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Thermal inkjet printers are fast, quiet devices that produce high quality printing by

gjecting ink onto an image-recording medium. An image-recording medium, such as a
15  sheet of paper, is struck only by ink as the printhead moves over the paper surface during
image formation.

Thermal inkjet print cartridges operate by gjecting vaporized ink through one or
more orifices to produce an ink dot on the recording medium. Ink ejection occurs quickly
following rapid heating of a small volume of ink. Onfices may be arranged in arrays on a

20 nozzleplate. As the printhead moves across the recording medium, a sequenced ejection
of ink results in a printed portion of the desired image. Typically, after each pass of the
printhead, the recording medium moves to allow the next printhead pass to deposit ink
onto the adjacent area, unti] a complete image appears.

A typical inkjet print cartridge includes a printhead, an ink reservoir for containing

25  liquid ink, which is delivered to the printhead, and a flex circuit for transmitting signals to
the printhead. The printhead may be any of a variety of conventional structures, including
those with nickel nozzle plates, and the like, or may be formed using Tape Automated
Bonding (TAB).

Darnage to a printhead cartridge may occur in several ways. A common problem

30 involves attack by the ink jet ink composition on the surfaces of the ink jet printhead
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formed omefydefBr ks PPh¥i{ThEible because ink jet inks contain solvents as well as ionic

components. Solvents in the ink will gradually dissolve certain msulative coatings to

20 expose the underlying circuit traces. Solvent attack may be readily facilitated by
surfactants also present in ink jet inks. Information on ink jet ink compositions is
available by reference to e.g. JP 3097771, US 4,853,037, US 4,791,165, US 4,786,327, EP
259001, US 4,694,302, US 5,286,286, US 5,169,438, US 5,223,026, US 5,429,860, US
5,439,517, US 5,421,871, US 5,370,730, US 5,165,968, US 5,000,786 and US 4,990,186.

25 Problems associated with deterioration of ink jet chambers and nozzles affect the

useful service lifetime of an ink jet cartridge. The problem of electrical shorting between
circuit traces, of interconnecting flex circuits, poses a more significant problem of
premature failure of a printhead when the signal control circuit becomes compromised.
Failure of this type primarily involves conductive traces formed on films of polyimide

30  which is the most common substrate polymer used for flex circuits. Desirable properties of
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to formplated through-holes. This creates _caonductiye path _betg\een t he
various | aptersewifiliguid ciyatal pglymer fide for fexiplecizgit@ppheajions. nited States Patent

No. 4,975,312 describes a printed wiring board substrate prepared from a multi-axially

oriented thermotropic liquid crystalline polymer film having a tailored coefficient of

thermal expansion in the X-Y direction and a thickness of not more than about 100pm..

20  Materials of this type offer several potential advantages over the use of polyimide films for

-flex circuit substrates. Such potential advantages led to the use of readily available

processing techniques for producing single layer or multilayer circuit structures supported

by one or more layers of a liquid crystal film substrate. A multilayer flexible circuit is a

combination of three or more layers of single or double-sided flexible circuits laminated

25  together and processed with drill and plating to form plated through-holes. This creates

conductive paths between the various layers without having to use multiple soldering
operations.

United States Patent No. 4,737,398 describes a laminated film comprising a

metallic foil and a polymer layer laminated to the metallic foil. Metal foils in the range of

30  0.005 — 0.076 mm may be laminated to an anisotropic melt phase forming polymer to

3
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resulting |l am nates provide substrates for a variety of applications
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little attention as protective an encapsuldating naterirals ectrical
and el ect r ontaiati Avotheslaandate evcres, déeribediFBiirepeéan Patent EP 07646515, provides

a composite material having at least three distinct regions formed by an outermost region

of porous polytetrafluoroethylene(PTFE), an inner region of a liquid crystal polymer and

an intermediate region produced by penetration of the LCP into the porous PTFE.

20  Lamination of PTFE to LCP uses a heated platen press operating at temperatures in the

range of 10°C to 50°C above the melting point of the thermotropic LCP. The composite
structure forms with the LCP in a molten condition. e -

Liquid crystal polymer materials have received little attention as protective and

encapsulating materials for electrical and electronic circuits and devices. German Patent

25  DE 198 38 266, describes an apparatus and process for encapsulation of electrical circuits

by means of an injection casting process. Japanese Patent JP 2000068263 uses an

inshlating LCP to cover the surface of an mmtegrated circuit device such as a bare chipina

chip scale package. There is a clear demarcation boundary where the LCP layer contacts

the surface of the chip. Since the packaging of most electronic devices fails either by

