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prevent: catastrophic “ink shorting of conductors” failures; adhesion failures; corrosion
failures by direct ink contact with the conductors; and material degradation failures that may
result if any of the materials are degraded by or react with the ink.

Background of the Invention

The assembled sub-component or device on printers that enables ink jet printing and
includes flex circuits for electronic interconnections is referred to either as a printhead or an
ink cartridge, with the latter name usually associated with both the printhead and the ink
reservoir. Circuitry used in printheads or ink cartridges is almost exclusively based on
polyimide-based flexible circuit tape, defined as polyimide (PI) dielectric film plus adherent
conductors (hereinafter referred to as “PI flex circuits™). The PI flex circuits are used
primarily to meet the following main application requirements: bending (flex to install
application); die attachment (e.g., wire bonding — ball, stitch and wedge bonding, ultrasonic,

thermosonic bonding, thermo-compression bonding, laser welding, conductive adhesive
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transition temperature (Tg) of 350 to 380 C and an operating temperature of 200 C (see
comparative information in Table 2 below in Detailed Description section). Polymers
having a Tg around 100 C or below, however, are considered unacceptable.

Based upon the acceptability of PI as a flex circuit substrate for use within a print
head environment, other of the factors noted above have become important aspects of
further developments of flex circuits suitable for a print head. Many different manners of
attaching ICs, printheads, adhesives, coatings, metal conductors, etc. to the substrate have
been developed for performance aspects and manufacturability. Recent developments have

addressed the effects of the liquid ink, in particular, on the conductive metal traces, in an
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The ‘386 patent recognizes the potential effects of ink exposure to the metal
conductors and discloses the reliance on the PI layer for protecting the conductors from one
side. In particular, the PI layer 58 protects the conductors from the direction that liquid ink
exposure is greatest based upon ink cartridge operation (from above the PI layer 58 as
illustrated in Figures 5 and 6).

. The °386 patent’s flex circuit (comprising minimally layers 58 and 72) is considered
to be an adhesive-less (or 2-layer, e.g., direct-metallized, sputtering without adhesive to
hold the copper traces to the) PI flex circuit. Adhesive-less flex is a commonly used
commercial type of flex tape that is supplied by 3M Company of St. Paul, MN, and 3M is

the only company listed as an example of a flex circuit supplier in the ‘386 patent. This is
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that they are partially exposed for IC bonding. After IC bonding, encapsulation of the

remaining, uncovered areas of metal conductors with other insulating coatings (e.g.,
“adhesive beads,” “adhesives,” “encapsulant beads”) is used to avoid any direct contact of
the ink to the circuitry, which may flow in the vicinity of the conductors.

The important “insulator film” (or coverlayer) properties are summarized in the
“386 patent as: material handling ease; adhesion to PI tape; adhesion to print head cartridge;
and, fluidic seeling of conductors from the ink. The PET layer has the following properties,
which contribute to why the 3-layer insulator film is the preferred embodiment in the 386
patent: it has better structural integrity as compared with the two adhesives in the 3-layer
structure, resulting in handling ease (e.g., ease in the punching patterning method, keeps

structural integrity while adhesives can be softened at higher temperatures during bonding
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together by use of a metal die or other method, then after lamination of metal (usually

copper) to the adhesive side, the metal is patterned (usually by chemical etching).

The use of a wide variety of possible ink materials have been developed for ink jet
use including the use of solvents such as ionic compounds (e.g., high, neutral and low pH,
see patents: Japanese Kokoku Patent No. 3097771, U.S. Patent Nos. 4,853,037, 4,791,165
and 4,786,327, European Patent No. 259001, and U.S. Patent Nos. 4,694,302, 5,286,286,
5,169,438, 5,223,026, 5,429,860, 5.439,517, 5,421,871, 5,370,730, 5,165,968, 5,000,786
and 4,990,186). Solvents within such inks place severe constraints on the choice of
materials for both the flex circuit base material and any insulator film because it is important
that the base materials will not be dissolved by the ink. It is desirable to prevent ink from

interacting with the conductor traces in order to attain long print head life. The above-noted
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The aggressive chemical nature of the ink might cause the following types of

catastrophic “ink shorting of conductors™ failures: adhesion failures (metal circuitry trace-
to-PI, insulator-to-PI and trace-to-insulator); corrosion failures by direct ink contact with the
conductors if not covered by flex circuit base material or other materials; and material
degradation failures that may result if any of the materials are degraded by or react with the
ink (e.g., dissolution). These potential failures could occur at any time during operation of
an ink jet print head.
Summary of the Invention

Shortcomings of the prior art are overcome by the present invention in that a

suitable substrate material for a flex circuit usable in a print head environment should be
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cost than PI. Also, PEN uniquely has excellent dimensional stability and high temperature
stability among qurrently developed polyesters required for ink cartridge assembly. PEN-
based flex circuits fabricated with different methods meet the current criteria for print head
use.

The present invention preferably utilizes a PEN material base layer, in contrast with
an “insulating” or “sealing” material covering a PI base circuit material, because of the
discovered importance of low moisture and ink permeability and absorption. Although the
presence of any barrier material is helpful to avoid direct ink contact, the permeability and
absorption properties of the materials are more important material properties of the base

layer for performance over time. According to the present invention, PEN, or other
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of producing an improved splice that is based on a welding of the PEN material that cannot
be achieved with the PI-based prior art and is stronger per area than current splices and
splice methods.

