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MATTE FINISH POLYIMIDE FILMS AND
METHODS RELATING THERETO

FIELD OF DISCLOSURE

[0001] The present disclosure relates generally to matte
finish base films that are useful in coverlay applications and
have advantageous dielectric and optical properties. More
specifically, the matte finish base films of the present disclo-
sure comprise a relatively low concentration of pigment and
matting agent in a polyimide film imidized by a chemical (as
opposed to a thermal) conversion process.

BACKGROUND OF THE DISCLOSURE

[0002] Broadly speaking, coverlays are known as barrier
films for protecting electronic materials, e.g., for protecting
flexible printed circuit boards, electronic components, lead-
frames of integrated circuit packages and the like. A need
exists however, for coverlays to be increasingly thin and low
in cost, while not only having acceptable electrical properties
(e.g., dielectric strength), but also having acceptable struc-
tural and optical properties to provide security against
unwanted visual inspection and tampering of the electronic
components protected by the coverlay.

SUMMARY OF THE INVENTION

[0003] The presentdisclosure is directed to a base film. The
base film comprises a chemically converted polyimide in an
amount from 71 to 96 weight percent of the base film. The
chemically converted polyimide is derived from: i. at least 50
mole percent of an aromatic dianhydride, based upon a total
dianhydride content of the polyimide, and ii. at least 50 mole
percent of an aromatic diamine based upon a total diamine
content of the polyimide. The base film further comprises: a
low conductivity carbon black present in an amount from 2 to
9 weight percent of the base film; and a matting agent that:

[0004] a. is present in an amount from 1.6 to 10 weight

percent of the base film,
[0005] b. has a median particle size from 1.3 to 10
microns, and

[0006] c. has a density from 2 to 4.5 g/cc.
In one embodiment, the base film has: 1. a thickness from 8 to
152 microns; ii. a 60 degree gloss value from 2 to 35; iii. an
optical density greater than or equal to 2; and iv. a dielectric
strength greater than 1400 V/mil. The present disclosure is
also directed to coverlay films comprising the base film in
combination with an adhesive layer.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

2 <

[0007] As used herein, the terms “comprises,” “compris-
ing,” “includes,” “including,” “has,” “having” or any other
variation thereof, are intended to cover a non-exclusive inclu-
sion. For example, a method, process, article, or apparatus
that comprises a list of elements is not necessarily limited
only to those elements but may include other elements not
expressly listed or inherent to such method, process, article,
or apparatus. Further, unless expressly stated to the contrary,
“or” refers to an inclusive or and not to an exclusive or. For
example, a condition A or B is satisfied by any one of the
following: A is true (or present) and B is false (or not present),
A is false (or not present) and B is true (or present), and both
A and B are true (or present).
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[0008] Also,useofthe“a” or “an” are employed to describe
elements and components of the invention. This is done
merely for convenience and to give a general sense of the
invention. This description should be read to include one or at
least one and the singular also includes the plural unless it is
obvious that it is meant otherwise.

[0009] “Dianhydride” as used herein is intended to include
precursors or derivatives thereof, which may not technically
be a dianhydride but would nevertheless react with a diamine
to form a polyamic acid which could in turn be converted into
a polyimide.

[0010] “Diamine” as used herein is intended to include
precursors or derivatives thereof, which may not technically
be a diamine but would nevertheless react with a dianhydride
to form a polyamic acid which could in turn be converted into
a polyimide.

[0011] “Polyamic acid” as used herein is intended to
include any polyimide precursor material derived from a
combination of dianhydride and diamine monomers or func-
tional equivalents thereof and capable of conversion to a
polyimide via a chemical conversion process.

[0012] “Prepolymer” as used herein is intended to mean a
relatively low molecular weight polyamic acid solution
which s prepared by using a stoichiometric excess of diamine
in order to give a solution viscosity of approximately 50-100
Poise.

[0013] “Chemical conversion” or “chemically converted”
as used herein denotes the use of a catalyst (accelerator) or
dehydrating agent (or both) to convert the polyamic acid to
polyimide and is intended to include a partially chemically
converted polyimide which is then dried at elevated tempera-
tures to a solids level greater than 98%.

[0014] “Finishing solution” herein denotes a dianhydride in
a polar aprotic solvent which is added to a prepolymer solu-
tion to increase the molecular weight and viscosity. The dian-
hydride used is typically the same dianhydride used (or one of
the same dianhydrides when more than one is used) to make
the prepolymer.

[0015] When an amount, concentration, or other value or
parameter is given as either a range, preferred range or a list of
upper preferable values and lower preferable values, this is to
be understood as specifically disclosing all ranges formed
from any pair of any upper range limit or preferred value and
any lower range limit or preferred value, regardless of
whether ranges are separately disclosed. Where a range of
numerical values is recited herein, unless otherwise stated,
the range is intended to include the endpoints thereof, and all
integers and fractions within the range. It is not intended that
the scope of the invention be limited to the specific values
recited when defining a range.

[0016] In describing certain polymers it should be under-
stood that sometimes applicants are referring to the polymers
by the monomers used to make them or the amounts of the
monomers used to make them. While such a description may
not include the specific nomenclature used to describe the
final polymer or may not contain product-by-process termi-
nology, any such reference to monomers and amounts should
be interpreted to mean that the polymer is made from those
monomers, unless the context indicates or implies otherwise.
[0017] The materials, methods, and examples herein are
illustrative only and, except as specifically stated, are not
intended to be limiting. Although methods and materials
similar or equivalent to those described herein can be used in
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the practice or testing of the present invention, suitable meth-
ods and materials are described herein.

Base Film

[0018] The base films of the present disclosure comprise a
filled polyimide matrix, where the polyimide is created by a
chemical conversion process. One advantage of a chemical
conversion process (over a solely thermal conversion pro-
cess) is that the amount of matting agent necessary to achieve
sufficient low gloss is at least 10, 20, 30, 40 or 50 percent less
than if a thermal conversion process is used. Generally
accepted ranges for 60 degree gloss values are:

<10 flat
10-70 matte, satin, semi-gloss (various terms are used)
>70 glossy.

In some embodiments, the base film has a 60 degree gloss
value between and optionally including any two of the fol-
lowing: 2, 3, 4, 5, 10, 15, 20, 25, and 35. In some embodi-
ments, the base film has a 60 degree gloss value from 2 to 35.
In some embodiments, the base film has a 60 degree gloss
value from 10 to 35. The 60 degree gloss value is measured
using Micro-TRI-Gloss gloss meter. The lower loading of
matting agent (made possible by the chemical conversion) is
advantageous, because it: 1. lowers overall cost; ii. simplifies
the dispersion of matting agent into the polyamic acid (or
other polyimide precursor material); and iii. provides the
resulting base film with better mechanical properties (e.g.,
less brittleness). Another advantage of a chemical conversion
process (over a thermal conversion process) is that the dielec-
tric strength of the chemically converted base films is higher.
In some embodiments, the base film dielectric strength is
greater than 1400 V/mil (55 V/micron).

[0019] Inachemical conversion process, the polyamic acid
solution is either immersed in or mixed with conversion (imi-
dization) chemicals. In one embodiment, the conversion
chemicals are tertiary amine catalysts (accelerators) and
anhydride dehydrating materials. In one embodiment, the
anhydride dehydrating material is acetic anhydride, which is
often used in molar excess relative to the amount of amic acid
(amide acid) groups in the polyamic acid, typically about 1.2
to 2.4 moles per equivalent of polyamic acid. In one embodi-
ment, a comparable amount of tertiary amine catalyst is used.
[0020] Alternatives to acetic anhydride as the anhydride
dehydrating material include: i. other aliphatic anhydrides,
such as, propionic, butyric, valeric, and mixtures thereof; ii.
anhydrides of aromatic monocarboxylic acids; iii. Mixtures
of aliphatic and aromatic anhydrides; iv. carbodiimides; and
v. aliphatic ketenes (ketenes may be regarded as anhydrides of
carboxylic acids derived from drastic dehydration of the
acids).

[0021] Inone embodiment, the tertiary amine catalysts are
pyridine and beta-picoline and are typically used in amounts
similar to the moles of anhydride dehydrating material.
Lower or higher amounts may be used depending on the
desired conversion rate and the catalyst used. Tertiary amines
having approximately the same activity as the pyridine, and
beta-picoline may also be used. These include alpha picoline;
3,4-lutidine; 3,5-lutidine; 4-methylpyridine; 4-isopropyl
pyridine; N.N-dimethylbenzyl amine; isoquinoline; 4-benzyl
pyridine, N,N-dimethyldodecyl amine, triethyl amine, and
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the like. A variety of other catalysts for imidization are known
in the art, such as imidazoles, and may be useful in accor-
dance with the present disclosure.

[0022] The conversion chemicals can generally react at
about room temperature or above to convert polyamic acid to
polyimide. In one embodiment, the chemical conversion
reaction occurs at temperatures from 15° C. to 120° C. with
the reaction being very rapid at the higher temperatures and
relatively slower at the lower temperatures.

