: VED THREE DI MENSI ONAL W RI NG MODULE BACKGROUND
‘OF THE I'NWENTION™  Field of the Invention The invention relates to

t her mof or med, three dinensional wring nodul es containing high deqiywﬁp
conductive w.ring.

The invention relates to thermoformed, three dimensional
wiring modules containing high density conductive wiring.

Description of the Related Art

Multilayer wiring modules, e.g. circuit boards, circuit
substrates or circuit memory cards, are known in the
electronics industry.as a base to provide conductive paths

' émong various electronic components present in a computer
systen. The'common modules comprise a plurality of layers
which are fabricated to contain a conductive wiring pattern
on one or both of the layer surfaces, including a number of
electrically conductive vias formed through at least some
of said layers such that when a plurality of such layers

- are laminated together in appropriate alignment using heat
and/or pressure, useful electrically conductive interlayer
pathways are formed within the module. A typical planar
module formed ffom ‘layers of thermoplastic polymer
materials is disclosed in U.S. Patent 5,259,110, the
complete disclosure of which is iﬁcorporated herein by
reference.

In some applications, it is desirable to provide
thermofofmed, three dimensional modules such as, for
example, disclosed in U.S. Patents 4,528,748 and 5,264,061.
‘Three dimensional modules are particularly desirable for
use as interchangeable computer c¢ircuit cards. Circuity
may also be present in the molded plastic housing of small
computers such as the‘computer case of a lap top, which
housing itself can then serve as a circuit board and
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An obvious solution to this problem with respect to modules
fabricated from thermoplastic polymers would be to first
construct the multilayer interconnect system in the planar
state and then thermoform the defined module into the
desired th'ree dimensional shape. However, the themoforming_ :
process puts undue stress on the internal wiring present in
the module, particularly wiring present on the outer layers
of the module opposite the inner angle of bend. This can
lead to breakage or shorting of the circuit in these
regions as consequence of stress bending encountered in the
thermoforming process.

SUMMARY OF THE INVENTION

The present invention provides a wiring module containing_
a plurality 'of laminated polymer layers containing defined
electronic circuitry which can be thermoformed into desired
three dimensional shapes without damaging the internal
wiring at the lreg.ion of thermoform stress. More
particularly, the invention provides a thermoformed, three
dimensional wiring module prepared by thermoforming a
laminate comprising a plurality of laminated,
thermoformable polymer insulating layers containing
conductive wiring circuitry on at least one surface of the
layers, the layers 'being' assembled to form conductive
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic side sectional view of a wired planar

e electronic module of this invention, both prior to
thermoforming and the same module in three dimension after
thermoforming.

DETATLED DESCRIPTION OF THE INVENTION

The wiring modules of the present invention are prepared by
forming conductive wiring circuitry on one or both sides of
sheet materials composed of a thermoformable polymer. The
circuitry may comprise a series of conductive lines having
a line density in the range of 10 to 100 lines per linear
inch per layer, and may also include patterned vias or
holes punched in the sheet and adapted to be filled or
plated with conductive metal , e.g. solder, to form
conductive interlayer interconnects after the sheets are
laminated.

The polymeric sheet material used to fabricate the wiring
module may include any thermoformable polymer material
which has reasonably good electrical insulating properties.
Suitable polymers include thermoplastics such as
polyoclefins, e.g. polypropylene and polyethylene,
polystyrene and copolymers of styrene with acrylonitrile or
with butadiene and acrylonitrile (ABS resins), polyesters
such as are available from Hoechst Celanese under the
VECTRA® tradename; polyvinyl or vinylidene chloride,
polycarbonates, polysulfides, polyphenylene ethers,
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‘-~ Conductive wiring patterns are formed on one or both
surfaces of each sheet by any suitable known technique.
Such techniques include screen printing of metallic
.conductive 1ink, plating the sheet with a film of a
conductive metal such as copper, silver, aluminum or
cooper-chromium and thereafter forming the conductive
wiring pattern using computer controlled etching of the
metal or using the more conventional photoresist pattern
exposure followed by development and mask etching of the

I metal. Other methods include the decal process or a
sputtering process. Connecting vias may also be drilled at
selective régions of the circuit pattern and filled or
plated with conductive metal during fabrication of the
module lamination as is known in the prior art.

