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= L and non-planar portions are provided. An optical filament circuit pattern is scribed
by moving a filament guide and a substrate relative to one another at a speed be-
tween about 110 inches/minute and about 190 inches/minute, and dispensing an
optical filament on, or in the vicinity of, a surface of the substrate. The filament
or the substrate or both have adhesive surface(s). The adhesive surface is capable
of being adhesively actuated by application of energy. Energy is applied simul-
taneous with, or subsequent to, scribing. Preferably, ultrasound energy is applied
having an output power between about 2.0 watts and about 3.5 watts while ap-
plying a pressure to the filament between about 1.177 Newtons and about 1.324
Newtons. A portion of the filament circuit pattern is planar and another portion is
non-planar. The non-planar portion traverses but does not contact or adhere to a
pre-selected area of the substrate. The pre-selected area corresponds with a pad,
a contact pattern, a hole, a slot, a raised feature, a part of the previously scribed
° planar portion of the pattern, and a filament termination point. Alternately, the
non-planar portion may be embedded below the surface of the substrate: Another
planar portion of the filament circuit traverses the non-planar portion but does not
contact or adhere to a pre-selected part of the previously scribed non-planar por-
tion. Optical filament-scribed circuit boards are formed by this method.
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METHODS OF OPTICAL FILAMENT
SCRIBING OF CIRCUIT PATTERNS WITH
PLANAR AND NON-PLANAR PORTIONS

CONTINUING DATA

This application is a continuation-in-part application of U.S. application Ser. No.

09/211,511, filed Dec. 14, 1998, the entirety qf which is incorporated herein by reference.

FIELD OF THE INVENTION

The present fnvention relates to optical filament circuit boards and methods of ..
their manufacture. More'particularly the present invention relates to an'impfoved method of
adhering optically conductive filaments onto dielectric substrates to form filalﬁent circuit

patterns with both planar and non-planar portions and interconnection cards, Smart Cards or

optical filament circuit cards formed therefrom.

BACKGROUND OF THE INVENTION

11;1 the manufacture and assembly of electric and 'electronic units, wiring boards
have long been uséd to iﬁterconnect electronic components. These “interconnection” boards or
cards haw}e an insulating substrate with a plurality of ele-ctronic components, which may be’
integrated circuit pag':kages,vor other types of electronic, electfo—optical or optical compongnts,
mounted thereto and a pattern of conduétive path segments connecting components to one
another.

Because optical filaments or optical fibers can transmit much more information.‘
(and with significantly less signal degradation) than electrical conductors, their use is growing,
qu example, optical backplanes increasingly are used in electronics systems where greater

circuit density is desired, but is difficult to provide with known electrically wired backplanes.
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An optical backplane is formed by a plurality of optical filaments mounted or fouted on a
substrate in a given pattern or cirouit geometry. Optical backplanes interconnect optical circuit
components, which transmit signals optically, as well as electrical circuit components, witing
boards, modules and/or integrated circuits. When an optical backplane interconnects electrical
components, the electrical energy of each component is translated to optical energy which is
transmitted by optical filaments on the optical backplane to another electrical component where
it is translated back to electrical energy for transmission to the other electrical component.
Optical backplanes are fabricated according to various methods, ranging from |
laying the optical filaments on the substrate by hand to routing the optical filaments in a given
pattern onto the substrate by mechanized apparatus. However, commercial interconnection card
manufacture with optical filaments is difficult and these known methods often lead to
unacceptable results. Optical filaments are extremely small and difficult to handle. These tiny

filaments also are fragile, and often cannot withstand stresses attendant to abrupt turns or the like

- during the scribing process. Optical filament breakage at crossovers (i.e., where one wire

overlaps itself or another wire) is particularly problematic, because stresses at these points cén
increase dramatically. This can be even more tr(;ublesome when ultrasonic energy is used to
adhere the filaments to the substrate, which can lead to further filameﬁt breakage. As breakage
rates increase, the commércial viébility of optical ﬁlament circuit board manufacture decreases.
For example, U.S. Patent Nos. 3,674,602 and 3,674,914, both dated July 4, 1972,
descﬁbe interconnection card manufacturing methods. According to these methods, a substrate
is mounted on a vacuum table. Then a wire is scribed onto a substrate surface in a pre-selected
planar circuit patterﬁ using a wire dispensing and bonding head. This method is known as “wire-

-2-
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sciibing.” An adhesive film laminated to the substrate surface secures the wire to the substrate.
Energy emitted by the bonding head actuates the adhesive film as the wire contacts therewith,' SO
that the wire bonds to the substrate.

However, during wire scribing, the stresses can be so severe (reaching up to up to
12 MPa at crossovers) that the wire cc')nduct_or ruptures. In fact, U.S. Patent No. 5,483,603,
issued to Luke et al. and dated January 9, 1996, describes a system and method of automatic
optical inspection of wire-scribed circuit boards to detect breakage. Similarly, the stress on
optical filaments during scribing increases the possibility of breakage, and “microbending,” a
condition that causes signal attenuation along the optical filament.

U.S. Patent Nos. 6,088,230 and 6,233,818, dated July 11, 2000 and May 22, 2001,
respectively, &escﬂbe other mefhods of bonding wire conductor to a substrate or chip-mounting
board. ‘The “230 patent discloses that a chip is mounted onto a substrate by an adhesive layer
applied to the substfate. Then, a free wire end is connected to a chip contact surface by
soldering. Then the coil wire is dispensed onto the substrate surface. At least at some points the
wire is fused to the subs;trate. Finally, a second free wire end is connected to another chip

contact surface By soldering. The “818 patent discloses a similar method, which allegedly is

applicable to glass fibers, in additional to metallic conductors. However, the “230 patent and the

‘818 patent fail to describe a single ‘émbodiment using optical filaments or‘pro‘vide process
parameters for successfully scribing optical filaments according to these methods.