One aspect of the present invention is a flex circuit for use in an ink jet printer, the
flex circuit comprising a flexible substrate comprising a polyester material layer supporting
a plurality of metal conductors adhered along at least a portion of a first side of the
substrate, the polyester material comprising a material suitable for use in an ink environment
with lower ink permeability and moisture absorption than PI materjal. Preferably, the
polyester material of the substrate comprises PEN. Another embodiment further comprises

at least one opening provided through a suitable polyester layer for providing access to at
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in an ink jet printer, the method comprising the steps of providing a flexible subétrate
including a polyester material layer and adhering a plurality of metal conductors to one
surface of the substrate, wherein the polyester material is suitable for use in an ink
environment with lower ink permeability and moisture absorption than PI material.
Preferably, the polyester material of the substrate comprises PEN. Another embodiment
further comprises the step of patterning at least one opening through the suitable polyester
layer for providing access to at least one conductor. Yet another embodiment further
comprises the step of adhering a metal access pad on the first side of the suitable polyester
substrate layer along with the plurality of metal conductors, the metal access pad being
accessible from a second side of the suitable polyester substrate layer through a first opening

patterned through the suitable polyester substrate layer, and patterning a second opening
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the flex circuit comprising a flexible substrate comprising a polyester material layer
supporting a plurality of metal conductors adhered along at least a portion of the substrate,
the polyester material comprising a material suitable for use in an ink environment with
lower ink permeability and moisture absorption than PI material.

A fourth aspect of the present invention is a method of joining a plurality of flex
circuits together in series comprising the steps of: providing a plurality of unconnected flex
circuits, each having a flexible substrate including a thermoplastic polymer material layer,
wherein the thermoplastic polymer material is suitable for use in an ink environment with

lower ink permeability and moisture absorption than PI material, and each flex circuit
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thermally bonding the first and second flex circuits together.

Brief Description of the Drawings

Figure 1 shows a perspective view of a 1ML adhesive-based PEN construction;

Figure 2 shows a perspective view of a 2ML adhesive-based PEN constructjon.

Figure 3 shows a perspective view of a “near-invisible” splice of a tape of PEN
circuits;

Figure 4 shows the same perspective view of the “near-invisible” splice of Figure 4

with the addition of a narrow film strip;
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developed having desired ink environment properties with higher or improved thermal
stability that could be used in similar low or higher temperature applications. PEN is much
less expensive than PI (both adhesive-less PEN is less expensive than adhesive-less PI, and
adhesive-based PEN is less expensive than adhesive-based PI). The flex circuit
constructions, in accordance with the present invention, may be coated with an insulator or
cover material that is strongly adherent to the PEN/adhesive or PEN, respectively. The
insulator could be a dry film (e.g., cover coat, ink or coverlayer, through non-vacuum or

vacuum-based lamination), a liquid screen printable, or slot-die or curtain coated insulator

material. A PEN-based flex circuit can be assembled and fit in with other parts of an ink



and second flex circuits together and applying heat

and pressure sufficient to thermally bond the first
wand7geomnd flex circuits together in series. PCT/US2006/033527
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and 2. Figure 1 shows a one-metal layer (“IML”) construction having one metal circuit
layer 10 and backside access terminals 40. Figure 2 shows a 2-metal layer (“2ML”)
construction with one metal layer circuit layer 10 on the upper surface of the flex circuit and
a second patterned metal circuit layer 70 (indicated by the dotted lines 70 on the lower
surface of the layer 50) on the lower surface of the flex circuit. The two metal circuit layers
are connected with conductive metal vias (indicated by dotted lines 60 that extend through
the layers 20, 30, 50) that connect the first metal circuit layer 10 to the second metal circuit
layer 70, A corresponding TML adhesive-less PEN construction would not include the
adhesive layer in the middle, as the conductors can be directly adherent to PEN. The 2ML
adhesive-less PEN construction would not include the two adhesive layers (20 and 50 in

Figure 2) on either side of the PEN layer 30 in the middle, as the conductors can be directly

adherent to PEN. In each case, the metal surfaces in the constructions can be either fully or



Figure 4 shows the same perspective view of the

“near-invisible” splice of Figure 4 with the addition
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all these three treatments (see Examples 2, 3 and 5). Adhesion treatments increase the
strength of the adhesive-copper bond and can comprise: (a) nodule or micro-roughening
treatments that add surface area; and (b) adhesion promoter treatments like a silane coupling
agent that improves chemical bonding. Barrier treatments give increased reliability in moist
or high temperature environments similar to the ink printing environments (ink constituents
are commonly polar in nature like water and many are water based) and typically comprise a
known type of brass or zinc treatment (e.g., up to 120 nm thickness). Stabilization
treatments inhibit corrosion and typically comprise the use of an oxide, chromium or
chromium alloy (where Cr is in +3 valence state, typically less than 10 nm thickness). For

the adhesive, high ink and moisture (being a polar compound like ink constituents)
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PEN laminates G1910 and G1965 that use polyester-epoxy blends for adhesives

(commercially available from Multek Flexible Circuits Inc., Sheldahl Technical Materials
Division, located in Northfield, Minnesota, U.S.A.), and DuPont-Teijin Q83™,for the PEN
base material, foil (commercially available from DuPont Teijin Films U.S. Limited
Partnership, located in Hopewell, Virginia, U.S.A.) with PEN laminate GTS 5670
(commercially available from GTS Flexible Materials Ltd., located in the Berkshire, United
Kingdom) that use a modified epoxy adhesive) with high metal peel strengths and peel
strength retention after exposure to humidity and temperature, it is further contemplated that
(a) other foils with similar micro roughening treatments, silane-coupling or other adhesion

promoting treatments, zinc-chrome barrier and stabilization treatments and (b) other Type L
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were tested. ‘For example, it is contemplated that the PEN raw film could be made and

laminated by other methods and can be formed by various means (e.g., extrusion, blow
molding, tubular film extrusion, etc.), providing that the films achieve sufficient
dimensional stability to hold tolerances for flex circuits (preferably better than +/-0.3%,
IPC).

