slot 82 exposed, or not covered. In

addition, adjacent rigid members 102 located on adjacent flexible interconnects are also

separated a given distance, for the purpose of leaving exposed a portion of the slot of the

second series of flexible interconnects, as discussed below.

Once all of the rigid members 102 are in place and adhering means has been

applied, the process of forming a complex structure involves disposing a second series of

flexible interconnects over the first series and the rigid members, and aligning or

positioning these in their proper place. With reference to FIG. 4, illustrated is a plurality

of a second series of flexible interconnects 132 as overlaid upon the rigid members 102.

As shown, the second series of flexible interconnects 132 are all laid out so that they are

oriented in the same direction and in a parallel manner with respect to one another, but

perpendicular or orthogonal to the first series of flexible interconnects 70. Each flexible

interconnect 132 is laterally offset from the other a pre-determined distance. Each

interconnect 132 is also offset from the other a pre-determined distance lengthwise

(which distance is shown as substantially half the length of a flexible interconnect). As

such, the various first and second series of flexible interconnects 70 and 132 are

positioned in a step-like manner with respect to one another (as dictated by pattern 52).



As with the first series, the recessed portion 48 formed in the pattern 52 is configured to

support the second series of flexible interconnects 132 and to allow the second series of

flexible interconnects 132 to nest therein as overlaid upon the rigid members 102.

The second series of flexible interconnects 132 are similar to the first series in that

they comprise a two-dimensional form with a first surface 136, a second surface (not

shown), a slot or slotted portion 144, and a perimeter 148. In addition, the flexible

interconnects 132 each comprise a rectangular shape with rounded ends, as this shape will

allow them to take on the desired configuration in the three-dimensional complex

structure when formed. The second series of flexible interconnects 132 may also

comprise electrical connectors 152, similar to and that function as those disposed on the

first series of flexible interconnects. The second series of flexible interconnects 132 may

comprise any size, shape, material, etc. as discussed above with respect to the first series

of flexible interconnects.

Prior to laying out and aligning or positioning the second series of flexible

interconnects 132, adhering means, such as an adhesive or solder paste, is applied to the

areas where the rigid members 102 will be attached to the flexible interconnects 132, or

where electrical connectivity is required or desired. The adhering means functions to

attach the rigid members 102 to the second series of flexible interconnects 132 in the

same manner as discussed above. As such, the rigid members 102, with their flexible

interconnect counterparts, become defined stations to be disposed and situated in their

proper place to make up the complex structure.

Moreover, and also prior to laying out and aligning the second series of flexible

interconnects 132, various on-board systems or components or devices may be laid out

and attached to one or more of the rigid members 102. For example, in the event a

particular rigid member or station is to function as a performance station, such as an

intelligent performance station in the form of a computer chip, all of the necessary data

processing, data storage, and circuitry may be applied to the rigid member 102 at this

time. Other on-board systems may include valving systems, micro cameras, actuators,

deployment systems, etc. For instance, the on-board systems may enable the rigid

members to function as mechanical or fluid or electro-mechanical performance stations.

For example, the rigid members may support actuators and valves operable with the



actuators, which actuators and valves may be in fluid communication with a hydraulic bus

running parallel to the central spine. In essence, the present invention contemplates any

component, system or device functioning an on-board system and being incorporated into

the layered, two-dimensional layout used to ultimately form the complex structure.

The on-board systems, depending upon their type and components, are operably

coupled or connected to the rigid members and/or the flexible interconnects. For

instance, in the event of a rigid member being configured with one or more data

processing components, these components are electrically connected to the electrical

components in the flexible interconnects, such as the electrical connectors and conduits

(e.g., those present on the polyimide film), and also any electrical components located on

the rigid members required for operation of the data processing components. Once

electrically connected, the data processing components can perform their intended

function of receiving, transmitting, and/or storing electrical signals received. The flexible

interconnects provide an uninterrupted conduit for electrical signals to be transmitted

from any one station to any other station in the complex structure and from any input

device (such as a computer) in communication with the complex structure to any station.

