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through the film or entry through an interface. It is theorized
that any delamination is caused by the solvent effectively
“outcompeting” the organic film for bonding sites on the
oxide or nitride surfaces. In this test, the organic film is spun
onto the desired TEOS and SiN substrates and cured for 1
hour by conventional techniques well known in the art and
illustrated in Example 4. The wafer is cleaved to generate an
approximate 2" by 1" sample which is marked with a grid in
one corner of the sample. The sample is exposed to ACT 690
for 30 minutes at 70° C. in a small vial with agitation, rinsed
with deionized (DI) water, and allowed to air dry. Any film
delamination observed in the solvent bath or rinse is noted
and recorded as a failed sample.

A tape test is performed across the grid marking in the
following manner: (1) a piece of adhesive tape, preferably
Scotch brand #3m600-1/2X1296, is placed on the film and
pressed down firmly to make good contact; and (2) the tape
is then pulled off rapidly and evenly at an angle of 180° to
the film surface. The sample is considered to pass if the film
remains intact on the wafer, or to have failed if part or all of
the film pulls up with the tape.

In a Stud Pull Test, epoxy-coated studs are attached to the
surface of a wafer containing the films of the present
invention. A ceramic backing plate is applied to the back
side of the wafer to prevent substrate bending and undue
stress concentration at the edges of the stud. The studs are
then pulled in a direction normal to the wafer surface by a
testing apparatus employing standard pull protocol steps.
The stress applied at the point of failure and the interface
location are then recorded. A pull value of 9 kilo-pounds per
square inch (kpsi) (1 kpsi=1000 pounds per square inch) is
considered satisfactory polymer/interface adhesion for semi-
conductor wafers.

TABLE 1
Post ACT 690 Tape Post ACT 690 Tape
% Test Results for Test Results for Post
Polycarbosilane/ FLARE ™ 2.0 FLARE ™ ACT
Poly(arylene polymer on polymer on Stud
ether) oxide and oxide and pull
Concentration nitride substrates nitride substrates values
0 Failed Failed <1 kpsi
0.4 Failed Failed
0.8 Passed Passed >11 kpsi
2.0 Passed Passed
4.0 Passed Passed

The qualitative data of Table 1 for both tests demonstrates
that a polycarbosilane in a concentration of about 0.5% by
weight of the poly(arylene ether) polymer is effective in
promoting film adhesion to both TEOS (oxide) and SiN
coated semiconductor substrates. Therefore, a polycarbosi-
lane promoter concentration between about 0.5 wt %and
20wt % of the poly(arylene ether) base polymer is consid-
ered the effective range of polycarbosilane additive in the
instant poly (arylene ether)/polycarbosilane-modified poly-
mer compositions, with preferred concentrations being from
about 0.5 to 5 wt. %. As indicated, these concentration
ranges of polycarbosilane adhesion promoter in the
polycarbosilane-modified poly(arylene ether) polymer are
effective with both the TEOS and SiN coated substrates to
maintain adhesion of the instant polymer films to the TEOS
or SiN layers.

The polycarbosilane adhesion promoter/poly (arylene
ether) compositions of the present invention provide unex-
pected adhesive properties as a film coating material and
particularly a polymer composition useful as a replacement
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for silica based-dielectric material in electronic surfaces.
The poly (arylene ethers) and the polycarbosilane adhesion
promoters are also easily synthesized or readily accessible.

While foregoing is directed to the preferred embodiments
of the present invention, other and further embodiments of
the invention may be devised without departing from the
basic scope thereof, and the scope thereof is determined by
the claims that follow.

What is claimed is:

1. An adhesion promoter composition for low k dielectric
polymers comprised of at least one polycarbosilane of the
formula:

FORMULA (I)

H Ry [Rs Rg

Si—R; Si——Si—Ry1—Si—Rg

O_R5 Rg
z

in which:

R;, R;, and R, each independently represents a substi-
tuted or unsubstituted alkylene, cycloalkylene, or
arylene group;

R,, R;, R, Ry, Rg and R, each independently represents
a hydrogen atom or organic group,

R, represents an organosilicon, a silanyl, a siloxyl, or an
organo group; and

X, v, z and w satisfying the conditions of 4=x+y+z+
w=100,000, and y and w can collectively or indepen-
dently be zero.