30  delamination or circuit metal corrosion, any separation, along the boundary, between the
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structure useful for packaging flex circuits for use with electronic
devices. Preferably flex circuits, according to the present invention;.
conpri se asm‘b%ﬂﬁmgm printed circuit lamnated to a
protective C i rystal polymer. Lam nated structures
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packaged electronic circuit devices incl udi ng,tBoI yi m de suybstpates.. The
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operate effectively at frequencies, such as m'crowave ‘frequencies, that
ext end the conductive circuit traces to environmental contaminants that could compromise circuit

integrity. '
LCP film packages provide improved performance when compared with polyimide
flex circuits. For example, the low moisture absorption, low gas transmission rate,
20 excellent dimensional stability, and low coefficient of thermal expansion of LCP
minimizes the potential for circuit contamination and dimensional stress during circuat
assembly and operation. Low dielectric ¢onstant and low loss tangent characteristics allow
LCP to operate effectively at frequencies, such as microwave frequencies, that extend
beyond the useable range for polyimide flex circuits. Packaged flex circuits using LCP
25 film laminates become substantially hermetically sealed due to adhesion and bond
formation between polymer'and meta)] during the timed application of heat and pressure. A
packaging method according to the present invention produces a bonded composite that is
highly resistant to attack such as by ingress of contaminants. Hermetic seal formation
during the time of application of heat and pressure promotes infusion of LCP films,

30 removing any evidence of a demarcation boundary between the films, even at temperatures
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The present invention also includes a process for producing a flexible circuit
including hermetic sealing comprising the steps of providing at least one electrically
conductive trace having a first surface opposite a second surface. At least a portion of the
first surface is attached to 2 first homogeneous polymeric film. A second homogeneous
polymeric film is contacted with at least a portion of the first film and at least a portion of
the second surface. Thereafter, application of pressure to the first and second films, for a
time at a selected temperature, promotes polymer infusion to form a continuous phase

swrrounding at least a portion of an electrically conductive trace.

DEFINITIONS

The following definitions provide clarification of terms used herein for describing

the present invention:
"Circuit Protective Composite” refers to the composite structure formed according

to the present invention by laminating a homogeneons polymeric film as a coverlayer over
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conpl et el yiddingssmaikatdiie of @ thheid datridriiatprdvent RicedsenriteiedWnthcriress bddh 15

polymer filns used according to the present invention are subject to
moi st ur e penhelectidabreondudtdrei by ingress micdgentsstbet may tcorrpde oz rothammisndamageeer

POl YT de Lo TR RIS COMRORk G BEEOL LI L S BLERET o ERL O
g ov g;'ngy er gigﬁﬁ%s%ﬁg cBbleidy inhperRieAbRCdue\® 50 TRE A Ahe prATEHEd Hghid drytal
15  polymer films used according to the present invention are subject to moisture penetration,
albeit to a much lesser extent than commonly used polyimide films.
A "multilayer composite” according to the present invention refers to composite
- structures having additional printed circuits and/or coverlayers applied to a circuit
protective composite according to the present invention.
20 The term "infusion" refers to polymer mobility between homogeneous polymeric
films in a laminated condition during timed application of heat and pressure to produce a
diffuse band of continuous polymeric phase that has no clearly defined demarcation
boundary. ' _
An "infusion layer" also referred to herein as "a continuous phase” is the diffuse
25 band resulting from infusion of laminated polymers under the influence of pressure at

elevated temperature.

The beneficial effects described above apply generally to the exemplary devices and
mechanisms disclosed herein of the circuit protective composites. The specific structures

30  through which these benefits are delivered will be described in detail hereinbelow.



20 The term"infusion" refers to polynmer nobility between honogeng§usPR 7009
polynmeric films in a |lamnated condition during timed application of beat
and pr e¥YOUREBSE produce a diffuse band of continuous polRGHESK/0phAse t hat
has no- clearly defined demarcati on boundary. An "infusion layer"” also
referred to herein as "a continuous phase" is the diffuse 25 band resulting
frominfusion of | am nated pol ynmers under the influence of pressure at
el evated tenperature. The beneficial effects described above apply generally
to the exgrpl 2 devices and nechani sos di scl osed herein of the circuit
ot ()] !5'-'“-’)-’“--"!"-"1 30 through which these
benefits are i ' i ! at.ai ejyab : 5 APR
5005 | 1v0 05/ SaeANREEEn Wil pBE BERied b _ b el Cp R e oy e
i nvent i caxawpld ompwnd evithasferérbe th ihe agedet dravdegsid whitht he fol | owi ng way of
exan‘gl e only Emd wWith reference to the attached drawings, in which: 5 Figure
1 is>a cross B bisA CTOssSRemalview Rl GSPEPOBLCHERRINE todhe presesi myenfion.