To fabricate backside access features, a PEN material layer and adhesive may be
patterned successfully with methods such as (or an appropriate combination of) laser
ablation, chemical etching, plasma etching (e.g., use of oxygen or oxygen-CF4 gas
mixtures), chemical and/or electrochemical cleaning and mechanical cutting or stamping

operations (e.g., making use of metal dies; see also Example 4). Laser ablation of both PEN
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processes using a photoresist. Sputtering of metal is specifically contemplated as an
effective manner to metalize PEN or other suitable polyester material as such procedure is
known to be effective in metallizing PI in making adhesive-less PI in production. However,
evaporation and other vacuum techniques are also believed to be possible and are expected
to be usable. Example 4 below further demonstrates examples of certain foil laminations
that are useable in accordance with the present invention and that suggest the ability to
create similar foil laminations.

It is also contemplated that a unique, low-cost, semi-additive-based or subtractive-

based process flow could progress from a raw material produced by laminating PEN directly
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Examples below), but other sputtered tie coats like NiCr, monel and others are
contemplated, which may have better corrosion resistance to inks.

For lamination-based processes for making adhesive-less based PEN circuits,
copper foils with adhesion, barrier and stabilization treatments (as discussed above with
regard to adhesive-based PEN) are desirable for moisture-resistance and ink resistance, as
discussed above for similar reasons as described for adhesive-based PEN applications.
Thus, preferred foils with micro roughening treatments, silane-coupling or other adhesion
promoting treatments, zinc-chrome barrier (for reliability in moist environments) and

stabilization (or antioxidation) treatments (like those provided by JTC Flex™ foil,
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chain in unmasked areas exposed to chemical reactants in conjunction with either a backside
metal (preferred, or possibly a photoresist) mask. A 1ML adhesive-less PEN construction
can be fabricated from a double-sided metallized raw material with the frontside patterned
for circuitry and the backside patterned as a sacrificial metal mask. PEN is believed to be
unzipped into soluble, single, naphthalate-ester fragments with most relatively non-volatile,
water-soluble organics with a single-functional OH group and other functional group(s) to
increase the boiling point (called “modified simple alcohols™), but not -COOH acid groups,
because of the interche}nge reaction pattern of polyesters is by alcoholysis and not by acid

groups (see P.J. Flory, “Chapter 3, Condensation Polymerization,” in Principals of Polymer

Chemistry, Cornell University Press, Ithaca, NY, pp. 69-105, incorporated herein by

reference). The modified simple alcohol (e.g., mono ethanol amine (MEA)) should be
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p8§§_b%|’ elsoa ngorggrgteg L(greln%y reference). As it is understood that a high PEN etch

rate can be achieved in highly basic solutions with certain concentrations of MEA/KOH and
MEA/NaOH, “presumably increasing the nucleophilicity of the alcohol by formation of the
alkoxide anion” (see Stevens’ description of transestification mechanisms of the base
catalyzed reaction), it is further believed that acid catalysts with MEA or other modified
simple alcohols will “coordinate the carbonyl oxygen and thus enhance the electrophilic
character of the carbonyl carbon” (see Stevens’ description of transestification mechanisms
of the acid catalyzed reaction).

A preferred PEN chemical removal method to produce well defined, angled PEN

sidewalls can be based upon a circuit processing technique utilizing double-sided metal
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Table 1, below, shows a comparison of polyesters including PET and PEN to PI as
to temperature suitability for making flex circuits usable for ink jet printing. While PET as
currently available is generally less than acceptable, primarily due to temperature exposures
of manufacturing, PEN is highly acceptable for temperature criteria as illustrated in
comparison to PI, while being significantly better than PI with respect to permeability and
absorption (as detailed below). With the advent of improved or different manufacturing
steps that may include lower temperature processing, PET may also be acceptable for

processing as flex circuits with superior permeability and absorption properties as compared

with PI (also detailed below). Likewise, other polyesters may be known or developed with
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temperature environments during printer flex circuit assembly that are above the flex

circuit’s continuous use operating temperature (above 160 C). The use of PEN-based flex

circuits would, for example, potentially exclude only the most extreme IC attach/bonding

processing conditions (bonding temperature extremes were reported to reach above 300 C in

G. Harman’s review of the many potentially usable methods that are mentioned above in the

Background section for IC attachment (Wire Bonding in Microelectronics: Materials,

Processes, Reliability and Yield, McGraw-Hill, New York, 2™ ed., 1997). As such, those

extreme temperature techniques can easily be avoided by selection among the many other,

non-extreme processes. Indeed for the IC attach step, the base material usually does not

come into contact with the heat source, except indirectly by conduction through unsupported

traces, and an energy pulse is usually short (order of microseconds to milliseconds), thus the
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Maximum Continous Operating Temperature o] 100 - 105 160 200
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In accordance with the present invention, a dyed adhesive can be used with adhesive-based
PEN for creating flex circuits for the purposes of increased process throughputs (e.g., laser
ablation rate) and aesthetic needs. A dyed adhesive having a color that corresponds to the
wavelength of the laser, results in the laser ablation process more effectively removing

material more quickly. In the Examples below, a dye was added to at least one type of
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needed to see if splice is present) and stronger per unit area, making for less circuit area
waste, an advantage to suppliers and customers (handlers) of the circuits. The advantage of
this heated splice is not limited in scope to printer flex circuit applications, and can be
applied to all circuit configurations manufactured from PEN or similar thermoplastic
polymer or polyester material.