U.S. Patent No. 5,259,051 to Burack et al.; dated November 2, 1993, discloses a
method of making optical filament interconnections by routing optical filaments on a substrate.

Because the scribing head is capable of X, Y and Z-axis motion, crossovers can be formed. A

-3-
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spring pushes the scribing head down onto the substrate and permits the head to be pushed up at
crossovers when obstaéles are encountered. Z-axis movement at the optical filaments is not
controlled, but instead relies on resistance caused by the obstacles encountered during scribing.
Also, the optical filaments are not embedded into the substrate in the method of
the “051 patent, but rather are laid onto the substrate’s surface. Accordingly the optical filaments

are covered after routing by a plastic sheet that encapsulates the fibers. The sheet is laminated

- onto the substrate by application of pressure and heat. This pressure, which is necessary to”

encapsulate the optical filaments, also may break the optical filaments. Breakage is especially a
problem at crossovers , which are increasingly common and necessary in optical filament circuit
cards. .

U.S. Patent No. 5,292,390 to Burack et al., dated March 8, 1994, disclo;c,es a
similar method of produciné optical circuits. Opﬁcal filaments first are bonded to a substrate’s
upper surface and then are covered with a ther;noplastic sheet material. The resulting structure
then is compressed at an elevated temperature and relatively high pressure to bond or tack the '
thermoplastic material to the plastic substrate. After cooling, the structure again is heated and
subjected to elevated pressure to 6aus¢'the thermoplastic material to encase the optical filaments. -
Again, the fibers in this method still are suscéptible to damage, particularly when many
crossovers are included in the optical filament circuit pattern, because heat and piessure are
aﬁplied to the thermoplastic sheet material. -

Accordingly, there has been a long-felt need in the industry for methods of
manufacturing optical filament circuit boards that are aﬁmenable to mass production. Various

machines are available for automatically routing and bonding €lectrical wire to a substrate, but,

-4-
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in general, these machines cannot be adopted for optical filament use because optical filament is

relatively fragile and is relatively unable to withstand heat and pressure, abrupt turns, etc.

- OBJECTS OF THE INVENTION

It is, therefore, an object of the presént invention to provide a method of forming
an optical filament circuit pattern having planar and non-planar portions in a quick, cost-effective
manner that is amenable for mass production.

A further object is to provide a method of making optical filament scribed circuits
that avoids filament breakage and the like by reducing stress on the filaments during

manufacture.

A still further object of the present invention is to provide opﬁcél filament scribed

- circuits made with one or imore crossovers that are essentially free of stresses.

Another object of the present invention is to provide a method of making wire-
scribed circuits without using thick, high performance insulation layers.

An adciitional object of the present invention is to provide a method of making
wire-scribed circuits without using insulation layers that are difficult to remove.

Yet another objcét of the present ‘iﬁvenﬁon isto providé vx"ire,-scribed circuit
boards that do not require filaments with thick, heavy polyimide insulation coatings to withstand
the manufacturing process.

Yet still another object of the present invention is to provide wire-scribed circuit

boards with filaments having thin polyurethane insulation coatings.
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Still a further object of the present invention is to provide Smart Cards with
smooth and uniform exteriors, such that subsequently they may be printed with, for qxample,
digitized portréits.

These and other objects of this invention will be apparent to those skilled in the

art upon reference to the following specification and claims.

SUMMARY OF THE INVENTION

In one aspect, the present invention concerns methods of optical filament scribing
circuit patterns with planar and non-planar portions on or in the vicinity of a dielectric substrate.
A pre-selected length of a continuous optically conductive filament is scribed at a speed between

about 110 inches/minute and about 190 inches/minute in a plane parallel to the substrate’s

" surface onto or in the surface’s vicinity to form a planar portion of the circuit pattern from the

scribed length of filament. A non-planar portion of the circuit pattern is formed by placing a

next pre-selected length of the continuous filament that is contiguous to the immediately
preceding scribed length so that the next pre-selected filament lengtﬁ traverses but does not
adhere to a pre-selected surface or feature forming part of the substrate’s surface. Then, a next
pre-selected length of the continuoué filament is scribed at a speed between about 110
inches/minute and about 190 inches/minute onto or in the surface’s vicinity to form another

planar filament circuit portion. This next pre-selected length of filament is contiguous'to the

" length of the filament that forms the non-planar filament circuit portion.

Tt has been found that the present invention allows the scribing of fragile optical
filaments at speeds heretofore unachievable. To avoid breakage, the energy applied to bond the

optical filament to the substrate had been kept to.a minimal amount necessary to achieve a
-6-
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sufficient bond. However, when the scribing speed and the amount of bonding energy (e.g.,

. ultrasonic energy and pressure) are increased in tandem, a surprising result is achieved. An

unexpectedly strong bond between the optical filament and the substrate is achieved without

increasing damage to the filaments. This permits viable commercial manufacture of the optical
!

filament circuit boards.

Additional features and advantages of the present invention will become apparent
as the invention is more fully described in the following description, from the dfawings, and

J

from the claims. The description is purely illustrative and non—limiﬁng.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. is a schematic of a device for ﬁlanufacturing three-dimensional filament
circuit boards. |

FIG. 2ais aplan view of a portion‘ of a filament circuit board, wherein a filament

is attached to a substrate.

FIG. 2b is a plan view of the same portion of the filament circuit board shown in

- FIG. 2a, showing the further bonding of the filament to the substrate during filament circuit

scribing.

FIG. 2cis a plan view of the same portidn of the filament circuit board shown in

FIGS. 2a and 2b, further showing placement of a filament portion above previously scribed

" filament circuit portions.

FIG. 2dis a plan view of the same portion of the filament circuit board shown in
FIGS. 2a-2c, further showing the continuation of the bonding process after placing a filament

portion above a majority of the filament circuit.
: 7.
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FIG. 2eis a plan view of the same portion of the filament circuit board‘ shown in
FIGS. 2a- 2d, further showing the continuation of the filament-scribing process.