[0023] In one embodiment, the chemically treated
polyamic acid solution can be cast or extruded onto a heated
conversion surface or substrate. In one embodiment, the
chemically treated polyamic acid solution can be cast onto a
belt or drum. The solvent can be evaporated from the solution,
and the polyamic acid can be partially chemically converted
to polyimide. The resulting solution then takes the form of a
polyamic acid-polyimide gel. Alternately, the polyamic acid
solution can be extruded into a bath of conversion chemicals
consisting of an anhydride component (dehydrating agent), a
tertiary amine component (catalyst) or both with or without a
diluting solvent. In either case, a gel film is formed and the
percent conversion of amic acid groups to imide groups in the
gel film depends on contact time and temperature but is usu-
ally about 10 to 75 percent complete. For curing to a solids
level greater than 98%, the gel film typically must be dried at
elevated temperature (from about 200° C., up to about 550°
C.), which will tend to drive the imidization to completion. In
some embodiments, the use of both a dehydrating agent and a
catalyst is preferred for facilitating the formation of a gel film
and achieve desired conversion rates.

[0024] The gel film tends to be self-supporting in spite of its
high solvent content. Typically, the gel film is subsequently
dried to remove the water, residual solvent, and remaining
conversion chemicals, and in the process the polyamic acid is
essentially completely converted to polyimide (i.e., greater
than 98% imidized). The drying can be conducted at rela-
tively mild conditions without complete conversion of
polyamic acid to polyimide at that time, or the drying and
conversion can be conducted at the same time using higher
temperatures.

[0025] Because the gel has so much liquid that must be
removed during the drying and converting steps, the gel gen-
erally must be restrained during drying to avoid undesired
shrinkage. In continuous production, the base film can be held
atthe edges, such as in a tenter frame, using tenter clips or pins
for restraint.

[0026] Hightemperatures can be used for short times to dry
the base film and induce further imidization to convert the gel
film to a polyimide base film in the same step. In one embodi-
ment, the base film is heated to a temperature of 200° C. to
550° C. Generally, less heat and time are required for thin
films than for thicker films.

[0027] During such drying and converting (from polyamic
acid to polyimide), the base film can be restrained from undue
shrinking and, in fact, may be stretched by as much as 150
percent of its initial dimension. In film manufacture, stretch-
ing can be in either the longitudinal direction or the transverse
direction or both. If desired, restraint can also be adjusted to
permit some limited degree of shrinkage.

[0028] Another advantage is the chemically converted base
films of the present disclosure are matte on both sides, even if
cast onto a smooth surface. If both sides of the base film are
matte, any additional layers may be applied to either side of
the base film. In contradistinction, when similarly filled poly-
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imide precursor films are solely thermally converted and cast
ona smooth surface, the cast side tends to be glossy and the air
side tends to be matte.

[0029] Yet another advantage is chemically converted base
films have higher dielectric strength compared to solely ther-
mally converted base film. Typically, the dielectric strength
decreases as the amount of matting agent increases. So while
low 60 degree gloss value can be achieved (air side only) in
the solely thermal process, by increasing the amount of mat-
ting agent, the dielectric strength will decrease.

[0030] Inoneembodiment, the polyamic acids are made by
dissolving approximately equimolar amounts of a dianhy-
dride and a diamine in a solvent and agitating the resulting
solution under controlled temperature conditions until poly-
merization of the dianhydride and the diamine is completed.
Typically a slight excess of one of the monomers (usually
diamine) is used to initially control the molecular weight and
viscosity which can then be increased later via small addi-
tional amounts of the deficient monomer. Examples of suit-
able dianhydrides for use in the polyimides of the present
disclosure include aromatic dianhydrides, aliphatic dianhy-
drides and mixtures thereof. In one embodiment, the aromatic
dianhydride is selected from the group consisting of:

[0031] pyromellitic dianhydride;

[0032] 3,3'.4,4'-biphenyl tetracarboxylic dianhydride;

[0033] 3,3'.4,4'-benzophenone tetracarboxylic dianhy-
dride;

[0034] 4,4'-oxydiphthalic anhydride;

[0035] 3,3'.4,4'-diphenyl sulfone tetracarboxylic dianhy-
dride;

[0036] 2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane;

[0037] Bisphenol A dianhydride; and

[0038] mixtures and derivatives thereof.

In another embodiment, the aromatic dianhydride is selected
from the group consisting of:

[0039] 2,3,6,7-naphthalene tetracarboxylic dianhydride;
[0040] 1,2,5,6-naphthalene tetracarboxylic dianhydride;
[0041] 2,2'3,3'-biphenyl] tetracarboxylic dianhydride;
[0042] 2,2-bis(3,4-dicarboxyphenyl) propane dianhydride;
[0043] bis(3,4-dicarboxyphenyl) sulfone dianhydride;
[0044] 3,4,9,10-perylene tetracarboxylic dianhydride;
[0045] 1,1-bis(2,3-dicarboxyphenyl)ethane dianhydride;
[0046] 1,1-bis(3,4-dicarboxyphenyl)ethane dianhydride;
[0047] bis(2,3-dicarboxyphenyl) methane dianhydride;
[0048] bis(3,4-dicarboxyphenyl) methane dianhydride;
[0049] oxydiphthalic dianhydride;

[0050] bis(3,4-dicarboxyphenyl) sulfone dianhydride;
[0051] mixtures and derivatives thereof.

Examples of aliphatic dianhydrides include:

[0052] cyclobutane dianhydride;

[0053] [1S*,5R* 6S]-3-oxabicyclo[3.2.1]octane-2,4-di-
one-6-spiro-3-(tetrahydrofuran-2,5-dione);

mixtures thereof.

[0054] Examples of suitable diamines for use in the poly-

imides of the present disclosure include aromatic diamines,

aliphatic diamines and mixtures thereof. In one embodiment,

the aromatic diamine is selected from a group consisting of:

[0055] 3,4'-oxydianiline;

[0056] 1,3-bis-(4-aminophenoxy)benzene;
[0057] 4,4'-oxydianiline;

[0058] 1,4-diaminobenzene;

[0059] 1,3-diaminobenzene;

[0060] 2.,2'-bis(trifluoromethyl)benzidene;
[0061] 4,4'-diaminobiphenyl;
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[0062] 4,4'-diaminodiphenyl sulfide;
[0063] 9,9'-bis(4-amino)fluorine;
[0064] mixtures and derivatives thereof.

In another embodiment, the aromatic diamine is selected
from a group consisting of:

[0065] 4,4'-diaminodiphenyl propane;

[0066] 4.,4'-diamino diphenyl methane;

[0067] benzidine;

[0068] 3,3'-dichlorobenzidine;

[0069] 3,3'-diamino diphenyl sulfone;

[0070] 4,4'-diamino dipheny] sulfone;

[0071] 1,5-diamino naphthalene;

[0072] 4,4'-diamino diphenyl diethylsilane;

[0073] 4,4'-diamino diphenylsilane;

[0074] 4,4'-diamino diphenyl ethyl phosphine oxide;
[0075] 4,4'-diamino diphenyl N-methyl amine;
[0076] 4,4'-diamino diphenyl N-phenyl amine;
[0077] 1,4-diaminobenzene (p-phenylene diamine);
[0078] 1,2-diaminobenzene;

[0079] Mixtures and derivatives thereof.

Examples of suitable aliphatic diamines include:

[0080] hexamethylene diamine,

[0081] dodecane diamine,

[0082] cyclohexane diamine;

[0083] and mixtures thereof.

[0084] Inone embodiment, the chemically converted poly-

imide is derived from pyromellitic dianhydride (“PMDA”)
and 4,4'-oxydianiline (“4,4 ODA”). In one embodiment, the
polyimides of the present disclosure are copolyimides
derived from any of the above diamines and dianhydrides. In
one embodiment, the copolyimide is derived from 15 to 85
mole % of biphenyltetracarboxylic dianhydride, 15 to 85
mole % pyromellitic dianhydride, 30 to 100 mole % p-phe-
nylenediamine and optionally including 0 to 70 mole % of
4.,4'-diaminodiphenyl ether and/or 4,4'-diaminodiphenyl
ether. Such copolyimides are further described in U.S. Pat.
No. 4,778,872 and U.S. Pat. No. 5,166,308.

[0085] In one embodiment, the polyimide dianhydride
component is pyromellitic dianhydride (“PMDA”) and the
polyimide diamine component is a combination of 4,4'-oxy-
dianiline (“4,4 ODA”) and p-phenylenediamine (“PPD”). In
one embodiment the polyimide dianhydride component is
pyromellitic dianhydride (“PMDA”) and the polyimide
diamine component is a combination of 4,4'-oxydianiline
(“4,4 ODA”) and p-phenylenediamine (“PPD”), where the
ratio of ODA to PPD (ODA:PPD) is any of the following mole
ratios: i. 20-80: 80-20; ii. 50-70:50-30; oriii. 55-65: 45-35.In
one embodiment the polyimide dianhydride component is
PMDA, and the diamine component is a mole ratio of ODA to
PPD (ODA:PPD) of about 60:40.

[0086] In one embodiment, the polyimide dianhydride
component is 3,3'.4.4'-biphenyltetracarboxylic dianhydride
(“BPDA”) and the polyimide diamine component is a com-
bination of 4,4'-oxydianiline (“4,4 ODA”) and p-phenylene-
diamine (“PPD”). In one embodiment the polyimide dianhy-
dride component is BPDA and the polyimide diamine
component is a combination of 4,4 ODA and PPD, where the
ratio of ODA to PPD (ODA:PPD) is any of the following mole
ratios: i. 20-80: 80-20; ii. 50-70:50-30; oriii. 55-65: 45-35.In
one embodiment the polyimide dianhydride component is
BPDA, and the diamine component is a mole ratio of ODA to
PPD (ODA:PPD) of about 60:40.