aceording 1o VRO frsch sfosf R BEY Bl fiver sSiphyICHE A SRRERAIR, LI o o1

conposi tigeskpcvehtieh.t 0 the present invention showi ng electrical conductors
extending therefrom 10 Figure 4 is a perspective view showi ng the

posi tioni ng ofigarecoprsvidey erperspestiveriiew eficompasitaiaccaréingrie tegressnt inmemiona
conposite according.to th resent i.nvention. DETAILED DESCRI PTI ON OF THE

| NVENTI °}K§”%%8%H7€3é&9ﬂ%‘€$°&§@é@n§ﬂﬁé%ﬁf 's of the present invention are

di sghosed hergiops ki | é&ql@(g i ed |
enbodi nment s a?ileg[ilr r?e? élé ?/tﬁgﬂfgyncgilrvgrvg/é“éfﬁ?‘ﬁ%gqi&n ent irglt#lé)tg ﬁgic@@n%rila&%go%ﬁ%ggﬁgd in :
vari ous cneditbkfore fratdiatien bba nempJdite abtqdingso thegrepsht innentemsari |y to scal e, '
sone features may be exaggerated or mnimzed to show details of particular
conponents. Therefore, specific structural and functional details disclosed
herei n  BEEANED IO AERITAHONG tﬁiw%}ﬁng, but nmerely as a basis for the

cl ai ns aﬁ'?s—r%r‘e‘p‘r“e‘svm‘af‘i‘ve teaching one skilled in the art

to variously Aspbqirddheetaiied enfbodiments of the present invention are disclosed herein;

15  however, it is to be understood that the disclosed embodiments are merely exemplary of the

mvention that may be embodied in various and alternative forms. The figures are not
necessarily to scale, some features may be exaggerated or minimized to show details of
particular components. Therefore, specific structural and functional details disclosed herein
are not to be interpreted as limiting, but merely as a basis for the claims and as a
20  representative basis for teaching one skilled in the art to variously employ the present
invention.
Refemring to the figures, wherein Jike numerals designate like parts throughout the
several views, Figure 1 provides a cross sectional view of a portion of a composite structure
10 according to the present invention. The composite structure 10 inciudes a first electrical
25  conductor 12 and a second eleétrical conductor 14 surrounded by an infusion layer 16
produced during the timed application of heat and pressure to a first homogeneous polymeric
film 18 and 2 second homogeneous polymeric film 20 on either side of the electrical
conductors 12, 14.
Figure 2 shows a cross sectional view of a multilayer composite structure 30

30  according to the present invention. This view illustrates upper electrical conductors 32

8



invention. Referring to the figures, wherein |ike nuneral s desi g@ﬁﬁ%@ﬁ
parts throughout the several views, Figure 1 provides a cross s

vi ew of awpaniisesy of a conposite structure 10 accordi ng topdtreseresent
i nvention. The conposite structure 10 includes a first electrical. 25

conductor 12 and a second el ectrical conductor 14 surrounded by an infusion
| ayer 16 produced during the timed application of heat and pressure to a

first honoggpfeudsd Bphy iBpdrnfubioh MykB 32884 fovie eRadichidtdenenuss fetongsd iy 411 m
20 on either side of the electrical conductors 12, 14. Figure 2 shows a

cross sect lowrealinfusionlayer 38. Adinuifachyrerof tameronpasye 39 raquires die3Be 08 hamegentony t o
t he present .invention. s, viewillustrates upper glectrical conductors 32
8 \ID 02/ 2683¥TENE SKPOTD B AL BBRA AR GRS S P GRo P aF dpddhon
aver 3% apdcr Wercl Rohaldsk £OBAUGE il Ao P HHRBRIR pdiiEfic lFlus) on
| ayer 38. nufacture of the conposite 6 requires t use oI? a honobgeneous
pol ynmemsi ¢ ﬁlu@wmerfﬂhé P eltacalcdrdactopps? awl £ biwedr hainogemabue tholyend2 film 4he
side and the |ower electrical conductors 34 on the other. An upper

homogeneouplapssl wiver itee flowen alzciwicyll serdnciver34 produpsse thee rudtlaygarompritaci®r s
32 and a | h I ic.fil 4. Dl d he |
el cctr1 cal LI COr CERF r BRI BB AL st P ehy o THEBR Y chd Gl od et
in Figure 2585 &{eowl?@@ﬁéﬁﬁnpjg ligat and pressure to the upper and | ower

|

honbgeneous poflyneric I'ms 42, 44. Figure 3 provides a perspective view, of
the cross secti Higuoé 3 proudes apesspeniivegviawi of the crabd sertientof IFeégire ¢ shdwingoy firkp

