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DIE ATTACH ADHESIVES WITH VINYL ETHER AND
CARBAMATE OR UREA FUNCTIONALITY

This invention relates to die attach adhesives containing resins that
contain both vinyl ether and either carbamate, thiocarbamate or urea
functionality.

Adhesive compositions, particularly conductive adhesives, are used

for a variety of purposes in the fabrication and assembly of semiconductor

packages and microelectronic devices. The more prominent uses are the
bonding of integrated circuit chips to lead frames or other substrates, and the
bonding of circuit packages or assemblies to printed wire boards.

There exist electrén acceptor/donor adhesives that contain vinyl
ethers as the donor compounds for use in low modulus adhesives,
particularly in fast-cure adhesives for die attach applications. However, die
attach adhesives containing commercially available vinyl ethers frequently
suffer from poor adhesion, resin bleed and voiding due to the volatility and
non-polar nature of these commercial vinyl ethers. Thus, there is a need for
improved die attach adhesives utilizing vinyl ethers containing polar
functionality in order to address these performance issues.

This invention relates to die attach édhesive compositions containing
resins that have vinyl ether and polar functionality, such as a carbamate,

thiocarbamate or urea functionality, on a molecular (small molecule) or
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polymeric entity. The die attach adhesive compositions may contain a curing
agent and one or more fillers. |

The molecular or polymeric group may be a branched, linear, or
cyclic alkane, a siloxane, a polysiloxane, a C, to C, alkoxy-terminated

siloxane or polysiloxane, a polyether, a polyester, a polyurethane, a .

. poly(butadiene), or an aromatic, polyaroratic, or heteroaromatic group.

In another embodiment, this invention is a die attach adhesive
composition comprising one or more of the polar vinyl ether compounds and
one or more co-polymerizable electron acceptor compounds, and a curing
agent and one or more fillers. Suitable electron acceptor compounds for
copolymerization are fumarates and maleates, for example, dioctyl maleate,
dibutyl maleate, dioctyl fumarate, dibutyl fumarate. Resins or compounds
containing acr;(late and maleimide functionality are other suitable electron
acceptor materials.

The polar vinyl ether compounds used in the die attach adhesive

compositions of this invention will be compounds having a structure as

depicted here:
R3 0
Y4
2
R n
in which

nis 1 to 6, and preferably 1 to 3;
R', R?, and R® are hydrogen, methyl or ethyl, preferably two of R',
R? and R® are hydrogen and one is methyl, and more preferably all are

hydrogen;
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Q is an alkyl or aikylenoxy linear or branched chain having 1 to 12
carbon atoms or an aromatic or heteroaromatic ring or fused ring having 3 to
10 carbon atoms within the ring structure, in which the heteroatoms may be
N, O, or S, .

X and Y are independently O, NR', or S, in which R'is as described
above, with the proviso that both X and Y cannot be oxygen or sulfur, and

Z is a branched or linear alkane, which may contain cyclic moieties, a
siloxane. a polysiloxane, a C; to C, alkoxy-terminated siloxane or
polysiloxane, a polyether, a polyester, a polyurethane, a poly(butadiene), or
an aromatic, polyaromatic, or heteroaromatic grou'p.

Starting materiais for preparation as the Z group are commerciaily
available from a number of sources; for example, aromatic and polyaromatic
materials may. be obtained from BASF or Bayer; siloxanes and polysiloxanes
from Gelest; polyethers from BASF; polyesters from Unigema or Bayer;
poly(butadiene)s from Elf-Atochem; polyurethanes from Bayer or BASF; and
the branched or linear alkénes from Unigema. Some of these sources will

have available Z materials already functionalized for reaction with a co-

reactive functionality with the starting material containing the vinyl ether

group; in other cases, the practitioner will need to functionalize the materials
in preparation for reaction with the vinyl ether starting material.

The exact composition or molecular weight of Z is not critical to the
invention and can range widely depending on the requirements of the end
use for the electron donor compound. The composition of Z can be chosen
to give specific material properties in a final formulation, such as, rheological
properties, hydrophilic or hydrophobic properties, toughness, strength, or
flexibility. For example, a low level of crosslinking and free rotation about

polymeric bonds will impart flexibility to a compound, and the presence of
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silox_ané moieties will impart hydrophobicity and flexibility. The molecular
weight aﬁd chain length will affect viscosity, the higher the molecular weight
and the longer the chain length, the higher the viscosity.