FIG. 2fis a plan view showing a portion of the filament circuit board showing
placement of a filament portion above a recess of the substrate.

FIG. 2gis a plan view showing a portion 6f the filament circuit board showing
placement of a filament portion above a raised feature of the substrate,

FIG. 3ais a plan view of a portion of a filament circuit board, wherein a filament
is attached to a substrate.

FIG. 3bis a plan view of the same portion of the filament circuit board shown in
FIG 3a, showing the further filament bonding to the substrate during filament circuit scribiﬂg.

FIG. 3cis a plan view of the same portion Qf the fiiament circuit board shown in
FIGS. 3a and 3b, further showing placement of a filament portion below previously scribed
filament circuit portions.

FIG. 3dis a;plan view of the same portion of the filament circuit board shown in
FIGS. 3a - 3c, further showing the continuation of the bonding process while placing a filament
portion below a majority of the filament circuit. |

FIG. 3eis a plan view of the same portion of the filament circuit board shown in

FIGS. 3a - 3d, further showing the continuation of the bonding process by resumption of

scribing on the substrate’s surface.
FIG. 3fis a plan view of the same portion of the filament circuit board shown in
FIGS. 3a- 3e, further showing the continuation of the bonding process by scribing additional

filament portions onto the embedded filament portion.

-8-.
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FIG. 4 is an overhead view of a crossover formed according to the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

According to the present invention, methods of opticél filament scribing circuit
patterns with planar and non-planar p-c)rtions and interconnection éards, Smart Cards or optical |
filament circuit cards formed therefrom are provided.

Interconnection cards, Smart Cards and optical filament circuit cards have
filament circuits scribed and adhered to an inéulating substrate. A plurality of conductive
filaments scribed form the filament circuit patterns. Each filament is scribed continuously and
adhered to the substrate from one filament end to the other filament end, one filament after the
other, until a complete filament circuit pattern is scribed.‘ Electronie, electro-optical or optical
components may be present on the suﬁstrate’s surface. ’

Any conductive filament may be used, including electrically and optically-

conductive filaments. For example, metallic or electrically conductive wire, such as copper wire,

may be used. Insulaﬁqn may be provided surrounding the filament.

The optically conductive filament or optical filament can be a single-mode or
multi-mode optical filament. The optically conductive filament may be que of any transparent
dielectric material, usually glass or ﬁlastic, that guides light. A typical optical filament is
constructed from three patts: a cor;:, a cladding and a protective jacket. The core, or central

portion, of the filament is the actual propagating path for the light. Bonded to the core is a

cladding layer.
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The core and the cladding may be constructed from the same or different
materials, such as optically conductive glasses or crystals. For example, both the core and the
cladding may be composed of silica, or doped silica as well as other silica containing or similar
optically-conductive materials. However, it is understood that other materials may be employed
as known by those skilled in the art. Tllustrative examples of some other materials that may be
used are chalcogenide, fluoride, oxyhalide, and tellurite glasses doped with rare-earth ions (i.e.,
neodymium-doped tellurite glass or a erbium-doped fluoride glass). The core and cladding
materials should be chosen so that the refractive index of the core is slightly higher than that of
the cladding. By making the refractive index of the core slightly higher than the refractive index
of the cladding, light is confined and propagated within the core.

The protective jacket typically, but not always, is provided to proteét the clad
filament. The jackei may be a suitable polymer (often referred to a;s a buffer coat), or it may be a
plastic jacket. For example, the clad optical filament may be surrounded by a buffer coat made
of polyacrylates, polyimides, polymethacrylates, polyurethanes and vinyl ethers.

The tensile strength of the optical filament can be measured according to various

" well-known techniques. A preferred method of testing tensile strength is disclosed in G:S.

Glaesemann and D.J. Walter, “Method Of Obtaining Long-Length Strength Distribution For |
Reliability Prediction,” OPTICAL ENGINEERING, Vol. 30, No. 6, pp. 746-748 (June 1991), the
disclosure of which is incorporated herein by reference to the extent it is necessary to understand
the invention. Preferably, the optical filament has a tensile strength of at least about 100 kpsi

when tested according to this method.

-10 -
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‘Where a portion of filament is assigned to traverse another portion of filament (a
“crossover”), insulation is required on metallic conductive filaments to avoid vnwanted eléctrical
connections. Insulation is opﬁonal for optical conductive filaments.

The adhesive coating and.one or more underlying insulation layer(s), if present,

should be removable. Electrical connections between the scribed filament and compon;:ﬁts are

made by removing the insulation and/or adhesive. Therefore, the adhesive coating and insulation

layer(s) should be able to be removed without damaging the filament or the substrate surface to
which the filament is bonded. Preferably, the insulation is a thermoplastic material that is readily
removable at normal soldering temperatures.

The substrate forms a base of the interconnection card and provides strucﬁ;ral

strength and support. Any conventional substrate may be used. For example, the substrate can

" include: (1) a circuit substrate with or without etched foil power and ground conductors or the

_like, or (2) an electronic interconnection board, including a discrete-wired circuit board, a

standard printed circuit board, a multilayer circuit board; a circuit board with components’

thereon, or a circuit board at any other stage of construction. The substrate may be made of any

~ dielectric material including phenolic-paper laminates, epoxy-paper laminates, epoxy-glass

. laminates, epoxy-glass composite laminates, polyimide laminates, triazine resin laminates and

other base materials having adequate thermal and electrical properties. The substrate material
should have sufficient ﬁgidity, strength and thickness to meet the requirements of the final
interconnection board.

| Wiring scribing requires that the substrate or the filament have an energy

activateable adhesive surface. The filament or the substrate may be composed of a material with

-11-
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such properties. Alternately, the filament or the substrate may be provided with an adhesive

coating. Wire scribing adhesives are well known in the art, and have been described in Us.