and a second el ectri.cal conductor 14. surrounded by, an infusion l.ayer ,16
that W&s fBeEFEeelFPRincienlis %é%fppé ﬁleemq%ﬁ%qn uergr 3}} @ggfuwéei? yaﬂf@@é@ﬂ layer
honbgeneou I Il i : quh [ ' )
Therg S ngﬁ C ea%?% %%dné@tﬁ%%ﬁgg%%alﬁgﬁ ouér%g%}r} g%gérgtﬁ%nﬁgﬁlﬁa%{e?ﬁgfggﬂggﬁ@t he

films 18, pélyoerig@ds I8addhesecont harioghepiasdymdre film 2heThereisniot glealy defieed
el ectrical conductors 12, 14. This conditjon provides electrical, 15
conduct or sderparcatiomshoymdant pranteyfape hebveandhe flmeh, 2 onigers 7 thheontges Risse

aver 10, BT oo oM Bk GRLUBRRCAE a7 B BRI i T
16 by 1@nvi mRivrah 2. C o basktah@alp hemedticaly sédddwrithiiathe infusion layer 16. Hermetic
sealing relies upon the innate physical properties, such as moisture absorption rate, to prevent
penetration of the continuous phase 16 by environmental contaminants such as fluids that
may deposit on a composite 10 according to the present invention. A preferred composite
according to the present mvention comprises liquid crystal polymer films. Previous
20 discussion indicates that, compared to polyimide polymers, the properties of liquid crystal
polymers represent improved circuit protection when they are used in barrier, encapsulant or
coverlay applications. S - - -
| Figure 4 illustrates an embodiment of a composite according to the present invention
during the lamination of a second homogeneous polymeric film 20 over a first homogeneous
25 polymeric film 18 that has a plurality of conductive traces 50 at 1its upper surface. A
composite portion 46, produced during timed heat and pressure lamination, indicates the
formation of an infusion layer 16 between the films 18, 20. The infusion layer 16 is a diffuse
layer formed when material from both films 18, 20 appears to migrate across the interface
between themn. Migration or blending of materials to form the infusion layer 16 removes the
30  demarcation boundary 48 existing between the films 18, 20 before the appliqation of heat and

)



may deposit on a conposite 10 according to the present invention. %
preferred conposite according to the present invention conpri ses(] iAleimf‘
crystal WOIQARG38fi | ns. Previ ous 20 di scussion indicates tT/usnnmeyed to
pol yi m de polyners, the properties of liquid crystal polyners represent

I nproved circuit protection when they are used in barrier, encapsul ant or
coverlay applications. - - Figure 4 illustrates an enbodi nent of a

conposi t gressowr th fignt dhe hempositeepdriom Asn i aterialdmigratont heads atoi foadnatien of a3
second honobgeneous polynerjc film.20 over a first honogeneous 25 polyneric

film 18 tI9BHRYRYS Dhaf. (Fbish isythe miugerlayer e aqumdessck of e plumlippbeonduetivece. A

conposi t ) O . | t 4 at and pressure | am nation,

i ndi cat egt_rat%ggegd %F%g?q%ao‘g#%gﬁ)a?%@taggoanﬂ%gcsrgﬁﬁl6 between the filns 18, 20.
The i nfusion | BefordBtib® ofl aflithfiuld® lay@VI¥l aé OFdRshsWh8ScABE N @l dibtipishRieh
films 18, 20 appears to mgrate across the interface between them

M gr a®i orfeasnrend ipnegeof inventeon. AVih carefud sebectiver ohéarslitions| cfypeessiife, tiereoands t he

30 denmarcati on boundary. 48 exjsting between the fil, 18, .20 before the
appl i cat ﬁsﬂp?fﬁmﬁ%a?o o %@t%f—z/% s Bh%&mfgéieﬁs pylayes 119 (soary at

pressure &:96.m Lk B%% Lal. m ' I -
formati orﬁ&g a c%ﬁ??ﬁﬁigggé%%gg , ?’(Ii:} ﬁé?gm!tﬁﬁg&#dﬁ? &&%é@a?y‘g fga%gr gﬁlﬁd
each of tdioptryiatidtarpio prendus tdaviingd dsaf &nited Stepy PREMINOS,248;53Cwhdrein
particularly a flex circuit. The formation of an infusion |ayer 16, as

pr evi ous|the gesxiusien of 8 lgwar seslteg L&MW math & Hgharuneltisg LGB pewidenta non-

i i on. W f | ect | f di i f i d
t ompy ot qeatebiaiRfip) baft tebb8Re MnfiE S AleRle, RESRE FSpl opR bans
occur s athordcB BRI AIRE Hvad Hlei¥sird Qo PRo¥HOE RaibMaionl off B850 IRYLBRILIOkNEr i C

films 18, 20." This discovery i§ contrary to previous teachings as in United
St at es PatibgsionNend SluR48si&80 sibelityi of thehBloe Swrtisinglyonsing tmedwpplicatibniofg LCP