Current methods used to splice TAB (Tab Automated Bonding) and reel-to-reel
circuits typically involve the formation of an adhesive patch that consists of an overlay of
adhesive backed by a non-adhesive polymer film support material. For sufficient bond
strength, significant extra tape patch areas on parts are frequently required to provide a

sufficiently strong adhesive bond to survive handling processes in manufacturing that
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with the tape patch. This method leaves a defective part to be used as the joining member of
the strip. In some cases, where good parts are dispersed within bad parts, manufacturers
often cut out the good with the bad to reduce the quantity of splices. The “near-invisible”
splice technique of the present invention does not result in any lost parts and therefore
results in higher yield since no good parts are required to be removed or destroyed.

When producing reel-to-reel and TAB products with prior art technology,
manufacturers typically allow a set number of defects to remain in the reel to reduce the
quaﬁtity of splices. With “near-invisible” splicing, reels can be produced with 100% good

parts without regard to the number of splices, thereby the customer is provided with an exact

number of good parts per length of material.
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thermoplastic polymer or polyester, heated joint may be made stronger with the addition of
a third component inserted between the PEN films at the joint. This third layer could be a
narrow film strip (shown as 400 in Figure 4) of pressure sensitive adhesive, a hot melt or
heat re-flow adhesive material or one of several other bonding techniques suitable for
Jjoining films together. The design of this type of modified splice joint is expected to enjoy
all the previously detailed benefits of sufficient strength in a small area that the narrow
welded splice joint width of the “near-invisible” splice allows. And, can be extended to

non-thermoplastic flex circuits material (e.g., polyimide).

Examples:
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Polyesters, on the other hand, are not known to be chemically etched with strong base

—

solutions. As such, such polyesters as PEN and PET should have less variability to
expected values of permeability than PI across inks of different pH values.

The permeability of two representative inks (in a range of high and neutral/low pH)
were measured through various PEN, PI and PET substrate base films, which are suitable
for fabrication into dimensionally stable flex circuitry, by monitoring ink weight-loss curves
at 60 deg C. Exposure to inks with different pHs for long periods of time (e.g., weeks) at
temperatures of circa 60 deg C is a typical test procedure used to accelerate failures in a
print head environment (e.g., previously referenced Japanese patent HEI 10[1998]-158582).

For these permeability tests, ink was placed into metal cups with 6 cm diameter circular
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PEN 1 4.40 8.32
2 443 6.23
PI 1 6.39 7.60
2 26.7 253
3 23.1 24,1
PET 1 9.6 10.1

PEN 1, in Table 4 above, comprises a Teonex® Q83™ film, commercially available

from DuPont-Teijin Films U.S .Limited Partnership, located in Hopewell, Virginia, U.S.A.
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permeability), which means that PET is also effective for ink jet printer flex circuit base

substrate film. Moisture absorption effects on the adhesion of metal, adhesives and other
laminate constituents and cover coat adhesion properties to PEN and PI are also discussed in
Examples 2 and 3 below.

2. Adhesion retention of metal to polyimide (PI) versus polyethylene naphthalate (PEN)

base materials upon exposure to representative inks.

As supported in Example 1 above, PEN and other polyesters have been found to be
less permeable to representative inks than many PIs. Excessive permeability can be
detrimental to metal adhesion in flexible circuit applications. Once the ink has diffused into

the metal-to-polymer interface, according to its concentration levels, it can attack the metal
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the second method, much finer width (75-100 micron) copper traces were patterned from the
same PEN and PI laminates, and circuits were inspected for delamination as a function of
ink exposure time. The first method had the advantage of quantifying the adhesion (peel
strength) retention of the metal from the base substrate film material directly, but the second
method had the advantage of the test circuits having a more representative product design,
as the final product typically has minimum trace width dimensions ranging from 50 to 100
microns. With both circuit designs, traces were formed by aqueous etching in CuCl, (cupric
chloride) using photoresist masking method (application, expose, aqueous develop of resist
mask, stripping after etching) from initial copper-on-polymer “laminates.” The term
“laminates™ includes both adhesive-based and adhesive-less materials, that is copper

deposition either through lamination or sputtering/plating operations. Samples made from
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adhesive) was sometimes observed, which indicated a much lower peel test value than any

of the common failures described above, which failure mode was unacceptable as not
representing the true materials-based peel strength and thus was not included in this analysis
For the fine-lined circuits, three samples per circuit material set were used and they
were placed back in ink for additional ink exposures and re-inspections, since it was a non-
destructive test. Fine-lined circuits were considered to have failed when traces (or cover
coat for cover-coated circuits in Example 3) became delaminated completely from the
polymer substrate during the inspections. In all cases, samples were removed from the ink

and washed with deionized water at circa 20 deg C prior to inspection or peel testing. For
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retained about the same percentage of peel strength (see Figures 5 and 6) with post-6 week
peel retentions varying only between about 80 to 100% (roughly the same considering the
noise inherent to this destructive peel technique).