In addition, the complex structure may comprise one or more nodes existing

between the stations. Exemplary nodes include actuating devices or systems, cameras,

sensors, transmitters, etc.

Once all of the components discussed above are properly positioned and attached

to one another, the adhering means may then be cured to complete the formation of the

two-dimensional assembly. One exemplary curing process comprises covering the

layered two-dimensional structure with a top plate and exposing the same to a pre¬

determined temperature for a pre-determined duration of time. Other curing procedures

used to cure the adhering means will be apparent to those skilled in the art.

With reference to FIG. 5, once the adhering means is cured, the two-dimensional

assembly is removed from the support plate and threaded along a central spine 160 by

systematically folding the flexible interconnects 70 and 132, and therefore the rigid

members 102, about one another. Upon folding the interconnects, the central spine 160 is

inserted through the portion of the slots in each of the flexible interconnects 70 and 132

left exposed between each of the rigid members 132, as well as the apertures formed in



the rigid members 102, as shown. The flexible interconnects 70 and 132 are preferably

folded to locate the flexible interconnects inside of or between each corresponding rigid

member as supported about the central spine. This process is continued until the each of

the rigid members 102 is situated about the central spine 160, as stations, with the flexible

interconnects spanning therebetween. Although not required, once in place, the rigid

members 102 may be attached or fixed to the central spine 160 at their appropriate

locations using any known attachment means.

The central spine 160 may comprise any type of support member, such as a

compression member, capable of supporting the rigid members 102 in place. Preferably,

the central spine 160 will also be capable of providing the complex structure with

torquability, pushability, and flexing characteristics.

The resulting structure comprises a three-dimensional complex structure 10

formed from the above-described two-dimensional layout. Each of the rigid members

102 function as or provide a station capable of performing one or more tasks. Indeed, as

discussed herein, a station may be a simple support station contributing to the overall

support of the complex structure, or a station may function as a performance station,

wherein one or more on-board systems is configured to perform an intelligent (e.g., data

processing, signal receiving, signal transmitting, sensing, etc.) function, a mechanical

function (e.g., actuation, locomotion), a valving function, or some other function as

recognized by those skilled in the art. Advantageously, the stations of the complex

structure are capable of supporting one or more operable on-board systems, as well as

being able to receive and send signals, information, or other items to any other station in

the complex structure, to a node, or to a computer via the flexible interconnect and

resulting electrical interconnection between the stations.

The complex structure is also capable of unique movements. Indeed, the complex

structure may be configured to bend, torque, twist, extend, etc. to perform its intended

function. One exemplary complex structure that may be formed using the present

invention method may be similar to, in both form and function, a complex guidewire.

Another exemplary type of complex structure may comprise a serpentine robot.

With reference to FIG. 6, illustrated is a formed three-dimensional complex

structure 10 with a plurality of electrical taps 170 situated about the central spine 160 and



disposed between various stations on the complex structure 10. The electrical taps 170

may be used to confirm proper operation of any on-board systems existing on the various

stations, and may then be broken off upon confirmation.

FIG. 7 illustrates a graphical rendition of a three-dimensional complex structure

formed from a two-dimensional layout, according to one exemplary embodiment of the

present invention. Specifically, FIG. 7 illustrates the various interconnections between

the several stations. As shown, the complex structure 210 comprises a plurality of

stations, namely stations 212-a, 212-b, 212-c, 212-d, and 212-e. Each of these stations

212 are electrically interconnected to one another, and any nodes existing in the complex

structure, such as node 222, via the electrical connection 226. As such, any one station

212 may communicate with any other station or any other node in the complex structure.

Any on-board systems, shown in FIG. 7 as on-board systems 218-b and 2 18-d, are

electrically connected to the station supporting it, in this case station 212-b and 212-d,

respectively, thus allowing any station and associated on-board system to also

communicate with any other station and/or on-board system, where appropriate. As

indicated above, any station having an on-board system may be considered- a performance

station of some sort, thus FIG. 7 illustrates performance stations 220-b and 220-d. The

electrical connection 226 shown is carried along the flexible interconnects (not shown)

described above. This type of interconnection provides significant advantages over prior

related interconnections as will be recognized by those skilled in the art.