Sur 1 aces FAPEHER R BB TR G OB OD S et G TS VOB PRV as |
0 mons: ongr Par 1Rofag AT NI LaR0R, pIDHERD S RO ebiialy¥e bPRCRLED OF
pr eskiir esndting peinper @hipeesuras 0o mebire ghand °CHgglpsr ekanthe imaltng points ef the iiihed
O SRS SOBEYS Y DREROn Aboring 1o the Dresnt moemon relite upon & bilace of
the conditions of time, temperature and pressure to laminate the homogeneous polymeric
films with formation of an infusion layer surrounding electrical conductors that preferably
represent circuit traces between the films. Heating a laminate structure at temperatures below
20  the melting point of the homogeneous polymeric films may require either a longer time or a
higher pressure to produce a continuous phase of an infusion layer around electrically
conductive traces, At higher laminating temperatures, infusion layer formation may occur at
lower pressure or shorter amounts of time. _
A process for forming a composite according to the present invention may be
25  accomplished in relatively few steps as indicated by reference to Figure 4 as follows.
Selection of a circuit pattem of conductive traces 50 on a homogeneous polymeric film
support 18 provides a printed circuit material, preferably a flexible printed circuit material. A
second homogeneous polymeric film 20 positioned over the circuit pattern provides a
coverlayer for the printed circuit. Lamination of the films accompanied by encapsulation of

30 the conductive fraces 50 requires selection of a balanced set of conditions of time,
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15 nelting point to tenperatures no nore than 5C hi gher than the stﬁnﬁﬂ
points of the films. Successful conposite formation according to b
present iwgani2Bess relies upon a bal ance of the conditionsPafruSomsz914
tenperature and pressure to | am nate the honbgeneous polyneric filns with
formati on of an infusion |ayer surrounding electrical conductors that
preferably represent circuit traces between the filns. Heating a | amnate
structure smpetamperaduressuteeioomi ROtht HemsdIs; 20 dnipdhacompositee 1 hand genelop she
polymeric films may require either a longer tinme or a higher_pressure to
produce a t¥waiomiyes Iphaelection efnsuiighlesqonritions FodaFesuRm ORPREIS ﬂ@apwhmh the

Format | on' FRBETFaes boPuaerBrulaty BlR G ful Bhan{ a5k ¥, olShmspietess
for form ng, %ﬁélﬁ%iﬁg%?{e%ﬁg?geh&akh%y%l@ﬁ? tegvention may be 25

acconplished 1n relativ eps as indicated by reference to Figure 4
as follpws. Selection of a circuit pattern of conductive traces 50 on a

honogeneous_pol yneric film support 18 provides a printed circuit nmaterial,
pr ef er abl yﬁﬁmﬁbri nted circuit material. A second honpgeneous

pol ynmeric §i % RP | ﬁﬁ’ 90%0%\6 o %ﬁ:'srcuit pattern provides a coverlayer
for the pr : he fil ns acconpani ed by

encapsul ati on offnwi@tigAtRnceniidait brfedtiveeompbsitdseattirdig ts ¢heplesa infention for
bal anced set of conditions of time, 10 WO 02/28638 0 5 APR 2005

PCT/ USQU/ OpBtectingrapdsabstantizdlydepmetially scalipgghictdy trapgs, Faquirsd fisst th® i nto t he
conposite 10 and. de op.the _i.nfusion l.ayer 16..Selection o |

corrlrgi t]iQ)nspf?PBFfﬁ‘é’Eé’\f?e&%HﬁB% e o‘féa ?OH aﬁﬂ?&éﬁo’? ARd lamgp Qﬁ?{)aéc‘{vregfégéra@ggone
subst ant i alyqy; s FRtubRkd e??@ée@&s ABAW BT kn @ik 86HhOProRRNSOBNBYMB circuits.

contam nants 1 ncluding In pray generated by ink jet printers 5

EXPERI MVENTBithefsrepeas ahiydse wid 6@ povide Rnotireoits ueeddo mpposit pesedtivesomipgaitéon of
circuit protective conposjites according to the d?fr eient [ nve.nhi on Ja&’i
prot ect i ng TRAGOBINSEVE AP [races drere farmed op thesirfacg of P compertiat¥ 8¥auable i r ed

L MR SRR BREP Y gt ooy canl S ghanaion
vel | known té Be atdiRbly feudoshst@el piesdiCothogdtionuinkisr the tradename VECTRA, from
Amoco Company using the tradename XYDAR, as well as from W.L. Gore and
Associates of Japan and Kuraray Corporation of Japan. The LCP films may include a layer
- of metal, depending on the selection of additive or subtractive process for production of 2
flex circuit. Preferably the flex circuit is made by a subtractive process using a laminate
20 including 50pm LCP film with a copper layer 12 pm thick. The surfaces of the copper
traces were not treated after the copper subtractive etching process.
A coverlay L.CP film was placed over the circuit traces of a flexible printed circuit.
The simplest form of a circuit protective composite is a sandwich structure including
conductive circuit traces between polymer films. Production of the final composite

25 requires timed application of heat and pressure. This can be accomplished using

continuous roll to roll processing or in a batch mode using individual coverlay sheets.