2. The adhesion promoter composition of claim 1,
wherein the polycarbosilane is selected from the group
consisting of polydihydridocarbolisane,
polyallyhyridocarbosilane, and random copolymers of poly-
dihydridocarbolisane and polyallyhyridocarbosilane.

3. A film coating composition comprising:

(a) the polycarbosilanes of claim 1; and

(b) a low k dielectric polymer.

4. The film coating composition of claim 3 wherein the
dielectric polymer is a poly(arylene ether) having the repeat-
ing units of the formula:

[—O—Y,—O—Ar,—],—{—0—Y,—O0—Ar,—],,

wherein n=0 to 1; and m=1-n; and wherein Y, Y,, Ar, and
Ar, are each are individually divalent arylene radicals.

5. A curable poly(arylene ether) polymer film composition
exhibiting superior adhesion to substrate surfaces compris-
ing:

a) a poly(arylene ether) having the repeating units of the

formula:

[—0—Y,—O0—Ar—],—{—0—y,—0—Ar,—],

wherein n=0 to 1; and m=1-n; and wherein Y,, Y,, Ar,

and Ar, are each are individually divalent arylene
radicals; and

b) small, effective, adhesion promoting amounts of a

composition comprising at least one polycarbosilane of
the formula:
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FORMULA (I)
| LT LT
Ti—RI Ti Si——R,~—Si—Ri
Ry Ry O—Rs Ro
¥y z W
in which:

R,, R,, and R, each independently represents a sub-
stituted or unsubstituted alkylene, cycloalkylene, or
arylene group;

R,, R;, Ry, R, Ry and Ry each independently repre-
sents a hydrogen atom or organic group,

R, represents an organosilicon, a silanyl, a siloxyl, or
an organo group; and

X, ¥, z and w satisfying the conditions of 4=x+y+z+
w=100,000, and y and z and w can collectively or
independently be zero.

6. The poly(arylene ether) composition of claim 5 in
which the polycabosilane is present in amounts of from
about 0.5 to 20% by weight of the poly(arylene ether) base
polymer.

7. The composition of claim 5, in which the poly(arylene
ether) comprises homopolymers, block or random
copolymers, or polymer blends, comprising at least one of:
(i) a copolymer of (a) fluorene bisphenol, (b) bis
(4-fluoropheylethyne and (c) 4,4'-difluoro-benzophenone;
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(ii) a homopolymer of (a) fluorene bisphenol and (b)
4-fluoro-3'-(fluorobenzoyl) tolane; (iii) a homopolymer (a)
fluorene bisphenol and (b) bis(4-fluorophenyl) ethyne; or
(iv) a homopolymer of (a) fluorene bisphenol and (b) 4,4'
difluorobenzophenone.

8. The composition of claim 6 in which the polycabosi-
lane is present in amounts of from about 0.5 to 5% by weight
of the total poly(arylene ether)/adhesion promoting polycar-
bosilane polymer composition.

9. A multilayer electronic circuit article comprising: (i)
silicon, glass or ceramic substrate, (ii) a plurality of layers or
rehions of an insulating material on a surface of a the
substrate, and (iii) at least on layer or region of a conductive
material selected from the group consisting of metals and
semiconductor materials, which are interposed between
adjacent layers of the insulating material or withing a layer
of the insulating material comprising the low k dielectric
polycarbosilane-modified/poly(arylene ether) of claim 5.

10. The article of claim 9, in which the poly(arylene ether)
comprises homopolymers, block or random copolymers, or
polymer blends comprising at least one of: (i) a copolymer
of (a) fluorene bisphenol, (b) bis (4-fluorophenyl)ethyene
and (c) 4,4'-difluoro-benzophenone; (ii) a homopolymer of
(2) fluorene bisphenol and (b) 4-fluoro-3'-(fluorobenzoyl)
tolane; (iii) a homopolymer (a) fluorene bisphenol and (b)
bis(4-fluorophenyl) ethyne; or (iv) a homopolymer of (a)
fluorene bisphenol and (b) 4,4' difluorobenzophenone.
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