These polar vinyl ether compounds can be prepared by various
synthetic routes as devised by those skilled in the art. One suitable method
is through a condensation or addition reaction between a vinyl ether
terminated alcohol, amine or thiol and a co-reactive functionality such as an
isocyanate on the molecular or polymeric entity starting material. Synthetic
routes for a vinyl ether terminated alcohol, and for a vinyl ether containing
urethane oligomers are disclosed in US patents 4,749,807, 4,751,273, and
4,775,732 assigned to Allied Signal, Inc.

These poiar vinyl ether compounds can blended with electron
acceptor com[oounds, such as fumarates, maleates, acrylates, and

maleimides, for co-polymerization to form cured adhesive compositions for

use in a wide variety of applicétions. Suitable fumarates and maleates are,

for example, dioctyl maleéte, dibutyl maleate, dioctyl fumarate, dibutyl
fumarate. Suitable acrylétes are numerous and are commercially available,
for example, from Sartomer. Suitable maleimides are easily prepared, for
example, according to procedures described in US patents 6;034,194 and
6,034,195 to Dershem.

The inventive polar vinyl ether compounds may be formulated into
adhesive, coating, potting or encapsulant compositions, and particularly into
compositions for use in electronics applications. The compositions may
contain one or more curing agents and conductive or nonconductive fillers,
and also stabilizing compounds, adhesion promoters or coupling agents.

In general the adhesive compositions will contain a mixture of the

electron donor polar vinyl ether and an electron acceptor. The molar ratio of
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electron donor to electron acceptor will usually be within the range of 1:2 to
2:1, but other ranges may be suitable for particular end uses. The choice of
molar ratio to obtain specific properties in the final cured composition will be
within the expertise of one skilled in the art without undue experimentation.
The electron donor/acceptor system typically will be present in the adhesive
composition at 5 to 30 weight percent for those compositions containing

fillers.  For compositions that do not contain any fillers, the electron

donor/facceptor mixture will be the predominant component.

These compositions may be cured thermally or by radiation.
Exemplary curing agents are free-radical initiators and photoinitiators,
present in an amount of 0.1% to 10%, preferably 0.1% to 3.0%, by weight of
the composition. Preferred free-radical initiators include peroxides, such as
buty! peroctoa;tes and dicumyl peroxide, and azo compounds, such as 2,2’-
azobis(2-methyl-propanenitrile) and 2,2’-azobis(2-methyl-butanenitriie). A
preferred series of photoinitiators is sold under the trademark Irgacure by
Ciba Specialty Chemicals: In some formulations, both thermal initiation and
photoinitiation may be desirable, for example, the cur_ing process can be
started by irradiation, and in a later processing step curing can be completed
by the application of heat to accomplish the thermal cure.

In general, these compositions will cure at a temperature within the
range of 70°C to 250°C, and curing will be effected at a time interval within
the range of ten seconds to three hours. The time and temperaiure curing
profile of each formulation will vary with the specific electron donor compound
and the other components of the formulation; the parameters of a curing
profile can be determined by one skilled in the art without undue

experimentation.
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Exemplary conductive fillers are carbon black, graphite, gold, silver,
copper, platinum, pailadium, nickel, aluminum, silicon carbide, boron nitride,
diamond, and alumina. Exemplary nonconductive fillers are barﬁcles of
vermiculite, mica, wollastonite, calcium carbonate, titania, sand, glass, fused
silica, fumed silica, barium sulfate, and halogenated ethylene polymers, such
as tetrafluoroethylene, trifluoroethylene, vinylidene fluoride, vinyl fluoride,
vinylidene chioride, and vinyl chloride. ' When present, fillers typically will be
in amounts of 70% to 95% by weight of the formulation.

Exemplary adhesion promoters or coupling agents are silanes,
silicate esters, metal acrylates or methacrylates, titanates, and compounds
containing a chelating ligand, such as phosphine, mércaptan, and
acetoacetate. When present, coupling agents will be In amounts up to 10%
by Weight, anc; preferably in amounts of 0.1% to 3.0% percent by weight of
the electron donor compounds.

The formulations may contain compounds that lend additional
flexibility and toughness té) the resultant cured material. Such compounds
may be any thermoset or thermoplastic material having a Tg of 150°C or less,
and typically will be a polymeric material, such as, a polyacrylate,
poly(butadiene), polyTHF (polymerized tetrahydrofuran), carboxy-terminated
butyronitrile rubber and polypropylene glycol. When present, these
compounds may be in an amount up to about 15% by weight of the polar
vinyl ether compound.

The following examples show representative polar vinyl ether
compounds, reactions for their preparation, and adhesive formulations
prepared with these compounds.” The reaction products were characterized
by 'H-NMR and FT-IR spectroscopies. OCN-Css-NCO represents a mixture

of isomers resulting from the dimerization of oleic and linoleic acids followed



by conversion to the diisaocyanate derivative. Css represents the mixture of
isomers of linear and branched alkyl chains having 36 carbon atoms (which
result from the dimerization of linoleic and oleic acids).