[0087] Inoneembodiment, the polyamic acid solvent must
dissolve one or both of the polymerizing reactants and in one
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embodiment, will dissolve the polyamic acid polymerization
product. The solvent should be substantially unreactive with
all of the polymerizing reactants and with the polyamic acid
polymerization product.

[0088] In one embodiment the polyamic acid solvent is a
liquid N,N-dialkylcarboxylamide, such as, a lower molecular
weight carboxylamide, particularly N,N-dimethylformamide
and N,N-diethylacetamide. Other useful compounds of this
class of solvents are N,N-diethylformamide and N,N-diethy-
lacetamide. Other solvents which may be used are sulfolane,
N-methyl-2-pyrrolidone, tetramethyl urea, dimethylsulfone,
and the like. The solvents can be used alone or in combina-
tions with one another. The amount of solvent used preferably
ranges from 75 to 90 weight % of the polyamic acid.

[0089] The polyamic acid solutions are generally made by
dissolving the diamine in a dry solvent and slowly adding the
dianhydride under conditions of agitation and controlled tem-
perature in an inert atmosphere.

Pigment

[0090] Virtually any pigment (or combination of pigments)
can be used in the performance of the present invention. In
some embodiments, useful pigments include but are not lim-
ited to the following: Barium Lemon Yellow, Cadmium Yel-
low Lemon, Cadmium Yellow Lemon, Cadmium Yellow
Light, Cadmium Yellow Middle, Cadmium Yellow Orange,
Scarlet Lake, Cadmium Red, Cadmium Vermilion, Alizarin
Crimson, Permanent Magenta, Van Dyke brown, Raw Umber
Greenish, or Burnt Umber. In some embodiments, useful
black pigments include: cobalt oxide, Fe—Mn—Bi black,
Fe—Mn oxide spinel black, (Fe,Mn)203 black, copper
chromite black spinel, lampblack, bone black, bone ash, bone
char, hematite, black iron oxide, micaceous iron oxide, black
complex inorganic color pigments (CICP), CuCr204 black,
(Ni,Mn,Co)(Cr,Fe)204 black, Aniline black, Perylene black,
Anthraquinone black, Chromium Green-Black Hematite,
Chrome Iron Oxide, Pigment Green 17, Pigment Black 26,
Pigment Black 27, Pigment Black 28, Pigment Brown 29,
Pigment Black 30, Pigment Black 32, Pigment Black 33 or
mixtures thereof.

[0091] In some embodiments, a low conductivity carbon
black is used. The amount of low conductivity carbon black
and the thickness of the base film will generally impact the
optical density. If the low conductivity carbon black loading
level is unduly high, the base film will be conductive even
when a low conductivity carbon black is used. If too low, the
base film may not achieve the desired optical density and
color. The low conductivity carbon black, for the purpose of
this disclosure, is used to impart the black color to the base
film as well as to achieve the desired optical density of a base
film having a thickness between and optionally including any
two of the following: 8, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60,
70, 80, 90, 100, 110, 120, 130, 140 and 152 microns. In some
embodiments, the base film thickness is from 8 to 152
microns. In some embodiments, the base film thickness is
from 8 to 127 microns. In yet another embodiment, the base
film thickness is from 10 to 40 microns. Low conductivity
carbon black is intended to mean, channel type black or
furnace black. In some embodiments a bone black may be
used to impart the black color. In one embodiment, the low
conductivity carbon black is present in amount between and
optionally including any two of the following: 2,3, 4, 5,6, 7,
8 and 9 weight percent of the base film. In some embodi-
ments, the optical density (opacity) desirable (e.g., to hide the
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conductor traces in the flex circuits from view) is greater than
or equal to 2. An optical density of 2 is intended to mean
1x1072 or 1% of light is transmitted through the base film.
[0092] Insome embodiments, the low conductivity carbon
black is a surface oxidized carbon black. One method for
assessing the extent of surface oxidation (of the carbon black)
is to measure the carbon black’s volatile content. The volatile
content can be measured by calculating weight loss when
calcined at 950° C. for 7 minutes. Generally speaking, a
highly surface oxidized carbon black (high volatile content)
can be readily dispersed into a polyamic acid solution (poly-
imide precursor), which in turn can be imidized into a (well
dispersed) filled polyimide base polymer of the present dis-
closure. It is thought that if the carbon black particles (aggre-
gates) are not in contact with each other, then electron tun-
neling, electron hopping or other electron flow mechanism
are generally suppressed, resulting in lower electrical con-
ductivity. In some embodiments, the low conductivity carbon
black has a volatile content greater than or equal to 1%. In
some embodiments, the low conductivity carbon black has a
volatile content greater than or equal to 5, 9, or 13%. In some
embodiments, furnace black may be surface treated to
increase the volatile content.

[0093] A uniform dispersion of isolated, individual par-
ticles (aggregates) not only decreases the electrical conduc-
tivity, but additionally tends to produce uniform color inten-
sity. In some embodiments the low conductivity carbon black
is milled. In some embodiments, the mean particle size of the
low conductivity carbon black is between (and optionally
including) any two of the following sizes: 0.2, 0.3, 0.4, 0.5,
0.6,0.7, 0.8, 0.9 and 1.0 microns. The thickness of the base
film can be tailored to the specific application.

[0094] Insomeembodiments, dyes may be used. Examples
of' useful dye are, but not limited to nigrosin black, monoazo
chromium complex black, or mixtures thereof. In some
embodiments, a mixture of dye and pigment may be used.

Matting Agent

[0095] Polymeric materials typically have inherent surface
gloss. To control gloss (and thereby produce matte surface
characteristics) various additive approaches are possible to
achieve dull and low gloss surface characteristics. Broadly
speaking, the additive approaches are all based upon the same
fundamental physics—to create a modified surface which is
(on a micro-scale) coarse and irregular shaped and therefore
allows less light to be reflected back to the distant (e.g.,
greater than 50 centimeters) observer. When multiple rays of
light hit a glossy surface, most of the light is reflected with
similar angle and therefore a relatively high level of light
reflectance can be observed. When the same source of light
hits a matte (ie. irregular) surface, the light is scattered in
many different directions and also a much higher fraction is
absorbed. Hence on rough surfaces, light tends to be diffusely
scattered in all directions, and the image forming qualities are
largely diminished (reflected objects no longer appear bril-
liant, but blurred).

[0096] Gloss meters used to characterize a specific surface
for gloss level are based on this same principle. Typically, a
light source hits a surface at a fixed angle and after reflection
the amount of reflected light is read by a photo cell. Reflection
can be read at multiple angles. Maximum gloss performance
for a perfectly glossy surface tends to demonstrate 100%
reflection, whereas a fully dull surface tends to demonstrate
0% reflection.
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[0097] Silicas are inorganic particles that can be ground and
filtered to specific particle size ranges. The very irregular
shape and porosity of silica particles and low cost make it a
popular matting agent. Other potential matting agents can
include: i. other ceramics, such as, borides, nitrides, carbides
and other oxides (e.g., alumina, titania, etc); and ii. organic
particles, provided the organic particle can withstand the
temperature processing of a chemically converted polyimide
(processing temperatures of from about 250° C. to about 550°
C., depending upon the particular polyimide process chosen).
On matting agent that can be useful in polyimide applications
(can withstand the thermal conditions of polyimide synthesis)
are polyimide particles.

[0098] The amount of matting agent, median particle size
and density must be sufficient to produce the desired 60
degree gloss value. In some embodiments, the base film 60
degree gloss value is between and optionally including any
two of the following: 2, 5, 10, 15, 20, 25, 30 and 35. In some
embodiments, the base film 60 degree gloss value is from 10
to 35.

[0099] In some embodiments, the matting agent is present
in an amount between and optionally including any two of the
following: 1.6, 2,3, 4,5, 6,7, 8,9 and 10 weight percent of
base film. In some embodiments, the matting agent has a
median particle size between and optionally including any
two of the following: 1.3, 2, 3,4, 5, 6,7, 8,9 and 10 microns.
The matting agent particles should have an average particle
size of less than (or equal to) about 10 microns and greater
than (or equal to) about 1.3 microns. Larger matting agent
particles may negatively impact mechanical properties of the
final base film. In some embodiments, the matting agent has
a density between and optionally including any two of the
following: 2, 3, 4 and 4.5 g/cc. In some embodiments, when
the amount of matting agent is below 1.6 weight percent of
base film, the desired 60 degree gloss value is not achieved
even when the matting agent median particle size and density
are in the desired ranges. In some embodiments, when the
median particle size is below 1.3 microns, the desired 60
degree gloss value is not achieved even when the amount of
matting agent and density are in the desired ranges. In some
embodiments, the matting agent is selected from the group
consisting of silica, alumina, barium sulfate and mixtures
thereof.

[0100] The base film can be prepared by any method well
known in the art for making a chemically converted, filled
polyimide layer. In one such embodiment, a slurry compris-
ing a low conductivity carbon black is prepared and a matting
agent slurry is prepared. The slurries may or may not be
milled using a ball mill to reach the desired particle size. The
slurries may or may not be filtered to remove any residual
large particles. A polyamic acid solution can be made by
methods well known in the art. The polyamic acid solution
may or may not be filtered. In some embodiments, the solu-
tion is mixed in a high shear mixer with the low conductivity
carbon black slurry and the matting agent slurry. When a
polyamic acid solution is made with a slight excess of
diamine, additional dianhydride solution may or may not be
added to increase the viscosity of the mixture to the desired
level for film casting. The amount of the polyamic acid solu-
tion, low conductivity carbon black slurry, and matting agent
slurry can be adjusted to achieve the desired loading levels in
the cured base film. In some embodiments the mixture is
cooled below 0° C. and mixed with conversion chemicals
prior to casting onto a heated rotating drum or belt in order to
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produce a partially imidized gel film. The gel film may be
stripped from the drum or belt, placed on a tenter frame, and
cured in an oven, using convective and radiant heat to remove
solvent and complete the imizidation to greater than 98%
solids level.