‘Patents Nos. 4,642,321 to Schonberg et al., 4,544,801 to Rudik et al. and 5,340,946 to Friedrich

et al. An activateable adhesive coating may be applied to the substrate, such as a partially cured
thermosetting resin which, when heated, becomes malleable and provides an adhesive bond
when briefly heated. Alternately, the adhesive coating is provided to the filament.

Any suitable adhesive mgterial capable of attaching the filament and the substrate
may be used. One example of a suitable material is a pressﬁre sensitive acrylic adhesive tape.

ﬁG. 1 depicts a schematic of an embodiment of an apparatué for practicing the
present invention. An electromechanical wire feeding mechanism 32 is adapted to dispense a-
filament 102 towards a wiring head 20. The wire feeding mechanism 32 may consist of a feeder
motor 34 coupléd to a capstan or drive wheel 36. The capstan 36 is manufactured with a groove
26 made at close tolerance to the ﬁlament 102. Precision beaﬁngs 38 are situated to press the
ﬁianient toward the wiring head 20. When the feeder motor 34 is actuated, the capstan 36 rotates
and the filament 102 is forced to move into a filament guide 22 of the wiring head 20. Where the
feeder motor 34 is a DC motor, the filament is fed at a velocity that is proportional to the DC
voltage applied.

‘The wiring head 20 has the aforementioned filament guide 22, as well as a stylus
24, and a transducer assembly 50. The filament guide 22 and stylus 24 are preferably
manufactured with grooves 26 formed at close tolerance to the outer diameter of the filament.
The filament 102 passes from the wire feeding mechanism 32 to the filament guide 22, and is

presented beneath the groove 26 of the stylus 24. The grodves of the stylus tip and the filament -

-12-
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guide prevent any deviation of the filament position from a true path. The transducer 54 is
positioned near the stylus tip 24 and applies energy to either the dispensed filament 102 or to the

nearby substrate 106. The energy adheres at least the dispensed portion of the filament to the

i

substrate.

The energy used to activate the adhesive surface should be controllable in

magnitude and intensity. The level of the energy should activate the adhesive, but not to damage

the filament 102 or the substrate surface 106. Thermal, pressure, ultrasonic, laser or radiant

energy sources or combinations thereof, may be used. For example, the adhesive may also be

activated chemically using a solvent directed at a portion of the adhesive surface. Altemnatively, .

‘heated or superheated gasses such as air may be directed at the coating to supply thermal energy -

to activate the adhesive.

FIG. 1 illustrates a preferred ultrasonic transd.ucer assembly. The transducer
assembly 50 has a solenoid 52 that excites a magngtostrictive transducer 54 situated in the center
of the solenoid 52 such that the transducer 54 mechanically oscillates at resonant frequency when
current is applied to the solenoid 52. The mechanical motion of the transdﬁcer 54 is transmitted
to a stylus tip 24 attached to tﬁe*transducer 54 such that the tip 24 osciﬁates. Thé amplitude of
the tip oscillation is proportional to the amplitude of the current applied to the solenoid 52. The
tip 24 is rigidly supported by a bus;hing 28 or other support member such ﬁat deflection from
true position is prevented.

Any conventional controller may be used to regulaté the amount of energy applied

to activate the adhesive surface.

-13 -
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An actuator assembly 60 displaces the wiring head 20 and the substrate 106
relative to one another along three 6rthogonal axes. Conventional motion platforms for this
purpose are typically rotationally displaceable about their respective axes by hydraulic or
pneumatic actuators. Tt will be understood, that either the substrate or the wiring head or both
may be mounted on such motion platforms. Alternately, the substrate fixed on to the motion
platform capable of movement in only two directions (X and Y). The wiring head is moved
along the (Z) axis. Thus, three axes (X,Y,Z) displaccment of the wiring head relative to the
substrate is possible. Any conventional means for three-dimensional movement may be used.

Preferably, an actuator assembly 60 moves the wiring head 20 both laterally and
vertically. More preferably, the actuator assembly 60 displaces the stylus 24 and the filament
guide 22 independently of one another. For example, when the adhesive is pressure sensitive,
the actuator assembly 60 preferably regulates the pr%assure exerted upon the filament by the stylus
24. An.electronic or pneumatic system 62 positions the wiring head 20 including fhe stylus tip
24 and controls pressure applied to clamp the filament agaiqst the substrate 106. In addition, a
suspension assembly 64 may raise or lower the filament guide as required by the scribing
process.

According to the above—preferrgd embodiment, the stylus tip 24 initially rests at a
roughly equal level to the filament guide 22. During the scribing process, the wire feeding
mechanism 32 is actuated such that a section of filament is dispensed 102. The stylus tip 24 is
lowered to press the filament 102 against the substrate 106. The filament guide 22 is positioned
such that the filament 102 is trapped in the groove 26 of the stylus tip 24. The magnetostrictive

transducer 54 is energized in order to applj energy to bond the filament 104 to the substrate 106.

-14-
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The substrate 106 and filament guide 22 then are moved relative to one another in
a pre-selected pattern. The wire feeder 32 and the filament guide 22 dispense a pre-determined
amount of filament 102 onto the substrate to form a filament circuit. The transducer assembly 50
is selectively actuated to bond .the filament 104 to the substrate 106.

At termination points, a wire cutter 30 may be used to cut the filament.

At connection points, the transducer assembly 50 may be used to fuse the filament
104 to semiconductor devices 112 or other electrical or optical components.

When traversing a recessed feature such as a cavity 114, a raised feature such as a
mounting pad or another wire 116, the sequence of events might work in the following fashion:

First, the controller 56 reduces the energy aﬁpﬁed to bond the filament 102 and

the substrate 106. For example, the ultrasonic energy source 58 is switched off or converted to

.an idling condition, and the pressure exerted by the stylus 24 to ensure intimate contact between

' the-filament 102 and the substrate 106 is reduced. The wiring head 20 is also raised a distance in

the Z-direction away from the substrate 106.