Lamination Conditions
Lamination condition depends on the LCP film used. Preferably the crystalline
30 transition point of the LCP is in the range from 290°C to 350°C. Aﬁer raising the

11



Ei t her process may be used to provide flex circuits used in ci rcuié)
protective conposites. The conductive circuit traces were formed &b APR0S
surface O¥O&2@¥#bercially available liquid crystal polynmePCT/B8drabie
comercially available liquid crystal polymers are known 15 to be avail abl e
from Hoechst Cel anese Corporation under the tradenanme VECTRA, from Anpco
Conpany using the tradenane XYDAR, as well as fromWL. Gore and Associ ates
of Japan aemprrataedy bepvesar 280°Crandf3208pampreFhme oCR380 kiPa (B8Y pei)ab 2080 &Phayer

of net al,n(q endi ng on .tilg sel.ectiop of a%gi éi ve o suztractive process for

producti o § P3! W%e%PP(]:‘F ?%??‘Wﬁr@ftg? EA5ES of He spends dp S0useconds. Rerferably the

subtractivy, ' Hﬁ]gig . ' Lnecl wdj ancl_ ' ' opper

| ayer 12 p%ntH H&]E%II' e sg?(?naézlggﬂ d(%?é Eﬁﬁjg%a!g%%eor%%bp gtages \/\/eqr:)'lélfeh%u?é WF?Q?‘Z&E’ 519 'Ito er

the copper(360ipti) and a\tinebdL60 sgopds TBS Sesubing Riretilt PYotb&Hel ddniposass mp’éﬁl%fa tgver
a

the circuit traces of a flexib] e&rfi nted circuit. The sinplest formo
circui B prist Bel shawviagmsoeyr er signiter Samewl G shistodion: élsothemeliwag nocamideshle ve

circuit tr pol ymer -fil s, ction of the final conposite 25
requires t@%@éﬁ%pe%%\?ﬁ%eio&gan%%oﬁlﬁ%fgf ure. This can be acconplished
using conti nuopger GdrhpleQoh Of theRirB&R8 81 SnHsith TordndthC Bn TRIE.HIF fn shows

I ndi vi dual coverlay sheets. Lamnation Conditions Lam nation condition
depends orstrohg bb@fingitd noppeedirclt fhasabd thetHEP Gimpsuppdrting th@h. Vieardii cans

point of the.LCP is in the. range from 29QC to_350C. After .raising the 11 WO
02/ 28638 (CEI9RPR HEHH PreieqhgRomnesde accoripeioths presept Baenienwvaobes ahwoidpocC,

f _ . . _ ; o
i b T o ol diudofid b0 dary RS WAL et B5 Do R P et
for |ani natpaate: acloutse TCP ehlpe FarinmirtBe eémaRQsH o3 RCcompdsites ftikedfin 287k Pa

(300 psi) and a tinme of 60 seconds. The resulting circuit protective
conposi t e3URtyFeal B8 eP sThis meags thalmefpitige r@@cu,rmé alothe ginginad rintedfaen bétwieen m

distortio . ngo notjgceable change in the shape or dinensions
of the chh?ﬁﬁrt\%dkp?‘réﬁa%@%lcg’”rg# ‘'t he process of conposite formation, an
LCP cover filmshows strong bonding to copper circuit traces and the LCP

filmsupporting them Viewed in cross section, a circuit protective
conpob? t e Gompgasite Pgogessinpe present invention was free of voids

The LCP film can be pre-punched with designed patterns or can be laminated
without any pattern. In the latter case chemical etching or laser ablation of either LCP film
will yield a patterned LCP film having openings to electrical contact pads after the
lamination to form a circuit protective composite according to the present invention. A

20  variety of lasers may be used to ablate LCP layers of circuit protective composites. The
ablation process preferably uses a PacTech laser machine operating at 70 amps current to
produce a 13 microsecond pulse of radiation having a wavelength of 1064.nm. At this
condition the LCP melts to provide a small hole exposing the surface of a copper trace.
Connection may be made to the exposed copper trace by inserting an 8 mm solder ball into

25  the hole and melting the solder ball with a laser pulse at 50 amps éurrent. The resulting
connection showed an electrical resistance of 0.4 ohms.