In addition, each of these stations, and any nodes, may comprise an identifier or

address Sx (or Nx in the case of a node), thus providing the complex 210 structure with a

network of stations 212 and nodes 222.

The complex structure is further capable of being multiplexed together. Indeed,

the flexible interconnects provide the ability to significantly reduce the number of

electrical wires running between the various stations and a computer or other input

source. In the embodiment shown, the complex structure 210 is electrically connected to

computer 250 via connection 230.

The foregoing detailed description describes the invention with reference to

specific exemplary embodiments. However, it will be appreciated that various

modifications and changes can be made without departing from the scope of the present



invention as set forth in the appended claims. The detailed description and accompanying

drawings are to be regarded as merely illustrative, rather than as restrictive, and all such

modifications or changes, if any, are intended to fall within the scope of the present

invention as described and set forth herein.

More specifically, while illustrative exemplary embodiments of the invention have

been described herein, the present invention is not limited to these embodiments, but

includes any and all embodiments having modifications, omissions, combinations (e.g., of

aspects across various embodiments), adaptations and/or alterations as would be

appreciated by those in the art based on the foregoing detailed description. The

limitations in the claims are to be interpreted broadly based on the language employed in

the claims and not limited to examples described in the foregoing detailed description or

during the prosecution of the application, which examples are to be construed as non

exclusive. For example, in the present disclosure, the term "preferably" is non-exclusive

where it is intended to mean "preferably, but not limited to." Any steps recited in any

method or process claims may be executed in any order and are not limited to the order

presented in the claims. Means-plus-function or step-plus-function limitations will only

be employed where for a specific claim limitation all of the following conditions are

present in that limitation: a) "means for" or "step for" is expressly recited; and b) a

corresponding function is expressly recited. The structure, material or acts that support

the means-plus function are expressly recited in the description herein. Accordingly, the

scope of the invention should be determined solely by the appended claims and their legal

equivalents, rather than by the descriptions and examples given above.

What is claimed and desired to be secured by Letters Patent is:



CLAIMS

1. A method for manufacturing an elongate complex structure from a two-

dimensional layout, said method comprising:

obtaining a support plate having a pre-determined, patterned recess formed in a

surface thereof;

depositing a first series of individual flexible interconnects into said recess, said

flexible interconnects having a pre-determined configuration and being

aligned parallel to one another in a common plane as supported by said

support plate;

adhering at least one rigid member to each of said flexible interconnects of said

first series;

adhering a second series of individual flexible interconnects to said rigid members

to form an arrangement of a plurality of stations, wherein each of said second

series of flexible interconnects is adhered to two rigid members of adjacent

flexible interconnects of said first series;

removing said arrangement from said support plate; and

folding, systematically, said arrangement on itself and causing at least some of

said stations to be supported about a central spine to form said complex

structure.

2. The method of claim 1, further comprising, prior to adhering said second series of

flexible interconnects, configuring one or more of said rigid members with an on

board system, wherein said station becomes a performance station.

3. The method of claim 2, wherein said performance station is selected from the

group consisting of an intelligent performance station, an electrical performance

station, a mechanical performance station, an actuation performance station, an

information gathering performance station, a valving performance station, a

pumping performance station, and an electro-mechanical performance station.



4 . The method of claim 2, further comprising electrically and operably connecting

said on-board system to an electrical component of said flexible interconnect,

5. The method of claim 1, further comprising depositing, in a removable manner,

one or more electrical taps on said central spine between said rigid members, said

taps being configured to confirm proper operation of any on-board systems of said

rigid members.

6. The method of claim 1, further comprising curing said adhering means to form an

assembled, layered, two-dimensional structure.