Second, the wiring head 20 is driven to a.fixed Z-axis height above the obstacle
'1 14 or 116 upon reaching the leading edge 110 of that obstacle.  As the-head 20 is moved up, DC
current is applied to the feeder motor 34 to dispense filament 102, and the head 20 then traverses
the obstacle 114 or 116. In this manner, the amount of filament 102 dispensed and the
displacement of the head 20 are controlled according to the dimension of the obstacle 114 or
116.

After traversing the obstécle 114 or 116, the head 20 is lowered in the Z-axis

di;ectidn toward the surface of the substrate 106 until the filament 102 contacts the substrate 106

-15-
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and the stylus 26 exerts pressure thereon. The ultrasonic energy source 58 is energized and the
sequence continues as it has been previously described until the ﬁlament 104 is adhered and the
filament circuit 100 is complete and the cutter is activated.

Referring now to FIGS. 2a-2g, in scribing filaments 102 onto the substrate 106

with the device 10 such as shown in Fig. 1, the substrate 106 is fixed to a worktgble 68 and

_ associated with the wiring head 20. The movement of substrate 106 relative to the wiring head

20'is preferably controlled by automated means, such as a computer 66. The wiring head 20 in.';iy '
be stationary and the worktable 68> movable in three directions. Alternately, the wiring head 20
may be moveable in all three directions and the worktable stationary 68. The wiring head 20 and
the worktable 68 may also both move in all three dirgcﬁons.

. FIGS 2A - 2G illustrate the sequential steps used in creating an interconnection

* card with a filament circuit pattern 100 having planar and non-planar portions. As depicted, the

present invention allows filament circuit patterns 100 to be scribed while reducing the stress

applied to the filament at crossovers 107. The present invention also allows filament circuit
patterns 100 to be scribed over pre-existing raised features 116 such as pads and contact patterns.
An interconnection card 120 is shown in FIG. 2a in the initial steps of the wire-
scribing process. The interconnection card 120 includes a substrate 106 with filaments 104
adhered to the surface of the substrate 106. The substrate 106 niay contain a numbér of recessed

features 114, such as pre-drilled holes, slots, cavities or the like. Pads, contact patterns or other

- raised features 116 may also be provided on the surface of the substrate 106,

Once ﬁlainents 104 have been scribed and adhered to substrate 106, as described

above, those portions of the substrate occupied by these filaments 104 are denoted as “first pre-
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assigned areas.” Areas of the substrate containing or assigned to contain recessed or raised
features 114 or 116 may also be denoted as first pre-assigned areas. While subsequenf filaments
may traverse the previously scribed filaments, such subsequently scribed filaments are not
bonded directly to the substrate 106.

Referring to FIG. 2b, the scribing stylus 24 and the substrate 106 are mc')\}ed
relative to one anothef in an X-Y plane parallel to the surface of the substrate 106, while
dispensing and adhering the filament 104 to the surface of the substrate 106. When the stylus 24
reaches a léading edge 110 of a first pre-assigned area on the substrate 106 movement ceases.
The stylus 24 to raised a distance in a Z-axis direction, perpendicular to the X-Y plane defined
by.the surface of the substrate, from the surface of the substrate 106.

As shown in FIG. 2c, the stylus 24 and the substrate 106 thep are moved relative
tc; one another, while the filament 102 is dispensed. Activation energy to activate the adhesivg is
may no‘t.be applied during this étep. In this manner, subsequently séribeci filaments 102 may
traverse previously bonded filaments 104 without contacting them, and without be adhered to
them.

Referring to FIG. 2d, once the stylus 24 reaches a trailing edge 112 of the first
pre-assigned area on the substrate 106, the stylus 24 is again moved in a Z-axis direction to bring
the filament 102 into contact with the surface of the substrate 106. The application of energy to
activate the adhesive is resumed and the filament 104 is adhered to the surface of the substrate
166. As shown in Fig. 2e, the stylus 24 and the substrate 106 are moved relative to one anothert
while the filament 104 is. dispensed and adhered to the substrate surface 106. This process

continues under a complete filament circuit pattern 100 is formed.
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As shown in FIG. 2f, the procedure that is described above may be utilized to
scribe an unbonded filament 102 over areas of the substrate 106, which contain a hole, a slot, a
cavity or the like 114. FIG. 2g shows the same procedure utilized to scribe a filament 102 over
an area of the substrate 106 with a raised feature 116, such as a pad or contact pattern.

FIGS. 3a- 3f illustrate the sequential steps used in creating an interconnection
card 120 with non-planar portions of the filament circuit pattern 100 comprises of lengths of
filament 105 embedded into the substrate 106 a Z-axis direction below the X-Y plane defined by
the substrate surface 106. As depicted, the bresent invention allows filament circuit patterns 100
to be scribed while reducing the stress applied to the filament at crossovers 107. The present
invention also allows filament circuit patterns 100 into recessed features 114 of the substrate
106.

An interconnection card 120 is shown in FIG. 3ain the initial steps of the wire-
scribing process. A filament 102 is fed onto the substrate surface 106. The scribing stylus 24 is
moved in the Z-axis direction toward the substrate surface 106 to brmg the filament 102 and the

substrate surface 106 into contact with one another. Slmultaneously or subsequently, energy is

applied to the filament 102 or the substrate or both to activate an adhesive surface. In this

manner, the filament 104 is bonded to the subsﬁate surface 106.

Referring to FIG. 3b, the scribing stylus 24 and the substrate 106 are moved
relative to one another, while the fiiament 102 is dispensed onto the substrate surface 106. As
the filament 102 contacts the substrgte surface 106, it is adhered thereto, as described above.

| Areas of the substrate 106 may be der_ioted as “second pre-assigned areas.” These

areas may include crossovers 107. At a leading edge 110 of the second pre-assigned area on the
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substrate 106, movement of the stylus 24 and the substrate 106 relative to one another ceases.