Adhesive

[0101] Insome embodiments, the base film is a multilayer
film comprising the base film and an adhesive layer. The base
film of the present disclosure can comprise an adhesive layer
for maintaining the base film in place, once applied. In one
embodiment, the adhesive consists of an epoxy resin and
hardener, and, optionally, further contains additional compo-
nents, such as, an elastomer, curing accelerator (catalyst),
hardener, filler and flame retardant.

[0102] In some embodiments, the adhesive is an epoxy
resin. In some embodiments, the epoxy resin is selected from
the group consisting of:

[0103] Bisphenol F type epoxy resin,
[0104] Bisphenol S type epoxy resin,
[0105] Phenol novolac type epoxy resin,
[0106] Biphenyl type epoxy resin,

[0107] Biphenyl aralkyl type epoxy resin,
[0108] Aralkyl type epoxy resin,

[0109] Dicyclopentadiene type epoxy resin,
[0110] Multifunctional type epoxy resin,
[0111] Naphthalene type epoxy resin,
[0112] Rubber modified epoxy resin, and
[0113] mixtures thereof.

[0114] In another embodiment, the adhesive is an epoxy

resin selected from the group consisting of bisphenol A type
epoxy resin, cresol novolac type epoxy resin, phosphorus
containing epoxy resin, and mixtures thereof. In some
embodiments, the adhesive is a mixture of two or more epoxy
resins. In some embodiments, the adhesive is a mixture of the
same epoxy resin having different molecular weights.
[0115] Insome embodiments, the epoxy adhesive contains
a hardener. In one embodiment, the hardener is a phenolic
compound. In some embodiments, the phenolic compound is
selected from the group consisting of:

[0116] Novolac type phenol resin,

[0117] Aralkyl type phenol resin,

[0118] Biphenyl aralkyl type phenol resin,
[0119] Multifunctional type phenol resin,

[0120] Nitrogen containing phenol resin,

[0121] Dicyclopentadiene type phenol resin,
[0122] Phosphorus containing phenol resin, and
[0123] Triazine containing phenol novolac resin.

In another embodiment, the hardener is an aromatic diamine
compound. In some embodiments, the aromatic diamine
compound is a diaminobiphenyl compound. In some embodi-
ments, the diaminobiphenyl compound is 4,4'-diaminobiphe-
nyl or 4,4'-diamino-2,2'-dimethylbiphenyl. In some embodi-
ments, the aromatic diamine compound is a
diaminodiphenylalkane compound. In some embodiments,
the diaminodiphenylalkane compound is 4,4'-diaminodiphe-
nylmethane or 4,4'-diaminodiphenylethane. In some embodi-
ments, the aromatic diamine compound is a diaminodiphenyl
ether compound. In some embodiments, the diaminodiphenyl
ether compounds is 4,4'-diaminodiphenylether or di(4-
amino-3-ethylphenyl)ether. In some embodiments, the aro-
matic diamine compound is a diaminodiphenyl thioether
compound. In some embodiments, the diaminodiphenyl thio-
ether compound is 4,4'-diaminodiphenyl thioether or di(4-
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amino-3-propylphenyl)thioether. In some embodiments, the
aromatic diamine compound is a diaminodiphenyl sulfone
compound. In some embodiments, the diaminodipheny] sul-
fone compound is 4,4'-diaminodiphenyl sulfone or di(4-
amino-3-isopropylphenyl)sulfone. In some embodiments,
the aromatic diamine compound is phenylenediamine. In one
embodiment, the hardener is an amine compound. In some
embodiments, the amine compound is a guanidine. In some
embodiments, the guanidine is dicyandiamide (DICY). In
another embodiment, the amine compound is an aliphatic
diamine. In some embodiments, the aliphatic diamine is eth-
ylenediamine or diethylenediamine.

[0124] In some embodiments, the epoxy adhesive contains
acatalyst. In some embodiments, the catalyst is selected from
the group consisting of imidazole type, triazine type, 2-ethyl-
4-methyl-imidazole, triazine containing phenol novolac type
and mixtures thereof.

[0125] Insome embodiments, the epoxy adhesive contains
a elastomer toughening agent. In some embodiments, the
elastic toughening agent is selected from the croup consisting
of ethylene-acryl rubber, acrylonitrile-butadiene rubber, car-
boxy terminated acrylonitrile-butadiene rubber and mixtures
thereof.

[0126] Insome embodiments, the epoxy adhesive contains
a flame retardant. In some embodiments, the flame retardant
is selected from the group consisting of aluminum trihydrox-
ide, melamine polyphosphate, condensed polyphosphate
ester, other phosphorus containing flame retardants and mix-
tures thereof.

[0127] Insomeembodiments, the adhesive layer is selected
from the group consisting of:
[0128] polyimide,
[0129] butyral phenolic,
[0130] polysiloxane,
[0131] polyimidesiloxane,
[0132] fluorinated ethylene propylene copolymers,
[0133] pertluoroalkoxy copolymers,
[0134] ethylene vinyl acetate copolymers,
[0135] ethylene vinyl acetate glycidyl acrylate terpoly-
mer,
[0136] ethylene vinyl acetate glycidyl methacrylate ter-
polymer,
[0137] ethylene alkyl acrylate copolymers with adhesion
promoter,
[0138] ethylene alkyl methacrylate copolymers with

adhesion promoter,

[0139] ethylene glycidyl acrylate,

[0140] ethylene glycidyl methacrylate,

[0141] ethylene alkyl acrylate glycidyl acrylate terpoly-
met,

[0142] ethylene alkyl methacrylate glycidyl acrylate ter-
polymer,

[0143] ethylene alkyl acrylate maleic anhydride terpoly-
mers,

[0144] ethylene alkyl methacrylate maleic anhydride ter-
polymers,

[0145] ethylene alkyl acrylate glycidyl methacrylate ter-
polymers,

[0146] ethylene alkyl methacrylate glycidyl methacry-

late terpolymers,

[0147] alkyl acrylate acrylonitrile acrylic acid terpoly-
mers,
[0148] alkyl acrylate acrylonitrile methacrylic acid ter-

polymers,
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[0149] ethylene acrylic acid copolymer including salts
thereof,
[0150] ethylene methacrylic acid copolymer including

salts thereof,

[0151] alkyl acrylate acrylonitrile glycidyl methacrylate
terpolymers,

[0152] alkyl methacrylate acrylonitrile glycidyl meth-
acrylate terpolymers,

[0153] alkyl acrylate acrylonitrile glycidyl acrylate ter-
polymers,

[0154] alkyl methacrylate acrylonitrile glycidyl acrylate
terpolymers,

[0155] polyvinyl butyral,

[0156] ethylene alkyl acrylate methacrylic acid terpoly-

mers and salts thereof,

[0157] ethylene alkyl methacrylate methacrylic acid ter-
polymers and salts thereof,

[0158] ethylene alkyl acrylate acrylic acid terpolymers
and salts thereof

[0159] ethylene alkyl methacrylate acrylic acid terpoly-
mers and salts thereof,

[0160] ethylene ethyl hydrogen maleate,
[0161] ethylene alkyl acrylate ethyl hydrogen maleate,
[0162] ethylene alkyl methacrylate ethyl hydrogen male-
ate,
[0163] and mixtures thereof.
[0164] Insome embodiments, the multilayer film is a cov-

erlay film.
In the following examples all parts and percentages are by
weight unless otherwise indicated.

EXAMPLES

[0165] The invention will be further described in the fol-
lowing examples, which is not intended to limit the scope of
the invention described in the claims.

[0166] Optical density was measured with a Macbeth
TD904 optical densitometer. The average of 5-10 individual
measurements was recorded.

[0167] 60 degree gloss value was measured with a Micro-
TRI-Gloss gloss meter, Gardner USA, Columbia, Md. The
average of 5-10 individual measurements was recorded.
[0168] Surface resistivity was measured using a Advantest
Model R8340 ultra high resistance meter with a UR type
concentric ring probe and was measured at 1000 volts. The
average of 3-5 individual measurements was recorded.
[0169] Dielectric strength was measured using a Beckman
Industrial AC Dielectric Breakdown Tester, according to
ASTM D149. The average of 5-10 individual measurements
was recorded.

[0170] Median particle size was measured using a Horiba
L.A-930 particle size analyzer. Horiba, Instruments, Inc., Irv-
ine Calif. DMAC (dimethylacetamide) was used as the carrier
fluid.

[0171] When a continuous film casting process was used to
produce samples, an ashing process was used to confirm the
amount of matting agent in the film. The film was ashed by
heating in a furnace at 900° C. to burn off all of the polymer
and low conductivity carbon black, leaving only a white mat-
ting agent residue. Comparing weights before and after ash-
ing shows the amount of matting agent the film contains.
[0172] Polyamic acid viscosity measurements were made
on a Brookfield Programmable DV-II+ viscometer using
either an RV/HA/HB #7 spindle or an LV #5 spindle. The



US 2011/0177321 Al

viscometer speed was varied from 5 to 100 rpm to provide an
acceptable percent torque value. Readings were temperature
corrected to 25° C.