After the sheets are electrically configured, they are
stacked in appropriaﬁe electrical registration such that
the desired conductive interconnect paths are established
throughout the laminated structure. If desired, a suitable
adhesive, e.g., a thermopla_stic low melting polymer, may be
applied between adjacent sheets to assist bonding. The
stacked sheets are then subjected to moderate thermal
compression, during which process: the thermoplastic
properties of the sheets or of any adhesive which may be
applied between adjacent sheets cause the sheets to bond
together to provide a multilayer, planar module of
mechanical integrity.
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The key feature of the present invention relates to the
design of the conductive wiring patterns applied to each
layer of the' laminated structure in those regions of the
module which will be stressed or bent when the module is
thermoformed into a three dimensional shape. 1In addition
to the requirement that the circuitry present in each layer °..
be cénfigured' such as to provide conductive wiring
interconnect paths within the assembled laminate, it is
also configured such that the wiring which transverses or

v~ traverses planned stress regions of the laminate is present
only in the internal or low stress layers of the laminate,
such as illustrated in Fig. 1.

Fig. 1 shows in the top figure a schematic side sectional
'view of a wired module or laminate 1 having a number of
conductive vias illustrated by vertical lines such as 2 and
a number of conductive wires illustrated by horizontal
lines such as 3. The bottom figure shows the same module
after having been thermoformed withian "L" shaped 90° bend.
The top figure illustrates the region of stress at D where
the thérmoformed bend will be formed in the module. _The‘
layers present in region A of the cross-section will thus
be subjected to compressive thermoform stress while - the
léyérs present in region C of the cross-section will be
subjected to stretching thermoform strain. Layers present
in the core region B will be subjected to the lowest
thermoform stress and strain. Thus, any wiring present at
region D is present'bnly on and between internal layers
which are located within region B of the cross section of
the laminated structure, such as shown at 4 in Fig. 1.

Low stress and strain inner or core region B preferably
occupies not more than 35% of the thickness of the
laminate, more preferably not more than 25% and most
preferably not more than 15% of such thickness.

Modules commonly used in the electronics industry may
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containing ten layers, the wiring at the bend could be -

present on one or more surfaces where layers 4, 5, 6 and 7
interface, but would be more preferably present only at the

. interface of layers 5 and 6. Thus, the wiring circuitry at
the region of thermoform bend for laminates containing four
or more even number of n layers is such that the wiring
circuitry is present only on one or more surfaces of the
n/2 and/or the (n/2 + 1) layers, more preferably only at
the interface between the n/2 layer and the (n/2 + 1) léyer
of the laminate.

For structures containing three or more odd number of m
layers, the wiring circuitry present at the region of

- thermoform bend would be preferably present only at the
interface of the (m+l1)/2 layer with one or both adjacent
layers, more preferably only at the interface of the
(m+1) /2 layer with one adjacent layer.

Three dimensional modules of the invention may be prepared
by heating the planar laminate to a temperature at or
slightly above the glass transition temperature of the
ﬁolymer'material of which the module layers are composed,
and shaping the module into the desired three dimensional

configuration. Preferred thermoform techniques include hot’ .

press molding or vacuum forming methods. Cross-sectional
thermoformed bends formed in the resulting three
dimensional module may range from angles of about 1° to
about 135° from the horizontal, more preferably from about
5° to 90° from the horizontal,- without destroying or
shorting out the core circuitry configured in accordance
with the invention.



pol ystyrene and copol ymers of styrene with acrylonitrile or wth butadiene
and acrylonitrile (ABS resins), polyesters such as are available from
Hoechst Cel anese under the VECTRA[ err] tradenane; polyvinyl or vinylidene
chl ori de, pol ycarbonates, polysulfides7 pol yphenyl ene et hers,

pol yacrylics such as polynethylnethacrylate and I|ike materials. Al so
suitable are "B" stage polyam c acids which will cure upon the application
of heat appd i farm LQCesSs h ets al so
contain no%—éﬁlﬂﬁq %@3@%&@%@%&?@@% gglf ?‘Béﬁ]‘glea“‘ss?%%h&& yam de
fibers. PrEVEEHIGN, t9%terrel puydliandy £1lext Wouiduatsive vheingngenof

about 1 toalld nbésappliied’ ebeMd Ymbd@IeabAtrihd OalsBhbly of the

electronic device of which the modules form a part.