- The stylus 24 and the substrate 106 then are moved closer to one another in the Z-axis.

Referring to FIG. 3c, the stylus 24 is moved downward in a controlled and pre-

.selected manner in fhe Z-axis to embed the filament 105 below the surface of the substrate. The

activation energy to activate the adhesive may be increased during this step. Then, the stylus 24
and the substrate 106 are moved relative to one another in the X and Y-axis directions.
Referring to FIG. 3d, once the stylus 24 reaches a trgiling edge 112 of the second
pre-assigned area on the substrate 106, the stylus 24 and the substrate 106 are moved relative to
one another in the Z-axis direction to bring the filament 102 into contact with the substrate
surface 106. The application of energy to activate the adhesive is resumed and the filament' 104

is adhered to the substrate surface 106.- As shown in FIG. 3e, the stylus 24 and the substrate 106

are moved relative to one another while the filament 104 is dispensed and adhered to the

- substrate surface. This process continues until a complete filament circuit pattern 100 is formed.

As shown in FIG. 3f, a second filament 104 may be placéd onto the embedded

filaments 105, those filaments previously adhered in a second plane located below the substrate

- surface 106. - At those points where the secénd filament 104 intersects with the embedded -

filament 105, however, the application of energy to activate the adhqsive surface is not
ferminateci. Instead, the second filament 104 is adhered over top of the embedded filament 105.
In this way, the second filament 104 remains in the same X-Y plane as the majority of the
filament circuit pattern 100, crossing over embedded filaments 105.

FIG. 4 is an overhead view of a crossover formed accord_ing to the present

invention. A first wire 104 is bonded to the substrate surface as described above. A second wire
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104 is similarly bonded in the same X-Y plane as the first wire from line A to line B. At line B,
denoting a leading edge 110 of a first pre-assigned area, the stylus 24 and substrate 106 are
moved away from one another in thg 7-axis direction. The stylus 24 is moved from line B to line
C, denoting a trailing edge 112 of the first pre-assigned area, and additional filament is dispensed
102. At line C, the stylus 24 and the substrate 106 are moved closer to one another in the Z-axis
direction. Energy is applied to activate the adhesive and bond the filament 104 to the substrate
surface 106. The stylus 24 and the substrate 106 then are moved relative té one another in the X-
Y plane while the filament 104 is dispensed and adhered onto the surface of the substrate 106, as
described above. Accordingly, a three-dimensional filament circuit is formed. |

The present invention relates to a particularly advantageous method of forming

. an optical filament circuit pattern having planar and non-planar portions on or in the vicinity of a

_surface of a dielectric substrate. The optical filament bonding process is sophisticated. The

present invention is designed to move a optical filament bonding head assembly quickiy acrossa .
substrate ina prede,tgrmined path and, while doing so, to dispense and ultrasonically bond the
optical filament to the surface of the substrate. This requires that both the action of the motor
used to dispense the optical filament and the amount of ultrasonic energy generated be very
precisely controlled and modulated in proportion to relative velocity of the bonding mechanism. -
In addition, the behaw)ior of that mechanism in terms of its rotation and Z-axis movement also
must be controlled and precisely coordinated with other system functions. As explained below,
using specified amounts of ultrasonic power and stylus pressure, the'present invention achieves
wire-scribing speeds that are 50% faster than previously achievable. Moreover, bond strengths

between the optical filament and the substrate are strong, even at these fast scribing speeds.

-20 -



10

15

20

WO 2004/011705 PCT/US2003/023674

" If the scribing speed is set too high, the filament may not be securely bonded to
the sﬁbstrate. This produces a non-robust, optical filament circuit board that is not acceptable.
In addition, high scribing speeds can cause optical filament breakage, which also is not
acceptable. However, it is important to increase scribing speeds to increase manufacturing
productivity.

The bond strength between the filament and the substrate preferably is between
about 7 grams and about 14 grams, more preferably betwee;n about 9 grams and about 12 grams
anc} more preferably between about 10 grams and about 11 grams.

In this aspect, the presént iﬂvention is a three-step method. First, a pre-selected
length of a continuous and optically conductive filament is sctibed in a plane parallel to the
surface of the substrate and on or in the viciﬂty of a surface of a substrate. This forms a planar
portion of the circuit pattern. Preferably, during this scribing step, the wiring head 20 and the
substrate are moved relative to one another at a speed between about 110 inches/minute and .
about 190 inches/minute, and more preferably at a speed between 130 inches/minute and about

170 inches/minute and most preferably at a speed of about 150 inches/minute. To achieve these

speeds while also meeting the conflicting goals of (1) ensuring a secure bond between the optical - -

filament and the substrate and (2) avoiding breakage of the fragile optical filament, an
appropriate bonding energy is selected.

Specifically, the optical filament is bonded to the substrate, preferably by
application of ultrasonic power. More preferably, both ultrasonic power and pfessurc are applied
during scribing. When ultrasonic power is applied durinig the scribing process, a current is used

that is between about 1.2 amps and about 1.4 amps, and most preferably between about 1.3 amps
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and about 1.4 amps. Also, the ultrgsonic power has an idle voltage that is Between about 1 volt
and 2 volts. The run voltage that is between 11 and 12 volts. Further, the run wattage that is
between about 2.0 wats aﬁd about 3.5 watts, and preferably is between about 2.5 watts and about
3.0 watts. |

If pressure is applied durmg the scribing process, the pressure applied preferably
is between about 1.200 Newtons and about 1.324 Newtons, and most preferably is between about
1.275 Newtons and about 1.324 Newtons.