7. The method of claim 1, further comprising adhering a node to one of said flexible

interconnects of said first series, said node functioning member being configured

to provide an output function and to be disposed between adjacent stations.

8. The method of claim 1, wherein said recess of said support plate comprises a step-

like pattern.

9 . The method of claim 1, wherein said flexible interconnects comprise a material

selected from the group consisting of plastic, polymer, shape memory alloy and

metalized polyimide film.

10. The method of claim 1, further comprising forming an electrical connection

between said rigid member and said flexible material being attached thereto.

11. The method of claim 1, further comprising addressing each of said stations and

any nodes of said complex structure for networking purposes.

12. The method of claim 1, further comprising multiplexing said complex structure to

simplify communication between said stations and any peripheral systems.



13. The method of claim 1, wherein said flexible interconnects and said rigid

members each comprise an aperture formed therein that are at least partially

aligned with one another to facilitate the depositing of said rigid members on said

central spine.

14. The method of claim 1, wherein said second series of flexible interconnects are

aligned parallel to one another and perpendicular to said first series of flexible

interconnects.

15. The method of claim 1, wherein said steps of adhering comprise applying

adhering means at locations where said rigid members will be attached to said

flexible interconnects, or where electrical connectivity is required.

16. The method of claim 1, wherein said adhering means is selected from the group

consisting of an adhesive and a solder material.

17. The method of claim 1, wherein said rigid members are comprised of metal.

18. The method of claim 17, wherein said rigid member is comprised of silicone, said

rigid member functioning as a computer chip to facilitate one or more intelligent

functions.

19. The method of claim 1 wherein said curing comprises:

covering said layered structure with a top plate; and

exposing said layered structure to a pre-determined temperature for a pre¬

determined duration of time.

20. The method of claim 1, wherein said folding comprises causing each of said

flexible interconnects from said first and second series, respectively, to be folded

upon themselves, thus locating each between adjacent rigid members as supported

about said central spine.



21. The method of claim 1, wherein said complex structure is configured as a complex

electro-mechanical structure.

22. The method of claim 1, further comprising securing said rigid members to said

central spine to maintain a fixed, segmented configuration.

23. The method of claim 1, wherein said central spine comprises a flexing

compression member.

24. A method for manufacturing a complex structure from a two-dimensional layout,

said method comprising:

obtaining a support plate having a pre-determined, patterned recess formed in a

surface thereof;

depositing a first, single piece of flexible interconnect into said recess, said

flexible interconnect comprising a pre-determined configuration

corresponding to that of said patterned recess;

adhering a plurality of rigid members to said flexible interconnect, said rigid

members being positioned in a pre-determined arrangement;

adhering a second, single piece of flexible interconnect to said rigid members,

wherein said second, single piece of flexible interconnect comprises a pre

determined configuration corresponding to that of said first, single piece of

flexible interconnect, said rigid members and said first and second flexible

interconnects being attached to define a plurality of stations;

curing said adhering means to form an assembled, layered structure;

removing said layered structure from said support plate; and

folding, systematically, said layered structure on itself and causing each of said

stations to be supported about a central spine to form said complex structure.

25. A complex structure formed from a two-dimensional layout, said complex

structure comprising:



a central spine;

a plurality of stations situated about and supported on said central spine; and

a flexible interconnect extending between each of said stations, said flexible

interconnect being configured to operably interconnect said stations,

said stations being formed by adhering said flexible interconnects to a plurality of

rigid members within a two-dimensional layout and folding said rigid

members and said flexible interconnects, once attached, about one another

and threading said rigid members and said interconnects onto said central

spine.

26. The complex structure of claim 25, further comprising an on-board system

operably configured on at least one of said stations, wherein said station functions

as a performance station.

27. The complex structure of claim 25, further comprising a node situated between

adjacent stations, said node being operably attached to said flexible interconnects.

28. The complex structure of claim 25, wherein each of said stations and any nodes

are addressed for networking purposes.

29. The complex structure of claim 25, wherein said stations and said flexible

interconnects are multiplexed together.
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