Cbnductlve W ri atterns may be forned on one or both surfaces of eagh
‘sheef by any sG??E%Té‘kﬂﬁmn\ngﬂﬂLque such techni ques include: screeﬂ\
printing of rret MWe ink, plating the sheet-wth afnldmof

conductive met aI silver, alum num or rcooper Ghmei:
t hereafter formng fhetc V\nrlrﬁg pattern usi ==gontrol | ed
etching of the netal or using fhe nmore conventi onal p
exposure foll owed by devel opment and mask etching of the neﬂ‘blkSheetPﬁIbé%ﬁRe laced

met hods include the decal process orC&2dM8ttering process.
may al so be drilled at selective regions of the circuit patt I
or plated W&C‘)Qdé‘féiﬁ’eed n}taéal during fabrication of the nodu e

.as is known ih the pri-or After the sheets are el ectrlcally
configured, they are stacked in appropriate electrical registration such

“that the desired Concﬁ‘cﬁﬁéﬁ?‘m%fﬁﬁﬁé‘@mﬂ?feé’a&ﬁeﬁfoﬁéi apl + $H§ImbRLg¥ghout

the | am nated structure sired,
prepared by thermoformlng a laminate comprising a plurality

of laminated, thermoformable polymer insulating layers
containing conductive wiring circuitry on at least one
surface of said layers, said layers assembled to form

v~ conductive interconnect paths within said module, said -
module further characterized in that the conductive wiring
circuitry is present only on internal, low stress layers of
said laminate at the region of thermoformed bends of said
module.

2. The module claim 1 comprising a two layer
laminate and wherein the wiring circuitry is present only
at the interface of said layers at said region.

3. The module of claim 1 comprising an even number
of n layers of four or more, and wherein said wiring
circuitry is present only on one or more surfaces of the
n/2 and/or the (n/2+1) layers.

4. The module of claim 3 wherein said wirin'g
circuitry is present only at the interface between said n/2
layer and (n/2+1) layer at said region.

5. The module of claim 3 containing up to 12 layers.

6. The module of claim 1. comprising an odd number of
m layers of three or more, and wherein said wiring
circuitry is present only at the interface of the (m+1)/2
layer with one or both adjacent layers at said regi_on.

7. The module of claim 6 wherein said wiring-': :
circuitry is present only at the interface of said (m+1)/2
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9. The module of claim 1 wherein said thermoformed

bends range from an angle of about 1° to about 135° from the
horizontal. '

10. The module of claim 9 wherein said thermoformed
v~ bends range from an angle of from about 5° to 90° from the
horizontal.

11. The module of claim 10 wherein said thermoformed
bends are at an angle of about 90° from the horizontal.

12. The module of claim 1 wherein said internal low
stress layers are present within the inner 35% cross-
sectional thickness of said module.

13. The module of claims 12 wherein said low stress
are present within the inner 25% cross-sectional thickness
of said module.

14. The module of claim 12 wherein said low stress
layers are present within the inner 15% cross-sectional
thickness of said module.

This Sheet Has Been RTlaced

-~ [RA



assenbled lamnate, it is also configured such that the wiring which
transverses or traverses planned stress regions of the lamnate is present
only in the internal, low stress |ayers of the |am nate, such as
illustrated in Fig. 1. The key feature of the invention requires that the
conductive wiring circuitry is present only on internal |ow stress |ayers
at a region of thernofornmed bends (i.e.qguch as shown at 4 in Fig. 1).
However at the non-bént regions, the conductive wiring circuitry nmay be
provi ded on at | east one surface of “the |ayers upto and including al
surfaces of the |ayers. Fig. 1 shows in the top figure a schematic
side sectional view of a wired nodule or lamnate 1 having a nunber of
conductive vias illustrated by vertical lines such as 2 and a nunber of

conductive W res {hipgi bﬁ[ } qﬁ@é " bottom
figure shows the ’ggrre rrggu e g}?t er gw ng lggigﬁgkyﬁrr%n@g)w an "L"

shaped 90[err] bend. The top figure illustrates the region of stress at D
where the thernoformed bend wll be fornmed in the nodule. The | ayers
present ABSTREIQIN A of the cross-section wll

The present invention provides a wiring module (1) containing a plurality of laminated
polymer layers contafning defined electronic circuitry which can be thermoformed into desired
three dimensional shapes without damaging the internal wiring at the region of thermoform
stress. A thermoformed, three dimensional wiring module is prepared by thermoforming a
laminate comprising a plurality of laminated, thermoformable polymer insulating layers
containing conductive wiring (3) circuitry on at least one surface of the layers. The layers are
assembled to form conductive interconnect paths (2) within the module (1). The module is
further characterized in that the conductive wiring circuitry is present only on internal low

stress layers of the laminate at the region of thermoformed bends present in the module.

Fig. 1.