Second, a non-planar portion of the circuit paﬁem is formed. The wiring head 20
(along with its aforementioned filament guide 22, stylus 24, and bonding transducer assembly
50) are moved in planar and non-planar directions. Accordingly, the optical filament , which is
held by the filament guide 22, also is moved in planar and non-planar directions. The optical
filament is dispensed from the an head to place the next iength of continuous optiéal
filament. This next length traverses but does not adhere to a pre-selected surface or feature
forming part of the surfaée of the substrate. To accomplish this crossing without bonding, the
pressure on the optical filament during crossing preferably is reduced to between about 0.333
and about 0.353 Newtons. The av;)ids breakage of the optical filament due to high stresses.

Third, a plane parallel to the sutface of the substrate is scribed. Specifically, on or
in the vicinity of a surface of a substrate a next pre-selected length of the continuous filament
that is contiguous to the length of the filamenit that forms the non-planar portion of the filament
circuit is bonded to the substrate to form another planar portion of the‘ circuit. Again, the
scribing process and the bonding of the opticél filament to the substrate are achieved as

described in the first step above (e.g., by application of ultrasonic power and pressuze).
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Practicing the above-described method permits scribing of a three-dimensional optical filament

circuit at speeds between about 110 inches/minute and about 190 inches/minute, and more

preferably at a speed between 130 inches/minute and about 170 inches/minute and most

preferably at a speed of about 150 inches/minute.

EXAMPLE 1

An apparatus as described above is used with optical filament to make a scribed

filament circuit pattern with planar and non-planar portions. For example, a COILPRO™ 2000

seties wiring machine or a COILPRO™ 4000 series witing machine, both available from

* Advanced Interconnection Technology, L.L.C. (a Stratos Lightwave company) of Hauppauge,

New York, can be used.

The substrate is a polyimide film commercially available from DuPont, Inc.
(Wilmington, Delaware) under the trademark KAPTON® 200HN, and is 50 pm thick. The
substrate is prepared by bonding a layer of adhesive to one surface. The adhesive is an acrylic
resin commercially available from 3M (St. Paul, Minnesota) under the trademark VHB™
Adheswe Transfer Tape. The adheswe is 250 p,m thick. The adhesive is bonded to the substrate
using a roll laminator. To accomphsh thlS the two films are ahgned to one another and passed
between the rollers of the laminator. The comphant rollers squeeze the materials together.

. The optical filament is a single mode fiber commercially available from Corning
Incorporated (Corning, New York) under the trademark SMF-28™ Fiber. The fiber has a core of
silica, a cladding a}so of silica and a buffer coat of acrnlic. The diameter of the core is nominally
9 pm, while the diameter of the composite at the outside of the cladding is 125 pm* 1 pm. The

overall diameter of the ﬁber (1ncludmg the buffer coat) is 245 pm.
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N The optical filament is bonded to the substrate is a series of parallel lines,
approﬁﬁately 40 cm in length, using ult;asonic power having a current of 1.3 — 1.4 amps, an
idle voltage of between 1 and 2 volts, a run voltage of 11 — 12 volts and a run wattage of 2.0 —
3.5 watts.

In addition to the ultrasonic power, pressure is applied to the opticai filament. To
embed the optical filament into the substrate, pressures between 1.275 and 1.324 Newtons are
applic;,d. When the optical filament “jumped” or traversed another feature (e.g., another segment
of fiber, or an optical compohent), a lower pressure between 0.333 and 0.353 Newtons is applied.

Under these conditions, the apparatus is capable of scribing the optical filament at

a velocity of 150 inches/minute.

COMPARATIVE EXAMPLE 1

The same aéparatus, substrate and optical filament is as in Example 1, except that
the bonding of the optical filament is-achieved using different conditions. Specifically, the
ultrasonic power has a current of 1.1 — 1.2 amps, an idle voltage less than 1 ‘volt, arun voltage of

10 — 11 volts and a run wattage of 1.6 — 2.0 watts. Again, the optical filament is bonded to the

substrate is a series of parallel lines, appfoximately 40 cmin léngth.

Pressure is ai;)plied to the optical filament. To embed the optic;,al filament into the
substrate, a pressure of about 1.177 Newtons is applied. When the optical filament “jumped” or
traversed another feature (e.g., another segment of fiber, or an optical component), alower
pressure between 0.333 and 0.353 Newtons is applied. |

Under these conditions, the apparatus was capable of scribing the optical filament

at a velocity of 100 inches/minute.
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COMPARATIVE TESTING

The strength of the bond developed in Example 1 and Comparative Example 1 is
quantitatively measured using an Instron® Model #1130 Stresé Tester. One end of each fiber is
securely clamped within the pulling mechanism of the Instron machine. The fiber is puﬂe& ‘
perpendicularly free from the surface of the subs&éte at a strain rate of 10 inches/minute. The

force required to do so, in grams, is recorded. The results are summarized below.

Comparative '
. Example 1 Example 1
Average Bond Strengfh (all recorded data) A 5.1 grams 9.6 grams v
Absolute Minimum Bond Strength Observed 3.0 grams . 7.0 grams
Absolute Maximum Bond Strength Observed 7.0 grams 14.0 grams

In addition, each bonded fiber is inspected along its length visually using 20X
optical magnification prior to the bond strength testing. There is no indication that any physical

or mechanical damage is caused by use of either parameter set.