However, with the circuits with fine traces, the failure times of the PI circuits were
always shorter than the failure times of the PEN circuits, especially with exposure to high
pH ink (1 and 2 weeks versus greater than 8 wecks). In summary, the results show that
many varieties of PEN-based circuits survived long ink exposure conditions, which included
different PEN film raw material sources and/or manufacturers , different PEN laminate
manufacturers, different adhesive formulations including but not limited to modified

epoxies and polyester-epoxy blends, and the inclusion or non-inclusion of dyes and flame

retardant additives to the adhesive part of the laminate. Moreover, a comparison of Figures



from Bi g Systens,
measurenents shown in Table 4 are consistent with

I nc.

of Butler,

W sconsi

n. The

woexpeaked4i nk permeabi lity ranki ngs between thectrhise®e/033527
filmtypes based upon the progﬁfties set out in Table

3. PEN,

full  ar

p%l apf Sn'ag
per neabi |
| SXBPIIS5RE
ver sus. 21-26
PEF 18148

base s
t he ad

constituents
- Bt oh

SRt RSB
ou to b
rrél 1cg;f(§1_w1
HQ> ghesion in &%e iBIF circuit  a g
t ster GG oHOF PRRH O P OHTTRES RrbEAY S Reglo

i nterface,

CH?P?SM | bond it
arbeheeduREt PBhra 6 BEn R BhnGmeet e

i es.and shorting and other failure nechanisns).
Y38 ¥Fore, advantageous to use a substrate

met al

P RN

i 6 W S
ot Gl il T Erpres
S A | i

o e ehe R aer Pl T

in particular,

SonLaTEL S

r water

represe

b

RS

VY li

P e

to.its

i s not

meabl. e .t

Perieag

| 45 SEESHER
b i Remndie ol B ot

perneability),

&

C%{;Ce

Viraopspe

testeq .t

AyoThichyipa Fighi
%ﬁ whi ch neans t hat
BFPECHVE for ink jet printer flex circuit

.ab [
Ses Pl er

BBk 5w

hat

ef f ect

as being a half to
abl e .t han

SEEHH S

|t>5’ﬁ1°ﬁ9€1£ The

olL.yi m de (PD
ke felirEprrasmiacgs
tative As, supported in_ .
Riclis B Aok pny s SHBRE e han oo

represent ative i nks
M e b5 2k kty AETRYS
icati

gy

o PEN
eé\ﬁ_nat failed.

éﬁ,r 7ua?1d

f han

nos
1'55esthe base material

?ad gyen
1Feﬁllt<a vantage

h
aﬂle Rijrange

ns. Once
m PI’s atclow pH

tﬁatg}‘?iteoﬁ% llsg\%[/eg)ali not ibtetter than

%%ngd\:ﬁpgqisﬁﬂ%ﬁy over

ri ith.a | ower pe 28%|%§ as it wll yield
orate & Bartbhei et i RELRE 0L ) vl diecher . 11t i s
al-so—ectttical—toassuretheinkresistance—of the

1 in - 0 0 0

el al { FI0s (b TIRReTe 36ﬁﬁ”%ﬁenDY%W; SR i 1 [134% 67% | 100%
(0 entratjo CONnes Lnto contact with it |after i .
INRATEY uf%fh?%ﬂﬁfa?ﬁt? hEnRipet | athesivenadpiiivsgdatlure | Failure | Failure
or Manuf’r Time Time Time
PEN
film
PI-1 |1 1 na na Na lweek 2weeks | 2weeks
PEN- | 1 1 Polyester | yes | Yes >8weeks
1 epoxy-1
PEN- | 2 2 Modified | no Yes >8weeks
5 epoxy-1
PEN- | 1 1 Polyester | yes No >8weeks
2 epoxy-2
PEN- | 1 1 Polyester | no Yes >8weeks




of Exanple 2 is,
of the netal -to-substrate bond to different

woeoatibfen ent

t hi ckness,

f ot

t her ef or e,

to quantify the resistance

i nks

and

i nk exposure tinmes on different PYDPAES206/033527
PEN and PI flex test circuits ynth 1 ounce copper

mhlch is used in

o

St printer flex designs.

~f
CI
nti

I V4|

h o
AT

Fa
rcot \Y)

oned i

et o

faX J
IIUI DL lvll U (J.

n Exanpl & Y

c _alcn
AT J

-
%DU

T OTT

YAl

q
bt 4

—an a¥d nparfl es

to PEN and

adhesi on

s FEx
H—S——EX

'hla

ra
<

f%brlc

usi ng
|| A |y

¢ PEEGi

Ul v o

t's for
ated i

two di
1r~h (R

Bfere
as

{wo typB
n order

fFferent H%VH ds

35 nmri cop

[ PEN-
treng

réasur

econd

WN—_——S—(n —h

DEN and
gt h of
ed as

et ho .