Ink Bomb Testing

Composites according to the present invention were compared with polyimide flex

circuits to which a coverlayer of LCP had been laminated. Samples of structures of the

30 invention and those using polyirnide circuits were placed in a pressure vessel contaim'ng
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ns.
5

ure

10 and no cl ear demarcation boundary was visible between the two LCP fil
Any attenpt to separate- an outer LCP -filmformthe renai nder of) & ke zup
conposi t gy sekgd i n random rupture of the LCP. This nearp%ﬁllj@tm?hfal
occurred at the original interface between the printed circuit and the
coverlay film 15 Conposite Processing The LCP filmcan be pre-punched with
desi gned patterns or can be lamnated wthout any pattern. In the latter
case chem;grk ' I 3 igt i ' ' >

et ot ned Lo T R e e oF B S iToint e pescrd Vs

| ami nat i onempefaburmveasaaisediid 200 and held therefos atperiad @b rédi mputes. Mifer poslsgnt
invention. A 20-variety of |asers nay_be used tq ablate LCP | ayers of
circuit priBe ebsshesappipbITescmeYRs bk pHempk Brade dePsst dhe cavsriayes fomy the

PacTech | . MRC Iy inN t .
o1 osecond ohi B eseS B FPor BeyR P Ruiitel Aling £ BERUAFFodutrertion,
condi t 50N HouAdaYFbetRedrSthe LAY e¥d #6lyEnieH insh orrdB0 irddit ph&te@iVel ReMoRitesd
copper trace. nnection nmay be made to the exposed copper trace by

i nserti ng aapordingnts othd eprefemit | inventtion? Saving mol eleandiemsireatioy bévmdeny, deronigh |
with a Iaser.ggal se at 50 a{rgs current. The resulting connection showed an
el ect ri calTeH¥EH SERAFRIOHNIYIAYCShns. | nk Bonb Testing Conposites according to

the present inyv j - j i 3 ek s S Lch a
coverl ayer of L%B%‘gg) r%tgéetﬁvﬁcggn@ﬁg%%aycggnp egd O@@?{%Sh@hr}vggﬁ%f htgﬁ%tpgtéagﬂhlc

i nventi on applcitivics sledtgippdckigasde pedvide hbrasion resisthecthdi sdecirigallydssulating
vessel containiing 12 WD 02/28638 0 5 APR 2005 PCT/USQJ/ 02914 ink jet ink
desi ghft edratectipe layers, far preductpaprdicalions inapreas surly s dgtegrated, clewh packagyige |

its tenmp : L Al t .Derj , .
i nutes. Aok Bl PR Hrd Gk vesdlieael dnd BERRAAT BB R Rulotive,
to peel tt@pﬁgmﬁydsamgqiqﬁ{@é@hﬂmisggy,cuit. In all cases the LCP coverl ayer

was renoved al ong a clearly defined demarcati on 5 boundary between the LCP

and pol yi mi de f&lemupasitecesefitlasta flexibleusircupt, gind disi compooaps diave beemdeseriaidng
Lo the bresent hiventlon Navind.ngxtheal SERealiont, MURLRE i ool e
15  within the intended scope of this invention as claimed below. As previously stated, detailed
embodiments of the present invention are disclosed herein; however, it is to be understood
that the disclosed embodiments are merely exemplary of the invention that may be embodied

in various forms.
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Circuit protective conposites according to the present invention have
potential application as el ectronic packages to provi de abrasion 'ﬁhﬁnce
and electrically insulating 10 protective |ayers for product appﬂﬁggﬁi S
in areas such as integrated circuit packaging (I1CP), ink jet printers, hard
di sk drives, nedical and bionedi cal equi pmrent and autonotive applications
and liquid crystal display. A conposite, useful as a flexible circuit, and

i ts conponRsttisSclamves] iBeen descri bed herein. These and ot her variations,
which will be appreciated by those skilled in the art, are 15 within the

i ntended scope of this invention as clained below. As previously stated,
detailedlenbog%nents.Pf t he %éesent invention are disclosed herein; however,
it is to be unyETERVYE COPREP Ehe di scl osed enmbodi ments are nmerely exenplary

of the invent ia0nedshal porayn € MISctes trice ML mﬁl%f TRt sukfack &gﬁﬁ{% £005

What is clainmed is: 1. A conposite conprising: at 1east a porti of an
el ect ri capcondsudadeayer having a first surface opposite a second surface; a

first honbgeneous, polyneric filmi.n contact wth _ sai. irst. surface of said
at least a p8r¢‘isbﬁ°13¥g¢§’§f"ds B?leE"FFlFéﬁW - cantact Aty ?a‘gﬁ_’{!i“aguéf@%ﬁ SEPﬂlgn"fageneous
pol ymer i Gealsi 4 parfieRbR6did BRciical @@gq%@r;%ati on of said first filmand said