These results are unexpected since a rather minor increase in ultrasonic power and -

stylus pressure yields both a 50% increase in bonding velocity and nearly a doubling of bond

- strength. This translates directly-into substantially higher productively and superior product

quality since the fibers are more securely bonded and, therefore, far less likeiy to become
dislodged or moved during subsequent processing of the optical eircuits.
As illustrated and described above, the invention can be implemented by various

embodiments. The invention, in its broader aspects, is not limited to the specific embodiments |

~ herein shown and described. Departures may be made therefrom within the scope of the
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accompanying claims without departing from the principles of the invention, and without

sacrificing its chief advantages.
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What is claimed is:

1. A method of forming an optical filament circuit pattern having planar and
non-planar por'gions on or in the vicinity of a surface of a dielectric substrate, the method
comprising:

(a) scribing at a speéd between about 110 inches/minute and about' 190
inches/minute a pre-selected length of a continuous opﬁcaﬂy conductive filament in a plane
parallel to the substraté surface and on or in a vicinity of the suﬁstrate surface to form a planar
portion of the circuit pattern from the scribed length of filament;

(b)  forming a non-planar portion of the circuit pattern by controllably moving
the filament in planar and non-planar directions and placing a next pre-selected length of the
continuous filament that is contiguous to the immediately preéeding scribed length so that the
next pre;selected length of filainent traverses but does not adhere to a pre-selected surface or
feature forming part of the substrate surface; and

©) scribing af a speed between about 110 inches/minute and about 190
inches/minute in a plane parallel to the substrate surface, aﬁd on or in a vicinity of the substrate
surface a next pre-selectgd length of the continuous filament that is contiguous to the length of - -
the filament that foms the non-planar portion of the filament circuit to form another planar
portibn of the circuit,

wherein a bond strength between the optical filament and the substrate is

achieved of between about 7 grams and about 14 grams. -
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2. The metl_lod of claim 1, wherein the substrate or the filament or both have
an adhesive surface capable of being activated by applicatioﬁ of energy, and wherein scribing -
steps (a) and (c) comprise: ‘

feeding the filament to a filament guide, while moving the filament guide and the
substrate relative to each other, so that a length of filament is dispensed from the filament guide
onto the surface of the substrate in the filament circuit pattern; and

simultaneously or su‘bsequently applying energy capable of activaﬁng tfle_
adhesive .surface of the substrate and] 61' the filament forming a-pre;gelected circuit path, so that
the filament adheres to the substrate in the filament circuit pa;ttem.

3. The method of claim 2, Whereiﬁ the filament guide and the substrate are
moved relative to each other at a speed of about 150 inches/minute.

4. The method of claim 3, wherein the filament guide is moved relative to the
substrate and the subst;ate is kept stationary.

5. The method of claim 4, wherein the substrate is moved relative to the
filament guide and the filament guide is kept stationary. |

' 6 The method of-claim 2; wherein the step of applying energy comprises. . . .
applying ultrasound energy having an output power between about 2.0 watts and about 3;5 watts.

7. The method of claim 6, wherein the ultrasound energy has an output
power between about 2.5 watts and about 3.0 watts.

8. The mefhod of claim 6, wherein the step of applying energy further
comprises applying a pressure to the filament between about 1.1’?7 Newtons and about 1.324

Newtons.
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9. The method of claim 8, _Whérein the pressure between about 1.275
Newtons énd about 1.324 Newtons.

10.  The method of claim 5, wherein the step of applying energy combrises
ai)plying energy in a form selected from a group consisting of heat, ultrasound, pressure, and
combinations thereof. ‘ |

11.  The method of claim 10, wherein the step of applying energy to activate
the adhesive surface comprises.ultrasonic energy to the surface.

12.  The method of daim 10, wherein the step of applying energy to activate
the adhesive sﬁrface comprises heating the surface to within a temperature range of about 90°
and about 160°F. |

13.  The method of claim 1, wherein step (b) comprises:

interrupting the application of energy so that the filament does not adhere to the
pre-selected surface, or feature forming part of the surface, of the substrate;

moﬁing a filament guide and the substrate away from each other in a Z-axis
direction perpendicular to the plane defined by the surface of the substrate;

- - traversing the pre-selected surface, or feature forming part-of the surface, of the -
substrate by moving the filament guide and the substrate relative to caéh other in a plane parallel
to the plane defined by the surface of the substrate, while feeding the ﬁlé.ment to the filament
guide so that the next pre-selected length of the continuous filament is dispensed over, but does

not contact the pre-selected surface, or feature forming part of the surface, of the substrate; and
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moving the filament guide and the substrate closer to each other in the Z-axis
direction until the filament guide is positioned in a plane defined by the planar portion of the
circuit pattern.

14. A method of optical filament scribing comprising:

scribing at a speed between about 110 inches/minute and about 190 inches/minute
a pre-selected continuous length of an optical filament to a surface of a thermoplastic substrate to
form a filament circuit pattern having a pre—deterﬁained path; and

applying sufficient energy to the filament or substrate to achieve a bond strength
between the filament and the substrate between about 7 grams and about 14 grams.

“15.  The method of claim 14, wherein the filament circﬁit pattern has at least

one Crossover.

16.  The method (;f claim' 15, wherein the scribing step comprises:

scribing a first substantially planar portion of the filament circuit pattern by
controllably moving and placing a pre-selected length of the continuous filament in a plane
paralliel to the substrate surface to form;-and

- ‘scribing a substantially non-planar portion of the filament circuit pattern by . .. .

controllably moving the filament in planér and non-planar directions and placing a next pre-
selected length of the continuous filament that is contiguous to the immediately preceding
scribed length so that the next pre-selected length of filament traverses but does not adhere to a
pre-selected surface or feature forming part of the substrate surface; and

scribing a second substantially planar portion of the filament circuit pattern by

controllably moving in a plane parallel to the substrate surface and placing a next pre-selected
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length of the continuous filament that is contiguous to the length of the filament that forms the
non-planar portion of the filament circuit.

17.  An apparatus for optical ﬁlment scribing comprising:

means for scribing at a speed between about 110 inches/minute and about 190 -
inches/minute a pre-selected continuous length of an optical filament to a surface of a
thermoplastic substrate to form a filament circuit pattern having a pre-determined path; and

means for applying sufficient energy to the filament or substréte to achieve a bond

strength between the filament and the substrate between about 7 grams and about 14 grams.
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