[0173] Examples 1-5 demonstrate that chemical conver-
sion achieves low 60 degree gloss value (matte appearance)
on both sides of base film as well as high dielectric strength
with low amounts of matting agent.

Example 1

[0174] A carbonblack slurry was prepared, consisting of 80
wt % DMAC, 10 wt % polyamic acid prepolymer solution
(20.6 wt % polyamic acid solids in DMAC), and 10 wt % low
conductivity carbon black powder (Special Black 4, from
Evonik Degussa). The ingredients were thoroughly mixed in
a rotor stator, high-speed dispersion mill. The slurry was then
processed in a ball mill to disperse any large agglomerates
and to achieve the desired particle size. The median particle
size of the slurry was 0.3 microns.

[0175] Asilicaslurry was prepared, consisting of 75.4 wt %
DMAC, 9.6 wt % polyamic acid prepolymer solution (20.6 wt
% polyamic acid solids in DMAC), and 15.0 wt % silica
powder (Syloid® C 803, from W. R. Grace Co.). The ingre-
dients were thoroughly mixed in a high shear rotor-stator type
mixer. Median particle size was 3.3-3.6 microns.

[0176] 16.4 kg of the carbon black slurry was mixed into
158 kg of a PMDA/4,4'ODA prepolymer solution (20.6%
polyamic acid solids, approximately 50 Poise viscosity) in a
50 gallon (189.3 liters) tank. The tank was equipped with
three independently controlled agitator shafts: a low speed
anchor mixer, a high speed disk disperser, and a high shear
rotor-stator emulsifier. The mixture was “finished” by adding
and mixing, in increments, approximately 7 kg. ofa 5.8 wt %
PMDA solution in DMAC, in order to increase molecular
weight and viscosity to approximately 3000 Poise. The
speeds of the anchor, disperser, and emulsifier were adjusted
as necessary to ensure efficient mixing and dispersion, with-
out excessively heating the mixture. Temperature of the mix-
ture was further regulated by flowing chilled ethylene glycol
through the mixing tank jacket. The finished solution was
filtered through a 20 micron filter and vacuum degassed to
remove entrained air.

[0177] The silica slurry was metered into a metered stream
of'the finished polymer/carbon black mixture and thoroughly
mixed using a high shear rotor-stator mixer. The combined
stream was cooled to approximately 6° C., conversion chemi-
cals acetic anhydride (0.14 cm®/cm?® polymer solution) and
3-picoline (0.15 cm*/cm? polymer solution) were metered in
and mixed, and a film was cast using a slot die, onto a 90° C.
hot, rotating drum. The resulting gel film was stripped oft the
drum and fed into a tenter oven, where it was dried and cured
to a solids level greater than 98%, using convective and radi-
ant heating. The base film contained 5 wt % carbon black and
3.5 wt % silica.

[0178] Results are shown in table 1.
Example 2
[0179] An alumina slurry was prepared, consisting of 41.7

wt % DMAC, 23.3 wt % polyamic acid prepolymer solution
(20.6 wt % polyamic acid solids in DMAC), and 35.0 wt %
alpha alumina powder with median particle size of approxi-
mately 2.2 microns. The ingredients were thoroughly mixed
in a rotor stator, high-speed dispersion mill.
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[0180] The alumina slurry was metered into a cooled (-7°
C.) metered stream of the finished polymer/carbon black mix-
ture of Example 1, along with the conversion chemicals, and
a polyimide film was cast and cured using essentially the
same process as Example 1. The resulting base film contains
5 wt % carbon black and 7 wt % alumina.

[0181] Results are shown in table 1.
Example 3
[0182] Carbon black and silica slurries were prepared as in

Example 1. The slurries were mixed with PMDA/4,4'ODA
prepolymer solution (20.6% polyamic acid solids, approxi-
mately 50 Poise viscosity), in amounts to yield 5 wt % carbon
black and 2 wt % silica on a cured film basis. The mixture was
finished by incrementally adding a 6 wt % solution of PMDA
in DMAC, with mixing, to achieve a final viscosity of
approximately 2250 Poise. The finished polymer mixture was
vacuum degassed. Using a stainless steel casting rod, the
polymer mixture was manually cast onto a Mylar® polyeth-
ylene terephthalate sheet attached to a glass plate. The
Mylar® polyethylene terephthalate sheet containing the wet
cast film was immersed in a bath consisting ofa 50/50 mixture
of'3-picoline and acetic anhydride. The bath was gently agi-
tated for a period of 3 to 4 minutes in order to effect imidiza-
tion and gellation ofthe film. The gel film was peeled from the
Mylar® polyethylene terephthalate sheet and placed on a pin
frame to restrain the film and prevent shrinking. After allow-
ing for residual solvent to drain from the film, the pin frame
containing the film was placed in a 120° C. oven. The oven
temperature was ramped to 320° C. over a period of 60 to 75
minutes, held at 320° C. for 10 minutes, then transferred to a
400° C. oven and held for 5 minutes, then removed from the
oven and allowed to cool.

[0183] Results are shown in table 1.
Example 4
[0184] The base film was prepared as in Example 3 with 3

wt % silica on a cured film basis.

[0185] Results are shown in table 1.
Example 5
[0186] A carbon black slurry was prepared as in Example 1.

A synthetic barium sulfate (Blanc Fixe F, from Sachtleben
Chemie GmbH) slurry was prepared, consisting of 51.7 wt %
DMAC, 24.1 wt % prepolymer solution (20.6 wt % polyamic
acid solids in DMAC) and 24.1 wt % barium sulfate powder.
The ingredients were thoroughly mixed in a high shear rotor-
stator type mixer. Median particle size was 1.3 microns.
[0187] The slurries were mixed with PMDA/4,4'ODA
polyamic acid solution (20.6% polyamic acid solids, approxi-
mately 50 Poise viscosity), in amounts to yield 7 wt % carbon
black and 10 wt % barium sulfate on a cured film basis. The
mixture was finished by incrementally adding a 6 wt % solu-
tion of PMDA in DMAC, with mixing, to achieve a final
viscosity of 2400 Poise. The finished polymer mixture was
vacuum degassed. The polymer mixture was cast onto
Mylar® polyethylene terephthalate sheet and chemically imi-
dized and cured as described in Example 3.

[0188] Results are shown in table 1.
Comparative Example 1
[0189] Comparative example 1 demonstrates thermal con-

version with the same amount of matting agent as in example
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5, produces a high (undesirable) 60 degree gloss value on both
sides of base film and low dielectric strength.

[0190] A carbon black slurry was prepared as in Example 1.
A synthetic barium sulfate (Blanc Fixe F, from Sachtleben
Chemie GmbH) slurry was prepared, consisting of 51.7 wt %
DMAC, 24.1 wt % polyamic acid prepolymer solution (20.6
wt % polyamic acid solids in DMAC), and 24.1 wt % barium
sulfate powder. The ingredients were thoroughly mixed in a
high shear rotor-stator type mixer. Median particle size was
1.3 microns.

[0191] The slurries were mixed with PMDA/4,4'ODA pre-
polymer solution (20.6% polyamic acid solids, approxi-
mately 50 Poise viscosity), in amounts to yield 7 wt % carbon
black and 10 wt % barium sulfate on a cured film basis. The
mixture was finished by incrementally adding a 6 wt % solu-
tion of PMDA in DMAC, with mixing, to achieve a final
viscosity of 1500 Poise. The finished polymer mixture was
vacuum degassed. Using a stainless steel casting rod, a film
was manually cast onto a glass plate. The glass plate contain-
ing the wet cast film was placed on a hot plate at 80-100° C.
for 30-45 minutes to form a partially dried, partially imidized
“green” film. The green film was peeled from the glass and
placed on a pin frame. The pin frame containing the green film
was placed in a 120° C. oven. The oven temperature was
ramped to 320° C. over a period of 60-75 minutes, held at
320° C. for 10 minutes, then transferred to a 400° C. oven and
held for 5 minutes, then removed from the oven and allowed
to cool.

[0192] Results are shown in table 1.
Comparative Example 2
[0193] Comparative example 2 demonstrates thermal con-

version with 4 weight % matting agent produces a high (unde-
sirable) 60 degree gloss value on both sides of base film and
has low dielectric strength.

[0194] Carbon black and silica slurries were prepared as in
Example 1. The slurries were mixed with PMDA/4,4'ODA
prepolymer solution (20.6% polyamic acid solids, approxi-
mately 50 Poise viscosity), in amounts to yield 5 wt % carbon
black and 4 wt % silica on a cured film basis. The mixture was
finished by incrementally adding a 6 wt % solution of PMDA
in DMAC, with mixing, to achieve a final viscosity of 2250
Poise. The finished polymer mixture was vacuum degassed.
Using a stainless steel casting rod, a film was manually cast
onto a glass plate. The glass plate containing the wet cast film
was placed on a hot plate at 80-100° C. for 30-45 minutes to
form a partially dried, partially imidized “green” film. The
green film was peeled from the glass and placed on a pin
frame. The pin frame containing the green film was placed in
a 120° C. oven. The oven temperature was ramped to 320° C.
over a period of 60-75 minutes, held at 320° C. for 10 minutes,
then transferred to a 400° C. oven and held for 5 minutes, then
removed from the oven and allowed to cool.