EXAMPLE 1

o +  OCN-Cx—NCO St
\/. : OH 80C, toluene
i
\/O\/O\/O\"/N\Cz O\/<:>\/O\/
()
| o o)

Dimer diisocyanate (Henkel, DD1 1410) (88.36 g. 0.147 mole) was

solvated in toluene (300 ml) in a one liter three-necked flask equipped with a
mechanical stjrfer, addition funnel and nitrogen inlet/outlet. The reaction was
pléced under nitrogen, and 0.04 g of dibutyltin dilaurate (catalyst) was added

10  with stirring as the solution was heated to 80°C. The addition funnel was
charged with 1,4-cyciohe>§ane-dimethano| monovinyl ether (BASF) (50 g,
0.294 mole) dissolved in toluene (50 ml). This solution was added to the
isocyanate solution over ten minutes, and the resulting mixture heated for an
additional three hours at 80°C. After the reaction was allowed to cool to room

15 temperature, the mixture was washed with distilled water three times. The
isolated organic layer was dried over MgSQ,, filtered and the solvent

removed in vacuo to give the product in 94% yield.

" EXAMPLE 2
Sn(l)
AO0TNSN N OH + OCN-Cq5—NCO —_—
80C, toluene

H H
AN O PPN
o ey o
o o

20



Dimer diisocyanate (Henkel, DDI 1410) (41.7g. 0.069mole) was
solvated in toluene (100 ml) in a 500 ml thrée-necked flask equipped with a
mechanical stirrer, addition funnel and nitrogen inlet/outlet. The reaction was
placed under nitrogen, and 0.03 g of dibutyltin dilaurate (catalyst) was added
5  with stirring as the solution was heated to 80°C. The addition funnel was

charged with i,G-hexanol vinyl ether (BASF) (20 g, 0.139 mole) dissolved in
toluene (20 ml). This solutibn was added to the isocyanate solution over ten
minutes, and the resulting mixture heated for an additional three hours at
80°C. After the reaction was allowed to cool to room temperature, the

10 mixtur_e was washed with distilled water three times. The isolated organic
layer was dried over MgSQ,, filtered and the solvent removed in vacuo to

give the product in 97% yield.

EXAMPLE 3
OH + Sn(ll)
AN OCN-C3—NCO —_—
" 80C, toluene

H H
/\Q/\/\/O\[rN\CgsNTO\/\/\O/\
15 0 0

The same reaction was run as in Example 2, using butanol vinyl

ether instead of hexanol viny! ether.

EXAMPLE 4
sn(ll)
—_———

AS0N"NH, T OCN-Cix—NCO
. 80C, toluene

20 ' 0O 0O
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Dimer diisocyanate (Henkel, DDI 1410) (28.74 g. 0.049 moie) was
solvated in toluene (200 mi) in a 500 ml three-necked flask equipped with a
mechanical stirrer, addition funnel and nitrogen inlet/outiet. The reaction was
placed under nitrogen, and the solutfon heated to 50°C. The addition funnel
was charged with 3-amino-1-propanol vinyl ether (Aldrich) (10 g, 0.089 mole)
dissolved in toluene (50 ml). This solution was added to the isocyanate
solution over ten minutes, and the resulting mixture heated for an additional
one hour at 50°C. After the reaction was allowed to cool to room
temperature, the mixture was washed with distilled water three times. The
isolated organic layer was dried over MgSQ,, filtered and the solvent

removed in vacuo to give the product in 96 % yield.

EXAMPLE 5
This example shows the performance characteristics of vinyl ether
compounds containing carbamate functionality formulated into adhesives for
use as die attach pastes. -

The polar vinyl ether compounds from Examples 1 and 2 and dimer

\/O\C/O\/
diviny! ether (DDVE), % were each reacted with a

bismaleimide as the electron acceptor in a one to one molar ratio, using an

initiator at 2 weight percent, in a DSC. The bismaleimide had the structure:
O
o]
o

0 o)
| N/\/\/\H/O\C;S MN |
0
o .

The exotherms per gram for formulations containing the polar vinyl

ethers were equal to or higher than that for the DDVE, indicating a similar or .

larger extent of polymerization. The onset-to-peak temperature range for

formulations containing the polar vinyl ethers was also similar to or better
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than DDVE-based formulations, indicating similar curing kinetics. The results

are set out in the following table:

Die attach Onset Peak Onset-to-Peak AH (J/g)
paste with (°C) (°C) (°C)
vinyl ether
from
Example 1 97.78 113.99 16.21 239.5
Example 2 104.87 118.52 13.65 2134
DDVE 101.49 119.01 17.52 207.2

The vinyl ether compounds from Examples 1 and 2, and dimer divinyl

ether were also formulated into die attach adhesive compositions using the

same bismaleimide identified above as the electron acceptor in a one to one

molar ratio. As will be recognized by the practitioner, other electron

acceptors as described in this specification could be substituted for the

maleimide.