second surface of said at |east a portion of said electrical trace |ayer;
and an i nf usi arsekerykhorhoganicogs polymatic Minunpctisg ab Eaver portmindoff daids first

honbgenequs olynmeric filmand, sai,d second hgnmpgeneous pol yneric film at
sai d at Eﬁfﬁﬁﬁémﬂﬁ??@ﬁ“&\a"e ‘g%aﬁis?til‘?aélap‘i’mﬂ? Og%“ge epirigal eeilaygsrandur r oundi ng
said at | east : |nO i I o cal . Lte
according to gﬁ a@ﬁ#&jﬂv\ﬁg%fozﬂ%% g Cﬁﬁ%@%&grﬁl a%{egglﬁigkﬁxéﬁ%lgfeiﬁééﬁlsn% gg%%éémri C
fil m are pblymerid fdmyaidodaidsdopne hofmbgereouspolpmenafibmiat eaidac bwash ngortion of ai m 1

wherein said.first and.second honogenegus polyneric filns infuse during
appl i cat P8 Yt glﬁ’&r %gmﬁslgpq%répggwdé@g F@Efﬁéﬁ%ﬁ%?é’% of gaid (flectifab t han
5C above ¢hhe0g! ting point of each of said first honbgenous polymeric film
and sai d seco honogenous polyneric filmfor an anmount of tinme between 45

2. A composite according to claim 1 wherein said first and second homogeneous

polymeric film are liquid crystal polymer films,

3. A composite according to claim 1 wherein said first and second homogeneous
polymeric films infuse during application of a pressure at an elevated temperature that is
no more than 5°C above the melting point of each of said first homogenous polymeric
film and said second homogenous polymeric film for an amount of time between 45

seconds and 90 seconds.
4, A flexible circuit comprising a composite according to either claim 1 or claim 2.

5. A flexible circuit according to claim 4 wherein said first and second homogeneous
polymeric films infuse during application of a pressure at an elevated temperature that is
no more than 5°C above the melting point of each of said first homogenous polymeric
film and said second homogenous polymeric film for an amount of time between 45

seconds and 90 seconds.
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seconds and 90 seconds. 4. A flexible circuit conprising a conposite
according to either claiml or claim2. 5 A flexible circuit accqrfippR00®
claim4 wherein said first and second honogeneous polyneric filns I nfuse
during application of a pressure at an elevated tenperature that is no nore
t han 5C above the nelting point of each of said first honbgenous polyneric
fil mand said second honbgenous polyneric filmfor an anmount of tinme between
45 secorils amd pﬁ&cﬁaefw petslucihd fﬁxﬂ)léaﬁtﬂﬁﬁauﬁmg&eﬁﬁ&f@éé‘éhﬁg)Eoﬁﬁx‘i’éﬁlﬁgﬂl@9
flexible C|rc i ncluding hermetic sealing conprising the steps of

provi di ngteps o east one electrically conductive trace | ayer having a first

surface oppo Sgec r t ast a |on of. sai irst surface
bei ng att achea:l {)ﬁdglgf i&rlggg (ﬁ]onéolggﬁ%%@ °°;5‘§P§H¥é‘r cef aV?‘ﬁ h?)"i’%ﬁ:iantgr L nd

honogeneapposite 5006 siifhol) anlesRAlFtion\bf i@ Firdt 88FhcePbdd®) hitRhe®lo a Fiadtd first
filmand at |east a portion of said second surface of said trace |ayer; and

appl yi ng homogsngaas pelymerig film; st and second honogeneous pol ymeric filns for a

ti me between C conds at. erat ur. i S no re t han
5C above ¢ he Tt £ SRal ApmgReREG7BAIFmBLe b B A Wifstdfist paegiRB e 11
and sai d saRIcfrSOfilnh AP EHRUS ORI BEEAIE sédonistuFade! (TIRIHGrdee ayBB apg N USi on to

forman infusion |ayer surrounding at |east a portion of salag electrically

conducti ve tr &pplying PNSW@)d@%ldaﬁtSbtadd rsgcqnd hdmggenéouwshprlwineris films ffor st and
second NQRIGAGRUS 45 BANEFII o] LoThdy & o bl %3F AlnoRSbt Thin fd Move 1°

the melting point of each of said first homogenous polymeric film and said second

homogenous polymeric film to promote polymer infusion to form an infusion layer

surrounding at least a portion of said electrically conductive trace.

7. A process according to claim 6 wherein said first and second homogeneous

polymeric film are liquid crystal polymer films.
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