[0195] Results are shown in table 1.
Comparative Example 3
[0196] Comparative Example 3 demonstrates thermal con-

version requires a higher amount of matting agent to produce
alow 60 degree gloss value (matte appearance) on the air side
yet has an undesirable 60 degree gloss value on the other (non
air) side.

[0197] A carbon black slurry was prepared as in Example 1.
An alumina slurry was prepared, consisting of 51.72 wt %
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DMAC, 24.14 wt % polyamic acid prepolymer solution (20.6
wt % polyamic acid solids in DMAC), and 24.14 wt % alpha
alumina powder with median particle size 0f 2.3 microns The
ingredients were thoroughly mixed in a rotor stator, high-
speed dispersion mill. The slurry was then milled in a ball mill
to break down large agglomerates. The carbon black and
alumina slurries were filtered to remove any residual large
particles or agglomerates.

[0198] A PMDA/4,4'ODA prepolymer solution (20.6%
polyamic acid solids, approximately 50 Poise viscosity) was
“finished” by mixing in a high shear mixer with a 5.8 wt %
PMDA solution in DMAC, in order to increase molecular
weight and the viscosity to approximately 1500 Poise. The
finished solution was filtered and mixed in a high shear mixer
with the low conductivity carbon black and alumina slurries,
along with additional PMDA finishing solution, and a small
amount of a belt release agent (which enables the cast green
film to be readily stripped from the casting belt). The quantity
of PMDA finishing solution was adjusted to achieve a viscos-
ity of 1200 Poise. The relative amounts of the polymer, slur-
ries, and finishing solution were adjusted in order to achieve
the desired loading levels of carbon black and alumina, and
pressure at the casting die. The finished polymer/slurry mix-
ture was pumped through a filter and to a slot die, where the
flow was divided in such a manner as to form the outer layers
of a three-layer coextruded film.

[0199] A second stream of PMDA/4,4'ODA prepolymer
polymer solution, was finished in a high shear mixer to 1500
Poise viscosity and was pumped through a filter and to the
casting die to form the middle, unfilled polyimide core layer
of a three-layer coextruded film. The flow rates of the outer
layers as well as the unfilled polyimide core layer solutions
were adjusted in order to achieve the desired layer thickness.
[0200] A three-layer coextruded film was produced from
the components described above by casting from the slot die
onto a moving stainless steel belt. The belt was passed into a
convective oven, to evaporate solvent and partially imidize
the polymer, to produce a “green” film. Green film solids (as
measured by weight loss upon heating to 300° C.) were
72.6%. The green film was stripped off the casting belt and
wound up. The green film was then passed through a tenter
oven to produce a cured polyimide film. During tentering,
shrinkage was controlled by constraining the film along the
edges. Cured film solids level (as measured by weight loss
upon heating to 300° C.) was 98.8%.

[0201] The middle unfilled layer comprised 33% or %3 of
the total thickness of the multilayer film and the outer layers
contained alumina and low conductivity carbon black of
equal thickness. The outer layers contained 7 wt % low con-
ductivity carbon black and 30 wt % alumina. Total film thick-
ness was 0.49 mils.

[0202] Results are shown in table 1.

[0203] Comparative Examples 4 and 5 demonstrate some
amount of matting agent is needed to achieve low 60 degree
gloss value (matte appearance) on both sides of base film and
further demonstrate that a matting agent with particle size
below 1.3 microns gives a glossy base film.

Comparative Example 4

[0204] A carbon black slurry having a median particle size
01'0.3 microns was prepared as in Example 1. The slurry was
mixed with PMDA/4,4'ODA prepolymer solution (20.6%
polyamic acid solids, approximately 50 Poise viscosity), in an
amount to yield 7 wt % carbon black on a cured film basis.
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The mixture was finished by incrementally adding a 6 wt %
solution of PMDA in DMAC, with mixing, to achieve a final
viscosity of 1900 Poise. The finished polymer mixture was
vacuum degassed. The polymer mixture was cast onto
Mylar® polyethylene terephthalate sheet and chemically imi-
dized and cured as described in Example 3.

[0205] Results are shown in table 1.
Comparative Example 5
[0206] To a metered stream of the finished polyamic acid/

carbon black mixture of Example 1, additional carbon black
slurry was metered, so as to increase the carbon black content
to 7 wt % on a cured film basis, and the two steams were
thoroughly mixed using a high shear rotor-stator mixer. A
chemically imidized base film was produced as described in
Example 1.

[0207] Results are shown in table 1.

Comparative Example 6

[0208] Comparative example 6 demonstrates chemical
conversion with 30 wt % of BaSO, does show the expected
decrease in dielectric strength compared with example 5
chemical conversion having 10 wt % BaSO,,. But surprisingly
chemical conversion with 30 wt % of BaSO, has higher
dielectric strength compared to comparative example 1 ther-
mal conversion having 10 wt % BaSO,,.

[0209] A carbon black slurry was prepared as in Example 1.
A synthetic barium sulfate (Blanc Fixe F, from Sachtleben
Chemie GmbH) slurry was prepared, consisting of 51.7 wt %
DMAC, 24.1 wt % prepolymer solution (20.6 wt % polyamic
acid solids in DMAC) and 24.1 wt % barium sulfate powder.
The ingredients were thoroughly mixed in a high shear rotor-
stator type mixer. Median particle size was 1.3 microns.
[0210] The slurries were mixed with PMDA/4,4'ODA
polyamic acid solution (20.6% polyamic acid solids, approxi-
mately 50 Poise viscosity), in amounts to yield 7 wt % carbon
black and 30 wt % barium sulfate on a cured film basis. The
mixture was finished by incrementally adding a 6 wt % solu-
tion of PMDA in DMAC, with mixing, to achieve a final
viscosity of 2400 Poise. The finished polymer mixture was
vacuum degassed. The polymer mixture was cast onto
Mylar® polyethylene terephthalate sheet and chemically imi-
dized and cured as described in Example 3.

[0211] Results are shown in table 1.

[0212] Examples 6-7 demonstrates lower amount of mat-
ting agent still achieves low 60 degree gloss value (matte
appearance) on both sides of base film as well as high dielec-
tric strength with chemical conversion.

Example 6

[0213] A chemically imidized black polyimide base film
was prepared as in Example 1, except that the metering rate of
silica slurry was reduced by 37%. Based on ash analysis the
base film contained 2.2 wt % silica.

[0214] Results are shown in table 1.
Example 7
[0215] Carbon black and silica slurries were prepared as in

Example 1. A PMDA/4,4'ODA prepolymer solution (20.6%
polyamic acid solids, approximately 50 Poise viscosity) was
“finished” by mixing in a high shear mixer with a 5.8 wt %
PMDA solution in DMAC, in order to increase molecular
weight and viscosity to approximately 2500 Poise. A metered
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stream of the finished polyamic acid solution was cooled to
approximately —10° C. Similarly cooled metered streams of
conversion chemicals acetic anhydride (0.18 cm3/cm3 poly-
mer solution) and 3-picoline (0.17 cm3/cm3 polymer solu-
tion), along with metered streams of carbon black (0.095
cm3/cm3 polymer solution) and silica slurries (0.029 cm3/
cm3 polymer solution), were mixed with a high shear mixer
into the polyamic acid solution. The cooled mixture was
filtered and immediately cast into a film, using a slot die, onto
a 105° C. hot, rotating drum. The resulting gel film was
stripped off the drum and fed into a tenter oven, where it was
dried and cured to a solids level greater than 98%, using
convective and radiant heating. The base film contained
approximately 5.5 wt % carbon black. Based on ash analysis
the film contained 1.8 wt % silica.

[0216] Results are shown in table 1.
Example 8
[0217] A carbon black slurry was prepared as in Example 1.

An alumina slurry was prepared as in Comparative Example
3. The slurries were mixed with PMDA/4,4'ODA prepolymer
solution (20.6% polyamic acid solids, approximately 50
Poise viscosity), in amounts to yield 5 wt carbon black and 10
wt % alumina on a cured film basis. The mixture was finished
by incrementally adding a 6 wt % solution of PMDA in
DMAC, with mixing, to achieve a final viscosity of 1900
Poise. The finished polymer mixture was vacuum degassed.
The polymer mixture was cast onto Mylar® polyethylene
terephthalate sheet and chemically imidized and cured as
described in Example 3.

[0218] Results are shown in table 1.
Comparative Example 7
[0219] Comparative Example 7 demonstrates thermal con-

version using the same amount of matting agent used in
example 8 produces a high (undesirable) 60 degree gloss
value on both sides of base film and has a low dielectric
strength.

[0220] A carbon black slurry was prepared as in Example 1.
An alumina slurry was prepared as in Comparative Example
3. The slurries were mixed with PMDA/4,4'ODA prepolymer
solution (20.6% polyamic acid solids, approximately 50
Poise viscosity), in amounts to yield 5 wt % carbon black and
10 wt % alumina on a cured film basis. The mixture was
finished by incrementally adding a 6 wt % solution of PMDA
in DMAC, with mixing, to achieve a final viscosity of 1900
Poise. The finished polymer mixture was vacuum degassed. A
film was cast and thermally imidized as described in Com-
parative Example 2.

[0221] Results are shown in table 1.

[0222] Comparative Examples 8 and 9 demonstrate amount
of matting agent above 1.5 weight % was needed to achieve
low 60 degree gloss value (matte appearance) on both sides of
the base film.