Peuit g

I n the

her

trac

i@@igns

Ur e adhesi on rdtenti or

> first
es _\\er g

\ﬁéi?/vgeks

nmet hod,
naf ter

ned

Pl Ian]HE@Q@d

the trace fromt
a funct i 8RPXBTL

michlfiner w

R a 9(
he subs

Nk expoy
dth (74

) Y¢&gr ee
strate W
sure tin

ﬁi@@ﬂg
las dird
e. Int

- 100 i

cr nn) g

ctly

Qpper

traces were patterned fromthe sane PEN and P

| am nat es,

and circuits were inspected for

d dpBlPnBare GHCuESusVirah N guALlgt Pk Rplés@pfdbfmcé egyahio, 7) Tikeat 60 deg

first nmethod had the advantage of quantifying the

adhesi on (peel strength) retention of the netal from
he base substrate filmumaterial directly,  but the
&Eong Fidt hodCerper t hédkasivant Riinof FRdn t eqt33%i r cyiti% | 100%
aV|nq a nore representative produ¢t design, as the .
(W | prasaticr Lanyipate o Chymipias | AlkesivemAdhestve |iatherR | Failure | Failure
i mensions r ing from50 to 100 mcrons., Wth both ‘
OF cuil t desidﬂ%ﬁﬁ?races wer e fopned by aquddne et|dlithpg | Time
iin CQud 2 (cupric chloride) using photoresiist maski ng
ENog (application| expose| aqueolis devellop of fesi st
sk, [stripping after etchipg) frominitial
5%Bel-on-polyner “lam nates. " Thelterm "llam nat s"
itncl udes bhoth adhesjve-based and adhesi ve-/l ess
mEi-éridls, thht is tepper dewositi oNaeit heRwetlsolglwks | >8wks
lam nation or sputtering/plating operations. Sanples
mBEY-{ dondi f fbrent ¢Polgester hyrd nmt ¢iieal typéweskere
peel tested for initial adhesion. Additional sanples
vdre placed nto gl aedoxydrs| filled{w th representative
inks (the s Inks|as usedl in Exanple
PEN- | 2 2 Modified | no Yes >8weeks
5 epoxy-1
PEN- | 1 1 Polyester | yes No >8weeks
2 epoxy-2
PEN- | 1 1 Polyester | no Yes >8weeks
3 epoxy-3
PEN- | 1 1 Polyester | no No >8weeks
4 epoxy-2
PEN- | 1 3 Modified | no Yes >Tweeks
6 epoxy-1




1, having different pH values) in an oven at 60 C, the

sane standard tenperature used to accelerate failures
woeb@tozng4t o i nk exposures in Exanple 1. Sanpl eeTwse@®6/033527

renoved fromthe jars at apprgéu mat el y weekly

intervals for up to 1000 hours”and tested for adhesion

retenti n over he !g'\g'EernCh trace circuits,

peel 801{7%‘?@15%”‘%?%@4% FIBUiEs ®apdafables 3 andyars raviged
vﬁieﬁrwc To1 (R 88 p Vil sese e BRwp B Himcromuesially
P A R DN
G i AR
RS S ST PRl FEPAnS(O ViSe P pumbadEs v PEN-1

°avag%?aaz%s@%ﬁa%%gﬂ&wwl@ DSBS o bt Yo
SR ColBERE ot 2L ARl BB Pt
RS R zg;z&mwA@eagﬁ@gﬁm;;&e;my ot
CI 5 hfxf%"df’Eﬁgélal | B%t(a]\gg%er}-e&)gfey %ﬁ%ﬁ@%{fwe’ but without a
ﬁﬂ%ﬁ‘é’ AR @m@@i S SR s
u ﬁid‘l@g‘rglga\g’&% glgﬁﬁg?S%%thlﬂ%]é{utafh% Wft]a ngll thlck A523 adhesive to
L e T B
e%wzv% L D e v
TR TR
SRS ARALS LS55 RIS e
¢ ?a?xpna% lI 3/2 5ur 851 w1th% 7mil thick A478 adhesive to the 1 mil thick PEN film (called
G1910). The polyester-epoxy blend adhesive is a different formulation than either
incorporated into the other Sheldah] laminates above (thus identified in the Table as
“Polyester-epoxy-3"). PEN-4 included a polyester-epoxy adhesive without a dye and
without a flame retardant. Multek Flexible Circuits Inc., Sheldahl Technical Materials
Division (Northfield, Minnesota) laminated 1 oz Cu foil with 0.7mil thick A523 adhesive to
the 1 mil thick PEN film. The polyester-epoxy blend adhesive is a different formulation
than some of the other adhesives (thus identified in the Table as “Polyester-epoxy-2").
PEN-5 included a modified epoxy adhesive with different chemistry than the Sheldaht

laminates listed above. There is no dye, but a flame retardant was added to the laminate.

This is a laminate like GTS 5670 (available from GTS Flexible Materials Ltd., Berkshire,
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bonding differences between the adhesive-based materials than adhesive-less circuits. With
the adhesive-based systems adhesion retention will depend on ability of the adhesive and its
interfaces to withstand attack from the ink components. Any ink component including
moisture that permeates through the base substrate material can potentially attack the
adhesive. Just as important, adhesion may be weakened at either or both adhesive-substrate
or adhesive-metal interfaces as a result of absorbed moisture or any part of the ink solution
that swells the adhesive or the base material thereby creating stress in the metal-substrate
stack-up. Interfacial bonds or bonds in the internal bulk structure of the adhesive are
susceptible to attack by the ink components. For this reason, it is expected that different

adhesive systems used in conjunction with different base materials will have better
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polyethylene naphthalate (PEN) base materials.

Some fine-lined bare circuits with metal traces representative of printer flex product
designs described in Example 2 were cover coated with two representative cover coats and
exposed to the same accelerated ink environments of 60 deg C for up to 1000 hours as in
Example 1 and 2. The different material types, procedure and failure criteria (includes
delamination of cover coat) have been described in Example 2. The cover coat material and
process conditions and ink performance summary are listed in Tables 7-9. Tables 7-9 also
show the failure time in weeks at which failure in one of three percentages of failure for the
three samples tested (33, 67 and 100%). As can be seen, PEN-film base circuits

comparatively survived at least as long as PI film based circuits, in most cases longer. With
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Table 9. Cover-coated Circuit Survival in Neutral/Low pH (pH < 7) Ink at 60 deg C — either

Cover Coat 1 or Cover Coat 2.