“thus be subj ected to conpressive thernoformstress while the | ayers present
.in Fegton C of the cross-section will be subjected to stretching

t hermof orm strain. Layers present in the core region B will be subjected to
the | owest thernoformstress and strain. Thus, any wiring present at
region Dis present only -on and between internal |ayers which are |ocated
within region B of. the cross section &lthe |aminated structure, such as
shown at -4 in Fig. 1. Low stress and strain inner or core region B
preferably occupies not nore than 35%of the thickness of the |aninate,
nore preferably not nore than 25% and nost preferably not nore than 15% of
such thickness. Modul es comonly used in the electronics industry may
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6 contain.from2 to about 20 wired |aninate layers, nore comonly from 4
to 12 of such layers. Thus, in a two |ayer structure of the i,,n\/_erﬁgo,ﬂg,’?{-?_qggr
wiring circuitry would be present only at the interface of ‘the first-and - -
second |l ayers at the region of planned thernoformbends, i.e., region D
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interface of layers 5 and 6. Thus, the wiring circuitry at the region of
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- An obvious solution to this problem with respect to modules fabricated from
thermoplastic polymers would be to first construct the multilayer interconnect system in
the planar state and then thermoform the defined module into the desired three
dimensional shape. However, the thermoforming process puts undue stress on the
internal wiring present in the module, particularly wiring present on the outer layers of
the module opposite the inner angle of bend. This can lead to breakage or shorting of
the circuit in these regions &s comsequence of stress bending encountered in the
thermoforming process.

SUMMARY OF THE INVENTION
According to one aspect of the invention there is disclosed a thermoformed, three

~ dimensional wiring module prepared by thermoforming a Jaminate comprising a plurality
of laminated, thermoformable polymer. insulating layers containing conductive wiring
circuitry on at least one surface of said layers, said layers assembled to form conductive
interconnect paths within said module, said module ﬁxfther characterized in that the
conductive wiring clircuitry is present only on internal, low stress layers of said laminate
at a region of thermoformed bend of said module.




"of the |am.nate. For structures containing three or ane odd ﬂunbef of n1
| ayers, the wiring circuitry present at the region of tharm)fmfm bend ‘woul d
be preferably present only at the interface of the (mtl)[2od @yer._,w,,,t,,,h,__qng_
or both adjacent |ayers, nore preferably only at the i nt exface—of-the-
(mtl)/2 layer with one adjacent | ayer. Thr ee di nensi onal nodul es of the

I nvention may be prepared by heating tﬁe pl anar lam nate to a tenperature
at or slightly above the glass transition tenperature of. the pol yner

material of which the nodule | ayers are conposed, and shaping the nodul e

into the desired three dinensignal conf urgtlo rred thernoform
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- electronic module of +this invention, both pricr to
thermofornming and the same module in three dimension after
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DETATILED DES E iy

The wiring modules of the present invention are prepared by
forming conductive wiring circuitry on one or both sides of

' - sheet materials composed of a thermoformable polymer. The °
circuitry may comprise a series of conductive lines having
a line density in the range of 10 to 100 lines per linear
inch per layer, and may also include patterned vias or
holes punched in the sheet and adapted to be filled or
plated with conductive metal , e.g. solder, to <form
conductive J.nterlayer interconnects after the sheets are
laminated.

The polymeric sheet material used to fabricate the wiring
' module may include any thérmoformable polymer material
which has reasonably good electrical insulating properties.
Suitable polymers include thermoplastics such as
polyolefins, £.g. -‘polypropylene and polyethylene,
polystyrene and copolymers of styrene with acrylonitrile or
with butadiene and acrylonitrile (ABS resins), polyesters
such as are available from Hoechst Celanese under the
VECTRA® tradename; polyvinyl or vinylidene chloride,
' polycarbonates, polysulfides, polyphenylene ethers,
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*5[err] to 90[err] fromthe horizontal, w thout destroying. o shorting out..