Comparative Example 8

[0223] The base film was prepared as in example 3 with 1
wt % silica on a cured film basis.

[0224] Results are shown in table 1.
Comparative Example 9
[0225] The base film was prepared as in example 3 with 1.5

wt % silica on a cured film basis.

[0226] Results are shown in table 1.

[0227] Comparative Examples 10 and 11 demonstrate that
there is a lower limit to the matting agent median particle size
to achieve low 60 degree gloss value.
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Comparative Example 10

[0228] A carbon black slurry was prepared as in Example 1.
An alumina slurry was prepared, consisting of 81.4 wt %
DMAC, 8.3 wt % PMDA/BPDA//4,4'-ODA/PPD prepolymer
solution (14.5 wt % polyamic acid solids in DMAC), 0.1 wt %
of a dispersing agent and 10.2 wt % fumed alumina powder.
The ingredients were thoroughly mixed in a rotor stator,
high-speed dispersion mill. The slurry was then milled in a
media mill to break down large agglomerates and achieve a
median particle size of about 0.35 um. The slurries were
mixed with PMDA/4,4'ODA prepolymer solution (20.6%
polyamic acid solids, approximately 50 Poise viscosity), in
amounts to yield 5 wt % carbon black and 2 wt % alumina on
acured film basis. The mixture was finished by incrementally
adding a 6 wt % solution of PMDA in DMAC, with mixing,
to achieve a final viscosity of 2150 Poise. The finished poly-
mer mixture was vacuum degassed. The polymer mixture was
cast onto Mylar® polyethylene terephthalate sheet and
chemically imidized and cured as described in Example 3.

[0229] Results are shown in table 1.

Comparative Example 11

[0230] A anhydrous dicalcium phosphate (CaHPO4) slurry
was prepared, consisting of 11.5 wt % dicalcium phosphate,
64.7 wt % polyamic acid prepolymer solution (20.6 wt %
polyamic acid solids in DMAC), and 23.8 wt % DMAC. The
ingredients were thoroughly mixed in a high shear rotor-
stator type mixer. Median particle size was 1.25 microns.

[0231] The dicalcium phosphate slurry was metered into
and mixed with a cooled (-8° C.) metered stream of the
finished polymer/carbon black mixture of Example 1, along
with the conversion chemicals, and a polyimide film was cast
and cured using essentially the same process as Example 1.
Theresulting base film contained 5 wt % carbon blackand 2.8
wt dicalcium phosphate.

[0232] Results are shown in table 1.
Comparative Example 12
[0233] Comparative Example 12 demonstrates a high den-

sity matting agent will produce a high (undesirable) 60 degree
gloss value on both sides of base film.

[0234] A carbon black slurry was prepared as in Example 1.
A barium titanate (Sakai, BT-05) slurry was prepared, con-
sisting of 75 wt % DMAC, 10 wt % polyamic acid prepolymer
solution (20.6 wt % polyamic acid solids in DMAC), and 15
wt % barium titanate powder. The ingredients were thor-
oughly mixed in a high shear rotor-stator type mixer and then
sonicated to achieve a median particle size of 1.5 microns.
[0235] The slurries were mixed with PMDA/4,4'ODA pre-
polymer solution (20.6% polyamic acid solids, approxi-
mately 50 Poise viscosity), in amounts to yield 5 wt % carbon
black and 2 wt % barium titanate on a cured film basis. The
mixture was finished by incrementally adding a 6 wt % solu-
tion of PMDA in DMAC, with mixing, to achieve a final
viscosity of 1500 Poise. The finished polymer mixture was
vacuum degassed. The polymer mixture was cast onto

10

Jul. 21, 2011

Mylar® polyethylene terephthalate sheet and chemically imi-
dized and cured as described in Example 3.

[0236] Results are shown in table 1.
Examples 9, 10 and 11
[0237] The base films were prepared as in Example 3,

except the amount of silica slurry was adjusted to yield 5 wt
%, 7.5 wt %, and 10 wt % silica respectively on a cured film
basis.

[0238] Results are shown in table 1.
Examples 12 and 13
[0239] The films were prepared as in Example 1. The slur-

ries were mixed with PMDA/4,4'ODA prepolymer solution
(20.6% polyamic acid solids, approximately 50 Poise viscos-
ity), in amounts to yield 5 wt % carbon black and 2.2 wt %
silica on a cured film basis. The mixture was finished, cast
into film, chemically imidized, and cured as described in
Example 1. Conditions were adjusted to produce 2 mil and 5
mil thick base films.

[0240] Results are shown in table 1.
Examples 14 and 15
[0241] Silica powder (Syloid® C 803) was processed in an

air classifier in order to remove a portion of the largest par-
ticles. A slurry was prepared from the air classified silica as
described in Example 1. Median particle size was 2.1
microns. A carbon black slurry was prepared as in Example 1.
The carbon black and silica slurries were mixed with PMDA/
4,4'0ODA prepolymer solution (20.6% polyamic acid solids,
approximately 50 Poise viscosity), in amounts to yield 5 wt %
carbon black and 2 wt % and 4 wt silica on a cured film basis.
The mixtures were finished and the base film was prepared as
in Example 3.

[0242] Results are shown in table 1.
Example 16
[0243] Example 16 demonstrates that chemical conversion

using a different low conductivity carbon black still achieves
low 60 degree gloss value (matte appearance) on both sides of
base film as well as high dielectric strength.

[0244] A carbonblack slurry was prepared, consisting of 80
wt % DMAC, 10 wt % prepolymer solution (20.6 wt %
polyamic acid solids in DMAC), and 10 wt % channel-type
carbon black with 6% volatiles content (Printex U, from
Evonik Degussa). The ingredients were thoroughly mixed in
arotor stator disperser. The slurry was then processed with an
ultrasonic processor (Sonics & Materials, Inc., Model VCX-
500) in order to deagglomerate the carbon black. Silica slurry
was prepared as in Example 1. The slurries were mixed with
PMDA/4,4'ODA prepolymer solution (20.6% polyamic acid
solids, approximately 50 Poise viscosity), in amounts to yield
5 wt % carbon black and 2 wt % silica on a cured film basis.
The mixture was finished by incrementally adding a 6 wt %
solution of PMDA in DMAC, with mixing, to achieve a final
viscosity of 2250 Poise.

[0245] The procedure described in Example 3 was used to
prepare the chemically imidized base film.

[0246] Results are shown in table 1.
Comparative Example 13
[0247] Comparative Example 13 demonstrates thermal

conversion with the same amount of matting agent as in
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Example 16, produces a high (undesirable) 60 degree gloss
value on both sides of base film and low dielectric strength.
[0248] The slurries were prepared as in Example 16. The
finished polymer mixture was manually cast onto a glass plate
using a stainless steel casting rod. The glass plate containing
the wet cast film was placed on a hot plate at 80-100° C. for
30-45 minutes to form a partially dried, partially imidized
“green” film. The green film was peeled from the glass and
placed on a pin frame. The pin frame containing the green film
was placed in a 120° C. oven. The oven temperature was
ramped to 320° C. over a period of 60-75 minutes, held at
320° C. for 10 minutes, then transferred to a 400° C. oven and
held for 5 minutes, then removed from the oven and allowed
to cool.

[0249] Results are shown in table 1.
Example 17
[0250] Example 17 demonstrates that chemical conversion

using a different low conductivity carbon black still achieves
low 60 degree gloss value (matte appearance) on both sides of
base film as well as high dielectric strength.

[0251] The base film was prepared as in example 16 except
that the carbon black slurry was prepared from a furnace
black with 3.5% volatiles content (Special Black 550, from
Evonik Degussa).

[0252] Results are shown in table 1.
Comparative Example 14
[0253] Comparative Example 14 demonstrates thermal

conversion with the same amount of matting agent as in
example 17, produces a high (undesirable) 60 degree gloss
value on both sides of base film and low dielectric strength.
[0254] The base film was prepared as in comparative
example 13 except that the carbon black slurry was prepared
from a furnace black with 3.5% volatiles content (Special
Black 550, from Evonik Degussa). Results are shown in table
1.

Example 18

[0255] Example 18 demonstrates that chemical conversion
using a different low conductivity carbon black still achieves
low 60 degree gloss value (matte appearance) on both sides of
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[0256] The base film was prepared as in example 16 except
that the carbon black slurry was prepared from a furnace
black with 1.2% volatiles content (Printex 55, from Evonik
Degussa).

[0257] Results are shown in table 1.

Comparative Example 15

[0258] Comparative Example 15 demonstrates thermal
conversion with the same amount of matting agent as in
example 18, produces a high (undesirable) 60 degree gloss
value on both sides of base film and low dielectric strength.
[0259] The base film was prepared as in Comparative
Example 13 except that the carbon black slurry was prepared
from a furnace black with 1.2% volatiles content (Printex 55,
from Evonik Degussa).

[0260] Results are shown in table 1.
Comparative Example 16
[0261] Comparative Example 16 demonstrates that desir-

able 60 degree gloss value on the air side of the base film can
be achieved with thermal conversion by using a high loading
(30 weight %) of matting agent, but the other side of the base
film has high (undesirable) 60 degree gloss value and that the
dielectric strength is low.