PI(PD) or | Film Copper | Adhesive | Dyein FR in 33% 67% 100%
PEN film | Manuf’r | Laminate | Chemistry | Adhesive | Adhesive | Failure | Failure | Failure
Manuf’r Time Time | Time
PI-1 1 1 na na na >Tweeks
PEN-1 1 1 Polyester | yes yes >Tweeks
epoxy-1
PEN-5 2 2 Modified | no yes >Tweeks
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4, Capability of PEN circuits to be fabricated with all the required,

characteristic ink jet printer flex circuit design features.

Besides the fine lined, cover coated test circuits used to evaluate ink performance in
Examples 2, 3, and 5, IML and 2ML PEN circuits, having all features generally
characteristic of printer cartridge circuit designs, were fabricated successfully using all of
the various PEN base film laminate materials (PEN-1 through PEN-6). The IML
fabrication methods included subtractive etching of copper using a negative photoresist that
was accomplished in the same way as was described in Example 2. Patterned removal of
PEN and adhesive in order to access backside metal features for terminal connections and to

produce spanning conductor features was accomplished by laser ablation. Metal surface



pol yet hyl ene napht hal ate (PEN) base materials. Sone
fine-lined bare circuits with netal traces
woem7agemtat i ve of printer flex product desi gn®CT/US2006/033527
described in Exanple 2 were cgyer coated with two
representatlve cover coats and exposed to the sane
gegmﬁ% gélgs%géeglﬁlhees @%%S&B sthS fazgoonwde &0 ?f;ogg%e:ﬁl\%r oxygen/CF4
re crijteri

(|P %%3@'&9%@6a%ﬁ%%?%ﬁﬁfﬁa@a%%?ra gl 501%5% Sppper is preferred
b Th
T3 B 8e i Flt?%'iﬁ’ﬁgw&ﬂ@ Cﬁ&e? o ﬁ\“/ B R et D e by freen printing

I ted n T | es show the failure
t Ep?}%cefs b gl mEgealy Syt f%ﬁtsmﬁr Jasephe Srdiieibe
?Eécegt i %@«f@é‘&'@%ég s v gﬂfugé%%{‘&{ i Togitead folowing laser

¢ ibfibn@ef PRGOS ﬁl?e“s%é'ec%% 7] ﬂreﬁfa@dn?é’mkﬁm%i GRbpiedin
|nk CI[‘CUItS def rom al | ? PEN |aI t hat wer e
¢ S9BPIRRRRIREfoRR B Hmefplswifigiently for postpfa ksicerefegpolyticigold): plasma
r than th Pl d circuits, coy L.
cgéﬁtféﬁ’g ?@?@?ﬁ {pe{bgdss wceessf)?l?y;faefmcﬂ&éﬁa%g wgéulﬁwe rfid-
4 out, Q t hat wer.e coverp&gat ed W

e&a%?f) “5@?’?3?‘1 99'}!152& 4 np%%eifs 8 ReEpR L ricggccessully wesd): |aaﬁ%51eq¢rolytw
n the si ated. Pl. hased circuits (see Tabl

8)° e%\?%% émth 15 mlﬁww hygwowdeéﬁe & Flerners wers sugrepgully

survjved the 7-week duration of the test w thout

f&f%res (see Table 9). Table 7. Cover-coat ed Circuit

Coat 1 ErgpPesteMeliist Recre e et wesn b0 wae e iine 0
cgeéfﬁcre%%%aé%fﬁ?sﬁftﬁ P GRS G 9 6 P with
I cptess Sichs Seden BB e T o el LS trs G Svlectic fatures
ﬁ%ﬁﬁﬁtsgligﬁ{%?ﬁ SIS E %tg%reate vias,
NEOSE Migrs pad grdspolie &@ft%ﬁ%ﬁ@reﬁﬁ%%‘a BB ey PR cireui
PG b el v SRR P A B i Tk pEN fims

(Teonex® Q83 film, available from DuPont-Teijin Films US Limited Partnership of

Hopewell, Virginia, U.S.A.) to be as high as 12 micron/minute by measuring weight loss
after heated exposure to various monoethanol amine solution concentrations in different
basic solutions (NaOH and KOH based). Using a metal mask type of process as described
previously has been found to create acceptable PEN sidewall profiles, because both KOH
and NaOH have proven effective in chemically etching (isotropic etch at similar etch rates)
PI patterns with acceptable sidewall profile in PI flex circuits with this type of masking
approach, although the unzipping mechanism (i.e., mechanism of breaking the chemical

bonds in a polymer) is different on PI than with PEN.
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can be described as a “comb,” such that every other trace is electrically connected together
along one side to a large (5 mm square) terminal pad and the adjacent, every-other set of
traces are electrically connected to each other along the other side and connected to another
large terminal pad. The two pads were soldered to wires connected to an external DC power
supply, thereby enabling adjacent traces to be alternately biased, while the circuits were
exposed to two separate test environments: a standard accelerated temperature-humidity-
bias (THB) stress environment and a bias, ink environment. As a reference, a Japanese
patent (referenced earlier, Patent Journal (A) Kokai Patent A'pplication no. HEI 10[1998]-
158582)) describes a similar THB test for 500-1000 hours, which results were correlated to

a survival time in biased ink immersion testing (similar to the THB test, but instead of an
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(see A-101-B test method description), but the biased ink immersion dry-out condition was

for 3 hours at 105 deg C, in order to allow for as much of the absorbed liquid irk jonic and
non-ionic volatiles (water and other more volatile ink components) opportunity to escape.
Performing the bias test in ink had as a basis the standard test method for
monitoring CAF growth (sometimes called dendrite formation) with temperature-humidity
(e.g., 85 deg C/ 85% relative humidity) and bias (1.8 volts and higher) stresses that simulate
what real circuits in computers and other electronics applications experience only
accelerated in time. In the THB test, however, the dry-out period (48 hours) permits the
circuits to return reversibly to their initial, steady-state environmental conditions, as long as
dendrites have not formed to bridge the adjacent traces at any point in the comb design.