the core circuitry configured in accordance with the invention._ j ik 1547

7 Dependi ng upon the anticipated use$ of the nodul es of ' this: i.nvention, =
external auxiliary flex conductive wiring can al so be appfiedto the:. - ..
gvg;'r es duPdigRa3ATYe Yach"CaB! Cpbi PRl AL REcY1 4L ah8e TBRY! es Torm
materials. Also suitable are "B"Y stage polyawmic acids
which will cure upon the application of heat applied during
the thermoforming process. The sheets may also contain
non-conducting, reinforcing fillers such as fiberglass or
polyamide fibers. Preferably, the sheet layers have a
thickness in the range of about 1 to 10 mils, more
preferably from about 4 to 6 mils. |

yo Conductive wiring patterns may be formed on one or both

surfaces of each sheet by any suitable known techhicue,
Such- techniques include screen printing of wmetallic
conductive ink, plating the sheet with a film of a
conductive metal such as copper, silver, aluminum or
cooper-chromium and thereafter forming the conductive
wiring pattern using computer controlled etching of the
metal or using the more conventional photoresist i:attern
exposure followed by development and mask et’ching of the
metal. Other wmethods include the decal process or a
sputtering process. Connecting vias may also be drilled at
salective régions of the circuit pattern and filled or
plated with conductive metal during fabrication of the
module lamination as is known in the prior art. .

After the sheets are electrically configured, they are
stacked in appropriate electrical registration such that
the desired conductive interconnect paths are established
throughout the laminated structure. If desired, a suitable
adhesive, e.g., a thermoplastic low melting polymei-, may be
apﬁlied between adjacent. sheets to assist bonding. The
stacked sheets are then subjected to moderate thermal
comprassion, during which process' the thermoplastic
properties of the sheets or of any adhesive which may be
applied between adjacent sheets cause the sheets to bond
together to provide a multilayer, planar wmodule of
mechanical integrity.
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traverses planned stress regions of the laminate is present only in the internal, low stress
layers of the laminate, such as illustrated in Fig. 1. The key feature of the invention
requires that the conductive wiring circuitry is present only on internal low stress layers

at a region of thermoformed bends (i.e. such 2s shown at 4 in Fig. 1). However at the

non-bent regions, the conductive wiring circuitry may be provided on at least one surface
of the layers upto and including an'surface§ of the layers.

Fig. 1 shows in the top figure a schematic side sectional view of a wired module or
laminate 1 having a number of conductive' vias illustrated by vertical lines such as 2 and
a number of conductive wires illustrated by horizontal lines such as 3. The bottom
figure shows the same module after having been thermoformed with an "L" shaped 90°
bend. The top figure illustrates the region of stress at D where the thermoformed bend
will be formed in the module. The layers present in region A of the cross-section will
thus be subjected to compressive thermoform stres# while the layers present in region C
of the cross-section will be subjected to stretching thermoform strain. Layers present in
the core région B will be subjected to the lowest thetmoform stress and strain. Thus,
any wiring present at region D is bresem only on and between internal layers which are
located within region B of the cross section of the laminated structure, such as shown at

 4inFig. 1.

Low stress and strain inner or core region B preferably occupies not more than
35% of the thickness of the laminate, more preferably not more than 25% and most
preferably not more than 15% of such thickness. |

Modules commonly used in the electronics industry may
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' lnyers, said layers assembled to form conductive iuterconnect paths within said module,

- said module further characterized in that the conductive wiring circuitry is present only
on internal, low stress layers of said laminate at a region of thermoformed bend of said
module. |

2. ‘The module of claim 1 comprising a two layer laminate and wherein the
wiring circuitry is present only at the interface of said Iayeré at said region.

3. The mod_ule of claim 1 comprising an even number of n layers of four or
more, and wherein said wiring circuitry at said region is present only on one or more
surfaces of the 0/2 ahd/or the (/2 +1) layers. |

4. The module of claim 3 wherein said wiring cirenitry is present only at the
interface between said n/2 layer and (/2 -+1) layer at said region.

5.  The module of claim 3 containing up to 12 layers.

6. Thc module of claim 1 comprising an odd number of m layers of three or
more, and wherein said wiring circuitry at said region is present only at the interface of
the (m+1) /2 layer with one or both adjacent layers at said region.

| 7. The module of claim 6 wher'ein said wiring circuitry is present only at the
interface of said (m+1) /2 layer with one adjaceni layer at said region. -
‘8. The module of claim 6 containing up to 11 layers.

9. The module of claim 1 wherein said thermoformed bend ranges from an

~ angle of about 1° to about 135° from the horizontal, '

10. The module of claim 9 wherein. said thermoformed bend ranges from an
angle of from about 5° to 90° from the horizontal. |
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about 90° from the horizontal. _
12. The module of claim 1 wherein said internal low stress layers are present
within the inner 35% cross-sectional thickness of said module.
13. The module of claim 12 wherein said low stress layers are present within the
inner 25% cross-sectional thickness of said module.
"14. The module of claim 12 wherein said low stress layers are present within the

inner 15% cross-sectional thickness of said module,