[0262] Carbon black and silica slurries were prepared as in
Example 1. The slurries were mixed with PMDA/4,4'ODA
prepolymer solution (20.6% polyamic acid solids, approxi-
mately 4500 Poise viscosity), in amounts to yield 5 wt %
carbon black and 30 wt % silica on a cured film basis. The
mixture was adjusted to a viscosity 0o 300 Poise by incremen-
tally adding a 6 wt % solution of PMDA in DMAC, with
mixing. The finished polymer mixture was vacuum degassed.
Using a stainless steel casting rod, a film was manually cast
onto a glass plate. The glass plate containing the wet cast film
was placed on a hot plate at 80-100° C. for 30-45 minutes to
form a partially dried, partially imidized “green” film. The
green film was peeled from the glass and placed on a pin
frame. The pin frame containing the green film was placed in
a 120° C. oven. The oven temperature was ramped to 320° C.
over a period of 60-75 minutes, held at 320° C. for 10 minutes,
then transferred to a 400° C. oven and held for 5 minutes, then
removed from the oven and allowed to cool.

base film as well as high dielectric strength. [0263] Results are shown in table 1.
TABLE 1
wt % low matting  matting Air other Air side
conductivity wt % agent agent side 60 side 60 surface Dielectric
carbon matting D50 Density degree degree  resistivity strength ~ Thickness Thickness
Conv. black agent (microns) g/cc gloss gloss (ohm/sq) (V/mil) (mils) (microns) O.D.
1 chemical 5% SB4 3.5% 2.0 2.1 12.5 12.3 1.32E+15 2664 0.60 15.20 4.31
silica
2 chemical 5% SB4 7% 2.37 3.9 22.4 26.0 1.11E+15 3102 0.58 14.7 3.64
alumina
3 chemical 5% SB4 2% 2.0 2.1 27.0 31.2 9.30E+14 2668 0.74 18.8 4.88
silica
4 chemical 5% SB4 3% 2.0 2.1 159 18.7 1.60E+15 1951 1.11 28.2 5.86
silica
5 chemical 7% SB4 10% 1.3 4.4 174 252 1.69E+15 1411 1.40 35.60 6.02
BaSO4
¢l thermal 7% SB4 10% 1.3 4.4 70.4 91.1 <500 0.63 16 5.85
BaSO4
¢2  thermal 5% SB4 4% 2.0 2.1 71.3 76.0 8.97E+14 <500 1.06 26.9 5.75

silica
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TABLE 1-continued

wt % low matting  matting Air other Air side
conductivity wt % agent agent  side 60 side 60 surface Dielectric
carbon matting D50 Density degree degree  resistivity strength  Thickness Thickness
Conv. black agent (microns) glce gloss gloss (ohmv/sq) (V/mil) (mils) (microns) O.D.
¢3  thermal 7% SB4 30% 2.3 3.9 27.6 61.3  1.14E+16 1403 0.49 12.4 4.31
alumina
o4 chemical 7% SB4 — 83.7 94.0 2394 1.35 343 6.09
¢5  chemical 7% SB4 — — 113.7 112.1  843E+14 2968 0.52 13.2 4.78
c6  chemical 7% SB4 30% 1.3 4.4 33 5.0  857E+14 813 1.34 34 6.09
BaS0O4
6  chemical 5% SB4 2.2% 2.0 2.1 23.5 23.8  8.19E+15 2790 0.55 14 4.14
silica
7  chemical 5.5% SB4 1.8% 2.0 2.1 25.6 26.8  1.34E+15 2728 0.6 15.20 4.32
silica
8  chemical 5% SB4 10% 2.3 3.9 19.9 234 2505 0.75 19.1 4.79
alumina
¢7  thermal 5% SB4 10% 2.3 3.9 75.3 87.4 <500 1.42 36.1 6.07
alumina
c8  chemical 5% SB4 1% 2.0 2.1 47.8 53.1  9.36E+14 2404 0.92 234 5.62
silica
9  chemical 5% SB4 1.5% 2.0 2.1 44.7 50.4 2776 0.67 17 4.02
silica
cl0  chemical 3% SB4 2% 0.35 2.0 43.3 51.8 2910 1.01 25.7 5.07
fumed
Al203
cll chemical 3% SB4 2.8% 1.25 2.9 69.1 68.9  1.36E+15 3131 0.52 13.2 341
CaHPO4
¢12  chemical 3% SB4 2% 1.5 8.0 73.2 81.2 2737 1.03 26.2 5.97
barium
titanate
9  chemical 3% SB4 5% 3.3-3.6 2.1 6 10.8  5.46E+15 2130 1.23 31.2 >6
silica
10 chemical 3% SB4 7.5% 3.3-3.6 2.1 3.9 5.8 2.6E+16 1523 2.98 75.7 >6
silica
11 chemical 3% SB4 10% 3.3-3.6 2.1 2.4 2.8 1.00E+15 1822 1.22 31.00 =6
silica
12 chemical 3% SB4 2.2% 3.3-3.6 2.1 21.7 215 1.34E+15 2037 2.15 54.6 >6
silica
13 chemical 3% SB4 2.2% 3.3-3.6 2.1 22.9 249  57767E+15 1719 5 127 >6
silica
14 chemical 3% SB4 2% 2.1 2.1 33.2 41.5 1E+16 2494 1.21 30.7 >6
silica
15 chemical 3% SB4 4% 2.1 2.1 13.9 19.2  9.09E+15 2215 1.5 38.1 >6
silica
16  chemical 5% Printex U 2% 3.3-3.6 2.1 13.1 18.6  1.08E+15 2393 1.08 274 5.48
silica
c13  thermal 5% Printex U 2% 3.3-3.6 2.1 69.1 79.6  1.27E+15 1165 0.98 24.9 4.52
silica
17 chemical 5% Special 2% 3.3-3.6 2.1 11.1 124 8.64E+14 1525 1.43 36.3 1.78
Black 550 silica
cl4  thermal 5% Special 2% 3.3-3.6 2.1 56.1 55.6  6.2E+15 461 1.47 373 1.56
Black 550 silica
18  chemical 5% Printex 2% 3.3-3.6 2.1 9.8 11.0  6.18E+14 1594 1.44 36.6 2.13
55 silica
cl5  thermal 5% Printex 2% 3.3-3.6 2.1 45.7 453  1.51E+15 559 1.65 41.9 2.2
55 silica
cl6  thermal 5% SB4 30% 3.3-3.6 2.1 0.9 594 4.84E+13 288 0.86 21.8 5.74

silica
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[0264] Note that not all of the activities described above in
the general description or the examples are required, that a
portion of a specific activity may not be required, and that
further activities may be performed in addition to those
described. Still further, the order in which each of the activi-
ties are listed are not necessarily the order in which they must
be performed. After reading this specification, the ordinary
artisan will be capable of determining what activities can be
used for their specific needs or desires.

[0265] In the foregoing specification, the invention has
been described with reference to specific embodiments. How-
ever, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing
from the scope of the invention as set forth in the claims
below. All features disclosed in this specification may be
replaced by alternative features serving the same, equivalent
or similar purpose.

[0266] Accordingly, the specification and figures are to be
regarded in an illustrative rather than a restrictive sense and all
such modifications are intended to be included within the
scope of the invention.

What is claimed is:

1. A base film comprising:

A.achemically converted polyimide in an amount from 71
to 96 weight percent of the base film, the chemically
converted polyimide being derived from:

a. at least 50 mole percent of an aromatic dianhydride,
based upon a total dianhydride content of the polyim-
ide, and

b. at least 50 mole percent of an aromatic diamine based
upon a total diamine content of the polyimide;

B. a low conductivity carbon black present in an amount
from 2 to 9 weight percent of the base film; and

C. a matting agent that:

a. is present in an amount from 1.6 to 10 weight percent
of the base film,

b. has a median particle size from 1.3 to 10 microns, and

c. has a density from 2 to 4.5 g/cc.
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2. A base film in accordance with claim 1 wherein:

a. the aromatic dianhydride is selected from the group
consisting of:
pyromellitic dianhydride,
3,3'.4,4'-bipheny] tetracarboxylic dianhydride,
3,3'.4,4'-benzophenone tetracarboxylic dianhydride;
4,4'-oxydiphthalic anhydride,
3,3'4,4'-diphenyl sulfone tetracarboxylic dianhydride,
2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane,
Bisphenol A dianhydride, and
mixtures thereof, and

b. the aromatic diamine is selected from the group consist-
ing of:
3,4'-oxydianiline,
1,3-bis-(4-aminophenoxy) benzene,
4,4'-oxydianiline, 1,4-diaminobenzene,
1,3-diaminobenzene,
2,2"-bis(trifluoromethyl) benzidene,
4,4'-diaminobiphenyl,
4,4'-diaminodiphenyl sulfide,
9,9'-bis(4-amino)fluorine and
mixtures thereof.

3. The base film in accordance with claim 1 wherein the
chemically converted polyimide is derived from pyromellitic
dianhydride and 4,4'-oxydianiline.

4. The base film in accordance with claim 1, wherein the
matting agent is selected from the group consisting of silica,
alumina, barium sulfate and mixtures thereof.

5. A multilayer film comprising the base film of claim 1 and
an adhesive layer.

6. A multilayer film in accordance with claim 5, wherein
the adhesive layer is an epoxy resin selected from the group
consisting of: Bisphenol A type epoxy resin, cresol novolac
type epoxy resin, phosphorus containing epoxy resin, and
mixtures thereof.

7. A multilayer film in accordance with claim 5, wherein
the multilayer film is a coverlay film.

8. The base film in accordance with claim 1, wherein the
base film has a thickness from 8 to 152 microns.
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