The die attach adhesive had the following formulation:

Component Weight %
BisMaleimide (electron acceptor) 11.19
Vinyl ether (electron donor) 10.31
Maleic anhydride 8% (Ricon 131) 2.50
Initiator | 0.50
Blend of a&hesion promoters 0.50
Silver Flakes 75.0

The above three formulations (electron donor from Example 1 and

Example 2 and DDVE) were tested for use as die-attach adhesives. Each

formulation was divided into two lots, one for testing adhesive strength via die

shear at room temperature, and the second for testing die shear at 240°C.

An aliquot of adhesive formulation from each lot for each of the three

10
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formulations was placed between a 120 X 120 mil silicon die and each of a
Pd, a Ag, and a Cu lead frame. Each lead frame assembly was placed on a
hot plate at 200°C for about 60 seconds to cure the adhesive. After cure,
pressure was applied to the side of the dies at room temperature and at
240°C until shearing occurred. The die-shear force was measured in Kg.
The results are set out in the following table and show that the die shear
values for Examples 1 and 2 in which the vinyl ether compounds contain
polar functionality show superior adhesive strength at room temperature to

that of DDVE, which does not have polar functionality.

Compound Room Temp Die Shear 240°C Die Shear

Pd Ag Cu Pd Ag Cu

Example 1 132Kg | 11.1Kg | 11.7Kg 4.4 Kg 3.8Kg | 2.8Kg

Example 2 10.7Kg | 8.6 Kg 9.2 Kg 4.2 Kg 37Kg. | 25Kg

DDVE 70Kg | 79Kg | 72Kg | 40Kg | 33Kg | 22Kg

1"
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Claims:

1. A die attach adhesive comprising

(a) 5 to 30 weight percent of a mixture of a vinyl ether compound
containing polar functionality and an electron acceptor compound,

(b) 0.01 to 10.0 weight percent of a free-radical initiator or
photoinitiator,

(c) 70 to 95 weight percent of a conductive or nonconductive filler,

to a total of 100 weight percent,

in which the vinyl ether has the structure

R3 O

RS)\ o™ XJLY z
R2 n

in which

nis1to6;

R', R and R® are hydrogen, methy! or ethyl;

Q s an alkyl or cyckoalky! linear or branched chain having 1 to 12
carbon atoms; an alkylenoxy chain having 1 to 12 carbon atoms, or aromatic
or fused aromatic ring having 3 to 10 carbon atoms and optionaily containing
the heteroatoms O, N or S;

X and Y are independently O, NR', or S, with the proviso that both X
and Y cannot be oxygen or sulfur;

Z is a branched or linear alkane, which may contain cyclic moieties, a
siloxane, a polysiloxane, a C, to C, alkoxy-terminated siloxane or
polysiloxane, a polyether, a polyester, a polyurethane, a poly(butadiene), or

an aromatic, polyaromatic, or heteroaromatic group.

12
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2. The die attach adhesive according to claim 1 in which
R', R? and R® are hydrogen,

Q is alinear or branched chain alkyl having 1 to 12 carbon atoms;

and

Z is a linear or branched chain alkyl having up to 36 carbon atoms.
3. The die attach adhesive according to claim 1 in which the filler is
silver.
4, The die attach adhesive according to claim 1 in which the filler is
tetrafluoroethylene.
5. A vinyl ether compound having the structure:

RO H OB oHOH R
N : O
e N e O
R3 o] 0O R3

in which

R', R? and R® are independently hydrogen, a methy! group; or an
ethyl group;

Q is an alkyl or alkylenoxy linear or branched chain having 1 to 12
carbon atoms;

Z is a branched or linear alkane, which may contain cyclic moieties, a
siloxane, a polysiloxane, a C; to C, alkoxy-terminated siloxane or
polysiloxane, a polyéther, a polyester, a polyurethane, a pqu(butadiene), or

an aromatic, polyaromatic, or heteroaromatic group.

13
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6. The vinyl ether compound according to claim 5 having the structure

H H H H
U 1 I I
DA G- S
o) O

in which Cgzs is a mixture of isomers of a 36 carbon linear or branched chain.

5 T An adhesive compaosition containing the vinyl ether compound
according to claim 5, a free radical initiator or photoinitiator, and optionally a

conductive or nonconductive filler.
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