Inherent to base substrate and cover coat materials, the insulation resistance decreases with
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The failure criteria for both the biased ink immersion and the THB test were set as

follows. If individual comb circuits exhibited a much lower post-stress than initial
resistance (e.g., low ohms might indicate a short or metal bridge), these circuits have failed
either test, but if circuits exhibited (1) high post-stress resistance Valueé, above 10E04 or
10E6 ohms for the biased ink immersion test, or (2) similar resistance, higher or within 1
order of magnitude lower than the pre-stress readiné, for the THB test, the circuits
successfully passed the test.

For the THB test, all circuits made from all material types passed, because final dry-
out resistance was never less than an order of magnitude of the already high (above 10E9
ohms) initial resistance (see Table 10 and 11) and most often was higher than the initial

resistance. Thus, all PEN circuits, fabricated by multiple manufacturers (potentially as many
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For the biased ink immersion test, all circuits made from all material types likewise
passed (see Table 12 for circuits with Cover Coat 1 and Table 13 for circuits with Cover
Coat 2), because the post-stress resistance criteria were met and no electrical shorts or metal

were observed during post-stress optical microscope inspections.
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The above data show that equivalent performance of many PEN laminate systems

with a variety of adhesive and copper foil types versus adhesive-less PI based circuits under
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samples tested and 46 adhesive samples tested. Individual circuits were pulled at 2 in/min
cross head speed until the joint failed. The recorded value represents the maximum pounds
of force achieved at the point of failure in pounds of force per inch. All samples failed at
the joint. For multiple samples tested, the average maximum force (Ib f/in) was 6.22 for the
adhesive-less samples and 14.78 for the samples with adhesive added. Samples tested
comprised PEN base layers as a suitable thermoplastic polymer for splicing with the
understanding that any thermoplastic polymer could be spliced as described. Both
variations of the “near invisible” splice performed to acceptable levels for circuit
manufacturing where forces typically do not exceed 2 pounds per inch. The “near invisible

splice” as tested occupied a .040 inch wide strip of material. This narrow strip allowed the

splice to be made in a waste area between adjacent parts and allowed 100% part yield as
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accessible from the second side of the PEN substrate layer by way of another opening

through the PEN substrate layer.

5. The flex circuit of claim 3, further comprising at least one metal conductor adhered
along at least a portion of a second side of the PEN substrate layer and that is electrically
connected through a metal via extending through the PEN substrate layer to at least one of
the metal conductors on the first side of the PEN substrate layer.

6. The flex circuit of claim 2, 4 or 5, further comprising an adhesive layer between the
PEN substrate layer and at least one of the metal conductors for adhering them together.

7. The flex circuit of claim 2, 4, or 5, wherein at least one of the metal conductors is
adhered to the PEN substrate layer without an adhesive layer in between.

8. A method of making a flex circuit for use in an ink jet printer, the method

comprising the steps of providing a flexible substrate including a polyester material layer
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electrically connecting the metal conductor on the second side by way of a metal via
extending through the opening of the PEN substrate layer to at least one of the metal
conductors on the first side of the PEN substrate layer.

13. The method of claim 10, further comprising the steps of providing a laminate of the
PEN substrate layer and an adhesive layer, patterning the laminate to provide at least one
access opening through the laminate, adhering a metal layer to the PEN substrate layer by
way of the adhesive layer, and then patterning the metal layer to create the plurality of metal
conductors.

14. The method of claim 9, 11 or 12, further comprising the step of providing an
adhesive layer between the PEN substrate layer and at least one of the metal conductors for

adhering them together.
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steps of:

providing a plurality of unconnected flex circuits, each having a flexible substrate
including a thermoplastic polymer material layer, wherein the thermoplastic polymer
material is suitable for use in an ink environment with lower ink permeability and moisture
absorption than polyimide material, and each flex circuit further having a plurality of metal
conductors adhered to one surface of the substrate; and

splicing one flex circuit to a second flex circuit by overlapping at least a portion of
the first and second flex circuits together and applying heat and pressure sufficient to
thermally bond the first and second flex circuits together in series.
20. The method of claim 19, wherein the thermoplastic polymer material of the
substrate comprises a polyester.
21. The method of claim 19, wherein the thermoplastic polymer material of the

substrate comprises PEN.
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providing a plurality of unconnected flex circuits, each having a flexible substrate
including a polymer material layer, wherein each flex circuit further includes a pattern of
metal conductors adhered to one surface of the substrate;

overlapping an edge portion of the flexible substrate outside of the pattern of metal
conductors of one flex circuit with an edge portion of the flexible substrate outside of the
pattern of metal conductors of another flex circuit;

positioning a strip comprising a thermally active adhesive within an overlapped
portion between the first flex circuit and the second flex circuit; and

splicing one flex circuit to a second flex circuit by applying heat and pressure
sufficient to thermally bond the first and second flex circuits together in series.
27. The method of claim 26, wherein the polymer material layer of the substrate

comprises polyimide.
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29. The method of claim 28, wherein the polymer material layer comprises PEN.



